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Abstract
AIM: To determine the citation status in 2004 and the citation
trend of WJG by analyzing all articles cited by WJG and all
WJG articles cited by SCI journals during 1998-2004.
METHODS: The total number of published articles and
reference citations in WJG, authors’ self-citations, WJG’s
self-citations, citations of WJG articles by SCI journals and
inappropriate citations in WJG during 1998-2004 were
statistically analyzed. Data on self-citations of the articles
published between 1998 and August 2004 (Issues 1-16)
were from ISI SCI-E, and data on self-citations of articles
published after August 2004 (Issues 17-24) were from the
WJG Editorial Office. Data on citations of WJG articles by
other journals between 1998 and August 2004 were from
ISI SCI-E.
RESULTS: Annual number of published articles: WJG
published 179, 144, 211, 174, 236, 634 and 830 articles,
respectively, in 1998, 1999, 2000, 2001, 2002, 2003 and
2004. The number in 2004 increased by 594, compared to
that in 2002, giving an increased rate of 251.7%. Annual
references cited by WJG were 2 123, 2 125, 6 244,
8 883, 11 442, 23 218 and 25 971, respectively, in 1998-2004.
The average number was 31.3 per WJG article in 2004,
which was less than that (48.5) in 2002, giving a reduction
rate of 35.5%. Authors of WJG cited 125, 126, 343, 210,
354, 310 and 470 of their own published articles,
respectively, in 1998-2004. The average number of authors’
self-citations was 0.57 per WJG article in 2004, which was
decreased by 0.93 or 62.0%, compared with that in 2002.
Annual numbers of journal’s self-citations: Authors of WJG
articles cited 5, 7, 373, 733, 1474, 1947 and 1412 of WJG
articles, respectively, in 1998-2004. The average number
of journal’s self-citations was 1.70 per WJG article in 2004,
which decreased by 4.55 or 72.8%. No WJG article was
cited in 1998 by other SCI journals. However, the number
of citations steadily increased afterwards, with 16, 18, 39,
85, 372 and 580, respectively, in 1999-2004. The average
number of citations by other SCI journals was 0.11, 0.09,
0.22, 0.36, 0.59 and 1.06 per WJG article, respectively,
1999-2004 (January-August). There was an increase by

582%, when comparing the citation numbers between 2004
and 2002. Annual WJG self-citation rates and citation rates
of WJG articles by other SCI journals: WJG self-citation
rates were 30.43%, 95.40%, 95.07%, 94.55%, 83.96%
and 67.47%, respectively, in 1999-2004 (January-August).
Compared with 2002, the self-citation rate in 2004
decreased by 26.87%. The citation rates of WJG articles
by other SCI journals were 69.57%, 4.60%, 4.93%, 5.45%,
16.04%, and 32.53%, respectively, in 1999-2004 (JanuaryAugust). Compared with 2002, the citation rate in 2004
decreased by 26.87%. There were 8, 19, 218, 274, 461,
698 and 574 inappropriate citations, respectively, in 1998-2004.
The average inappropriate citation in 2004 was 0.69 per
article, which represents a decrease of 1.26, compared
with that in 2002. Inappropriate citations were mostly those
with the differences between the two sides of the hyphens
of 5-9, and the proportions of inappropriate citations
within the three subsections of the differences between
the two sides of the hyphens (5-9, 10-19, and >=20) were
approximately 7:2:1. In addition, inappropriate citations
mostly occurred with frequencies of 1-3 in the articles,
and the proportion of inappropriate citations within the two
frequency subsections (1-3 and >3) have been approximately
4:1 since 1999.
CONCLUSIONS: In 2004, the average number of reference
citations, authors’ self-citations and journal’s self-citations
were 31.3, 0.57 and 1.70 per article, respectively, which
represents a decrease in the numbers by 35.5%. 62.0%,
and 72.8% respectively compared to the corresponding
numbers in 2002. WJG self-citation rate was 67.47% in
2004 (January-August), which was a decrease by 26.87%,
compared with 2002. The citation rate of WJG articles by
other SCI journals was 32.53% in 2004 (January-August),
an increase of 26.87%, compared to 2002. There were 574
inappropriate citations in 2004, with an average of 0.69
per article, which represents a decrease of 1.26, compared
with that in 2002. These figures demonstrate that the overall
citation status of WJG is improving.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The English version of the World Journal of Gastroenterology
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(WJG) has been formally published for six years. Over the past
six years, WJG has developed rapidly both in contents and
quality, with the impact factor steadily increased. However,
there were also some areas that need improvement in the future.
For example, self-citation is one of the major concerns. The aim
of this study was to identify the citation trend of WJG by
analyzing all articles cited by WJG and all WJG articles cited by
SCI journals.
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WJG cited 2 123, 2 125, 6 244, 8 883, 11 442, 23 218 and 25 971
references respectively in 1998, 1999, 2000, 2001, 2002, 2003 and
2004 (Figure 2A). The reference citations per article were 11.9,
14.8, 29.6, 51.1, 48.5, 36.6 and 31.3, respectively, in 1998, 1999,
2000, 2001, 2002, 2003 and 2004 (Figure 2B). The number of
reference citations per article in 2004 was 17.2% less than that
in 2002, giving a reduction rate of 35.5%.
830

MATERIALS AND METHODS
All references cited by WJG and all WJG articles cited by SCI
journals between 1998 and 2004 (January-August) were included
in the analyses. The number of articles published and references
cited in WJG, authors’ self-citations, journal’s self-citations,
citations and numbers of WJG articles by other SCI journals and
inappropriate citations in WJG during 1998-2004 were determined.
Data on self-citation of articles published between 1998 and
August 2004 (Issues 1-16) was from ISI SCI-E, and data on selfcitation of articles published after August 2004 (Issues 17-24)
was from the WJG Editorial Office. Data on citations of WJG
articles between 1998 and August 2004 by other SCI journals
was from ISI SCI-E.
RESULTS
The crude data on the number of articles published and
references cited in WJG, authors’ self-citations, journal’s selfcitations, citations and numbers of WJG articles by other SCI
journals and inappropriate citations in WJG during 1998-2004
are summarized in Table 1.
Annual published articles
WJG was published bimonthly between 1998 and 2002, and the
number of published articles was relatively stable, with a
slightly increasing trend. The journal was published monthly
in 2003, and then semimonthly in 2004 to promote the
development of gastroenterology and speed up the
communication of research outcomes. WJG published 179, 144,
211, 174, 236, 634 and 830 articles, respectively, in 1998, 1999,
2000, 2001, 2002, 2003 and 2004. The number in 2004 increased
by 594, compared to that in 2002, giving an increase rate of
251.7% (Figure 1).
Annual reference citations
Reference citations consistently increased during 1998-2004.

900
800
700
600
500
400
300
200
100
0

634

179

1998

211

144

1999

2000

174

2001

236

2002

2003

2004

Figure 1 Number of articles published in WJG during 1998-2004.

Annual authors’ self-citations
Authors’ self-citations are defined as the number that authors
of WJG cite their own previously published articles in their
WJG articles. Authors of WJG cited 125, 126, 343, 210, 354, 310
and 470 of their own published articles, respectively, in 1998,
1999, 2000, 2001, 2002, 2003 and 2004 (Figure 3A). The authors’
self-citations per article were 0.70, 0.86, 1.63, 1.21, 1.50, 0.49 and
0.57, respectively in 1998, 1999, 2000, 2001, 2002, 2003 and 2004
(Figure 3B). The authors’ self-citations per article in 2004 were
decreased by 0.93 or 62.0%, compared with that in 2002.
Annual journal’s self-citations
Annual journal’s self-citations are defined as the number that
authors of WJG cite articles previously published in WJG in
their WJG articles. Authors of WJG articles cited 5, 7, 373, 733,
1474, 1947 and 1412 of WJG articles respectively in 1998, 1999,
2000, 2001, 2002, 2003 and 2004 (Figure 4A). The journal’s selfcitations per article were 0.03, 0.05, 1.77, 4.21, 6.25, 3.07 and 1.70
respectivelyin 1998, 1999, 2000, 2001, 2002, 2003 and 2004 (Figure
4B). The journal’s self-citations per article in 2004 decreased
by 4.55 or 72.8% compared with that in 2002.
Annual citations of WJG articles by other SCI journals
Citations of WJG articles by other SCI journals are defined as
the number that articles published in WJG have been cited by

Table 1 Number published articles, reference citations, reference citations per article, authors’ self-citations, authors’ citations
per article, journal’s self-citations, journal’s self-citations per article, citations by other SCI journals, citations by other SCI
journals per article, inappropriate citations, and inappropriate citations per article in WJG during 1998-2004
Published Reference Reference
Authors’
Authors’
Journal’s
Journal’s
Citations
Citations Inappropriate Inappropriate
articles
citations citations self-citations citations self-citations self-citations by other
by other citations
citations
per article
per article
per article SCI journals SCI journal
per article
sper article

Year

Issue

1998

Bimonthly

179

2 123

11.9

125

0.70

5

0.03

0

0.00

8

0.04

1999

Bimonthly

144

2 125

14.8

126

0.86

7

0.05

16

0.11

19

0.13

2000

Bimonthly

211

6 244

29.6

343

1.63

373

1.77

18

0.09

218

1.03

2001

Bimonthly

174

8 883

51.1

210

1.21

733

4.21

38

0.22

274

1.57

2002

Bimonthly

236

11 442

48.5

354

1.50

1 474

6.25

85

0.36

461

1.95

2003

Monthly

634

23 218

36.6

310

0.49

1 947

3.07

372

0.59

698

1.10

2004

Semimonthly

830

25 971

31.3

470

0.57

1 412

1.70

580 1

1.061

574

0.69

1

Data on citations of WJG articles by other SCI journals and Citations WJG articles by other SCI journals per article in 2004 were
based on issues published during January-August 2004.
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SCI journals. No WJG article was cited in 1998 byother SCI journals.
However, the number of citations steadily increased afterwards,
with 16, 18, 39, 85, 372 and 580 respectively in 1999, 2000, 2001,
2002, 2003 and 2004 (Figure 5A). The number of citations by
other SCI journals per article was 0.11, 0.09, 0.22, 0.36, 0.59
and 1.06 respectively in 1999, 2000, 2001, 2002, 2003 and 2004
(January-August) (Figure 5B). There was an increase of 582%
in the number of citations between 2002 and 2004.

dividing the citation number of a journal’s articles cited by that
journal by the total citation number of the journal’s articles
cited by all journals, i.e.,
Citation number of a
journal’s articles by that journal
Self-citation rate =
Total citation number of a journal’s
articles by all journals

Annual self-citation rate and citation rate of WJG articles by
other SCI journals
Self-citation rate is defined by SCI as the quotient obtained by
A

30 000

Citation rate by other journals is defined by SCI as the
quotient obtained by dividing the citation number of a journal’s

25 971

B

60

23 218

25 000

Total reference citations

50

20 000

Reference
citations per
article

11 442

48.5

35.7

40

15 000

51.4

31.3

30.6

30

8 883
6 244

10 000
2 123

5 000
0

1998

20

2 125

1999

14.1

15

10

2000

2001

2002

2003

0

2004

1998 1999 2000 2001 2002 2003 2004

Figure 2 Total reference citations (A) and reference citations per article (B) in WJG during 1998-2004.
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Figure 3 Total authors’ self-citations and the percentage of total authors’ self-citations in total reference citations (A) and the
authors’ self-citations per article (B).
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Figure 4 Total journal’s self-citations and the percentage of journal’s self-citations in total reference citations (A) and the journal’s
self-citations per article (B).
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articles cited by that journal by the total citation number of the
journal’s articles cited by all journals, i.e.,

with 2002, the citation rate in 2004 increased by 27.08%.

Citation number of a journal’s
articles by other journals
Citation rate by other journals =
Total citation number of a
journal’s articles by all journals

Annual inappropriate citations
Inappropriate citations are defined as those that are connected
by a hyphen with a difference between the two sides of the
hyphen being 5 or more than 5. For example, [1-6], [2-14] and
4-10 in [1, 3, 4-10, 22] are inappropriate citations. There were
8, 19, 218, 274, 461, 698 and 574 inappropriate citations,
respectively, in 1998, 1999, 2000, 2001, 2002, 2003 and 2004
(Figure 7A). The inappropriate citation per article in 2004
was 0.69, which represents a decrease of 1.26, compared to
that (1.95) in 2002 (Figure 7B).
Subsection analysis of the differences between the two sides
of the hyphens Subsection analysis of the differences between
the two sides of the hyphens was carried out to reveal the

Annual WJG self-citation rate and citation rate of WJG articles
by other SCI journals: WJG self-citation rates were 30.43%, 95.40%,
95.07%, 94.55%, 83.96% and 67.47% respectively in 1999, 2000,
2001, 2002, 2003 and 2004 (January-August)(Figure 6). Compared
to 2002, the self-citation rate in 2004 decreased by 26.87%. The
citation rates of WJG articles by other SCI journals were 69.57%,
4.60, 4.93%, 5.45%, 16.04%, and 32.53% respectively in 1999,
2000, 2001, 2002, 2003 and 2004 (January-August). Compared
580
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Figure 5 Total citations of WJG articles by other SCI journals (A) and the citations by other SCI journals per article (B).
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Figure 6 WJG self-citation rate and citation rate of WJG articles by other SCI journals.
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Figure 8 Annual number of inappropriate citations within the three subsections (A), and the percentage of inappropriate
citations within the three subsections (B) during 1998-2004, as determined by the subsection analysis of the differences between
the two sides of the hyphens.
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Figure 9 Annual number of articles with inappropriate citations (A), annual number of inappropriate citations within the two
frequency subsections (B), and the percentage of inappropriate citations within the two frequency subsections (C) during
1998-2004.

extent of inappropriate citations. Three subsections with the
differences of 5-9, 10-19 and >20 were defined in the analysis. It
was observed that most inappropriate citations were located in
the first subsection (Figure 8A). Since 1999, the proportions of
inappropriate citations within the three subsections has been
approximately 7:2:1 (Figure 8B).
Subsection analysis of the frequency Subsection analysis
of the frequency was carried out to reveal the frequency of
inappropriate citations in the articles. Two subsections with
the inappropriate citations of 1-3 and >3 per article were
defined in the analysis. There were 5, 13, 79, 111,176, 342 and
392 articles with inappropriate citations, respectively, in 1998,
1999, 2000, 2001, 2002, 2003 and 2004 (Figure 9A). It was
observed that most inappropriate citations were located in
the first subsection (Figure 9B). Since 1999, the proportions
of inappropriate citations within the two subsections have
been approximately 4:1 (Figure 9C).

● Annual number of authors’ self-citations: Authors of WJG
cited 125, 126, 343, 210, 354, 310 and 470 of their own
published articles, respectively, in 1998, 1999, 2000, 2001,
2002, 2003 and 2004. The number of authors’ self-citations
per article was 0.57 in 2004, which was a decrease of 0.93 or
62.0%, compared with that in 2002.

SUMMARY
● Annual published articles: WJG published 179, 144, 211,

● Annual number of journal’s self-citation: Authors of WJG
articles cited 5, 7, 373, 733, 1474, 1947 and 1412 of WJG

174, 236, 634 and 830 articles, respectively, in 1998, 1999,
2000, 2001, 2002, 2003 and 2004. The number in 2004
increased by 594, compared with that in 2002, giving a rate
of increase 251.7%.
● Annual references cited by WJG: WJG cited 2 123, 2 125,
6 244, 8 883, 11 442, 23 218 and 25 971 references,
respectively, in 1998, 1999, 2000, 2001, 2002, 2003 and 2004.
The number was 31.3 per article in 2004, which was less
than that (48.5) in 2002, giving a reduction rate of 35.5%.
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● Annual WJG self-citation rates and citation rates of WJG
articles by other SCI journals: WJG self-citation rates were
30.43%, 95.40%, 95.07%, 94.55%, 83.96% and 67.47%
respectively in 1999, 2000, 2001, 2002, 2003 and 2004
(January-August). Compared to 2002, the self-citation rate
in 2004 decreased by 26.87%. The citation rates of WJG
articles by other SCI journals were 69.57%, 4.60%, 4.93%,
5.45%, 16.04%, and 32.53% respectivelyin 1999, 2000, 2001,
2002, 2003 and 2004 (January-August). Compared to 2002,
the citation rate in 2004 increased by 26.87%.
● Annual inappropriate citations: There were 8, 19, 218,
274, 461, 698 and 574 inappropriate citations, respectively,
in 1998, 1999, 2000, 2001, 2002, 2003 and 2004. The
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inappropriate citation per article in 2004 was 0.69, which
represents a decrease of 1.26, compared to that in 2002.
Inappropriate citations were mostly those with the
differences between the two sides of the hyphens of 5-9,
and the proportion of inappropriate citations within the
three subsections of the differences between the two
sides of the hyphens (5-9, 10-19, and >=20) was approximately
7:2:1. In addition, inappropriate citations mostly occurred
with frequencies of 1-3 in the articles, and the proportions
of inappropriate citations within the two frequency
subsections (1-3 and >3) have been approximately 4:1
since 1999.

articles, respectively, in 1998, 1999, 2000, 2001, 2002, 2003
and 2004. The number of journal’s self-citations per article
was 1.70 in 2004, a decrease of 4.55 or 72.8%.
● Annual citations of WJG articles by other SCI journals: No
WJG article was cited in 1998 by other SCI journals.
However, the number of citations steadily increased
afterwards, with 16, 18, 39, 85, 372 and 580, respectively, in
1999, 2000, 2001, 2002, 2003 and 2004. The number of
citations by other SCI journals per article was 0.11, 0.09,
0.22, 0.36, 0.59 and 1.06 per WJG article, respectively, in
1999, 2000, 2001, 2002, 2003 and 2004 (January-August).
There was an increase of 582%, when comparing the
citation numbers between 2002 and 2004.

January 7, 2005

CONCLUSIONS
In 2004, the numbers of reference citations per article, authors’
self-citations per article and journal’s self-citations per article
were 31.3, 0.57 and 1.70, respectively, which represent a
decrease of 35.5%. 62.0%, and 72.8% in the numbers, compared
to the corresponding numbers in 2002. WJG self-citation rate
was 67.47% in 2004 (January-August), a decrease of 26.87%
compared to that in 2002. The citation rate of WJG articles by
other SCI journals was 32.53% in 2004 (January-August),
which was an increase of 26.87% compared to that in 2002.
The inappropriate citations (0.69 per article) in 2004
represented a decrease of 1.26, compared with that in 2002.
These figures demonstrate that the overall citation status of
WJG is improving.
Edited by Xia HHX

• FEEDBACK@WJGNET.COM •

A few suggestions to World Journal of Gastroenterology
Gang-Shi Wang
Gang-Shi Wang, Advanced Technology Center, NCI, NIH, Geithersburg, MD 20877, USA
Correspondence to: Gang-Shi Wang, Advanced Technology Center, NCI, NIH, Geithersburg, MD 20877, USA. wanggan@mail.nih.gov
Telephone: +301-594-7471 Fax: +301-402-3134
Received: 2004-11-17 Accepted: 2004-11-18

Keywords: Excellent platform; Digestive diseases; Suggestions
Wang GS. A few suggestions to World Journal of Gastroenterology. World J Gastroenterol 2005; 11(1): 6
http://www.wjgnet.com/1007-9327/11/6.asp

To the Editor,
It is of great pleasure to learn that WJG has developed into one of the important journals to the field of gastroenterology studies
worldwide. Thank you for providing such an excellent platform for scholars to exhibit their hard work and fruitful results. It is
also a very good chance for western scholars to learn of the advances in digestive disease studies performed inside China.
Hopefully, more and more scholars around the world will come to realize that WJG is a journal worth reading. I visit the WJG
website now and then to catch up with gastrointestinal research advances inside China. I have two small suggestions here for
your reference. First is a layout issue. In the articles, some of the lines are loose and some are tight, it is unappealing to look at
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Abstract
Primary sclerosing cholangitis (PSC) is a chronic cholestatic
syndrome of unknown origin mostly found in males, and
characterized by diffuse inflammation and fibrosis of both
intra- and extra-hepatic bile ducts. So far, PSC is considered
as an autoimmune hepatobiliary disease. In most cases
the progression of PSC towards liver cirrhosis and liver
failure is slow but irreversible, and liver transplantation is
currently the only definitive treatment. In recent years,
PSC has been an area of active research worldwide with
great interest in etiology, pathogenesis, diagnosis, and
therapeutic options such as hydrophilic ursodeoxycholic acid
and immunosuppressive agent tacrolimus. Recent updates
on clinical and therapeutic aspects of PSC are discussed in
the present review.

still unknown etiology, establishing the correct therapy for
PSC is difficult. Unlike primary biliary cirrhosis (the other most
common chronic cholestatic disease in the adult), PSC lacks a
definitive medical therapy. The ultimate goal of the therapy should
be symptom improvement and longer survival. Promising
regimens are high doses of ursodeoxycholic acid (UDCA) alone
or in combination with other drugs, and tacrolimus (FK506).
Presently, liver transplantation is the only definitive treatment.
The present review will address recent aspects of PSC and
focus on pathogenesis, diagnosis and treatment.

EPIDEMIOLOGY, ETIOLOGY AND PATHOGENESIS
The prevalence of PSC is currently unknown. About 75% are
associated with inflammatory bowel disease (IBD), especially
ulcerative colitis (UC) (87% of associations with IBD). Given the
prevalence of UC in USA between 40 and 225 per 100 000, and
knowing that about 2.5-7.5% of patients with this disease suffer
from PSC[4,5], the prevalence in USA has been estimated as 1-6
cases per 100 000 persons. However, this data is likely to
underestimate the true prevalence of PSC, since 20-30% of cases
of PSC are not associated with IBD[6]. Males are two times more
affected than females, and the average age of clinical onset of
PSC is 39-40 years, but the range can be between 1 and 90 years[7].
Although PSC is most likely a multifactorial disease, the exact
etiology remains unknown so far. Among the many pathogenic
theories formulated, the most important are discussed below.

http://www.wjgnet.com/1007-9327/11/7.asp

Genetic predisposition
There is evidence about the familial occurrence of PSC and
many studies have focused on the relationship between PSC
and the human major histocompatibility complex HLA. Findings
suggest a genetic background for PSC predisposition. HLA
type II haplotypes B8 or DR3 are most commonly associated
with PSC (60% and 56%, respectively)[8-10], suggesting a central
role of DR3- locus. DRw52a is also very frequently associated
(52-100% of patients)[11,12]. DR2 is associated with a younger
onset of the disease[9] while DR4 seems to be an important
marker of more rapid disease progression[13]. For HLA type I
haplotypes, the association involves A1 and Cw7 genes.

INTRODUCTION
Primary sclerosing cholangitis (PSC), first described by a French
author Delbet in 1924[1], is a chronic cholestatic syndrome
characterized by diffuse inflammation and fibrosis of both intraand extra-hepatic bile ducts[2]. The mean age at diagnosis is
40 years and men are affected about two times more than women[3].
The natural history of the disease is variable from patient to
patient although in most cases the progression towards liver
failure is slow but irreversible. In the end stages, PSC results in
biliary cirrhosis, portal hypertension, and is associated with
bile duct carcinoma with a high frequency (8%). Currently, PSC
is the fifth most common indication for liver transplantation in
the USA, but in the Nordic countries, PSC is the most important
indication for orthotopic liver transplantation (OLT). With a

Immunological causes
This seems to be the most attractive hypothesis for PSC. The
strong association of PSC with a series of autoimmune diseases
underscores the role of immunological alterations in the
pathophysiology of the disease (Table 1). Moreover, specific
autoantibodies can be found in patients with PSC, i.e.,
antineutrophil cytoplasmatic antibodies (p-ANCA) [14],
anticolon antibodies[15], antineutrophil nuclear antibodies[16]
with a high frequency, while anti-mitochondrial auto-antibodies
(AMA), anti-nuclear auto-antibodies (ANA), anti-smooth
muscle auto-antibodies (ASMA) with a lower frequency[17].
Circulating immune complexes are found in as many as 80% of
patients[18]. Other immunological abnormalities may include
hypergammaglobulinemia (30%), high serum IgM (50%)[14],
decreased circulating T cells, increased ratio of CD4:CD8[19],
decreased C3[20]. At histology, it is possible to find lymphocytic
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bile duct destruction [21] and an increase of class II major
histocompatibility complex (MHC II) on biliary epithelial cells[22].
However, the exact role of immune system alterations (primary
or secondary involvement?) in the development, behaviour
and progression of the disease is still not completely understood.

Bacterial-toxic damage
This theory is based on the frequent association of PSC with
IBD, especially UC[23]. The combined activity of detergent bile
acid with bacteria in a diseased colon may result in an increased
mucosal permeability. The presence of bacteria[23] and/or their
toxins, and the increased concentration of potentially toxic bile
acids in the portal vein [6] may cause Kupffer cell activation to
produce tumor necrosis factor (TNF)[24]. Overproduction of
TNF may ultimately result in bile duct inflammation and
hepatobiliary lesions leading to portal fibrosis and PSC. It is a
fact, however, that an accurate study employing liver histology
in PSC patients found only a mild or absent portal phlebitis, as
a marker of portal vein bacteraemia[21]. The development of
PSC, moreover, is not related to the severity of IBD. PSC may
be diagnosed years before the onset of colitis or years after
total colectomy, and this finding suggests that bacteremia alone
may not be the sole determinant in the pathogenesis of PSC[25].
Viral infection
Several viruses including CMV and retrovirus type III have
been implicated in the pathogenesis of PSC. This theory is less
attractive, since investigators have only shown induction of
secondary cholangitis and biliary atresia but not PSC[21].
Smoking behaviour
In a controlled study, we found that the frequency of PSC and
UC was markedly increased in non-smoking patients[26],
suggesting that smoking is associated with a decreased risk of
PSC. Nicotine may be the active agent responsible for the
negative correlation between smoking and disease risk. Indeed,
the addition of transdermal nicotine to conventional
maintenance therapy could improve symptoms in patients with
ulcerative colitis[27]. In another study, however, we found that
transdermal nicotine did not have a clear short-term beneficial effect
on PSC[28]. Thus, further studies are needed to clarify this issue.
Biliary arteriolar injury
The rationale for this theory is that all conditions that can alter
the peribiliary vascular plexus may cause ischemic damage and
biliary tract necrosis and potential evolution to PSC. Such
conditions include liver transplantation, chronic rejection, or
diseases characterized by a high frequency of thrombosis[29,30].
Vascular injury, however, was absent at histology in the liver
of PSC patients undergoing liver transplantation[31]. Although
suggestive, this theory has been abandoned so far.
DIAGNOSIS
Diagnosis of PSC may be difficult, especially at early stages,
since patients are asymptomatic or poorly symptomatic.
Diagnostic steps must include clinical assessment, laboratory
tests, imaging, and histology. The ultimate diagnosis of PSC
requires that all secondary causes of cholangitis are ruled out,
namely bacterial infections (chronic and acute, secondary to
surgery or to acquired immunodeficiency syndromes),
abnormalities of the biliary tree, ischemic bile duct damage
(secondary to floxuridine treatment), and neoplasms[6].
Clinical assessment
At an early stage, PSC is frequently asymptomatic. Symptoms

January 7, 2005

Volume 11

Number 1

appear with the progression of the disease and include pruritus,
jaundice, fatigue, weight loss, and steatorrhoea. Fever, pain in
the right upper quadrant of the abdomen, night sweating, and
chills are present in 10-15% of patients at the time of the
diagnosis[6]. In children the onset may be characterized by
anorexia, nausea, fatigue, and weight loss[7]. The physical
examination is usually negative in early stages. If positive, it
may disclose hepatomegaly (55%), intermittent jaundice (45%),
splenomegaly (35%), skin hyper pigmentation (25%),
excoriations (21%), other signs such as xanthomas, ascites and
edema[32]. Progressive portal hypertension is characterized by
abundant ascites, variceal bleeding, and portal systemic
encephalopathy[33].

Laboratory tests
A cholestatic biochemical profile for six months or more is
frequently found in PSC patients, but findings are not specific[32].
Alkaline phosphatase (AP) can be normal[34] or up to 3 or 4 times
normal [2,35]. A mild-to-moderate elevation in alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
is usually present. Bilirubin fluctuates but is elevated, albumin
can be normal or decreased, partial thromboplastin time (PTT)
can be normal or increased. This picture may be different in
children: Feldstein et al[36] found an increased AST - ALT level
and an increased GT level respectively in 90% and 94% of
cases at the time of the diagnosis of PSC. Although AP was
increased in 75% of patients, there was a high variability due to
faster bone turnover during growth. These findings suggest
that GT is the most sensitive test for the diagnosis of PSC in
children. Eosinophilia can be found in 5% of patients[37]. Some
immunological tests may help in the diagnosis of PSC. Hyper-globulinemia is found in 30% of patients, an increase of IgM
in 40-50%[37,38], ANA in 6%, ASMA in 11%, and AMA in 5% of
patients[37]. In children, hyper--globulinemia was found in 66%
of patients, an increase of IgM in 23%, an increase of IgG in
70%, ANA and ASMA in 69%, and ANCA in 72% of patients[36].
Imaging
This is the most important step for the diagnosis of PSC. At the
end of the 1970s, ERCP and percutaneous transhepatic
cholangiography (PTC) represented the gold standard for
the diagnosis of PSC (Figure 1). Nowadays, most reliable
techniques are magnetic resonance (MR) and MRcholangiopancreaticography (MRCP)[39]. Distinctive features
are a multifocal stricture and bead involving bile ducts[40,41],
which appear as normal or slightly dilated[42], and diffuse
strictures[42]. However, in the early stages, fine or deep ulcerations
of the common bile duct can be the only findings[6]. Gallbladder
and cystic ducts are involved in 15% of patients[43]. In smallduct PSC, a PSC variant, cholangiographic features may be
silent, because affected bile ducts are too small to be seen by
radiology[6]. The finding of a polipoid mass into dilated ducts
may be predictive of cholangiocarcinoma and needs further
investigations including biopsy, brushing, needle aspiration
and evaluation of serum and bile tumoral markers (CEA and
CA19.9)[44,45]. An important role of PSC diagnosis is the emerging
of MRCP (Figure 2)[46,47]. Weber et al[47] recently compared
MRCP with ERCP in 55 patients with suspected PSC.
Morphologic criteria of PSC were documented with ERCP as
the gold standard, and sensitivity, specificity and diagnostic
accuracy were calculated. Of the 55 patients with PSC at ERCP,
40 were positive for MRCP imaging and 37 for liver biopsy. The
authors concluded that MRCP could be a reliable non-invasive
imaging method for the diagnosis and follow up of PSC. Nowadays,
MR imaging can be a useful tool to establish the diagnosis of
advanced PSC leading to cirrhosis, in the presence of large
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regenerative nodules. In another recent study[39], 52 patients
with PSC underwent MR imaging, 87% of PSC patients had
classic findings of liver cirrhosis, but with different patterns and
there was a high variability among the patients. The common
findings were hypertrophy of the caudate lobe (58-63%), large
regenerative nodules (54%) localized in the central part of liver
in about two-third of the cases, biliary ductal dilatation (80%),
peripheral bile duct dilatation due to compression of central
ducts by central regenerative nodules (29%), peripheral wedgeshaped areas of parenchymal atrophy (50% of patients with
cirrhosis patterns) and fibrosis. The authors, however, did not
evaluate the sensivity and specificity of MR imaging in PSC,
thus more studies are needed in this field.
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be noteworthy (i.e., >100 mL) and in one case a volume of 324 mL
was found without cystic duct obstruction [48]. Nevertheless,
postprandial gallbladder contraction was preserved and
comparable to normal. Thus, when associated with altered
biochemistry, the finding of an increased fasting gallbladder
volume at ultrasonography (i.e., >50 mL) could be a useful,
non-invasive, and easy to perform screening test in patients
suspected of having PSC. However, the sensitivity of this test
is low in early stages, and a normal gallbladder volume does
not rule out the diagnosis of PSC.

GB

Figure 2 MRCP pictures of a PSC patient. Wall irregularities
(see arrows) are visible in undilated bile ducts. The gallbladder (GB) is enlarged.
Figure 1 Cholangiographic pictures of enlarged bile ducts in
a PSC patient. On the left picture of ERCP, and on the right
picture of PTC, multifocal stricturing and slightly dilated bile
ducts are visible in both pictures.

Ultrasonography
We reported for the first time that fasting gallbladder volume
was greatly enlarged in PSC patients. The enlargement could
A

Histology
Histological findings are not specific for PSC and false negatives
are frequent (5-10%) because in the early stages the disease is
focal[49]. Extra-hepatic and large intra-hepatic bile ducts are
characterized by necrosis of epithelial cells, a thickened fibrous
wall with inflammatory infiltrates that tend to cluster around
biliary glands (Figure 3)[42,50]. Intra-hepatic bile ducts are
B

Figure 3 Histological appearance of the common bile duct (A) and a large intralobular bile duct (B) in PSC (Cross section of liver,
4× and 40× magnification, Masson Stain).

A

B

Figure 4 Histological appearance of a small bile duct with inflammatory cells (A) and a small intra-hepatic bile duct with
concentric rings of fibrosis (B) in PSC (40× magnification, H&E).
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characterized by necrosis of epithelial cells, bile duct
proliferation, ductopenia in some tracts, edema in some others,
fibrous cholangitis with features in portal triads of concentric
fibrosis around bile ducts (Figure 4)[50,51]. In advanced stages,
bile ducts become a solid fibrous cord, which is a distinctive
feature of PSC. There is also a typical reactive hyperplasia
of intramural glands of the extra hepatic bile ducts while
dysplasia is rare [52]. Hepatic parenchyma shows some
changes, which are common to primary biliary cirrhosis and
not specific but important for staging and prognosis.
Histological features can be classified in four stages. In the
first stage, inflammation is focal and limited to portal triads.
In the second stage, lesions are more widespread, infiltrates
and fibrosis are more predominant, and bile ducts are
enlarged. In the third stage, portal to portal fibrous septa are
commonly found, while stage four is a typical and nonspecific
picture of cirrhosis[6].
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previously mentioned, the high frequency of association with
autoimmune diseases indeed supports the autoimmune
pathogenesis theory (Table 1).
Table 1 Diseases most commonly associated with PSC
Celiac disease
Rheumatoid arthritis
Thyroiditis
Sjogren’s syndrome
Lupus erythematosus
Lupic nephritis
Chronic pancreatitis
Retroperitoneal fibrosis
Systemic sclerosis
Peyronie’s disease
Autoimmune hemolytic anemia

NATURAL HISTORY
Since PSC progression can be silent for years, its detection
may result from abnormal liver function tests and histological
features[53]. However, an earlier diagnosis means prolonged
survival since therapy might interfere with the natural history
of the disease. The mean survival from the time of diagnosis
has been reported to be 9-11 years[54] and 17 years[55]. In children,
the mean survival without therapy is 12.7 years but it is shorter
with overlapping autoimmune hepatitis (AIH)[36]. The most
common complications in PSC include osteoporosis (related to
the osteoblast inhibitors found in serum of patients with
cholestasis) [56], portal hypertension and liver failure,
cholestasis, cholelitiasis and choledocholithiasis (in 30% of
patients, probably related to chronic cholestasis)[57], deficiency
in vitamins A, B, C, D (50% vitamin A deficiency), ascites,
bleeding from esophageal varices, spontaneous bacterial
peritonitis, portal encephalopathy, bleeding from peristomal
varices (after proctocolectomy and ileal stoma), bacterial
cholangitis (spontaneous or secondary to ERCP or biliary surgery).
The presence of dominant strictures of the biliary tract (15-20%
of patients) may result in jaundice, pruritus, fever [58-60], and
cholangiocarcinoma (from 6% to 30%, specially in patients with
cirrhosis or with UC associated)[61]. All above-mentioned
complications may reduce survival.
Predicting survival on the basis of clinical, biochemical, and
histological features is of great importance to monitoring
therapy and timing liver transplantation. Thus, many prognostic
models and risk score models have been constructed, including
the Child-Pugh score[62], the Mayo Clinic survival model[63]
and the Kaplan-Meier survival curve, which have been
corrected and integrated with ERCP findings[64]. Results,
however, are not always related to the true evolution of the
disease. PSC is most commonly associated with IBD. The
prevalence of IBD in PSC patients is 54-100% (90% UC, 10%
Crohn’s disease) and in most of the cases PSC follows IBD
(94% of patients have IBD at the time of diagnosis), but the
correlation is lacking between liver and colon damage[35]. In
the adult population AIH appears to coexist with PSC as an
overlap syndrome[65,66] in 7.1-10.6% of cases, the prevalence
in children averages 35%[67]. Usually patients with mixed
findings of the two diseases have predominant manifestations
of AIH and their histological assessment may show only
features of periportal hepatitis. The prognosis of this
association is unknown, but since there is no gain with
corticosteroids, it is likely that the PSC component dictates
the clinical course of the illness. PSC has been found to be
associated with a large number of other syndromes. As

Immune thrombocytopenic purpura
Membranous nephropathy
Histiocytosis X
Cystic fibrosis
Angioblastic lymphadenopathy
Intra-abdominal adenopathy
Vasculitis
Pseudotumor of the orbit
Gallbladder disease

THERAPY
Since the etiology and pathogenesis of PSC are still unknown,
therapy is difficult and remains mostly endoscopic. Although
several medications have been evaluated alone or in
combination, liver transplantation stands as the definitive
therapy for PSC.
Ursodeoxycholic acid (UDCA)
UDCA is the dihydroxy bile acid produced in a small amount by
colon microflora from dehydroxylation of the primary bile salt
chenodeoxycholic acid. UDCA is found in human bile as 4-5%
of the total bile acid pool. Because of its chemical structure,
UDCA is more hydrophilic (i.e., less detergent and less cytotoxic)
than other primary and secondary bile acids. Orally, the
absorption of UDCA is between 30% and 60%, mainly in the
small intestine (80%) and less in the colon [68]. Advanced
cholestasis may diminish the oral bioavailability of UDCA[69].
Hepatocytes are able to pick up UDCA from the portal vein via
specific transporters (NTCP and OATP)[70] and after that, UDCA
is conjugated to glycine and taurine[71]. From the liver, UDCA
is secreted in bile ducts via another transporter protein, the
bile salt export pump (BSEP)[70]. The first pass hepatic
metabolism is 70%, so its blood level in systemic circulation is
very low[72] and peak levels in bile are found 1-3 h after
administration. The half-life of UDCA is 3.5-5.8 d[73], and UDCA
is mainly eliminated by faeces. In cholestatic diseases, however,
renal secretion of UDCA may increase. UDCA is responsible
for a number of effects in the body (Table 2). These effects
include decreased serum and biliary cholesterol levels, increased
conversion of cholesterol to bile acids, decreased ileal
absorption of endogenous bile acids[74-76], increased total serum
bile acid pool[77,78], improvement of bile acid hepatic excretory
rates and transit time[79]. In experimental animals, UDCA induces
hypercholeresis, i.e., a greater than expected choleresis[80] via
the so-called “cholehepatic shunt” process[81]. When protonated,
in fact, UDCA is more lipophilic and can be rapidly reabsorbed
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from the bile ductules into the peribiliary plexuses. In this way,
it comes back directly to the liver and can be re-secreted.
Additional effects of UDCA include reduction of T-cells that
mediate hepatocellular damage[82,83], cell damage induced by
decreased hydrophobic bile acid [84-86], and inhibition of
neoplasm proliferation[87-89]. Regimens of UDCA used in PSC
are depicted in Table 3 and include UDCA alone (at low or high
doses) or in combination with other medications. Though
UDCA is still widely used in PSC patients, there is no definitive
data regarding the impact of this drug on survival or time to
OLT.

For both groups the total administered doses were 10-12 mg/kg
b.w. daily. During the 2-year observation period, symptom and
AP, GT and AST decreased significantly while bilirubin and
histology did not deteriorate in both groups. No difference
existed between single and multiple doses of UDCA. As biliary
enrichment of UDCA is expected to be lower in cholestasis, use
of high doses of UDCA in PSC has a rationale. Mitchell et al[94]
compared UDCA (20 mg/kg·d) (n = 13) with placebo (n = 13),
and found that UDCA in total bile acid pool increased from 3%
to more than 70% in the UDCA group. Although there was no
difference between the two groups with respect to symptoms
like malaise and fatigue, pruritus and jaundice were more
frequent in the control group. The UDCA group had
improvement in serum levels of AP and GT (no effect on
bilirubin and albumin levels), while there was a minor decrease
of the scores of portal inflammation. ERCP showed no
progression of the disease. The authors concluded that high
dose regime of UDCA might be effective in the therapy of PSC

UDCA alone
Several trials used UDCA at low doses (8-15 mg/kg b.w. daily)
and showed a relevant improvement in liver biochemistry but
not in histology, symptoms and survival [90-92]. One Dutch
multicenter randomized study[93] compared a single dose with
multiple doses (t.i.d. at meal time) for 2 years in 48 PSC patients.
Table 2 Targets, mechanisms and effects of UDCA therapy
Target

Mechanisms

Cholesterol
Bile acid pool

Effects

References

Intestinal absorption ↓

Biliary cholesterol decreased by 40-60%

Conversion to bile acids ↑

Serum LDL and HDL cholesterol decreased

Ileal absorption of endogenous

Serum UDCA increased by 10-64%

hydrophobic bile acids ↓

Total bile acids ↑ Hydrophobic bile acids ↓

[74-77,119,120]

Unchanged hydrophilic bile acid pool

[121,122]

Excretory rates and bile acids transit time ↑

[123-125]

[126-128]

[118]

Exocytocis and canalicular transport ↑
(due to ↑ cytoplasmatic free Ca2+ )

Bile flow

Modulation of membrane transport proteins

[80]

Hypercholeresis
Gallbladder
Gallbladder bile
Immune system

Modulation of smooth muscle contractility

Fasting gallbladder volume ↑

(CCK receptor + cholinergic nerves)

Postprandial gallbladder emptying 

Biliary total proteins ↓

Crystallization-promoting activity ↓

Concanavalin A-binding fraction ↓

Inhibition of cholesterol crystallization

Expression of MHC class I and II ↓

Immunomodulatory effect

[129,130]

[82,83]

T-cell hepatocellular damage ↓
Cells

Hydrophobic bile acid induced cell damage ↓

Neoplasms

Unknown (decreased fecal hydrophobic

Cytoprotection (e.g., liver damage ↓)

[85,86]

Chemo protection (neoplasm proliferation ↓)

[87,89,131]

Apoptosis or necrosis ↓
deoxycholate, lithocholate)

↓, decreased; ↑, increased; , unchanged; MHC, major histocompatibility complex.
Table 3 Regimens and effects of UDCA for PSC therapy
Regimen

Assessment

Outcome

8-13 mg/(kg·d)

Liver biochemistry

Improved

Histology, symptoms, survival

Ineffective

(single administration)

13-15 mg/(kg·d)

Liver biochemistry

Improved

Histology, symptoms, survival

Ineffective

Low doses

10-12 mg/(kg· d) t.i.d.

Liver biochemistry

Improved

Histology, symptoms

No progression

20 mg/(kg·d)

Liver biochemistry

Improved

Histology

Improved

Low doses

(multiple administration)

1

High doses
25-30 mg/(kg·d)

ERCP

No progression

Liver biochemistry

Improved

Mayo risk score and survival

Improved

References
[92]

[90]

[93]

[94]

[95]

at 4 yr
Combination

1

UDCA 650 mg/d +

Liver biochemistry

Improved

azathioprine 1-1.5 mg/(kg·d) +

Histology

Improved

prednisolone 1-10 mg/(kg·d)

ERCP

Improved

Comparable effects for multiple vs single administration.

[96]
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but the heterogeneous stages of patients at the starting point
of the study did not allow drawing definitive conclusions.
Another study[95] employed UDCA 25-30 mg/(kg·d) in 23 patients
(77% with UC), 38% of the patients showed more than 50%
improvement of AP compared to baseline, bilirubin was improved
by 44% in the 11 patients with prior hyperbilirubinemia, and
AST and albumin were improved in 59% of the patients. The
Mayo risk score also improved together with the 4-year survival.
Taken together, these studies have shown that high doses of
UDCA have a positive outcome not only in liver biochemistry,
but also in survival of PSC patients. The results of a controlled
trial with a high dose of UDCA for PSC are awaited from the
Mayo Clinic group.

UDCA in combination
UDCA has been employed in combination with prednisolone
and azathioprine[96]. The triple regimen comprised a daily dose
of UDCA 650 mg plus prednisolone (from a starting dose of
1 mg/kg b.w. to a final dose of 5-10 mg/kg b.w.) and azathioprine
1-1.5 mg/kg b.w. In the 15 patients followed up for 41 mo, there
was a rapid and relevant decrease of liver enzyme levels and
also AP and AST (56% decrease), ALT (65% decrease), and
bilirubin (27% decrease). ERCP and liver histology were also
improved and only 1 patient developed dominant strictures as
a complication of the disease. These promising results need to
be confirmed by larger and controlled studies.
D-penicillamine
Because of increased copper deposits in PSC liver, the Mayo
Clinic group evaluated the effect of D-penicillamine on 70 patients
for 36 mo. There was no beneficial effect on disease progression[97].
The onset of important side effects (e.g., proteinuria) was a
reason to abandon this treatment.
Corticosteroids and other immunosuppressants
Based on the hypothesis that PSC has an immunologic cause,
corticosteroids and other immunosuppressants were used for
PSC. Oral corticosteroids yielded an initial improvement in the
biochemical profile. However, lack of evidence for the long
term benefit as well as bone demineralization, is an argument
against the use of this regimen[98]. Whereas tacrolimus (FK506)
resulted in a significant improvement of liver biochemistry in
10 PSC patients after 1 year of treatment[99]. In another study,
methotrexate was ineffective[6]. Other medications such as
azathioprine, cyclosporine, tested in association with
corticosteroids and UDCA, have never been evaluated alone
in the therapy of PSC[61].
Other drugs for chronic cholestasis
Pruritus in PSC can be common and often disabling. As far as
bile flow is preserved, a suitable approach is sequestering
luminal bile salts. Cholestyramine, the chloride salt of a nonabsorbed basic anion-exchange resin is effective at an oral
dose of 4 g t.i.d.[100]. In patients who do not tolerate cholestyramine,
an alternative is the ammonium resin cholestipol hydrochloride.
Due to their affinity to di-hydroxy bile salts, these resins must
be taken apart from UDCA. In patients not responding to resins,
rifampine 150 mg b.i.d. can be effective as well as phenobarbital
(60-100 mg at bedtime), anti-histamines, naloxone and naltrexone[61].
There is no proven therapy for osteoporosis in PSC, options might
include drugs such as 25-hydroxyvitamin D plus calcium[100],
calcitonin, and biphosphonates. Studies performed with
biphosphonates like etidronate in PBC[101,102] suggested that
these drugs could be valuable in PSC, too. When chronic jaundice
develops, it is necessary to monitor fat-soluble vitamin levels
in order to treat deficiencies with supplements. Antibiotics
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usually manage bacterial cholangitis with a high penetration
rate in biliary tract like cyprofloxacine. Alternative drugs are
amoxycillin and trimethoprim-sulfametoxazole[61].

Endoscopic treatment
Therapeutic ERCP may be effective in PSC patients with
symptomatic dominant strictures (i.e., discrete areas of narrowing
within the extrahepatic biliary tree), gallstones or debris[103-106].
Other studies found that PSC patients undergoing endoscopic
treatment had an increased survival, which was much higher
than that predicted from survival models[103,107]. Endoscopic
treatment may prevent biliary obstruction, which seems to be
the main cause of cirrhosis in these patients. Methods include
catheter or balloon dilatation (Figure 5), temporary stent
placement, and nasobiliary drainage with or without lavage.
Endoscopic treatment is considered to be a valuable option in
addition to medical treatment[2,106].
A

B

C

D

Figure 5 Sequence of balloon dilatation during ERCP treatment in a PSC patient with prior multiple bile duct strictures.

Liver transplantation
Orthotopic liver transplantation (OLT) is an effective therapy
for PSC and the only life-saving option for the end-stage disease
(>85% survival at 3 years)[108-110]. In patients with PSC and UC
undergoing OLT, intestinal symptoms subside or remain
quiescent in the post transplantation period[111]. Following OLT,
however, PSC tends to recur in 15-30% of patients, and there is
also a high recurrence rate of biliary strictures, chronic rejection,
and reflux cholangitis[112]. Unfortunately, use of immunosuppressants such as orthoclone or corticosteroids could not improve
survival and recurrence of the disease[112]. Indications for OLT
are well accepted and have been recently reviewed. Each patient
should be assessed individually keeping in mind that important
factors for OLT are both difficult prediction of disease course
and the overall increased risk of hepatobiliary malignancies
(i.e., cholangiocarcinoma and hepatocellular carcinoma).
Indications related to the end-stage disease include jaundice,
which cannot be alleviated endoscopically or with medical
therapy, cirrhosis with reduced liver function, variceal bleeding,
portal gastropathy, intractable ascites, hepatic encephalopathy,
severe recurrent bacterial cholangitis, progressive muscle
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wasting, disabling fatigue, and suspected hepatocellular
carcinoma or cholangiocarcinoma[7,61,113,114].

Proctocolectomy
In theory this procedure could improve the natural history of
PSC. Two studies, however, found no effect on symptoms,
biochemical, radiological, histological features of PSC and
survival after proctocolectomy[54,115]. This surgical approach,
however, should be always performed in case of intractable
IBD, colonic dysplasia, and colonic cancer.
Biliary surgery
This approach should be avoided because of the risk of
complicating cholangitis[116] and because previous surgery is a
contraindication for liver transplantation[117].
CONCLUSIONS
PSC is a disease of unknown cause implying progressive
fibrosis and ultimately disappearance of intra- and/or extra
hepatic ducts. Although PSC is not a common disease, it
represents a diagnostic and therapeutic challenge for the
physicians and ultimately involves several body regions. The
disease is poorly symptomatic in most cases and cholestatic
profile appears only at a later stage, in particular when a
dominant stenosis develops. Moreover, signs and symptoms
are not specific and overlap with other biliary diseases, while
laboratory findings are poorly diagnostic since all liver enzymes
can be normal or only slightly increased. Indeed, AP levels in
adults and GT levels in children are the most sensitive tests
when PSC is suspected. Immunological tests, on the other hand,
can be misleading since hyper--globulinemia and increased
IgM levels are found only in less than half of the patients with
different types of autoantibodies and a low frequency of
occurrence. Whereas both ERCP and PTC are the only useful
tools for diagnosing PSC, they become diagnostic only in
advanced PSC. In the future, as the sensitivity and specificity
raise, less invasive tools such as MRCP and MR will need to be
included in the diagnostic workup for PSC. Lastly, liver histology
is useful for PSC diagnosis but a high number of false negatives
are possible at earlier stages, due to the focal distribution of
lesions. There is no established therapy for PSC but some drugs
may relieve symptoms and prolong survival. Such drugs include
high doses of UDCA, alone or standard doses of UDCA in
combination with azathioprine and prednisolone. Tacrolimus
shows promising results, although longer trials are needed to
show an ultimate effect on the progression of the disease.
Waiting for more effective medical treatments, liver transplant
is the only definitive therapy for PSC, although 15-30% of
transplanted patients would have PSC recurrence.
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Abstract
AIM: To answer the question whether FHIT gene expression
is affected by the family history of gastric carcinoma and the
presence of Helicobacter pylori (H pylori) in the gastric mucosa
of patients with dyspepsia.
METHODS: FHIT gene expression in two different
topographic sites of the gastric mucosa of twenty-one
patients with dyspepsia and with or without familial gastric
carcinoma, infected or not infected with H pylori, was
evaluated by reverse transcription-PCR (RT-PCR) and
IMAGE QUANT methods. A rapid urease test and
histopathological examination were used to determine
H pylori colonization.
RESULTS: In the gastric mucosa of patients with family
histories of gastric carcinoma, the amount of FHIT protein
mRNA was reduced down to 32%, and for patients with
H pylori colonization, to 24% in comparison to controls
with dyspepsia and without cancer in the family. FHIT
expression was independent of the topography of
specimens (corpus vs antrum), and for the control patients
it was less sensitive to infection with H pylori . A
considerable statistical difference in FHIT levels was
observed in the gastric mucosa from the corpus of patients
with family histories of gastric carcinoma in respect to
H pylori colonization (P = 0.06). Macroscopic evaluation
of the gastric mucosa demonstrated that pathologic
changes classified according to the Sydney system had
no significant influence on FHIT expression within each
tested group of patients.
CONCLUSION: Loss of FHIT expression was observed
in patients with dyspepsia and family histories of gastric
carcinoma, especially those infected with H pylori. Such
results may cons titute an ea rly indication of the
development of gastric carcinoma, which is associated
with family factors including heredity and H pylori
infection. The loss of the FHIT gene may serve as a
marker for early diagnosis and prevention of gastric

carcinoma, especially in context of early monitoring of

H pylori infection in individuals with a record of familial
stomach cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; Helicobacter pylori infection;
FHIT protein
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INTRODUCTION
Poland is among countries with high risk of gastric carcinoma. In
both men and women it constitutes the second cause of death,
after lung cancer[1]. The incidence of this tumor, irrespective of
great differences in its prevalence in particular geographic regions,
depends on socio-economic structure, eating habits, age, gender,
and profession. In Poland, the incidence rate of gastric carcinoma
is approximately 19.7 per 100 000 men and 7 per 100 000 women.
Incidence and mortality increase with age. Recently, the 5-year
survival rate of patients with gastric carcinoma in Poland has
increased to 25.9%[2]. The most prevalent malignant tumor of
the stomach is adenocarcinoma (93%). The others are lymphomas
(5%), mesenchymal tumors and carcinoids (1%).
Etiopathogenesis of gastric carcinoma cannot disregard
the evidence that familial and hereditary factors increase
individual susceptibility, especially in those who are exposed
to environmental hazards. Such hazards include Helicobacter
pylori (H pylori) infection. A comparison of gastric carcinoma
incidence with that of H pylori infection implies that (except
for African continent where despite the infection, cancers are
less prevalent) it is higher in developing countries, where
infections are highly prevalent. This suggests that a bacterial
factor is involved in the pathogenesis of gastric carcinoma. In
Poland the percentage of H pylori infection is high, reaching
approximately 40-60%, while in developed countries it reaches
approximately20-40%.
The genetic contribution to gastric carcinoma is not yet
clear. Literature data indicate that, as in many other tumors,
the fragile histidine triad (FHIT) protein occurs at very low
concentrations or is completely lost in most specimens from
stomach tumors[3 ,4]. Accordingly, inactivation of the FHIT gene
may predispose the development of cancer[5]. Several studies
indicate that the anticancer effects of FHIT protein are due to
the induction of apoptosis. Thus it has not been possible to
estimate whether the loss of FHIT gene expression is a cause
or a consequence of the development of cancer, or whether it is
a primary or secondary event. As demonstrated in in vivo studies,
re-expression of the FHIT gene (through gene therapy) reverses
the development of established tumors by 60-70% through an
apoptotic pathway[6,7].
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Here we present our preliminary results on FHIT expression
in the gastric mucosa of patients with dyspepsia and with or
without familial histories of gastric carcinoma. The impact of
H pylori infection on those patients has also been studied.

MATERIALS AND METHODS
Materials
Selection of patients A group of 21 dyspepsia patients, aged
below 60, was screened in these studies. They were divided
into two groups. Group I consisted of 11 subjects without family
histories of neoplasms, including 5 patients infected with H pylori.
Group II consisted of 10 patients with family histories of gastric
carcinoma, 5 of them were infected with H pylori. A routine
rapid urease test for the presence of H pylori was used for the
selection of infected patients. For at least 14 d before the
examination, the patients did not take any H2 blockers and
proton pump inhibitors.
Biopsies
In endoscopic biopsies from the upper digestive tract (antrum
and corpus), 4 specimens were taken from each patient for
pathomorphological evaluation and colonization of H pylori
(two for the rapid urease test and two for histopathological
examination) and 4 specimens from identical sites to evaluate
the expression of the FHIT gene. Biopsies were taken routinely,
using a gastrofibroscope GIF Q140 or GIF Q145 (Olympus,
Tokyo, Japan).
The gastric mucosal specimens were collected with sterile
forceps, four from the antrum (3-5 cm proximally from the
pylorus) and four from the corpus (5-8 cm distally from the
cardia). For histopathological evaluation of the H pylori
colonization, the specimens from the corpus and antrum were
loaded into 1% formalin and routinely screened with microscope
(Giemsay method). Each specimen for FHIT evaluation was
rinsed three times with PBS buffer without ions Ca2+ and Mg2+,
treated with 1 mL of lysing reagent - TriPure isolation reagent
(Boehringer Mannheim) and homogenized. Tissue lysates could
be kept at -70 ℃ for a maximum of 2-4 wk.
Methods
Macroscopic evaluation of the gastric mucosa Macroscopic
evaluation of the gastric mucosa was based on the 4-degree
Sydney modified classification system[8] , i.e.,: (1) lack of evident
changes or focal hyperaemia of the mucosa; (2) erythematousedematous changes in the antrum; (3) erythematous-edematous
changes with single erosions in the corpus and antrum; (4)
diffuse erythematous-edematous changes in the whole stomach,
with haemorrhagic extravasations and flat or convex erosions
or intestinal metaplasia foci.
Isolation of total RNA from gastric tissue The total RNA
fraction was isolated from the tissue lysates according to the
TriPure Isolation Reagent protocol. The nucleic acid fraction
was then treated with RQ1 RNase-free DNase (Promega) and
isolated by phenol/chloroform extraction followed by ethanol
precipitation. The total RNA was quantified spectrophotometrically
at 260 nm. Samples could be kept at -70 ℃ for several months
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without any decomposition of the RNA.
Determination of the level of FHIT mRNA in tissue lysates
The level of FHIT mRNA was monitored by a semi-quantitative
RT-PCR method using a OneStep RT-PCR kit (Qiagen, Germany).
The specific FHIT primers (1 L each) at a concentration of
20 mol/L were used to give an RT-PCR product of 507
nucleotides long. RT primer (5’- CCT GCG TCC TGA TGA
AGT GG-3’, P1FHIT), PCR primer (5’-TGC CTG TCT GAG CCG
TTT AG-3’, P2FHIT) and a total RNA (0.5 g) were used for
the RT-PCR reaction (50 L volume). PCR was programmed
for 30 cycles. The reaction product was analysed by 3%
NuSieve GTG agarose (FMC BioProducts, Rockland, ME,
USA) gel electrophoresis and stained with ethidium bromide.
An amplification of a house-keeping GAPDH gene with
specific primers P1GAPDH (5’-CAT CAT CTC TGC CCC CTC
TG-3’) and P2GAPDH (5’-TCC ACG ATA CCA AAG TTG TC-3’)
(1 L each) at a concentration of 20 mol/L and 0.5 g of total
RNA was used as a control to give the desired 150 bp product.
The level of mRNA of FHIT protein is expressed as a ratio of
FHIT to GAPDH amplification products (FHIT/GAPDH).
Quantification of gels was done with the IMAGE QUANT
computer program. For each set of data average weight and
SEM were calculated.

Statistical analysis
Data of FHIT are expressed as mean±SE. For statistical analysis
of a difference between mean values of FHIT, we used Student
(t) or chi-square (2) tests, depending on the extent of the
variance. The statistical significance of this difference was
identified for each test by a two-tailed probability (P). P values
less than 0.05 were considered statistically significant.
RESULTS
Selection of patients
The group II patients were selected from those exhibiting
dyspepsia and with family histories of stomach cancer in the
first-degree relatives and with cancers of other organs in the
first- or second-degree relatives. Patients with similar dyspepsia
symptoms but without familial cancer were selected as control
subjects (group I). Macroscopic evaluation of the gastric mucosa
was based on the 4-degree modified Sydney classification[8]
(see Materials and Methods). The characteristics of the test
patients are given in Table 1.
All patients were screened in a urease test for the presence
of H pylori. In addition, histopathological examination of tissue
samples from the gastric mucosa of the antrum and corpus was
carried out for each individual subject. Eight patients in both
tests showed positive H pylori (+) infection, while two patients
showed negative urease tests but positive histopathological
findings for the presence of H pylori. Those patients were
included in the H pylori (+) group.
Expression of FHIT gene in gastric mucosa
Specimens taken from the antrum and corpus of each patient
were lysed and the total RNA was isolated. The level of FHIT
expression was determined by a semi-quantitative reverse

Table 1 Characteristics of patients of groups I and II by sex, positive H pylori (+), average age and macroscopic evaluation of
gastric mucosa determined according to the Sydney system[8]
Sex / Hp(+)
Selection criteria
Group I (no familiar cancer)
Group II (stomach cancer in first-degree relatives and
cancer of other organs in first- or second- degree relatives)

Sydney system
Average age (yr)

Female

Male

7/3
6/3

4/2
4/2

46 .3
47 .4

I

II

III

IV

3
1

5
1

2
2

1
6
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1

2

3

4

5

6

2.5

FHIT/GAPDI

2.0
1.5
1.0
0.5
0.0

a Hp (-)

c Hp (-)

a Hp (+)

c Hp (+)

Figure 2 Comparison of FHIT expression in the gastric mucosa of group I patients (without family histories of cancer),
with the topography of the biopsied specimens (a, antrum; c,
corpus) and H pylori colonization (Hp(+)/Hp(-)). The mean ± SE
values are marked.
1.0
0.8
0.6
0.4
0.2
0.0
a Hp (-)

c Hp (-)

a Hp (+)

c Hp (+)

Figure 3 Comparison of expression of FHIT gene in the gastric mucosa of group II patients (with family histories of
cancer), with the topography of the biopsied specimens and
H pylori colonization. The mean±SE values are marked.
3.0
2.5

7
FHIT-507 bp

GAPDH-150 bp

FHIT/GAPDH

M

colonization with H pylori. Macroscopic evaluation of the gastric
mucosa showed no significant differences in the FHIT level within
each tested group of patients (Figure 4). Statistical data are as
follows: for patients of group I 2 = 2.51 and P>0.1 and for patients
of group II 2 = 1.78 and P>0.1.

FHIT/GAPDH

transcription and PCR (RT-PCR) method with FHIT gene specific
primers. Amplification products were analyzed by 3% agarose
gel electrophoresis. Representative electrophoretic analyses
of the RT-PCR products of FHIT (upper gel) and of a control
GAPDH (lower gel) are shown in Figure 1. Lanes 1-3 represent
three patients of group II with family histories of gastric
carcinoma and with H pylori infection. Analysis of specimens
from the corpus of those patients shows very little or no FHIT
expression. The remaining lanes represent individuals of group
I with negative (lane 4) and positive H pylori infection (lanes 5-7).
For patients with no familial cancer, the level of FHIT expression
is higher than in those with cancer in the family (lanes 4-7 vs
1-3). Moreover, for group I patients the FHIT expression is
significantly affected by H pylori colonization (compare line
4-Hp (-) with lanes 5-7-(Hp(+)).
Comparison of the FHIT expression profile was made for all
patients of both tested groups. RT-PCR products were quantified
by densitometry with the IMAGE QUANT program and the
ratio of FHIT to GAPDH (FHIT/GAPDH) was determined for
each case. Figure 2 shows comparison of the mean values of
FHIT expression in the gastric mucosa of group I patients
relative to the topography of the biopsied gastric specimens
and the colonization of H pylori. No significant differences
between FHIT values for the antrum and corpus in both Hp (-)
(1.86 vs 2.16) and Hp (+) individuals (1.82 vs 1.22). Also, there
were no statistical differences in the FHIT level within the same
topographic parts caused by bacterial infection. Thus, for
patients with dyspepsia and with no familial cancer, the FHIT
expression level was independent of both the topography of
the specimens and the bacterial infection.
Comparison of the mean values of FHIT expression in the
gastric mucosa of group II patients with the topography of the
biopsied gastric specimens and colonization of H pylori is
shown in Figure 3. No significant difference between FHIT
values for the antrum versus the corpus was observed in both
Hp (-) (0.61 vs 0.69) and Hp (+) individuals (0.47 vs 0.27). There
was also no statistical difference in FHIT level within the antrum
caused by bacterial infection. However, considerable statistical
difference was observed for the FHIT level in the corpus
depending on H pylori colonization (P = 0.06). Thus, for patients
with family histories of gastric cancer, the FHIT expression
level was independent of the topography of the biopsied
specimens but it was significantly affected by the presence of
H pylori in the stomach corpus.
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2.0
1.5

Group I

1.0

Group II

0.5
0.0
I

Figure 1 RT-PCR analysis of FHIT and control GAPDH gene
expression from the corpus of patients with dyspepsia. Lanes
1, 2 and 3: patients of group II with a family history of gastric
carcinoma and with H pylori infection; lane 4: control patient
[(no familial cancer, Hp (-))]; lanes 5, 6 and 7: control patients
with Hp (+).

Macroscopic evaluation
The FHIT/GAPDH mean values for the patients of groups I and
II were compared with the macroscopic evaluation of the
gastric mucosa based on the 4-degree Sydney system[8]. The
FHIT/GAPDH mean values were calculated for all cases of each
Sydney system group, independent of stomach topography and

II

III

IV

Figure 4 Comparison of the FHIT/GAPDH mean values for
the patients of groups I and II and the macroscopic evaluation
of the gastric mucosa on the Sydney scale. The FHIT/GAPDH
mean values were calculated for all cases of each Sydney system group, independent of stomach topography and colonization with H pylori. The mean±SE values are marked.

DISCUSSION
The origin of tumors is connected with a lack of balance between
the proliferation of cells and their removal through apoptosis.
Most frequently, in neoplastic transformation, the mechanism
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of apoptosis fails and cellular proliferation increases. This
process is complex and consists of many stages. The loss of
the FHIT gene function is frequent in neoplastic transformation;
it may determine the origin of cancer.
Inactivation of the FHIT gene has been observed in tissues
collected from tumors of many organs, including head, neck,
breasts, lungs, pancreas, stomach, ovary, colorectum, bladder,
and also in leukemia [3,9,10]. An impairment of FHIT gene
transcription has also been demonstrated in 86% of patients
with diagnosed Barett’s metaplasia[11] and in 93% of patients
with esophageal adenocarcinoma[12]. According to the results
of Skopelitou et al[13], FHIT protein is absent in 79% of tested
tissue material in specimens from gastric mucosa of biopsied
adenocarcinoma, affected by H pylori. The contribution of this
bacterium to neoplastic transformation is well documented.
H pylori causes an increase in proliferative activity and affects
the apoptotic process of the glandular epithelium of gastric
mucosa. The sequence of consecutive steps of pathological
lesions as a result of H pylori infection, i.e., chronic atrophic
inflammation of gastric mucosa → intestinal metaplasia →
dysplasia → gastric carcinoma, may last for years[14,15]. Atrophic
lesions in gastric mucosa usually refer to the antrum, seldom to
the corpus. Cancer develops mainly in the antrum (70%),
although in recent years its topography has been noticed to
shift towards the corpus. This is associated with a higher
frequency of H pylori in that area[16].
2.5

FHIT/GAPDH

2.0
1.5
1.0
0.5
0.0
a Hp (-)

c Hp (-)

a Hp (+)

c Hp (+)

Figure 5 Comparison of expression of FHIT gene in the first
(dark bars) and second group (white bars) of patients without
and with family histories of cancer, respectively, depending
on the topography of biopsied gastric mucosa tissues and
H pylori colonization.

We ask the question whether loss of the FHIT gene occurs
only after development of gastric adenocarcinoma or if its
expression is affected by other factors which may lead to the
early neoplastic transformation. We have considered the influence
of familial factors including the heredity of gastric cancer and
H pylori infection. We have compared FHIT expression in
patients (below the age of 60) with dyspepsia, family histories
of stomach cancer in the first-degree relatives, and cancer of
other organs in the first- or second- degree relatives, including
patients infected with H pylori (group II) against control
patients without family histories of gastric carcinoma (group I).
Although the analyzed group was small, we observed a
significant loss of FHIT (68%) in patients with negative H pylori
(group II versus group I) (Figure 5). The FHIT mean values for
the antrum were 0.61 and 1.86 for groups II and I (P<0.05),
while for the corpus they were 0.69 and 2.16 (P<0.05),
respectively. Infection with H pylori caused loss of FHIT in
both tested groups of patients. In the antrum the mean values
of FHIT were 0.47 and 1.82 for patients of group II and group I,
respectively, with a P value of 0.057. The loss of FHIT in the
corpus of patients with positive H pylori and familial cancer
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did not reach statistical significance (P>0.1) in comparison
with the Hp (+) group I patients since FHIT expression was
significantly decreased in this part of the stomach by the
bacterial infection itself. This effect was observed in earlier
studies[16] where it was reported that despite the development
of cancer mainly in the antrum, the topography of cancer shifted
towards the corpus, assisted by the higher frequency of bacterial
colonization in that area.
Lower FHIT expression in the gastric mucosa infected with
H pylori suggests that bacterial colonization affects the
metabolic pathway and interferes with FHIT expression in
patients of both tested groups. The loss of FHIT observed in
the patients with dyspepsia may constitute an early indication
of the development of gastric carcinoma. These results may
help understand the role of FHIT protein in the process of
carcinogenesis, and its function in individuals with familial
gastric carcinoma and H pylori infection.
The studies on the evaluation of the expression of FHIT
protein at the mRNA level are encouraging, but only a complex
evaluation of the tissue material from specific parts of the
stomach, determining the level of FHIT expression, concentrations
of FHIT protein, and the extent of infection and pathogenicity
of H pylori strains (presence of Cag A protein gene)[17-19], will
allow verification of the research hypothesis proposed in this
paper. Further studies should answer the question whether it
is necessary to monitor people with family histories of gastric
carcinoma, especially those infected with H pylori.
We should emphasize that so far, no studies have been
carried out to determine the level of FHIT expression in the
gastric mucosa of those with family histories of gastric cancer.
The importance of family factors (including heredity) may be
proved by the occurrence of gastric carcinoma in monozygotic
twins[20] and a much higher prevalence of gastric carcinoma in
certain families over several consecutive generations[21]. The
hazards of early exposure of these family members to H pylori
bacteria cannot be overestimated.
In conclusion, the significant decrease of FHIT expression
observed in patients with dyspepsia and family histories of
gastric carcinoma may indicate the need for monitoring the
development of gastric carcinoma. The loss of the FHIT gene
may serve as a marker for early diagnosis and prevention of
gastric carcinoma. The possible manipulation of FHIT cellular
activity, including gene therapy[6,7,22,23], constitutes a challenge
for further studies aimed at the development of new therapeutic
procedures for stomach cancer prevention.
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Abstract
AIM: To examine the clinicopathologic features of elderly
patients with gastric carcinoma and to investigate the
relationship between prognosis and age.
METHODS: We reviewed the hospital records of 2 014
patients with gastric carcinoma retrospectively to
compare the clinicopathologic findings in elderly (age
>70 years) and young (age <36 years) patients during
the period from 1986 to 2000 in a tertiary referral center
in Gwangju, Korea. Overall survival was the main
outcome measure.
RESULTS: Of the 2 014 patients, 194 (9.6%) were in the
elderly group and 137 (6.8%) were in the young group.
The elderly and young patients had similar distributions with
respect to depth of invasion, nodal involvement, hepatic
metastasis, peritoneal dissemination, tumor stage at the
initial diagnosis, and type of surgery. Synchronous multiple
carcinomas were found in 14/194 (7.2%) of the elderly group
and 4/137 (2.9%) of the young group (P<0.05). Using the
Borrmann classification, type IV was more frequent in the
young patients than in the elderly patients (P<0.05).
Significantly more elderly patients had a well or moderately
differentiated histology, and more young patients had a
poorly differentiated histology and signet ring cell carcinoma
(P<0.001). The 5-year survival rates of elderly and young
patients did not differ statistically (52.8% vs 46.5%,
P = 0.5290). Multivariate analysis showed that the histologic
type, nodal involvement and operative curability were
significant prognostic factors, and age itself was not an
independent prognostic factor of survival for elderly gastric
carcinoma patients.
CONCLUSION: Elderly patients with gastric carcinoma do
not have a worse prognosis than young patients. The
important prognostic factor is whether the patients undergo
a curative resection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although the incidence of gastric carcinoma is declining in the
general population[1,2], its incidence in the elderly is increasing[3-5].
In conjunction with recent increases in life expectancy, more of
these patients are undergoing surgery for gastric carcinoma
than in the past.
Some investigators have reported on the feasibility of
gastric surgery in patients over 70 years of age, with advances
in peri- and postoperative care, anesthesia, and operative
techniques[6,7].
Since the incidence of gastric carcinoma in the elderly is also
increasing in Korea, we are interested in the clinicopathologic
features and prognostic factors that affect the survival rate of
elderly patients with gastric carcinoma. This study analyzed
the clinicopathologic features of gastric carcinoma in patients
older than 70 years and compared them with young patients
with gastric carcinoma.
MATERIALS AND METHODS
Patients and specimens
From 1986 to 2000, a total of 2 014 patients with gastric carcinoma
were admitted to the Division of Gastroenterologic Surgery in
the Department of Surgery at Chonnam National University
Medical School, Gwangju, Korea. Of these, 194 (9.6%) were in
the elderly group (defined as older than 70 years). There were
131 males and 63 females. In elderly patients with gastric
carcinoma, the pTNM classification showed 37, 39, 96, and 22
patients with pT1, pT2, pT3, and pT4 tumors, respectively.
According to the grade of anaplasia, 38 tumors were well
differentiated, 62 moderately differentiated, 74 poorly differentiated,
10 mucinous, and 6 had signet ring cell carcinomas.
The clinicopathologic features of these elderly patients with
gastric carcinoma were reviewed retrospectively, including
information on each patient’s age, sex, tumor size, number of
lesions, tumor location, Borrmann type, depth of invasion,
histologic type, nodal involvement, hepatic metastasis, peritoneal
dissemination, stage at the initial diagnosis, and type of surgery.
The survival rate was obtained from the hospital records. A
histological evaluation was performed according to the
Japanese General Rules for Gastric Cancer Study in Surgery
and Pathology[8]. Curative resection was defined as all gross
lesions removed as judged by the surgeon at operation.
Statistical analysis
The survival rates of the patients were calculated using the
Kaplan-Meier method and the relative prognostic importance
of the parameters was investigated using the Cox proportional
hazards model. The 2 was used to evaluate the statistical
significance of differences, and P values less than 0.05 were
considered statistically significant.
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RESULTS
Table 1 summarizes the clinicopathologic findings of gastric
carcinoma in elderly patients. Of the 2 014 patients, 194 (9.6%)
aged more than 70 years were classified as elderly patients.
There were 131 males and 63 females, the gender ratio was 2.1:1.
The age of the patients at the time of the initial diagnosis ranged
from 70 to 83 years, with a mean age of 73.3 years. Of the 2 014
patients, 137 (6.8%) aged less than 36 years were classified as
young patients. There were 63 males and 74 females, the gender
ratio was 0.85:1.
The mean tumor size was smaller in elderly patients (5.16 vs
5.07 cm) with gastric carcinoma, but the difference was not
statistically significant (P>0.05). Synchronous multiple carcinomas
were found in 14/194 (7.2%) of the elderly group and 4/137
(2.9%) of the young group. The incidence of multiplicity was
significantly higher in the elderly patients than in the young
patients (P<0.05). The lower third of the stomach was the most
common site of gastric carcinoma in both groups, and the upper
third was more frequently involved in the young patients than
in the elderly patients (16.8% vs 8.3%, P<0.05). In elderly patients
with gastric carcinoma, the pTNM classification showed 37,
39, 96, and 22 patients with pT1, pT2, pT3, and pT4 tumors,
respectively. According to the grade of anaplasia, 38 tumors
were well differentiated, 62 were moderately differentiated, 74
were poorly differentiated, 10 were mucinous, and 6 had signet
ring cell carcinomas. Significantly more old patients had a
well- or moderately differentiated histology and more young
patients had a poorly differentiated histology and signet ring
cell carcinoma (P<0.001).
Eighty-eight elderly patients with gastric carcinoma were
pN0 and 106 had lymph node metastasis. By disease stage, 60,
41, 55, and 38 patients were stages I, II, III, and IV, respectively.
The most common type of advanced gastric carcinoma in the
elderly patients was the ulcerating infiltrative type (128/194,
66.0%). Thirteen lesions were diffusely infiltrative (Borrmann
type IV). Borrmann type IV lesions were more common in the
young patients than in the elderly patients (17.3% vs 6.6%,
P<0.05). The elderly and young patients had similar distributions
with respect to depth of invasion, nodal involvement, hepatic
metastasis, peritoneal dissemination, tumor stage at the initial
diagnosis, and operative type. Of the elderly patients, 93 (48.0%)
were classified as either stage III or stage IV at initial diagnosis.
The types of operative procedure are shown in Table 1. Subtotal
gastrectomy was the procedure most frequently performed
(62.9% of cases) in elderly patients. The curative resection
rate was 80.9% (157/194) in the elderly group and 73.7% (101/137)
in the young group (P>0.05). Univariate analysis showed that
invasive depth, histologic type, operative type, and extent of
lymph nodal involvement were the significant prognostic
factors for elderly patients with gastric carcinoma (Table 2).
Multivariate analysis showed that nodal involvement and
operative curability were the significant prognostic factors of
survival for the elderly gastric carcinoma patients. The P value
was <0.001 and the relative risk was 3.077 when the observed
value was curative resection or non-curative resection.
Multivariate analysis also showed that age itself was not an
independent prognostic factor of survival for the elderly
gastric carcinoma patients (Table 3). The 5-year survival rates
of the young and elderly patients did not differ statistically
(52.8% vs 46.5%, P = 0.5290) (Figure 1A). The 5-year survival
rates of young and elderly patients with curative resection
did not differ statistically (67.0% vs 60.0%, P = 0.3100) (Figure 1B).
The elderly patients with curatively resected gastric carcinoma
had a better survival rate than the elderly patients with noncuratively resected gastric carcinoma (60.0% vs 6.5%, P<0.001)
(Figure 2).
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Table 1 Clinicopathologic features of gastric carcinoma in
the elderly and young patients
Variables
Age (yr)

Age > 70 yr
(n = 194) (%)
73.3±3.1

Age < 36 yr P value
(n = 137) (%)
30.6±5.1

Gender
Male

<0.001
<0.001

131 (67.5)

63 (46.0)

Female

63 (32.5)

74 (54.0)

Tumor size (cm)

5.16±3.45

5.07±3.23

NS

14 (7.2)

4 (2.9)

<0.05

180 (92.8)

133 (97.1)

10 (5.2)

5 (3.6)

Number of lesions
Multiple
Single
Borrmann type
I
II

43 (22.2)

13 (9.5)

III

128 (66.0)

93 (67.9)

IV

13 (6.6)

26 (19.0)

16 (8.3)

23 (16.8)

0.011

Location
Upper
Middle

41 (21.1)

50 (36.5)

Lower

130 (67.0)

56 (40.9)

Whole

7 (3.6)

8 (5.8)

T1

37 (19.1)

27 (19.7)

T2

39 (20.1)

21 (15.3)

T3

96 (49.5)

73 (53.3)

T4

22 (11.3)

16 (11.7)

Depth of invasion

<0.05
NS

Histologic type
Well-differentiated

38 (19.5)

4 (2.9)

Moderately differentiated

62 (32.0)

15 (10.9)

Poorly differentiated

74 (38.1)

84 (61.3)

Mucinous

10 (5.2)

4 (2.9)

Signet ring cell

6 (3.1)

25 (18.3)

Others

4 (2.1)

5 (3.7)

Nodal involvement

NS

N (-)

88 (45.4)

67 (48.9)

N (+)

106 (54.6)

70 (51.1)

Hepatic metastasis
H (-)
H (+)

<0.001

NS
188 (96.9)
6 (3.1)

132 (96.4)
5 (3.6)

Peritoneal dissemination

NS

P (-)

176 (90.7)

116 (84.7)

P (+)

18 (9.3)

21 (15.3)

1

60 (30.9)

41 (29.9)

2

41 (21.1)

21 (15.3)

3

55 (28.4)

36 (26.3)

4

38 (19.6)

39 (28.5)

Stage

NS

Operative type
Total gastrectomy
Subtotal gastrectomy
Others

52 (26.8)

47 (34.4)

122 (62.9)

78 (56.9)

20 (8.6)

12 (8.7)

157 (80.9)

101 (73.7)

Resectability
Curative

0.004

NS
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Figure 1 Survival curves of young and elderly patients without and with curative resection. A: Survival curves of young and
elderly patients without curative resection. The 5-year survival rates of young and elderly patients did not differ statistically (52.8%
vs 46.5%, P = 0.5290); B: Survival curves of the young and elderly groups with curative resection. The 5-year survival rates of young
and elderly patients with curative resection did not differ statistically (67.0% vs 60.0%, P = 0.3100).
Table 2 Correlation between prognostic factors and survival
rates of elderly patients with gastric carcinoma

Cumulative survival

Variables

1.0

No. of patients
5-yr
P value
(n = 194)
survival rate (%)

Gender
Male
Female

0.3147
131

43 .3

63

52 .8

Tumor size (cm)
102

66 .8

>5

92

26 .0

T1 and 2

76

84 .9

T3 and 4

118

20 .6

100

55 .1

94

39 .8

Depth of invasion

Differentiated
Undifferentiated

0.0097

Tumor location
Upper third
Middle/distal third

0.1969
16

31 .6

178

50 .8

Operative type
Total
Subtotal

<0.001
52

27 .9

142

55 .5

LN invasion

<0.001

N0

88

77 .9

N1

48

36 .6

>N2

58

12 .9

0.4
0.2

0

<0.001

Histologic type

Curative
Non-curative

0.6

0.0

<0.001

<5

0.8

50
100
150
Postoperative months

200

Figure 2 Survival curves of elderly patients according to
resectability. The patients with curative resection had a better
5-year survival rate than those with non-curative resection in
elderly group (60.0% vs 6.5%; P<0.001).

DISCUSSION
In Korea, gastric carcinoma is the leading cause of death. Gastric
carcinoma is usually a disease of the aged, and patients have a
mean age of approximately 50 to 60 years[9,10]. Furthermore, the
incidence of gastric carcinoma is increasing in patients more
than 70 years old[3-5]. Whether gastric carcinoma in elderly
patients differs from that in young patients is controversial.
Some authors have reported an inverse relationship between
age and prognosis in gastric carcinoma. We reviewed the patients
with gastric carcinoma retrospectively to compare the
clinicopathologic features between elderly and young patients.
The proportion of elderly patients treated in our department
was 9.6% (194/2014) among those admitted in our department.
The incidence of gastric carcinoma in elderly patients increased

Table 3 Multivariate analysis of factors associated with elderly patients with gastric carcinoma
Variables

Odds ratio

95% CI

P value

Gender (male vs female)

0.768

0.434-1.360

NS

Tumor location (upper vs distal)

0.467

0.231-0.944

NS

Tumor size (cm) (<5 vs >5)

1.618

0.942-2.778

NS

Depth of invasion (mucosa vs submucosa)

1.061

0.924-1.217

NS

Histologic type (differentiated vs undifferentiated)

2.041

1.244-3.350

0.005

Resectability (curative vs non-curative)

3.077

1.681-5.635

<0.001

Lymph node metastasis (negative vs positive)

3.626

1.985-6.622

<0.001

Age (yr) (>70 vs <70)

1.308

0.845-1.107

NS

CI: confidence interval, NS: not significant.
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2.3% in the previous decade, according to a nationwide mass
screening for gastric carcinoma in the elderly. Kubota et al[5] and
Mitsudomi et al[11] have also reported a steady increase in the
incidence of gastric carcinoma in the elderly in Japan.
In our series, there was a significant difference in the sex
ratio between the young and elderly patients. In the elderly
patients, there was a higher proportion of male patients (2.1:1
in this study). Several studies have obtained the same results[1,12].
The causes of this sexual imbalance are not yet clear. Male
patients might have a more frequent and prolonged exposure
to environmental carcinogens than females, which might explain
the male predominance among elderly patients[13]. On the
contrary, for younger patients the sex ratio has consistently
been reported to be around 1:1. We found that the sex ratio
(females: males) was about 1.1:1 in the young patients (74 vs 63),
and this result is compatible with other reports[9,14].
We found synchronous multiple carcinomas of the stomach
in 7.2% (14/191) of the elderly patients and this rate was
significantly higher than that in the young patients (2.9%,
P<0.05). It is thought that improved diagnostic techniques
have allowed the detection of very small secondary and primary
lesions. Kitamura et al[3] reported that 7.69% of multiple gastric
carcinomas were found in elderly patients with gastric carcinoma.
They explained that gastric carcinoma in the elderly was usually
intestinal type, which was sometimes followed by multifocal
carcinogenesis in stomachs with underlying atrophic gastritis.
Concerning the anatomic location of primary lesions, the
incidence in the lower third of the stomach is higher in elderly
patients than in young patients. Fujimoto et al[9] reported the
same results. By histologic type, we found that significantly
more elderly patients had a well or moderately differentiated
histology, and more young patients had a poorly differentiated
histology and signet ring cell carcinoma (P<0.001). Other studies
have reported similar results[1,3,9,12]. Nakamura et al[15] analyzed
the histologic types of early gastric carcinoma in elderly
patients, and found 45.5% of early gastric carcinomas were
well-differentiated adenocarcinomas. In contrast to elderly
patients, the higher incidence of poorly differentiated
adenocarcinoma in young patients found in this study is
consistent with the literature.
There were no significant differences in either lymph node
invasion or peritoneal dissemination between the two groups.
This finding is in agreement with a prior report[1]. In our study,
80.9% of the elderly patients had advanced carcinomas, but
the percentage of early gastric carcinomas was not significantly
different between the two groups (19.1% vs 19.7%).
Gastrectomy in combination with lymphadenectomy is the
only potentially curative modality for localized gastric carcinomas.
In accordance with most literature reports[3,9-11,16-20], curative
resection offers the only chance of long-term survival.
Nevertheless, Katai et al[21] concluded that the extent of surgery
should be considered, especially as total gastrectomy and
extended node dissection were associated with higher operative
mortalities. Many investigators have reported a low curative
resection rate in elderly patients with gastric carcinoma[12,22,23].
In our series, however, the curative resection rate (80.9%) in
the elderly group is much higher than previously reported in
Western countries. Otani et al[4] reported that surgery should
not be avoided based solely on the age of patients. On the
contrary, Iguchi et al[24] recommended the less extensive gastric
surgery for the very old patients with gastric carcinoma to
improve their quality of life. We performed gastrectomy with
D2 lymph node dissection in elderly patients with advanced
gastric carcinoma who had no other medical illnesses, such as
cardiovascular or respiratory problems.
In this study, the 5-year survival rates of the elderly and
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young patients did not differ statistically (46.5% vs 52.8%).
The elderly patients with curatively resected gastric carcinoma
had a better survival rate than those with non-curatively
resected gastric carcinoma (68.1% vs 6.5%). On the contrary,
others[5,21,24,25] reported that the survival rates of the elderly
were worse than those of the younger patients. The 5-year survival
rate of 37 elderly patients with early gastric carcinoma was 94%
in this study. These findings suggest that elderly patients with
early gastric carcinoma can tolerate radical treatment well. In
previous reports, the prognosis of elderly patients was poor
and the survival rate was low, particularly in patients with
advanced gastric carcinoma[5,21]. Delay in diagnosis and a more
advanced stage of gastric carcinoma in elderly patients have
been suggested as possible causes of a poor prognosis and a
low survival rate. In a few reports, however, the prognosis of
elderly patients who underwent curative resection was the same
as that of young patients. Many investigators[12,23,26-29] also
reported similar survival rates in the two age groups when the
same tumor stages were compared.
In conclusion, elderly patients with gastric carcinoma do
not have a worse prognosis than young patients. The important
prognostic factor is whether the patients undergo a curative
resection.
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Abstract
AIM: To investigate the incidence of Epstein-Barr virusassociated gastric cancer (EBV-GC) in Kazakhstan and to
compare it with that in Russia, Western and Asian countries
in order to evaluate the significance of epidemiopathologic
and ethnic factors.
METHODS: In situ hybridization (ISH) of EBV-encoded small
RNA-1 (EBER-1) was used to identify the presence of EBER1 signal in 139 formalin-fixed and paraffin-embedded GC
tissues from Kazakhstan.
RESULTS: EBER-1 expression was observed in the nuclei
of 10% of the cases of GC (14/139), but not in the
surrounding normal mucosa. The incidence of the diffuse
type of EBV-GC was significantly higher in Kazakhstan
(14%, 13/91) than that of the intestinal type (2%, 1/48).
Furthermore, the incidence was significantly higher in males
(14%, 12/89) than in females (3.7%, 2/53) from all
countries. The overall incidence of EBV-GC increased from
6.7% in Asian countries to 8.7% in Russia, 10.1% in
Kazakhstan and 16% in Western countries.
CONCLUSION: Geographical differences in the incidence
of EBV-GC may reflect the epidemiologic factors and/or
dietary habits independent of histological type and sex.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric carcinomas; Epstein-Barr virus; EBVencoded small RNA-1
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INTRODUCTION
It is well established that EBV is associated with several
malignant diseases. The Epstein-Barr virus (EBV), a widely
distributed gamma herpes virus, is directly implicated in the
pathogenesis of a variety of lymphoproliferative and neoplastic
disorders, including Burkitt’s lymphoma, B-cell lymphomas in
immunosuppressed patients and epithelial malignancies, e.g.,
nasopharyngeal carcinoma[1,2]. EBV-associated carcinomas have
also been described in salivary, parotid glands[3,4] and gastric
cancers[5] based on the expression of the virus in these tissues.
Although gastric cancer is one of the most common
malignant diseases in Kazakhstan, the proportion associated
with EBV is significantly higher in the United States (16%)[5]
and Russia (8.6%)[6], in comparison with Japan (6.7%)[7].
Presence of EBV is significantly more frequent in males and in
cardiac tumors of the stomach. The incidence is highest in
undifferentiated lymphoepithelioma-like carcinomas (80-90%),
followed by moderately differentiated tubular adenocarcinomas
and poorly differentiated solid types[7-9]. In situ hybridization
has revealed positive lesions in almost all carcinoma cells
coupled with the absence of signal in the surrounding normal
stromal cells and gastric mucosa[5-9].
The purpose of this study was to determine the incidence
of EBV-infected GC in Kazakhstan. Its geographical location
between West and East makes it amenable for comparison
between the two regions. Gastric cancer is extremely malignant
with a poor prognosis and is the second leading cause of cancerrelated deaths in Kazakhstan with an annual mortality rate of
10.6% per 100 000 persons[10].
MATERIALS AND METHODS
Patients and samples
In this study, tissues from 139 patients treated at regional hospitals
in the East Kazakhstan region of Semipalatinsk between 1996 and
1998 were analyzed. Formalin- fixed and paraffin-embedded tissues
from 100 surgical and 39 biposy cases were used for the
investigation, including samples from 86 males and 53 females.
Information pertaining to age, sex, the primary site of cancer,
histological type and race were collected.
Histological type of samples
Histologic specimens were fixed in 40 g/L formaldehyde
formalin and routinely processed for paraffin-embedment.
Histological sections (4 m) were stained with hematoxylin
and eosin and subjected to in situ hybridization (ISH) for
EBV-encoded small RNA-1.
All the cases were classified histologically as either intestinal
or diffuse type GC according to the Lauren classification[11]. We
also employed the Japanese Research Society of Gastric Cancere
classification scheme[12]. The intestinal type included well and
moderately differentiated tubular adenocarcinomas, tub1 and
tub2 respectively, whereas the diffuse type consisted of solid
and non-solid poorly differentiated adenocarcinomas, i.e., por1
and por2, as well as signet-ring cell (sig) and mucinous (muc)
carcinomas (Table 1). Poorly differentiated lymphoepitheliomalike carcinomas were excluded from this study. The surgical cases
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Table 1 Incidence of EBER-1 expression in gastric carcinoma by histological type
Histological type
Intestinal
Tub1
Tub2
Diffuse
Por1
Por2
Sig
Muc

Male
Positive/tested (%)

Female
Positive/tested (%)

1/30 (3.3)
0/7 (0)
1/23 (4.3)
11/56 (19.6)

0/18 (0)
0/11 (0)
0/7 (0)
2/35 (5.7)

7/16 (43.7)
4/22 (18.1)
0/15 (0)
0/3 (0)

2/13 (15.3)
0/6 (0)
0/12 (0)
0/4 (0)

Total
Positive/tested (%)
1/48
0/18
1/30
13/91

(2.1)
(0)
(3.3)
(14.2)

9/29 (31.0)
4/28 (14.2)
0/27 (0)
0/7 (0)

Table 2 Clinicopathological characteristics of EBV incidence in gastric cancer patients
Intestinal type
Positive/tested (%)

Diffuse type
Positive/tested (%)

Total
Positive/tested (%)

Age (yr)
20-39

1/2 (50.0)

2/15 (13.3)

3/17 (17.6)

40-59
≥6 0

1/20 (5.0)
0/26 (0)

5/45 (11.1)
5/31 (16.1)

6/65 (9.2)
5/57 (8.7)

Race
Asian
Caucasian
Sex

0/16 (0)
1/32 (3.1)

5/40 (12.5)
8/51 (15.6)

5/56 (8.9)
9/83 (10.8)

1/30 (3.3)
0/18 (0)

11/56 (19.6)
2/35 (5.7)

12/86 (13.9)
2/53 (3.7)

1/15 (6.6)
0/19 (0)
0/14 (0)

5/33 (15.1)
8/40 (20.0)
0/18 (0)

6/48 (12.5)
8/59 (13.5)
0/32 (0)

Male
Female
Location
Upper
Lower
Unknown

were all classified as invasive carcinomas of stomach. Tumor
locations were classified as upper (fundic gland area), lower
(antral gland area) and unknown regions of stomach (Table 2).

In situ hybridization
EBV was identified by the expression of EBV-encoded small
RNA-1, the most abundant viral product in latently infected
cells[13-15]. EBER-1 expression was detected using a complementary
digoxigenin-labeled 30-base oligomer as previously described[16].
Briefly, 4 m paraffin sections were cut from the main tumor,
deparaffinized, rehydrated, predigested with pronase,
prehybridized, and hybridized overnight at 37 ℃ with 0.5 mg/L
of digoxigenin-labeled probes. After washing, the hybridization
signal was detected using an anti-digoxigenin antibody-alkaline
phosphatase conjugate based on the manufacturer’s instructions
(Boeringer, Mannheim, Germany).
Statistical analysis
Logistic analysis was performed to compare the proportion of
EBV-positive GC cases with respect to tumor location and
histological type. Gender, ethnic group and age were included
as independent variables. Maximum likelihood estimates of odds
ratios (OR) and corresponding 95% confidence intervals (CI)
were obtained by logistic analysis using SAS statistical package
for analysis of epidemiological data[17,18].
RESULTS
A positive ISH signal was observed in 14 of 139 (10.1%) cases
who were classified as EBV-associated GC (Figures 1,2). The
ISH signals were specifically localized at the nuclei of tumor
cells, but were absent in the surrounding normal gastric mucosa
and tumor infiltrating lymphocytes (Figures 1,2).

A

B

Figure 1 Strong expression of EBER-1 in nuclei of gastric adenocarcinomas coupled with the absence of signal in the stromal lymphocytes. A: H.E; B: in situ hybridization ×100.

Histological type
On the basis of Lauren’s histological classification, 1 of 48 (2.1%)
of the intestinal-type and 13 of 91 (14.2%) diffuse-type GCs
were EBER-1 positive (Table 1). The proportion of EBV positive
cases in the diffuse-type GC was significantly higher than that
in the intestinal type (OR 8.07, 95% CI 1.43-152.8). According to

Alipov G et al. Epstein-Barr-virus associated gastric carcinoma in Kazakhstan

A

29

B

Figure 2 Strong expression of EBER-1 in nuclei of gastric adenocarcinomas coupled with absence of signals in surrounding normal
gastric mucosa. A: H.E; B: in situ hybridization ×40.

the Japanese Research Society for Gastric Cancer classification,
the number of EBER-1-positive cases was higher in the solid
than in the other types (OR 52.3, 95% CI 4.23-648.1). EBER-1positive signals were absent in 18 cases of tub1, 27 cases of
signet-ring cells and 7 cases of mucinous-type GCs (Table 1).

Location
Six of 48 (12.5%) cardiac tumors and 8 of 59 (13.5%) antral
tumors were EBER-1 positive (Table 2). Logistic analysis did
not reveal any significant differences between tumor locations
and EBV infection in GCs (OR 0.94 95% CI 0.27-3.14).
Gender and age
EBER-1-positive cases accounted for 13.9% (12/86) cases in
males and 3.7% (2/53) cases in females. The distribution of EBV
was highest in the diffuse type (11/56, 19.6%) in comparison
with the intestinal type (1/30, 3.3%) in males. Furthermore, the
number of EBV-positive cases in males was significantly higher
than that in females (OR 5.69, 95% CI 1.31-41.2).
The incidence of EBV-associated GC was slightly higher in
young patients, aged 20-39 (3/17, 17.6%) than in those aged
40-59 (6/65, 9.2%), 60 and more than that (5/57; 8.7%). Logistic
analysis did not reveal any significant differences between age
correlation and EBV infection in GC. However, patients aged
60 years and older exhibited a slightly lower incidence of EBV
infection as compared with the younger patients (OR 0.97, 95%
CI 0.93-1.02) (Table 2).
Ethnic group
A total of 56 (41.7%) of 139 GC cases occurred in Asians, whereas
83 (58.2%) of 139 GC cases occurred in Caucasians. Although the
EBV infection rate was slightly higher in Caucasians (9/83, 10.8%)
than in Asians (5/56 and 8.9%), this difference was not
statistically significant (OR 1.76, 95% CI 0.52-6.68).
DISCUSSION
The relationship between EBV and gastric carcinoma has been
reported, i.e., EBV is detected internationally in approximately
2-18 % of gastric carcinomas[19]. EBV infection occurred in
13 (10.1%) of 139 cases of gastric carcinomas obtained from
Kazakhstan. The distribution of EBER-1 expression with respect
to sex, histological type and cellular localization approximates
that reported previously for gastric cancers.
The Republic of Kazakhstan is located in Central Asia and
its population is approximately less than 50% of Caucasians. In
this study 58.2% of the cases of GC occurred in Caucasians
compared with 41.7% in the non-Caucasian population.
However, there was no significant ethinic-related difference in
the incidence of EBV-associated GC.

Approximately 5-7% of gastric cancers are EBV-associated in
Japan, a country with a high incidence of gastric cancer. The
incidence of EBV-associated gastric cancer in the United
States is much higher (16%) than in Japan, whereas the
incidence is intermediate in Russia (8.7%)[6]. Japanese living
in the United States also exhibit a higher incidence of EBVassociated gastric cancer than cohorts in Japan [20], and
Chinese living in Taiwan also exhibit a higher incidence of
EBV-associated gastric cancer [21] than Chinese living in
Suzhou, China [22], suggesting that the etiology of EBVassociated gastric carcinoma is influenced by environmental
and cultural factors. Differences in the subtype frequency
have been reported from different geographic areas[23] and
for the status of patients’ immune system[24]. Most cases of
nasopharyngeal or gastric carcinoma in immunocompetent
patients in Asia contain type A EBV[21,24,25].
In the present study, the rate of EBER-1 expression in GC
was intermediate between those found from patients in Western
countries, Russia and Eastern countries. However, there was
no positive correlation between EBER-1 expression and
ethnicity. Most studies have reported that the percentage of
EBV-associated gastric carcinomas is higher in males than in
females. The greater prevalence of gastric cancer and EBVassociated gastric carcinoma in males suggests that risk factors
or precursor lesions are related to the etiology of EBV-associated
gastric carcinoma[5,7,20]. However, we also found the EBV-positive
cases in males were significantly higher than in female cases of
GC. Furthermore, several reports have suggested that the
incidence of EBV-positive tumors is greater in the upper
stomach in comparison with the lower stomach[26,27]. However,
we did not find significant difference between location of tumor
and EBV infection.
A number of studies have described the clinicopathological
and biological characteristics of GCs unique to young patients
in comparison with older subjects[28-31]. Approximately 1.1-1.6%
of all patients diagnosed with gastric adenocarcinoma are less
than 30 years of age[28,29]. It has long been suspected that young
patients with gastric cancer have different biological features,
with a more aggressive disease course and a poorer prognosis
than older patients[32].
In the present study, gastric cancer occurred in 17 (12.2%)
of 139 patients less than 30 years of age. Interestingly, 15 (88.2%)
of these cases were diagnosed as the diffuse type of gastric
cancer. Previous studies noted that the age of the patients
correlated with the rate of EBV-positive tumors; those aged
60 years and older exhibited a higher frequency of EBV-infected
carcinomas[33]. However, we did not detect a significant
correlation between patient age and the incidence of EBVassociated gastric cancer.
Our study is the first to describe the incidence of EBVassociated gastric cancer incidence in Kazakhstan. The data
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suggest that the geographical difference in the incidence of
EBV-associated gastric cancer may reflect the epidemiological
factors and dietary habits, but appears to be independent with
respect to the histological type of tumor, patient gender and
ethnic factors. Additional studies are necessary to clarify the
epidemiology and etiology of EBV-associated gastric cancer in
Central Asia.
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Abstract
AIM: To detect the variations of mitochondrial 12S rRNA in
patients with gastric carcinoma, and to study their significance
and the relationship between these variations and the genesis
of gastric carcinoma.
METHODS: PCR amplified mitochondrial 12S rRNA of 44
samples including 22 from gastric carcinoma tissues and 22
from adjacent normal tissues, was detected by direct DNA
sequencing. Then laser capture microdissection technique
(LCM) was used to separate the cancerous cells and dysplasia
cells with specific mutations. Denaturing high performance
liquid chromatography (DHPLC) plus allele-specific PCR (ASPCR), nest-PCR and polyacrylamide gel electrophoresis (PAGE)
were used to further evaluate this mutant property and
quantitative difference of mutant type between cancerous
and dysplasia cells. Finally, RNAdraw biosoft was used to
analyze the RNA secondary structure of mutant-type 12S rRNA.
RESULTS: Compared with Mitomap database, some new
variations were found, among which np652 G insertion and
np716 T-G transversion were found only in cancerous tissues.
There was a statistic difference in the frequency of 12S
rRNA variation between intestinal type (12/17, 70.59%) and
diffusive type (5/17, 29.41%) of gastric carcinoma (P<0.05).
DHPLC analysis showed that 12S rRNA np652 G insertion
and np716 T-G transversion were heteroplasmic mutations.
The frequency of 12S rRNA variation in cancerous cells
was higher than that in dysplasia cells (P<0.01). 12S rRNA
np652 G insertion showed obviously negative effects on
the stability of 12S rRNA secondary structure, while others
such as T-G transversion did not.
CONCLUSION: The mutations of mitochondrial 12S rRNA
may be associated with the occurrence of intestinal-type
gastric carcinoma. Most variations exist both in gastric
carcinomas and in normal tissues, and they might not be
the characteristics of tumors. However, np652 G insertion
and np716 T-G transversion may possess some molecular
significance in gastric carcinogenesis. During the process
from normality to dysplasia, then to carcinoma, 12S rRNA
tends to convert from homoplasmy (wild type) to heteroplasmy,
then to homoplasmy (mutant type, np717 T-G).

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is known that gastric carcinogenesis is associated with
some oncogenes and tumor suppressor genes, but no definite
mechanism is understood. Mitochondria not only are the place
where biological oxidation occurs, but also participate in cell
apoptosis [1,2]. In recent researches, mitochondrial DNA
(mtDNA) has been considered to be associated with tumorgenesis[3-8]. The mtDNA is a 16 569-bp double-stranded, closed
circular molecule, which encodes polypeptides participating
in oxidative phosphorylation and synthesis of ATP. However,
unlike nuclear DNA, mtDNA is more susceptible to damage by
exogenous mutagens and endogenous factors owing to many
reasons, such as lack of protection by histones and an effective
mismatch repair (MMR) system [9,10], and the internal
environment with high levels of free radicals and reactive oxygen
species (ROS) generated from oxygen in the organelle[11,12].
12S rRNA is one of the two riboproteosome genes (12S rRNA
and 16S rRNA) in mtDNA, with conserved sequences and no
introns. 12S rRNA transcripts, together with the other ribosome
proteins encoded by nuclear genes, are composed of the small
subunits of mitochondrial ribosome[13]. Once there are mutations
occurring in 12S rRNA, it might result in abnormal assembly
of small subunits and affect the synthesis of mitochondrial
proteins such as cyt-c, and even influence cell apoptosis. Thus
we carried out an in-depth study on the mutations in 12S rRNA
and their significance in gastric carcinogenesis. Multiple
techniques were utilized in our study including DNA sequencing,
laser capture microdissection (LCM), allele specific PCR (ASPCR), nest-PCR and denaturing high performance liquid
chromatography (DHPLC) to help us get more confirmed results.
MATERIALS AND METHODS
Materials
A total of 44 gastric carcinoma tissues and adjacent normal
gastric mucosal tissues were obtained from the specimens of
22 patients with gastric carcinoma in the First Affiliated Hospital
of China Medical University. All tissues were immediately frozen
in liquid nitrogen after resection, stored at -80 ℃, and diagnosed
according to WHO’s histological classification and Lauren’s
classification of gastric carcinoma. Twelve samples were
intestinal type and the other ten were diffusive type.
Methods
nDNA and mtDNA extraction Thirty micrograms of gastric
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Table 1 Primers for DNA sequencing and AS-PCR
Primer
P1
P2
P3

Forward primer
TAGACGGGCTCACATCAC
GCAAGCATCCCCGTTCCAGT
GCAAGCATCCCCGTTCCAGG

Position
62 0
69 7
69 7

Reverse primer
GGGGTATCTAATAGTTTGGGT
GGGGTATCTAATAGTTTGGGT
GGGGTATCTAATAGTTTGGGT

epithelial mucosal tissue was homogenized in a homogenizer
for 30 s, and then digested with 1 mL of extraction buffer (0.1 g/L
proteinase K, 10 mmol/L Tris-HCl, 0.1 mol/L EDTA pH 7.4, 5 g/L
SDS). DNA was extracted with phenol/chloroform/ isopropanol
and precipitated in ethanol. The precipitated DNA was
recovered in 50 L of 10 mmol/L Tris-HCl, 0.1 mmol/L EDTA
(pH 8.0). Each DNA sample was balanced in concentration
using a spectrophotometer.
PCR amplification of 12S rRNA PCR amplification was carried
out in a final volume of 50 L, containing 50 ng DNA, 0.5 mol/L
of each primer P1 (Table 1) 2.5 mmol/L MgCl2, 200 mol/L of
each dNTP, and 2.5U Taq DNA polymerase (TaKaRa Ex TaqTM).
Amplification was performed in a Biometra personal PCR system.
The amplification conditions were as follows: an initial incubation
at 94 ℃ for 4 min, followed by 30 cycles, each consisting of
denaturing at 94 ℃ for 45 s, annealing at 60 ℃ for 45 s and extension
at 72 ℃ for 1 min, and a final step of extension at 72 ℃ for 3 min.
DNA sequencing PCR products were sent to the United Gene
Technology Company Limited, Shanghai, China, for direct
sequencing (3 700, Bigdye-Terminator), and the results were
compared with PubMed database and Mitomap mitochondrial
database.
Denaturing high performance liquid chromatography
Compared with nuclear genome, the mutation of mtDNA had
more heteroplasmy. Therefore, denaturing high performance
liquid chromatography (DHPLC) was performed to detect the
property of the specific mutation 716 T-G found in 12S rRNA, in
order to analyze whether the mutation was homoplasmic
mutation (pure mutant) or heteroplasmic mutation (wild and
mutant type). The PCR products were denatured at 95 ℃ for
5 min, then annealed gradually to 65 ℃ at the speed of 0.1 ℃/
s. The annealed samples were placed on the 96-well plate of
WAVETM chromatography instrument (Transgenomic, America).
The appropriate reaction temperature was calculated via Wave
Maker 4.1 software (America) according to the imported DNA
sequences, and then the samples were imported at the speed
of 0.9 mL/min. Double peaks were regarded as heteroplasmic
variation, while a single peak as homoplasmic variation.
Nest-PCR and AS-PCR Nest-PCR and allele-specific PCR were
performed to demonstrate whether there were some quantitative
differences in mutant 12S rRNA between gastric cancerous
cells and dysplasia cells, which were diagnosed pathologically
and microdissected by LCM (PixCell II LCM 200, America).
Primers, P2 and P3, were designed according to 12S rRNA 716T-G
mutations (Table 1). P1 served as the outer primer of nest-PCR,
and was used to amplify 12S rRNA from the samples of wild
type and mutant type in gastric cancerous and dysplasia cells
respectively. After purified by gel electrophoresis and
quantified, these PCR products were diluted to 10 mg/L. Five
microliters of the dilution were taken as the template for the
second reaction. We amplified the wild type (labeled as PP2)
and mutant type with 716T-G mutation (labeled as PP3) with
inner primers P2 and P3. Every PCR reaction was repeated five
times, then the mean value was calculated. T3 and D3, values
of PP3/PP3+PP2 in carcinoma and dysplasia respectively, were
calculated and statistically compared to analyze the quantitative
difference in mutant 12S rRNA with 716T-G mutation between
cancerous cells and dysplasia cells. Conditions of PCR reaction
were the same as above. Reaction system and condition were

Position

Product

Lengh

12SrRNA type

1 086
1 086
1 086

PP1
PP2
PP3

467 bp
390 bp
390 bp

Mix type
Wide type
Mutant type

rigidly kept consistent.
PAGE and silver staining Polyacrylamide gel electrophoresis
(PAGE) was performed with 3% concentrated gel and 8% separated
gel. Five microliters of mixture, containing 3 L PCR product and
2 L sampling buffer, were run for electrophoresis at 8 mA for
20 min, and then at 15 mA for 30 min. Silver staining procedure was
in reference to literature[14,15]. Gel was scanned with the ChemiImager
and quantified with Image J software (Sweden).
RNA secondary structure analysis RNAdraw 1.1b2 (USA)
was used to predict the RNA secondary structures of mutant
type and wild type of 12S rRNA(T = 37 ℃).

Statistical analysis
All data were processed by SPSS version 10.0. Quantitative
difference and variant frequencies between different groups
were analyzed with t-test and chi-square test respectively.
P<0.05 was considered statistically significant. Quantitative
data are expressed as mean±SD.
RESULTS
Relationship between 12S rRNA variations and gastric carcinoma
of different Lauren’s classification
After searching the PubMed and Mitomap, we found that
there also were some variations in conserved 12S rRNA regions
(Table 2). Some of the variations were first reported (Figure 1),
among which np652 G insertion and np716 T-G transversion
were found only in cancerous tissues. It showed a higher
variation frequency in intestinal type of gastric carcinoma
(12/17, 70.59%) than in diffuse type of gastric carcinoma (5/17,
29.41%) (P = 0.019). But the difference in variation frequency
between normal gastric tissues in (15/22) and cancerous
tissues (17/22) had no statistical significance (P>0.05).
Table 2 Variations of mitochondrial 12S rRNA in gastric carcinoma
Position (np)
65 2
66 3
70 9
71 6
72 8
74 5
75 0
75 7
75 9
76 4
77 2
78 2
79 4
79 9

Variations
G-ins
A-G
G-A
T-G1
C-T
A-G1
G-A
A -T
A-T 1
A -C
A-T 1
A-T 1
T-C 1
A-C 1

1

Property
HM
PM
PM
HM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

1

Variations firstly found; G-ins: G insertion; HM: heteroplasmic
mutation; PM: polymorphism.

Properties of 12S rRNA mutation and quantitative difference
between carcinoma and dysplasia
DHPLC verified that np652G insertion and np716T-G
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transversion mutation were heteroplasmic mutations mixed with
mutant type and wild type 12S rRNA (Figure 2). AS-PCR, nestPCR, PAGE and silver staining further showed that 12S rRNA
with 716 T-G mutation was predominantly accompanied with a
small number of wild type 12S rRNAs without 716T-G mutation
(Figure 3). Repeated AS-PCR showed that there was a statistic
difference in mutant 12S rRNA between gastric cancerous cells
and dysplasia cells, T3 = 0.89±0.02 (Table 3) and D3 = 0.68±0.09
(P<0.01). Quantitative analysis of np652 G insertion was not
performed because it was not suitable for AS-PCR and had no
corresponding endonuclease.
650

A

C

710

660

720

730
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Table 3 Comparison of content of mutant-type 12S rRNA in
gastric cancerous cells and dysplasia cells
Num.

Cancer (T3)

1
2
3
4
5
Mean±SD
P

670

B

740

D

Dysplasia (D3)

0.9214
0.8738
0.9038
0.8955
0.8659
0.89±0.02
<0.01

650

710

0.8164
0.6487
0.7268
0.5572
0.6402
0.68±0.09

660

720

670

730

740

Figure 1 Sequencing results of mitochondrial 12S rRNA in gastric cancer. A: Normal 12S rRNA (652G); B: 12S rRNA 652G
insertion ; C: Normal 12S rRNA (716T, 728C); D: 12S rRNA 716 T-G transversion , 728 C-T transition.
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Figure 2 Analytic results obtained by denaturing high performance liquid chromatography. A: np 652G insertion, heteroplasmic
mutation; B: np 716 T-G transversion, heteroplasmic mutation.
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1
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476 bp
390 bp

Figure 3 Mutant property of 12S rRNA 716T-G shown in AS-PCR analysis. A: gastric cancerous cells; B: dysplasia cells. Lanes 15: mutant type 12S rRNA; lane 6: pGEM-7ZF marker (HuaMei) and 100 bp Ladder marker (TaKaRa) respectively; lanes 7-11: wild
type 12S rRNA; lanes 12, 13: mix type 12S rRNA of gastric cancerous cells and dysplasia cells respectively.
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Wide type 12S rRNA

Mutant type 12S rRNA

Mutant type 12S rRNA

dG* = 169.48

716 T-G dG* = 169.44

652 G ins dG* = 169.32

Number 1

Figure 4 RNA secondary structure prediction of mutant type of 12S rRNA. dG: free enegy of RNA secondary structure (kcal/mol);
ins: insertion. Arrowhead indicates local RNA structural change.

RNA secondary structure of mutant 12S rRNA
The 652G insertion significantly influenced 12S rRNA
secondary structure, while 716 T-G transversion and other
variations had only limited effects (Figure 4). The secondary
structure free energy (dG) of mutant type with 716 T-G, 652 G
insertions and wild type was 169.44 kcal/mol (dG-mL),
169. 32 kcal/mol (dG-m2) and 169.48 kcal/mol (dG-w),
respectively.ΔdG between wild type and mutant type
(subtractions of dG-w and dG-mL, dG-m2 respectively) was
0.04 kcal/mol and 0.16 kcal/mol. Considering the correlation
between energy and structural stability, np652 G insertion was
more disadvantageous to the stability of 12S rRNA RNA
secondary structure.
DISCUSSION
The existing research data indicates that the biological features
of tumors are not only decided by nuclear genetic materials,
but also related with extranuclear mtDNA[5-10,16-19]. The mtDNA
could not protect histones, and synthesize glutathione to
eliminate the oxygen free radicals generated by oxidative
phosphorylation[18]. Therefore, mtDNA is susceptible to the
attack by harmful endogenous factors and exogenous
carcinogens. Lipidophilic carcinogens preferentially aggregate
at mtDNA because of the high ratio of lipid and DNA in
mitochondria. In addition, the limited proofreading capacity
of mtDNA polymerase  and hairpin structure in tRNA genes
make more replicative mismatches during the process of
mtDNA replication than that in nuclear DNA[19]. Nowadays,
mitochondrial mismatch repair (MMR) system has been found
only in yeasts, MSH1 is involved in mitochondrial genome
repair system, and MSH2 in nuclear DNA repair system. But no
MSH1 homologue has been found in mammalian cells, and
therefore it is widely accepted that mitochondrion lacks MMR
system[20]. Since mtDNA is the major target attacked by carcinogens,
the injury severity and mutant rate of mtDNA are significantly
higher than those of nuclear DNA (around 10 times)[21-24].
The study showed that most of the 12S rRNA variations in
gastric carcinomas were not tumor-specific, but they might be
one of the latent risk genetic changes for gastric carcinogenesis.
Endogenous and exogenous damage factors might lead to
mitochondrial oxygen stress and increase ROS content under
certain conditions, which could damage mtDNA and
mitochondrial lipid membrane structure, impede protein
synthesis, electron transport and ATP synthesis, and even
influence cyt-c release channel, voltage-dependent anion
channel in the mitochondrial outer membrane, and cell apoptosis.
Intestinal type of gastric carcinogenesis is closely associated
with environmental factors[25-27]. The intestinal type of gastric
carcinoma is predominant in high incidence regions, which has
an important epidemiological significance. While diffusive type
is more related with heredity[28,29]. Mutant frequencies of 12S

rRNA existing in intestinal type of gastric carcinoma are higher
than those in diffusive type (P<0.05), indicating that a higher
variation of mtDNA might play an important role in intestinaltype gastric carcinogenesis, consistent with the fact that
mitochondria and mtDNA are susceptible to the harmful
environmental factors. Habano et al [30,31] discovered that
10/62 (16%) cases of gastric cancers had the polyC instability
in mitochondrial control region(D-loop), 5 cases had point
mutations in patients with polyC instability. Mitochondrial
genomic instability (mtGI) frequently occurs in intestinal type
gastric carcinoma. Like nuclear MSI, mitochondrial variations
might also be related with mtGI.
12S rRNA np716T-G transversion and np652G insertion are
two specific mutations found in tumor mtDNA. The np716 T-G
transversion is a heteroplasmic mutation. During the process
of normality to dysplasia, then to carcinoma, 12S rRNA tends
to convert from homoplasmy (wild type) to heteroplasmy, then
to homoplasmy (mutant type, np717 T-G), suggesting that
during the development from precancerous lesion to cancer,
some mutations in mtDNA aggregate in descent cells, which
participate in gastric carcinogenesis. The aggregated mutant
mtDNA might be the sequent result that fewer single copies of
mutant mtDNA are produced by damages and increase in
quantity after several cell divisions. The wild type and mutant
type of mtDNA tend to form their aggregating domains during
cell division, thereby it is possible that two descent cells inherit
wild type and mutant type of mtDNA respectively. Furthermore,
mutant mtDNA might bear a replicative superiority[32], the cells
containing mutant mtDNA would be predominant in the whole
cell group (homoplasmic mutant type) because of the clone
growth superiority.
Unlike the translation initiation of mRNA in cytoplasm,
mtRNA in mitochondria has no up stream promoter sequence
which binds to ribosomal small subunits, the small subunits
have to bind beside the N-formylmethionine at 5’ end.
Ribosomal 28S small subunits need 30-80 bp nucleotides to
interact with mtRNA, and at least 400 bp to effectively bind
to each other, which could lead to decreased translation
efficiency[13]. np562 G insertion could lead to the change of
12S rRNA secondary structure, which might influence the
normal function of small subunits, and induce the lower
translation efficiency. Because all the 13 proteins encoded by
mitochondrial DNA participate in oxidative phosphorylation
and ATP synthesis, low translation efficiency surely reduces
synthesis of these proteins, thus causing subsequent cell
energy loss, change of membrane permeability and a series of
molecular changes.
In conclusion, intestinal gastric carcinoma is related to the
variations of mitochondrial 12S rRNA gene. Though most of
the variations are not tumor-specific, they might be a latent risk
factor for gastric carcinogenesis because impairment of mtDNA
is correlated with environmental and biological factors.
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Therefore, our results provide a new pathway for the research
on molecular mechanisms of intestinal gastric carcinogenesis.
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Abstract
AIM: To design a novel method to rapidly detect the
quantitative alteration of mtRNA in patients with tumors.
METHODS: Oligo 6.22 and Primer Premier 5.0 bio-soft
were used to design 15 pairs of primers of mtRNA cDNA
probes in light of the functional and structural property of
mtDNA, and then RT-PCR amplification was used to produce
15 probes of mtRNA from one normal gastric mucosal
tissue. Total RNA extracted from 9 gastric cancers and
corresponding normal gastric mucosal tissues was reverse
transcribed into cDNA labeled with fluorescein. The spotted
mtDNA microarrays were made and hybridized. Finally,
the microarrays were scanned with a GeneTACTM laser
scanner to get the hybridized results. Northern blot was
used to confirm the microarray results.
RESULTS: The hybridized spots were distinct with clear
and consistent backgrounds. After data was standardized
according to the housekeeping genes, the results showed
that the expression levels of some mitochondrial genes
in gastric carcinoma were different from those in the
corresponding non-cancerous regions.
CONCLUSION: The mtDNA expression microarray can
rapidly, massively and exactly detect the quantity of mtRNA
in tissues and cells. In addition, the whole expressive
information of mtRNA from a tumor patient on just one
slide can be obtained using this method, providing an
effective method to investigate the relationship between
mtDNA expression and tumorigenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Mitochondrial RNA; Gastric cancer; Microarray
technique
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INTRODUCTION
Tumor mitochondria often differ very significantly from their
normal counterparts. Alterations in organelles accompanying
neoplastic transformation of cells are reflected in mitochondrial
morphology, enzymatic composition and cellular content[1,2].
Mitochondrial DNA (mtDNA) is a 16 569 bp double-stranded,
closed circular molecule, which codes for a small (12S) ribosomal
RNA gene and a large (16S) ribosomal RNA gene, 22 transfer
RNAs and 13 protein-coding genes[3]. The mtDNA-encoded
polypeptides are enzyme complex subunits of the oxidative
phosphorylation (OXPHOS) system responsible for the
synthesis of ATP[4]. In addition, mtDNA lacks introns, and is
susceptible to reactive oxygen species (ROS)[5-7], and involved
in carcinogenesis because of its high susceptibility to mutations
and limited repair mechanisms in comparison to nuclear DNA[8-10].
Quantitative alteration of transcripts (mtRNA) of mtDNA may
be a general characteristic of cancer cells[2]. Increased transcripts
of mtDNA may lead to decreased apoptosis of tumor cells and
subsequent carcinogenesis[11]. Microarray technique can monitor
the expression of many genes in parallel, thereby speeding up
the identification of differentially expressed genes and the
construction of differential expression profiles. Microarray
analysis has become an increasingly popular tool to study the
functions of genes, especially those genes involved in tumor
formation and growth[12-15].
MATERIALS AND METHODS
Materials
One normal gastric mucosal tissue, 6 gastric cancer tissues and
corresponding normal gastric epithelial mucosal tissues adjacent
to cancerous lesions were obtained from the First Affiliated
Hospital Hospital of China Medical University, which were all
diagnosed pathologically by hematoxylin and eosin staining.
Methods
Primer designation Both the primer design software Oligo
6.22, Primer Premier 5.0 and Mitomap database (human
mitochondrial genome database of Emory) were used to analyze
the whole mitochondrial genome, and 15 pairs of primers were
screened out to amplify the probes of mtRNA (Table 1). BLAST
analysis was used to exclude the influence of nuclear pseudogenes.
RNA isolation Total RNA was extracted from normal gastric
tissues, gastric cancerous and para-cancerous mucosal tissues.
A total of 50-100 mg frozen tissue was pulverized in a mortar
containing liquid nitrogen. The powder was dissolved in TRIzol
reagent, and then chloroform was added to precipitate the
protein. RNA was isolated by precipitation with isopropanol.
RNA pellet was washed in 750 mL/L ethanol, air-dried and
dissolved in water treated with diethylpyrocarbonate (DEPC).
RNA was stored at -80 ℃ until use.
Probe preparation RNA extracted from normal gastric samples
was amplified via reverse transcription PCR (RT-PCR) to
produce the probes of mtRNA. Reverse transcription procedure
referred to the manual of TaKaRa AMV RT-PCR kit. PCR
reaction was carried out in a final volume of 50 µL in a Biometra
personal PCR system, with an initial incubation at 94 ℃ for
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Table 1 Primer pairs used for PCR-amplified probes of mtRNA
Functional
domain

Primer

12SrRNA

F1097
R1360
F2618
R3102
F3927
R4199
F5022
R5487
F6043
R6656
F7841
R8191
F8366
R8556
F9000
R9147
F9321
R9523
F10200
R10402
F11581
R12024
F10573
R10761
F13028
R13303
F14322
R14612
F15002
R15306

16SrRNA
ND 1
ND 2
COI
COII
ATPase8
ATPase6
COIII
ND 3
ND 4
ND 4L
ND 5
ND 6
Cyt-b

Sequence

Length (mer)

GCCCTAAACCTCAACAGT
CATTTCTTGCCACCTCAT
TAGGGACCTGTATGAATGG
ATAGAAACCGACCTGGAT
GTCTCAGGCTCAACATC
TAGGGTGAGTGGTAGGAA
CCCACATAGGATGAATAA
GCGATGAGGATGGATAGAG
TCTAGGTAACGACCACATCTACAAC
CGAAGCCTGGTAGGATAA
TAACAGACGAGGTCAACG
TTGCTCCACAGATTTCAG
TGCCCCAACTAAATACTA
CAATGAATGAAGCGAACA
CGCCTAACCGCTAACATTACTG
AGGCGACAGCGATTTCTA
CCATAACGCTCCTCATAC
TAGGCTGGAGTGGTAAAA
GCGTCCCTTTCTCCATAA
TTCGGTTCAGTCTAATCCTT
ATCTGCCTACGACAAACA
GTGGTGGGTGAGTGAGCCC
AATAATACTATCGCTGTTCA
CATTGGAGTAGGTTTAGG
CTGACTCCCCTCAGCCATAGA
TGTGGTTGGTTGATGCCG
GTTTACCACAACCACCAC
TCTAAGCCTTCTCCTATTT
GCGCCTCAATATTCTTTATCTGC
GAAGGGCAAGATGAAGTGAAA

18
18
19
18
17
18
18
19
25
18
18
18
18
18
22
18
18
18
18
20
18
19
19
18
21
18
18
19
23
21

Tm ( ℃)

GC%

Product
size (bp)

54 .1
44 .5
48 .2
48 .0
42 .1
51 .1
40 .2
46 .2
62 .4
51 .9
50 .5
43 .1
49 .4
41 .6
64 .2
53 .8
47 .8
51 .8
52 .4
51 .8
48 .3
61 .3
45 .4
46 .2
57 .2
53 .3
52 .1
48 .8
58 .7
53 .4

50 .0
44 .4
47 .4
44 .4
52 .9
50 .0
38 .9
52 .6
44 .0
50 .0
50 .0
44 .4
38 .9
38 .9
50 .0
50 .0
50 .0
44 .4
50 .0
40 .0
44 .4
68 .4
30 .0
44 .4
57 .1
55 .6
50 .0
36 .8
43 .5
42 .9

26 4
48 5s
27 3
46 6
61 4
35 1
19 1
14 8
20 3
20 3
44 4
18 9
27 6
29 1
30 5

ND: NADH dehydrogenase; Cyt-b: Cytochrome b; ATPase: adenosine triphosphatase; CO: cytochrome c oxidase.

4 min, followed by 30 cycles, each consisting of denaturation
at 94 ℃ for 30 s, annealing at 55 ℃ for 30 s and extension at
72 ℃ for 2 min. Finally a further extension was performed at
72 ℃ for 4 min. Meanwhile, two housekeeping genes -actin
(X16940) and glyceraldehyde phosphate dehydrogenase
(GAPDH, M33197) and two hepatitis C virus (HCV) genes
were amplified as the positive internal control and negative
control, respectively. Polyacrylamide gel electrophoresis
(PAGE) confirmed the integrity of the probes and control
genes. Probes were purified according to the manual of
QIAquick PCR purification kit and quantified with UV
absorbance at 260 nm, finally re-suspended in 0.1×carbonate
buffer (pH 9.0) or in an aqueous solution of 150 mmol/L sodium
phosphate (pH 8.5) plus 0.1 g/L SDS[16].
RT-PCR of cDNA labeled with fluorescence One microgram
of RNA extracted from gastric cancerous and para-cancerous
tissues was reverse-transcribed into cDNA in 20 L reaction
volume with a hexamer primer (TaKaRa AMV RT-PCR Kit) and
was labeled with fluorescein isothiacyanate dUTP (FITCdUTP). To remove RNA complementary to cDNA, 1 L of E.coli
RNAase H was added and incubated at 37 ℃ for 20 min to
digest the residue RNA. The resulting cDNA was resuspended
in 20 L deionized water, and stored at -20 ℃.

Construction of microarray
Amino-slides Coverslides were soaked for over 24 h in the
mixture of dichromic acid and stronger sulfuric acid, rinsed
with tap water, and then plunged into 1 mol/L NaOH for 1 h.
The slides were washed with an ultrasonic washing device

for 3×3 min, and dipped in acetone for 3 min, in 50 mL/L arm
element KH-550 (with acetone) for 6 min, in acetone for 5×3 min
again, and then baked for 1 h at 104 ℃.
Spotting and hybridization Fifteen pairs of mitochondrial DNA
probes together with positive control housekeeping genes and
negative control HCV gene were spotted onto amino-modified
slides by a touching needle-dipping device (Micro Grid II
device, England). To sufficiently analyze the results and preclude
the interference of occasional errors, we spotted 9 spots per
sample. The 9 spots were placed in a wet chamber with a
humidity of 95% at 37 ℃ for 2 h, baked at 80 ℃ for 1 h, dipped
in blocking solution (100 mL/L iodized skellysolve butane and
900 mL/L anhydrous alcohol) for 1.5 h.
Eight µL of RT-PCR products and 2 µL of hybridization buffer
containing 300 mL/L DMSO (dimathyl sulfoxide) and 700 mL/L
20×SSC were mixed. The amino-modified slides with probes and
cDNA mixture above were denatured respectively at 95 ℃ for
5 min, dipped quickly into ice-cold water for 3 min. The mixture
was added onto the slides, and then the silicon-slide was placed
on the top of the array to make them fully hybridized, the slides
were placed in a well-sealed hybridization chamber, and
incubated in a 55 ℃ oven for 12-14 h.
Slide washing The slides were washed in 0.5×SSC/0.1 g/L SDS
solution at 42 ℃ for 5 min and in 2×SSC at 37 ℃ for 3 min with
gentle agitation, stored in a lightproof slide box.
Detection Chips were scanned with a scanning array system at
10 µm resolution (GeneTACTM laser scanner, USA). The
obtained images were analyzed using ImaGene3.0 software
(BioDiscovery, Los Angeles, USA).
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Northern blot In order to evaluate the reliability of the microarray
method, the RNA extracted from gastric cancerous and noncancerous tissues was subjected to Northern blot analysis.
Probes of NADH dehydrogenase 4 (ND4), cytochrome C oxidase
I (COI) were labeled with a random prime DNA labeling kit
(Boehringer-Mannheim). Equal amounts of RNA determined
by quantitation of optical densities at 260 nm and further
normalized using the housekeeping genes, were loaded onto
agarose gels containing 2.2 mol/L formaldehyde, and transferred
to nylon membranes. The membranes were dried and
prehybridized at 42 ℃ for 3 h, and then hybridized with labeled
ND4 and COI at 42 ℃ for 18 h.

Confirmation of designed microarray by Northern blotting
Northern blot showed that transcripts of some parts of mtDNA
in cancerous tissues were higher than those in non-cancerous
tissues, and increased differently in different parts of mtRNA.
ND4 and COI were used to serve as two representatives of
the whole probes of mtRNA (Figures 3-5). The Northern blot
results displaying a high concordance with the microarray
further indicated that the established microarray method was
reliable.

RESULTS
Hybridization and data analysis
The hybridized spots were distinct, with a clear border and no
black cavity, the background was consistent and clear for image
analysis (Figure 1). In All arrays, the housekeeping genes
showed positive signals, whereas HCV genes showed negative
signals. The intensity of each spot represented the quantity of
FITC-dUTP, hybridized to each spot. In order to enhance the
confidence of the results, the overall intensities were normalized
with a correction coefficient obtained using the ratios of
housekeeping genes (Figure 2). After data were standardized,
the results showed that the expression levels of some
mitochondrial genes in gastric carcinoma were higher than
those in the para-cancerous tissues. Since the samples were
limited, further detailed analyses would be reported with a large
size of samples.

HN

HT

N

T

Figure 3 Reliability of mtRNA expression microarray method.
HN: hybridization of housekeeping gene -action in normal
gastric mucous tissue. N: hybridization of ND4 or CO I in normal gastric mucosal tissue. HT: hybridization of housekeeping gene -action in cancerous tissue; T: hybridization of ND4
or CO I in cancerous tissue.

Average data of
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400
HN
300

N
HT

200

T
100
0

COI
ND4
Name of probes

Figure 4 Data after standardization.
T

Data of standardization
(×102)

Figure 1 Scanning picture of hybridization. In the microarray,
the signals of housekeeping genes were positive and those of
HCV genes were negative. The 15 probes of mtRNA showed
different hybridizing signals in the same gastric tissues, and
some probes showed different hybridizing signals in cancerous tissue and normal gastric mucosal tissue.
400
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Figure 2 Quantitative analysis of mtRNA in different gastric
tissues. After standardization of the two groups of data with
housekeeping genes, the quantity of mtRNA in different
gastric tissues using microarray was different. Moreover,
the expression in different genes of mtDNA was different.
T: gastric cancerous tissue; N: normal gastric mucosal tissue
adjacent to cancer.

CO I

T

N

N

ND4

CO I

ND4

Figure 5 Northern blot of mtRNA extracted from gastric
carcinoma and normal gastric mucosal tissues adjacent to
the carcinoma. T: gastric cancerous tissue; N: normal gastric
mucosal tissue.

DISCUSSION
Tumor cells, in general, contain fewer mitochondria than
corresponding normal tissues[2,17]. The diminished content of
mitochondria in tumor cells thus might reflect a reduced
expression of mitochondrial or nuclear genes for mitochondrial
proteins in response to neoplastic transformation[1,18]. However,
paradoxically enhanced expression of mitochondrial genes in
cancer has been reported[1,11,19]. In solid tumors, an elevated
expression of mtDNA-encoded subunits of the mitochondrial
electron respiratory chain might reflect mitochondrial adaptation
to perturbations in cellular energy requirements[11]. Increased
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mtRNA levels might possibly suppress tumor cell apoptosis,
and subsequently lead to the overgrowth of tumor cells[11].
The precise relationship between mitochondrial mass, level of
mitochondrial mRNA, and mtDNA copy number has to be
examined. Whether the levels of tumor cell mtDNA increase or
decrease, specific alterations of mtDNA gene transcripts might
be a tumor marker. Some differentially expressed gene profiles
might accompany a specific or a type of carcinoma[20-22]. Hence,
we can use the novel method to screen the sense parts of
mtRNA as a tumor marker or even as a different tumor marker.
Some traditional methods can be applied to this work such
as RT-PCR, Northern blot and real-time PCR, but they are
time-consuming and rather expensive. A single microarray
could provide information on the expression of tens of
thousands of genes. The success of fully exploiting these
powerful approaches depends on several criteria[23-27]: accurate
selection, amplification and location of probe molecules, accurate
reference sequence information, identification of unique
probes, accurate distinction among multiple products of a single
gene, accurate reconstruction of expressed sample nucleotide
sequences, precision map scanning, and reproducible and
accurate transformation of image files to numerical data.
Expression analysis using glass slide microarrays is typically
performed by the competitive hybridization of two targets
(typically known as test and reference), each labeled with a
specific fluorescent dye like FITC, Cy3 and Cy5. There are also
a number of reasons why data must be normalized, including
unequal quantities of starting RNA, differences in labeling or
detection efficiencies between the fluorescent dyes used, and
systematic biases in the measured expression levels[28-32].
Though we also could use two different fluoresceins to label
gastric cancerous and normal tissues respectively, yet
considering the above difficulties of microarray data
normalization and map transformation, we only labeled one
fluorescent FITC to gastric cancer and normal gastric tissues,
and used the housekeeping gene to normalize the hybridization
signals of mtRNA probes. In this study, in the course of
constructing the microarray, We paid more attention to the
good and consistent background of the microarrayt[33,34]. The
processing procedure of slides is directly related to the data
analysis. Moreover, since single point data can not draw exact
data on account of accidental errors, spotting several spots
is essential. Otherwise the results might be artificially positive
or negative. In conclusion, mitochondrial microarray is a
reliable and repeatable method to detect the loss or changes
of mtDNA expression levels, but the precise mechanisms by
which the two genomes interact and integrate with each other
are poorly understood.
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Abstract
AIM: Mechanisms underlying the chemopreventive effects
of cyclooxygenase (COX) inhibitors remain elusive. We have
previously shown that celecoxib but not indomethacin could
prevent carcinogen-induced gastric cancer development
in Wistar rats. This chemopreventive effect appeared to be
independent of COX-2 and prostaglandin (PG) E2 suppression
since the lowest PGE2 was obtained in indomethacin group.
This study compared the cell kinetic changes in stomachs
of rats after treatment with celecoxib (5, 10, 20 mg/(kg·d))
or indomethacin (3 mg/(kg·d)) to gain more insights into
the chemopreventive mechanism.
METHODS: The apoptosis and proliferation indexes in
gastric tumor, adjacent non-cancer tissues and normal
gastric tissues were determined. Apoptosis was quantified
by apoptotic nuclei counting and TUNEL, whereas proliferation
was determined by Ki67 immunostaining.
RESULTS: Treatment with either celecoxib or indomethacin
inhibited gastric tumor proliferation by more than 65%
(P<0.02). However, celecoxib caused a dose-dependent
increase in apoptosis (P<0.05) which was not seen in
indomethacin-treated tumors (P = 0.54). The highest
apoptosis to proliferation ratio was seen in tumors treated
with celecoxib at 10 mg/(kg·d). Treatment with this dose
of celecoxib was associated with the lowest incidence of
gastric cancer development.
CONCLUSION: Our findings suggest that the difference in
chemopreventive effects of indomethacin and celecoxib in
this animal model of gastric carcinogenesis is largely due
to the differential cell kinetic changes, which does not
correlate with the degree of COX-2 and PG suppression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is the leading cause of cancer deaths in China.
Interestingly, treatment with non-steroidal anti-inflammatory
drugs (NSAIDs) including aspirin has been shown to reduce
the risk of gastric cancer development in epidemiological
studies[1-3]. However, the molecular mechanisms underlying the
chemopreventive effect of NSAIDs remain poorly understood.
There is accumulating evidence that NSAIDs exert their antineoplastic effect by inhibition of COX and prostaglandin [4,5].
The COX enzyme has two isoforms. COX-1 is constitutively
expressed whereas COX-2 isoform is inducible. Notably,
overexpression of COX-2 is frequently detected in human gastric
cancer[6,7]. This expression is associated with uncontrolled cell
proliferation and differentiation, inhibition of apoptosis, increase
in angiogenesis, metastasis and evasion of immunological
surveillance[8,9]. Accordingly, suppression of COX-2 appears to
be the mechanism underlying the chemopreventive effect of
NSAIDs. Treatment with specific COX-2 inhibitors suppresses
the growth of gastric cancer xenografts in nude mice by inducing
apoptosis and suppressing replication of the neoplastic cells[10].
However, recent reports suggest that the anti-neoplastic
effects of NSAIDs might be independent of COX inhibition[11-13].
It has been found that agents that do not inhibit COX-2, such
as sulindac sulfone, could also induce apoptosis in vitro and
inhibit colorectal carcinogenesis in animal models[14]. Moreover,
the use of low dose aspirin, which has virtually no COX-2
inhibitory effect, could reduce colorectal adenoma development
in high risk individuals[15].
Recently, we have examined the chemopreventive effect of
specific COX-2 inhibitors (celecoxib) and non-selective
COX inhibitors (indomethacin) in a rat model of gastric
carcinogenesis[16]. We showed that treatment with celecoxib,
but not indomethacin, beginning shortly after carcinogen
administration inhibited the growth and development of gastric
tumors. Intriguingly, both COX-2 and prostaglandin E2 levels
were lower in indomethacin-treated group than in celecoxib
treated group, suggesting that the chemopreventive effect of
celecoxib may not be mediated by inhibition of COX-2 activity
or prostaglandin production alone. The present study was
designed to clarify the cell kinetic changes in stomachs of rats
after treatment with celecoxib or indomethacin in order to gain
more insights into the pathogenetic mechanism underlying the
chemopreventive effect of celecoxib.
MATERIALS AND METHODS
Experimental design
The details of animal experimentation were reported previously[16].
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Briefly, 4 week-old grade 2 male Wistar rats (weighing around
60 g) were used. The rats were fed with food and water ad
libitum and maintained on hardwood bedding under a 12-h
light/dark cycle. Animals were weighed weekly during the
experiments.
Primary gastric adenocarcinomas were induced by oral
administration of N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) as described previously[17,18]. MNNG (Fluko, Germany)
was prepared every other day with distilled water into a
concentration of 100 g/mL and was given to rats as drinking
water. In addition, 1 mL of 10% sodium chloride was given
weekly by oral gavage in the initial 6 wk to enhance gastric
cancer development[18]. All experiments were approved by the
Sun Yat-Sen University Animal Experimentation and Ethics
Committee.
Rats were randomly allocated to 6 different treatment
groups as shown in Table 1: Group A: untreated control (n = 5),
group B: MNNG control (n = 16), group C: MNNG plus
celecoxib at 5 mg/(kg·d) (n = 17), group D: MNNG plus celecoxib
at 10 mg/(kg·d) (n = 16), group E: MNNG plus celecoxib at
20 mg/(kg·d) (n = 16) and group F: MNNG plus indomethacin
at 3 mg/(kg·d) (n = 16). The dosages of these drugs were
based on corresponding human doses and previous animal
chemopreventive studies[10,11]. All drug treatments were
commenced on d 7 after the introduction of MNNG and
continued for 40 wk. All animals were then sacrificed at the
end of study.
Gastric tumor (T), adjacent non-tumor site (NT), macroscopically
normal gastric mucosa from non-tumor rats (N) in the same
treatment group were obtained. In untreated control rats, normal
gastric tissues were obtained as control (C). All gastric tissues
were fixed in 10% buffered formalin for histological processing.
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different treatment groups were made by (analysis of variance)
ANOVA with Bonferroni’s multiple comparison tests. P<0.05
was considered statistically significant. All statistical calculations
were carried out using the SPSS statistical software package
(version 11.0, SPSS Inc.).

RESULTS
Chemopreventive effects of celecoxib
The percentage of rats that developed gastric cancer in each
treatment group is summarized in Table 1. Whilst none of the
control rats in group A developed gastric cancer, 75% of MNNG
treated rats (group B) had gastric cancer (P = 0.002, Table 1).
Treatment with celecoxib at 10 mg/(kg·d) (18.8%, P = 0.004) and
20 mg/(kg·d) (31.3%, P = 0.052) was associated with lower
incidences of gastric cancer development than MNNG control.
However, administration of celecoxib 5 mg/kg or indomethacin
3 mg/kg had no significant reduction in tumor incidence.
Table 1 Incidence of gastric tumors in different treatment
groups
Group Treatment

A

Control

B

MNNG alone

C
D

Total no. No. of
Tumor
of rats rats with incidence
tumor
(%)
5

0

16

12

0

MNNG+celecoxib 5 mg/kg

17

12

70 .6

MNNG+celecoxib 10 mg/kg

16

3

18 .8

E

MNNG+celecoxib 20 mg/kg

16

5

31 .3

F

MNNG+indomethacin 3 mg/kg

16

11

68 .8

75.0 1

1

Determination of apoptotic index
Apoptosis was determined by apoptotic nuclei counting.
Sections were stained with hematoxylin and eosin to evaluate
the number of apoptotic cells per section. The criteria used to
recognize apoptotic cells were: shrunk size, loss of contact
with surrounding tissues (at times forming the classically
described halo) and nuclear condensation as previously
described[19]. At least 1 000 cells were counted in five random
fields and the percentage of cells with apoptotic features was
then calculated (apoptotic index or AI). The apoptotic nuclei
counts were compared with findings obtained by terminal
deoxynucleotidy transferase (TdT)-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) technique (DeadEndTM
Colorimetric TUNEL System; Promega, Madison, WI, USA) in
30 randomly selected cases (Figures 1A, B). A strong correlation
between apoptotic nuclei count and TUNEL results was found
(r = 0.86, P<0.001).
Determination of proliferation index
Proliferation was assayed by immunoperoxidase staining for
Ki-67 as described previously[19]. Briefly, paraffin-embedded
sections from each specimen were labeled with anti-Ki-67
antibody (ab833; abcam, Cambridge, UK) after microwave
antigen retrieval in citrate buffer. Negative controls were
run by replacing the primary antibody with non-immune
serum. The slides were developed in 3,3-diaminobenzidine
tetrahydrochloride (DAB, Dako, Denmark) and counter-stained
with Mayer haematoxylin (Figure 1). The proliferation index
(PI) was expressed as a percentage of the ratio of Ki-67-positive
nuclei to the total nuclei counted.
Statistical analysis
Results were expressed as mean±SE. Comparisons among

P = 0.002 (ANOVA) (groups B vs D, P = 0.004, groups B vs E,
P = 0.052).

Effect of celecoxib or indomethacin on gastric epithelial cell
apoptosis
The mean apoptotic indexes in gastric tumors, their
corresponding adjacent normal tissues and non-tumor gastric
tissues of different treatment groups are shown in Figure 2A.
The apoptotic index was generally higher in gastric tumors
than in their adjacent non-tumor and normal gastric tissues
(P<0.005, ANOVA). Specifically, there was a significant
difference in the apoptotic indexes among tumor, adjacent
non-cancer tissues and normal gastric tissues in group B as
MNNG control (P = 0.001), groups C to E treated with celecoxib
(P<0.005) and group F treated with indomethacin (P = 0.003).
Whilst the mean apoptotic index was 0.50% in MNNG treated
tumors, there appeared to be a dose-dependent increase in
the apoptotic index of gastric tumors treated with celecoxib
(P<0.05, ANOVA). The corresponding mean tumor apoptotic
indexes in rats treated with celecoxib 5 mg/(kg·d), celecoxib
10 mg/(kg·d) and celecoxib 20 mg/(kg·d) were 0.78% (P = 0.015
vs group B), 1.02% (P = 0.041 vs group B) and 1.12% (P = 0.093
vs group B), respectively. In contrast, indomethacin failed to
induce apoptosis in gastric tumor (0.57% vs 0.50%, P = 0.54).
Moreover, there was a significant difference in apoptotic indexes
in the adjacent non-tumor tissues among different treatment
groups (P = 0.003, ANOVA). The apoptotic index in non-tumor
tissues increased from 0.13% in group B MNNG to 0.43% in
celecoxib 5 mg/(kg·d) (P = 0.009), 0.56% in celecoxib 10 mg/(kg·d)
(P = 0.01), 0.48% in celecoxib 20 mg/(kg·d) groups (P<0.001)
and 0.42% in indomethacin group (P<0.05), respectively. On
the other hand, the apoptotic index in the normal stomachs of
non-tumor rats was low and comparable among different
treatment groups (P = 0.39).
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Effect of celecoxib or indomethacin on gastric epithelial cell
proliferation
The highest proliferation index (22.1%) was seen in gastric
tumors of MNNG-treated rats. Treatment with either celecoxib
or indomethacin significantly reduced the tumor proliferation
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index (P<0.001, ANOVA; Figure 2B). The corresponding
proliferation index in tumors treated with celecoxib 5, 10 and
20 mg/(kg·d) was 7.6% (P<0.001 vs group B), 2.9% (P = 0.012 vs
group B) and 4.6% (P<0.001 vs group B) respectively. Celecoxib
at 5, 10 and 20 mg/(kg·d) inhibited tumor proliferation by 65.6%,

A

B

C

D

E

F

G

H

Mean apoptotic index %

A

c

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

T

a
d

NT
N b

a

a
a

Control M N N G

P <0.005 (T vs NT vs N)
P = 0.001 (T vs N)
c
P <0.05 (T, ANOVA)
a dP = 0.003 (NT, ANOVA)
a

b

Celecoxib Celecoxib Celecoxib Indomethacin
5 mg
10 mg
20 mg
3 mg

B

30

T

Mean proliferation index %

Figure 1 Histological examination of apoptosis and proliferation. Apoptosis was examined by apoptotic nuclei counting (A) and verified
by TUNEL (B). A representative apoptotic nucleus is illustrated by the black arrow. Representative H&E stained sections showing
apoptotic bodies (red arrow) in (C) MNNG-treated tumors, (D) celecoxib-treated tumors and (E) indomethacin-treated tumors. (F-H)
Ki-67 immunostaining was used in the assessment of proliferation. Representative proliferating cells in (F) MNNG treated tumors, (G)
celecoxib-treated tumors and (H) indomethacin-treated tumors indicated by positive immunoreactivity against Ki-67.

25

NT

20

N

b
c

c

15

P <0.001 (T, ANOVA)
P = 0.01 (NT, ANOVA)

b

10
5
0
Control

M N N G Celecoxib Celecoxib Celecoxib Indomethacin
5 mg
10 mg
20 mg
3 mg

Figure 2 Effects of celecoxib/indomethacin treatment on gastric cell apoptosis and proliferation. A: Effects of celecoxib/
indomethacin treatment on gastric cell apoptosis. The mean apoptotic index with standard error was shown. The apoptotic
indexes were significantly higher in MNNG-induced tumor than in untreated control (P = 0.001). Moreover, the levels of
apoptosis were significantly different among tumors (T), their adjacent non-tumor tissues (NT) and normal tissues from nontumor rats (N) in all treatment groups (aP<0.005, ANOVA). Treatment with celecoxib was associated with a higher apoptotic
index in tumors (P<0.05, ANOVA) and their adjacent non-tumor tissues (P = 0.003, ANOVA). There appeared to be a dosedependent increase in apoptotic index in celecoxib-treated tumors when compared to tumors treated with MNNG alone, but
there was no significant increase in apoptotic index in indomethacin-treated tumors; B: The mean proliferation indexes with
standard error. There were significant differences in the proliferation indexes among tumors (P≤0.001, ANOVA) and their
adjacent normal gastric tissues (P = 0.01, ANOVA). Specifically, tumors in MNNG group had the highest proliferation index than
other treatment groups (group B vs all other groups, P<0.003).
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86.9% and 79.2% respectively. Notably, the maximal antiproliferative effect was achieved with celecoxib treatment at
10 mg/(kg·d). In contrast to apoptosis, similar anti-proliferative
effects were noted in indomethacin-treated tumors (68.8%
reduction, P<0.001 vs group B).
In adjacent normal tissues, there was also a significant
difference in the proliferation indexes among different treatment
groups (P = 0.01, ANOVA). The highest proliferation index was
found in the adjacent non-tumor tissues of group B MNNG
treated rats (16.1%). The corresponding proliferation indexes
in non-tumor tissues of rats treated with celecoxib 5 mg/(kg·d),
10 mg/(kg·d) and 20 mg/(kg·d) were 2.44% (or 85% reduction,
P = 0.012 vs group B), 5.21% (or 67.6% reduction, P>0.05 vs
group B) and 3.63% (77.5% reduction, P>0.05 vs group B). In
contrast, there was no significant suppression of proliferation
in non-tumor tissues of indomethacin group (10.7%, P>0.05 vs
group B). It was interesting to note that the proliferation of
non-tumor gastric tissues appeared to be higher in indomethacin
group than in those treated with celecoxib or MNNG control.

Mean AI/PI

Effects of celecoxib or indomethacin on ratio of apoptotic to
proliferation index
We also analyzed the ratio of apoptotic index to proliferation
index (AI/PI) in gastric tumors of different treatment groups.
As shown in Figure 3, there was a significant difference in the
ratio among different treatment groups (P = 0.026, ANOVA). As
shown in Table1, the AI/PI ratio was found to be inversely
proportional to the tumor incidences of different treatment
groups. The lowest AI/PI ratio (0.03±0.012) was seen in group
B MNNG-treated tumors which had the highest tumor incidence
(75%). In contrast, the highest AI/PI ratio (0.51±0.34) was seen
in rats treated with celecoxib at 10 mg/(kg·d) (Group D) with the
lowest tumor incidence (18.8%).
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

P = 0.026, ANOVA

MNNG

Celecoxib Celecoxib Celecoxib Indomethacin
5 mg
10 mg
20 mg

Figure 3 Effects of celecoxib or indomethacin on the apoptosis
index to proliferation ratio (AI/PI) of gastric tumors. The mean
AI/PI ratio with standard error was shown. There was a significant difference in the AI/PI ratio among different treatment
groups (P = 0.026, ANOVA). The highest ratio was seen in
gastric tumors treated with celecoxib at 10 mg/(kg·d) whereas
the lowest ratio was seen in tumors from MNNG group. The
AI/PI ratio appeared to inversely correlate with the tumor
incidence reported in different treatment groups (Table 1).

DISCUSSION
We have demonstrated in our recent study[16] that treatment
with celecoxib, but not indomethacin could significantly reduce
the number of gastric tumor formations in rats and the maximal
chemopreventive effect was seen in rats treated with a moderate
dose of celecoxib 10 mg/(kg·d). Intriguingly, the lowest COX-2
and PGE2 levels were detected in indomethacin-treated tumors
but not in celecoxib-treated groups, suggesting that the
chemopreventive effect may not be mediated by COX-2 or PGE2
suppression alone. This study aimed to characterize the cell kinetic
changes in stomachs of rats after treatment with celecoxib or
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indomethacin in order to gain more insights into the mechanisms
underlying the chemopreventive effects of celecoxib. We found
that treatment with celecoxib at all doses 5-20 mg/(kg·d) or
indomethacin caused a marked inhibition of proliferation in
gastric tumors and their adjacent normal tissues. On the other
hand, it was noted that induction of apoptosis was only noticed
in celecoxib-treated tumors but not in indomethacin-treated
tumors. Together, celecoxib treatment resulted in both induction
of apoptosis and inhibition of proliferation. In contrast,
indomethacin was found to inhibit cell proliferation without
induction of apoptosis in gastric tumors. These findings
suggest that the mechanisms underlying the chemopreventive
effect of celecoxib may be more related to its ability to induce
apoptosis which was not found in indomethacin-treated
group. More importantly, these findings help to explain the
divergent chemopreventive responses of rat stomachs to these
two agents which could not be explained by the level of COX-2
inhibition alone.
Although there was no induction of apoptosis by indomethacin
in gastric tumors, we noticed that both indomethacin and
celecoxib induced apoptosis in adjacent normal gastric tissues.
The reason for this discrepant finding remains elusive but it is
possible that neoplastic transformation of gastric epithelial cells
may render them less susceptible to the pro-apoptoic effects of
indomethacin. Intuitively, the use of a higher dose of indomethacin
might be able to induce apoptosis in gastric tumor cells. The
use of this dosage of 3 mg/(kg·d) is supported by previous animal
chemopreventive studies[10,11] and human daily recommendations.
Moreover, results from our previous study[16] provide unequivocal
evidence that the current dosage is adequate in suppressing
COX-2 and PGE2. Future studies may be necessary to characterize
the effects of a high dose of indomethacin in gastric cancer
chemoprevention. However, the use of a higher dosage may
result in more gastrointestinal toxicity as reflected by the
heightened proliferation in non-tumor tissues treated with the
current dose of indomethacin (Figure 2B). This increase in
gastric proliferation may be a compensatory response to the
topical erosive effect of non-selective NSAIDs.
Moreover, the current study helps to explain the optimal
dose of celecoxib used in chemoprevention of gastric cancer.
As shown in Figure 3, treatment with celecoxib at 10 mg/(kg·d)
was associated with the highest AI/PI ratio. Although we have
shown in our previous study[16] that the high dose celecoxib
20 mg/(kg·d) is associated with greater suppression of COX-2
activity and PGE2 level, this is not associated with a parallel rise
in AI/PI ratio and higher chemopreventive effects. In line with
our findings, Nishimura et al [20] reported that induction of
apoptosis was noted after treatment with a COX-2 inhibitor at a
lower concentration than for the suppression of cell proliferation
in a cancer xenograft model. It thus appears that the optimal
dosage of celecoxib in chemoprevention is the dosage with the
highest apoptosis to proliferation ratio.
Apart from suppression of prostaglandins, other possible
pathways by which COX-2 inhibitors exert their pro-apoptotic
effects have been previously addressed. It has been shown
that NS398, a specific COX-2 inhibitor, could induce apoptosis
in COX-2 expressing esophageal cancer cell line through the
cytochrome C-dependent pathway with activation of Caspase-9
and Caspase-3[21]. This is associated with minimal alterations
in bcl-2, bax, c-myc, Fas and Fas-ligand expressions. A recent
study also showed that celecoxib could induce apoptosis via a
novel apoptosome-dependent but Bcl-2-independent
mitochondrial pathway[22]. Both Fas-associated death domain
protein and Bcl-2 are not involved in the induction of apoptosis
by celecoxib in Jurkat T cells. This effect also appears to be
independent of the ability to block COX-2. In addition, the
failure of indomethacin to inhibit the development of MNNG-
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induced gastric cancer may be explained by the inability of
indomethacin to inhibit the activity of IB kinase [23]. The NF-B
signaling pathway is another potential non-COX mediatedcarcinogenesis pathway[24]. Activated NF-B could translocate
into the nuclei where it modulates the expression of a variety
of genes, mostly through IB kinase (IKK)-dependent
phosphorylation and subsequent degradation of its inhibitors.
It has been recognized that aspirin and sulindac, but not
indomethacin, can inhibit the activity of IB kinase  in vitro.
Therefore, the failure of indomethacin to inhibit IB kinase 
may result in less COX-independent tumor suppression.
Whether the difference in IB kinase  inhibitory effects
accounts for the differences in outcomes between indomethacin
and celecoxib warrants further investigation.
In conclusion, these data help to explain the divergent
chemopreventive effects of celecoxib and indomthacin in this
animal model of gastric carcinogenesis. The chemopreventive
effect of celecoxib is largely mediated by induction of apoptosis
through a probable COX2-independent pathway. Further
studies are necessary to characterize the pathways involved
and the possible role of celecoxib in chemoprevention of human
gastric cancer.
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Abstract

INTRODUCTION
Nitric oxide (NO) is a short-lived biomolecule with various
biologic functions. Since its discovery as a biologically active
molecule in the late 1980s, NO has been regarded to play a role
as a signal molecule in organisms, immunological defense
mechanisms and carcinogenesis[1-4]. This small molecule is a
product of the conversion of L-arginine to L-citrulline by NOS.
NOS can be classified into three isoforms: neuronal nitric
oxide synthase (nNOS), inducible nitric oxide synthase
(iNOS) and endothelial nitric oxide synthase (eNOS)[5-7]. nNOS
is expressed mainly in neuronal cells, and NO functions as a
neurotransmitter. eNOS mainly exists in endothelial cells and
NO regulates blood pressure. Both isozymes are constitutively
expressed and their activities are Ca2+-dependent. iNOS activity
is Ca2+-independent and is induced in various types of cells
by inflammatory cytokines, lipopolysaccharides, and other
stimuli [8-10]. Thus, the distribution of NOS isoforms is tissuespecific and altered by pathological conditions.
In some tumor tissues, NO has been found to enhance tumor
angiogenesis and induce vasodilatation, thus accelerating
tumor growth [11]. In other tumors, including gastric and colon
cancer, a decreased amount of NOS protein was demonstrated
by immunohistochemistry, and there is a possible relationship
between loss of NO and carcinogenesis[12,13]. Recent studies
have demonstrated that NOS expression and its activities in
gastric cancer are elevated[14,21,22]. However, the distribution
and function of NOS isoforms in gastric tumor tissue have not
been fully elucidated. This study investigated the expression
of the constitutive isoform (cNOS), the inducible isoform (iNOS)
in human gastric cancer tissue, and further explored the
relationship between iNOS expression and the pathological
features, clinical staging of gastric cancer.
Recent studies indicate that gastric cardia carcinogenesis
is a multistep progressive process involving multiple genetic
changes (accumulation or overlap). The accumulation of p53
protein and p53 gene mutation can be observed in the very
early stage of gastric cardia carcinogenesis, with positive
immunostaining and mutation rates increased with the
progression of lesions[15,16]. In addition, other studies also show
that PCNA protein overexpression can be observed in the
carcinogenesis of gastric cardia adenocarcinoma [17]. In the
present study, the expression levels of iNOS were examined to
explore whether they correlated with the expression of p53 and
PCNA in gastric cancer tissue.

AIM: To investigate the expression of NOS in gastric
carcinoma, and to explore the relationship between the
expression of nitric oxide synthases (NOS) and p53, PCNA,
pathological features and clinical staging of gastric cancer.
METHODS: The activity of NOS protein was investigated
in 85 samples of human gastric carcinoma and 25 samples
of normal gastric mucosal tissue by biochemical assay. We
then examined the expression of NOS, p53, PCNA in 85
samples of human gastric cancer was examined by
immunohistochemistry, and NOS mRNA expression in 85
gastric cancer tissue specimens by in situ hybridization.
RESULTS: Biochemical assay showed that the activity of
NOS was significantly higher in gastric carcinoma than in
normal gastric mucosal tissues (t = 0.4161, P<0.01).
Immunohistochemistry revealed that endothelial nitric
oxide synthase (eNOS) expressed in all samples of normal
gastric mucosa, but only 6 cases of 85 gastric cancer
specimens showed weak positive immunohistochemical
reactions to eNOS (20%). Inducible nitric oxide synthase
(iN OS) was expressed strongly in huma n gastric
carcinoma (81.2%). In situ hybridization analysis showed
that iNOS mRNA expression was significantly stronger
than eNOS mRNA expression in gastric cancer tissue
(2 = 10.23, P<0.01). The expression of iNOS in gastric
cancer was associated with differentiation, clinical stages
or lymph node metastases (r = 0.3426, P<0.05). However,
iNOS expression did not correlate with histological
classifications and morphological types. The expression
of iNOS was significantly correlated with p53 or PCNA
expression ( r = 0.3612, P <0.05). The expression of
neuronal nitric oxide synthase (nNOS) was not examined
by immunohistochemistry and in situ hybridization in
gastric cancer specimens and normal gastric mucosa.
CONCLUSION: In human gastric cancer, there is an enhanced
expression of iNOS, but not of eNOS. NOS promotes the
proliferation of tumor cells and plays an important role in
gastric cancer spread. Inactivation of antioncogene p53
and overexpression of iNOS might play a synergetic role
in the process of carcinogenesis of human gastric
carcinoma.

Key words: Gastric carcinoma; Nitric oxide synthases; P53
protein; PCNA
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MATERIALS AND METHODS
Tissue preparation
Eighty-five patients with gastric cancer (50 men, 35 women,
ranging in age from 35 to 70 years, mean 52 years) underwent
curative gastrectomy in our hospital from 1998 to 2001, including
38 cases of early gastric cancer and 47 cases of advanced gastric
cancer. Histologically it included 28 cases of moderately
differentiated gastric carcinoma, 25 cases of highly differentiated
carcinoma and 32 cases of poorly differentiated carcinoma.
Pathologists confirmed all gastric cancer tissues. Twenty-five
samples of normal gastric mucosa were obtained through a
gastroscope. Dissected samples were frozen in liquid nitrogen
and stored at -79 ℃ until analyzed. Resected tissues were fixed
in 40 g/L buffered neutral formaldehyde and embedded in paraffin
and serially cut into 5 µm thick sections.

tissue. NOS probes and kits were purchased from Boster Bio Co.
(China). Dewaxed sections were incubated with 3% hydrogen
peroxide for 30 min to reduce the non-specific binding and then
with 1 µg/mL pepsin for 5-8 min to improve the penetration of
the probe. Prehybridization was performed at 40 ℃ for 3 h to
enhance the hybridization efficiency, and hybridization was
conducted in 42 ℃ water bath with each section covered with
a coverslip. The thorough washing procedure was as follows:
2×SSC (sodium chloride and sodium citrate) at 37 ℃ for 15 min,
0.5×SSC for 15 min, 0.2×SSC for 15 min. The sections were
visualized according to the manufacturer’s instructions of the
kit. We counted the positive cells in total cells in 10 vision fields
(the plasma was stained purplish blue) under 400× microscopes.
If the average positive cell ratio was more than 10%, the sample
was considered positive.

NOS activity
Activity of NOS was determined by a method based on the
conversion of L-[3H] arginine to L-[3H] citrulline. Frozen tissues
were homogenized in 4 volumes of 50 mmol/L Tris buffer (pH 7.4)
containing 1 mmol/L dithiothreitol (DTT), 1 mmol/L EDTA,
0.1 mmol/L EGTA, 100 mg/L PMSF, and 5 mg/L leupeptin. Whole
homogenates of the tissues were incubated for 30 min at 37 ℃ in
the presence of 1 mmol/L NADPH, 100 µmol/L H4B, 10 µmol/L
FAD, 10 µmol/L FMN, 1.5 mmol/L CaCl2, 2 µg calmodulin and
500 µmol/L L-[3H] arginine. The reaction was terminated by
adding 1 mL ice-cold Dowex-50 W equilibrated in 20 mmol/L
sodium acetate buffer (pH 5.5) containing 1 mmol/L citrulline,
2 mmol/L EDTA and 0.2 mmol/L EGTA. The reaction mixtures
were centrifuged at 10 000 g for 5 min. The supernatant was
collected into a water miscible scintillate and the radioactivity
was counted using a Beckman LS 2400 liquid scintillation counter.

Statistics analysis
Statistical comparison of NOS immunoreactivity with clinicopathological findings. p53 and PCNA overexpression was
performed using chi-square test. t test was used for comparison
of the activity of NOS. P values less than 0.05 were considered
statistically significant.

Immunohistochemistry
Immunohistochemistry was performed using the streptavidinperoxidase (SP) method. The following primary antibodies and
kits were used: polyclonal antibodies against iNOS, eNOS,
nNOS, p53, PCNA (Santa Cruz Inc. USA). Dewaxed sections
were heated in a microwave oven (700 W) for 12 min to retrieve
the antigens and cooled to room temperature. Endogenous
peroxide was blocked by 3% hydrogen peroxide (H2O2) for 15 min
in methanol. After washing with phosphate-buffered-saline
(PBS. 0.01 mol/L), the sections were further blocked by 10%
goat serum for 15 min to reduce the nonspecific antibody
binding, and then incubated with the primary antibodies against
iNOS (eNOS, nNOS, p53, PCNA) at 4 ℃ overnight. After washing
with PBS for 2×5 min, the sections were incubated with the
secondary anti-rabbit immunoglobulin (Ig, Santa Cruz Inc. USA)
conjugated with biotin at room temperature for l5 min, washed
again with PBS (0.01 mol/L), and incubated with streptavdinperoxidase complex for l5 min. The reaction products of
peroxidase were visualized by incubation with 0.05 mol/L TrisHCl buffer (pH7.6) containing 20 mg 3.3’ -diaminobenzidine
(DAB, Maixin-Bio Co. China) and 100 L 5% hydrogen peroxide
per 100 mL. Finally, the sections were counterstained for nuclei
by hematoxylin solution. The sections in the control group
were stained according to the above method, with the first
antibody substituted by PBS. The assessment of all the samples
was conducted blindly by calculating the average ratio of
positive cells in 10 vision fields (the plasma staining brownyellow) under a 400× microscope. If the average positive cell
ratio was more than 10%, this sample was considered positive.
In situ hybridization
In situ hybridization (ISH) was used to detect the expression of
iNOS mRNA, eNOS mRNA and nNOS mRNA in gastric cancer

RESULTS
NOS activity
The total NOS activity (pmole/min per mg protein) was measured
in human gastric tumor tissues from surgically treated patients
and normal tissues. The activity in gastric tumor tissues was
about 75% higher than that in normal tissues (P<0.01) (Figure1).
Analysis of gastric cancer samples by histological classification
showed that poorly differentiated adenocarcinomas had 2.0
and 2.5 times higher activity than highly and moderately
differentiated adenocarcinomas, respectively (Figure2).
2.5
2.0
1.5
1.0
0.5
0.0

Tumor

Normal

Figure 1 Total NOS activity in gastric adenocarcinoma and
normal tissues [pmole/(min·mg) protein].
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
Normal Well

Moderate Poor

Figure 2 Total NOS activity of gastric cancer by histological
classification [pmole/(min·mg) protein]. Normal: normal gastric mucosa Well: well differentiated Moderate: moderately
differentiated Poor: poorly differentiated.
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Figure 3 Immunohistochemical strong staining for NOS in cytoplasm (SP), ×400. A: Expression of iNOS in gastric cancer cells; B:
Expression of eNOS in gastric mucosal cells.

A

B

Figure 4 Expression of NOS mRNA in gastric cancer (ISH), ×400. A: Strong iNOS mRNA expression; B: Weak eNOS mRNA
expression.

A

B

Figure 5 Immunohistochemical strong staining for p53 or PCNA in nuclei of gastric cancer cells (SP), ×400. A: p53 protein
expression; B: PCNA protein expression.

Immunohistochemical analysis
Tumor cells in 69 out of 85 cases (81.2%) were positive for
iNOS. Strongly positive reactions showed diffuse dark
brown-yellow reaction products in cytoplasm of most tumor
cells (Figure 3A). There was no apparent relationship between
iNOS positivity and invasiveness of the tumor. Five cases out
of 25 (20%) showed positive reaction to iNOS in normal gastric
epithelial cells. The expression of iNOS protein was significantly
higher in human gastric tumor tissues than in normal tissues.
Statistically, there was a significant difference between gastric
tumor tissues and normal tissues (P<0.01). However, the
epithelial cells of gastric mucosa in all cases were strongly
positive for eNOS (Figure 3B), only 6 out of 85 cases (7.1%)
showed weakly positive reactions to eNOS in tumor cells. The
nNOS was not detected by immunohistochemistry in gastric
tumor tissues and normal tissues.
In situ hybridization
iNOS, nNOS and eNOS expressions were analyzed at mRNA
level in gastric tumor tissues. The purple-blue hybridization
signal was restricted to the cytoplasmic portion. Forty-two out

of 69 iNOS-positive gastric tumor tissues had a strong staining
(Figure 4A), while the rest had a less strong staining. Six
eNOS-positive gastric tumor tissues had a weak staining
(Figure 4B). Statistically, there were significant differences in
gastric tumor tissues (P<0.01) between iNOS mRNA and eNOS
mRNA expressions. nNOS mRNA was not detected by in situ
hybridization in gastric tumor tissues.

Relationship between iNOS expression and clinico-pathological
findings
There was a significant correlation between iNOS expression and
tumor differentiation, clinical stages and lymph node metastases
in gastric tumor tissues (P<0.05). However, the expression of iNOS
was not associated with the patho-histological classifications and
types of morphology (Table 1).
Relationship between iNOS and p53, PCNA expressions in
gastric cancer
p53 and PCNA proteins were detected in a large number of
tumor cells in 72 (84.7%) (Figure 5A) and 69 (81.2%) (Figure 5B)
out of 85 gastric tumor tissues, respectively. As shown in Table

Wang YZ et al. Nitric oxide synthase in human gastric carcinoma

2, 59 out of 72 p53-positive tumor samples were positive for
iNOS (81.9%) whereas, 5 out of 13 p53-negative tumor samples
showed a positive reaction to iNOS (38.5%) (P<0.05). Likewise,
the positive rate of iNOS (81.2%, 56/69) in PCNA-positive tumor
group was higher than that (37.5%, 6/16) in PCNA-negative
group (P<0.05).
Table 1 Relationship between iNOS expression and pathological parameter in gastric cancer tissues
Parameter

iNOS
expression

Cases
n

Positive
rate(%)

P

Positive Negative
Morphological type
Polypoid or fungating type

30

22

8

73.3

Ulcerative type

34

27

7

79.4

Infiltrating type

21

16

5

76.2

>0.05

Histological classification
Adenocarcinoma

31

23

8

74.2

Scirrhous carcinoma

15

12

3

80.0

Medullary carcinoma

17

13

4

76.5

Mucoid carcinoma

22

16

6

72.7

Poorly differentiated

35

30

5

85.7 a <0.05

Well differentiated

51

33

17

36

24

12

Advanced gastric carcinoma 4 9

44

5

89.8 c <0.05
86.3e <0.05

>0.05

Degree of differentiation
64.7

Clinical stage
Early gastric carcinoma

66.7

Lymph node metastasis
Positive

51

44

7

Negative

34

19

15

55.6

a

P<0.05 vs the group of well-differentiated carcinomas; cP<0.05
vs the group of early gastric carcinomas; eP<0.05 vs the expression rate of iNOS in cases having no lymph node metastasis.
Table 2 Relationship between the expressions of iNOS and
p53, PCNA in gastric cancer
iNOS expression
Cases
n

Positive

Positive

72

59

13

81.9 a

Negative

13

5

7

38.5

Positive

69

56

13

81.2 c

Negative

16

6

10

37.5

Negative

Positive
rate(%)

P5 3

PCNA

a

P<0.05, A comparison of iNOS expression between p53-positive and p53-negative groups; cP<0.05, A comparison of iNOS
expression between PCNA-positive and PCNA-negative
groups.

DISCUSSION
Gastric carcinoma tissues showed an increase of the overall
NOS activity by about 75% when compared with the normal
tissues in our studies. The increased NOS activity in the tumor
was well reflected in the elevated level of NOS mRNA
expression in the tumor tissues. The results coincide with the
previous data obtained from colon [13], lung[18] and breast[19]
tumors. However, our results differ from a previous report that
showed a marked reduction of NOS expression in gastric tumor
tissues than in gastric mucosa[20]. We assume that the difference
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in expression levels is due to the different determination methods
employed by the authors. Our finding of the increased activity of
NOS in gastric cancer supports the general hypothesis that
excessive NO production may contribute to the pathogenesis of
cancer progression. The expression of eNOS in our studies was
strong in glandular epithelium of gastric mucosa by
immunohistochemistry. This observation indicates a role of NO
in the regulation of epithelial cell integrity or secretion. The
iNOS was densely localized in tumor tissues, while normal gastric
tissue weakly expressed it. These immunohistochemical results
suggest that the increased NOS activity in gastric tumor tissues
might be closely associated with the overexpression of the
iNOS form, rather than the cNOS form. The localization of iNOS
in the apical part of glandular epithelium of tumor tissues by
Rajnakova et al[12] is confirmed by our results. Although some
authors[19] have confirmed that iNOS in tumor tissues is localized
in migrated macrophages, our results clearly show that iNOS is
localized in gastric tumor epithelial cells but not in macrophages.
Thus, we hold that NO comes from tumor cells rather than from
macrophages in gastric tumor tissues. In this study, nNOS was
not detected in human gastric tumor tissues and normal gastric
mucosa by immunohistochemistry and in situ hybridization,
which coincides with the findings of Koh et al[20].
In our studies, no correlation was found between iNOS
expression and morphological types and histological classification
of gastric tumor as observed by others in lung tumor[18]. We also
found that the expression rate of iNOS was markedly higher in
advanced than in early stages of gastric carcinoma. Our study has
confirmed the hypothesis that NO produced by iNOS could
promote tumor growth[21]. The reason is that NO produced by
iNOS might increase the vascular permeability and accelerate the
nutrient supply of tumor tissue and finally promote tumor
growth. It was also found that the positive iNOS expression rate
in gastric carcinoma with lymph node metastasis was higher
than in that with no metastasis (P<0.05), suggesting NO
produced by iNOS in gastric tumor tissues can promote its
lymph node metastasis as observed by others[27]. In addition,
poorly differentiated carcinomas of the stomach demonstrate a
higher expression of iNOS than highly and moderately
differentiated carcinomas (P<0.05). These results suggest that
NO produced by iNOS plays an important role in gastric cancer
growth and invasion.
Another interesting observation was a highly coincidental
positive immunostaining rate of iNOS (81.9%) in p53-positive
gastric tumor tissues and iNOS (81.2%) in PCNA-positive gastric
tumor tissues. Our findings suggest that iNOS expression is
significantly associated with p53 mutation and cell proliferation
of gastric carcinoma (P<0.05). This result is consistent with
the findings in human hepatocellular [22], head and neck[23],
endometrial[24], pharyngeal[25], esophageal tumors[26]. Increased
iNOS expression has been demonstrated in many tumors, such
as gastric cancer [27], brain tumors[28] and colon cancer[13]. Tumorassociated NO production might modify DNA directly, or inhibit
DNA repair activities[29]. Thus, we conclude that NO may lead
to loss of cell proliferation control and p53 mutants in gastric
cancer. Recent studies on gastric cancer patients have shown
that increased expression of iNOS may promote gastric cancer
progression by providing a selective growth advantage to tumor
cells with non-functioning p53[30,31]. Thus, inactivation of
antioncogene p53 and overexpression of iNOS play a synergetic
role in the carcinogenesis of human gastric carcinoma.
In conclusion, the expression of iNOS is well correlated with
the expression of PCNA and p53 protein. The molecular basis
of the expression of iNOS and PCNA, p53 protein, and their
roles in the progression of gastric cancer need to be investigated
in follow-up studies.
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Abstract
AIM: To investigate the mutations of the 5’ noncoding region
of BCL-6 gene in Chinese patients with primary gastric
lymphomas.
METHODS: PCR and direct DNA sequencing were used to
identify BCL-6 gene mutations in the 5’ noncoding region
in 29 cases of gastric diffuse large B-cell lymphoma (DLBCL)
and 18 cases of gastric mucosa-associated lymphoid tissue
(MALT) lymphoma as well as 10 cases of reactive hyperplasia
of lymph node (LRH).
RESULTS: Six of 29 gastric DLBCLs (20.7%), 4 of 18 gastric
MALT lymphomas (22.2%) and 1 of 10 LRHs(10%) were
found to have mutations. All mutations were single-base
substitutions and the frequency of single-base changes was
0.20×10-2 -1.02×10-2 per bp.
CONCLUSION: Point mutations in the 5’ noncoding region
of BCL-6 gene are found in Chinese patients with primary
gastric DLBCLs and MALT lymphomas, suggesting that they
may, in some extent, participate in the pathogenesis of
primary gastric DLBCLs and MALT lymphomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric lymphomas; BCL-6 gene; 5’ noncoding
region; Point mutation
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INTRODUCTION
BCL-6 protooncogene, which is located at chromosome 3q27
encoding a POZ/zinc finger sequence-specific transcription
repressor, is one of the three genes most commonly implicated
in non Hodgkin’s lymphoma (the other two are BCL-2 and c-myc
genes)[1-7]. Clonal BCL-6 gene rearrangements are observed in
30% to 40% of nodal DLBCLs and 5% to 10% of nodal follicular

lymphomas (FLs)[3,4]. These rearrangements are clustered within
a highly conserved 4.0-kb regulatory region spanning the
promoter, resulting in BCL-6 expression deregulation by a
heterologous promoter from the partner chromosomes[8-10]. It
is believed that the deregulation of BCL-6 gene expression
contributes to lymphomagenesis. Recent studies[11-14] also
indicate that BCL-6 gene may be alterd by somatic mutations
clustered within the 5’ noncoding regions of this gene. These
mutations have been found in cases displaying either normal
or rearranged BCL-6 alleles, indicating their independence of
chromosomal translocations. The sequences affected by these
mutations are adjacent to the BCL-6 promotor region and
overlapped with MBR. The mutation frequency is more than
70% in nodal DLBCL, which is much higher than that of
rearrangement, and the high frequency, tumor specificity and
location in the proximity of BCL-6 regulatory regions of these
mutations suggest that these genetic alterations may play a
role in lymphomagenesis[15-21]. However, most of BCL-6
mutations are focused on lymphomas originated from lymph
node; lymphomas originated from extranodal site were less
investigated. This study was aimed to investigate mutations of
the 5’ noncoding region of BCL-6 gene in Chinese patients
with primary gastric lymphomas.

MATERIALS AND METHODS
Specimens
A total of 47 cases of paraffin-embedded primary gastric
lymphomas, including 29 cases of DLBCL and 18 cases of MALT
lymphoma were collected from the Department of Pathology,
Cancer Hospital of Fudan University. In addition, 10 paraffinembedded LRH specimens were included for control. Mean
patient age was 56 years, male/female ratio was 1.2:1. In all
instances, specimens were collected at diagnosis before
specific therapy. Diagnosis was based on histopathological
and immunophenotypic analysis of cell surface markers
and immunogenotypic analysis of antigen receptor gene
rearrangements. All lymphoma specimens were classified
according to the new World Health Organization (WHO)
classification of lymphoid neoplasms proposed in 1997[22]. The
samples which were diagnosed before the advent of the new
WHO lymphoma classification were reinvestigated after proper
immunohistochemical studies to meet the criteria of the new
classification.
Tissue microdissection and DNA extraction
Six m thick sections from paraffin blocks were dewaxed in
xylene, rinsed in ethanol, stained with hematoxylin and
ai r-dried. The desired tumor areas were obtained by
microdissection using scalpels under an upside-down light
microscope. In most cases, the fraction of malignant cells was
≥85%. Genomic DNA was extracted from collected cells, which
were subjected to lysis in 0.5-1.0 mL cell lysis buffer containing
100 mmol/L Tris-Cl pH8.5, 20 mmol/L EDTA, 20 mmol/L NaCl
and 2.0% SDS, 0.5-2.0 mg/mL proteinase K and then to
conventional phenol/chloroform extraction and ethanol
precipitation.
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DNA synthesis and polymerase chain reaction
Two PCR products encompassing fragments E1.11 and E1.12
and spanning 490 bp were amplified by primer 5’-AGG AAG
GAG GGG AAT TAG-3’ (sense), 5’-AAG CAG TTT GCA AGC
GAG-3’ (antisense) (for E1.11) and primer 5’-TTC TCG CTT
GCA AAC TGC-3’ (sense), 5’-CAC GAT ACT TCA TCT CAT
C-3’ (antisense) (for E1.12) respectively. The choice of these
fragments was based on the fact that >95% of BCL-6 mutations
detected in DLBCL were within these regions[11]. The first
nucleotide of the amplified BCL-6 gene region corresponding
to the first nucleotide of the sense primer of E1.11 fragment was
arbitrarily defined as position +1 (GenBank accession number
AF191831). PCRwas performedin a final volume of25 µL containing
10 pmoL of each primer, 10 mmol/L Tris-Cl (pH8.5), 50 mmol/L
KCl, 1.5 mmol/L MgCl2, 200 µmol/L of each dNTP, 1.5 units of
Taq polymerase (Promega,USA) and 1 000 ng of genomic DNA.
The PCR conditions were as follows: denaturation at 94 ℃ for
5 min, 35 cycles were performed, each consisting of denaturation
at 94 ℃ for 1 min, annealing at 57 ℃ (for E1.11) or at 52 ℃ (for
E1.12) for 30 s, extension at 72 ℃ for 45 s, followed by a final
extension at 72 ℃ for 7 min. PCR was performed in a Perkin
Elmer 9 700 GeneAmp PCR system. For each PCR, a control
with no added template was used to check for contamination.
The amplified fragments were checked using 2% agarose gel
electrophoresis.
DNA purification and direct sequencing
PCR product of 20 µL was purified with a QIA quick spin column
according to the manufacturer’s instructions. The purified DNA
fragments were directly sequenced on an ABI PRISM 310
DNA sequencer, using ABI PRISM big dye terminator kit as
recommended by the manufacturer. Both the sense and
antisense strands were sequenced and each fragment with
suspected mutations was sequenced at least twice. Controls
were also sequenced to ensure the fidelity and reliability of the
sequencing results. Sequence was aligned with the BCL-6
germline sequence (GenBank accession number AF191831) by
the Internet blast programme (http://www.ncbi.nih.gov/blast).
The frequency of mutation was calculated by the detected length
of gene fragment (490 bp) divided by the number of mutations.
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Table 1 BCL-6 mutation in primary gastric lymphoma and
LRH
Sample

Mutated cases (%)

DLBCL

6/29 (20.7)

MALTL

4/18 (22.2)

LRH

1/10 (10.0)

Table 2 Characteristics of changes in the 5’ noncoding region
of BCL-6 gene in primary gastric lymphoma
Sample

Diagnosis

Substitution mutations

1

DLBCL

G→C (397), G→A (403)

2

DLBCL

G→C (397), C→T (419)

3

DLBCL

C→A (624)

4

DLBCL

T→A (346), G→A (391), G→A (402),
G→A (694), G→A (669)

5

DLBCL

G→C (397)

6

DLBCL

G→A (322), T→C (444)

7

MALTL

G→T (321), G→C (397)

8

MALTL

C→A (665)

9

MALTL

G→C (397), C→G (419)

10

MALTL

C→T(123), G→C (397), T→C (484)

11

LRH

G→C (397)

1

2

3

4
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Figure 1 Amplified E1.11 (lanes 1-4) (215 bp) and E1.12 (lanes 5-8)
(295 bp) fragments of BCL-6 gene shown by 2% agarose gel
electrophoresis.
60

60

Number 1

lymphomas (22.2%) and 1 of 10 LRHs (10%) were found to have
mutations (Table 1). All mutations were single-base substitutions
and the frequency of single-base changes in the 5’ noncoding
region was as high as 0.20×10-2/bp to1.02×10-2/bp, similar to those
of IgV gene hypermutation during antigen-stimulated clonal
selection [23,24]. Single-base changes in the BCL-6 gene 5’
noncoding region and some of the DNA sequencing results
from the positive cases are shown in Table 2 and Figure 2.

RESULTS
Checking PCR products
The amplified E1.11 and E1.12 fragments of BCL-6 gene were
shown by 2% agarose gel electrophoresis (Figure 1).
DNA sequencing
Six of 29 gastric DLBCLs (20.7%), 4 of 18 gastric MALT
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Figure 2 Representative results of direct DNA sequencing of PCR product E1.11 in primary gastric DLBCL. A: Wild-type BCL-6
gene; B: Mutated-type BCL-6 gene, arrow points to point mutation (G→C).
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DISCUSSION
The commonest site of extranodal lymphomas is located in the
gastrointestinal (GI) tract, particularly in the stomach[25-27]. It is
uncertain whether primary lymphoma of the stomach is
pathogenetically different from that of its nodal counterpart. This
study was to analyze mutations in the 5’ noncoding region of
BCL-6 gene in Chinese patients with primary gastric lymphoma.
BCL-6 gene was originally identified by virtue of its
involvement in chromosomal translocations affecting band 3q27
in NHL[1,2]. BCL-6 gene contains 10 exons and encodes for a
3.8-kb mRNA that is translated into a 706-amino acid nuclear
phosphoprotein characterized by six Kruppel-type C-terminal
zinc-finger motifs that have been shown to recognize specific
DNA sequences. BCL-6 protein has been identified as a potent
transcriptional repressor of promoters linked to its DNA target
sequences, and is down-regulated during B cell differentiation
to plasma cells. BCL-6 gene has been shown to be a multifunctional
gene, regulating important genes involved in B-cell differentiation
(blimp-1, IP-10, and others) and cell-cycle control (such as c-myc,
p27KIP1, and cyclinD2)[20,28-36].
The 5’ noncoding region of BCL-6 gene contains regulatory
elements for its expression. Ohashi et al[37] found that the 1.5-kb
promoter region of BCL-6 was characterized by a TATA box
and a number of potential regulatory elements such as CACCC,
E-box and GATA-1 sites, which may be responsible for the low
expression of the gene in normal lymphoid tissues and nongerminal-center derived lymphoid malignancies. Previous
studies [11-15] suggest that BCL-6 mutations might have
functional significance, based on their frequency and clustering
in the proximity of the BCL-6 promoter. This is supported by in
vitro studies showing that mutations might alter the
transcriptional activity of BCL-6. In most tumor cases, mutations
are somatic, multiple, often biallelic. And clusteres in the 5’
regulatory sequences at frequencies of 7×10-4 to 1.6×10-2/bp are
comparable with those of IgV genes in B cells[23]. Hypermutations
of the 5’ noncoding region in BCL-6 gene may cause disordered
regulatory cascades of gene expression, thus leading to the
destruction of germinal centers and the maintenance of
immature B cell status, which could play a key role in the
development of germinal center-derived DLBCL[38-40]. Gaidano
et al[12] demonstrated that one single mutation of BCL-6 gene 5’
regulatory region was able to alter its transcriptional activity,
suggesting a pivotal role in the tumorigenesis of germinal centerderived lymphomas[33-39]. In vitro studies aimed at transfecting
normal B cells with mutated BCL-6 alleles can clarify the precise
pathogenetic implications of these mutations.
BCL-6 mutations represent a marker of germinal center (GC) or
post-GC cells because in normal lymphoid tissues, they occur in
approximately 30 -50% of GC and memory B cells, whereas they
are absent in pre-GC and virgin B cells[12-16]. Thus, BCL-6 mutations
are proposed as a genetic marker for defining the histogenesis of
B-cell lymphoproliferations, and accumulation of BCL-6 mutations
might result from ectopic activity of the IgV gene hypermutation
mechanism involving sequences displaying no homology with
antigen receptor loci[23,24].
It has been reported that the 5’ non-coding region point
mutation of BCL-6 gene occur in 73% nodal DLBCLs and 45%
FLs in Western populations[11]. But in this study, we found
that the mutational incidence of the 5’ noncoding region of
BCL-6 gene was 20.7% in Chinese patients with primary gastric
DLBCLs which is significantly lower than that in Western
populations. This result is in accordance with our previous
reports[41] in nodal DLBCL which showed that the mutational
incidence of the 5’ noncoding region of BCL-6 gene was 18.4%.
The differences of mutational incidence between our study
and Western reports in DLBCL might be related to the
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differences in the screened regions, the distinct aspects of
races and social-economic environments and even the different
molecular pathologenesis of DLBCL[42].
Gastric MALT lymphoma is of B-cell origin and has a very
strong association with Helicobacter pylori infection[43-45]. It
has been found that eradication of the infection with antibiotics
may lead to regression of gastric MALT lymphoma. In gastric
MALT lymphoma, the results of investigations on BCL-6 mutations
are variable; BCL-6 mutations were found in 2 out of 4 cases in
Liang’s study[26], but mutations were absent in all 16 cases
tested in Gaidano’s study[27]. In this study, mutations of the 5’
noncoding region of BCL-6 gene were detected in 4 of 18 gastric
MALT lymphomas (22.2%). Because MALT lymphoma has been
traditionally viewed as proliferation of marginal region cells,
the occurrence of BCL-6 mutations in a fraction of MALT
lymphomas suggests that the histogenesis of MALT lymphoma
might be more heterogenerous than previously thought[46-50].
This is consistent with the hypothesis that the fraction of MALT
lymphoma with BCL-6 somatic mutation might be derived from
germinal center-related B cells. Kwon et al[42] investigated that
tissues obtained from the marginal zone of Peyer’s patch by
microdissection revealed no BCL-6 mutations by PCR-SSCP
analysis, whereas tissues from gastric MALT lymphomas were
shown to have BCL-6 mutations in 11 of 13 (86.4%). They
believe that the acquisition process of BCL-6 mutations by
marginal zone cells might be involved in the lymphomagenesis
of gastric MALT lymphoma.
Lossos et al[19] demonstrated that mutations occurred in
the 5’ regulatory region of BCL-6 gene were ongoing. It is possible
that as a result of ongoing BCL-6 gene somatic mutations,
lymphoma cells become heterogeneous, and a mutational
variant having a selective growth advantage because of BCL-6
overexpression gives rise to the higher-grade of NHL lymphoma
cells.
In the present study, seven recurrent mutations (G→C) were
identified at position 397, suggesting that this position may be
a mutational hot spot. Several other studies[13,20,41] also reported
mutations at this position, but Lossos et al[13] thought that the
mutation at position 397 might be a polymorphism, because it
was also observed in two samples of T cells from patients.
Further studies are needed to determine whether the position
397 (G→C) is a real mutation or just a polymorphism.
In conclusion, point mutations of the 5’ noncoding region of
BCL-6 gene suggest that they may, in some extent, participate
in the pathogenesis of primary gastric DLBCLs and MALT
lymphomas.
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Abstract
AIM: To test the hypothesis that E-cadherin gene (CDH1)
C-160A promoter variant genotype is associated with an
increased risk for developing gastric cancer.
METHODS: In this population-based case-control study of
gastric cancer in Jiangsu Province, China, we performed
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) to genotype the C-160A
polymorphism of CDH1 promoter in 206 non-cardia gastric
cancer patients and 261 age- and sex-matched but unrelated
cancer-free controls.
RESULTS: The frequencies of genotypes CC, CA and AA
were 57.8%, 36.4% and 5.8% in gasfric cancer cases,
respectively, and 58.2%, 34.9% and 6.9% in controls
respectively. The distributions of CDH1 genotypes were
not significantly different between gastric cancer cases
and controls (P = 0.87 for genotype frequency and P = 0.92
for allele frequency). Compared with the CC genotype, the
CA and AA genotypes were not associated with an increased
risk for non-cardia gastric cancer (adjusted odds ratios (OR)
= 1.15, and 95% confidence interval (95% CI) = 0.78-1.72
for CA genotype, and OR = 0.90 and 95% CI = 0.42-2.01
for AA genotype).
CONCLUSION: E-cadherin gene C-160A promoter
polymorphism may not play a major role in the etiology of
non-cardia gastric cancer in Chinese population.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; E-cadherin gene; Promoter;
Polymorphism
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INTRODUCTION
Gastric cancer is the second most frequent malignancy
worldwide, accounting for 8.7% of all cancers and 10.4% of all
cancer deaths [1] . Distribution of gastric cancer has
geographical variations, with the highest incidence in China
and Eastern Asian countries[1,2]. Currently, about 39% of
gastric cancer cases occur in Chinese population, ranking the
leading cause of cancer-mortality in China, particularly in rural
areas[1]. To date, the etiology of gastric cancer is unclear,
although multiple factors[3,4] are thought to play a role in gastric
carcinogenesis, including diet [5,6], tobacco smoking and
alcohol consumption [7,8], Helicobacter pylori (H pylori)
infection [9,10], and genetic factors[11].
Epidemiological studies have demonstrated that genetic
predisposition plays an important role in gastric cancer risk
with postulated molecular mechanisms underlying such
genetic susceptibility[12,13]. Support for genetic susceptibility
is evidenced by the aggregation of gastric cancer in the
first-degree relatives of gastric cancer patients, and these
family members have the risk of developing gastric cancer
2-3 times that of the general population[3]. However, family
studies are methodologically limited, because they do not
distinguish genetic from environmental factors, as family
members tend to have common environments and lifestyles[14].
Epithelial E-cadherin is a cell surface glycoprotein that is
responsible for Ca2+-dependent cell-cell adhesion and plays
an important role in the establishment and maintenance
of normal epithelial polarity and organization [15]. Loss of
E-cadherin expression in humans is associated with cancers
including familial gastric cancer[16]. Truncating mutations in
the E-cadherin gene (CDH1) are the most consistent genetic
alterations observed in sporadic and hereditary gastric
cancer [17,18]. In addition to these inactivating mutations, a
CDH1 promoter polymorphism at position -160 from the
transcriptional start site was reported to lead to transcriptional
downregulation of the gene in vitro, and the variant A-allele
was shown to decrease the transcriptional efficiency by 68%
compared with C-allele and therefore this promoter
polymorphism has been speculated as a potential genetic
marker for susceptibility to cancer[19]. Recently, in a hospitalbased case-control study of gastric cancer, Wu et al[20] reported
that individuals with E-cadherin -160 A/A genotype had a
significantly decreased risk of gastric cancer, suggesting that
A-allele may be a protective allele against gastric cancer.
However, the results from different ethnic populations remain
inconclusive. A recent haplotype analysis suggest that CDH1
C-160A promoter polymorphism might be in linkage
disequilibrium with a distinct etiological locus or acts in
combination with other functional variants in or near the CDH1
region[21]. To further test the hypothesis that the CDH1 C-160A
promoter polymorphism is associated with the risk of gastric
cancer, we genotyped this polymorphism in a populationbased case-control study of 206 patients with incident gastric
non-cardia cancer and 261 age- and sex-matched cancer-free
controls.
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MATERIALS AND METHODS
Subjects
This population-based case-control study was conducted in
Huaian and Jintan counties, two areas of high cancer mortality,
in central Jiangsu Province, China, as described previously[22].
Briefly, we ascertained 341 histologically confirmed gastric
adenocarcinoma cases diagnosed between January 1, 1998,
and December 31, 2000, through the cancer registry system
from these two counties. All patients were local residents with
informed consent to donate a blood sample. Patients with
secondary and recurrent tumors were excluded. Because it was
reported that there was an etiological difference between gastric
cardia and non-cardia cancers[23], we only included 209 noncardia gastric cancer cases in this study. The controls were 270
cancer-free individuals randomly selected from the
neighbouring counties. All study subjects were interviewed
by a trained interviewer using a pre-tested questionnaire to
obtain information concerning occupational history, dietary
habits, smoking and drinking status, individual and family
histories of digestive diseases, including cancer. After the
interview, approximately 5 mL venous blood sample was
collected from each subject after the informed consent was
obtained. DNA quality or quantity was insufficient in 3 cases
and 9 controls for PCR; thus, the study population consisted
of 206 cases and 261 controls in the final analysis. Individuals
who smoked once a day for over 1 year were defined as smokers,
and individuals who consumed alcohol 3 or more times a week
for over 6 mo were considered drinkers.
Serologic detection of antibody IgG to H pylori
Serum was separated from the blood sample within 4 h after
collection and stored at -20℃ for testing IgG antibody to H pylori.
Serum IgG antibody to H pylori was measured with an enzymelinked immunosorbent assay (anti-H pylori enzyme
immunoassay, Jinmei Biotech, Inc., Shenzhen, China). The OD
value of the serum sample >2.1 was considered positive, and
the value equal to or below 2.1 was considered negative.
Genotyping
Genomic DNA was isolated from peripheral blood lymphocytes
by proteinase K digestion and phenol-chloroform extraction.
Polymerase chain reaction (PCR)- restriction fragment length
polymorphism (RFLP) assay was used to type the CDH1 -160
C→A polymorphism. We designed two primers of 5’-TCCA
GGTCTTAGTGAGAACCA-3’ (sense)and 5’-CCACCCGGCCT
CGCATAGAC-3’ (anti-sense) which generated a 135-bp fragment.
The fragment was amplified in 20 µL reaction mixture containing
about 50 ng of genomic DNA, 5 pmoL of each primer, 2.5 mmol/L
each dNTP, 1×PCR buffer, 1.5 mmol/L MgCl2 and 2 U Taq DNA
polymerase (Jinmei Biotech, Inc., Shenzhen, China). The mixtures
were subjected to PCR with an MJ-PTC-200 DNA engine (MJ
Research, Inc., Watertown, USA). The PCR conditions consisted
of an initial melting step at 95 ℃ for 5 min followed by 35 cycles
at 95 ℃ for 30 s, at 62 ℃ for 40 s and at 72 ℃ for 45 s, and a final
step at 72 ℃ for 10 min. The PCR products were checked on
1.5% agarose gel, and then subjected to RFLP analysis, digested
with 5 U of restriction enzyme Hinc II (New England Biolabs Ltd,
USA) at 37 ℃ for 4 h, and the genotypes were discriminated on
3% NuSieve 3:1 agarose (FMC BioProducts, Rockland, ME) gel
with ethidium bromide. The wild-type C-allele produced a single
135-bp fragment, and the polymorphic A-allele produced 2
fragments of 110-bp and 25-bp. About 10% of the samples were
randomly genotyped again, and the reproducibility was 100%.
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smoking, alcohol consumption, and CDH1 genotype frequencies
between gastric cancer cases and controls were evaluated
by the 2 test. The association between CDH1 promoter
polymorphism and gastric cancer was estimated by computing
the odds ratios (ORs) and their 95% confidence intervals (CIs)
from both univariate and multivariate logistic regression
analyses after adjusted for age, sex, area, smoking, alcohol
consumption, tea drinking, H pylori infection and family history
of gastric cancer. The genotype data were further stratified by
subgroups of age, sex, smoking, alcohol drinking, tea drinking,
H pylori infection and family history of gastric cancer. All the
statistical analyses were performed with the statistical analysis
system software (Version 8.1; SAS Institute Inc., Cary, NC).

RESULTS
Selected characteristics of gastric cancer cases and controls
are summarized in Table 1. According to the genotyping results
and questionnaire data, we included 206 non-cardia gastric
cancer cases and 261 cancer-free controls who had all these
data available in this analysis. All the subjects were Han
nationalities. The mean age was 61.31 years (range 31-84 years)
for the cases and 61.25 years (range 30-87 years) for the
controls. The differences in distribution of age and sex were
not statistically significant between cases and controls (Table 1).
There were also no statistically significant differences between
cases and controls in the frequency distribution of cigarette
smoking, alcohol drinking, H pylori infection. However, daily
tea drinking appeared to be a protective factor against gastric
cancer (P = 0.035) and the family history of gastric cancer
appeared to be a risk factor (P = 0.001) (Table 1). All these
differences between cases and controls were further controlled
in the multivariate logistic regression analysis.
Table 1 Distribution of selected characteristics of gastric cancer patients and cancer-free controls
Cases (n = 206)
n

%

n

P value 1

%

Age (yr)
≤60

89

43.2

11 4

43.7

>60

117

56.8

14 7

56.3

150

72.8

19 0

72.8

56

27.2

71

27.2

118

57.3

13 6

52.1

88

42.7

12 5

47.9

84

40.8

10 0

38.6

122

59.2

15 9

61.4

0.918

Sex
Male
Female

0.996

Alcohol status
Nondrinker
Drinker

0.265

Smoking status2
Nonsmoker
Smoker

0.635

H pylori infection3
Negative

91

44.2

93

35.9

Positive

115

55.8

16 6

64.1

0.070

Daily drinking of tea
Yes

77

37.4

12 3

47.1

No

129

62.6

13 8

52.9

0.035

Family history of gastric cancer 4

1

Statistical analysis
Differences in distributions of selected demographic variables,

Controls (n = 261)

Variable

Yes

42

20.5

25

9.6

No

163

79.5

23 5

90.4

0.001

Two-side 2 test; 2Two controls missed smoking information;
Two controls missed H pylori information; 4One case and one
control missed information of family history.
3
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Table 2 CDH1 genotype frequencies of patients and control
subjects and their association with gastric cancer
Cases (n = 206)

Controls (n = 261)

Genotype
n

%

n

%

OR (95%CI) 1

CC

119

57 .8

152

58.2 2

CA

75

36 .4

91

34.9

1.15 0.78-1.72

12

5.8

18

6.9

0.90 0.40-2.01

AA

2 = 0.29
CC
CA+AA

P = 0.87

119

57 .8

152

58.2

87

42 .2

109

41.8

2 = 0.01

1.00
1.05 0.72-1.54

P = 0.92

C allele

395

75 .7

313

76.0

A allele

127

24 .3

99

24.0

2 = 0.01

1.00

1.00
1.02

0.75-1.37

P = 0.92

1

ORs were adjusted for age, sex, smoking, alcohol drinking,
residence, tea consumption, H pylori infection and family history of gastric cancer in a logistic regression model; 2The observed genotype frequency (CC, CA and AA) in the control
subjects was in agreement with Hardy-Weinberg equilibrium
(p2+2pq+q2 = 1) (2 = 0.738, P = 0.69).

The allele frequency and genotype distribution of E-cadherin
gene in cases and controls are shown in Table 2. The distribution
of genotypes was in agreement with Hardy-Weinberg
equilibrium (2 = 0.74, P = 0.69). The genotype frequencies of
CC, CA and AA were 57.8%, 36.4% and 5.8%, respectively, in
patients, which were very similar to those in controls (58.2%,
34.9% and 6.9%, respectively). Likewise, the A-allele frequencies
were 24.0% in cases and 24.3% in controls, respectively. There
was no statistically significant difference in CDH1 genotype
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frequencies and allele frequencies between cases and controls
(P = 0.87 for genotype frequency and P = 0.92 for allele
frequency). Logistic regression analysis revealed that the
variant genotypes CA and AA were not significantly associated
with the risk of gastric cancer when compared with the CC wildtype genotype (the adjusted OR [95%CI] was 1.15 [0.78-1.72]
for CA heterozygotes and 0.90 [0.40-2.01] for AA homozygotes)
(Table 2). There was also no significant association between
the combined genotype (CA/AA) and the risk of gastric cancer
(CA/AA vs CC: adjusted OR = 1.05, 95% CI = 0.72-1.54).
The associations between CDH1 promoter polymorphism
and non-cardia gastric cancer stratified on age, sex, smoking
and alcohol use, H pylori infection and family history of gastric
cancer are presented in Table 3. Overall, there was no significant
evidence of any associations between the CDH1 genotype
and the risk of gastric cancer among these different subgroups
in this Chinese population.

DISCUSSION
CDH1 is located on chromosome 16q22.1 and encodes a
homophilic transmembrane cellular adhesion protein that is
expressed in epithelial tissues. E-cadherin acts as a tumor
suppressor gene[24] and the dysfunction of CDH1 due to mutations
of the gene has been found in diffusive-type gastric cancer[25].
Mutations in CDH1 are the underlying genetic defect in
approximately one-third of the hereditary diffuse gastric cancer
(HDGC) families. Therefore, CDH1 gene may play an important
role in gastric cancer development.
Three lines of evidence have prompted us to further study
the association between CDH1 C-160A promoter polymorphism
and risk of gastric cancer. First, germ-line mutations in the CDH1
gene predisposes individuals to gastric cancer [26-28]. Second,
CDH1 promoter methylation and the associated loss of gene

Table 3 Stratification analyses of CDH1 genotype frequencies, ORs and 95% CIs in gastric cancer
Cases

Controls

OR (95%CI) 1

Variables
CC n (%)
Total

119 (57.7)

CA+AA n (%)
87 (42.2)

CC n (%)
152 (58.2)

CA+AA n (%)
109 (41.8)

Age (yr)
≤60

53 (59.6)

36 (40.4)

66 (57.9)

48 (42.1)

0.86 (0.47-1.56)

>60

66 (56.4)

51 (43.6)

86 (58.5)

61 (41.5)

1.20 (0.71-2.00)

Male

90 (60.0)

60 (40.0)

107 (56.3)

83 (43.7)

0.92 (0.58-1.44)

Female

29 (51.8)

27 (48.2)

45 (63.4)

26 (36.6)

1.81 (0.85-3.86)

Sex

Residence
Jin-tan

56 (59.0)

39 (41.0)

80 (55.2)

65 (44.8)

0.90 (0.52-1.57)

Huai-an

63 (56.8)

48 (43.2)

72 (62.1)

44 (37.9)

1.31 (0.76-2.27)

No

54 (64.3)

30 (35.7)

58 (58.0)

42 (42.0)

0.79 (0.43-1.48)

Yes

65 (53.3)

57 (46.7)

93 (58.5)

66 (41.5)

1.31 (0.79-2.16)

No

71 (60.2)

47 (39.8)

88 (64.7)

48 (35.3)

1.27 (0.75-2.15)

Yes

48 (54.6)

40 (45.5)

64 (51.2)

61 (48.8)

0.92 (0.51-1.63)

Negative

54 (59.3)

37 (40.7)

55 (59.1)

38 (40.9)

0.98 (0.53-1.80)

Positive

65 (56.5)

50 (43.5)

95 (57.3)

71 (36.7)

1.03 (0.63-1.71)

Smoking

Alcohol Drinking

H pylori infection

Family history of gastric cancer

1

No

94 (57.7)

69 (42.3)

138 (58.7)

97 (41.3)

1.07 (0.71-1.62)

Yes

24 (57.1)

18 (42.9)

14 (56.0)

11 (44.0)

1.40 (0.45-4.39)

ORs were adjusted for age, sex, smoking, alcohol drinking, residence, tea consumption, H pylori infection and family history of
gastric cancer in a logistic regression model.
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expression might function as the ‘second genetic hit’ in the
genesis of hereditary diffuse gastric cancer, suggesting that
the function of CDH1 gene promoter might play an important
role in gastric cancer susceptibility[29]. Third, CDH1 A-160C
promoter polymorphism might be a functional polymorphism
which could lead to transcriptional downregulation of the
gene in vitro, and the variant A-allele decreases about 68%
transcriptional efficiency compared with C-allele[19]. Therefore
this promoter polymorphism might be a potential genetic marker
of cancer susceptibility.
To further investigate the association between the functional
CDH1 C-160A promoter polymorphism and the risk of non-cardia
gastric cancer, we conducted this population-based case-control
study in a Chinese population which incorporated information
on exposure to smoking, alcohol drinking, H pylori infection
and other potential confounding factors (age and sex) that
were frequency matched between cases and controls and further
adjusted in the analysis. However, we did not observe any
differences in the distribution of variant genotypes between
cases and controls.
Several molecular epidemiological studies have examined
the association between the CDH1 promoter polymorphism
and the risk of cancers, including prostate and urothelial cancer,
as well as breast, colorectal, and gastric cancers, but the results
are inconsistent. In a small case-control study of 82 prostate
cancer patients and 188 controls, Verhage et al[30] reported that
CDH1 variant A-allele was associated with a significantly
increased risk of prostate cancer in Caucasians (OR = 3.6, 95%
CI = 2.0-6.4). Recently, Tsukino et al[31] reported that the frequency
of CDH1 AA genotype was significantly higher in 314 urothelial
cancer patients than in 314 frequency matched healthy controls
in Japan (OR = 2.32, 95% CI = 1.03-5.22), the authors’ conclusion
is that the AA genotype is associated with increased
susceptibility to urothelial cancer. However, some other studies
failed to find any significant associations between the variant
genotype of CDH1 and the risk of breast cancer in Caucasians
[32]
and colorectal cancer in a British population[33].
Few studies have investigated the association between the
CDH1 promoter polymorphism and gastric cancer. Wu et al[20]
reported that CDH1 A-allele was associated with a significantly
reduced risk of gastric cancer (OR = 0.20, 95% CI = 0.06-0.56)
compared with CC genotype. However, this study was a
hospital-based case-control study and the subjects in Wu’s
study were from three different ethnic groups. In contrast, in a
small case-control study of 53 diffuse gastric cancer patients
and 70 cancer-free controls in New Zealand, Humar et al[21]
reported the OR of 2.27 for CA heterozygotes (95% CI = 1.16-4.44)
and 7.84 for AA homozygotes (95% CI = 2.89-21.24) associated
with an increased risk of gastric cancer. However, a study
combining three small case-control studies in the United
Kingdom reported that the genotype frequencies of CDH1 did
not differ between 433 gastric cancer patients and 466 cancerfree controls, and this polymorphism was not associated with
the risk of gastric cancer [34]. The results from our present
population-based case-control study of gastric non-cardia
cancer are consistent with those of Pharoah et al[34].
One reason for these discrepancies in the above studies
may be the difference in genetic polymorphisms between
different ethnic groups. Another reason might be due to
different sites and different pathological types of gastric cancer.
In addition, there might be a difference in the etiology of the
cardia and non-cardia gastric cancers and between intestinaland diffuse-type gastric cancers. In this study, we did not find
any association between this CDH1 genotype and the risk of
non-cardia gastric cancer. Moreover, because we lacked
histologic information for all gastric cancer cases, we did not
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perform the analysis on the association between CDH1
polymorphism and risk of gastric cancer in different histopathologic
subgroups. Therefore, further studies are needed to confirm
our results.
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CONCLUSION: TGF-1 affects both proliferation and
apoptosis of GC cells through the regulation of p15 and p21,
and induces transient expression of Smad 7 as a negative
feedback modulation of TGF-1 signal. Our results suggest
a novel functional role of p21 as an accelerant of TGF-1mediated apoptosis in GC cells.

Abstract
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AIM: To investigate the association between endogenous
gene expression and growth regulation including proliferation
and apoptosis induced by transforming growth factor-1
(TGF-1) in human gastric cancer (GC) cells.
METHODS: Reverse transcription polymerase chain reaction
(RT-PCR) was performed to detect the main components
of the TGF-1/Smads signal pathway in human poorly
differentiated GC cell line BGC-823. Localization of Smad
proteins was also determined using immunofluorescence.
Then, the BGC-823 cells were cultured in the presence or
absence of TGF-1 (10 ng/mL) for 24 and 48 h, and the
effects of TGF-1 on proliferation and apoptosis were
measured by cell growth curve and flow cytometry (FCM)
analysis. The ultrastructural features of BGC-823 cells with
or without TGF-1 treatment were observed under
transmission electron microscope. The apoptotic cells were
visualized by means of the terminal deoxynucleotidyl
transferase (TdT)-mediated dTUP in situ nick end-labeling
(TUNEL) method. Meanwhile, the expression levels of
endogenous p15 , p21 and Smad7 mRNA and the
corresponding proteins in the cells were detected at 1, 2
and 3 h after culture in the presence or absence of TGF-1
(10 ng/mL) by semi-quantitative RT-PCR and Western blot,
respectively.
RESULTS: The TGF-1/Smad signaling was found to be
intact and functional in BGC-823 cells. The growth curve
revealed the most evident inhibition of cell proliferation
by TGF-1 at 48 h, and FCM assay showed G1 arrest
accompanied with apoptosis induced by TGF-1. The typical
morphological changes of apoptosis were observed in cells
exposed to TGF-1. The apoptosis index (AI) in TGF-1treated cells was significantly higher than that in the
untreated controls (10.7±1.3% vs 0.32±0.06%, P<0.01).
The levels of p15, p21 and Smad7 mRNA and corresponding
proteins in cells were significantly up-regulated at 1 h, but
gradually returned to basal levels at 3 h following TGF-1
(10 ng/mL) treatment.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignant tumors in
the world[1]. Gastric carcinogenesis refers to accumulation of
genetic alterations of multiple genes such as oncogenes, tumor
suppressor genes and mismatch repair genes. However, the
exact molecular mechanism remains to be fully elucidated.
Numerous data have shown that TGF-1, as a protypic
member of TGF- superfamily of signaling molecules, has a
diverse range of functions, including cell growth control (both
negative and positive), differentiation, apoptosis (inducement or
inhibition) and synthesis of extracellular matrix proteins[2]. The
TGF-1 signal is transduced across the membrane by the type
I and II receptors (TRI and II), which contain intrinsic serine/
threonine kinase activities. Identification and isolation of the
Smads as TGF-1’s intracellular signaling mediators have
enabled the TGF-1 pathway to be traced from the cell surface
to the nuclei [3]. Smad proteins can be classified into three
categories[4]; receptor-specific Smads (R-Smads: Smad2 and
Smad3) that interact with and are directly phosphorylated by a
particular TRI; common partner Smad (Co-Smad: Smad4) that
acts as a common mediator of TGF-1 signaling by interacting
with all R-Smads; inhibitory Smad (I-Smad: Smad7) that
competitively inhibits R-Smads’ association with activated
TRI and thereby prevents ongoing signaling[5]. TGF-1 signal
transduction relies upon the rapid TRI-mediated phosphorylation
of R-Smads followed by R-Smad/Co-Smad dimerization and
translocation to the nuclei, where the dimmer can directly or
indirectly regulate specific gene transcription, through
interactions with other transcription factors. I-Smad functions
to antagonize this signal by a negative feedback loop in
response to the same stimulus of TGF-1. The TGF-1/Smad
signal pathway can widely inhibit proliferation of various cell
types of epithelial origin, and modulate cell apoptosis and
differentiation[3]. It has been noted that TGF-1 shows biphasic
effects on contributing to tumorigenesis[6]. In the initial stage
of tumorigenesis, TGF-1 may play a negative or tumor suppression
role in tumor development by inhibiting cell growth. However,
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a requirement for TGF-1 in progression of late stage tumor,
which allows the tumor to invade and metastasize through its
effects on angiogenesis, immunosuppression and synthesis
of extracellular matrix proteins, suggests a second role of TGF-1
in cancer[7-9].
Previous studies have suggested that TGF-1 not only
inhibits cell proliferation[10], but also induces cell apoptosis[11]
by regulating the activities of cyclin, cyclin-dependent kinases
(CDKs) and CDK inhibitors (CDKIs), which lead to the arrest
of the cell cycle at G1 phase. Nevertheless, the possible role of
TGF-1 signal in the simultaneous modulation of GC cells’
proliferation and apoptosis remains unclear. Therefore,
elucidation of the mechanism by which TGF-1 inhibits cell
growth in GC cells not only provides insights into the molecular
events involved in tumor progression, but also allows us to
better understand how cells regulate those events contributing
to tumor progression through the cell cycle. In this study, we
investigated the effects of TGF-1 on cell kinetics and the
expression of p15, p21 and Smad7 genes and the potential
role of these genes in regulation of cell kinetics in human GC
cells, in order to reveal the role of this signaling in gastric
carcinogenesis.

MATERIALS AND METHODS
Cell culture
Human poorly-differentiated gastric adenocarcinoma cell line,
BGC-823, was obtained from Shanghai Institute of Cell Biology,
Chinese Academy of Sciences. Cells were grown in RPMI1640 medium supplemented with 10% fetal bovine serum
(FBS), L-glutamine and penicillin/streptomycin (100 U/mL),
and maintained at 37 ℃ in an atmosphere containing 50 mL/L
CO2 and 95% air.
Reverse transcription polymerase chain reaction (RT-PCR)
Total RNA was extracted from BGC-823 cells by TRIzol RNA
isolation (GIBCO-BRL, USA) and purified with DNase I
(Invitrogen, USA). The integrity of RNA was determined by
electrophoresis on 1% agarose gel containing ethidium bromide
(EB). The yield of RNA was quantified using DNA/RNA
calculator (Pharmacia, England). RNA (1 g) was reversetranscribed to the first strand of cDNA using superscript reverse
transcriptase system (Invitrogen, USA) according to the
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manufacturer’s instructions. cDNA amplification was used to
detect expression of the main components of TGF-1/Smad
signaling, including TGF-1, TRI, TRII, Smads 2, 3, 4 and 7.
PCR was performed under the following conditions: first at 95
℃ for 3 min, 30 cycles at 95 ℃ for 30 s, at different annealing
temperatures for 30 s, at 72 ℃ for 30 s, and finally at 72 ℃ for
10 min (Table 1). PCR products were detected by electrophoresis
on 1.5% agarose gel containing EB.

Immunofluorescence assays
BGC-823 cells were seeded coverslips, and allowed to grow at
20-30% confluence. After washing with cold 1×PBS, cells were
fixed in 4% paraformaldehyde for 15 min, and then treated with
0.1% Triton X-100 for 15 min. Subsequently, cells were incubated
with Smads 2, -3, -4 or -7 primary antibodies (Santa Cruz, USA)
overnight at 4 ℃. Primary antibodies were diluted at 1:25 with
PBS containing 1% BSA. After washing with cold PBS, cells
were incubated with Fluorescein (FITC)-conjugated affinipure
anti-goat IgG secondary antibodies (1:50 with 1% BSA in
PBS, Zhongshan, Beijing) for 2 h at room temperature. After
washed with cold PBS, slides were immersed for 30 s in 10 ng/
mL Hoechst dye 33258 to stain cellular nuclei, and then
subjected to an additional wash in cold PBS. All slides were
observed under a microscope equipped with epifluorescence
optics (Zeiss Axioskop, Germany).
Cell growth curve
Cells were seeded in 24-well plates at a concentration of 5×104 /well,
and allowed to attach overnight, followed by a 24-h serum
starvation to synchronize and subsequently treated with 1640
culture containing 1% FBS in the presence or absence of TGF1 (10 ng/mL, R&D systems, USA). Duplicate wells were
trypsinized, stained with trypan blue and counted manually per
12 h for 3 d. The cell growth curve was produced from the mean
data of three independent experiments using Microsoft Excel 2000.
Flow cytometry (FCM) analysis
Cells were plated in 25 cm2 culture flasks at a density of 5×105
cells, followed by synchronization, and then incubated in 1640
medium containing 1% FBS in the presence or absence of
TGF-1 (10 ng/mL) for 24 and 48 h. All floated and adherent
cells were harvested, centrifuged at 1 000 r/min for 10 min. Cell
pellet was washed with 1×PBS, centrifuged at 1 000 r/min for

Table 1 Oligonucleotide primers for RT-PCR (Sangon, Shanghai, China)
Gene
TGF-  1
T  RI
T  RII
Smad2
Smad3
Smad4
Smad7
p1 5
p2 1

cDNA primer sequence
Forward: 5’-GCGACTCGCCAGAGTGTTAT-3’
Reverse: 5’-ATAGTTGGTGTCCAGGGCTCG-3’
Forward: 5’-ACGGCGTTACAGTGTTCTG-3’
Reverse: 5’-CCACACCGTCTATATCTGG-3’
Forward: 5’-AGCAACTGCAGCATCACCTC-3’
Reverse: 5’-ACTACAGACTCTTCTACAGG-3’
Forward: 5’-ATCCTAACAGAACTTCCGCC-3’
Reverse: 5’-GAGTCGTTTTTGAAGGGGTG-3’
Forward: 5’-GGAGGGCAGGCTTGGGGAAAATG-3’
Reverse: 5’-CCCCTCCCCCGGCCACCACATTAT-3’
Forward: 5’-AAGGTGAAGGTGATGTTTG-3’
Reverse: 5’-CTCGATAAGGTGGATGACTA-3’
Forward: 5’-GTGGGGAGGCTCTACTGTGTC-3’
Reverse: 5’-CAGCTTTCGGAACTACCTCTTTGG-3’
Forward: 5’-TTCTTTAAATGGCTCCACCTGCCT-3’
Reverse: 5’-AACCGTCGGAAGTAGCTTAATCCA-3’
Forward: 5’-AGTGGACAGCGAGCAGCTGA-3’
Reverse: 5’-ATCTTTAGACAGTACGACCAGAC-3’

Annealing temperature (℃)

Product size (bp)

61

284

57

358

57

688

57

489

57

284

56

264

57

294

60

436

58

380
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10 min, fixed with 70% ethanol, made into a single cell suspension
and stored at 4 ℃ overnight. Then the cells were stained with
propidium iodid (PI) solution (with the final concentration of
100 g/mL) on ice for 30 min and assayed using a FCM (BioRad, USA).

Transmission electron microscopy (TEM)
Cells were plated in 25 cm2 culture flasks at a density of 5×105
cells, and then incubated in 1640 medium containing 1% FBS in
the presence or absence of TGF-1 (10 ng/mL) for 48 h. All floated
and adherent cells were collected, centrifuged at 1 000 r/min for
15 min, fixed in 2.5% cold glutaraldehyde and stored at 4 ℃
overnight. Then the cells were dehydrated, embedded, cut into
ultrathin sections and stained routinely. The ultrastructural
features of cells were observed under JEM-1220 transmission
electron microsope (JEOL, Japan).
Apoptosis assay
BGC-823 cells were seeded on coverslips, and then incubated
in 1640 medium containing 1% FBS in the presence or absence
of TGF-1 (10 ng/mL) for 48 h. Terminal deoxynucleotidyl
transferase (TdT)-mediated dTUP in situ nick end-labeling
(TUNEL) assay was performed using an in situ Apoptosis
Detection kit (Boehringer Mannheim, Germany) according to
the manufacturer’s instructions. After washing with cold 1×PBS,
the cells were fixed in 4% paraformaldehyde for 30 min, then
immersed for 30 min in 0.3% H2O2 to block endogenous
peroxidase at room temperature. Subsequently, cells were
treated with 0.1% TritonX-100 (containing 0.1% sodium citrate)
on ice for 2 min to increase the penetration of cell membrane.
After washing with cold PBS, cells were incubated with 50 L
TUNEL reaction solution (5 L TdT +45 L dUTP solution) in a
humidified box for 1 h at 37 ℃. After washed with cold PBS,
cells were combined with POD-horseradish peroxidase in a
humidified box for 30 min at 37 ℃, and then subjected to an
additional wash in cold PBS. Cells were colorized with
diaminobenzidine tetrahydrochloride (DAB, Zhongshan,
Beijing), and the reaction was terminated with a wash in cold
PBS after the appearance of positive cells with brown nuclei
under a light microscope. Slides were restained with hematoxylin
slightly and sealed up with neutral resin. Five high power
microscopic views (×200) were selected on each slide, and 1 000
cells were counted. The apoptotic index (AI) was calculated as
follows: AI = (number of apoptotic cells/total number counted)
× 100%. The cells with addition of 50 L dUTP solution were
used as negative controls, and cells treated with DNase I for
20 min were used as positive controls. The experiments were
repeated three times independently. All data were summarized
as mean±SD and analyzed using 2 test. P<0.01 was considered
statistically significant.
Semi-quantitative RT-PCR
Cells were plated in 25 cm2 culture flasks at a density of 106
cells, followed by synchronization and then incubated in 1640
medium containing 1% FBS in the presence or absence of TGF1 (10 ng/mL) for 1, 2 and 3 h. Total RNA was extracted and
reverse-transcribed to the first strand of cDNA. p15, p21 and
Smad7 cDNA were amplified by PCR under the conditions in
Table 1. -actin cDNA fragment was used as an internal control
to eliminate the systematic and quantitative errors. The
experiments were repeated three times independently.
Western blot analysis
Cells were plated in 25 cm2 culture flasks at a density of 106
cells, followed by synchronization. After incubated in 1640
medium containing 1% FBS in the presence or absence of TGF1 (10 ng/mL) for 1, 2 and 3 h. Total proteins were extracted[12]
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and quantified using DU 640 protein analyzer (BECKMAN,
USA). A prestained low-molecular-weight rainbow marker
(Invitrogen, USA) and the protein sample (50 g) were separated
on 12% or 15% SDS gels by SDS-PAGE. Separated proteins
were transferred onto a 0.45 mol/L polyvinylidene difluoride
membrane (Millipore, USA) that was blocked at room
temperature for 2 h in Tris-buffered saline with 0.1% Tween-20
(TBS-T) containing 5% skim milk and probed with primary
antibodies. The primary antibodies against P15, P21 (Zhongshan,
Beijing) and Smad7 (Santa Cruz, USA) were diluted at 1:200 in
TBS-T, and the -actin primary antibody (Santa Cruz, USA)
was diluted at 1:500 in TBS-T. Secondary antibodies included
horseradish peroxidase (HRP)-labeled anti-rabbit IgG against
P15, anti-mouse IgG against P21 and anti-goat IgG against Smad
7 and -actin. All secondary antibodies were diluted at 1:1 000
with TBS-T. Protein bands were visualized by ECL (Amersham,
UK) according to the manufacturer’s instructions and developed
on a film (Kodak, USA). Western blot of -actin was performed
for an internal control.

RESULTS
Localization and expression of main TGF- 1/Smad signal
pathway components
The results of RT-PCR demonstrated that the BGC-823 cell line
expressed all main TGF-1/Smad signaling pathway components,
including TGF-1, TRI, TRII, Smads 2, -3, -4, and -7 (Figure 1).
In addition, all Smad proteins were located in the cytoplasm as
demonstrated by immunofluorescence (Figure 2).
r
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Figure 1 RT-PCR data from BGC-823 cell line demonstrate
complete expression of all main components of TGF-1/Smad
signal pathway, including TGF-1 (284 bp), TRI (358 bp), TRII
(688 bp), Smad2 (489 bp), Smad3 (284 bp), Smad4 (264 bp) and
Smad7 (294 bp). Products were electrophoresed on 1.5% agarose gel containing ethidium bromide.
Table 2 Cell cycle alterations of BGC-823 cells treated with
TGF-1
Time of TGF-1
treatment (h)

Cell cycle (%)
G0-G1

S

G2-M

Apoptosis

0

52.72

32.39

14.89

0.34

24

57.07

33.82

9.11

6.61

48

60.20

29.54

10.26

9.86

Effect of TGF-1 on proliferation and apoptosis of BGC-823 cells
BGC-823 cell growth was inhibited by TGF-1 treatment, and
the phase of significant inhibition was at 48 h. Thenceforth,
this inhibitory effect attenuated gradually, and cells resumed
normal growth speed (Figure 3). FCM analysis showed that cells
at G1 phase increased while cells at S phase decreased, and the
hypodiploid peak, called apoptotic peak indicating reduced DNA
content in apoptotic cells, appeared before the G1 phase after
exposure to TGF-1 (Figure 4). Table 2 shows that TGF-1
treatment induced G1 arrest and apoptosis of tumor cells in a
time-dependent manner and apoptotic rate reached 6.61% and
9.86%, respectively, at 24 h and 48 h after TGF-1 stimulation.
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Figure 2 Localization and expression of Smads in BGC-823 cells by immunofluorescence.
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Figure 5 TGF-1-induced ultrastructural changes in BGC-823
cells under TEM. A: Controls, ×5 000; B: Treated with TGF-1
for 48 h, ×8 000.

Figure 3 Effect of TGF-1 on proliferation of BGC-823 cells.
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Figure 4 FCM analysis of BGC-823 cells treated with TGF-1. A: Controls; B: Treated with TGF-1 for 24 h; C: Treated with TGF-1
for 48 h.
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Figure 6 Apoptotic cells induced by TGF-1 in BGC-823 cells with TUNEL assay (×200). A: Normal BGC-823 cells; B: Negative
controls; C: Positive controls; D and E: Treated with TGF-1 for 48 h. The arrows in picture D and E are pointed to positive cells.
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Figure 7 Up-regulation of endogenous genes in BGC-823 cells treated with TGF-1. RT-PCR products were electrophoresed on
1.5% agarose gel containing ethidium bromide. The level of -actin was used as an internal control. M: DL2000 marker; N: the
basal level; lanes 1, 2 and 3: 1-, 2- and 3-h exposure to TGF-1, respectively.
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Figure 8 Increase of p15, p21 and Smad7 proteins confirmed by Western blot analysis. N: basal level; lanes 1, 2 and 3: 1-, 2- and 3exposure to TGF-1, respectively.

Under transmission electron microscope, control cells were
big and round, with normal organelles, intact nuclear membrane,
obvious nucleoli and low density in nuclear chromatin (Figure
5A). However, the cells treated with TGF-1 exhibited typical
characteristics of apoptosis including cell membrane shrinkage,
vacuole formation and mitochondria swelling in cytoplasm,
morphologic alteration of nuclei, condensation and fragmentation
of nuclear chromatin adjacent to nuclear membrane, although
the cell membrane and a few organelles were relatively intact.
Cells in late phase of apoptosis with pyknotic nuclei were
occasionally observed (Figure 5B). The TUNEL assay revealed
that TGF-1 induced evident apoptosis of BGC-823 cells, and
AI (10.7±1.3%) at 48 h after TGF-1 treatment was significantly
higher than that of control group (0.32±0.06%, P<0.01) (Figure 6).

significantly elevated, and gradually recovered after 1 to 3 h
following TGF-1 (10 ng/mL) treatment using semi-quantitative
RT-PCR (Figure 7). Subsequently, the accordant changes of
p15, p21 and Smad7 proteins were confirmed by Western blot
analysis. Although the basal levels of those proteins were
relatively low or almost undetectable, they were rapidly increased
in response to TGF-1 treatment (Figure 8). Up-regulation of
p15 protein peaked at 1 h after TGF-1 stimulation, whereas the
induction of p21 and Smad7 proteins was most significant at
2 h. The alteration of p15 was ahead of p21 appreciably.
Thereafter those protein levels decreased but were still
paranormal 3 h after TGF-1 administration. These observations
suggested that p15, p21 and Smad7 gene were rapidly but
transiently induced by TGF-1 treatment.

Up-regulation of endogenous genes, p15, p21 and Smad 7 by
TGF- 1 treatment
Transcript levels of p15, p21 and Smad7 in BGC-823 cells were

DISCUSSION
The dynamic balance between cell proliferation and apoptosis
is very important to maintain the homeostasis in human body,
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and gastric carcinogenesis is related to this imbalance[13]. Many
cancers develop resistance to the growth-inhibitory effects of
TGF-1, and mutations in signaling pathway components may
underlie tumor progression. Several researches on human GC
cell lines have revealed that transcriptional repression of the
TRI gene by 5’CpG island hypermethylation and decreased or
truncated expression of TRII gene result in the development
of resistance to antiproliferation of TGF-1[14,15]. Apoptosis of
GC cells induced by TGF-1 is also mediated by functional
TR[16]. Both the T RI expression and AI show negative
correlations with the degree of gastric mucosal lesions such as
chronic superficial gastritis, intestinal metaphases, atypical
hyperplasia to gastric adenocarcinoma. The loss of TRI
expression may play an important role in the inhibition of
apoptosis and is involved in the development of GC[17]. No
mutation of Smad2 gene is detected in human sporadic gastric
carcinomas[18]. In digestive tumors, mutations of Smad4 gene
are mainly found in terminal cancer and correlate with
tumorigenesis and metastasis[19,20]. In this study, BGC-823 cells
expressed all main components of TGF-1/Smad signal pathway,
including TGF-1, TRI, TRII, Smads 2, -3, -4 and -7, and Smads
were located in the cytoplasm. However, it has been shown
that the subcellular localization of Smad7 has specificity in
various cell types[12].
TGF-1 either simultaneously regulates cell proliferation
and apoptosis or just inhibits proliferation without induction
of apoptosis[21,22]. In this study, growth of BGC-823 cells was
inhibited in response to TGF-1 treatment, and the phase with
significant inhibition was at 48 h after exposure to TGF-1.
Thenceforth, this effect attenuated gradually, and cells
resumed normal growth speed. FCM analysis revealed the
existence of G1 arrest and apoptosis in tumor cells treated
with TGF-1, and the decreased proportion of cells at S phase.
TEM and TUNEL also indicated that TGF-1 induced
apoptosis in BGC-823 cells. Our results suggest an intact and
functional TGF-1/Smad signal pathway in this cell line, which
supports the responsiveness of this cell line to TGF-1. The
negative growth regulation includes both proliferation inhibition
and apoptosis enhancement.
In diverse cell types, the mechanism of TGF-1 in modulating
the activity of CDKIs and consequent antiproliferation involve
the direct induction of p15 and p21 gene transcription [23-25]
and the regulation of p27 binding shift from CDK4 to cyclinECDK2[26]. p15 and p21 are known to regulate the activity of
cyclin-CDK complexes which is essential to the evolvement
from G1 to S phase, the key process of cell cycle[27,28]. Thus, the
transcriptional induction of p15 and p21 genes has been
postulated at least as partially responsible for the antiproliferative action of TGF-1[29]. TGF-1 has been shown to
regulate p15 gene expression at two levels, i.e., mRNA
accumulation and protein stability[26]. Furthermore, Smads 2, -3
and -4 cooperate with Sp1 to induce p15 transcription in
response to TGF-1[30]. The increased transcripts of p15 gene
result in combination of p15 protein with cyclinD-CDK6/CDK4
in G1 phase and subsequent repression of kinase activity,
suggesting that the role of p15 is to prevent the phosphorylation
of intracellular targets including retinoblastoma protein (Rb)
by cyclin-CDK complexes during TGF-1-mediated arrest. On
the other hand, accumulation and overexpression of p21
mRNA inhibits the activities of multiple cyclins-CDKs such
cyclinE-CDK2 and cyclinD-CDK4, and prevents cells from
entering into S phase.
The mechanism of cell apoptosis stimulated by TGF-1 has
not been fully elucidated. TGF-1 may induce apoptosis of multiple
tumor cells and consequent inhibition of carcinogenesis[31,32]
by down-regulating the expression of Bcl-2 and Bcl-xl and
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promoting the transcription of the death-associated protein
kinase and activating caspases[33-38]. It has been found that
TGF-1 induces apoptosis in some GC cell lines in vitro, which
is related to the activation of caspase-3[16,36,39].
Recently, the effect of CDKIs, especially p21, on cell
apoptosis has attracted more and more attentions[40]. Patients
with multiple myeloma have a delayed cell apoptosis if p15
gene is methylated[41]. A number of studies have shown that
endogenous or exogenous p21 may assume both pro-[42-45] or
anti-apoptotic[46-48] functions in response to different anti-tumor
agents depending on cell type and cellular context [49]. The
uncertain function of p21 in the apoptosis of GC cells is
bewildering[47,50]. The precise mechanism of p21 in regulating
apoptosis is still poorly understood, but some researchers believe
that p21 activates some pro- or anti-apoptotic signal pathways.
There is a possible relation between the enhancement of
apoptosis by p21 and activation of caspase-3 and caspase-9[44,51].
p21 promotes apoptosis by increasing the expression of Bax,
thus modulating the molecular ratio of Bcl-2: Bax in human
hepatocarcinoma cells[45]. On the other hand, p21 inhibits
apoptosis by down-regulating the Bax/Bcl-2 ratio in human
colon cancer cells[52], suggesting that the role of p21 in apoptosis
remains uncertain[45] and the association between p21 and cell
apoptosis induced by TGF-1 is still unclear. TGF-1 induces
apoptosis of cultured bronchiolar epithelial cells and GC cell line
SNU-16 via caspase-3 activation and p21 repression[36,53]. However,
TGF-1-induced apoptosis of head and neck squamous cell
carcinoma cells and hepatoma cells is associated with increased
expression of p21 and p15 and reduced ratio of phosphorylated
Rb (pRb), implicating that TGF-1-induced apoptosis occurrs
downstream of the pRb/E2F pathway[54,55].
In our experiments, the expression levels of p15, p21 and
Smad7 mRNA were rapidly and significantly up-regulated after
exposure to TGF-1, which is in agreement with previous
findings[56,57]. The accordant changes in p15, p21 and Smad7
proteins were confirmed by Western blot analysis. Cells showed
modest reduction at S phase, and the obvious cell apoptosis
may be associated with the up-regulation of p21 by TGF-1
and consequent activation of some pro-apoptotic pathways.
Based on our data, we believe that p15 and p21 synergistically
inhibit the cellular transition from G1 to S phase[10] in response
to TGF-1 by acting on different cyclin-CDK complexes in BGC823 cells. The net effects of this responsiveness are to repress
the proliferation and enhance the apoptosis, in which p21 may
serve as a critical regulator. Therefore, our results suggest a
novel functional role of p21 as an accelerant of TGF-1-mediated
apoptosis in GC cells.
The idea that Smad7 antagonizes TGF-1-mediated
antiproliferation has been widely accepted. The rapid and
transient induction of Smad7 gene in this study suggests that
Smad7, as an antagonist of TGF-1 antiproliferation, is also a
TGF-1-inducible early target gene, and functions as a negative
feedback loop in GC cells[5]. Recent studies have shown that
Smad7 may modulate the apoptosis induced by TGF-1 as either
an accelerant[58-64] or a depressor [59,65] depending on various
cell type and cellular context. The molecular mechanism of
apoptosis regulated by Smad7 is largely undefined, and may
be related to inhibition of the activity of NFB and activation
of p38 and caspases[59,60,62,65]. It is postulated that Smad7
modulates TGF-1-mediated apoptosis independent of its
role in antagonizing the antiproliferative function of TGF-1.
Further studies should focus on the exact mechanisms of how
endogenous p21 and Smad7 regulate apoptosis induced by
TGF-1 and their interactions with known apoptosis-associated
proteins.
It is noticed that a rapidly growing list of physiological and
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pathological factors such as other members of the TGF-
superfamily, tumor suppressor genes, other growth factors,
cytokines, and hormones may enhance or antagonize the
function of p15, p21 and Smad7 genes, and regulate their
expression by known or unknown mechanisms. The full scope
of the interplay of those ligands and TGF-1 is unclear, and
requires further studies[66-68].
In conclusion, all observations in this study provide strong
evidence that the TGF-1/Smad signal pathway is intact and
capable of regulating expression of endogenous genes,
consequently inhibiting cell growth in BGC-823 cells. Thus
manipulation of p15, p21 and Smad7 may provide a novel
strategy to cancer therapy.
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prevention[13]. A number of epidemiological and laboratory
studies have shown that genistein is a potential cancer
chemopreventive agent for sex hormonedependent cancers,
such as breast cancer and prostate cancer[49]. However, there
are few reports about the effect of genistein on nonsex
hormonedependent cancers, such as gastric cancer [1012].
Gastric cancer is common in China and supposed to be caused
by environmental factors, in which diet is an important
modifying agent[13,14].
In this study, human gastric carcinoma cells (SGC7901)
were used as the model in vitro to investigate the effect of
genistein on cell proliferation and its possible mechanism.

Abstract

MATERIALS AND METHODS
Reagents and cell lines
Genistein (purity >98%) and trypsin were purchased from Sigma.
3
HTdR was purchased from China Atomic Energy Research
Academy. SP9000 kit was the product of Zyme. Monoclonal
antibodies to cyclin D1, cyclin B1 and P21WAF1/CIP1 were the
products of Santa Cruz and purchased from Zhongshan Co., China.
Human gastric carcinoma cells (SGC7901), provided by
the Cancer Research Institute of Beijing, were cultured in
RPMI1640 (Gibco) medium supplemented with 10% fetal calf
serum, penicillin (100×103 U/L) and streptomycin (100 mg/L) at
37 ℃ in a 50 mL/L CO2 atmosphere. Genistein was dissolved in
DMSO at the concentration of 20 mg/mL and then diluted to
the required concentration with culture medium.

AIM: To study the blocking effects of genistein on cell
proliferation cycle in human gastric carcinoma cells (SGC
7901) and the possible mechanism.
METHODS: MTT assay was applied in the detection of the
inhibitory effects of genistein on cell proliferation. Flow
cytometry was used to analyze the cell cycle distribution.
Immunocytochemical technique and Western blotting were
performed to detect the protein expression of cyclin D1 ,
cyclin B1 and p21waf1/cip1.
RESULTS: Genistein significantly inhibited the growth and
proliferation of human gastric carcinoma cells (SGC7901).
Seven days after treatment with different concentrations
of genistein (2.5, 5.0, 10.0, 20.0 µg/mL), the growth
inhibitory rates were 11.2%, 28.8%, 55.3%, 84.7%
respectively and cell cycles were arrested at the G(2)/ M
phase. Genistein decreased cyclin D1 protein expression
and enhanced cyclin B1 and p21waf/cip1 protein expression in
a concentrationdependent manner.
CONCLUSION: The growth and proliferation of SGC7901
cells can be inhibited by genistein via blocking the cell cycle,
with reduced expression of cyclin D1 and enhanced expression
of cyclin B1 and p21waf/cip1 protein in the concentration range
of 020 µg/mL.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric carcinoma; Genistein; Cell proliferation;
Cell cycle
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INTRODUCTION
Genistein is a natural ingredient in soybean. Recently, it has
attracted more and more attention in the field of cancer

Assessment of cell proliferation
MTT assay was conducted to detect the cell proliferation.
SGC7901 cells were seeded in 96 well plates, each well containing
5×103 cells. After 24 h, the culture medium was replaced by
media in which genistein concentrations were 0, 2.5, 5.0, 10.0
and 20.0 µg/mL respectively. There were four wells for each
concentration. From 1 to 7 d, one of the plates was taken out
and 20 µL fresh 3[4,5dimethhylthiaoly]2,5diphenyl
tetrazolium bromide (MTT, 5g/L PBS) was added to each well.
After 4 h incubation, the culture media were discarded, 150 µL
of DMSO was added to each well and vibrated to dissolve
the depositor. The optical density (A value) was measured at
570 nm with a microplate reader. The inhibitory rate (IR) of
genistein on SGC7901 cells on the 7th d was calculated as
follows: IR (%) = (1 treated group A/control group A)×100%.
Flow cytometric analysis
After an exponential growth phase, SGC7901 cells were treated
with different concentrations of genistein (0, 5.0, 10.0 and
20.0 µg/mL) for 24 or 48 h. The cells were collected and stained
with propidium iodide (PI), then the DNA content of cells was
measured using flow cytometry to monitor the cell cycle
changes.
Immunocytochemistry
Cultured cells treated with genistein for 24 or 48 h were harvested
and fixed in 4% citromint solution, and then embedded in

70

ISSN 10079327

CN 141219/ R

World J Gastroenterol

paraffin. Four micrometerthick sections were cut and
deparaffinized in xylene and dehydrated with graded alcohol.
Sections were treated with microwave to retrieve antigens, then
incubated overnight at 4 ℃ with cyclin B1 and cyclin D1
antibodies (1:50 dilution) respectively. Other steps were
according to the description of SP kit. Chromogenic reaction
was developed with diaminobenzidine (DAB), and restained
with methylgreen. All sections were observed under microscope
and the number of positive cells per 1 000 cells was counted.

Western blot analysis
Cultured cells treated with genistein for 48 h were harvested
and washed with PBS. The cells were lysed in protein extract
solution. Protein concentration was determined by Coomassie
light blue methods. One hundred micrograms of cell protein
was degenerated by heat, separated on 10% polyacrylamide
gel electrophoresis and transferred to nitrocellulose filter
membrane at 30 V. The membranes were incubated with
blocking solution (containing antibodies against p21WAF1/CIP1) for
2 h at 37 ℃ and washed twice with PBS, then incubated with
horseradish peroxidaseconjugated secondary antibodies for
1 h. Chromogenic reaction was developed with DAB and the
bands were recorded and the peak areas of protein were scanned
by the digital image instrument (ChemiImager 4000).
Statistical analysis
Data analysis was performed using Student’s t test. P<0.05
was considered statistically significant.
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shown in Table 2.
Table 1 Effect of genistein on cell cycle progression of SGC-7901
cells (%)
Genistein
(g/mL)

24 h
G0/G1

48 h

S

G2 /M

G0 /G1

S

G2 /M

0.0

57.90

32.52

9.57

64.13

29.75

6.12

5.0

50.64 b

30.05

19.31 b

56.16 b

29.41

14.43 b

10.0

43.01 b,d

30.18 a

20.0

36.96

b,d,f

30.66

a

27.80 b,d 49.85 b,d
32.38

b,d,f

39.26

20.14 b,d

30.01

b,d,f

36.88

b,d,f

23.86 b,d,f

b

P<0.01, vs genistein 0.0 g/mL, dP<0.01, vs genistein 10.0 g/mL,
P<0.01, vs genistein 5.0 g/mL, aP<0.05, vs genistein 0.0 g/mL.

f

Table 2 Expression of cyclin B1 and cyclin D1 in SGC-7901 cells
treated with genistein
Genistein
(g/mL)

Positive rate (%, 24 h)
cyclin B1

Positive rate (%, 48 h)

cylinD 1

cyclin B1

cyclinD1

0.0

36.8

91.9

48.2

88.1

5.0

46.5 b

70.5 b

54.8 b

54.3 b

53.4 b,d

49.3 b,d

62.8 b,d

43.9 b,d

10.0
20.0

72.3

b,d,f

25.4

b,d,f

85.2

b,d,f

22.1 b,d,f

b

P<0.01, vs genistein 0.0 g/mL, dP<0.01, vs genistein 5.0 g/mL,
P<0.01, vs genistein 10.0 g/mL.

f

RESULTS
Inhibitory effect of genistein on SGC-7901 cell growth
MTT assay was conducted to detect the inhibitory effect of
genistein on SGC7901 cells. As shown in Figure 1, cell proliferation
slowed down with the increase of genistein concentration and
elongation of action time in a dose and timedependent manner.
On d 7, the inhibitory rates of genistein on SGC7901 cell growth
at concentrations of 2.5, 5.0, 10.0 and 20.0 µg/mL were 11.2%,
28.8%, 55.3% and 84.7%, respectively.
0 g/mL

A 1.0
0.8

2.5 g/mL

0.6

5.0 g/mL

0.4

10.0 g/mL

0.2
0.0

20.0 g/mL
1

2

3

4
5
Time (d)

6

Expression of p21WAF1/CIP1 protein by Western blotting
The expression of p21WAF1/CIP1 protein is shown in Figure 2 and
the peak areas of bands were analyzed with gel digit image
instrument (Figure 3). Genistein at concentrations of 2.5, 5.0,
10.0 and 20.0 g/mL increased the expression of p21WAF1/CIP1 in
a concentrationdependent manner.
Marker
24.7 k

A

B

C

D

→

E
21 ku
GAPDH

A. 0 g/mL, B. 2.5 g/mL, C. 5.0 g/mL,

D. 10.0 g/mL, E. 20.0 g/mL

Figure 2 Expression of p21WAF1/CIP1 protein after treated with
different genistein concentrations for 48 h.

7

Figure 1 Inhibitory effect of genistein on growth of SGC-7901
cells. The cells were treated with various concentrations of
genistein for 1-7 d, the antiproloferative effect was measured
by MTT assay. Results were expressed as mean±SD from 4 wells.

Expression of cyclin B1 and cyclin D1
After SGC7901 cells were incubated with different
concentrations of genistein for 24 and 48 h, the expression of
cyclin B1 was significantly increased while that of cyclin D1
was significantly decreased. There were significant differences
between each dosage group and control group. The results are

Area

Changes of cell cycle detected by flow cytometric analysis
As shown in Table 1, the cell cycle of SGC7901 cells was
changed obviously. The number of cells in G0/G1 phase of cell
cycle was decreased gradually. The progression of cell cycle
was partly arrested at G2/M phase, but the change of S phase
was insignificant.

1 700
1 600

0 g/mL

1 500

2.5 g/mL
5.0 g/mL

1 400

10.0 g/mL

1 300

20.0 g/mL

1 200
1 100
1 000

Genistein concentration

Figure 3 Calculation of areas of p21 WAF1/CIP1 protein by
ChemiImager 4 000.

DISCUSSION
MTT chromatometry is a common method to detect cell stock
and growth. Ectogenesis of MTT can be reduced by succinic

Cui HB et al. Weixibao nizhuanwan on gastric precancerosis

acid dehydrogenase existing in mitochondria of live cells and
forms indissoluble bluepurple crystal mass (formazan) and
deposits in cells. The crystal mass is dissolved by DMSO. By
detecting the A value with a microplate reader, the quantity of
live cells can be gained indirectly. The findings from our research
group suggest that genistein could significantly inhibit the
proliferation of SGC7901 cells in a dose and timedependent
manner. As shown in Figure 1, the inhibitory rates of different
genistein concentrations (2.5, 5.0, 10.0 and 20.0 g/mL) on d 7 are
11.2%, 28.8%, 55.3% and 84.7%, respectively. Genistein is a
growth inhibitor of gastric carcinoma cells, the mechanism is
unknown. However, we discovered that supplemented with
genistein, the number of SGC7901 cells after incubation in
culture media was decreased and the cell cycle was arrested at
G2/M phase.
Cyclins are a group of proteins with cell cycle specificity. Up
to the present, cyclins A, B (B12), C, D (D13), E, F, G and H have
been found. Cyclin D1 is synthesized in preDNAsynthetic
gap (early G1 phase), and plays an important role in G1 to S
phase and induces cells into S phase. In general, cyclin D1 is
the key regulator of cell cycle progression and the key protein
of the signal transduction in G1 phase cell proliferation. If cyclin
D1 is overexpressed, the checkpoint of G1/S will be out of control
and lose its role in the signaling of proliferation. This further
promotes cell cycle progression and cell proliferation, and
causes carcinomatous change of cells. Thus cyclin D1 is called
the shirking protein of G1/S checkpoint. It has been proved that
cyclin D1 is overexpressed in several neoplasms, such as
esophageal carcinoma, mammary cancer, pulmonary and gastric
carcinoma[15]. Suppressed expression of cyclin D1 in cancer
cells would help recover normal cell cycle and control
proliferation speed of tumor cells. In this study, we found that
genistein showed significant inhibition on the expression of
cyclin D1 in SGC7901 cells, suggesting that genistein might
inhibit cell proliferation of gastric carcinoma by decreasing the
overexpression of cyclin D1.
Cyclin B1 and cyclindependent kinase 1 (CDK1) are two
proteins required for cells to traverse from G(2) into M. G(2)
arrest occurs in response to DNA damage caused by a variety
of agents and treatments. Cyclin B1 is synthesized in late S and
G2 phase. It binds to CDK1 and is activated to form maturation
promoting factor (MPF). Cyclin B1 is degraded in M phase. We
investigated the expression of cyclin B1 in SGC7901 cells treated
with various concentrations of genistein for 24 and 48 h. The
results showed that the expression of cyclin B1 did not decrease
with increased concentrations of genistein as cyclin D1, instead
it increased. Some researches indicate that sustained increase
of cyclin B1 causes cell cycle blockage in cell cleavage phase.
However, other results show that when cell cycle blockage
occurs in G 2/M phase, cyclin B1 is not degraded, but
accumulated in cells[1619]. Cappelletti et al[16] demonstrated that
genistein could block mammary cancer cells in G2/M phase, but
the expression of cyclin B increased 2.8, 8, and 103 times
respectively in BT20, MDAMB231 and ZR75.1 cells. It is
stated that G2/M blockage does not always follow the decrease
of cyclin B1 expression. In this experiment, genistein blocked
SGC7901 cell proliferation and increased the number of cells in
G2/M phase more than three times, as well as the expression of
cyclin B1. The increased cyclin B1 expression did not make
cancer cells escape the regulation of checkpoint from G2 to M
phase. Maybe it is because cyclin B1 protein accumulates during
interphase, while cell cycle progression is arrested at G2/M phase.
The molecular mechanism underlying G2/M phase blockage
requires clarification in further studies.
To find out the effect of genistein on cell proliferation cycle,
we detected the expression of CKIp21waf1/cip1 protein by Western
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blotting. Researchers previously believed that p21waf1/cip1 protein
was a regulatory factor of cell cycle in G1 phase. But now, more
and more evidence indicates the expression of p21waf/cip1 protein
relates with G2/M phase arrest[6,2023]. While p21waf1/cip1 binds to
a variety of CDKs and cyclins, and exerts inhibitory activity on
cyclin/CDK complexes, including cyclinACDK1 and cyclinB1
CDK1. Therefore p21waf/cip1 protein has an intimate relationship
with G2 and M phases of cell cycle. When SGC7901 cells are
incubated with genistein for 48 h, the expression of p21waf1/cip1
is reduced in a dose dependent manner. All these demonstrate
that the inhibitory effect of genistein on human gastric
carcinoma cells relates with genisteininduced expression of
p21waf/cip1 and genistein arrests tumor cells in G2/M phase.
Cell cycle regulation involves many factors and is very
complicated[23]. The data from our studies indicate that genistein
could arrest cell cycle progression of SGC7901 cells at G2/M
phase. The possible mechanism is that genistein promotes the
expression of p21waf1/cip1 and reduces the degradation of cyclin B1
protein in tumor cells. Therefore tumor cells are unable to pass
the checkpoint pathway of G2/M and can not proceed to mitosis.
Genistein could also inhibit the expression of cyclin D1 in tumor
cells. In a word, neoplasm is a disease of cell overproliferation
and correlates with cell cycle regulation disorder. Genistein
inhibits tumor cell growth and proliferation by increasing the
expression of cyclin B1 and p21waf/cip1 and decreasing the
expression of cyclin D1 in SGC7901 cells. This result suggests
that the inhibitory effect of genistein on SGC7901 cell proliferation
relates to cell cycle.
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suggesting that HSP70 is required for the proliferation and
survival of human gastric cancer cells under normal conditions.

Abstract

http://www.wjgnet.com/1007-9327/11/73.asp

AIM: Heat shock protein (HSP)70 is over-expressed in
human gastric cancer and plays an important role in the
progression of this cancer. We investigated the effects of
antisense HSP70 oligomer on human gastric cancer cell
line SGC-7901, and its potential role in gene therapy for
this cancer.
METHODS: Human gastric cancer cell line SGC-7901 was
treated in vitro with various concentrations of antisense
HSP70 oligonucleotides at different intervals. Growth
inhibition was determined as percentage by trypan blue
dye exclusion test. Extracted DNA was electrophoresed on
agarose gel, and distribution of cell cycle and kinetics of
apoptosis induction were analyzed by propidium iodide DNA
incorporation using flow cytometry, which was also used
to detect the effects of antisense oligomer pretreatment
on the subsequent apoptosis induced by heat shock in SGC7901 cells. Proteins were extracted for simultaneous
measurement of HSP70 expression level by SDS-PAGE
Western blotting.
RESULTS: The number of viable cells decreased in a doseand time-dependent manner, and ladder-like patterns of DNA
fragments were observed in SGC-7901 cells treated with
antisense HSP70 oligomers at a concentration of 10 mol/L
for 48 h or 8 mol/L for 72 h, which were consistent with
inter-nucleosomal DNA fragmentation. Flow cytometric
analysis showed a dose- and time-dependent increase in
apoptotic rate by HSP70 antisense oligomers. This response
was accompanied with a decrease in the percentage of
cells in the G1 and S phases of the cell cycle, suggesting
inhibition of cell proliferation. In addition, flow cytometry
also showed that pretreatment of SGC-7901 cells with
HSP70 antisense oligomers enhanced the subsequent
apoptosis induced by heat shock treatment. Western blotting
demonstrated that HSP70 antisense oligomers inhibited
HSP70 expression, which preceded apoptosis, and HSP70
was undetectable at the concentration of 10 mol/L for 48 h
or 8 mol/L for 72 h.
CONCLUSION: Antisense HSP70 oligomers can abrogate
HSP70 expression in SGC-7901 cells, which may in turn
induce apoptosis and inhibit cell proliferation, conversely

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignant tumors in
the world[1-3]. Although surgery and chemotherapy are effective
for patients with localized tumors, the prognosis of patients
with advanced or metastatic tumors is not ideal[4-6]. Therefore,
it is absolutely necessary to explore a novel modality of
treatment. Heat shock proteins (HSPs) or stress proteins are
mol ecula r chaperones tha t are induced by vari ous
environmental and pathophysiological stimuli[7], of which the
Mr 70 000 heat shock protein (HSP70) has been shown to be
not only required for the maturation of proteins in cell growth
under normal conditions, but also involved in the regulation of
cell growth and transformation[8,9]. It has been reported that
various malignant tumors over-express HSP70, which closely
relates to tumorigenesis, malignant phenotype, tumor immunity,
resistance to apoptosis and a poor prognosis in the clinical
course[9-13]. Up to now, many studies have demonstrated that
HSP70 is over-expressed in human gastric cancer and may
contribute to the development and prognosis of this cancer[14-18].
Guo et al[15] reported that over-expression of HSP70 protein in
human gastric cancer might play an important role in promoting
cell growth and inhibiting apoptosis. Thus, it is conceivable
that the specific inhibition of HSP70 expression may affect the
proliferation and survival of human gastric cancer cells.
Antisense oligonucleotides (ON) are short stretches of
nucleic acids that bind to complementary target mRNA forming
mRNA-ON hybrid molecules that inhibit mRNA translation, and
thereby reducing the activity of targeted gene products[19]. HSP70
antisense ON inhibit growth and induce apoptosis of human
prostate cancer cells PC-3 and LNCaP[20], Molt-4 tumor cells[21],
human oral squamous carcinoma cell HSC-2[9], monoblastoid
U937 and murine fibrosarcoma WEHI-S cells[13], and Jurkat T
cells[22]. Here, we performed this study to investigate the inhibitory
effects of antisense oligonucleotide targeted to human HSP70
mRNA on proliferation and survival of human gastric cancer cell
line SGC-7901 under normal conditions , and its potential role in
gene therapy for this cancer.
MATERIALS AND METHODS
Materials
Fifteen-mer nuclease-resistant phosphorothiolate oligodeo-
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xynucleotides (antisense and sense) were synthesized and
purified in Shanghai Shenggong Biological Engineering
Corporation (Shanghai, China). HSP70 antisense oligomer (5’CGCGGCTTTGGCCAT-3’) was complementary to the initiation
codon and 4 downstream codons of human HSP70 mRNA[23].
The corresponding sense oligomer (5’-ATGGCCAAAGCCGCG3’) was used as control. In this study, we did not utilize drug
delivery systems, such as liposomes or vector transfection, to
allow the antisense ON molecules to gain access to the cells.
Because our previous results of the kinetic studies of HSP70
oligodeoxynucleotide metabolism in human prostate cancer
PC-3m cells have shown that nuclease-resistant phosphorothiolate
oligodeoxynucleotides (antisense and sense) could be
directly taken up by PC-3m cells through endocytosis within
90-180 min and exist stably for over 24 h inside the cells, and
that these oligomers have a high specificity to bind to the
correspondent HSP70 mRNA of the cells (unpublished data).
Similarly, Saikawa et al[24] also showed that the effectiveness
of drug delivery simply by means of spontaneous uptake of
cyclin D1 antisense ON could increase resistance to endogenous
nucleases.

Methods
Cell culture Human gastric cancer cell line SGC-7901 used in
this study was obtained from Shanghai Type Culture Collection
of Chinese Academy of Sciences (Shanghai, China) and
maintained in RPMI 1640 medium supplemented with 100 mL/L
fetal calf serum (FCS), 100 kU/L penicillin, 100 mg/L streptomycin
and 2 mmol/L L-glutamine in a humidified incubator containing
50 mL/L CO2 at 37 ℃.
Antisense oligonucleotide treatment Exponentially growing
SGC-7901 cells at 1×109/L in culture were treated with HSP70
antisense or sense oligonucleotides at the concentrations of 1,
2, 4, 6, 10, 12, 14 and 16 mol/L for 48 h, or 8 mol/L for 24, 48, 72,
96 and 100 h. The culture medium was changed every 24 h by
fresh RPMI 1640 medium, containing the same concentration
of HSP70 antisense or sense oligonucleotides. The control
cultures were left untreated at 37 ℃ for the same period of time.
Analysis of cell proliferation inhibition The number of viable
cells was determined by trypan blue dye exclusion test, and the
percentage of cell proliferation inhibition was calculated by the
following formula: Inhibition % = (N-NT)/(N-NO)×100%, where
N is the number of untreated cells cultured for n d, NO is the cell
number on d 0, and NT is the number of treated cells cultured
for n d[21].
Heat-shock treatment SGC-7901 cells were first treated with
10 mol/L HSP70 antisense and sense oligomers, respectively
for 24 h, then harvested and suspended at 5×108/L in closed
Eppendorf tubes (1.5 mL). The closed tubes were left in a water
bath at 42 ℃ for 2 h, centrifuged at 1 000 r/min for 5 min and
then the cells were re-suspended in fresh medium containing
HSP70 antisense and sense oligomers of the same dose
before returning to a 37 ℃ incubator for an additional 24 h.
Also, SGC-7901 cells were treated in parallel with antisense or
sense oligomers or heat shock alone. The percentage of
hypodiploid/apoptotic cel ls was cal culated by flow
cytometry.
Flow cytometry Apoptotic cells were identified and quantitated
as the percentage of cells with hypodiploid DNA as assessed
by propidium iodide (PI) incorporation. After treating as
described above, the cells were harvested and treated with
RNase and centrifuged at 1 000 r/min for 10 min. The cell pellet
was gently resuspended in 1 mL of hypotonic fluorochrome
solution (PI 50 mg/L in 1 g/L sodium citrate plus 1 mmol/L Tris,
0.1 mmol/L EDTA and 1 mL/L Triton X-100). After 30 min at 4 ℃
in the dark, the cells were washed with cold phosphate-buffered-
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saline (PBS), then analyzed using a FACScan flow cytometer
(Becton Dickinson, Mountain View, Calif) with cell fit software.
The data were registered as a logarithmic scale. The forward
scatter (FSC) and side scatter (SSC) of particles were
simultaneously measured. Cell debris were excluded from
analysis by approximately raising the FSC threshold. At least
10 000 cells of each sample were analyzed. All measurements
were done using the same instrument settings. Apoptotic cells
were observed in the cell-cycle distribution. Cell-cycle analysis
was also simultaneously performed.
Agarose gel DNA electrophoresis The pattern of DNA
fragmentation was analyzed by agarose gel electrophoresis. A
total of 3×106 SGC-7901 cells were lysed with lysis buffer
containing 50 mmol/L Tris/HCI (pH 8.0), 2.5 mL/L NP40 and
10 mmol/L EDTA. RNase A was added at a final concentration
of 200 mg/L and incubated for 1 h at 37 ℃. Thereafter, the cells
were treated with proteinase K (300 g/mL) and incubated for
an additional hour at 37 ℃. After 4 L of loading buffer was
added, 20 L of extracted DNA samples in each lane was
electrophoresed on 15 g/L agarose gel at 50 V for 2 h and stained
with ethidium bromide (EB).
Western blot The specific inhibition of HSP70 expression in
SGC-7901 cells by HSP70 antisense oligomers was analyzed by
Western blotting. A total of 2×106 SGC-7901 cells were lysed in
lysis buffer. The samples were denatured in sample buffer,
sodium dodecylsul (SDS) and resolved on 100 g/L polyacrylamide
(PAGE). After electrophoresis, the proteins were separated by
SDS/PAGE gels and then transferred to nitrocellulose
membranes by electroblotting. The membrane blots were rinsed
with 20 mmol/L Tris, 500 mmol/L NaCL, 0.5 mL/L Tween-20
(pH 7.5) and blocked by 30 g/L defatted milk. The blots were
probed first with anti-HSP70 monoclonal antibodies (mAb)
(Dako, Glostrup, Denmark) for 2 h. After washed in 30 g/L
defatted milk, biotinylated second antibodies (Dako, Glostrup,
Denmark) were incubated for an additional hour. Then the
blots were transferred to Vectastain ABC. 3,3’-diaminobenzidine
(DAB) substrate kits for horseradish peroxidase were used to
develop the color of bands.

RESULTS
Inhibition of cell proliferation
Treatment of SGC-7901 cells with HSP70 antisense oligomers
resulted in inhibition of cell proliferation. The inhibiting
proliferation rate of SGC-7901 cells increased with the treatment
dose and incubation time of HSP70 antisense oligomers, which
was observed at 1 mol/L and reached maximum at the
concentrations of 14 mol/L for 48 h or 8 mol/L for 96 h
(Figure 1). Moreover, the number of died cells increased as the
dose reached 16 mol/L for 48 h and 8 mol/L for 100 h. These
effects were not observed in the cells treated with sense oligomers.
These results indicated that HSP70 antisense treatment of SGC7901 cells not only inhibited cell proliferation but also induced
cell death in a dose- and time-dependent manner.
Formation of apoptosis-characteristic DNA ladders by HSP70
antisense oligomer
Apoptosis-characteristic ladder-like patterns of DNA fragments
consisting of approximately 180-200 bp on 15 g/L agarose gel
electrophoresis were observed in SGC-7901 cells treated with
HSP70 antisense oligomers at a concentration of 10 mol/L for
48 h or 8 mol/L for 72 h, which were consistent with internucleosomal DNA fragmentation (Figure 2). When the dose
reached over 16 mol/L for 48 h and 8 mol/L for 100 h, the
smearing patterns of DNA electrophoresis were observed
(Figure 2), indicating DNA fragments from cell death, which
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Figure 1 Dose- and time-dependent inhibition of proliferation by HSP70 antisense oligomer. A: Inhibition of proliferation of
SGC-7901 cells treated with various doses of HSP70 antisense or sense oligomers for 48 h; B: Inhibition of proliferation of SGC-7901
cells treated with 8 mol/L HSP70 antisense or sense oligomers for various lengths of time.

Analysis of cell cycle specificity and kinetics of HSP70 antisense
oligomer-induced apoptosis
The distribution of SGC-7901 cells varied in different cell cycles
as analyzed by flow cytometry. The representative flow
cytograms displaying cell cycle specificity distribution of
untreated cells and those treated with antisense and sense
oligomers are shown in Figure 4. The DNA histograms contained
G0/G1 peak, S-phase region and G2 + M peak in SGC-7901 cells
treated with HSP70 sense oligomers as well as untreated cells,
while the cells treated with HSP70 antisense oligomers showed
an extra peak of DNA content, i.e., a peak of hypodiploid cell
population. In other words, apoptotic cells were found in HSP70
antisense oligomer-treated SGC-7901 cells. There was a
significant decrease in the percentage of G1 and S-phases among
the total SGC-7901 cells when the number of hypodiploid/
apoptotic cells increased with the elevation of HSP70 antisense
oligomer dose and the prolongation of incubation time intervals
(Figure 4). Also, kinetic analysis by flow cytometry showed
that the apoptotic rate of SGC-7901 cells induced by HSP70
antisense oligomers was dependent on their doses and
incubation time intervals, which was observed at 1 mol/L for
48 h and reached maximum at 14 mol/L for 48 h or 8 mol/L for
96 h. Under the same conditions, all the effects above were not
observed in SGC-7901 cells treated with HSP70 sense oligomers
(Figure 3). Thus, the results further confirmed that HSP70
antisense oligomers could induce apoptosis of SGC-7901 cells
in a dose- and time-dependent manner, and it seemed most
likely that the inhibition of SGC-7901 cell proliferation might in
50
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Enhancement of heat shock-induced apoptosis by HSP70
antisense oligomer treatment
Since HSP70 plays an important role in protecting cells from
injury or repairing damage imposed by heat shock, and heat
shock itself induces apoptosis, we further investigated whether
the abrogation of HSP70 by antisense oligomer treatment could
enhance the induction of apoptosis by heat shock. Flow
cytometric analysis revealed that the percent of apoptotic cells
induced by heat shock was significantly higher in antisenseoligomer-treated cells than in untreated cells, i.e., treatment
with HSP70 antisense oligomers resulted in an increase in the
number of hypodiploid/apoptotic cells in response to heat shock
(Figure 5). In contrast, HSP70 sense oligomers had no effect.
Taken together, the results indicated that HSP70 antisense
oligomer treatment could induce apoptosis not only in normally
B

40

2

Figure 2 Agarose gel DNA electrophoretic patterns. Lane 1:
16 mol/L antisense oligomer treatment for 48 h; lanes 2 and 3:
10 mol/L antisense oligomer treatment for 48 h and 8 mol/L
for 72 h, respectively; lane 4: 8 mol/L antisense oligomer
treatment for over 100 h; lane 5: untreated; and lane 6: molecular marker.
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were consistent with the result from trypan blue dye exclusion
test. In contrast, ladder-like patterns of DNA fragments were not
found in SGC-7901 cells treated the same doses of sense
oligomers and the same incubation time as antisense oligomers.
It confirmed that HSP70 antisense oligomer treatment could
induce apoptosis of SGC-7901 cells.
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Figure 3 Kinetics of apoptosis induced by HSP70 antisense oligomers in SGC-7901 cells. A and B: dose- and time-dependent curves
of antisense oligomers-induced apoptosis determined by flow cytometry, respectively.
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Figure 4 Representative DNA fluorescence histograms of fluorescence 2-height (FL-2-H) showing cell cycle distribution and
apoptosis percentage. A: untreated with HSP70 oligomer; B and C: treated with 10 mol/L sense HSP70 oligomer for 48 h and
8 mol/L for 72 h, respectively; D-I: treated with 6, 10 and 14 mol/L antisense HSP70 oligomers for 48 h and 8 mol/L for 24,
72 and 96 h, respectively.

growing SGC-7901 cells, but also in heat-stressed cells.

A

Abrogation of HSP70 expression by HSP70 antisense oligomer
Western blot was performed to confirm the specific inhibition
of HSP70 expression by antisense HSP70 oligomers (Figure 6).
The results showed that treatment of SGC-7901 cells with
8 mol/L HSP70 antisense oligomer for 48 and 72 h or with
10 mol/L for 48 h resulted in the inhibition of HSP70 expression
(Figure 6), while treatment with 10 mol/L sense HSP70 oligomer
for 48 h or 8 mol/L for 72 h had no effect on HSP70 protein
expression (Figure 6).
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Figure 5 Effects of HSP70 antisense oligomer on apoptosis of
SGC-7901 cells induced by heat-shock.
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Figure 6 Western blotting analysis of HSP70 expression. A:
untreated SGC-7901 cells; B: treated with 10 mol/L sense
HSP70 oligomer for 48 h; C: treated with 8 mol/L sense
HSP70 oligomer for 72 h; D: treated with 8 mol/L antisense
HSP70 oligomer for 48 h; E: treated with 8 mol/L antisense
HSP70 oligomer for 72 h; and F: treated with 10 mol/L
antisense HSP70 oligomer for 48 h.

DISCUSSION
The role of antisense ON against human telomerase RNA[25,26],
cyclin D1[24,27], bcl-2[28], her-2/neu (c-erbB-2) gene[29], and
epidermal growth factor receptor (EGFR)[30] in gastric cancer
has been reported. However, to our knowledge, the effects of
antisense HSP70 oligomers on gastric cancer cells have not
been investigated as yet. The present study demonstrated that
HSP70 antisense oligomers could induce apoptosis and inhibit
the growth of human gastric cancer SGC-7901 cells. SGC-7901
cells treated with HSP70 antisense oligomers at the
concentration of 10 mol/L for 48 h or 8 mol/L for 72 h displayed
the abrogation of HSP70, ladder-like patterns of DNA fragments
which were consistent with internucleosomal DNA
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fragmentation, and a hypodiploid DNA peak of propidium
iodide-stained nuclei analyzed by flow cytomet ry,
characteristics of an apoptotic mode of cell death. When the
dose reached over 16 mol/L for 48 h and 8 mol/L for 100 h, the
cells died significantly, which was comfirmed by DNA
electrophoresis (Figure 2), suggesting that antisense HSP70
treatment not only inhibits proliferation, but also induces death
of SGC-7901 cells. By flow cytometric analysis of propidium
iodide-stained cells and quantitating of the subdiploid apoptotic
peak, we observed that HSP70 antisense oligomers could induce
apoptosis of SGC-7901 cells in a dose- and time-dependent
manner, which strongly correlated with the results from classical
DNA fragmentation assays in agarose gel electrophoresis.
Furthermore, HSP70 antisense oligomers were found to elevate
the number of hypodiploid cells, i.e., apoptotic cells reduced
the number of cells at the G1 and S phases without affecting the
total cell number. Thus, antisense HSP70 oligomer treatment
may cause apoptosis mainly in cells at the G1 and S phases of a
cell cycle, and inhibit cell proliferation. The apoptosis- inducing
and growth- inhibiting effects of HSP70 antisense oligomers
are dose- and time-dependent. The HSP70 gene is constitutively
expressed at G1/S boundary and in S phase of a cell cycle, and
HSP70 protein is necessary for cells to enter into the early S
phase during proliferation[31]. A G1-specific enhancer, HSPMYCB sequence, has been identified in human HSP70 gene,
which is responsible for the cell cycle-dependent expression of
HSP70[32]. Moreover, DNA sequence-specific inhibition of
HSP70 expression by HSP70 antisense oligomers in SGC-7901
cells precedes apoptosis of these cells. The findings of our
study can confirm the previous reports on induction of
apoptosis and inhibition of proliferation by abrogation of
HSP70 expression in other kinds of tumor cells[9,13,21,22],
indicating the inhibitory effects of antisense HSP70 oligomers
in cancer cells. In addition, the decreased expression of HSP70
due to antisense oligomers can enhance the induction of
apoptosis by heat shock. This effect was also observed in
Molt-4 cells by Wei et al[21]. In the present study, it seemed
likely that HSP70 antisense oligomer treatment could inhibit
HSP70 expression of SGC-7901 cells, which in turn could induce
apoptosis in both normal and heat-stressed cells and inhibit
cell proliferation. The inhibition of cell proliferation shown here
may, in part, be a result of cell death induced by apoptosis. The
results also suggest that HSP70 might not be a mere marker of
biological stress in tumor cells, but is essential for the
proliferation and survival of human gastric cancer cells under
normal conditions. These findings may be of importance in
searching for new agents for human gastric cancer therapy by
inhibiting or blocking HSP70 synthesis.
Although the mechanism of anti-apoptotic effect of HSP70
remains obscure, some studies have shown that decreasing
HSP70 expression levels in tumor cells can induce cell apoptosis
and inhibit tumor growth [9,21]. Tumor cells having low HSP70
levels have been shown to respond to apoptotic stimuli by
activation of stress-activated protein kinases, generation of
free radicals, early disruption of mitochondrial transmembrane
potential, release of cytochrome-C from the mitochondria and
activation of Caspase-3-like proteases, suggesting that HSP70
rescues cells from apoptosis in the death signaling pathway[33].
The mechanism of HSP70 antisense oligomer in inducing cell
apoptosis and inhibiting cell growth, is unclear. In view of
HSP70 as a molecular chaperone playing an important role in
protein metabolisms, such as folding, assembly, disassembly
and degradation, as well as in protection against various
environmental stresses, it is speculated that HSP70 antisense
oligomer sequence can specifically cross-link with HSP70 mRNA
and block HSP70 gene expression, thus specifically inhibiting
synthesis of HSP70 at the transcription level in the G1 and S
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phases of a cell cycle, which may render tumor cells unable to
maintain normal proliferation or activate the signal transduction
pathway of apoptosis, leading to cell apoptosis and inhibition
of cell growth.
In summary, HSP70 as a molecular chaperone plays an
important role in cell proliferation, survival and modulation of
apoptosis in human gastric cancer cells under normal conditions.
HSP70 antisense oligomers can specifically inhibit proliferation
of gastric cancer cell line SGC-7901 by inducing apoptosis
through cell cycle arrest following HSP70 abrogation. Thus,
antisense HSP70 nucleotide strategy may be a promising
approach to human gastric cancer therapy.
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Abstract
AIM: To explore the feasibility of enhancing apoptosisinducing effects of chemotherapeutic drugs on human gastric
cancer cells by stable transfection of extrinsic Smac gene.
METHODS: After Smac gene was transferred into gastric
cancer cell line MKN-45, subclone cells were obtained by
persistent G 418 selection. Cellular Smac gene expression
was determined by RT-PCR and Western blotting. After
treatment with mitomycin (MMC) as an apoptotic inducer,
in vitro cell growth activities were investigated by trypan
blue-staining method and MTT colorimetry. Cell apoptosis
and its rates were determined by electronic microscopy,
annexin V-FITC and propidium iodide staining flow cytometry.
Cellular caspase-3 protein expression and its activities were
assayed by Western blotting and colorimetry.
RESULTS: When compared with MKN-45 cells, the selected
subclone cell line MKN-45/Smac had significantly higher
Smac mRNA (3.12±0.21 vs 0.82±0.14, t = 7.52, P<0.01) and
protein levels (4.02±0.24 vs 0.98±0.11, t = 8.32, P<0.01).
After treatment with 10 g/mL MMC for 6-24 h, growth
inhibition rate of MKN-45/Smac (15.8±1.2-54.8±2.9%)
was significantly higher than that of MKN-45 (5.8±0.424.0±1.5%, t = 6.42, P<0.01). Partial MKN-45/Smac cancer
cells presented characteristic morphological changes of
apoptosis under the electronic microscope with an apoptosis
rate of 36.4±2.1%, which was significantly higher than that
of MKN-45 (15.2±0.8%, t = 9.25, P<0.01). Compared with
MKN-45, caspase-3 expression levels in MKN-45/Smac were
improved significantly (3.39±0.42 vs 0.96±0.14, t = 8.63,
P<0.01), while its activities were 3.25 times as many as those
of MKN-45 (0.364±0.010 vs 0.112±0.007, t = 6.34, P<0.01).
CONCLUSION: Stable transfection of extrinsic Smac gene
and its over-expression in gastric cancer cell line can
significantly enhance cellular caspase-3 expression and
activities, ameliorate apoptosis-inducing effects of mitomycin
C on cancer cells, which is a novel strategy to improve
chemotherapeutic effects on gastric cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Up to now, chemotherapy is still the important adjuvant treatment
for postoperative and advanced gastric cancer. Its research
focuses on how to reduce the side effects of chemotherapeutic
drugs and improve the sensitivities of tumor cells to them[1-4]. A
series of researches indicate chemotherapeutic drugs, radiotherapy
and thermotherapy could all induce apoptosis to various extents
by exerting their anti-tumor effects[5-7]. The second mitochondriaderived activator of caspases (Smac) or DIABLO gene is a recently
identified and novel proapoptotic molecule, which is released from
mitochondria into the cytosol when cell apoptosis undergoes, to
enhance activities of caspase-3 through eliminating the functions
of inhibitors of apoptosis proteins (IAPs)[8]. It was reported that
the apoptosis-inducing effects of chemotherapeutic drugs on ovary
cancer and leukemia could be significantly enhanced by gene
transfer of Smac into cancer cells[9,10]. In this study, we
investigated the effects of stable transfection of extrinsic Smac
gene on apoptosis of gastric cancer cells induced by
chemotherapeutic drugs, to explore a novel strategy to improve
chemotherapeutic effects on gastric cancers.
MATERIALS AND METHODS
Genes and main reagents
Eukaryotic vector pcDNA3.1-Smac containing a full-length
human Smac cDNA (719 bp) was kindly provided by Professor
Xiao-Dong Wang (USA). Blank vector pcDNA3.1 was preserved
by our central laboratory. Polyclonal rabbit anti-human Smac
was a kind gift from Professor Emma (Ireland). Monoclonal mouse
anti-human caspase-3 and its activity detection kit were purchased
from Santa Cruz Biotechnology and Clontech Company
respectively. Annexin V-FITC reagent kit was purchased from
Jingmei Biotech Company. Liposome GeneSHUTTLE-40 was
purchased from Q-bio Gene Limited Company. Newborn calf
serum, RPMI 1640, Trizol TM reagent kit and G418 were all
purchased from Gibco Company. Dimethyl sulfoxide (DMSO)
and 3, [4,5- dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) were both purchased from Clontech Company. Mitomycin
C (MMC) was a product from Japan Union Ferment Industry
Company, which was prepared into 1 g/L stock solution with
PBS, preserved at 4 ℃ and kept from light.
Cell culture
Human gastric cancer cell line MKN-45 was kindly provided by
Professor Ji-Hua Dong, Department of Virology, Union Hospital

80

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

of Tongji Medical College, Huazhong University of Science
and Technology, China. Cells were cultured in RPMI 1640 medium
supplemented with penicillin/streptomycin (100 units/mL and
100 g/mL respectively) and 10% neonatal bovine serum at 37 ℃
in a humidified atmosphere of 50 mL/L CO2 and passaged every
three days.

Gene transfection and selection of subclone cell line
The MKN-45 cells at exponential phases of growth were
inoculated into a 24-well plate. At the same time, nontransfection, pcDNA3.1 and pcDNA3.1-Smac transfection
groups were designed for this experiment. Gene transfection was
conducted according to the protocol of liposome GeneSHUTTLE40 (G40). In brief, 4-6 L G40 was mixed with 1 g pcDNA3.1-Smac
or pcDNA3.1 and the mixture was incubated for 30 min, then
DNA/liposome complex solutions were added into the wells.
After incubated at 37 ℃ in a mosphere containing 5 mL/L CO2
for 48 h, the cells were digested with 0.01%EDTA, then seeded
into a 6-well plate (35 mm in diameter) at 1×108 /L density, and
then selected with 600 mg/L G418 for 2 wk. When most of the
non-transfected cells were dead, the concentration of G418 was
decreased to 300 mg/L and maintained for another 2 wk. After
cellular clones were formed, subclones were chosen at random
and amplified. The subclone cells expressing Smac and neo genes
were named as MKN-45/Smac and MKN-45/neo respectively.
Detection of cellular Smac mRNA expression
Cellular Smac mRNA expression levels were assayed by reverse
transcription polymerase chain reaction (RT-PCR). Total cellular
RNA extraction was conducted with Trizol TM reagent kit,
according to the protocol of the manufacturer. The reverse
transcription was conducted at 42 ℃ for 30 min in 25 L total
volume containing 2 g template RNA, 1 L 10 mmol/L dNTP,
20 U RNasin, 1 L Oligo dT 18, 200 U AMV, 5 L 5×AMV
buffer. The PCR primers for Smac gene were designed by Primer
5.0 software: upstream 5’-CTGTGACGATTGGCTTTG-3’,
downstream 5’-GTGATT CCTGGCGGTTAT-3’, which were
synthesized by Shanghai GeneBase Company. The anticipated
product length was 425 bp. -tubulin (310 bp) served as an
internal control. Touchdown PCR (TD PCR) was used for
amplification reaction. Amplified products were separated with
2% agarose electrophoresis. The brightness ratio between Smac
and -tubulin was evaluated with a gel computer image system
(MGIAS-1000, Bio-Rad Company).
Detection of cellular Smac protein expression
Cellular Smac protein expression levels were assayed by
Western blotting. The extraction, quantification and separation
of proteins were conducted as previously described in Molecular
Cloning. Blots were incubated sequentially with 1% nonfat
dry milk, rabbit polyclonal anti-Smac antibody and goat radish
peroxidase-conjugated immunoglobulin G, and evaluated using
an ECL Western blotting kit. Smac protein band intensities
were determined densitometrically using the video imaging
CMIASWIN system.
Cell growth curve
MKN-45, MKN-45/neo and MKN-45/Smac cells were seeded at
2×108 /L density into the 24-well chamber slides (each group had
five wells). After cells were attached to the wells, 10 mg/L MMC
was added into each well. Then cells were incubated with RPMI
1640 at 37 ℃in at mospbere containg 5 mL/L CO2 for 0 h, 6 h,
12 h, 18 h and 24 h respectively. Then cells were digested by
0.125% trypsinase + 0.01% EDTA, stained with trypan blue and
counted under an inversion microscope. For each well, cell count
was repeated 3 times to draw the cell growth curve.
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Detection of cellular chemotherapeutic sensitivity
MTT colorimetry was used. MKN-45, MKN-45/neo and MKN45/Smac cells were seeded at 3×104/L density into 96-well
chamber slides. For each cell line, untreated control group,
0.1 mg/L MMC group, 1 mg/L MMC and 10 mg/L MMC group
were designed, with each group having five wells. After treating
with MMC for 24 h, 20 L MTT (5 g/L) was added into each well
and cultured for another 4 h, the supernatant was discarded,
then 100 L DMSO was added. When the crystals were dissolved,
the optical densityA values of the slides were read on the enzymelabeled minireader II at the wavelength of 490 nm. Cell proliferation
inhibitory rate (%) = (1 - average A490 nm value of experimental
group/average A490 nm value of control group) ×100%. For each
detection, the total procedure was repeated 3 times.
Cell ultrastructure observation
After treated with 10 mg/L MMC for 24 h, three kinds of cancer
cells were collected, sequentially rinsed in PBS, fixed with 2.5%
glutaraldehyde for 30 min, and then washed with PBS. After
routine embedment and section, cells were observed under an
electron microscope.
Detection of cell apoptosis
After treatment with 10 mg/L MMC for 24 h, apoptotic ratios of
three kinds of cells were determinated by annexin V-FITC and
propidium iodide staining flow cytometry. Cells from the above
groups were collected, washed twice with cold PBS,
resuspended with 100 L binding buffer (10 mmol/L HEPES,
140 mmol/L NaCl, 2.5 mmol/L CaCl2, pH 7.4) into 2 - 5×105 cells /mL
density, and incubated with annexin V-FITC at room temperature
for 10 min. After washing with binding buffer, the cells were
resuspended with 400 L binding buffer containing 10 L
propidium iodide (20 g/mL), and incubated on ice for 15 min.
Apoptosis was analyzed by flow cytometry (BD Company,
USA) at a wavelength of 488 nm.
Detection of caspase-3 protein expression and activities
After treatment with 10 g/mL MMC for 24 h, cellular caspase-3
protein expression levels were assayed by Western blotting
(as the same method above). The caspase-3 expression levels
were analyzed with the computer imaging system. 2×105 cells
from above groups were respectively collected, added into
50 L cellular lysis buffer, then incubated on ice for 10 min.
After centrifugation (12 000 r/min) at 4 ℃ for 3 min, the
supernatant was collected and added sequentially into 50 L
2×reaction buffer, 5 L 1.0 mmol/L caspase-3 substrate DEVDpNA, and incubated at 37 ℃ for 1 h. After transferred into 96
wells, the optical density A values of the slides were read on
the enzyme-labeled minireader II at the wavelength of 405 nm
(A405 nm), which stood for the relative activities of caspase-3.
Statistical analysis
Data was expressed as mean±SD and analyzed using SPSS10.0
statistical software.
RESULTS
Establishment of Smac stably-transfected subclone cells
All the untransfected MKN-45 cells were dead after G418
(600 g/mL) selection for 1 wk. The pcDNA3.1 and pcDNA3.1Smac transfected cells were continuously selected with G418 for
4 wk, until magnificent clones could be observed. The clones
were respectively amplified. The subclone MKN-45/neo and
MKN-45/Smac cells were obtained, stably expressing neo and
Smac genes respectively.

Zheng LD et al. Smac enhances chemotherapeutic effects

Cellular Smac mRNA expression
As shown in Figure 1A, after electrophoresis of RT-PCR
products, Smac (425 bp) amplification bands could be observed
in MKN-45, MKN-45/neo and MKN-45/Smac cells. There were
only weak bands in MKN-45 and MKN-45/neo cells, and
brighter bands in MKN-45/Smac cells, amplified with the same
amount of RNA template. MGIAS-1000 gel computer image
system proved that the Smac/-tubulin ratio in MKN-45/Smac
was 3.8 times, 3.7 times as many as that of MKN-45 (3.12±0.21 vs
0.82±0.14, t = 7.52, P<0.01), MKN-45/neo(3.12±0.21 vs 0.84±0.11,
t = 8.26, P<0.01) respectively. The brightness of Smac bands
between MKN-45 and MKN-45/neo had no significant
difference (P>0.05).
2

3

4

600 bp
500 bp
400 bp
300 bp
200 bp
100 bp

Smac (425 bp)→
-tubulin (310 bp) →

B

1

2

27 ku

Survival cells (104/mL)

Figure 1 Cellular Smac expression detected by RT-PCR and
Western blotting. A: Cellular Smac mRNA expression detected
by RT-PCR. Lane 1: MKN-45 cells; lane 2: MKN-45/neo cells;
lane 3: MKN-45/Smac cells; lane 4: PCR marker (100 bp, 200 bp,
300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1000 bp).
B: Cellular Smac protein expression detected by Western
blotting. Lane 1: MKN-45/Smac cells; lane 2: MKN-45/neo
cells; lane 3: MKN-45 cells.
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Cellular sensitivity to MMC
After treated with 0.1 mg/L, 1 mg/L, 10 mg/L MMC, the growth
activities of MKN-45, MKN-45/neo and MKN-45/Smac cells
were reduced in a time- and dose-dependent manner. After
treatment with 10 mg/L MMC for 24 h, the inhibitory rate of
MKN-45 cells was 21.85±1.64%, while that of MKN-45/Smac
cells reached 43.71±3.12%, and the difference between these two
groups was significant (t = 7.56, P<0.01). The difference in growth
inhibitory rate of MMC between MKN-45 and MKN-45/neo
cells was not significant (P>0.05) (Figure 3).
Cellular morphological features
After treating with 10 mg/L MMC for 24 h, some cells had
characteristic morphological changes of apoptosis under an
electron microscope, such as cellular volume reduction, nuclear
shrinkage, chromatin congregation around the nuclear
membrane and integrity of cellular membranes (Figure 4).

3

Smac

activities of MKN-45, MKN-45/neo and MKN-45/Smac cells
were all decreased. The growth inhibitory rates were 5.8±0.424.0±1.5%, 7.1±0.6-26.8±1.2% and 15.8±1.2-54.8±2.9%
respectively. The differences in growth activities between
MKN-45 and MKN-45/neo cells were not significant (P>0.05),
while the growth activities of MKN-45/Smac cells were reduced
by 10.0±0.9-30.8±1.5% (t = 6.42, P<0.01), when compared with
those of MKN-45 cells (Figure 2).

MKN-45/Smac

4

Cell apoptosis detection
After treated with 10 mg/L MMC for 24 h, the apoptotic rates of
MKN-45 and MKN-45/neo cells were 15.2±0.8% and 16.5±1.1%
respectively, with no significant difference (P>0.05). The
apoptotic MKN-45/Smac cells increased and the apoptotic rate
reached 36.4±2.1%, with a significant difference compared to
that of MKN-45 (t = 9.25, P<0.01) and MKN-45/neo (t = 7.72,
P<0.01) (Figure 5).
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Figure 2 In vitro growth curves of gastric cancer cells after
treatment with 10 mg/L MMC.

Cellular Smac protein expression
As shown in Figure 1B, Mr27 000 protein bands could be detected by
Western blotting in MKN-45, MKN-45/neo and MKN-45/Smac cells.
Computer image system indicated that Smac protein band brightness
of MKN-45/Smac cells was 4.1 times and 4.2 times as many as
that of MKN-45 (4.02±0.24 vs 0.98±0.11, t = 8.32, P<0.01) and
MKN-45/neo (4.02±0.24 vs 0.96±0.13, t = 8.84, P<0.01) respectively.
There was no significant difference in Smac protein band brightness
between MKN-45 and MKN-45/neo cells (P>0.05).
Cell growth curve
After treated with 10 mg/L MMC for 6-24 h, the in vitro growth

Figure 3 Growth inhibitory effects of various concentrations
of MMC on gastric cancer cells.

Caspase-3 protein expression and activities
As shown in Figure 6, after treated with 10 mg/L MMC for
24 h, 17 ku (p17) and 20 ku (p20) protein bands, subunits of
caspase-3, could all be detected in MKN-45, MKN-45/neo and
MKN-45/Smac cells. Computer image system indicated that there
was a significantly higher p20 expression in MKN-45/Smac
compared to MKN-45 (3.39±0.42 vs 0.96±0.14, t = 8.63, P<0.01)
and MKN-45/neo (3.39±0.42 vs 0.94±0.11, t = 9.43, P<0.01). There
was no significant difference in p20 expression levels between
MKN-45 and MKN-45/neo cells (P>0.05). The A405 nm values of
MKN-45, MKN-45/neo and MKN-45/Smac cells were 0.055±0.008,
0.052±0.012 and 0.060±0.011 respectively, while differences
among them were not significant (P>0.05). After treatment
with 10 g/mL MMC for 24 h, the A405 nm value reached 0.364±0.010
in MKN-45/Smac cells, which was 3.25 times as many as that in
MKN-45 cells (0.112±0.007, t = 6.34, P<0.01) (Figure 7).

82

ISSN 1007-9327

CN 14-1219/ R

A

World J Gastroenterol

B

January 7, 2005

Volume 11

Number 1

C

Figure 4 Cellular morphological changes of MKN-45/Smac before and after treatment with MMC under electron microscope,
×5 000. A: Cellular ultrastructure before treatment with MMC; B: Cellular chromatin congregating around nuclear membrane
after treatment with 10 mg/L MMC for 24 h; C: Cellular nuclear shrinking after treatment with 10 mg/L MMC for 24 h.
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Figure 5 Apoptosis determination in gastric cancer cells by annexin V-FITC and propidium iodide staining flow cytometry. A:
MMC untreated control; B: MKN-45 cells treated with 10 mg/L MMC for 24 h; C: MKN-45/neo cells treated with 10 mg/L MMC
for 24 h; D: MKN-45/Smac cells treated with 1 0 mg/L MMC for 24 h.
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Figure 6 Cellular caspase-3 expression detected by Western
blotting. Lane 1: MKN-45 cells untreated with MMC; lane 2:
MKN-45/neo cells untreated with MMC; lane 3: MKN-45/Smac
cells untreated with MMC; lane 4: MKN-45 cells treated with
10 mg/L MMC; lane 5: MKN-45/neo cells treated with 10 mg/L
MMC; lane 6: MKN-45/Smac cells treated with 10 mg/L MMC.

DISCUSSION
Gastric cancer is one of the most common malignant neoplasms
in alimentary tract. Because of the side effects of chemotherapy
on normal cells and drug resistance of tumor cells, it has been
a research focus on how to ameliorate the chemotherapeutic
effects on gastric cancer [11]. Recent researches indicate that
abnormal blockage of apoptosis is an important factor for the
occurrence and development of cancer [12-14]. To understand
apoptosis mechanisms is hopeful for improving the sensitivities
of tumor cells to chemotherapeutic drugs, and overcoming drug
resistance[15,16].
The mechanisms of apoptosis are highly conserved in all
sorts of species, including a series of processes. Apoptosis
usually has three phases: initiation, effectors and execution[17-19].

MKN-45

MKN-45/neo MKN-45/Smac

Figure 7 Caspase-3 activities detected in gastric cancer cells
before and after treatment with 10 mg/L MMC.

When external stimuli induce cell apoptosis by different pathways,
such as death receptor-mediated and stress-dependent pathways,
imbalance between activators and inhibitors of apoptosis occurs,
thus activating caspase family and changing mitochondrial outer
membrane permeability, finally resulting in cell apoptosis[20].
Mitochondria are regarded as the key regulation element of cell
death and the target of many proapoptotic signal pathways[21,22].
Some researches demonstrate that there are inhibitors of
apoptosis proteins (IAPs) in mammalian cells, which suppress
apoptosis by inhibiting procaspase activation and catalytic
activity of mature caspases[23,24]. IAPs, including MIHA
(mammalian IAP homolog A, or called XIAP), c-IAP1, c-IAP2
and survivin, could bind directly to caspase-3, caspase-7 and
caspase-9, and inhibit their activities, which are the downstream
effectors during cascades of caspase family. MIHA could also
suppress apoptosis induced by chemotherapeutic agents,
UV-irradiation and Bax[25-27]. It is suggested that cellular IAPs
accumulation is one of the reasons for cancer cells to escape
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the killing effects of anti-cancer agents[28].
Smac or DIABLO gene is a proapoptotic molecule, which is
released from mitochondria into the cytosol, along with
cytochrome C (cyt-C) during apoptosis. As an important apoptotic
modulator, Smac functions as eliminating the caspase-inhibitory
properties of IAPs[29]. Some researches have found that Smac
could promote apoptosis via two pathways, which are dependent
on the interaction between Smac and IAPs[30]. One hydrolyzes
caspase-3 protein, and the other enhances the catalytic activity
of mature caspase-3. McNeish et al[9] constructed the adenoviral
vector for Smac gene, and transfected it into ovarian cancer
cells. They found that apoptotic cancer cells increased remarkably,
and cell apoptosis mediated by Smac was not dependent on
cyt-C and Bcl-2, but realized through Caspase-9. Jia et al[10]
stably transfected full-length (FL) and mature (MT) Smac genes
into K562 and CEM leukemic cell lines, and they concluded that
both FL and MT Smac transfection could promote the sensitivity
of leukemic cells to UV light, and activate cellular caspase-9 and
caspase-3.
In this study, an extrinsic Smac gene was transfected into
gastric cancer cells which induced its over-expression. We found
that Smac overexpression could enhance the apoptosisinducing effects of MMC, by electronic microscopy and annexin
V-FITC and propidium iodide staining flow cytometry. These
results are consistent with those recently reported by Guo et al[31]
(2002) and Fulda et al[32] (2002), in which Smac could enhance
apoptosis in leukemia and malignant neuroglioma cells induced
by chemistry or immunology in vivo. Western blotting and
colorimetry were sequentially used to assay the cellular caspase3 protein expression and its activities, and it was found that
stable transfection of an extrinsic Smac gene could increase the
cellular activity levels of caspase-3 after treating with MMC,
which accords with the functional mechanisms of Smac. These
results provide a novel strategy to improve chemotherapeutic
sensitivity in gastric caner patients and reduce their side effects,
thus establishing a basis for further exploring the roles of Smac
gene in apoptosis regulation of gastric cancer.
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Abstract
AIM: Transforming growth interacting factor (TGIF) is an
inhibitor of both transforming growth factor  (TGF-) and
retinoid signaling pathways. Moreover, the activation of
MAPK pathway can prolong its half-life. However, its role in
carcinogenesis is still unknown. Thus we attempted to
investigate the effect of TGIF on biologic behaviors of gastric
carcinoma cells.
METHODS: Gastric carcinoma cell line, SGC-7901, was
stably transfected with plasmid PcDNA3.1-TGIF. Western
blotting and cell immunohistochemistry screening for the
highly expressing clone of TGIF were employed. The growth
of transfected cells was investigated by MTT and colonyformation assays, and apoptosis was measured by flow
cytometry (FCM) and transmission electron microscopy.
Tumorigenicity of the transfectant cells was also analyzed.
RESULTS: TGIF had no effect on the proliferation, cell cycle
and apoptosis of SGC-7901 cells, but cellular organelles of
cells transfected with TGIF were richer than those of vector
control or parental cells. Its clones were smaller than the
control ones in plate efficiency, and its tumor tissues also
had no obvious necrosis compared with the vector control
or parental cells. Moreover, TGIF could resist TGF-mediated
growth inhibition.
CONCLUSION: TGIF may induce differentiation of stomach
neoplastic cells. In addition, TGIF can counteract the growth
inhibition induced by TGF-.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric carcinoma; TG interacting factor; Cell
differentiation; TGF-beta
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INTRODUCTION
Gastric carcinoma is one of the most frequent tumors that
seriously threatens people’s health in China. However, its exact
mechanism is still unclear. Many investigations have shown
that most neoplasms are associated with TGF-. Moreover, a

variety of neoplasms are able to resist the growth inhibition
mediated by TGF-[1]. The role of TGF- signaling pathway in the
development of stomach neoplasms is worthy of our attention.
TGIF is a nucleoprotein that belongs to the homeobox
domain TALE family, which has a three-amino acid insertion
between helices 1 and 2 of the homeodomain [2]. TGIF locates
on 18p11.3 and encodes a protein consisting of 272 amino
acids. It has been discovered to be involved in many biological
processes, such as human and Drosophila development. Recent
studies have shown that Drosophila TGIF is essential for
developmentally regulated transcription in its spermatogenesis[3,4].
Although TGIF homozygous mutant flies are viable and appear
morphologically normal, the males are completely sterile. TGIF
has also been identified as a small group of genes implicated in
the human development disorder holoprosencephaly (HPE), a
common structural defect of the developing forebrain in human
being[5]. It has also been suggested to act as a competitive
inhibitor of the TALE-class homeodomain protein Meis2 in
neuronal cell lines[6].
In addition, TGIF also participates in a number of distinct
pathways. Bertolino et al[2] discovered that TGIF could compete
with retinoid for binding sites in promoter, and inhibit the retinoid
signaling pathway, while retinoid could inhibit cell proliferation
and induce cell differentiation and apoptosis. Recent studies
reveal that TGIF is also a transcriptional co-repressor, which
inhibits TGF-signaling pathway[7-13].
TGIF inhibits TGF- signaling pathway mainly by histone
deacetylase (HDAC) dependent [7] and HDAC independent
mechanisms[8]. In addition, TGIF also directly inhibits target
gene expression via binding to DNA at its HD region consisting
of 35-97 amino acid residues[10]. Recently Lo et al[11] revealed
that TGF- signaling pathway had a cross-talk with EGF/Ras/
MAPK signaling pathway that could phosphorylate TGIF,
prolong its half-life, and raise its protein level.
TGIF inhibits not only TGF-signaling pathway but also
retinoid signaling pathway. Moreover, EGF/Ras/MAPK signaling
pathway prolong half-life of TGIF. But it is still unknown whether
TGIF plays a role in carcinogenesis. To determine the role of
TGIF in the carcinogenesis, SGC-7901, a moderately differentiated
gastric carcinoma cell line, was transfected with TGIF to
investigate the effect of TGIF on the biological behaviors of
SGC-7901 cells.

MATERIALS AND METHODS
Cell line
The human gastric carcinoma cell line, SGC-7901, was cultured
in RMPI 1640 medium containing 100 mL/L fetal bovine serum
(FBS) supplemented with penicillin and streptomycin. Cultures
were incubated in an incubator containing 5 mL/L CO2 in air
at 37 ℃.
Plasmid
Plasmid pcDNA3.1-TGIF was a gift from Professor Mouradian,
Genetic Pharmacology Unit, Experimental Therapeutics Branch,
NINDS, National Institutes of Health, Bethesda, Maryland
20892, USA.
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Transfection and selection
Transfection and selection of positive clones were carried out in
a 6-well plate. When the cells reached 70% confluence, the
transfection process began. Briefly, solution A was prepared by
diluting 2 g of pcDNA3.1-TGIF into 200 L serum-free medium,
and solution B was prepared by diluting 5 L lipofectamine (Life
Technologies) into 200 L serum-free medium. The two solutions
were mixed for 20 min at room temperature, and then 0.6 mL
serum-free medium was added to a tube containing the complex,
and subsequently added to the rinsed cells. The medium was
replaced with fresh and complete medium 18 h after transfection.
Seventy-two hours after transfection, it was replaced again with
the selective medium containing 800 g/L G418 (Alexis
Biochemicals). Once stable transfection was obtained, the cells
were maintained in 200 g/L of G418. Meanwhile, SGC-7901 cells
were transfected with the empty pcDNA3.1 vector as control.
Western blot analysis
Total proteins were measured using the BCA kit (Pierce) according
to the manufacturer’s protocol. Forty µg of total proteins was
separated by 12% SDS-PAGE under reducing conditions, and
transferred to nitrocellulose membrane. The nitrocellulose
membrane was then incubated with blocking buffer (PBS
containing 5% non-fat milk) for 2 h at room temperature and with
goat polyclonal antibody against TGIF overnight at 37 ℃ with
gentle shaking. The membrane was washed with PBS twice for
5 min, and then incubated with rabbit anti-goat IgG conjugated
horseradish peroxidase diluted at 1:3 000 (Zhongshan Co, Beijing)
for 2 h at room temperature. After washing, TGIF was detected
using DAB reagents. Ponceau S was used as a loading control.
Cell immunohistochemical staining
Cells were seeded on slides at a density of 1.8×104 and grown for
two days. Slides were washed once with PBS and fixed in acetone
for 20 min at 4 ℃. Fixed cells were washed 3 times with-PBS and
nonspecific proteins were blocked using non-immune serum for
30 min at room temperature. Cells were incubated for 1 h with the
goat polyclonal antibody against TGIF, then washed twice for
3 min with PBS. Cells were then incubated for 1 h with rabbit
anti-goat IgG conjugated horseradish peroxidase diluted at
1:3 000 (Zhongshan Co, Beijing), followed by two washes of
3 min in PBS. Cells were stained with DAB reagent.
MTT assay
Cells were cultured in 96-well plates at a density of 1×104 cells
per well. Cell survival was measured by MTT assay 24, 48, 72,
96, 120 and 144 h after seeding. MTT assay was used to
determine mitochondrial activity, which correlated with the
number of viable cells in culture. Briefly, 20 L of 5 g/L MTT (3(4,5-dimethyl- thiazolyl-2)-2.5-diphenyltetrazolium bromide) in
PBS was added to each well. Cells were incubated with MTT
compound for 4 h at 37 ℃ in a 5 mL/L CO2 atmosphere, and
subsequently 150 L of DMSO was added to each well. The
plates were incubated until MTT was completely resolved and
A595 was measured.

Flow cytometry analysis
Approximately 5×106 centrifugal sedimentation cells were
immediately fixed in 700 mL/L ethanol and stored at 4 ℃ in PBS
for fluorescence-activated cell sorting. Flow cytometry analysis
was performed on a FACStar flow cytometer (Becton
Dickinson). Histograms of cell number logarithmic fluorescence
intensity were recorded for 10 000 cells per sample.
Plating efficiency
To determine plating efficiency, cells were seeded in 6-well
plates, 1 000 cells per well. After 14 d, the colonies were fixed
with 4% methanol and stained with 5% Giemsa solution (Sigma).
The number of colonies with a diameter larger than 1 mm was
counted. The plating efficiency (PE) was calculated as follows:
PE = (colonies formed/cells seeded)×100%.
Transmission electron microscopy (TEM)
Pellet of the transfected cells was fixed in 2.5 g/L glutaraldehyde,
postfixed with 10 g/L osmium tetroxide, treated with 20 g/L
uranyl acetate, dehydrated in ethanol, infiltrated with propylene
oxide, and embedded in Epon mixture. Ultrathin sections were
observed under Opton EM 10C (Germany).
Tumor development in athymic nude mice
Nine female nude mice (BALB/c-nude, 4-6 wk old, weighing
16-18 g) were divided into 3 groups, 3 mice each group, and
inoculated subcutaneously at the left flank with TGIF transfectant,
vector control and parental cells (7×106cells suspended in 0.2 mL
of phosphate-buffered saline) and monitored for tumor
development. Tumor size and animal weight were measured
weekly. The nude mice were sacrificed and tumors were removed
35 d after inoculation.
Statistical analysis
F test was used. P value less than 0.05 was considered statistically
significant.
RESULTS
Construction of cell clones stably expressing TGIF protein
After transfection of SGC-7901 cells with a vector encoding TGIF,
we identified two cell clones that constitutively overexpressed
this protein by cell immunohistochemistry (Figure 1) and
Western blot analyses (Figure 2). We selected one of them for
further experiment.
Effect of TGIF on growth of SGC-7901 cells
To determine the impact of TGIF on cell growth in vitro, we
examined the rate of cell growth with MTT assay. As shown in
Figure 3A, the growth rate of cells overexpressing TGIF had no
distinct changes compared with blank and negative controls.
After incubating with 10 ng/mL TGF-1 for the indicated time,
both parental and vector control cells were found to have lower
growth rates. However, TGIF transfected cells had no distinct
changes (Figure 3B) and the difference was significant (P<0.05).

Table 1 Effects of TGIF on cell cycle and apoptosis by flow cytometry in blank, vector control and TGIF expressing cells
TGF-1 (-) (%)
G1

G2

S

TGF-1 (+) (%)
Apoptosis

G1

G2

S

Apoptosis

SGC-7901

55 .2

15 .8

29

1.35

63 .2

14 .2

22 .6

2.7

PcDNA3.1

50 .1

15 .8

34 .2

0.36

60 .3

13 .9

25 .8

0.54

TGIF

50 .9

18 .4

30 .6

0.41

50 .1

21 .2

28 .7

0.67
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Figure 1 Expression of TGIF protein by cell immunohistochemistry. A: cells stably transfected with pcDNA3.1-TGIF; B: cells stably
transfected with PcDNA3.1; C: parental cells.

had no distinct change in cell content of G1 phase. All groups
had a slight increase in apoptosis rate after incubation with
10 g/L TGF-1 for 72 h.

2

3

4

Figure 2 Expression of TGIF protein by Western blotting.
Lanes 1 and 2: TGIF expressing cells; lane 3: vector control
cells, lane 4: parental cells. The lower panel was stained with
Ponceau S as a loading control.

Effect of TGIF on cell cycle and apoptosis rate of SGC-7901 cells
To confirm the effect of TGIF on proliferation of SGC-7901 cells,
the cell cycle distribution and apoptosis were determined by
flow cytometry. As shown in Table 1, TGIF had no effect on
cell cycle and apoptosis rate of SGC-7901 cells. In parental and
vector control cells, cell content of G1 phase obviously increased
after treatment with TGF-1. However, TGIF expressing cells

Value of A

A

Effect of TGIF on SGC-7901 cell growth in vivo
We examined the effect of TGIF expression on SGC-7901 cell
growth in athymic mice. Tumors were palpable in the first week
B

0.5
0.4

TGIF

0.3

PcDNA3.1
SGC-7901

0.2
0.1
0.0

Effect of TGIF on ultrastructure of SGC- 7901 cells
Apoptotic body was not found in parental, vector control or
TGIF transfected cells under TEM, but there were more cell
organellae in TGIF transfected cells compared with the blank
and negative control cells (Figure 5).

Value of A

1

Plating efficiency
Plating efficiency in parent, vector control and TGIF transfected
cells was 15.1%, 12.4% and 16.9% respectively (Figure 4), and
the difference had no statistical significance (P>0.05). However,
clones of TGIF transfected cells were smaller than those of the
parental and vector control cells (Figure 4, upper panel).

0.5

SGC-7901

0.4

PcDNA3.1

0.3

TGIF

0.2
0.1
0.0

1 2 3 4 5 6
Days in culture

1 2 3 4 5 6
Days in culture

Figure 3 Proliferation rate of TGIF transfected, vector control and parental cells. A: Without 10 g/L TGF-1; B: with 10 g/L
TGF-1.

Percentage of clone

0.3

0.2

0.1

0.0
SGC-7901

PcDNA3.1

TGIF

Figure 4 Plating efficiency in parental, vector control and TGIF transfected cells.

SGC-7901 PcDNA3.1 TGIF
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Figure 5 Morphology of blank, negative control and TGIF transfectant cells by TEM ×15 000.A: parental cell; B: vector control
cell; C: TGIF transfectant cell.

A

B

C

Figure 6 Tumor development in nude mice. A: mice inoculated with parental cells; B: mice inoculated with vector control cells;
C: mice inoculated with TGIF expressing cells.

after inoculation of cells in female athymic mice. As shown in
Figure 6, TGIF transfectants revealed no difference in tumor
growth as compared with vector control and parental cells
throughout the observation period. The mean tumor weights
in mice transfected parental, vector control cells and TGIF
were 0.85±0.09, 0.87±0.13 and 0.87±0.27 g, respectively. In
addition, the mean tumor volumes were 0.99±0.08, 1.01±0.11
and 1.10±0.12 cm3, respectively. However, the differences had
no statistical significance (P>0.05). The animals were killed in
accordance with the institutional tumor burden guidelines.
After tumors were excised, there were necrotic tissues effused
from tumors in parental and vector control groups but not in
TGIF transfectants.

DISCUSSION
TGIF is a transcription factor that has been implicated in a
number of distinct pathways. TGIF was first identified as a
competitor of retinoic acid receptor to bind to retinoic acid
response elements[2]. Subsequently TGIF interacts with Smads
and is an inhibitor of TGF- signaling pathway[7-13]. Recently
Lo et al[11] revealed that MAPK signaling pathway had a crosstalk with TGF- signaling pathway. MAPK transducing
pathway can phosphorylate TGIF, prolong its half-life and
raise its protein level. The enhancement of TGIF function
might inhibit negative regulation of cell cycle by TGF-. Its
role in tumorigenicity is worthy of attention. Several reports
have indicated that TGIF probably implicates in carcinogenesis.
Nakakuki et al[14] discovered that TGIF gene was overexpressed
in esophageal carcinoma. Voorter et al[15] revealed that there
was gene amplification at 18p11 where TGIF locates in bladder
transitional cell carcinoma using comparative genome
hybridization. Luo et al [16] found that autologous antibody
against TGIF existed in serum of patients with ovarian carcinoma.
Our experiment revealed that the growth rate of SGC-7901

cells had no distinct difference after transfection with TGIF
(Figure 3), and the distribution of cell cycle had no obvious
change either (Table 1). This result is not consistent with
Edwards’ report showing that overexpression of TGIF overcame
the checkpoint of yeast G1 phase[17]. The distinction may
attribute to the difference of cell types. There were no
differences in plating efficiency and nude mice tumorigenicity
among parental, vector control and TGIF transfected cells
(Figures 4 and 6). All these indicate that TGIF cannot worsen
the biological behavior of SGC-7901 cells. Conversely, the
number of cell organelles in TGIF transfected cells increased
compared to blank and negative control cells (Figure 5), and
the tumor tissues of TGIF transfectant group exhibited no
distinct necrosis compared to control groups. This data
indicates that TGIF may induce differentiation of SGC-7901
cells, at least in part.
After the treatment with TGF-1, parental and vector control
cells showed distinct reduction in cell growth, whereas TGIF
transfectants revealed no obvious difference (Figure 3). Flow
cytometry also showed similar results (Table 1). Our finding is
coincident with Lo’s report that HaCaT cell line could resist the
growth inhibition mediated by TGF-after stable transfection
of TGIF[11]. Thus overexpression of TGIF protein can inhibit
the negative regulation of TGF- in cell cycle. It also implies
that tumor cells may escape the growth inhibition by TGF- via
this mechanism.
Cells transfected with TGIF showed no distinct difference
in apoptosis compared to the controls (Table 1). After incubation
with TGF-1 for 72 h, there was no distinct difference among
the three groups, indicating that TGIF may not interfere with
TGF--mediated cell apoptosis. However, we cannot rule out
the possibility that the insensitivity to TGF--mediated
apoptosis resulting from the disturbance of TGF- signaling
pathway in SGC-7901 cells, contributes to cells transfected with
TGIF resisting TGF-mediated apoptosis.
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Abstract
AIM: To investigate the relation of the response to Helicobacter
pylori eradication therapy to the depth of tumor invasion
and chromosome abnormalities in patients with mucosaassociated lymphoid tissue (MALT) lymphoma and to
determine the clinical value of aneuploidy.
METHODS: We studied 13 patients with localized gastric
MALT lymphoma of stage E1. Before eradication therapy,
the depth of tumor invasion was assessed by endoscopic
ultrasonography in 8 patients and by endoscopic examination
and gastrointestinal series in the remaining patients. To
detect chromosomal abnormalities, paraffin-embedded tissue
sections of diagnostic biopsy specimens underwent tissuefluorescence in situ hybridization (FISH), using chromosomespecific -satellite DNA probes for chromosomes 3,7,12,
and 18 and YAC clones for t(11;18)(q21;q21).
RESULTS: Seven of the 13 patients had complete regression
(CR) in response to H pylori eradication therapy. No patient
with CR had submucosal tumor invasion. Trisomy 18 was
seen in 1 patient with CR, and both trisomies 12 and 18
were present in another patient with CR. All patients with
no response or progressive disease had deep submucosal
tumor invasion and showed t(11;18)(q21;q21) or trisomy
3. Trisomy 7 was not detected in this series of patients.
CONCLUSION: The depth of tumor invasion is an accurate
predictor of the response of stage E1 MALT lymphoma to
H pylori eradication therapy and is closely associated with
the presence of chromosomal abnormalities. Trisomy 3 may

predict the aggressive development of MALT lymphoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In 1993, mucosa-associated lymphoid tissue (MALT) lymphoma
was reported to regress after eradication of Helicobacter pylori
(H pylori) [1]. Subsequently, this response to successful
eradication of H pylori has been consistently confirmed in large
series of patients[2-10]. H pylori eradication therapy is now
considered the treatment of choice for MALT lymphoma.
However, 20% to 30% of patients with MALT lymphoma do not
respond to such a therapy[2-10]. To improve the prediction of
response, various prognostic factors have been proposed,
including endoscopic findings [6], H pylori infection [6,7],
histological grade[3,4], clinical stage[5-8], and t(11;18)(q21;q21).
Clinical stage and t(11;18)(q21;q21) are now considered the most
reliable and useful prognostic factors. H pylori eradication therapy
is generally ineffective against advanced MALT lymphoma, but
some stage E1 cases are also resistant. Studies using endoscopic
ultrasonography (EUS) have shown that the depth of tumor
invasion is an accurate predictor of response in patients with
stage E1 disease. Intramucosal tumors have a high rate of complete
regression, whereas those with submucosal or deeper invasion
have a low rate of regression.
t(11;18)(q21;q21) and aneuploidy are recurrent chromosomal
abnormalities in MALT lymphoma. Chromosomal abnormalities
are considered as the signs of biological malignancy and, in
fact, MALT lymphoma positive for t(11;18)(q21;q21) does not
respond to H pylori eradication therapy, irrespective of disease
stage[11-15]. As for aneuploidy, clinical data on trisomies is scant.
We developed a fluorescence in situ hybridization (FISH)
technique for the analysis of small paraffin-embedded tissue
sections and used this technique to investigate the correlation
of chromosomal abnormalities with the depth of tumor invasion
in stage E1 MALT lymphoma and to determine the clinical value
of aneuploidy.
MATERIALS AND METHODS
Patients
Thirteen patients with gastric MALT lymphoma were studied.
The patients were given a diagnosis of gastric MALT lymphoma
at, or were referred to, our clinics and Kohka Public Hospital
from January 1995 to December 2001. Diagnosis was based on
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histological evidence of MALT lymphoma as assessed by
Isaacson’s criteria and Wotherspoon’s scoring system on
examination of endoscopic biopsy specimens or surgically
resected specimens[1]. H pylori infection was diagnosed on the
basis of histological examination, culture studies, serological tests,
13
C-urea breath tests, and rapid urease tests. Immunohistochemical
analysis was performed with the use of keratin, EMA, LCA,
L26, and UCHL-1. Surface marker analysis was performed on
paraffin-embedded biopsy specimens by anti-CD20, CD3, CD5,
CD10, CD45, CD23, and CD33 antibodies (DAKO Corporation,
Carpenteria, CA) to confirm B cell lineage. Clinical stage was
evaluated according to the Ann Arbor system modified by
Musshoff[16]. Patients were examined by routine laboratory tests,
physical examination, chest radiographs, thoracic and abdominal
computerized tomography (CT) scans, 99 m gallium scintigraphy,
and bone marrow aspiration (done in 2 patients). In 8 patients,
the depth of tumor invasion in the gastric wall was evaluated
by EUS with an Olympus transendoscopic miniature ultrasonic
probe (UM-2R or UM-3R; Olympus Optical Co. Ltd., Tokyo,
Japan). In the remaining patients, the depth of invasion was
assessed by endoscopic examination and gastrointestinal series.
The eradication regimens consisted of lansoprazole 40 mg,
amoxicillin 1 g, and clarithromycin 500 mg, given orally for 14 d.
Patients underwent their first follow-up upper gastrointestinal
endoscopic examination 6 wk after the completion of eradication
therapy to examine the status of H pylori infection. Follow-up
endoscopy and EUS were done every 12 wk until evidence of
histological remission was obtained. At follow-up examinations,
at least six biopsy specimens were taken from each tumor as
well as from suspicious areas and examined histologically.
Regression of disease was assessed on the basis of both
endoscopic and histological findings. Endoscopic response
was classified into four subgroups: disappeared, partially
regressed, no change, or worsened. Histological assessment
was done according to Wotherspoon’s scoring system and
patients were divided into three subgroups: grade 0-2, grade 3,
and grade 4-5. Complete histological remission was defined as
a Wotherspoon’s score of 2 or less for all histological sections
of the biopsy specimens.
Both endoscopic and histological improvements were defined
as complete remission (CR). Stable disease (SD) was defined as
grade 4-5 histological findings during follow-up, with
improvement in endoscopic findings. Other findings were
evaluated as partial response (PR). Progressive disease (PD)
was defined as clear signs of advancing disease stage.

Statistical analysis
The association between discrete variables was assessed with
Mann-Whitney’s U test. P<0.05 was considered statistically
significant.
Tissue-FISH
As reported previously, we used a technique for FISH with satellite DNA probes for chromosomes 3, 7, 12, and 18 and two
YAC clones (y9664, y943b8) for t(11;18)(q21;q21) (Kindly
provided by Dr. Seto). YAC y966e4 was centromerically
assigned to the API2 gene at band 11q21 and YAC y943b8
telomerically to the MALT1 gene breakpoint at 18q21[17-21]. After
amplification of human sequences by Alu-PCR, probes were
generated by nick translation with biotin-16-dUTP.
Six-micrometer-thick sections of paraffin-embedded tissue
were placed on silane-coated glass slides. The slides were baked
at 56 ℃ for 2 h to promote tissue adherence to the slides and
deparaffinized in xylene and rehydrated in a series of alcohol
(100%, 85%, 70%). Then, the slides were treated with 0.2 mol/L
HCl for 20 min, 2×SSC (0.3 mol/L sodium chloride and 0.03 mol/L
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sodium citrate) at 80 ℃ for 20 min, and 0.05 mg/mL proteinase K
in TEN (0.05 mol/L Tris-HCl at pH 7.8, 0.01 mol/L EDTA, and
0.01 mol/L NaCl buffer) for 10 min at 37 ℃. To allow adequate
digestion, the time for treatment with proteinase K solution
was modified according to section thickness. After digestion,
the slides were immersed in 16 g/L formaldehyde in phosphatebuffered saline for 10 min and dehydrated in a graded series of
alcohol (70%, 85%, and 100%). FISH probes were applied to
the tissues, covered with slide glasses, heated to 90 ℃ to
denature the probes and target DNA, and incubated at 42 ℃
overnight. The slides were placed in 2×SSC/50% formamide for
5 min each at 42 ℃, washed in 2×SSC/0.03 mg/L DAPI, coverslipped, and examined with a fluorescence microscope. We used
a CCD camera (Sensys0400-GI; Photometrics Ltd., Tucson, AZ,
USA) to document the results.

Determination of slice thickness
Determination of slice thickness was a crucial issue for tissueFISH, because thin slices would easily cut off signals, resulting
in underestimation of the chromosome copy number. Sections
of archival tissue should be within 6 m thick. We tested sections
of different thickness (2.5-6.0 m). Sections 6 m in thickness
provided many intact nuclei and signals. To examine the
accuracy for this thickness, we performed double-color FISH
for 5 cases. Two cases of chronic gastritis were included as
controls. When 6 m thick sections were used, perfect signals
(4 signals) were detected in 52.6% to 82.9% (mean 66.7%) of cells.
Evaluation of numerical chromosome aberrations by single color
FISH
Conventional fluorescence microscopy was used to score the
copy number of chromosome 3, 7, 12, and 18 signals. The number
of signal spots on a minimum of 100 to 300 non-overlapping nuclei
was counted. We counted only intact, non-overlapping nuclei
with clear counterstaining that were of a similar size and an intensity.
Nuclei with paired spots (split spots) were counted as having
one signal. The cut-off values for interphase analysis were
based on the data obtained from three cases of chronic gastritis.
Evaluation of t(11;18)(q21;q21)
At least 100 nuclei per slide were evaluated. Derivative signal
constellations with one signal pair and one separate red and green
signal per nucleus were counted. The cut-off level was determined
by examining three cases of chronic gastritis as negative controls.
RESULTS
Clinicopathologic features of the patients
Seven men and 6 women with a mean age of 55.0 years (range
49 to 72) were studied. On the basis of endoscopic findings,
MALT lymphomas were classified as superficial spreading type
in 10 patients, mass forming type in 2, and diffuse infiltrating
type in 1. All but one patient had H pylori infection. H pylori
was successfully eradicated in all patients with infection.
All patients had stage EI disease, with no high-grade
components. The depth of tumor invasion was intramucosal in
7 of the 13 patients. The other 6 patients had deep submucosal
invasion (Table 1).
Tumor response
Among the 13 patients, 7 showed gross tumor regression (No.
1, 2, 3, 4, 5, 6, and 7) at the first follow-up endoscopic examination.
In all patients with CR, the time for regression after antibiotic
therapy was within 8 mo (range, 1 to 8). The complete remission
rate was 53.8%. One patient had PR (No. 8). Three patients had
NR (No.9, 10 and 11). Patient 9 had spontaneous regression
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Figure 1 Results of tissue-FISH. A: Three signals of the chromosome 3 centromere detected in tumor nuclei by double-color FISH
on paraffin-embedded tissue sections (No.7); B: Arrows indicate API2/MALT1 fusion signals due to a t(11;18)(q21;q21) (No.10)
(arrows); C: A tumor cell with three red signals for chromosome 3 and two green signals for chromosome 18 (arrows).
Table 1 Clinicopathological data of 13 patients with gastric MALT lymphoma
Case Sex/Age(yr)
No.

Hp.

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

(+)
(+)
(+)
(+)
(+)
(+)
(+)
(-)
(+)
(+)
(+)
(+)
(+)

M/72
F/69
F/73
F/55
F/60
F/50
M/72
M/49
M/71
M/68
M/49
F/59
M/69

Endoscopic
findings ＃

Depth

SS
SS
SS
SS
SS
SS
SS
SS
SS
MF
DI
MF
SS

Response

m
m
m
m
m2
m2
m2
Sm
Sm
Sm
Sm
Sm 1
Sm 2

CR
CR
CR
CR
CR
CR
CR
PR
NR
NR
NR
PD
PD

Time for regression
(mo)

Second
therapy

Follow-up
(mo)

8
2
1
6
2.5
1
4
(-)
(-)
(-)
(-)
(-)
(-)

(-)
(-)
(-)
(-)
(-)
(-)
(-)
observation
observation
EMR
Ritsuximab→RT
Gastrectomy
CHOP

105
81
41
30
35
26
26
49
45
29
23
91
26

Abbreviations: SS, superficial spreading; MF, mass forming; DI, diffuse infiltrating; CHOP, cyclophosphamide, doxorubicin,
vincristine, prednisolone; EMR, endoscopic mucosal resection. 1Assessed by samples resected surgically; 2assessed by the endoscopic and gastrointestinal X ray examination.

and was observed without additional therapy. Patient 10 received
endoscopic mucosal resection as an additional therapy. However,
residual tumor was suspected on histological examination.
Patient 11 was given anti-CD20 antibody therapy (rituximab)
and radiation therapy.
Two of the 13 patients had PD (No. 12 and 13). Patient 12
received surgical resection and remained in remission for 36 mo.
Patient 13 showed no evidence of regression and was given
cyclophosphamide, doxorubicin, vincristine, and prednisolone
(CHOP) chemotherapy. However, systemic disease developed.
Table 2 Results of tissue-FISH
Chromosome aberration
Case No.
1
2
3
4
5
6
7
8
9
10
11
12
13

+3

+7

+12

+18

0
4
0
2
2.5
2
3
10
19
2.5
0
1
3

0
2
0
0
0
3
0
4
0
3
3
1
2

NA
2.5
0
0
0
0
24
0
1
2
3
2
1.8

0
14.2
4
0
3.5
2
49
4
1
2.5
0
3
3.2

NA: not available.

t(11;18)
NA
4
NA
0
2
0
4
1
19
17
38
24
22

Follow up
At a mean follow-up time of 43.5 mo (range 12-91 mo), all
patients with CR were alive and free of lymphoma. The mean
disease-free survival during the study period was 31.6 mo
(range 8.0-83.0 mo).
Tissue-FISH analysis
In control patients, cells with three signals were detected within
the range of 1.6% to 2.89%. The cut-off value for trisomy was
calculated from the mean±SD and estimated to be 4.06%. For t
(11;18)(q21;q21), the cut-off value was 3.7% for fusion between
11q21 and 18q21. Trisomy 3 was seen in 3 patients (20%) (No.
8, 9 and 12). Trisomy 7 was not found. Trisomy12 was present
in 1 patient (No.7) (6.1%), and trisomy18 was present in 2 patients
(No. 2 and 7) (20%). t(11;18) (q21;q21) was seen in 4 patients
(No. 9, 10, 11, 13). The data are shown in Table 2 and Figure 1.
Statistical analysis
The response rate was not affected by tumor grade, but was
affected by the depth of tumor invasion. The response of
intramucosal lymphomas differed significantly from that of deep
submucosal lymphomas (P<0.01). Trisomy 3 was associated
with the response to eradication therapy (P<0.01). Trisomy 3 or
t(11;18) was closely associated with the depth of tumor invasion
(P<0.01).
DISCUSSION
Our study showed that patients harboring trisomy 3 or t(11;18)
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(q21;q21) were resistant to H pylori eradication therapy. The
close relation of trisomy 3 to EUS findings suggests that trisomy
3 has some role in the development of MALT lymphoma, but this
remains to be confirmed. However, Dierlamm et al[22] showed
that the minimal overrepresented region involves 3q21-23 and
3q25-29 by comparative genomic hybridization. The BCL6
proto-oncogene, located on 3q27, which is rearranged in some
marginal zone B-cell lymphomas, is one of the candidate genes
residing in these critical regions. In patients 8 and 9 harboring
trisomy 3, repeated biopsy showed residual tumor cells despite
improvement in endoscopic findings after eradication therapy.
This finding suggests that most tumor cells in these patients
did not yet obtain a malignant nature and that these cells were
regressed after eradication therapy.
As for other types of aneuploidy, we detected trisomies 7,
12, and 18 in 0%, 6.1%, and 20% of our patients. Previous
studies have estimated that trisomy 7 can be detected in 3% to
15% of patients, trisomy 12 in 3% to 38%, and trisomy18 in 7%
to 36%[23-28]. The roles of trisomies 12 and 18 are not clear. Our
one patient harboring both trisomies 12 and 18 remained in CR
for 12 mo, and another patient who had trisomy 18 remained in
CR for 54 mo. These findings may indicate that trisomies 12 and
18 do not convey resistance to eradication therapy in gastric
MALT lymphoma. However, the small size of our study group
could not permit this conclusion to be drawn with confidence.
Tissue-FISH is a useful technique, but could underestimate
the actual chromosome copy number because of sliced nuclei[29,30].
To test the C index of tissue-FISH with 6 m thick sections, we
performed double color FISH, and found that double color FISH
yielded a high proportion of nuclei with four signals and
confirmed that trisomy was negative in 3 negative cases and 2
cases of gastritis. Double color FISH also found a similar
percentage of cells positive for trisomy to that derived by single
color FISH in one positive case. These results indicate that 6 m
thick sections provide an adequate sensitivity for the detection
of aneuploidy.
In conclusion, t(11;18)(q21;q21) and trisomy 3 closely relate
to the extent of tumor invasion, and trisomy 3 indicates a poor
prognosis in gastric MALT lymphoma. Further studies are
necessary to define the relation between tumor progression
and chromosomal abnormalities in this disease.
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Abstract
AIM: To investigate the clinicopathological factors underlying
the ethnic differences of Helicobacter pylori gastritis and
cancer.
METHODS: We analyzed clinicopathological parameters
of gastric biopsies having H pylori infection that were
randomly selected from different ethnic populations
including 147 Americans, 149 Japanese, and 181 Koreans.
RESULTS: Males were predominant in Japanese and
Korean populations (77.9 and 67.4% respectively) in
comparison with Americans (48.3%) (P<0.001). H pylori
gastritis in Koreans and Japanese was characterized by
the predominant antral involvement. In the antrum,
neutrophilic infiltration into the proliferative zone of pit, i.e.,
acute foveolitis, was more frequent in Koreans (82%) than
in Japanese (71%) (P<0.05) and Americans (61%) (P<0.001).
Interstitial neutrophilic infiltration, intestinal metaplasia and
atrophy were also frequent in Koreans and Japanese. In
the body, the prevalence of acute foveolitis was not
significantly different among the populations while chronic
interstitial inflammation and lymphoid follicles were more
pronounced in the body of Americans than in the body of
others (P<0.01).
CONCLUSION: The male-, and antrum-predominant H pylori
gastritis in Koreans and Japanese is compatible with the
pattern of sex and topographical distribution of gastric
cancer incidence. Our data suggest that persistent acute
foveolitis at the proliferative zone is a crucial step in the
gastric carcinogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infection is worldwide. The
prevalence of H pylori infection increases with age, but is quite
different among the populations[1-4]. In USA, the prevalence is
less than 20% at 20 years of age, then increases to approximately
50% at 50 years of age[2]. In Japan, it is also less than 20% under
20 years, but increases rapidly to the plateau of 80% over the age
of 40[3]. In Korea, the prevalence rate is the highest; it has already
reached 50% at 5 years of age, and 90% in asymptomatic adults
over the age of 20[4].
The prevalence of H pylori gastritis tends to correlate with
the incidence of gastric cancer[5,6]. According to the International
Agency for Research on Cancer, the incidence rate of gastric
carcinoma in the United States of America was the lowest in the
cited countries in 1993[7]. On the other hand, Korea and Japan
are among the countries having the highest gastric cancer rates
in the world[8,9].
The epidemiological data suggest that H pylori gastritis is
associated with gastric carcinogenesis[5,6]. However, the
considerable ethnic difference in the incidence of gastric cancer
may not be explained by the difference in the infection rate
alone[10]. Unknown factors of host, organism, and environment
may be involved in the pathogenesis. These factors may be
independent of the development and progression of gastritis
or may have an influence on the intensity and/or the ‘quality’
of gastritis. Factors of the latter category may be found by
comparative analysis of H pylori gastritis among the populations
with a different gastric cancer incidence. They may provide an insight
into the carcinogenetic pathway and premalignant conditions
of gastric cancer, which have been eagerly sought for[11].
The pathobiology of H pylori gastritis is peculiar in many
aspects. H pylori gastritis is characterized by severe, acute
and chronic inflammation, which would last for decades if not
treated properly[12]. Such a persistent inflammation, especially
the acute inflammation (neutrophilic infiltration), is exceptional
in other organs or biological systems. Persistent neutrophilic
infiltration would have serious biological implications.
Activated neutrophils generate reactive oxygen and nitrogen
species, which are mutagenic and carcinogenic[13,14]. The
persistent neutrophilic infiltration in chronic H pylori gastritis
has been regarded to denote the ‘activity’ of gastritis[12].
The neutrophilic infiltration involves epithelium as well as
lamina propria[15-17]. Characteristically, epithelial neutrophilic
infiltration, i.e., acute foveolitis, specifically localizes to the
proliferative zone of the mucosa [17-19], in which the gastric
epithelium proliferates exclusively[20]. Acute foveolitis is
present throughout the longstanding course of H pylori
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gastritis[17]. The targeted neutrophilic infiltration would induce
extensive genomic damage among the proliferating cells, which
may exhibit “the malgun(clear) cell change” that is characterized
by clear, enlarged nuclei and cytoplasm[18,19].
In this study, we analyzed various pathologic parameters
of H pylori gastritis of the subjects from USA, Japan and Korea.
Pathological parameters regarding the inflammatory
components and associated mucosal changes were defined
and graded under objective criteria. Our results show that
H pylori gastritis in Koreans and Japanese is characterized by
male-, antrum-dominant acute gastritis whereas Americans have
pangastritis involving the body and antrum together. The
pathobiological implications in relation to gastric carcinogenesis
were discussed.

MATERIALS AND METHODS
Patients and tissue samples
Gastric biopsies having H pylori infection were selected
randomly from the surgical pathology files of Rush-Presbyterian
St. Luke’s Medical Center, Chicago, Illinois, USA, Nagahama
City Hospital, Shiga, Japan, and Asan Medical Center, Seoul,
Korea. The selected populations included 147 Americans
(71 men and 76 women, age 57.4±17.9 years), 149 Japanese
(116 men and 33 women, age 48.5±13.5 years) and 181 Koreans
(122 men and 59 women, age 50.9±14.9 years). All cases were
confirmed to have H pylori-like organisms histopathologically.
Cases having ulcer or cancer were excluded. The American
population was composed of individuals from various ethnic
backgrounds including Caucacians and Latin Americans. They
resided in large cities, and underwent gastroscopic examination
for either mild epigastric symptoms or routine screening. This
study was approved by the Institutional Ethical Committees.
Pathological parameters
Biopsies were reviewed according to the Sydney system [12]
with additional definitions in detail[17]. Following pathological
parameters were analyzed and graded independently: H pylori
infection, acute foveolitis (epithelial neutrophilic infiltration),
interstitial neutrophilic infiltration, chronic interstitial
inflammation (mononuclear inflammatory cell infiltration in
lamina propria), atrophy, intestinal metaplasia, and lymphoid
follicle formation. Each parameter was analyzed independently
in the antrum and body. The density of H pylori was scored
from grades 1 to 3 according to the Sydney system[12]. In most
biopsies, H & E staining was enough to evaluate the H pylori
infection. Giemsa and/or Warthin-Starry staining were done
when confirmation was necessary.
Acute foveolitis was defined rather strictly to exclude
nonspecific infiltration. It was counted to be positive when
any of the following 3 criteria was fulfilled: an aggregate of
more than 5 neutrophils within the epithelium (patchy
infiltration), more than 10 neutrophils infiltrating a pit or gland
circumferentially (diffuse infiltration) and/or an inflammatory
exudate with more than 5 neutrophils in the lumen (pit abscess).
The interstitial neutrophilic and/or lymphoid infiltration,
mucosal atrophy, and intestinal metaplasia were scored as
follows: 0, no evidence of the lesion; 1, mild; 2, moderate to
severe. The presence of lymphoid follicle was scored as 1.
Immunohistochemistry
Immunohistochemical staining for Ki-67 was done to delineate
the histological zones of the mucosa. Paraffin sections, 3 mthick, were applied to microwave antigen retrieval in 0.01 mol/L
sodium citrate buffer, pH 6.0. Rabbit anti-Ki67 antiserum (A0047)
was purchased from Dako (Carpinteria, CA). Avidin-biotinylated
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horseradish peroxidase complex was developed by immersing
slides in diaminobenzidine as chromogen and counterstained
with hematoxylin.

Statistical analysis
Statistical analysis was done using 2 test and Fisher’s exact test.
RESULTS
Populations
Biopsies were selected randomly from those having histopathologically proven H pylori infection. The mean ages of the
populations were not significantly different. However, the
gender distribution was significantly different. Male subjects
consisted of 47.4% of the American population, while 77.9 and
67.4% were males in the Japanese and Koreans respectively
(P <0.001).
H pylori
All biopsies contained H pylori-like organisms at the mucosal
surface. The density of organisms was graded as described. In
Americans, grades 1, 2, and 3 were 30.6%, 18.4%, and 51.0%
respectively. In Japanese, grades 1, 2, and 3 were 20.8%, 37.5%,
and 41.7% respectively. In Koreans, grades 1, 2, and 3 were
35.6%, 25.5%, and 38.9% respectively. Although grade 3
appeared to be frequent in Americans, no statistical difference
was noted among the populations.
Acute foveolitis (epithelial neutrophilic infiltration)
Acute foveolitis was frequently present at the proliferative zone
of the gastric pit in all populations (Figure 1). As shown
previously[17-19], Ki-67 expressing epithelial cells located only
in the proliferative zone (data not shown). In the surface
epithelium and deep glandular zone, neutrophilic infiltration
was rare and did not fit the criteria described in the Materials
and Methods.
S

P

D

Figure 1 Acute foveolitis. Note intense infiltration targeted to
the proliferative zone of gastric pits (arrows). S: surface
epithelium; P: proliferative zone; D: Deep glandular zone
(H & E, ×150).
The prevalence of acute foveolitis varied considerably
among the populations (Figure 2). In the antrum, the prevalence
of acute foveolitis was 82.5% in Koreans followed by Japanese
(71.4%) and Americans (61%) (P<0.01). In the body, acute
foveolitis was present in 64.3% of Americans followed by
Koreans (57.9%) and Japanese (54.2%). However, the difference
was not statistically significant.
The prevalence of acute foveolitis varied depending on the
topographical location in a population (Figure 2). In Koreans,
acute foveolitis was more frequent in the antrum (82.5%) than
in the body (57.9%) (P<0.01). The Japanese also had antrumpredominant acute foveolitis (71.4% versus 54.2%) (P<0.01).
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In Americans, however, no statistical difference was noted
between the antrum and body.
(%) 100

Antrum

80

Body

60
40
20
0
USA

Japan

Korea

Figure 2 The prevalence of acute foveolitis in the populations.
Antral acute foveolitis was most frequent in Koreans followed
by Japanese and Americans (P<0.01). However, no difference
was noted in the body. Topographically, Japanese and Koreans had antrum-predominant acute foveolitis (P<0.01), while
no significant difference was noted between antrum and body
in Americans (2 test).

Interstitial neutrophilic infiltration
Neutrophils scattered frequently not only in the epithelium but
also in the lamina propria. In the lamina propria, neutrophils
were frequently concentrated in the vicinity of acute foveolitis,
suggesting that they were in the process of migrating to the
epithelium (Data not shown). The prevalence of interstitial
neutrophilic infiltration tended to correlate with that of acute
foveolitis in all populations (Figure 3). In the antrum, the
interstitial neutrophilis infiltration was present in 92.7% of
Koreans, followed by Americans (84.2%) and the Japanese
(73.3%) (P<0.01). High-grade infiltration (grade 2) was more
frequent in Koreans (56.9%) than in Japanese (43.8%) and
Americans (37.7%), respectively (P<0.01). In the body,
however, the interstitial neutrophilic infiltration was more
frequent in Americans (78.6%) and Koreans (77.6%) than in
Japanese (58.5%) (P<0.01).
(%) 100

80
60
40
20
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Korea
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Grade 1

60
40
20
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Korea

Figure 4 Chronic interstitial inflammation. In the body, the
prevalence of high-grade infiltration was higher in Americans than in Koreans and Japanese (P<0.01). In the antrum, no
significant difference was present. Grade 1: mild degree; grade
2: moderate to severe degree infiltration.
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Interstitial chronic inflammation
Inflammatory mononuclear infiltration was consistently
observed in all biopsies. Lymphocytes were mostly in the lamina
propria while intraepithelial infiltration was rare. Plasma cells
were only in the lamina propria. Chronic inflammation did not
appear to be associated with acute foveolitis. In the body, the
intensity of chronic inflammation was significantly higher in
Americans than in other populations (P<0.01). The high-grade
infiltration was present in 72.6% of Americans, followed by
Koreans (55.1%) and Japanese (44.9%) (Figure 4). In the antrum,
the high-grade infiltration was 81.6%, 86.1% and 78.1% in
Americans, Koreans, and Japanese, respectively. However, the
difference was not statistically significant.
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Figure 3 Interstitial neutrophilic infiltration. In the antrum,
the overall prevalence was higher in Koreans, followed by
Americans and Japanese (P<0.01). High-grade infiltration was
in the order of Koreans, Japanese, and Americans (P<0.01). In
the body, it was higher in Americans and Koreans than in
Japanese (P<0.01). Grade 0: no infiltration; grade 1: mild
degree; grade 2: moderate to severe degree infiltration.

Japan

Korea

Figure 5 Intestinal metaplasia. In the antrum, the prevalence
of intestinal metaplasia was higher in Japanese and Koreans
than in Americans (P<0.01). In the body, no significant difference was present. Grade 0: no infiltration; grade 1: mild degree;
grade 2: moderate to severe degree infiltration.
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Intestinal metaplasia and atrophy
The prevalence of intestinal metaplasia varied among the
populations (Figure 5). In the antrum, it was significantly lower
in Americans (15.0%) than in Japanese (35.2%) and Koreans
(35.1%) (P<0.01). In the body, it was present in 16.9% of
Japanese, followed by Koreans (10.3%) and Americans (8.3%).
However, the difference was not statistically significant.
The prevalence of mucosal atrophy varied depending on
the topographical location (Figure 6). In the antrum, it was the
most frequent in Koreans (38.7%), followed by Japanese
(26.7%) and Americans (18.5%) (P<0.01). The intensity was
also in the same order. In the body, they were 18.7%, 14.5%,
and 8.3% in Koreans, Japanese, and Americans, respectively.
However, no statistical difference was present.
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Figure 6 Atrophy. In the antrum, the overall prevalence and
intensity of atrophy was higher in Koreans than in Japanese
and Americans (P<0.01). In the body, no significant difference
was present. Grade 0: no infiltration; grade 1: mild degree;
grade 2: moderate to severe degree infiltration.
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Figure 7 Lymphoid follicle in the antrum and the body. In the
body, the prevalence of lymphoid follicle was significantly
higher in Americans than in other populations (P<0.001). No
significant difference was present in the antrum.

Lymphoid follicle
Lymphoid follicles were common in all populations (Figure 7).
In the body, the follicle formation was most frequent in
Americans (47.6%), followed by Koreans (24.3%) and Japanese
(21.2%) (P<0.001). In the antram, it was 50.0%, 46.0%, and
33.3% in Americans, Koreans, and Japanese, respectively.
The difference was not statistically significant in the antrum.
DISCUSSION
Clinicopathological features of H pylori gastritis vary considerably
among the populations. In the Korean and Japanese populations,

97

males are about twice as many as females. The reason for malepreponderance of H pylori gastritis in those countries is not
clear. It might reflect that males tend to be exposed to more
outside activities including eating. However, unidentified
factors in the host or genetic variations of organisms may be
involved in the sex preference in H pylori gastritis in different
populations[21,22]. Whatever the underlying mechanism, the
male-dominant gender ratio of H pylori gastritis in Koreans
and Japanese correlates with gastric cancer incidence[5-8].
There are a few reports describing geographical difference of
H pylori gastritis. In a comparative study between Chinese
and Dutch populations, Chen et al [23] reported that atrophy
and intestinal metaplasia were more severe and occurred
earlier in Chinese subjects with H pylori gastritis. El-Zimaity
et al[24] also reported that, among the duodenal ulcer patients,
intestinal metaplasia was more frequent in Korean subjects
than in other ethnic groups. The reports have focused on the
intestinal metaplasia, the biological significance of which is
controversial[25]. Recently, Kimura et al[31] reported that the
pathological nature of gastritis among Japanese and Swedish
ulcer patients was essentially identical.
Our data shows that acute foveolitis, interstitial neutrophilic
infiltration, intestinal metaplasia, and atrophy are the
pathological parameters that are significantly higher in Koreans
and Japanese than in Americans. The differences are present in
the antrum but not in the body. In comparison with Koreans
and Japanese, the body gastritis appears to be more intense in
Americans, including acute and chronic interstitial inflammation,
and lymphoid follicles. Thus, it can be concluded that Korean
and Japanese populations have antrum-predominant gastritis
whereas Americans tend to have pangastritis involving the
body and antrum together. Such a topography of gastritis was
reported previously in a Caucasian population[23]. However, it
is not consistent with the hypothesis that gastric cancer is
associated with multifocal atrophic gastritis involving both the
antrum and body[24,25] and consequent decrease in the acidsecreting capacity[26]. The antral-predominance of H pylori
gastritis in Koreans and Japanese is compatible with the
preferred site of gastric cancer incidence[9].
Our results suggest that neutrophilic infiltration is of primary
importance in the pathobiology of H pylori gastritis and
gastric carcinogenesis. It is consistent with a previous report
that gastritis of South Americans was more severe and of
neutrophilic infiltration predominantly in comparison with North
Americans[27]. However, the number of cases was limited, and
the pathological nature of acute inflammation was not
characterized in the study.
As described previously, acute foveolitis and interstitial
neutrophilic infiltration strongly correlate with each other[17,18].
Neutrophils in the lamina propria are frequently concentrated
in the vicinity of acute foveolitis, suggesting that they are in
the movement targeting the epithelium. Thus, acute foveolitis
appears to reflect a specific neutrophilic chemotaxis to the
epithelium that has a fundamental significance in the
pathobiology of H pylori gastritis[17-19].
H pylori-induced acute foveolitis could cause targeted
destruction of each gastric pit, which would eventually induce
atrophic gastritis together as shown in our data. Then, epithelial
cells would enhance the proliferative activity to regenerate the
damaged mucosa. Ironically, proliferating cells are particularly
vulnerable to the mutagenic pressure[28-32], which is brought in
by the activated neutrophils. The reactive oxygen and nitrogen
species that are produced abundantly by the neutrophils
would induce extensive DNA damage in the proliferating cells
nearby[17-19]. The genomic damage may be demonstrated in the
malgun(clear) cell change, which has been proposed as a fertile
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soil for gastric carcinogenesis[18,19].
In conclusion, our data strongly suggests that acute foveolitis
is a pathological factor of fundamental significance and a
crucial step in H pylori-induced gastritis and carcinogenesis.
It needs to be elucidated why acute foveolitis specifically
localizes to the proliferative zone. The control of acute foveolitis
might be much more practical and easier than the eradication of
H pylori infection. Further clinicopathological and genomic
studies would be required regarding the pathobiology of ethnic
differences of H pylori gastritis.
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Abstract
AIM: To determine the concentration of - and -defensins
in gastric juice of patients with various gastroduodenal
diseases.
METHODS: Concentrations of human neutrophil peptides
(HNPs) 1-3, the major forms of -defensins, and human
-defensin (HBD)-1 and HBD-2 were measured by
radioimmunoassay in plasma and gastric juice of 84 subjects,
consisting of 54 Helicobacter pylori-infected and 30 uninfected
subjects. They included 33 patients with chronic gastritis (CG),
12 with gastric ulcer (GU), 11 with duodenal ulcer (DU), 11
with benign gastric polyp (BGP) and 16 with normal mucosa
(N group) on upper endoscopy. Plasma pepsinogen I and II
levels, biomarkers for gastric mucosal inflammation and
atrophy, were also measured.
RESULTS: Gastric juice HNPs 1-3 levels in patients with
CG, GU and BGP were significantly higher than those in patients
with DU and N. Gastric juice HBD-2 concentrations in patients
with CG and GU were significantly higher than those in the
N group, but were significantly lower in DU patients than in
GU patients. Gastric juice HBD-1 levels and plasma levels
of these peptides were similar in the patient groups.
Concentrations of gastric juice HNPs 1-3 and HBD-2 of in
H pylori-infected patients were significantly different from
those in uninfected subjects. HNPs 1-3 concentrations in
gastric juice correlated negatively with plasma pepsinogen
I levels and I/II ratios. HBD-2 levels in gastric juice correlated
positively and negatively with plasma pepsinogen II
concentrations and I/II ratios, respectively.
CONCLUSION: HNPs 1-3 and HBD-2 levels in gastric juice
are diverse among various gastrointestinal diseases, reflecting
the inflammatory and atrophic events of the background
gastric mucosa affected by H pylori.
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INTRODUCTION
Recently, endogenous antimicrobial peptides have been identified
as key elements of innate host defence against infection [1-5].
Defensin, a single chain cationic peptide with a molecular weight
ranging from 3 000 to 4 500, is one of the most extensively
studied classes of such naturally occurring antibiotics[1-3]. It
exhibits a wide variety of microbicidal activities against Grampositive and -negative bacteria, mycobacteria, fungi and certain
enveloped viruses[1-3]. Human defensins is divided into - and
-defensins, based on the arrangements of three intramolecular
disulphide bridges[1-3]. Among six members of human -defensin
identified so far, human neutrophil peptides 1-4 (HNP-1, HNP-2,
HNP-3 and HNP-4) are localized in azurophilic granules of
neutrophils. HNPs 1-3 are very similar and different only in a
single N-terminal amino acid, whereas HNP-4 shares only 32%
amino acid sequences homologous to HNPs 1-3[1-3]. Human
defensin-5 (HD-5) and HD-6, are present in intestinal Paneth’s
cells[1,2]. On the other hand, the four human -defensins
including human -defensin (HBD)-1 and HBD-2 are primarily
produced by epithelia at mucosal sites[1-3]. In fact, in vivo studies
have shown elevated concentrations of these defensins in
blood and body fluids from patients infected with various
microorganisms[1-3].
Helicobacter pylori (H pylori) is the major cause of chronic
gastritis and peptic ulcer disease. Long-persisting infection
leads to atrophic gastritis, which increases the risk of gastric
cancer [6-10]. Gastric hyperplastic polyp is also known to be
associated with this organism[11]. Several studies showed the
constitutive expression of HBD-1 and induced expression of
HBD-2 upon H pylori infection both in vitro and in vivo[12-16].
In addition, a significant difference was found in gastric mucosal
expression of HD-6 with respect to H pylori status[16]. This
data emphasizes the significance of defensins in bacterial
infection. However, there is no information on the secretion of
defensins into the gastric lumen and their concentrations in
gastric juice either in H pylori-related or unrelated conditions.
We have developed a sensitive, specific radioimmunoassay
(RIA) for HNPs 1-3 and HBDs 1-2, major forms of - and defensins respectively[17,18]. Employing this assay system, we
measured their gastric juice concentrations in patients with
various gastroduodenal disorders, with special reference to
H pylori infection. In addition, we assessed the relationship
between the concentrations of - and -defensins and
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circulating levels of pepsinogen I, pepsinogen II, and gastrin,
which were evaluated as biomarkers for precancerous lesions,
especially chronic atrophic gastritis and peptic ulcer[19,20].

MATERIALS AND METHODS
Patients and sampling
A total of 84 patients referred for diagnostic upper gastrointestinal
endoscopy between September 2002 and August 2003 were
enrolled in the present study. The following exclusion criteria
were applied for enrolment in the study, including the use of
non-steroidal anti-inflammatory drugs, proton pump inhibitors,
histamine H2-receptor antagonists or antibiotics within 4 wk
prior to the present study, and history of severe concomitant
diseases, upper gastrointestinal surgery or gastric cancer. On
the day of endoscopy, blood samples were withdrawn, transferred
into tubes containing ethylenediaminotetraacetic acid (EDTA)2Na and aprotinin, centrifuged. Plasma was separated and
stored at -80 ℃ until assay.
At the beginning of endoscopy (XQ 200; Olympus Optical
Co., Tokyo, Japan), a sample of gastric juice was aspirated into
a collection tube containing EDTA-2Na and aprotinin using an
aspiration instrument (PW-6P-1, Olympus) under endoscopic
guidance. Gastric juice samples were immediately neutralized to
pH 7.0 with 1N NaOH and frozen at -80 ℃ until measurement[21].
Each biopsy specimen was endoscopically obtained from both
the antrum within 2 cm of the pyloric ring and the middle portion of
the corpus along the greater curvature, and used for rapid urease
test (Helicocheck, Otsuka Pharmaceutical Co., Tokushima, Japan).
Circulating anti-H pylori antibody and gastrin and pepsinogen
concentrations
Plasma anti-H pylori immunoglobulin (Ig) G antibody was
assessed using an enzyme linked immunosorbent assay kit (HEL-p
TEST, AMRAD Co., Melbourne, Victoria, Australia). The cutoff value was determined according to the protocol provided
by the manufacturer. Plasma gastrin and pepsinogen concentrations
were determined by radioimmunoassay with commercial kits
(Double Antibody Gastrin kit, DPC, Los Angeles, CA, and
PEPSINOGEN I/II-RIABEAD kit, Dainabot, Tokyo, respectively).
Measurement of HNPs 1-3 and HBD-1 and -2 levels in plasma
and gastric juice
Concentrations of - and -defensins in plasma and gastric
juice were measured by RIA established in our laboratory[17,18].
Briefly, full-length HNP-1, HBD-1 and HBD-2 were synthesized
using a peptide synthesizer (model 430, Applied Biosystems,
Foster City, CA) and purified by reverse phase high performance
liquid chromatography (RP-HPLC). The synthetic peptides were
used for immunizing New Zealand white rabbits by multiple
intracutaneous and subcutaneous injections. They were
radioiodinated and the 125I-labeled peptides were purified by RPHPLC on a TSK ODS 120A column (Tosoh Co., Tokyo). A diluted
sample or standard peptide solution (100 L) was incubated for
24 h with each 100 L antiserum diluent. The final dilutions were
1:21 000, 1:460 000 and 1:4 200 000 for HNP-1, HBD-1 and HBD2 respectively. The 125I-labeled solution (16 000 cpm in 100 L)
was added and the mixture was incubated again for another 24 h.
Normal rabbit serum and anti-rabbit IgG goat serum were then
added and stored for 16 h. Bound and free ligands were separated
by centrifugation. All procedures were performed at 4 ℃ and
duplicate assays were carried out. Each 10 L of plasma and
gastric juice was used to determine the levels of defensins. The
antiserum for HNP-1 recognized HNP-2 and HNP-3 equally on a
molar basis, and thus the RIA data was expressed as the sum of
HNPs 1-3[18]. The intra-assay and inter-assay coefficients of
variation were <10% in all RIA analyses[17,18].
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Statistical analysis and ethical considerations
Statistical analyses were performed using Fisher’s exact, 2,
Student’s t, Mann-Whitney U, Kruskal-Wallis, Spearman rank
and Wilcoxon signed rank tests, as appropriate. A P value less
than 0.05 was accepted as statistically significant. Data were
expressed as mean±SD.
All examinations were conducted according to the Good
Clinical Practice and the Declaration of Helsinki, and approved
by the University Ethics Committee. All samples were obtained
with written informed consent of the patients prior to their
inclusion in the study. All experiments involving animals were
approved by the Ethics Review Committees for Animal
Experimentation of the participating universities.
RESULTS
Patient demographics
The study population consisted of 33 patients with chronic
gastritis (CG), 12 with gastric ulcer (GU), 11 with duodenal ulcer
(DU), 11 with benign gastric polyp (BGP) and 16 with normal
mucosa of the upper gastrointestinal tract at endoscopy (N group).
They included 40 men and 44 women, with a mean age of 54 years
(range 28-80 years). There were no significant differences among
the groups in background data on age, sex, body mass index,
current tobacco use and alcohol intake.
Concentrations of defensins in gastric juice and plasma in
various gastroduodenal diseases
The HNPs 1-3 levels in gastric juice significantly differed among
patients with diverse gastroduodenal diseases (Figure 1A).
Compared to the N group, patients with CG, GU and BGP had
significantly higher HNPs 1-3 concentrations in gastric juice (P<0.05,
each). The gastric juice HNPs 1-3 levels in DU patients were
significantly lower than those in CG (P<0.01), GU and BGP (P<0.05,
each) patients. There were no significant differences in plasma
HNPs 1-3 concentrations among the disease groups (Table 1).
Gastric HBD-2 concentrations juice in CG and GU patients
were significantly higher than those in the N group (Figure 1B,
P<0.05, each). There was a significant difference in gastric juice
HBD-2 levels between GU and DU patients (P<0.05). Plasma
HBD-2 levels did not differ among the groups (Table 1).
With respect to HBD-1, there were no significant differences
among the groups both in gastric juice (Figure 1C) and in plasma
concentrations (Table 1).
Table 1 Plasma human neutrophil peptides 1-3, -defensin-2
and -defensin-1 levels in patients with various gastroduodenal diseases (mean±SD)
Human neutrophil -defensin 2
peptides 1-3
(pg/mL)
(ng/mL)
Chronic gastritis
Gastric ulcer
Duodenal ulcer
Benign gastric polyp
Normal mucosa

520.8±40.0
512.1±75.3
560.4±121.9
606.4±99.5
552.7±69.5

250.4±84.1
225.3±32.6
269.8±46.5
206.2±70.0
196.3±55.4

-defensin-1
(ng/mL)
8.68±1.08
8.81±1.26
8.37±1.14
7.81±1.32
7.08±1.88

H pylori status and concentrations of defensins in gastric juice
and plasma
Of the 33 patients with CG, 27 (82%) had H pylori infection. Patients
with GU and DU were all infected with the organism.
Histopathologically, the BGP group consisted of 5 patients with
hyperplastic polyps and 6 fundic gland polyps, the positive rate of
the infection was 80% (4/5) and 0% (0/6) respectively. All N group
subjects were negative for the infection. The overall prevalence
of H pylori infection in the study population was 64% (54/84).
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Gastric juice HNPs 1-3 and HBD-2 levels in H pylori-infected
CG and BGP patients tended to be higher than those in uninfected
ones, but the differences were statistically insignificant
(Figures 2A, B). The overall gastric juice HNPs 1-3 and HBD-2
concentrations in H pylori-infected patients were significantly
higher than those in uninfected ones (Figures 2A, B; P<0.01
and P<0.05 respectively).
There was no significant difference in HBD-1 levels in gastric
juice of patients with gastroduodenal infections (Figure 2C).
H pylori status had no significant impact on plasma concentrations
of defensins (Table 2).
Table 2 Plasma human neutrophil peptides 1-3, -defensin-2
and -defensin-1 levels and H pylori status (mean±SD)
H pylori-infected
Human neutrophil peptides
1-3 (ng/mL)
-defensin 2 (pg/mL)
-defensin 1 (ng/mL)

H pylori-uninfected

544.2±36.4

518.3±53.1

286.5±55.8
7.66±0.94

238.5±53.4
8.13±0.71

B

g/mL
5

a,c
a,c

4

Table 3 Plasma pepsinogen I and II levels, pepsinogen I/II
ratio and gastrin concentrations in patients with various gastroduodenal diseases (mean±SD)

Chronic gastritis
Gastric ulcer
Duodenal ulcer
Benign gastric
polyp
Normal mucosa

19.5±9.8
31.4±12.5
18.1±8.9
17.3±16.9

3.3±1.9
2.4±1.3
4.5±0.8
4.0±2.8

84.9±41.3
69.3±35.9
69.2±34.6
57.1±30.4

46.7±26.2

9.2±5.4

5.2±1.5

48.5±22.1

C
a,c

200
a

150
2

100

1

50
0

0

CG

GU

DU

BGP

N

CG

a: significantly higher compared to N (P<0.05)
b,c: significantly higher compared to DU (bP <0.01, cP<0.05)

GU

DU

BGP

Pepsinogen Pepsinogen Gastrin
II (ng/mL)
I/II ratio (pg/mL)

52.0±26.5
67.1±31.2
76.7±20.2
49.0±29.1

pg/mL
300
250

a,b

3

of the control N group (P<0.005 for CG and N, and P<0.05 for
BGP). Plasma pepsinogen II concentrations in patients with
GU were significantly higher than those in patients with CG, DU,
and BGP, and subjects of the N group (P<0.005, P<0.01, P<0.05
and P<0.0001 respectively). Plasma pepsinogen II levels were
significantly higher in patients with CG than in subjects of the
N group (P<0.0001). The pepsinogen I/II ratios in patients with
GU and CG were also significantly lower than those in patients
with DU and subjects of the N group (GU, P<0.0005 and P<0.0001,
respectively, and CG, P<0.05 and P<0.0005, respectively).
Plasma gastrin concentrations in patients with CG, GU and DU
were significantly higher than those in subjects of the N group
(P<0.01 for CG and P<0.05 for GU and DU).

Pepsinogen
I (ng/mL)

Plasma gastrin and pepsinogen levels in patients with various
gastroduodenal diseases (Table 3)
Plasma pepsinogen I concentrations were significantly higher
in patients with DU than in those with CG and BGP, and subjects
A

101

pg/mL
800
700
600
500
400
300
200
100
0
CG

N

GU

DU

BGP

N

a: significantly higher compared to N (P<0.05)
c: significantly higher compared to DU (P<0.05)

Figure 1 Concentrations of human neutrophil peptides 1-3 (A), human -defensin 2 (B), and human -defensin 1 (C) in gastric
juice of patients with diverse gastroduodenal diseases. CG: chronic gastritis; GU: gastric ulcer; DU: duodenal ulcer; BGP: benign
gastric polyp; N: normal mucosa in upper gastrointestinal tract.

A

B

g/mL
7
6

pg/mL

C

H pylori-negative

300

H pylori-negative

H pylori-positive

250

H pylori-positive

5

200
P<0.01

4

0

0
CG

GU

DU BGP N

Total

H pylori-positive

1 000
600

100
50

H pylori-negative

1 200
800

150

1

1 400

P<0.05

3
2

pg/mL

400
200
0
CG

GU

DU BGP N

Total

CG

GU

DU BGP

N

Total

Figure 2 Concentrations of human neutrophil peptides 1-3 (A), human -defensin 2 (B) and human -defensin 1 (C) in gastric juice
of Helicobacter pylori-infected and uninfected subjects.
Table 4 Plasma pepsinogen I and II levels, pepsinogen I/II ratio and gastrin concentrations with respect to H pylori status
Pepsinogen I (ng/mL)

Pepsinogen II (ng/mL)

Pepsinogen I/II ratio

Gastrin (pg/mL)

H pylori-infected

62.9±25.6

23.5±11.4

3.1±2.5

76.1±39.7

H pylori-uninfected

42.5±23.2

8.6±4.9

5.2±3.4

56.2±27.7
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H pylori status significantly influenced plasma pepsinogen
II concentrations (21.9±8.7 ng/mL and 8.6±7.0 in H pylori-infected
and uninfected patients respectively, P<0.005) and I/II ratio
(2.8±2.5 and 5.3±4.7 in H pylori-infected and uninfected patients
respectively, P<0.005) in CG patients. For the whole group,
there were significant differences in plasma pepsinogen I and II
concentrations, I/II ratios and circulating gastrin levels with respect
to H pylori infection (Table 4, P<0.001, P<0.0001, P<0.0001 and
P<0.05, respectively).

Correlation between defensin levels and plasma gastrin and
pepsinogen concentrations
Concentrations of HNPs 1-3 in gastric juice correlated negatively
and significantly with plasma pepsinogen I concentrations and
I/II ratio (Table 5, P<0.005 and P<0.01) respectively. Concentrations
of HBD-2 in gastric juice correlated positively with plasma
pepsinogen II concentrations and negatively with I/II ratio
(Table 5, P<0.05, each). There were no significant correlations
between each level of defensins in gastric juice and plasma
gastrin concentrations. Concentrations of HBD-1 in gastric juice
and those of antimicrobial peptides in plasma did not correlate
with plasma levels of any of the above biomarkers.
Table 5 Correlation coefficients between each parameter
Pepsinogen Pepsinogen Pepsinogen Gastrin
I
II
I/II
Human neutrophil

-0.492

0.043

-0.418

-0.265

peptides 1-3
-defensin 2

0.073

0.297

-0.321

0.087

-defensin 1

-0.114

0.023

-0.175

0.140

DISCUSSION
Our sensitive RIA system allows the determination of - and
-defensin concentrations in gastric juice, as well as in other
body fluids and blood[17,18,22,23]. Thus, in the present study, we
demonstrated that the concentrations of HNPs 1-3 and HBD-2
in gastric juice were significantly different in patients with
various gastroduodenal diseases. Gastric juice HNPs 1-3
concentrations in patients with BGP, GU and CG were
significantly higher than those in subjects of the N group,
suggesting a pathophysiological role of HNPs in these diseases.
The same might be true for the association of HBD-2 with GU
and CG, as its levels in gastric juice of patients with the two
diseases were significantly elevated compared to those of N
subjects. DU patients had rather low concentrations of HNPs
1-3 and HBD-2 in gastric juice, which were equivalent to each
level of subjects with the endoscopically normal mucosa. On
the other hand, there were no significant differences in plasma
concentrations of defensins assessed among diverse
conditions. These results suggest that measurement of HNPs
1-3 and HBD-2 concentrations in gastric juice, but not in plasma,
can be suggestive of the presence of gastroduodenal lesions
or allows distinguishing patients with gastric ulcers from those
with duodenal ulcers.
Recent studies have shown the inducible expression of
HBD-2 messenger ribonucleic acid (mRNA) in response to H pylori
infection in cultured gastric epithelial cells[12-14]. In clinical setting
of gastritis, mRNA and peptide expression of HBD-2 and HD-6
is evidently increased in gastric mucosa infected with the
organism[15,16]. There are several in vitro observations of the
secretion of HBD-2 peptide upon H pylori infection [14,24]. In
keeping with these data, we noted significantly higher gastric
juice HNPs 1-3 and HBD-2 concentrations in H pylori-infected
subjects compared to each level of uninfected subjects. Since
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the infection is closely associated with chronic gastritis, gastric
ulcer and hyperplastic polyp[6-8,25], as confirmed in the present
study, the elevated levels of HNPs 1-3 and HBD-2 in such diseases
might be in part attributable to the augmented production/
release caused by H pylori infection. However, this mechanism
cannot solely explain their reduced levels in DU patients,
infected with the organism.
We found that concentrations of HNPs 1-3 and HBD-2 in
gastric juice correlated with plasma pepsinogens. HNPs 1-3
levels correlated negatively and significantly with plasma
pepsinogen I level and I/II ratio, whereas HBD-2 levels correlated
positively with pepsinogen II and negatively with I/II ratio
respectively. In line with these results, we observed significantly
high pepsinogen II levels and low I/II ratios in GU and CG
patients. In BGP patients, a trend similar to CG was noted for
pepsinogens. In contrast, pepsinogen I levels were rather high
in DU patients, linking to the low values of HNPs 1-3 in this
condition. In many clinico-epidemiological studies, the diagnostic
potential of circulating profiles of pepsinogens in predicting
the topography and severity of gastric mucosal inflammation
and atrophy has been established[19,20,26,27]. Therefore, we believe
that concentrations of these defensins in gastric juice are different
in diverse gastroduodenal diseases, reflecting the inflammatory
and atrophic events of the background gastric mucosa, mostly
affected by persistent H pylori infection in our series[28-30].
Our results showed no significant differences in HBD-1
concentrations in gastric juice as well as in plasma among diverse
gastroduodenal diseases, providing further evidence for its
constitutive nature[1-3,12]. Since ingestion of contaminated food
or water exposes the gastric mucosa to a wide variety of microbial
pathogens, the constitutive expression of HBD-1 plays a
‘surveillance-like’ role during normal homeostasis of human
stomach [31].
In conclusion, evident diversities were found in gastric juice
concentrations of HNPs 1-3 and HBD-2 in patients with various
gastroduodenal diseases. There were significant differences in
HNPS 1-3 and HBD-2 levels with respect to H pylori status and
significant correlations with plasma pepsinogens, biomarkers
for the severity and extent of gastric mucosal inflammation and
atrophy. It is suggested that the inflammatory and atrophic
events of the background gastric mucosa, caused by H pylori
infection, could explain the differences in the concentrations
of these antimicrobial peptides among diverse gastroduodenal
conditions.
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Abstract
AIM: To examine the effect of eradication of Helicobacter
pylori prior to usage of NSAIDs, by investigating gastric
inflammatory activity, myeloperoxidase (MPO) activity,
prostaglandin (PG) E2 synthesis in H pylori-infected, and
H pylori-eradicated gerbils followed by administration of
indomethacin and rofecoxib.
METHODS: Six-week-old male gerbils were orally inoculated
with H pylori. Seven weeks later, anti-H pylori triple therapy
and vehicle were given to gerbils respectively and followed
by oral indomethacin (2 mg/kg·d) or rofecoxib (10 mg/kg·d)
for 2 wk. We examined the area of lesions, gastric inflammatory
activity, PGE2 synthesis and MPO activity in the stomach.
RESULTS: In indomethacin and rofecoxib-treated gerbils,
the following results were obtained in H pylori-infected
group vs H pylori-eradicated group respectively: hyperplasia
area of the stomach (mm2): 82.4±9.2 vs 13.9±3.5 (P<0.05),
30.5±5.1 vs 1.3±0.6 (P<0.05); erosion and ulcer area (mm2):
14.4±4.9 vs 0.86±0.5 (P<0.05), 1.3±0.6 vs 0.4±0.3 (P<0.05);
score of gastritis: 7.0±0.0 vs 3.6±0.5 (P<0.05), 7.0±0.0 vs
2.7±0.5 (P<0.05); MPO activity (mol H2 O2/min/g tissue):
104.7±9.2 vs 9.0±2.3 (P<0.05), 133.5±15.0 vs 2.9±0.7
(P<0.05); PGE2 synthesis (pg/mg wet weight/min): 299.2±81.5
vs 102.8±26.2 (P<0.05), 321.4±30.3 vs 11.9±4.8 (P<0.05).
CONCLUSION: Eradication of H pylori reduced gastric
damage of NSAID-treated Mongolian gerbils. Rofecoxib
caused less severe gastric damage than indomethacin in
H pylori-eradicated gerbils.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori is considered a major cause of acute and
chronic gastritis, peptic ulcer disease, and is highly associated
with the development of gastric mucosa associated lymphoid
tissue lymphoma and gastric cancer[1-3]. Both NIH and IARC
issued statements on the importance of H pylori eradication
and carcinogenic risks in patients with H pylori infection[4,5].
Nonsteroidal anti-inflammatory drugs (NSAIDs) are probably
the most common cause of gastroduodenal injury in the United
States of America today. Approximately half the patients who
regularly take NSAIDs have gastric erosions, and 15-30% reveal
ulcers on endoscopy examination [6]. In addition, severe side
effects including gastrointestinal bleeding and perforation
can be encountered after usage of aspirin or NSAIDs[7-11]. Both
H pylori and NSAIDs are the major causes of peptic ulcer.
However, their interaction is complex and controversial, with
studies showing inconsistent results. Hawkey et al[12] reported
that, in long-term NSAID users with past or current peptic ulcers
or troublesome dyspepsia, eradication of H pylori led to impaired
healing of gastric ulcers, and did not affect the rate of
development of peptic ulcers or dyspepsia over 6 mo. However,
Chan et al[13,14] reported that eradication of H pylori before use
of NSAIDs lowered the occurrence of NSAID-induced ulcers in
patient without peptic ulcer or previous exposure to NSAIDs.
Because the gerbil model is quite suitable for in vivo study of the
pathogenesis of H pylori-induced gastric diseases, it exhibits
pathological features that mimic those of human patients with
H pylori[15,16]. To examine the effect of eradication of H pylori
prior to usage of NSAIDs, we investigated the gastric
inflammatory activity, myeloperoxidase (MPO) activity and
prostaglandin E2 (PG E2) production in H pylori-infected, H pylorieradicated and H pylori-uninfected gerbils which were followed
by giving indomethacin or rofecoxib.
MATERIALS AND METHODS
Animals
Male Mongolian gerbils (6-wk-old, 40-50 g) were purchased
from Seac Yoshitomi (Fukuoka, Japan). They were kept in an
isolated clean room at a regulated temperature (20-22 ℃) and
humidity (50-55%) in a 12/12 h light-dark cycle. Gerbils were
fasted for 24 h before and 4 h after H pylori inoculation.
Four hours after H pylori inoculation, they were afforded water
and food.
H pylori preparation and inoculation
H pylori strains (ATCC 43504) were incubated in a brain-heart
infusion broth containing 10% fetal bovine serum at 37 ℃
overnight under a microaerophilic atmosphere and allowed to
grow to a density of 2.0×108 colony-forming units (CFU)/mL.
The culture broth was orally inoculated into gerbils at a dosage of
1.0 mL/animal. Normal animals received 1 mL of the medium only.
Eradication of H pylori
A “triple therapy” was performed. Amoxicillin, clarithromycin
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and lansoprazole were suspended in 0.5% w/w carboxymethyl
cellulose (CMC) sodium salt solution and administered orally
twice a day for four days at doses of 3, 30, 10 mg/kg body weight,
respectively. CMC as a vehicle was administrated to H pyloriinfected and H pylori-uninfected gerbils. The success rate of
H pylori eradication is around 85.9%.

Administration of NSAIDs
Indomethacin (non-selective COX inhibitor) and rofecoxib
(selective COX-2 inhibitor) were orally given to two different
groups of gerbils at does of 2 mg/kg and 10 mg/kg body weight
once a day for 2 wk, respectively.
Diagnosis of H pylori infection or eradication
We performed H pylori culture and rapid urease test to confirm
the existence of H pylori. The gerbils were sacrificed with ether
anesthesia, and then their half-stomachs (right side) were excised.
After approximately 50-100 g of the stomach was punched out
for MPO activity examination, the rest part of the stomach was
homogenized in 10 mL phosphate buffered saline with a Polytron,
followed by dilution with the same buffer. Aliquots (100 L) of
the dilutions were applied to Brucella agar plates containing
10% horse blood (Nippon Bio-Test Laboratories, Tokyo, Japan),
2.5 g/mL amphotericin B, 9 g/mL vancomycin, 0.32 g/mL
polymyxin B, 5 g/mL trimethoprim and 50 g/mL 2, 3, 5triphenyltetrazolium chloride. The plates were incubated at 37 ℃
under microaerophilic atmosphere (N2 850 mL/L, CO2 10 mL/L,
O2 5%) for seven days. H pylori was identified as gold colonies in
spiral shape under a microscope and positive for rapid urease test.
Determination of gastric inflammatory activity
Gross observation The stomachs were opened along the greater
curvature and washed with phosphate buffered saline, spread
gently and fixed with pins on a cork board. All the stomachs
were determined by an experienced researcher who was unaware
of the treatment of the animals. Under a dissecting microscope,
variable sizes and types of gastric lesions were checked and
recorded with a square grid.
Microscopic observation Half of each stomach (left side) was
fixed in 10% formalin and embedded with paraffin. Four m
thick sections were prepared and were stained with hematoxylin
and eosin. The diagnosis of gastritis was made according to
the modified criteria reported by Ohta et al [17] which was
modified slightly from Rauwas et al [18]. The parameters of
chronic active gastritis were as follows: lymphocyte infiltration
(0: none, 1: mild infiltration to lamina propria, 2: moderate
infiltration to lamina propria, 3: severe infiltration and lymphoid
follicle formation), polymorphonuclear leukocyte infiltration (0:
none, 1: the number of cells in lamina propria was <30 in the
field of magnification ×400, 2: 30-100/field, 3 >100/field),
superficial erosions (0: none, 1:deletion of surface epithelial
cells). The total score of these variables varied from 0 to 7, and
was used as a measure of the activity of gastritis. Microscopic
gastritis was classified as non-gastritis (score: 0), mild gastritis
(scores: 1-3); moderate gastritis (scores: 4-5) and severe gastritis
(scores: 6-7). An experienced pathologist determined the gastric
pathology without awareness of the prior treatment.
Determination of PGE2 synthesis and MPO activity
PGE2 production in gastric mucosae of the gerbils was determined
according to the method of Lee and Feldman [19]. We punched
out about 50-100 mg gastric specimen from the border of gastric
antrum and corpus (right half side) in each gerbil. The specimen
was placed in 50 mmol/L Tris HCl (pH 8.4) buffer and then minced
with a pair of scissors. After the tissue samples were washed
and resuspended in 2 mL of buffer, each sample was subjected to
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vortex mixing at room temperature for 1 min to stimulate PGE2
production, followed by centrifugation at 10 000 g for 15 s. The
PGE2 levels in the resulting supernatants were determined by
means of an enzyme immunoassay (PGE2 EIA kit; Cayman
Chemicals, Ann Arbor, Michigan, USA). PGE2 production was
expressed as picograms of PGE2 per minute per milligram of tissue.
After removal of supernatants for PGE2 analysis, the MPO
activity in the remaining tissue was determined by the method
described by Takahashi and Keto[20,21]. Each sample (approximately
50-100 mg) was first homogenized with a Polytron in 1.0 mL of
50 mmol/L phosphate buffer (pH 6.0) containing 0.5% hexadecyltrimethyl-ammonium bromide (Sigama), and then subjected to three
sessions of freezing-thawing. Subsequently, the homogenates
were centrifuged at 1 600 g for 10 min at 4 ℃After 5 L aliquots
of each supernatant was mixed with 145 L of phosphate buffer
(pH 6.0) containing 0.167 mg/mL o-dianisidine dihydrochloride
(Sigama) and 0.0005% H2O2, the change in the rate of absorbance
at 450 nm was measured with a microplate reader (Thermo Max;
Molecular Devices, Sunnyvale, CA). The MPO activity was
expressed as the degradation of H2O2 mol/min/g tissue.

Statistical analysis
Data was presented as mean±SE from 5 to 7 animals per group.
Student’s t-test and Fisher’s exact test were used for
comparison between two groups. P<0.05 was considered
statistically significant.
RESULTS
Ratio of stomach weight to body weight
In indomethacin-treated gerbils, the ratio of stomach weight to
body weight (×103) was 14.1±1.3, 10.5±0.3 and 9.0±0.3 in H pylori
infected, H pylori-eradicated and H pylori-uninfected groups
respectively (Figure 1). In rofecoxib treated gerbils, the ratio of
stomach weight to body weight (×103) was 12.7±0.4, 10.1±0.3
and 8.1±0.4 respectively (Figure 1). Among gerbils treated with
indomethacin or rofecoxib, the ratio of stomach weight to body
weight increased significantly in H pylori-infected group than
in H pylori-eradicated or H pylori-uninfected group (P<0.05).
This data suggested that the ratio of stomach weight to body
weight was decreased after H pylori eradication. Since the
tissue weight was usually proportional to the inflammation, the
stomach became less oedemata after H pylori eradication.
Hyperplastic area of stomach
In indomethacin-treated gerbils, hyperplastic area of the
stomach (mm2) was 82.4±9.2, 13.8±3.5 and 0 in H pylori-infected,
H pylori-eradicated and H pylori-uninfected groups,
respectively. In rofecoxib treated gerbils, hyperplasia area
of the stomach (mm2) was 30.5±5.1, 1.3±0.6 and 0 respectively
(P<0.05, H pylori infected group vs H pylori-eradicated or
H pylori- uninfected group) (Figure 2).
Gastric erosion and ulcer area of stomach
In indomethacin-treated gerbils, gastric erosion and ulcer areas
of the stomach (mm2) were 14.4±4.9, 0.86±0.46 and 0 in H pylori
infected, H pylori-eradicated and H pylori-uninfected groups,
respectively (Figure 3). In rofecoxib-treated gerbils, those were
30.5±5.1, 1.3±0.6 and 0 in H pylori infected, H pylori-eradicated
and H pylori-uninfected groups, respectively (Figure 3). Either
treated with indomethacin or rofecoxib, more severe inflammation
of the stomach was found in H pylori-infected group than in
H pylori-eradicated or H pylori-uninfected group (P<0.05).
In addition, upper gastrointestinal bleeding was found in
two out of seven gerbils (28.6%) in H pylori-infected and
indomethacin treated groups. However, none of the gerbils
suffered from upper gastrointestinal bleeding in other groups.
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Score of chronic active gastritis
There was a more significant improvement of chronic active
gastritis in H pylori-eradicated gerbils than in H pylori-infected
gerbils, treated either with indomethacin or with rofecoxib
(P<0.05) (Figure 4). The score of chronic active gastritis was
shown in Table 1. No gastritis was noted in H pylori-uninfected
gerbils treated with rofecoxib. Mild gastritis was found in
H pylori-eradicated gerbils treated with rofecoxib and in some
of H pylori-uninfected gerbils treated with indomethacin.
Moderated gastritis was observed in H pylori-eradicated
gerbils treated with indomethacin. Severe gastritis was
observed in H pylori-infected gerbils.
H pylori
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Figure 1 Ratio of stomach weight to body weight in H pyloriinfected, H pylori-eradicated and H pylori-uninfected Mongolian gerbils. H pylori-infected, H pylori-eradicated and H pyloriuninfected Mongolian gerbils are shown as black bar, slash
line bar and point bar respectively. aP<0.05 vs H pylorieradicated, cP<0.05 vs H pylori-infected.

January 7, 2005

Volume 11

100
stomach (mm2)

ISSN 1007-9327

Hyperplasia area of the

106

H pylori
+

80
60

0

Antibiotics
- N:6

+

+

N:7

-

-

N:5-6

a

40
20

Number 1

P<0.05

c
c a

a

Indomethacin Rofecoxib
10
2

(mg/kg·d)

Figure 2 Hyperplastic area of the stomach in H pylori-infected,
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vs H pylori-infected.

MPO activity
MPO activity is demonstrated in Figure 5. A significantly lower
activity of MPO was found in H pylori-uninfected or H pylorieradicated groups compared to H pylori-infected groups (P<0.05).
The data of each group are shown in Tables 1 and 2.
PGE2 synthesis
Figure 6 demonstrates PGE2 synthesis in indomethacin- or
rofecoxib-treated gerbils. PGE2 synthesis in H pylori-eradicated
gerbils was decreased significantly in comparison with that in
H pylori-infected gerbils (P<0.05). The data of each group are
shown in Tables 1 and 2.

Table 1 Changes of gastric inflammation induced by indomethacin between H pylori infected, H pylori-eradicated and H pyloriuninfected gerbils (mean±SD)
H pylori-infected

H pylori-eradicated

Stomach weight ratio (×1000)

14.1±1.3

10.5±0.3

9.0±0.3

Hyperplasia area (mm2 )

82.4±9.2

13.9±3.5

0

Erosion and ulcer area (mm2 )

14.4±4.9

0.9±0.5

0

7.0±0.0

3.6±0.5

0.8±0.4

MPO activity (moL H2O 2/min/g tissue)

104.7±9.2

8.9±2.3

7.8±2.5

PGE2 synthesis (pg/mg wet weight/min)

299.2±81.5

102.8±26.2

9.6±1.3

Score of gastritis

H pylori-uninfected

P
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c

Stomach weight ratio: weight of stomach to weight of body aP<0.05, H pylori-infected vs H pylori-eradicated; c P<0.05, H pyloriinfected vs H pylori uninfected.
Table 2 Changes of gastric inflammation induced by rofecoxib between H pylori-infected, H pylori-eradicated and H pylori-uninfected gerbils
H pylori-infected

H pylori-eradicated

H pylori-uninfected

P
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c
<0.05 a
<0.05 c

Stomach weight ratio (×1000)

12.8±0.4

10.1±0.3

8.1±0.4

Hyperplasia area (mm2 )

30.5±5.1

1.3±0.6

0

Erosion and ulcer area (mm2 )

1.3±0.6

0.4±0.3

0

Score of gastritis

7.0±0.0

2.7±0.5

0

133.5±15.0

2.9±0.7

6.6±1.7

MPO activity (moL H2O 2 /min/g tissue)
PGE2 synthesis (pg/mg wet weight/min)

321.4±30.3

11.9±4.8

25.9±15.9

Stomach weight ratio: weight of stomach to weight of body aP<0.05, H pylori-infected vs H pylori-eradicated; c P<0.05, H pyloriinfected vs H pylori uninfected.
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Figure 3 Gastric erosion and ulcer area in H pylori-infected,
H pylori-eradicated and H pylori-uninfected Mongolian gerbils.
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Comparison of the effects of gastric damage induced by
indomethacin and rofecoxib
H pylori infection Indomethacin-treated gerbils had more
severe gastric mucosa damages than rofecoxib-treated gerbils
on the hyperplastic area, erosion and ulcer area of the stomach
(P<0.05). There was no statistically significant difference
between indomethacin-treated and rofecoxib-treated gerbils in
the score of chronic active gastritis, MPO activity and PGE2
synthesis of the stomach (P>0.05).
H pylori eradication Rofecoxib was significantly superior to
indomethacin on the less severe gastric mucosa damage in
H pylori-eradicated gerbils (P<0.05). There was also less
severity on the erosion and ulcer area of the stomach and score
of chronic active gastritis in rofecoxib-treated gerbils than in
indomethacin-treated gerbils, although there was no statistically
significant difference (P>0.05).

Antibiotics
N:6
N:7
N:5-6

a

2

107

(mg/kg·d)

Figure 6 PGE2 synthesis of gastric mucosa in H pylori-infected,
H pylori-eradicated and H pylori-uninfected Mongolian gerbils.
H pylori-infected, H pylori-eradicated and H pylori-uninfected
Mongolian gerbils are shown as black bar, slash line bar and
point bar, respectively. aP<0.05 vs H pylori-eradicated, cP<0.05
vs H pylori-infected.

DISCUSSION
This study clearly demonstrates that eradication of H pylori
could significantly reduce gastric mucosa damage in Mongolian
gerbils treated with indomethacin or rofecoxib.
Clinically, it has not been clear whether H pylori infection
aggravates gastric mucosa injury in long-term NSAID users.
Santucci et al [22] found that more severe gastroduodenal
mucosa lesions developed after a four-week NSAID medication
in H pylori-infected patients than in H pylori-uninfected
patients. However, other studies showed no evidence of remarkable
injury when H pylori infection coexisted with NSAID use.
Graham et al[23] reported gastric erosions in 34% and bleeding
in 32% of patients who also had H pylori infection, representing
a lower incidence than in patients without H pylori infection
(57% and 61%, respectively). Recently, several investigators
reported more severe gastric damage in H pylori-infected and
NSAIDs-treated gerbils. Takahashi et al [24] suggested that
NSAIDs synergistically aggravated gastric lesions in moderate
H pylori infection, but not in severe gastritis. In addition,
Yoshida et al[25] reported that H pylori infection potentiated
aspirin-induced gastric mucosal injury in Mongolian gerbils.
What most physicians are concerned about is the necessity
for patients to receive anti-H pylori therapy before using
NSAIDs. It remains still controversial. Two important clinical
studies gave conflicting results. Hawkey and colleagues[12]
reported that, in long-term NSAID users with past or current
peptic ulcers or troublesome dyspepsia, eradication of H pylori
led to impaired healing of gastric ulcers, and did not affect the
rate of development of peptic ulcers or dyspepsia in over 6 mo.
However, Chan and colleagues[14] reported that eradication of
H pylori before usage of NSAIDs lowered the occurrence of
NSAID-induced ulcers in patients without peptic ulcer or
previous exposure to NSAIDs. In our study, we used the gerbil
model which was consecutively treated with NSAIDs
(indomethacin or rofecoxib) to investigate the severity of gastric
inflammation among H pylori-eradicated, H pylori-infected and
H pylori-uninfected groups.
From gross observation, the most severe gastric mucosa
damage was found in H pylori-infected and indomethacin
treated groups. Around 28.6% of them suffered from gastric
ulcer with bleeding. However, there was no gastric ulcer with
bleeding in H pylori-infected and rofecoxib treated groups.
Less severe damage of gastric mucosa caused by rofecoxib
might be due to the selective COX-2 inhibition. The most
important finding in our study was that eradication of H pylori
prior to administration of NSAIDs (indomethacin or rofecoxib)
could significantly reduce gastric damage from macroscopic
and/or microscopic observations.
MPO activity in gastric mucosa is an indicator of infiltration
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of neutrophils into mucosae. Keto and colleagues[26] reported
that MPO activity was lower in indomethacin-treated gerbils
than in H pylori infected and indomethacin-treated gerbils. It
seems that H pylori infection may aggravate gastric mucosa
damage in gerbils treated with NSAIDs. Perhaps, eradication of
H pylori may lead to improvement of mucosal inflammation. Keto
et al [21] proved that MPO activity was lower in H pylorieradicated gerbils than in controls. However, we found a
significant reduction of MPO activity in H pylori-eradicated
gerbils treated with NSAIDs (indomethacin or rofecoxib).
PGE2 might increase blood flow, secretion of mucus and
bicarbonate, inhibit acid secretion, and directly protect gastric
cells against toxic stimuli[27]. In response to H pylori infection,
COX-2 expression is absent in normal mucosa, but is profoundly
induces in H pylori-positive gastritis. COX-2 expression was
higher in H pylori infected gerbils than in normal controls.
The COX-2 level was higher in gerbils infected with H pylori
for 12 wk than in those are infected with H pylori for 12 wk[24].
The production of PGE2 in the stomach of gerbils was significantly
higher in H pylori-infected groups than in normal controls[24].
In our study, we observed a significant reduction of PGE2
production in gastric mucosa of gerbils after consecutive treatment
with NSAIDs (indomethacin or rofecoxib) in H pylori-eradicated
group in comparison with that in H pylori-infected group.
Selective COX-2 inhibitors are believed to cause less severe
gastroduodenal mucosa damage than non-selective COX
inhibitors. Our results have shown that selective COX-2 inhibitors
are partially superior to conventional NSAIDs in H pyloriinfected and H pylori-eradicated gerbils.
It is very important to elucidate the interaction between
H pylori and NSAIDs on the injury of gastric mucosa and the
necessity of H pylori eradication before using NSAIDs. In
conclusion, H pylori infection profoundly aggravates gastric
mucosa damage following the use of NSAIDs (indomethacin or
rofecoxib). Eradication of H pylori can significantly reduce gastric
mucosa damage in consecutive NSAIDs-treated Mongolian gerbils.
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Abstract
AIM: To determine the effect of Helicobacter pylori VacA on
gene expression of gastric cancer cells.
METHODS: Gene expression profile of a gastric cancer cell
line, SGC7901, after challenged by VacA+ and VacA- H pylori
broth culture supernatants (BCS), was detected by the cDNA
microarray technique. Cytoskeleton changes of SGC7901
and HeLa cells were observed through high-resolution laser
scanning confocal microscopy.
RESULTS: A total of 16 000 cDNA clones were detected.
The percentage of genes with heterogeneous expression
in SGC7901 cells challenged by VacA+ BCS reached 5%,
compared with that challenged by VacA- BCS. There were
865 genes/EST with 2-fold differential expression levels
and 198 genes/EST with 3-fold differential expression levels.
Most of these genes were involved in vital cell events including
signal transduction, regulation of gene expression, cytoskeleton,
apoptosis, stress response and inflammation, cell cycle and
tumor development. Cells co-cultured with VacA+ BCS showed
collapsed and disrupted microtubular cytoarchitecture.
CONCLUSION: VacA+ BCS can disrupt cytoskeletal architecture,
likely through affecting the expression of cytoskeletonassociated genes, directly induce the expression of tumor
promoter-related genes and inhibit the expression of tumor
suppressor genes, thus favoring the development of tumors.
VacA+ BCS can also alter the expression of inflammation
and stress response genes. This suggests that VacA may
play an important role in the pathogenicity of H pylori.

of chronic superficial gastritis, peptic ulcer disease, gastric
cancer, and mucus-associated lymphoid tissue lymphomas[1]. The
mechanism of its pathogenicity and pathogenic element is still
unknown. Vacuolating cytotoxin (VacA) secreted by H pylori
might contribute to the pathogenicity of H pylori[2]. It is difficult
to comprehensively understand the pathogenicity of H pylori
only by analyzing the change of single-property or single-factor
after cells are infected with H pylori. The change of gene
expression always precedes that of biological and pathologic
characteristics. Moreover, gene expression can respond to
pathogens more sensitively and much earlier and can also reflect
the pathogenic mechanism substantially. Therefore, it is a trend
to observe and detect a series of molecular biological events
arising in target cells challenged by pathogens and their toxic
components in order to comprehensively evaluate the
pathogenicity of pathogenic microorganisms. An investigation
has validated that multi-gene and multi-factor are involved in
the pathogenesis of many diseases including gastric and intestinal
tumor development[3]. In this study, gastric cancer epithelial
SGC7901 cells were challenged with VacA+ H pylori broth culture
supernatants (BCS) or VacA- BCS and the gene expression
profile was detected using gene chip technique in order to
understand the molecular biological process and pathogenesis
of VacA-induced diseases.

MATERIALS AND METHODS
H pylori culture and preparation of VacA+ BCS and VacA- BCS
After detection of their morphology and biochemical response
and identification of the genotype of 10 clinically-derived
H pylori strains; 00-1466 and 00-1783 with the genotype (s1a/
m1/cagA+) and (s1b/m2/cagA+) respectively were used in the
following experiment as VacA+ and VacA- challenge factors
separately. Then the two strains were cultured in brain heart
infusion (BHI) broth +10% fetal bovine serum (FBS) in mixed
air containing 5% O2, 10 mL/L CO2, 80% N2 at 37 ℃ with agitation
(200 r/min) for 48 h. Incubation was terminated when the
turbidity value reached McFarland 6-7 (about 3-9×108 CFU/mL).
Gram staining was done in order to assure no contamination of
other bacteria. The cultures were centrifuged at 15 000 g for 30
min at 4 ℃ and the supernatant was filtrated with 0.2 mm syringe
filter. The sterile supernatant was stored at -20 ℃.

http://www.wjgnet.com/1007-9327/11/109.asp

VacA+ BCS infection of SGC7901 cells
Cell concentration was adjusted to 5×105/mL after digested with
0.05% trypsine. Then these cells were cultured in six 25 cm2 cell
flasks and incubated at 37 ℃ for 24 h. The culture medium was
discarded and cells were rinsed with DMEM containing no
fetal calf serum (FCS). Six flasks were equally divided into two
groups. VacA+ BCS derived from 00-1466 and VacA- BCS
derived from 00-1783 were added to the different flasks as
positive and negative controls respectively, and then cells were
incubated at 37 ℃ for 6 h.

INTRODUCTION
Helicobacter pylori plays an important role in the pathogenesis

Total RNA isolation and poly (A)+ mRNA preparation
After incubation for 6 h, Vac A+ BCS was discarded and cells
were rinsed with DMEM containing no FCS. Total RNA was

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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isolated from cells using TRIZOL regents (GIBCO BRL) to
prepare cDNA probes. RNA quality was assessed using 1.2%
agarose gel electrophoresis in the presence of ethidium bromide.
Samples that failed to reveal intact 18S and 28S ribosomal bands
were excluded for further study. Poly (A) + mRNA was isolated
from the total RNA using a poly (dT) resin (Qiagen, Hilden,
Germany). In order to adjust the differences in probe intensity
distribution across different chips, 8 house-keeping genes were
used as inner control.

RT-PCR and preparation of 33P-labelled cDNA
Approximately 1-2 ug of mRNA was labeled in a reverse
transcription reaction in the presence of 200 mCi [a-33P]
deoxyadenosine 59-triphosphate (DuPont NEN, Boston, MA)
using Moloney murine leukemia virus reverse transcriptase
according to the manufacturer’s instructions (Promega Corp.,
Madison, WI). For RT-PCR, 1% of the reverse transcription
reaction was amplified using Taq DNA polymerase for 30 s at
94 ℃, for 1 min at 55 ℃, and for 1.5 min at 72 ℃ for 35 cycles.
Hybridization and image procession
Prehybridization was carried out in 20 mL of prehybridization
solution (6× SSC, 0.5% SDS, 5XDenhardt’s, and 100 µg/mL
denatured salmon sperm DNA) at 68 ℃ for 3 h. Overnight
hybridization with 33P-labeled cDNA in 6 mL of hybridization
solution (6× SSC, 0.5% SDS, and 100 µg/mL salmon sperm DNA)
was followed by stringent washing (0.1×SSC, 0.5% SDS, 65 ℃
for 1 h). Membranes were exposed to phosphor screen overnight
and scanned using a FLA-3000A plate/fluorescent image
analyzer (Fuji Photo Film, Tokyo, Japan). Radioactive intensity
of each spot was linearly digitalized to 65 536 gray-grade in a
pixel size of 50 mm in an image reader and recorded using the
Array Gauge software (Fuji Photo Film, Tokyo, Japan). After
subtraction of background (3±3) chosen from an area where no
cDNA was spotted, genes with intensities>10 were considered
as positive signals to ensure that they were distinguished from
background with statistical significance >99.9%. Normalization
among arrays was based on the sum of background-subtracted
signals from all genes on the membrane.
Effect of VacA BCS on cytoskeleton of SGC7901 and HeLa cells
SGC7901 and HeLa cells were cultured on a 6-well plate with a
cover slide in each well. After incubation at 37 ℃ with 5 mL/L
CO2 for 36 h, the culture medium was substituted with 1 mL
VacA-BCS or VacA+BCS and 1ml culture medium. Cells were
harvested at 12, 18, 24, 36 and 48 h. After washing 3 times with
PBS, cells were fixed in 2 mL 4% citromint at room temperature
for 20 min, and washed with PBS 3 times, and 0.3% Triton X-100
was added. Following incubation at room temperature for 15 min
and washing with PBS, 1 mL 5% rabbit serum was overlaid,
cells were incubated at 4 ℃ overnight, and washed again and a
monoclonal anti-tubulin antibody (Oncogene) was added.
Following incubation at 37 ℃ for 1 h and washing, anti-mouse
IgG (DAKO Danmark) was added, the slides were washed and
cytoskeleton change was observed through a high-resolution
laser scanning confocal microscopy (LSCM).
RESULTS
Gene expression profile changes detected with GALAXYTM
expression gene chip
In the quantile normalization procedure, all house-keeping genes
showed similar hybrid signal activities on the two membranes
and the target genes’ signal values were evaluated referring to
the mean signal value of these house-keeping genes. A total of
16 000 cDNA clones were detected; no significant expression
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level of genes was found in cells challenged with VacA+ BCS
and VacA- BCS (ratio range: 2-0.5). There were 865 genes/EST
with 2-fold expression difference and 198 genes/EST with
3-fold expression level difference. Furthermore, 83 genes with a
definite function had high expressions and 29 had low
expressions among those genes with 3-fold expression level
difference. These differentially expressed genes were involved
in diverse cell functions including cytoskeleton (Table 1),
oncogenesis and tumor suppression (Table 2), stress response
and inflammation (Table 3) signal transduction and apoptosis,
cell cycle and ion channel transportation.
Table 1 Differentially expressed genes related to cytoskeleton
Gene name

Ratio (T/C)

Kinesin-like 5

0.43

Capping protein (actin filament) muscle Z-line, alpha 1

0.47

ARP2 (actin-related protein 2, yeast)

0.43

Intermediate filament protein syncoilin

0.50

Dynactin 4 (p62)

0.39

Microtubule-associated proteins 1A/1B light chain 3

5.88

Table 2 Differentially expressed genes related to oncogenesis
Gene name

Ratio (T/C)

V-fos FBJ murine osteosarcoma viral oncogene homolog

5.56

G protein coupled receptor interacting protein

2.17

Jun B proto-oncogene

5.26

Tumor protein p53-binding protein

6.25

KIAA0456 protein

3.85

TRAF and TNF receptor-associated protein

2.00

Ras homolog gene family, member C ras

2.04

Telomeric repeat binding factor 2

2.13

Growth factor receptor-bound protein 7

9.09

Homolog of mouse MAT-1 oncogene

2.70

Annexin A10

2.43

Fibroblast growth factor receptor 4

3.03

PI-3-kinase-related kinase SMG-1

2.00

RAB5C

0.33

Ras-GTPase activating protein SH3

0.48

domain-binding protein 2
Ras-GTPase

Table 3 Differentially expressed genes related to stress response
and inflammation
Gene name
Heat shock 70 ku protein 1B
Heat shock 105 ku

Ratio (T/C)
10 0
14.28

-interferon

2.00

Naturalkiller-tumorrecognition sequence

3.57

Interferon gamma receptor 1

0.47

Interleukin 14

0.50

Effect of VacABCS on HeLa and SGC7901 cells
Cells co-cultured with VacA-BCS for 48 h showed the normal
microtubules, which dispersed in a radial fashion throughout
the cytosol, while those co-cultured with VacA+ BCS for 24 h
showed collapse and disruption of the microtubule
cytoarchitecture. Cells co-cultured with VacA+ BCS for 48 h
had a lower density of microtubular fibers and even partially
disappeared (Figure 1).
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Figure 1 Effects of H pylori culture supernatant containing VacA
on cytoskeleton of HeLa and SGC7901 cells: HeLa and SGC7901
cells co-cultured with VacA-BCS for 48 h (panels A and B) and
24 h (panels C and D), showed normal microtubules dispersed
in a radial fashion throughout the cytosol, HeLa and SGC7901
cells co-cultured with VacA+BCS for 24 h (panels C and D) showed
collapse and disruption of the microtubule cytoarchitecture. HeLa
and SGC790 cells co-cultured with VacA+BCS for 48 h (panels E
and F), showed a lower density of microtubular fibers and even
partially disappeared.

DISCUSSION
The cDNA micoarray technology can screen thousands of
genes r espon sive t o some vi r ulen ce det er m in a nt s
simultaneously and identify host gene expression patterns,
during which the relationship between a virulence determinant
and regulated genes of host cells may be established. It was
used in the present study to examine the transcriptional response
of gastric epithelial SGC7901 cells to VacA BCS in vitro.
H pylori infection could result in various diseases such as
chronic gastritis, peptic ulcer and gastric carcinoma[4]. It is
helpful to understand the biological process and the pathogenesis
of H pylori-associated diseases and the role of VacA in the
pathogenicity of H pylori by finding out gene expression
alterations in cells challenged by H pylori. In this study, target
cells were always incubated with H pylori or its components to
observe the biological changes. After co-incubation, target cells
often had growth arrest, vacuolation, apoptosis, cytokine
secretion, and cytoskeleton rearrangement[5-8]. Gene chip technique
was used to clarify the biological response of cells to H pylori
or its toxic components and the mechanism of H pylori-related
diseases. The results showed that there were 198 genes with 3
fold different expression levels and 865 genes with 2 fold
different expression levels in cells challenged by VacA+ BCS.
Genes with a distinct expression difference account for about
5% of total genes[9-11] and those with a definite function are
involved in many important cell processes. These genes include
oncogene, tumor suppressor gene, ion channel transportation
associated gene, gene associated with stress response and
inflammation, cell cycle-related gene, cytoskeleton-associated
gene and gene related to cell apoptosis.
Expression alteration of cytoskeleton associated genes
VacA is able to delay healing of gastric ulcer in rats, inhibit
reepithelialization, and worsen the quality of mucosa scar
in vivo[12], inhibit in vitro gastric epithelial cell proliferation
and interfere with EGF-induced signal transduction essential for
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healing of gastric mucosa[13]. VacA could disrupt cytoskeletal
architecture essential for the maintenance of cell structure integrity
and epithelial barrier function[14]. Studies by Ashorn et al[15]
favored the role of VacA in cytoskeletal rearrangements, because
cytotoxin-produed H pylori strains could lead to condensation
of filamentous actin, while cytotoxin-negative strains did not
cause marked disturbances in the intracellular structure of cells. Cell
vacuolation is associated with cytoskeletal rearrangements[16,17],
VacA-mediated cell vacuolation is strongly correlated to the
inhibition of reepithelialization and loss of stress fibers[18].
Cytoskeleton is composed of microfilaments, microtubules,
and intermediate filament cross-linked bundles, which are
anchored to other cellular components, including cell membrane.
Microtubules are important cytoplasmic structures involved in
intracellular transport and are essential for cell division and
differentiation. Intermediate filaments consist of fibrous protein,
which has been shown to have mechanical functions in stiffening
cells and organizing intracellular organelles for coordinated
activity[14]. Our microarray analysis indicates cytoskeletonrelated genes are expressed at low levels, including kinesinlike-5 protein, actin-related protein 2 (ARP2), intermediate
filament protein syncoilin and dynactin 4 (Table 1). Kinesinlike-5 protein is a member of the kinesin-like protein superfamily,
specifically regulates microtubule formation and consecutive
movement of chromosomes during mitosis, and therefore is
crucial for cell division. In recent years, actin-related protein 2/3
(Arp2/3) complex has emerged as a central effector of actin
assembly that receives multiple signal inputs inducing the
formation of branched filaments. The Arp2/3 complex is
composed of 7 evolutionarily conserved subunits: 2 actinrelated proteins (Arp2 and Arp3) and 5 other subunits, which
in yeast are called Arc40, Arc35, Arc18, Arc19, and Arc15. In all
organisms examined, the Arp2/3 complex is localized at the site
of dynamic actin assembly. In yeast, the Arp2/3 complex is
localized at the cortical actin patches, highly motile filamentous
actin structures. Mutations in different subunits of the yeast
Arp2/3 complex could disrupt actin organization, actin patch
motility, and actin-dependent processes such as endocytosis,
cell polarity development, and organelle inheritance[19]. Syncoilin
is a 64-kDa protein found in skeletal and cardiac muscles and
has been proposed as a member of the intermediate filament
(IF) protein superfamily based on sequence analysis. Syncoilin
is involved in the anchoring of the desmin intermediate filament
network at the sarcolemma and neuromuscular junction that is
likely to be important in maintaining muscle fiber integrity and
may also link dystrophin-associated protein complex to
cytoskeleton. Its dysfunction or absence might result in
disruption of the intermediate filament network and muscle
necrosis[20]. Dynactin is a complex with at least 10 polypeptides
from 24 to 150 ku in size. The best characterized subunits of
dynactin are p150Glued and p50 (dynamitin). p150Glued
contains both microtubule- and dynein-binding domains.
p150Glued could bind to microtubules through the NH2terminal CAP-Gly motif, and phosphorylation near this motif
has been shown to regulate microtubule binding. p150Glued
could interact directly with the intermediate chain of cytoplasmic
dynein (DIC) that may be essential for dynein-mediated organelle
transport. Regulation of this interaction by DIC phosphorylation
has suggested an important function[21]. Expression of genes
encoding cytoskeleton-associated proteins essential in keeping
the normal cell architecture is inhibited after cells are challenged
by VacA+ BCS. This decrease results in reduction of the
production of proteins encoded by these genes and collapse
of cytoarchitecture. This alteration of gene expression is an
early response of cells interfered with exotic factors, which
precedes morphologic change of cell configuration and is the
fundamental cause of cell morphologic change. But further study
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is still needed to clarify the mechanism of VacA+ BCS to induce
cytoskeleton changes and the relationship between morphologic
and cytoskeleton changes of cells. Further research on the effect
of VacA+ BCS on cell morphology especially on cytoskeleton
will be helpful to understand how VacA and other secreted
bacterial toxic factors induce cell pathological changes.

Expression change of tumorigenesis-associated genes
H pylori is associated with gastric cancer and MALT-lymphoma.
In 1994, H pylori was classified by the International Association
for Research against Cancer as a type 1 carcinogen[22]. In this
study, some tumor-associated genes were highly expressed, such
as melanoma antigen (MAGE) gene, jun B oncogene, homologue
of mouse MAT-1 oncogene, annexin A10 gene, telomeric repeat
binding factor 2 gene, fibroblast growth factor receptor gene, S
phase kinase associated protein (p45) gene. MAGE exists in
tumor cells but not in normal cells, and is related to differentiation
of tumor cells. It is a symbol of malignant cells[23,24]. Expression of
tumor suppressor gene that encodes KIAA0456 protein (Dab2)
decreases in 80% oophoro carcinomas. Inactivation or downexpression of Dab2 could probably induce or promote the
development of oophoro carcinoma[25]. Our results show that
tumor suppressor genes such as Dab2 were up-regulated, which
is inconsistent with the fact that VacA+ BCS could result in
increased expression of most tumor associated genes. But we
found the same thing from other correlative studies, in which
the expression level of tumor suppressor genes increased
correspondingly with increased expression levels of oncogenes.
Several ANXs are involved in tumorigenesis. ANXA1 is
overexpressed in breast cancer and hepatocellular carcinoma
(HCC). ANXA2 is overexpressed in brain glial tumors and
pancreatic cancer and ANXA8 in acute promyelocytic leukemia.
Overexpression of ANXA1 correlates positively with metastatic
potential of breast cancer and increased growth of tumor cells
inoculated in nude mice. In contrast, ANXA6 has tumor suppressive
activities in squamous cell carcinoma, and reduction of ANXA6
and ANXA7 proteins is associated with malignant phenotype
and the metastatic potential of melanoma. Moreover, ANXA4
plays a role in chemoresistance. ANXA10 may be a potential
tumor suppressor gene because its down-regulation is associated
with malignant phenotype of liver cells, and vascular invasion
and progression of HCC[26]. Proliferation and death are two
different physiological behaviors of cells. The equilibration
between them is helpful to keep cell stabilization. Disruption of
this equilibration would induce cell pathologic changes such
as apoptosis or proliferation. VacA+ BCS could enhance these
two important potentials of cells, and consequently boost the
sensitivity of cells to pathogens.
Telomerase, a reverse transcriptase composed of RNA and
proteins, can synthesize telomeric repeat sequence and add
this sequence to the terminal of chromosome to keep the eternal
life of cells. Activation of telomerase is a biological characteristic
of malignant tumor[27]. In this study, increased expression of
TP-1, the main component of telomerase, was observed. The
expression state of tolemerase in cells challenged by VacA+
BCS still needs to be confirmed. The expression alterations of
tumor-related genes in cells challenged by VacA+ BCS indicates
that VacA+ BCS has the potential to promote canceration of cells.
Expression alterations of stress response genes and genes
encoding inflammation-associated factors
Stress or heat shock proteins (HSPs) are ubiquitous and highly
conserved proteins whose expression is induced in response to a
wide variety of physiological and environmental insults. They
allow cells to survive in otherwise lethal conditions. Some of the
important house-keeping functions attributable to the molecular
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chaperones include: import of proteins into cellular compartments;
folding of proteins in cytosol, endoplasmic reticulum, and
mitochondria; degradation of unstable proteins; dissolution of
protein complexes; prevention of protein aggregation; control of
regulatory proteins and refolding of misfolded proteins[28].
Accumulation of abnormally folded proteins in nuclei or cytosol
that occurs as a consequence of stress, increases temperature,
free oxygen radicals, heavy metals, and even antibiotics[29].
Formation of aggregates could disturb normal cellular function
and trigger cell death. Such a mechanism is involved in the
pathogenesis of lesions that characterize several neurodegenerative
disorders. Most HSPs are involved in the proper folding
and/or elimination of misfolded proteins, thus contributing
to cell survival. The relationship between HSPs and tumors is
reported[30]. The yield of HSPs is increased in canceration and
tumor cells[31]. In this study, expression of all HSP genes increased,
indicating that abnormal states of target cells and the potential
of VacA+ BCS can induce cell canceration.
IL-14 secreted by activated T and B cells can activate division
of B cells and promote proliferation of some subgroups of B
cells[32]. In this study, decreased expression of IL-14 gene was
found to be different from other inflammatory factors. Gene
expression level of other inflammation-associated factors
increased, such as -interferon, tumor necrosis factor receptorassociated proteins, interlukin-1 receptor antagonist. These
results are coincident with the cell response to H pylori and its
metabolic products. The interfering factor in this study was VacA+
BCS. Thus we could deduce that VacA might play an important
role in this process.
The results of this study clearly indicate that H pylori VacA+
BCSs can induce expression changes at multi-gene level in
infected cells, thus adjusting the expressed products according
to the interference with various physiological functions and
activities of target cells.
In conclusion, VacA+ BCS can cause alterations of cell gene
expression profile at multi-level and multi-phase and such
alterations are almost involved in all important pathologic
processes of H pylori-associated diseases. It is suggested that
VacA plays an important role in the pathogenic mechanism of
H pylori.
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Abstract
AIM: To construct a recombinant attenuated Salmonella
typhimurium DNA vaccine carrying Helicobacter pylori hpaA
gene and to detect its immunogenicity.
METHODS: Genomic DNA of the standard H pylori strain
17 874 was isolated as the template, hpaA gene fragment
was amplified by polymerase chain reaction (PCR) and cloned
into pUCmT vector. DNA sequence of the amplified hpaA gene
was assayed, then cloned into the eukaryotic expression vector
pIRES through enzyme digestion and ligation reactions. The
recombinant plasmid was used to transform competent
Escherichia coli DH5, and the positive clones were screened
by PCR and restriction enzyme digestion. Then, the recombinant
pIRES-hpaA was used to transform LB5000 and the
recombinant plasmid isolated from LB5000 was finally used
to transform SL7207. After that, the recombinant strain was
grown in vitro repeatedly. In order to identify the immunogenicity
of the vaccine in vitro, the recombinant pIRES-hpaA was
transfected to COS-7 cells using LipofectamineTM2000, the
immunogenicity of expressed HpaA protein was detected
with SDS-PAGE and Western blot.
RESULTS: The 750-base pair hpaA gene fragment was
amplified from the genomic DNA and was consistent with
the sequence of H pylori hpaA by sequence analysis. It
was confirmed by PCR and restriction enzyme digestion
that H pylori hpaA gene was inserted into the eukaryotic
expression vector pIRES and a stable recombinant live
attenuated Salmonella typhimurium DNA vaccine carrying
H pylori hpaA gene was successfully constructed and the
specific strip of HpaA expressed by pIRES-hpaA was detected
through Western blot.
CONCLUSION: The recombinant attenuated Salmonella
typhimurium DNA vaccine strain expressing HpaA protein
with immunogenicity can be constructed and it may be
helpful for further investigating the immune action of DNA
vaccine in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori is a Gram-negative microaerophillic
bacterium which clones human gastric epithelium. Infection of
H pylori is strongly associated with chronic gastritis, peptic
ulcer or gastric adenocarcinoma and mucosa-associated
lymphoid tissue lymphoma[1-4]. More than 50% of the population
worldwide is infected with H pylori. The current standard
treatment for it consists of antibiotics in combination with
proton pump inhibitors[5-7]. Because of the emergence of antibioticresistant strains, vaccination of humans against H pylori
infection is an effective and economical approach to the control
of this pathogen.
Recently, DNA vaccine has been demonstrated to induce
both humoral and cellular immunity and it is becoming a
promising treatment for viral, bacterial and parasitic pathogens.
Protective immunity against HIV, influenza virus, rabies virus,
malaria and tuberculosis has been shown in animal models[8-12].
In this study, we constructed a recombinant live attenuated
Salmonella typhimurium DNA vaccine carrying H pylori
hpaA gene, and identified its immunogenicity in COS-7 cells
in vitro.
MATERIALS AND METHODS
Strains and plasmid
Attenuated S typhimura LB5000 and SL7207 were kindly
provided by Professor Bruce Stocker of Stanford University,
USA. They were cultured in Amp (-) LB medium. COS-7 cell line
was provided by the Department of Immunology, Secondary
Military Medical University of China. E.coli DH5 used for
cloning experiments was grown in LB medium containing 50 mg
ampicillin per liter. Standard H pylori strain CCUG17874
(NCTC11638) was kindly provided by the Italian IRIS Research
Center and cultured on H pylori-selective agar plates with 10%
defibrillated sheep blood and antibiotics (Merck Company,
Germany) at 37 ℃ under microaerophilic conditions with 50 ml/L
O2, 10 mL/L CO2 and 85% N2. Vector pIRES was purchased from
Clontech, USA.
Amplication of hpaA gene fragment
H pylori strains were collected from the agar plates in PBS,
then genomic DNA was extracted as previously described using
CTAB. According to the complete DNA sequence of H pylori
published and multiple clone sites of pIRES, the primers to
amplify hpaA containing EcoRI site in P1 and MluI site in P2
w e r e
d e s i g n e d :
P 1 :
5’GAATTCCACCATGAAAAAAGGTAGTTTGGC3’, P2:
5’ACGCGTCTACTTTCGTTTTTTCATTTCAC3’.Amplication
was done in a total volume of 50 L under conditions: at 94 ℃
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for 5 min, then 30 cycles at 94 ℃ for 45 s, at 55 ℃ for 45 s and
at 72 ℃ for 1 min, followed by 5 min at 72 ℃. The PCR products
were analyzed on 1.2% agarose gels stained with ethidium
bromide.
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Mlu I site of pIRES, resulting in a recombinant plasmid pIREShpaA. pIRES-hpaA was digested by both EcoRI and Mlu I. P1 and
P2 were used as primers to amplify hpaA from pIRES-hpaA, and
the products analyzed on agarose gel (Figure 1) showed that the
recombinant plasmid contained the objective gene hpaA.

Sequence analysis of hpaA
PCR products were separated using a QIAquick gel extraction kit
(QIAGEN, CA, USA). Purified hpaA DNA fragments were subcloned
into TA cloning vector pUCmT (Takara, Dalian, China), and then
the sequence of hpaA was analyzed using an automatic sequencer.

1

2 3

4

5

← 6.1 kb
← 750 bp

Construction of recombinant pIRES-hpaA
Fragments of EcoRI and Mlu I-digested pUCmT-hpaA were
inserted into the EcoRI/Mlu I site of eukaryotic expression
vector pIRES, through a series of enzyme digestion and ligation
reactions. Then the recombinant pIRES-hpaA was confirmed
by PCR and restriction enzyme digestion.
Construction of recombinant attenuated salmonella typhimurium
carrying H pylori hpaA gene
Recombinant pIRES-hpaA was used to transform attenuated
Salmonella typhimurium LB5000 with calcium chloride, then
the recombinant plasmid was extracted to transform the final
host strain SL7207 using electroporation.The attenuated Salmonella
typhimurium SL7207 carrying hpaA gene was cultured in LB
medium to 80 generations. The recombinant plasmid in transformed
SL7207 were isolated from every 10 generations and identified
by restriction enzymes and PCR.
In vitro transfection
To detect the protein expressed by recombinant pIRES-hpaA,
pIRES-hpaA was transfected into COS-7 cells. COS-7 cell line
was cultured at 37 ℃, 5 mL/L CO2 in Dulbecco’s modified Eagle’s
medium supplemented with 10% FBS (Gibco-BRL, UK), 100 U/mL
penicillin and 100 g/mL streptomycin, 15 mmol/L HEPES,
and 2 mmol/L L-glutamine. Twenty four hours before transfection,
5×105 COS7 cells were seeded into six-well plates, and the mixture
of pIRES-hpaA and LipofectamineTM2000 (Invitrogen, USA)
were added to the cells. Forty-eight hours after transfection,
cells were washed with PBS, and protein extraction reagent (Pierce,
USA) was added. After shaking for 5 min, the lysate was collected
and centrifuged at 12 000 g for 5 min at 4 ℃. Supernatant
containing the proteins was maintained at -80 ℃ until later use.
Expression of hpaA protein detected by western blot
Supernatant containing the proteins was determined by
electrophoretical analysis in a 12% polyacrylamide gel,
subsequently electrotransferred onto nitrocellulose membranes
(Bio-Rad, Germany), nonspecific binding sites were blocked
with 2% bovine serum albumin ( BSA), then rabbit anti-H pylori
and peroxidase-labeled anti-rabbit immunoglobulin G (IgG) were
added (DAKO, Denmark). The antigens were visualized by
chemiluminescence (Bio-Rad, Germany) according to the
manufacturer’s instructions.
RESULTS
Sequence analysis of hpaA nucleotide
PCR products of hpaA were cloned into TA cloning vector
pUCmT. The sequence of amplification fragment was consistent
with that of H pylori hpaA published in the gene bank.
Construction of recombinant pIRES-hpaA , PCR and restriction
enzyme confirmation
After pUCmT-hpaA and pIRES were digested by both EcoRI and
Mlu I, a 750-bp fragment of hpaA was directly cloned into EcoRI/

Figure 1 Agarose gel electrophoresis analysis of recombinant
pIRES-hpaA. Lane 1: PCR product of pIRES as a negative control;
lane 2: PCR product of pIRES-hpaA; lane 3: pIRES-hpaA after
digestion with EcoR I and Mlu I; lane 4: pIRES after digestion with
Eco RI and Mlu I; lane 5: DNA Marker (DL2 000+15 000).

Recombinant attenuated Salmonella typhimurium DNA vaccine
and its stability
After transformed by pIRES-hpaA, the recombinant plasmid
extracted from LB5000 was used to transform SL7207. Plasmid
stability was essential to assure the stable expression of
antigens encoded by genes which were cloned into the plasmid.
Therefore, SL7207 carrying plasmid pIRES-hpaA was grown
in vitro up to 80 generations to examine the plasmid stability.
The 750-bp objective fragment could be seen on the map of
agarose gel of the PCR products and the products of EcoRI
and Mlu I-digested recombinant plasmid were isolated from
transformed SL7207 (Figures 2, 3).
1

2

3

4

5

6

← 6.1 kb
← 750 bp

Figure 2 Agarose gel electrophoresis analysis of recombinant
attenuated Salmonella typhimurium DNA vaccine strain with
restriction enzyme digestion. Lane 1: DNA ladder (1 kb); lanes
2-5: Recombinant plasmid pIRES-hpaA from strains of different generations after digestion with EcoRI and Mlu I; lane 6:
pIRES after digestion with EcoRI and Mlu I.
1 2 3 4

← 2 000 bp
← 750 bp

Figure 3 Identification of recombinant attenuated Salmonella
typhimurium DNA vaccine strain carrying hpaA by PCR. Lane 1:
Product amplified from pIRES as a negative control; lane 2: Marker
(DL2 000+15 000); lanes 3-4: Products amplified from recombinant
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plasmid from strains of different generations by PCR.

Immunoreactivity of expressed recombinant protein
Identification of pIRES-hpaA in vitro expression was carried
out. The lysate of COS-7 cells transfected by pIRES-hpaA was
analyzed by Western blotting. It revealed the immunoreactive
band of 30-kD corresponded to HpaA protein, but the control
transfected with pIRES had no specific band (Figure 4).
1

2

← 30 ku

Figure 4 Western blotting of expressed pIRES-hpaA products
Lane 1: COS-7 cells transfected by pIRES as a control; Lane 2:
COS-7 cells transfected by pIRES-hpaA.

DISCUSSION
DNA vaccine is a novel vaccine. It has been widely used in
laboratory animals and non-human primates to induce humoral
and cellular immune responses. Clinical trials have shown that
DNA vaccine is safe and well tolerated. Moreover, some reports
have indicated that it could produce long-lasting immunity.
The vaccine is a recombinant plasmid with heat stability. It can
be used not only for protection but also for treatment in the
presence of targeted infectious pathogens[13-15].
However, at present researches of H pylori vaccine mostly
focus on protein vaccine, including H pylori whole-cell
sonicate or one of the recombinant proteins of H pylori as the
antigen of the vaccine in combination with mucosal adjuvants
such as cholera toxin or heat-labile toxin of enterotoxigenic
E.coli[16-18]. The manufacture of such vaccines is complicated,
and some mucosal adjuvants have gastrointestinal toxicity. It
was reported that mucosal immunization with Helicobacter
heilmannii urease B or H pylori urease, given nasally with
cholera toxin, could protect BALB/c mice against Helicobacter
heilmannii infection and significantly reduce the pre-existing
infection. However, immunization could aggravate gastric
corpus atrophy[19].
H pylori adhesin A (HpaA) belonging to a group of outer
membrane proteins of H pylori has been described as an
adherence factor for blood cells and plays an important role in
adhesion of microbes[20,21]. HpaA could mediate binding to sialic
acid, a putative neuraminyllactose-binding hemagglutinin.
HpaA is a highly conserved protein among H pylori clinical
isolates and immunogenic in humans[22,23]. Therefore, HpaA is
an ideal antigen candidate for H pylori vaccine.
It has been shown that live attenuated bacteria carrier
including attenuated strains of Salmonella and Shigella in vitro
could deliver DNA vaccines to human cells. Bacterial DNA
vaccine delivery has also been demonstrated in vivo in several
experimental animal models of infectious diseases and tumors.
They allow vaccination via mucosal surfaces and specific
targeting to professional antigen-presenting cells in mucosaassociated lymphoid tissue[24-26].
In this study, we constructed a live recombinant attenuated
Salmonella typhimurium DNA vaccine strain expressing HpaA
protein. First, the complete hpaA gene fragment was amplified
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from genomic DNA of H pylori; then sequence analysis was
performed after it was cloned into the TA cloning vector pUCmT.
Subsequently, purified hpa A was cloned to eukaryotic expression
vector pIRES. Both the enzyme digestion and PCR confirmed
the successful construction of recombinant plasmid pIREShpaA. Recombinant attenuated Salmonella typhimurium
carrying H pylori hpaA gene was successfully constructed
after pIRES-hpaA was first used to transform LB5000 and
SL7207. The stability of the protective antigen is very important
for a vaccine; we assessed the stability of the recombinant
plasmid in vitro. It is confirmed by PCR and restriction enzyme
that pIRES-hpaA is present in all the transformed strains of SL7207
up to the 80th generation, which reveals the stability of the
recombinant plasmid in the bacterium.
It is also demonstrated in vitro in our present study that
the COS-7 cellls transfected by pIRES-hpaA could express the
specific protein of 30 kD, but the COS-7 cells transfected by
pIRES could not express the protein. The pIRES-hpaA DNA
vaccine could express the specific HpaA protein which can
react with anti-H pylori.
Recombinant attenuated Salmonella typhimurium DNA
vaccine carrying H pylori hpaA gene can express HpaA protein
with immunogenicity. Further study is needed to explore its
protective and therapeutic effect on animal models in vivo.
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Abstract
AIM: To obtain the active human recombinant uridine
diphosphate glucuronosyltransferase 1A3 (UGT1A3) enzyme
from Chinese hamster lung (CHL) cells.
METHODS: The full-length UGT1A3 gene was amplified by
reverse transcription-polymerase chain reaction (RT-PCR)
using total RNA from human liver as template. The correct
fragment confirmed by sequencing was subcloned into the
mammalian expression vector pcDNA3.1 (+), and the
recombinant vector was transfected into CHL cells using a
calcium phosphate method. Expressed UGT1A3 protein was
prepared from CHL cells resistant to neomycin (G418). Then
the protein was added into a reaction mixture for
glucuronidation of quercetin. The glucuronidation activity
of UGT1A3 was determined by reverse phase-high
performance liquid chromatography (RP-HPLC) coupled with
a diode array detector (DAD). The quercetin glucuronide
was confirmed by hydrolysis with -glucuronidase. Control
experiments were performed in parallel. The transcriptions
of recombinants were also determined by RT-PCR.
RESULTS: The gene was confirmed to be an allele
(UGT1A3-3) of UGT1A3 by DNA sequencing. The fragment
was introduced into pcDNA3.1 (+) successfully. Several
colonies were obtained under the selection pressure of G418.
The result of RT-PCR showed transcription of recombinants
in mRNA level. Glucuronidation assay and HPLC analysis
indicated UGT1A3 expressed heterologously in CHL cells was
in an active form, and one of the gulcuronides corresponding
to quercetin was also detected.
CONCLUSION: Correct sequence of UGT1A3 gene can be
obtained, and active UGT1A3 enzyme is expressed
heterologously in CHL cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Small molecules, such as steroids, heme byproducts, free fatty acids,
environmental contaminants, xenobiotics, drugs and dietary
byproducts, can be efficiently eliminated via the addition of
gulcuronic acids. This process is called glucuronidation and catalyzed
by uridine diphosphate glucuronosyltransferases (UGTs).
UGTs are important enzymes in phase II metabolism, which
are located on the luminal side of the endoplasmic reticulum
and in the nuclear envelope of cells of the liver and other organs.
There are many isoforms of UGTs. To date, three UGT families
have been identified: UGT1, UGT2 and UGT8[1], and at least
thirteen different UGT1 genes have been characterized in human
beings[2].
In human beings, UGT1A3 and UGT1A4 are the only two
enzymes which can catalyze N+-glucuronidation of tertiary
amines[3,4], including many important drugs in clinic such as
imipramine[5], olanzapine[6], ketotifen[7], etc. In addition, UGT1A3
can also catalyze O-glucuronidation of opioids, coumarins,
flavonoids, anthraquinones and small phenolic compounds[8]. Drugs
containing a carboxylic acid moiety, such as nonsteroidal antiinflammatory agents and fibrates, are substrates for human
UGT1A3[9,10].
The glucuronidation is so important that its disorders can
cause drug-induced adverse reactions, variations of cancer
susceptibility and many serious diseases[11-13], such as CriglerNajjar syndrome type I (CN-I), neonatal hyperbilirubinemia.
Opioids and nicotine addiction may also be influenced by
glucuronidation[14]. Recently, it has been proved that glucuronidation
represents a mechanism of intrinsic drug resistance in colon
cancer[15]. In fact, most disorders of gulcuronidation are due to
dysfunction of UGTs[16,17]. Studies on UGTs are important not
only for the metabolism of small molecules, such as drugs, but
also for disease pathogenesis.
In this study, the human gene encoding UGT1A3 was
obtained from human livers and finally expressed in CHL cells
by reconstructing them into pcDNA3.1 (+). The activity of the
recombinant enzyme was also assayed with its flavonoid
substrate, quercetin.
MATERIALS AND METHODS
Materials
Trypsin, minimum essential medium, fetal calf serum, TRIzol
reagent and G418 were purchased from Gibco BRL (Grand
Island, NY, USA). M-MuLV reverse transcriptase, restriction
enzymes, DNA molecular marker and T4 ligase were obtained
from MBI Fermentas (Amherst, NY, USA). Agarose LE was
supplied by Roche Diagnostics (Mannheim, Germany). Uridine
5’-diphospho-glucuronic acid (UDPGA), Brij58, d-saccharic acid
1,4-lactone, -glucuronidase and diethylprocarbonate were
provided by Sigma Chemical Co. (St. Louis, MO, USA). pGEMT vector was from Promega (Madison, WI, USA). Quercetin
and morin were purchased from National Institute for the
Control of Pharmaceutical and Biological Products, pcDNA3.1
(+) was from Invitrogen (Calsbad, CA, USA). Other biochemical
and molecular biology reagents were obtained from Sangon
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(Shanghai, China). All other reagents and organic solvents of
analytical or HPLC grades were commercially available.

method of Lowry, and the rest proteins were stored at -80 ℃
until use.

Cell line and cell culture
CHL cells (maintained by Department of Pathology and
Pathophysiology, College of Medicine, Zhejiang University)
were cultured in minimum essential medium containing 100 mL/L
fetal calf serum, 0.3 g/L of l-glutamine, 100 000 U/L penicillin
and 100 mg/L streptomycin. Cells were grown at 37 ℃ in a
humidified atmosphere containing 50 mL/L CO2.

Determination of transcription of UGT1A3
Transcription of UGT1A3 in CHL cells was confirmed by RTPCR. Primers of -actin were also added into PCR mixture to
assure the feasibility of PCR reaction system. Control reactions
using total RNA of untransfected CHL cells as templates were
performed in parallel.

Tissue preparation
This study was approved by the Ethics Committee of Zhejiang
University. Two liver samples were obtained from two Chinese
patients at the First Affiliated Hospital of Zhejiang University.
One gastric tissue sample was from Zhejiang Provincial Tumor
Hospital. In all instances, samples were performed at the distal
resection margin of the specimen and exhibited no signs of
macroscopic deterioration. All tissues were immediately frozen
in liquid nitrogen and stored at -80 ℃ until use.
RT-PCR
The sequence corresponding to UGT1A3 was produced by
RT-PCR using gene-specific primers. Total RNA was extracted
from human tissue samples with TRIzol reagent following the
manufacturer’s instructions. Reverse transcription and
amplification were performed by M-MuLV reverse transcriptase
and Pfu DNA polymerase, respectively. The sense primer for
PCR was 5’-aagcttgaagaaagcaaacgtagcaggc-3’, corresponding
to the nucleotides -65 to -44 of UGT1A3. A T in -53 was mutated
to C to avoid an interferential start codon, and a Hind III site
was introduced to the beginning. The antisense primer was 5’ctcgagtaccttatttcccacccacttc-3’, with a Xho I site at 5’ side.
PCR was performed at 94 ℃ for 2 min, then 32 cycles at 94 ℃ for
20 s, at 56.2 ℃ for 30 s, at 72 ℃ for 2 min, and a final extension
at 72 ℃ for 10 min. Amplified gene was sequenced after ligation
with a pGEM-T vector.

Glucuronidation assay
A typical incubation mixture (100 L of total volume) contained
100 mmol/L Tris-HCl buffer, pH 7.5, 10 mmol/L MgCl2, 5 mmol/L
UDPGA, 5 mg/L Brij58, 1 g/L S9, 5 mmol/L d-saccharic acid 1,4lactone and 0.4 mmol/L quercetin. The mixture without UDPGA
was preincubated at 37 ℃ for 2-3 min. Reaction was initiated by
the addition of UDPGA and incubated at 37 ℃ for an appropriate
time, and then terminated with 290 L of methanol. After addition
of an internal standard (0.4 mmol/L Morin in mixture), the mixture
was centrifuged to remove precipitated protein, and 25 L of
supernatant was subjected to HPLC analysis. Blank incubations
without UDPGA or S9 or quercetin were performed, and S9 of
untransfected CHL cells was also treated simultaneously. The
glucuronide of quercetin was confirmed by UV scanning with a
DAD detector and hydrolysis with -glucuronidase.
HPLC analysis
Analysis was performed on a Shimadzu LC-10A (Kyoto, Japan)
system, equipped with two LC-10AD pumps, a DAD UV
detector and a DiamonsilTM C18 column (5 m particle size,
250 mm×4.6 mm). Data acquisition and integration were
performed using a HS2 000 chromatography workstation. The
mobile phase consisted of 540 mL/L methanol and 460 mL/L of
0.02 mol/L phosphoric acid, and flow velocity was 1 mL/min.
Quercetin and its metabolites were detected at 368 nm.
RESULTS

Construction of expression vector
Hind III and Xho I sites were used to introduce UGT1A3 gene
into the mammalian expression vector pcDNA3.1 (+). The
recombinant plasmid was transformed into E. coli strain DH5.
After screened by ampicillin, the recombinants were identified
by restriction enzyme digestion.
Expression of UGT1A3 in CHL cells
The correct recombinant was transfected into CHL cells at 70-80%
confluency using a calcium phosphate method. Concentration
of G418 was kept at 400 mg/L in medium in the first selection
passage to eliminate the cells that failed to be transfected until
untransfected cells in control group were completely killed.
G418 was added at 200 mg/L serving for maintaining resistant
cells in the later passages. The selection concentrations were
determined by preliminary experiments according to the
susceptibility of CHL cells to G418. After selection, surviving
cells were diluted and inoculated into 96-well plates to obtain
resistant colonies. Several resistant colonies were harvested
and cultured in medium containing G418 respectively to produce
UGT1A3 protein.
Preparation of S9 of CHL-UGT1A3
Preparation of S9 of CHL-UGT1A3 was in the same way reported
previously[18] except for three freeze-thaw cycles before
sonication. In brief, cells were washed twice with PBS and
scraped into 11.5 g/L KCl. After three freeze-thaw turns, cells
were sonicated five times, 3 s each time, with bursts for 5 s on
ice. The supernatant was obtained by centrifuging for 20 min at
9 000 g. The concentration of protein was determined by the

RT-PCR amplification of human UGT1A3
The sequence obtained from RT-PCR was identical with human
UGT1A3-3 allele (GenBank accession nos. AY435138 and
AF465194) containing three single nucleotide polymorphisms
(SNPs) compared with wild type. Figure 1 shows the PCR
products electrophoresed on 8 g/L agarose gel. The image was
scanned and analyzed by gel image system (Bio-Rad Laboratories,
Segrate, Italy).
1

2

bp
21 226
5 148
4 268

UGT1A3

2 027
1 584
1 375
947
831

Figure 1 Agarose gel electrophoresis of UGT1A3 PCR
products. Lane 1: UGT1A3 PCR products; lane 2: DNA molecular markers.

Construction of recombinants
Plasmid pcDNA3.1 (+)-UGT1A3 was extracted from E. coli
DH5. After the recombinant was digested with Xho I and
Hind III in combination, a fragment of 1 600 bp and a fragment
of pcDNA3.1 (+) vector were observed simultaneously on 8 g/L
agarose gel (Figure 2). The image was scanned and analyzed
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by gel image system (Bio-Rad Laboratories, Segrate, Italy).
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After incubation, quercetin-glucuronide, morin and quercetin
were eluted at retention times of about 7.9 min, 17.8 min and 25.
4 min, respectively (Figure 5). A uv scanning study by DAD
indicated quercetin and its metabolites shared the similar uv
absorption spectra, and the metabolite peak disappeared in
chromatography after hydrolysis with -glucuronidase. Blank
incubations without UDPGA or S9 or quercetin and the control
reaction with S9 of untransfected CHL cells showed no signal
of metabolites.
17.825

25.422

RT-PCR
The transcription of UGT1A3 in CHL-UGT1A3 is shown in
Figure 3. RT-PCR using total RNA of CHL-UGT1A3 cells as
templates showed a fragment about 1 600 bp, and a -actin
fragment (about 660 bp) was synthesized in the reaction. Control
reaction corresponding to untransfected CHL cells could
synthesize only one -actin fragment.
1

2

3

-actin

2 027
1 904
1 584
1 375
947
831
564

Figure 3 Agarose gel electrophoresis of the result of RT-PCR.
Lane 1: CHL-UGT1A3; lane 2: untransfected CHL cells; lane 3:
DNA molecular markers.

Concentration of
quercetin in incubation
mixture (mol/L)

Glucuronidation assay
The concentration of S9 obtained from recombinants was
4.3±1.2 mg/mL (n = 4). For analysis, a standard curve was
prepared by plotting S (S = peak area of quercetin / peak area
of morin) versus the concentration of quercetin (mol/L).
The linear regression of standard curve was determined to be
Y = 4.7×10-3X +2.9×10-3 (r2 = 0.99). Preliminary experiments also
indicated that the glucuronidation reaction was linear for up to
10 min incubation (Figure 4), and the methods used here had
satisfactory accuracy and precision.
405
400
395
390
385
380
375
370
365
360

Untransfected
CHL cells
CHL-1A3 cells

0

10

2
1
mv
0

10

20
Time (min)

30

Figure 5 Typical chromatograms of quercetin after incubation with S9 prepared from CHL-UGT1A3 Cells. For quercetin-glucuronide, tR = 7.933 min; for morin, tR = 17.825 min; and
for quercetin, tR = 25.422 min.

bp
5 148
4 268

UGT1A3

7.933
11.016

Figure 2 Restriction enzyme analysis of pcDNA3.1 (+)-UGT1A3
recombinant plasmids. Lane 1: DNA molecular markers; lane
2: pcDNA3.1 (+)-UGT1A3 plasmids after digestion with Xho I
and Hind III.

Absorbance

3

20 30 40 50 60
Incubation time (min)

70

Figure 4 Time course of quercetin incubated with S9 prepared
from CHL-UGT1A3 cells or untransfected CHL cells.

DISCUSSION
In this work, one active UGT1A3 protein was obtained in CHL
cells. But sequence analysis indicated its gene was an allele
(UGT1A3-3) of wild UGT1A3. It has three point mutations.
Two of them are sense mutations, and the rest one is a silent
mutation. This allele was found in all three individual tissue
samples, including two liver tissues and one gastric tissue at
different times. We consider there are two possibilities: one is
that the mutations might be created by PCR reactions, the other
is that the frequency of UGT1A3-3 allele might be high in
Chinese population, which is a challenging question to the
prevalence of UGT1A3 alleles in Chinese population. A recent
study reported that the two sense mutations in this allele
increased the activity of UGT1A3 enzyme[19], but its clinical
significance remains to be explored.
In the past, most studies on drug metabolic enzymes were
based on animal experiments, human liver microsomes or
enzymes purified from human tissues[20-22]. They are all efficient
but have obvious flaws. Human liver microsomes are good
models for drug metabolic enzyme studies, but their rare
resources and the complexity of mixed enzymes in microsomes
limit their applications. Animal experiments are held back by
the problem of species differences, and the fact that UGTs are
proteins on membranes determines the difficulties in process.
In recent years, the use of enzyme preparations expressed in
heterologous expression system has become more popular for
the studies on drug metabolic enzymes because of their purity
and constant supply. Some heterologous expression systems,
such as bacteria[23,24], mammalian cells and insect cells are used
to express UGTs[25,26]. Mammalian cells have several advantages
compared to other expression systems in terms of perfect posttranslational modifications, easy to use and low cost to maintain.
Although there are studies on the expression of UGTs in some
mammalian cells[27-29], to our knowledge, there has been no
report on the expression of active UGT1A3 in CHL cells.
Flavonoids are polyphenolic compounds that occur
ubiquitously in plants and human diets. Quercetin belongs to
the class of water-soluble plant pigments. There is evidence
that quercetin possesses potent antioxidant properties[30]. It
protects low density lipoprotein cholesterol from becoming
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damaged and is considered as a crucial intermediate in the
formation of atherosclerotic plaques[31]. Quercetin has been
reported to be an effective substrate of UGT1A3[8]. In this
experiment, only one glucuronide of quercetin was detected
after catalysis of recombinant UGT1A3, although it was reported
that four quercetin monoglucuronides corresponding to four
hydroxyl groups (3-, 7-, 4’-, 3’-, respectively), were produced
by incubation with human liver cell-free extracts[32] or human
UGT-1A9 microsomes. It could be explained as the limits of
recombinant enzyme activity or detection sensitivity, but there
is still another possibility that glucuronidation of quercetin
catalyzed by UGT1A3 is region-selective. Only one hydroxyl
group could form glucuronides in such conditions. Further
work should be done to make it clear. For this purpose, more
effective expression systems and more sensitive activity
detection technologies need to be developed.
In conclusion, active human UGT1A3 protein is expressed
in CHL cells, and its activity can be assayed with quercetin. It
may provide convenience to related studies on drug metabolisms
and mechanisms of diseases.
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Abstract
AIM: To investigate the effect of Boschniakia rossica (BR),
oxymatrine (OM) and interferon-alpha (IFN-) 1b on the
therapy of rat liver fibrosis and its mechanism.
METHODS: By establishing a rat model of pig serum-induced
liver fibrosis, liver/weight index and serum alanine
transaminase (ALT) were observed to investigate the
therapeutic effect of BR,OM and IFN-. Radioimmunoassay
was utilized to measure procollagen type III (PCIII) and
collagen type IV (CIV). RT-PCR was used to assay the
expression of liver transforming growth factor- beta 1
(TGF-1) mRNA. Immunohistochemistry of alpha-smooth
muscle actin (-SMA) and pathologic changes of liver
tissues were also under investigation.
RESULTS: Serum PCIII and CIV in BR, OM and IFN- groups
were significantly declined compared with those in model
group, and their RT-PCR revealed that TGF-1 mRNA
expression was also reduced more than that in model
group. Immunohistochemistry demonstrated that -SMA
also declined more than that in model group. Serum ALT
in IFN-, control and model groups was within normal level.
Serum ALT in BR group had no significant difference from
those of IFN-, control and model groups. Serum ALT in
OM group was significantly higher than those in BR, IFN-,
model, and control groups.
CONCLUSION: BR, OM and IFN- can prevent pig seruminduced liver rat fibrosis by inhibiting the activation of
hepatic stellate cells and synthesizing collagen. OM has
hepatotoxicity to rat liver fibrosis induced by pig serum.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Interferon-alpha
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INTRODUCTION
Liver fibrosis results from chronic hepatitis, ethanol abuse or
other conditions. It is a very common disease in China and
severely affects people’s health. All countries in the world
including China have not approved any drug on liver fibrosis
therapy[1]. Herbal medicine has been used to treat liver fibrosis
in China for thousands of years. It is found that Chinese herbal
medicine has the direct function of preventing liver fibrosis
besides the effect of protecting hepatocytes[2]. Many ingredients
of Chinese herbs have been proved in previous studies on liver
fibrosis. Boschniakia rossica (BR) Fedtsch Et Flerov is a parasitic
plant growing on the root of Alnus plant[3]. Dried BR is used to
nourish the kidney, strengthen Yang, loose the bowel, arrest
bleeding, and prolong life[4-6]. BR is called “anti-senility herb”
(bu lao cao) among civilians. Oxymatrine (OM) is a preparation
of alkaloid aqueous solution extracted from herbal medicine
matrine. It has biological functions of anti-inflammation,
antibacteria, antivirus, anti-tumor and immunosuppression. There
are many reports about the prophylactic effect of OM on liver
fibrosis and its function to suppress activation of hepatic stellate
cells[7-11]. In the present study, a rat liver fibrosis model was
established with pig serum and the therapeutic effect and mechanism
of BR,OM and IFN- on liver fibrosis were investigated.
MATERIALS AND METHODS
Drugs and animals
BR was accredited and extracted by a medicative botanist,
Professor Yong-Zhen Liu from Medical College, Yanbian
University. OM injection concentration was 200 mg/2 mL
(Ningxia Pharmaceutical Factory). Interferon -alpha 1b was
purchased from Shenzhen Kexing Bioproducts Co., LTD.
Male Wistar rats, 7 wk old and weighing 150-180 g, were
obtained from Animal Facility of Yanbian University Medical
College. After a week acclimation period on a basal diet, the
rats were divided randomly into experimental groups.
Experimental protocol
The experiment was started on Monday (d 1), and the total
study period was 10 wk. Five experimental groups were
designed: control group (n = 8), model group (n = 10), BR
group (n = 10), OM group (n = 10) and IFN- group(n = 10).
Each group except for control group received 0.5 mL pig serum
twice a week for 10 wk via intraperitoneal injection. At the
beginning of the 6th wk (Day 36), BR group received 500 mg/kg
of BR by oral administration. OM group received 60 mg/kg of
OM, and IFN- group received 50 000u IFN- via muscle
injection. At the same time, control group received 0.5 mL of
saline injection twice a week for 10 wk. All the rats were killed
under ether anesthesia, blood was obtained from the right
ventricle, and the livers were excised for TGF-1 mRNA assay
and pathological examination.
Serum markers
At end of the experiment, serum ALT was assayed by a HITACHI
7600-010 autobiochemical analyser, while serum PCIII and CIV
by radioimmunoassay.
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Histological examination and immunohistochemical staining
Three m thick sections from right lobes of all rat livers were
processed routinely for hematoxylin and eosin and Sirius-red
staining. -SMA for detection of activated hepatic stellate cells
was assessed immunohisto chemically by the avidin-biothperoxidase complex method. Anti--SMA monoclonal antibody
(Zhongshan Bio-tech Company) was also used.

data were analyzed using Kroskal-Wallis test and measurement
data were analyzed using one-way analysis of variance (ANOVA).
The results were analyzed by SPSS 10.0 software.

RESULTS
General condition
The condition did not change in control group, but the activity
was reduced, urine became yellow and most rats had diarrhea in
model group. General conditions in BR, OM and IFN- groups
were much better than those in model group.

Morphological examination of liver tissue
The results of sirius-red staining were examined under optical
microscope. The level of liver fibrosis was divided into five
grades[12]: grade 0: no fibrosis; grade 1: fibrosis located within
portal area with a tendency to become worse; grade 2: fibrosis
involving 2/3 liver lobule; grade 3: fibrosis reaching the
surroundings of central vein; grade 4: the total liver lobule had
permeant fibrosis, with false lobule formation and changes in
grade 3.

Liver/weight index
Liver/weight index in model group was slightly higher than that
in other groups, but the difference had no statistical significance
(P = 0.169).
Serum markers
Serum ALT was not increased after administration of pig serum
for 10 wk in model group. IFN- at doses up to 50 000u also had
no effect on serum ALT level, but serum ALT in OM group was
excessively increased and significantly higher than that in model
and IFN- groups (P<0.009). Serum ALT in BR group had no
considerable changes compared with model group, but was
significantly lower than that in OM group (P = 0.021). The serum
ALT level was significantly higher in BR group than in IFN-
group (P = 0.043). Only serum IV collagen in model group was
significantly higher than that in other groups (P<0.048). The
PCIII level in model group was also significantly higher than that
in BR, OM and IFN-alpha groups (P<0.001), and the PCIII level
in IFN- group had almost no change compared with that in
control group (P = 0.341), but serum PCIII in OM group was
significantly higher than that in control group (P = 0.028, Table 1).

TGF-1 mRNA assay
RT-PCR was used to examine TGF-1 mRNA in liver tissue.
Total RNA was extracted with Trizol (Invitrogen Chemical Co.).
The sense primer sequence was 5’ GCC TCC GCA TCC CAC
CTT TG 3’ and the sequence of antisense primer was 5’GCG
GGT GAC TTC TTT GGC GT 3’ (synthesied by Sino-American
Biotechnology Company). RT-PCR was performed with Access
QuickTM RT-PCR system (Promega), and the procedures were
as follows. First, reverse translation was incubated for 45 min
at 48 ℃ and initial denaturation for 2 min at 95 ℃. Each PCR
cycle was at 95 ℃ for 45 s, at 60 ℃ for 45 s and at 70 ℃ for 45 s,
the number of cycles was 25 and the final extension was carried
out at 70 ℃ for 5 min. RT-PCR products were resolved on 1.0%
agarose gel and then visualized with ultraviolet assay and
photography. The results were determined with computerized
image analysis (CMIAS).

Histological findings
In model group, the rat liver stained with Sirius-red and HE
showed an extensive accumulation of collagens (Figures 1: C, D),

Statistical analysis
Results were presented as mean±SD, differences of ordinal
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Figure 1 Histological findings in model group. Livers stained with Sirius-red (D) and HE (C) showed an extensive accumulation
of collogens. The accumulation of collagens was higher in model group than in BR group as shown in Figures 1 A, 1B, 1E, 1F, 1H,
1I and 1J.
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Figure 2 Expression of TGF-1 in liver tissue. A: RT-PCR products of TGF-1 mRNA in liver tissue resolved on 1.0% agarose gel
(M: markers;1: Control; 2: Model; 3: BR; 4: OM; 5: IFN-); B: Results of model group rat liver specimens stained with IHC. Lots of
-SMA positive cells, hepatic cord lined up in disorder and fibrosis septum could be seen; C-F: Liver cells stained with IHC (×200)
in control, BR, OM and IFN-alpha groups respectively.

fibrotic septum increased and was found between port to port
and port to central vein in some parts of lobules, in some serious
units false lobules presented. But no hepatocyte necrosis was
found. The accumulation of collagens in BR (P = 0.003), OM
(P = 0.009) and IFN- (P = 0.0237) groups was obviously lower
than that in model group (Figure 1 A, B, E-J). The grades of liver
fibrosis are shown in Table 2.
Table 1 Serum markers of ALT (U/L), PCIII (g/L) and CIV
(g/L, mean±SD)
Control
n=8
A LT

48.00±3.0

Model
n = 10

OM
n = 10

IFN
n=9

51.33±6.5

67.70±3.3 1
1,2

PCIII

5.83±0.4

9.91±3.1

7.46±0.7

CIV

0.93±0.7 1

4.13±1.4

0.97±0.9 1

BR
n = 10

41.33±1.8
6.68±0.3

53.80±5.2
1

0.90±0.6 1

6.56±0.4

1

0.40±0.4 1

1

Significantly different compared with model group, 2significantly different compared with control group.

Expression of TGF- 1 mRNA in liver tissue
The RT-PCR products of TGF-1 mRNA were electrophoresed
with 1.0% agarose gel (Figure 2 A). The TGF-1 mRNA expression
in control group was not significant, but was significant in
model group and the expression of TGF-1 mRNA in BR,OM

and IFN- groups was significantly lower than that in model
group (P<0.05).
Table 2 Comparison of liver fibrosis grades in different groups
Group

n

0

I

II

III

Control
Model
OM
IFN
BR

8
10
10
9
10

8
0
2
2
4

0
5
7
6
5

0
1
0
1
0

0
1
1
0
1

IV
0
3
0
0
0

Immunohistochemical assay
Activated hepatic stellate cells, characterized by expression of
-SMA and called myofibroblast-like cells, were markedly
increased in the liver of rats that received pig serum for 10 wk
(Figure 2 B). In BR,OM and IFN- groups , the number of -SMA
positive cells in liver was much lower than that in model group
(P<0.05, Figures 2C-F), and the distribution of -SMA positive
cells was similar to that of collagen in the liver.
DISCUSSION
Fibrosis is a dynamic process associated with the continuous
deposition and resorption of connective tissues and collagens.
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Therapeutic strategies have shown that this dynamic process
can be modulated. Many results in previous studies suggest
that BR could markedly enhance the immune reactivation of
Kupffer cells. Kupffer cells are the necessary cells when the
body responds to TD antigen immune reaction[13]. BR could
significantly restore superoxide dismutase (SOD) activation
reduced by CCL4 intoxication and CCL4-induced lipid peroxidation
products[14,15]. Researches also show that BR could inhibit
swelling of carageen gel-induced rat podium, PGE release from
swollen podium and permeability of rat celiac capillaries[4,16].
Song et al[8] found that OM could inhibit fibroblastic proliferation
and expression of type III collagen mRNA in vivo. Chen et al[9]
compared the effects of OM and IFN- on cultured rat hepatic
stellate cells, and found that OM had the similar inhibitory
effect as IFN- on rat stellate cells in vitro, indicating that OM
has prophylactic effects on D-galactosamine-induced rat liver
fibrosis, since it can protect hepatocytes and suppress activation
of hepatic stellate cells through anti-lipoperoxidation in vivo[7,10].
It was reported that IFN- could inhibit hepatic stellate cell
activation and lipid peroxidation in liver mitochondria, and
enhance biological defense activities against oxidative stress
and function as a potent fibrosuppressant by protecting
hepatocytes and hepatic stellate cells from lipid peroxidation
in vivo[17]. It could inhibit the proliferation and collagen
synthesis of stellate cells, down-regulate the expression of
precollagen types I and III mRNA and reduce the deposition of
collagen types I and III in fibrotic liver[18]. IFN- could improve
the function and composition of liver cells and erythrocyte
membrane[19]. Early and long-term administration of IFN- could
prevent the development of liver fibrosis and porto-collateral
circulation in the CCL4 model[20]. Clinical researches on IFN-
have shown that IFN- elevates MMP-1/TIMP-1 ratio and
decreases the extent of liver fibrosis[21], reduces the number of
-SMA- positive cells and decorin expression[22], and improves
liver inflammation and fibrosis in patients with chronic hepatitis
C[23]. IFN- could also reduce liver fibrosis independent of its
antiviral activity[24,25]. In the present study, an immune liver
fibrosis model was established by intraperitoneal injection of
pig serum, and the model was designed according to the fact
that many kinds of fibrosis are related to type III immune
reaction[26]. The present study showd that serum ALT was not
increased and there was no obvious hepatocyte necrosis except
for liver fibrosis in model group. In IFN- group serum ALT
had no change, and this result is similar to that treated with
IFN-[27]. The obvious increase of serum ALT in OM group
indicateds that OM has hepatotoxicity to rat liver fibrosis induced
by pig serum. Radioimmunoassay showed that serum PCIII and
CIV were significantly decreased, indicating that BR, OM and
IFN- inhibit synthesis of collagens, and that serum PCIII
is higher than CIV, which is in line with the result that PCIII
was the main collagen accumulated in primeval fibrosis[26].
TGF- 1 activates hepatic stellate cells and increases -SMA
expression[28,29]. On the other hand, the activated hepatic stellate
cells release a lot of TGF-1[30]. The present study showed that
BR,OM and IFN- could inhibit the activation of hepatic stellate
cells and the release of TGF-1. Pathological results further
indicate BR,OM and IFN- have anti- fibrosis actions. This
study compared the anti-fibrosis action of BR,OM and IFN-,
and found that BR had no effect on liver serum ALT, and is
thus being very convenient for use. BR is an effective herb
with a promising prospect of application.
In conclusion, the results in the present study indicate that
BR,OM and IFN- can prevent pig serum-induced liver fibrosis
by inhibiting the activation of stellate cells and synthesis of
collagens. OM has hepatotoxicity to liver fibrosis induced by
pig serum.
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Abstract
AIM: To investigate the potential role of continuous venovenous
hemofiltration (CVVH) in hemodynamics and oxygen
metabolism in pigs with severe acute pancreatitis (SAP).
METHODS: SAP model was produced by intraductal
injection of sodium taurocholate [4%, 1 mL/kg body weight
(BW)] and trypsin (2 U/kg BW). Animals were allocated
either to untreated controls as group 1 or to one of two
treatment groups as group 2 receiving a low-volume CVVH
[20 mL/(kg·h)], and group 3 receiving a high-volume CVVH
[100 (mL/kg·h)]. Swan-Ganz catheter was inserted during
the operation. Heart rate, arterial blood pressure, cardiac
output, mean pulmonary arterial pressure, pulmonary
arterial wedge pressure, central venous pressure, systemic
vascular resistance, oxygen delivery, oxygen consumption,
oxygen extraction ratio, as well as survival of pigs were
evaluated in the study.
RESULTS: Survival time was significantly prolonged by lowvolume and high-volume CVVHs, which was more pronounced
in the latter. High-volume CVVH was significantly superior
compared with less intensive treatment modalities (lowvolume CVVH) in systemic inflammatory reaction protection.
The major hemodynamic finding was that pancreatitis-induced
hypotension was significantly attenuated by intensive CVVH
(87.4±12.5 kPa vs 116.3±7.8 kPa, P<0.01). The development
of hyperdynamic circulatory failure was simultaneously
attenuated, as reflected by a limited increase in cardiac output,
an attenuated decrease in systemic vascular resistance and
an elevation in oxygen extraction ratio.
CONCLUSION: CVVH blunts the pancreatitis-induced
cardiovascular response and increases tissue oxygen
extraction. The high-volume CVVH is distinctly superior in
preventing sepsis-related hemodynamic impairment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis may lead to non-infectious systemic
inflammatory response syndrome (SIRS) or multiple organ
dysfunction syndrome (MODS). Similar to infectious SIRS or
sepsis[1], this inflammatory response reflects the activation of
humoral and cellular inflammatory cascades and may be
accompanied with alterations in the oxygen extraction
capabilities of tissue and hyperdynamic cardiovascular failure[2].
Notably, small to middle-sized molecules, such as proinflammatory
cytokines or activated complement factors seem to play a key
role as humoral mediators in the development of SIRS and
MODS[3,4]. Since MODS is a leading cause of morbidity and
mortality in surgical intensive care, attenuation of SIRS by
antagonizing[5,6] or removing[7] potentially involved mediators
has attracted great interest as a supportive strategy to prevent
organ failure in critically ill patients. Unfortunately, therapeutic
interventions aiming at neutralizing or antagonizing individual
inflammatory cytokines have generally been disappointing[8,9].
Although anti-mediator strategies are successful in experimental
models of endotoxemia, there is an increasing body of evidence
that proinflammatory mediators are crucial to mount a local host
defense response in addition to their systemic toxic effects[10,11].
Moreover, simultaneous production of a wide variety of
inflammatory mediators sharing many biological activities may
limit the use of strategies directed against a single mediator[12].
Hemofiltration, especially continuous venovenous
hemofiltration (CVVH), is a safe and well established treatment
in critically ill patients with renal failure, and has also been
used in the treatment of severe acute pancreatitis (SAP), acute
respiratory distress syndrome (ARDS) and sepsis[13,14]. Although
many inflammatory mediators involved in the development of
SIRS, ARDS and MODS are known to have a molecular weight
well below the cut-off value of hemofiltration membranes, the
use of CVVH to attenuate SIRS by eliminating a broad spectrum
of small to middle-sized inflammatory mediators has been a
source of considerable controversy[7,13,15-17]. In particular,
potential targeting of multiple mediators that are released into
the systemic circulation without affecting the local host
response by CVVH is intriguing. However, prospective,
randomized and controlled basic studies assessing the potential
effects of hemofiltration on hemodynamics and oxygen
metabolism in animals with severe SIRS, septic shock or multiple
organ failure are sparse.
The aim of the present study was therefore to investigate
the influence of prophylactic CVVH on the development of
MODS in pigs with severe acute pancreatitis.
MATERIALS AND METHODS
Anesthesia and surgical preparation
Twenty-four fasted domestic pigs (body weight [BW] 21-30 kg)
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were premedicated intramuscularly with ketamine (10 mg/kg)
and atropine (0.06 mg/kg). Adequate anesthetic depth was
achieved by continuous intravenous application of pentothal
sodium [6 mg/(kg·h)]. After endotracheal intubation, the
animals were ventilated mechanically with air. The ventilation rate
was 12 breaths/min, and the respiratory tidal volume was set to
8 mL/kg BW. For the duration of the experiments, all animals
received a 0.9% NaCl infusion at a rate of 5 mL/kg per hour.
After the instrumentation of the animals by arterial and SwanGanz catheters, mean arterial blood pressure (MAP), central
venous pressure (CVP), and heart rate (HR) were monitored
continuously. Systemic vascular resistance (SVR) and cardiac
index (CI) were calculated intermittently.

Induction of pancreatitis
Pancreatitis was induced by pressure-controlled (100 mmHg),
intraductal infusion of sodium taurocholate[18] (4%, 1 mL/kg
BW, Sigma Chemical, Germany) and trypsin (2 U/kg BW, Difco
Chemical, USA). Control animals (n = 8, group 1) underwent
the spontaneous course of the disease without any treatment.
In two treatment groups, different volumes of CVVH were
applied simultaneously with the induction of pancreatitis.
Hemofiltration
The 16 pigs randomized to receive CVVH were cannulated with
a venous double-lumen catheter via a central vein to allow
pumps driving venovenous hemofiltration. Zero-balanced
CVVH was performed with a blood flow rate of 80 mL/min in a
predilution mode using a polyacrylonitrile membrane (AN69,
Hospal, France) connected to a continuous blood pump (Baxter,
USA). The filters were replaced daily. To avoid clotting of the
dialyzer, heparin was added into the inflow line of the
extracorporeal circuit in pigs subjected to CVVH. Group 2 animals
(n = 8) underwent a filtration turnover of 20 mL/(kg·h) and group
3 (n = 8) underwent a filtration turnover of 100 mL/(kg·h). After a
maximal observation period of 72 h, animals were killed.
Measurements
Blood samples were taken throughout the whole study period
for evaluation of blood gases, blood cell counts and chemistry.
From the induction of pancreatitis (at the time of the induction;
“time 0”) up to 72 h after induction, the following variables
were recorded: heart rate (HR), mean arterial pressure (MAP),
mean pulmonary artery pressure (MPAP), central venous
pressure (CVP), cardiac output (CO), systemic vascular
resistance (SVR), arterial oxygen content (CaO2), mixed venous
oxygen content (CvO2), and body temperature (BT). Cardiac
index (CI), oxygen delivery (DO2), oxygen consumption (VO2)
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and oxygen extraction ratio (OER) were calculated from CO,
CaO2 and CvO2 according to the following equations: DO2
[mL/(min·m2)] = CI [l/(min·m2)]×CaO2[mL/100mL]×10, VO2 =
CI [l/(min·m2)]×(CaO2[mL/100 mL]-CvO2[mL/100 mL])×10, and
OER = VO2/DO2.

Statistical analysis
Data were expressed as mean±SD. Normal distribution of data
was tested using the Kolmogorov-Smirnov test. Statistical
differences of baseline values vs changes of parameters after
pancreatitis were evaluated by one-way analysis of variance
for repeated measures. Differences between the treatment
groups were determined by analysis of variance, followed by
the Scheffe test when significant differences were found. P less
than 0.05 was considered statistically significant.
RESULTS
Survival
Compared with control animals, those that received CVVH
significantly prolonged their survival time. In addition, highvolume CVVH prolonged survival significantly compared with
low-volume CVVH. The respective mean survival time was
31.1±6.8 h for control group (group 1) (P<0.05 vs groups 2
and 3), 40.0±6.7 h for low-volume CVVH (group 2) (P = 0.001 vs
group 3), and 57.8±10.3 h for intensive (high-volume) CVVH
(group 3), respectively.
Hemodynamics and clinical parameters
After the onset of pancreatitis, group 1 (control) animals showed
an early phase hyperdynamic response characterized by increase
in heart rate, and body temperature (P<0.01, Table 1), cardiac
index (P<0.01, Table 2), and rapid decrease in MAP and SVR
(P<0.01, Table2). In the late phase of septic macrocirculatory
derangement, a dramatic breakdown of the entire macrocirculation
and a decrease in body temperature occurred. The major reason
was a progressive cardiac insufficiency indicated by a decrease
in cardiac index (P <0.01, Table 2). CVVH led to a reversal of
hemodynamic impairment that resulted eventually in significantly
prolonged survival in both the treatment groups. Both the initial
elevation of body temperature up to almost 41 ℃ and the
hypothermia in the late course of experiments were significantly
ameliorated by CVVH. The high-volume CVVH was distinctly
superior in preventing sepsis-related hemodynamic impairment
compared with the low-volume group.
Oxygen delivery and consumption
In early phase of pancreatitis, DO2 was found to be significantly

Table 1 Clinical parameters (mean±SD)
Parameter
HR(bpm)

BT(°C)

Amy(U/l)

Group

Baseline

6h

12 h

24 h

36 h

48 h

1

123.0 ± 8.2

179 ±9.7 d

194 ±20.8 d

164 ±26.2 c

132 ±23.0

2

123.0 ± 8.2

159 ±10.4 ad

165 ±15.5 ad

159 ±21.6 d

139 ±25.2

141 ± 36.1
138 ± 18.4

3

125.0 ± 8.3

149 ±9.9 ad

148 ±21.4 d

148 ±17.6 d

1

37.1 ± 1.2

39.6 ± 1.1 d

40.0 ± 0.9 d

36.0 ±0.6 c

35.6 ±0.6

NC

2

37.9 ± 0.7

38.7 ± 1.2

38.7 ±0.6 a

36.8 ±1.2 c

36.1 ±1.3

37.5 ± 3.4
39.0 ± 0.3

38.3 ±0.6 ac

155 ±23.8 ad

NC

3

37.8 ± 0.5

38.6 ±0.8 a

38.8 ±0.8 ac

38.5 ±0.2 ac

1

238.3 ± 122.6

3 635.0 ±427.2 d

9 535.8 ±5 802.6 d

7 535.7 ± 6 573.6 c

5 502.7 ±1 976.8 c

NC

2

336.0 ± 123.8

3 309.1 ±1331.2 d

8 199.4 ±5 881.0 d

8 441.8 ±5 730.6 d

2 960.5 ±1 292.6 c

3 168.5 ±1 136.3

3

237.0 ± 66.7

2 803.9 ±518.1 d

8 186.6 ±3 987.9 d

8 265.3 ±4 092.0 d

3 211.9 ±1 151.7 d

2 161.3 ±814.6

HR: heart rate, BT: body temperature, Amy: amylase. Group 1: controls; group 2: low-volume continuous veno-venous
hemofiltration (CVVH) (20 mL/kg body weight [BW]/h); group 3: high-volume CVVH (100 mL/kg BW); NC, not calculated (no
survival). aP<0.05 and bP<0.01 vs the respective value in controls; cP<0.05 and dP<0.01 vs baseline values, respectively.
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Table 2 Hemodynamic parameters (mean±SD)
Parameter

Group

MAP (mmHg)

MPAP (mmHg)

PCWP (mmHg)

CVP (mmHg)

CI (L/min/m2)

-5

SVR (dyn•s•cm )

Baseline

6h

12 h
d

24 h

87.38 ±12.45

d

36 h

1

126.5 ± 7.76

95.5 ±10.20

126.3 ± 7.19

95.6 ±7.44 d

104.5 ± 6.82 ad

102.0 ± 10.64 ad

100.8 ±9.74 ac

84.5 ±13.44

3

123.3 ± 4.43

117.8 ±9.07 ac

116.3 ± 7.80 a

106.8 ±9.79 ad

104.5 ±6.74 ad

99.57 ±11.97

30.0 ± 2.76

80.0 ±10.0

48 h
d

2

d

81.83 ±5.08

d

NC

d

27.3 ±3.06

NC

1

24.5 ±1.51

25.0 ±1.07

26.8 ±1.16

2

24.3 ±2.25

26.1 ±2.59

26.4 ±2.33

28.4 ± 3.58 c

29.5 ±2.38

29.0 ±8.49

3

24.4 ±1.85

25.9 ±1.25

22.1 ±1.81 a

25.4 ±2.92 a

27.3 ±3.58 c

27.4 ±1.72

c

1

10.1 ±1.96

9.1 ±2.85

10.8 ±1.98

14.2 ± 3.19

2

10.5 ±1.60

9.0 ±4.14

11.5 ±3.25

11.8 ± 4.17

11.5 ±7.14

8.5 ± 4.95

3

10.3 ±0.71

8.8 ±1.98

9.6 ± 1.60

10.3 ±2.87 a

10.0 ±3.82

14.0 ±3.00

9.2 ±3.92

9.0 ±1.73

8.6 ±2.50

11.5 ±6.24

7.0 ± 5.66
8.3 ± 2.21

c

11.0 ±2.65

NC

1

8.6 ± 2.07

7.3 ±2.12

5.5 ± 2.07

2

8.0 ± 2.14

8.6 ±4.41

7.6 ± 3.85

3

7.9 ± 1.36

6.5 ±1.93

6.9 ± 1.36

7.3 ±1.98

7.4 ±2.07

1

4.5 ± 0.55

6.2 ±0.64 d

5.9 ± 1.19 c

3.1 ±0.41 d

2.4 ±0.70

2

4.7 ± 0.75

5.4 ±0.90 c

5.9 ± 0.86 c

5.1 ±1.79 a

4.6 ±2.43

3.7 ± 0.12

3

4.6 ±0.54

5.0 ±0.97 a

4.8 ±0.56 a

5.3 ±1.10 a

6.3 ± 1.17

4.2 ±0.73 a
d

1 465.0 ±788.3

NC

NC

c

1 915.8 ±397.8

3 617.7 ±374.1 d

NC

1

2 130.2 ± 204.5

1 176.8 ±253.9

2

2 061.2 ± 407.1

1 329.6 ±354.8 d

1 349.9 ±218.6 d

1 573.0 ±633.1

1 988.1 ±942.4a

1 674.2 ± 463.6

3

2 034.4 ± 315.6

1 820.8 ±380.3 a

2 172.3 ± 371.7 a

1 664.6 ±268.1

1 512.6 ±321.6 a

1 187.4 ± 201.4

MAP: mean arterial pressure, MPAP: mean pulmonary artery pressure, PCWP: pulmonary capillary wedge pressure, CVP:
central venous pressure, CI: cardiac index, SVR: systemic vascular resistance. Group 1: controls; group 2: low-volume continuous
veno-venous hemofiltration (CVVH) (20 mL/kg body weight [BW]/h); group 3: high-volume CVVH (100 mL/kg BW); NC, not
calculated (no survival). aP<0.05 and bP<0.01 vs the respective value in controls; cP<0.05 and dP<0.01 vs baseline values, respectively.
Table 3 Oxygen metabolism parameters (mean±SD)
Parameter
DO 2

VO 2

OER

Group

Baseline

6h

12 h

24 h

36 h

1

774.1±142.9

2

751.4±206.0

811.6±197.4

3

674.2±76.7

706.5±95.4 a

1 044.5±154.2 d

1 029.4±307.6

501.3±75.0 d

389.4±178.8

NC

a

840.6±195.7

673.6±189.8

458.4±166.8 c

320.9±71.8

552.1±119.7 a

489.5±71.8 bd

474.9±63.0 d

517.2±163.7

108.0±55.1 c

NC

293.1±105.4 a

200.6±133.8

93.7±41.9

247.8±73.7 b

178.5±44.0 b

163.2±45.1

31.7±7.7

31.5±6.7

27.6±7.2

27.6±3.1

29.9±4.6

44.0±9.0 ad

40.0±5.8 ac

43.5±10.4 ac

41.0±12.9

28.5±6.7

30.0±6.8

51.9±3.2 ad

44.6±7.3 ad

36.3±7.2 ad

33.9±6.4

31.0±7.8

1

215.3±44.9

336.6±103.1

2

224.4±67.0

3

d

331.4±153.2

140.0±46.4

365.9±136.4 d

331.0±70.0 d

203.7±61.1

366.1±52.6 d

1

27.8±2.0

2
3

d

48 h

167.8±90.0
NC

DO2: oxygen delivery, VO2: oxygen consumption, OER: oxygen extraction ratio. Group 1: controls; group 2: low-volume continuous veno-venous hemofiltration (CVVH) (20 mL/kg body weight [BW]/h); group 3: high-volume CVVH (100 mL/kg BW); NC,
not calculated (no survival). aP<0.05 and bP<0.01 vs the respective value in controls; cP<0.05 and dP<0.01 vs baseline values,
respectively.

higher in the control group compared to the treatment groups
after the induction of pancreatitis (Table 3). In contrast, no
differences in VO2 were observed between the CVVH groups
and control group (Table 3). As a result, OER was found to be
significantly higher in animals undergoing CVVH.

Biochemical measurements
The activities of amylase in blood serum ranged from 115 to
543 U/L before the induction of pancreatitis. Pancreatitis
resulted in a significant rise in amylase activities in all groups.
Slight differences between groups did not reach statistical
significance (Table 1).
DISCUSSION
Continuous hemofiltration, especially continuous venovenous
hemofiltration (CVVH), was developed as a continuous renal
replacement therapy (CRRT) for patients with severe conditions
and has been widely performed in critical care[19]. In the present

study we investigated the potential use of prophylactic CVVH
to attenuate pancreatitis-induced SIRS and MODS. There was
a significant effect on several organ functions, most notably
on the cardiovascular system.
A hyperdynamic hemodynamic state may exist in the early
stages of moderate and severe pancreatitis and myocardial
depression may be evident in severe pancreatitis, as could be
observed in all animals in the early phase of pancreatitis. This
cardiovascular reaction, which could also be observed in
patients with severe infectious SIRS[20], seems to be necessary
to maintain oxidative metabolism and cellular integrity, since
patients who fail to increase their CO spontaneously, despite
volume loading, are known to have a comparably poor
prognosis[21]. Nevertheless, although elevated CO is usually
accompanied with an increased DO2 (provided hemoglobin
concentrations and oxygen saturation are unchanged), this
might still be insufficient to meet the metabolic demand of
peripheral tissues, because of increased oxygen demand and/
or microcirculatory mismatching[2,21]. The latter factors, which
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contribute to tissue hypoxia, might be aggravated by directly
impaired oxygen utilization due to a decreased mitochondrial
redox state induced, for example, by cytokines or activated
complement factors[2,4]. Hence, OER is usually reduced in
critically ill patients with a hyperdynamic circulatory state and
there still might be a hidden oxygen debt in spite of increased
DO2[2,21-23].
It is thus proposed to increase DO2 further with inotropics,
e.g., dobutamine, to meet the oxygen demand in patients with
severe SIRS[24]. However, in contrast with encouraging early
reports, to date there is little evidence that patients suffering
from hyperdynamic circulatory failure benefit from increasing
CO pharmacologically[22-24]. This treatment modality increases
the workload of the heart and might lead to increased nonoxidative oxygen metabolism and decreased oxygen extraction
rate in some patients, e.g., those with limited cardiovascular
reverse[22]. Thus, enhancing oxygen extraction may represent
an alternative therapeutic approach which is more appropriate
for the underlying pathophysiology. Alternatively, CVVH may
directly decrease CO, which is compensated for by an increase
in OER. In any case, as a net effect, CVVH significantly increases
oxygen extraction without reducing VO2 while the post-SIRS
increase of CI and DO2 is attenuated, although not prevented.
The mechanisms contributing to the attenuation of the
hyperdynamic state remain speculative and may involve simple
cooling effects[25,26] (as observed in the early course of CVVH,
i.e., at hours 6 and 12 of the present study) or removal of
filterable cardiodepressant mediators or factors involved in
impaired microcirculation or cellular oxygen utilization[13,15,16].
In support of the latter concept, there is at least correlative
evidence that an increase in MAP and SVR in septic animals
after onset of CVVH is paralleled by a decrease in the circulating
anaphylatoxins C3a and C5a[27] known to impair cellular oxygen
uptake [4]. For several years, the issue of the ability of
hemofiltration to remove inflammatory mediators has remained
controversial. Numerous ex vivo as well as animal and human
studies[28] have shown that synthetic filters commonly used in
hemofiltration can extract nearly every substance involved in
sepsis to a certain degree. More studies are expected to
investigate whether CVVH attenuates the impaired cellular
metabolism in patients with SIRS. Nevertheless, despite the
significant clearance of some of these mediators, plasma
concentrations of these mediators might not be necessarily
lower, indicating increased production due to CVVH[28,29]. Thus
alternative mechanisms, such as simple cooling or a
combination of physical factors with removal of vasoactive
factors may mediate the observed attenuation of the
hyperdynamic circulation.
Oxygen consumption was not directly measured but
calculated according to the Fick principle in the present study,
which may lead to mathematical coupling of VO2 and DO2
reflecting a possible methodological problem[30]. However, if a
decreased DO2 is measured (as in the present study for the
CVVH groups), mathematical coupling would result in an
erroneously lower VO2. In contrast, in the present study there
was no significant decrease in VO2 in animals subjected to
CVVH, despite a significantly lower DO2 than in controls.
Although we have to concede that measuring VO2 directly is
preferable, mathematical coupling would even underestimate
the beneficial effect of CVVH on oxygen extraction observed in
the present study.
The attenuation of hyperdynamic cardiocirculatory
response in animals subjected to prophylactic CVVH may, as
discussed above, in part result from their lower BT due to heat
loss through the extracorporeal circuit. However, the difference
in CI, SVR and DO2 between the two CVVH groups, when
differences in BT could not be detected, would suggest the
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contribution of factors other than simple cooling, e.g., removal
of humoral factors mediating the hyperdynamic response.
Furthermore, if a decrease in BT would be the main factor
attenuating the hyperdynamic response to SIRS, a decrease in
VO2 in patients subjected to CVVH would be expected[26], but
this was not the case.
In conclusion, our data indicate that the hyperdynamic
circulatory response to severe acute pancreatitis can be
attenuated by CVVH, especially high-volume CVVH. In contrast,
there are no significant changes in VO2 related to the prophylactic
use of CVVH. Thus, oxygen extraction may be improved in
pancreatitis pigs by CVVH.
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Abstract
AIM: To investigate the protective effect of ginkgo biloba
extract (GBE) on livers of aged rats and the associated
mechanisms.
METHODS: Two-mo- and 20-mo-old rats were treated
with GBE/saline for 3 mo. Liver tissue samples from 5-moold rats treated with saline (group Y) and 23-mo-old rats
treated with GBE (group E) or saline (group N) were used
for histopathological examinations (hematoxylin-eosin and
Masson staining, Lipofuscin staining-Schmorl staining) and
determination of expression of tissue inhibitor-1 of
m etalloproteinase (TIMP- 1) and the level of
malondialdehyde (MDA), glutathione peroxidase (GPx) and
superoxide dismutase (SOD). Blood samples were
collected for determination of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin
(TBIL) and albumin.
RESULTS: Microscopic studies with Masson staining
revealed mild liver fibrosis in aged rats (group N), while
the livers of aged rats receiving GBE (group E) showed
amelioration in fibrosis (2.2±0.1 vs 2.8±0.1, P<0.01) and
deposition of lipofuscin (33.7±5.3 vs 62.8±5.7, P<0.01).
The expression of TIMP-1 and the level of liver MDA
(1.0±0.1 vs 1.2±0.2, P<0.05) also decreased but the activity
of GPx (97.1±15.3 vs 61.8±14.5, P<0.01) increased in
group E. Compared with group Y, the level of liver MDA
(0.8±0.1 vs 1.2±0.2, P<0.01), lipofuscin (32.4±6.0 vs
62.8±5.7, P<0.01) and TIMP-1 expression were increased,
while the activity of GPx (103.2±17.6 vs 61.8±14.5, P<0.01)
and SOD (16.7±4.4 vs 11.8±3.9, P<0.05) was decreased
in group N. There was no difference in liver function among
these three groups.
CONCLUSION: GBE has protective effects on aging liver.
The possible mechanisms might be its antioxidant activity
and inhibition of TIMP-1 expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fibrosis is a hallmark of aging of various organs, including the
heart and kidney, and reflects increased deposition of the
physiological components of the extracellular matrix. Aging is also
associated with variable degrees of fibrosis in liver[1]. Oxidative
stress (OS) might represent a direct or indirect relevant profibrogenic stimulus for hepatic stellate cells (HSCs)[2], as suggested
by in vivo experimental studies in which administration of
antioxidants prevents OS, lipid peroxidation and liver fibrosis[3-6].
Ginkgo biloba extract (GBE) is an extract from green leaves of the
ginkgo biloba tree. GBE has been shown to have a SOD-like activity
and hydroxyl radical scavenging activity[7-11]. Since GBE is known
to exert protective influences against the action of free radicals, we
hypothesized that the application of such extracts might prevent
liver fibrosis in aged rats. To our knowledge, there lacks the
information in literature about the capacity of GBE to prevent free
radical formation and peroxidation in liver fibrosis in aged rats.
MATERIALS AND METHODS
Reagents
GBE was purchased from Hubei Wushi Pharmaceutical Company,
China (No. 21003). The GBE and double-distilled water were mixed
to form 0.1 mg/mL suspension. SOD, MDA and GPx kits were
purchased from Nanjing Jiancheng Biological Technology
Company, China. RNasin and 2000 bp molecular weight ladders
were purchased from Huamei Biologic Technology Company,
China. Moloney murine leukemia viral (MmuLV) reverse
transcriptase was purchased from Promega Biotechnology Co.
Ltd, USA. Deoxynucleotide triphosphates (dNTPs) were
purchased from Takara Biotechnology Co. Ltd, USA. Trizol and
Taq DNA polymerase were purchased from Biostar Co. Ltd, USA.
Thermal cyclor was purchased from Biometra UNOII, USA. Light
microscopes were purchased from Olympus Co. Ltd., Japan.
Animals
Six 2-mo-old (group Y) and twelve 20-mo-old (group N and group E)
male inbred Wistar rats were purchased from the Experimental Animal
Center of Wuhan University of Medical Sciences, China (20021220).
Animals were fed standard rat chow with free access to tap water
and received humane care in accordance with the animal care
provisions, and were kept in temperature- and humidity-controlled
animal quarters with a 12-h light-dark cycle. The rats were
weighed daily. GBE 200 mg/(kg·d) was given orally to group E
by gavage, whereas group N and group Y rats received only
saline. The experiment lasted for 3 mo. At the end of experiment,
the animals were anesthetized with ether and kept at a constant
temperature of (37.0±0.5) ℃. One blood sample was taken,
centrifuged at 3 000 r/min for 10 min, and the plasma was stored
until use. Then the animals were exsanguinated and the liver was
quickly washed in situ with ice-cold isotonic saline, removed
and weighed, and each liver was divided into two portions, one
was for histological study (immunohistochemical staining, H-E
and Masson staining), the other was immediately frozen in liquid
nitrogen. Serum levels of TBIL and albumin, and activity of ALT and
AST were determined by standard hospital laboratory methods.
Determination of liver tissue MDA, SOD, GPx levels
The level of MDA in liver tissue was determined according to
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the methods of Yagi and Sanz et al[2]. Hepatic SOD was assayed
according to Misra and Fridovich[2]. GPx activity was examined
according to Flohe and Gunsler[2]. Protein concentrations were
measured by the method of Lowry using bovine serum albumin
as standard.

Histopathological examination
Liver tissue sections were fixed in 100 mL/L formalin saline in
phosphate buffer and processed in paraffin wax. Sections from
blocks were stained with hematoxylin-eosin and Masson’s
trithrome. The level of lipofuscin in liver tissue was determined
by the methods of Schmorl [2]. Qualitative and quantitative
histological analyses were performed blindly using light microscope
and computer image analysis system. The image intensity was
maintained at the same level throughout the study. The
collagenous deposits were observed at 40× magnification in
centrilobular field of the hepatic acinus for each sample, and in
surrounding terminal hepatic veins. In order to avoid possible
bias due to sampling of the individual fields, we examined at
least 5 fields each containing a centrilobular vein and the same
was done for quantity of hepatocytes at 400× magnification.
Reverse-transcription polymerase chain reaction (RT-PCR)
Total RNA was extracted using Trizol according to manufacturer’s
directions, and reverse transcribed into cDNA. PCR was performed
using the following primer pairs: -actin, sense 5’-ATC ATG
TTT GAG ACC TTC AAC ACC-3’ and antisense 5’-CAT GGT

133

GGT GCC GCC AGA CAG-3’ (556 bp), TIMP-1[12], sense 5’ACA GCT TTC TGC AAC TCG-3’, and antisense 5’-CTA TAG
GTC TTTACG AAG GCC-3’ (335 bp). The annealing temperatures
were 60 ℃ and 57 ℃ respectively. The amplified products were
electrophoresed on 12 g/L agarose gel containing 0.5 g/mL
ethidium bromide and visualised under UV light.

Statistical analysis
Data were presented as mean±SD. Statistical evaluations were
performed by using the Student’s t-test. 2 test was used for
histopathological parameters. P<0.05 was considered statistically
significant.
RESULTS
Effect of GBE on body and liver weight of rats
There was no death of any rat during experiment. Liver and
body weights (LW and BW, respectively) of rats are presented
in Table 1. LW increased with age but was proportionally less
than body weight, the ratio of LW to BW declined. The ratio
increased after treatment with GBE.
Effect of GBE on histopathology
Histology of livers from the rats of group Y was normal. With
Masson method, collagenous protein staining was distinctly
blue. Light microscopy revealed mild fibrosis in liver sections
and collagenous protein accumulation in portal and centrilobular

A1

A2

A3

B1

B2

B3

C1

C2

C3

Figure 1 Histology of livers form 5-mo-old rats (A) and 23-mo-old rats treated with saline (B) or GBE (C) for 3 mo (1×100). The
samples were stained with H-E (1), Masson (2) and Schmorl staining (3).
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areas in aged rats. Qualitative and quantitative histological
analyses showed GBE markedly improved the degree of hepatic
fibrosis in aging rats in group E, but liver sections taken from
group N and group E had more collagenous deposits than those
from group Y (Table 2, Figure 1). Hepatocytes were arranged
disorderly in group N, and were larger in group Y. The lipofuscin
was distributed intensively in hepatocytes of group N compared
with group Y. It was distributed scarcely in hepatocytes of
group E, less than that in hepatocytes of group N.
Table 1 Rat liver weight (LW) and body weight (BW) (mean±SD)
BW (g,before)

BW (g,after)

LW (g)

Y

224.3±14.2 d

420.3±13.6 d

15.9±0.8 d

3.7±0.1 d

N

763.8±21.5

b

768.8±22.6

b

20.4±3.5

b

2.7±0.3 b

761.0±19.6

b

750.4±25.4

b

19.3±1.1

b

2.6±0.1 b

E
a

LW/BW (%)

P<0.05, bP<0.01 vs group Y: cP<0.05, dP<0.01 vs group N.

Table 2 Rat liver histopathology
Hepatocyte (×10 3)

Fibrotic area (%)

Lipofuscin (%)

Y

5.3±0.3 d

1.4±0.1 d

32.4±6.0 d

N

2.3±0.3

b

2.8±0.1

b

62.8±5.7 b

3.4±0.4

bd

2.2±0.1

bd

33.7±5.3 d

E
a

P<0.05, bP<0.01 vs group Y: cP<0.05, dP<0.01 vs group N.

-actin
TIMP-1
M

Y

N

E

M

Y

N

E

Figure 2 RT-PCR. Lane M: DNA marker (2 000 bp); lane Y:
group Y; lane N: group N; lane E: group E. -actin (556 bp);
TIMP-1 (335 bp).

Effect of GBE on liver function and MDA, GPx, SOD
Serum activity of ALT and AST, liver concentration of MDA
and activity of GPx and SOD are shown in Table 3. Liver MDA
levels increased while activity of GPx and SOD decreased in
aging rats. The condition was ameliorated after rats were treated
with GBE, but there was a significant distinction between groups
E and Y.
Effect of GBE on expression of TIMP-1
RT-PCR analysis revealed a weak expression of TIMP-1 mRNA
in groups Y and E, and an obvious expression of TIMP-1 mRNA
in group N (Figure 2).
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DISCUSSION
Aging is usually associated with increasing level of oxidation[12-13].
An imbalance between the formation and removal of reactive
oxygen species (ROS) and the development of OS plays an
important role in aging and age-associated diseases[14-16]. ROS
alters proteins, carbohydrates, and lipids, and inactivates
enzymes and transporters, damages DNA and the transcriptional
machinery, and initiates the chain reactions that peroxidize
polyunsaturated fatty acids in membrane phospholipids[17]. The
normal liver is a well equipped organ in terms of either enzymatic
or non-enzymatic antioxidants. At molecular level, growth
factors, cytokines and chemokines, changes in extracellular
matrix (ECM) organization and composition as well as reactive
molecules induced by OS, play a pathogenetic role. OS-related
molecules may act as mediators to modulate tissue and cellular
events responsible for the progression of liver fibrosis[18,19].
Signs of OS and lipid peroxidation are concomitant with or
preceding HSC activation and collagen deposition. Several
studies indicate that the most frequent age-dependent changes
are the reduction in organ mass, hepatocyte enlargement and
degeneration, and the increase in individual mitochondrial volume
and the decline in their number and bile duct proliferation[5].
MDA is a degradative byproduct of lipid peroxidation. MDA
levels are utilized as an indicator of oxidative damage. But our
study showed that the levels of MDA in 23-mo-old rats
increased significantly as compared with 5-mo-old rats, which
is in favor of a strong OS and enhanced ROS formation in
senescent rats. Hepatic GPx and SOD activity were both 1.3-fold
higher in 5-mo-old rats than in 23-mo-old rats. The total
antioxidant capacity of liver cells is not sufficient to scavenge
the ROS generated in senescent animals. The lower activity of
SOD in aged rats may be a consequence of inhibitory effects
due to excess ROS generation. According to currently available
literature, the inconsistent results obtained from different studies
might reflect variations in species, strain, sex, and experimental
design[19]. Collagenous protein is frequently detectable in the
parenchyma in aged rats, and mainly diffuses along the
sinusoidal walls. Image analysis of Masson staining sections
showed the accumulation of collagenous protein, accounting
for 1.4% and 2.8% of the total area in 5-mo-old and 23-mo-old
rats respectively. It indicates an increase in the collagenous
protein accumulation with age, mainly within the portal tracts.
The deposition of lipofuscin in hepatocytes also increased in
23-mo-old rats. Liver function tests remain normal in senescent
individuals. The enhanced susceptibility of senescent animals is
attributed to elevated levels of oxidative damage[16].
GBE is used as a standardized recipe preparation and
contains two groups of major substances: flavonoid glycosides
and terpenoids. GBE has been used therapeutically for
centuries. Furthermore, GBE has the capability of inactivating
oxo-ferryl radical species, which are more efficient oxidative
agents than classical hydroxyl radicals[11]. These features of
the natural antioxidant GBE bring many beneficial effects
against free radical injuries. However, as a therapeutic agent,
the role of GBE in liver fibrosis in aging rats needs to be further
investigated.
The level of MDA in liver tissue was significantly decreased

Table 3 Liver function and liver level of MDA, GPx and SOD
ALT (U/L)

AST (U/L)

TBIL (g/L)

Albumin (g/L)

MDA nmol/g)

GPx (U/g)

SOD (U/mg)

Y

50.4±7.70

109.1±28.6

5.3±0.8

44.7±4.8

0.8±0.1 d

103.2±17.6 d

16.7±4.4 c

N

59.0±23.7

131.8±22.2

5.9±0.7

40.9±3.1

1.2±0.2 b

61.8±14.5 b

11.8±3.9 a

E

61.8±25.2

118.3±28.4

5.1±0.6

42.5±6.9

1.0±0.1 bc

97.1±15.3 d

14.1±4.7

a

P<0.05, bP<0.01 vs group Y: cP<0.05, dP<0.01 vs group N.

Huang SZ et al. Effect of Ginkgo biloba extract on livers in aged rats

while the activity of GPx and SOD was increased in GBE-treated
group. Our study confirmed that GBE could inhibit lipid
peroxidation in liver tissue and protect the membrane protein
from the polymerization induced by lipid peroxidation. In
histopathological examination, fibrosis was found to be
significantly decreased in GBE-treated group, suggesting that
GBE prevents deposition of lipofuscin..Thus, GBE might be
effective in blocking the development of liver fibrosis in aging
liver by reducing the formation of lipid peroxidation.
The cellular and molecular events underlying fibrogenesis
have been investigated, but so far few data are available about
the changes in hepatic collagenous protein metabolism during
aging available. ECM turnover is a vital step in the tissue
remodeling that accompanies physiological and pathological
processes[20,21]. Many newly synthesized collagenous proteins
are immediately degraded, the extent of this process is primarily
regulated by metalloproteinases (MMPs), whose activity under
physiological conditions is precisely down-regulated by TIMPs[22].
Lasting perturbations of this step could lead to liver fibrosis[23].
In our study, we found the increased expression of TIMP-1
mRNA in aging rats, but the expression of TIMP-1 mRNA was
declined in GBE-treated aged rats.
In conclusion, GBE seems to be effective in preventing the
development of fibrosis in aged rats. Its protective effect may be
due to its capacity of inhibiting lipid peroxidation and expression
of TIMP-1 as well as enhancing hepatocellular proliferation.
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Abstract
AIM: Transforming growth factor- (TGF-) plays a regulatory
role in tissue repair. In a previous study, we found that
TGF- and its receptors were expressed in gastric mucosa
of patients with well-healed gastric ulcers, as demonstrated
by immunohistochemistry. To further characterize the role
of TGF- and its receptors in repairing gastric ulcers, we
investigated the expression patterns of TGF- and its receptors
in gastric mucosa by in situ hybridization and reverse
transcriptase-polymerase chain reaction (RT-PCR).
METHODS: Seventy-four patients with endoscopically proven
gastric ulcers were eligible for participation in this study. All
patients had routine biopsies on initial endoscopy and were
then treated for 12 wk with an H2 blocker. Repeat endoscopy
was then performed. There were 8 patients with poorly healed
ulcers, and biopsies were taken from the margin of the
residual ulcers. These tissue samples, along with biopsy of
gastric mucosa near the original ulcers from 8 randomly
selected patients with well-healed ulcers were examined for
TGF- and TGF- receptor II mRNA by RT-PCR and in situ
hybridization, as well as immunohistochemistry.
RESULTS: TGF- and TGF- receptor II were strongly
expressed in tissues from patients with well-healed ulcers.
Four of the 8 patients with poor healing had low or absent
expression of TGF- or TGF- receptor II mRNA. All cases
positive by RT-PCR assay were confirmed by in situ
hybridization as well as immunohistochemistry.
CONCLUSION: It is suggested that TGF- and its receptors
are important for gastric ulcer healing. These results may
have implications for further investigation of the healing
process and in predicting response to therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric Ulcer; Transforming growth factor-beta;
Transforming growth factor-beta receptor
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INTRODUCTION
Several lines of evidence indicate that a number of cytokines,
including platelet-derived growth factor (PDGF), basic fibroblast
growth factor (bFGF), vascular endothelial growth factor (VEGF),
and transforming growth factor- (TGF-), are involved in the natural
history of ulcers. Among many cytokines involved in cell growth
and differentiation, TGF- is noteworthy because of its multiple
functions in a variety of cells. TGF- is believed to be essential
in wound healing for regulation of cell growth and differentiation
and is known to be involved in tissue repair and remodeling.
TGF- mRNA expression is up-regulated after gastric ulcers
are induced with acetic acid in rats[1]. Immunoreactive TGF-
can be found in epithelial cells beneath the proliferative zone,
as well as in macrophages and fibroblasts or myofibroblasts of
the granulation tissue[1]. This indicates that TGF- expression
is part of the normal healing response of the gastric tissue, but
it is still unclear whether it exerts a positive or negative influence
on the speed and quality of ulcer healing. Studies in rats treated
with subserosal injection of neutralizing antibodies against TGF-
have shown that the healing of acetic acid-induced ulcers is
accelerated, with reduced fibrotic residue, while treatment with
TGF- itself leads to excessive deposition of extracellular matrix
and scarring[2]. The function of TGF- in vivo in human gastric
ulcer healing, however, is not fully understood.
TGF- family members exert their effects through binding
to specific cell surface receptors. Several different molecules
have been shown to bind to TGF-s. The biological activity of
TGF-1 is mediated through binding to a heteromeric complex
of TGF- receptors I and II[3,4].
In a previous study[5], we used immunohistochemistry to
examine TGF- and its receptors in the gastric mucosa of patients
with gastric ulcers. We found that TGF- and its receptors were
abundant in the gastric tissue of patients with well-healed gastric
ulcers. By contrast, patients with ulcers refractory to treatment
with standard doses of an H2 blocker had very variable staining
for TGF- and/or its receptors. However, immunohistochemical
staining is basically a qualitative test. In order to further quantify
the expression of TGF- and its receptors in the gastric mucosa
of patients with gastric ulcers, we designed the present study,
measuring the gene expression of these substances using in
situ hybridization and reverse transcriptase-polymerase chain
reaction (RT-PCR).
MATERIALS AND METHODS
From July 2000 to June 2002, patients with spontaneous gastric
ulcers demonstrated on upper gastrointestinal endoscopy were
considered for enrollment in the study. As in our previous
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investigation[5], patients were excluded if they had used NSAIDs,
or were smokers, or had already had partial treatment for their
ulcer. With the patients’ consent, an endoscopic biopsy was taken
from the margin of the ulcer in all patients and sent for routine
pathology. The patients were then treated with a standard regimen
of either ranitidine or nizatidine 300 mg daily for 12 wk. After
treatment was completed, an endoscopy was performed again to
evaluate the results. Repeat biopsies were taken from the ulcer
margin in patients with unhealed ulcers and from the area near the
original ulcer in patients whose ulcer had healed well. At least 6
pieces of gastric tissue were obtained during each biopsy
procedure. The specimens from patients with poorly healed ulcers
as well as tissues from an equal number of randomly chosen
patients with well-healed ulcers were processed for examination of
TGF- and TGF- receptor II by RT-PCR and in situ hybridization.

RT-PCR
Expression patterns of TGF- and TGF- receptor II were
assayed by RT-PCR. Total RNA from specimens of gastric
epithelium was prepared using Trizol reagent and converted to
cDNA by using a reverse primer and reverse transcriptase
(Invitrogen, Carlsbad, CA, USA). To amplify the cDNA, we
used Taq DNA polymerase and performed PCR consisting of
40 cycles at 94 ℃ for 30 s, at 65 ℃ for 30 s, and at72 ℃ for 1 min.
The specific TGF- primer sequences used were: 5’-GCA GAA
CCC AAA AGC CAG AGT G -3’ and 3’-AGT TGG AGG TGC
CAT CAA TAC C -5’ (producing a 314 bp fragment). Specific
TGF- receptor II primer sequences were: 5’- ACC TGC TGC
CTG TGT GAC TTT G-3’ and 3’-TTT GGT AGT GTT TAG GGA
GCC G-5’(producing a 528 bp fragment). Actin was used as a
positive control, and the actin primer sequences were 5’-AAC
CAT GAG GGA AAT CGY GCA C-3’ and 3’-AGT CAA GGG
AAT CGG CAG AAT G-5’ (producing a 419 bp fragment).
In situ hybridization
For in situ hybridization, specimens were initially fixed in 4%
paraformaldehyde in 0.1 mol/L phosphate buffer and were
then embedded in paraffin. The sections were subsequently
deparaffinized and rinsed three times in phosphate-buffered
saline (PBS), acetylated with acetic anhydride, washed again in
PBS, and then placed in prehybridization solution. This solution
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was replaced with hybridization solution containing a digoxigenin
(DIG)-labeled cRNA probe. cRNA probes prepared from selected
TGF- and TGF- receptor II cDNA were incubated with the
sections in a humidified chamber at 60 ℃ overnight. Stringency
washes were performed at 60 ℃ in 0.2×SSC (sodium chloride/
sodium citrate) for 2 h after hybridization. Finally, the sections
were blocked with 10% normal goat serum for 1 h, incubated
with anti-DIG antibody (1:500; Roche, Mannheim, Germany)
overnight at 4 ℃, and reacted with a NBT/BCIP detection solution.
Sections were air-dried and mounted with crystal mount (Biomeda,
Foster City, CA, USA), and then photographed under an Axioskop
brightfield microscope (Carl Zeiss, Oberkochen, Germany).

Antibodies
We obtained polyclonal TGF- and TGF- receptor II antibodies
from Santa Cruz Biotechnology (Santa Cruz, CA, USA), and the
secondary antibody, biotinylated goat anti-rabbit immunoglobulin
from Sigma (Sigma, St. Louis, MO, USA).
Immunohistochemistry
Sections were rinsed in PBS, incubated in 3% hydrogen peroxide
solution for 30 min to eliminate endogenous peroxidase activity,
and finally blocked for 1 h in PBS containing 5% goat serum
and 0.5% Triton X-100. All primary antibodies were applied for
2 h at room temperature and then rinsed three times for 5 min
with PBS. The secondary antibody, biotinylated goat anti-rabbit
immunoglobulin (Vector Labs., Burlington, Canada), were applied
at a 1: 200 dilution in PBS for 1 h. Labeling was accomplished
with a Vector ABC kit (Vector Labs., Burlington, Canada) in
diaminobenzidine (DAB) reaction (Sigma, St. Louis, MO, USA).
RESULTS
Eighty-five patients were considered for enrollment. Eleven did
not complete follow up. Of the 74 patients who completed the
entire treatment and follow up, 8 had a poor response to anti-ulcer
treatment. Therefore, 8 of the 66 patients with well-healed ulcers
were randomly selected as controls. Of the 16 study patients, 10
were males and 6 females. The average age was 52.5 years. The
patients’ characteristics, a description of their ulcers before and
after treatment, and the medication given are shown in Table 1.

Table 1 Characteristics of patients with gastric ulcer and the results of treatment
No. Age (yr)

Sex

Location

Shape

Stage2

(cm)

Stage3

(cm)

HP

Treatment
Ranitidine

1

73

M

Antrum

Round

A1

1.0

-

+

2

35

F

Angle

Triangle

A1

0.8

S2

+

Nizatidine

3

42

M

Body

Ovoid

A2

0.9

-

-

Ranitidine

4

61

M

Body

Ovoid

A2

1.2

-

+

Ranitidine

51

58

F

Angle

Round

A2

1.2

H1

0.6

-

Ranitidine

61

42

M

Antrum

Triangle

A1

0.8

H2

0.5

-

Nizatidine

71

51

M

Cardia

Round

A2

1.3

H1

0.7

+

Ranitidine

0.5

81

68

M

Body

Ovoid

A1

0.9

H2

9

54

M

Angle

Round

A2

1.0

S2

10

62

F

Cardia

Round

A1

1.2

-

-

Nizatidine

11

39

F

Antrum

Ovoid

H1

0.8

-

+

Nizatidine

12

71

M

Angle

Round

A2

1.0

S2

-

Ranitidine

13 1

62

F

Antrum

Triangle

A1

1.2

H2

0.6

+

Nizatidine

14 1

36

M

Body

Ovoid

H1

0.7

H2

0.4

-

Ranitidine

15 1

46

F

Angle

Round

A1

1.3

H1

0.9

+

Ranitidine

16 1

40

M

Antrum

Ovoid

A2

0.9

H2

0.6

+

Nizatidine

+

Nizatidine

+

Ranitidine

1
Poor ulcer healing. 2Ulcer stage before treatment (greatest dimension in cm). 3Ulcer stage after treatment (- means completely
healed mucosa). HP: Presence or absence of Helicobacter pylori before treatment.
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Figure 1 shows the results of PCR analysis of mRNA
expression. TGF- and TGF- receptor II mRNA were easily
detected in the gastric mucosa of the 8 patients with good ulcer
healing. Among the 8 patients with poor ulcer healing, 4 had
findings similar to those with well-healed ulcers. However, in
the remaining 4 patients, mRNA expression was reduced or
absent. Patient 5 had reduced expression of mRNA for both
TGF- and TGF- receptor II, patient 15 had reduced TGF-
mRNA and absent TGF- receptor II mRNA, while no mRNA
for either was detected in patients 6 and 13.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
TGF-
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propria, with minimal TGF- receptor II mRNA expression
detectable in the same region (Figure 4A, B, arrowheads). In patient
6, very few TGF- mRNA signals were detected, and there was
no evidence of TGF- receptor II expression (Figures 4D, E).
Results of in situ hybridization and immunohistochemistry
to localize TGF- and TGF- receptor II in the gastric mucosa
of patient 7 with good ulcer healing are shown in Figure 5. TGF protein and mRNA were present in the same areas (Figure
5A, C, arrowheads). TGF- receptor II mRNA was detected
in the gastric epithelium and in the lamina propria, where the
TGF-receptor IIprotein was also detected (Figures 5B, D).
Immunohistochemistry and in situ hybridization thus confirmed
the results of RT-PCR.

TGF- receotor
-actin

Figure 1 RT-PCR analysis of expression of transforming
growth factor (TGF)- and TGF- receptor II mRNA in gastric
mucosa from patients with gastric ulcer. RNA was extracted
from gastric mucosa. -actin primers were used as a positive
control. TGF- transcripts were not detected in patients 6 and
13, and the expression level was low in patients 5 and 15. TGF receptor II transcripts were not detected in patients 6, 13 and
15 and expression was low in patient 5.

Examples of expression patterns based on in situ hybridization
are illustrated in Figures 2-4. In patients 1 and 2, who had wellhealed ulcers, TGF- and TGF- receptor II transcripts were
detected not only in the epithelial cells but also in the cells of
the lamina propria, where they were more highly expressed than
in the epithelium (Figure 2). In patients 3 and 4, also with wellhealed ulcers, TGF- transcripts were present in the cells of the
lamina propria as well as epithelial cells, with TGF- receptor II
mRNA detected in the same area (Figure 3, arrowheads). In patient
5, who had poor ulcer healing, of only a small amount TGF-
mRNA was seen in the gastric epithelium and in the lamina

DISCUSSION
Ulcers that fail to heal after 12 weeks’ treatment are called
refractory or intractable ulcers. Both gastric and duodenal ulcers
are included in the category of peptic ulcer diseases, but the
pathogenesis differs. In duodenal ulcers, hyperacidity and
Helicobacter pylori infection are two critical contributing
factors[6,7]. Therefore, ulcers in the duodenum refractory to
treatment with standard doses of antacids or H2-blockers often
respond to more potent acid suppression with proton pump
inhibitors[8]. Acid secretion and H pylori are not critical in the
development of gastric ulcers. Instead, factors such as
abnormalities of motility[9,10] and distribution of mucosal blood
flow have been implicated. Abundant muscle bundles combined
with relative hypoperfusion may explain why refractory ulcers
are particularly common in the gastric angle, according to some
reports[11].
Since acid secretion is not essential for the development of
gastric ulcers[12], there have been few reports concerning proton
pump inhibitors for treatment of refractory ulcers[13]. In our
previous study[5], we used H2 blockers. In order to make a fair
comparison, we also used H2 blockers in this study, despite the
increasing popularity of proton pump inhibitors.

A

B

C

D

E

F

Figure 2 In situ hybridization localization of TGF- and TGF- receptor II in the gastric mucosa from patients 1 (A, B and C) and
2 (D, E and F). Serial sections were hybridized with antisense cRNA probes of TGF- (A and D) and TGF- receptor II (B and E), and
stained with hematoxylin (C and F). TGF- transcripts were detected in patients 1 and 2; expression in the lamina propria was
higher than that in the gastric epithelium (A and D). TGF- receptor II was also detected in both patients (B and E).
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Factors reported to be associated with poor healing of gastric
ulcers include poor compliance with therapy, smoking, tolerance
to H2 blockers, persistence of H pylori infection, continued
use of NSAIDs and malignancy or other unusual causes of
ulceration having been mistaken for benign ulcers[14-17]. Despite
exclusion of all those factors, however, some patients still have
inadequate ulcer healing after appropriate treatment of adequate

139

duration. Twelve of 59 patients in our previous study[5] and 8
of 74 patients in the current study had a poor response to
treatment. Of the 20 patients with refractory gastric ulcer, 11 had
H pylori and six had ulcers in the gastric angle. Based on these
observations, we are not convinced that either H pylori infection
or location of the ulcer plays a determining role in the development
of ulcer intractability. Therefore, other than the causes usually

A

B

C

D

E

F

Figure 3 In situ hybridization localization of TGF- and TGF- receptor II in the gastric mucosa from patients 3 (A, B and C) and
4 (D, E and F). Serial sections were hybridized as for patients 1 and 2. TGF- transcripts were present in the lamina propria as well
as in the epithelial cells (A and D). Expression of TGF- receptor II mRNA could also be detected in the same area (B and F,
arrowheads).

A

B

C

D

E

F

Figure 4 In situ hybridization localization of TGF- and TGF- receptor II in the gastric mucosa from patients 5 (A, B and C) and
6 (D, E and F). Serial sections were hybridized as for patients 1 to 4. Slight TGF- mRNA was seen in the gastric epithelium and
lamina propria of patient 5 (A); very few signals could be detected in patient 6 (D). Expression of TGF- receptor II mRNA was
only minimally detected in the same region (B, arrowhead). No expression of TGF- receptor II could be found in patient 6 (E).
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Figure 5 In situ hybridization and immunohistochemistry localization of TGF- and TGF- receptor II in the gastric mucosa
from patient 7. Serial sections were hybridized with antisense cRNA probes of TGF- (A) and TGF- receptor II (B), and stained
with antibodies against TGF- (C) and TGF- receptor II (D). TGF- mRNA was detected in the gastric epithelium and in the
lamina propria (A). Expression of TGF- mRNA was seen in the same region (B, arrowhead). Expression of TGF- receptor II
mRNA and TGF- receptor II protein was also observed (C and D).

mentioned in the literature, it appears that locally acting trophic
factors also contribute substantially to the healing of gastric
ulcers[18-20].
In our previous immunohistochemical study, we have provided
direct evidence that TGF- is expressed in patients during
gastric ulcer healing, and that insufficiency of TGF- or its
receptors may be associated with poor healing[5]. In the current
study, we extended these observations using RT-PCR and in situ
hybridization to demonstrate lower or absent TGF- and TGF receptor II mRNA expression in poorly healed gastric ulcers
as compared with the gastric mucosa near well-healed ulcers.
RT-PCR is an efficient method extensively used in many fields
for diagnosis. Based on this study, we suggest that RT-PCR
analysis of TGF- and its receptors in gastric samples may be
worth further investigation, both to elucidate the healing
process and predict good or poor healing. The latter requires
testing samples both before and after treatment.
The healing process of wounds or ulcers involve several
different trophic factors, and TGF- is not the only one[18-20]. This
may explain why some patients with refractory gastric ulcer still
have some expression of TGF- and its receptors. Nevertheless,
the contrast with the abundant expression in all patients with
well-healed ulcers reinforces previous findings implying that
TGF- plays an important role in the healing of gastric ulcers[1,2,5,21].
As TGF- receptors I and II cooperate for TGF- signal
transduction, they are both apparently required in a particular
cell to ensure TGF- function. TGF- receptor II is a serine/threonine
kinase first activated by the TGF- ligand. Subsequently, TGF-
receptor I is recruited and phosphorylated by TGF- receptor
II to form an active receptor complex[2,22]. In this study by in
situ hybridization, we observed that cells expressing TGF-
and TGF- receptor II could be accurately localized in the mucosal
tissue. Interestingly, some epithelial cells expressed both TGF-
and TGF- receptor II (Figures 3 and 4), suggesting that TGF-
and TGF- receptor II may be auto-regulated in these cells.
In conclusion, our study confirms the absence or reduction

of TGF- and TGF- receptor II mRNA in the gastric mucosa of
some patients with refractory gastric ulcers. The mRNA of TGF-
and TGF- receptor II as well as the proteins themselves could
be colocalized in the gastric mucosa of patients with good
ulcer healing by the combined use of immunohistochemistry
and in situ hybridization.
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Abstract
AIM: To evaluate and compare the clinical usefulness
of 13C-phenylalanine and 13C-methacetin breath tests in
quantitating functional hepatic mass in patients with chronic
liver disease and to further compare these results with
those of conventional tests, Child-Pugh score and serum
bile acid levels.
METHODS: One hundred and forty patients (50 HCVrelated chronic hepatitis, 90 liver cirrhosis patients) and 40
matched healthy controls were studied. Both breath test and
routine liver test, serum levels of cholic and chenodeoxycholic
acid conjugates were evaluated.
RESULTS: Methacetin breath test, expressed as 60 min
cumulative percent of oxidation, discriminated the hepatic
functional capacity not only between controls and liver
disease patients, but also between different categories of
chronic liver disease patients. Methacetin breath test was
correlated with liver function tests and serum bile acids.
Furthermore, methacetin breath test, as well as serum
bile acids, were highly predictive of Child-Pugh scores. The
diagnostic power of phenylalanine breath test was always
less than that of methacetin breath test.
CONCLUSION: Methacetin breath test represents a safe
and accurate diagnostic tool in the evaluation of hepatic
functional mass in chronic liver disease patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Evaluation of liver function is crucial in the overall management
of patients with liver diseases[1]. In clinical practice, diagnosis
of liver disease is based on the results of physical examination,
imaging techniques (ultrasonography, computed tomography,
magnetic resonance, etc.) and biochemical investigations[2].
As far as the latter is concerned, several tests are available,
each reflecting a specific function of hepatocytes and/or a
specific liver damage. However, these biochemical parameters
are not sufficiently sensitive to evaluate the complex biological
events occurring within the hepatocytes (biosynthesis,
biotransformation and catabolism of xenobiotics, etc) as well
as the alterations induced by the disease on these events.
Furthermore, no single liver biochemical test of the liver is
endowed with the diagnostic accuracy of tests used in the
evaluation of other organs, such as creatinine for kidney
function. In fact, no single biochemical test can be considered
as a sensitive index of the overall hepatic function and is able
alone to predict the severity and prognosis of hepatic diseases,
whether acute or chronic[3].
To improve the diagnostic efficacy of biochemical tests,
several quantitative tests have been proposed to measure the
residual hepatic function and numerous substrates have been used
in the assessment of liver function, such as sulfobromophthalein
dyes, indocyanine green, and sorbitol[4] . However, these tests,
although accurate in evaluating hepatic functional mass, have
been shown to be unpractical in clinical setting for several
reasons: need of repeated blood samples, need of prolonged
catheterization, risk for anaphylactic reactions, elevated costs,
etc. These problems have, in part, been overcome by the use of
carbon-labeled compounds and by the evaluation of the kinetics
of carbon excretion in breath[5]. The rate of 13C excretion in
breath is determined by the rate-limiting step in the overall
process used, and the rate limiting step is located at the site of
the impaired organ or enzyme function[6].
Different substrates have been proposed, each exploring a
specific hepatic function. Aminopyrine which was the first
studied compound[7], is useful in the evaluation of hepatocyte
microsomial function[8]. Other substrates include phenacetin[9],
caffeine[10], lidocaine[11], methacetin[12] and erythromycin[13].
Phenylalanine[14] and galactose[15] are used to explore the
cytosolic enzymatic activity, while methionine and ketoisocaproic
acid have been proposed in the study of the mitochondrial
function[5,16].
Although clinical application of breath test has been in use
for several years, no general agreement has been reached
concerning its application in the clinical setting[4,6,17,18].
As a consequence, the Child-Pugh classification[19, 20], which
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was proposed several years ago and represents a concerted
evaluation of clinical criteria and laboratory data, still remains the
most widely accepted predictor of the severity of liver diseases.
Recently, the clinical utility of some breath tests, namely
methacetin and phenylalanine breath tests, has been reproposed[21,22], even if their diagnostic power did not completely
discriminate between different types of chronic liver diseases.
Furthermore, it has been suggested[21] that methacetin might
be preferable to aminopyrine because of its rapid metabolism and
lack of toxicity in small doses[23]. The test dosage is lower than
therapeutic levels and no adverse reactions have been reported.
The aims of this study were to comparatively explore the
clinical usefulness of breath tests using these two different
substrates, 13C-phenylalanine and 13C-methacetin breath tests
(PBT and MBT), in the assessment of functional hepatic reserve
or function in patients with chronic liver disease and to verify
the presence of a relationship, in terms of disease severity,
between PBT and MBT results and those obtained with
conventional liver function tests, Child-Pugh score, and serum
bile acid levels. The latter comparison was performed since
serum bile acid levels, especially serum levels of primary bile
acids, are considered a sensitive index of liver function and
disease prognosis[24,25].

MATERIALS AND METHODS
Study population
A total of 140 patients with chronic liver diseases were studied:
50 with histologically diagnosed hepatitis C virus (HCV)-related
chronic hepatitis and 90 with clinically or histologically
diagnosed liver cirrhosis.
Patients with liver diseases of unknown etiology and with
cancer or who were heavy smokers and those aged <18 years or
>80 years were not taken into consideration. The presence of
factors known to potentially influence endogenous carbon
dioxide production (no recent food ingestion and physical
activity, respiratory diseases, thyroid dysfunctions, fever)[26] was
investigated and, if found positive, those patients were excluded
from the study. Furthermore, patients having recently used drugs
being potentially able to interfere with hepatic cytochrome P450,
such as corticosteroids, cimetidine, benzodiazepines, and
omeprazole, were also excluded from the study[27].
For control purposes, 40 subjects with no clinical and
biochemical evidence of hepatic, gastro-intestinal, endocrine
or respiratory diseases, and no history of chronic alcohol
consumption or drug use, were enrolled.
Demographic and clinical characteristics of the study
population are shown in Table 1.
The study was approved by the local ethics committees and
all individuals provided written informed consent prior to
enrollment in the study.
Biochemical and ultrasonographic evaluation of the liver
Liver function tests and hepatic ultrasonography (US) were
performed on the first day of the study period, prior to carrying
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out the breath test. Routine liver function tests [alanine and
aspartate transaminase, total proteins, serum albumin and
gamma-globulins, prothrombin activity, -glutamyltransferase
(-GT), total and conjugated bilirubin, alkaline phosphatase
and blood ammonia] were performed. Furthermore, serum levels
of cholic acid (CCA) and chenodeoxycholic acid (CDCA)
conjugates were evaluated using the enzyme-linked immunosorbent
assay ( ELISA)[28]
US was performed in all the patients in order to detect the
presence of parenchymal structural alterations and/or ascites.
Portal echo-colour Doppler and endoscopy of the upper
gastrointestinal tract were performed in cirrhotic patients in
order to assess the portal hypertension grade and the presence
of oesophageal varices. Child Pugh scores were calculated for
cirrhotic patients[19,20]. Patients were classified by their score
into either class A (scores 5-6), class B (scores 7-9) or class C
(scores 10-15).
13

C -Methacetin and 13C phenylalanine breath tests
Breath tests were carried out using 100 mg of 13C-phenylalanine
(99%13C, Cambridge Isotope Laboratories, Andover, MA, USA)
and 75 mg of 13C-methacetin (99%13C, Cambridge Isotope
Laboratories, Andover, MA, USA) on two different days in
fasting subjects. Duplicate baseline breath samples were
collected before administration of the substrates, which were
dissolved in 50 mL of water. Duplicate breath collections were
also taken every 10 min for 2 h using glass vacutainers. Breath
samples were stored at 4 ℃ until analysis, which was performed
within 15 d. During the tests, subjects were required to stay at
rest, without eating, drinking and smoking.
Analytical methods
The 13CO2 enrichment in breath, expressed as cumulative
percent of oxidation of a dispensed dose, was measured with a
stable isotope mass spectrometer (Europe Scientific Tracermass,
Crewe, UK).
To quantify the rate of hepatic substrate oxidation, analytical
data were expressed as percentages of the 13CO2 recovery per
hour using an area under curve (AUC) method, assuming a
CO2 production rate of 5 mmol/min/m2 body surface area, as
described by Schoeller et al[29].
Analysis of the elimination kinetics of 13C-labeled isotope
(expressed as parts per million) related to time (expressed as
minutes) allowed the study of other parameters, such as the
isotopic peak excretion (parts per million), and the AUC of max.
percent of oxidation.
Statistical analysis
Categorical variables were summarized as means of frequencies
and proportions, continuous variables were summarized as
mean±SD. Differences in PBT and MBT scores and in CCA
and CDCA serum levels between controls, chronic hepatitis
and cirrhotic patients were compared with one way analysis of
variance (ANOVA). Data was expressed as mean and 95%

Table 1 Patient characteristics
CTR n = 40
Gender male/female
Age mean (range)
BSA Mean

25/15
50 (30-80)

CH n = 50
27/23

LCA n = 30
23/7

57 (38-78)

60 (33-80)

LCB n = 30
20/10

LCC n = 30
22/8

63 (32-80)

59 (39-76)
1.72

1.76

1.75

1.78

1.74

Etiology Viral/Alcoholic

0

50/0

22/8

25/5

Child score Mean (range)

0

0

5.38 (5-6)

8.0 (7-9)

24/6
10.54 (10-15)

CTR: Controls; CH: Chronic hepatitis; LCA: Child A cirrhosis; LCB: Child B; LCC: Child C; BSA: Body surface area.
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Child-Pugh B and C cirrhotic patients (P<0.001), but not with
Child-Pugh A cirrhotic patients. Similar results were obtained
when MBT area under the curve of the max. percent of oxidation
was considered (Table 2).
Results of PBT are shown in Figure 1B. PBT cumulative
percent of oxidation calculated at 60 min was able to discriminate
between controls and chronic hepatitis patients with respect
to Child-Pugh B and C patients (P<0.001), but not between
chronic hepatitis patients and Child-Pugh A cirrhotic patients
(Figure 1B); the same results were obtained by evaluating the
cumulative percent of PBT oxidation 120 min after ingestion of
the labeled substrates. No statistical differences were found
between the studied groups when PBT peak excretion and AUC
of max. percent of oxidation was considered (Table 2).
Serum CCA and CDCA levels are shown in Figure 2. Both
CCA and CDCA levels were significantly higher in liver disease
patients than in controls; furthermore, differences were
observed between chronic hepatitis patients and cirrhotic
patients, as well as between Child-Pugh A, B and C cirrhotic
patients (P<0.001).
Comparison between MBT and PBT results and liver function
tests failed to reveal any significant correlation in chronic liver
disease patients, while significant correlations were present in
cirrhotic patients. In fact, the percent of PBT oxidation at 60 min
was significantly related to serum levels of albumin (r = 0.35,
P<0.01), total (r = -0.40, P<0.001) and conjugated bilirubin
(r = -0.33, P<0.05), and to serum CCA (r = -0.33, P<0.05) and
CDCA levels (r = -0.28, P<0.05). No significant correlation was
found between PBT and prothrombin time, AST, ALT or alkaline
phosphatase. The same correlations were found when 120-min
cumulative percent of PBT oxidation was considered. No
correlation was found between PBT, expressed as excretion peak
and maximal AUC percent of oxidation and liver function tests.

confidence interval (95% CI).
Multiple linear regression was performed. The dependent
variable was the Child score, and independent variables were
the first hour percent of oxidation of MBT and PBT, CCA and
CDCA serum levels and liver function tests. Ability to
discriminate between the different groups (controls, chronic
hepatitis and cirrhosis patients) was quantified by using the
area under the receiver operating characteristic curve (ROC
area)[30]. The ROC area was a reliable measure to summarize the
discriminative power of a diagnostic model. A test that correctly
classified all subjects had an area of 1.0 (perfect discrimination)
and a test with no discriminatory value had an area of 0.5 or less. A
value of 0.7-0.8 was considered to represent reasonable
discrimination, and a value >0.8 to represent good discrimination[31].
All two-tailed P-values less than 0.05 were considered
statistically significant. Statistical calculations were carried out
using the statistical software Stata (Release 7, Santa Monica,
CA, USA).

RESULTS
No side effects were observed after administration of the isotopes.
Results of MBT are shown in Figure 1A. MBT percent of
oxidation at 60 min significantly discriminated between controls
and patients with chronic hepatitis and cirrhosis of all ChildPugh classes (P<0.001). Statistically significant differences were
also found between patients with chronic hepatitis and those
with Child-Pugh A cirrhosis and between the latter and ChildPugh B and C cirrhosis (P<0.001). The same results were obtained
by evaluating the cumulative percent of oxidation after 120 min.
Peak MBT excretion (Table 2) was different in controls with
respect to all patients (P<0.001). Differences were observed
between patients with chronic liver diseases and those with
A

Methacetin 60’

B

60

Methacetin 120’ 20

Phenylalanine 60’
Phenylalanine 120’

15

40

10
20

5

0

0
CTR

CH

LCA

LCB

CTR

LCC

CH

LCA

LCB

LCC

Figure 1 Methacetin and phenylalanine breath tests: cumulative percent of oxidation at 60 and 120 min. A: Methacetin breath test:
cumulative percent of oxidation at 60 and 120 min. CTR = controls; CH = chronic hepatitis; LCA = liver cirrhosis Child A; LCB =
liver cirrhosis Child B; LCC = liver cirrhosis Child C. CTR vs CH, LCA, LCB, LCC: P<0.001 CH vs LCA, LCB, LCC: P<0.001 LCA
vs LCB, LCC: P<0.001 LCB vs LCC: P<0.001. B: Phenylalanine breath test: cumulative percent oxidation at 60 and 120 min. CTR
= controls; CH = chronic hepatitis; LCA = liver cirrhosis Child A; LCB = liver cirrhosis Child B; LCC = liver cirrhosis Child C. CTR
vs LCB, LCC: P<0.001 CH vs LCB, LCC: P<0.001 LCA vs LCC: P<0.05.
Table 2

13

CO2-peak and area under the curve (AUC) of

Tests
13

C-phenylalanine

13

CO 2-peak
13

AUC CO 2max
13

C-methacetin

13

CO 2-peak
13

AUC CO 2 max

13

CO2 maximal scores in all groups of subjects studied

CTR Mean (95% CI)

CH Mean (95% CI)

12.68 (10.94-14.42)

16.11 (13.58-18.63)

5.40 (2.32-7.62)

6.85 (2.83-12.80)
22.80 d (20.74-24.85)

31.03 b (25.61-36.46)
h

16.76 (7.35-28.04)

d

14.69 (5.41-31.27)

LCA Mean (95% CI)

11.85 (9.41-14.29)

LCB Mean (95% CI) LCC Mean (95% CI)

10.45 (8.07- 12.83)

7.11 (2.74-11.47)

5.81 (2.64-10.36)

4.60 (2.13-9.25)

5.40 (2.77-10.65)

19.19 f (15.60-22.77)

10.18 (8.52-11.83)

7.02 (5.03-9.00)

4.91 (3.13-8.83)

5.32 (2.87-7.17)

e

9.44 (2.76-29.01)

CTR: Controls, CH: Chronic hepatitis, LCA: Child A cirrhosis, LCB: Child B, LCC: Child C bP<0.001 vs All groups dP<0.001 vs
Child B,C. fP<0.01 vs Child B,C. hP<0.001 vs Child A,B,C. eP<0.05 vs Child B.
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cirrhotic patients, depending on collecting time, are summarized
in Table 3. The best results were obtained at 60 min for PBT and
MBT (area under the ROC curve of 0.72 and 0.93 respectively).

CCA
CDCA

CTR

CH

LCA

Table 3 Areas under receiver operating characteristic (ROC)
curves for phenylalanine breath test (PBT) and methacetin
breath test (MBT) in chronic hepatitis and cirrhotic patients

LCB

LCC

Figure 2 Serum levels of cholic acid (CCA) and chenodeoxycholic acid (CDCA) conjugates. CTR = controls; CH = chronic
hepatitis; LCA = liver cirrhosis Child A; LCB = liver cirrhosis
Child B; LCC = liver cirrhosis Child C. aP<0.05 vs CH, LCA,
LCB, LCC bP<0.001 vs LCA, LCB, LCC dP<0.001 vs LCB, LCC.

As far as 60-min percent of MBT oxidation was concerned,
it was significantly related to prothrombin time (r = 0.43, P<0.001),
total (r = -0.47, P<0.001) and direct bilirubin (r = -0.49, P<0.01),
serum albumin (r = 0.41, P<0.001), serum CCA (r = -0.50, P<0.001)
and CDCA levels (r = -0.44, P<0.01). No significant correlation
was found between MBT and transaminase or alkaline
phosphatase levels. The same correlations were documented
when 120-min MBT oxidation was considered. Moreover, MBT
oxidation was significantly correlated (r = -0.52, P<0.001) with
portal vein calibre measured at US. No correlation was found
between MBT, expressed as excretion peak and maximal AUC
percent of oxidation, and liver function tests.
The results of the areas under the ROC curves for PBT and
MBT evaluated to discriminate between chronic hepatitis and

PBT collecting Area
time

SE

10 min

0.45

0.07

20 min

0.54

0.07

30 min

0.59

40 min

MBT collecting
time

Area

SE

10 min

0.83

0.04

20 min

0.86

0.04

0.07

30 min

0.89

0.03

0.64

0.06

40 min

0.91

0.03

50 min

0.69

0.06

50 min

0.92

0.03

60 min

0.72

0.05

60 min

0.93

0.03

70 min

0.70

0.06

70 min

0.93

0.02

80 min

0.70

0.06

80 min

0.93

0.02

90 min

0.70

0.06

90 min

0.93

0.02

100 min

0.71

0.05

100 min

0.93

0.02

110 min

0.72

0.06

110 min

0.92

0.03

120 min

0.72

0.05

120 min

0.92

0.03

The comparative evaluation between MBT and PBT in terms
of areas under the ROC curves documented higher and
significant values for MBT in all the comparisons, except for
that related to controls and chronic hepatitis patients (Table 4).
Figures 3A and 3B illustrate the behaviours of 60-min MBT and
PBT, in comparison between controls and liver disease patients,
and chronic hepatitis and Child-Pugh A cirrhotic patients,
respectively. MBT always showed higher values with respect
to PBT, thus confirming its higher diagnostic power.

Table 4 Comparison between area under the receiver operating characteristic (ROC) curves for methacetin breath test (MBT) and
phenylalanine breath test (PBT)
Group

MBT

Time (min)

PBT

2

Area

SE

Area

SE

CTR vs all patient

60

0.86

0.04

0.73

0.04

0.02

CH vs C

60

0.89

0.03

0.69

0.05

0.003

CTR vs CH

60

0.67

0.07

0.56

0.008

ns

CH vs C-Child A

60

0.79

0.05

0.60

0.07

0.02

CTR : Controls; CH: Chronic hepatitis; C: Cirrhosis (Child A,B,C).

A 1.00

B

Methacetin_60

0.50

Phenylalanine_60
0.25

Sensitivity

Sensitivity

0.75

1.00
0.75
0.50
Methacetin_60

0.25

Phenylalanine_60

0.00

0.00
0.00

0.25

0.50
Specificity

0.75

1.00

0.00

0.25

0.50
Specificity

0.75

1.00

Figure 3 Area under the receiver operating characteristic (ROC) curves compared to the methacetin and phenylalanine breath
tests between control subjects and liver disease patients as well as between chronic hepatitis and Child-Pugh A cirrhosis patients.
A: Area under the receiver operating characteristic (ROC) curves compared to methacetin and phenylalanine breath tests
between control subjects and liver disease patients. --M60 = cumulative percent oxidation of methacetin at 60 mins; -P60 = cumulative
percent oxidation of phenylalanine at 60 min; B: Area under the receiver operating characteristic (ROC) curves compared to
methacetin and phenylalanine breath tests between chronic hepatitis and Child-Pugh A liver cirrhosis patients. -M60 = cumulative
percent oxidation of methacetin at 60 mins; --P60 = cumulative percent of oxidation of phenylalanine at 60 mins.
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The results of the multiple linear regression analysis performed
to evaluate whether MBT and PBT, serum CCA and CDCA
levels and standard liver tests could predict the Child-Pugh
scores are shown in Tables 5 and 6. CCDA and CCA, together
with MBT, showed the highest regression coefficient value
(Table 5). Similar results, but with lower regression coefficients,
were obtained when PBT was considered (Table 6).
Table 5 Multiple regression analysis of 13C-methacetin breath
test, serum levels of cholic acid ( CCA) and chenodeoxycholic
acid (CDCA) conjugates
Variable
13

Beta

P

C-methacetin

(60 min % oxidation)
CCA
CDCA

-0.544

0.000

0.576

0.0016

0.855

0.001

r2 = 0.660.
Table 6 Multiple regression analysis of 13C-phenylalanine
breath test, serum levels of cholic acid (CCA) and chenodeoxycholic acid (CDCA) conjugates
Variable
13

Beta

P

C-phenylalanine

(60 min % oxidation)
CCA
CDCA

1.010

-0.252

0.057

0.487

0.070
0.00

r2 = 0.545.

DISCUSSION
Results from the present study show that MBT and to a lesser
extent PBT, could discriminate hepatic functional capacity both
between healthy subjects and liver disease patients, and
between the different categories of chronic liver disease
patients. The diagnostic role of MBT was further confirmed by
the correlation between MBT and liver function tests and, in
particular between serum CCA and CDCA levels. The most
useful expression of MBT kinetic parameters is the cumulative
percent of oxidation at 60 min, since other modalities of
expressed data (peak, AUC of the max percent of oxidation) are
less accurate from a diagnostic point of view. Furthermore,
MBT as well as serum bile acids, are highly predictive of ChildPugh scores, as shown by the results of logistic regression. In
the present study, the diagnostic power of PBT was always
less than that of MBT.
In patients with liver diseases, various laboratory tests and
indicators are used to grade liver damage. Conventionally, the
degree of injury is assessed using tests which reflect hepatic
structure (biopsy), hepatocyte permeability (transaminases) and
synthetic activity (albumin, bilirubin and prothrombin time)[1].
These tests are static measurements based on the evaluation
of the serum concentration of a particular substance at a given
time[3] They do not quantitate functional hepatic reserve, but
only hepatocellular damage[2]. In fact, evaluation of enzyme
activity has not been considered adequate for the evaluation
of hepatocyte function and reserve[ 8], which can be more accurately
measured by dynamic tests.
Several quantitative tests have been proposed to evaluate
the functional hepatic mass and numerous substrates have
been used in the assessment of liver function, such as sulfobromophthalein dyes, indocyanine green, sorbitol. However, these
tests, although accurate in evaluating hepatic functional mass,
are found to be unpractical in the clinical setting for several
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reasons: need of repeated blood samples, prolonged catheterization,
risk for anaphylactic reactions, elevated costs, etc.
Breath tests with carbon-labeled compounds have been
proposed as sensitive and accurate dynamic tests, being useful
for the non-invasive measurement of hepatic function[6] . However,
although several studies have demonstrated the usefulness of
breath tests as hepatic function tests, there is no general
agreement regarding their application in the clinical setting[5,17,18].
Thus, in patients with liver diseases, Child-Pugh classification
still represents the most widely used marker of liver function.
This classification, however, does not strictly reflect the
quantitative functional hepatic reserve, and measurement
thereof could be influenced by the subjectivity of some
parameters (i.e., degree of ascites or hepatic encephalopathy)
and by modifications induced by concomitant treatments (i.e.,
albumin infusion).
The diagnostic reliability of MBT and /or PBT in chronic
liver diseases has been proposed and evaluated by various
authors, but with controversial results.
Using MBT, Klatt et al[32] revealed significant differences
between chronic hepatitis and cirrhotic patients, but not
between controls and chronic hepatitis patients. Burke et al[14]
on the other hand, showed more encouraging results using
PBT, and in particular, a good correlation with the Child-Pugh
scores, but their findings have not been confirmed by others.
Perri et al[21] in a comparative evaluation of MBT, PBT and
aminopyrine breath tests, in a small group of chronic liver disease
patients, failed to show any differences between the results
obtained with the different substrates.
In the present study, we demonstrated that evaluation using
MBT but not PBT, percent of oxidation could discriminate
between different groups of chronic liver disease patients, and
in particular, between chronic hepatitis and Child-Pugh A
cirrhotic patients, and was related to Child-Pugh score status.
The correlation between MBT and serum levels of primary bile
acids considered as a sensitive index of liver function[25,33,34]
further supports the diagnostic role of MBT.
Different results have been recently obtained by Lara
Baruque et al[22] who demonstrated a high sensibility of both
MBT and PBT for the diagnosis of hepatic dysfunction. The
specificity, however, was very low. In addition, these authors
did not find significant differences in the test results, between
chronic hepatitis and Child-Pugh A patients.
This is an important aspect since the evolution from chronic
hepatitis to cirrhosis represents a crucial moment in the natural
history of chronic liver diseases. Furthermore, the differentiation
between chronic hepatitis patients and cirrhotic patients, as
we obtained using both MBT and serum bile acid levels, is
also important to define the diagnostic strategy to be adopted
(i.e., to proceed with liver biopsy or use a clinical-biochemical
score).
We showed that MBT had a greater diagnostic capacity
than PBT. We could not explain this observation and in particular
the lower diagnostic power of PBT than expected. A possible
explanation concerning the lower solubility and the slower
metabolism of phenylalanine compared to methacetin, was
reported also by Lara Baruque et al[22].
Other important results emerging from the present study
were related to the timing of breath collection and the expression
of the isotope breath kinetics. The best discrimination capacity
was obtained on the basis of the areas under the ROC curves,
for both MBT and PBT 60 min after substrate ingestion. This
finding, which is in agreement with that of some studies[14, 22] ,
but not of others[21,32,35], is of practical importance, since it
suggests that further (up to 60 min) breath samples are not
necessary. In our experience, additional parameters, such as
isotope excretion peak and maximal AUC, are not necessary,
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since they do not increase the diagnostic accuracy of the
cumulative percent of oxidation. However, further studies are
needed to confirm this observation.
To date, the important unsolved question is the usefulness
and possible superiority of breath tests in predicting the
prognosis of liver disease and the rate of disease progression
compared with Child-Pugh classification[19,20]. According to
several authors, the use of breath tests for the prognosis of liver
disease patients should be considered only when their superior
accuracy with respect to Child-Pugh scores is demonstrated.
Merkel et al[36] published a study on 125 patients with chronic
liver diseases, who were followed for 48 mo, demonstrating
that aminopyrine breath test was superior to Child-Pugh scores
in predicting fatal cirrhotic-correlated events. Similar results
were obtained by Figg[37] and by Herold[38] , while other investigators[39,40] were unable to document a superiority of quantitative
function tests over Child-Pugh classification. Recently Zipprich
et al [41] have suggested that the possibility of overlapping
values in cirrhotic patients could be due to the influence of
anaemia and oxygen supply to the cirrhotic liver.
Although our study is not a prospective study, it shows
that MBT and serum primary bile acids are the only parameters
found to be predictive of Child-Pugh scores. Furthermore, in
our previous prospective study[41] performed on cirrhotic
patients awaiting liver transplantation, we showed that percent
of oxidation of MBT strictly followed the clinical course of liver
diseases. In fact MBT progressively decreased until liver
transplantation was performed and then increased to reach
normal values in patients whose liver transplantation was
successful.
In conclusion, MBT and PBT represent a safe, simple and
accurate test useful not only in diagnosing chronic liver disease
in patients, but also in differentiating between different stages
of chronic liver diseases. Furthermore, this study confirms the
clinical usefulness of serum primary bile acid measurement in
the diagnosis of chronic liver disease in patients.
If further longitudinal studies confirm the MBT diagnostic
and prognostic values, this evaluation could represent an
important tool for the overall diagnostic and therapeutic
management of liver disease patients.

REFERENCES
1
2

3
4
5

6
7

8
9

Tygstrup N. Assessment of liver function: principles and
practice. J Gastroenterol Hepatol 1990; 5: 468-482
Friedman LS, Martin P, Munoz SJ. Liver function tests and the
objective evaluation of the patient with liver disease. In: D.
Zakim, TD Boyer, editors, Hepatology, A textbook of liver
disease. Philadelphia: Saunders 1999: 1134-1145
Johnson PJ. Role of the standard ‘liver function tests’ in current
clinical practice. Ann Clin Biochem 1989; 26 (Pt 6): 463-471
Jalan R, Hayes PC. Review article: quantitative tests of liver
function. Aliment Pharmacol Ther 1995; 9: 263-270
Armuzzi A, Candelli M, Zocco MA, Andreoli A, De Lorenzo
A, Nista EC, Miele L, Cremonini F, Cazzato IA, Grieco A,
Gasbarrini G, Gasbarrini A. Review article: breath testing for
human liver function assessment. Aliment Pharmacol Ther 2002;
16: 1977-1996
Klein PD. 13 C breath tests: visions and realities. J Nutr 2001;
131: 1637S-1642S
Hepner GW, Vesell ES. Assessment of aminopyrine metabolism in man by breath analysis after oral administration of 14Caminopyrine. Effects of phenobarbital, disulfiram and portal
cirrhosis. N Engl J Med 1974; 291: 1384-1388
Perri F, Pastore M, Annese V, Andriulli A. The aminopyrine
breath test. Ital J Gastroenterol 1994; 26: 306-317
Breen KJ, Bury RW, Cal der IV, Desmond PV, Peters M,
Mashford ML. A [14C] phenacetin breath test to measure hepatic function in man. Hepatology 1984; 4: 47-52

147
10
11

12

13

14

15

16

17
18

19

20

21
22

23

24

25

26

27

28

29

Kalow W, Tang BK. The use of caffeine for enzyme assays: a
critical appraisal. Clin Pharmacol Ther 1993; 53: 503-514
Oellerich M, Raude E, Burdelski M, Schulz M, Schmidt FW,
Ringe B, Lamesch P, Pichlmayr R, Raith H, Scheruhn M.
Monoethylglycinexylidide formation kinetics: a novel approach
to assessment of liver function. J Clin Chem Clin Biochem 1987;
25: 845-853
Matsumoto K, Suehiro M, Iio M, Kawabe T, Shiratori Y, Okano
K, Sugimoto T. [13C] methacetin breath test for evaluation of
liver damage. Dig Dis Sci 1987; 32: 344-348
Watkins PB, Murra y SA, Winkelma n LG, Heuman D M,
Wrighton SA, Guzelian PS. Erythromycin breath test as an
assay of glucocorticoid-inducible liver cytochromes P-450. Studies in rats and patients. J Clin Invest 1989; 83: 688-697
Burke PA, Stack JA, Wagner D, Lewis DW, Jenkins RL, Forse
RA. L-[1-(13)C] Phenylalanine oxidation as a measure of hepatocyte functional capacity in end-stage liver disease. Am J Surg
1997; 173: 270-273, discussion 273-274
Saadeh S, Behrens PW, Parsi MA, Carey WD, Connor JT,
Grealis M, Barnes DS. The utility of the 13 C-galactose breath
test as a measure of liver function. Aliment Pharmacol Ther
2003; 18: 995-1002
Armuzzi A, Marcoccia S, Zocco MA, De Lorenzo A, Grieco A,
Tondi P, Pola P, Gasbarrini G, Gasbarrini A. Non-Invasive
assessment of human hepatic mitochondrial function through
the 13C methionine breath test. Scand J Gastroenterol 2000; 35:
650-653
Rating D, Langhans CD. Breath tests: concepts, applications
and limitations. Eur J Pediatr 1997; 156 Suppl 1: S18-S23
Romagnuolo J, Schiller D, Bailey RJ. Using breath tests wisely
in a gastroenterology practice: an evidence-based review of
indications and pitfalls in interpretation. Am J Gastroenterol
2002; 97: 1113-1126
Child CG, Turcotte JG. Surgery and portal hypertension. In:
Chi l d CG, edi tor, The l i v er a nd porta l hypertensi on.
Philadelphia: W.B. Saunders 1964: 50
Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the oesophagus for bleeding oesophageal varices. Br J Surg 1973; 60: 646-649
Galmiche JP, Delbende B, Perri F, Andriulli A. 13C octanoic
acid breath test. Gut 1998; 43 Suppl 3: S28-S30
Lara Baruque S, Razquin M, Jimenez I, Vazquez A, Gisbert
JP, Pajares JM. 13 C-phenylalanine and 13 C methacetin breath
test to evaluate functional capacity of hepatocyte in chronic
liver disease. Dig Liver Dis 2000; 32: 226-232
Schneider JF, Schoeller DA, Schreider BD. Use of 13C-phenacetin and 13C-methacetin for the detection of alterations in hepatic drug metabolism. In: Klein ER, Klein PD, editors, Proceedings of the 3rd International Conference on Stable Isotopes,
May 1978. New York: Academic Press 1979: 507-516
Monroe PS, Baker AL, Schneider JF, Krager PS, Klein PD,
Schoeller D. The aminopyrine breath test and serum bile acids
reflect histologic severity in chronic hepatitis. Hepatology 1982;
2: 317-322
Festi D, Morselli Labate AM, Roda A, Bazzoli F, Frabboni R,
Rucci P, Taroni F, Aldini R, Roda E, Barbara L. Diagnostic
effectiveness of serum bile acids in liver diseases as evaluated by
multivariate statistical methods. Hepatology 1983; 3:707-713
Stellard F, Elzinga H, Vonk RJ. Standardization and accuracy
of breath tests. In: Perri F, Andriulli A, editors, Clinical application of breath tests in gastroenterology and hepatology, Rome:
International University Press 1998: 13-16
Bertz RJ, Granneman GR. Use of in vitro and in vivo data to
stimul ate the l ikel ihood of meta boli c pha rmac okinetic
interactions. Drug interactions. Clin Pharmacokinetic 1997; 3:
32-40
Roda A, Girotti S, Lodi S, Preti S. Development of a sensitive
enzyme immunoassay for plasma and salivary steroids. Talanta
1984; 31: 895-900
Schneider JF, Schoeller DA, Nemchausky B, Boyer JL, Klein P.
Validation of 13CO2 breath analysis as a measurement of
demethylation of stable isotope labeled aminopyrine in man.
Clin Chim Acta 1978; 84: 153-162

148
30

31
32

33
34

35

36

37

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Hanley JA, McNeil BJ. The meaning and use of the area under
a receiver operating characteristic (ROC) curve. Radiology 1982;
143: 29-36
Weinstein MC, Fineberg HV. Clinical decision analysis.
Philadelphia: WB Saunders 1980
Klatt S, Taut C, Mayer D, Adler G,Beckh K. Evaluation of the
13
C-methacetin breath test for quantitative liver function testing.
Z Gastroenterol 1997; 35: 609-614
Paré P, Hoesf JC, Ashcavai M. Determinants of serum bile acids
in chronic liver disease. Gastroenterology 1981; 81: 959-964
Poupon RY, Poupon RE, Lebrec D, Le Quernec L, Darnis F.
Mechanisms for reduced hepatic clearance and elevated plasma
levels of bile acids in cirrhosis. A study in patients with an endto-side portacaval shunt. Gastroenterology 1981; 80: 1438-1444
Pfaffenbach B,,Otze O, Szymanski C, Hagemann D, Adamek
RJ. The 13C-methacetin breath test for quantitative noninvasive
liver function analysis with an isotope-specific nondispersive
infrared spectrometer in liver cirrhosis. Dtsch Med Wochenschr
1998; 123: 1467-1471
Merkel C, Bolognesi M, Bellon S, Bianco S, Honisch B, Lampe
H, Angeli P, Gatta A. Aminopyrine breath test in the prognostic evaluation of patients with cirrhosis. Gut 1992; 33: 836-842
Figg WD, Dukes GE, Lesesne HR, Carson SW, Songer SS,
Pritchard JF, Hermann DJ, Powell JR, Hak LJ. Comparison of

38

39

40

41

42

January 7, 2005

Volume 11

Number 1

quantita tiv e methods to assess hepatic function: Pugh’s
classification, indocyanine green, antipyrine, and dextromethorphan.
Pharmacotherapy 1995; 15: 693-700
Herold C, Heinz R, Niedobitek G, Schneider T, Hahn EG,
Schuppan D. Quantitative testing of liver function in relation
to fibrosis in patients with chronic hepatitis B and C. Liver
2001; 21: 260-265
Herold C, Berg P, Kupfal D, Becker D, Schuppan D, Hahn EG,
Schneider HT. Parameters of microsomal and cytosolic liver
function but not of liver perfusion predict portal vein velocity
in noncirrhotic patients with chronic hepatitis C. Dig Dis Sci
2000; 45: 2233-2237
Albers I, Hartmann H, Bircher J, Creutzfeldt W. Superiority of
the Child-Pugh classification to quantitative liver function tests
for assessing prognosis of liver cirrhosis. Scand J Gastroenterol
1989; 24: 269-276
Zipprich A, Meiss F, Steudel N, Sziegoleit U, Fleig WE, Kleber
G. 13 C-Methacetin metabolism in patients with cirrhosis: relation to disease severity, haemoglobin content and oxygen
supply. Aliment Pharmacol Ther 2003; 17: 1559-1562
Petrolati A, Festi D, De Berardinis G, Colaiocco-Ferrante L, Di
Paolo D, Tisone G, Angelico M. 13 C-methacetin breath test for
monitoring hepatic function in cirrhotic patients before and
after liver transplantation. Aliment Pharmacol Ther 2003; 18:
785-790
Edited by Wang XL

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(1):149-153
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Significant association of insulin and proinsulin with clustering of
cardiovascular risk factors
En-Zhi Jia, Zhi-Jian Yang, Shi-Wei Chen, Guang-Yao Qi, Chun-Fa You, Jian-Feng Ma, Jing-Xin Zhang, Zhen-Zhen Wang,
Wei-Chong Qian, Xin-Li Li, Hai-Yan Wang, Wen-Zhu Ma
En-Zhi Jia, Zhi-Jian Yang, Zhen-Zhen Wang, Wei-Chong Qian,
Xin-Li Li, Hai-Yan Wang, Wen-Zhu M a, Department of
Cardiovascular Medicine, the First Affiliated Hospital of Nanjing
Medical University, Nanjing 210029, Jiangsu Province, China
Shi-Wei Chen, Guang-Yao Qi, Chun-Fa You, The Disease Control
Center of Pizhou City, Pizhou 221300, Jiangsu Province, China
Jian-Feng Ma, Department of Central Clinical Laboratory, the First
Affiliated Hospital of Nanjing Medical University, Nanjing 210029,
Jiangsu Province, China
Jing-Xin Zhang, Department of Nuclear Medicine, the First Affiliated
Hospital of Nanjing Medical University, Nanjing 210029, Jiangsu
Province, China
Correspondence to: Dr. En-Zhi Jia, Department of Cardiovascular
Epidemiology, the First Affiliated Hospital of Nanjing Medical
University, Guangzhou road 300, Nanjing 210029, Jiangsu Province,
China. enzhijia@yahoo.com.cn
Telephone: +86-13951623205
Received: 2003-11-17 Accepted: 2004-02-01

Abstract
AIM: To investigate the association between true insulin
and proinsulin and clustering of cardiovascular risk factors.
METHODS: Based on the random stratified sampling
principles, 1196 Chinese people (533 males and 663 females,
aged 35-59 years with an average age of 46.69 years) were
recruited. Biotin-avidin based double monoclonal antibody
ELISA method was used to detect the true insulin and
proinsulin, and a risk factor score was set to evaluate
individuals according to the number of risk factors.
RESULTS: The median (quartile range) of true insulin and
proinsulin was 4.91 mIu/L (3.01-7.09 mIu/L) and 3.49 pmol/L
(2.14-5.68 pmol/L) respectively, and the true insulin level of
female subjects was significantly higher than that of male
subjects (P = 0.000), but the level of proinsulin displayed
no significant difference between males and females
(P = 0.566). The results of covariate ANOVA after age and
sex were controlled showed that subjects with any of the
risk factors had a significantly higher true insulin level
(P = 0.002 for hypercholesterolemia, P = 0.021 for high
low-density lipoprotein cholesterol, P = 0.003 for low highdensity lipoprotein cholesterol, and P = 0.000 for other risk
factors) and proinsulin level (P = 0.001 for low high-density
lipoprotein cholesterol, and P = 0.000 for other risk factors)
than those with no risk factors. Furthermore, subjects with
higher risk factor scores had a higher true insulin and
proinsulin level than those with lower risk factor scores
(P = 0.000). The multiple linear regression models showed
that true insulin and proinsulin were significantly related to
cardiovascular risk factor scores respectively (P = 0.000).
CONCLUSION: True insulin and proinsulin are significantly
associated with the clustering of cardiovascular risk factors.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Dyslipidemia, hypertension, hyperinsulinemia and obesity
(special central obesity) have been recognized as potent risk
factors for coronary heart disease in adults[1-3]. In fact, the clustering
of the above cardiovascular risk factors often occurs in adults
and has been termed syndrome X[4], deadly quartet[5], insulin
resistance syndrome[6], and multiple metabolic syndrome[7].
Insulin resistance emerges as a common pathogenetic denominator
underlying the above risk factor clustering[8]. In the earlier studies,
insulin concentration was measured using radioimmunoassays
with polyclonal antibodies[9], which cross-react with largely
inactive insulin precursor molecules such as proinsulin (PI)
and des-31, 32 proinsulin; hence it is called immunoreactive
insulin (IRI). These proinsulin molecules (PI) can be distinguished
from more biologically active true insulin (TI) molecules by
using highly sensitive and specific two-site immunoassays
based on monoclonal antibodies[10]. After these assays became
available, several groups have reported that PI is more closely
associated with coronary heart disease[11], stroke[12], and
hypertension[13] than TI. It is possible that hyperinsulinemia in
subjects with insulin resistance syndrome may reflect increased
PI concentration rather than increased levels of insulin itself.
To explore the relationship between TI versus PI and cardiovascular
risk factor clustering, a population-based epidemiological
investigation was conducted in Pizhou City located in the
mid-east of China.
MATERIALS AND METHODS
Study design and population
The Pizhou district, a rural area of 2097 km2, is situated in the
north of Jiangsu Province of China, with a population of 1.52
million. From April 2001 to May 2001, a large cross-sectional,
community-based epidemiological study was conducted. The
people surveyed were adults aged between 35 and 59 years.
Signed informed consents were obtained from all participants
and the study was approved by the Nanjing Medical University
Ethics Review Committee. A two-stage cluster-sampling scheme
based on existing census divisions was used to randomly select
(with probability proportional to size) 4 areas, each with a
population from 300 to 350 subjects, and samples were stratified
by sex and age group (5 years) to ensure representation of
each part of the population. Among 1351 individuals investigated,
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the response rate was 88.5%, and the random sample and
random-sample responder populations closely reflected the
actual distribution of age group and sex in Pizhou area.
Compared with the figures available from the most recent
census, the samples were generally found to be representative
in terms of sex and age group profiles, geographical locations,
marital status, socio-economic groups and education levels.
Data on sex and age groups and geographical locations
collected from non-respondents were compared with those of
the samples surveyed and no significant difference was detected
between them.

Anthropometric measurements
Anthropometric measurements were performed after
participants removed their shoes and upper garments and
donned an examining gown. Each measurement was performed
twice and the average was used in the analysis. Height (HT)
was measured to the nearest 0.1 cm using a wall-mounted
stadiometer. Weight (WT) was measured to the nearest 0.1 kg
using a hospital balance beam scale. Body mass index (BMI)
was calculated as weight (kg) divided by the square of height
(m2). The waist circumference (WC) was measured to the nearest
0.5 cm at the point of narrowing between the umbilicus and
xiphoid process (as viewed from behind) and the waist circumference
was used as a judgement of upper-body adioposity. Blood
pressure was measured in the right arm with the participant
seated and the arm bared. Three readings were recorded for
each individual, and the average of the second and third reading
was defined as the subject’s blood pressure.
Laboratory measurements
Twelve hour fasting blood samples were drawn in the morning
and the sera were stored at -70 ℃ immediately after centrifugation
until assayed. All laboratory measurements were conducted at
the Central Clinical Laboratory in the First Affiliated Hospital of
Nanjing Medical University. Fasting blood glucose (FBG), fasting
total cholesterol (TCH), fasting triglyceride (TG) and fasting highdensity lipoprotein cholesterol (HDL-c) were determined by
enzymatic procedures on an automated autoanalyzer (AU 2700,
Olympus, Japan). The laboratory tests were monitored for
precision and accuracy of glucose and lipid measurements by
the agency’s surveillance program. Measurements on agencyassigned quality control samples showed no consistent bias
over time within or between surveys. Low-density lipoprotein
cholesterol (LDL-c) was assessed by the Friedwald method[14].
The TI level was measured using a highly sensitive two-site
sandwich ELISA[15]. The detection limit was 5.0 pmol/L. The
specificity of the assay excluded intact, split (32-33) and des
(31,32) proinsulin. There was some cross-reactivity with the less
abundant split (65-66) proinsulin (30%) and des (64,65) proinsulin
(63%). The PI level was measured in a similar manner using another
sensitive two-site sandwich ELISA[16]. The detection limit in
human serum was 0.25 pmol/L. There was no cross-reactivity
with human insulin and human C-peptide. However, the four
major proinsulin conversion intermediates reacted in various
proportions of 65% to 99%. The between- and within-assay
coefficients of variation were 6.8%, 7.8% for TI respectively and
6.7%, 7.8% for PI respectively. All measurements were performed
in duplicate. The four monoclonal antibodies including OXI-005,
HUI-018, PEP-001 and HUI-001 were kind gifts from Novo
Nordisk, Bagsvaerd, Denmark.
Definition of risk factors
To investigate the relationship between TI versus PI and
cardiovascular risk factor clustering, we set a risk factor score
to rank individuals according to the number of the risk factors
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at the time of survey. The following 9 factors and cut-off points
were used to build up this risk factor scores. Hypertension was
defined when systolic blood pressure (SBP) was ≥R140 mmHg
and/or diastolic blood pressure (DBP) ≥R90 mmHg or
antihypertensive drugs were taken because of previous
hypertension according to the 1999 WHO/ISH criteria [17].
Hyperglycemia was diagnosed based on the fasting serum
glucose >6.1 mmol/L according to the American Diabetes
Association (ADA) criteria[18] or when the patient had a history
of diabetes mellitus. Hypercholesterolemia was defined as
fasting total cholesterol ≥ 5.20 mmol/L. High LDL-c was
defined as LDL-c ≥ 3.38 mmol/L. Low HDL-c was recognized
as HDL-c≤1.04 mmol/L. Hypertriglyceridemia was defined as
fasting triglyceride ≥ 1.70 mmol/L[19]. High TG/low HDL was
considered as the risk score and the cut-off point was triglyceride
≥1.70 mmol/L and HDL-c≤1.04 mmol/L. Overall overweight
was considered as BMI ≥ 25.0 kg/m2 according to the WHO
guidelines [20] . Visceral obesity was defined as waist
circumference ≥85 cm in males and ≥80 cm in females[21]. The
final risk factor scores varied from 0 to 5. 0; 1 indicates the
exposure to any one risk factor; 2, 3, and 4 indicate exposure to
any combination of 2, 3, and 4 risk factors respectively; 5
indicates exposure to any combination of 5 or more than 5 risk
factors simultaneously.

Statistical analysis
All data analyses were performed using Statistical Package for
Social Science (SPSS for Windows, version 10.0, 1999, SPSS
Inc, Chicago, IL). Data of BMI, WC, age and blood pressure were
normally distributed parameters and presented as mean±SD,
whereas skewed data including fasting blood glucose, fasting
lipid, fasting TI and fasting PI were logarithmically transformed
before analysis and expressed as a median and quartile range.
Intergroup comparisons were normally made with Student’s t
test, and analysis of covariance (ANCOVA) controlling the age
and sex was used to determine the relationship between risk
factors and TI versus PI. Stepwise multiple linear regression
was used, P values of 0.05 and 0.10 were used as the criteria for
entry and removal at each step respectively. P<0.05 was
considered statistically significant.
RESULTS
Anthropometric and biochemical characteristics of study
population
The anthropometric and biochemical characteristics of the
Chinese population studied are displayed in Table 1.
Comparison between males and females was carried out by
unpaired t test. Due to skewness, FBG, CH, TG, HDL-c, LDL-c,
TI and PI were logarithmically transformed before analysis. No
significant difference was found between males and females
regarding their age, FBG, lipid and PI. The SBP, DBP and WC
were significantly higher in males than in females. However,
BMI and TI were significantly higher in females than in males.
ANCOVA analysis of TI versus PI and risk factors
The logarithmically transformed values of TI and PI were
dependent variables respectively, and either the presence or
absence of risk factors was factor variable. The covariate
ANOVA (ANCOVA) after adjustment for age and sex was
conducted. The results (Tables 2, 3) showed that after the age
and sex were controlled, the subjects with any of the above risk
factors had a significantly higher TI and PI level than those
with no risk factors. Furthermore, the subjects with higher risk
factor scores had a higher TI and PI level than the subjects
with lower risk factor scores.
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Table 1 Anthropometric and biochemical characteristics of study population (mean±SD)
Variables
AGE
SBP
D BP
FBG
CH
TG
HD L
LD L
BMI
WC
TI
PI

Male

Female

46.78±7.93
126.26±19.92
81.09±12.47
4.48 (4.07-4.94)
4.06 (3.50-4.71)
0.83 (0.59-1.24)
1.04 (0.86-1.28)
2.54 (2.09-3.02)
23.60±2.84
79.43±8.76
4.24 (2.57-6.53)
3.39 (2.04-5.65)

Total

46.62±7.79
122.23±20.54
77.23±10.79
4.42 (4.08-4.84)
3.98 (3.45-4.59)
0.77 (0.57-1.12)
1.07 (0.89-1.27)
2.44 (2.05-2.88)
24.16±3.19
76.34±8.57
5.45 (3.51-7.47)
3.58 (2.22-5.69)

46.69±7.85
124.03±20.36
78.95±11.73
4.58 (4.07-4.88)
4.02 (3.48-4.63)
0.79 (0.57-1.18)
1.06 (0.88-1.28)
2.48 (2.06-2.95)
23.91±3.05
77.72±8.78
4.91 (3.01-7.09)
3.49 (2.14-5.68)

T

P

0.360
3.413
5.737
0.492
1.578
1.957
-1.405
0.990
-3.128
6.130
-5.164
-0.574

0.719
0.001
0.000
0.623
0.115
0.051
0.160
0.322
0.002
0.000
0.000
0.566

Table 2 ANCOVA analysis of TI and risk factors (age and sex are covariate)
Risk factors
Hypertension
Hyperglycemia
Obesity
Visceral obesity
High CH
High LDL
High TG
Low HDL
Risk factor score

N (M/F)
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
0
1
2
3
4
≥5

149/142
384/521
17/22
516/641
149/227
382/436
137/214
395/449
85/78
448/585
72/79
460/579
66/74
467/589
258/297
275/366
134/180
170/220
123/151
56/65
29/27
18/15

Median (Q R)
5.71
4.60
7.50
4.82
6.41
4.24
6.37
4.25
5.69
4.76
5.55
4.79
6.94
4.64
5.31
4.63
3.81
4.59
5.19
6.15
7.75
7.81

(3.78-7.86)
(2.78-6.75)
(4.86-9.82)
(2.97-7.02)
(4.39-8.46)
(2.59-6.31)
(4.54-8.31)
(2.58-6.42)
(3.66-8.19)
(2.96-6.97)
(3.19-7.84)
(2.97-7.00)
(4.89-8.62)
(2.82-6.76)
(3.19-7.57)
(2.82-6.69)
(2.54-5.84)
(2.79-6.63)
(3.19-7.16)
(4.23-7.92)
(5.53-9.45)
(5.74-10.20)

F

P

34.063

0.000

12.116

0.000

89.080

0.000

83.062

0.000

9.638

0.002

5.301

0.021

39.522

0.000

8.829

0.003

21.136

0.000

F

P

20.523

0.000

78.858

0.000

70.508

0.000

69.619

0.000

25.807

0.000

15.775

0.000

54.298

0.000

12.049

0.001

27.290

0.000

M/F, male/female; Y or N, presence or absence of risk factors.
Table 3 ANCOVA analysis of PI and risk factors (age and sex are covariate)
Risk factors
Hypertension
Hyperglycemia
Obesity
Visceral obesity
High CH
High LDL
High TG
Low HDL
Risk factor score

Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
0
1
2
3
4
≥5

N (M/F)

Median (Q R)

149/142
384/521
17/22
516/641
149/227
382/436
137/214
395/449
85/78
448/585
72/79
460/579
66/74
467/589
258/297
275/366
134/180
170/220
123/151
56/65
29/27
18/15

4.24(2.49-6.66)
3.34(2.02-5.31)
11.20(7.54-17.52)
3.43(2.04-5.36)
4.70(2.93-7.46)
3.13(1.84-4.72)
4.67(3.05-7.56)
3.13(1.83-4.86)
4.72(2.89-7.01)
3.36(2.02-5.32)
4.35(2.62-6.65)
3.40(2.04-5.39)
5.37(3.63-8.57)
3.31(1.99-5.30)
3.76(2.38-5.96)
3.29(1.95-5.31)
2.77(1.61-4.29)
3.15(2.02-5.03)
3.97(2.39-6.03)
4.56(3.04-7.19)
6.18(3.83-11.39)
6.89(4.45-12.30)

M/F, male/female; Y or N, presence or absence of risk factors.
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Table 4 Multiple stepwise linear regression analysis with TI as a dependent variable
Unstandardized coefficients
Parameter
Constant
Risk factor score
FBG
Sex
BMI
TG
AGE

B
-1.677
0.410
0.558
0.836
0.162
0.196
-3.18E-02

SE

Standardized coefficients (Beta)

T

P

——
0.156
0.142
0.094
0.111
0.063
-0.056

-1.103
4.036
4.992
3.375
3.121
2.108
-2.003

0.270
0.000
0.000
0.001
0.002
0.035
0.045

Standardized coefficients (Beta)

T

P

——
0.316
0.141
0.128
-0.097
0.103
0.062

-3.058
11.741
3.596
3.856
-3.632
3.346
2.034

0.002
0.000
0.000
0.000
0.000
0.001
0.042

1.520
0.102
0.112
0.248
0.052
0.093
0.016

Table 5 Multiple stepwise linear regression analysis with PI as a dependent variable
Parameter
Constant
FBG
Risk factors score
BMI
AGE
TG
LD L

Unstandardized coefficients
B

SE

-3.915
1.095
0.326
0.165
-4.80E-02
0.281
0.321

1.281
0.093
0.091
0.043
0.013
0.084
0.158

Multiple linear regression analysis for risk factors
Tables 4 and 5 show the multiple stepwise linear regression
analyses of the relationship between the dependent variables
of TI and PI respectively and the independent variables of age,
sex, BMI, WC, SBP, DBP, FBG, lipid, and risk factor scores.
When the risk factor scores were entered in the regression
model before other variables, the results presented in Table 3
indicated that the risk factor scores, fasting blood glucose, sex,
BMI, triglyceride and age were significantly associated with
the true insulin concentration. Table 4 demonstrates that fasting
blood glucose, risk factor scores, BMI, age, triglyceride, lowdensity lipoprotein cholesterol remained in the regression model
and were significantly associated with the concentration of
proinsulin.
DISCUSSION
PI is converted to insulin in the secretory granules of pancreatic
cells. Two endoproteolytic activities are responsible for this
conversion. These activities correspond to the two endoprotease
types PC1 and PC2, two members of the mammalian family of
subtilisin-like proteases, which are related to the yeast kex2
gene products. Type 1 endoprotease (PC1) cleaves on the
C-terminal side of the pair of basic amino acids Arg31-Arg32
linking the B-chain and connecting peptide (C-peptide) and
type 2 endoprotease (PC2) on the C-terminal side of Lys64-Arg65
linking the C-peptide and the A-chain. It has been reported that
C-terminal basic residues generated by such cleavages are then
trimmed by carboxypeptidase[22], and PI is cleaved sequentially,
first by PC1 which cleaves at the 32,33 sites and then by PC2
which cleaves at the 64,65 sites to produce mature insulin and
C-peptide[23]. Under physiological conditions, only a small
amount of intact and split PI is co-secreted with insulin from
the pancreatic -cells. However, in type-2 diabetes[24] and other
pathological conditions[11-13], PI and PI split products could be
markedly elevated. Thus, it is possible that hyperinsulinemia in
subjects with insulin resistance syndrome (IRS) may reflect
increased PI concentrations rather than increased levels of
insulin itself. The disagreement in results could be attributed
to the difference in laboratory methods and in the geological
distribution of investigated populations. For these reasons,
we studied a population-based sample of 1196 Chinese adults

living in the Pizhou City, Jiangsu Province of China. So far no
population-based epidemiological studies on the relationship
between the clustering of cardiovascular risk factors and TI
versus PI have been reported.
The median and quartile range of fasting TI concentration
in this study was 4.91 mIu/L and 3.01-7.09 mIu/L in response
to a fasting PI of 3.49 pmol/L and 2.14-5.68 pmol/L. The TI
and PI concentrations reported here are lower than those
reported previously in a population-based study of diabetes
and cardiovascular diseases in Mexican Americans and nonHispanic whites[25], which might be attributed to the difference
in ethnicity and laboratory measurement. The statistical
results of ANCOVA after the age and sex were adjusted
indicate that the subjects with cardiovascular risk factors
including hypertension, hyperglycemia, obesity, visceral obesity,
dyslipidemia and risk factor clustering have both hyperinsulinemia
and hyperproinsulinemia rather than either hyperinsulinemia
or hyperproinsulinemia alone. In general, our results are in
agreement with the previous results in diabetic subjects[26],
young nondiabetic male survivors with myocardial infarction[27],
hypertension subjects[13], and subjects with dyslipidemia[25].
The results of univariate and multivariate analyses reveal that
the concentrations of TI and PI are closely associated with
cardiovascular risk factor clustering independent of age, sex,
BMI, WC, blood pressure, fasting blood glucose and lipid, and
the results are in accordance with the cohort epidemiological
results that cardiovascular diseases and all-cause mortality are
increased in subjects with metabolic syndrome, even in the
absence of baseline CVD and diabetes[28]. The age-adjusted
prevalence of metabolic syndrome in Americans is similar in
men (24.0%) and women (23.4%), and about 47 million US
residents have metabolic syndrome based on 2000 census data[29].
Therefore, early identification, treatment, and prevention of
metabolic syndrome presents a major challenge to the health
care professionals facing an epidemic of overweight and
sedentary lifestyle.
This study concludes that both TI and PI are elevated in
serum when the risk factors are co-presented, which means
that it is not the premature secretion of insulin but the total
activity of cells is promoted in this situation. However, the
mechanisms by which TI contributes to the clustering of
cardiovascular risk factors are incompletely understood, and
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the defects in nonesterified fatty acid (NEFA) metabolism which
have been implicated in the abnormal lipid and glucose
metabolism, may characterize the clustering of cardiovascular
risk factors[8]. It has been shown that PI is at least as strong as
insulin and can independently increase the level of PAI-1 activity,
thereby lowering fibrinolytic activity[27]. TI and PI are secreted
together from the  cells and probably exert their biological effects
in the body independently of each other, but this does not exclude
the possibility of coinciding effects later in the causal path of
cardiovascular risk factor clustering (e.g., PAI-1 activity).
In conclusion, TI and PI are closely associated with the
clustering of cardiovascular risk factors, further studies are
needed to investigate quantitatively the prognostic significance
of these variables.
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membrane-associated (CA IV, CA IX, CA XII, and CA XIV)
forms.
CAs are virtually ubiquitous in living systems, having varied
functions in animal, plant and bacterial cells. The great diversity
in both cellular distribution (Figure 1) and biological functions is
remarkable and the catalytic activity of CAs, found in almost all
organisms, is extremely high, placing the high-activity isoenzymes
among the most efficient enzymes known[1]. In addition to its
role in the regulation of pH homeostasis, CA activity facilitates
biosynthetic processes, which involve an early carboxylation step
requiring bicarbonate. These processes include gluconeogenesis
and synthesis of certain amino acids (pyruvate carboxylase),
lipogenesis (pyruvate carboxylase and acetyl CoA carboxylase),
ureagenesis (carbamyl phosphate synthetase I), and pyrimide
synthesis (carbamyl phosphate synthetase II)[2].
IV

XIV

apical
VI

Abstract
Carbonic anhydrases (CAs) catalyse the hydration of CO2
to bicarbonate at physiological pH. This chemical
interconversion is crucial since HCO3 - is the substrate for
several biosynthetic reactions. This review is focused on
the distribution and role of CA isoenzymes in both normal
and pathological gastrointestinal (GI) tract tissues. It has
been known for many years that CAs are widely present in
the GI tract and play important roles in several physiological
functions such as production of saliva, gastric acid, bile, and
pancreatic juice as well as in absorption of salt and water in
intestine. New information suggests that these enzymes
participate in several processes that were not envisioned
earlier. Especially, the recent reports on plasma membranebound isoenzymes IX and XII have raised considerable
interest since they were reported to participate in cancer
invasion and spread. They are induced by tumour hypoxia
and may also play a role in von Hippel-Lindau (VHL)-mediated
carcinogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastrointestinal tract; Gastrointestinal tumour;
Carbonic anhydrases
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CARBONIC ANHYDRASES - GENERAL ASPECTS
Carbonic anhydrases are a group of zinc-containing metalloenzymes
that catalyse the reversible hydration of carbon dioxide, CO2+H2O
<=> HCO3- + H+. Up to now, 12 enzymatically active alpha carbonic
anhydrases have been identified and characterized in mammals
including 5 cytoplasmic (CA I, CA II, CA III, CA VII, and CA XIII),
2 mitochondrial (CA VA and CA VB), 1 secreted (CA VI), and 4

VI
VA

VB

II
I

lateral

III
VII
XIII
XIV

NonO/p54nrb
XII

IX
IX

XII
basal

XIV

Figure 1 Subcellular localization of active CA isoenzymes and
a novel nonclassical form of CA (nonO/p54nrb).

Carbonic anhydrase isoenzymes
CA I is a well characterized cytoplasmic low-activity isoenzyme
with a molecular weight of about 30 kDa[3,4]. It is one of the
most abundant proteins in mammalian red cells[5,6]. Interestingly,
it is not expressed in red cells of certain species, e.g., ruminants
and felids, and no haematological abnormalities have emerged
in its absence as the result of a mutation. Thus, the assignment
of the physiological role of CA I is problematic[7-9].
CA II is the most widely distributed member of the CA family,
being present in virtually every human tissue or organ[9]. The gene
for human CA II is 17 kb long and located on chromosome 8, like
those for CA I and III[1,10]. The high-active, cytoplasmic isoenzyme
CA II has a turnover number of 1.3-1.9×106 /s under physiological
conditions, and thus it is one of the most efficient enzymes
known[11-13]. CA II participates in the control of bone resorption.
Osteopetrosis, involving renal acidosis and cerebral calcification,
is a human recessive inherited syndrome with a deficiency of CA
II as a primary defect[14-17]. Even though CA II is the most
abundant isoenzyme in the alimentary tract, no gastrointestinal
symptoms have been associated with CA II-deficient patients.
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Hormonally regulated cytoplasmic CA III has very low CA
catalytic activity. On the other hand, it seems to protect from
hydrogen peroxide-induced apoptosis and induce cell
proliferation, whereas CA II does not have these effects[18]. These
results suggest that CA III may provide protection against
oxidative damage, and the lower levels of free radicals in cells
overexpressing CA III may also affect growth signalling pathways.
To date four membrane-associated CA isoenzymes have been
identified. CA IV is a glycosylphosphatidylinositol-anchored
enzyme being expressed in the apical plasma membrane of
epithelial cells (Figures 1, 2). The gene for CA IV is located on
chromosome 17[19,20] and the molecular weight of the human
protein is 35 kDa[21]. Human CA IV is present in the subepithelial
capillary endothelium in all segments of the gastrointestinal
canal as well as in epithelial cells of colon and gallbladder[22,23].
CA V is a low-activity isoenzyme located in the mitochondrial
matrix[24]. cDNA for human mitochondrial CA V was originallycloned
from a human liver cDNA library, and its gene was localized to
chromosome 16[24]. Recently, two laboratories independently
characterized another mitochondrial CA and thereafter the two
isoenzymes have been termed CAVAand CAVB[25,26]. The expression
of human CA5A mRNA has been demonstrated only in liver[26].
In the alimentary tract, CA5B mRNA has been shown in pancreas
and salivary glands by reverse transcription-PCR (RT-PCR)[26].
CA VI is to date the only known secretory isoenzyme of the
CA gene family. This isoenzyme with a molecular weight of
39-46 kDa has several properties that distinguish it from the
well-characterized cytoplasmic isoenzymes[27-33]. On the other
hand, the catalytic domain of CA VI is highly homologous to
four other “extracellular” CAs (CA IV, CA IX, CA XII, and CA
XIV), which are in fact transmembrane proteins with an
extracellularly exposed CA domain[34,35].
CA VII is a cytoplasmic isoenzyme, the gene of which has
been isolated from a human genomic library[9,36]. The gene is
about 10 kb long and located on chromosome 16, and the
predicted amino acid sequence of CA VII has shown that it is
the most highly conserved isoenzyme in mammals [37].
Recombinant CA VII has shown high enzyme activity, but the
expression of the protein in tissues has not yet been described[38].
Its mRNA has been detected in the human salivary gland[36], rat
and mouse lung[39] and mouse brain neurons[37,40].
CA IX was first recognized as a novel tumour-associated
antigen, MN, in several human carcinomas and normal gastric
mucosae[41,42]. When the full-length cDNA for MN protein was
cloned, it was found to contain a central part with sequence
homology to the CAs[42,43], on which basis the MN protein was
named CA IX[44]. Human CA9 gene has been mapped to
chromosome 17[45]. CA IX is a glycoprotein of 54 and 58 kDa mass
expressed at the basolateral plasma membrane of epithelial cells
(Figure 1) and, in some cases, also in nuclei[46]. The mature CA IX
molecule consists of a proteoglycan-like domain, CA domain,
transmembrane segment, and a short intracellular tail (Figure 2)[42].
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Figure 2 Topography of membrane-associated CA isoenzymes.
CA: carbonic anhydrase domain, GPI: glycosylphosphatidylinositol
link, TM: transmembrane part, CT: cytoplasmic C-terminal tail,
PG: proteoglycan domain.
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Table 1 Immunohistochemical distribution of CAs in human
alimentary tract
Isoenzyme Molecular
weight (ku)

Positive cell types

CA I

Epithelial cells of
oesophagus
jejunum
ileum
colon

CA II

30

30

Main references
[5,60,61,86]

Subepithelial capillary endothelium
-cells of Langerhans islets
[5, 60,64,75,86]
Epithelial cells of
salivary glands
oesophagus
stomach
duodenum
jejunum
ileum
caecum
colon
rectum

CA III

30

CA IV

35

CA V

30

CA VI

42

biliary tract
pancreatic duct
Brunner’s glands
Hepatocytes
Epithelial cells of oesophagus
Hepatocytes
Epithelial cells of
oesophagus
duodenum
colon
rectum

[74, 86]

[22, 23, 61, 86]

biliary tract
Subepithelial capillary endothelium
[14, 24,79]
Hepatocytes
-cells of Langerhans islets
[62, 64]
Epithelial cells of
salivary glands
von Ebner’s glands

CA VII
CA IX

54/58

Epithelial cells of
salivary glands
oesophagus
stomach

[61,78,88,117]

duodenum
jejunum
ileum
colon
rectum
biliary tract

PG

CA

Volume 11

CA XII

44

CA XIII

30

CA XIV

37 .5

pancreatic duct
Epithelial cells of
salivary glands
stomach
colon
pancreatic acini
Epithelial cells of
salivary glands
intestine
colon

[117]

[52]
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Expression of CA9 gene is subject to complex regulation
both via promoter/enhancer elements at the level of transcription
initiation[47] and via VHL tumour suppressor protein, possibly
at the level of transcription elongation[45,48]. CA IX has been
linked to oncogenesis, and its overexpression has been observed
in malignant tumour cells. CA IX expression was found to be
regulated by cell density in HeLa cells and to correlate with
tumourigenicity in HeLa cell/fibroblast cell hybrids [49].
Moreover, transfection of NIH3T3 fibroblasts with CA IX
caused changes in both morphology and growth parameters
that were indicative of transformation[42].
Another active transmembrane CA isoenzyme is CA XII.
CA12 gene has been mapped to chromosome 15[50]. The cDNA
sequence predicts a 354-amino acid polypeptide with a molecular
mass of 39 448 Da[45,50]. The amino acid sequence includes a 29amino acid signal peptide, 261-amino acid CA domain, an additional
short extracellular segment, a 26-amino acid hydrophobic
transmembrane domain, and a 29-amino acid C-terminal cytoplasmic
tail containing two potential phosphorylation sites. The
extracellular CA domain has three zinc-binding histidine residues
found in active CAs and two potential sites for asparagine
glycosylation[50]. It has a sequence identity of 30-42% to other
CAs. The reported molecular weight of CA XII produced in
transfected COS cells is 43-44 kDa. It is reduced to 39 kDa by
PNGase F digestion, which is consistent with the removal of two
oligosaccharide chains[50]. Recombinant CA XII protein is an
active isoenzyme and its catalytic properties are similar to those
of the high-activity membrane-associated CA IV[51].
Recent analyses of human and mouse databases provided
evidence that human and mouse genomes contain genes for
still another cytosolic CA isoenzyme named CA XIII. It is a
globular molecule with high structural similarity to CAs I, II,
and III[52]. Recombinant mouse CA XIII has catalytic activity
similar to those of mitochondrial CA V and cytosolic CA I.
Immunohistochemical staining and RT-PCR have shown a
unique and widespread distribution pattern for CA XIII protein
and mRNA compared to the other cytosolic CA isoenzymes. It
is present in several gastrointestinal organs including salivary
glands, small and large intestine.
CA XIV is a recently described transmembrane isoenzyme[35],
consisting of a putative amino-terminal signal sequence, a CA
domain with high homology with other extracellular CAs, a
transmembrane domain and a short intracellular C-terminal tail.
A cDNA coding for human CA XIV has been reported and the
CA14 gene has been mapped to chromosome 1q21[53]. The
Northern blot method showed CA14 mRNA expression in
human heart, brain, liver and skeletal muscle. RT-PCR analysis
pointed to an intense signal in the normal human liver and
spinal cord. RNA dot blot analysis showed weak signals in the
small intestine, colon, kidney, and urinary bladder [53]. By
immunohistochemistry, CA XIV protein has been demonstrated
in the mouse brain, liver, and kidney[54-56]. In the brain, high signal
has been detected in the neuronal membranes and axons[54]. In
the liver, CA XIV is confined to the plasma membrane of
hepatocytes[55]. Interestingly, it is located in both the apical and
basolateral membranes. In contrast, the other transmembrane
isoenzymes, CA IX and XII, are clearly restricted to the
basolateral membranes. The location in apical and basolateral
membrane domains has been described for CA XIV also in the
kidney, where the enzyme is expressed in the proximal tubules
and thin descending limb of Henle[56].
In addition to the members of the classical CA gene family,
a 66-kDa polypeptide was recently purified from several rat
tissues on CA inhibitor affinity chromatography[57]. Its amino
acid sequence has revealed that it represents the previously
cloned and characterized nuclear protein, nonO/p54nrb, a nonPOU (Pit-Oct-Unc) domain-containing octamer-binding protein,
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which is homologous to the nuclear 54 kDa RNA-binding
protein [58,59]. CA activity of nonO is interesting because no
other classes of mammalian proteins except CAs have been shown
to bind specifically to CA inhibitor affinity chromatography
matrix and to contain CA catalytic activity. CA catalytic activity
in nonO could explain at least part of the nuclear CA activity
seen in histochemical CA staining[57]. It also suggests that CA
activity is an important factor in transcriptional regulation, which
would be a novel function for CA.

CARBONIC ANHYDRASES IN THE GASTROINTESTINAL TRACT
Carbonic anhydrases are evolutionarily ancient enzymes, which
can be found along the entire GI tract, from the mouth and
salivary glands to the rectum (Table 1)[60-62]. However, there is a
considerable heterogeneity between different organs with
respect to CA enzymatic activity, isoenzyme content, and their
cellular localization. It is also notable that CAs of the GI tract
can serve several functions such as regulation of acid-base
homeostasis, salt absorption and cell volume[63].
Major digestive glands
Three CA isoenzymes, CAs II, VI, and XIIII, are known to be
expressed in the mammalian salivary glands[52,64]. A study by
Leinonen et al[65] showed that salivary CA VI was associated
with the enamel pellicle, a thin layer of proteins covering the
dental enamel. It has also been detected in the gastric mucus,
but the failure to find any expression of it in the gastric epithelial
cells[60] implies that gastric CA VI must be of salivary origin.
CAs II, VI, and XIII may together form a complementary system
regulating the acid-base balance in the mouth and upper
alimentary tract[63,64,66,67]. CAs II and XIII in the salivary glands
may supply the saliva with HCO3- and the CA VI secreted into
the saliva would then accelerate the removal of bacterially
produced acid from the local microenvironment of the tooth
surface in the form of CO2. This hypothetical model of CA VI
functions is supported by Kivelä et al[68], who showed that low
salivary CA VI concentrations were associated with increased
caries prevalence, particularly in subjects with neglected oral
hygiene. In the gastric mucus, CA VI may contribute to the
maintenance of pH gradient on the surface epithelial cells by
catalyzing the conversion of bicarbonate produced by these
cells and protons of the gastric juice to water and carbon dioxide.
Recent studies have shown that CA VI is also present in
human and rat milk[69]. The high concentration of CA VI in
colostrum suggests that it may play an important developmental
role in the morphogenesis of the gastrointestinal canal during
the early postnatal period.
There are two other findings pointing to novel physiological
roles for CA VI. First, gustin, a salivary factor involved in taste
perception, was shown to be identical to CA VI[70], and second,
identification of a novel stress-inducible intracellular form of
CA VI (type B) suggests that the enzyme could also participate
in intracellular pH changes induced by stress, including
apoptosis[71].
Compared with other secretory organs, the mammalian liver
contains relatively low levels of total CA activity. A basic
physiological function of CA II in the liver is to produce HCO3for the alkalization of the bile[72]. The mammalian liver expresses
high levels of mitochondrial CA V[14,24,26], which has been
implicated in two metabolic processes: ureagenesis and
gluconeogenesis, supplying bicarbonate for the first urea cycle
enzyme, carbamyl phosphate synthetase I in ureagenesis and
for pyruvate carboxylase in gluconeogenesis[73].
The presence of low activity, hormonally regulated CA III
in hepatocytes[74,75] has aroused interest in its specific function.
Cabiscol and Levine[76] have demonstrated that it functions in
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an oxidizing environment and that it is the most oxidatively
modified protein in the liver known so far. These and other
results[18] suggest that CA III may provide protection against
oxidative damage and CA III may serve as a useful marker
protein to investigate the in vivo mechanisms, which contribute
to oxidative damage in the liver.
In addition to CA II, CA III, and CA VA, hepatocytes contain
CA XIV[55]. Positive signal for CA XIV was detected in both
domains of the plasma membrane, i.e., basolateral and apical
(canalicular), but the apical membrane was more strongly
labelled by immunohistochemical staining[55]. CA XIV is the
only membrane-bound CA isoform which most probably
regulates pH and ion transport between hepatocytes, bile
canaliculi and hepatic sinusoids. CA II is expressed in
epithelial cells of the hepatic bile ducts and gallbladder[60,77].
Immunohistochemical studies have also shown that two
membrane associated CA isoenzymes, CA IV and CA IX, are
expressed in the biliary epithelial cells, whereas hepatocytes
are negative[23,78]. It is notable that both isoenzymes show high
expression in the human gallbladder - CA IV at the apical and
CA IX at the basolateral plasma membrane. Based on the
localization, CAs might be involved in acidification and
concentration of bile, even though the exact functional
mechanisms have not been described.
Pancreas contains two morphologically and functionally
different elements: endocrine and exocrine compartments. CA I
is expressed in -cells of the endocrine Langerhans islets[60].
However, the physiological role of CA I in -cell function has
remained unclear. CA V is another isoenzyme described in the
endocrine pancreas where its expression is solely confined to
-cells[79]. The suggestion that CA V may have a role in the
regulation of insulin secretion was based on its cellular distribution
and the observation that the CA inhibitor acetazolamide
inhibited glucose-stimulated insulin secretion[79].
In the exocrine pancreas, immunohistochemical staining has
shown an intense positive signal for CA II in epithelial duct
cells[80-82], where its role has been linked to secretion of
bicarbonate into the pancreatic juice[72]. In addition to CA II,
both CA IX and XII have been detected in the pancreatic
epithelium, the expression being confined to the basolateral
plasma membranes of acinar and ductal cells[83]. The mechanisms
involved in the pancreatic duct cell ion transport have been
recently reviewed by Ishiguro et al[84]. They presented a model
where the basolateral plasma membrane contained Na+-HCO3cotransporter and Cl -/HCO3- exchanger. The bicarbonate
secretion across the apical plasma membrane was proposed to
occur by exchange for Cl- ions on Cl-/HCO3- exchanger working
in parallel with the cystic fibrosis transmembrane conductance
regulator (CFTR) Cl- channel. Solving the question of how
different CAs can function in pancreatic duct and acinar cells
will be a challenging task, not least technically. The knockout
mouse models will hopefully provide invaluable information
on the role of each isoenzyme. It is noteworthy, however, that
recent studies on CA IX-deficient mice did not reveal any
obvious pancreatic phenotype[85].

Gastrointestinal canal
Squamous epithelial cells of the human oesophagus express
several CA isoenzymes. The cytoplasmic low-activity isoenzymes
CAs I and III are confined to the basal cell layer, where they
have been suggested to facilitate the efflux of CO2 and H2O
from metabolically active basal cells to capillaries of lamina
propria[86]. CA II has been located in the suprabasal cell layers,
where it may contribute to HCO3- secretion[60,86]. The presence
of this high-activity isoenzyme in the oesophagus is
physiologically important, because endogenous HCO3- secretion

January 14, 2005

Volume 11

Number 2

is capable of raising the pH of the gastro-oesophageal refluxderived residual acid from 2.5 almost to neutrality[87]. The
immunohistochemical evidence for the presence of CA II in the
human oesophagus is thus in accordance with the biochemical
evidence that the oesophagus disposes of an endogenous
mechanism for protecting the mucosa against acidity, but
suggests that the stratified oesophageal epithelium rather than
the submucous glands is responsible for HCO3- secretion.
In addition to cytoplasmic isoenzymes, two membraneassociated CAs are expressed in the oesophageal epithelium.
Immunohistochemical studies have revealed a positive signal
for the membrane-linked CA IV in suprabasal cell layers[86].
Similarly, weak immunostaining for CA IX has been found in
the basal layer of the oesophageal epithelium[88].
Immunohistochemical techniques have revealed cytosolic
CA II in parietal cells of the gastric glands, where it regulates the
acidity of the gastric juice by proton secretion[5,60,63,81]. On the
other hand, in gastric surface epithelial cells CA II is involved in
the secretion of mucus and HCO3- to form a bicarbonate
containing mucous gel layer covering the epithelium and
protecting it from digestion. This gastroduodenal HCO3- secreted
by the surface epithelial cells neutralizes the gastric acid[89].
Membrane-associated CA IX is another major CA isoenzyme
expressed in gastric epithelium. Both parietal and surface epithelial
cells contain CA IX at the basolateral plasma membrane[78].
Evolutionary conservation in vertebrates and the abundant
expression of CA IX in normal human gastric mucosa have
indicated its physiological importance. CA IX may participate
in physiological processes via the activity of its CA-like domain.
On the other hand, basolateral localization of CA IX suggests
its possible involvement in intercellular communication and/or
cell proliferation. Recent study on CA IX knockout mice
demonstrated that this enzyme deficiency could result in a clear
gastric phenotype[85]. These mice showed gastric hyperplasia
and numerous cysts in gastric mucosa. The number of
proliferative cells in gastric mucosa was increased, whereas
the indices of gastric secretion showed normal values.
In the small intestine, CA I has been found in cryptal
enterocytes[61] and CA II in surface epithelial cells[60]. High
expression of CA IX has been reported in the epithelium of intestinal
mucosa, where CA IX is confined to the basolateral cell surface of
enterocytes and the cellular distribution is restricted to the
proliferative cryptal enterocytes[61,78]. Interestingly, its regional
expression is distinctive compared with other CAs, being most
intense in the duodenum and jejunum and decreasing distally to
only weak and sporadic expression in the distal large intestine[61].
It is known that cytosolic CAs I, II, and XIII are expressed
in non-goblet epithelial cells of the mammalian colon[5,52,60,61], in
which these isoenzymes may participate in the regulation of
electroneutral NaCl reabsorption via the synchronous operation
of apical Na+-H+ and Cl--HCO3- exchange[90]. In addition to
cytosolic CAs I, II, and XIII, and mitochondrial CA V, intestinal
enterocytes express at least four membrane-associated
isoenzymes, CA IV[22], CA IX[61,78], CA XII[91], and CA XIV[55]. In
the colon, CA IX is restricted to the colonic glands[61]. CA XII is
highly expressed in the caecum, ascending colon, transverse colon,
descending colon, sigmoid colon, and rectum. The expression
is confined to the basolateral plasma membranes in enterocytes
and is most prominent in the surface epithelial cuff region of
the large intestine[91].
The new evidence that at least eight enzymatically active
CA isoenzymes (CAs I, II, IV, V, IX, XII, XIII, and XIV) are
expressed in the mammalian large intestine indicates the
complexity of the physiological processes occurring in the GI
tract. In addition, CA isoenzymes are differentially expressed
along the intestinal segments and also between cryptal and
villal enterocytes. Finally, it is a matter of debate whether the
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regulatory mechanisms could be different depending on the
species studied. Even though some of these isoenzymes have
heretofore been demonstrated only in rodents or humans, it is
conceivable that general transport and pH regulation
mechanisms are qualitatively similar in various species[92,93].
CA function is ultimately linked to certain transport proteins
in both apical and basolateral cell membranes. In a recent article,
Kunzelmann and Mall[94] have thoroughly reviewed these ion
transport mechanisms in both colonic absorption and secretion.
Identification of various ion transport proteins in the colon has
made it possible to build schematic models for ion movement in
different segments of the colon. Figure 3 represents a model for
colonic ion and water transport that incorporates current
knowledge regarding membrane transport processes[92,94-97]. It
is important to emphasize that it is still a matter of discussion
whether some of the proposed ion transport proteins are
functional in the human colon. The absorption of NaCl can be
electrogenic or electroneutral depending on the site of the
process. In the proximal colon the absorption is primarily due
to an electroneutral process via parallel luminal Na+/H+ and Cl/HCO3- exchange[98]. Electroneutral luminal Na+ uptake is driven
by the basolateral Na+-K+-ATPase lowering intracellular Na+
concentration. Na+ and Cl- transport is coupled via changes in
intracellular pH and Cl- concentration[99]. Electroneutral NaCl
absorption is also stimulated by short-chain fatty acids (SCFA),
which are produced by colonic bacteria. The absorbed SCFA
can stimulate apical Na+ /H+ and Cl-/HCO3- exchangers, thus
having a significant impact also on the regulation of colonic
fluid balance and luminal as well as cytosolic pH[94]. The
electrogenic absorption of NaCl mainly occurs in the distal
colon via the luminal epithelial Na+ channels (ENaC) and
transcellular/paracellular absorption of Cl-[100].
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Figure 3 Schematic model of the cellular absorption and secretion of electrolytes and water in mammalian colon. Examples of ion transport mechanisms were demonstrated in a
single enterocyte. Na+/H+ exchangers types 1, 2, and 3 (NHE1/2/3),
proteins downregulated in adenoma (DRA), anion exchangers types 1, 2, and 3 (AE1/2/3), aquaporins 3, 4, and 8 (AQP3/4/8),
cystic fibrosis transmembrane conductance regulator (CFTR),
short-chain fatty acids (SCFA -), KCl cotransporter (KCC1),
carbonic anhydrase (CA).[92,94-97]
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The participation of colonic CA in the electroneutral NaCl
reabsorption is well established. Studies with acetazolamide
suggest that CA activity is involved in the absorption of NaCl
via the synchronous operation of apical Na+/H+ and Cl-/HCO3exchange processes. CAs are also shown to participate in the
alkalization of the luminal contents by generating HCO3- for
apical Cl-/HCO3- exchange[101]. Recent exciting results from
Casey’s laboratory have indicated that CAs can physically
and functionally associate with Cl-/HCO3- (AE1) and Na+/H+
exchangers[102-104]. So far, CA IV is the only membrane-bound
CA isoenzyme known to interact with AE1 protein[103]. It would
be tempting to hypothesize that CAs IX, XII, and XIV could
also drive ion exchange across the plasma membrane via direct
links with transport proteins. The locations of membraneassociated isoenzymes CAs IV, IX, XII, and XIV in the surface
epithelium of the colon, place them in a strategic position for
the regulation of luminal and extracellular acid-base homeostasis
and microclimate[22,55,61,91].
The net movement of water in colon is driven osmotically.
Water is transported via both paracellular and transepithelial
routes[105]. Although the proteins involved in NaCl absorption
have been studied for decades, the exact molecular mechanisms
of water absorption have remained largely unresolved. Recently,
new information on water channel proteins, aquaporins (AQP),
has opened new avenues to explore this understudied area of
physiology. From different isoforms of AQPs, at least AQP3,
AQP4, and AQP8 are expressed in colonic epithelial cells[106-109].
AQP3 and AQP4 are expressed at the basolateral plasma
membrane like CA XII. AQP8 is confined to the apical plasma
membrane like CA IV and CA XIV. Interestingly, Nakhoul et al[110]
have shown that in Xenopus oocytes CO2 flux can be mediated
by AQP1, and therefore, AQPs could act as a gas channel even
though CO2 has earlier been believed to diffuse freely across
the cell membranes. Despite that there is no experimental
evidence yet available, one could speculate that AQPs would
be an interesting target when searching protein interactions of
membrane-bound CAs. By analogy to ion exchangers, AQPs
are typically expressed in tissues expressing high levels of
CAs such as colon, liver, pancreas, kidney, salivary gland, and
stomach tissues[111].

CARBONIC ANHYDRASES IN NEOPLASTIC GASTROINTESTINAL
TISSUES
To date, CA expression has been studied most extensively in
colorectal tumors[91,112,113]. Scattered reports have also been
published on hepatobiliary[114], pancreatic[83,115], esophageal[88],
and gastric tumours[116]. In view of the recent experimental data,
it appears inevitable that some CA isoenzymes may play a role
in carcinogenic processes such as uncontrolled cell proliferation
and malignant cell invasion. Studies have shown an important
causal link between hypoxia, extracellular acidification, and
induction or enhanced expression of these enzymes in human
tumours[117]. A first direct link has been obtained by the
discovery that isoenzymes CA IX and XII are down-regulated
by wild-type VHL tumour suppressor protein, and a mutation
in VHL gene can lead to overexpression of these enzymes[45].
CA IX is a predominant isoenzyme in various tumours
including those arising from the GI tract. It has been demonstrated
that CA IX is expressed in proliferating enterocytes of the normal
human colon and its expression is increased in most adenomas
and primary colorectal carcinomas[61,113]. The co-occurrence
of CA IX and Ki-67 at the site of rapid cell proliferation
indicates that CA IX could be used as a biomarker of increased
cell proliferation in colorectal mucosa. Furthermore, its high
expression in premalignant lesions such as adenomas suggests
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that it might be an especially useful biomarker in early stages of
adenoma-carcinoma sequence.
Recent results have demonstrated that in colorectal tumours
the expression of CA XII is up-regulated in the deep parts of
the mucosa where it is weakly expressed[91]. In contrast, CAs I and
II have shown maximal immunoreactions in normal colorectal
mucosa, and the reactions decline in adenomas and carcinomas[118].
The reciprocal changes in the expression of soluble cytoplasmic
isoenzymes (CAs I and II) and membrane-associated forms
(CAs IX and XII) observed in colorectal tumours are probably
due to different mechanisms. Loss of expression of the closely
linked CA1 and 2 genes could result from loss of alleles specifying
these genes. As a second option, the down-regulation of CAs
I and II could also result from reduced levels of a common
transcription factor. The latter is supported by a recent finding
that a reduced expression of CA II in colorectal cancer is due to
disruption of -catenin/TCF-4 activity[119].
Up-regulation of CAs IX and XII could also be explained
by two different mechanisms. First, contribution of
microenvironmental stress to development of tumour phenotype
has become an increasingly accepted explanation. Indeed,
Wykoff et al[120] have demonstrated a close connection between
tumour hypoxia and the expression of CAs IX and XII. They
showed that up-regulation of CA IX occurred at the level of
transcriptional activation via HIF-1 transcriptional complex, the
critical mediator of hypoxic responses. The transcriptional
complex hypoxia-inducible factor-1 (HIF-1) has emerged as an
important mediator of gene expression patterns in tumours[121].
HIF-1 is regulated by ubiquitin-mediated proteolysis and targeted
for destruction by the pVHL in normoxia and stabilized under
hypoxia[122]. Both CA9 and CA12 are strongly induced by hypoxia
in a range of tumour cell lines. They define a new class of HIF-1responsive genes, the activation of which has implications for
the understanding of hypoxic tumour metabolism and which
may provide endogenous markers for tumour hypoxia[120].
Second, overexpression of CAs IX and XII has been
associated with the loss of expression of the VHL tumour
suppressor gene. In 1998, Ivanov and his group[45] used renal
cell carcinoma cell lines stably transfected with wild-type VHLexpressing transgenes to discover genes involved in VHLmediated carcinogenesis. The involvement of CAs IX and XII
was indirectly supported by the findings that normal von
Hippel-Lindau protein down-regulated the expression of both
CA IX and CA XII, while the mutations in the VHL gene found
in renal cell carcinomas could lead to overexpression of these
isoenzymes.
The VHL gene is a tumour suppressor gene. This means
that its role in a normal cell is to stop uncontrolled growth and
proliferation. If the gene is deleted or mutated, its inhibitory
effect on cell growth can be consequently lost or diminished,
which in combination with defects in other regulatory proteins,
can lead to cancerous growth. VHL seems to act as a ‘gatekeeper’
to the multistep process of tumourigenesis. The molecular
mechanisms by which the product of VHL (pVHL) modulates
the expression of target genes are not well understood. The
original hypothesis based on the discovery of elongin B bound
to pVHL assumed that VHL could negatively regulate
transcription elongation of target genes, CA9 and CA12, by
inhibiting the elongin function. Although this expectation has
been confirmed in vitro, there is no compelling evidence to
date that pVHL can exert the same effect in vivo[45,123,124].
Both CA IX and CA XII are transmembrane proteins with
catalytic domain on the cell exterior, suggesting that they might
participate in acid-base regulation of the extracellular space.
There is substantial evidence that extracellular pH of human
tumours is generally more acidic than that of normal tissues[125]
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and that this acidic pH may enhance both the migration and the
invasive behaviour of some tumour cell types[126]. Ivanov et al[45]
hypothesized that CA XII might be involved in tumour invasion
by acidifying the extracellular milieu surrounding the cancer
cells. This acidification would, in turn, contribute to the
activation of enzymes involved in extracellular matrix
degradation. This hypothesis is supported by more recent
findings that acetazolamide, a potent inhibitor of CA activity,
could reduce the invasive capacity of renal cancer cells[127].
Even more interesting from this point of view is the finding that
a similar effect was described in a number of other malignant
cell types including those derived from colorectal cancer[128].
The mechanism by which CA inhibitors affect tumour growth
is not known at present, but several hypotheses have been
proposed. These compounds might reduce the provision of
bicarbonate for the synthesis of nucleotides and other cell
components. On the other hand, CA inhibitors could prevent
the acidification of extracellular milieu. A combination of several
mechanisms is also possible. E7070, a member of recently
reported class of antitumour sulfonamides, blocks cell cycle
progression in the G1 phase. It has been suggested that E7070,
possessing a free SO2NH2 moiety, probably acts as a strong
CA inhibitor [129]. This compound demonstrates significant
antitumour activity both in vitro and in vivo against different
human tumours, e.g., human colon carcinoma. E7070 produces
not only growth suppression but also reduction in tumour size.
The clinical trials with E7070 may turn out to be successful,
since CA inhibitor (acetazolamide) has already been shown to
be beneficial in anticancer therapies in combination with
cytotoxic agents[130].
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CONCLUSION: This study demonstrates functional
desensitization of the chemokine receptor CXCR3 in
lymphocytes from HCC patients by CXCR3 ligands secreted
by tumor cells. This may cause lymphocyte dysfunction and
subsequently impaired immune defense against the tumor.

Abstract
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AIM: Despite the presence of lymphocyte infiltration, human
hepatocellular carcinoma (HCC) is typically a rapidly
progressive disease. The mechanism of regulation of
lymphocyte migration is poorly understood. In this study,
we investigated various factors regulating T cell migration
in HCC patients. We examined serum CXC chemokine levels
in HCC patients and demonstrated the production of CXC
chemokines by HCC cell lines. We determined the effect of
both HCC patient serum and tumor cell conditioned
supernatant upon lymphocyte expression of chemokine
receptor CXCR3 as well as lymphocyte migration. Lastly,
we examined the chemotactic responses of lymphocytes
derived from HCC patients.
METHODS: The serum chemokines IP-10 (CXCL10) and
Mig (CXCL9) levels were measured by cytometric bead
array (CBA) and the tumor tissue IP-10 concentration was
measured by ELISA. The surface expression of CXCR3 on
lymphocytes was determined by flow cytometry. The
migratory function of lymphocytes to the corresponding
chemokines was assessed using an in vitro chemotactic
assay. Phosphorylation of extracellular signal-regulated
kinase (ERK) was determined by Western blot analysis.
RESULTS: Increased levels of IP-10 and Mig were detected
in HCC patient serum and culture supernatants of HCC cell
lines. The IP-10 concentration in the tumor was significantly
higher than that in the non-involved adjacent liver tissues.
HCC cell lines secreted functional chemokines that induced
a CXCR3-specific chemotactic response of lymphocytes.
Furthermore, tumor-cell-derived chemokines induced initial
rapid phosphorylation of lymphocyte ERK followed by later
inhibition of ERK phosphorylation. The culture of normal
lymphocytes with HCC cell line supernatants or medium
containing serum from HCC patients resulted in a significant
reduction in the proportion of lymphocytes exhibiting
surface expression of CXCR3. The reduction in T cell
expression of CXCR3 resulted in reduced migration toward
the ligand IP-10, and both CD4+ and CD8+ T cells from HCC
patients exhibited diminished chemotactic responses to
IP-10 in vitro compared to T cells from healthy control subjects.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers in the world. The prognosis of patients with HCC is
generally poor because the cancer is characterized by a rapid
growth rate and vascular invasion[1]. T-lymphocyte-mediated
cellular immunity plays an important role in host defense against
tumors. Indeed, the presence of a heavy lymphocyte infiltration
is associated with low recurrence and high survival rates in a
variety of cancers including HCC[2-7] with most of the infiltrating
lymphocytes in HCC being CD8+ or CD4+ T cells[6]. Activated
CD8+ T cells constitute an essential arm of the immune system
for controlling tumor growth[8], and stimulated CD4+ T cells are
critical for successful tumor eradication[9-11]. However, marked
lymphocyte infiltration was only observed in 10-20% cases of
HCC, and the number of tumor-infiltrating lymphocytes (TIL)
in HCC is generally lower than that evident in other cancers[6].
Although the mechanism underlying the regulation of
lymphocyte traffic in patients with HCC is not well characterized,
it is likely to involve a process of regulated adhesion and
migration that requires tethering, triggering, integrin-mediated
adhesion and chemotactic factors[12]. The most important
molecules involved in triggering and directing lymphocyte
migration are chemokines[13]. Lymphocyte migratory pathways
are tightly regulated by chemokine receptor expression and
exposure to chemokines. Lymphocytes could only be recruited
if they express the corresponding chemokine receptors[13].
Chemokines are 8- to 12-kDa, heparin-binding cytokines
distinguished by the specificity of their chemotactic properties
for target cells[14]. They can be divided into four groups: CC,
CXC, C and CX3C, based on the arrangement of conserved
cysteine residues[15]. The importance of chemokines in regulating
lymphocyte trafficking is suggested by the large number of
chemokines in each of the four chemokine subfamilies that
have been demonstrated to influence lymphocyte behaviors
in vitro[16,17]. IP-10 and Mig, members of the CXC chemokine
family, induce potent lymphocyte chemotaxis following
interaction with their receptor, CXCR3[18,19], and play an important
role in various inflammatory diseases[20-25]. CXCR3 exerts an
important role in the recruitment of lymphocytes to both normal
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and diseased tissues[26-29]. However, the role of CXCR3 in the
regulation of lymphocyte traffic in HCC remains unclear.
In this study, we examined the serum levels of chemokines
IP-10 and Mig in HCC patients together with IP-10 levels in
tumor and adjacent nontumor tissues. We also examined
chemokine production by HCC cell lines and evaluated the
interaction between these chemokines and their receptor
CXCR3 in T lymphocytes. The role of these chemokines and
their corresponding receptor in regulating T cell function in
HCC were addressed in this study.

MATERIALS AND METHODS
Patients and samples
Fresh whole blood and serum samples were obtained from
35 patients (31 men, 4 women; median age 54 years, range
36-84 years) with a diagnosis of HCC. Fresh tumor and peritumor
liver specimens were obtained from 32 patients who underwent
liver resection for HCC. Fresh whole blood and serum samples
were also obtained from 12 healthy controls (10 men, 2 women;
median age 46 years, range 27-58 years). None of the patients
had received immunosuppressive drugs or chemotherapy. This
study was approved by the Ethics Committee of our institution
and informed consent was given by the patients.
Preparation of lymphocytes
Peripheral blood lymphocytes (PBLs) were isolated by FicollHypaque density gradient separation and washed twice in PBS.
Mononuclear cells were suspended in RPMI-1640 medium and
incubated at 37 ℃ for 90 min in a 6-well plate. Non-adherent
lymphocytes were then collected for flow cytometric analysis,
chemotaxis assays and Western blot analysis.
Cell lines
The HCC cell line Hep3B was obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA) and HuH 7
was provided by Dr H. Nakabayashi (Hokkaido University
School of Medicine, Hokkaido, Japan). Immortalized human
hepatocyte MIHA was provided by Dr Roy Chowdhury (Albert
Einstein College of Medicine, New York, USA). Hep3B and
HuH 7 were cultured in DMEM medium containing penicillin/
streptomycin and L-glutamine supplemented with 10% FCS.
MIHA was cultured in Waymouth’s MB 752/1 medium (Gibco/
BRL) supplemented with 10% FCS, penicillin/streptomycin and
L-glutamine. Culture supernatants were collected from 3-d-old
tumor cell cultures for further experiments.
Cytometric bead array (CBA) for chemokines
The concentrations of IP-10 and Mig in serum and cell culture
supernatants were measured using the human chemokine CBA
kit I (BD PharMingen, San Diego, CA, USA). In brief, 20 L of
mixed chemokine IP-10 and Mig capture beads was mixed with
20 L of serum or culture supernatants and 20 L of PE detection
reagent and incubated for 3 h at room temperature. The beads
were then washed with wash buffer and analyzed by FACS
caliber (Becton Dickinson, San Jose, CA, USA).
Measurement of tumor and non-tumor IP-10 protein concentration
IP-10 of both tumor and adjacent nontumor tissue cytosolic
samples was measured by the Quantikine human IP-10 ELISA
kit (R&D Systems, Minneapolis, MN, USA). Protein fraction
was obtained by homogenization of tissues in lysis buffer (1%
Nonidet, 0.5% sodium deoxycholate, 0.1% SDS, 1 mmol/L PMSF
and protease inhibitor cocktail at 1 tablet per 50 mL extraction
solution). Homogenates were centrifuged at 20 000 g at 4 ℃ for
10 min and the supernatants were collected for assay of IP-10 levels.
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Flow cytometry analysis
The following antibodies were used in this study: APC-conjugated
anti-CD4, PerCP-conjugated anti-CD8, phycoerythrin-conjugated
anti-CXCR3 and IgG isotype control (BD PharMingen, San Diego,
CA, USA). Lymphocytes were incubated with the antibodies
for 30 min at 4 ℃, and two-color or three-color flow cytometry
was performed on an FACS caliber analyzer (Becton Dickinson,
San Jose, CA, USA).
Chemotaxis assay
Lymphocyte chemotaxis assay was performed using 5.0-m
pore size Transwell inserts (Corning Costar, Cambridge, MA,
USA). Six hundred mL of tumor culture supernatant, chemokine
IP-10 (100 ng/mL) (PeproTech, London, UK) or medium alone
were added to the lower Transwell chamber. A total of 5×105
PBL in 100 L were added to the upper Transwell chamber
containing 50 mL/L CO2 and incubated for 3 h at 37 ℃. In some
experiments, PBLs were incubated with blocking anti-CXCR3
monoclonal antibodies or isotype control antibody (R&D
Systems, Minneapolis, MN, USA) for 1 h at room temperature
before they were added to the upper chamber of the Transwell.
Migrated cells were collected from the lower chamber after the
lowerside of the filter was carefully washed. Cells were washed
in flow cytometry buffer and then incubated for 30 min at 4 ℃
with APC-conjugated anti-CD4 and PerCP-conjugated anti-CD8.
Cells were then washed and analyzed by flow cytometry with
counting of viable cells for 1 min. Chemotaxis was quantified
by dividing the number of CD4 or CD8 positive cells migrating
in the presence of chemokines by the number of cells migrating
toward the medium alone.
Assessment of chemokine receptor expression on normal PBLs
pretreated with tumor conditioned medium or medium
supplemented by serum derived from HCC patients
Hep3B and HuH-7 were seeded in 24-well plates and incubated
in DMEM medium containing L-glutamine supplemented with
10% FCS for 3 d. The culture supernatants were aspirated and
centrifuged. Freshly isolated normal PBLs from eight healthy
control subjects were incubated with the conditioned
supernatant for 20 h with 3-d MIHA culture medium serving as
control. To determine the effect of the cell supernatants on the
expression of CXCR3 by PBLs, surface CXCR3 expression was
measured by flow cytometry. For the effect of the serum from
HCC patients on lymphocyte CXCR3 expression, normal PBLs
were incubated with either medium with 10% serum from HCC
patients or 10% serum from healthy control subjects for 24 h.
Normal PBLs cultured in the full medium with 10% FCS served
as medium control. Surface expression of CXCR3 was measured
by flow cytometry.
Western blot analysis
Normal PBLs were incubated for 10 min or overnight with cell
culture supernatants or IP-10 at 37 ℃. The cells were collected,
washed twice with PBS, and then lysed in lysis buffer (Cell
signaling, Beverly, MA, USA) for 15 min at 4 ℃. The lysates
were centrifuged at 12 000 g for 15 min at 4 ℃ and equal amounts
of solubilized proteins were separated by SDS-PAGE, and then
transferred to nitrocellulose membranes (Amersham Biosciences,
Piscataway, NJ, USA). The membranes were blocked with TBST
(20 mmol/L Tris, pH 7.6, 135 mmol/L NaCl, 0.1% Tween 20)
containing 5% non-fat milk and immunoblotted with antiphosphorylated ERK (1:000) (Cell ignaling, Beverly, MA, USA)
for 18 h at 4 ℃, followed by detection using HRP-conjugated
secondary antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) for 1 h at room temperature. Immunoreactive protein
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Figure 1 Assay of IP-10 and Mig in serum from 35 patients and 12 healthy controls by cytometric bead array analysis. Serum levels
of IP-10 and Mig in patients with HCC were significantly higher than those of healthy controls. Data are presented as boxplots as
medians and the 25th, 75th and 90th percentiles, P<0.05.

bands were visualized by the ECL system (Amersham Biosciences,
Piscataway, NJ, USA).

tested the chemotactic effect of tumor cell supernatants upon
normal PBLs. Both CD4+ and CD8+ T cells exhibited a significant
chemotactic response to Hep3B supernatants but not to
supernatants of the control liver cell line MIHA. This chemotactic
response was demonstrated to be CXCR3 specific since preincubation of T cells with a function blocking anti-CXCR3
monoclonal antibody (mAb) significantly reduced both the
CD4+ and CD8+ T cell chemotactic activity of the Hep3B
supernatants compared to isotype control mAb (Figure 4).

Statistical analysis
Comparison of continuous variables between unpaired groups
was performed using the Mann-Whitney U test. Wilcoxon’s
rank sum test was used for the analysis of difference between
paired groups. Correlation between continuous variables was
performed using the Spearmann’s correlation coefficient (r). A
P value less than 0.05 was defined as statistically significant.
All statistical analyses were performed using the SPSS
statistical software package (SPSS 10.0 for Windows, SPSS,
Inc, Chicago, IL, USA).

IP-10 concentration (pg/mL)

1 000

RESULTS
Serum IP-10, Mig and tumor IP-10 levels in HCC patients
Serum IP-10 and Mig levels were significantly elevated in HCC
patients compared with normal healthy subjects (Figure 1). In
HCC patients, serum IP-10 level was significantly correlated
with Mig level (correlation coefficient = 0.631, P<0.0001).
Furthermore, analysis of tissue IP-10 levels indicated that tumor
IP-10 level was significantly higher than that of the adjacent
non-tumor tissues (Figure 2).

IP-10

P = 0.027
P = 0.043

400
200

Non-tumor

Tumor

Figure 2 Boxplots show significant increase of tumor IP-10
level compared to that of non-tumor liver tissue. Data are
presented as boxplots as medians and the 25 th, 75 th and 90 th
percentiles, n = 32, P<0.001.

We also studied the effect of tumor cell culture supernatants
on the phosphorylation of ERK in normal PBLs. Stimulation of
normal PBLs for 10 min with tumor cell supernatants but not
immortalized liver cell supernatant induced the transient
B

40
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P = 0.039
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HCC tumor cell lines secreted functional chemokines
IP-10 and Mig were also detected in the supernatants of tumor
cells Hep3B and HuH 7 whilst immortalized hepatocytes
produced negligible levels, thereby providing further evidence
that HCC tumor tissue might be a likely source of the elevated
serum levels of chemokines in HCC patients (Figure 3). We
A

P<0.001
800
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P = 0.046
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Medium control MIHA Hep 3B HuH-7

0
Medium control MIHA Hep 3B HuH-7

Figure 3 Secretion of IP-10 and Mig by HCC cell lines Hep3B and HuH-7, but not by control liver cell line MIHA. Three-day cell
culture supernatants were collected and IP-10, Mig levels were quantified by cytometric bead array analysis. Significantly higher
levels of IP-10 and Mig were detected in HCC cell line supernatants compared with those of control cell line MIHA. Data are
presented as boxplots as medians and the 25th, 75th and 90th percentiles, aP<0.05.
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Figure 4 Secretion of chemotactic factors by Hep3B cells for lymphocytes from healthy subjects in vitro. The ability of culture
supernatants from Hep3B cells to induce CD4 + (A) and CD8 + (B) T cell chemotaxis was tested by chemotactic experiments as
described in Materials and Methods. To test the effect of blocking CXCR3 on the chemotactic response of lymphocytes to Hep3B
culture supernatants, lymphocytes were pretreated with anti-CXCR3 monoclonal antibody or IgG control before the chemotaxis
assay. Results are expressed as migration index, calculated as described in Materials and Methods.

Proportion of CXCR3-expressing T lymphocytes was downregulated
by tumor-conditioned medium and tumor patient serum
Following incubation with medium conditioned by the tumor
cell lines Hep3B and HuH-7 for 20 h, the proportion of CD4+
and CD8+ T cells from normal healthy subjects that expressed
the chemokine receptor CXCR3 was significantly reduced
(Figures 6 A,B, P<0.05). However, such an effect was not
observed following incubation with medium conditioned by
the control cell line MIHA for 20 h (Figure 6). Furthermore, the
proportion of CD4+ and CD8+ T cells from normal healthy
subjects that expressed the chemokine receptor CXCR3 was
significantly reduced following incubation with medium
supplemented with 10% serum from HCC patients for 24 h
(Figures 7 A,B, P<0.05). Such an effect was not observed
following incubation with medium containing the serum of
normal subjects for 24 h (Figure 7).
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Migration of T lymphocytes toward chemokine IP-10 was
reduced in HCC patients
To determine whether the reduced CXCR3 expression on
lymphocytes was biologically significant, we examined the
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migration of T cells toward the corresponding chemokine ligands.
As shown in Figure 8A, CD4+ T cells from patients with HCC
failed to display a significant migratory response to the CXCR3
ligand IP-10. In contrast, CD4+ T cells from healthy controls
exhibited a significant chemotactic response to IP-10 (P<0.01).
Similar results were obtained when CD8+ T cells derived from
HCC cases were studied, but no significant migratory activity
toward IP-10 was observed (Figure 8B). In contrast to HCC
cases, CD8+ T cells from normal controls displayed a significant
chemotactic response to IP-10 (Figure 8B, P<0.01).
Medium
control

MIHA

Hep3B
10 min

HuH-7

IP-10

Overnight

Figure 5 Early activation and later inhibition of ERK phosphorylation induced by tumor cell culture supernatants in
lymphocytes from normal controls. A total of 5×10 6 freshly
isolated lymphocytes were incubated with 500 L of culture
supernatants or IP-10 at 100 nmol/L in a 37 ℃ incubator for
either 10 min or overnight. The cells were lysed and ERK
phosphorylation was determined by Western blotting. The
SDS-PAGE profile represents one experiment out of three.

B
Percentage positive cells

phosphorylation of ERK. However, prolonged overnight
stimulation of normal PBLs with tumor cell culture supernatants
inhibited ERK phosphorylation. Cells stimulated with IP-10 at
100 nmol/L for 10 min or overnight were included as controls
(Figure 5).
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Figure 6 Expression of CXCR3 on normal CD4+ or CD8+ T cells incubated with unconditioned medium or medium conditioned
with the tumor cell lines or a control cell line. Cell culture supernatants conditioned for 3 d by the HCC cell lines Hep3B, HuH7 or the control cell line MIHA were collected. Freshly isolated normal PBLs were incubated in unconditioned or conditioned
medium for 20 h and T cell expression of CXCR3 was assessed by flow cytometry. Diminished CXCR3 expression on CD4+ T cells
(A) and CD8+ T cells (B) was observed following incubation in HCC cell line supernatants whilst the control cell line supernatant
had no significant effect. Data represent the median and the 25th, 75th and 90th percentiles, n = 8, aP<0.05 vs medium control.
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Figure 7 Expression of CXCR3 on normal CD4+ or CD8+ T cells incubated with medium supplemented with 10% serum from
either HCC patients or normal subjects. Normal T cells cultured in the full medium with 10% FCS served as medium control.
After 24 h, surface expression of CXCR3 on T cells was assessed by flow cytometry. Diminished CXCR3 expression on CD4+ T
cells (A) and CD8 + T (B) cells was observed after incubation with HCC patient serum compared with normal serum. Data
represent the median and the 25th, 75th and 90th percentiles, n = 9, aP<0.05.
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Figure 8 Chemotactic responsiveness of CD4+ T cells and CD8+T cells to IP-10. CD4+ T cells and CD8+T cells from HCC patients
did not exhibit a significant chemotactic response toward IP-10 compared to CD4+ T cells and CD8+T cells from normal subjects.
Results are expressed as migration index, calculated as described in Materials and Methods. Data are the median and the 25th, 75th
and 90th percentiles, n = 7, aP<0.05.

DISCUSSION
The low proportion of HCC exhibiting a significant lymphocyte
infiltration compared with some other cancers is an intriguing
phenomenon, and might well be related to the generally poor
prognosis of HCC patients[6,7]. In this study, we attempted to
elucidate the role of chemokines and chemokine receptors in
the regulation of lymphocyte migration in HCC. We measured
the serum levels of chemokines in HCC patients and compared
them to normal control subjects. The serum levels of IP-10 and
Mig were significantly elevated in HCC patients. Furthermore,
serum IP-10 level was significantly positively correlated with
serum Mig level in HCC cases. In addition, the IP-10 level in
tumor tissues was significantly higher than that in noninvolved
adjacent liver tissues. Lastly, analysis of cell culture supernatants
indicated that HCC tumor cell lines secreted a significant amount
of IP-10 and Mig that was functionally active in chemotactic
assays.
The interaction between chemokines and chemokine
receptors is a key determinant for the selectivity of local
immunity. We therefore investigated whether tumor-cell-derived
chemokines acted to direct lymphocyte movements. Our data
indicated that the tumor cell line Hep3B secreted functional
chemotactic factors for normal lymphocytes. Furthermore,
function blocking monoclonal antibody to CXCR3 could
partially inhibit lymphocyte chemotaxis, indicating the
involvement of ligands to CXCR3. Treatment of lymphocytes
with IP-10 resulted in rapid ERK phosphorylation, but the
activation was transient and rapidly desensitized[30]. Interestingly,
we found that exposure of normal lymphocytes to tumor cell
culture supernatants resulted in rapid phosphorylation of

tyrosine residues on ERK but inhibition of ERK activation after
prolonged stimulation, an effect that may well be secondary to
the presence of IP-10 in the tumor cell supernatant. It was
previously documented that phosphorylation of ERK was linked
to cell migration, adhesion, proliferation and survival[31,32].
Therefore, it is possible that sustained exposure of lymphocytes
to IP-10 secreted by tumors might inhibit lymphocyte function.
To investigate this hypothesis, we analyzed the chemokine
receptor expression following incubation of normal PBLs with
tumor cell conditioned medium. This treatment led to the
reduction in the proportion of both CD4+ and CD8+ T cells with
surface expression of CXCR3, thereby suggesting that HCC
might secret factors that reduce chemokine receptor expression
on PBLs. Previous work indicated that the chemokine receptor
CXCR3 on PBLs could be modulated by internalization and
desensitization following interaction with their chemokine
ligands[33], and that chemokine receptors could be desensitized
by either high levels of chemokines or prolonged exposure to
chemokines[34]. We therefore speculated that the reduced surface
expression of CXCR3 on normal PBLs after exposure to tumorcell-conditioned medium might partially be due to the
desensitization of lymphocytes by tumor-cell-derived chemokines.
To further test this hypothesis, we also examined the effect of
serum from either HCC patients or normal control subjects upon
lymphocyte CXCR3 expression. Our data indicated that normal
lymphocytes exhibited a reduced lymphocyte expression of
CXCR3 after treatment with HCC patient serum compared to
normal serum. These data resonate with the work by Kurt et al[35]
who pointed out that T cells from naïve animals demonstrated
a greater chemotactic response to tumor-derived chemokines
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compared to T cells from tumor-bearing mice, suggesting the
presence of chemokine receptor desensitization in the tumor
bearing mice.
Undoubtedly, there is an inadequate induction of tumor
immunity in HCC patients. Indeed, the function of peripheral
blood dendritic cells was also decreased in this patient group[36].
We demonstrated that CXCR3 expression on PBLs from HCC
patients was reduced compared to that of healthy control
subjects[37]. Furthermore, we demonstrated that the reduced
CXCR3 expression in HCC correlated with decreased migratory
responses of CD4+ and CD8+ T cells toward chemokine IP-10.
Chemokine receptor expression level is critically important in
lymphocyte function [29], and our results therefore indicated
that impaired migratory function of peripheral lymphocytes in
HCC patients was due to decreased chemokine receptor
expression. Despite the presence of lymphocyte recruitment
likely mediated by CCR5, CCR6 and CXCR3[37], the levels of
infiltrating lymphocytes might still be inadequate. Indeed,
elevated levels of circulating CXCR3 ligands can act to induce
peripheral desensitization of circulating T cells and this could
limit further on-going lymphocyte recruitment. This may well
underlie the somewhat paradoxical combination of chemokine
production by HCC tumor tissue in the absence of marked
lymphocytic infiltration of HCC.
In conclusion, this study demonstrated elevated serum levels
of IP-10 and Mig in HCC patients as well as increased IP-10
concentration in tumor tissues compared to adjacent non-tumor
tissues. These findings are associated with the reduced
migratory function of peripheral blood T cells in HCC patients
and our data suggest that this is likely to be a consequence of
desensitization of the chemokine receptor CXCR3 by prolonged
exposure to a high level of circulating CXCR3 ligands. T-cell
based immunotherapy provides a great future potential for
treatment of cancer including HCC[38]. The insufficient antitumor response in HCC patients may in part lie in the deficient
expression of appropriate chemokine receptors by T cells.
Chemokines are expressed by a range of tumors including HCC
and may serve as suitable targets for directing specific T cells
toward the tumor[39]. Chemokine receptors such as CCR5 play a
critical role in T cell migration to cancer and subsequent
induction of tumor regression[40]. However, the reduced expression
of specific chemokine receptors on peripheral lymphocytes in HCC
patients and the resultant loss of lymphocyte responsiveness to
tumor-derived chemokines may partially ‘blind’ them to the
presence of life threatening tumors. The clinical challenge is
therefore to find novel approaches to augment the specific
chemokine receptor expression of lymphocytes in HCC patients.
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CONCLUSION: The decreased expression of Cx 32 mRNA
in noncancerous liver tissues plays a significant role in the
prediction of postoperative recurrence of HCC.

Abstract

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors that carries a poor prognosis. Surgery remains
the best potentially curative treatment for patients with HCC.
The high recurrence rate after resection is one of the main factors
that limits the long-term outcome of HCC. However, despite the
recent advances in surgery, postoperative recurrence is still
common[1-7]. How to predict the prognosis remains a challenging
problem to surgeons.
Noncancerous liver tissues from some HCC patients may
be at a preneoplastic stage, which may develop postresection
recurrence. The association between the shift of -glutamyl
transpeptidase and the recurrence of HCC has been reported[5].
Gap junctional intercellular communication (GJIC) is
performed by intercellular hemichannels, which are formed by
six basic protein subunits named connexin (Cx) expressed in
neighboring cells[8,9]. GJIC mediated via gap junctions plays
important roles in embryonic development, metabolic
cooperation, growth control, cell proliferation, cell differentiation,
tissue homeostasis, as well as carcinogenesis[10-23]. Uncontrolled
tumor cell growth because of the loss of GJIC due to the downregulated expression of Cx genes appears to be an important event
in cell transformation. Transformed cells in vitro and in vivo having
a decreased GJIC capacity among themselves or with surrounding
normal cells have been reported[10-13,17].
Connexin 32 (Cx32) and connexin 26 (Cx26) are the major
gap junction forming proteins in hepatocytes. Moreover,
another gap junction protein, connexin 43 (Cx43) (or 1) is
prominent in the liver capsule, and between other liver cell types,
including Ito (fat-storing) cells, cholangiocytes, and endothelial
cells lining the venules. Some authors reported that Cx32 and
Cx26 mRNA and their proteins were significantly decreased in
HCC tissues and cell lines whereas expression of Cx43 protein
was increased in hepatoma cell line SMMC-7721[8,19,20,24].
To the best of our knowledge, little is known about the
prognostic correlation between the changes of connexin mRNA

AIM: To investigate whether the changes of gap junction
gene connexin messenger RNA in the noncancerous liver
tissue of patients with hepatocellular carcinoma (HCC) could
play a significant role in its postresection recurrence.
METHODS: Seventy-nine consecutive patients having
undergone curative resection for HCC entered this study.
Using a reverse-transcription polymerase chain reaction
(RT-PCR)-based assay, connexin (Cx) 26, connexin (Cx)
32 and connexin (Cx) 43 mRNAs were determined prospectively
in noncancerous liver tissues from these 79 patients and
in the liver tissues from 15 controls. The correlations between
connexin mRNA expression and the clinicopathological
variables and outcomes (tumor recurrence and recurrence
related mortality) were studied.
RESULTS: Compared with liver tissues of control patients,
the expression of Cx 32 mRNA in noncancerous liver tissues
was significantly lower (mean: 0.715 vs control 1.225,
P<0.01), whereas the decreased Cx 26 mRNA (mean:
0.700 vs of control 1.205, P>0.05) and increased Cx 43 mRNA
(mean: 0.241 vs control 0.100, P>0.05) had no statistical
significance. We defined the value of Cx 32 mRNA or Cx 26
mRNA below 0.800 as a lower value. By multivariate
analysis for noncancerous livers, a lower value of Cx 32 mRNA
correlated significantly with a risk of HCC recurrence and
recurrence-related mortality. The lower value of Cx 26 mRNA
did not correlate with recurrence and mortality. The increased
value of Cx43 mRNA also did not correlate with postoperative
recurrence and recurrence-related mortality. By multivariate
analysis, other significant predictors of HCC recurrence
included vascular permeation, cellular dedifferentiation, and
less encaps-ulation. The other significant parameter of
recurrence related mortality was vascular permeation.
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expression in noncancerous liver tissues and postresection
recurrence of HCC. We chose measuring connexin mRNA
instead of measuring connexin protein because RT-PCR is
thought to provide a more objective quantitification method
than immunohistochemistry. We conducted this prospective
study to investigate the correlation between connexin mRNA (Cx32,
26, 43 mRNA) expression in noncancerous liver tissues from
HCC patients and the development of postoperative recurrence.

MATERIALS AND METHODS
Study population
Seventy-nine patients with HCC who underwent curative
hepatectomy at the Department of Surgery, Mackay Memorial
Hospital, between January 1997 and December 1998, whose
tissue specimens were histopathologically found to have no
degeneration or necrosis, were enrolled in this study. The mean
age of patients was 56.4±12.6 years (range 16-82 years) with a
male to female ratio of 52:27. Clinical details were available from
medical records on all patients (Table 1). Surgeries included 73
major resections (38 partial lobectomies,28 lobectomies and 7
extended lobectmies) and 6 minor resections (4 segmentectomies
and 2 subsegmentectomy).
Table 1 Characteristics of 79 patients with HCC undergoing
curative resection
Variables
Age (mean, yr)
Male
Cirrhosis
Child-Pugh’s class A
Serum AFP <20 ng/mL
20-10 3 ng/mL
>10 3 ng/mL
HBsAg (+)
Anti-HCV (+)
Size of HCC <3 cm
3-10 cm
>10 cm
Edmondson-Steiner’s grade I
grade II
grade III
grade IV
Complete capsule
Vascular permeation
Daughter nodules
Tumor necrosis
Tumor hemorrhage

No. of patients (%)
56.4±12.6
52 (65.8)
57 (72.2)
55 (70.0)
30 (38.0)
29 (36.7)
20 (25.3)
60 (57.8)
41 (51.9)
24 (30.4)
25 (31.6)
30 (38.0)
4 (5.1)
30 (38.0)
42 (53.2)
3 (3.8)
61 (77.3)
56 (70.9)
44 (55.7)
55 (70.0)
24 (30.4)

AFP: serum alpha fetoprotein; HBsAg (+): positive hepatitis B
surface antigen; Anti-HCV (+): positive hepatitis C virus
antibody; Edmondson Steiner grade: differentiation grade.

Both cancerous and noncancerous liver tissues were studied
for connexin. A control group including 5 healthy volunteers, 5
individuals with chronic active hepatitis without HCC and 5
individuals with liver cirrhosis without HCC also received liver
biopsies for connexin mRNA study during exploratory laparotomy
for other reasons. The surgically removed fresh liver samples
were immediately transferred to the pathology laboratory,
dissected, frozen in liquid nitrogen, and stored at -80 ℃ until
RNA extraction. The dissected tumor and surrounding tissues
were also studied by pathological examination. No obvious
ischemic changes were observed in surrounding liver tissues,
suggesting that duration between removal and freezing of
samples did not cause problematic artifacts.
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Clinicopathological parameters analyzed included sex (male
vs female), age, presence of liver cirrhosis, hepatitis B virus
(HBV) infection (hepatitis B surface antigen), hepatitis C virus
(HCV) infection (anti-hepatitis C virus antibody), serum AFP
level (<20 ng/mL vs 20 to 1 000 ng/mL vs >1 000 ng/ mL), cirrhosis,
Child-Pugh class of liver functional reserve (A vs B), tumor size
(<3 cm vs 3 to 10 cm vs >10 cm), tumor encapsulation (complete
vs incomplete or absent), presence of daughter nodules,
vascular permeation (including vascular invasion and/or tumor
thrombi in either the portal or hepatic vein), and cell differentiation
grade (Edmondson and Steiner grades I to IV).
After discharge, the patients were assessed regularly to
detect HCC recurrence with abdominal ultrasonography (every
2-3 mo during the first 5 years, then every 4-6 mo thereafter),
serum alpha fetoprotein (AFP) and liver biochemistry (every
2 mo during the first 2 years, then every 4 mo during the following
3 years, and every 6 mo thereafter), abdominal computed
tomography (CT) (every 6 mo during the first 5 years, then
annually), and chest X-ray and bone scans (every 6 mo). Hepatic
arteriography was obtained if other studies suggested possible
cancer recurrence. Detection of tumors on any imaging study
was defined as recurrence.

Extraction of RNA
We homogenized resected tissues completely in 1 mL of RNAbee™ (Tel-Test, Protech Technology Enterprises Co., Ltd,
Friendswood, TX, USA), added 0.2 mL chloroform, and shook
vigorously for 15 to 30 s. We stored the samples on ice for 5 min
and then centrifuged them at 12 000 g for 15 min. We transferred
the supernatant to a new 1.5 mL Eppendorf tube and precipitated
the solution with 0.5 mL of isopropanol for 5 min at 4 ℃.We
centrifuged the tube at 12 000 g for 5 min at 4 ℃ before removing
the supernatant and washing the RNA pellet with 1 mL of
isopropanol, shaking to dislodge the pellet from the side of the
tube. We centrifuged the pellet again at 12 000 g for 5 min at 4
℃, removed the supernatant, and washed the RNA pellet once
with 75% ethanol, shaking to dislodge the pellet from the side
of the tube. We suspended the pellet in at least 1 mL of 75%
ethanol and centrifuged it at 7 500 g for 5 min at 4 ℃ before
carefully removing the ethanol. The RNA was allowed to air
dry and then dissolved in DEPC-H2O (50 to 100 uL) and stored
at -80 ℃.
Reverse transcription
We heated the RNA sample at 55 ℃ for 10 min, chilled it on ice,
and then added the following reagents: 4 L 5× RT buffer
containing Tris-HCl (pH 8.3), 75 mmol/L KCl, 3 mmol/L MgCl2,
and 10 mmol/L DTT (dithiothreitol); 3 L 10 mmol/L dNTP
(deoxyribonucleoside triphosphate); 1.6 L Oligo-d (T)18 and
0.4 L random hexamers (N) 6 (1 ug/uL); 0.5 L RNase inhibitor
(40 units/L); 3 L 25 mmol/L MnCl2; 6 L RNA in DEPC-H2O;
and 0.5 L DEPC-H2O. We incubated the mixture at 70 ℃ for
2 min and then chilled it to 23 ℃ to anneal the primer to the
RNA. We added 1 L of Moloney murine leukemia virus reverse
transcriptase (M-MLV RTase), 200 units/L, (Promega) and
incubated it for 10 min at 23 ℃ followed by 60 min at 40 ℃. We
then heated it at 94 ℃ for 5 min, chilled it on ice, and stored the
cDNA at -20 ℃.
Amplification of connexins26, 32, 43, and GAPDH cDNA by PCR
First-strand cDNA synthesis was carried out using 2 g of
total RNA purified from 50-mg tissue. Reverse transcription
was performed in a 20-L final volume containing 2 g of random
hexamer (Gene Teks Bioscience Inc., Taipei), and 1.5 mmol/L
each of dATP, dCTP, dGTP, and dTTP. Each reaction mixture
was incubated for 8 min at 23 ℃ with 20 U of rRNasin (RNase
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inhibitor; Promega, Madison, WI) followed by incubation with
200 U of Moloney murine leukemia virus reverse transcriptase
(Gibco-BRL, Paisley, UK) for 60 min at 40 ℃ followed by 5 min
at 94 ℃. PCR was performed in a final volume of 50 L, by using
2 L of cDNA solution in a mixture containing 0.4 mmol/L
deoxynucleotide triphosphates, 40 pmoL of both sense and
antisense oligonucleotide primers according to Cx 32, Cx 26
and Cx 43 to be detected, 2.5 mmol/L MgCl2, 2.5 U of Taq DNA
polymerase (Promega) and 5 L of 10X Taq DNA polymerase
reaction buffer (500 mmol/L KCl, 100 mmol/L Tris-HCl [pH9.0],
1% Triton-X-100). PCR primer sequences of the sense and
antisense oligonucleotides for Cx 32, Cx 26 and Cx 43 as well as
the direction, size and reaction conditions are shown in Table 2.
For example, Cx 32 sense oligonucleotide (5’-CTGCTCTACCCG
GGCTATGC-3’) and its anti-sense sequence (5’-CAGGCTGAG
CATCGGTCGCTCTT -3’) were synthesized (by Sigma-Genosys
Ltd, Woodlands, TX, USA). GAPDH was used as a control, with
the quantities of the other mRNA products reported as a fraction
of their intensity compared to GAPDH mRNA. To eliminate any
possibility of genomic DNA contamination, PCR amplification
reaction was carried out on each sample of the RNA extraction. As
another internal contamination control, PCR amplification was also
carried out on a sample of reaction mixture in the absence of cDNA.
Table 2 Nucleotide sequences of the primer sets and specific
oligonucleotide probes to each type of connexin 5'-noncoding
mRNA
Type of
connexin
mRNA

Primers
Probes

Cx32

Sense
Antisense
Sense
Antisense
Sense
Antisense

Cx26
Cx43

Nucleotide sequences

5
5
5
5
5
5

CTGCTCTACCCGGGCTATGC
CAGGCTGAGCATCGGTCGCTCTT
CCGAAGTTCATGAAGGGAGAGAT
GGTCTTTTGGACTTCCCTGAGCA
TACCATGCGACCAGTGGTGCGCT
GAATTCTGGTTATCATCGTCGGGGAA

The intensity of bands was measured using Fujifilm Science
Lab 98 (Image Gauge V3.12). The sensitivity of our assay was
assessed using human hepatocytes. A HepG2 (hepatoblastoma)
cell line served as a positive control for connexin mRNA expression.
For negative controls, we used EDTA-treated water (filtered
and vaporized).

Statistical analysis
A statistical software (SPSS for Windows, version 8.0, Chicago,
IL) was employed, Student’s t-test was used to analyze
continuous variables and a chi-square test or Fisher’s exact
test for categorical variables. A Cox proportional hazard model
was used for multivariate stepwise analysis to identify
significant factors for predicting recurrence and mortality. P
value <0.05 was considered statistically significant.
RESULTS
RT-PCR analysis of connexin transcript in liver and HCC tissues
Compared with the mean values of mRNAs of Cx 32, 26 and 43
in livers obtained from 15 controls (1.225, 1.205, 0.100,
respectively), the values of Cx 32 mRNA of noncancerous liver
tissues from HCC patients (mean: 0.715) were significantly lower
(P<0.01), whereas lower Cx 26 mRNA (mean: 0.700) and higher
Cx 43 mRNA (mean: 0.241) were not found (P>0.05).
Correlation between clinical and histopathological features and
different connexin mRNA expressions in liver remnants
We defined the value of Cx 32 mRNA or Cx 26 mRNA below

173

0.800 as a lower value. According to the value of Cx 32 mRNA,
we categorized the 79 study patients into group A (lower
than 0.800) and group B (higher than 0.800). When the
clinicopathological characteristics of primary HCC were
compared between the two groups, the difference was statistically
significant in poor cellular differentiation (P = 0.0203), less
encapsulation (P = 0.0088), and vascular permeation (P = 0.0107)
respectively by univariate analysis. The presence of daughter
nodules achieved a borderline significance (P = 0.0527,Table 3).
Whereas, no significant difference was noted between the
two groups in age, gender, tumor size, coexisting cirrhosis,
Child-Pugh’s class, chronic HBV or HCV carriage, serum AFP
level, tumor necrosis, or tumor hemorrhage (P>0.05, Table 3).
Table 3 Comparison of characteristics of primary HCC between different levels of connexin 32 mRNA in noncancerous
liver tissues
Characteristics

Group A
(n = 64,%)

Group B
(n = 15,%)

P

Age (mean, yr)

52 .3

48 .8

NS

Male

65 .6

66 .7

NS

Liver cirrhosis

68 .8

73 .3

NS

Child- Pugh’s class A

76 .6

53 .3

NS

Tumor size <3 cm

35 .9

40 .0

34 .4

13 .3

NS

HBsAg (+)

>10 cm

53 .1

46 .6

NS

Anti-HCV (+)

78 .1

66 .7

NS

Serum AFP <20 ng/mL

21 .9

40 .0

>1 000 ng/mL

37 .5

40 .0

NS

76 .6

53 .3

NS

35 .9

40 .0

NS

Tumor necrosis
Tumor hemorrhage
Edmondson-Steiner grade I

a

Capsule incomplete or absent

b

1.6

20

0.0203

78 .1

40

0.0088

Daughter nodules

60 .9

33 .3

0.0527

Vascular permeationc

76 .6

40

0.0107

Low Cx 32 mRNA: <0.800 (group A), high Cx 32 mRNA: ≥0.800
(group B). P: The P value of univariate analysis. a, b, and c: the
significant variables in multivariate analysis with P values of
0.0120, 0.0420 and 0.019 respectively. AFP: alpha-fetoprotein,
NS: no statistical significance.

Correlation of connexin mRNA expression and tumor recurrence
and recurrence related death
Fifty-five patients (69.6%) had clinically detectable recurrence
during the follow-up period (median 58 mo; range 38 to 72 mo),
of whom 26 died. A lower Cx 32 mRNA in liver remnant correlated
significantly with tumor recurrence both univariately (P = 0.0107)
(Table 4) and multivariately (P = 0.0203) (Table 5). The lower
level of Cx 32 mRNA in noncancerous liver tissues significantly
correlated with death from recurrence both univariately
(P = 0.0002) (Table 4) and multivariately (P = 0.0333) (Table 5).
However, the differences of the recurrence-free interval and the
duration of survival between group A and group B did achieve
borderline significance (P = 0.0595, P = 0.0620), respectively
(Table 4). The lower Cx 26 mRNA and the increased Cx 43 mRNA
had no significant correlation either with recurrence (P = 0.0880,
P = 0.0710, respectively) or mortality (P = 0.1240, P = 0.0866,
respectively) (Table 5).
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Table 4 Comparison of recurrence, death, recurrence, free
interval and survival between different levels of Cx 32 mRNA
in noncancerous liver tissues
Outcome

Group A
(n = 64)

Group B
(n = 15)

P

Recurrence (number) (%)

49 (76.6)

6 (40.0)

0.0107

Death 1 ( number) (%) 2

25 (39.0)

1 (6.7)

0.0002

Recurrence free interval

8.5

43.0

0.0595

11.5

41.5

0.0620

(median, mo)
Duration of survival
(median, mo)

Note: Low Cx 32 mRNA: <0.800 (group A), high Cx 32 mRNA:
≥0.800 (group B), Death1 : patients died of HCC recurrence. 2:
percent of recurrence patients.

By multivariate analysis, other significant predictors of
recurrence included vascular permeation (P = 0.0002), poor cellular
differentiation (P = 0.0203), and less encapsulation (P = 0.0160)
(Table 5). Whereas, by multivariate analysis, only vascular
permeation significantly correlated with mortality (P<0.0001)
(Table 5).
Table 5 Factors influencing tumor recurrence and death of
patients in multivariate analysis
Variables
Recurrence
Vascular permeation
Cellular dedifferentiation
Incomplete or absent capsule
Lower Cx 32 mRNA in liver remnant
Lower Cx 26 mRNA in liver remnant
Higher Cx 43 mRNA in liver remnant
Death
Vascular permeation
Lower Cx 32 mRNA in liver remnant
Lower Cx 26 mRNA in liver remnant
Higher Cx 43 mRNA in liver remnant

P

OR

0.0002
0.0203
0.0160
0.0203
0.0880
0.0710

5.36
4.18
3.10
4.18
2.29
2.38

<0.0001
0.0333
0.1240
0.0866

8.35
3.80
2.10
2.40

OR: odds ratio; Lower Cx 32 mRNA: value <0.800.

DISCUSSION
Our study showed that compared with control group liver
tissues, a lower value of Cx 32 mRNA in the noncancerous liver
remnant tissues was significantly associated with an increased
risk of postoperative recurrence and disease mortality. The
lower value of Cx 26 mRNA and the increased value of Cx 43
mRNA were not significantly predictive of outcomes. The
reasons remain unknown.
To explain this discrepancy, we propose the following five
possible reasons.
The first is that among the three connexins, Cx 32 gene may
be more predominant in tumor suppression. Some studies
suggested that Cx32 and Cx26 genes, the specific genes
expressing in normal liver tissues, be the potential unmutated
tumor suppressor genes though some authors have suggested
Cx32 and Cx43 genes[24-26]. When the liver remnants in some
patients develop a preneoplastic transformation, a reduction
between either homologous or heterologous GJIC, which has
been demonstrated in many tumors, may contribute to neoplastic
progression by allowing tumor cells to escape from intercellular
signals involving regulations of proliferation, differentiation
and apoptosis[10-26]. Ma et al [12] found that HCC cells often
expressed less connexin, but the mechanisms are unknown.

January 14, 2005

Volume 11

Number 2

Eghbali et al [25] found that transfection of tumor cells with
connexin 32 cDNA could retard tumor growth in vivo. Oyamada
et al [19] suggested that the molecular mechanism might be
different from those in rat hepatocarcinogenesis. However, in
rat multistage hepatocarcinogenesis studies, several authors
found that a significant decrease in connexin 32 expression at
the mRNA or protein level occurred in preneoplastic nodules
and HCCs induced by chemicals[24,27].
The second is that though both Cx 32 and Cx 26 are the main
connexins in hepatocytes, they have differences. According to
Plante et al[28] Cx 32 is about 10 times more abundant than Cx 26
in the liver, the importance of both connexins in promoter-induced
tumors may therefore be different. Animal experiments found
that Cx32 was involved in tumor promotion by chemicals[29].
The third is that the detailed mechanisms of the discrepancy
of their decrease in HCC recurrence is unknown. We attribute it
to that the pathways for Cx 32 and Cx 26 in liver may be different.
There was a dramatic increase in the presence of Golgi in the
case of Cx 32[30]. Sixty percent of Cx 26 present in the gap
junction plaques support the possible existence of an alternative
trafficking pathway for Cx 26 in liver. The alternative pathway
proposed may not contain conventional signal peptide sequences
and does not require endoplasmic reticulum (ER)/Golgi
postranstational modification. Connexins lack a signal peptide
sequence and Cx 26 is not phosphorylated.
The fourth is that Cx 32 may be more important in the shift
of host-cancer cell coupling, which may be important in developing
recurrence. Krutovskikh V highlighted that the direct intercellular
host-tumor interactions may play a role in natural host resistance
against neoplastic growth, and emphasized on the underlying
connexin function impairment[31]. Among the 3 connexins, the
change of Cx 32 may be earlier and more evident.
The fifth is that some authors have previously found that
after partial hepatectomy, there was a reciprocal correlation
between the expression of connexin and the mitotic activity of
hepatocytes during liver regeneration [32]. The significant
reduction of Cx32 expression in S-phase cells may play an
important role in the control of proliferation in liver. More Cx 32
in the liver [28] may contribute to this significant reduction.
Timmen et al[20] found that the partial loss of gap junctions
provided a selective advantage for the preneoplastic liver cells
to rapidly proliferate into carcinoma cells.
In our study, the decreased connexin 32 mRNA in liver
remnants significantly correlated with some tumor invasiveness
variables[33,34], including the grade of cellular differentiation,
less encapsulation, and vascular permeation, which correlate
with recurrence. The more invasive the HCC is, the earlier the
recurrence in the remnant liver may develop.
Three characteristics during cellular differentiation have
been emphasized, namely the rate of cell division, the adhesive
properties of cell membranes that influence cells to migrate or
metastasize, and specific patterns of cellular metabolism[35].
Among them, connexin may be important in the adhesive
properties. An altered pattern of adhesion molecules on the
surface of tumorigenic hepatocyte may influence the distribution
of gap junctions in preneoplastic tissues.
Among patients with recurrence, 10.9% (6 among 55) patients
had no decrease in Cx 32 mRNA. Not all patients revealed
connexin mutations, suggesting that there may be both connexindependent and connexin-independent pathways leading to liver
cancer. The identification of contributing genetic alterations
related to connexin changes remains a considerable challenge
in the field of liver cancer research.
In conclusion, decreased expression of Cx 32 mRNA in
noncancerous liver tissues plays a significant role in the prediction
of postoperative recurrence of HCC. Such patients may be the
candidates for neoadjuvant therapy after surgery.
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Abstract
AIM: The expression pattern of endoglin (CD105) in
hepatocellular carcinoma (HCC) has not been reported so
far. We hypothesized that CD105 could differentially
highlight a subset of microvessels in HCC, and intratumoral
microvessel density (IMVD) by CD105 immunostaining
(IMVD-CD105) could provide better prognostic information
than IMVD by CD34 immunostaining (IMVD-CD34).
METHODS: Paraffin blocks of tumor and adjacent nontumorous liver tissues from 86 patients who underwent
curative resection of HCC were used for this study. Serial
sections were stained for CD105 and CD34, respectively,
to highlight the microvessels. IMVD was counted according
to a standard protocol.
RESULTS: In the HCC tissues, CD105 was either negatively
or positively stained only in a subset of microvessels. In
contrast, CD34 showed positive and more extensive
microvessel staining in all cases examined. However, in
the adjacent non-tumorous liver sections, CD105 showed
a diffuse pattern of microvessel staining in 20 of 86 cases,
while CD34 showed negative or only focal staining of the
s inus o ids aro und po rta l a rea . Co rrela tio n w ith
clinicopathological data demonstrated that lower scores
of IMVD-CD105 were found in larger sized tumors
[mean 41.4/0.74 mm2 (>5 cm tumor) vs 65.9/0.74 mm2
(≤5 cm tumor), P = 0.043] and more aggressive tumors,
as indicated by venous infiltration [36.8/0.74 mm2 (present)
vs 64.2/0.74 mm 2 (absent), P = 0.020], microsatellite
nodules [35.1/0.74 mm 2 (present) vs 65.9/0.74 mm 2
(absent), P = 0.012], and advanced TNM tumor stage
[38.8/0.74 mm2 (stage 3 or 4) vs 68.3/0.74 mm2 (stage 1
or 2), P = 0.014]. No prognostic significance was observed
when median values were used as cut-off points using
either IMVD-CD105 or IMVD-CD34. However, the presence
of the diffuse pattern of CD105 expression in the adjacent
non-tumorous liver tissues predicted a poorer disease-free
survival (median 8.6 vs 21.5 mo, P = 0.026).
CONCLUSION: Our data demonstrate that a lower IMVDCD105 is associated with larger and more aggressive

tumors. In this study, IMVD-CD105 did not provide
significant prognostic information. However, active
angiogenesis as highlighted by diffuse CD105 staining of
the microvessels in the adjacent non-tumorous liver tissues
is predictive of early recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiogenesis, the formation of new capillaries from a preexisting vasculature, is implicated in tumor development, growth,
progression, and metastasis[1-3]. Different from that in the normal
physiological condition, the fine balance of modulation between
proangiogenic and antiangiogenic factors is disturbed in tumor
microenvironment, thus leading to abnormal vessel growth. It
is known that tumor-associated endothelial cells in the
neovasculature proliferate 20 to 2000 times more rapidly than
those found in the normal vasculature[4,5]. The characteristics
of microvessels in tumors are different from that developed
under normal physiological conditions[6]. In fact, intratumoral
microvessel density (IMVD) has been extensively investigated
and was found to be a useful prognostic marker in many types
of cancers[7].
Hepatocellular carcinoma (HCC) is a highly vascularized
tumor on angiography. Its neovascularization is featured by
sinusoidal capillarization[8]. However, not much is known about
the exact mechanism and contribution of angiogenesis in
different stages of HCC development. Several studies have
shown that certain endothelial markers, in particular CD34, are
expressed diffusely in the microvessels of HCC, and that their
levels of expression correlate with prognosis of the patients[9-11].
A previous study by our group showed that IMVD assessed
by CD34 immunostaining (IMVD-CD34) was a good prognostic
marker of recurrence after hepatectomy in patients whose
tumors were less than or equal to 5 cm in diameter[11]. However,
CD34 is a pan-endothelial cell marker that reacts not only with
proliferating vessels but also with established vessels in the
tumor. Therefore, CD34 might not be an ideal marker of tumor
neovascularization in HCC.
Endoglin (CD105) is a homodimeric membrane glycoprotein
expressed on endothelial cells that can bind to transforming
growth factor-1 and transforming growth factor-3[12]. CD105
is only weakly expressed in normal tissues, but it is strongly
expressed in tumor endothelia [13-18]. Recent studies have
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suggested that CD105 is a proliferation-associated marker of
endothelial cells[13], and that its expression correlates strongly
with cell proliferation markers in tumor endothelia[12]. Moreover,
CD105 has been demonstrated to be a good tumor angiogenesis
marker in breast cancer[19], brain tumor[20], malignant melanoma[21]
and colorectal carcinoma[22]. Detection of CD105 in endothelial
cells by immunohistochemical staining has been reported to
provide a superior angiogenesis marker compared with the
conventional CD34 staining in non-small cell lung cancer[18] and
multiple myeloma[23]. Evaluation of tumor tissue expression of
CD105 in correlation with clinicopathological parameters has
revealed its diagnostic and prognostic significance in cancers
such as breast cancer[24,25], squamous cell carcinoma of the oral
cavity[26], prostate cancer[27], and renal cell carcinoma[28].
To date, not much is known about the exact mechanism of
tumor angiogenesis in HCC, and the expression pattern of
CD105 in HCC has not been reported before. Supported by the
evidence shown in other tumors, we hypothesized that CD105
might be able to differentially highlight a subset of newly
sprouted and immature microvessels in HCC, and tumor IMVD
by CD105 immunostaining (IMVD-CD105) might provide a more
informative angiogenesis score than IMVD-CD34, especially
in terms of correlation with clinicopathological parameters.

MATERIALS AND METHODS
Patients and tissue samples
Eighty-six patients (67 men, 19 women) who underwent curative
resection of HCC, defined as macroscopically complete removal
of the tumor, in the Department of Surgery of the University of
Hong Kong at Queen Mary Hospital were studied. None of the
patients had received any preoperative treatment such as
transarterial chemoembolization, and no postoperative adjuvant
therapy was given. The study was approved by the Institutional
Review Board of our institution.
The mean±SD maximum diameter of the tumors was 8.0 +/5.0 cm (range 1.5 cm to 22.0 cm). Thirty-three patients (38%)
had tumor ≤5 cm in diameter. Tissue specimens were taken
from the tumors and from adjacent non-tumorous livers. Fresh
tissue specimens were fixed in 10% buffered formalin and
embedded in paraffin, and 4-m-thick sections were prepared
for immunohistochemical study.
Immunohistochemical staining for CD34 and CD105
Tumorous and non-tumorous sections were immunostained
with human CD34 monoclonal antibody (1:100; QBEND-10,
Dako, Carpenteria, CA, USA) and CD105 monoclonal antibody
(1:1 000; SN6H, Dako, Carpenteria, CA, USA). Consecutive
paraffin sections were used for the staining of CD34 and
CD105. Va scul a r i z a ti on wa s dem on st r a t ed by a n
immunohistochemical analysis for CD105 using a catalyzed
signal amplification system (Dako), based on the peroxidasecatalyzed deposition of a biotinylated phenol compound
tyramide, while LSAB kit from Dako was used for CD34
staining. The negative controls were obtained by substituting
the primary antibodies with mouse immunoglobulin G. IMVD
was evaluated according to Gasparini’s criteria [29] by two
independent observers as described in a previous report [11].
The mean microvessel count of the five most vascular areas
was taken as the MVD, which was expressed as the absolute
number of microvessels per 0.74 mm2 (×200 field).
Clinicopathological and follow-up data
All clinicopathological data were collected prospectively in a
computerized database, and all patients were followed and
monitored regularly for tumor recurrence by serum alpha
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fetoprotein (AFP) level monthly and chest X-ray together with
computed tomography (CT) scan every 3 mo. The median followup time of all patients was 36 mo (range 20 to 50 mo). A diagnosis
of recurrence was based on typical imaging appearance in CT
scan and an elevated AFP level, and if necessary, fine needle
aspiration cytology.

Statistical analysis
Student t-test was used for comparison of continuous variables
between groups. The correlation between continuous variables
was performed using the Spearman rank correlation test.
Cumulative disease-free survival was computed using the
Kaplan-Meier method and comparison between groups was
done by the log-rank test.
Clinicopathological variables that were correlated with IMVD
included gender, age (≤ or >60 years), hepatitis B surface
antigen (HBsAg) status, presence or absence of cirrhosis in
the non-tumorous livers, tumor size (≤ or >5 cm), tumor
differentiation by Edmonson grade (1-2 or 3-4), any tumor
encapsulation, venous invasion, microsatellite nodules, and
pTNM stage (I/II or III/IVA). All statistical analyses were
performed using the SPSS statistical software (SPSS/PC+, SPSS
Inc., Chicago, IL, USA). P < 0.05 was considered statistically
significant.
RESULTS
CD105 and CD34 staining in tumor and adjacent non-tumorous liver
Figure 1 shows the typical staining patterns of CD105
immunostaining in the tumor and the adjacent non-tumorous
sections of the liver. The mean score of IMVD-CD105 was
50.8±54.8/0.74 mm2 (range 0-240.0), whereas the mean score of
IMVD-CD34 was125.6±53.2/0.74 mm2(range 28.2-283.4)(P< 0.001).
There were no significant differences between IMVD values
obtained by the two independent scorers.
Results from this study of 86 HCC cases revealed some
similarities but also some differences between CD34 and CD105
staining. Similar to the CD34 staining observed in the present
study, and that from others reported in HCC[9-11,30], highlighted
microvessels by CD105 also showed three patterns of expression
on the tumor tissue sections: sinusoid-like, branching, and small
without apparent lumina (endothelial sprouts). Distinctively,
the expression pattern of CD105 in HCC differed from that of
CD34 in the following aspects. First, when consecutive slides
of tumor tissue sections were compared, the number of vessels
highlighted by CD105 was considerably lower than that by
CD34, although a statistically significant positive correlation
was observed between the MVD scores by the two markers
(Figure 2). Second, in all tumor sections examined, CD105 was
completely negative in 28/86 cases, while CD34 was positive in
all of the cases examined. Third, in non-tumorous tissues,
CD105 showed variable patterns of staining, including a diffuse
pattern of staining in some cases, whereas CD34 was uniformly
negative in non-tumorous liver except for sparse sinusoid
staining distributed focally around the portal tract.
Correlation between IMVD and clinicopathological parameters
Table 1 summarizes the analysis of IMVD-CD105 and IMVDCD34 in relation to various clinicopathological parameters. No
significant differences were found between either IMVD-CD105
or IMVD-CD34 and gender, age or hepatitis B infection status
of the patients. However, IMVD-CD105 and IMVD-CD34 were
significantly related to several pathological variables. Both
IMVD-CD105 and IMVD-CD34 were significantly lower in
tumors > 5 cm compared to tumors ≤5 cm in diameter (P = 0.043
and 0.002, respectively). Furthermore, both showed a significant
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Figure 1 Expression of CD105 and CD34 as shown by the brown staining of the vasculature in tumor and adjacent non-tumorous
liver (×100). A-C are serial sections of tumor tissue, where A shows the CD34 expression, B shows the CD105 expression, and C
shows the negative control. D and E are serial sections of adjacent non-tumorous liver, where D shows the CD34 expression, and
E shows the CD105 expression. Both D and E illustrate typical focal staining of vessels around the portal vein. F shows a case of
diffuse CD105 staining in the non-tumorous liver, whereas such pattern of staining was not seen in the non-tumorous liver by
CD34 staining.
Table 1 Correlation of IMVD-CD105 and IMVD-CD34 with clinicopathological parameters
IMVD-CD105 (/0.74 mm2 )
Clinical parameters
Gender
Male
Female
Age (yr)
≤60 years
>60 years
HBsAg
Positive
Negative
Histopathological parameters
Tumor size
≤ 5 cm
>5 cm
Tumor encapsulation
Absent
Present
Venous invasion
Absent
Present
Microsatellite lesions
Absent
Present
Adjacent non-tumorous liver
Normal (0)
Chronic hepatitis (1)
Cirrhosis (2)
Edmonson grade
1&2
≥3
TNM stage
I & II
III & IVA

IMVD-CD34 (/0.74 mm2 )

n

mean

SD

P

n

mean

SD

P

67
19

49.29
56.19

55.17
54.40

0.631

67
19

124.94
128.07

53.51
53.54

0.823

58
28

43.96
65.01

48.21
64.99

0.095

58
28

121.09
135.04

58.19
40.39

0.257

69
17

46.35
70.08

49.36
73.87

0.121

69
17

121.52
139.37

53.02
52.48

0.227

33
53

65.90
41.42

58.98
50.26

0.043

33
53

147.76
111.85

53.41
48.68

0.002

53
33

48.31
56.72

48.00
65.04

0.497

53
33

120.29
135.94

54.19
52.01

0.193

44
42

64.17
36.83

60.96
43.91

0.020

44
42

133.59
117.29

50.14
55.64

0.157

48
38

65.88
35.06

62.15
41.02

0.012

48
38

129.63
119.65

52.55
52.53

0.401

6
38
42

59.26
43.14
53.84

52.46
57.47
53.49

0.602 (0&1)
0.817 (0&2)
0.537 (1&2)

6
38
42

102.95
118.37
135.44

40.09
47.69
58.31

0.602 (0&1)
0.118 (1&2)
0.158 (0&2)

21
65

83.73
48.47

65.87
54.21

0.079

21
65

162.94
117.28

41.95
51.12

0.013

35
51

68.26
38.84

63.67
44.52

0.014

35
51

144.89
112.41

55.42
47.84

0.005

HBsAg, hepatitis B surface antigen; TNM, tumor-node-metastasis.
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IMVD-CD105 (/0.74 mm2)

correlation with pTNM staging, and a lower IMVD observed in
tumors with more advanced staging (P = 0.014 and 0.005,
respectively). However, only lower scores of IMVD-CD105
showed a statistically significant association with venous
invasion [36.8/0.74 mm2 (present) vs 64.2/0.74 mm2 (absent),
P = 0.02], and microsatellite nodules [35.1/0.74 mm2 (present)
vs 65.9/0.74 mm2 (absent), P = 0.012].
300

r = 0.277
p = 0.01

200

100

0
0

100

200

300
2

IMVD-34 (/0.74 mm )

Figure 2 Graph of scatter plots showing correlation between
scores of IMVD-CD105 vs IMVD-CD34.

Disease-free survival analysis
Disease-free survival analysis was performed in 81 patients
after 5 patients with hospital mortality or palliative resection
(i.e., positive resection margin) were excluded. No prognostic
significance was observed when median values were used as
cut-off points using either IMVD-CD105 or IMVD-CD34.
However, as shown in Figure 3, when the patients were
segregated by the presence and absence of diffuse CD105
staining patterns in the adjacent non-tumorous liver tissues,
the patients with diffuse CD105 staining in the adjacent nontumorous livers had a much poorer prognosis than those
patients without such a pattern of CD105 staining (median
disease-free survival 8.6 vs 21.5 mo, P = 0.026).

Cumulative

disease-free survival (%)

100
80
60
Without diffuse pattern (n = 61)

40
Without diffuse
pattern (n = 20)

20
0
0

10

20

30

40

50

After liver resection (mo)

Figure 3 Disease-free survival analysis shows the differences
in disease-free survival in patients with or without diffuse
pattern of CD105 staining in non-tumorous livers. Five patients were excluded from the analysis because of hospital
mortality or palliative resection with positive resection
margins.

DISCUSSION
Previous reports have demonstrated that IMVD-CD34 is a better
prognostic marker for HCC than IMVD assessed by many other
endothelial markers, such as von Willebrand marker (vWF),
CD31, and UEA-1[10,11,31]. However, CD34 is a pan-endothelial
cell marker, therefore, it may not be able to reflect the exact
angiogenesis activity in a tumor. According to some previous
reports, CD105 is an endothelial marker that appears to react
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only with the endothelial cells in the newly formed vessels, and
in particular, the immature tumor blood vessels[13-18]. Moreover,
studies in other cancers have suggested that scores of IMVDCD105 might be superior to those of IMVD-CD34 in terms of
prognostic information[18,23]. To our knowledge, this is the first
study that evaluated the clinicopathological significance of
IMVD-CD105 in HCC, which is of particular interest because
HCC is one of the most vascular solid tumors. Overall, in
agreement with those reported for other cancers in the literature,
our immunostaining confirmed that CD105 could stain a subset
of microvessels and the staining patterns of CD105 in both
tumors and non-tumorous liver differed from those stained by
CD34 in certain aspects.
Correlation with clinicopathological parameters in this study
demonstrated significantly lower IMVD scores in larger and
more advanced stage tumors with both CD105 and CD34 as the
endothelial markers. Moreover, lower scores of IMVD-CD105
were associated with more aggressive tumors as indicated by
microscopic venous invasion and microsatellite nodules (Table 1).
The latter correlations were probably indirect ones related to
the higher frequencies of microscopic venous invasion and
microsatellite nodules in larger tumors. The findings of a
clinicopathological correlation with IMVD-CD105 were
apparently contrary to those reported in other solid tumor types
such as breast cancer and non-small cell lung cancer[18,24,25], in
which higher rather than lower IMVD scores were associated
with more aggressive tumors. However, as reviewed by
Gasparini et al[32], most retrospective studies in breast cancer
were on early-stage tumors, and hence angiogenesis appears
to be a good prognostic marker only in early-stage group of
breast cancer. Similarly, our previous study also illustrated
that IMVD-CD34 was a good prognostic marker in small tumors
≤5 cm only[11]. The HCC cases studied by Tanigawa et al[10],
who demonstrated a worse prognosis with a higher IMVDCD34, were also mainly small tumors ≤5 cm in diameter. In this
study, the majority of tumors were >5 cm in diameter, and both
IMVD-CD105 and IMVD-CD34 decreased with increase in tumor
size. In support of our data, the IMVD-CD34 analysis of 71
HCC cases by El-Assal et al[9] also found that the larger (>5 cm)
tumors showed a trend to decrease IMVD. Neither IMVD-CD105
nor IMVD-CD34 showed a prognostic influence in this study
of predominantly large HCCs.
Blood vessels could provide support for oxygen and
nutrients, as well as many paracrine factors to its surrounding
tumor cells[1,33,34]. Although it has been well accepted that tumor
growth is dependent on angiogenesis[1], whether IMVD could
truly reflect the angiogenic activity of tumors remains
controversial. As pointed out by a recent review on IMVD from
Folkman’s group[7], IMVD reflects intercapillary distance, and
therefore it may reflect the metabolic need of its surrounding
tumor cells. While our finding of a lower IMVD in larger tumors
should not be interpreted as suggesting that a bigger size
tumor is less angiogenesis dependent, it may, however,
indicate that tumor cells in a bigger sized tumor adapt to
survive with less metabolic demand. It has been reported that
oxygen consumption was much less in tumor tissues as
compared with normal counterparts[1,35]. Another plausible
explanation is that the turnover of tumor cells is much shorter
than that of endothelial cells, resulting in an increased
intercapillary distance as the tumor size increases[36,37]. This
is particularly interesting in the case of HCC, which could
grow very much larger in size compared to other types of
tumors, as indicated by a mean diameter of 8.0 cm in our group
of patients. Our results seem to support the notion that as the
tumor cells expand in HCC, they can become more and more
accustomed to a lower metabolic demand with an increase in
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tumor size[35].
The adjacent non-tumorous livers were also included in
this study. Interestingly, when we segregated the patients by
CD105 stained vessel patterns in the adjacent non-tumorous
livers according to the presence or absence of a well-diffuse
pattern, the disease-free survival in those patients with a diffuse
pattern of CD105 staining in the adjacent non-tumorous livers
was statistically worse than that of patients without a diffuse
pattern of CD105 expression in the adjacent non-tumorous
livers. The finding that the diffuse pattern of CD105 staining in
the adjacent non-tumorous liver can predict early recurrence is
interesting but not surprising, because unlike other cancer
types, the adjacent non-tumorous tissues in HCC patients were
not normal in most cases. The liver of HCC patients is usually
infected with chronic hepatitis B or C viruses, which lead to
chronic hepatitis or even cirrhosis. Angiogenesis might have an
important role in these disease processes too. Angiogenesis in
the non-tumorous liver may enhance the growth of intrahepatic
metastasis or development of multicentric tumors, both of which
contribute to postoperative recurrence. Although the exact
mechanism is unknown, our data suggest that the detection of
the diffuse pattern of CD105 in the adjacent non-tumorous liver
represents an unfavorable factor to those patients recovering
from HCC resection. The relationship between angiogenesis in
the non-tumorous liver and postoperative recurrence of HCC
warrants further investigation.
In conclusion, contrary to those reported on other types of
cancers where CD105 was found to be a good prognostic marker
or even better than CD34, our data showed that IMVD-CD105
in HCC did not correlate with the prognosis of patients.
However, our data illustrated that CD105 could stain a subset
of microvessels differently from that stained by CD34 in HCC
tissues. Our clinicopathological analysis demonstrated that
lower scores of IMVD-CD105 were found in larger sized and
more aggressive tumors. Furthermore, different from CD34,
CD105 could also stain microvessels in the adjacent nontumorous liver. The presence of well-diffuse patterns of CD105
expression in the adjacent non-tumorous liver could predict
early disease recurrence. Further studies are merited to clarify
the mechanisms involved in these associations.
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Abstract
AIM: To construct a recombinant murine CD40 ligand
(mCD40L) eukaryotic expression vector for gene therapy
and target therapy of hepatocellular carcinoma (HCC).
METHODS: mCD40L cDNA was synthesized by RT-PCR with
the specific primers and directly cloned into T vector to
generate middle recombinant. After digestion with restriction
endonuclease, the target fragment was subcloned into the
multi-clone sites of the eukaryotic vector. The constructed
vector was verified by enzyme digestion and sequencing,
and the product expressed was detected by RT-PCR and
immunofluorescence methods.
RESULTS: The full-length mCD40L-cDNA was successfully
cloned into the eukaryotic vector through electrophoresis,
and mCD40L gene was integrated into the genome of
infected H22 cells by RT-PCR. Murine CD40L antigen
molecule was observed in the plasma of mCD40L-H22 by
indirect immuno-fluorescence staining.
CONCLUSION: The recombined mCD40L eukaryotic
expression vector can be expressed in H22 cell line. It provides
experimental data for gene therapy and target therapy of
hepatocellular carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatocellular carcinoma; Murine CD40 ligand;
Plasmids; Genetic vectors
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INTRODUCTION
In China, the incidence of HCC is very high[1], and surgical
operation, chemotherapy, and interventional therapy are the
common therapies. But only a few patients of early stage without

extrahepatic malignancy are indicated for operation, and for
the advanced cases, chemotherapy and interventional therapy
usually can not achieve a satisfactory effect. Therefore, it is urgent
to find a novel strategy to prevent the proliferation of malignant
cells. It is a hot spot at present to study immunogene therapy.
CD40 ligand (CD40L) is a 39 kD glycoprotein which is
expressed on lymphocytes and non-lymphocytic leukocytes[2].
It is a member of the tumor necrosis factor family, and binds to
CD40 on the membrane of antigen-presenting cells (APC)[3,4].
CD40-CD40L interaction plays a crucial role in the activation of
APC and the initiation of both humoral and cellular immune
responses[5-7].
Thus, gene transfer of CD40L has been proposed as an
efficient means to treat malignancies[8]. CD40L may be used as
a target molecule for immunotherapy or prophylaxis against
HCC. For this purpose, we constructed the recombinant mCD40L
eukaryotic expression vector, and expected that it would provide
experimental data for the treatment of HCC.

MATERIALS AND METHODS
Cell lines and culture condition
Mouse splenocytes were obtained from female BALB/c mice.
Cells were maintained in RPMI 1640 medium, supplemented with
10 mL/L FCS and 1 mmol/L glutamine, activated with Con A for
5 h. H22 cell line was provided by the Department of Biochemistry,
Fourth Military Medical University, Xi’an, China. Cells were
maintained in RPMI 1640 medium, supplemented with 10 mL/L
FCS, 1 mmol/L glutamine, and 100 kU/L penicillin.
Plasmids and strain
The eukaryotic expression vector pcDNA3.1+ was presented
by Dr. Chun Deng, Michigan College, USA. The T vector pUCmT was provided by the Bioasia, Shanghai. E.coli strain JM109
was purchased from Invitrogen Life Technologies (Burlington,
ON, Canada).
Construction of recombinant mCD40L eukaryotic expression vector
A cDNA fragment coding for the full open reading frame of
mouse CD40L gene was cloned by reverse transcription
polymerase chain reaction (RT-PCR) from Con A stimulated
mouse spleen cells using Taq polymerase. Two primers specific
for the mouse CD40L gene were used, namely, the sense primer
(5’-GAC GCT AGCATGATAGAAACATACAGC CAA CCT-3’)
and the antisense primer (5’-GCC GAA TTC TCA GAG TTT
GAG TAA GCC AAA AGA-3’). PCR conditions included 1 cycle
at 94 ℃ for 5 min for pre-denaturation; 35 amplification cycles
each consisting of denaturation at 94 ℃ for 60 s, annealing at
60 ℃ for 50 s, and extension at 72 ℃ for 90 s; followed by a
further extension at 72 ℃ for 10 min. The cloned cDNA fragment
was ligated into the pUCm-T vector to form pUCm-T-CD40L.
The cDNA fragment of mCD40L from pUCm-T-mCD40L vector
was further subcloned into the pcDNA3.1+ to form eukaryotic
expression vector pcDNA3.1 + -mCD40L. The recombinant
expression vector pcDNA3.1+-mCD40L was amplified in E.coli
JM109 and then extracted by Wizard Plus SV Minipreps
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DNA Purification System (Promega, USA) according to the
manufacturer’s instructions.

Identification of recombinant mCD40L eukaryotic expression vector
The full-length mCD40L-cDNA was retrieved from the gel.
pcDNA3.1+-mCD40L was digested by Nhe I and EcoR I according
to the afore-mentioned methods. The digested products were
evaluated with 1.0% agarose gel electrophoresis. The full-length
mCD40L-cDNA was successfully inserted into pcDNA3.1+.
Nucleotide sequence analysis
The correct plasmids of recombinant mCD40L eukaryotic
expression vector identified by the restriction analysis were
sequenced using fluorescent dideoxynucleotides (Bioasia,
Shanghai, China) on an automated DNA sequencer (ABI Prism
377). The sequences were compared with the published cDNA
sequence[4].

183

Detection of mCD40L expression by immunofluorescence
The transfected cells were stabilized with 10 g/L formaldehydum
polymerisatum for 30 min at 4 ℃, and blocked with 100 g/L
bovine serum albumin (BSA) for 1 h at room temperature, then
coated with rabbit anti-mouse CD40L antibody (Dako, Japan)
for 45 min at 37 ℃, followed by goat anti-rabbit IgG-FITC (Boster,
Wuhan) for 30 min at 37 ℃. The antibody-coated cells were
observed under a fluorescence microscope (Optiphot XIF,
Nicon, Japan) within 24 h.
RESULTS
Evaluation of pcDNA3.1+-mCD40L
To demonstrate whether the full-length mouse CD40L-cDNA
was inserted into the multi-clone sites of pcDNA3.1+ correctly,
pcDNA3.1+-mCD40L was digested by Nhe I and EcoR I and
evaluated with electrophoresis. Figure 1 shows that mCD40LcDNA was successfully inserted into pcDNA3.1+.

Transfection of H22 cells
H22 cells were transfected with pcDNA3.1+ -mCD40L by
liposome, LipofectamineTM 2000 (Gibco, USA). All the
procedures were performed according to the guidance of the
reagent. After 24-h exposure, cells were washed three times
with medium and cultured in normal medium. Twenty-four
hours after medium exchange, cells were selected in medium
containing 800 g/mL G418 (Gibco, USA). After 18 d of
selection, G418-resistant clones were selected randomly from
the surviving colonies. H22 cells were also transfected with
pcDNA3.1+ as control group, and H22 cells that were not
transfected also served as control.
Detection of mCD40L expression by RT-PCR
To demonstrate the expression of mCD40L mediated by
pcDNA3.1+-mCD40L vector, total cellular RNA was extracted
from the H22 cells. Synthesis and amplification of mCD40L
cDNA were performed using RT-PCR. The cDNA was amplified
with primers specific for mCD40L and the synthesis conditions
according to the afore-mentioned methods.
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Figure 1 Electrophoresis of recombinant plasmid pcDNA3.1+mCD40L. Lanes 1 and 5: DNA molecular weight marker; lane
2: The RT-PCR product of mCD40L; lane 3: pcDNA3.1+-mCD40L
digested with NheI and EcoRI, pcDNA3.1+ in the upper, fulllength mCD40L-cDNA in the lower; and lane 4: pcDNA3.1+mCD40L not digested with NheI and EcoRI.

Figure 2 The sequencing map of pcDNA3.1+-mCD40L with M13F primer.
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Figure 3 Sequencing map of pcDNA3.1+-mCD40L with M13R primer.

GGAGACCCAAGCTGGCTAGCATGATAGAAACATACAGCCAACCTTCCCCCAGATCCG
TGGCAACTGGACTTCCAGCGAGCATGAAGATTTTTATGTATTTACTTACTGTTTTCCTT
ATCACCCAAATGATTGGATCTGTGCTTTTTGCTGTGTATCTTCATAGAAGATTGGATA
AGGTCGAAGAGGAAGTAAACCTTCATGAAGATTTTGTATTCATAAAAAACCTAAAGAG
ATGCAACAAAGGAGAAGGATCTTTATCCTTGCTGAACTGTGAGGAGATGAGAAGGCA
ATTTGAAGACCTTGTCAAGGATATAACGTTAAACAAAGAAGAGAAAAAAGAAAACAG
CTTTGAAATGCAAAGAGGTGATGAGGATCCTCAAATTGCAGCACACGTTGTAAGCGA
AGCCAACAGTAATGCAGCATCCGTTCTACAGTGGGCCAAGAAAGGATATTATACCAT
GAAAAGCAACTTGGTAATGCTTGAAAATGGGAAACAGCTGACGGTTAAAAGAGAAG
GACTCTATTATGTCTACACTCAAGTCACCTTCTGCTCTAATCGGGAGCCTTCGAGTCA
ACGCCCATTCATCGTCGGCCTCTGGCTGAAGCCCAGCAGTGGATCTGAGAGAATCTT
ACTCAAGGCGGCAAATACCCACAGTTCCTCCCAGCTTTGCGAGCAGCAGTCTGTTCA
CTTGGGCGGAGTGTTTGAATTACAAGCTGGTGCTTCTGTGTTTGTCAACGTGACTGA
AGCAAGCCAAGTGATCCACAGAGTTGGCTTCTCATCTTTTGGCTTACTCAAACTCTG
AGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCCCGT
Figure 4 Nucleotide splicing sequence result of pcDNA3.1+-mCD40L with DNAstar software analysis.

Recombinant plasmid pcDNA3.1+-mCD40L sequence analysis
Plasmid DNA was extracted. The correct plasmids identified
by restriction analysis were sequenced. The result of
sequencing is shown in Figures 2-4. It demonstrated that
integral mCD40L cDNA containing start codon, stop codon
and endonuclease sites was cloned into eukaryotic expression
vector pcDNA3.1+.
RT-PCR
RT-PCR analysis showed that 0.8 kb fragments corresponding

to the mCD40L cDNA were amplified with the total cellular
RNA only from pcDNA3.1+-mCD40L-transduced H22 cells, but
not from the cells transduced with pcDNA3.1+ (Figure 5).

Immunofluorescence staining of transfected cells
The transfected cells were coated with mCD40L antibody and
fluorescent antibody. Under fluorescence microscopes, it was
observed that the fluorescence staining was positive in the
cytoplasm of H22 cells transfected with pcDNA3.1+-mCD40L
and negative in the controls (Figure 6).

Jiang YF et al. Construction and expression of mCD40L gene

1

2

3

4

5

6

7

8

bp
1 031
700
500

Figure 5 mCD40L gene expression in H22 cells by RT-PCR.
Lanes 1 and 8: marker; Lane 2: negative control; Lanes 3-6: RTPCR products from transfected H22 cells; Lane 7: RT-PCR product from BALB/C mouse splenocytes.

Figure 6 H22 cells transfected with pcDNA3.1+-mCD40L. The
fluorescence staining in the cytoplasm was positive. ×400.

DISCUSSION
Hepatocellular carcinoma (HCC) is a very common malignancy
in China, and has a very poor prognosis[1]. Despite recent
increases in therapeutic options, such as total vascular
exclusion (TVE) technique used in hepatectomies of advanced
and complicated hepatocellular carcinomas, combined
multimodal interventional therapies which have revealed their
advantages as compared with any single therapeutic regimen
and play more important roles in treating unresectable HCC[9],
and hepatic arterial infusion chemotherapy which may be a useful
alternative for the treatment of patients with advanced HCC[10],
percutaneous cryoablation which offers a safe and possibly
curative treatment option for patients with HCC that can not be
surgically removed[11], HCC remains one of the leading causes
of death. The malignancies are often resistant to chemotherapy
and metastasize to distant organs in the early stage of the
disease. Even after the primary tumor is removed surgically,
relapse at the primary or distant sites frequently occurs. Surgical
resection itself may not accelerate cancer dissemination and
increase postoperative recurrence significantly[12]. Preoperative
level of circulating VEGF mRNA, especially isoform VEGF165,
plays a significant role in the prediction of postoperative
recurrence of HCC. Gene therapy provides new possibilities
for the treatment of incurable diseases, including hepatocellular
carcinoma[13].
However, the host immunity frequently fails to eliminate
malignant tumors caused either by the lack of recognizable
tumor antigens or by the inability of tumor antigens to stimulate
an effective immune response[14,15], thus most malignant tumors
evade host immune surveillance. The use of gene therapy with
immunostimulatory molecules aiming at enhancing antitumoral
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immunity has emerged as a promising new approach to treat
cancer[16,17].
CD40L-CD40 interactions on menbranes of APC, including
dendritic cells (DCs), can activate APC, promote effective
antigen presentation, express costimulatory and adhesion
molecules, and up-regulate cytokine and chemokine production.
For instance, CD40L-CD40 interactions strongly promote Th1
differentiation and provide a strong signal for interleukin (IL)12 production, even in the presence of Th2 cytokines[18]. The
endogenous production of IL-12 resulting from CD40L-CD40
interaction may play a role in the persistence of antitumor effects[19].
CD40 activation through CD40L-CD40 interaction may be used
as a potential treatment tool of malignant neoplasms[20]. The
rational for transducing tumor cells with CD40L is to convert
these cells into stimulators of APC, an effect leading to
enhanced presentation of tumor antigens to T cells and
activation of antitumor immune responses. In fact, CD40L-CD40
interactions have been demonstrated to overcome tumorspecific CD4+ and CD8+ tolerance and induce antitumor
immunity[21,22]. It remains possible that combining CD40L gene
with another immunotherapeutic modality (e.g., IL-12, CD80) or
with a tumor associated antigen (e.g., alpha fetoprotein, AFP)
gene therapy would be still better. Using mCD40L gene or
combining with IL-12 gene transduced leukemia cell therapy
for chronic lymphocytic leukemia (CLL)[23], primary B-CLL[24,25]
and acute leukemia [26] has provided encouraging results.
Treatment not only appears capable of inducing a cellular antileukemia immunity, but also may have a direct effect on leukemia
cells by inducing latent sensitivity to Fas (CD95)-dependent
leukemia cell apoptosis[26]. Recently, many investigators have
reported that ex vivo transduction of tumor cells with the
mCD40L gene or in vivo transfer of the mCD40L gene is able to
induce antitumor immunity against different tumor cell lines in
subcutaneous tumor models, such as lung cancer[27,28], colon
cancer [29,30], urologic malignancies[31-33], melanoma [34] and
malignant mesothelioma [35]. In HCC, Schmitz et al [8] used
adenovirus-mediated CD40 ligand gene therapy for orthotopic
hepatocellular carcinoma, and demonstrated that it abrogated
HCC cell tumorigenicity when expressing mCD40L gene, and
led to complete tumor eradication and long-term survival in
most of the treated animals. Yanagi et al[36] showed that Flt3L
and CD40L significantly induced antitumor immunity against
MH134 cells presumably through both innate and adaptive
immunity. These data reveal that administration of mCD40L
gene might provide an efficient and safe treatment for HCC.
In summary, mCD40L gene has shown its profound effect
on HCC treatment in animal models. In our experiment, we could
successfully construct the recombined mCD40L eukaryotic
expression vector, and the mCD40L expressed in H22 cells
effectively. This, we believe, provides experimental data for
gene therapy and immunotherapy of HCC.
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Abstract
AIM: To investigate the prognostic role of isoform 165 vascular
endothelial growth factor messenger RNA (VEGF165 mRNA)
in noncancerous liver tissues from patients with primary
hepatocellular carcinoma (HCC).
METHODS: Using a reverse-transcription polymerase chain
reaction (RT-PCR)-based assay, VEGF mRNA was determined
prospectively in noncancerous liver tissues from 60 consecutive
patients with HCC undergoing curative resection. We
categorized the patients with VEGF165 mRNA over 0.500 in
noncancerous liver tissues as group A, and those below
0.500 as group B.
RESULTS: Among the isoforms of VEGF mRNA by multivariate
analysis, a higher level of VEGF165 mRNA in noncancerous
liver tissue correlated significantly with a higher risk of
HCC recurrence (P = 0.039) and recurrence-related mortality
(P = 0.048), but VEGF121 did not. The other significant predictors
of recurrence consisted of vascular permeation (P = 0.022),
daughter nodules (P = 0.033), cellular dedifferentiation
(P = 0.033), an absent or incomplete capsule (P = 0.037).
A significant variable of recurrence-related mortality was
vascular permeation ( P = 0.012). As to the clinical
manifestations of 16 patients who developed recurrence,
the recurrent tumor number over 2, recurrent extent over
two-liver segments, and the median survival after recurrence,
all significantly correlated with group A patients (P = 0.043,
0.043, and 0.048, respectively). However, the presence of
extrahepatic metastasis was not (P>0.05). The difference
in recurrence after treatment between the two groups had
no statistical significance (P>0.05).
CONCLUSION: The higher expression of isoform VEGF165
mRNA in noncancerous liver remnant of patients with HCC

may be a significant biological indicator of the invasiveness
of postoperative recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors with a poor prognosis. During the last 10 years,
efforts have been made worldwide toward earlier detection and
safer surgical resection of HCC. However, despite these recent
diagnostic and therapeutic advances, postoperative recurrence
is still common[1-3]. How to early predict the prognosis after
resection is a challenging problem for surgeons.
It is well known that the development of a tumor requires oxygen
and nutrients, which are supplied through neovascularization.
Angiogenic potential is a prerequisite for tumor growth[4-9]. Thus,
enhanced gene expression of angiogenic factors in a developing
tumor is strongly expected. The release of angiogenic factors
from malignant tumors, in turn, would lead to the production of
vascular endothelial cells via a paracrine mechanism. Among
the potential angiogenic factors, vascular endothelial growth
factor (VEGF) is the most potently direct acting and specific
one. The variation in size due to alternative exon splicing may
produce four different isoforms of 121, 165, 189 and 206 amino
acids (monomeric size)[10,11]. According to Ferrara’s analysis,
VEGF165 is the predominantly expressed form in human cDNA
libraries as in most normal cells and tissues[12]. Different cancers
may have different expressions of the isoforms. The majority of
HCCs expresses an abundance of VEGF121 and VEGF165[10-12].
Angiogenesis in tumors has been proven to be an independent
factor of prognosis and metastasis in many carcinomas[13-15].
Mise et al[16] found that VEGF mRNA was also expressed in
nontumorous portions of the livers. It remains unknown
whether the degree of angiogenesis in nontumorous liver
tissues contributes to the grade of HCC malignancy and the
potential of postresection recurrence[16].
This study was to elucidate the correlation between VEGF
mRNA expression in noncancerous liver tissues and the
clinicopathological manifestations of postoperative recurrence,
so to provide a useful prognostic parameter for predicting the
recurrence.
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MATERIALS AND METHODS
Study population
Sixty consecutive patients (35 men and 25 women, with a mean
age of 54.5±13.5 years) with HCC undergoing curative
hepatectomy from November 2000 to November 2003, were
enrolled in this prospective study. Patients who had a previous
history of hepatectomy or preoperative neoadjuvant ethanol
injection or hepatic arterial chemoembolization (TACE) were all
excluded. Surgical procedures performed included 44 major
resections (8 extended right lobectomies, 14 right lobectomies,
9 left lobectomies, and 13 two-segmentectomies) and 16 minor
resections (14 one-segmentectomies, 1 subsegmentectomy, and
1 wedge resection). Noncancerous liver tissues were obtained
from the contralateral lobe remnant of all 60 patients during
hepatectomy. The liver tissue was taken at least 3 cm far from
the resection margin of HCC. We changed instruments in this
procedure to avoid seeding or contaminating the liver biopsy
tissues by HCC cells. A control group including 10 healthy
volunteers without liver disease (5 men, 5 women, mean age
50 years) and 20 patients with chronic liver disease (10 with
liver cirrhosis, 5 with hepatitis B carrier but no cirrhosis, 5 with
hepatitis C carrier but no cirrhosis) but without any evidence
of HCC also received liver biopsies during laparotomy for other
reasons. All liver tissues were examined for VEGF mRNA. All
of the patients agreed to participate in this study preoperatively.
Demographic data analysis
Clinicopathological variables analyzed included age, sex (male
vs female), presence of liver cirrhosis, Child-Pugh class of liver
functional reserve (A vs B), hepatitis B virus (HBV) infection
(hepatitis B surface antigen, HBsAg), hepatitis C virus (HCV)
infection (anti-hepatitis C virus antibody, Anti-HCV), serum
alfafetoprotein (AFP) level (< 20 ng/mL vs 20 to 1 000 ng/mL vs
≥ 1 000 ng/mL), tumor size (<3 cm vs 3 to 10 cm vs ≥ 10 cm),
tumor encapsulation (complete vs incomplete or absent),
presence of daughter nodules, vascular permeation (including
vascular invasion and/or tumor thrombi in either the portal or
hepatic vein), and cell differentiation grade (Edmondson and
Steiner grades I to IV) (Table 1).
Table 1 Characteristics of 60 patients with HCC undergoing
curative resection
Variables
Age (mean, yr) (±SD)
Male
Cirrhosis
Child- Pugh’s class A
Serum AFP < 20 ng/mL
20-10 3 ng/mL
>10 3 ng/mL
HBsAg (+)
Anti-HCV (+)
Size of HCC <3 cm
3-10 cm
>10 cm
Edmondson-Steiner’s grade I
Grade II
Grade III
Grade IV
Absent or incomplete capsule
Vascular permeation
Daughter nodules

No. of patients (%)
50.4±12.6
44 (73)
47 (78)
43 (72)
19 (32)
29 (48)
12 (20)
47 (78)
32 (53)
17 (28)
22 (37)
2 (35)
13 (22)
11 (18)
18 (30)
18 (30)
39 (65)
33 (55)
31 (52)

AFP: serum alpha fetoprotein; HBsAg (+): positive hepatitis B
surface antigen; Anti-HCV (+): positive hepatitis C virus
antibody; Edmondson Steiner grade: differentiation grade.
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Detection of VEGF mRNA
It included extraction of RNA and reverse transcription, and
amplification of cDNA of VEGF and GAPDH by PCR.
Extraction of RNA and reverse transcription We homogenized
each resected tissue (including noncancerous liver tissues and
control liver tissues) completely in 1 mL of RNA-beeTM, and
added 0.2 mL chloroform and shook it vigorously for 15-30 s.
We stored the sample on ice for 5 min and centrifuged at 12 000 g
for 15 min. We transferred the supernatant to a new 1.5 mL
Eppendorf tube and precipitated it with 0.5 mL of isopropanol.
The precipitation was as short as 5 min at 4 ℃. We centrifuged
it at 12 000 g for 5 min at 4 ℃. Then we removed the supernatant
and washed the RNA pellet with 1 mL of 75% ethanol, shaking
to dislodge the pellet from the side of the tube. We centrifuged
it at 7 500 g for 5 min at 4 ℃ and carefully removed ethanol, the
supernatant and dissolved RNA in DEPC-H2O (usually between
50-100 uL), and stored it at -80 ℃.
We heated the RNA sample at 55 ℃ for 10 min and chilled it
on ice. We added into it the following components: (1) 4 L
5×RT butter containing a composition of 50 mmol/L Tris-HCl
(pH 8.3) , 75 mmol/L KCl , 3 mmol/L MgCl2 and 10 mmol/L DTT
(dithiothreitol), (2) 3 L 10 mmol/L dNTP, (3) 1.6 L Oligo-d(T)18
and 0.4 L random hexamers (N)6 (1 g/L), (4) 0.5 L RNase
inhibitor (40 units/ L), (5) 3 L 25 mmol/L MnCl2, (6) 6 L
RNA in DEPC-H2O, (7) 0.5 L DEPC-H2O. We incubated at 70 ℃
for 2 min, chilled it to 23 ℃ to anneal primer to RNA. We
added 1 L of M-MLV RTase to (Moloney murine leukemia
virus revers transcriptase, 200 units/L, Promega product). We
incubated it for 8 min at 23 ℃, then for 60 min at 40 ℃. We
heated the reaction at 94 ℃ for 5 min and chilled it on ice and
stored cDNA at -20 ℃.
Amplification of cDNA of VEGF and GAPDH by PCR The
sequences of the sense primers were 5’-AGTGTGTGCCC
ACTGAGGA-3’ (VEGF) and 5’-AGTCAACGGATTTGGTC
GTA-3’(GAPDH) and those of the antisense primers were 5’AGTCAACGGATTTGGTCGTA- 3’(VEGF) and 5’-GGAACA
TGTAAACCATGTAG- 3’ (GAPDH). The first polymerase chain
reaction (RT-PCR) solution contained 5 L of the synthesized
cDNA solution, 10 L of 10× polymerase reaction buffer,
500 mol/L each of dCTP, dATP, dGTP and dTTP, 15 pmoL of
each external primer (EX-sense and EX-antisense), 4 units of
Thermus Brockiamus Prozyme DNA polymerase (PROtech
Technology Ent. Co., Ltd., Taipei, Taiwan) and water. The PCR
cycles were denatured at 94 ℃ for 1 min, annealed at 52 ℃ for
1 min, and primer extension at 72 ℃ for 1 min. The cycles were
repeated 40 times. The PCR products were reamplified with
internal primers for nested PCR to obtain a higher sensitivity.
The first and second PCR components were the same, but for
the primer pairs (IN-sense and IN-antisense), the final products
were electrophoresed on 2% agarose gel and stained with
ethidium bromide. Four different isoforms of human VEGF were
identified, arising from alternative splicing of the primary
transcript of a single gene. The majority were VEGF121 (165 bp)
and VEGF165 (297 bp). The percentage intensity of the VEGF
PCR fragment for each liver was relative to a GAPDH PCR
fragment (122 bp). The intensity of bands was measured using
Fujifilm Science Lab 98 (Image Gauge V3.12). The sensitivity of
our assay was assessed using human hepatocytes.
For a positive control for VEGF mRNA expression , we used
a hepatoblastoma cell line (HepG2). EDTA-treated water (filtered
and vaporized) served as negative controls.
Follow-up study after recurrence
From the value of VEGF165 mRNA of noncancerous liver remnant,
we divided the HCC patients into two groups, i.e., those with a
higher level of VEGF165 mRNA (over 0.500) as group A, and
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those with a lower level of VEGF165 mRNA (below 0.500) as
group B.
After discharge, all the patients were assessed regularly to
detect tumor recurrence with abdominal ultrasonography (every
2-3 mo during the first 5 years, then every 4-6 mo thereafter),
serum AFP and liver biochemistry (every 2 mo during the first
2 years, then every 4 mo during the following 3 years, and
every 6 mo thereafter), abdominal computed tomography (CT)
(every 6 mo during the first 5 years, then annually), and chest
x-ray and bone scans (every 6 mo). Hepatic arteriography was
obtained if other studies suggested possible cancer recurrence.
Detection of tumors on any imaging study was defined as
clinical recurrence.
After the detection of recurrence, the following prognostic
factors were analyzed and compared between group A and
group B: extrahepatic metastasis (presence or absence), the
number of recurrent tumor lesions (solitary or multiple), and
the extent of recurrent tumors (affecting more than or less than
two segments), treatments for recurrent tumors (surgical or
non surgical treatment), and survival time after recurrence. The
number and extent of recurrent tumors were evaluated and
counted from abdominal CT scan and hepatic arteriography.

time (P = 0.037 and 0.040, respectively) (Table 3). Factors
influencing HCC recurrence and time lapse to recurrence were
vascular permeation (P = 0.022, OR = 5.36), daughter nodules
(P = 0.033, OR = 4.18), cellular dedifferentiation (P = 0.033,
OR = 4.18), incomplete or absent capsule (P = 0.037, OR = 3.10),
and higher VEGF165 mRNA expression in the liver remnant
(P = 0.039, OR = 2.29) (Table 4). The significant variables
affecting death resulting from recurrence included vascular
permeation (P = 0.012, OR = 8.35) and higher VEGF165 mRNA
expression in the liver remnant (P = 0.048, OR = 2.38) (Table 4).
During the follow-up period (range 1 to 3 years, median
2 years), 16 patients (26.7%) had clinically detected recurrence.
In 16 patients with recurrent HCCs, there was no statistically
significant correlation between the status of a higher VEGF165
mRNA expression in the liver remnant and the treatment for
recurrent tumors, and the existence of extrahepatic metastasis
(P>0.05, respectively) (Table 5). However, compared with the
extent of intrahepatic recurrence and the outcome, group A
patients had a greater number of HCC nodules (P = 0.043), and
a greater involvement of over two-liver segments (P = 0.043).
The median survival after recurrence was significantly shorter
(4.4 mo vs 11.0 mo) in group A (P = 0.048) (Table 5).

Statistical analysis
A statistical software (SPSS for Windows, version 8.0, Chicago,
Illinois) was employed, Student’s t-test was used to analyze
continuous variables and chi-square test or Fisher’s exact test
was used for categorical variables. Parameters relating to the
presence of VEGF mRNA in liver tissue were analyzed by
stepwise logistic regression. A Cox proportional hazard model
was used for multivariate stepwise analysis to identify significant
variables for outcome of recurrence and mortality. P<0.05 was
considered statistically significant.

Table 2 Comparison of characteristics of primary HCC between
different levels of VEGF165 mRNA in noncancerous liver tussues

RESULTS
RT-PCR analysis of VEGF transcript in liver tissues
VEGF mRNA was detected in the liver tissues of 10 (VEGF165 in
10 and VEGF121 in 6) of 30 control patients but the values were
very low (all below 0.005). In the HCC group, isoform VEGF165
was expressed in noncancerous liver tissues of all 60 patients
(100%) (with a value ranging from 0.176 to 0.784) and isoform
VEGF121 in 36 patients (60.0%) (with a value ranging from 0.285
to 1.030). As to VEGF165 mRNA values, 49 (81.7%) patients
belonged to group A and 11 patients (18.3%) belonged to group B.
We did not detect isoforms VEGF189 and/or VEGF 206 in any
noncancerous liver tissues or control liver tissues.
Correlation between VEGF mRNA expression in noncancerous
liver tissues and clinical histopathologic characteristics
Amongall the patients’ characteristics, age, gender, liver
cirrhosis, Child-Pugh class A or B, size of HCC, positivity of
HBsAg or anti-HCV, and level of serum AFP showed no
statistically significant difference between groups A and B
(Table 2). From both univariate and multivariate analyses, the
correlation between higher VEGF165 mRNA expression in liver
remnant tissues and grade of cellular differentiation
(Edmondson Steiner grade), incomplete or absent capsule,
presence of daughter nodules, and vascular permeation was
significant respectively (Table 2).
Table 3 shows that group A patients had more tumor
recurrence (28.6% vs 18.2%, P = 0.039), and more recurrencerelated death (26.5% vs 9.1%, P = 0.048). After analysis with
Cox proportional hazard model, a higher expression of VEGF165
mRNA in the liver remnant had a significant correlation with
both a shorter recurrence-free interval and a shorter survival

Characteristics

Group A (%)
(n = 49)

Group B (%)
(n = 11)

P

Age (yr, mean)

52

48

NS

Male

73 .5

72 .7

NS

Liver cirrhosis

79 .6

72 .7

NS

Child-Pugh class A

71 .4

72 .7

NS

Tumor size <3 cm

28 .6

27 .2

NS

34 .7

36 .4

NS

HBsAg (+)

>10 cm

79 .6

72 .7

NS

Anti-HCV (+)

53 .1

54 .5

NS

AFP <20 ng/mL

32 .7

27 .2

NS

>1 000 ng/mL

20 .4

18 .2

NS

10 .2

72 .7

0.009

Capsule incomplete or absent 2 75 .5

Edmondson-Steiner grade I1

18 .2

0.007

Daughter nodules 3

61 .2

9.1

0.001

Vascular permeation4

65 .3

9.1

0.001

Notes: high VEGF165 mRNA: ≥0.500 (group A); low VEGF165
mRNA: <0.500 (group B). P: by univariate analysis. 1, 2, 3 and
4: the significant variables in multivariate analysis with P values
of 0.036, 0.048, 0.024, and 0.019 respectively. HBsAg: hepatitis
B surface antigen; Anti-HCV: antibody to hepatitis C virus;
AFP: alpha-fetoprotein; NS: no statistical significance.
Table 3 Correlation between VEGF165 mRNA expression in
liver remnant and the outcome of patients with HCC
Outcome
Recurrence (number; %)
1

Death (number; %)

Group A
(n = 49)

Group B
(n = 11)

P

14 (28.6)

2 (18.2)

0.039

1 (9.1)

0.048

13 (26.5)

Recurrence-free interval (median, mo) 8.5

43.0

0.037

Duration of survival (median, mo)

41.5

0.040

11 .5

Notes: high VEGF165 mRNA: ≥0.500 (group A), low VEGF165
mRNA: <0.500 (group B), death 1: patients died of HCC
recurrence.

190

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Table 4 Factors influencing tumor recurrence and death of
patients in multivariate analysis
Variables

P

OR

Vascular permeation

0.022

5.36

Daughter nodules

0.033

4.18

Cellular dedifferentiation

0.033

4.18

Recurrence

Incomplete or absent capsule

0.037

3.10

Higher VEGF165 mRNA in liver remnant

0.039

2.29

Vascular permeation

0.012

8.35

Higher VEGF165 mRNA in liver remnant

0.048

2.38

Death

OR: odds ratio; higher VEGF165 mRNA: value ≥0.500.
Table 5 Correlation between the clinical features of recurrent
hepatocellular carcinoma and the expression of VEGF165 mRNA
in primary lesions
VEGF165 mRNA
Clinical features

P
high
low
(n = 14) (n = 2)

Extent of recurrent tumors:
Extrahepatic metastasis (number, %)
Multiple recurrent tumors (number, %)

8 (57.1) 1 (50.0) NS
10 (71.4) 1 (50.0) 0.043

Involvement over two-segments (number, %) 10 (71.4) 1 (50.0) 0.043
Survival after recurrence (median mo)

4.4

11.0

0

0

0.048

Treatment for recurrent tumors
Surgery (number)
1

NS

Non-surgical treatment (number, %)

8 (57.1) 1 (50.0) NS

No treatment (number, %)

6 (42.9) 1 (50.0) NS

Notes: NS: no statistical significance; non-surgical treatments1:
treatment with transcatheter arterial chemoembolization or/and
percutaneous ethanol injection. High VEGF165 mRNA: ≥0.500;
low VEGF165 mRNA: <0.500.

DISCUSSION
Our study revealed that a higher value of VEGF mRNA isoform 165
in noncancerous liver remnant tissues of HCC patients was
significantly associated with an increased risk of postoperative
recurrence and disease mortality. Even after recurrence, those
with a higher VEGF165 mRNA expression had a larger extent of
recurrence and a worse outcome. The value of VEGF mRNA
isoform 121 in liver remnant tissues was not significantly predictive
of the outcome.
Studies reporting the correlation between VEGF of
noncancerous liver tissues and the potential recurrence were
rare. Mise et al [16] found that vascular endothelial cells in
tumorous tissues showed a dense VEGF immunostaining,
whereas those in nontumorous tissues did not show any
appreciable staining. In contrast, Feng et al[17] found VEGF protein
was heterogeneously expressed both in almost all the
noncarcinoma portions of the liver and in HCC portions of the
liver with HCC. According to Feng et al, the nearer the noncancerous liver cells were to cancerous cells, the stronger the
VEGF expression they showed. In HCC cases, VEGF expression
in non-cancerous liver cells was a little stronger than that in
HCC cells, although there was no significant difference.
To be more accurate, we measured mRNA expression of VEGF
in liver tissues rather than the protein itself. According to the
study of El-Assal et al[18], the level of VEGF mRNA did not always
correlate with the protein concentration. Immunohistochemistry
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could not distinguish small amounts of protein, which may
partly explain the discrepancy in protein and mRNA levels.
From the study of Mise et al, the level of VEGF mRNA in
tumorous tissues was higher than that in corresponding
nontumorous ones in 12 of 20 patients by more than 1.2-fold. In
contrast, in only 2 cases VEGF mRNA levels were lower in tumorous
tissues than that in nontumorous tissues (ratio<0.8)[16]. From
our study, the level of VEGF mRNA in tumorous tissues was
higher than that in corresponding nontumorous ones in 48
(80%) of 60 patients. In 9 patients, the two values were similar
and their difference was less than 0.0005. In other 3 patients,
VEGF mRNA levels were lower in tumorous tissues than that in
nontumorous tissues. We attributed this discrepancy with the
result of Mise et al to the different methods of mRNA
examination and different backgrounds of study patients. The
method we used was the nested RT-PCR which was more
accurate than conventional RT-PCR.
The value of VEGF165 mRNA in remnant livers was a ratio of
its expression value to the expression value of GAPDH. We
defined it as high if it was over 0.5000. There were 81.7% of our
study patients belonging to the high-value group. The detailed
mechanisms underlying the increase of VEGF mRNA in the
remnant liver remain unclear.
In the literature, the tumor invasiveness variables included
high-serum AFP, hepatitis, vascular permeation, grade of cellular
differentiation, infiltration or absence of capsule, tumor size,
coexisting cirrhosis, presence of daughter nodules, multiple
lesions, p53 gene mutation, and gamma glutamyl transpeptidase
expression [19-30]. Based on the study of Yamaguchi et al [31],
VEGF expression in HCC tissues was thought to be related to
the histological grade. Suzuki et al[32] found that VEGF mRNA
expression in HCC was associated with fibrous capsule formation
and septal formation. Whereas, as to the higher level of VEGF165
mRNA in noncancerous liver tissues but not HCC itself from
Table 2, we could find it corresponded significantly with some
invasiveness variables (cellular differentiation, capsule status,
daughter nodules, and vascular permeation) of primary HCC.
We propose the following three possible pathogenetic
mechanisms.
The first is that if HCC cells have a more invasive behavior,
then they may secrete a higher level of VEGF. VEGF may enter
the circulation and increase angiogenesis of the remnant liver
via its paracrine growth factor function. Some authors reported
that VEGF might be synthesized both in HCC cells and in liver
cells, and accumulated in their target endothelial cells[32-39].
Yamaguchi et al[31] found VEGF was expressed in surrounding
HCC tissues. The noncarcinoma liver cells themselves
stimulated by VEGF might also secrete VEGF protein. This effect
thus results in a longer and higher VEGF level in remnant liver.
The second is that the noncancerous liver remnant itself
has a precancerous change. It is developing into an angiogenetic
environment which may secrete a higher VEGF. The mechanism
of the precancerous change may be complex, not only influenced
by the original HCC itself. Coexisting cirrhosis might contribute
to VEGF level[18]. Sasaki et al[24] emphasized that cirrhosis had
a higher carcinogenic potential. The association of liver cirrhosis
with HCC in our patients was as high as 78% (Table 1).
Angiogenesis, the sprouting of new capillaries from a pre-existing
vascular bed, could provide a route favoring for the malignantly
degenerated hepatocytes to develop and to progress [40].
Regeneration in the cirrhotic liver would pose a potential of
malignant degeneration [34]. Akiyoshi et al [34] suggested that
serum VEGF level might be associated with hepatocyte
regeneration grade. Suzuki et al[32] also supported that VEGF
might play an important role in the development of HCC. This
could also result in a high level of VEGF in liver remnants.
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The third is that the microscopic metastasis from primary
HCC to the remnant liver takes place very early. The metastatic
lesions may be too small to be detected by the conventional
imaging studies including ultrasound, CT scan or arteriography.
However, these metastatic HCC cells may also produce a high
level of VEGF, resulting in a high expression of VEGF165 mRNA
in the remnant liver. Miura et al[33] observed VEGF expression
both in HCC and in non-HCC liver tissues, and supported the
hypothesis that VEGF may be involved in the development
and/or progression of HCC. Yoshiji et al[41] suggested that VEGF
played a critical role in the development of HCC in cooperation
with endothelial cells, because they found that VEGF-transduced
cells showed a marked increase in their invasion activity.
Torimura et al considered that HCC seemed to originate as a
well-differentiated tumor, becoming progressively less
differentiated with enlargement. They concluded that VEGF
production could increase with tumor progression[40].
The prognosis after recurrence in relation to VEGF165 mRNA
in the noncancerous liver remnant was rarely reported. VEGF,
may also increase the permeability of microvessels to 50 000-fold
over that of histamine, thus causing a significant vascular
leakiness. An increase in tumor vessel permeability could
increase the change of the entry of tumor cells into the circulation,
and newly formed vessels or capillaries may have leaky and
weak basement membranes through which tumor cells could
penetrate more easily than those of mature vessels, thus
accelerating the hematogenous metastasis[5-10]. In addition,
VEGF could induce both urokinase-type and tissue-type
plasmins in endothelial cells which are the key proteases
involved in the degradation of the extracellular matrix. These
could result in the progression of recurrent HCC in remnant
livers. Our findings suggest that remnant livers with a higher
VEGF165 mRNA have a higher malignant potential manifested
as a greater number of recurrent tumors, and a larger extent of
involved hepatic segments, a higher recurrence rate and mortality,
a shorter recurrence-free interval and a shorter survival. All
these factors correlated with an aggressive hematogenous
metastasis as the majority of our patients had diffuse multiple
recurrent nodules over the remnant liver. Repeat surgery was
not undertaken on any patient.
Examination of VEGF mRNA expression in liver remnants
during hepatectomy may give us information on the risk of
postoperative recurrence. Neoadjuvant antiangiogenic therapy
after surgery may be considered for such patients. From this
prospective study, we suggest that VEGF mRNA expression in
noncancerous liver tissues, especially isoform VEGF165, not
only plays a significant role in the prediction of postresection
recurrence of HCC, but also correlates with a vigorous invasive
behavior after recurrence.
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Abstract

of survivin clearly showed that survivin was distributed
mainly in a spotted form inside the cytoplasm. Whereas
cells treated with antisense compounds were rare and weak
inside the cytoplasm.
CONCLUSION: Down-regulation of survivin expression
induced by the antisense compounds reduces tumor growth
potential, promotes apoptosis and affects the localization
of survivin proteins in HepG2 cells. Furthermore, survivin
protein is a key molecule associated with proliferation and
apoptosis, and antisense oligonucleotides targeting survivin
have a bright prospect in the therapy of liver cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Dai DJ, Lu CD, Lai RY, Guo JM, Meng H, Chen WS, Gu J.
Survivin antisense compound inhibits proliferation and
promotes apoptosis in liver cancer cells. World J Gastroenterol
2005; 11(2): 193-199

AIM: To evaluate the effects of survivin on cell proliferation
and apoptosis in liver cancer.

http://www.wjgnet.com/1007-9327/11/193.asp

METHODS: MTT assay was used to generate and optimize
phosphorothioate antisense oligonucleotides (ODNs)LipofectamineTM2000 (LiP) compound by varying ODNs (g):
LiP (L) ratios from 1:0.5 to 1:5. Then, liver cancer cells
(HepG2) were transfected with the compound. By using
RT-PCR and Western blot, the expression levels of survivin
mRNA and proteins were detected in HepG2 cells treated
with antisense compounds (ODNs:LiP = 1:4), and compared
with those treated with sense compounds (1:4) as control.
MTT assay was applied to the determination of cell proliferation
in HepG2 cells. Active caspase-3 was evaluated by flow
cytometric analysis. The morphological changes were
assessed by electron microscopy. Laser scanning confocal
microscopy was performed to detect the subcellular
localization of survivin proteins in treated and untreated cells.

INTRODUCTION
Diminished apoptosis plays a critical role in tumor initiation,
progression, as well as in cancer therapy[1]. Several proteins
that inhibit apoptosis have been identified, including bcl-2 family
members bcl-2, bcl-xl and IAP[2]. Certain members of the latter
family directly inhibit terminal effector caspases engaged in
the execution of cell death [3]. Among molecules of the IAP
family, survivin is unique in having a single baculovirus IAP
repeat (BIR) and extended C-terminal x-helix[4] and dimeric
architecture that is essential for the inhibition of apoptosis [5,6].
Although survivin protein lacks the ability to directly inhibit
caspase-3[7], it binds quantitatively to a new IAP-inhibiting
protein, Smac/Diablo[8,9], raising the possibility that it might
suppress caspases indirectly by freeing other IAP family
members from the constraints of protein. Taken together, these
studies support the notion that survivin exerts an anti-apoptotic
effect. Survivin is expressed during embryonal development but
lacks expression in terminally differentiated adult tissues[2,4].
Interestingly, it becomes reexpressed in transformed cell lines
and in a variety of human tumors[3,4]. Survivin is expressed in
the G2/M phase of the cell cycle and associates with microtubules
of the mitotic spindle in a specific and saturable reaction that is
regulated by microtubule dynamics[10]. This implies that
overexpression of survivin has oncogenic potential because it
may overcome the G2/M phase checkpoint to enforce progression
of cells through mitosis, thus promoting proliferation. Recent
studies suggest an alternative distribution of survivin localized
to kinetochores of metaphase chromosomes, and to
microtubules of the central spindle midzone at anaphase[11-13].
Approximately 80% of the total cellular survivin content in
mitotic cells is bound to centrosomes and microtubules of the
metaphase and anaphase spindles[10]. These studies reveal that
survivin could connect the cell cycle with apoptosis, thus

RESULTS: Antisense compounds (1:4) down-regulated
survivin expression (mRNA and protein) in a dose-dependent
manner with an IC50 of 250 nmol/L. Its maximum effect
was achieved at a concentration of 500 nmol/L, at which
mRNA and protein levels were down-regulated by 80%.
The similar results were found in MTT assay. Antisense
compound (1:4)-treated cells revealed increased caspase3-like protease activity compared with untreated cells.
Untreated cells as control were primarily negative for the
presence of active-caspase-3. As shown by transmission
electron microscopy, treated cells with antisense compounds
(1:4) resulted in morphological changes such as blebbing
and loss of microvilli, vacuolization in the cytoplasm,
condensation of the cytoplasm and nuclei, and fragmented
chromatin. Immunofluorescence analysis confirmed the
presence of survivin protein pool inside the cytoplasm in
untreated cells. Labeled-FITC immunofluorescence staining
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providing a death switch for the termination of defective mitosis.
These lines of evidence make survivin an attractive therapeutic
target in cancer treatment.
Liver cancer is a leading cause of cancer death, and its
incidence continues to rise. The main reasons for the unfavorable
prognosis of these tumors are their propensity to metastasizing
early and developing resistance to a wide range of functionally
anticancer agents. Recent studies show that expression of
survivin is not only detected in stomach cancer[14,15], non-small
cell lung cancer[16], breast cancer[17], esophageal cancer[18], colon
cancer, ovarian carcinoma[19], but also in HepG2, Huh7, skHep1 cell lines and hepatocellular carcinoma tissues, and it
has a close correlation with apoptosis and proliferation of liver
cancer[4,20]. In addition, skin cancer HaCat cells transfected with
antisense oligonucleotide down regulate expression of survivin,
promote apoptosis and diminish proliferation[21]. Consequently,
targeting expression of survivin has a potential value in cancer
therapy. Although antisense oligonucleotide has been widely
recognized as an efficient tool for the inhibition of gene
expression in a sequence specific way, during practical
application of antisense approach, many key problems need to
be solved, such as to find an effective targeting site of survivin
mRNA that is likely to be accessible to antisense oligonucleotides,
to select an adaptable vector combined with antisense
oligonucleotides in the formation of a potent compound to
facilitate apoptosis of tumor, to optimize transfection conditions
in a cell line with high expression of survivin.
In the present study, we generated a series of antisense
compounds, with the strongest efficient antisense oligonucleotides
designed by Olie et al[22] and highly efficient vector Lipofectamine 2000. Using MTT assay and the survivin-overexpressing
liver cancer cell line HepG2, one antisense compound was
identified that could most efficiently down-regulate survivin
expression levels (mRNA and protein) and directly induce
apoptosis. Furthermore, in a double immunofluorescence
staining experiment with FITC-labelled antibody against
survivin and Allexa-labelled concanavalin A, evidence is
provided that antisense mediated down-regulation of survivin
has the potential to affect subcellular localization of survivin
proteins in HepG2 cells.

MATERIALS AND METHODS
Antisense oligonucleotides
According to the method of Olie et al[22], antisense and sense
oligonucleotides for survivin were designed. The antisense
oligonucleotides targeting nucleotides 232-251 revealed the
strongest effect and were used in the following experiments.
Their sequences are shown in Table 1. Phosphorothioate
oligonucleotides ODNs were purchased from Sangon
(Shanghai, China), and delivered in the form of complex with
Lipofectamine 2000 (Lip) (Invitrogen, USA).
Table 1 Sequences of oligonucleotides for survivin
Antisense

5'-CCCAGCCTTCCAGCTCCTTG-3'

Sense

5'-CAAGGAGCTGGAAGGCTGGG-3'

Cell line
Liver cancer cell line HepG2, which was reported to express
high levels of survivin[19], was obtained from Shanghai Institute
of Cell Biology. Cells were grown in DMEM (Gibco, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(Sijiqing, Hangzhou, China). Cells were maintained in monolayer
cultures at 37 ℃ in a humidified atmosphere consisting of
5 mL/L CO2 and 95% air.
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Generation and optimization of phosphorthioate antisense
oligonucleotides (ODNs)-Lipofectamine 2000 (LiP) compound
To obtain the highest transfection efficiency and low non-specific
effects, transfection conditions were optimized by varying
ODNs, LiP concentrations and cell density. Cells should be
greater than 80% confluence and ODNs (g):LiP (L) ratios
were varied from 1:0.5 to 1:5. ODNs were diluted in the
appropriate amount of DMEM without serum, at the final
concentration of 0.2 g/25 L, and they were mixed gently. LiP
was gently mixed before use, then diluted in an appropriate
amount of DMEM without serum at the final concentrations
of 0.1 g/25 L, 0.2 g/25 L, 0.4 g/25 L, 0.6 g/25 L,
0.8 g/25 L, 1 g/25 L. These ODNs solutions were gently
mixed and incubated for 5 min at room temperature. After
incubated for 5 min, the diluted ODNs were mixed with the six
different concentrations of diluted LiP (1:0.5-1:5), and
incubated for 20 min at room temperature to form the ODNsLiP compounds. Fifty microliters of ODNs-LiP compounds was
added to each well (96-well plates) containing cells and media,
gently mixed again by rocking the plate back and forth, the
cells were incubated at 37 ℃ in a CO2 incubator for 48 h. Then,
MTT assay was performed.
Treatment of HepG2 cells with survivin oligonucleotides
One day before transfection, HepG2 cells were plated in 96-,
24-, or 6-well tissue culture plates. Oligonucleotides were
delivered in the form of compound LiP as described above.
After a 24-h transfection, the transfection medium was replaced
by medium without transfection reagents. HepG2 cells were
harvested 24, 48 or 72 h after the start of transfection.
Measurement of cell growth
Growth inhibition in HepG2 cell line was determined by a
colorimetric MTT assay. HepG2 cells were cultured in 96-well
plates with an initial concentration of 1×104 cells/well in DMEM
supplemented with 10% fetal bovine serum. ODNs were
delivered in the form of compound LiP, as described above.
Briefly, after transfection for 48 h at 37 ℃, 20 L of MTT reagent
(Sangon, Shanghai, China) was added and allowed to react for
4 h at 37 ℃. Subsequently, the MTT was discarded, 150 L of
DMSO reagent (Sangon, Shanghai, China) was added and
allowed to react for 15 min at 37 ℃. Substrate cleavage was
monitored at 570 nm by a microplate reader (Tosoh, Yamaguchi,
Japan) and the rate of inhibition was calculated. Experiments
were repeated three times.
RNA extraction
Total cellular RNA was extracted using RNeasy Plant Mini kit
reagent according to the manufacturer’s recommendations
(QIAGEN, Germany). The quantity and quality of RNA were
assessed spectrophotometrically at 260 nm and 280 nm (the
A 260 to A280 ratio of pure RNA was approximately 2).
RT-PCR
RT-PCR amplification product was synthesized with 0.1 g of
total RNA using OneStep RT-PCR kit (QIAGEN, Germany)
according to the manufacturer’s instructions. Primers used for
amplification were human survivin sense primer corresponding
to nucleotides 47-66 (5’-GGCATGGGTGCCCCGACGTT-3’),
and antisense primer complementary to nucleotides 466-485
(5’-AGAGGCCTCAATCCATGGCA-3’). Amplification of
human -actin served as an internal control, -actin sense primer
was corresponding to nucleotides 578-609 (5’-ATCTGGCACC
ACACCTTCTACAATGAGCTGCG-3’), and antisense primer
was complementary to nucleotides 1 415-1 384 (5’- CGTCATA
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Measurement of caspase activation
Caspase-3-like protease activity in cells was analyzed by flow
cytometry (FACS Calibur, Bection Dikinson, USA) using a PEconjugated polyclonal rabbit anti-active caspase-3 antibody
kit (Becton Dickinson, USA). Zero, 24, 48, 72 h after antisense
compound induction respectively, cells were harvested and
washed twice with PBS, fixed in ice-cold 70% ethanol and stored
at 4 ℃. Prior to analysis, cells were again washed with PBS.
Cytometric analyses were performed using a flow cytometer
and Cell Quest software. Approximately 20 000 cells were
calculated for each determination.
Electron microscopic examination
Cells were seeded into 30-mm dishes, treated as described above,
collected on ice with media by gently scraping, and washed
three times in ice-cold PBS. The cell pellets were fixed with a
solution of 2% formaldehyde and 3% glutaraldehyde in 0.1 mol/L
sodium cacodylate buffer (pH 7.4) for 1 h at 48 ℃. The fixed
cells were washed three times in cacodylate buffer (pH 7.2)
containing 0.2 mol/L sucrose, postfixed with 1% osmic acid in
0.3 mol/L cacodylate buffer, dehydrated in a graded series of
acetone, and embedded in epoxy resin. Ultrathin sections were
cut, stained with uranyl acetate and lead citrate, and assessed
by using a TECNA10 electron microscope (Philips, Holand).
Immunofluorescence and confocal laser scanning microscopy
Cells were cultured on microscope slides, then treated or
untreated with antisense compounds (1:4) for 48 h. Cells were

Statistical methods
All statistical analyses were performed by the SPSS11.0 software
package for Windows (SPSS Inc., Chicago, IL). The t test was
used to compare the distribution of individual variables. A twotailed P value less than 0.05 was considered statistically
significant.
RESULTS
Generation and optimization of antisense compound
With the aim of obtaining the highest transfection efficiency and
low non-specific effects, the compounds were generated using
the antisense phosphorothioate oligonucleotides (ODNs) and
highly effective Lipofectamine 2 000 (LiP) by varying ODNs
(g):LiP (L) ratios from 1:0.5 to 1:5. The ODNs designed by
Olie et al[22], which targeted nucleotides (232-251) revealed the
strongest effect. MTT was performed to test the effect of those
compounds in surviving-HepG2 high-expression cells. As
shown in Figure 1, the antisense compounds (1:4, 1:5) were
identified as the most potent compounds. There was no significant
difference in the effect between the compounds (1:4) and (1:5).
Because the antisense compounds (1:0.5-1:3) could not achieve
the best effect, and LiP had slight cytotoxicity, we only used the
antisense compounds (1:4) in the following experiments.

Absorbance

Western blot
Cells were collected on ice and centrifuged at 1 500 rm for 5 min
at 4 ℃. The cells were resuspended and washed with ice-cold
PBS and centrifuged again at 1 500 rm for 5 min at 4 ℃.
Supernatants were discarded and cell pellets were lysed in 2× cell
lysis buffer [2% Triton X-100, 300 mmol/L NaCl, 20 mmol/L
Tris-Cl pH 7.2, 10% glycerol and 4% SDS] and heated to 95 ℃
for 10 min. The lysates were centrifuged at 14 000 rm for 30 min
at 4 ℃ and the protein supernatants were collected and stored
at -20 ℃. The protein concentrations were determined by BCA
assay according to the manufacturer’s instructions (Pierce Co).
Equal quantities of proteins (20 g/well) were separated on
7.5-12% sodium dodecyl sulfate polyacrylamide gel
electrophoretic gels for the detection of survivin. Following
electrophoretic transfer of protein onto nitrocellulose membranes,
immunoblots were sequentially incubated in 5% skimmed milk
blocking solution at room temperature for 2 h. The membranes
were incubated in a solution containing antihuman survivin
antibody (1:800; Oncogene, USA) overnight at 4 ℃. After
washed three times with 1% PBS-Tween solution at room
temperature for 1 h, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies
(1:2 000; Oncogene, USA) at room temperature for 2 h. Finally,
after the membranes were washed for 1 h, protein bands were
detected by using the ECL system according to the manufacturer’s
instructions (Amersham Life Sciences). -actin was used as a
protein loading control.

washed three times with PBS for 15 min and fixed in ice-cold
paraformaldehyde for 30 min. Cells were fixed in ice-cold CAM
(chloroform:acetone:methanol = 1:1:2) at -20 ℃ for 30 min,
and washed three times with PBS for 15 min. Cells were incubated
overnight at 4 ℃ with polyclonal anti-survivin (1:400 diluted;
rabbit polyclonal IgG; Oncogene, USA), washed three times
with PBS for 30 min, incubated for 2 h at room temperature with
fluorescein (FITC)-conjugated anti-rabbit-IgG (1:1 000;
Oncogene, USA). After a further washing step, cell membranes
were stained for 2 min with a 5×10-3% (w/v) solution of Alexalabelled concanavalin A (MoBiTec, Gottingen, Germany) in BPS.
Finally, the cells were embedded in a gel containing 22.73% (w/w)
glycerine, 9.1% (w/w) Mowiol4-88 (present from Ningbo
Institute of Microcirculation and Henbane), 22.73% (w/w)
double-distilled water, 45.45% (w/w) 0.2 mol/L Tris buffer,
pH 8.5, and 2.5% (w/w) DABCO (present from Ningbo Institute
of Microcirculation and Henbane) as an antifading agent. After
12 h, confocal microscopy was performed with a microscope
(TCS-SP2, Leica, Germany) equipped with an argon/krypton
laser. Two-channer image recording at 488 nm and 633 nm laser
excitation was used. Optical filters were chosen for the FITC
and TRLTC range. All optical sections were recorded with the
same laser and detector settings using software (Leica Confocal,
Germany). Further image processing was performed with
software (Leica Confocal, Germany) on a computer system.
Confocal stacks of green and red fluorescence were visualized
in section view mode.

(% of untreated control)

CTCCTGCTTCCTGATCCACATCTGC-3’). Optimization
conditions were as follows: reverse transcription for 30 min at
50 ℃, initial PCR activation step for 15 min at 95 ℃. Three-step
cycling was denaturation for 1 min at 94 ℃, annealing for 1 min
at 62 ℃,extension for 1 min at 72 ℃, and a final extension for 10
min at 72 ℃ using the Eppendorf PCR System (Eppendorf,
Germany). PCR products were analysed on a 2% agarose gel by
electrophoresis and the bands were visualized by ethidium
bromide staining.
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Figure 1 Generation and optimization of antisense compound.
Each value represents the mean±SD of three independent
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Down-regulatory effects of antisense oligonucleotides on
survivin expression levels
To further characterize the potency of antisense compounds
(1:4) and their dose dependent effect on survivin expression
levels (mRNA and protein) in HepG2 cells, the cells highly
expressing survivin were transfected with different concentrations
of antisense compounds (100-600 nmol/L), whereas the cells
transfected with sense compound (600 nmol/L), LiP (600 nmol/L)
and untreated cells were used as controls. Forty-eight hours
after the start of transfection, the cells were examined by RTPCR and Western blot. As shown in Figure 2, antisense
compounds (1:4) down-regulated the survivin expression level
in a dose-dependent manner with an IC50 of about 250 nmol/L.
At a concentration of 500 nmol/L, a maximum down-regulation
to 20% of the initial mRNA level was achieved. A further increase
in oligonucleotide concentration did not result in increased
antisense efficacy. The sense compound (600 nmol/L), LiP
(600 nmol/L) and antisense compound controls without LiP
(600 nmol/L) did not down-regulate the survivin expression
level.
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Anti-active caspase-3 antibodies for measuring apoptosis by
flow cytometric analysis
Having demonstrated that down-regulation of survivin
expression reduced the viability of HepG2 cells, we analyzed
whether cell death was due to the induction of apoptosis. As
shown in Figure 4, HepG2 cells were treated with antisense
compounds 24, 48, 72 h after the start of transfection. Then, the
cells were analyzed by flow cytometry using PE-conjugated
polyclonal rabbit anti-active caspase-3 antibody. Antisense
compound-treated cells revealed increased caspase-3-like
protease activity compared with untreated cells. Cells treated
for 24 h had detectable active caspase-3 corresponding to a
measurable value 23, whereas about 16% of the cells were induced
to undergo apoptosis. Cells treated for 48 h had detectable
active caspase-3 corresponding to a measurable value 33
corresponding to a 60% apoptosis ratio, while cells treated for
72 h had a measurable value 42 corresponding to a 70% apoptotic
ratio. Untreated cells as control were primarily negative for the
presence of active-caspase-3, a measurable value 16 corresponding
to 5% apoptotic cells.

Inhibition of cell growth by antisense compound (1:4)
To analyze the biological effect associated with the downregulation of survivin expression, the growth of HepG2 cells
treated with antisense compounds was investigated by MTT
assay. As shown in Figure 3 A, 48 h after the start of transfection,
antisense compounds reduced the growth of HepG2 cells doseA
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dependently, with an IC50 of 300 nmol/L. The unspecific growthinhibitory effect of the sense compound (600 nmol/L) control
was comparatively low, LiP (600 nmol/L) control had no growthinhibitory effect. Antisense compounds induced death in HepG2
cells, as revealed by detachment from the culture surface
(Figure 3: B, C, D, E).
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Figure 2 Survivin expression level (mRNA and protein) in HepG2 cells treated with antisense compound (1:4). A: Sensitivity of
survivin mRNA in RT-PCR assay; B: Level of survivin mRNA expression in HePG2; C and D: Western blot analysis of survivin
protein expression in HePG2 cells.
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Figure 3 Effect of antisense compound (1:4) on the growth and viability of HepG2 cells. A: Cells incubated with an increasing
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Figure 5 Morphological evaluation of HepG2 cells(original magnification, ×4 000). A: Normal structure in the nuclei and
cytoplasm of untreated cell; B: Morphological changes of apoptosis in treated cells.
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Figure 6 Laser scanning confocal microscopy of localization of survivin protein in HepG2 cells. A: Expression and localization
of endogenous survivin proteins with immunofluorescence analysis of untreated cells by using the polyclonal anti-survivin
antibody and FITC-labeled anti-rabbit-IgG as secondary antibody; B: Rare and weakly stained cells treated with antisense
compound inside the cytoplasm and morphological changes corresponding to apoptosis.

Morphological changes of apoptosis induced by antisense
compound
In order to confirm the cell apoptosis induced by treatment
with antisense compounds, the morphological signs of
apoptosis were evaluated by transmission electron microscopy.
As shown in Figure 5, untreated HepG2 cells showed normal
morphology in the nuclei and cytoplasm (Figure 5A). Treatment
of HepG2 cells with antisense compounds resulted in changes
such as blebbing and loss of microvilli, vacuolation in cytoplasm,
condensation of cytoplasm and nuclei, and fragmented
chromatin, providing further evidence for the induction of
apoptosis as a consequence of survivin antisense treatment
(Figure 5B).
Localization of survivin protein in HepG2 cells
We carried out double immunofluorescence staining using
FITC-labelled antibody against survivin and Alexa-labelled
concanavalin A, with which cells of the membranes were

counterstained. The stained cells were investigated by confocal
laser scanning microscopy. As shown in Figures 6 A,B in cells
untreated with antisense compounds, green-immunofluorescence
staining of survivin clearly showed that survivin was expressed
mainly in the form of a spotted distribution inside the cytoplasm,
which was named as survivin pool (Figure 6A). In cells treated
with antisense compounds, however, there was rare and weak
green fluorescence inside the cells, of which the membranes were
counterstained with Alexa -labeled concanavalin A (Figure 6B).

DISCUSSION
Survivin, a member of the inhibitors of apoptosis protein family,
deserves growing attention as “an ideal target” for cancer
therapy[23,24] due to its differential expression in tumors vs normal
tissues, distribution of subcellular localization, and the evidence
for a dual role in both cell apoptosis and proliferation. It is
expressed during embryonal development, lacks expression in
terminally differentiated adult tissues, and becomes reexpressed
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in transformed cell lines and a variety of human tumors, with
highest levels in liver cancer[4,20]. The expression of survivin in
tumors is correlated with a shorter survival of patients with
liver cancer, non-small cell lung cancer, colorectal cancer. Despite
survivin represents an attractive target for therapy[25,26], the
promise of survivin antisense ODNs to facilitate apoptosis of
HepG2 cells, localization of survivin, and how the localization
of survivin proteins is affected by transfection of antisense
oligonucleotides in HepG2 cells remain to be determined. In the
present study, we generated and optimized sequence-specific
antisense compounds to down-regulate survivin expression
(mRNA and protein) in HepG2 cell lines to demonstrate its ability
to induce apoptosis, and how to localize survivin protein
affected by antisense compounds.
Antisense approaches are efficient tools for the inhibition
of gene expression in a sequence specific way[27]. Most antisense
approaches rely on empirical targeting of oligonucleotides against
the translation initiation site of mRNA, where the ATG start
codon lies. The rationale for choosing this site is that it likely
presents in single-stranded conformation, thus being accessible
to antisense oligonucleotides. In a study by Olie et al[22], survivin
antisense oligonucleotides, which target nucleotides 232-251,
were identified, and most efficiently down-regulated the survivin
mRNA level and directly induced apoptosis. In our study, we
successfully transfected HepG2 cells with the above antisense
oligonucleotides incorporating a vector of LiP, and generated
and optimized the compounds by varying ODNs:LiP ratios
from 1:0.5 to 1:5. Moreover, we identified that the compounds
(1:4) were the most potent. As measured by RT-PCR and
Western blot, the antisense compounds (1:4) also most
efficiently down-regulated the survivin expression level in
HepG2 cells, achieving its maximum effect at a concentration of
500 nmol/L, at which the expression level of survivin was downregulated by 80%. By transfection of these compounds, we
were also able to witness increased caspase-3-like protease
activity by flow cytometric analysis, and morphological changes
of apoptosis induced by antisense compounds such as
vacuolation in cytoplasm, condensation of cytoplasm and nuclei
and fragmented chromatin, with a parallel inhibition seen in cell
proliferative activity by MTT assay.
A previous study reported that survivin could prevent
apoptosis by targeting the terminal effectors caspase-3 and
caspase-7, which act downstream in two major apoptotic
pathways [3]. Survivin is believed to be expressed in the G2/M
phase of the cell cycle in a cell cycle-regulated manner and is
associated with microtubule formation of the mitotic spindle[10].
Antisense compounds (1:4) induce a strong growth-inhibitory
effect and apoptosis in HepG2 cells in the absence of any further
cytotoxic stimulus. These data suggest that targeting survivin
with transfection of antisense ablates expression of endogenous
survivin. However, loss of survivin expression is sufficient to
trigger caspase-dependent apoptosis in HepG2 cells. Moreover,
it has been suggested that the survivin antisense approach
may be able to facilitate apoptosis through the two major
apoptotic pathways. This observation is in agreement with the
findings of others describing the necessity of interaction between
survivin and microtubules of the mitotic spindle apparatus to
prevent a default induction of apoptosis at the G2/M phase of
cell cycle[10].
One of the most significant features of survivin is expressed in
the G2/M phase of cell cycle in a cell-regulated manner. At the
beginning of mitosis, survivin is associated with microtubules
of the mitotic spindle in a specific and saturable reaction that is
regulated by microtubule dynamics[10]. Recent studies have
suggested an alternative distribution of survivin localized to
kinetochores, centrosomes (microtubule-organizing centers),
spindle microtubules, central spindle midzone and midbodies.
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Approximately 80% of the total cellular survivin content in
mitotic cells is bound to centrosomes and microtubules of the
metaphase and anaphase spindles. Survivin’s localizations in
the mitotic spindle apparatus might be essential for anti-apoptotic
function[28].
In the present study, double immunofluorescence analysis
has confirmed the presence of survivin protein pool in cytoplasm.
In untreated HepG2 cells, labeled-FITC-immunofluorescence
staining of survivin clearly showed that survivin was expressed
mainly in the form of a spotted distribution inside the cytoplasm.
Whereas, in treated cells, survivin was rare and weak in
immunoreactivity. As demonstrated by Western blot, in cells
treated with antisense compounds, survivin expression level
was in a dose-dependent manner. It is suggested that the survivin
antisense approach may be able to affect the localization of
survivin. Recent experiments demonstrate that survivin exists
in an immunochemically distinct pool of survivin [10]. A more
recent study suggests that overexpression of survivinDsRed
fusion proteins is diffusely distributed in cytoplasm with distinct
spots[29]. We also found that survivin was expressed in cytoplasm
in the form of pools or spots, suggesting that survivin plays an
important role in linking cell death and proliferation. In the
context, antisense disruption of survivin-microtubule interactions
can result in two effects during mitosis: increased caspase-3
activity-a mechanism involved in cell death and loss of antiapoptosis function of survivin.
In summary, down-regulation of survivin expression by
antisense compounds facilitates apoptosis, and localization of
survivin proteins is affected by antisense compounds in HepG2
cells. Survivin protein is a key molecule connecting cell
proliferation with apoptosis. Antisense targeting survivin has
a bright prospect in liver cancer therapy.
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Abstract
AIM: The purpose of this study was to compare the diagnostic
accuracy of biphasic multi-detector row helical computed
tomography (MDCT), digital subtraction angiography (DSA)
and Lipiodol computed tomography (CT) in detection of
hypervascular hepatocellular carcinoma (HCC).
METHODS: Twenty-eight patients with nodular HCC
underwent biphasic MDCT examination: hepatic arterial phase
(HAP) 25 s and portal venous phase (PVP) 70 s after injection
of the contrast medium (1.5 mL/kg). They also underwent
hepatic angiography and intra-arterial infusion of iodized
oil. Lipiodol CT was performed 3-4 wk after infusion. MDCT
images were compared with DSA and Lipiodol CT images
for detection of hepatic nodules.
RESULTS: The three imaging techniques had the same
sensitivity in detecting nodules >20 mm in diameter. There
was no significant difference in the sensitivity among
HAP-MDCT, Lipiodol CT and DSA for nodules of 10-20 mm
in diameter. For the nodules <10 mm in diameter, HAP-MDCT
identified 47, Lipiodol CT detected 27 (2 = 11.3, P = 0.005
<0.01, HAP-MDCT vs Lipiodol CT) and DSA detected 16
(2 = 9.09, P = 0.005<0.01 vs Lipiodol CT and 2 = 29.03,
P = 0.005<0.01vs HAP-MDCT). However, six nodules <10 mm
in diameter were detected only by Lipiodol CT.
CONCLUSION: MDCT and Lipiodol CT are two complementary
modalities. At present, MDCT does not obviate the need
for DSA and subsequent Lipiodol CT as a preoperative
examination for HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world, causing an estimated one million deaths
annually. In China, HCC has ranked second in cancer mortality
since 1 990s[1]. It has a poor prognosis due to its rapid infiltrating
growth and complicating liver cirrhosis. Surgical resection, liver
transplantation and cryosurgery are considered the best curative
options, achieving a high rate of complete response, especially
in patients with small HCC and good residual liver function.
Moreover, nonsurgical, regional interventional therapies have
led to a major breakthrough in the management of unresectable
HCC, which include transarterial chemoembolization (TACE),
percutaneous ethanol injection (PEI), radiofrequency ablation
(RFA), microwave coagulation therapy (MCT), laser-induced
thermotherapy (LITT) and other biotherapies.
Liver resection remains a good treatment for HCC in patients
with cirrhosis. Satisfactory results have been obtained in patients
with small, non-invasive tumors[2]. However, only a small number of
patients are suitable for curative resection due to many factors such
as multicentric tumors, intrahepatic metastases, early vascular
invasion, coexisting advanced liver cirrhosis and comorbidities[3].
Liver transplantation seems to be the choice for monofocal HCC
less than 5 cm in diameter and in selected cases of plurifocal HCC[4].
Therefore, accurate evaluation of intrahepatic metastases, or daughter
nodules, is important to determine appropriate treatment for the
disease. Because the prognosis after surgical treatment depends on
the initial staging, performance of the most accurate preoperative
evaluation is crucial. The main difficulty for diagnosis and staging
of HCC resides in the detection of small nodular lesions (including
intrahepatic metastases and multicentric tumors). Underestimation
of these lesions may lead to inappropriate surgical resection.
Therefore, accurate preoperative imaging evaluation of HCC
nodules is essential for selecting appropriate patients for surgical
intervention and for determining the extent of hepatoectomy.
It has been recognized that the majority of HCCs are
hypervascular. During the hepatic arterial phase (HAP),
hypervascular lesions are greatly enhanced, and become iso- or
hypodense in the portal venous phase (PVP), which is a sensitive
and specific feature for diagnosing HCC. A biphasic hepatic
acquisition helical CT scanning technique has become a standard
method for clinical diagnosis of HCC[5-10]. Meanwhile, hepatic
angiography is widely used as an imaging technique for HCC.
Moreover, Lipiodol CT, which involves CT after intrahepatic
arterial injection of iodized oil, has been reported to be the most
sensitive preoperative imaging modality for HCC, especially in
detecting intrahepatic metastastic nodules[11-13].
Recently, a new generation of multi-detector row helical CT
(MDCT) has been used in clinical practice. It is a technologic
advance that allows the simultaneous acquisition of multiple
images during a single rotation of the X-ray tube. The scanning
time can be shortened to 0.5 s. If the 16-detector array CT
scanner is used, the entire hepatic acquisition can be accomplished
in a very short period of time (4-8 s). Reformations provide a
unique perspective to view the liver, and may improve diagnostic
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capacity[14]. However, consensus has not been reached as to
whether biphasic MDCT obviates the need for other invasive
imaging modalities such as digital subtraction angiography
(DSA) and Lipiodol CT.
The purpose of this study was to compare the diagnostic
accuracy of biphasic MDCT, DSA and Lipiodol CT in detection
of hypervascular HCC.

MATERIALS AND METHODS
Patients
From January 2003 to February 2004, 28 patients (24 men, 4
women, mean age 49 years) with nodular HCC were enrolled in
this study. The diagnosis was based on the results of percutaneous
needle biopsy (n = 12) and operation (n = 2) or test of the serum
alpha-fetoprotein levels in combination with imaging appearance
and follow-up images (n = 14) according to the diagnostic
criteria for HCC formulated by Chinese National Association of
Anticancer Committee (1999).
MDCT
MDCT scans of liver were performed with Sensation16 CT
scanner (Siemens Medical System, Germany) using the following
parameters: 0.5 s scanning time, 5-m-thick section, 24 mm/s
table speed, 120 KVP and 140 mA .
Before examination, 800-1 000 mL water was taken as an oral
contrast. The patients underwent unenhanced and biphasic
helical CT scanning as follows. First, patients were imaged
with a helical MDCT scanner in a cranial-caudal direction
beginning at top of the liver. Then, nonionic contrast medium
(Ultravist 300, Schering Pharmaceutical Lt., Guangzhou, China)
was administered at a dose of 1.5 mL/kg and an injection rate of
3 mL/s via the antecubital vein. Biphase acquisition was
performed with a scanning delay set for HAP and PVP at 25 s and
70 s, respectively. Each of the whole liver scanning by cephaladcaudal orientation was completed in 4-8 s with breath held.
DSA and Lipiodol CT
The DSA procedure was obtained with a digital angiographic
system (AXIOM Artis FA, Siemens Medical System, Germany).
Under local anesthesia, the focal segmental or sub-segmental
artery was detected carefully by celiac arteriography, and
variants were excluded by superior mesenteric arteriography
and phrenic arteriography. When the tip of the catheter arrived
at the appropriate focal artery, 30-40 mL of the contrast medium
(Ultravist 300, Schering Pharmaceutical Lt., Guangzhou, China)
was injected at about 6-8 mL/s. After angiography was
performed, 8-15 mL iodized oil (Huaihai Pharmaceutical Factory,
Shanghai, China) was dripped through the 5-Fr catheter under
fluoroscopic monitoring. CT examination of the liver was
performed within 3 to 4 wk after intra-arterial injection of iodized
oil to evaluate areas of Lipiodol retention.
Imaging analysis
The images for each radiological method were interpreted in
conference by at least two attending radiologists who were
unaware of the results of previously performed imaging studies.
The HAP and PVP of MDCT images were evaluated in separate
sessions, thus keeping the readers unaware of the results of
the other phase. Images of each phase were compared at the
same hepatic window settings throughout the liver. Images
were evaluated to determine lesion size, number, and detectability.
Because detectability represents a subjective determination of
the ease of visualization of a nodule, detectability depends on
the attenuation of the tumor and the liver and the presence of a
tumor capsule. Biphasic MDCT scans were compared with DSA
and Lipiodol CT scans.
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Statistical analysis
To compare the various techniques, Chi-square test was
performed, and P values less than 0.05 were considered
statistically significant.
RESULTS
The results are summarized in Table 1 and Figure 1. A total of 98
nodules were detected in 28 patients by at least one modality.
Two patients had one nodule, four had two nodules, 10 had
three nodules, and 12 had four or more nodules. The mean
number of HCC nodules per patient was 3.5.
Table 1 Nodule detectability according to size by each imaging technique
MDCT
Tumor Size (mm)

Lipiodol CT DSA
HAP

PVP

<10 mm

47

11

27

16

10-20 mm

19

14

13

11

>20 mm

26

24

26

26

Total

92

49

66

53

MDCT: multi-detector row helical computed tomography;
HAP: hepatic arterial phase; PVP: portal venous phase; DSA:
digital subtraction angiography.
LIPIODOL

HAP
C

11

32

49

C
PVP

Figure 1 Diagram of nodule detectability by each imaging
technique.

Lipiodol CT detected one or more hepatic nodules in 26 of
28 patients for a total 66 nodules. In the remaining 2 patients
with negative Lipiodol CT, HAP-MDCT detected 2 nodules.
MDCT identified 92 hepatic nodules, HAP-MDCT detected all
while PVP-MDCT detected only 49 of these nodules (Table 1).
None of the 53 nodules detected by DSA was missed using
either Lipiodol CT or HAP-MDCT. When data obtained with
Lipiodol CT were compared with those of MDCT, 60 nodules
were detected by both techniques, 6 were detected only by
Lipiodol CT, and 32 were detected only by HAP-MDCT (Figure 1).
The three imaging techniques used in this study (MDCT,
DSA, Lipiodol CT) had the same sensitivity in detecting nodules
>20 mm in diameter since the 26 nodules >20 mm in diameter
were detected by DSA as well as HAP-MDCT and Lipiodol CT.
MDCT and Lipiodol CT were also comparable in detection of
nodules with diameters of 10-20 mm in diameter. In fact, 19 of
these nodules were seen by HAP-MDCT (14 by PVP-MDCT),
and 13 by Lipiodol CT. For nodules < 10 mm in diameter, HAPMDCT identified 47 nodules, Lipiodol CT showed 27 including
the six nodules not detected by MDCT (HAP-MDCT vs
Lipiodol CT: 2 = 11.3, P = 0.005<0.01), DSA showed 16 (2= 9.09,
P = 0.005<0.01, vs Lipiodol CT and 2 = 29.03, P = 0.005<0.01,vs
HAP-MDCT) and PVP showed 11 ( Figures 2, 3).
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Figure 2 A hepatocellular carcinoma nodule identified by Lipiodol CT but not by biphasic MDCT in a 53-year-old man. A: MDCT
scan during the arterial phase shows a 3-cm hypervascular tumor in S5 (arrowhead); B: DSA confirms the MDCT findings
(arrowhead); C: Lipiodol CT identifies another tumor in S6 (arrowhead) in addition to S5.

A

B

C

Figure 3 Hepatocellular carcinoma nodules identified by MDCT, but not by Lipiodol CT in a 46-year-old man. A: Four nodules
measuring 1-cm in diameter (arrowhead) were depicted as hyperattenuating lesions during the arterial phase by MDCT; B: These
lesions were not detected by DSA; C: Only one lesion was deposited by Lipiodol CT (arrowhead).

DISCUSSION
In preoperative evaluation of hepatic tumors, the imaging
studies used must be highly sensitive and specific for the
detection of malignant neoplasms to enable the selection of
appropriate surgical candidates and avoid unnecessary surgery.
Several authors have evaluated the accuracy of Lipiodol CT
imaging in detecting HCC nodules. They used histologic
assessment of liver biopsy specimens, liver parenchyma taken
by partial liver resection, or explanted liver at the time of liver
transplantation as references and have reported a wide variety
of sensitivities (40% to >90%)[12,15-21]. Still, the question of
whether Lipiodol CT provides information beyond that obtained
with other noninvasive modalities, as preoperative evaluation
in the era of MDCT, remains to be addressed. In recent years, a
few studies[14,22-25] have evaluated the role of multiphasic
scanning by MDCT in detecting small hypervascular HCC.
They have drawn a conclusion that the utility of faster speed
and thinner slice (6 mm) MDCT can improve the detectability
of hypervascular small HCC, and additional early arterial phase
imaging does not improve the detection of HCC compared with
biphasic CT images. With these in mind, we reviewed the
experience with DSA, Lipiodol CT and biphasic MDCT
performed at our institution.
It has been known that the imaging techniques for detection
and staging of HCC take advantages of two basic events: 1)
the disappearance of portal vessels, which are substituted with
arterial vessels; and 2) a progressive disappearance of the
reticuloendothelial system (RES)[26]. The latter has been exploited
by Lipiodol CT: the iodized oil that reaches the hepatic
parenchyma via the hepatic artery is eliminated within 3-4 wk
by Kuppfer cells, but not by neoplastic nodules, which can be
easily detected by performing a second CT scan 3-4 wk later.
Unfortunately, this technique gives both false positive and false
negative results. False positive results are due to the persistence
of Lipiodol in non-neoplastic areas of the liver due to an altered

RES, within angiomas, or at the site of a previous liver biopsy[27].
False negative results are due to the presence of neoplastic foci
not reached by Lipiodol and/or tracer eliminated from the foci. In
the current investigation, false negative results were more frequent
in the case of small neoplastic nodules (<2 cm)[15,17]. The
phenomenon may attribute to a greater degree of differentiation of
these small HCC nodules, with persistence of some
reticuloendothelial cells, less developed arterial vascularization,
or both.
MDCT focuses on the other main characteristic of HCC,
which is the development of new arterial vascularization,
probably an earlier phenomenon than the disappearance of
RES. The results of this study clearly indicate that MDCT has
a remarkably greater sensitivity than DSA and Lipiodol CT in
detecting small neoplastic nodules (<20 mm). The advantage
of MDCT scan is mainly due to the possibility of imaging the
liver in the arterial phase, as demonstrated by the comparison
between HAP and PVP.
In this study, all 28 patients had at least one overt HCC. We
defined the largest lesions as the main lesions, while called the
other lesions as small nodular lesions (including intrahepatic
metastases and multicentric tumors). It is not possible to
discriminate completely between daughters (i.e., intrahepatic
metastatic) and multicentric tumors based solely on imaging or
pathologic findings. However, it is generally accepted that a
tumor becomes less differentiated (i.e., well to moderately or
poorly) as its size increases, whereas daughter nodules are
small but their grade of differentiation is moderate to poor[12].
In light of these considerations, the present results strongly
suggest that MDCT is superior to Lipiodol CT in delineating
early HCC nodules, but the latter method is superior for
detecting intrahepatic metastatic lesions.
This study has limitations. Firstly, histologic confirmation
of each nodule was not obtained, not allowing a precise CThistopathologic correlation of each nodule, although we
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performed biopsy on the main lesion in some patients. Specificity
was not confirmed, but a combination of the clinical course,
laboratory values, and imaging appearance is believed to be
sufficient for a presumptive diagnosis of hypervascular HCC
nodules. On the other hand, ultrasound or CT-guided needle
biopsy is less sensitive than imaging in the detection of this kind
of malignancy (75% of needle biopsy vs 97% of imaging), as
needle sampling involves only a small part of the lesion, and this
may not include the area of neoplastic degeneration. Secondly,
some lesions might be missed by all three imaging techniques
used in this study since there is a possibility that the three
techniques do not have 100% sensitivity for the detection of
nodular HCC. Consequently, we could not obtain the true
sensitivity, specificity, and accuracy of the three techniques.
However, Torzilli et al reported that the respective accuracy,
sensitivity, specificity, and positive and negative predictive
values were 99.6%, 100%, 98.9%, 99.3%, and 100% for diagnosis
of HCC using a combination of ultrasonography, spiral CT,
angiography, magnetic resonance imaging (MRI), and Lipiodol
CT. Thirdly, hypovascular HCC cases were excluded because of
the difficult verification of these tumors by the methods we
used. Although this type of HCC is not common, the overall
detectability of nodular HCC cannot be estimated.
Further studies based on accurate follow-up of patients
with HCC or a pathologic correlation with livers studied at
surgery or autopsy are needed to clarify the nature of hepatic
nodules detected with the three techniques.
From the present study, we conclude that biphasic MDCT
and Lipiodol CT appear to be complementary, although the
overall ability of biphasic MDCT scan to detect hypervascular
HCC nodules is superior to that of Lipiodol CT. At present,
MDCT does not obviate the need for DSA and subsequent
Lipiodol CT as a preoperative examination for HCC. In addition,
intra-arterial infusion of iodized oil can be also used for therapy.
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Abstract
AIM: To evaluate the effects of NS-398, a cyclooxygenase2 (COX-2) inhibitor, on the proliferation and apoptosis of
HepG2 cells.
METHODS: The effects of NS-398 on the proliferation of
HepG2 cells were evaluated by MTT. DNA fragmentation gel
analysis was used to analyze the apoptotic cells. DNA ploidy
and apoptotic cell percentage were calculated by flow cytometry.
The expression of COX-2 and Bcl-2 mRNA was identified
by competitive RT-PCR. Furthermore, expression level of
Bcl-2 was detected using Western blot in HepG2 after
treated with NS-398.
RESULTS: NS-398 inhibited cell proliferation and induced
apoptosis of HepG2 cells in a concentration-dependent
manner. DNA ploidy analysis showed that S phase cells were
significantly decreased with increase of NS-398 concentration.
The quiescent G0/G1 phase was accumulated with decrease
of Bcl-2 mRNA. Whereas NS-398 had no effect on the
expression of COX-2 mRNA, and no correlations were found
between COX-2 mRNA and HepG2 cell proliferation and
apoptosis induced by NS-398 (r = 0.056 and r = 0.119,
respectively). Bcl-2 protein level was inhibited after treated
with NS-398.
CONCLUSION: NS-398 significantly inhibits the proliferation
and induces apoptosis of HepG2 cells. Mechanisms involved
may be accumulation of quiescent G0/G1 phase and decrease
of Bcl-2 expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Two forms of cyclooxygenase, Cox-1 and Cox-2, which can
convert arachidonic acid to prostaglandins, have been identified.

Cox-1 is constitutively expressed and synthesizes cytoprotective
prostaglandins mainly in the gastrointestinal tract while Cox-2
is highly inducible by the oncogenes ras and scr and other
cytokines at the sites of inflammation and cancer[1]. Preview
studies have shown that most cancer cells are found to exhibit
over-expression of Cox-2, which can stimulate cellular division
and angiogenesis and inhibit apoptosis[2].
In hepatocellular carcinoma (HCC), the expression pattern
of Cox-2 protein is well correlated with the differentiation grade,
suggesting that abnormal Cox-2 expression plays an important
role in hepatocarcinogenesis while inhibition of Cox-2 can induce
growth suppression of hepatoma cell lines via induction of
apoptosis[3].
Nonsteriodal anti-inflammatory drugs (NSAIDs) have been
shown to exert anti-proliferative and pro-apoptotic effects on a
variety of cell lines by inhibiting the expression of Cox[4].
Epidemiological studies also show a lower risk of cancers of the
colon, breast, esophagus, and stomach following ingestion of
NSAIDs[5]. On the other hand, classic NSAIDs inhibit both Cox-2,
and Cox-1, resulting in the common side-effect of gastric mucosal
damage. To reduce the gastrointestinal side-effects of NSAIDs,
selective Cox-2 inhibitors have been developed[6], and the effect
of these selective inhibitors on the proliferation and apoptosis of
liver cancer cells has been the subject of investigation in recent
years[7-9]. However, the underlying mechanism how Cox-2 inhibitor
executes anti-proliferation and proapoptotic effect on liver cancer
cells is still unclear. To address this issue, we investigated the
mechanism of Cox-2 specific inhibitor, NS-398 on the proliferation
and apoptosis of HepG2 cells.

MATERIALS AND METHODS
Materials
HepG2 human hepatocellular carcinoma cells (ATCC CCL2) were
maintained in DMEM supplemented with 10% FBS, 100 units/mL
penicillin and 100 µg/mL streptomycin.
TRIzol reagent, RNase A and MuLV transcriptase were
purchased from Invitrogen (Gibco, BRL). NS-398 and all other
reagents were purchased from Sigma. The Bcl-2 antibody was
purchased from Santa Cruz (USA).
Methods
MTT test MTT test was used to monitor cell proliferation and
apoptosis according to Hansen’s protocol[10]. Briefly, HepG2
cells were first cultured in 96-well microplates (1×104 cells/well)
in 100 µL of complete DMEM for 12 h. Cells were then treated
with indicated concentrations of NS-398 in FBS-free MEM for
72 h. At the end of incubation, 25 µL of MTT (5 mg/mL) was
added to each well and incubation was allowed to continue for
further 4 h. Finally, 100 µL of DMSO was added to each well.
The plate was read using a microplate reader (BIO-RAD, USA)
at a wavelength of 590 nm.
Flow cytometry assay DNA content assay was carried out to
detect cell cycle change of HepG2 cells under NS-398. HepG2
cells were seeded in a 6-well plate and treated with NS-398 for
72 h. The cells were trypsinized and fixed with 70% (vol/vol,
-20 ℃) ethanol in PBS. After centrifugation, the pellet was
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resuspended with staining solution (0.1% Triton X-100, 0.2 mg/mL
RNase A and propidium iodide in PBS). The samples were
analysed in a flow cytometer (Couter, USA) after incubated for
30 min at room temperature in dark.
DNA ladder Cell apoptosis induced by NS-398 was analyzed
by agarose gel-electrophoresis. Briefly, cells (1×106) were lysed
with 0.5 mL lysis buffer and suspended, followed by the addition
of RNase A to a final concentration of 200 µg/mL, and incubated
for 1 h at 37 ℃. Cells were then treated with 300 µg/mL of proteinase
K for 1 h at 37 ℃. After addition of 4 µL loading buffer, 20 µL
samples in each lane was subjected to electrophoresis on an 1.5%
agarose at 50 V for 3 h. DNA was stained with ethidium bromide
and laddering was visualized under UV light.
Reverse transcription polymerase chain reaction To study
cytokine gene expression patterns, we used competitive template
reverse transcription-polymerase chain reaction (RT-PCR). Total
RNA was extracted from HepG2 cells using TRIzol reagent
according to the manufacturer’s recommendations. For cDNA
synthesis, 4 µg total RNA was reverse transcribed with MuLV
reverase transcriptase. Sequences of the primers used for RTPCR analysis are described in Table 1. Thirty-two cycles of
amplifications were performed under the following conditions:
at 95 ℃ for 2 min, at 94 ℃ for 45 s, at 56 ℃ for 45 s, at 72 ℃ for
45 s. The final extension step was performed by one cycle at 72 ℃
for 10 min. twenty-five reaction system was used, including
2 µL cDNA template, 1 µL sense primer, 1 µL anti-sense primer,
2 µL 25 mmol MgCl2, 1 µL dNTP and 1.5 u Taq DNA polymerase.
Reaction products were run by electrophoresis on an 1.5%
agarose gel for 30-40 min at 100 V in 0.5×TBE buffer, and
visualized with ethidium bromide staining under UV light.
Relative expression level of BCL-2 and COX-2 was defined as
optical density ratio (Target gene/GAPDH) analyzed by Kodak
digital science scanning system.

buffer for 1h and incubated with appropriate dilution ratio of first
antibody overnight at 4 ℃. The membranes were incubated with
secondary antibody for 1 h at room temperature and detected with
ECL reagent (Santa Cruz, USA).

Statistical analysis
All data were expressed as mean±SD and analyzed by one-way
of variance (ANOVA) using SPSS software (version 11.0 for
Windows). Pearson correlation analysis was used between
parameters. P<0.05 was considered statistically significant.
RESULTS
Inhibition of HepG2 cell proliferation by NS-398
To determine the effect of the selective Cox-2 inhibitor NS-398
on HepG2 cell apoptosis, we measured the cell viability with
the MTT assay for 72 h at different concentrations. As shown
in Figure 1, the cell proliferation was inhibited significantly in a
dose-dependent manner at the final concentrations of 50 µmol/L,
100 µmol/L and 200 µmol/L (P<0.05 vs control).
1.2

Cell viability

1.0

Primer

Sequence

Sense
Anti-sense
Bcl-2
Sense
Anti-sense
GAPDH Sense
Anti-sense

Antibodies and Western blot Total proteins were extracted using
Western blot lysis buffer containing 5 mmol/L EDTA, 150 mmol/L
NaCl, 50 mmol/L TrisHCl, 1% TritonX-100 and 0.1% SDS. The
protease inhibitor cocktail prepared from protease inhibitor cocktail
tablets (Roche) was added and used for no more than 2 wk. Protein
extracts (20 µg) were run on 10% SDS-PAGE gels and transfered to
PVDF membrane (Amersham Biosciences, USA). Following this,
the membrane was blocked with 5% non-fat dry milk in TBS-T

a

Percentage

60
40
20
0

a

0.4

0
50
100
200
Concentration of NS-398 (mol/L)
a
P<0.05 vs control (mean±SD, n = 3)

G0/G1 arrest and apoptosis of HepG2 cells induced by NS-398
To assess the effect of NS-398 on inducing HepG2 cell apoptosis,
we used DNA content test by flow cytometry. HepG2 cells
were treated with NS-398 at indicated concentrations and
harvested after 72 h. Then the cells were stained with propidium
iodide (PI) and analyzed by flow cytometry. Figure 2A shows
that NS-398, at concentrations of 100 µmol/L and 200 µmol/L,
significantly increased the number of cells in G0/G1 by 67.5%
and 73.1% respectively in comparison to control cells in which
61.2% of cells were in G0/G1. A reciprocal reduction in the
number of cells in S phase was also observed. We detected the
further effect of NS-398 on induction of HepG2 cell apoptosis. The
nucleosome-sized DNA fragments, typical signs of programmed
cell death, are shown in Figure 2B. The results showed that
HepG2 liver cancer cell apoptosis was induced in a dosedependent manner after treated with NS-398.

5’-TGAAACCCACTCCAAACACACAG-3’ 232 bp
5’- TCATCAGGCACAGGAGGAAG-3’
5’-GACTTCGCCGAGATGTCCAG-3’
225 bp
5’-CAGGTGCCGGTTCAGGTACT-3’
5’-ATGGCACCGTCAAGGCTGAG-3’
379 bp
5’-GCAGTGATGGCATGGACTGT-3’

a

a

Figure 1 Inhibition of HepG2 cell proliferation by NS-398.
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Table 1 Sequences of primers for amplifed cDNA of Cox-2,
Bcl-2 and GAPDH
Gene

205

G0/G1
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a

0
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Concentration of NS-398 (mol/L)
a
P<0.05 vs control (mean±SD, n = 3)
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Figure 2 G0/G1 arrest and apoptosis of HepG2 cells induced by NS-398. A: G0/G1 arrest in HepG2 cells after treated with NS-398
for 72 h; B: Typical signs of programmed cell death after treated with NS-398.
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Figure 3 Inhibition of Bcl-2 mRNA (A) and Bcl-2 protein expression by NS-398 (B).

Inhibition of Bcl-2 expression
Cox-2 and Bcl-2 mRNA expressions by NS-398 were confirmed
by semi-quantitive RT-PCR analysis. The cDNA was prepared
from HepG2 cells after treated with NS-398 at different
concentrations for 72 h. Bcl-2 mRNA levels were decreased in a
dose-dependent manner after treated with NS-398 while no
significant change was found in Cox-2 mRNA (Figure 3A). Equal
loading was confirmed by the housekeeping gene GAPDH.
Specific antibodies were used to detect Bcl-2 protein by
Western blot. As shown in Figure 3B, the Bcl-2 protein levels
decreased after treated with NS-398 in a dose-dependent manner.
DISCUSSION
Recently, accumulated evidence suggests that many cancers are
associated with abnormal expression of Cox-2[11-13]. Several reports
have shown that over-expression of Cox-2 is found in a variety of
carcinomas including liver cancer[3,14], colon cancer[15,16], breast
cancer[17,18], pancreatic cancer[19], lung cancer[20] and uterine
carcinoma[21], etc. Cox-2 can be induced by a variety of proteins,
including cytokines, growth factors, and tumor promoters[22]. It is
thought that over-expression of Cox-2 can increase cell survival
by inhibition of apoptosis and stimulation of angiogenesis, and
enhancement of cellular adhesion to matrix proteins[23]. Although
NSAIDs have been used in clinical cancer prevention and can
induce tumor cells to undergo apoptosis[24], long-term use is limited
in clinic because of its no-specific and high frequency of
side-effects[25]. Therefore, selective Cox-2 inhibitors have become
a focus of attention as potential chemopreventive and
chemotherapeutic agents.
NS-398, one of the selective Cox-2 inhibitors, has been shown
to inhibit proliferation and induce apoptosis in carcinomas
including colon[26], breast, lung[27] and liver cancers[28]. But the
detail mechanism is unclear. In this study, we used the HepG2
cell line to explore the mechanism of liver cancer apoptosis
after treatment with NS-398.
Our data show that selective Cox-2 inhibitor NS-398 can
inhibit proliferation and induce apoptosis of HepG2 liver cancer
cells in a dose-dependent manner. We also found that the dose
to induce apoptosis was much higher than that to inhibit
expression of Cox-2, indicating that COX-2-independent actions
of NS398 may exist[29]. Although most previous studies have
shown that induction of apoptosis by NS398 is associated
with Cox-2 expression, Cox-2 independent effects of NS398 may
exist[30]. Several other studies, however, have shown that there
is no correlation between COX-2 expression and apoptosis

induced by NSAIDs, including NS398[31]. We compared the Cox2 expression between the cells treated and untreated with NS398. The results showed that expression Cox-2 was not
associated with apoptosis HepG2 cells.
The Bcl-2 gene has been implicated as a major player in
apoptosis pathway[32]. Aspirin-induced apoptosis is associated
with the down-regulation of Bcl-2 expression in HEC cells[33].
We also compared the level of anti-apoptotic gene Bcl-2 after
treated with NS-398 and found that NS-398 could down-regulate
the expression of Bcl-2, suggesting that down-regulation of
Bcl-2 may be required for HepG2 cell apoptosis induced by
NS-398, thus increasing mitochondrial permeability and cytochrome
C release, which will initiate the progress of apoptosis[34].
In conclusion, selective Cox-2 inhibitor, NS-398, can suppress
the growth of HepG2 cells by reducing proliferation and
induction of apoptosis. Cox-2-specific inhibitor offers a potential
candidate as an effective chemotherapeutic and chemopreventive
strategy against human cancer.
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Abstract
AIM: To predict the HLA-A2-restricted CTL epitopes of tumor
antigens associated with hepatocellular carcinoma (HCC).
METHODS: MAGE-1, MAGE-3, MAGE-8, P53 and AFP were
selected as objective antigens in this study for the close
association with HCC. The HLA-A*0201 restricted CTL
epitopes of objective tumor antigens were predicted by
SYFPEITHI prediction method combined with the polynomial
quantitative motifs method. The threshold of polynomial
scores was set to -24.
RESULTS: The SYFPEITHI prediction values of all possible
nonamers of a given protein sequence were added together
and the ten high-scoring peptides of each protein were
chosen for further analysis in primary prediction. Thirtyfive candidates of CTL epitopes (nonamers) derived from
the primary prediction results were selected by analyzing
with the polynomial method and compared with reported
CTL epitopes.
CONCLUSION: The combination of SYFPEITHI prediction
method and polynomial method can improve the prediction
efficiency and accuracy. These nonamers may be useful in
the design of therapeutic peptide vaccine for HCC and as
immunotherapeutic strategies against HCC after identified
by immunology experiment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatocellular carcinoma; HLA-A*0201; Cytotoxic
T Lymphocyte; Epitope
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INTRODUCTION
Cancer immunotherapy has become one of the most important
therapeutic procedures in the past two decades. Induction of
potent anti-tumor cytotoxicity T lymphocytes (CTL) responses
can result in regression and prevention of metastasis, as
demonstrated in experimental model systems. Thus, efforts
towards the development of cancer immunotherapy have
recently focused on the generation of tumor-specific T cell

responses. Over the last few years, several human genes that
code for tumor antigens recognized by autologous CTL have
been isolated[1-3] and the epitopes derived from these tumor
antigens have been further identified to serve as targets for
CTL in the context of HLA class I molecules[4].
Hepatocellular carcinoma (HCC) is one of the commonest
malignant diseases in China and some other parts of Asia.
Although encouraging advances have been made in the past
few decades, there are still many difficulties in treating advancedstage patients and in preventing recurrence and metastasis[5].
Immunotherapy is considered promising despite the fact that it
is still a supplementary method in clinical practice[6,7]. The
frequency of HLA-A2 allele in HCC patients is 53.5% in Chinese
population[8]. It is very valuable to identify the tumor antigen
epitopes which are presented by HLA-A2 and able to induce
epitope-specific CTL against HCC cells.
In this study, we report a simple and efficient prediction
method to identify candidate HLA-A2 restricted CTL epitopes
from the tumor antigen that is closely associated with HCC.

MATERIALS AND METHODS
Materials
MAGE-1 (309aa), MAGE-3(314aa),MAGE-8 (234aa), P53 (393aa)
and AFP (609aa) were selected as objective antigens in this study
for the close association with HCC. The amino acid sequences
of these tumor antigens were quoted from EMBL database.
Methods
SYFPEITHI prediction Database retrieval can be performed
on any HTML-browser supporting JavaScript. The main page
of the database (http://www.uni-tuebingen.de/uni/kxi/) offers
three sections: “Find Your Motif”, “Epitope prediction” and
“Information”. After a preselection of one or multiple MHCtypes, the “Epitope prediction” section allows the user to predict
candidate epitope from protein sequence of a tumor antigen.
The sequences of the protein or its gene, the restriction element
are available.
The frequent of HLA-A2 types in HCC patients is 53.5% in
the Chinese population and HLA-A*0201 is the major subtype
of HLA-A2 allele, the HLA-A*0201 type was chosen from the
frame of “Select MHC type”. In this study, the nonamers (9aa)
were chosen from the frame of “Choose a nonamer” due to the
typical length of a class I ligand comprised 9 amino acids
(nonamers). Following the amino acid sequences of each tumor
antigen were inputted, the epitope prediction program was
processed immediately. The values of all possible nonamers of
a given sequence were added together and the ten high-scoring
peptides of each antigen were selected as optimal T-cell epitope
for further study.
Polynomial method analysis
The basic premise of this method is independent binding of
individual side-chains (IBS). When residue R occurs at position
i in the peptide, it is assumed to contribute a constant amount
Ri to the free energy of binding of the peptide irrespective of
the sequence of the rest of the peptide. Parameters Ri are estimated

Dong HL et al. Prediction of HLA-A2-restricted CTL epitope specific to HCC

209

Table 1 Coefficients for the polynomial method
Position
Res
1

2

3

4

5

6

7

8

9

A

-2.38

-3.22

-2.8

-2.66

-2.89

-2.7

-2.35

-3.07

-2.49

C

-2.94

-15.0

-2.58

-1.96

-3.29

-2.22

-2.97

-2.37

-15.0

D

-3.69

-15.0

-3.46

-2.71

-2.26

-2.63

-3.61

-3.03

-15.0

E

-3.64

-15.0

-3.51

-2.65

-3.39

-3.41

-3.21

-2.63

-15.0

F

-1.89

-15.0

-2.35

-2.5

-1.34

-2.43

-2.18

-1.71

-15.0

G

-2.32

-15.0

-3.04

-2.63

-2.56

-2.3

-3.13

-2.96

-15.0

H

-2.67

-15.0

-2.58

-2.58

-2.05

-3.32

-3.13

-2.16

-15.0

I

-1.65

-2.55

-2.8

-3.44

-2.74

-2.79

-2.2

-2.69

-2.1

K

-2.51

-15.0

-3.65

-2.93

-3.34

-3.77

-2.97

-3.27

-15.0

L

-2.32

-1.7

-2.09

-2.49

-2.71

-2.63

-2.62

-2.01

-2.74

M

-0.39

-1.39

-1.79

-3.01

-3.43

-1.38

-1.33

-0.97

-2.96

N

-3.12

-15.0

-3.31

-2.22

-2.36

-2.3

-3.14

-3.31

-15.0

P

-3.61

-15.0

-2.97

-2.64

-2.42

-2.31

-1.83

-2.42

-15.0

Q

-2.76

-15.0

-2.81

-2.63

-3.06

-2.84

-2.12

-3.05

-15.0

R

-1.92

-15.0

-3.41

-2.61

-3.05

-3.76

-3.43

-3.02

-15.0

S

-2.39

-15.0

-2.04

-2.12

-2.83

-3.04

-2.73

-2.02

-15.0

T

-2.89

-3.58

-2.6

-2.48

-2.17

-2.58

-2.67

-3.14

-3.7

V

-2.44

-2.64

-2.68

-3.29

-2.49

-2.25

-2.68

-2.8

-1.7

W

-0.14

-15.0

-1.01

-2.94

-1.77

-2.77

-2.85

-2.13

-15.0

Y

-1.46

-15.0

-1.67

-2.7

-1.92

-2.39

-1.35

-3.37

-15.0

Coefficients of the polynomial method. For each of the 20 amino acid residues, the amount they contribute to the polynomial
score is shown (for all nine positions in which they may occur).

from a training set of 161 peptides by a method analogous to
that used by epidemiologists to calculate risk factors for
developing a disease. All peptides in the training set contain
the canonical motif for HLA-A2.1, so that they all contain the
“correct” residue at the anchor positions (2 and 9). For i other
than 2 and 9 (for the non-anchor positions), the average negative
log10 of IC50 of all the peptides carrying R at position i is calculated
and used as the estimate of Ri. This is a slightly modified version
of the method reported by Ruppert et al[9]. The values of the Ri
terms of HLA-A2 specificity are shown in Table 1.
To calculate the polynomial method score of peptides in this
study, the Ri values corresponding to the sequence of the
given peptide were added together. If this sum exceeded a
chosen threshold, the peptide was predicted to bind. The
threshold was chosen as the number that gave a relatively
clean separation between binders and non-binders in the
training set. In the present study the threshold was -24.

Polynomial method analysis
The primary predicted epitopes were compared with epitopes
that were demonstrated in previous research. Six reported HLAA2 restricted CTL epitopes (MAGE-1278-286KVLEYVIKV[10],
MAGE-3112-120KVAELVHFL[11], MAGE-3271-279 FLWGPRALV[12],
P53187-197GLAPPQHLIRV[13], P53322-330 PLDGEYFTL[14], AFP158-166
FMNKFIYEI[15]) were eliminated from the SYFPEITHI prediction
results. The polynomial scores of predicted epitopes are shown
in Table 2. The epitopes which polynomial scores less than -24
(MAGE-1101-109, 301-309, 15-23, MAGE-820-28, P53129-137, 193-201, 256-264, 113121, AFP410-418) were eliminated from the prediction results. At
last, thirty-five epitopes were selected from the predicted results
for further study.

Prediction result analysis
The previously reported CTL epitope of the antigens investigated
in this study were obtained from the “Find Your Motif” section
of SYFPEITHI database. These epitopes were screened out
from the primary predicted epitopes.

MAGE-1 (MAG1) 194
38
278
101
301
187
93
105
15
89
MAGE-3 (MAG3) 108
201
200
271
220

FLIIVLVMI
LVLGTLEEV
KVLEYVIKV
VITKKVADL
ALREEEEGV
QIMPKTGFL
ILESLFRAV
KVADLVGFL
ALEAQQEAL
STSCILESL
ALSRKVAEL
LLIIVLAII
GLLIIVLAI
FLWGPRALV
KIWEELSVL

27
26
26
25
25
24
23
23
22
22
31
28
27
27
26

-17.07
-20.77
-21.23
-24.23
-24.81
-23.24
-22.32
-23.12
-25.17
-23.31
-22.04
-22.52
-22.33
-19.47
-23.01

112
237

KVAELVHFL
SILGDPKKL

25
25

-23.14
-22.73

RESULTS
SYFPEITHI prediction
The SYFPEITHI prediction values of all possible nonamers of a
given protein sequence were added together and the ten highscoring peptides of each protein were selected for further
analysis. Scores for all predicted epitopes specifically for HLAA*0201 are given in Table 2. The predicted epitopes were
accorded with the simple motif (SM) of HLA-A2.1 (the presence
of L, M or I at position 2 and L, V or I at position 9). The
SYFPEITHI predicted scores of these epitopes were usually
higher than 20.

Table 2 HLA-A2 restricted epitope prediction results
Antigens

AApos

Sequence

SYFPEITHI Polynomial
score
score

210

ISSN 1007-9327

CN 14-1219/ R

176

YIFATCLGL

238

ILGDPKKLL

23

-23.01

174

HLYIFATCL

22

-21.30

MAGE-8 (MAG8) 111

ALDEKVAEL

33

-23.5

45

LIMGTLEEV

29

-21.63

204

LLIIVLGMI

26

-21.58

115

KVAELVRFL

24

-23.44

179

YILVTCLGL

24

-22.10

P53 (P53)

AFP (FETA)

23
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-21.73

71

SLTVTDSTL

23

-23.39

203

GLLIIVLGM

23

-23.08

205

LIIVLGMIL

23

-22.73

20

GEAPGLMDV

21

-34.01

25

LMDVQIPTA

21

-23.75

24

KLLPENNVL

26

-23.31

187

GLAPPQHLI

25

-21.96

264

LLGRNSFEV

24

-21.58

129

ALNKMFCQL

23

-24.94

132

KMFCQLAKT

22

-23.22

193

HLIRVEGNL

22

-24.86

65

RMPEAAPPV

21

-20.47

322

PLDGEYFTL

21

-25.24

256

TLEDSSGNL

20

-25.86

113

FLHSGTAKS

19

-34.05

90

QLPAFLEEL

27

-22.64

257

KLVLDVAHV

27

-20.10

158

FMNKFIYEI

26

-20.37

172

FLYAPTILL

25

-19.87

410

ALAKRSCGL

25

-24.57

218

LLNQHACAV

24

-22.45

242

KLSQKFTKV

24

-22.29

571

VIADFSGLL

23

-22.76

599
8

LISKTRAAL

23

-23.93

FLIFLLNFT

22

-22.78

A: the epitopes were reported; A: the prediction epitopes
whose polynomial scores were less than -24.

DISCUSSION
The induction of antigen-specific cytotoxic T lymphocytes
(CTL) has been suggested to be efficacious in the prevention
and treatment of various types of tumor. Determination of
peptides that elicit a T-cell response in vivo is important for
identifying autoimmune and CTL epitopes and for peptide
vaccine design. About 120 CTL epitopes presented by HLAA, B, C molecules have been reported in recent study[4] and
some epitopes have been used as peptide vaccine in animal
and clinical experiments[16,17].
While sufficient conditions for a peptide to be a T-cell epitope
are not well known, one well established necessary condition
is that they bind to MHC molecules. Hence considerable effort
has been made to measure the binding affinities of peptides to
MHC molecules. A reliable theoretical method that rapidly
predict whether a peptide bind is of great practical utility.
The methods of epitope prediction were constructed by
immunologists in recent decades. These predictions are based
on comparisons of precursor peptide sequences known to
contain T cell epitopes. It is the discovery of allele-specific
motifs shared by eluted natural MHC ligands that finally allow
the exact prediction of peptides from a given protein sequence
presented on MHC class I molecules. Currently, several
algorithms are publicly available for predicting the HLA-binding
affinities of peptides, such as the SYFPEITHI database (http://
uni-tuebingen.de/uni/kxi/)[18]. SYFPEITHI uses motif matrices
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deduced from refined motifs based on the pool sequence and
single peptide analysis exclusively of natural ligands. Potential
binders for various MHC class I molecules are ranked according
in the presence of primary and secondary anchor amino acids
as well as favored and disfavored amino acids.
However, motifs are the simplest independent binding site
models: they specify positions with required residues and certain
other positions with prohibited residues. One way to include
more detail than motifs in an independent binding model is
the polynomial method. Polynomial method is based on
statistical parameter estimation assuming independent binding
of the side-chains of residues[9]. Its sensitivity and positive
predictive value are better than the simple motif (such as syfpeithi
database) [19]. This and other [20-22] independent binding site
methods that assign a score to a peptide have been called
quantitative motifs[23]. Threshold is an integral part of the
polynomial method. In the above analysis the threshold was
set to -24. In this study, 35 candidate epitopes were selected
for further immunology experiments by the SYFPEITHI
prediction combined with polynomial methods.
Hepatocellular carcinoma (HCC) is one of the most common
neoplasms worldwide. It is the major cause of death in China
and some regions of Asia. The pathogenic mechanisms
responsible for HCC are not well defined, and therapeutic means,
especially in unresectable HCCs, are still unsatisfactory. In
Chinese HCC patients, the proportion of HLA-A2 is higher
than other alleles[8]. Therefore, identification of HLA-A2
restricted CTL epitopes of tumor antigen closely associated with
HCC is very valuable for HCC immunotherapy in China. In this
study, the antigens of MAGE gene family(MAGE-1, MAGE-3
and MAGE-8), P53 mutation gene and AFP were selected as
objective proteins because these antigens have been demonstrated
to be closely associated with HCC[24-26,15]. The candidate HLAA2 restricted CTL epitopes of these antigens were predicted
using the syfpeithi prediction combined with polynomial
methods.
The epitope prediction has been carried in tumor antigen
specificity for CTL epitope identification in most studies
recently. Schirle et al[14] reported that two new CTL epitopes of
gastrointestinal tumor were identified by epitope prediction
combined with acid eluted methods. Epitope prediction also
has been combined with epitope reconstruction and
immunology assay by Pascolo et al[10] and a new CTL epitope
of MAGE-1 was identified.
If immunological activity of the candidate epitopes has been
identified by further immunology assay, most of the patients with
HCC could be potentially candidates for specific immunotherapy
against these epitopes, including vaccination using APC pulsed
with HLA-A2-restricted CTL epitopes or the adoptive transfer
of specific CTL generated from PBMC by stimulation with the
epitopes. The results of this study will benefit to most patients
with HCC in the future.
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Abstract
AIM: To investigate the adhesive mechanical properties of
different cell cycle human hepatoma cells (SMMC-7721)
to human umbilical vein endothelial cells (ECV-304),
expression of adhesive molecule integrin1 in SMMC-7721
cells and its contribution to this adhesive course.
METHODS: Adhesive force of SMMC-7721 cells to endothelial
cells was measured using micropipette aspiration technique.
Synchronous G 1 and S phase SMMC-7721 cells were
achieved by thymine-2-deoxyriboside and colchicines
sequential blockage method and double thymine-2deoxyriboside blockage method, respectively. Synchronous
rates of SMMC-7721 cells and expression of integrin 1 in
SMMC-7721 cells were detected by flow cytometer.
RESULTS: The percentage of cell cycle phases of general
SMMC-7721 cells was 11.01% in G2/M phases, 53.51% in
G0/G1 phase, and 35.48% in S phase. The synchronous rates
of G1 and S phase SMMC-7721 cells amounted to 74.09%
and 98.29%, respectively. The adhesive force of SMMC-7721
cells to endothelial cells changed with the variations of
adhesive time and presented behavior characteristics of
adhesion and de-adhesion. S phase SMMC-7721 cells had higher
adhesive forces than G1 phase cells [(307.65±92.10)×10-10N
vs (195.42±60.72)×10 -10 N, P <0.01]. The expressive
fluorescent intensity of integrin1 in G1 phase SMMC-7721
cells was depressed more significantly than the values of
S phase and general SMMC-7721cells. The contribution of
adhesive integrin1 was about 53% in this adhesive course.
CONCLUSION: SMMC-7721 cells can be synchronized
preferably in G1 and S phases with thymine-2-deoxyriboside
and colchicines. The adhesive molecule integrin1 expresses
a high level in SMMC-7721 cells and shows differences in
various cell cycles, suggesting integrin 1 plays an important
role in adhesion to endothelial cells. The change of adhesive
forces in different cell cycle SMMC-7721 cells indicates
that S phase cells play predominant roles possibly while
they interact with endothelial cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Tumor is a malignant disease caused by disorganized cell cycle
and the uncontrollable growth of cells, which is very harmful to
human’s health. Invasion and metastasis are the representations
of malignancy and also the direct causes of terminal deterioration
and death of tumor patients[1,2]. The metastasis of tumor cells
through blood circulation is a complicated continuous process
with many steps, of which the adhesion of tumor cells to extra
cellular matrix (ECM) and endothelial cells is one of the definitive
steps in tumor metastasis, and the expression of adhesive
molecules is the important factor in determining the adhesion
of cells. Integrin1 is the main mediating adhesive molecule in
locking phase of the adhesion between tumor cells and vascular
endothelial cells[3].
Primary hepatocellular carcinoma is one of the ten important
frequent cancers in the world, but its biomechanical mechanism
in the course of invasion and metastasis has not been elucidated
completely up to now, the adhesive mechanical properties of
different cell cycle hepatoma cells to endothelial cells and the
expressions and roles of correlative adhesive molecules in the
adhesive course have not been fully understood. In this paper,
we put emphasis on studying the adhesive mechanical properties
of different cell cycle hepatoma cells to endothelial cells using
micropipette aspiration technique from the view of cell cycle.
Furthermore, the expression and contribution of adhesive
molecule integrin 1 were investigated quantitatively. The
experimental results may provide the quantitative biomechanical
basis in understanding the metastasis mechanism of hepatoma cells.
MATERIALS AND METHODS
Cells and cell culture
Human hepatoma SMMC-7721 cells, purchased from the Second
Military Medical University in Shanghai, were cultivated in
RPMI-1640 medium (Gibco product) supplemented with 10%
calf serum in a standard incubator at 37 ℃.
Human umbilical vein endothelial ECV-304 cells, purchased
from Shanghai Institute of Cell Biology, Chinese Academy of
Sciences, were cultivated in M199 medium (Gibco product)
supplemented with 15% fetal bovine serum (FBS, Hyclone
product). ECV-304 cells were identified as endothelial cells by
the presence of factor VIII-related antigen and typical
endothelial morphology. Experiments were performed by using
ECV-304 cells from passages 3-5.
Synchronization of SMMC-7721 cells
G1 phase SMMC-7721 cells were achieved by thymine-2-
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deoxyriboside (Sigma-Aldrich product) and colchicine (Serva
product) sequential blockage method. S phase SMMC-7721
cells were achieved by double thymine-2-deoxyriboside blockage
method[4,5]. The synchronized SMMC-7721 cells were washed
twice in 0.01 mol/L pH7.4 phosphate buffered solution (PBS),
and fixed with 75% cooled ethanol, dyed for 30 min by propidium
iodide (PI), then the synchronizing rate was measured by flow
cytometer (BD FACS Caliber, BD Bioscience, USA).

Flow cytometer to detect the expression of integrin 1 in
SMMC-7721 cells
About 1.5 mL cell suspension (1×106 cells/mL) was put into a
2.0-mL test tube and centrifuged at 1 500 rpm for 5 min. The
cells were washed twice in 0.01 mol/L pH7.4 PBS, the supernatant
was swilled out and about 200 L solution was left, the solution
was mixed gently and put into two 1.5-mL test tubes averagely.
Then, 2.5 L monoclonal mouse anti-human IgG1k/FITC (Ancell
product, USA) was added into one test tube (as control) and
2.5 L monoclonal mouse anti-human integrin 1/FITC (Ancell
product, USA) was added into the other tube, they were let to
react at 4 ℃ for 30 min. The cells were washed three times as
before and the expression of integrin 1 was detected by a flow
cytometer (BD FACS Caliber, BD Bioscience, USA).
Measurement of adhesive forces of SMMC-7721 cells to ECV-304
cells
Micropipette aspiration technique[6-9] was adopted to measure
the adhesive force of SMMC-7721 cells to ECV-304 cells. Briefly,
monolayer ECV-304 cells were cultivated in a special chamber,
about 0.5 mL SMMC-7721 single cell suspension (1×105 cells/mL)
was added into the chamber, adhesive experiments were started
about 30 min later. The pressure was adjusted to zero (zero-pressure
state) using the pressure controlling and recording system.
SMMC-7721 cells were chosen under a microscope and the tip
of the micropipettes was positioned close to the surface of
SMMC-7721 cells by a micromanipulator, a small portion of the
cells was aspirated into the micropipettes with a step-rise
negative pressure produced by the pressure control system.
Then the micropipettes were pulled using the micromanipulator
flatly and slowly, SMMC-7721 cells were detached gradually
from the surface of adhered ECV-304 cells, and the negative
pressure was adjusted simultaneously until the SMMC-7721
cells were drawn out from the surface of adhered ECV-304 cells.
The whole experimental process was recorded using a video
tape recorder continuously, the experimental data were
measured through the image processing system. All
micropipette manipulations were carried out at room temperature
(about 25 ℃) and completed within 2 h.
A

B
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Calculation of adhesive forces and data processing
The formula for calculating the adhesive force (F) was defined
as[10,11], F =×Rp2×ΔP×cos,where Rp is the inner radius of the
micropipettes (2.5-3.0 m inner radius was used in this
experiment),ΔP is the critical negative pressure, and  is the
angle between the micropipettes and the plane of ECV-304. In
our experiments,  angle was regulated to about 10o, therefore
cos ≈ cos10o = 0.985 ≈ 1 and the formula could be simplified
as F =×R2p×ΔP.
The adhesive force values were described as mean±SD and
Student’s t test was used for statistical analysis.
RESULTS
Synchronization of SMMC-7721 cells
Cell cycle phases were analyzed with a flow cytometer. The
percentage of cell cycle phase of general SMMC-7721 cells
(non-synchronized) was 53.51% in G0/G1 phase, 11.01% in G2/M
phases, 35.48% in S phase, as shown in Figure 1A. On the
other hand, we synchronized SMMC-7721 cells by the methods
of thymine-2-deoxyriboside and colchicines sequential blockage
and double thymine-2-deoxyriboside blockage, the average
synchronizing rates of G1 and S phase cells amounted to 74.09%
and 98.29%, respectively (Figure 1B, 1C). It was suggested that
SMMC-7721 cells could be synchronized preferably in G1 and
S phases using this method.
Time dependency of adhesive forces of SMMC-7721 cells to
ECV-304 cells
Using the micropipette aspiration technique, we investigated
the time dependency of adhesive forces of SMMC-7721 cells
to ECV-304, the results are shown in Table 1.
Table 1 Time dependence of adhesive forces of SMMC-7721
cells to ECV-304 (mean±SD)

Go/G1 phase:53.51% 800

1 500

S phase:35.48%
G2/M phase:11.01%

0-30

39.98±25.77

16

297.32±82.35

20

60-90

336.49±73.51

18

90-120

301.09±62.04

21

n: number of cells measured.

Cell cycle dependency of adhesive forces of SMMC-7721 cells
to ECV-304 cells
The adhesive forces of different cell cycle SMMC-7721 cells to
ECV-304 cells were investigated, and the results are shown in
C
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2 000
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Figure 1 Flow cytometer diagram of general SMMC-7721 cells, G1 phase and S phase SMMC-7721 cells. A: Flow cytometer
diagram of general SMMC-7721 cells; B: Flow cytometer diagram of G1 phase SMMC-7721 cells; C: Flow cytometer diagram of
S phase SMMC-7721 cells.
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Table 2. The adhesive forces of G1 phase SMMC-7721 cells to
ECV-304 cells were much lower than the corresponding value
of S phase (P<0.01) and general SMMC-7721 cells (P<0.01).
However, there was no obvious difference in the adhesive
forces between S phase and general SMMC-7721 cells.
Table 2 Adhesion forces of different cell cycle SMMC-7721
cells to ECV-304 cells (mean±SD)
Treatment

Adhesion forces (F×10 -10N)

n

General SMMC-7721

281.26±70.15

38

G1 phase SMMC-7721

195.42±60.72 b,d

31

S phase SMMC-7721

307.65±92.10

35

b

P<0.01 vs compared with general SMMC-7721 cells; dP<0.01,
compared with S phase SMMC-7721 cells; n: number of cells
measured.

Expression of integrin1 in SMMC-7721 cells
The expressed fluorescent intensity of integrin 1 in different
cell cycle SMMC-7721 cells is shown in Table 3, which indicates
that the average fluorescent intensity of integrin 1 in general,
G1 phase and S phase SMMC-7721 cells was 95.7±1.2, 76.9±1.9,
and 94.1±1.6, respectively. It could also be known from the
table that the expression of integrin 1 in G1 phase was decreased
obviously when compared with the corresponding value of S
phase and general SMMC-7721 cells. These results suggested
that there were cell cycle differences of expressions of integrin 1
in SMMC-7721 cells.
Table 3 Expression of integrin  1 in different cell cycle SMMC7721 cells (mean±SD)
Treatments

Expressed fluorescent
intensity of integrin 1

n

General SMMC-7721

95.7±1.2

3

G1 phase SMMC-7721

76.9±1.9 b,d

3

S phase SMMC-7721

94.1±1.6

3

b

P<0.01 vs compared with general SMMC-7721 cells; dP<0.01,
compared with S phase SMMC-7721 cells; n: number of samples
measured.

Blockage roles of integrin 1 antibody in adhesion of SMMC-7721
cells to ECV-304 cells
To study the contributions of integrin 1 to the adhesion of
hepatoma cells to endothelial cells, we measured the adhesive
forces quantitatively of general SMMC-7721 cells to ECV-304
cells with micropipette aspiration technique, using monoclonal
mouse anti-human IgG1k/FITC (nonspecific antibody) and
monoclonal mouse anti-human integrin 1/FITC (specific antibody)
to block these adhesive courses, respectively. The results are
shown in Figure 2. The adhesive behavior of SMMC-7721 cells
to ECV-304 cells was obviously blocked by monoclonal antibody
of integrin 1, the block rate was 53.01% and the adhesive force
was distinctly lower than that of general SMMC-7721(P<0.01).
However, the block rate of nonspecific antibody was only 1.52%
and the adhesive force had no difference when compared with
control experiment.
DISCUSSION
Adhesion of tumor cells to vascular endothelial cells is one of
the key steps in metastasis. It has been proved that there is
much commonness in the course of interactions between tumor
cells and different vascular endothelial cells despite of organic
metastasis[12]. Now adhesive behaviors of tumor cells to human
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umbilical vein endothelial cells have been used as a “gold model”
for studying interactions of tumor cells and endothelial cells[13],
and this model has been accepted by academic communities[14].
In this paper, we explored the adhesive mechanical properties
of human hepatoma cells and human umbilical vein endothelial
cells from the view of cell cycle and found that the adhesive
forces of SMMC-7721 cells to ECV-304 cells changed with
adhesive time, and increased rapidly within 30-60 min and then
kept steady after 60 min. This suggests that the expression of
adhesive molecules is time-dependent in SMMC-7721 cells and
ECV-304 cells, thas showing behavior characteristics of adhesion
and de-adhesion.
With a series of ordinary biochemical events in space-time,
cells could control their growth, proliferation, differentiation to
ensure the natural process of cell cycle[15]. The abnormity of
cell cycle regulating function is one of the mechanisms that
result in the abnormal proliferation of tumor cells. Therefore it
is very important to understand the proliferation, differentiation
and the biophysical characteristics of cells from the view of cell
cycle, while the cellular synchronization is the important way
to investigate cell modalities, structures, functions and other
characteristics in each cycle phase. The synchronous results
have shown that thymine-2-deoxyriboside and colchicine
sequential blockage and double thymine-2-deoxyriboside
blockage methods could synchronize SMMC-7721 cells
preferably in G1 phase and S phase, respectively. Comparing
the synchronous results, we found that the synchronizing rate
of G1 phase SMMC-7721 cells was lower than that of S phase,
which might be caused by different synchronizing ways.
To some extent, the occurrence, evolution and metastasis
of malignant tumors are related to the abnormal expression or
structural change of integrin [16]. There is a decrease or lack of
the integrin expression in some tumor cells while a distinct
increase in other tumors[17]. This indicates that the relation
between integrin and tumors might be twofold. In the early
period of tumor occurrence, the decrease of expression of
integrin might result in the weakening of adhesion between
tumor cells and basement membranes or extra cellular matrix,
which is proportional to the local growth of tumor cells. After
tumor cells enter blood circulation, increased expression of
integrin would be proportional for tumor cells to adhere to
vascular endothelial cells and its metastasis. Integrin 1 is the
main mediating adhesive molecule in locking phase of
adhesions between tumor cells and vascular endothelial cells.
In this experiment, we found that strong fluorescence of
expressed integrin 1 occurred in SMMC-7721 cells, but the
expression of integrin 1 in G1 phase SMMC-7721 cells was
400

F×10-10N
b

350
300
250

a

200
150
100
50
0

1

2

3

Figure 2 Adhesion forces of general SMMC-7721 cells to
ECV-304 cells blocked by integrin 1 antibody. 1. General
SMMC-7721+ECV-304 (n = 38), 2. General SMMC-7721+specific
antibody+ECV-304 (n = 29), 3.General SMMC-7721+nonspecific
antibody+ECV-304 (n = 36). bP<0.01, compared with 1 and 3;
a
P>0.05, compared with 1; n: number of measured cells.
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decreased obviously when compared with the corresponding
values of S phase and general SMMC-7721 cells, there were cell
cycle differences in expression of integrin 1 in SMMC-7721 cells.
In our study, we found that the adhesive force was obviously
decreased after the blockage using the specific monoclonal
antibody of mouse integrin 1 (P<0.01), the block rate was 53%.
Meanwhile blocked by nonspecific monoclonal antibody under
the same condition, the adhesive force was almost equal to
that of the control experiment and the block rate was only 2%.
These results indicate that the expression of integrin 1 plays
very important roles in the adhesion of SMMC-7721 cells to
ECV-304 cells, and the contribution of this adhesive molecule
is about 50% in these adhesive processes.
We also discovered that the adhesive force of G1 phase
SMMC-7721 cells was distinctly lower than the corresponding
value of S phase cells (P<0.01), but there was no obvious difference
when S phase was compared with general SMMC-7721 cells.
This result suggests that S phase SMMC-7721 cells probably
play a very important role in the adhesive course between
SMMC-7721 cells and ECV-304 cells. Compared to the results
we achieved in the investigation of the adhesive force of
different cell cycle SMMC-7721 cells to surfaces coated with
collagen IV[18], we conclude that G1 phase SMMC-7721 cells
might be very important in promoting the interaction with basement
membranes in the course of metastasis through blood circulation.
However, S phase SMMC-7721 cells might play predominant
roles in the adhesion of SMMC-7721 cells to ECV-304 cells.
Invasion and metastasis of hepatoma cells are a complicated
process, the adhesive behaviors of hepatoma cells are mediated
by the cooperation of many adhesive molecules. The functions,
contributions and rules of other adhesive molecules in these
adhesive courses should be further studied.
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Abstract
AIM: To investigate the effects of thalidomide on
angiogenesis, tumor growth and metastasis of hepatocellular
carcinoma in nude mice.
METHODS: Twenty-four nude mice were randomly divided
into therapy group and control group, 12 mice in each
group. Thalidomide dissolved in 0.5% sodium carboxyl
methyl cellulose (CMC) suspension was administered
intraperitoneally once a day at the dose of 200 mg/kg in
therapy group, and an equivalent volume of 0.5% CMC in
control group. Mice were sacrificed on the 30 th d, tumor
size and weight and metastases in liver and lungs were
measured. CD34 and VEGF mRNA in tumor tissue were
detected by immunohistochemistry and semi-quantitative
RT-PCR respectively and microvessel density (MVD) was
counted. Serum concentrations of TNF- and ALT and AFP
were also tested.
RESULTS: MVD and VEGF mRNA in therapy group were less
than those in control group (31.08±16.23 vessels/HP vs
80.00±26.27 vessels/HP, 0.0538±0.0165 vs 0.7373±0.1297,
respectively, P<0.05). No statistical difference was observed
in tumor size and weight and metastases in liver and lungs.
TNF- was significantly lower in therapy group than in control
group (28.64±4.64 ng/L vs 42.69±6.99 ng/L, P<0.05). No
statistical difference in ALT and AFP was observed between
groups.
CONCLUSION: Thalidomide can significantly inhibit
angiogenesis and metastasis of hepatocellular carcinoma.
It also has inhibitory effects on circulating TNF-.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Malignant tumor’s growth, invasion and metastasis depend on

the process of angiogenesis[1,2], obliteration of the feeding
vessels to a tumor could cause its shrinkage or death[3]. As a
result, antiangiogenic therapy has become a hotspot in the
field of tumor treatment. Hepatocellular carcinoma (HCC) is the
fourth most common cause of cancer death, and accounts for
53% of all liver cancer deaths in China[4]. Poor prognosis of
hepatocellular carcinomas is mainly due to its high recurrence
and metastasis. HCC also a kind of typical hypervascular
malignant tumor, for which antiangiogenic therapy is particularly
promising.
It has been found in a recent research that thalidomide,
having been removed from medical markets for its severe side
effects of teratogenesis, has antiangiogenic effects[5]. Thalidomide
first entered medical care markets as a non-barbital sedative
with remarkable anti-emetic effects on nausea of first-trimester
morning sickness in pregnant women. Unprecedented epidemic
of babies’ birth defects in late 1950s and early 1960s was due to
its serious potential side effects of teratogenicity, and then the
drug has been prohibited and removed from markets since 1963.
But research on this agent has never stopped and in 1994
D’A mato et al[5] firstly reported it could remarkably reduce
neovascularization in rabbit corneas after stimulation by basic
fibroblast growth factor (bFGF), and following studies[6-8]
confirmed its antiangiogenic effects. As a result, thalidomide has
been employed in the studies of solid tumor as an antiangiogenic
agent in recent years. Some preclinical and clinical trials for the
treatment of several types of solid tumor using thalidomide have
been reported[9-11]. However, the effectiveness and mechanism
of this antiangiogenic agent for the treatment of hepatocellular
carcinoma have not been fully investigated. In the current study
we established nude mice models bearing xenografts of human
hepatocellular carcinoma with a high metastatic potential, by
which we examined the effect of thalidomide on angiogenesis
and tumor growth and metastasis of human hepatocellular
carcinoma. Its influence on tumor necrosis factor (TNF-)
and liver function was also investigated.

MATERIALS AND METHODS
Animals
Male athymic BALB/c nu/nu mice, 4-6 wk old, were obtained
from Shanghai Institute of Materia Medica, Chinese Academy
of Sciences and maintained under specific pathogen-free (SPF)
conditions. The study protocol on mice was approved by
Shanghai Medical Experimental Animal Care Commission.
Metastatic model of human HCC in nude mice
Human hepatocellular carcinoma cell line HCCLM3 was
established by Liver Cancer Institute of Fudan University[12],
in which a metastatic model of human hepatocellular carcinoma
in nude mice was constructed via orthotopic implantation of
histologically intact metastatic tumor tissue. Briefly, HCCLM3
derived 5×106 (0.2 mL) cells were injected subcutaneously into
the nude mice. When the subcutaneous tumor reached about
1.5 cm in diameter, mice were sacrificed and small pieces of
tumor tissue (approximately 1 mm3) were implanted into the
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liver of new recipient mice, which were kept in standard facilities.
This animal model represents 100% spreading in liver and
metastasis to lungs. Besides, alpha-fetoprotein (AFP) was
excreted and hepatitis B virus was integrated into host cellular
genome as previously reported[12].

Grouping and drug administration
Twenty-four nude mice were randomly divided into therapy
group and control group, 12 mice in each group. Thalidomide
was dissolved in 0.5% sodium carboxyl methyl cellulose (CMC)
as an even suspension due to its poor solubility in water.
Thalidomide (200 mg/kg·d) was intraperitoneally administered
once a day in the therapy group and an equivalent volume of
0.5% CMC suspension simply in the control group. The injection
started from the second day of inoculation and continued in
the following consecutive 30 d. Body weight of mice was recorded
once a week.
Parameters observed
On the 30th d all mice were sacrificed and 1 mL of blood sample
was collected. After separated, tumors were weighed and the
longest (a) and the smallest (b) diameters were measured by
slide gauge under operating microscope. Tumor volume was
calculated with the following formulation: V = a·b2/2. Liver
tissues were carefully anatomized and visible metastases were
counted. Paraffin blocks of 10% buffered formalin-fixed samples
of lungs were prepared. Each lung sample was consecutively
cut into 10 slices. Serial sections were cut at 5-m and stained
with hematoxylin and eosin to determine the presence of lung
metastases. After blood samples were coagulated, centrifugation
at 2 000×g for 10 min was performed and serum was obtained
for the test of AFP and alanine aminotransferase (ALT) and
TNF- by radioimmunoassay and immunosorbent assay
respectively. Part of each tumor tissue was embedded in paraffin
block for advanced immunohistochemistry analysis of CD34 and
the rest was stored at -70 ℃ for following RT-PCR study.
Immunohistochemical assessment of vascular density
Paraffin-embedded tumor tissues were sectioned (4 m) and
the slides were deparaffinized as usual and washed with tris
buffered saline (TBS), and then incubated with 10% normal
goat serum (Zhongshan Bio. CA). Sections were then incubated
with appropriately diluted (1:10) rat-anti-mouse CD34
monoclonal antibody (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) for 24 h at 4 ℃. Primary antibody was removed and
washed with TBS, goat-anti-rat IgG peroxidase (Zhongshan
Bio. CA) was then added. Finally the slices were stained as
usual with haematoxylin and washed with distilled water.
Quantification of blood vessels was carried out as previously
described[13]. Any brown-stained endothelial cell cluster distinct
from adjacent microvessels, tumor cells, or other stromal cells
was considered as a single countable microvessel. The most
vascularized areas of tumors were identified in a low-power
field (×100), and vessels were counted in five high-power fields
(×200). The data were presented as mean±SD of five high-power
fields.
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Semi-quantitative reverse transcription-PCR
Total RNA was extracted with Trizol reagent (Promega, USA)
following the manufacturer’s instructions and quantitated by
absorbance analysis at 260 nm. For the reverse transcription
polymerase chain reaction, RNA PCR kit (AMV) (TakaRa Bio,
JP) was used. Total volume of reverse transcription reaction
was 10 L. Reaction temperature was 30 ℃ for 10 min, 42 ℃ for
20 min and 45 ℃ for 30 min. For PCR reaction the total reacting
volume was 50 L. PCR reaction was performed in GeneAmp
PCR system 2400 (Perkin Elmer, USA). Primers were designed
according to previous publications[14,15]. Primer sequences and
PCR reaction conditions are shown in Table 1. Glyceraldehyde
3-phosphate dehydrogenase (G3PDH) was used as the
internal standard. Of the PCR products 5 L was visualized by
electrophoresis on 1.5% agarose gel stained with ethidium
bromide and quantitated by densitometry using the Image
Master VDS system and associated software (Pharmacia,
Sweden).
Enzyme-linked immunosorbent assay for TNF-
Serum TNF- was tested by enzyme-linked immunosorbent
assay (ELISA) using TNF- ELISA kit (Basic Medical Institute
of Shanghai, Chinese Academy of Military Medical Sciences).
Procedure was designed according to manufacturer’s instructions,
concentrations of unknown samples were determined by
comparing the optical density of samples to the standard curve.
Statistical analysis
Data were analyzed for significance with unpaired t test and
chi-square test. Statistical software SPSS 11.5 was used in the
analysis. P value less than 5% was considered statistically
significant.
RESULTS
Effects of thalidomide on growth of HCC
Lumps in stomach and skin invasion could be observed at
the 5th wk when mice were sacrificed. The separated tumors
are shown in Figure 1. The changes of body weight (g) and
tumor weight (g) and tumor volume (cm3) in treatment group
were all smaller than those in control group (4.3000±1.9980 vs
5.1833±0.9827,1.0333±0.2842vs1.1483±0.3633and0.9950±0.3987
vs 1.2806±0.3188, respectively) There was no statistical
significance (P>0.05).
Effects of thalidomide on metastasis of HCC
Visible metastases ranging from 1 to 10 mm in diameter were
observed when seven lobes of liver were carefully anatomized
and the number of visible metastases was recorded. Gross
pathological examination of the lungs found scattered
hemorrhagic spots, which were confirmed by histopathology
to be metastases (Figure 2). The metastatic rate in liver and
lungs in treatment group and control group was both 100%,
but the number of metastases in both liver and lungs in therapy
group was significantly less than that in control group (P<0.05,
Figure 3).

Table 1 Primer sequences and PCR reaction conditions
Gene
VEGF (all isoforms)
G3PDH

Primers
Upper:
Lower:
Upper:
Lower:

CCTGGTGGACATCTTCCAGGAGTACC
GAAGCTCATCTCTCCTATGTGCTGGC
ACCACAGTCCATGCCATCAC
TCCACCACCCTGTTGCTGTA

Products size

Annealing
Temp/Time

Cycles

196 bp

58 ℃/30 s

30

450 bp

58 ℃/30 s

30
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cells were stained brown or yellow and sinusoidly distributed
in capillary walls of portal area and fiber interval of liver tissue
(Figure 4). Microvessel counting revealed that MVD in control
group was 80.00±26.27 per high-power field (×200), whereas it
was 31.08±16.23 in therapy group ( P<0.05).

Figure 1 Tumors in nude mice on the 30 th d. Upper line of
tumors was HCC in the control group, the lower in therapy
group.

Semi-quantitative RT-PCR
As shown in Figure 5, the PCR products of VEGF and G3PDH
were visualized at the expected locations on agarose gels and
in direct cDNA sequencing. All the obtained PCR products
had the same cDNA sequences as the gene bank sequences
(data not shown). The degree of VEGF mRNA by semiquantitative RT-PCR was 0.0538±0.0165 in the therapy group,
and 0.7373±0.1297 in the control group (P<0.05).
M

C

T

C

T

C

T

C

T

C

T
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T

bp
600 →
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Number of
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Figure 2 Metastases of hepatocellular carcinoma in lungs.
Magnification: ×200.
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Figure 3 Metastases of hepatocellular carcinoma in lungs and
liver. aP<0.05. Liver metastases were recorded in a gross manner by examining each lobe of liver and counting macroscopic tumors on the surface. Lung metastases were counted
under microscope by observing consecutive paraffin slices of
lung.

CD34 expression and microvessel counting
Expression of CD34 in therapy group was weak or even negative,
whereas it was strong in control group. The newborn endothelial
A

← G3PDH
← V EG F

Figure 5 RT-PCR of VEGF mRNA in HCC tissue. M: Marker,
100 bp DNA ladder, ranging from 100 bp to 600 bp; C: Control group; T: Therapy group. The band of VEGF (all isoforms,
196 bp) and G3PDH (450 bp) are shown at expected location
in the gel. G3PDH used as an internal standard. VEGF mRNA
was expressed strongly in control group, whereas weakly in
therapy group.

Effects on serum TNF- and liver function indexes
Concentrations of serum ALT, AFP and TNF- are shown in
Table 2. The level of TNF- in therapy group was lower than
that in control group (P<0.05). No significant difference was
observed in the in serum concentrations of ALT and AFP.
Table 2 Comparison of serum concentrations of ALT and AFP
and TNF- between groups (mean±SD)
Groups

ALT (IU/L)

AFP (g/L)

TNF-(ng/L)

Control (n = 12)

102.35±39.29

25.68±14.38

42.69±6.99

Therapy (n = 12)

87.88±35.38

19.40±13.58

28.64±4.64 a

a

P<0.05 vs control group.

DISCUSSION
Angiogenesis is a neovascularization process during which
endothelial cells of the pre-existing capillaries proliferate and
migrate to form new vascular tips or so called “vascular sprouts”
or “endothelial buds”. It is critical for the growth, invasion and
B

Figure 4 Immunohistochemical expression of CD34. A: control group; B: thalidomide treated group. Magnification: ×200.
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metastasis of cancer[1,2,16]. Solid tumors would not grow beyond
the volume of 2-3 mm3 when sprouting new capillary blood
vessels are tack, and the small cancer blocks, so-called
micrometastases, would be kept in a hibernating state for a
long term. Antiangiogenic therapy for malignant tumors has
opened a brand new way to the treatment of carcinomas, and is
regarded as one of the most promising and hopeful strategies.
Different inhibitory effects of thalidomide on angiogenesis and
tumor growth have been reported[17-19]. The current study was
to examine the effect of thalidomide on angiogenesis and tumor
growth and metastasis of human hepatocellular carcinoma.
In our study intraperitoneal administration was employed
as previously described[14,15] at the dose of 200 mg/kg body
weight every day. Kotoh et al[15] reported the antitumor and
antiangiogenic effect of thalidomide on human esophageal
cancer ES63 in nude mice by intraperitoneal administration.
Whereas same effects were not observed when mice were
treated by gavage administration. However, experiments in vitro
have failed to demonstrate that thalidomide or any of its metabolites
has any direct effect on cell proliferation or cytotoxic effect[20].
The mechanisms underlying the strong effect of antiangiogenesis
by intraperitoneal route but poor efficiency by oral route remain
unclear, the reason might be the bioavailability of the active
form of thalidomide at tumor site. Results in this study reveal
that changes of body weight and tumor weight and tumor volume
in treatment group were smaller than those in control group,
but statistical analysis showed no significant difference (P>0.05).
Metastases in both liver and lung were observed. The metastatic
rate in liver and lungs in treatment group and control group
was 100%, but metastasis counting showed that the number of
metastases in liver and lungs in treatment group was both
statistically lower than those in control group (P<0.05).
Minchinton et al [6] reported that thalidomide did not alter
primary tumor growth of Lewis lung tumor xenoplanted in mice,
and additionally reduced the radiosensitivity of the tumor, but
did increase its sensitivity of combined treatment with radiation
and cytotoxin tirapazamine. In another report[17], thalidomide
alone inhibited tumor growth by 55% in the rabbit oral
carcinoma model. However, Gutman et al[19] failed to find any
antiangiogenic effect and tumor inhibition effect of thalidomide
in syngeneic mice. Results reported are very different, it might be
partly due to thalidomide’s species specificity and tissue
specificity[21]. Stephens et al[22] believe that various species
and tissues depend on different angiogenesis or vascular
pathways, the extent of dependence on integrin V3 determines
their sensitivity to thalidomide.
Angiogenesis is a highly complex and closely regulated
process, which is influenced by the balance between stimulatory
and inhibitory factors released by tumor and surrounding host
cells. VEGF, bFGF and patelet-derived endothelial cell growth
factor (PD-ECGF) are the main stimulatory factors, of which
VEGF is the most important; it could promote the growth of
malignant cells by increasing vascular permeability[23].
Researches have revealed that expression of VEGF in hepatocellular
carcinoma is much higher than that in non-tumor tissues[24].
Concentration of VEGF in serum is also closely related to tumor’s
pathologic progress and patients’ prognosis after operation[25].
In the current study we examined VEGF mRNA in cancer by
semi-quantitative RT-PCR. It showed that the level of VEGF
mRNA in thalidomide-treated group was significantly lower than
that in control group. Also we immunohistochemically examined
the expression of CD34 which was considered as an endothelialspecific marker, using monoclonal antimouse CD34 antibody.
Results suggested that the expression of CD34 in therapy group
was very weak, whereas in control group it was strongly
expressed. Accordingly, MVD in the former was much less
than that in the later (P<0.05). VEGF and MVD are the most
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common parameters reflecting neovascularisation. The effects
of down-regulation in this study suggest thalidomide has
inhibitory effects on angiogenesis. Its inhibitory effects on
metastases in liver and lung might mainly attribute to its inhibition
on VEGF[14], and its inhibition on integrin V3 may also involve
the process. Whether its obvious inhibition on metastasis but
poor effects on tumor growth are due to its modulation on integrin
V3 is yet to be investigated.
The pharmaceutical role of thalidomide is very extensive, the
most significant is to decrease the level of TNF- in circulation
so as to modulate immune system[26]. TNF-, an important
inflammatory factor, is also a critical factor to induce
inflammatory reaction in hepatitis[27]. Raufman et al[28] reported
a case of hepatitis C who’s ALT in circulation was induced to
normal by thalidomide. Serum TNF- and liver function indexes
such as ALT and AFP were tested in the study so as to try to
find thalidomide’s influence on liver function. Results suggest
thalidomide could dramatically down-regulate serum TNF- as
previously reported[26], but no statistical variance was observed
in serum concentration of ALT and AFP. Whether inhibition of
TNF- synthesis plays a different role in the inhibition of
angiogenesis compared with immunomodulation has yet to be
investigated. The remarkably inhibitory effect of thalidomide
on TNF- might be valuable for clinical treatment of liver cancer,
because in China about 90% of hepatocellular carcinomas are
accompanied with hepatitis B and abnormal liver function, the
continuous inflammatory states of liver and liver failure after
operation at least could partly contribute to the prognosis and
poor life quality of patients. Although in this animal model
hepatitis B virus genome was carried and AFP was expressed,
its biological state of hepatitis might be very different from that
of human beings. Further studies about the drug’s effect on
liver function are needed.
The molecular mechanisms and specific antitumor effects
of thalidomide are yet to be elucidated, although some clinical
trials have been performed[29]. Current clinical trials on thalidomide
are mainly performed on unoperable malignant cases of middle
or final phase, and in most cases tumor’s volume change and
disappearance are taken as standards to evaluate the drug’s
efficiency. Studies should be focused on elucidating the
antitumor and antiangiogenic effects of thalidomide on specific
cancers. Then in clinical trials this drug should be used as an
adjunct treatment modality, its accumulating effects in long
term and influence on the life quality of patients may be the
most valuable, because thalidomide, as an antiangiogenic agent,
does not have a remarkable dose-effect relationship as cytotoxic
drugs. The results of this study suggest that thalidomide can
be used as an adjunct treatment modality in the treatment of
hepatocellular carcinoma.
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regulate Bax gene partly through p53, which sensitizes
cells to apoptosis by involving a p53 apoptosis signal
transduction pathway.
CONCLUSION: TIP30 plays an important role in
predisposing hepatoblastoma cells to apoptosis through
regulating expression levels of these genes. Ad-TIP30
carrying exogenous TIP30-anti-tumor genes may be
regarded as a potential candidate for the treatment of
hepatocellular carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatoblastoma; TIP30; Apoptosis; Signal
transduction

Abstract
AIM: To investigate the role of TIP30 in apoptotic signal
pathway in hepatoblastoma cells and to provide a basis
for TIP30 as a gene therapy candidate in the regression of
hepatoblastoma cells.
METHODS: Apoptosis of human hepatoblastoma cell lines
HepG2 (p53 wild), Hep3B (p53 null) and PLC/RPF/5 (p53
mutant) infected with Ad-TIP30 (bearing a wild type
human Tip30 gene) were analyzed and p53, Bax and Bclxl expression levels were compared among these cells.
MTT assay, DNA fragmentation, in situ 3’ end labeling of
DNA, annexin-V FITC staining were used to detect cell death
and apoptosis in cells at various time intervals subsequent
to infection, and to determine whether TIP30 had an effect
on the expression levels of some apoptosis-related gene
products such as Bax, p53 and Bcl-xl. A similar time course
experiment was performed by Western blotting.
RESULTS: In MTT assay, the viability of HepG2 cells
decreased significantly from 99.7% to 10% and displayed
more massive cell death within 5-8 d than Hep3B and PLC/
RPF/5 cells, with their viability decreased from 97.8% to
44.3% and 98.1% to 50.4%, respectively. In annexin-V
FITC assay, the percentage of apoptosis cells in HepG2
cells was two to three-fold higher than that in control cells
(infected with Ad-GFP), two-fold higher than that in Hep3B
cells and 1.4-fold higher than that in PLC/RPF/5 cells 36 h
after infection, respectively. Moreover, in HepG2 cells, the
p53 began to increase 6-8 h after infection, reaching a
maximum level between 8 and 12 h after infection and
then dropped. Bax showed a similar increase in the cells as
p53 reached the maximum at 8-12 h and subsequently
decreased. Interestingly, Bcl-xl protein levels were down
regulated during 24 to 36 h after Ad-TIP30 infection. In
contrast, ectopic expression of TIP30 in Hep3B and PLC/
RPF/5 cells had no effect on the regulation of Bax
expression, but had an effect on Bcl-xl levels. In comparison
with HepG2 cells, these data suggested that up-regulation
of p53 levels by TIP30 might be a pre-requisite for Bax and
Bax/Bcl-xl ratio increase. We hypothesized that TIP30 might
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INTRODUCTION
TIP30 is an evolutionarily conserved gene that is expressed
ubiquitously in human tissues and some tumor tissues with
properties of serine/threonine kinase, coding a polypeptide of
242 amino acids. It is identified as a cofactor to specially
enhance human immunodeficiency virus-1 (HIV-1) Tat-activated
transcription by phosphorylating heptapeptide repeats of Cterminal domain (CTD) of the largest RNA polymerase II subunit
in a Tat-dependent manner[1,2]. Furthermore, Baker et al[2] have
shown that TIP30 is an important metastasis suppression factor
that accounts for a significant suppression growth retardation
in small cell lung carcinoma (SCLC), which could be largely
mediated by the ability of TIP30 to promote the apoptosis
pathway. Moreover, ectopic expression of TIP30 in SCLC cells
induces activation of apoptosis-related genes: Bad and Siva.
Nevertheless, the molecular mechanism by which the TIP30
gene mediates apoptosis remains largely unknown.
We employed in vitro analysis to gain an insight into the
molecular candidates other than Tat with which TIP30
interacted. In this respect, many pro-apoptotic proteins were
investigated to reveal a TIP30 triggering apoptosis pathway.
Among them, p53 is considered as one of the best target genes
because of its pivotal role in regulating cell cycle progression
as well as apoptotic cell death[3,4]. The biochemical activity of
p53 closely associated with apoptosis is its function as a
sequence-specific DNA-binding protein and a transcriptional
factor that controls the expression of a large panel of genes
implicated in engagement of apoptosis[5]. Moreover, p53 protein
levels have been shown to dramatically rise in response to
diverse stresses including ionizing radiation, UV radiation,
growth factor deprivation or virus infection[6]. Bax gene is a
pro-apoptosis member of Bcl-2 whose promoter is highly p53responsive. Furthermore, Bcl-xl is another member of Bcl-2 family
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that has been found to express high levels in more than half of
all human tumors[7-9]. Consistent with its anti-apoptotic role by
antagonizing the Bax-dependent apoptosis pathway, it prevents
all mitochondrial changes including release of cytochrome C
and loss of mitochondrial membrane potential as well as caspase
activation by sequestering Apaf-1[10,11]. It seems that in some
cells, p53 protein-involving apoptosis modification can result
in a general up-regulation of protein expression of pro-apoptotic
members and down-regulation of anti-apoptotic proteins in
Bcl-2 family, shifting the balance in favor of apoptosis[12]. In
hepatocellular carcinoma, Bax and Bcl-xl proteins are especially
involved in the regulation[13]. Although the central role of p53 as
a pro-apoptotic-focus protein has been established, the
complicated mechanism by which p53 exerts its interaction with
some components and how many regulating factors are involved
in p53-dependent pathway are far unknown.
Our study was designed to evaluate the expression of TIP30
and its target gene after infection with Ad-TIP30 to enhance
our understanding of molecular basis of human hepatoma and
to raise the realistic possibility of targeting the p53 pathway in
cancer therapy. With the advantages of both maximum effect
and minimum cytotoxicity to the target cells in genetic
therapeutic approaches, adenovirus vectors are being wildly
developed for gene therapy[14].

MATERIALS AND METHODS
Cells, chemicals and antibodies
Human heptoblastoma carcinoma cell lines HepG2, Hep3B and
PLC/RPF/5 were grown in DMEM supplemented with 10% FBS
(Hyclone). Anti-p53 antibody (Ab-2) was purchased from Sigma
(Stlouis, MO, USA). Anti-Bax and anti-Bcl-xl antibodies were
obtained from Oncogene Research Products (San Diego, CA).
Recombinant adenovirus infection
Cells were grown in 96-well and 6-well dishes at a density of
5×103 or 5×106 per well. Then the cells were infected with either
Ad-TIP30 or Ad-GFP (no TIP30) at MOI of 20-50 MOI by coculturing with viruses at 37 ℃ for 1 hour in 200-500 L of serum
free medium. An additional 100-1 000 L of complete medium
was then added and cells were cultured in the presence of
viruses for the indicated length of time.
Cell viability assays
XTT colorimetric assay (Oncogene Research Products, San
Diego, CA) was used to determine cell proliferation and death.
Briefly, cells were plated in a 96-well-plate at a concentration of
8 000-10 000 cells/well and infected with adenoviruses. After
cells were incubated for 24 h per day, XTT reaction mixture was
added, which contained XTT labeling reagent and the electroncoupling reagent in a 20:1 ratio. Cell/solution mixture was then
read using a colormetric plate reader at a wavelength of 500 nm.
Each sample was assayed in triplicate. Data were then analyzed
with Microsoft Excel software. Cells were continually cultured
for 8 d after-infection.
Apoptosis assay
Flow cytometry Cells were infected with Ad-TIP30 and Ad-GFP
with mock (no virus) as control. Afterwards, infected and control
cells were disassociated with 0.25% trypsin and collected
by centrifugation at 8 000 g with cells floating in the culture,
washed twice with PBS and stained with annexin-V-FITC and
propidium iodide. Fluorescence was measured with a minimum
of 10 000 events for each sample in a FACSCAN according to
the method suggested by the manufacturers. Data analysis
was performed.
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DNA fragmentation analysis (DNA ladder) Infected and control
cells were lysed at 0, 12, 24 or 36 h after infection. The lysate
buffer contained 10 mmol/L Tris-HCl (pH7.5), 10 mmol/L EDTA,
0.3% Triton X-100, 100 g/mL RNase and 200 g/mL proteinase
K. After incubated at 50 ℃ for 4 h or overnight, lysate was
extracted twice with phenol/chloroform, then precipitated at 20 ℃ for 10 min by adding sodium acetate/ethanol. DNA
concentration was determined, and an equal amount of DNA (10 g)
was electrophoresed on 2% agarose gel containing 0.1 g/mL
ethidium bromide. DNA bands were examined using UVPC system.
In situ 3’ end labeling of DNA in apoptotic cells 3’ end labeling
of DNA in situ was performed using the Apoptag Plus Kit
(Oncogene Research Products, San Diego, CA). Cells grown in
vitro were spun onto a plastic slide and fixed with buffered 4%
formaldehyde at 0, 12, 24 h after infection. The percentage of
positive cells was also determined by flow cytometry.

Western blotting
Cells were harvested and lysed in ice-cold lysis buffer containing
10 mmol/L Tris-HCl (pH7.5), 20% SDS, and 1mmol/L PMSF.
After 30 min incubation on ice, lysate was stored at -80 ℃
before use. Protein concentration was determined by the Bradford
method[35]. Equal amounts of protein (50 g) were loaded onto
SDS-polyacrylamide gels and the protein was electrophoretically
transferred to a PVDF film (Millipore, Bedford, MA). Immunoblots
were analyzed using specific primary antibodies (antibodies to
Bcl-2, Bcl-xl, Bax, p53, -actin), and protein was visualized using
a chemiluminescence detection kit (Amersham, Ayesbury, UK).
-actin was used as an internal control to confirm whether the
amount of protein was equal.
Statistical analysis
The data in this paper were the mean of three replications. Unless
otherwise stated. Test of significant differences in significance
was performed with Student’s t-test. P<0.05 was considered
statistically significant and P<0.01 very statistically significant.
RESULTS
Cooperation of TIP30 and p53 predisposed cells to death
The effect of TIP30 and p53 gene products on the in vitro
growth characteristics of HepG2, Hep3B and PLC/RPF/5 cells
was examined by colorimetric XTT assay. The three kinds of
cells infected with Ad-TIP30 and Ad-GFP and mock (no virus)
were incubated in DMEM medium and monitored by viability
staining for 8 d. As shown in Figure 1, the viability of HepG2
cells decreased significantly from 99.7%, 68.3% to 10% and
further displayed more massive cell deaths within 5-8 d than
Hep3B and PLC/RPF/5 cells, with the latter decreased from
97.8%, 62.1% to 44.3% and 98.1%, 68.6% to 50.4%, respectively.
All the three kinds of cells infected with Ad-GFP were found to
have relatively lower cell deaths until 5-8 d. On the contrary,
control cells (no virus) displayed a relatively high growth rate
and maintained a high percentage of live cells even until 8-10 d
after plating. These results demonstrated that expression of
exogenous TIP30 in HepG2 cells could cooperate with p53 to reduce
cell proliferation and then led them to massive deaths.
TIP30 induced cell death was due to apoptosis
To verify whether the cell death induced by TIP30 was ascribed
to the activation of apoptosis in cells, in situ 3’ end labeling of
DNA assay was performed to examine 3’-OH groups at the end
of DNA fragments in apoptotic cells (Figure 2), which was a
hallmark of apoptosis. Percentage of apoptotic was calculated
by FACS assay. This quantitative analysis indicated that the
proportion of apoptosis cells progressively increased in cells
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Figure 1 Cell viability of hepatoblastoma cell lines: HepG2, Hep3B and PLC/RPF/5 on indicated days as measured by XTT assay
following infection with Ad-TIP30 and GFP at MOI of 20 or treatment of PBS (mock) (A, B, C). Three cell lines were infected with
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bearing Ad-TIP30. The maximum cell apoptosis was obtained
at 24 h in HepG2, Hep3B, and PLC/RPF/5 cells, respectively.
Quantitative analysis of apoptosis revealed that the percentage
of apoptotic cells in HepG2 cells at 24 h was 1.5-to 2-fold (P<0.01)
higher than those in Hep3B (48.1%) and PLC/RPF/5 (46.3%) cells.
However, there was almost no apoptotic cell in mock (no virus).
Similar results were attained by flow cytometry assay with
cells treated as previously. Cells were labeled with annexin-VFITC followed by propidium staining in order to differentiate
the necrosis-cells or apoptotic cells. The apoptotic cell
proportions in HepG2 cells were 32.36%, 61.04%, and 81.67% at
12, 24 and 36 h after infection respectively. Meanwhile, in Hep3B

and PLC/RPF/5 cells, the apoptotic cell proportions were only
12.38%, 34.08%, 50.71% and 11.26%, 23.17%, 53.52% at the
same time after infection respectively, while mock cells did not
display significant apoptosis (Figure 3).
To further confirm the kinetics of this programmed cell
death, DNA fragmentation assay was performed with the same
treatment in cells as previously. As indicated in Figure 4, DNA
fragmentation became detectable at 24 h in HepG2 cells infected
with Ad-TIP30, whereas it was detectable at 36 h in Hep3B and
PLC/RPF/5 cells. Nevertheless, DNA ladder never emerged
during the whole incubation process (72 h and more) of control
cells (infected with Ad-GFP and mock, data not shown).
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Figure 4 Kinetics of apoptosis in HepG2 and Hep3B and PLC/
RPF/5 cells infected with Ad-TIP30. Twelve, twenty-four or
thirty-six hours after infection, analysis of DNA laddering was
performed by gel electrophoresis. An overexposed photograph
was provided to show the beginning of DNA laddering at 24 h
in HepG2 cells and at 36 h in Hep3B and PLC/RPF/5 cells.

Infection with Ad-TIP30 induced profound elevation of p53
protein
In response to DNA damage, the tumor suppressor protein,
p53, was stabilized, accumulated inside the cells and was
detectable by Western blotting. It was found to be a reliable
initiator of apoptosis. We used HepG2 to study the expression
level of p53 after infection with Ad-TIP30. Levels of p53 protein
in HepG2 cells were examined at 6, 8, 12, 24 and 36 h after
infection with 50 MOI of Ad-TIP30. In Figure 5, at 6-8 h after
infection, p53 protein levels were significantly higher than those
at other time points and drastically reduced at 12-24 h (Figure 5).
Although the level of p53 after infection with Ad-GFP was a
little higher than that of mock cells, no changes were observed
at different time points (data not shown). According to the
data quantified by densitometry, levels of p53 protein in AdTIP30 infected HepG2 cells were elevated by a range of 2-to 3- fold
compared with cells infected with Ad-GFP. A comparable reduction
in p53 protein was observed at 36 h, when a large percentage of
apoptotic HepG2 cells was found. Expression of exogenously
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Figure 5 Western blotting analysis of p53 protein in HepG2
cells infected with Ad-TIP30. HepG2 cells were infected with
Ad-TIP30. Harvested protein (50 ug/lane) was applied to 12%
SDS-polyacrylamide electrophoresis. Proteins were transferred
to PVDF film and probed with anti-serum specific for p53. p53
levels were quantified by densitometric analysis and normalized to -actin. The data shown here were representative of
three independent experiments with a similar result.

Expression of Bcl-2 family members after Ad-TIP30 infection
Expression of Bcl-2 family members was examined in three cell
lines. Levels of Bax at 8-10 h after infection with Ad-TIP30 were
2-fold higher than those of Ad-GFP infected cells and mock in
HepG2 cells, while there was no change in Hep3B and PLC/
RPF/5 cells (Figure 6).
We examined Bcl-xl level in the three cell lines treated as
previously. Its levels in HepG2, Hep3B and PLC/RPF/5 cells
infected with AD-TIP30 were 2-fold to 1.5-fold lower than those
infected with Ad-GFP (data not shown). Furthermore, in HepG2
cells, at 24-36 h after infection, Bax/Bcl-xl ratio reached the
maximum of 2-fold higher than at other time points, with a
requisite increase in p53 levels (Figure 7). In the mean time, a
little decrease was found in Hep3B and PLC/RPF/5 cells at 36 h
after infection.
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Figure 6 Expression of Bax and Bcl-xl after infection with AdTIP30 and mock as control in the three cell lines. Lysates were
collected at 0, 6, 8, 12, 24, 36 h after infection. Ad-TIP30 infection
resulted in increased Bax protein expression which was at its peak
at 12-24 h after infection in HepG2 cells (Figure 6A), and decreased
Bcl-xl protein levels in three cell lines (Figures 6A-C).
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introduced wild type TIP30 gene was confirmed in Ad-TIP30
infected cells by Western blotting (data not shown).
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Figure 7 Infection of Ad-TIP30 with immunoblot analysis:
densitometric analysis of the bands. The cells were infected
with Ad-TIP30 and mock (no virus) as control in HepG2, Hep3B
and PLC/RF/5 cells. The variation of Bax/Bcl-xl ratio in the
three cell lines with time course was shown.

DISCUSSION
TIP30 is a novel Tat-cooperation protein that enhances human
immunodeficiency virus-1 (HIV-1) by phosphorylating RNA
polymerase II subunit. Recently, Xiao et al[1] and Baller et al[2]
have shown that the 242- amino-acid-long- protein TIP30 plays
an important role in suppression of metastasis of small cell
lung carcinoma (SCLC) leading it to apoptosis.
We are in favor of connecting TIP30 with some genes as a
preferential representative in apoptosis pathway. p53 gene and
its related genes have been regarded as a model for the following
reasons. P53 is a key factor in regulating apoptosis and shares
one common down-regulator with TIP30: pig12[15]. The manner
of p53 activation appears to be primarily controlled through
phosphorylating its N-terminal for its stability. Sherr et al[16]
and several other studies suggest that the major manner of
evaluating its levels is at post-transcription. Xiao et al [17]
demonstrated that TIP30 had a characteristic of phosphorylase
kinase activity to trigger apoptosis.
Additionally, the pro-apoptotic activity of TIP30 by stresses
such as chemical oxidants, growth factor deprivation, leads to
the expression of a number of genes such as Bad and Siva,
which are responsible for apoptosis[2]. Despite the fact that
TIP30 is defined unambiguously as a tumor suppressor and a
pro-apoptotic factor, the molecular mechanism by which TIP30
gene mediates apoptosis and which component is involved in
TIP30 pathway remain largely unknown. Therefore, we
employed in vitro analysis to reveal the apoptosis pathway in
which TIP30 takes part.
p53 protein is a transcription factor that can inhibit cell
cycle progression or induce apoptosis in response to stress or
DNA damage, with a short life and a low expression level in
normal cells[5]. Normally, the half-life of p53 is attributable to
degradation mediated by Mdm2, which targets p53 for
ubiquitin-dependent proteolysis[18]. Several stress-responsive
kinases have been shown to phosphorylate p53 in a manner
that could potentially inhibit Mdm2-mediated degradation.
Avantaggiati et al [19] showed that DNA damage triggered
accumulation and functional activation of p53 by converting
the protein from a latent to an active form. Two proteins have
been recently identified as potential regulators of p53 stability:
one is kinase CHK2, which could inhibit Mdm2-mediated
ubiquitination and proteolysis of p53[18]. Hemmatip et al[20] have
shown that introduction of Ad-P14ARF into U-20s osteosarcoma
cells could efficiently induce apoptosis in p53 pathway, in turn
upregulation of P14ARF could mediate accumulation of p53 via
sequestration of the p53-antagonist Mdm2 through the
ubiquitin /proteasome pathway. Thus, P14ARF relieves the
Mdm2-mediated degradation of p53, thereby prolonging the
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half-life of p53 protein[21]. In human breast cancer cells-MCF-7,
Ad-P14ARF has cytotoxicity to MCF-7 cells (p53 wild type),
resulting in a considerable increase of p53. Jiang et al [13]
demonstrated that staurosprine, quinacrine and ultraviolet
irradiation were all capable of triggering apoptosis of HepG2
cells by affecting the expression levels of p53. A cytotoxic agent
of rodent liver, 7H-dibenzocc carbazole (DBC) could increase
p53 protein levels followed by apoptotic cell death[22]. In our
studies, when HepG2 cells were infected with Ad-TIP30, to our
expectation, levels of wide p53 were increased in a timedependent manner with an asynchronous apoptosis, indicating
that apoptosis induced by TIP30 is attributable to the
accumulation of p53, which supports the hypothesis that TIP30
is involved in apoptosis pathway partly by cooperating with
p53 protein.
It is well known that one mechanism by which p53 is
stabilized within infected cells is that p53 is substantially
modified post-translationally via serine targeted phosphorlation
at both the N-terminus and C-terminus as well as acetylation at
lysine residues in C-terminus[23], implicating that p53 appears
to be optimal in post-translation level under a stress response.
In addition, the primary consequence of this induction is cell
cycle arrest or apoptotic cell death. Xiao et al[17] found that
TIP30 had an intrinsic kinase activity in phosphorylating the
heptapeptide repeats of the C-terminal domain (CTD) of the
largest subunit of RNA polymerase II in concurrence with the
ability to trigger SCLC cells to apoptosis. We also speculate
that TIP30 might phosphorylate the p53 C- or N- terminus in
advance to enhance the p53-dependent pathway. Nevertheless,
verification of the hypothesis requires further experiment.
Interestingly, in Hep3B and PLC/RPF/5 cells where p53 protein
is absent or mutational, introduction of TIP30 also predispose
cells to apoptosis at a less extent than in HepG2 cells, implicating
that TIP30 might trigger apoptosis through other pathways
that occur independently of the p53/Bax pathway. Further
investigation might be essential and helpful.
In p53/mitochondrial pathway, members of Bcl-2 family are
critical regulators of the apoptotic pathway[24]. Bcl-xl, an antiapoptotic member of Bcl-2 family, inhibits the release of
cytochrome C from mitochondria whereas Bax, a pro-apoptotic
member of Bcl-2 family, has been shown to stimulate release of
cytochrome C from mitochondria thereby enhancing apoptotic
response[25].
In the present study, we evaluated the role of Bax and Bclxl in Ad-TIP30 mediated apoptosis. Early studies have shown
that Bax gene plays an important role in the course of
carcinogenesis in stomach, colorectum and endometrium in
humans[26]. Furthermore, the Bax gene promoter is highly p53responsive and its expression is upregulated by p53[27].
Pearson and Francis[28] have shown that adenovirusmediated over-expression of p53 in lung cancer cell lines H1299,
H358 and HK322 simultaneously upregulates Bax protein levels
18 to 36 h after introduction. In Tu-138 and Tu-167 cells, after
infection with Ad5CMV-p53[29], Bax levels were elevated 2-to 6fold higher than controls, demonstrating that influence upon
Bax is caused by asynchronous activation of p53. Mohiuddin
et al[30] reported that in hepablastoma cells multiple stimuli
such as ultraviolet and carcumin could not change Bax levels.
On the contrary, in this case, exogenous TIP30 and endogenous
p53 expression in HepG2 cells led to elevation of Bax level at 1824 h after infection whereas no change was found in Hep3B
cells with absence of p53, indicating that it is alternatively
possible that the Bax levels are not influenced directly by TIP30,
but rather through p53 involvement when apoptotic cell death
is initiated. In support of this model, more observations have
shown that in many other cancer cell lines, a high level of Bax
follows the activation and stabilization of p53[31].
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Previous reports have shown that alternation in the ratio of
proapoptotic to anti-apoptotic members of the Bcl-2 family,
rather than the absolute expression level of any single Bcl-2
family member, determines apoptotic sensitivity[32]. As to
hepatoblastoma cells[33], the ratio of Bax to Bcl-xl protein plays
a major role in sensitivity to apoptotic stimuli, because the
expression of Bcl-2 is uncommon in hepatoblastoma cells
according to several researches. Ectopic expression of
transcriptionally active p53 alone is not sufficient for the
activation of apoptosis in p53-null Hep3B cells, except when
endogenous Bcl-xl is simultaneously inhibited by anti-sense
oligonucleotide in these cells[34-36]. In our studies, immunoblot
analysis revealed decreased Bcl-xl levels and increased Bax
levels in HepG2 cells after Ad-TIP30 infection. In addition, in
Hep3B and PLC/RPF/5 cells, Bcl-xl decrease was observed at a
less extent than in HepG2 cells, while there was no significant
change in Bax levels, indicating that TIP30 might regulate the
Bax and Bcl-xl ratio in a p53 dependent and independent
manner. Therefore, our studies clearly suggest that shift in the
ratio of proapoptotic factor (Bax) to anti-apoptotic factor (Bclxl) in favor of proapoptotic factor (Bax) is an important factor
for determining the response toward Ad-TIP30 triggering
apoptosis.
What are the mechanisms by which TIP30 causes apoptosis
in hepotablastoma cells? We suggest that wild type p53
upregulates Bax expression with concomitant down-regualtion
of Bcl-xl is the consequence of p53 accumulation due to
exogenous TIP30 expression. Thus, TIP30 gene may serve as a
good sample for heptoblastoma gene therapy, not only because
it may kill cancer cells directly, but also because it may be
regarded as a useful mediator in elevating apoptosis-related
gene expression in its apoptotic pathway.
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Abstract
AIM: To evaluate the expression of fragile histidine triad
(FHIT) gene protein, product of a candidate tumor suppressor,
and to investigate the relationship between FHIT, cell apoptosis
and proliferation, and pathological features of primary
hepatocellular carcinoma (HCC).
METHODS: Forty-seven HCC and ten normal liver specimens
were collected during surgical operation between 2001
and 2003. FHIT and proliferating cell nuclear antigen (PCNA)
expression were detected by immunohistochemistry, and
apoptotic level was evaluated by terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) assay
on the tissue sections.
RESULTS: All normal liver tissues showed a strong expression
of FHIT, whereas 28 of 47 (59.6%) carcinomas showed a
significant loss or absence of FHIT expression (P = 0.001).
The proportion of reduced FHIT expression in those carcinomas
at stages III-IV (70.6%) and in those with extrahepatic
metastasis (86.7%) showed an increasing trend compared
with those at stages I-II (30.8%, P = 0.013) and those without
metastasis (46.9%, P = 0.010) respectively. Apoptotic
incidence in advanced TNM stage carcinoma and those
with positive FHIT expression was higher than that in early
stage carcinoma (P = 0.030) and in those with negative
FHIT expression (P = 0.044) respectively. The proliferating
potential of hepatocellular carcinoma was associated with
FHIT expression (P = 0.016) and the aggressive feature
(P = 0.019). Kaplan-Meier analysis demonstrated that the
survival time of these 47 patients correlated with TNM stage,
FHIT expression and metastasis.
CONCLUSION: There is marked loss or absence of FHIT
expression, as well as abnormal apoptosis-proliferation balance
in HCC. FHIT may play an important role in carcinogenesis and
development of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fragile histidine triad gene has been cloned and is located on
3p14.2[1], which encompasses the most common human fragile
site, FRA3B. Alterations of FHIT and loss of its product have
been found frequently in several human tumors and tumorderived cell lines associated with environmental carcinogens.
Disturbance of cell number regulation is one of the characteristics
of malignant tumors, which could lead to tumor cell proliferation
out of control. We have known that a variety of oncogenes,
tumor suppressor genes and some modifiers are involved in
the regulation mechanism[2]. Human hepatocellular carcinoma
is a familiar lethal cancer which is closely related to some
carcinogens such as hepatitis B virus infection, dietary aflatoxin
and alcohol consumption. It is imperative to speculate on
whether FHIT, as a putative tumor suppressor gene, plays
a role in the development of hepatocellular carcinoma by
participating in the process of apoptosis or cell cycle. From
this study, the indices of apoptosis and cell proliferation
showed a certain association with the aberrant FHIT expression
in hepatocellular carcinoma, which may elucidate one aspect of
carcinogenesis of malignant tumors.
MATERIALS AND METHODS
Materials
Forty-seven liver cancer specimens and ten normal liver
specimens as controls were obtained from surgical resections
in the First Hospital of Xi’an Jiaotong University during 2001
to 2003. The patients included 38 men and 9 women with a
mean age of 48.62±10.99 years (range 29-77 years). The
pathological types of all specimens were confirmed tobe
hepatocellular carcinoma by pathologists in Pathology
Department of the First Hospital of Xi’an Jiaotong University.
Of these patients, 39 were at grades I and II, 8 at grade III
according to Edmondson grading and local invasion or
extrahepatic metastasis was observed in 15; and 13 were at
stages I-II, 34 at stages III-IV according to the pTNM criteria of
UICC. The follow-up for all cases was terminated in April of 2004.
Methods
All surgical specimens were fixed in 10% formaldehyde, embedded
in paraffin and cut into 4-m thick sections. One section of each
specimen was stained with H&E and used for histological
identification, and the rest were used for immunostaining.
Immunohistochemical analysis for FHIT and PCNA
Slides were deparaffinized in xylene twice for 10 min, rehydrated
through graded ethanol to distilled water, incubated for 15 min
with 3% hydrogen peroxidase to inhibit endogenous peroxidase
activity, and then heated in 0.01 mol/L citrate buffer (pH 6.0) in
a microwave oven for 5 min at 100 ℃ for antigen retrieval. After
cooled down at room temperature for 30 min, the sections were
incubated for 15 min in a blocking solution containing 10%
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normal goat serum in PBS [0.01 mol/L phosphate (pH 7.4)] and
then incubated for 1 h at 37 ℃ in a humidified chamber with
rabbit polyclonal antibody to human FHIT (Zymed Laboratories
Inc., South San Francisco, CA) at a dilution of 1:50, followed by
incubation for 30 min with goat anti-rabbit IgG conjugated to
horseradish peroxidase (Santa Cruz Biotechnology). 3,3’diaminobenzidine was used as the chromogen. Slides were
counterstained for 3 min with hematoxylin solution, then
dehydrated and coverslipped. Normal liver tissue was used as
a positive control, whereas the primary antibody was replaced
by PBS for a negative control. PCNA was detected by mouse
monoclonal antibody to human PCNA (1:50, Santa Cruz
Biotechnology).

Apoptosis detection in situ with TUNEL
Paraffin-embedded sections on polylysine-coated slides were
deparaffinized and rehydrated as described in immunohistochemistry
method and then incubated for 15 min with 40 mg/L trypsin at
37 ℃, rinsed in PBS and incubated for 1 h at 37 ℃ with TUNEL
reaction mixture (buffer solution mixed with terminal
deoxynucleotidyl transferase and nucleotide labeled solution;
Roche, Germany), rinsed again in PBS and incubated for 30
min at 37 ℃ with converter-AP. 5-bromo-4-chloro-3indalylphosphate/nitro blue tetrazolium (BCIP/NBT) was used
as the chromogen. Slides were counterstained for 5 min with
nuclear fast red solution, then dehydrated and coverslipped.
Evaluation of scores
Cells filled with yellow or brown granules in cytoplasm were
considered as positive immunostained cells. Both the extent
and intensity of immunostaining were considered when FHIT
protein expression of a section was scored according to Hao
et al[3]. The extent of positivity was scored as follows: 0, <5%;
1, 5-25%; 2, 25-50%; 3, 50-75%; and 4, >75% of hepatocytes in
respective lesions. The intensity was scored as follows: 0,
negative; 1, weak; 2, moderate; and 3, as strong as in normal
hepatocytes. The final score was obtained by multiplying the
extent of positivity and intensity scores in the range of 0-12.
Scores 8-12 were defined as strong staining, scores 0-6 as markedly
reduced or lost expression.
PCNA positively immunostained cells were filled with brown
granules in nuclei. The apoptotic cells were stained blue in
nuclei, whereas the normal nuclei were stained pink. Regardless
of the extent or intensity of the PCNA and apoptosis staining,
the positive cells were observed and calculated under a light
microscope in 5 high power fields (×400). Proliferation index
(PI) and apoptosis index (AI), expressed as the ratio of positively
stained cells to total cells of the fields, were used to evaluate
the proliferation and apoptosis features respectively.
Statistical analysis
Pearson chi-square test and Fisher’s exact test (two sided) for
A
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trends in proportions were used to assess the association
between FHIT expression and pathological indices. Student’s
t-test was adopted to determine the difference between two
sample means. Survival time was analyzed by Kaplan-Meier
method (SPSS 11.0 for windows). P<0.05 was considered
statistically significant.

RESULTS
FHIT expression in normal tissues and HCC
All the 10 normal liver tissues and para-neoplastic tissues
showed a strong FHIT expression in the cytoplasm of
hepatocytes (Figure 1A). Some lymphocytes and fibroblasts
were positively stained, also. FHIT was expressed in 19
carcinomas as strongly as or more strongly than in normal,
whereas it was expressed negatively in 28 of 47 (59.6%)
carcinomas (Figure 1B). The absence of FHIT expression in
carcinoma was significant (2 = 11.709, P = 0.001).
Relationship between FHIT expression and clinicopathological
indices
The proportion of reduced FHIT expression in carcinomas at
stages III-IV was significantly higher (24/34) than that at stages
I-II (4/13) (P = 0.013). This proportion in carcinomas with
extrahepatic metastasis (13/15) was higher than that in those
without metastasis (15/32). No evidence indicated the relation
between FHIT expression and other clinicopathological features
such as age, sex, histological grade and tumor size (Table 1).
Table 1 Relationship between FHIT expression and clinicopathological indices of HCC
n
Age (yr)
≤45
18
>45
29
Sex
Male
38
Female
9
Histological grade
I-II
39
III
8
TNM stage
I-II
13
III-IV
34
Tumor size (diameter)
<50 mm
19
≥50 mm
28
Extrahepatic metastasis
Positive
15
Negative
32

FHIT score

P

-

+

10
18

8
11

0.658

21
7

18
2

0.278

21
7

18
1

0.119

4
24

9
10

0.013

12
16

7
12

0.680

13
15

2
17

0.010

B

Figure 1 FHIT expression in normal tissues and HCC. A: Yellow granules in normal liver tissues, and para-neoplastic tissues; B:
non-stained cytoplasm of tumor cells.
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Figure 2 Expression of PCNA in normal and cancer tissues. A: Positive PCNA expression manifested brown granules in nuclei.
B: nuclei of apoptic cells were stained blue but normal nuclei were stained pink.
Table 2 Relationship between PI, AI and clinicopathological indices (mean±SD)

FHIT expression
Positive
Negative
Histological grade
I-II
III
TNM stage
I-II
III-IV
Tumor size (diameter)
<50 mm
≥50 mm
Extrahepatic metastasis
Positive
Negative

N

AI (%)

P value

19
28

9.42±2.85
8.07±1.63

0.044

28.47±4.22
31.61±4.24

0.016

39
8

8.87±2.38
7.38±1.19

0.091

30.46±4.46
29.75±4.74

0.686

13
34

7.46±2.30
9.06±2.15

0.030

28.85±3.85
30.91±4.60

0.158

19
28

8.11±2.03
8.96±2.41

0.208

29.79±4.85
30.71±4.23

0.492

15
32

9.00±1.89
8.44±2.45

0.436

32.53±3.93
29.31±4.38

0.019

Proliferation and apoptosis features in HCC
PCNA was localized in nuclei. Positive PCNA expression manifested
brown granules in nuclei (Figure 2A). Nuclei of apoptotic cells
were stained blue but normal nuclei were stained pink (Figure 2B).
Table 2 summarizes the relationship between AI, PI and
clinicopathological indices. AI showed a similar association with
TNM stage and FHIT expression, i.e., those HCCs at stages IIIIV and those with positive FHIT expression showed a higher AI
compared with those at stages I-II and those with negative FHIT
expression (P<0.05) respectively. PI showed a relationship with
FHIT expression and metastasis (P<0.05).
Survival analysis
The survival time of the forty-seven patients undergoing
surgical resection varied from 1 to 34 mo. Patients with positive
FHIT expression, or those at stages I-II, or those without
metastasis had a longer survival time as shown by KaplanMeier analysis (data not shown).
DISCUSSION
Unregulation of cell proliferation homeostasis results in
unlimited proliferation of malignant cells, which would enlarge
the tumor size and cause cancer. However, its opposite
antagonistic way, apoptosis, determines the cell death. Apoptosis
is an efficacious approach to protect human beings from adverse
carcinogens which may induce mutation or canceration. PCNA
is an auxiliary protein for DNA polymerase delta, which could
perform an essential function in DNA replication and repair
process[4]. The amount of PCNA mRNA varies with DNA
synthesis cycle[5], and reflects the proliferating activity of cancer
cells. Thus, it has been regarded as a proliferation marker for
cancer cells[6,7]. The PCNA labeling index is one useful marker
for evaluating the malignant feature of tumors, and for

PI (%)

P value

predicting recurrence and the prognosis of patients[8].
Apoptosis with necrosis, plays an important role in the cell
life including cell growth, differentiation and proliferation[9]. It is
a regulation mechanism to maintain the homeostasis of tissues.
Malignant tumor tissues lose this regulation and obtain infinite
proliferating potential. There is a controversy concerning the
relationship between proliferation and apoptosis in cancers[10-12].
Our study showed a significant association between PI, AI and
some clinicopathological indices of HCC, such as TNM stage
and extrahepatic metastasis.
FHIT gene spans the most active common fragile site in the
human genome, FRA3B, which is susceptible to inactivation
by environmental carcinogenic factors[13], such as hepatitis B
virus infection, dietary aflatoxin and alcohol consumption[14].
Aberrant FHIT expression has been detected in other tumors,
including lung[15], esophageal [16], stomach [17], colorectal [18],
cervical [19], and prostate [20] carcinomas. Our research
demonstrated a high proportion (59.6%) of reduced FHIT
expression in HCC, compared with positive expression in all 10
normal liver tissues, as reported previously[14]. Moreover, the
aberrant FHIT expression was correlated with TNM stage and
extrahepatic metastasis of HCC. The patients with positive FHIT
expression showed a longer survival time than those with
negative expression. Some findings indicate that loss of FHIT
expression might be an early event in the development of human
carcinoma[16,21]. Therefore, detection of FHIT expression in
malignant tissues by immunohistochemistry may provide some
important diagnostic and prognostic information[22].
FHIT gene consists of 10 exons and encodes FHIT protein
(Mr 16 800), which consists of 147 amino acids. FHIT protein is
a member of histidine triad superfamily and a diadenosine 5’,
5’-P1, P3-triphosphate (Ap3A) asymmetrical hydrolase which
cleaves Ap3A into adenosine 5’-diphosphate and AMP[23].
Siprashvili et al[24] designed a structure similar to FHIT, in which
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the middle histidine in histidine triad was replaced by
asparagine. This artificial product significantly lost its enzymatic
activity but still maintained tumor suppressor function. It has
been found that hydrolysis for Ap3A is not required for tumor
suppression of FHIT. Researches on the tumor suppression
mechanism of FHIT indicate the active suppressor of FHIT
might function in the form of FHIT-substrate complex[25,26]. Our
study showed a higher AI but a lower PI in carcinomas with positive
FHIT expression, suggesting that FHIT might play a role in the
regulation of cell proliferation and apoptosis. The conceivable
mechanism is that the FHIT-substrate binding complex participates
in signal transduction and induces accumulation of cells at S to
G2-M phase, and then these arrested cells are cleaned out in
manner of apoptosis. This hypothesis is supported by some
molecular experiments[27,28]. Furthermore, some more detailed
researches have revealed that FHIT-induced apoptosis is
practiced in a p53-independent apoptotic pathway[29,30]. This
may provide a new method and opportunity in gene therapy
for malignant tumors.
Carcinogenesis of HCC is a multi-sequential process
involving various oncogenes and tumor suppression genes.
Inactivation of FHIT may play a role in the development and
progression of HCC. FHIT as a valuable target in gene therapy
has a bright future.
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Abstract
AIM: Vasodilatation and increased capillary permeability
have been proposed to be involved in the pathogenesis of
acute and chronic form of hepatic encephalopathy.
Prostacyclin (PGI2 ) and nitric oxide (NO) are important
contributors to hyperdynamic circulation in portal
hypertensive states. Our previous study showed that chronic
inhibition of NO had detrimental effects on the severity of
encephalopathy in thioacetamide (TAA)-treated rats due to
aggravation of liver damage. To date, there are no detailed
data concerning the effects of PGI2 inhibition on the severity
of hepatic encephalopathy during fulminant hepatic failure.
METHODS: Male Sprague-Dawley rats weighing 300-350 g
were used. Fulminant hepatic failure was induced by
intraperitoneal injection of TAA (350 mg/(kg·d) for 3 d. Rats
were divided into two groups to receive intraperitoneal
injection of indomethacin (5 mg/(kg·d), n = 20) or normal
saline (N/S, n = 20) for 5 d, starting 2 d before TAA
administration. Severity of encephalopathy was assessed
by the counts of motor activity measured with Opto-Varimex
animal activity meter. Plasma tumor necrosis factor-
(TNF-, an index of liver injury) and 6-keto-PGF1 (a
metabolite of PGI2) levels were measured by enzyme-linked
immunosorbent assay.
RESULTS: As compared with N/S-treated rats, the mortality
rate was significantly higher in rats receiving indomethacin
(20% vs 5%, P<0.01). Inhibition of PGI2 created detrimental
effects on total movement counts (indomethacin vs N/S:

438±102 vs 841±145 counts/30 min, P<0.05). Rats treated
with indomethacin had significant higher plasma levels of
TNF- (indomethacin vs N/S: 22±5 vs 10±1 pg/mL, P<0.05)
and lower plasma levels of 6-keto-PGF 1 (P<0.001), but
not total bilirubin or creatinine (P>0.05), as compared with
rats treated with N/S.
CONCLUSION: Chronic indomethacin administration has
detrimental effects on the severity of encephalopathy in
TAA-treated rats and this phenomenon may be attributed
to the aggravation of liver injury. This study suggests that
PGI2 may provide a protective role in the development of
fulminant hepatic failure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic encephalopathy is a neuropsychiatric syndrome
associated with acute liver failure, chronic parenchymal liver
disease, or portal-systemic anastomosis[1-3]. The spectrum of
symptoms may vary from subtle mental changes or a disrupted
circadian rhythm to hepatic coma. The pathogenesis of hepatic
encephalopathy has not been fully established and a delineation
of pathogenetic factors for hepatic encephalopathy, as well as
developing therapeutic modalities, are highly warranted today.
Hyperdynamic circulation observed in portal hypertension
is characterized by pronounced vasodilatation, increased
systemic and regional blood flows, and augmented cardiac index[4].
Vasodilatation and increased capillary permeability have been
proposed to be involved in the pathogenesis of acute and
chronic form of hepatic encephalopathy[5-8]. Recent studies
demonstrated that excessive formation of nitric oxide (NO) and
prostacyclin (PGI2), the endogenous vasodilators synthesized
by the vascular endothelium[9], are important contributors to the
hyperdynamic circulation[10-13]. Our recent study[14] demonstrated
that chronic inhibition of NO had detrimental effects on the
severity of encephalopathy in thioacetamide (TAA)-treated rats
due to aggravation of liver damage, suggesting a protective
role for NO in the development of hepatic encephalopathy.
Concerning the relationship between prostaglandins and the
liver, some studies suggested that prostaglandins could protect
the liver against the damage by a wide variety of toxins (carbon
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tetrachloride, acetaminophen, galactosamine, alcohol), hypoxia,
ischemia, and immune injury[15-23] although the mechanisms
remain unclear. To date, there are no detailed data concerning the
effects of PGI2 inhibition on the severity of hepatic encephalopathy
during the condition of fulminant hepatic failure.
The aim of this study was to investigate the effects of
indomethacin, a PGI 2 inhibitor [24], on the severity of
encephalopathy in rats with TAA-induced fulminant hepatic
failure[25-27]. For more accurate quantification of the degree of
hepatic encephalopathy, motor activities of rats were measured
in automated open field boxes equipped with infrared cells[28-30].
Plasma levels of tumor necrosis factor- (TNF-, an index of
liver injury), 6-keto-prostaglandin F1 (6-keto- PGF1 a metabolite
of PGI2), aminotransferase (ALT), total bilirubin, and creatinine
were also determined.

MATERIALS AND METHODS
Animal model
Sprague-Dawley rats weighing 300-350 g were used. Fulminant
hepatic failure was induced by intraperitoneal injection of TAA
(350 mg/(kg.d) in normal saline, Sigma Chemical Co, St. Louis,
MO, USA) for 3 consecutive days. Rats were divided into
two groups to receive intraperitoneal injection of indomethacin
(5 mg/(kg·d), n = 20)[24] or placebo (normal saline, N/S, n = 20)
from two days prior to the starting of TAA administration and
lasted for 5 d. To avoid hypoglycemia and electrolyte imbalance,
subcutaneous injections of a solution containing 10% glucose
water mixed with lactate ringer (25 mL/kg) was performed every
12 h after the first injection of TAA [31]. Motor activity
measurements and blood sample collection were performed 3 d
after the first administration of TAA. All rats were caged at
24 ℃ with a 12-h light-dark cycle and allowed free access to
water and food. The experiments reported here were conducted
according to the American Physiological Society guiding
principles for the care and use of laboratory animals.
Measurement of motor activities
Motor activities in an open field were determined by using the
Opto-Varimex animal activity meter (Columbus Instruments Inc.,
Columbus, OH, USA)[28-30]. The Opto-Varimex activity sensors
utilize high-intensity, modulated infrared light beams to detect
animal motion. Animals were housed in transparent cages (17
inches ×17 inches ×8 inches) through which 30 infrared beams
pass in the horizontal plane, 15 on each axis. This device
differentiates non-ambulatory movements (scratching,
gnawing) from ambulation on the basis of consecutive
interruption of the infrared monitoring beams. An additional
row of infrared beams in the horizontal plane (15 on each axis)
about 10 cm above the floor was used to count the vertical
movements. During the activity measurements, animals had no
access to food or chow. All studies were performed under
strictly standardized conditions in the dark room for 30 min.
The number of total movements, ambulatory movements, and
vertical movements was separately recorded to reflect the motor
activities of rats with fulminant hepatic failure.
Determination of plasma TNF-, 6-keto-PGF1, ALT, total
bilirubin, and creatinine
After the abdominal skin was cleaned twice with iodine tincture
and 70% alcohol, the abdomen was opened using a sterile
technique. A 3 mL of blood sample was collected from the inferior
vena cava into a pyrogen-free syringe containing 75 units of
heparin sodium, then placed in an ice bath and transported
immediately to the laboratory. Plasma was centrifuged at 4 ℃
and 2 935 g for 10 min, then stored at -70 ℃ in pyrogen-free
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polyethylene tubes for subsequent analysis within 6 wk.
We measured plasma TNF- levels[32] with a commercially
available solid phase sandwich enzyme-linked immunosorbent
assay (rat TNF- kits; R&D systems, Minneapolis, MN, USA)
according to the protocol supplied by the manufacturer. The
standards and samples were incubated with a TNF- antibody
coating a 96-well microtiter plate. The wells were washed with
buffer and then incubated with anti-TNF- antibody conjugated
to horseradish peroxidase for 2 h. This was washed away and a
yellow-brownish color was developed in the presence of
tetramethyl benzidine chromogen substrate. The intensity of
the color was measured in a Bio-kinetics reader (Bio-Tek
Instruments Inc., Winooski, VT, USA) by reading the absorbance
at 450 nm with a correction wavelength of 570 nm. We compared
the samples against the standard curve to determine the amount
of TNF- present. All samples were run in duplicate. The lower
limit of sensitivity for TNF- by this assay was 5 pg/mL. The
intra-assay and inter-assay coefficients of variation were 5.1%
and 9.7%, respectively.
The measurement of 6-keto-PGF1 was based on a competitive
binding technique in which 6-keto-PGF1 present in a sample
competes with a fixed amount of alkaline phosphatase-labeled
6-keto-PGF1 for sites on a sheep polyclonal antibody (6-ketoPGF1 Kits; R&D systems, Minneapolis, MN, USA). During
the incubation, the polyclonal antibody became bound to the
donkey anti-sheep antibody coated onto the microplate.
Following a wash to remove excess conjugates and unbound
samples, a substrate solution was added to the wells to
determine the bound enzyme activity. The color development
was stopped and the absorbance was read at 405 mm in a Biokinetics reader (Bio-Tek Instruments Inc., Winooski, VT, USA).
The intensity of the color was inversely proportional to the
concentration of 6-keto-PGF1 in the sample. All samples were
run in duplicate. The lower limit of the sensitivity for 6-ketoPGF1 by this assay was 1.4 pg/mL.
We determined plasma levels of ALT, total bilirubin and
creatinine by colorimetric assay with a Clinical Systems 700
analyzer (Beckman Instruments, Fullerton, CA, USA).

Statistical analysis
Results were expressed as mean±SE. Statistical analyses for
categorical variables were performed by Chi-square and Fisher
exact tests. Student’s t-test was used for continuous variables.
Results were considered statistically significant at P<0.05.
RESULTS
Effects of chronic indomethacin administration on mortality
rate in rats with fulminant hepatic failure
Four rats in the indomethacin group and one rat in the N/S
group died during chronic administration of TAA before the
measurement of motor activities. As compared with N/S-treated
rats, the mortality rate was significantly higher in rats receiving
chronic indomethacin administration (20% vs 5%, P<0.01).
Effects of chronic indomethacin administration on degree of
hepatic encephalopathy in rats with fulminant hepatic failure
(Figure 1)
In rats receiving indomethacin, the total movements were
significantly decreased (indomethacin vs N/S: 438±102 vs
841±145 counts/30 min, P<0.05). The counts of ambulatory
movements (256±62 vs 385±95 counts/30 min, P = 0.29) and
vertical movements (28±12 vs 68±27 counts/30 min, P = 0.20) in
the rats treated with indomethacin tended to be lower; however,
the differences did not reach a significant level.
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Figure 2 Comparison of the plasma levels of 6-keto-PGF1, TNF-, total bilirubin, and creatinine between rats with fulminant
hepatic failure treated with indomethacin (n = 19) or N/S (n = 16).

Effects of chronic indomethacin administration on plasma levels
of 6-keto-PGF1, TNF-, ALT, total bilirubin, and creatinine in
rats with fulminant hepatic failure (Figure 2)
Rats treated with indomethacin had significantly lower
plasma levels of 6-keto-PGF1 (indomethacin vs N/S: 32±11 vs
213±47 pg/mL, P<0.001) and higher plasma levels of TNF-
(indomethacin vs N/S: 22±5 vs 10±1 pg/mL, P<0.05) as compared
to N/S-treated rats. The indomethacin group of rats had a
higher serum ALT (indomethacin vs N/S: 172±35 vs 141±31 IU/L,
P>0.05); however, it did not reach a significant level. Serum levels
of total bilirubin (indomethacin vs N/S: 0.3±0.1 vs 0.4±0.1 mg/dL,
P>0.05) and creatinine (indomethacin vs N/S: 0.2±0.1 vs 0.3±0.1
mg/dL, P>0.05) were comparable between these two groups.
DISCUSSION
Regarding the relationships between the liver and arachidonic
acid derivatives, in the last decade much has been learned
between the interactions of liver and prostaglandins (PGs) under
normal and pathological conditions. However, the puzzle is far
from complete. Physiologically, the liver synthesizes all the
major metabolites of the arachidonate cascade, including PGs.
It has been found that PGs are involved in various physiological

processes in the liver, including vasoregulation, platelet
aggregation and mediation of inflammation[33]. As we stated
previously, some studies suggested that PGs could protect the
liver against damage by a wide variety of toxins (carbon
tetrachloride, acetaminophen, galactosamine, alcohol), hypoxia,
ischemia, and immune injury[15-23]. Although the precise
mechanism underlying the cytoprotective effects of PGs in acute
liver injury remains to be precisely defined, it may be related to
the alleviation of vasoconstriction with tissue hypoxia, lipid
peroxidation, and release of inflammatory cytokines or cytotoxic
factors[34-36]. In agreement with previous studies[15-23], our
current study showed that inhibition of PGI2 by indomethacin
during acute liver injury could aggravate hepatic damage. In
addition, this is the first study which demonstrated that
indomethacin administration could result in detrimental effects on
encephalopathy in rats with TAA-induced fulminant hepatic
failure. This finding was similar to NO inhibition in our previous
research[14] suggesting that maintaining tissue oxygenation by
vasodilators is important in fulminant hepatic failure. Besides,
evidence from animal studies suggested indomethacin
administration might affect neurotransmission and
concentrations of neuropeptides in the brain[37-39]. Since our
current study did not have data on the above issues, it is hard
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to tell whether the deleterious effects of indomethacin injection
on encephalopathy may be partially attributed to this and further
studies are warranted.
Physiologically, TNF- has been found to be a peptide
mediator released by mononuclear cells on activation by
endotoxin, tissue injury and tumor cells[40]. The metabolism of
TNF- was located within the liver after it was bound to a
specific receptor[41]. Therefore, plasma levels of TNF-, together
with serum bilirubin, could be regarded as an index for evaluating
the degree of hepatocellular damage and tissue necrosis.
Grading of hepatic encephalopathy is crucial in the research
field for causally related pathogenetic factors. Various tests
such as equilibrium test, corneal, auditory startle, and righting
reflexes have been used but the interpretation of these tests
may be subjective and cannot be quantified. Thus, a mechanical
scoring system was applied in the present study. These tests
are of great benefit in monitoring the minor changes in motivated
behavior. On the basis of consecutive interruption of the infrared
monitoring beams, we could differentiate non-ambulatory
(scratching, gnawing) from ambulatory movements. The
additional row of infrared cells above the plane could provide
us more information concerning the movements toward the
vertical direction. In the current study, the time interval from
the first dose of TAA administration to the measurement of
motor counts was fixed (72 h). The advantage of this model is
that it can provide a therapeutic window for treatment modalities.
Indomethacin acts by inhibiting cyclooxygenase (COX), the
rate-limiting enzyme in metabolic conversion of arachidonic
acids into PGs. Two isoforms of COX have been identified[42]
and both can be inhibited by indomethacin. COX-1 is expressed
constitutively in most tissues and plays an important function
in the protection of gastric mucosa and maintaining physiological
homeostasis. COX-2 is thought to be the enzyme induced in
inflammatory states and tumorigenesis. Recently, the intervention
of selective COX-2 inhibitors was shown to preserve the antiinflammatory efficacy of non-steroid antiinflammatory drugs
(NSAIDs) and to achieve greater safety than traditional
NSAIDs[43-45]. It is unknown whether using selective COX-2
inhibitors may have different effects on hepatic encephalopathy
other than detrimental effect and this issue deserves further
evaluations.
Results of preliminary clinical trials using PGs as therapeutic
agents in patients with severe acute liver injury have been
encouraging[46]. However, most of these trials were lack of
control groups. To accept that PGs as a standardized treatment
in some forms of liver injury, there is still much to learn about
the intimate mechanisms responsible for the hepatoprotective
effect. We acknowledge that this study may not be 100%
extrapolated to patients with acute or chronic forms of hepatic
encephalopathy in conditions of liver insufficiency. However,
we want to point out that using NSAIDs in patients who
potentially suffer from hepatic encephalopathy should be
closely monitored.
In summary, chronic indomethacin administration had
detrimental effects on the severity of encephalopathy in TAAtreated rats and this phenomenon may be partly attributed to
the aggravation of liver injury. It is possible that prostacyclin
inhibition may affect neurotransmission, brain microcirculation,
or changes of blood-brain-barrier permeability. However, the
detailed responsible mechanisms remained to be elucidated.
Our current study suggests that PGI2 may provide a protective
role in the development of fulminant hepatic failure.
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Abstract
AIM: Irritable bowel syndrome (IBS) is a functional bowel
disorder. Its major symptom is bowel dysmotility, yet the
mechanism of the symptom is poorly understood. Since the
neurokinin-1 receptor (NK1R)-mediated signaling in the gut
is important in the control of normal bowel motor function,
we aimed to investigate whether the NK1R-mediated bowel
motor function was altered in IBS, using a rat IBS model
that was previously reported to show colonic dysmotility in
response to restraint stress.
METHODS: IBS symptoms were produced in male SpragueDawley rats by inducing colitis with acetic acid. Rats were
left to recover from colitis for 6 d, and used for experiments
7 d post-induction of colitis. Motor activities of distal colon
were recorded in vitro.
RESULTS: The contractile sensitivity of isolated colon to a
NK1R agonist [Sar9,Met(O2)11]-substance P (1-30 nmol/L)
was higher in IBS rats than that in normal rats. After the
enteric neurotransmission was blocked by tetrodotoxin
(TTX, 1 mol/L), the contractile sensitivity to the NK 1 R
agonist was increased in normal colon but not in IBS rat
colon. The NK 1 R agonist-induced contraction was not
different between the two groups when the agonist was
challenged to the TTX-treated colon or the isolated colonic
myocytes. A nitric oxide synthase inhibitor N -nitro-L-arginine
methyl ester (L-NAME, 100 mol/L) augmented the NK1 R
agonist-induced contraction only in normal rat colon.
CONCLUSION: These results suggest that the NK1R-meidated
colonic motor response is increased in IBS rats, due to the
decrease in the nitrergic inhibitory neural component.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Irritable bowel syndrome; Neurokinin-1 receptor
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INTRODUCTION
IBS is a functional bowel disorder, and its major clinical
symptom is disordered defecation associated with abdominal
pain/discomfort[1,2]. The disordered defecation can be diarrhea
or constipation, or an alternating bowel habit from one to the
other over time[3]. Based on the disordered defecation patterns,
patients diagnosed with IBS have been divided into different
subtypes such as diarrhea-predominant IBS or constipationpredominant IBS[4]. It has been suggested that the disordered
defecation in IBS patients results from abnormal motor function
of the colon [5-8]. However, the mechanisms underlying the
disordered defecation in IBS are still poorly understood.
Researchers have consistently reported that substance P
(SP) is an important enteric transmitter in the control of bowel
motility[9]. Interacting mainly with the neurokinin-1 receptor
(NK1R), SP can both stimulate and inhibit bowel motility by
direct activation of the muscle cells and stimulation of enteric
neural circuits[10]. Thus, it is highly conceivable that alterations
in the NK1R-mediated signaling can cause bowel dysmotility.
Indeed, pathophysiological involvement of NK1R has been shown
in inflammation or stress-induced colonic dysmotility[11-14].
Considering the importance of the NK1R-mediated signaling
in normal bowel motility, one can hypothesize that the
disordered defecation in IBS might be related to a disturbance
in the NK1R-mediated control of colonic motility. We aimed to
test this hypothesis using an animal model of IBS. Previously
we reported that rats developed IBS symptoms after subsidence
of acetic acid-induced colitis[15]. This animal model showed a
visceral hypersensitivity and an altered defecation pattern in the
absence of histological and biochemical signs of intestinal
inflammation. In the colon of this rat model of IBS, we investigated
whether the NK1R-mediated motor response was altered.
MATERIALS AND METHODS
Experimental animals and induction of IBS
Male Sprague-Dawley rats, weighing 270-310 g, were housed
in stainless steel hanging cages in a colony room maintained
under a 12 h light/dark cycle with a room temperature of 22±1 ℃
and a humidity of 65-70%. Water and food were available ad
libitum. IBS symptoms were produced as described previously[15].
Briefly, colitis was induced by intracolonic instillation of 1 mL
4% acetic acid. Control animals received saline instead of acetic
acid. Rats were left to recover from colitis for 6 d, and used for
experiments 7 d post-induction of colitis.
Recording of colonic motor activities
Motor activity of isolated colonic segment On the day of
experiments, rats were killed by cervical dislocation, and a 2 cm
distal colonic segment was removed. The segment was
suspended in a 20 mL organ bath containing oxygenated (95%
O2 and 50 mL/L CO2) Krebs solution maintained at 37 ℃. The
distal end of the segment was tied around the mouth of J-tube
that was connected via a 3-way connector to a syringe and to
a pressure transducer (RP-1500, Narco Bio-systems Inc., USA).
The proximal end of the segment was ligated with a thread that
was connected to an isometric force displacement transducer
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(FT-03, Grass-Telefactor, USA). The signals from both transducers
were acquired by PowerLab/400 (AD Instruments, Castle Hill,
Australia) and recorded on an IBM-compatible computer.
Initial 1-g tension was loaded on the colonic segment and
the lumen of the segment was filled with a 0.2 mL Krebs solution
per 1 cm length of the segment. The mechanical activities of the
colonic segment were detected as changes in intraluminal
pressure. This parameter was reported to reflect the motor activity
of intestinal circular muscles[16]. After a 60-min equilibration
period, drugs were cumulatively administered into the bath
with a 5-min exposure time at each concentration. The effect of
a drug on the colonic motor activity was quantified by measuring
the mean intraluminal pressure at a given concentration. The
mean intraluminal pressure was digitally calculated by dividing
an integral value of pressure (area under the pressure trace) by
the number of data points (tracing time). At the end of each
experiment, the tonic contraction by KCl (60 mmol/L) was
measured to normalize the motor activity of the isolated colon
at each concentration of drugs (% of the maximal amplitude of
the KCl-induced tonic contraction, % KCl).

RESULTS
Spontaneous motor activities of isolated colon
The isolated colonic segments showed spontaneous motor
activities in rest, and tonically contracted under a high KCl
(60 mmol/L) solution (Figure 1). There was no difference in the
KCl-induced contraction (normalized by dividing by wet weight
of the colonic segment) between normal and IBS rat colons
(329±31 mmHg/g vs 326±37 mmHg/g, P>0.95, n = 10). The
frequency of the spontaneous phasic contraction was 0.79±0.08
beat per minute (BPM) (n = 10) in normal and 0.77±0.07 BPM
(n = 10) in IBS rat colon. The amplitude of the spontaneous
contraction was 13.1±1.6% KCl and 13.3±1.2% KCl in normal
rat colon and IBS rat colon, respectively (P>0.9).
Effect of NK1R agonist on the motor activities of isolated colon
As shown in Figure 2A, a selective NK1R agonist, [Sar9,Met
(O2)11]-substance P (SP), contracted the circular muscle of an
isolated distal colonic segment. The contractile effect of [Sar9,
Met(O2)11]-SP was more prominent in IBS rat colon than that in
normal rat colon at 10 and 30 nmol/L (P<0.05).
Blocking the enteric neurotransmission with TTX (1 mol/L)
increased the resting mean intraluminal pressure by 9.7±1.1%
KCl (n = 8) in normal rat colon and by 8.0±1.7% KCl (n = 7) in
IBS rat colon (P = 0.4). The contractile effect of [Sar9,Met(O2)11]-SP
was not different between the two groups under the presence
of TTX (Figure 2B). In the TTX-pretreated normal rat colon
(n = 8), the contractile effect of [Sar9,Met(O2)11]-SP was increased
to 19.0±2.2% KCl (P<0.01 vs 11.2±0.9% KCl) and to 33.5±3.8%
KCl (P<0.01 vs 16.3±0.9% KCl) at 10 and 30 nmol/L, respectively
(Figure 2C), which implied that an inhibitory neural component
was involved in the NK1R agonist-induced contraction in
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Statistical analysis
Data were expressed as mean±SE with n, the number of animals.
Unpaired Student’s t-test was used for statistical comparison (at
P<0.05 significance level). In case of analyzing the effect of a NK1R
agonist on normal and IBS colon before and after TTX-treatment,
the significance level was adjusted using Bonferroni procedure.

Solutions and chemicals
The Krebs solution contained (in mmol/L) 118 NaCl, 4.7 KCl,
50
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2.5 CaCl2, 1.2 MgSO4, 1.2 KH2PO4, 25 NaHCO3, and 11 glucose.
The Ca2+-free PSS contained (in mmol/L) 135 NaCl, 5 KCl, 1.2
MgCl2, 10 glucose, and 10 HEPES (adjusted to pH 7.4 with
Tris). PSS contained (in mmol/L) 135 NaCl, 5 KCl, 2 CaCl2, 10
glucose, and 10 HEPES. [Sar9, Met(O2)11]-substance P (SP) was
purchased from Tocris Cookson (Avonmouth, UK). Collagenase
type 2 was purchased from Worthington (Lakewood, NJ, USA).
All the following chemicals were purchased from Sigma (St.
Louis, MO, USA): tetrodotoxin (TTX), N -nitro-L-arginine
methyl ester (L-NAME), dithioerythritol, trypsin inhibitor.

Contractility of isolated colonic smooth muscle cells
Smooth muscle layers from the colon were isolated, cut into small
pieces and placed in nominal Ca2+-free physiological salt solution
(Ca2+-free PSS). These segments were incubated in a medium
modified from Kraft-Brühe (KB) medium[17] for 30-60 min at room
temperature. They were then incubated for 20-30 min at 37 ℃ in
digestion medium (Ca 2+-free PSS) containing 1.5 mg/mL
collagenase type 2, 2.0 mg/mL trypsin inhibitor, 2.0 mg/mL
bovine serum albumin and 0.5 mg/mL dithioerythritol. After
digestion, the supernatant was discarded, the softened muscle
segments were transferred again into modified KB medium,
and single cells were dispersed by gentle agitation with a widebore glass pipette. Isolated colonic myocytes were kept in
modified KB medium at 4 ℃ until use. All experiments were
carried out at room temperature within 12 h of harvesting cells.
Isolated colonic myocytes were transferred to a stage on an
inverted microscope (Olympus CK2, Japan) and allowed to stick
lightly to the glass coverslip bottom of a small chamber for 10 min.
The cells were then perfused with physiological salt solution
(PSS) to remove cellular debris. Single smooth muscle cells
were identified and cell image was digitally captured using CCD
camera (TMC-7, PULNiX Inc., USA) at 0.05 frame per second
(fps) rate. Cell length was measured using software for image
analysis. Cell contraction was expressed as a percent decrease
in cell length by a drug from control length (the length of cells
before the application of drugs).
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Figure 1 Motor activities of circular muscle in isolated colonic segments. Motor activities of circular muscle were measured as
changes in intraluminal pressure in (A) normal rat colon and (B) IBS rat colon. No difference was observed between groups in the
spontaneous rhythmic phasic contraction and in the KCl (60 mmol/L)-induced tonic contraction.
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Figure 2 Contractile effect of NK1R agonist on isolated distal colonic segments, isolated colonic myocytes, and NOS inhibitorpretreated isolated colonic segments. A: The contractile sensitivity of IBS rat colon to [Sar9,Met(O2)11]-SP was higher than that of
normal rat colon. aP<0.05 vs normal by Student’s t-test with Bonferroni correction; B: Under the presence of TTX (1 mol/L), no
statistical difference was detected between groups in the [Sar9,Met(O2)11]-SP-induced contraction; C and D: TTX increased the
[Sar9,Met(O2)11]-SP-induced contraction in normal rat colon but not in IBS rat colon. bP<0.01 vs control by Student’s t-test with
Bonferroni correction (n = 12 in normal control, 9 in IBS control, 8 in TTX-normal, 7 in TTX-IBS); E and F: Photographs of myocytes
in normal and IBS groups under control condition (left), and under the presence of 30 nmol/L [Sar9,Met(O2)11]-SP (right). Bar = 30 m.
G: Dose-response plot showing the contractile effect of [Sar9,Met(O2)11]-SP on the isolated colonic myocytes. The [Sar9,Met(O2)11]SP-induced contraction was measured as a percent decrease in cell length (n = 7 in normal, 8 in IBS); H and I: Normal and IBS rat
colonic segments were incubated with a NOS inhibitor L-NAME (0.1 mmol/L) for 10 min before the cumulative administration
of [Sar9,Met(O2)11]-SP. bP<0.01 vs control by Student’s t-test (H: n = 12 in control, 7 in L-NAME. I: n = 9 in control, 6 in L-NAME).

normal rat colon. In IBS rat colon (n = 7), the contraction at
each concentration of [Sar9,Met(O2)11]-SP was not significantly
changed by TTX pretreatment (Figure 2D).

Effect of NK1R agonist on the motor activities of isolated colonic
myocytes
The initial length of isolated colonic myocytes was 77.8±3.2 m

(n = 7) and 70.5±2.7 m (n = 8) in normal and IBS groups,
respectively (P>0.09). [Sar 9,Met(O2)11]-SP concentrationdependently decreased the length of isolated muscle cells. At
the highest concentration (30 nmol/L), the cell length was
decreased by 52.3±6.4% in normal group and 50.1±6.0% in IBS
group. The response of muscle cells to [Sar9,Met(O2)11]-SP was
not different between the two groups (Figures 2E-G).

240

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Effect of NK1R agonist on the motor activities of isolated colon
under the presence of NOS inhibitor
Pretreatment of a NOS inhibitor L-NAME (0.1 mmol/L) increased
the resting mean intraluminal pressure by 10.7±1.5% KCl (n = 7)
in normal rat colon and by 12.9±3.4% KCl (n = 6) in IBS rat
colon (P = 0.55). In normal rat colon (n = 7), the contractile
effect of [Sar9,Met(O2)11]-SP was increased by the pretreatment
of L-NAME to 17.2±2.2% KCl (P<0.01 vs 11.2±0.9% KCl), and to
22.1±1.5% KCl (P<0.01 vs 16.3±0.9% KCl) at 10 and 30 nmol/L,
respectively. On the other hand, L-NAME was ineffective to
augment the contractile effect of [Sar9,Met(O2)11]-SP in IBS rat
colon (Figure 2H, 2I).
DISCUSSION
In the present study, we found that the NK1R-mediated colonic
motor response was altered in a rat model of IBS. A selective
NK1R agonist [Sar9,Met(O2)11]-SP contracted IBS rat colon more
potently than normal rat colon. Because SP could stimulate
both intestinal smooth muscle cells and enteric inhibitory
nerves[10], we hypothesized that the higher contractile sensitivity
of IBS rat colon to the NK1R agonist resulted from increased
contractile response of muscle cells, and/or decreased response
of enteric inhibitory nerves to the NK1R agonist. Our results
support the second hypothesis. In normal rat colon, the
contractile effect of [Sar9,Met(O2)11]-SP was enhanced by a
neurotransmission blocker TTX, whereas that in IBS rat colon
was not significantly changed by TTX. Furthermore, the [Sar9,
Met(O2)11]-SP-induced contraction was not different between
the two groups when the agonist was challenged to the TTXtreated isolated colon or directly to the isolated myocytes. These
data indicate that the higher contractile sensitivity of IBS rat
colon to [Sar9,Met(O2)11]-SP results from the decreased enteric
inhibitory neural components rather than the increased
contractile response of muscle cells.
Recently, enteric nitrergic inhibitory nerves were reported
to participate in the NK1R-mediated control of peristalsis in
isolated guinea-pig ileum[18] and in isolated rabbit distal colon[19].
Therefore, we supposed that nitrergic inhibitory nerves were the
inhibitory neural components activated by [Sar9,Met(O2)11]-SP.
Expectedly, we found that the [Sar9,Met(O2)11]-SP-induced
contraction was augmented by the suppression of nitrergic
inhibitory transmission with L-NAME in normal rat colon but
not in IBS rat colon. Putting these lines of evidence together, it
can be concluded that the increased NK1R-mediated contraction
in IBS rat colon results from the decreased NK1R-mediated
activation of enteric nitrergic inhibitory nerves.
Considering that the IBS rats used in this study developed
IBS symptoms after subsidence of colitis, it is worthy to mention
that intestinal inflammation could induce profound changes in
enteric nerves, which might persist long after the inflammation
subsided[20,21]. In addition, there have been studies reporting
the dysfunction of enteric nitrergic nerves in animals with gut
inflammation. Researchers have shown the decreased nNOSimmunoreactivities in TNBS-induced colitic rats[22], the reduced
activity and synthesis of nNOS in DSS-induced colitic rats[23],
and the diminished NO-mediated relaxation in nematodeinfected mice[24]. Thus, it seems likely that alterations of enteric
nitrergic neural function by colitis can persist in the colon of
IBS rats, causing a higher contractile sensitivity of IBS colon
to the NK1R agonist.
Since nitrergic nerves are tonically active in rat colon[25,26],
one would expect that dysfunction of enteric nitrergic nerves
results in alterations of the resting colonic motility. However,
we observed that the resting motility of the isolated colon was
not different between normal group and IBS group (Figure 1).
Moreover, the extent of the increase in the resting colonic motor
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activities by a NOS inhibitor was similar in the two groups,
suggesting that the tonic nitrergic inhibition of resting motility
is maintained in IBS rat colon. This seems incompatible with
our aforementioned conclusion that the decreased enteric
nitrergic inhibitory neural components in IBS rat colon causes
the increased NK1R-mediated colonic motor response. One of
the possible explanations for this discrepancy is that the NK1Rmediated signaling pathways do not modulate the tonic inhibitory
action of nitrergic nerves and hence have no influence on the
resting colonic motility. Supporting this notion, Mule et al[27]
reported that the resting spontaneous motility of rat colon was
not affected by a NK1R antagonist but inhibited by several
NK2R antagonists, indicating that the NK1R-mediated signaling
pathways do not contribute to the control of the resting motility
in rat colon.
In conclusion, the present results indicate that the NK1Rmediated contraction is exaggerated in the colon of rat IBS
model. The higher contractile sensitivity of IBS rat colon to the
NK1R agonist appears to result from the decreased enteric
nitrergic inhibitory neural components rather than the increased
contractile response of muscle cells. These results suggest
that disordered defecation in IBS patients, especially who
develop IBS after intestinal inflammation, might be related to
the alterations in the NK1R-mediated control of bowel motility.
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Abstract
AIM: Although epidemiological and experimental studies
validate influence of genetic, environmental and dietary
factors in the causation of various types of cancers including
colon, results from all these sources are inconclusive.
Hypothesizing that high fat diet and obesity are among the
major predisposing factors in the incidence of colon cancer,
we evaluated the role of diet constituted with food material
derived from a tropical plant, Tamarindus indica Linn (TI).
METHODS: A two part randomized double-blind study was
conducted employing inbred Swiss albino mice from a single
generation for the whole investigation. One day-old
neonates (n = 12) were subcutaneously administered with
monosodium glutamate (MSG) to induce obesity (OB). At
weaning these animals were maintained on modified
AIN-76 diet supplemented with 10% TI and 10% fat bolus
(w/w, TIFB) for 8 wk. Subsequently, in the second part of
study, four groups of animals belonging to the same
generation, age and gender (n = 12 per group), were
maintained on: AIN-76 control diet (CD); AIN-76 mixed
with 10% TI extract (TI); and, mixed with 10% TI and
10% FB (TIFB) for 8 wk, to determine intestinal crypt cell
proliferation, functionally-specific enzyme activities,
fermentation profile, and energy preferences.
RESULTS: We observed a significant increase in the crypt
cell production rate in distal colonic segment of experimental
animals when compared with the controls. This segment
also contained significantly low butyrate levels compared
to control and TIFB groups. All the experimental groups
showed a gross decrease in the enzyme activities viz.,
succinate dehydrogenase, acid-galactosidase and dipeptidyl
amino peptidase IV demonstrating pathological stress
caused by the test regimens, and an altered metabolic flux
in the cellular environment.
CONCLUSION: We have demonstrated a cumulative
response to the three dietary factors, one of which (TI) is
reported, herein, for the first time to modulate kinetics of
large intestinal mucosa, contributing to total risk posed by
these test agents.
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INTRODUCTION
Dietary factors have been estimated to be responsible for up to
40% of cancers including those of the gastrointestinal tract
(GIT)[1- 4]. Numerous life style factors have also been included
such as, high fat diet consumption, inadequate physical activity
and obesity[5 -7]. High fat/low fiber diet has been found to have
greater influence on the development of colon cancer[8]. Several
studies have been conducted worldwide to relate obesity with
cancer risk especially of the large intestine[9 -13].
Tamarind forms an important ingredient of Indian cookery.
Tamarind pulp powder (hereafter referred as TI) as used in the
present study is prepared by concentrating, drying and milling
the pulp into a powdered form. It is one of the convenient food
products produced commercially by several manufacturers in
India. Manjunath et al[14] reported that on average the total solid
content of tamarind pulp powder varied between 18.6 and 25%,
and acidity between 8.7 and 11.1% with an average value of 9.9%
(as tartaric acid). The moisture content ranges between 3.5 and 8.
8%. Digestible starch is the major ingredient in tamarind pulp
powder (20-41%). In some recent reports, the presence of
nicotinic acid (about 5%), and primary amines (148.8 ppm) were
discussed with emphasis on precursor carcinogens that added
up to the list of environmental hazards to human beings[15-17].
The average composition of the dried pulp powder of TI is
given in Table 1.
Table 1 Proximate composition of dried pulp of tamarind fruit
Constituents
Moisture
Protein
Total sugars
Ash
Free tartaric acid
Starch

Proximate composition of
the dried pulp powder (%) 1
3.5-8.8
1.7-2.4
15.8-25.0
2.1-3.2
8.7-11.1
20-41.3

1

Source: Reference[14].

In view of the above literature, we wondered if the type of
starch and high content of sugar present in the dried pulp of T.
indica (hereafter referred as TI) might exert its effect on the
colonic cell kinetics, either positively or negatively, when fed
to the experimental animals chronically as a mix with AIN-76
control diet ad libitum. Influence of dietary sugars/starch and
microbial contents on colonic cell proliferation has been studied
extensively[18]. It is likely that non-digestible starch increases
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apoptotic cell death and inhibits cellular growth in colonic mucosa.
DNA damage is considered to play a crucial role in the induction
of almost every type of cancer including that of colon. Studies
have been carried out until recently on the DNA damage events by
the exposure to various forms of starch using animal models[19,20].
In addition, we attempted to evaluate the influence of TIderived components with fat bolus in experimental animals postchallenged with neonatal obesity. It is neither evident from the
previous literature that TI might trigger genesis of any type of
cancer in humans epidemiologically, nor is it experimentally
demonstrated to cause any inductive/promotive response
towards carcinogenesis. However, Block[21] and Patterson[22]
reported that plant-derived components had significant impact
on the mucosal properties in the entire gastrointestinal tract.
Hence, a protocol was designed to evaluate whether TI
could act independently on the colonic mucosal architecture
of the host system, and/or facilitate the fatty diet and/or obesity
- mediated cellular damage and upregulate the proliferation rate,
a basic prerequisite of neoplastic transformation. For the present
communication, crypt cell proliferation rate (CCPR) and tritiated
thymidine incorporation assays, biochemical enzyme profile,
short chain fatty acids profile (SCFAs) and energy preferences
such as lactate, were chosen to address possible effects of TI,
per se as well as in combination with the well-established
predisposing factors, on colonic mucosa of Swiss albino mice.

MATERIALS AND METHODS
Chemicals and isotopes
All the chemicals and solvents used in this study were of
analytical grade. The isotope [3H] - thymidine was purchased
from Board of Radiation and Isotope Technology, Bombay,
India. Monosodium glutamate (marketed as “aginomoto salt”)
and the dried pulp of tamarind (marketed as “dry tam- without
mess”) were purchased from the local market.

243

experimental groups of animals. Adjustment on caloric value of
the diet was done with respect to the chemical composition of
TI fruit extract, saturated animal fat and cholesterol. Choline
and corn oil were excluded from the dietary regimens so as to
analyze the effects of pure animal fat and cholesterol on the
cellular membrane integrity without the interference of choline
and other lipids. Treatment of animals with the present study
setup was within the permissible criteria proposed by Government
of India’s Ministry of Social Justice and Empowerment, and
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), (as published recently in
Volume 19, Issue 23, November 9-22, 2002 Frontline). The rules
and laws were followed from Poynter Center for the Study of
Ethics and American Institutions, Indiana University, 410 N.
Park Ave., Bloomington, IN, USA.
Table 2 Composition of the diet administered to control and
experimental animals
Constituents

Control diet

Caesin (%)
23 .8
DL- methionine (%)
0.5
Corn starch (%)
30 .0
Sucrose (%)
30 .0
Cellulose (%)
6.5
Corn oil (%)
5.0
Salt mix (%)
3.0
Vitamin mix (%)
1.0
Choline bitartrate (%)
0.2
TI (10%) 1- mixed
Sucrose (%)
Tartaric/Malic/Citric acid (%) Starch (%)
Animal fat (%) 2 - mixed
Cholesterol (%)
-

Experimental diet
23 .8
0.5
22 .7
27 .5
6.5
5.0
3.0
1.0
0.2
2.5
3.3
4.0
10 .0
2.0

1

Preparation of T. indica fruit pulp extract
The dried fruit pulp of T. indica weighing 100 g was taken in
conical flask and about 500 mL of boiled water was added and
allowed to soak for 1 h. The cooled, aqueous extract[16] was
filtered through a sieve (100 mesh) and used as an ingredient in
the synthetic diet. The particular preparation method logically
simulated the conditions applied by the Indian cookery system.
Experimental design
Swiss albino mice were purchased from Tamil Nadu Veterinary
and Animal Science University (TNVASU), Chennai, India, and
bred in the department’s animal house. Inbred animals belonging
to a single generation were selected for all the experimental
conditions. In the first part of investigation, 75 animals from
the third day of their birth were subcutaneously administered
with 100 L of 20 mg/mL MSG at two spots, regularly for eleven
days[23]. A mortality rate of about 60% was observed during
the induction of obesity and remaining 40% live animals
developed obesity successfully, eighteen animals of which were
chosen for the present study plan (OB), and therefore, caged
separately. They were fed the AIN-76 modified diet [24],
constituted with 10% (w/w) TI, 10% (w/w) fat bolus and 2%
cholesterol, as designated for the TIFB-treated group.
For the second set of study, animals were divided into four
groups (twenty four animals in each group). Control animals
received controlled AIN-76 synthetic diet (CD). Animals
belonging to TI - treated group (TI) were maintained on the
synthetic diet mixed with 10% TI. Further, for TIFB - treated
group (TIFB) of animals, the diet was mixed with 10% TI, 2%
cholesterol, and 10% fat bolus.
Table 2 describes the diet composition of control and

TI was mixed (10%) in the total diet and compensated with corn
starch and sucrose of the control diet for the nutrients composition for preparing experimental diet 2Choline bitartrate and corn
oil were excluded from the dietary regimens of groups3 and 4.

Crypt cell proliferation rate assay
At intervals of 2, 4 and 8 wk, 6 animals from the experimental and
control groups were given 1 mg/kg of colchicine intraperitoneally.
The tissue samples were excised from different parts of the
large intestine. The number of arrested metaphases increased
with time after injection. To prevent variation in the kinetic
results due to diurnal changes[25], in each group, the first animal
was killed 30 min after injection with colchicine and thereafter one
animal was killed every 15 min up to 90 min. Three segments were
taken viz., cecum, ascending colon, and descending colon. Fixing
of the segments was carried out with glacial acetic acid for 24 h and
stored in 750 mL/L ethanol. For measurement of the crypt cell
proliferation rate, the tissue specimens were rehydrated on an
alcohol gradient and hydrolyzed in 1 N HCl for 10 min and stained
using periodic acid Schiff’s reagent. The focal areas of crypts
exhibiting abnormal characteristics were microscopically dissected
and squashed under cover slips. The number of arrested
metaphases was counted in ten crypts per sample. The mean
metaphase count per crypt was plotted against the time that the
samples were taken (five points, 30 to 90 min). A linear regression
curve was drawn for each site in each group, and from the slope of
the graph mean CCPR/crypt/h was calculated and plotted.
3

H-Thymidine incorporation assay
Control and experimental animals (six in each) after 2, 4 and
8 wk of experimental period were taken for this assay. For the
determination of [ 3H]-dThd into DNA, 100 ci/kg body
weight of [3H]-dThd (3H-(methyl) thymidine; specific activity
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18 ci/mmole) was injected intraperitoneally to the animals of
experimental and control groups. Animals were sacrificed by
cervical dislocation after 3 h of injection of [3H]-dThd. The three
colonic segments were excised and placed in saline at 4 ℃. During
the analysis, the mucosa was scraped and DNA content was
extracted and counted as described previously[26-28]. The results
are represented as counts per minute (cpm) per g DNA.

Measurement of SCFAs and lactate
Colonic contents were collected at respective intervals from 6
animals in each group. The contents were acidified with 500 mL/L
sulphuric acid solution. The solution was then extracted with
2 mL ether and 1 L of the extract was injected into a capillary
column containing a column stationary phase of 10% fatty
acids, of 30 m long (inner diameter: 0.32 mm, thickness: 0.5 m,
split, 1:80). A Hewlett Packard gas chromatograph (Model 6890)
equipped with a flame ionization detector was used. A column
temperature of 70 ℃ and a detector temperature of 230 ℃ were
used. Peaks of SCFAs were confirmed by running known
standards under similar conditions. Integration of the peaks
was carried out using the HP 3389A software; values are
represented as percentage distribution of each SCFA in the
profile. Lactate levels in the control and experimental samples
were measured by UV- enzymatic method as described in the
commercial kit (Boehringer, Mannheim, Germany) and calculated
as mol/g wet content by establishing the standard curve.
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to get the statistical significance with respect to the colonic
segments and treatment groups. Statistical analyses were also
aided by MicroCal Origin software (version 2.9, USA).

RESULTS
CCPR assay
Linear regression curve (Figure 1) was drawn by taking the
mean number of cells produced at five different time intervals,
30 min after the administration of colchicine. It might be noted
that each CCPR/crypt/h measurement at different sites at their
specific exposure levels was carried out in a similar manner.
Figures 2A, B, C show the crypt cell production rate in cecum,
ascending colon and descending colon tissues isolated from
the experimental and normal animals at wk 2, 4, and 8. It was
observed that the rate of cell proliferation in the TI-supplemented
group was approximately equal to its normal counterpart, up to
4 wk in all the three segments of GIT. Combination of TI and
saturated fat (TIFB) did not influence the production of cells
significantly at wk 2 in all the tissue sections. However, at four
weeks of study, this group had a significantly greater rate of cell
production compared to the controls. While for the OB treated
animals, influence of obese condition on the production rate of
crypt cells in the presence of TIFB-supplemented diet was
evidently significant in all the three segments four weeks onwards.

Statistical analysis
In the calculation of CCPR, linear regression analysis was carried
out to determine the correlation coefficient. The standard
deviations of the slopes were also calculated but, as is normal
practice in this analysis, they were not quoted[32]. Cell kinetics
data between each experimental group and the control group
for each segment were compared for statistical significance
using two tailed Student’s t-test. Chi-square test was applied
to determine the significance of counts of tritiated thymidine
incorporation into DNA. ANOVA was employed for calculating
the statistical significance of the means of SCFA and lactate
levels obtained for the experimental and control groups.
Histochemical analysis was performed on rank data as low (1),
moderate (2), and high (3) levels of staining. ANOVA was used

Arrested
metaphases/crypt

8

Enzymatic analysis
In this study, activities of mitochondrial succinate dehydrogenase
(SDH), brush border dipeptidyl amino peptidase IV (DAP IV)
and lysosomal acid -galactosidase (acid -gal) were measured
by histochemical quantitation (Table 3). Colon tissues were
removed and cut opened longitudinally and washed thoroughly
with physiological saline. Serial 10 m cryostat sections of the
colon tissues were mounted on the cover slips. Histochemical
quantitation of the enzymes was carried out using specific
substrate solutions and stains according to the established
procedures[29-31].

CD

6

TI

4

TIFB

2

OB

0
30

45

60
Time (min)

75

90

Figure 1 Linear relationship of metaphase arrest to time used
to calculate CCPR.

[3H]-dThd incorporation assay
Figures 3A, B, C demonstrate the amount of [3H] - dThd
incorporation into the colonocyte DNA of cecum, ascending
and descending colon tissues at three different exposure levels.
At wk 8, the OB animals exhibited a significantly increased
incorporation in the mucosa obtained from all three segments
followed by TIFB-treated group in comparison to their normal
counterparts. However, on a par with the analysis of CCPR, TIfed animals presented reduced levels of incorporation in all
three tissue sections up to 4 wk. Nevertheless this group was
indicated to incorporate significant numbers of radiolabeled
precursor in the colonocyte DNA of ascending and descending
segments at eight weeks as compared to controls.

Table 3 Activities of succinate dehydrogenase, acid-B- galactosidase and dipeptidyl amino peptidase IV (values are expressed as
absorbance units, mean±SE; n = 6)
Enzymes
SD H
DAP IV
Acid--Gal

a

Crypt segments
Luminal epithelium
Luminal epithelium
Basal crypt epithelium
Luminal epithelium
Basal crypt epithelium
Apical crypt epithelium

CD
0.596±0.053
0.178±0.027
0.196±0.012
0.526±0.046
0.592±0.061
0.863±0.067

TI
0.533±0.038
0.163±0.008
0.179±0.003
0.443±0.035
0.527±0.036
0.639±0.057 c

TIFB

OB
a

0.512±0.053
0.156±0.019
0.162±0.005
0.381±0.028 a
0.493±0.058
0.587±0.009 c

0.524±0.067 a
0.125±0.014 a
0.151±0.030
0.314±0.029 a
0.397±0.011 b
0.452±0.065 c

P<0.05 vs CD in the crypt segment of luminal epithelium; bP<0.01 vs CD in the crypt segment of basal crypt epithelium; c P<0.05
vs CD in the crypt segment of apical crypt epithelium.
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Fermentation profile
TI - per se fed animals showed a significant decrease in the levels
of butyrate and lactate at 8 wk, in the ascending and descending
colon segments, while there was no significant change at 2
and 4 wk of exposure (Figure 4). Acetate and propionate were as
equal as that of control samples. However, insignificant changes
were observed in the cecum tissue of TI -fed animals compared
to control group with regard to all of these SCAFs. The TIFB-and
OB-induced groups produced significantly increased amount of
lactate in the two colon segments, whereas, the cecum tissues of
these groups producd more propionate and butyrate. Acetate
concentrations in all the three segments from these two treated
groups were not altered. The changes in these two groups were
significant at 4 wk and increases continued thereafter.
In the cecum, lactate concentrations in the animals of control
and experimental groups showed a positive correlation with
other SCFAs, indicating the fate of microbial content of the
mucosa at different dietary exposures (Figure 5). TI fed group
showed an insignificant change in its lactate content compared
to that of controls at 2 wk. While this group showed a significant
elevation in the levels of lactate at wk 4 and 8 (P<0.004 and
P<0.016, respectively). Ascending and descending colon tissues
showed elevated lactate concentrations at 2 wk (P<0.047, and
P<0.002, respectively). However, decreased lactate production
was evident in these two segments later on (P = NS). The results
were attributed to the amount of starch that escaped digestion
producing high lactate at about 2 wk. The animals were seemed
to get acclimatized to the dietary conditions thereafter. Upon
analysis of the same samples isolated from the other two groups,
viz., TIFB and OB, there seemed to be a significant production of
lactate from 4 wk onwards in all the three segments indicating a
close association with the high acetate levels (about 73%) and
propionate levels (around 45% in the cecum specifically) found
in these experimental animals.

OB

B

TIFB

Groups

TI

DISCUSSION
Our investigation has shown that dietary factors had a significant
impact on large intestine of experimental animals. It was critically
noted that all the parameters included in this study were
dependent on each other. Generally, epithelial restitution is a
basic physiologic response elicited against any kind of mucosal
damage causing an insult to the epithelial layer. Rate of cell
proliferation was increased in such instances and normal
differentiated cells migrated towards and replaced the damaged
epithelia. Crypt fission occurred under these conditions leading
to increased numbers of crypts thereby stabilizing mode of
spread of mutated clones in the mucosa[34]. Our findings go in
parallel with the literature cited with respect to colonic epithelial
cell proliferation. Crypt cell proliferation rate was increased in
C

OB
TIFB
TI
CD

CD
0

occurrence of these enzymes in colonic crypts. The distribution
of these enzymes in the crypt follows a function-specific pattern.
The activity of succinate dehydrogenase is pronounced in the
luminal epithelium of the colonic crypt, whereas the basal
epithelium contains DAP IV activity and the activity of acid gal occupies the apical crypt at a high level. Distribution of
reactive DAP IV is also seen in the luminal crypt. Similarly, a
moderate level distribution of acid -gal is seen in the luminal
and basal portions of the colonic crypt [33]. Histochemical
analysis of the enzymes indicated a gross decrease in the
activities of all the three enzymes along the entire large intestine
suggesting impaired metabolic activities of the colonic mucosa,
due in part to the dietary exposures. The effect was more
prominent when observed critically in the OB - group, as there
was an additive influence of TIFB in association with obese
condition. Distribution patterns of enzyme activities in the tissue
sections of cecum region of TI per se - treated group did not
reveal much variation in their activities at all the three time points.
However, in combination with other two factors, viz., FB and OB,
it was shown to have an impact as a positive stimulator. There
was of course, a reduction of enzyme activities observed in the
other two segments after 4 wk of treatment with TI.

Groups

A
Groups

Enzyme activities
The selection of the three enzymes was dependent upon the
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Figure 2 Crypt cell production rate/Crypt/h in caecum at (A), ascending colon (B) and descending colon (C) tissues isolated
from experimental and control groups of animals (mean±SE) at 2, 4 and 8 wk treatment. Significance was seen between CD and
the experimental groups TI, TIFB and OB.
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Figure 3 Incorporation of [3H] – dThd into the DNA of cecum (A), ascending colon (B) and descending colon (C) tissues at
different exposure periods in experimental and control groups (mean±SE). Significance was seen between CD and the experimental groups TI, TIFB and OB.
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Figure 4 Mean (%) of acetic, propionic and butyric acids in the mucosal contents of cecum (c), ascending colon (ac) and descending
colon (dc) tissue segments isolated from mice of CD, TI, TIFB and OB groups. Results were drawn from the total mean(%)
distribution of SCFAs throughout the experimental period (n = 6).
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Figure 5 Levels of lactate in mice fed with various dietary factors in CD, TI, TIFB and OB groups for 2, 4 and 8 wk of test periods in the
isolated cecum (A), ascending colon (B) and descending colon (C). Values are represented as mol/g wet mucosal content, mean±SE.

all the three segments of OB- and TIFB- treated animals with a
positive correlation with decreased levels of butyrate and
enzyme activities. It was reported that butyrate acted as an
inducer of apoptosis under in vivo conditions and in contrast
it was implied as an inducer of cellular differentiation under
in vitro conditions[35-37]. A biopsy obtained from human cecum
showed a response to SCFA supplementation with an increase
in cell proliferation when cultured in vitro[38]. In our study
butyrate levels went down in the groups of TIFB and OB at an
early stage compared to the TI- per se treated group and controls,
leading to uncontrolled proliferation of mucosal epithelium. Earlier
reports also suggested similar hypotheses[6,12]. It was also noted
that distribution of mitotic cells (in OB and TIFB-treated groups)
was seen in the upper 40% of the crypt, which was considered to
be a sensitive biomarker of cancer risk[39].

Interestingly, in the present study, alterations in the colonic
mucosa were evident due in part to the high digestible starch
and acidic content of TI which might have affected the microfloral
content of the colon as shown by altered short chain fatty acids
profile and impaired enzyme profile, thereby aggravating the
adverse effects of fatty diet and obese condition. Large bowel
microfloral contents were found to be very low when the cecum
and distal colon tissues were weighed in comparison to that of
control tissues, as it is evident[40,41] that microbial digestion of
the partially digested food that escape from the small intestine
are ultimately digested by the microflora of the cecum (wherein
the digested material stays for a maximum time period,
approximately 4 h in the case of mouse). In addition, our
suggested hypothesis is in agreement with the findings of
McIntyre et al [42], who suggested the beneficial effects of
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increased butyrate production in the large bowel due to
consumption of fiber-enriched diet which helps protect the rat
from developing colon cancer. In our study, lactate production
showed an indifferent pattern of results with a close similarity
to other SCFAs profiles. The profile indicated that the amount
of lactate produced in the TIFB and OB - groups was a reflection
to some extent of high bacterial glycolysis in combination with
a high proliferative index of mucosal cells as noted with an
increased CCP rate and radioactive labeling. Other reports of
Fleming et al[43] and Caderni et al[44] also suggested these two
phenomena in the mucosa under carcinogenic/pathological
conditions induced by high fat diet.
Further, the rate of proliferation of the crypt epithelium and
radiolabeled precursor incorporated DNA content in the cells
of colon tissues isolated from OB and TIFB - fed groups, were
increased in a linear fashion from 4 to 8 wk . It is speculated that
both physiological and biochemical parameters seem to be
affected significantly after 4 wk attributing to the fact that
acclimatization of animals to their respective diets ad libitum
might take nearly 2 wk. Previous reports also supported our
findings that ad libitum feeding of high-fat diet enhanced
formation of aberrant crypt/ foci in experimental animals after
four weeks[45-47]. Patients with familial polyposis coli, clinically
manifested in association with obesity, have been indicated to
have increased thymidine - labeled cells in the upper third of
the morphologically normal crypt[45]. It was demonstrated by
another scientific group that specified pathogen-free gut
conditions might have a positive impact on the development of
polyps[48]. Association of fatty diet consumption and obesity
has been studied extensively[5]. Ogus et al[49] have described
that high fat diet - induced obesity in normal and transgenic
mice results in an increase in body weight and decrease in
energy expenditure thus establishing a leptin - resistant state.
High fat intake rich in saturated fatty acids promotes colon
cancer risk in azoxy methane (AOM) - induced rats.
On the other hand, TI - treated group showed an insignificant
correlation between CCPR and thymidine labeling at four weeks,
supporting the hypothesis that DNA synthesizing cells remain
microscopically unaltered[50, 51]. A further continuation of DNA
synthesis in those cells in which it normally ceased was the
earliest and most reliable pathological sign of the commencement
of neoplastic alterations[52], as we have observed in the OB and
TIFB - treated groups, suggesting that obesity and fatty diet
influenced the intensity of response to TI. It was likely that the
colonocytes of TI- per se treated group stayed in phase I,
according to Lipkin[53] wherein, cells remained microscopically
normal and moved towards medial two thirds of the crypt, and
in TIFB- and OB- treated groups, the cells stayed in phase II
stage, wherein proliferating cells were not shed into the lumen
and, due to inadequate suppression of the DNA synthesis,
accumulated in the mucosa, leading to neoplastic transformation.
Observations of a highly significant reduction of SDH levels
in OB and TIFB - treated animals could be attributed to the fact
that the exposures to TI and FB of normal and obese animals
might have caused damage to the mitochondrial membrane and
impaired the aerobic metabolism and electron transport chain
in the mitochondria[54]. Further, attenuation and dispersal of cell
organelles were affected due to fusion of cells during proliferation.
This may also lead to decreased enzyme activities[55].
Dipeptidyl amino peptidase IV is a brush border enzyme. It
plays an important role perhaps, together with other amino
peptidases, in the final digestion of nutritional constituents[56].
Dipeptidyl aminopeptidase liberates dipeptides from the amino
terminal end of the polypeptides, derived from other digestive
enzymes such as trypsin, chymotrypsin and pepsin. Transport
of these amino acids as well as dipeptides is done by the brush
border hydrolases, therefore known as carriers[57,58]. A decrease
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in such an enzyme activity as observed in this study might lead
to an increase in the intracellular amino acids pool. In addition,
obesity induction has been found to be associated with
alterations in the cholesterol and membrane bound- lipid
components[59]. We, therefore, suggested that altered membrane
fluidity due in part to the effects of TI and FB, might have
affected the glycoprotein constituents of the cell membrane
resulting in decreased peptidase activity. A similar pattern of
reduction in the activity of acid -galactosidase has been
observed in the entire crypt segment, the reduction of this
enzyme was found to be more pronounced in the apical crypt
epithelium, with respect to TIFB treatment and OB induction.
Literature evidenced[60] that cellular membrane damage caused
release of lysosomal enzymes into the blood stream, leading to
an insult to the cellular integrity.
Finally, our design involved a multifactorial exposure to
dietary components of either sex of animals. It excluded typical
chemical inducers to cause genetic susceptibility. In addition,
we employed a method of inducing obesity with MSG, so as to
relate with the realistic regular human diets constituted with
this typical flavoring agent, classified as a non-nutritional factor
by World Health Organization [61]. Apart from the probable
mechanisms so far discussed, there might be some other
parameters, such as intestinal enzyme activities and gross
metabolic alterations, detailed studies on these aspects have
been carried out and results are yet to be communicated.
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CONCLUSION: This study demonstrates the clinical
significance of sLea expression in vascular invasion, and
an unfavorable outcome in CCA. The role of sLe a in
vascular invasion which may lead to poor prognosis is
supported by the in vitro adhesion and transmigration
studies.

Abstract

INTRODUCTION
Metastasis spreads malignant cells from a primary tumor
throughout the body resulting in growth of secondary tumors
in other tissues or organs. The ability of disseminated cancer
cells to re-establish themselves is regulated by a combination
of factors, including access to microvasculature and host-tumor
cell interaction[1]. Attachment to vascular endothelia is the start
of the metastatic cascade and evidence suggests that attachment
precedes, and is required for, tumor cell extravasation and
subsequent invasion into the target organ parenchyma [2].
Organ-specific receptors have been identified on the luminal
surface of microvascular endothelia, specifically recognized
by tumor cell ligands, thereby facilitating tumor cell arrest and
transmigration into the extravascular space.
Sialyl Lewisa (sLea) antigen, discovered by Koprowski et al[3]
with the use of monoclonal antibody CA19-9, is a tetrasaccharide
epitope (sialylated lacto-N-fucopentaose II) on the tumor cell
membrane which may have a role in cancer dissemination[4,5].
There is evidence that sLea expressed on tumor cells plays an
important role in the adhesion of tumor cells to E-selectin on
endothelial cells in the extravasation process[6,7]. Detection of
sLea , in either tissue or pre- and post-operative serum is a
prediction of increased cancer mortality[8]. The association of
high levels of serum sLea with tumor invasion is common in
cancer patients[5,9-11].
Cholangiocarcinoma (CCA), a bile duct cancer, is highly
prevalent in Northeast Thailand[12]. Early stage CCA often goes
undetected, most patients are diagnosed at an advanced or
disseminated stage with a poor prognosis. High levels of serum
sLea are frequently found in CCA patients and have been
suggested to be a serum marker for CCA[13-17]. However, the
role of sLea in CCA is unclear. We therefore evaluated the
association of sLea expression in tumor tissues with the clinicopathology and survival of CCA patients. The role of sLea
antigen in the adhesion and transmigration of human CCA cells
to human umbilical vein endothelial cells (HUVEC) in vitro was
demonstrated.

a

a

AIM: High levels of serum sialyl Lewis (sLe ) are frequently
found in cholangiocarcinoma (CCA) patients and have been
suggested to be a serum marker for CCA. However, the
significance of this antigen in CCA is unknown. In this study,
the clinical significance of sLea expression in CCA tissues and
the possible role of sLea in vascular invasion in vitro were
elucidated.
METHODS: Expression of sLea in tumor tissues of 77
patients with mass-forming CCA and 33 with periductal
infiltrating CCA was determined using immunohistochemistry.
The in vitro assays on adhesion and transmigration of CCA
cells to human umbilical vein endothelial cells were
compared between CCA cell lines with and without sLea
expression.
RESULTS: sLea was aberrantly expressed in 60% of CCA
tumor tissues. A significant relationship was found between
the frequency of sLea expression and the mass-forming
type CCA (P = 0.041), well differentiated histological grading
(P = 0.029), and vascular invasion (P = 0.030). Patients
with positive sLea expression had a significantly poorer
prognosis (21.28 wk, 95% CI = 16.75-25.81 wk) than those
negative for sLea (37.30 wk, 95% CI = 27.03-47.57 wk)
(P<0.001). Multivariate analysis with adjustment for all
covariates showed that patients positive for sLea possessed
a 2.3-fold higher risk of death than patients negative for
sLea (P<0.001). The role of sLea in vascular invasion was
demonstrated using in vitro adhesion and transmigration
assays. KKU-M213, a human CCA cell-line with a high
expression of sLea, adhered and transmigrated to IL-1activated endothelial cells of the human umbilical vein more
than KKU-100, the line without sLea expression (P<0.001).
These processes were significantly diminished when the
antibodies specific to either sLea or E-selectin were added
to the assays (P<0.001).
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MATERIALS AND METHODS
Patients
Surgical specimens of 110 CCAs were obtained from the files of
the Liver Fluke and Cholangiocarcinoma Research Center, Khon
Kaen University, Thailand. The specimens were classified into
2 types: 77 cases of mass forming CCA and 33 cases of periductal
infiltrating CCA. The mean age of patients was 55 years (range,
32 to 75 years). Seventy-two were males, and 31 were females.
Informed consent was obtained from each subject and the Human
Research Ethics Committee, Khon Kaen University, approved
our research protocol. Cancer diagnosis was verified by
histology with UICC TNM classification. Clinical follow-up was
available for 104 (94.5%) of the patients. Survival of each CCA
patient was recorded after surgery until May 15, 2001. Ninetyone patients (82.7%) died by the end of the follow-up period.
Human cholangiocarcinoma cell-lines and HUVECs
The two human cholangiocarcinoma cell-lines used (KKUM213 and KKU-100) were from the Liver Fluke and
Cholangiocarcinoma Research Center, Faculty of Medicine,
Khon Kaen University, Thailand. The human umbilical vein
endothelial cells (HUVECs) were from the American Type
Culture Collection (Manassas, VA).
CCA cells were cultured in a HAM-F12 medium (Life
Technologies, Rockville, MD) supplemented with 10% fetal
calf serum, 100 U/mL penicillin, 100 g/mL streptomycin and
2.5 g/mL fungizone. sLea expression in CCA cell-lines was
determined by immunocytochemistry using anti-CA19-9
antibody (Novocastra, Newcastle upon Tyne, UK). sLea was
highly expressed in KKU-M213, more than 95% of cells had
strong, positive staining. In contrast, KKU-100 cells showed
no reaction (data not shown).
Immunohistochemical detection of sLea
All specimens were fixed in 10% neutral buffered formalin,
embedded in paraffin, and cut into 4-m-thick serial sections for
immunohistochemical staining using avidin-biotin complex
technique. Briefly, the paraffin sections were deparaffinized,
hydrated and endogenous peroxidase-blocked with
hydrogenperoxide. After non-specific staining was blocked with
normal horse serum, the sections were incubated with 1:100 antisLea (anti CA19-9) overnight, followed by biotinylated anti-mouse
IgG (Vector Laboratories, Burlingame, CA) and streptavidinperoxidase (Vector). After washed, the sections were developed in
0.05% 3,3’-diaminobenzidine tetrahydrochloride (DAB; Sigma
Chemical Co., St Louis, MO), counterstained with hematoxylin,
dehydrated, cleared and mounted. When PBS was applied
instead of the primary antibody, there was no positive staining.
The intensity of sLea expression was semi-quantitatively
classified into 4 groups on the basis of the percentage of positive
tumor cells: 0%, negative; 1-25%, +1; 26-50%, +2 and >50%, +3.
Adhesion assay
The adhesion assay procedure[18] was as follows. In briefly:
HUVECs (2 to 5 passages) were grown in Kaighn’s F12K
medium, supplemented with endothelial cell growth supplement
(Life Technologies, Rockville, MD) and seeded at 4×104 cells/
well in a 96-well plate, pre-coated with 0.1% gelatin. The
plate was then incubated at 37 ℃ in an atmosphere containing
50 mL/L CO2 for 24 h. After activation of the rIL-1 (100 U/mL)
(Life Technologies, Rockville, MD) for 4 h, the medium was
removed and the cells were blocked with 1% bovine serum
albumin complete media for 1 h.
Cell suspensions of KKU-M213 or KKU-100 (2×104 cells),
in phosphate-buffered saline (PBS) with 1 mmol/L CaCl2, were
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added to the HUVEC in each well and incubated for further
45 min. Unbound cells were removed by washing the wells with
PBS. Adhered cells were fixed for 15 min with 2.5% glutaraldehyde,
then stained with an antibody of 1:400 of pan-cytokeratin
(Novocastra Lab, Newcastle upon Tyne, UK) and 1:100
horseradish peroxidase-conjugated goat anti-mouse IgG
(Zymed Laboratories, South San Francisco, CA).
The cells that adhered to the HUVECs were counted by
microscopy in nine low power fields (×100 magnification). Nonstimulated HUVECs were used as the controls. Triplicate assays
were performed and at least two separate experiments were
done.

Transmigration assays
A modified transmigration in vitro assay was performed as per
Yoshida[19]. Approximately 8×104 HUVECs were plated on a
0.3-mg pre-coated-Matrigel-culture insert (Becton-Dickinson,
San Jose, CA). The monolayer was activated with 100 U/mL IL-1
for 4 h. After blocked with 1% bovine serum albumin complete
media for 1 h, 4×104 cells of KKU-M213 cells in PBS with
1 mmol/L CaCl2 were added to each insert and incubated for
30 min. Cells on the upper face of the membrane were scraped
using a cotton swab and cells on the lower face were fixed with
25% methanol for 15 min and stained with 0.5% crystal violet in
25% methanol. The number of migrated cells on the lower face
of the filter was counted under microscopy in nine fields (×100
magnification). KKU-M213 cells incubated in the pre-coatedMatrigel insert without HUVECs were used as control. Assays
were done in triplicate and repeated at least twice.
Inhibition of adhesion and transmigration by antibodies to sLea
and anti-E-selectin
KKU-M213 cells were incubated with 50 g/mL of anti-sLea
monoclonal antibody (Chemicon International, Temecula, CA)
for 30 min prior to the adhesion or transmigration assays. For
HUVEC, a monolayer of activated HUVEC was pre-incubated
with 10 g/mL anti-human E-selectin (Santa Cruz Biotechnology,
Santa Cruz, CA) at 37 ℃ for 15 min[7]. The excess anti-E-selectin
was washed out with PBS before incubated with tumor cells in
the adhesion or transmigration assays. The viability of treated
cells determined using trypan blue exclusion dye was 96.86%,
which was not significantly different from that of the non-treated
sample.
Statistical analysis
Data were presented as mean±SD. The Student t test was used
for comparisons and P<0.05 was considered statistically
significant. The association of two categorical variables was
analyzed by the 2-test or Fisher’s exact probability test.
Survival of the patients was compared between the group
with positive sLea antigen expression and the group with
negative sLea antigen expression according the Kaplan-Meier
method. The significance of the difference in survival between
the 2 groups was tested by the log-rank test. Several clinicopathologic factors were subjected to univariate and multivariate
analysis using the Cox proportional-hazard regression model.
The relative risk of death was compared using the assessment
of hazard ratio. Differences were considered statistically
significant at P<0.05.
RESULTS
Expression of sLea and association with clinicopathologic features
By immunohistochemistry, sLea was constitutively expressed
in normal biliary epithelial cells. It was localized at the apical
surface, cytoplasm and/or stroma of CCA tissues (Figure 1).
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The expression of sLea was detected in 60% (66/110) of CCA
patients. There were 79% (26/33) of periductal infiltrating CCA
patients and 52% (40/77) of mass-forming CCA patients who
expressed sLea (P = 0.015) (Table 1).
The association of sLea expression in CCA patients with
clinico-pathologic features was determined. Three variables, massforming CCA, well differentiated adenocarcinoma histological
grading and vascular invasion were statistically significant and
were associated with the expression of tumor sLea (Table 2).
Table 1 Expression of sLea in tumor tissues of CCA patients
Tumor type

Expression of sLe a
0
1+
2+
3+
Total

Total

Mass-forming

Periductal infiltrating

37
7
8
25
77

7
7
6
13
33

44
14
14
38
110

Table 2 Correlation between expression of tissue sLe a and
clinicopathologic features
Expression of sLe a
0
CCA type
Mass-forming
Periductal-infiltrating
Histology type
Papillary
Well differentiated
Moderately differentiated
Poorly differentiated
Squamous/adenosquamous
Vascular invasion
- No
- Yes
Neural invasion
- No
- Yes
Lymphatic invasion - No
- Yes

1+

2+

3+

P

37
7

7
7

8
6

25
13

0.041

2
8
8
19
7
13
31
27
17
9
35

3
5
3
2
1
8
6
8
6
5
9

1
6
4
0
3
9
5
4
10
2
12

8
14
5
9
2
11
21
14
24
9
29

0.029
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Correlation between sLea expression and cumulative survival
rate
Median overall survival in CCA patients with positive and
negative sLea expressions was 21.28 wk (95% CI = 16.75-25.81)
and 37.30 wk (95% CI = 27.03-47.57), respectively. The survival
rate of the patients with positive sLea expression was significantly
poorer than that of the patients with negative sLea expression
(P = 0.021, log-rank test, Figure 2). Well differentiated type
CCA (P = 0.027) and the expression of sLea (P = 0.001) were
independently poor prognostic indicators contributing to
disease-free survival of CCA (Table 3).
Table 3 Significant prognostic factors contributing to disease-free survival by multivariate Cox’s proportion-hazard
regression model
Variable

Coefficient

SE

Hazard ratio

P

-0.013

0.011

0.987

0.257

0.294

0.250

1.342

0.239

0.440

0.322

1.552

0.173

Papillary

-0.830

0.471

0.436

0.078

Well differentiated

-0.891

0.402

0.410

0.027

Age (55 vs >55 yr)
Sex (male vs female)
CCA type (mass-forming
vs periductal-infiltrating)
Histology

Moderately differentiated

-0.736

0.462

0.479

0.111

Poorly differentiated

-0.356

0.405

0.701

0.379

Squamous/adenosquamous
Vascular invasion

0.264

0.756

1.302

0.727

-0.234

0.272

0.791

0.390

-0.362

0.247

0.696

0.143

0.053

0.313

1.055

0.865

0.834

0.260

2.302

0.001

(present vs absent)
Neural invasion
0.030

(present vs absent)
Lymphatic invasion

0.054

(present vs absent)

0.560

Tissue sLe a
(present vs absent)

A

B

C

D

Figure 1 Immunohistochemical detection of sLe a in CCA. A: A CCA case with no sLe a expression in tumor but with positive
staining in the normal bile ducts (arrows); B: and C: CCA cases with positive sLe a, showing apical and stromal staining,
respectively; D: Vascular metastasis of sLea positive CCA cells. (Immunoperoxidase staining, original magnification ×100).

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

1.2

Cumulative survival

1.0
0.8
0.6
0.4
sLea negative

0.2
0.0
-100

sLea positive
0
100
200
Survival time (wk)

300

Figure 2 Correlation between expression and cumulative
survival rate (Kaplan-Meier method). Patients who were positive for tumor sLea had a less favorable prognosis compared
to those who were negative (P<0.001).

Role of sLea in adhesion and transmigration of CCA cell lines
The adhesion of CCA cells with high positive sLea expression
(KKU-M213) was compared to that of CCA cells with negative
sLea expression (KKU-100). The basal adhesion level of these two
cell-lines to non-activated endothelial cells was not significantly
different. However, in the cytokine-activated HUVECs, the
adhesion of KKU-M213 cells was significantly greater than
that of KKU-100 cells (P<0.001) (Figure 3). This finding was
confirmed by the inhibition assay in which tumor cells were
pre-treated with monoclonal antibodies for sLea before added
to the HUVEC. The number of cancer cells that adhered to the
rIL-1 activated HUVECs decreased to base levels, and was
significantly less than that without anti-sLea (P<0.001) (Figure 3).

Number of adhered cells/field

70
39±18

60
50

KKU-100
KKU- M213

24±11

20

13±16
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120

62±49
KKU 213

100
80
60
22±16

40

26±15

14±8

20
0

Non activated Activated +Anti-SLe a +Anti E-selectin

Figure 4 Contributions of sLea and E-selectin to transmigration of KKU-M213 to activated HUVECs. Transmigration of
KKU-M213 was significantly reduced (P<0.001) when either
sLe a or E-selectin was blocked with specific corresponding
antibodies before the transmigration assay. Experiments were
carried out in triplicate. The mean±SD of a representative
experiment and similar patterns was obtained in the two repeated experiments.

23±10

40
30
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showing that incubation of the activated HUVECs with
monoclonal antibody to E-selectin, before addition of cancer
cells, clearly inhibited cell adhesion (Figure 3) (P<0.001). However,
the number of adhered cells was still greater than the basal
level (P<0.001).
The contributions of sLea and E-selectin to transmigration
of KKU-M213 via the HUVECs were evident. The number of
cancer cells that transmigrated through HUVEC was significantly
reduced, when prior to the transmigration assay. The KKU-M213
cells were treated with anti-sLea (P<0.001) or the activated HUVECs
were pre-treated with anti-E-selectin (P<0.001) (Figure 4). This
observation was contributed mainly via transmigration of
KKU-213 through the HUVECs since no KKU-213 cells or
HUVECs migrated through the control insert within 30 min of
incubation.
Number of transmigrated cells/field

252

17±11

12±8

10
0
Non activated Activated+Anti-SLe a +Anti E-selectin

Figure 3 Adhesion of CCA cells to epithelial cells of the
human umbilical vein endothelial cells (HUVEC). KKU-M213
or KKU-100 cells were incubated with non-activated or IL-1
activated HUVECs for 45 min at 37 ℃. The basal adhesion
levels of KKU-100 and KKU-M213 to non-activated HUVECs
were not statistically different, whereas the adhesion levels
to activated HUVECs were significantly different (P<0.001). A
significant difference occurred between the levels of KKU100 and KKU-M213 adhesion to non-activated and IL-1-activated HUVECs (P<0.001). The adhesion level of KKU-M213
significantly declined (P<0.001), when anti-sLea or anti E-selectin
was added to KKU-M213 or IL-1-activated HUVECs before
the adhesion assay. The results were expressed as mean±SD of
triplicate samples of a representative experiment.

To evaluate the contribution of E-selectin to the adhesion
of CCA cells, adhesion assays of KKU-M213 to HUVECs were
performed with and without rIL-1-activation. rIL-1 had a clear
stimulatory effect on the adhesion of cancer cells to HUVECs
(Figure 3). The adhesion of KKU213 to rIL-1-activated HUVECs
was about 4-fold greater than that without activation (P<0.001).
The significant contribution of E-selectin was confirmed by

DISCUSSION
The present study demonstrated that 60% of CCA tumor tissues
were aberrantly expressed sLea. The univariate analysis revealed
mass-forming type CCA, well-differentiated histological type
and presence of vascular invasion tumor associated with the
expression of tumor sLea . Tsuji et al [15] and Minato et al [20]
supported our immunohistology results that sLea was expressed
in 60% of intrahepatic CCAs and the expression of sLea antigen
was more frequent in well-differentiated adenocarcinoma cells.
In addition, the high level of serum sLea (CA19-9) in CCA patients
was recently demonstrated to be related to venous invasion,
perineural invasion and lymph node metastases[14].
The multivariate analysis indicated the expression of tumor
sLea as an independent prognostic factor affecting disease-free
survival and overall survival. From our literature search, this
appears to be the first report on the association of sLea expression
with poor prognosis in CCA. Patients with positive sLea in
tumor tissues had significantly shorter survival than those with
negative sLea. Therefore, the presence of tumor sLea can be
used as a prognostic risk factor related to survival of CCA patients
and may help select patients with poor prognoses that can
then be offered adjuvant therapy.
A key event in cancer metastasis is the transendothelial
migration of tumor cells. This process involves multiple adhesive
interactions between tumor cells and the endothelium. After
adhering to the surface of endothelial cells, tumor cells must
penetrate the endothelial junction. The contribution of sLea to
the adhesion of tumor cells to endothelial cells via E-selectin
has been observed in various cancer cell-lines[21-23]. In the present
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study, the contribution of sLea to vascular invasion was
demonstrated not only by a statistical association analysis but
also in the in vitro adhesion and transmigration assays of CCA
cells to E-selectin-mediated human endothelial cells.
The role of sLea in endothelial cell adhesion was assessed
by comparing the adhesion levels of two CCA cell lines: one with
a high expression of sLea (KKUM213) and one with undetectable
sLea (KKU-100). These two cell lines had comparable basal
adhesion to non-activated HUVECs. However, upon rIL-1activation, the number of cells adhering to the activated-HUVECs
of KKU-M213 was significantly greater than that of KKU-100.
Our in vitro studies with KKU-M213 and KKU-100 had a
low, but measurable basal adhesion to non-activated endothelial
cells. Blocking-activated HUVECs with antibody to E-selectin
did not completely keep adhesion at a basal level, suggesting
the involvement of other, as yet unknown, carbohydrate ligands
on CCA cells, and/or receptors on activated HUVECs, in the
adhesion of these cell-lines.
The importance of sLea to allow or enable attachment of
CCA cells to endothelial cells has therefore been confirmed by
the selective blocking of sLea (marked reduction of adhesion of
KKU-M213) by specific antibodies. Moreover, the treatment
inhibited the binding of KKU-M213 to activated HUVECs close
to the basal level obtained from KKU-M213, with non-activated
HUVECs. The observation indicates that the KKU-M213 cells
adhering to the activated HUVECs was mainly via sLea. The
same conclusion is drawn from the transmigration study.
Blocking either sLea or E-selectin, with a specific neutralizing
antibody, can inhibit adhesion and transmigration of CCA
cells to endothelial cells, confirming the involvement of sLea
and E-selectin in these processes.
The sLea antigen is expressed at trace levels in normal biliary
cells but is expressed in a high level in tumor cells and can be
detected as a tumor marker in serum. The increased serum level
of sLea in CCA has been reported ranging from 57 to 100%[13-16].
The discrepancies between various investigators might be due
to the differences in etiology and incidence[24-29].
Several lines of evidence and our results point to the cancerassociated carbohydrate antigen, sLea, in the vascular invasion
via the adhesion and transmigration of cancer cells to vascular
endothelial cells. It may also contribute to the hematogenous
metastasis of cancer and unfavorable outcome. SLe a is
immunogenic and potentially a target for passive-and activespecific immunotherapy for human cancers in which the sLea
antigen could be expressed as a tumor-differentiation antigen[30].
CCA is a highly metastatic cancer with a poor prognosis. The
association of sLea expression with a poor prognosis in CCA and
the contribution of sLea to CCA-cell adhesion and transmigration
via E-selectin-mediated HUVECs demonstrated in this study
suggest the possible use of this ligand as a target for specific
immunotherapy of CCA in the prevention of metastases,
especially in patients with aberrant expression of sLea.
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Abstract
AIM: Nonalcoholic steatohepatitis (NASH) is a severe form
of nonalcoholic fatty liver disease (NAFLD), and progresses
to the end stage of liver disease. Biochemical markers of
liver fibrosis are strongly associated with the degree of
histological liver fibrosis in patients with chronic liver disease.
However, data are few on the usefulness of markers in
NAFLD patients. The aim of this study was to identify better
noninvasive predictors of hepatic fibrosis, with special focus
on markers of liver fibrosis, type VI collagen 7S domain and
hyaluronic acid.
METHODS: One hundred and twelve patients with
histologically proven NAFLD were studied.
RESULTS: The histological stage of NAFLD correlated with
several clinical and biochemical variables, the extent of
hepatic fibrosis and the markers of liver fibrosis were relatively
strong associated. The best cutoff values to detect NASH
were assessed by using receiver operating characteristic
analysis: type VI collagen 7S domain ≥5.0 ng/mL, hyaluronic
acid ≥43 ng/mL. Both markers had a high positive predictive
value: type VI collagen 7S domain, 86% and hyaluronic acid,
92%. Diagnostic accuracies of these markers were evaluated
to detect severe fibrosis. Both markers showed high negative
predictive values: type VI collagen 7S domain (≥5.0 ng/mL),
84% and hyaluronic acid (≥50 ng/mL), 78%, and were
significantly and independently associated with the presence
of NASH or severe fibrosis by logistic regression analysis.
CONCLUSION: Both markers of liver fibrosis are useful in
discriminating NASH from fatty liver alone or patients with
severe fibrosis from patients with non-severe fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Liver fibrosis; Nonalcoholic fatty liver disease;
Collagen type IV; Hyaluronic acid
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INTRODUCTION
The prevalence of overweight persons is increasing in developed
and developing countries[1,2]. Fatty metamorphosis in the liver
is common in these obese subjects and nonalcoholic fatty liver
disease (NAFLD) has become widespread with the increasing
prevalence of obesity[3-6]. In Japan, the prevalence of NAFLD
has been recently increasing[7], which may be attributable to
lifestyle change including physical inactivity and an increase
in daily fat consumption.
Most patients with NAFLD have a benign clinical course,
but some patients progress to advanced liver disease, liver
cirrhosis or even hepatocellular carcinoma[3,8-10]. Nonalcoholic
steatohepatitis (NASH) is a severe form of NAFLD, and is
strongly associated with female gender, older age, obesity and
type 2 diabetes mellitus[3,4,11-15]. The definitive diagnosis of
NASH requires liver biopsy, but it is an invasive procedure
that may cause undesirable complications. Clinical indications
for liver biopsy should be limited in patients with NAFLD who
are likely to have NASH or significant fibrosis. Liver fibrotic
change is an important pathological finding to stage NAFLD
or to determine the prognosis of NAFLD[16,17]. NAFLD patients
with severe fibrosis have a poor prognosis[18].
Many clinical variables have been proposed as predictors
of severe fibrosis in patients with NAFLD: old age, type 2
diabetes mellitus, obesity, serum transaminase levels, peripheral
platelet counts, etc.[19-22]. Biochemical markers of liver fibrosis
are strongly associated with the degree of histological fibrosis
in patients with chronic viral hepatitis[23-25]. However, data are
few on the usefulness of markers of liver fibrosis to evaluate
the degree of liver fibrosis among patients with NAFLD or for
distinguishing NASH from benign NAFLD[22].
The aim of the present study was to identify better noninvasive
predictors of liver fibrosis, with special focus on the markers of
liver fibrosis.
MATERIALS AND METHODS
Patients
From January 1993 to August 2003, NAFLD was diagnosed in
112 patients who visited our hospital or affiliated hospitals.
The patients included 36 men and 76 women aged between 19
and 78 years, 87% were 40 years of age or older. All denied
regular alcohol use and definitions of nonalcoholic use were
30 g/d or less for men and 20 g/d or less for women. No patient
had conditions related to secondary NAFLD: regular use of
drugs known to produce steatosis (corticosteroids, tamoxifen,
amiodarone), previous gastrointestinal surgery, total parenteral
nutrition, etc.[3]. Other liver diseases were appropriately excluded:
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chronic viral hepatitis, autoimmune hepatitis, drug-induced liver
disease, primary biliary cirrhosis, metabolic liver diseases. For all
patients, the body mass index (BMI; kg/m2) was calculated.

Methods
NAFLD was diagnosed histologically. All liver biopsy samples
were examined by two of us (HS, KK) who were unaware of the
clinical and biochemical conditions of each patient. Specimens
were fixed in 10% neutral buffered formalin and stained with
hematoxylin and eosin and Azan-Mallory. Fatty change was
defined as 10% or more fatty metamorphosis in the hepatocytes.
Histological criteria of NASH were based on steatosis (≥10%
of hepatocytes affected) and two of the following three: lobular
inflammation, ballooning degeneration, and pericellular fibrosis.
Different histological parameters were evaluated including
steatosis, pericellular fibrosis, portal/septal fibrosis, portal
inflammation, periportal necrosis, lobular inflammation,
ballooning, Mallory body. Pericellular fibrosis was graded on a
scale of absent, mild, moderate, severe fibrosis. Portal/septal
fibrosis was graded according to the histological criteria for
chronic viral hepatitis: 0, none; 1, portal expanding or periportal
fibrosis; 2, partial bridging fibrosis; 3, diffuse bridging fibrosis
with lobular remodeling, 4, cirrhosis. Histological staging was
done according to Brunt et al[16,17] with slight modifications:
stage 0, no fibrosis (fatty liver alone or fatty liver plus lobular
inflammation); stage 1, perisuinasoidal fibrosis without portal
fibrosis; stage 2, perisuinasoidal fibrosis plus portal fibrosis;
stage 3, presence of bridging fibrosis; stage 4, cirrhosis. Written
informed consent was obtained from all patients, and the study
was conducted in conformance with the Helsinki Declaration.
Laboratory tests included peripheral blood cell counts, and
measurements of albumin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), -glutamyl transpeptidase
(GGT), alkaline phosphatase (ALP), fasting glucose, fasting
insulin, total cholesterol and triglyceride levels, glycosylated
hemoglobin A1c (HbA1c), free fatty acid (FFA), ferritin,
immunoglobulin G (IgG), IgA, IgM, type VI collagen 7S domain,
hyaluronic acid , hepatitis B surface antigen, antibody to hepatitis
C virus. Insulin resistance was calculated by homeostasis model
assessment (HOMA-R: fasting glucose (mg/dL) ×fasting insulin
(U/mL) ÷405). Standard liver tests were performed on a
multichannel autoanalyzer. Hepatitis B surface antigen was
measured by a commercially available enzyme immunoassay
(Enzygnost, Berling, Germany). Antibody to hepatitis C virus
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was tested by a second generation enzyme immunoassay (Ortho
Diagnostics, Raritan, NJ).
Type VI collagen 7S domain was measured with a type VI
collagen 7S domain RIA kit (Nippon CPC Co., Tokyo, Japan)
and serum hyaluronic acid was tested by sandwich binding
protein assay by using a commercially available kit (Chugai
Co., Tokyo, Japan).

Statistical analysis
The continuous variables were compared using the 2-tailed
Student’s t test. The correlation between these variables was
analyzed by Pearson’s correlation coefficient or Spearman’s
correlation coefficient. Categorical variables were compared
with Fisher’s exact test. The diagnostic values of the clinical
variables were assessed by calculating the areas under the
receiver operating characteristic (ROC) curves, which were used
to assess the best cutoff points to identify the presence of
NASH or severe fibrosis. The diagnostic accuracy was calculated
by sensitivity, specificity, and positive and negative predictive
values (PPV and NPV). Multivariate analysis was tested using
logistic regression analysis. The SPSS statistical software (Ver.
11.0) was used for statistical analysis. A P value less than 0.05
was considered statistically significant.
RESULTS
Of the 112 patients with NAFLD, 35 (31.3%) were classified as
stage 0, 12 (10.7%) as stage 1, 17 (15.2%) as stage 2, 39 (34.8%)
as stage 3 and 9 (8.0%) as stage 4. Seventy patients were
diagnosed as NASH, and all of them had liver fibrotic change
at stage 1 or at a more severe stage. The remaining 42 patients
were diagnosed as having nonalcoholic fatty liver. When the
112 patients were divided into two groups by the severity of
fibrosis (mild: stage 0-2 and severe: stage 3 and 4), women were
more frequently seen in the severe group (P = 0.04), (Table 1).
Correlations were examined between the degree of fibrosis
or the stage of NAFLD and the following clinical variables:
age, BMI, blood pressure, peripheral platelet counts, serum
levels of albumin, total bilirubin, fasting blood glucose, AST,
ALT, GGT, ALP, total cholesterol, triglyceride, FFA, IgG, IgA,
IgM, type VI collagen 7S domain, hyaluronic acid, ferritin,
HbA1c, HOMA-R.
The degree of all three histological criteria of fibrosis and
the following quantitative variables were significantly correlated:

Table 1 Correlation between degree of liver fibrosis and clinical and laboratory data (n = 112)
Degree of liver fibrosis
Clinical/laboratory data
Portal/Septal

Pericellular

Fibrosis stage

Age (yr)

0.265 (P = 0.005)

0.172 (P = 0.07)

BMI

0.220 (P = 0.020)

0.236 (P = 0.012)

0.302 (P = 0.001)
0.238 (P = 0.011)

Platelet

-0.331 (P<0.001)

-0.133 (P = 0.2)

-0.298 (P = 0.001)

Albumin

-0.295 (P = 0.002)

-0.078 (P = 0.4)

-0.291 (P = 0.002)

A ST

0.306 (P = 0.001)

0.384 (P P<0.001)

0.340 (P<0.001)

AST/A LT

0.458 (P<0.001)

0.420 (P P<0.001)

0.438 (P<0.001)

IgG (n=100)

0.261 (P =0.009)

0.141 (P = 0.1)

0.208 (P = 0.038)

IgA (n=94)

0.281 (P<0.006)

0.285 (P = 0.005)

0.291 (P = 0.004)

IgM (n=100)

0.256 (P =0.010)

0.188 (P = 0.06)

0.266 (P = 0.008)

Type IV Ccollagen 7S

0.580 (P<0.001)

0.516 (P<0.001)

0.607 (P<0.001)

Hyaluronic acid

0.543 (P<0.001)

0.387 (P<0.001)

0.553 (P<0.001)

Ferritin (n = 98)

0.205 (P = 0.043)

0.120 (P = 0.2)

0.252 (P = 0.012)

HbA1c (n = 96)

0.309 (P = 0.002)

0.211 (P = 0.039)

0.315 (P = 0.002)

FFA (n = 80)

0.238 (P = 0.033)

0.271 (P = 0.015)

0.276 (P = 0.013)

HOMA-R (n = 82)

0.224 (P = 0.043)

0.164 (P = 0.1)

0.222 (P = 0.045)
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age, BMI, platelet counts, albumin, AST, AST/ALT ratio, IgA,
type VI collagen 7S domain, hyaluronic acid, HbA1c, FFA. Serum
IgG and IgM concentrations, ferritin and HOMA-R were
significantly correlated with either the degree of portal/septal
fibrosis or fibrosis stage, but were not significantly correlated with
the degree of pericellular fibrosis. Among these variables, the
markers of liver fibrosis, type VI collagen 7S domain and hyaluronic
acid, showed relatively high correlation coefficients. ALT, GGT,
ALP, total serum cholesterol, triglyceride, peripheral hemoglobin
concentration, systolic blood pressure, diastolic blood pressure,
and fasting blood glucose level were not significantly correlated
with any degree of the three histological criteria (Table 1).
When the patients having fatty liver alone were compared
with the patients having NASH, the BMI, ALT, GGT, IgG, IgA,
fasting glucose, ferritin, and HOMA-R were not significantly
different, but several clinical variables were significantly
different between the two groups, particularly the differences
in AST level, AST/ALT ratio, and the markers of liver fibrosis
were highly significant (Table 2).
Table 2 Comparison between patients with fatty liver and
with NASH (mean±SD)
Fatty liver alone

NASH

42

70

Number
Age (yr)

P value

45.2±13.6

53.8±14.4

0.002

Gender (female)

22 (52.4%)

54 (77.1%)

0.012

BMI

28.2±4.9

29.6±5.2

NS

Diabetes mellitus (%)

8 (19.0%)

26 (37.1%)

0.044

Platelet count (×10 4 /L)

23.8±4.8

21.1±6.8

0.036

Prothrombin time (%)

98.5±11.1

91.6±13.6

0.009
0.017

Albumin (g/dL)

4.4±0.3

4.3±0.4

AST (IU/L)

56.7±30.8

87.5±48.1

ALT (IU/L)

110.1±68.2

117.1±65.1

0.56±0.2

0.82±0.4

124.9±96.6

106.2±129.3

AST/ALT ratio
GGT (IU/L)
IgG (mg/dL)

AST (IU/L)
ALT (IU/L)
AST/ALT ratio
GGT (IU/L)
IgG (mg/dL)
IgA (mg/dL)

67.0±37.5
87.9±51.2
113.1±65.2
116.3±67.9
0.66±0.4
0.82±0.3
133.5±141.6
85.7±66.6
1 408.1±367.0 1 555.5±446.4
316.3±172.3
371.0±133.5

0.02
NS
0.015
0.019
NS
NS

6.4±1.9
320.1±373.0

0.01
NS

NS

FFA (mEq/L)

0.6±0.3

0.8±0.3

0.007

<0.001

HOMA-R

5.7±5.8

5.8±4.6

NS

NS
0.004

6.0±2.0

<0.001

103.4±116.8

<0.001

(ng/mL)

Ferritin (ng/mL)

0.04
NS
NS
0.004
0.018
0.03

HbA1c (%)
Ferritin (ng/mL)

162.8±82.4

120.2±51.8
6.2±1.7

38 (79.2%)
30.1±5.4
19 (39.6%)
20.3±7.1
90.1±14.7
4.3±0.4

<0.001

124.2±47.9

5.4±1.0

0.02

38 (59.4%)
28.3±4.8
15 (23.4%)
23.8±5.1
96.9±11.1
4.4±0.3

Gender (female)
BMI
Diabetes mellitus (%)
Platelet count (×10 4 /L)
Prothrombin time (%)
Albumin (g/dL)

0.004
NS

IgM (mg/dL)

HbA1c (%)

48
54.3±14.0

108.8±118.7
116.6±43.1

NS

29.0±20.0

64
47.8±14.5

Hyaluronic acid (ng/mL) 50.4±74.3
Fasting glucose (mg/dL) 115.1±49.4

356.9±134.1

Fasting glucose (mg/dL) 107.8±34.4

Number
Age (yr)

NS
<0.001

313.1±191.3

Hyaluronic acid (ng/mL)

Stages 0-2 fibrosis Stages 3,4 fibrosis P value

163.8±64.9
6.3±2.0

IgA (mg/dL)

4.1±0.9

Table 3 Comparison between NAFLD patients with stage 0-2
fibrosis and those with stage 3 and 4 fibrosis (mean±SD)

IgM (mg/dL)
Type IV collagen 7S
(ng/mL)

137.2±79.1
4.6±1.5

5.6±1.2
253.8±52.6

NS

1 377.1±366.7 1 526.9±423.3

Type IV collagen 7S

When the patients having stage 0-2 fibrosis were compared
with the patients having stage 3 and 4 fibrosis, the BMI, ALT
level, any subclass of immunoglobulins, fasting glucose and
HOMA-R were not significantly different. The frequency of
diabetes mellitus was not significantly different between these
groups, but the difference was significant between patients
having fatty liver alone and patients having NASH (Table 3).

NS
0.005

151.7±107.0

351.5±455.7

0.001

FFA (mEq/L)

0.6±0.2

0.7±0.3

0.022

HOMA-R

5.1±6.3

6.0±6.6

NS

Relatively high correlation coefficients were seen between
the degree of hepatic fibrosis and the markers of fibrosis. We
therefore examined the diagnostic accuracy of the markers of
fibrosis for NASH and severe fibrosis. To detect NASH, the
area under the curves for type VI collagen 7S domain and
hyaluronic acid were 0.828 and 0.797, respectively, by ROC
analysis (Table 4). The best cutoff values to detect NASH were
also assessed using the ROC analysis, and sensitivity, specificity,
PPV, and NPV were calculated. Both markers had high PPV:
type VI collagen 7S domain, 86.0% and hyaluronic acid, 92.0%.
A combination of these markers was also useful to discriminate
NASH from fatty liver alone. If both markers combined were
positive, the PPV was high (97.1%) (Table 4). To detect severe

Table 4 Diagnostic accuracy of the markers of liver fibrosis for NASH
ROC analysis

Accuracy
Cutoff value

AUC (95% CI)

P value

Se (%)

Sp (%)

PPV (%)

NPV (%)

(a) Type IV collagen 7S

0.828 (0.754-0.902)

0.000

≥5.0 ng/mL

70.0

81.0

86 .0

61 .8

(b) Hyaluronic acid

0.797 (0.716-0.879)

0.000

≥43 ng/mL

65.7

90.5

92 .0

61 .3

a≥5.0 ng/mL

87.1

73.8

84 .7

77 .5

48.6

97.6

97 .1

53 .2

Combination of Markers

or b≥43 ng/mL
a≥5.0 ng/mL
and b≥43 ng/mL

Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval; Se, sensitivity;
Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.
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Table 5 Diagnostic accuracy of the markers of liver fibrosis for severe fibrosis
ROC analysis

Accuracy
Cutoff value

(a) Type IV collagen 7S
(b) Hyaluronic acid
Combination of Markers

AUC (95% CI)

P value

0.817 (0.736-0.897)
0.797 (0.652-0.845)

0.000
0.000

Se (%)
≥5.0 ng/mL
≥50 ng/mL
a≥5.0 ng/mL
or b≥50 ng/mL
a≥5.0 ng/mL
and b≥50 ng/mL

Sp (%)

PPV (%)

NPV (%)
83.6
77.9
95.2

81.3
68.8
95.8

71.4
82.8
62.5

68 .4
75 .0
65 .7

54.2

92.2

83 .9

72.8

Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval; Se, sensitivity;
Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.

fibrosis, the type VI collagen 7S domain cutoff value for the
best compromise sensitivity-specificity was 5.0 ng/mL. This
value was the same as in detecting NASH. Type VI collagen 7S
domain and hyaluronic acid showed relatively high NPVs in
detecting severe fibrosis. If both markers were concomitantly
negative, severe fibrosis was unlikely to be present, the NPV of
either type VI collagen 7S domain ≥5.0 ng/mL or hyaluronic
acid ≥50 ng/mL in detecting severe fibrosis was high (95.2%)
(Table 5).
Although several clinical variables were associated with
the presence of NASH or severe fibrosis by univariate analysis
(Tables 2, 3), these factors were too many to be evaluated in
logistic regression analysis. We therefore selected eight variables
(age, gender, BMI, peripheral platelet counts, AST/ALT ratio,
type VI collagen 7S domain, hyaluronic acid, presence of
diabetes) for logistic regression analysis. The cutoff values for
continuous variables (age, peripheral platelet counts, AST/ALT
ratio, type VI collagen 7S domain, hyaluronic acid) were
determined based on ROC analysis. The cutoff value for BMI
was adopted as ≥30 kg/m2. The logistic regression analysis
indicated that three (AST/ALT ratio ≥0.55, type VI collagen
7S domain ≥5.0 ng/mL, hyaluronic acid ≥43 ng/mL) out of the
eight variables were significantly and independently associated
with NASH. Odds ratios for the three independent predictors
of NASH were AST/ALT ratio 10.1, 95% confidence interval
(CI) 2.0-52.3, P = 0.006; type VI collagen 7S domain 6.9, 95% CI
2.1-23, P = 0.002; hyaluronic acid 12.7, 95% CI 3.0-54, P = 0.001.
The logistic regression analysis also indicated that two (type VI
collagen 7S domain ≥50 ng/mL, hyaluronic acid ≥50 ng/mL)
of the eight variables were significantly and independently
associated with severe fibrosis. Odds ratios of the two markers
of liver fibrosis were type VI collagen 7S domain 10.4, 95% CI
3.2-34, P = 0.000; hyaluronic acid 5.6, 95% CI 1.7-19, P = 0.005.

DISCUSSION
In this study, the markers of liver fibrosis (type VI collagen 7S
domain and hyaluronic acid) correlated well with the degree of
liver fibrosis among patients with NAFLD compared with
several clinical variables (age, serum AST level, AST/ALT ratio,
BMI, presence of diabetes mellitus, peripheral platelet count,
etc.) previously reported to be useful to diagnose NASH and
severe fibrosis. The performances of these markers in predicting
NASH and severe fibrosis were examined by either univariate
analysis, ROC analysis, or multiple logistic regression analysis.
The likelihood of having NASH could be 97% if patients showed
a positive level of serum type VI collagen 7S domain and
hyaluronic acid. Also, 96% of the NASH patients had a positive
level of either type VI collagen 7S domain or hyaluronic acid.
Most NASH patients were asymptomatic, and had abnormally
increased ALT levels[4]. The diagnosis of NASH should be
suspected in people who have an asymptomatic increase in

liver enzymes, and increased liver echogenicity by ultrasound
examination. In Japan, health check-ups usually include
ultrasound examination. Persons with ultrasonographic
evidence of fatty liver and an increased ALT level unrelated to
chronic hepatitis virus infection are frequently found among
health check-up participants, and then are referred to
hepatologists. Some of them may have NASH and may include
cases of severe fibrosis, and others may have fatty liver alone
or fat plus inflammation despite of increased ALT levels. The
discrimination between NASH and fatty liver alone is difficult
without liver biopsy. However, liver biopsy is not always
justified in those cases. Clinicians need a sensible reason to
obtain agreement for liver biopsy from reluctant patients.
The degree of liver fibrosis is important to evaluate the
prognosis in patients with NAFLD. Inter- and intra-observer
discrepancies in assessing the extent of liver fibrosis were small
compared with assessing the extent of inflammation[26]. Prediction
of liver fibrosis is challenging, and many investigations have
been made of patients with chronic hepatitis C[23-25,27-29].
However, such investigations have been limited to patients
with NAFLD[19-22]. Angulo et al[19] reported that age, presence
of diabetes, AST/ALT ratio were the predictors of severe
fibrosis in patients with NASH. However, these clinical
predictors were not useful to discriminate NASH from fatty
liver alone or patients with severe fibrosis from those with nonsevere fibrosis in this study.
The usefulness of markers of liver fibrosis (type VI collagen
7S domain or hyaluronic acid) has been assessed for patients
with chronic viral hepatitis[23-25]. However, studies are few on
the clinical usefulness of markers of liver fibrosis to predict
severe fibrosis in patients with NAFLD[22]. The serum level of
type VI collagen 7S domain type, but not hyaluronic acid, was
reported to be significantly different between NASH patients
with severe fibrosis and those with mild to moderate fibrosis.
Platelet count and AST/ALT ratio might be more useful predictors
of the presence of severe fibrosis compared with markers of
liver fibrosis[22]. However, the fibrotic markers were more useful
predictors of NASH or severe fibrosis in this study.
Our study showed discrepancies with other previous
studies[19-22] in the assessment of useful predictors of NASH or
severe fibrosis in patients with NAFLD. The discrepancies may
be attributed to a difference in percentage of patients with
severe fibrosis. The percentage of patients with liver cirrhosis
in this study was 8% (9/112), but in previous studies the
percentages of patients with liver cirrhosis among NASH
patients were 17[19] and 21%[22]. Only 10% of patients in this
study showed AST/ALT ratio>1, which was a useful predictor
in previous studies[19]. We experienced patients with cryptogenic
liver cirrhosis who were suspected of having sequelae of NASH,
but they were excluded from this study because of inadequate
fatty change (<10%).

Sakugawa H et al. Markers of liver fibrosis in NAFLD

In conclusion, the biochemical markers of liver fibrosis, type
4 collagen 7S domain and hyaluronic acid, are useful predictors
to evaluate the degree of hepatic fibrosis in patients with
NAFLD. These markers are also useful to discriminate NASH
from fatty liver alone or patients with severe fibrosis from
patients with non-severe fibrosis.
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Abstract
AIM: Malignant gastrointestinal stromal tumors (GISTs)
are rare. Tumors larger than 10 cm tend to recur earlier:
the larger the volume of the tumor, the worse the prognosis.
We hypothesized that treatment with imatinib mesylate
(Gleevec; STI-571), a c-kit tyrosine kinase inhibitor, as
palliative therapy would prolong the survival of patients
with recurrent giant malignant GISTs after resection.
METHODS: We performed a retrospective analysis of the
effects of resection on patients with giant GISTs (>10 cm
in diameter) to determine the overall survival and recurrence
rates. Twenty-three patients diagnosed with giant GISTs
were included from June 1996 to December 2003. STI571 was not available until January 2000. After that time,
9 patients received this drug. The factors of age, sex, tumor
location, histological surgical margin, and STI-571, tumor
size changes and drug side effects were reviewed. We
compared the survival rate to determine the prognostic
factors and the effects of STI-571 on patients with recurrent
malignant gastrointestinal stromal tumor.
RESULTS: The positive surgical margin group had a
significantly higher recurrence rate than the negative
margin group (P = 0.012). A negative surgical margin and
palliative treatment with STI-571 were significant prognostic
variables (Log-rank test, P<0.05). Age, sex and tumor location
were not significant prognostic variables. The 5-year
survival rate of the surgical margin free patients was 80%
and the 2-year survival rate of the surgical margin positive
patients was 28%. The 5-year survival rate was 80% for
the patients given STI-571 and 30% for the patients not
given STI-571. The use of STI-571 gave a significant tumor
shrinkage (6/9) rate in patients with giant GIST recurrence
after resection.
CONCLUSION: A negative surgical margin and the use of
STI-571 after surgical resection were good prognostic
indicators. Achieving a tumor-free surgical margin is still
the best primary treatment for patients with such tumors.
If STI-571 is used immediately when the surgical margin
is positive and the tumor recurs after resection, then the
prognosis of patients with giant GISTs can be improved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are specific mesenchymal
tumors that can occur through the entire gastrointestinal tract,
and in the omentum and mesentery. They range from small,
benign, incidentally detected nodules to large malignant tumors.
GISTs have been proposed to originate from the interstitial
cells of Cajal, which are intestinal pacemakers[1]. They are
derived from the myeloid stem cells, being positive for the CD34
antigen in 52-72% of cases[2], and are frequently marked by the
presence of the c-kit proto-oncogene (85-94%)[3]. Cajal cells
have the characteristics of both smooth muscle and neural
cells, and neoplastic Cajal cells might preferentially express
one, both, or neither of these features, thus explaining the variant
forms of GISTs.
Surgical removal remains the only curative treatment for
patients with GISTs[4]. Tumor size[5,6], mitotic index[6], anatomic
location[7], tumor rupture and disease-free interval[8] are the
classic characteristics used to predict the clinical course of
patients who undergo complete gross resection. DeMatteo
analyzed 200 patients with malignant GISTs and found that
patients with tumors larger than 10 cm had shorter disease-free
intervals (tumor recurrence)[5]. Tumor size was a predictor of
tumor recurrence, age, sex, and surgical margins were not[5].
However, the results of Pierie et al[9] and Clary et al[10] showed
that surgical margin was a predictor of tumor recurrence, this
needs confirmation.
Immunohistochemical studies have shown that up to 94%
of patients with GISTs could express CD117 (the c-kit gene
product). The c-Kit protein, a typical type-III tyrosine-kinase
receptor, is encoded by the proto-oncogene c-kit[11-13], and is
essential for the development of the interstitial cells of Cajal[14].
The occurrence of activating mutations involving exon II of
c-kit in sporadic GISTs indicates the importance of this protein
in GIST tumorigenesis. There is the same mutation gene in
intestinal gastric carcinoma[15]. The first case in which imatinib
mesylate (Gleevec; STI-571), an inhibitor of c-kit tyrosine kinase
activity, was used successfully to treat a patient with a GIST
was reported in Finland by Joensuu in 2001[16].
We retrospectively analyzed the clinical outcomes of GIST
patients who did and did not receive STI-571 to determine which
factors in GIST patients might predict early recurrence and to
show the benefit from immediate treatment with STI-571. We
hypothesized that treatment with STI-571 would be successful
in treating patients with recurrent giant malignant GISTs after
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resection. The aim of this study was to evaluate the factors
determining early recurrence, prognostic factors for giant GISTs,
and the effect of imatinib on recurrent GISTs after resection.

MATERIALS AND METHODS
Patient selection
The medical records of all patients from June 1996 through
December 2003 referred to the Tri-Service General Hospital were
reviewed. Inclusion criteria were that the tumor originated
from the gastrointestinal tract, GISTs were diagnosed by
immunochemical staining for c-kit, and the tumor size was larger
than 10 cm, pathologists confirmed the latter two items. Patients
with a primary tumor less than 10 cm in size (n = 47) were
excluded.
Twenty-three patients (11 men, 12 women) were included in
this retrospective analysis. All data for the included patients
were recorded, such as basic characteristics, tumor size and
location, surgical margin, recurrence, palliative treatment
pattern, and survival results. The timing of applying STI-571
was at tumor recurrence after surgical resection, proved by
imaging studies. A dose of 400 mg twice a day was used.
Definitions
The pathologists at Tri-Service General Hospital determined
the tumor grade, tumor size and the presence of a tumor-free
surgical margin. A negative surgical margin was defined as
removal of all gross tumor tissues at operation (n = 12) and a
histological examination that confirmed the margin to be free of
tumor invasion. A positive surgical margin implied that total
removal of gross tumor tissues was not confirmed by histological
examination. This condition was usually combined with multiple
organ involvement, tumor rupture during operation, or
perforation (n = 11). Local recurrence was defined as a tumor
recurring within the abdominal cavity, exclusive of the liver.
Metastasis was defined as tumor recurrence occurring in the
liver or in extra-abdominal sites. The tumor shrinkage effect of
STI-571 was defined using computed tomography scans of
tumor size before and after 6 mo of treatment. Complete response
was tumor disappearance, partial response was tumor shrinkage
by 25-75%, stable disease was tumor unchanged in size, and
disease progress was tumor enlargement by more than 150%.
Statistical analysis
When the interval to tumor recurrence was calculated, the initial
event was taken as the time of curative surgery and the terminal
event was defined as the time of detection of the recurrent
tumor at a specific site (peritoneum, liver, or extra-abdominal).
For survival analysis after the onset of recurrence, the terminal
event was taken as death resulting from the malignant neoplasm,
or the last follow-up date for surviving patients. The survival
analysis was tested by the Kaplan-Meier method, and statistical
differences were tested using the Log-rank test. The numeric
data were tested by Student’s t test and the category data were
tested by the Fisher’s exact test. P<0.05 was considered
statistically significant for all comparisons.
RESULTS
The mean age of the patients was 56.2±16.9 years and the mean
follow-up time of patients who were alive was 29.1±25.8 mo
(range 4.6-87.9 mo). The mean tumor size was 15.9±8.4 cm.
The clinical characteristics of GIST patients are shown in
Table 1. Nine patients received STI-571 and 13 did not. These
two groups were not different in any of the clinical characteristics.
Among the patients who received STI-571 in the palliative

261

treatment, three received repeated resection, two received transarterial chemo-embolization, and two received chemotherapy.
Among the patients who did not receive STI-571, only two
received chemotherapy.
Table 1 Clinical characteristics of giant GISTs patients
Total
(n = 23)
Age (yr)

STI-571
(n = 9)

No STI-571
(n = 14)

P

0.8

56.2±16.9

≤50 yr

40.2±11.9(5)

39.0±10.8(4)

>50 yr

67.3±5.8(4)

66.7±11.0(10) 0.9

Sex
Male

11

2

9

Female

12

7

5

Tumor size (cm)

15.9±8.4

20.7±9.9

0.08

12.8±5.4

0.06
0.9

Location
Gastroduodenal 1 4

6

8

Intestinal

9

3

6

Negative

12

4

8

Positive

11

5

6

Recurrence

14

7

7

Local

11

5

6

Distal metastasis 6

4

2

Treatment of recurrence 1 4

7

7

Repeat resection

3

3

0

TACE

2

2

0

Chemotherapy

3

2

2

15.2±11.8

6.9±5.7

Surgical margin

Mean recurrence

0.68

0.59

0.15

time (mo)

TACE = Trans-arterial chemo-embolization.

Seven patients who had tumor recurrence and did not receive
STI-571, all died within 21 mo (Figure 1). Of the seven patients
who had tumor recurrence but received STI-571, one died after
17.3 mo. The general characteristics of these two groups were
not different.
The effects and side effects of STI-571 are shown in Table 2.
The tumor shrinkage rate was 66% (6/9). Complete response
occurred in two patients, partial response in four, disease
progress in one, and disease re-progression after stopping STI571 occurred in one. The side effects were skin rash, edema,
gastrointestinal upset, disease progress, and abnormal liver
function.
Table 2 Effects and side effects of STI-571
Number (n = 9)
Tumor shrinkage
Complete response
Tumor shrinkage ≥75%
50% <Tumor shrinkage <75%
25% <Tumor shrinkage <50%
Tumor shrinkage ≤25%
Tumor enlargement (150%)
Tumor re-enlargement (150%)
Side effect
Skin rash
Edema
Gastrointestinal upset
Disease progress
Abnormal liver function

6
2
0
3
1
2
1
1
8
4
5
1
1
1
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In our series, the effect of STI-571 on tumor shrinkage was
obvious, the mean shrinkage of tumor size was 5.3±2.4 cm (range,
2 cm to 8 cm). Seven of nine patients who received STI-571 had
tumor shrinkage, tumors completely disappeared in two
patients (2/7), and partially disappeared in four (4/7). Only one
patient had his tumor enlarged from 10 cm to 15 cm (1/7). The
tumor in one special patient showed shrinkage after STI-571
was used for the first time, but proved resistant to re-treatment
with imatinib for tumor enlargement. Two patients received STI571 immediately after surgical resection due to their very large
GISTs (25 and 30 cm). These two patients had no tumor
recurrence within 14 and 4 mo of follow-up.
Table 3 shows the prognostic variables for survival analysis
in GIST patients. Surgical margin and use of STI-571 were
significant prognostic variables (log-rank test, P<0.05), while
age, sex, and tumor location were not significant prognostic
variables.

Age (yr)
≤50 yr
>50 yr
Sex
Male
Female
Location
Gastroduodenal
Intestinal
Surgical margin
Negative
Positive
STI-571
Yes
No

Log-rank test
0.085

1/9
7/14
4/11
4/12

0.95
0.872

5/14
3/9
0.047
2/12
6/11
0.045
1/9
7/14

1.0

A

Survival rate

0.8

P = 0.045

0.6

B

0.4
0.2
0.0
20

40

P = 0.012

0.6

A

0.4
0.2

B
20

40
Time (mo)

60

80

Figure 2 Kaplan-Meier plots of the disease-free rate of GIST
patients with (A) negative and (B) positive surgical margins.
1.0

A
0.8
0.6

P = 0.0472

B

0.4
0.2

Figure 2 shows that there was a statistical relationship
between surgical margin and disease-free rate. When the
surgical margin was negative, the 5-year disease-free rate was
nearly 40%. Conversely, when the surgical margin was positive,
the two-year disease-free rate was 0%. The relation between
surgical margin and survival rate is shown in Figure 3. The 5year survival rate of patients with a negative surgical margin
was 80% and the 2-year survival rate of patients with a positive
surgical margin was 28%. The effect of STI-571 is shown in
Figure 1. The 5-year survival rate of patients who received STI571 was 80%, and that of patients who did not receive STI-571
was 30%. The effect of STI-571 in prolonging life span was
significant.

0

Number 2

0.8

0

Survival rate

Mortality (n = 8)

Volume 11

0.0

Table 3 Prognostic variables for survival analysis
Variable

January 14, 2005

1.0
Disease free rate
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60

80

Time (mo)

Figure 1 Kaplan-Meier survival curves of GIST patients who
(A) received STI-571 and (B) did not receive STI-571.

0.0
0

20

40
Time (mo)

60

80

Figure 3 Kaplan-Meier survival curves of GIST patients with
(A) negative and (B) positive surgical margins.

DISCUSSION
In this series, we retrospectively analyzed 23 patients with giant
GISTs (tumor size >10 cm) and found that surgical margin was
an independent factor for tumor recurrence (Figure 2). A negative
surgical margin meant total tumor removal by surgical resection.
This is similar to previous studies[9,10]. This result indicated
that the factors that could cause a positive surgical margin
were the risk factors for tumor recurrence, such as tumor rupture,
multiple organ involvement, and margin involvement on
histological examination.
The 5-year survival rate was significantly better in patients
with a negative surgical margin (Figure 3). Tumor rupture before
or during resection is another predictor of poor outcome[6].
Lewis also showed that gross margin-free tumor resection gave
a good prognosis[17].
In our series, good results were obtained for patients who
received STI-571, and the survival rate of patients who received
STI-571 was significantly higher than that of the patients who
did not receive STI-571. A European Organization for Research
and Treatment of Cancer (EORTC) in a soft tissue and bone
sarcoma group phase II study[18] showed that STI-571 was well
tolerated at a dose of 400 mg twice a day. Response rate in the
EORTC study for GISTs was 7% complete response, 25% partial
response, 24% stable disease and 14% disease progression,
respectively. Tumor resistance could have been primary or
acquired after several months of drug administration, but the
mechanism is unknown[19]. The most common side effects were
anemia (92%), periorbital edema (84%), skin rashes (69%), and
fatigue (76%)[18]. This was consistent with our results.
A tumor size greater than 10 cm is the worst prognostic
factor for malignant GISTs[20,21]. In a study of 100 patients with
GISTs, multivariate analysis showed that tumor size was an
independent prognostic factor for survival. Patients with giant
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GISTs (>10 cm) had a disease-specific 5-year survival of only
20% after resection[5]. Although our study was retrospective,
treatment in the STI-571 and non-STI-571 eras was also different.
The average size of the STI-571 group (20.7 cm) was larger than
that of the non-STI-571 group (12.8 cm), although the difference
was not significant. All included patients had a tumor diameter
greater than 10 cm. In patients not given STI-571, the 5-year
survival rate was 30%, similar to the previous study. The 5-year
survival rate of patients given STI-571 was nearly 80%, and
STI-571 treatment could prolong the survival time even with
tumor recurrence after surgical resection.
In our series, two patients had tumor recurrences within 15
and 9 mo after resection and received only systemic chemotherapy.
These two patients died within six months of chemotherapy. In
contrast, the patients with giant GISTs who received STI-571
obtained good results. We conclude that patients who need
palliative therapy should be treated in combination with STI571 to give a better prognosis.
Surgical treatment is still essential, even for the largest GISTs[4],
and complete surgical resection remains the only curative
treatment for malignant GISTs[22]. However, significant risks of
recurrence remain particularly in those tumors that demonstrate
necrosis, high mitotic activity, and large size[22]. The diagnostic
accuracy of c-kit staining, careful surgical planning to achieve
a complete resection, and the availability of imatinib to treat
metastatic diseases contribute to the high five-year overall
survival rate (76%)[22]. We believe that aggressive complete
resection, avoidance of tumor rupture and spillage, and enbloc resection of other involved organs remain a good policy
for treating malignant giant GISTs[21,23,24].
In conclusion, surgery is still the best primary treatment for
patients with GIST tumors[21]. We suggest that immediate use
of STI-571 when the surgical margin is positive would improve
the prognosis of patients with giant GISTs.
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Abstract
AIM: To study genetic difference of mitochondrial DNA (mtDNA)
between two hepatocarcinoma cell lines (Hca-F and Hca-P)
with diverse metastatic characteristics and the relationship
between mtDNA changes in cancer cells and their oncogenic
phenotype.
METHODS: Mitochondrial DNA D-loop, tRNAMet+Glu+Ile and ND3
gene fragments from the hepatocarcinoma cell lines with
1 100, 1 126 and 534 bp in length respectively were analysed
by PCR amplification and restriction fragment length
polymorphism techniques. The D-loop 3’ end sequence of
the hepatocarcinoma cell lines was determined by sequencing.
RESULTS: No amplification fragment length polymorphism
and restriction fragment length polymorphism were observed
in tRNAMet+Glu+Ile, ND3 and D-loop of mitochondrial DNA of
the hepatocarcinoma cells. Sequence differences between
Hca-F and Hca-P were found in mtDNA D-loop.
CONCLUSION: Deletion mutations of mitochondrial DNA
restriction fragment may not play a significant role in
carcinogenesis. Genetic difference of mtDNA D-loop between
Hca-F and Hca-P, which may reflect the environmental and
genetic influences during tumor progression, could be linked
to their tumorigenic phenotypes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Mammalian mitochondrial DNA (mtDNA) is a 15-16 kb circular
double-stranded DNA. The genome contains genes coding
for 13 polypeptides involved in respiration and oxidative
phosphorylation, 2 rRNAs and a set of 22 tRNAs that are
essential for protein synthesis of mitochondria. In contrast to
the nuclear DNA, mtDNA is a naked DNA molecule without
introns and is replicated at a much higher rate without an effective

DNA repair mechanism. Therefore, mtDNA is more vulnerable
to reactive oxygen species and free radicals that are generated
in electron leak pathway of the respiratory chain[1-3].
The possibility that the mitochondrial genome may be involved
in carcinogenesis can be extrapolated back to Warburg, who
demonstrated that increased anaerobic glycolysis was a common
feature of tumor cells[4]. One scenario is that the somatic mtDNA
mutations in tumor cells play an active role in shifting metabolism
away from mitochondrial oxidative phosphorylation and towards
enhanced glycolysis[5,6]. mtDNA mutation is a prominent feature
of cancer cells and has been identified in various tumors and
tumor cell lines[7]. However, the direct link between mtDNA
mutations of cancer cells and their oncogenic phenotype has
not been demonstrated.
Hca-F and Hca-P are two types of cell lines originating from
an identical parent cell line, hepatocarcinoma H22, with high
and low metastatic abilities, respectively. To inquire into the
role of mtDNA mutations in tumorigenic phenotype, the genetic
variations of mtDNA from Hca-F and Hca-P cell lines were
analyzed by PCR and restriction fragment length polymorphism
(RFLP) and DNA sequencing.

MATERIALS AND METHODS
Materials
The restriction endonucleases including Hae III, BamH I, Apa I,
Nde II, Xho I, Xba I, Alu I, Rsa I, Stu I, Dra I, Ava I, and Hae II
were purchased from German Boehringer Mannheing and
American Promega companies; PCR test kits were also obtained
from German Boehringer Mannhening Company. Hca-F and
Hca-P hepatocarcinoma cell lines were supplied by Professor
Mao-Yin Lin of Dalian Medical University, China.
Amplification of PCR
The primers were synthesized by Shanghai Cell Biological
Institute of China (Table 1). Mitochondrial DNA of the tumor cell
lines was prepared by the method of nuclei/cytoplasm partition[8].
PCR amplification was carried out in a final volume of 100 L
containing 0.5 g mtDNA, 0.5 mmol/L of each primer, 2.5 mmol/L
MgCl 2, 200 mmol/L of each dNTP, and 2.5 U Taq DNA
polymerase (TaKaRa Ex TaqTM). PCR (an initial incubation at
94 ℃ for 4 min, followed by 30 cycles at 94 ℃ for 30 s, at 55 ℃ for
1 min, and at 72 ℃ for 1 min; the final step at 72 ℃ was extended
to 10 min) was performed in a Biometra Personal PCR system.
PCR-RFLP analysis of D-loop, tRNAMet+Glu+Ile l and ND3 gene fragments
Two U restriction endonucleases and 1.2 L 10×buffer were
added to 5 L of every PCR product separately and each dilution
was mixed with sterilized water until the total volume was 12 L;
then incubated at 37 ℃ overnight. After digested by the restriction
endonucleases, each sample was analyzed by 1% agarose gel
electrophoresis (the buffer fluid was TBE buffer). Performed at
3 V/cm for 1-2 h, the electrophoresis was observed under ultraviolet
and photographs were taken. The standard marker of Huamei
Company was adopted as the molecular weight standard to
determine the length of the fragments.
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Table 1 Primer sequence and length of amplified fragments
Amplified fragment

Length (bp)

Location

Primer sequence

D-loop

1 100

tRNAMet+Glu+Ile

1 126

L strand (15 294-15 320)
H strand (98-72)
L strand (3 401-3 419)
H strand (4 527-4 508)
L strand (9 364-9 385)
H strand (9 897-9 876)
L strand (15 950-15 968)
H strand (91-73)

5’-TAAACATTACTCTGGTCTTGTAAACC-3’
5’-ATTAATAAGGCCAGGACCAAACCT-3’
5’-CGGCCCATTCGCGTTATTC-3’
5’-AGGTTGAGTAGAGTGAGGGA-3’
5’-ACGTCTCCATTTATTGATGAGG-3’
5’-GAGGTTGAAGAAGGTAGATGGC-3’
5’-AGGCATGAAAGGACAGCAC-3’
5’-ATAAGGCCAGGACCAAACC-3’

ND3 fragment

534

D-loop 3’ end fragment

437

Table 2 Mitochondrial tRNAMet+Glu+Ile, ND3 and D-loop restriction patterns
tRNAMet+Glu+Ile (1 126 bp)

D-loop (1 100 bp)

ND3 (534 bp)

Enzyme
Site
Hae III
Apa I
Alu I
BamH I
Dra I
Stu I
Nde II
Rsa I
Xba I

4
1
4
0
0
0
2
6
1

FL

Site

FL

Site

4
1
3
2
1
2
0
4
0

470 290 136...
658 469
665 318 135...
710 252 164
634 493
605 297 225
1 126
392 259 228...
1 126

1
0
1
0
1
1
0
2
0

456 445 122, ...
655 445
545 269 102, ...
1 100
1 100
1 100
84 511 837
720 178 125...
680 420

FL
392 142
534
310 224
534
45 183
391 143
534
35 310 378
524

FL: fragment length.

DNA sequencing of PCR products
PCR products for the D-loop 3 end fragment of 437 bp in length
were sent to United Gene Technology Company, Ltd, Shanghai,
China for direct sequencing.
RESULTS
Mitochondrial DNA D-loop, tRNAMet+Glu+Ile and ND3 gene
fragments from the hepatocarcinoma cell lines with 1 100, 1 126
and 534 bp in length respectively were analysed by PCR
amplification. No amplification fragment length polymorphism
and negative amplification were observed. Mitochondrial DNA
D-loop, tRNAMet+Glu+Ile and ND3 fragments were cleaved
respectively by 12 kinds of restriction endonucleases including
Hae III, BamH I, Apa I, Nde II, Xho I, Xba I, Alu I, Rsa I, Stu I,
Dra I, Ava I and Hae II. But no difference was observed in all
restriction maps of D-loop, tRNAMet+Glu+Ile and ND3 fragments
of mtDNA from hepatocarcinoma cell lines and no variation was
found in 41 restriction endonuclease sites (Figure 1, Table 2).
The D-loop 3’ end fragment sequence of two hepatocarcinoma
cell lines was determined by sequencing. Compared with
published mouse mtDNA sequence, we had found 3
mutations: G:C→A:T transition was detected at nucleotide
16 007 in Hca-F and Hca-P cell lines and a T:A→C:G occurred

at nucleotide 16 268 only in Hca-F cell line (Figure 2).
A

B

C

Figure 1 Restriction patterns of amplified fragments. F: Hca-F
cells; P: Hca-P cells; M: PCR standard marker. A: Restriction
patterns of tRNA Met+Glu+Ile digested by Apa I, Alu I, BamH I,
Rsa I and Stu I, respectively; B: Restriction patterns of D-loop
digested by Xba I, Apa I, Rsa I, Stu I and Alu I, respectively; C:
Restriction patterns of ND3 digested by Hae III, Dra I, Stu I, Rsa I
and Alu I, respectively.
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Figure 2 Variations identified in the D-loop (bases 15 950-91) of mitochondrial DNA from two types of hepatocarcinoma cell
lines. Sequence and base number were from the complete mouse mtDNA sequence reported by Bibb et al. (Cell 1981; 26: 167-180 ).
The G at nucleotide 16 007 was mutated to A in two hepatocarcinoma cell lines and T at nucleotide 16 268 was mutated to C in
Hca-F cell line.
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DISCUSSION
Carcinogenesis is a multi-step process involving the accumulation
of genetic changes that ends in malignant cell transformation.
Much attention has been paid to the genetic events in the nDNA,
such as activation of oncogene, inactivation of tumor suppressor
gene, and defects of mismatch DNA repair gene. However,
several aspects in the process of carcinogenesis are still unclear.
Contribution of mtDNA mutations to carcinogenesis was
postulated when wide spectra of the mtDNA alterations were
reported in different types of cancer: colon, ovarian, lung,
pancreatic, liver, thyroid, bladder, prostate, esophageal and gastric
cancer[7,9-12]. Reported sequence changes include point mutations
(mostly transitions), multiple deletions and microsatellite
instability in coding and noncoding regions. However, of all
these mutations and polymorphisms only a few can be linked
to a known phenotypic effect. Alonso[13] suggested different
mechanisms, such as clonal expansion, increased oxidative
damage and mutator mutations, to explain this high frequency
of homoplasmic mtDNA variation in cancer samples. Because
most tumors are a clonal expansion of a single cell, it is possible
that mtDNA homoplasmic mutations are just the results of clonal
expansion of spontaneous somatic mutations, which occur at a
very low frequency during previous replication of this precursor
cell and later become predominant or homoplasmic by clonal
expansion of its cell[14]. However, the selective advantage of
mtDNA changes in the development of tumors cannot be
excluded. In principle, these mutations could contribute to
neoplastic transformation by changing cellular energy
capacities, increasing mitochondrial oxidative stress, and/or
modulating apoptosis.
In this study, large-scale deletion mutations of D-loop,
tRNAMet+Glu+Ile and ND3 gene fragments in hot-spot regions of
mtDNA were analysed by PCR amplification and RFLP techniques.
There were no amplification fragment length polymorphism and
negative amplification, and all restriction patterns of D-loop,
tRNAMet+Glu+Ile and ND3 fragments from Hca-F and Hca-P
hepatocarcinoma cell lines were also identical. In contrast to
previous studies, we failed to find mtDNA large-scale deletions
in tumor cell lines, which differ from the observation that multiple
mtDNA deletions were detected in tumors and normal human
tissue cells[15,16]. We propose possible mechanisms to explain
the phenomenon. Firstly, the increased proliferation of tumor
cell lines promotes the cytoplasmic segregation of deleted
mtDNAs, and thus the mtDNA molecules with deletions are
passively eliminated in tumor cells. Secondly, the mtDNA deletions
accumulated in tumor cells may result in impaired mitochondrial
respiration and decrease ATP synthesis. After cytoplasmic
segregation of deleted mtDNAs, the cells harboring higher
proportion of mtDNA deletions could not survive and lead to
dropout from the population. So, we suggest that mtDNA fragment
deletion mutations in tumors unlikely play a significant role in
carcinogenesis, probably just as age-related increases in DNA
damage due to cellular oxidative stress and environmental factors.
Mitochondrial DNA control region (non-coding region,
D-loop), containing the origin of replication for H-strand
synthesis, mitochondrial transcription promoters, mtTF1 binding
site and conserved sequence block, etc, serves as the main site
for mitochondrial genomic replication and transcription. Point
mutations and genetic instabilities at the D-loop region are
potentially involved in the maintenance of structure and function
or even the expression of other mitochondrial genes, and probably
also involved in the progressive stage of the disease[17,18]. In
the present study, we have found sequence difference in mtDNA
D-loop region between two types of hepatocarcinoma cell lines
with diverse metastatic abilities. G:C→A:T transition was
detected at nucleotide 16 007 in Hca-F and Hca-P cell lines and
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T:A→C:G occurred at nucleotide 16 268 only in Hca-F cell line.
Little is known about the presence of genetic alterations, especially
of point mutations, localized at crucial sites or adjacent place in the
mtDNA control region, and their contribution to carcinogenesis.
Although it is unlikely that mutations in the mtDNA control
region are immediately deleterious or tumorigenic, the frequency
of mtDNA mutations may reflect underlying genetic and
environmental influences during tumor progression[19]. It is also
possible that sequence variants in the mtDNA control region
could influence disease-associated mutations in the coding
regions[20,21]. There is considerable evidence that the mutation
rate of both mitochondrial coding region and non-coding region
loci is increased as a result of tumorigenicity[22-25]. It is likely,
therefore, that the difference of mtDNA D-loop region observed
in different hepatocarcinoma cell lines is a reflection of this
increased mutation rate and can be linked to their tumorigenic
phenotype. More extensive biochemical and molecular studies
will be necessary for determining the pathological effect of
these mtDNA genetic alterations.
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Abstract
AIM: Hepatic fibrogenesis has close relation with hepatic
stellate cells (HSC) and tissue inhibitors of metalloproteinase
(TIMP). Oxymatrine (OM) is a kind of Chinese herb that is
found to have some effects on liver fibrosis. We aimed to
determine the effects of OM on hepatic fibrosis and explore
the possible mechanism.
METHODS: Thirty-two rats were randomly divided into four
groups; 16 were used to develop hepatic fibrosis by carbon
tetrachloride (CCl4) and treated with or without OM, and 16
were used as controls. The expression of tissue inhibitor of
metalloproteinase-1 (TIMP-1) and -smooth muscle actin
(-SMA) in the livers of rats was detected by immunohistochemical assay. Liver pathology was determined by H&E
staining and reticulum staining.
RESULTS: In CCl4-injured rats, the normal structure of lobules
was destroyed, and pseudolobules were formed. Hyperplasia
of fibers was observed surrounding the lobules. While the
degree of fibrogenesis in liver tissues was significantly
decreased in those rats with OM-treatment compared with
those without OM treatment. The pseudolobules were
surrounded by strong, multi-layer reticular fibers, which
netted into pseudolobules in CCl4-injured rats, however,
there was a significant decrease in reticular fibers in OMtreated rats. The expression of TIMP-1 in hepatic cells was
weak in control groups, but strong in CCl4-injured groups,
however, the expression of TIMP-1 was significantly inhibited
by OM (F = 52.93, P<0.05). There was no significant
change in the expression of -SMA between CCl4-injured
rats with or without OM treatment (F = 8.99, P>0.05).
CONCLUSION: OM effectively inhibits CCl4-induced fibrogenesis
in rat liver tissues, probably by reducing the expression level
of TIMP-1.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Significant progress in the cellular and molecular mechanisms of
hepatic fibrogenesis has been achieved over the last decades[1-5].
Hepatic fibrogenesis is known to be a gradual and dynamic
process, which involves a series of complicated changes in cells,
cytokines and extra cellular matrix (ECM). Especially, it has
close relation with the hepatic stellate cells (HSC)[6] and tissue
inhibitors of metalloproteinase (TIMP)[7].
Oxymatrine (OM) is a kind of Chinese herb which can inhibit
hepatitis B and C viruses[8-12]. It was originally used for the
treatment of chronic viral hepatitis. Later, it was found to have
some effects on liver fibrosis[13]. However, there is little evidence
of the underlying mechanism. In this study, we determined the
effects of OM on experimental hepatic fibrosis, and explored
the possible mechanism in vivo.
MATERIALS AND METHODS
Animal experiments
Thirty-two adult male Sprague Dawley rats, weighing 190-230 g
(provided by Experimental Animal Center of Chinese Academy,
Shanghai, China) were included in the experiments. A rat model
of chronic hepatic injury was produced by carbon tetrachloride
(CCl4) IH (hypodermic injection) in 16 rats, and 16 rats were
used as controls.
The rats were randomly divided into four groups. In group 1
(CCl4 group, n = 8), CCl4 (0.3 mL/100 g weight, Shanghai Lingfeng
Chemicals Reagent Company, Shanghai, China) was injected
at the back hypodermically twice per wk for 10 wk to develop a
model of hepatic fibrosis. In group 2 (CCl4+OM group, n = 8),
CCl4 was given as in group 1 together with OM (60 mg/kg weight,
Shanghai Chemicals Reagent Company, China Pharmaceutical
Corporation, Shanghai, China), once daily for 10 wk. In group 3
(OM control group, n = 8), OM was given as in group 2 but
without CCl4. In group 4 (blank control group, n = 8), olive oil
(0.3 mL/100 g weight, Ningxia Pharmaceutical Factory, Ningxia,
China), instead of CCl4, was injected at the back hypodermically.
After 10-wk injection, all animals were sacrificed under narcosis,
and their right liver lobes were immediately excised. The specimens
were fixed in formaldehyde for the preparation of serial paraffin
sections at 5-m thickness.
Pathological observation and reticular collagen staining
Liver sections were stained with hematoxylin and eosin (H and
E) for the assessment of liver cell degeneration and necrosis,
infiltration of inflammatory cells, hyperplasia of the lattice fibers
and formation of collagen bundles and pseudolobules. Other
sections were stained with Von Gieson and Masson special
staining for the assessment of fiber structure of the livers and
analysis of hyperplasia of liver fiber tissues by computer image
analysis system.
Expression of liver TIMP-1 and -SMA
TIMP-1 expression was determined by the immunohistochemical
ABC method. The serial paraffin sections of liver samples were
deparaffinized and rehydrated after being immersed in 0.3%
peroxide-ethanol solution at room temperature for 10 min, and
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digested with 0.1% pancreatic protease at 37 ℃ for 60 min. Rabbit
anti-TIMP-1 antibody (working concentration 1:100, Santa Cruz
Biotechnology Company, LA, USA) was added at 37 ℃ for
60 min, then the samples were put at 4 ℃ overnight. Then
biotinylated goat anti-rabbit antibody was added at 37 ℃ for
60 min, and ABC compound (working concentration 1:100,
Huamei Company, Shanghai, China) was incubated at 37 ℃ for
45 min. Finally, diaminobenzidine tetrahydrochloride (DAB,
Huamei Company) was added to develop color for microscopic
examination and photography.
For immunohistochemical staining of -SMA, the paraffin
sections were deparaffinized and rehydrated after being
immersed in 0.3% peroxide-ethanol solution at room temperature
for 10 min and digested with microwave for 10 min. After
incubation with the rat anti-human -SMA monoclonal antibody
(working concentration 1:100, Long-island Antibody Diagnosis
Company, Shanghai, China) at 37 ℃ for 60 min and at 4 ℃
overnight, the sections were incubated with the rabbit anti-rat
antibody (working concentration 1:100, Long-island Antibody
Diagnosis Company) at 37 ℃ for 60 min, and finally with DAB
to develop color for microscopic examination and photography.

Statistical analysis
2-test was performed with SPSS 10.0.
RESULTS
Hepatic pathological findings
In the two control groups (OM control group and blank control
A

B
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group), the structure of liver lobules was normal, central vein
was clear and the size and shape of hepatic cells were normal
and distributed centrifugally (Figure 1A). In the CCl4 group,
the normal structure of lobules was destroyed, and
pseudolobules were formed. Liver cells swelled, with lipid
vacuoles in cytoplasm. Hyperplasia of fibers was observed
surrounding the lobules. The hepatic lobules were encysted
and separated by collagen bundles, and associated with bile
duct “proliferation”, infiltration of inflammatory cells, bordering
of the portal areas. Abundant fiber tissues were present,
extended outwards in stellar shape. Cholestasis was seen in
some bile duct cells. Hyperplasia of ovum shape cells was
observed in collagen bundles. Mitotic figures were seen in
particular individual cells (Figure 1B). In CCl4+OM group, the
normal structure of lobules was also destroyed, with
pseudolobule formation. Liver cells swelled and degenerated,
with lipid vacuoles in cytoplasm. The hepatic lobules were
encysted and separated by collagen bundles, with infiltration
of inflammatory cells. However, these changes were significantly
milder compared with CCl4 group (Figure 1C).

Expression of liver reticular collagen
In the two control groups, there were only a few fiber tissues
seen in portal areas. There was no significant difference between
OM control group and blank control group (Figure 2A).
However, in CCl4 group, the pseudolobules were surrounded
by strong, multi-layer reticular fibers, which netted into
pseudolobules (Figure 2B). In CCl 4 +OM group, the
pseudolobules were surrounded by multi-layer reticular fibers,
C

Figure 1 Pathological changes in rats’ liver by H.E. staining. 10×10 A: (Control group): The structure of liver lobules was normal,
the size and shape of hepatic cells were normal and distributed centrifugally; B: (CCl4 group): The normal structure of lobules
was destroyed, and pseudolobules were formed. Liver cells swelled and hepatic lobules were encysted and separated by
collagen bundles, and associated with infiltration of inflammatory cells; C: (CCL4+OM group): The normal structure of lobules
was also destroyed, pseudolobules formed, and liver cells swelled at a milder extent. The hepatic lobules were encysted and
separated by slimmer collagen bundles, with milder infiltration of inflammatory cells.

A

B

C

Figure 2 Observation on reticular collagen by reticular staining. 10×10. A: (Control group): A few fiber tissues were only seen in
portal areas; B: (CCl 4 group): The pseudolobules were surrounded by strong, multi-layer reticular fibers, which netted into
pseudolobules; C: (CCl4+OM group): The pseudolobules were surrounded by slimmer, multi-layer reticular fibers; a significant
decrease of reticular fibers was observed in this group, compared with CCl4 group.
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which netted into pseudolobules. However, there was a
significant decrease in reticular fibers in this group, compared
with CCl4 group (Figure 2C).
Image pattern analysis showed that the expression of
collagen in the experimental groups (CCl4 group and CCl4+OM
group) was much stronger than that in the two control groups.
Moreover, the expression of collagen in CCl 4 group was
significantly stronger than that in CCl4+OM group (F = 31.89,
P<0.05) (Figure 3).
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TIMP-1 in CCl4+OM group, compared with that in CCL4 group
(F = 52.93, P<0.05) (Figure 4C, Table 1).
Table 1 Effects of oxymatrine on expression of tissue inhibitor
of metalloproteinase-1 (TIMP-1) and -smooth muscle actin
(-SMA) in the livers of rats with hepatic fibrosis (Ratio of
positive areas)
Groups

n

CCl4 group
CCl 4 +OM group
OM group
Control group

8
8
8
8

TIMP-1
35.07±6.50
27.01±5.88 a
2.16±1.16
2.48±1.40

-SMA
24.89±5.32
21.64±2.36
4.46±1.47
12.52±17.6

a

P<0.05 vs CCl4 group.

Control group

OM group

CCl4 group

OM+CCl4 group

Figure 3 Contents of collagen in livers of rats in different
groups.

Expression of TIMP-1 in the liver
Cytoplasmic expression of TIMP-1 antigen was detected in
most hepatic cells in the experimental rats, but only in a few
individual liver cells and hepatic stellate cells (HSCs) in the
control rats (Figure 4A). The expression of TIMP-1 in hepatic
cells was weak in control groups, but strong in experimental groups
(Figure 4B). There was a significant decline in the expression of
A
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B

Expression of -SMA in the liver
-SMA antigen in control rat liver was detected in myofibroblasts
and vascular endothelial cells. The expression of -SMA in
experimental groups was significantly stronger than that in
control groups (Figure 5A). There was no significant difference
between CCl4 group and CCL4+OM group (F = 8.99, P>0.05)
(Figure 5B, C, Table 1).
DISCUSSION
Studies on the pathogenesis of hepatic fibrosis have shown
that HSCs within the space of Disse experience a transform, in
the wake of liver injures by various causes. In normal liver,
HSCs store vitamin A and show minimal proliferation and
collagen synthesis. However, in an injured liver, HSCs lose
vitamin A and transform into myofibroblasts (MFB), called
C

Figure 4 Expression of TIMP-1antigen by immunohistochemical staining. 10×10 A: (Control group): There was only a weak
expression of TIMP-1 antigen in individual liver cells and hepatic stellate cells (HSCs); B: (CCl4 group): The expression of TIMP-1
was detected in cytoplasm of most hepatic cells; C: (CCl4+OM group): There was a significant decline of the expression of TIMP-1
in CCl4+OM group, as compared with that in CCl4 group.

A

B

C

Figure 5 Expression of -SMA antigen by immunohistochemical staining. 10×10 A: (Control group): -SMA antigen was detected
in myofibroblasts and vascular endothelial cells; B: (CCl4 group): The expression of -SMA was significantly stronger than that
in the control groups; C: (CCl4+OM group): The expression of -SMA was not significantly different from that in CCl4 group.
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activated HSCs, which express -SMA and have the function
of contractibility, proliferation and fibrogenesis[12]. HSCs
synthesize a number of collagens, and enzymes that inhibit
degeneration of extracellular matrix (ECM), and some cytokines
that promote fibrosis. Thus, the balance between the deposition
and degeneration of ECM is broken, leading to the startup and
development of hepatic fibrosis. Some studies have shown
that TIMP is a very important promoting factor of hepatic fibrosis,
and it inhibits matrix metal protease (MMP) to deposit ECM[13].
Strong expression of TIMP-1 reflects the severity of hepatic
fibrosis. On the other hand, OM is a kind of alkaloid, extracted
from a Chinese herb, Guangdou Root. Some reports have shown
that OM inhibits the secretion of IL-1, IL-6 and TNF- from
Kupffer cells, the proliferation of fibroblasts and expression of
PIIIP mRNA[11]. To our knowledge, there are no reports on the
effects of OM on activation of HSCs and expression of TIMP1 in liver.
In our present study, the pathologic observation and reticular
collagen staining demonstrated that the expression of collagen
in CCl4+OM group was significantly lower than that in CCl4 group.
Our results indicate that OM has a potent interference effect on
hepatic fibrosis. In addition, the results of immunohistochemical
staining showed that the expression of TIMP-1 in CCl4+OM
group was significantly lower than that in CCl4 group. Combining
the above quantitative data of reticular collagen, we noticed
that the stronger the expression of TIMP-1 was the more reticular
collagens were secreted, and vice versa. We suggest that TIMP-1
plays an important role in the process of hepatic fibrogenesis.
One possible mechanism of OM’s anti-fibrotic effect lies in its
inhibition of expression of TIMP[14]. Several reports have shown
that the expression levels of TIMP-1 reflect the severity of
alcohol-induced hepatic fibrosis. Accordingly, there seems to
be some correlation between the expression levels of TIMP-1
and the severity of hepatic fibrosis.
The present study showed that the expression of -SMA in
the liver in experimental groups was significantly stronger than
that in control groups. However, there was no significant difference
between CCl4 group and CCl4+OM group. It is presumed that
OM does not have a direct effect on the activation of HSCs,
whereas it influences the function of myofibroblasts[15].
Nevertheless, OM inhibits the secretion of collagen fibers and
expression of TIMP-1, which in turn have interference effect
on hepatic fibrosis.
In conclusion, OM has an interference effect on hepatic
fibrosis, and one possible mechanism lies in its inhibitory effect
on the expression of TIMP-1 in the liver.
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Abstract
AIM: Glutathione S-transferase mu 1 (GSTM1) and theta 1
(GSTT1) genes are involved in the metabolism of a wide
range of carcinogens, but deletions of the genes are commonly
found in the population. The present study was undertaken
to evaluate the association between GSTM1 and GSTT1 gene
polymorphisms and hepatocellular carcinoma (HCC) risk.
METHODS: The genetic polymorphisms were studied at
an aflatoxin highly contaminated region in Guangxi, China.
Polymerase chain reaction (PCR) technique was used to detect
the presence or absence of the GSTM1 and GSTT1 genes in
blood samples. The case group was composed of 181 patients
of HCC identified by the pathologists and the control group
was composed of 360 adults without any tumor.
RESULTS: The frequencies of GSTM1 and GSTT1 null genotypes
in the control were 47.8% and 42.7%, while those in the HCC
group were 64.6% and 59.7%, respectively. The differences
between HCC group and control group were very significant
(P<0.01). GSTM1 and GSTT1 combined null genotypes in
HCC group and control group were 38.2% and 18.5%
respectively, and the difference was significant (P<0.05).
CONCLUSION: The GSTM1 and GSTT1 null genotypes are
associated with an increased risk of HCC in a special geographic
environment. Combination of the two null genotypes in an
individual is substantially increased twice the risk of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatocellular carcinoma; Glutathione S-transferase
mu 1; Glutathione S-transferase theta 1; Polymorphism
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INTRODUCTION
Glutathione S-transferases (GSTs) M1 and T1 are most important

detoxified enzymes in the body that participate in the
metabolism of a wide range of chemical carcinogens that are
ubiquitous in the environment[1-3], but the enzyme deficiency
is common in humans. Are there any cause and effect on the
high prevalence of hepatocellular carcinoma (HCC) in a local
region? Epidemiological investigations and animal experiments
have identified that the major risk factors involved in the
prevalence of HCC in southern Guangxi are hepatitis B virus
(HBV) infection and aflatoxin B1 (AFB1) exposure[4,5], and
etiological studies have given evidence to support the existence
of a synergistic relationship between HBV and AFB1[6-8]. AFB1
is a mycotoxin that is produced by Aspergillus flavus. Since
aflatoxin was discovered in food in early 1 960 s, the search for
mycotoxins has led to the identification of over 100 toxigenic
fungi and more than 300 mycotoxins. While AFB1 is the most
vigorous carcinogen, its mutagenic metabolities binding to DNA
are capable of inducing G to T transversions and the liver is a
primary target organ [9,10]. It has been found that AFB1 could
contaminate foods such as corn and peanut in the world, and it
is known that the southwest of Guangxi is one of the areas with
a rather high level of contamination and a high prevalence of
HCC[10]. Therefore, study need to lay stress on detoxification of
AFB1 by enzymes in an individual and susceptibility to HCC.
AFB1 is not harmful prior to metabolic activation via oxidase of
cytochrome P450 to form a DNA damaging agent, AFB1-8, 9epoxide[11]. Several enzymes in the body can resist this toxin and
are good for health. The present study emphasized the importance
of polymorphisms of GSTM1 and GSTT1, especially their genetic
deletion polymorphisms and susceptibility to HCC.

MATERIALS AND METHODS
Patients and controls
One hundred and eighty-one HCC patients and 360 controls
participated in the present investigation. The HCC cases were
recruited from the Affiliated Hospital of Guangxi Medical
University from January 1998 to December 2002. All HCCs were
confirmed by pathologic diagnosis. There were 145 male and
36 female patients aged from 28 to 70 years with an average age
of 49 years. The control group came from the same hospital
with their age and sex matched for the case group.
Blood samples
Three mL of blood was taken by venous puncture. The blood
was used for lymphocyte isolation using buffy coat extraction
kit. Genomic DNA was prepared by standard phenol-chloroform
extraction.
Genotypes for the GSTM1 and GSTT1 deletions were
determined by polymerase chain reaction (PCR) on the genomic
DNA. Primers binding to the 5’ region of exon 4 (5’-CTGCCCTA
CTTGATTGATGGG-3’) and the 3’ region of exon 5 (5’-CTGGAT
TGTAGCAGATCATGC-3’) of GSTM1 were used to amplify a
273 base pair (bp) fragment. Primers for the 5’ region of GSTT1
(5’-TTCCTTACTGGTCCTCACATCTC-3’) and the 3’ region
(5’TCACCGGATGGCCAGCA-3’) were used to amplify a 480 bp
fragment. In both assays, the absence of PCR products was
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indicative of the null genotypes[12,13]. In the cases of GSTM1 or
GSTT1 null genotypes, the samples must have internal controls
by a pair of -globin or p53 gene primer co-amplification repeat
analysis to monitor the quality control to exclude possible
pseudo-negative reactions[13].
PCR reaction was carried out in a “BIO-RAD” amplified
instrument. A commercial PCR kit was used with 5 µg of DNA,
2.5 mmol/L of dNTP, 5 umol/L of each primer, 25 mmol/L of
MgCl 2 and 0.5 units of Taq polymerase in a total volume of
25 µL, then overlaid with a drop of mineral oil and proceeded to
amplification.

PCR amplified conditions
The samples were denatured at 94 ℃ for 5 min, then treated in
a different way for GSTM1 and GSTT1 gene amplification. As
for the amplification of GSTM1 gene, the best condition was
for 30 s at 93 ℃ and for 45 s at 50 ℃ and at 72 ℃ for 45 s, while
for the GSTT1 gene, the best condition was for 45 s at 94 ℃ and
50 s at 61 ℃ and at 72 ℃ for 60 s, respectively. After 35 cycles, a
final step of extension at 72 ℃ for 10 min was followed. The amplified
products were subjected to electrophoresis on a 2% agarose gel
and stained with ethidium bromide, observed under violet light.
Statistical analysis
The experimental results were analyzed by 2-test.
RESULTS
PCR products from amplification of GSTT1 (480 bp) and GSTM1
(273 bp) on agarose gels are shown in Figure 1.
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Figure 1 Amplification of GSTT1 (480 bp), GSTM1 (273 bp),
and the control p53 (138 bp) gene products illustrated in
agarose gel electrophoresis. M: pBR322 DNA/MspI. Lane 1:
positive reaction of GSTT1 in a control case; Lane 2-3: positive reaction of GSTM1 in a control case; Lane 4-6: positive
reaction of GSTT1 in HCC cases; Lane 7-8: positive reaction
of GSTM1 in HCC cases; Lane 9: negative reaction of GSTM1
in a HCC case, p53 positive reaction in each case from lanes
1 to 9.

The frequencies of GSTT1 null genotype in HCC group and
control group were 59.7% (108/181) and 42.7% (154/360)
respectively. The frequencies of GSTM1 null genotype in HCC
group and control group were 64.6% (117/181) and 47.8%
(172/360) respectively. The differences were very significant
(P<0.01, Table 1). In some of the cases, both GSTM1 and GSTT1
null genotypes that occurred in HCC group and control group
were 38.2% and 18.5% respectively, and the difference was
significant (P<0.05). GSTM1-positive but GSTT1-negative
cases accounted for 21.8% and 20.7%, GSTM1-negative but
GSTT1-positive cases were 25.5% and 28.9% respectively, and
the two groups had no significant difference compared with
the controls.

273
Table 1 Polymorphisms of GSTM1 and GSTT1 genes in HCC
patients and controls
GSTM1
Group

Null Present
HCC
Control

GSTT1

n

181
360

117
172

64
188

Deletion Null Present Deletion
rate (%)
rate (%)
64.6
47.8 1

HCC group compared with control
2 = 13.7585, P<0.01.

108
154
1

73
206

59.7
42.7 2

2 = 13.7643, P<0.01

2

DISCUSSION
GSTs are a super family, in which seven classes have been
found, but only class (GSTM1) and class  (GSTT1) have
gene deficiency (null genotype)[14] and completely lack of respective
enzyme activity. Carcinogen AFB1-8, 9-epoxide is a substrate
of both GSTM1 and GSTT1[13,14]. GSTs are dimeric proteins that
could catalyze conjugation reaction between glutathione and
epoxides facilitate excretion and detoxification[17]. As a result, GSTs
may play an important role in anti-carcinogenesis. The absence
of these enzymes might susceptible to several cancers[18]. A
previously report failed to detect a statistically significant
relationship between GSTM1 genotype and HCC case/control
status might be due to an inadequate sample size[11]. We
investigated the GSTs genotypes in the area of high prevalence
of HCC with enough cases and control participatants[16]. In our
previous study[10] we found that HCC patients were significantly
associated with tumor suppressor gene p53 mutation at codon
249 G to T transversion which may be involved in environmental
mutagen AFB1[19]. Here, we are interested in the GSTM1 and
GSTT1 genotypes associated with susceptibility to HCC in the
natives of Guangxi and whether HCC patients possess more
GSTM1 or GSTT1 null genotypes than other people.
Cheng[20] reported that smokers of deficiency in GSTM1
and GSTT1 genes were predisposed to head and neck squamous
cell carcinoma. Dialyna[21] found that GSTM1 and GSTT1 null
genotypes were correlated with lung cancer in heavy smokers.
The present results suggest that natives in southwest Guangxi
had a rather higher level of GSTM1 and GSTT1 null genotypes,
their GSTM1 null genotype accounted for 47.8%, a high level
in the world. While GSTT1 null genotype accounted for 42.7%,
much higher than the average level reported[22-24]. It is known
that people with high GSTs null genotypes who have never
contacted with relevant chemical toxins such as AFB1 will never
increase the risk of HCC. However, the people who live in an
AFB1 contaminated area for a long time would fully reveal
genetic defects and susceptibility to HCC. The present study
showed that GSTM1 or GSTT1 null genotypes were higher in
the HCC group than in control group, and the differences were
very significant (P<0.01). There was not any relationship
between their age and sex status (P>0.05). The frequency of
combined GSTM1 and GSTT1 deletions in HCC group versus
control group was 38.2% and 18.5%, respectively (P<0.05).
Actually, there was twice more the risk of HCC in the GSTM1
and GSTT1 combined null genotypes in patients than in control.
In conclusion, the risk of HCC is associated with GSTM1
and GSTT1 null genotypes, especially in people contacted with
AFB1. The natives in Guangxi have a high level of GSTM1 or/and
GSTT1 null genotypes. AFB1 undergoes metabolism by GSTM1
and GSTT1 enzymes, an individual lacking of these enzymes
should predispose to HCC. Genetic susceptibility due to GSTM1
and GSTT1 null genotypes in humans occurs in conjunction
with exposure to environmental carcinogens such as AFB1
involved in the pathogenesis of HCC, especially in an area with
hepatitis B prevalence.
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Abstract
AIM: To investigate the relationship between mutations of
rearranged during transfection (RET) proto-oncogene and
Chinese patients with Hirschsprung’s disease (HD), and to
elucidate the genetic mechanism of familial HD patient at
the molecular level.
METHODS: Genomic DNA was extracted from venous blood
of probands and their relatives in two genealogies.
Polymerase chain reaction (PCR) products, which were
amplified using specific primers (RET, exons 11, 13, 15
and 17), were electrophoresed to analyze the single-strand
conformational polymorphism (SSCP) patterns. The positive
amplified products were sequenced. Forty-eight sporadic
HD patients and 30 normal children were screened for
mutations of RET proto-oncogene simultaneously.
RESULTS: Three cases with HD in one family were found
to have a G heterozygous insertion at nucleotide 18 974 in
exon 13 of RET cDNA (18 974insG), which resulted in a
frameshift mutation. In another family, a heterozygosity
for T to G transition at nucleotide 18 888 in the same exon
which resulted in a synonymous mutation of Leu at codon
745 was detected in the proband and his father. Eight RET
mutations were confirmed in 48 sporadic HD patients.
CONCLUSION: Mutations of RET proto-oncogene may play
an important role in the pathogenesis of Chinese patients
with HD. Detection of mutated RET proto-oncogene carriers
may be used for genetic counseling of potential risk for HD
in the affected families.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hirschsprung’s disease; Proto-oncogene proteins
RET; Transfection; PCR-SSCP
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INTRODUCTION
Hirschsprung’s disease (HD) is a common congenital malformation
affecting 1 in 5 000 live births. Absence of parasympathetic neuronal
ganglia in the hindgut results in poor coordination of peristaltic
movement and varying degrees of constipation[1-6]. Although
the pathogenesis of HD has not been fully understood, the familial
occurrence with an increased risk for siblings as well as an uneven
gender distribution indicates a genetic cause of the disease.
RET proto-oncogene, encoding a 1 114 residue receptor tyrosine
kinase, is thought to be essential for neurogenesis of the enteric
nervous system[7-11]. Through detailed examination more than
60 missense mutations or deletions have been found along the
whole coding sequence of RET in HD[8,12-21]. It was reported that
RET mutations were identified in approximately 50% of familial
cases of HD and in 10-20% of sporadic cases abroad[7,22-24].
However, few studies on HD in Chinese population are reported.
In this study, we performed genetic analysis of exons 11,
13, 15 and 17 of RET proto-oncogene in two HD genealogies
by using polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP). In order to further investigate the
pathogenic mechanism of HD, 48 sporadic HD patients and 30
normal children were also screened by SSCP.
MATERIALS AND METHODS
Case selection and extraction of DNA
Probands of two HD families were collected at Zhejiang Children’s
Hospital. The criteria[25] for HD were absence of enteric plexuses
plus the aganglionlic tract and increased acetylcholinesterase
staining of nerve fibers. Forty-eight Chinese patients with sporadic
HD (35 males and 13 females) and 30 normal children were enrolled
in this study. Genomic DNA was isolated from peripheral white
blood cells according to standard procedures[26].
PCR amplification
Primers were designed to amplify the exons and flanking
intronic sequences (Table 1). PCR amplification was performed
in a reaction volume of 50 µL containing 200 ng of genomic
DNA, 10 mmol/L Tris-HCl (pH 8.4), 50 mmol/L KCl, 1.5 mmol/L
MgCl 2, 0.5 µmol/L each of two fragment-specific primers,
100 µmol/L each of dATP, dGTP, dTTP and dCTP, and 2 units
of Taq DNA polymerase. The template-melting step of PCR
amplification was at 94 ℃ for 5 min, followed by 30 cycles of
serial incubation at 94 ℃ for 50, at 58 ℃ to 62 ℃ for 50 min,
and at 72 ℃ for 10 min. PCR products were electrophoresed
on 1% agarose gel and 100-bp ladder markers were used to
compare the size of amplified fragments.
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Table 1 Primers used in PCR amplification and DNA sequencing expriments
Exon
11
13
15
17

Sequence (5’→3’)

Annealing Product
t (℃) size (bp)

F: ACACCACCCCCACCCACAGAT
R: AAGCTTGAAGGCATCCACGG
F: GACCTGGTATGGTCATGGA
R: AAGAGGGAGAACAGGGCTGTA
F: GACTCGTGCTATTTTTCCTAC
R: TATCTTTCCTAGGCTTCCC
F: CCCCACTAGATGTATAAGGG
R: TCACTGGTCCTTTCACTCTCT

62

27 3

58

25 3

60

23 4

59

23 2

F: forward primer; R: reverse primer.

SSCP analysis
SSCP analysis of fragments was performed on a mini
electrophoresis unit (Bio-Rad Company, USA). A total of 10 µL
of the PCR product was diluted with 10 µL of sample buffer
containing 900 mL/L formamide, 0.5 g/L bromphenol blue dye
and 0.5 g/L xylene cyanol. The samples were heated at 100 ℃
for 8 min, transferred into an ice-cold water bath for 3 min, and
analyzed by 80 g/L polyacryl amide gel electrophoresis (PAGE)
in 45 mmol/L-Tris-borate (pH 8.0)/1 mmol/L-EDTA (TBE) buffer
under 13 v/cm at 10 ℃.
DNA silver staining
Gels were fixed in 100 mL/L alcohol for 10 min and oxidized in
100 mL/L nitric acid. After 3 min, gels were washed for 1 min
with double distilled water, then stained in 2 g/L silver nitric
acid for 5 min, and again washed for 1 min with double distilled
water. The gels showed appropriate color in 15 g/L anhydrous
sodium carbonate and 4 mL/L formalin and ended reducing
response by 7.5 mL/L glacial acetic acid. Subsequently, gels
were washed with double distilled water. At last, the results of
silver staining were analyzed and photographed.
Purification of PCR products and DNA sequencing
Abnormal PCR products screened by SSCP were cut from gel
and purified according to Viogene kit manufacturer’s instructions.
Sequence analysis was carried out with a PE377 automated
sequencer.
RESULTS
Analysis of PCR products
The increment of all DNA samples from HD patients was a
single strand with the same length as normal controls, indicating
that a large fragment insertion and deletion did not exist in the
region in exons 11, 13, 15 and 17 of RET proto-oncogene among
HD patients.
A

I
II

1

Volume 11

Number 2

Mutations of RET proto-oncogene in family 1
HD was observed in 3 generations in patients III, II 1 and I 1
(Figure 1A). The female proband (III) carried a large aganglionic
region in the colon that was removed by surgery at the age
of 1 year. Her farther also developed the long aganglionic form
of HD and underwent surgery at age of two years. The male I 1
in the first generation suffered from chronic obstipation. We
analyzed the genomic DNA of the 5 familial members for
mutations in exons 11, 13, 15 and 17 of RET proto-oncogene.
All three HD patients demonstrated abnormal SSCP patterns in
exon 13 (Figure 1A). DNA sequencing revealed a G heterozygous
insertion at nucleotide 18 974 (18 974insG) in exon 13 of RET
proto-oncogene encoding the intracellular part of RET
receptors (Figure 2A), which resulted in a frameshift mutation.
We failed to detect any additional mutation in RET protooncogene in DNA of the unaffected members in this family.
Mutation of RET proto-oncogene in family 2
In this family, one son (II) suffered from HD and was operated
for the disease at the age of 3 mo. The aganglionosis in II was
confined to the rectosigmoid colon. On SSCP screening of RET
proto-oncogene, II and his father whose phenotype was normal
showed distinct aberrant band patterns in exon 13 (Figure 1B).
DNA sequencing showed a T to G transition in codon 745. This
nucleotide was exchanged from CTT to CTG; however, it was
mute and did not alter the tyrosine in this position. This
synonymous mutation was found to be heterozygous (Figure 2B).
In DNA of the unaffected mother, the nucleotide sequence at
codon 745 was unaltered.
Mutation of RET proto-oncogene in 48 sporadic HD patients
Mutation changes were detected in 8 of 48 sporadic HD patients
in RET proto-oncogene. But in 30 normal individuals no
mutation change was observed. This mutation rate in the gene
was estimated to be 16.7% (8/48). DNA sequence analysis
showed that there were 5 patterns of nucleotide changes: A G
to A substitution was observed at codon 667 (G667S) in exon
11 encoding the tyrosine kinase domain of the receptor in 3
samples (Figure 2D). Another a G to A substitution was identified
at codon 916 (Q916Q) in exon 15 in one patient, but it was a
synonymous mutation (Figure 2E). In exon 13, a A to G transition
was found at colon 756 (K756E) in one patient (Figure 2C). A T
to G mutation, although it seemed to be a silent mutation, was
revealed in codon 745 (L745L) in another patient (Figure 2C). A
G heterozygous insertion at nucleotide 18 974 (18 974insG) was
found in 2 patients. Among the 8 patients with RET mutations, 5
were patients with sporadic long-segment (aganglionosis
confined to the transverse colon) HD and 3 were patients with
sporadic short-segment (aganglionosis confined to the
rectosigmoid colon) HD. All these mutation changes were
identified to be heterozygous, and are summarized in Table 2.
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Figure 1 Pedigree of families one and two and SSCP analysis in exon 13 of RET proto-oncogene. A: Pedigree of family one and
SSCP analysis in exon 13 of RET proto-oncogene Lane 1: healthy control; Lane 2: I 1; Lane 3: I 2; Lane 4: II 1; Lane 5: II 2; Lane 6: III
(proband); Lane 7: healthy control; B: Pedigree of family two and SSCP analysis in exon 13 of RET proto-oncogene. Lane 1: II ;
Lane 2: healthy control; Lane 3: I 1; Lane 4: I 2.
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Figure 2 Sequence analysis of RET gene in patients with aberrant SSCP patterns. The arrows indicate the position of mutation.
A: A G heterozygous insertion at nucleotide 18 974 in exon 13, resulted in a frameshift mutation; B: A T to G transition at codon
745 in exon 13 was exchanged from CTT to CTG, resulting in a silent mutation; C: An A to G transition at codon 756 in exon 13
resulted in a K→E missense mutation; D: A G to A substitution at codon 667 in exon 11 resulted in a G→S missense mutation; E:
A G to A substitution at codon 916 in exon 15 resulted in a silent mutation.
Table 2 Mutated sites observed in RET proto-oncogenes in 48 sporadic HD patients
Case

Sex

Range of aganglionic segment

Exon

Nucleotide change

Amino acid change

Mutation types

1

M

Long-segment

11

G15165→A

G667S

Missense mutation

2

M

Short-segment

11

G15165→A

G667S

Missense mutation

3

F

Long-segment

11

G15165→A

G667S

Missense mutation

4

M

Long-segment

13

T18888→G

L74 5L

Silent mutation

5

M

Long-segment

13

A18919→G

K756E

Missense mutation

6

M

Long-segment

13

18974insG

----

Frameshift mutation

7

M

Short-segment

13

18974insG

----

Frameshift mutation

8

M

Short-segment

15

G20692→A

Q9 16 Q

Silent mutation

M: male; F: female.

DISCUSSION
The human RET proto-oncogene has been mapped to chromosome
band 10q11.2 and comprises 20 exons with a length of about
80 kb[27-30]. Receptor tyrosine kinase encoded by RET protooncogene consists of an intracellular tyrosine kinase domain, a
transmembrane domain and an extracellular domain which
includes a “cadherin-like” region. Receptor tyrosine kinases
generally function as ligand-dependent dimmers, which
phosphorylate “second messenger” proteins in the cytoplasm,
and they are commonly associated with the regulation of cell
growth and differentiation, development of normal nerves, and
expressed in gangliogenic source cells, such as neurogenic
ganglia and ganglia of peripheral nerve system, neuroendocrine
cells, epidermic pigment cells, etc.[9]. RET proto-oncogene is
controlled by a promoter harboring four randomly repeated 5’CG-3’ sequences that are part of a 5’-CG-3’ dense region in
proximity to the transcriptional start site[31]. Ninety-five
unmethylated 5’-CG-3’ dinucleotides are located in a region of
about 900 bp in which the majority lie within the putative
promoter segment. During embryogenesis, RET proto-oncogene
expression is regulated in a temporally and spatially defined
pattern. In adults, RET mRNA transcripts could be detected
exclusively in substantia nigra, adrenal medulla, cerebellum and
other parts of the brain[31-35]. RET proto-oncogene alterations as
disease-causing mutations have been demonstrated in five
different disease entities: HD, papillary thyroid carcinoma, and
three types of inherited cancer syndromes, multiple endocrine

neoplasia (MEN) 2A, MEN 2B and familial modullary thyroid
carcinoma (FMTC)[21,36-42].
To date, only 15-20% of all HD cases were reported to be
of familial origin, and 80% of these were reported to be caused
by mutations in either RET proto-oncogene or other candidate
genes[1,6]. Recently, Munnes et al[32] identified and analyzed
six HD families living in Germany by PCR-DNA sequencing.
They observed mutations at codon 609 (C609R) in one out of
6 cysteine residues encoded in exon 10 of RET proto-oncogene
in one family with a joint occurrence of HD and FMTC. The
other 2 patterns of RET mutations (R77C, Y204Y) were found
in 2 different families. Up to now, mutation analysis of candidate
genes has not been reported in Chinese HD pedigree[43]. In
this study, we have found that three HD cases in one Chinese
HD family carried a frame-shift mutation (18 974insG) in exon
13 of RET proto-oncogene. This novel mutation could alter
the amino acid sequence in the tyrosine kinase domain of the
RET receptor, and the signal conduction was obstructed,
thereby finally causing HD. Therefore, in this family, RET
mutation analysis enabled us to concentrate our clinical efforts
on family members at high risk for HD. In mutated RET protooncogene carriers, theraputic planning could be made based
on the natural history of this disease. Genetic information on
RET genotye-phenotypic correlation might be used for genetic
counseling of potential risk for HD. In another family, the sick
child and his father had the same heterozygous silent mutation
(L745L) in exon 13 of RET proto-oncogene. However, the father’s
phenotype was normal, and penetrance of HD was incomplete. It
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is suggested that phenotypic expression of this disease might
depend not only on the RET mutation pattern but also on other
genetic or environmental determinants, although it has a genetic
tendency.
In the 48 sporadic HD patients, we detected 6 diseasecausing mutations and 2 silent mutations. These mutations
were revealed to be heterozygous. Studies have reported that
only a half quantity of RET proto-oncogene mutations is likely
to cause HD in humans[44-46], which was also confirmed by our
finding. We observed that 2 of the 6 disease-causing mutations
were detected in HD patients with short-segment aganglionosis
suggesting that mutations of RET proto-oncogene are associated
not only with long-segment HD, but also with sporadically
occurring short-segment HD in Chinese population with this disease.
Our results suggest that mutations of RET proto-oncogene
may play an important role in the pathogenesis of Chinese
patients with HD. Mutation analysis of the gene may provide
an additive diagnostic value for this disease, especially familial
cases. However, the low mutation rate and no spot of mutations in
this gene indicate that other genes and microenvironmental factors
can be involved in the development of HD. Further investigation is
necessary to elucidate the pathogenesis of this disease.
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Abstract
AIM: To investigate the apoptosis of implanted primary
gastric cancer cells in nude mice induced by resveratrol and
the relation between this apoptosis and expression of bcl-2
and bax.
METHODS: A transplanted tumor model was established by
injecting human primary gastric cancer cells into subcutaneous
tissue of nude mice. Resveratrol (500 mg/kg, 1 000 mg/kg
and 1 500 mg/kg) was directly injected beside tumor body
6 times at an interval of 2 d. Then changes of tumor volume
were measured continuously and tumor inhibition rate of each
group was calculated. We observed the morphologic
alterations by electron microscope, measured the apoptotic
rate by TUNEL staining method, detected the expression of
apoptosis-regulated genes bcl-2 and bax by immunohistochemical staining and PT-PCR.
RESULTS: Resveratrol could significantly inhibit carcinoma
growth when it was injected near the carcinoma. An
inhibitory effect was observed in all therapeutic groups and
the inhibition rate of resveratrol at the dose of 500 mg/kg,
1 000 mg/kg and 1 500 mg/kg was 10.58%, 29.68% and
39.14%, respectively. Resveratrol induced implanted tumor
cells to undergo apoptosis with apoptotic characteristics,
including morphological changes of chromatin condensation,
chromatin crescent formation, nucleus fragmentation. The
inhibition rate of 0.2 mL of normal saline solution, 1 500 mg/kg
DMSO, 500 mg/kg resveratrol, 1 000 mg/kg resveratrol, and
1 500 mg/kg resveratrol was 13.68±0.37%, 13.8±0.43%,
48.7±1.07%, 56.44±1.39% and 67±0.96%, respectively. The
positive rate of bcl-2 protein of each group was 29.48±0.51%,
27.56±1.40%, 11.86±0.97%, 5.7±0.84% and 3.92±0.85%,
respectively by immunohistochemical staining. The positive
rate of bax protein of each group was 19.34±0.35%,
20.88±0.91%, 40.02±1.20%, 45.72±0.88% and 52.3±1.54%,
respectively by immunohistochemical staining. The density
of bcl-2 mRNA in 0.2 mL normal saline solution, 1 500 mg/kg
DMSO, 500 mg/kg resveratrol, 1 000 mg/kg resveratrol,
and 1 500 mg/kg resveratrol decreased progressively and
the density of bax mRNA in 0.2 mL normal saline solution,
1 500 mg/kg DMSO, 500 mg/kg resveratrol, 1 000 mg/kg
resveratrol, and 1 500 mg/kg increased progressively with
elongation of time by RT-PCR.
CONCLUSION: Resveratrol is able to induce apoptosis of
transplanted tumor cells. This apoptosis may be mediated

by down-regulating apoptosis-regulated gene bcl-2 and
up-regulating the expression of apoptosis-regulated gene bax.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bcl-2 family plays a crucial role in the control of apoptosis. The
family includes a number of proteins which have homologous
amino acid sequences, including anti-apoptotic members such
as bcl-2 and bcl-xl, as well as pro-apoptotic members including
bax and bad. In in vitro experiments, overexpression of bcl-2
has been shown to inhibit apoptosis, but overexpression of
bax has been shown to promote apoptosis.
Resveratrol, a phytoalexin found in grapes, fruits, and root
extracts of the weed Polygonum cuspidatum, is an important
constituent of Chinese folk medicine. Indirect evidence suggests
that the presence of resveratrol in white and rose wine may be
helpful to reduce risks of coronary heart disease which would be
achieved by a moderate wine consumption. This effect has been
attributed to the inhibition of platelet aggregation and coagulation,
in addition to the anti-oxidant and anti-inflammatory activity of
resveratrol. Moreover, a recent report showed that resveratrol
was a potent cancer chemopreventive agent in three major stages
of carcinogenesis. We found resveratrol was able to induce
apoptosis in primary gastric cancer in vitro. This apoptosis may
be mediated by down-regulating the expression of apoptosisregulated gene bcl-2 and up-regulating the expression of
apoptosis-regulated gene bax.
This study was to investigate the apoptosis of implanted
tumor of primary gastric cancer cells in nude mice induced by
resveratrol and the relation between this apoptosis and expression
of bcl-2 and bax in vivo and to provide the theoretical and
methodological basis for its clinical application.
MATERIALS AND METHODS
Materials
Resveratrol was obtained from Sigma Chemical Co. Ltd and
dissolved in DMSO. In situ cell detection kit, anti-bcl-2 and
anti-bax monoclonal antibodies were purchased from Beijing
Zhongshan Biotechnology Co. Ltd. Balb/C female nude mice
(4 wk old, 16-18 g) were obtained from Chinese Academy of
Medical Sciences.
Methods
Cell culture Fresh samples from a patient with low-differentiation
gastric cancer were obtained at operating. A single-cell
suspension of tumor cells with the concentration of 5×105/mL
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was prepared for seeding. Primary gastric cancer cells were
artificially purified after cultured with pancreatic proteinase.
Tumor implanted into nude mice A transplanted tumor model
was established by injecting 1×109/L human primary gastric
cancer cells into subcutaneous tissues of nude mice. After 10 d,
25 nude mice were divided into 5 groups at random and 0.2 mL
normal saline solution, 1 500 mg/kg DMSO, 500 mg/kg resveratrol,
1 000 mg/kg resveratrol, and 1 500 mg/kg resveratrol were directly
injected beside tumor body respectively 6 times at an interval
of 2 d. Then changes of tumor volume (V = (/6) ×abc) were
measured 11 d after injecting drugs and tumor inhibition rate of
each group was calculated according to the following formula.
C (V1-V0) - T (V1-V0)
Inhibitory rate{IR} of tumor growth =
C (V1-V0)
Where C is control group, T is treated group, V1 is the volume
before treatment (mm3), V0 is the volume after treated (mm3).

Transmission electron microscopy
Tumor samples were cut into 1 mm×1 mm×1 mm sections and
fixed in 4% glutaral and immersed with Epon 821, imbedded for
72 h at 60 ℃. Cells were prepared into ultrathin section (60 nm)
and stained with uranyl acetate and lead citrate. Cell morphology
was observed by transmission electron microscopy.
TUNEL assay
Tumor samples were cryopreservated in liquid nitrogen and
cut into 8-m thick slices. Slices were fixed in ice-cold 80%
ethanol for 24 h, treated with proteinase K and 0.3% H2O2 ,
labeled with fluorescein dUTP in a humid box for 1 h at 37 ℃.
Slices were then combined with POD-horseradish peroxidase,
stained with DAB and counterstained with methyl green.
Controls received the same management except the labeling of
omission of fluorescein dUTP. Cells were visualized with light
microscope. The apoptotic index (AI) was calculated as follows:
AI = (number of apoptotic cells/total number) ×100%.
Immunohistochemical staining
Tumor samples were cryopreservated in liquid nitrogen, cut into
8-m thick slices and fixed by acetone. After washed with PBS,
slices were incubated in 0.3% H2O2 solution at room temperature
for 5 min. Slices were then incubated with anti-bcl-2 or anti-bax
monoclonal antibody at a 1:300 dilution at 4 ℃ overnight. After
washed with PBS, the second antibody, biotinylated antirat
IgG, was added and cells were incubated at room temperature
for 1 h. After washed with PBS, ABC compound was added and
incubated at room temperature for 10 min. DAB was used as
the chromagen. After 10 min, the brown color signifying the
presence of antigens bound to antibodies was detected by
light microscopy. Controls were managed as the experimental
group except the incubation of primary antibody. The positive
rate (PR) was calculated as follows: PR = (number of positive
cells/total number) ×100%.
RT-PCR
Tumor samples were cryopreservated in liquid nitrogen and
total RNA was extracted. Concentration of RNA was determined
by the absorption at 260 nm. The primers for bcl-2, bax and -actin
were as follows: -actin (500 bp) 5’GTGGGGCGCCCCAGGCA
CCA3’(sense); 5’ CTCCTTAATGTCACGCACGATTTC 3’(antisense); bcl-2 (716 bp) 5’ GGAAATATGGCGCACGCT 3’ (sense);
5’ TCACTTGTGGCCCAGAT 3’ (anti-sense); bax (508 bp) 5’
CCAGCTCTGAGCAGATCAT 3’ (sense), 5’ TATCAGCCC
ATCTTCTTCC 3’ (anti-sense). Polymerse chain reactions were
performed in a 50 L reaction volume. RT-PCR reaction was run
in the following conditions: at 94 ℃ for 7 min, 1 circle; at 94 ℃
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for 1 min, at 72 ℃ for 1min, 30 circle; at 72 ℃ for 7 min, 1 circle.
Ten L PCR products was placed onto 15 g/L agarose gel and
observed by EB staining using the Gel-Pro analyzer.

Statistical analysis
Data were analyzed by analysis of variance, and P<0.05 was
considered statistically significant.
RESULTS
Inhibitory rate of tumor growth
An inhibitory effect was observed in all therapeutic groups
and the inhibition rate of resveratrol at the dose of 500 mg/kg,
1 000 mg/kg and 1 500 mg/kg was 10.58%, 29.68% and 39.14%
respectively (P<0.05 vs the control group, Table 1).
Table 1 Inhibitory effect of resveratrol on implanted tumors
in nude mice (mean±SD)
Number of
animals

Volume of
tumors (mm3 )

Inhibition
rate

Group
Beginning Ending Beginning
Control group
0.2 mL saline
DMSO
1 500 mg/kg
Resveratrol
500 mg/kg
1 000 mg/kg
1 500 mg/kg

Ending

5

5

20.49±0.99

498.73±10.74

5

5

20.07±1.24

506.17±8.70

5
5
5

5
5
5

20.44±1.76
21.27±1.73
21.32±1.72

448.04±6.32 a
357.55±6.34 a
312.39±9.93 a

%

10.58
29.68
39.14

a

P<0.05 vs control group.

Morphological changes
The cells in control groups had normal structures, but some cells
in therapeutic groups had apoptotic characteristics including
chromatin condensation, chromatin crescent, nucleus
fragmentation (Figure 1A, B ).
A

B

Figure 1 Ultra-microscopic structures of transplanted tumor
cells and apoptotic transplanted tumor cells induced by
resveratrol. A: Ultra-microscopic structure of transplanted tumor cells (Original magnification: ×4 800); B: Ultra-microscopic structure of apoptotic transplanted tumor cells induced
by resveratrol (Original magnification: ×4 800).
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TUNEL assay
Positive staining was located in nuclei (Figure 2). The apoptosis
index of 0.2 mL normal saline solution, 1 500 mg/kg DMSO,
500 mg/kg resveratrol, 1 000 mg/kg resveratrol, and 1 500 mg/kg
resveratrol was 13.68±0.37%, 13.8±0.43%, 48.7±1.07%,
56.44±1.39% and 67±0.96%, respectively (P<0.001 vs the
control group Table 2).
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1 500 mg/kg DMSO, 500 mg/kg resveratrol, 1 000 mg/kg
resveratrol, and 1 500 mg/kg resveratrol decreased progressively
and the density of bax mRNA in 0.2 mL normal saline solution,
1 500 mg/kg DMSO, 500 mg/kg resveratrol, 1 000 mg/kg resveratrol,
and 1 500 mg/kg increased progressively with elongation of
time by RT-PCR (Figure 3A, B ).
Table 4 Positive rate of bax proteins of implanted tumors in
nude mice
Control

DMSO

PT(%) 19.34±0.35 20.88±0.91

500
mg/kg

1 000
mg/kg

1 500
mg/kg

40.02±1.20 45.72±0.88 52.3±1.54

F

7.48

821.11 b

2327.70 b

1298.41 b

P

>0.05

<0.001

<0.001

<0.001

b

P<0.001 vs control group.

A

1 500 1 000

500 DMSO Saline -actin Marker

Figure 2 TUNEL assay of apoptotic transplanted tumor cells
induced by resveratrol (Original magnification: ×200).
Table 2 Apoptotic index (AI) of implanted tumors in nude
mice
Control
AI (%) 13.68±0.37

DMSO
13.80±0.43

500
mg/kg

1 000
mg/kg

1 500
mg/kg

48.70±1.07 56.44±1.39 67±0.96

F

0.13

1344.25 b

2651.16b

7984.02b

P

>0.05

<0.001

<0.001

<0.001

B
1 500 1 000

500 DMSO Saline -actin Marker

b

P<0.001 vs control group.

Expression of bcl-2 proteins
Positive staining was located in cytoplasm. The positive rate
of bcl-2 protein of 0.2 mL normal saline solution, 1 500 mg/kg
DMSO, 500 mg/kg resveratrol, 1 000 mg/kg resveratrol, and
1 500 mg/kg resveratrol was 29.48±0.51%, 27.56±1.40%,
11.86±0.97%, 5.7±0.84% and 3.92±0.85% respectively by
immunohistochemical staining (P<0.001 vs the control group
Table 3).
Table 3 Positive rate of bcl-2 proteins of implanted tumors in
nude mice
Control
PT(%) 29.48±0.51

DMSO

500
mg/kg

1 000
mg/kg

27.56±1.40 11.86±0.93

F

4.98

775.51

P

>0.05

<0.001

b

1 500
mg/kg

5.70±0.84 3.92±0.85
1879.11 b

1994.65 b

<0.001

<0.001

b

P<0.001 vs control group.

Expression of bax proteins
Positive staining was located in cytoplasm. The positive rate of
bax protein of 0.2 mL normal saline solution, 1 500 mg/kg DMSO,
500 mg/kg resveratrol, 1 000 mg/kg resveratrol, and 1 500 mg/kg
resveratrol was 19.34±0.35%, 20.88±0.91%, 40.02±1.20%,
45.72±0.88% and 52.3±1.54% respectively (P<0.001 vs the
control group Table 4).
RT-PCR
The density of bcl-2 mRNA in 0.2 mL normal saline solution,

Figure 3 Expression of bcl-2 mRNA and bax mRNA in
apoptotic transplanted tumor cells induced by resveratrol.
A: Expression of bcl-2 mRNA in apoptotic transplanted
tumor cells induced by resveratrol; B: Expression of bax
mRNA in apoptotic transplanted tumor cells induced by
resveratrol.

DISCUSSION
Currently, only few chemotherapeutic drugs are effective in
the treatment of human primary gastric carcinoma and it is
necessary to look for new anti-gastric carcinoma drugs. Resveratrol,
a polyphenol has been found in various fruits and vegetables
and grapes. The root extract from the weed Polygonum
cuspidatum, an important constituent of Chinese folk medicine,
is also an ample source of resveratrol[1,2]. Several studys in the
past several years have shown that resveratrol has
cardioprotective and chemopreventive effects [3-5]. This
constituent might account for the reduced risk of coronary
heart disease in humans which could be achieved by a moderate
wine consumption[6]. Resveratrol was able to inhibit the growth
of a wide variety of tumor cells, including leukemic, prostate,
breast and hepatic cells[7-11]. The anti-tumor activity of resveratrol
might be related to the induction of tumor apoptosis of tumor
cells[12-22].
Bcl-2 family plays a crucial role in the control of apoptosis.

Zhou HB et al. Resveratrol and apoptosis

It has been found that the family includes a number of proteins
which have homologous amino acid sequences, including antiapoptotic members such as bcl-2 and bcl-xL, as well as proapoptotic members including bax and bad[23-26]. Overexpression
of bax could promote the cell death [27-31]. Conversely,
overexpression of antiapoptotic proteins such as Bcl-2 could
repress the function of bax[32-36]. Thus, the ratio of bcl-2 /bax
was a critical determinant of a cell’s threshold for undergoing
apoptosis[37].
We found that resveratrol was able to induce apoptosis in
primary gastric cancer in in vitro experiments. This apoptosis
might be mediated by down-regulating the expression of
apoptosis-regulated gene bcl-2 and up-regulating the expression
of apoptosis-regulated gene bax. In this study, we evaluated
the effectiveness of apoptosis of gastric cacinoma induced by
resveratrol in vivo, investigate the molecular mechanisms further
and provide the theoretical and methodological basis for the
clinical application of resveratrol.
We observed the inhibitory effect of resveratrol in all
therapeutic groups. Cells in control groups had normal structures,
but some cells in therapeutic groups had apoptotic characteristics.
The apoptosis index of resveratrol at the dose of 500, 1 000, and
1 500 mg/kg was increased. Expression of bcl-2 of resveratrol at
the dose of 500, 1 000, and 1 500 mg/kg was decreased, but
expression of bax was increased. The density of bcl-2 mRNA
induced by resveratrol at the dose of 500, 1 000, and 1 500 mg/kg
decreased progressively and the density of bax mRNA increased
progressively. The ratio of bcl-2/bax was decreased and triggered
the apoptosis of transplanted tumor cells.
Our results demonstrated resveratrol was able to induce the
apoptosis of transplanted tumor cells in nude mice. The apoptosis
may be mediated by down-regulating the expression of apoptosisregulated gene bcl-2 and up-regulating the expression of
apoptosis-regulated gene bax. Resveratrol may be potentially
used as a chemotherapeutic drug in anti-gastric carcinoma
chemotherapy.
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Abstract
AIM: To investigate the loss of heterozygosity (LOH) and
mutation of tumor suppressor gene PTEN in gastric cancer
and precancerous lesions.
METHODS: Thirty cases of normal gastric mucosa, advanced
and early stage gastric cancer, intestinal metaplasia, atrophic
gastritis, and atypical hyperplasia were analyzed for PTEN
LOH and mutations within the entire coding region of PTEN
gene by PCR-SSCP denaturing PAGE gel electrophoresis,
and PTEN mutation was detected by PCR-SSCP sequencing
followed by silver staining.
RESULTS: LOH rate found in respectively atrophic gastritis
was 10% (3/30), intestinal metaplasia 10% (3/30), atypical
hyperplasia 13.3% (4/30), early stage gastric cancer 20%
(6/30), and advanced stage gastric cancer 33.3% (9/30),
None of the precancerous lesions and early stage gastric
cancer showed PTEN mutations, but 10% (3/30) of the
advanced stage gastric cancers, which were all positive
for LOH, showed PTEN mutation.
CONCLUSION: LOH of PTEN gene appears in precancerous
lesions, and PTEN mutations are restricted to advanced
gastric cancer, LOH and mutation of PTEN gene are closely
related to the infiltration and metastasis of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; Precancerous lesions; PTEN
gene; Loss of heterozygosity; Mutation
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INTRODUCTION
A candidate tumor suppressor gene PTEN (also known as

MMAC1 or TEP1) has recently been isolated from chromosome
10q23.3[1-3]. They are found mutated in several cancer types
that display LOH in this region[4,5]. The PTEN gene encodes a 403
amino acid protein homologous to some protein phosphatases,
and the protein has been shown to possess protein phosphatase
activity in vitro[6-8]. It is thought that PTEN protein dephosphorylates
the 3 positions of phosphatidylinositol 3,4,5-triphosphate (PIP3),
a well-known intracellular messenger of certain cell-growth
stimulators[9,10]. The molecular mechanisms of PTEN have been
elucidated recently, and it is considered that PTEN belongs to
a class of tumor suppressor genes together with p53, Rb, and
APC. Gastric cancer is the most common digestive tract cancer
diagnosed in China. In spite of its impact on human health, the
molecular mechanisms involved in the pathogenesis of gastric
cancer remain relatively unknown. PTEN is expressed in normal
gastric mucosa, implying that loss of function may have some
consequences in gastric cancer. We examined patients of
advanced stage gastric cancer, especially the precancerous
lesions for LOH at the loci, and observed the PTEN gene and
its mutation from different visual aspects. We found the
frequent presence of LOHs at 10q23.3 in gastric cancer and the
precancerous lesions and mutations of PTEN gene in patients
with advanced stage gastric cancer, suggesting that the inactivation
of PTEN gene might be more closely related to the infiltration
and metastasis of gastric cancer than previous observations.

MATERIALS AND METHODS
Tissue samples
Thirty cases of normal gastric mucosa, atrophic gastritis, intestinal
metaplasia, atypical hyperplasia, and the early and advanced
stage gastric cancer were obtained from the Endoscopic Center
and operation rooms of China Medical University from 2000 to
2002. The tissues were extracted 5 cm away from the lesion for
the control group. All the specimens were embedded in OCT rather
then snap-frozen in the liquid nitrogen, and kept frozen at -70 ℃.
The cryostat sections from each tumor specimen were examined
histologically, and only those blocks of tumor tissues composed
of more than 70% neoplastic cells were selected for subsequent
DNA isolation. DNA was from gastric cancers, precancerous
lesions, and the corresponding normal tissues following the
saturated sodium chloride method.
LOH analysis
Three microsatellite markers (D10S215, D10S541 and D10S 2491)
were used to evaluate LOH on 10q23.3[11]. All the primers used in
this study were obtained from AoKe Corporation, Beijing. The
sequences of the primers are shown in Table 1. Each of the PCR
mixtures contained 20 ng of genomic DNA, 2 L of 10×PCR buffer,
0.4 mol/L of each primer, 1.5 mmol/L Mg2+, 200 mmol/L of dNTPs,
and 1 unit of Taq DNA polymerase (Takara, Dalian). PCR was
carried out over 35 amplification cycles for 45 s at 94 ℃, 45 s at 55 ℃,
60 s at 72 ℃. The PCR mixture was subjected to predegeneration
for 5 min at 95 ℃ and a further extension for 10 min at 72 ℃.
After the amplification, PCR products were resolved on 160 g/L
denaturing polyacrylamide gel and sliver staining was performed
for analysis.
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PTEN mutations
Exons 5 and 8 of PTEN were amplified separately using the
primer sets described by Risinger et al[12]. The primer sequences
of exons 5 and 8 are shown in Table 1. Genomic DNA was
subjected to PCR amplification in 20 L of the reaction mixture,
which contained 20 ng of genomic DNA, 2.5 mol/L of each
primer, 2 L of 10× PCR buffer, 2.0 mmol/L Mg2+, 200 mmol/L
dNTP, and 1 unit of TaqDNA polymerase (Takara, Dalian). PCR
was carried out over 35 amplification cycles for 45 s at 94 ℃, 30 s
at 58 ℃, 60 s at 72 ℃. The PCR mixture was subjected to
predenaturation at 95 ℃ for 5 min and a final extension at 72 ℃
for 10 min. After completion of PCR, the ratio of 1:5 volume of
sequencing-stop-solution was added, heated at 95 ℃ and rapidly
cooled on ice, and 1-5 L of resulting mixtures was loaded on
120 g/L non-denaturing polyacrylamide gel and silver stained,
then the shifted bands were sequenced.
DNA sequencing
After the electrophoresis, shifted SSCP bands were excised
from the gel. We extracted the DNA from the gel with distilled
water, then reamplified it using the original PCR primers. The
reamplified PCR products were sequenced with an ABI
PRISM310 dye terminator cycle sequencing ready reaction kit.
RESULTS
LOH analysis
We examined the genotypes of gastric cancer and precancerous
lesions at three highly polymorphic loci distributed at 10q23.3
(D10S215, D10S541 and D10S 2491). In our study, 10% of
atrophic gastritis and intestinal metaplasia and 13.3% of atypical
hyperplasia demonstrated LOH in the 10q23.3 region (Figure 1
and Table 1). To examine whether the LOH found frequently
in this region was also present in gastric cancer, we further studied
30 early stage and 30 advanced stage cancers (Table 2 and
Figure 1). We found that 20% of the early stage gastric cancers
and 30% of the advanced stage gastric cancers demonstrated
LOH at 10q23.3, while none of the normal gastric mucosa showed
LOH at D10S215, D10S54, or D10S 2491.
Table 1 Primers of PTEN microsatellite loci and exons
Loci

Position
22-23

D10S215

10q

D10S541

10q22-23

D10S2491

10q 23-23

Exon 5
Exon 8

Primer sequence
P1
P2
P1
P2
P1
P2
P1
P2
P1
P2

TGGCATCATTCTGGGGA
TTACGTTTCTTCACATGGT
AAGCAAGTGAAGTCTTAGAACCACC
CCACAAGTAACAGAAAGCCTGTCTC
TTATAAGGACTGAGTGAGGGA
GTTAGATAGAGTACCTGCACTC
CTTATTCTGAGGTTATCTTTTTTACC
CTCAGAATCCAGGAAGAGGA
ACACATCACATACATACAAGTC
GTGCAGATAATGACAAGGAATA

SSCP and sequencing
SSCP analysis of the PTEN gene was performed on gastric
cancer and precancerous lesions. We screened the exons 5 and
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8 of PTEN coding region, and no mutation was detected in
early stage gastric cancer or precancerous lesions. However,
one mutation in exon 5, and two mutations in exon 8 of PTEN
coding region were detected in advanced gastric cancer (Table 3
and Figure 1)
Table 2 PTEN LOH in gastric cancer and precancerous lesion
Lesions

D10S215
% (n)

D10S541
% (n)

D10S2491
% (n)

Total %

AG

3.3 (1/30)

3.3 (1/30)

6.7 (2/30)

10

IM

3.3 (1/30)

3.3 (1/30)

3.3 (1/30)

10

AH

6.7 (2/30)

3.3 (1/30)

6.7 (2/30)

13 .3

6.7 (2/30)

20

13.3 (4/30)

30

Gastric cancer
Early stage 6.7 (2/30)
Advanced 13.3 (4/30)

10 (3/30)
6.7 (2/30)

stage

AG: atrophic gastritis; IM: intestinal metaplasia; AH: atypical
hyperplasia.

T

N Marker
T N T N Marker Marker
D10S215
D10S541 D10S2491 PTEN mutation

Figure 1 Representative silver staining showing allelic losses
at markers near or within PTEN and mutation of PTEN (T:
tumor; N: normal;).

DISCUSSION
PTEN/MMAC1 was originally isolated from a region
homozygously deleted in several cancer cell lines, including
glioma and cancers of the breast and prostate. Mutations in
this gene have been reported as glioma, endometrial carcinoma,
breast tumors, and malignant melanoma[13-16]. Germ-line mutation
of PTEN/MMAC1 is also associated with two autosomal dominant
disorders belonging to the family of hamartomatous polyposis
syndrome[17,18]. Thus some cancers seem devoid of PTEN/
MMAC1 alterations (e.g., serous carcinoma of endometrium and
cervical cancer)[19]. Genetic changes of PTEN/MMAC1 occur
in multiple types of cancer, suggesting that inactivation of
PTEN/MMAC1 may play an important but perhaps somewhat
general role in the pathogenesis of a variety of human malignancies.
There is strong circumstantial evidence that allelic loss of
PTEN is found in a large variety of human cancers. The inactivation
of PTEN gene may be due to mutation and LOH or decreasing
expression of PTEN mRNA or protein[20-22]. The earliest research
done on PTEN gene was for experimentation of glioma. The

Table 3 Mutation of PTEN in gastric cancer
Case

Exon

LOH

Coden

Base change

Stage

Pathology

11

5

+

91

GAA to CAA

IIIa

19

8

+

33 5

CGA to TGA

II

Signet-ring cell cancer
Hypodifferentiated adenocarcinoma

22

8

+

32 9

Del 4 bp

IIIb

Undifferentiated gastric cancer

Li YL et al. Loss of heterozygosity and PTEN mutation in gastric cancer

result showed that LOH rate was 70-80%, while the mutation
rate was 27-30% for the PTEN gene in glioma[23]. In prostate
cancer, PTEN LOH was reported to be 32-63% while PTEN
mutation rate was 12-25%[24,25]. In endometrial carcinoma, PTEN
mutation rate was 19%[26], and ovary cancer showed 27.3-42.1%
of PTEN LOH with a mutation rate of 8.3-21%[27]. In the
benign lesion of ovary cyst, the PTEN LOH rate was 56.3%,
and PTEN mutation rate was 20.6%[28]. It has been speculated
that PTEN mutation and its relation to gastrointestinal tumor
often occur in the colorectal tumor with hereditary tendency
such as familial polyposis[29]. The mutation rate is low in
sporadic colorectal cancers[30]. Taniyama et al[31] studied 32
cases of sporadic colon cancer, but observed a bi-allelic genomic
alteration that caused loss of function of the gene only in
one case. Wang et al[32] found only one somatic mutation of
PTEN gene out of 72 colon cancer cases. Regarding the
relationship between PTEN mutation and gastric cancer, Zheng
et al[33] found PTEN was closely related to the infiltration and
metastasis of gastric cancer. Our previous study showed PTEN
inactivation was also related to the precancerous lesion of
gastric cancer. In this study, the rates of PTEN LOH in atrophic
gastritis, intestinal metaplasia, and atypical hyperplasia were
10, 10, and 13.3%, respectively. In early stage gastric cancer,
PTEN LOH rate was 20%, while it was 30% in the advanced
gastric cancer. There were no PTEN mutations in precancerous
lesions or in any early stage gastric cancer. The PTEN mutation
rate was observed in 10% of advanced gastric cancers, showing
that the loss or inactivation of PTEN gene is related to the
tumor genesis of gastric cancer, especially to the invasion and
metastasis of gastric cancer. For the three cases of PTEN showing
mutations, one tumor located in the anus prolonged and spread
to the lower part of esophagus, and the pathology showed
signet cancer. One case showing the tumor located in the
corpus without penetrating the seroma, with the lymph node
m et a st a s i s a r oun d t h e a r t er y, pa t h ol og y sh owed
Undifferentiated cancer. Another case showing the tumor
located in the sinus was able to infiltrate to muscular layer,
with the metastasis of lymph node within 5 cm of the tumor
margin. The pathology for this particular case was regarded as
poorly-differentiated adenocarcinoma.
Li et al has previously studied the expression of PTEN
encoding products in gastric cancer and precancerous lesions
by immunohistochemistry. The result showed PTEN was downregulated in the tumorigenesis of gastric cancer.
Based on the findings from this study, we conclude that
PTEN LOH and the mutation rates are lower in gastric cancer
compared with that in the other tumors (10 -33.3% for PTEN
LOH and 0-10% for the mutation rate). This further supports
that the pathogenesis of gastric cancer is a complicated
molecular mechanism closely associated with genes, such as
oncogene, tumor suppressor gene, mismatch repair gene,
telomere and telomerase, cellular adhesive factors, etc.
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Abstract
AIM: Codon 72 exon 4 polymorphism (Arg72Pro) of the
p53 gene has been implicated in cancer risk. Our objective
was to investigate the possible association between p53
Arg72Pro polymorphism and susceptibility to hepatocellular
carcinoma (HCC) among Chinese population.
METHODS: The p53 Arg72Pro genotypes were determined
by PCR-based restriction fragment length polymorphism
(RFLP) analysis in 507 HCC cases and 541 controls. Odds
ratios (ORs) for HCC and 95% confidence intervals (CIs)
from unconditional logistic regression models were used
to evaluate relative risks. Potential risk factors were
included in the logistic regression models as covariates in
the multivariate analyses on genotype and HCC.
RESULTS: The frequencies for Pro and Arg alleles were
44.5%, 55.5% in HCC cases, and 40.3% and 59.7% in
controls, respectively. The Pro allele was significantly
associated with the presence of HCC (P = 0.05) and had a
higher risk for HCC (OR = 1.19, 95% CI 1.00-1.41) as
compared with the Arg allele. After adjusted for potential
risk factors, Arg/Pro heterozygotes had an 1.21-fold increased
risk (95% CI 0.82-1.78, P = 0.34) of HCC compared with
Arg homozygotes, whereas the risk for Pro homozygotes
was 1.79 (95% CI 1.06-3.01, P = 0.03) times higher than
that for Arg homozygotes. Pro-allele carriers had a higher
relative risk of HCC than the Arg-only carriers (adjusted
OR = 1.33, 95% CI 0.92-1.92, P = 0.13), although the
difference was not statistically significant.
CONCLUSION: Homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used
as a stratification marker in screening individuals at a high
risk of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatocellular carcinoma; p53 gene; Arg72Pro
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant neoplasms worldwide with most cases exhibited in
southeast Asia and tropical Africa[1]. In mainland China, the
mortality rate of HCC is 337 for men and 123 for women per
million people and both rank top in the world[2]. Furthermore,
the age-adjusted death rate of HCC is still increasing in both
rural and urban areas of mainland China[3].
Etiologically, HCC is a complex and multifactorial disease
that is linked to both viral and chemical carcinogens. Major
etiologic factors include infection with HBV and HCV, cigarette
smoking, alcohol drinking and AFB1 exposure[4-9]. However,
not all individuals with exposure to risk factors develop cancer
even after a long-term follow-up indicating that susceptibility
to HCC is mediated by genetically determined differences.
Germline polymorphisms of several genes, most of which encode
for xenobiotic metabolizing enzymes (cytochrome P450, glutathione
S-transferase, N-acetyltransferase 2, microsomal epoxide hydrolase,
and uridine 5’-diphosphate-glucuronosyltransferases)[10-14],
have been studied as potential risk factors for HCC. However,
the pathogenesis of human HCC is a multistage process with
the involvement of a series of genes, including oncogenes and
tumor suppressor genes. Germline polymorphisms of these
genes may also determine individual susceptibility to HCC.
The p53 tumor suppressor gene is of critical importance for
the regulation of cell cycle and maintenance of genomic integrity.
Loss of p53 function has been suggested to be a critical step in
multistage hepatocarcinogenesis[15]. The wild-type p53 gene
exhibits a polymorphism at codon 72 in exon 4, with a single
nucleotide change that causes a substitution of proline for
arginine (Arg72Pro)[16]. The Arg72Pro polymorphism is located
in a proline-rich region (residues 64-92) of the p53 protein, where
the 72Pro amino acid constitutes one of five PXXP motifs
resembling a SH3 binding domain. The region is required for
the growth suppression and apoptosis mediated by p53 but
not for cell cycle arrest. The two polymorphic variants of wildtype p53 have been shown to have some different biochemical
and biological properties[17]. Since Storey et al (1998) established
an association of p53 Arg72Pro with cervical cancer, the p53
polymorphism has been studied as a risk factor in various
cancers with inconsistent results[18-29].
To investigate the possible association between p53
Arg72Pro polymorphism and susceptibility to HCC, we
conducted a hospital-based case-control study in a large-size
sample of Chinese population.
MATERIALS AND METHODS
Patients
Five hundred and seven cases of HCC and 541 controls were
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recruited from the Eastern Hepatobiliary Surgery Hospital,
Shanghai, China, during the period from February 1999 to May
2003. Controls were subjects with intrahepatic stones (n = 207),
cavernous hemangioma (n = 238), and other benign liver diseases
(n = 96). Informed consent was obtained from all study subjects.
All individuals received surgeries on liver and liver tissues
were available, including formalin-fixed and paraffin-embedded
archival samples (193 HCC and 291 controls) and formalin-fixed
samples (314 HCC and 250 controls), for DNA isolation. For
each formalin-fixed and paraffin-embedded archival sample, five
7-m-thick sections were obtained for microdissection-based
extraction of genomic DNA. Two flanking sections, 4 m,
hematoxylin and eosin-stained, were prepared to ensure the
composition of histological components. One pathologist (Dr.
WM Cong) assessed all patients and assigned non-tumor and
tumor areas on 4-m slides (non-tumor areas were used in
analyses). For each formalin-fixed sample, non-tumor liver tissues
were obtained within one week after operation, and stored at
-80 ℃ until examination. All pathological diagnoses were reviewed
by the same pathologist. Genomic DNA was isolated from the
liver tissues using standard phenol-chloroform methods.
Information on age, sex, cigarette smoking, alcohol drinking,
HBsAg status, anti-HCV status and family history of HCC in
first-degree relatives was obtained from the hospital registration.

Genotyping of p53 Arg72Pro polymorphism
The genotypes of p53 Arg72Pro were determined using PCRbased restriction fragment length polymorphism (RFLP) method.
The PCR primers used for amplifying the polymorphism region
were: forward, 5’-TTGCCGTCCCAAGCAATGGATGA-3’;
reverse, 5’-TCTGGGAAGGGACAGAAGATGAC-3’. PCR
condition was 2 min at 94 ℃, followed by 35 cycles of 30 s at
94 ℃, 30 s at 60 ℃, and 30 s at 72 ℃, and with a final extension
at 72 ℃ for 7 min. A 10-L aliquot of PCR product was digested
overnight at 60 ℃ in a 15-L reaction volume containing 10 units
of BstU I (New England BioLabs). After overnight digestion,
the fragments were separated by electrophoresis on a vertical
90 g/L non-denaturing polyacrylamide gel at 120 V for 45 min,
stained with ethidium bromide. Homozygotes for Pro were
represented by a DNA band with the size of 199 bp, whereas
Arg homozygotes were represented by DNA bands with sizes
of 113 bp and 86 bp. Heterozygotes displayed a combination of
both alleles (199, 113, and 86 bp) (Figure 1). Negative and
positive controls were assessed during analysis to ensure that
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PCR products were not contaminated and that the enzyme
digestion worked correctly. In addition, laboratory personnel
were kept blind as to group status, and the extent of random
misclassification was controlled through randomly genotyping
100 samples twice.
M

1

2

3

bp
300
200

100

Figure 1 Non-denaturing polyacrylamide gel electrophoresis of
p53 Arg72Pro region PCR products digested with BstU I. M: 100bp DNA ladder, 1: Arg/Pro heterozygote, 2: Pro homozygote, 3:
Arg homozygote.

Statistical analysis
Odds ratios (ORs) for HCC and 95% confidence intervals (CIs)
from unconditional logistic regression models were used to
evaluate relative risks. t-test was used to evaluate the age difference
between groups. In the multivariate analyses on genotype and
HCC, potential risk factors including sex, age, cigarette smoking,
alcohol drinking, HBsAg status, anti-HCV status and family
history of HCC in first-degree relatives were included in the
logistic regression models as covariates. All the above analyses
were performed using SPSS 10.0 software (SPSS, Chicago, IL).
Hardy-Weinberg equilibrium (HWE) tests and allele-specific
OR were performed using website-based software at http://ihg.
gsf.de/ihg/snps.html.
RESULTS
There were a total of 507 HCC cases and 541 controls in this
study. The distribution of the p53 Arg72Pro genotypes in HCC
cases and controls, and the genotype- and allele-specific ORs
for HCC are shown in Table 1. Male, cigarette smoking, HBsAg-

Table 1 Frequency distributions and odds ratios of multiple risk factors in 507 HCC cases and 541 controls
HCC case
Risk factor

n (%)
p53 Arg72Pro

Sex
Cigarette smoking
Alcohol drinking
HBsAg
Anti-HCV
Family history2

1

Control

Crude

Adjusted

n (%)

OR (95% CI)

OR (95% CI) 1

646 (59.7)
436 (40.3)
188 (34.8)
270 (49.9)
83 (15.3)
278 (51.4)
263 (48.6)
437 (80.8)
104 (19.2)
446 (82.4)
95 (17.6)
445 (82.3)
96 (17.7)
527 (97.4)
14 (2.6)
532 (98.3)
9 (1.7)

1.0
1.19 (1.00-1.41)
1.0
1.31 (1.00-1.73)
1.39 (0.96-2.01)
1.0
6.28 (4.66-8.48)
1.0
3.20 (2.42-4.21)
1.0
3.13 (2.36-4.16)
1.0
12.52 (9.32-16.82)
1.0
3.05 (1.63-5.69)
1.0
10.07 (5.00-20.33)

Variable
Arg
Pro
Arg/Arg
Arg/Pro
Pro/Pro
Female
Male
No
Yes
No
Yes
Negative
Positive
Negative
Positive
No
Yes

563
451
145
273
89
73
434
288
219
304
203
137
370
469
38
433
74

(55.5)
(44.5)
(28.6)
(53.8)
(17.6)
(14.4)
(85.6)
(56.8)
(43.2)
(60.0)
(40.0)
(27.0)
(73.0)
(92.5)
(7.5)
(85.4)
(14.6)

P

0.05
1.21
1.79
4.97
1.90
1.20
16.83
7.29
9.47

1.0
(0.82-1.78)
(1.06-3.01)
1.0
(3.28-7.52)
1.0
(1.19-3.02)
1.0
(0.75-1.93)
1.0
(11.53-24.56)
1.0
(3.17-16.80)
1.0
(3.92-22.90)

0.34
0.03
<0.001
<0.01
0.44
<0.001
<0.001
<0.001

All the variables in the table and age were included in the logistic regression model; 2Family history of HCC in first-degree relatives.
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positive, anti-HCV-positive and family history of HCC in firstdegree relatives were also significant risk factors for developing
HCC. No significant association with HCC was found for alcohol
drinking. The age (mean±SD) of HCC cases and controls were
50.3±11.6 and 44.7±10.8 years respectively (P<0.001). We have
randomly genotyped 100 samples twice and got concordant results.
The frequencies of the three genotypes were as follows:
Arg/Arg 34.8%, Arg/Pro 49.9% and Pro/Pro 15.3% in controls and
Arg/Arg 28.6%, Arg/Pro 53.8% and Pro/Pro 17.6% in HCC cases
respectively. Based on these data, the frequencies for Pro and
Arg alleles were 44.5%, 55.5% in HCC cases, and 40.3% and
59.7% in controls, respectively. The Pro allele was significantly
associated with the presence of HCC (P = 0.05) and had a higher
risk for HCC (OR = 1.19, 95% CI 1.00-1.41) as compared to the
Arg allele. Genotype distributions were in HWE for controls,
but not for HCC cases (P = 0.04) with marginally statistical
significance. The genotype frequencies in our control group
were similar to those reported by other authors in Chinese
population[22,30].
No overall association between p53 Arg72Pro genotypes
and HCC was observed. However, particular genotypic frequencies
were different in HCC cases and controls. After adjusted for
potential risk factors, Arg/Pro heterozygotes had an 1.21-fold
increased risk of HCC compared to Arg homozygotes, whereas
the risk for Pro homozygotes was 1.79 (95% CI 1.06-3.01, P = 0.03)
times higher than that for Arg homozygotes. Pro-allele carriers
had a higher relative risk of HCC compared to Arg-only carriers,
although the difference was not statistically significant.
It is also important to elucidate the frequency of loss of
heterozygosity (LOH) in HCC using tissues out of the liver as
referencing materials since the surrounding non-cancerous
liver tissues used as referencing materials might have already
accumulated genetic alterations. Thus, we also examined genotypes
of p53 Arg72Pro in blood DNA of a part of our HCC patients
homozygous for the Arg or the Pro allele (33 and 21 cases,
respectively). No LOH was detected in this locus.

DISCUSSION
The p53 gene is one of the most extensively studied human
genes because of its role as a tumor suppressor gene. Its diverse
functions include DNA binding, cell cycle control, DNA repair,
differentiation, genomic plasticity, and apoptosis[31]. Thus, the
overall function of p53 is to maintain genomic integrity as a
whole, providing a protective effect against tumorigenesis. Wild
type p53 is polymorphic at codon 72 in human populations and
it has been reported that homozygosity for Pro of p53 Arg72Pro
is potentially a risk factor for cancers of the lung, esophagus,
stomach, breast, nasopharynx, urothelium, and prostate[23-29].
In this study, we used PCR-based RFLP method to analyze the
p53 Arg72Pro polymorphism in HCC among the Chinese
population.
We found that the Pro allele was significantly associated
with the presence of HCC and that carriers of the Pro, or the
“risk allele”, had an 1.33-fold increased risk of HCC compared
to Arg-only carriers, without statistical significance. Arg/Pro
heterozygotes of the p53 polymorphism had an 1.21-fold
increased risk of HCC compared to Arg homozygotes. Pro
homozygotes had an 1.79-fold increased risk of HCC with
statistical significance. This large epidemiological study
suggests that homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used as a
stratification marker in screening individuals at a high risk of HCC.
There have been two case-control studies conducted to
examine the association between p53 Arg72Pro and HCC[32,33].
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A significant association between Pro allele and HCC in HBsAgpositive males with chronic liver diseases or family history of
HCC was reported in a Taiwanese case-control study conducted
by Yu et al[32]. However, no overall increased frequency of the
Pro allele was observed in HCC cases in that study. One possible
explanation is that the effect of Pro allele of p53 Arg72Pro
polymorphism might be masked by the stronger tumorigenic
effect of chronic HBV infection. A recent case-control study
performed in Spain by Anzola et al[33] failed to observe any
association between p53 Arg72Pro and HCC. The inconsistency
in the association could be attributable to ethnic difference,
since the study by Anzola et al was performed in a Caucasian
population, while the study by Yu et al, as well as the current
study, were performed in an Asian population.
The hypothesized relationship of the p53 polymorphism to
cancer susceptibility has been unclear. It was reported that
these two polymorphic variants of wild type p53 differ in E6mediated degradation, transcription activation and induction
of apoptosis[17]. Recent studies indicated that the Arg allele is
preferentially mutated and retained in various human cancers
arising in Pro/Arg heterozygotes, and that the p53 mutant is a
more potent inhibitor of p73 when p53 has Arg in codon 72 rather
than Pro[33-36]. These findings suggest that this polymorphism acts
as an intragenic modifier of mutant p53 behavior and has an
effect on the biological activity of p53. However, results of other
studies show that the polymorphism does not influence proteinprotein interaction (p53mut-p53WT or p53mut-p73WT)[37,38].
Thus, the implications of the p53 polymorphism in cancer
development require further study. We must also consider the
possibility that the p53 Arg72Pro is simply in a state of linkage
disequilibrium (LD) with an as-yet-unidentified functional locus.
The highest cancer risk figures have been reported in intronic
polymorphisms (MspI RFLPs in intron 6 and a 16-bp duplication
in intron 3) in p53 gene suggesting that the mechanism
underlying these associations might be a locus which is in LD
with p53 Arg72Pro polymorphism rather than direct functional
involvement of the Arg/Pro substitution itself[20,21].
The p53 Arg72Pro polymorphism displays a similar
association pattern in HCC compared with previously examined
esophageal and lung cancer patients from the Chinese population,
in which the risk of Pro homozygotes for cancer was about 2 times
against Arg homozygotes[22,24,39]. Taken together, there might
be, at least in Chinese population, a common genetic basis for
the pathogenesis of these different cancers.
In summary, homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used as a
stratification marker in screening individuals at a high risk of
HCC.
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Abstract
AIM: To explore the mechanism of benign biliary stricture.
METHODS: A model of trauma of bile duct was established
in 28 dogs. The anastomosed tissues were resected and
examined by light and electron microscopes on day 3, in wk
1, 3 and mo 3, 6 after operation. CD68, TGF-1 and -SMA
were examined by immunohistochemical staining, respectively.
RESULTS: The mucosal epithelium of the bile duct was slowly
recovered, chronic inflammation lasted for a long time,
fibroblasts proliferated actively, extracellular matrix was
over-deposited. Myofibroblasts functioned actively and lasted
through the whole process. The expression of macrophages
in lamina propria under mucosa, TGF-1 in granulation tissue,
fibroblasts and endothelial cells of blood vessels, -SMA in
myofiroblasts were rather strong from the 1st wk to the 6th
mo after operation.
CONCLUSION: The type of healing occurring in bile duct
belongs to overhealing. Myofibroblasts are the main cause
for scar contracture and stricture of bile duct. High expressions
of CD68, TGF-1 and -SMA are closely related to the
active proliferation of fibroblasts, extracellular matrix overdeposition and scar contracture of bile duct.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Benign biliary stricture; Immunohistochemistry
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INTRODUCTION
It is difficult to cope with benign biliary stricture in biliary surgery.
Its postoperative manifestations are scar contracture and stenosis
of bile duct, especially in hepatic porta or above [1,2]. We
established an animal model of trauma-repair in bile duct in this
experiment in order to explore the formation mechanism of benign
biliary stricture. Changes of histology and ultrastructure during
the process of trauma and repair in the bile duct were observed
during tissue healing. Expression intensity, positive cells counts
and distribution of macrophage, TGF-1 and -SMA were

dynamically examined by immunohistochemical staining in
different stages of healing.

MATERIALS AND METHODS
Animal model
Twenty-eight hybrid dogs with an average weight of 15.3 kg
were anesthetized with an intraperitoneal injection of 2.5%
sodium thiopental (1 mL/kg). An incision across rectus of the right
upper abdomen was made and common bile duct (CBD) was
separated at the point of 2 cm away from the superior margin of
duodenum (the range of separation was within 1 cm). Then an
incision of the anterior wall of CBD was made transversally with
the length of about one third of its circumference between the
vertical axes of both sides. Then the incision of CBD was
anastomosed by microsurgical technology with non-invasive
Dexon sutures, with the pinhole distance of 0.5-0.6 mm, and
edge distance of 0.3-0.4 mm. After making sure that there was
no bile leakage at the anastomotic stoma, an abdominal drainagetube was placed at the site. Then the abdomen was closed.
Postoperative anti-infection treatment was administered for 3 d,
and the drainage-tube was then removed.
General condition of animals
General condition and behavior of the animals were observed,
including diet, activities, reaction, drainage and postoperative
complications.
Histological observation
Pathological examinations as follows were applied to specimens
that were obtained on the 3rd d, in the 1st and 3rd wk, and the 3rd,
6th mo after operation, and 5 dogs were randomly selected each
time.
Anastomotic stoma and tissues about 2 cm around the stoma
were removed and fixed in 10% formaldehyde solution.
Specimens were observed by a microscope with HE stain,
Masson stain and Verhoeff stain respectively. Percentage of
collagen area was calculated with VIDAS image analysis system
to observe changes of collagen content. A piece of tissue around
the stoma where the scar was obvious was selected and trimmed
into a small piece of 1 mm3 at low temperature, followed by
immediate fixation in 2.5% glutaraldehyde solution. It was observed
with TEM (HITCH-600) and photographed. The piece of tissue
was plated with gold by using an ion coater of EIKO-IB-3 type
and observed with a scanning electron microscope (KYKY-2000)
and photographed. To measure the content change of extracellular
collagen, each photograph of TEM was analyzed with VIDAS
image analysis system, and the change of relative extracellular
volume density (ECVD) was calculated based on three-dimensional
analysis principles.
Immunohistochemical observation
Rat anti-human macrophage (CD68) monoclonal antibody and
rat anti-human smooth muscle actin (actin 1A4) monoclonal
antibodies were purchased from Zhongshan Biotechnology
Incorporation. Rabbit anti-human TGF-1 polyclonal antibody
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was purchased from Santa Cruz Biotechnology Incorporation.
Second antibodies, goat anti-rat IgG marked biotin and goat
anti-rabbit IgG marked biotin were the product of ZYMED
Incorporation. SP test kit was the product of ZYMED Incorporation.
The expressions of CD68, TGF-1 and -SMA were detected
by immunohistochemical SP method with positive and negative
controls. The quantity of positive cells in unit area of the section
in each group was analyzed by VIDAS image analysis system
and positive cells were stained as brownish yellow granules in
cytoplasm.

Statistical analysis
All data were expressed as mean±SD. Analysis of variance was
used to analyze the difference, and analysis linear correlation was
used to analyze the expression of CD68, TGF-1 and -SMA.
RESULTS
General condition of animals after operation
One dog died of bile fistula 12 d after operation, 2 dogs died of
obstructive jaundice 4 and 5 mo after operation and 25 dogs
survived. Appetite, activity and reaction of the dogs in the
early stage were normal, but in the later stage, 4 of 8 dogs
developed obstructive jaundice with declined appetite, weight
loss, dark urine and Kaolin stool 3 mo after operation. An average
of 30-40 mL blood-bile mixture was drained from abdominal cavity.
Histological changes
Mucosa in anastomotic stoma of the bile duct became necrotic,
and was exfoliated 3 d after operation and had acute inflammatory
reactions. Surface exudation from stoma deceased one week
after operation, and proliferation of granulation tissue could be
observed under mucosa. Wall of the bile duct became thicker.
Collagenous fibers were disorderly arranged, elastic fibers under
mucosa ruptured into segments, and irregularly arranged
capillary-like collagens could be found with Masson stain and
Verhoeff stain. Mucosa of the stoma had chronic inflammatory
reactions 3 wk after operation and mucosa partly recovered.
Wall of the stoma that was proliferative with cicatricial tissue
obviously thickened, the part of fiberous tissue had hyaline
degeneration and capillaries were proliferated, dilated, and
engorged. In Masson and Verhoeff stains neocollagenous fibers
were massively proliferated and arranged densely in nodule or
annual ring. Neocollagenous nodes that were circled with
microvessels contained high-dense fibroblasts, and radiated
neocollagenous fibers were arranged densely. Region of
neocollagenous nodes was short of elastic fibers. During the
3rd-6th mo after operation mucosa of the stoma was infiltrated
with chronic inflammatory cells and had a small quantity of
mucous gland in lamina propria. Though the mucosa was almost
completely repaired, it was arranged in disorder and became
thinner. Proliferated blood capillaries here were degenerated more
than before. Wall of the stoma was thinner, collagenous fibers
were arranged more disorderly and densely than before. Specimens
of the liver demonstrated hepatic congestion and bile stasis.
Ultrastructural changes
TEM One week after operation, the proliferation of fibroblasts
could be observed in the scar tissue at stoma. The cells were
active and in synthesis condition. Many collagenous fibers outside
the cells could be observed, with a diameter of 40-80 nm. They
were thinner than normal cells, and arranged densely in bundle,
and scattered around without directivity. Meanwhile, a certain
amount of larger, flat and spindle-shaped myofibroblasts could
be observed. Well-developed microfilaments and dense body
that paralleled to the long axis existed near the cytomembrane,
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besides the rich roughly surfaced endoplasmic reticulum and
developed Golgi body. In addition, infiltration of inflammatory
cells and transudatory erythrocytes could be observed in scar
tissue. Three week after operation, the functions of fibroblasts
and myofibroblasts in the scar tissue were more active. The
percentage of myofibroblasts was increased. Microfilament and
dense body could be observed more easily. Roughly surfaced
endoplasmic reticulum was expanded, and the number of
neutrophilic granulocytes and erythrocytes was reduced.
Macrophagocytes and lymphocytes became the main inflammatory
cells at this stage. Extracellular collagenous fibers were oversedimentated in whirlpool or annual ring shape and arranged
densely in a scattering manner. Three months after operation, the
cells in scar tissue still kept active, and the number of myofibroblasts
reached the highest. The extracellular collagenous fibers were still
arranged without directivity, part of which melted into irregular
lumps. Six mo after operation, fibrocytes appeared though they
were still comparatively quiet in function. The number of
myofibroblasts was decreased. Collagenous fibers began to show
certain directivity and were arranged in a wave-shape manner.
SEM One week after operation, necrosis and exfoliation of
mucosa epithelia in the stoma and non-repair could be observed.
Three weeks after operation, mucosa was partly repaired, but
thinner than normal one and its villus was low and plat. Three mo
after operation, repair of the mucosa was nearly complete, but
mucosa epithelia were arranged disorderly, papilla was low and
flat and interspace was increased.

Percentages of collagenous fiber area and ECVD
The percentages of collagenous fiber area and ECVD of the
stoma in different stages after operation are shown in Table 1.
Table 1 Percentages of collagenous fiber area and EVCD in
different groups after operation (%) (n = 5, mean±SD)
Group

Percentage of collagenous fiber area

EVCD

1 wk

54.38±3.86

58.23±4.56

3rd wk

69.26±5.24

70.67±3.32

3rd mo

78.06±4.13

81.42±3.74

6th mo

72.48±4.52

75.48±4.36

st

Significant difference between all groups (P<0.05).

Immunohistochemical observation
CD68 was expressed in mucosa lamina propria of the bile duct
but weak in submucosa. In normal control the expression of
CD68 was negative. TGF-1 was expressed in granulation tissue,
fibroblasts, macrophages, cytoplasm and cytomembrane of
endothelial cells of blood vessel. The expression of TGF-1
was weak in fibrous tissue of normal bile duct wall. -SMA was
expressed in cytoplasm of myofibroblasts and smooth muscle
tissue. In normal wall of bile duct, -SMA was just expressed in
a small amount of smooth muscle tissue (Table 2).
Table 2 Expression of CD68, TGF-1, -SMA in healing of
bile duct (n = 5, mean±SD)
Group
Normal
1st wk

CD68
-

Positive TGF-1 Positive -SMA Positive
cells (%)
cells (%)
cells (%)
3.7±0.6

++～+++ 65.3±5.3 a

- ～+

12.3±3.5

+++

68.3±5.2 a ++～+++54.6±6.4 a

+

14.4±5.3

3rd wk

++

42.2±4.2 ab +++

65.3±4.2a

+++

63.1±5.7 a

3rd mo

++

45.1±6.2 ab ++～+++59.4±5.0 a

+++

68.9±4.2 a

6th mo

++

39.3±4.4 ab ++

++

51.4±5.7 a

a

55.1±6.4 a

P<0.05, vs 1 st wk. bP<0.01, vs Normal.
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DISCUSSION
Formation of cicatrix is the inevitable result of wound healing
which is inevitably accompanied with formation of cicatrix in
different degrees. Over-deposition of collagens in lesion
region could lead to over-proliferation of cicatrix[3-6]. The main
manifestations of benign biliary stricture after operation are
scar contracture and stenosis of bile duct, but the mechanism
underlying stricture formation remains unclear. We found that
epithelial cells of the bile duct recovered poorly, chronic
inflammation existed continuously, fibroblasts proliferated actively,
collagens were over-deposited in submucosa, and reconstruction
was poor after the healing. All these result in proliferation of
cicatrix and high incidence rate of stenosis of anastomotic stoma.
In recent years, it has gradually become clear that myofibroblasts
are closely related to scar contracture[7,8]. Myofibroblasts are
atypical fibroblasts, which have the characteristics of both
fibroblasts and smooth muscle cells in ultrastructure. In this
experiment, a large number of myofibroblasts were observed
in the scar tissue. One week after operation, myofibroblasts
appeared and three week after operation, they reached the peak
and maintained it for a longer period. Cyclogeny of the cells and
hyperplastic contraction of granulation tissue were almost
consistent, suggesting that myofibroblasts are significant in the
healing process and are the important cause of cicatrical contracture
in bile duct and biliary stenosis after operation. As a marker of
differentiation, -SMA could differentiate myofibroblasts from
fibroblasts[9,10]. Our study has confirmed that myofibroblasts
were the important cause of benign biliary stenosis.
The foundation of wound healing is a series of interactions
between inflammatory cells and repairing cells. As one kind of
major inflammatory cells and immunologic cells, macrophages
have been regarded as the “instructor” of tissue repair, which
not only takes part in tissue inflammatory and immunologic
reactions, but also influences tissue angiogenesis and fibrosis
by releasing a variety of media in a direct or indirect, sole or
synergic manner[11,12]. TGF- is the most reprehensible growth
factor closely related to the formation of scar and is a kind of
strong mitogens that play an important role in cell division,
multiplication and migration. This is why TGF-1 induces
formation of granulation tissue. If this function became too
strong, TGF-1 would cause formation of scar [13-16].
Our study not only confirmed autocrine of TGF-1 but also
demonstrated high expression of CD68 and TGF-1 which is
closely related to proliferation of biliary cicatrix. As an important
substance of signal conduction, macrophages and TGF-1
solely or synergically, directly or indirectly play an important
role in the interaction between cells and extracellular matrix,
and cause dysfunction of inflammatory cells and repairing cells
as well as disorder of collagen metabolism, which might cause
prolonged healing of bile duct trauma, over-deposition of
extracellular matrix, cicatrix contracture, stenosis of anastomotic
stoma.
Our study indicates that high expression of CD68 and TGF-1
might be related to chronic inflammation of bile duct wall, which
is caused by stimulation of bile. Continuous inflammatory
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reaction results in massive gathering of macrophages, which
synthesize and secrete polypeptide growth factors such as
MDGF, TGF-1, etc. Polypeptide growth factor could cause
high proliferation of fibroblasts, over-synthesis of collagen,
and cicatrix stenosis of bile duct. Thus reducing bile-stimulated
inflammation, shortening time of healing and inhibiting overinfiltration and over-function of macrophages can reduce
proliferation of cicatrix of bile duct.
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(HD) in our hospital. Because of a high incidence of complications
following these methods[1], we have changed to use a “heartshaped anastomosis” designed by ourselves since January 1986.
During the ten years from 1986 to 1997, we performed this
procedure for 193 patients with HD. This procedure could not
only effectively prevent the occurrence of postoperative
complications, such as infection in wound or abdominal cavity,
anastomotic leakage and stricture, but also significantly
decrease the incidence of incontinence or soiling and recurrence
of constipation after surgery. This article reports the outcome
of “heart-shaped anastomosis” procedure in HD.

Abstract

MATERIALS AND METHODS
Patients
All the 193 cases (155 boys and 38 girls) were diagnosed on the
basis of clinical history, radiological studies, rectoanal manometry,
and pathologic examination after surgery. The mean age of the
patients was 25 mo (range from 9 d to 10 years). Among these
patients, short-segment aganglionosis was found in 172 cases
and long-segment aganglionosis was found in 21 cases. The
descending colon was pulled down for anastomosis in 130
cases, the ascending colon was pulled down for anastomosis in
63 cases, including 21 with intestinal neuronal dysplasia (IND).

AIM: To study the long-term therapeutic effect of “heartshaped” anastomosis for Hirschsprung’s disease.
METHODS: From January 1986 to October 1997, we performed
one-stage “heart-shaped” anastomosis for 193 patients
with Hirschsprung’s disease (HD). One hundred and fiftytwo patients were followed up patients (follow-up rate 79%).
The operative outcome and postoperative complications
were retrospectively analyzed.
RESULTS: Early complications included urine retention in 2
patients, enteritis in 10, anastomotic stricture in 1, and
intestinal obstruction in 2. No infection of abdominal cavity
or wound and anastomotic leakage or death occurred in
any patients. Late complications were present in 22 cases,
including adhesive intestinal obstruction in 2, longer anal
in 5, incision hernia in 2, enteritis in 6, occasional stool
stains in 7 and 6 related with improper diet. No constipation
or incontinence occurred in any patient.
CONCLUSION: The early and late postoperative complication
rates were 7.8% and 11.4% respectively in our “heartshaped anasto mosis” procedure. “Hea rt-s haped”
anastomosis procedure for Hirschsprung’s disease provides
a better therapeutic effect compared to classic procedures.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hirschsprung’s disease; Heart-shaped anastomosis;
Follow-up studies
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INTRODUCTION
During the period from 1955 to 1985, more than 400 children
received classic operations, including modified Duhamel,
Soave, and Ikeda operations, etc, for Hirschsprung’s disease

Operation methods
The operation was performed as previously described[1]. A low
left transverse incision was made extending slightly to the right
of the midline. The peritoneal reflection from the rectum was
dissected on both the left and right sides down to just above the
level of the dentate line. To protect the pelvic autonomic nervous
system, the upper third of the lateral rectal ligaments was
dissected as close as possible to the rectal wall. Hemostasis
was achieved with a sponge pressed into the posterior cavity
behind the rectum. The proximal ganglionic bowel was identified
with operative biopsies and frozen section. Aganglionic bowel
was then dissected and mobilized up to the splenic flexure to
allow a tension-free anastomosis with an adequate blood supply.
Attention was then paid to the perineum. The anus was
dilated. An olive-shaped dilator was inserted via the anus into the
lumen of rectosigmoid and aganglionic rectum was fastened to
the dilator at the transition level. The bowel was then prolapsed
out of the rectum, and everted (Figure 1). The rectum was
transected and the ganglionic bowel was pulled through the
anal canal. The most dilated distal portion of aganglionic bowel
was resected at this point. The posterior wall of aganglionic
anorectum was split longitudinally to the level of the dentate line
(Figure 2). The tips of the two halves were trimmed so that the
remaining rectal wall, whose anterior aspect was longer than
the posterior one, had the shape of a heart. A point of
anastomosis in anterior wall was marked at 2 cm above the anal
verge and the proximal bowel opposite to this point was
shortened about 2.5 cm for avoiding the formation of a valve.
The point of anastomosis in posterior wall was marked at 0.5
cm above the dentate line (Figure 3). Interrupted sutures were
placed circumferentially at each quadrant through the
seromuscular coats of the proximal bowel and the full-thickness
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edge of the transected rectum. Each suture was tied and grasped
with clamps to prevent retraction. Subsequent sutures were
added to each quadrant as full-thickness bites to complete the
anastomosis. In order to prevent leakage, the posterior wall
was meticulously sutured. At completion of the procedure, the
anterior anastomosis was 4 cm above the anal verge and the
posterior anastomosis was 2 cm above the anodermal junction.
Among the 193 patients, 152 patients received complete
follow-up (follow-up rate 79%). The follow-up time ranged from
24 mo to 140 mo (mean 80 mo).

Figure 1 Transrectal dilator tied around ganglionic bowel at
transition zone, and pulled through rectum. Bowel was
everted until mucocutaneous line was exposed posteriorly,
but not anteriorly.

Dentate Line

Figure 2 Ganglionic bowel exposed by resection of most
dilated bowel. The posterior wall of the aganglionic
anorectum was longitudinally split in posterior wall of anorectal canal to dentate line.

Figure 3 Suturing of seromuscular coats of rectum and colon.
The bowel was everted and exteriorized out of the anus.

RESULTS
Early postoperative complications occurred in 15 (7.8%)
patients, including urine retention in 2 who recovered following
the insertion of a urethral catheter 1wk after operation, enteritis
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in 1, anastomotic stricture in 1, and intestinal obstruction in 2
who were cured with Chinese herbals. No infection in celiac/
pelvic cavity or wound, and anastomotic leakage or death
occurred in any patient.
Late complications occurred in 22 (11.4%) patients, such as
adhesive intestinal obstruction in 2 who were treated with
adhesive bowel resection, constipation due to longer remaining
anal canal in 5 who were treated with a strip of internal sphincter
cut, incision hernia in 2, enteritis in 6, occasional soiling in 7
and 6 related with improper diet. No incontinence or recurrence
of constipation was found in any patient.

DISCUSSION
A number of operating procedures have been reported for
treating HD. Previous studies have shown that the incidence
of early postoperative complications in these procedures is over
25%, and the late complication rate is approximately 40%[2-4].
However, these two complication rates in our “heart-shaped
anastomosis” procedure were 7.8 and 11.4%, respectively.
The incidence of infection in celiac/pelvic cavity or wound
was approximately 7 to 17% in our study. Unlike other operations
in which resection and anastomosis of the colon are performed
in abdominal cavity, they were performed outside the abdominal
cavity in our study and contamination or infection could be
avoided.
Anastomotic leakage is usually the most severe complication
in HD, and the incidence is 3 to 15.5%[2]. It often causes septic
infection in the abdominal or pelvic cavity and needs colostomy
to save the patient’s life. In some patients, anastomotic leakage
can result in multi-fistulae in pelvic cavity, frozen pelvis or
constipation, and even lifelong artificial anus. In our procedure,
the splenic flexure and left transverse colon are mobilized
sufficiently, so that the colon could be pulled-through easily
for a tension-free anastomosis outside the anus. On the other
hand, a clear field of vision and reliable manipulation also allow
us to avoid the occurrence of anastomotic leakage.
The occurrence of anastomotic stricture is related to ringstricture at anastomosis, necrosis due to clamping of the bowel
and its incidence is about 10%[2]. The “oblique anastomosis”
procedure could prevent ring-stricture at the anastomosis and
avoid anal dilatation within 3-5 mo after operation[1]. In our
patients, valvular stricture in anterior wall was found in one
patient due to reservation of anterior coloanal wall and cured
by dilating anus.
Because more than half of the internal sphincter is resected
in most operations, the incidence of soiling or constipation is
approximately 10 to 20%[2,5]. However, our procedure could
retain almost all the internal sphincter, so that it prevents
recurrence of constipation and decreases the incidence of
soiling. On the other hand, this procedure cut off the internal
sphincter in the posterior wall, thus preventing spasm of the
internal sphincter after operation.
It has been reported that recurrence of incontinence is related
to insufficient resection of pathologic colon or/and too much
reservation of aganglionic rectum[4]. In our operation, the splenic
flexure and transverse colon were regularly mobilized and
aganglionic colon was removed sufficiently, therefore recurrence
of incontinence was avoided. In our study, a longer rectum
was preserved in 5 patients, who were managed by resection of
internal sphincter.
This procedure cannot prevent the occurrence of
enterocolitis, which is about 8 to 25%. Further studies are needed
to elucidate the reason for the occurrence of enterocolitis.
In summary, “heart-shaped” anastomosis for HD provides a
clear field of vision, follows simplified steps of operation, there
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is no need for a colostomy, minimal mobilization of pelvic cavity,
and placement of urethral catheter is not needed. Colon can be
resected outside the anus, and oblique colorectal anastomosis
is performed end-to-end, thus minimizing the chance of
contamination in abdominal/pelvic cavity. Rectal blind pouch,
septum, infection or rupture of anastomosis are also avoided.
There is no need to dilate anus after operation. No special
clamps or stapling devices are required and complications
resulting from them are avoided and nursing work is simplified.
Not only the internal sphincter is persevered to a maximum
degree but also the internal sphincter spasm syndrome is
avoided, thereby solving the problems of soiling, incontinence
and recurrence of constipation. Currently, this procedure has
been widely used in many hospitals in China[6-9].
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Abstract
AIM: To investigate the epidemiology of hepatitis B virus
(HBV) strains with a mutation at nt551 in surface gene among
hepatitis B patients in Nanjing and its neighbourhood.
METHODS: By using mutation-specific polymerase chain
reaction (msPCR) established by our laboratory for amplifying
HBV DNAs with a mutation at nt551, 117 serum samples
taken from hepatitis B patients were detected.
RESULTS: The results showed that 112 samples were
positive for nt551A, 4 samples were positive for nt551G.
One sample was positive for nt551T. No nt551C of HBV
DNA was found. The incidence of HBsAg mutants with G,
C, T, A at nt551 among 117 samples was 3.42%, 0%, 0.85%,
95.73%, respectively.
CONCLUSION: In Nanjing and its neighbourhood, hepatitis
B patients are mainly infected with wild genotype HBV.
The incidence of mutants with a mutation at nt551 in HBV
genome is significantly lower than that in wild genotype
HBV DNA (P<0.01). The necessity of adding components
of HBsAg m utants to HBV vaccine needs further
investigation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B surface antigen (HBsAg) is considered to be one of
the best markers for the diagnosis of acute and chronic HBV
infection. But in some patients, this antigen cannot be detected
by routine serological assays despite the presence of virus.
One of the most important explanations for the lack of detectable

HBsAg is that mutations which occur within the “a” determinant
of HBV S gene can alter expression of HBsAg and lead to
changes of antigenicity and immunogenicity of HBsAg
accordingly. As a result, these mutants cannot be detected by
diagnostic assays. Thus, it is essential to find specific and
sensitive methods to detect the new mutants and further
investigate their distribution[1,2].
HBV is a hepatotrophic DNA virus. In the reverse transcription
process of DNA replication, HBV DNA template is transcribed
by cellular RNA polymerase to pregenomic RNA, which is
reversely transcribed to DNA by viral polymerase, and a
consequence of the unique way of HBV replication is a
significant tendency of mutation[1-3]. Substitution, deletion and
frame-shift by insertion or deletion of short sequences have
been found in four open reading frames[4-7]. The diversity is also
shown in different serological subtypes such as adr, adw, ayr
and ayw, which have a common “a” determinant. It is well known
that “a” determinant is the common antigenic epitope of all
subtypes of HBsAg. A large antigenic area of “a” determinant is
now called the major hydrophilic region (MHR). Mutations within
MHR of HBsAg have been considered to be associated with
vaccine failure and chronic infection[1,2,6,8]. These mutations have
been reported repeatedly since Carman et al[9] found the first
case of immune escape mutants in 1990. The point mutation
reported most commonly in immunized children causes a
substitution from Arg to Gly at position 145 of HBsAg[1,3,8,9].
Other reports about substitutions in HBsAg such as 120, 121,
126, 129, 131, 133, 141, 144 are found repeatedly[8-12]. These
findings of HBV immune escape mutants have caused attention
of scientists all over the world in recent years. Immune escape of
HBV mutants is best known to be associated with HBV genome
itself, but the immune pressure is considered to be one of the
most important factors that result in escape mutants[12-16].
The immune escape variants could influence the effect of
HBV vaccine, it is argued that the components of mutant HBsAg
should be added into the HBV vaccine in the future[3,12,16,17].
However, in order to achieve this aim, it is necessary to confirm
firstly the mutants that are the big problems among hepatitis B
patients. At present, it is very important to find new immune
escape mutants and further investigate their distribution.
Specific and sensitive assays are essential for investigating
the distribution of mutants. To detect the mutant HBV DNA,
msPCR is a potential method. Our laboratory has discovered a
mutation of A-to-G at nt551 of HBV genome, which can result
in the alteration of Met to Val at 133aa of HBsAg. To investigate
the distribution of mutants with a mutation at nt551 among
hepatitis B patients in Nanjing and its neighbourhood in China,
we collected 326 serum samples from hepatitis B patients in
different hospitals in Nanjing. One hundred and seventeen
positive samples for HBV surface gene were detected by using
msPCR which is sensitive and specific to the mutation at nt551
in HBV genome.

MATERIALS AND METHODS
Collection of serum samples
Three hundred and twenty-six serum samples from hepatitis B
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patients were provided by Nanjing Jinling Hospital, Bayi
Hospital and Nanjing Children’s Hospital. Viral markers were
tested by using the enzyme immune assay (EIA). ALT levels of
all the samples were abnormal. Diagnosis of hepatitis B was
made according to the revised standard of hepatitis B diagnosis
established at the Tenth National Symposium on Viral Hepatitis
in Xi’an in 2000.

Extraction of HBV genome DNAs
By using the HBV DNA extraction method, all the 326 serum
samples were prepared and stored at -20 ℃.
Amplification of HBV S DNAs
After nested PCR amplification, we achieved 101 HBV S DNAs.
Thirty-five samples were positive for HBsAg and anti-HBs,
and the other 66 samples were negative for HBsAg and positive
for anti-HBs.
Primers for nested PCR to amplify HBV S DNA were designed
according to the known HBV genome sequences and the main
popular subtypes, adr and adw in China.
Primers for the first-round: P1’: 5’ACATCATCTGT
GGAAGGC 3’, nt2756-nt2773; the upstream primer; P6’:
5’TATCCCATGAAGTTAAGG 3’, nt884-nt867, the downstream
primer.
Primers for the second-round: PEC: 5’CGGAATTCACC
ATATTCTTGGGAACAAG 3’, nt2 823-nt2 844, the upstream
primer; PPS: 5’GCTGCAGGTTTAAATGTATACCCAAAGAC
3’, nt838-nt816, the downstream primer.
An EcoRI or a Pst I site was originally added at 5’-end
respectively for cloning purpose.
Amplification of HBV DNA fragments for control
To achieve HBV DNA fragments with an A at nt551, the wild
genotype HBV S DNA as template was amplified by using the
primer pair P551A-PPS under the condition of regular PCR. The
HBsAg mutant with G at nt551 as template was amplified by
using the primer pair P551G-PPS to achieve the HBV DNA
fragments with a G at nt551. HBV DNA fragments with C or T at
nt551 were achieved by introducing mutation in a PCR. The
PCR primer sequences were as follows: P551A: 5’TCCTGCTCA
AGGAACCTCTA 3’, nt532-nt551, upstream primer; P551G:
5’TCCTGCTCAAGGAACCTCTG 3’, nt532-nt551, upstream
primer; P551C: 5’TCCTGCTCAAGGAACCTCTC 3’, nt532nt551, upstream primer; P551T: 5’TCCTGCTCAAGGAACC
TCTT 3’, nt532-nt551, upstream primer; PPS: See the above.
P551C-PPS and P551T-PPS were used respectively to amplify
HBV DNA fragments with C or T at nt551, which were 314 bp in
length. Additionally, two upstream primers were designed
respectively by introducing mutation to achieve the controls
of HBV DNA with C or T at nt551. P551CM: TCCTGCTCAAG
GAACCTCTCTGTTTC, nt532-nt557; P551TM: TCCTGCTC
AAGGAACCTCTTTGTTTC, nt532-nt557.
Detection by using msPCR
In order to amplify HBV DNA specifically, 101 serum samples
were amplified by primer pair P551A-PPS using msPCR method.
The annealing temperature of PCR was at 71 ℃ and the
concentration of primers was at 0.8 nmol/mL in 25 L reaction
volume. Thirty cycles of amplification were performed, each at
94 ℃ for 30 s, at 71 ℃ for 30 s, and at 72 ℃ for 1 min. Then the
negative samples were amplified by primer pairs P551G-PPS,
P551C-PPS and P551T-PPS respectively. For primer pairs P551CPPS and P551T-PPS, the annealing temperature was at 72 ℃
and the concentration of primers was at 0.2 nmol/mL in 25 L
reaction volume, and other conditions were similar to the
amplification by P551A-PPS and P551G-PPS.
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Statistical analysis
2-test was used to assess the statistical significance of
differences. P<0.01 was considered statistically significant.
RESULTS
HBV DNA fragments for control
The HBV S DNA with A, G, C or T at nt551 was amplified
respectively for control. The amplified DNA fragments were
314 bp in length. This result is shown in Figure 1.
A

1

2

3

4

5

2 000
1 000
750
500
250
100

C
2 000
1 000
750
500
250
100

B

1

2 3

1

2 3

4 5

6

2 000
1 000
750
500
250
100
1

2 3

4

5

6

D

4

5

6

2 000
1 000
750
500
250
100

Figure 1 Amplification results of msPCR. A: Amplification of
control HBV DNA. Lane 1: DNA marker; lane 2: HBV DNA
with an A at nt551; lane 3: HBV DNA with G at nt551; lane 4:
HBV DNA with C at nt551; lane 5: HBV DNA with T at nt551.
B: The msPCR amplification for No.127, No.210 and No.216
by using P551G-PPS. Lane 1: DNA marker; lanes 2-6: No.8 of
nt551A (negative control), No.57 (positive control), No.127,
No.210 and No.216 were amplified by P551G-PPS respectively.
C: The msPCR amplification for No.127, No.210 and No.216
by using P551C-PPS. Lane 1: DNA marker; lanes 2-6: No.8 of
nt551A (negative control), HBV DNA of nt551C (positive
control), No.127, No.210 and No.216 were amplified by P551CPPS respectively. D: The msPCR amplification for No.127,
No.210 and No.216 by using P551T-PPS. Lane 1: DNA marker;
lanes 2-6: No.8 of nt551A (negative control), No.2 of nt551T
(positive control), No.127, No.210 and No.216 were amplified
by P551T-PPS respectively.

Detection by using msPCR
One hundred and one serum samples positive for HBV S DNA
were detected. After gel electrophoresis, 35 samples (positive
for HBsAg and anti-HBs) were positive for P551A-PPS
amplification, that is to say, each of these 35 samples was a
wild genotype HBV genome with an A at nt551. Among the 66
samples negative for HBsAg and positive for anti-HBs, 3
samples were negative for amplification by P551A-PPS. They
were samples of No.127, No.210 and No.216.Then, these 3
samples were amplified by using P551G-PPS, P551C-PPS and
P551T-PPS. The electrophoresis results of them were as follows.
As positive and negative controls, No.2, No.8 and No.57
previously sequenced were known to have A, G and T at nt551
respectively. These results confirmed that No.127, No.210 and
No.216 all had a G at nt551.
Investigating results
By using msPCR, 101 serum samples positive for HBV S DNA
were detected and the other 16 samples were taken from the
result we detected before. The results showed that 112 samples
were positive for nt551A, 4 samples were positive for nt551G
(one of them was taken from the previous DNA sequence). One
sample was positive for nt551T. No nt551C of HBV DNA was
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found. Thus, the incidence of HBsAg nt551G mutant, nt551C
mutants, nt551T mutants, and nt551A of wild genotype HBV
DNAs was 3.42%, 0%, 0.85% and 95.73% respectively among
the 117 samples. The statistical analysis results are summarized
in Tables 1-3.
Table 1 Incidence of nt551 A and nt551 G (%)
nt551 A
Number of case
Incidence

nt551 G

112
112/117 (95.37)

4
4/117 (3.42)b

b

P<0.01 vs wild-type HBV DNA (nt551 A).

Table 2 Incidence of nt551 A and nt55 C (%)
nt551 A
Number of case
Incidence

nt551 C

112
112/117 (95.37)

0
0/117 (0) b

b

P<0.01 vs wild-type HBV DNA (nt551A).

Table 3 Incidence of nt551 A and nt551 T (%)
nt551 A
Number of case
Incidence

112
112/117 (95.37)

nt551 T
1
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was higher than normal value. His mother was a HBsAg carrier
and the boy was injected with HBV vaccine and HBIg when he
was born. No. 210 taken from a 9-year-old boy, was negative
for HBsAg and positive for anti-HBs and his ALT level was
considered to be abnormal. No. 216 taken from an old male
chronic hepatitis B patient, was negative for HBsAg and positive
for anti-HBs and his ALT level was considered to be abnormal.
The reason why all these four samples were negative for
HBsAg and positive for anti-HBs might be that the mutations
of A→G at nt551 could cause a change from Met to Val at 133aa
of HBsAg and the structure of HBsAg was altered accordingly.
The affinity between HBsAg and anti-HBs might diminish
subsequently. The alteration of Met to Val at 133aa of HbsAg
can reduce the combination ability between HBsAg and mAb
of anti-HBs.
The detection results of these four samples have shown that
the anti-HBs loses its protection against HBsAg as usual. On
the contrary, they may form immune pressure by recognizing
and combining with wild genotype HBV strains, but those
mutants having no epitopes can survive and multiply. Therefore,
a specific and sensitive method should be used to find those
mutants of HBsAg and provide theoretical data for clinical
diagnosis and treatment of hepatitis B.
In conclusion, most HBV infections are caused by wild
genotype HBV strains. Whether it is necessary to add the
component of HBsAg mutants to HBV vaccine needs further
study and investigation.

1/117 (0.85) b

b

P<0.01 vs wild-type HBV DNA (nt551A).
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Abstract
AIM: Aloe vera, plant extracts of Aloe barbadensis miller,
is widely used in phytomedicine. The first case of acute
hepatitis due to this compound was described.
METHODS: Description of a clinical case.
RESULTS: Hepatitis in a 57-year old female could be linked
to the ingestion of Aloe barbadensis miller compounds. The
patient´s hepatitis resolved completely after discontinuing
this medication.
CONCLUSION: The case emphasizes the importance of
considering phytopharmaceutical over-the-counter drugs
as causative agents of hepatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Aloe vera is a chemically ill-defined extract of the Aloe
barbadensis miller plant. There is no doubt that this compound
is bioactive[1]. Phytomedicine ascribes anti-inflammatory,
analgetic, liver-protective, anti-proliferative, anti-carcinogenic,
anti-aging, and laxative effects to this plant[2-5]. These effects
are thought to be the result of radical scavenging, inhibition of
COX-2, and immuno-modulatory mechanisms. The drug is
widely used as a self-prescribed anti-aging drug in Western
European countries as well as in the USA. Even though it is in
widespread use as an over-the-counter drug, its toxicology
has not been systematically examined. Here, we describe the
first case of liver damage associated with Aloe vera ingestion.
CASE REPORT
Medical history and physical examination
A 57-year old female patient presented to our department with
an 1 wk history of progressive jaundice, pruritus, acholic bowel
movements, and right-upper quadrant abdominal discomfort.
Past medical history did not reveal any preexisting liver disease.
There was no history of illicit drug use and no sexual

promiscuity. In the hope to delay aging, the patient had begun
using Aloe vera tablets containing 500 mg of an extract of Aloe
barbadensis miller about 4 wk before admission. She also
used zinc and vitamin C supplements as directed by the
manufacturers. The Aloe vera tablets had been purchased in
Spain as they were less expensive there than in Germany.
Clinical examination revealed a mildly overweight (70 kg
bodyweight, 167 cm height) jaundiced patient with right-upper
quadrant discomfort on deep palpation. Liver and spleen sizes
were normal. There was no lymphadenopathy. The remainder
of the physical examination was unremarkable.

Laboratory and technical examinations
On abdominal ultrasound examination, a reduced echogenicity
of a normal sized liver was noted. Dilatation of intra- or extrahepatic
bile ducts was absent. Patency of the hepatic artery, portal vein,
and hepatic veins was ascertained using Doppler ultrasound.
Splenic size was normal, the examination of kidneys, pancreas
and retroperitoneal space was normal as well.
Laboratory abnormalities included a bilirubin concentration
of 8.9 mg/dL (normal: <1.1mg/dL), ALAT 1480 U/L (normal:
<22 U/L), ASAT 711 U/L(normal: <15 U/L), LDH 506 U/L (normal
<240 U/L), alkaline phosphatase 265 U/L (normal: <160 U/L),
GGTP 244 U/L (normal: <18 U/L). Creatinine, serum electrolytes,
amylase, total protein, electrophoresis, serum concentrations
of IgG, IgA, and IgM, white blood cell count, hemoglobin
concentration, platelet count, and differential blood cell count
were all within the normal range. Coeruloplasmin concentration
was normal as was the alpha-1-antitrypsin concentration.
Serologic examinations for hepatitis A, C, and E infection
were negative. HCV-PCR was negative. Anti-HBc-IgG and antiHBs-IgG were positive, while HBsAg and anti-HBc-IgM were
negative. There was no serologic evidence for recent infections
with cytomegalovirus, Epstein-Barr-virus, or herpes virus.
Autoimmune markers showed negative titers for antimitochondrial
and borderline titers for antinuclear antibodies (1:40; normal titer
defined as <1:40).
Liver biopsy was performed and revealed severe acute
hepatitis with portal and acinar infiltrates predominantly consisting
of lymphocytes, plasma cells, and eosinophilic granulocytes along
with bridging necrosis and bilirubinostasis (Figure 1).
Clinical course
All medications were withheld and aminotransferases as well
as the bilirubin concentration gradually returned to normal levels
over the course of several months. Two weeks after admission,
ALAT concentration was 226 U/L, 5 mo after discharge ALAT
concentration was 180 U/L, and 1 year after discharge ALAT
concentration decreased to 40 U/L. The patient became completely
asymptomatic within a week and has remained so ever since.
DISCUSSION
To our knowledge, this is the first case of toxic hepatitis that
can be ascribed to an Aloe vera preparation. The Aloe vera
preparation was the only active compound ingested during the
period preceding the occurrence of toxic hepatitis. This, the
exclusion of common alternative diagnoses, and the rapid
improvement and resolution of liver damage following
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kidney damage associated with other Aloe species.
Herbal medicines are widely used in almost all segments of
the population. A variety of herbal medicines can cause liver
damage. Again, our case emphasizes that phytotherapeutic
drugs should be subjected to the same toxicologic studies and
pharmacovigilance that synthetic drugs are subjected to.
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Figure 1 Severe acute hepatitis with portal and acinar inflammatory infiltrates mainly composed of lymphocytes, plasma
cells, and eosinophilic granulocytes revealed in liver biopsy.
A: Disseminated single-cell and group-cell necroses as well as
parenchymal regeneration (H&E). B: Perivenular parenchyma
with single cell necroses, regeneration and bilirubinostasis
(H&E). C: Largely preserved architecture and only minimally
increased fiber deposition in a representative portal tract
shown by connective tissue stain (mo. Gomori).

discontinuation of Aloe vera provide strong evidence that the
Aloe vera preparation has caused the acute hepatitis.
It is very unlikely that the ongoing concomitant medication
with vitamin C and zinc supplements may have been involved,
as these substances are not allergenic and hepatotoxic.
Aloe vera, the dried extract from the leaves of Aloe barbadenis
miller plants, contains several alkaloids that may induce or
block hepatic enzyme systems such as cytochrome P450 as
well as the enzymes of ethanol metabolism[6]. This interference
with detoxification processes leading to dose-related liver
damage or direct cytotoxic effects of Aloe[7] or biotransformed
constituents[8] are probably not important mechanisms in our
case as the resolution of liver damage occurred much too slowly.
It is more likely that an idiosyncratic immunological mechanism
(hypersensitivity) is responsible for the hepatitis. A role for
hypersensitivity is further supported by the presence of
eosinophilic granulocytes in the periportal fields seen in the
liver biopsy. As there was no evidence for the presence of an
autoimmune hepatitis, especially no hypergammaglobinemia
or markedly elevated autoantibody titers, we propose that this
liver damage was triggered by the Aloe vera preparation.
Hypersensitivity to Aloe - which may have a delayed presentation
- has been described in humans[9]. Several compounds present
in Aloe vera may interact with the host’s immune system[10].
This activation of the immune system was also discussed as a
possible mechanism for a reported anti-tumor activity of Aloe
vera[11]. The interactions with the immune system may inhibit
the release or cause the rapid detoxification of reactive oxygen
species[12]. This antioxidant effect of Aloe vera is also implicated
in the potential anti-hepatocarcinogenic and hepatoprotective
properties of the drug[13-17]. Conversely, some constituents of
Aloe vera have been reported to be biotransformed to mutagenic
compounds with equivocal evidence for in vivo carcinogenicity.
The growth-inhibiting effect of Aloe vera is mediated through
pro-apoptotic pathways. One could speculate that this effect
may also be present in normal liver cells and leads to liver damage
or to the triggering of an immune response directed toward
intracellular antigens. A similar mechanism may be present in
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transplantation center in 1993[7] accounting for 11.5% of all
major complications. In a retrospective study of greater case
number, the overall major complication rate of percutaneous
liver biopsy was about 2.2%[8], of which hemobilia accounted
for 2.7% of all complications (4 cases out of 68 276 patients).
Arterio-portal fistula as a cause of liver- biopsy related hemobilia
was even less frequent. Arterio-portal fistula was seen in only
one case in Van Thiel’s report [7]. Here, we report a case of
hemobilia caused by arterio-portal fistula after percutaneous
liver biopsy with an initial presentation of abdominal pain and
ultrasound finding of gallbladder polypoid mass.

Abstract
Outpatient percutaneous liver biopsy is a common practice
in the differential diagnosis and treatment of chronic liver
disease. The major complication and mortality rate were
about 2-4% and 0.01-0.33% respectively. Arterio-portal
fistula as a complication of percutaneous liver biopsy was
infrequently seen and normally asymptomatic. Hemobilia,
which accounted for about 3% of overall major percutaneous
liver biopsy complications, resulted rarely from arterioportal fistula We report a hemobilia case of 68 years old
woman who was admitted for abdominal pain after liver
biopsy. The initial ultrasonography revealed a gallbladder
polypoid tumor and common bile duct (CBD) dilatation.
Blood clot was extracted as endoscopic retrograde
cholangiopancreatography (ERCP) showed hemobilia. The
patient was shortly readmitted because of recurrence of
symptoms. A celiac angiography showed an intrahepatic
arterio-portal fistula. After superselective embolization of
the feeding artery, the patient was discharged uneventfully.
Most cases of hemobilia caused by percutaneous liver biopsy
resolved spontaneously. Selective angiography embolization
or surgical intervention is reserved for patients who failed
to respond to conservative treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gallbladder polyp; Hemobilia; Arterial-portal
fistula; Percutaneous liver biopsy
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CASE REPORT
A 68 year-old female patient suffered from chronic C hepatitis
for years. She received a percutaneous liver biopsy to evaluate
the pathologic change after combination treatment of interferon
alfa-2a plus ribavirin therapy. The initial physical examination
before liver biopsy was unremarkable. The hemoglobin,
prothrombin time, and bleeding time were normal. Percutaneous
liver biopsy was conducted under ultrasonography guidance
with a 2.8-mm Menghini-type aspiration needle. After liver
biopsy, transient hypotension was noted during the first two
hours of in-hospital observation. The patient was discharged
6 h later.
Two days later, however, the patient complained of epigastric
and right subcostal pain without nausea, melena, hematemesis,
or hematochezia. She visited our emergency room where an
ultrasonography revealed a polypoid echogenic mass in the
gallbladder wall and a mild dilatation of the common bile duct
(Figure 1A) An endoscopic retrograde cholangiopancreatography
was performed showing blood emanating from the edematous
ampullar vater (Figure 2A). The intrahepatic ducts and common
bile duct were partially opacified which is consistent with blood
impaction of bile ducts (Figure 2B). An endoscopic sphincterotomy
was conducted removing blood clot from the common bile duct.
The symptoms were alleviated as ultrasonography showed
disappearance of gallbladder sludge and polypoid mass. She
was discharged seven days later.
A

B

http://www.wjgnet.com/1007-9327/11/305.asp

INTRODUCTION
After the first report of liver biopsy by Paul Ehrlich in 1883[1],
percutaneous liver biopsy has become a crucial diagnostic tool
in liver diseases. Ultrasonography-guided percutaneous liver
biopsy has been shown to increase the diagnostic yield and
significantly decrease complications even on outpatients[2-6].
The incidence of hemobilia after percutaneous liver biopsy
was reported to be 0.023% among 12 750 patients in a liver

Figure 1 depicted A polypoid mass in the gallbladder wall
depicted by ultrasonography (A). and A blood clot resolved
between 3-7 days after selective arterial embolization. (B).
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Figure 2 Emanation of fresh blood clots from the ampullar
vater (A) and non-homogenous visualization of dilated common bile duct and incomplete visualization of the intrahepatic
ducts (B) on endoscopic retrograde cholangiopancreatography.

The patient was shortly readmitted for recurrence of right
upper quadrant pain. Arteriography was conducted demonstrating
an arterio-portal fistula in segment VII of the liver between a
branch of right hepatic artery and right portal vein (Figure 3).
After superselective catheterization of the feeding artery,
embolization was performed with gel-foam. A repeat angiography
demonstrated occlusion of the arterio-portal fistula. The patient
was uneventful afterward and discharged fiver days after the
procedure. No recurrence of bleeding was observed during the
following 6 mo.

Figure 3 Shunting between a branch of right hepatic artery
and right portal vein in segment VII of the liver on arterioportal fistula on angiography revealing.

DISCUSSION
Hemobilia was first described by Glisson in 1654[9] in a postmortem
diagnosis of a young adult stabbed by a sword in the liver.
Sandblom in 1948[10] used hemobilia[11,12] as a term of hemorrhage
arising from trauma in the biliary tract. With increasing practice
of percutaneous liver biopsy, pure ethanol injection,
radiofrequency ablation and percutaneous biliary drainage,
iatrogenic trauma of biliary tract has been responsible for up to
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60% of the hemobilia[13-20] whereas accidental abdominal injury
was previously dominant[21].
Ultrasound guided liver biopsy was aimed to decrease
complications following percutaneous liver biopsy[4]. However,
a controversial report by Van thiel in 1993[7] demonstrated a
higher complication rate (3.6%) using an ultrasound-guided
cutting needle in 2 of 55 patients who were mostly with a hepatic
neoplasm. The underlying disease, coagulative status, the type
and the diameter of biopsy needles used[8], and the numbers of
needle passes[22] seemed to determine the rate of complications
rather than if ultrasonography guided[23], although ultrasound
assisted biopsy helped to avoid undesired puncture of surrounding
organs.
Classical clinical features of hemobilia include right upper
quadrant pain, jaundice, and gastrointestinal hemorrhage[22,24]
with less than 50% patients showing full triads[25]. The interval
between percutaneous liver biopsy and the symptom onset
may be as early as the same day on biopsy up to 21 d after
percutaneous liver biopsy with a mean of 5 days[22,26]. The findings
of hemobilia on ultrasonography varied depending on the
rapidity and severity of the bleeding. Acute intracholecystic
bleeding typically manifested as echogenic, non-acoustic
polypoid mass[27,28]. The echo texture became reticular, stranding
sludge as the clot began to lyse. The border of the clot became
concave. The appearance of gallbladder polypoid mass as seen
in this case underscored the importance of a high index of
suspicion of hemobilia in patients undergoing percutaneous liver
biopsy with previously normal ultrasonography. After treatment
with arterial embolizaton, the echogenic sludge disappeared
between 3-7 d as demonstrated in this case (Figure 1B).
Endoscopic retrograde cholangiopancreatography as well
as endoscopy were confirmative in the diagnosis of hemobilia
in 40-60% of the cases[13], when showing blood emanating from
the ampulla or within the biliary trees[22]. Sphincterectomy and
blood clot extraction could release the tension of the biliary
trees and alleviate the pain caused by distension of the ducts[29].
Angiographic findings of hemobilia included arterio-portal
fistula, arterio-biliary fistula and pseudoaneurysm. Arterioportal fistula as a complication of percutaneous liver biopsy
(PLB) was seen in only one of 3 hemobilia cases in Van’s series[7].
Okuda et al[30] estimated the incidence of arterio-portal fistula
after PLB was approximately 5%, but normally asymptomatic.
The actual incidence of arterio-portal fistula induced hemobilia
has not been well documented as it was mostly case reported.
Hemobilia recovered spontaneously in most of the cases
depending on the severity of the bleeding[30]. Selective arterial
embolization for hemobilia was first reported in 1976[31]. The
success rate was more than 90-95% using gel-foam or histoacryl
with a low morbidity[8,17,22,31,32] Laparotomy for hepatic arterial
ligation or hepatectomy was reserved for cases that failed
to respond to conservative treatment and hepatic arterial
embolization[11,12,33].
In conclusion, arterio-portal fistula after percutaneous liver
biopsy is usually asymptomatic. Hemobilia resulting from
arterio-portal fistula remains mostly case - reported. Selective
arterial embolization provides a successful modality of treatment
if conservative treatment fails. Surgical treatment is reserved
for selective cases that do not respond to the angiographic
embolization.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

*F=9.87, §F=25.9,
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

45

#

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals

High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence

10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01 (no note
if P>0.05). If there 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.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

World Journal of

Gastroenterology



Volume 11 Number 3
January 21, 2005

ELSEVIER

National Journal Award

Contents
REVIEW

Supported by NSFC
2005-2006

309

5-aminosalicylic acid is an attractive candidate agent for chemoprevention
of colon cancer in patients with inflammatory bowel disease
Cheng Y, Desreumaux P

COLORECTAL CANCER

315

Colorectal cancer in geriatric patients: Endoscopic diagnosis and surgical
treatment
Kirchgatterer A, Steiner P, Hubner D, Fritz E, Aschl G, Preisinger J, Hinterreiter M,
Stadler B, Knoflach P

319

Pathological study of distal mesorectal cancer spread to determine a proper
distal resection margin
Zhao GP, Zhou ZG, Lei WZ, Yu YY, Wang C, Wang Z, Zheng XL, Wang R

323

Laparoscopic versus open right hemicolectomy with curative intent for
colon carcinoma
Zheng MH, Feng B, Lu AG, Li JW, Wang ML, Mao ZH, Hu YY, Dong F, Hu WG, Li DH,
Zang L, Peng YF, Yu BM

327

In vivo and in situ detection of colorectal cancer using Fourier transform
infrared spectroscopy
Li QB, Xu Z, Zhang NW, Zhang L, Wang F, Yang LM, Wang JS, Zhou S, Zhang YF, Zhou XS,
Shi JS, Wu JG

331

Relationship between metabolic enzyme polymorphism and colorectal cancer
Chen K, Jiang QT, He HQ

336

Expression of ST13 in colorectal cancer and adjacent normal tissues
Wang LB, Zheng S, Zhang SZ, Peng JP, Ye F, Fang SC, Wu JM

340

Indomethacin suppresses growth of colon cancer via inhibition of
angiogenesis in vivo
Wang HM, Zhang GY

344

Expression pattern of epithelial cell adhesion molecule on normal and
malignant colon tissues
Xie X, Wang CY, Cao YX, Wang W, Zhuang R, Chen LH, Dang NN, Fang L, Jin BQ

348

Effect of deleted pancreatic cancer locus 4 gene transfection on biological
behaviors of human colorectal carcinoma cells
Xiao DS, Wen JF, Li JH, Hu ZL, Zheng H, Fu CY

353

Effect of NS-398 on colon cancer cells
Jia XQ, Zhong N, Han LH, Wang JH, Yan M, Meng FL, Zhang SZ

BASIC RESEARCH

357

Effect of lipopolysaccharide on diarrhea and gastrointestinal transit in
mice: Roles of nitric oxide and prostaglandin E2
Liang YC, Liu HJ, Chen SH, Chen CC, Chou LS, Tsai LH

362

Temporal expression of hepatic inducible nitric oxide synthase in liver cirrhosis
Wei CL, Hon WM, Lee KH, Khoo HE

www.wjgnet.com

World Journal of Gastroenterology

Volume 11 Number 3 January 21, 2005

Contents
CLINICAL RESEARCH

368

Potential oxidative stress in children with chronic constipation
Zhou JF, Lou JG, Zhou SL, Wang JY

372

Impaired gastric myoelectricity in patients with chronic pancreatitis: Role
of maldigestion
Lu CL, Chen CY, Luo JC, Chang FY, Lee SD, Wu HC, Chen JDZ

377

CT and MR imaging for detecting neoplastic invasion of esophageal inlet
Chen B, Yin SK, Zhuang QX, Cheng YS

BRIEF REPORTS

382

Mucosal polymerase chain reaction for diagnosing Helicobacter pylori
infection in patients with bleeding peptic ulcers
Lin HJ, Lo WC, Perng CL, Tseng GY, Li AFY, Ou YH

386

Accuracy of Helicobacter pylori stool antigen for the detection of Helicobacter
pylori infection in dyspeptic patients
Syam AF, Rani AA, Abdullah M, Manan C, Makmun D, Simadibrata M, Djojoningrat D,
Daldiyono, Sato T

389

Effects of frying oil and Houttuynia cordata thunb on xenobioticmetabolizing enzyme system of rodents
Chen YY, Chen CM, Chao PY, Chang TJ, Liu JF

393

Nonalcoholic steatohepatitis in Asian Indians is neither associated with iron
overload nor with HFE gene mutations
Duseja A, Das R, Nanda M, Das A, Garewal G, Chawla Y

396

Hemodynamics in the portal vein evaluated by pulse-wave Doppler
ultrasonography in patients with chronic hepatitis C treated with interferon
Nakanishi S, Shiraki K, Yamamoto K, Koyama M, Kimura N, Nakano T

400

Efficiency and safety of lamivudine therapy in patients with chronic HBV
infection, dialysis or after kidney transplantation
Lapinski TW, Flisiak R, Jaroszewicz J, Michalewicz M, Kowalczuk O

403

Lipid peroxidation and antioxidant status in colorectal cancer
Skrzydlewska E, Sulkowski S, Koda M, Zalewski B, Kanczuga-Koda L, Sulkowska M

407

NOD2/CARD15 gene polymorphism in patients with inflammatory bowel
disease: Is Hungary different?
Büning C, Molnar T, Nagy F, Lonovics J, Weltrich R, Bochow B, Genschel J, Schmidt H, Lochs H

412

Reliability of urinary tests for antibody to Helicobacter pylori in patients
with pulmonary tuberculosis
Yamamoto T, Ishii T, Kawakami T, Sase Y, Horikawa C, Aoki N, Sanaka M, Kuyama Y

415

Association of Fas-670 gene polymorphism with inflammatory bowel
disease in Chinese patients
Xia B, Yu YH, Guo QS, Li XY, Jiang L, Li J

418

Horizontal transmission of hepatitis B virus in children with chronic hepatitis B
Doganci T, Uysal G, Kir T, Bakirtas A, Kuyucu N, Doganci L

421

Frequencies of the expression of main protein antigens from Helicobacter
pylori isolates and production of specific serum antibodies in infected patients
Yan J, Mao YF, Shao ZX

426

Anti-HBV effect of liposome-encapsulated matrine in vitro and in vivo
Li CQ, Zhu YT, Zhang FX, Fu LC, Li XH, Cheng Y, Li XY

429

Expression and significance of heat shock protein 70 and glucose-regulated
protein 94 in human esophageal carcinoma
Wang XP, Liu GZ, Song AL, Chen RF, Li HY, Liu Y

433

Effect of resveratrol on microcirculation disorder and lung injury following
severe acute pancreatitis in rats
Meng Y, Zhang M, Xu J, Liu XM, Ma QY

www.wjgnet.com

World Journal of Gastroenterology

Volume 11 Number 3 January 21, 2005

Contents
BRIEF REPORTS

436

Detection of micrometastasis in peripheral blood by multi-sampling in
patients with colorectal cancer
Zhang XW, Yang HY, Fan P, Yang L, Chen GY

439

Effect of Fuzheng Yiliu decoction combined with chemotherapy on patients
with intermediate and late stage gastrointestinal cancer
Pan B, Cheng T, Nan KJ, Qiu GQ, Sun XC

443

Gastrointestinal hormone abnormalities and G and D cells in functional
dyspepsia patients with gastric dysmotility
He MR, Song YG, Zhi FC

447

Antiangiogenic therapy for human pancreatic carcinoma xenografts in nude mice
Jia L, Zhang MH, Yuan SZ, Huang WG

451

Clinical application of metallic stents in treatment of esophageal carcinoma
Yang HS, Zhang LB, Wang TW, Zhao YS, Liu L

454

Fusion expression of Helicobacter pylori neutrophil-activating protein in E.coli
Kang QZ, Duan GC, Fan QT, Xi YL

CASE REPORTS

457

Mucocele of the appendix: An unusual cause of lower abdominal pain in a
patient with ulcerative colitis-. A case report and review of literature
Lakatos PL, Gyori G, Halasz J, Fuszek P, Papp J, Jaray B, Lukovich P, Lakatos L

460

Clinical and therapeutic considerations of rectal lymphoma: A case report
and literature review
Bilsel Y, Balik E, Yamaner S, Bugra D

ACKNOWLEDGEMENTS 462

Acknowledgements to reviewers for this issue

APPENDIX

1

Meetings

2

Instructions to authors

4

World Journal of Gastroenterology standard of quantities and units

FLYLEAF

I-V

Editorial Board

INSIDE FRONT COVER

ISI journal citation reports 2003-GASTROENTEROLOGY AND HEPATOLOGY

INSIDE BACK COVER

E-journal of World Journal of Gastroenterology

Editorial Coordinator for this issue: Michelle Gabbe, PhD
World Journal of Gastroenterology
World J Gastroenterol
Weekly
Founded with a name of China National
Journal of New Gastroenterology on 1st
October, 1995
Renamed as World Journal of
Gastroenterology on January 25, 1998
Publication date January 21, 2005
President and Editor-in-Chief
Lian-Sheng Ma
Editor-in-Chief
Bo-Rong Pan
Managing Director
Jing-Yun Ma
Associate Managing Editor
Jian-Zhong Zhang, Shi-Yu Guo
Typesetter Meng Li
Proofreaders Hong Li, Shi-Yu Guo

Edited by Editorial Board of World Journal of
Gastroenterology, PO Box 2345, Beijing 100023, China
Published jointly by The WJG Press and Elsevier Inc.
For inquiries regarding distribution of the material in China,
please contact The WJG Press; for inquiries regarding
distribution elsewhere, please contact Elsevier Inc.
Subscriptions
Domestic Local Post Offices Code No. BM 82-261
Foreign Elsevier (Singapore) Pte Ltd, 3 Killiney Road
#08-01, Winsland House I, Singapore 239519
Telephone: +65-6349 0200 Fax: +65-6733 1817
E-mail: r.garcia@elsevier.com
http://asia.elsevierhealth.com
Personal Price: USD700.00
Institutional Price: USD1 500.00
Online Submissions
http://www.wjgnet.com/wjg/index.jsp
Telephone: +86-(0)10-85381901 Fax: +86-(0)10-85381893
E-mail: wjg@wjgnet.com http: //www.wjgnet.com

www.wjgnet.com

Indexed and abstracted in: Index Medicus,
MEDLINE, PubMed, Chemical Abstracts, EMBASE,
Abstracts Journals, Nature Clinical Practice
Gastroenterology and Hepatology, CAB Abstracts
and Global Health. ISI JCR 2000-2003: IF = 0.993,
1.445, 2.532 and 3.318 respectively. A total of 687 articles
published in WJG were cited by 389 ISI/SCI-covered
journals distributed in 39 countries during January
1998 - March 2004. Supported by the National Natural
Science Foundation of China, No. 30224801; Certificate
of the 100 Outstanding Academic Journals of China
2002, National Journal Award, Journal of the Statistic
Source of Papers on Science and Technology of China
and Key Journals of China Science and Technology.
ISSN 1007-9327 CN 14-1219/R
Copyright © 2005 The WJG Press and Elsevier Inc.

Special Statement All articles published in
this journal represent the viewpoints of the
authors except where indicated otherwise.

World Journal of

Gastroenterology ®
Editorial Board
2004-2006

Published by The WJG Press and Elsevier Inc., PO Box 2345, Beijing 100023, China
Fax: +86-(0)10-85381893 E-mail: wjg@wjgnet.com http://www.wjgnet.com

HONORARY EDITORS-IN-CHIEF
Ke-Ji Chen, Beijing
Dai -Ming Fan, Xi’an
Zhi-Qiang Huang, Beijing
Nicholas F LaRusso, Rochester
Jie-Shou Li, Nanjing
Geng-Tao Liu, Beijing
Fa-Zu Qiu, Wuhan
Eamonn M Quigley, Cork
David S Rampton, London
Rudi Schmid, California
Nicholas Joseph Talley, Rochester
Zhao-You Tang, Shanghai
Guido NJ Tytgat, Amsterdam
Meng-Chao Wu, Shanghai
Xian-Zhong Wu, Tianjin
Hui Zhuang, Beijing
Jia-Yu Xu, Shanghai

PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Beijing

Roger William Chapman, Oxford
Alexander L Gerbes, Munich
Shou-Dong Lee, Taipei
Walter Edwin Longo, New Haven
You-Yong Lu, Beijing
Masao Omata, Tokyo
Harry H-X Xia, Hong Kong

MEMBERS OF THE EDITORIAL BOARD
Albania
Bashkim Resuli, Tirana

Algeria
Hocine Asselah, Algiers

Argentina
Julio Horacio Carri, Córdoba

EDITOR-IN-CHIEF
Bo- Rong Pan, Xi’an

ASSOCIATE EDITORS-IN-CHIEF
Bruno Annibale, Roma
Henri Bismuth, Villesuif
Jordi Bruix, Barcelona

Australia
Darrell HG Crawford, Brisbane
Robert JL Fraser, Daw Park
Yik-Hong Ho, Townsville
Gerald J Holtmann, Adelaide
Michael Horowitz, Adelaide
www.wjgnet.com

Riordan SM, Sydney
IC Roberts-Thomson, Adelaide
James Toouli, Adelaide

Austria
Dragosics BA, Vienna
Peter Ferenci, Vienna
Alfred Gangl, Vienna
Michael Trauner, Graz
Harald Vogelsang, Vienna

Belarus
Yury K Marakhouski, Minsk

Belgium
Geerts AEC, Brussels
Cremer MC, Brussels
Yves J Horsmans, Brussels
Yvan Vandenplas, Brussels
Eddie Wisse, Keerbergen

Brazil
Heitor Rosa, Goiania

Bulgaria
Zahariy Alexandrov Krastev, Sofia

Canada
Wang-Xue Chen, Ottawa
Richard N Fedorak, Edmonton
Hugh James Freeman, Vancouver
Samuel S Lee, Calgary
Philip Martin Sherman, Toronto
Alan BR Thomson, Edmonton
Eric M Yoshida, Vancouver

China
Francis KL Chan, Hong Kong
Xiao-Ping Chen, Wuhan
Jun Cheng, Beijing
Chi-Hin Cho, Hong Kong
Zong-Jie Cui, Beijing
Da-Jun Deng, Beijing
Er-Dan Dong, Beijng
Sheung-Tat Fan, Hong Kong
Xue-Gong Fan, Changsha
Jin Gu, Beijing
De-Wu Han, Taiyuan
Shao-Heng He, Shantou
Fu-Lian Hu, Beijing
Wayne HC Hu, Hong Kong
Ching Lung Lai, Hong Kong
Kam Chuen Lai, Hong Kong
Wai-Keung Leung, Hong Kong
Zhi-Hua Liu, Beijing
Ai- Ping Lu, Beijing
Jing-Yun Ma, Beijing
Lun-Xiu Qin, Shanghai
Yu-Gang Song, Guangzhou
Peng Shang, Xi’an
Qin Su, Beijing
Yuan Wang, Shanghai
Benjamin Wong, Hong Kong
Wai-Man Wong, Hong Kong
Hong Xiao, Shanghai
Dong-Liang Yang, Wuhan
Xue-Biao Yao, Hefei
Yuan Yuan, Shenyang
Man-Fung Yuen, Hong Kong
Jian-Zhong Zhang, Beijing
Zhi-Rong Zhang, Chengdu
Xiao-Hang Zhao, Beijing
Shu Zheng, Hangzhou

Costa Rica
Edgar M Izquierdo, San José

Croatia
Marko Duvnjak, Zagreb

Denmark
Flemming Burcharth, Herlev
Peter Bytzer, Copenhagen
Hans Gregersen, Aalborg

Jens H Henriksen, Hvidovre
Fin Stolze Larsen, Copenhagen
Søren Møller, Hvidovre

Egypt
Abdel-Rahman El-Zayadi, Giza

Finland
Pentti Sipponen, Espoo

France
Charles Paul Balabaud, Bordeaux
Jacques Belghiti, Clichy

Jurgen M Stein, Frankfurt
Manfred Stolte, Bayreuth
Wolfgang R Stremmel, Heidelberg
Hans Ludger Tillmann, Leipzig
Siegfried Wagner, Deggendorf
Bertram Wiedenmann, Berlin

Greece
Arvanitakis C, Thessaloniki
Elias A Kouroumalis, Heraklion

Hungary
Simon A László, Szekszárd
János Papp, Budapest

Pierre Brissot, Rennes
Franck Carbonnel, Besancon
Bruno Clément, Rennes
Jacques Cosnes, Paris
Francoise Degos, Clichy

Iceland
Hallgrimur Gudjonsson, Reykjavik

Francoise Lunel Fabian, Angers
Gérard Feldmann, Paris
Jean Fioramonti, Toulouse
Rene Lambert, Lyon
Didier Lebrec, Clichy
Francis Mégraud, Bordeaux
Richard Moreau, Clichy
Jose Sahel, Marseille

India
Sujit Kumar Bhattacharya, Kolkata
Chawla YK, Chandigarh
Radha Dhiman K, Chandigarh
Sri Prakash Misra, Allahabad
Kartar Singh, Lucknow

Jean-Yves Scoazec, Lyon
Jean-Pierre Henri Zarski, Grenoble

Germany

Iran
Reza Malekzadeh, Tehran

HD Allescher, Garmisch-Partenkirchen

Rudolf Arnold, Marburg
Hubert Blum, Freiburg
Peter Born, Muchen
Heinz J Buhr, Berlin
Haussinger Dieter, Düsseldorf
Dietrich CF, Bad Mergentheim
Wolfram W Domschke, Muenster
Ulrich Robert Fölsch, Kiel
Peter R Galle, Mainz
Burkhard Göke, Munich
Axel M Gressner, Aachen
Eckhart Georg Hahn, Erlangen
Werner Hohenberger, Erlangen
RG Jakobs, Ludwigshafen
Joachim Labenz, Siegen
Ansgar W Lohse, Hamburg
Peter Malfertheiner, Magdeburg
Andrea Dinah May, Wiesbaden
Stephan Miehlke, Dresden
Gustav Paumgartner, Munich
Ulrich Ks Peitz, Magdeburg
Giuliano Ramadori, Göttingen
Tilman Sauerbruch, Bonn
Hans Seifert, Oldenburg
J Ruediger Siewert, Munich
Manfred V Singer, Mannheim
www.wjgnet.com

Israel
Abraham Rami Eliakim, Haifa
Yaron Niv, Pardesia

Italy
Giovanni Addolorato, Roma
Alfredo Alberti, Padova
Annese V, San Giovanni Rotondo
Giovanni Barbara, Bologna
Gabrio Bassotti, Perugia
Franco Bazzoli, Bologna
Adolfo Francesco Attili, Roma
Antomio Benedetti, Ancona
Giovanni Cammarota, Roma
Antonino Cavallari, Bologna
Dario Conte, Milano
Gino Roberto Corazza, Pavia
Guido Costamagua, Roma
Antonio Craxi, Palermo
Fabio Farinati, Padua
Giovanni Gasbarrini, Roma
Paolo Gentilini, Florence
Edoardo G Giannini, Genoa

Paolo Gionchetti, Bologna
Roberto De Giorgio, Bologna
Mario Guslandi, Milano
Giovanni Maconi, Milan
Giulio Marchesini, Bologna
Giuseppe Montalto, Palermo
Luisi Pagliaro, Palermo
Fabrizio R Parente, Milan
Perri F, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Pilotto A, San Giovanni Rotondo
Massimo Pinzani, Firenze
Gabriele Bianchi Porro, Milano
Piero Portincasa, Bari
Giacomo Laffi, Firenze
Enrico Roda, Bologna
Massimo Rugge, Padova
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Calogero Surrenti, Florence
Roberto Testa, Genoa
Dino Vaira, Bologna

Japan
Kyoichi Adachi, Izumo
Takashi Aikou, Kagoshima
Taiji Akamatsu, Matsumoto
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Yutaka Atomi, Tokyo
Takeshi Azuma, Fukui
Nobuyuki Enomoto, Yamanashi
Kazuma Fujimoto, Saga
Toshio Fujioka, Oita
Yoshihide Fujiyama, Otsu
Hiroyuki Hanai, Hamamatsu
Kazuhiro Hanazaki, Nagano
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka,
Tetsuo Hayakawa, Nagoya
Kazuhide Higuchi, Osaka
Ichiro Hirata, Osaka
Keiji Hirata, Kitakyushu
Takafumi Ichida, Shizuoka
Kenji Ikeda, Tokyo
Kohzoh Imai, Sapporo
Fumio Imazeki, Chiba
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki

Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Sunao Kawano, Osaka
Yoshikazu Kinoshita, Izumo
Masaki Kitajima, Tokyo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Hironori Koga, Kurume
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa
Masato Kusunoki, Mie
Takashi Maeda, Fukuoka
Shin Maeda, Tokyo
Osamu Matsui, Kanazawa
Yasushi Matsuzaki, Tsukuba
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yoshiharu Motoo, Kanazawa
Akihiro Munakata, Hirosaki
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Masato Nagino, Nagoya
Yujl Naito, Kyoto
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Akimasa Nakao, Nagoya
Mikio Nishioka, Niihama
Susumu Ohmada, Maebashi
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Susumu Okabe, Kyoto
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Takafumi Saito, Yamagata
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Hiroaki Shimizu, Chiba
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Yasuhiko Sugawara, Tokyo
Toshiro Sugiyama, Toyama
Kazuyuki Suzuki, Morioka
Hidekazu Suzuki, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
www.wjgnet.com

Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Kyuichi Tanikawa, Kurume
Tadashi Terada, Shizuoka
Akira Terano, Shimotsugagun
Kazunari Tominaga, Osaka
Hidenori Toyoda, Ogaki
Akihito Tsubota, Chiba
Shingo Tsuji, Osaka
Takato Ueno, Kurume
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Sumio Watanabe, Akita
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Chun-Yang Wen, Nagasaki
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Kentaro Yoshika, Toyoake
Masahide Yoshikawa, Kashihara

Lithuania
Sasa Markovic, Japljeva

Macedonia
Vladimir Cirko Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Jayaram Menon, Sabah
Khean-Lee Goh, Kuala Lumpur

Monaco
Patrick Rampal, Monaco

Netherlands
Louis MA Akkermans, Utrecht
Karel Van Erpecum, Utrecht
Albert K Groen, Amsterdam
Dirk Joan Gouma, Amsterdam
Jan BMJ Jansen, Nijmegen
Evan Anthony Jones, Abcoude
Ernst Johan Kuipers, Rotterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen

Pena AS, Amsterdam
Andreas Smout, Utrecht
RW Stockbrugger, Maastricht
GP Vanberge-Henegouwen,

Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul

Utrecht

New Zealand
Ian David Wallace, Auckland

Norway
Trond Berg, Oslo
Helge Lyder Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore

Philippines
Eulenia Rasco Nolasco, Manila

Spain
Abraldes JG, Barcelona
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Maria Buti, Barcelon
Xavier Calvet, Sabadell
Antoni Castells, Barcelona
Manuel Daz-Rubio, Madrid
Juan C Garcia-Pagán, Barcelona
Genover JB, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Angel Lanas, Zaragoza
Ricardo Moreno-Otero, Madrid
Julian Panes, Barcelona
Miguel Perez-Mateo, Alicante
Josep M Pique, Barcelona
Jesus Prieto, Pamplona
Luis Rodrigo, Oviedo

Poland
Tomasz Brzozowski, Cracow
Andrzej Nowak, Katowice

Sri Lanka
Janaka De Silva, Ragama

Portugal
Miguel Carneiro De Moura, Lisbon

Swaziland
Gerd Kullak-Ublick, Zurich

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

Sweden
Lars Christer Olbe, Molndal
Curt Einarsson, Huddinge
Lars R Lundell, Stockholm
Xiao-Feng Sun, Linkoping

Singapore
Bow Ho, Kent Ridge
Francis Seow-Choen, Singapore

Switzerland
Christoph Beglinger, Basel
Michael W Fried, Zurich
Bruno Stieger, Zurich
Arthur Zimmermann, Berne

Slovakia
Anton Vavrecka, Bratislava

South Africa
Michael C Kew, Parktown

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Cihan Yurdaydin, Ankara

South Korea
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Yun-Soo Kim, Seoul
Yung-Il Min, Seoul

United Kingdom
Axon ATR, Leeds
Paul Jonathan Ciclitira, London
Amar Paul Dhillon, London
www.wjgnet.com

Stuarts Forbes
Subrata Ghosh, London
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Michael A Kamm, Harrow
Hong-Xiang Liu, Cambridge
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Colm Antoine O’Morain, Dublin
Simon D Taylor-Robinson, London
Frank Ivor Tovey, Basingstoke
Min Zhao, Foresterhill

United States
Firas H Ac-Kawas, Washington
Gianfranco D Alpini, Temple
Paul Angulo, Rochester
Jamie S Barkin, Miami Beach
Todd Baron, Rochester
Kim Elaine Barrett, San Diego
Jennifer D Black, Buffalo
Xu Cao, Birmingham
David L Carr-Locke, Boston
Marc F Catalano, Milwaukee
Xian-Ming Chen, Rochester
James M Church, Cleveland
Vincent Coghlan, Beaverton
James R Connor, Hershey
Pelayo Correa, New Orleans
John Cuppoletti, Cincinnati
Peter V Danenberg, Los Angeles
Kiron Moy Das, New Brunswick
Hala El-Zimaity, Houston
Ronnie Fass, Tucson
Emma E Furth, Pennsylvania
John Geibel, New Haven
Graham DY, Houston
Joel S Greenberger, Pittsburgh
Anna S Gukovskaya, Los Angeles
Gavin Harewood, Rochester
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Dennis M Jensen, Los Angeles
Leonard R Johnson, Memphis
Peter James Kahrilas, Chicago
Anthony Nicholas Kalloo, Baltimore
Neil Kaplowitz, Los Angeles
Emmet B Keeffe, Palo Alto
Joseph B Kirsner, Chicago
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Shiu-Ming Kuo, Buffalo
Frederick H Leibach, Augusta
Andreas Leodolter, La Jolla
Ming Li, New Orleans
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Josep M Llovet, New York
Martin Lipkin, New York

Robin G Lorenz, Birmingham
James David Luketich, Pittsburgh
Henry Thomson Lynch, Omaha
Paul Martiw, New York
Richard W McCallum, Kansas City
Timothy H Moran, Baltimore
Hiroshi Nakagawa, Philadelphia
Douglas B Neison, Minneapalis
Juan J Nogueras, Weston
Curtis T Okamoto, Los Angeles
Pankaj Jay Pasricha, Galveston
Zhiheng Pei, New York
Pitchumoni CS, New Brunswiuc
Satish Rao, Iowa City
Adrian Reuben, Charleston

Victor E Reyes, Galveston
Richard E Sampliner, Tucson
Vijay H Shah, Rochester
Stuart Sherman, Indianapolis
Stuart Jon Spechler, Dallas
Michael Steer, Boston
Gary D Stoner, Columbus
Rakesh Kumar Tandon, New Delhi
Tchou-Wong KM, New York
Paul Joseph Thuluvath, Baltimore
Swan Nio Thung, New York
Travagli RA, Baton Rouge-La
Triadafilopoulos G, Stanford
David Hoffman Vanthiel, Mequon
Jian-Ying Wang, Baltimore

Manuscript reviewers of

World Journal of Gastroenterology
Yogesh K Chawla, Chandigarh
Chiung-Yu Chen, Tainan
Gran-Hum Chen, Taichung
Li-Fang Chou, Taipei
Jennifer E Hardingham, Woodville
Ming-Liang He, Hong Kong
Li-Sung Hsu, Taichung
Guang-Cun Huang, Shanghai
Shinn-Jang Hwang, Taipei
Jia-Horng Kao, Taipei
Aydin Karabacakoglu, Konya
Sherif M Karam, Al-Ain
Tadashi Kondo, Tsukiji
Jong-Soo Lee, Nam-yang-ju
Lein-Ray Mo, Tainan
Kpozehouen P Randolph, Shanghgai
Bin Ren, Boston
Tetsuji Sawada, Osaka
Cheng-Shyong Wu, Cha-Yi
Ming-Shiang Wu, Taipei
Wei-Guo Zhu, Beijing

www.wjgnet.com

Kenneth Ke-Ning Wang, Rochester
Judy Van De Water, Davis
Steven David Wexner, Weston
Russell Harold Wiesner, Rochester
Keith Tucker Wilson, Baltimore
George Y Wu, Farmington
Jian Wu, Sacramento,
Chung Shu Yang, Piscataway
David Yule, Rochester
Michael Zenilman, Brooklyn

Yugoslavia
Jovanovic DM , Sremska Kamenica

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(3):309-314
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• REVIEW •

5-aminosalicylic acid is an attractive candidate agent for chemoprevention
of colon cancer in patients with inflammatory bowel disease
Yang Cheng, Pierre Desreumaux
Yang Cheng, Institute of Liver Disease, Shanghai University of
Traditional Chinese Medicine, Shanghai 201203, China
Pierre Desreumaux, Sevice des Maladies de l’Appareil Digestif et
de la Nutrition, Hôpital Huriez, CHU Lille 59037, France
Correspondence to: Yang Cheng, Associate Professor, M.D., Ph.D.,
Institute of Liver Disease, Shanghai University of Traditional Chinese
Medicine, No.1200 Cailun Road, Pudong District, Shanghai 201203,
China. yangcheng@myrealbox.com
Telephone: +86-21-51322444 Fax: +86-21-51322445
Received: 2003-05-10 Accepted: 2004-04-07

Abstract
Inflammatory bowel disease (IBD) is classically subdivided
into ulcerative colitis (UC) and Crohn’s disease (CD). Patients
with IBD have increased risk for colorectal cancer. Because
the pathogenesis of colorectal carcinoma has not been
entirely defined yet and there is no ideal treatment for colon
cancer, cancer prevention has become increasingly important
in patients with IBD. The two adopted methods to prevent
the development of colon cancer in clinical practice include
the prophylactic colectomy and colonoscopic surveillance.
But patients and physicians seldom accept colectomy as a
routine preventive method and most patients do not undergo
appropriate colonoscopic surveillance. Chemoprevention
refers to the use of natural or synthetic chemical agents to
reverse, suppress, or to delay the process of carcinogenesis.
Chemoprevention is a particularly useful method in the
management of patients at high risk for the development of
specific cancers based on inborn genetic susceptibility, the
presence of cancer-associated disease, or other known risk
factors. Prevention of colorectal cancer by administration
of chemopreventive agents is one of the most promising
options for IBD patients who are at increased risks of the
disease. The chemopreventive efficacy of nonsteroidal antiinflammatory drugs (NSAIDs) against intestinal tumors has
been well established. But with reports that NSAIDs
aggravated the symptoms of colitis, their sustained use for
the purpose of cancer chemoprevention has been relatively
contraindicated in IBD patients. Another hopeful candidate
chemoprevention drug for IBD patients is 5-aminosalicylic
acid (5-ASA), which is well tolerated by most patients and
has limited systemic adverse effects, and no gastrointestinal
toxicity. 5-ASA lacks the well-known side effects of longterm NSAIDs use. Retrospective correlative studies have
suggested that the long-term use of 5-ASA in IBD patients
may significantly reduce the risk of development of colorectal
cancer. According to the literature, this agent might well
satisfy clinical expectations with respect to a safe and
effective chemopreventive agent.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Inflammatory bowel disease; Colon cancer;
5-aminosalicylic acid; NSAIDs
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INTRODUCTION
Inflammatory bowel disease (IBD) is classically subdivided into
ulcerative colitis (UC) and Crohn’s disease (CD). In some instances,
these diseases have a few overlapping clinicopathologic
features[1]. Colorectal cancer is a prominent cause of morbidity
and mortality in Western countries[2-4]. The pathogenesis of
colorectal carcinoma is not entirely defined yet although some
progress has been made. Furthermore, there is still no effective
treatment for advanced or metastatic carcinoma in clinical
practice to date[5]. Patients with IBD have long been reported
to have an increased risk for colorectal cancer, but the quantitation
of the risk of colorectal cancer in this specific population varies
widely in different studies[1,6-8].
Ekbom et al[9] investigated a population-based cohort of
3117 patients with UC from 1922 through 1983, the observation
time ranged from 1 to 60 years after diagnosis. The incidence of
colorectal cancer in this cohort showed an increase. [standard
incidence ratio (SIR): 5.7]. The SIR was 1.7 for ulcerative
proctitis, 2.8 for left-sided colitis, and 14.8 for pancolitis, as
compared with the general population. The absolute risk of
colorectal cancer 35 years after diagnosis was 30% for patients
with pancolitis at diagnosis and 40% for those who were
diagnosed before the age of 15 years. The risk factors, which
are important in the development of colorectal cancer in UC
include extent of disease, duration of disease, severity and
time course of inflammation, age of onset, a positive family
history of sporadic colon cancer, etc.
Unlike UC, which is associated with colorectal cancer reported
as early as in the 1920s, it has long been thought that CD is not
associated with gastrointestinal cancer[10,11]. But in 1990, Ekbom
et al [12] reported a population-based study in which the
increased relative risk of colorectal cancer in patients with CD
was confirmed. They also found that patients with CD who
were diagnosed before the age of 30 with colonic involvement
at diagnosis had a higher relative risk (20.9) than those
diagnosed at older ages (2.2). Choi et al[13] reported similar
results to Ekbom’s, but other reports did not find any association
between CD and colorectal cancer[14,15].
Thus from the literature it appears that patients with either
UC[6-8] or CD[12,13] have an increased risk for colorectal cancer
compared with general population although there are different
opinions about CD patients[10,11,14,15].
TREATMENT AND PREVENTION OF COLON CANCER
Because there is still no ideal treatment for colon cancer and
the survival rate low (<50%) 5-year survival rate A[13], cancer
prevention has become an increasingly important consideration
in IBD. The two adopted methods[16] to prevent the development
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of colon cancer by gastroenterologists are the prophylactic
colectomy and colonoscopic surveillance. Although the most
effective strategy to prevent colorectal cancer in high-risk
patients with UC is prophylactic colectomy, patients and
physicians are generally unwilling to accept colectomy as a
routine preventive method. The second widely adopted method is
colonoscopic surveillance. Despite evidence that early detection
by fecal occult blood tests and colonoscopic surveillance can
decrease the risk of death due to colorectal cancer, most patients
do not undergo appropriate screening. Furthermore, a few reports
have shown conflicting results and these studies[17,18] suggest
that surveillance leads to the detection of early-stage cancer in
only a minority of patients and a significant number of patients
develop cancer at an advanced stage despite surveillance.
Because of ethical reasons and patient compliance, it is
difficult to perform randomized, controlled trials in order to
define the role of surveillance colonoscopy in colorectal cancer
prevention. No sufficient evidence[17,18] shows that surveillance
is truly efficacious and cost effective in preventing death from
colorectal cancer. Delco et al[19] studied a hypothetical cohort
of patients with UC. The benefits of life years saved were
weighted against the costs of biannual colonoscopy and
proctocolectomy, and the terminal care of patients dying of
colorectal cancer. Two separate Markov processes were
modeled to compare the cost-benefit relation in patients with
or without surveillance. The cumulative probability of
developing colorectal cancer served as a threshold to determine
which of the two management strategies was associated with a
larger net benefit. In the end they concluded that it was not
possible to prove that frequent colonoscopies at regular
intervals were effective to manage the increased risk of
colorectal cancer associated with UC. Medical decision analysis
failed to show that surveillance colonoscopy would be beneficial
to patients with UC. Although it is a widely accepted fact that
patients really benefit from screening colonoscopy and
colonoscopic pursuits of newly developed symptoms or
suspicious findings, it is difficult to prove that frequent
colonoscopies at regular intervals is an effective means to manage
the increased risk of colorectal cancer associated with UC.
The most effective strategy to prevent colorectal cancer is
prophylactic colectomy but it is seldom accepted as a routine
preventive method[16]. Considering the real effect, risk, expense,
and sampling error of endoscopic surveillance, it is not an ideal
preventive approach to cancer control[17-19] either. Therefore,
the development of safer and more effective methods for reducing
the risk of colorectal cancer would be of substantial benefit to
IBD patients and attract many researchers’ attention and
interest. The most attractive method is perhaps to chemoprevent
colon cancer using specific drugs.

Chemoprevention of colon cancer by NSAIDs in IBD patients
and its limitation
Chemoprevention[20,21] or chemoprotection refers to the use of
natural or synthetic chemical agents to reverse, suppress, or to
delay the process of carcinogenesis. Chemoprevention is a
particularly useful method in the management of patients at
high risk for the development of specific cancers based on the
inborn genetic susceptibility, the presence of cancer-associated
diseases, or other known risk factors.
According to the knowledge that prostaglandins (PG) are
trophic agents for gastrointestinal epithelial cells, many
researchers[22-24] have initiated researches focusing on the
potential chemopreventive effects resulting from aspirin and
other nonsteroidal anti-inflammatory drugs (NSAIDs). The
chemopreventive efficacy of NSAIDs against intestinal tumors
has been well established. Many studies over the past decade
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have demonstrated that NSAIDs have a potent inhibitory effect
on the growth of colorectal cancer. Positive results reported
that indomethacin, piroxicam, and sulindac as well as aspirin
could significantly reduce tumor incidence. It is postulated that
this antitumor effect is mediated through reduction in PG
production, most notably PGE2, which is frequently overexpressed
in intestinal tumor tissues. But recent studies indicate some
NSAIDs might exert their chemoprotective effect through a
PG-independent apoptotic mechanism.
At first it was hoped that NSAIDs could be used widely in
patients with IBD, but with reports that NSAIDs aggravated
the symptoms of colitis, their sustained use for the purpose of
cancer chemoprevention has been relatively contraindicated
in IBD patients. The long-term use of NSAIDs is associated
with significant toxicity. Data from observational studies and
randomized controlled trials indicates that there are risks of
aspirin use even at small doses[25]. Gastrointestinal conditions
such as dyspepsia, peptic ulcer disease, and gastrointestinal
hemorrhage are exacerbated by aspirin and other NSAIDs[26,27].
Thus, there is a need to identify alternative chemopreventive
agents that are more appropriate for use in IBD patients as well
as other NSAID-intolerant, high-risk cancer groups.

5-aminosalicylic acid and its epidemiological data in IBDassociated colon cancer patients
Another candidate chemoprevention drug for IBD patients is
5-aminosalicylic acid (5-ASA)[28], an anti-inflammatory drug that
has been used extensively in the treatment of IBD for more than
50 years and is well tolerated by most patients and has limited
systemic adverse effects, and gastrointestinal toxicity[29]. Orally
ingested plain 5-ASA is rapidly and completely absorbed in
the upper gastrointestinal tract. The systemic availability of 5ASA is low, because it is rapidly metabolized, mainly at the gut
mucosa, to pharmacologically inactive metabolite N-acteyl-5aminosalicylate[28]. 5-ASA thus lacks the well-known side
effects of long-term NSAIDs use. This could make it an attractive
candidate agent for the chemoprevention of colorectal
carcinoma at current scientific level.
5-ASA is a therapeutically active ingredient of sulphasalazine and sulphapyridine simply acting as a carrier to ensure
that the active part is released within the bowel. A number of
different delivery systems and formulations of 5-ASA have
been developed[28]. These are either sulphapyridine-free azobond
analogues of sulphasalazine, such as olsalazine, or entericcoated (delayed release) or slow release 5-ASA (mesalazine)
preparations, such as Pentasa, Asacol, and Salofalk. Olsalazine
has been shown to be poorly absorbed in the small intestine
and reaches the colon intact, where it is activated into two
molecules of 5-ASA. Balsalazide[30] is a prodrug that links the
aminosalicylate 5-ASA to the carrier 4-aminobenzoyl -alanine
via an azo-bond. The 5-ASA component is then liberated in
the colon via the action of bacterial azoreductases. Pentasa
microgranules are coated with a semipermeable membrane
of ethylcellulose. Because of the amphoionic properties of
ethylcellulose, 5-ASA is slowly released from the granules into
the intestine continuously over time, that enhances with pH
above 6.0. The aim of different formulations is to get a high
intraluminal colonic concentration and a low systemic load of
5-ASA. In theory, the enteric-coated formulation seems more
attractive because of the reduced systemic load of the unsplit
compound and its sulphated metabolite[28].
Several retrospective correlative studies[31-33] have suggested
that the long-term use of 5-ASA in IBD patients may significantly
reduce the risk of development of colorectal cancer. Pinczowski
et al[31] found that in a population-based cohort of 3 112 patients
with UC, pharmacological therapy, especially sulfasalazine,
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lasting for at least 3 mo was associated with a significant
protective effect on colon cancer by calculating relative risk
through conditional logistic regression. Eaden et al[32] designed
a retrospectively matched case-control investigation study.
They collected medical records of suitable patients in England
and Wales. One hundred and two cases met the inclusion criteria
and were matched with controls from the Leicestershire IBD
patient database. A suitable model was developed to assess
the contribution of the variables in a forward selection
procedure. Conditional logistic regression was used to compute
estimates of odds ratio (OR) as a measure of association between
various exposures and colorectal cancer. The most significant
finding was the strong protective association of regular 5ASA therapy, reducing cancer risk by 75% (OR 0.25, 95% CI:
0.13-0.48, P<0.00001). When individual 5-ASA drugs and their
doses were analyzed, mesalazine at a dose of 1.2 g/d or greater
reduced colorectal cancer risk by 91% compared to no treatment
(OR 0.09, 95 CI: 0.03-0.28, P<0.00001) and was also protective
when taken at lower doses (OR 0.08, 95% CI: 0.08-0.85, P = 0.04).
The benefits of sulphasalazine were less pronounced and the
effect was only evident at a dose of 2 g/d or greater (OR 0.41,
95% CI: 0.41, 95% CI: 0.18-0.92, P = 0.03). Other 5-ASA
medications also had a non-significant protective effect. They
concluded that the benefit of regular consumption of 5-ASA
was equal to frequent visits to a hospital physician.
Moody et al [33] conducted a retrospective study. One
hundred and seventy-five patients diagnosed between 1972
and 1981 with colitis were identified and formed a 10-year cohort
whose cancer risk was assessed in 1992. The cumulative
incidence of colorectal cancer 10 years after diagnosis was 2.1%
and 20 years after diagnosis was 7.4% for the total group of
patients excluding those with a colectomy. They demonstrated
that patients with UC who did not comply with 5-ASA therapies
were significantly more likely to develop colorectal cancer than
their counterparts. The crude proportion developing cancer
were 3% (5/152) in the group who took long-term 5-ASA, but
31% (5/16) in the group who had their treatment stopped or did
not comply with therapy (2 = 20.2, df = 1, P<0.001).

Research progress in themechanism of 5-ASA in chemoprevention
of colon cancer
The exact mechanism by which 5-ASA acts has not yet been
fully elucidated. Drugs that liberate 5-ASA in the colon can
reduce cancer risk by reducing inflammation or by an effect
analogous to that of NSAIDs in normal subjects and patients
with adenomatous polyposis. A few studies[34,35] suggest that
5-ASA might act by blocking the transcription factor, nuclear
factor kappaB (NF-B), by upregulating or stabilizing its natural
inhibitor IB , while others[36] have found no evidence for an
influence of 5-ASA on NF-B pathway.
Bus et al[37] conducted a prospective pilot study in patients
with colorectal cancer. In the biopsies from malignant and normal
tissues before and after treatment with 1 g/d mesamazine enemas
for 14 d, they found that the apoptotic score increased
significantly in the tumor samples while the cell proliferation in
malignant tissue was not affected by mesalazine. However,
Reinacher-Schick et al [5] found that mesalazine not only
significantly induced apoptosis but also decreased proliferation
in colorectal mucosa in patients with sporadic polyps of the
large bowel. Apoptotic index showed a significant increase in 1
and 3 d after initiation of treatment with mesalazine as compared
with controls. Proliferation appeared to be decreased by
mesalazine in all treatment groups, while proliferation in controls
did not change. This pharmacological effect of 5-ASA on
colorectal cell homeostasis may result in a shift towards cell
loss, leading to net tissue mass reduction. MacGregor et al[38]

311

reported that 5-ASA had anti-proliferative effects on human
colon cancer cell lines (LS174T, HT-29, LoVo, HRT-18). Results
of FACS analysis of LS174T cells indicated that 5-ASA
produced a 35% increase in the proportion of cells in G0/G1
and a concomitant decrease in the proportion of cells in S phase.
But balsalazide did not alter the cell cycle distribution. They
also studied the effect of 5-ASA and balsalazide on the
apoptosis of LS174T cells and found 5-ASA inhibited
proliferation of colon cancer cells and induced apoptosis. But
other studies have failed to show a significant antiproliferative
effect of 5-ASA against HT-29, SW480, and DLD-1 colon cancer
cells in culture[39] or against colon tumors in an azoxymethaneinduced rat model[40].
It seems that 5-ASA does not exert its anti-inflammatory
effect by inhibiting the enzyme cyclo-oxygenase. Potential
mechanisms[41] for its antiinflammatory effects include:
scavenging of oxygen-derived free radicals, inhibition of
lipoxygenase, modulation of the prostaglandin profile by an
effect on prostaglandin 15-hydroxydehydrogenase, and
interference with leukocyte function.
MacGregor et al[38] studied the effect of balsalazide on an
animal model for colon cancer, in which the chemical carcinogen
azoxymethane (AOM) induced preneoplastic colonic lesions
termed aberrant crypt foci (ACF), which later progressed to
carcinomas. ACF were induced in Fischer 344 rats via 2
subcutaneous injections of AOM (20 mg/kg). They found
balsalazide treatment of AOM-injected rats reduced ACF
formation in a dose-dependent manner by 60%. This was
proved in another model of 1,2-dimethylhydrazine (DMH)treated rats. Brown et al[41] reported that 5-ASA reduced the
number of ACF by over one-third, effectively reduced tumor
number and load, increased the rate of tumor apoptosis, and
reduced the rate of tumor cell proliferation.
Another widely used genetic animal model of colon cancer
is the Min/+ mice, which develop intestinal neoplasia. This
model was generated by treatment of C57BL/6J mice with
ethylnitrosourea followed by selection for transmission of
germline mutations. A fully penetrant dominant mutation
was identified that predisposed these mice to spontaneous
adenomas throughout the intestinal tract. Ritland et al[21] failed
to observe the effect of 5-ASA on tumor number in ApcMin
mice. They studied several formulations of 5-ASA (free acid,
sulfasalazine, and Pentasa) at multiple oral dosage levels in
ApcMin mice; although each of these formulations was shown
to deliver maximal 5-ASA concentrations to different regions
of intestinal tract, no significant and dose-dependent reduction
in intestinal tumor number or size was observed. But intestinal
adenomas in Min mice were generated by a germline mutation
in Apc gene rather than by chronic inflammation and it was
not a colitis-associated colon cancer model[23]. The author[21]
cautioned that their findings did not definitively exclude the
possibility that 5-ASA might exert a chemopreventive effect on
human IBD patients. Furthermore, their experimental results
were not proved[38]. MacGregor et al treated B6-Min/+ mice by
balsalazide from 55 d of age for 90 d and intestinal tumors were
studied. In B6-Min/+ mice a dose-dependent reduction of
intestinal tumor number was observed, which reached 80% in
the distal small intestine and colon.
The process of OH·-induced DNA modification involving
8-OH guanine, 8-adenine, and other hydroxylation products
has been assumed to lead to carcinogenic mutations through
transversions or transitions with consecutive misreplications
in DNA polymerization, especially in genes important for
growth regulation and cell differentiation [42]. As increased
quantities of 8-OH guanine and other hydroxylated DNA
bases have been found in a variety of tumors of liver, pancreas,
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breast or stomach, a variety of exogenous and endogenous
factors, such as acute or chronic inflammation, may induce
base hydroxylation. It was reported that increased quantities
of hydroxylated DNA bases might play a role in colonic
malignancies[43]. This view is supported by the observation of
increased quantities of 8-OH guanine and other hydroxylated
products in IBD as the result of enhanced oxidative stress and
decreased antioxidant defense[44]. Allgayer et al[45] found that
5-ASA concentration-dependently inhibited OH·-stimulated
generation of hydroxylated DNA bases. The inhibition of
OH·-stimulated base hydroxylation in DNA by 5-ASA, Nacetyl-ASA, and salicylate most likely is the result of direct
interactions with OH· due to their oxygen radical scavenger
properties, thus preventing base and DNA damage. Other
authors reported that 5-ASA and 4-ASA had similar
protecting effects on deoxyribose, another major DNA
component, in the presence of OH· produced during the Fenton
reaction. Allgayer et al observed an enhancement of OH·stimulated base hydroxylation in DNA, especially 8-OH
adenine, by bile acids at low (plasma) concentrations. On the
other hand, 5-ASA and Na +-salicylate (the major aspirin
metabolite), at concentrations that may be expected
intraluminally in patients taking these drugs, inhibited this
hydroxylation. The author deduced that these observations
might be clinically relevant with the chemoprevention of
colonic malignancy and the chemopreventive mechanisms of
5-ASA and Na+-salicylate could be mediated by preventing
oxygen radical-induced DNA damage.

Safety of 5-ASA
Although 5-ASA is considered a safe drug in treatment of IBD
and its adverse effects are relatively few[28,29], a few earlier
reports[46,47] suggest that the potential toxicity of 5-ASA should
be considered, in particular during long-term treatment with 5ASA delivering compounds at doses more that 1 g/d. A side
effect is the potential renal abnormalities due to 5-ASA. The
drug has structural similarities to phenacetin, and leads to
papillary necrosis when given intravenously at high doses to
rats. A putative nephrotic syndrome and an interstitial nephritis
after treatment with Asacol and Salofalk, respectively were
reported[48,49]. A two-year follow up of patients on Asacol has
shown an incidence of pyuria of more than 50%. So the high
concentrations of free 5-ASA in the intestinal lumen and the
lowest possible systemic load of 5-ASA should be sought for
effective delivery of 5-ASA to the inflamed colon[28,50-53].
DISCUSSION
Prevention of colorectal cancer by administration of
chemopreventive agents is one of the most promising options
for IBD patients who are at increased risks of the disease[54-57].
Successful implementations of chemoprevention depend not
only on the accurate identification of high-risk population but
also on the development of safe and effective drugs suitable
for use in these specific populations. As chemoprevention of
colorectal cancer must meet very high standards of safety and
efficacy, 5-ASA has a well-established place in the management
of patients suffering from IBD. Furthermore, high concentrations
of this drug can be achieved in the colon lumen following oral
and/or topical administration, which is another requirement of
chemopreventive agent. So from the literature[54-72], this agent
might well satisfy clinical expectations with respect to a safe
and effective chemopreventive agent. Randomized, welldesigned, placebo-controlled prospective studies should be
conducted in more IBD populations and further confirmative
studies are needed in cell culture experiments, animal studies
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and clinical trials to elucidate the exact mechanisms of 5-ASA
in chemoprevention of colon cancer.
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Abstract
AIM: To investigate the prevalence of colorectal cancer in
geriatric patients undergoing endoscopy and to analyze their
outcome.
METHODS: All consecutive patients older than 80 years who
underwent lower gastrointestinal endoscopy between January
1995 and December 2002 at our institution were included.
Patients with endoscopic diagnosis of colorectal cancer were
evaluated with respect to indication, localization and stage
of cancer, therapeutic consequences, and survival.
RESULTS: Colorectal cancer was diagnosed in 88 patients
(6% of all endoscopies, 55 women and 33 men, mean age
85.2 years). Frequent indications were lower gastrointestinal
bleeding (25%), anemia (24%) or sonographic suspicion of
tumor (10%). Localization of cancer was predominantly the
sigmoid colon (27%), the rectum (26%), and the ascending
colon (20%). Stage Dukes A was rare (1%), but Dukes D was
diagnosed in 22% of cases. Curative surgery was performed
in 54 patients (61.4%), in the remaining 34 patients (38.6%)
surgical treatment was not feasible due to malnutrition and
asthenia or cardiopulmonary comorbidity (15 patients), distant
metastases (11 patients) or refusal of operation (8 patients).
Patients undergoing surgery had a very low in-hospital mortality
rate (2%). Operated patients had a one-year and three-year
survival rate of 88% and 49%, and the survival rates for nonoperated patients amounted to 46% and 13% respectively.
CONCLUSION: Nearly two-thirds of 88 geriatric patients
with endoscopic diagnosis of colorectal cancer underwent
successful surgery at a very low perioperative mortality
rate, resulting in significantly higher survival rates. Hence,
the clinical relevance of lower gastrointestinal endoscopy
and oncologic surgery in geriatric patients is demonstrated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal cancer; Endoscopic diagnosis; Surgical
treatment
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INTRODUCTION
The World Health Report 2003 highlighted the accelerated
global population aging, as the number of people aged 60 years
or older would double in the next 20 years[1]. Colorectal cancer
is the second leading cause of cancer-related deaths in the
United States, accounting for nearly 60 000 deaths each year[2].
After the age of 50 the incidence of colorectal cancer accelerates
rapidly. In fact, age is the greatest single risk factor for colorectal
cancer. Age-specific incidences in patients older than 80 years
approximate 465/100 000 inhabitants in men and 365/100 000 in
women[3]. Surgery for colorectal cancer is among the most common
major operations performed on elderly patients, so the disease
is consumptive of time and resources[4]. Based on census
projections the annual number of colon cancer-related
admissions in the United States would increase from 192 000 in
1992 to 448 000 in 2050 in the population over 60 years[5].
The diagnosis of colorectal cancer in a patient older than
80 years usually represents a problematic situation, as other
major illnesses are present frequently. It therefore seems prudent
to weigh the consequences of a potential diagnosis of colorectal
cancer prior to planned endoscopy. However, colorectal surgery
should not be withheld from the older patient based on age
alone. In this new century, general surgeons have also become
geriatric surgeons[6], and it seems possible to achieve favorable
outcomes for selected elderly patients undergoing surgery for
colorectal cancer, even in the oldest category, as shown by a
recent meta-analysis[7].
Here, this observational study of daily clinical practice
evaluated the frequency of colorectal cancer in symptomatic
geriatric patients undergoing colonoscopy at our endoscopy
unit over a period of 8 years. The benefits of curative surgery
as well as the rarely reported course of non-operated patients
were delineated.
MATERIALS AND METHODS
The study involved all consecutive patients older than 80 years
who underwent lower gastrointestinal endoscopy between
January 1, 1995 and December 31, 2002 at our department, which
was responsible for all ambulatory and inpatient endoscopic
examinations at the General Hospital Wels, a large referral
hospital with 1 060 inpatients. In this setting of daily clinical
practice no patient was excluded.
By means of a prospective database all endoscopic examinations
leading to diagnosis of colorectal cancer were evaluated. The
medical records of the patients were investigated to get additional
information if needed. The following parameters were analyzed:
indication of endoscopic examination, frequency of colorectal
cancer, localization of colorectal cancer, stage of disease,
therapeutic consequences, postoperative morbidity and
mortality, and long-term survival. To calculate the survival time
exactly all available surveillance data was collected and the
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general practitioners of the patients were contacted by phone
in January 2003.
Colonic preparation was performed with a Senna laxative
between January 1995 and December 1998. From January 1999
until now all patients were prepared with polyethylene glycol.
Patients scheduled for sigmoidoscopy were prepared by means
of an enema. From January 1995 until September 2001 all
examinations were performed using standard Olympus video
endoscopes. From October 2001 until now Olympus video
endoscopes were used in one examination room and Fuji video
endoscopes in another examination room. The allocation to the
examination rooms occurred randomly.
Data is presented as mean±SD. Differences between groups
were analysed by Student’s t-test or Chi-square test, as appropriate.
A P-value <0.05 was considered statistically significant.
Probability of survival was calculated using the Kaplan-Meier
method, and differences among time cohorts were compared by
the log rank statistic.

RESULTS
A total of 1388 endoscopies of the lower gastrointestinal tract
(1175 colonoscopies, 213 sigmoidoscopies) were performed
during the study period in patients older than 80 years. At the
same time 19 915 endoscopies of the lower gastrointestinal tract
were performed in patients below or equal to 80 years of age at
our unit. The number of endoscopies of the lower gastrointestinal
tract in patients older than 80 years was nearly stable from 1995
until 2000 amounting 150 to 170 examinations per year. In the
last two years the number of examinations in older patients
increased up to 238 in 2002.
Colorectal cancer was diagnosed in 88 patients (6% of all
endoscopies). The patients were 55 women and 33 men, the mean
age was 85.2 years, ranging from 81 to 95 years. The distribution of
age of these patients is shown in Figure 1. Concomitant major
physical illnesses like history of stroke, diabetes, coronary artery
disease, congestive heart failure or chronic obstructive pulmonary
disease were observed in 53 patients (60%). Twelve patients
suffered from at least two of these comorbidities. Detailed
information about concomitant physical illnesses with high
impact is shown in Table 1.
The most frequent indications to perform the index endoscopy
in patients with later diagnosis of colorectal cancer were lower
gastrointestinal bleeding in 22 patients (25%), anemia in 21
patients (24%), sonographic suspicion of tumor in 9 patients (10%),
constipation in 6 patients (7%) and positive fecal occult blood test
in 6 patients (7%). No patient was referred to colonoscopy due to
screening purposes.
The localization of cancer was predominantly in the sigmoid
colon (24 patients, 27%) and in the rectum (23 patients, 26%).
Further anatomical sites were the ascending colon in 18 patients
(20%), the transverse colon in 11 patients (13%), the coecum in
10 patients (11%) and the descending colon in 2 patients (2%).
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Table 1 Concomitant physical illnesses with high impact in
patients older than 80 years and diagnosis of colorectal cancer
(n = 88)
Concomitant physical illnesses

Prevalence

%

History of stroke

16

18

Congestive heart failure

14

16

Asthenia and malnutrition

11

13

Diabetes

10

11

Chronic obstructive pulmonary disease

7

8

Coronary artery disease

6

7

Other 1

5

6

1

Dementia, parkinson syndrome, liver cirrhosis, abdominal
aortic aneurysm, polycythemia vera.

Early stage of colorectal cancer was very rare as stage Dukes
A was diagnosed only in 1 patient. Stage Dukes B was common,
it was found in 51 patients (58%) and Dukes C was found in 17
patients (19%). Metastatic colorectal carcinoma (Dukes D) was
diagnosed in 19 patients (22%).
Surgical treatment with curative intention was performed in
54 patients (61.4%). The most frequent surgical procedure was
right-sided hemicolectomy (22 patients), followed by resection
of the sigmoid (13 patients) and resection of the rectum (anterior
or abdominoperineal resection, 12 patients).
In the remaining 34 patients (38.6%) colonic resection was
not feasible due to general bad condition (i.e., combination of
asthenia and malnutrition) and/or cardiopulmonary comorbidity
(15 patients) or distant metastases (11 patients). Eight patients
refused the operation despite detailed information about the
malignant disease and the possibility of curative surgical treatment.
Table 2 demonstrates a comparison of the concomitant
physical illnesses with high impact in patients with and without
surgical treatment. There was no significant difference observed
in the two groups regarding cardiovascular and pulmonary
comorbidity. Diabetes was more common in the operated group
and asthenia/malnutrition in the non-operated group, the
difference was statistically significant (P<0.001, Chi-square).
Furthermore, there was no significant difference regarding age
in the two groups, the mean age of patients with and without
surgery was 84.9 and 85.8 years respectively (P = 0.19, Student’s
t-test).
Table 2 Comparison of concomitant physical illnesses with
high impact in patients with and without surgical treatment
Concomitant physical illnesses

History of stroke
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
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Patients Patients Comparison
with
without (Chi-square)
surgery surgery
(%)
(%)
9 (17)

Congestive heart failure

7 (13)

Asthenia and malnutrition

1 (2)

Diabetes

9 (17)

7 (21)
7 (21)

ns
ns

10 (29)

P<0.01

1 (3)

P<0.001

Chronic obstructive pulmonary disease 3 (6)

4 (12)

ns

Coronary artery disease

5 (9)

1 (3)

ns

Other1

0 (0)

5 (15)

P<0.01

1

Dementia, parkinson syndrome, liver cirrhosis, aortic
aneurysm, polycythemia vera.

81

82

83

84

85

86 87

88

89

90

91

92 93

94

95 (yr)

Figure 1 Age distribution in 88 patients with colorectal cancer.

In the group of 54 patients undergoing surgery, the length
of postoperative hospital stay ranged from 11 to 42 d, and the
patients were discharged after a mean of 18.4 d. The in-hospital
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mortality rate was very low (2%). Eighteen of these 54 patients
(33%) experienced 23 adverse events. There were 14 major adverse
events like postoperative delirium (5 patients) or pneumonia
(4 patients) and 9 minor events (impaired wound healing). A
summary of all postoperative adverse events is shown in Table 3.
Life threatening complications like pulmonary embolism or
myocardial infarction did not occur during the postoperative
recovery. In two patients a repeated laparotomy was necessary
(one patient with anastomotic leakage and one patient with bleeding
duodenal ulcer and unsuccessful endoscopic intervention). One
female patient died unexpectedly on the fourth postoperative
day due to acute and massive intracerebral hemorrhage.
Table 3 Postoperative complications in 54 patients
Postoperative complications

Prevalence

%

5
4
2
1
0
0
2
9

9
7
4
2
0
0
4
17

Postoperative delirium
Pneumonia
Heart failure
Hemorrhagic stroke
Myocardial infarction
Pulmonary embolism
Repeated laparatomy
Impaired wound healing

Palliative interventions were performed in seven patients
because of impending mechanical ileus due to obstructing tumor.
Four patients underwent palliative surgery as a stoma was
created. Their survival time ranged from 1 to 8 mo. Three patients
underwent balloon dilatation of rectum or sigmoid colon. In
two patients this procedure was successful resulting in a
survival time of 4 and 8 mo, respectively. In the third patient a
perforation of the sigmoid colon occurred after balloon
dilatation. Despite emergency operation and antibiotic therapy
this patient died two weeks after the palliative intervention due
to purulent peritonitis.
The median survival time of operated patients was 28.2 mo
compared to 12.1 mo in patients without surgery; the difference
was statistically significant (P<0.001, Student’s t-test). The
survival rates of the operated patients after 1, 3 and 5 years
amounted to 88%, 49% and 44%, thus being higher than the
rates of the non-operated patients with 46%, 13% and 0%,
respectively. Figure 2 shows the results of the Kaplan-Meier
analysis. The difference of the two groups was statistically
significant (P<0.001, log rank test).

100
90
80
70
60
50
40
30
20
10 Patients without surgery
0
0

4

Patients with surgery

P<0.001
log-rank test

8 12 16 20 24 28 32 36 40 44 48 52 56 60

Survival (mo)

Figure 2 Results of Kaplan-Meier analysis in patients with
and without surgical treatment of colorectal cancer.

DISCUSSION
The projected ageing of the society influences decision making
for endoscopic procedures too. The future needs of this
demographic development must be anticipated. Recent
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publications demonstrated the clinical relevance of screening
colonoscopy in the elderly[8], provided no obvious life-limiting
comorbidities[9]. However, poor understanding of the screening
procedures is one of the greatest problems in early detection of
cancer in the aged. We have previously shown that endoscopy
of the lower gastrointestinal tract was feasible in a large group of
more than 900 geriatric patients with a low complication rate[10].
Other authors reported similar results in smaller groups of
elderly patients[11-13]. The actual analysis dealt not only with
colonoscopy and endoscopic diagnosis of colorectal cancer in
patients older than 80 years but also with the resulting
consequences and long-term outcome.
At the moment there existed two important multicentric
analyses of colorectal cancer in elderly patients: the report of
the Colorectal Cancer Collaborative Group[7] and the report of
the National Cancer Data Base[14]. Observational studies of a
single center are sparse in the field of geriatric oncology. Our
analysis of daily clinical practice provided valuable information
as all consecutive patients of a large referral hospital were included.
During a period of eight years and out of 1 388 endoscopic
examinations in patients older than 80 years colorectal cancer
was diagnosed in 88 patients. Thus, the study provides important
data about the frequency of colorectal cancer when performing
endoscopy in geriatric patients and the safety and high
prognostic value of surgery for colorectal cancer in these patients.
Furthermore, comorbidities with serious clinical impact and
survival data of patients without surgical therapy were analyzed.
The most frequent indications to perform the index
endoscopy with subsequent diagnosis of colorectal cancer
were as expected: bleeding and anemia constituted nearly fifty
percent of all referral diagnoses. Ten percent of the patients
were referred to endoscopy due to sonographic suspicion of a
tumor. Interestingly, no patient was referred to colonoscopy
due to screening.
The observed localizations of colorectal cancers represent
an important issue in the ongoing discussion about optimal
diagnostic proceedings. Thirty-nine of 88 cancers (44%) were
located proximal to the splenic flexure. We are convinced that this
fact strongly supports the recommendation to perform colonoscopy
instead of sigmoidoscopy, also in symptomatic geriatric patients.
Recently, the high impact and cost-effectiveness of colonoscopy
in screening for colorectal cancer was demonstrated[15,16].
The rate of surgery in these 88 patients amounted to 61.4%,
thus being remarkably lower compared to several other
publications. A French study showed that the frequency of
curative surgery increased between 1976 and 1990 to a rate of
80% in the last 3-year period[17]. The Colorectal Cancer
Collaborative Group[7] showed a rate of no operation of 21 % in
patients older than 85 years and the National Cancer Data Base[14]
reported a rate of no operation of 12.5 % in patients aged 80 years
or above. A recent Chinese study reported a rate of curative
resection of 71.5% in 165 patients aged 70 or older. Surgical
treatment was not possible due to concomitant physical illnesses
in several of our patients, and the combination of malnutrition and
asthenia was the most important interference with the surgery (10
patients, 11.4%). One might argue that performing colonoscopy in
patients older than 80 years with malnutrition and asthenia often
results in questionable clinical situations with the diagnosis of
malignant disease without any reliable chance of surgery. It seems
likely that unrestricted referral practices in our hospital leading to
endoscopy in multimorbid patients partially explain our low rate
of curative surgery. However, we also observed a remarkable rate
of refusal of surgical treatment (8 of 88 patients, 9%). We assume
that this phenomenon is not limited to our single center and that
refusal of therapy represents an important fact in geriatric patients
although not reported in detail in other studies.
In comparison to former publications, which reported
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postoperative mortality rates between 6% and 16% in geriatric
patients[18-24], we observed a striking lower rate in our patients
(2%). This low frequency represents the concerted success of
both optimal surgical technique and perioperative management
by anesthesiologists. On the other hand, a further explanation
could be careful preoperative decision making not to operate on
patients in whom unfavorable outcome is anticipated. We think
that surgical treatment of more than 80% of geriatric patients
with colorectal cancer is likely to be associated with higher
postoperative mortality rates and there exists a direct relationship
between the rate of surgery and the rate of postoperative
complications in this age group. In our opinion, Violi et al[22]
stated correctly that the rate of patients excluded from a curative
program because of general contraindications was of great
importance when evaluating surgical results in the aged.
A study dealing with concomitant major physical illnesses
demonstrated that the number of comorbid conditions was
significant in predicting early mortality in a model including
age, gender and disease stage[25]. Our results of an exceptional
low in-hospital mortality rate (after surgical treatment of only
two-thirds of the patients) opened the discussion that preoperative
assessment possibly caused the selection of fitter patients.
This was true regarding malnutrition and asthenia, as patients
who were not operated significantly more often suffered from
these two conditions. However, cardiopulmonary diseases were
not different in the two groups and diabetes was even more
common in patients with subsequent surgery.
The overall survival rate of patients with surgical treatment
after 1, 3 and 5 years was 88%, 49% and 44%, thus being comparable
to other publications[7,17,26]. We believe that it is necessary to
bring these survival rates in relation to statistical data regarding
life-expectancy in octogenarians. The average number of years of
life remaining in persons between 80 and 85 years was 6.8 in men
and 8.7 in women[27].
The survival rate of non-operated, elderly patients with
colorectal cancer was rarely reported in the literature. Nevertheless,
non-operated patients asked their physicians about their life
expectancy. Our analysis showed that the survival rate of these
patients was low, but not hopeless in individual patients. However,
the 3-year survival rate of 13% indicates that surgical treatment
of colorectal cancer should be performed whenever possible.
In the postoperative period, patients were discharged after
a mean of 18.4 d, and in 17 patients important complications
were observed like impaired wound healing (17%), postoperative
delirium (9%) and pneumonia (7%). However, 37 of 54 patients
had an uneventful course which underscores the feasibility of
colorectal surgery in the elderly.
In conclusion, clinicians should be familiar with ethical
dilemmas and difficult decision making when caring for elderly
patients[28]. The current study analyzed the clinical course of
88 consecutive geriatric patients following endoscopic diagnosis
of colorectal cancer. We disclosed a frequency of surgical treatment
lower than previously published (due to malnutrition, distant
metastasis, refusal of operation), but excellent postoperative results
with an in-hospital mortality of only 2% and a 1-year survival rate
of 88%. Hence, clinical relevance of lower gastrointestinal
endoscopy and oncologic surgery in geriatric patients is
demonstrated in a setting of daily clinical practice.
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Abstract
AIM: Local recurrence after curative surgical resection for
rectal cancer remains a major problem. Several studies have
shown that incomplete removal of cancer deposits in the
distal mesorectum contributes a great share to this dismal
result. Clinicopathologic examination of distal mesorectum
in lower rectal cancer was performed in the present study
to assess the incidence and extent of distal mesorectal
spread and to determine an optimal distal resection margin
in sphincter-saving procedure.
METHODS: We prospectively examined specimens from
45 patients with lower rectal cancer who underwent
curative surgery. Large-mount sections were performed
to microscopically observe the distal mesorectal spread
and to measure the extent of distal spread. Tissue shrinkage
ratio was also considered. Patients with involvement in
the distal mesorectum were compared with those without
involvement with regard to clinicopathologic features.
RESULTS: Mesorectal cancer spread was observed in 21
patients (46.7%), 8 of them (17.8%) had distal mesorectal
spread. Overall, distal intramural and/or mesorectal spreads
were observed in 10 patients (22.2%) and the maximum
extent of distal spread in situ was 12 mm and 36 mm
respectively. Eight patients with distal mesorectal spread
showed a significantly higher rate of lymph node metastasis
compared with the other 37 patients without distal
mesorectal spread (P = 0.043).
CONCLUSION: Distal mesorectal spread invariably occurs
in advanced rectal cancer and has a significant relationship
with lymph node metastasis. Distal resection margin of
1.5 cm for the rectal wall and 4 cm for the distal
mesorectum is proper to those patients who are arranged
to receive operation with a curative sphincter-saving
procedure for lower rectal cancer.

Zhao GP, Zhou ZG, Lei WZ, Yu YY, Wang C, Wang Z, Zheng
XL, Wang R. Pathological study of distal mesorectal cancer
spread to determine a proper distal resection margin. World
J Gastroenterol 2005; 11(3): 319-322
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INTRODUCTION
With the recent development in double-stapling devices and
techniques, more and more sphincter-saving procedures and
coloanal anastomoses have been employed in very low rectal
cancers[1,2]. However, the increased use of these techniques
causes many debates about the extent of distal resection
margin. Although the resection at 5 cm from the distal edge of
tumors has been conventionally accepted as a rule, recent
evidence indicates that shorter resection margins of 3 to 1 cm
or even less are also safe[3-5]. Surgeons encouraged by these
findings may seek a much shorter resection margin, which would
run a risk of cancer cells remaining in the anastomosis sites or
pelvic sidewalls. Many investigators have studied cancer
spread to define distal resection margins, but most of these
studies focused on the distal intramural spread[3,4]. Since a series
of studies reported that total mesorectal excision (TME) could
remarkably decrease local recurrence[6-9], there has been
increasing interest in the mesorectum known as “oncologically
dangerous” tissues that surround the rectum. Scott et al[10] and
Tocci et al[11] demonstrated that distal mesorectal spread usually
exceeded intramural spread of rectal cancer, showing that
examination for microscopic spread in the distal mesorectum is
more essential for a surgical decision. Therefore, the main purpose
of the present study was to assess the incidence and extent of
distal mesorectal spread and to provide pathological proofs for
colorectal surgeons to determine an optimal distal resection
margin in sphincter-saving procedure.
MATERIALS AND METHODS
Patients
We prospectively studied 45 consecutive patients with lower rectal
cancer who were treated with curative resection of the tumor in the
Department of Gastrointestinal Surgery of West China Hospital,
Sichuan University, Chengdu, China, between November 2000
and June 2001. Lower rectal cancer was defined as the tumor at or
below the peritoneal reflection. Twenty-seven of the 45 patients,
were males (60.0%) with a mean age of 62.8±10.7 years. Thirteen
patients underwent abdominoperineal resection (APR) and 32 had
low anterior resection (LAR). No patient received preoperative
radiotherapy and chemotherapy. All patients were operated by a
surgeon on the basis of the principles of total mesorectal excision
described by Heald et al[12] and MacFarlane et al[13]. The tumor
mass and mesorectum enveloped within the visceral endopelvic
fascia were removed as an intact unit.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Lower rectal cancer; Mesorectal cancer spread;
Sphincter-saving procedure; Lymph node metastasis

Specimen management
The excised specimen was opened along the antimesenteric
border and shaped to same dimensions as in situ, and then
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carefully pinned flat to a corkboard under a certain tension. The
macroscopical observations, including the distance of distal
resection margin, were recorded in detail. Two knots were
sutured at intervals of 5 cm on the longitudinal bowel wall.
After the specimen was fixed in 10 mL/L buffered formalin for
48 h, the distance of 5 cm was re-measured. Tissue shrinkage
ratio was calculated by dividing this length after fixation by
5 cm. Finally, serial longitudinal stripes of tissue were made at
5 mm intervals from the proximal mesorectum to the distal
resection margin in continuity. Each stripe, including the full
thickness of the tumor, bowel wall and mesorectum, was
embedded in paraffin, sliced to 10 µm large-mount sections on
a microtome, and then stained with hematoxylin and eosin.

Microscopically pathologic examination
All sections were examined by one pathologist. The mesorectum
proximal, deep and distal to the tumor was entirely investigated.
Cancer spread patterns in the mesorectum were classified as direct
infiltration, lymph node metastasis, vessel invasion, perineural
invasion, lymphatic permeation and isolated foci (Figure 1). Distal
cancer spread occurred in layers of the mesorectum and rectal
wall. The extent of distal spread was measured with a micrometer
from the microscopically distal mucosal portion of the tumor. The
actually maximum extent in situ was figured out as the abovementioned extent divided by tissue shrinkage ratio. The “donuts”
included in the stapler device were also examined microscopically,
none of them was found with residual cancer cells.
A

B

Figure 1 Microscopic findings of cancer spread in mesorectum.
A: Perineural invasion (H&E, original magnification, ×40);
and B: Vessel invasion (H&E, original magnification, ×40).

Follow-up schedule
All patients were followed up every 3 mo after surgery during
the first year and every 6 mo thereafter. Each one was evaluated
by physical examination, blood cell count, serum carcinoembryonic
antigen level and chest radiography. Endoscopy, abdominalpelvic ultrasonography and computed tomography were performed
yearly. Local recurrence and distant metastasis were recorded
during follow up.
Statistical analysis
Chi-square test or Fisher’s exact probability test for differences
in frequencies and Student’s t test for differences in mean±SD
were carried out by the SPSS 10.0 software package. P<0.05
was considered statistically significant.
RESULTS
Incidence of cancer spread in distal mesorectum
Mesorectal cancer spread was observed in 21 patients (46.7%).
Spread towards one direction was identified in 9 patients (20.0%),
two directions in 9 (20.0%) and three directions in 3 (6.7%).
Overall, cancer spread was observed in 8 patients (17.8% of all)
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in distal mesorectum, compared with 17 patients (37.8%) in
mesorectum underlying the tumor and 11 patients (24.4%) in
proximal mesorectum (Table 1). The main pattern of mesorectal
cancer spread was direct infiltration. However, lymph node
metastasis was most frequently found in distal mesorectum of
7 patients (15.6%). Among these 8 patients, there were 7 patients
(15.6%) with TNM stage III disease, 1 (2.2%) with stage IV disease.
Table 1 Site and frequency of cancer spread in mesorectum
Site of spread
Proximal
Deep
Distal
Proximal+deep
Deep+distal
Proximal+deep+distal
Total

n

%

3
5
1
5
4
3
21

14 .3
23 .8
4.8
23 .8
19 .0
14 .3
100.0

Table 2 Comparison of clinicopathologic characteristics between patients with and without in distal mesorectum (mean±SD,
n, %)
Parameters

With
involvement
(n = 8)

Age, mean±SD (yr)
61.7±19.4
Gender
Male
6 (75.0)
Female
2 (25.0)
Tumor location1
Anterior
2 (25.0)
Lateral
3 (37.5)
Posterior
1 (12.5)
Circumferential
2 (25.0)
Distance of tumor from
dentate line (cm)
≤5
5 (62.5)
>5
3 (37.5)
Patterns of tumor growth
Infiltrating
6 (75.0)
Pushing
0 (0.0)
Mixed
2 (25.0)
Tumor maximal diameter (cm)
≤5
5 (62.5)
>5
3 (37.5)
Tumor differentiation
Well
2 (25.0)
Moderate
3 (37.5)
Poor
3 (37.5)
TNM stage 2
I
0 (0.0)
II
0 (0.0)
III
7 (87.5)
IV
1 (12.5)
Depth of tumor invasion
T1
0 (0.0)
T2
0 (0.0)
T3
7 (87.5)
T4
1 (12.5)
Lymph node metastasis
Present
7 (87.5)
Absent
1 (12.5)
Distant metastasis during
follow up
Present
1 (12.5)
Absent
7 (87.5)

Without
involvement
(n = 37 )

P
value

63.4±12.5

NS
NS

23 (62.2)
14 (37.8)
NS
13
10
7
7

(35.1)
(27.0)
(18.9)
(18.9)
NS

26 (70.3)
11 (29.7)
NS
28 (75.7)
4 (10.8)
5 (13.5)
NS
22 (59.5)
15 (40.5)
NS
9 (24.3)
21 (56.8)
7 (18.9)
NS
6
11
17
3

(16.2)
(29.7)
(45.9)
(8.1)

3
11
21
2

(8.1)
(29.7)
(56.8)
(5.4)

NS

0.043
15 (45.9)
22 (54.1)
NS
1(2.7)
36 (97.3)

NS = not significant. 1Confirmation of tumor location according to more than two-thirds of tumor area within any side of
rectal wall. 2According to the American Joint Committee on
Cancer Staging Manual[14].
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Table 3 Mode of distal mesorectal and intramural spread of lower rectal cancer
Tumor
Number Pattern of
growth

Distal resection
pTNM
stage1

Layer of
spread

Mode of
spread

Maximum extent
in situ (mm)

Differentiation

Outcome after
2.5 yr
Margin (mm)

1
2
3
4

Infiltrating
Infiltrating
Mixed
Infiltrating

Poor
Poor
Moderate
Moderate

pT2N1M0
pT2N2M0
pT2N1M0
pT3N2M0

5
6
7

Infiltrating
Infiltrating
Mixed

Moderate
Poor
Moderate

pT2N0M0
pT3N1M0
pT3N2M1

8
9
10

Infiltrating
Infiltrating
Infiltrating

Well
Moderate
Moderate

pT2N2M0
pT2N0M0
pT3N2M0

Mesorectum
Submucosa
Mesorectum
MP
Mesorectum
Submucosa
Mesorectum
MP
Mesorectum
Mesorectum
Mesorectum
MP
Mesorectum

LN
LN
LN
ly
LN
D
LN
D
LN
ly
D
vi
LN

11
8
13
10
25
7.5
36
5
14
8
6
4
9

45
33
35
40

Disease free
Disease free
Local recurrence
Disease free

40
38
25

Disease free
Disease free
Distant metastasis

43
23
28

Disease free
Disease free
Disease free

1

According to the American Joint Committee on Cancer Staging Manual [14]; LN = lymph node metastasis; ly = lymphatic
permeation; vi = vessel invasion; D = direct infiltration; MP = muscularis propria.
Table 4 Review of distal mesorectal spread of rectal cancer
References

Heald et al.[12]
Williams et al.[19]
Scott et al.[10]
Shirouzu et al.[20]
Reynolds et al.[7]
Hida et al.[21]
Tocci et al.[11]
Ono et al.[5]

Cases
(n)
50
20
610
50
198
53
40

With DMS
(n)
5
3
4
44
12
40
19
3

Frequency of
DMS (%)
6
20
7.2
24
20.2
35.1
7.5

Pattern
of DMS
ly, vi, LN
LN
ly, D
ly, D, LN
LN, foci
LN
LN, foci
LN

Maximum extent
of DMS (cm)
4
1.3
3
≤2
5
4
2.4

Suggested
DCM (cm)
TME
<5
3 to 5
1
TME
2 cm (lower rectal cancer)
TME
3

DMS = distal mesorectal spread; DCM= distal resection margin; LN = lymph node metastasis; ly = lymphatic permeation; vi =
vessel invasion; D = direct infiltration; foci = neoplastic microfoci.

Comparison of clinicopathologic characteristics
We compared the clinicopathologic parameters between the 8
patients with involvement in distal mesorectum and the other
37 patients without distal mesorectal spread, and the results
are shown in Table 2. Lymph node metastasis occurred at a
significantly higher rate in the patients with distal mesorectal
spread compared to those without distal mesorectal spread
(P = 0.043). No significant difference was found between the
two groups in other parameters.
Distal resection margin and maximum extent of distal spread
In the series, the mean distance of the tumor from the distal resection
margin was 3.2 cm (range, 1.5-5 cm). Twenty-eight patients (62.2%)
had a distal resection margin of more than 3.5 cm and 17 patients
(37.8%) had a distal resection margin of less than 3.5 cm. We
examined the distal mesorectal spread as well as the distal
intramural spread. Distal intramural spread was observed in 5
patients (11.1%), 3 (6.7%) of them had both types of spread. As
a whole, distal cancer spread was found in 10 patients (22.2%)
(Table 3). The mean tissue shrinkage ratio was 85% (range,
72-98%). After converted by tissue shrinkage ratio, the maximum
extent of distal mesorectal and intramural spread in situ was
36 mm and 12 mm, respectively.
Follow-up outcome
The median follow-up time was 31 (range, 29-37) months. Five
of the 45 patients (11.1%) developed local recurrence and distant
metastasis during the follow up. The outcomes of 10 patients
with distal mesorectal and/or intramural spread are summarized
in Table 3. Local recurrence was detected in 1/10 patients

(patient 3) at the site of pelvis floor and distant metastasis was
found in one patient (patient 7) in liver.

DISCUSSION
Since Heald et al[12] first reported the presence of microscopic
deposits in mesorectum and subsequently proposed a new
surgical procedure for rectal cancer called total mesorectal
excision (TME), many investigators have described the
pathologic features of cancer spread in mesorectum. According
to the published data [7,15-18], the incidence of mesorectal
involvement of rectal cancer is quite high, varying from 27% to
83.1%. In the present study, cancer spread in mesorectum was
found in 21 (46.7%) of the 45 patients, further confirming the
high frequency of mesorectal involvement. This fact shows
that failure to perform total mesorectal excision might leave a
lot of tumor deposits in the remaining mesorectum and as a
result, cause high local recurrences. The distal mesorectum,
undoubtedly contributes a great share to these high recurrences.
Many authors have reported that the distal spread in
mesorcectum is found in 6% to 35.1% of patients with rectal
cancer. A review of recent studies in this field is shown in Table 4.
Our pathologic examination showed that 8 of 45 patients
(17.8%) were involved in distal mesorectum, 17 patients (37.8%)
in mesorectum underlying the tumor and 11 patients (24.4%) in
proximal mesorectum. The value was almost similar to that
described by Scott et al[10] (20%) and Hida et al[21] (20.2%), but
significantly lower than that reported by Tocchi et al[11]. In this
series, the maximum extent of distal mesorectal spread in situ
was 36 mm. Scott et al[9], however, described that a discontinuous
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mesorectal deposit was present at 5 cm below the tumor mass.
The length of 5 cm may be the greatest microscopic extent
reported in the published documents up to now. Distal intramural
spread occurred in 5/10 patients and spread of more than 1 cm
was rare in the present study. The frequency and extent of distal
intramural spread were less than those of distal mesorectal spread.
These findings are in agreement with several studies[10-12],
suggesting that 1.5 cm distal resection margin of the distal rectal
wall and 4 cm distal resection margin of the mesorectum might be
appropriate and safe for a curative sphincter-saving surgery for
lower rectal cancer. In fact, this resection process could be
achieved by the so-called “denudation” or “muscularization” of
rectal wall, which needs a longer or complete removal of the
distal mesorectum and a “close shave” of the rectal wall[22].
Rectal cancer can spread into distal mesorectum through a
variety of routes. Retrograde lymph node metastases are the most
widely documented. Recently, Ono et al[5] reported that 3 of 40
patients (7.5%) with rectal cancer had distal mesorectal spread
and all were caused by lymph node metastasis. In our study, this
pattern of distal mesorectal spread was observed in 7 of 45 patients
(15.6%). Furthermore, all these 7 patients showed more advanced
features, 6 patients with TNM stage III and 1 with stage IV disease.
According to our data, a significant relationship is found between
lymph node metastasis and distal mesorectal spread, that is, the
more frequently the lymph node metastasis occurs, the more likely
the distal mesorectal spread develops. A probable reason is that
while an advanced rectal cancer exists, upward lymphatic flow is
blocked and then turns downward to the distal mesorectum.
Therefore, lymph node metastasis seems to be an important risk
factor for distal mesorectal spread.
In the present study, all patients were followed up for at
least 29 mo. One of the 8 patients with distal mesorectal spread
developed local recurrence. Several authors have reported
the relationship between distal resection margin and local
recurrence[4,19,20,23]. They hold that the extent of distal resection
margin less than 1 cm has no statistical difference to local
recurrence, and that a distal resection margin of 1 cm from the
tumor is an appropriate clearance for most rectal cancers. The
value of 1 cm could not be estimated in our series because all
patients had a distal resection margin of more than 1.5 cm. We
also found one of the 8 patients (12.5%) developed distant
metastasis. This rate is far lower than that reported previously
(60%)[10,19], but could be explained by our relatively small series
and a short time of follow-up. Shirouzu et al[20] examined 610
patients and followed up them from 1982 to 1994. Their follow-up
results showed that most of the 61 patients with distal spread
died of distant metastasis rather than local recurrence. A similar
conclusion was drawn by Williams et al[19] implying that distal
spread should be regarded as a more systemic spread than a
regional lesion. It seems reasonable to apply neoadjuvant
chemoradiation to these patients with distal spread, but still
multicentre studies for a larger patient population are required to
confirm this supposition.
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Abstract
AIM: Laparoscopic surgery, especially laparoscopic rectal
surgery, for colorectal cancer has been developed
considerably. However, due to relatively complicated
anatomy and high requirements for surgery techniques,
laparoscopic right colectomy develops relatively slowly. This
study was designed to compare the outcomes of laparoscopic
right hemicolectomy (LRH) with open right hemicolectomy
(ORH) in the treatment of colon carcinoma.
METHODS: Between September 2000 and February 2003,
30 patients with colon cancer who underwent LRH were
compared with 34 controls treated by ORH in the same
period. All patients were evaluated with respect to surgeryrelated complications, postoperative recovery, recurrence
and metastasis rate, cost-effectiveness and survival.
RESULTS: Among 30 LRH, 2 (6.7%) were converted to
open procedure. No significant differences were observed
in terms of mean operation time, blood loss, post-operative
complications, and hospital cost between LRH and ORH
groups. Mean time for bowel movement, hospital stay,
and time to resume early activity in the LRH group were
significantly shorter than those in the ORH group (2.24±0.56
vs 3.25±1.29 d, 13.94±6.5 vs 18.25±5.96 d, 3.94±1.64 vs
5.45±1.82 d respectively, P<0.05). As to the lymph node
yield, the specimen length and total cost for operation and
drugs, there was no significant difference between the two
groups. Local recurrence rate and metachronous metastasis
rate had no marked difference between the two groups.
Cumulative survival probability at 40 mo in LRH group
(76.50%) was not obviously different compared to the ORH
group (74.04%).
CONCLUSION: LRH in patients with colon cancer has
statistically and clinically significant advantages over ORH.
Thus, LRH can be regarded as a safe and effective procedure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colon carcinoma; Laparoscopic right hemicolectomy
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INTRODUCTION
Since the successful introduction of laparoscopic colectomy
by Jacobs et al[1], laparoscopic surgery, especially laparoscopic
rectal surgery, for the treatment of colorectal cancer has been
developed considerably[2-20]. We previously reported that
laparoscopic rectosigmoid colon resection for malignant disease
allowed earlier recovery than open surgery without jeopardizing
oncological clearance[3]. The results, however, could not
extrapolate to right-sided colon cancer because of the wider
range of resection, more complicated regional anatomy and more
advanced requirements of technique in laparoscopic right
hemicolectomy than those of the traditional procedure for
rectosigmoid cancer[4]. In this study, we reviewed the results
of laparoscopic-assisted resection of right colon carcinoma
and compared them with a matched group of patients with
resection by conventional open procedure carried out during
the same period.
MATERIALS AND METHODS
Patients
From September 2000 to February 2003, thirty patients with
colon carcinoma underwent laparoscopic-assisted right
hemicolectomy (LRH) in our hospital. We excluded the patients
with the following criteria from LRH group: patients with tumors
larger than 6 cm in diameter, patients with tumors infiltrating
the adjacent organs as detected by ultrasonography and/or
computerized tomography, patients who did not consent to
the procedure, patients with intestinal obstruction or
perforation, and patients whose oncological staging was
Duke’s D. Thirty four patients of the comparative group, with
similar exclusion criteria, but matched in gender, age, Duke’s
staging, tumor site, previous abdominal operation and extent of
resection, were randomly selected from 87 patients who underwent
open conventional right hemicolectomy (ORH) during the same
period. All patients were preoperatively identified to have
malignant tumor through colonoscopy and pathological
biopsy. All patients gave their informed consent before the
procedure. All the procedures were performed by the same
operation team. The demographic data of the patients are
shown in Table 1.
Surgical techniques
The oncological surgical criteria of LRH were the same as those
of conventional surgery. Each of them conformed to the radical
treatment principles including en bloc resection, no-touch
isolation technique, proximal lymph-vascular ligation, complete
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lymphadenectomy, wound protection, and adequate resected
margin of the colon. Patients in LRH group were tilted to the
left with head downward and given general anesthesia. The
surgeon stood on the left side of the patient, with the first
assistant on the right side. After pneumoperitoneum was
established by open technique and the pressure was maintained
at 15 mmHg, four ports were placed. One 10-mm diameter port
was in the upper left abdomen, one 5-mm in the lower left
abdomen, and another 5-mm in the right lower abdomen, and
one 10-mm at the infraumbilical area. The terminal ileum, cecum,
and ascending colon were completely mobilized up to the level
of hepatic flexure, with particular attention paid to the ureter
and the duodenum. The patient was then tilted with head
upward to facilitate the division of the gastrocolic ligament and
the mobilization of the transverse colon and hepatic flexure.
The ileocolic vessels, the right colic vessels, and the middle
colic vessels if necessary were identified and transected with
double clips close to their origins. The upper abdominal wound
was then extended to the left to deliver the bowel and tumor
with the protection of a plastic sac. The divisions of remaining
mesentery, marginal artery, and bowel, as well as the ileocolic
anastomosis, were performed extracorporeally.

Study parameters
The following parameters were measured prospectively:
operation time, blood loss, analgesic requirement; time to flatus
passage, time to resume normal diet and duration of
hospitalization, morbidity and mortality, specimen length and
lymph node yield, pathological staging (Duke’s staging), local
recurrence rate and metachronous metastasis rate, cumulative
survival probability and cost of the operation and drugs.
Statistical analysis
The data were expressed as mean±SD. Student’s t test and
Mann-Whitney U-test were used to analyze quantitative variables
and chi-square test was used to analyze qualitative variables.
Survival was calculated by the Kaplan-Meier method, and
difference between the groups was compared with the log-rank
test. P<0.05 was considered statistically significant. All the
statistical analyses were performed using SPSS 11.0 software.
RESULTS
Comparison of demographic data
The demographic data of the two groups are shown in Table 1.
There was no significant difference in gender, age, Duke’s
staging, previous abdominal operation and tumor site between
LRH and ORH groups. Two patients in LRH group required
conversion to open surgery because of unexpected bulky tumor
and severe adhesion in abdominal cavity.
Comparison of surgical safety
No operative death occurred in both groups. Mean operation time
of LRH and ORH groups was 152.65±28.29 and 147.25±27.50 min
respectively, with no significant difference (Table 2). The blood
loss in LRH group (112.94±96.36 mL) was significantly less
than that in ORH group (274.50±235.43 mL) (P = 0.009, Table 2).
Five patients in LRH group experienced postoperative
complications: two with pulmonary infections, two with wound
infections and one with incomplete intestinal obstruction, while
10 patients of postoperative complications were found in ORH
group (Table 2). The morbidity in ORH group was slightly higher
than that in LRH group, but the difference was not statistically
significant (Table 2).
Comparison of postoperative recovery
Analgesia required postoperatively by the patients in LRH group
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(14) was significantly less than that in ORH group (P = 0.014)
(Table 2). Times for flatus passage, hospital stay, and time to
resume early activity in LRH group were 2.24±0.56 d, 13.94±6.5 d,
and 3.94±1.64 d respectively, which were significantly shorter
than those in ORH group (P<0.05). Mean time to resume normal
diet in LRH group was 5.65±2.40 d, which was shorter compared
to ORH group (7.30±2.72 d), but the difference was not
statistically significant.
Table 1 Demographic data of LRH and ORH groups, n (%)
Parameters

LRH (n = 30)

ORH (n = 34)

P

Mean age (yr)

60.18±14.91

60.00±12.67

0.970

>70 (%)

10 (33.3)

9 (26.5)

<70 (%)

20 (66.7)

25 (73.5)

Male

16 (53.3)

20 (58.8)

Female

14 (46.7)

14 (41.2)

0.549

Gender (%)
0.659

Previous abdominal operation (%)
Yes

8 (26.7)

10 (29.4)

No

22 (73.3)

24 (70.6)

0.807

Tumor site (%)
Cecum

10 (33.3)

Ascending colon

12 (40)

Hepatic flexure

6 (17.6)
15 (44.1)

8 (26.7)

13 (38.2)

0.319

Dukes’ stage (%)
A

1 (3.3)

3 (8.8)

B

13 (43.3)

16 (47.1)

C

16 (53.3)

15 (44.1)

0.578

Table 2 Comparison of surgical safety and postoperative
recovery (mean±SD)
Parameters

LRH (n = 30)

ORH (n = 34)

P

Surgeryrelated
Operating time (min)

152.65±28.29

147.25±27.50

0.561

Blood loss (mL)

112.94±96.36

274.50±235.43

0.005

Postoperative recovery
Analgesia requirement (%)

14 (46.7)

26 (76.5)

0.014

Flatus (d)

2.24±0.56

3.25±1.29

0.012

Time to resume normal diet

5.65±2.40

7.30±2.72

0.060

13.94±6.53

18.25±5.96

0.043

3.94±1.64

5.45±1.82

0.013

Length of incision (cm)

6.47±4.11

17.55±1.61

<0.01

Major complications (%)

5 (16.7)

10 (29.4)

0.230

Hospital stay (d)
Time to resume
early activity (d)

Massive haemorrhage

0

1

Anastomotic leak

0

1
3

Pulmonary infection

2

Urinary tract infection

0

1

Wound infection

2

4

Ileus

1

0

Comparison of oncological clearance
The lengths of the specimens in LRH and ORH groups were
22.71±4.61 cm and 23.10±6.90 cm respectively (Table 3). The
number of total lymph node yield, including epicolic and
paracolic lymph nodes, intermediate lymph nodes and principal
lymph nodes in LRH group was 11.24±8.02, 6.82±4.72, 2.59±2.43
and 1.82±2.53 respectively, and had no significant difference
compared to those in ORH group (Table 3).

Zheng MH et al. Laparoscopic vs open right hemicolectomy for colon carcinoma

325

Table 3 Comparison of oncological clearance and followup results (mean±SD)
Parameters
Oncological clearance
Length of specimen (cm)
Lymph node yield
Epicolic and paracolic lymph nodes
Intermediate lymph nodes
Principle lymph nodes
Oncological results
Mean followup (mo)
Local recurrence (%)
Metachronous metastasis (%)
Cumulative survival probability (%)

LRH (n = 30)

ORH (n = 34)

20.88±5.28
11.24±8.02
6.82±4.72
2.59±2.43
1.82±2.53

23.10±6.90
9.75±6.04
7.35±4.60
1.50±2.32
0.90±2.00

1.082
0.343
1.390
1.240
1.031

0.842
0.734
0.173
0.223
0.310

27.15±7.95
2 (6.7)
4 (13.3)
76.50

26.19±7.46
2 (5.9)
5 (14.7)
74.04

0.478

0.634



0.851

t

P

Table 4 Comparison of expenditure for surgery and drugs (mean±SD)
Parameters

LRH (n = 30)

Cost for operation (RMB)
Cost for drugs (RMB)
Total cost (RMB)

7 810.70±1719.07
3 687.85±1977.42
11 498.54±2618.86

Comparison of follow-up results
All the patients were followed-up. The mean follow-up time
was 27.15 mo (range 12-40 mo) for LRH group and 26.19 mo
(range 13-40 mo) for ORH group. Two patients (6.7%) in LRH
group developed local recurrence, 3 cases (10.0%) and 1 case
(3.3%) died of hepatic metastasis and pulmonary metastasis,
respectively, and 2 patients (6.7%) died of other causes not
related to colon cancer. The local recurrence rate and
metachronous metastasis rate of the two groups were similar.
There was no port site or wound recurrence in either group.
Cumulative survival probabilities at 40 mo in LRH group and
ORH group were 76.50% and 74.04%, respectively, and no
significant difference was found between the two groups
(Figure 1).

Cumulative survival (%)

1.00
0.95

LRH

0.90

ORH

0.85
0.80
0.75
0.70
0

6 12 18 24 30 36 42 (mo)

Figure 1 Cumulative survival probability of LRH group and
ORH group (cancerrelated mortality only). The difference
between the two groups was not statistically significant.

Comparison of the cost for operation and drugs
The cost of operation in LRH group was 7 810.70±1 719.07
RMByuan, which was significantly higher than that in ORH group
(5 018.92±845.62 RMByuan) (P<0.01). While the cost of drugs
in LRH group (3 687.85±1 977.42 RMByuan) was significantly
less than that in ORH group (5 209.42±2 212.37 RMByuan)
(P<0.05). No significant difference was observed in the total
cost of operation and drugs between the two groups (Table 4).
DISCUSSION
Laparoscopic colorectal surgery, especially for rectosigmoid

ORH (n = 34)
5 018.92±845.62
5 209.42±2 212.37
10 228.34±2 372.57

t

P

6.417
2.188
1.547

<0.01
0.035
0.131

cancer, is becoming increasingly popular with decent initial
results[2,3,5-13]. But due to relatively complicated anatomy and
much higher requirements for surgery technique, laparoscopic
right colectomy is developing relatively slow compared to
laparoscopic ectomy[14]. Laparoscopic colectomy for colic
malignancy has not been generally accepted, and it is still
controversial aboat the operative safety, oncological results
and long-term survival rate[21,22]. This homochronous clinical
contrast study compared the clinical effects of laparoscopic and
traditional open right colectomy, so as to investigate the
applicability of laparoscopic surgery for right colon cancer.
Our study showed that in LRH group patients, the time to
resume normal gastrointestinal function and early activity,
and the duration of hospital stay were shorter compared to
the ORH group. In addition, less postoperative analgesia
requirements and less wounds of LRH benefited the earlier
recovery of the patients, which is in agreement with the results
of some previous studies[14-19]. Compared to laparoscopic rectal
cancer surgery, LRH is more comp-licated in technique and
needs much longer operation time, so the learning curve is
much longer[23-26]. In comparison with ORH group, less blood
loss and comparable postoperative complications in LRH group
suggested the similar surgical safety between both groups.
Furthermore, the clearer anatomic view of the laparoscopy may
ensure the safety of surgery. We also found that if the tumor
was larger than 6 cm in diameter, invaded liver or was difficult
to isolate due to severe intraperitoneal adhesion in laparoscopic
colectomy, it should be converted to open surgery, which may
guarantee much more safety of the operation.
Laparoscopic colectomy does not change the oncologic
surgical principles, including en bloc resection, no-touch
isolation technique, proximal lymph-vascular ligation, complete
lymphadenectomy, wound protection, and adequate margin of
resection[14]. A large number of clinical studies have confirmed
that laparoscopic surgery for colorectal cancer has the same
oncological clearance as the open procedure[2-19]. In this study,
we also obtained a similar conclusion with our previous study
about laparoscopic surgery for rectosigmoid malignancy[3].
When there was no difference in tumor location and Duke’s
staging, the pathological parameters, concerning the specimen
length and lymph node yield did not reveal any statistical
differences between the two groups. Follow-up results showed
that the local recurrence rate, metachronous metastasis rate, and
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short-term (40 mo) survival rate between the two groups were
comparable, which is in agreement with the previous clinical
studies[13-18]. In fact, considering that most local and distant
metastases occur within the first 3 years[27,28], it clearly shows that
the laparoscopic approach does not increase the risk of local and
distant recurrence in a long-term period of follow-up.
Another significant finding of our study is that we
investigated the cost effectiveness of the laparoscopic
procedure for the first time in China. Our study showed, with
the comparison of expenditure of the open procedure, the cost
of surgery in LRH group was significantly higher, but the total
cost of operation and drugs had no significant difference
between the two groups. It implies that because of quicker
postoperative recovery, fewer postoperative complications and
shorter hospital stay, the cost of drugs in the LRH decreases
considerably, which is similar to other cost effective analyses
of laparoscopic procedures[29,30].
Although there might be selection bias in this study as
patients’ allocation was not done at random, the data suggest
that LRH for right-sided colon cancer have the same oncological
clearance, surgical safety, cost effectiveness, and patient survival
as ORH. In addition, patients can benefit from quicker postoperative
recovery of laparoscopic surgery. A randomized study is necessary
to prove the true value of LRH for colon cancer.
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Abstract
AIM: Real-time and rapid identification of the malignant
tissue can be performed during or before surgical operation.
Here we aimed to detect in vivo and in situ colorectal cancer
by using Fourier transform infrared (FTIR) spectroscopy
and fiber-optic technology.
METHODS: A total of five patients with large intestine
cancer were detected in vivo and in situ. Of them, three
cases of colon cancer and one case of cecum cancer were
detected intraoperatively and in vivo by using a FTIR
spectrometer during surgical operation, and one case of
rectum cancer was explored non-invasively and in vivo
before the surgical operation. Normal and malignant
colorectal tissues were detected in vivo and in situ using
FTIR spectroscopy on the basis of fundamental studies.
RESULTS: There were significant differences between
FTIR spectra of normal and malignant colorectal tissues
detected in vivo and in situ. Experimental results revealed
that the spectral characteristics of normal and malignant
tissues found in vivo and in situ were similar to those
obtained from in vitro measurement in our previous
fundamental research.
CONCLUSION: FTIR fiber-optic attenuated total reflectance
(ATR) spectroscopy can identify in situ and in vivo colorectal
cancer. FTIR spectroscopic method with fiber optics is a
non-invasive, rapid, accurate and in vivo cancer detection
technique in clinical diagnosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal cancer; Fourier transform infrared
spectroscopy
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INTRODUCTION
Cancer is one of the leading causes of death in the world. The
mortality rate from malignant neoplasms has increased
markedly in the last four decades. The important goal in cancer
research is to develop an accurate, quick, convenient, and
inexpensive cancer detection method to increase the survival
probability.
Fourier transform infrared spectroscopy, as an effective tool
for investigating chemical changes at molecular level, has
been utilized to detect carcinoma[1-7]. This method has many
advantages, for example, it possesses a promising perspective
in detecting early cancer, which is very important for the
survival of cancer patients. We have investigated the
detection of malignant tissues, such as stomach, esophagus,
gallbladder, colon, lung, liver, parotid gland carcinomas, etc.
with FTIR spectroscopy since 1995[8-17]. Our research work
consisted of three steps. The first step was to study the
differences between malignant and normal tissues, which were
stored in liquid nitrogen. The specimens were thawed at room
temperature and measured in vitro using the FTIR method. In
the second step of study, fresh samples obtained during
surgical operation were measured by the FTIR method in vitro
immediately. In these two steps of fundamental research,
we demonstrated that the malignant tissues could be
distinguished from the normal tissues measured in vitro using
the FTIR method. The third step was the aim of this study,
which was to measure the tumor in vivo and in situ using
fiber optics with the FTIR method. FTIR fiber-optic technique
can exhibit perspectives in cancer diagnosis in vivo and in
situ because of its advantages[18].
Colorectal cancer is one of the most frequent cancers in
Western countries[19]. It is the fourth leading cause of cancer
deaths and tends to increase in China, especially in big cities
like Shanghai. Reducing the mortality poses a big challenge for
clinicians and researchers. It is of great importance to diagnose
colorectal malignant tumors in vivo and in situ using the FTIR
method and fiber optics with an ATR probe. Real-time and rapid
identification of the malignant tissues would be performed
during surgical operation. It is helpful for the surgeons to reduce
the waiting time for the pathological results. Furthermore, it
allows accurately and rapidly to determine the proper operative
treatment, for example, the rapid determination of cut edges of
surgically resected specimens, which is also a goal of surgery
in the removal of neoplasms. The technique of FTIR with fiber
optics has a promising perspective as a new non-invasive and
early detection method of colorectal cancer.
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Figure 1 Typical FTIR spectra of colon tissues measured in
vitro. A: spectrum of normal colon tissue sample; B: spectrum
of malignant colon tissue sample.
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RESULTS
For the systematic report of these colorectal cancer detection
research projects, the detection of malignant colorectal tumor
samples in vitro was introduced first. In our previous fundamental
study[20-24], a large amount of frozen samples stored in liquid
nitrogen and fresh tissues during surgical operation immediately
were measured in vitro by using a FTIR spectrometer. The
research results showed that there were obvious differences
between the FTIR spectra of malignant and normal tissues
measured in vitro. Taking the colon tissue specimens measured
in vitro as examples, the spectra are shown in Figure 1. Through
the spectral analysis, the spectral characteristics of malignancy
were as follows. The bands in the C-H stretching vibration in the
region 2 800-3 000/cm and C = O band near 1 700-1 750/cm
became weak and even disappeared. The peak of amide I band
shifted to a lower wave number. The intensity of the amides II
bands became weak, and the intensity of bands near 1 400/cm
was stronger than that of the bands near 1 460/cm. The variations
of the FTIR spectra between the normal and malignant colon
tissues provided a basis and an opportunity for clinical application.
On the basis of the fundamental research, the FTIR spectra
of malignant colon and cecum tissues measured in vivo and in
situ during surgical operation were investigated. All the spectra

Number 3

of the measured colon and cecum cancerous tissues are shown
in Figure 2. We could see that the relative intensity of I1 456/I1 413
became smaller in the spectra of the malignant colon and
cecum tissues. In addition, there was a weak amide II band near
1 550/cm, a shift of the amide I band to a lower wavenumber
near 1 640/cm in the spectra of the cancerous colon and cecum
tissues. The peaks of 2 924/cm, 2 989/cm, assigned to CH2 and
CH3 vibration bands, and the band near 1 740/cm related to
C = O vibrations, became weak and even disappeared in the
spectra of the malignant colon and cecum tissues. These spectral
features indicated the malignancy of the detected tissues. The
spectral characteristics and FTIR analysis results of all these
cases are listed in Table 1. After the FTIR measurement, the
detected colorectal tissues were resected and histologically
verified as colorectal carcinomas. The FTIR analysis results
were in agreement with the pathological results. Experimental
results revealed that the spectral characteristics of normal and
malignant colorectal tissues measured in vivo and in situ were
similar to those obtained from in vitro measurement.

2 989
2 924

Spectral measurements
The spectra were measured in the Department of General
Surgery, Third Hospital of Peking University by using a mobile
WQF-500 FTIR spectrometer made in Beijing Second Optical
Instrument Factory with a mid-IR fiber optics and ZnSe ATR
probe (Spectra-Tech Corporation). A mercury cadmium telluride
(MCT) detector was used and cooled by liquid nitrogen. Scans
were performed with 4/cm resolution and 32 scans were coadded to increase the signal-to-noise ratio. Sterilization was
strictly made at first.
The spectra of four colon and cecum cancer patients were
measured in vivo and in situ during surgical operation. After strict
sterilization, the ATR probe was put on the surface of the detected
tissues by the surgeons and one spectrum was recorded for
about one minute using a FTIR spectrometer. The spectra of the
samples were collected from paired carcinomas and adjacent
normal tissues in colorectal cancer patients. The FTIR
measurement was non-invasive and harmless to the patients.
One rectum cancer case was measured non-invasively and
in vivo before surgical operation. After strict sterilization, the
fiber optics with ATR probe was inserted into the rectum through
anus and put on the cancerous tissue 3 cm away from the anus.
It took about one minute to measure the spectrum non-invasively.
For the comparative analysis, the spectrum of the fresh tissue
sample from the same site obtained during surgery was measured
in vitro immediately.
Each FTIR analysis result was compared with the
corresponding histological result, that is to say, the double
blind method was used for FTIR and biopsy measurements.

Volume 11

3 354
3 317

MATERIALS AND METHODS
Patients and materials
Three colon cancer patients and one cecum cancer patient were
measured in vivo using a FTIR spectrometer during surgical
operation, and a rectum cancer patient was measured noninvasively in vivo and in situ before surgical operation in the
Department of General Surgery, Third Hospital of Peking
University, China. These five cases, including 4 males and 1
female, aged from 52 to 77 years (mean, 64.2 years), were analyzed
in the present study. The consents of the patients were obtained
before the experiments.
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Figure 2 FTIR spectra of malignant cecum and colon tissues
measured in vivo and in situ during surgical operation. A: spectrum of malignant cecum tissue sample; B, C and D: spectra of
malignant colon tissue samples.
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Table 1 Results of FTIR spectral analysis and corresponding pathological detection of measured colorectal tissues
Case
Tissue
number

Sex

Age
(yr)

F

69

Measurement
FTIR
date
measurement mode

Characteristics of
FTIR spectra

FTIR analysis
results

Pathological
results

The bands of C-H stretching
1

Cecum

2003-07-21

in vivo during

vibration and C = O vibration

surgical operation

disappeared; peak position of

Adenocarcinoma
Cecum cancer

of cecum

amide I = 1 641/cm; Iamide II (middle
weak); I1 393/cm>I1 460/cm
I2 969/cm (weak) , I2 934/cm
2

Sigmoid colon

M

63

2003-07-22

Moderately

in vivo during

(weak); peak position of

Colon cancer

differentiated

surgical operation

amide I = 1 636/cm; Iamide II

adenocarcinoma of

(very weak); I1 391 /cm>I1 460/cm

sigmoid colon

I2 989/cm (weak) , I2 924/cm
3

Sigmoid colon

M

52

2003-11-03

in vivo during

(weak); peak position of

surgical operation

amide I = 1 640/cm; Iamide II

Colon cancer

Carcinoma
of sigmoid

(very weak); I1 413/cm>≈I1 456/cm
The bands of C-H stretching
4

Transverse colon M

77

2003-12-05

in vivo during

vibration and C = O vibration

surgical operation

disappear; peak position of amide

Colon cancer

Adenocarcinoma
of transverse colon

I = 1 638/cm; Iamide II (very weak);
I1 400/cm>I1 446/cm
I2 924/cm (weak), I2 850/cm (weak),
5

Rectum

M

60

2003-07-22

in vivo before
surgical operation

3 000

B
2 000

1 081
970
1 226
1 227
1 086
981

1 640

A

1 556
1 555
1 469
1 467

2 924
2 850
2 926
2 851

3 258

1 641

3 303

In addition, one rectum cancer patient was measured noninvasively and in vivo before surgical operation. The spectrum
before surgical operation was similar to that of the fresh tissue
from the same site measured in vitro immediately (Figure 3).
The C = O band near 1 740/cm, nearly disappeared in the
spectrum as shown in Figure 3A. The band of amide I of protein
was located at a lower wavenumber near 1 640/cm. The intensity
of amide II bands located at -1 556/cm in the malignant tissue
samples was less intense. The intensity of 1 469/cm band
decreased. These spectral characteristics of the FTIR spectrum
of malignant rectum tissue measured in vivo before surgical
operation were consistent with those measured in vitro. The
result of the FTIR detection for the rectum tumor was consistent
with the biopsy test.

1 000

Wavenumber (/cm)

Figure 3 FTIR spectra of malignant rectum tissues. A: spectrum measured non-invasively, in vivo before surgical
operation; B: spectrum of fresh resected rectum tissue from
the same site measured in vitro.

DISCUSSION
FTIR spectroscopy can provide information of molecular

Moderately

I1 731 cm-1 (weak); peak position of Rectum cancer differentiated
amideI = 1 641/cm; Iamide II (weak);

adenocarcinoma

I1 402 /cm>I1

of rectum

469/cm

structure and composition. The development of cancer is always
along the following sequences. Gene mutation is the first event,
the second step is the alternation of biomolecules in both
composition and molecular structure aspects. After that, the
variation on cells and morphology of biological tissues will
take place and can be detected by iconographic and pathological
techniques. Vibrational spectroscopic methods, which are
sensitive to the chemical changes at molecular level, may be
developed as a powerful method to detect cancer at the second
step of its development process, prior to most cancer diagnostic
methods available today[25].
FTIR spectra are sensitive to the changes of biomolecules
so as to diagnose the cancerous tissues[26]. The spectra of
normal tissues often have a stretching vibration of carbonyl
located near 1 745/cm, and the symmetry and asymmetry
stretching vibrations of methylene located around 2 852/cm
and 2 930/cm, as well as methyl at 2 873/cm and 2 958/cm.
However, these peaks mentioned above often decrease, even
disappear in the spectra of malignant tissues, because
triglyceride contains a large proportion of methyl, methylene
and carbonyl, and the fat in the region of the malignant tissue
is consumed because of the increased nutritional and energy
requirement in the development of carcinoma. The bands near
1 645/cm assigned to amide I of protein and deformation
vibration of water molecule are located at a higher wavenumber
in the normal colorectal tissue than those in the malignant tissue.
The peak of amide II bands located at 1 545/cm in the malignant
colorectal tissue is less intense and much broader than that in
the normal tissue.
In conclusion, FTIR fiber-optic ATR spectroscopy can
identify colorectal cancers in situ and in vivo. It provides realtime results for operating surgeons. FTIR spectroscopy can be
applied to in vivo and in situ detection of not only colorectal
cancer but also other malignant tissues of the digestive system.
In addition, with further research, the technique of FTIR with
fiber optics may exhibit its potential for non-invasive, in situ
and in vivo detection of cancerous tissues before surgical
operation. FTIR spectroscopic method with fiber optics
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possesses a promising perspective to be a non-invasive, rapid,
accurate and in vivo cancer detection technique.

14

REFERENCES
1

2

3

4
5

6

7

8

9

10

11

12

13

Rigas B, Morgello S, Goldman IS, Wong PT. Human colorectal
cancers display abnormal Fourier-transform infrared spectra.
Proc Natl Acad Sci USA 1990; 87: 8140-8144
Koenig F, Larne R, Enquist H, McGovern FJ, Schomacker KT,
Kollias N, Deutsch TF. Spectroscopic measurement of diffuse
reflectance for enhanced detection of bladder carcinoma. Urology 1998; 51: 342-345
Rahman J, Hewlett A, Taylor DR, Xiao SY, Wu JG, Soloway
RD. Reproducible, rapid quantitation of hepatic fibrosis in
human liver biopsies using Fourier transform infrared (FTIR)
spectroscopy. Gastroenterology 2002; 122: A303
Wang HP, Wang HC, Huang YJ. Microscopic FTIR studies of lung
cancer cells in pleural fluid. Sci Total Environ 1997; 204: 283-287
Huleihel M, Salman A, Erukhimovitch V, Ramesh J, Hammody
Z, Mordechai S. Novel spectral method for the study of viral
carcinogenesis in vitro. J Biochem Biophys Methods 2002; 50:
111-121
Fung Kee Fung M, Senterman M, Eid P, Faught W, Mikhael
NZ, Wong PT. Comparison of Fourier-transform infrared spectroscopic screening of exfoliated cervical cells with standard
Papanicolaou screening. Gynecol Oncol 1997; 66: 10-15
Argov S, Ramesh J, Salman A, Sinelnikov I, Goldstein J,
Guterman H, Mordechai S. Diagnostic potential of Fouriertransform infrared microspectroscopy and advanced computational methods in colon cancer patients. J Biomed Opt 2002;
7: 248-254
Wang JS, Shi JS, Xu YZ, Duan XY, Zhang L, Wang J, Yang LM,
Weng SF, Wu JG. FT-IR spectroscopic analysis of normal and
cancerous tissues of esophagus. World J Gastroenterol 2003; 9:
1897-1899
Peng Q, Soloway RD, Wu JG, Zhou XS, Zhao DW, Xu DF, Fu
W, Wang SF. Infrared spectroscopic features of colon cancer
cells differ from those of normal colonic cells from the same
patient. Gastroenterology 1996; 110: A576
Li WH, Peng Q, Soloway RD, De La Peña O, Sun B, Weng SF,
Xu Z, Zhao DW, Zhou XS, Wu JG. Surface proteins of cancer
and normal epithelium from the same patients differ as assessed by their primary and second structure determined by
Fourier transform infrared (FTIR) spectroscopy. Gastroenterology 1997; 112: A604
Wang JS, Shi JS, Xu YZ, Duan XY, Zhang L, Zhu AJ, Weng SF,
Wu JG. A study on different tissues of gallbladder by Fourier
transform infrared spectroscopy. Zhonghua Gandan Waike Zazhi
2003; 9: 657-660
Ren Y, Xu YZ, Wang J, Zhang YF, Wang F, Shi JS, Wu JG. FTIR
spectroscopic and statistical studies on the lung tissues.
Guangpuxue Yu Guangpu Fenxi 2003; 23: 681-684
Zhang L, Wang JS, Yang ZL, Xu YZ, Weng SF, Shi JS, Wu JG.
The difference of FTIR spectroscopic studies on normal and
malignant tissues of lung. Gaodeng Xuexiao Huaxue Xuebao

15

16

17

18

19
20

21

22

23

24

25

26

January 21, 2005

Volume 11

Number 3

2003; 24: 2173- 2176
Ling XF, Xu YZ, Weng SF, Li WH, Zhi X, Hammaker RM,
Fateley WG, Wang F, Zhou XS, Soloway RD, Ferraro JR, Wu JG.
Investigation of normal and malignant tissue samples from
th e hu ma n stom a c h usi n g F ouri er t ra ns form Ra m a n
spectroscopy. Appl Spectrosc 2002; 56: 570-573
Yang LM, Xu Z, Zhang YF, Xu YZ, Zhou S, Zhang NW, Li QB,
Liu Z, Wang LX, Zhou WJ, Xu DF, Song ZF, Weng SF, Wu JG.
The application of mid-IR fiber optics in diagnosis of colon
cancer in vivo and in situ. Guangpuxue Yu Guangpu Fenxi 2003;
23: 883-884
Xu YZ, Zhang YF, Yang LM, Peng X, Sun KH, Li QB, Zhou WJ,
Wu HZ, Yu GY, Xu YZ, Liu Z, Weng SF, Wang J, Zhao Y, Xu
DF, Wu JG. In vivo and rapid detection of the malignancy
tumor of oral tissues using Mid-FTIR fiber optics spectroscopy.
Gaodeng Xuexiao Huaxue Xuebao 2004; 25: 348-350
Wu JG, Xu YZ, Sun CW, Soloway RD, Xu DF, Wu QG, Sun KH,
Weng SF, Xu GX. Distinguishing malignant from normal oral
tissues using FTIR fiber-optic techniques. Biopolymers 2001;
62: 185-192
Sukuta S, Bruch R. Factor analysis of cancer Fourier transform
infrared evanescent wave fiberoptical (FTIR-FEW) spectra. Lasers Surg Med 1999; 24: 382-388
Blum HE. Colorectal cancer: future population screening for
early colorectal cancer. Eur J Cancer 1995; 31A: 1369-1372
Wang F, Ling XF , Yang ZL , Xu Z, Ren Y, Li WH , Weng SF, Wu
JG. FTIR spectroscopic study of normal and malignant tissues
of rectum. Guangpuxue Yu Guangpu Fenxi 2003; 23: 498-501
Weng SF, Lin XF, Yang LM, Soloway RD, Xu YZ, Tian W, Yang
ZL, Kang N, Yan WF, Hu XB, Fately WG, Wu JG. Use of midinfrared fiber optics to determine the extent of spread of gastric
and colonic cancer. Gastroenterology 2000; 118: A6436
Xu YZ, Soloway RD, Lin XF, Zhi X, Weng SF, Wu QG, Shi JS,
Sun WX, Zhang TX, Wu JG, Xu DF, Xu GX. Fourier transform
infrared (FTIR) mid-IR spectroscopy separates normal and
malignant tissue from the colon and stomach. Gastroenterology
2000; 118: A6438
Sun XJ, Su YL, Soloway RD, Zhang L, Wang JS, Ren Y, Yang
LM, Zheng AG, Zhang YF, Xu YZ, Weng SF, Shi JS, Xu DF, Wu
JG. Rapid, intraoperative detection of malignancy using attenuated total reflectance (ATR) and mobile Fourier transform
infrared (FTIR) spectroscopy. Gastroenterology 2003; 12 4:
A4 20 -A 421
Peng Q, Xu Y, Li W, Wu J, Zhou X. FTIR study on the normal
and tumor gastrointestinal tissues. Guangpuxue Yu Guangpu
Fenxi 1998; 18: 528-531
Zhang L, Sun KH, Soloway RD, Ling XF, Xu YZ, Wu QG, Weng
SF, Yang ZL, Zhang TL, Yao GQ, Chen HH, Zhou XS, Xu DF,
Wu JG. Intraoperative Fourier transform infrared spectroscopy
can guide individual resections in patients with gastric cancer.
Gastroenterology 2004; 126: A626
Wong PTT, Lacelle S, Fung Kee Fung M, Senterman M, Mikhael
NZ. Characterization of exfoliated cells and tissues from human endocervix a nd ectocervi x by FTIR and ATR/FTIR
spectroscopy. Biospectroscopy 1995; 1: 357-364
Assistant Editor Guo SY Edited by Kumar M and Wang XL

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(3):331-335
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• COLORECTAL CANCER •

Relationship between metabolic enzyme polymorphism and
colorectal cancer
Kun Chen, Qin-Ting Jiang, Han-Qing He
Kun Chen, Qin-Ting Jiang, Han-Qing He, Department of
Epidemiology and Health Statistics, School of Medicine, Zhejiang
University, Hangzhou 310031, Zhejiang Province, China
Supported by the National Natural Science Foundation of China,
No. 30170828
Correspondence to: Professor Kun Chen, Department of Epidemiology
and Health Statistics, School of Medicine, Zhejiang University,
Hangzhou 310031, Zhejiang Province, China. ck@zju.edu.cn
Telephone: +86-571-87217190 Fax: +86-571-87217184
Received: 2004-02-14 Accepted: 2004-03-04

Abstract
AIM: To clarify the influence of genetic polymorphisms on
colorectal cancer.
METHODS: The results of 42 related studies from 1990 to
2001 were analyzed by meta-analysis. Mantel-Haenzel
fixed-effect model or Dersimonian-Laird random-effect
model and ReviewManager 4.1 statistical program were
applied in processing the data.
RESULTS: Meta analysis of these studies showed that GSTT1
deletion (pooled OR = 1.42), N-acetyltransferase 2 (NAT2)rapid acetylator phenotype and genotye (pooled OR = 1.08)
and NAT2-rapid acetylator phenotype (pooled OR = 1.15)
had a significantly increased risk for colorectal cancer
(P <0.05), other genotypes like GSTM1 deletion, GSTP1
1le105Val, NAT1*10, NAT2-rapid acetylator genotype
CYP1A1 L1e462Val, CYP1A1 MspI*C, MTHFR C677T and
MTR A2759G had no significant relationship with colorectal
cancer (P>0.05).

body, and metabolic pathways may be modified by polymorphisms
in relevant genes. There is some evidence that the general host
metabolic status can provide a milieu that enhances or reduces
cancer progression[2]. Most metabolic enzymes have several
genetic polymorphisms, which can affect their activities[3].
Different alleles of metabolic enzymes contribute to different
colorectal cancer susceptibility[4]. Marugame et al [5] have
suggested that the genotype might be involved in all stages of
colorectal carcinogenesis. It is now widely accepted that the
development of colorectal cancer is determined by a complex
interaction of both genetic polymorphisms and environmental
factors[6]. Recently, many studies have focused on the relationship
between the genetic polymorphisms and risks of colorectal cancer.
However, the overall results of such studies are inconsistent[7-15].
Understanding the role of genetic polymorphisms and host
susceptibility would help us with screening, treatment, surveillance,
and prevention of CRC. In order to provide overall possible
information on association between genetic polymorphisms of
metabolic enzymes and risks of colorectal cancer, we performed
this meta-analysis of 42 published studies from January 1990
to December 2001.

MATERIALS AND METHODS

http://www.wjgnet.com/1007-9327/11/331.asp

Selection of studies
The published literatures of case-control or cohort studies that
have information on colorectal cancer and genetic polymorphisms
of metabolic enzymes were collected by retrieving MEDLINE,
CBmdisc and Chinese Medical Current Contents (CMCC),
American Association for Cancer Research (AACRC), and
retrospective searching over the period of January 1990 to
December 2001. The citations in identified articles and in review
articles were also examined. The criteria for acceptance of the
literature were as follows. (1) Independent case-control or cohort
studies published in journals from January 1990 to December
2001 were included. (2) Each study should have the synthetic
statistical index, namely odds ratio (OR) or risk ratio (RR). (3)
Each study should have the similar research goal with the identical
study method. (4) The main factors of these studies should be
related to the genetic polymorphisms of metabolic enzymes and
colorectal cancer. (5) The latest ones were chosen among those
with the same data available in more than one studies or the data
overlapping with those in other studies. (6) Duplicated, poor
quality reports or those with little information were discarded.
The data were input doubly into computer to be checked, and
the database was then established. Therefore, 42 articles were
collected by screening in this way.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers,
and several factors affect its progress. Some risk factors for
colorectal cancer can be ascribed to the environmental factors
associated with fatty food and dietary fibers[1]. Exterior substances
must be activated or inactivated by metabolic enzymes in the

Grouping
All literatures were divided into two groups by the integrity of
information in the literature. Group A included all literatures, and
group B contained those literatures that could acquire all details
about the number of exposed and non-exposed persons in both
case and control groups. So the literatures in group A covered
those in group B.

CONCLUSION: Risks for colorectal cancer are significantly
associated with the genetic polymorphisms of GSTT1 deletion,
NAT2-rapid acetylator phenotype and genotye and NAT2rapid acetylator phenotype.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal cancer; Glutathione S-transferase
T1; N-acetyltransferase; Polymorphism
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Statistical analysis
To take into account the possibility of heterogeneity across
the studies, a statistical test for heterogeneity (test for equal
variance) by different genetic polymorphisms across the studies
was performed. In group A, whether Mantel-Haenzel fixed-effect
model or Dersimonian-Laird random-effect model was used
to calculate the pooled OR based on the result of test for
heterogeneity. If there was an equal variance (P>0.05) in the
result of the test, then the model of Mantel-Haenzel fixed-effects
was chosen; otherwise, the Dersimonian-Laird random-effect
model should be selected. The ReviewManager 4.1 statistical
program was employed in processing the literatures in group B.
The two steps in the meta-analysis were as follows:
(1) Test for heterogeneity (test for equal variance)
m

Q  WMHi (ln(ORi ) ln(ORMH ))2
i 1

W
O RMH 

O R U  O R M H  e 1 .9 6 

MH

i

O Ri

Volume 11

Number 3

V arO RM H
V a rO R M H

1

V arO R MH 

m

W

MHi

i 1

Dersimonian-Laird random-effect model (D-L model).
(if Q  m  1 )
0

m
 [Q  ( m  1)] WMH
i
D
i 1
2
 m
m

   WMHi    W 2 MHi
( if Q  m  1 )
  i 1
i 1


1
D

1
WMHi

, i  1, 2,3,, m

i 1

m

W

m

W

i

i 1

WMHi

O R L  O R M H  e  1 .9 6 

Wi 
m

January 21, 2005

ln( OR DL ) 

i

ln(OR i )

i 1

m

W

1

Variancesi

i

i 1

V a ria n c e D L 

1
m



2

 ln(ORi ) ln(ORiL) 
Variancesi 

1.96



W

i

i1

OR DLL  ORMH  e

The statistics of Q was in accordance with the chi-square
distribution (degree of freedom: m-1).
(2) Calculation of synthetic OR-value
The formula for the calculation of data in group A was Mantel
-Haenzel fixed-effect model (M-H model)
The calculating process of ORMH was as following:

 1.96  Variance D L

OR DLU  ORMH  e1.96 

Variance DL

Data of literatures in group B were input into the Review
Manager 4.1 statistical program to be analyzed.

RESULTS
Four types of metabolic enzymes correlated with colorectal cancer
are summarized in Table 1 by different genetic polymorphisms.

Table 1 References to colorectal cancer and polymorphisms of metabolic enzymes
References

Gene and
polymorphism1

Grouping2

Carcinogenesis. 1991; 12(1): 25-8
Carcinogenesis. 1993; 14(9): 1821-4 (abstract)
Carcinogenesis. 1995; 16(7): 1655-7 (abstract)
Carcinogenesis. 1996; 17(4): 881-4
Carcinogenesis. 1996; 17(9): 1855-9
Carcino-Terato-Muta 1996; 8(6): 326-332
Can-Epi-Bio-Prev. 1998; 7(11): 1001-5
J-Toxicol-Sci. 1998; 23 Suppl 2140-2 (abstract)
Can-Epi-Bio-Prev. 1998; 7(12): 1079-84 (abstract)
Zhengjiang Yixueyuan Xuebao 1998; 8(4): 446-447

1
1
1,2
1,2
1,2
1
1,2
1
1,5
1

B
B

Cancer-Epidemiol-Biomarkers-Prev. 1999; 8(1): 15-24
Cancer-Lett. 1999; 142(1): 97-104
Exp-Toxicol-Pathol. 1999; 51(4-5): 321-5 (abstract)
Can-Epi-Bio-Prev. 1999; 8(4 Pt 1): 289-92
J-UOEH. 1999; 21(2): 133-47
Jiangshu Linchuangyixue Zazhi 2000; 4(2): 90-91
Anticancer-Res. 2000; 20(1B): 519-22 (abstract)
J-Gast-Hepatol. 2001; 16(6): 631-5 (abstract)
Carcinogenesis. 2001; 22(7): 1053-60
Gastroenterology 1997: 112: A542 (abstract)

1,4
1,2
1
1,2,6
1,2,3,5,6
1,2
1
2
1,2,5,6
2

B
B

1

B
B
B
B

B

B
B
B

B
B

References

Pharmacogenetics. 1999; 9(2): 165-9
Cancer-Res 1995; 55(16): 3537-42
Am-J-Epi 1997;145 (abstract)
Cancer-Res. 1998; 58(15): 3307-11
Int-J-Cancer. 1990; 46(1): 22-30
Cancer-Res. 1991; 51(8): 2098-100
Can-Epi-Bio-Prev. 1994; 3(8): 675-82
Cancer. 1994; 74(12): 3108-12
Lancet. 1996; 347(9012): 1372-4
Cancer res on prevention and treatment
1999; 26(3): 232-233
Gut. 1997; 41(2): 229-34
Carcinogenesis. 1997l; 18(7): 1351-4
Carcinogenesis. 1998; 19(1): 37-41
Pharmacogenetics. 1998; 8(6): 513-7
Cancer-Res. 1996; 56(21): 4862-4
Cancer-Res. 1997; 57(6): 1098-102
Genet-Test. 1999; 3(2): 233-6
Can-Epi-Bio-Prev. 1999; 8(6): 513-8
Can-Epi-Bio-Prev. 1999; 8(9): 825-9
Can-Epi-Bios-Prev. 2000 ; 9(8): 855-6
Carcinogenesis. 2001; 88(8): 1323-6

Gene and Grouping2
polymorphism1
6
3
4
3,5
4
4
4
4
4
4
5
5
5
5
9
9
9
9
10
7,8
7,8

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

Note: 1-GSTM1 deletion, 2-GSTT1 deletion, 3-NAT1*10, 4-NAT2-rapid acetylator phenotype, 5-NAT2-rapid acetylator genotype,
6-GSTP1 lle105Val, 7-CYP1A1 Lle462Val, 8-CYP1A1 MspI*C, 9-METHFR C677T, 10-MTR A2759G 2Note, Grouping B: The literatures in group B, grouping A: The literatures in group B.
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rapid acetylator phenotype and genotye and NAT2-rapid
acetylator phenotype, NAT2-rapid acetylator genotypes
CYP1A1 L1e462Val, CYP1A1 MspI*C, MTHFR C677T and MTR
A2759G were 1.07, 1.20, 1.08, 1.20, 1.02, 1.06, 0.95, 1.21, 1.17,
0.69, and 0.60. Only the genotpyes of GSTT1 deletion and
MTHFR C677T had a significant association with colorectal
cancer (P<0.05), and the genotype of GSTT1 deletion was a
risk factor (OR>1.00) while MTHFR C677T was a protective factor
(OR<1.00) for colorectal cancer.
There was a significant difference when the synthetic OR
values in two groups were calculated by paired test (t = 5.080,
P = 0.000). When the number of literatures was the same, there
was no significance (P>0.05).

Table 2 lists the results of meta-analysis in group A for the
genetic polymorphisms of metabolic enzymes related with
colorectal cancer. Since there was no equal variance in the
genotype of GSTM1 deletion, GSTT1 deletion, CYP1A1 MspI*C,
they were analyzed by D-L model. Other genetic polymorphisms
of metabolic enzymes were processed by M-H model. The
pooled OR values of GSTM1 deletion, GSTT1 deletion, GSTP1
1le105Val, NAT1*10, NAT2-rapid acetylator phenotype and
genoype and NAT2-rapid acetylator phenotype, NAT2-rapid
acetylator genotypes CYP1A1 L1e462Val,CYP1A1 MspI*C,
MTHFR C677T and MTRA2759G were 1.08, 1.42, 1.09, 1.25, 1.08,
1.15, 1.05, 1.26, 1.30, 0.83, 0.60 respectively. Among these genetic
polymorphisms, GSTT1 deletion, NAT2-rapid acetylator
phenotype and genotye and NAT2-rapid acetylator phenotype
had significant relationships with colorectcal cancer (pooled
OR>1.08, P<0.05), while the others had no relationship with
colorectal cancer (P>0.05).
Table 3 shows the results of meta-analysis in group B for
the genetic polymorphisms of metabolic enzymes related with
colorectal cancer. Genetic polymorphisms other than CYP1A1
MspI*C had the equal variance. Therefore the genotype of
CYP1A1 MspI*C was analyzed by D-L model, and others were
analyzed by M-H model. The pooled OR values of GSTM1
deletion, GSTT1 deletion, GSTP1 1le105Val, NAT1*10, NAT2-

DISCUSSION
The pathogenesis of colorectal cancer can be ascribed to multiple
factors, such as environmental substance and family history[16].
Metabolic enzymes are responsible for the activation or
detoxification of mutagenic xenobiotics. Chemical carcinogens
generally require metabolic activation in order to bind to DNA
and contribute to cancer formation. Cancer susceptibility
might be resulted from differences in the expression of metabolic
enzymes[15]. Most of the human metabolic enzymes are genetically
polymorphic, and these polymorphisms may affect the enzyme

Table 2 Results of meta-analysis of polymorphisms and risk for colorectal cancer in group A
Test of heterogeneity
Gene and polymorphism

Study
numbers

Cumulative
cases

Cumulative
controls
Q

Statistical
method

OR

95%CI Significance
P

P

GSTM1 deletion

18

5 455

6 853

31 .1

<0.05

Random

1.08

0.96-1.20

GSTT1 deletion

11

1 348

1 792

29.79

<0.001

Random

1.42 b

1.21-1.66

<0.001

GSTP1 lle105Val

4

612

755

4.06

0.2

Fixed

1.09

0.87-1.37

>0.30

NAT1*10

>0.20

3

520

433

5.43

0.10-0.20

Fixed

1.25

0.96-1.63

>0.10

18

6 741

8 015

22.86

0.20-0.30

Fixed

1.08 a

1.00-1.16

<0.05

NAT2-rapid acetylator p

8

2 182

2 861

14.24

0.10-0.20

Fixed

1.15 a

1.02-1.31

<0.05

NAT2-rapid acetylator g

10

4 559

5 154

7.71

>0.50

Fixed

1.05

0.94-1.14

>0.20

CYP1A1 Lle462Val

2

235

280

1.77

>0.30

Fixed

1.26

0.77-2.08

0.05-0.1

CYP1A1 MspI*C

2

234

250

8.36

<0.02

Random

1.3

0.82-2.06

>0.30

METHFR C677T

4

1 949

3 099

3.11

0.30-0.50

Fixed

0.83

0.68-1.01

>0.10

MTR A2759G

3

613

1 189

0

0.9

Fixed

0.6

0.28-1.29

0.10-0.20

NAT2-rapid acetylator p&g

Fixed: Fixed-effect model, Random: Random-effects model. aP<0.05, bP<0.01.
Table 3 Results of meta-analysis of polymorphisms and risk for colorectal cancer in group B
Test of heterogeneity
Gene and polymorphism

Study
numbers

Cumulative
cases

Cumulative
controls

Statistical
method


OR

95%CI Significance
P

P

GSTM1 deletion

14

3 002

3 911

20.54

0.08

Fixed

1.07

0.97-1.17

GSTT1 deletion

8

1 029

1 492

12.52

0.085

Fixed

1.20 a

1.00-1.44

0.05

GSTP1 lle105Val

4

609

755

3.63

0.3

Fixed

1.08

0.86-1.35

0.5
0.18

NAT1*10

0.2

3

520

433

5.2

0.07

Fixed

1.2

0.92-1.56

12

3 121

3 697

13.61

0.26

Fixed

1.02

0.92-1.13

0.7

6

2 038

2 546

8.91

0.11

Fixed

1.06

0.94-1.20

0.3

NAT2-rapid acetylator g

6

1 083

1 151

3.62

0.61

Fixed

0.95

0.79-1.13

0.5

CYP1A1 Lle462Val

2

235

280

1.62

0.2

Fixed

1.17

0.71-1.91

0.5

CYP1A1 MspI*C

2

234

280

5.01

0.03

Random

1.21

0.77-1.90

0.4

METHFR C677T

3

546

1 413

1.38

0.5

Fixed

0.69 a

0.51-0.94

0.02

MTR A2759G

2

356

476

0

0.98

Fixed

0.6

0.28-1.29

0.19

NAT2-rapid acetylator p&g
NAT2-rapid acetylator p

Fixed: Fixed-effect model, Random: Random-effects model. aP<0.05.
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activity or inducibility. Individuals carrying some “high-risk”
alleles have a strikingly increased risk for colorectal cancer[3].
Some genotypes of metabolic enzymes might be a useful
prognostic biomarker for colorectal cancer[17].
The results of this study show that GSTT1 deletion was a
risk factor for colorectal cancer. Glutathione S-transferases
(GSTs) are a family of enzymes widely expressed in mammalian
tissues and have a broad substrate specificity. It has been found
that most GST substrates are xenobiotics or products of oxidative
stress, including some environmental carcinogens[18]. The genes
glutathione S-transferase M1 (GSTM1) and glutathione Stransferase T1 (GSTT1) code for cytosolic enzymes glutathione
S-transferase (GST)-mu and GST-theta respectively, which are
involved in phase 2 metabolism[19,20]. GSTs could contribute to
protection against the formation of carcinogens, and GSTT1
null genotype might exhibit a greater predisposition to colorectal
cancer[21,22]. GSTs could detoxify activated carcinogen metabolites
by catalysis of their reaction with GSH. Individuals who have
the risk to develop CRC might be possibly due to inefficient
hepatic detoxification of N-acetoxy-PhIP[23].
NAT2-rapid acetylator phenotype and genotype and NAT2rapid acetylator phenotype have been proved to have a significant
relationship with colorectal cancer in this study. N-acetyltransferase
(NAT2) is involved in the metabolism of several compounds
relevant in pharmacology or toxicology. The results of this
study have confirmed that NAT2-rapid acetylator phenotype
and genotye and NAT2-rapid acetylator phenotype are risk
factors for colorectal cancer. Frazier et al[24] reported that NAT2
genotypes might be an important factor in tumorigenesis of
colorectal cancer. The effect of NAT1 and NAT2 genotypes on
cancer varies with organ site, probably reflecting tissue-specific
expression of NAT1 and NAT2. The frequency of some NAT2
genotypes in population might be relatively high [25].
Among the eleven genetic polymorphisms of metabolic
enzymes in this study, only three enzymes had a significant
relationship with colorectal cancer. The results of this study
have some difference with what was reported[3,4,25]. One of the
possible reasons is the interaction of diet and other factors. It
has been testified that NAT2 alone could not be a risk factor for
colonic cancer[26]. Heterocyclic amines (HCA) that are taken
during consumption of meat and fish could increase the risk for
rectal cancer in men, but does not appreciably affect the risk for
rectal cancer in women or for colonic cancer in either sex[27]. It
has been indicated p53 is involved in the tumorigenesis of
colorectal cancer [28]. An increased frequency of p53 gene
mutations, including G:C to A:T transitions at non-CpG sites, is
associated with an increased risk for colorectal carcinogenesis
in cigarette smokers[29]. De et al[30] advised that description of
the exact relations between polymorphisms and colorectal
cancer susceptibility with an adequate power must take into
account relevant dietary and lifestyle habits and other factors.
Most recently, great interests have been focused on the possibility
that the risk associated with smoking could be modified by
polymorphisms of metabolic enzymes. It has been hypothesized
that GST functional variants associated with less effective
detoxification of potential carcinogens may confer an increased
susceptibility to cancer, especially in the presence of
environmental stresses such as smoking. Slattery et al [31]
reported a significant association between the risks for colorectal
cancer and the interaction of GSTM1 polymorphism and
smoking. All these results suggest that some risk factors susceptible
to colorectal cancer have a relationship with genetic polymorphisms
of metabolic enzymes, and colorectal cancer is also associated
with several environmental and dietary risk factors. Diet and
other factors must be considered when the relationship between
genetic polymorphisms of metabolic enzymes and colorectal
cancer is studied.
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The other reason might be the bias of analysis and the
information in these literatures. Meta analysis has been extended
quickly from social sciences to medical sciences. Two ways were
used in the calculation of pooled OR value in this study, but the
statistic principle and method of these two ways are similar. Since
there is no significant difference when the number of literature is
same in two ways, the bias of different ways could be eliminated.
However, the potential confounding factors might have not well
controlled due to the limited number of literature is, therefore the
results may be affected. Further study is required.
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carcinoma tissues was performed[8-12]. Subsequent searching
of normal mucosa cDNA libraries and sequence homology
analysis with the GenBank database generated two cDNA
clones that represented novel genes whose expression was
down-regulated in human colorectal carcinoma. One of them
is called suppression tumorigenecity 13 (ST13, also called
SNC6, HUS17714)[13,14]. Its cDNA is 3 121 bp and the gene is
located on human chromosome 22 as identified by fluorescence
in situ hybridization combined with fluorescence R-banding
technique[15]. Its protein consists of 271 amino acids[16,17].
Some studies demonstrated that ST13 expression was
significantly lower in colorectal cancer than in adjacent normal
colon mucosa[18-21]. However, to the author’s knowledge, which
kinds of tissues and cells would mostly express ST13 has not
been known. To answer this question, we investigated the
expression pattern of ST13 in colorectal cancer and adjacent
normal tissue by in situ hybridization.

Abstract

MATERIALS AND METHODS
Cell lines and tissue specimens
Human colorectal carcinoma cell lines SW1116, SW620, and
CoLo205 were bestowed from Cancer Institute, Zhejiang
University. All cell lines were confirmed expressing ST13 by
Northern blot. Approximately, 5×106 cell suspension was
washed with 0.01 mol/L PBS, and smeared by cytospin-2, the
smears were fixed with 4% formaldehyde for 10 min. Seven
colorectal cancer and adjacent normal tissue specimens were
collected after radical excision in Department of Surgical
Oncology, No.2 Hospital, Medical College, Zhejiang
University. All patients between 33 and 74 years old had been
diagnosed pathologically. Among them, four cases were males.
The specimens were minced into 0.5 cm×0.5 cm in size and
fixed with 4% polyformaldehyde immediately after resection,
then embedded in paraffin, cut into 6 m thick sections. And
baked at 25 ℃ overnight, deparaffinized twice with xylene for
30 min, and soaked in 100%, 95%, and 75% alcohol for 5 min
respectively, finally washed 3 times with 0.01 mol/L PBS
(pH 7.5, DEPC water).

AIM: To investigate the in situ expression of suppression
of tumorigenecity 13 (ST13) mRNA in both colorectal
cancer and adjacent normal tissues.
METHODS: Colorectal cancer cell lines SW1116, SW620
and CoLo205 were enrolled to confirm the feasibility of the
in situ hybridization procedure. Seven colorectal cancer
and adjacent normal tissues were included for RNA-RNA
in situ hybridization.
RESULTS: The expression of ST13 in the seven normal colon
tissues was positive and the positive signals appeared in
mucosal cells. Only three of the seven colorectal cancer
tissues had positive hybridization signals that appeared in
adenocarcinoma cells.
CONCLUSION: The expression of ST13 decreases in
colorectal cancer tissue compared with that in adjacent
normal tissue. ST13 is mostly expressed in colorectal
epithelia and adenocarcinoma cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal Cancer; Tumorigenecity 13; Gene
expression; In situ Hybridizations
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INTRODUCTION
Colorectal cancer is a common cancer in China and one of the
most rapidly increasing cancers in costal areas of eastern
China[1-4]. To investigate the factors that are related to colorectal
carcinogenesis at the molecular level[5-7], subtractive hybridization
between cDNA of normal mucosal tissues and mRNA of colorectal

Preparation of primers and probes[22]
The sequences of ST13 primers were 5’-ACT GCA TTT GAG
CTT GTG TG-3’ (antisense strand) and 5’-AGA GGA ATT TTA
CTT TCA CCC ACT-3’ (sense strand), and the final amplification
product was 182 bp. The sequences of -actin were 5’-TCG
ACAACG GCT CCG GCA-3’ (AP1) and 5’-CGT ACATCG CTG
GGG TGT-5’ (AP2), and the final amplification product was
370 bp. PCR amplifications of ST13 and -actin cDNA were
performed using above primers (PE GeneAmp PCR System
9 600, perkin elmer). Then the PCR products were cloned to
pGEM-Teasy vector (Promega Co, with SP6/T7 promoter).
Sequen cin g a na l ysis showed Sp6 pr om oter drove
transcription of antisense cRNA of ST13 (positive probe)
and T7 promoter drove transcription of sense cRNA of ST13
(negative probe) (DNA Sequence Analysis, perkin elmer).
Then labeling probes were prepared using the plasmids
amplified according to manufacturer’s instructions of RNA
probe marker kit (Promega Co).
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Detection of expression of ST13 in colorectal carcinoma cell lines
CoLo205, SW1116 and SW620 cell smears prepared as described
above were fixed with 4% formaldehyde respectively and washed
twice with 0.01 mol/L PBS (pH 7.5) for 5 min and 0.2 mol/L HCl
for 15 min, respectively. Then the smears were digested with 40 L
25 g/mL protease K (without DNase and RNase A, Shanghai
Biochemical Technology Company) at 37 ℃ for 15 min and
washed with 0.01 mol/L PBS (pH 7.5) each for 5 min. Before
hybridization, the smears were prehybridized at 40 ℃ for 90 min
in 60 L prehybridization solution (200 L of 20×SSC, 500 L of
100% formamide, 20 L of 50×Denhardt, 50 L 100 mg/mL
ssDNA, and 230 L ddH2O). The hybridization solution consisted
of 200 L of 20×SSC, 100% deionized formamide, 100 L of
50×dextransulfate and 130 L ddH2O. A total amount of 150 L
hybridization solution mixed with 3 L probes was denatured
at 68 ℃ for 10 min and laid on ice immediately. Then 50 L
hybridization solution was added to each smear at 42 ℃ overnight.
After hybridization each smear was washed successively twice
with 20×SSC for 10 min, 10×SSC for 15 min at 37 ℃, 10×SSC for
10 min and buffer I (1 mol/L Tris-HCl 50 mL+5 mol/L NaCl
15 mL+ddH2O 435 mL, pH7.5) for 5 min. Then 40-50 L of block
solution (buffer I 500 L+Triton x-100 2.5 L+NSS 5 L+Dig-Ab
1 L) was added on each smear for 30 min. After blocked, each
smear was incubated with 40-50 L of digoxin antibody alkaline
phosphatase complex (buffer I 500 L+Triton x-100 2.5 L +NSS
5 L+Dig-Ab 1 L) for 2 h at room temperature was rinsed twice
with buffer I each for 5 min and buffer III (1 mol/L Tris-HCl
25 mL+5 mol/L NaCl 5 mL+1 mol/L MgCl 12.5 mL+ddH2O
260 mL pH9.5) twice for 5 min, then 40-50 L of color developing
agent (buffer III 1 000 L+NBT 4.5 L+BCIP3.5 L+levamisole
0.24 mg or buffer III 500 L+NBT and BCIP mixture 10 L)
was added and incubated in a dark room for 72 h. Finally
dehydration, clearance and mounting were performed.
Northern blot was used to detect expression of ST13 mRNA
in above cell lines as positive control. Sense probe and
omitted probe were used as negative controls. In our results,
hybridization signal appeared as deep-blue granules in cells.
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Detection of expression of ST13 in colorectal cancer and adjacent
normal tissues
The methods were the same as the procedure described above
in cell smears. RNA probe of -actin was used as positive
control. Sense probe and omitted probe were used as negative
control.
RESULTS
The Expression of ST13 in colorectal cancer cell lines
Hybridization signals were seen in all cell line smears, but not
in the negative control groups (Table 1).
Table 1 In situ expression of ST13 in colon cancer cell lines
Cell lines

Sample
number

SW1116

6

61

62

62

SW620

3

31

32

32

2

1

2

22

Colo205

Antisense
probe

2

Control
group

2

Sense
probe

1

Positive hybridization signal; 2Negative hybridization
signal.

Expression of ST13 in colorectal cancer and adjacent normal
tissue sections
Hybridization signals were seen in all specimens of colorectal
cancer and normal tissues by using -actin probe (Table 2),
demonstrating that the RNA was well protected in specimens.
Hybridization signals could be found in all 7 normal tissues,
but only in 3 of 7 colorectal cancer tissues by using ST13 probe
(Table 2). These signals appeared mostly in epithelial cells in
normal tissues and adenocarcinoma cells in colorectal cancer
tissue (Figures 1B, C, 2A, B), but not in negative control groups
(Table 2, Figures 1D and 2D), indicating that the results were
reliable.

A

B

C

D

Figure 1 Expression of ST13 in normal mucosa. A: hybridization signal appeared as deep-blue granules in epithelial cells using
-actin probe as positive control; B and C: hybridization signals were seen in normal tissues using ST13 antisense probe, they
were located in epithelial cells; and D: hybridization signal was not seen in negative control.
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Figure 2 Expression of ST13 in colorectal cancer tissue. A and B: hybridization signals were seen in carcinoma cells using
antisense probe of ST13; C: hybridization signals could not be seen using antisense probe of ST13; and D: hybridization signals
could not be seen in negative control.
Table 2 In situ expression of ST13 in both colon cancer tissue
and adjacent normal tissue
Results
Specimens

Sample
number
-actin Antisense Control
probe
probe
group

Sense
probe

Normal tissue

7

71

71

72

72

Cancer tissue

7

71

3 1 /4 2

72

72

1

Positive hybridization signal; 2Negative hybridization
signal.

DISCUSSION
ST13 is a novel gene related to colorectal carcinogenesis. Recent
studies have demonstrated that ST13 is located one 22q13 with
a length of 3 121 bp by cDNA sequencing and 271 amino acids
in protein coding area[13-16]. Several studies have indicated that
expression of ST13 mRNA is lower in colorectal cancer tissue
than in adjacent normal colorectal tissue[18-21]. However, the
precise expression pattern of ST13 in tissues and cells is unclear.
In situ hybridization developed in late 1 960, has been
confirmed as a stable and reliable technique for novel gene
expression research[23-30]. In this study, the sense and antisense
RNA probes of ST13 were designed with 182 bp in length, which
was reasonable for RNA-RNA hybridization. In order to develop
a stable and effective in situ hybridization technique to avoid
false positive and false negative results, we designed omitted
probe and sense probe for negative controls. Since the negative
results could be caused by the low expression of ST13 or by the
destruction of RNA in the process of preparation for paraffin
sections, we used -actin RNA probe for positive controls. We
applied in situ hybridization technique in human colorectal
cancer cell lines SW1116, SW620 and COLO205 known to
express ST13. Our study revealed that the hybridization signals
could be seen in positive controls but not in negative controls

(Table 1) demonstrating that in situ hybridization technique in
our study was creditable.
Our study showed that all specimens of normal tissue had
strong hybridization signals in mucosal epithelia, while only
three of seven colorectal cancer specimens had hybridization
signals in adenocarcinoma cells (Table 2) suggesting the low
expression of ST13 in colorectal carcinoma cells. This is in
agreement with the previous studies in which the expression of
ST13 was detected in colorectal cancer and adjacent normal
tissue by Northern blot[18-20]. Our study demonstrated that ST13
was expressed mainly in normal colon epithelia and in colorectal
adenocarcinoma cells, indicating the different locations of the
ST13 expression in different tissues. However, further studies
are needed to explore the different intensities of ST13 expression
in these different tissues.
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Abstract
AIM: It has been reported that regular consumption of
nonsteroidal anti-inflammatory drugs like indomethacin
decreases the incidence and mortality rate of a number of
gastrointestinal cancers. We aimed to explore the efficacy
and possible mechanisms of indomethacin on tumor growth
and tumor angiogenesis of human colon cancer xenografts
in nude mice.
METHODS: MTT (thiazolyl blue) assay was used to assess
the effect of indomethacin on cultured human colorectal
cancer cell line HCT116. HCT116 cells were inoculated
subcutaneously into BALB/c-nu/nu mice. After oral
administration of indomethacin, 3 mg/kg·d for 4 wk, animals
were sacrificed by cervical dislocation. Immunohistochemical
staining was employed to determine the microvessel density
(MVD) and vascular endothelial growth factor (VEGF)
expression in tumor tissues.
RESULTS: Indomethacin, a non-selective COX inhibitor,
significantly decreased the viability of HCT116 cells in a
dose-dependent manner (P<0.05) with 50% inhibition at
approximately 318.2±12.7 mol/L. Growth of HCT116 cell
tumor was significantly suppressed by indomethacin. The
tumor volume was significantly decreased in the treated
group (458.89±32.07 mm3) compared to the control group
(828.21±31.59 mm 3) (P<0.05). The MVD of the treated
group (19.50±5.32) was markedly decreased compared
to the control group (37.40±4.93) (P<0.001). The VEGF
expression of the treated group (1.19±0.17) was obviously
reduced as compared to the control group (1.90±0.48)
(P<0.01). The decrease in MVD was positively correlated
with the decrease of VEGF expression (rs = 0.714, P<0.05).
We did not see gastrointestinal complications in the treated
group and no differences were noted in the body weight of
the mice between the two groups throughout the study
(P>0.05).
CONCLUSION: Indomethacin can significantly decrease
the viability of cultured HCT116 cells and retard human
colorectal HCT116 cell tumor growth via inhibiting tumor
angiogenesis, which might be through reduction of VEGF
expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Tumor angiogenesis or the formation of new vessels within
tumors, plays a pivotal role in the development of carcinomas in
various tissues[1]. Tumor cells need blood vessels to grow greater
than 2-3 mm and to extend to adjacent tissues[2]. Therefore,
suppression of tumor angiogenesis has recently become a central
focus of cancer therapy. Indomethacin belongs to nonsteroidal
anti-inflammatory drugs (NSAIDs). A broad spectrum of data has
demonstrated that regular consumption of NSAIDs can reduce
the morbidity and mortality of colorectal cancer[3-10], with one of
its possible mechanisms being inhibition of angiogenesis[11-13].
In the present study, we examined the inhibitory effect of
indomethacin on cultured human colon cancer cell line HCT116,
and evaluated tumor growth and angiogenesis of HCT116
xenografts in BALB/c nude mice treated with indomethacin.
MATERIALS AND METHODS
Drugs and reagents
Indomethacin, thiazolyl blue (MTT) and dimethyl sulfoxide
(DMSO) were purchased from Sigma Chemical Corporation
(USA). Stock solution of indomethacin was made at 200 mol/L
in DMSO and stored at -20 ℃. The final concentration of DMSO
for all treatments including the negative control was maintained
at 5 mL/L. The process was done in subdued light just prior to
administration.
RPMI 1640 culture medium, fetal calf serum (FCS) and trypsin
were obtained from Cell Center of Xiangya School of Medicine,
Central South University (Changsha, China).
Monoclonal mouse anti-CD34 and anti-VEGF were products
of Santa Cruz (USA). HistostainTM-streptavidin/peroxidase (SP)
kit was purchased from Zhongshan Biotechnology Corporation
(Beijing, China).
Cell culture
Human colon cancer cell line HCT116 (American Type Culture
Collection, ATCC) was maintained in RPMI 1640 medium
supplemented with 100 mL/L heat-inactivated FCS at 37 ℃ in a
humidified atmosphere containing 50 mL/L CO2. Subconfluent
HCT116 cells were dissociated with 2 g/L trypsin-0.2 g/L EDTA
and suspended in RPMI 1640 serum-free medium at a density
of 1.0×108 cells/mL. Only single cell suspensions of greater
than 95% viability as determined by trypan blue exclusion were
used for experiments.
Animals
Four-six-week old male BALB/c-nu/nu mice, weighing 16-18 g,
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Tumor growth
Approximately 1.0×107 HCT116 cells in 0.2 mL serum-free
medium were implanted subcutaneously into the right flank of
each mouse. Tumors were allowed to grow up to 4-5 mm in
diameter and then the mice were randomized into two groups (five
mice per group) to receive daily administration of drug vehicle
(5 mL/L DMSO) or indomethacin (3 mg/kg in 5 mL/L DMSO) by
gavage. Mouse weight and tumor size were measured every
other day. The tumor volume was determined by measuring the
longest diameter (a) and the shortest diameter (b) of implanted
tumors and calculated according to the formula[14]: Volume (mm3)
= 0.5×a×b2. Twenty-seven days after initiation of drug treatment,
the mice were sacrificed by cervical dislocation and then the
tumors were removed and weighed. The inhibition rate was
calculated using the formula: Inhibition rate (%) = (1.0-tumor
volume of indomethacin treated group/tumor volume of DMSOcontaining group) × 100%.
Immunohistochemical examination
Tissue immunohistochemical staining was performed with the
Histostain-SP kit. Tumor tissue samples were fixed in 40 mg/L
phosphate-buffered formalin, embedded in paraffin, serially
sectioned at a thickness of 4 m and then deparaffinized. The
procedure of immunohistochemical determination was
performed according to the manufacturer’s instructions.
Monoclonal mouse antibodies against human CD34 and VEGF
were used at a dilution of 1:50.
Vessel staining and counting All blood vessels were highlighted
by staining endothelial cells for CD34 with a standard
immunoperoxidase technique described above. According to
Weidner et al [15], any brown-staining endothelial cell or
endothelial-cell cluster that was clearly separated from adjacent
microvessels, tumor cells, and other connective-tissue elements
was considered as a single, countable microvessel. First, three
areas of the highest neovascularization (hotspots) were
identified by scanning the tumor sections at a low power (10×10).
Then, individual microvessels were counted on high power
fields (10×40). The average vessel number was calculated.
VEGF staining score Staining of tissue specimens was scored
using a semiquantitative scoring system as described by
Bresalier et al[16]. Using the 10×objective, staining intensity
and distribution in each field was scored as absent (0), weak
(1), moderate (2) or strong (3). All 10×fields in a given specimen
were individually scored, the percentage of fields at each intensity

Statistical analysis
Data was expressed as mean±SD. Statistical analysis, using
the Student’s t test and correlated Spearman test, was carried
out with the software package SPSS 10.0. P<0.05 was considered
statistically significant.
RESULTS
Indomethacin decreased the viability of HCT116 cells
The effect of indomethacin on HCT116 cell viability was
assessed quantitatively by MTT assay. Indomethacin, a nonselective COX inhibitor, significantly decreased the viability of
HCT116 cells in a dose-dependent manner (Figure 1), with 50%
inhibition at approximately 318.2±12.7 mol/L.

% Cell survival

MTT cell viability assay
Viable HCT116 cells were seeded in 96-well microtiter plates at
a concentration of 2×104 cells/well. After a 24-h preincubation
at 37℃ in a humidified atmosphere containing 50 mL/L CO2, the
medium was aspirated. Various concentrations of indomethacin
(100 mol/L, 200 mol/L, 400 mol/L, and 800 mol/L) diluted in
0.2 mL of RPMI 1640 supplemented with 100 mL/L FCS were
added. After incubation for 48 h, 20 L of 5 mg/mL MTT was
added and the plate was incubated for a further 4 h before the
medium was discarded. Then 150 L DMSO was added to
dissolve the formazan. Absorbence values (A) were measured at
a wavelength of 490 nm with a microplate spectrophotometer.
Values were expressed as mean±SD of 12 wells and surviving
rate was calculated as follows: Surviving rate = A490 of experiment
/A490 of control ×100%. All determinations were carried out in
triplicate.

was determined and scores were added to yield an average
staining intensity score (IS) for the entire specimen.
IS = [ (0×F0) +(1×F1)+(2×F2)+(3×F3) ] , F = % 10×fields,
where F0 is the percent of 10 fields scored as 0, F1 is the percent
scored as 1, F2 is the percent scored as 2, and F3 is the percent
scored as 3.
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Figure 1 Dose-dependent effects of indomethacin on cell viability (MTT accumulation) in cultured HCT116 cells. All values were significantly different (t test, P<0.05) from the value
obtained without adding indomethacin. The inhibitory concentration 50% (IC50) was 318.2±12.7 mol/L.

Tumor growth influenced by indomethacin
Oral administration of indomethacin (3 mg/kg/d) significantly
suppressed tumor growth of the HCT116 xenografts (Figure 2).
The tumor volume of treated group (458.89±32.07 mm 3)
was significantly decreased compared to the control group
(828.21±31.59 mm3) (P<0.05). The tumor weight of treated group
(0.58±0.12 g) was markedly reduced compared to control group
(0.91±0.16 g) (P<0.05). However, no differences were observed
in the body weight of the mice between the two groups
throughout the study (P>0.05, Table 1) and we did not see any
gastrointestinal complications in the treated group.
Tumor volume (mm3)

were purchased from Experimental Animal Center of Shanghai.
The mice were housed under specific pathogen-free conditions
using laminar flow racks and given sterilized food and water.
All animal experiments were approved by the Institutional
Animal Care and Use Committee.
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Figure 2 Effect of indomethacin on the growth of human
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Figure 3 Sections of immunohistochemical staining for MVD (stained for CD34) and VEGF expression in both groups. A: MVD
of control group; B: MVD of treated group; C: VEGF expression of control group; D: VEGF expression of treated group (S-P
method ×400).
colon cancer xenografts in athymic mice.
Table 1 Mice weight, tumor weight and volume in both groups
(mean±SD)
Group

n

Mice
weight (g)

Tumor
weight (g)

Tumor
Inhibition
volume (mm3 ) rate (%)

Control

5

22.51±1.72

0.91±0.16

828.21±31.59

Treated

5

21.83±0.64

0.58±0.12 a

458.89±32.07 a

a

0
44.60

P<0.05 vs control group.

MVD and VEGF expression in tumor tissue
Vascularization was identified by staining the tumors with an
antibody to CD34 and the number of vessels per high power
field was scored. These areas of high neovascularization could
occur anywhere in the tumor, but were most frequent at the
margins of carcinomas. Indomethacin significantly reduced
tumor angiogenesis relative to controls. The MVD of the treated
group (19.50±5.32) was markedly decreased compared to the
control group (37.40±4.93) (P<0.001). VEGF expression was
mainly localized in cytoplasm of tumor cells. The VEGF expression
of the treated group (1.19±0.17) was obviously reduced as
compared with the control group (1.90±0.48) (P<0.01). The
decrease in MVD was positively correlated with the decrease
of VEGF expression (rs = 0.714, P<0.05) (Table 2). Representative
sections from control and indomethacin treated tumors are
shown in Figure 3.
Table 2 Microvessel density and VEGF expression in both
groups (mean±SD)
Group

n

MVD

Control

5

37.40±4.93

1.90±0.48

Treated

5

19.50±5.32 b

1.19±0.17 d

b

VEGF

P<0.001 vs control group; dP<0.01 vs control group.

DISCUSSION
It is generally accepted that solid tumor growth and metastasis
are dependent upon the acquisition of adequate blood supply.
Pharmacological targeting of the microvasculature in patients
with cancer represents an attractive therapeutic approach because
inhibition of angiogenesis has been shown to prevent tumor
growth[17], and induced regression of experimental solid tumors[18].
Based on the experimental data and the literature[19], the
mechanisms by which NSAIDs inhibit angiogenesis appear to
be multifactorial and likely include local changes in angiogenic
growth factor expression, alteration in key regulators and
mediators of VEGF, increased endothelial cell apoptosis,
inhibition ofendothelial cell migration, recruitment of inflammatory
cells and platelets, and/or thromboxane A2 mediated effects.
VEGF is one of the most potent growth factors for endothelial
cells and is involved in physiological and pathological
angiogenesis. VEGF mediates its biological effects on the
vascular endothelium mainly by binding to two tyrosine-kinase
III receptors VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) and by
activating different pathways and enzymes, including mitogenactivated protein kinase (MAPK), stress-activated protein
kinase (SAPK), p13-kinase/Akt (serine threonine kinase) and
p38 MAPK, which underlie the proliferation, migration and cell
survival of endothelial cells and vessel formation[20]. Therefore,
VEGF is an ideal target for blocking tumor angiogenesis. Our
study demonstrated that there was a strong correlation between
the inhibitory effect of indomethacin on MVD and VEGF
expression, which is consistent with the literature[21-23]. COX-2 is
considered to be a critical mediator of tumor angiogenesis.
Mice lacking COX-2 are found to have deficient VEGF expression,
reduced tumor angiogenesis and decreased tumor growth [24].
COX-2 inhibitors could decrease VEGF production in tumor
cells, and prevent VEGF-induced MAPK activation in
endothelial cells[2]. On the other hand, COX-1 has been reported
to express constitutively in most tissues but at particularly
high levels in endothelial cells[25]. Nonselective COX inhibitors
(traditional NSAIDs) might inhibit angiogenesis by two

Wang HM et al. Inhibition of angiogenesis by indomethacin

mechanisms: inhibition of COX-2 activity in colon carcinoma
cells to down-regulate production of angiogenic factors, and
inhibition of COX-1 activity in endothelial cells to suppress
endothelial tube formation[26].
However, a few gastrointestinal cancers do not express COX.
For example, human colon cancer cell line HCT116 expresses
neither COX-1 nor COX-2 [26]. In our study, indomethacin
(nonselective COX-1 and -2 inhibitor)[27,28] significantly decreased
the viability of cultured HCT116 cells and retarded the growth
of HCT116 xenografts in nude mice. Immunohistochemical
staining demonstrated that MVD and VEGF expressions in the
treated tumor tissues were remarkably reduced compared to
the controls. Furthermore, the decrease in MVD was positively
correlated with the down-regulation of VEGF (rs = 0.714, P<0.05).
These results suggest that indomethacin can inhibit human
colon cancer both in vitro and in vivo, and may exert its anti-tumor
effect by suppressing the new vessel formation (the key step
for tumor development), and inhibition of angiogenesis by
indomethacin is not entirely dependent on COX, but is associated
with VEGF expression inhibition.
It has been reported that harmful side effects of indomethacin
on gastric mucosa result from inhibition of gastric COX-1[29]
and angiogenesis in granulation tissue at the ulcer base[30]. Further
studies are needed to clarify the precise mechanisms by which
NSAIDs impair physical and pathological angiogenesis, and to
improve the safety and efficacy of these drugs as major anti-cancer
agents.
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Abstract
AIM: To investigate the expression pattern of epithelial cell
adhesion molecule (Ep-CAM) on normal and malignant colon
tissues to evaluate its diagnostic and therapeutic significance.
METHODS: cDNA encoding Ep-CAM extracellular domain
was cloned by reverse transcription-polymerase chain reaction
(RT-PCR) from excised malignant colon tissues and inserted
into a glutathione S-transferase (GST)-tagged vector. EpCAM-GST fusion protein was induced by isopropyl--Dthiogalactopyranoside (IPTG) and purified with glutathionesepharose. The Ep-CAM-GST fusion protein was mixed with
Freund’s adjuvant and Balb/c mice were immunized with
it. Sp2/0 myeloma cells were fused with the spleen cells
of the immunized mice. After having selected by indirect
ELISA, the anti-Ep-CAM monoclonal antibodies (MAbs) were
generated and the corresponding ascites were obtained.
Finally, the human colon carcinoma tissue array prepared
from seventy individual patients was stained with the antiEp-CAM MAbs.
RESULTS: The isolated Ep-CAM cDNA sequence was identical
to the data in GenBank. The expressed fusion protein was
almost soluble and had a molecular weight (MW) of 53 ku.
Four MAbs against Ep-CAM were obtained and designated
as FMU-Ep1, FMU-Ep2, FMU-Ep3 and FMU-Ep4 respectively.
Among them, FMU-Ep4 could recognize the natural EpCAM on Colo205 and SW480 cells, and all of them could
be used for immunohistochemical staining of tissue sections.
It was found that Ep-CAM was distributed differently in normal
and various malignant colon tissues, including squamous cell
carcinoma, signet-ring cell carcinoma and adenocarcinoma.
In normal colon gland epithelia, Ep-CAM antigen was mainly
distributed on the basolateral membrane and in the region
between the basolateral membrane and the cytoplastic part
near the nuclei, whereas the expression pattern of colon
malignancies was mainly on the whole surface of epithelia
and the expression was much higher than the normal colon
tissues. The staining pattern of tissue array showed in
adenocarcinoma and papillary adenocarcinoma, and the
expression of Ep-CAM was increased from grade I to grade III.
CONCLUSION: MAbs against Ep-CAM might be useful for
research on the structure and function of Ep-CAM and may

INTRODUCTION
Epithelial cell adhesion molecule (Ep-CAM), a 40 ku transmembrane
glycoprotein with two epithelial growth factor (EGF)-like domains,
is broadly expressed on normal epithelial cells mediating the
Ca2+-independent homotypic cell-cell adhesions as well as on
some epithelia-derived neoplasms[1]. It has been demonstrated
that the expression level of Ep-CAM is closely related to the
differentiation of various tumors such as bladder carcinoma,
breast carcinoma, cervical squamous carcinoma and oral mucosal
dysplasia[2-5]. Ep-CAM is encoded by GA733-2 gene located
on human chromosome 4q[6]. Low affinity monoclonal antibody
(MAb) against Ep-CAM 17-1A has been successfully used in
Germany for breast and colon carcinoma therapy[7,8].
MATERIALS AND METHODS
Molecular cloning of Ep-CAM cDNA
Freshly excised colon cancer tissue was washed with 0.15 mol/L
PBS and resuspended in 200 µL of lysis buffer (5 mL/L Triton
X-100, 10 mol/L Tris-HCl, pH 8, 0.1 mmol/L EDTA, 0.32 mol/L
sucrose, 3 mmol/L MgCl2, 1 mmol/L PMSF (Sigma Chemical
Co., St. Louis, MO), and 10 mg/L leupeptin (Sigma Chemical
Co., St. Louis, MO). The tissue was ground using a mortar and
pestle, and solubilized in RNA extraction solution (TRIzol,
Invitrogen, San Diego, CA). Total RNA was isolated using
chloroform, and precipitated with isopropanol. The resulting
1 g of RNA was used as template for single-strand cDNA
synthesis with 20 U avian myeloblastosis virus (AMV) reverse
transcriptase (Takara Biotechnology, Dalian, China) according
to the manufacturer’s instructions. Primers for PCR amplification
were synthesized by Shanghai Sangon Biological Engineering
and Technology Service Co. Ltd. Primers were as follows: sense,
5’-CAGGAAGAATGTGTCTGTG-3’andantisense,5’-CCACGC
ACACACATTTGTAA-3’ for Ep-CAM; sense, 5’-GGCACCAC
ACCTTCTACAATG-3’ and antisense, 5’-CAGGAAGGAAGG
TTGGAAGAG-3’ for -actin. PCR reaction mixture was subjected
to pre-denaturation at 94 ℃ for 5 min followed by 31 amplification
cycles each consisting of denaturation at 94 ℃ for 1 min, annealing
at 58 ℃ for 1 min and extension at 72 ℃ for 3 min, and then a final
elongation cycle at 72 ℃ for 10 min was performed with thermoDNA polymerase Pfu (Stratagene, La Jolla, CA). Products of PCR
were electrophoresed on 10 g/L agarose gels and cloned into the
pGEM-3Zf, which was digested with SmaI. cDNA clones were
sequenced using automated DNA sequencing facilities from
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Shanghai Sangon Biological Engineering and Technology Service
Co. Ltd.

Cell culture
Murine myeloma cell line Sp2/0, human colon carcinoma cell
lines Colo205 and SW480 were incubated in RPMI 1640 (Sigma
Chemical Co., St. Louis, MO) containing 100 mL/L fetal calf
serum (FCS, GIBCO-Invitrogen Co., San Diego, CA). Hybridomas
were incubated in RPMI 1640 supplemented with 20 mL/L FCS.
Expression of Ep-CAM-GST fusion protein in E.coli
The cDNA clone encoding the extracellular domain of Ep-CAM
was subcloned with pyrobest polymerase (Takara, China) and
inserted into a pGEX-4T-3 vector (Amersham Pharmacia Biotech,
Piscataway, NJ). The corresponding protein was expressed in
Escherichia coli as glutathione S-transferase (GST) fusion protein
induced by isopropyl--D-thiogalactopyranoside (IPTG, Sigma
Chemical Co., St. Louis, MO) and purified with glutathione-sepharose.
Preparation of hybridomas secreting MAb to Ep-CAM
Female Balb/c mice (4 wk old) were immunized with 40 g of
purified Ep-CAM-GST fusion protein in complete Freund’s
adjuvant (Sigma Chemical Co., St. Louis, MO) by subcutaneous
(sc) injection. Subsequently, immunizations were carried out
twice with 40 g of antigen in incomplete Freund’s adjuvant
(Sigma Chemical Co., St. Louis, MO) by sc and intraperitoneal
(ip) injection respectively, at 3 wk intervals. Ten days after the
third immunization, mice were bled from caudal vein and the serum
titer was determined by ELISA. The immunized mice were boosted
with 20 g of Ep-CAM-GST fusion protein by ip injection
three days before fusion. Splenocytes from immunized mice
and Sp2/0 myeloma cells were fused according to the general
procedure in the presence of polyethylene glycol (PEG, MW 4000,
Merck, Germany)[9]. Positive hybrids were selected by indirect
ELISA and subcloned 3 times using the limiting dilution method.
MAbs were produced either from supernatants of the hybridoma
culture or from ascites fluid of Balb/c mice intraperitoneally injected
with hybridoma. Immunoglobulin (Ig) isotypes were identified by
using an isotyping kit (Pierce, Rockford, IL).
ELISA
ELISA was performed on 96-well plates (NUNC, Nagel Inc.,
Roskilde, Denmark), which were coated with 5 mg/L Ep-CAMGST or GST respectively, in coating buffer (0.05 mol/L carbonate/
bicarbonate buffer, pH 9.6) and incubated overnight at 4 ℃. After
washing three times with PBS/0.5 mL/LTween-20, the supernatants
of hybridoma culture or various dilutions of corresponding
murine ascites were added and the plates were incubated for 1 h
at 37 ℃. The plates were washed three times and the working
dilution (1:2 000) of horseradish peroxidase (HRP)-conjugated
sheep anti-mouse IgG (DAKO, Glostrup, Denmark) was added.
After incubated at 37 ℃ for 1 h and three more washes, the
substrate 2,2’-azino-bis (3-ethylbenzo thiasoline-6-sulfonic
acid) (ABTS, Sigma Chemical Co., St. Louis, MO) was added to
each well and incubated for 15 min, and then the absorbance at
410 nm (A410 nm) was detected on a micro-plate reader.
Flow cytometry
The reported Ep-CAM positive cell line Colo205 was incubated
with anti-Ep-CAM MAbs or negative control anti-staphylococcal
enterotoxin B (SEB) mAb (IgG1) at 4 ℃ for 30 min, respectively.
After washing twice, the cells were suspended in Dulbecco
phosphate-buffered saline (DPBS) containing a working dilution
of fluorescein isothiocyanate (FITC)-labeled goat anti-mouse
IgG antibodies (Sigma) and incubated for 30 min at 4 ℃. Cells
were washed, fixed and then analyzed on a FACScan cytometer
(ELITE ESP, Coulter Inc., Miami, FL).
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Immunohistochemistry and human colon carcinoma tissue array
Formalin-fixed and paraffin-embedded normal or malignant human
colon tissue sections were obtained from the tissue bank of the
Department of Pathology at the XJ Hospital (Xi’an, Shaanxi,
China). All tissues were sampled from surgical specimens within
2 h of resection. Three-micrometer thick sections were mounted
on poly-L-lysine-coated slides, followed by deparaffinization
in xylene and dehydration in graded alcohol. The endogenous
peroxidase activity was blocked by an incubation with 3 mL/L
H2O2 in methanol for 30 min. Tissue sections were subjected to
antigen retrieval by boiling in 0.01 mol/L sodium-citrate (pH 6) for
10 min in a microwave oven. After blocked with 15 mL/L normal
goat serum for 1 h, immunohistochemistry assay was carried out
with an Elivision plus staining kit (Maixub-bio, Fuzhou, China)
according to its manual. In brief, tissue sections were stained with
MAb against Ep-CAM with concentration of 50 g/L for 1 h at
room temperature and washed three times, after which an enhancer
was added for 30 min, followed by three washes before HRPconjugated goat anti-mouse was added and washed another three
times. Finally, diaminobenzidine (DAB) was added for colouring.
Human colon carcinoma tissue array prepared from seventy
individual patients supplied by Cybrdi Corporation (Xi’an, China)
was stained with the same procedure mentioned above.
RESULTS
Ep-CAM cDNA cloning and its fusion protein expression
Ep-CAM cDNA was successfully cloned from the malignant
colon tissue (Figure 1) and its sequencing result was identical
to the data in GenBank. The optimal condition inducing the soluble
Ep-CAM-GST fusion protein to the greatest extent was at 37 ℃
for 7 h with 100 nmol/L IPTG. The SDS-PAGE results showed
the Ep-CAM-GST fusion protein had a molecular weight (MW)
of 53 ku (Figure 2).
1

2

bp
2 000
1 000
750
500

956 bp

250
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Figure 1 Representative RT-PCR results of Ep-CAM from
colon malignant tissue. Lane 1: marker of DL2000; lane 2: EpCAM cDNA.
1

2

3

4

Mr
120
97.4
66.2

53 ku

43

31

Figure 2 SDS-PAGE of Ep-CAM-GST fusion protein. Lane Mr:
low molecule weight protein marker; lane 1: bacteria culture
without IPTG induction; lane 2: bacteria culture with IPTG
induction for 0 h; lane 3: bacteria culture with IPTG induction
for 2 h; lane 4: bacteria culture with IPTG induction for 7 h.
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Characterization of Ep-CAM MAbs
Four hybridoma clones secreting MAbs to Ep-CAM were obtained
by the routine hybridoma technology and designated as FMUEp1, FMU-Ep2, FMU-Ep3 and FMU-Ep4 respectively. The clone
name, isotype, titers, ability of immunohistochemical staining,
and reaction with membrane Ep-CAM in FCM are listed in Table 1.
Among them, FMU-Ep4 could recognize the natural Ep-CAM
on Colo205 and SW480 cells (Figure 3), and all of them could be
used for immunohistochemical staining on tissue sections.
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Table 1 Characterization of anti-Ep-CAM MAbs
Clone name

Isotype 1

Titer 2

FMU-Ep1

IgG 2a

1×10 -6

-

++

FMU-Ep2

IgG 1

1×10 -7

-

++

-5

-

++

+

+

FMU-Ep3

IgG 2a

1×10

FMU-Ep4

IgG 1

1×10 -5

FCM staining

Immunohistochemistry3

B

1

The isotypes of MAbs were identified by an isotyping kit
(Pierce). 2The titers of MAbs in ascites were measured by indirect ELISA. 3Double plus (++) stands for strong positive staining and single plus (+) stands for weak positive staining.
Figure 4 Ep-CAM staining with anti-Ep-CAM mAb FMU-Ep1
on colon tissues (×400). A: normal colon tissue; B: malignant
colon tissue.

A

A

B

1

1 000
FL1

Figure 3 Flow cytometric analysis of Ep-CAM distribution with
MAb FMU-Ep4. A: Colo205 cell line; B: SW480 cell line.

Evaluation of Ep-CAM MAb on normal or malignant colon tissues
and human colon carcinoma tissue array
Ep-CAM mAb FMU-Ep1 was selected for the immunohistochemistry
staining. In the normal colon tissues, Ep-CAM antigen mainly
distributed on the basolateral membrane and the region between
the basolateral membrane of colon gland epithelia and the
cytoplastic part near the nucli, but not all the junctions of cells,
whereas the expression pattern of colon malignancies was
mainly on the whole surface of epithelia and the expression was
much higher than the normal colon tissues (Figure 4).
Seventy-two tissue dots were collected from 70 individual
patients with colon carcinoma tissue array, including adenocarcinoma (grades I to III), papillary adenocarcinoma (grades I to
III), signet-ring and squamous cell carcinomas as well as other
non-tumor tissues such as fibrous, fatty and mucous membrane
inflammation tissues, smooth muscle and B cell lymphoma. We
found that Ep-CAM was expressed only on the epitheliaorigined normal and malignant tissues. Among them, Ep-CAM
was positive on cell surface and cytoplastic region of signetring carcinoma cells and only on the surface of squamous cells
(Figure 5). In adenocarcinoma and papillary adenocarcinoma,
the expression of Ep-CAM was increased from grades I to III.

B

Figure 5 Representative Ep-CAM staining with anti-Ep-CAM
MAb FMU-Ep1 on human colon carcinoma tissue array (×400).
A: signet-ring carcinoma; B: squamous cell carcinoma.

DISCUSSION
Epithelial cell adhesion molecule (Ep-CAM) has been taken
as a target of biological therapy[7,8,10] and a tool in surgical
pathology[11]. Studies have shown that Ep-CAM is mainly
distributed on human basolateral cell membranes of all simple,
pseudo-stratified, transitional epithelia and some specific
epithelia-like hepatocytes, but not in cells of lymphoid origin[12,13].
In the gastrointestinal tract, gastric epithelium expresses very
low levels of Ep-CAM, higher levels in small intestine and the
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highest level in colon[14]. A previous research had revealed that
Ep-CAM mediates Ca 2+ -independent homotypic cell-cell
adhesions[15]. Formation of Ep-CAM-mediated adhesions has
a negative regulatory effect on adhesions mediated by classic
cadherins, which may have strong effects on the differentiation
and growth of epithelial cells[16,17].
In gastrointestinal tract carcinoma, malignant proliferation
of cancer cells are frequently associated with Ep-CAM expression
in gastrointestinal tract carcinomas, such as small intestine
carcinoma and colorectal adenocarcinoma[18,19]. Our research
has revealed that the expression of Ep-CAM in human colon
adenocarcinoma is similar to that in mice and its expression
level is negatively related to carcinoma differentiation. On tissue
array, the expression of Ep-CAM on adenocarcinoma and
papillary adenocarcinoma is increased from grade I to grade III.
Unlike the normal colon tissues, both basolateral and apical
membranes are Ep-CAM positive.
In our experiments, Ep-CAM was expressed as a prokaryotic
fusion protein form, which was then taken as an immunogen to
prepare monoclonal antibodies. The four strains of MAbs could
recognize Ep-CAM denatured by formalin, and could be selected
as potential pathological tools for their immunohistochemical
staining sensitivity. Only one strain could recognize natural
Ep-CAM. It might be due to two possible reasons. One is that EpCAM is a highly glycosylated molecule[20], and the prokaryotic
and eukaryotic fusion protein differ in structure. The other is
that the extent of glycosylation might be different in malignant
and normal colon epithelial cells, which causes the final distinct
structure.
After 7 years of following up patients with Duke’ C colorectal
carcinoma who underwent curative surgery and adjuvant
therapy with edrecolomab, a 32% reduction in mortality and a
23% reduction in recurrence were found[7]. Adjuvant treatment
with low-affinity Ep-CAM MAb 17-1A successfully increased
the 5-year survival rate after surgical treatment of breast and
colon carcinomas in Germany for decades[21]. In recent years,
the incidence of colorectal cancer has been increasing rapidly
in China, making it the fourth leading cause of cancer mortality
in China[22]. Preparation of a set of MAbs against Ep-CAM
may contribute to several potential future usages, including
study on the structure and function of Ep-CAM as well as the
diagnosis and therapy of some epithelial-derived cancers.
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cells by inhibiting cell growth and inducing cell apoptosis.

Abstract
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AIM: To investigate the effect of deleted pancreatic cancer
locus 4 (DPC4) gene transfection on biological behaviors
of human colorectal carcinoma cells and the role of DPC4
gene in colorectal carcinogenesis.
METHODS: PcDNA3.1-DPC4 plasmid was re-constructed
by gene-recombination technology. SW620 cells, a human
colorectal carcinoma cell line, were transfected with
PcDNA3.1-DPC4 plasmid using lipofectamine transfecting
technique. Transfected cells were selected with G418.
Expression of Smad4 protein was detected in cells
transfected with DPC4 gene by immunohistochemistry and
Western blot. Biological characteristics of transfected cells
were evaluated by population-doubling time and cloning
efficiency. Alterations of percentage of S phage cells
(S%) and apoptosis rate were determined by flowcytometry.
RESULTS: PcDNA3.1-DPC4 plasmid was constructed
successfully. SW620 cells transfected with PcDNA3.1-DPC4
plasmid (DPC4+-SW620 cells) showed a strong intracellular
expression of Smad4 protein, and the positive signal was
localized in cytoplasm and nuclei, mainly in cytoplasm,
where the expressions of Smad4 protein in SW620 cells
transfected with PcDNA3.1 plasmid (PcDNA3.1-SW620 cells)
and non-transfected SW620 cells (SW620 cells) were
weaker than those in DPC4+-SW620 cells. The populationdoubling time in DPC4 + -SW620 cells (116 h) was
significantly longer than that in SW620 cells (31 h) and
PcDNA3.1-Sw620 cells (29 h) ( P<0.01). The cloning
efficiencies of DPC4+ -SW620 cells (12%) were markedly
lower than those of SW620 cells (69%) and PcDNA3.1Sw620 cells (67%) (P<0.01). Compared with SW620 cells
and PcDNA3.1-Sw620 cells, the G0-G1% of DPC4+-SW620
cells was obviously higher and the S% was markedly lower
(P <0.05). Apoptosis rate of DPC4 + -SW620 cells was
significantly higher than that of SW620 cells and PcDNA3.1SW620 cells.
CONCLUSION: PcDNA3.1-DPC4 plasmid can be successfully
re-constructed and stably transfected into human SW620
cells, thereby the cells can steadily express Smad4. DPC4
protein may regulate proliferation of colorectal carcinoma

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
TGF- is a member of a large superfamily of structurally related
growth and differentiation factors; these factors play an
important role in modulating immune response, regulating cell
differentiation and growth, stimulating extracellular matrix
formation, etc[1]. TGF- has been reported as a potent inhibitor
of normal epithelial cell proliferation both in vitro and in vivo.
However, epithelia-derived tumor cells often lose their
sensitivity to TGF-, and their growth inhibition, thereby
forming tumors[2-4]. Smad4 is the central molecule of TGF-
signal transduction pathway, and all biological activities are
the results of action between Smad4 and other Smads (Smad2,
Smad3, and so on)[5-8]. Smad4 is produced by DPC4 gene
(deleted in pancreatic carcinomas, locus 4). The loss of DPC4
activity is thought to be an important factor leading to the
loss of growth inhibition, and the loss of DPC4 activity
included 3 factors as follows: deletion of parts of chromosome
including homozygous and heterozygous deletion gene
mutation, for example, frameshift, nonsense and missense
mutations; decline of gene expression[9].
Recent studies have demonstrated that colorectal carcinoma
with invasion and metastasis shows an obviously higher
frequency of DPC4 mutation than adenoma and intramucosal
carcinoma[10,11]. Some findings strongly suggest a significant
contribution of DPC4 gene inactivation in advanced stages, such
as distant metastasis of human colorectal carcinogenesis[12-17].
A cell model that Smad4 was expressed stably and highly
was achieved by transfecting DPC4 gene in our experiment,
and we investigated the effect of DPC4 gene transfection on
biological behaviors of human colorectal carcinoma cells and
the role of DPC4 gene in colorectal carcinogenesis to put forward
a new strategy of gene therapy for colorectal carcinoma.
MATERIALS AND METHODS
Cell line and plasmid
SW620 cell line was purchased from Xiangya School of
Medicine, Central South University, Changsha, China. PCMV5DPC4 plasmid was a kind gift from professor Joan Massague.
Hind III, BamH I, RPMI 1640 culture medium, 100 bp DNA
marker, neomycin (G418) and lipofectamin were obtained from
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Gibco Co. Smad4Ab-1 was from Neomarkers Co. The cells were
divided into three groups: SW620 cells, PcDNA3.1-Sw620 cells
and DPC4+-SW620 cells.

Plasmid re-construction
Plasmids PCMV5-DPC4 and PcDNA3.1 were transferred into
competent E.coli (JM109) respectively. Transferred E.coli
(JM109) was cultured to amplify the two plasmids. Plasmids
were digested and cut by Hind III and BamH I, and identified
by electrophoresis (5 400 bp,4 700 bp and 1700 bp); 1700 bp
was the DPC4 sequence. The DPC4 sequence was massively
extracted, purified, and cloned into PcDNA3.1 plasmid. A new
plasmid, PcDNA3.1-DPC4, was re-constructed, and confirmed
by direct sequencing. Empty vector DNA was used for control
transfections.
Cell culture and gene transfer
SW620 cells were maintained in RPMI 1640 supplemented with
antibiotics and fetal calf serum (FCS), transfected with PcDNA3.
1-DPC4 and PcDNA3.1 plasmids respectively by a standard
calcium phosphate co-precipitation method. Positive clones
were selected with 0.5 g/L G418 for 3 d, and harvested after 4 wk
of incubation in medium containing 0.25 g/L G418. The G418
resistant clones were passaged. The single clone was isolated
with cloning cylinders and expanded for analysis of Western
blot and growth parameters.
Western blot analysis
Expression of DPC4 gene was analyzed by Western blotting.
Briefly, cells were lysed in lysis buffer containing a proteinase
inhibitor cocktail. Total proteins were resolved by sodium
dodecyl sulfate polyacrylamide gel electrophoresis and
transferred to immobile membranes. Expression of Smad4
protein was detected using anti-smad4 monoclonal antibody
(1:50) by streptavidin peroxidase (SP) conjugated method .
Immunocytochemistry
Cells were seeded and cultured to reach the cell density of 106
cells/well, and then the cells were digested and centrifuged.
The cell sediment was fixed with formalin (40 g/L) for 24 h at 4 ℃.
After centrifuged once again, the cell sediment was wrapped
with agar (20 g/L) and embedded in paraffin and sliced. AntiSmad4 monoclonal antibody (1:50) was used to detect the
expression of Smad4 protein by SP method. For negative control,
primary antibody was replaced by PBS.
In vitro growth inhibition
When the three groups of cells were seeded and each reached
A

B

349

to the cell density of 106 cells/well respectively, the cells were
digested and seeded in 24-well plates (4×104 cells/well)
respectively. Cells of three wells from each group were counted
daily. The experiment was continued for 7 d and repeated three
times. Then the growth curve was drawn and cell doubling time
was calculated by using the formula: TD = t×log2/ (logNt-logNo).
For analysis of cloning efficiency, 50, 100 and 200 cells were
seeded in 6-well plates, respectively. When cell clones appeared,
they were fixed with formalin (40 g/L) for 15 min and stained
with Giemsa for 20 min. Finally, the results were evaluated.

Alterations of S% and apoptosis rate
Alterations of S% and apoptosis rate were determined by flowcytometry. For analysis of TGF--mediated growth inhibition,
3×105 cells were incubated into 60-mm dishes with serum medium
added with TGF-1 (5×10-6 g/L) one day after plating. Apoptosis
rate was evaluated by flow-cytometry.
Statistical method
Student’s t test and 2 test were carried out to compare the
state. P<0.05 was considered statistically significant.
RESULTS
Expression of Smad4 protein
Although a same quantity of protein (80×10-6g) was extracted
from the SW620 cells, PcDNA3.1-Sw620 and DPC4+-SW620
cells respectively, Western blot analysis showed that the
expression of Smad4 protein was the strongest in DPC4+-SW620
cells (clone 2) (Figure 1). DPC4+-SW620 cells showed a strong
intracellular expression of Smad4 protein, and the positive signal
was localized in cytoplasm and nuclei, mainly in cytoplasm.
The expressions of Smad4 protein in PcDNA3.1-Sw620 and
SW620 cells were obviously weaker than those in DPC4+-SW620
cells (Figure 2).

DPC4+-SW620
(clone2)

PcDNA3.1-SW620

SW620

Figure 1 Strongest expression of Smad4 protein in clone2
detected by Western blot analysis.

C

Figure 2 Expression of smad4 protein. A: Weak intracellular expression of Smad4 protein in SW620 cells. The positive staining
for Smad4 was localized in cytoplasm; B: Weak intracellular expression of Smad4 protein in PcDNA3.1-SW620 cells. The positive
staining for Smad4 was localized in cytoplasm; C: Strong intracellular expression of Smad4 protein in DPC4 +-SW620 cells
(clone2). The positive staining for Smad4 was localized in cytoplasm and nucleus, mainly in cytoplasm.
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Figure 4 Alterations of S% (A) and apoptosis rate (B) detected by flow- cytometry. aP<0.05 vs DPC4+-SW620.

In vitro growth property of DPC4+-SW620 cells
The doubling time of DPC4+-SW620 cells (116 h) was prolonged
obviously, compared with SW620 (31 h) and PcDNA3.1-Sw620
cells (29 h). The cloning efficiency of DPC4+-SW620 cells (12%)
dropped obviously compared to SW620 (69%) and PcDNA3.1Sw620 cells (67%) (over 50 cells were thought as a clone) (Figure 3).
Alterations of S% and apoptosis rate
Compared with SW620 and PcDNA3.1-Sw620 cells, the G0-G1%
of DPC4+-SW620 cells was significantly higher and the S%
was markedly lower (Figure 4A). The apoptosis rate of DPC4+SW620 cells was significantly higher than that of SW620 and
PcDNA3.1-Sw620 cells (Figure 4B). After stimulated by TGF-1,
the apoptosis rate of PcDNA3.1-SW620 and SW620 cells
increased, and that of DPC4+-SW620 cells declined.
DISCUSSION
A high frequency of loss of heterozygosity (LOH) on chromosome
18q has been recognized in the progression of carcinomas of
colon and other tissues, including pancreas[18,19]. Since DPC4
gene was isolated from the same region as a tumor suppressor
gene for pancreatic cancer, mutation analysis of this gene has
been carried out on cancers in various other organs[20,21]. DPC4
plays an important role in TGF- signal transduction pathway,
and has been found to be functionally inactivated in about
50% of pancreatic carcinomas[22,23], 30% of colon carcinomas
and a subset of biliary tract carcinomas[24,25]. DPC4 has been
thought as a tumor suppressor gene[26,27]. Despite an extensive
knowledge of the biochemical properties of Smad4 proteins,
little is known about how the loss of Smad4 function contributes
to the tumorigenic process.
Some scholars have suggested a significant contribution
of DPC4 gene inactivation in advanced stages[28], such as
distant metastasis of human colorectal carcinogenesis. They
believe the presence of DPC4 gene mutation in primary
carcinoma is a prognostic marker[29-33].

In order to attain the goal of our experiments, the PcDNA3.1DPC4 plasmid was re-constructed successfully using PCMV5DPC4 plasmid, and the re-constructed plasmid was cut and
confirmed by direct sequencing. After selected by G418, the
positive clones of SW620 cells transfected with PcDNA3.1-DPC4
plasmid were obtained. The expression of Smad4 protein was
the strongest in DPC4+-SW620 cells detected by Western blot
and immunocytochemistry. SW620 cells were successfully
transfected with PcDNA3.1-DPC4 plasmid. A cell model steadily
expressing Smad4 was obtained.
Candidate tumor suppressor gene DPC4 could inhibit growth
of pancreatic carcinoma[34-39], but little information is available
on whether DPC4 can inhibit growth of SW620 cells and how
it affects the proliferation of SW620 cells transfected with
DPC4 gene and the biological behaviors of human colorectal
carcinoma cells. In order to further elucidate these questions,
we carried out this study by dividing the cells into three groups:
SW620 cells, PcDNA3.1-Sw620 cells and DPC4+-SW620 cells.
Compared to SW620 and PcDNA3.1-Sw620 cells, the doubling
time of DPC4+ -SW620 cells was obviously prolonged and
their cloning efficiency was dropped. The growth of colorectal
carcinoma cells was inhibited by Smad4. Flow-cytometry
showed that G0-G1% of DPC4+-SW620 cells was much higher
and S% was much lower compared with SW620 and PcDNA3.1Sw620 cells. The expression of Smad4 protein inhibited the
growth of colorectal carcinoma by arresting cells from G1 phase
to S phase. In addition, the apoptosis rate of DPC4+-SW620
cells was much higher than that of SW620 and PcDNA3.1SW620 cells, suggesting that Smad4 can inhibit the growth of
colorectal carcinoma by inducing apoptosis of colorectal
carcinoma cells.
TGF-signal transduction pathway is an efficient channel
for inhibiting cell growth, proliferatiation and differentiation,
and Smad4 is the central molecule in this signal pathway. The
apoptosis rates of SW620 and PcDNA3.1-SW620 cells were
increased after stimulated by TGF-1. It is essential to pay
attention to the phenomenon that the apoptosis rate of DPC4+-
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SW620 cells declined after stimulated by TGF-1. This result
suggests that DPC4 inhibits cell growth, not only by TGF-
signal transduction pathway, but also by other pathways.
In fact, some scholars have revealed that over-expression of
wild-type DPC4 may re-construct a new pathway of negative
regulation of cell proliferation besides TGF-signal transduction
pathway[40,41].
At present, gene therapy is considered as an effective channel
in treating malignant tumors, and many scholars in medical
science agree on this point. This study suggests that increase
of Smad4 protein could restore or strengthen TGF- signal
transduction pathway and inhibit growth of colorectal carcinoma,
which provides some experimental foundations for gene
treatment of tumors.
Invasion and metastasis are important characteristics of
malignant tumors, and also the important reasons for the death
of tumor patients. Which genes or proteins participate in
invasion and metastasis of tumor is the central task of tumor
molecular biological researches. If inactivation of DPC4
gene is relevant with invasion and metastasis of tumors, is DPC4
a metastasis suppressor gene? What are the downstream target
genes? These questions should be studied deeply.
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Abstract
AIM: To study the effect of NS-398, a selective cyclooxygenase2 (COX-2) inhibitor, on invasion of colon cancer cell line
HT-29 in vitro and to explore its mechanisms.
METHODS: Invasive behaviors of the malignant colon
cancer cell line HT-29 were investigated in this study.
Expressions of COX-2 and CD44v6 in HT-29 cells were
detected by flow cytometry. Cellular survival rate was
determined by MTT assay. The invasive capacity was
quantified by a modified Boyden chamber model. Alterations
of cytoskeleton component F-actin were observed by
confocal laser scanning microscope.
RESULTS: Flow cytometry analysis showed that COX-2
was highly expressed in HT-29 cells. The invasive capability
of HT-29 cells could be greatly inhibited by NS-398 at the
experimental concentrations of 0.1, 1.0 and 10 mol/L with
an inhibitory rate of 22.74%, 42.35% and 58.61% (P<0.01),
respectively. MTT assay showed that NS-398 at the
experimental concentrations had no significant influence
on cellular viability, indicating that such anti-invasive effects
had no relationship with cytotoxicity. F-actin was mainly
distributed around nuclei forming annular structure in HT-29
cells. After exposure to NS-398 of 10 mol/L, the annular
structure around nuclei disappeared and the fluorescence
intensity of F-actin decreased obviously. Treatment with
NS-398 could down-regulate the expression of CD44v6 as well.
CONCLUSION: NS-398 has anti-invasive effects on colon
cancer HT-29 cells in vitro, which may be mediated by a
novel mechanism of disruption of cytoskeleton. Downregulation of CD44v6 expression may be related to alterations
of cytoskeleton.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colon cancer; NS-398; Cytoskeleton; F-actin;
COX-2; CD44v6
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INTRODUCTION
Cyclooxygenase(COX), also known as prostaglandin endoperoxidase or prostaglandin G/H synthase, is a rate-limiting enzyme
involved in the conversion of arachidonic acid to prostaglandins.
Two forms of cyclooxygenase, COX-1 and COX-2, have been
identified. COX-1 is constitutively expressed in many tissues
and responsible for various physiological functions, while COX2 is an inducible enzyme, originally found to be induced by
growth factors and other stimuli [1]. Recent studies have
highlighted the relevance of COX-2 in human cancers, such as
colorectal cancer, cholangiocarcinoma, liver cancer, esophageal
carcinoma, and gastric cancer[2]. Recently clinical, cellular and
animal experimental studies have indicated its relevance to
tumor invasion and metastasis[3-6]. NS-398 is a selective COX2 inhibitor and has a markedly reduced capacity of causing
injury to gastrointestinal mucosa without inhibition of COX-1[7].
Some studies indicate that NS-398 could resist carcinogenesis
through the effect of antiangiogenesis and proapoptosis[8,9].
Few studies have focused on anti-invasive and anti-metastatic
effect of NS-398 on cancer, and its exact mechanisms still remain
to be fully elucidated. We conducted the present study to
investigate the effect of NS-398 on invasion of colon cancer
cell line HT-29 in vitro and to elucidate its mechanisms.
MATERIALS AND METHODS
Materials
Human colon cancer cell line HT-29 was obtained from Tumor
Biological Treatment Center of Shandong Academy of Sciences
and cultured in RPMI 1640 supplemented with 10% bovine calf
serum (Gibco, USA) in a humidified atmosphere of 50 mL/L CO2
at 37 ℃. Mouse NIH3T3 fibroblasts were supplied by Immunology
Department of Shandong Academy of Sciences and maintained
in DMEM supplemented with 10% calf bovine serum in an
incubator. NS-398, MTT and BSA were obtained from Sigma
Co. FITC-labelled mouse anti-human COX-2 MAb and FITClabelled mouse anti-human IgG1 were provided by Cayman
Chemical (USA). FITC-labelled mouse anti-human CD44v6 MAb
was purchased from Pharmingen (USA). Matrigel was obtained
from BD Company (USA). Alexa Flour 488 phalloidin was
purchased from Molecular Probes (USA). Twenty-four-well
Transwell chamber was purchased from Costar Co. Flow
cytometry was a BD product (FACScan, USA). Confocal laser
scanning microscope was a product from Bio-Rad (Radiance
2100, USA).
Expression of COX-2 detected by flow cytometry
HT-29 cells at exponential phase were trypsinized, washed twice
with PBS, suspended in PBS, stained with FITC-labelled mouse
anti-human COX-2 MAb for 20 min in the dark and analyzed
by flow cytometry. Cells treated with FITC-labelled mouse
anti-human IgG1 were set as negative control. Fluorescence
values were determined for each sample.
Invasion assay
To quantify invasion, a modified Boyden chamber assay was
used as described previously[10]. Polycarbonate filters with
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RESULTS
Expression of COX-2 in HT-29 cells
The fluorescent intensity of COX-2 was 10.92±1.55 in negative
control while 66.07±7.66 in HT-29 cells. The difference between
these two groups was significant (P<0.01) suggesting that
COX-2 was positively expressed in HT-29 cells (Figure 1).
Effect of NS-398 on invasion of HT-29 cells
The cancer cell invasion was significantly suppressed 72 h
after NS-398 treatment at the concentrations of 0.1, 1.0 and
10 mol/L with an inhibitory rate of 22.74%, 42.35% and 58.61%,
respectively. Statistical analysis showed that the difference
between experimental group and untreated cells was significant
(P<0.01). As IR in cells treated with 0.1 mol/L was lower than
30%, we inferred 0.1 mol/L NS-398 had no anti-invasive effect
on HT-29 cells. In contrast, 1.0, 10 mol/L NS-398 could
significantly inhibit the invasive ability of HT-29 cells in vitro
(Table 1).
Table 1 Effect of NS-398 on invasion of HT-29 cells in vitro
Invasion of HT-29 cells
Invasive cell number

Cytoskeleton observed by confocal laser scanning microscopy
HT-29 cells were put in a 24-well plate and allowed to attach
overnight. After treatment with different concentrations of
NS-398 for 72 h, the cells were washed twice with PBS (pH7.4)
and then fixed with 37 mL/L formaldehyde for 10 min at room
temperature. Then the cells were washed twice and made
permeable with 0.1% Triton X-100 in PBS for 5 min. The cells
were washed twice with PBS and 1% BSA was added for 20 min
to reduce nonspecific background staining, washed twice again
and then 200 L of phalloidin in PBS (5 U/mL) was added for
30 min in the dark. A little PBS was left in the 24-well tissue
culture dishes and the specimens were analyzed by confocal
laser scanning microscope.

P<0.01 vs control; IR: inhibitory rate.

Cytotoxicity of NS-398 to HT-29 cells
The cell survival rate of HT-29 treated with 0.1, 1.0 and 10 mol/L
NS-398 for 72 h was 94.8%, 92.57% and 91.56% respectively
without significant difference compared with control (P>0.05).
This indicated that NS-398 had no significant effect on cell
viability at experimental concentrations.
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Statistical analysis
All statistical analyses were carried out with SPSS 10.0 software.
The statistical significance was evaluated by Student’s t test.
P<0.05 was considered statistically significant.

Measurement of NS-398 induced cytotoxicity
HT-29 cells were plated (2×103 per well) in 96-well plates and
incubated for 24 h. Medium containing 0, 0.1, 1.0 and 10 mol/L
of NS-398 was put to the cells of different experimental groups
in six parallel wells. Seventy-two hours later, 20 L of 5 mg/mL
MTT was added to each well. After incubation at 37 ℃ for 4 h,
the MTT medium was removed and 100 L of DMSO was added.
Color reaction was measured by a spectrometer at the
wavelength of 570 nm. Cell viability was assessed by the ratio
of absorbance of NS-398-treated cells to that of controls.

100
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Expression of CD44v6 detected by flow cytometry
After treating with different concentrations of NS-398, HT-29
cells were harvested by mild trypsinization. Expression of
CD44v6 in HT-29 cells was detected by flow cytometry as
previously; the only difference was that FITC-labelled mouse
anti-human CD44v6 mAb was used instead of FITC-labelled
mouse anti-human COX-2 mAb.

8-m pores of 24-well Transwell chamber were coated with
matrigel (50 g/pore) and placed at 37 ℃ for 1 h. HT-29 cells
were treated with NS-398 at the concentrations of 0.1, 1.0 and
10 mol/L, whereas control cells were just treated by the same
amount of physiological saline. After 72 h of treatment, cells
were harvested by trypsinization and added into the upper
chamber (4×104 /chamber). Serum-free mouse NIH3T3 fibroblast
conditioned medium was obtained by incubation of these cells
for 24 h. This medium was used as a chemoattractant in the
lower chamber. Following a 20-h incubation at 37 ℃, cells in the
upper chamber and the remaining cells on the upper surface of
filters were mechanically removed. The filters were fixed with
40 mg/L formaldehyde, and the cells on the lower surface were
counted under inverted microscope at 200× magnification. Five
fields were counted per filter, and the experiment was done in
triplicate. Invasive activity was assessed by the average number
of cells migrated to the lower surface of the filter. We found
NS-398 had a significant anti-invasive effect on HT-29 cells if
the inhibitory rate (IR) was higher than 30%, which showed a
significant difference (P<0.05) compared with control. IR was
calculated according to the formula: IR = (number of invasive
cells of control group- number of invasive cells of experimental
group)/ number of invasive cells of control group×100%.
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Figure 1 Expression of COX-2 detected by flow cytometry in negative control (A) and HT-29 cells (B).
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Figure 2 F-actin structure disrupted by NS-398 in colon cancer HT-29 cells. F-actin was mainly distributed around nuclei to take on annular
structure (↑) in control cells (A). Annular structure around nuclei was disorganized after treatment with NS-398 at 10 mol/L (B).
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Figure 3 Expression of CD44v6 in negative control (A) and HT-29 cells without treatment as control (B), following 72-h
treatment of NS-398 at 0.1 mol/L (C), 1.0 mol/L (D) and 10 mol/L (E).

Disruption of F-actin in HT-29 cells treated with NS-398
As shown in Figure 2, actin cytoskeleton was visualized by
fluorescence microscopy and stained by phalloidin. F-actin was
mainly distributed around nuclei to take on annular structure in
the untreated control cells. Exposure of HT-29 cells to relatively
lower concentrations of NS-398 (0.1 mol/L and 1.0 mol/L)
had no significant effect on F-actin. However, at the highest
dose of NS-398 (10 mol/L), the annular structure around nuclei
disappeared and the fluorescence intensity of F-actin was
obviously decreased. Part of F-actin was depolymerized and
dispersed in cytoplasm.
Effect of NS-398 on expression of CD44v6
The fluorescence intensity of CD44v6 was 1.09±0.18 in negative
control and 11.37±1.05 in HT-29 cells. The difference between
these two groups was significant (P<0.01) suggesting that
CD44v6 was positively expressed in HT-29 cells. After treatment
with 0.1 mol/L NS-398, the fluorescence intensity of CD44v6
was 9.71±1.45 without significance compared with untreated
cells (P>0.05). After exposure to 1.0 and 10 mol/L NS-398,
the fluorescence intensity of CD44v6 was 8.0833±1.2070 and
4.3667±0.6834 respectively. The differences between the two
groups and control group were significant (P<0.01). We found
that the expression of CD44v6 in HT-29 cells significantly
decreased in a dose-dependent manner (Figure 3).

DISCUSSION
Colon cancer is one of the common malignant tumors in China.
Invasion and metastasis are two major causes leading to a fatal
result. By invading the normal tissues, cancer cells could adhere
to extracellular matrix (ECM) and migrate through degraded
ECM into circulation[11]. This invasive growth is required for
metastasis of cancer. Recent studies have specifically addressed
the relationship between COX-2 level and invasion and
metastasis of colorectal carcinoma. It has been found that high
COX-2 expression is associated with invasion and metastasis
of colon carcinoma[12,13]. In our study, we found that COX-2
was highly expressed in HT-29 cells. HT-29 cells could degrade
and migrate through ECM component matrigel, which indicates
their malignant behavior. These findings are in agreement with
previous studies[12,13]. After treatment with NS-398 at 0.1, 1.0
and 10 mol/L, the number of invasive cells significantly
decreased compared with control group in a dose-dependent
manner (P<0.01). The inhibitory rate was 22.74% (<30%), 42.35%
and 58.61% respectively. We inferred NS-398 at 1.0 mol/L and
10 mol/L could significantly suppress the invasive ability of
HT-29 cells in vitro. A number of researches[14,15] have found
that selective COX-2 inhibitors could inhibit cell division and
alter cell cycle distribution in cultured cancer cells. Tumor cells
are arrested in G0/G1 phase with reduced cell cycle progression
in G1-S transition, finally undergoing apoptosis. In order to
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determine whether such inhibitory effects of NS-398 were related
to its cytotoxicity or not, cell viability was detected by MTT
assay. We found NS-398 had no significant effect on cell
viability at the experimental concentrations, indicating that antiinvasive effect of NS-398 on HT-29 cells does not result from
its cytotoxicity. Despite these clues, the role of selective COX-2
inhibitor in suppressing the invasion and metastasis of colon
cancer is still not understood.
Actin is a major component of cytoskeleton and exists in
cytoplasm as F-actin and G-actin with homeostasis. It has
been found that actin is involved in many cellular functions,
including cellular motility, maintenance of cell shape, adhesion
to ECM and cell invasion[16-21]. Alterations in organization and
polymerization of actin have been known to accompany
malignant transformation of many cell types. Thus, actin seems
to be critical for migration and invasion of cancer cells. Selective
targeting of actin filaments in cancer chemotherapy seems to be
a very attractive approach. Up to now, we have not found
reports about the effect of selective COX-2 inhibitor on
cytoskeleton of cancer cells. In the current study cytoskeleton
F-actin was investigated by confocal laser scanning microscope.
We found that F-actin was mainly distributed around nuclei to
take on annular structure in the untreated control cells. NS-398
at lower concentrations (0.1 and 1.0 mol/L) had no significant
effect on actin stress fibers. At the highest dose of 10 mol/L,
NS-398 could disrupt the architecture of F-actin and notably
decrease fluorescence intensity of F-actin. Part of F-actin was
depolymerized and dispersed in the cytoplasm. We think that
disruption of actin cytoskeleton might be a novel mechanism of
anti-invasive effect of NS-398 on HT-29 cells in vitro. Li et al
blocked HT-29 cells with anti-CD44v6 monoclonal antibodies,
and found the same changes of actin cytoskeleton and decreased
invasion of HT-29 cells as ours. They concluded CD44v6 might
affect the distribution, polymerization and depolymerization of
actin of HT-29 cells, thus suppressing metastasis. Using flow
cytometry, we found CD44v6 was positive in HT-29 cells and
NS-398 could down-regulate the expression of CD44v6 in a dosedependent manner. Therefore we believe that down-regulation
of CD44v6 expression is related to disruption of cytoskeleton of
HT-29 cells after treatment with NS-398.
In conclusion, NS-398 exerts its anti-invasive effect on HT-29
cells in vitro, possibly by disrupting the cytoskeleton.
Disruption of cytoskeleton may be a novel mechanism involved
in anti-invasive effect of NS-398 on colon cancer cells. In
addition, NS-398 could down-regulate CD44v6 expression
dose-dependently, which may be related to the disruption of
cytoskeleton by NS-398. NS-398 is a promising agent for
inhibiting invasion and metastasis of colon cancer.
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Abstract
AIM: To investigate the effect of lipopolysaccharide (LPS)
on the diarrheogenic activity, gastrointestinal transit (GIT),
and intestinal fluid content and the possible role of nitric
oxide (NO) and prostaglandin E2 (PGE2) in gastrointestinal
functions of endotoxin-treated mice.
METHODS: Diarrheogic activity, GIT, and intestinal fluid
content as well as nitric oxide and PGE2 products were
measured after intraperitoneal administration of LPS in mice.
RESULTS: LPS dose-dependently accumulated abundant
fluid into the small intestine, induced diarrhea, but decreased
the GIT. Both nitric oxide and PGE2 were found to increase
in LPS-treated mice. Western blot analysis indicated that
LPS significantly induced the protein expression of inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2 in mice
intestines. Pretreatment with N G-nitro-L-arginine-methyl
ester (L-NAME, a non-selective NOS inhibitor) or indomethacin
(an inhibitor of prostaglandin synthesis) significantly
attenuated the effects of LPS on the diarrheogenic activity
and intestine content, but reversed the GIT.
CONCLUSION: The present study suggests that the
pathogenesis of LPS treatment may mediate the stimulatory
effect of LPS on nitric oxide and PGE2 production and NO/
prostaglandin pathway may play an important role on
gastrointestinal function.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inflammatory reactions can cause various clinical manifestations frequently associated with abnormal motility of the
gastrointestinal tract, such as nausea, vomiting, ileus, or diarrhea.
It has been reported that bacterial lipopolysaccharide (LPS)
could induce various alterations in gastrointestinal function.
Intestinal motility, secretion and integrity of the mucosa are
important barrier functions against the penetration of bacteria
and endotoxins from the gut lumen to the blood stream. Impaired
intestinal absorption is a major mechanism for diarrhea caused
by endotoxin lipopolysaccharide (LPS) and is generally
accompanied with damage to the intestine[1-3]. Besides gastric
motility impairment, the gastrointestinal transit (GIT) increased
during LPS-induced endotoxaemia in rats[2,4]. Several factors
have been reported to be important to intestinal absorption,
including intact epithelial transport processes and the adequate
time for digestion and contact with the epithelium. Therefore,
reductions of small intestinal and whole gut transit times may
result in an impaired intestinal absorption of nutrients, electrolytes
and fluid. During severe bacterial infection, endotoxin LPS would
be released due to the breakdown of the cell wall of Gram-negative
bacteria. It is well known that LPS derives both cyclooxygenase
2 (COX-2) and inducible nitric oxide synthase (iNOS) gene
expression in many tissues resulting in increase in the release
of prostaglandins (PGs)[5] and nitric oxide (NO)[6-8]. In addition,
many other [9-11] substances have also been shown to be
stimulated by LPS, including cytokines[12,13], vasoactive
substances[14], and procoagulant factors[15,16].
There is evidence that diarrhea might be amplified by a
variety of endogenous secretagogues, including PGs. PGs and
leukotrienes also as pro-secretory inflammatory mediators within
the mucosa can not only reduce intestinal absorption[17-21] but
also initiate a pro-secretory state in intestines. PGs have complex
pharmacological and biological activities in the modulation of
gastrointestinal functions, including contraction or relaxation
of smooth muscles and inhibition or enhancement of
neurotransmitter release, etc.[9-11].
The discovery of NO as a neurotransmitter has radically
altered the idea about synaptic transmission because NO is a
labile free radical and is not stored in synaptic vesicles as
other neurotransmitters. NO is believed to be an inhibitory
nonadrenergic, noncholinergic neurotransmitter that mediates
gastrointestinal motility in physiological and certain
pathophysiologic states, such as in absorptive and secretory
processes[22-24]. NO exhibits apparent dual roles in modulating
intestinal transport pathway, and has both a pro-absorptive
activity and a pro-secretory activity depending on the site of
release and local NO concentration. It has been reported that NO
could regulate PG synthesis in mouse macrophage cells[25,26],
rabbit kidneys[27] and rat uterus[28] and interact with PGs in
stomach in the regulation of gastric mucosal integrity[29,30]. On
the other hand, NO biosynthesized from L-arginine has been
shown to be involved in various aspects of the pathophysiology
of gastrointestinal mucosae[31].
Several authors have demonstrated that LPS could trigger
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the formation of NO/cyclic GMP pathways through activation
of NOS to induce its effects[32-34]. Little information is available
about the effects of NO and PGs on LPS-induced diarrhea. In
the present study, we performed experiments to assess the effects
of N-nitro-L-arginine-methyl ester (L-NAME) (an inhibitor of
NOS) or indomethacin (an inhibitor of COX) on LPS-induced
gastrointestinal responses in mice.

MATERIALS AND METHODS
Chemicals
Lipopolysaccharide 055:B4 (E. coli serotype), N-nitro-Larginine-methyl ester (L-NAME), L-arginine, and indomethacin
were purchased from Sigma Chemical Co. (St. Louis, MO). Acacia
gum was obtained from Wako Pure Chemical Industries (Japan).
Indomethacin was dissolved in ethanol (50%) and diluted in
0.9% saline, and other drugs were dissolved in normal saline
for administration. All drugs were freshly prepared on the day
of testing and injected intraperitoneally (IP) in a volume of
0.1 mL/ l0 g of body weight.
Animals
Male ICR mice (Animal Center of National Taiwan University,
Taipei, Taiwan) weighing 20-25 g were used in this study. The
animals were maintained in an air-conditioned room with a 14:10 h
light/dark cycle, fed with regular chows and allowed free access
to tap water. Before experimentation, the animals were fasted
but allowed to drink water for 18 h.
Estimating gastrointestinal transit and small intestinal fluid
content
Gastrointestinal transit (GIT) was measured as described by
Puig et al[35] with minor modifications. All experiments began at
the same time of the day. The animals received intraperitoneally
(IP.) 5-30 mg/kg of LPS. Intestinal transit was measured 2 h
after LPS injection. Thirty minutes before the scheduled time of
measurement, the mice received 0. 5 mL of activated charcoal
meal (0.5 mL of 10% charcoal suspended in 10 % gum acacia)
by gavages to the esophagus of the fasted mice. Thirty min
after charcoal administration, the animals were killed by cervical
dislocation, and the small intestine was separated from the
omentum, avoiding being stretched. The length of intestine
from pyloric sphincter to the ileocecal junction and the distance
traveled by the charcoal meal were measured. For each animal,
GIT was calculated as the percent of the distance traveled by
the charcoal, relative to the total length of the intestine (percent
of GIT). The inhibitory effects of drugs on GIT were expressed
as a percentage of inhibition of the GIT in a drug-treated animal
(test GIT) when compared with the mean GIT measured in a
group of vehicle-treated mice (vehicle GIT): % inhibition =
[(vehicle GIT - test GIT)/ (vehicle GIT)]×100.
Determination of small intestinal fluid content
For determination of small intestinal fluid content, the fasted
mice were pretreated (IP) with various kinds of drugs for 15 min,
and/or various doses of LPS. After 2 h, the small intestine was
removed and the intraluminal fluid accumulation of intestinal
fluid was weighed[36,37].
Diarrheogenic activity
The diarrheogenic activity was measured as described
elsewhere[36,37]. Mice were given diet and water ad labium before
experiment, but not during testing. Animals were individually
placed in a box, the bottom of which was covered with a sheet
of filter paper for the observation of the fecal state. Two hours
later, LPS (5-30 mg/kg) was administrated in only normal mice

January 21, 2005

Volume 11

Number 3

without spontaneous diarrhea. After administration of LPS, the
diarrheogenic effect was evaluated 4 times at 1 h intervals. The
filter paper was exchanged after each evaluation. Any formless
or liquid stool with a stain on the filter paper indicated positive
diarrhea cases. Each group consisted of 10 mice and the
observation lasted 4 h in all experiments.

Determination of PGE2 and nitrite
The levels of plasma nitrate were measured as described
previously[38]. Briefly, for the reduction of liquid nitrate to the
gas NO, 10 L was injected into a collection chamber containing
5% VCl3. NO was carried by a constant stream of helium gas
into a NO analyzer (Seivers 270B NOA, Seivers Instruments
Inc). The level of PGE2 in the intestine tissues was quantified
using a specific enzyme immunoassay (EIA) according to the
manufacturer’s instructions (Amersham).
Gel electrophoresis and Western blotting
Tissues were stored at -80 ℃ before preparation for SDS-PAGE,
at which time they were thawed at 4 ℃. Tissue portions (1 g)
were added to 3 mL of chilled RIPA buffer (0.15 mol/L NaCl,
50 mmol/L Tris, pH 7.2, 1% deoxycholic acid, 1% Triton X-100,
and 0.1% SDS), including protease inhibitors. This mixture was
homogenized on ice and centrifuged at 4 ℃, and the supernatant
was saved. Protein analysis of extract aliquots was performed
(DC protein assay, Bio-Rad, Hercules, CA). Tissue extracts
(amounts equalized by protein concentration) were mixed with
an equal volume of 2×SDS-PAGE sample buffer and boiled for
4 min. Lysates were loaded on a 10% SDS-polyacrylamide gel,
and electrophoresis was carried out according to standard
protocols. Proteins were transferred to a nitrocellulose
membrane (Hybond ECL, Amersham Life Science, Birmingham,
UK) using an electroblotting minitransfer apparatus according
to the manufacturer’s protocol. Membranes were blocked at
room temperature for 60 min in Tris-buffered saline plus 0.05%
Tween 20 (TBST) and 5% dry powdered milk, washed twice
with TBST and incubated for 1 h in a monoclonal antibody
against iNOS, COX-2 or GAPDH (Transduction Lab, Lexington,
KY, USA). After washing three times for 10 min each with TBST,
the membranes were incubated for 45 min with horseradish
peroxidase-conjugated secondary antibody. After washing three
times again for 10 min each with TBST, the membranes were
developed for visualization of protein by addition of enhanced
chemiluminescence reagent according to the manufacturer’s
instructions (Amersham, Princeton, NJ). Densitometry was
performed on selected blots using an appropriate software.
Statistical analysis
All data were expressed as mean±SE. Results from control,
LPS, and drugs/LPS-treated animals were compared by either
unpaired Student’s t-test or ANOVA test. P<0.05 was considered
statistically significant.
RESULTS
Effect of LPS on gastrointestinal transit and small intestinal content
Intraperitoneal (IP) administration of LPS (5-30 mg/kg) produced
a dose-related decrease in GIT; the inhibitory percent of GIT
was from 17% to 42% (Table 1). Administration of LPS induced
an increase in blood serum concentration of nitric oxide and
intestine concentration of PGE2 in a dose-dependent and timedependent manner. A significant effect of LPS was observed at
concentrations of 5-30 mg/kg in the production of nitrite and
PGE2 respectively (Figure 1A, B). The maximal level of the
production of nitrite and PGE2 was reached at 4 h after LPS
administration (Figure 1C, D). To determine whether the
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Figure 1 Effect of lipopolysaccharide on the production of NO and PGE2 in mice blood and intestine. Mice were IP administered
with various doses of LPS for 4 h (A, B) or LPS (20 mg/kg) for indicated times (C, D). The blood NO and PGE2 were determined
as described in “Materials and Methods.” Data are expressed as mean±SE of 10 mice. For each column, P<0.05, significantly
different from individual control.

production of nitrite and PGE2 resulted from the induction of
iNOS and COX-2 in LPS-treated mice, Western blot analysis
was performed. As shown in Figure 2, the protein expression of
iNOS and COX-2 significantly increased in a time-dependent
manner after administration of LPS. These results indicated
that the increase of nitrite and PGE2 was due to the induction of
iNOS and COX-2 by LPS administration. The IP administration
of the competitive inhibitors of NO synthase, L-NAME
(10-20 mg/kg), following the endotoxin administration, dosedependently attenuated delay in GIT. The effects of L-NAME
(10 mg/kg) on LPS (20 mg/kg) activity could be reversed by
mice treated with L-arginine (800 mg/kg) but not with D-arginine
(800 mg/kg). On the other hand, pretreatment with prostaglandin
synthesis inhibitor indomethacin (10-20 mg/kg) also inhibited the
small intestinal responses induced by LPS (20 mg/kg) (Table 2).
Another experiment demonstrated that LPS significantly
increased the intestinal content in a dose-dependent manner.
The increase of intestinal content induced by LPS was also
attenuated by pretreatment with L-NAME (15 mg/kg) or
indomethacin (15 mg/kg) (Table 3).

Effect of LPS on diarrheogenic activity
Intraperitoneal administration of LPS (5-30 mg/kg) exhibited a
dose- and time-dependent increase in the diarrheogenic activity,
with ED50 values of 5±3.2 mg/kg (Table 4). There was no
significant increase in the diarrhoegenic activity during the
first 2 h of LPS treatment. In addition, administration of normal
saline did not produce diarrhea. L-NAME (10-20 mg/kg) dosedependently attenuated the diarrheogenic activity induced
by LPS (20 mg/kg). The effects of L-NAME (10 mg/kg) on LPS
(20 mg/kg) activity could be reversed by mice treated with Larginine (800 mg/kg) but not with D-arginine (800 mg/kg). In
addition, the inhibitory effect of indomethacin on LPS-induced
diarrheogenic activity could be reversed by addition of L-arginine
(800 mg/kg) (Table 5). These results indicated that both nitric
oxide and PGE2 were involved in the diarrhea activity in LPStreated mice.

Table 1 Effect of lipopolysaccharide (LPS) on gastrointestinal
transit (GIT) in mice (mean±SE)
Treatment

Percent of GIT

% Inhibition of GIT

Saline

66.4±6.5

0

LPS 5 mg/kg

55.1±5.7

17

LPS 10 mg/kg

50.5±3.0 a

24.38 a

LPS 20 mg/kg

47.5±6.0

a

28.46 a

38.5±6.2

a

42 a

LPS 30 mg/kg
a

P<0.05 vs the values of normal saline-treated mice.

Table 2 Effects of L-NAME or indomethancin, and arginine
on lipopolysaccharide (LPS)-induced gastrointestinal transit
(GIT)
Treatment

Percent % Inhibition
of GIT
of GIT

Saline

65.6±6.1

LPS 20 mg/kg

35.3±5.4 a

43

LPS 20 mg/kg+L-NAME 10 mg/kg

56.7±6.9 c

14

LPS 20 mg/kg+L-NAME 20 mg/kg

58.9±6.6 c

10

LPS 20 mg/kg+L-NAME

44.2±6.5

33

55.6±6.2 c

15

LPS 20 mg/kg+indomethacin 10 mg/kg

53.1±6.3 c

22

LPS 20 mg/kg+indomethancin 20 mg/kg

57.6±5.7 c

15

LPS 20 mg/kg+indomethacin

43.3±4.2

36

55.6±6.2 c

15

0

10 mg/kg+L-arginine 800 mg/kg
LPS 20 mg/kg+L-NAME
10 mg/kg+D-arginine 800 mg/kg

15 mg/kg+L-arginine 800 mg/kg
LPS 20 mg/kg+L-NAME
10 mg/kg+D-arginine 800 mg/kg
a

P<0.05 vs the values of normal saline-treated mice, cP<0.05 vs
the values of LPS alone-treated mice.
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Figure 2 Time course of lipopolysaccharide (LPS) on protein
expression of iNOS and COX-2 in the small intestine of mice.
Mice were administered with LPS (20 mg/kg) for indicated
times and the total cell lysates were used to perform the Western blot as described in the “Materials and Methods.”
Table 3 Effects of L-NAME and indomethacin on lipopolysaccharide (LPS)-induced change of small intestinal content
(mean±SE)
Treatment

Intestinal content
(g/mouse)

% Intestinal
content

Saline

0.14±0.02

100

LPS 5 mg/kg

0.18±0.02

129

LPS 10 mg/kg

0.21±0.01 a

150

LPS 20 mg/kg

0.25±0.03 a

179

LPS 30 mg/kg

0.26±0.03 a

185

LPS 20 mg/kg+L-NAME

0.16±0.03 c

114

0.16±0.02 c

114

15 mg/kg
LPS 20 mg/kg+indomethacin
15 mg/kg
a

P<0.05 vs the values of normal saline-treated mice, cP<0.05 vs
the values of LPS alone-treated mice.
Table 4 Effects of lipopolysaccharide (LPS)-induced diarrheogenic
activity in mice (mean±SE)
Dose
(mg/kg)

Diarrheogenic
activity (%)

Time
course (h)

Diarrheogenic
activity (%)

Saline

0

0

0

LPS, 5

49.6±3.0 a

1

10.0±10

LPS, 10

56.6±3.9 a

2

31.0±15

LPS, 20

87.7±4.0 a

4

90.0±10 a

LPS, 30

a

6

94.0±8 a

a

97.5±1.7

P<0.05 vs the values of normal saline-treated mice.

Table 5 Effects of L-NAME or/and arginine on lipopolysaccharide (LPS)-induced diarrheogenic activity (mean±SE)
Treatment

Diarrheogenic activity (%)

Saline
LPS 20 mg/kg
LPS 20mg/kg+L-NAME 10 mg/kg

0
87.7±4.0 a
40±4.36

LPS 20 mg/kg+L-NAME 20 mg/kg

30±4.46

LPS 20 mg/kg+L-NAME 10 mg/kg

70±2.15

c

50±3.23

+D-arginine 800 mg/kg
LPS 20 mg/kg+Indomethacin 10 mg/kg

30±4.25 c

LPS 20 mg/kg+Indomethancin 20 mg/kg

20±2.41 c

LPS 20 mg/kg+Indomethacin

50±3.62

c

P<0.05 vs the values in corresponding saline-treated mice,
P<0.05 vs the values in LPS (20 mg/kg)-treated mice.
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DISCUSSION
Lipopolysaccharide (LPS) is an endotoxin in cell walls of Gramnegative bacteria, which could cause multiple hemodynamic
and metabolic changes[39]. LPS involves the activation of
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and cytokines[40]. Several reports strongly suggested that the
intestinal muscularis resident macrophage network should be
an important mediator of endotoxin-induced gut dysmotility[9, 41,42].
In addition, LPS could increase iNOS expression and stimulate
NO production in muscularis resident macrophages, resulting
in the inhibition of smooth muscle contraction. In this study,
we found that LPS significantly increased the diarrheogenic
activity, small intestinal fluid content, and decreased the small
intestinal propulsion. Additional results showed that LPS
increased the protein expression of iNOS and COX-2 in the
intestine (Figure 2). These effects were attenuated by pretreatment
with NOS inhibitor L-NAME or prostaglandin synthase inhibitor
indomethacin, indicating that both nitric oxide and prostaglandin
were involved in the diarrheogenic activity, small intestinal fluid
content, and gastrointestinal motility. It is possible that the
production of nitric oxide and prostaglandin was mediated by
the intestinal resident macrophages during endotoxemia.
However, we cannot rule out the possibility of the induction of
nitric oxide and prostaglandin as exhibited in intestinal smooth
muscle cells and other intestinal cells.
The present data also showed that the diarrhea observed
after administration of LPS was due to accumulation of abundant
fluid in the small intestine rather than intestinal hypermotility.
Under normal conditions the rate of lumen-to-blood fluid influx
is several-fold greater than actual net absorption, indicating
a respectable blood-to-lumen fluid efflux. In diarrhea, the
water efflux outpaces the influx ? And results in a net secretory
condition and an increase of small intestinal fluid content.
Several authors have presented evidence that LPS could trigger
the formation of NO/cyclic GMP pathways through activation
of NOS and inhibition of gut motility. NO has also been
demonstrated to play an important role in the control of
secretion and conditions associated with pathologic changes
of the gut. For example, excess NO could lead to gut secretion
via elevation of intracellular cGMP and cAMP concentrations[43].
In this study, LPS led to diarrhea and cGMP and cAMP levels
were mediated by NO from iNOS. In addition, LPS might change
the normal influx/efflux ratio, and particularly decreased the
lumen-to-blood fluid influx. Therefore, LPS treatment increased
both small intestinal content and diarrheogenic activity.
Taken together, the present study suggests that NO and
prostaglandins play an important role in inducing diarrhea and
further support the interaction between NO and prostaglandin.
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Abstract
AIM: Nitric oxide (NO) has been implicated in the
pathogenesis of liver cirrhosis. We have found inducible
nitric oxide synthase (iNOS) can be induced in hepatocytes
of cirrhotic liver. This study further investigated the
temporal expression and activity of hepatic iNOS in cirrhosis
development.
METHODS: Cirrhosis was induced in rats by chronic bile
duct ligation (BDL). At different time points after the operation,
samples were collected to examine NO concentration, liver
function, and morphological changes. Hepatocytes were
isolated for determination of iNOS mRNA, protein and
enzymatic activity.
RESULTS: Histological examination showed early cirrhosis
1-2 wk after BDL, with advanced cirrhosis at 3-4 wk.
Bilirubin increased dramatically 3 d after BDL, but
decreased by 47% on d 14. Three weeks after BDL, it
elevated again. Systemic NO concentration did not increase
significantly until 4 wk after BDL, when ascites developed.
Hepatocyte iNOS mRNA expression was identified 3 d after
BDL, and enhanced with time to 3 wk, but reduced
thereafter. iNOS protein showed a similar pattern to mRNA
expression. iNOS activity decreased from d 3 to d 7, but
increased again thereafter till d 21.
CONCLUSION: Hepatic iNOS can be induced in the early
stage, which increases with time as cirrhosis develops. Its
enzymatic activity is significantly correlated with protein
expression and histological alterations of the liver, but not
with systemic NO levels, nor with absolute values of liver
function markers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Nitric oxide (NO) is a pluripotent gaseous free radical that
possesses a wide range of physiologic functions. It is produced
from L-arginine by nitric oxide synthase (NOS), a family with
three members, namely endothelial NOS (eNOS), inducible NOS
(iNOS) and neuronal NOS (nNOS)[1,2]. Recently, NO has been
implicated in the pathogenesis of liver cirrhosis and/or portal
hypertension[3]. Many studies have demonstrated that enhanced
production of NO in the systemic as well as splanchnic vasculature
of both cirrhotic animal models and human patients, as indicated
by elevated plasma levels of nitrites and nitrates, increased
aortic NOS activity and cGMP levels[4-10]. In the liver itself,
impaired sinusoidal eNOS activity has been suggested to be
responsible, at least in part, for the increased intra-hepatic
resistance, which is one of the characteristic dynamic changes of
liver cirrhosis and/or portal hypertension[11,12]. In a previous study,
we found that all the three isoforms of NOS were expressed in
cirrhosis, which was induced by chronic bile duct ligation (BDL),
but with different patterns. eNOS protein was redistributed in
cirrhotic livers, while its activity decreased. nNOS and iNOS were
induced in hepatocytes at both mRNA and protein levels with
iNOS activity increased significantly[10]. These studies suggest
complex functions and regulations of NO and NOS in liver cirrhosis.
However, the exact role of NO in liver cirrhosis is still not
clear. This is true especially with its expression and function in
the course of liver cirrhosis development, in which NO may be
an important mediator. Although there were some studies
showing NOS expression in acute liver injuries or at the very
early stage of liver cirrhosis[13,14], the NO production, modulation
and more importantly, its patho-physiological role at different
stages of cirrhosis formation are still largely unknown. To shed
more light on this issue, this study was designed to assess the
hepatic NO/NOS activity at different stages of cirrhosis
development with a cirrhosis model induced by BDL. Hepatocytes
are the major cell types, comprising 80% of liver by volume and
65% of liver by cell number[15]. Moreover, iNOS has been found
to be up-regulated in hepatocytes of cirrhotic livers with increased
activity. Therefore, we evaluated iNOS expression and activity
in hepatocytes at different time points from cirrhosis initiation to
advancement. NO concentration was monitored regularly in plasma
as well as the supernatant of hepatocyte culture. In addition,
histological examination and liver function test were performed,
and correlation analysis was done to assess their relationships
with hepatic iNOS expression and activity and NO levels.
MATERIALS AND METHODS
Induction of cirrhosis in rats and grouping
Liver cirrhosis was induced in male Sprague-Dawley rats,
weighing 180-250 g, by BDL as described previously[16,17].
Control rats received a sham operation, which was in the same
manner, except that the bile duct was only gently manipulated,
but not ligated or sectioned. At different time points, namely
3 d, 1-4 wk at weekly intervals after surgery, some BDL or
sham-operated rats were randomly chosen for sacrifice by
anesthesia for study. Enough subjects were included to make

Wei CL et al. Nitric oxide and liver cirrhosis

sure there were at least 8 BDL or 6 sham-operated rats in each
group upon harvest. Half the subjects from each group were
used for histological examination and chemistry analysis, while
the rest were used for isolating hepatocytes and investigating
NOS expression and activity. These protocols were in accordance
with the institute guidelines and all rats received humane care.

General treatment
At each time point, rats (4 for BDL, 3 for sham-operated) were
randomly selected for histological examination and chemistry
analysis. For morphological study, livers were removed from
the abdomen cavity, washed in phosphate buffered saline (PBS)
and fixed in 40 g/L formaldehyde. The liver tissue blocks were
dehydrated, cleared and then embedded in paraffin. Sections
were cut at 4 micrometers in thickness for routine hematoxylin
and eosin staining. Slides were read by two pathologists
independently. A histological scoring system modified from
that of Ishak et al[18] was set up to evaluate the pathological
changes of the liver semi-quantitatively. For chemistry analysis,
blood was taken from the inferior vena cava for liver function
test as well as measurement of systemic NO concentration.
Various parameters of liver function including bilirubin,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT) were determined by routine clinical chemistry at National
University Hospital, Singapore. Systemic NO level was detected
by measuring its stable metabolic products, nitrite and nitrate,
using a NO kit (Oxford Biomedical Research, USA) based on
the colorimetric Griess reaction.
Isolation of hepatocytes
Hepatocytes were isolated by in situ collagenase perfusion as
described previously[19,20] with minimal modifications. Briefly,
after anesthesia, BDL or sham-operated rats were perfused with
400 mL pre-perfusion buffer (154 mmol/L NaCl, 27 mmol/L KCl,
5.5 mmol/L D-glucose, 5.5 mmol/L NaHCO3, 20 mmol/L HEPES
and 1 mmol/L EDTA, pH 7.2) at a rate of 20 mL/min, followed
by perfusion buffer (pre-perfusion buffer without EDTA, plus
11 mmol/L CaCl2) for 5 min. The livers of sham-operated rats
were perfused with 500 mg/L collagenase (Sigma-Aldrich Fine
Chemicals, USA) solution (collagenase in perfusion buffer)
for 10 min. For BDL rats, the percentage of collagenase used
was 1 g/L and the perfusion time ranged from 10 to 30 min
depending on the stage of liver cirrhosis. The resultant digested
liver was excised and minced and the dispersed cells were
passed through a steel screen (100 mesh, Sigma-Aldrich Fine
Chemicals, USA). The cells were then washed twice with cold
perfusion buffer and centrifuged at 30 g for 2 min at 4 ℃.
Hepatocyte viability was determined by trypan blue exclusion
and characterized by phase-contrast microscopy. Purified
hepatocytes were then suspended in Williams medium E
supplemented with 100 mL/L FBS, 0.5 U/L insulin, 15 mmol/L
HEPES, 50 U/mL penicillin, and 50 g/mL streptomycin and
maintained in a humidified CO2 (50 mL/L) incubator at 37 ℃. For
further study, 5×106 hepatocytes were plated into each 75 cm2
flask. Two hours after incubation, hepatocytes were usually
attached, and the monolayer was then used for total RNA
extraction, Western blotting and enzymatic activity estimation.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA from hepatocyte monolayer was extracted using
TRIzolTM Reagent (Gibco BRL, Grand Island, NY), according to
the manufacturer’s protocol. Integrity of the total RNA was
checked with formaldehyde agarose gel (10 g/L) and indicated
by the presence of the 28 S and 18 S rRNA bands. RT was
performed with oligodT using SUPERSCRIPT II RNase Hreverse transcriptase (Gibco BRL, Germany). First strand cDNA
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synthesis was performed at 42 ℃ for 1 h. The reaction was
stopped by heating the mixture at 95 ℃ for 10 min and stored at
-20 ℃ until further use. PCR was done using a DNA amplification
reagent kit (QIAGENE, Germany) with Hybaid PCR express
thermal cycler (UK). The primers of iNOS were as follows: 5’
AATAGAGGAACATCTGGCCAGG 3’ (forward) and 5’
ACTTCCTCCAGGATGTTGTA 3’ (reverse). The PCR product
was predicted to be a 710 bp fragment from position 468 to
position 1 178 in the cDNA sequence of rat iNOS (GenBank
Accession No. U03699). Each PCR reaction contained 0.2 L of
RT product, 0.4 moL of sense or antisense primers, 50 moL of
each dNTPs, and 0.5 U of Taq polymerase in a final volume of
25 L. The amplification procedure consisted of 30 cycles with
the following parameters: denaturation at 94 ℃ for 1 min,
annealing at 55 ℃ for 2 min, and extension at 72 ℃ for 1 min.
Each final PCR product was loaded on agarose gel (18 g/L),
eletrophoresed and visualised by ethidium bromide staining.

Competitive PCR
Competitive PCR is an established method for quantitative
measurement of gene expression, which has been widely
used [21,22]. To examine the levels of mRNA expression, a
constant amount of the sample cDNA was co-amplified with a
known concentration of the internal competitor DNA, MIMIC,
which was constructed according to the manufacture’s protocol
of PCR MIMICTM construction kit (CLONTECH Laboratories
Inc, USA). To determine the amount of iNOS MIMIC to be
used in the PCR amplification, a preliminary experiment in each
case was done. A constant amount of cDNA of iNOS was first
amplified together with a series of ten-fold dilution of its MIMIC.
This reaction provided a fine-tuned two-fold dilution serial of
the MIMIC. The same amount of cDNA was then co-amplified
with the two-fold MIMIC dilution series. The amount of MIMIC,
which gave an optical density ratio of 1:1 with the target, was
chosen to co-amplify with the rest of RT products. After PCR,
the products were eletrophoresed on agarose gel. The ratio of
the optical density of the PCR product pairs (target vs MIMIC)
was determined using the Kodak 1D imaging system (Eastman
Kodak Company, USA).
Western blot analysis
To detect iNOS immunoreactive proteins, hepatocyte monolayer
was homogenized in a lysis buffer containing 320 mmol/L
sucrose, 20 mmol/L HEPES, 0.5 mmol/L EDTA, 1 mmol/L DLdithiothreitol, 0.01 mg/mL leupeptin, 0.01 mg/mL soybean trypsin
inhibitor, and 2 g/mL aprotinin (pH 7.2), and then centrifuged
at 20 000 g for 30 min at 4 ℃. Protein quantification of the
supernatants was performed using the standard Bio-Rad protein
microassay. Samples were subjected to 6% SDS-polyacrylamide
gel electrophoresis and proteins were transferred to nitrocellulose
membranes using a Mini Trans-Blot cell (Bio-Rad Laboratories,
CA, USA). The membranes were then incubated with 1:500
dilution of anti-iNOS monoclonal antibody (Santa Cruz
Biotechnology Inc, USA) for 1 h. After washing, the membranes
were incubated with a 1:1 000 dilution of horseradish peroxideconjugated secondary antibody (Amersham-operated Pharmacia
Biotech, NJ, USA). Blots were then visualized using the ECL kit
from Amersham-operated according to the manufacturer’s
protocol. Relative densities of the bands were analyzed using
the Kodak 1D imaging system.
NOS activity determination
The conversion of 14C-labeled L-arginine to 14C-labeled Lcitrulline was used to determine NOS activity as described
previously[23,24] with minimal modifications. In brief, the
hepatocyte monolayer was homogenized in the lysis buffer as
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used in Western blotting assay. Samples were centrifuged at
20 000 g for 30 min at 4 ℃. Supernatants (50 L) were then
incubated with 50 mol/L 1-[U-14C]-arginine (0.1 Ci, Amershamoperated Pharmacia Biotech, NJ, USA), 2 mmol/L NADPH and
0.45 mmol/L CaCl2 in a final volume of 0.4 mL at 37 ℃ for 45 min.
Immediately after incubation, the mixtures were passed through a
2 mL Dowex 50WX-8 (200-400 drymesh, H+ form, Aldrich Chemical
Company Inc. Milwaukee, USA) column. The flow-through and
the eluate (2 mL of water) were collected and quantitated by
liquid scintillation spectroscopy (Beckman LS 3801 counter,
USA). Samples containing both 1 mmol/L L-NG-nitro-L-arginine
methyl ester (L-NAME) and 1 mmol/L EGTA were used as basal
controls. The activity of the calcium-dependent enzyme was
determined from the difference between [14C] citrulline generated
from samples with and without 1 mmol/L EGTA. Retrieved [14C]
citrulline values were normalized to total protein.

113 µmol/L 3 d after BDL, but dropped to 60.3 µmol/L by d 14.
Thereafter, it was elevated again 3 wk after BDL. ALT was also
significantly elevated 3 d after the surgery, but reduced on d 7
by 80%. It maintained that level, which was still significantly
higher than that of the sham-operated rats, from wk 2 to wk 4. AST
shared a similar pattern to ALT except that it increased further
again from wk 3 to wk 4. Unlike AST or ALT absolute values,
AST/ALT ratio increased generally with time from d 3 to wk 4,
and was significantly correlated with the liver histological
changes (r = 0.67, P<0.01). In contrast, no change of liver
function with time was found in sham-operated rats. Systemic
NO level was indicated by the concentration of its metabolic
end products, nitrite and nitrate in plasma. Although it slightly
increased in BDL rats on d 3 compared to that in sham-operated
rats, no significant alteration was observed until wk 4, when
ascites developed in all BDL rats.

Statistical analysis
Data were presented as mean±SD and analyzed using the
statistical software package SPSS, v12. Probability values
<0.05 were taken to indicate statistical significance.

iNOS gene expression in hepatocytes
iNOS gene expression at mRNA level was determined by
competitive RT-PCR, and was identified 3 d after surgery in
hepatocytes of BDL rats. By d 7, the signal became intense and
clear, indicating a higher level of iNOS mRNA expression. From
wk 1 to wk 3, iNOS expression increased with time. For shamoperated rats, a faint iNOS mRNA signal was seen in
hepatocytes on d 3. However, the signal reduced significantly
with time thereafter, and vanished at the end of wk 2. These
results suggested that unlike as in BDL rats, iNOS expression
in sham-operated livers was temporal, which could be due to
the stress caused by the operation itself (Figure 2A). Further
quantitative analysis showed that iNOS mRNA in hepatocytes
of BDL rats increased by 0.5-fold from d 3 (0.80±0.13×10-2
attomole/g RNA) to d 7 (1.17±0.08×10-2 attomole/g RNA), but
by 3.5-fold from wk 1 to wk 2 (4.07±0.33×10-2 attomole/g RNA,
P<0.01 versus wk 1), and by 1.33-fold (5.43±0.01×10-2 attomole/g
RNA, P<0.01 versus week 2) from wk 2 to wk 3. However, it
decreased by almost 60% from wk 3 to wk 4 (2.32±0.01×10-2
attomole/g RNA, P<0.01 versus wk 3), which was still
significantly higher than that on d 7 of BDL rats and shamoperated rats at any time point (Figure 2B).
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RESULTS
General and morphological changes
Jaundice usually developed 1-3 d after BDL, and receded slowly
thereafter in some rats. Body weight dropped within one week
after operation, but increased with time after that. Histological
examination showed bile duct proliferation, mild edema and
acute inflammatory reaction in the enlarged portal areas 3 d
after BDL. However, the basic lobular architectural pattern
remained intact. By d 7, portal areas became obviously expanded
by bile duct proliferation and fibrosis, accompanied with
inflammatory reaction, predominant mononuclear cells. Portal
tracts were often linked to form a fibrous network, and the
parenchymal limiting plates were irregular. By wk 2, bile duct
proliferation was even more apparent and often extended into
the lobules with proliferated connective tissues. As a result,
the normal lobular pattern was disorganized. Three to 4 wk
after operation, thick and thin septas formed and bridged the
remaining parenchyma into islets of different size. Well-formed
nodules were readily seen in most rats. As shown in Figure 1,
the histology index for BDL rats increased steadily from d 3 to
d 28. In addition, ascites, a marker of uncompensated cirrhosis,
was observed in some BDL rats by d 21. By d 28, all BDL rats
developed ascites. For sham-operated rats, the liver structure
was normal, and no significant changes with time were identified.

1 wk

2 wk

3 wk

4 wk

30

Figure 1 Histology index of BDL livers. The liver sections were
read by two pathologists independently. The histology score
was based on necrosis, inflammatory infiltration, ductular proliferation as well as fibrosis. Data were presented as mean±SD.

Changes of liver function and systemic NO concentration
As shown in Table 1, bilirubin was dramatically increased to

Figure 2 Temporal iNOS mRNA expression in hepatocytes. At
different time points after BDL operation, hepatocytes were
isolated and iNOS mRNA expression was determined by competitive RT-PCR. A: Typical agarose gel of hepatic iNOS expression (representative of at least three separate experiments).
B: Quantitative analysis of iNOS mRNA expression in hepatocytes in the process of cirrhosis development. 3d-4 wk, three
days to four weeks after surgery. bP<0.01 for BDL versus shamoperated, 1-3 wk after surgery; dP<0.01 for 2 wk versus all other
time points after BDL; fP<0.01 for 4 wk versus 3 wk after BDL.
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Table 1 Liver function tests and NO levels of rats at different time points after operation (mean±SD)
Sham-operated
Bilirubin (mol/L)
ALT (U/L)
AST (U/L)
NO (mol/L)

BDL-3d

2.0±0.0
61.9±10.1
74.0±26.1
7.3±0.2

BDL-1 wk

113.0±7.1
539.5±150.6
691.5±116.7
8.6±0.3

BDL-2 wk

80.0±30.5
102.7±23.8
222.3±84.9
6.9±0.4

60.3±5.9
109.3±33.2
296.0±127.0
8.0±0.7

BDL-3 wk

BDL-4 wk

96.3±14.8
95.0±11.8
233.3±44.1
7.4±0.9

119.4±35.7
134.8±23.3
431.7±91.8
10.5±0.4

Table 2 Correlation analysis of NOS activity, NO levels, liver function and histology index
NO
NO
AST/A LT
Bilirubin
Total NOS activity
iNOS activity
Histology score

AST/ALT

Bilirubin

0.40
0.14
0.017
0.34
0.12
0.08

0.61
0.19

0.51
0.03
0.17
0.006

Total NOS activity

iNOS activity

0.27
0.56 a
0.23

0.42
0.38
0.53 a
0.86 b

a

0.41
0.04
0.47

0.000
0.000

Histology score
0.47
0.67 b
0.20
0.90 b
0.77 b

0.001

Above diagonal, Pearson correlation; Below diagonal, P value. aP<0.05; bP<0.01.

Expression of iNOS protein in hepatocytes
iNOS protein in hepatocytes was determined by immunoblotting
analysis. As shown in Figure 3, iNOS protein was not detected
in heptoctytes of sham-operated rats at any time. However, it
was observed in hepatocytes of BDL rats, and the expressional
levels increased with cirrhosis development. Semi-quantitative
analysis showed that iNOS expression increased by 1-fold from
d 3 to d 7, and about 40% from wk 1 to wk 2. From wk 2 to wk 3,
iNOS protein expression level increased by about 60%.
However, from wk 3 to wk 4, iNOS protein expression only
increased slightly but not significantly.
A

Sham

BDL

3 d 1 wk 2 wk 3 wk 3 d 1 wk 2 wk 3 wk 4 wk

130 ku→

surgery. No more change of iNOS activity was found from d 21
(100.60±3.90 pmole/mg/min) to d 28 (96.23±1.92 pmole/mg/min,
P>0.05 vs d 21). To determine the relationship of iNOS activity
with its mRNA and protein expression in hepatocytes during
cirrhosis development, we performed a correlation analysis.
We found that iNOS activity in hepatocytes of BDL rats was
significantly correlated with total NOS activity (r = 0.87, P<0.01),
iNOS protein expression (r = 0.87, P<0.01), but not with its
mRNA expression (r = 0.47, P>0.05). Further study should be
performed to explain the discrepancy between iNOS expression
and its enzymatic activity in this model.
Besides NOS activity, NO concentration was also determined
in the supernatants of hepatocyte culture. However, the absolute
values were unsatisfactorily low and no difference was found
between different time points.
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Figure 3 Temporal expression of iNOS protein in hepatocytes.
At different time points after BDL, hepatocytes were isolated
and iNOS protein was examined by immunoblot analysis. A:
Typical result of immunoblotting for iNOS. B: Semi-quantitative analysis of iNOS protein expression. 3d-4 wk, three days
to four weeks after surgery. bP<0.01 for sham-operated vs BDL
at each time point; dP<0.01 for 2 wk vs all other time points
after BDL; fP<0.01 for 3 wk vs all other time points after BDL
except wk 4.

NOS activity in hepatocytes
As shown in Figure 4A, the total NOS activity in hepatocytes
of BDL rats significantly increased on d 3 compared to that of
sham-operated rats. It continued to elevate till 3 wk after BDL
surgery. iNOS activity, however was different from total NOS
activity in that it decreased from d 3 (57.92±0.88 pmole/mg/min)
to d 7 (45.20±3.39 pmole/mg/min, P<0.05 vs d 3). Thereafter,
iNOS activity was significantly increased till 3 wk after BDL
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Figure 4 Hepatic NOS activity in the course of cirrhosis
development. At different time points after operation, hepatocytes were isolated and NOS activity was determined by Lcitrulline generation assay as described in Materials and
Methods. 3d-4 wk, three days to four weeks after BDL or sham
operation. bP<0.01 for sham-operated versus BDL at each time
points; eP<0.05 for 3 wk vs all other time points after BDL
except 4 wk. A: Total NOS activity, dP<0.01 for 1 wk vs all other
points except 2 wk after BDL; B: iNOS activity, cP<0.05 for 1 wk
vs 3 d and 2 wk after BDL.
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Correlation among NOS activity, NO levels, liver function, and
histology index
In order to define the role of hepatic NO in liver cirrhosis,
correlation study was done for NOS activity, liver function,
histology index and systemic NO levels. As shown in Table 2,
total hepatic NOS activity was correlated significantly with
histology score (r = 0.90, P<0.01), iNOS activity (r = 0.86, P<0.01)
and AST/ALT ratio (r = 0.56, P<0.05), but not with systemic NO
levels, bilirubin, or AST, ALT absolute values. In addition to
histology score, iNOS hepatic NOS activity, however had a
correlation with bilirubin (r = 0.53, P<0.05), but not with AST/
ALT ratio or their absolute values. Moreover, there was no
association between iNOS activity and systemic NO levels.
DISCUSSION
This time, course study showed that hepatic iNOS was induced
3 d after bile duct ligation, and its expression increased with
time towards the late stage of liver cirrhosis. iNOS activity
followed a similar pattern to its protein expression, and was
correlated significantly with morphological changes of the liver,
but not with systemic NO levels, nor with the absolute values
of AST, ALT and bilirubin.
NO has been implicated in the pathogenesis of liver cirrhosis.
Outside the liver, numerous studies have shown that NO
production in the splanchnic as well as systemic circulation
increased[5,25-27], induction and expression of iNOS were
responsible, at least in part, for it[7,25]. Inside the liver, we found
previously that iNOS was induced in hepatocytes of cirrhotic
rats. Both its expression and activity significantly increased as
compared to its sham-operated controls[10]. Enhanced iNOS
expression was also observed in human hepatocytes from
patients with alcoholic cirrhosis[28], primary biliary cirrhosis as
well as autoimmune hepatitis[29]. These data indicate that iNOS
could be upregulated in hepatocytes of at least some, if not all
kinds of liver cirrhosis that occurred in patients as well as in
experimental animal models.
As cirrhosis is usually a chronic process, we hypothesized
that the hepatic iNOS might play an important role in this course
ranging from initiation to perpetuation, in addition to its
expression and functions in late or advanced stage of cirrhosis
as mentioned above. Thus, we designed this time course study
to investigate the temporal expression of iNOS in hepatocytes
and its contribution to the pathogenesis of cirrhosis. We found
that iNOS was induced in hepatocytes at both mRNA and
protein levels just 3 d after BDL, when morphologically there
were only bile duct proliferation and acute inflammatory reaction
in the portal tract. Thereafter, its expression and activity were
increased with time till 3 wk after BDL, when advanced cirrhosis
started to form, as indicated by the appearance of ascites. No
further change of NOS activity was observed from d 21 to d 28
in hepatocytes of BDL rats. This pattern was correlated
significantly with histological alterations of the liver in that
fibrosis, inflammatory infiltration and ductular proliferation
also increased with time to advanced stage. For sham-operated
rats, although a faint signal of iNOS mRNA was observed in
hepatocytes 3 d after operation, the signal vanished thereafter.
Moreover, iNOS protein was not detected at any time point,
indicating that the iNOS mRNA expression in sham-operated
rats was transient and could be caused by the surgery itself.
These results showed that hepatic NO was an important
mediator in cirrhosis development. Further study to examine
whether it contributes to fibrosis directly or not is warranted.
In order to elucidate the role of hepatic iNOS in cirrhosis
development, liver function was determined at different time
points after BDL. It was found that bilirubin and AST, ALT
were elevated dramatically 3 d after BDL, but decreased
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thereafter until the late stage of cirrhosis. These results were in
agreement with previous reports[30,31] suggesting the liver
function is impaired very early in BDL rats, but can be largely
compensated by remaining healthy or regenerated hepatocytes
after acute phase. The impairment of liver function was
aggravated by wk 3 or 4, when advanced cirrhosis developed.
Correlation analysis indicated that AST/ALT ratio but not their
absolute values was associated with the degree of histological
changes of the liver suggesting that AST/ALT ratio may be
used as a clinical marker to evaluate biliary cirrhosis. The AST/
ALT ratio was also correlated with total hepatic NOS activity
implying that hepatic NO may affect liver function in certain
mechanisms.
NO levels were also measured in the supernatant of
hepatocyte culture as well as plasma. We did not find any
difference in NO concentration of the supernatants. In the
systemic circulation, NO levels fluctuated from d 3 to d 21, but
significant increase was observed only by 4 wk after BDL
surgery, when ascites developed in all BDL rats. This was largely
in agreement with previous reports, where elevated systemic
NO was often found in uncompensated cirrhosis[5,25,27]. Although
the mechanisms underlying the systemic NO overproduction
are not fully understood yet, enhanced shear stress in response
to chronically increased blood flow has been suggested as a
major contributor[32-34]. In contrast, no correlation was found
between systemic NO levels and hepatic NOS activity,
suggesting that NO produced from hepatic iNOS may not be
responsible for the systemic NO levels. In addition to
hepatocytes, Kupffer cells were the other source of iNOS in
cirrhosis[10,29]. However, it constituted only 15% of liver by cell
numbers[15], and iNOS expression was even lower than that in
hepatocytes[10]. Thus, the study of iNOS function in liver has
been focused largely on its induction in hepatocytes[35].
In summary, we found that iNOS was induced in hepatocytes
soon after BDL; its expression and activity increased with time
in cirrhosis development ranging from initiation to perpetuation.
This was correlated with the morphological changes of liver, as
well as AST/ALT ratio, but not with systemic NO levels, which
significantly increased only in the late stage of cirrhosis. Further
study is necessary to define the function of hepatic NO during
cirrhosis development.
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Abstract
AIM: To investigate the potential oxidative stress in children
with chronic constipation and to explore its mechanisms.
METHODS: Seventy children with chronic constipation and
70 age- and sex-matched healthy children were enrolled
in a randomized controlled study. Plasma levels of vitamins
C and E, activities of superoxide dismutase and catalase
and lipoperoxide level in erythrocytes were determined by
spectrophotometry.
RESULTS: Compared with healthy children whose vitamin C,
vitamin E, superoxide dismutase, catalase and lipoperoxide
were 58.35±14.42 mol/L, 27.15±6.55 mol/L, 2 206±171
U/(g·Hb), 327.3±82.2 K/(g·Hb) and 19.18±4.27 nmol/(g·Hb)
respectively, the levels of vitamin C, vitamin E, the activity of
superoxide dismutase, and catalase in the children with chronic
constipation significantly decreased [46.59±11.51 mol/L,
20.65±4.80 mol/L, 1943±147 U/(g·Hb) and 269.3±67.8 K/(g·Hb),
respectively P<0.01], while the lipoperoxide significantly
increased [25.22±5.01 nmol/(g·Hb), P<0.01]. With a
prolonged course of disease, the levels of vitamin C, vitamin
E, the activity of superoxide dismutase and catalase in the
children with chronic constipation gradually decreased,
while the level of lipoperoxide gradually increased.
CONCLUSION: Chronic constipation can cause potential
oxidative stress in children.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Chronic constipation; Potential oxidative stress;
Spectrophotometry
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INTRODUCTION
Constipation is a symptom rather than a specific disease. It is
generally defined by patients as adefecation frequency of twice
weekly or less, and the defecation frequency of patients with
chronic constipation is very low[15]. Chronic childhood
constipation is a torturing disorder, and many children with

this disorder in China have physical and mental sufferings. Up
to now, there have been neither reports on the abnormal
oxidative stress in children with chronic constipation, nor
reports about the relationship between oxidative stress and
chronic childhood constipation. In order to investigate the
potential oxidative stress in children with chronic constipation
and to explore its mechanisms, 70 children with chronic
constipation and 70 healthy child volunteers (HCVs) were
enrolled in a randomized controlled study in which the levels of
vitamin C (VC) and vitamin E (VE) in plasma as well as the
activities of superoxide dismutase (SOD) and catalase (CAT),
and the level of lipoperoxide (LPO) in erythrocytes were
determined by spectrophotometry. In addition, differences
between average values of the above experimental parameters
in children with chronic constipation and HCVs were compared,
the partial correlation including the zero order partials and the
controlling for age between the course of disease and each
experimental parameter in the children with chronic constipation
were analyzed.

MATERIALS AND METHODS
Study design
A randomized controlled study was done for this purpose. In
order to obtain an objective research conclusion, principles of
random, control, replication and equilibrium, management
factor, experimental effect and subjects, and inclusion and
exclusion criteria of subjects were taken into consideration,
and strictly executed in the research[68].
Subjects
Chronic childhood constipation patients (CCCPs) Seventy
children were randomly sampled from 132 children with chronic
constipation confirmed by the diagnostic criteria[15] with “Select
CasesRandom Sample” in “SPSS 11.0 for Windows”. Their
course of disease ranged from 1 to 5 (2.2±1.1) years, and their
ages were 714 years, systolic blood pressure and diastolic blood
pressure were 60105 mmHg and 4166 mmHg, hemoglobin level
and serum albumin level were 116140 g/L and 31.6442.86 g/L,
and bodymass index was 20.8124.82 respectively. They were
all volunteers in this study.
Healthy child volunteers (HCVs) Seventy volunteers were
randomly sampled from 137 healthy child volunteers
confirmed by the comprehensive physical examination at
the Second Affiliated Hospital and the Affiliated Children’s
Hospital, College of Medicine, Zhejiang University, with
“Select CasesRandom Sample” in “SPSS 11.0 for Windows”.
They had no medical history of acute or chronic constipation,
and their ages were 714 years, systolic blood pressure and
diastolic blood pressure were 60106 mmHg and 4366 mmHg,
hemoglobin level and serum albumin level were 122141 g/L
and 31.6942.57 g/L, and bodymass index was 21.1424.86,
respectively.
There was no significant difference between average values
of age, systolic blood pressure, diastolic blood pressure,
hemoglobin level, albumin level, bodymass index, and sex
proportion in children with chronic constipation and HCVs.
In the above subjects, common diseases associated with
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constipation, such as colon cancer, colonic neoplasm, benign stricture
of colon, colonic ischemia, diverticular disease, inflammatory
bowel disease, anorectal disease, inflamed hemorrhoid, anal
fissure, rectal inflammation (e.g., proctitis), rectal trauma,
diabetes mellitus, and hypothyroidism, were all excluded[15].
Demographic data and some other data of the 70 children
with chronic constipation and 70 healthy child volunteers are
presented in Table 1.
Table 1 Demographic data and other data in children with
chronic constipation and HCVs (mean±SD)
Item
Age (yr)

CCCPs (n = 70)

HCVs (n = 70)

7-14

7-14

(10.60±1.94)
Sex

M = 38

(10.44±1.98)
M = 35

Statistical analysis
t = 0.473 1
P = 0.637
2 = 0.258 2

F = 32

F = 35

P = 0.735

Systolic pressure 60-105

60-106

t = 0.050 1

(mmHg)

(84.63±10.16)

(84.54±10.24)

P = 0.960

43-66

t = 0.458 1

(55.85±5.95)

(55.39±5.98)

P = 0.648

116-140

122-141

t = 0.928 1

Diastolic pressure 41-66
(mmHg)
Hemoglobin
(g/L)

(134.0±5.5)

(134.8±4.4)

P = 0.355

Albumin

31.64-42.86

31.69-42.57

t = 0.694 1

(g/L)

(38.49±2.25)

(38.23±2.15)

P = 0.489

Body-mass

20.81-24.82

21.14-24.86

t = 0.098 1

index

(23.27±1.08)

(23.25±1.12)

P = 0.922

1

Independent-sample t test, 2Pearson chi-square test (Exact Sig).

In medical histories of the children with chronic constipation
and healthy child volunteers, disorders associated with the
brain, heart, lungs, liver, kidneys, and other organs as well as
the blood system, circulatory system, respiratory system, and
other systems were all excluded by routine blood, urine and
stool examinations as well as radiographs, cardiogram, and other
necessary examinations. Medical histories of inflammation,
hypertension, hyperlipidemia, acute or chronic bronchitis,
asthma, autoimmune disease, diabetes, atherosclerosis, tumors
and other diseases, and subnutrition, malnutrition and other
nutritional diseases were also excluded.
In the previous month, none of the subjects had taken any
antioxidant supplements such as VC, VE, ginkgo biloba, tea
polyphenols or other similar substances.

Methods
Collection and pretreatment of blood samples Fasting venous
blood samples were collected from all the subjects in the morning.
Heparin sodium was added as an anticoagulant, plasma and
promptly separated erythrocytes were stored at 50 ℃ immediately.
The blood samples did not undergo any hemolysis[611].
Biochemical measurements
Plasma VC level Trichloroacetic acid solution was used to
sedimentate proteins in plasma and to extract VC from plasma.
VC in the extract solution reduced Fe3+ in the ferric trichloride
solution to Fe2+. Fe2+ reacted with ferrozine to form a colored
end product, which was detected by the spectrophotometric
analytical method at 563 nm and 10.0 mm, and its level was
expressed as mol/L[68].
Plasma VE level Absolute ethanol was used to sedimentate
proteins in plasma and to extract VE from plasma. VE in the
extract solution reduced Fe3+ in the ferric trichloride solution
to Fe2+. Fe2+ reacted with ferrozine to form a colored end
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product, which was detected by spectrophotometric analytical
method at 563 nm and 10.0 mm, and its level was expressed as
mol/L[68].
Erythrocyte SOD activity Spectrophotometric analytical method
for inhibiting pyrogallol autooxidation was used to determine
erythrocyte SOD activity at 420 nm and 10.0 mm, and SOD
activity was expressed as U/(g·Hb)[68].
Erythrocyte CAT activity Spectrophotometric analytical
method for coloration of hydrogen peroxide and acetic
acidpotassium dichromate was used to determine erythrocyte
CAT activity at 570 nm and 10.0 mm, and CAT activity was
expressed as K/(g·Hb)[68].
Erythrocyte LPO level Spectrophotometric analytical method
for thiobarbituric acid reactive substances (TBARS) was used
to determine erythrocyte LPO level at 532 nm and 10.0 mm, and
erythrocyte LPO level was expressed as nmol/(g·Hb)[68].
Analytical reagents in determining the above biochemical
substances and enzymes, such as vitamin C, vitamin E, 5,6
diphenyl3(2pyridyl)1,2,4triazinedisulfonic acid disodium salt
(ferrozine), Cu·Znsuperoxide dismutase, 1,2,3trihydroxybenzene
(pyrogallol), catalase, and 1,1,3,3tetraethoxypropane, 2
thiobarbituric acid (TBA), were purchased from SIGMA®
Chemical Company, USA. Other analytical reagents were
produced in China. Fresh quadruply distilled water was prepared
with a quartz glass distilling apparatus. In determination of the
above biochemical substances and enzymes, main analytical
instruments included Hewlett Packard 8453spectrophotometer,
USA, and others.
In determination of the above biochemical substances and
enzymes, the same batch number of each reagent, same quality
control, same laboratory assistant, and same analytical apparatus,
were strictly used for each experiment in order to decrease errors
and ensure the analytical quality of determinations[68].

Statistical analysis
All experimental data were statistically analyzed with SPSS 11.0
for Windows using a Compaq Pentium IV/2.4 GHz computer.
Experimental parameters in this study presented normal
distributions by KolmogorovSmirnov Z test, and were expressed
as mean±SD and 95% confidence interval (95% CI). Hypothesis
testing methods included independentsample t test, Pearson
chisquare test (2 test), and partial correlation analysis including
the zero order partials and the controlling for age. In the
statistical analysis, the level of hypothesis testing () was ≤0.05
in order to avoid false positives (type I error), and the power of
hypothesis testing (power) was ≥0.85 to avoid false negatives
(type II error)[68].
RESULTS
Compared with the average values of experimental parameters
in HCVs, the average values of VC and VE in plasma as well
as those of SOD and CAT in erythrocytes in children with
chronic constipation significantly decreased (P<0.01), while
the average value of LPO in erythrocytes in children with
chronic constipation significantly increased (P<0.01) (Table 2).
The upper limits of 95% CI of the average values of VC and
VE in plasma as well as those of SOD and CAT in
erythrocytes in children with chronic constipation were less
than the lower limits of 95% CI of the same values in HCVs,
while the lower limit of 95% CI of the average value of LPO
in erythrocytes in children with chronic constipation was greater
than the upper limit of 95% CI of the same value in HCVs
(Table 2).
The findings from both the zero order partials and the
controlling for age in partial correlation analysis between the
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Table 2 Comparison between average values of biochemical parameters in children with chronic constipation and HCVs
(mean±SD)
Plasma
Group

VC (mol/L)
CCCPs
HCVs

Erythrocyte

n
70

SOD (U/g·Hb)

46.59±11.51

20.65±4.80

1 943±147

(43.84-49.33)

(19.51-21.80)

(1908-1978)

58.35±14.42

27.15±6.55

2 206±171

(54.91-61.79)

(25.59-28.71)

(2165-2247)

t1

5.535

6.695

P

<0.01

<0.01

1

70

VE (mol/L)

CAT (K/g·Hb)
269.3±67.8
(253.0-285.6)
327.3±82.2

LPO (nmol/g·Hb)
25.22±5.01
(24.03-26.42)
19.18±4.27

(307.7-346.9)

(18.17-20.20)

9.796

4.543

7.677

<0.01

<0.01

<0.01

Independent-samples t test. The figures in parentheses are 95% confidence interval (95% CI).

course of disease and each experimental parameter for the 70
children with chronic constipation showed that with the
prolonged course of the disease, the levels of VC and VE in
plasma as well as the activities of SOD and CAT in erythrocytes
gradually decreased (P<0.01), while the level of LPO in
erythrocytes gradually increased (P<0.01) (Table 3).
Table 3 Partial correlation analysis between the course of
disease and each parameter for children with chronic constipation
Partial correlation coefficient
Correlative item

n

Zero order partials
r

P

Controlling for age
r

P

Course and VC

70 –0.4999

<0.01

–0.4823

<0.01

Course and VE

70

–0.4868

<0.01

–0.4658

<0.01

Course and SOD 70

–0.5856

<0.01

–0.5129

<0.01

Course and CAT 70

–0.5848

<0.01

–0.4933

<0.01

Course and LPO 70

0.7491

<0.01

0.5027

<0.01

DISCUSSION
It is well known that VC and VE are important antioxidants,
SOD and CAT are important antioxidases in human bodies.
They play important roles in scavenging superoxide anion
radical (O2.– ), hydroxyl radical (·OH), and other free radicals
(FRs) as well as singlet oxygen (1O2), hydrogen peroxide (H2O2),
and other reactive oxygen species (ROS), which are excessively
generated in human bodies. They also play important roles in
preventing physiological and pathological aggravation of a
series of FRs chain reactions induced by excessive O2.– , thereby
protecting biological membranes of the cells against oxidative
stress and oxidative damage [2628]. LPO is a product of
peroxidation (autooxidation) of lipids exposed to oxygen, and
lipoperoxidation per se is a source of FRs and, in all likelihood,
a potential cause of cancer, inflammatory disease, atherosclerosis,
aging, etc[611,20]. LPO and its metabolites, such as malondialdehyde,
conjugated diene and others, are poisonous residual products,
and may strongly attack DNA, proteins, enzymes, cellular
membranes, polyunsaturated fatty acids (PUFAs), other lipids,
and lipidcontained organic compounds, leading to
lipoperoxidative damages to cellular membranes and cells, and
cytoclasis[1219].
These findings suggest that chronic constipation can induce
potential oxidative stress in children. There might be several
interpretations.
The pathophysiologic mechanisms of constipation often
involve a poor colonic propulsive activity, colonic dysfunction
or colonic motor disorders[15]. Therefore, besides psychological
and physiologic factors, disordered colonic transit and anorectal

function may play important roles in these disorders[15]. These
abnormalities would gradually lead to increased water absorption
and solid consistency of stools. At the same time, toxicants in
stools, such as ammonia, hydrogen sulfide, and indole, are
absorbed largely by intestinal tract in children with chronic
constipation, and enter into their blood circulation [15]. In
addition, these abnormalities would cause intestinal flora
imbalance in children with chronic constipation, thereby drying
up their feces and aggravating their constipation[29,30].
A lot of FRs and ROS can be generated both by excessive
ammonia in intestinal tract and blood, and by intestinal flora
imbalance in children with chronic constipation[2933], which
can directly interact with DNA, thus causing DNA damage,
inhibiting or depressing DNA replication, producing oxidative
decomposition and peroxidative modification of many organic
compounds, and can also strongly attack active sites and
groups in the molecular structures of VC, VE, SOD, and CAT,
thereby deactivating them[2628]. As a result, the levels of VC
and VE as well as the activities of SOD and CAT in chronic
childhood constipation patients significantly decreased[2628].
Additionally, superfluous FRs, ROS and decreased plasma VE
level could accelerate lipoperoxidative reactions, leading to a
markedly increased LPO level in children with chronic
constipation [1417].
According to the data from this study, most CCCPs (51/70,
72.86%) like fried foods, such as fried chicken, meat, pie, pork
chop, roll, and French potato, and do not like foods rich in vitamins
and celluloses. Such phenomena not only increase the solid
and hard consistency of stools and disorder the colonic transit
and anorectal function and thus easily causing constipation[34,35],
but also decrease the intake of VC, VE, and other antioxidant
vitamins, thereby decreasing the levels of VC and VE in chronic
childhood constipation patients[2025].
Bivariate correlation analysis, viz a simple linear correlation
analysis, can not really reflect the relationship between age
and above experimental parameters because of a close correlation
between age and each parameter in human bodies[2022,24,25]. In this
study, therefore, partial correlation analysis was used to analyze
the correlation between the course of disease and each
parameter for the 70 children with chronic constipation in order
to eliminate the effect of age on the parameters[36]. The findings
from both the zero order partials and the controlling for age in
the partial correlation analysis showed that the above
parameters were closely related to the course of disease, and
that when the course of disease was prolonged, the values of
VC, VE, SOD, and CAT in children with chronic constipation
gradually decreased, while the value of LPO gradually increased.
In other words, the longer the course of disease, the severer
the potential oxidative stress in the body. In addition, the
findings of partial correlation analysis suggest that chronic
constipation might be a risk factor doing harm to children’s

Zhou JF et al. Potential oxidative stress and chronic constipation

physical and mental health.
In conclusion, chronic childhood constipation can cause
potential oxidative stress in children.
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Abstract
AIM: To investigate whether gastric myoelectrical activity
was impaired in patients with chronic pancreatitis (CP)
and to explore the role of pancreatic enzyme in regulating
gastric myoelectrical activity.
METHODS: Twenty CP patients and 20 controls participated
in the study. Gastric myoelectrical activity was recorded by
a homemade electrogastrography (EGG) device. Two
experiments were carried out. In experiment one, EGG
was recorded in both controls and CP patients. While in
experiment two, either pancreatic enzymes or placebo was
given together with test meals. Spectral analysis was used
to generate various EGG parameters.
RESULTS: The control subjects, but not the CP patients,
showed typically increased postprandial dominant
frequency. The postprandial dominant power (DP)
increment (2.24±1.13 vs 5.35±0.96 dB, P = 0.04) and the
percentage of normal 2-4 cpm slow waves (63.0±3.8% vs
77.4 ±3.1%, P<0.05) were lower in CP patients when
compared with the control. In the 20 CP patients, the DP
increment (4.76±1.02 vs 2.53±1.20 dB, P<0.05) and the
postprandial percentage of normal 2-4 cpm (74.4±2.8%
vs 64.8 ±5.7%, P<0.05) were significantly higher with
pancreatic enzyme replacement than the placebo.
CONCLUSION: CP patients have an abnormal postprandial
stomach myoelectricity showing poor response in dominant
frequency/power and regularity, whereas these abnormalities
are corrected after pancreatic enzyme replacement.
Maldigestion is likely to be the factor leading to abnormal
postprandial gastric myoelectricity of CP patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal (GI) motility and pancreatic exocrine secretion
are mutually regulated in concert. For example, the cyclical
nature of interdigestive pancreatic secretion was synchronized
with the periodic activity of migratory motor complex (MMC)[1.2].
Chronic pancreatitis (CP) offers an ideal model to study whether
severely damaged pancreatic parenchyma in turn leads to
disturbed gastric or intestinal motor function. To the authors’
knowledge, a few studies have been conducted to address this
probable influence, with controversial results regarding the GI
motility in CP patients. For instance, MMC of the stomach or
the small intestine remained unchanged either in a canine model
of total pancreatomy or in CP patients[3,4]. On the other hand,
gastric emptying was accelerated in CP patients[5-7]. Interestingly,
pancreatic enzyme replacement was found to restore this
enhanced gastric emptying in CP patients[6]. However, other
investigators found that the fractional gastric emptying rate
(volume emptied into duodenum divided by gastric volume)
remained eventually unchanged after the correction for gastric
emptying[8].
Stomach myoelectricity or slow wave, which is omnipresent
with a regular rhythm of about 3 cycles/min (cpm), can be
recorded by abdominal surface electrodes, a technique called
electrogastrography (EGG). Abnormal gastric rhythm recorded
from EGG was suggestive of an impaired gastric pacemaker
setting which usually determines the timing and maximum rate
of gastric contractions[9-11]. EGG itself is a non-invasive and
simple measure for the assessment of stomach myoelectrical
rhythm in physiological or pathological situation. It has been
shown that abnormal stomach rhythm exists in early pregnancy
with nausea, motion sickness, diabetic gastroparesis, etc[12-14].
Even patients with stomach cancer manifested abnormal rhythm
of slow waves[15]. While there is a mutual relationship between
GI motility and pancreatic exocrine function, it is unknown
whether CP patients have stomach dysrhythmia. Thus, the aim
of the present study was to evaluate the gastric myoelectricity
in CP patients and to determine whether pancreatic enzyme
replacement could restore some EGG parameters if abnormal
gastric myoelectricity did exist.
MATERIALS AND METHODS
Study subjects
This protocol was approved by the Institutional Ethics
Committee. After given informed written consent, 20 healthy
volunteers (16M/4F, 56.8±17.6 years, range: 30-80) and 20
consecutive CP patients (17M/3F, 57.4±14.5 years, range: 28-84)
were invited to participate in the study. None of the control
subjects had any history of either acute or chronic pancreatitis.
Nor did they have any dyspeptic symptoms. Similar to previous
reports, the diagnosis of CP was established by a typical
clinical history and imaging characteristic abnormalities on
ultrasonography, computed tomography, and endoscopic
retrograde cholangiopancreaticography in all patients[3,7]. CP
history could be traced back to 1-10 years ago. Etiological
factors for CP included alcohol consumption in 18 patients and
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idiopathic in 2. Four patients had obvious diabetes and were
well controlled by an oral hypoglycemic agent. None of the
enrolled CP patients had any evidence of autonomic neuropathy
or other major extrapancreatic alcoholic or diabetic complications.
The exclusion criteria for this study were shown in the
followings: pregnancy, concurrent malignancy, motion
sickness, anorexia nervosa, diabetes of non-CP etiology,
connective tissue diseases, gastric/duodenal ulcer and its
complications, and history of chronic renal disease or surgical
operations on the upper gastrointestinal tract.
The objective scale of dyspeptic symptoms of all studied
subjects was assessed according to a standard protocol.
Dyspeptic symptoms in CP patients were questioned at the
time when he/she had quitted from pancreatic enzyme treatment
for at least one week. The dyspeptic symptoms, including
nausea, vomiting, anorexia, epigastric pain, epigastric fullness
and early satiety, were questioned and scaled according to the
following severity scale: grade 0 = not present; 1 = mild,
occasional, slightly affecting daily activities; 2 = moderate, often
affecting daily activities; 3 = severe, very often, with strong
impact on concentration and daily activities[9].

Study protocol and EGG recording
EGG recording was performed in all subjects in the morning at
9:00 after an overnight fast. All the drugs that could influence
the gastrointestinal motility, like prokinetics, anticholinergics,
calcium channel blockers, were discontinued at least one day
before the trial. Two experiments were carried out. In experiment 1,
EGG was recorded in both control and CP patients. The CP
patients were asked to stop pancreatic enzyme supplements at
least 3 d before the EGG study. In experiment 2, the CP patients
underwent two EGG recording sessions on two separate days
in a random order, one session with placebo and the other with
pancreatic enzyme supplement (Panzynorm® 2 tablets, each
tablet containing amylase 9 000 units, proteases 500 units, lipase,
Nordmark Arzneimittel GmbH & Co. KG, Uretersen, Germany).
Replacements were given to the CP patients together with the
test meal.
During EGG recording, the subject was in a supine position
and asked not to move, fall asleep or talk throughout the entire
measurement. Abdominal skin was cleaned and gently scrubbed
until redness appeared to reduce the skin-electrode impedance.
Four pairs of silver-silver chloride electrodes filled with electrode
jelly (Red Dot-2237, 3M, St. Paul, MN, USA) were placed on the
examined area as previously described[9] . After 30 min of basal
fasting recording, the studied individual was asked to consume
a standard test meal, which included 250-mL milk and a piece of
cake (347 kcal, carbohydrate 51 g, protein 13.2 g, and fat 10 g).
A 30-min postprandial recording was then resumed. All EGG
recordings were coded, and the investigator who performed
quantitative analysis was blinded to the nature of EGG
recording.
EGG system
Our homemade EGG system included a signal acquisition
device, a notebook PC (Pentium 166 MHz), and a power supply
and electrodes[9]. Recorded signals were initially pre-amplified
with an instrumental amplifier. A 4th order active high-pass
filter with a cut-off frequency of 0.01 Hz and another 4th order
active low-pass filter with a cut-off frequency of 0.5 Hz were
installed to filter out unnecessary noises, such as the heartbeat.
A 2.0 Hz precision clock source was designed to provide a
stable 1 Hz sampling rate. An AT89C52 (Atmel, San Jose, CA,
USA) microprocessor chip was installed, and interrupted by
the precision clock. The microprocessor obtained recorded
signals via a 12-bit analog/digital converter card, while the
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analog multiplexer processed the EGG signals. Finally, the
digitized signals were transmitted to the PC via a RS-232 interface
for on-line operation and further analysis. The EGG data stored
on the PC were analyzed by using custom-made software as
described in our previous publication[9,10]. The following EGG
parameters were then obtained and calculated.

EGG dominant frequency and power
The frequency at which the overall power spectrum of an entire
EGG recording displayed a peak power in the range of 1.0-9.0 cpm,
was defined as the EGG dominant frequency (DF)[12] . The DF
of EGG was shown to be equal to the frequency of the gastric
slow wave measured from implanted serosal electrodes[16]. It was
computed by using the smoothed power spectral analysis
method[17]. Smoothed power spectral analysis was used to
produce the overall power spectrum of EGG during each
recording period, which was 30 min in the fasting state and
30 min after the test meal. The power at the DF in EGG power
spectrum was defined as the EGG dominant power (DP)[12].
Previous studies showed that the relative change in EGG
dominant power reflected gastric contractility[16-18]. The decibel
(dB) unit was used to represent the power of EGG. With an
assumption that a sinusoidal signal had an amplitude of A,
power P in dB was expressed as P(dB) = 10×log10 (A2)[12].
Percent of normal 2-4 cpm slow wave
The percent of regular 2-4 cpm gastric slow wave, which
reflected the regularity of gastric myoelectrical activity, was
defined as the percentage of time during which normal 2-4 cpm
slow waves were present over the entire observation period.
This was computed by using the adaptive running spectral
analysis method[19]. Each EGG recording was divided into blocks
of 1 min without overlap. The power spectrum of each 1-min
EGG was calculated and examined to see if the peak power was
within the range of 2-4 cpm. The 1-min EGG was defined as
normal if the DP was within the 2-4 cpm range. Otherwise, it
was defined as dysrhythmia.
Statistical analysis
All data were presented as mean±SE. Student’s t test was used
for statistical analysis wherever it was considered appropriate.
A P value <0.05 was considered statistically significant.
RESULTS
In our study, mild dyspepsia was encountered in the CP patients,
whereas no dyspeptic symptoms were noted in the healthy
controls (Total symptom score in CP patients vs healthy
controls: 3.25±0.37 vs 0, P<0.05).
In experiment 1, no significant difference was found in the
fasting EGG parameters between controls and CP patients. For
example, the DF of EGG in the fasting state was similar between
controls and CP patients (3.01±0.06 vs 3.03±0.07 cpm, P>0.05).
Regarding slow wave power, the fasting DPs were also not different
between controls and CP patients (38.5±0.8 vs 41.4±1.3 dB,
P>0.05). For the regularity of gastric slow waves in the fasting
state, there was also no difference in the percentage of normal
rhythm (2-4 cpm) between CP patients and controls (63.9±5.0
vs 70.0±3.1%, P>0.05).
In contrast to the fasting state, some differences did exist
in the postprandial EGG parameters between controls and CP
patients (Figure 1A). Postprandially, the controls (3.22±0.10 vs
3.01±0.06 cpm, P<0.05) but not the CP patients (3.09±0.07 vs
3.03±0.07 cpm, P>0.05), manifested a typical increase in DF.
The postprandial increase in DP was observed both in controls
(43.8±1.3 vs 38.5±0.8 dB, P<0.05) and in CP patients (43.7±1.2 vs
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Figure 1 Impaired EGG parameters between CP patients and controls. A: Impaired EGG parameters of patients with chronic
pacreatitis in postprandial power increment and postprandial normal percentage of 2-4 cpm compared with controls; B: Increased levels in postprandial power increment and normal percentage of 2-4 cpm in patients with chronic pancreatitis.

41.4±1.3 dB, P<0.05). However, the increment of DP was
markedly smaller in CP patients compared to controls (2.24±1.13
vs 5.35 ±0.96 dB, P = 0.04). The postprandial percentage of
normal 2-4 cpm rhythm in CP patients was significantly lower
when compared to controls (63.0±3.8 vs 77.4±3.1 %, P<0.05).
The percentage of bradygastria (<2 cpm) in CP patients recorded
in the postprandial state was much higher than that in controls
(22.4±3.4 vs12.8±3.1%, P<0.05).
In experiment 2, we demonstrated that supplement of
pancreatic enzyme could reverse the impaired EGG parameters
toward normal (Figure 1B). The postprandial increase in the DF
of EGG was observed in CP patients receiving pancreatic enzyme
replacement (3.25±0.07 vs 3.08±0.07 cpm, P<0.05), but not in
placebo group (3.05±0.08 vs 3.10±0.06 cpm, P<0.05). The
postprandial increment of DP was also significantly higher
(4.76±1.02 vs 2.53±1.20 dB, P<0.05) in pancreatic enzyme
replacement group than in placebo group. The postprandial
value of normal percentage of 2-4 cpm in CP patients
significantly increased (64.8±5.7 vs 74.4 ±2.8 %, P<0.05) in the
group with pancreatic enzyme supplement. The EGG response
in a typical CP patient receiving either placebo or pancreatic
enzyme supplement is shown in Figure 2.

DISCUSSION
To the best of our knowledge, there are no similar studies in the
literature addressing the impairment of gastric myoelectricity
in CP patients. Our study indicates that CP patients had impaired
postprandial slow waves or impaired responses to the test meal
and these impaired postprandial gastric myoelectrical parameters
could be restored with replacement of pancreatic enzymes.
In the fasting state, exocrine pancreatic secretion fluctuated
cyclically and closely coordinated with the gastrointestinal
migrating motor complex[20,21]. It is debatable why pancreatic
secretion should act in such a fluctuated manner. A few studies
have been conducted to address this mystery. In a canine model
of total pancreactomy, Malfertheiner et al[4] found no change
in the normal interdigestive gastroduodenal motility pattern

after surgical operation. Similarly, Pieramico et al[3] did not
observe any changes in the interdigestive motility of CP patients
when compared with controls. No study has previously been
performed to evaluate the interdigestive and postprandial gastric
myoelectrical activity in CP patients. We did not find any
difference in recorded fasting DFs and DPs between CP patients
and controls. Our observations may imply that the regularity
and amplitude of the interdigestive stomach slow wave in CP
patients remain intact despite pancreatic enzyme deficiency.
Previous studies and our current data seem to suggest that
pancreatic enzymes themselves do not have a major physiological
role in the regulation of interdigestive or fasting gastric motility
and myoelectrical activity.
It is interesting to know whether the postprandial motility
in CP patients also remained unaltered. Gastric emptying was reported
to be accelerated in patients with pancreatic insufficiency[6], but
this acceleration was not confirmed in a subsequent study
when gastric emptying rate was corrected to gastric volume
output[8]. Furthermore, postprandial antral motility was reported
unchanged[3]. In contrast, Vu et al[22] found that the duration of
postprandial antroduodenal motor pattern was prolonged in
CP patients, while the recorded antral motor index of CP patients
was reduced in the first hour after meal ingestion. Impaired
EGG parameters of DF, regularity of rhythm and DP were
reported to be associated with poor stomach motility including
gastric emptying and antral contractility[12]. Our data of impaired
postprandial EGG parameters are partly in accordance with Vu’s
observation of impaired postprandial antral motility.
It is unclear why CP patients had impaired postprandial
stomach myoelectricity. It has been well established that the
integrity of gastrointestinal motility depends on the final
coordination between many neural, myogenic and hormonal
factors[23,24]. Actually, CP patients with impaired exocrine
function also had altered gut hormone release. For instance,
the postprandial plasma level of cholecystokinin (CCK) was
decreased in patients with pancreaticenzyme insufficiency[23].
Chen et al[25] indicated that intravenous infusion of CCK in the
physiological dose decreased the postprandial EGG amplitude
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Figure 2 Electrogastrographic (EGG) recording in a patient with chronic pancreatitis. This recording was manifested via the
postprandial raw signal, power and running spectrum with A: placebo or B: pancreatic enzyme replacement. The postprandial
slow wave became more regular and powerful after enzyme replacement.

of normal humans, but did not change the frequency and
regularity of stomach slow wave. Hence, it seems unlikely that
impairment of the gastric myoelectrical activity we observed in
CP patients could be attributed to CCK. On the other hand, the
postprandial plasma level of a distal gut hormone-peptide YY
(PYY) increased in CP patients[22]. This peptide is usually stored
in the distal gut mucosa with the highest concentration and it
behaves as one of the mediators functioning as the so called
ileal-brake[26-28]. In fact, there are no available data regarding
the impact of PYY on gastric myoelectricity. However, PYY
infusion delayed gastric emptying and small intestinal transit
in a dose-dependent manner in humans[28]. Interestingly,
elevated postprandial level of PYY in CP patients was found to
be able to return to normal after pancreatic enzyme supplement[22].
This observation was somewhat similar to our finding of restored
abnormal postprandial EGG parameters after pancreatic enzyme
supplement. It seems possible that the functioning PYY was
one of the factors contributing to the abnormal postprandial
stomach myoelectricity in CP patients.
Our study suggested that abnormal postprandial EGG
parameters could be reversed to normal with pancreatic enzyme
supplement. In addition, EGG parameters in CP patients could
be impaired only in the postprandial state but not in the fasting
state. All these observations suggest that the exocrine
deficiency and subsequent maldigestion appeared responsible
for the impaired gastric myoelectrical activity. Some previous
studies also indicated that impaired GI motility could be restored
after pancreatic enzyme supplement in CP patients[7,22]. Accordingly,
it is likely that maldigestion might also act as one of the factors
leading to abnormal antroduodenal motility in CP patients.
It may be argued that the disturbed gastric myoelectrical
activity in CP patients observed in the present study might be
attributed to diabetic autonomic neuropathy. Should this be
the case, abnormalities would have been noted in both fasting
and fed states as reported in a previous study, instead of
abnormalities only in the fed state as shown in the current

study. In addition, the blood glucose levels of the studied CP
patients were well controlled, and there was no evidence of
autonomic dysfunction in any of the enrolled CP patients.
Finally, enzyme supplementation partially reversed the abnormal
EGG parameters in CP patients. Consequently, we believe that
the mechanism underlying impaired postprandial gastric
myoelectrical activity may be the maldigestion rather than the
pre-existing CP-elicited diabetes.
In conclusion, CP patients have normal fasting but abnormal
postprandial gastric myoelectricity. The impairment involves
DF and DP as well as percentage of normal gastric slow waves.
These impairments can be restored with pancreatic enzyme
replacement. Maldigestion is the likely factor leading to
abnormal postprandial stomach myoelectricity in CP patients.
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Abstract
AIM: Direct neoplastic invasion of esophageal inlet is an
uncommon but significant sequela of advanced head and neck
carcinomas. The aim of this study was to seek an optimal CT
or MRI criterion for determining the neoplastic esophageal inlet
involvement in order to help tumor staging and surgical planning.
METHODS: CT and MRI of 78 head and neck tumor cases
were investigated retrospectively. At the level of the
esophageal inlet on axial CT and MRI scans, the distance
between the posterior aspect of cricoid cartilage and the
anterior aspect of vertebra (d-CV) was measured by two
senior radiologists who were unaware of clinical findings.
Then, according to pathologic evidence and follow-up findings,
these patients were divided into patient group, including 32
cases with neoplastic invasion of esophageal inlet and control
group, including 46 cases without neoplastic esophageal
inlet involvement. The statistical difference based on d-CV
between the two groups was determined. The optimal
criterion of d-CV on CT or MRI was assessed and its accuracy,
sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were evaluated respectively.
RESULTS: In control group, d-CV at the esophageal inlet
level was 0.94±0.15 cm on axial CT and 0.91±0.18 cm on
axial MRI, whereas in patient group, d-CV was 1.24±0.32 cm
on CT and 1.31±0.36 cm on MRI. There was a statistical
significance in d-CV between the two groups on CT and
MRI modalities (P<0.01). d-CV greater than 1.0 cm was
the typical feature of neoplastic invasion of the esophageal
inlet with 73% sensitivity, 83% specificity, 79% accuracy,
76% PPV, 80% NPV on CT and 84% sensitivity, 77%
specificity, 80% accuracy, 70% PPV, 88% NPV on MRI
respectively.
CONCLUSION: Except for other CT and MR imaging features
of neoplastic invasion of esophageal inlet, d-CV greater
than 1.0 cm is an optimal adjunct criterion for esophageal
inlet invasion by advanced head and neck carcinomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Esophageal neoplasms; Esophageal inlet; CT;
MRI; Neoplasm invasiveness
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INTRODUCTION
Esophageal inlet is the pharyngoesophageal junction, which is
the portion between postcricoid region of the hypopharynx
and cervical esophagus. It is located at the level of the lower
border of the cricoid cartilage or approximately the level of the
sixth cervical vertebra [1,2]. Direct neoplastic invasion of
esophageal inlet by advanced head and neck carcinomas is
uncommon, but it is generally associated with upgrading
primary tumor staging, increasing surgical complexity and a
relatively low survival rate[2,27]. CT and MRI assessments of
the presence or absence of esophageal inlet invasion by tumors
is clinically useful for pretherapeutic staging, surgical planning
and prediction of prognosis. Although there have been some
literatures describing CT and MRI findings in the normal
esophagus, esophageal tumor and invasion by advanced head
and neck neoplasms[2-4,6,17,27], there are few articles on the role
of CT or MRI for predicting esophageal inlet invasion by
advanced head and neck carcinomas[2-4]. Therefore, the aim of
this study was to seek an optimal criterion for determining the
neoplastic esophageal inlet involvement in order to help tumor
staging and surgical planning for resection and reconstruction.
MATERIALS AND METHODS
Study design and study subjects
Seventy-eight head and neck tumor cases, aged 27-81 years
(mean age, 57.9 years), including 57 men and 21 women, were
obtained from our hospital between January 1990 and February
2004. CT and MRI of these patients were investigated
retrospectively by two senior radiologists without the
knowledge of clinical evidence of esophageal inlet invasion.
At the level of esophageal inlet on axial CT and MRI scans, the
distance between the posterior aspect of cricoid cartilage and
the anterior aspect of vertebra (d-CV) was measured. Then,
according to pathologic evidence and follow-up findings, these
patients were divided into patient group, including 32 cases
with neoplastic invasion of esophageal inlet and control group,
including 46 cases without neoplastic esophageal inlet
involvement.
In patient group, 30 (93.8%) of the 32 cases received
preoperative CT, whereas 19 (59.4%) underwent MR imaging.
The presence of esophageal invasion was determined by
pathologic evidence from surgical resection or biopsy. These
cases included laryngeal squamous carcinoma (n = 9),
postcricoid squamous carcinoma (n = 7), pyriform sinus
squamous carcinoma (n = 10) and thyroid papillary or follicular
carcinoma (n = 6).
In control group, 40 (87.0%) of the 46 cases underwent
preoperative CT, whereas 30 (65.2%) received MR imaging.
These 46 patients included laryngeal papilloma (n = 4), laryngeal
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squamous cell carcinoma (n = 17), pyriform sinus squamous
cell carcinoma (n = 9), postcricoid squamous carcinoma (n = 2),
thyroid papillary or follicular carcinoma (n = 9) and thyroid
adenoma (n = 5). All these cases were confirmed without
esophageal inlet invasion by head and neck surgeons during
preoperative or operative evaluation and follow-up examinations.

CT and MRI techniques
Computed tomography was performed with scanners including
Toshiba 600S, Toshiba Xvision/GX (Toshiba Medical Systems,
Tochigi, Japan) and SOMATOM Sensation 4 (Siemens, Erlangen,
Germany). Axial slices of 3-mm thickness and 3-mm interspace
were obtained from the base of the tongue to the thoracic inlet
before and after intravenous administration of meglumine
iothalamate (Telebrix, Guerbet, Aulnay-sous-Bois, France).
MR imaging was performed using a 1.0-T unit (Schimadzu
SMT-100 type, Shimadza Medical Systems, Tokyo, Japan) and
a 1.5-T unit (Signa Performance Plus, GE Medical Systems,
Milwaukee, WI) with anteroposterior volume neck coils. The
MR imaging protocol consisted of axial T1-weighted spin-echo
and T 2-weighted spin-echo images. T 1-weighted images
included 450/18 [TR/TE] at 1.0 T and 550/10 [TR/TE] at 1.5 T,
whereas T2-weighted images included 2 000/90 [TR/TE] at 1.0 T
and 4 200/95 [TR/TE] at 1.5 T. After intravenous administration
of gadolinium-diethylenetriamine pentaacetic acid (Magnevist,
Schering, Berlin, Germany), axial, sagittal and coronal T1weighted spin-echo images were obtained. The slice thickness
was 5 mm with no interslice gap.
Statistical analysis
At the level of the esophageal inlet on axial CT and MRI scans,
d-CV was measured retrospectively. The results of d-CV
between the two groups were analyzed by using Student’s t
group test with SPSS software (SPSS, Chicago, IL). For all tests,
statistical significance was set at P<0.05 level. Then, the optimal
criterion of d-CV on CT or MRI was assessed by determining
its accuracy, sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) respectively.
RESULTS
CT and MRI findings in control group
Ovoid or concave normal esophageal inlet was found in 82.5%
(33/40) of cases on CT and in 76.7% (23/30) of cases on MR
imaging. The fat planes surrounding the well-defined margins
of esophageal inlet and between the esophageal inlet and both
lobes of the thyroid gland were visible in most CT or MRI
scans. At the esophageal inlet level, d-CV was 0.94±0.15 cm on
CT and 0.91±0.18 cm on MR imaging (Table 1).
Table 1 Comparison of d-CV between control and patient
groups on CT and MR imaging (mean±SD)
CT
Control
group
n

40

mean±SD (cm) 0.94±0.15

MRI
Patient
group

Control
group

Patient
group

30

30

19

1.24±0.32

0.91±0.18

1.31±0.36

t

4.806

4.544

P

<0.01

<0.01

CT and MRI findings in patient group
Postcricoid carcinoma with esophageal inlet invasion All the
7 cases of postcricoid tumor invading the esophageal inlet on
CT and MRI scans were histologically documented squamous
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cell carcinoma, 85.7% (6/7) of the cases underwent preoperative
CT scanning, whereas 57.1% (4/7) of the cases underwent MR
imaging. On axial CT or MR images, all the cases had a large
tumor mass arising from the postcricoid region resulting in
asymmetric thickening of the pharyngeal wall and obliteration of
surrounding fat plane (Figure 1), while 57.1% (4/7) of the cases
presented with arytenoid cartilage destruction. On MR imaging,
the sagittal, contrast-enhanced T1-weighted spin-echo (SE)
image showed postcricoid tumor spreading circumferentially and
towards the esophageal inlet and cervical esophagus. At the
esophageal inlet level, d-CV was 1.25±0.31cm on CT and 1.28±0.45 cm
on MR imaging (Table 2).

2
1

T

Figure 1 Axial contract-enhanced CT scan at the subglottic
level of a 56-year-old man with postcricoid carcinoma (T)
invading the esophageal inlet. Arrowheads point to the
arytenoid cartilage and the arrow points to the cricoid cartilage.

Pyriform sinus carcinoma with esophageal inlet invasion All
the 10 cases of pyriform sinus tumor invading the esophageal
inlet were histologically confirmed squamous cell carcinoma.
Of the 10 cases, 5 (50%) involved the apex of pyriform sinus, 8
(80%) invaded submucously to the postcricoid region. 3 (30%)
spread extensively to the aryepiglottic fold and epiglottis, 2
(20%) displayed thyroid cartilage erosion, 4 (40%) presented
with arytenoid cartilage destruction. All the 10 cases showed
a tumor mass as asymmetric thickening of the posterior wall.
On MR imaging, all the 5 cases also revealed the tumor mass
with poorly defined margins circumferentially around the
esophageal inlet (Figure 2). At the esophageal inlet level, d-CV
was 1.14±0.25 cm on CT ane 1.11±0.24 cm on MR imaging (Table 2).
Laryngeal carcinoma with esophageal inlet invasion All the
9 cases of laryngeal carcinoma invading esophageal inlet were
histologically documented squamous cell carcinoma. On MR
imaging, 71.4% (5/7) of the cases showed a large tumor mass
involving the whole larynx, obstructing the tracheal cavity and
spreading posterolaterally to the esophageal inlet. The margin
between tumor and esophageal inlet was poorly defined. On
CT scanning, 25% (2/8) of cases indicated arytenoid cartilage
erosion, whereas 37.5% (3/8) of cases revealed thyroid cartilage
destruction (Figure 3). At the esophageal inlet level, d-CV was
1.18±0.33 cm on CT and 1.30±0.30 cm on MRI (Table 2).
Table 2 d-CV in different types of head and neck tumor with
esophageal inlet involvement on CT and MR imaging
(mean±SD)
Tumors
Postcricoid carcinoma
(n=7)
Pyriform sinus carcinoma
(n=10)
Laryngeal carcinoma
(n=9)
Thyroid carcinoma
(n=6)

CT
1.25±0.31 cm
(n=6)
1.14±0.25 cm
(n=10)
1.18±0.33 cm
(n=8)
1.46±0.38 cm
(n=6)

MRI
1.28±0.45
(n=4)
1.11±0.24
(n=5)
1.30±0.30
(n=7)
1.72±0.39
(n=3)

cm
cm
cm
cm
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Figure 2 T1-weighted image of a 72 year-old man with pyriform sinus carcinoma invading the esophageal inlet. A: Axial T 1weighted image of a right-sided pyriform sinus tumor mass (T) invading the right false cord, the laryngeal ventricle, the right
paraglottic space (arrow), the right aryepiglottic fold (arrowhead) and the postcricoid region (heavy arrow); B: Axial T1-weighted
image of the tumor mass (T) involving the right true vocal cord (arrowhead) and extending to the postcricoid region (arrow); C:
Axial T1-weighted image 5 mm above the esophageal inlet level of a pyriform sinus tumor mass (T) invading the postcricoid
region (arrow); D: Axial T1-weighted image of the neoplastic esophageal inlet involvement (arrow). T = tumor mass, arrowhead
points to the distance between the posterior aspect of the cricoid cartilage and the anterior aspect of the vertebra (d-CV=1.32); E:
Conoral T1-weighted image of a tumor mass (T) arising from the right piriform sinus with extension to the postcricoid region
and the anteriorlateral wall of the esophagus, including esophageal inlet and cervical esophagus.
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Figure 3 Axial contrast-enhanced CT of a 67-year-old man with direct esophageal inlet involvement by laryngeal carcinoma. A:
Axial contrast-enhanced CT at the supraglottic level of a left-sided laryngeal tumor mass (T) invading both aryepiglottic folds, both
false cords, laryngeal ventricles and paraglottic spaces. Arrows point to the destruction of thyroid cartilages. Arrowhead points to
the intact arytenoid cartilage; B: Axial contrast-enhanced CT at the esophageal inlet level of a tumor mass extending to the
subglottic region, eroding the cricoid cartilage (C) and invading the esophageal inlet (EI).

Thyroid carcinoma with esophageal inlet invasion All the 6
thyroid carcinoma cases ‘were preoperatively performed’ CT
scanning, whereas 50% (3/6) of the cases underwent MR
imaging. These 6 cases included 4 papillary carcinomas and 2
follicular carcinomas and were pathologically verified to have
esophageal inlet involvement. Three (50%) of the 6 cases also
indicated cervical esophageal invasion. On CT scans, the 6 cases
showed a large tumor mass arising from the thyroid gland and
invading the esophageal inlet (Figure 4). Of the 6 cases, 4 (66.7%)
presented with contralateral displacement of the trachea, 2
(33.3%) revealed aortic invasion with concomitant luminal
narrowing and effaceable flat plane between tumor and the
aorta, 5 (83.3%) showed esophageal inlet involvement by a
circumferential tumor mass greater than 120o, whereas 2 (33.3%)
represented esophageal inlet invasion by a circumferential mass
more than 180o. The margin between the esophagus inlet and
thyroid mass was poorly defined. Two (33.3%) of the 6 cases

presented with arytenoid cartilage erosion, whereas 1 (16.6%)
of the 6 cases revealed thyroid cartilage destruction. On MR
imaging, the extensive tumor mass displayed an intermediate,
slightly lower or higher signal intensity on T1-weighted MR
images and a high and heterogeneous signal intensity on T2weighted MR images. At the esophageal inlet level, d-CV was
1.46±0.38 cm on CT and 1.72±0.39 cm on MR imaging (Table 2).
In the present work, we found that at the esophageal inlet
level, d-CV was 0.94±0.15 cm on axial CT and 0.91±0.18 cm on axial
MR imaging in control group, whereas d-CV was 1.24±0.32 cm
on CT and 1.31±0.36 cm on MR imaging in patient group. There
was a statistical significance in d-CV between these two groups
(Table 1). d-CV greater than 1.0 cm was an optimal adjunct
criterion of neoplastic invasion of the esophageal inlet with
73% sensitivity, 83% specificity, 79% accuracy, 76% PPV, 80%
NPV on CT and 84% sensitivity, 77% specificity, 80% accuracy,
70% PPV, 88% NPV on MRI respectively (Table 3).
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Table 3 Diagnostic statistics of d-CV criterion on CT and MRI for predicting neoplastic esophageal inlet involvement

d-CV>1.0 cm on CT
d-CV>1.0 cm on MRI

Sensitivity (%)

Specificity (%)

Accuracy (%)

Positive predictive
value (%)

73 (22 of 30)
84 (16 of 19)

83 (33 of 40)
77 (23 of 30)

79 (55 of 70)
80 (39 of 49)

76 (22 of 29)
70 (16 of 23)

T

Figure 4 Axial contrast-enhanced CT of a 49-year-old woman
with thyroid carcinoma invading the esophageal inlet. Arrowhead points to the distance between the posterior aspect
of the cricoid cartilage and the anterior aspect of the vertebra
(d-CV = 1.12).

DISCUSSION
Esophageal inlet is the cricumferential ring extending from the
postcricoid region of hypopharynx to the cervical esophagus.
It is defined as the pharyngoesophageal junction which is
delineated by the cricopharyngeus muscle[1]. Saleh et al[2] have
further defined the esophageal inlet in their study to the point
where the lower fibers of the inferior constrictor (cricopharyngeus)
muscle are last seen attached to the posterolateral aspects of
the laryngeal skeleton. They defined that the esophageal inlet
was the portion of the postcricoid hypopharynx 3-mm or less
above the lower margin of the cricoid cartilage. At this level,
the emerging muscular wall of the esophagus merges with the
lowermost fibers of the inferior constrictor (circophagngeus)
muscle, whereas the flattened ellipsoid shape of the postcricoid
hypopharynx gives way to a much more round ellipsoid shape
of the esophageal inlet[1-4]. According to these previous literatures,
we measured d-CV on axial CT and MRI sections at that level.
In control group, d-CV of the normal esophageal inlet was
0.94±0.15 cm on axial CT and 0.91±0.18 cm on axial MRI.
Esophageal inlet invasion is a significant sequela of
advanced head and neck carcinomas. In our study, malignancies
associated with esophageal inlet included hypopharyngeal
carcinoma, laryngeal carcinoma and thyroid carcinoma.
Hypopharyngeal carcinomas, such as postcricoid carcinoma
and pyriform sinus carcinoma, do have a propensity to infiltrate
submucosally, either circumferentially or towards the esophageal
inlet[2-5]. Laryngeal carcinoma could also spread extensively to
hypopharynx and even to esophageal inlet[5]. Thyroid carcinoma
could often invade the esophageal inlet by extrathyroidal growth
rather than by nodal metastasis[6]. Nevertheless, esophageal
involvement, including neoplastic invasion of esophageal inlet
and cervical esophagus, is more often from extension of thyroid
carcinoma than from spread of pharyngeal or laryngeal tumor[7].
Because of these characteristic spread patterns of advanced
head and neck carcinomas to the esophageal inlet, the true
extent only becomes apparent on axial CT and axial, coronal or
sagittal MR images.
In recent years, the application of new diagnostic modalities
such as endoscopic ultrasonography (EUS) and positron
emission tomography (PET) on primary esophageal carcinoma

Negative predictive
value (%)
80 (33 of 41)
88 (23 of 26)

has been widely investigated[8-16]. CT and MR imaging,
however, still play a crucial role in the evaluation of primary
esophageal tumors[4,17-20] and neoplastic invasion of esophagus
by advanced head and neck carcinomas[2,7,21-23]. Roychowdhury
et al[7] have reported that a circumferential mass or focal T2
signal abnormality on the esophageal wall on MR imaging
suggests the presence of esophageal invasion by advanced
head and neck carcinomas, whereas an intact fat plane, absence
of wall thickening and no T2 wall signal abnormalities imply
that the esophagus is not invaded. Wang et al[21] indicate that
outer layer invasion and poorly defined margins are the
significant factors of esophageal involvement due to thyroid
carcinomas. They suggest that a MRI finding of outer layer
invasion is optimal for diagnosing esophageal invasion by
thyroid carcinoma. Nevertheless, there are a few studies on the
role of CT or MRI in predicting esophageal inlet invasion by
advanced head and neck carcinomas [2-4]. The accurate
evaluation of patients at risk for esophageal inlet involvement
requires specific criteria for determining tumor invasion at that
level. Zhuang et al [24,25] have proposed that the distance
between aryteoid cartilage and vertebra (d-AV) greater than 1.0
cm and the distance between crocoid cartilage and vertebra
(d-CV) greater than 1.0 cm are the available criteria of neoplastic
invasion of the retrocricoid region and esophageal inlet on CT
and MRI modalities. However, the authors did not further
describe these criteria in detail. In the present work, we found
that except for other CT and MR imaging features of esophageal
inlet involvement, such as circumscribed tumor mass adjacent to
the esophageal inlet, poorly defined margins between the tumor
and esophageal inlet and obliteration of the fat plane between
the mass and esophageal inlet, d-CV at the esophageal inlet
level might be another criterion, which was 1.24±0.32 cm on CT
and 1.31±0.36 cm on MR imaging in patient group. There was
statistical significance in d-CV between control group and
patient group (Table 1). Therefore, we suggest that d-CV greater
than 1.0 cm is a typical feature of neoplastic invasion of the
esophageal inlet.
Predicting esophageal inlet invasion is important for
determining primary tumor staging, predicting the prognosis
and developing surgical strategy for advanced head and neck
carcinomas. In patients with extensive head and neck tumors,
esophageal inlet invasion would automatically upgrade primary
tumor staging to a T4 classification[26]. Azurin et al[27] indicate
that the overall 5-year survival for patients with stage IV
squamous cell carcinoma is 24-27%. Kowalski et al[28] and
McCaffrey et al[29] have reported that well-differentiated thyroid
carcinoma usually has an excellent prognosis. However, when
invasion of the upper aerodigestive tract occurs, it would be a
source of significant morbidity as well as mortality for the
patient. Thyroid carcinoma with minimal esophageal invasion
could be treated by shave resection, whereas tumors with fullthickness and even intraluminal esophageal involvement could
be treated by complete resection. Similar survival results after
complete or shave resection and a poor survival after incomplete
resection have been reported[28-30]. When the tumor just invades
the full-thickness of cervical esophagus, pharyngoesophagectomy is suggested with gastric transposition, and
the larynx could be preserved. When the tumor invades the
full-thickness of cervical esophagus, esophageal inlet and even
hypopharynx, pharyngo-laryngo-esophagectomy are needed
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with gastric pull-up for reconstruction [28-30]. Furthermore,
patients with advanced pharyngeal or laryngeal squamous
cell carcinoma invading esophageal inlet might also benefit
from surgical resection of the tumor for palliative maintenance
of oral alimentation and prevention of airway compromise[27].
When the tumor just involves the esophageal inlet, limited
esophagectomy is usually suggested and myocutaneous
flap or jejunal interpositioning is usually required for closure.
When the tumor extended to the cervical esophagus,
esophagectomy is needed with gastric transposition or jejunal
interposition used for reconstruction [2,27,31-35].
In conclusion, except for other CT and MR imaging features
of neoplastic invasion of esophageal inlet, d-CV greater than
1.0 cm could be an optimal adjunct criterion to the esophageal
inlet involvement by advanced head and neck carcinomas. It
may exert a strong impact on the treatment recommendations
for patients with esophageal inlet invasion by advanced head
and neck carcinomas.
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Abstract
AIM: Helicobacter pylori (H pylori) has been linked to chronic
gastritis, peptic ulcers, gastric cancer and MALT-lymphoma.
Conventional invasive tests are less sensitive than noninvasive tests in diagnosing H pylori infection in patients
with bleeding peptic ulcers. Polymerase chain reaction is a
sensitive and accurate method for diagnosing H pylori
infection. The aim of this study was to evaluate the diagnostic
role of mucosal polymerase chain reaction for H pylori
infection in patients with bleeding peptic ulcers.
METHODS: In patients with bleeding, non-bleeding peptic
ulcers and chronic gastritis, we checked rapid urease test,
histology, bacterial culture and mucosal polymerase chain
reaction for detecting H pylori infection. Positive H pylori
infection was defined as positive culture or both a positive
histology and a positive rapid urease test. For mucosal
polymerase chain reaction of H pylori, we checked vacA
(s1a, s1b, s1c, s2, m1, m1T, m2), iceA1, iceA2 and cag A.
RESULTS: Between October 2000 and April 2002, 88 patients
with bleeding peptic ulcers (males/females: 60/28, gastric
ulcers/duodenal ulcers: 55/33), 81 patients with non-bleeding
peptic ulcers (males/females: 54/27, gastric ulcers/duodenal
ulcers: 45/36) and 37 patients with chronic gastritis (males/
females: 24/13) were enrolled in this study. In patients
with bleeding peptic ulcers, non-bleeding peptic ulcers and
chronic gastritis, 45 patients (51%), 71 patients (88%)
and 20 patients (54%) respectively were found to have
positive H pylori infection (P<0.001). In patients with
bleeding peptic ulcers, non-bleeding peptic ulcers and chronic
gastritis, polymerase chain reaction for H pylori infection
was positive in 54 patients (61%), 70 patients (86%) and
20 patients (54%) respectively (P<0.001). The sensitivity,
positive predictive value and diagnostic accuracy of mucosal
polymerase reaction for H pylori infection were significantly
lower in patients with bleeding peptic ulcers (84%, 79%
and 81%) than in patients with non-bleeding peptic ulcers
(99%, 99% and 98%) (P<0.001, P<0.01 and P<0.001
respectively). The sensitivity, negative predictive value and

diagnostic accuracy of mucosal polymerase reaction for

H pylori were significantly lower in patients with bleeding
peptic ulcers (84%, 83% and 81%) than in patients with
chronic gastritis (100%, 100% and 100%) (P = 0.02, P = 0.02
and P = 0.001).
CONCLUSION: Mucosal polymerase chain reaction for
detecting H pylori infection is not reliable in patients with
bleeding peptic ulcers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the past two decades, Helicobacter pylori (H pylori) has
been confirmed to be linked to chronic gastritis, peptic ulcers,
gastric cancer and MALT-lymphoma[1]. The diagnosis of H pylori
infection can be divided into invasive and non-invasive methods[2].
Endoscopic biopsy is needed in the invasive method. On the
other hand, non-invasive methods are more convenient and
equally accurate in diagnosing H pylori infection in patients
with non-bleeding peptic ulcers.
Eradication of H pylori in patients with bleeding ulcer may
virtually prevent recurrence of both the disease and its
complications[3-5]. Therefore, accurate diagnosis of H pylori
infection is essential in the management of peptic ulcer
bleeding. So far, there is no single test that is considered optimal
for the diagnosis of H pylori infection[5].
In patients with peptic ulcer bleeding, the accuracy of
invasive and non-invasive tests is often disappointing[6,7]. Noninvasive tests for H pylori infection are more accurate than
invasive tests in patients with bleeding peptic ulcers [7].
However, there are some limitations in these non-invasive tests.
So far, there are three popular non-invasive tests for H pylori,
namely ELISA-based serology, 13C- UBT (13C- UBT) and stool
antigen test [8-10]. High sensitivity of the 13C- UBT (>92%),
serological test (>95%), and stool antigen test (>90%) has been
reported in non-bleeding peptic ulcers[7,10]. The 13C- UBT is
expensive and samples need to be checked from a special
laboratory[5]. ELISA serology may remain positive several years
after eradication of H pylori[11,12]. Therefore, it cannot reflect
the present infection. The stool antigen test is not reliable in
patients with bleeding peptic ulcers[13-15].
Polymerase chain reaction (PCR) is an established method
for H pylori infection[16-19]. It is very sensitive and accurate in
diagnosing H pylori infection as compared with other invasive
techniques in patients with non-bleeding peptic ulcers[19-21].
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So far, there has been only one study with a small sample size
of patients concerning mucosal PCR for diagnosing H pylori
infection in patients with bleeding peptic ulcers[20]. Therefore,
clarifying the role of mucosal PCR in patients with bleeding
peptic ulcers is needed. The objective of this study was to
evaluate the sensitivity, specificity, positive and negative
predictive values, and diagnostic accuracy of the mucosal PCR
test in patients with bleeding peptic ulcers as compared to
patients with non-bleeding peptic ulcers and chronic gastritis.

MATERIALS AND METHODS
Patients were admitted to the trial if they had bleeding peptic
ulcers (hematemesis or tarry stool within three days), nonbleeding peptic ulcers and chronic gastritis during endoscopic
examination at our division. Only ulcers over 5 mm in size in
patients with peptic ulcers were considered for inclusion in this
study. Patients were excluded from the study with the following
conditions: usage of antibiotics or proton pump inhibitor (PPI)
within four weeks of enrollment, inability or unwillingness to
give written informed consent; gastric malignancy, bleeding
tendency (platelet count less than 50 000/mm3, prothrombin time
less than 30%, or taking anticoagulants), pregnancy or lactation.
Possible complications of endoscopic treatment and biopsy
were discussed with the patients and their relatives and written
informed consent was obtained before the trial. An experienced
gastroenterologist Lin et al performed all hemostatic treatments.
The study was approved by the Clinical Research Committee
of the Veterans General Hospital Taipei.
During endoscopic examination, we used endoscopic
injection or heater probe thermocoagulation if there was
bleeding (oozing or spurting) or non-bleeding visible vessels
at the ulcer base. Thereafter, we took four biopsy specimens
from the greater curvature of gastric antrum: one for rapid urease
test (RUT), one for histology, a third for H pylori culture and a
fourth for PCR test, and four specimens from the greater
curvature of gastric body: one for RUT, one for histology, a third
for H pylori culture and a fourth for PCR test. RUT, H pylori
culture, and histology were completed within 48 h after
enrollment. Two specimens from each patient were stored at
-70 ℃ until analyzed for PCR test.
H pylori isolates were cultured from gastric biopsy specimens
as in our previous studies[22,23]. Positive culture was identified by
positive reaction for catalase, urease and oxidase activities. The
isolates were cultured at 37 ℃ on brain heart infusion (BHI) agar
plates supplemented with 7% horse blood (containing nalidixic
acid 10 g/mL, trimethoprim 5 g/mL, vancomycin 3 g/mL, and
amphotericin 2 ug/mL) with 120 mL/L CO2 and a high humidity.
RUT was checked with an in-house urease test at room
temperature for color change for up to 24 h after addition of the
sample. The test was defined as positive if the color changed
from yellow to red. For histological examination, sections of
paraffin-embedded specimens were routinely stained with
hematoxyline-eosin and Giemsa for detecting Helicobacterlike microorganisms by an experienced pathologist Li et al who
was blinded to the study.
The method of performing PCR was described in our previous
studies[22,23]. In brief, lysates of gastric mucosa biopsy specimens
were used for PCR. DNA was extracted from gastric biopsy
specimens according to the method described by Boom[24]. Biopsy
specimens were then homogenized in guanidinium isothiocyanate,
using a sterile micropestle. DNA was extracted, washed and
eluted in 100 L of 10 mmol/L Tris-HCL (pH 8.3). Two microliters
of the eluted DNA were used for each PCR reaction.
The oligonucleotide primers for PCR amplification of specific
segments are shown in Table 1[25,26]. For vacA evaluation, the
PCR program comprised 35 cycles of denaturation (at 94 ℃ for
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1 min), annealing (at 56 ℃ for 2 min), extension (at 72 ℃ for
1 min), and one final extension (at 72 ℃ for 10 min). For cagA,
amplification was performed with 35 cycles of denaturation (at
94 ℃ for 1 min), annealing (at 56 ℃ for 2 min), extension (at 72 ℃
for 1 min), and one final extension (at 72 ℃ for 5 min). For iceA
amplification, amplifications were performed with 40 cycles of
denaturation (at 95 ℃ for 30 s), annealing (at 50 ℃ for 45 s), extension
(at 72 ℃ for 45 s) and one final extension (at 72 ℃ for 10 min).
Table 1 Oligonucleotide primers used for cagA , vacA and iceA
genotyping
Region
Primer
detected designation
s1 and s2 VA1-F

Primer sequence
5’ATGGAAATACAACAAACACACC3’

PCR
product (bp)
259/286

VA1-R

5’CTGCTTGAATGCGCCAAACTTTATC3’

s1a

SS1-F

5’GTCAGCATCACACCGCAAC3’

190

s1b

SS3-F

5’AGCGCCATACCGCAAGAG3’

187

s1c

S1C-F

5’CTYGCTTTAGTRGGGYTA-3’

213

m1

VA3-F

5’GGTCAAAATGCGGTCATGG3’

290

m1T
m2
iceA1
iceA2
lcagA

VA3-R

5’CCATTGGTACCTGTAGAAAC3’

m1T-F

5’GGCCACAATGCAGTCATGG3’

m1T-R

5’CTCTTAGTGCCTAAAGAAACA3’

VA4-F

5’GGAGCCCCAGGAAACATTG3’

VA4-R

5’CATAACTAGCGCCTTGCAC3’

iceA1F

5’GTGTTTTTAACCAAAGTATC3’

iceA1R

5’CTATAGCCASTYTCTTTGCA3’

iceA2F

5’GTTGGGTATATCACAATTTAT3’

iceA2R

5’TTRCCCTATTTTCTAGTAGGT3’

290
352
247
229

lcagAD008 5’ATAATGCTAAATTAGACAACTTGAGCGA3’ 297
lcagAR008 5’TTAGAATAATCAACAAACATCACGCCAT3’

If any two of the primers in the mucosal PCR tests were
positive, the PCR test was defined as positive. If only one test
was positive, we would repeat the PCR test. If there was still
only one positive primer, it was defined as equivocal. If all
primers were negative, it was defined as negative.
The gold standard for positive H pylori infection, as
suggested by the Maastricht Consensus Report 1997[27], was
determined by a positive culture of H pylori or both a positive
histological examination and a positive RUT.
The 2 test with or without Yates’s correction, Fisher’s exact
test and ANOVA test were used when appropriate to compare
the sensitivity, specificity, positive and negative predictive values
and diagnostic accuracy among three groups. P value<0.05
was defined as statistically significant.

RESULTS
Between October 2000 and April 2002, a total of 102 patients
with bleeding peptic ulcers, 87 patients with non-bleeding peptic
ulcers and 37 patients with chronic gastritis were considered in
this study. In patients with bleeding peptic ulcers, 14 patients
were excluded due to: unwillingness to cooperate (n = 6), gastric
malignancy (n = 3) and usage of PPI before enrollment (n = 5).
A final total of 88 patients with bleeding peptic ulcers were
enrolled (males/females: 60/28, mean age: 67.9 years, 95% CI:
65.2-70.7 years). In patients with non-bleeding peptic ulcers,
six patients were excluded from the study due to: unwillingness
to cooperate (n = 5) and usage of PPI (n = 1). A final total of 81
patients with non-bleeding peptic ulcers were enrolled (males/
females: 54/27, mean age: 65.7 years, 95% CI: 64.2-67.4 years). A
final total of 37 patients with chronic gastritis were enrolled
(male/female: 24/13, mean age: 65.7 years, 95% CI: 61.7-69.7 years)
(P>0.1 among three groups concerning age and sex ratio). The
locations of ulcers in patients with bleeding peptic ulcers and
non-bleeding peptic ulcers are as follows: gastric ulcer/duodenal
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ulcer: 55/33 and 45/36 respectively (P>0.1). The stigmata of
recent hemorrhage in patients with bleeding peptic ulcers are
as follows: spurting hemorrhage in six cases, oozing
hemorrhage in four cases, non-bleeding visible vessels in 35
cases, blood clots in 10 cases, pigmented spots in 15 cases
and clean ulcer bases in 18 cases. We used heater probe
thermocoagulation in 40 cases and endoscopic injection with
epinephrine in 15 cases to stop the bleeding.
In patients with bleeding peptic ulcers, mucosal PCR achieved
the highest positive rate when compared with the urease test,
histology and culture (Table 2). However, the difference was
not statistically significant.

99% and 98%) (P<0.001, P<0.01 and P<0.001 respectively). The
sensitivity, negative predictive value and diagnostic accuracy
of mucosal polymerase reaction for H pylori were significantly
lower in patients with bleeding peptic ulcers (84%, 83% and
81%) than in patients with chronic gastritis (100%, 100% and
100%) (P = 0.02, P = 0.02 and P = 0.001).
The presence of blood in the stomach did not influence the
sensitivity of mucosal PCR significantly. In patients with
bleeding peptic ulcers, the sensitivity of mucosal PCR in patients
with presence of blood in the stomach (21/25, 84%) was
comparable to that in patients without bleeding in the stomach
(17/20, 85%) (P>0.1).

Table 2 Positive urease test, histology, bacterial culture and
mucosal PCR in patients with bleeding and non-bleeding peptic ulcers

DISCUSSION
The results of this study showed that mucosal PCR test was
not effective in assessing H pylori infection in patients with
peptic ulcer bleeding. Taking the invasive tests as the gold
standard, the sensitivity of mucosal PCR was 15% lower in
patients with peptic ulcer bleeding than that in patients with
non-bleeding peptic ulcer.
The European H pylori Study Group and the US Food and
Drug Administration proposed that the gold standard for the
evaluation of H pylori infection should consist of at least two
tests that differ from the ones being examined[4,28]. In this study,
we used three independent tests (culture, RUT and histology)
as the gold standard for the evaluation of H pylori infection.
Our gold standard met the requirement of the European and
FDA criteria.
In this study, we used mucosal PCR instead of cultured
isolates. The positive culture rate was lower than that of mucosal
PCR[16]. If we had used culture instead of PCR, the positive rate
might have been underestimated. In addition, according to
mucosal PCR studies of Weiss et al and Kobayashi et al, the
sensitivity (94% and 100%) and specificity (100% and 100%) of
PCR were better than other diagnostic tests[18,19]. Multiple
infections of H pylori have been very common, and sampling
error may occur while interpreting the culture results[16,17,23].
In patients with peptic ulcer bleeding, the prevalence of
H pylori infection remains controversial. Gisbert et al [29]
reported a 97.5% infection rate in their series. On the other
hand, other authors have reported markedly reduced prevalence,
ranging between 20% and 70%[6,30]. The conflicting results of
these studies may be due to different detection methods. For
example, rapid urease tests were used in most studies. It had a
low sensitivity for detecting H pylori in patients with peptic
ulcer bleeding[19,31]. Histology, culture and stool antigen tests
have also been found to have a low diagnostic yield in patients
with peptic ulcer bleeding[6,14,20,26]. In addition, some factors (e.
g., antibiotics, PPI) might cause a false negative result.
Histology has been found to be better than urease test in
patients with peptic ulcer bleeding[6]. Its positive rate was 61-89%
in these patients[6]. In our study, the positive rate of histology
was 48%.

Bleeding peptic Non-bleeding peptic
ulcers (n = 88, %) ulcers (n = 81, %)
Urease test
Histology
Culture
PCRb

42/88 (48)
41/86 (48)
44/76 (58)
54/88 (61)

67/79
61/80
68/72
70/81

(85)
(76)
(94)
(86)

CG
(n = 37, %)
18/37 (49)
14/30 (47)
16/35 (46)
20/37 (54)

b

P<0.001 between bleeding peptic ulcers and non-bleeding
peptic ulcers, and between non-bleeding peptic ulcers and
chronic gastritis (CG).

In patients with bleeding peptic ulcers, non-bleeding peptic
ulcers and chronic gastritis, the mucosal PCR tests were positive
in 54 patients (61%), 70 patients (86 %) and 20 patients (54%)
respectively (P<0.001 between bleeding peptic ulcers and nonbleeding peptic ulcers, and between non-bleeding peptic ulcers
and chronic gastritis). The positive rates of the urease test,
histology, and culture are described in Table 2. According to
the predefined criteria, 45 patients (51%), 71 patients (88%) and
20 patients (54%) were H pylori positive in those with bleeding
peptic ulcers, non-bleeding peptic ulcers and chronic gastritis
respectively (P<0.001 between bleeding peptic ulcer vs nonbleeding peptic ulcer and between non-bleeding peptic ulcer
and chronic gastritis).
The sensitivity, specificity, positive predictive value, negative
predictive value and diagnostic accuracy of mucosal PCR were
84% (95% CI: 83.9-84.1%), 77% (95% CI: 76.9-77.1%), 79% (95%
CI: 78.9-79.1%), 83% (82.9-83.1%) and 81% (80.9-81.1%)
respectively in patients with bleeding peptic ulcers (Table 3), and
99% (95% CI: 98.9-99.1%), 90% (89.9-90.1%), 99% (98.9-99.1%),
90% (89.9-90.1%) and 98% (97.9-98.1%) respectively in patients
with non-bleeding peptic ulcers, and 100%, 100%, 100%, 100%
and 100% respectively in patients with chronic gastritis. The
sensitivity, positive predictive value and diagnostic accuracy
of mucosal polymerase reaction for H pylori were significantly
lower in patients with bleeding peptic ulcers (84%, 79% and
81%) than in patients with non-bleeding peptic ulcers (99%,

Table 3 Results of PCR test in patients with chronic gastritis, non-bleeding and bleeding peptic ulcers (PU)
Patients
Chronic gastritis
Non-bleeding PU
Bleeding PU

b

PCR results
Positive
Negative
Positive
Negative
Positive
Negative

Hp (+) Hp (-)
20
0
70
1
38
7

0
17
1
9
10
33

Sensitivity (%)
10 0
(99.9-100.1)
99
(98.9-99.1)
84 b
(83.9-84.1)

Specificity (%)
100
(99.9-100.1)
90
(89.9-90.1)
77
(76.9-77.1)

PPV (%)
100
(99.9-100.1)
99
(98.9-99.1)
79 d
(78.9-79.1)

NPV (%)

Accuracy (%)

100
(99.9-100.1)
90
(89.9-90.1)
83 a
(82.9-83.1)

100
(99.9-100.1)
98
(97.9-98.1)
81 f
(80.9-81.1)

P<0.001 vs non-bleeding, P = 0.02 vs chronic gastritis; dP<0.01 vs non-bleeding; fP = 0.001 vs chronic gastritis, P<0.001 vs nonbleeding; aP=0.02 vs chronic gastritis. Hp+: either positive H pylori culture or both positive rapid urease test and histology. PPV:
positive predictive value, NPV: negative predictive value.
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In this study, the mucosal PCR test was lower in sensitivity,
positive predictive value, and diagnostic accuracy in patients
with bleeding peptic ulcers as compared to those with nonbleeding peptic ulcers. Our study was consistent with that of
Gonzalo et al[20]. In their series, the positive rate of mucosal
PCR in bleeding peptic ulcers was 20% lower than that of nonbleeding peptic ulcer. In our series, the positive rate of mucosal
PCR was 25% lower than that of non-bleeding peptic ulcer.
Similar findings exist with the urease test, histology and culture.
In spite of these findings, mucosal PCR achieved the highest
positive rate in patients with bleeding peptic ulcers in our series.
Blood in the stomach would reduce the accuracy of some
tests, probably owing to constituents cross-reacting in the
EIA or the effect of albumin[6,14]. In our study, patients with
blood in the stomach did not influence the mucosal PCR result
significantly. In patients with bleeding peptic ulcers, the
sensitivity of mucosal PCR in patients with the presence of
blood in the stomach (21/25, 84%) was similar to that of patients
without blood in the stomach (17/20, 85%) (P>0.1). Our finding
was compatible with that of Archimandritis et al.
In conclusion, the mucosal PCR test is not reliable in
diagnosing H pylori infection in patients with bleeding peptic ulcers.
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Abstract
AIM: The premier platinum Helicobacter pylori (H pylori)
stool antigen (HpSA) test is an enzyme immunoassay (EIA)
that detects an H pylori antigen present in human stools.
However, at present there is no uniformity about the cut
off level required to consider the test as positive or negative.
So we need the cut off level for our local population. The
aim of this study was to evaluate the HpSA for the detection
of H pylori infection in dyspeptic patients and to determine
the sensitivity, specificity of the HpSA test in the diagnosis of
H pylori infection, as compared to other standardized
diagnostic techniques.
METHODS: Sixty-three dyspeptic patients were selected
from patients who came to the Division of Gastrointestinal
Clinic in Cipto Mangunkusumo Hospital, Jakarta, Indonesia.
H pylori infection was confirmed in all patients by histology
and rapid urease test (CLO test). Positive results for H pylori
were based on positive results from both rapid urea test
and microscopic detection of H pylori. Stool specimens were
analyzed for H pylori antigen using HpSA immunoassay.
RESULTS: A total 63 patients consisted of 31 (49.2%) males
and 32 (50.8%) females ranging in ages between 16 and
73 years with a mean age of 42.4±15 years. The mean age of
men was 43.2±15.7 years and women was 41.6±14.4 years.
Endoscopic findings in this study included gastric cancer
1.6%, peptic ulcer 4.8%, duodenal ulcer 7.9%, esophagitis
6.3%, gastritis 77.7%, and gastroduodenitis 4.8%. According
to the predefined study criteria, 6 (9.5%) of 63 patients
were positive for H pylori. In the diagnosis of infection, the
area under the receiver operating characteristic (ROC) curve
for the HpSA test was 0.722 (95% CI, 0.518-0.927). Using
a cut-off value of 0.274 instead of 0.16 (as recommended
by the manufacturer) the sensitivity and the specificity were
66.7% and 78.9% respectively.
CONCLUSION: The HpSA stool test, using a cut-off value
of 0.274, may be useful for the primary diagnosis of H pylori
infection, its specificity is similar to other standard tests but
its sensitivity was lower.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) were first isolated in the early
1 980s. Since then great attention has been paid to revealing its
role in the pathogenesis of gastroduodenal diseases and to
developing techniques for its accurate detection [1]. Various
methods are available for detecting H pylori, but all have
limitations. At present there are several techniques available
for the detection of H pylori. The sensitivity and specificity of
the used diagnostic methods differ depending on the handling
of the specimens and the evaluation method. Advantages and
disadvantages of each test have to be weighed against the
reliability and patient acceptability.
Recently, there is no gold standard for the diagnosis of
H pylori and the choice of diagnostic testing depends on the
clinical situation, experience of the clinician, local resource and
an estimate of cost effectiveness. When endoscopy is clinically
indicated, for example, patients with an upper gastrointestinal
bleeding, possible gastric cancer or suspected ulcer, the
diagnosis of H pylori infection can be made by either urease
rapid test (CLO, MIU or pyloric test), detection of H pylori on
biopsy specimens or cultures. But when endoscopy is not clinically
indicated, as in an asymptomatic patient with a history of
duodenal ulcer with dyspeptic complaints of more than 2 wk,
diagnosis can be made by serologic test or urea breath test
(UBT). However, UBT is expensive and requires specialized
equipments, while serologic test may have a lower specificity.
Since there is evidence that infected individuals excrete
H pylori in feces, an immunoassay (EIA, HpSA) has been
developed that can detect H pylori antigen in human feces[2].
Besides, H pylori in feces could be detected by PCR or even
culture[3,4]. Therefore it is non-invasive; HpSA immunoassay
would be particularly important for patients for whom
endoscopy is not clinically indicated. The premier platinum
HpSA test is an enzyme immunoassay (EIA) that detects an
H pylori antigen present in human stools. However, at present
there is no uniformity about the cut-off level required to consider
the test as positive or negative. So we need to know the specific
cut off level for our local population.
The aim of this study was to evaluate the HpSA for the
detection of H pylori infection in dyspeptic patients and to
determine the sensitivity, specificity and negative and positive
predictive values of the HpSA test in the diagnosis of H pylori
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infection, as compared to other standardized diagnostic techniques.

MATERIALS AND METHODS
Patients
Sixty-three dyspeptic patients were selected from patients
who came to the Division of Gastrointestinal Clinic in Cipto
Mangunkusumo Hospital, Jakarta, Indonesia from March 2001
to September 2001. Inclusion criteria were out patients clinically
diagnosed as dyspeptic, who were aged 20-80 years, washed
out for seven days of any medication that influenced the H pylori
detection. Patients were informed of the procedures to be used in
the study and they signed on informed consent document.
Patients had an upper endoscopy and four biopsy samples
were taken from the antrum and corpus of each patient for
hematoxylin and eosin staining, H pylori detection (Giemsa
stain in both antrum and corpus) and rapid urease test (CLO test).
CLO test was performed according to the manufacturer’s
instructions and the results were interpreted after 24 h.
Biopsy specimens for histopathological examinations were
fixed in buffered 4% formalin overnight and embedded in paraffin.
Two 4 m thick sections were stained with hematoxylin-eosin
and one section was stained by the modified Giemsa procedure.
The slides were microscopically examined by using a high
power and at least five high-power fields were examined. If
H pylori was observed the bacterial density was scored
semiquantitatively on an ordinal scale (ranging from 0 to 3) by
a single pathologist. A single pathologist performed the
histology evaluation of gastric mucosa. Histology grades for
H pylori density, polymorphonuclear neutrophil activity,
chronic inflammation, glandular atrophy and intestinal
metaplasia were determined according to the histologic
classification of the updated Sydney system.
Positive results for H pylori were based on positive results
from both rapid urease test and microscopic detection of H pylori.
Patients were asked to collect a specimen from their first
stool after endoscopy. Stool samples were stored at -20 ℃ until
use and independently tested by a private laboratory. The
investigators were blinded to the results of the other H pylori
tests. The stool specimens were analyzed for H pylori antigen
using HpSA immunoassay as described by its manufacturer. A
commercial kit, Primier platinum HpSA (Meridian Diagnostic,
Cincinnati, Ohio USA) was used. Apposition of fecal sample
was mixed with 200 µL of the sample diluents. One drop of
enzyme conjugates was added to the microwells, which were
incubated for 1 h at room temperature and washed five times.
The reaction was terminated with one drop of stop solution
and the results were read by spectrophotometry. An absorbance
(450/630) ≥ 0.160 was considered positive as recommended
by the manufacturer.
Statistical analysis
The sensitivity, specificity and positive and negative predictive
values were measured. The different cut-off values between
0.100 and 0.300 were assessed. For each of these cut-off values
the sensitivity and specificity were calculated. Statistical
analysis was performed using SPSS.
RESULTS
Patient characteristic
A total of patient 63 patients, who consisted of 31 (49.2%) males
and 32 (50.8%) females with a mean age of 42.4±15 years and
ranging 16-73 years. The mean age of men was 43.2±15.7 years
and women (41.6±14.4 years). Endoscopic findings in this study
included were gastric cancer 1.6%, peptic ulcer 4.8%, duodenal
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ulcer 7.9%, esophagitis 6.3%, gastritis 77.7% and gastroduodenitis
4.8 % (Table 1).
Table 1 Endoscopic diagnosis of dyspeptic patients
Endoscopic findings

n

Percent (%)

Antral gastritis

49

77 .7

Peptic ulcer

3

4.8

Duodenal ulcer

5

7.9

Gastric cancer

1

1.6

Gastroduodenitis

3

4.8

Esophagitis

4

6.3

Pangastritis

1

1.6

Diagnosis of H pylori infection
According to the predefined study criteria, 6 (9.5%) of 63 patients
were positive for H pylori. Three patients (4.8%) were positive
by the CLO test (Rapid urease test), 7 patients (11.1%) were positive
by histology and 42 (66.7%) were positive by HpSA test.
Histological examination, CLO test and HpSA test were all
positive in 3 (4.8%) and negative in 20 patients (31.7%). (Table 2).
Table 2 Observed number of test results of H pylori tests (HpSA,
Histology, and CLO test)
HpSA 1

Histology

CLO test

n

Negative

Negative

Negative

30

Positive

Positive

Positive

3

Positive

Negative

Positive

3

Negative

Positive

Positive

3

Negative

Negative

Positive

3

Positive

Negative

Negative

42

Positive

Positive

Negative

6

Negative

Positive

Negative

7

1

BBHpSA: H pylori stool antigen using a cut-off value of 0.160.

In the diagnosis of H pylori infection, the area under the
ROC curve for the HpSA test was 0.722 (95% CI, 0.518-0.927).
Using a cut-off value of 0.274 instead of 0.16 (as recommended by
the manufacturer) the sensitivity and specificity were 66.7% and
78.9 % respectively. Using a cut-off value from the manufacturer,
the sensitivity and specificity were 100% and 36.8% (Table 3).
HpSA tests were positive for antral gastritis (63.4 %), gastric ulcer
(66.7%), duodenal ulcer 80 % and esophagitis 75 % (Figure 1).
Table 3 Sensitivity and specificity of HpSA1 with different
cut-off values in dyspeptic patients with biopsy-proven H pylori
status

1

Cut-off values

Sensitivity (%)

0.156

100.0

36 .8

0.158

83.3

36 .8

0.274

66.7

78 .9

0.282

50.0

78 .9

0.319

50.0

84 .2

HpSA : H pylori stool antigen.

Specificity (%)
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Figure 1 Endoscopic diagnosis of H pylori positive patients
using H pylori stool antigen HpSA.

DISCUSSION
Recently many reliable methods for detecting H pylori infection
are available. However, since invasive methods require
endoscopy, they are not suitable for primary care physicians.
In the absence of endoscopy facilities, primary care physicians
require non-invasive methods to diagnose H pylori infection.
HpSA stool test is an easy and quick procedure that does not
require expensive equipments and can be used as an alternative
to detect H pylori infection. This method also offer advantages
as a simpler sampling method. The stool test seems to meet the
requirements of general practitioners who treat most patients
infected with H pylori, because it is easy to perform and requires
no blood samples.
In the present study the sensitivity using a cut-off value of
0.274 was obtained (66.7%) that was lower than previously
reported. However, the specificity (78.9%) was almost similar
to other reports. In some reports, the efficacy of the HpSA test
for the diagnosis of H pylori infection was investigated. A
sensitivity of 89-94% and specificity of 90-94% for the diagnosis
of H pylori infection in symptomatic untreated patients were
observed [5-7]. Compared to C-UBT, the stool test was less
sensitive and seemed to have an equal or even better specificity
in toddlers. The HpSA revealed a sensitivity of 88.9% (95% CI
77.3-96.3) and specificity of 94.0% (95% CI 88.1-97.7) compared
to[13] C-UBT, which had a sensitivity of 100% (95%CI 94.0-100)
and a specificity of 98.8% (95% CI 94.7-100)[8].
It was reported that a cut-off value of 0.300 could provide
the best diagnostic value. With this cut-off value, the sensitivity,
specificity, and accuracy of HpSA were 93.9%, 95.7% and
94.8% respectively[9]. Using a cut-off value of 0.130, another
study obtained a lower sensitivity (89.5%) and specificity
(83.3%)[10]. By drawing an ROC curve for our patients, we found
that a cut-off value of 0.274 provided the best accuracy. It is
generally known that diagnostic kits sometimes provide different
diagnostic accuracies in different patients. For this reason, we
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found the discrepancy between our results and other results.
In this study we found that HpSA was positive in 66.7% of
gastric ulcer cases and 80% of duodenal ulcer cases. These
observations suggest that HpSA is a highly reliable diagnostic
method for peptic ulcer.
In conclusion, HpSA stool test, using a cut-off value of
0.274, may be useful for the primary diagnosis of H pylori
infection; its specificity is similar to other standard tests but its
sensitivity is lower. HpSA is a useful method for diagnosing
H pylori infection in peptic ulcer.
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Abstract
AIM: To evaluate the effects of frying oil and Houttuynia
cordata Thunb (H. cordata) , a vegetable traditionally
consumed in Taiwan, on the xenobiotic-metabolizing enzyme
system of rodents.
METHODS: Forty-eight Sprague-Dawley rats were fed
with a diet containing 0%, 2% or 5% H. cordata powder
and 15% fresh soybean oil or 24-h oxidized frying oil (OFO)
for 28 d respectively. The level of microsomal protein, total
cytochrome 450 content (CYP450) and enzyme activities
including NADPH reductase, ethoxyresorufin O-deethylase
(EROD), pentoxyresorufin O-dealkylase (PROD), aniline
hydroxylase (ANH), aminopyrine demethylase (AMD), and
quinone reductase (QR) were determined. QR represented
phase II enzymes, the rest of the enzymes tested
represented phase I enzymes.
RESULTS: The oxidized frying oil feeding produced a
significant increase in phase I and II enzyme systems,
including the content of CYP450 and microsomal protein,
and the activities of NADPH reductase, EROD, PROD, ANH,
AMD and QR in rats (P<0.05). In addition, the activities of
EROD, ANH and AMD decreased and QR increased after
feeding with H. cordata in OFO-fed group (P<0.05). The
feeding with 2% H. cordata diet showed the most significant
effect.
CONCLUSION: The OFO diet induces phases I and II enzyme
activity, and the 2% H. cordata diet resulted in a better
regulation of the xenobiotic-metabolizing enzyme system.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Frying oil; Houttuynia cordata thunb; Xenobioticmetabolizing enzyme system
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INTRODUCTION
The liver is the primary site of drug metabolism and detoxification.
Cytochrome P450 (CYP 450) enzymes are the predominant
proteins in the hepatic endoplasmic reticulum representing
about 5% to 25% of the total protein. They are responsible for
the metabolism of most drugs, both endogenous and exogenous
compounds, including steroid hormones and xenobiotics[1-3].
Cytochrome P450 enzymes, the major phase I components, have
multiple roles in animals. They are important in bioactivation of
chemical carcinogens, biotransformation of many endogenous
vitamins and steroids, and detoxification of numerous
xenobiotics[4,5]. Phase II components, which include transferases,
dehydrogenases and glucuronidases, are involved in
conjugation and detoxification reactions. Both phase I and
phase II enzymes have important health implications for both
animals and humans and have been reported to be influenced
by various dietary factors[6] such as fried oil[7-9].
A high dietary intake of fat is prevalent in most developed
countries, and fried foods are a principal fat source in the modern
diet. According to a recent study[10], consumption of fried food
is closely related to many chronic diseases, such as cancer and
hyperlipidemia. One reason why the consumption of frying oil
may influence the risk of chronic diseases is that it has a
significant effect on CYP450. Polyphenols, which are plentiful
in plants, also play an important role in CYP450 regulation[6].
Houttuynia cordata (H. cordata) Thunb, a traditional vegetable
in Taiwan, which contains a high amount of polyphenol, has
been showed to have both antioxidative and antimutagenic
properties under OFO-feeding-induced oxidative stress[11].
This study was designed to assess the effect of frying oil and
H. cordata thunb on CYP450 and xenobiotic-metabolizing
enzyme system in rodents.
MATERIALS AND METHODS
Diets and animal care
H· cordata thunb was harvested and gathered at Taoyuan
District’s Agriculture Improvement Station, Taipei Branch,
Northern Taiwan. The H. cordata was dried with a lyophilizer.
One kilogram of fresh H. cordata produced about 150 g dry
H. cordata powder after lyophilization. The OFO used in this
experiment was prepared as that reported previously[11,12]. The
OFO diets contained 15 g of OFO per 100 g of diet supplemented
with 0%, 2% or 5% H. cordata powder as the O0, O20 and O50
groups, respectively. The control diets contained 15 g of fresh
soybean oil per 100 g of diet, also supplemented with 0%, 2%
or 5% H. cordata powder as the F0, F20 and F50 groups
respectively (Table 1). Forty-eight male Sprague-Dawley (SD)
rats were purchased from the National Science Council Animal
Center, Taipei. The animals were treated in accordance with
the Guide for the Care and Use of Laboratory Animals as
reported previously[13].
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Diet
Component

Cornstarch 449.5
Casein
200
Sucrose
100
Fresh oil
150
OFO 1
Fiber
50
Minerals 2
35
Vitamins 3
10
L-Cysteine
3
Choline
2.5
Tert-butyl0.014
hydroquinone
H. cordata
0
powder

F20

F50

g/kg diet
442.5
431.6
195.4
188.6
10 0
100
15 0
150
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However, supplementation with H. cordata (O20 and O50)
improved the feeding efficiency to a value that was not different
from that of the control groups.

Table 1 Composition of diets tested

F0

January 21, 2005

O0

O20

O50

449.5
200
100

442.5
195.4
100

431.6
188.6
100

Table 2 Body weight gain, food intake and feed efficiency of
Sprague-Dawley rats fed with fresh/oxidized frying oil and
0%, 2% and 5% H. cordata thunb powder diets for 4 wk
(mean±SD, n = 8)
Group

41.6
35
10
3
2.5
0.014

150
150
29.3
50
41.6
35
35
35
10
10
10
3
3
3
2.5
2.5
2.5
0.014
0.014
0.014

20

50

0

20

150
29.3
35
10
3
2.5
0.014
20

OFO: oxidized frying oil; 2AIN-93 mineral mixture; 3AIN-93
vitamin mixture.

Body weight
gain (g/wk)

F0
F20
F50
O0
O2 0
O5 0
ANOVA 2
Dose
Oil
Dose×Oil

46.71±3.20
44.85±2.82
47.54±2.36
35.62±2.10 1
37.91±4.75
38.54±4.55
NS3
P<0.05
NS

Food intake
(g/wk)
202.31±7.62
206.22±7.82
212.34±5.20
198.14±5.47
185.25±4.66
188.72±3.44
NS
NS
NS

Feed efficiency (B.W
gain/food intake)
0.23±0.03
0.22±0.04
0.22±0.01
0.18±0.02
0.20±0.03
0.20±0.02
NS
NS
NS

1

Tissue sampling and preparation
After 28 d of feeding, the rats were anesthetized with sodium
pentobarbital. Livers were excised and weighed, and a portion
of the liver sample was immediately homogenized in ice-cold
0.01 mol/L potassium phosphate buffer (pH 7.4) containing
11.5 g/L KCl. Aliquots of the crude homogenate 250 g/L
were centrifuged at 12 000 g for 20 min to obtain the postmitochondrial supernatant (PMS). Aliquots of the PMS were
centrifuged at 105 000 g for 60 min to obtain the microsomal
pellets (MPs). The MPs were suspended in 0.05 mol/L
phosphate buffer (pH 7.7) containing 10 mmol/L EDTA and
30% glycerol. Both PMS and MPs were stored at -80 ℃ until
being analyzed. The remaining liver portion was frozen in liquid
nitrogen and stored at -80 ℃.
Xenobiotic-metabolizing enzyme system analysis
Microsomal protein was quantified using the Lowry method[14].
Total CYP450 content was determined using a dithionite CObinding difference spectrum according to the procedure
previously described[15]. NADPH reductase activity was determined
using the method of Phillips and Langdon[16]. Ethoxyresorufin
O-deethylase (EROD) and pentoxyresorufin O-dealkylase
(PROD) activities were assayed according to the method of Lubet
et al [17]. Aniline hydroxylase (ANH) and aminopyrine
demethylase (AMD) activities were assayed according to the
methods of Kato et al and Carpenter et al[18,19]. Quinone reductase
(QR) activity was assayed according to the method of Benson
et al[20]. The CYP450 content and the activities of NADPH
reductase, EROD, PROD, ANH, and AMD represented the phase
I enzymes, while QR represented the phase II enzymes.
Statistical analysis
Significant differences between the groups were analyzed using
a two-way ANOVA and Duncan’s multiple range test using the
General Linear Model of the SAS package. P<0.05 was considered
statistically significant.
RESULTS
Growth and nutritional status of animals
Following 28 d of feeding, the body weight gained in OFO-fed
SD rats was significantly lower than that in the control animals
(Table 2). The feeding efficiency of rats fed with the OFO diet
(O0) was significantly lower than that of the controls (F0).

1

Mean values significantly differ between the two oil groups
(P<0.05). 2 Analyzed by a two-way ANOVA. 3 NS: No
significance.

Xenobiotic-metabolizing enzyme system analysis
The CYP450 content, microsomal protein, and NADPH
reductase activities in OFO-fed rats were significantly higher
than those in fresh oil-fed rats (Table 3). In the OFO-fed rats,
the 2% H. cordata group had lower ANH and AMD activities
than the 0% group (Table 4).
EROD activity was significantly higher in the OFO-fed rats
than in the fresh oil-fed rats. In addition, EROD activity was
lower in the 2% and 5% H. cordata groups. PROD activity
expression showed a similar pattern to that of EROD (Table 5).
In microsomal suspension, the QR activity of OFO-fed rats was
significantly higher than that of the fresh oil-fed rats. In liver
homogenate, OFO also induced QR activity. In the fresh oil-fed
rats, the 2% and 5% H. cordata groups had higher QR activity
than the 0% group (Table 6). We found that 2% H. cordata had
the largest effect on the phase I and phase II enzymes, which
suggested that H. cordata could regulate the xenobioticmetabolizing enzyme system, possibly because there was a
large amount of polyphenols in H. cordata.
Table 3 Liver microsomal protein content (CYP450) and the
activity of liver NADPH reductase in Sprague-Dawley rats fed
with the fresh/oxidized frying oil and 0%, 2% and 5% H. cordata
thunb powder diets for 4 wk (mean±SD, n = 8)
Group

Microsomal protein
CYP450
NADPH reductase
(mg/g liver)
(nmol/mg protein) (nmol/mg protein)

F0
F20
F50
O0
O2 0
O5 0
ANOVA 4
Dose
Oil
Dose×Oil
1

13.36±4.71 1
15.66±0.96 1
15.79±1.35 1
23.74±2.54
22.13±3.76
22.25±2.96

0.61±0.27 1
0.73±0.10 1
0.74±0.14 1
1.63±0.75
2.14±1.10
2.08±0.15

202.31±28.1 1
228.42±30.4 1
225.64±25.3
256.03±31.1 2
288.55±29.6 3
234.15±25.4 2

NS5
P<0.05
P<0.05

NS
P<0.05
P<0.05

NS
P<0.05
NS

Mean values significantly differ between the two oil groups
(P<0.05). 2,3Means not sharing common superscript letters significantly differ from one another by Duncan’s multiple range
test for the same oil group (P<0.05). 4Analyzed by a two-way
ANOVA. 5NS: No significance.
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Table 4 Activity of aniline hydroxylase (ANH) and aminopyrine demethylase (AMD) from the liver of Sprague-Dawley
rats fed with the fresh/oxidized frying oil and 0%, 2% and 5%
H· cordata thunb powder diets for 4 wk (mean±SD, n = 8)
Group

ANH (mol/min/mg
protein) (×10 -5 )

F0
F20
F50
O0
O2 0
O5 0
ANOVA 4
Dose
Oil
Dose×Oil

AMD (nmol/min/mg
protein)

3.74±1.54 1
3.05±1.06 1
4.21±1.25 1
13.46±0.61 3
8.18±0.43 2
11.74±0.37 3

6.76±0.42 1
5.34±1.02
6.31±0.56 1
8.91±0.23 3
6.02±0.11 2
9.03±0.54 3

P<0.05
P<0.05
P<0.05

NS5
P<0.05
P<0.05

1

Mean values significantly differ between the two oil groups
(P<0.05). 2,3Means not sharing common superscript letters significantly differ from one another by Duncan’s multiple range
test for the same oil group (P<0.05). 4Analyzed by a two-way
ANOVA. 5NS: No significance.

Table 5 Activity of EROD and PROD from the liver of SpragueDawley rats fed with the fresh/oxidized frying oil and 0%, 2%
and 5% H· cordata thunb powder diets for 4 wk (mean±SD, n = 8)
Group

EROD
(pmol/min/mg protein)

F0
F20
F50
O0
O2 0
O5 0
ANOVA 4
Dose
Oil
Dose×Oil

PROD
(pmol/min/mg protein)

55.61±5.12 1
52.14±3.20 1
52.46±4.58 1
88.62±5.26 3
78.23±4.41 2
75.26±5.89 2

8.32±4.11 1
6.12±1.25 1
5.98±1.54 1
25.39±3.59
20.12±2.18
21.33±2.66

NS5
P<0.05
NS

NS
P<0.05
NS

1

Mean values significantly differ between the two oil groups
(P<0.05). 2,3Means not sharing common superscript letters significantly differ from one another by Duncan’s multiple range
test for the same oil group (P<0.05). 4Analyzed by a two-way
ANOVA. 5NS: No significance.
Table 6 The activity of quinone reductase from the liver of SpragueDawley rats fed with the fresh/oxidized frying oil and 0%, 2%
and 5% H· cordata thunb powder diets for 4 wk (mean±SD, n = 8)
Quinone reductase (nmol/min/mg protein)
Group
F0
F20
F50
O0
O2 0
O5 0
ANOVA 4
Dose
Oil
Dose×Oil
1

Microsomal suspension
1

106.31±25.42
136.54±31.85
122.42±29.43 1
145.17±30.62
144.38±26.66
149.74±24.85
NS5
P<0.05
NS

Liver homogenate
170.47±25.65 2
226.77±30.95 3
216.37±29.85 3
475.92±22.10
490.14±15.31
484.31±15.12
P<0.05
P<0.05
P<0.05

Mean values significantly differ between the two oil groups
(P<0.05). 2,3Means not sharing common superscript letters significantly differ from one another by Duncan’s multiple range
test for the same oil group (P<0.05). 4Analyzed by two-way
ANOVA. 5NS: No significance.
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DISCUSSION
Chen et al[21] reported that the CYP450 content in OFO-fed rats
was 1.6 times that of fresh oil-fed rats. After fried, a linolenic
acid-containing oil could induce CYP450 by 4 and 6.5 folds
relative to fresh soybean oil and linolenic oil respectively.
ANH is an indicator of CYP2C11. During oil frying, some
chemicals with hydroxyl or carbonyl groups are produced, and
these substrates will induce CYP 2C11. Chen et al [21] used
soybean oil, red flower seed oil and shortening oil as study
materials, and found that after fried, the amounts of carbonyl
compounds in these three oils were 203 mEq/kg, 110 mEq/kg,
and 3 mEq/kg, respectively. In addition, they also found that
the ability of soybean oil to induce ANH activity was 2.5 times
that of fresh soybean oil. Thus, it is suggested that these
carbonyl compounds might induce the expression of CYP2C11.
We also compared the activities of ANH and AMD (an
indicator of CYP2E1) and found that the increase in ANH was
larger than that in AMD. This is because the aldehyde, acid
and ketone that can induce AMD were easily vaporized and
the accumulation of these in the OFO was not sufficient to
strongly induce AMD[22].
PROD is an indicator of CYP2B1. Phenobarbital-type materials
are the most common inducers of CYP 2B1[23]. The cyclic materials
separated from the OFO resembled those of phenobarbital-type
materials in structures[24]. Thus, the cyclic materials in OFO
may be the major compounds to induce CYP 2B1. EROD is an
indicator of CYP1A1. Polycyclic aromatic hydrocarbon (PAH)
is an inducer. According to the Pon’s study[24], there are cyclic
compounds but not polycyclic compounds in OFO. In fact,
during the oil oxidation process, polycyclic hydrocarbon
compounds will not be produced unless the temperature is
higher than 300 ℃ and pyrolysis occurs. This can explain why
the degree of induction by OFO of PROD is larger than that of
EROD. In addition, CYP1A1 is the major enzyme that activates
procarcinogens; thus OFO is considered to have the potential
to cause tumors, as reported in a number of previous studies,
by induction of this enzyme.
The enzymes measured in our study were all clinically
relevant. AMD was related to hepatotoxicity induced by alcohol.
EROD and PROD were related to the activation of carcinogens,
such as polycyclic aromatic hydrocarbons, alfatoxin and
nitrosamines. QR could promote the metabolism and excretion
of mutagens and carcinogens[20]. Thus, we assume that the
inhibition of the phase I enzymes and the induction of the
phase II enzymes by polyphenols in H. cordata is helpful to
animal cells. The reason why polyphenols are meaningful in
the regulation of the xenobiotic-metabolizing enzyme system is
unclear at present. We know that polyphenols could influence
the combined processing of fat-soluble materials, which are
activated by the phase I enzymes and DNA or protein, thus
decreasing the toxicity and damage to cells caused by xenobiotic
fat-soluble materials[25], but further study is required.
In conclusion, the OFO diet induces phase I and phase II
enzyme activities, and the 2% H. cordata diet results in a better
regulation of the xenobiotic-metabolizing enzyme system. Our
findings suggest that polyphenol in H. cordata can be an
important and necessary factor in the defense against CYP450mediated cancers and other chronic diseases.
REFERENCES
1

2

Conney AH. Induction of microsomal enzymes by foreign
c hemi c a l s a nd c a rc i nogenesi s by pol yc yc l i c a roma ti c
hydrocarbons: G. H. A. Clowes Memorial Lecture. Cancer Res
1982; 42: 4875-4917
Guengerich FP. Reactions and significance of cytochrome P450 enzymes. J Biol Chem 1991; 266: 10019-10022

392
3

4

5

6

7

8

9

10
11

12

13

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Ueng TH, Kang JJ, Chao IC, Chen YC. Cytochrome P450: Enzyme regulation and toxicological significance. J Food Drug
Anal 1995; 4: 13-23
Guengerich FP, Shimada T. Oxidation of toxic and carcinogenic chemicals by human cytochrome P-450 enzymes. Chem
Res Toxicol 1991; 4: 391-407
Porter TD, Coon MJ. Cytochrome P-450. Multiplici ty of
isoforms, substrates, and catalytic and regulatory mechanisms.
J Biol Chem 1991; 266: 13469-13472
Liu TT, Liang NS, Li Y, Yang F, Lu Y, Meng ZQ, Zhang LS.
Effects of long-term tea polyphenols consumption on hepatic
microsomal drug-metabolizing enzymes and liver function in
Wistar rats. World J Gastroenterol 2003; 9: 2742-2744
Liu JF, Lee YW, Chang FC. Effect of oxidized frying oil and
vitamin C levels on the hepatic xenobiotic-metabolizing enzyme system of guinea pigs. J Nutr Sci Vitaminol (Tokyo) 2000;
46: 137-140
Huang CJ, Cheung NS, Lu VR. Effects of deteriorated frying
oil and dietary protein levels on liver microsomal enzymes in
rats. J Am Oil Chem Soc 1988; 65: 1796-1803
Liu LU, Huang CJ. Effects of the frying periods of deteriorated
frying oil on microsomal cytochrome P-450 and related enzymes in rats. J Clin Agric Chem Soc 1989; 27: 108-124
Giani E, Masi I, Galli C. Heated fat, vitamin E and vascular
eicosanoids. Lipids 1985; 20: 439-448
Chen YY, Liu JF, Chen CM, Chao PY, Chang TJ. A study of the
antioxidative and antimutagenic effects of Houttuynia cordata
Thunb using an oxidized frying oil-fed model. J Nutr Sci
Vitaminol (Tokyo) 2003; 49: 327-333
Liu JF, Lee YW. Vitamin C supplementation restores the impaired vitamin E status of guinea pigs fed oxidized frying oil.
J Nutr 1998; 128: 116-122
National Research Council. Guide for the Care and Use of
Laboratory Animals. Publication no. 85-23 (rev.). 1985; National Institutes of Health, Bethesda, MD.

14

15

16

17

18

19
20

21

22

23
24

25

January 21, 2005

Volume 11

Number 3

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin phenol reagent. J Biol Chem 1951; 193:
265-275
Omura T, Sato R. The carbon monoxide-binding pigment of
liver microsomes. II. Solubilization, Purification, and Properties.
J Biol Chem 1964;239:2379-2385
Philips AH, Langdon RG. Hepatic triphosphopyridine nucleotide cytochrome c reductase: isolation, characterization and
kinetic studies. J Biol Chem 1962; 237: 2652-2660
Lubet RA, Mayer RT, Cameron JW, Nims RW, Burke MD,
Wolff T, Guengerich FP. Dealkylation of pentoxyresorufin: a
rapi d a nd sensi ti ve a ssa y for mea suri ng i nduc ti on of
cytochrome(s) P-450 by phenobarbital and other xenobiotics in
the rat. Arch Biochem Biophys 1985;238:43-48
Kato N, Yoshida A. Effects of some fat-soluble chemicals on
plasma cholesterol and urinary ascorbic acid in rats. Agric Biol
Chem 1979; 43: 191-192
Carpenter MP, Howard CN, Vitamin E, steroids, and liver
microsomal hydroxylations. Am J Clin Nutr 1974; 27: 966-979
Benson AM, Hunkeler MJ, Talalay P. Increased of NAD(P)H:
quinine reductase by dietary antioxidants: possible role on protection against carcinogenesis and toxicity. Proc Natl Acad Sci
USA 1980; 77: 5216-5220
Chen ML. Effect of different saturation degree fatty acid on
the content of liver vitamin A, E and cytochrome p-450 enzyme
system. Master thesis. 1996. National Taiwan university, Taipei,
Taiwan.
Ueng TH, Tsai JN, Ju JM, Ueng YF, Iwasaki M, Guengerich FP.
Effects of acetone administration on cytochrome P-450-dependent monooxygenases in hamster liver, kidney, and lung. Arch
Toxicol 1991; 65: 45-51
Frankel EN. Recent advances in lipid oxidation. J Sci Food
Agric 1992; 54: 495-511
Pon CL. The identification and isolation of the products from
frying oil. Master thesis of food technology. 1989. National
Taiwan university, Taipei, Taiwan.
Singh A, Singh SP, Bamezai R. Postnatal efficacy of Momordica
charantia peel, pulp, seed and whole fruit extract in the detoxication pathway of suckling neonates and lactating mice. Cancer
Lett 1998; 122: 121-126
Edited by Ren SY and Wang XL

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(3):393-395
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Nonalcoholic steatohepatitis in Asian Indians is neither associated
with iron overload nor with HFE gene mutations
Ajay Duseja, Reena Das, Mohit Nanda, Ashim Das, Gurjeewan Garewal, Yogesh Chawla
Ajay Duseja, Mohit Nanda, Yogesh Chawla, Department of
Hepatology, Postgraduate Institute of Medical Education and Research,
Chandigarh, India
Reena Das, Gurjeewan Garewal, Department of Hematology,
Postgraduate Institute of Medical Education and Research, Chandigarh,
India
Ashim Das, Department of Histopathology, Postgraduate Institute
of Medical Education & Research, Chandigarh, India
Correspondence to: Dr. Yogesh Chawla, Professor and Head, Department
of Hepatology, PGIMER, Chandigarh, India. pgihepat@glide.net.in
Telephone: +172-2747585-6334 Fax: +172-2744401
Received: 2003-11-26 Accepted: 2004-03-10

Abstract
AIM: The pathogenesis of occurrence of liver inflammation
and fibrosis in patients with nonalcoholic steatohepatitis
(NASH) is not completely understood. Other than insulin
resistance, iron abnormalities have been thought to be one
of the triggering factors. Therefore, our aim was to study
the role of iron abnormalities and HFE gene mutations in
patients with NASH.
METHODS: Thirty-one patients of NASH diagnosed on the
basis of clinical examination biochemistry, ultrasonography
and liver biopsy (n = 14) were included in the study. Serum
iron parameters (n = 23) (iron, ferritin, total iron-binding
capacity and transferrin saturation), Perls’ iron staining on
liver biopsies (n = 14) and HFE gene mutations (C282Y and
H63D) ( n = 16) were studied in these patients. The
association between iron staining, necroinflammatory activity
and fibrosis stage on liver biopsies was also determined.
RESULTS: Elevated serum iron, ferritin and transferrin
saturation above 55% were observed in 4.3% of patients.
On histology, 71% of the patients had negative iron staining,
21.4% had 1+ staining, 7.2% had 2+ staining and none
had 3+ or 4+ staining. There was no association between
the degree of iron staining and necroinflammatory activity
(P = 0.55) and fibrosis stage (P = 0.09) on histology. None
of the patients had C282Y HFE gene mutation and four
patients (25%) were found to be heterozygotes for H63D
gene mutation.
CONCLUSION: Our study does not favor iron overload and
HFE gene mutations as major factors in the pathogenesis of
NASH in Asian Indians.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Non-alcoholic steatohepatitis (NASH) is a clinicopathological
entity that occurs in non alcoholics but histologically simulates
alcoholic hepatitis[1]. Mechanisms leading to inflammation,
fibrosis, and cirrhosis from a relatively benign stage of only
steatosis are poorly understood[2]. For this purpose, NASH is
considered a two-hit process[3]. Initial hit leads to excessive fat
accumulation in the liver parenchyma and the second hit
initiated by an oxidative stress may lead to lipid peroxidation,
thus damaging the cells and producing a variety of proinflammatory
and fibrogenic byproducts[2,3]. This second hit may be initiated
by various factors including insulin resistance and hepatic iron
with or without HFE gene mutation of hemochromatosis[2,4].
The prevalence of HFE gene mutations and iron abnormalities
in NASH patients have been linked to the ethnicity[5]. There is
no study from India[6,7] on the role of iron abnormalities and
HFE gene mutations in patients with NASH. We retrospectively
studied 31 patients of NASH and analyzed the serum and liver
iron abnormalities in them and also determined the mutations
in the HFE gene.
MATERIALS AND METHODS
Thirty-one patients with NASH attending liver clinic of our
Institute over a period of two years (April 2001- March 2003)
were diagnosed on the basis of history, clinical examination,
serum biochemistry, ultrasonography, upper gastrointestinal
(GI) endoscopy, and were included in the study. Since liver
biopsy in patients with NASH is controversial, it was carried
out only in 14 patients who failed to respond to a treatment
protocol. All patients gave an informed consent and the
Institute’s Ethics Committee approved the study. None of the
patients consumed more than 20 g/d of alcohol, which was
confirmed by at least two family members or relatives. All these
patients had over two times elevated transaminases for more
than six mo and had a hyperechoic liver on ultrasound
examination. They were all negative for hepatitis B virus surface
antigen (HBsAg-Monolisa Ag HBs plus, Biorad), antibodies
to hepatitis C virus (anti HCV -3rd generation, LG HCD 3.0) and
autoimmune markers including anti-nuclear antibody (ANA),
anti-smooth muscle antibody (ASMA), anti-liver kidney
microsomal antibody (LKM1), antimitochondrial antibody
(AMA). They all had normal serum ceruloplasmin levels and
no evidence of Kayser-Fleischer rings on slit lamp examination.
Overnight fasting samples were collected in iron free tubes
from 23 patients to perform serum iron, total iron-binding
capacity (TIBC) and transferrin saturation (TS)[8]. Serum ferritin
was performed using ELISA kits (Orgentec, USA). Normal
values of serum iron parameters are mentioned in Table 1. For
studying HFE gene mutations (C282Y and H63D), genomic DNA
was extracted from peripheral blood leucocytes of 16 patients
and polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) was performed by using the primers
as described by Feder et al [9] Grading, staging and Perls
Prussian blue staining for iron were done on liver biopsy
specimens from 14 patients as described by Brunt et al[10].
All patients underwent anthropometric measurements to
calculate the body mass index (BMI) (body weight in Kg/height
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in meter2) while waist hip ratio (W/H) for the central obesity
was determined in 13 patients. Overweight, obesity, and
abnormal waist hip ratio were defined as per the international
criteria[11,12] (Table 1). A fasting plasma glucose ≥126 mg/dL
on more than one occasion or a random plasma glucose of more
than 200 mg/dL in a symptomatic patient or a two-hour plasma
glucose more than 200 mg/dL on glucose tolerance test (GTT)
was defined as diabetes[13]. Impaired glucose tolerance (2 h plasma
glucose after 75 g of oral glucose between 140-200 mg/dL)
and impaired fasting glucose (fasting plasma glucose between
110-126 mg/dL) were also defined[13]. Dose and duration of
drugs were recorded in patients who were known diabetics for
a long duration. Lipid profiles including serum cholesterol, highdensity lipoprotein (HDL), low-density-lipoprotein (LDL) and
serum triglycerides were done in all patients (Table 1).
Table 1 Anthropometric, biochemical, serum iron parameters,
liver iron staining and HFE gene mutations in 31 patients
with NASH
Parameter (n=31)
1

Reference value
2

Abnormal-n (%)

BMI
<25 kg/m
I Overweight
25-29
II Obesity
≥30
2 W-H ratio (n = 13)
I. Males (n = 10)
<0.9
II. Females (n = 3)
<0.85
3 S cholesterol
130-200 mg/dL
4 HD L
35-60 mg/dL
5 LD L
<130 mg/dL
6 S Triglycerides
30-200 mg/dL
7 Diabetes
8 Impaired glucose tolerance
Serum iron parameters (n = 23)
9 Serum iron
65-170 g/dL
1 0 Transferrin saturation
<55%
1 1 Serum Ferritin
20-250 ng/mL
Perls Prussian blue staining on liver biopsy (n = 14)
1 2 Iron staining positivity
0
1+
2+
3+
4+
1 3 HFE gene mutations (n = 16)
I. Normal/normal
II. C282Y/C282Y
III. C282Y /H63D
IV. H63D/ H63D
V. H63D/Normal

23
20
3
12
10
2
13
8
13
10
3
7

(74.2)
(64.5)
(9.7)
(92)
(100)
(67)
(41.9)
(25.8)
(41.9)
(32.3)
(9.7)
(22.6)

1 (4.3)
1 (4.3)
1 (4.3)
10 (71.4)
3 (21.4)
1 (7.2)
0
0
12 (75)
0
0
0
4 (25)

Statistical analysis
Chi square test was used to determine the association between
the grade of iron staining and necroinflammatory grade and the
stage of fibrosis on liver biopsies. P<0.05 was considered
statistically significant.
RESULTS
There were 31 patients (M-25, F-6) with a mean age of 38.4 years
(Range 19-70 years). Their clinical presentations included
asymptomatic transaminases detected incidentally either during
work up for other non-hepatic diseases (17 patients), generalized
weakness and body aches (8 patients), and non-specific upper
abdominal discomfort (6 patients). The rest of liver function
tests were normal and upper GI endoscopy did not show varices
in any patient. Results of the lipid profile, presence of diabetes
and impaired glucose tolerance (IGT) are shown in Table 1.
Abnormalities found in serum iron studies and on Perls Prussian
blue staining of liver biopsies are also shown in Table 1. None of
the 16 patients studied for HFE gene mutations revealed C282Y
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mutations, while four (25%) patients were found to be
heterozygotes for H63D mutations. The relation between the
grading, staging, and iron positivity on Perls staining of liver
biopsies is shown in Table 2. There was no association between
the iron staining and degree of inflammation (P = 0.55) and
fibrosis stage (P = 0.09).
Table 2 Grade of iron staining, necroinflammatory grade and
stage of fibrosis in liver biopsies of 14 patients with NASH
Iron grade
0
1
0
0
0
0
0
0
1
0
2
0
0
1

Necroinflammatory grade
Mild
Mild
Mild
Mild
Moderate
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Moderate

Fibrosis stage
2
3
3
2
2
2
2
2
3
0
1
1
2
2

No association between iron grade and necroinflammatory
grade (P = 0.55) and stage of fibrosis (P = 0.09).

DISCUSSION
We did not find significant abnormalities of serum and liver
iron in our patients with NASH. Only one patient had a high
serum iron level, one having a high ferritin level and one having
a high TS level above 55%, but the values were not high enough
to either suggest hereditary hemochromatosis (HHC) or an iron
overload state. Though we did not measure the hepatic iron
concentration (HIC) and did not calculate the hepatic iron index
(HII = HIC÷age), no significant positivity for Perls stain was
found on liver histology (Table 1). Moreover, Perls staining
on liver biopsies had no association with the degree of
necroinflammatory activity (grade) and fibrosis (stage) (Table 2).
The two-hit hypothesis[3] in the pathogenesis of NASH
includes deposition of excessive fat in hepatocytes (first hit)
and development of oxidative stress and lipid peroxidation
(second hit). In addition to other factors like insulin resistance,[14]
oxidative stress may be initiated by excessive hepatic iron.
With the saturation of mitochondrial -oxidation by excess free
fatty acids in the liver, peroxisomal -oxidation generates
hydrogen peroxide. In the presence of excess iron, hydrogen
peroxide is converted to hydroxyl radicals, thus leading to
oxidative stress and release of various proinflammatory and
fibrogenic products[15]. There are studies both favoring and
refuting the role of iron in the pathogenesis of NASH[4,16]. Fiftyeight percent patients in a series by Bacon et al[17] had elevated
iron indices, while some patients had stainable iron in their liver
biopsy specimens and an elevated hepatic iron concentration.
Another study[18] showed the presence of hyperferritinemia
with normal transferrin saturation in patients with NASH and
suggested that a simultaneous disorder of iron and glucose
and/or lipid metabolism in most cases associated with insulin
resistance was responsible for persistent hyperferritinemia. On
the other hand, Younossi et al[19] studied 15 patients with NAFLD
including NASH and found that all patients had a normal HII and
there was no correlation between the degree of iron accumulation
and different degrees of clinically aggressive forms of NAFLD
and NASH. The relationship between the iron overload and NASH
was further complicated by not finding changes of NASH in
patients who were homozygotes for hereditary hemochromatosis
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and had massive iron accumulation[20]. Iron abnormalities in
patients with NASH may occur as a secondary phenomenon to
insulin resistance syndrome and non-hereditary hemochromatosis
iron overload may be one of the components of insulin resistance
syndrome or as suggested by Mendler et al[21] the “insulin
resistance-associated hepatic iron overload” syndrome.
Earlier studies have shown the prevalence of homozygosity
and heterozygosity for either of the C282Y or H63D mutations
to be significantly higher (69%) in patients with NASH than
controls (40%)[22]. In one study, the presence of C282Y mutation
in patients with NASH was significantly associated with the
degree of iron staining, HIC and the degree of fibrosis on liver
biopsy specimens[16]. Since the C282Y HFE gene mutation was
observed almost exclusively among Caucasian subjects of
Northern European (Anglo-Celtic) ancestry, its influence on
the progression of disease was dependent on the population
studied. H63D gene mutation on the other hand is more widely
distributed but has a minor role in the pathogenesis of iron
overload. As expected, none of our patients was heterozygotes
for the C282Y gene mutation and the finding that four patients
were heterozygotes for H63D mutation might not be significant.
Chitturi et al[5] addressed this issue of ethnicity in studying the
iron abnormalities and HFE mutation in patients with NASH.
They found that the frequency of C282Y heterozygosity was
increased only in Anglo-Celtic patients with NASH compared
to ethnic blood donors. There were no C282Y homozygotes in
NASH group and the frequency of compound C282Y/H63D
and H63D heterozygotes were not increased in NASH. In
addition, they found that hepatic iron was not a factor linked to
the hepatic fibrogenesis in patients with NASH[5]. We studied
58 normal controls and 154 individuals with  thalassemia trait
and found that no subject was either heterozygous or
homozygous for the C282Y mutation in the past few years[23].
However, the prevalence of H63D mutation was 16.5% in these
212 subjects, with an allele frequency of 8.73% with two
individuals being homozygous for the mutation. Even in
patients with hereditary hemochromatosis, both of these
mutations were negative in eight patients and one patient was
heterozygous for H63D mutation [23] suggesting that ethnic
background has influences on the frequency of C282Y HFE
gene mutation and H63D mutation can be found in normal
individuals and non-liver disease patients.
It seems that iron contributes to the pathogenesis of NASH
only in individuals with excess serum and hepatic iron. In
patients with NASH, who had no serum and hepatic iron
abnormalities, other factors might play a part in the pathogenesis
of NASH. Since C282Y HFE gene mutation has been found
almost exclusively in Caucasians of North-European descent,
it is not an important contributor in patients with NASH in
other populations including Asian Indians. On the other hand,
H63D HFE gene mutation is less specific and its presence in
patients with NASH may not be significant.
In conclusion, our study does not favor iron overload and
HFE gene mutations as major factors in the pathogenesis of
NASH in Asian Indians, but would require further studies to
confirm the findings.
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Abstract
AIM: To employ pulse wave Doppler ultrasonography to
evaluate the changes in portal blood flow velocity in patients
with chronic hepatitis C (CHC) receiving interferon (IFN)
treatment.
METHODS: The subjects in this study were 14 patients
(13 men and 1 woman) with CHC who received IFN
treatment. Portal blood flow velocity was measured in the
vessels at the porta hepatis at four time points: before IFN
administration (pre-IFN), 2 wk after the start of administration
(wk 2), 24 wk after the start of administration (wk 24, i.e.,
the end of IFN administration), and 24 wk after the end of
administration (wk 48).
RESULTS: The patients with CHC in whom IFN treatment
resulted in complete elimination or effective elimination of
viruses showed a significant increase in portal blood flow
velocity at the end of IFN treatment compared with that before
IFN treatment. In contrast, when IFN was ineffective, no
significant increase in portal blood flow velocity was observed
at wk 24 or 48 compared with the pre-IFN value. In addition,
the patients with CHC in whom IFN was ineffective showed
significantly lower portal blood flow velocity values than
control subjects at all measurement time points.
CONCLUSION: Pulse wave Doppler ultrasonography is a
noninvasive and easily performed method for evaluating
the effects of IFN treatment in patients with CHC. This technique
is useful for measuring portal blood flow velocity before and
24 wk after IFN administration in order to evaluate the changes
over time, thus assessing the effectiveness of IFN treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A number of studies have reported that interferon (IFN) is
effective for the treatment of chronic hepatitis C (CHC) and
have demonstrated improvements in hepatic function
biochemically, histologically, and virologically[1-4]. In addition,
IFN has been found to improve the prognosis of patients
because it has an anticarcinogenic effect on the progression of
hepatic cirrhosis[5,6].
In assessing the effectiveness of IFN treatment on patients
with CHC, there are unequivocal indices in clinical laboratory
tests, such as hepatitis C virus RNA (HCV-RNA) and alanine
aminotransferase (ALT) levels, which can also be expected to
serve as indicators of the complete elimination of HCV-RNA by
IFN (sustained viral response: SVR). However, IFN is not
effective in all patients with CHC. The effectiveness of IFN
treatment has been reported to vary depending on a number of
background factors such as the HCV-RNA value before IFN
administration, the HCV genotype, and the histopathological
stage[7,8]. These factors can be evaluated before the start of
IFN administration in order to predict the effectiveness of IFN
treatment.
In the meantime, ultrasonography has been widely recognized
as a noninvasive, easy-to-perform diagnostic imaging modality
that is indispensable for assessing the condition of the liver
in patients with CHC. In addition, pulse wave Doppler
ultrasonography, which is based on the Doppler effect, has
been widely employed in clinical practice. However, the only
study that has described the use of pulse wave Doppler
ultrasonography for assessing the effectiveness of IFN
treatment was the study by Walsh et al [14] in 1998, which
reported the 12-wk follow-up results after treatment with
interferon-alpha in patients with CHC.
The objectives of the present study were to employ pulse
wave Doppler ultrasonography to measure the portal blood
flow velocity before and after IFN administration in patients
with CHC, to identify the correlations between IFN treatment
effectiveness and findings of portal blood flow velocity
analysis, and to assess the usefulness of portal blood flow
velocity analysis in evaluating the effectiveness of IFN treatment.
MATERIALS AND METHODS
The subjects in this study were 14 patients with CHC who
received IFN treatment at Matsuzaka Chuo General Hospital
from March 2002 to October 2003 (13 men and 1 woman; age
range, 35 to 65 years; mean age, 52.9 years). The study also
included 15 control subjects (CS group) (10 men and 5 women;
age range, 35-55 years; mean age, 48.6 years). All of the patients
with CHC underwent liver biopsy before the start of IFN
administration, and the tissue type was identified by
histopathological examination. The HCV genotype was also
determined (Table 1).
Two IFN administration protocols were employed. One
administration protocol was the combination of IFN 2b (6 million
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units) and ribavirin (600 mg/d in patients weighing less than
60 kg and 800 mg/d in patients weighing more than 60 kg). The
other administration protocol was IFNcon-1 (18 million units).
IFN was administered continuously for the first 2 wk and 3 times
per week from wk 3 to wk 24. Administration was stopped at
wk 24. In addition, the effectiveness of treatment was evaluated
24 wk after the end of IFN administration (wk 48). In the
assessment of treatment effectiveness, the criteria for complete
elimination (IFN-SVR) were a negative HCV-RNA result at wk
48 as well as an ALT value within the normal range. The criteria
for effective elimination (IFN-BR) were a positive HCV-RNA
result at wk 48 and an ALT value within the normal range. If the
above criteria were not met, the result was judged to be no
response (IFN-NR).
Table 1 Summary of patients with chronic hepatitis C and
control subjects
CHC
n
Sex

14

CS
15

Male: 13, Female: 1

Male: 10, Female: 5

Age (yr)

35-65 (52.9)

30-55 (48.6)

Genotype

1b:8, 2a:5, 2b:1

Activity

A 1:11, A 2:3

Fibrosis

F1 :9, F2 :5

CHC = chronic hepatitis-C, CS = control subjects.

Portal blood flow velocity was evaluated at four time points:
before IFN administration (pre-IFN), 2 wk after the start of IFN
administration (wk 2), at the end of IFN administration (wk 24),
and 24 wk after the end of IFN administration (wk 48).
ALT (IU/L) and HCV-RNA (kIU/mL) values were measured
at the specified time points, and portal blood flow velocity
analysis was performed. Portal blood flow velocity was
measured using a diagnostic ultrasound system (Toshiba
SSA-370, Power Vision 6 000) at the specified time points to
obtain the mean velocity (PVV mean cm/s) in the vessels at the
porta hepatis. A convex-type transducer (center frequency,
3.5 MHz) was employed to examine the major vessels in the
porta hepatis by right intercostal scanning or hypochondrial
oblique scanning.
For portal blood flow velocity analysis, the measurement
sample volume was set slightly smaller than the lumen of the
target vessel in order to minimize noise. In addition, the angle
of incidence of the ultrasound beam relative to the vessel was
set to not more than 60o. Subsequently, a specified period of
the Doppler signals obtained by pulse wave Doppler
ultrasonography (PDUS) was extracted, and the Doppler shift
was calculated at a high speed by fast Fourier transform (FFT).
The shift frequency spectrum obtained was then used to
generate images, and the waveforms were displayed. The
waveforms were traced over two cardiac cycles, and the mean
velocities of these waveforms were automatically calculated.
This procedure was repeated five times and the mean value
was used.

RESULTS
The portal blood flow velocity (PVV) was 18.3±3.2 cm/s
(mean±SD) in the healthy adult volunteers (CS group).
The effectiveness of IFN treatment was evaluated based on
the HCV-RNA values and HCV genotype. Of the 8 patients
with genotype 1b, 4 were judged to have SVR (50%), 2 were
judged to have BR (25%), and 2 were judged to have NR (25%).
In addition, 3 of the 4 patients who were judged to have SVR
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had HCV-RNA levels less than 100 kIU/mL. Of the 5 patients
with genotype 2a, 3 were judged to have SVR (60%) and 2 were
judged to have NR (40%). One patient with genotype 2b had a
HCV-RNA level greater than 1 000 kIU/mL but was judged to
have SVR.
With regard to the assessment of disease activity in patients
with chronic hepatitis who received IFN treatment, the
effectiveness of IFN treatment in 11 patients classified as A1
was judged to have SVR in 6 patients (55%), BR in 2 patients
(18%), and NR in 3 patients (27%). Treatment effectiveness in
3 patients classified as A2 was judged to have SVR in 2 patients
(66%) and NR in 1 patient (34%). With regard to the changes in
portal blood flow velocity, no significant differences were
observed between the CS group and the active disease A1 and
A2 groups. When IFN was administered to CHC patients with
different disease activity classifications (A1 and A2), no
significant differences were observed in either group with regard
to portal blood flow velocity before and after IFN administration,
indicating comparable levels of treatment effectiveness in both
A1 and A2 groups.
Next, the evaluation based on the degree of fibrosis showed
that the treatment effectiveness was SVR in 6 (66%) of the
9 patients classified as F1, and in 2 (40%) of the 5 patients
classified as F2. Assessment of changes in portal blood flow
velocity showed no significant differences between F1 and F2
groups. In addition, no significant differences were observed
between F1, F2, and CS groups (Figure 1). However, the portal
blood flow velocity at wk 24 was significantly increased (P<0.05)
compared with that before IFN treatment (F1: 14.2±4.3 cm/s→
16.6±3.5 cm/s, F2: 15.4±6.1 cm/s→16.8 ± cm/s).
Portal blood flow velocity (cm/s)
30

25

20

15

10
0

CS

F1
Fibrosis

F2

Figure 1 Portal blood flow velocity before IFN treatment in
patients with chronic hepatitis C (comparison between the CS
group and patients with different degrees of fibrosis) CS =
control subjects.

The changes in portal blood flow velocity at various time
points of IFN treatment were also evaluated. The portal blood
flow velocity in patients judged to have NR was 11.5±1.0 cm/s
before IFN administration, significantly lower than that in the
CS group (P<0.001). Furthermore, the portal blood flow
velocities in patients judged to have NR at wk 2, wk 24, and
wk 48 were 12.9±1.3 cm/s (P<0.001), 13.2±0.4 cm/s (P<0.001),
and 14.6±1.6 cm/s (P<0.05) respectively all of which were
significantly lower than the values in the CS group. Portal blood
flow velocities in patients judged to have SVR and BR before
IFN treatment and at wk 2, wk 24, and wk 48 were 16.9±6.0 cm/s,
14.9±2.5 cm/s, 18.7±4.0 cm/s, and 16.9±2.4 cm/s respectively.
The portal blood flow velocity at wk 24 was significantly higher
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than the pre-IFN velocity (P<0.01). Portal blood flow velocity
was also compared between the SVR, BR, and NR groups. The
patients in the NR group showed significantly lower values
before IFN treatment (P<0.05), at wk 24 (P<0.001), and at wk 48
(P<0.001) (Figure 2).
Portal blood flow velocity (cm/s)
b
d
30
a

d

25

20

15

10
0

CS
pre-IFN

wk 2
wk 24
Treatment IFN

wk 48

Figure 2 Hemodynamics in the portal vein in patients with
chronic hepatitis C treated with interferon as assessed by pulsedwave Doppler ultrasonography. Note: = SVR, = BR, = NR,
CS = control subjects bP<0.001, dP<0.01, aP<0.05.

The increases or decreases in portal blood flow velocity (i.e.,
a change in velocity of 20% or more) were compared between
pre-IFN values and those obtained at wk 24. In a total of 14
patients, the portal blood flow velocity at wk 24 was increased
in 7 patients (50%), unchanged in 6 patients (43%), and
decreased in 1 patient (7%), compared with the pre-IFN velocity.
Comparisons were also made based on the differences in IFN
treatment effectiveness. In the SVR group (8 patients), the
velocity was increased in 4 patients (50%), unchanged in 3
patients (38%), and decreased in 1 patient (13%). An increase
was therefore the most common finding in this group. In the BR
group (2 patients), an increase was seen in both patients.
However, in the NR group (4 patients), the velocity was
increased in 1 patient (25%) and unchanged in 3 patients (75%),
indicating that the majority of patients in this group had no
change. In summary, portal blood flow velocity was increased
in 7 of the 14 patients, and 6 of these 7 patients (86%) were
judged to have SVR or BR (Figure 3).
Portal blood flow velocity (cm/s)
30

25

20

15

10
0
SVR

BR

NR

Figure 3 Changes in portal blood flow velocity before and
24 wk after IFN treatment (comparisons based on treatment
effectiveness).
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DISCUSSION
A number of reports have analyzed chronic liver diseases in
relation to portal hemodynamics as assessed by pulse wave
Doppler ultrasonography[8-12]. Ramazan et al[12] examined 75
healthy subjects and reported that the blood flow velocity in
the main portal vessel was 17.3±9.5 cm/s.
The PVV in the CS group in the present study was 18.3±3.2 cm/s,
which is in good agreement with the value reported by Ramazan
et al[12]. No significant differences in portal blood flow velocity
were seen between the CS group and the 14 patients with CHC
examined in this study. However, the pre-IFN portal blood
flow velocity in the IFN-NR group was significantly lower
than that in the CS group. The follow-up results after
administration also showed that the velocity was significantly
lower in the IFN-NR group than in the CS group. A number of
studies have reported no significant differences in portal blood
flow velocity between patients with chronic hepatic diseases
and healthy subjects[8-13]. In the present study, however,
although the overall portal blood flow velocity in the CHC
group was not significantly different from that in the CS group,
when the NR group alone was considered, the portal blood
flow velocity was significantly lower than that in the CS
group.
Walsh et al[14] employed pulse wave Doppler ultrasonography
in the examination of 39 patients with CHC who received a
12-wk IFN-alpha treatment, and reported the Doppler perfusion
index (DPI) (calculated as the ratio of hepatic artery flow to
total hepatic flow) and the congestive index of the portal vein
(area/velocity). According to their report, these indices did not
change following a 12-wk IFN-alpha treatment. In the present
study, the IFN-NR group showed no significant changes in
portal blood flow velocity at 24 wk after IFN treatment, which is
similar to the findings of Walsh et al[14] Nevertheless, the portal
blood flow velocity in the SVR and BR groups was significantly
increased at 24 wk after IFN treatment, as compared with that
before treatment.
In the present study, the effectiveness of IFN treatment
was also evaluated in relation to the histopathological findings
obtained by liver biopsy. No significant differences were observed
between two indices of the degree of liver fibrosis (i.e., between
the F1 group with fibrous dilatation in the portal area and the F2
group with bridging fibrosis). Di Bisceglie et al[2] and Omata
et al[15] performed histological assessments of IFN treatment in
patients with chronic hepatitis C and non-A, non-B chronic
hepatitis before and after IFN treatment. The results of these
studies demonstrated clear improvements in periportal necrosis,
focal necrosis, and portal inflammation, but not in fibrosis. It is
particularly important to note the clear evidence of improvement
in periportal necrosis and portal inflammation. In the IFN-SVR
group, periportal necrosis and portal inflammation associated
with increased portal resistance and reduced portal blood flow
velocity, occurred before IFN treatment. These pathologic
changes were improved by IFN treatment, presumably resulting
in a reduction in portal resistance and an increase in portal
blood flow velocity.
In summary, the present study was conducted to assess the
usefulness of portal blood flow velocity analysis using pulse
wave Doppler ultrasonography (PDUS) in evaluating the
effectiveness of IFN treatment. The results of this study
demonstrated that patients judged to have IFN-SVR and IFNBR showed a significantly higher portal blood flow velocity at
the end of IFN treatment than before IFN treatment. In addition,
no response to IFN was suggested when the portal blood flow
velocity at the end of IFN treatment was not significantly higher
than the pre-IFN value. In the assessment of the effects of IFN
treatment in patients with chronic hepatitis C, pulse wave
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Doppler ultrasonography permits the portal blood flow velocity
to be easily measured and is therefore considered to be a clinically
useful method for evaluating treatment effectiveness.
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Abstract
AIM: To analyze the effectiveness and safety of lamivudine
treatment in patients with chronic HBV infection undergoing
hemodialysis or after kidney transplantation, and to study
the frequency of tyrosine - methionine - aspartate - aspartate
(YMDD) mutation occurrence after lamivudine treatment.
METHODS: We analyzed 91 patients with chronic hepatitis
B, among whom, 16 patients underwent hemodialysis, 7
patients had kidney transplantation and 68 patients had
normal function of kidney. The hemodialysis patients were
treated by lamivudine 300 mg/wk. Patients after kidney
transplantation and patients with normal function of kidney
were treated with lamivudine 100 mg/d. Therapy lasted
for 12 mo. HBV-DNA, HBsAg, HBeAg and anti-HBe, and antiHCV antibodies were assessed in sera of patients. The analysis
was performed before and 6 mo after the end of lamivudine
treatment. Before, during and after the lamivudine therapy,
the number of erythrocytes, leukocytes, platelets and
hemoglobin concentration, ALT and AST activity, as well as
bilirubin, urea and creatinine concentrations were analyzed
in sera from patients.
RESULTS: After the 12-mo lamivudine treatment, elimination
of HBV - DNA was observed in 56% patients undergoing
hemodialysis and in 53% patients with normal kidney
function. Only 1 from 7 (14%) kidney-transplanted patients
eliminated HBV-DNA. Furthermore, HBeAg elimination was
observed in 36% hemodialysis patients, in 51% patients
with normal function of kidneys and in 43% kidneytransplanted patients. Among the patients undergoing
dialysis, no YMDD mutation was found after 12 mo of
therapy, while it was detected in 9 patients (13%) with
normal function of kidney and in 2 kidney-transplanted
patients (29%, P<0.006). We did not observe significant
side effects of lamivudine treatment in studied patients.
CONCLUSION: Effectiveness of lamivudine therapy in
dialysis patients is comparable with that in patients with
normal function of kidney. Lamivudine treatment is well
tolerated and safe in patients with renal insufficiency
undergoing hemodialysis and kidney-transplantation.
However, in the latter group, high incidence of YMDD
mutation after lamivudine treatment was observed.
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INTRODUCTION
Patients undergoing hemodialysis and kidney transplantation
are commonly endangered with an HBV infection, despite
passive and active specific prophylaxis. One of the reasons of
this state is insufficiency of immune response in such patients
connected with chronic immune suppression. Among these
patients, immune insufficiency influences the rate of chronic
HBV, as well as HCV infection development[1].
Hemodialysis patients with an active chronic hepatitis B are
usually disqualified for kidney transplantation. Moreover, active
HBV infection in kidney-transplanted patients may influence
the transplanted organ damage. This is due to the effect of
deposition of immune complexes, composed of HBsAg, specific
antibodies and acute phase proteins, in renal glomeruli[2]. The
treatment aiming at preventing kidney transplant rejection can
exert hepatotoxic effects and escalate HBV replication. The
inhibition of HBV replication can diminish the danger of liver,
kidney and pancreas damage[3].
Interferons are seldom used in antiviral therapy of HBV
infection in dialysis or kidney-transplanted patients. Among
these patients, the first choice of drugs is nucleotide analogues,
mainly lamivudine[4].
Effectiveness and safety of lamivudine treatment in HBVinfected patients undergoing hemodialysis or kidney
transplantation were studied. Results were compared to chronic
hepatitis B patients with normal renal function. Moreover, the
frequency of YMDD mutation after lamivudine treatment was
analyzed.
MATERIALS AND METHODS
The study included 91 chronic hepatitis B patients treated with
lamivudine. Among them 16 patients underwent hemodialysis
(4 women and 12 men, aged 35-66 years), 7 received kidney
transplantation (3 women and 4 men, aged 27-58 years) and 68
patients had normal renal function (21 women and 47 men,
aged 18-78 years).
The kidney-transplanted patients as well as patients without
kidney damage were treated with nucleotide analogue lamivudine (Zeffix®, Glaxo Smith Kline, Great Britain) 100 mg
daily. Patients undergoing hemodialysis received lamivudine
300 mg/wk: 100 mg after each dialysis (dialysis was performed
three times a week). The duration of lamivudine treatment in all
patients was 12 mo.
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The occurrence of HBV-DNA, HBsAg, HBeAg and antiHBe as well as anti-HCV antibodies in sera of the patients was
assessed before and 6 mo after lamivudine treatment.
The count of erythrocytes, leukocytes, platelets as well as
concentration of hemoglobin, bilirubin, urea, creatinine and
activity of ALT, AST were assessed before and after 1, 3, 12 mo
of lamivudine treatment.

Extraction of HBV DNA
HBV-DNA was extracted from 200 L sera of patients using a
DNA isolation kit (Gene Elute Mammalian Genomic DNA
Miniprep Kit, Sigma, USA). HVB-DNA was amplified by
PCR with a pair of compliment primers to genome (sense 5’-AG
GGG AGG AGA TTA GGT TAA-3’, antisense 5’-AGG AGT
GCG AAT CCA CAC TC-3’) in 20 L reaction mixture containing:
200 mol/L dNTPs, 0.4 mol/L all primers, 1.5 mmol/L MgCl2,
1.0 U Taq polymerase (Sigma) and 4 L DNA solution. Forty
cycles of amplification were performed at 96 ℃ for 30 s, at 57 ℃
for 60 s and at 72 ℃ for 60 s. The products of amplification were
detected by electrophoresis in 2% agar gel and stained with
brom etidine. Electrophoretogram was visualized in a recording
system and analyzed with a UVI-KS400i /Image PC system
(Syngen Biotech, USA). Each time the positive and negative
controls were executed. In order to minimize the risk of false
results, all investigations were processed in microcapillaries
one by one.
The presence of HBs, HBe antigens as well as anti-Habe,
anti-HCV antibodies was detected in sera by MEIA technique
(ABBOTT, USA).
Statistical analysis
Statistical analysis was performed by use of chi - square test
with Yates’s correction and non-parametric Mann - Whitney
test. P<0.05 was considered statistically significant.
RESULTS
HBV and HCV coínfection was observed in 8 (50%) patients
undergoing dialysis and in 3 (43%) kidney-transplanted
patients. None of the chronic hepatitis B patients with normal
renal function presented HCV infection.
Table 1 Effectiveness of lamivudine treatment and frequency
of YMDD mutant occurrence after lamivudine treatment in
chronic hepatitis B patients: with proper renal function, undergoing dialysis and after kidney transplantation
Elimination Elimination Appearance Normalization
Patients n of HBV-DNA of HBeAg of YMDD
of ALT
(%)
(%)
(%)
activity (%)
36

(53)

35

(51)

9 1,2

Dialysis 16

9

(56)

6

(38)

After

1

(14)

3

(43)

Normal 68

(13)

53

(79)

0

(0)

15

(94)

2

(29)

7

(100)

liver function
7

kidney transplantation
1

P<0.02, 2 test with Yates’s correction, 2P<0.006, 2 test with
Yates’s correction.

After a 12-mo lamivudine treatment, elimination of HBV - DNA
was observed in (7/16) 56% patients undergoing dialysis and
in (36/68) 53% patients with normal renal function (Table 1).
Only one of 7 (14%) kidney-transplanted patients eliminated
HBV-DNA. Moreover, HBeAg elimination after lamivudine
treatment was observed in 6 (36%) dialyzed patients, indicating
the possibility of renal transplantation in this group. The ALT
activity normalization after lamivudine treatment was
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observed in (54/68) 79% patients with proper renal function,
in (15/16) 94% patients undergoing hemodialysis and in all
kidney-transplanted individuals (Table 2 and Figure 1).
We did not observe YMDD mutations in patients undergoing
hemodialysis after 12-mo lamivudine treatment. However, this
mutation was found in 9 (13%) patients with normal renal
function and in 2 (29%) kidney-transplanted patients.
We did not observe any significant side effects of lamivudine
treatment independent of renal insufficiency state. Moreover,
no alterations were observed in morphology, total protein and
albumin concentrations during lamivudine treatment (Table 2).
Table 2 Mean of selected biochemical parameters before and
12 mo after the end of lamivudine treatment
Normal
renal function
1
Erythrocytes (×10 6 /L) 4.444
Platelets (×10 3/L)

150

Leucocytes (×10 3/L)

5.75

Hemoglobin (mg/dL) 14.6

Dialysis

After kidney
transplantation

2

1

2

4.381

3.633

3.597

149
5.44
14.7

159

148

1

2

4.139 3.966

166

5.8

6.5

7.2

11.4

11.2

13.6

197
82
13.0

Bilirubin (mg/dL)

2.00

1.21

0.66

0.45

0.85

0.72

Total protein (g/L)

7.1

7.2

7.1

7.0

6.9

7.1

Albumin (g/L)
Urea (mg/dL)
Creatine (mg/dL)

3.75
30
0.89

4.20
30
0.91

3.68
140
8.05

3.78
137

3.81
51

7.96

1.84

3.82
49
1.99

1 – Before therapy, 2 – After 12 mo treatment.
U/L 160
140
120
100
80
60
40
20
0

Before
therapy

After one
After 3 mo
month treatment treatment

All patients
Poor response (not elimination of HBV-DNA)

After 12 mo
treatment

Good response
(elimination of HBV-DNA)
Dialized patients

Patients after kidney transplantation

Figure 1 ALT activity in patients with chronic HBV infection
treated with lamivudine.

DISCUSSION
Treatment of chronic hepatitis B patients undergoing
hemodialysis could bring additional obstacles in comparison
to individuals with normal renal function[5]. This group of patients
was characterized by a weak presentation of viral antigens on
hepatocytes, which showed effect on the alterations of signal
transduction to T cytotoxic lymphocytes[4]. Our investigations
showed that the rate of HBeAg elimination in dialyzed patients
was low in comparison to patients with proper renal function.
Serum lamivudine concentration was positively and linearly
correlated with the level of renal insufficiency[6]. This enabled
us to reduce the dosage of lamivudine in patients undergoing
dialysis. In our observation, the lamivudine dose of 300 mg/wk
was well tolerated and did not cause significant side effects.
We did not observe significant side effects of lamivudine
treatment in patients with proper renal function as well as in
those with renal insufficiency. Park et al[7] presented similar
observations concerning the safety and tolerability of lamivudine
treatment in kidney-transplanted patients.
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Hepatocyte damage in the course of chronic hepatitis B
was mainly immune mediated, in addition to a less significant
role of direct HBV hepatotoxicity[8]. Immune suppression in
kidney-transplanted patients could diminish specific anti-HBV
responses, which could alter immune-mediated cytopathic
effects. This could result in the decrease of hepatic inflammation
and low ALT activity. On the other hand, immune suppression
could facilitate HBV replication. Large HBV viral load could
cause different disorders such as accumulation of immune
complexes in glomeruli, further indicating the necessity of
antiviral therapy in these patients[9]. Treatment of patients with
chronic HBV infection seemed to be necessary when the number
of HBV copies exceeded 105/mL, independent of ALT activity[10].
Besisik et al[11] showed a high frequency (50%) of YMDD
mutation occurrence in chronic hepatitis B patients undergoing
dialysis and in patients who did not receive antiviral treatment.
Tang et al[12] described the appearance of YMDD mutation in
chronic hepatitis B patients and kidney-transplanted patients
after treatment with lamivudine. Until now many types of HBV
mutations have not been described, such as, YMDD (Tyr-MetAsp-Asp), YRDD (Tyr-Arg-Asp-Asp), YMDN (Tyr-Met-AspAsn). In some mutations partial or even full (YVDD - Tyr-Val-AspAsp) resistance towards antiviral treatment was observed[13].
Antiviral treatment resistance can also be caused by other
factors not connected to a YMDD mutation. Fontaine et al[14]
observed HBV viruses, without noticeable mutation but showing
resistance towards lamivudine treatment in patients undergoing
dialysis as well as in kidney-transplanted individuals. Currently
there are only a few studies concerning the frequency of YMDD
mutation occurrence in dialyzed patients after antiviral therapy.
The interesting fact is that in our study we did not observe
YMDD mutation in patients undergoing dialysis; hence the
mutation rate was high in kidney-transplanted patients after
lamivudine treatment.
Ben-Ari et al[15] described a significant decrease of HBV
viral load in kidney-transplanted chronic hepatitis B patients
after lamivudine treatment. Moreover, they observed elimination
of HBeAg in 3 of 6 treated patients. Our investigations did not
confirm such a good rate of lamivudine therapy response in
kidney-transplanted patients. YMDD mutation incidence rate
after lamivudine treatment was high in this group. It seems that
elimination of HBV and not the decrease of HBV viral load
made the treatment successful. Moreover, it is noticeable that
elimination of HBeAg with ongoing minor HBV replication could
suggest the formation of HBV mutants resistant to nucleotide
analogue treatment.
In conclusion, treatment with lamivudine in dialyzed patients
as well as in kidney-transplanted patients is well tolerated and
safe. Effectiveness of lamivudine therapy in patients undergoing
dialysis and in patients with normal renal function is comparable.
The YMDD mutation rate in patients undergoing dialysis seems
to be low after lamivudine treatment, while YMDD mutation is
frequent in kidney-transplanted patients.
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IV stage 150±48 nmol/g vs 167±15 nmol/g, P<0.05) and
vitamins C and E (vit. C-clinical IV stage 325±92 nmol/g vs
513±64 nmol/g, P<0.001; vit. E-clinical IV stage 13.3±10.3
nmol/g vs 37.5±5.2 nmol/g).

Abstract

Skrzydlewska E, Sulkowski S, Koda M, Zalewski B, KańczugaKoda L, Sulkowska M. Lipid peroxidation and antioxidant status
in colorectal cancer. World J Gastroenterol 2005; 11(3):
403-406

AIM: Reactive oxygen species (ROS) can induce carcinogenesis
via DNA injury. Both enzymatic and non-enzymatic parameters
participate in cell protection against harmful influence of
oxidative stress. The aim of the present study was to assess
the levels of final lipid peroxidation products like malondialdehyde
(MDA) and 4-hydroxy-2-nonenal (4-HNE) in primary
colorectal cancer. Moreover, we analysed the activity of main
antioxidative enzymes, superoxide dismutase (Cu, Zn-SOD),
catalase (CAT), glutathione peroxidase (GSH-Px) and
glutathione reductase (GSSRG-R) and the level of nonenzymatic antioxidants (glutathione, vitamins C and E).
METHODS: Investigations were conducted in 81 primary
colorectal cancers. As a control, the same amount of
sample was collected from macroscopically unchanged
colon regions of the most distant location to the cancer.
Homogenisation of specimens provided 10% homogenates
for our evaluations. Activity of antioxidant enzymes and
level of glutathione were determined by spectrophotometry.
HPLC revealed levels of vitamins C and E and served as a
method to detect terminal products of lipid peroxidation in
colorectal cancer.
RESULTS: Our studies demonstrated a statistically significant
increase in the level of lipid peroxidation products (MDA-Adc.
muc.-2.65±0.48 nmol/g, Adc.G3-2.15±0.44 nmol/g, clinical
IV stage 4.04±0.47 nmol/g, P<0.001 and 4-HNE-Adc.muc.
-0.44±0.07 nmol/g, Adc.G3-0.44±0.10 nmol/g, clinical IV
stage 0.52±0.11 nmol/g, P<0.001) as well as increase of
Cu,Zn-SOD (Adc.muc.-363±72 U/g, Adc.G3-318±48 U/g,
clinical IV stage 421±58 U/g, P<0.001), GSH-Px (Adc.muc.
-2143±623 U/g, Adc.G3-2005±591 U/g, clinical IV stage
2467±368 U/g, P<0.001) and GSSG-R (Adc.muc.-880±194 U/g,
Adc.G3-795±228 U/g, clinical IV stage 951±243 U/g, P<0.001)
in primary tumour comparison with normal colon (MDA1.39±0.15 nmol/g, HNE-0.29±0.03 nmol/g, Cu, Zn-SOD117±25 U/g, GSH-Px-1723±189 U/g, GSSG-R-625±112 U/g)
especially in mucinous and G3-grade adenocarcinomas as
well as clinical IV stage of colorectal cancer. We also
observed a decrease of CAT activity (Adc.muc. -40±14 U/g,
clinical IV stage 33±18 U/g vs 84±17 U/g, P<0.001) as
well as a decreased level of reduced glutathione (clinical

CONCLUSION: Colorectal carcinogenesis is associated with
serious oxidative stress and confirms that gradual
advancement of oxidative-antioxidative disorders is followed
by progression of colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal cancer; Lipid Peroxidation; Oxidative
Stress; Carcinogenesis
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INTRODUCTION
Colorectal cancer is one of the most frequent neoplastic diseases
in human population and one of the most frequent causes of
death. There are a lot of pathological factors, including reactive
oxygen species (ROS) involved in the process of cancer
initiation and progression[1]. Damages to DNA, protein, cell
membrane and mitochondria are involved in carcinogenesis,
although no specific biochemical marker has been identified
yet. In addition, information on the biochemical alterations in
tissue and blood, particularly of antioxidant status, and its
correlation with the clinical staging of the disease, is lacking.
It is known that ROS are formed in excess in chronic diseases
of the gastrointestinal tract[2] but the precise mechanisms of
oxidative stress being induced in cancer cells and the role of
ROS in colorectal cancer progression are still not exactly
understood. Changes in some parameters of antioxidative system
in colorectal cancer were found in our earlier studies[3]. The current
researches, comprising a more extensive group of patients, dealt
with the analysis of connections between the degree of lipid
peroxidation as well as the parameters of antioxidative system
and selected anatomico-clinical features of carcinoma.
The aim of the present study was to assess the levels of
lipid peroxidation products like malondialdehyde (MDA) and
4-hydroxy-2-nonenal (4-HNE) in primary colorectal cancer.
Moreover, we analysed the non-enzymatic antioxidants
(glutathione, vitamins C and E) and the activity of antioxidative
enzymes, particularly superoxide dismutase (Cu, Zn-SOD),
catalase (CAT), glutathione peroxidase (GSH-Px) and glutathione
reductase (GSSRG-R).
MATERIALS AND METHODS
Investigations were conducted in 81 primary colorectal cancers
in II, III and IV clinical stage[4]. As a control, the same amount
of samples was collected from macroscopically unchanged
colon regions of the most distant location to the cancer.

404

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

January 21, 2005

Volume 11

Number 3

at 25 ℃ using 10 mmol/L hydrogen peroxide. The activity was
expressed in universal units. Glutathione (GSH) concentration
was measured using the Bioxytech GSH-400 test. The method
proceeded in two steps. The first step led to the formation of
substitution products between a patented reagent and all
mercaptans (GSH) which ware present in the sample. The second
step transformed specifically the obtained with GSH substitution
products into a chromophoric thione whose maximal absorbency
wavelength was 400 nm.
The HPLC methods were used to determine the level of
vitamin C[9] and vitamin E [10]. Three hundred µL of liver
homogenates mixed with an equal volume of metaphosphoric
acid (100 g/L) stabilized the ascorbic acid. Before analysis,
samples were centrifuged (3 500 g, 4 min) to remove precipitated
protein and then the samples were assayed immediately.
However, vitamin E was extracted from liver homogenates with
hexane containing 0.025% butylated hydroxytoluene. The hexane
phase was removed and dried with sodium sulfate, and 50 µL of
the hexane extract was injected on the column. Lipid peroxidation
was assayed by HPLC measuring malondialdehyde (MDA) as a
malondialdehyde-thiobarbituric acid adduct [11] and 4hydroxynonenal (4-HNE) as a fluorimetric derivative[12].

Conventional histopathological parameters, including AJCC/UICC
TNM stage, tumor type, and grade of differentiation, were
assessed by two independent pathologists. Differentiation and
histological type of the cancer were determined following the
World Health Organization guidelines[4].

Preparation of tissue samples
Tissues were removed quickly and placed in iced 0.15 mol/L
NaCl solution, perfused with the same solution to remove blood
cells. Next, tissue samples were blotted on filter paper, weighed
and homogenized in 9 mL ice-cold 0.25 mol/L sucrose and
0.15 mol/L NaCl with addition of 6 L 250 mmol/L butylated
hydroxytoluene in ethanol, to prevent formation of new peroxides
during the assay. Homogenization procedure was performed
under standardized conditions; 10% homogenates were
centrifuged at 10 000 g for 15 min at 4 ℃ and the supernatant
was kept on ice until assayed.
Biochemical assays
Superoxide dismutase (Cu, Zn-SOD; EC.1.15.1.1) activity was
measured after rehomogenization of the initial supernatant and
centrifugation at 10 000 g for 30 min at 40 ℃ as described by
Sykes et al [5]. This method could measure the activity of
cytosolic SOD. Mn-SOD of the mitochondria was known to be
removed during the separation procedure. A standard curve
for SOD activity was constructed using SOD from bovine
erythrocytes (Sigma, Biochemicals, St. Louis, MO, USA). One
unit of SOD activity was defined as the amount of the enzyme
required inhibiting the oxidation of epinephrine to adrenochrome
by 50%. The activity was expressed in universal units. Glutathione
peroxidase (GSH-Px; EC.1.11.1.6) activity was measured
spectrophotometrically using a technique based on the
procedure of Paglia and Valentine[6], whereas GSH formation
was monitored by measurement of oxidation of reduced form of
nicotinamide adenine dinucleotide phosphate (NADPH) to
oxidized form of nicotinamide adenine (NADP). The final
concentration of GSH was 0.2 mmol/L and of H2O2 was 0.3 mmol/L.
The activity was expressed in universal units. Glutathione
reductase (GSSG-R; EC.1.6.4.2) activity was determined with
the method of Mize and Langdon[7] by monitoring the NADPH
at 340 nm. The reaction mixture contained 0.2 mol/L KCl, 1 mmol/L
EDTAand 1 mmol/L oxidized GSH (GSSG) in 0.1 mol/L potassium
phosphate buffer, pH 7.1. The activity was expressed in
universal units. Catalase (CAT; EC.1.11.1.9) activity was
measured in supernatant of the brain or liver homogenates
with 1% Triton X-100. The decrease in absorbance of hydrogen
peroxide at 240 nm was measured[8]. The rates were determined

Statystical analysis
The results were expressed as mean±SD. Statistical analysis
was performed using Mann-Whitney’s test and P<0.05 was
considered statistically significant.
RESULTS
Considerable parameters of antioxidative system and the level
of lipid peroxidation products matched the analysed anatomoclinical features of colorectal cancer in a statistically significant
manner. The lipid peroxidation products and the activity of
antioxidative enzymes increased (P<0.001) during progression
of colorectal cancer. The levels of MDA and 4-HNE (Table 1) as
well as superoxide dismutase (Cu, Zn-SOD), glutathione peroxidase
(GSH-Px) and glutathione reductase (GSSG-R) (Table 2) were
significantly increased (P<0.001) in cancer tissue compared to
control group and were the highest in G3-grade adenocarcinoma
and mucinous adenocarcinoma and clinical IV stage of colorectal
cancer. Statistically significant differences P<0.05, P<0.001
between levels of lipid peroxidation products as well as enzyme
activity among all clinical stages (II-III, II-IV and III-IV) of
colorectal cancer as well as between activity of Cu,Zn-SOD,
GSH-Px and GSSRG-R in G2-grade and G3-grade adenocarcinoma
and mucinous adenocarcinoma were observed. On the other hand

Table 1 Levels of final lipid peroxidation products – malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) in the colorectal
cancer and normal colon mucosae (mean±SD)
Levels of lipid peroxidation products (nmol/g tissue)
Variable

n
MDA

Histological type/grade of
colorectal cancer
Clinical stage of colorectal cancer

Control (normal colon mucosa)
a

Adc.G2
Adc.G3
Adc.muc
II
III
IV

60
6
15
46
29
6

1.97±0.39 a
2.15±0.44 d
2.65±0.48 f,i,k
1.7±0.39 a
2.25±0.43 d,g
4.04±0.47 f,i,k
1.39±0.15

4-HNE
0.40±0.08 b
0.44±0.10 d
0.44±0.07 f,i
0.37±0.07 a
0.45±0.09 d,g
0.52±0.11 f,i,k
0.29±0.03

P<0.05, bP<0.001-comparison between Adc G2 or stage II cancers and control group. cP<0.05, dP<0.001-comparison between Adc
G3 or stage III cancers and control group. eP<0.05, fP<0.001-comparison between mucinous adc or stage IV cancers and control
group. gP<0.05-comparison between Adc G2 or stage II cancers and Adc G3 or stage III cancers. iP<0.05-comparison between Adc
G2 or stage II cancers and mucinous adc or stage IV cancers. kP<0.05-comparison between Adc G3 or stage III cancers and mucinous
adc or stage IV cancers.
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Table 2 Activity of antioxidative enzymes and levels of non-enzymatic antioxidants in colorectal cancersand normal colon mucosae

Variable

n

Activity of antioxidative enzymes
(U/g tissue)
Cu, Zn-SOD

Histological
Adc.G2
60
type/grade of
Adc.G3
6
colorectal cancer Adc. muc 1 5
Clinical stage of
II
46
colorectal cancer
III
29
IV
6
Control (normal colon mucosa)

b

304±38
318±48 d
363±72 f,i
237±42 b
289±47 d,g
421±58 f,i,k
117±25

CAT

GSH-Px
a

73±15
62±18 c
40±14 f,i,k
76±14 a
57±16 c,g
33±18 f,i,k
84±17

Level of non-enzymatic antioxidants
(nmol/g tissue)
GSSG-R

a

1 892±583
2 005±591 c
2 143±623 f
1 854±552 a
1 987±699 c
2 467±368 f,i
1 723±189

GSH
a

759±242
795±228 c
880±194 f
737±228 a
824±236 c
951±243 f,i
625±112

151±37
143±35
144±43
174±36 a
156±39 c
150±48 e
167±15

Vit.C

Vit.E
a

439±85
407±92 d
398±104 f
458±88 a
399±90 d,g
325±92 f,i
513±64

31.9±9.5 a
29.7±9.2 c
33.5±8.5 e
33.1±9.1 a
29.1±9.4 c
13.3±10.3 f,i,k
37.5±5.2

Statistical differences: see Table 1.

catalase (CAT) activity was significantly decreased (P<0.001) in
cancer tissue and was the lowest in mucinous adenocarcinoma
and clinical IV stage cancer group (Table 2). The decreased levels
of vitamin C and vitamin E as well as reduced glutathione in cancers
were also observed (P<0.001, P<0.001 and P<0.05 respectively).

DISCUSSION
Formation of reactive oxygen species is a normal consequence
of a variety of essential biochemical reactions. It is also known
that oxygen radicals could be formed in excess in chronic
diseases of the gastrointestinal tract [2]. The main source of
oxidants in the gut is probably phagocytes, which are accumulated
in the mucus of patients with bowel diseases and could generate
oxidants upon activation, which might contribute to the increased
risk of cancer[13]. Therefore, an adequate range of antioxidative
defences within and outside the cells, has also been considered
to be very important to offer protection against oxidative damages
of cell components including membrane phospholipids[14].
Oxygen radical production, which increases with clinical
progression of diseases, involves increased lipid peroxidation,
as a result of which there are cellular membrane degeneration
and DNA damage. Extent of lipid peroxidation cloud be
determined by estimation of the final lipid peroxidation products
- malondialdehyde and 4-hydroxynonenal, compounds known
to produce protein cross-linking through Schiff’s base with
DNA and DNA damage[15]. In the present study, the levels of
malondialdehyde and 4-hydroxynonenal in colorectal cancer
tissue were significantly increased with clinical staging of the
disease. This finding is in accordance with previous work that
reported increased plasma and tissue MDA concentrations in
colorectal cancer patients[16,17]. It has been reported that
malondialdehyde is a well-characterized mutagen[18] that reacts
with deoxyguanosine to form a major endogenous adduct with
DNA in human livers[19]. DNA from colon biopsies had also a
significantly increased level of 8-OHdG, 2-hydroxyadenine and
8-hydroxyadenine[13]. These lesions caused by hydroxyl radical
attack could signify the increase in DNA damage and/or
decrease in their repair. However, 4-hydroxynonenal was found
to be genotoxic in primary cultures of rat hepatocytes at low
concentrations, which might occur under in vivo conditions of
oxidative stress[18]. These ,-unsaturated aldehydes have also
the ability to increase oxidative stress by promoting the cellular
consumption of glutathione and by inactivating seleniumdependent glutathione peroxidase[20]. It is not known, however,
if colonocytes exposed to 4-hydroxy-2-nonenal in in vivo
conditions could undergo a similar oxidative stress. Moreover,
reaction of aldehydes produced during lipid peroxidation with
amino acid residues of proteins might lead to oxidative modification
of them [21]. In this process, the final products of lipid
peroxidation, such as malondialdehyde and 4-hydroxynonenal
as well as other products resulting from polyunsaturated fatty

acid damage could cause protein breakdown[22]. In recent years,
several groups have focused their studies on structural protein
modifications by free radicals[23,24]. Recently it has been
demonstrated that superoxide anion as well as alkoxyl peroxyl
and radicals could inactivate one of the antioxidant enzymes catalase and reduce the effectiveness of cells to defend against
free radical damage[25]. In this paper, it was shown that during
colorectal cancer development the activity of catalase decreased.
Catalase is used by cells to defend against the toxic effects of
hydrogen peroxide, which is generated by various reactions
and/or environmental agents or by the action of superoxide
dismutase, enzymes while detoxifying superoxide anion[26].
Another important finding of this study was a significant
increase in the activity of Cu, Zn-SOD, GSH-Px and GSSRG-R
in all clinical stages of cancer patients as compared to the control
group, the maximum was at G3-grade adenocarcinoma and
mucinous adenocarcinoma as well as in clinical IV stage of
colorectal cancers. It was reported that increase in activity of
Cu Zn-SOD, GSH-Px and GSSRG-R might occur on the way of
induction of genetic expression [27]. Increased superoxide
dismutase activity could augment superoxide radical dismutation,
thus leading to intensification of hydrogen peroxide generation.
Since catalase activity reduced, the level of hydrogen peroxide
increased in cancer tissue. It may correspond with the report,
which showed that some human cancer lines produced a large
amount of hydrogen peroxide[28]. At the same time, oxygen
radicals might increase secretion of the matrix metalloproteinase
and collagenase as well as production of angiogenic factors
(e.g., VEGF and IL-8). These factors could promote not only the
local growth of neoplasm but also metastasis[29]. This agrees
with the results of our present study since the highest increase
in activity of Cu, Zn-SOD, GSH-Px and GSSRG-R as well as
decrease in CAT activity (P<0.001) were observed in G3-grade
adenocarcinoma and mucinous adenocarcinoma as well as in
clinical IV stage of colorectal cancer. The highest level of MDA
and 4-HNE was also found in clinical IV-stage cancer group.
Oxidants, including hydrogen peroxide, have been found
to be able to induce expression of genes coding enzymes of
antioxidative system. This kind of induction of antioxidative
endogenic enzymes caused by hydrogen peroxide was found
in human fibroblast cultures[27]. This increase might be caused
by more extensive accessibility of enzymatic cofactors such as
transient metal ions[30]. As a result of oxidative stress, iron and
copper ions would become more accessible to antioxidative
enzymes. Induction of genes coding supraperoxide dismutase
activity has also been revealed in cases of burns and skin
infections[31]. The above changes in dismutase activity, under
genetic control, could make up a defensive mechanism, which
enables organism adaptation to various environmental stress.
Other studies showed a similar direction of changes in
superoxide dismutase and glutathione peroxidase activities in
cases of colorectal cancer [33], while GSH level increased or
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decreased depending on studies[32,33]. Our result pointed to the
increased activity of glutathione peroxidase in cancerogenesis
process; however, the effective activity of this enzyme might
take place only in the presence of GSH cofactor, whose level
was, however decreased. Therefore, the effectiveness of GSHPx activity was restricted, as manifested by the intensification
of lipid peroxidation and the increased level of final products of
their peroxidation.
As increased oxidative stress coupled with membrane
damage due to lipid peroxidation antioxidant enzymes, a scavenger
of oxygen radicals, might have increased as a compensatory
mechanism; an antioxidant enzyme could enhance the cytotoxic
ability of macrophages to scavenge free radicals. They are
present mainly intracellularly, whereas non-enzymatic
antioxidants are present both extracellularly and intracellularly,
thus presenting at the site of generation and also at the site of
action of ROS in an adequate amount. As chemical scavengers,
they prevent radical-induced cellular damage. It has been
observed that ascorbic acid deficiency could result in accumulation
of lipid peroxide, which is an intermediate product of lipid
peroxidation[34]. Moreover, it is known that vitamin C plays an
important role in the synthesis of connective tissue proteins
such as collagen, and deficiency of it, therefore affects the
integrity of intracellular matrix and has a permissive effect on
tumour growth. Deficiency of vitamin C could hinder tumo
encapsulation. Our results have proved that non-enzymatic level
of antioxidants, such as vitamins C and E as well as GSH
decreased in colorectal cancer. In such a situation non-enzymatic
antioxidants are not able to prevent oxidative modifications of
cell components. Their levels decrease with progression of
colorectal cancer and are therefore higher in clinical stage II and
lower in stage IV of colorectal cancer. The present results and the
findings of previous studies show that colorectal carcinogenesis
is associated with serious oxidative stress and that advancement
of oxidative-antioxidative disorders is followed by progression of
colorectal cancer.
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Abstract
AIM: To analyse the impact of NOD2/CARD15 mutations
on the clinical course of Crohn´s disease patients from an
eastern European country (Hungary).
METHODS: We investigated the prevalence of the three
common NOD2/CARD15 mutations (Arg702Trp, Gly908Arg,
1007finsC) in 148 patients with Crohn’s disease, 128
patients with ulcerative colitis and 208 controls recruited
from the University of Szeged, Hungary. In patients with
Crohn´s disease, the prevalence of NOD2/CARD15 mutations
was correlated to the demographical and clinical parameters.
RESULTS: In total, 32.4% of Crohn’s disease patients
carried at least one mutant allele within NOD2/CARD15
compared to 13.2% of patients with ulcerative colitis
(P = 0.0002) and to 11.5% of controls (P<0.0001). In
Crohn’s disease patients, the allele frequencies for Arg702Trp,
Gly908Arg and 1007finsC were 7.1%, 3.0% and 10.8%
respectively. Interestingly, only the 1007finsC mutation was
associated with a distinct clinical phenotype. The patients
positive for the 1007finsC mutation suffered more frequently
from stenotic disease (P = 0.008). Furthermore, 51.9% of
patients positive for the 1007finsC mutation underwent a
surgical resection within the ileum compared to only 17.
4% of patients without the 1007finsC mutation (P = 0.
001). With respect to the other two mutations (Arg702Trp
and Gly908Arg), no associations were found with all
investigated clinical parameters.
CONCLUSION: NOD2/CARD15 mutations are frequently
found in Crohn’s disease patients from Hungary. The
1007finsC mutation is associated with stenotic disease
behaviour and frequent ileal resections.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There is a strong support for the genetic influence on the
pathophysiology of inflammatory bowel diseases (Crohn’s
disease and ulcerative colitis). Recent studies reported an
association between Crohn’s disease and mutations in the
NOD2/CARD15 gene located on chromosome 16q12 (IBD1)[1-3].
NOD2/CARD15 acts as an intracellular receptor in monocytes
for bacterial components triggering activation of NFB thus
leading to subsequent activation of the inflammatory response.
These findings fit perfectly in the current working hypothesis
that a dysregulated immune response towards antigens of fecal
bacteria in a genetically susceptible host is the main pathogenetic
feature in Crohn’s disease.
Within the NOD2/CARD15 gene, three mutations have been
identified to be associated with Crohn’s disease: two missense
mutations (Arg702Trp in exon 4 and Gly908Arg in exon 8) and
an insertion mutation of a C in exon 11 (1007finsC), the latter
resulting in a truncated NOD2/CARD15 protein. Numerous
studies have been performed mostly in northern America and
western Europe to determine the frequency of NOD2/CARD15
mutations in inflammatory bowel disease populations. In
Crohn’s disease patients from western Europe or northern
America, allele frequencies ranged from 9.1-12.9%, 3.3-6.0%
and 6.6-16.0% for Arg702Trp, Gly908Arg, 1007finsC,
respectively[4]. Interestingly, a recent study in Finnish IBD
patients reported lower allele frequencies for all of the three
NOD2/CARD15 mutations in Crohn’s disease patients
compared the above-mentioned studies and furthermore similar
frequencies in patients with ulcerative colitis[5]. Additionally,
in Asian IBD populations NOD2/CARD15 mutations could not
be detected at all[6,7]. This raises the need for more studies in
different IBD populations. Up to now, no data is available on
the occurrence of NOD2/CARD15 mutations in countries
located between western Europe and Asia, e.g., eastern Europe.
The first aim of our study was therefore to analyse for the first
time the frequency of NOD2/CARD15 mutations in an eastern
European country (Hungary). Patients with inflammatory bowel
disease were recruited from the University of Szeged. Szeged is
one of the largest cities in Hungary with a population of
approximately 186 000. Located along the Tisza river and close
to the border of Romania, Szeged is the cultural and economic
center of South-Eastern Hungary.
With respect to the occurrence of inflammatory bowel disease
in Hungary, a recent report from Lakatos and colleagues reported
an increase of both Crohn’s disease and ulcerative colitis in a
province of Western Hungary from 1977 to 2001. In ulcerative
colitis, the incidence increased from 1.66 to 11.01 and from 0.41
to 4.68 in Crohn’s disease per 100.00 persons. Prevalence rates
were reported to be 142.6 and 52.9 per 100.00 persons for
ulcerative coltis and Crohn’s disease respectively[8]. The
incidence and prevalence rates of inflammatory bowel disease
in Hungary are comparable to western European countries[9].
Interestingly, observations in Hungary suggest differences
in disease prevalence among the Roma (Gipsy) minoritiy
compared to the Caucasian population. Concentrated in some
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Hungarian regions, the incidence of IBD within the Roma
minority is half compared to the rest of the population living in
these areas[10].
Crohn’s disease shares a number of various phenotypes
with differences in age at onset of disease, disease location
and behaviour[11]. With respect to NOD2/CARD15 mutations,
investigations have been performed to analyse the clinical
impact of these mutations on Crohn’s disease. Associations
with ileal involvement[12-15], younger age at diagnosis[16], and
fibrostenotic disease behaviour [17,18] have been described.
However, only some of these associations were replicated by
other investigators. In our recent observations in a large German
cohort, we found an association with ileocecal resections and
neoterminal reoperations[19]. The second aim of our study was,
therefore to observe the genotype-phenotype correlation to
answer the question whether a certain phenotype was associated
with NOD2/CARD15 mutations.
In this study, we investigated the frequency of the three
common NOD2/CARD15 mutations in 276 patients with
inflammatory bowel disease and in 208 controls from Hungary.
Furthermore, a detailed phenotype genotype analysis was
performed to elucidate the clinical impact of NOD2/CARD15
mutations on the course of Crohn’s disease.

MATERIALS AND METHODS
Patients
We included 148 patients with Crohn’s disease in the study,
who were diagnosed according to clinical, endoscopic, radiological
and histological findings[20]. All patients were recruited from
the 1st Department of Medicine, Faculty of Medicine, University
of Szeged, Hungary. The study was approved by the Ethical
Committee of the department. Informed consent was obtained
from each participant.
Among the 148 patients, 138 were Caucasians and 10 were
from the Roma minority (Gypsy). Clinical data were obtained
from the patients clinical charts at the 1st Department of
Medicine, University of Szeged, Hungary. Genotyping, statistical
analysis and drafting of the manuscript were performed at the
Charité, Berlin.
The following data of patients with Crohn’s disease was
collected: age, age at diagnosis, gender, familial or spontaneous
disease (familial disease was considered if one first- or seconddegree relative had IBD), smoking habits (current smoking/
history of smoking/never smoked), disease localisation, disease
behaviour, perianal disease, extraintestinal manifestations
(arthritis, affections of eyes or skin, primary sclerosing
cholangitis), type and location of surgery. Disease localisation
was defined as the maximum extent of digestive tract involvement
at the latest followup. Information was obtained through
endoscopic (including upper endoscopy and colonoscopy with
multiple biopsies and histological examination) and radiological
(small bowel x-ray or CT enteroclysma) examinations. Stenotic
Crohn’s disease was considered if persistent intestinal
obstruction was found either in the small bowel x-ray, small
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bowel computer tomography or colonoscopy. Perforating
disease was recorded if patients had enterocutaneous,
enteroenteric, enterovesical or enterovaginal fistula,
intraabdominal abscess or small bowel perforation. Inflammatory
disease behaviour was considered if neither stenotic nor
perforating disease behaviour was present. Perianal disease was
considered if perianal fistulae, ulcers or abscesses were present.
The following extraintestinal manifestations were
determinated: arthritis, presence of primary sclerosing cholangitis
(PSC) diagnosed through endoscopic cholangiography,
affections of skin (e.g., presence of erythema nodosum or
pyoderma gangrenosum) or eye (e.g., presence of episcleritis
or anterior uveitis).
Genotyping for the three NOD2/CARD15 mutations was
also performed in 128 patients with ulcerative colitis (m:f 57:71;
age 16-79 years). These patients were also recruited from the
First Department of Medicine, University of Szeged, Hungary.
A total of 208 unrelated Hungarian healthy individuals served
as controls (m:f 96:112; age 18-86 years).

Polymerase chain reaction and sequencing
Genomic DNA from index patients and controls was prepared
using commercially available extraction columns (QIAmp Blood
Kit, QIAGEN, Hilden, Germany).
Exon 11 of the NOD2 gene was amplified using the following
primers: forward primer 5’-ggg aca ggt ggg ctt cag ta-3’, reverse
primer 5’-cca ttc ctc tct ccc gtc ac-3’. The annealing temperature
was 62 ℃. DNA sequencing of the amplified exon was
performed by cycle sequencing with fluorescent dye
terminators. Analysis was performed using an ABI 310 automatic
sequencer (Applied Biosystems, Weiterstadt, Germany). The
analysis was confirmed by sequencing in both directions.
SNP genotyping
Genotyping of the three most common NOD2/CARD15 SNPs
(Arg702Trp, Gly908Arg, 1007finsC) was performed using the
fluorogenic 5’-nuclease assay with the primers and probes listed
in Table 1.
Each assay was performed using 25 µL IQ Supermix (BioRad,
München, Germany), 0.6 µL of each primer (100 µmol/L), 0.1 µL
of each probe (100 µmol/L) (TibMolBiol, Berlin, Germany), 3 µL
genomic DNA, and 20.6 µL H2O. Fluorescence was measured
over 40 cycles, and allelic discrimination was performed with
the ICycler IQ real-time PCR detection system and the
appropriate software (BioRad, München, Germany).
Statistical analysis
Comparison of the frequency of NOD2/CARD15 mutations was
made between patients and controls, and the analysis of
association with the phenotype was performed by 2 test or
Fisher’s exact test when appropriate. For analysis of age and
age at disease diagnosis, Wilcoxon-U-Mann-Whitney test was
applied. P values less than 0.05 were considered statistically
significant. The data was analysed using SPSS/PC+V10.01
software (SPSS, Chicago, USA).

Table 1 Primers and Probes used in genotyping of NOD2/CARD15 genetic variants
SNP
Arg702Trp
Gly908Arg
3020insC

Primers

Probes

TTCCTGGCAGGGCTGTTGTC

FAM-CCTGCTCCGGCGCCAGGC-TAMRA

GTGGAAGTGCTTGCGGAGG

TET-CCTGCTCTGGCGCCAGGCC-TAMRA

ACTCACTGACACTGTCTGTTGACTCT

FAM-TTTTCAGATTCTGGGGCAACAGAGTGGGT-TAMRA

AGCCACCTCAAGCTCTGGTG

TET-TTCAGATTCTGGCGCAACAGAGTGGGT-TAMRA

GTCCAATAACTGCATCACCTACCTAG

FAM-CCCTCCTGCAGGCCCTTGAAAT-TAMRA

CTTACCAGACTTCCAGGATGGTGT

TET-CCTCCTGCAGGCCCCTTGAAA-TAMRA

Annealing
64.5 ℃

62.5 ℃
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Table 3 Clinical characteristics of Crohn´s disease patients

RESULTS
Distribution of NOD2/CARD15 mutations in Hungarian IBD
patients
First, we investigated the frequency of the three NOD2/CARD15
mutations in 276 patients with inflammatory bowel disease and
compared them to 208 controls. Genotypes and allele frequencies
are shown in Table 2. A total of 32.4% of Crohn’s disease patients
carried at least one mutant allele within NOD2/CARD15 compared
to 13.2% of patients with ulcerative colitis (P = 0.0002) and to
11.5% of controls (P<0.0001). The difference between patients
with ulcerative colitis and controls was not statistically significant.
With respect to the 1007finsC mutation, 18.2% of Crohn’s disease
patients were either heterozygous or homozygous compared
to 4.7% of patients with ulcerative colitis (P = 0.001) and 4.3% of
controls (P<0.0001). Although the other two mutations (Arg702Trp
and Gly908Arg) were found in clearly higher frequencies in patients
with Crohn’s disease compared to patients with ulcerative colitis
and controls, not all comparisons reached statistical significance
(Table 2). Among the 10 Roma (Gipsy) patients, only one patient
carried a mutation within NOD2/CARD15 (1007finsC).

Genotype

1007finsC (+)

Total Number
Male: female

1007finsC (-)

27

121

11:16

57:64

Age at diagnosis (yr)
Range
mean±SD

13-46

12-65

25.9±8.0

30.1±12.8

26 (96.3)

112 (92.6)

Race, n (%)
Caucasian
Roma (Gipsy)

1 (3.7)

Disease Duration (yr)

9.1±6.9

9 (7.4)
8.5±8.1

Familial Crohn´s disease, n (%)

1 (3.7)

Sporadic Crohn´s disease, n (%)

26 (96.3)

112 (92.6)

9 (7.4)

Never

15 (55.6)

69 (57.0)

Current

11 (40.7)

48 (39.7)

1 (3.7)

4 (3.3)

Smoking Habits, n (%)

Ex-Smoker
Localisation, n (%)
Upper GI

Genotype phenotype analysis
In the next step a detailed genotype phenotype analysis was
performed in the 148 patients with Crohn’s disease. The
percentages of Crohn’s disease patients positive or negative
for each individual NOD2/CARD15 mutation were correlated to
demographic data, disease localisation, disease behaviour,
extraintestinal manifestations and surgical interventions (Table 3).
The 1007finsC mutation was negatively correlated to
inflammatory disease behaviour (P = 0.001) and positively
associated with stenotic disease behaviour (P = 0.008). The
frequency of ileal involvement was higher in patients positive
for the 1007finsC mutation (66.7%) compared to patients
negative for the 1007finsC mutation (51.2%), but this difference
was not significant (P = 0.20).
We also analysed the correlation of frequency and location
of surgical resections to the NOD2/CARD15 genotype. More
than half of the patients positive for the 1007finsC mutation
(51.9%) underwent a surgical resection of the ileum, while only
17.4% of patients without mutation were operated (P = 0.001).
These findings could not be explained by different disease
durations or disease locations in the two groups (Table 3).
Furthermore, the association of the 1007finsC mutation with
surgical interventions was specific for the ileal region since no
differences were found when frequencies of large bowel
resections were analysed (Table 3).

3 (11.1)

4 (3.3)

Ileum

18 (66.7)

62 (51.2)

Colon

20 (74.1)

103 (85.1)

7 (26.0)

5 (28.9)

Perianal Disease
Behaviour, n (%)

2 (7.4) 1

47 (38.8)

Stricturing

17 (63.0) 2

40 (33.0)

Penetrating

12 (44.4)

46 (38.0)

Inflammatory

Surgery, n (%)
14 (51.9) 3

21 (17.4)

Colonic resections

7 (26.0)

21 (17.4)

Fistulae

1 (3.7)

3 (2.5)

Arthritis

3 (11.1)

17 (14.0)

Primary sclerosing cholangitis

0

2 (1.7)

Skin

0

7 (5.8)

Eye

0

1 (0.8)

Ileal resections

Extraintestinal manifestation, n (%)

1

Inflammatory disease behaviour was negatively correlated
to the 1007finsC mutation (P = 0.001, Fisher’s exact test).
2
Stenotic disease behaviour was significantly associated with
the 1007finsC mutation (P = 0.008, Fisher’s exact test). 3Ileal
resections were performed significantly more often in patients positive for the 1007finsC mutation (P = 0.001, Fisher’s
exact test). No other significant differences were found.

Table 2 NOD2/CARD15 genotypes and allele frequencies in Hungarian IBD patients
Genotypes
Patients

Allele frequency (%)
-/- n (%)

Arg702Trp

Gly908Arg

1007finsC

CD
UC
Controls
CD
UC
Controls
CD
UC
Controls

129
120
197
139
124
203
122
122
199

(87.2)
(93.8)
(94.7)
(93.9)
(96.9)
(97.4)
(82.4)
(95.3)
(95.7)

-/+ n (%)

+/+ n (%)

17
8
11
9
4
5
22
6
9

2 (1.4)
0
0
0
0
0
5 (3.4)
0
0

(11.5)
(6.3)
(5.3)
(6.1)
(3.1)
(2.6)
(14.9)
(4.7)
(4.3)

7.1
3.1
2.6
3.0
1.6
1.2
10.8
2.3
2.2

P value 1
0.01 1
0.07 2
n.s.3
0.10 1
0.27 2
n.s.3
<0.0001 1
0.001 2
n.s.3

Crohn’s disease (CD, n = 148), ulcerative colitis (UC, n = 128) and controls (n=208); Genotypes: -/- homozygous wild-type, -/+
heterozygous mutant, +/+ homozygous mutant; Absolute numbers (percentages) of individuals negative (-/-), heterozygous (-/+),
homozygous (+/+) for the different NOD2/CARD15 mutations (Arg702Trp, Gly908Arg and 1007finsC) are shown. Fisher’s exact
test was performed comparing percentages of patients positive or negative for the corresponding NOD2/CARD15 mutation
between 1CD and controls, 2CD and UC, 3UC and controls.
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With respect to all other clinical and demographic data,
including age at onset of the disease, disease duration, familial
or sporadic disease, smoking behaviours or extraintestinal
manifestations, no significant differences were found with respect
to the 1007finsC genotype within NOD2/CARD15 (Table 3).
Additionally, genotype phenotype investigations performed
with respect to the other two NOD2/CARD15 mutations
(Arg702Trp and Gly908Arg) did not reveal any significant
findings (data not shown).

DISCUSSION
This is the first study to investigate the frequency of NOD2/
CARD15 mutations in an eastern European IBD population
(Hungary). A total of 32.4% of Crohn´s disease patiens carried
at least one mutant allele of the three investigated NOD2/
CARD15 mutations. This is in agreement with the reported
frequency of NOD2/CARD15 mutations in western European
Crohn’s disease populations[4]. In contrast, lower frequencies
were reported in finnish IBD patients[5] and NOD2/CARD15
mutations have not been found at all in Asian patients[6,7].
We observed a significant association between the 1007finsC
mutation and stenotic disease behaviour. Similar findings have
been reported by other investigators[5,16-18]. In our study, this
stenotic disease behaviour seemed to lead to more frequent
surgical resections at ileal site, since approximately 52% of
patients positive for the 1007finsC mutation had ileal surgery
compared to about 17% of patients negative for the 1007finsC
mutation. The association of ileal resections with mutations in
the NOD2/CARD15 gene has been reported by other studies[17]
and by our own observation in a large German cohort[19].
In contrast to the frameshift mutation 1007finsC, we were
not able to detect any association with all clinical parameters
tested for the other two common missense mutations Arg702Trp
and Gly908Arg. Most of the studies performed so far have not
discriminated between the individual impact of the three NOD2/
CARD15 mutations on the clinical phenotype. Since the
frameshift mutation could lead to a truncated NOD2/CARD15
protein, it is likely to be functionally more important than the
other two mutations. This hypothesis is supported by recent
functional studies by Bonen et al[21], who demonstrated that
this frameshift mutation had a complete defect in response to
bacterial components such as peptidoglycan (PGN), whereas
Arg702Trp and Gly908Arg showed indermediate responses.
Furthermore, the 1007finsC mutation was negatively
correlated to the inflammatory subtype (if neither strictures nor
fistulae were present) of Crohn’s disease. This has also been
observed in another German Crohn’s disease population [17].
There was a trend towards an association of the 1007finsC
mutation with ileal involvement (1007finsC positive: 66.7%,
1007finsC negative: 51.2%), but it did not reach any statistical
significance. Mutation within the NOD2/CARD15 gene and its
association with ileal involvement have been reported by other
investigators[12,14,15]. Apart from ileal involvement, investigators
have also described a younger age at onset of the disease in
patients homozygous or compound heterozygous for NOD2/
CARD15 mutations[16], whereas our study and others failed to
notice this phenomenon[13,15].
In our analysis, we observed higher frequencies of all the
three investigated NOD2/CARD15 mutations in Crohn’s disease
patients compared to controls, which was in agreement with
previous findings[4]. With respect to the Gly908Arg mutation,
this difference did not reach any statistical significance
(P = 0.10). The lack of significance has also been reported by
other studies[22,23], but that could also be due to the low allele
frequency and a smaller sample size in our study. Among the 10
patients from the Roma (Gipsy) minority, we only detected one
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NOD2/CARD15 mutation (1007finsC). As mentioned above, a
lower incidence of IBD in the Roma population from Hungary
was described[10]. Lower health consciousness, lower hygienic
levels or a different genetic background among the Roma minority
are some of the factors that could explain this phenomenon.
Interestingly, the so called Musician Gypsies (because they live
a westernised life) appear to have a similar incidence of
inflammatory bowel disease as the general population [10].
However, since the sample size of Roma patients in our study
was small, it could not be determinated whether NOD2/CARD15
mutations or any other genetic alteration contributed to the lower
incidence of Crohn’s disease in the Roma (Gipsy) minority.
In summary, NOD2/CARD15 mutations can be found in
similar frequencies in Crohn’s disease patients from Hungary
compared to western European populations in whom only the
1007finsC mutation within NOD2/CARD15 can predict an
aggressive phenotype with stenotic disease behaviour and
frequent ileal resections.
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Abstract
AIM: Although the quality of currently available urinary
tests for detecting antibody to Helicobacter pylori (H pylori)
have been proved in some populations, the accuracy has
not been studied regarding patients who suffer from
pulmonary tuberculosis with multi-drug treatments. The
present study was conducted to evaluate the accuracy of
these urinary tests for antibody to H pylori in these patients.
METHODS: Serum samples from 61 inpatients with pulmonary
tuberculosis were tested using enzyme immunoassay, and
urine samples were assayed by enzyme-linked immunosorbent
assay method (URINELISA) and immunochromatography
method (RAPIRAN). Medicines prescribed to the patients
were recorded for medical charts, to evaluate the influences
on the results of urinary tests.
RESULTS: The sensitivity, specificity, and consistency of
URINELISA against the serum test were 93.1%, 65.6%, and
78.6% respectively, and those of RAPIRAN were 86.2%,
93.7%, and 90.1% respectively, which were almost equal
to the data previously reported. Prescribed medicines had
little influence on the results.
CONCLUSION: The two urinary tests for detecting H pylori
antibody have a diagnostic accuracy in patients with pulmonary
tuberculosis given multiple anti-tuberculosis drugs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Helicobacter pylori; Pulmonary Tuberculosis;
Helicobacter pylori antibody; Urinary tests
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INTRODUCTION
As the clinical importance of Helicobacter pylori (H pylori)
infection in gastroduodenal disorders has increased since its

discovery, the accurate diagnosis is a subject of great concern
for clinicians. Currently available urinary tests for antibody to
H pylori have proved their high diagnostic quality in certain
population, but their accuracy becomes lower in patients with
proteinuria or other urinary abnormalities[1-13]. On the other
hand, recent reports have indicated that pulmonary tuberculosis
(TB) infection has been globally re-emerging[14]. To make the
diagnosis of H pylori is somewhat troublesome methodologically
in patients with active TB, since technicians have a risk for
secondary infection with TB when endoscopic methods or breath
test is selected. Detection of antibody to H pylori, especially
that in urine, seems an ideal method for screening in such cases
because of not only its non-invasiveness but its safety. However,
although patients treated with anti-tuberculosis drugs sometimes
develop urinary abnormalities such as coloration induced by
rifampicin, little information is available about the accuracy of
urinary tests for H pylori antibody in those patients.
This study was conducted to evaluate the reliability of two
commercialized tests for detecting anti-H pylori antibody in
urine in cases where anti-tuberculosis treatments were performed
for active TB.

MATERIALS AND METHODS
The study subjects were 61 inpatients (42 male, 19 female, age:
54±23 years) of the hospital attached to the Institute of
Chemotherapy (Chiba, Japan) in February 2003, who had been
treated with anti-tuberculosis medicines for TB for more than
one month. Fasting blood and urine samples were collected as
a part of the routine physical examination and discarded urine
specimens were used for the purposes of this study. The serum
samples were stored in freezer and the urine samples were stored
in refrigerator until measurement. All the urine samples were
assayed both by enzyme-linked immunosorbent assay
(URINELISA, Otsuka Pharmaceutical, Tokushima, Japan) and by
immunochromatography (RAPIRAN, Otsuka Pharmaceutical,
Tokushima, Japan), according to the manufacturer’s instructions,
in a blinded fashion with reference to clinical information. Judgement
of results of RAPIRAN was made by two well-trained technicians.
Serum anti-H pylori antibody was measured using enzyme
immunoassay (E-plate, Eiken, Tokyo, Japan). From medical charts,
laboratory data including serum creatinine, blood urea nitrogen
and urinarysis, age, gender, and medications were recorded.
The sensitivity, specificity and consistency of the urinary
tests were expressed in %. Influences of prescribed medicines
and urinarysis (proteinuria and occult blood) on the inconsistent
results between three tests were statistically tested using
Fisher’s exact probability test. Differences in serum creatinine,
blood urea nitrogen and age between subjects with consistent
results and those without were evaluated by Mann-Whitney’s
U-test. The level of significance used was 0.05 in these tests.
Informed consents were obtained from the participants prior
to the study.
RESULTS
All the subjects received at least two medicines against pulmonary
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Table1 Cases with inconsistent results in three commercialized methods for detecting H pylori antibody
Result

Urinarysis
Treatment

U (R)

U (U)

Serum

OB

Protein

Sugar

WBC

1

69 M

-

+

- 7.4 1

±

±

-

+

IREP

2

79 M

-

-

+ 10.6

-

-

-

-

IRE

3

75 F

-

+

- <3

±

±

-

+++

IREP

4

55 M

-

+

- 3.3

++

+

-

+

IRE

5

68 M

-

+

- <3

+

-

-

-

IREP

6

87 M

-

+

- 4.4

-

±

-

±

IRKE

7

52 F

-

-

+ 11.3

-

-

-

-

IRE

8

64 M

-

+

- 9.8

-

-

-

-

IRK

9

59 M

-

+

+ 12.5

±

±

-

-

IRE

10

70 F

+

+

- 3.3

±

-

-

-

IREP

11

58 M

-

+

+ 12.1

-

±

-

-

IREP

12

59 M

-

+

- 4.6

±

-

-

-

IREP

13

84 M

-

+

- 5.2

±

-

-

-

THP

14

39 M

+

+

- 7.5

±

-

-

-

IRSP

15

93 F

-

+

- 7.7

++

±

-

++

IRE

1
Values are titer of the serum antibody to H pylori (cutoff value: 10). U (R):RAPIRAN, U (U): URINELISA, OB: occult blood, WBC:
white blood cell, I: isoniazid, R: rifampicin, E: ethambutol, P: pyrazinamide, K: kanamycin, S: streptomycin, TH: ethionamide.

TB. Fifty-seven patients received isoniazid, 48 rifampicin, 44
ethambutol, 35 streptomycin, 21 pyrazinamide, 5 kanamycin,
and 2 ethionamide.
Twenty-nine of the subjects (47.5%) were positive for
H pylori antibody in the serum test. Considering the serum
test as standard, the sensitivity, specificity, and consistency
of URINELISA were 93.1%, 65.6%, and 78.6%, respectively,
and those of RAPIRAN were 86.2%, 93.7%, and 90.1%,
respectively. Of the 61 cases, 46 showed consistent results in
three methods. Differences of laboratory data between subjects
with consistent results and those without were not found
statistically. In addition, no influences of medications were
seen between the two patient groups. Clinical characteristics
of the cases with inconsistent results between serum and urine
tests are shown in Table 1, which might mean that antituberculosis medications had little influence on the results.

anti-H pylori antibody also in patients treated with multiple
anti-tuberculosis medicines. The specificity, sensitivity, and
consistency were almost same as those already reported[1-13].
Anti-tuberculosis medications seem to have little influence on
the results. Reasons of the inconsistent results remain unclear,
but the results of URINELISA have a tendency to be different
from the others with low serum antibody titer.
In conclusion, the commercialized two tests are reliable for
detecting antibody to H pylori in urine and in cases with TB.
Considering a risk for secondary infection, we think non-invasive,
convenient and safe tests should be preferred for screening
H pylori infection in patients with TB.

DISCUSSION
Because of the widespread prevalence of H pylori, simple,
convenient, and non-invasive techniques are required as a tool
for screening the infection. Since urinary anti-H pylori antibody
was first detected in 1993, urine has been regarded as one of
the candidates satisfactory for clinical use[1]. The urine-based
enzyme-linked immunosorbent assay kit, URINELISA, and
the immunochromatography method, RAPIRAN, have been
proved to have a satisfactory accuracy enough to be used
clinically[2-13]. For mass screening techniques, these urinary tests
are apparently superior to serum tests because of the convenience
and non-invasiveness. However, little information is available
concerning the accuracy of these noninvasive techniques in
patients with TB, and the present data seems precious.
The association of H pylori and TB infection remains
controversial regardless of the epidemiologic similarities.
Some have claimed that H pylori infection can be found more
frequently in TB patients than in those without, and others
have reported no relation between TB and H pylori [15-19].
Otherwise, it is clear that not a small population in the world
would suffer from TB and H pylori infection concomitantly.
The present results indicate that both URINELISA and
RAPIRAN have a good accuracy for screening the presence of
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Abstract
AIM: Recent studies suggest that Fas-mediated apoptosis
is involved in the pathogenesis of inflammatory bowel
disease (IBD). It has been hypothesized that either
increased apoptosis of intestinal epithelium or decreased
apoptosis of lamina propria lymphocytes may induce
inflammation of gut. The aim of this study was to
determine whether the Fas gene promoter polymorphism
at position-670 was associated with IBD in Chinese
patients.
METHODS: Fifty unrelated Chinese patients with IBD (38
patients with ulcerative colitis and 12 with Crohn’s disease)
and 124 healthy controls were genotyped for the Fas-670
polymorphism by PCR-restriction fragment length
polymorphism method. The PCR product was digested by
Mva I restriction enzyme.
RESULTS: Distribution of the Fas-670 gene polymorphism
was 33% for the AA genotype, 52% for the AG genotype
and 15% for the GG genotype in 124 healthy subjects. In
patients with IBD, 30% was for the AA genotype, 42% for
the AG genotype and 28 % f or the G G genoty pe
respectively. However, there was no significant difference
in the genotype (P = 0.1498), allele frequencies (P = 0.3198)
and carriage frequencies (P = 0.4133) between healthy
controls and IBD patients. Furthermore, we did not find
any difference between the left-sided colitis and total
colitis (P = 0.8242).
CONCLUSION: Fas-670 polymorphism is not associated
with IBD in Chinese patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Inflammatory bowel disease; Fas-670 gene;
Apoptosis; Polymorphism
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INTRODUCTION
Fas (Apo-1/CD95) antigen is a 45-kDa type I membrane protein,
which is expressed in various tissues and cells. Fas is a member
of the tumor necrosis factor superfamily and mediates apoptosis
when cross-linked with agonistic anti-Fas antibody or Fas ligand
(FasL)[1]. Although the best-characterized physiological system
involving Fas/FasL-mediated apoptosis is observed in the immune
system, a role of Fas/FasL in non-lymphiod tissues is becoming
increasingly evident. Fas-mediated apoptosis is thought to be
involved in autoimmune disease and inflammatory disorders.
Inflammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD) is characterized by chronic,
relapsing intestinal inflammation with unknown etiology. Recent
studies have suggested that immune dysregulation and genetic
factors play important roles in the pathogenesis of IBD.
Defective apoptosis of lamina propria T cells (LPT) may be a
factor in mucosal immune dysregulation and tissue inflammation.
Bu et al [2] found 15% of LPT cells underwent apoptosis in
normal individuals. There was a marked reduction in apoptosis
of LPT cells in patients with UC and CD and those with specific
colitis. In normal gastrointestinal tract, LPT cells are shown to
be more susceptible than periphery T cells to Fas-mediated
apoptosis[3]. Fas-mediated apoptosis is implicated in the
intestinal inflammation, especially in UC[4,5]. The role of Fas/
FasL in UC is centered on the hypothesis that Fas-positive
intestinal epithelial cells (IEC) are targeted by FasL-positive
lymphocytes resulting in IEC apoptosis. Apoptosis of IEC in
the crypts has been reported in UC[6] and FasL has been shown
to be upregulated on intestinal lymphocytes in UC[5]. Although
Fas/FasL-mediated apoptosis may contribute to intestinal tissue
damage, resistance of LPT to apoptosis is probably more
important to perpetuation of chronic inflammation[7]. Suzuki
et al [8] demonstrated that CD45RO+CD4+T cells were less
sensitive to apoptotic signals mediated by Fas in UC patients.
The Fas/Apo-1 gene has been mapped to the chromosome
10q24.1 region[9]. The gene consists of nine exons and eight
introns. Two polymorphisms located in the promoter region of
the Fas gene have recently been reported[10]. One of these
polymorphisms is a single nucleotide substitution at the -670
position that alters the Mva I restriction enzyme cutting site,
creating a restriction fragment length polymorphism (RFLP).
This polymorphism is situated at the consensus sequence site,
the gamma interferon activation site (GAS). This site can bind
to transcription factors such as signal transducers and activator
of transcription (STAT), and thus may exert an effect on the
level of transcription of the Fas protein. The aim of the present
study was to investigate the distribution of Fas gene-670
polymorphism and its association with IBD in Chinese patients.
MATERIALS AND METHODS
Patients
Fifty patients with IBD (32 male and 18 female), mean age
39.4±14.4 years, 38 patients with UC and 12 patients with CD,
were registered in Wuhan University Zhongnan Hospital. A
total of 124 healthy controls (82 male and 42 female), mean age
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44.8±17.4 years, were healthy physical examiners in the hospital.
All patients and healthy controls were of unrelated Chinese
Han nationality. The diagnosis of CD and UC was based on clinical
symptoms and endoscopic, radiographic and histopathological
findings according to conventional criteria by Lennard-Johns[11].
UC was classified to left-sided colitis and total colitis according to
location of the disease. All patients gave informed consent to
participate in the study that was approved by the Ethics Committee
of Wuhan University Medical School.

Fas-670 polymorphism genotyping
Genomic DNA was obtained from peripheral blood by proteinase
K digestion and phenol-chloroform extraction and ethanol
precipitation. The Fas-670 polymorphism was genotyped by
polymerase chain reaction (PCR) amplification[10] and the Mva I
digestion. The oligonucleotides 5’-CTACCTAAGAGCTAT
CTACCGTTC-3’ and 5’-GGCTGTCCATGTTGTGGCTGC-3’
flanking this region were used as primers. PCR was performed
using a thermal cycle Perkin-Elmer 2400 as follows: initial
denaturation at 94 ℃ for 5 min, followed by 30 amplification
cycles, each consisting of denaturation at 94 ℃ for 30 s, annealing
at 60 ℃ for 30 s and extension at 72 ℃ for 1min, and final extension
at 72 ℃ for 5 min and cooled to 4 ℃. The PCR products were
analyzed by electrophoresis on 1% agarose gels containing
0.1% ethidium bromide. Ten microlitre of the PCR products was
digested with 5 U of Mva I restriction enzyme for 5 h at 37 ℃ and
electrophoresed on 6% non-denaturing polyacrylamide gels, and
visualized by sliver staining. Two polymorphic alleles, G
(189+99+44 bp) and A (233+99 bp) could be distinguished.
Statistical analysis
Hardy-Weinberg equilibrium was tested by 2 test. The
distribution of Fas-670 genotypes and alleles and carriers in
IBD was compared which that in healthy controls by 2 test
and Fisher’s exact test. Associations were expressed as odd
ratios (OR) with 95% confidence interval (95%CI). A P value of
<0.05 was considered statistically significant. Statistical
analysis was performed with SPSS version 9.0 for windows.
RESULTS
As shown in Table 1, genotypes in IBD and healthy control groups
were in Hardy-Weinberg equilibrium. There were no differences in
the Fas-670 genotypes, allele frequencies and carriage rates
between healthy controls and IBD groups. There were also no
significant differences in genotype and allele frequencies between
left-sided colitis and total colitis (Table 2). Meanwhile, there were
no significant differences in the Fas-670 genotype distribution
and allelic frequencies between the Chinese healthy controls and
the other three ethnic healthy control groups (Table 3).
Table 1 Fas-670 genotypes, allele frequencies and carriage
rates in healthy controls and inflammatory bowel disease
(IBD) in Chinese Han patients
Healthy controls IBD
(n = 124)
(n = 50)
Genotypes n (%)
AA
41 (33)
AG
64 (52)
GG
19 (15)
Allele frequencies %
A
59
G
41
Carriage %
A
85
G
67

UC
(n = 38)

CD
(n = 12)

15 (30)
21 (42)
14 (28)

12 (32)
15 (40)
11 (28)

3 (25)
6 (50)
3 (25)

51
49

51
49

50
50

72
70

71
68

75
75
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Table 2 Fas-670 genotypes and allele frequencies and location
of ulcerative colitis
Genotypes n (%) Allele frequencies (%)
AA

AG

GG

A

G

Left-sided colitis (n = 20) 7 (35) 7 (35) 6 (30)

52

48

Total colitis (n = 18)

50

50

5 (28)

8 (44) 5 (28)

Table 3 Fas-670 genotypes and allele frequencies in several
ethnic healthy controls
Genotype frequency n (%) Allele frequency (%)
AA

AG

Chinese (n = 124)

41 (33)

Dutch (n = 206)[24]

46 (23) 118 (57)

GG

G

59

41

42 (20)

51

49

Australian (n = 183) [25] 46 (25)

97 (53) 40 (22)

52

48

Korean (n = 84) [28]

46 (55) 13 (15)

57

43

25 (30)

64 (52) 19 (15)

A

DISCUSSION
In the present study, we genotyped Fas-670 polymorphism in
Chinese patients with IBD and healthy controls, and found
that the polymorphism was not associated with UC and CD.
The study suggested that Fas-670 polymorphism might not
play a role in susceptibility of IBD in Chinese patients.
Fas-670 polymorphism within the promoter region is situated
at a transcriptional binding site and may potentially have a
functional effect on gene regulation. The substitution of G to A
in the position-670 (TTCCAGG/AAA) will change the interferon
gamma activated site (GAS). GAS is involved in interferon
gamma (IFN-) signaling pathway[12-14]. The interaction with
interferon receptor at the cell surface leads to the activation of
kinase of the Jak family and then phosphorylation of the
substrate STATs. The phosphorylated STATs move to the
nuclei, bind to GAS and transcript GAS-containing genes[15-17].
Mutagenesis of the GAS element may decrease or even completely
abolish responsiveness to IFN--mediated gene activation[18].
Previous studies showed that IFN- significantly regulated Fas
expression and increased Fas-induced human intestinal
epithelial apoptosis in a dose-dependent manner[19]. Although
several studies[20,21] have shown that resistance to Fas-mediated
apoptosis can be overcome by administration of IFN-, this
activation-induced sensitization appeared not to depend on
only the enhancement of CD95 surface expression.
In recent years, increased serum concentration of soluble
form of Fas (sFas) has been reported in several autoimmune
diseases, which may involve the similar mechanism of
pathogenesis of IBD. The Fas-670 polymorphism has been
shown to be associated with several autoimmune diseases,
such as celiac disease, SLE, rheumatoid arthritis[22,23] and
multiple sclerosis[24,25]. Vetuschi et al[26] have found that in SD
rats, which have many structural and ultrastructural features
similar to those seen in human ulcerative colitis, the epithelial
apoptotic index increased 20-fold after the first cycle and 120fold after the second and third cycles compared with the
controls, as well as expression index of proapoptotic proteins
(Fas, FasL) dramatically increased. This result indicates that
the Fas might have a key role in IBD. Several studies also
reported that Fas was conservatively expressed in the epithelia
of both normal colon and that with UC lesions[5], and sFas level
was significantly lower in active UC than in controls[27]. These
results indicate that Fas-mediated apoptosis may involve in
the pathogenesis of IBD, especially UC.
Although expression and functional effects of the Fas
antigen have been found to be associated with IBD, the
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relationship between Fas-670 polymorphism and IBD has not
been reported yet. In our study, we could not find any significant
association between Fas-670 polymorphism and IBD, which
indicates genetic heterogeneity of the diseases. Since Fas-670
polymorphism does not contribute to IBD, there may be other
genes that are involved in the pathogenesis of IBD, and other
mechanisms of gene regulation may influence Fas-mediated
epithelial apoptosis in IBD.
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Abstract
AIM: To determine the possible routes of intrafamilial
transmission pattern in pediatric cases of chronic hepatitis
B virus (HBV) infection.
METHODS: In this descriptive retrospective study, 302 children
with chronic HBV infection from 251 families and their parents
attending the Social Security Children’s Hospital and Doctor
Sami Ulus Children’s Hopsital in Ankara between December
1998 and May 2000, were enrolled in. Screenings and
diagnosis of chronic HBV infections were established
according to the Consensus 2000.
RESULTS: In the studied 302 children with chronic HBV
infection, mothers of 38% and fathers of 23% were HBsAg
positive. The HBsAg positivity in at least two siblings of the
same family was 61% when both parents were HBsAg
positive.
CONCLUSION: It is well known that horizontal transmission
is quite common in countries where Hepatitis B Virus is
moderately endemic. To our best knowledge, this is the
largest series observed regarding the horizontal transmission
in pediatric chronic HBV infection in Turkey. It is necessary
to expand the preventive programs to target not only the
newborn period but also all stages of childhood.

less than 10% and this result places our country within the
moderately endemic regions[1]. It is well known that the horizontal
transmission is quite common in these regions. The majority of
HBVs are acquired during childhood and in early adulthood in
most of the Mediterranean countries, and HBV seroprevalence
in late childhood is close to the rate in adults. On the other hand,
higher rates of HBV infection have been reported from the east
and southeast Turkey, where the families are highly populated.
It has been well known that horizontal transmission by non-sexual
close contact is very common for acute HBV infection in countries
with moderate HBV endemic besides vertical, sexual and parenteral
transmission[2]. It has been accepted that transmission between
family members (from father to children or between sisters and
brothers) may occur in communities with poor socioeconomic and
hygienic conditions, and with longer periods of interaction[3].
Transmission patterns are thought to be the most important
features for targeting mass vaccination campaigns in HBV
endemic counties. Thus, in this study the impact of horizontal
transmission of HBV infection was retrospectively investigated
by analysis of risk factors and family screenings of children
diagnosed with chronic hepatitis B infection.

MATERIALS AND METHODS
In this descriptive study, a total of 302 children with chronic
HBV infection and their parents from two tertiary referral
hospitals for sick children in Ankara, Turkey, were screened in
1998-2000[4]. In this period, all cases from these two centers
were included in the study. Two hundred and seventeen cases
were from Social Security Children’s Training Hospital, Ankara,
Turkey and 85 cases were from Doctor Sami Ulus Children’s
State Hospital.
Risk factors, family screening results, ages, ALT values,
HBeAg and HBV-DNA positivity were analyzed as descriptive
variables.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

RESULTS
The index cases of chronic HBV infection consisted of 103 girls
and 199 boys from 251 families. Of the 251 families included in
the study, 39 had two children, and 6 had three children who
had chronic HBV infection. The age of the patients ranged
between six months to 15 years (average 7.1 years). The patients
who were younger than two years old constituted 7% of the
cases, and 72% were older than five years (Table 1).

Key words: Chronic hepatitis B; Horizontal transmission

Table 1 Distribution of cases according to age groups
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Age (yr)

n

%

6-23 mo

21

7.0

http://www.wjgnet.com/1007-9327/11/418.asp

24 mo-5 yr

63

20 .9

>5-10 yr

INTRODUCTION
In Turkey, hepatitis B surface antigen (HBsAg) positivity is

>10 yr
Total

14 3

47 .3

75

24 .8

30 2

100.0
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Table 2 ALT values, HBeAg and HBV-DNA positivity of cases
ALT (U/L)
(n = 302)

n
%
1

HBeAg
(n = 298)1

<4 0

40-80

13 5

89

78

29 .5

25 .8

44.7

>80

Positive
20 5
68.8

HBV-DNA
(n = 156) 1

Negative
93
31

Positive
12 5
80.4

Negative
31
19 .6

Not all data available for these parameters.

Of the cases, 38% consulted us due to HBV infection in the
family. HBsAg positivity was found in 40% either by chance or
during preoperative laboratory evaluation, and in 22% of the
cases during hospitalization for other reasons. Twenty-three
percent of the cases had a history of chronic disease, surgical
or dental manipulations, and blood transfusions as risk factors.
While screening the family members of these patients, positive
HBsAg was found in 38.1% of mothers, 23.1% of fathers and
10.9% of siblings. Both parents were HBsAg positive in 23 cases
(7.6%). Four mothers and eight fathers in this group were under
interferon treatment due to chronic hepatitis B infection. The
parents of 95 (31.4%) children were antiHBs positive (Table 2).
No risk factors could be identified in 7.3% of cases, but hepatitis
B markers were not available in 54 (21.5%) mothers and 98 (39%)
fathers. At least two siblings were HBsAg positive in 44% of
families with HBsAg-positive mothers. This proportion fell down
to 25% when only fathers were HBsAg positive, and increased
to 61% when both parents were HBsAg positive.
There were 20 cases in 6-23 mo age group. In 12 of these
cases only the mothers were HBsAg positive, whereas positive
HBsAg was observed in only the fathers of two cases and in
both parents of one case. Another case had a history of exchange
transfusion in the newborn period.
Forty-four point seven percent (44.7%) of all cases had normal
alanine transaminase value (ALT: <40 U/L), whereas 25.8% had
high ALT value, (over 80 U/L). HBeAg was positive in 68.8% of
298 patients. HBV-DNA was observed in 156 cases and 125 of
them (80.4%) had positive HBV-DNA either by polymerase chain
reaction (PCR) or by fluid-hybridization methods. Anti-HBe
antibody was positive in 8% of these 125 cases (Table 3).
Table 3 Some risk factors in the cases
Risk factors

n

%

Only mother HBsAg positive
Both parents HBsAg positive
Only father HBsAg positive
Only other siblings HBsAg positive
Mother and/or father antiHBs positive
Chronic disease
Surgical intervention
Dental manipulaton
Blood transfusion
No risk factors identified

92
23
47
33
95
26
29
11
4
22

30 .5
7.6
15 .5
10 .9
31 .4
8.6
9.6
3.6
1.3
7.3

DISCUSSION
Hepatitis B virus is a worldwide problem and leads to chronic
hepatitis in 5-10% of infected adults. However, 90% of the
infants born by HBsAg and HBeAg-positive mothers would
develop chronic hepatitis and therefore childhood is the most
risky period considering HBV infection[5-9]. It is known that
susceptibility to HBV infection increases by age and in males.
In our study group we also found that HBV infection rate
increased by age. In consistence with the relevant literature,
65% of our cases were males. In a previous study done in Turkey,

HBsAg positivity was 6.6% in the group younger than one year
old and the highest rate was between the ages of 6-10. The
results were statistically significant (P<0.05), as they showed
that the primary school age could be stated as the most risky
period for transmission of HBV infection at low socioeconomic
levels. In countries where HBV endemic is low, the main route
of transmission is parenteral; however, in countries like Turkey
where HBV is moderately endemic, nonparenteral transmission
becomes more prevalent [10-17]. There were risk factors
suggesting parenteral transmission in 23% of our cases, so it
seems that nonparenteral transmission is more likely. In 6-23 mo
age group in our study, 63% of mothers were HBsAg positive,
indicating the vertical transmission in this age group. The
importance of horizontal transmission as well as vertical transmission
in the spread of HBV infection among family members especially
in the endemic regions has been reported[3,6,11,15-19]. It has been
reported that transmission of HBV to younger children is easier
from a HBeAg-positive family member and the use of same towels,
tooth brushes, sharing chewing gums and candies among siblings
were proposed to have a role in transmitting HBV[18-20].
Among the screened family members, 38% of mothers, 23%
of fathers and 10.9% of siblings were HBsAg positive and 31%
of parents were anti-HBs positive; results suggested a clear
intrafamilial spread of HBV infection. Since HBV markers of
21.5% of mothers and 39% of fathers were not known, horizontal
transmission was more frequent than parenteral and vertical
transmission in our cases. In the medical literature, many studies
showed that HBV infection rate was high in the families of
chronic hepatitis B cases than in normal population. In one
study performed in our country, hepatitis B screening was
performed in families of HBsAg-positive pregnant women. The
study carried out with pregnant women as a designated index
case in a family, and the results also indicated the importance
of horizontal transmission in these families[21]. Similar results
were achieved in another well-designed study from the eastern
Anatolian region of Turkey, which revealed that mothers did
not have an important role in the acquisition of HBV infection
in our country[2]. Intrafamilial clustering of HBV infection was
well documented either in convalescent phase or in persistence
form, in two-thirds of the family members of asymptomatic
HBsAg carriers from a developed country where HBV has a
very low prevalence[13]. In our study, at least two siblings were
HBsAg positive in 44% and 25% of families where only either
mothers or fathers were HBsAg positive. An increase to 61%
when both parents were HBsAg positive indicated the increased
risk for the family, and underlined the role of the fathers in
transmission of HBV to children. Similar results were also
reported in 10 Saudi families[6] as well as in parallel studies
carried out in our country expressing same pheromena in Turkish
families[2,22,23].
Thirty- eight percent of our chronic cases were identified as
a result of family screening procedure. This high rate signifies
the importance of family screenings and immunization programmes.
Serological markers of 21.5% of the mothers and 39% of the
fathers were not known due to lack of any interest about HBV
infection in these parents, arising from poor education.
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In conclusion, considering low socio-cultural level and poor
hygienic conditions of our infected populations, we think that
studies on school age children should be continued vigorously
and expanded immunization programs should comprise not only
the newborns but also the teenagers[24,25].
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Abstract
AIM: To investigate the frequencies of the expression of
main protein antigens of Helicobacter pylori (H pylori)
isolates, such as UreB, VacA, CagA1, HpaA, NapA, FlaA
and FlaB and the production of specific antibodies in sera
from H pylori-infected patients, and to understand the
correlations among the different clinical types of chronic
gastritis and peptic ulcer and the infection and virulence of
H pylori.
METHODS: H pylori strains in biopsy specimens from 157
patients with chronic gastritis and peptic ulcer were isolated
and serum samples from the patients were also collected.
The target recombinant proteins rUreB, rVacA, rCagA1,
rHpaA, rNapA, rFlaA and rFlaB expressed by the prokaryotic
expression systems constructed in our previous studies
were collected through Ni-NTA affinity chromatography.
Rabbit antisera against rUreB, rVacA, rCagA1, rHpaA,
rNapA, rFlaA and rFlaB were prepared by using routine
subcutaneous immunization. By using ultrasonic lysates
of the isolates as coated antigens, and the self-prepared
rabbit antisera as the first antibodies and commercial
HRP-labeling sheep anti-rabbit IgG as the second antibody,
expression frequencies of the seven antigens in the
isolates were detected by ELISA. Another ELISA was
established to detect antibodies against the seven antigens
in sera of the patients by using the corresponding
recombinant proteins as coated antigens, and the sera
as the first antibody and HRP-labeling sheep anti-human
IgG as the second antibody respectively. Correlations
among the different clinical types of chronic gastritis and
peptic ulcer and the infection and virulence of H pylori
were statistically analysed.
RESULTS: In the 125 isolates of H pylori, the positive rates
of UreB, VacA, CagA1, HpaA, NapA, FlaA and FlaB were
100%, 65.6%, 92.8%, 100%, 93.6%, 100% and 99.2%
respectively. In the 125 serum samples from the H pyloriinfected patients, the positive rates of antibodies against

recombinant UreB, VacA, CagA1, HpaA, NapA, FlaA and
FlaB were 100%, 42.4%, 89.6%, 81.6%, 93.6%, 98.4%
and 92.8% respectively. H pylori strains were isolated from
79.6% (125/157) of the biopsy specimens, but no close
correlations among the H pylori infection frequencies and
different types of chronic gastritis and peptic ulcer could
be found (P>0.05, 2 = 0.01-0.87). The VacA positive rate
(82.40%) in the strains isolated from the specimens of
patients with peptic ulcer and the anti-VacA positive rate
(54.3%) in the sera from the patients were significantly
higher than those (51.5%, 32.3%) from the patients with
chronic gastritis (P<0.01, 2 = 13.19; P<0.05, 2 = 6.13).
When analysis was performed in the different types of
chronic gastritis, the VacA in the strains isolated from the
specimems of patients with active gastritis showed a higher
expression frequency (90.0%) than those from superficial
(47.9%) and atrophic gastritis (30.0%) (P<0.05, 2 = 5.93;
P<0.01,2 = 7.50). While analysis was carried out in the
strains isolated from the specimens with superficial
(93.8%) and active gastritis (100%), NapA showed a
higher expression frequency compared to that from
atrophic gastritis (60.0%) (P<0.01, 2 = 8.88; P<0.05,
2 = 5.00).
CONCLUSION: The types of chronic gastritis and peptic
ulcer and their severity are not associated with H pylori
infection frequency but closely related to the infection
frequency of different virulent H pylori strains. The optimal
antigens for developing vaccine and diagnostic kit are UreB,
FlaA, HpaA, FlaB, NapA and CagA1, but not VacA.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is confirmed to be a specific
pathogen of human gastritis and gastric and gastroduodenal
ulcers, and is closely associated with gastric adenocarcinoma,
mucosa-associated lymphoid tissue (MALT) lymphoma and
primary gastric non-Hodgkin’s lymphoma[1-3]. This microbe
infected at least half of the world population[4]. Vaccination is
generally considered the most effective measure to prevent
and control H pylori infection, and H pylori-associated
diseases. For the difficulty of culture and storage of the microbe,
genetic engineering vaccine seems to be the unique pathway for
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developing H pylori vaccines [5]. Since heterogeneity of
H pylori isolates from different areas is frequently present[6,7],
the data about distribution of the main surface protein antigens
of the isolates from different areas and production of the
specific antibodies against the antigens in sera of H pyloriinfected patients have important reference values for
screening antigen candidates.
In the previously published data, all H pylori isolates could
produce a surface-distributed urease comprising four subunits.
Among the four subunits, subunit B (UreB) encoded by the
ureB gene possesses the strongest antigenicity[8]. Vacuolating
cytotoxin (VacA), a unique exotoxin of H pylori, can cause
vacuolar degeneration in epithelial cell lines such as HeLa cell
line[9]. Cytotoxin-associated protein A (CagA) has been
demonstrated to be closely associated with the virulence of
H pylori[10]. At the 3’-end of CagA encoding genes, there are
different numbers of repeated sequences in different H pylori
isolates, resulting in various sizes with molecular weights of
120-140 kDa[11]. Moreover, cagA gene carrying H pylori strains
isolated from domestic population (>90%) is remarkably
higher than that from Europe and North America populations
(-60%)[6,12]. Almost all H pylori isolates can express H pylori
adhesin (HpaA) which plays an important role in adhesion and
colonization of the microbe[13]. Neutrophil-activating protein
(NAP) of H pylori, a polymer composed of 10 subunits A, has
an ability to induce active oxygen radicals in neutrophils, causing
injury to human gastric mucosa tissue[14]. H pylori has a flagellum
composed of two protein subunits, namely, FlaA and FlaB,
which is an important pathogenic factor for H pylori
colonization, persistent infection and inflammatory reaction[15].
Therefore, the seven proteins described above are the most
important H pylori antigens.
In our previous studies, we constructed the prokaryotic
expression systems of the seven genes mentioned above. In
this study, H pylori strains in biopsy specimens from patients
with chronic gastritis and peptic ulcer were isolated. The
products expressed by the systems were collected and rabbit
antisera against the recombinant proteins were prepared. By
using ELISA, distribution of the antigens in H pylori isolates
and production of antibodies against the antigens in sera of
H pylori-infected patients were examined. Furthermore, the
correlations among the different clinical types of chronic
gastritis and peptic ulcer and the infection and virulence of
H pylori were analyzed.

MATERIALS AND METHODS
Patients and specimens
Gastric biopsy specimens with positive urease for H pylori
isolation and serum samples from 157 patients in Zhejiang
Provence were collected from four hospitals in Hangzhou
during January to September of 2003. None of the patients
received nonsteroidal anti-inflammatory drugs, antibiotics and
antacids within the previous two weeks. Of the 157 patients
(112 male and 45 female; age range: 18-75 years; mean age:
43±15 years), 88 were clinically diagnosed as chronic gastritis
(58 superficial, 15 active and 15 atrophy gastritis), the other
69 were clinically diagnosed as peptic ulcer (16 gastric, 46
duodenal and 7 gastric-duodenal ulcers). At the same time,
serum specimens were also collected from these patients and
stored at -20 ℃. Ni-NTA purication kit was purchased from
BBST (Shanghai, China). DAKO (Glostrup, Denmark) and
Jackson ImmunoResearch (West Grove, USA) supplied rabbit
antiserum against whole cells of H pylori, HRP-labeling sheep
anti-rabbit IgG and anti- human IgG antibodies. Agents for
H pylori isolation and identification were purchased from
BioMérieux (Marcy I’Etoile, France).
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Methods
Isolation and identification of H pylori Each gastric biopsy
specimen was homogenized with a tissue grinder and then
inoculated on Columbia agar (BioMérieux) plates supplemented
with 80 mL/L sheep blood, 5 g/L cyclodextrin, 5 mg/L
trimethoprim, 10 mg/L vancomycin, 2.5 mg/L amphotericin B
and 2 500 U/L cefsoludin. The plates were incubated at 37 ℃
under microaerobic conditions (5%O2, 100 mL/L CO2 and 85%
N2) for 3 to 5 d. A bacterial isolate was identified as H pylori
according to typical Gram stain morphology, biochemical tests
positive for urease (HPUT) and oxidase (TIANHE), and
agglutination with the commercial rabbit antibody (DAKO)
against whole cell of the microbe. All the 125 H pylori isolates
obtained were stored in Brucella broth containing 300 g/L (V/V)
glycerin at -70 ℃. H pylori strain NCTC11637 and E coli strain
BL21DE3 were provided by our laboratory.
Prokaryotic expression systems and collection of target
recombinant proteins The recombinant pET32 prokaryotic
expression systems for the seven protein antigens of H pylori
were previously constructed by our laboratory[16-19] .
Molecular weights of the expressed products were 68 kDa
(rUreB), 87 kDa (rVacA), 89 kDa (rCagA1, a relative conserved
fragment of 2 148 bp in cagA gene), 29 kDa (rHpaA), 26 kDa
(rNapA), 61 kDa (rFlaA) and 61 kDa (rFlaB), respectively.
These recombinant proteins were collected by Ni-NTA affinity
chromatography (Novagen).
Preparation of rabbit anti-sera against the recombinant
proteins By using subcutaneous immunization, rabbits were
weekly injected with Freund’s adjuvant containing 1 mg of
each of the recombinant proteins for four weeks. The rabbit
sera were separated after the last immunization and titers of the
sera were measured by immunodiffusion test.
Detection of bacterial protein antigens Ultrasonic supernatant
from each of the 125 H pylori isolates was prepared with 0.05 mol/L
bicarbonate buffer (pH9.6) to the final protein concentration of
50 g/mL by ultraviolet spectrophotometry. The wells in plastic
plates were coated with 0.1 mL of the protein solution and then
incubated at 4 ℃ overnight. By using the self-prepared rabbit
antisera (1:800-2 000 dilutions) as the first antibody, commercial
HRP-labeling sheep anti-rabbit IgG (1:4 000 dilution, Jackson
ImmunoResearch) as the second antibody and orthophenylene
diamine (OPD) as the substrate, the A490 value of each of the wells
was detected by an enzyme-linked immunosorbent meter after
development. In this assay, similar preparations with the same
protein concentration of H pylori strain NCTC11637 and E coli
strain BL21DE3 were used as positive and negative controls,
respectively. A tested H pylori ultrasonic supernatant sample was
considered as positive for the corresponding antigen if its OD490
value was over the mean ±SD from the six repeated wells coated
by the E coli strain supernatant[20].
Detection of antibodies in sera of patients By using each of
the recombinant proteins with 20 g/mL as coated antigen, the
serum from each of the infected patients (1:200 dilution) as the
first antibody and HRP-labeling sheep anti-human IgG (1:3 000
dilution, Jackson ImmunoResearch) as the second antibody,
and OPD as the substrate, the A490 value of each of the wells
was detected by an enzyme-linked immunosorbent meter after
development. At the same time, the commercial rabbit antiserum
against the whole cells of H pylori and six identical negative
serum samples were used as positive and negative controls
respectively. The positive standard in this assay was the same
as described in detection of the bacterial protein antigens.
Distribution of H pylori isolation rates and serum antibody
positive rates in different diseases Chi-square test was used
to statistically analyze the differences of H pylori isolation
rates and serum antibody positive rates in different diseases.
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RESULTS
Distribution of H pylori isolation rates in different types of gastric
and duodenal diseases
H pylori was found in 79.6% of the biopsy specimens (125/
157) and the distribution of the isolation rates is shown in
Table 1. The statistically analyzed results did not show any
difference among the isolation rate distributions in different
types of gastric and duodenal diseases (P>0.05, 2 = 0.01-0.87).
Table 1 Distribution of H pylori isolation rates in different
types of gastric and duodenal diseases
Types of diseases

Tested
cases

H pylori isolation
positve cases

Positive
rate (%)

Chronic gastritis

88

68

77.3

Superficial

58

48

82.8

Active

15

10

75.0

Atrophy

15

10

75.0

Peptic ulcer

69

57

82.6

Gastric

16

12

77.3

Duodenal

46

39

84.7

7

6

85.7

15 7

12 5

79.6

Gastric + Duodenal
Total

Titers of the rabbit antisera against recombinant proteins
The results of immunodiffusion assays demonstrated that the
titers of the commercial H pylori antibody against rUreB, rVacA,
rCagA1, rHpaA, rNapA, rFlaA and rFlaB were 1:16, 1:4, 1:4, 1:8,
1:16, 1:4 and 1:4 respectively. The titers of the self-prepared
rabbit antisera against rUreB, rVacA, rCagA1, rHpaA, rNapA,
rFlaA and rFlaB were 1:8, 1:4, 1:4, 1:4, 1:8, 1:2 and 1:2
respectively.
Detection results of the antigens in H pylori isolates
All the H pylori isolates could express UreB, HpaA and FlaA.
The expression rates of CagA1, NapA and FlaB in the isolates
were over 90%, but that of VcaA was only 65.6% (Table 2).
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Detection results of the antibodies in sera of the patients
The antibody against UreB was detectable in all serum samples
of the patients. The positive rates of the antibodies against
FlaA, FlaB and NapA were over 90%. The positive rate over
80% was considered to be positive for HpaA and CagA1
antibodies. The VcaA antibody positive rate was as low as
42.2% (Table 3).
Comparison of H pylori isolation rates and serum antibody
positive rates in different diseases
The results of comparison among the H pylori isolation rates
and serum antibody positive rates in the different diseases are
shown in Table 4. In the specimens from chronic gastritis and
peptic ulcer patients, the expressions of UreB, CagA1, HpaA,
FlaA and FlaB and positive rates of their antibodies were similar
to each other (P>0.05). But in the study, the VacA positive rate
in H pylori strains isolated from peptic ulcer patients (82.4%)
was obviously higher than that from chronic gastritis patients
(51.5%) (P<0.01). When analysis was performed in different
types of chronic gastritis, the VacA in H pylori strains isolated
from the specimens with of patients active gastritis showed a
higher expression frequency (90.0%) than those from superficial
(47.9%) and atrophic gastritis specimens (30.0%) (P<0.05, 2 = 5.93;
P<0.01, 2 = 7.50). While analysis was carried out in H pylori
strains isolated from the specimens of patients with superficial
(93.8%) and active gastritis (100%), NapA had a higher
expression frequency compared to that from those with
atrophy gastritis (60.0%) (P<0.01,2 = 8.88; P<0.05, 2 = 5.00).
DISCUSSION
So far, a lot of protein antigens of H pylori have been reported.
Except for the seven proteins detected in this study, attention
has been paid to catalase, HSP, Ice and Bab of H pylori[21-23].
However, H pylori catalase and HSP were found to have
antigens cross some enteric bacteria[21] and H pylori Ice and
Bab were demonstrated to have mutations in isolates from
different areas[22,23]. On the contrary, the genes encoding UreB,
VacA, HpaA, NapA, FlaA and FlaB were relatively conserved
and the sequence similarity of the proteins from different isolates

Table 2 Detection results for the expressions of UreB, VacA, CagA1, HpaA, NapA, FlaA and FlaB in H pylori isolates
Antigens

Cases
(n)

Positive standard values
(A490 )

Value range of samples
(A 490)

Positive cases
(n)

Positive rates
(%)

UreB

12 5

0.25

0.47-1.93

125

VacA

12 5

0.21

0.27-1.73

82

65.6

CagA1

12 5

0.54

0.55-0.97

116

92.8

HpaA

12 5

0.34

0.52-1.94

125

NA P

12 5

0.36

0.36-1.23

117

FlaA

12 5

0.34

0.36-2.01

125

FlaB

12 5

0.30

0.31-1.78

124

100

100
93.6
100
99.2

Table 3 Detection results for the antibodies against UreB, VacA, CagA1, HpaA, NapA, FlaA and FlaB in sera of the patients
Antibodies

Cases
(n)

Positive standard value
(A 490)

Value range of samples
(A490 )

Positve cases
(n)

Positive rates
(%)
10 0

Anti-UreB

12 5

0.25

0.27-1.97

12 5

Anti-VacA

12 5

0.63

0.63-1.21

53

42.4

Anti-CagA1

12 5

0.46

0.56-1.05

11 2

89.6

Anti-HpaA

12 5

0.28

0.32-1.96

10 2

81.6

Anti-NAP

12 5

0.43

0.54-1.38

11 7

93.6

Anti-FlaA

12 5

0.44

0.52-1.76

12 3

98.4

Anti-FlaB

12 5

0.25

0.26-1.15

11 6

92.8
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Table 4 Distribution of the expressions of seven antigens in H pylor strains isolated from the biopsies and the specific antibodies in
sera of H pylori-infected patients
Diseases
Chronic gastritis

Antigen positive (n) / antibody positive (n)

Strains/Patients (n)
a

UreB

VacA abc

CagA1

HpaA

NapA df

FlaA

FlaB
67/60

68/68

68/68

35/22

62/59

68/56

61/61

68/66

Superficial f

48/48

48/48

23/18

45/43

48/41

45/45

48/48

47/44

Active b,c,d

10/10

10/10

9/2

9/9

10/8

10/10

10/10

10/9

Atrophy

10/10

10/10

3/2

8/7

10/7

10/8

10/7

Peptic ulcer

57/57

57/57

47/31

54/53

57/46

56/56

57/57

57/56

Gastric

12/12

12/12

9/6

11/11

12/10

11/11

12/12

12/11

Duodenal

39/39

39/39

32/21

38/37

39/31

39/39

39/39

39/39

Gastric+Duodenal
Total

6/6

6/6

6/4

125/125

125/125

82/53

5/5
116/112

6/6

6/5

6/6

6/6

6/6

125/102

117/117

125/123

124/116

The expression of VacA: bP<0.01 vs peptic ulcer, aP<0.05 vs superficial gastritis, dP<0.01 vs atrophy gastritis. The expression of NapA:
P<0.05 vs atrophy gastritis, fP<0.01 vs atrophy gastritis.

c

was as high as 90% or above[8,13-15]. Although a high level of
putative amino acid sequence mutations in the cagA genes
from different H pylori strains caused by various numbers of
repeated sequences at the 3’-end was revealed[10,11], a 2148 bp
fragment, named as cagA1 in this study, between 67-2214 bp
from 5’-end of the gene was found to have an approximate 88%
similarity after analysis of the 37 cagA sequences registered in
GenBank. All the H pylori strains were determined to carry
vacA gene but only 50-60% of them were able to express VacA[24].
A great attention has been paid to VacA because this factor is
the confirmed unique exotoxin of H pylori[25]. Therefore, the
seven proteins are the common antigen candidates in H pylori
vaccine and diagnostic kit development.
According to the results of immunodiffusion assays, the
seven target proteins expressed by the prokaryotic systems
could be recognized by the commercial antibody against whole
cells of H pylori and the titers ranged 1:4-1:16. All the seven
target proteins could efficiently induce rabbits to produce
antibodies and the titer ranged 1:2-1:8. These data indicate
that the recombinant proteins mentioned above possess
qualified immunoreactivity and antigenicity.
Based on the results of ELISAs, the expression rates of
UreB, HpaA, NapA, FlaA and FlaB in the 125 H pylori isolates
were 100%, 100%, 93.6%, 100% and 99.2% respectively. The
specific antibody positive rates of, UreB, HpaA, NapA, FlaA
and FlaB in sera of the 125 H pylori-infected patients were
100%, 81.6%, 93.6%, 98.4% and 92.8% respectively. It indicates
that among the seven proteins UreB is the optimal antigen, and
HpaA, NapA, FlaA and FlaB are the potential antigens for
developing H pylori vaccine and diagnostic kit. It was also
found in the study that the H pylori isolates expressing UreB
and NapA could induce the infected persons to produce
detectable serum antibodies, implying the strong antigenicity
of the two proteins.
It was reported that VacA was used to prepareH pylori
vaccine[25]. However, in this study, only 65.6% of H pylori
isolates (82/125) had an ability to express VacA and VacA
antibody, the positive rate in the H pylori-infected patients
was as low as 42.4% (53/125), revealing that VacA is not a
suitable antigen for the development of H pylori vaccine and
diagnostic kit. ELISA positive rate for CagA1 in the 125 H pylori
isolates could reach 92.8% and the CagA1 antibody positive
rate in the 125 serum samples was as high as 89.6%. The cagA1
fragment selected could be highly conservative in different H
pylori isolates and the expressed CagA1was also appropriately
used in H pylori vaccine and diagnostic kit development.

Previous epidemiological investigations have shown that
H pylori infective rate in patients suffering from chronic active
gastritis and peptic ulcer was significantly higher than that in
chronic superficial gastritis patients[6,26]. But in our study no
close correlation between H pylori infection frequencies and
different types of chronic gastritis and peptic ulcer could be
found (P>0.05). In Europe and North America, CagA and VacA
are usually considered indicators of stronger virulent strains
of H pylori[27,28]. According to the results of our study, the high
frequency of CagA expression (92.8%) in the strains of H pylori
makes it impossible as an indicator for the bacterial virulence in
the local area. It was found in the study that the VacA positive
rate in the strains isolated from peptic ulcer patients (82.4%)
was obviously higher than that from chronic gastritis patients
(51.5%) (P<0.01) and chronic active gastritis patients (90.0%)
compared to those from chronic superficial (47.9%) and atrophic
gastritis patients (30.0%) (P<0.05, P<0.01). In addition, the NapA
positive rate in the strains isolated from chronic superficial
(93.8%) and active gastritis (100%) was remarkably higher than
that from chronic atrophic gastritis patients (60.0%) (P<0.01,
P<0.05) These data suggest that chronic gastritis and peptic
ulcer and their severity are not associated with H pylori
infection frequency but closely related to the infection
frequency of different virulent H pylori strains.

ACKNOWLEDGEMENTS
We are grateful to the people's Hospital of Zhejiang Province,
the First Affiliated Hospital and the Second Affiliated
Hospital of Zhejiang University, the Affiliated Run Run Shaw
Hospital of Zhejiang University in Hangzhou for their gastric
biopsies.
REFERENCES
1

2

3

Nakamura S, Matsumoto T, Suekane H, Takeshita M, Hizawa
K, Kawasaki M, Yao T, Tsuneyoshi M, Iida M, Fujishima M.
Predictive value of endoscopic ultrasonography for regression
of gastric low grade and high grade MALT lymphomas after
eradication of Helicobacter pylori. Gut 2001; 48: 454-460
U e mur a N, Ok a moto S , Ya ma mo to S, M a tsumur a N,
Yamaguchi S, Yamakido M, Taniyama K, Sasaki N, Schlemper
RJ. Helicobacter pylori infection and the development of gastric
cancer. N Engl J Med 2001; 345: 784-789
Kate V, Ananthakrishnan N, Badrinath S. Effect of Helicobacter
pylori eradication on the ulcer recurrence rate after simple closure
of perforated duodenal ulcer: retrospective and prospective randomized controlled studies. Br J Surg 2001; 88: 1054-1058

Yan J et al. Expression of H. pylori protein antigens and production of antibodies in patients
4

5

6

7

8

9

10

11

12

13

14

15

16

Michetti P, Kreiss C, Kotloff KL, Porta N, Blanco JL, Bachmann
D, Herranz M, Saldinger PF, Corthesy-Theulaz I, Losonsky G,
Nichols R, Simon J, Stolte M, Ackerman S, Monath TP, Blum
AL. Oral immunization with urease and Escherichia coli heatlabile enterotoxin is safe and immunogenic in Helicobacter pylori-infected adults. Gastroenterology 1999; 116: 804-812
Hatzifoti C, Wren BW, Morrow WJ. Helicobacter pylori vaccine
strategies-triggering a gut reaction. Immunol Today 2000; 21:
615-619
Figueiredo C, Van Doorn LJ, Nogueira C, Soares JM, Pinho C,
Figueira P, Quint WG, Carneiro F. Helicobacter pylori genotypes
are associated with clinical outcome in Portuguese patients
and show a high prevalence of infections with multiple strains.
Scand J Gastroenterol 2001; 36: 128-135
Park SM, Park J, Kim JG, Yoo BC. Relevance of vacA genotypes of Helicobacter pylori to cagA status and its clinical
outcome. Korean J Intern Med 2001; 16: 8-13
Corthesy-Theulaz I, Porta N, Glauser M, Saraga E, Vaney
AC, Haas R, Kraehenbuhl JP, Blum AL, Michetti P. Oral immunization with Helicobacter pylori urease B subunit as a treatment against Helicobacter infection in mice. Gastroenterology
1995; 109: 115-121
Harris PR, Cover TL, Crowe DR, Orenstein JM, Graham MF,
Blaser MJ, Smith PD. Helicobacter pylori cytotoxin induces vacuolation of primary human mucosal epithelial cells. Infect Immun
1996; 64: 4867-4871
Tummuru MK, Cover TL, Blaser MJ. Cloning and expression
of a high-molecular-mass major antigen of Helicobacter pylori:
evidence of linkage to cytotoxin production. Infect Immun 1993;
61: 1799-1809
Covacci A, Censini S, Bugnoli M, Petracca R, Burroni D,
Macchia G, Massone A, Papini E, Xiang Z, Figura N. Molecular
characterization of the 128-kDa immunodominant antigen of
Helicobacter pylori associated with cytotoxicity and duodenal
ulcer. Proc Natl Acad Sci USA 1993; 90: 5791-5795
Chen XJ, Yan J, Mao YF, Li LW. Investigation on cagA/vacA
dominant genotypes and the coinfection of Helicobacter pylori
isolates from patients in Zhejiang. Zhonghua Liuxing Bingxue
Zazhi 2003; 24: 1031-1035
Evans DG, Karjalainen TK, Evans DJ, Graham DY, Lee CH.
Cloning, nucleotide sequence, and expression of a gene encoding an adhesin subunit protein of Helicobacter pylori. J Bacteriol
1993; 175: 674-683
Evans DJ, Evans DG, Takemura T, Nakano H, Lampert HC,
Graham DY, Granger DN, Kvietys PR. Characterization of a
Helicobacter pylori neutrophil-activating protein. Infect Immun
1995; 63: 2213-2220
Watanabe S, Takagi A, Tada U, Kabir AM, Koga Y, Kamiya S,
Osaki T, Miwa T. Cytotoxicity and motility of Helicobacter pylori.
J Clin Gastroenterol 1997; 25 Suppl 1: S169-S171
Mao YF, Yan J, Li LW. Cloning, expression and identification

17

18

19

20

21
22

23

24

25

26

27

28

425

of hpaA gene from a clinical isolate of Helicobacter pylori. Zhejiang
Daxue Xuebao Yixueban 2003; 32: 9-12
Liang SH, Mao YF, Yan J. Cloning, expression and identification
of flaA and flaB genes from a clinical isolate of Helicobacter pylori.
Zhonghua Weishengwuxue He Mianyixue Zazhi 2003; 23: 809-810
Chen Z, Yan J, Mao YF. Construction of prokaryotic expression system of ureB gene from a clinical isolate of Helicobacter
pylori and identification of immunogenicity of the fusion protein.
Zhejiang Daxue Xuebao Yixueban 2003; 32: 4-8
Yan J, Chen Z, Mao YF, Chen XJ. Cloning, expression of vacA
gene from a clinical isolate of Helicobacter pylori and identification of immunogenicity of the fusion protein. Zhonghua
Weishengwuxue He Mianyixue Zazhi 2003; 23: 109-110
Chen Y, Wang J, Shi L. In vitro study of the biological activities
and immunogenicity of recombinant adhesin of Heliobacter
pylori rHpaA. Zhonghua Yixue Zazhi 2001; 81: 276-279
Du RJ, Ho B. Surface localized Heat Shock Protein 20 (HslV) of
Helicobacter pylori. Helicobacter 2003; 8: 257-267
Figueiredo C, Quint WG, Sanna R, Sablon E, Donahue JP, Xu
Q, Miller GG, Peek RM, Blaser MJ, van Doorn LJ. Genetic organization and heterogeneity of the iceA locus of Helicobacter pylori.
Gene 2000; 246: 59-68
Ilver D, Arnqvist A, Ogren J, Frick IM, Kersulyte D, Incecik ET,
Berg DE, Covacci A, Engstrand L, Boren T. Helicobacter pylori
adhesin binding fucosylated histo-blood group antigens revealed by retagging. Science 1998; 279: 373-377
Cover TL, Blaser MJ. Purification and characterization of the
vacuolating toxin from Helicobacter pylori. J Biol Chem 1992;
267: 10570-10575
Ghiara P, Rossi M, Marchetti M, Di Tommaso A, Vindigni C,
Ciampolini F, Covacci A, Telford JL, De Magistris MT, Pizza
M, Rappuoli R, Del Giudice G. Therapeutic intragastric vaccination against Helicobacter pylori in mice eradicates an otherwise chronic infection and confers protection against reinfection.
Infect Immun 1997; 65: 4996-5002
Figura N, Vindigni C, Covacci A, Presenti L, Burroni D, Vernillo
R, Banducci T, Roviello F, Marrelli D, Biscontri M, Kristodhullu
S, Gennari C, Vaira D. cagA positive and negative Helicobacter
pylori strains are simultaneously present in the stomach of
most patients with non-ulcer dyspepsia: relevance to histological damage. Gut 1998; 42: 772-778
Censini S, Lange C, Xiang Z, Crabtree JE, Ghiara P, Borodovsky
M, Rappuoli R, Covacci A. cag, a pathogenicity island of
Helicobacter pylori, encodes type I-specific and disease-associated
virulence factors. Proc Natl Acad Sci USA 1996; 93: 14648-14653
Atherton JC, Cao P, Peek RM, Tummuru MK, Blaser MJ, Cover
TL. Mosaicism in vacuolating cytotoxin alleles of Helicobacter
pylori Association of specific vacA types with cytotoxin production and peptic ulceration. J Biol Chem 1995; 270: 17771177 77
Assistant Editor Guo SY Edited by Wang XL

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(3):426-428
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Anti-HBV effect of liposome-encapsulated matrine in vitro and

in vivo
Chang-Qing Li, Yu-Tong Zhu, Feng-Xue Zhang, Lin-Chun Fu, Xiao-Hui Li, Yi Cheng, Xiang-Yang Li
Chang-Qing Li, Yu-Tong Zhu, Feng-Xue Zhang, Lin-Chun Fu,
Xiang-Yang Li, Tropical Medicine Institute, Guangzhou University
of Traditional Chinese Medicine, Guangzhou 510405, Guangdong
Province, China
Xiao-Hui Li, Yi Cheng, School of Chinese Materia Medica,
Guangzhou University of Traditional Chinese Medicine, Guangzhou
510405, Guangdong Province, China
Supported by the Natural Science Foundation of Guangdong Province,
No.B990353
Correspondence to: Chang-Qing Li, Ph.D, Tropical Medicine Institute,
Guangzhou University of Traditional Chinese Medicine, Guangzhou
510405, Guangdong Province, China. gzlxh2002@163.com
Telephone: +86-20-36585461 Fax: +86-20-86373516
Received: 2004-01-09 Accepted: 2004-02-21

vs 0.55±0.32, t = 2.27, P = 0.046<0.05.), and the control
(0.43±0.22 vs 0.98±0.29, t = 3.68, P = 0.005<0.01.
0.40±0.12 vs 0.97±0.30, t = 4.26, P = 0.002<0.01. 0.22±0.10
vs 0.95±0.27, t = 5.76, P = 0.000<0.01). After the treatment

Abstract

CONCLUSION: Lip-M can evidently inhibit the replication
of hepatitis B virus in vitro and in vivo; its anti-HBV effect is
better than that of matrine.

AIM: To study the anti-HBV effect of liposome-encapsulated
matrine (Lip-M) in vitro and in vivo.
METHODS: 2.2.15 cell line was cultured in vitro to observe
the effect of Lip-M and matrine on the secretion of HBsAg
and HBeAg. The toxicity of Lip-M and matrine to 2.2.15 cell
line was also studied by MTT method. In in vivo study,
drug treatment experiment was carried out on the 13th
day after ducks were infected with duck hepatitis B virus
(DHBV). The ducks were randomly divided into 4 groups
with 5-6 ducks in each group. Lip-M and matrine were
given to DHBV-infected ducks respectively by gastric
perfusion. Four groups were observed: group of Lip-M
(20 mg/kg), group of Lip-M (10 mg/kg), group of matrine
(20 mg/kg) and group of blank model. The drug was given
once daily for 20 d continuously, and normal saline was
used as control. The blood was drawn from the posterior
tibial vein of all ducks before treatment (T0), after the
medication for 5 (T5), 10 (T10 ), 15 (T15 ), 20 (T20 ) d and
withdrawl of the drug for 3 d (P3 ). The serum samples
were separated and stored at -70 ℃, DHBV-DNA was
detected by the dot-blot hybridization.
RESULTS: After addition of Lip-M and matrine to 2.2.15
cell line for eleven d, the median toxic concentration (TC50)
of Lip-M and matrine was 7.29 mg/mL and 1.33 mg/mL
respectively. The median concentration (IC50 ) of Lip-M to
inhibit HBsAg and HBeAg expression was 0.078 mg/mL
and 3.35 mg/mL respectively. The treatment index (TI)
value of Lip-M for HBsAg and HBeAg was 93.46 and 2.17
respectively, better than that of matrine. The DHBVinfected duck model treatment test showed that the duck
serum DHBV-DNA levels were markedly reduced in the
group of Lip-M (20 mg/kg) after treated by gastric
perfusion for 10, 15 and 20 d (0.43±0.22 vs 0.95±0.18,
t = 4.70, P = 0.001<0.01.0.40±0.12 vs 0.95±0.18, t = 6.34,
P = 0.000<0.01. 0.22±0.10 vs 0.95±0.18, t = 8.30,
P = 0.000<0.01), compared to the group of matrine
(20 mg/kg) (0.43±0.22 vs 0.79±0.19, t = 3.17, P = 0.01<0.05.
0.40±0.12 vs 0.73±0.24, t = 3.21, P = 0.009<0.05. 0.22±0.10

for 20 d and withdrawl of the drug for 3 d, duck serum
DHBV-DNA level in the group of Lip-M (10 mg/kg) markedly
reduced (0.56±0.26 vs 0.95±0.38, t = 5.26, P = 0.003<0.05.
0.55±0.25 vs 0.95±0.38, t = 5.52, P = 0.003<0.05), and
the difference was significant as compared with the control
(0.56±0.26 vs 0.95±0.27, t = 2.37, P = 0.042<0.05.
0.55±0.25 vs 0.89±0.18, t = 2.55, P = 0.031<0.05), but not
significant as compared with the group of matrine (20 mg/kg).
After withdrawl of the drug for 3 d, the levels of DHBV-DNA
did not relapse in both groups of Lip-M.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Matrine, as one of the ingredients of traditional herb-Sophora
flavescens, has been shown to have good anti-HBV[1,2], antiinflammation [3,4], anti-hepatocyte injury[5] and anti-liver
fibrosis[6] effects, and is widely used for treating viral hepatitis
B and liver fibrosis in China. To enhance the anti-HBV effect of
matrine, we manufactured Lip-M, and used 2.2.15 cell line and
DHBV-infected duck models to observe and evaluate its antiHBV activity in vitro and in vivo.
MATERIALS AND METHODS
Drugs
Lip-M was prepared by Pharmaceutical Research Section of
School of Chinese Materia Medica, Guangzhou University of
Traditional Chinese Medicine, each injection contained 10 mg/mL
matrine. Matrine was provided by Guangzhou Mingxing Medical
Factory (Batch number: MB3001). It was a transparent liquid
injection, and each injection contained 50 mg/5mL matrine.
2.2.15 cell line
2.2.15 cells were HBV-DNA transducted human liver cancer
cells, which were provided by Viral Research Section of
Guangzhou Air Force Hospital. The cells were incubated in
DMEM supplemented with 100 mL/L fetal bovine serum, 100 u/mL
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Table 1 Inhibitory effect of Lip-M on secretion of HBsAg, HBeAg in 2.2.15 cell line
HBsAg
Drug

TC50 (mg/mL)

HBeAg

IC50 (mg/mL)

TI

IC50 (mg/mL)

TI

Lip-M

7.29

0.078

93.46

3.35

2.17

Matrine

1.33

<0.078

>17.05

>10

<0.13

Liposome

>1 0

>10

1

>10

1

Table 2 Inhibitory effect of Lip-M on DHBV-DNA level in vivo (mean±SD)
A value

Group

Duck
n

T0

T5

T10

Control

5

1.07 ± 0.19

1.39 ± 0.33

0.98 ± 0.29

Lip-M 20 mg/kg

6

0.95 ± 0.18

1.08 ± 0.21

0.43 ± 0.22

T15

b,d,e

T20

0.97 ± 0.30
0.40 ± 0.12

b,d,e

P3

0.95 ± 0.27

0.89 ± 0.18

0.22 ± 0.10

b,d,e

0.20 ± 0.10 b,d,e

a,c

0.55 ±0.25 a,c
0.59 ±0.35 a,c

Lip-M 10 mg/kg

6

0.95 ± 0.38

1.07 ± 0.68

0.75 ± 0.33

0.68 ± 0.34

0.56 ±0.26

Matrine 20 mg/kg

6

1.08 ± 0.38

1.22 ± 0.40

0.79 ± 0.19

0.73 ± 0.24

0.55 ±0.32 a,c

a

P<0.05, bP<0.01 vs the control; cP<0.05, dP<0.01 vs level of the group at different times (T10, T15, T20, P3 ) after and before treatment
(T0); eP<0.05 vs group of matrine (20 mg/Kg).

penicillin, 100 u/mL streptomycin, 380 ug/mL G418 and 0.03%
L-glutamine, and cultured at 37 ℃ in an incubator containing
50 mL/L CO2.

Treatment of cells
After digested by 0.06% trypsin, 3×104/0.1 mL of 2.2.15 cells
were incubated in a 96-well microplate for 2 d, the supernatant
was substituted by culture liquid containing drugs of different
concentrations, each concentration in 4 wells, 8 concentrations
(10, 5, 2.5, 1.25, 0.625, 0.312, 0.156 and 0.078 mg/mL) of Lip-M
and matrine diluted by culture liquid and matrine were used as
controls. After 11d, the concentrations of HBsAg and HBeAg
were determined in the supernatant. Meanwhile, the survival
rates of cells were determined by MTT method. Four wells
contained culture liquid as the empty controls, 4 wells contained
2.2.15 cells as the cell controls.
Detection of HBsAg and HBeAg
HBsAg and HBeAg in the culture medium were determined
according to the protocols by ELISA kits (Hua mei Biological
Technical Co.Ltd.).
Determination of survival rates of cells
Survival rates of cells were detected by MTT method[7]. The
supernatant was aspirated and MTT was added to the 2.2.15
cell medium, and then cultured for 4 h, DMSO was added till it
was dissolved completely, then absorbance (A) of the lysate
was read at 595 nm.
Calculation of values of TC50
Toxicity cell percentage (TCP%) = [(A value of cell control- A
value of drug group)/ (A value of cell control - A value of empty
control)] ×100%.
TC50= antilog[B +(50- <50%TCP)×C / (>50% TCP- <50%
TCP)][7], where A = log>50% drug toxicity concentration,
B= log <50% drug toxicity concentration, C=A-B.
Calculation of values of IC50
Antigen inhibition percentage (AIP%) = [(A value of cell controlA value of drug group)/(A value of cell control - A value of empty
control)]×100%.
IC50 = antilog[B +( 50 - <50% AIP)×C/(>50% AIP- <50%
AIP)][8], where A = log>50% drug concentration, B = log<50%
drug concentration, C=A-B.

Calculation of values of TI
TI = TC 50/IC50, which was used for evaluating the clinical
application prospect of the drug[8]: TI<1, toxic, ineffective; TI = 1-2,
effective, with some toxicity; TI>2, better effect, with low
toxicity. The higher the TI, the better the effect.
Animals
Young ducks (males and females were not distinguished) were
bought from Guangzhou Tangxi Chicken Farm.
DHBV infection and drug treatment experiment
Each duck, aged 1 d, was injected into its abdominal cavity
with 0.2 mL of serum from Shanghai ducks with positive DHBVDNA serology. After 7 d, their blood was drawn, serum samples
were separated and stored at -70 ℃.
Drug treatment experiment was carried out on the 13th d
after ducks were infected with DHBV. The ducks were randomly
divided into 4 groups with 5-6 ducks in each group. Lip-M and
matrine were given to DHBV-infected ducks, respectively, by
gastric perfusion. Four groups were observed: group of Lip-M
(20 mg/kg), group of Lip-M (10 mg/kg), group of matrine
(20 mg/kg) and group of blank model. The drug was given once
daily for 20 d continuously, and normal saline was used as
control. The blood was drawn from the posterior tibial vein of
all ducks before treatment (T0), after the medication for 5 (T5),
10 (T10), 15 (T15), and 20 (T20) d and withdrawl of the drug for
3 d (P3). The serum samples were separated and stored at -70 ℃.
Detection of DHBV-DNA
The duck serum DHBV-DNA level was tested by the dot-blot
hybridization method[9], optical absorbance (A) was read at 590 nm,
and the value of the dot was the DHBV-DNA level of the sample.
RESULTS
Effect of Lip-M on secretion of HBsAg and HBeAg in 2.2.15 cell
line in vitro
As shown in Table 1, Lip-M had a remarkable inhibitory effect
on secretion of HBsAg and HBeAg in 2.2.15 cell line, their
values of treatment index (TI) were 93.46 and 2.17 respectively
indicating that Lip-M was effective and low toxic.
Our results showed that Lip-M had a better inhibitory effect
on secretion of HBeAg in 2.2.15 cell line, and its TI was greater
than 2, which was significantly higher than that of matrine.
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Inhibitory effect of Lip-M on DHBV replication in vivo
As shown in Table 2, the duck serum DHBV-DNA levels
markedly reduced in the group of Lip-M (20 mg/kg) after treating
for 10, 15 and 20 d (P<0.01), compared to the group of matrine
(20 mg/kg) (P<0.05), and the control (P<0.01). After treatment
for 20 d and withdrawl of the drug for 3 d, the levels of duck serum
DHBV-DNA in the group of Lip-M (10 mg/kg) markedly reduced
(P<0.05) as compared with the control (P<0.05), but the difference
was not significant as compared with the group of matrine
(20 mg/kg). After withdrawal of the drug for 3 d, the levels of
DHBV-DNA did not relapse in both groups of Lip-M.
DISCUSSION
Now, drugs that have very good anti-HBV effects are to be
used in clinical treatment; therefore, it is necessary to look for
the new valid medicines and treatment methods. Target therapy
has good curative effects by combining drugs with carriers
which deliver the drugs to the particular organ and cells[10].
Liposome, as a pharmacological carrier, is mainly absorbed in
the reticuloendothelial system, especially in liver and spleen. It
can reduce the dosage of medicine, strengthen its therapeutic
effect and alleviate its side effects. Moreover, all kinds of natural
phospholipids have the functions of protecting liver cells and
strengthening the cellular immunity. Therefore, after
encapsulated by liposome, the anti-virus medicine has three
major curative effects: target anti-viruses, immunity regulation
and liver cell protection[11-13].
At present, 2.2.15 cell line and DHBV-infected ducks are
still the two main models used for evaluating the anti-HBV
effect of drugs[9,14]. Results of animal experiment study showed
that matrine had a good anti-DHBV activity[15]. Interfering with
the synthesis of HBV-DNA and inducing the production of
IFN- have been regarded as the main anti-HBV mechanism of
matrine[16,17].Our results showed that Lip-M could alleviate the
toxicity of matrine to 2.2.15 cell line, its TC50 was obviously
higher than that of matrine, and its inhibitory effect on HBeAg
secretion was also better than that of matrine. Therefore,
treatment index values of Lip-M for HBeAg were higher than
those of matrine, indicating that as a carrier, liposome can
alleviate the toxicity and strengthen the treatment effect of
matrine in vitro.
The results of our study showed that matrine was effective
in suppressing DHBV replication of DHBV-infected duck
models by oral perfusion. The duck plasma DHBV-DNA levels
markedly decreased in the high dosage group of Lip-M (20 mg/kg)
after treating for 10, 15, 20 d, and withdrawal of the drug for 3 d
compared to the same dosage (20 mg/kg) group of matrine.
After treatment for 20 d and withdrawal of the drug for 3 d,
the duck plasma DHBV-DNA levels in low dosage group of
Lip-M (10 mg/kg) had no significant difference as compared
with the matrine group (20 mg/kg), and the levels of serum
DHBV-DNA did not relapse in the two groups of Lip-M after
withdrawal of the drug for 3 d. It is suggested that liposome, a
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pharmacological carrier, can decrease the dosage of matrine
and enhance its anti-DHBV effects.
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Abstract
AIM: To investigate the expression and significance of heat
shock protein 70 (HSP70) and glucose-regulated protein
94 (grp94) in human esophageal carcinoma and adjacent
normal tissues.
METHODS: The expression of HSP70 and grp94 in 78
human esophageal cancer and adjacent normal tissues
was studied by immunohistochemistry and pathology
photograph analysis.
RESULTS: Both esophageal cancer and adjacent normal
tissues could express HSP70 and grp94. Of the 78 cases of
esophageal carcinoma, 95.0%(72/78) showed positive
HSP70, mainly stained in nuclei, while grp94 was mainly
stained in cell plasma, and the positive rate was 71.8%
(56/78).There was a significant difference in the expression
of HSP70 and grp94 between esophageal cancer and
adjacent normal tissues (P<0.01). Compared with adjacent
normal tissues, there was a significant difference between
differential types and HSP70 expression (P<0.01).
CONCLUSION: HSP70 and grp94 express differently in
cell plasma and nuclei. The expression intensity of HSP70
is related to the differentiation of esophageal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Esophageal carcinoma; Heat shock protein 70;
Glucose-regulated protein 94
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INTRODUCTION
Heat shock proteins (HSPs) are molecular chaperones, which
are the biochemical regulators of cell growth, apoptosis, protein
homeostasis and cellular targets of peptides. HSP70 or grp94
peptide complexes derived from a tumor can elicit cancer-specific
immunity against the same tumor by their ability to bind to
tumor-specific peptides[1-5]. Further researches have indicated
that tumor-specific immunity induced by HSP70 or grp94 peptide

is complex, and its mechanism involves MHC-1 moleculerestricted and non-MHC-1 molecule-restricted responses[6-10].
Esophageal cancer is one of the most malignant cancers.
However, only limited information is available on the HSP70
and grp94 molecules in esophageal cancer tissues. Therefore, it
is important to investigate the expression and significance of
HSP70 and grp94 in esophageal cancer before the construction
of tumor peptide vaccines against esophageal cancer.

MATERIALS AND METHODS
Reagents
Mouse anti-human HSP70 and grp94 monoclonal antibodies
were purchased from Santa Cruz Company. EnVisionTM kits
were purchased from Dako Biological Technology Company.
Tissue samples
Paraffin specimens from 78 patients with primary esophageal
cancer undergoing esophagus resection were collected at the
Beijing Friendship Hospital, Capital University of Medical
Sciences, Beijing, China, from 1999 to 2003. The patients consisted
of 62 males and 16 females, with a mean age of 58.5 years, ranging
from 44 to 76 years. Routine pathological diagnosis showed
that all cases were squamous cell carcinoma. Among them, 24
cases were well-differentiated type (grade I) and 28 cases were
moderately differentiated type (grade II), while 26 poorly
differentiated type (grade III).
Immunohistochemistry
All sections were deparaffinnized and dehydrated with graded
alcohol. Endogenous peroxidase was then blocked with 0.3%
H2O2 diluted in methanol for 30 min at room temperature. Antigen
retrieval was performed by treating the slides in citrate buffer in
a microwave for 10 min. The slides were incubated in a moist
chamber with HSP70 mouse monoclonal antibody (1:100) and
grp94 mouse monoclonal antibody (1:100) at 4 ℃ overnight.
After a complete wash in PBS, the slides were treated with goat
anti-mouse antibody (1:100) for 45 min at 37 ℃. After a complete
wash in PBS, the slides were developed in 0.05% freshly
prepared diaminobenzidine solution (DAB, Sigma Co.) for 8 min,
and then counterstained with hematoxylin, dehydrated, airdried, and mounted. PBS was used to substitute the primary
antibody as a negative control.
Statistical analysis
HSP70 and grp94 expression differences between esophageal
cancer and adjacent normal tissues were analyzed statistically
using u test. The relationship between the expression of HSP70,
grp94 and the differentiation of esophageal cancers was
analyzed statistically using 2 test. P<0.05 was considered
statistically significant.
RESULTS
Expression of HSP70 and grp94 in esophageal cancer and
adjacent normal tissues
Positive expression of HSP70 and grp94 showed brown staining
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Table 1 Expression of HSP70 and grp94 in primary esophageal cancer and adjacent normal tissues detected by immunohistochemistry
HSP70
Group

Total

Primary esophageal cancer tissue

Positive

78

Adjacent normal tissue

%

72

78

grp94

11

Total

Positive

%

95.0

b

78

56

71.8 d

14.1

b

78

8

10.3 d

b

P<0.01 vs group c, dP<0.01 vs group d.

Table 2 Relationship between the expression of HSP70 and differentiation of esophageal cancer
Differentiation grades of primary esophageal cancers (78)
Positive expression (cases)

HSP70(72)
I

+

d

II

d

III

d

grp94(56)

Adjacent normal tissues

d

I

II

III

Adjacent normal tissues
3

14

5

3

5

5

6

5

++

4

12

2

3

6

5

4

3

+++

3

6

6

3

8

3

4

2

++++

1

3

13

0

1

4

5

0

d

P<0.01 vs group d.

in nuclei or cytoplasm. More than 500 cells calculated in different
microscopic fields of each slide, and the percentage of positive
cells was evaluated. Staining intensities were scored according
to the following scales: -, no cells were stainted; +, less than
25% of cells were stained; ++, 26% to 50% of cells were stained;
+++, 51% to 75% of cells were stained; and ++++, more than
75% of cells were stained.
Immunohistochemical staining showed that HSP70 was
expressed in 72 of 78 primary tumors (95.0%) and 11 of 78
adjacent normal tissues (14.1%), while grp94 was expressed in
56 of 78 primary tumors (71.8%) and 8 of 78 adjacent normal
tissues (10.3%). HSP70 was mainly stained in cell nuclei, whereas
grp94 was mainly stained in cytoplasm (Table 1, Figure 1).
A

B

Figure 1 Expressions of HSP 70 (A) and grp94 (B) in esophageal cancer by immunohistochemstry, EnVision ×400.

Relationship between expression of HSP70, grp94 and
differentiation of esophageal cancer
The results showed a significant correlation and difference

between the expression of HSP70 and the differentiation of
esophageal cancer, while no significant relationship and
difference were observed between the expression of grp94 and
the differentiation of tumors (Table 2).

DISCUSSION
In this study we examined the expressions of HSP70 and grp94
in 78 esophageal cancer samples by immunohistochemistry.
The results showed that almost all investigated esophageal
cancer samples expressed HSP70, and the majority of tumors
expressed grp94, which differed significantly from that in
adjacent normal tissues. By immunohistochemistry and
microscope analysis, we found that there was a definite
correlation between the expression of HSP70 and the
differentiation of esophageal cancers The lower the grade of
tumor differentiation, the stronger the HSP70 expression, while
there was no significant relationship between the expression
of grp94 and the differentiation of esophageal cancers. Earlier
work suggested that during the growth and development of
normal cells, HSP70 and grp94 were shown to accumulate
mainly in the cytoplasm under cellular stresses, such as nonlethal heat shock. In the study, HSP70 mainly localized in nuclei,
partially anchored in cytoplasm and cell membranes, while grp94
mainly expressed in cytoplasm, partially anchored in nuclei.
This is consistent with the results of other groups[11-14].It is
still unclear how HSP70 is transported to cell membranes.
Dressel et al[15] postulated that some HSPs might be transported
to the cell surface via autoregulatory mechanisms like in normal
cells. The different localization of HSPs indicated the heterogeneity
of esophageal cancer.
Heat shock proteins (HSPs) are a group of highly conserved
proteins synthesized after heat induction. In mammalian cells,
this system is divided into two predominant categories, which
appear to be structurally and functionally related to heat shock
proteins (HSPs) and glucose-regulated proteins (grps). The
most prominent HSPs of mammalian cells have molecular
weights of approximately 90 000 (HSP90) and 70 000 (HSP70).
Many studies have suggested a possible correlation between
the expression of HSPs and the growth and differentiation of
tumor cells[16-22]. Recent evidence reveals that a considerable
expression of HSPs can be found in non-heat-shocked cells
showing that HSPs may be induced by other stresses and
participate in normal growth and development of the body[23].

Wang XP et al. HSP70 and grp 94 in human esophageal carcinoma

Several studies have suggested that HSPs play some role during
cell growth and differentiation of tumor cells[20,21]. Continuous
expression of HSP in tumor cells may be required to serve as
molecular chaperones in regulating and stabilizing tumor
growth. Several studies have also revealed that some HSP
genes are activated by differentiation inducers, suggesting their
roles during differentiation of tumor cells[17,18]. For instance, an
increase in the mRNA or protein expression of HSP70 gene was
shown during the differentiation of human leukemic cells, K562
to erythrocytes, monocytes or macrophages and the inhibition
in the production of HSP70 protein could reduce accumulation
of hemoglobin, indicating that HSP70 is needed for a full
differentiation capability of K562 cells[24]. It is not entirely clear
whether a stress response induces differentiation or if
differentiation per se involves the induction of HSPs.
Similarly, grps sharing a high amino acid identity to HSPs,
are thought to act as molecular chaperones helping in
transporting, folding and processing of their target proteins.
Grp78 and grp94 are members of the HSP70 and HSP90 gene
family respectively, and available evidence indicates that
members of each family express analogous functions and
physical characteristics. However, grps do differ from HSPs,
which are localized in cytoplasm and mitochondria, whereas,
grps are mostly located in endoplasmic reticulum. Furthermore,
grp94 has also been identified as a murine tumor rejection
antigen[25-30]. Although the cellular implication of the increased
production of these proteins is unknown, it may be expected
that each response would enhance the capacity of the pathway
(s) in which these proteins function and perhaps protect the
associated cellular compartments from damage via abnormal
protein interactions. Grps can also be induced by various
stresses to function as molecular chaperones[25-27]. Enhanced
expression of grps during the growth of cancer cells implies its
close relationship with cell growth [26-29]. However, few reports
studied the expression of grp especially during the course of
tumor growth and differentiation in comparison with those of
HSPs. Grp94, an ER molecular chaperone sharing a high identity
with HSP90, belongs to HSP90 gene family and participates in
many important biological processes as molecular chaperones
[18-20]
. Our data showed there was an overexpression of grp94 in
esophageal cancer, but no significant correlation and difference
between its expression and the differentiation of tumors was
observed. Nevertheless, the observed fact that differently
differentiated esophageal carcinoma could synthesize more
grp94, and the result may be useful to study the immunity
between grp94 expression and tumor growth.
Numerous investigations have shown that HSP itself has
no antigenicity and its immunogenicity is attributed to the
chaperoned peptide[1-5]. It has been verified that HSP70 and
grp94 have better molecular chaperones, which can process
and present weak viral, bacterial or tumor antigens to host
APC, gendering specific T-cell response and CTL reaction[16-21],
even anchor antigens on the cell membrane and directly present
antigen to NK or T+ cells[22-24]. Several studies have shown
that HSP70-associated peptides could directly activate T +
lymphocytes or natural killer cells as superantigens without being
dependent on the stimulation of MHC-I class molecules[6-10].
HSP70 is known to have strong protein-binding capacities, so
cell-surface localization of HSP70 may make it possible to increase
the immmunogenicity of esophageal cancers. Murine studies
have carefully assessed the usage of these chaperone
molecules as cancer vaccines, and their immune efficacy have
been demonstrated in tumors of different histologies[16-22]. Our
data suggest that owing to the heterogeneity in esophageal
carcinoma, HSP70 and grp94 could express differently in cell
plasma, nuclei and membranes. The expression intensity of
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HSP70 is related to the differentiation of esophageal carcinoma.
The study may be useful in construction of tumor vaccines
against esophageal cancers.
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Abstract
AIM: To investigate the mechanism of resveratrol underlying
the microcirculation disorder and lung injury following
severe acute pancreatitis (SAP).
METHODS: Twenty-four rats were divided into 3 groups
(SAP, sham and resveratrol groups) randomly. SAP model
was established by injecting 4% sodium taurocholate 1 mL/kg
through puncturing pancreatic ducts. Sham (control) group
(8 rats) was established by turning over the duodenum.
Resveratrol was given at 0.1 mg/kg b.m. intraperitoneally.
Rats were sacrificed 9 h after SAP was induced. Blood
samples were obtained for hemorrheological examination.
Lung tissues were used for pathological observation, and
examination of microvascular permeability, dry/wet ratio
and myeloperoxidase (MPO) activity. Gene expression of
intercellular adhesion molecule-1 (ICAM-1) was detected
by RT-PCR.
RESULTS: Compared with SAP group, resveratrol
relieved the edema and infiltration of leukocytes in the
lungs. Resveratrol improved markers of hemorrheology:
high VTB (5.77±1.18 mPas vs 9.49±1.34 mPas), low VTB
(16.12±3.20 mPas vs 30.91±7.28 mPas), PV (4.69±1.68 mPas
vs 8.00±1.34 mPas), BSR (1.25±0.42 mm/h vs 0.03±0.03
mm/h), VPC (54.67±3.08% vs 62.17±3.39%), fibrinogen
(203.2±87.8 g/ L vs 51.3±19.1 g/L), original hemolysis
(0.45±0.02 vs 0.49±0.02), and complete hemolysis
(0.41±0.02 vs 0.43±0.02) (P<0.05). Resveratrol decreased
the OD ratio of ICAM-1 gene (0.800±0.03 vs 1.188±0.10),
dry/wet ratio (0.74±0.02 vs 0.77±0.03), microvascular
permeability (0.079±0.006 vs 0.112±0.004) and MPO
activity (4.42±0.32 vs 5.03±0.51) significantly (P<0.05).
CONCLUSION: Resveratrol can improve the microcirculation
disorder of the lung by decreasing leukocyte-endothelial
interaction, reducing blood viscosity, improving the
decrease of blood flow, and stabilizing erythrocytes in SAP
rats. It may be a potential candidate to treat SAP and its
severe complications (ALI).
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on microcirculation disorder and lung injury following severe
acute pancreatitis in rats. World J Gastroenterol 2005; 11
(3): 433-435
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INTRODUCTION
Many factors are contributive to the progression of pancreatic
microcirculatory disturbance. Whether the disturbance of
pancreatic microcirculation is an initiating factor or a
consequence of progressive pancreatitis is still debatable.
Microcirculatory disorders in severe acute pancreatitis
(SAP) are not confined to the pancreas but can also be found in
the colon, liver, and lungs, and they not only affect capillary
blood flow but also involve prolonged changes of capillary
permeability and leukocyte-endothelial interaction.
Hypoperfusion has a major role in the pathogenesis of multiple
organ failure, which is the main cause of death in SAP. Prevention
and treatment of microcirculatory disorders can actively improve
the outcome of patients with SAP. ICAM-1 is correlated with
capillary permeability, blood flow and leukocyte rolling. Inhibiting
ICAM-1 is a target to improve microcirculation[1].
Lung injury, a severe complication of SAP, has a high casefatality rate. Lung injury manifested clinically as adult respiratory
distress syndrome (ARDS) is a common cause of morbidity
and mortality following acute pancreatitis (AP)[2,3]. Systemic
inflammatory response (SIRS) is an important factor that has a
strong influence on the incidence of acute lung injury (ALI), and
ALI is an important determinant of prognosis and severity of
patients with AP[4,5]. Further progression of SIRS can be prevented
and the incidence of MODS as well as hospital mortality decrease[6].
Resveratrol (Res) is an effective component of some Chinese
traditional medicines and has various pharmacological effects
including antiinflammatory properties, modulation of lipid
metabolism and prevention of cancer[7-9]. Its antiinflammatory effect
is related to inhibiting oxidation, leukocyte priming and
expression of inflammatory mediators. Recently it has been
found to prevent and cure cardiovascular diseases and improve
significantly microcirculatory disorders by protecting the blood
vessel endothelium and inhibiting platelet aggregation [10-12].
Therefore we speculate that Res might exhibit the beneficial
effect on SAP complicated by ALI. Up till now, most studies
have been in vitro and the present experiment was to investigate
its in vivo role in SAP complicated by ALI.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

MATERIALS AND METHODS
Experimental animals and grouping
Healthy male SD rats weighing 250-300 g were provided by the
Experimental Animal Center of Medical School of Xi’an Jiaotong
University. All animals were randomly divided into 3 groups
with 8 rats in each group, including SAP group, Res group and
control (sham operation) group.

Key words: Severe acute pancreatitis; Resveratrol; Lung
injury; Microcirculation disorder

Preparation of animal models
Rats were starved but allowed free access to water for 12 h
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before the experiments, then anesthetized by intraperitoneal
injection of ketamine (80 mg/kg) and fixed. The biliopancreatic
duct was cannulated through the duodenum and the hepatic
duct was closed by means of a clip placed at the hilum of the
liver. SAP model was established by injecting 4% sodium
taurocholate 1 mL/kg through puncturing pancreatic ducts.
After the SAP model was successfully established in Res group
(8 rats), Res was given at 0.1 mg/kg b.m. intraperitoneally.
Control group (8 rats) was established by turning over the
duodenum. Animals from all groups were injected subcutaneously
with saline solution 5 mL in back. All rats were sacrificed 9 h
after modeling. Venous blood was drawn for hemorrheologic
examination. Tissue samples of lung were taken for pathological
observation, examination of water content, capillary
permeability, activity of MPO and intercellular adhesion
molecule-1 (ICAM-1) RT-PCR.

Measurement of water content in lung tissue
Wet lung tissue was weighed, then heated for 72 h at 70 ℃, the
dried tissue was weighed. The water content = (wet weight dry weight)/ wet weight.
Detection of lung capillary permeability
The change of lung capillary permeability was detected by
injecting Evans blue into hind leg veins with a spectrophotometer
at 625 nm. The concentration of Evans blue taken from lung
tissue was expressed as milligrams of stain per gram of the wet
weight of lung.
Assay of MPO activation
Lung samples were homogenized in hexadecyltrimethylammonium
bromide solution. Samples were sonicated and centrifuged,
supernatants were collected. The change in absorbance at
460 nm over 1 min was recorded at 30 s, 90 s.
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on a 0.8% agarose gel containing ethidium bromide. The gel
was scanned on a white/ultraviolet transilluminator UVP.

Statistical analysis
Data were expressed as mean±SD. ANVOA was used to analyze
the data with the SPSS10.0 software. P<0.05 was considered
statistically significant.
RESULTS
Pathological observation of lung tissue
Alveolar septal thickening, interstitial edema, infiltration of
numerous leukocytes and thrombus formation in microvessels
were observed in the lungs of SAP group. But in the Res group,
histological changes, such as interstitial edema and infiltration
of inflammatory cells, were significantly reduced.
Water content, capillary permeability and activation of MPO in
lungs (Table 1)
Compared with the control group, water content and capillary
permeability in lung tissues of both SAP group and Res group
were obviously increased (P<0.01). Compared with SAP group
all indices in Res group had a significant decrease (P<0.05).
Table 1 Water content, capillary permeability and activation
of MPO in lung tissues (mean±SD)
Control
Water content

0.69±0.03

Capillary

0.048±0.005

SAP

Res

0.77±0.03

0.74±0.02 b

0.112±0.004 0.079±0.006 b

permeability (mg/g)
Activation of MPO (U/g)

1.02±0.03

5.03±0.51

4.42±0.32 b

b

P<0.01 vs control.

Hemorrheological examination
Blood sedimentation (BS) was detected with 0.2 mL venous
blood, after centrifugation haematocrit was read. The content
of fibrinogen (CB) was recorded after incubated in water bath
and centrifugation. The viscosity of total blood (VTB) and plasma
(PV) was checked up in another 1-2 mL venous blood.
RT-PCR examination of intercellular adhesion molecule-1 (ICMA-1)
Total RNA was extracted with from the lung Trizol reagents
(LIFE TECHNOLOGIES), quantified based on the measured
absorbance at 260 nm. Synthetic oligonucleotide primers
(TaKaRa) based on the cDNA sequences of rat ICAM-1 and
-actin were prepared: ICAM-1, 5’-AAGCTGGC CGTGGCTC
TCTTG-3’, 5’-AGCCCTC TTCAAAAACTTCTC-3’; -actin, 5’GATGCTGACCCTGGAGAGCA-3’, 5’-CAGGGACTTCCC
ATCCACCT-3’. RT-PCR was performed as described by the
RT-PCR kit (Promega). PCR conditions were as follows: at 42 ℃
for 15 min, at 99 ℃ for 5 min for 1 cycle, at 94 ℃ for 1 min, at
55 ℃ for 1 min and at 72 ℃ for 2 min for 35 cycles, and a final
extension at 72 ℃ for 10 min. PCR products were electrophoresed

Hematological examination (Table 2)
Compared with control group, all parameters of hemorrheology
in ASP group and Res group were in a lower level (P<0.05).
Compared with SAP group each parameter of hemorrheology
in Res group had a favorable improvement (P<0.05).
RT-PCR examination of ICMA-1
The OD ratio of genetic expression of ICAM-1 in control group,
SAP group and Res group was 287±0.03, 1.188±0.10 and
0.800±0.03, respectively. SAP group and Res group had a
notable increase in OD ratio compared with control group (P<0.05),
and Res group had a marked decrease compared with SAP
group (P<0.05).
DISCUSSION
Polyphenolic phytoalexin resveratrol has been found in more
than 70 plant species as a natural potent compound, which can
chelate copper ion, inhibit lipid peroxidation and platelet

Table 2 Hemorrheological examination (mean±SD)
Group

High VTB
(mPa.s)

Low VTB
(mPa.s)

PV
(mPa.s)

BSR
(mm/h)

VPC (%)

Control

5.65±1.04

14.57±4.00

3.13±0.61

9.17±0.98

44.92±2.73

SA P

9.49±1.34

30.91±7.28

8.00±1.34

0.03±0.03

62.17±3.39

Res

5.77±1.18 a

16.12±3.20 a

4.69±1.68 a

1.25±0.42 a

54.67±3.08 a

Fibrinogen
(g/L)

Original
hemolysis

Complete
hemolysis

452.3±29.9

0.44±0.00

0.36±0.00

51.3±19.1

0.49±0.02

0.43±0.02

203.2±87.8 a

0.45±0.02 a

0.41±0.02 a

VTB: viscosity of total blood; PV: plasma viscosity; BSR: blood sedimentation rate. VPC: volume packed cells. aP<0.05 vs control
group and SAP group.
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aggregation and scavenge free radicals. Recently it has been
shown to have extensive effects including protection against
cardiovascular diseases and cancer. Some researches have also
demonstrated that Res could exert its beneficial effects on
ischemia-reperfusion injury, shock and MODS by inhibiting
oxidation, leukocyte priming and expression of inflammatory
mediators as well as by protecting microcirculation [11,12-17].
Although its pharmacological role has been comprehensively
investigated, there are no reports about the effect of Res on
SAP complicated by ALI.
As a factor in initiation, promotion, progression of different
diseases, microcirculatory disorder has been paid more and
more attention. After observing microcirculation changes in
different organs including the lung in rat SAP model, Foitzik et al
[18]
found that the injury of microcirculation was present in almost
all the organs, which involved prolonged pathological changes
such as leukocyte rolling, capillary permeability and leukocyteendothelial interaction. So enhancing microcirculation may be a
potential treatment of SAP and its severe complication ALI.
The mechanism of Res underlying microcirculatory disorder
is to protect the microvessel endothelium, dilate blood vessels
and inhibit platelet aggregation. Studies have indicated that in
pathological conditions such as inflammation and shock, Res
can suppress leukocyte adhesion to endothelium and
subsequently reduce infiltration of leukocytes into inflammatory
sites as well as influence the kinetic behaviors of calcium
channels to dilate vessels and improve microcirculatory
disorders[12,19,20]. The results of in vitro studies have also shown
that Res can significantly reduce the capillary permeability as
an inhibitor of adhesion molecule expression. Res was found
to suppress thromboxane formation and adenosine diphosphate,
collagen or thrombin-induced platelet aggregation by inhibiting
the activity of calcium channels to block rapidly calcium ion
influx into the activated platelets[21].
In this study, Res decreased remarkably the capillary
permeability and tissue water content. We also found that there
was a dramatic decline in blood rheology of resveratrol-treated
rats, including whole blood and plasma viscosity, hematocrit
(HCT) and erythrocyte osmotic fragility compared to the SAP
group. The results indicated that Res could reduce capillary
permeability and whole blood and plasma viscosity (PV),
leukocyte rolling, thus increasing the blood flow in different
organs. The reduction of erythrocyte osmotic fragility showed
that Res might stabilize erythrocytes to decrease thrombus
formation by the erythrocyte fragments. We also detected the
expression of ICAM-gene, which was significantly lower in the
Res-treated group than in the SAP group. ICAM-1 could
mediate leukocyte adhesion and migration; the expression of
ICAM-1 preceded the fulminant leukocyte infiltration of the
organs. Anti-inflammatory effect of Res was involved in the
reduction of ICAM-1 expression. The assay of MPO showed
that Res suppressed leukocyte adhesion to endothelium and
reduced infiltration of leukocytes into inflammatory sites.
In summary, Res can inhibit the expression of inflammatory
mediators of the lung and pancreas and enhance microcirculation
in SAP. It may be a potential candidate to treat SAP and its severe
complication (ALI), but its pharmacodynamics, pharmacokinetics,
side-effect, administration route and dose need to be further
studied.

2

3

4

5

6
7

8

9

10

11

12

13

14
15
16

17

18

19

20

REFERENCES
1

Uhlmann D, Ludwig S, Geissler F, Tannapfel A, Hauss J,
Witzigmann H. Importance of microcirculatory disturbances
in the pathogenesis of pancreatitis. Zentralbl Chir 2001; 126:

21

435

873-878
Bhatia M, Brady M, Zagorski J, Christmas SE, Campbell F,
Neoptolemos JP, Slavin J. Treatment with neutralising antibody against cytokine induced neutrophil chemoattractant
(CINC) protects rats against acute pancreatitis associated lung
injury. Gut 2000; 47: 838-844
Matthay MA, Zimmerman GA, Esmon C, Bhattacharya J, Coller
B, Doerschuk CM, Floros J, Gi mbrone MA, Hoffman E,
Hubmayr RD, Leppert M, Matalon S, Munford R, Parsons P,
Slutsky AS, Tracey KJ, Ward P, Gail DB, Harabin AL. Future
research directions in acute lung injury: summary of a National Heart, Lung, and Blood Institute working group. Am J
Respir Crit Care Med 2003; 167: 1027-1035
Bhatia M, Moochhala S. Role of inflammatory mediators in the
pathophysiology of acute respiratory distress syndrome. J
Pathol 2004; 202: 145-156
Yu WK, Li WQ, Li N, Li JS. Impact factors and clinical significance of the lung injury complicating acute pancreatitis.
Zhongguo WeizhongbingJijiu Yixue 2004; 16: 100-102
Zhu AJ, Shi JS, Sun XJ. Organ failure associated with severe
acute pancreatitis. World J Gastroenterol 2003; 9: 2570-2573
Cooray HC, Janvilisri T, van Veen HW, Hladky SB, Barrand
MA. Interaction of the breast cancer resistance protein with plant
polyphenols. Biochem Biophys Res Commun 2004; 317: 269-275
Martin AR, Villegas I, La Casa C, de la Lastra CA. Resveratrol,
a polyphenol found in grapes, suppresses oxidative damage
and stimulates apoptosis during early colonic inflammation in
rats. Biochem Pharmacol 2004; 67: 1399-1410
Opipari AW, Tan L, Boitano AE, Sorenson DR, Aurora A, Liu
JR. Resveratrol-induced autophagocytosis in ovarian cancer
cells. Cancer Res 2004; 64: 696-703
Cao Z, Li Y. Potent induction of cellular antioxidants and phase 2
enzymes by resveratrol in cardiomyocytes: protection against oxidative and electrophilic injury. Eur J Pharmacol 2004; 489: 39-48
Hung LM, Su MJ, Chen JK. Resveratrol protects myocardial
ischemia-reperfusion injury through both No-dependent and Noindependent mechanisms. Free Radic Biol Med 2004; 36: 774-781
Sato M, Maulik N, Das DK. Cardioprotection with alcohol:
role of both alcohol and polyphenolic antioxidants. Ann N Y
Acad Sci 2002; 957: 122-135
Andreescu S, Sadik OA, McGee DW, Suye S. Autonomous multielectrode system for monitoring the interactions of isoflavonoids
with lung cancer cells. Anal Chem 2004; 76: 2321-2330
Kollar P, Hotolova H. Biological effects of resveratrol and
other constituents of wine. Ceska Slov Farm 2003; 52: 272-281
Bianchini F, Vainio H. Wine and resveratrol: mechanisms of
cancer prevention? Eur J Cancer Prev 2003; 12: 417-425
de Lorgeril M, Salen P, Guiraud A, Boucher F, de Leiris J.
Resveratrol and non-ethanolic components of wine in experimental cardiology. Nutr Metab Cardiovasc Dis 2003; 13: 100-103
Giovannini L, Migliori M, Longoni BM, Das DK, Bertelli AA,
Panichi V, Filippi C, Bertelli A. Resveratrol, a polyphenol found
in wine, reduces ischemia reperfusion injury in rat kidneys. J
Cardiovasc Pharmacol 2001; 37: 262-270
Foitzik T, Eibl G, Hotz B, Hotz H, Kahrau S, Kasten C, Schneider
P, Buhr HJ. Persistent multiple organ microcirculatory disorders in severe acute pancreatitis: experimental findings and
clinical implications. Dig Dis Sci 2002; 47: 130-138
Leiro J, Alvarez E, Arranz JA, Laguna R, Uriarte E, Orallo F.
Effects of cis-resveratrol on inflammatory murine macrophages:
antioxidant activity and down-regulation of inflammatory
genes. J Leukoc Biol 2004; 75: 1156-1165
Shigematsu S, Ishida S, Hara M, Takahashi N, Yoshimatsu
H, Sakata T, Korthuis RJ. Resveratrol, a red wine constituent polyphenol, prevents superoxide-dependent inflammatory responses induced by ischemia/reperfusion, plateletactivating factor, or oxidants. Free Radic Biol Med 2003; 34:
8 1 0 -8 1 7
Olas B, Wachowicz B, Stochmal A, Oleszek W. Anti-platelet
effects of different phenolic compounds from Yucca schidigera
Roezl. bark. Platelets 2002; 13: 167-173
Edited by Wang XL and Chen WW

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(3):436-438
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Detection of micrometastasis in peripheral blood by multi-sampling
in patients with colorectal cancer
Xi-Wei Zhang, Hong-Yu Yang, Ping Fan, Li Yang, Guo-Yu Chen
Xi-Wei Zhang, Hong-Yu Yang, Ping Fan, Li Yang, Guo-Yu Chen,
Department of Surgery, the First Affiliated Hospital of Nanjing
Medical University, Nanjing 210029, Jiangsu Province, China
Supported by Natural Science Foundation of Jiangsu Province, No.
470DB9807
Correspondence to: Dr. Xi-Wei Zhang, Department of Surgery, the
First Affiliated Hospital of Nanjing Medical University, 300 Guangzhou
Road, Nanjing 210029, Jiangsu Province, China. xiwei1092@hotmail.com
Telephone: +86-25-86472378
Received: 2003-10-20 Accepted: 2003-12-29

Abstract
AIM: To evaluate the reverse transcriptase-PCR assay and
multiple sampling for detection of cytokeratin-positive cells
in peripheral blood of colorectal carcinoma patients and to
investigate the clinical significance of micrometastasis in
peripheral blood.
METHODS: The expression of CK20 mRNA by RT-PCR was
investigated in bone marrow, portal vein and peripheral
blood in 58 colorectal cancer patients and 12 controls
without known cancer. The peripheral blood was sampled
twice at intervals of 3 d before operation. All the patients
were followed up for one year.
RESULTS: There was no positive expression of CK20mRNA
in 12 volunteers. The positive expression of CK20mRNA
was 77.6% (45/58) in bone marrow, and that in portal
vein was 74.1% (43/58) of colorectal carcinoma patients.
The positive expression of CK20mRNA cells in peripheral
blood rose from 44.8% (26/58) to 69.0% (40/58) (P<0.01).
The total positivity of CK20mRNA expression in peripheral
blood was similar to the positivity of CK20mRNA in bone
marrow and portal vein. The positive rates became higher
in later clinical stages than in early stages. The CK20mRNA
positive patients had a higher relapse rate within one year
than the CK20mRNA negative patients.
CONCLUSION: Multiple blood sampling can increase the
detection of tumor cells in peripheral blood by RT-PCR for
CK20mRNA in colorectal carcinoma patients and it is as
sensitive and specific as that of bone marrow and portal
vein. This technique may be reliable and convenient to
diagnose micrometastasis of colorectal carcinoma and has
an important significance in determining the prognosis of
cancer patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The incidence of colorectal carcinoma has become high in China.
Despite radical excision of the primary tumor, almost half the
patients with colorectal carcinoma would die from progression
of a distant tumor[1,2]. In these patients, the principal cause of
death is metastasis occurring early in tumor development, which
leads to locoregional or distant tumor progression in later stages
of the disease. How to identify a group of patients who have
local diseases at high risk of developing metastases is a hot
topic. Clonal or oligoclonal micrometastasis in blood is the earliest
stage of metastasis. Diagnostic techniques currently available
in clinical setting are not sufficiently sensitive to the detection of
micrometastasis. The use of RT-PCR to detect tumor-associated
mRNA is currently one of the most sensitive means to identify
circulating tumor cells in cancer patients. Cytokeratin (CK) is an
essential constituent of cytoskeleton in both normal and
malignant epithelial cells, and can serve as a reliable marker for
the epithelial origin of cells. Cytokeratin 20 expresses very strictly
in epithelial cells of the stomach, intestine, colon, rectum,
pancreas, and their tumors[3-6]. It can not be detected in circulation.
RT-PCR mRNA assay is capable of identifying cultured colorectal
carcinoma cells with a sensitivity of 1 in 107 WBCs[5-8].
In this study, we used RT-PCR assays to examine the
disseminated tumor cells in bone marrow, portal vein and
peripheral blood in colorectal carcinoma patients to assess
whether multiple blood sampling could increase the detection
sensitivity of tumor cells. We compared the presence of CK20
mRNA-positive cells in peripheral blood with tumor development
stages and survival rate of one year.
MATERIALS AND METHODS
Patients
A total of 58 colorectal carcinoma patients who underwent
surgical treatment in our hospital between July 2001 to July 2002
were studied. The diagnosis of primary colorectal carcinoma was
confirmed in all cases by endoscopic biopsy, and the primary
tumor stage was confirmed by histological examination of the
resected primary tumors. Twelve patients with no history of
cancer who underwent abdominal operation were recruited as
non-cancer controls. Forty-four male and 20 female patients were
aged from 23 to 79 years. Informed consent was obtained from all
the patients involved, and the ethic study was approved by the
Ethics Committee of Nanjing Medical University.
Blood sampling
Two 5 mL of bone marrow was aspirated from the anterior iliac
crest or manubrium sterni under general anesthesis just before
the operation was started. Before exploration, cannulae were
utilized to aspirate blood (5-10 mL) from portal vein through
right gastroepiploic vein. Five 10 mL of peripheral blood was
aspirated from peripheral vein 3 d and 30 min respectively before
operation. All blood samples were performed anti-coagulation
with heparin, blood and bone marrow mononuclear cells (MNC)
were isolated by density gradient centrifugation through
lymphocytic separating medium. Then 1 mL Trizol reagent was
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added, and stored at -20 ℃ until use.

RNA extraction
Total RNA was extracted from the MNC pellets by Trizol reagent
according to the manufacturer’s instructions. Blood and bone
marrow mononuclear cells were incubated in Trizol solution
(1 mL/100 mg) for 15 min , and then an 1/5 volume of choloform
was added. After vigorous agitation for 5 min, the inorganic
phase was separated by centrifugation at 12 000 g for 20 min at
4 ℃. RNA was then precipitated in the presence of 1 volume of
isopropanol and centrifuged at 10 000 g for 15 min at 4 ℃. RNA
pellets were washed with 70% ice-cold ethanol and then
dissolved in diethyl pyrocarbonate (DEPC) - treated H2O. Total
RNA concentration and quantity were assessed by absorbency
at 260 nm using a nucleic acid and protein analyzer.
Two-step reverse transcription and polymerase chain reaction
RNA was reverse transcribed in 20 µL RT buffer, and total RNA
was prepared using a RNeasy kit. Five µg of total RNA was
reverse-transcribed in a volume of 20 µL, at 42 ℃ for 60 min,
and the reaction was terminated by heating at 95 ℃ for 5 min.
The cDNA templates were subjected to PCR amplification,
using primers: 5’-CAGACACACGGTG AACTATGG-3’ (sense)
and 5’-GATCAGCTTCCACTGTTAGA CG-3’ (antisense). The
cycling protocol for CK20 (370 bp) consisted of: denaturation
at 94 ℃ for 3 min, followed by 40 cycles, each for 45 s at 94 ℃,
for 45 s at 60 ℃,for 60 s at 72 ℃, and a final extension at 72 ℃
for 5 min. All reactions were performed in a final volume of 50 µL
PCR reaction mixture containing 5 µL cDNA, 3 µL MgCl2, 5 µL
10× Buffer, 1 µL dNTP, 0.5 µL Taq polymerse, 1 µL primary. As
a control of cDNA integrity, 2-microglobulin expression was
a n a l yz e d a s w e l l . T h e p r i m e r s e t s we r e 5 ’ CACTGTGTTGGCGTACAGGT-3’ (forward) and 5’TCATCACCATTGGCAATGAG-3’ (reverse) for 2-microglobulin.
PCR products were analysed on a 2% agarose gel and visualised
by ethidium bromide staining.
Statistical analysis
Comparisons of data between groups were performed using 2
test. P<0.01 was considered statistically significant.
RESULTS
CK20mRNA expression in control patients
There was no CK20 mRNA-positive expression in 12 control
patients.
CK20mRNA-positive expression in bone marrow, portal vein in
colorectal carcinoma patients
Bone marrow and portal vein were RT-PCR positive for
CK20mRNA in 45 colorectal carcinoma patients (45/58, 77.6%),
and in 43 colorectal carcinoma patients (43/58, 74.1%). There
were no significant differences in positive expression between
bone marrow and portal vein.
CK20mRNA-positive expression in peripheral blood within single
and two blood samples
CK20mRNA-positive expression in peripheral blood within a
single blood sample was 44.8% (26/58). It rose significantly to
69.0% (40/58) within two blood samples (P<0.01). There were
no significant differences between two blood samples of peripheral
blood, bone marrow and portal vein (P>0.01).
Relation between CK20mRNA-positive expression in peripheral
blood within two blood samples and disease development stage
CK20mRNA-positive expression in peripheral blood within two
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blood samples was significantly higher in Duke’s C stage than
in Duke’s A and B stages (P<0.01), (Table 1).
Table 1 CK20mRNA expression in peripheral blood within
two blood samples in different stages of colorectal carcinoma
CK20 (+)

CK20 (-)

Duke’A stage

3

5

Duke’B stage

22

13

Duke’C stage

15

0

Relation between CK20mRNA-positive expression in peripheral
blood within two blood samples and one year survival
Patients with CK20mRNA-positive expression in peripheral
blood within two blood samples had a significantly lower one
year survival rate (18/40, 45.0%) than patients with negative
expression (12/18, 66.7%) (P<0.01).
DISCUSSION
The prognosis of patients with colorectal carcinoma remains
poor. Approximately half the patients undergoing curative
resection would die within 5 years because of recurrent
diseases, mostly of liver metastases[1,2]. A highly sensitive
method is needed to predict the metastastic potential and
clinical outcome and to design pertinent treatments. Colorectal
carcinoma markers might provide the prognostic information
independent of and complementary to conventional parameters,
including growth potential, oncogenes, tumour-suppressor genes
and DNA flow cytometry, as well as other growth factors[9-12].
The common feature of these prognostic factors is that they
correlate the nature of primary tumours with the subsequent
outcome.
Detection of tumor cells in circulation by RT-PCR relates to
the actual behaviours of the tumour. Cytokeratin proteins are
essential constituents of the cytoskeleton of both normal and
malignant epithelial cells. They are absent in haematopoietic
and lymphatic cells. So, cytokeratin expression can serve as
reliable markers for the epithelial origin of cells. Among
cytokeratin proteins the expression of cytokeratin 20 is very
strictly in gastric and intestinal epithelial cells. So, cytokeratin
20 is suitable for the detection of micrometastasis present in
circulation in colorectal carcinoma patients[3-6]. Micrometastasis
has been reported in the bone marrow of patients with colorectal
carcinoma patients[7,11,12]. The evidence of micrometastasis means
that an early relapse and the clinical outcome in these patients
could be predicted. In the present study, no CK20mRNA-positive
expression was found in all 6 non-cancer control patients. The
CK20mRNA-positive expression in bone marrow and portal
vein of colorectal carcinoma patients was high even in early
disease stage, and also correlated with the depth of invasion. It
is suggested that CK20mRNA expression can be a special and
sensitive marker of micrometastasis of colorectal carcinoma.
Micrometastasis can occur in early stage of cancer and correlate
with the depth of invasion.
Many authors have focused on the micrometastasis in bone
marrow. Cancer cells can be intensified in bone marrow because
of its special structure. The detection of cancer cells in bone
marrow was higher than that in any other tissues[11,12]. In our
previous study, we reported the micrometastasis in portal vein
was similar to that in bone marrow and it could be detected in
peripheral blood[13]. Peripheral blood sample could be repeatedly
aspired and is easy to be accepted by patients, but its expression
is lower than bone marrow and portal vein samples. In the
present study, we compared two blood samples with one blood
sample. Depending on the mRNA assessed, the positivity for
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circulating cancer cells increased 24.2%. It is suggested that
circulating cancer cells are aggregated in clumps with varied
sizes. Sufficient cancer cells for a positive test were not present
in all blood samples from patients in which circulating cells
were identified within some blood samples. It is also possible
that despite precautions, variations in detection sensitivity
occurred between samples[14-16]. Studies involving repeated
blood sampling in patients would help solve this problem.
The capacity of cancer cells to proliferate in circulation and
bone marrow to metastasize depends on the microenvironment.
Whether micrometastasis has clinical significance is controversial.
Some authors have reported that micrometastasis has no
significant impact on prognosis, but other authors have found
that micrometastasis in lymph nodes is a significant indicator
of poorer prognosis after esophagectomy in patients with
esophageal cancer. Our results revealed that CK20mRNA
expression had a close relationship with disease stage and
patients with CK20mRNA-positive expression in peripheral
blood within two blood samples had a significantly lower oneyear survival rate than patients with negative expression. It is
suggested that patients with CK20mRNA-positive expression
in peripheral blood are at a higher risk of recurrent cancer, and
they therefore should receive postoperative chemotherapy.
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therapeutic effects of chemotherapy on malignant
gastrointestinal tumor, and also reduce the toxic and side
effects on bone marrow and digestive tract, thereby
improving the quality of life and cellular immunity in patients
with malignant gastrointestinal tumor.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the therapeutic effects of Fuzheng Yiliu
(strengthening the body resistance to inhibit tumor)
decoction combined with chemotherapy on the patients with
intermediate and late stage gastrointestinal cancer.
METHODS: Sixty patients were randomly divided into
treatment group (chemotherapy combined with Fuzheng
Yiliu decoction) and control group (chemotherapy alone).
Four indexes, including the tumor recent remission rate
(RR), the change of main symptoms, the toxic and side
effects caused by chemotherapy and the change of
performance status, were observed in the patients. Peripheral
blood contents of CD3+, CD4+, CD8+ cells, CD4+/CD8+ and
soluble interleukin-2 receptor (sIL-2R) were tested before
and after treatment and the values were compared with
those of healthy peoples.
RESULTS: The improving rate of main symptoms (69.6%)
and performance status (56.7%) were significantly higher in
the treatment group than in the control group (34.8%, 26.7%,
P<0.05). The occurrence rates of grade II toxic and sideeffects on both bone marrow (13.3%) and digestive tract
(30%) were lower in the treatment group compared to the
control group (36.7%, 63.3%, P<0.05). Before treatment,
the proportion of CD3+, CD4+ and CD4+/CD8+ decreased and
the proportion of CD8+ and sIL-2R raised markedly both in
the control group and treatment group as compared to the
healthy people. After treatment, that increased of CD3+, CD4+,
CD4+/CD8+ increased (62.25±10.01% vs 68.31±9.72%,
36.83±10.44% vs 42.6±9.62%, 1.24±0.65 vs 1.66±0.85,
P<0.05) and the values of CD8+ and sIL-2R decreased obviously
(33.06±7.69% vs 29.24±6.25%, 588.23±216.86 U/mL vs
475.87±211.36 U/mL, P<0.05) in the treatment group,
whereas these values were opposite in the control group
(64.22±6.91% vs 60.63±5.75%, 35.62±7.49% vs 31.53±5.53%,
32.95±8.28% vs 37.14±7.48%, 1.17±0.43 vs 0.94±0.43,
573.63±214.32 U/mL vs 692.17±221.33 U/mL, P<0.05).
CONCLUSION: Fuzheng Yiliu decoction can enhance

INTRODUCTION
Malignant tumor of digestive tract is one of the most common
cancers in the word[1]. Despite many advances in the treatment
of this disease in recent decades, its long-term therapeutic
outcome remains poor[2]. As an important method to treat cancer,
chemotherapy is widely used in clinic. However, the chemotherapy has many toxic and side effects. The life quality of
patients who receive chemotherapy treatment is poor because
of the side effects of drugs. At the same time, immunosuppression
of chemotherapy can accelerate the recrudescence and
metastasis of tumors[3]. Improving the curative effect and
mitigating the toxic effect of chemotherapy have become the
important task of present clinical researches. At the same time,
more and more efforts have been made in searching natural
materials and foods as a complementary means for the treatment
of cancer.
Characterized by effectiveness and low toxicity, traditional
Chinese herbs have aroused more interests in the treatment of
tumors[4,5]. Fuzheng Yiliu decoction (FZYLD) is made of
medicinal Chinese herbs for treating malignant tumors of
digestive tract developed by our laboratory based on the basic
traditional Chinese medicine (TCM) theories of “nourishing Qi
and invigorating spleen, activating blood flow and removing
blood stasis, and expelling toxin cooling” as the key principle
in combination with our clinical experiments in preventing
and treating cancers. Our previous experiment demonstrated
that FZYLD could inhibit the growth of gastric cancer cells[6].
In the present study, we observed the clinical effects of FZYLD
combined with chemotherapy in treating intermediate and late
malignant tumors of digestive tract and the changes of cell
immune status in malignant tumor patients after FZYLD
treatment.
MATERIALS AND METHODS
Patients
Sixty patients with gastrointestinal malignant tumors were
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enrolled in this study between 2000 and 2002 in the Department
of Oncology, First Hospital of Xi’an Jiaotong University and
Shaanxi Provincial People’s Hospital. There were 51 males and
9 females with an average age of 51±10 years. There were 39
cases of gastric cancer, 8 cases of esophageal cancer and 13
cases of large intestinal cancer. Each case was diagnosed by
X-ray barium meal, computed tomographic (CT) scan,
gastroscopy, enteroscopy and post-operative definite
histopathological examination. Only the patients receiving the
first time treatment or the last treatment for more than 1 mo,
whose Karnofsky performance status (KPS) was higher than
60 with no taboo of chemotherapy were included in this study.
The patients were randomly divided into treatment group
(chemotherapy combined with FZYLD, group 1) and control
group (chemotherapy alone, group 2). There were no differences
in sex, age, site of lesion, pathological type and pathological
stage between the two groups. Fifteen healthy controls (mean
age 50 years, range 48-53 years), who had no history of tumor,
hepatic disease, renal disease and other disease with changed
immunological functions, were included in normal control
group. All patients were required to sign a written informed
consent according to the national and institutional guidelines.

Drug application
The chemotherapy scheme and usage were the same in the two
groups. ELF etoposide+calcium leucovorin+5-fluorouracil
(ELF), cisplatine+calcium leucovorin+5-fluorouracil (PLF) and
calcium leucovorin+5-fluorouracil (LF) were used for gastric
cancer, esophageal cancer and large intestinal cancer
respectively. One chemotherapeutic cycle included 21 d, 2 cyles
for each period of treatment. FZYLD was applied 3 d before
chemotherapy and lasted to the end of 2 cycles of chemotherapy.
Evaluation of treatment effects was carried out after one period
of treatment.
Sample collection
Immediately before and after 1 period of treatment, the levels of
T lymphocyte subgroup and soluble interleukin-2 receptors
(sIL-2R) were detected. Three milliliters of blood samples was
drawn from patients in the morning and transferred into two
test tubes. Ethylenediaminetetra-aceticacid (EDTA) was used
as anticoagulant. One share was used to detect the expression
level of T lymphocyte subgroup. Serum in the other tube was
separated by centrifugation at 4 000 r/min for 10 min and stored
at -70 ℃ for detection of sIL-2R.
Reagents
Mouse anti-human CD3, CD4 and CD8 monoclonal antibodies
and negative control were obtained from Beckman-Coulter
Immunotech Company (USA) for the detection of total T
lymphocytes, helper T lymphocytes and inhibitor T lymphocytes
respectively. sIL-2R detection kit was obtained from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). EDTA, PBS and
red cell fragmentation solution were obtained from Molecular
Biology Center of Xi’an Jiaotong University.
Evaluation of treatment effects
For the evaluation of the tumor recent remission rate (RR),
endoscope, X-ray barium meal and CT were used before and
after treatment in 46 patients with specific focal tumors. A
complete response (CR) was defined as the disappearance of
all clinical evidence of tumors without new lesions for more
than 4 wk. A partial response (PR) required 50% decrement in
the maximal perpendicular tumor measurements, with no new
lesion for at least 4 wk. No change (NC) was defined as less
than 50% reduction and less than 25% increase of a measurable
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tumor lesion. A progressive disease (PD) was defined as more
than 25% increase of measurable tumor lesions or new lesions.
Response rate of the patients included CR and PR.
For the evaluation of changes in the main symptoms, 1 to 2
symptoms that were relevant to tumors and reflected the main
suffering were used. It was classified into the following results:
amelioration (remission of main symptoms and lasted for at
least 4 wk), stableness (no changes in the main symptoms and
lasted for at least 4 wk) and deterioration (deterioration in the
main symptoms).
For the evaluation of toxic and side effects of chemotherapy
in the two groups, hematologic test and gastrointestinal
response during the treatment period were observed. Toxic and
side effects of chemotherapy were classified according to the
common criteria. Routine tests of blood, urine, stool, hepatic
function, renal function and electrocardiogram were performed
before and after each chemotherapeutic cycle and routine test
of blood was re-examined on the 3rd, 7th, 10th and 14th
chemotherapeutic cycle days, respectively. The most severe
side effect was observed as the final outcome to reflect toxic
response degree. KPS was estimated prior to treatment and
recorded as it was improved, stable, or deteriorated after
treatment. The standard was described as follows: improvement
that means KPS score was larger than or equal to 10 and lasted
for at least 4 wk, stableness that means no changes in KPS
score and lasted for at least 4 wk, deterioration that means KPS
score was less than 10.

Assay of CD3, CD4, CD8 and sIL-2R
Direct immunofluorescence labeling with flow cytometer was
used to detect the subtype of T lymphocytes in peripheral
blood following the instructions of the kits. An enzyme-linked
immunosorbent assay was used to determine sIL-2R according
to the protocols of kits. Plates were coated with sheep antihuman sIL-2R antibody. Each serum was tested at a dilution of
1:1 000. At the same time, one positive control, two negative
controls and one blank were included.
Statistical analysis
Data were expressed as mean±SD. Comparison of data between
two groups was made by chi-square test. Comparison of the
measurement data between experiment groups was made by
the paired and unpaired Student’s t test. P<0.05 was considered
statistically significant.
RESULTS
Clinical benefit of FZYLD combined with chemotherapy
Effective rate (CR+PR) in the treatment group (8/23) was higher
than that in the control group (5/23), but there was no difference
in statistics. PD in the treatment group (2/23) was significantly
lower than that in the control group (8/23) (P<0.05). The
improvement rate of main symptoms in the treatment group
(16/23) was significantly higher than that in the control group
(8/23) (P<0.05). The deterioration rate of main symptoms in the
treatment group (1/23) was markedly lower than that in the
control group (6/23) (P<0.05). In FZYLD treatment group, KPS
improved in 56.7% (17/30) cases, which was higher than that in
the control group (26.7%, 8/30) (P<0.05), whereas KPS
decreased in 6.61% (2/30) cases, which was markedly lower
than that in the control group (26.7%, 8/30) (P<0.05).
There was no difference in bone marrow depression
between the treatment group (16/30) and control group (21/30).
The incidence of grade II bone marrow depression in the
treatment group (4/30) was markedly lower than that in the
control group (11/30) (P<0.05). The incidence of grade II nausea
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Table 1 Changes of immunological function in two groups of patients (mean±SD)
Group

Case

Treatment group

62.25±10.01 a

Post-

68.31±9.72

Post-

a

CD8 + (%)

CD4 +/CD8 +

33.06±7.69 b

1.24±0.65 a

588.23±216.86 b

29.24±6.25

1.66±0.85

c

475.87±211.36 c

32.95±8.28 a

1.17±0.43 b

573.63±214.32 b

S

IL-2R (U/mL)

c

36.83±10.44 b
42.6±9.62

c

30
Pre-

Normal

CD4 + (%)

30

PreControl group

CD3 + (%)

15

64.22±6.91 a

35.62±7.49 a

60.63±5.75 c

31.53±5.53 c

37.14±7.48 c

0.94±0.43 c

692.17±221.33 c

68.72±5.66

47.22±8.39

26.18±5.64

1.83±0.22

143.58±23.05

P<0.05, bP<0.01 vs normal control group; cP<0.05 vs pre-treatment.

and vomiting in the treatment group (9/30) was significantly
lower than that in the control group (19/30) (P<0.05). No patient
had diarrhea greater than grade II in the treatment group and
one patient in the control group suffered from grade III diarrhea.
The incidence of diarrhea in the treatment group (4/30) was
lower than that in the control group (11/30) (P<0.05).

Changes of immunological function in two groups of patients
As shown in Table 1, the proportion of CD3+ and CD4+ cells
was lower, and that of CD8+ cells was higher than that in the
normal control group before treatment (P<0.05). The ratio of
CD4+/CD8+ decreased in cancer patients. The content of sIL-2R
increased obviously. After chemotherapy, the proportion of
CD3+ and CD4+ cells and the ratio of CD4+ /CD8+ further
decreased, and the content of sIL-2R increased. In the FZYLD
treatment group, the ratio of CD4+/CD8+ increased and the
concentration of sIL-2R decreased.
DISCUSSION
FZYLD is mainly composed of Huangqi (radix astragali),
Baizhu (largehead atractylodes rhizome), Ezhu (radix
notogenseng), Baihuasheshecao (herba hedyotis diffusae) and
Shishangbo (selaginellae doederleinii herba). In this experiment,
FZYLD combined with chemotherapy could improve the tumor
recent remission rate and decrease the deterioration of cancer
patients. Previous researches have proved that some herbs
in FZYLD could kill tumor cells directly[7]. Other than that in
its direct anti-tumor effects, radix astragali, largehead
atractylodes rhizome and radix notogenseng could enhance
the action of immunity[8]. We suppose that FZYLD might
possess anti-inflammatory effects, which could promote
gastrointestinal vermiculation and improve immune functions
and adrenal cortex to mitigate clinical symptoms of tumors.
In theory of TCM, toxic effects on digestive tract and bone
marrow depression induced by chemotherapy are due to the
fact that drugs could impair appetite, and cause Qi and blood
deficiency. In our experiment, FZYLD could relieve the toxic
effect on digestive tract and bone marrow depression induced
by chemotherapy obviously. We suggest that FZYLD takes
effects of “nourishing Qi and invigorating spleen, expelling
toxin cooling”. At the same time, it was reported that some
components in FZYLD could protect and promote the
hemopoietic function of human beings[9].
At present, there is no generally accepted definition about
the quality of life. Generally, qualities of life mainly include
somatic function, emotion, psychological function and social
role. At the same time, syndromes and physical signs caused
by diseases and treatment are also important components in
the life qualities of cancer patients[10]. Methods for physical
strength score evaluation, such as KPS, have been widely used
to evaluate the life qualities of cancer patients[11,12]. Our study

demonstrated that FZYLD could improve the performance
status of patients by increasing the therapeutic effects and
reducing the side effects of chemotherapy. As a result, the
confidence of cancer patients improved, thus having optimistic
emotions, and improving their qualities of life.
T lymphocytes are important immunoloregulation and
effector cells. It is believed that detection of subtype of T
lymphocytes in peripheral blood is important for evaluating
the immunological status, effect of treatment and prognosis of
cancer patients[13,14]. There are binding sites of IL-2 in sIL-2R,
which can competitively bind IL-2 when its concentration
increases. As a result, IL-2 dependent lymphocyte proliferating
effects are inhibited. It was reported that concentrations of
sIL-2R in peripheral blood increased obviously in patients
suffering from various cancers, and increased progressively
accompanied by disease progress and transfer of tumors[15,16]. In
this experiment, we found that there were disorders in the ratio
of T lymphocyte subtypes and a high concentration of sIL-2R
in all the patients compared with healthy people, and FZYLD
could reverse this tendency, suggesting that FZYLD can reduce
the immunosuppression induced by chemotherapy.
Previous studies reported that some herbs in FZYLD could
improve immunity of patients[17]. Especially, membranous
milkvetch root used in FZYLD was 60 g, which was larger than
that in the other TCM prescriptions. Membranous milkvetch
root could improve the function of T-cells not only in normal
healthy persons but also in patients with immunosuppression[4].
It could also improve the activity of IL-2 in the model mice with
spleen deficiency induced by rhubarb[18]. In malignant tumor
patients, it could improve the cell number of CD4+ and downregulate the cell number of CD8+[4]. All these researches show
that membranous milkvetch root possesses versatile positive
regulatory effects on immunological functions. Furthermore,
saponin in the root of pseudo-genseng and large-head
atractylodes rhizome could improve phagocytic functions of
the reticuloendothelial system, transformation efficiency of
lymphocytes and rate of E-rosette formation[9,19].
Based on the results from our experiment, it is concluded
that FZYLD can enhance the therapeutic effects of chemotherapy
on malignant tumors of the digestive tract, and reduce the toxic
and side effects of chemotherapy on bone marrow and digestive
tract. It also can improve the life quality and cellular immunity
of patients with malignant tumors.
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Abstract
AIM: To investigate the relationship between gastric dysmotility,
gastrointestinal hormone abnormalities, and neuroendocrine
cells in gastrointestinal mucosa in patients with functional
dyspepsia (FD).
METHODS: Gastric emptying was assessed with solid
radiopaque markers in 54 FD patients, and the patients
were divided into two groups according to the results, one
with delayed gastric emptying and the other with normal
gastric emptying. Seventeen healthy volunteers acted as
normal controls. Fasting and postprandial plasma levels
and gastroduodenal mucosal levels of gastrointestinal
hormones gastrin, somatostatin (SS) and neurotensin (NT)
were measured by radioimmunoassay in all the subjects.
G cells (gastrin-producing cells) and D cells (SS-producing
cells) in gastric antral mucosa were immunostained with
rabbit anti-gastrin polyclonal antibody and rabbit anti-SS
polyclonal antibody, respectively, and analyzed quantitatively
by computerized image analysis.
RESULTS: The postprandial plasma gastrin levels, the
fasting and postprandial plasma levels and the gastric and
duodenal mucosal levels of NT were significantly higher in
the FD patients with delayed gastric emptying than in those
with normal gastric emptying and normal controls. The
number and gray value of G and D cells and the G cell/D cell
number ratio did not differ significantly between normal
controls and the FD patients with or without delayed gastric
emptying.
CONCLUSION: Our findings suggest that the abnormalities
of gastrin and NT may play a role in the pathophysiology of
gastric dysmotility in FD patients, and the abnormality of
postprandial plasma gastrin levels in FD patients with
delayed gastric emptying is not related to the changes both
in the number and gray value of G cells and in the G cell/D
cell number ratio in gastric antral mucosa.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Functional dyspepsia; Gastric emptying;
Gastrointestinal hormone abnormalities; G cells; D cells
He MR, Song YG, Zhi FC. Gastrointestinal hormone abnormalities
and G and D cells in functional dyspepsia patients with gastric
dysmotility. World J Gastroenterol 2005; 11(3): 443-446

http://www.wjgnet.com/1007-9327/11/443.asp

INTRODUCTION
Functional dyspepsia (FD) is a very common condition. The
typical syndrome refers to various chronic symptoms, including
upper abdominal bloating or pain, feeling of prolonged digestion,
nausea, vomiting, and early satiety in the absence of organic
disease [1]. The pathogenesis of FD is multifactorial [2-4].
There is evidence that gastric dysmotility plays a role in the
pathogenesis of FD[5-7]. Gastrointestinal hormones are important
factors affecting gastric motility[8,9]. Several gastrointestinal
hormones, such as gastrin, somatostatin (SS) and neurotensin
(NT) can inhibit gastric motility[10-12], increased levels of these
gastrointestinal hormones can result in gastric dysmotility. The
most common type of gastric dysmotility in FD patients is
delayed gastric emptying.
In the present study, we assessed gastric emptying using
solid radiopaque markers, measured the fasting and
postprandial plasma levels, gastric and duodenal mucosal levels
of gastrin, SS and NT by radioimmunoassay, and immunostained
gastrin-producing cells (G cells) and SS-producing cells (D cells)
in gastric antral mucosa with rabbit anti-gastrin polyclonal
antibody and rabbit anti-SS polyclonal antibody respectively,
and then analyzed quantitatively the two kinds of cells by
computerized image analysis. The aim of the study was to
assess the relationship between the gastrin, SS, NT levels, the
morphology of G and D cells, and delayed gastric emptying in
FD patients, thus having a better understanding of the
mechanism of delayed gastric emptying in FD.
MATERIALS AND METHODS
Materials
Seventeen healthy volunteers without any gastrointestinal
symptoms [6 men and 11 women: aged 18-58 (mean, 34±10)
years], and 54 FD patients who attended the Outpatient
Department of Nanfang Hospital of the First Military Medical
University [25 men and 29 women: aged 18-63 (mean, 40±16)
years], were studied. The diagnosis of FD was based on the
Rome II criteria[1]. Patients who had predominant symptoms of
gastroesophageal reflux (defined as heartburn or acid
regurgitation) or a history of peptic ulcer disease or gastrointestinal
surgery were excluded. None of the 71 subjects had taken the
medication within the last 7 d. Gastric emptying in the patients
was assessed with solid radiopaque markers, and then the
patients were divided into two groups according to the results,
one (FDD group )with delayed gastric emptying [12 men and
17 women: aged 18-63 (mean, 42±17) years] and the other
(FDN group) with normal gastric emptying [13 men and 12 women:
aged 20-59 (mean, 38±14) years]. Written informed consent was
obtained from all subjects.
Methods
Gastric emptying study All experiments were performed at 8
AM after an overnight fast. All subjects received a test meal
consisting of 90 g of instant noodles, 20 g of peanuts, 50 g of
sausages, 400 mL of water (14 g of fat, 18 g of protein, 67 g of
carbohydrate; 466 kcal). The test meal was ingested within 15 min,
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and 20 solid radiopaque markers (1 cm in length and 1 mm in
diameter) were administered in combination with the test meal
(Medical Institute of Beijing Aerospace Aviation, Beijing). The
subjects stayed without smoking or taking any food or water
within 5 h after the test meal, and stood upright for counting
the remaining solid radiopaque markers in the stomach using
fluoroscopy 5 h after the test meal. All subjects were given 20 mL
of 40% barium to show the stomach contour so as to make clear
if the solid radiopaque markers were in the stomach. Gastric
emptying rate 5 h after the test meal was calculated according
to the following equation: gastric emptying rate = (20 - the number
of the solid radiopague markers in the stomach)/20×100%.
Gastric emptying rate 5 h after the test meal <50% was
considered to be abnormal.
Extract and assay of gastrointestinal hormones from plasma
and gastric and duodenal mucosa Blood samples (4 mL) were
drawn from the antecubital vein just before and 30 min after the
test meal. The blood samples were collected into chilled tubes
containing ethylene diamine tetraacetic acid (EDTA) (1.5 mg/mL)
and aprotinin (Trasylol 125 KIU / mL, Libao Biochemical Medical
Co., Zhuhai). The samples were centrifuged (3 000 r/min at 4 ℃
for 10 min), and the plasma was decanted and stored at -70 ℃
for subsequent radioimmunoassay. Three pieces of gastric
antral mucosa and 3 pieces of mucosa of descending portion of
duodenum were collected during upper gastrointestinal
endoscopy. All the specimens were processed respectively as
following. The specimens were weighed and boiled with distilled
water, then homogenized with 0.5 mL of 1N acetic acid and
centrifuged (3 000 r/min at 4 ℃ for 10 min). The mucosal
homogenates were neutralized with 0.5 mL of 1N NaOH. The
resultant supernatants were decanted and stored frozen at -70 ℃
for subsequent radioimmunoassay. The gastrin, SS, and NT
levels in plasma and resultant supernatants of mucosal
homogenates were measured by specific and sensitive
radioimmunoassay previously described[13-15]. The levels of
gastrointestinal hormones in the gastric and duodenal mucosa
were expressed as picogram per gram wet weight (pg/g ww) for
immunoreactive (ir)-SS and NT or nanogram per gram wet weight
(ng/g ww) for ir-gastrin.
Immunostaining and morphometric analysis of G and D cells
in gastric mucosa A piece of gastric antral mucosa was collected
during upper gastrointestinal endoscopy, and made into a
paraffin block. In each subject, two adjacent tissue sections
were prepared. One was for immunostaining of G cells, the
other for D cells. Rabbit anti-gastrin polyclonal antibody, rabbit
anti-somatostatin polyclonal antibody, and streptavidin-biotinenzyme complex (SABC) kit were used for immunostaining of G
and D cells. Briefly, the sections were deparaffined, rehydrated
through a graded series of ethanol, and heated in 0.01mol/L
sodium citrate for 15 min using a microwave oven. The two
primary antibodies were used at a dilution of 1:50. The sections
were incubated overnight at 4 ℃, and then biotinylated antirabbit immunoglobulin and streptavidin conjugated to
horseradish peroxidase were applied to them. 3, 3’-diaminobenzidine
was used for color development, and hematoxylin was employed
for counterstaining. Under magnification of 400, 5 cyclograms
selected randomly in each section was analysed by an image
system. The number and gray value of G cells or D cells in the
five cyclograms were counted and averaged, the G cell/D cell
number ratio in two adjacent sections was calculated.

Statistical analysis
Data were expressed as mean±SD. Statistical significance
between the groups was analyzed by one-way ANOVA test for
the gastrin, SS, and NT levels, the number and gray value of G
and D cells, and the G cell/D cell number ratio. Paired t test was
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used in the comparison of fasting plasma data and postprandial
plasma data. P<0.05 was considered statistically significant.

RESULTS
Gastric emptying
Twenty-nine of 54 FD patients (53.70%) had delayed gastric
emptying. The mean number of the solid radiopague markers in
the stomach 5 h after the test meal in the FDD group was 15.
28±6.76, and those in the FDN group and the normal control
group were 6.56±3.94 and 5.47±4.26, respectively, which was
significantly higher in the FDD group than in the normal control
group (P<0.01), and there was no significant difference between
the two groups.
Gastrointestinal hormones
The postprandial plasma gastrin level in the FDD group was
significantly higher than those in the normal control group and
FDN group. No differences were noted in the gastrin levels of
fasting plasma and gastric and duodenal mucosae among the
three groups. The gastrin levels in fasting and postprandial
plasma and gastric and duodenal mucosa were not different in
the FDN group and normal control group. The postprandial
increments of the plasma gastrin levels were similar in the three
groups. The mucosal gasatrin levels in descending duodenum
were significantly higher than those in gastric antrum in the
three groups (Table 1).
Table 1 Comparison of gastrin levels in fasting and postprandial plasma and mucosa of gastricantrum and duodenum in
FD patients and normal controls (mean±SD)
Plasma (pg/mL)
Group

Mucosa (ng/g ww)

n
Fasting

Postprandial Gastric antrum Duodenum

FDD

29

33.64±6.71

50.24±10.62 d

11.23±2.34

5.31±1.04 e

FDN

25

36.61±7.84

42.76±8.64 a,c

9.97±3.12

4.97±0.96 e

17

32.93±8.01

39.17±9.55b,c

0.13±2.86

4.89±1.23 e

Normal
controls

FDD: FD patients with delayed gastric emptying FDN: FD
patients with normal gastric emptying aP<0.05 vs FDD, bP <0.01
vs FDD, cP<0.05 vs fasting plasma, dP<0.01 vs fasting plasma
e
P<0.01 vs gastric antral mucosa.

The SS levels in fasting and postprandial plasma and
gastrointestinal mucosa were not different in the three groups.
The postprandial increments of plasma SS levels were similar
in the three groups. The mucosal SS levels in descending
duodenum were significantly lower than those in the gastric
antrum in the three groups (Table 2).
Table 2 Comparison of SS levels in fasting and postprandial
plasma and mucosa of gastricantrum and duodenum in FD
patients and normal controls (mean±SD)
Plasma (pg/mL)
Group

Mucosa (pg/g ww)

n
Fasting

Postprandial Gastric antrum

Duodenum

FDD

29

26.71±8.47

37.21±11.89 b

372.24±88.27

158.66±40.61d

FDN

25

23.67±7.41

35.45±13.19 b

353.16±106.14

143.94±38.47 d

Normal 17

24.16±9.75

39.92±13.04 b

336.88±116.24

150.76±35.29 d

controls
b

P<0.01 vs fasting plasma, dP<0.01 vs gastric antral mucosa.

The NT levels in the fasting and postprandial plasma and
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gastrointestinal mucosa were significantly higher in the FDD
group than those in the other two groups, and there were no
differences between the FDN group and the normal control
group. The FDD group and FDN group had significantly greater
postprandial increments of the plasma NT levels compared with
the normal control group (Table 3).
Table 3 Comparison of NT levels in fasting and postprandial
plasma and mucosa of gastric antrum and duodenum in FD
patients and normal controls (mean±SD)
Plasma (pg/mL)
Group

Mucosa (pg/g ww)

n
Fasting

Postprandial Gastric antrum Guodenum
70.82±27.3c

196.94±66.67

217.93±61.28

FDD

29 58.41±23.49

FDN

25 43.52±16.21 b 56.68±19.72 a,c 150.77±53.34 a 139.21±46.65 b

Normal
controls 17 45.47±14.65 a 54.29±20.37 a
a

141.81±47.53b 162.39±54.52 b

P<0.05 vs FDD, bP<0.01 vs FDD, cP<0.05 vs fasting plasma.

G and D cells
G cells of the gastric antrum were mainly distributed in the
lower 2/3 mucosa and rarely in the upper 1/3 mucosa. G cells
appeared to be round, elliptical, triangular or irregular in shape.
A few G cells had slender processes with small bulbous
expanded endings stretching to the neighboring cells.
Occasionally, the apex of G cells could even reach the glandular
lumens. D cells of gastric antrum were mainly located in the
lower 1/3 mucosa and rarely in the upper 2/3 mucosa.
Appearance of D cells was similar to that of G cells. The number
and gray value of G and D cells, and the G cell/D cell number
ratio were not significantly different in the three groups (Table 4).
Table 4 Comparison of the number of G and D cells, gray
value, and the G cell/D cell number ratios in FD patients and
normal controls (mean±SD)
G cells

Group

n

D cells

G cell/D cell
number
Number Gray value Number Gray value ratio

FDD

29

81.05±8.12 58.46±5.74 42.38±4.13 94.16±8.96 2.14±0.33

FDN

25

77.74±7.04 60.65±4.83 40.02±5.36 92.27±8.34 2.23±0.25

17

83.16±6.57 61.37±5.26 39.28±4.99 96.39±9.65 2.08±0.22

Normal
controls

DISCUSSION
The pathogenesis of FD is not clearly defined. Gastrointestinal
motor abnormalities, altered visceral sensation, and psychosocial
factors have all been identified as major pathogenic factors[2,16].
There is evidence that gastric dysmotility plays a role in the
occurrence of FD. In early studies, about 40-60% of FD patients
had delayed gastric emptying[17-19]. The present study showed
that 29 of 54 FD patients (53.70%) had delayed gastric emptying.
The finding further proves that gastric dysmotility is one of the
pathogenic factors of FD. We observed 46.30% of FD patients
had normal gastric emptying in the study, suggesting the
pathogenesis of these patients is not related to delayed gastric
emptying but to some other factors.
Our study showed that the postprandial plasma gastrin level
and the NT levels in fasting and postprandial plasma and gastric
and duodenal mucosa were significantly higher in FD patients
with delayed gastric emptying than in the FD patients with
normal gastric emptying and normal controls. The effects of
gastrin on gastric motility are complicated, including slowing
down gastric emptying, stimulating the contraction of gastric
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antrum, and enhancing the grinding function of stomach[10,20,21].
NT can inhibit gastrointestinal motility and prolong gastric
emptying[11,22,23]. N cells, NT-producing cells, mainly locate in
ileal mucosa. In patients undergoing ileal resection, the plasma
NT levels decrease due to the reduction of N cells, resulting in
accelerated liquid gastric emptying. Our findings indicate that
delayed gastric emptying in FD patients is related to the abnormal
levels of gastrin and NT, and the elevated postprandial plasma
gastrin and NT levels in fasting and postprandial plasma and
gastric and duodenal mucosae might be part of the reasons for
delayed gastric emptying in FD patients. It is impossible that
the raised postprandial gastrin levels in the FD patients with
delayed emptying are due to antral stimulation by the retained
food, because antral stimulation was present in all the FD
patients and normal controls 30 min after the test meal.
The present study showed that the gastrin and SS levels in
gastric antral mucosa were higher than those in mucosa of
descending portion of duodenum both in patients and in normal
controls, suggesting that G and D cells are denser in the gastric
antral mucosa than in mucosa of descending duodenum. In the
study, the plasma gastrin, SS, and NT levels increased after
ingestion of the test meal both in patients and in normal controls,
indicating that food can stimulate the secretion of these
gastrointestinal hormones. The gastrin, SS, and NT levels in
plasma and gastric and duodenal mucosa did not differ
significantly between FD patients with normal gastric emptying
and normal controls, suggesting that the pathogenesis of FD
is not related to the change in levels of these gastrointestinal
hormones or gastric dysmotility, but to some other factors.
To find out the reasons why postprandial plasma gastrin
level increased in FD patients with delayed gastric emptying,
we observed the morphology of G and D cells in the gastric
antral mucosa, and found that the number and gray value of G
and D cells and the G cell/D cell number ratio were not
significantly different between FD patients with delayed gastric
emptying and those with normal gastric emptying and normal
controls, suggesting that the abnormally elevated postprandial
plasma gastrin level is not correlated with the change in the
number of G cells, the pigmenting extent of secretory granules
in G cells, or the G cell/D cell number ratio.
Gastrointestinal hormones are produced by neuroendocrine
cells in gastrointestinal tract. The stimuli to the release of
gastrointestinal hormones involve luminal, blood, and
neurostimulations. Further studies are needed to determine the
abnormalities of gastrin and NT levels in FD patients with
delayed gastric emptying. FD patients have a disturbance of
autonomic nerve function [24,25], which may be related to the
abnormal gastrin and NT release.
Abnormalities of gastrointestinal hormones are just one
mechanism whereby gastric motility may be disturbed in some
FD patients. Other mechanisms include disturbance of mental
status and autonomic nerve function[24-26]. The significance of
abnormalities of gastrointestinal hormones revealed in this
study remains to be determined.
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Abstract

tumors were cured by the combination therapy. The levels
of MVD and PI were 14.50±5.93 and 0.41±0.02, 12.38±1.60
and 0.30±0.07, 7.13±2.99 and 0.37±0.03, and 5.21±1.23
and 0.23±0.02 respectively in the control group, G100 group,
T30 group and combination group. A significant inhibitory
effect on PI level and MVD level was observed in G100
group and T30 group respectively whereas both MVD and
PI levels were significantly inhibited in the combination group
(P<0.05).
CONCLUSION: Antiangiogenic therapy shows significant
anti-tumor and anti-metastatic effects, and is helpful to
reduce the dosage of cytotoxic drugs and the side effects.
These effects are related to the antiangiogenic effect of
TNP-470 and cytotoxic effect of gemcitabine.

AIM: To investigate the anti-tumor effects of antiangiogenic
therapy (a combination of TNP-470, an antiangiogenic
compound, with gemcitabine, an antimetabolite) on human
pancreatic carcinoma xenografts and its mechanism.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

METHODS: A surgical orthotopic implantation (SOI) model
was established by suturing small pieces of SW1990
pancreatic carcinoma into the tail of pancreas in nude male
mice. Mice then received either single therapy (n = 24) or
combined therapy (n = 32). Mice receiving single therapy
were randomly divided into control group, G100 group
receiving 100 mg/kg gemcitabine IP on d 0, 3, 6 and 9
after transplantation, and T30 group receiving 30 mg/kg
TNP-470 s.c on alternate days for 8 wk. Mice receiving
combined therapy were randomly divided into control group,
T15 group, G50 group and combination group (TNP-470
30 mg/kg and gemcitabine 50 mg/kg). Animals were killed
8 wk after transplantation. Transplanted tumors, liver,
lymph node and peritoneum were removed. Weight of
transplanted tumors, the T/C rate (the rate of mean treated
tumor weight to mean control tumor weight), change of
body weight, metastasis rate, and 9-wk survival rate were
investigated. Tumor samples were taken from the control
group, T30 group, G100 group and combination group.
PCNA index (PI) and microvessel density (MVD) were
investigated by immunohistochemical staining for PCNA and
factor VIII, respectively.

Jia L, Zhang MH, Yuan SZ, Huang WG. Antiangiogenetic
therapy for human pancreatic carcinoma xenografts in nude
mice. World J Gastroenterol 2004; 11(3): 447-450

RESULTS: There was a significant inhibitory effect on
primary tumor growth of pancreatic carcinoma in G100
group, compared to T30 group, whereas tumor metastasis
was significantly inhibited in T30 group compared to G100
group. There was no significant improvement in survival
rate in these two groups. No significant inhibitory effect on
tumor growth and metastasis in T15 group and G50 group.
However, significant anti-tumor and anti-metastatic effects
were observed in the combination group with a significant
improvement in survival rate. The inhibitory effect on tumor
growth in combination group enhanced 2 times in
comparison with G50 group and 5 times in comparison
with T15 group. Moreover, 25% of the animals bearing

Key words: Pancreatic carcinoma; TNP-470; Angiogenesis
Inhibitors; Xenografts
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INTRODUCTION
Exocrine pancreatic carcinoma is now the fifth leading cause of
cancer in the United States, Japan and Europe, with an overall
5-year survival rate of less than 5%[1]. One of the major causes
of death is peritoneal dissemination and liver metastasis[2]. As
all solid tumors, pancreatic carcinoma depends on the
development of an adequate blood supply through angiogenesis
for growth at both primary and secondary sites. Inhibition of
neoangiogenesis is a new and attractive target for tumor therapy,
since it theoretically offers the hope of long-term control of
tumor progression. TNP-470 is a potent angiogenesis inhibitor,
which has been shown to have a marked inhibitory effect on
tumor growth and metastasis both in vivo and in vitro[3-5].
The anti-neoplastic actions of angiogenic inhibitors and
cytotoxic agents are clearly different. Treatment with
antiangiogenic agents could interact in a positive way with a
variety of anti-cancer therapies, and the anti-metastatic and
anti-tumor effects of combination therapy were stronger than
those of angiogenic inhibitors alone and cytotoxic agents
alone[5-8]. Therefore, Satoh et al[9] (1998) first proposed the
concept of angiocytotoxic therapy. However, the effect of
antiangiogenic therapy on pancreatic carcinoma and its precise
mechanism have not been elucidated completely.
In this study, TNP-470 and gemcitabine served as
representatives of angiogenitic inhibitors and cytotoxic agents
respectively. The aims of this study were to assess the antitumor and anti-metastasis effects of TNP-470 and gemcitabine
alone or in combination using a patient-like model of pancreatic
carcinoma by surgical orthotopic implantation (SOI) and to
clarify the mechanism of angiocytotoxic therapy.
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MATERIALS AND METHODS
Drugs and reagents
TNP-470 was a kind gift from Takeda Chemical Industries
(Osaka, Japan). Its structure and metabolism were described
previously. For in vivo use, TNP-470 was suspended in a vehicle
of 3% ethanol and 5% gum arabic in saline. Gemcitabine (Eli
Lilly Inc.) was dissolved in saline. RPMI 1640 and heatinactivated fetal calf serum (FCS) were purchased from Gibco
(Grand Island, NY).
Animals
Four-week-old male BALB/c nu/nu mice, weighing 18-20 g, were
obtained from the Experimental Animal Center, Sun Yat-Sen
University. The animals were housed in microisolator cages
with autoclaved bedding, food, and water. The mice were
maintained on a 12-h light/12-h dark cycle.
Cell line
Human pancreatic carcinoma cell line SW1990 was kindly
provided by the Animal Center, Sun Yat-Sen University. Cells
were cultured in RPMI 1640 supplemented with 10% FCS, and
maintained at 37 ℃ in 50 mL/L CO2. A single cell suspension of
approximately 5×106 cells in 0.5 mL of culture medium was
inoculated subcutaneously into the left axial region of the cervix
of two BALB/c nu/nu mice to make source tumors.
Establishment of SOI model
Pancreatic tumor tissues were transplanted orthotopically in
nude mice using the method of Furukawa et al[10] with some
modifications. These source tumors were excised when they
grew to approximately 1 cm3, and minced into approximately
1 mm3 pieces in Hanks’ balanced salt solution (HBSS) containing
100 units/mL penicillin and 100 g/mL streptomycin.
Mice were anesthetized by an intraperitoneal injection of
sodium pentobarbital (0.45 mg/g body weight). An incision
was then made through the upper left abdominal pararectal line
and peritoneum. The pancreas was carefully exposed and a
tumor piece was transplanted on the tail of pancreas close to
the portal area of the spleen with a 6-0 surgical suture. The
pancreas was relocated into the abdominal cavity, which was
then closed in two layers with 6-0 surgical sutures. Animals
were kept in a sterile environment.
Effects of TNP-470 and gemcitabine alone on SOI model
Twenty-four male mice were randomly divided into 3 groups:
control group was given saline solution, T30 group, which
received 0.2 mL of TNP-470 solution (30 mg/kg, sc. on alternate
days for 8 wk) from d 7 after tumor transplantation, G100 group,
which received 0.2 mL of gemcitabine (100 mg/kg ip.) on d 0, 3,
6 and 9 after transplantation. Treatment was continued until
animals were killed 8 wk after tumor transplantation.
The transplanted tumors, liver, lymph node and peritoneum
were harvested, fixed in paraformaldehyde, and embedded in
paraffin. Five-micron thin tissue sections were obtained and
stained with hematoxylin and eosin for microscopic examination.
Metastases were evaluated macroscopically and confirmed
histologically. Besides, the weight of transplanted tumors, T/C
rate (the rate of the mean tumor weight in treated animals to the
mean tumor weight in control animals), change of body weight
of mice and 9-wk survival rate were also investigated.
Effects of combination therapy of TNP-470 with gemcitabine
on SOI model
Thirty-two male mice were randomly divided into 4 groups:
control group, T15 group receiving TNP-470 (15 mg/kg), G50
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group receiving gemcitabine (50 mg/kg) and combination group
(TNP-470 30 mg/kg+gemcitabine 50 mg/kg). The experiment
steps were the same as that mentioned above.

Immunohistochemistry
Expression of proliferating cell nuclear antigen (PCNA) and
microvessel density (MVD) in tumors were examined by
immunohistochemical method for PCNA and factor VIII
respectively. The samples were from the control group, T30
group, G100 group and combination group. Primary antibody
used was polyclonal antibody of von Willebrand factor (factor
VIII-related antigen) at a dilution of 1:100, monoclonal antibodies
to PCNA at a dilution of 1:100. Negative controls were generated
by substituting the primary antibody with distilled water. Two
independent experienced pathologists counted separately, and
consensus counting was done for dispute.
Microvessel density Criteria for positive staining and
microvessel counting were those established by Weidner et al[11]
with a minor modification[2-3]. The counting was first proceeded
at 100× magnification for “hot spot” representing the area of
the highest microvessel density (MVD), then switched to 200×
magnification for clear depiction and better counting. For each
slide, five “hot spots” were counted, and the mean count
represented the final MVD. MVD was counted according to
the standards that any stained endothelial cell or cells were
identified as an independent vessel. A brown stain structure
clearly separated from the adjacent microvessels was regarded
as a single countable microvessel. However, apparent vasa or
vasa with red blood cells could be regarded as vessels[11].
PCNA index (PI) PCNA staining was confined to the nuclei.
Although the nuclear staining varied in intensity, all identifiable
staining was considered positive. Sections were counted at
high power (×400), and five fields were assessed randomly for
tumor or non-tumor pancreatic cells. Five hundred cell nuclei
were found respectively, and the rate of positive cells over
total cells counted was defined as the PCNA index[12].
Statistical analysis
Statistical analysis was carried out by SPSS packed program.
Variance test, chi-square test and Mann-Whitney test were
used. P<0.05 based on a two-tailed test was considered
statistically significant.
RESULTS
Effects of monotherapy and its side effects
Anti-metastasis effect. We found that metastasis developed in
7 of 8 mice (87.5%) in the control group, in 5 of 8 mice (62.5%)
receiving 100 mg/kg gemcitabine, in 2 of 8 mice (25%) receiving
30 mg/kg TNP-470. TNP-470 displayed a significant inhibitory
effect on the metastasis of pancreatic carcinoma compared to
the control and gemcitabine (P<0.05).
Anti-tumor effect Although TNP-470 (30 mg/kg) alone had
no significant effect on tumor growth in vivo, gemcitabine
(100 mg/kg) significantly inhibited primary tumor growth (P<0.05).
Survival rate Neither Gemcitabine (100 mg/kg) nor TNP-470
(30 mg/kg) showed a significant improvement in the survival
rate of SOI models (P>0.05).
Side effects gemcitabine (100 mg/kg) led to severe diarrhea
and weight loss during its administration, while 30 mg/kg of
TNP-470 induced mild weight loss in the mice with pancreatic
carcinoma (as shown in Table 1).
Effects of combination therapy and its side effects
Table 2 shows that low doses of TNP-470 alone and gemcitabine
alone had no significant inhibitory effect on primary tumor
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growth and metastasis of PCA in vivo. On the other hand, a
significant anti-tumor and anti-metastatic effect was observed
in the combination group. TNP-470 also enhanced the inhibitory
effect of gemcitabine(50 mg/kg) from 23.64% to 67.27%
(combination therapy), and 25% of the animals bearing tumors
were cured by the combination therapy. Besides, only the
combination group showed significant improvement on the
survival rate of mice. All the therapies had no obvious side
effects such as diarrhea and weight loss.

Mechanism of combination therapy
The levels of microvessel density in T30 group and combination
group were significantly lower than those in G100 group and
control group (P<0.05), while there was no significant difference
in MVD levels between T30 group and combination group, and
between G100 group and control group (P>0.05). In contrast,
the level of PI in G100 group and combination group was
significantly lower than that in T30 group and control group
(P<0.05), while there was no significant difference in PI levels
between G100 group and combination group, and between T30
group and control group (P>0.05).
Table 1 Tumor weight, survival rate, metastasis rate and BW
in three groups (mean±SD)
Group

Tumor weight

Survival Metastasis Change of body
rate (%) rate (%) weight of mice (g)
(1-T/C,%)

(g)
Control 0.64±0.04

50.0 (4/8) 87.5 (7/8)

G100

0.19±0.01 a 70.31

50.0 (4/8) 62.5 (5/8)

T3 0

0.38±0.03

62.5 (5/8)

a

40.62

25.0 (2/8) a

-0.34±0.12
-1.04±0.20
-0.99±0.14

P<0.05 vs control.

Table 2 Tumor weight, survival rate, metastasis rate and BW
in four groups (mean±SD)
Group

Tumor weight

Survival Metastasis Change of body
rate (%) rate (%) weight of mice (g)
(g) (1-T/C,%)

Control

0.55±0.03

G50

0.42±0.02 23.6 62.5 (5/8)

75.0 (6/8)

-0.90±0.13

T1 5

0.48±0.02 12.7 62.5 (5/8)

62.5 (5/8)

-0.79±0.12

37.5 (3/8) 100 (8/8)

Combination 0.18±0.02 a 67.3 100 (8/8) a 12.5 (1/8) a
a

-0.44±0.09

0.13±0.07 a

P<0.05 vs control.

Table 3 MVD and Proliferation index (PI) in four groups
(mean±SD)
Group
Control
G100
T3 0
Combination
a

MVD
14.50±5.93
12.38±1.60
7.13±2.99
5.21±1.23 a

PI
0.41±0.02
0.30±0.07 a
0.37±0.03
0.23±0.02

P<0.05 vs other groups.

DISCUSSION
The pivotal role of angiogenesis in primary tumor growth and
metastasis has been recognized many years before. It has been
found that angiogenesis is essential for the growth of solid tumors
at primary and at secondary sites[3,13]. It is thought that new blood
vessels in tumor are highly permeable and provide a route for
cancer cells to enter the circulation[25]. Therefore, anti-angiogenenic
agents might be clinically useful for the prevention of cancer
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progression[13-16]. Since the first successful efforts to inhibit
endothelial cell growth were reported, many new drugs have been
developed for the inhibition of tumor angiogenesis. TNP-470, a
semisynthetic analogue of fumagillin, is one of the promising
antiangiogenic drugs in clinical trials based on its efficacy and the
lack of major adverse effects, and which has been reported to be
highly effective against a wide variety of tumors and metastases
mainly by preventing tumor neovascularization[17-20].
Antiangiogenic therapy offers a number of potential benefits
including lack of resistance to some agents, synergistic
interaction to other modalities, lack of significant toxicity
compared with conventional agents, and a potent antitumor
effect. However, the anti-neoplastic actions and side effects of
angiogenitic inhibitors and cytotoxic agents were clearly
different[6,7,14]. Administration of angiogenesis inhibitors such
as TNP-470 might keep the tumor and its metastases dormant
(rather than killing it), and co-administration of cytotoxic drugs
might kill it [5,8,21,22]. Many studies have been conducted to
evaluate the therapeutic effects of angiogenic inhibitors with
in combination with cytotoxic agents. Kato et al[23] reported
significant effects of TNP-470 in combination with mitomycin-C,
adriamycin, CDDP, and 5-FU in mouse models. The anti-tumor
effect of TNP-470 was enhanced by combination chemotherapeutic
agents[7,8,14,25,26]. Shishido et al[6] further showed that the effect
of TNP-470 in combination with CDDP against pancreatic
carcinomas was enhanced. Although TNP-470 alone and CDDP
alone had no effect on tumor growth in vivo, 90 mg/kg TNP-470
in combination with 0.25 mg/kg CDDP had a significant effect.
Therefore, angiocytotoxic therapy has been gradually accepted
worldwide in recent years.
Recently, a number of new drugs have been developed for
treating patients with pancreatic carcinoma. Early studies with
gemcitabine suggested a modest antitumor activity with
significant improvement in disease-related symptoms.
Therefore, gemcitabine has been generally considered to be
the first-line therapy for pancreatic cancer, and is now widely
used[26-28]. In 2002, we established the metastatic model of
SW1990 by surgical orthotopic implantation in nude mice,
which replicated the clinical behaviors of pancreatic carcinoma
including local growth and regional and distant metastases.
The successful transplantation rate and the metastatic rate for
9 wk were 100% and 93.8% respectively[29]. Gemcitabine alone
had no significant anti-tumor effect on SOI model of pancreatic
carcinoma, but was not helpful to reduce tumor metastasis[30].
However, the effects of angiocytotoxic therapy (TNP-470 in
combination with gemcitabine) on pancreatic carcinoma and
its mechanism were not elucidated completely.
In the current study, we used the well-established SOI model
of pancreatic carcinoma SW1990 cell line to evaluate the effect
of angiocytotoxic therapy. We found that TNP-470 30 mg/kg
alone had a significant inhibitory effect on the metastasis of
pancreatic carcinoma, but had no significant anti-tumor effect.
In contrast, gemcitabine (100 mg/kg) alone could significantly
inhibit primary tumor growth, but induced severe diarrhea and
weight loss, and had no significant anti-metastatic effect. Both
groups had no significant improvement in the survival rate of
SOI models. While low dose of TNP-470 and gemcitabine alone
had no significant inhibitory effect on the tumor growth and
metastasis, angiocytotoxic therapy (TNP-470 in combination with
low dose of gemcitabine) showed significant anti-tumor, antimetastatic and survival-improving effects. The inhibitory effect
on G50 group was enhanced 2 times in comparison with T30,
and 25% of the animals bearing tumors were cured by the
combination therapy. It is clear that the mechanism of
angiocytotoxic therapy includes both the antiangiogenic effect
of TNP-470 (reducing the level of MVD) and cytotoxic effect of
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gemcitabine (reducing the level of PI).
In summary, by combining antiangiogenic agents with each
other and/or with other modalities in the treatment of cancer,
the limitations of each therapeutic approach could be overcome,
leading to enhanced efficacy with diminished toxicity[14].
Angiocytotoxic therapy (TNP-470 in combination with low dose
of gemcitabine) showed excellent anti-tumor and anti-metastatic
effects on SOI model of pancreatic carcinoma, which is very
helpful to reduce the dosage of cytotoxic drugs and its side
effects. These results suggest that angiocytotoxic therapy may
provide a new safe and effective strategy for the treatment
advanced pancreatic carcinoma. However, before these agents
can be used into clinical practice, a better understanding of
their mechanism of action and regulation is needed.
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Abstract
AIM: To evaluate the effects of self-expanding metal stents
(SEMS) in patients with malignant esophageal obstruction
and to analyze their prognosis and complications.
METHODS: Seventy-four metallic stents were placed under
fluoroscopic guidance in 66 patients with esophageal
obstruction secondary to carcinoma, of whom, 6 cases
were complicated by fistula.
RESULTS: After seventy-two stents were successfully used in
66 cases without any severe complications (technical successful
rate was 97%), the dysphagia score improved from 3.3±0.6 to
0.8±0.5 (P<0.01), and life quality improved significantly in all
these patients. All fistulae were sealed immediately after coated
stents were inserted in the six patients. New stents were placed
in two patients: the stent migrated more than 2 cm, in one
patient and the stent slipped into stomach in the other. Minor
bleeding was found only in 28 patients during the operation.
Reobstruction was found in 12 patients, but was successfully
cured under endoscopy. The survival rate was 78%, 57%
and 11% for 6 mo, 1 year and 2 years respectively.
CONCLUSION: Placement of SEMS is a simple, safe, quick
and efficient surgical method for treating esophageal
carcinoma obstruction. It may be used mainly as a palliative
treatment of esophageal obstruction secondary to carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Esophageal carcinoma; Esophageal obstruction;
Self-expanding metal stents
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INTRODUCTION
The first successful insertion of an esophageal tube was reported
by Sir Charles Symonds in 1887 and was followed by the

development of plastic esophageal tubes. The expanding spiral
used for treatment of malignant dysphagia by Frimbeger in
1983 was probably the first expanding stent ever used in patients.
In recent years, this method has been widely used in esophageal
carcinoma obstruction. In this study, we analyzed our clinical
cases and evaluated the clinical effects of self-expanding metal
stents (SEMS) and the improved life quality of patients.

MATERIALS AND METHODS
Patients
Sixty-six patients (38 males and 28 females, aged 38 to 82 years,
mean age 52.7±8.5 years) with esophageal carcinoma were
referred for insertion of metallic stents from October 1997 to
June 2002. Among the patients, we found strictures were
secondary to squamous carcinoma (43 cases), adenocarcinoma
(15 cases) and anastomotic recurrence of tumor (8 cases). Each
patient was diagnosed at the third or fourth stage of their disease
by barium study, CT, MRI, endoscopy and pathology. The
degree of dysphagia was graded as the following: 0 = no
dysphagia, 1 = being able to swallow most solid foods, 2 = being
able to swallow semisolid foods, 3 = being able to swallow liquids
only, 4 = complete obstruction. Among the patients, 42 were at
grade 3 and 24 were at grade 4. The strictures had a mean
length of 75±8 mm (range, 60-170 mm), 5 patients had
tracheoesophageal fistulae, and one patient had pleuroesophageal
fistulae. Eight tumors were localized in the proximal, 48 in the
middle and 10 in the distal third of esophagus. And different
degrees of malnutrition were found in all patients.
Materials
Seven coated stents and sixty-five uncoated stents, with a length
between 80 mm to 150 mm (average 110±10 mm), a diameter
between 10 mm to 20 mm were used. A dental pad, a J shape
guide wire of 0.038 inch diameter and 90 cm length, an exchange
wire of 180 cm or 260 cm length, a 5F Cobra catheter and stent
delivery system were used.
Methods
With patients in supine position or lateral recumbent position
on the surgical bed, esophagography with water-soluble contrast
material was done first to confirm the position and length of
strictures, which were marked on corresponding sites with a
needle. The stents chosen were at least 4 cm longer than the
length of the stricture. Local anesthetic (10 g/L dicaine) was
applied to the mouth and throat. Stent insertion was performed
under fluoroscopic guidance. J shape guide wire and 5 F Cobra
catheter were inserted into the stomach first, then exchange
wire was inserted and the stent delivery system was passed
through the stricture site with the stent released at the exact position.
The shape and position of the stent were observed immediately
with water-soluble contrast material esophagography. If the
stricture was too long, another stent was inserted when necessary
with an overlap of the two stents over 2 cm (Figure 1).
Follow-up
Fasting during the first 24 h was necessary and gentamicin
sulfate was given by oral administration to prevent infection.
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Liquid food was first given in the following day, and then
semisolid food and solid food were given. The time to begin normal
food in those patients who had a coated stent inserted depended
on the position and degree of stent expanding. Barium study was
usually made on the second day and further esophagography
should be done in a week if the stent was not fully expanded.
Survivors should be followed up for at least 24 mo.
A

C

B

D

Figure 1 The method of stent insertion. A: Esophageal carcinoma
in middle esophagus, the length of stricture was about 6 cm;
B: Metallic stent inserted and released; C: Opened stent shown
by esophagography; D: Insertion of two stents at the same time.

RESULTS
Seventy-four stents were used in 66 patients with esophageal
carcinoma obstruction. Second stents were inserted in 6
patients. Stent migrated down in one patient after insertion and
another one was inserted above it. A second stent was placed at
the exact position because the first one slipped into stomach in
another patient. The rate of correct placement was 97% (72/74).
After operation, 55 stents were fully expanded within three days,
and the other 19 stents were fully expanded just in one week.
Dysphagia was obviously palliated in all patients with the
dysphagia score reduced to grade 0-1. Fistulae in 6 patients
disappeared immediately after coated stents were inserted in
the right position, and symptoms such as cough and fever
were palliated in two weeks. General conditions improved in
one mo except in three cases. Almost all patients experienced
chest pain and abnormal feeling in throat after stents were
inserted. Eighteen of them required treatment with analgesics,
but abnormal feeling in the throat persisted for a long time and
then alleviated or disappeared in one or two mo especially in
those patients with a stent in proximal esophageal lesions. Minor
bleeding was found in 28 patients during operation and was
not treated. Stent migration occurred in two patients, the stent
migrated less than 2 cm out of the lumen in one patient and no
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treatment was done for it. In the other patient, a second stent
was used. Reobstruction occurred in 12 patients. It was due to
food obstruction in 4 cases, tumor tissue growth in stents in 7
cases, and stricture of esophagus at the edges of stent by
overgrowth of benign tissue in 1 case respectively. All of them
were successfully treated gastroscopically. A stent was slipped
into stomach after insertion, and another stent was put in correct
position. Before the stent in stomach was treated, this patient
died of cachexia in one mo. Seven patients survived for over
24 mo, 27 for over 12 mo, 18 for over 6 mo, 11 for over 1 mo and
3 died in 1 mo. Radiation therapy and/or chemotherapy were
practiced after stent insertion in 8 patients, of whom, 6 survived
for over 1 year, and 2 for over 2 years.

DISCUSSION
Many patients suffered from severe malnutrition due to dysphagia
of terminal esophageal carcinoma. It was reported[1] that 60-65%
patients had malnutrition due to pancreatic carcinoma, esophageal
cancer or gastrointestinal carcinoma, and many of them had
lost the chance for surgical operation. Endoscopic laser therapy
(ELT), electrocautery, metallic or plastic esophageal stent could
alleviate their clinical symptoms, but metallic stent placement
was much more effective[2]. Gevers et al[3] compared ELT, plastic
stents and metallic stents in treatment of malignant obstruction
and found that plastic stents were used less because of its
high complication rate and short palliation time. ELT was the
preferred choice in patients who had a short prospective
survival time for its low complication rate. Metallic stents should
be used for those patients who had ELT failure, fistulae or a
long prospective survival time. If expandable metal stents with
a small diameter passed the stricture easily, aggressive dilation
of the esophagus before or after deployment was unnecessary.
This might reduce the suffering and financial burden of patients.
Such advantages are obvious for low complication rate and
retreatment times. Radiation therapy and chemotherapy
require a relatively long time before any effect on dysphagia is
achieved. The effect of dilation or ELT is relatively short and
the treatment must be repeated frequently in many patients.
Metallic stent wire could attach closely to the esophageal wall,
making it difficult to slip down, and minor damage to tissue
might occur around it [4]. Coated stents could seal fistulae
immediately after insertion, control pulmonary infection of
patients and improve their general conditions. Coated expandable
metal stent might increase survival times of patient with
tracheoesophageal fistula or pleuroesophageal fistula compared
to other therapies[2,5]. Six patients with fistulae in our study
were cured providing a proof of its effect.
Metallic stents are most suitable for the middle thirds of
esophageal lesions. Stricture at the gastroesophageal junction
is amenable to stent insertion with a high rate of technical and
clinical success. But severe reflux and aspiration might happen,
and a one-way flap valve on the gastric side of the stent could
prevent those complications[6-8]. Insertion of a metallic stent in
the proximal esophageal lesion is technically difficult. However,
in some reports, the upper edges of stents lay in C4 -T5 level
and no severe complications were found except abnormal
feeling in throat; dysphagia was palliated obviously after stents
were successfully inserted[9].
There are different opinions on the necessity of balloon
dilation before and after stent insertion. Cwikiel et al[10] reported
that it could reduce the rate of migration by dilation after stent
insertion. Our experiment found that balloon dilation was
unnecessary if the delivery system could pass through the
stricture lesion. The key for preventing immediate post-procedural
complications is to change patients’ habit of diet. They should
not take cold food, slabby food, big block food and long-fibrous
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food. Most of stents were fully expanded in one week after
insertion and the stent wire was incorporated into the tumor
and normal esophageal walls. The time to take food relies on
the results of esophageal radiography. As to coated stents,
there is a lumen between stent and esophageal wall, infection
might occur due to the food stuck in the lumen if food is taken
too early. Coated stent tends to migrate or slip down for its
surface is smooth and the stents do not incorporate into the
normal wall before it is fully expanded.
There are few reports on cost comparison between metallic
stent and ELT for the treatment of esophageal obstruction.
Despite the substantially higher cost of metallic stent placement,
substantial overall cost could be saved due to the reduction of
re-treatment and hospitalization because of complications[11,12].
As for the clinical application of coated stents, it should be
only used in esophageal carcinoma with fistula and perforation,
since it is unable to prevent restricture entirely, and can increase
the chance of migration and infection.
Restrictures were often found resulting from tumor overgrowth
or growth through the stent meshes or benign hyperplasic
tissues at the edge of stents discovered during long-term follow
up[9,13]. A coated stent placement may prevent tumor ingrowth,
but cannot prevent overgrowth of tumors and benign hyperplasic
tissues at the edge of stents, but a secondary stent insertion may
solve this problem. With stents confined, the risk of perforation
and bleeding was low, and ELT or electrocautery might be
another good choice[7].
Placement of esophageal metallic stent could lead to many
complications. Maier[14] reported that there was a high mortality
in patients who were inserted esophageal stents (3-29 d) soon
after balloon dilation, local hyperthermia, ELT, radiation
therapy, chemotherapy or radio-chemotherapy. Postmortem
examination confirmed that the pressure of fully expanded stents
to the esophageal wall caused the rupture, and weakness of
the esophageal wall might be the main reason. Fatal hemorrhage
was reported after metallic stent insertion[15], necrosis of the
esophageal and aorta walls at the edge of stent was confirmed
to be the reason by postmortem examination. Other reports[16]
argued that hemorrhage was the complication of esophageal
carcinoma invading the wall of aorta, and stent insertion induced
its rupture or hemorrhage. An overall understanding of the
treatment of patients before stent insertion is necessary and
the prognosis of stent placement should be estimated correctly.
Nasogastric tube placement or ELT is the first choice for those
patients in poor general condition and with a short prospective
survival time. At the beginning of our study, stents were inserted
in 3 patients at the terminal stages of their diseases and in poor
general condition, all the patients died in one mo due to loss of
appetite and cachexia. Before stent insertion, epiglottis
dysfunction and severe pulmonary infection and cough due to
aspiration should be diagnosed for the patients. Nasogastric
tube placement or gastrostomy should be performed for those
patients to solve the problem of taking food[15].
If the condition of patients permitted, radiation therapy and/or
chemotherapy followed by stent insertion were necessary but
adjustment of radiation therapy plan was unnecessary in those
patients. In our study, chemotherapy infusion was done in two
patients after stent placement at intervals of 3 or 6 mo to control
local tumor overgrowth, and ELT was used to treat tumor
growth into stent. The survival time of the patients was 26 mo
and 32 mo respectively. Because the number of clinical cases
was limited, further investigation is needed to elucidate whether
secondary therapy after stent insertion can improve the survival
time of such patients.
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Although placement of metallic stents could lead to some
complications[2,17], such as chest pain, bleeding, perforation,
fistula, restricture, and approximately 0.5-2% of patients died as a
direct result of placement of metallic stents, but most patients had
a long-term (1-82 wk, mean 53 wk) palliation[13]. It is thus concluded
that metallic stent placement is a simple, quick, safe and efficient
method to palliate esophageal carcinoma obstruction.
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Abstract
AIM: To produce a recombinant protein rMBP-NAP, which
was fusionally expressed by Helicobacter pylori (H pylori)
neutrophil-activating protein (NAP) and E. coli maltosebinding protein (MBP) and to evaluate its immunoreactivity
and immunogenicity.
METHODS: Neutrophil-activating protein gene of H pylori
(HP-napA) was subcloned from the recombinant plasmid
pNEB-napA, and fused to MalE gene of expressing vector
pMAL-c2x. The recombinant plasmid pMAL-c2x-napA was
confirmed by restriction enzyme digestion, and then
transformed into E. coli TB1. Fusion protein rMBP-NAP was
induced by IPTG and identified by SDS-PAGE analysis.
Soluble rMBP-NAP was purified by amylose affinity
chromatography. Immunoreactivity and immunogenicity of
the fusion protein were evaluated by animal experiment,
Western blotting with human H pylori anti-sera.
RESULTS: E.coli TB1 carrying recombinant plasmid pMAL-c2xnapA was constructed and led to a high efficiency cytosol
expression of fusion protein rBMP -NAP when induced by IPTG.
The molecular weight of rBMP-NAP was about 57 kD,
accounting for 37.55% of the total protein in the sonicated
supernatant of E. coli TB1 (pMAL-c2x-napA). The purity of the
fusion protein after one-step affinity chromatography was
94% and the yield was 100 mg per liter of bacterial culture.
The purified fusion protein could be specifically recognized
by both human anti-sera from clinical patients with H pylori
infection and rabbit sera immunized by rMBP-NAP itself.
CONCLUSION: Recombinant protein rMBP-NAP might be
a novel antigen for vaccine development against H pylori.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Helicobacter pylori; Neutrophil-activating protein;
Maltose-binding protein; E.coli
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INTRODUCTION
H pylori is now recognized as one of the most widespread
human pathogens. Stomach mucosa colonized by H pylori is
commonly accompanied with inflammatory infiltrates,
consisting mainly of neutrophils and monocytes[1,2]. There is a
good correlation between the degree of mucosal damage and
neutrophil infiltration [3,4]. Several studies have provided
evidence for the presence of protein components in H pylori
water extracts capable of attracting and activating neutrophil
adhesion to endothelial cells[5,6]. It is termed H pylori neutrophilactivating protein (HP-NAP). HP-NAP is localized in bacterial
cytosol and released upon autolysis. It can bind to the external
surface of the outer membrane, similar to what was found for
urease[7,8]. In such a location, HP-NAP can mediate H pylori
binding to the cell surface, thus, HP-NAP is supposed to be a
major virulence factor and vaccine candidate[9]. To study the
pathogenesis of H pylori infection and screen potential antigens
for H pylori vaccine development, neutrophil-activating protein
gene of H pylori (HP-napA) was amplified by PCR from H pylori
MEL-HP27 strain, which was isolated from a clinical patient in
Henan Province of China (preserved in Molecular Epidemiology
Laboratory, Zhengzhou University). The napA sequence data
have been published on GenBank (Accession No: AY366361)
by the authors. Software analysis indicated that HP-napA gene
was a highly conserved prokaryotic gene that could encode a
15-kD polypeptide. The aim of this study was to produce
recombinant protein of HP-NAP in E.coli TB1 and to screen
vaccine candidates. So the recombinant plasmid pMAL-c2xnapA was constructed, human recombinant mannose-binding
protein (rMBP)-NAP expressed in E. coli TB1 was used as an
antigen to immunize rabbits. Experiment with animal, H pylori
human anti-serum and software were used to evaluate the
immunogenicity and immunoreactivity of rMBP-NAP.
MATERIALS AND METHODS
Materials
E.coli TB1, pMAL-c2x, amylose resin, and goat anti-rabbit IgGHRP, goat anti-human IgG-HRP were purchased from NEB
Company. pNEB-napA was constructed by the authors, 1 kb
DNA ladder was from Sangon. Sal I, EcoRI, T4 DNA ligase,
IPTG, Xgal were from Takara. Freund’s adjuvant was from Sigma;
NC Western blot membrane was from Beijing Yili Company.
DAB was from Roche Company, rabbits were from Laboratory
Animal Center of Henan Province, H pylori human anti-sera
were preserved in Molecular Epidemiology Department of
Zhengzhou University.
Construction of recombinant plasmid
Common DNA manipulation was done according to the methods
described by Sambrook et al[10]. In brief, 0.5 g pNEB-napA
and 0.5 g pMAL-c2x were digested respectively in 20 L 1×H
buffer with 1 L SalI and 1 L EcoR. Then, 2 L pMAL-c2x
digest and 1 L napA fragment were mixed after purification,
and 14 L deionized H2O (Milli-Q) was added. DNA mixture
was heated at 45 ℃ for 5 min and then cooled on ice, and 2 L
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10×T4 DNA ligase buffer and 1 L T4 DNA ligase were added
and incubated at 16 ℃ overnight.

Transformation and positive clone screening
The ligation was mixed with 25 L competent TB1 cells,
incubated on ice for 5 min, heated to 42 ℃ for 2 min. One
hundred L LB was added and incubated at 37 ℃ for 20 min,
spread on a LB plate containing 100 mg/L ampicillin, incubated
at 37 ℃ overnight. Colonies were picked with a sterile toothpick
and inoculated onto a master LB amp plate and a LB amp plate
containing 80 mg/L Xgal and 0.1 mmol/L IPTG. The colonies
were incubated at 37 ℃ for 14 h and the white clones on LB
amp plate containing Xgal and IPTG were selected. The
corresponding patches on the master plate were determined.
Plasmid DNA was miniprepared, and the insert of napA was
identified by restriction enzyme digestion.
Expression and purification
The positive clones of TB1(pMAL-c2x-napA) on the master
plate were cultured in 5 mL broth containing amp at 37 ℃,
200 r/min overnight. One hundred mL rich glucose broth
containing amp was inoculated with 1 mL of the cultured TB1
cells. Cells of 2×108/mL(A600≈0.5) were cultured at 37 ℃, IPTG
was added to a final concentration of 0.3 mmol/L, and induced
for 3 h. The expression of induced fusion protein was identified
on SDS-PAGE. The cells were harvested and frozen at -20 ℃
overnight, sonicated in ice-water bath, centrifuged at 9 000 g
for 30 min at 4 ℃. Soluble rMBP-NAP in the supernatant was
purified by amylose affinity chromatography. The purity was
evaluated by gel image analysis system (SynGene, USA) and
the quantity was tested by Bradford assay.
Immunization of rabbits and Western blotting
Rabbits (3-5 kg) were immunized with purified rMBP-NAP four
times. The primary immunization by hypodermic injection
consisted of 100 g rMBP-NAP and 0.5 mL complete Freund’s
adjuvant. Three enhancement immunizations were performed
4 wk after the first injection, each dose consisting of 50 g
rMBP-NAP and 0.25 mL incomplete Freund’s adjuvant at weekly
intervals. The sera were collected 3 wk after the last immunization.
The negative sera were collected before the vaccination. Purified
fusion protein was transferred to nitrocellulose (NC) membranes
by semi-dry transfer cell (TRANS-BLOT.SD, BIORAD) at 15 V
for 20 min after SDS-PAGE. Fusion protein impregnated NC
strips were incubated with anti-rMBP-NAP rabbit serum
(1:500) and anti-H pylori human serum (1:50) as the first
antibody respectively, incubated with goat anti-rabbit IgG-HRP
and goat anti-human IgG-HRP after washing. The secondary
antibody was detected by reaction with DAB.
Antigenic features of rMBP-NAP evaluated by Omiga2.0
HP-napA and MBP-NAP gene sequence were inputted into
Omega2.0 program. The sequences were translated into proteins
and their antigenic features were calculated.
RESULTS
Construction of recombinant plasmid
Recombinant plasmid restriction enzyme digestion is shown in
Figure 1. The target fragment of 435 bp napA was inserted into
the pMAL-c2x between EcoRI and sal I.
rMBP-NAP expression and purification
SDS-PAGE analysis of expressed and purified rMBP-NAP is
shown in Figure 2. According to the gel image analysis system,
the molecular weight of rMBP-NAP was about 57 kD, and the
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soluble fusion protein accounted for 37.55% of the total protein
in the sonicated supernatant. The yield of fusion protein after
affinity purification was 100 mg/L culture by Bradford assay.
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Figure 1 Restriction analysis of pMAL-c2x-napA. Lane 1: 1 kb
DNA ladder; Lane 2: pMAL-c2x-napA digested by EcoRI;
Lane 3: pMAL-c2x-napA digested by EcoRI and SalI; Lane 4:
pMAL-c2x digested by EcoRI; Lane 5 HP-napA PCR fragment.
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Figure 2 SDS-PAGE analysis of rMBP-NAP. Lane 1: empty
plasmid induced by IPTG; Lane 2: TB 1(pMAL-c2x-napA) induced by IPTG; Lane 3: lower molecular weight protein
marker; Lane 4: affinity chromatography purified rMBP-NAP.

Immunoreactivity and immunogenicity of rMBP-NAP
Western blotting showed that the purified rMBP-NAP could
be recognized with the sera from rabbits immunized with
rMBP-NAP (Figure 3) and anti-H pylori sera from clinical
patients infected with H pylori. In contrast, the result of the
control sera from rabbits before vaccination and healthy people
was negative.

rMBP-NAP

Figure 3 Western blotting of purified rMBP-NAP.
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Figure 4 Antigenicity of rMBP-NAP analysed by Omega 2.0.
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DISCUSSION
H pylori infection is the major cause of chronic active gastritis
and most peptic ulcer diseases[11]. It is also closely related to
gastric cancers such as adenocarcinoma, mucosa-associated
lymphoid tissue (MALT) lymphoma. Approximately half the
population in the world is infected with H pylori. Vaccination
might be the most effective and economic way to control this
organism. Vaccine development is a process to identify the unique
structures capable of generating immunological protection when
formulated as a vaccine. So antigen and adjuvant selection is
critical in developing H pylori vaccines. But so far the
achievement in this area is still unsatisfied. Several studies
have focused on identifying major virulence factors of H pylori
such as CagA[12], urease and heat shock proteins. The toxicity
of these natural proteins has limited their application and heat
shock proteins might cause host immuno-cross reactions. A
vaccine candidate must meet the following criteria: antigenic
conservation among clinical isolates, elicitation of functional
antibodies, protection of animal models, and ultimate safety
and efficacy for human use [13]. So one of the tactical designs of
subunit vaccines is to modify the structure of the virulence
factors. Dundon et al reported that the majority of H pyloriinfected patients were found to produce antibodies specific for
HP-NAP, making it a strong vaccine candidate. We amplified
HP-napA by PCR from H pylori MEL-HP27 strain and sequence
analysis, and found that HP-napA gene was highly conserved
among prokaryotic organisms. The results of this study showed
that HP-napA fusionally expressed with maltose binding
protein of E. coli did not degrade the immunoreactivity, but the
immunogenicity of the fusion protein increased when the
molecule was larger than natural HP-NAP. The feature of HPNAP could be modified added with MBP. Moreover, maltosebinding protein provided a one-step affinity purification of the
fusion protein using maltose resin, which could be cleaved
from rMBP-NAP by factor Xa after purification. In conclusion,
DNA recombinant technique and bioinformatics can provide
an alternative approach to produce novel antigens for vaccine
development. The features of rMBP-NAP as a vaccine candidate
and the role of HP-NAP in H pylori-related pathogenesis should
to be further evaluated in animal models.
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Abstract
The authors report the case of a 60-year-old male patient.
In November 2001 he developed intestinal symptoms of
bloody diarrhea and abdominal pain. Colonoscopy and
biopsy established the diagnosis of ulcerative colitis
(proctosigmoiditis). The disease activity was moderate at the
beginning. No significant laboratory alterations were found
(including CEA, CA19-9), and mesalazine was started orally.
He was in remission until November 2003, when he was
admitted to our Outpatient Clinic for upper and right lower
abdominal pain and bloody diarrhea. Colonoscopy found
proctosigmoiditis with a moderate activity, gastroscopy revealed
chronic gastritis, laboratory data was normal. Treatment was
amended with mesalazine clysma and methylprednisolone
(16 mg) orally. Symptoms ameliorated; however, right lower
abdominal pain persisted. US and CT examination demonstrated
a pericecal cystic mass (11 cmx3.5 cm). At first pericecal
abscess was suspected, as the previous US examination
(6 mo earlier) had revealed normal findings. Fine needle
aspiration was performed. Cytology confirmed the diagnosis
of mucocele. The patient underwent partial cecum resection
and extirpation of the mucocele. He recovered well and the
final histology revealed a cystadenoma of the appendix. Follow
up was started. The patient is now free of symptoms.
Although primary adenocarcinoma of the appendix is
uncommon, the authors emphasize that preoperative diagnosis
of an underlying malignancy in a mucocele is important for
patient management; however, it is difficult on imaging
studies.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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pain; Ulcerative Colitis
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INTRODUCTION
Appendiceal mucocele (AM) is a rare entity that can present in
a variety of clinical syndromes or can occur as an incidental
surgical finding. The prevalence of AM is 0.2-0.4% among
appendectomies[1,2]. The anatomic location of AM in the right
lower quadrant of the abdomen includes it in the differential
diagnosis of masses in this region. Preoperative diagnosis of
underlying malignancies in a mucocele is important for the
management; however, it is difficult on imaging studies[1,3].
Our group reported previously on the epidemiology and
extraintestinal manifestations of full name (IBD) in Hungarian
patients[4]. Here, the authors present the primary cystadenoma
of the appendix in a male patient with ulcerative colitis.
CASE REPORT
A 58-year-old male patient presented with bloody diarrhea and
abdominal pain in November 2001. No laboratory alterations were
present (including serum carcinoembryonic antigen and CA19-9).
Colonoscopy and biopsy established the diagnosis of ulcerative
colitis (proctosigmoiditis). The disease activity was moderate at
the beginning. Abdominal sonography (US) revealed normal
findings. Mesalazine was started orally along with regular
follow-up 11 mo.
The disease was in remission until November 2003, when
he was admitted to our Outpatient Clinic with upper and right
lower abdominal pain and bloody diarrhea. Colonoscopy found
proctosigmoiditis with a moderate activity, gastroscopy revealed
chronic gastritis, laboratory data was normal (sedimentation
(ESR): 17 mm/h, CRP: 3 mg/L, leucocytes: 8.0 g/L, haemoglobin:
145 g/L, platelets: 281 g/L). Treatment was amended with
mesalazine clysma and methylprednisolone (16 mg) orally.
Symptoms ameliorated; however, right lower abdominal pain
persisted, which raised the possibility of Crohn’s disease. One wk
later abdominal US and CT examination demonstrated a pericecal
cystic mass (11 cm×3.5 cm, Figure 1). At first a pericecal abscess
was suspected, as the previous US examination (6 mo earlier)
had revealed normal findings. Fine needle aspiration was
performed. Cytology confirmed the diagnosis of mucocele.
The patient underwent partial cecum resection and
extirpation of the mucocele in December 2003 (Figure 2). He
recovered well and the final histology revealed cystadenoma
(mucinous tumor of unknown malignant potential) of the
appendix (Figure 3). Follow up was started. The patient is now
free of symptoms. The laboratory and abdominal US findings
after 1 and 3 mo were normal with no signs suggesting the
spread of mucocele. The colitis of the patient was in remission.
DISCUSSION
AM is a descriptive term for mucinous distension of the appendiceal
lumen regardless of the underlying pathology. Four causal
pathologic conditions have been reported: retention cyst,
mucosal hyperplasia, cystadenoma (or mucinous tumor of
unknown malignant potential) and cystadenocarcinoma[3]. The
external appearance is gross enlargement of the appendix, the
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Figure 1 Manifestations of appendiceal mucocele. A: Peculiar internal echogenicity of onion skin design, occupying a part of the cavity
in appendiceal mucocele; B: Presence of a pericaecal 11 cm×3.5 cm cystic lesion in the right lower abdomen (arrows) shown by axial CT.

A

B

Figure 2 Findings in mucocele at operation. A: Macroscopic finding in the mucocele at operation; B: Internal part of the cyst after opened.

A

B

C

D

Figure 3 Histological findings. A and B: Appendix, mucin-filled lumen lined with atypical mucin-producing columnar epithelium and no infiltration in muscular wall, H&E, ×40, ×60; C: Submucosa loaded with chronic inflammatory cells, H&E, ×20; D:
Normal colonic mucosa in the cecum, and thickened submucosa, H&E, ×20.

lumen is distended by mucin. Previous studies reported that
the male-to-female ratio was 3-4 to 1 with a mean age of 55 years
at diagnosis[5]. Recent reports, however showed a distinct male
predominance (4:1)[3], and in a retrospective study of 135
surgically resected patients 55% of the patients were females[6],
such that the sex predominance seems to be changing.
Clinical manifestations include palpable abdominal mass,
gastrointestinal bleeding and lower right abdominal pain, as in
our case[3,5]. Thus, although it is nonspecific, when a mass is
palpable or detected incidentally by imaging studies in the lower
right abdomen in a patient without a history of appendectomy,
we must consider the possibility of AM. Other signs reported

in some cases include weight loss, nausea/vomiting, acute
appendicitis, changes in bowel habits, and unexplained anaemia[6].
The presence of cutaneous fistula, intussusception and mucus
outflow from the appendiceal orifice during colonoscopy was
also reported[7-9]. Symptomatic patients were reported, more
likely, to have a malignant disease. There have been reports of
other tumors associated with AM, including gastrointestinal
tract, ovary, breast and kidney tumors, which might occur in up
to one-third of the patients[5,6]. The most common association
was colorectal cancer. Whether AM represents an increased
risk for colorectal cancer is unknown.
The diagnosis is difficult on imaging studies; up to 60% of
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the cases may be only diagnosed during operations for some
other diseases. Preoperative diagnosis is important, alerting the
surgeon of an unintended rupture during surgery and avoiding
the development of pseudomyxoma peritonei. US and CT were
reported to be valuable[3,5,10]. US could show an elongated echopoor mass, slightly different from what one would expect for a
cyst. Fine echo spots and/or concentric, echogenic layers within
the cystic mass (“onion skin”, Figure 1) are thought to be specific
alteration[1]. The reason for the layered appearance is unclear; one
may suggest that fluctuations of the concentration of mucin are
responsible for this phenomenon either by fluctuation in the
secretion of mucin into the cavity along with gradual absorption
of water or by fluctuation of the degree of excretion blockage from
the cavity. Most cases did not show posterior echo enhancement.
CT is also effective in the evaluation of these neoplasms[10,11].
Furthermore, CT allows a precise observation of the relation
between the lesion and the neighbouring organs, and helps rule
out or confirm the diagnosis. In suspected AM cases fine needle
aspiration should be avoided to preserve integrity of the cyst.
Surgical resection is the current method of choice in the
management of AM[6]. Open surgery was performed in most of
the cases: appendectomy alone or combined with right
hemicolectomy and in some female patients also bilateral
salpingo-oophorectomy or total abdominal hysterectomy were
performed. Laparoscopic resection of AM was also reported[12],
however, laparoscopic dissection, by grasping of the appendix
specimen, pneumoperitoneum, and transport of the specimen
through the abdominal wall might contribute to peritoneal
dissemination of an appendiceal mucinous tumor[2]. Peritoneal
dissemination from AM was not regarded as a problem with open
appendectomy, along with long survival in these patients. The
overall 5-year survival was reported to be 55% in 94 unselected
AM patients (22 patients had pseudomyxoma peritonei)[13].
However, this was stage dependent: stage A 100%, stage B 67%,
stage C 50% and stage D 6%. The survival rate was superior after
right hemicolectomy versus appendectomy alone (68% vs 20%).
Pseudomyxoma peritonei were more common in malignant
AM. Malignant AM was present in 95% of the pseudomyxoma
peritonei cases, while in only 13% of patients without this
complication. The crucial issue in this clinical setting was that
both histologically benign and malignant cases could result in
diffuse mucinous peritoneal tumors. These mucinous peritoneal
tumors represented bad prognosis even with extensive treatments,
including radical surgical excision and adjuvant intraperitoneal
and systemic chemotherapy[14]. The five-year survival rate,
depending on whether the disease was benign or malignant,
was about 53-75%, however, median survival was about 2 years
if only surgical management was performed.
The question arises whether there is a direct link between
IBD and AM. IBD is associated with more than one hundred
extraintestinal manifestations, including the elevated risk for some
gastrointestinal cancers, also possible for AM. Some authors have
suggested that the appendix or the appendiceal orifice might be
involved in UC, also in distal UC cases[15,16]. It may be hypothesized
that in cases with appendiceal involvement, the inflamed orifice
mayblock excretion from the cavity. The role of common immunologic
or genetic changes might also be suspected. Two patients with
UC and appendiceal cystadenocarcinoma have also been reported,
however, a causative role for UC has not been established[17,18].
In conclusion, special attention should be paid to patients
with extraordinary symptoms during follow up even in IBD patients
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with established diagnosis. Unusual symptoms during flare-up
should be investigated thoroughly. Although primary
adenocarcinoma of the appendix is uncommon, often an incidental
finding on imaging examinations and preoperative diagnosis of
the mucocele is important for patient management. Recognition of
the sonographic onion skin sign in a cystic mass in the right lower
quadrant may facilitate the more accurate diagnosis of AM.
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Abstract
Primary rectal lymphoma is a rare presentation of
gastrointestinal lymphomas. Its clinical presentation is
indistinguishable from that of rectal carcinoma. Although
surgical resection is often technically feasible, optimal
therapy for colorectal lymphoma has not yet been identified.
We report a case of primary rectal lymphoma (nonHodgkin’s large cell lymphoma of type B) with high-grade
features that disappeared completely after chemoradiotherapy. This case underlines that primary treatment
with systemic chemotherapy and involved-field radiotherapy
can be successful for rectal lymphoma, with surgery
reserved for complications and chemotherapy failures.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Involved-field radiotherapy
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INTRODUCTION
Lymphoma may occur as a primary lesion or as part of a
generalized malignant process involving the gastrointestinal
tract. The differentiation of these two forms is very important,
as both treatment and prognosis are different. Primary
gastrointestinal lymphomas have been described as those in
which involvement of the alimentary tract predominates or those
with symptoms of gastrointestinal involvement on presentation.
More strict guidelines include the absence of palpable peripheral
lymphadenopathy at the time of presentation; absence of
mediastinal adenopathy on a chest radiograph; a normal peripheral
blood smear; involvement at laparatomy of only the the esophagus,
stomach, bowel or regional lymph nodes (excluding retroperitoneal
lymph nodes); and absence of hepatic and splenic involvement
except by direct spread of the disease from a contagious focus[1].
Primary gastrointestinal lymphoma accounts for 5% of all
lymphomas. Colorectal involvement accounts for 10-20% of
the cases in most studies of gastrointestinal tract lymphoma[2-5].
Primary colorectal lymphoma is an uncommon disorder
accounting for 0.05% of all colonic neoplasms and 0.1% of
primary rectal tumors[6].

Gastrointestinal lymphomas remain the subject of much
debate with regard to therapeutic approaches. The role of surgery
in primary lymphoma of the rectum is controversial. Keeping
these data in mind we decided to describe the recently observed
case of a patient affected by primary lymphoma of the rectum to
discuss the treatment modalities with a brief review of the literature.

CASE REPORT
A 33 year-old male, in May 2001, was admitted to a local hospital
with complaints of pain in lower abdominal regions, rectal
bleeding, diarrhea, and weight loss. Rectoscopy verified a tumor
mass in the rectum, but histology of biopsy specimens revealed
no specific findings other than chronic inflammatory cells.
When the patient was transferred to our clinic, he had severe
abdominal pain. There was a palpable mass on rectal examination.
The mass was smooth, firm to hard, and fixed to the rectal wall.
Abdominopelvic CT demonstrated an extensive, bulky rectal
tumor (Figure 1). There was no associated intraabdominal
adenopathy. A repeat colonoscopy showed enlargement of the
lesion. Large biopsy specimens were taken for histological
diagnosis. The lesion was diagnosed as non-Hodgkin’s large
cell lymphoma of B type, with high-grade features. Results of
immunohistochemical staining were CD20 (+), LCA (+), CD5 (-),
TdT (-), and cytokeratin (-). KI was more than 90%. As additional
investigations did not show any evidence of infiltration to other
organs, the disease was staged as clinical stage I rectal lymphoma.
However, the lesion was enlarged enormously during an
observation period of 10 d. This could suggest that the lesion
had a tendency to advance into a more aggressive clinical course.
A transverse loop colostomy was performed to relieve colonic
obstruction and pain. After six cycles of modified ProMACE
schedule (doxorubicin 30 mg/m2 iv on d 1, cyclophosphamide
600 mg/m2 iv on d 1 and 2, etoposide 120 mg/m2 iv on d 1, 2 and 3,
prednisone 50 mg/m2 im on d 1-6, and methotrexate 35 mg/m2 iv on
d 7), the lesion completely disappeared. We decided not to resect
the rectum. Additionally, the patient was also given an involvedfield radiation therapy (4000 cGy in 20 fractions for over 4 wk). A
complete remission was achieved and confirmed by abdominal CT
scan and colonoscopy with biopsy of the diseased region.
Afterwards, the colostomy was closed. There was no recurrence
during the 3 years of follow up using endoscopy and biopsy.

Figure 1 Extensive, bulky rectal tumor with no associated
lymphadenopathy shown on abdominal CT scan image.
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DISCUSSION
Primary lymphoma of the rectum is a rare disorder. These lesions
are predominantly non-Hodgkin lymphomas, with colorectal
involvement seen in less than 5% of autopsies for Hodgkin
disease[6]. Rectal lymphoma usually presents with signs and
symptoms suggestive of primary rectal carcinoma. Patient with
rectal lymphoma usually seek treatment because of rectal bleeding
or an alteration in bowel habits. It has been reported that the
majority of patients are symptomatic complaining of abdominal
pain, nausea, vomiting, fever, and weight loss[2-6]. Abdominal CT
and endoscopy with biopsy are the most useful diagnostic tests.
The growth patterns seen in the rectum varied. The growth might
be bulky and protuberant with ulceration; it may appear as annular
or plaque like thickenings of the bowel wall or manifest as multiple
lymphomatous polyposes[7]. The macroscopic appearance bears
no relationship to the histologic structure.
When CT revealed a combination of a focally or diffusely
infiltrative process of the colon and extensive abdominal and/or
pelvic adenopathy, lymphoma should be the primary consideration
in the differential diagnosis and must be excluded by endoscopic
biopsy. However, if adenopathy was not associated with a primary
colorectal lymphoma, it might be difficult radiologically to
distinguish this lesion from a primary adenocarcinoma of the
colon. This difficulty arises predominantly in the settings of
solitary mass lesions. Primary colorectal lymphomas manifested
as discrete masses tended to have a greater depth of mural
invasion than infiltrative lesions[8].
Colorectal lymphomas commonly cause concentric wall
thickening and they often destroy the full thickness of the
bowel wall without an associated desmoplastic reaction. Some
authors cited a typical wall thickness in colonic lymphoma of
7 to 12 cm from the lumen to the serosa[9].
Two risk factors have been reported to be associated with
the development of primary colorectal lymphoma: inflammatory
bowel disease and immunosuppression (posttransplant, AIDS,
or immune disorder). The aggressive nature of AIDS-related
lymphoma could usually result in a disseminated disease at the
time of diagnosis[10,11].
Treatment of colorectal lymphomas remains uncertain. Some
studies suggested that the primary treatment was to attempt
resection when the disease was judged to be resectable because
patients with residual diseases had a poor prognosis[12-14]. Given
the morbidity following resection of the rectum, the value of
surgery for primary lymphoma of the rectum is a subject to be
debated.
In some series, radiotherapy or chemotherapy was considered
a treatment of choice, because patients with residual diseases
after surgery had a poor prognosis, and adjuvant treatment
would increase the duration of disease free survival[15,16]. For
patients with widespread diseases, those in whom the rectum
was secondarily involved, or patients with AIDS, operation
would seem inappropriate. These patients may benefit from
chemotherapy and radiotherapy.
Radiotherapy alone has not been studied extensively in
this disease, although it has been used in a small number of
patients usually in combination with cytotoxic chemotherapy.
It remains to be seen what role radiotherapy may play in the
treatment of this disease.
Diffuse large B cell lymphoma of the large bowel is generally
treated with a uniform therapeutic approach: aggressive surgery
followed by adjuvant chemotherapy. However, most of the
studies included patients with primary gastric or small bowel
and large bowel in the same analysis, and also patients at
different stages, different histology, and different surgical
approaches. Lymphoma of the rectum should be considered as
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a different clinico-pathological entity with different behaviors,
histology and clinical presentation. For this reason, treatment
should be defined based on this special clinical condition[17].The
therapeutic experience in this selected group of patients is
limited, because even in large tertiary referral centers the number
of cases is small. The analysis of those retrospective data regarding
surgery, radiation therapy, and chemotherapy is also difficult to
interpret because of lack of uniformly accepted regimens.
This case showed that a rectal lymphoma could be treated
without resection of the rectum. Although it is not possible to
make a legitimate conclusion with a single case, with an
optimistic approach, we may conclude that the intensity and
preferred modality of optimal therapy for rectal lymphoma
should be determined by the clinical stage of the disease.
Patients with a high tumor bulk, a low-grade histology, and no
evidence of local or distant metastasis can be managed by
combined chemo-radiotherapy, reserving surgery only for
complications and chemotherapy failures.
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3
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23
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25
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28
29
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4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
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Ten yr
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0,1,2 year
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Four wk
2 months
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Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
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1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
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1 g/dl
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One g/L
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b
P<0.05

4d
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2h
2h
h
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0,1,2 yr
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4 wk
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2 mo
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500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
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One microgram per liter
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a
P<0.05
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In figures and tables
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Kg, KG
Gm, gr
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l
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bq
amp
coul
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w
KPa
p
ev
Jonle
J/mmol
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N·km
x±s
Mean±SEM
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iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa
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#
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mean±SD
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intravenous
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~70 ku
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common
cancers in the world. Conventional diagnosis and treatment
of this malignancy have been dismal and should be
complemented by novel tools. The development and progress
of HCC are believed to be caused by the accumulation of
genetic changes resulting in altered expression of thousands
of cancer-related genes, which can be measured by globe
genetic analysis. Gene expression profiling of HCC has been
employed to elucidate hepatocarcinogenesis and disclose
molecular mechanisms underlying complex clinical features.
Identifying phenotype-associated genes/profiles has
impacts on current diagnosis and management strategy of
HCC. In spite of some pitfalls of this technology and
challenges in improving the research process, scrutinous
validation of profiling data of HCC combined with other
approaches will eventually benefit the patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatocellular carcinomas; cDNA microarray;
Gene expression profiling
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INTRODUCTION
Liver cancer is one of the most common causes of cancer deaths
in the world[1,2]. Last decade statistical data show that HCC is
the second major cause of cancer death in men and the third in
women in Mainland China[3]. Viral hepatitis B (HBV) and C
(HCV) and aflatoxin are major risk factors[4-6]. Chronic HBV
infection has a strong association with hepatocellular cancer
in China[7]. The early detection, treatment and prevention of
this disease are disappointing and most patients are diagnosed
in their late stages and management is unsatisfactory with high
mortality and recurrent rates[3].
The successful clinical management of this human
malignancy requires novel diagnostic and prognostic methods.
At present, histopathologic evaluation of a tumor and tumor
staging are the mainstays for guiding therapeutic interventions
and predicting outcomes. However, the limitations of
conventional methods are obvious. Tumors with identical
histopathologies may progress differently, respond differently
to therapy, and may be associated with different clinical

prognosis, suggesting that additional parameters should be
identified to predict disease outcomes[8,9]. Gene expression
profiling of certain cancers may be able to serve as a complementary
tool providing useful information[8].
Like most solid tumors, the development and progression
of HCC are believed to be caused by the accumulation of genetic
changes resulting in altered expression of cancer-related genes,
such as oncogenes or tumor suppressor genes, as well as genes
involved in different regulatory pathways, such as cell cycle
control, apoptosis, adhesion and angiogenesis[6,10]. Because
gene expression profiles provide a snapshot of cell functions
and processes at the time of sample preparation, comprehensive
analysis of the gene expression patterns of thousands of genes
in certain tumor cells and comparison to the expression profile
obtained from healthy cells and/or other cancer cells of different
phenotype should provide insights into the consistent changes
in gene expression that are associated with tumor cellular
dysfunction and concomitant regulatory pathways. Current
cDNA microarray technology enables investigators to measure
the expression of thousands of mRNAs simultaneously in a
biological specimen and therefore may provide comprehensive
information for diagnosis and therapeutic interventions of
tumors in the future[11].
Microarray technology now allows scientists and clinicians
to identify qualitative and quantitative changes at RNA level in
the development and progress of cancer [11-13]. In general, its
HCC-oriented clinical applications can be categorized into three
purposes: (1) to define the molecular profile of HCC distinct
from non-cancerous liver and other tumor types to identify
tumor-specific genes and liver-specific genes; (2) to describe
gene expression profiles that correlate with clinical subsets,
which will be helpful to disclose underneath mechanisms of
HCC development and progress; and (3) to identify tumorspecific and clinical feature-related molecular markers, which
will be helpful for cancer diagnosis, prediction of prognosis
and response to treatment[8,14-16].

GENERAL GENE EXPRESSION PROFILE OF HCC
Numerous researchers have used microarray to profile gene
expression pattern of HCC. Generally, the carcinogenesis and
progression of HCC involve thousands of genes. Most of them
are either “liver” specific or “cancer” specific. The genes
characterizing HCC can mainly be categorized as those
correlated with changes of liver function and differentiation,
those correlated with dysregulation of signal pathways and
those with tumor cell invasiveness.
Change of liver function and differentiation in HCC
HCC cells usually lose their normal function and differentiation.
A large number of hepatocyte-specific gene products
participating in the metabolism of nutrient factors and those
responsible for the liver-synthesized proteins and detoxification
enzymes are down-regulated[17-19]. Liver-synthesized functional
proteins such as albumin, transferrin, and coagulation factors
decreased. Enzymes implicated in biotransformation such as
cytochrome P-450, metallothionein families and the glutathione
S-transferases also decreased. HCC cells are distinguished for
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increased glycolysis as seen in many cancers with up-regulated
6-phosphofructokinase-1[17]. All these alterations reflect dedifferentiation of cancer cells.
In addition to the overexpression of alpha-feto protein (AFP),
dozens of gene markers reminiscent of embryonization of
hepatocytes are also noted[17].

Dysregulation of pathways in HCC and non-cancerous liver
Recent studies of cDNA microarrays suggest that heterogeneous
hepatocarcinogenetic pathways exist[17-21]. These pathways
associated with cell proliferation, cell cycle, apoptosis, and
angiogenesis are dysregulated in carcinogenesis, such as p53
in cell cycle regulation, wingless (Wnt) signaling and MAPK
pathways in signal transduction, cellular adhesion, and the
TGF-beta/ insulin-like growth factor (IGF) axis.
In cell cycle control, negative regulators such as p27, p53,
and p10 are less expressed, many cyclins and cyclin-dependent
kinases are overexpressed. The combination of these events
might drive the hepatocytes into cell proliferation[17]. Activation
of Wnt signaling through mutations in beta-catenin (CTNNB1)
contributes to the development of HCC and hepatoblastoma[22].
In the Wnt--catenin pathway, expressions of -catenin and
Wnt 2b were seen in some patients[17]. Aberrant expression of
mitogen-activated protein kinase (MAPK) and associated
proteins are also involved in the development of HCC[17,18,23].
The expression of insulin-like growth factor binding protein 3
(IGFBP3) was found to be down-regulated in HCC[18,21]. IGFBP3 was reported to be a growth suppressor in various pathways.
In the IGF receptor-dependent pathway, IGFBP3 mediates a
wide variety of growth suppression signals such as TGF-,
retinoic acid, TNF- and p53. Because retinoid is an accepted
therapy to induce differentiation of cells in acute promyelocytic
leukemia and is thought to help prevent development of HCC[24],
reduced expression of this gene may play a crucial role in
hepatocarcinogenesis. Apoptosis-related genes are reduced in
HCC and in moderately poorly differentiated tumors, implying
that a reduced rate of apoptosis is a major characteristic of
tumor progression[17,18]. The abnormality of these pathways,
therefore may represent a network required for the multistep
process in HCC development.
In non-cirrhotic tissues, the down-regulation of a protein
kinase C pathway inhibitor and the up-regulation of a PKCregulated gene suggest activation of the PKC pathway[21].
Other genes changed in HCC
Other genes also show consistently elevated expression in HCC.
These genes are implicated in a variety of cellular processes,
including cell signaling, transcriptional regulation, RNA
splicing, protein degradation, and cell adhesion [18,19]. Genes
regulating the composition of the extra cellular matrix and
the cytoskeleton such as fibronectin, tubulin alpha1, matrix
metalloproteinase 14, osteonectin SPARC, Rho A are also found
to be up-regulated[21]. These genes play important roles in cell
motility and invasion.
GENE EXPRESSION PROFILES ASSOCIATED WITH CLINICAL
FEATURES
Gene expression profiles generated by microarrays can be used
to understand carcinogenesis and to outline clinical features
among patients with histologically indistinguishable tumors[16].
Although considerable heterogeneity in gene expression
profiles in HCC existed, a link could be seen between certain
gene expression patterns and pathological features and some
clinical features of HCC, including hepatitis virus status, clonal
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derivation, vascular invasion, and metastasis[19,21,25,26]. Analysis
of gene expression patterns can be used as a classification tool
to categorize cancer into various clinically relevant subgroups,
which is currently impossible by other methods. These subcategories often have distinct prognostic significances.

Expression patterns correlated with hepatitis virus status
Comparison of expression profiles between HBV-positive and
HCV-positive HCCs implies that hepatitis viruses affect
expression of dozens of genes in HCC in a type-specific manner,
invoking partly different mechanisms of carcinogenesis. The
genes differentially regulated in HBV- and HCV-positive HCCs
are related to signal transduction, transcription, metastasis, and
immune response[18,21,23].
Expression patterns show that the most differentially
expressed genes are enzymes responsible for detoxification,
which metabolizes carcinogens and/or anticancer agents[18,23].
One example is aldo-keto reductase family member AKR1C4,
which encodes a key molecule for activating chemotherapeutic
drugs or detoxifying xenobiotic carcinogens. Some genes
exclusively overexpressed in HCV-positive HCCs are the phase
I enzymes that convert several pro-carcinogens to activated
metabolites. In contrast, expression of some genes of this cluster
is preferentially repressed in HBV-positive HCCs while
expression levels of the same genes are unchanged in most
HCV-positive HCCs, which might reflect enhanced exposure of
hepatocytes to activated carcinogens or radicals in HBV-related
hepatocarcinogenesis[18].
Some exceptions convey important clinical meanings. Among
detoxification related genes, GSTP1 is exceptionally upregulated in HBV-positive HCC, although its mRNA level is
relatively higher in both types of HCCs than in non-cancerous
liver. Because GST conjugates reactive oxygen intermediates
that are generated by many anticancer agents, the data suggest
the efficacy of these anticancer agents in treating HCV-positive
HCC and their limitations in treating HBV-positive HCC[18].
HBV- and HCV-positive HCCs exhibit involvement of
different cellular pathways. TGF--induced encoding gene was
found to be up-regulated in 44% of HCV-positive HCCs,
suggesting the modulation of the TGF-beta pathway in HCVpositive HCC[21]. Imprinted genes IGF2 were found to be upregulated specifically in HBV-positive HCC in comparison to
both HCV-positive HCC and non-cancerous liver. IGF2 is known
to be a mitogen often overproduced in tumors. This result
suggests that up-regulation of the IGF-2 pathway may play an
important role in the pathogenesis of HBV-positive HCC but
not HCV-positive HCC[23].
In general, the distinct expression profiles of HBV- and
HCV-positive HCCs suggest different hepatocarcinogenesis
mechanisms and provide novel tools for diagnosis and treatment
of HBV- and HCV-positive HCCs.
Expression patterns correlated with vascular invasion in HCC
Vascular invasion frequently occurs in HCC patients and seems
to have an important role in tumor invasion and metastasis[27,28].
By microarray analysis, we identified genes correlated with the
presence or absence of vascular invasion. Metalloproteinase
14 was found to be up-regulated on this list. The association of
MMP14 expression with vascular invasion highlights the
possible importance of MMPs in the progression of HCC and
underscores their potential as therapeutic targets. Most of the
genes that are expressed at lower levels in tumors with vascular
invasion are “liver specific”, consistent with the classical
pathological observation that poorly differentiated HCC tumors
tended to be more aggressive and invasive. One of the few
genes in this group that does not belong to the liver-specific
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cluster encode the metalloprotease ADAMTS1, which was
recently shown to inhibit endothelial cell proliferation and to
have antiangiogenic activity, warrants further investigation[19].
Genes associated with vascular invasion also involve small
GTPase-related genes such as Rho C, Rho GAP8 and ARHGEF6,
which are preferentially down-regulated in invasive tumors.
Because the small-GTPase Rho family plays important roles in
controlling cell motility and focal adhesions, alterations of their
signaling pathways can enhance the migratory and invasive
capacity of tumor cells and induce tumor invasion and
metastasis.

Expression patterns correlated with immune response
Cancer-testis (CT) genes are expressed in a variety of human
cancers, but not in normal tissues except for testis. These genes
are recognized by cytotoxic T lymphocytes (CTLs) and
represent promising targets for immunotherapy and gene
therapy[29]. The most frequently expressed CT genes in HCC
are SSX-1 and GAGE. Most HCC cases express at least one CT
gene[30]. Okabe et al[18] found that expression of CT antigens
such as MAGEC1, was repressed in poorly differentiated
tumors. Reduced expression of genes encoding immune targets
may confer a growth advantage by allowing tumor cells to
escape from immune surveillance.
Clonal derivation of HCC elucidated by gene expression analysis
In HCC, multifocal growth may be due to intrahepatic metastatic
spread or multicentric origin of clonal neoplasms[31]. This issue
is of potential clinical and prognostic importance because the
survival rate in the independent multicentric occurrence group
was significantly better than that in the intrahepatic metastasis
group[32]. These two kinds of nodules share similar microscopic
features, and reliable differentiation could not be achieved using
clinical or morphological criteria alone. Clonality determination
using DNA fingerprinting with loss of heterozygosity (LOH)
assay, comparative genomic hybridization (CGH), fluorescence
in situ hybridization (FISH) and HBV integration pattern are
reliable methods[9,33,34]
Microarray can also provide information on whether the
tumor is multicentric in origin or single clonality followed by
intrahepatic metastasis[35]. Analysis shows that all the tumor
samples from each patient shared some similar gene expressions.
Multiple clone-related tumor samples in the same patients could
show different gene expression patterns due to divergent
histories of mutations or chromosomal alterations. Overall, each
independently arising tumor could be distinguished from other
tumors of the same pathological type, whether they arise in the
same patient or different patients, by a distinctive gene expression
program that reflects the cell of origin and the unique sequence
of genetic events[19,35].
Expression patterns correlated to HCC progress and metastasis
HCC associated with chronic liver disease evolves from precancerous lesions and early HCC to advanced HCC. Nodulein-nodule-type HCC (advanced HCC within early HCC)
represents the transition from early to advanced HCC and,
therefore, is useful in molecular genetic analysis of HCC
progression during multistage carcinogenesis[36]. By microarray
profiling, heat shock protein 70 (HSP70) has been identified as
the most abundantly up-regulated gene in early HCC components.
Further immunohistochemical examination of HSP70 revealed
its significant overexpression in early HCC compared with precancerous lesions and in advanced HCC compared with early
HCC. Thus, HSP70 can be a sensitive marker of HCC progress,
distinguishing early HCC from pre-cancerous lesion or noncancerous liver[37].
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HCC is one of the most aggressive human malignancies
and its high mortality rate is mainly a result of intrahepatic
metastases[3]. Ye et al[26] analyzed the expression profiles of
HCC samples without or with intra-hepatic metastases by cDNA
microarray-based gene expression profiling. Their results showed
that the intra-hepatic metastatic lesions were indistinguishable
from their primary tumors, regardless of tumor size, encapsulation
and age of patients. But primary metastasis-free HCC was
distinct from primary HCC with metastasis. These data indicate
that changes favoring intra-hepatic metastasis are initiated in
primaryHCC.
By using a supervised machine-learning classification
algorithm known as compound co-variate predictor (CCP),
osteopontin (OPN) was identified with an average of 3-fold
over-expression in HCC with thrombosis in the portal vein, but
not in metastasis-free HCC. OPN is a secreted phosphoprotein
highly expressed in patients with metastatic breast tumors and
malignant lung, colon, and prostate tumors. An osteopontinspecific antibody can effectively block HCC cell invasion in vitro
and inhibit pulmonary metastasis of HCC cells in nude mice[26].
Two recent papers also report OPN in HCC by differential
display analysis[38,39] and one of them report that OPN mRNA
overexpression is correlated closely with high-grade, late-stage,
and early tumor recurrence, which lead to poorer prognosis and
suggest OPN overexpression might serve as an unfavorable
prognostic factor and a useful marker for predicting early
recurrence in early-stage HCC[39]. Thus, osteopontin acts as
both a diagnostic marker and a potential therapeutic target for
metastatic HCC.
In recent reviews, breast-cancer metastasis suppressor 1
(BRMS1), KAI1, KISS1, NM23, E-cadherin, and TIMPs have
been classified as metastasis suppressors, which by definition
inhibit metastasis without blocking primary tumor growth[40,41].
In a study by Cheung et al[35], expression profiles of the primary
nodules were compared with their corresponding intrahepatic
metastatic nodules after determining clonality of all tumor
nodules. A total of 90 clones were found to be correlated with
intrahepatic metastasis[35]. Among these genes, BRMS1 has
been shown to possess the functional capability of decreasing
the metastatic potential of breast cancer cells[42] and warrants
further investigation in liver cancer. Two other genes are CD53
and the EMP3, membrane proteins consisting of four
transmembrane domains possess an important feature of KAI1,
an accepted metastasis-related gene associated with lymph node
or distant metastases in many cancer types[43,44]. These metastasis
suppressors may provide novel therapeutic targets for the
treatment of metastasis.
A direct way to identify metastasis-related genes is to
compare gene expression profile of human HCC cell lines with
different metastatic potentials. Based on gene expression
profiles of MHCC97-L and HCCLM3, two HCC cell lines with
similar genetic background but different in spontaneous
metastatic potentials, were described by Li et al[45,46]. Twentyfive differentially expressed genes were found, including the
decreased expression of cell cycle control genes Rb2, mismatch
repair gene hMSH2, and PKC beta 2 and 7 and increased
expression of MAPK kinase 6, etc[45,46]. These genes can be
considered as potential markers to predict metastasis and targets
for anti-metastasis intervention.

CLINICAL APPLICATION OF GENE EXPRESSION PROFILING
IN HCC
Early detection biomarkers
The development of HCC is generally preceded by chronic
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liver damage leading to cirrhosis. Screening liver cancer in
patients at high risk by AFP and imaging diagnostics are
conventional approaches for early detection. However, the cost
effectiveness has long been debatable[47]. Half the HCC patients
are AFP negative[48]. More appropriate molecular markers are
needed to improve better early detection.
A major aim of the studies that profiled RNA expression
patterns of human tumors is to identify gene products that may
serve as useful biomarkers for cancer diagnosis[8]. Several
research groups have focused on identifying subsets of genes
that show differential expression between normal tissues or
cell lines and their tumor counterparts to identify biomarkers.
Xu et al[17] reported overexpression of dozens of gene markers
reminiscent of embryonization or dedifferentiation of hepatocytes
in addition to the overexpression of AFP in HCC. These genes
include CD34, erythropoietin receptor, myeloid cell nuclear
differentiation antigen (MNDA), early development regulator
2, and placental protein 15 (PP15), which are associated with
hematopoiesis or embryonic development and hence are markers
of fetal liver. Although most of these features may reflect the
consequences of the cell transformation and thus are unlikely
to play an essential role in carcinogenesis, some of them may
be used as clinical diagnostic markers.
An alternative is to screen secreting molecules released by
cancer. By sequence analysis for transmembrane domain or
signal peptides, we were able to distinguish a subset of these
genes whose products are likely to be either membrane-bound
or secreted[19]. Diehn et al[49] developed a centrifugation-based
methodology to separate nuclear and cytosolic mRNA
transcripts encoding membrane-associated or secreted versus
cytoplasmic proteins. These mRNA pools were then reversely
transcribed, PCR amplified, sequenced, and spotted onto glass
microarrays. The use of these methods may facilitate the
identification of new biomarkers in the form of novel secreted
proteins that may be detectable in serum or other body fluids.
By raising antibodies against the products of these genes,
scientists could identify new serum markers for detection and
diagnosis of HCC. They may also facilitate the identification of
new therapeutic targets in the form of membrane-bound tumor
antigens that may help target chemotherapeutic agents to
particular tumor tissues.

Differential diagnosis of liver-occupying lesions
Diagnosing liver-occupying tumors can be difficult in the setting
of a poorly differentiated tumor or tumors with no known prior
malignancy, especially when only fine needle aspiration biopsy
is available. Differential diagnosis is of great importance when
treatment is considered. Frequently, AFP and evidence of
chronic hepatitis virus infection have been employed by
clinicians to distinguish HCC from metastatic adenocarcinoma
of neighboring gastrointestinal origin. However, these methods
have their limitations. Microarray analysis can tell the origin of
cancer cell[25,50].
Microarray analysis shows distinct gene expression profile
of HCC from profiles of other metastatic lesions of extrahepatic
origin. HCC samples and metastatic cancers can be clustered
into two distinct groups, based on differences in their patterns
of gene expression. The clustered liver-specific genes are
consistently expressed at higher levels in HCC than in tumors
of non-liver origin. Metastatic cancers originating from the same
tissue are typically clustered together, expressing genes
characteristic of the cell type origin. Thus, systematic comparison
of the gene expression pattern in a metastatic tumor of uncertain
origin observed in a large, diverse sample of tumors and normal
tissues will allow reliable recognition of the primary tumor
origin[19].
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Predicting patients’ survival
Recent advances in gene expression profiling technology have
now made it feasible to use microarray technology in the routine
management of cancer patients. Gene expression arrays have
been demonstrated to be capable of predicting the therapy
response, prognosis and survival of patients with various
cancer types[16]. However, only few clinical applications of
microarray in predicting HCC have been conducted.
Using a newly constructed predictive system consisting of
12 genes, Iizuka et al [51] found that the system correctly
predicted early intrahepatic recurrence or non-recurrence with
a positive predictive value of 88% and a negative predictive
value of 95% in 27 cases within 1 year after curative surgery
and suggested this system could serve as a new method for
characterizing the metastatic potential of HCC.
In a gastric cancer project, we analyzed gene expression
patterns in human gastric cancers and found PLA2G2A, a gene
previously implicated as a modifier of the Apc (Min/+) (multiple
intestinal neoplasia 1) mutant phenotype in mice, was of especially
high variation in the expression level among tumors and
significantly correlated with patient survival[52]. We are now
attempting a similar study on HCC and hoping to find some
new markers.
CHALLENGES
The potential of gene-expression profiling as a novel tool to
improve diagnostic and prognostic prediction is very exciting.
However, several challenges need to be addressed before routine
clinical application. Some of these relate to the technology itself,
others concern clinical utility.
The number of microarray-based studies identifying new
genes or molecular pathways involved in tumor classification,
cancer progression, or patient outcome is growing exponentially.
There is a growing need for a standardization of the methodology,
so that different datasets may be compared directly and
meaningfully[13,53,54]. The technical challenges also include data
interpretation. Two systems of databases, one containing
expression data and the other containing annotation data are
essential to mine the data for the research community[55].
In clinical aspect, major limiting factors for routine use of
microarray in a clinical setting at present are cost and access to
the microarray technology. It is likely that costs will decrease
in the near future and that the technology will become
increasingly user friendly and automated[11].
In sample preparation aspect, gene expression analysis
using total RNA of bulk tissue usually cannot assign specific
messages to particular cell types. Many microarray analyses
including ours found distinct patterns of gene expression could
provide molecular signatures of diverse cell types, including
stromal cells, endothelial cells and infiltrating lymphocytes[19,21].
Cell-specific RNA expression profiling, may be crucial for a
better understanding of the role of each distinct cell type within
a physiological or pathophysiological setting. RNA profiling
based on laser-controlled microdissection (LCM) of defined
cells of a tissue now provides a useful tool for studying molecular
crosstalk between different cell types within a tissue. LCM
technique and suitable RNA amplification will potentially benefit
the microarray studies[56].
Finally, validation of candidate genes obtained from
genome-wide microarray analysis is critical[57]. Several approaches
can be chosen, from basic Northern blotting or semiquantitative
reverse transcription-PCR to in situ hybridization (ISH) using
tissue microarrays. For most cases, immunohistochemistry
(IHC) should be performed if antibodies are available, for only
the protein is the ultimate functional form in cells. Two recent
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examples described flowcharts validating candidate genes
dysregulated in HCC[58,59]. Further more, gene expression
profiling may need to be combined with other global approaches
such as proteomics for optimization of its potential[53].

DISCUSSION
Gene expression profiles obtained by cDNA microarrays may
help elucidate initiation, promotion, and progression of HCC.
Identifying phenotype-associated genes/profiles has impacts
on current diagnosis and management strategy of HCC. Despite
pitfalls of technology and some existing challenges in research,
microarray can provide reliable and productive profiling that
cannot be easily reached with other methods. Clinicians are
now approaching the era to initiate “bench to bedside” translation,
during which the diagnostic, prognostic, and treatment
response biomarker genes identified by microarray screening
will be interrogated to provide personalized management of
patients[11]. Coupled with more conventional biochemical
analyses such as IHC and ELISA, microarrays will result in
improvement of diagnostic and prognostic capability in cancer
management.
In addition, gene expression profiling analysis also identifies
cancer phenotype-associated genes represented by ESTs of
unknown function. These genes may be useful as novel tumor
markers and drug targets. Their functions warrant further
investigations.
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(1, 2 and 3) have been found to be major predictors of
antiviral therapy outcome regarding chronic hepatitis C
based on guidelines and they are, in normal circumstances,
performed as separate stand-alone assays. The HCV
Guideline test is a useful method for screening large cohorts
in a routine clinical setting for determining the treatment
regimen and for predicting the outcome of antiviral therapy
of chronic hepatitis C.

Abstract

INTRODUCTION
Affecting nearly 300 million people worldwide, hepatitis C
virus (HCV) infection is considered to be the most frequent
cause of post-transfusion non-A, non-B hepatitis worldwide[1,2].
Epidemiological observations predict that the burden of hepato
cellular carcinoma (HCC) caused by HCV in USA will increase
in the next two to three decades, possibly matching Japan[3].
HCV, a member of the Flaviviridae family, is a single-stranded
RNA virus, containing a genome of 9400 nucleotides. The HCV
genome demonstrates considerable diversity of nucleotide
sequences and is of a different genotype[4]. HCV genotype 1,
which is the most prevalent worldwide, is associated with more
severe clinical manifestations, higher levels of HCV viremia
and less amenable to treatments such as interferon-alfa or
PEG-interferon-alfa/ribavirin therapy than HCV genotypes 2
or 3[5-9]. Therefore, clinical trials of antiviral therapies require
genotype information for appropriate stratification of
subjects because HCV genotypes (genotype 1,2 and 3) and
RNA levels are clinically important factors that determine
the response to antiviral therapy, cost benefit [10,11] and
algorithm for treatmentive patients[12], and should thus be used
to determine the duration of treatment of chronic C hepatitis as
in guideline recommendations (Management of hepatitis C: 2002
by National Institutes of Health consensus development
conference statement (http://consensus.nih.gov/cons/116/
091202116cdc_statement.htm), clinical guidelines on the
management of hepatitis C by British Society of Gastroenterology
(http://www.bsg.org.uk/pdf_word_docs/clinguidehepc.pdf)
and the guideline for IFN treatment of chronic hepatitis C
patients by the Japan Ministry of Health, Labour and Welfare).
Moreover, the interaction between HCV genotypes 1 and 2
was reportedly considered for the prediction of carcinogenesis
using a multiplicative proportional hazard model[13].

AIM: To develop a new sensitive and inexpensive hepatitis
C virus (HCV) combination test (HCV Guideline test) that
enables the determination of HCV genotypes 1, 2 and 3,
and simultaneous determination of HCV viral load using
commercial Amplicor GT HCV MONITOR test v2.0 (microwell
version).
METHODS: The HCV Guideline test used the PCR product
generated in commercial Amplicor GT HCV Monitor test
v2.0 for viral load measurement using microwell plate
version of Amplicor HCV Monitor and also captured on
separate plates containing capture probes and competitive
oligonucleotide probes specific for HCV genotypes 1, 2 and
3, The HCV genotype was subsequently determined using
the biotin-labeled PCR product and five biotin-labeled HCVspecific probes.
RESULTS: The sensitivity of the HCV Guideline test was
0.5 KIU/mL. Specificity of the HCV Guideline test was
confirmed by direct sequencing of HCV core region and
molecular evolutionary analyses based on a panel of 31
samples. The comparison of the HCV Guideline test and
an in-house HCV core genotyping assay using 252 samples
from chronic hepatitis C patients indicated concordant
results for 97.2% of samples (59.5% genotype 1, 33.7%
genotype 2, 6.0% genotype 3, and 0.8% mixed genotypes).
Similarly, the HCV Guideline test showed concordance with
a serological test, and the serological test failed to assign
any serotype in 12.7% of the samples, indicating a better
sensitivity of the HCV Guideline test.
CONCLUSION: Clinically, both viral load and genotypes
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Assays for HCV genotyping are generally based on
sequencing technology[14-17], but these assays are labor intensive,
expensive and require significant expertise and additional devices
such as an autosequencer. Although convenient HCV core
genotyping assay using genotype-specific primers[18,19] or a
commercial serotyping test[20] is also used, if there is a need to
obtain information on HCV load, a separate method should be
carried out.
In this study, we developed a new sensitive and inexpensive
HCV combination test (HCV Guideline test) that enables the
determination of HCV genotypes 1, 2 and 3 using genotype-specific
probes, and simultaneous HCV viral load determination using the
Amplicor GT HCV Monitor test v2.0. The HCV Guideline test was
compared with direct sequencing of HCV core region and molecular
evolutionary analysis, an in-house HCV core genotyping assay
and a convenient serotyping test to evaluate its accuracy.

MATERIALS AND METHODS
Serum samples
Serum samples from a total of 264 subjects with chronic HCV
infection in Japan were collected for the evaluation of the HCV
Guideline test. Fifteen subjects with chronic HCV infection in
Uzbekistan were used for reference of HCV genotype 3. All
samples were sero-positive for anti-HCV by the third-generation
enzyme immunoassay (Dinabot Laboratories, Tokyo, Japan).
Serum samples (n = 36) from control Japanese individuals who
were positive for anti-HCV were used to determine the cutoff
point of the assay in parallel with anti-HCV negative samples
(n = 36). Additional 30 samples from healthy blood donors were
used as negative controls. An informed consent was obtained
from each subject.
Extraction of HCV-RNA and quantification of HCV-RNA for HCV
Guideline test
HCV RNA was isolated from serum using the Amplicor GT HCV
Monitor test v2.0 (microwell plate version, Roche Diagnostics,
Tokyo, Japan), the robotic processor GT12 and an automated
RNA extraction system (Precision System Science Co. Ltd.
Tokyo, Japan). The extracted HCV-RNA was quantified
according to the manufacturer’s recommendations by using
the Amplicor GT HCV Monitor test v2.0 and an automatic system
(Figure 1), which consisted of the processor BEPIII (washing,
dispensing, incubating, and reading instruments for microwell
plates (incl. Supply Unit, Apple Macintosh), Date Behring, Inc.,
Illinois, USA) and the robotic dispenser NSP-7000 (Nitiryo Co.,
LTD., Tokyo, Japan).
Genotype plates for HCV Guideline test
Genotype capture probes introduced of an aliphatic primary
amine at the 5’ end of oligonucleotides by Aminolink 2
(Applied biosystems, CA, USA, Table 1) were diluted in
phosphate buffer (50 mmol/L Na2PO4, pH8.5, 1 mmol/L EDTA)
at a concentration of 250 pmol/mL. Then, 0.1 mL of each probe
solution was added to wells of a microwell plate (DNA-BIND:
COSTAR 2505, Corning, NY, USA), in which the “pre-activated
surfaces” were covalently bound to abstractable hydrogens of
oligonucleotide probes, incubated at 37 ℃ for 1 h, and washed
three times with the buffer of the Amplicor GT HCV Monitor
test v2.0. The plate was then treated with 0.1% gelatin (Maruha,
Tokyo, Japan) in phosphate buffer for 30 min. Thereafter, the
plate was washed three times with the same buffer.
HCV genotyping assay by HCV Guideline test
The methodology of the HCV Guideline test is summarized in
Figure 2. The wash buffer, hybridization buffer, enzyme conjugate
and substrate were all supplied with the Amplicor kit. It
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consisted of four major steps. In step 1, the polymerase chain
reaction (PCR) product was hybridized to the HCV genotype
specific capture probe on the microwell plate, and in step 2,
unbound PCR product was washed out from the plate. In brief,
0.1 mL of the hybridization buffer, containing 10 pmol/mL of
each competitive oligonucleotide probe (Table 1), was
dispensed into the microwell plate and a small portion (25 µL)
of denaturated amplified PCR products obtained from the
Amplicor GT HCV Monitor test v2.0 was added. The plate was
incubated at 37 ℃ for 1 h, followed by washing twice with the
buffer (supplied with the Amplicor kit). One hundred µL of the
hybridization buffer and the biotin labeled-probes (10 pmol/mL each,
Table 2) were added to each well. Step 3 consisted of signal
amplification with biotin labeled probes and the HCV genotype
was determined by a colorimetric method. After incubation at
37 ℃ for 30 min, the wells were washed twice with the wash
buffer and 0.1 mL of avidin-horse radish peroxidase conjugates
was added. The plate was incubated at 37 ℃ for 15 min, and
washed five times. One hundred µL of substrates (3,3’,5,5’tetramethylbentidine and hydrogen peroxide) was added to
each well, and the plate was incubated again at 37 ℃ for 15 min.
Subsequently, 0.1 mL stop solution was added and the
absorbance (A) was measured at 450 nm. HCV genotype was
determined using an automatic system, which consisted of the
processor BEPIII (Date Behring, Inc., Illinois, USA) and the
robotic dispenser NSP-7000 (Nitiryo Co., LTD., Tokyo, Japan).
An A greater than 0.2 was considered a positive result.

Direct sequencing and molecular evolutionary analysis
Nucleotide sequencing in the core and NS5B regions of HCV
genome was performed as described[3,19]. For the PCR in HCV
core, the first round utilized primers Sc2 (5’-GGGAGGTCTCGTA
GACCGTGCACCATG-3’ -24-3) andAc2 (5’-GAG(AC)GG(GT)
AT(AG)TACCCCATGAG(AG)TCGGC-3’ 417-391). Briefly, the
second-round PCR was performed with primers S7 (5’-AGACC
GTGCACCATGAGCAC-3’ -12-8) and A5 (5’-TACGCCGGGGG
TCA(TG)T(GA)GGGCCCCA-3’343-319). ForPCRin NS5Bregion,
NS5B8278S (8258-8278): TGATACCCGCTGYTTTGACTCand
NS5B8618AS (8618-8639): GTACCTGGT CATAGCCTCCGTG
were used. The PCR products of a single target molecule were
directly sequenced using an automated DNA sequencer (ABI
PRISM DNA Sequencer 3100, Applied biosystems, CA, USA). To
clarify the relationship among different HCV isolates, a phylogenetic
tree was constructed as described elsewhere[21]. Briefly, using
computer program HCV database (http://172.17.49.11/), the
number of nucleotide substitutions per site and the genetic
distances between the isolates were estimated by the 6parameter method[22]. Based on these values, a phylogenetic
tree was constructed by the neighbor-joining (N-J) method[23].
RESULTS
Optimization of the assay
To increase the signal-to-background ratio of the test, the addition
of competitive oligonucleotide probes (Table 1) during the
hybridization step (Figures 1, 2) of PCR products was evaluated.
Three samples with genotypes 1b, 2a and 3a and with high
HCV RNA levels (> 850 000 IU/mL) were used. Without the
addition of competitive oligonucleotides, the samples harboring
genotype 1 produced a very strong signal (A450 = 3.25±0.14, n = 5)
on genotype plate 1. However, a signal (A450 = 0.34±0.09, n = 5)
was also detectable in samples containing genotypes 2 and 3,
indicating nonspecific binding between the capture probe for
genotype 1 and the PCR-amplified products of genotypes 2 and 3.
On the other hand, the addition of competitive probes resulted in
a reduction in the extent of unspecific binding and an improvement
in signal (A450 = 0.054±0.015, n = 5)-to-background ratio.
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HCV RNA Extraction

GT12

(96 samples per batch)

Automated
HCV RNA extractor
PJ9600

0.3 mL, serum
Lysis and captured with
streptavidin-coated
paramagnetic particles

RT-RCR

NSP7000
Robotic
dispenser

Denaturation
separated plates

AMPLICOR
HCV MONITOR
MWP v2.0

Genotype plate 1
coated with genotype
1-specific probe

BEPIII
Automated
processor

Computer
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Genotype plate 3
Genotype plate 2
coated with genotype coated with genotype
3-specific probes
2-specific probe

5h

Hybridization and Detection
competitive probes, universal HCV specific
biotin-labeled probes for genotype plates
Report (HCV RNA levels and HCV RNA Genotype)

Figure 1 HCV Guideline test flow.
Step 1 Hybridization of PCR products and
capture of PCR product and wash for
determination of genotype 1

Capture probe to genotype 1

PCR product of genotype 1

Competitive oligonucleotide to genotype 2

PCR product of genotype 2
Wash out

Step 2 Signal amplification with biotin probes
universal HCV specific biotin-labeled probes

Step 3 Color reaction

Substrate
Colore

Biotine-labeled probes

Streptavidine-horseradish-peroxidase

Figure 2 Strategy of HCV Guideline test. Step 1: The PCR product (here genotype 1) was hybridized to the specific capture probe,
immobilized on a micro-plate. Other PCR products (e.g. of genotype 2) did not hybridize to the immobilized probe and were
captured by the competitive oligonucleotide probes. The genotype specific-hybridized PCR product is retained on the microplate, while other PCR products were washed out from the plate. Step 2: Additional universal biotin-labeled-probes hybridized
to the specific PCR product resulting in signal amplification. Step 3: Biotin reacted with streptavidine which was conjugated to the
horseradish-peroxidase (HRP) enzyme. The color reaction was measured after the addition of enzyme specific substrates.
Table 1 Genotype specific capture probes (Aminolink1) and competitive oligonucleotide probes
Probe name

Sequences

Use

MH1Ami

5’-Aminolink-tttttgctcaatgcctggagatttg-3’

Genotype 1 specific capture probe

MHCG1C

5’-cactctatgcccggcc-3’

Competitor oligonucleotide to genotype 2

MHCG1C3

5’-tcaatrcccraaatttg-3’

Competitor oligonucleotide to genotype 3

MH2Ami

5’- Aminolink-tttttcttggataaacccactctatgyc-3’

Genotype 2 specific capture probe

MHCG2C

5’-ggatcaacccgctcaatg-3’

Competitive oligonucleotide to genotype 1

MHCG2C3

5’-arcaacccgctcaatg-3’

Competitive oligonucleotide to genotype 3

MH3Ami

5’- Aminolink-tttttgaatcgctggggtgaccg-3’

Genotype 3 specific capture probe

MH3’Ami

5’- Aminolink-tttttcgcgagatcactagccgagtag-3’

Genotype 3 specific capture probe

MHCG3C

5’-aattgccrggamgac-3’

Competitive oligonucleotide to genotype 1, 2

MHCG3’C

5’-cgcragactgctagccga-3’

Competitive oligonucleotide to genotype 1, 2

1

Aminolink is a registered trademark of applied biosystems.
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To improve the efficiency of signal amplification, the effect
of biotin-labeled universal probes during the hybridization step
was evaluated using five samples with a low HCV RNA level,
ranging from 500 to 700 IU/mL. The universal biotin-labeled
probes were specific for the HCV 5’-UTR region (Table 2). If the
HCV Guideline test was performed with only a single biotin
primer, as in the Amplicor GT HCV Monitor test v2.0, the
absorbance in terms of A450 (0.15±0.076, n = 5) remained below
0.2 in three of five samples. In contrast, the addition of five
biotin-labeled universal probes enhanced signal amplification.
All the five samples showed ODs at 450 nm (A450) well above
the cutoff of 0.2, ranging from 0.33 to 0.53 (0.45±0.10, n = 5).
Table 2 Universal biotin-labeled HCV specific probes for the
amplification of the detection signal
Probe name

Sequences

MH211B+

5’-Biotin-ctagccgagtagcgttgggttgcgaaagg-3’

MH111B+

5’-Biotin-ctagccgagtagtgttgggtcgcgaaagg-3’

MHBT1

5’-Biotin-tagtatgagtgtcgtgcagcctccaggc-3’

MHBT2

5’-Biotin-gagagccatagtggtctgcggaaccggt-3’

MHBT3

5’-Biotin-gagtacaccggaattgccaggacgacc-3’

MHBT4

5’-Biotin ccttgtggtactgcctgatagggtgcttg-3’

Optimal cutoff of absorbance for HCV Guideline test
Serum samples (n = 36) from control Japanese individuals who
were positive for anti-HCV were tested in parallel with antiHCV negative samples (n = 36). The mean A450 value for antiHCV-positive samples (mean = 3.15; range, 0.75 to 3.6; 95%
confidence = 2.97 to 3.32) was 52 times greater than that observed
for anti-HCV negative samples (mean = 0.061; range 0.03 to
0.15; 95% confidence = 0.054 to 0.068). The cut-off value was
defined as more than 6 standard deviation of the mean value
for anti-HCV-negative samples. For a valid run, samples with
an A450 of 0.20 were considered positive for HCV. ODs less than
0.20 were considered invalid negative results (Figure 3).

>3.0
3.0
2.0

A450nm
1.0
0.2
<0.2

anti-HCV
positive

anti-HCV
negative

Figure 3 Specificity of HCV Guideline test. 36 anti-HCVpositive samples and 36 anti-HCV-negative samples were
used to determine the specificity of the HCV Guideline test.
All the anti-HCV-positive samples showed an absorbance
greater than 0.2, whereas all anti-HCV-negative samples
showed an absorbance below 0.2.

Detection limit of HCV Guideline test
The detection limit of the HCV Guideline test was determined
using 264 subjects with chronic HCV infection in Japan (Table 3).
The proportions of samples were 0% for samples with a HCV
viral load <500 IU/mL and 100% for samples with a HCV viral
load 500 IU/mL. Furthermore, they were confirmed by the limited
dilutions using samples with genotypes 1b, 2a, and 2b.
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Table 3 Detection limit of the HCV Guideline test in 264
samples infected with HCV
Amplicor monitor
(IU/mL)

Number

HCV-Guideline
positivity, n (%)

<500

12

500-1 000

18

18 (100.0)

0 (0)

1 000-10 000

73

73 (100.0)

10 000-100 000

71

71 (100.0)

100 000-850 000

62

62 (100.0)

28

28 (100.0)

850 000<

Reproducibility of HCV Guideline test
To determine the variance of repeated runs, isolates of all the
three genotypes were tested 10 times on different days. Each
sample was typed clearly, and no differences were noted
between the results for the respective days. Thirty samples from
healthy blood donors served as negative controls. None of
these showed a positive result.
Comparison of HCV Guideline test and direct sequencing with
molecular evolutionary analysis
A phylogenetic tree was constructed on the basis of alignment
of the HCV core genes (from nucleotide positions, 12 to 319)
determined by direct sequencing of 31 HCV samples (JA1 to 31)
and 11 reference sequences recruited from the DDBJ/EMBL/
GenBank DNA database [HCVH/1a (M67463), HCVJ/1a
(D00831), HCVJ/1b (D00574), HCVN/1b (D90208), HCJ6/2a
(D00944),HC8J/2b(D10988), K3a/3a (D28917), TrKj/3b(D49374),
ED43/4a (Y11604), SA13/5 (AF064490), Th580/6 (AF064490)].
Comparison of HCV Guideline test and molecular evolutionary
analysis using the 31 HCV samples indicated 100% concordance
between the two assays. Namely, genotype 1 corresponded to
JA1, JA2, JA9, JA10, JA11, JA14, JA15, JA22, JA23, JA28;
genotype2 corresponded to JA5, JA7, JA8, JA12, JA13, JA16,
JA17, JA18, JA19, JA20, JA21, JA24, JA25, JA26, JA27, JA29,
JA30, JA31; and genotype 3 corresponded to JA3, JA4, JA6.
Comparison of HCV Guideline test and HCV core genotyping assay
After optimization of the assay, the HCV Guideline test was
compared with a HCV core genotyping assay[19] using 252
samples positive for HCV RNA (Table 4). HCV genotype 1 was
detected in 150 samples (59.5%) by the HCV Guideline test. Of
these samples, 147 were of showed subtype 1b, and 1 sample
was of subtype 1a and 2 samples were of the mixed type, 1b
plus 2a. Genotype 2 was found in 85 samples (33.7%) using the
HCV Guideline test. Overall, an excellent concordance of 97.2%
(245/252) between the two assays was observed. Discordant
samples were mainly the mixed genotype or the samples not
classified by the core genotyping assay (Table 4).
To explain the discrepancy in results, samples of genotypes
1b and 2a were prepared. The analysis of these samples revealed
that mixed virus populations of genotypes 1b and 2a could be
accurately detected, if the proportion of the minority strains
exceeds at least 10%. Three samples that were not classified by
the core genotyping assay were determined to be of genotype
2 by the HCV Guideline test, which were also confirmed by
direct sequencing of the HCV NS5B region (data not shown).
Additionally, 14 of the 15 samples identified to be of genotype
3 by the HCV Guideline test were confirmed to be of genotype
3a or 3b which represented a positive predictive value of 93.3%.
One discordant sample was determined to be of genotype 3 by
the HCV Guideline test, but of genotype 1b plus 3a by the core
genotyping assay. Direct sequencing of the NS5B region
indicated that genotype 3a was a major clone (data not shown).
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Table 4 HCV genotypes of 252 serum samples from patients
with chronic HCV infection as determined by HCV-Guideline test and a core genotyping method reported by Ohno and
colleagues [19]
HCV-Guideline test
Core genotyping
1

2

3

1+2

1+3

Total

1a

1

0

0

0

0

1

1b

147

0

0

0

0

147

2a

0

64

0

0

0

64

2b

0

15

0

0

0

15

3a

0

0

13

0

0

13

3b

0

0

1

0

0

1

2a+2b

0

2

0

0

0

2

1b+2a

2

1

0

0

0

3

1b+2b

0

0

0

1

0

1

1b+3a

0

0

1

0

1

2

Not classified
Total

0

3

0

0

0

3

150

85

15

1

1

252

Comparison of HCV-Guideline test and serotyping assay
A total of 252 samples were used to compare the HCV-Guideline
test (Table 5) with a serotyping assay (Immunocheck HCV GR
assay, Kokusai, Kobe, Japan). In the HCV-Guideline test, 150
samples (59.5%) were determined to be of genotype 1, 85 (33.7%)
of genotype 2 and 15 (6%) of genotype 3. Consistent with
these results, 143 (56.7%) samples were found to be of serotype
1 (G1) and 77 (30.6%) samples of serotype 2 (G2) using the
serotyping assay. One discordant sample was detected, which
was shown to be of serotype 2, but of genotype 1 in the HCVGuideline test. The result obtained by direct sequencing
supported that by the HCV-Guideline test. Additionally, the
serotyping failed in the assignment of serotype in 32 (12.7%)
including 15 samples of genotype 3, indicating a better sensitivity
of the HCV-Guideline test than that of the serotyping assay.
Table 5 HCV genotypes and serotypes of 252 serum samples
from patients with chronic HCV infection as determined by
HCV-Guideline test and serological Immucheck HCV GR test
HCV-Guideline test
Serotyping
1
G1

3

1+2

1+3

Total
14 3

0

0

0

1

G2

11

76

0

0

0

77

Not determined

7

9

15

1

0

32

150

85

15

1

1

25 2

Total

142

2

1

HCV core sequence by direct sequencing indicated genotype
1b, and confirmed by a core genotyping method[19].

DISCUSSION
We developed the HCV-Guideline test for the determination of
HCV genotypes 1, 2 and 3; The test enabled the simultaneous
HCV viral load determination using the Amplicor GT HCV
Monitor test v2.0. The Amplicor GT HCV Monitor test v2.0
amplified the 5’-UTR region of HCV RNA, which could be used
for the subsequent the HCV-genotyping test (Figure 1). The
HCV-Guideline test using the PCR products produced by the
Amplicor GT HCV Monitor test v2.0 allowed the rapid
determination of HCV genotype simultaneous with HCV viral
load determination within 5 h. This also gave a good cost-benefit
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during the follow-up of HCV-infected patients.
Several strategies were adopted in order to optimize the HCVGuideline test. To improve the signal-to-background ratio, the
blocking solution of the microwell plate was carefully selected,
which largely reduced the background signal. Moreover, a
second biotin-labeled probe was added to enhance the signal
intensity. The sensitivity of the HCV-Guideline test was
approximately 500 IU/mL with the quantitative Ampicor GT HCV
MONITOR test v2.0, which was much higher than that obtained
using a commercial direct-sequencing genotyping kit (TRUGENE
HCV 5’NC) or a commercial reverse hybridization line probe
assay (INNO-LiPA HCV II ) for genotyping of HCV, which was
approximately 20 000 IU/mL[17]. Our assay revealed a wide
dynamic range that extended over a 4-log range of HCV input.
Additionally, as the HCV-Guideline test was subsequently
determined using a colorimetric method with biotin-labeled HCV
specific probes, the test might be adapted for PCR products
from in-house RT-PCR of HCV, such as real-time PCR, using
products with the region of the specific probes and amplification
probes, and may be used to detect mutations of some other
genes. The specificity of genotyping by this HCV-Guideline
test was also confirmed by direct sequencing.
A number of HCV typing methods have been developed in
recent years. A serotyping assay Immunochech HCV GR assay[20]
is only available for HCV typing test which was approved by
the Ministry of Health, Labour and Welfare in Japan. Therefore,
for routine diagnostic procedures the HCV serotype is usually
employed in Japan. The serologic typing of HCV, lacked a
sufficient sensitivity compared with molecular-based
techniques[24]. Alternatively, genotype-specific amplification
of the core region could determine the HCV genotype[18,19,25].
HCV genotyping by genotype-specific amplification, direct
sequencing and line probe assay have been reported to give
concordant results of HCV genotypes in all the cases studied[26-28].
However, these techniques are too expensive or too timeconsuming to be useful outside a research setting.
Accordingly, to evaluate the new HCV-Guideline test we
compared it with the HCV core genotyping assay and
serotyping assay. Using the optimized method, an excellent
concordance value of 97.2% was found between the HCVGuideline test and the HCV core genotyping assay. Discordant
samples between the HCV-Guideline test and the core
genotyping assay were found mainly in mixed genotypes or
unclassified samples (Table 4). Six mixed genotypes were
detected by the core genotyping assay, however only 2 were
correctly detected by the HCV-Guideline test, suggesting that
the core genotyping assay could detect mixed infections more
efficiently. On the other hand, 3 samples were not classified by
the core genotyping assay. As the HCV RNA levels of these
samples were relatively low (500-800 KIU/mL), the HCVGuideline test seemed to be more suitable for detecting such
low-viral load samples.
The genotypes 4, 5 and 6 were not found in our population.
Regarding these genotypes, clinical data are not sufficient for
the determination of the response to treatment and they are
very rare in the general population particularly in the USA[29],
Europe[25,30,31], and Japan[19,32]. The most common HCV genotype
in these countries is genotype 1. From a clinical viewpoint, the
knowledge of the precise HCV genotypes (e.g., 1a and 1b) seems
to be unnecessary for the therapeutic decisions regarding
chronic hepatitis C using IFN based on guidelines. In this
context, it is most important to determine HCV genotypes 1, 2
and 3. Patients infected with HCV genotype 1 would need a
different therapy regimen different from that for patients with
HCV genotype 2 or 3 {(Management of hepatitis C: 2002 by
National Institutes of Health consensus development
conference statement (http://consensus.nih.gov/cons/116/
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091202116cdc_statement.htm), clinical guidelines on the
management of hepatitis C by British Society of Gastroenterology
(http://www.bsg.org.uk/pdf_word_docs/clinguidehepc.pdf)
and the guideline for IFN treatment of chronic hepatitis C
patients by the Japan Ministry of Health, Labor and Welfare)},
because the sustained response to the current standard peginterferon alpha-2b plus ribavirin therapy regimens for chronic
hepatitis C is strongly associated with HCV viral road,
genotypes 1, 2 and 3[33,34]. Thus, the HCV-Guideline test is useful
for regions where HCV genotypes 1, 2 and 3 are predominant,
such as in the USA, Europe, and Japan.
The directional medical cost of HCV in the USA is projected
to increase $10 billion yearly between 2010 and 2019[11]. The
incremental cost-effectiveness of combination therapy with pegIFN for men ranged from 26 000 to 64 000 dollars per qualityadjusted life-year (QALY) for genotype 1 and from 10 000 to 28 000
dollars per QALY for other genotypes; and for women, ranged
from 32 000 to 90 000 dollars for genotype 1 and from 12 000 to
42 000 dollars for other genotypes[10]. Therefore, medical cost
can be reduced if the patients are determined to be of genotype
2 or 3 using the sensitive and inexpensive HCV-Guideline test.
In conclusion, the HCV-Guideline test is specific, sensitive
and easier to perform automatically, and less expensive than a
serotype assay, HCV core genotyping assay and direct
sequencing. In addition, this test can be used in the same
laboratory setting and reagents as those of the Amplicor GT
HCV Monitor test v2.0 without requiring special or an additional
expensive devices such as an auto-sequencer or a real-time
PCR system. The HCV-Guideline test is therefore more suitable
for screening large cohorts in a clinical routine practice for the
prediction of clinical course, and the determination of treatment
regimens and the outcome of antiviral therapy of hepatitis C.
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Abstract
AIM: To evaluate the clinical utility of serum fibrosis markers,
including YKL-40, in patients with HCV-associated liver disease.
METHODS: A total of 109 patients with HCV-associated
liver disease were enrolled. We measured serum type IV
collagen, amino-terminal peptide of type III procollagen (PIIIP),
hyaluronic acid (HA), YKL-40 levels and biochemical.
Parameters by RIA or ELISA. Eighty-eight patients underwent
liver biopsy, and 67 of 109 patients received interferon (IFN)
therapy. We also investigated the relationship between the
concentrations of serum fibrosis markers and histological
fibrosis scores (METAVIR), and evaluated the changes of
the levels of fibrosis markers before and after the IFN
therapy.
RESULTS: The increase in serum levels of all markers,
particularly HA, was correlated with the progression of liver
fibrosis (for type IV collagen, F = 9.076, P<0.0001; for PIIIP,
F = 9.636, P<0.0001; for HA, F = 13.128, P<0.0001; and for
YKL-40, F = 8.016, P<0.0001). YKL-40 had strong correlation
with HA (r = 0.536, P<0.0001). Based on the receiver operating
curve (ROC), the ability of serum HA exceeded the abilities
of other serum markers to determine fibrosis score 4 from
fibrosis score 0-3 (AUC = 0.854). While YKL-40 was superior
to other fibrosis markers for predicting severe fibrosis
(F2-F4) from mild fibrosis (F0-F1) (YKL-40, AUC = 0.809;
HA, AUC = 0.805). After IFN therapy, only YKL-40 values
significantly decreased not only in the responder group,
but also in the nonresponder group (P = 0.03).
CONCLUSION: YKL-40 may be a useful non-invasive serum
marker to estimate the degree of liver fibrosis and to
evaluate the efficacy of IFN therapies in patients with HCVassociated liver disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is the most important factor for estimating
clinical outcome and determining therapeutic strategy, especially
interferon therapy, in patients with hepatitis C virus (HCV)associated liver diseases. Liver biopsy is currently the most
reliable standard for assessing hepatic fibrosis, necrosis
and inflammation [1,2]. However, liver biopsy has potential
complications[3], and so is not repeatedly performed. Thus, there
is a need to establish noninvasive monitoring methods for
assessing the severity of hepatic fibrosis.
Several attempts have been made to find accurate noninvasive
markers of disease activity and fibrosis. To date, several laboratory
markers, such as platelet counts, ALT/AST ratio[4], or levels
of hyaluronic acid (HA)[5], N-terminal propeptide of type III
collagen (P III P)[6,7]or type IV collagen[8], have been proposed
to represent hepatic fibrosis, focusing particularly on the diagnosis
of advanced hepatic fibrosis. Some have combined several
biochemical and clinical markers with scoring systems to predict
the presence or absence of fibrosis[9]. However these scoring
systems are somewhat complicated, since some analyses are not
routinely available and the calculation system can be complex.
Among the single fibrosis markers, HA and PIIIP levels have
been well studied in patients with chronic liver diseases[10]. HA
is a glucosaminoglycan synthesized by the mesenchymal cells
and degraded by hepatic sinusoidal cells by a specific receptormediated process. Serum levels of HA are highly correlated with
advanced fibrosis and liver cirrhosis[5,11,12]. However, serum HA
alone has limited value in predicting histological change over
a treatment period. PIIIP, a product of collagen synthesis, correlates
better with histological inflammation than fibrosis[10]. Hence, there
is a need to develop a simple, accurate and reliable noninvasive
marker for evaluating the severity of fibrosis.
YKL-40 (chondrex, human cartilage glycoprotein-39) is a
recently described glycoprotein that belongs to the chitinase
family[13]. YKL-40 mRNA was strongly expressed in human liver
and arthritic articular cartilage[13,14] and was elevated in the synovial
fluid[15] and serum with active rheumatoid arthritis[16], severe
osteoarthritis[17] and alcoholic liver disease[6,18]. Although its
physiological function is unknown in detail, YKL-40 is thought
to contribute to tissue remodeling or degradation of the extracellular
matrix[19]. Previous reports have indicated that the YKL-40 is a
growth factor for fibroblasts and that YKL-40 acts synergistically
with insulin-like growth factor 1 in stimulating the growth of
fibroblasts[20], YKL-40 is also a growth factor for chondrocytes
and synovial cells[15] and acts as a chemo-attractant for endothelial
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cells and stimulates migration of these cells at a level comparable
to that achieved by basic fibroblast growth factor[21]. Furthermore,
YKL-40 modulates vascular endothelial cell morphology by
promoting the formation of branching tubules, indicating that
YKL-40 mayplay a role in angiogenesis by stimulating the migration
and reorganization of vascular endothelial cells[21].
However, clinical use of serum YKL-40 level for the assessment
of hepatic fibrosis in patients with HCV-associated liver diseases
has not been elucidated. Furthermore, the response of fibrosis
markers after interferon (IFN) therapy, a potential anti-fibrosis
therapy, is not well understood. We questioned whether the
fibrosis-related markers type IV collagen, PIIIP, HA and YKL-40
could discriminate between histological fibrosis stages, and
reflect the histological response of post-interferon therapy in
patients with HCV-associated liver diseases.

MATERIALS AND METHODS
Patients
One hundred and nine patients with chronic liver disease were
studied and all patients had detectable serum HCV-RNA
(Amplicor HCV 2.0; Roche Diagnostics, Branchburg, NJ, USA).
Eighty-eight patients underwent liver biopsies for histological
examination of the liver. Twenty-one patients, whose diagnosis
was based on clinical, biochemical and imaging findings, were
classified as having liver cirrhosis, because they had much risk
for the biopsies. None of the patients had other causes of chronic
liver injury, a history of habitual alcohol consumption nor
hepatocellular carcinoma. All tissue and serum samples were
obtained with informed consent.
Liver histological findings
Eighty-eight patients underwent liver biopsies as a part of clinical
standard management. Tissue sections from the patients were
stained with hematoxylin and eosin and evaluated for the stage
of liver fibrosis and the grade of liver activity.
The patients were sub-classified into five groups based on
the stage of liver fibrosis according to the METAVIR classification:
F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis
with few septa; F3, numerous septa without cirrhosis; and F4,
cirrhosis. The grade of liver activity was classified into four
groups according to METAVIR classification: A0, no activity;
A1, mild activity; A2, moderate activity; and A3, severe activity.
Serological and biochemical methods
We measured the levels of type IV collagen, PIIIP, HA and
YKL-40 from patient serum samples that were stored at -20 ℃.
The concentration of type IV collagen was determined with a
commercial RIA kit (Panassay IV. C, Daiichi Chemical Co. Ltd.
Tokyo, Japan). PIIIP concentration was measured by RIA-gnost
PIIIP kit (Hoechst, Tokyo, Japan). ELISA kits were used for
determination of HA concentrations (Chugai Pharmaceuticals,
Tokyo, Japan) and YKL-40 concentrations (Quidel Corporation,
San Diego, USA). We determined the concentrations of these
markers before and after interferon (IFN) treatment. Serum albumin
and alanine aminotransferase (ALT) were measured by routine
methods. All biochemical data were expressed as median (range).
Receiver operating curve
To assess the ability of the four serum fibrosis markers for
differentiating chronic hepatitis (fibrosis score F0-F3) from liver
cirrhosis (F4), and for differentiating mild hepatitis (F0-1) from
severe hepatitis (F2-4), we calculated the sensitivity and the
specificity for each value of each fibrosis marker and then
constructed receiver operating curves (ROC) by plotting the
sensitivity against the reverse specificity (1 minus specificity)
at each value. The diagnostic value of each serum marker was
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assessed by the area under the ROC. An area under the curve
(AUC) of 1.0 is characteristics of an ideal test, whereas 0.5
indicates a test of no diagnostic value. The nearer a curve
shifts to the top left-hand corner of the graph, the more useful
marker is for the diagnosis. We determined the turning point of
the curve to the best cut-off value for the diagnosis, and it was
also a maximal value at the sum of the sensitivity and specificity.
The diagnostic accuracy was calculated by sensitivity,
specificity, positive and negative predictive values, considering
significant fibrosis of the disease.

Assessment of response to IFN treatment
We also evaluated whether a marker was an independent
predictor of the response to interferon (IFN) treatment in chronic
hepatitis C. Sixty-seven patients with chronic hepatitis C received
a 6-mo course of interferon-based therapy. We determined serum
levels for each fibrosis marker and determined HCV-RNA for
each patient at 6 mo after the therapy Patients whose HCVRNA became positive after IFN treatment were classified into
the non-virological responser (NVR) group, and those whose
HCV-RNA remained negative after IFN treatment were classified
as the sustained-virological responser (SVR) group. The NVR
group was sub-divided into those patients whose ALT remained
below 664 nkat/L l after IFN treatment as the biochemical
responders (BR) group.
Statistical analysis
Results of serum fibrosis markers were expressed as box plots.
The statistical significance was calculated by one-way ANOVA.
The correlations between four serum fibrosis markers and
biochemical data were evaluated by analysis of person’s
correlation coefficient. The levels of serum fibrosis markers in
the patients with IFN treatment were analyzed by the paired
t test. P values <0.05 were considered statistically significant.
RESULTS
Patient characteristics
Baseline demographic and laboratory values are summarized in
Table 1 for the109 patients. The median age was 54 years, with
a male predominance. The values of platelets and serum albumin
decreased in the patients with HCV-associated liver disease
according to the stage of liver fibrosis (F0-4) (Table 1).
Table 1 Characteristics of subjects
Fibrosis

n

M/F

F0

5

3/2

F1

27

F2

13

F3

34

F4

30

Age
(yr)

35
(29-39)
17/10
51
(31-73)
8/5
57
(50-64)
22/12
55
(30-68)
12/18
59
(43-75)

Platelet
(×10 4 /mm3 )
19.9
(14.4-26.0)
15.8
(10.3-25.2)
13
(10.0-15.1)
12.2
(8.3-19.1)
9.5
(3.2-21.3)

Albumin
ALT
(g/L)
(nkat/L)
42
(3.2-4.6)
41
(3.6-4.7)
39
(3.5-4.5)
39
(3.3-4.3)
34
(2.5-4.1)

182.6
(7-84)
1 477.4
(20-267)
1 543.8
(31-235)
1 062.4
(23-295)
996.0
(13-150)

M: male, F: female.

Correlation between serum markers and the stage of liver fibrosis
The relation of serum concentrations of type IV collagen, PIIIP,
HA and YKL-40 to the stage of liver fibrosis is illustrated in
Figure 1. Serum levels of type IV collagen, PIIIP, HA and YKL-40
increased with the progression of liver fibrosis in patients with
HCV-associated liver disease. The overall significances by
ANOVA of the difference of these five groups were as follow: for
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Laboratory liver test results revealed a moderate inverse
correlation between serum albumin with the HA levels (r = -0.472,
P<0.0001) and a moderate inverse correlation between platelets
and type IV collagen (r = -0.453, P = 0.0007), HA (r = -0.494,
P = 0.0002) or YKL-40 levels (r = -0.478, P = 0.0003).
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Prediction of severe stage of fibrosis from mild stage of fibrosis
The utility of these markers to differentiate severe stage of fibrosis
(F2-4) from mild stage of fibrosis (F0-1) was evaluated using
ROC (Figure 3). The best ROC derived from four serum fibrosis
markers was applied by measuring the area under the curve
(AUC), and the best ROC was that of YKL-40 and HA (YKL-40,
AUC = 0.809; HA, AUC = 0.805), exceeding those of PIIIP and

Prediction of cirrhosis from chronic hepatitis
The ability of these serum markers to detect cirrhosis (F4) in
patients with chronic hepatitis C (F0-3) was assessed using ROC.
A

YKL40, AUC= 0.795
0.25 0.50 0.75 1.00
1-Specificity

Table 3 Prediction of cirrhosis vs chronic hepatitis C by
hyaluronic acid and YKL-40

0.536 b,d

-0.091

HA, AUC= 0.854

Figure 2 Receiver operating curves of type IV collagen, PIIIP,
HA and YKL-40 for predicting stages greater than F3. The
predictive ability of serum HA exceeded that of another serum markers (AUC = 0.854). The ability to predict cirrhosis
(F4) from chronic hepatitis C (F0-3) was AUC = 0.795 for YKL40 and AUC = 0.790 for PIIIP.
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Table 2 Correlation between type IV collagen, PIIIP, HA,
YKL-40 and parameters of liver function
Hyaluronic
acid

Number 4

1.00

Correlation between serum markers and biochemical parameters
The correlation between type IV collagen, PIIIP, HA, YKL-40
and biochemical liver function tests is shown in Table 2.
Correlations were found between each fibrosis marker (P<0.001).
There was a moderate correlation between type IV collagen
and PIIIP (r = 0.432, P<0.0001). YKL-40 and HA showed the
strongest correlation (r = 0.536, P<0.0001).

PIIIP

Volume 11

The best ROC derived from four serum fibrosis markers was
applied by measuring the area under the curve (AUC), and the
best ROC was that of HA (AUC = 0.854). Based on the ROC, the
predictive ability of serum HA exceeded that of the other serum
fibrosis markers (Figure 2). The selected cut-off values for
diagnosing cirrhosis in patients with chronic hepatitis C was
183.5 ng/mL for serum HA with 80% sensitivity and 80% specificity
(Table 3). The cut-off value for YKL-40 was 284.8 ng/mL with 80%
sensitivity and 77% specificity, and that for PIIIP was 0.995 U/mL
with 79% sensitivity and 66% specificity.

type IV collagen, F = 9.076, P<0.0001; for PIIIP, F = 9.636,
P<0.0001; for HA, F = 13.128, P<0.0001; and for YKL-40, F = 8.016,
P<0.0001. Levels of each fibrosis marker had a strong correlation
with the stage of liver fibrosis. HA values increased more
significantly in F4 than other fibrosis markers. PIIIP and,
particularly YKL-40, values increased according to the stage of
liver fibrosis. The correlation between the grade of histological
activity and serum fibrosis markers were evaluated with ANOVA.
The overall significances in these four groups were as follows:
for type IV collagen, F = 3.385, P<0.0219; for PIIIP, F = 0.991,
P = 0.4011; for HA, F = 0.277, P = 0.8417; and for YKL-40, F = 0.246,
P = 0.8638. Type IV collagen had a weak correlation with the
grade of histological activity in liver histology, but other serum
fibrosis markers did not show significant correlations.

Type IV
collagen

January 28, 2005

YKL-40 (ng/mL)
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0
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4

0 1 2 3 4
Stage of liver fibrosis

Figure 1 Serum levels of type IV collagen, PIIIP, HA and YKL-40 with respect to stage of liver fibrosis (F0-4). The box represents the
interquartile range. The whiskers indicate the highest and lowest values, and the line across the box indicates the median value.
Overall significance of differences among 5 groups was determined by ANOVA: for type IV collagen, F = 9.076, P<0.0001; for
PIIIP, F = 9.636, P<0.0001; for HA, F = 13.128, P<0.0001; and for YKL-40, F = 8.016, P<0.0001.
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type IV collagen. The cut-off values of YKL-40 and HA were
186.4 ng/mL and 75.7 ng/mL, respectively (Table 4). The sensitivity
and specificity of these concentrations were 80% and 81% for
YKL-40 and 75% and 81% for HA, respectively.

DISCUSSION
Hepatic fibrosis is the main determinant of clinical outcome
and therapeutic efficacy in patients with HCV-associated liver
disease. A single-pass liver biopsy is able to correctly
diagnose the stage of fibrosis or presence of cirrhosis in 80% of
patients[22]. However, liver biopsy is an invasive procedure
with associated morbidity that carries a significant cost [3].
For these reasons, a reliable noninvasive fibrosis marker is
required. In recent studies, simple noninvasive methods
without biopsy to predict both significant fibrosis and cirrhosis
have been investigated. Measurements of mixed parameters,
such as the blood test[22], fibrotest[9] or aspartate aminotransferase
(AST) to platelet ratio[4,23] indices, have been assessed as
substitutes for liver biopsy, but these methods are difficult to
calculate, do not reflect the mechanism of the liver fibrosis
directly, and do not relate to the efficacy of IFN treatment in
patients with HCV-associated liver disease.
In an attempt to search for more suitable markers for
prediction of liver fibrosis severity, we investigated the novel
marker, YKL-40, in addition to the well established fibrosis
markers, type IV collagen, PIIIP and HA. In our study, YKL-40
and HA were found more useful than other markers for
assessing the fibrosis stage. In particular, YKL-40 was most
useful for monitoring the fibrosis of liver disease and for
distinguishing extensive liver fibrosis from mild stage of liver
fibrosis, enabling us to predict severe stage of fibrosis at 80%
positive predictive value. HA appeared to be slightly better for
prediction of cirrhosis (F4) from chronic hepatitis (F0-3) than
YKL-40.
Type IV collagen is composed of a major triple-helix, an
amino-terminal triple-helix (7S domain) and a carboxy-terminal
globular domain[24]. We measured type IV collagen by RIA,
which recognizes the 7S domain. The 7S domain is thought to
be derived primarily from the degradation of already existing
basement membrane, and it correlates better with liver fibrosis
rather than intact type IV collagen[8]. PIIIP is a component of
the extracellular matrix deposited in the space of Disse[25]. It is
produced from type III procollagen in hepatic stellate cells and
is released into the circulation in stoichiometric amounts[26].
PIIIP correlates better with inflammation and is thought to
reflect primarily active hepatic fibrogenesis in chronic liver
disease[27,28]. HA is a polysaccharide found in virtually all
connective tissues, and in liver fibrosis[29], it is a component of
the extracellular matrix[30]. In chronic hepatitis, HA is synthesized
by the hepatic stellate cells and is metabolized in the liver
endothelial cells[11]. With severe fibrosis in chronic hepatitis,
increasing deposition of basement membrane components
causes sinusoidal capillarization, diminishing HA clearance.

1.00

0.50
0.25
0.00
0.00 0.25 0.50 0.75 1.00
1-Specificity

C4, AUC= 0.742
P3P, AUC= 0.747
HA, AUC= 0.805
YKL40, AUC= 0.809

Figure 3 Receiver operating curves of type IV collagen, PIIIP,
HA and YKL-40 for predicting stages greater than F1. YKL-40
and HA exceeded those of PIIIP and type IV collagen (YKL-40,
AUC = 0.809; HA, AUC = 0.805).
Table 4 Prediction of severe hepatitis C versus mild hepatitis
C by hyaluronic acid and YKL-40
Cut-off
value

Sensitivity Specificity
(%)
(%)

IV collagen (ng/mL) 5.75
PIIIP (U/mL)
0.835
HA (ng/mL)
75.7
YKL-40 (ng/mL)
186.4

65
78
75
78

69
75
81
81

PPV NPV
(%) (%)
67
76
79
80

66
77
76
79

Changes of serum markers after IFN therapy
The sixty-seven patients with HCV-associated liver disease
received IFN therapy and were classified after therapy into
NVR group (n = 44) and SVR group (n = 23). In SVR group,
PIIIP, HA and YKL-40 levels significantly decreased after IFN
treatment (for PIIIP, P<0.0001; for HA, P = 0.0077; for YKL-40,
P = 0.0084). In contrast, in NVR group, PIIIP and HA levels did
not change, whereas YKL-40 values significantly decreased
(P = 0.03) (Figure 4). Furthermore, there were 9 patients in the BR
group within the patients in NVR group (n = 44), and only one
patient had normal ALT value before IFN therapy. Even in the
BR group, only YKL-40 significantly decreased after IFN
therapy (P = 0.0111). Moreover, there was a tendency for those
in the SVR group to have lower YKL-40 values than those in
the NVR group before IFN therapy (P = 0.084).
B
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Figure 4 Serum levels of type IV collagen, PIIIP, HA and YKL-40 before and 6 months after IFN therapy in NVR and SVR patient
groups. The box represents the interquartile range. The whiskers indicate the highest and lowest values, and the line across the
box indicates the median value. The levels of all serum markers without type IV collagen 6 mo after IFN treatment were lower
than those before IFN treatment in SVR group (aP<0.05), while only YKL-40 levels decreased in NVR group (aP<0.05).
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HA levels increase, particularly in patients with cirrhosis[31].
Therefore, it is thought that type IV collagen and PIIIP levels
reflect more fibrogenesis than fibrosis, whereas HA levels reflect
fibrosis. YKL-40 is a mammalian 40 ku molecule[13] of the chitinase
family. Though the biological function of YKL-40 is unknown, it
is expressed in various diseases, such as liver disease with
alcoholic cirrhosis[32], and recurrent breast cancer[33] or colorectal
cancer[34]. YKL-40 is produced in a wide variety of cell types,
including chondrocytes, synovial cells [15] , activated
macrophages[35], neutrophils[36], and in particular from cells
located in tissues with increased remodeling/degradation or
inflammation of the extracellular matrix, such as the hepatic stellate
cells[37]. Based on our results and those from other groups[6], it
appeared that serum levels of YKL-40 represented ongoing
fibrosis like HA, in addition to fibrogenesis similar to type IV
collagen and PIIIP of the liver disease. Serum YKL-40 levels were
valuable for diagnosing mild stage of fibrosis (value<186.4),
severe stage of fibrosis (186.4<value<284.8) and F4 (284.8<value)
in our patients with HCV-associated liver disease. These results
suggested that YKL-40 might be a new useful marker for monitoring
liver fibrosis.
We also examined which fibrosis marker reflected the
response to IFN therapy in patients HCV-associated liver
disease. The natural course of fibrosis progression was studied
based on a single biopsy and a suspected, rather than proven,
duration of infection from the patient’s history[38]. The natural
course of fibrosis progression rate in patients with chronic
hepatitis C was 0.133 units/year of the fibrosis score[39]. In
contrast, persistently normal ALT levels correlated with slow
progression of liver fibrosis (0.05 units/year)[40]. The shortterm effects of IFN therapy on histological improvement are
well documented and most studies have shown histological
improvement at the end of treatment and/or within 1-2 years of
follow-up[41], even though hepatitis C virus was not completely
eradicated. Meta-analysis of the current data showed a correlation
between biochemical response to IFN (i.e., normalization of ALT)
and histological improvement of inflammatory activity and
showed a slower progression of the liver fibrosis in the NVR
group than that in the untreated patients[42,43]. IFN treatment
also reduced activity in the SVR group, and even in NVR patients
at 6-12 mo after completion of IFN treatment.
We investigated the values of serum fibrosis markers before
and 6 mo after IFN therapy. In the SVR group, the levels of PIIIP,
HA and YKL-40 significantly decreased after IFN treatment. The
YKL-40 levels lowered significantly not only in the BR group,
but also in the NVR group after IFN therapy. These results in
BR group, which were different from the previous report which
demonstrated that plasma PIIINP was the only marker predicting
treatment[7], suggested that the values of YKL-40 after IFN
treatment might promptly reflect the improvement of liver
inflammation, as well as fibrogenesis and tissue remodeling.
We speculated that the serum YKL-40 changes might reflect
the efficacy of the IFN treatment in the patients with HCVassociated liver disease more directly and dynamically than
other fibrosis markers. In addition, YKL-40 might estimate the
therapeutic effect before IFN treatment, since YKL-40 value
was relatively lower in SVR group than that in NVR group.
Additional studies will address these observations and the
resulting YKL-40 characteristics may provide information about
fibrosis status and fibrosis improvement.
In conclusion, our study demonstrates that serum YKL-40
reflects fibrosis and fibrogenesis in patients with HCV-associated
liver disease. Furthermore, serum YKL-40 measurements may
be a serological marker of liver fibrosis and may be used as a
noninvasive marker for evaluating the efficacy of various
therapies in these patients.
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Abstract
AIM: Various side effects have been reported in patients
infected with hepatitis C virus (HCV) who were treated with
interferon-alpha (IFN-), including the appearance or
exacerbation of underlying autoimmune diseases and the
development of a variety of organ and non-organ specific
autoantibodies (NOSA). However, very few studies in adults
have been strictly designed to address: whether the
prevalence and the titre of organ and NOSA in serial samples
of HCV-treated patients were affected by IFN-, and the impact
of these autoantibodies on the treatment outcome of HCV
patients.
METHODS: We investigated whether parietal cell
autoantibodies (PCA) and/or NOSA were related with
treatment-outcome in 57 HCV-treated patients (19 sustainedresponders, 16 relapsers, 22 non-responders). Serum
samples from patients were studied blindly at three timepoints (entry, end of treatment and end of followup). For
the detection of autoantibodies we used indirect
immunofluorescence, commercial and in-house ELISAs.
RESULTS: Sustained biochemical response was associated
with ANA-negativity at the entry or end of follow up. Sustained
virological response was associated with the absence of PCA
at the entry. Combined virological and biochemical sustained
response (CVBSR) was associated with the absence of
antinuclear antibodies (ANA) at the end of follow up and PCAnegativity at the entry. Sustained virological and CVBSR were
associated with a reduction of ANA and SMA titers during
therapy.
CONCLUSION: Although PCA and/or NOSA seropositivity
should not affect the decision to treat HCV patients, the
presence of some of them such as ANA, PCA and SMA before

treatment or their increase during therapy with IFN-  may
predict a worse response, indicating the need for a closer
monitoring during treatment of HCV patients positive for
these autoantibodies.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection has been associated with
several immune-mediated phenomena including autoimmune
thyroiditis[1], Sjogren’s-like syndrome[2], essential mixed
cryoglobulinemia[3], and autoantibody production[4-16].
Administration of interferon-alpha (IFN-) in combination
with ribavirin has already been proved to be the most promising
therapeutic approach for the treatment of HCV infection[17-19].
Various side-effects have been reported in patients treated with
this cytokine, including the appearance or exacerbation of
underlying autoimmune diseases and the development of a variety
of organ and non-organ specific autoantibodies (NOSA)[4-16,20-22].
However, very few studies in adults have been strictly designed
to address: whether the prevalence and the titre of organ and
NOSA in serial samples of HCV-treated patients were affected
by IFN- therapy, and the impact of these autoantibodies on
the treatment outcome of HCV patients[6,23-28].
We conducted a retrospective serological study in order to
evaluate at three time-points (entry, end of treatment, end of
follow-up) whether parietal cell autoantibodies (PCA) and NOSA
in HCV-treated patients were affected by the IFN- treatment
and furthermore, to address which was, if any, their impact on
the treatment outcome. We report here our first results.
MATERIALS AND METHODS
Patients
Sera from 57 selected HCV patients, previously treated with a
course of antiretroviral therapy, were studied. According to
the aim of the study, serum samples were collected at three timepoints: baseline, end of treatment and end of follow-up (6-12 mo
after suspension of therapy). In order to address our hypothesis,
these samples were selected from our records in an attempt to
make three groups of HCV patients matched for age, sex, HCVgenotype and HCV viral load. The first group was consisted of
19 patients who achieved combined sustained virological and
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biochemical response (responders), the second of 16 who had
relapsed after an initial response at the end of treatment
(relapsers) and the third of 22 who had no response (nonresponders). At the end of treatment, biochemical response was
achieved in 46 patients (81%), virological response in 37 (65%)
and combined biochemical and virological response in 35 (61%).
At the end of follow up, sustained biochemical response was
observed in 33 patients (58%), sustained virological response
in 20 (35%) and combined sustained biochemical and virological
response in 19 (33%).
Diagnosis of HCV infection was based on clinical, laboratory
and histological evaluations as we described previously[9,11,29].
All patients had no clinical laboratory or histological signs of
autoimmune hepatitis (revised score for the diagnosis of this
disease was less than 10 in all of them)[30]. Twenty-seven patients
were treated with IFN- (3 MU three times weekly) and ribavirin
(19 patients infected with genotype 1 or 4 and two patients
with undetermined genotype received 1 000-1 200 mg ribavirin
daily, while 6 patients with genotype 2 or 3 received 800 mg/d)
for 48 wk. The remaining 30 patients received IFN- only (3 MU
three times weekly) for 24-48 wk. Patients were followed up at
least for 18 mo from the beginning of treatment.
Patients were regularly seen in the outpatient clinic for
physical examination, blood tests and virological assays. Serum
samples of the patients were investigated at the three timepoints for PCA and NOSA. A complete medical history, routine
liver function tests, virological tests and histological evaluation
were also available.
The end-of-treatment and end-of-follow-up responses were
defined as the normalization of serum alanine aminotransferase
level (ALT) at the end of treatment and follow-up period
(biochemical response) and as the clearance of serum HCVRNA by polymerase chain reaction (PCR) at the same timepoints (virological response).

Histology
Liver biopsy specimens were available in 35 cases before the
initiation of therapy. Nineteen HCV-infected patients with
genotype 2 or 3 were excluded from biopsy, because of the
favorable response to treatment and 3 patients were denied.
The histological evaluation was assessed using the Knodell
histologic/activity index score[31]. The inflammation score was
obtained by combining the scores for the first three components
of the Knodell index: portal, periportal and lobular inflammation
(range 0-18). The Knodell fibrosis scores were: 0 (no fibrosis),
1 (portal fibrosis), 2 (portal fibrosis with few septa), 3 (bridging
fibrosis) and 4 (cirrhosis)[31]. According to the previous
publications of our group[29,32], patients were divided in to two
groups according to inflammation: minimal/mild (0-8) and
moderate/severe (9-18) and fibrosis none/mild/moderate (0-2)
and severe fibrosis/cirrhosis (3-4).
Virologic tests
Serologic evidence of HCV infection was determined by the
detection of antibodies to HCV (anti-HCV) using a third generation
enzyme immunoassay (Murex Diagnostics, Temple Hill, Datford,
UK). HCV-RNA levels were available in all patients using a
commercially quantitative PCR (Cobas Amplicor HCV Monitor,
Roche). HCV genotypes were determined by a reverse-hybridization
method (InnoLipa HCV II, Innogenetics). Classification of
genotypes was done according to Simmonds et al[33]. None of
the patients studied was positive for hepatitis B surface antigen
and antibodies to human immunodeficiency virus.
Detection of autoantibodies
Serum samples were tested for PCA and NOSA by two
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independent observers (N.G and G.D) blindly to the clinical status
and the treatment outcome of the patients (double blind study).
Antinuclear antibodies (ANA) were detected by indirect
immunofluorescence (IIF) on HEp-2 cells (INOVA Diagnostics)
following standard protocols (positive titre ≥1:80), while
smooth muscle antibodies (SMA), liver-kidney microsomal
autoantibodies (anti-LKM), PCA, anti-mitochondrial antibodies
(AMA) and antibodies against liver cytosol (anti-LC) were
detected by IIF on rat liver, kidney and stomach sections as we
described elsewhere[7,11,34]. Significant titers were considered
≥1:80 for SMA and ≥1:40 for anti-LKM, PCA and AMA.
Anti-neutrophil cytoplasmic antibodies (ANCA) were detected
by IIF on ethanol-fixed granulocytes (INOVA Diagnostics;
positive titre ≥1:20). All ANCA-reactive samples by IIF were
further investigated for the presence of IgG antibodies against
proteinase 3 (anti-PR3, INOVA Diagnostics) and myeloperoxidase
(anti-MPO, INOVA Diagnostics).
All samples were investigated for the presence of IgG
antibodies against double stranded DNA (anti-dsDNA) and
IgG anticardiolipin antibodies (anti-CL) using in-house
ELISAs following published protocols by us[4,9,10,29,35]. The
specificity, reproducibility and optimal conditions of these
assays were determined in extensive preliminary experiments as
described [4,9,10,29,35]. In each assay, the between-day variation
of the optical density (A) values was eliminated by running
serial dilutions of a positive control (standard curve) on each
plate. Briefly, a standard curve was constructed by assaying
repeatedly control sera positive for IgG anti-dsDNA and IgG
anti-CL in serial dilutions (1:50 to 1:6 400). The A value of the
1:6 400 dilution was arbitrarily chosen as 1 binding unit (BU).
The BU values for the test samples were calculated according
to this curve. This was accomplished by dividing the A of each
sample by the A value, which corresponded to 1BU for that
plate. Finally, the results were expressed as binding index (BI)
calculated by dividing the BU of every sample by the mean BU
of the healthy controls plus 4SD, multiplied by 100. According to
this formula, a BI of 100 was defined as the cut-off point of the
assays. The adoption of this stringent cut-off point precluded
the possibility of false-positive results[4,9,10,29,35].
All subjects consented to participate in the study at the
time of interview. The Ethis Committee of Larissa University
Hospital approved the study protocol.

Statistical analysis
Associations between the presence or absence of autoantibodies
and different variables were assessed using the univariate
unadjusted 2 statistic. Statistical comparisons between means
were calculated by one-way analysis of variance.
RESULTS
Demographic, epidemiologic, clinical, virologic and histologic
characteristics of the patients at baseline are shown in Table 1.
The duration of HCV disease was considered the period from
the first time of iv drug abuse in iv drug abusers, while in the
remaining HCV patients the duration was calculated from the
first time of anti-HCV detection. No significant correlation was
found between treatment outcome and sex, risk factors for
contracting HCV and HCV-viral load. Patients below 45 years
old had significantly increased virological (P = 0.006) and
combined virological and biochemical response rates at the end
of follow up (P = 0.01), while the presence of genotypes other
than 1b or 4 was correlated with a significantly higher virological
response rate at the end of treatment (P<0.03). In addition, none
of the patients with severe fibrosis or cirrhosis achieved
sustained biochemical and virological responses (P<0.05).
The prevalence of PCA and NOSA in HCV patients studied
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at the three time-points is shown in Table 2. There was no
significant difference between the mean titers and autoantibodies
detected at the three different time-points (Table 2). The
prevalence of autoantibodies was not associated with the
treatment schedule, which was administered to the patients
(IFN- with or without ribavirin; data not shown). Before
treatment, the most frequent autoantibody detected was SMA
(51/57; 89.5%), while ANA were found in 54.4%. Age over
45 years was significantly associated with ANA positivity at
the end of treatment (22/26 patients over 45 years old vs 18/31
patients under 45 years old, P<0.05).
ANCA were detected commonly in HCV-infected patients
(80.7-82.5%). In most cases a diffuse cytoplasmic pattern
(cANCA) was recorded. However, due to the absence of antiPR3 and anti-MPO by ELISAs in all ANCA-positive samples,
we considered them as ANCA-negative and they were excluded
from further statistical analysis.
In overall, anti-LKM were detected in 4 out of 57 patients
(7%) (Tables 2, 3). The only anti-LKM-positive patient who
had a sustained biochemical and virological response was that
with the highest titer at the entry, which then decreased (end of
treatment) and disappeared at the end of follow up (Table 3).
The statistically significant correlations between the presence
of PCA and/or NOSA and the response to treatment are shown
in Tables 4A-C. The presence of ANA at the entry and at the
end of follow up was significantly associated with the reduced
rates of sustained biochemical response (Table 4). A combined
sustained biochemical and virological response was achieved
in a significantly higher proportion of ANA negative patients
at the end of follow-up compared to those with ANA reactivity
at the same chronic period (Table 5). None of the PCA-positive
patients at the entry achieved a sustained virological or
sustained biochemical and virological response (Tables 5 and
6).
The treatment outcome was associated with alterations of
the titres in some NOSA during the three time-points of
investigation (Tables 7,8 and 9). The decrease of ANA titers
was associated with a significantly higher proportion of patients
with sustained virological (P = 0.02) and combined sustained
responses (P = 0.02) (Tables 7 and 8). The decrease of SMA
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titers was correlated with a significantly increased rate of sustained
biochemical (P = 0.005), sustained virological (P = 0.003) and
combined biochemical and virological responses (P = 0.001)
(Tables 7, 8 and 9).
Table 1 Characteristics of HCV patients studied
Non-responders Relapsers Sustained
(n = 22)
(n = 16) responders
(n = 19)
Sex (M/F)

15/7

10/6

13/6

Age (Mean/range)

48±15

50±10

37±13

Disease duration (yr)

2.4±2.1

2.9±3

2.5±2.4

Source of HCV Infection
Transfusion before 1990

8

4

4

Iv drug abuse

3

3

6

Multiple hospitalizations

3

0

0

Multiple sexual partners

0

1

2

Unknown

8

8

7

Genotype
11

8

8

2a/c

1a/1b

2

2

0

3a

4

4

7

4

4

1

2

Undefined

1

1

2

9

10

10

13

6

Viral load
>2.10 6 copies/mL
≤2.10 6 copies/mL
Histologic data (Yes/No)

14/8

Minimal/mild inflammation

11/5

9
10/9

12

6

9

Moderate/severe inflammation

2

5

1

None/mild/moderate fibrosis

10

5

10

Severe fibrosis or cirrhosis

4

6

0

HBV and/or HIV co-infection

0

0

0

HBV = hepatitis B virus, HIV = human immunodeficiency
virus, M = male, F = female, n = the number of individuals

Table 2 Prevalence (%) and mean titre of PCA and non-organ specific autoantibodies in HCV patients at three time-points
Before treatment (n = 57)

End of treatment (n = 57)

End of follow up (n = 57)
P value

Pos (%)
ANA
SMA
Undefined
cytoplasmic staining1
AMA
Anti-LKM
PCA
Anti-LC
ANCA
CANCA
PANCA
Anti-PR-3
Anti-MPO
Anti-dsDNA
Anti-CL

54 .4
89 .5
12 .3
0
5.3
15 .8
1.8
80 .7
78 .9
3.5
0
0
22 .8
19 .3

Mean titre
1/188
1/127
1/108

1/133
1/76
1/40
1/31
1/28
1/90

129 BI
148 BI

Pos (%)

Mean titre

Pos (%)

Mean titre

70 .2
89 .5
19.31

1/1 94
1/1 35
1/76

71 .9
84 .2
14

1/1 71
1/1 18
1/2 48

NS
NS
NS

1/67
1/2 31
1/31
1/28
1/64

NS
NS
NS
NS
NS
NS

134 BI
129 BI

NS
NS

0
7
17 .5
3.5
80 .7
77 .2
5.3
0
0
24 .6
29 .8

1/1 00
1/1 08
1/60
1/31
1/30
1/53

135 BI
138 BI

0
5.3
15 .8
0
82 .5
77 .2
8.8
0
0
21 .1
17 .5

Abbreviations are same as in the text. pANCA = ANCA with perinuclear pattern, NS = not statistically significant, n = the
number of individuals studied in each group. P values were calculated by one-way analysis of variance for the mean titres and
by total 2 for autoantibodies positivity. 1Means an AMA-like pattern by indirect immunofluorescense on HEp-2 cells, which did
not give an AMA pattern on frozen liver, renal and stomach sections and which did not react in specific ELISA for AMA and
immunoblots on human liver.
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Table 3 Alterations of anti-LKM reactivity in association with the response to therapy in the four anti-HCV positive/anti-LKMpositive patients
Gender

Anti-LKM titre

Genotype
1

M
F
F
M

1b
1b
2a/c
4

st

2

1/3 20
1/40
1/40
0

nd

Response
3

1/40
1/1 60
1/40
1/1 60

rd

0
1/80
1/40
1/80

End of treatment

End of follow-up

Responder
Responder
Non-responder
Non-responder

Sustained responder
Relapser
Non-responder
Non-responder

Abbreviations are same as in the text. M = male, F = female, 1st, 2nd and 3rd refers to the sample obtained at the entry, at the end
of treatment and at the end of follow-up, respectively.
studied in each group. Data are given as mean±SD.
Table 4 Impact of ANA detection on sustained biochemical
response of the patients
Biochemical response at the end of follow up [n (%)]
n
Yes
No
P
ANA entry
Pos
31
Neg
26
ANA end of follow up
Pos
41
Neg
16

13 (41.9)
20 (76.9)

18 (58.1)
6 (23.1)

0.017

20 (48.8)
13 (81.3)

21 (51.2)
3 (18.7)

0.037

Abbreviations are same as in the text. n = the number of individuals in each group, P values were calculated by Fischer’s
exact test or 2 where applicable.
Table 5 Impact of PCA and ANA on sustained biochemical
and virological response of the patients
Combined sustained response at the end of follow up [n (%)]
n
Yes
No
P
PCA entry
Pos
9
Neg
48
ANA end of follow up
Pos
41
Neg
16

0 (0)
19 (39.6)

9 (100)
29 (60.4)

0.022

10 (24.4)
9 (56.3)

31 (75.6)
7 (43.7)

0.048

Abbreviations are same as in the text. n = the number of individuals in each group, P values were calculated by Fischer’s
exact test or 2 where applicable.
Table 6 Impact of PCA on sustained virological response of
the patients
Virological response at the end of follow up [n (%)]
n
Yes
No
P
PCA entry
Pos
9
Neg
48

0 (0)
20 (41.7)

9 (100)
28 (58.3)

0.02

Abbreviations are same as in the text. n = the number of individuals in each group, P values were calculated by Fischer’s
exact test or 2 where applicable.
Table 7 Impact of ANA and SMA alterations at the three timepoints of investigation on the sustained virological response
of the patients
Virological response at the end of follow up [n (%)]
n
Yes
No
P
Alteration of ANA titres
Increase
20
Decrease
13
Constant
24
Alteration of SMA titres
Increase
14
Decrease
18
Constant
25

8 (40)
8 (61.5)
4 (16.7)

12 (60)
5 (38.5)
20 (83.3)

0.02

3 (21.4)
12 (66.7)
5 (20)

11 (78.6)
6 (33.3)
20 (80)

0.003

Abbreviations are same as in the text. n = the number of individuals in each group of patients. Alterations of autoantibodies titres are referred to the period from entry to end of follow-up. P values were calculated by total 2.

Table 8 Impact of ANA and SMA alterations at the three timepoints of investigation on the sustained combined biochemical and virological response of the patients
Combined sustained response at the end of follow up [n (%)]
n
Yes
No
P
Alteration of ANA titers
Increase
20
Decrease
13
Constant
24
Alteration of SMA titers
Increase
14
Decrease
18
Constant
25

7 (35)
8 (61.5)
4 (16.7)

13 (35)
5 (38.5)
20 (83.3)

0.02

2 (14.3)
12 (66.7)
5 (20)

12 (85.7)
6 (33.3)
20 (80)

0.001

Abbreviations are same as in the text. n = the number of individuals in each group of patients. Alterations of autoantibodies titres are referred to the period from entry to end of follow
up. P values were calculated by total 2.
Table 9 Impact of SMA alterations at the tree time-points of investigation on the sustained biochemical response of the patients
Biochemical response at the end of follow up [n (%)]
n
Yes
No
P
Alteration of SMA titers
Increase
14
Decrease
18
Constant
25

7 (50)
16 (88.8)
10 (40)

7 (50)
2 (11.2)
15 (60)

0.005

Abbreviations are same as in the text. n = the number of individuals in each group of patients. Alterations of autoantibodies titres are referred to the period from entry to end of follow-up. P values were calculated by total 2.

DISCUSSION
We demonstrated that the majority of HCV patients had
circulating NOSA while a significant proportion had also PCA.
Several organ and NOSA has already been associated with
HCV infection both in adults and children [4-16,22-28]. So far
however, very few studies have been strictly designed to
investigate the alterations of these autoantibodies and their
impact on the treatment outcome after a course of IFN-[6,23-28].
In addition, some of the previous data regarding the variation
and influence of NOSA on the response to IFN- were referred
to the childhood[6,25] and not to the adult population.
Our study confirmed that PCA and NOSA were frequently
detected in HCV patients. Similarly to previous reports by
Gregorio et al[6,36], these autoantibodies appeared to be a part
of the natural course of chronic hepatitis C, since their
prevalence and titre were unaffected by IFN-. In contrast,
Agarwal et al[26] showed a disappearance of PCA and NOSA
during treatment with IFN-, but in this study a relatively small
number of patients were followed up (7 patients only).
Interestingly however, we found that the presence and the
titre alterations in some of these autoantibodies during the
follow-up period had an effect on the treatment response. In
particular, the presence of ANA at the entry and the end of
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follow up, as well as the detection of PCA at the entry were
correlated with a worse response. Additionally, the decrease of
ANA and SMA titres from the entry to the end of follow up was
associated with a better outcome after IFN- therapy. Our findings
are in accordance with only two very recent studies by Muratori
et al[25] and Wasmuth et al[28], which investigated the impact of
NOSA on IFN- with or without combination with ribavirin
treatment in HCV-infected children and adults. However, other
studies have shown no relation of organ and NOSA with
response to treatment[6,23,24,27,37,38].
Apart from treatment outcome, the clinical significance of
PCA and NOSA in our series of patients remains obscure.
Among several autoantibodies investigated, only ANA were
associated with older ages, which is in agreement with the findings
of Squadrito et al[14], but in contrast with other studies[22,39]. In
addition, similarly with a recent study by Stroffolini et al[39], we
were not able to show any correlation between the positivity of
autoantibodies and liver damage. In contrast, other reports
supported that continuous hepatocellular damage due to HCV might
be an essential step for the production of autoantibodies[8,13,38].
Under this context and in view of the growing evidence for
molecular mimicry as a mechanism of autoimmunity, a recent
elegant study by Gregorio et al[40] has shown that ANA and
SMA in chronic HCV-infection may arise as a consequence of
cross-reactive immune responses to HCV and host smooth
muscle/nuclear antigens. The latter speculation could support,
at least in part, our findings where a favorable biochemical and
virological response was associated with a decline of ANA and
SMA titres (the lower the viral load, the lower the cross-reactive
immune response with host antigens).
We were not able to show any significant alterations of PCA
during therapy, which is in contrast with recent observations by
Fabbri et al[15]. These researchers demonstrated a statistically
significant increase of patients positive for PCA during IFN-
treatment, which was associated with the development of
autoimmune gastritis and autoimmune thyroiditis[15]. ANCA were
considered to be negative because we did not find reactivity
against MPO or PR-3 by specific ELISAs. This finding is similar
with that reported previously by our group[41] and others[42].
However, a recent study in HCV patients by Wu et al[12] reported
a high prevalence of cANCA by identifying PR-3 as their major
target autoantigen.
The prevalence of anti-LKM in our patients is comparable
with previous works from our group and others[5,6,8,11,24,25]. Only
one of our HCV+/anti-LKM+ patients succeeded a sustained
response. Interestingly, this patient had the highest titre at the
entry among the anti-LKM positive patients and was infected
with genotype 1b. Nevertheless, the progressive decline of
anti-LKM titre up to disappearance at the end of follow up was
associated with a combined sustained biochemical and
virological response. The disappearance of this antibody in
combination with the disappearance of the virus further
supports the concept that anti-LKM production in HCV
infection may be at least in part, the result of a cross-reactive
immune response between the virus and cytochrome P4502D6
(CYP2D6)[7,43]. Additional supports to this hypothesis emerged
from recent studies by Kerkar et al[44] and Bogdanos et al[45]. In
the first study the authors were able to show cross-reactivity
between the immunodominant epitope 193-212 of CYP2D6 and
homologies of two unrelated viruses (HCV 2977-2996 and CMV
121-140)[44]. In the second study the investigators for the first
time gave experimental support to the notion that molecular
similarities between CYP2D6, HCV and herpes simplex virus could
result in anti-LKM production via a cross-reactive response[45].
Although occasionally IFN- might unmask or provoke
autoimmune hepatic reactions and even “true” autoimmune
hepatitis in HCV-treated patients[7,24,30,37], the response rate to IFN-
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 was in general the same both in anti-LKM-positive and antiLKM-negative HCV patients. This was also the case in our patients.
In conclusion, PCA and NOSA, including anti-LKM, are
commonly found in adult HCV patients. Although seropositivity
for these autoantibodies should not affect the decision to treat
HCV patients, the presence of some of them such as ANA,
PCA and SMA before treatment or their increase during IFN-
therapy may predict a worse response, suggesting the need for
a more intensive follow up during treatment of HCV patients
positive for these autoantibodies. Two very recent studies,
one in children and the other in adult population with hepatitis
C, could enhance our findings since both of them have
demonstrated a lower benefit from IFN- therapy among NOSApositive/HCV-positive subjects[25,28]. Future prospective studies
are needed to uncover the full spectrum of these associations
and to provide new insights into their operating mechanisms.
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Abstract
AIM: To determine the prevalence of several autoantibodies
in chronic hepatitis C patients, and to find out whether the
pattern of autoantibodies was associated with hepatitis C
virus (HCV) genotypes.
METHODS: Sera from 90 consecutive patients with chronic
hepatitis C were investigated on the presence of anti-nuclear
(ANA), anti-mitochondrial (AMA), anti-smooth muscle (SMA),
anti-liver-kidney microsomal type 1 (LKMA1), anti-parietal
cell (PCA), anti-thyroid microsomal (TMA), and anti-reticulin
(ARA) autoantibodies. The autoantibodies were identified
by indirect immunofluorescence. HCV genotypes were
determined by a restriction fragment length polymorphism
analysis of the amplified 5’ noncoding genome region.
RESULTS: Forty-six (51.1%) patients were positive for at
least one autoantibody. Various antibodies were presented
as follows: ANA in 13 (14.4%) patients, SMA in 39 (43.3%),
TMA in 2 (2.2%), and ARA in 1 (1.1%) patients. In 9 cases,
sera were positive for two autoantibodies (ANA and SMA).
AMA, PCA and LKMA1 were not detected in the observed
sera. HCV genotypes were distributed as follows: 1b in 66
(73.3%) patients, 3a in 18 (20.0%), and 2a in 6 (6.7%)
patients.
CONCLUSION: A high prevalence of ANA and SMA can be
found in chronic hepatitis C patients. Autoantibodies are
present at low titre (1:10) in most of the cases. Distribution
of the autoantibodies show no differences in the sex groups
and between patients infected with different HCV genotypes.
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INTRODUCTION
Autoimmune diseases are characterized by the loss of tolerance

against self-antigens, activation of autoreactive lymphocytes
and pathological damage of single or multiple organs[1]. As a
secondary event, autoreactivity is detected in liver disorders
associated with a variety of etiological factors (e.g., drug- and
chemical-induced autoimmunity, viral and microbial infectioninduced autoimmunity)[2,3]. Among them, viral infections play
the most relevant role, in particular hepatitis C virus (HCV). A
broad spectrum of extrahepatic syndromes has been observed
in chronic hepatitis C. Autoimmune manifestation ranges from
non-organ-specific autoantibody seropositivity and cryoglobulins
to immunological diseases such as glomerulonephritis, vasculitis,
lichen planus, and mixed cryoglobulinemia[4-7]. The relationship
between such autoimmune disorders as autoimmune gastritis
and celiac disease, and HCV infection has been indicated but
remains speculative[8,9].
Many organ- and non-organ-specific autoantibodies are
commonly found in the sera of HCV-infected patients. Antibodies
against smooth muscles (SMA) are a heterogeneous group of
antibodies of different specificity that reacts with cytoskeleton
antigens of smooth muscle cells. In chronic HCV infection,
SMA are found in 10-66% of cases. The prevalence of antinuclear
antibodies (ANA) ranges between 6% and 22%, and they are
usually presented at alow titer (1:40-1:80). Anti-liver-kidney
microsomal antibodies (LKMA) are found in the cytoplasm of
hepatocytes and proximal renal tubes. They are directed against
different epitopes on cytochrome P450. LKMA type 1 was detected
in alow titre in up to 10% of chronic hepatitis C patients[10-15].
Anti-asialoglycoprotein receptor, anti-liver membrane antigen,
anti-liver cytosol antigen, anti-hepatocyte plasma membrane,
anti-thyroglobulin, anti-thyroid peroxydase, anti-thyroid
microsome, anti-phospholipid, anti-neutrophil cytoplasmic, and
many other autoantibodies have also been described in patients
with HCV infection[1,2,7]. Each antibody is directed against a
certain intracellular antigen released during cell death and
presented to the immune system. Their pathogenic role and
clinical significance remain unclear.
Most of the previous studies showed that there was no
significant difference in clinical and biochemical parameters
between chronic C hepatitis patients with and without positive
serum autoantibodies[12,16,17].
HCV isolates have been classified into 6 major genotypes
and more than 70 subtypes (Simmonds’ classification)[18].
Particular genotypes are associated with different courses and
outcome of liver diseases, and also with different responsiveness
to interferon therapy. It was hypothesized that various amino
acid sequences of each genotype might elicit different
autoantibodies or other immune reactions (or both)[16]. Results
of the studies to clarify the relationship between HCV genotype
and autoimmune manifestations are controversial. A majority
of them failed to confirm the association between clinical course
of HCV infection, autoimmune disorders and particular HCV
genotypes.
The aims of the present study were to determine the
prevalence of several autoantibodies in chronic hepatitis C
patients, and to find out whether the pattern of autoantibodies
was associated with HCV genotype.
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MATERIALS AND METHODS
Patients
Ninety consecutive patients (male 58, 64.4%, female 32, 35.6%)
with established chronic hepatitis C from the two hospitals of
Estonia (Tallinn Central Hospital and Tartu University Clinics)
were studied. The diagnosis of chronic hepatitis C was based
on the presence of elevated aminotransferase level associated
with HCV RNA positivity for more than 6 mo and the presence
of chronic inflammation in liver biopsy. None of the patients
had received antiviral treatment before the study. Percutaneous
liver biopsy was performed in 72 patients, who were advised to
undergo interferon monotherapy or the combination of
interferon and ribavirin therapy. The results of the biopsies
were consistent with a diagnosis of chronic hepatitis alone or
with liver cirrhosis.
HCV RNA and genotypes
Serum samples were frozen and stored at -20 ℃ until use. The
presence of HCV RNA in the serum samples was determined
using reverse transcription-PCR protocol with conservative
primers from 5’ noncoding region of HCV genome (Amplicor
Roche hepatitis C virus test). HCV genotypes were determined
by the restriction fragment length polymorphism (RFLP) analysis
of the amplified 5’ noncoding genome region as described
previously[19].
Autoantibodies
Sera were investigated for the presence of IgG type ANA, AMA,
SMA, LKMA, PCA, TMA, and ARA antibodies. For autoantibody
detection, standard indirect immunofluorescence tests on unfixed
4 m cryostate sections from a composite block of mouse
stomach, rat kidney and liver as well as from hyperplastic human
(blood group 0) thyroid gland were used. The sera were diluted
1:10 and 1:100. Rabbit anti-human IgG fluorescein isothiocyanate
(FITC) - conjugated secondary antibody was used[20].
Statistical analysis
A statistical analysis (² test) was performed to determine the
relationship between the presence of autoantibodies and HCV
genotypes, and also the differences in the distribution of
autoantibodies between men and women. P<0.05 was considered
statistically significant.
RESULTS
Presence of autoantibodies (Table 1)
Among 90 patients, 46 (51.1%) were positive for at least one
autoantibody. SMA and ANA were detected most frequently
in the observed sera. SMA was present in 39 (43.3%) and ANA
in 13 (14.4%) sera. SMA in dilution 1:100 was detected in 4 males
and 1 female, and SMA in dilution 1:10 in 25 male and 9 female
patients. ANA 1:100 was positive in 1 male and ANA 1:10 in 8
male and 4 female patients. In 9 cases, sera were positive for
two autoantibodies (ANA and SMA at different dilutions). TMA
(1:10 and 1:100) was found in 2 female patients. ARA 1:100
was found in 1 male patient. AMA, PCA and LKMA1 were not
detected in the observed sera.
HCV genotypes
The most prevalent HCV genotype in the study population was
1b (66 % or 73.3% patients). Other genotypes were distributed
as follows: 3a in 18 (20.0%) patients, and 2a in 6 (6.7%) patients.
Relationship between autoantibodies and HCV genotypes
(Table 2)
The data demonstrating the relationship between the presence
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of different autoantibodies and HCV genotypes, and also the
differences in the distribution of autoantibodies between men
and women are shown in Table 2. Significance level was P>0.05
in all cases. Thus, there were no differences in the distribution
of autoantibodies between the patients infected with different
HCV genotypes and between the sex groups.
Table 1 Distribution of autoantibodies in chronic hepatitis C
patients
Autoantibodies

Patients, total
(n = 90) n%

Males (n = 58) Females
n%
(n = 32) n%

ANA 1:10

12 (13.3)

8 (13.8)

4 (12.5)

ANA 1:100

1 (1.1)

1 (1.7)

0 (0)

SMA 1:10

34 (37.8)

25 (43.1)

9 (28.1)

SMA 1:100

5 (5.5)

4 (6.9)

1 (3.1)

ANA+SMA

9 (10.0)

7 (12.1)

2 (6.3)

ARA 1:100

1 (1.1)

1 (1.7)

0 (0)

TMA 1:10

1 (1.1)

0

1 (3.1)

TMA 1:100

1 (1.1)

0

1 (3.1)

Total

46 (51.1)

32 (55.2)

14 (43.7)

Table 2 Comparison of distribution of HCV genotypes among
patients positive for different autoantibodies and between
sex groups
Total
1b
(n = 90) (n = 66)
n (%)
n (%)

3a
2a
(n = 18) (n = 6)
n (%) n (%)

Men
Women
(n = 58) (n = 32)
n (%)
n (%)

ANA

13 (14.4) 10 (15.2)

2 (11.1) 1 (16.6)

8 (13.8)

SMA

39 (43.3) 30 (45.5)

8 (44.4) 1 (16.6) 29 (50.0) 10 (31.3)

5 (15.6)

TMA

2 (2.2)

2 (3.0)

-

-

-

2 (6.3)

ARA

1 (1.1)

-

1 (5.6)

-

1 (1.7)

-

Total

46 (51.1)

37 (56.1)

9 (50.0) 1 (16.6) 32 (55.2) 14 (43.8)

DISCUSSION
Our study demonstrated a high prevalence of serological markers
of autoimmunity among the patients chronically infected with
HCV. In other similar studies, these serological features have
been found to characterize HCV-infected patients independent
of their clinical status, i.e., patients with chronic hepatitis C,
patients with mixed cryoglobulinemia or other autoimmune
manifestations or symptom-free HCV-infected individuals[17]. In
the majority of patients, autoantibodies were found low titre.
In Estonia, autoantibody studies have been made in
unselected adult populations. According to one of these studies,
the prevalence of AMA (when tested by immunoblotting against
beef heart mitochondria) was <1% (13 positive sera out of 1 461
samples), that is in agreement with the reported incidence of
less than 1% AMA in a mixed hospital population[21]. In our
study, AMA was not detected in the chronic hepatitis C patients
(this may be due to the relatively small study group). In the
other investigations in Estonia the prevalence of common
tissue autoantibodies was studied in 448 healthy adults[20].
Standard indirect immunofluorescence tests on tissue and
Chritidia lucilia antigenic preparations were used. According
to these papers ANA was found in 3% among the male persons
and 11% among the female persons, showing a significantly
higher prevalence of ANA among females. Other autoantibodies
in this study were presented as follows (males/females): SMA
11%/10%, ARA <1%, PCA 2%/6%, TMA 2%/4%, and the total
population being 22%. None of the serum samples was positive
for LKMA in both studies. Compared with these findings, the
presence of different autoantibodies in the chronic hepatitis C
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patients in our study was significantly higher (total prevalence
51.1% vs 22%, P<0.05). ANA autoantibodies in the female
patients made an exception, their prevalence did not differ
significantly (12.5% vs 11%). The differences in the distribution
of different autoantibodies between the men and women in our
study were also insignificant, although in the total population
the prevalence of autoantibodies usually tended to be higher
in women [20]. The absence of LKMA antibodies in the
investigated hepatitis C patients as well as in the study of Uibo
et al[20], could be a reflection of real low prevalence of these
autoantibodies in Estonian population.
The genome of HCV is very variable, having an extremely
high spontaneous mutation rate. On the basis of the degree of
variability, HCV isolates were classified into genotypes and
subtypes[18]. Different HCV genotypes have been shown to have
a varying impact on the severity of chronic diseases, effectiveness
of interferon treatment, consequences of liver transplantation,
and diagnostic procedures. A HCV genotyping study with 242
patients has been recently conducted in Estonia. The most
prevalent (determined by the restriction fragment length
polymorphism) was HCV subtype 1b (64.2%) and subtypes
3a and 2a, and other subtypes were presented respectively in
22.3%, 5.6% and 7.9% of the cases[22]. The distribution of HCV
genotypes in the present study group (1b, 73.3%, 3a, 20.0%,
and 2a - 6.7%) is very similar to the previous investigation.
This fact could indicate an independent selection of the
patients, but also could be an indirect evidence for the absence
of association between the serological markers of autoimmunity
and HCV genotypes. It was hypothesized that the viral antigens
of different genotypes might elicit different autoantibodies or
other immunological reactions in the particular host. Several
studies in this field have shown that the serological pattern of
autoantibodies does not correlate with the particular genotype
of HCV[12,16,23]. Our study also failed to find any association
between the pattern of autoantibodies and HCV genotypes.
One of the reasons could be a real absence of such an
association, another a relatively small study group, which did
not allow making a statistical analysis (e.g., there was only one
patient with HCV genotype 2a, who was positive for
autoantibodies).
The clinical significance of the serological markers of
autoimmunity is still an object of discussions. But it seems that
there are no significant differences in clinical and biochemical
parameters between chronic hepatitis C patients with and
without autoimmune features[12,13]. A recent study on the general
population showed that in the absence of active liver disease
the prevalence of non-organ specific autoantibodies was similar
in HCV positive individuals and negative controls[23]. The
presence of non-organ-specific autoantibodies is more likely
associated with the patient’s age and duration and severity of
chronic liver disease. Thus, reactivity against self-antigens can
be related to the severity of liver damage without any independent
pathogenic role.
A variety of environmental and host-related predisposing
factors play a role in the pathogenesis of HCV infection determining
the course of the disease, including autoimmune manifestations.
The mechanisms of the development of autoimmune disturbances
in HCV infection are mainly unknown. In genuine autoimmune
liver disease autoantibody titres are high, restricted linear
autoantigen epitopes are involved, and B-cell response is
homogeneous. In contrast, virus-induced autoimmunity is
represented by low autoantibody titre, multiple linear and
conformational autoepitopes, and B-cell response is
heterogeneous[3]. In the case of chronic hepatitis C the
polymorphism and nonspecificity of autoimmune manifestations,
usually low autoantibody titre, the absence of association
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between the clinical course of liver disease and viral genotype
with the pattern of autoimmune reactions, could likely indicate
generalized nonspecific activation and alteration of reactivity of
the host immune system. The present study supports this
hypothesis. Further investigations are required to better
understand the interactions between HCV and the host immune
system and the mechanisms of HCV-related autoimmunity.
In conclusion, a high prevalence of ANA (14.4%) and SMA
(43.3%) is found in chronic hepatitis C patients in Estonia,
although in the majority of the cases autoantibodies are presented
in the sera at a low titre (1:10). Distribution of autoantibodies
does not differ significantly in the sex groups and between the
patients infected with different HCV genotypes. Compared to
the total Estonian population the presence of different
autoantibodies in chronic hepatitis C patients is significantly
higher, with the exception of ANA autoantibodies, whose
prevalence in female patients differs insignificantly.
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Abstract
AIM: To improve the immunogenicity of receptor binding site
of hepatitis B virus (HBV) on preS1 antigen using HBV core
antigen as an immuno-carrier.
METHODS: One to 6 tandem copies of HBV preS1 (21-47)
fragment were inserted into HBcAg at the sites of aa 78 and
82, and expressed in E.coli. ELISA, Western blot and animal
immunization were used to analyze the antigenicity and
immmunogenicity of purified particulate antigens. The ability
to capture HBV by antibodies elicited by chimeric particles was
detected with immuno-capture PCR.
RESULTS: Recombinant antigens CI, CII, CIII carrying 1-3
copies of HBV preS1 (21-47) individually could form viruslike particles (VLPs), similar to HBcAg in morphology. But
recombinant antigens carrying 4-6 copies of HBV preS1
(21-47) were poorly expressed in E.coli. Chimeric antigens
were lacking of immunoreactivity with anti-HBc monoclonal
antibodies (McAbs), but still reserved good immunoreactivity
with anti-HBe McAbs. CI, CII, CIII could strongly react with
anti-preS1 McAb, suggesting that preS1 (21-47) fragment
was well exposed on the surface of chimeric VLPs. Three
chimeric VLP antigens (CI, CII and CIII) could stimulate
mice to produce high-level antibody responses, and their
immunogenicity was stronger than non-particulate antigen
21-47*6, containing 6 copies of preS1 (21-47). Mouse
antibodies to CI, CII and CIII were able to capture HBV virions
in immuno-capture PCR assay in vitro.
CONCLUSION: Chimeric particulate antigens of receptor
binding site-core antigen of HBV can elicit strong antibody
responses to preS1. They have a potential to be developed
into prophylactic or therapeutic vaccines against HBV infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatic diseases and hepatocellular carcinoma (HCC)
caused by HBV infection are the public health problem of
worldwide importance[1-3]. It is estimated that there are 350 million
HBV carriers worldwide[4]. Though prophylactic vaccines against
HBV have been proved to be a great success, approximately
5-10% of individuals are non-responsive or poorly responsive
to conventional HB vaccines[5-9]. Meanwhile, there are still more
than 350 million adult chronic HBV carriers and tens of million
patients with chronic hepatic diseases in the world. If they
could not be treated, it means that tens of million people would
die of hepatocirrhosis or HCC in the next 20-30 years[10].
Unfortunately, there are no satisfactory measures to treat HBV
infection so far [11-15]. It is necessary to develop new anti-virus
methods, such as therapeutic vaccines.
Previous studies have shown that HBV preS1 (21-47) region
is assigned to the hepatocyte receptor binding site, and antibody
to preS1 (21-47) is virus-neutralizing[16-21]. The anti-preS1 antibody
could represent an early serological marker for HBV clearance
and health improvement or recovery from the disease[22,23]. It
seems reasonable that incorporation of preS1 (21-47) into
prophylactic or therapeutic vaccines might be a potential
strategy to overcome non-responsiveness to HBsAg vaccines
or to develop new therapeutic vaccines against HBV[24]. Some
reports have mentioned the effect of vaccines carrying preS1,
but the antibody responses against preS1 are very weak[25,26].
The introduction of preS1 did not lead to obvious improvements
in the present HBsAg vaccines[27].
HBcAg is often used as an immuno-carrier to develop
immunogens and vaccines because it could auto-assemble into
VLPs in vitro[28-31]. The region between positions 78 and 83 of
HBcAg (major immunodominant region, MIR) is surface
accessible[32,33]. After foreign peptides are introduced into this
position, the assembly of HBcAg is unaffected and inserting
peptide could be exposed on the surface of VLPs[34-36]. Thus
the position is an ideal site for foreign epitope inserting. Some
reports have mentioned the features of chimeric HBc-preS1 VLPs,
and shown that the immunogenicity of preS1 epitope could be
improved when fused in MIR of HBc[37-39]. Based on these
advantages, several peptide fragments containing different copies
of preS1 (21-47) were inserted into MIR of HBcAg to further
improve the immunogenicity of preS1 (21-47).
MATERIALS AND METHODS
Bacterial strains and plasmids
E.coli strain ER2566 and pMD 18-T vector were purchased
from New England Biolabs Inc. and TAKARA Co. respectively.
Expression vector pTO-T7 was constructed in our laboratory[40].
Clones containing genes of HBV adw2 strain (GenBank accession
number: AF233236) in vector pMD 18-T were preserved in our
laboratory. They were plasmid pT-C183 containing full-length
HBV core gene; plasmids pT-21-47*1, pT-21-47*2, pT-21-47*3,
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pT-21-47*4, pT-21-47*5, pT-21-47*6 containing one to six
copies of HBV preS1 (21-47) individually; and tandem preS1
(21-47) fragments spaced by GS-encoding linkers.

Immunological reagents
Recombinant protein 21-47*6, composed of six tandem copies
of HBV preS1 (21-47), was prepared in our laboratory. McAbs
to HBcAg and HBeAg were provided by Beijing Wantai Biological
Medcine Co. Goat anti-mouse IgG-alkaline phosphatase conjugate
and substrates BCIP, NBT were purchased from Boehinger
Mannheim. McAb (4D11) to HBV preS1 (21-47) and HRPconjugated 4D11 were prepared in our laboratory.
A synthetic peptide encompassing the 21-47 amino acids of
HBV adw2 preS1 (PLGFFPDHQLDPAFG ANSNNPDWDFNP)
was synthesized by MMG Co. (Germany), purified on a C18
column by HPLC, lyophilized and freshly resuspended in PBS
before use. The peptide composition was confirmed by amino
acid analysis. The purity of the peptide was higher than 95%.
Plasmid construction
Plasmid pC149/wt was constructed by cloning the N-terminus
of HBcAg (aa1-149) encoding sequence into pTO-T7 at the
BamH I/EcoRI sites. Site-directed mutagenesis was performed
by PCR using Taq DNA polymerase, pC149/wt and the following
primers:5’-GTGGTACTGGATCCGGTGGTGGAGGTTCAGGA
GGAGGTGGTAGGGAATTAGTAGTCAG-3’ (sense) and 5’CCGGATCCAGTACCACCACCTCCAGAACCACCTCCACCAT
CTTCCAAATTACTTCC-3’ (anti-sense), and two HBc terminal
primers 5’-GGATCCCATATGGACATTGACCCA and 5’GAATTCTTAAAAACAGTAGTTTCCGG-3’. The amino acidencoding sequence of PCR product (C149/mut) was HBc (178)-G4SG4T-GS-G4SG4-HBc (82-149). In fragment C149/mut,
amino acid 79-81-encoding sequence of HBcAg was replaced
by a linker (G4SG4T-GS-G4SG4), in which GS-encoding sequence
was a BamH I site. Plasmid pC149/mut was constructed by cloning
fragment C149/mut into pTO-T7 at the Nde I/EcoR I sites.
Plasmids pC149/21-47*1, pC149/21-47*2, pC149/21-47*3,
pC149/21-47*4, pC149/21-47*5 and pC149/21-47*6 were
constructed by cloning the Bgl II/BamH I digested fragment of
pT-21-47*1, pT-21-47*2, pT-21-47*3, pT-21-47*4, pT-21-47*5 and
pT-21-47*6 into pc149/mut at the BamH I sites. The construction
method of each of the recombinant plasmids pC149/21-47*6 is
shown in Figure 1.
78-G4SG4T-

f1 origin

Expression of recombinant HBV proteins in E.coli
The fresh overnight culture of ER2566 (DE3) (2 mL) carrying
recombinant expression plasmids was diluted with 200 mL of
fresh LB medium in the presence of 100 mg/L kanamycin and
grown to A600 = 0.8 at 37 ℃ at a shaking speed of 210 r/min. The
culture was induced by adding IPTG to a final concentration of
0.2 mmol/L at 32 ℃ for 3 h. The culture (1 mL) was harvested by
centrifugation, cell pellets were resuspended in 400 L SDS-PAGE
loading buffer, aliquots were run on 13.5% SDS-PAGE gels.
Purification of recombinant HBV proteins
The harvested bacterial pellets were resuspended in PBS. After
ultrasonication and high speed centrifugation, supernatants
were collected and precipitated by 40% saturated ammonium
sulfate. Precipitates were resuspended with PBS (pH 7.4) and
then dialyzed four times in PBS. The obtained proteins were
further purified with TSK-GEL SW3000 column for gel filtration
and then with DEAE-5PW column (TOSOH) for anion exchange
chromatography. The concentration of proteins was determined
by Bradford assay. The purified recombinant proteins were
stored at -20 ℃ prior to use.
Western blot analysis of recombinant proteins
Total cell lysates were run on SDS-PAGE gels and transferred
electrophoretically to nitrocellulose membrane for 1 h under the
voltage of 100 V. Then the membrane was incubated in blocking
solution (5% skim milk in Tris-buffered saline, TBS) for 1 h at
room temperature followed by incubation at room temperature
for 2 h with anti-preS1 (21-47) McAb 4D11 that was prediluted
to 1:200 with blocking solution. The membrane was washed
three times with TTBS (0.05% Tween 20 in TBS) for 10 min, and
alkaline phosphatase-labeled goat anti-human IgG antibodies
diluted in TTBS (1:2 000) were exposed to the membrane at
room temperature for 1 h, and washed three times for 10 min
with TTBS, and the membrane was visualized with a substrate
solution of BCIP and NBT.
Electron microscopy
After high speed centrifugation, the purified recombinant proteins
were analyzed by negative staining electron microscopy.
Samples were absorbed to 200 mesh copper grids for 5 min. The
grids were washed twice with ddH2O and air-dried. Specimens
were negatively contrasted using 1.5% uranyl acetate for 5 min.

-G4SG4-82
149

HBV core
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21-47*6

T7

Kan

Immunizations
Eighteen female BALB/c mice aged from 7 to 12 wk were randomly
assigned to one of groups, 3 each group. Four groups were
immunized with 20 g of CI, CII, CIII or 21-47*6 absorbed onto the
Freund’s adjuvant at wk 0 and 5. The other two groups were
immunized with 20 g of CII or 50 g of 21-47*6 without adjuvant
at wk 0, 5 and 16. Sera were collected by tail bleeding and assayed
for immuno-PCR or anti-preS1 (21-47) and anti-HBc by ELISA.

pC149/21-47*6 lac l

Ori

Figure 1 Construction of plasmid pC149/21-47*6. The horizontal bar represents the chimeric HBc-preS1 (21-47) protein.
The insertion foreign DNA designed such that the 21-47*6
sequence, was flanked on both sides by glycine-rich linkers,
and inserted into the major immunodominant region (MIR)
of truncated, assembly-competent core protein derivative core
1-149. The authentic amino acids of 79-81 were removed.

ELISA
Five VLP antigens (C149/wt, C149/mut, CI, CII and CIII) were
coated to microplates in a quantity of 1 g each well in 50 mmol/L
carbonate buffer (pH9.6) for 2 h at 37 ℃ and overnight at 4 ℃.
Lysate of E.coli ER2566 carrying pGFP was used as a negative
coating sample (10 g/well). Plates were washed with PBS
containing 0.05% Tween 20 and blocked with blocking buffer
(0.05% Tween 20 and 1% bovine serum albumin in PBS) for 2 h
at 37 ℃. Three McAbs to HBe and 3 McAbs to HBc (1:1 000)
were applied for 30 min at 37 ℃. Peroxidase-conjugated goat
anti-human IgG used as secondary antibody was incubated for
30 min at 37 ℃ and visualized with o-phenyl-diamine-2HCl
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(10 g/L in 5 mmol/L Tris-HCl, pH7.0). Between each step wells
were washed 5 times with PBST (0.05% Tween 20 in PBS). The
reaction was stopped with 50 L of 2 mol/L H2SO4. Absorption
was measured at A450/620.
Synthetic peptide of preS1 (21-47) was used as a coating
antigen (0.3 g/well), and HRP-conjugated goat anti-mouse
IgG was used as secondary antibody to develop indirect ELISA
for detecting antibodies to preS1 in the pooled sera. A positive
result was defined as an absorbance value of great than 2-fold the
absorbance of negative control with a cut-off of 0.05. Anti-preS1
titers for a group of animals were expressed as geometric mean
titers (GMT) of individual animal values, which were themselves
the average of triplicate assays. Seroconversion was defined
as a titer ≥100.
HBcAb in the pooled sera was detected with HBV ELISA
kit (Beijing Wantai Biological Medicine Co.).

shown). The other three recombinant proteins CIV, CV and CVI
could not be produced obviously.

Immuno-capture PCR
Virus capture capability of antibodies in immune sera was carried
out by immuno-capture PCR, based on the method of affinity
capture detection of HCV with a few modifications. Briefly, 0.5 mL
microcentrifuge tubes were coated with 25 L goat anti-mouse
IgG incubated at room temperature for 1 h. After blocking with 5%
skim milk in PBST for 15 min at 37 ℃ and overnight at 4 ℃, tubes
were aspirated and washed with 250 L PBST. The mouse antisera
were adjusted to same titer of 1:100 by dilution with PBS, to avoid
variations of the results caused by different antibody titers in
different samples. Tubes were subsequently loaded with 25 L
properly diluted mouse immune antisera and 25 L purified
HBV particles (1×107 HBV genome Equivalent per mL, purchased
from Institute of Virology, Wuhan, China) diluted 1:50 in PBS. The
mixtures were mixed gently and incubated for 1 h at room
temperature and overnight at 4 ℃. Tubes were then washed five
times with 250 L PBST. Captured viruses were detected with
HBV PCR which specifically amplifies a 360 bp fragment in the 5’terminus of HBV core gene. HBV, which was captured directly by
a McAb to HBsAg  epitope (kindly provided by Dr. Qiu, Beijing
Wantai Biological Medcine Co.) was used as positive control.

Recombinant proteins C149/mut, CI, CII and CIII in the
supernatants were precipitated by 40% saturated ammonium
sulfate, and further purified by using TSK-GEL columns and
with DEAE-5PW columns. Finally, the degrees of purity of all
the proteins were over 85% (Figure 2).
The five putative particles C149/wt, C149/mut, CI, CII and
CIII were demonstrated by negative-stain electron microscopy.
Numerous empty core-like particles with an average diameter
of 30 nm were observed (Figure 3). All of them looked much
more uniform and regular.

Table 1 Source of inserted fragment of expression vectors
Number Plasmid

Recombinant
antigen

Insertion fragment

1

pC149/wt

C149/wt

-

2

pC149/mut

C149/mut

-

3

pC149/21-47*1

CI

4

pC149/21-47*2

CII

Two copies of preS1 (21-47)

5

pC149/21-47*3

CIII

Three copies of preS1 (21-47)

6

pC149/21-47*4

CIV

Four copies of preS1 (21-47)

7

pC149/21-47*5

CV

Five copies of preS1 (21-47)

8

pC149/21-47*6

CVI

Six copies of preS1 (21-47)

Mr(×103)

1

2

3

Single copy of preS1 (21-47)

4

5

6

7

8

9

66
55
36
29
24
18
14

RESULTS
Figure 2 SDS-PAGE analysis of purified recombinant antigens.
1: protein MW marker; 2: C149/mut; 3: purified C149/mut; 4:
CI; 5: purified CI; 6: CII; 7: purified CII; 8: CIII; 9: purified CIII.

Expression and purification of recombinant proteins
One to 6 tandem copies of HBV preS1 (21-47) fragment were
inserted into HBcAg at the sites of aa 78 and 82. As a result, two
plasmids containing HBV core gene and another six plasmids
containing HBV core gene and preS1 (21-47) region were
constructed (Table 1). The eight plasmids were transformed
into E.coli ER2566 and induced with IPTG. SDS-PAGE showed
five of them efficiently expressed (data of C149/wt not shown).
The yields of them were about 20% in total bacterial proteins
(Figure 2) and the productions were in soluble form (data not

C149/wt

C149/mut

Immunoreactivity with anti-HBc, HBe and preS1 McAbs
To test the immunoreactivity of five VLP antigens with antiHBc, HBe and preS1, ELISA was performed as described in
“Materials and Methods”. The negative control (E.coli lysates
containing GFP protein) did not react with all seven McAbs
(Figure 4). All of five VLP antigens had a good reactivity with
three anti-HBe McAbs, but their immunoreactivity with anti-

CI

CII

CIII

Figure 3 Transmission electron microscopy of VLP antigens purified from E.coli. The VLPs were stained with 1.5% uranyl acetate
and photographed at 67 000 magnification.
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eAb-1

eAb-2

eAb-3

cAb-1

cAb-2

cAb-3

4D11

3.0

was used, CII gave anti-preS1 titer 200 times higher than 2147*6 at wk 20 (P<0.05). The immunogenicity of three VLP
antigens was similar, and CII was a little better than the others.
It was noteworthy that anti-HBc antibodies were not detected
in sera of the mice immunized with three chimeric VLPs during
the whole observation.
1 000 000
GMT of anti-preS1

HBc McAbs was very different. Native HBc VLPs (C149/wt)
reacted strongly with all three anti-HBc McAbs. However,
variant HBc VLPs (C149/mut) only reacted weakly with one of
the anti-HBc McAbs. The three HBc-preS1 (21-47) chimeric VLPs
also reacted weakly with one of the anti-HBc McAbs similar to
C149/mut. Above results indicated that the dominant B cell
epitope of HBc was destroyed because of the deletion of MIR
and further destroyed by insertion of foreign epitopes. Three HBcpreS1 (21-47) chimeric VLPs had good immunoactivity with antipreS1 McAb, indicating that foreign epitope preS1 (21-47) could
be displayed on the surface of HBV core-like particles.

100 000
10 000
1 000
100
10
1

2.5
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0

2 4

6

A450/620

2.0
1.5

CI+FA

8 10 12 14 16 18 20 22 24 26 28
wk

CII+FA

CIII+FA

21-47*6+FA

CII

21-47*6

1.0
0.5
0.0

GFP

C149/mut

C149/wt

CIII

CII

CI

Antigens

Figure 4 Reactivity of recombinant antigens with different HBV
McAbs by ELISA. GFP: cell lysates containing recombinant GFP
protein at 100 mg/L as negative coating control; recombinant
proteins C149/wt, C149/mut, CI, CII and CIII at 10 mg/L as
coating antigens; eAb-1, eAb-2, and eAb-3: three HBe-specific
McAbs; cAb-1, cAb-2, and cAb-3: three HBc-specific McAbs;
4D11: anti-preS1 McAb.

Western blot of chimeric VLP antigens with anti-preS1 McAb
Purified antigens CI, CII and CIII were separated by SDS-PAGE
and transferred electrophoretically to nitrocellulose for
immunoassay with HRP-conjugated McAb against preS1 (4D11).
As shown in Figure 5, all three antigens could react with 4D11
under either reducing or non-reducing conditions. Under nonreducing conditions, there appeared two bands on the membrane
indicating chimeric HBc-preS1 (21-47) dimer might be connected
by disulfide bonds. The result illustrated that CI, CII and CIII had
good immunoactivity specific to antigen preS1 (21-47).
1

2

3

4

5

Figure 6 Dynamics of anti-preS1 responses of BALB/c mice
immunized with CI, CII, CIII or 21-47*6 with Freund’s adjuvant (FA) at wk 0 and 5 (arrows) or immunized with CII and
21-47*6 without adjuvant at weeks 0, 5 and 16 (arrows). Mice
were immunized by i.m. injection of proteins: 20 g CI, CII,
CIII or 50 g 21-47*6.

Immuno-capture of anti-CII sera to HBV virions
To evaluate the specificity of anti-preS1 antibodies elicited by
chimeric particles, immuno-capture PCR was applied (Figure 7).
The results indicated that all the three sera from mice immunized
with CII were able to capture HBV virions in vitro, while that of
immunized with C149/mut could not capture HBV virions in vitro.
bp

1

2

3

4

5

6

2 000
500
250
100

6

Dimer

Monomer

Figure 5 Western blot analysis of recombinant proteins CI,
CII and CIII against anti-preS1 McAb (4D11) under reducing
or nonreducing conditions. Lanes 1, 3, and 5: purified CI, CII
and CIII treated with 500 mmol/L DTT; lanes 2, 4, and 6: purified CI, CII and CIII not treated with DTT.

Immunogenicity of chimeric VLP antigens in BALB/c
BALB/c mice were immunized with VLP antigens CI, CII, CIII or
with non-VLP antigen 21-47*6. As Figure 6 shows, in contrast
to 21-47*6, anti-preS1 antibody responses induced by CI, CII
and CIII were rapid and strong. When Freund’s adjuvant was
used, immunization of mice with VLP antigens gave 100%
seroconversion (anti-preS1 titer>100) and these had high
antibody titers (>600) at wk 1. While the titer of 21-47*6-injected
mouse sera was lower than 1:100 at wk 1. When no adjuvant

Figure 7 Detection of HBV captured by mouse antisera by
PCR. After immuno-capture of HBV from purified HBV virions,
by antisera from three mice immunized with CII alone, HBV
DNA was detected by PCR. 1: molecular markers 2: the positive control using anti-HBs monoclonal antibody 3: mouse
serum injected with C149/mut 4-6: mouse sera immunized
with CII alone at wk 2, 10 and 28 respectively.

DISCUSSION
After foreign epitopes were inserted into several areas of HBc
shells, HBc could correctly fold and self-assemble into VLPs in
all viable prokaryotic and eukaryotic expression systems[31,36].
Meanwhile, foreign epitopes were often exposed to the
protruding spike of VLPs. HBc carrier could provide a high
level of B cell and T cell immunogenicity for foreign epitopes.
Being a display carrier for foreign epitopes, HBc has more
advantages over other proposed particulate carriers[28]. HBc
protein consists roughly of assembly domain (1-149) and RNAbinding domain (150-183)[29]. After deletion of RNA-binding
domain, the rest of HBc still could assemble into VLPs. In this
study, assembly domain-encoding (1-149) sequence of HBc
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was cloned and three amino acids were deleted (79-81) in the
MIR in order to minimize the interfering of HBc MIR to foreign
epitope-specific immunoresponse. The construct (antigen
C149/mut) eliminates the major immunodominant epitope of
HBcAg as well as the reactivity with three HBc-specific McAbs,
while it still reserves the reactivity with HBe-specific McAbs.
One to 6 serial copies of HBV preS1 (21-47) fragment were
inserted into the MIR-encoding region of pC149/mut and expressed
in E.coli. Recombinant antigens carrying 1-3 copies of preS1 (2147) (CI, CII, and CIII) could form VLPs analogous to native HBcAg
morphologically, but the three recombinant antigens carrying
4-6 copies of preS1 (21-47) were expressed poorly. In one study
of Kratze et al[34], after GFP was inserted into HBc MIR, the chimeric
protein was still efficiently expressed in E.coli. Contrary to GFP of
238 amino acids in length, the full length of four preS1 (21-47) was
only 164. These results reveal that HBc MIR has different
capability of accepting different foreign epitope insertions.
In the Western blot analysis for VLP chimeric antigens, only
the monomer band could be seen after treatment with DTT, while
an additional band of dimer appeared in the absence of DTT.
The observation suggested disulfide bonds might be responsible
for the formation of dimers of chimeric HBcAg. This conclusion
is in agreement with the previously reported results[41,42].
The fact that antigens CI, CII and CIII could be strongly
recognized by anti-preS1 McAb indicates that epitope preS1
(21-47) can be well displayed. In this study, three VLP antigens
could stimulate mice to produce high-level antibody responses,
and their immunogenicity was prior to non-particulate antigen 2147*6. Moreover, immuno-capture PCR assay shows multiclonal
antibody elicited by chimeric VLP antigen (CII) could capture HBV
virions in vitro. These data indicate that the three VLP antigens
CI, CII and CIII have a potential to be developed into assistant
prophylactic or therapeutic vaccines. It may be a feasible strategy
for vaccine designs to improve the immunogenicity of specific
peptides in virtue of the display capability of HBcAg.
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Abstract
AIM: To explore the anti-hepatitis B virus effect of RNA
interference (RNAi) using small hairpin RNA (shRNA)
expression vector.
METHODS: Hepatitis B virus surface antigen green fluorescent
protein (HBs-GFP) fusion vector and shRNA expression vectors
were constructed and cotransfected transiently into HepG2
cells. mRNAs extracted from HepG2 cells were detected by
real-time PCR. Fluorescence of HBs-GFP protein was detected
by fluorescence-activated cell sorting (FACS). The effective
shRNA expression vector was transfected into HepG2.2.15
cells. HBsAg and HBeAg in HepG2.2.15 cells were analyzed
by radioimmunoassay (RIA) method.
RESULTS: FACS revealed that shRNA targeting at HBsAg
reduced the GFP signal by 56% compared to the control.
Real-time PCR showed that HBs-GFP mRNA extracted from
HepG2 cells cotransfected with pAVU6+27 and HBs-GFP
expression plasmids decreased by 90% compared to the
empty vector control. The expressions of HBsAg and HBeAg
were also inhibited by 43% and 64%, respectively.
CONCLUSION: RNAi using shRNA expression vector can
inhibit the expression of HBsAg, providing a fresh approach
to screening the efficient small interfering RNAs (siRNAs).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is recognized
worldwide as a leading cause of cirrhosis and hepatocellular
carcinoma. Its prevalence approaches 10% in such hyperendemic

areas as China. Current therapies, including immune modulators
such as interferon alfa, or nucleoside analogs such as lamivudine
or adefovir have provided some cures, but could not clear HBV
entirely due to persistence of viral replication[1-4].
RNA interference is a recently discovered antiviral mechanism
in plants and invertebrates that is induced by double-stranded
RNA (dsRNA) and leads to sequence-specific gene silencing
at the post-transcriptional level[5-7]. In mammalian cells short
interfering RNAs (siRNA) can also significantly and specifically
suppress (knockdown) gene expression[8-13]. This process is
mediated by 21-23 nucleotides, called siRNA. Recently researchers
have found that shRNA can be processed into siRNA in vivo
and in vitro[14-17]. A vector system called pAVU6+27, which directs
the synthesis of shRNAs was applied to RNAi and could
persistently suppress gene expression in mammalian cells[18].
To explore the anti-HBV therapeutic potential of RNAi by
shRNA expression vector, we designed two pAVU6+27 vectors,
which targeted at two distinct 21nt sequences in the HBV surface
gene and a target-gene vector, which expressed the GFP and
HBV surface fusion protein. We analyzed the levels of protein
and RNA. It shows the model can be used for screening target
site and sequence-specific shRNA expression vector can inhibit
HBV surface gene expression.

MATERIALS AND METHODS
Reagents
Endoenzymes and Taq DNA polymerases were purchased from
Promega Company. Pyrobest DNA polymerase was purchased
from Takara Co. Ltd. Purification kit was obtained from Qiagene
Company. T4 DNA ligase, Trizol reagent and Lipofectamine
2000 were purchased from Invitrogene Company. Reverse
transcriptase (M-MLV) and T4 polynucleotide kinase were
purchased form MBI Fermentas Company. High-grade
neogenetic bovine serum was purchased from Hangzhou Sijiqing
Biological Engineering Material Co. Ltd. All PCR primers were
synthesized by Shanghai Boya Biological Company. SYBR gold
nucleic acid gel stain was purchased from Molecular Probe
Company. HBsAg and HBeAg solid phase radioimmunoassay
(RIA) kits were obtained from 3V Diagnostic Tech. Co. Ltd.
Plasmids, bacterial strains and cell lines
Plasmid pcDNA3.1+S was kindly presented by Dr. Jun Chen
(Gene Therapy Research Center, 302 Hospital of PLA, Beijing,
China). Plasmid pAVU6+27 was a gift of Dr. Paul D. Good
(Engelke Laboratory, Department of Biological Chemistry).
pEGFPN-1 was purchased from Clontech Company. E.coli strain
DH5a was maintained in our laboratory. HepG2, a human hepatoma
cell line, and HepG2.2.15 cell line, which was derived from HepG2
cells that were transfected with a plasmid containing HBV DNA,
were maintained in our laboratory.
Construction and identification of HBs-GFP fusion gene plasmid
Full length cDNA fragment of HBsAg was obtained from
pcDNA3.1+S, and amplified by pyrobest DNA Polymerase using
sense primer, 5’- GACAAGCTTATGGAGAACATCACATCA
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GG -3’ and antisense primer, 5’- CGAGAATTCCAATGTATAC
CCAAAGAC -3’. PCR conditions were as follows: an initial
denaturation at 95 ℃ for 3 min, followed by 35 amplification
cycles, each cycle consisting of denaturation at 94 ℃ for 30 s,
annealing at 58 ℃ for 30 s, and extension at 72 ℃ for 45 s, and
a final extension at 72 ℃ for 7 min. The resulting products were
analyzed by electrophoresis on an 1.5% agarose gel and stained
with ethidium bromide. The expected size of amplified DNA
fragment was 678 bp. The fragment was inserted into an eukaryotic
reporter vector pEGFPN-1 by cutting with EcoRI and HindIII.
The fusion gene vector, named as pHBS-GFP, was transformed
into E.coli strain DH5a and identified by restricted endonuclease
digestion and DNA sequence analysis.

Construction and identification of shRNA expression vectors
Target sequences for the siRNAs were determined by using the
Ambion web-based criteria. The structure of sequences is shown
in Figures 1A, B. The pAVU6+27 vector contained one U6
promoter cassette and the first 27 nucleotides of human U6
RNA (Figure 1C). The pAVU6+27 vector was digested with SalI
and XbaI to generate compatible ends for cloning. Two pairs of
primers were incubated at 95 ℃ for 30 min with 1×annealing buffer
(10 mmol/L Tris-HCL/100 mmol/L NaCl), gradually cooled to room
temperature. The annealed shDNAs were inserted into the digested
pAVU6+27 vector. The shRNA expression vectors, pAVU6+4sh421
and pAVU6+4sh81 (named on the basis of its nucleotide location
in the surface gene sequence and its hairpin size), were
transformed into E.coli strain DH5a and identified by PCR using
sense primer, 5’-CTAACTGACACACATTCCAC-3’ and
antisense primer, 5’-GCAATAAACAAGTTACTAGTCC-3’. The
PCR conditions were as before. The resulting products were
analyzed by electrophoresis on an 1.5% agarose gel and DNA
sequence analysis.
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2000 were used as described by the manufacturer. HepG2.2.15
cells were transfected by pAV-4sh421 (1.5 g/well) with 3 L
Lipofectamine 2000. Cells were also transfected with pAVU6+27
vector as control group; the cells not transfected also served
as control.

Detection of the changes of images by FACS and microscopy
To assess the effect of RNAi on HBs-GFP fusion protein,
fluorescent imaging was carried out to monitor enhanced green
fluorescent protein (EGFP) expression by an inverted fluorescent
microscope (DM IRB, Leica). After incubated for 72 h, HepG2
cells were harvested to measure EGFP fluorescence by FACS,
using a flow cytometer (Roche Company). Fluorescence was
recorded in the FL1 488-500 nm range. Specific silencing of
target genes was confirmed in three independent experiments.
Reverse transcription and real-time PCR analysis
Total RNA was extracted by Trizol according to the manufacturer’s
instructions. cDNA was prepared from 0.5 g of total RNA using
oligo (dT)18 as primer and M-MuLV reverse transcriptases
(MBI Fermentas). Real-time PCR was performed using SYBR
gold nucleic acid stain and the PCR conditions consisted of 25
amplification cycles, each at 94 ℃ for 30 s, at 56 ℃ for 30 s, and
at 72 ℃ for 45 s. The temperature of detection point was 72 ℃.
Primers for HBV surface gene expression analysis were: sense
primer, 5’-CTC ACAATA CCG CAG AGT C-3’, and antisense, 5’TAA ACT GAG CCA GGA GAA A-3’. After quantified with realtime PCR, quantification was performed using the comparative CT
method. The target transcript was normalized to an endogenous
reference (simultaneous GAPDH reactions). The primers of
GAPDH were: sense, 5’-ACAGTCAGCCGCATCTTCTTT-3’
and antisense, 5’-GCAACAATATCCACTTTACCAGAG-3’.
Radioimmunoassay analysis
To improve the shRNA expression vector in natural HBV replication,
the vector was transfected into HepG2.2.15 cells. The cultured
medium was harvested on days 2, 5, 8 and 11 postransfection, in
same wells. A solid phase radioimmunoassay (RIA) method was
applied to detecting the binding activity of HBsAg and HBeAg
according to the instructions of solid RIA kit.

XbaI (308)

27base

Pol III stern terminator

pAVU6+27 cassette
(410 bp)

Figure 1 Structures of hairpins and U6 expression cassette. A
and B: Short-hairpin structures of pAVU6+4sh421 and
pAVU6+4sh81, respectively. The loop was designed with
TTCG. C: Map of pAVU6+27 U6 expression cassette including
U6 promoter, the first 27 nucleotides of human U6 RNA, inserted fragments and polymerase III stem terminator.

Cell culture and cotransfection
HepG2 cells were maintained in Dulbecco’s modified Eagle’s
minimal essential medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), streptomycin (100 g/mL) and penicillin
(100 IU/mL) at 37 ℃ in a humidified atmosphere containing
5 mL/L CO2. HepG2.2.15 cells were grown in DMEM with 10%
FBS, 300 g/mL G418, streptomycin (100 g/mL) and penicillin
(100 IU/mL). Twenty four hours before transfection, HepG2
and HepG2.2.15 cells were seeded in 24-well plates and cultured
with fresh medium without antibiotics to 50-70% and 20-30%
confluency, respectively. For transient cotransfection of HepG2
cells, 0.2 g of reporter gene plasmids (pHBS-GFP) and 0.6 g
of shRNA expression vectors at 1:3 ratio with Lipofectamine

RESULTS
Identification of HBs-GFP fusion gene plasmid
There were two BamH I sites in the recombinant pHBS-GFP
vector and one in the pEGFPN-1 vector. pHBS-GFP was
characterized by digestion of BamH I. The length of digested
fragment was about 400 bp. The fragment was checked on 1.5%
agarose gel electrophoresis (Figure 2). The positive clones were
subjected to sequencing and the results were shown as expected.
1

400 bp

2

3

500 bp

Figure 2 Electrophoresis analysis of digestion using BamH I.
Lanes 1 and 2: pHBS-GFP plasmid DNA; lane 3: DNA marker
pHBS-GFP.
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Identification of shRNA expression vectors
shRNA expression vectors, pAVU6+4sh421 and pAVU6+4sh81,
were identified using PCR protocol, but not digestion because
the length of the inserted fragment was only 53 bp. The length of
products of pAVU6+4sh421 and pAVU6+4sh81 were 454 and
494 bp, respectively (Figure 3). The result of DNA sequencing
showed the inserted fragment had expected known sequences.
1

2

3

4
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Inhibition of the expression of HBs-GFP gene mRNA in HepG2
cells using shRNA
Because pAVU6+4sh421 vector had a more significant inhibition
on HBs-GFP fusion protein expression, we only selected this
vector to investigate the effects of RNAi at RNA level. The real
time PCR results are shown in Figure 5. The concentrations of
HBV cDNA of pAVU6+4sh421 group and pAVU6+27 group were
104 and 105 copies/mL, respectively. The inhibition of expression
of HBs-GFP fusion gene was about 90% compared to the empty
vector control.
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Inhibition of the expression of HBs-GFP fusion protein in HepG2
cells by RNAi
To determine whether siRNA specific to the HBV surface gene
sequence could inhibit the expression of HBs-GFP fusion protein,
we monitored the images of GFP of HepG2 cells by an
inverted fluorescent microscope, and found the intensity
of GFP fluorescence in HepG2 cells trended to decrease
and reached the lowest degree at 72 h after transfection.
Thus, we screened two shRNA vectors by FACS (Figure 4).
pAVU6+4sh421 inhibited fusion protein expression
significantly. The mean positive cells reduced by 56.0%
compared to pAVU6+27. But pAVU6+4sh81 did not show
inhibitory effects.
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Figure 5 HBV cDNA copies detected by real time PCR analysis.
Data showed shRNA-mediated inhibition of expression of
HBs-GFP gene. Positive, mock, and negative groups represented as pHBS-GFP DNA, cDNA of cells only transfected
with pHBS-GFP, respectively.

Inhibition of HBsAg and HBeAg expression in HepG2.2.15 cells
by RNAi
The concentrations of HBsAg and HBeAg in the supernatant
of HepG2.2.15 cells transfected with pAVU6+4sh421 were
significantly lower than those in controls, with 43% inhibition
of HBsAg and 64% inhibition of HBeAg during 3 d, and
between d 5 and d 8 post-transfection (Figures 6, 7). This
inhibitory effect could continue for at least 9 d.
Supernatant HBsAg (ng/mL)

Figure 3 Electrophoresis analysis of PCR products. Lane 1:
pAVU6-4sh421 vector; lane 2: pAVU6-4sh81 vector; lane 3:
pAVU6+27 vector; lane 4: DNA marker.
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Figure 6 HBsAg concentration in the supernatant of shRNAtreated HepG2.2.15 cells.
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Figure 4 Flow cytometric detection of HBS-GFP fusion protein in HepG2 cells. HepG2 cells were transfected with
pAVU6+4sh421 and pAVU6+4sh81 vectors and analyzed by
flow cytometry at 72 h post-cotransfection. The values obtained from three independent experiments were expressed
as mean±SD.
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Figure 7 HBeAg concentration in the supernatant of shRNAtreated HepG2.2.15 cells (S/N ratio, signal-to-noise ratio).
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technology may provide a possible therapeutic strategy against
chronic HBV infection.
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DISCUSSION
RNA interference (RNAi) is a key mechanism of posttranscriptional
gene silencing (PTGS) and has been identified as the mediator
of PTGS in plant, nematode, drosophila and animals, including
humans[19-24]. It has been shown that in mammalian cells short
interfering RNAs (21-23 nucleotides) processed from dsRNA could
significantly and specifically inhibit the expression of homologous
mRNAs. Recently, short hairpin RNAs expressed from the U6
promotor was reported to more effectively inhibit gene expression
as well as chemical-synthesis than in vitro-synthesized siRNA
duplexes[18,25]. In this study, we demonstrated that shRNAs could
inhibit the expression of HBs-GFP fusion protein in HepG2 cells
and result in reduction of the secreted HBsAg and HBeAg in
HepG2.2.15 cells. These results suggest that RNAi induced by
shRNA can be used as a tool in future experiments to study the
ability of HBV genes to regulate its replication.
The HBs-GFP RNA expression was inhibited by 90%
compared to the empty vector control and the HBs-GFP protein
was reduced by 56% within 72 h after shRNA vector cotransfection,
suggesting that the protein has a relatively long half-life. We
found the effect of inhibition was dose-independent (data not
shown). But higher concentrations of Lipofectamine 2000
seemed to be toxic to HepG2 cells. The effect of shRNA on
HBs-GFP expression was slow and usually became visible 2 d
after cotransfection. We also assumed that longer incubation
of HepG2 cells was required for better suppression of transfected
HBs-GFP; however, we failed to keep HepG2 cells healthy more
than 72 h after cotransfection.
The HBV genome is a partially double-stranded 3.2 kb DNA
molecule and is the template transcribed to generate the four viral
RNAs[26]. The 3.5, 2.4, 2.1 and 0.9 kb transcripts encode the core
protein/HBeAg, polymerase, HBsAg and X protein, respectively.
The 3.5 kb pregenomic RNA not only serves for translation of
the core protein/polymerase but also acts as the replicative
intermediate[26,27]. In HepG2.2.15 cells, which can secrete natural
HBsAg, HBeAg and Dane particles[28] and are not sensitive to
transfection reagents, HBsAg and HBeAg expressions were
inhibited within 3 d and the effect reached the maximum during
5-8 d and lasted at least for 9 d. It indicates that shRNA influences
the HBV replication. The inhibition of HBeAg was more effective
than HBsAg, suggesting that there are more copies of 2.1 kb
mRNAs generating HBsAg than HBe mRNA in HepG2.2.15
cells.
To date, it is not clear why not all target sites are effective
for RNAi. The efficacy of siRNA influenced by secondary
structure has been reported[29,30]. Using the fusion protein,
including report gene and target gene, we screened one site,
which was simultaneously proved effective in HepG2.2.15. The
approach can be used to determine the efficacy of siRNA and
is likely to have wide application. In particular, it may facilitate
the studies of gene function in transfectable cell lines.
Although chronic HBV infection is a major health problem
worldwide, there is no complete effective antiviral treatment. siRNA
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Abstract
AIM: To explore the possibility of expressing hepatitis C
virus (HCV) envelope protein 1 (E1) in Escherichia coli (E. coli)
and to test the purified recombinant E1 proteins for clinical
and research applications.
METHODS: C-terminally truncated E1 fragments were
expressed in E. coli as hexa-histidine-tagged fusion
proteins. The expression products were purified under
denaturing conditions using immobilized-metal affinity
chromatography. Purified E1 proteins were used to
immunize rabbits. Rabbit anti-sera thus obtained were
reacted with both E. coli- and mammalian cell-expressed
E1 glycoproteins as detected by Western blot.
RESULTS: Full-length E1 protein proved difficult to express
in E. coli. C-terminally truncated E1 was successfully
expressed in E. coli as hexa-histidine-tagged recombinant
fusion protein and was purified under denaturing conditions
on Ni 2+ -NTA agarose. Rabbit anti-sera raised against
purified recombinant E1 specifically reacted with
mammalian cell-expressed E1 glycoproteins in Western
blot. Furthermore, E. coli-derived E1 protein was able to
detect animal antibodies elicited by E1-based DNA
immunization.
CONCLUSION: These results demonstrate that the
prokaryotically expressed E1 proteins share identical
epitopes with eukaryotically expressed E1 glycoprotein. The
E. coli-derived E1 proteins and corresponding antisera can
become useful tools in anti-HCV vaccine research.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: HCV envelope protein 1; Recombinant Fusion
Proteins; Escherichia coli
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INTRODUCTION
Hepatitis C virus (HCV) is the major etiological agent of both
community-acquired and post-transfusion non-A, non-B
hepatitis[1,2]. It is estimated that 3% of world population have
been infected with HCV[3]. Approximately 85% of patients develop
chronic infection, and about 20% of chronic cases will progress
into cirrhosis and/or hepatocellular carcinoma[4,5]. Presently, there
is no vaccine against HCV[6] and the only available therapy,
interferon-alpha on its own or in combination with ribavirin, is
effective in only a minority of patients and carries the risk of
serious side effects[7,8]. There is a pressing need to develop
effective prophylactic and therapeutic measures against HCV
in order to combat this global public health threat.
Envelope proteins of HCV (E1 and E2) are predicted to be
type I membrane glycoproteins, and generally believed to
constitute the protein components of virion membrane[9,10].
Various studies have implicated both E1 and E2 in important
steps of HCV entry into target cells, such as receptor binding
and membrane fusion[11-13]. Vaccination of chimpanzees with
E1 and E2 glycoproteins resulted in limited but measurable
protection against homologous virus challenge[14]. Therefore,
E1 and E2 have become two major targets in HCV vaccine
research.
Evaluation of HCV envelope protein-based vaccines requires
an effective method for antigen detection and an inexpensive
supply of large quantities of antigens. Although E1
glycoproteins expressed in mammalian cell systems in theory
would best reflect properties of E1 proteins present on HCV
virion membrane, low yield as well as difficulty in purification
and scaling up makes such systems unsuitable for large-scale
applications[14]. In order to circumvent this problem, we
attempted to express E1 proteins in E. coli. Bacterial expression
systems, compared to other higher organism expression
systems, usually offer higher yield at considerably lower cost.
Our previous work has shown that E. coli-derived recombinant
E2 proteins and rabbit antisera against them are sufficient for
these applications, and could partly substitute expensive
mammalian system-expressed envelope proteins and infectious
HCV patients’ sera[15-19]. In this work, C-terminally truncated E1
was expressed in E. coli as hexa-histidine-tagged fusion
proteins and purified under denaturing conditions using
immobilized-metal affinity chromatography. Rabbit anti-sera
against E. coli-derived E1 proteins specifically reacted with
mammalian cell-expressed E1 glycoproteins in Western blot.
Furthermore, E. coli-derived E1 protein was able to detect animal
antibodies elicited by E1-based DNA immunization. These results
demonstrate that these prokaryotically expressed E1 proteins
share similar epitopes with eukaryotically expressed E1
glycoproteins. The E. coli-derived E1 proteins and corresponding
antisera could become useful tools in anti-HCV vaccine research.
MATERIALS AND METHODS
Plasmids and bacterial host
pUC18/CE1E2-W carrying C, E1 and E2 coding sequences of
HCV (subtype 1b) was provided by professor Yu Wang of
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Peking University, Beijing (GenBank accession No. D10934)[20].
pUC19/E1E2-Z carrying E1 and E2 coding sequences of a
different HCV isolate (also subtype 1b) was provided by Dr.
Xin-Xin Zhang of Ruijin Hospital, Shanghai. pQE8 is an N-terminal
hexa-histidine fusion expression vector from Qiagen GmbH,
Hilden, Germany. E. coli strain TG-1 was used as cloning and
expression host.

Construction of recombinant expression plasmids
Polymerase chain reactions and recombinant cloning were
performed according to standard protocols[21]. DNA sequences
coding for E1 amino a-cid (aa) 192-340 and aa 192-383 were
amplified from pUC19/E1E2-W and pUC18/CE1E2-Z, and cloned
into pQE8 between the BamHI and HindIII sites to create pQE8/
E1Z340 and pQE8/E1W respectively. Sequences between BamHI
and SalI were removed from pQE8/E1Z340 by double digestion
and used to replace corresponding sequences in pQE8/E1W.
The resultant plasmid carrying chimeric E1 coding sequences
was designated as pQE8/E1Z262W. Deletion of E1 C-terminal
hydrophobic region (aa 341-383) in pQE8/E1W or pQE8/E1Z326W
was conducted by double digestion with BstEII and HindIII,
blunting of the resultant ends, removal of unwanted small
fragments and self-ligation of large fragments. The obtained
subclones were designated as pQE8/E1W326 and pQE8/E1Z262W326,
respectively. Structures of these plasmids are illustrated in
Figure 1.
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expression products. Insoluble recombinant E1 proteins were
extracted with 6 mol/L Gu•HCl/20 mmol/L -ME/PBS (pH 8.0),
centrifuged at 15 000 r/min at 4 ℃, and loaded onto preequilibrated Ni2+-NTA agarose (Qiagen). The gel matrices were
sequentially washed with 6 mol/L Gu•HCl/20 mmol/L -ME/PBS
(pH 6.3) and 8 mol/L urea, 20 mmol/L -ME/PBS (pH 6.3), and then
eluted with 8 mol/L urea, 20 mmol/L -ME/PBS (pH 4.3) or boiled
in reductive SDS-PAGE sample buffer for elution.

E1 glycoprotein expression in mammalian cells
Expression of HCV structural proteins C, E1 and E2 was
performed as previously described[22]. Recombinant vaccinia
virus vCEH-2 contained coding sequences of HCV polyprotein
aa 1-730 under the control of T7 promoter, whereas vTT7
encoded the T7 polymerase required for expression. HeLa cells
were co-infected with vTT7 and vCEH-2 at a multiplicity of
infection of 4:4:1 (vTT7:vCEH-2:cell) and cultured for 48 h.
Cells were collected by scraping, washed with PBS at 4 ℃ and
stored at -20 ℃.
Protein analysis
SDS-PAGE under reducing or non-reducing conditions and
Western blot were conducted according to standard protocols[22].
In Western blot, first antibody was diluted at 1:500 and second
antibody [HRP-labeled protein A (Sigma, St. Louis, MO, USA)
or swine anti-rabbit Ig (Dako, Denmark)] was diluted at 1:1000.
Blots were developed using the enhanced chemi-luminescent
(ECL) method (PerfectBio, Shanghai, China).
For deglycosylation analysis, cell samples were treated with
PNGase F (New England Biolabs Inc., Beverly, MA, USA)
according to manufacturer’s instructions and then subjected
to reductive SDS-PAGE/Western blot analysis.
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Figure 1 Schematic representation of E1 fragments selected
for 6xHis fusion expression. The original E1 coding sequences
from two subtype 1b isolate cDNA plasmids are aligned at
the top and bottom, respectively. Numbers indicate positions
on the HCV polyprotein. Positions of restriction endonuclease
recognition sites used for cloning are also shown. HR: hydrophobic region.

Expression and purification of recombinant E1 proteins
Freshly saturated recombinant TG-1 culture was inoculated
into fresh LB media at 1:100. Two hours after inoculation, expression
was induced by adding isopropyl--D-thiogalactopyranoside
(IPTG) to a final concentration of 1 mmol/L. Cells were harvested
6 h later by centrifugation and stored at -20 ℃.
Solubility analysis and purification of expression products
were performed as previously described[15-17]. Briefly, harvested
bacteria were resuspended in phosphate-buffered saline (PBS,
containing 137 mmol/L NaCl, 2.7 mmol/L KCl, 4.3 mmol/L
Na2HPO4, 1.4 mmol/L KH2PO4, pH 7.3), sonicated on ice-bath,
and centrifuged at 15 000 r/min at 4 ℃. The soluble and insoluble
fractions after centrifugation were analyzed for the presence of

Animal immunization, antisera preparation and antibody analysis
Female rabbits (Shanghai Laboratory Animal Center) were
immunized subcutaneously on the back with 300 g of purified
recombinant protein emulsified in complete Freud’s adjuvant
(Sigma) and boosted twice at an interval of 4 wk with the same
quantity of antigen emulsified in incomplete Freud’s adjuvant
(Sigma). One week after final boosting, total blood was collected
through the carotid artery and serum was prepared using
standard procedure[21].
Anti-E1 antibodies in post-immune animal sera were analyzed
in standard ELISA using purified recombinant E1 protein as
coating antigen. Microplates were coated with the antigen used
for immunization at 0.1 g/hole. Serially diluted post-immune
sera were analyzed as previously described [15-17] with preimmune sera diluted at 1:100 as negative control. The highest
dilution giving a positive reading was taken as the antibody
titer of corresponding antisera. All tests were done in duplicate.
RESULTS
Construction of expression plasmids
For the expression of HCV E1 protein in E. coli, full-length or
C-terminally truncated E1 sequences from two subtype 1b isolates
were used (Figure 1). Chimeric constructs carrying sequences
derived from both isolates were also used (Figure 1). Corresponding
coding sequences were cloned into N-terminal hexa-histidine
fusion expression vector pQE8 as described in MATERIALS
AND METHODS.
Expression and purification of recombinant E1 proteins
TG-1 cells transformed with recombinant expression plasmids
were induced with IPTG and analyzed on SDS-PAGE (Figure 2).
C-terminally truncated pUC19/E1E2-Z-derived pQE8/E1Z340
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expressed high levels of recombinant E1 protein of predicted
apparent molecular weight (Figure 2A, lane 2), whereas pUC18/
CE1E2-W-derived full-length pQE8/E1W or C-terminally
truncated pQE8/E1W326 displayed no obvious expression of
recombinant proteins (Figure 2C). However, when N-terminal
sequences (aa 192-262) in pQE8/E1W326 were replaced by
corresponding pUC19/E1E2-Z-derived sequences, the resultant
chimeric pQE8/E1Z262W326 showed prominent expression of
recombinant E1 proteins upon induction (Figure 2B, lane 2).
Expression products from pQE8/E1Z340 and pQE8/E1Z262W326
were designated as E1Z340 and E1Z262W326, respectively.
Solubility analysis revealed that both E1Z340 and E1Z262W326
were highly insoluble (Figures 2A and 2B, lanes 3 and 4) and
required high concentration of strong chaotropic agent
(6 mol/L Gu•HCl) for efficient extraction (data not shown).
Solubilized E1Z340 and E1Z262W326 were purified on Ni2+-NTA
agarose under denaturing conditions. Purified E1Z340 was eluted
using low pH, whereas purified E1Z262W326 was eluted either
using low pH or by boiling the gel matrices in reductive SDSPAGE sample buffer, and designated as E1Z262W326N and
E1Z262W326R respectively. Two types of E1Z262W326 eluted using
different methods displayed similar electrophoresis patterns in
SDS-PAGE (representative data obtained with E1Z262W326N are
shown in Figure 2B, lanes 4 and 5) and almost identical reactivity
patterns in Western blot (see below). After Coomassie brilliant
blue staining, both purified E1Z340 and E1Z262W326 displayed
minor quantities of higher and lower mobility bands, in addition
to the major full-length monomer bands of 18 ku and 16.8 ku
respectively (Figure 2A, lane 5; and Figure 2B, lane 5). These
might correspond to dimers of the monomer form and non-fulllength forms with incomplete C-termini, possibly a result of
premature translational termination or enzyme degradation. The
purity of finally obtained E1Z340 and E1Z262W326 exceeded 85%
by densitometric scanning and the yield of both proteins was
estimated to be above 1 mg/L LB culture.
Purified E1Z262W326 was used to detect anti-E1 antibodies
in E1-based DNA immunization studies. Sera from BALB/c mice
injected with E1-expressing plasmids specifically reacted with
E1Z262W326 in enzyme-linked immunosorbent assay (ELISA),
as previously reported.
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RE1Z340, RE1Z262W326N and RE1Z262W326R respectively. Their anti-E1
titers were determined by ELISA to be 1: 1×103, 1: 8×104 and
1: 1.6×105 respectively.

Detection of prokaryotic and eukaryotic E1 proteins using rabbit
anti-E1 antisera
All three rabbit anti-E1 sera displayed similar recognition of E.
coli-expressed E1 proteins with high sensitivity and specificity.
Representative data obtained from RE1Z340 and RE1Z262W326N are
shown in Figure 3. For glycosylated E1 proteins expressed
using recombinant vaccinia virus system, RE1Z340 showed no
specific recognition (data not shown), whereas RE1Z262W326R
displayed specific recognition of both oxidized and reduced E1
glycoproteins (Figure 4A). RE1Z262W326N, in contrast, only
recognized oxidized E1 glycoproteins with high sensitivity
(Figure 4C). Both RE1Z262W326R and RE1Z262W326N recognized
deglycosylated E1 glycoproteins, as shown representatively
in Figure 4B.
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Figure 3 Specificity analysis of rabbit antisera against E. coliderived E1 proteins. Western blot analysis was carried out using (A) RE1Z340 and (B) RE1Z262W326N as primary antibody against
(A) E1Z 340 and (B) E1Z 262W326N respectively. Lane 1: induced
TG-1(pQE8) as negative control; lane 2: whole-cell sample after
induction; lane 3: purified products.
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Figure 2 Expression and purification of E1 fragments in E. coli
Samples analyzed on standard reductive SDS-PAGE followed
by Coomassie Brilliant Blue staining. (A) and (B): expression
and purification of E1Z 340 and E1Z 262W326N. Lane 1: induced
TG-1(pQE8) as negative control; lane 2: whole-cell sample
after induction; lane 3: soluble fraction after sonication; lane
4: insoluble fraction after sonication; lane 5: purified products.
(C): whole-cell samples of induced TG-1 carrying pQE8 (lane 1),
pQE8/E1W (lane 2), pQE8/E1W326 (lane 3), and pQE8/E1Z262W,
respectively.

Preparation and analysis of rabbit anti-E1 antisera
Purified E1Z340, E1Z262W326N and E1Z262W326R were used to
immunize rabbits and the obtained antisera were designated as
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Figure 4 Detection of mammalian E1 glycoproteins using
rabbit antisera against E. coli-derived E1 proteins E1
glycoproteins expressed using recombinant vaccinia virus
system were analyzed on standard SDS-PAGE followed
by Western blot using R E1Z262W326R (A&B) and R E1Z262W326N
(C) as primary antibody. In (A) and (C), lanes 1 and 3: HeLa
cells infected with vvT7 alone; lanes 2 and 4: HeLa cells
co-infected with vvT7 and vCEH-2. NR and R indicate nonreductive and reductive sample preparation, respectively.
B: deglycosylation analysis of E1 glycoproteins using
PNGase F. Lanes 1 and 2: HeLa cells infected with vvT7
alone; lanes 3 and 4: HeLa cells co-infected with vvT7 and
vCEH-2. Positions of recognized E1 bands are indicated.
Prefixed ‘g’ or ‘d’ indicates ‘glycosylated’ or ‘deglycosylated’
E1, respectively. Subscript ‘ox’ or ‘re’ indicates ‘oxidized’
or ‘reduced’ forms of E1, respectively.
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DISCUSSION
Various reports have suggested that, in addition to being a
structural component of HCV virion membrane, E1 also plays
important roles in viral attachment and entry into target cells as
well as virus-host immune interactions[11-14]. As a result, both
virologists and vaccinologists are paying considerable attention
to this protein.
It has been reported that the C-terminal hydrophobic region
(aa 341-383) of E1 hinders its expression in E. coli, possibly through
interference with normal bacterial membrane functions[23-25]. In
our work, we also found that constructs carrying the hydrophobic
region were unable to express recombinant proteins to a level
detectable by Coomassie brilliant blue staining (Figure 2C).
Truncation of the hydrophobic region resulted in expression
of high levels of recombinant proteins upon induction, but
only for those constructs carrying N-terminal sequences (aa
192-262) derived from pUC19/E1E2-Z, i.e., pQE8/E1Z340 and
pQE8/E1Z262W326. The construct carrying pUC19/CE1E2-Wderived N-terminal sequences (pQE8/E1W326) showed no
difference in its full-length predecessor pQE8/E1W (Figure 2).
Comparison of pUC19/E1E2-Z and pUC19/CE1E2-W sequences
in the aa 192-262 region revealed 14 transitions and 4 transversions,
resulting in four amino acid residue changes (data not shown),
suggesting that nucleotide and/or amino acid sequences play
an important role in E1 expression in E. coli. A similar
phenomenon was also observed when we attempted to express
HCV E2 in E. coli[16]. The exact mechanism of sequence difference
causing different expression is still under investigation.
Expression products induced from pQE8/E1Z340 and pQE8/
E1Z262W326 are largely insoluble, which is in agreement with
reports by other researchers[24,26]. Large-scale expression and
purification using denaturing immobilized-metal affinity
chromatography could produce large quantities (>1 mg/L) of
both E1Z340 and E1Z262W326 with fairly high purity (>85%).
Rabbit sera raised against these proteins not only recognized
E. coli-derived E1 proteins with extremely high specificity
(Figure 3), but also are capable of detecting subtype 1b E1
glycoproteins expressed in mammalian cells (Figure 4 and
results reported elsewhere[27]). These results suggest that
bacterially-derived E1 proteins share identical epitopes with
mammalian E1 glycoproteins, and that these epitopes can be
presented to the host immune system in vivo. It has been
reported that mutation of N-glycosylation sites on E1 sometimes
improves its immunogenicity[28]. In light of this, although
envelop-targeted HCV vaccine research has almost exclusively
focused on glycosylated proteins expressed in mammalian cells,
it would be interesting to test E. coli-derived non-glycosylated
E1 proteins reported here as a possible HCV vaccine candidate.
Rabbit anti-E1Z340 antisera did not react with mammalian
E1 glycoproteins as detected by Western blot, possibly as a
result of its relatively low anti-E1 titer. Two types of reactivity
pattern were observed for rabbit anti-E1Z262W326 antisera:
antisera raised against E1Z262W326 eluted under reducing
conditions (RE1Z262W326R) displayed specific recognition of both
oxidized and reduced forms of E1 glycoproteins (Figure 4A),
whereas antisera raised against E1Z262W326 eluted under nonreducing conditions (RE1Z262W326N) only recognized oxidized
forms of E1 glycoproteins (Figure 4C). This result suggests
that some disulfide bonds formed in E. coli or during extractionpurification procedures fold E1 polypeptide to present nonlinear epitopes identical to those found on mammalian E1
glycoproteins. Such reactivity against non-reduced E1
glycoproteins makes these sera promising candidates for the
histological detection of E1 in liver biopsy samples.
Since bacteria-derived E1 proteins share identical epitopes
with mammalian E1 glycoproteins, we used E1Z262W326 to detect
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anti-E1 antibodies in E1-based DNA immunization studies.
BALB/c mice immunized with E1-expressing plasmids
developed anti-E1 antibodies detectable by E1Z262W326 in
ELISA[24]. This result further demonstrates the immunogenic/
antigenic similarity between bacterial and mammalian E1
proteins. We also tested purified E1 proteins for their ability to
react with two homologous patients’ sera in Western blot or
ELISA. With the two sera we used, no specific reaction could
be obtained. The failure of E. coli-derived E1 proteins to react
with homologous patients’ sera might indicate that these sera
do not contain any anti-E1-polypeptide antibodies, or the
antibody titer is too low to be detected. In chronic patients, it
has been reported that the prevalence of anti-E1-polypeptide
antibody is only about 51.5%[26] or even lower[29].
In summary, this work produced large quantities of E. coliderived C-terminally truncated E1 proteins with high purity,
obtained highly specific rabbit antisera against these proteins,
and demonstrated the applicability of these sera for the
detection of E1 proteins expressed in both prokaryotic and
eukaryotic systems. These results indicate that E. coli-derived
E1 proteins are immunologically similar to mammalian E1
glycoproteins. E1 antigens and antisera reported here can serve
as useful tools in the development of E1-based HCV vaccine as
well as other E1-related studies.
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Abstract
AIM: To develop a real-time PCR for detecting hepatitis B
virus (HBV) DNA based on TaqMan technology using a new
MGB probe.
METHODS: Plasmid containing the sequence of X gene
(1414-1744 nt) was constructed as HBV-DNA standard for
quantitative analysis. A TaqMan-MGB probe between
primers for amplification was designed to detect PCR
products. The interested sequence contained in the plasmid
and in clinical specimens was quantitatively measured.
RESULTS: The detection limit of the assay for HBV DNA
was 1 genome equivalent per reaction. A linear standard
curve was obtained between 100 and 109 DNA copies/reaction
(r>0.990). None of the negative control samples showed
false-positive reactions in duplicate. HBV DNA was detected
in 100% (50/50) of HBV patients with HbeAg, and in 72.
0% (36/50) with HBsAg, HBeAb and HBcAb. The coefficient
of variation for both intra- and inter-experimental variability
demonstrated high reproducibility and accuracy.
CONCLUSION: Real-time PCR based on TaqMan-MGB
probe technology is an excellent method for detection of
HBV DNA.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is closely related to the
development of acute or chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma [1]. Approximately 300 million
individuals are chronically infected with hepatitis B virus in the
world. In China, enzyme-linked immunosorbent assay (ELISA)
is still a main detection method for HBV infection, but ELISA
result can neither efficiently reflect serum viral load or hepatitis

activity nor monitor the efficacy of antiviral treatments.
Currently, polymerase chain reaction (PCR) assay has been
widely used for monitoring HBV load. However, this method is
clinically limited by relatively poor reproducibility and accuracy.
It has been reported that real-time PCR is an accurate,
sensitive and highly reproducible method for detection of
pathogenic microorganisms. Real-time PCR based on TaqMan
technology is the prospective? method[2-4]. TaqMan-MGB probe
[5]
is a new class of TaqMan probe, which is conjugated with
minor groove binder (MGB) at 3’ end (Figure 1). Compared with
TaqMan probe, TaqMan-MGB probe has several advantages,
for example, high specificity and sensitivity, remarkable
accuracy and reproducibility. In this report, we show our results
of a highly sensitive assay for HBV DNA detection by real-time
PCR using TaqMan-MGB probe technology.
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Figure 1 Scheme of real-time PCR using TaqMan-MGB probe.

MATERIALS AND METHODS
Samples
All sera used for this study were obtained from Xijing Hospital
of Fourth Military Medical University. Fifty HBV-negative
control samples were supplied by National Institute for the
Control of Pharmaceuticals and Biological Products. All sera
were stored at -20 ℃ until use.
Serological ELISA assay
Serum HBsAg, HBsAb, HBeAg, HBeAb and HBcAb were
measured by commercially available enzyme immunoassays
(Sino-American Biotechnology Co.) according to the
manufacturer’s instructions.
DNA extraction
Guanidinium thiocyanate (GuSCN)-silica extraction technology
is based on the lysing and nuclease-inactivating properties of
guanidinium thiocyanate together with the nucleic acid–binding
properties of silica particles in the presence of this agent[6].
This nucleic acid extraction method was simplified in practice
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Preparation of standard HBV DNA
HBV DNA X region (1414-1744 nt) was amplified (forward
primer, 5’-ACGTCCTTTGTYTACGTCCCGT-3’, nucleotides
1414 to1435; reverse primer, 5’-CCCAACTCCTCCCAGTCYTT
AA-3’, nucleotides 1744 to 1723) and cloned into pMD18-T
vector. After quantification, recombinant HBV plasmid was
serially diluted from 1011 copies per mL to 102 copies per mL.
Ten microliters of each diluted recombinant HBV plasmid was
used as HBV standard PCR template.
TaqMan-MGB probe
TaqMan-MGB probe was designed as follows: a highly
conserved sequence was selected; the first base of 5’ end must
not be G; the annealing temperature of TaqMan-MGB probe
was set at 10 ℃ higher than that of PCR primers. The sequence
of TaqMan-MGB probe is 5’ FAM-TCAACGACCGACCTTGAdabcyl-MGB 3’ (Figure 2).

Real-time PCR reaction parameters
Amplification reaction mixture (50 L) contained 10 L of DNA,
5 L of 10 × PCR buffer, 200 mol/L dATP, 200 mol/L dCTP,
200 mol/L dGTP, 500 mol/L dUTP, 1.5 mmol/L MgCl2,
400 nmol/L forward primer, 400 nmol/L reverse primer, 400 nmol/L
TaqMan-MGB probe, 2 U of hot start DNA polymerase (Takara),
and 0.5 U of uracil DNA glycosylase (UNG). Thermal cycling
conditions were as follows: initial activation of UNG at 50 ℃ for
2 min followed by inactivation of UNG at 95 ℃ for 10 min.
Subsequently, 60 cycles of amplification were performed at
95 ℃ for 20 s, at 55 ℃ for 30 s and at 72 ℃ for 30 s.
Linear standard curve and detection limit
The detection limit of this assay was 100 DNA copy per reaction.
A linear standard curve was obtained between 100 and 109 DNA
copies per reaction (r>0.990) (Figures 3, 4).

Fluorescence intensitv

in our laboratory. Briefly, reaction vessel was prepared by
adding 500 L of lysis buffer [5.25 mol/L GuSCN, 50 mmol/L
Tris-HCl pH 6.4, 20 mmol/L EDTA pH 8.0, Triton X-100 13 mL/L]
and 40 L of silica particles (pH 2.0) to an 1.5-mL Eppendorf
tube, then 200 L of serum was added and the vessel was
vortexed immediately (for approximately 5 s). After 10 min at
room temperature, the vessel was centrifuged for 15 s at 12 000 g,
and the supernatant was removed by an aspirator. The silica
particles were subsequently washed once with ethanol. After
disposal of the ethanol, the pellet was dried at 56 ℃ with an
open lid for 10 min. Finally 50 L TE buffer was added, and the
vessel was closed, vortexed, and incubated for 10 min at 56 ℃.
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Optimizing real-time PCR reaction parameters
In regard to the ratio of primer and probe, different data were
reported. On the basis of these different reports, the best
reaction parameters were determined with high correlation
coefficient of standard curve and high sensitivity as criteria.
Real-time PCR reaction was run on DNA Engine Opticon
(MJ Research). The fluorescence of 3 to 15 cycles was set up
as background. The data were collected at the annealing step
(55 ℃) of each cycle, and the threshold cycle (Ct) for each
sample was calculated by determining the point at which the
fluorescence exceeded the threshold limit. The standard curve
was calculated automatically by plotting the Ct values against
each standard of known concentration and calculation of the
linear regression line of this curve.
RESULTS
Recombinant plasmid sequence similarity analysis
Online sequence similarity analysis (http://www.ncbi.nlm.nih.gov/
BLAST/) showed that the sequence cloned was 99% (328/331 = 99%)
identical to that in HBV DNA X region (1414-1744 nt).
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Figure 4 Standard curve for HBV DNA quantification.

Specificity
Fifty HBV-negative control samples and 174 clinical serum
samples were analyzed. None of the negative control samples
showed false-positive reactions in duplicate. HBV DNA was
detected in 100% (50/50) of clinical samples with HBeAg and in
72.0% (36/50) with HBsAg, HBeAb and HBcAb. HBV DNA
was detected in 6.9% (2/29) sera with HBsAb, and in 11.1% (5/45)
with no HBV serological marker.
Accuracy study
Three different loads of sera were assayed 10 times on one
plate simultaneously. Inter-coefficients of variation (%CV) were
6.1%, 4.2% and 3.4% respectively. Twelve sera of different loads
were measured 3 times on three different plates. Mean coefficient
of variation (%CV) was 7.1%.
DISCUSSION
HBV DNA monitoring in serum has become an important tool
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to identify individuals with high viral replication, to monitor
patients on therapy, and to predict whether antiviral therapy is
successful. For example, with the introduction of new antiviral
agents like lamivudine, close monitoring of patients has become
increasingly important due to the occurrence of antiviral drugresistant virus strains or the presence of flares after withdrawal
of antiviral therapy[7].
DNA polymerase assay has been widely used for monitoring
antiviral treatments. In this assay, levels of DNA polymerase
are quantified in vitro by incorporation of radiolabeled
deoxynucleotide monophosphates, which is difficult to
standardize among laboratories. Therefore, the assay has been
replaced by a simpler and more accurate HBV DNA quantification
system that uses a branched-DNA probe. However, this method
is not sensitive enough to monitor serum virus levels in patients
undergoing antiviral treatment.
The main merits of real-time PCR are as follows. First, singletube operation prevents contamination effectively. Second, all
steps are accomplished automatically by computer except for
sample preparation. Third, false positive rate is low. Fourth,
PCR reaction is monitored timely. And the last quantitative test
result is absolutely true.
Besides the merits mentioned above, TaqMan-MGB probe
has several other advantages. On the one hand, conjugated
MGB can improve the melting temperature of probe, thus
increasing probe specificity. In addition, it permits shorter
probes to be used (usually 13 to 18 nt), which can facilitate
probe design especially in AT rich region. On the other hand,
shorter probes make fluorescence and quencher closer in space,
thus fluorescence quenching more efficiently and increasing
sensitivity and accuracy.
Because of these advantages mentioned above, theoretically,
real-time PCR based on TaqMan-MGB probe technology should
have more remarkable detection performance than that based
on common probes, and we have proved it in practice. The
detection limit of the assay based on TaqMan-MGB probe could
reach 100 DNA copies per reaction, while that based on TaqMan
probe could not. Additionally, the assay based on TaqManMGB probe has a wider linear detection range. A linear standard
curve was obtained between 100 and 109 DNA copies per reaction
(r>0.990). While the linear detection range of that based on
TaqMan probe was usually from 101 to 108 DNA copies per
reaction. Fernandez et al[8] drew a similar conclusion while
quantifying HHV-7 genome by real-time PCR using MGB probe
technology.
HBV DNA extraction from serum is a key step for real-time
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PCR. Silica- guanidinium thiocyanate (GuSCN) protocol is a
well-known classical method, but its extraction procedure is
too complicated and time-consuming, and not suitable for rapid
clinical detection; thus, we modified it in practice. Simplified method
needs less lysis buffer, which is relatively expensive, and makes
the whole extraction procedure accomplished within 40 min.
HBV DNA was detected in 100% (50/50) of clinical samples
with HBeAg. This result confirms that HBeAg is a real HBV
replication marker. In accordance with previous reports, HBV
DNA was detected in a few of sera with HBsAb and sera with
no HBV serological marker. This shows that determining HBV
replication only by detection of HBV marker is not enough, and
real-time PCR should be used simultaneously.
In summary, a highly sensitive, less laborious and quantitative
real-time PCR assay is developed based on TaqMan-MGB probe
for the detection of HBV DNA.
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an enhancement of gut I/R-induced responses by chronic
ethanol consumption via the reduction of blood endotoxin levels.

Abstract
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AIM: Cardiotonic Pill (CP), an oral herbal medicine that includes
Danshen (Salviae Miltiorrhizae), Panax notoginseny and
Dyroblanops aromatica gaertn, has been clinically used for
vascular diseases such as occlusive vasculitis, coronary
diseases, atherosclerosis, and cerebral infarction. The main
component, Salviae Miltiorrhizae, has been reported to prevent
cerebral and intestinal reperfusion injury. However, little
is known about the effect of CP on hepatic microcirculation.
Thus, this study aimed to determine whether CP could affect
hepatic microvascular dysfunction elicited by gut ischemia/
reperfusion (I/R) in rats fed ethanol chronically.
METHODS: Male Wistar rats were pair-fed with a liquid diet
containing ethanol or isocaloric control diet for 6 wk. After
laparotomy, one lobe of the liver was examined through
an inverted intravital microscope. The rats were exposed
to 30 min of gut ischemia followed by 60 min of reperfusion.
Rhodamine-6G-labeled leukocytes in the sinusoids were
observed 90 min after the onset of superior mesenteric artery
occlusion. Plasma tumor necrosis factor (TNF)- and endotoxin
levels were measured 1 h after the onset of reperfusion.
Plasma alanine aminotransferase (ALT) activities were
measured 6 h after the onset of reperfusion. In another set
of experiments, CP (0.8 g/kg, intragastrically) was administered
1 and 24 h before the onset of ischemia.
RESULTS: In control rats, gut I/R elicited increases in the
number of stationary leukocytes, and plasma TNF- and
endotoxin levels and plasma ALT activities. These changes
were mitigated by pretreatment with CP. In ethanol-fed rats,
the gut I/R-induced increases in the number of stationary
leukocytes, plasma endotoxin levels and ALT activities were
enhanced. Pretreatment with CP attenuated the enhancement
of gut I/R-induced responses by chronic ethanol consumption.
CONCLUSION: These results suggest that CP prevents
the gut I/R-induced hepatic microvascular dysfunction and
hepatocellular injury. A reduction of inflammatory responses
such as TNF- production via reduction of blood endotoxin
levels appears to be involved in the mechanisms. Chronic
ethanol consumption enhances gut I/R-induced hepatic
microvascular and hepatocellular injury. CP also attenuates

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A large body of evidence implicates leukocytes as mediators of
microvascular dysfunction and tissue injury associated with
reperfusion of ischemic organs. Several experimental strategies
have been used to demonstrate the contribution of leukocytes
to ischemia/reperfusion (I/R) injury, including polyclonal
antibodies that render animal leukopenia[1-3], adhesion moleculespecific monoclonal antibodies[1,4-6], and adhesion molecule
deficiency in mice[7,8]. The effectiveness of adhesion moleculespecific monoclonal antibodies (MAbs) and adhesion moleculedeficiency in attenuating I/R-induced tissue injury have led to
the widely held view that leukocyte-endothelial cell adhesion
is a rate-determining step in the pathogenesis of this injury
process. We developed a leukocyte-dependent model of
hepatocellular dysfunction elicited by gut I/R[1,7,9]. This murine
model allows in vivo assessment of the effects of I/R on
leukocyte sequestration in sinusoids of different regions of
the liver lobule, leukocyte adherence in postsinusoidal venules,
and the number of perfused sinusoids.
Ethanol has also been reported to modulate I/R-induced
tissue injury[10-12]. In a perfused liver model, ethanol enhanced
I/R-induced hepatotoxicity (an increase in blood levels of liver
enzymes) by an enhanced production of reactive oxygen
species[10]. In an in vivo gut I/R model, ethanol also enhanced
gut I/R-induced neutrophil accumulation in the intestinal wall[11].
In an in vivo cerebral I/R model, however, ethanol pretreatment
was reported to reduce cerebral I/R injury[12]. We have recently
reported that low-dose ethanol attenuates gut I/R-induced
hepatic microvascular dysfunction in the midzonal region and
sequential hepatocellular injury, whereas high-dose ethanol
enhances hepatic microcirculatory disturbances in the pericentral
region and sequential hepatocellular injury[13].
Clinically, long-term alcohol consumption has been noted
to significantly reduce the incidence of coronary artery disease[14].
However, chronic alcohol consumption often results in fatty
liver and liver failure, which is of particular concern when such
fat-laden tissues are used as donor organs in liver transplantation.
This important clinical problem has drawn attention to the
relationship between ethanol consumption and reperfusion
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injury in the liver. Both gut I/R and chronic consumption of
ethanol are known to cause liver injury via mechanisms that
involve oxidative stress and microcirculatory disturbances that
include leukocyte sequestration and sinusoidal malperfusion[15].
Gut I/R is known to produce an elevation in plasma endotoxin
levels (9), while chronic ethanol consumption has been reported
to enhance the hepatic microcirculatory dysfunction and
hepatocellular injury induced by endotoxins[16-18]. Based on these
observations one might expect that chronic ethanol consumption
would lead to an exaggerated liver injury response to gut I/R.
Furthermore, we have recently reported that chronic ethanol
consumption enhances hepatic leukosequestration, impaired
sinusoidal perfusion, and hepatocellular injury caused by gut
I/R via expression of intercellular adhesion molecule (ICAM)-1[19].
Herbal medicines (traditional medicines from natural sources)
are recently attracting increased global attention. Further,
Chinese herbal medicines have stood the test of time and many
are widely accepted as having reliable therapeutic efficacy.
Cardiotonic Pill (CP), an oral herbal medicine that includes
Danshen (Salviae Miltiorrhizae), Panax notoginseny and
Dyroblanops aromatica gaertn, has been clinically used in China,
Korea and Russia for vascular diseases such as occlusive
vasculitis, coronary diseases, atherosclerosis, and cerebral
infarction, which are related to microvascular dysfunction. In
clinical cases, the main component, Danshen, has been reported
to have curative efficacy in ischemic cerebrovascular disease.
In animal models, Danshen has been reported to prevent
cerebral and intestinal reperfusion injury[20,21]. In the rat cerebral
ischemia model, Danshen was reported to improve cerebral
blood flow in the ischemic hemisphere and to inhibit platelet
aggregation in rats[20]. However, little is known about the effect of
CP on hepatic microcirculation. Hence, the overall objectives of
this study was to assess the effects of CP on hepatic microvascular
dysfunction and hepatocellular injury induced by gut I/R, and
to determine whether CP could affect the hepatic microvascular
dysfunction elicited by gut I/R in rats fed ethanol chronically.

MATERIALS AND METHODS
Animals
Thirty (15 pairs) male Wistar rats weighing about 150 g were
pair-fed for 6 wk with a liquid diet containing ethanol that
provided 36% of the total dietary calories or an isocaloric control
diet according to the method of Lieber et al[22]. All rats were
fasted for18 h prior to the experiments, which were all performed
according to the criteria outlined in the US National Research
Council and the Keio Animal Research Guides.
Intravital microscopy
Rats were anesthetized with pentobarbital sodium (35 mg/kg)
intraperitoneally. The left carotid artery was cannulated and a
catheter placed at the aortic arch to monitor blood pressure.
The left jugular vein was also cannulated for drug administration.
After laparotomy, a lobe of the liver was observed with an
inverted intravital microscope (TMD-2S, Diaphoto, Nikon,
Tokyo, Japan) assisted by a silicon intensified target (SIT)
camera (C-2400-08, Hamamatsu Photonicus, Shizuoka, Japan).
The liver was placed on an adjustable Plexiglas microscope
stage with a non-fluorescent coverslip that allowed for
observation of a 2-cm² segment of tissue. The liver was carefully
placed to minimize the influence of respiratory movements, and
the surface was moistened and covered with cotton gauze
soaked with saline. Images of the microcirculation were observed
from the surface of the liver through a ×20 fluorescent objective,
and microfluorographs were recorded on videotape using a
videocassette recorder (S VHS-HQ, Victor, Japan).
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Analysis of leukocyte accumulation
Leukocytes were labeled in vivo with rhodamine-6G (1 mg was
dissolved in 5 mL of 0.9% saline) using a previously described
method[12,17,19,23], which was based on a method used in rat
brain[3]. It was shown that rhodamine 6G could selectively stain
white blood cells and platelets, but not endothelial cells[3]. Thus,
the fluorochrome allowed for differentiation between adherent
leukocytes and endothelial cells. Rhodamine-6G (0.2 mL/100 g
body weight) was injected prior to ethanol administration with
subsequent injections every 30 min. Rhodamine-6G associated
fluorescence was visualized by epi-illumination at 510-560 nm,
using a 590 nm emission filter. We selected one of the lobules,
which had well-perfused sinusoids and the fewest stationary
leukocytes, choosing the furthest lobule from the edge of the
liver if all the conditions were thought to be equivalent. A
microfluorograph of hepatic microcirculation, with rhodamine6G-labeled leukocytes in the sinusoids, was continuously
observed for 90 min after the SMA occlusion and recorded on
a digital video recorder for 1 min at 0, 30, 60, and 90 min. The
number of stationary leukocytes was determined off-line during
playback of the videotape images. A leukocyte was considered
stationary within the microcirculation (sinusoids) if it remained
stationary for more than 10 s. The lobule, which had the fewest
stationary leukocytes was selected for observation at a basal
condition. Stationary leukocytes were quantified in both the
midzonal and pericentral regions of the liver lobule and
expressed as the number per field of view (2.1×105 µm2).
Experimental protocols
We observed the surface of the liver for 10 min before ligation
of the superior mesenteric artery in order to ensure that all
parameters measured on-line were in a steady state. The superior
mesenteric artery was then ligated with a snare created from
polyethylene tubing for 0 (sham) or 30 min. After the ischemic
period, the ligation was gently removed. Leukocyte accumulation
was measured before ischemia, immediately following reperfusion
and every 30 min for one hour thereafter.
In another set of experiments, CP (0.8 g/kg, intragastrically,
Tasley, Tianjin, China) was administered at 1 and 24 h before
the onset of ischemia to both control and ethanol-fed rats, and
the same protocol was performed. Twenty-five mg (one pill) of
CP includes 9 mg of Danshen (Salviae Miltiorrhizae), 1.76 mg of
Panax notoginseny, 0.5 mg of Dyroblanops aromatica gaertn,
and 13.74 mg of polyethylene glycol.
Liver enzyme, endotoxin and TNF assays
Sixty min after the onset of reperfusion, the rats were removed
from the microscope stage and the abdominal wall was closed.
Blood (plasma) samples for endotoxin and tumor necrosis factor
(TNF)- level measurement were collected from the inferior
vena cava at a point proximal to the hepatic vein 1 h after the
onset of reperfusion. For the measurement of endotoxin levels,
blood samples were also collected from the portal vein. Samples
for plasma alanine aminotransferase (ALT) measurement were
obtained 6 h after the onset of reperfusion. Plasma ALT activity
was determined by conventional UV method as previously
described[24]. Plasma TNF- concentration was determined in a
microtiter plate using a TNF- immunoassay kit (BioSource
International, Camarillo, CA) based on enzyme-linked immuno
sorbent assay (ELISA). In accord with our previous report[25,26],
plasma endotoxin levels were measured by endospecy (an
endotoxin-specific chromogeic limulus regent; Seikagaku Co.,
Tokyo, Japan) using an automated kinetic assay for endotoxin[27].
Statistical analysis
The data were analysed using standard statistical analyses, i.e.,
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12.6±1.4, ethanol: 7.2±0.7, per field), while exaggerated
leukostasis was noted in the pericentral region (control; 4.3±1.9,
ethanol: 6.8±2.2) and THV (control; 4.0±1.4, ethanol: 13.0±1.6,
per field). Although the leukostasis elicited by gut I/R in control
rats was attenuated by the pretreatment with CP (leukostasis in
the pericentral region; 4.0±1.2, THV; 1.8±0.7, per field), the
exaggerated leukostasis in ethanol-fed rats was largely prevented
by pretreatment with CP (leukostasis in the pericentral region;
3.0±0.7, THV; 4.8±1.2, per field).
Figure 1B shows the effects of CP treatment on plasma ALT
activity following gut I/R in the presence or absence of chronic
ethanol consumption. In control rats, gut I/R led to an elevation
of plasma ALT activities. Chronic ethanol consumption
enhanced the gut I/R-induced increase in plasma ALT activities
(control; 146±31 IU/L, ethanol: 236±84 IU/L). The increase in
plasma ALT activities elicited by gut I/R in both control and
ethanol-fed rats was significantly attenuated by pretreatment
with CP (control; 81±19 IU/L, ethanol: 108±58 IU/L).
Figure 1C shows the effects of CP treatment on plasma
endotoxin levels following gut I/R in the presence or absence
of chronic ethanol consumption. Gut I/R caused a slight elevation

ANOVA and Scheffe’s (post hoc) test. All values were reported
as mean±SD, with five rats per group. Statistical significance
was set at P<0.05.

RESULTS
Table 1 shows the effects of CP treatment on leukostasis in
sinusoids of the midzonal and pericentral regions and the
terminal hepatic venule (THV), plasma ALT activities, and plasma
endotoxin and TNF- levels. Pretreatment with CP per se did
not affect any values of these in control rats. Chronic ethanol
feeding per se caused leukostasis in the pericentral region of
the liver, while CP diminished it.
Figure 1A illustrates the effects of CP treatment on gut I/Rinduced leukostasis in sinusoids of the midzonal and pericentral
regions and the THV (Panel A) of the liver lobule, and the entire
liver lobule (sinusoids+THV, panel B) in the presence or absence
of chronic ethanol consumption In control rats, gut I/R elicited
increases in the number of stationary leukocytes in both
hepatic sinusoids and THV. In ethanol-fed rats, the gut I/Rinduced leukostasis was blunted in the midzonal region (control;

Table 1 Effect of cardiotonic pills on leukostasis in liver, plasma ALT activity, and plasma endotoxin and TNF- level in control
and ethanol-fed rats
Group

Leukostasis
midzonal (per field)

Pericentral
(per field)

THV
(per field)

ALT activity
(IU/L)

Endotoxin
(pg/mL)

TNF-
(pg/mL)

Control

1.8±0.7

1.0±0.7

0.5±0.5

Ethanol

1.4±0.5

3.2±0.5 a

1.2±0.7

31.6±12.0

9.5±5.3

17.0±8.9

40.6±10.5

19.2±10.8

Control+CP

1.4±1.2

1.0±1.0

23.1±15.1

0.2±0.5

28.4±11.8

9.3±5.3

Ethanol+CP

1.6±0.5

0.8±0.5

0.6±1.0

36.6±7.2

13.3±10.1

13.6±5.5

10.6±6.2

CP: cardiotonic pills, aP<0.05 vs Control.
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Figure 1 Effects of chronic ethanol consumption and/or Cardiotonic Pill (CP) on the number of stationary leukocytes, plasma
ALT activities, plasma endotoxin concentration, and plasma TNF- concentration after gut I/R. Each group consisted of five
animals. aP<0.05 vs control, cP<0.05 vs Control+I/R, eP<0.05 vs ethanol+I/R. A: Effects of chronic ethanol consumption and/or CP on
the number of stationary leukocytes in each region (the midzonal and pericentral regions) (panel A) and the entire (combined)
liver lobule (panel B) after 30 min of gut ischemia and 60 min of reperfusion; B: Effects of chronic ethanol consumption and/or CP
on plasma ALT activities at 6 h after gut I/R; C: The effects of chronic ethanol consumption and/or CP on plasma endotoxin
concentration after 30 min of gut ischemia and 60 min of reperfusion; D: The effects of chronic ethanol consumption and/or CP
on plasma TNF- concentration after 30 min of gut ischemia and 60 min of reperfusion.
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of plasma systemic and portal endotoxin levels in control rats,
while chronic ethanol consumption enhanced the gut I/R-induced
increase in plasma endotoxin levels (control; 26.2± 27.1 pg/mL,
ethanol: 93.2±51.4 pg/mL). The exaggerated elevation of plasma
endotoxin levels in ethanol-fed rats was largely prevented by
the pretreatment with CP (endotoxin levels; 21.3± 1.4 pg/mL).
Figure 1D summarizes the effects of CP treatment on gut I/Rinduced increase in plasma TNF- levels in the presence or
absence of chronic ethanol consumption. In control rats, gut I/R
elicited a significant increase in plasma TNF- levels. Although
chronic ethanol consumption did not affect gut I/R-induced
increases in plasma TNF- levels, CP treatment reduced plasma
TNF- in both control and ethanol-fed rats.

DISCUSSION
Our previous study[19] has demonstrated that leukocyte-endothelial
cell adhesion is an important determinant of the exaggerated
microvascular dysfunction and tissue injury after gut I/R in the
liver of rats fed ethanol chronically. The main component of CP
is Danshen. Seven water-soluble components have been
isolated from the Danshen root, Radix Salviae Miltiorrhizae.
Using HPLC, at least 10 peaks were resolved based on its
affinity to  1-acid glycoprotein [28]. One of the components,
salvianolic acid, was reported to protect cerebral I/R injury in
rats[20]. Althogh CP had a protective effect on carbon tetrachlorideinduced hepatocellular injury[29], the effect of CP on either hepatic
I/R injury or hepatic microcirculation has not been reported. In
this study, we demonstrated the protective effects of CP on
gut I/R-induced liver injury in rats fed ethanol chronically.
Reperfusion of the ischemic intestine in control rats resulted
in an accumulation of adherent leukocytes in sinusoids and
THV, a reduction in the number of perfused sinusoids, and the
release of liver enzyme (ALT) into the blood stream. In control
rats, gut I/R-induced leukostasis in the pericentral region and
THV were not noted after pretreatment with CP. This pretreatment
also attenuated the gut I/R-induced increase in plasma ALT
and TNF- levels. An interesting finding in the present study
is that the gut I/R-induced increase in plasma endotoxin level
was not seen in control rats after the pretreatment with CP. Gut
I/R was reported to elevate plasma endotoxin levels, which
appeared to be derived from the gut[19]. CP has been reported
to blunt mesenteric I/R injury[21]. Endotoxin has been known to
cause hepatic microvascular dysfunction and hepatocellular
injury[17,18,24]. Taken together, these results and evidence from
the literature suggest that CP can reduce blood endotoxin levels
by protecting the intestinal mucosal barrier from I/R injury,
thereby preventing the subsequent hepatic microvascular
dysfunction and hepatocellular injury.
Chronic ethanol consumption exaggerated gut I/R-induced
leukostasis in the liver, gut I/R-induced increase in plasma
endotoxin levels, and the subsequent hepatocellular injury
(ALT elevation). The findings in the present study lend support
to the possibility that elevated plasma levels of endotoxin
contribute to the exaggerated inflammatory and tissue injury
responses seen in the liver after gut I/R in rats chronically fed
ethanol. The portal endotoxin level in rats fed ethanol chronically
was higher than that in controls[19]. This result suggested that
intestinal mucosal permeability increased in ethanol-fed rats
after gut I/R. However, systemic endotoxin levels were much
lower than portal endotoxin levels in control rats, whereas there
was no significant difference between systemic and portal
endotoxin levels in ethanol-fed rats after gut I/R[19], suggesting
that clearance of endotoxin was impaired in ethanol-fed rats.
Thus, both an increase in intestinal mucosal permeability and
impaired clearance of endotoxin in ethanol-fed rats could be
involved in the enhancement of plasma endotoxin levels. In the
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present study, pretreatment with CP substantially reduced the
exaggerated increase in plasma endotoxin levels in ethanol-fed
rats to almost the same level as that in untreated rats (without
I/R) This result suggests that CP might blunt the enhanced
increase in intestinal mucosal permeability and /or improvised
the impaired clearance of endotoxin in ethanol-fed rats.
Although chronic ethanol consumption enhanced the gut
I/R-induced increase in plasma endotoxin levels, it did not affect
the gut I/R-induced increase in plasma TNF- levels. Chronic
ethanol consumption enhanced the gut I/R-induced increase
in plasma ALT activities with a parallel increase in leukostasis
in the liver. These results suggest that leukostasis per se or
leukocyte-derived oxidants may play a more important role in
gut I/R-induced liver (hepatocellular) injury than cytokines.
Another likely interpretation is that cytokines other than TNF-
are involved in the enhanced responses after gut I/R in rats fed
ethanol chronically. In the present study, however, CP decreased
the gut I/R-induced increase in plasma ALT activities with a
parallel decrease in plasma TNF- levels. Moreover, CP also
attenuated the enhancement of gut I/R-induced increase in
plasma ALT activities in ethanol-fed rats with a parallel
attenuation of plasma TNF- levels. These results indicate that
CP can reduce the production of TNF- independent of
endotoxin levels. CP was also reported to blunt TNF--induced
endothelial cell injury via NF-B activation[30]. Therefore, CP
may prevent gut I/R-induced hepatic microvascular dysfunction
via protection of endothelial cells.
Thus, CP can protect gut I/R-induced hepatic microvascular
dysfunction and hepatocellular injury. Although further studies
and clinical trials are required, CP appears to have therapeutic
usefulness against reperfusion injury in the liver.
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Abstract
AIM: To investigate the therapeutic effect of somatostatin
receptor type 2 (SSTR2) gene transfection on pancreatic
carcinoma xenografts in vivo in experimental cancers.
METHODS: Human pancreatic cancer cell line Panc-1 was
inoculated subcutaneously into the back of nude mice. When
tumor nodules were grown as large as about 5 mm×5 mm
days after inoculation, the mice were randomly divided into
3 groups (6 mice in each group). Group I served as untreated
control group. Group II received an intratumoral injection
of a combination of human cytomegalovirus promoter-6C
(pCMV-6C) and lipofectamine 2000. Group III received an
intratumoral injection of a combination of pCMV-6C-SSTR2
and lipofectamine 2000. The rate of tumor growth was
compared among these three groups. The expression of SSTR2
in these tumors was detected by immunohistochemistry
and Western-blot. Apoptosis index (AI) in these tumors
was examined by using TUNEL in situ.
RESULTS: Intratumoral injection of a combination of pCMV6C-SSTR2 and lipofectamine 2000 resulted in the
expression of SSTR2 protein. The tumor size and weight
in group III (0.318±0.098 cm³, and 0.523±0.090 g,
respectively) were significantly lower than those in group I
(2.058±0.176 cm³, and 1.412±0.146 g, respectively) and
group II (2.025±0.163 cm³, and 1.365±0.116 g, respectively)
(P<0.05) The AI in group III (1.47±0.13%) was significantly
higher than that in group I (0.56±0.09%) and group II
(0.57±0.11%) (P<0.05). But there were no significant
differences between groups I and II.
CONCLUSION: Our data demonstrate that re-expression
of SSTR2 gene has antitumor effects on experimental
pancreatic cancer. Restoration of SSTR2 gene expression
through gene transfer in vivo might be a potential gene
therapy strategy for human pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Pancreatic Cancer; Xenografts; Somatostatin
receptor type 2; Transfection
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INTRODUCTION
Pancreatic carcinoma is, at present, the fifth cause of cancer
death in Western countries. The incidence of this disease is
rising in China[1]. Up to now, the only possible curative treatment
of pancreatic cancer is surgical resection. Unfortunately,
because of late diagnosis due to a long silent clinical phase
during tumor development and the absence of early specific
and sensitive markers of this disease, surgery for curative
purposes is possible in only 10-15% of cases[2]. The overall 5-year
survival rate for pancreatic cancer is no more than 3%[2]. To improve
the prognosis, studies focusing on this disease are to find new
effective diagnostic techniques and to develop new modalities
of treatment. Gene therapy strategy may provide therapeutic
benefits with a more favorable risk: benefit ratio than the
conventional treatment. Some experiments have involved suicide
gene transfer, such as thymidine kinase/ganciclovir system[3-5],
uracil phosphoribosyltransferase/5-fluorouracil system[5,6], or
immunotherapy using interleukin 2 or interleukin 1 [7], or
reintroduction of antioncogenic molecules such as p16INK4a or
p53 tumor suppressor gene[8].
Somatostatin is a widely distributed peptide that inhibits
the growth of multiple epithelial cell types[9]. The antiproliferative
action of somatostatin (SS)/analogues is mediated by specific
G-protein coupled receptors. Somatostatin receptor gene
expression is a requirement for inhibition of pancreatic cancer
growth by somatostatin and its analogues in vitro and in vivo.
However, studies have revealed a specific loss of SSTR2
subtype gene expression in human pancreatic carcinoma and
in most derived cell lines[10]. This may explain why recent clinical
trials of somatostatin analogues in the adjuvant treatment of
advanced pancreatic cancer have failed to demonstrate a
response[11-14].
We proposed in the present study a new gene therapy for
pancreatic cancer based on the antioncogenic properties of SSTR2
gene expression. In our study, we transfected somatostatinreceptor-negative pancreatic carcinoma xenografts in nude mice
with SSTR2 gene, and observed their effects on tumors.
MATERIALS AND METHODS
Materials
Panc-1, a human pancreatic cancer cell line, was purchased
from Peking Union Medical College, Dulbecco’s modified
Eagle’s medium (DMEM) and fetal bovine serum (FBS) was
purchased from Gibco BRL. SSTR2-pCMV-6C vector was kindly
provided by G. I. Bell (Howard Hughes Medical Institute, The
University of Chicago, Chicago, IL). Lipofectamine 2000 was
purchased from Invitrogen (Invitrogen, San Diego, CA).
Polyclonal antibody of SSTR2 and streptavidin peroxidase (SP)
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kit were purchased from Santa Cruz Biotechnology Inc. (Santa
Cruz, CA, USA). Peroxidase-conjugated rabbit anti-goat IgG
and diaminobenzidine (DAB) were purchased from Beijing
Zhongshan Biotechnology Inc. TUNEL reagent kit was purchased
from Boehringer-Mannheim (Germany). Eighteen six-week-old
BALB/C male nude mice were obtained from Hubei Center for
Disease Control and Prevention.

Plasmid preparation
We transformed the colon bacillus (DH-5) to amplify pCMV6C-SSTR2 plasmid and pCMV-6C plasmid. The two plasmids
were extracted by plasmid DNA purification system (Promega,
USA) according to the manufacturer’s instructions, and kept
at -20 ℃.
Animal models and experimental protocol
Panc-1 cells were grown in DMEM supplemented with 100 mL/L
FBS at 37 ℃, in a humidified atmosphere containing 50 mL/L
CO2. Cells were harvested from exponential phase growth,
centrifuged and washed with phosphate-buffered saline (PBS,
pH 7.4), re-suspended in serum-free media, and the concentration
of cells was adjusted to 2×107/mL. Then each nude mouse
received a subcutaneous injection containing 8×106 Panc-1 cells
on the back. Nude mice were bred and maintained under
pathogen-free conditions. After 7 d, when the tumor size was
5 mm×5 mm, the mice were divided randomly into three groups
(6 mice/group). Group I served as an untreated control group,
group II served as a vector control group receiving an intratumoral
injection of a combination of pCMV-6C plasmid and
lipofectamine 2000, and group III served as the experimental
group receiving an intratumoral injection of a combination of
pCMV-6C-SSTR2 plasmid and lipofectamine 2000. The injection
containing 100 L serum-free DMEM, 5 g plasmid and 10 L
lipofectamine 2000, was given once a week for 4 wk. Subcutaneous
tumors were externally measured in two dimensions using
vernier calipers before each injection. Tumor volume was
determined by equation V = W2 ×L/2, where W is the width and
L is the length of the tumor. Tumors were dissected from mice
under pentobarbital anesthesia on the thirty-second day of
inoculation and kept at -80 ℃ immediately.
Immunohistochemistry
The expression of SSTR2 and the transfection efficiency in
group III tumor cells were detected by using immunohistochemical
SP methods. Four-micrometer-thick sections were prepared from
formalin-fixed and paraffin-embedded specimens. Sections were
deparaffinized, rehydrated, and treated with 30 mL/L H2O2 to
block endogenous peroxidase activity. The sections were placed
in 10 mmol/L sodium citrate buffer (pH 6.0) and heated three
times for 5 min each at 15 min intervals using a microwave oven
operating at 600 W. After washing three times with PBS (pH 7.4),
A

B
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sections were incubated for 20 min with goat serum solution to
block the nonspecific antibody-bindings, then incubated with
goat-anti-human polyclonal antibody diluted to 1:100, for 12 h at
4 ℃, followed by immunoperoxidase immunostaining using
streptavidin peroxidase/horse radish peroxidase (SP/HRP).
Immunostaining was developed using DAB as chromogen.
Slides were counter-stained with hematoxylin. Negative control
slides were prepared by replacing the primary antibody with PBS.

Western blot
Frozen tumors were rinsed in ice-cold PBS, and homogenized
in homogenization buffer containing 50 mmol/L Tris-HCL (pH 8.5),
150 mmol/L NaCL, 0.2 g/L NaN3, 0.1 g/L SDS, 100 g /mL PMSF,
1 g/mL aprotinin, 10 g/L NP-40, and 5 g/L sodium deoxycholate.
The products were centrifuged at 14 000 g for 15 min to remove
cellular debris. Protein concentrations were determined by the
Bradford methods. A total of 100 g protein was separated by
electrophoresis using 100 g/L sodium dodecyl sulfatepolyacrylamide gel, transferred to a Immun-Blot PVDF Membrane,
blocked out with degreased milk for 12 h and hybridized with a
polyclonal antibody for SSTR2 (1:1 000 dilution) at 4 ℃ overnight.
After washing three times, the membranes were incubated with
rabbit anti-goat IgG at room temperature for 1 h. At last, the
protein was visualized by a chemiluminescence detection kit.
TUNEL
Sections were deparaffinized and rehydrated, then rinsed three
times with PBS and incubated with blocking solution (30 mL/L
H2O2 in methanol) for 10 min at room temperature. Slides were
rinsed three times with PBS and incubated with TUNEL reaction
mixture in a humidified chamber for two hours at 37 ℃, with
goat serum in a humidified chamber for 20 min to avoid
nonspecific staining, with peroxidase-labeled anti-fluorescein
antibody in a humidified chamber for 30 min at 37 ℃, respectively.
After washing three times with PBS, slides were counter-stained
with hematoxylin, and mounted under microscope. Some sections
stationed with no TUNEL mixture were used as negative controls.
Statistical analysis
The results were expressed as mean±SD. Student’s t test was used
to compare data. P<0.05 was considered statistically significant.
RESULTS
Re-expression of SSTR2 after transfection
Immunohistochemistry and Western blot analysis confirmed
the absence of SSTR2 in groups I and II, and the expression of
SSTR2 in tumors transfected with the SSTR2 gene (group III)
(Figures 1, 2). SSTR2 protein expression could only be detected
on the surface of SSTR2 transfected tumor cells (group III).
These proved that the transfection succeeded in causing Panc-1
xenografts to re-express cell-surface SSTR2 protein.
C

Figure 1 Immunohistochemical staining of SSTR2 expression in groups I (A), II (B), and III (C) (SP, magnification ×400).

518

ISSN 1007-9327

1

2

CN 14-1219/ R

3

World J Gastroenterol

Volume 11

Number 4

respectively. The tumor weight in groups I, II and III was
1.412±0.146 g, 1.365±0.116 g and 0.523±0.090 g, respectively.
There was a statistical significance between groups III and I or
II (P<0.05), but no statistical significance between groups I
and II.

4

41ku

Figure 2 Western blot analysis for SSTR2 expression. Lanes 1
and 2: experimental group; lanes 3 and 4: control groups.

In vivo gene transfer efficiency detected by immunohistochemistry
To examine the efficiency of in vivo gene transfer into tumors by
lipofectamine 2000, we selected two immunohistochemical
sections per nude mouse tumor, and counted at least 5000 cells
per section at high magnification (×40) on continuous fields.
At last, quantification revealed that about 2% of tumor cells in
group III had positive staining for SSTR2 (Figure 1C).
Expression of SSTR2 inhibited growth of pancreatic cancer
xenografts
As shown in Figures 3 and 4, tumors in groups I and II grew
rapidly. In contrast, the growth of SSTR2 tumors was dramatically
inhibited. After 32 d, the tumor volume in groups I, II and III
was 2.058±0.176 cm³, 2.025±0.163 cm³ and 0.318±0.098 cm³
A
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Apoptosis index
As shown in Figure 5, positive staining located in the nuclei of
apoptotic cells. Quantitative analysis showed that AI
significantly increased in group III (1.47±0.13%) compared with
group I (0.56±0.09%) and group II (0.57±0.11%) (P<0.05). No
significant differences were observed in AI between groups I
and II.
DISCUSSION
Since there is no satisfactory therapeutic method for pancreatic
cancer, developing new therapeutic strategies have become a
key point in this field. Gene therapy strategies may provide
more favorable therapeutic benefits than the conventional
treatments. Studies have indicated that SSTR2 gene is one of
the candidate antioncogenes for therapy of pancreatic cancer.
Re-expression of SSTR2 gene could exert therapeutic effects
on tumor cell growth through different mechanisms[2,15-18]. We

B

C

Figure 3 Pancreatic xenografts in the nude mice. Tumors in groups I (A) and II (B) were bigger than that in group III (C), and dark
parts display distinct necrosis.
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Figure 4 Effect of SSTR2 gene transfection on Panc-1 cell xenografts.
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Figure 5 AI detected by TUNEL reaction in groups I (A), II (B), and III (C) (magnification ×400).
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transferred SSTR2 gene into wild Panc-1 cell xenografts by
lipofectamine through repeated intratumoral injections at
different sites. The growth of tumor in experimental group was
significantly inhibited. The AI of tumor cells significantly
increased in SSTR2-expressed tumors. These data indicate that
the therapeutic effect evoked by our means is remarkable.
At present, it is impossible to transfer therapeutic genes to
all tumor cells for gene therapy of solid cancers. Bystander
killing effect on nontransduced cells is thus required for the
success of cancer gene therapy. Nontransduced cells could be
suppressed or/and killed through the bystander killing effects
comprising several mechanisms, including intercellular transfer
of toxic metabolites via gap junctions or apoptotic vesicles[19],
uptake by nearby untransduced cells of apoptotic vesicles
containing hydrolases or enzymes triggered by programmed
cell death[20], or active local cell-mediated immune response[21].
In our study, we observed that the therapeutic effect was
remarkable despite a low ratio of SSTR2-expressed cells of tumors
in experimental group. In a similar study, Vernejoul et al [2]
observed a significant inhibition of tumor growth and a marked
increase in AI in SSTR2-transduced tumors . Since AI of tumor
cells in different groups is not parallel to the extent of SSTR2
expression, apoptosis could not be attributed solely to SSTR2expressed cells entering into programmed cell death, suggesting
strongly a bystander killing effect evoked by SSTR2-transduced
cells on untransduced cells. We put forward here some
hypotheses about the bystander killing effect. The first
explanation is that apoptosis could contribute to it. A significant
increase in apoptosis of tumor cells in experimental group was
measured under the condition of limited transfection efficiency.
We, therefore, conclude that apoptosis could diffuse from
transduced cells to untransduced neighboring tumor cells.
However, mechanisms other than apoptosis might be involved
in the bystander killing effect. Rochaix et al[18] detected a marked
decrease in Ki67 proliferative index in tumors expressing SSTR2.
We know that Ki67 is a nuclear protein expressed only during
G2-M phase of mitosis. Vernejoul et al[2] observed that SSTR2
gene transfer was accompanied with a significant decrease in
the proliferating cell nuclear antigen (PCNA) index. The
decreased degrees of these two proliferative indexes are not
obviously parallel to the efficiency of SSTR2 transduction.
Pages et al[22] have also confirmed that SSTR2 could mediate
cell cycle arrest. Thus we conclude that SSTR2-transduced
cells could suppress untransduced neighboring tumor cells.
Studies have revealed that vascular endothelial growth factor
(VEGF) plays a key role in tumor growth [23,24]. It has been
reported that VEGF and its receptor are overexpressed in cancer
cells, including pancreatic cancer cells[25,26]. Our previous
studies[27-29] have confirmed that VEGF expression could be
down-regulated in pancreatic cancer cells after transferring
SSTR2 gene, suggesting the antiangiogenic effect of SSTR2
gene. Since tumor growth depends on blood supply, some
tumor cell growth is suppressed, and then programmed cell
death occurs. The expression of SSTR2 could also influence
the expression of other subtypes of SSTR, such as up-regulation
of SSTR1, which might contribute to inhibition of pancreatic
cancer cell proliferation[30].
We adopted the way of repeated intratumoral injections at
more sites to observe the prolonged effect of SSTR2 gene on
pancreatic cancer. In order to promote the transfection effect
before injection, we mixed plasmid and lipofectamine 2000 in
100 µL DMEM without serum. Tumor cells might interact with
the plasmid more easily due to the local tension produced by
the liquid. It might be beneficial for the plasmid to be infused
with cell membranes or to be endocytosed by tumor cells.
In conclusion, re-expression of SSTR2 gene in vivo can inhibit
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the growth of pancreatic tumor by increasing apoptosis of tumor
cells, and restoration of SSTR2 in pancreatic cancer cell line
Panc-1 may offer an avenue for antitumor therapy.
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Abstract
AIM: To propose a new, non-invasive method for monitoring
24-h pressure, temperature and pH value in gastrointestinal
tract.
METHODS: The authors developed a miniature, multifunctional gastrointestinal monitoring system, which comprises
a set of indigestible biotelemetry capsules and a data recorder.
The capsule, after ingested by patients, could measure
pressure, temperature and pH value in the gastrointestinal
tract and transmit the data to the data recorder outside the
body through a 434 MHz radio frequency data link. After
the capsule passed out from the body, the data saved in
the recorder were downloaded to a workstation via a special
software for further analysis and comparison.
RESULTS: Clinical experiments showed that the biotelemetry
capsules could be swallowed by volunteers without any
difficulties. The data recorder could receive the radio
frequency signals transmitted by the biotelemetry in the
body. The biotelemetry capsule could pass out from the
body without difficulties. No discomfort was reported by
any volunteer during the experiment. In vivo pressure and
temperature data were acquired.
CONCLUSION: A non-invasive method for monitoring 24-h
gastrointestinal parameters was proposed and tested by
the authors. The feasibility and functionality of this method
are verified by laboratory tests and clinical experiments.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastrointestinal monitoring system; pressure;
Temperature; Hydrogen Ion Concentration
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INTRODUCTION
Measurement of physiological parameters such as pressure

and pH value is important for gastrointestinal motility study
and diagnosis of gastrointestinal motility disorders[1]. The
conventional ways for internal monitoring and examining human
digestive tract are the open-ended catheter method, bladder
catheter method or by means of sensors embedded in flexible
cannulae[2,3]. These approaches need pipes inserted into the
alimentary tract of patients. As a result, these methods are
invasive and can cause a great pain for the patients. In addition,
patients must have an “empty stomach” when these conventional
methods are performed. So the data acquired are limosis data
and can not show the natural and real conditions of the alimentary
tract. Furthermore, physicians can not collect the data from the
whole gastrointestinal tract because catheters can not reach
so far in the small intestine.
Gastrointestinal motility can also be studied through
myoelectric activities of the intestine[4-7], small bowel sound
recording[8-11], radio-opaque makers[12] or magnetic makers[13-17]
and ultrasound methods[18-20]. These techniques have several
disadvantages such as indirection, uncertainty, patient discomfort,
and high cost.
To overcome these shortcomings, the authors developed a
miniature, multi-functional gastrointestinal monitoring system
employing micro-electro-mechanical system (MEMS), wireless
communication and packaging techniques. This device makes
it possible to monitor a 24-h pressure, temperature and pH
value in gastrointestinal tract. This device was initially
developed for measuring the intestinal motility of constipation
patients, but it can be employed in the gastrointestinal motility
study and other motility disorder diagnosis.

MATERIALS AND METHODS
Overview
The whole monitoring system comprises four blocks: a
biotelemetry capsule, a data recorder, an ultrasonic electrode
waistcoat and a workstation (Figure 1). Two types of capsules
have been developed currently. One is for pressure and temperature
monitoring, called PT capsule, and the other is for pH monitoring,
called pH capsule. The biotelemetry capsule is orally ingested
by patients, and then it is propelled by peristalsis through the
gastrointestinal tract and does not require a pushing force to
propel it through the stomach, small bowel or colon. When the
capsule passes through the alimentary tract, it transmits
pressure, temperature or pH data to the data recorder attached
to the body at a preset time interval of 1.15 s using radio frequency
at approximately 434 MHz. The data recorder receives the data
and stores them into a flash memory card. The position of the
capsule in the body is detected by ultrasonic electrodes
mounted on the key points of the body surface. The position
data are also stored by the data recorder. Patients do not need
to stay in the hospital. They could swallow the biotelemetry
capsule, attach the recorder to their belt and go out to take part
in their daily activities. After the capsule passes out from the
body with stools, the recorder is sent to the physician’s office.
The data stored in the recorder are downloaded to the
workstation through a wired link, and then the physician
analyses the data using a special software to pinpoint the
problem area and assists in the diagnosis.
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Device design
The biotelemetry capsule was made of the following functional
blocks: batteries, a signal processor, a power manager, a radio
frequency (RF) transmitter, micro sensors and an outer shell
(Figure 2). The power source for the capsule was two commercially
available high-density silver-oxide cell batteries. The nominal
capacity of each cell battery was 40 mAh. To ensure durable
and stable power supply for the capsule, a step-up direct-current
to direct-current (DC-DC) converter with a regulated voltage
output was implemented. Analog switches were implemented
in the power manager to govern the power sequencing of the
micro sensors under the control of the signal processor. In this
way, the lifespan of the batteries was greatly prolonged.
Several miniature biochemical and physical sensors were
employed. These sensors included a biomedical absolute
pressure sensor, a medical grade temperature sensor and an
ion-selective field effect transistor (ISFET) pH sensor. The range
and precision of each sensor are shown in Table 1.

Ultrasonic
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biocompatibility of the capsule. The sensors were surface mounted
at the ends of the outer shell. All other parts were sealed in the
shell by silicone (Figure 3). The weight and dimension of each
capsule are shown in Table 2.
The data recorder is a stand-alone unit that could
communicate with the biotelemetry capsule to receive the
collected data and then store them into its flash memory card
(Figure 4). The data recorder could also store the capsule
position information detected by the miniature ultrasonic
electrodes embedded in the waistcoat. A universal synchronous
asynchronous receiver transmitter (USART) port was designed
to transmit the data to the workstation.

Pressure
sensor

electrode

Volume 11

Temperature PH
sensor
sensor

Data

Figure 3 Different biotelemetry capsules. Left, a pressure
capsule; middle, a pH capsule; right, a pharmaceutical capsule.

recorder
Wired link
Workstation

ACDS-2 型

数据记录系统

Figure 1 Components of the entire monitoring system.

上海交通大学820研究所

5
1

2

浦东新区人民医院

4

7

6

Figure 4 Data recorder and flash memory card. Left, data
recorder; right, flash memory card.

3
Power

Signal

Table 2 Weight and dimension of each capsule

Figure 2 Components of the biotelemetry capsule. 1: batteries;
2: signal processor; 3: power manager; 4: RF transmitter; 5:
micro sensors; 6: outer shell; 7: antenna.
Table 1 Range and precision of each sensor
Sensor
Pressure
Temperature
pH

Range
-60 to +200 mmHg
34 to 42 ℃
1 to 13

Parameter

1% FS
±0.2 ℃
±0.2

To ensure a non-invasive measurement, an RF transmitter
was constructed[21]. The RF carrier frequency was in the 434
MHz ISM (Industrial, Scientific and Medical) frequency band.
This frequency was selected because the maximal radiation
was found to occur in this band[22-24]. Amplitude-shift keying
(ASK) modulation scheme was adopted to lower the power
consumption. The RF transmitting power of the transmitter
was 0 dBm.
The outer shell was made of medical-grade silicone to ensure

pH capsule

Diameter (mm)

10 .0

10 .0

Length (mm)

21 .1

24 .0

2.9

5.2

Weight (gram)
Precision

PT capsule

Laboratory test and clinical experi ment
The monitoring system was checked and tested by Shanghai
Medical Device Monitor and Test Center under State Food and
Drug Administration, National Center of Measurement and Test
for East China. The test results were listed in the next section.
To test and verify the in vivo performance of the monitoring
system, fasting healthy volunteers, including 6 males and 1
female, were adopted. Their age ranged from 34 to 55 years
(Table 3). No gastrointestinal preparations, such as cleaning of
all fecal materials in the intestine and fasting before the
examination, which were required by the traditional methods,
were done before the experiment. The PT capsule, after
sterilized, was taken with warm boiled water. The data recorder
was attached to the belt of volunteers. The foods for volunteers
were rice, vegetable and meat. Sleeping time was 8 to 10 h per

Wang WX et al. Method for gastrointestinal parameter monitoring

day. X-ray films were acquired to verify the position of the
biotelemetry capsule in the body (Figure 5).
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break was found in all biotelemetry capsules in the surface test
after they passed out from the body. No discomfort was reported
by any volunteer during the experiment. A sample of pressure
and temperature plot of clinical experiments is shown in Figure 6.
Table 4 Pressure data
Pressure

Gauge data

(kPa)

(mmHg)

Up

Down

Up

Down

-8.00

-60.0

-59.6

-60.0

-60.4

-60.7

-4.00

-30.0

-29.3

-28.9

-30.4

-30.6

0.00

0.0

0.0

1.2

-0.4

-0.4
39.3

5.33

40.0

38 .0

40.4

38 .0

Figure 5 Biotelemetry capsule in the body shown on two X-ray
films.

10.67

80.0

79 .0

80.7

79 .0

79.8

16.00

120.0

121.2

121.8

120.8

121.2

Table 3 Volunteers and CIB time

21.33

160.0

161.7

162.5

159.9

160.9

26.00

200.0

200.8

199.8

199.8

199.8

Volunteer no.

Sex

Age (yr)

CIB time (h)

1 mmHg = 0.133322 kPa.

1

M

42

25.78

2

M

52

33.83

3

M

34

28.22

4

F

50

11.72

Temperature (℃)

5

M

55

19.07

34.00

34.02

6

M

54

33.12

36.00

35.91

7

M

49

18.77

38.00

38.03

40.00

40.06

42.00

42.11

Table 5 Temperature data

M: male; F: female; CIB time: capsule in body time.

(mmHg)

RESULTS
The laboratory testing data provided by the authorised
institutes are shown in Tables 4-6. The gauge data in the tables
were readings shown by the monitoring system.
In 7 clinical experiments, all biotelemetry capsules could be
swallowed without any difficulties. The data recorder could
receive the RF signals transmitted by the biotelemetry in the
body throughout the experiment. All biotelemetry capsules
could pass out from the body without difficulties (Table 3). No
200
180
160
140
120
100
80
60
40
20
0
-20
-40
-60

Gauge data

Table 6 pH data
Gauge data
pH
1

2

3

4

5

4.00

4.4

4.3

4.3

4.3

4.4

6.86

6.7

6.7

6.8

6.7

6.7

9.18

9.2

9.3

9.3

9.2

9.3

Pressure plot

690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720

(min)

(℃)

Temperaure plot
42.0
41.5
41.0
40.5
40.0
39.5
39.0
38.5
38.0
37.5
37.0
36.5
36.0
35.5
35.0
34.5
34.0
690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720

(min)

Figure 6 Pressure and Temperature plots.
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DISCUSSION
In vitro and in vivo tests verified the feasibility and functionality
of the monitoring system. By means of micro sensors and wireless
communication, this system could provide a non-invasive and
direct method to measure and monitor gastrointestinal parameters.
Intralumen pressure is an important parameter of gastrointestinal
motility. Exposure to extreme weather or physical work conditions
could lead to dangerous core temperature changes and clinical
syndromes accompanying them. Core temperature measurement
is the main tool for diagnosing these syndromes[25]. Intragastric
pH value has been verified to be a standard indicator of
duodenogastric reflux[26, 27]. There is a direct correlation between
other diseases and gastrointestinal pH value[28,29]. This method
could not only avoid discomforts and even great pains caused
by conventional methods, but also give physicians the
possibility to study multi -parameter s of the entire
gastrointestinal tract and to better diagnose gastrointestinal
disorders. Although capsule endoscopy has been invented
recently[30], it could not monitor a 24-h motility and other
parameters which are quantitative indexes of gastrointestinal
motility and other diseases.
The biotelemetry capsule system can be used to monitor a
24-h pH value for the diagnosis of gastroesophageal reflux
disease with proper improvement, and to evaluate the recovery
state of patients after gastrointestinal operation.
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Abstract
AIM: To observe the effect of resveratrol on nuclear factor
Kappa-B (NF-B) activation and the inflammatory response
in sodium taurocholate-induced pancreatitis in rats.
METHODS: Seventy-two male SD rats were randomly
divided into three groups: sham operation group (control),
severe acute pancreatitis (SAP) group, and severe acute
pancreatitis group treated with resveratrol (RES). A SAP
model was established by injecting 4% sodium taurocholate
1 mL/kg through puncturing the pancreatic duct. In Res
group, Res was given at 30 mg/kg b.m. intraperitoneally
after the SAP model was successfully established. Eight
animals from each group were sacrificed at 3, 6 and 12 h
after modeling. The expression of NF-B activation of
pancreas was detected by immunohistochemical staining,
whereas the levels of TNF- and IL-8 in pancreatic tissues
were estimated by radioimmunoassay. The pathological
cha nges o f pancrea s and lungs w ere ex am ined
microscopically.
RESULTS: Much less hyperemia, edema, dust-colored
necrotic focus and soaps were noticed in pancreas in RES
group than in SAP group. In RES group, hemorrhage,
exudates and infiltration of inflammatory cells in pancreas
and interstitial edema, destruction of alveolar wall in lung
were significantly less than in SAP group. In the SAP group,
the activation of NF-B in pancreatic tissues was enhanced
significantly at any measure point compared with control
group (64.23±10.72% vs 2.56±0.65%, 55.86±11.34% vs
2.32±0.42%, 36.23±2.30% vs 2.40±0.36%,P <0.01), TNF-,
IL-8 were also increased and reached their peak at 6 h
and then declined. The activation of NF-B and the levels
of TNF- and IL-8 in RES group were significantly lower
than those in SAP group (P<0.01): activation (52.63±9.45%
vs 64.23±10.72%, 40.52±8.40% vs 55.86±11.34%,
29.83±5.37% vs 36.23±2.30%), TNF- (132.76±15.68 pg/mL
vs 158.36±12.58 pg/mL, 220.32±23.57 pg/mL vs 247.67±
11.62 pg/mL, 175.68±18.43 pg/mL vs 197.35±12.57 pg/mL)
and IL-8 (0.62±0.21 g/L vs 0.83±0.10 g/L, 1.10±0.124 g/L
vs 1.32±0.18 g/L, 0.98±0.16 g/L vs 1.27±0.23 g/L).
CONCLUSION: The activation of NF-B is involved in the
inflammatory response of rats with SAP. Resveratrol could

effectively inhibit the expression of NF-B activation,
alleviate the severity of SAP through its anti-inflammatory
effects and regulate the inflammatory mediators.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Acute pancreatitis; Resveratrol; NF-B;
Inflammatory factors
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INTRODUCTION
Organ failure is common in patients with severe acute
pancreatitis (SAP), and patients with multiple organ dysfunction
(MODF) and acute respiratory distress syndrome (ARDS) have
a higher mortality rate. Prevention and active treatment of organ
failure can improve the outcome of patients with SAP[1]. Recent
studies have demonstrated that SAP complicated by ARDS
and MODF is hardly elucidated by the traditional concepts of
pancreatic enzyme activation and autodigestion, but closely
associated with some cytokines such as TNF,IL-1 and, IL-8[2,3].
At present, researchers pay more attention to the relationship
between nuclear factor kappa-B (NF-B), inflammatory
cytokines and acute pancreatitis ( AP)[2,4]. NF-B is a protein
that can bind to its consensus sequence on the promoterenhancer region of multiple genes for activating gene
transcription. It has been found that inflammatory genes
associated with inflammatory and immune responses have the
NF-B-binding domain and NF-B plays a critical role in the
expression of these genes[5]. Its activation may enhance recruitment
of inflammatory cells and production of proinflammatory mediators
like IL-1, IL-6, IL-8, and TNF-[6,7] .
As a polyphenol compound existing mainly at high levels
in grapes, Eranthis hyemalis and giant knotweed rhizome,
resveratrol (3,5,4’-trihydroxystilbene, Res) etc, has been found
to have anti-inflammatory, antioncogenic, antioxidant,
immunity-modulatory properties[8-15]. Recent in vitro studies
have shown that Res can suppress NF-B activation. In the
present research, we investigated the effect of Res on NF-B
activation and the inflammatory response in sodium
taurocholate-induced severe acute pancreatitis in rats.
MATERIALS AND METHODS
Reagents
NF-B P65 monoclonal antibody was from SantaCruz. The
immunohistochemistry kit was provided by Beijing Zhongshan
Biotechnology Company. Kits of TNF- and IL-8 assay were
purchased from China Institute of Atomic Energy. Sodium
taurocholate and Res were from Sigma.
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out according to the kit application protocol.

Animals and experimental groups
Healthy male SD rats weighing 250-300 g were provided by the
Experimental Animal Center of Medical School of Xi’an Jiaotong
University. All animals were randomly divided into three groups
with 24 rats each, including ASP group, RES group and control
(sham operation) group.

Statistical analysis
Data were represented as mean±SD. ANVOA was used to
analyze the data with the SPSS10.0 software. P<0.05 was
considered statistically significant.

Methods
Preparation of animal models Rats were starved but allowed
free access to water for 12 h before initiation of the experiments.
Rats were anesthetized by intraperitoneal injection of ketamine
(80 mg/kg) and fixed. The biliopancreatic duct was cannulated
through the duodenum and the hepatic duct was closed by
means of a clip placed at the hilum of the liver. A SAP model
was established by injecting 4% sodium taurocholate 1mL/kg
through puncturing the pancreatic duct. After the SAP model
was successfully established in Res group, Res was given at
30 mg/kg b.m. intraperitoneally. A control group was established
by turning over the duodenum. Animals in control group were
only turned over duodenum. Animals from all groups were
injected with normal saline solution 5 mL subcutaneously on the
back. Eight animals from each group were sacrificed at 3, 6 and
12 h after modeling. Tissue samples from the cauda pancreatis
and lungs were taken and fixed in 4% paraformaldehyde,
embedded in paraffin wax and sectioned for immunohistochemical staining. Tissue samples from the border between the
body and the tail of pancreas were also collected and frozen in
liquid nitrogen for the measurement of TNF- and IL-8.
Histopathological examination of pancreas and lung Changes
in pancreas were observed macroscopically and microscopically.
Specimens from the pancreas and lung were fixed by immersion
in 4% paraformaldehyde at 4 ℃ and cut into 4 m thick sections.
After stained with hematoxylin and eosin, the sections were
observed under a microscope.
Assay of the activated NF-B in pancreas Sections embedded
in paraffin wax were de-waxed, rehydrated in gradient alcohol
and endogenous peroxidase activity was blocked with 3% H2O2
for 5 min, and then incubated in normal goat serum and followed
by using monoclonal NF-B p65 (F-6) antibody (diluted 1:100)
that could recognize the amino-terminal sequences of the p65
subunit overnight at 4 ℃. Then, sections were incubated with
secondary antibody using goat anti-rabbit IgG. At last, the
sections were visualized by incubating with diaminobendizine
(DAB) solution and weakly counter-stained with hematoxylin.
Positive signals were detected as cytoplasm and nucleus
staining presenting yellow color. According to the staining
intensity, the staining was graded as follows : (-) = negative,
(+) = weak, (++) = moderate, (+++) = strong .The positive cells
and total cells were counted in 4 random high power fields
under a light microscope and the positive rate was calculated
by the formula: the positive rate = the number of positive cells/
the number of total cells.
Assay of TNF-, IL-8 One hundred mg sample tissue from the
border between the body and tail of pancreas was used and
homogenated with 1mL phosphate-buffered solution. The
supernatant was collected and radioimmunoassay was carried

RESULTS
Pathological observation of pancreas
In SAP group, hyperemia, edema, dust-colored necrotic focus
and soaps were noticed in pancreas, and hemorrhage was found
in peripancreatic fat. It showed that the region of hyperemia
and necrosis extended with time passing. Although pathologic
region expanded with time in the initial 6 h in RES group, but it
was alleviated significantly after 6 h by the treatment of Res.
Histopathology under light microscope
In SAP group, the edematous pancreas was infiltrated with
numerous inflammatory cells and scattered foci and a large
scale of hemorrhage and necrosis. Microthrombi could be found
at small vessels in the peripheral part of necrosis foci. Whereas,
the histological changes, such as hemorrhage, exudates and
infiltration of inflammatory cells were significantly less in RES
group than in SAP group.
Remarkable changes were observed in the lungs of SAP
groups: alveolar septal thickening, interstitial edema, and
infiltration of numerous inflammatory cells, destruction of
alveolar wall, and numerous erythrocytes locating in the
alveolar space. The aforementioned histological abnormalities
were not found in RES group.
NF-B expression in pancreas
The activated NF-B, which could hardly be found in normal
pancreatic cells was located in nuclei and mainly in the
cytoplasm of pancreatic acinar cells. The expression of NF-B
activation was the highest at 3 h. But it reduced slightly at 6 h
and 12 h, and still maintained high. In RES group, the
expressions of NF-B activation at 3 h, 6 h, and 12 h were lower
than those in the other groups respectively (Tables 1-2)
Table 1 Activation extent of NFkB in pancreas (mean±SD, %)
Group
Control

Number of
animal
8

3h

6h

2.56±0.65

SA P

8

64.23±10.72

RES

8

52.63±9.45 a

3h

55.86±11.34
40.52±8.40 a

(+)

( ++ ) ( +++ )

Control

8

0

0

SA P

0

0

RES

0

1

2.40±0.36
b

36.23±2.30 b
29.83±5.37 a

b

P<0.01 vs control group; aP<0.05 vs control group.

TNF- and IL-8 examination
In SAP group, the level of TNF- was higher than in RES group
at 3 h and reached its peak at 6 h. After reaching its highest
level, the level of TNF- in RES group dropped gradually and a

6h

()

12 h

2.32±0.42
b

Table 2 Expression level of active NFB in pancreas in three group (n = 8)
Group

Number 4

12 h

()

(+)

( ++ ) ( +++ )

()

(+)

0

8

0

0

2

6

0

2

5

2

1

4

( ++ ) ( +++ )

0

8

0

0

0

6

0

0

5

3

0

3

0

2

5

1

0
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significant decrease was found at 6 h and 12 h compared to
SAP group (P<0.05) (Tables 3 and 4).
Table 3 Concentration of TNF in pancreas (mean±SD, pg/mL)
Group

Number
of animal

3h

6h

12 h

Control

8

43.32±1.21

SAP

8

158.36±12.58 b

247.67±11.62b

44.58±2.10

197.35±12.57 b

44.22±1.58

RES

8

132.76±15.68

220.32±23.57a

175.68±18.43a

b

P<0.01 vs the control group; aP<0.05 vs the control group.

Table 4 Concentration of IL8 in pancreas (mean±SD, g/L)
Group

Number
of animal

3h

Control

8

0.20±0.03

6h

b

SA P

8

0.83±0.10

RES

8

0.62±0.21 a

12 h

0.22±0.013
1.32±0.18

b

1.10±0.124 a

metabolism and inhibiting lipid peroxidation. It can also inhibit
the production of COX, reduce the production of leukotriene,
TXAB2, 5-HETE, endodermis attachment proteins (ICAM-1,
VCAM-1)[21] and increase CAMP levels in neutrophils and
suppress NF-B activation[21]. The mechanism underlying the
NF-B activation is to decrease the production of reactive
oxygen species (ROS). ROS can activate NF-B[22], inhibit the
I B kinase activation and P65 subunit phosphorylation, which
can effectively suppress the NF-B binding ability[23], inhibit
the I B phosphorylation and degradation and the NF-B
activity[5].
In conclusion, imbalance in cytokine network plays a critical
role in AP. There is a close relation between SIRS, MODS and
the high expression of cytokines. Res might be a potential
candidate for therapy of AP.
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0.18±0.014
1.27±0.23
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1

b

0.98±0.16 a

b
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Abstract
AIM: To determine the expression of c-fos in gastric
myenteric plexus and spinal cord of rats with cervical
spondylosis and its clinical significance.
METHODS: A cervical spondylosis model was established
in rats by destroying the stability of cervical posterior column,
and the cord segments C4-6 and gastric antrum were collected
3, 4 and 5 mo after the operation. Rats with sham operation
were used as controls. c-fos neuronal counter-staining was
performed with an immunohistochemistry method. Every
third sections from C4-6 segments were drawn. The 10
most labeled c-fos-immunoreactive (Fos-IR) neurons
were counted, and the average number was used for
statistical analysis. The mean of Fos-IR neurons in
myenteric plexus was calculated after counting Fos-IR
neurons in 25 ganglia from each antral preparation, and
expressed as a mean count per myenteric ganglion.
RESULTS: There were a few c-fos-positive neurons in the
cervical cord and antrum in the control group. There was
an increased c-fos expression in model group 3, 4 and 5 mo
after operation, whereas there was no significant increase
in c-fos expression in the control group at 3, 4 and 5 mo.
More importantly, there was a significant difference in c-fos
expression between rats followed up for 3 mo and those
for 5 mo in the model group (11.20±2.26 vs 27.68±4.36,
P<0.05, for the cervical cord; and 11.3±2.3 vs 29.3±4.6,
P<0.05, for the gastric antrum). There was no significant
difference between rats followed up for 3 mo and those for
4 mo and between rats followed up for 4 mo and those for
5 mo in the model group.
CONCLUSION: c-fos expression in gastric myenteric plexus
was dramatically associated with that in the spinal cord in
rats with cervical spondylosis, suggesting that the
gastrointestinal function may be affected by cervical
spondylosis. If this hypothesis is confirmed by further
studies, functional gastrointestinal diseases such as

functional dyspepsia and irritable bowel syndrome could
be explained by neurogastroenterology.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric myenteric plexus; Gastric spinal cord;
c-Fos protein; Cervical spondylosis
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INTRODUCTION
c-fos is a proto-oncogene or a cellular oncogene, which exists
extensively in genomes of eucaryotes. Most of them turn into
active oncogenes, which are called viral oncogenes by reverse
transcription of virus. c-fos plays a key role in life, since it
participates in normal cell growth, proliferation and regulates
message transfer in cells. During the last ten years, most studies
have focused on c-fos expression that is induced by the controlled
and natural irritations[1-3], most of which are acute, and only a
few are chronic. At present, physiological and pathophysiological
mechanism are deduced from these studies on c-fos[4-10]. For
example, cervical spondylosis is caused by cervical disc
degeneration, and subsequent facet joint degeneration.
Symptoms occur when the spinal cord, nerves and blood
vessels are injured or irritated. Chronic epidural scar adhesion
and substance P are related with c-fos expression[11]. Expression
of c-fos protein has been found in the herniated discs[12], which
participates in regulating AP-1 in extracellular matrix. Some
studies have proven that c-fos is associated with gastrointestinal
diseases[5,6,9,13]. However, there has been no report on c-fos
expression in gastric myenteric plexus and the spinal cord in
cervical spondylosis. In the present study, we determined the
simultaneous changes of c-fos expression in gastric and spinal
cord induced by cervical spondylosis and its clinical significance.
MATERIALS AND METHODS
Animal models
Ninety-six 4-mo-old Sprague Dawley rats, weighing 350±40 g,
purchased from the Animal Laboratory of the First Military
Medical University, Guangzhou, China, with the approval of
the Institutional Animal Care and Use Committee of the Shantou
University Medical College, were randomly divided into model
and control groups. The rats were fed a normal diet, with 8 in
one big cage, and kept for 3, 4 and 5 mo, respectively, after the
experimental or sham operations as described below. Each group
consisted of 8 male and 8 female rats at each time point.
The rats in model group were anesthetized by injecting
intraperitoneally 40 mg/kg of pentobarbital sodium. Dorsal neck
was shaved and a longitudinal incision about 2.5 cm was
followed. The dorsal muscles were separated and reserved.
Spinal processes, inter spinal ligaments, part of superior and

530

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

inferior articular processes between C3-7 levels were cut off.
When the movement degree between the neighboring superior
and inferior laminae was increased obviously after operation,
the incision was then closed. The successful models were
confirmed by evaluating X-ray films and the motion function
with oblique board test 3, 4 and 5 mo, respectively, after the
operation[14]. For rats in the control group (sham operation group),
the incision was closed after opening without further operation.

Cervical cord
The rats were euthanized with a lethal dose of pentobarbital
sodium (100 mg/kg) followed immediately by intracardiac
perfusion with 100 mL of 0.1 mol/L PBS (pH 7.4), and 400-500 mL
of fixative (4% paraformaldehyde, 0.05% picric acid in PBS,
0.15 mol/L, pH 7.4). Cervical cords were removed 1 h later and
post-fixed in the same fixative for an additional 3 h. After
cryoprotection overnight in 30% sucrose in 0.1 mol/L PBS,
50 µm-frozen-sections were cut in the transverse plane and
collected in 0.05 mol/L PBS for immunocytochemical analysis.
All immunohistochemical reactions were performed at room
temperature on floating sections agitated on a shaker. Sections
were incubated for 2 h in 3% normal goat serum and 0.3%
Triton X-100 in 0.15 mol/L PBS (NGS-T-PBS) and incubated
overnight in a rabbit polyclonal anti-c-fos antibody (Sigma,
Genetimes Technology, Inc.) diluted in NGS-T-PBS (1:100 000).
After being washed in 0.15 mol/L PBS and incubated for 1 h in
a biotinylated goat anti-rabbit antibody (1:500 in NGS-T-PBS
Sigma), sections were washed again in 0.15 mol/L PBS and
incubated for 2 h in avidin-biotin peroxidase complex (ABC
Elite; Sigma, Genetimes Technology, Inc.) and stained for 2 min
in a solution containing 0.05% of 3,3’ -diaminobenzidine (DAB)
and 0.2% ammonium nickel sulfate in 0.15 mol/L Tris buffer,
adding doses of H2O2 for 5 min to obtain the following dilutions:
0.001, 0.005, 0.015, 0.025, and 0.075%. Finally, the reaction was
stopped by washing in Tris buffer, the sections were mounted
on gelatin-coated slides under microscope.
c-fos-immunoreactive (Fos-IR) neurons were analyzed
throughout the C4-6 spinal segments. Sections were first drawn
with a camera lucida, noting the boundaries between the white
and gray matter and the reticular part of the lamina. Under brightfield microscope (objective 20×), each Fos-IR neuron was drawn
on the general boundary drawings obtained at the former step.
Every third section from the C6-4 segments was drawn, and
Fos-IR neurons were counted. The average from the 10 most
labeled sections of the C4-6 segments was used for further
statistical analysis.
Gastric antrum
Rats were euthanized with a lethal dose of pentobarbital sodium,
and when fully unresponsive, they were transcardially perfused
with 100 mL of 0.1 MPBS. (pH 7.4), and followed by 500 mL of
fixative (4% paraformaldehyde, 0.05% picric acid in PBS). The
stomach was then extracted and opened at the greater curvature,
thoroughly rinsed, and post-fixed for 24-48 h with the same
fixative. Before cutting, tissue samples were blocked and
immersed for 24 h in 25% sucrose in PBS for cryoprotection.
The tissue blocks were then mounted on a chuck using an
embedding gel and quickly frozen. Sections (20-25 µm thick)
were cut in a cryostat. The method for neuronal counter-staining
was adapted[15,16]. Briefly, the sections were first treated with
hydrogen peroxide (3% H2O2 and methanol, 1:4) for 20 min at
room temperature followed by three washes with PBS. After a
brief rinse in distilled water the sections were stained for 2 h
at 42 ℃ in cuprolinic blue (0.3% quinolinic phthalocyanine in
0.05 mol/L sodium acetate-1.0 mol/L magnesium chloride buffer,
pH 4.9). They were then rinsed briefly in distilled water,
differentiated for 2 min in the above buffer, and finally washed
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three times in PBS. For subsequent c-fos staining the sections
were immersed in a blocking solution (5% normal goat serum
with 1% BSA, 0.5% Triton X-100 in PBS) for 2 h before with
rabbit c-fos polyclonal antibody diluted in NGS-T-PBS (1:50
000). The sections were rinsed four times in PBS-Gel (0.1%
gelatin) and then incubated for 1h in a biotinylated goat antirabbit antibody (SIGMA, 1:500 in NGS-T-PBS). After three
rinses in PBS-gel, the sections were incubated for 1 h in an
avidin-biotin complex (1:500, Vectastain ABC Elite Kit, Sigma,
Genetimes Technology, Inc.). The antibody complex was then
rinsed again three times in PBS and visualized using a metalenhanced 0.05% of 3,3’-diaminobenzidine (DAB) for 3-5 min,
resulting in a dark blue-black nuclear stain. Fos-IR cells were
counted under microscope in 25 ganglia from each antral
preparation and expressed as a mean percentage count per
myenteric ganglion. Myenteric ganglia were recognized as
clearly delineated groups of neurons separated by well-defined
internodal fiber tracts. The mean from all animals in each group
was used to calculate the group mean. Data are expressed as
mean±SD of the number of cells or neurons per ganglion.

Quantitative analysis and statistics
The number of Fos-labeled neurons was determined without
knowledge of treatment. Ten sections from each rat cord were
quantified. Data were presented as mean±SD, statistical
comparisons were made by analysis of variance (ANOVA) or
Student’s t test, P<0.05 was considered statistically significant.
Comparisons of mean values between groups were performed
with one-way ANOVA, followed by Duncan’s contrast.
RESULTS
c-fos expression in the cervical cord
There were only a few c-fos expressing neurons in the cervical
cord of the control group. However, increased c-fos expression
was observed in the model groups 3, 4 and 5 mo after the operation
(Figure 1, Table 1). There was no significant spontaneous c-fos
expression in the spinal cord in the control group 3, 4 and 5 mo
after sham operation. However, there was significant increase in cfos expression in model group. More importantly, there was
significant difference in c-fos expression between rats kept for
3 mo and those for 5 mo in the model group (P<0.05) (Table 1).
A

B

C

D

Figure 1 c-fos expression in the cervical cord. A: Control group;
B: 3 mo model group; C: 4 mo model group; D: 5 mo model
group. There were only a few c-fos expressions in the cervical
cord of the control group, but increased c-fos expression was
seen in the model groups 3, 4 and 5 mo after the operation.
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Table 1 Number of c-fos positive neurons in cervical dorsal
horn in the two different groups(mean±SD)
Number of c-fos
positive neurons at different timepoints

Group
Control
Model

3 mo

4 mo

5 mo

1.25±0.25
11.20±2.26

2.03±0.50
15.02±3.91

1.98±0.60
27.68±4.36

c-fos expression in the gastric antrum
The number of fos-positive neurons in the gastric antrum was
expressed as a percentage of the total number of neurons in per
ganglion as assessed by cuprolinic blue counterstaining. There
was no significant spontaneous c-fos expression in the antrum
in the control group 3, 4 and 5 mo after sham operation. However,
there was significant increase in c-fos expression in model group
(Figures 2, 3, Table 2). More importantly, there was significant
difference in c-fos expression between rats kept for 3 mo and
those for 5 mo in the model group (P<0.05)(Table 2).
A

B

C

Figure 2 c-Fos expression in gastric antram. A: Control
group; B: Model group; C: Enlarged figure of the model
group; neurons were defined as c-fos positive when the
nucleus was stained with intensity clearly above the faint
background stain, whereas neurons were defined as c-fos
negative when the nucleus was either not stained at all or
stained with intensity closed to background stain.

A

B

Figure 3 Color photomicrographs of flat sections of gastric
wall showing nuclear c-fos labeling in neurons of myenteric
plexus. A: Control group; B: Model group. The cytoplasm of
antral neurons was counterstained with cuprolinic blue to
assess total number of neurons. Fos-positive neurons were
expressed as a percentage of the positive cells in total number.
Table 2 Number of c-fos positive neurons in antral ganglia
between the two different groups (Unit: %) (mean±SD)

Group
Control
Model

Number of c-fos positive neurons
in antral ganglia at different time points
3 mo
2.4±0.6
11.3±2.3

4 mo

5 mo

2.8±0.7
19.1±3.2

3.2±0.8
29.3±4.6
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DISCUSSION
c-fos protein, as a product of the immediate early gene[17], has
been regarded as an abnormal sign of neurons after injury or
irritation[18,19]. Normally, c-fos is expressed at a lower level in
most cells including neurons, and participates in growth,
differentiation, signal transferring and plasticity changes of
nerve cells. It also plays a role in some physiological courses
of learning and memory. In pathological conditions, expression
and regulation of c-fos are associated with many diseases,
such as spine cord injury[20], nerve injury[8,9], burn [4], drug
stimulation[2,6] and disc degeneration[12].
Previous studies on c-fos expression have concentrated on
acute irritations, such as control and natural stimulation. In a
study, c-fos was expressed positively in cord and hypothalamus,
after rat post claws were clamped for 1-5 min each time and
continued for 4 h[1]. Dense labeled Fos-like immunoreactivity
in the superficial dorsal horn (laminae I and II) and in the
neck of the dorsal horn was found when awakened rats were
injected subcutaneously 150 µL of 5% formalin into the plantar
aspect of the right hindpaw[2]. Kominato et al[3] observed c-fos
expression in the spinal cord dorsal horn neurons, indicating
that responses/activation by the noxious stimulation applied
to the periphery are elevated in spinal cord neurons in neuritis
model of the lumbar nerve root induced by disc. c-fos-neurons
(neurons with c-fos protein-like immunoreactivity) following
stimulation of the cutaneous receptive fields have been found
in laminae I and II of the first and second cervical segments of
the spinal cord ipsilateral to the stimulation, and exhibit a clear
somatotopic segregation, i.e., the c-fos-neurons responding to
receptive fields in the mandibular, maxillary, and ophthalmic
divisions are distributed in a mediolateral sequence. On the
other hand, c-fos-neurons responding to the oral mucous
membrane have been found in the similar laminae of the rostral
pole of subnucleus caudalis bilaterally. They are all found in
most dorsal subnuclei without segregation. For example,
topographic distributions of c-fos-neurons resulting from
the mandibular and maxillary gingival stimulations are
indistinguishable[21]. Noxious somatic stimulation induces
expression of c-fos-like immunoreactivity in catecholaminergic
neurons with habenular nucleus projection in the medullary
visceral zone of rats[22]. The c-fos expressing level increases
significantly in pathological habitus than in normal controls[4].
Recent studies have proven that c-fos expression is closely
related to gastrointestinal diseases[23-29]. For example, increased
neuronal expression of c-fos protein in the brain has been
observed after intravenous injection of gastrin in rats, which
reveals a close relationship between gastrin and c-fos protein
expression[5]. Injection of cocaine and amphetamine-regulated
transcript peptide (CARTp) into the 4th ventricle strongly
suppresses sucrose drinking and stimulates expression of
c-fos in the solitary tract (NTS)[6].
Gastric irritation induces the c-fos expression in center
nerve system (CNS). Vrang et al[7] reported that gastric balloon
distension (1.4 mL/min for the first 5 min, 0.4 mL/min for the
next 5 min, 9 mL total, held for 60 min) in nonanesthetized,
freely moving rats produced 12- and 17-fold increases in c-fosexpression in NTS neurons when distension was mainly in the
fundus or corpus, respectively. Neuronal excitation in the NTS
and area postrema induces expression of c-fos messenger RNA
after intragastric administration of HCl (0.35-0.7 mol/L) as
demonstrated by in situ hybridization autoradiography, but
subdiaphragmatic vagotomy suppresses the c-fos mRNA
response to intragastric acid[8]. In a previous study, noxious
gastric distention to 80 mmHg induced a mean of 724 c-fosimmunoreactive nuclei per section[9]. After subdiaphragmatic
vagotomy plus 80 mmHg distention, the mean of c-fosimmunoreactive nuclei reduced to 293 per section, whereas
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spinal transection at T2 plus 80 mmHg distention induced the
mean of 581 nuclei per nucleus of the solitary tract section.
From the above studies, we would deduce that noxious
gastrointestinal irritation is a signal by vagus to the NTS and
lumbosacrum cord, and a signal by the sympathetic nerve to
thoracic cord, where c-fos expressions is induced.
Many studies have shown that c-fos expression is related
to functional gastrointestinal diseases, such as c-fos abnormal
expression in intestinal myenteric plexus and CNS in inflammatory
bowel disease (IBD), irritable bowel syndrome (IBS) and Crohn’s
disease[30,31]. Enteric nervous system (ENS) owns a strong
biological compatibility, and c-fos may be a good index of ENS
to short and/or chronic gastrointestinal irritation[32].
Because of the accumulated knowledge of diseases, there
is a rapid transition in modern medical sciences from the simple
biological pattern based on unity biology to the biologypsychology-society pattern. The traditional “functional
gastrointestinal disorders” in the past, are now known as
multiple physical and pathophysiological diseases involving
gastrointestinal motility, gut sensitivity, brain-intestine axis,
brain-intestine peptides, society-physiology factors and stress.
Especially, the conception of brain-intestine axis and
neurogastroenterology has been put forward, which indicates
that the alimentary canal is controlled by both the sense and
motion nerves. When the nerve is injured, the lesion will impact
on both the sense and motion realms. Even though the lesion
is limited in only one realm, the change will result in the change
of other realms’ function [33,34]. Theoretically, only when
gastrointestinal and CNS are integratively investigated, can
the multiple physical and pathophysiological diseases be
further understood.
Chronic irritation also induces c-fos expression. The chronic
epidural scar adhesion has been reported to be related to the
expression of substance P and c-fos gene in the spinal cord[11].
c-fos expression has been found in the herniated intervertebral
disc tissue, and c-fos regulates and participates in the expression
of activating protein (AP-1) in extracellular matrix[12]. Among
the cervical diseases, the disorders of functional sympathetic
nerve have been taken much more cares, which include about
20 kinds of diseases or symptom-groups, such as blood
pressure disorder, cardiac arrhythmia, dizziness, eyesight
malfunction and gastrointestinal function[35,36].
In a study on the inhibitory pathway of CNS, Blackshaw
et al [37] found that gamma-aminobutyric acid (GABA) B
receptor-mediated effects on vagal pathways were involved in
vago-vagal reflex transmission.
The clinical symptoms of cervical spondylosis include
gastrointestinal disorders resulted from sympathetic type of
cervical spondylosis. One mechanism is that when the
sympathetic nerve is irritated or injured by disc degeneration
and facet joint disorders due to osteophytes and cervical
muscle overexertion and injury, the irritation reaches the brain
cortex by nerve reflex and produces a higher or lower
sympathetic irritability, and then multiple dysfunction of the
neck, upper limbs and gastrointestine, which is called neckstomach syndrome. Another mechanism is that sympathetic
never and spinal nerve root branches are irritated by
degenerated cervical and thoracic disc, which further affects
gastrointestinal reflex[36].
The mechanism of functional dyspepsia (FD) and IBS is
associated with CNS[33,38]. Our study has confirmed that the
longer the cervical vertebra is degenerated, the more the c-fos
protein is expressed. Therefore, we suggest that there is a direct
or indirect relationship between the neck and stomach, and that
it is the sympathetic nerve that results in the c-fos expression
both in spinal cord and in gastric myenteric plexus in cervical
spondylosis. Indeed, many studies have proven that sympathetic
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nerve fibers distribute around the dorsal root ganglion (DRG)
neurons, and the fibers interact with these neurons[39,40].
The c-fos expression in gastric myenteric plexus is
dramatically associated with that of spinal cord of rats with
cervical spondylosis and the gastrointestinal function may be
affected by cervical spondylosis. I this hypothesis is confirmed
by further studies, some functional gastrointestinal diseases
such as FD and IBS could be explained by neurogastroenterology.
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Abstract
AIM: To investigate the relationship between Fas gene
expression and calcium influx change in peroxide-induced
apoptotic hepatocytes and the possible molecular mechanism
of Rxa in protecting hepatocytes.
METHODS: Single-cell Fas mRNA expression in H2 O2 exposed L02 hepatocytes with or without treatment of Rxa,
an extract from an anti-peroxidant, Radix Salviae Miltiorrhizae,
was determined by all-cell patch clamp and single-cell reverse
transcriptase polymerase chain reaction (RT-PCR). Transient
calcium influx change ([Ca2+]i) in the cells was evaluated with
all-cell patch clamp micro-fluorescence single-cytosolic free
Ca2+ concentration technique. Fas protein expression, early
apoptotic index (annexin-V+) and cell membrane change in
the cells were evaluated by immunohistochemistry, flow
cytometry (FCM) and scan electron microscopy respectively.
RESULTS: In cells exposed to H2O2 for 2 h, the specific
lane for Fas mRNA was vivid on electrophoresis, with
increased Fas protein expression, [Ca2+]i (from 143.66±34.21
to 1115.28±227.16), annexin-V+ index (from 4.00±0.79 to
16.18±0.72) and membrane vesicle formation. However, in
cells exposed to H2O2 but pre-treated with Rxa, there was
no increase in Fas mRNA or protein expression and [Ca2+]i
(103.56±28.92). Annexin-V+ index (8.92±1.44) was lower
than the controls (P<0.01), and the cell membrane was intact.
CONCLUSION: H2 O2 induces apoptosis of L02 cells by
increasing cytosolic [Ca2+]i, and inducing Fas mRNA and
protein expression. Rxa protects the L02 cells from apoptosis
through anti-peroxidation, inhibition of calcium overloading
and prevention of the activation of cytosolic Fas signal pathway.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Radix Salviae Miltiorrhizae (RSM) is an anti-peroxidate
Chinese herbal medicine. In previous experiments, we have
found RSM could effectively decrease [Ca2+]i, peroxide radical
in reperfused hepatocytes and alleviate cell injury[1]. We also
found in a recent experiment that in L02 cells (a human hepatic
cell clone) exposed to H2O2 for 2 h, [Ca2+]i >400 nmol/L, early
apoptotic membrane transversion was seen with [Ca2+]i increasing,
and Rxa (an extract of RSM) decreased apoptosis and necrosis
of these cells effectively[2]. To explore the possible molecular
protective mechanism of Rxa in hepatic cells, all-cell patch clamp
and single-cell reverse transcriptase polymerase chain reaction
(RT-PCR) and all-cell patch clamp micro-fluorescence cytosolic
[Ca 2+ ] i assay were applied in the present experiment to
investigate the Fas mRNA expression and simultaneous [Ca2+]i
changes in single L02 cells exposed to H2O2 for 2 h with or
without Rxa treatment. Immunohistochemistry, annexin-V-Fluos
marking FCM and scan microscopy were also used to investigate
the Fas protein expression, early apoptosis index (annexin-V+ cells)
and ultramicroscopic membrane changes.
MATERIALS AND METHODS
Cell culture and experimental design
L02 cells (2×106) after 3 generations of culture were incubated
in a 3-cm cell culture plate with two poly-lysine pretreated slides.
Cells were divided into three groups: L group with normal L02
cells as control LH group with L02 cells and 10 mol/L H2O2
added in supernatant, and LaH group with L02 cells pre-treated
with 2 mmol/L Rxa for 2 h before addition of H2O2. All indexes
were detected 2 h after the addition of H2O2.
Analysis of single -cell Fas mRNA expression
A micropipette of CEZ-2400 all-cell patch clamp system (Nihon
Koden, Japan) filled with 10 L 1×RT buffer and 5 u RNasin was
inserted into the cells under inverse microscope monitoring.
The cell content was aspirated and transferred into iced RT
reagent in a 0.5 mL Eppendorf tube. Reverse transcription was
performed with 24 u AMV reverse transcriptase, 1 000 ug
hexamer oligo-primers at 42 ℃ for 1.5 h after incubated at 37 ℃
for 30 min and inactivated at 95 ℃ for 5 min. PCR primers for
Fas were 5’-sense: 5’-TGGCTTTGTCTTCTTCTTTG-3’ (720740), and 3’-antisense: 5’-TCATCTATTTTGG CTT CATTG-3’
(956-976). PCR was performed on 5 L RT products as a template
and 100 pmoL primers under following conditions: at 94 ℃ for
7 min, at 50 ℃ for 40 s, at 72 ℃ for 30 cycles, with the last
elongation at 72 ℃ for 7 min. PCR was performed again on 5 L
products of the first PCR reaction under the same conditions.
After PCR, 8 L products was analyzed with gel electrophoresis.
Measurement of single-cell [Ca2+]i concentration
L02 cells pasted to slides were washed 3 times with PBS,
immersed into 0.5 mL extracellular solution (NaCl 140 mmol/L,
CsCl 5.4 mmol/L, BaCl2 10.8 mmol/L, MgCl2 1 mmol/L, D-glucose
10 mmol/L and HEPES 10 mmol/L, pH = 7.3), incubated with
Fura-2/AM (1.25 mol/L) at 30 ℃ for 30 min and washed 2 times

Lu QP et al. Adjuvanticitity of cytokines to DNA vaccine

with PBS. The EPC-9 all-cell patch clamp system combined
with a fluorescence [Ca2+]i measuring system (HEKA, Lambert,
Germany) was used to record transient living single-cell Ca2+
changes a and R (R = F1/F2; F1: F2 were cellular fluorescent
rates excitated at 340 nm and 380 nm, respectively). X-chart and
I Cor Pro software were used to transfer Ca2+ into [Ca2+]i.. Ten
cells of each group were measured (Figure 1).

Figure 1 Cellular content and mRNA aspirated from a single
living cell with a micropipette by a patch clamp.

Fas protein expression
Cell slides were co-incubated with 20 L of 1:40 rabbit-antihuman Fas polyclonal antibody (Santa Cruz) at 4 ℃ overnight
after routine preparation. After reaction with biotinylated goatanti-rabbit antibody at 37 ℃ for 40 min, the slides were covered
with SABC complex and reacted at 37 ℃ for another 40 min.
The slides were stained with DAB and hemoxylin. Positive
index (i.e., positive cells/total cells counted) of brown stained
cells of the slides was calculated with the MPIAS-1000 multimedia color image analysis system.
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142.35±28.11nmol/L, 140.58±30.01nmol/L, and136.44±26.15nmol/L,
respectively, which were not significantly different. No Fas
mRNA expression was observed in the control group or L 2 group
after the 2-h culture, the specific PCR products for Fas mRNA
were not seen on the gel. The [Ca2+]i concentrations of the control
group or L group at 0 and 2 h were 143.66±34.21 nmol/L,
149.77±23.20 nmol/L. Annexin-V+ indexes of these two groups
were 4.00±0.79, 4.20±0.90 and the annexin-V+ cells were seldom
seen under a fluorescent microscope. Comparatively, expression
of Fas mRNA was vivid on electrophoresis in LH group (Figure 2).
[Ca2+]i concentration and annexin-V+ index in this group after
the 2-h treatment with H2O2 were 1115.28±227.16 nmol/L and
16.18±0.72, respectively (P<0.01 vs the baseline levels). Fas
protein fluorescence also significantly increased (P<0.01 vs the
baseline level) and green-ring annexin-V+ cells were seen under a
fluorescent microscope, with vesicle formation under an electron
microscope (Figures 3, 4). In LaH group, there was no Fas mRNA
expression (Figure 2). [Ca 2+ ] i concentration decreased
significantly to 103.56±28.92 nmol/L (P<0.01, vs the baseline level)
(Figure 4), which was not significantly different from the control
group. No increased Ca2+ flow was recorded with patch clamp in
this group, and the Fas protein expression was lower than that
in LH group (P<0.01). Annexin-V+ index significantly decreased
(8.92±1.44, P<0.01, vs LH group) with intact cell morphology.
bp
Fas 257 bp

237

-actin 365 bp

377
515
695

Measurement of early apoptotic index
Cells were covered, washed 3 times with PBS, centrifuged at
1 000 r/min for 5 min, and incubated with annexin-V-Fluos (hepes
1 000 L, 20 L annexin-V, Gibco, USA) at 37 ℃ for 15 min,
and then added with 0.4 mL hatching fluid (140 mmol/L NaCl, 5
mmol/L CaCl2 and 10 mmol/L HEPES, pH = 7.4). FACSort FCM
(BD company, U.S.A) was used to quantify the annexin-V+
index, for which 5 mL cell supernatant was analyzed under
fluorescent microscope. CELLQuest software was used to
calculate the annexin-V+ index.
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LaH 2 h

LH 2 h

L2h

L 0 h Markers

Figure 2 Fas mRNA expression as detected by RT-PCR in
single L02 cells with different treatment. L, normal L02 cells as
a control; LH, L02 cells with 10 mol/L H 2O2 added in the
supernatant; LaH, L02 cells pre-treated with 2 mmol/L Rxa.

Ultrastructure of cell membrane
Slides plastered with L02 cells were fixed in 2.5% glutaraldehyde
solution for 4 h and analyzed under a S450 scan electron
microscope.
Data analysis
The data were presented as mean±SD for each group. SAS
statistical system and F test were used to analyze the data. P<0.05
was considered statistically significant.
RESULTS
The baseline [Ca2+]i concentrations in L, LH and LaH groups were
A

Figure 3 Early phenomenon of phosphatidylserine PS and
transformation in L02 cells of LH group.

B

Figure 4 Vesicle formation of L02 cells in LH group under electron microscope; (A) and normal morphology of L02 cells in LaH group (B).
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DISCUSSION
It is extremely important to clarify the mechanisms of lethal
hepatocellular injury caused by hypoxia or ischemia and to
find protective agents to improve organ preservation for liver
trauma[3-8]. Intracellular Ca2+overload is one of the factors in
lethal ischemic events of cell injury[9-15]. Apoptosis is an important
event of cell injury during ischemia/reperfusion[16-18]. Apoptosis
is related with intracellular Ca2+ concentration ([Ca2+]i), and Fasmediated apoptotic cell death is one of the major death
processes[19-24]. RSM has been observed to have a cytoprotective
effect on hepatocytes of rats and humans by blocking Ca 2+
inflow, but its effect on apoptosis remains obscure.
In the present study, H2O2 treatment increased [Ca2+]i in L02
cells and annexin -V+ index, and typical early apoptotic changes
on cell membranes (green-ring annexin -V+ cells under fluorescent
microscope and vesicle formation under electron microscope)
were observed, with specific Fas mRNA transcription and Fas
protein expression, indicating that activation of Fas death gene
may mediate peroxide-triggered L02 cell apoptosis, and
activation of programmed cell death may be closely related to
Ca 2+. It has been reported that increased [Ca2+]i could induce
DNA fragmentation [23,24], but signal pathways vary with
different cell types, and the relationship between Fas mRNA and
[Ca2+ ]i change in apoptotic hepatocytes remains unclear. The
cascade of type II Fas-mediated signal pathway is through
mitochondria[25], and active metabolic hepatocytes are abundant
in mitochondria. Therefore, it is inferred that increased
cytoplasmic Ca2+ from mitochondrial trans-membrane out-flow
in H2O2 -stressed L02 cells may trigger the activation of type II
Fas-mediated signal pathway. Meanwhile, stimulant-induced
receptor-mediated Ca2+ inflow in non-excitable hepatocytes is
triggered by calcium pool exhaustion; thus H2O2 may release
endoplasmic Ca2+ and increase [Ca2+]i when endoplasmic Ca2+
is exhausted and some structures such as cyto-skeletal proteins
change and connect directly or indirectly with cell membranes,
which open Ca2+ channel and incubated extracellular Ca2+ inflow.
Sharply increased cytoplasmic Ca 2+ may degenerate cytoskeletal proteins and induce characteristic apoptotic changes
in cell membranes. H2O2-induced cytoplasmic Ca2+ imbalance
may also mediate over-expression of Fas death genes, activate
death gene signal pathways and encode membrane-perforating
Fas glucoprotein, which induces cells to die through apoptosis.
It was also observed in this study that pretreatment of L02
cells with Rxa could effectively inhibit the increase of [Ca2+]i
and the expression of Fas mRNA and proteins and alleviate cell
injury. These findings indicate that peroxide-induced activation
of cytoplasmic Fas mRNA expression is Ca2+ dependent, and
Rxa may prevent Fas mRNA expression and protect cells from
apoptosis by blocking calcium. In a previous experiment we
found that the role of RSM in preventing ischemia/ reperfused
Ca2+ overload was related to its blockade of Fas mRNA expression.
The anti-apoptosis and Ca2+ blockade of Rxa may rely on the
counteraction of its phenohydroxyl radicals with oxygen in
peroxide radicals and other active oxygen molecules, thus
alleviating the break of cytoskeletal proteins and invasion of
cell organs by oxygen, and stabilizing membrane structure. Rxa
may block the interaction of the Fas trans-membrane pathway
and Ca 2+ signal pathway through stabilizing endoplasmic
membrane and decreasing Ca2+ release and its connection with
cytoplasm. Rxa may also prevent the opening of 20 nm Ca2+
channel on mitochondria by stabilizing mitochondrial
membrane, decrease out-flow of Ca2+ from mitochondria, inhibit
the activation of trans-mitochondria type II Fas cascade, and
prevent Fas-induced apoptosis. Our data suggest that Rxa can
inhibit Fas mRNA and protein expression, prevent cell injury
induced by Fas over-expression and block the signal pathway
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of Fas death genes, by stabilizing cell membranes, mitochondria
and endoplasmic membrane, inhibit [Ca2+]i increase by blocking
extracellular Ca2+ influx and endoplasmic Ca2+ release.
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Abstract
AIM: Pituitary adenylate cyclase activating-peptide (PACAP)
is a late member of the secretin/glucagon/vasoactive
intestinal peptide (VIP) family of brain-gut peptides. It is
unknown whether PACAP takes part in the development of
acute pancreatitis and whether PACAP or its antagonists
can be used to suppress the progression of acute pancreatitis.
We investigated the actions of PACAP and its receptor
antagonists in acute pancreatitis on rats.
METHODS: Acute pancreatitis was induced in rats with
caerulein or 3.5% sodium taurocholate. The rats were
continuously infused with 5-30 g/kg PACAP via jugular
vein within the first 90 min, while 10-100 g/kg PACAP6-27
and (4-Cl-D-Phe6, Leu17) VIP (PACAP receptor antagonists)
were intravenously infused for 1 h. Biochemical and
histopathological assessments were made at 4 h after
infusion. Pancreatic and duodenal PACAP concentrations
were determined by enzyme-linked immunosorbent assay
(ELISA). Chinese ink-perfused pancreas was fixed, sectioned
and cleared for counting the functional capillary density.
RESULTS: PACAP augmented caerulein-induced pancreatitis
and failed to ameliorate sodium taurocholate-induced
pancreatitis. ELISA revealed that relative concentrations
of PACAP in pancreas and duodenum were significantly
increased in both sodium taurocholate- and caeruleininduced pancreatitis compared with those in normal controls.
Unexpectedly, PACAP6-27 and (4-Cl-D-Phe6, Leu17) VIP could
induce mild acute pancreatitis and aggravate caeruleininduced pancreatitis with characteristic manifestations of
acute hemorrhagic/necrotizing pancreatitis. Functional
capillary density of pancreas was interpreted in the context
of pancreatic edema, and calibrated functional capillary
density (calibrated FCD), which combined measurement
of functional capillary density with dry weight/wet weight
ratio, was introduced. Hyperemia or congestion, rather
than ischemia, characterized pancreatic microcirculatory
changes in acute pancreatitis.
CONCLUSION: PACAP may take part in the pathogenesis
of acute pancreatitis in rats. The two PACAP receptor

antagonsits might act as partial agonists. Calibrated functional
capillary density can reflect pancreatic microcirculatory
changes in acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The pathogenesis of acute pancreatitis has not been well
understood until now. Its therapies are primarily supportive
measures, and the morbidity and mortality of acute hemorrhagic/
necrotizing pancreatitis are still high [1]. Various factors have
been tested in experimental acute pancreatitis, among them
brain-gut peptides, including cholecystokinin (CCK), glucagon,
secretin and somatostatin, are the subjects of intensive study[2-4].
Pituitary adenylate cyclase-activating peptide (PACAP), which
was characterized by the end of last century, is a member of the
secretin/glucagon/vasoactive intestinal peptide (VIP) family
of brain-gut peptides[5]. PACAP exists in nerve fibres in all
compartments of the pancreas. Its three characterized receptors
are distributed in the pancreas[6,7] suggesting its possible actions
on this organ. PACAP can stimulate pancreatic exocrine and
endocrine secretions[5,8-14]. It is a highly potent vasorelaxant
peptide, which can dilate blood vessels and increase pancreatic
blood flow, notably in the exocrine part of pancreas[15,16].
However, it is unknown whether PACAP takes part in the
development of acute pancreatitis and whether PACAP or its
antagonists can suppress the progression of acute pancreatitis.
Microcirculatory impairment has been considered as an
important pathogenic factor of acute pancreatitis[21-25]. Edematous
pancreatitis is associated with hyperemia of pancreas. But in acute
hemorrhagic/necrotizing pancreatitis, intravital microscopy often
shows reduced functional capillary densities of pancreata[26,27].
This change is termed ischemia by some authors. However,
acute pancreatitis is always accompanied with pancreatic
edema, i.e., widening of interlobular septa and separation of
acinar cells, and this change was previously ignored when the
functional capillary density was calculated.
MATERIALS AND METHODS
Materials
PACAP-27, PACAP6-27, (4-Cl-D-Phe6, Leu17) VIP, caerulein and
sodium taurocholate were purchased from Sigma Company (St.
Louis, USA). Goat polyclonal antibody against PACAP C-19 was
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, USA).
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Experimental design
Male Wistar rats, weighing 190-360 g, were obtained from the
Laboratory Animal Center of Sichuan University. Experiments
were performed in accordance with Chinese regulations
concerning the use of laboratory animals. After the rats were
fasted overnight but with free access to water, they were
anesthetized with intraperitoneal administration of 50 mg/kg
sodium pentobarbital, and their left jugular veins were catheterized.
They were observed for 4 h, then re-anesthetized and
laparotomized. Blood was collected via inferior vena cana for
the measurement of serum amylase, and the duodenal portions
of pancreas were rapidly excised. One part of the pancreas was
blotted dry and weighed, then desiccated at 80 ℃ for 24 h and
re-weighed. The dry weight/wet weight ratio was thus
calculated, representing the presence and extent of pancreatic
edema. Another part of the pancreas was fixed with 100 mL/L
formaldehyde, embedded in paraffin, and sectioned for
hematoxylin-eosin staining.
Five-and-half µg/kg and 7.5 µg/kg caerulein were
subcutaneously injected into the nape at 0 and 1 h, respectively,
to induce mild acute pancreatitis. Five mL/(kg·h) normal saline
was intravenously infused to maintain water and electrolyte
balance.
Immediately after the catheterization of jugular vein, an upper
midline abdominal incision was made and a small cannula was
retrogradely placed into biliopancreatic duct transduodenally.
A small clip was applied at the proximal part of the biliopancreatic
duct. One milliliter per kilogram 3.5% sodium taurocholate was
infused via the cannula. The infusion was begun after a fiveminute stabilization period and the infusion pressure was kept
below 30 mmHg. As venous catheterization plus laparotomy
would pose a greater challenge to homeostasis, and ascites would
produce in this group, the animals were readily dehydrated and
7.5 mL/(kg·h) normal saline was administered intravenously.
Rats were intravenously administered 5 (n = 11), 10 (n = 11),
15 (n = 11) and 30 µg/kg (n = 11) of PACAP diluted in normal
saline in the first 90 min, followed by infusion of 5 mL/(kg·h)
normal saline.
The rats with caerulein-induced pancreatitis were administered
15 (n = 11) or 30 µg/kg (n = 11) of PACAP intravenously in the
first 90 min, followed by infusion of 5 mL/(kg·h) normal saline.
The rats with sodium taurocholate-induced pancreatitis were
intravenously administered 5 (n = 6) or 10 µg/kg (n = 11) of
PACAP in the first 90 min, followed by infusion of 7.5 mL/(kg·h)
normal saline.
Normal rats were intravenously administered 10 (n = 6) or
100 µg/kg (n = 6) of PACAP6-27 diluted in normal saline within
the first 60 min, followed by infusion of 5 mL/(kg·h) normal saline.
The rats with caerulein-induced pancreatitis were
intravenously infused 10 (n = 6) or 100 µg/kg (n = 6) of PACAP6-27
within the first 60 min.
The rats with sodium taurocholate-induced pancreatitis were
intravenously administered 10 (n = 6) or 100 µg/kg (n = 6) of
PACAP6-27 within the first 60 min.
The experimental designs for (4-Cl-D-Phe6, Leu17)VIP were
essentially the same as that for PACAP6-27, i.e., normal rats or rats
with caerulein-induced pancreatitis or rats with sodium taurocholateinduced pancreatitis were intravenously infused 10 (n = 6) or
100 µg/kg (n = 6) of (4-Cl-D-Phe6, Leu17)VIP within the first 60 min.
The jugular veins of 15 normal rats were catheterized and
normal saline was infused at 5 mL/(kg·h) for 4 h.
Functional capillary density
At the end of experiment, at a site distal to the origins of renal
arteries and proximal to the aortic bifurcation, a small catheter
was retrogradely placed into aorta, then 100 IU of heparin was
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injected via the catheter. The thoracic segment of inferior vena
cava was cut, and thoracic aorta was ligated, then warm
heparinized-normal saline was infused through the catheter
with an infusion pressure not exceeding 120 mmHg. When the
outflow was clear, undiluted Chinese ink was injected. One to
two hours were needed for the hardening of Chinese ink in the
vessels. Finally the pancreatic head was removed, fixed with
100 mL/L formaldehyde, and embedded in paraffin. Each specimen
was cut into three 20 µm thick sections, and cleared with
dimethylbenzene for assessment of functional capillary density.
Functional capillary density was defined as the capillary
length of all RBC-perfused capillaries (here Chinese ink-perfused
ones) per observation area. Quantification of functional
capillary density was made possible by connecting Olympus
Provis AX70 microscope with Panasonic BT-H1450Y color
monitor through Olympus U-PMTVC. According to the method
described by Schmidt-Schönbein et al, a grid was printed on a
transparency and fixed on the screen of the monitor. Five fields
in each section were randomly superimposed on the grid,
intersections between the grid and capillaries were counted twice,
and the functional capillary density was calculated according to
the following equation[28].
Lc = Π/2×Nc/2×P×d, where Lc = perfused capillary length
(dimension /cm), Nc = mean for numbers of intersections,
P = number of squares in the grid, and d = length of the edge of
the grid. The mean calculated from 10 fields in each section
represented the functional capillary density of that section.

ELISA for PACAP
Pancreatitis was induced by caerulein and sodium taurocholate
as described above. At the end of experiment, the pancreas and
a segment of duodenum were rapidly excised and weighed.
The specimens were then immersed in 10-fold (volume/
pancreatic weight) 0.2 mol/L Tris-HCl buffer (pH 7.3) containing
20 mmol/L EDTA, immediately boiled (100 ℃) for 10 min to
denature residual protease activity, and homogenized for 30 s.
The homogenates were centrifuged 2 000 g for 10 min at 4 ℃.
The supernatant was stored at -70 ℃ for later assay.
Since commercial PACAP ELISA kit was not available, the
following procedure was adopted. In brief, 10 µL supernatant
of duodenal tissue or 50 µL pancreatic supernatant was mixed
with 1 mL 0.05 mol/L carbonate buffer (pH 9.6), and the mixture
was incubated in a 96-well plate overnight at 4 ℃. After blocking
with 10 mL/L bovine serum albumin at 37 ℃ for 2 h, anti-PACAP
antibody at a dilution of 1:1 000 was incubated overnight at
4 ℃. Then biotinylated rabbit anti-goat IgG at a dilution of 1:200
was incubated at room temperature for 1.5 h. Horseradish
peroxidase streptavidin at a dilution of 1:200 was incubated for
1 h, and then for another 30 min with substrate solution (TMB
and H2O2 dissolved in phosphate-citric acid buffer). The
reaction was terminated with 2 mol/L H2SO4, and the plate was
read at 450 nm on a Bio-Rad Model 550 microplate reader.
A supernatant was randomly chosen as a standard, serially
diluted, by the same procedure of assay as described above. A
standard curve consisting of optical density and relative
concentration could thus be plotted. Relative concentrations
of PACAP could be calculated from optical densities read by
the microplate reader.
Light microscopy
Each paraffin-embedded specimen was cut into three 5 µm thick
sections, which were stained with hematoxylin and eosin. The
severities of histopathological changes (i.e., pancreatic hemorrhage,
necrosis, vacuolization of acinar cells and leukocyte infiltrate)
were graded as follows: 0 for normal; 1 for changes found on
one section; 2 for changes detected on two sections; and 3 for
changes observed on three sections. Although this scoring
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system was not satisfactory, it matched the severities of
histopathological changes.

Assays
Blood for amylase assay was collected from inferior vena cava,
and sent to the Medical Assay Center of our hospital and
assayed for serum amylase with Beckman coulter CX7 Super
Clinical System Synchron. Peritoneal fluid/ascites was also
assayed for amylase and nucleated cells.
Statistical analysis
All data was expressed as mean±SE. The differences between
the means of all studies were analyzed by using analysis of
variance. P<0.05 was considered statistically significant.
RESULTS
Animal models
The pancreas of control group was macroscopically and
microscopically normal. Caerulein-induced pancreatitis was
characterized by gross swelling of pancreas, histological
evidence of edematous pancreatitis (acinar cell vacuolization,
leukocyte sequestration and edema) and significant increase
in serum amylase. Sodium taurocholate-induced pancreatitis
was characterized by marked enlargement of pancreas, gross
hemorrhage, saponification of pancreas and peripancreatic
tissues, ascites formation, histological evidence of acute
hemorrhagic/necrotizing pancreatitis (bleeding, parenchymal
necrosis, acinar cell vacuolization, marked leukocyte infiltration
and severe edema) and significant increase in serum amylase.
Effect of PACAP on normal pancreas
The pancreas of PACAP-treated rats was grossly normal.
Pancreatic dry weight/wet weight ratio was insignificantly
decreased by PACAP treatment. Serum amylase was mildly
increased. Acinar cell vacuolization, leukocyte sequestration
and parenchymal necrosis were histologically observed in some
cases (Tables 1-3).
Effect of PACAP on caerulein-induced pancreatitis
PACAP treatment aggravated the pancreatic edema. There were
gross hemorrhage and pancreatic/peripancreatic saponification
in some cases. Ascites occurred in 3 and 8 cases of caerulein
plus 15 µg/kg PACAP group and caerulein plus 30 µg/kg PACAP
group, ranging from 1.5 to 2.5 mL and from 0.5 to 2.5 mL, respectively.
Amylase level in ascites varied widely. Microscopically, PACAP
treatment led to bleeding and parenchymal necrosis in caeruleininduced pancreatitis, and greatly aggravated acinar cell
vacuolization (Tables 1-3).
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Effect of PACAP on sodium taurocholate-induced pancreatitis
PACAP treatment insignificantly improved pancreatic edema.
Serum amylase was significantly reduced by 10 µg/kg PACAP
in sodium taurocholate-induced pancreatitis (P<0.05).
Hemorrhage was aggravated, and occasionally 2-7 foci of
hemorrhage were found on a single section (Tables 1-3).
PACAP levels in pancreas and duodenum
In both sodium taurocholate- and caerulein-induced pancreatitis,
relative concentrations of PACAP in pancreas and duodenum
were found to be significantly increased compared with the
normal control (Table 4).
Effect of PACAP6-27 on normal pancreas
No gross change in pancreas was found after PACAP6-27
treatment. Serum amylase was significantly elevated compared
with normal control. Pancreatic dry weight/wet weight ratio
slightly decreased. Microscopically, leukocyte sequestration was
evident (Tables 5-7).
Effect of PACAP6-27 on caerulein-induced pancreatitis
PACAP6-27 treatment aggravated caerulein-induced pancreatitis.
Severe vacuolization of acinar cells, pancreatic bleeding and
parenchymal necrosis, characteristics of acute hemorrhagic/
necrotizing pancreatitis, were evident (Tables 5-7).
Effect of PACAP6-27 on sodium taurocholate-induced pancreatitis
PACAP6-27 treatment augmented serum amylase elevation
induced by intraductal injection of sodium taurocholate. The
infusion of 100 g/kg PACAP6-27 led to extensive pancreatic
hemorrhage in one case of sodium taurocholate-induced
pancreatitis (Tables 5-7).
Effect of (4-Cl-D-Phe6, Leu17)VIP on normal pancreas, caeruleininduced pancreatitis and sodium taurocholate-induced pancreatitis
(4-Cl-D-Phe6, Leu17)VIP showed similar effects as PACAP6-27
(Tables 5-7).
Functional capillary density of pancreas
Pancreatic functional capillary density was slightly but
significantly increased in caerulein-induced pancreatitis,
whereas other experimental groups showed reduced functional
capillary densities compared with controls (Table 8). These
findings are consistent with other researches[26,27]. When
examined closely, functional capillary density might not reflect
the real scene and could be misleading. Since each group other
than the control had pancreatic edema to a greater or less extent,
interlobular and intercellular distances were increased, and this

Table 1 Ascites/peritoneal fluid and their gross appearance (action of PACAP) (mean±SE)
Group
Control
Caerulein-induced pancreatitis
Sodium taurocholate-induced pancreatitis
PACAP 5 µg/kg
PACAP 10 µg/kg
PACAP 15 µg/kg
PACAP 30 µg/kg
Sodium taurocholate+PACAP 5 µg
Sodium taurocholate+PACAP 10 µg
Caerulein+PACAP 15 µg
Caerulein+PACAP 30 µg
a

P<0.05 vs normal control.

Volume of
ascites (mL)

Ascites amylase
(IU/L)

3.55±1.86/12

213±44/7
39 075±50 341/3
11 463±5 486/10 a

2.33±0.82/6
4.77±2.44
0.55±0.96
0.91±0.83

26 917±11 145/6 a
5 956±3 546/8 a
926/1
63 918±82 884/8

Nucleated cells
in ascites (×10 8 /L)
1.71±1.02/9
7.54±2.85/4 a
2.9±3.06/8

3.26±1.89/6
2.3±0.98/6
1.76±1.02/11
1.73±1.23/8

Saponifi
-cation (n)

2

2/6
7
1
1

Hemorr
-hage (n)

3

4/6
11
1
3
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Table 2 Histological scoring (action of PACAP) (mean±SE)
Group

Hemorrhage

Parenchymal necrosis

1.5±0.67

2.5±0.49

Vacuolization

Caerulein-induced pancreatitis

1.67±0.60

Sodium taurocholate-induced pancreatitis
PACAP 10 µg

0.17±0.17

1.67±0.49

Sodium taurocholate +PACAP 10 µg

1.5±0.5

Caerulein+PACAP 30 µg

1.83±0.60

0.17±0.17

0.67±0.49

1.33±0.61
1.5±0.67

0.17±0.17

0.83±0.54

1.5±0.5

2.67±0.33

2±0.63

3

1.5±0.56

3

2±0.63

Caerulein+PACAP 15 µg

3

0.33±0.33
0.33±0.33

PACAP 15 µg
PACAP 30 µg

2.5±0.22

0.5±0.49

PACAP 5 µg

Sodium taurocholate+PACAP 5 µg

Inflammation

2.5±0.5
2±0.63

2.5±0.22

1.67±0.60

2.17±0.31

2.33±0.49

2.17±0.48

Table 3 Dry weight/wet weight ratio of pancreas and serum amylase (action of PACAP) (mean±SE)
Group

Pancreatic dry weight/wet weight ratio (%)

Serum amylase (IU/L)

Normal control

29.21±5.657

520.8±163.27

Caerulein-induced pancreatitis

21.83±3.013 a

3 699.33±3 826.56 a

17.52±1.505 a

3 690.87±2 277.99 a

PACAP 5 µg

25.86±1.974

818.09±404.76 a

PACAP 10 µg
PACAP 15 µg

24.81±1.312
23.88±2.532

675.55±271.44
671.36±151.98 a

Sodium taurocholate-induced pancreatitis

PACAP 30 µg
Sodium taurocholate+PACAP 5 µg

899.09±474.49
2 944.33±1 182.47 a

20.87±5.597 a

1 986.91±710.97 a

Caerulein+PACAP 15 µg

17.66±4.652 a

4 053.55±2 164.07 a

Caerulein+PACAP 30 µg

13.45±2.045 a

5 243.46±3 769.73 a

Sodium taurocholate+PACAP 10 µg

a

25.17±0.897
19.18±2.102 a

P<0.05 vs normal control.

Table 4 ELISA for PACAP in pancreas and duodenum (mean±SE)
Relative concentrations
Group
In pancreas

In duodenum

Normal control

0.02215±0.01123 (n = 4)

0.000335±0.000074 (n = 5)

Caerulein-induced AP

12.0712±8.40536 (n = 4)a

0.003797±0.002301 (n = 5) a

0.2799±0.22932 (n = 4)a

0.001564±0.000529 (n = 4) a

Sodium taurocholate-induced AP
a

P<0.05 vs normal control.

Table 5 Ascites and its gross appearance (effect of PACAP receptor antagonists) (mean±SE)
Group

Volume of ascites
(mL)

Normal control
Caerulein-induced pancreatitis
Sodium taurocholate-induced pancreatitis

3.55±1.86/12

10 µg PACAP6-27
100 µg PACAP6-27
Caerulein+10 µg PACAP6-27
Caerulein +100 µg PACAP6-27

3/1

Ascites amylase Nucleated cell count Saponi- Hemorr(IU/L)
of ascites (×10 8/L) fication (n) hage (n)
213±44/7

1.71±1.02/9

39 075±50 341/3

7.54±2.85/4 a

11 463±5 486/10 a

2.9±3.06/8

2 000±1 273/2

3.43±1.22/6 a

600±283/2

1.39±0.98/2

5 725±3 104/4 a

7.04±4.93/5 a

90 250±94 964/2 a

1.53±0.82/2

2/12

3/12

Sodium taurocholate+10 µg PACAP6-27

2.58±0.86/6

49 467±45 529/6 a

2.35±1.81/6

1/6

3/6

Sodium taurocholate+100 µg PACAP6-27

3.42±1.99/6

64 083±40 650/6 a

3.44±1.7/6 a

4/6

2/6

750±495/2 a

5.52±2.38/4 a

10 µg (4-Cl-D-Phe 6, Leu 17 ) VIP
100 µg (4-Cl-D-Phe 6 , Leu 17 ) VIP

1 200/1

Caerulein+10 µg (4-Cl-D-Phe 6, Leu 17) VIP

6 100±1 697/2 a

Caerulein+100 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

3.4/1
5.38±2.17/5 a

17 200/1

1.06±0.51/3

Sodium taurocholate+10 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

2.25±0.88/6

32 700±13 611/6 a

2.25±0.86/6

3/6

Sodium taurocholate+100 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

4.17±1.13/6

68 817±46 943/6 a

2.51±1.5/4

2/6

a

P<0.05 vs normal control.
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Table 6 Pancreatic dry weight/wet weight ratio and serum amylase (effect of PACAP receptor antagonists) (mean±SE)
Group

Dry weight/wet weight ratio (%)

Serum amylase (IU/L)

Normal control

29.21±5.657

520.8±163.27

Caerulein-induced pancreatitis

21.83±3.013 a

3 699.33±3 826.56 a

Sodium taurocholate-induced pancreatitis

17.52±1.505 a

3 690.87±2 277.99 a

10 µg PACAP6-27

25.25±2.286

100 µg PACAP6-27

26.21±2.577

Caerulein+10 µg PACAP6-27
Caerulein+100 µg PACAP6-27
Sodium taurocholate+10 µg PACAP6-27
6

17

10 µg (4-Cl-D-Phe , Leu ) VIP
6

17

100 µg (4-Cl-D-Phe , Leu ) VIP
6

1 692.17±312.18 a

22.75±3.523

2 484.33±1 459.64 a

21.4±4.152

a

6 485.5±3352.84 a

a

5 026.83±3 697.35 a

17.99±3.594

a

7 667.67±4 270.93 a

25.61±2.389

a

1 337.17±314.02 a
1 781±527.65 a

26.77±1.377
17

Caerulein+10 µg (4-Cl-D-Phe , Leu ) VIP
6

1 464.33±265.6 a

a

20.81±3.94

Sodium taurocholate+100 µg PACAP6-27

24.33±0.939

17

Caerulein+100 µg (4-Cl-D-Phe , Leu ) VIP
6

17

Sodium taurocholate+10 µg (4-Cl-D-Phe , Leu ) VIP
6

17

Sodium taurocholate+100 µg (4-Cl-D-Phe , Leu ) VIP
a

a

22.36±2.13

a

16.89±1.18

a

18.71±4.048

a

2 875.33±582.98 a
8 307.83±2 003.41 a
4 684.33±993.55 a

a

7 264.67±2 834.91 a

P<0.05 vs normal control.

Table 7 Histological scoring (effect of PACAP receptor antagonists) (mean±SE)
Group

Hemorrhage Parenchymal necrosis Vacuolization Inflammatory infiltration

Caerulein-induced pancreatitis

1.67±0.60

Sodium taurocholate-induced pancreatitis

1.5±0.67

2.5±0.49

0.5±0.49

10 µg PACAP6-27

2.5±0.22
3
1.5±0.5

100 µg PACAP6-27

0.83±0.54

Caerulein+10 µg PACAP6-27

0.83±0.54

0.17±0.17

1.83±0.60

2.5±0.5

Caerulein+100 µg PACAP6-27

1.67±0.49

1±0.52

2.17±0.31

2.5±0.22

3

1.33±0.61

3

2±0.52

3

Sodium taurocholate+10 µg PACAP6-27

1.5±0.67

Sodium taurocholate+100 µg PACAP6-27

1.5±0.5

2.83±0.17

10 µg (4-Cl-D-Phe 6, Leu 17 ) VIP
100 µg (4-Cl-D-Phe 6 , Leu 17 ) VIP
Caerulein+10 µg (4-Cl-D-Phe 6, Leu 17) VIP

0.17±0.17

Caerulein+100 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

0.33±0.33

0.17±0.17

0.33±0.33

2±0.63

1±0.63

1.67±0.60

0.67±0.40

2±0.51

1.67±0.49

2.17±0.48

Sodium taurocholate+10 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

1.5±0.56

2.5±0.49

1.17±0.60

3

Sodium taurocholate+100 µg (4-Cl-D-Phe 6, Leu 17 ) VIP

1.5±0.67

2.33±0.33

1.83±0.60

3

change also occurred in pancreatic microvasculature. It was
reasonable to take pancreatic edema into account when
calculating functional capillary density. Thus calibrated FCD
was introduced. Calibrated FCD = FCD×R/R’, where R is the dry
weight/wet weight ratio of normal controls and R’ is the dry
weight/wet weight ratio of experimental group. Here it was
assumed that the specific weight of pancreatic tissue was 1, and
the pancreatic tissue mass or dry weight experienced no change.
Table 8 Functional capillary densities of pancreas (mean±SE)
Group
Normal control
Caerulein-induced pancreatitis
Sodium taurocholate-induced pancreatitis
PACAP 5 µg
PACAP 10 µg
PACAP 15 µg
PACAP 30 µg
Sodium taurocholate+PACAP 10 µg
Caerulein+PACAP15 µg
Caerulein+PACAP 30 µg
a

P<0.05 vs normal control.

FCD Calibrated
(cm -1 ) FCD (cm -1 )
22.93±5.189
25.71±3.398 a
21.9±5.681
21.68±4.268
19.52±3.837 a
19.6±4.949 a
18.56±6.021 a
18.71±3.383 a
22.68±3.62
18.28±3.772 a

34.4
36.51
24.49
22.98
23.97
21.53
26.19
37.51
39.7

When functional capillary density was converted into
calibrated functional density, most of the experimental groups
showed increased pancreatic calibrated functional capillary
densities compared with the normal controls. In caeruleininduced pancreatitis and sodium taurocholate-induced
pancreatitis treated with PACAP, calibrated functional capillary
densities of pancreas were greatly increased. The most
prominent increase in calibrated functional capillary density of
pancreas was associated with sodium taurocholate-induced
pancreatitis, in which functional capillary density change was
usually interpreted as ischaemia.

DISCUSSION
Pituitary adenylate cyclase activating peptide(PACAP) is a
brain-gut peptide[5]. It stimulates secretion of pancreatic enzyme,
bicarbonate and fluid, and produces additive effects on CCKor carbachol-induced enzyme secretion[8-10]. PACAP is a highly
potent vasorelaxant peptide, which can induce vasodilation
and increase pancreatic blood flow, notably in the exocrine
part of pancreas[15,16]. However, it is unknown whether PACAP
takes part in the development of acute pancreatitis and whether
PACAP or its antagonists can suppress the progression of acute
pancreatitis.
This experiment was carried out to investigate the action of
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PACAP on the development of acute pancreatitis in rats.
Treatment with PACAP alone induced mild pancreatitis in some
rats. Concurrent administration of PACAP aggravated caeruleininduced pancreatitis. PACAP failed to ameliorate sodium
taurocholate-induced pancreatitis. It was reported that PACAP-27
dose-dependently stimulated pancreatic secretion of fluid,
bicarbonate, and protein in rats. This effect is mediated by
release of both secretin and CCK, and a combination of CCK-A
receptor antagonists and anti-secretin serum eliminates the
PACAP-stimulated pancreatic secretion[17]. We speculate that
PACAP administration increases CCK level, and a higher level
of CCK greatly inhibits exocytosis of zymogen granules from
pancreatic acinar cells, consequently leading to enhanced
intrapancreatic zymogen activation.
We further determined whether PACAP concentration in
pancreas was increased with the induction of caerulein- and
sodium taurocholate-induced pancreatitis. Since CCK is
predominantly released from the intestinal mucosal CCK cells
when stimulated by CCK releasing factors[18], it is a matter of
interest to know whether duodenal PACAP concentration
experiences any change. Moreover, PACAP is found to be
present in intestinofugal neurons projecting to pancreatic
ganglia. Ganglia in pancreas contains a rich network of PACAPimmunoreactive fibers but no PACAP-positive neurons. It is
suggested that some of the PACAP-containing axons in the
pancreatic ganglia originate from PACAP-containing myenteric
neurons in the duodenum[19]. Thus it is reasonable to measure
duodenal PACAP levels as well. Although enzyme-linked
immunosorbent assay employed in this study was not an
accurate assay, the examination clearly showed that relative
concentrations of PACAP in pancreas and duodenum
significantly increased in both sodium taurocholate- and
caerulein-induced pancreatitis compared with the normal
controls, suggesting that PACAP might be involved in the
pathogenesis of acute pancreatitis in rats.
Our study showed that PACAP infusion aggravated
pancreatitis and its duodenal and pancreatic concentrations
were significantly elevated. Thus it is hypothesized that PACAP
antagonists might ameliorate acute pancreatitis in rats. PACAP6-27
is a N-terminal truncated derivative of PACAP-27, its affinity to
receptors and ability to activate adenylate cyclase are greatly
reduced compared with PACAP-27. (4-Cl-D-Phe6, Leu17) VIP is
found to competitively bind to VPAC1 and VPAC2 receptors
(receptors with the similar affinity for VIP and PACAP). Contrary
to our expectation, PACAP6-27 failed to reverse acute
pancreatitis in rats. PACAP6-27 alone could induce mild acute
pancreatitis, aggravate caerulein-induced pancreatitis with
characteristic manifestations of acute hemorrhagic/necrotizing
pancreatitis, and could not improve histopathological changes
in sodium taurocholate-induced pancreatitis. (4-Cl-D-Phe6,
Leu17)VIP exhibits similar effects as PACAP6-27. It was reported
that [4Cl-D-Phe6, Leu17]VIP at higher concentrations (100 and
300 mol/L) caused slight increases in amylase release, which
might result from slight agonist activity of [4-Cl-D-Phe6, Leu17]
VIP for the VPAC1 and VPAC2 receptors at high concentrations.
Amylase release stimulated by cabachol and CCK is not
inhibited by [4-Cl-D-Phe6, Leu17] VIP. In fact, [4-Cl-D-Phe6,
Leu17] VIP augments release caused by these agents[20]. We
conjecture that PACAP6-27 and [4-Cl-D-Phe6, Leu 17] VIP
partially agonized the PACAP receptors in this study, and that
the PACAP-binding capacity was not saturated and these
PACAP receptor antagonsits could not displace PACAP from
its receptors.
Microcirculatory impairment has been considered an
important pathogenic factor in acute pancreatitis[21-25]. Edematous
pancreatitis is associated with hyperemia of pancreas. But in
acute hemorrhagic/necrotizing pancreatitis (as induced with
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bile and trypsin [26] and ischemia-reperfusion [27]), intravital
microscopy often shows reduced functional capillary densities
of pancreas. These findings are supported by the observations
with hydrogen clearance technique, electromagnetic flow probe
and radioactive isotopes. This kind of change is termed ischemia
by some authors. This interpretation has provoked researchers
to test the efficacy of various vasodilators in the treatment of
acute pancreatitis. However, experiments with vasodilators
often yield conflicting results. The dispute over the pancreatic
perfusion status in acute hemorrhagic/necrotizing pancreatitis
is unsettled.
When functional capillary density of pancreas is discussed
in the context of pancreatic edema, this misunderstanding
concerning pancreatic perfusion status has been put to an
end. Assume that the number of capillaries of the whole organ
does not reduce or increase significantly and that the dry weight
of the organ remains the same, the length of capillaries in a
given area is decided by the change in water content of the
organ and the opening or closing of capillaries, calibrated
functional capillary density, which combines measurement of
functional capillary density with dry weight/wet weight ratio is
introduced. The introduction of calibrated FCD by us provides
an insight of the pancreatic microcirculatory change. It is
obvious that the FCD of pancreas in experimental acute
pancreatitis, especially in acute hemorrhagic/necrotizing
pancreatitis, was underestimated.
Based on our study, hyperemia or congestion, rather than
ischemia, characterizes the pancreatic microcirculatory changes
in acute pancreatitis. The reduction of pancreatic blood flow in
acute hemorrhagic/necrotizing pancreatitis could be attributed
to the great reduction in blood velocity. Mechanisms, including
hemodynamic change[26,27,29,30], extensive venular leukocyte
adherence[27,31], increase in interstitial pressure[32-34] and
intrapancreatic blood flow redistribution[35] other than arteriolar
constriction, possibly contribute to pancreatic microcirculatory
changes.
The therapeutic value of vasodilators is questionable,
whereas vasoconstrictors may possibly be helpful in the treatment
of acute hemorrhagic/necrotizing pancreatitis. Vasopressin can
ameliorate experimental pancreatitis and reduce mortality rate
while maintaining blood supply for vital organs[36]. The finding
that endothelin-1 could provide protection against caeruleininduced pancreatitis seems reliable[37]. It should also be pointed
out that the action of somatostatin derivatives on acute pancreatitis
could be partly attributed to its vasoconstrictor effect[38].
In short, this study demonstrated that intravenous
administration of PACAP aggravated acute pancreatitis in rats,
and that its antagonists failed to arrest the progression of acute
pancreatitis. On the contrary, its antagonist acted very much
the same way as itself, indicating that PACAP receptor
antagonists at the doses used here might be, in fact, partial
agonists. The PACAP concentrations in pancreas and duodenum
were elevated significantly in caerulein- and sodium taurocholateinduced pancreatitis, suggesting that PACAP might participate
in the pathogenesis of acute pancreatitis. It should be emphasized
that functional capillary density of pancreas should be interpreted
in the context of pancreatic edema. The introduction of calibrated
functional capillary density provides an insight of the real nature
of pancreatic microcirculation during acute pancreatitis. Acute
hemorrhagic/necrotizing pancreatitis is associated with
congestion and capillary stasis rather than ischemia. So different
strategies should be adopted to improve pancreatic microcirculatory
changes in acute pancreatitis.
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Abstract
AIM: To study the core cell damage in isolated islets of
Langerhans and its prevention by low temperature
preconditioning (26 ℃).
METHODS: Islets were cultured at 37 ℃ for 7-14 d after
isolation, and then at 26 ℃ for 2, 4 and 7 d before additional
culture at 37 ℃ for another 7 d. Core cell damage in the
isolated islets was monitored by video-microscopy and
analyzed quantitatively by use of a computer-assisted image
analysis system. The analysis included daily measurement of
the diameter and the area of the isolated islets and the area
of the core cell damage that developed in those islets over
time during culture. Histology and TdT-mediated dUTP-biotin
nick end labeling (TUNEL) assay were used to characterize
the cell damage and to monitor islet function.
RESULTS: Microscopic analysis showed that during the 7
to 14 d of culture at 37 ℃, core cell damage occurred in
the larger islets with diameters >200 µm, which included
both necrotic and apoptotic cell death. Low temperature
(26 ℃) culture could prevent core cell damage of isolated
islets. The 7-d culture procedure at 26 ℃ could inhibit most
of the core cell (excluding diameters>300 µm) damages
when the islets were re-warmed at 37 ℃.
CONCLUSION: Our results indicate that core cell damage
within isolated islets of Langerhans correlates with the size
of islets. Low temperature (26 ℃) culture can prevent core
cell damage in isolated islets, and successfully precondition
these islets for incubation at 37 ℃. These novel findings
may help to understand the pathophysiology of early loss
of islet tissue after transplantation, and may provide a new
strategy to improve graft function in the clinical setting of
islet transplantation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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preconditioning; Core cell damage
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INTRODUCTION
At present, a considerable number of studies have demonstrated
that the reasons for the failure of islet transplantation (besides
graft rejection) are the loss of islet number and function[1-8].
Our previous studies demonstrate that freely transplanted graft
islets are considered avascular as early as 2 d after
transplantation[9], and hypoxia might induce islet cell damage
(necrosis and apoptosis). In fact, necrosis occurs in islets
maintained in vitro[10-15]. Core islets are primarily constituted
by -cells[16,17], which is in line with the fact that most affected
(apoptotic) cells after isolation are beta-cells[18]. The prolonged
survival of allogenetically transplanted islets is correlated with
low temperature, which, however, is interpreted as a low
temperature-associated immunomodulatory function [10,19-21].
And the view that well-preserved islets or -cells are procured by
low temperature has been elucidated in in vitro experiments[22-25] .
In this experimental study, we investigated whether low
temperature preconditioning (26 ℃) could prevent core cell
damage in isolated islets before transplantation.
MATERIALS AND METHODS
Animals
Inbred Syrian golden hamsters weighing 127-297 g were used.
Animals were housed per cage at the beginning of each
experiment and allowed free access to tap water and standard
pellet food.
Islet isolation
A modified method by stationary digestion after pancreatic
ductal injection of collagenase solution was used[26]. Briefly,
hamsters were anesthetized with pentobarbital by intraperitoneal
injection at 50 mg/kg body weight. For the exposure of the
whole pancreas, the abdominal wall was opened via a midline
incision. With the help of a stereo-microscope (Wild, Heerbrugg,
Switzerland), the common bile duct was first ligated at its
entrance to the liver in order to prevent collagenase solution
retrograde entering the liver, and then the pancreatic duct
proximal to the duodenum was exposed. Then cannulation of
the pancreatic duct was performed using a polyethylene
catheter, and connected to a syringe filled with 5 mL of Dulbecco’s
phosphate-buffered saline solution. This solution additionally
contained 8 mg collagenase V (Sigma, Deisenhofen, Germany)
per 10 mL PBS without Ca++ and Mg++, and 0.1 mg/mL neutral
red (Sigma) for islet staining. The aorta was transected immediately
to minimize interstitial hemorrhage in the pancreas before the
duct was retrograde injected with PBS solution. Red colour on
the surface of pancreas gradually appeared and the pancreas
began to be distended during that time. Finally, the whole
pancreas was excised and put into a Petri dish containing another
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5 mL of PBS solution. The Petri dish with the pancreatic tissue
in the PBS solution was immediately placed in an incubator at
37 ℃ in 950 mL/L O2/50 mL/L CO2 for 20-25 min to further allow
tissue digestion. Then, the Petri dish was taken out and put on
ice to stop the digestion process. Tissue suspensions were
then washed two to three times at 10 min intervals, and passed
through a filter net (800 µm pores) in 5 mL of PBS solution.
Finally, the islets were handpicked with a pipette under a
stereomicroscope and transferred to two Petri dishes. One Petri
dish was incubated at 37 ℃ in a humidified atmosphere
containing 950 mL/L O2/50 mL/L CO2 for 7-14 d as control.
Another was incubated at low temperature (26 ℃, 950 mL/L O2/
50 mL/L CO2). Each Petri dish contained 450 mL of Dulbecco’s
modified Eagle’s medium (DMEM, PAA Laboratories GmbH,
Linz, Austria), 50 mL of fetal calf serum (FCS) and 50 mg of
gentamycin. The number of freshly isolated islets from one
hamster usually was about 200-300.

Low temperature culture (26 ℃)
Petri dishes for preconditioning and control were incubated
at 26 ℃ for 7 d. These experiments included ten culture
procedures in 10 donor animals, each culture procedure
containing about 50 to 80 islets.
Re-warming after low temperature
Freshly isolated islets in the culture medium were incubated at
26 ℃ for 2, 4 and 7 d respectively, and then re-warmed 37 ℃ for
a further 7 d. Controls were incubated at 37 ℃ for 7 d. After
culturing at 26 ℃ for 2,4 and 7 d, these experiments included 4,
3 and 5 culture procedures in 4, 3 and 5 donor animals,
respectively and each culture procedure contained about 50 to
80 islets.
Microscopic monitoring of cultured islets
Morphological changes of isolated islets were monitored during
7 to 14 d of culture. Images were recorded by means of optronics
engineering device (TEC-470; SI GmbH, Gilching, Germany), and
finally transferred to a Super VHS ET video recorder (JVC,
Germany) for off-line evaluation. To evaluate the core cell
damage of isolated islets, microscopic analyses were performed
at different time points ( 0-, 1-, 2-, 3-, 4-, 5-, 7-, and/or 14-d)
during islet culture.
Analysis of cell death by computer-assisted measures
The diameter and area of the islets as well as the area of the
core cell damage were quantified by using a computer-assisted
image analysis system (CapImage, Zeintl, Heidelberg, Germany).
The diameter of the islets was measured in two modes, horizontal
and vertical, and presented as mean value. The areas of the
islets and the core cell damage were analyzed planimetrically.
In case several intraislet areas of cell damage were present,
those areas were measured individually, then added to the
overall damaged area. Finally, the data on the area of cell damage
were expressed as percent of the area of the islet.
Histology and apoptosis within the core cell damage in isolated
islets
Some islets were harvested as specimens at different time points,
fixed in 40 mL/L phosphate-buffered formalin for 2-3 d, embedded
in paraffin and sectioned for staining with hematoxylin-eosin
(H-E) for routine histology. To identify whether apoptosis was
involved in core cell damage in isolated islets and which cells
in the islets underwent apoptosis, the TUNEL assay was
employed. Briefly, islets with core cell damage were selected
and fixed in 40 g/L paraformaldehyde, sectioned in paraffin and
pretreated with 1 g/L trypsin buffer at 37 ℃ for 5 min. The

January 28, 2005

Volume 11

Number 4

in situ cell death detection kit (Boehringer Mannheim) was
used for the labeling of apoptotic cells. TUNEL-positive cells
containing damaged DNA were marked by an anti-fluorescein
antibody conjugated with horseradish peroxidase and
developed a dark brown color in the nuclei.

Statistical analysis
Data were presented as mean±SE. After one way analysis of
variance (ANOVA), comparison between groups was tested
by the appropriate post-hoc test. Differences were considered
statistically significant at P<0.05. Statistics were calculated
using the software package SigmaStat (Jandel Corporation, San
Rafael, CA).
RESULTS
Core cell damage of isolated islets
Under light microscope, freshly isolated pancreatic islets of
Langerhans from Syrian golden hamsters had a smooth
appearance with compact, differently spherical shapes, varied
in size (Figure 1). After 1 d culture at 37 ℃, the islets began to
present some cell damage. Usually, this was found to be located
in the center of the islet and was characterized by a zone of
very dark cells that was sharply separated from the surrounding
viable islet tissue. By d 2 of culture, an extensive area of damaged
cells in the central islet region was apparent (Figure 2).

Figure 1 Freshly isolated islets of Langerhans from Syrian
golden hamsters. The smooth appearance of the islets’ shape,
and the variation in size could be observed. Magnification ×120.

Figure 2 Core cell damage of isolated islets after 2-d culture
at 37 ℃ in 950 mL/L O2/50 mL/L CO2 atmosphere. The core
cell damage occurred predominantly in the larger islets. Magnification ×70.

By routine histology staining with H-E, the centrally altered
area was shown to be composed of damaged -cells in the islet
core (Figure 3). With TUNEL assay, apoptotic cell death of
single damaged cells within the core of the 2-d cultured islets
could be identified. However, many cells within this focus were
also TUNEL negative, indicating that both necrotic and
apoptotic cell deaths were involved in the process of core cell
damage in 37 ℃ cultured isolated pancreatic islets (Figure 4).
In order to make a detailed analysis, islets were grouped
into 4 categories according to their individual diameters: group
A, islets with diameters <100 m; group B, islets with diameters
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between 100 m and 200 m; group C, islets with diameters
between 200 m and 300 m; and group D, islets with diameters
>300 m. After calculating the percent of core cell damage of
each group during the 7-d culture at 37 ℃, we found that in
group C, and particularly in group D, islets showed significant
core cell damage while the small islets of groups A and B did
not reveal any core cell damage. This result was taken as a
control for low temperature precondition.

Figure 3 HE staining of isolated islets after 2-d culture at 37 ℃
in 950 mL/L O2/50 mL/L CO2 atmosphere (Magnification ×100).
The core -cell damage occurred within these larger islets.

A

Percent of core cell damage

Figure 4 TUNEL assay of isolated islets after 2-d culture at
37 ℃ in 950 mL/L O2/50 mL/L CO2 atmosphere (Magnification
×120). TUNEL-positive cells containing damaged DNA developed a dark brown color in the nuclei, indicating cell apoptosis.
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Effect of low temperature on core cell damage in isolated islets
In this experiment, the culture of isolated islets was incubated
under low temperature (26 ℃). Strikingly, low temperature
culture did not lead to core cell damage during the 7-d culture.
Intact histological structure of these islets after the 7-d culture
period at 26 ℃ was observed (Figure 5).

Figure 5 Intact histological structure of isolated islets after a
7-d culture at 26 ℃ in 950 mL/L O2/50 mL/L CO2 atmosphere
(H-E staining). Magnification ×150.

Because consecutive 7-d re-warming culture experiments
at low temperature after 2, 4, or 7 d extended the overall 7-d
observation period, we additionally performed control culture
experiments of isolated islets at 37 ℃ for 14 d. These experiments
demonstrated that the degree of core cell damage had no
difference in 14-d cultured islets when compared with those
underwent only a 7-d culture period, indicating that the
magnitude of core cell damage might be determined within the
first 7 d of cell culture (hypoxia). Islets after 2-d and 4-d culture
at 26 ℃ were re-warmed at 37 ℃, and incubation was continued
at 37 ℃ for another 7 d. These experiments revealed that the 2-d
and 4-d low temperature cultures were not effective to prevent
core cell damage of islets with diameters >200 µm, indicating
that the 2-d and 4-d low temperature conditioning was not
successful to protect the isolated islets from hypoxia-induced
injury under warm conditions (Figures 6, 7).
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preconditioning at 26 ℃ did not prevent core cell damage in islets with diamerer >100 µm under 37 ℃ culture conditions.
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Figure 8 Re-warmed islets with diameters <100 µm (A), 100-200 µm (B), 200-300 µm (C), and >300 µm (D) after a 7-d culture at 26 ℃
during an additional 7-d culture at 37 ℃. Islets cultured only at 37 ℃ served as controls. The 7-d culture preconditioning at 26 ℃ was
effective to reduce core cell damage of islets with diameter >100 µm under 37 ℃ culture conditions. aP<0.05 vs Controls.

Islets after a 7-d culture at 26 ℃ were re-warmed at 37 ℃, and
incubation was continued at 37 ℃ for another 7 d. These
experiments revealed that a 7-d low temperature culture was
indeed effective to reduce core cell damage of islets with
diameters >100 µm, indicating that the 7-d low temperature
conditioning might be a promising tool to protect the isolated
islets from hypoxia-induced injury under warm conditions
(Figure 8).

DISCUSSION
The major obstacles for successful clinical islet transplantation
are the isolation of a sufficient mass of islets and the management
of graft rejection[27,28] . Although recent achievements in attaining
a high number of islets and a renewed immunosuppression
protocol are introduced with a somewhat more promising
outcome[29-31], the problem of early loss of function after
transplantation has not been solved yet. This fatal outcome,
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which is not related to immune rejection, has been inferentially
thought to be due to insufficient or non-established vascularization
of transplanted islets[32-34]. In our previous studies[10-13], we
demonstrated that freely transplanted islets showed the first
signs of angiogenesis (i.e., capillary sprout formation and
protrusion) as early as 2 d after transplantation, and the entire
vascularization process was completed after 10 to 14 d[9]. Thus,
for the first two days after transplantation, the grafted islets
have to be considered avascular, and the nutritional supply is
provided only by diffusion from host blood vessels. This may
be sufficient for the peripheral -cells. However, the central
area of the islet grafts, which is composed predominantly of
-cells, will not receive an adequate nutritional supply. In fact,
several studies have pointed out the development of central
necrosis in isolated pancreatic islets[11]. This experiment
demonstrated a correlation between core cell damage in isolated
islets of Langerhans and the size of islets (diameter and area).
We found that the islets with diameters >200 µm were more
sensitive to core cell damage than islets with diameters <200 µm.
In the islets with diameters <100 µm, no core cell damage occurred
at all during the 7-d culture period at 37 ℃. This finding is in
line with the currently discussed minimal requirement for islet
size, which measures 150 µm in diameter[35].
There might be two causative mechanisms involved in the
core cell damage in the isolated islets. First, necrotic cell death,
as mentioned above, is generally believed to be due to limitation
of nutrition-diffusion. This is demonstrated in part by the
observation that usually it is the center of the larger islets that
are mainly susceptible to lack of nutrients, which finally results
in cell necrosis[11]. It is indeed the case when islets are cultured
in medium environment, which is similar to that of host blood
after transplantation. Second, the isolation procedure of islets
generally destroys the islet microenvironment and places islets
in an atmosphere of pathological stimuli, including loss of
trophic support, alteration of osmosis and entrancement of
some endotoxins in collagenase[18]. Moreover, islets are
notorious for their high sensitivity to noxious stimuli. Hence,
the occurrence of apoptosis in freshly isolated islets may be
termed isolation-induced islet cell apoptosis. This view has
been confirmed in the present study by TUNEL assay analysis.
We actually do not know which type of cell death is the more
dominant in large islet core cell damage. Perhaps two kinds of
mechanisms co-exist.
Core cell damage in larger islets occurred during the 7-d
culture at 37 ℃, but at 26 ℃, no damage occurred. Therefore,
pre-incubation at low temperature could help prevent core cell
damage, and a 7-d culture at 26 ℃ could completely prevent
core cell damage during a subsequent 7-d culture at 37 ℃,
when the islets maintain a well-preserved morphologic structure.
It is possible that lower temperature at 26 ℃ decreases islet cell
metabolic activity and oxygen consumption, especially in cells, and increases the islet cellular ability to tolerate hypoxia,
thereby avoiding core cell necrosis and apoptosis. Furthermore,
the oxygen solubility in liquids increases as the temperature is
reduced, which leads to oxygen concentrations in the culture
medium, and the oxygen diffusion distance to islet cores may
be shortened[19].
In the present study, the functional parameters of cultured
islets at 26 ℃, such as insulin content and secretion, were not
studied. However, previous studies on rat islets clearly show
that the ability of glucose to stimulate insulin release at low
temperature remains stable for three weeks, and increasing the
temperature to 37 ℃ after one-week culture produced a 7-fold
increase in the rate of insulin release[10].
In view that re-warming may recover insulin release of cultured
islets at low temperature, we question whether re-warming of
the islets at 37 ℃ after culture for several days at 26 ℃ could
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also prevent core cell damage. However, both 2-d and 4-d low
temperature (26 ℃) culture conditionings were not effective to
prevent the development of core cell damage in islets with
diameter >200 µm under 37 ℃ warm conditions. In contrast,
prolonging 26 ℃ preconditioning to 7 d resulted in a marked
reduction of core cell damage after re-warming of the islets at
37 ℃. Only very large islets showed some central alterations.
However, even though those largest islets showed core cell
damage, the extent of damage was not as serious as observed
in non-preconditioned islets.
In conclusion, core cell damage within isolated islets of
Langerhans correlates with the size of islets. Low temperature
(26 ℃) culture can diminish core cell damage in isolated islets.
Also, a 7-d culture procedure at 26 ℃ can inhibit most core cell
damages when the islets are re-warmed at 37 ℃. These novel
findings may encourage in vivo studies on islet transplantation
after preconditioning the isolated islets at low temperature
(26 ℃). In fact, protection from core cell damage in transplanted
islets may markedly improve the final outcome by reducing the
high frequency of non-functional primary grafts.
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Abstract
AIM: To observe the effect of cholecystokinin (CCK) on lipofusin
value, neuronal dendrite and spine ultrastructure, and total
cellular protein during the process of experimental neuronal
aging.
METHODS: Experimental neuronal aging study model was
established by NBA2 cellular serum-free culture method. By using
single intracellular lipofusin value from microspectrophotometry,
morphology of neuronal dendrites and spines from the
scanner electron microscopy, and total cellular protein as the
indexes of experimental neuronal aging, we observed the
effect of CCK8 on the process of experimental neuronal aging.
RESULTS: Under the condition of serum-free culture,
intracellular fluorescence value (%) increased with the
extension of culture time (1 d 8.51±3.43; 5 d 10.12±3.03;
10 d 20.54±10.3; 15 d 36.88±10.49; bP<0.01). When CCK
was added to serum-free culture medium, intracellular
lipofusin value (%) decreased remarkably after consecutive
CCK reaction for 10 and 15 d (control 36.88±10.49; 5 d
32.03±10.01; 10 d 14.37±5.55; 15 d 17.31±4.80; bP<0.01).
As the time of serum-free culturing was prolonged, the
number of neuronal dendrite and spine cells decreased.
The later increased in number when CCK8 was added. CCK8
could improve the total cellular protein in the process of
experimental neuronal aging.
CONCLUSION: CCK8 may prolong the process of experimental
neuronal aging by maintaining the structure and the number
of neuronal dendrite and spine cells and changing the total
cellular protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Aging is a universal phenomenon, and the common feature of

all cellular organisms. Finding the reasons for aging and the
ways to postpone its process has theoretical implications and
extensive application value.
Neuronal aging is a core subject in geriatrics. As the neuronal
aging is relatively long, it is difficult to conduct in vitro
experiments. On the contrary, an in vivo experiment, which is
relatively easy to control its experimental condition and its
short cycle of cell culture, is considered a realistic method of
neuronal aging study.
Mice neuroblastoma cell culture is widely recognized by
scholars as an experimental neuronal model in organic
chemistry, immunochemistry, pharmacology, and neuropeptide
researches. Cai et al[1] devised an experimental neuronal aging
model by culturing mice neuroblastoma cells under the
condition of serum-free culture. This model is easy to use due
to avoidance of the influence of serum.
Neuropeptide is a kind of internal active substances inside
the brain. It is speculated that there are probably 200 kinds of
neuropeptides existing in the mammal brain and 60% synaptic
connections are related to neuropeptides. Some of the neuropeptides
can function both as transmitters and modulators. CCK includes
CCK8, CCK39 and CCK33. Pro-CCK gives rise to CCK8 within the
brain.CCK, which is one kind of neurotransmitters[2], is
commonly found in the central nervous system [3,4]. It not
only regulates food absorption and body weight [5], but also
plays an important role in sensitivity[6], reflection[7], growth,
learning[8], emotion, memory[9], adaptive development and brain
plasticity[10].
Some research findings have revealed that neuropeptide is
remarkably low in brain and cerebrospinal fluid (CSF) of the
aged people, especially those who suffer from diseases in
relation to aging, such as Alzheimer’s disease (AD), Parkinson’s
disease (PD)[11], etc The cholinergic neurons in cerebral cortex
degenerate severely in AD, while CCK could protect and slow
the degenerative process of cholinergic neurons[12,13]. There are
degeneration and loss of substantia nigra dopamine(DA),
decreased DA neurotransmitters in PD patients while CCK could
regulate and increase DA transmitter[14] and its activity[15]. These
results suggest that CCK may regulate and strengthen neuronal
aging process. This study was to observe CCK influence on
some biological indexes in neuronal aging process by a neuronal
aging model established using serum-free culture of mice
neuroblastoma cell line.

MATERIALS AND METHODS
Cell line
Neuroblastoma A2 (NBA2) from American Type Culture
Collection was a gift from Professor Larry Davis of University
of New Mexico School of Medicine.
Chemicals
Beef serum (Shanghai Biological Experimental Cell Biological
Technology Company), Dulbecco’s modified Eagle’s medium
(DMEM, Life Technologies USA), insulin (Shanghai
Biochemical Drug Factory), trypsin, beef serum albumin and
[Tyr-So3H27]- cholecystokinin fragment 26-33 amide (CCK8 No.
C-9271, Sigma) were used in our study.
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Cell culture medium
Culture medium with serum (BD) contained 10% beef serum
DMEM, NaHCO3 3.7 g/L, gentamicin 50 000 u/L. Serum-free
culture medium (AID): beef serum albumin 500 mg, insulin 5 mg,
gentamicin 50 000 u were added into 1 liter DMEM. Culture
medium with peptides (AID -CCK): CCK8 was added into AID
culture medium, CCK8 concentration was 10-7 mol/L.
Experimental equipments
Equipments used included Nikon phase reversal contrast
microscope, LNA-III type CO2 culture box, Hitachi low temperature
freezer and JSM-840 scan electron microscope (These equipments
are all made in Japan). UMSP-30 microspectrometry and its
MOP-Videoplan image analysis system were products of
OPTON in Germany. FACStar Plus type fluency cytometer was
produced by Becton Dickinson in USA.
Development of NAB2 cell culture and neuronal aging experimental
model
This model was established by Yan Cai and described as follows.
Preparation of cell samples: NBA2 cells were inoculated into a
culture bottle containing a 10 mm×20 mm slide inside, cultured for
24 h in 50 mL/L CO2 at 37 ℃ with BSD culture medium. The original
culture medium was discarded and cells were rinsed 3 times with
Hanks solution, then AID culture medium was added, replaced
with fresh AID culture medium every other day, cells were
inoculated every several d, and the first set of cultured cells was
collected on d 1, 5, 10, and 15, and tested on the same day.
Test of CCK8 influence on lipofusin fluorescence value
Based on the method in our laboratory[1], inoculated cells were
assigned to AID group and CCK group randomly. The CCK
experimental group was subdivided into 5-d CCK, 10-d CCK,
and 15-d CCK groups according to the different reaction
periods of CCK. The incubation time for both control and
experimental groups was 15 d. BSD solution in experimental
group was replaced and the cells were washed 3 times with
Hanks solution, then AID-CCK medium was added for
incubation. AID-CCK was changed every 2 d. The old solution
was discarded when CCK action reached the pre-determined
date, serum-free solution was added and stayed for 15 d for test.
One hundred percent reference standard was set by 1%
fluorescence intensity on green plastic slides. Lipofusin value
was randomly tested in 30 cells from each group. By using a
computer, data on these cells were collected for statistical analysis.

Total cellular protein tested by flow cytometer
FD, AID and CCK8-AID solutions were added to culture NBA2
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cells. After 1, 5, 10 d, single cell suspension was made by the
cells grown into layers at the concentration of 6×106/mL. The
cells were fixed by a final concentration of 75% alchohol for 24 h.
Protein was stained by 1ug/mL FITC, analysed by flow cytometer.
The equipment was the FACS tar plus produced by Becton
Dickinson Co. Ltd. USA, argon (Ar) laser activator was used as
laser light, at output power 200 mW, activator wave 488 nm.
The fluorescence was tested by 585 filter. The total protein
content in 3 000-5 000 cells was measured for each group. Data
were input into MP310 computer and the mean, median, mode
and the peak of cellular total proteins were obtained by CELL
Fit software of Becton Dickinson Co. Ltd.

Statistical analysis
Statistic analysis of lipofusin fluorescence value was based on
POMS analysis of variance software.
RESULTS
Influence of serum-free culture on NBA2 cellular lipofusin value
The accumulated intracellular fluorescence lipofusin value
increased as the time of serum-free culture increased, reaching
the highest value on d 15 (P<0.01) (Table 1).
Table 1 Influence of serum-free culture on NBA 2 cellular
lipofusin (mean±SD)
Group

Cell number

1-d

30

8.51±3.43

5-d

30

10.12±3.03

10 -d

30

20.54±10.34 b

15 -d

30

36.88±10.49 d

Lipofusin fluorescence value (%)

b

P<0.01 vs 1-d group and 5-d group; dP<0.01 vs 1-d group and
10-d group.

CCK8 influence on experimental neuronal lipofusin
CCK8 action for 10 and 15 d could decrease intracellular lipofusin
value significantly (Table 2).
Table 2 CCK8 influence on experimental neuronal lipofusin
(mean±SD)
Group
Control

Electron microscopic observation of cell microvilli
The cells after 3 d of secondary culture were digested by 0.125%
trypsin and collected and calculated through BD culture
solution. Then, 106 cells were inoculated into medium containing
a 10 mm×10 mm cover slide, incubated for 24 h under the
condition of 50 mL/L CO2 at 37 ℃, washed 3 times with Hanks
solution. The cover slide was taken out randomly from BD
culture solution and fixed by 2% glutaraldehyde. The rest of
the cells were divided randomly into serum-free and CCK
groups, AID or AID- CCK medium was added respectively.
The cover slide with attached cells was taken out and fixed by
2% glutaraldehyde. The cells were washed 3 times with phosphate
buffer solution and fixed for 1 h by 1% osmic acid, dehydrated
by achohol, stained by uranium isoamyl acetate, dried by marginal
place and coated by gold using ion sputter-coater and then
observed by scanning electron microscope manufactured by
JEOL of Japan.
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Cell number

Lipofusin fluorescence value (%)

30

36.88±10.49

5-d

30

32.03±10.01

10 -d

30

14.37±5.55 f

15 -d

30

17.31±4.80 f

f

P<0.01 vs control group.

Influence of serum-free culture on surface of NBA2 cell
ultrastructure
The cell body of the cells cultured with serum solution turned
round and oval, and dense microvilli were observed (Figure 1A).
Microvilli shaped like hassock were evenly distributed, 4-6 m in
length and projected to all directions and some of them were
curl-like (Figure 1B). On d 5 of serum-free incubation, cells
turned spindle or triangle. Dendrites were grown with a lot of
spines at its terminal (Figure 2A). The spines projected
peripherally with ends split, at 3-5 m in length (Figure 2B). On
d 10 of serum-free culture, the nodi from the surface of the cells
were getting bigger (Figure 3A), the dendrites of the local cell
were bigger and the number of the spines was fewer at 1-2 m in
length (Figure 3B). On d 15 of serum-free culture, the nodi on
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Figure 1 NBA2 cells with serum culture medium and microvilli of NBA2 cells. A: NBA2 cells with serum culture medium ×2 000;
B: Microvilli of NBA2 cells with serum culture medium ×10 000.

A

B

Figure 2 Cells and microprocess of cells on d 5 of serum-free incubation. A: Cells on d 5 of serum-free incubation ×1 000; B:
Microprocess of cells on d 5 of serum-free incubation ×10 000.

A

B

Figure 3 Cells and microvilli of cells on d 10 of serum-free incubation. A: Cells on d 10 of serum-free incubation ×2 000; B:
Microvilli of cells on d 10 of serum-free incubation ×10 000.

the surface of cells were maximal and the dendrites were getting
smaller (Figure 4A). The ends of the dendrites were deadwood
like and spines disappeared (Figure 4B).

Table 3 Influence of serum-free culture on NBA2 total cellular protein
Group

Days of
culture

Cell
number

Total cellular protein (channel)

CCK8 influence on experimental neuronal cell surface ultrastructure
On d 5 of CCK8 action, cells looked star-like with long and more
dendrites, and more spines appeared at both ends of each
dendrite. On d 15, nodal granules (particles) on cell surface
were smaller than those in serum-free culture group (Figure 5A).
A number of spines could be found at the end of each dendrite
(Figure 5B).

BD
A ID
BD
A ID
BD
A ID

Influence of serum-free culture on NBA2 total cellular protein
On d 1 of non-serum incubation, the mean, median, mode and
peak of total cellular protein all decreased remarkably. On d 5 of
serum-free incubation, the mean, median, mode of total cellular
protein all increased, while the peak significantly decreased.
On d 10 of serum-free incubation, the mean, median, mode and
peak of total cellular protein increased (Table 3).

CCK8 influence on total cellular protein in process of experimental
neuronal aging
On d 1 of CCK8 action, the mean, median, mode and peak of
total cellular protein increased. On d 5 of CCK8 action, there
was an increase in the mode but a decrease in the peak. On d 10
of CCK8 action, the mean, median, mode and peak dropped
remarkably (Table 4).

1
5
10

5
2
5
5
5
5

000
837
000
000
000
000

Mean
487
355
575
676
501
626

Median
469
349
562
651
497
620

Mode

Peak

358
345
561
631
513
629

13
7
44
31
23
26
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B

Figure 4 Cultured cells on d 15 of serum-free incubation and end of the process on d 8 of serum-free incubation. A: Cultured cells
on d 15 of serum-free incubation ×2 000; B: End of the process on d 8 of serum-free incubation ×10 000.

A

B

Figure 5 CCK8 influence on nodal granules and microvilli on d 15. A: CCK8 influence on nodal granules ×1 000; B: CCK8 influence
on microvilli ×10 000.
Table 4 CCK8 influence on total cellular protein in process of
experimental neuronal aging
Group

AID

Day of Cell
Total cellular protein (channel)
culture number
Mean Median Mode Peak
1

CCK 8 +AID
AID

5

CCK 8 +AID
AID
CCK 8 +AID

10

2 837

355

349

345

7

5 000

582

605

665

7

5 000

676

651

631

31

5 000

543

452

553

28

5 000

626

620

629

26

5 000

502

471

508

17

DISCUSSION
Cai et al[1] designed 5 different kinds of culture medium for
establishing an experimental neuronal aging model, and they
found that serum-free culture medium consisting of insulin,
albumin, DMEM could maintain an equilibrium and even
standstill status after a period of growing time of NBA2 cells.
As the culture time extended, differentiation appeared, which
is helpful for the observation of cellular aging. Our experiment
adopted AID as serum-free culture medium.
Generally speaking, lipofusin is a residual substance produced
by autophagocytosis of the improper structure and function of
subcellular components by lysosomes. This element is
accumulated as age increases[16]. There is a great deal of lipofusin
in aged human beings, animals and AD animal model[17,18]. The
yellow pigment ultrastructure is covered by heterogeneous
membrane and contains high-density molecules and vesicles
of lipid. It is a biological marker indicating the decline of the
whole cell function, and that may be the etiology of the neuronal
loss. Its deposit may cause changes of cellular components,
such as the amount of cellular liquid and the number of

mitochondria, decrease of roughly surfaced endoplasmic
reticulum (RER), simplification of the Golgi complex and empty
vesicle formation. Lipofusin is the result of aging, and may generate
auto-fluorescence and can be measured by spectrometry.
The experimental results suggested that intracellular
liopfusin fluorescence value dropped to the lowest on d 1, and the
intracellular lipofusin fluorescence value increased considerably
after every 5 d as the culture time extended, and reached the
highest on d 15 (P<0.01). The tendency towards increase in
accumulation of the intracellular fluorescence value in NBA2 is
parallel to the increase of neuronal intracellular fluorescence
value along with increase of age in mammals and humans.
Therefore, the intracellular fluorescence value of lipofusin can
be used as a good index for experimental neuronal aging model.
Lipofusin fluorescence value by continuous action of
CCK8 of 10 and 15 d groups was much lower than that in control
group (P<0.01), but still higher than serum-free culture 1 d group,
indicating that CCK8 could lower the speed of accumulation of
lipofusin but could not prevent the generation of lipofusin.
This suggests that CCK 8 could postpone the process of
experimental neuronal aging but could not prevent the general
tendency of experimental neuronal aging.
Every point of the whole dendrite could connect with the
terminal of axon from other neurons and generate synapse. A
variety of the dendrites of neurons have microvilli known as
dendritic spines, which especially connect with synapse and
conduct neuronal action. The morphological changes related
to aging include the decrease of the brain volume and weight and
enlargement of ventricles, the etiology of which was attributed
partly to the loss of neurons. The loss of process and synapse
of the aging brain is in selected region rather than in the
whole brain [19]. The pathological changes in aging brain are
the generation of neuronal tangle[20] and senile plague[21,22] and
degeneration and loss of neurons[23], dendrites[24], spines[25]
and synapses[26]. Experimental results suggest dendrites were
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generated on d 5 of serum-free incubation and different kinds
of dendrites and spines were grown. As the incubation time
extended, the number of dendrites and spines decreased and
later they even disappeared. The shape of dendrites was
damaged. These changes are similar to the morphology of the
aging and AD brain and indicate NBA2 cells grow and become
mature through division and multiplication and differentiation.
Maturity and aging reflect the process of neuronal aging. Under
the action of CCK8, cells generate more dendrites as well as
spines. Morphologically dendrites and spines remained intact
on d 15, demonstrating that CCK8 promotes the growth of
dendrites and spines of experimental neurons, by maintaining
the structure integrity of dendrites and spines. In addition,
CCK8 could delay degeneration and disappearance of dendrites
and spines.
Protein is the material foundation of life. Protein is not only
the major component of cell tissue but also participates in most
physical activities. Most of the physiological functions in the
body are fulfilled through protein, and protein always plays a
key role in it. Therefore, life is a special motion of the protein. In
elderly people, aged animals and aging related disorders such
as AD and PD, the quantity of proteins could change remarkably
in brain tissue and CSF. Some researchers have found that the
quantity of amyloid precursor protein (APP)[27], abeta 40 and
abeta 42[28], Tau proteins[29,30] is increased, while cytochrome C
oxidase[31], growth-associated protein-43[32], neurosin[33] and
calcium binding protein calbindin-D (28K)[34] are decreased in
brain tissue and CSF of the elder people, aged animals and AD
patients. These increased proteins related to aging and aging
correlated diseases are neurotoxic proteins. The increase of
these proteins could lead to neurological aging and
characteristic changes of AD disease such as senile plague
and neuritic tangles. The decreased proteins in aging and AD
patients are enzyme or neuron growth factors essential to
metabolism in the body. The decrease of these proteins affects
the normal metabolism of neurons and finally leads to death of
the neurons, indicating that total cellular protein could change
remarkably, and is accompanied with aging process. It needs
further investigation to identify the specific kind of protein
changes.
Our results suggest that CCK8 changes the total cellular
protein of the experimental neuronal aging and decreases the
generation and accumulation of intracellular lipofusin, promotes
the growth of dendrites and spines and delays their degeneration.
Hence, CCK8 protects the aging process of experimental neuronal
aging.
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Abstract
AIM: To find a novel antigen (Ag) presentation strategy to
improve the immune responses induced by dendritic cell (DC)
vaccine expressing hepatitis C virus (HCV) core antigen
(pcDNA 3HCV C-Fc) in Balb/c mice (H-2d).
METHODS: pcDNA 3HCV C-Fc plasmid and eukaryotic
expression vector pcDNA3 were injected into mice sc. Immune
responses to pcDNA 3HCV C-Fc were studied. Meanwhile
the effect of pcDNA 3HCV C-Fc on anti-translated subcutaneous
tumor of SP2/0 cells stably expressing HCV C Ag (SP2/0-HCV
C-FC) was also studied. Anti-HCV C in serum was detected
by enzyme-linked immunoadsordent assay (ELISA) and HCV
specific cytotoxic T lymphocyte (CTL) activity was measured
by LDH release assay. After 3 wk of DNA immunization,
the cells of SP2/0-HCV C-FC were inoculated into mice
subcutaneously and tumor growth was measured every 5 d.
The survival rate and living time of mice were also calculated.
RESULTS: After 4 wk of DC immunization, the A450 nm values
of sera in mice immunized with pcDNA 3HCV C-Fc-DC and
pcDNA3-DC were 0.56±0.17 and 0.12±0.03 respectively. The
antibody titres in mice codeliveried with pcDNA 3HCV C-Fc
with DC were significantly higher than those of mice injected
with pcDNA3-DC. The HCV specific CTL activities in mice
coinjected with DC and pcDNA 3HCV C-Fc or empty expression
vectors were(73.2±3.1) % and (24.4±8.8) % , which were
significantly higher than those of mice injected with water.
The DC vaccine could evidently inhibit tumor growth, prolong
the survival time of mice and improve the survival rate of
mice and these effects could be improved by HCV C-Fc
(pcDNA 3HCV C-Fc) gene codelivered.
CONCLUSION: DC vaccine has a strong antigenicity in
humoral and cellular immunities, which can be promoted
by transduced pcDNA 3HCV C-Fc expressing HCV C or Fc.
Thus, pcDNA 3HCV C-Fc-transduced DCs may be a promising
candidate for a CTL-based vaccine against HCV.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatitis C virus; Dendritic cell vaccine; Cytotoxic
T-Lymphocytes
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INTRODUCTION
Hepatitis C virus (HCV) chronic infection is characterized by
low or undetectable cellular immune responses to HCV antigens.
Some studies have suggested that HCV proteins manipulate
the immune system by suppressing the specific antiviral T-cell
immunity. Antiviral immunity requires recognition of viral
pathogens and activation of cytotoxic and Th cells by innate
immune cells.[1-5] In this study, we designed a novel antigen
(Ag) presentation strategy by transducing DCs to produce
and secrete a fusion protein consisting of a HCV core protein
HCV C Ag fused with cell-binding domains such as the Fc
fragment of IgG. The secreted fusion proteins, in addition to
inducing antibody (Ab) responses, are transported back to
DCs via receptor-mediated internalization. It has been
demonstrated that Ag presentation by receptor-mediated
internalization of DCs can be enhanced up to 1 000-fold, compared
with fluid phase Ag pinocytosis. Thus, this receptor-mediated
Ag presentation strategy is able to induce vigorous Th cell,
CTL, and B cell responses to the model HCV nucleocapsid protein
in mouse models[6-10].
MATERIALS AND METHODS
Construction of expression vectors
Plasmid expressing HCV core antigen (pcDNA3-HCV)[3-5] was
constructed by Professor Feng (in this Department). Plasmids
expressing human IgG cDNA Fc (pCMVsFc)[5-7] were a
generous gift from Dr. Chen (USA). Human IgG cDNA Fc
fragment was generated by PCR amplification with plasmid
pCMVsFc containing human IgG heavy chain cDNA as a
template. The pair of primers for PCR was 5’-primer: 5’ ATA
TAC TCG AGG AAA ACT CAC ACA TGC 3’ corresponding
to the nucleotide sequence 956-970 of the heavy chain with
an additional Xho I site,and 3’-primer: 5’ GTT TCT AGA TCA
TTT ACC CGG AGA CAG, corresponding to the nucleotide
sequence 1 572-1 589 of the heavy chain with an additional
Xba I site . Fc cDNA with a leader sequence was cloned into
the Xho I/ Xba I cut pcDNA 3HCV. These resultant vectors
were identified by restriction enzyme analysis and confirmed
by DNA sequencing.
Production of vectors and DC transduction
To generate DC, bone marrow (BM) cells were flushed from
the bones of mouse limbs, passed through a nylon mesh, and
depleted red cells with ammonium chloride. After extensively
washing with RPMI 1640, cells were incubated with rabbit
complements and a mixture of mAbs consisting of anti-CD4,
anti-CD8 in RPMI 1640 at 37 ℃ for 40-60 min. Then, 5×108/L in
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RPMI 1640 supplemented with 100 mL/L FBS, 80 ng murine
GM-CSF (mrGM-CSF) (Gibco), and 20 U/L IL-4 (Gibco) were
plated in 12-well culture plates (2.5 mL/well), incubated at 37 ℃
in 50 mL/L CO2 overnight, and then refed with fresh medium.
After 48-h incubation, the cells were spun down. The bone
marrow-derived dendritic cells were cultured in 100-mm culture
dishes with RPMI1640 containing 100 mL/L heat-inactivated
FBS (Life Technologies) and transfected with 10-15 µg of
vector plasmids by lipofectin (Life Technologies). After an
overnight incubation, the medium was replaced with RPMI1640
containing 100 mL/L FBS. Forty-eight hours later, the cells
were incubated at 37 ℃ in 50 mL/L CO 2 for 3-4 h. The
transduction procedure was repeated 2-3 times. After the final
transduction, the cells were washed and cultured in the
medium containing mGM-CSF and mIL-4 for several days to
allow further DC differentiation. DC was further enriched by
using a 500 g/L FCS-RPMI 1640 sedimentation procedure as
described previously.

HCV C Ag-specific antibody assay
Sera samples were collected by tail bleeding at different times,
beginning at 1 wk after immunization, and the presence of HCV C
Ag-specific antibody was analyzed by ELISA. Briefly, microtitre
plates coated with a mixture of recombinant HCV C Ag (each
50 ng/well) were incubated with serially diluted sera in a blocking
buffer at room temperature for 2 h. Bound Ab was detected
after incubation with peroxidase or alkaline phosphataseconjugated Abs against mouse IgG (Sigma). A polyclonal antiHCV C Ab was used as a positive control and nonimmunized
mouse sera as a negative control. Ab titre was defined as the
highest dilution with A450 or A405>0.2. The background A450 or A405
of normal mouse sera was <0.1.
CTL assays
To determine whether immunization with HCV C-Fc-DC could
induce strong CTL responses, LDH release cytotoxic assay
was performed. The assays were performed in triplicate with
1×105 targets/well at various effector cell/target cell (E:T) ratios
of 100:1, 50:1, 25:1. Pooled immunized mice were restimulated
in vitro in RPMI 1640 containing synthetic peptide HCV C Ag
(1 µmol/L) for 4-6 d. SP2/0 (H-2d) target cells were incubated
with a synthetic peptide, HCV C Ag at a concentration of 10 mg/
L overnight. Different numbers of effector cells were incubated
with a constant number of target cells (1×104/well) in 96-well
V-bottom plates (200 µL/well) at 37 ℃ for 3 h. The supernatants
(100 µL) from triplicate cultures were collected. The percent of
lysis was defined as (experimental release-spontaneous release)/
(maximum release-spontaneous release) ×100. Maximum release
was determined by cell lysis with 1% Triton X-100. Spontaneous
release was always <5% of the maximum release in the assays.
Tumor challenge studies
Tumor cell line SP2/0 (Balb/c, H-2d) was transfected with plasmid
pcDNA3-HCV C Ag by using lipofectin (Life Technologies)
and then selected in the presence of 1 g/L G418 (Life Technologies).
G418-resistant clones were subcloned and then screened for
HCV C Ag expression by immunofluorescence and PCR. SP2/0HCV C Ag cells expressing HCV C Ag were maintained at 37 ℃
in 50 mL/L CO2 in RPMI1640 containing 100 mL/L heatinactivated horse serum and 1 g/L G418. In the tumor protection
experiments, Balb/C mice were immunized by iv injection with
1×105 transduced DCs on d 0 and 3, and then intradermally
challenged with 3×106 exponentially growing SP2/0-HCV C Ag
cells 1 wk after the first immunization. Tumor sizes were measured
every 2-3 d, with tumor volumes calculated as the longest
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diameter×the shortest diameter.

Statistical analyses
All data were presented as mean±SE. Different groups were
compared by Student-Newman-Keuls test with SigmaStat 2.03
software (SPSS). P<0.05 was considered statistically significant.
RESULTS
Construction and expression of fusion proteins
By using immunofluorescence and PCR, it was found that
HCV C Ag-Fc proteins (HCV C-Fc) were efficiently produced
and secreted from transfected cells (Figure 1). Transduced
and untransduced BM-derived DCs were stained with an antiHCV-FC Ab (Figure 2). When followed by incubation with
FITC-conjugated anti-mouse IgG (Sigma) on ice for 30-60 min, the
percentages of the cells positive for HCV-FC markers were indicated.

1

2

3

4

5

Figure 1 pcDNA 3HCV-Fc vectors identified by restriction
enzyme analysis. Lane 1: Marker (Ecoli); lane 2: pcDNA3; lane
3: pcDNA 3HCV-Fc was cut by restriction enzyme Xho I/Xba I;
lane 4: Fc cDNA fragment was cloned into the vector; lane 5:
Marker (DL-2000).

Figure 2 Expression of HCV C-Fc fusion proteins.

Culture and identification of BM-derived DC
After 7 d of culture, a large number of cells with typical
characteristics of DCs were observed. Characteristics of the
cultured cells were observed by SEM (Figure 3) and the
expression of DEC205 was detected by FACS.
Induction of strong B cell responses in vivo
The pcDNA 3HCV C-Fc transduced DC showed a strong
antigenicity in humoral immunity and anti-HCV C could be
detected in sera of mice after pcDNA 3HCV C-Fc transduced
DC vaccination. The serum titers of anti-HCV C in mice increased
with the times of immunization in a period of time. The titres of
anti-HCV C in sera of mice were significantly promoted by genes
expressing HCV C-Fc fusion proteins (Figure 4).

Wang QC et al. HCV-specific cytotoxic T and B cell responses
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Figure 3 BM-derived DCs. A: BM-derived DC (SEM×500); B: BM-derived DC (SEM×700).
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Figure 4 Serum anti-HCV C level in Balb/c mice. bP<0.01 vs
pcDNA3

Induction of strong CTL responses in vivo
HCV specific CTL activities were developed in the mice after
pcDNA 3HCV C-Fc transduced DC immunization. As shown in
Table 1 splenocytes from mice immunized with HCV C-Fc-DCs
demonstrated significantly higher target cell killing than those
from mice immunized with DCs alone. The specificity of the killing
was demonstrated by the inability of splenocytes to kill HCV C
Ag-pulsed p815 target cells with H-2d. The superior CTL responses
induced by HCV C-Fc-DCs might be due to the enhanced Th and
the direct MHC-I presentation of internalized HCV C-Fc by DCs.
Table 1 Effect of pcDNA 3HCV C-Fc on CTL activity induced
by DCs (n = 5; %; mean±SD)
Group

100:1

50:1

25:1

PcDNA 3HCV C-Fc transduced DCac

73.2

46.8

23 .2

PcDNA3 transduced DCa

24.4

13.7

3.9

0.5

0.3

0.2

PBS control
a

P<0.05 vs PBS control; cP<0.05 vs pcDNA3 transduced DC.

Protective immunity induced by fusion construct immunization
A common tumor cell line (SP2/0) might grow rapidly in syngeneic
mice as the target cell line for transfection and challenge
experiments. SP2/0 clones transfected with the HCV C Ag
expression vector were generated and shown to express HCV C
Ag by PCR and immunoprecipitation assays. After inoculated
with SP2/0-HCV C-FC, all six mice with or without pcDNA3
(100%) formed the tumor. The rate of tumor formation was
16.7% (1/6). No tumor was formed in mice coimmunized with
pcDNA 3HCV C-Fc and DCs. The survival rate of mice immunized
with pcDNA 3HCV C-Fc alone or coimmunized with DCs
increased significantly and the tumor growth was evidently
slower than that of mice immunized with or without pcDNA3.
The antitumor activity induced by HCV C-Fc-DCs was specific
because HCV C-Fc-DC-immunized mice challenged with SP2/0
cells also developed lethal tumors and died within 4 wk.

DISCUSSION
The majority of HCV infections would become chronic, despite
the presence of HCV-specific cellular and humoral immune
responses. Inadequate Ag presentation by APC might contribute
to the failure of the human immune system to mount effective
immune responses to chronic infections[11-16]. Accumulating
evidence indicates that a vaccine or an immunotherapy, which
can induce combined CD4+ and CD8+ T and B cell immune
responses, might be the most effective one to prevent or control
chronic infections such as HIV-1, hepatitis virus infection, or
Mycobacterium tuberculosis, and tumors[17-20]. The results of this
study demonstrate that this receptor-mediated Ag presentation
strategy, which uses a unifying mechanism to efficiently present
Ag to both MHC-I and -II, can potentially activate Ag-specific
Th cells, CTL, and B cells. Thus, the receptor-mediated Ag
presentation strategy with the ability to induce all arms of the
adaptive immunity may have broad applications in the treatment
and prevention of cancer, infection, and even autoimmune diseases.
DCs are the most potent APC for initiating primary and
secondary immune responses[21-23]. Thus, for effective vaccines
or immunotherapies, Ag must be acquired and displayed by
DCs. Many investigators have tried to use the potential efficacy
of DCs to develop effective immunotherapies and vaccines[24-26].
For exemple, some investigators transduced Ag genes into DCs,
which allow the constitutive expression of Ag proteins leading
to prolonged Ag presentation of multiple or unidentified
epitopes in the context of MHC. Because the Ag-presenting
pathway to MHC-I is distinctly different from that to MHC-II, it
is difficult for Ag to be presented to both MHC-I and MHC-II
by DCs. Thus, developing a strategy for DC to present Ag to
both MHC-I and -II may lead to more effective immunotherapies
and vaccines, because Th cells play a central role in the activation
of CTL, B cells, NK cells, and macrophages[27-29].
The receptor-mediated Ag presentation strategy, which
could efficiently activate not only Th cells, but also cytotoxic T
and B cells, has unique and superior features. First, by using
the receptor-mediated endocytosis pathway, fusion proteins
could be efficiently captured, processed, and presented to MHC-II
by DCs in both autocrine and paracrine modes to vigorously
induce Th cells. Moreover, high level of cytokines produced by
primed Th cells can be directly responsible for the control of viral
infection and tumor growth. Second, this strategy could efficiently
induce CTL, because Fc R-mediated internalization could directly
present internalized Ag to MHC-I (cross-priming) as well as
activate DCs. This strategy should be superior to transient
peptide-pulse DC strategies because transduced DCs could
continuously produce, as well as process. Finally, this strategy
is versatile because of its adaptability for use with any Ag or
many cell-binding domains and for incorporation into the design
of almost all vaccines and immunotherapies. Indeed, this strategy
has been shown to significantly enhance the potency of DNA
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vaccines to induce immune responses. Thus, the receptor-mediated
Ag presentation strategy may provide a generic and powerful
means for the development of effective immunotherapies,
therapeutic and preventive vaccines.
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Abstract
AIM: To investigate the effects of Danshaohuaxian (DSHX),
a Chinese herbal recipe, on the apoptosis and cell cycles
of hepatic stellate cells (HSCs) in rat hepatic fibrosis and
its possible mechanisms.
METHODS: Seventy-six male Wistar rats were randomly
divided into normal control group, hepatic fibrosis group,
non-DSHX-treated group and DSHX-treated group. Except
for the normal control group, rat hepatic fibrotic models were
induced by subcutaneous injection of carbon tetrachloride
(CCl 4 ), drinking alcohol, giving diet of hyperlipid and
hypoprotein for 8 wk. When the hepatic fibrotic models
were produced, 12 rats of hepatic fibrosis group (15 rats
survived, others died during the 8 wk) were sacrificed to
collect blood and livers. HSCs were isolated from the other
3 rats to detect the apoptotic index (AI) and cell cycles by
flow cytometry. DSHX was then given to the DSHX-treated
group (1.0 g/kg, PO, daily) for 8 wk. At the same time, normal
control group and non-DSHX-treated group were given normal
saline for 8 wk. At end of the experiment, some rats in these
three groups were sacrificed to collect blood and livers, the
other rats were used for HSC isolation to detect the apoptotic
index (AI) and cell cycles. Then the liver index, serum
hyaluronic acid (HA) and alanine aminotransferase (ALT),
degree of hepatic fibrosis, urinary excretion of hydroxyproline
(Hyp) and expression of collagen types I and III (COL I and
III) in these four groups were detected respectively.
RESULTS: Compared with the indexes of the hepatic
fibrosis group and non-DSHX-treated group, the DSHXtreated group revealed a liver index of (0.0267±0.0017 vs
0.0423±0.0044, 0.0295±0.0019, P<0.05), levels of serum
HA (200.78±31.71 vs 316.17±78.48, 300.86±72.73, P<0.05)
and ALT(93.13±5.79 vs 174.5±6.02, 104.75±6.54, P<0.01),
and stage of hepatic fibrosis (1.30 vs 4.25, 2.60, P<0.01)
all reduced. The urinary excretion of Hyp increased
(541.09±73.39 vs 62.00±6.40, 182.44±30.83, P<0.01),
the COL I and III expression decreased (COL I: 1.07±0.96

vs 4.18±2.26, 3.22±1.44, P<0.01; COL III: 1.09±0.58 vs
3.04±0.62, 2.23±0.58, P<0.01), the HSCs apoptotic index
of HSCs (7.81±0.47 vs 1.63±0.25, 1.78±0.4, P<0.05) and
the ratio of G0-G1 phase cells increased (94.30±1.33 vs
62.27±17.96, 50.53±2.25, P<0.05). The ratios of S-phase
cells (3.11±1.27 vs 9.83±1.81, 11.87±1.9, P<0.05) and G2-M
phase cells (2.58±0.73 vs 23.26±10.95, 13.60±1.15, P<0.01)
declined.
CONCLUSION: DSHX capsule shows certain therapeutic
effects on hepatic fibrosis in rats and inhibits abnormal
deposition of COL I and III in rat livers by promoting the
apoptosis of HSCs and preventing their proliferation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatic fibrosis; Hepatic stellate cells;
Danshaohuaxian; Apoptosis; Cell proliferation
Geng XX, Yang Q, Xie RJ, Luo XH, Han B, Ma L, Li CX, Cheng
ML. In vivo effects of Chinese herbal recipe, Danshaohuaxian,
on apoptosis and proliferation of hepatic stellate cells in hepatic
fibrotic rats. World J Gastroenterol 2005; 11(4): 561-566

http://www.wjgnet.com/1007-9327/11/561.asp

INTRODUCTION
Hepatic fibrosis is an important pathological alteration occurring
in various chronic liver diseases. The crucial factor of its,
generation and development is the imbalance between the
production and degradation of extracellular matrix (ECM) which
mainly includes collagens[1]. It has been demonstrated that
activated hepatic stellate cells (HSCs) are the main source of
ECM[2-4], they display enhanced proliferation and synthesize
unbalanced amounts of extracellular matrix proteins, matrixdegrading enzymes and their inhibitors, resulting in matrix
accumulation[5]. Thus, activation and proliferation of HSCs
represent the pivot of the fibrotic process[2,6]. At the same time,
during the recovery of hepatic fibrosis, diminution of activated
HSCs is mainly associated with apoptosis but not its phenotype
transforming from activated state to quiescent state[7-9].
Consequently, inhibiting the activation and proliferation of
HSCs and inducing apoptosis of activated HSCs may provide
a novel therapeutic approach to the treatment of advanced
hepatic fibrosis[4,7,9,10]
Danshaohuaxian (DSHX), a Chinese herbal recipe, is based
on the traditional Chinese theory of removing blood stasis to
promote blood circulation and nourishing the liver by removing,
the obstrustion of channels, and made by several years’ clinical
practice[11]. Our previous studies indicate DSHX capsule has
obviously, preventive actions on hepatic fibrosis in rats[12,13]
and good therapeutic effects on viral hepatitis-related hepatic
fibrosis in clinical trial[11]. In the present study, we observed
the effects of DSHX on the expression of collagens I and III
(COL I, III) in fibrotic livers, meanwhile, the apoptotic index
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(AI) and cell cycles of HSCs were detected by flow cytometry to
investigate its possible anti-fibrosis mechanisms in livers.

MATERIALS AND METHODS
Chemicals and reagents
DSHX capsules, composed of five Chinese herbal medicines
(tetrandrine, radix salviae miltiorrhizae, radix paeoniae rubra,
astragalus membranaceus and ginkgo leaf), were produced by
Guiyang Pharmaceutical Co., Guizhou, China. The procedure
of production was as follows: radix salviae miltiorrhizae and
ginkgo leaf were extracted with ethanol at 60-65 ℃ twice, then
the extraction was filtered and concentrated. Afterwards,
tetrandrine, radix paeoniae rubra, astragalus membranaceus and
the extraction were mixed and boiled twice. Then the total
extraction was filtrated and concentrated to be the unguent
with a density of 1.08. Subsequently, the unguent was dealt
with 950 mL/L ethanol for 24 h, then concentrated and added
with farina and dried. Finally, the extraction was crumbled and
granulated by 850 mL/L ethanol. The quantity standard of
tetrandrine, radix paeoniae rubra, astragalus membranaceus and
ginkgo leaf was controlled by thin layer chromatography (TLC).
High performance liquid chromatography (HPLC) was used to
detect the content of tanshinone IIA (C19H18O3) in this recipe.
The content of tanshinone IIA was not less than 0.2 mg per
capsule. The chemicals inside the capsules were ground before
use and dissolved in distilled water to the required concentration
for gavage. The hyaluronic acid (HA) kit was obtained from
Beijing Northern Biological Technical Research Institute,
Beijing, China. The hydroxyproline (Hyp) kit was obtained from
Nanjing Jiancheng Biological Engineering Research Institute,
Nanjing, China. Anti-COL I and III monoclonal antibodies were
supplied by Dr. Jie Liu (Ph.D, American National Cancer Institute
at NIEHS), the biotinylated goat anti-mouse IgG and Streptavidin-biotin complex (SABC) immunohistochemical kit were
supplied by Boster Biological Technology Ltd., Wuhan, China.
Collogenase IV, proteinase E and Nycodenz were purchased
from Sigma Chemical Co., USA. DNase I and DMEM were
from Gibco (Grand Island, NY, USA). The flow cytometry
(FCM) kit (DNA kit) was from BD Co., USA. All the chemicals
were of the highest purity.
Instruments
HITACHI 7170A automatic biochemical analytic instruments
(Japan) were used. Biomias image analytic instruments were
from the Image and Figure Research Institute, Sichuan
University (China). Olympus BX41 microimage collecting
systems (Japan) and FASC calibur clinical FCM instruments
(BD Co., USA) were used.
Animals
Seventy-six male Wistar rats (200±20 g) were provided by
the Experimental Animal Center of Guiyang Medical College,
Guizhou, China. The rats were randomly divided into normal
control group, hepatic fibrosis group, non-DSHX-treated group,
DSHX-treated group, each group consisted of 19 rats.
Treatment
Except for the normal control group, experimental liver fibrosis
in rats was produced in every group by compound methods.
The rats were subcutaneously injected with 400 g/L carbon
tetrachloride (CCl4) solution (mixture of pure CCl4 and peanut
oil), 0.3 mL/100 g twice a week for 8 wk (pure CCl4 was given at
the first time, 0.5 mL/100 g). At the same time, the rats were fed
with a hypercholesterol and hypoprotein diet (795 g/L corn farina,
200 g/L fat and 5 g/L cholesterol) every day, and 300 mL/L
alcohol in drinking water every other day. The normal control
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group was fed with normal diet. When the liver fibrotic models
were produced, 12 rats of hepatic fibrosis group (15 rats survived,
others died during the 8 wk) were sacrificed to collect blood
and livers. The body weights of rats were taken before sacrifice.
After sacrifice, the wet livers were weighed and the same part
of each rat’s liver was removed and fixed in 100 mL/L neutral
formalin. The serum was centrifuged and stored at -80 ℃. HSCs
were isolated from the other 3 rats as previously described[14-16]
to detect the apoptotic index (AI) and cell cycles. DSHX was
then given to the DSHX-treated group (1.0 g/kg, po, daily) for
8 wk .The doses were 16-fold of the clinical therapeutic dose.
The normal control group and non-DSHX-treated group were
given normal saline. At end of the experiment, some rats were
sacrificed to collect livers and serum, and the others were used
for HSC isolation (19 rats in normal control group, and 13
rats in non-DSHX-treated group and DSHX-treated group
survived, respectively).

Liver index calculation
The index was calculated according to the formula: (rat liver
weight /rat weight)×100%.
Urinary excretion of hydroxyproline determination
At the eighth week of treatment, rats of hepatic fibrosis group
were placed into metabolic cages to collect a 24-h urine for
urinary Hyp determination. All the other groups were dealt
with the same way to detect Hyp at end of the experiment.
Serum hyaluronic acidand alanine aminotransferase measurement
The concentrations of serum HA and alanine aminotransferase
(ALT) were respectively determined with radioimmunological
(RIA) kit and the HITACHI 7170A automatic biochemical
analytic instrument.
Histopathological examination
The same part (about 1 cm×1 cm×0.5 cm) of each rat’s liver was
separately fixed in 100 mL/L formalin for 24 h, then processed
by standard histology procedures, embedded in paraffin, cut
into 5 m thick pieces and mounted on the slide. The samples
were stained with hematoxylin-eosin (HE) for general
histopathology examination and Van-Gieson for evaluating the
degree of liver fibrosis as described by Cheng et al[1].
Expression of collagen types I and III
The expression of collagen types I and III was observed by the
SABC immunohistochemical technique. Briefly, after
deparaffinization and rehydration, the histological sections were
treated with 30 mL/L H2O2 for 10 min, subjected to compound
proteinases for 10 min, treated with normal goat serum for
20 min, then incubated with anti-collagen type I or III
monoclonal antibody for 20 h at 4 ℃. Afterwards, sections
were washed with PBS and incubated with the biotinylated
goat anti-mouse IgG for 20 min at 37 ℃. Then sections were
washed with PBS and treated with SABC. Subsequently, the
sections were stained with 3’-3’-diaminobenzidine (DAB).
The positive areas were tan. For each liver sample, negative
controls were performed on the adjacent sections, replacing
the primary antibodies with PBS. The sections were
counterstained with hematoxylin, dehydrated in graded
alcohols, and mounted. Finally, 5 low power fields were chosen
randomly in each section and the images were analyzed by the
Biomias image analytic instrument to examine the percentage of
the positive staining area in each section.
Apoptotic index and cell cycles of hepatic stellate cells
The indexes were detected according to the FCM kit
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manufacturer’s instructions. Briefly, HSCs were treated with
Triton X-100 and RNase respectively, and then stained with
65 g/L propidium iodide (PI) at 4 ℃ for 1 h. After being put in
darkness for 30 min, apoptotic index and cell cycles were observed.
At the end, the data were put into HP-300 consort 30 computer
and dealt with single histogram statistics software.

Statistical analysis
Quantitative data were expressed as mean±SD, and subjected
to one-way analysis of variance (ANOVA) followed by t test
for multiple comparisons. Ordinal data were analyzed by Ridit
analysis. P<0.05 was considered statistically significant.
RESULTS
Effects of Danshaohuaxian on liver index and urinary excretion
of Hyp in rats
As shown in Table 1, compared with the normal control group,
the liver index (relative liver weight) of hepatic fibrosis group
was significantly increased (P<0.01), while those of DSHXtreated group and non-DSHX-treated group were obviously
decreased as compared with hepatic fibrosis group (P<0.01),
especially the DSHX-treated group.
As shown in Table 1, a significant increase in urinary Hyp
excretion was observed in the normal control group compared
with the DSHX-treated group. The amount of urinary Hyp
excretion in the hepatic fibrosis group and non-DSHX-treated
group was obviously higher compared to the normal control
group (P<0.01), while that in DSHX-treated group was
respectively 9-fold and 3-fold of that in the hepatic fibrosis
group and non-DSHX-treated group.
Table 1 Level of liver index in each group of rats (mean±SD)
Group

n

Liver index

Control

16

0.0249±0.0027

Urinary
excretion of Hyp
47.80±5.76
a

Hepatic fibrosis

12

0.0423±0.0044

Non-DSHX-treated

10

0.0295±0.0019 c

10

c

DSHX-treated

0.0267±0.0017

62.00±6.40 b
82.44±30.83 b
541.09±73.39

d,f

a

P<0.05, bP<0.01 vs normal control group; cP<0.05, dP<0.01 vs
hepatic fibrosis group; fP<0.01 vs non-DSHX-treated group.

Effects of Danshaohuaxian on concentrations of serum HA and
ALT in rats
As shown in Table 2, the concentrations of serum HA and ALT
in hepatic fibrosis group and non-DSHX-treated group markedly
increased compared with those in the normal control group,
while those were evidently lower in DSHX-treated group than
in the hepatic fibrosis group and non-DSHX-treated group.
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Table 2 Concentrations of serum HA and ALT in each group of
rats (mean±SD)
Group

n

HA (ng/mL)

Control

16

192.52±41.97

32.40±2.30

Hepatic fibrosis

12

316.17±78.48 a

174.50±6.02b

Non-DSHX-treated

10

300.86±72.73 a

104.75±6.54 b,d

DSHX-treated

10

200.78±31.71

c,e

n

Control
Hepatic fibrosis

P<0.05, bP<0.01 vs normal control group; cP<0.05, dP<0.01 vs
hepatic fibrosis group; eP<0.05, fP<0.01 vs non-DSHX-treated
group.

Effects of Danshaohuaxian on the degree of hepatic fibrosis in rats
HE and V-G staining showed that the hepatocytes of normal
control group arrayed radially with the central vein and there
was no regenerating collagen fiber. After treated with CCl4 for
8 wk, the lobular structure of hepatic fibrosis group was
destroyed and the hepatic plates were in disorder. Furthermore,
the fibrous connective tissues with a lot of inflammatory cells
regenerated in portals. Meanwhile, the collagen fibers expanded
into the hepatic parenchyma, and fibrous septa surrounding
and separating the normal lobules formed. The degree of hepatic
fibrosis in this group significantly increased compared with
that in the normal control group (P<0.01). After CCl4 treatment
for 8 wk and normal saline treatment for another 8 wk, though
hepatic fibrosis in non-DSHX-treated group was alleviated
compared with that in the CCl4-induced hepatic fibrosis group,
the fibrous septa expanding in the former group was still
obvious, the pseudo lobules even existed in severe samples
and the average degree of fibrosis was still obviously higher
compared to normal group (P<0.01). The lobular structure of
the DSHX-treated group significantly improved, the fibrous
connective tissue regeneration decreased and the fibrous septa
were thinner and less obviously compared with CCl4-induced
hepatic fibrosis group and non-DSHX-treated group. The
details about the degree of hepatic fibrosis in each group are
shown in Table 3.
Effects of Danshaohuaxian on expression of collagen types I
and III in rats
With the SABC immunohistochemical technique, only sliqht
yellow COL I and III fibers could be observed under microscopy
in the normal control group. The COL I and COL III fibers were
mainly distributed in portals and around the central veins. In
the hepatic fibrosis group, a great deal of tan COL I and COL III
fibers were detected in portals and hepatic sinusoids. The
collagen fibers expanded into the liver parenchyma and the
fibrous septa formed. Hepatocytes were surrounded by fibrous
septa and the pseudo lobules formed (Figures 1A, B). The
percentages of COL I and COL III in this group were significantly
higher than those in the normal control group (P<0.01). In the
non-DSHX-treated group, the expression of COL I and III was

Degree of hepatic fibrosis
0

I

II

III

IV

V

16

16

0

0

0

0

0

0

12

0

0

0

1

7

4

4.25 b

Non-DSHX-treated

10

0

1

4

3

2

0

2.60 b,d

DSHX-treated

10

1

6

2

1

0

0

1.30 d,f

b

93.13±5.79d,f

a

Table 3 Degree of hepatic fibrosis in each group of rats
Group

ALT (U/L)

P<0.01 vs normal control group; dP<0.01 vs hepatic fibrosis group; fP<0.01 vs non-DSHX-treated group.

Average
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Figure 1 Expression of collagens I and III in each group (SABC×100). A and B: In hepatic fibrosis group, a large amount of
collagen fibers distributed extensively in portals, hepatic sinusoids and hepatic parenchyma, along with the formation of fibrous
septa and pseudo lobules; C and D: In non-DSHX-treated group, hepatic fibrosis was lightly alleviated compared with Figures
A and B, while the collagen fibers were still expanded extensively and the fibrous septa could be seen apparently; E and F: In
DSHX-treated group, fewer collagen fibers were distributed in portals and expanded lightly compared with Figures C and D. No
pseudo lobules formed.
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Figure 2 Apoptotic index of HSCs detected by flow cytometry in each group of rats. A: Normal group; B: Hepatic fibrosis group;
C: DSHX-treated group.

ameliorated compared with the hepatic fibrosis group, while
the tan collagen was still distributed extensively and the pseudo
lobules also could been seen (Figures 1C, D). The collagen
percentage was also markedly higher in this group than in the
normal control group (P<0.01). The percentages of COL I and
COL III in the DSHX-treated group were obviously lower than
those in the hepatic fibrosis group and non-DSHX-treated
group. There was no pseudo lobule formed in the DSHX-treated
group (Figures 1E, F, Table 4).
Table 4 Percentages of expression of COL I and III in livers of
rats in each group (mean±SD)
Group

n

COL I (%)

COL III (%)

Control

16

0.47±0.05

0.40±0.03

Hepatic fibrosis
Non-DSHX-treated
DSHX-treated
b

12
10
10

4.18±2.26

b

3.04±0.62 b

3.22±1.44

b

2.23±0.58 b,c

1.07±0.96

d,f

1.09±0.58 d,f

P<0.01 vs normal control group; cP<0.05, dP<0.01 vs hepatic
fibrosis group; fP<0.01 vs non-DSHX-treated group.

Effects of Danshaohuaxian on the apoptotic index and cell
cycles of HSCs in rats
The results are shown in Table 5 and Figure 2.
As shown in Figure 2, there were only a few apoptotic cells
(0.28%) before the phase of diploid G0-G1 in the normal control
group and the cell cycle was complete; while the evident
apoptosis peak and aneuploid peak with different degrees
could be seen in the hepatic fibrosis group, non-DSHX-treated
group and DSHX-treated group. The AI in hepatic fibrosis
group was increased to 1.63%, and after treated with DSHX
for 8 wk, the AI in DSHX-treated group was increased to
7.81%, which was markedly higher than that in the hepatic
fibrosis group and non-DSHX-treated group (Table 5).
Meanwhile, the percentages of S-phase cells in hepatic fibrosis
group and non-DSHX-treated group obviously increased as
compared with the normal control group, while decreased
obviously after treated with DSHX for 8 wk. Furthermore,
compared with the hepatic fibrosis group, non-DSHX-treated
group and normal control group, the cells in G0-G1 phase in
DSHX-treated group markedly increased, while the cells in
G2-M phase decreased.
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Table 5 Apoptosis index and cell cycles detected by flow cytometry in each group of rats (mean±SD)
Group

n

AI (%)

Control

3

0.28±0.05

68.40±6.47

1.82±0.33

29.76±6.80

Hepatic fibrosis

3

1.63±0.25 a

62.27±17.96

9.83±1.81 a

23.26±10.95

Non-DSHX-treated

3

1.78±0.43 a

50.53±2.25

DSHX-treated
a

3

7.81±0.47

Go-G1 (%)

c,e

94.30±1.33

S-phase (%)

c,e

11.87±1.92 a
3.11±1.27 c,e

G2-M (%)

13.60±1.15
2.58±0.73 d,f

P<0.05 vs normal control group; cP<0.05, dP<0.01 vs hepatic fibrosis group; eP<0.05 , fP<0.01 vs non-DSHX-treated group.

DISCUSSION
Liver fibrosis is characterized by an increase in the synthesis
and deposition of ECM, especially the proliferation and
deposition of collagens[17]. When hepatic fibrosis occurs,
proliferated collagens mainly including COL I and III account
for 50% of the total protein in fibrotic liver[10,18,19], and collagens
are the main components of ECM. Therefore, COL I and III are
the important parameters reflecting the metabolism of collagens
in liver. In the present study, we observed alterations of the
expression of COL I and III in hepatic fibrotic rats after they
were treated with DSHX for 8 wk. The results showed that after
treated with DSHX, the expression of COL I and III in fibrotic
livers of rats was significantly lower, the fibrous septa became
thinner and were distributed lightly. At the same time, the urinary
excretion of Hyp, a unique component of collagenous amino
acids, increased obviously. Meanwhile, we found in the DSHXtreated group that the liver index, and serum HA and ALT levels
were declined, thereby decreasing the degree of hepatic fibrosis.
These results demonstrate that DSHX capsule might have
certain therapeutic effects on hepatic fibrosis of rats by
improving the liver function and inhibiting the abnormal
deposition of ECM in liver.
Recent researches[20-25] have demonstrated that once HSCs
are activated, their functions would alter greatly, such as
excretion a great deal of cytokines and tissue inhibitors of
metalloproteinase (TIMPs), etc. These alterations could induce
liver fibrosis directly. Moreover, activated HSCs are the main
source of ECM when liver fibrosis occurs[1-3,26,27], while the
diminution of HSCs is mainly associated with apoptosis
occurred in activated HSCs[7-9,28,29]. Accordingly, inhibiting
activation and proliferation of HSCs and inducing apoptosis of
the activated HSCs have become the important methods
against the liver fibrosis. In the present study, we observed
that S-phase HSCs in the hepatic fibrosis group and non-DSHXtreated group evidently increased compared with those in the
normal control group, while after treated with DSHX for 8 wk,
S-phase HSCs in the DSHX-treated group declined obviously
compared with those in the two former groups. These results
imply that DSHX capsule could inhibit the proliferation of
HSCs. Meanwhile, the ratio of G0-G1 phase cells in DSHXtreated group significantly increased, suggesting that through
inhibiting transformation of HSCs from G0 phase to G1 phase,
DSHX capsule could prevent HSC proliferating. In addition,
there were only a few apoptotic HSCs in the normal control
group, while the apoptotic index in hepatic fibrosis group and
especially in non-DSHX-treated group was higher than that in
the normal control group. These results show that there is
spontaneous apoptosis in livers during the recovery from injury.
Furthermore, the apoptotic index in DSHX-treated group was
much higher than that in hepatic fibrosis group and non-DSHXtreated group.
These findings suggest that DSHX capsule could improve
liver functions and degrade COL I and III, and these actions are
related inhibiting the proliferation of HSCs and inducing the
apoptosis of activated HSCs. The associated mechanisms might
be the ability of DSHX to down-regulate the expression of COL

I and III mRNA by preventing HSCs from proliferating and
diminishing the number of activated HSCs. In addition, this
capsule could indirectly decrease the abnormal deposition of
ECM by declining the expression of TIMP, plasmin activator
inhibitor-1 (PAI-1), etc, in liver to inhibit their actions on
collagenases and promote the absorption of COL I and III. Our
previous study demonstrated that [30] DSHX capsule could
prevent the expression of transforming growth factor 1 (TGF-1)
in fibrotic rat livers. It has been reported that TGF-1[6] could
directly and indirectly promote the proliferation of HSCs
through multiplying the expression of platelet derived growth
factor receptors (PDGFRs) and the combination of platelet
derived growth factors (PDGF) and PDGF-R[31]. Consequently,
we may further suppose that DSHX capsule can reduce the
transformation and synthesis of TGF- 1 to restrain the
proliferation of HSCs, thereby controlling the abnormal
deposition of ECM, which mainly includes COL I and III and
inhibits hepatic fibrosis. The mechanisms of how the capsule
stimulates apoptosis of HSCs need further study.
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Abstract
AIM: To evaluate the role of intestinal endotoxemia in the
genesis of hepatopulmonary syndrome.
METHODS: A rat model of cirrhosis was prepared with
the method of compound factors. At the end of the eighth
week, rats with cirrhosis were treated with 300 g LPS/100 g
body weight, and 1 g/rat of glycine about four h prior to
LPS. After three h of LPS treatment, blood and tissues
were collected for various measurements. Kupffer cells
were isolated from male Wistar rats and cultured, and
divided into five groups. Supernatant was harvested at 3 h
after treatment with LPS for measurement of tumor necrosis
factor-alpha (TNF-).
RESULTS: Our results showed that in rats with cirrhosis,
slowed and deepened breath with occasional pause was.
PaO2, PaCO2 and standard bicarbonate (SB) in arterial blood
were decreased. Arterial O2 and actual bicarbonate (AB)
were markedly decreased. There was a close correlation
between decreased O2 and endotoxin. Metabolic acidosis
accompanying respiratory alkalosis was the primary type
of acid-base imbalance. The alveolar-arterial oxygen
gradient was sharply widened. Massive accumulation of giant
macrophages in the alveolar spaces and its wall and
widened alveolar wall architecture were observed. The
number of bacterial translocations in mesenteric lymph
nodes increased. The ratio of TC99M-MAA brain-over-lung
radioactivity rose. Endotoxin, and TNF-, endothelin-1
(ET-1), nitric oxide (NO) in plasma and ET-1, carbon
monoxide (CO) in lung homogenates increased. After
administration of a given dosage of LPS in rats with
cirrhosis, various pathological parameters worsened.
Plasma level of endotoxin was related to TNF-, ET-1, NO
in plasma and ET-1, NO, CO in lung homogenates. TNF-
level was related to ET-1 and NO in plasma and lung
homogenates and CO in lung homogenate as well. The level
of TNF- increased after infusion of LPS into culture
supernatant of Kupffer cells in vitro . However, TNF-
significantly decreased after pretreatment with glycine,
PD98059 and SB212850. Glycine could antagonize the effect
of LPS in vivo and in vitro.
CONCLUSION: Intestinal endotoxemia accompanying by
cirrhosis may be an important mechanism in the development

of hepatopulmonary syndrome in rats. Overproduction of
TNF- due to endotoxin stimulation of Kupffer cells via
m itogen-activ ated protein kinas e (M APK) s igna l
transduction pathway may be a major mechanism
mediating the pathologic alterations of hepatopulmonary
syndrome.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatopulmonary syndrome; Endotoxin; Kupffer
cells
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INTRODUCTION
Hepatopulmonary syndrome (HPS) is characterized by liver
disease, hypoxemia, increase of alveolar-arterial gradient, and
intrapulmonary vascular dilatation[1-5]. HPS may complicate
several forms of chronic liver disease. Cirrhosis is by far the
commonest condition linked to HPS because of its high
prevalence. To diagnose HPS, patients must demonstrate an
elevated alveolar-arterial oxygen gradient (>20 mmHg) and
evidence of intrapulmonary vascular dilatations by contrastenhanced “bubble” echocardiography or radionuclide perfusion
scanning. The physical signs most closely linked to HPS in
liver patients include cyanosis, digital clubbing, and cutaneous
spider nevi.
Hypoxemia is one of the three characteristics of HPS.
Overall, hypoxemia is seen in about one-third of patients with
cirrhosis[6,7]. The pathological basis of hypoxemia may ascribe to
intrapulmonary vasodilatation. Its primary pathogenesis is as
follows: (1) the alveolar ventilation - perfusion mismatching,
(2) diffusion impairment or the alveolar-capillary oxygen
disequilibrium and (3) the right-left shunting of blood vessels.
A growing body of researchers has focused on NO in recent
years. Exhaled NO level is elevated in patients and animals with
HPS, indicating increased production of NO in lungs, which might
be the cause of intrapulmonary vasodilatation and HPS[8,9], and
increased NO may result from ET-1 overproduction [10]. An
enhanced level of ET-1 has been observed in experimental and
human cirrhosis. The elevated ET-1 levels in plasma are correlated
with increased endothelial nitric oxide synthase (eNOS) levels in
the pulmonary microcirculation and arterial gas exchange
abnormalities[9]. Moreover, hemoglobin has a bioregulatory role
for NO[11]. Early studies have proposed that hemoglobin acts solely
as a sink limiting NO access to vascular smooth muscle and
opposing its vasodilatation role and inactivating it[12]. An emerging
hypothesis is that NO additionally functions as a hormone[12].
More recent work has shown that hemoglobin functions as
both a reservoir and a vehicle for NO bioactivity[13-15]. It could
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regulate bioactivity of NO by O2 partial pressure-dependent
allosteric transition of hemoglobin between its “tense-state
and relaxed-state”. It is probable that capture of NO bioactivity
occurs in highly oxygenated tissues and release, in relatively
ischemic tissues.
Produced from hemeoxygenase-1 (HO-1, also known as
hsp32), CO is comparable with NO, possessing an important
bioactivity. The activity of HO-1 can be induced by various
stimuli that have the capacity of provoking oxidative stresses,
such as hyperthermia, hypoxia, endotoxin, ischemic/reperfusion
injury, and radiation, and is considered to be one of the most
sensitive indicators of cellular injury[16,17]. There is evidence
that overexpression of HO-1 is associated with potent
cytoprotective effects[16-18]. Recent studies have shown that
up-regulation of HO-1 expression exerts important adaptive
antioxidant and anti-inflammatory functions in cellular
protection from pathophysiological conditions [16,17] .
Investigations have shown that the balance between Ho-1/CO
and NOS/NO systems plays important biological roles in
maintaining homeostasis of living organisms. But the
pathophysiological functions of CO and NO, and their mutual
relations in development of HPS have not been elucidated as yet.
We successfully induced hepatic encephalopathy and
hepatorenal syndrome in rats with cirrhosis by employing a
small dosage of LPS, and demonstrated that their occurrence
had a close correlation with intestinal endotoxemia(IETM)[19-21].
However, it is not clear whether endotoxin development
influences of HPS. The present study was to explore the effect
of IETM on the pathogenesis of HPS.

MATERIALS AND METHODS
Animals and reagents
Male Wistar rats, weighing 230-280 g, obtained from the Animal
Center of Shanxi Medical University, were employed in the
present study. All animals received humane care during the
study under a protocol that was in accordance with institutional
guidelines for animal research and was approved by the Ethics
and Research Committee of Shanxi Medical University.
Lipopolysaccharide (LPS, from Escherichia coli sterotype
0111:B4) was purchased from Sigma Chemical Co. PD98059 (2’amino-3’-methoxyflavone) and SB202190 (FHPI) were from A.G.
Scientific, Inc. ET-1 and TNF- radioimmunoassay kits were provided
by Radioimmunological Institute of PLA General Hospital. NO
detection kit was obtained from Nanjing Jiancheng Bioengineering
Institute. Hou reagent, for determination of endotoxin in plasma,
was provided by Shanghai Yi Hua Scientific, Inc. Other reagents
used in the present study were all of analytical grade.
Experimental protocol
The preparation of rat model of cirrhosis was described in the
literature[22]. Briefly, cirrhosis was induced in rats by subcutaneous
administration of 400 g/L CCL4 oil solution, promoted by a diet
containing high cholesterol and alcohol, low protein and
choline. Cirrhosis developed in the sixth week. At the eighth
week, cirrhosis developed into its advanced stage. The
experimental rats were randomly divided into five groups: normal
control, normal rats + a small dosage of LPS, cirrhosis, cirrhosis
+ a small dosage of LPS,and cirrhosis + glycine + a small dosage
of LPS groups. At end of the 8th wk, rats were treated with 300 g
LPS/100 g.body weight and 1 g/rat of glycine about 4 h prior to
LPS. Three hour after LPS treatment, blood and tissues were
collected for various measurements.
Respiratory record and analysis of blood gas
All experimental rats were fasted overnight. Animals were fixed
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on the operation table in conscious state to record respiratory
curve. Blood was collected for gas analysis under sterile
condition.

Measurement of endotoxin, TNF-, ET-1, NO and CO levels
Endotoxin, TNF-, ET-1, NO and CO levels in plasma were
measured according to manufacturer’s instructions of the kits.
For determination of ET-1, NO and CO in pulmonary tissue,
tissue samples were homogenized in ice-cold physiological
saline, then centrifuged at 3000 r/min for 10 min at 4 ℃. The
resulting supernatant was stored at -70 ℃ until analysis.
Histologic study
Samples from the left lobe of lungs were collected into 100 g/L
phosphate-buffered formaldehyde and fixed overnight. Serial
4 m thick sections were prepared after the samples were
dehydrated in graded ethanol solutions, cleared in chloroform,
and embedded in paraplast. A staining was performed with
hematoxylin and eosin (HE) and studied under a light microscope
in a blind fashion.
Bacterial translocation
The rats were anesthetized, and the abdominal skin was shaved
and sterilized with an iodine solution. Mesenteric lymph nodes
were dissected, crushed, plated onto chocolate agar plates
containing blood, and incubated at 37 ℃ for 24 h. The number
of colony forming units was counted and Gram staining in
cirrhosis was compared with normal control.
Detection of intrapulmonary vascular dilatations
Thirty minutes after the injection of 200 Ci of 99mTc-labeled
albumin macroaggregates into the tail vein of experimental rats,
the ratio of brain-over-lung radioactivity was determined.
Effect of endotoxin on isolated Kupffer cells and MAPK signal
transduction
Kupffer cells were isolated from male Wistar rats, using the
standard techniques of collagenase perfusion, followed by
differential centrifugation using Percoll[23]. Briefly, liver was
perfused in situ via the portal vein with Hanks’ balanced salt
solution, followed by Hanks, solution with 0.5 g/L collagenase.
The liver was then excised and minced before incubation with
Hanks/collagenase solution with continuous stirring at 37 ℃
for 60 min. The liver slurry was filtered through gauze mesh and
washed with culture media and centrifuged at 50 r/min for 3 min
twice. The resulting supernatant was collected and washed
and centrifuged at 500 r/min for 10 min. Cells were resuspended
and further purified using a discontinuous gradient of 250 mL/L
and 600 mL/L Percoll. Purified non-parenchymal cells were
washed and cultured in media containing Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 100 U/mL
penicillin, 100 g/mL streptomycin, 15 mmol/L HEPES, and 10-6
mol/L insulin at 37 ℃ for 2 h. Kupffer cells were enriched and
cells (1×106/plate) were seeded on uncoated plastic tissue
culture dishes and cultured in DMEM supplemented with
100 mL/L fetal calf serum (FCS), 2 mmol/L L-glutamine and standard
antibiotics in a humidified atmosphere containing 950 mL/L air
and 50 mL/L CO2 at 37 ℃ for 36-72 h for the experiments.
All dishes were divided into 5 groups: (1) normal control,
without any treatment;(2) endotoxin group, infusion of 100 ng/mL
LPS into dishes;(3) PD98059 group, addition of 10 mol/L
PD98059 at 30 min prior to LPS; (4) SB202850 group, addition of
2 mol/L SB212850 at 30 min prior to LPS, and (5) glycine group,
addition of 10 mmol/L glycine at 30 min prior to LPS.
Supernatant was harvested at 3 h after addition of LPS for
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measurement of TNF-. Each group included 2 dishes and
repeated 6 times.

Statistical analysis
Results were evaluated using analysis of variance and correlated
by SPSS10.0 software. All values expressed as mean±SD. P values
less than 0.05 were considered statistically significant.
RESULTS
Abnormal pattern of breathing
In normal rats, the rhythmic breathing and regular curves were
recorded. Respiratory frequency and range were appropriate.
But, a slowed and deepened breath with occasional pause was
observed in rats with cirrhosis. After administration of a given
dosage of LPS in normal and cirrhotic rats, the frequency became
slightly quicker, indicating an existence of hyperventilation.
Glycine could antagonize the effect of LPS.
Disturbance of acid-base balance
In cirrhotic rats, pH was in normal range. Partial pressures of O2
and CO2 in arterial blood (PaO2, PaCO2) and SB in arterial blood
decreased. Arterial O2 and SB fell markedly. There was a close
correlation between O2 and determined endotoxin. Metabolic
acidosis accompanying respiratory alkalosis was primary type
of acid-base imbalance. The alveolar arterial oxygen gradient
was sharply widened. After administration of a given dose of
LPS, respirations worsened. Pretreatment of glycine could
alleviate various pathological alterations (Tables 1-3).

Abnormal morphology
Histology with hematoxylin and eosin staining showed
lymphoid aggregates and massive accumulation of giant
macrophages in the alveolar spaces and its walls, and widened
alveolar wall architectures were observed in cirrhotic rats. After
administration of a given dosage of LPS, alveolar wall further
widened with decreased density of cells and narrowed alveolar
space, infiltration of polymorphs and fibrinous exudates,
indicating interstitial pulmonary edema and inflammatory
reaction. There was severe stasis of blood in alveolar walls and
numerous red cells extravasated airspace indicating the
widespread dilatation of alveolar capillaries and the increase of
permeability of microvasculature. However, when normal rats
were administered a given dosage of LPS, there was only a mild
pathological change. Pretreatment of glycine could alleviate
various pathological changes (Figure 1: A-E).
Bacterial translocation
The goal of present study was to identify whether bacteria
translocation could occur by determining colony numbers of
bacteria in the mesenteric lymph nodes so as to further judge
whether bacteremia and IETM occured. The results showed
that the number of colonies of bacteria in rats with cirrhosis
was markedly higher than that in normal control and Gramnegative bacteria (Table 4).
Table 4 Bacterial translocation of mesenteric lymph nodes in
rats with cirrhosis (n = 5)
Group

Table 1 Analysis of blood gas in rats with cirrhosis (mean±SD)
Group

n

pH

PaCO 2
(mmHg)

PaO 2
(mmHg)

Normal control

8

7.38±0.03 33.94±4.21

94.71±13.72

Normal+endotoxin

7

7.31±0.02 28.13±2.56

117.51±22.30

Cirrhosis

7

7.34±0.14 28.76±5.57

88.87±28.46

Cirrhosis+endotoxin

6

7.32±0.04 24.98±8.69

112.55±24.02

Cirrhosis

6

7.31±0.10 33.25±5.10

110.40±12.71

+endotoxin+glycine

Table 3 Disturbance of acid-base in rats with cirrhosis
State of acid-base
Group

n
Normal

MA

MA+RA

Ratio of
imbalance

Normal control

8

Normal+endotoxin

7

6

1

7/7

Cirrhosis

7

1

6

7/7

Cirrhosis+endotoxin

6

Cirrhosis

6

8

2

0/8

2

4

6/6

2

2

4/6

+endotoxin+glycine

MA: metabolic acidosis; RA: respiratory alkalosis.
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Minor colony Major colony

Normal control
Cirrhotic rats

5
2

Gram reaction:

0
3

gram-negative
predominantly

Ratio of Tc99m-MAA brain-over-lung radioactivity
Technetium 99m-labeled macroaggregated albumin had a
diameter about 20-50 m and was trapped in normal pulmonary
capillary bed with a diameter of 8-15 m but could pass through
dilated pulmonary capillaries. The results demonstrated that
the ratio of Tc99m-MAA brain-over-lung radioactivity
significantly raised in cirrhotic rats, indicating intrapulmonary
vasodilatation. The manifestations were exacerbated after
injection of LPS. The pulmonary microcirculation tended to
increase after administration of LPS in normal rats (Table 5).
The ratio of brain-over-lung radioactivity was correlated with
the plasma endotoxin level.
Table 5 Ratio of brain-over-lung radioactivity in rats with
cirrhosis (mean±SD, n = 5)
Group

Ratio

Normal control
Normal+endotoxin
Cirrhosis
Cirrhosis+endotoxin

0.0014±0.0002
0.0019±0.0004
0.0029±0.0014 a
0.0059±0.0002 ac

a

P<0.05 vs normal control group; c P<0.05 vs cirrhosis group.

Table 2 Analysis of blood gas in rats with cirrhosis (2) (mean±SD)
Group

n

O2 cont (mL/dL)

Normal control
Normal+endotoxin
Cirrhosis
Cirrhosis+endotoxin
Cirrhosis+endotoxin+glycine

8
7
7
6
6

20.40±0.32
20.63±0.34
19.80±1.1 a
20.58±0.27
20.60±0.14

a

SB (mmol/L)
20.76±1.55
15.96±1.06
18.00±4.93
15.10±2.33
17.63±3.59

AB (mmol/L)
19.61±2.17
13.77±1.30 c
15.89±5.05 c
12.38±3.68 c
16.43±3.82

AaDO 2
3.44±3.26
9.9±2.08 e
18.48±7.86 eg

P<0.05 vs other groups; cP<0.05 vs normal control group; eP<0.05 vs normal control; gP<0.05 vs cirrhosis group.
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Figure 1 Pathological changes in normal control (A), normal animals+endotoxin (B), cirrhosis (C), cirrhosis+endotoxin (D), and
normals+enotoxin+glycine (E). HE staining, ×100.

Endotoxin and TNF- level in plasma
The endotoxin and TNF- change in plasma was similar. They
rose obviously in rats with cirrhosis and further increased after
addition of a given dosage of LPS. The pretreatment of glycine
could alleviate various pathological alterations (Table 6). There was
a close correlation between endotoxin and TNF- levels in plas.

Table 8 Levels of plasma NO and lung homogenates in rats
with cirrhosis (mean±SD, n = 6)
Group

Plasma
(mol/L)

Lung homogenate
(mol/g protein)

Table 6 Levels of plasma endotoxin and TNF-in rats with
cirrhosis (mean±SD, n = 6)

Normal control
35.88±12.66
Normal+endotoxin
153.25±20.33 a
Cirrhosis
90.31±10.27 a
Cirrhosis+endotoxin
227.32±32.63 a
Cirrhosis+endotoxin+glycine 142.89±18.13 ac

Group

a

Endotoxin (EU/mL) TNF- (ng/mL)

Normal control
Normal+endotoxin
Cirrhosis
Cirrhosis+endotoxin
Cirrhosis+endotoxin+glycine

0.0571±0.0104
0.5550±0.0699 a
0.1655±0.0410 a
0.5269±0.0659 a
0.3144±0.0649 ac

0.6629±0.1620
0.9344±0.2819 e
1.0588±0.1337 e
1.5571±0.1785 e
1.2560±0.1356 eg

P<0.05 vs normal control group; cP<0.05 vs cirrhosis+endotoxin
group; e P<0.05 vs normal control group; gP<0.05 vs cirrhosis
+endotoxin group.

P<0.05 vs normal control group; cP<0.05 vs cirrhosis+endotoxin
group; e P<0.05 vs normal control group; gP<0.05 vs cirrhosis
+endotoxin group.
Table 9 Levels of CO in plasma and lung homogenates in rats
with cirrhosis (mean±SD, n = 6)

Group

Plasma
(mol/L)

Normal control
Normal+endotoxin
Cirrhosis
Cirrhosis+endotoxin
Cirrhosis+endotoxin+glycine

2.94±0.64
2.54±0.41
2.59±0.31
2.96±0.95
2.93±0.44

a

Levels of ET-1, NO, CO in plasma and homogenate
Changes of ET-1, NO and CO in plasma and lung homogenates
are summarized in Tables 7-9. Except CO content in plasma, the
changing patterns were comparable in endotoxin and TNF-.
There was no obvious difference in plasma CO among various
groups. Level of endotoxin and TNF- in plasma was correlated
with that of ET-1 and NO in plasma and lung homogenates and
CO in lung homogenate.
Table 7 Levels of plasma ET-1 and lung homogenates in rats
with cirrhosis (mean±SD, n = 6)
Group
Normal control
Normal+endotoxin
Cirrhosis
Cirrhosis+endotoxin
Cirrhosis
+endotoxin+glycine
a

Plasma
(ng/L)
92.0083±7.7498
391.3117±74.8649 a
224.0433±8.1965 a
377.2550±28.9485 a
271.2217±43.7350 ac

Lung homogenate
(ng/kg protein)
163.3167±30.8496
290.4733±78.3474 e
303.3683±44.6253 e
385.5517±143.1575 e
361.2283±71.4878 eg

P<0.05 vs normal control group; cP<0.05 vs cirrhosis+endotoxin
group; e P<0.05 vs normal control group; gP<0.05 vs cirrhosis
+endotoxin group.

4.97±0.77
9.85±0.95 e
8.93±0.83 e
14.66±1.67 e
9.11±0.93 eg

Lung homogenate
(mol/mg)
5.90±0.70
6.97±0.58 a
9.11±0.85 a
8.61±0.88 a
8.56±1.33 a

a

P<0.05, vs normal control group.

Effect of endotoxin on TNF- from Kupffer cells and MAPK
signal transduction induced by LPS
TNF- was an indicator of the secretory function of Kupffer
cells in the present experiment. The findings showed that TNF-
significantly increased after LPS infusion into culture
supernatant. In addition, TNF- was significantly decreased after
pretreatment with glycine, PD98059 and SB212850 (Table 10).
Table 10 Effect of endotoxin on secretion of TNF- from
Kupffer cells (mean±SD, n = 6)
Group
Normal control
LPS 100 ng
LPS 100 ng+PD98059 10 mol/L
LPS 100 ng+SB212850 2 mol/L
LPS 100 ng+Glycine 10 mmol/L
a

P<0.05 vs other groups.

TNF-(ng/mL)
1.31±0.18
1.93±0.29 a
1.52±0.05
1.51±0.33
1.52±0.25

Zhang HY et al. Role of endotoxin in hepatopulmonary syndrome

DISCUSSION
Normal acid-base balance in blood is dependent on efficient
alveolar ventilation and perfusion, as well as successful gas
exchange. This leads to the normal PaO2 and PaCO2, and normal
blood pH. In our experiment, a deepened and slowed breath,
decreased PaO2 and PaCO2, and O2 and increased alveolararterial oxygen gradient were seen in rats with cirrhosis at the
end of the eighth week, indicating the presence of hypoxia and
disturbance of acid-base as a result of the gas exchange
abnormality in lung. The ratio of Tc99m-MAA brain-over-lung
radioactivity was elevated significantly in cirrhotic rats, which
showed that a portion of technetium-99 macroaggregated
albumin particles traversed the pulmonary capillary bed and
deposited in systemic microvascular beds, thereby suggesting
the intrapulmonary vasodilatation in predominant areas of
alveoli. These changes were in accordance with manifestations
of the patients with HPS. Therefore, these results demonstrate
the presence of classical HPS in cirrhotic rats.
The mononuclear-phagocyte system of the liver is important
in clearing organisms from the portal circulation. During genesis
of cirrhosis, the drained portal blood is obstructed, leading to
swollen mucosa and weakened intestinal movements and
decreased secretion of bile, which bring about the massive
bacterial overgrowth in the lumen of the bowel, particularly a
profusion of Gram-negative enteric organisms and the
production of endotoxin. On the other hand, mucosal barrier
function decreases, deterioration of hepatocytes and Kupffer
cells occurrs, and portal-systemic shunts form, which cause
the invasion of enteric organisms/endotoxin into blood and
the formation of bacteremia and IETM. Endotoxin itself in turn
impairs mitochondria and lysosome in enteric epithelial cells
with cell autolysis. Ultimately, a vicious cycle is formed between
IETM and the permeability of enteric mucosa. Our findings
indicate that increased levels of endotoxin in plasma and a
rising number of colonies of the organisms in mesenteric lymph
nodes with Gram-negative dyeing, fully demonstrate the
presence of bacteremia and IETM in genesis of HPS. The level
of plasma endotoxin is significantly correlated with both a
sharply decreased O2 and an evidently increased ratio of brainover-lung radioactivity, suggesting that IETM is closely related
to both hypoxia and intrapulmonary vasodilatation in cirrhosis.
In recent years, more attention has been paid to the role of
ET-1 in HPS. A working model of the potential effects of ET-1
on the pulmonary microcirculation has been established. Under
normal conditions, ET-1 is a paracrine vasoconstrictor that
regulates vascular tone [24]. It is released from vascular
endothelial cells, predominantly in an abluminal direction, where
it targets the endothelin A receptor on vascular smooth muscle
cells and initiates vasoconstriction[24]. To a lesser degree, ET-1
released into the lumen targets the endothelin B receptor on
endothelial cells and triggers nitric oxide production, which
counterbalances vasoconstrictive effects[24]. After hepatic
injury, ET-1 from the liver reaches the pulmonary circulation
and may preferentially interact with the endothelin B receptor
on the luminal surface of the pulmonary vascular endothelium.
In this setting, ET-1 might act as an endocrine vasodilator
triggering enhanced endothelial nitric oxide production and
intrapulmonary vasodilatation. In order to further explore the
role of endotoxin in the pathogenesis of HPS, we designed a
group by administering a small dosage of exogenous bacterial
LPS so as to increase the levels of plasma endotoxin in cirrhotic
rats, mimicking possibly aggravating endotoxemia clinically in
the end-stage of chronic hepatic diseases due to precipitating
factors. In addition, we designed two groups of normal rats
injected with bacterial LPS and control rats injected with
bacterial LPS antagonized with glycine. A massive accumulation
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of giant macrophages in the alveolar spaces and its walls, raised
ET-1 and NO in pulmonary homogenates, and increased ET-1
and NO and TNF- in plasma of the rats with cirrhosis were
observed. Plasma level of endotoxin was found to be markedly
correlated with these factors. TNF- was also found to be related
to ET-1 and NO. The changes of all indicators were further
aggravated after the rats were injected with a given dosage of
bacterial LPS demonstrating the action of IETM on it. The
pretreatment of glycine could strikingly antagonize the effect
of bacterial LPS, suggesting that ET-1 and NO play a role in the
development of HPS. The changes of ET-1 and NO were found
to be closely related to endotoxin demonstrating the important
role of IETM in genesis of HPS. It was reported that bacterial
LPS could stimulate the release of ET-1 in human umbilical vein
endothelial cells that locate at the post-transcriptional level[25].
Hypoxia could also provoke the release of ET-1 in lung[26].
Together with our results that decreased O2 correlated with
plasma ET-1, it is suggested that the lung might be a main
resource of ET-1 besides the liver. Therefore, we could deduce
that IETM might irritate Kupffer cell release of TNF- directly
and/or indirectly inducing the production of ET-1. The latter
successively mediates the secretion of NO in its endocrine
manner to contribute to HPS. It has been demonstrated that an
inhibitor of NO synthesis (L-NAME) normalizes alveolar arterial
oxygen gradient, brain radioactivity, pulmonary vascular
resistance, reactivity to hypoxia and angiotensin II, exhaled NO,
and NOS activities in rats with common bile duct ligation[27].
This is an important evidence about the role of NO in HPS.
But, it is necessary to elucidate the significance of massive
accumulation of macrophages in pulmonary architecture.
In rats with cirrhosis, we observed the increased level of CO
in pulmonary homogenates, but no evident alterations of CO in
plasma in our experiment. Still, no marked changes of plasma
CO in other groups were seen. But, increased TNF- in plasma
was correlated with CO in lung homogenates, suggesting that
the overproduction of TNF- in injured liver may be an important
cause for the production of CO in lung. But, we could not find
the correlation between CO and NO. However, the functions of
increased CO and decreased NO in pulmonary homogenates
were noted by observing the effect of Da Huang Su in our
experiment. In addition, NO is related to malondialdehyde
(MDA), a product of lipid peroxidation of biomembrane. These
results might suggest NO to be an injury factor and CO, a
protective factor in the course of genesis of HPS. Therefore, it
is of great importance to further study the relation between CO
and NO and their significance in HPS.
Our previous investigations showed that glycine could
down-regulate the receptor (CD14) of bacterial LPS on surface
of Kupffer cells, and inhibit the activity of nuclear factor kappa
B(NF-B) [28-30]. Furthermore, we observed the effect of
endotoxin on MAPK signal transduction system in cultured
Kupffer cells in vitro. The experimental results indicate that
exposure to bacterial LPS in cultured Kupffer cells in vitro
could notably increase the secretion of TNF-, and glycine
could antagonize bacterial LPS to reduce the production of
TNF-. The efficacy of glycine mimics PD98059 (an inhibitor
of ERK) and SB212850 (an inhibitor of p38MAPK). These
findings further demonstrate that the overproduction of TNF by endotoxin-stimulated Kupffer cells via MAPK signal
transduction pathway may be the molecular mechanism that
leads to the development of HPS.
In conclusion, IETM accompanying cirrhosis may be an
important mechanism in the development of HPS in rats. The
overproduction of TNF- due to endotoxin stimulated Kupffer
cells via MAPK signal transduction pathway may be a major
mechanism mediating the pathologic alterations of HPS.
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Abstract
AIM: To investigate the protective effect against two immune
liver injury models in mice by 2-amino-2-[2-(4-octylphenyl)
ethyl] propane-1,3-diol hydrochloride and its possible
mechanisms in Con A-induced liver damage.
METHODS: Liver tissue or hepatocyte injury was monitored
biochemically by measuring alanine aminotransferase (sALT)
and aspartate aminotransferase (sAST) activity. Hematoxylin
& eosin (HE) staining was used for histopathological
examination. To evaluate the role of IFN- and IL-4 in the
liver injury, serum levels of IFN- and IL-4 were determined
using commercially available ELISA kit at 12 h after Con A
challenge. We also determined FTY 720-induced spleen
cell apoptosis by flow cytometry analysis or spleen cell
proliferation test.
RESULTS: Different doses of FTY 720 treatment dramatically
reduced circulating markers of hepatocyte injury in two kinds
of immunological liver injury models. FTY 720 dramatically
reduced the elevated serum IFN- and IL-4 levels after Con
A injection. Effect of spleen cell supernatants treated with
Con A or FTY 720 on hepatocytes showed that ALT activities
in cultured hepatocyte supernatants in Con A treatment
group increased markedly and FTY 720 could reduce this
elevated ALT activities in FTY 720 treatment group. FTY
720 dose-dependently increased the percentage of apoptotic
cells in T cells and inhibited splenocyte proliferation induced
by Con A.
CONCLUSION: Pretreatment with FTY 720 was shown to
produce protective effect on the immune liver injury in
mice. The possible mechanism of FTY 720 on Con A-induced
liver damage is that it could inhibit lymphocyte proliferation
and induce lymphocyte apoptosis, resulting in the reduction
of IL-4 or IFN- release, and subsequently protecting liver
from being damaged by Con A.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Immune liver injury; FTY 720; Apoptosis; Cell
proliferation
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INTRODUCTION
Acute liver injury is a common disease condition? caused by
hepatitis virus, alcohol, drugs, etc. Many medicines such as
antiviral, immunomodulatory, auxiliary agents have been used
to treat acute liver injury, but the therapeutic effects are not so
satisfactory[1]. To prevent hepatocyte necrosis in acute stage
of liver inflammation, immunosuppressants could be used. It
has been reported that cyclosporine A and FK 506 have
protective effects on experimentally-induced acute liver injury[2,3].
BCG-pretreatment plus lipopolysaccharide (LPS) or Con Ainduced immune liver injury models are two established
experimental immune liver injury models commonly used for
the study of hepatoprotective medicines[4].
2-amino-2-[2-(4-octylphenyl) ethyl] propane-1,3-diol
hydrochloride (FTY 720, C19H33NO2: HCl; molecular weight
343.94 Da), a novel immunosuppressive agent, is a synthetic
structural analog of sphingosine related to the drug myriocin
(ISP-1), which was isolated from culture filtrates of the
ascomycete Isaria sinclairii. Ascomycetes are mycelial forms
of Fungi Imperfecti, which are characterized by asexual spore
phases. These organisms usually parasitize insects or plants[5].
FTY 720 has been shown to markedly prolong the survival time
of rat skin and cardiac allografts[6]. FTY 720 is able to treat the
experimental autoimmune thyroiditis in rats, autoimmune
diabetes animal model, prostate cancer, and hepatic ischemiareperfusion injury[7-10]. But, there has been no report about
the effect of FTY 720 on immunological liver injury. This study
was to evaluate the protective effect of FTY 720 as a new
immunosuppressant on experimental immune acute liver injury.
MATERIALS AND METHODS
Animals
Male mice (albino Swiss) weighing 18-22 g, 6-8 wk old and male
Wistar rats (weighing 200-250 g), were all obtained from the
Department of Experimental Animals, Peking University Health
Science Center, Beijing, China. Animals received humane care
according to the criteria outline in the “ Guide for the Care and
Use of Laboratory Animals” made by the Chinese Academy of
Sciences. Mice were maintained under controlled conditions
(22 ℃, 55% humidity, 12 h day/night cycle) and were fed with a
standard laboratory chow until the experiments were completed.
Drugs and reagents
FTY 720 was supplied as dry powders by Hangzhou SinoAmercan Hua-Dong Pharmaceutical Co. Ltd and dissolved in
physiological saline. BCG was purchased from Bioproduct
Certification Institute, Beijing. There were also other reagents
as follows: LPS (Sigma-Aldrich, St Louis, MO, USA); ALT,
AST testing kit (Chemical Reagents Co, Beijing); IFN-, IL-4
ELISA kit (Chemicon Co); MTT (Sigma-Aldrich, St Louis, MO,
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USA) and Con A (Sigma-Aldrich, St Louis, MO, USA).

Animal model, grouping and treatment
Effect of FTY 720 on BCG+LPS-induced liver injury The mice
were randomly divided into five groups, 10 mice in each. Group
1: normal; group 2: BCG+LPS model control; group 3:
BCG+LPS+FTY 720 1mg/kg; group 4: BCG+LPS+FTY720 3 mg/kg;
group 5: BCG+LPS+FTY 720 6 mg/kg. In the pretreatment
groups, three doses of FTY 720 were ig administered into mice
once a day. On d 7, the animals in groups 2-5 were injected BCG
(3 mg/mouse) intravenously. Another 14 d later, LPS (7.5 g/
mouse) was injected into the mice challenged with BCG. Mice
were maintained on their respective drug administration during
and after BCG and LPS injection. Twenty-four hours after LPS
administration, serum samples from individual mice were
obtained from the fundus oculi vein. Liver injury was monitored
biochemically by measuring serum alanine aminotransferase
(sALT) and aspartate aminotransferase (sAST) activiies.
Effect of FTY 720 on Con A-induced liver injury The mice
were randomly divided into five groups, 10 mice in each. Group
1: normal, group 2: Con A 15 mg/kg model control, group 3: Con
A 15 mg/kg +FTY 720 1 mg/kg, group 4: Con A 15 mg/kg +FTY
720 3 mg/kg, group 5: Con A 15 mg/kg +FTY 720 6 mg/kg. In the
pretreatment groups, three doses of FTY 720 were ig administered
into mice once a day, for 10 d. Then animals in groups 2-5 were
injected Con A 15 mg/kg intravenously on the tenth day. At 12 h
after Con A challenge, serum samples from individual mice were
obtained from the fundus oculi vein for the determination of
serum ALT and AST activities, as well as serum IFN- and IL-4
levels using commercially available ELISA kit. For
histopathological evaluation, mice were sacrificed 12 h after
Con A challenge. Liver tissues were fixed in 10% neutral-buffered
formalin and embedded in paraffin. Sections of 5 m thickness
were stained with hematoxylin & eosin (HE) for light-microscopic
evaluation.
Effects of FTY720 conditioned medium with T lymphocytes
(FTY720-T-CM) on isolated hepatocytes Spleen cells from
male Wistar rats were isolated by pressing the spleen through
a steel grid into RPMI 1640 (GIBCO-BRL, Gaithersburg, MD,
USA) medium. Red blood cells were lysed by 2-min incubation
with 0.17 mol/L NH4CL at room temperature. Spleen cells were
washed twice with RPMI 1640, and 106 cells were incubated in
RPMI 1640 containing 10% FCS for 48 h at 37 ℃, in an
atmosphere containing 50 mL/L CO2 with: 1) medium alone; 2)
Con A 5 mg/L; 3) Con A 5 mg/L+FTY 720 31.25 mg/L; 4) Con A
5 mg/L +FTY720 62.5 mg/L; 5) Con A 5 mg/L +FTY720 125 mg/L.
The supernatants were collected 48 h later and stored at -20 ℃.
Hepatocytes were isolated from adult male Wistar rats by
collagenase perfusion as described previously[11]. The isolated
hepatocytes were suspended in culture medium at 2×106 cells/mL,
seeded onto 6-well plastic dishes, and then cultured as
monolayers in a CO2 incubator (in a humidified atmosphere of
50 mL/L CO2 in air) at 37 ℃. The culture medium used was
Dulbecco modified Eagle’s medium (DMEM) (GIBCO-BRL,
Gaithersburg, MD, USA) containing 10% FCS, Hepes 15 mmol/L,
penicillin 100 units/mL, streptomycin 0.1 g/L, insulin 0.01 g/L,
sodium bicarbonate 3.7 g/L. After 12 h, the medium was replaced
by fresh DMEM with supernatant of spleen cells (100 L), and
the cells were cultured for 24 h and then the ALT levels in the
supernatants were determined.
Effect of FTY720 on spleen lymphocyte proliferation induced
by ConA The spleen cell suspension (106 cells/mL) was cultured
in a 96-well culture plate in RPMI 1640 containing 10% FCS,
Con A and different concentrations of FTY 720. After 68 h, 10 L
of stock MTT at a concentration of 5 mg/mL was added to each
well, and the cells were further incubated at 37 ℃ for 4 h. The
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supernatant then was removed by centrifugation and 150 L
DMSO was added to each well. Following formazan solubilization,
the absorbance of each well was measured using a microculture
plate reader at wavelength of 570 nm.
Effect of FTY720 on spleen lymphocyte apoptosis (flow
cytometry analysis) Spleen cells were cultured in 24-well plates
at a density of 5×106 in 1 mL of medium per well and were given
different concentrations of FTY 720 in same volumes. Analysis
of apoptosis was performed using annexin V kit (Baosai Co,
Beijing). Briefly, one mL of cell suspension (106 cells/mL) was
incubated for 3 h under normal control or FTY 720-treated
conditions and collected by centrifugation at 1000 r/min at 4 ℃
for 10 min. Pellets were washed twice with PBS and resuspended
in 200 L binding buffer with 10 L annexin-V-FITC at room
temperature for 10 min. PI (5 L) was added and analysis was
then performed using flow cytometry.

Statistical analysis
All statistical calculations were performed using SPSS10.0
statistical software; for all analyses, t test and one-way ANOVA
were used to test for significance. P<0.05 was considered
statistically significant.
RESULTS
Serum ALT and AST changes after pretreatment with FTY 720 in
BCG+LPS- induced liver injury in mice
Serum ALT and AST activities increased dramatically compared
with normal control mice 12 h after BCG+LPS injection. FTY 720
6 mg/kg dramatically reduced circulating markers of liver damage
as shown in Table 1.
Table 1 Effect of FTY 720 on serum ALT and AST activities in
BCG+LPS -induced liver injury (mean±SD)
Group

Number sALT Karman’s
of mice
units/dL

sAST Karman’s
units/dL

Normal

10

19.65±11.87 a

108.00±22.37 a

BCG (3 mg/mouse)

10

234.24±143.17

254.71±101.45

10

168.05±87.19

220.31±54.96

10

162.411±77.43

214.21±32.34

10

119.411±77.45 a

183.00±46.29 a

+LPS (7.5 g/mouse)
BCG (3 mg/mouse)
+LPS (7.5 g/mouse)
+FTY 720 1 mg/kg
BCG (3 mg/mouse)
+LPS (7.5 g/mouse)
+FTY 720 3 mg/kg
BCG (3 mg/mouse)
+LPS (7.5 g/mouse)
+FTY 720 6 mg/kg
a

P<0.05 vs BCG (3 mg/mouse)+LPS (7.5 g/mouse) model
groups.

Serum ALT and AST changes after pretreatment with FTY 720 in
Con A- induced liver injury in mice
Compared with normal control mice, serum ALT and AST
activities increased dramatically 12 h after Con A challenge.
FTY 720 6 mg/kg dramatically reduced circulating markers of
liver injury as shown in Table 2.
Alteration of serum cytokines after pretreatment with FTY720
Since both IFN- and IL-4 play critical roles in Con A-induced
liver injury, we investigated the effect of FTY 720 on both
serum levels in this model. Different doses of FTY 720
pretreatment dramatically reduced the elevated serum IFN-
and IL-4 levels after Con A injection as shown in Table 3.
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Number sALT Karman’s sAST Karman’s
of mice
units/dL
units/dL
92.17±19.93 a

104.73±44.83

120.34±28.25

10

99.69±37.15

118.27±22.47

+FTY 720 1 mg/kg
10

79.99±51.79

10

65.82±36.32 a

110.63±26.26

+FTY 720 3 mg/kg
Con A15 mg/kg

93.18±17.36 a

+FTY 720 6 mg/kg
a

P<0.05 vs Con A model group.

Table 3 Alteration of serum cytokines after treatment with
FTY 720 in Con A-induced liver injury (mean±SD)
Group

Number
of mice

IFN-
(10 -3 mg/L)

IL-4
(10 -3 mg/L)

Normal

10

0.25±0.03 a

0.13±0.00 a

Con A 15 mg/kg

10

0.93±0.49

0.17±0.02

Con A15 mg/kg

10

0.36±0.17 a

0.15±0.01 a

10

0.33±0.10 a

0.14±0.00 a

10

0.29±0.07 a

0.03±0.01 a

Con A 5 mg/L Con A+FTY720 Con A+FTY720
31.25 mg/L
62.5 mg/L

Figure 1 Effect of spleen cell supernatants treated with Con A or
FTY720 on hepatocytes (n = 3) aP<0.05 vs Con A control group.
Percentage of lymphocyte
proliferation

Con A15 mg/kg

Normal

250
200
150
100
50
0

c
c

c

c

c

C on A +F T Y 72 0
78 g/mL

10

Con A15 mg/kg

C on A +F T Y 72 0
39 g/mL

Con A 15 mg/kg

C on A +F T Y 72 0
19.5 g/mL

52.79±4.43 a

a

ConA2+FTY720
9.75 g/mL

10

a
a

ConA2 g/mL

Normal

100
90
80
70
60
50
40
30
20
10
0

Normal

Group

ALT (karman’s units/dL)

Table 2 Effect of FTY720 on serum ALT and AST activities in
Con A-induced liver injury (mean±SD)

+FTY 720 1 mg/kg
+FTY 720 3 mg/kg
Con A15 mg/kg
+FTY 720 6 mg/kg
a

P<0.05 vs Con A model group.

Effect of spleen cell supernatants on hepatocytes
Since the ALT activities were unchanged in supernatants of
hepatocyte culture treated directly with Con A or FTY 720 (data
not shown), the cultured spleen cell supernatants pretreated
with Con A or Con A plus different concentrations of FTY 720
were added into the hepatocyte culture medium for 24 h. The
results showed that ALT activities in cultured hepatocytes
supernatants in Con A treatment group increased markedly
and FTY 720 treatment could reduce the elevated ALT activities
as shown in Figure 1.
Effect of FTY720 on spleen cell proliferation
Figure 2 shows that spleen cell proliferation markedly increased
when treated with Con A, but a different dose of FTY 720
dramatically reduced the lymphocyte proliferation induced by
Con A.

B
FL2-H

FL2-H

103
102

100 101 102 103 104
FL1-H

Group

FTY 720 concentration %

Normal

7.03
1.87 mg/L

7.55

FTY 720

3.75 mg/L

12.08

FTY 720

7.50 mg/L

25.46

DISCUSSION
FTY 720 is a unique immunosuppressive agent that exerts its
activity by inducing apoptosis in lymphocytes [12-14]. We
conducted the present study to investigate the effect of FTY 720
on immunological liver injury, as well as its mechanism of action.

D 104

103

103

103

102

102
101

102
101

100
100 101 102 103 104
FL1-H

Apoptotic cells

FTY 720

C 104

100

100

Table 4 Effect of FTY720 on spleen cell apoptosis

104

101

101

Effect of FTY 720 on spleen cell apoptosis
We also investigated the effect of FTY720 on T-lymphocyte
apoptosis. A dose-dependent apoptosis was observed in Tlymphocytes as shown in Table 4 and Figure 3. FTY 720 dosedependently increased the percentage of apoptotic cells in T-cells.

FL2-H

A 104

Figure 2 Effect of FTY720 on Con A induced lymphocyte
proliferation (n = 5), cP<0.05 vs Con A group.

FL2-H

Con A15 mg/kg

100
100 101 102 103 104
FL1-H

100 101 102 103 104
FL1-H

Figure 3 Effect of FTY 720 on spleen cell apoptosis. A: normal group; B: FTY 720 1.87 mg/L; C: FTY 720 3.75 mg/L; D: FTY 720
7.50 mg/L.
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Viral hepatitis or autoimmune hepatitis is considered to be
involved in the impairment of hepatocytes mainly mediated by
T-cell immunity[15]. BCG+LPS or Con A could be used to induce
immune liver injury models. T-cell-dependent specific liver injury
in mice induced by Con A is a newly estabilished experimental
liver injury model. Con A, a kind of lectin, binds to sugar residues
on the surface of a wide variety of different cell types and
stimulates T lymphocytes and macrophages. Con A facilitates
cellular immunity in liver tissue, thereby inducing liver injury.
Mice with liver injury induced by Con A are therefore, used as
experimental models mediated by cellular immunity. T cell
activation and release of several cytokines have been proven
to play a critical role in Con A-induced liver injury[16-18]. It has
been reported that inflammatory cytokines such as, TNF-,
IFN- and IL-4 are elevated in Con A-induced liver injury and
inhibition of TNF-, IFN- and IL-4 by antibodies suppresses
liver injury[19-21].
In the present study, serum ALT, AST activities, which were
the circulating markers of hepatocyte injury, elevated markedly
after Con A or BCG+LPS challenge. Pretreatment of FTY 720
could reduce the elevation of serum AST and ALT levels in
these two immune liver injury models. These results
demonstrate that pretreatment of FTY 720 can elicite liverprotection effect against immune liver damage.
It has been reported that FTY720 prolongs graft survival in
various animal models of organ transplantation and other
autoimmune diseases such as autoimmune diabetes,
autoimmune arthritis because it can induce programmed cell
death. In the in vivo study, we found that in Con A-induced
liver injury, IFN- and IL-4 levels increased significantly as
compared with the normal control group, while FTY 720
administration reduced elevated IFN- and IL-4 levels. Thus we
speculated the liver-protection effect of FTY 720 on Con Ainduced liver injury is due to its apoptosis inducing effect on
spleen lymphocytes.
We further investigated the effect of FTY 720 on the
splenocyte proliferation and apoptosis. The results showed
that FTY 720 could inhibit the spleen cell proliferation and
promote lymphocyte apoptosis in vitro. Next, we added the
supernatant of spleen cell culture treated with FTY 720 to the
isolated hepatocyte culture medium. The results demonstrated
that the supernatant of spleen cell culture treated with FTY 720
could inhibit the elevated ALT activity induced by the
supernatants of spleen cell culture treated only with Con A .
These results confirm our previous speculation, that is, the
effects of FTY 720 on Con A-induced liver injury were closely
associated with spleen lymphocyte apoptosis and proliferation.
In summary, FTY 720 pretreatment is effective on the
BCG+LPS and Con A-induced immune liver injuries. The
possible mechanism of the liver-protective effect on the Con
A-induced liver injury is related to lymphocyte apoptosis and
proliferation. Studies are underway to clarify the detailed
mechanism.
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Abstract
AIM: Although polysaccharides from Phellinus mushrooms
are a well-known material with anti-tumor properties, there
is no information about the effect of polysaccharides from
Phellinus gilvus (PG) on tumor. The modulating effect of
polysaccharides isolated from PG on the benzo(a)pyrene
(BaP)-induced forestomach carcinogenesis in ICR female
mice was investigated in this study.
METHODS: A forestomach carcinogenesis model was
established in 40 ICR female mice receiving oral
administration of BaP for 4 wk. The mice were randomly
assigned to 4 groups (10 each). The mice in each group
were treated with sterile water or PG for 4 and 8 wk (SW4,
PGW4, SW8, and PGW8 groups). Eight or 12 wk after
the first dose of BaP, forestomachs were removed for
histopathological and RT-PCR analysis.
RESULTS: In histopathological changes and RT-PCR
analysis, sterile water-treated mice showed significant
hyperplasia of the gastric mucosa with a significantly
increased expression of mutant p53 mRNA compared to
mice treated with PG for 8 wk.
CONCLUSION: Polysaccharides isolated from PG may
inhibit BaP-induced forestomach carcinogenesis in mice
bydown-regulating mutant p53 expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Forestomach carcinogenesis; Phellinus gilvus;
Polysaccharides; p53 Gene
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INTRODUCTION
Gastric tumor is the most frequent malignancy of the

gastrointestinal tract in East Asian populations and the second
most common cause of cancer-related death in the world. Its
mortality associated with gastric tumor has remained relatively
stable over the past 20 years, suggesting that new therapies to
combat this problem are urgently needed[1].
The use of medicinal plants in modern medicine for the
prevention or treatment of the tumor is an important aspect. In
a recent study, several natural products have been investigated
on inhibitory effect of gastric tumor using animal models[2,3].
Among these products, polysaccharides isolated from Phellinus
mushrooms have received special attention due to their antitumor[4-6] and immunostimulating effects[7,8].
We have previously demonstrated that a kind of Phellinus
mushrooms, PG, has various biological activities related to
inflammation, including inhibition of pulmonary inflammation[9],
prevention of intraperitoneal adhesion under infectious
circumstances[10], and promotion of dermal wound healing
(unpublished data). PG also has advantages over the other
Phellinus mushrooms in that it has a very short growth period
(3 mo) making it cheaper to produce. Thus, we predict that
medical application of PG has advantages in medical costcutting, and will benefit to health in future. However, the role of
polysaccharides isolated from PG in inhibiting tumors has not
been demonstrated in vivo.
In this work, we investigated whether polysaccharides
isolated from PG could protect mouse forestomach against the
neoplastic effects of BaP using histopathological and RT-PCR
analysis.

MATERIALS AND METHODS
Polysaccharides isolated from PG
The fruiting body of PG was kindly provided by Gyeongbuk
Agricultural Technology Administration (Daegu, Korea). A seed
culture was grown in a 250 mL flask containing 50 mL of PMP
medium (2.4% potato/dextrose broth plus 1% malt extract, 0.1%
peptone) at 28 ℃ on a rotary incubator at 150 r/min for 4 d. To
obtain fruiting bodies of PG, a culture was grown in an oak
sawdust block for 90 d. The yield of fruiting bodies was 97 g
dried weight per block. It was extracted by optimal conditions
of water extraction for maximal anti-tumor activity, distilled water
(1:25) at 100 ℃ for 10 h (unpublished data). The recovery
procedure of polysaccharides from water extract of PG followed
a previously established method[10,11]. The material was stored
at 4 ℃ until used.
Study design
Fifty female ICR mice, 6- to 8-wk old, were purchased from Charles
River Laboratory (Bio Genomics, Korea) and acclimatized under
the controlled condition for 1 wk. All animals were maintained
with commercial rat diet (Orient Inc., Korea) and water ad libitum.
BaP-induced forestomach tumorigenesis in mice was induced
according to the procedure described by Wattenberg[12]. The
animals were administered with 100 L corn oil (CO group) or
1 mg of BaP in 100 L corn oil by gavage twice a week for 4 wk.
After the last dose of BaP, the mice were randomly assigned to
4 groups (10 each). The mice in each group were treated with
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Figure 1 Histopathologic changes of forestomachs according to each treatment in BaP-induced forestomach carcinogenesis
(n = 5/each group). Note the significantly reduced hyperplasia of the gastric mucosa in PGW8 group, compared with SW groups.
A: CO group (normal mucosa of forestomach); B: SW4 group; C: SW8 group; D: PGW4 group; E: PGW8 group (×200).

sterile water or PG for 4 and 8 wk, respectively (SW4, PGW4,
SW8, and PGW8 groups). The animals of PG treated groups
received 1 mg/mL of polysaccharides isolated from PG as a sole
source of drinking water for 4 or 8 wk.

Histopathological evaluation
Eight or 12 wk after the first dose of BaP, half the animals in
each group received a lethal injection of 2.5% avertin and were
immediately perfused with ice-cold phosphate buffer (PB)
followed by 4% paraformaldehyde in PB. The forestomachs
were then removed carefully and fixed in 10% buffered formalin.
After routine tissue processing, serial sections (5 m) were
stained with hematoxylin and eosin. The dynamic processes of
carcinogenesis in each period were assessed by light microscopy.
RT-PCR analysis
The remaining animals in each group were sacrificed with
carbon dioxide asphyxiation 8 or 12 wk after the first dose of
BaP. Removed forestomachs were stored at -80 ℃ until further
processing. Total cellular RNA was extracted from forestomachs
using a monophasic solution of phenol and isothiocyanate
(TRIzol Reagent, Gibco). A 1 g total RNA was subjected to the
first-strand cDNA synthesis in a TOUCHgene DNA thermal
cycler (Techne (Cambridge) Limited, UK) at 42 ℃ for 60 min
followed by enzyme denaturation at 94 ℃ for 2 min. All reagents
were obtained from Promega (Madison, WI, USA). The
expression of p53 was semiquantitatively detected and -actin
was used as an internal standard. Sequences of primers used
for amplification were as follows: p53: sense, 5’-GGAGGTTGT
GAGGCGCTGC-3’, antisense, 5’-CACGCACCTCAAAGC
TGTTC-3’; -actin: sense, 5’-AGCGGGAAATCGTGCGTGAC3’, antisense, 5’-ACTCCTGCTTGCTGATCCACATC-3’. PCR
was conducted in a TOUCHgene DNA thermal cycler. PCR
products were separated by electrophoresis using 2% agarose
gels stained with ethidium bromide to visualize cDNA products.
RESULTS
Histopathological changes in mice treated with sterile water for
4 and 8 wk after the last administration of BaP manifested as
significant hyperplasia of the gastric mucosa, referred to as
“precancerous lesions” with a few papillomas. The thickness
of epidermis was not uniform. There was no significant
difference between SW4 and SW8 groups.
Conversely, mice treated with PG for 4 wk showed only
marginal hyperplasia with no papillomas. Mice treated with PG
for 8 wk after the last administration of BaP had the same
histopathological appearance as control mice treated with corn
oil (Figure 1). This evidence supported the hypothesis that
polysaccharides isolated from PG could inhibit BaP-induced
forestomach carcinogenesis in mice. The dynamic processes
of carcinogenesis in each period are shown in Table 1.

RT-PCR was carried out to demonstrate the effect of PG on
the release of p53. In the SW groups treated with only BaP, p53
mRNA was highly expressed compared with that in the PGW8
and CO groups. -actin transcript levels among all groups were
the same (Figure 2).
Table 1 Histopathologic alterations according to the treatment at different periods of the experiment (n = 5/each group)
4 wk

Treatments

H (%)

8 wk
P (%)

H (%)

P (%)

SW

81 .5

3.7

97.1

5.8

PG

37 .3

0

12.8

0

H: Hyperplasia, P: Papillomas.
A

B

C

D

E

p53

←311 bp

-actin

←471 bp

Figure 2 p53 mRNA expression in BaP-induced forestomach
carcinogenesis by RT-PCR analysis (n = 5/each group). The
p53 gene expression was greatly down-regulated in PGW8
group, compared to the SW groups. The b-actin transcript
levels among all groups were the same. A: CO group, B: SW4
group, C: SW8 group, D: PGW4 group, E: PGW8 group.

DISCUSSION
The major aim of this study was to investigate whether
polysaccharides isolated from PG could inhibit BaP-induced
forestomach carcinogenesis in mice in order to assess the
potential plants such as PG for future therapies.
There are approximately 220 known species of Phellinus
mushrooms in the world, and they were found mainly in tropical
areas of America and Africa[13]. Many kinds of Phellinus (e.g.,
P. linteus, P. baumii, P. igniarius, and P. pini, ets.) are known to
have different medicinal effects[14-20]. Among them, P. linteus is
well known as one of the most popular medicinal mushrooms
due to its high anti-tumor[4] and immunostimulating[7,8,] activities.
It has been utilized medicinally in Korea and Japan. Here we
showed that polysaccharides isolated from a kind of Phellinus,
PG, suppressed forestomach carcinogenesis in mice. This
suggests a potential therapeutic role of PG as an adjuvant for
the treatment of tumors.
In modern medicine, natural products like PG for the
prevention or treatment of tumors are attractive chemopreventive
agents because of their very low clinical toxicity compared with
chemical anti-tumor drugs[21,22]. Recently, the safety of a single
orally-administered dose of PG was demonstrated in our previous
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work[23]. In this study, we also observed no body weight change
during PG treatment (data not shown). These results indicated
that PG was a chemopreventive agent with a very low clinical toxicity.
Many oncogene and tumor suppressor gene products can
regulate and execute apoptosis. Among them, the p53 tumor
suppressor gene plays an important role in both apoptosis and
DNA repair pathways. In various tumors, p53 is an essential
gene for inducing apoptosis and the level is increased in antitumor therapy. However, when p53 also mutated in response
to intracellular and extracellular stress signals, e.g., chemically
induced DNA damage, the level was increased. Many studies
have demonstrated that treatment with BaP seemed to increase
p53 mRNA by inducing p53 mutation in some models[24,25]. In
the present study, mice treated with sterile water after
administration of BaP had higher levels of p53 mRNA expression
compared with CO and PGW8 groups, suggesting that p53
mutated by BaP could decrease cancer cell apoptosis and provide
selective growth superiority to cancer cells. Especially, in the
PGW8 group, the expression of p53 mRNA was significantly
lower than that in SW4 and SW8 groups. Thus, we can conclude
that polysaccharides isolated from PG may induce cancer cell
apoptosis by down-regulating mutant p53 mRNA expression.
Many investigators have been demonstrated that the
mechanism of Phellinus mushroom anti-tumor action involves
multiple processes[18,22,26,27]. In our models, we observed the
expression of mutant p53 mRNA of PG. We are actively exploring
the mechanism of angiogenesis or apoptosis in tumor due to
PG-like inhibition.
In conclusion, polysaccharides isolated from PG may protect
mouse forestomach against the neoplastic effects of BaP by
rapid down-regulating of mutant p53 mRNA expression. PG is
a pharmacologic agent that rapidly enhances host resistance
to tumors. Further studies regarding its mechanism are needed
to promote the clinical applications of PG in cancer therapy.
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Abstract
AIM: To evaluate the efficacy of amantadine plus interferonalpha and ribavirin in non-responder patients with chronic
hepatitis C.
METHODS: Twenty-six non-responder patients received
the regimen of IFN--2a at a dose of 6 million units three
times a week, 1 000-1 200 mg of ribavirin daily, and 200 mg
of amantadine daily in divided doses over 48 wk. After the
end of treatment, at the 72nd wk, a sustained viral response
rate was determined.
RESULTS: An early (after 12 wk of therapy) response was
seen in 34.6% (9/26) of patients. Response rate at the
24th wk was 42.3% (11/26). End of treatment response (ETR)
was 53.8% (14/26). Sustained viral response (SVR) was
42.3% (11/26). There was a statistically significant difference
between 0 and 12 wk (P = 0.04), 0 and 24 wk (P = 0.01), 0
and 48 wk (P = 0.00), and 0 and 72 wk (P = 0.001). No
patient had severe adverse effects during the treatment.
CONCLUSION: Combination regimen of interferon-,
ribavirin and amantadine can enhance sustained viral
response on IFN- and ribavirin non-responder patients with
HCV. Triple therapy with amantadine should be evaluated
in further studies.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) affects 100-300 million people worldwide.

Chronic hepatitis C is one of the leading causes of chronic liver
disease and related complications such as cirrhosis and
hepatocellular carcinoma[1-4]. Interferon (IFN) or IFN-containing
regimens with ribavirin are still the fundamental treatment
strategies for chronic hepatitis C. Ribavirin plus interferonalpha (IFN-) combination has led to marked advance in the
treatment of IFN--naive or relapser patients with chronic
hepatitis C, but has been shown to be only marginally effective
in IFN--non-responders[4-8]. In these patients, combination
treatment of IFN--2b and ribavirin reached approximately
10-25% sustained viral response (SVR)[9-11]. Amantadine is a
relatively inexpensive antiviral drug with activity noted against
the flaviviridae family to which the HCV belongs. Although
a few early reports documented a good response to amantadine
monotherapy, subsequent studies failed to confirm these
results[12,13]. Pilot studies have suggested that the addition of
amantadine to IFN is effective against HCV. Brillanti et al[14]
reported that the combination treatment with IFN, ribavirin
and amantadine did reach a relatively high sustained viral
eradication rate of 48%. But, it is still debatable if amantadine
alone or in combination with IFN- and ribavirin could improve
viral response in patients who failed to respond to previous
combination therapy with IFN- and ribavirin. We aimed to
evaluate the safety and efficacy of IFN-, ribavirin and
amantadine in a study group of patients with chronic hepatitis
C who were considered “non-responders” to previous treatment.
Adverse effects developed during the therapy were also
evaluated.

MATERIALS AND METHODS
The Institutional Review Board of the Hospital approved this
study. Adult patients with chronic hepatitis C who failed
to respond to previous treatment (non-responders) were
enrolled. Non-responders had not responded to induction
therapy with 9 million units of IFN--2a daily for four weeks,
followed by 3 million units three times a week for an additional
11 mo and ribavirin (1 000-1 200 mg in divided daily dose)
(n = 27). These patients had no previous evidence of virologic
response (undetectable HCV RNA level) or biochemical
response (normal alanine aminotransferase level) to the
combination regimen.
All patients gave informed consent, and those who agreed
to participate and met the inclusion criteria were enrolled
in the study. The following criteria were used to exclude
patients: decompensated liver disease, immunocompromised
patients or human immunodeficiency virus positivity, severe
psychiatric conditions, poorly controlled diabetes mellitus,
active cardiopulmonary disease, renal insufficiency, seizure
disorders, autoimmune disease, uncontrolled thyroid disease,
other liver diseases and pregnancy. Patients with a hemoglobin
level of <130 g/L (for males), or <120 g/L (for females), platelet
count <100 000/mm3 and leukocyte count <3 000/mm3 were
also excluded. All patients were required to use an effective
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Treatment regimen
The regimen used in this study was composed of IFN--2a at a
dose of 6 million units three times a week, 1 000-1 200 mg of
ribavirin daily, and 200 mg of amantadine daily in divided doses.
All potential candidates completed at least 30 d of a washout
period from the last dose of their previous regimen prior to
enrollment. After enrollment, patients received this regimen for
48 wk. After discontinuation of the treatment regimen, patients
were subsequently followed for an additional 24 wk.
Clinical and laboratory evaluation
Patients were seen during treatment wk 2, 4, 8, 12, 16, and 24,
and every four weeks thereafter until the end of treatment.
Physical examinations were conducted during treatment wk 4,
8, and 12, and every four weeks thereafter until the end of therapy.
HCV RNA levels were determined by Cobas Amplicore HCV
monitor version 2.0 (threshold detection 100 copies/mL), at
baseline and again at therapy wk 12, 24, 48 and 72. Viral genotype
was determined at baseline. Virological assays were performed
in the institution laboratory.
Liver biopsies were performed within a mo of entry into the
study. Pretreatment biopsy reports were classified based on
the degree of fibrosis and activity of inflammation.
Severity of adverse events, specific to interferon, ribavirin
and amantadine, was recorded at each visit. Modification of
IFN or ribavirin dose was not needed due to adverse events.
Study end points
The primary end point of this study was a combined (biochemical
and virologic) response. Patients who reached their end points
(undetectable HCV RNA level and normalization of alanine
aminotransferase level) were recorded as “responders”. Patients
with detectable HCV RNA level during therapy or at the end of
the treatment period were designated as “non-responders”.
Response rates at 12th , 24th , and 48th wk (end of treatment
response; ETR) and at the 72nd wk (sustained viral response)
were compared. Sustained viral response (SVR) was HCV RNA
clearance at 24 wk after completion of treatment.
Statistical analysis
Response rates were compared with McNemar test. A P value
<0.05 was considered to be statistically significant. All analyses
were performed with SPSS statistical software package.

Of the 27 patients, one decided early against treatment and
dropped out, but liver biopsy result was included in the
evaluation. There was no emergency condition or severe adverse
effects to exclude the patients during the study. The histological
activity index (HAI) and fibrosis stage of 27 patients are shown
in Table 2.
Table 2 Histological activity index (HAI) and fibrosis stage in
all patients
HAI Score

n (%)

Minimal

2 (7.1)

0

Mild
Moderate
Severe

Stage

n (%)
2 (10.7)

7 (25)

1

7 (42.9)

11 (39.3)

2

11 (10.7)

7 (25)

3

7 (28.6)

An early (after 12 wk of therapy) response was seen in
34.6% (9/26) of patients. Response rate at the 24th wk was
42.3% (11/26). ETR was 53.8% (14/26). SVR was 42.3% (11/26).
There was a statistically significant difference between 0 and
12 wk (P = 0.04), 0 and 24 wk (P = 0.01), 0 and 48 wk (P = 0.00),
and 0 and 72 wk (P = 0.001). Figure 1 shows the ETR (48th wk)
and SVR (72nd wk).
The pattern of anemia and the decline in hemoglobin levels
are depicted in Figure 2. This pattern of ribavirin-induced anemia
was similar to that reported in previous studies[20-23]. Overall,
hemoglobin levels dropped between 10 and 15 gr/L during the
first 4-8 wk after initiating treatment.
50
% HCV RNA (-)

method of birth control during the entire study. All patients
included in the study were proven to have HCV genotype 1b.
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Figure 1 End of treatment response (48th wk) and sustained
viral response (72nd wk) rates.
16

Table 1 Demographics of patients
Parameters
Age (yr)
Gender-male (%)
Pretreatment HCV RNA (copies/mL)
Pretreatment ALT (IU/mL)
HCV genotype 1b (%)

Hemoglobin

15

RESULTS
A total of 27 patients who met the inclusion criteria were
enrolled in the study. Clinicodemographic characteristics of
the patients included in the study are summarized in Table 1.
In this study, no patient was cirrhotic, and most had high
baseline viral load (>2 000 000 copies/mL) and all had
genotype 1b.

14
13
12
11
10

0

12
24
Period in the study (wk)

48

Figure 2 Pattern of anemia and decline in hemoglobin levels.
Non-responders (n = 27)
45 .2
14 (50%)
2 195 150±1 575 560
142
28 (100)

DISCUSSION
For previously untreated patients with chronic hepatitis C,
treatment with interferon-alpha monotherapy resulted in a
sustained viral eradication rate <20%; combining IFN--2b
with ribavirin improved this efficacy to around 40%[9,11,15].
Despite this relatively good efficacy of IFN--2b and ribavirin
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for untreated hepatitis C patients, this regimen is not very
efficacious for those who are considered “non-responders”
to previous treatment. This treatment-resistant group is a
major subject of concern for hepatologists because that
group most likely represents the most difficult group of
HCV-infected individuals to treat. Brillanti et al[14] reported
that the combination treatment with IFN, ribavirin and
amantadine did reach a relatively high sustained viral
eradication rate of 48% in non-responders. In this study, we
found that addition of amantadine to IFN--2a and ribavirin
increased HCV RNA clearance rate in treatment of “nonresponder” HCV patients.
An early virological response to IFN- treatment is a strong
predictor of SVR [2,5,6]. In our study, an early (after 12 wk of
therapy) response was seen in 34.6% (9/26) of patients. All of
these patients had SVR. Response rates were statistically
different between the 12th, 24th, and 48th wk, suggesting that the
benefit of triple therapy gradually increased with elongation of
treatment, especially in the patients who do not respond early
during the treatment.
Recent studies have shown nonfavorable results of triple
therapy in naive patients[16-19]. Berg et al [20] claimed that
amantadine should be considered a potential anti-HCV drug in
future studies. But, in non-responders, it was reported that the
addition of amantadine was well tolerated, and led to
improvement of SVR compared with retreatment with IFN-
and ribavirin [21-23]. In contrast, our results showed hopeful
response rates with an ETR of 53.8% (14/26), and SVR of 42.3%
(11/26) in genotype 1.
Amantadine is an inexpensive and well tolerated drug,
and our study showed that it was effective when used in
combination with standard IFN- and ribavirin[25]. Amantadine
was very well tolerated by these patients. We also noted
relatively low withdrawal rates compared with most of the
previous studies. One patient dropped out early at the start of
the study, and another refused re-treatment after biopsy. We
believe amantadine does not produce any significant additional
side effects.
In patients with chronic hepatitis C, one of the most
effective therapies is the combination of peginterferon-alpha2b (1.5 g/kg per wk) plus ribavirin[17-19]. The benefit is mostly
achieved in patients with HCV genotype 1 infections. Manns
et al [26] showed that the SVR rate was significantly higher
(42%) among patients with HCV genotype 1. The rate for
patients with genotype 2 and 3 infections was about 80% in all
treatment groups.
In summary, re-treatment of a strictly defined non-responder
group with a 48-wk course of a triple combination regimen of
IFN--2b, ribavirin and amantadine is associated with a
sustained viral response that can not be ignored. Although our
results were encouraging, further studies are needed. It is possible
that alternative regimens using pegylated interferon-alpha in
combination with ribavirin or a triple combination regimen
(pegylated interferon, ribavirin and amantadine) may be associated
with much higher rates of sustained viral eradication and lower
response rates.
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Abstract
AIM: Helicobacter pylori (H pylori) resistance after failed
eradication has a major impact on the outcome of a further
treatment regimen. The aim of this study was to assess
the validity of a non-invasive strategy using the 13 C-urea
breath test (UBT) and the gastric string test in identifying
post-treatment resistance of H pylori.
METHODS: The UBT was routinely performed 4 to 6 wk
after H pylori eradication therapy. Forty-two patients (24
females, 18 males, mean age 48 years) with a positive UBT
were included in the study. A gastric string test using a
capsule containing a 90 cm-long nylon fiber was performed.
Before the capsule was swallowed, the free end of the string
was taped to the cheek. After one hour in the stomach, the
string was withdrawn. The distal 20 cm of the string was
inoculated onto an agar plate and processed under microaerophilic conditions. Following the string test, upper
gastrointestinal endoscopy was performed to obtain gastric
biopsies for conventional culture.
RESULTS: H pylori was successfully cultured from the gastric
string in 34 patients (81%), but not in 5 patients due to
contamination with oropharyngeal flora. H pylori was cultured
from the gastric biopsies obtained at endoscopy in 39 patients
(93%).
CONCLUSION: The UBT followed by the gastric string test
in the case of treatment failure is a valid diagnostic strategy
with the aim of determining the post-therapeutic antibiotic
resistance of H pylori with little inconvenience to the patient.
Upper GI-endoscopy can be avoided in several cases by
applying consequently this diagnostic package.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The antibiotic resistance of Helicobacter pylori (H pylori) after
failed eradication therapy has a major impact on the selection
of antibiotics applied in a further treatment regimen[1]. Recent
guidelines for the management of H pylori infection recommend
triple therapy comprising a proton pump inhibitor (PPI) or
ranitidine bismuth citrate, in combination with clarithromycin
and amoxicillin or metronidazole, as the first-line therapy, and
quadruple therapy (PPI, bismuth, metronidazole and tetracyline)
as the second-line therapy in the event of primary treatment
failure. The results of a recent meta-analysis revealed failure of
primary therapy in about 20-30% of cases[2], and of second line
therapy in a further 20-30% of cases[3]. Thus the bacterium
persisted after two courses of H pylori eradication therapy in
about 10 out of 100 infected patients. In this situation antibiotic
susceptibility testing is recommended [4], and treatment of
H pylori infection should be based on a susceptibility-adapted
therapy regimen. While resistance to amoxicillin is infrequent,
resistance to clarithromycin and metronidazole is common after
failed H pylori eradication therapy[1], and this implies a markedly
decreased eradication rate[5,6].
The post-treatment evaluation of the H pylori status has
become a domain of non-invasive testing with either the 13C-urea
breath test (UBT) or with the stool antigen test if UBT is not
available [4]. For antibiotic susceptibility testing, upper
gastrointestinal (GI)-endoscopy with gastric biopsies is the
standard procedure. The gastric specimens thus obtained are
further processed by microbiologic methods for bacterial culture
and the determination of antibiotic susceptibility.
As a possible alternative to upper GI-endoscopy, PerezTrallero et al[7] proposed a gastric string test. This test enables
gastric mucus to be obtained without the need for upper GIendoscopy. H pylori is readily isolated from the mucus, and this
approach has been successfully used to culture H pylori for
susceptibility testing in a number of studies[7-10]. Limitations of
the gastric string test are the low density of H pylori in the
mucus, and contamination with flora from the oropharynx. To
overcome these shortcomings we have further modified the test
with the aim of introducing a diagnostic package combining the
UBT and the gastric string test. The present study was conducted
to assess the validity of this diagnostic package in clinical practice
for deciding the appropriate management of H pylori resistance.
MATERIALS AND METHODS
Patients were assigned by GP’s or our Out-Patient Department
to receive a UBT 4 to 6 wk after H pylori eradication therapy. A
validated test protocol for the UBT was used. After an overnight
fast, 200 mL of tap water containing 4.2 g citric acid, 40 mg
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saccharin and 75 mg 13C-urea was administered to the patients.
Breath samples were collected before and 30 min after
administration of the test drink. Breath samples were analyzed
by an isotope ratio mass spectrometer (ABCA, PDZ Europe
Crewe, UK), and the results were expressed as “delta over
baseline” (DOB). A DOB >4‰ was considered positive for
H pylori[11]. If the UBT was positive and the further inclusion
criteria were met (no antibiotics, bismuth-containing compounds,
H2-receptor antagonists or proton pump inhibitors during the
four weeks preceding the 13C-UBT), the patients underwent a
gastric string test. For this test patients swallowed a gelatine
capsule containing a 90 cm long string of absorbent fiber
(Entero-Test HDC Corporation, San Jose, US) after an overnight
fast (Figure 1). Before the capsule was swallowed, the patient
was requested to gargle for 30 s with a hexitidine solution. The
free end of the string was taped to the cheek. One hour later the
patient gargled once more with hexitidine solution and the string
was withdrawn. The distal 20 cm of the string was immediately
inoculated onto a special agar plate for cultivation of H pylori
(Pylori Agar, bioMérieux, France), and samples were incubated
for 2 to 10 d in a micro-aerophilic chamber at 37 ℃. H pylori
was identified on the basis of typical morphology using Gram
staining, and positive urease, oxidase, and catalase tests. Minimal
inhibition concentrations (MIC) were determined using the Etest
(AB Biodisk, Sweden) on blood agar plates. Suspensions of
H pylori were adjusted to a McFarland standard no. 2 as the
inoculum. After a 3-d incubation period under micro-aerophilic
conditions, the MICs of clarithromycin and metronidazole were
determined. Strains with an MIC >8 mg/L were considered
resistant to metronidazole and those with an MIC >1 mg/L were
considered resistant to clarithromycin. Following the string
test, upper GI-endoscopy was performed in all patients to obtain
gastric biopsies (4 biopsies form the antrum and 4 from the corpus
for histology, rapid urease test and culture). The biopsies for culture
(one from the antrum and one from the corpus) were processed in
the same way as the distal part of the string. The study protocol
was approved by the Ethics Committee of the University of
Magdeburg, and all patients gave their written informed consent.
A

B

C

Figure 1 Gastric string test for obtaining H pylori from the
gastric mucosa: A: Capsule with partly extracted string. The
overall length of the string was 90 cm; B: Capsule with string
before swallowed; C: End of the string taped to the cheek.
42 patients

H pylori positive after
eradication therapy
Culture from specimens
obtained during endoscopy
39 patients
Successful
cultivation of

H pylori

Culture from gastric string

3 patients
No growth of

39 patients
No growth of

H pylori

H pylori

34 patients
Successful
cultivation of

H pylori

5 patients
Fun gal
overgrowth

Figure 2 Schematic overview of patients and growth rates of
H pylori obtained from biopsies taken during upper GI-endoscopy and from the gastric string.
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RESULTS
Forty-two patients (24 females, 18 males, mean age 48 years)
out of 50 consecutive patients with a positive UBT consented
to undergo the gastric string test. H pylori was cultured from
the gastric biopsies in 39 of the 42 patients (93%) and from the
gastric string in 34 patients (81%). In one patient H pylori was
grown from the gastric string, but not from the biopsies. Fungal
contamination prevented cultivation of H pylori in 5 patients,
and no growth of H pylori was observed in a further three
patients after 10 d of incubation (Figure 2). Resistance to
clarithromycin was observed in 24 out of the 40 patients (60%),
and to metronidazole in 34 patients (85%). The resistance rate
was identical with both investigational methods.
Implementation of the gastric string test was successful in
all patients. With one exception, all patients preferred the gastric
string test to upper GI-endoscopy. The main reason given by
the patient (a 54-year-old man) who favored endoscopy, was the
duration of the investigation (about 70 min for the string test).
Our results showed that a minimum of 45 upper GIendoscopies had to be performed to establish the antibiotic
resistance of H pylori. The figure of 45 was the sum of 42 initial
endoscopies and 3 additional endoscopies in the patients with
no growth of H pylori from biopsies obtained at the initial
endoscopy, assuming that H pylori would be grown from all
the biopsies taken at the second endoscopy. In contrast, the
gastric string test was successful in 34 patients. In the remaining
8 patients two options were possible, namely the gastric string
test could be repeated or an upper GI-endoscopy could be
performed to obtain biopsies for susceptibility testing. If the
latter was the preferred strategy, upper GI-endoscopy would
be necessary in only 8 patients to enable H pylori susceptibility
to be determined in all the 42 patients, again assuming that
H pylori would be grown from all biopsies of the second
endoscopy. Overall this implied a maximum reduction in upper
GI-endoscopies of about 80%.
DISCUSSION
The combination of the UBT to determine the H pylori status
after eradication therapy, and the minimally invasive gastric
string test, in cases of persistent H pylori infection to determine
the post treatment antibiotic susceptibility, would appear to be
a useful diagnostic package for the management of H pylori
infection. Using the gastric string test it was possible to obtain
data on the susceptibility of H pylori to clarithromycin and
metronidazole in 81% of patients. This package approach is
therefore a valid alternative to upper GI-endoscopy with biopsies
for susceptibility testing.
The validity of the UBT for pre- and post-treatment diagnoses
of H pylori infection has repeatedly been demonstrated[11] and
the UBT is generally recommended[4]. In a second step we added
the gastric string test to recover bacteria from the individual
patients to determine their susceptibility to the two most commonly
used antibiotic agents (clarithromycin and metronidazole).
However, all other antibiotics of interest in H pylori therapy could
also be investigated. Resistance of H pylori to clarithromycin
and metronidazole is the principal cause of treatment failure.
Resistance to clarithromycin could reduce the therapeutic
efficacy by an average of 55.4%, and resistance to metronidazole
by an average of 37.7%[12]. Pre-treatment determination of the
susceptibility of H pylori has been shown to be cost-effective
in an American model using upper GI-endoscopy to obtain the
bacteria [13]. Obviously, if the cost of endoscopy could be
avoided, cost-effectiveness would be improved. A detailed
calculation of savings needs to be performed in the individual
community, since impacting factors are multiple: prevalence of
resistance to antibiotics, cure rate for sensitive strains, cure
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rate for resistant strains, and the cost of diagnosing and treating
H pylori.
The cultivation rate of H pylori in the gastric string test was
lower than that in gastric biopsy materials. However, susceptibility
of H pylori to different antibiotics could be identified in about
80% of the patients. In light of these results, about 80% of
upper GI-endoscopies may be dispensable. This would be a
major advantage for both the patients and the community, since
the gastric string test is much cheaper than upper GI endoscopy.
The cost of the string capsule is about 25 US$, and the cost of
culturing H pylori is identical for both options. On the basis of
these calculations, and given the limited resources of
endoscopy for obtaining biopsies for H pylori culture, the
combination of the UBT and the gastric string test offers an
attractive alternative.
However, in our study, this concept presupposed the
availability of a microbiologic laboratory in the vicinity. This is
not a basic requirement, the string could be transported over
up to 24 h at below 50°F/10 ℃ before it was plated on an
cultivation agar[14]. The breath sample of the UBT could also
be easily transported over long distances in small glass tubes.
Therefore the string test as well as the UBT are also applicable
far away from a specialized laboratory. Both tests can be easily
performed by a medical assistant technician in a doctor’s
practice or in a health care center. Based on the resistance
pattern of individual H pylori, the physician is able to apply a
resistance-adapted therapeutic regimen for eradication of the
H pylori infection, if necessary after consulting a therapeutic
specialist like a gastroenterologist.
The gastric string test for primary H pylori detection and
isolation was first described in 1995[7], and reports on further
trials have recently been published, also in the post-treatment
setting[8,9]. The novelty of our approach is that we have
combined the UBT and the gastric string test. This minimally
invasive package for post-treatment evaluation of patients has
the advantage of being more comfortable for patients, and it might
be more cost-effective in most countries. In a very recent
publication by Leong et al [10], a very low sensitivity of the
string test was described in comparison to other published
literatures. A few simple modifications of the test protocol might
be responsible for the much better sensitivity in our
investigation. Our patients gargled with hexitidine solution
before swallowing the capsule and after withdrawing the string.
Furthermore we did not squeeze the string and cultivate the
obtained juice, we inoculated the string directly on a
commercially available selective H pylori agar plate.
In conclusion, the combination of the UBT and the gastric
string test for establishing the antibiotic susceptibility of H pylori
clearly represents a valid strategy, with a possible significance
in the management of H pylori infection. The implementation
of this diagnostic package is not limited to a local specialized
laboratory near the health care center. The availability of an
inexpensive and minimally invasive antibiotic susceptibility test
for H pylori is of importance both for individual patients and
for monitoring the development of microbiologic resistance to
standard H pylori therapy. Upper GI endoscopy can be avoided
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in several cases by applying this diagnostic package.

REFERENCES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

Peitz U, Hackelsberger A, Malfertheiner P. A practical approach to patients with refractory Helicobacter pylori infection,
or who are re-infected after standard therapy. Drugs 1999; 57:
905-920
Gisbert JP, Gonzalez L, Calvet X, Roque M, Gabriel R, Pajares
JM. Helicobacter pylori eradication: proton pump inhibitor vs
ranitidine bismuth citrate plus two antibiotics for 1 week-a
meta-analysis of efficacy. Aliment Pharmacol Ther 2000; 14:
11 41-11 50
Hojo M, Miwa H, Nagahara A, Sato N. Pooled analysis on the
efficacy of the second-line treatment regimens for Helicobacter
pylori infection. Scand J Gastroenterol 2001; 36: 690-700
Malfertheiner P, Megraud F, O’Morain C, Hungin AP, Jones
R, Axon A, Graham DY, Tytgat G. Current concepts in the
management of Helicobacter pylori infection-the Maastricht 22000 Consensus Report. Aliment Pharmacol Ther 2002; 16: 167-180
Katelaris PH, Adamthwaite D, Mi dolo P, Yeomans ND,
Davidson G, Lambert J. Randomized trial of omeprazole and
metronidazole with amoxycillin or clarithromycin for Helicobacter
pylori eradication, in a region of high primary metronidazole
resistance: the HERO study. Aliment Pharmacol Ther 2000; 14:
751-758
Realdi G, Dore MP, Piana A, Atzei A, Carta M, Cugia L,
Manca A, Are BM, Massarelli G, Mura I, Maida A, Graham
DY. Pretreatment antibiotic resistance in Helicobacter pylori
infection: results of three randomized controlled studies.
Helicobacter 1999; 4: 106-112
Perez-Trallero E, Montes M, Alcorta M, Zubillaga P, Telleria
E. Non-endoscopic method to obtain Helicobacter pylori for
culture. Lancet 1995; 345: 622-623
Samuels AL, Windsor HM, Ho GY, Goodwin LD, Marshall BJ.
Culture of Helicobacter pylori from a gastric string may be an alternative to endoscopic biopsy. J Clin Microbiol 2000; 38: 2438-2439
Torres J, Camorlinga M, Perez-Perez G, Gonzalez G, Munoz
O. Validation of the string test for the recovery of Helicobacter
pylori from gastric secretions and correlation of its results with
urea breath test results, serology, and gastric pH levels. J Clin
Microbiol 2001; 39: 1650-1651
Leong RW, Lee CC, Ling TK, Leung WK, Sung JJ. Evaluation
of the string test for the detection of Helicobacter pylori. World J
Gastroenterol 2003; 9: 309-311
Leodolter A, Dominguez-Munoz JE, von Arnim U, Kahl S,
Peitz U, Malfertheiner P. Validity of a modified 13C-urea breath
test for pre-and posttreatment diagnosis of Helicobacter pylori
infection in the routine clinical setting. Am J Gastroenterol 1999;
94: 2100-2104
Dore MP, Leandro G, Realdi G, Sepulveda AR, Graham DY.
Effect of pretreatment antibiotic resistance to metronidazole
and clarithromycin on outcome of Helicobacter pylori therapy: a
meta-analytical approach. Dig Dis Sci 2000; 45: 68-76
Breuer T, Graham DY. Costs of diagnosis and treatment of
Helicobacter pylori infection: when does choosing the treatment
regimen based on susceptibility testing become cost effective?
Am J Gastroenterol 1999; 94: 725-729
Windsor HM, Kuteyi T, Marshall BJ. Transport medium for
Helicobacter pylori collected on a string test. Helicobacter 2003;
8: 490
Edited by Wang XL

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(4):587-592
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Effect of vitamin E and human placenta cysteine peptidase inhibitor
on expression of cathepsins B and L in implanted hepatoma Morris
5123 tumor model in Wistar rats
Tadeusz Sebzda, Piotr Hanczyc, Yousif Saleh, Bernice F Akinpelumi, Maciej Siewinski, Jerzy Rudnicki
Tadeusz Sebzda, Piotr Hanczyc, Department of Pathophysiology,
Medical University of Wroclaw, Poland
Yousif Saleh, Bernice F Akinpelumi, Department of Obstetrics
and Gynaecology, Medical University of Wroclaw, Poland
Maciej Siewinski, Faculty of Public Health, Medical University of
Wroclaw, Poland
Jerzy Rudnicki, Clinical of Surgery and Oncology, Medical
University of Wroclaw, Poland
Correspondence to: Yousif Saleh, PhD, I Department of Obstetrics
and Gynaecology, Medical University of Wroclaw, Chalubinskiego
street 3; PL-50-368 Wroclaw, Poland. saleh-yousif@mailcity.com
Telephone: +4871-7842413
Received: 2004-02-28 Accepted: 2004-05-13

Abstract
AIM: To examine the effectiveness of human placental
inhibitors, by injecting vitamin E to rats with transplanted
Morris-5123 hepatoma, on the expression of cathepsins B
and L in tumor, liver, lung and blood sera after transplantation
of Morris 5123 hepatoma.
METHODS: Animals were divided into 10 groups receiving
three different concentrations of vitamin E and inhibitors
along or in combination and compared with negative control
(healthy rats) and positive control (tumor rats). Effectiveness
of treatment was evaluated with regard to survival time,
tumor response and determination of the activities of
proteolytic enzymes and their inhibitors using flurogenic
substrates.
RESULTS: Cathepsins B and L activities were elevated by
16-fold in comparison with negative control tissues, and
their endogenous inhibitor activity decreased by 1.2-fold
before treatment. In several cases, tumors completely
disappeared following vitamin E plus human placental
cyteine protease inhibitor (CPI) compared with controls.
The number of complete tumor responses was higher
when 20 m/kg vitamin E plus 400 g of CPI was used, i.
e., 7/10 rats survived more than two mo. Cathepsins B
and L were expressed significantly in tumor, liver, lung
tissues and sera in parallel to the increasing of the
endogenous inhibitor activity compared with the controls
after treatment (P<0.0001).
CONCLUSION: The data indicate formation of metastasis
significantly reduced in treated rats, which might provide
a therapeutic basis for anti-cancer therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lysosomal cysteine protease (CP) plays an important role in
the intracellular protein turnover, proteolytic degradation of
endocytosed proteins, maturation cleavage of a number of
precursor proteins[1]. Natural CP inhibitors (CPI) include
members of the cystatin superfamily (stefins, i.e., family I
cystatins, family II cystatins, and kininogens)[2]. Cystatins are
distributed in different body fluids, suggesting a regulatory
and defensive role against host or exogenous CP. In human
blood plasma, CPI activities are represented by 2macroglobulin, low-molecular mass kininogen and a small
amount of cystatin C[3]. Cathepsin B (cat B) is released from
lysosomes during tumor necrosis factor-alpha (TNF-)
cytotoxic signaling in hepatocytes and contributes to cell death.
These data implicate a sphingosine-cat B interaction inducing
lysosomal destabilization during TNF- cytotoxic signaling[4].
Isidoro et al [5] indicate that the lysosomal segregation of
cathepsin D was less efficient and its fractional secretion was
higher in hepatoma-7777 cells than in hepatocytes; in the second
cell types, delivery to lysosomes and processing of procathepsin
D were differently sensitive to increases in the vacuolar pH.
Plasma and ascitic fluid of rats bearing the Yoshida ascites
hepatoma AH-130 were shown to contain high levels of
proteolytic enzymes cathepsins B and L, in their latent, acidicactivated forms belonging to different classes active at neutral
and acidic pH[6]. Serum from patients with chronic liver diseases
(chronic hepatitis, cirrhosis, and hepatomas) showed increased
calciferin and acid protease in their serum compared with that
from normal subjects [7]. Recent evidence suggests that
cathepsin B (cat B) contributes to TNF-  induced apoptosis
in vitro. The data demonstrate that a cat B-mitochondrial
apoptotic pathway plays a pivotal role in TNF-alpha-induced
hepatocyte apoptosis and liver injury[8]. Since vitamin E
increases the antioxidant status of cells, its influence on
cytotoxicity was investigated, this effect was related to the
concentration of vitamin E in the cell culture medium. A vitamin
E dose-related response was also observed for the decreased
toxicity of paracetamol and caffeine[9]. Effects of low corn oil,
high corn oil, and high fish oil diets on altered hepatic foci
development in female Sprague-Dawley rats were investigated.
These results suggest that the type of dietary lipid is a more
important determinant for gamma-glutamyl ranspeptidasepositive foci development than the amount of dietary lipid when
rats consumed approximately the same amount of calories in all
the dietary groups, and the underlying mechanisms may be
partially ascribed to the antioxidant/oxidation status and
biotransformation/detoxification system of rats[10]. Inhibition
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of liver cancer is therefore associated with induction of increased
microsomal enzyme activity[11]. It was found that vitamin E could
control the cellular formation of ras and myc oncogenes[12] and
raise in vivo the level of autogenic cysteine peptidases
inhibitors[13]. The information suggests the possibility of its
application in adjuvant conventional oncological therapy.
Vitamin E could also reduce a cytostatic level in patients after
conventional chemotherapy[14]. The combined treatment of
transplantable solid mammary carcinoma in Wistar rats using
photodynamic therapy and proteinase inhibitor isolated from
human placenta was done. The results indicated that in several
cases tumors were completely disappeared following treatment
HpD-PDT+CPI[15]. The aim of the present study was to
investigate the new therapy in the effect of vitamin E and human
placenta cysteine peptidase inhibitors on the expression of
cathepsins B and L in implanted hepatoma Morris 5123 tumor
model in Wistar rats.

MATERIALS AND METHODS
Animals
Male and female Wistar rats weighing 180-200 g (age:
approximately 2 mo) were used. The rats were fed with normal
diets during the experimental period according to Nirwana
et al[16]. The food composed of (% w/w): crude protein 20.0,
crude fibre 5.0, crude fat 2.5, moisture 13.0, ash 7.0, calcium 0.7-1.4,
total phosphorus 0.6-1.2, and nitrogen-free extract 51.0.
Human placenta cysteine protease inhibitor (CPI)
The inhibitors were purified and identified using affinity
chromatography on Sepharose 4B - papain, Sephadex G-75 gel
chromatography column, and ion exchange chromatography
on a DEAE-Sephacel column (Saleh et al[17] 2003). A highly
purified preparation of cysteine protease inhibitors was
obtained with a specific activity of 344.8 mEU/mg protein, and
molecular weight of 67 kDa (by SDS-PAGE). The solution was
concentrated on centricom (Amicon), lyophilized and stored at
-20 ℃ until use. The pure and sterile inhibitors were dissolved
in physiological saline and injected subcutaneously (sc.) at
the doses of 200 g and 400 g per animal (in volume 0.1 mL).
Vitamin E
Vitamin E (400 mg/mL) solution was dissolved in corn oil and
injected subcutaneously (sc.) at the doses of 10 and 20 mg/kg
per animal (in volume 0.1 mL) obtained from Hasco,
(Pharmaceutical Drugs Production, Wroclaw, Poland).
Implantation of tumor
Approximately 140 000 tumor cells of hepatoma Morris 5123
were implanted intramuscularly in the left limb of the Wistar
rats. Two wk after implantation, the implanted tumor grew locally
early in the course of diseases and eventually invaded the
surrounding organs causing ascites and also metastasis in the
lungs. Liver microangiography demonstrated that the tumor
received blood supply mainly from the hepatic artery. The tumor
was detected by histological examinations of these tissues using
conventional hematoxylin-eosin (HE) staining.
Experimental design
The experiment was carried out on 100 male and female Wistar
rats, which were divided into 10 groups: Group I:10 rats, which
were given normal diets without treatment during the experiment
as control negative (healthy); group 2 :10 rats with hepatoma
Morris 5123, which were given normal diets without treatment
during the experiment as control positive (tumor); groups 3
and 4 : tumor rats were injected subcutaneously 10 and 20 mg/kg
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vitamin E in 0.1 mL corn oil during the experiment groups 5 and
6 : tumor rats were injected subcutaneously 200 and 400 g
human placenta purified cysteine protease inhibitor (CPI) in
0.1 mL physiological solution during the experiment groups
7 and 8 : tumor rats were injected subcutaneously 200 g CPI
plus 10 and 20 mg/kg vitamin E groups 9 and 10 : tumor rats
were injected subcutaneously 400 g CPI plus 10 and 20 mg/kg
vitamin E. All animals were injected for 10 d with human placenta
purified cysteine protease inhibitors (CPI). From the eleventh
day the rats were injected vitamin E for 30 d. After 8 wk, the
experiment animals from all groups were narcotized, decapitated
and the tumor, lungs, liver, and blood were taken and washed
out of the blood with 0.9% NaCl and homogenized in electric
Potter’s homogenizator according to the methods described by
Malicka and Roth[18]. The activities of enzymes and histological
examinations were performed.

Determination of cathepsin B and L activities
Cathepsin B activity was measured according to Barrett et al[19].
Fluorescence was measured in a luminescence spectrometer,
Perkin Elmer LS 50 B at 370 nmol/L excitation and 440 nmol/L
emission wavelengths using fluorescent substrate Z-Aeg-ArgAMC for cathepsin B and Z-Phe-Arg-AMC for cathepsin L.
Fluorescence readings of the sample assays were standardized
with the reaction product 7-AMC (7-amino-4-methylcoumarin)[20].
One mEU of activity was defined as the quantity releasing 1
nmol/L of 7-AMC.
Inactivation of -macroglobulin
a-macroglobulin (-M) was inactivated by incubation with
0.5 mol/L methylamine at 37 ℃ and pH 7.5 for 2 h in samples
and activity of CPI37 was determined[21]. Fifty uL of sample was
preincubated with 50 µL of water and 2.0 mL of 0.5 M methylamine
in 0.1 mol/L potassium phosphate pH 7.5 for 2 h at 37 ℃. Fifty L
of 0.1% papain was then added and the samples were incubated
for 10 min at 37 ℃. Then 50 L of 0.66 mmol/L BANA solution
was added and the free -naphtylamine was measured.
Inhibitory activity was determined[22].
CPI80, the total activity of cysteine proteinase inhibitors
was calculated. The procedure of assay was as follows. Fifty L
of serum was preincubated with 50 L of 0.03 mol/L HCl at 80 ℃
for 20 min, then with 2.0 mL of 0.5 mol/L methylamine at 37 ℃
for 2 h. Samples were centrifuged and incubated with 0.01%
papain solution, then the papain activity was determined and
the activity of inhibitors was calculated. CPI: Difference between
CPI80 and CPI37 was calculated, and the results were presented
as complex (latent) forms of inhibitors.?CPI = CPI80 - CPI37. The
amount of vitamin E was determined by liquid chromatography,
using a HPLC apparatus (“Philips”) and a Pye Unicam PU 4020
UV detector. The results were decoded with the use of Peak
simple chromatography data system program[23].
Protein concentration
Total protein concentration was determined by the Bradford
method[24] using bovine serum albumin as a standard.
Statistical analysis
The levels of variables in the cancer tissues and sera compared
with the control were analyzed statistically. The results of
cathepsin B and their inhibitor activity assays in the groups
under study are given as median and mean±SD. To compare
data of tumor and control tissues, Walloon’s rank test was
used. P<0.05 was considered statistically significant. The
calculation of survival probability was performed by the method
developed by Kaplan and Meier. Checking the significance of
a relationship between survival of rats and the levels of
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biochemical parameters was based on the Log-rank test. The
discrimination levels were calculated by a computer program.

RESULTS
The best results were obtained after combination of 20 mg of
vitamin E and a higher dose of CPI were used, i.e., 400 g, in
control groups. In these cases the animals survived for longer
than 8 wk. In numerous cases the tumors were completely
disappeared following CPI and vitamin E application. Table 1
shows that the number of complete tumor responses was higher
when 400 g of CPI was used plus 20 mg of vitamin E, i.e., 7/10
rats, and survived more than two mo. Whereas application of
10 mg of vitamin E and a lower dose of CPI (200 g) resulted in
only 4/10 total tumor responses, and the rats survived for about
26 d. The difference between these two groups was significant
(P≤0.0001). No complete tumor response was achieved in all
the other experimental groups. The vitamin E after the last
treatment with human placental CPI was injected subcutaneously
at the doses of 10 and 20 mg per animal for one month. Cathepsin
B and L activity was measured in all animals with tumor
homogenates and in untreated animal tissues (control). The
mean or median activity of cat B and L was much higher in
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tumor homogenates in comparison with that in the negative
control homogenates and the differences were highly significant
(P≤0.0001) before treatment. While no significance was
observed in the activity of cathepsins B and L in tumor tissues
after the rats were given-high doses of inhibitors plus vitamin
E (P≤0.0005).
The total cat B and L activity was 88.5 mEU/mg proteins in
tumor tissue homogenates compared with 5.8 mEU/mg protein
in negative control tissue (P≤0.0005). Cathepsins B and L
activities were elevated 16-fold in comparison with negative
control tissue. Table 1 shows that the inhibitory activity of CPI
was significantly decreased from 10.5 mEU/mg protein in control
tissue to 8.5 mEU/mg protein in tumor tissue (P≤0.0005), thus
it decreased 1.2-fold in tumor tissues. The complex form CPI
was also decreased from 14.2 mEU/mg protein in control tissue
to 9.0 mEU/mg protein in tumor tissue (P≤0.0005), with a
decrease of 1.6-fold in tumor tissues.
Cathepsin B and L activity decreased in all vitamin E groups
by 1.0-1.3 fold, while in the rats obtained only CPI, the cathepsin
B and L activity decreased by 1.2-1.8 folds. By the results from
Table 1 also showed that the activities of cathepsins B and L
decreased by 5.8 and 11.8 fold after the rats received 20 mg
vitamin E plus 200 and 400 g CPI in tumor tissues. While the

Table 1 Cathepsins B, L and their inhibitor activities, survival time and the total cure responses of hepatoma morris-5123 in
Wistar rats before and after treatment in comparison with negative control (median, mean±SD, range)
Cathepsins B, L
(mEU/mg)

Control negative
(healthy)
Control positive
(Tumor)
Tumor+ 10 mg
Vit E
Tumor+20 mg
Vit E

CPI
Tumor+ 400 µg
CPI

Complex form
(CPI) (mEU/mg)

5.8

24.7

10.5

14.2

6.5±1.7

25.4±8.9

11.2±2.8

14.2±6.1

(2.4-8.2)

(12.6-40.7)

(2.4-14.5)

(10.2-26.2)

17.5

8.5

85.4±12.6

88.5

18.8±8.6

9.3±1.2

(10.5-123.9)

(4.6-23.8)

(1.4-12.5)

28.7

16.4

80.5

9.0
9.5±7.4

Survival
time (d)

60.0

12.3

12-26

17.0±5.5

12.5±6.5

(19.0)

(11.0-99.8)

(6.7-35.7)

(3.9-20.3)

(2.8-15.4)

78.7

35.6
36.6±15.0
(7.3-40.1)

20.3

15.3

15-30

21.5±4.6

15.1± 10.4

(22.5)

(4.2-22.0)

(3.1-18.1)

56.5

46.3

35.8

10.5

16-30

57.4±15.1

47.7±20.0

37.0±17.6

10.7±2.4

(23.0)

(22.1-80.6)

(12.3-52.9)

(9.0-40.0)

(3.3-12.9)

47.9

67.8

46.8

21.0

18-35

48.7±18.6

69.0±25.2

47.3±16.0

21.7±9.2

(21.5)

(23.2-68.9)

(20.6-88.5)

(14.4-60.1)

(6.2-28.4)

Tumor+ 10 mg Vit E

41.8

71.8

52.3

18.5

27-38

+Tumor+ 200 µg CPI

43.0±10.6

73.0±25.4

53.6±22.1

19.4±3.3

(32.5)

(12.0-46.7)

22.7-82.8

(20.4-63.3)

(2.3-11.5)

82.2

61.0

21.2

30-40
(35.0)

Tumor+ 10 mg Vit E

30.2

+Tumor+ 400 µg CPI

31.6±12.0

83.5±29.8

62.4±25.5

21.1±4.3

(9.8-38.7)

(26.9-93.7)

(24.6-70.2)

(2.3-23.5)

Tumor+ 20 mg Vit E

15.4

94.4

74.2

10.2

38-60

+Tumor+ 200 µg CPI

16.5±2.8

95.8±35.4

75.6±33.1

10.2±2.3

(49.0)

(6.4-20.8)

(37.8-112.7)

(32.3-94.5)

(5.5-18.2)

Tumor+ 20 mg Vit E
+Tumor+ 400 µg CPI

7.5

120.8

105.5

Value
(P)

10/10

0.0005

2/10

0.0001

2/10

0.0005

3/10

0.0005

3/10

0.0001

4/10

0.0001

4/10

0.0001

5/10

0.0001

6/10

0.0001

7/10

0.0001

(3.2-11.3)

29.5±12.0

79.4±20.4

Cure
(yes/No)

09–12
(10.5)

81.8±20.6

(10.7-97.4)
Tumor+ 200 µg

Inhibitor (CPI80) Inhibitor (CPI37 )
(mEU/mg)
(mEU/mg)

15.3

45-60
(52.5)

8.4±1.8

122.0±43.6

107.0±39.2

15.0±4.4

(2.6-10.2)

(45.8-135.5)

(35.6-118.2)

(10.2-17.3)

The significance of the differences in Medan values of tumor and control tissues was calculated by Wilcoxon matched pair’s
signed-rank test.
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Table 2 Activity values of cathepsins B and L and their inhibitors in hepatoma Morris 5123 (median, mean±SD, range)
Before treatment
Cathepsin B

Control negative(Healthy)

Liver

Lung

8.2

3.20

12.2

3.6 ±1.3

12.8 ± 2.6

(1.5-12.7)

(1.3-7.4)

(3.4-15.7)

P

Cathepsin B

Cathepsin L

Endogenous (CPI)

No changes

28.4

8.5

7.6

3.4

78.5

68.9 ± 23.6

28.8 ± 10.4

9.0 ± 2.3

8.4 ± 2.5

3.8 ± 1.6

79.4 ± 22.5

(19.4-89.2)

(6.4-35.2)

(3.2-12.5)

(3.4-10.2)

(2.2-5.7)

(23.9-96.5)

46.6

17.2

4.3

6.3

2.2

63.2

47.9 ± 20.5

18.8 ± 8.6

5.6 ± 1.1

7.8 ± 2.9

2.7 ± 1.0

64.8 ± 25.7

(21.3-68.2)

(6.4-25.8)

(1.8-7.7)

(2.9-8.6)

(1.2-5.4)

(27.9-74.3)

26.7

10.8

3.6

2.6

1.5

45.8

27.9 ± 18.3

12.0 ± 4.2

4.6 ± 0.9

2.9 ± 0.5

2.0 ± 0.4

47.1 ± 21.5

(15.8-38.9)

(6.4-19.4)

(1.0-6.8)

(0.8-3.7)

(0.4-3.1)

(23.7-56.0)

12.6
Sera

Cathepsin L Endogenous (CPI)

9.4 ±1.5
67.6

Control positive (Tumor)

After treatment

8.0

1.2

1.5

1.6

13.9 ± 4.2

9.3 ±2.8

1.6 ± 0.1

3.7 ± 0.9

1.7 ± 0.6

115.3 ± 45.4

(5.6-18.5)

(2.9-11.3)

(0.2-2.3)

(0.04-3.2)

(0.07-3.8)

(44.7-123.9)

NS

NS

≤0.0001

≤0.0001

114.8

The significance of differences in median values of tumor and control were calculated after and before treatment by Wilcoxon
rank test. NS, Not significant.

endogenous inhibitor activity was increased 7.4 and 10.5 folds
respectively in the same groups, and the complex form CPI
activity obtained in the same range to negative control group.
The results in Table 2 showed that the mean±SD of cat B
and L activities in the tissue homogenates were decreased from
68.9±23.6 mEU/mg protein and 28.8±10.4 mEU/mg protein before
treatment to 8.4±2.5 mEU/mg protein and 3.8±1.6 mEU/mg
protein, respectively, after the rats received 20 mg vitamin E
plus 400 g CPI. Highly significant differences were observed
between the activities of cat B and L in tissue homogenates
before and after treatment with 20 mg vitamin E plus 400 g CPI
(P≤0.0001), and this was similar to control tissues. The
activities of cat B and L were decreased by 8.2 and 7.6 fold,
respectively. The endogenous inhibitors were increased from
9.0±2.3 mEU/mg protein before treatment to 79.4±22.5 mEU/mg
protein after the rats were administered 20 mg vitamin E plus
400 g CPI. This increased by about 9.0-fold. The activities of
cat B and L were also decreased significantly in liver and lung
tissue homogenates and in sera after treatment (P≤0.0001) in
comparison with negative control group. While the endogenous
inhibitors also increased significantly in comparison with
negative control group (P≤0.0001). The activities of cat B and
L were decreased 6.2 fold and 7.0 fold in liver tissues, and 9.3
fold and 6.0 fold in lung tissues, while 8.2-fold and 7.6-fold in
sera, respectively after treatment. The endogenous inhibitors
were increased 11.6, 10.2-folds, and 72.0-fold in liver, lung
tissues and in sera after treatment, respectively. No significance
was observed in cat B and L activities in tissue homogenates
and in blood sera after the rats obtained high doses of CPI plus
vitamin E in comparison to negative control group.

DISCUSSION
Cancer cells are characterized with high motility, loss of function
which makes them unite with neighbouring cells, invasiveness,
and lack of sensibility to contact inhibition and general change
of cell shape. Adhesion and locomotion are the main capabilities
of cells in tumor growth and metastasis. Proteases are attractive
targets for drug development for therapeutic application. The

use of novel inhibitors in clinical practice is dependent not just
on their specificity and effectiveness, but mainly on the
knowledge of their precise role in mechanisms of the proteolysis
system in the development of malignant disease[25]. The combination
of vitamin E with other cancer chemopreventive agents appears
to be a reasonable procedure[26]. Association of the balance
between various proteases and their inhibitors with cancer
diseases has been widely studied to understand the molecular
mechanisms of development and metastasis of tumors. It is an
often presented result in literature that cysteine peptidase
activity in various malignant tumor tissues and body fluids of
cancer patients was altered compared to physiological levels[27].
It has been widely noted that vitamin E showed numerous
beneficial effects through and beyond its antioxidative
properties. Consequently, vitamin E is expected to prevent
degenerative diseases[28]. In the present study, we investigated
the effectiveness of vitamin E in combination with human
placental cysteine proteinase inhibitors (CPI). The results
showed that the number of complete tumor responses was
higher when the rats obtained 400 g of CPI plus 20 mg of
vitamin E, i.e., 7/10 rats. Whereas application of 10 mg vitamin
E and a lower dose of CPI (200 g) resulted in only 4/10 total
tumor responses. The present study could be explained in such
a way that CPI damaged the cancer cells. The number of total
(complete) tumor responses was distinctly higher after
application of 400 g CPI than 200 g CPI. This indicated that
in the same conditions of vitamin E, the efficacy of treatment of
CPI was dose-dependent. Saleh et al[15] indicated that in several
cases tumors completely disappeared following the treatment
with mammary carcinomas using HpD-PDT+CPI. Another
independent research direction was the therapeutic indications
of vitamin E in carcinogenesis processes[29].
The data obtained in this work involving hepatoma morris5123 carcinoma in model Wistar rats were compared with those
in non-cancerous tissues as a negative control before and after
treatment. High activity of cathepsins B and L with a noteworthy
simultaneous decrease of the activity of endogenous cysteine
protease inhibitors was observed before treatment in tumor,

Sebzda T et al. Effect of human placental inhibitor in rat

liver, lung tissues and in sera in comparison with negative
control tissue homogenates. Cathepsin B and L activities were
elevated 16-fold as against negative control tissues before
treatment. The endogenous inhibitor activity also decreased
1.2 fold, and the complex form CPI decreased 1.6-fold in tumor
tissues. They provided further evidence for the alteration of
the protease/inhibitor balance that occurred during the process
of tumor cell invasion. Since the level of proteinases and
inhibitors in extracellular fluids may reflect not only their local
expression in tumors but also the systemic response to the
disease, the mechanisms of the alteration of protease/inhibitor
balance are not solved. The highly significant difference was
observed between the levels of cathepsins and/or their precursor
in malignant tumor tissue before treatment. Tumor tissue
activity of cat B and L might be related to the severity of cancer
disease and there are some prognostic aspects of such studies
since it previously showned-that patients with higher content
or increased proteolysis activities of cat B and its precursor in
tissue homogenates of breast, ovarian and gastric cancer had
significantly higher risk of recurrence or death than the cases
with low content of the enzyme[30-32]. After the rats were injected
with 20 mg vitamin E plus 400 g CPI, the cat B and L were
expressed significantly in tumor, liver, lung tissues and in sera
in parallel to the increasing of the endogenous inhibitor activity
(P≤0.0001). The rats survived for a longer period and they
returned to normal life without any stress. Nyandieka et al[33]
suggested that vitamins could inhibit liver cancer by inducing
hepatic microsomal enzymes that metabolise aflatoxins to noncarcinogenic products.
Welss et al[34] demonstrated that hurpin was an intracellular,
differentially spliced member of the serpin superfamily that has
been linked to differentiation and apoptosis of human
keratinocytes. It can be transiently down regulated by UV light
and overexpressed in psoriatic skin lesions. It is a potent and
selective inhibitor of the archetypal lysosomal cysteine
proteinase cathepsin L.
Sakamoto et al[13]. Suggested that vitamin E administration
could stimulate macrophages to synthesize interleukin 1 and
then, acted on fibroblasts and lymphocytes, thus raising the
interleukin 6 levels. As a final effect it could increase T-kininogen
level, which is one of the fundamental cysteine peptidase inhibitors,
thus suppressing the activity of the enzymes catalyzing processes
accompanied neoplastic progress. The results showed that the
increased amounts of kininogen might react with cysteine
peptidases. Tandon et al[29] also supposed that as an effect of
vitamin E activity, an inhibition of the “enzymatic metabolism
cascade” took place. Moreover, vitamin E removing toxic
cytostatics and their metabolites from the organs could facilitate
its regeneration after harmful action of the substances. In
conclusion, human placental inhibitors used in combination
with high doses of vitamin E can significantly reduce the
formation of tumors in rats, and provide a therapeutic basis for
anti-cancer therapy.
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bile duct stones could produce around 90% successful rate.
Moreover, complications are minimal. This finding further
confirms the significance of mechanical lithotripsy in the
treatment of patients with difficult bile duct stones.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: The usual bile duct stone may be removed by means
of Dormia basket or balloon catheter, and results are quite
good. However, the degree of difficulty is increased when
stones are larger. Studies on the subject reported many
cases where mechanical lithotripsy is combined with a
second technique, e.g., electrohydraulic lithotripsy (EHL),
where stones are crushed using baby-mother scope electric
shock. The extracorporeal shock-wave lithotripsy (ESWL)
or laser lithotripsy also yields an excellent success rate of
greater than 90%. However, the equipment for these
techniques are very expensive; hence we opted for the simple
mechanical lithotripsy and evaluated its performance.
METHODS: During the period from August 1996 to December
2002, Mackay Memorial Hospital treated 304 patients
suffering from difficult bile duct stones (stone >1.5 cm or
stones that could not be removed by the ordinary Dormia
basket or balloon catheter). These patients underwent
endoscopic papillotomy (EPT) procedure, and stones were
removed by means of the Olympus BML-4Q lithotripsy. A
follow-up was conducted on the post-treatment conditions
and complications of the patients.
RESULTS: Out of the 304 patients, bile duct stones were
successfully removed from 272 patients, a success rate of
about 90%. The procedure failed in 32 patients, for whom
surgery was needed. Out of the 272 successfully treated
patients, 8 developed cholangitis, 21 developed pancreatitis,
and 10 patients had delayed bleeding, and no patient died.
Among these 272 successful removal cases, successful
bile duct stone removal was achieved after the first lithotripsy
in 211 patients, whereas 61 patients underwent multiple
sessions of lithotripsy. As for the 61 patients that underwent
multiple sessions of mechanical lithotripsy, 6 (9.8%) had
post-procedure cholangitis, 12 (19.6%) had pancreatitis,
and 9 patients (14.7%) had delayed bleeding. Compared
with the 211 patients undergoing a single session of
mechanical lithotripsy, 3 (1.4%) had cholangitis, 1 (0.4%)
had delayed bleeding, and 7 patients (3.3%) had pancreatitis.
Statistical deviation was present in post-procedure cholangitis,
delayed bleeding, and pancreatitis of both groups.
CONCLUSION: Mechanical bile stone lithotripsy on difficult

http://www.wjgnet.com/1007-9327/11/593.asp

INTRODUCTION
Since the introduction of endoscopic papillotomy (EPT) in 1974
by Kawai et al[1], endoscopic management of common bile duct
stones has become the approach of choice. At present, the
mainstream stone removal procedure is to combine EPT with
the Dormia basket or balloon catheter. Several series have shown
that 90% of common bile duct stones can be effectively treated
by this method[2,3]. Bile duct stones that could not be removed
directly through Dormia basket or balloon catheter are called
the difficult bile duct stones. These stones may be crushed
through simple mechanical lithotripsy and the success rate
may be increased by 4% to 8%[4,5], with the usual success rate
reported ranging from 51% to 100%[6-10]. In addition to the
mechanical lithotripsy, the following procedures may also
be used for the treatment of difficult bile duct stones:
electrohydraulic lithotripsy (EHL)[11,12], extracorporeal shock
wave lithotripsy(ESWL)[13,14], and Laser therapy[15,16]. However,
these procedures require the use of specialized and costly
equipments. This paper studied the mechanical lithotripsy
procedure that used simple equipments, as well as reports on
the success rate and outcome of such a procedure on patients.
MATERIALS AND METHODS
From August 1996 to December 2002, Mackay Memorial
Hospital recorded a total of 3 632 patients undergoing
endoscopic retrograde cholangiopancreatography (ERCP).
Among the 1 256 patients who were found to have bile duct
stones, 38 patients were directly referred to the surgeons
(8 patients had distal CBD stricture, 10 patients had a history
of a subtotal gastrectomy, Billroth type II, 3 patients had papilla
in big diverticulum, 17 patients had oversized stones). Among
the remaining 1 218 patients who underwent sphincterotomy
stones were removed in 914 patients using the Dormia basket
or balloon catheter, and stones could not be removed in 304
patients by the Dormia basket or balloon catheter that were the
so-called difficult bile duct stones. These 304 patients were
included in this study. There were 128 males and 176 females;
the mean of age was 70.5 years (ranging from 35 to 90 years).
Ninety-one patients had a single bile duct stone, whereas 213
patients had multiple stones. The sizes of stones ranged from
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11 to 38 mm, averaging 17.6 mm. The Olympus side viewing
scope (Standard JF240, Olympus Optical Co., Tokyo, Japan)
was used for the ERCP examination. The Zimmon type
papillotomes (PTH-30, Wilson Cook, Winston-Salem, NC, USA)
were used for the sphincterotomy. After the sphincterotomy,
the Olympus BML-4Q lithotriptor (Olympus Optical Co., Tokyo,
Japan) was used on patients whose stones could not be removed
by the Dormia basket or balloon catheter. Through-the-scope
lithotriptors consist of a large hard-wire basket with an additional
metal spiral sheath. If mechanical lithotripsy was anticipated, the
lithotriptor basket was introduced into the common bile duct
with the x-ray photo monitoring to reach the position of the
stone. The metal sheath was then advanced over the basket into
the CBD. When in position, a metal basket was opened to capture
the stones. Thereafter, the basket was pulled back to the external
hard-duct of the lithotriptor and lithotripsy was performed using
the cranking mechanism provided and stones were grasped
securely. Under the x-ray monitor, one could see the stone being
shattered into many fragments to flow out of the incised papilla.
All parts including the basket were constructed for re-use.
Thereafter the Dormia basket or balloon catheter might be used
to clean out the remaining stones. Most of the patients were
treated in one lithotripsy session under conscious sedation, while
some patients with multiple and large stones who could not
tolerate long periods of lithotripsy were treated in multiple sessions
scheduled three days apart. We grouped all single session
lithotripsy patients under group A, and all multiple sessions
lithotripsy patients under group B. Separate post-lithotripsy
records were made for each group that included age and gender of
each patient, presence of juxtapapillary diverticulum, size and
quantity of the stones, and the number of lithotripsy procedures
required. Possible complications included cholangitis,
pancreatitis, delayed bleeding and duodenal perforation.

Statistical analysis
Variables among the treatment groups were compared,
assuming a 95% probability for rejection of the null hypotheses.
A parametric statistic (student’s t-test) was used to compare
continuous variables (age and stone size), and a non-parametric
statistic (chi-square test or Fisher’s extract test) was used to
compare categorical data (juxtapapillary diverticulum,
cholangitis, delay bleeding and pancreatitis). A P value <0.05
was defined as statistically significant.
RESULTS
Of the 1 256 patients with common bile duct stones, 304 had difficult
bile duct stones. Complete removal of difficult bile duct stones
was achieved in 272 patients (89.5%). Unfortunately, mechanical
lithotripsy was not able to successfully remove the stones in 32
patients. Of these, 27 cases failed because the stones were too
large or because the stones had filled the entire bile duct, so that
the mechanical lithotriptor could not be opened to capture the
stones. Five of the failed cases were due to distal CBD strictures.
Of these 32 failed cases, 29 later underwent surgery. Twenty-seven
patients recovered uneventfully but 2 patients developed
cholangitis and fatal septicemia. Because of advanced age or poor
surgical risk, the other 3 patients underwent plastic stent drainage.
Unfortunately, all these patients died within a year.
For the entire group of 304 patients with difficult bile duct
stones, stone size averaged 17.6 mm. Stone size averaged 17.1 mm
in the 272 successfully treated patients and was significantly
larger at 21.9 mm in the 32 failed cases (P<0.05). In the group of
272 successfully treated patients, procedure-related morbidity
was noted in 30 patients (11%). Nine patients had postprocedure cholangitis (3.3%) and recovered with the use of
antibiotics. Nineteen patients had clinical pancreatitis symptoms
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(hyperamylasaemia with upper abdominal pain) (7.0%) and
recovered with supportive therapy. Ten patients had delayed
bleeding (3.9%). Juxtapapillary diverticulum was noted in 109 of
272 cases (40%). No patient developed duodenal perforation or
died because of the lithotripsy procedure. Among the 32
failed cases procedure-related morbidity was noted in 7 patients
(21.9%). Four patients had post-procedure cholangitis (12.5%)
and recovered after receiving antibiotic treatment. Clinical
pancreatitis was noted in 5 patients (15.6%), all of them recovered
with supportive therapy. Delayed bleeding was noted in 2 patients
(6.2%). Juxtapapillary diverticulum was noted in 14 of 32 cases
(43.7%). No patient developed perforation or died because of
the lithotripsy procedure (Table 1).
Among the 272 patients whose bile duct stones were removed,
211 patients were treated in one session while 61 patients required
multiple sessions of lithotripsy (58 patients had two, and 3 patients
had three). Of the 211 patients who had a single session of
mechanical lithotripsy (group A), stone size averaged 16.7 mm, 3
patients (1.4%) had post-procedure cholangitis, 7 (3.3%) had
clinical pancreatitis and 1 (0.4%) had delayed bleeding.
Juxtapapillary diverticulum was present in 82 cases (38.9%).
No perforation was noted in all cases. As for the 61 patients
who underwent two or three sessions of mechanical lithotripsy
(GroupB), stone size averaged 18.3 mm, 6 of them (9.8%) had
post-procedure cholangitis, 12 (19.6%) had clinical pancreatitis,
and 9 (14.7%) had delayed bleeding. Juxtapapillary diverticulum
was present in 27 cases (44.2%). No perforation was noted in
all cases. Statistically significant difference was present between
the two groups in regards to the stone size, post-procedure
cholangitis, clinical pancreatitis, and especially delayed bleeding
(- 0.4% vs 14.7%, P<0.0 01) (Table 2).
Therefore, if patient tolerance allowed it, a single session
to completely remove the stones was recommended to lessen
the risk of development of complications.
In the entire group of 3 632 ERCP cases, 588 patients had
juxtapapillary diverticulum (16.2%). Among the 1 218 patients with
bile duct stones, 546 patients had juxtapapillary diverticulum
(43.5%). However, among the 2 414 patients who did not have bile
duct stones, only 92 patients had juxtapapillary diverticulum (3.9%).
Table 1 Characteristics of success and failure of patient groups
Success
(n = 272)
Mean age
Sex(F/M)
Mean of stone size
Juxtapapillary diverticulum
Cholangitis
Pancreatitis
Delay bleeding
Perforation

69.7
156/116
17.1 mm
109 (40.1%)
9 (3.3%)
19 (7.0%)
10 (3.7%)
0

Failure
(n = 32)
71.2
20/12
21.9 mm
14 (43.7%)
4 (12.5%)
5 (15.6%)
2 (6.2%)
0

P value
0.236
<0.0001
0.689
0.037
0.154
0.366

Table 2 Characteristics of single and multiple session mechanical lithotripsy groups
Group A
(n = 211)
Mean age
Sex (F/M)
Juxtapapillary diverticulum
Mean of stone size
Cholangitis
Pancreatitis
Delay bleeding
Perforation

69.3
122/89
82 (38.9%)
16.7 mm
3 (1.4%)
7 (3.3%)
1 (0.4%)
0

Group B
(n = 61)
70.8
34/27
27 (44.2%)
18.3 mm
6 (9.8%)
12 (19.6%)
9 (14.7%)
0

P value
0.202
0.448
<0.0001
0.0012
<0.0001
<0.0001

Group A: single session of mechanical lithotripsy; Group B:
multiple sessions of mechanical lithotripsy.
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DISCUSSION
Since Demling et al[17] first introduced mechanical lithotripsy
in 1982, the success rate of difficult bile duct stone removal has
greatly increased. The original series included 162 patients
undergoing mechanical lithotripsy, and success rate was
reported to be 84% and complication rate was merely 1.8%.
These statistics built up the general confidence on the efficacy
and safety of mechanical lithotripsy.
It was reported that an oversized stone was a major factor
accounting for failure of mechanical lithotripsy[10,18], since
stones exceeding 3 cm in size could not be wholly captured by
the mechanical lithotripsy basket. However, some extra large
stones could still be partially captured. We had 5 patients who
had stones larger than 3.5 cm (the largest was 3.8 cm) which were
successfully removed from 3 patients. Based on our experience,
the mechanical lithotripsy basket can still capture parts of the
huge stones and break them into smaller stones. Thereafter, the
smaller stones are entirely captured and shattered. What
perplexed us was that in some patients the stones not only grew
in size, but also multiplied, clogging the entire bile duct, such
that the mechanical lithotripsy basket could not be opened to
capture the stones. We believe that this is the primary factor
causing the failure of the mechanical lithotripsy. Another factor
is the presence of distal CBD stricture, which made it impossible
to remove even shattered stones as small as 0.5 cm in size.
Some patients could not endure the prolonged lithotripsy
treatment period, and the procedure had to be conducted in
several sessions (for this paper, the maximum number of sessions
was three). Hence, general anesthesia has been recommended
by some authors[19]. This is indicated when stones are exceedingly
large, since breaking the procedure into two sessions could easily
cause patients with obstructive jaundice to develop cholangitis.
Moreover, tendency for delayed bleeding would also be greater.
Patients with obstructive jaundice had a greater bleeding
tendency and the passage of stones through the orifice of the
papilla, now enlarged after an EPT procedure, could easily result
in bleeding and increase risk of complications. We found in our
patients, if the procedure was to be conducted in two sessions,
chances of delayed bleeding increased.
Numerous studies have shown that residual stones that are
not excreted could easily become the nidus of the recurrent
stone[20-23]. Therefore, stones should be removed as completely
as possible. We suggest that saline irrigation is helpful and
should be repeated several times until all the bile drainage are
totally clean, thereby decreasing risk of the development of
recurrent stones.
During the past 2 decades, there has been continuous
evolution of techniques and instrumentation of endoscopic
sphincterotomy (EPT). Early complications of EPT, including
cholangitis, acute pancreatitis, bleeding, duodenal perforation,
and basket entrapment, occurred in 5.9% to 19.8% in other
studies[23-27]. In our study early complications were observed
in 37 of 304 cases (12.2%). This value is high compared with
that in recent studies. The complication rate was 11% (30 of 272
cases) in even successfully treated group was high, but it was
just 3.8% (8 of 211 cases) in the single session of successful
group. This difference is statistically significant (P<0.001).
Several authors reported that a stent should be placed for bile
drainage if the CBD stones could not be removed in the first
session of mechanical lithotripsy[27-29]. Biliary stent placement
has been established as a convenient and minimally invasive
treatment for difficult stones, but we did not do it in our series.
This probably accounted for the increased early complication
rate (11%) in the totally successful group. We have since revised
our protocol to stent the common bile duct for bile drainage if
the CBD stone removal is incomplete, before we do the next
session of mechanical lithotripsy.
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The hardness of the stones did not seem to be a factor of
failure. The stones of most Oriental people are often pigment
stones, and have a harder consistency than cholesterol stones
in Westerners. However, we did not encounter any stones that
were not shattered due to their hardness. On the other hand,
the correlation between juxtapapillary diverticulum and CBD
stones has been reported in numerous studies[30-32]. Juxtapapillary
diverticulum may contribute to cholangitis and could cause
abnormal bile flow and contribute to recurrent biliary stone
formation. Hagege et al[33] found that juxtapapillary diverticulum
was associated only with bile duct stones and not with
gallbladder stones. Of our 1,258 patients with CBD stone, 546
had juxtapapillary diverticulum (43.4%). In the 2 367 cases that
did not have CBD stones, only 92 patients had juxtapapillary
diverticulum (3.9%). This statistical difference is very apparent.
Electrohydraulic lithotripsy (EHL), using a baby-mother
scope system, may also be used for difficult CBD stones in
addition to mechanical lithotripsy. The motherscope has a
5.5 mm operating channel to accommodate the babyscope. The
babyscope is 4.1 mm in external diameter and has a 1.7 mm
operating channel. EHL works on the principle that sparks
discharged under water generate high-frequency hydraulic
pressure waves. Because these shock waves can also destroy
normal tissues, it is important that the probe is placed close to
the stone and away from the bile duct wall. The shock wave
impulses are fired at the stone’s surface under cholangioscopic
guidance until adequate stone fragmentation is achieved.
Thereafter, under the continuous feeding of normal saline,
electric shock is directly administered to the stone to shatter it.
However, this procedure needs the excellent coordination of
two very experienced endoscopists, as well as the use of costly
and fragile endoscopes. Removal rate of the bile duct stones
has been reported to range from 74% to 98%[11,12].
Although laser-induced shock wave lithotripsy has been
used in shattering huge stones, the equipment is very expensive
and the procedure could easily lead to bile duct injury. Newly
developed laser with an automatic stone recognition system has
become available[16]. It is a flash lamp-pumped, pulsed laser with a
tissue-stone recognition system that can identify bile duct stones
by analyzing backscattered light and interrupt the pulse in case of
tissue contact. One series reported a bile duct stone removal rate
as high as 97%[34], but the treatment has not gained wide usage.
Difficult bile duct stones could also be fragmented by
external shock wave using extracorporeal shock wave lithotripsy
(ESWL). The second and third generations of ESWL machines
do not need a waterbath or general anesthesia and therefore
increase patient comfort. Unfortunately, many studies reported
that the removal rate of bile duct stones under this procedure
was only 80% (range 53-91% for stone fragmentation and 5886% for complete ductal clearance), not a very ideal rate[34-37].
Schreiber et al[38] reported a complication rate of 35%, wherein
31% was mild and 4% was severe. Besides, patients needed to
undergo serial endoscopy examinations and repeat treatments.
Therefore, it has not been considered the first line treatment of
difficult bile duct stones.
Using the endoscope to treat CBD stones is a very specialized
field. It has been reported that in endoscopy centers where
cases exceeded 1 000 cases, the application of mechanical
lithotripsy yielded high success rates and low complication
rates[39]. If an experienced endoscopist was available to
administer the treatment, this simple and inexpensive mechanical
lithotripsy procedure could resolve many bile duct stone or
even many difficult bile duct stone problems. Treatment efficacy
of 90% could be achieved without the use of special costly
equipments such as EHL, ESWL, and laser therapy. Moreover,
complications were minimal especially in single session
treatments. Our results further support the significant value of
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the simple mechanical lithotripsy in the treatment of difficult
bile duct stones.
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Abstract
AIM: Taraxacum officinale (TO) has been frequently used
as a remedy for inflammatory diseases. The aim of this
study was to investigate the effect of TO on cholecystokinin
(CCK)-octapeptide-induced acute pancreatitis in rats.
METHODS: TO at 10 mg/kg was orally administered, followed
by 75 g/kg CCK octapeptide injected subcutaneously three
times after 1, 3 and 5 h. This whole procedure was repeated
for 5 d. We determined the pancreatic weight/body weight
ratio, the levels of pancreatic HSP60 and HSP72, and the
secretion of pro-inflammatory cytokines. Repeated CCK
octapeptide treatment resulted in typical laboratory and
morphological changes of experimentally-induced pancreatitis.
RESULTS: TO significantly decreased the pancreatic
weight/body weight ratio in CCK octapeptide-induced acute
pancreatitis. TO also increased the pancreatic levels of
HSP60 and HSP72. Additionally, the secretion of IL-6 and
TNF- decreased in the animals treated with TO.
CONCLUSION: TO may have a protective effect against
CCK octapeptide-induced acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Acute pancreatitis; Taraxacum officinale; CCK
octapeptide
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INTRODUCTION
Cholecystokinin (CCK)-octapeptide is known to exert trophic
effects on the pancreas in several species[1-3]. But high doses
of CCK octapeptide fail to promote pancreatic trophism;
moreover, they can induce oedematous pancreatitis[4-6].
Cells could respond to heat shock or other stresses by rapid
synthesis of heat shock proteins (HSPs)[7]. The induction of
heat shock responses enhances the ability of the cells to
overcome the effects of stresses[8]. HSPs have been classified
into six families according to their molecular mass (e.g., HSP60
and HSP72). It was reported that the preinduction of HSP
expression had a protective effect against cerulein-induced
pancreatitis in rats or choline-deficient ethionine-supplemented
diet model pancreatitis in mice[9-15].
Besides, with increasing neutrophil migration to the pancreas,
a variety of inflammatory cytokines are released. These include
interleukin (IL)-1, IL-6, IL-8, platelet activating factor, and tumor
necrosis factor (TNF). There is considerable evidence that proinflammatory cytokines play a central role in acute pancreatitis and
may mediate the systemic complications of acute pancreatitis[16].
TNF has been implicated as an agent leading to progression of
diseases, and IL-6 and IL-8 as indicators of disease severity.
Taraxacum officinale (TO) has been used in herbal medicines
for its choleretic, diuretic and anti-inflammatory properties[17].
The effects of TO on pancreas and acute pancreatitis have not
yet been investigated.
The aim of the present study was to investigate the effects
of TO on the severity of CCK octapeptide-induced edematous
pancreatitis. Moreover, we investigated the effects of TO and
CCK octapeptide on pancreatic HSP60 and HSP72 synthesis.
Additionally, we wished to evaluate whether TO could block
pro-inflammatory cytokine synthesis during CCK octapeptideinduced acute pancreatitis.
MATERIALS AND METHODS
Animals
Male Wistar rats weighing 240-260 g were used. The animals
were kept at a constant room temperature of 25 ℃ with a 12 h
light-dark cycle, and allowed free access to water and standard
laboratory chow. The rats were fasted for 16 h before the
induction of acute pancreatitis. In each experimental group five
rats were used.
Reagents
Avidin-peroxidase and 2’-AZINO-bis (3-ethylbenzithiazoline6-sulfonic acid) tablet substrate were purchased from Sigma
(St. Louis, MO, USA). Anti-HSP60 and HSP72 antibodies were
purchased from Stressgen (British Columbia, Canada). Anti-rat
TNF-, and IL-6 antibodies were purchased from R&D Systems
(Minneapolis, MN, USA).
Preparation of TO
TO was prepared by decocting the dried prescription of herbs
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with boiling distilled water. The decoction time was about 3 h. This
plant was obtained from Dae-Hak Oriental Pharmacy (Iksan, South
Korea). Their voucher specimens were deposited at the Herbarium
at the College of Oriental Medicne, Kyung-Hee University.

CCK-induced acute pancreatitis
TO at 10 mg/kg was administered orally, followed by CCK
octapeptide injected subcutaneously at 75 g/kg three times
after 1, 3, and 5 h. This whole procedure was repeated for 5 d
(n = 5). Other rodents (n = 5) received physiological saline
orally instead of TO, but otherwise the protocol was the same
as in TO-treated group. The animals were sacrificed by
exsanguinations through the abdominal aorta 12 h after the last
CCK octapeptide injection. Rats were killed for HSP60 and HSP
72 determinations. The pancreas was quickly removed, cleaned
from fat and lymph nodes, weighed, and frozen at -70 ℃ until
use. Rats were treated in accordance with the current law and
the NIH Guide for Care and Use of Laboratory Animals.
Western blotting
Western blot analysis of pancreatic HSP60 and HSP72 was
performed for the cytosolic fraction of the pancreas homogenates.
Thirty micrograms of protein were loaded per lane. Samples
were electrophoresed on a 10% SDS-PAGE according to the
method of Laemmli [18]. 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 5%
non-fat 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 procedure (Amersham Corp. Newark, NJ).
Pancreatic weight/body weight ratio
This ratio was utilized to evaluate the degree of pancreatic edema.
Enzyme-linked immunosorbent assay (ELISA)
ELISA for IL-6 and TNF- was carried out in duplicate in 96well plates (Nunc, Denmark) coated with each of 100 L aliquots
of anti-rat IL-6 and TNF- monoclonal antibodies at 1.0 g/mL
in PBS at pH 7.4 and was incubated overnight at 4 ℃. The
plates were washed in PBS containing 0.05% Tween-20 (Sigma,
A

4
pw/bw

RESULTS
Effect of TO on pancreatic weight/body weight ratio
To assess the effect of TO on the pancreatic weight/body weight
ratio, pancreatic weight was divided by the body weight of the
rats. As shown in Figure 1A, in TO-treated group, pancreatic
weight/body weight ratio (3.4±0.29) significantly decreased
compared to the saline-treated group (5.3±0.38) (P<0.05).
Effect of TO on HSP60 and HSP72 expression in CCK octapeptideinduced acute pancreatitis
Next, we studied the expression of HSP60 and HSP72 in pancreatitis.
As shown in Figures 1B and 1C, in TO-treated group, the expression
of pancreatic HSP60 and HSP72 was markedly increased in the
animals with pancreatitis compared to the saline-treated group.
Effect of TO on IL-6 and TNF- secretion in CCK octapeptideinduced acute pancreatitis
Injections of CCK octapeptide increased the pancreatic TNF-
and IL-6 levels over time. TO pretreatment significantly
decreased the levels of IL-6 production (150±90 pg/mL) during
CCK octapeptide-induced acute pancreatitis vs the saline-treated
groups (440±30 pg/mL). Moreover, TO pretreatment decreased
the levels of TNF- production during CCK octapeptide-induced
acute pancreatitis vs the saline-treated groups. However, the
statistical difference was very weak (P = 0.072) (Table 1).
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Statistical analysis
Results were expressed as mean±SE. Differences between the
experimental groups were evaluated by using analysis of
variance. P<0.05 was accepted as statistically significant.
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Volume 11

St. Louis, MO, USA) and blocked with PBS containing 1%
BSA, 5% sucrose and 0.05% NaN3 for 1 h. After additional
washes, standards were added and incubated at 37 ℃ for 2 h.
After 2-h incubation at 37 ℃, the wells were washed and then
each of 0.2 g/mL of biotinylated anti-rat IL-6 and TNF- were
added and again incubated at 37 ℃ for 2 h. After the wells were
washed, avidin-peroxidase was added and plates were
incubated for 20 min at 37 ℃. 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
IL-6 and TNF- in serial dilutions.
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Figure 1 Effect of TO on pancreatic weight/body weight ratio and HSP60 and HSP72 expression in CCK octapeptide-induced
acute pancreatitis. A: Effect of TO on the pancreatic weight/body weight ratio (pw/bw) in CCK octapeptide-induced acute
pancreatitis. aP<0.05 vs the saline-treated group; B and C: Expressions of HSP60 and HSP72 shown by Western blots of protein
lysates (30 g/lane) from the pancreas of rats.
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Table 1 Effect of TO on IL-6 and TNF- secretion in CCK
octapeptide-induced acute pancreatitis (mean±SE)
Treatment
CCK octapeptide
TO
(75 g/kg)
(10 mg/kg)
+
+
a

+

IL-6 secretion
(pg/mL)

TNF- secretion
(pg/mL)

440±30
150±90 a

560±121
418±67

6

7
8

9

P<0.05 vs the saline-treated group.

DISCUSSION
TO has long been used for medicinal purposes due to its
choleretic, diuretic and anti-inflammatory activities[19]. Our study
was designed to examine the in vivo dynamics of pancreatic
HSP60 and HSP72 induction in response to CCK octapeptide
or TO. HSPs could play a universal role in the maintenance of
cellular homeostasis[20]. They were expressed constitutively
and/or at elevated levels upon the exposure of cells to a variety
of stress conditions in every organ, including the pancreas[9,21].
The HSPs have been found to be involved in the synthesis,
degradation, folding, transport, and translocation of proteins[8,9].
Whereas many diseases could result in increased levels of
HSPs, Strowski et al[22] demonstrated that cerulein-induced
pancreatitis reduced the levels of pancreatic HSPs. This
observation even suggests that the low levels of pancreatic
HSPs might be involved in the development of CCK octapeptideinduced pancreatitis. Moreover, an increasing body of evidence
from experimental animal studies has documented an essential
role of HSPs in the prevention of acute pancreatitis. HSP
preinduction is known to protect the pancreas from ceruleininduced pancreatitis in rats or choline-deficient ethioninesupplemented diet model pancreatitis in mice[11-17]. In accordance
with Strowski et al, we showed that supramaximal doses of
CCK octapeptide could reduce the levels of HSP60 and HSP72.
However, this decrease was ameliorated by administration of TO.
IL-6, a principal mediator of acute phase response, is primarily
released from activated mononuclear phagocytes. Pooran et al
showed that IL-6 levels in severe pancreatitis compared with
mild pancreatitis were significantly elevated[23,24]. TNF- is a
predominantly macrophage-derived cytokine. It is produced within
the pancreas by leukocytes that could invade the parenchyma
during acute pancreatitis[25,26]. It is also the primary stimulus of
IL-6 and IL-8 production and is known to initiate and propagate
almost all the detrimental consequences in severe sepsis[27]. We
demonstrated that TO could reduce IL-6 and TNF- production
during CCK octapeptide-induced acute pancreatitis in rats.
In conclusion, TO pretreatment can ameliorate the severity
of CCK octapeptide-induced pancreatitis in rats. TO can protect
against CCK octapeptide-induced acute pancreatitis in rats.
The beneficial nature of TO in this acute pancreatitis model
warrants further investigation.
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73 U/mg protein) and group 3 (167 U/mL and 61 U/mg
protein) (P<0.001 for both). Meanwhile, erythrocytes and
liver tissue levels of GSH in group 2 (4.12 mg/g Hb and
5.38 nmol/mg protein, respectively) were lower than in
group 1 (5.52 mg/g Hb and 4.49 nmol/mg protein) and
group 3 (5.64 mg/g Hb and 4.18 nmol/mg protein) (P<0.001
for both).

Abstract

Uzun H, Simsek G, Aydin S, Unal E, Karter Y, Yelmen NK,
Vehid S, Curgunlu A, Kaya S. Potential effects of L-NAME on
alcohol-induced oxidative stress. World J Gastroenterol 2005;
11(4): 600-604

AIM: Nitric oxide (NO) is a highly reactive oxidant synthesized
from L-arginine by nitric oxide synthase (NOS). NO may
cause injury through the generation of potent radicals. Nwnitro-L-arginine methyl ester (L-NAME) is a non-selective
inhibitor of NOS. We aimed to evaluate whether L-NAME
treatment had protective effects against oxidative stress
in rats intragastrically fed with ethanol during a 4 wk-period.
METHODS: Thirty-six male Wistar rats were divided into
3 equal groups: group 1 (control group-isocaloric dextrose
was given), group 2 (6 g/kg·d ethanol-induced group) and
group 3 (both ethanol 6 g/kg·d and L-NAME 500 mg/L in
drinking water-given group). Animals were sacrificed at
the end of 4 wk-experimental period, and intracardiac blood
and liver tissues were obtained. Biochemical measurements
were performed both in plasma and in homogenized liver
tissues. Alanine amino transferase (ALT), aspartate amino
transferase (AST), malondialdehyde (MDA), NO, superoxide
dismutase (SOD), catalase (CAT) and glutathione (GSH)
levels were measured by spectrophotometry.
RESULTS: ALT and AST in group 2 (62 U/L and 128 U/L,
respectively) were higher than those in group 1 (24 U/L and
38 U/L) and group 3 (37 U/L and 81 U/L) (P<0.001 for both).
Plasma and tissue levels of MDA in group 2 (4.66 mol/L
and 0.55 nmol/mg protein) were higher than in group
1 (2.65 mol/L and 0.34 nmol/mg protein) and group
3 (3.43 mol/L and 0.36 nmol/mg protein) (P<0.001 for
both). Plasma and liver tissue levels of NO in group 2
(54.67 mol/L and 586.50 nmol/mg protein) were higher
than in group 1 (34.67 mol/L and 435.33 nmol/mg protein)
and group 3 (27.50 mol/L and 412.75 nmol/mg protein )
(P<0.001 for both). Plasma and liver tissue SOD activities
in group 2 (15.25 U/mL and 5.38 U/ mg protein,
respectively) were lower than in group 1 (20.00 U/mL and
8.13 U/ mg protein) and group 3 (19.00 U/mL and 6.93 U/ mg
protein) (P<0.001 for both). Plasma and liver tissue CAT
activities in group 2 (145 U/mL and 37 U/ mg protein,
respectively) were lower than in group 1 (176 U/mL and

CONCLUSION: Our findings show that L-NAME may produce
a restorative effect on ethanol-induced liver damage via
decreasing oxidative stress and increasing antioxidant status.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Oxidative stress; Ethanol-induced liver damage;
L-NAME
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INTRODUCTION
Normal cellular metabolism involves the production of reactive
oxygen species (ROS)[1]. Low level of ROS is vital for many cell
signaling events and essential for proper cell functioning[2-4],
while excessive in vivo generation of ROS can adversely affect
cell functioning.[3]. In some clinical setting, such as obesity,
liver transplantation, hepatic surgery, and hemorrhagic shock,
as an outgrowth of ischemic-reperfusion injury in liver,
microcirculatory derangement, energy depletion, production
of ROS and lipid peroxidation occur[5-7]. ROS causes inflammation
and cell death through modulation of signal transduction
pathways by affecting redox-sensitivity enzyme and transcription
factors, by supporting protease activity, and by stimulating the
expression of inflammatory mediators and adhesion molecules[7,8].
In the recovery of hepatocellular function after severe traumas,
free oxygen radicals should be kept in the normal ranges[9].
The chronic consumption of alcoholic beverages is the major
cause of liver injury, and the development of serious liver
diseases[10,11]. The mechanisms of liver injury may include the
effects of oxygen radicals on hepatocytes[12]. Increased oxygen
radical production leads to lipid peroxidation by inducing
cytochrome P4 502E[13,14].
Oxidative stress is known to play an important role in the
pathogenesis of ethanol-induced liver injury[15,16]. Oxidative
damage correlates with the amount of ethanol consumed[17].
Recently, it has been demonstrated that nitric oxide (NO) is an
important mediator of hepatotoxicity, and the changes in its
generation or actions may contribute to pathologic states[18,19].
It has been proposed that the high production of NO causes
injury, perhaps through the generation of potent radicals[20].
An increase in NO production has been reported in monocytes
of patients with chronic liver disease[21] and in the livers of rats
chronically fed with ethanol[22]. However, in some models of
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inflammation, it has been shown that inhibition of NO increases
tissue dysfunction or injury[20].
The role of NO seems to be controversial, and furthermore,
the prooxidant and/or antioxidant effects of NOS inhibition in
alcoholism have not been studied before. In the present study,
we tested whether nitric oxide synthase (NOS) inhibition
attenuated alcohol-induced oxidative stress in a rat model. For
NOS inhibition Nw-Nitro-L-arginine methyl ester (L-NAME)-a
nonselective inhibitor- was used.

MATERIALS AND METHODS
Experimental procedure
Thirty-six male Wistar-Albino rats weighing 240-300 g were
used. Animals were fed ad libitum on a standard diet and had
free access to water. All studies were performed in accordance
with the National Institutes of Health Criteria for Care of
Laboratory Animals.
The rats were divided into three groups, and were given
isocaloric dextrose (group 1), ethanol (ETOH) (group 2), or
both ethanol and L-NAME (ETOH + L-NAME) (group 3) for
4 wk. Ethanol was given intragastrically at a dose of 6 g/( kg/d)
L-NAME was added to drinking water of the rats (500 mg/L).
All rats were sacrificed after 1 mo with Na-pentobarbital
anesthesia (35 mg/kg i.p.). After exploration of the thorax, blood
was taken by intracardiac puncture. Then, a laparotomy was
done, liver tissue was excised, and stored at -70 ℃. Serum
alcohol levels were measured on the day the rats were sacrificed.
Biochemical analysis
Blood samples collected in heparinized vacutainer tubes were
immediately transported to the laboratory in a cooler with ice.
Upon arrival, plasma was separated by centrifugation (+4 ℃,
3 000 r/min, 10 min), and divided into 0.5-1.0 mL aliquots, placed
in cryovials, and stored at -70 ℃ until analyzed. Erythrocytes
were washed three times in 5 mL saline, hemolyzed by diluting
4-fold with water and glutathione (GSH) was studied in
erythrocytes on the same day. Each plasma sample was divided
into 4 aliquots; alcohol, ALT and AST were studied immediately
in 1st aliquot; 2nd aliquot was saved until analysis of plasma NO
within 2 wk, the other two aliquots were used for estimation of
plasma MDA, SOD, CAT on a later date (within 1 mo).
The liver tissues were weighed, washed in 0.9 % NaCl, and
homogenized in ice-cold 0.15 M KCl 100 g/L. Homogenates of
20% were obtained and sonicated twice at 30 s intervals at 4 ℃.
Homogenates were centrifuged at >10 000 g for 15 min at 4 ℃.
All biochemical parameters in homogenates were studied on
the same day.
ALT and AST activities Plasma ALT and AST activities were
measured by enzymatic methods using commercial kits
(Olympus, Hamburg, Germany) on Olympus AU800 analyzer.
Lipid peroxidation MDA, an end product of fatty acid
peroxidation, was measured in plasma and liver homogenates
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by the thiobarbituric acid reactivity assay as previously
described[23]. The total protein concentration was measured by
the method of Lowry et al[24].
Nitric oxide Plasma and tissue concentrations of NO were
measured through its stable metabolites nitrate and nitrite.
Nitrate was first reduced by nitrate reductase to nitrite and
then nitrite was determined spectrophotometrically by the Griess
reaction[25]. Griess reagent, the mixture (1:1) of 0.2% N-(1naphthyl)-ethylene-diamine and sülfanilamide in 5% phosphoric
acid, gave red-violet diazo dye with nitrite, and was measured
in the visible range at 540 nm.
Cu-Zn- superoxide dismutase (Cu-Zn SOD) Plasma and tissue
Cu-Zn SOD activities were determined by the method of Sun
et al[26] by inhibition of nitroblue tetrazolium reduction with
Xanthine/Xanthine oxidase used as a superoxide generator.
One unit of SOD was defined as the amount of protein that
inhibits the rate of NBT reduction by 50%.
Catalase: Catalase activity was measured by the breakdown
of hydrogen peroxide catalysed by catalase enzyme[27].
Glutathione Erythrocyte and tissue glutathione (GSH)
concentrations were determined according to the method of
Beutler et al [28] using metaphosphoric acid for protein
precipitation and 5’-5’- dithiobis-2-nitrobenzoic acid for color
development.
Alcohol Serum alcohol level was measured by fluorescent
polarizing immunoassay using commercial kits (Abbot TDx,
Cat No:378190100).

Statistical analysis
All results are expressed as mean±SD. The groups were
compared with Anova-Tukey HSD. P<0.05 was considered to
be statistically significant.
RESULTS
Values of the analysed parameters and the statistical significances
in the groups are shown in Tables 1 and 2. Plasma alcohol
levels of groups 2 and 3 were comparable (210±42 mg/100 mL
and 196±30 mg/100 mL). ALT and AST in group 2 were higher
than those in group 1 and group 3 (P<0.001 for both). Similarly,
the values were higher in group 3 in comparison with group 1
(P<0.001).
Lipid peroxidation levels as assessed by MDA in plasma
and tissue were found to be significantly higher (P<0.001) in
group 2 in comparison to groups 1 and 3. Plasma MDA level
was significantly higher in group 3 in comparison to group 1
(P<0.001); however, there was no difference between these
groups in tissue MDA level (P>0.05).
Plasma and tissue levels of NO in group 2 were higher than
in groups 1 and 3 (P<0.001 for both). Plasma NO level was
lower in group 3 in comparison with group 1 (P<0.001).
Each of plasma and tissue antioxidant components (SOD ,
CAT and GSH) in group 2 was lower than in groups 1 and 3

Table 1 Plasma transaminase activities, prooxidant and antioxidant status in groups
Control (Group 1)

ETOH (Group 2) ETOH + L-NAME (Group 3)

P1

P2

P3

ALT (U/L)

24.25±4.07

62.00±6.73

37.00±4.73

<0.001

<0.001

AST (U/L)

38.92±6.42

128.42±16.98

81.33±14.90

<0.001

<0.001

<0.001

MDA (mol/L)

<0.001

2.65± 0.30

4.66±0.64

3.43±0.35

<0.001

<0.001

<0.001
<0.001

NO (mol/L)

34.67±4.69

54.67±9.19

27.50±4.34

<0.001

<0.001

SOD (U/mL)

20.00±1.86

15.25±0.97

19.00±1.54

<0.001

<0.001

NS

CAT (U/mL)

176.0±11.23

145.33±9.23

166.83±7.27

<0.001

<0.001

<0.05

4.12±0.32

5.64±0.52

<0.001

<0.001

NS

GSH (mg/g Hb)
1

5.52±0.41

Group 1 vs group 2; 2Group 2 vs group 3; 3Group 1 vs group 3. NS: Not-significant.
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Table 2 Hepatic prooxidant and antioxidant status in groups
Control (Group 1)
MDA (nmol/mg protein)
NO (nmol /mg protein)

0.34±0.05
435.33±35.64

ETOH (Group 2) ETOH + L-NAME (Group 3)
0.55±0.08
586.50±34.79

0.36±0.07
412.75±38.67

P1

P2

P3

<0.001

<0.001

NS

<0.001

<0.001

<0.001

SOD (U/mg protein)

8.13±0.79

5.38±0.75

6.93±0.81

<0.001

<0.001

<0.01

CAT (U/mg protein)

72.58±7.37

36.50±6.65

61.17±7.81

<0.001

<0.001

<0.01

4.49±0.51

3.55±0.36

4.18±0.26

<0.001

<0.001

NS

GSH (nmol/mg protein)
1

Group 1 vs group 2; 2Group 2 vs group 3; 3Group 1 vs group 3. NS: Not-significant.

(P<0.001). There was no significant difference in plasma SOD,
and erythrocyte and tissue GSH levels between groups 3 and 1
(P>0.05). However, tissue SOD, CAT, and plasma CAT levels
were significantly higher in group 3 in comparison with group
1 (P<0.01, P<0.01, and P<0.05, respectively).

DISCUSSION
It is now generally accepted that oxidative stress plays an
important role in the pathogenesis of ethanol toxicity[15,16]. The
close relation between ethanol and liver is due to the fact that
more than 80% of ingested alcohol is metabolized in the liver
without a feedback mechanism. In early phase, oxygen and
NO-radicals derive from the complete oxidation of ethanol, and
acetaldehyde in excess markedly alters the intracellular redox
status, induces fat deposits, and triggers the inflammatory and
immune response[29]. The progression of liver damage is also
affected by generation of additional products between
acetaldehyde and cytochrome c oxidase and/or P450 2E1[30,31].
Excessive production of reactive oxygen species (ROS),
depletion of GSH and ATP, adducts with acetaldehyde, rise of
lipid peroxidation markers, are all documented findings in
alcoholics[31-33].
In this study, we found that chronic ethanol administration
causes a significant rise in plasma and hepatic MDA, and fall in
plasma SOD, erythrocyte GSH levels, hepatic GSH levels, SOD
and catalase activity. Some authors have reported an increase
in various parameters of lipid peroxidation such as MDA, diene
conjugates and lipid hydroperoxidates after alcohol intake[34,35],
whereas others have shown opposite effects of alcohol
drinking[36,37]. We also observed the presence of increased
oxidative stress and decreased antioxidant status in the plasma
and liver of ethanol-treated rats in our previous study[38].
In the present study, alcohol-induced hepatotoxicity was
manifested as an increase in the activities of ALT and AST
enzymes and a decrease in GSH level, SOD and catalase
activities. These findings pointed out an obvious change in
prooxidant-antioxidant balance in the liver of rats following
chronic ethanol administration. However, Husain et al[39] have
reported that GSH levels decreased, and SOD activity increased
in liver in chronic alcoholism.
NO is a highly reactive oxidant. It is produced both by
parenchymal and nonparenchymal cells in the liver [40,41].
Supplementation of the NO precursor L-arginine has been
shown to exacerbate damage in models of inflammation and
injury[42]. In vitro and in vivo studies have also shown NO
down-regulates cytochrome P-450 and suppresses liver protein
and DNA synthesis, and induces apoptosis and necrosis, all
of which may contribute to liver failure[19,43]. NO also inhibits
catalase activity, suggesting that it may alter the detoxification
of cytotoxic free radicals, and react with superoxide anions to
form peroxynitrite, which can react with sulphydryl residues in
cell membranes leading to lipid peroxidation[40].
In this study, we found that there was a significant increase
in plasma and liver NO concentrations in ethanol-induced rats.

Our findings suggest that NO may have an important role in
cellular damage seen in alcoholism. Wang et al have shown
that serum NO concentration increased in cirrhotic rats. Also in
some studies, it has been shown that there is an increase in NO
production in monocytes of patients with chronic liver disease[44],
and in livers of rats chronically fed with ethanol[22]. On the
other hand, Sergent et al[45] reported that NO biosynthesis in
hepatocytes protects them from ethanol-induced oxidative
stress. Joshi et al[46] suggested that low-level NO acts as an
antioxidant and higher level as a pro-antioxidant. They proposed
that the mechanism of low concentration of NO’s protection
may involve diminished metal- catalyzed lipid peroxidation and
the high concentration of NO’s potentiation of oxidative stress
may involve mitochondrial dysfunction. The significant rise in
NO concentration that was seen in our study might be the
reason for oxidative stress-stimulated lipid peroxidation.
TNF- administration could lead to hepatocyte apoptosis
and liver failure[47] TNF- has been considered a mediator of
cell injuries in liver caused by alcoholism, reperfusion, primary
graft nonfunction, graft rejection and endotoxic insult[48,49]. Ýt
is expressed by both infiltrating inflammatory cells and
hepatocytes in chronic liver injuries, and has been proposed to
play an important role during tissue damage. The role of IL-6
during chronic liver injuries and fibrogenesis remains to be
clarified. Some reports provided evidences for an important
role of IL-6 in reducing CCl4- induced acute and chronic liver
injury and fibrosis.[50,51]. However, some other data showed
that the serum level of IL-6 was associated with hepatic
necroinflammatory activity in patients with chronic hepatitis
and cirrhosis[52]. It has been suggested that IL-6 might be vitally
involved in fibrotic changes, partly by modulating intrahepatic
expression of other cytokines[53,54]. On the other hand, another
study has suggested that proinflammatory cytokines increase
as a result of alcohol-induced cellular damage[55], and this causes
an increase in NO production by stimulating inducible NOS
(iNOS)[55]. Hink et al [56] have claimed that H2O2 actively
stimulates iNOS expression. In this case, we can assume that
the increase in NO concentration and the contribution of NO to
cellular damage could be secondary; however, simultaneous
administration of ethanol and L-NAME in our study was shown
to decrease oxidative stress parameters, and increase antioxidant
parameters. These findings suggest that the oxidative damage
in alcoholism can be mediated by NO.
The results of our study also show that co-administration
of L-NAME diminishes oxidative stress, by increasing antioxidant
enzymes. This restoration of oxidant/antioxidant balance is
reflected by lower levels of transaminases.
Liver contains different forms of NO-synthase: the neuronal
form (nNOS) in the peribiliary plexus; the iNOS form in
hepatocytes, cholangiocytes, Kupffer cells, and stellate cells;
and the endothelial form (eNOS) in the endothelial cells[56,57].
Over-production of NO in the liver from L-arginine via iNOS[43]
has been implicated as an important part of the cascade of
events that takes place in the pathogenesis of septic shock
and in various forms of hepatic injury, inflammation and acute

Uzun H el at. Effects of L-NAME on oxidative stress

hepatic failure.
In conclusion, NO can be held responsible for alcoholinduced free radical damage, and NOS inhibition can decrease
oxidative stress seen in alcoholism. However, further studies
should be done to detect which type of NOS is stimulated by
ethanol. Findings of this study suggest a role of NOS inhibition
in the management of ethanol-induced liver damage.
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Abstract
AIM: The aim of this study was to evaluate the association
between ulcerative colitis activity and plasma or mucosal
concentrations of interleukin (IL)-18.
METHODS: Il-18 concentrations were measured in plasma
and mucosal samples from 15 patients with active ulcerative
colitis (UC).
RESULTS: The mean plasma concentration of IL-18
measured in all patients (422±88 pg/mL) doubled the
mean value in healthy controls (206±32 pg/mL); however,
the difference was not statistically significant. Plasma IL-18
levels revealed a significant positive correlation with
scored endoscopic degree of mucosal injury, disease
activity index, clinical activity index and C-reactive protein
concentration. The mean concentration of plasma IL-18
was significantly higher in patients with severe ulcerative
colitis (535±115 pg/mL) than in patients with mild
ulcerative colitis (195±41 pg/mL), and in healthy controls.
Although the mucosal mean IL-18 concentration in severe
ulcerative colitis (2 523±618 pg/mg protein) doubled values
observed in mild one (1 347±308 pg/mg protein), there
was no statistically significant difference.
CONCLUSION: Plasma IL-18 can be considered as a
surrogate marker helpful in evaluation of ulcerative colitis
activity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The pathogenesis of ulcerative colitis (UC) is still unknown,
but it seems to be related to the abnormal immune response
and diminished ability of mucosal protection and regeneration.
Signaling between epithelial cells, involving the complex

network of bioactive substances plays a crucial role in these
processes[1-4]. Cytokines are involved in the modulation of the
immune system related to the pathogenesis of inflammatory
bowel disease[5-7], and are rapidly synthesized and secreted by
inflammatory cells upon stimulation. They induce the
production of adhesion molecules, reactive oxygen metabolites,
prostaglandins, leukotrines, nitric oxide and platelet activating
factors. Interleukin (IL)-18 is a potent inducer of interferon
gamma production and plays an important role in inducting of
both Th1 and Th2 immune responses[8,9]. According to a recent
study by Ishikura et al [10], its excessive production could
exacerbate colitis in an experimental model. On the other
hand, we know from a previous research by Siegmund et al[11],
that neutralization of IL-18 with specific antibodies could
reduce the severity of experimental colitis. Elevated serum
concentration of IL-18 has recently been demonstrated in
humans with Crohn’s disease (CD)[12]. The role of IL-18 in
the pathogenesis of inflammatory bowel diseases (IBD)
was studied mostly in experimental models. The aim of this
study was to evaluate the association between ulcerative
colitis activity and plasma or mucosal concentrations of
interleukin-18.

MATERIALS AND METHODS
Patients
Interleukin-18 concentrations were measured in plasma and
mucosal samples from 15 patients (3 females and 12 males)
with active ulcerative colitis (UC), aged from 22 to 71 years
(mean: 38.9±3.3 years). All patients had a history of diagnosed
ulcerative colitis, which required typical clinical and
endoscopical signs of distal part bowel involvement. Patients
were treated with 5-ASA derivates in the standard dose of
3.0 g/24 h. None of them received any steroids at the time of the
study. IL-18 plasma and mucosal concentrations were compared
with endoscopic pictures scored according to Meyers et al[13],
the disease activity index (DAI) according to Schroeder et al[14],
clinical activity index (CAI) according to Truelove and Witts[15].
Routine laboratory indices of the inflammatory process such
as C-reactive protein (CRP), sedimentation rate (SR), white blood
count (WBC) and platelet count (PLT) as well as hemoglobin,
fibrinogen, total protein and albumin concentrations were also
measured and compared with IL-18 values. Mucosal biopsy for
histological confirmation of UC and for IL-18 measurement was
taken during sigmoidoscopy performed before treatment.
Patients were divided into two groups with respect to severity
of the disease. They were included into the severe UC group if
the values of endoscopic score, DAI and CAI exceeded the
middle range of all three scales that were 8, 6, 10. Severe form of
ulcerative colitis was diagnosed in 10 patients and mild one in 5.
Plasma IL-18 concentrations were also compared with those in
12 healthy volunteers (5 females and 7 males with a mean age of
40.8±2.7 years). The study was approved by the Bioethical
Committee of the Medical University of Bialystok. Informed
consent was obtained from each patient.
IL-18 measurement
Venous blood was collected on ice using vacutainer tubes with
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Figure 1 Correlations between plasma concentrations of IL-18 and values of A: CAI (r = 0.56, P = 0.02); B: DAI (r = 0.54, P = 0.03);
C: endoscopic score (r = 0.62, P = 0.01).

K-EDTA as an anticoagulant and centrifuged at 1.000 g within
30 min after collection. Biopsy specimens were mashed with
a homogenizer, and the suspension was divided and used
to determine IL-18 and protein concentrations. Samples were
diluted 1:5 with 0.1mol/L phosphate buffer before assay and
stored at -20 ℃. Samples were incubated at room temperature
and assayed in duplicate with the quantitative sandwich
enzyme immunoassay (EIA) technique using microtitre wells
precoated with anti-human IL-18 antibodies (MBL, Nagoya,
Japan). IL-18 remained in the microtitre wells after four cycles
of washing and aspiration was detected by peroxidaseconjugated anti-human IL-18 specific antibodies. The amount
of peroxidase bound to each well was determined by the
addition of tetramethylbenzidine substrate. The reaction was
stopped by acidification with 2N sulphuric acid and the
optical density was read with a microlitre plate photometer
Stat Fax® 2100 (Alab/Poland) at 450 nm. The concentration of IL18 in sample was calibrated from a dose response curve based
on reference standards. Mucosal IL-18 concentration was
expressed as pg per mg of protein, which was measured by the
Lowry et al[16] method. According to a manufacturer’s sensitivity
of the assay, which was 12.5 pg/mL, intra-assay reproducibility
C.V. range from 5.03-9.92%, inter-assay 6.25-10.1% and recovery
test 80-110%.

Statistical analysis
Values were expressed as mean±SE. The significance of
differences was calculated by non-parametric Mann-Whitney
U test. For correlation analysis, the Speraman non-parametric
correlation was used. P<0.05 was considered statistically
significant.

of plasma IL-18 was significantly higher in patients with severe
UC (535±115 pg/mL) than in patients with mild UC (195±41 pg/mL),
and in healthy controls (Figure 2). Although the mucosal mean
IL-18 concentration in severe UC (2 523±618 pg/mg protein)
doubled the values observed in mild UC (1 347±308 pg/mg protein),
there was no statistically significant difference (Figure 3).
Table 1 Laboratory and clinical markers of ulcerative colitis
activity in analyzed patients
Correlation (r)
Normal range mean±SE
plasma mucosal

CRP [mg/dL]

0.65 b

0-5

18.5±4.8

SR [mm/h]

0-5

23.1±5.0

0.36

0.20

WBC [×10 3 /L]

4-10

6.8±0.6

-0.08

0.06

hemoglobin [mg/dL] 12-18

-0.13

13.2±0.3

-0.36

0.07

fibrynogen [g/L]

1.8–3.5

3.5±28

0.30

0.14

albumin [g/L]

3.5–5.0

2.99±0.6

-0.43

0.42

protein [g/L]

6-8

5.8±0.2

-0.29

0.31

PLT [×10 9/L]

130-400

246±19.9

-0.13

0.18

CA I

0

10.7±0.7

0.56 a

0.47

a

0.29
0.36

DAI

0

6.6±0.7

0.54

Endoscopic score

0

3.0±0.2

0.62 a

Correlations between plasma or mucosal concentrations of IL18 and values of particular markers are demonstrated through
(r) values. aP<0.05, bP<0.01.

Plasma IL-18 (pg/mL)

1 600

RESULTS
The mean plasma concentration of IL-18 measured in all patients
with active UC (422±88 pg/mL) doubled the mean value in
healthy controls (206±32 pg/mL), but the difference was not
statistically significant. There was no association between
plasma IL-18 and the age of patients or the disease duration.
The mucosal concentration of IL-18 varied from 83 to 6 239 pg/mg
protein. As demonstrated in Table 1 among laboratory markers
of inflammatory activity, only the mean values of CRP and SR
exceeded the upper limit of normal range. However, a significant
positive correlation (r = 0.65, P<0.05) was demonstrated only in
respect to CRP values. Plasma IL-18 levels analyzed in all UC
patients also revealed a significant positive correlation with
scored endoscopic degree of mucosal injury, DAI and CAI
values (Figure 1, Table 1). As shown in there was no association
between mucosal concentration of IL-18 and clinical or
laboratory signs of the disease activity. The mean concentration

1 200
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Figure 2 Individual plasma IL-18 concentrations in healthy
controls and UC patients with a mild or a severe form of the
disease. Statistical significance between severe UC and mild
UC as well as a control is indicated by arrows (P<0.05). Horizontal bar denotes the mean IL-18 concentration [pg/mL] in
each of studied groups.
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Figure 3 Individual mucosal IL-18 concentrations in UC patients with mild or severe form of the disease. Horizontal bar
denotes mean IL-18 concentration [pg/mL] in each of studied
groups (the difference is not statistically significant).

DISCUSSION
Cytokines are the determinants of the nature of mucosal immune
response. Development of IBD has been considered to be
associated with the predominance of proinflammation over antiinflammatory cytokines[2,17]. Animal models of experimental
colitis exhibited clear differentiation toward Th1 or Th2
responses. CD4 T cells could produce predominant IL-2 and
interferon-gamma, which are primarily involved in cellular
immunity defined as Th1 response, whereas IL-4, IL-5 and IL10 are predominantly produced by Th2 cells promoting humoral
immunity[18,19]. Since it has been demonstrated by Seder et al[20],
that IL-4 and IL-10 could stimulate the production of
transforming growth factor (TGF)-1 by CD4+ cells, its increased
concentration may also reflect Th2-mediated T cell response in
UC patients. As we demonstrated recently plasma and mucosal
concentrations of TGF-1 were strongly associated with UC
activity and successful treatment of the disease could result in
a decrease of their levels[21]. In animal models, CD was
predominantly related to Th1 immune response and Th2
immunity was responsible for UC development. In humans such
a clear polarization of immune response in IBD pathogenesis
was not observed[18,19,23]. According to Hoshino et al[22] and
Yoshimoto et al[9], IL-18 was involved in both Th1 and Th2
responses in UC. A recent study by Matsuzaki et al [24]
demonstrated in UC patients the predominance of Th1 response
in severe inflammation and Th2 in mild one. Moreover, Th1
response was associated with the degree of disease activity.
Since Th2 response was observed in mildly inflamed mucosae,
it seemed to be involved in the early phase of UC or the initiation
of inflammation.
In this study, we demonstrated the elevation of plasma
IL-18 in UC patients, which doubled the normal values without
statistical significance. However, there was an evident
association between plasma IL-18 concentrations and the
disease activity evaluated through clinical and endoscopic
scoring systems. Additionally there was a significant correlation
between IL-18 values and CRP - an unspecific marker of
inflammation. The association with UC activity was finally
proven by demonstrating a significant difference between
patients with mild and severe UC. According to Furuya et al[12],
IL-18 concentration was elevated in CD but not in UC patients.
We divided the patients into active and inactive UC, but did
not evaluate IL-18 concentrations in respect to degrees of the
disease activity. Unfortunately, we were not able to carry out
the study in patients with Crohn’s disease, because of its
extremely low incidence in this part of Europe.
There was no correlation between mucosal IL-18
concentration and clinical or endoscopic sign scores of the
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disease activity as well as between mucosal and plasma values.
However, mucosal IL-18 concentration was almost two times
higher in our patients with severe UC than in those with mild
UC. The lack of a significant difference between these groups
could be related to the wide distribution of individual values
(from 83 to 6 239 pg/mg protein), resulting probably from the
different sites of specimens. This discrepancy between
mucosal and plasma values could also be recognized as a
result of a secondary stimulation of IL-18 release outside the
bowel wall, that could be mediated by inflammatory and
immune responses.
In conclusion, ulcerative colitis activity is strongly
associated with interleukin-18 concentrations in plasma but
not in colonic mucosa. Plasma IL-18 can be considered a
surrogate marker helpful in the evaluation of ulcerative colitis
activity.
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loading of the stomach for delineation of an antral web with
distal antral hypertrophy and prepyloric stenosis was emphasized
and the endoscopic findings were also described.
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CASE REPORT
A 3-year-old boy was admitted with postprandial non-bilious
vomiting and dull abdominal pain for 3 wk, and body weight
loss of 2 kg. Blood-tinged vomitus was also occasionally noted.
Physical examination revealed a slim boy with a body weight of
11.2 kg (<5 th percentile) and bodyheight of 95.3 cm (60 th percentile).
The otherwise physical examination was unremarkable.
Laboratory studies including complete blood count, serum
electrolytes, and liver function test were normal. Initial abdominal
ultrasound (Acuson 128 XP/10 scanner, 7-MHz linear
transducer, Mountain View, CA) revealed no lesions. Barium
meal study showed a partial gastric outlet obstruction finding
mimicking hypertrophic pyloric stenosis (Figure 1A). However,
such an impression was not compatible with the clinical settings
because a lack of the typical palpable “olive” in the right upper
abdomen and the unusual late onset of presentation. Thus,
abdominal ultrasound was repeated after water loading of the
stomach by asking the patient to drink 500 mL of distilled water.
An echogenic flap with an eccentric aperture (0.8 cm) at the
gastric antral region and thickening of the distal antral wall
beyond the flap were clearly demonstrated (Figure 1B).
Turbulent flow around the aperture was noted during external
compression of the upper abdomen reflecting the hindrance of
water inflow through the hypertrophic distal antrum (Figure 1C).
A thin jet-like flow through the pyloric canal to the duodenal
bulb could also be identified. Subsequent gastric endoscopy
(GIF N30, Olympus, Roswell, GA, USA) confirmed the presence
of an antral web with an eccentric aperture (Figure 1D) and
narrowed lumen beyond the web due to antral wall hypertrophy.
Surgery confirmed the presence of an antral web with antral
hypertrophy and prepyloric stenosis. Web excision and
antropyloroplasty were performed. The patient recovered well
and at the 24-mo follow-up, good body weight gain with a final
weight of 20 kg (90 th percentile) and body height of 110 cm (75 th
percentile) were noted.

INTRODUCTION
An antral web is an unusual cause of gastric outlet obstruction [1-4].
A diagnosis can be established using barium meal study in
90% of cases by demonstrating the classic feature of the
double-bulb appearance[1-4]. Antral webs associated with
hypertrophic pyloric stenosis or duodenal atresia have been
described[5,6]. To our knowledge, only one case of prepyloric
antral stenosis due to muscular hypertrophy and mucosal web
has been reported[7], but the imaging features of this unusual
entity have not been well described. Herein, we present such
an unusual case masquerading as hypertrophic pyloric stenosis
on barium meal study. The usefulness of ultrasound with water

DISCUSSION
The antral web or diaphragm is a thin septum, usually 2- to 4-mm
thick located 1- to 7-cm from the pylorus. It typically projects
into the gastric lumen perpendicular to the long axis of the
antrum[1,2]. The etiology of the antral web is still controversial.
It may originate from incomplete canalization of the foregut
anlage during the 5-6th wk of the embryonic age, as an incomplete
form of membranous atresia[1-3,8,9]. However, an acquired antral
web in adults due to peptic diseases has also been documented[10].
The age of onset and clinical presentations of an antral web
vary depending on the degree of obstruction and the size of its
aperture, which may range from 2- to 30-mm [1-5]. Delays in
diagnosis and treatment are not uncommon[2-5], and an aperture

Abstract
A 3-year-old boy presented with postprandial vomiting and
epigastric pain for 3 wk. Barium meal study suggested
hypertrophic pyloric stenosis. Ultrasound of the stomach
after water loading revealed an echogenic antral web with
an eccentric aperture and distal antral hypertrophy.
Subsequent endoscopy confirmed the ultrasound findings.
Web resection and antropyloroplasty resulted in excellent
recovery. To our knowledge, the barium meal and
ultrasound findings of an antral web-associated distal antral
hypertrophy and prepyloric stenosis has not previously been
described.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Clinical findings in antral web associated with antral hyperatrophy and prepyloric stenosis. A: Barium meal study
showing a poorly expanded distal antral lumen (arrows) and pyloric canal (open arrow) mimicking hypertrophic pyloric
stenosis; B: Abdominal ultrasound of the stomach after water loading showing an echogenic antral flap (large open arrow) with
an eccentric aperture (white triangle), thickened antral wall (arrows) beyond the flap, and lack of flow (small open arrow)
through the antropyloric regionl; C: Abdominal ultrasound of the stomach with compression on the upper abdomen showing
the antral flap (large open arrow) and thickened distal antral wall (arrows), turbulent flow at the aperture (black triangle), and
jet-like flow (small open arrow) through the antropyloric region to the duodenal bulb; D: Endoscopy of the stomach confirming
the presence of an antral web with an eccentric aperture (arrow).

of less than 1 cm usually causes significant symptoms, as seen
in our case.
Barium meal study allows accurate diagnosis of an antral
web in 90% of cases[1-5]. The presence of a persistent, sharp
band-like filling defect in the antral region as well as spraying
of barium through a central or an eccentric aperture with a “jet
effect” is the characteristic features. Distension of the antrum
beyond the aperture may be seen, resembling the duodenal
bulb and leading to the typical “double-bulb” appearance[1-5].
In this 3-year-old boy, the barium meal study demonstrated the
imaging feature that was suggestive of hypertrophic pyloric
stenosis which usually affects infants at the 2-4 wk of life. In
retrospect, we realized that this misleading barium meal finding
might be related to the eccentric location of the aperture of the
antral web with distal antral muscular hypertrophy leading to
luminal narrowing mimicking pyloric stenosis.
Diagnosis of an antral web can also be established with
ultrasound [3,4,9]. Chew et al [9] proposed four ultrasound
diagnostic criteria of an antral web, including demonstration of
an echogenic diaphragm-like structure in the antral region,
gastric dilatation, delay in gastric emptying, and a normal
pylorus. In this particular case, the echogenic flap and
eccentric aperture were clearly demonstrated on ultrasound
after water-loading, but the antral chamber distal to the web
remained poorly distended. Furthermore, turbulence was
found at the aperture when intragastric fluid was forced to
empty into the duodenal bulb during external compression of
the distended stomach. This might have been due to the
resistance to gastric outflow, plausibly ascribed to distal antral
hypertrophy. In addition, instead of expanding the distal antral
lumen, jet-like echogenic spraying distended the duodenal
bulb, which indicated that the gastric fluid was being propelled
through the narrowed antral lumen. To our knowledge, this is

the first report of ultrasound diagnosis of an antral web
associated with distal antral hypertrophy and prepyloric
stenosis.
Endoscopy is helpful in confirming the presence of an antral
web and in exploring other gastric pathologies such as peptic
diseases, adhesion, and a heterotopic pancreas [1,2,8,11-13].
Endoscopic diagnostic criteria include a diaphragm with smooth
mucosa and an opening of constant size, and normal peristalsis
distal to the web[11]. In this small child, no evidence of peptic
disease could be found on endoscopy. However, distal antral
hypertrophy with poor peristalsis was noted confirming the
ultrasound findings. We postulate that thickening of the distal
antral wall could possibly be ascribed to reactive changes from
the high-pressure inflow generated by the stomach through
the aperture of the antral web. Nevertheless, the endoscope
would be navigated through the distal antral lumen to the
duodenal loop without difficulty once the antral web aperture
was bypassed.
For a symptomatic antral web with gastric outlet obstruction,
surgery remains the primary treatment method[1-5]. Most antral
webs can be managed with a simple incision to excise the web[1,2].
Endoscopic transection or laser lysis of the web has also been
described with satisfactory results[12,13]. However, accurate
preoperative differentiation of an antral web with prepyloric
stenosis from hypertrophic pylorus stenosis is important for
surgical planning[5]. Hypertrophic pyloric stenosis can be
managed by pyloromyotomy[5, 6]. However, as in our patient, in
addition to resection of the web, antropyloroplasty was also
necessitated. With adequate distal antral lumen re-expansion,
this small child enjoyed good recovery with satisfactory body
weight and body height gain.
In summary, this report illustrates that an antral web with
distal antral hypertrophy and prepyloric stenosis may mimic

Tiao MM et al. Antral web with distal antral hypertrophy and prepyloric stenosis

hypertrophic pylorus stenosis on a barium meal study.
Ultrasound study of the stomach after water loading with
appropriate compression can offer a good anatomic delineation
and an accurate preoperative diagnosis of this uncommon cause
of gastric obstruction in a small child.
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Abstract
AIM: To report the use of radiofrequency ablation in the
treatment of recurrent cholangiocarcinoma in the
transplanted liver.
METHODS: A lady who underwent orthotopic liver
transplantation (OLT) for intrahepatic cholangiocarcinoma
recurrence of tumour 13 mo after transplantation inspite
of adjuvant chemotherapy. Her recurrent tumour was
treated with radiofrequency ablation.
RESULTS: She survived for 18 mo following the recurrence
of her tumour.
CONCLUSION: Radiofrequency ablation can be used safely
in the transplanted liver to treat recurrent tumour.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Chola ngiocarcinoma ; Orthotopic liv er
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INTRODUCTION
Intra hepatic cholangiocarcinoma (IHCC) is a primary
adenocarcinoma of the intrahepatic biliary tree. It is the second
most common primary liver cancer after hepatocellular cancer
(HCC)[1]. Although surgical resection is the treatment of choice
affording the best outcome, many patients are unresectable
because of associated advanced liver disease or advanced stage
of the tumour[2-4]. Occasional patients have experienced longterm survival (10% to 20% at 5 years) after orthotopic liver
transplantation (OLT) for cholangiocarcinoma, suggesting that
this procedure has the potential to prolong survival in this
disease[5,6].
However, recurrence rate after OLT is high and there is no
effective treatment for recurrent liver tumour.
We describe a case of IHCC, which underwent OLT for
bilobar disease and had a recurrence after 14 mo. Her recurrent
tumour was treated using chemotherapy and radiofrequency
ablation and the patient survived for 19 mo after recurrence.
This is the first case report of using radiofrequency ablation in

the treatment of recurrent liver tumour after liver transplantation.

CASE REPORT
A 59 year old lady underwent laparoscopic cholecystectomy
for symptomatic gall stone disease in January 1998 at a district
general hospital. During surgery she was found having a single
lesion in left lobe of her liver. Biopsy of the lesion suggested it
to be a metastatic adenocarcinoma. Investigation for the primary
site did not reveal any evidence of primary tumour. The patient
was referred to our unit for further management.
On review of the histology slide in our Pathology Department,
the liver lesion was found to be an intra-hepatic cholangiocarcinoma.
CT, MRI and laparoscopy were carried out to stage the
disease. The staging investigations revealed a bilobar liver
tumor without any evidence of extra hepatic diseases.
She underwent orthotopic liver transplantation (OLT) in May
1999 for her intrahepatic cholangiocarcinoma. Her postoperative
recovery was uneventful and her immunosuppression regimen
consisted of Tacrolimus, mycophenolate and steroids.
After operation, she was started on chemotherapy using 5
flurouracil (200 mg/m2), doxorubicin (10 mg/m2) and mitomycin
(3 mg/m 2) in a 56-d cycle. She received three cycles of
chemotherapy and a follow-up CT scan in January 2000 (7 mo
after OLT) showed no evidence of tumor recurrence in her graft
and her tumour markers (CA 19-9) were within normal limit.
A repeat CT scan in July 2000 (13 mo after OLT) showed 3
lesions in the liver distributed in both lobes of the liver and
ultrasound-guided biopsies of the lesion confirmed it to be a
recurrent cholangiolocarcinoma. She underwent radiofrequency
ablation of her liver tumor under ultrasound guidance.
Result of radiofrequency ablation was monitored using
tumor marker and CT scan. After ablation she was also started
on palliative chemotherapy using epirubicin, cisplatin and 5FU)
which consisted of infusional 5 flurouracil, with three weekly
infusions of cisplatin and intravenous bolus of epirubicin. After
her 2nd cycle of chemotherapy she developed peripheral
neuropathy and renal dysfunction thus epirubicin and cisplatin
were stopped and 5 FU was continued as a single agent. She
received 23 cycles of 5FU.
Her disease was static till October 2001. But in November
her tumor marker started rising and a CT scan done in November
2001 showed multiple lesions in the liver and evidence of portal
vein encasement by the tumor.
She died of the progressive tumor in February 2002.
DISCUSSION
In the age of organ shortage, the role of OLT in cholangiocarcinoma
(CC) treatment is controversial, as its recurrence rate is high. In
a recent report of largest single centre experience of OLT for
CC, the median time to recurrence was 10.6 mo and 77.8% of
patients developed recurrence within 2 years after OLT. The 1and 3- year survival rates were 71% and 35% respectively.
Recurrent tumour was the major cause of death in 40% of
patients[7]. Survival after OLT for cholangiocarcinoma in the
absence of effective adjuvant therapy is discouraging, with an
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average 3-year survival rate of 20%, mainly because of death
from malignant disease relapse[5,6].
The result of OLT for IHCC is not very clear, as there are
not many large series reported. In a series by Pichlmayer et al
[6]
, the median survival time in 18 patients with IHCC after liver
transplantation was 5 mo and the1-year survival rate was 13.9%.
The poor outcome in all series was mainly due to death from
tumor recurrence in the liver. Postoperative chemotherapy alone
or in combination with irradiation therapy could not prolong
survival. The Baylor group reported a disease-free survival rate
of only 13% using this approach, and the University of Pittsburgh
reported a 4-year survival rate of 22%. In our case, tumor recurred
13 mo after OLT although the patient received adjuvant
chemotherapy. As shown in other studies, postoperative adjuvant
therapy is not very effective in preventing recurrence and there
is no effective treatment for recurrent liver tumors.
Radiofrequency ablation (RFA) is a relatively new
technique to ablate local tumors. RFA has been used
extensively to treat primary and metasatic liver tumors[8,9].
RFA has also been used to treat patients with liver tumors
associated with advanced liver diseases waiting for liver
transplantation to prevent tumor growth[10]. The recurrence
after surgical resection of cholangiocarcinoma is also common
and treatment of recurrent cholangiocarcinoma using
radiofrequency ablation has been shown to be effective in a case
report[11]. Our study shows that RFA can also be used to treat local
recurrence of cholangiocarcinoma after OLT. The advantage of
RFA is that it can be repeated and carried out percutaneously.
This study suggests that radiofrequency ablation can be
used safely and effectively in patients with tumor recurrence in
the liver after OLT for cholangiocarcinoma. Probably the use of
RFA can also be extended to treat other recurrent tumors of the
liver after OLT.
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Abstract
A man who developed profound septic shock was treated for

Escherichia coli sepsis of unknown origin. Following
stabilisation, a diagnosis of pylephlebitis (infection and
thrombosis in the portal vein) was made at computed
tomography. A review of the condition, its primary causes,
typical features, investigation and management was presented.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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evidence of appendicular abscess. After blood was taken for
culture, he was commenced on cefuroxime 1.5 g tds.
The patient remained stable but pyrexial, and a CT scan of
the abdomen was performed. This revealed air in the intrahepatic
biliary system (Figure 1), ‘consistent with a prior sphincterotomy’
(radiologist’s report). Further questioning revealed no history
of such a procedure. Meanwhile, Escherichia coli, sensitive to
cefuroxime, was grown from blood cultures. Intravenous
antibiotics were stopped after 7 d. Two days later he deteriorated
and went into sudden and profound septic shock. He was
transferred to intensive care for inotropic support. Liver
function tests deteriorated (alkaline phosphatase 326 IU/L,
aspartate aminotransferase 108 IU/L, but bilirubin normal).
Repeat CT scan of the abdomen on day 14 revealed portal
vein thrombosis. There was no longer air in the biliary tree. In
addition, there were a number of infarcts in the spleen (Figure 2).
Transesophageal echocardiography showed no vegetations.
Magnetic resonance cholangiography demonstrated a dilated
common bile duct, and this was confirmed at endoscopic
retrograde cholangiography, but no stone was identified.
Intravenous antibiotics were rapidly recommenced on ITU,
with the addition of gentamicin and metronidazole. He was
anticoagulated with low molecular weight heparin and warfarin.
His temperature settled, and his liver function normalized. He
was discharged after 6 wk in hospital with oral ciprofloxacin.
He remained well three months after discharge.

INTRODUCTION
The combination of infection and thrombosis within the portal
vein comprises pylephlebitis. The term is generally regarded as
synonymous with portal pyaemia, although the literature is not
cross-referenced. It is a secondary phenomenon, subsequent
to sepsis affecting parts of the gastrointestinal tract drained by
the portal vein, or in structures adjacent to it (e.g., the biliary
tree). Portal vein sepsis was seen more commonly in the preantibiotic era, and although now rare it still carries a high
mortality. We present a case of pylephlebitis in a 71-years-old
man who survived.
Case History
A 71 years old man was admitted with a four-week history of
nausea, vomiting, rigors and mild right iliac fossa pain. His
background history included sigmoid colectomy for diverticular
abscess nine years ago, and tissue aortic valve replacement
with single-vessel coronary artery bypass graft two years prior
to admission. He appeared unwell, had a temperature of 39 ℃,
a blood pressure of 94/60 mmph and a pulse of 100 beats/min.
There was an ejection systolic murmur, but there were no
stigmata of bacterial endocarditis. The right iliac fossa was
tender. Full blood count showed normal haemoglobin,
leucocytosis (13.4×10 9/L) and mild thrombocytopaenia
(platelets 113×1012/L). Blood chemistry showed mild renal
impairment (urea 16.1 mmol/L, creatinine 160 mmol/L) and mild
derangement in liver function (bilirubin 46 mmol/L, alkaline
phosphatase 177 IU/L). Abdominal ultrasound scan showed a
normal biliary tree with no focal liver abnormality and no

Figure 1 Air within the intrahepatic bile ducts [arrow] during
the first CT scan.

Figure 2 Thrombosis within the portal vein [large arrow] during
the second CT scan. A splenic infarct is also seen [small arrow].

Wireko M et al. Unrecognized pylephlebitis causing life-threatening septic shock: a case report

DISCUSSION
Diverticulitis, inflammatory bowel disease (both colitis and
ileitis), appendicitis, intestinal obstruction, infected pancreatic
necrosis, gastric ulceration and sepsis affecting the biliary tree
are all well recognised causes of pylephlebitis. Flexible
sigmoidoscopy has been documented as an antecedent [1].
Thrombophilic disorders are often diagnosed following
presentation with the condition[2]. In a review of reported cases
termed pylephlebitis since 1976, within the antibiotic era,
diverticulitis accounted for 68% of cases. No underlying cause
was found in 32% of cases. Survival was 32%[3].
The diagnosis is made radiologically. Gas in the portal vein,
more commonly seen in cases of fulminant abdominal sepsis or
trauma, has been reported in pylephlebitis (a patient with
Crohn’s ileitis and abscess[4]). ‘Hepatic-portal venous gas’ may
be seen on plain x-ray as branching radiolucency in the liver
extending to within 2 cm of the capsule[5]. Intra hepatic thrombosis
or gas is more usually seen at CT scanning. Gut associated
organisms such as Escherichia coli or Klebsiella pneumoniae,
or anaerobic Bacteroides species are usually cultured from the
blood, polymicrobial cultures are characteristic. Management
comprises appropriate antibiotic prescribing and resection or
drainage of any primary septic source. Prolonged antibiotic
courses are required to treat infection within the thrombus.
Anticoagulation is usually done; however, its benefits have not
been proven in terms of survival[2]. Complications include venous
infarction of the bowel (the main rationale for anticoagulation),
hepatic abscess formation and portal hypertension.
In this case the presence of intestinal sepsis was not confirmed,
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although it is quite possible given his previous resection that
he had further significant diverticular disease. Gas in the biliary
tree would seem to indicate either a disrupted sphincter of
Oddi, or the presence of gas forming organisms; however, no
evidence of choledocholithiasis was found, and no pus was
seen at endoscopic examination. He may have had cholangitis
and passed a stone prior to the first CT scan. The underlying
cause in this case remains unconfirmed.
In conclusion, pylephlebitis is a rare condition associated
with multiple clinical conditions and a high mortality rate. It
should be considered if sepsis due to gut-associated organisms
recrudesces in the absence of an overt abdominal source.
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Greek), related coefficient as r(in italics), degree of freedom as  (in
Greek), sample number as n(in italics), and probability as P(in italics).
Units
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Italicization
Quantities: t time or temperature, c concentration, A area, l length, m
mass, V volume.
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Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

*F=9.87, §F=25.9,
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

45

#

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals

High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence

10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01 (no note
if P>0.05). If there 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.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Hepatic cirrhosis is a common disease that poses a serious
threat to public health, and is characterized by chronic,
progressive and diffuse hepatic lesions preceded by hepatic
fibrosis regardless of the exact etiologies. In recent years,
considerable achievements have been made in China in
research of the etiopathogenesis, diagnosis and especially
the treatment of hepatic fibrosis, resulting in much improved
prognosis of hepatic fibrosis and cirrhosis. In this paper,
the authors review the current status of research in hepatic
fibrosis, cirrhosis and their major complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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ETIOLOGY OF HEPATIC CIRRHOSIS
In China, virus hepatitis B and C remain the primary etiological
factors for hepatic cirrhosis, and a recent increase in alcoholic
cirrhosis has also been noted [1,2]. But in the past years,
approximately 25% to 40% of HBsAg-, antiHBc and antiHBepositive cases failed to receive due attention[3] for the potential
risk of hepatic cirrhosis, and carcinoma in relatively rare cases.
With the development of public hygiene, schistosomal liver
cirrhosis has greatly decreased, and other etiologies such as
biliary cirrhosis, hemochromatosis and Wilson’s disease are
now hardly seen.
STUDY ON HEPATIC FIBROSIS
Hepatic fibrosis is a reversible pathological process[4] and
chronic hepatic disease has become a widespread concern of
researchers. Recently, significant results have been obtained
in research of the pathogenesis of hepatic fibrosis in view of the
role of hepatic stellate cells (HSCs)[5-7], formation of extracellular
matrix (ECM), hyperoxidation, cytokine network, Na + /H+
exchange pump and calcium channel.
Pathogenic mechanism of hepatic fibrosis
HSCs, the main source of ECM[8,9], play important roles in the
formation of hepatic fibrosis[2,12-16]. Pathogenic research of
hepatic fibrosis is now focused on the following respects:

peroxidation mechanism, cytokine network, signal transduction
pathways, and cell apoptosis, as examined briefly in the
following.
Peroxidation mechanism Chronic hepatic damage by
inflammation, toxins, immunity, and malnutrition, etc.,can
activate HSCs. The process of activation is closely related to
peroxidation [10-13]. It has been shown that lipid peroxidation
occurs in injured hepatic cells[14], which may further activate
HSCs. In the event of hepatic inflammatory reaction, neutrophilic
granulocytes are the main source of reactive oxygen species
(ROS)[15] that have been proved to be able to promote HSC
activation and proliferation in vitro[16]. Some anti-oxidants can
inhibit the activation of HSCs, suggesting that peroxidation
accompanies the progression of hepatic fibrosis.
Cytokine network Kupffer cells can initiate the progress of
hepatic fibrosis[17]. After being activated, Kupffer cells release
a variety of cytokines closely related to hepatic fibrosis such
as transforming growth factors (TGF) and , tumor necrosis
factor (TNF), interleukin-1 ( IL-1) and platelet-derived growth
factor (PDGF). In addition, Kupffer cells, which can be regarded
as important “coefficients”, help maintain the kinetic equilibrium
of hepatic fibrosis, and mediate the feedback mechanism of
some biological messages during the progression of hepatic
fibrosis. HSCs have both paracrine and autocrine functions,
the activation of which can be triggered via a reaction cascade
of cytokines and biochemical factors[18-20]. Two major changes
occur after the activation of HSC, that is, proliferation and
phenotypic transition[21]. PDGF and TGF1 play an important
role in the proliferation and transformation of HSCs[22]. The key
role of PDGF, a most effective mitogen during the synthesis of
HSC DNA[23], is to convert HSC from G0 to G1 and S phases,
whereas TGF1 promotes the synthesis of collagen and
inhibitors of tissue metalloproteinases (TIMPs) in activated
HSCs[24]. Moreover, PDGF and TGF1 can interact with each
other. PDGF is capable of inducing HSCs to express and secrete
PDGF receptors. PDGF and TGF1 can also interact with IL-1
and TNF[25], leading to the formation of cytokine network
with HSCs at the crucial center.
Na+/H+ exchange pump and calcium/calmodulin Messages in
cytokines could pass to HSC nuclei through the membrane or
intracellular pathways. Svegliati Baroni et al[14] found that the
HSCs exposed for 24 h to the culture medium of hepatocytes
subjected to oxidative stress could increase the proliferation of
HSCs and accumulation of collagen I. The mechanism is related
to the increased intracellular pH of HSCs and enhanced
activation of Na+/H+ exchanger. Actually, Na+ influx is the key
element that initiates the proliferative reaction[26]. PDGF can
activate Na+/H+ exchanger by activating IP3-calcium/calmodulin
and protein kinase C[27]. Synthesis of ECM promoted by TGF1
may be modulated by the activity of calcium channel [28].
Therefore, activation of IP3-calcium/calmodulin-Na+/H+ exchanger
in succession induces proliferation of HSCs and synthesis of
ECM, which serves as the theoretical basis for therapy of hepatic
fibrosis.
HSC apoptosis Concerning the apoptosis of HSCs, consensus
has been reached over the occurrence of HSC apoptosis, which
takes place in -SMA-positive but not static HSCs, in parallel
with phenotypic transition[29]. CD95 (APO-1/Fas) receptor and
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its ligand have been recognized for their important role in
inducing HSC apoptosis[30], and the therapeutic strategy against
hepatic fibrosis is maneuvered to target at promoting the
apoptosis of HSCs. Realization that activation is the premise of
apoptosis of HSCs is not meant to confirm the seemingly natural
cause-effect relationship between monophasic HSC activation
and apoptosis, and the reversibility of phenotype transformation
of HSCs is still worthy of further exploration.

Diagnosis of hepatic fibrosis
Currently, the diagnosis of hepatic cirrhosis depends mainly
on needle biopsy of the liver, and ultrasonic examination can
hardly define the degree of hepatic fibrosis. Through consistent
effort, researchers have made encouraging progress in
serological diagnosis of hepatic cirrhosis[31-34].
Pathological diagnosis In May 1995, the Prevention and
Treatment of Virus Hepatitis was revised at the 5th Congress
of Parasite and Infectious Diseases, and chronic hepatitis was
then classified into mild, moderate and severe degrees and
pathologically graded into G0-G4 degrees and S0-S4 stages.
Wang et al[35], after observing 1 000 hepatic biopsy specimens,
proposed a classification protocol of the inflammatory activity
and fibrosis, which was an improved version of the criteria
given by Knodell et al[36] and Chevallier et al[37]. This protocol
has now been accepted in clinical practice.
Serological diagnosis Needle biopsy of the liver has its inherent
limitations in diagnosis and curative effect assessment [38].
Currently, great progress has been made in the serological
diagnosis of hepatic fibrosis[39,40]. Many useful indices have
been set up to reflect the metabolism of ECM, including PCIII/
PIIIP, CIV, PIIIP, and LN[41,42], of which HA is the most sensitive.
CIV, the main ingredient of basal membrane, was found to
elevate during capillarization of the hepatic sinusoid. After
comprehensive analysis, HA and CIV were established as the
most significant indices during S3 and S4 stages[38]. Our hospital
developed a “quadruple detection” protocol combining CIV,
PIIIP, LN and HA, which proved to be highly specific and
sensitive. However, its value should not be overemphasized
while comprehensive judgment is still needed including that
derived from biochemical examinations.
Treatment of hepatic fibrosis
So far, no satisfactory treatment protocol with western drugs is
available for hepatic fibrosis because of their severe side effects.
Meanwhile, we have obtained promising results with traditional
Chinese medicines, and a number of drugs have been found to
reverse the progression of hepatic fibrosis. Antifibrotic therapy
targets at the inhibition of HSC proliferation [43-46], cytokine
activity[47-49] and ECM degradation. Calmodulin antagonists
belong to HSC proliferation inhibitors, working to inhibit the
pathway of IP3-calcium/calmodulin-Na+/H+ exchangers, but
relevant studies[50-52] conducted in China have so far achieved
no significant breakthrough in this aspect. The apoptosis of
HSC was another interest of study in recent years[31-33,53-55].
Gene therapies using antisense oligonucleotides, nucleases
and gene carriers promise optimistic results of treatment, but
the problems of gene targeting and expression modulation have
yet to be solved. Studies have shown that traditional Chinese
medicines can inhibit the deposition of collagen fibers[56-63]
and promote the reversion of fibrosis, which was also confirmed
by experimental evidence that Radix Salviae Miltiorrhizae,
Radix Angelicae Sinensis, Radix Astragali seu Hedysari, Radix
Paeoniae Rrbra, Semen Persicae, Hirudo, Flos Carthami,
Radix Notoginseng, Rhizoma Sparganii, Rhizoma Zedoariae,
etc could obviously inhibit the formation of collagen fibers.
The agent 861[56,59], Qianggan capsule, Fuzhenghuayu 319[58],
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Dahuangzhechong pill[59], Yigan infusion[60], and the traditional
Chinese medicinal formula Xiaochaihu decoction etc., could
eliminate clinical symptoms, improve liver function, decrease
liver collagen content and improve the histologic picture of the
liver without obvious side effects, all of which seem to suggest
a bright future of traditional Chinese medicine in treating hepatic
fibrosis. Problems, however, do exist in traditional Chinese
medicines, in the standardization and purification methodology.
Currently no standardized criteria are available to compensate
for the geographical variation in the content of effective
components of drugs, and the methods of harvest and
refinement are also controversial. The methodology employed
for animal experiments needs standardization, and strict doubleblind, multi-center studies have yet to be performed.

STUDY OF LIVER CIRRHOSIS
In China, histological diagnosis of liver cirrhosis is not a
universal practice and liver puncture is performed in a very
small portion of patients suspected of the disease. The clinical
diagnosis of liver cirrhosis still depends on the presence of
enlarged and hardened liver and spleen, and manifestations of
portal hypertension. Non-invasive B type ultrasound provides
a convenient means for the diagnosis of liver cirrhosis, the
typical manifestations of which include sharp or wave-like
margins of the liver and disproportional right and left lobes of
the liver with uneven echoes from the hepatic parenchyma. The
indirect signs include enlarged spleen, dilated portal (>1.4 cm)
or splenic veins (>0.9 cm) and ascites. The treatment of cirrhotic
patients is directed against the complications including ascites,
gastrointestinal bleeding, spontaneous bacterial peritonitis
(SBP), hepatorenal syndrome, hepatic encephalopathy,
cirrhosis-induced carcinoma and thrombosis, etc. Current
interests of research are devoted predominantly to bleeding
gastroesophageal varices, early diagnosis of SBP, recognition
and treatment of subclinical hepatorenal syndrome, treatment
of ascites especially refractory ascites, diagnosis of subclinical
hepatoencephalopathy, early detection of liver cancer, and
hypertensive gastrointestinal diseases.
Esophageal variceal bleeding (EVB)
Critical factors and prediction of EVB Degree of liver damage,
size of varices, endoscopic red color signs and elevated portal
vein pressure (PVP) or hepatic vein pressure gradient (HVPG)
are the major risk factors for bleeding[64]. In China, patients
with PV≥1.70 cm, SPV≥1.20 cm and EV≥6.0 mm especially
those with red color signs are at high risk for bleeding[65]. Impaired
liver function is the dominant factor threatening bleeding, as
the blood flow rate in cases of extrahepatic hypertension with
normal liver function, in spite of the presence of severe varices
and higher PVPs, is decidedly lower than that in liver cirrhosis
patients with portal hypertension[66]. The more relevant factors
are the red color signs on the varices seen on endoscopy and
hemodynamic changes with portal pressure[67]. Recently, much
attention has been paid to bacterial infection for its potential to
cause bleeding[68-70], possibly because in patients with severe
varices and a high esophageal wall tension, the release of
endotoxin into the systemic circulation during the episodes of
bacterial infection resulted in a further increase in the portal
pressure induced by endothelin and possibly vasoconstrictive
cyclo-oxygenase products. The subsequent contraction of HSC
caused a rise in intrahepatic vascular resistance. Furthermore,
endotoxin-induced nitric oxide and prostacyclin, and
prostacyclin induced by endothelin could inhibit platelet
aggregation, which may result in further deterioration of the
already existent bleeding[64].
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Strategies of management Correct use of Sengstaken-Blakemore
tube, knot and sclerosis of esophageal varices, and uses of
new hemostatics such as somatostatin and thrombin, have
improved the prognosis of EVB[71-74]. The rebleeding and
mortality rates have been greatly reduced by use of -receptor
blockers as the first-line drugs; the combination of -receptor
blockers, calmodulin antagonists, and nitroesters can enhance
the efficacy; vasopressin should be used with nitroglycerin or
to reduce the side effects, somatostatin and octreotide are better
options than vasopressin and have no obvious side effects.
Traditional Chinese herbal drugs such as Radix Salviae
Miltiorrhizae, Radix Angelicae Sinensis, may promote the
blood flow and remove blood stasis, and are effective for
lowering the PVP and HVPG. The slow but relatively longlasting effects of the herbal drugs help prevent bleeding[75,76].
Sclerosis and knot of the varices also effectively prevent the
primary bleeding and decrease the rate of rebleeding. Portosystemic shunt, however, is not recommended for the prevention
of the primary bleeding. TIPSS could prevent the primary
bleeding, but the rebleeding rate and long-term effect need
further assessment.

Refractory ascites and hepatorenal syndrome
The ascites in cirrhotic patients usually indicates the progression
of the disease into the decompensatory stage. Patients with a
small amount of ascites should receive active and adequate
treatment when they respond favorably to diuretics and have
sufficient renal function without electrolyte disturbance. Rest,
restricted salt intake, protein-rich food or application of herbal
drugs that promote blood flow, removing stasis, invigorating
the spleen and refreshing Qi (such as Rhizoma Alismatis,
Polyporus Umbellatus, Semen Plantaginis and the preparation
of Weiling decoction), could help eliminate the ascites. For
patients with a large amount of ascites that failed to be resolved
by exclusive use of traditional Chinese drugs, spirolactone
should be given with short-term use of dihydrochlorothiazide.
Diuretic abuse should be avoided for potential drastic reduction
in systemic blood volume and development of hepatorenal
syndrome. Close relationship has been identified between
ascites and renal function. Patients with refractory ascites are
often characterized by increased resistance index (RI) of the
interlobar and cortical vessels in comparison with patients with
responsive ascites. The RI decreases physiologically from the
hilum of the kidney to the outer parenchyma in healthy subjects
and patients with responsive ascites, but this difference
vanishes in patients with refractory ascites[76]. Examination of
renal blood distribution may help identify hepatorenal syndrome
at early stages and make correct therapeutic decisions on
responsive ascites. In clinical practice, elimination of ascites
should be considered in line with the evaluation of the renal
function. Spontaneous ascites discharge with intravenous
albumin[77] or dextran infusion[78] and ascites autoperfusion[79]
have achieved good results. Close monitoring of the renal
function needs to be carried out when attempt is made to lower
the portal pressure and eliminate the ascites. Radionuclide renal
dynamic imaging can be performed for diagnosis of subclinical
hepatorenal syndrome[80], and a thorough understanding of
the status of the renal blood dynamics and perfusion of the
glomeruli may hold much significance for the prognosis of
hepatorenal syndrome and refractory ascites.
Splanchnic hyperdynamics and SBP
Most cirrhotic patients suffer from disturbance of the intestinal
flora. The overgrowth of aerobic Gram-negative bacteria may
play an important role in endotoxemia[81]. The diagnosis of SBP
is based mainly on the results of cell counting, and differential
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or bacterial culture of the ascites greatly helps the description
of SBP. So far, the knowledge about endotoxemia, endothelin
and NO has revealed a new scope of splanchnic hyperdynamics
and SBP: endotoxin evokes the release of endothelin, which in
turn increases the PVP, and promotes the synthesis of NO and
other vasodilators such as VEGF[82] derived from the residue
cells induced by IL-1 and TNFas well. These dilators cause
the dilation of the splanchnic vascular beds, and the arterioles
and microarteries are especially responsive to these substances,
to result in the decreased blood RI followed by lowered blood
pressure and increased heart output. This low RI and
hyperdynamics, along with the high CI and low blood flow
velocity[76] at the portal system, are further deteriorated by SBP,
resulting in variceal bleeding for more elevated PVP and heat
shock or hepatorenal syndrome. Close relationship was found
among the four episodes: SBP, portal hypertension with
splanchnic hyperdynamics, esophageal venous bleeding and
hepatorenal syndrome. For those who were not responsive to
diuretics, diagnostic abdominocentesis and bacterial culture
should be performed even in the absence of abdominal signs
of SBP. The treatment of SBP include (1) strengthening the
trophotherapy, (2) using antibiotics according to the bacterial
culture, (3) treatment with intravenous antibiotics for more than
7 d or continuous use for 3-6 d after the abdominocentesis
becomes negative, and (4) intravenous antibiotics combined
with ascites discharge and intraperitoneal injection of drugs,
which may produce better effect than exclusive use of
intravenous antibiotics.

Hepatic encephalopathy
Severe liver diseases may lead to functional disturbance of the
central nervous system with a high mortality rate, which can be
relieved by early detection of the condition. In recent years,
the diagnosis of subclinical hepatic encephalopathy has
witnessed great improvement in China. The examination of
nerve-evoked potentials offers a means of objective and
sensitive diagnosis of the disease[83]. Several factors may
contribute to the occurrence of encephalopathy, including (1)
blood accumulation in the intestines after bleeding or intake of
substances containing nitrogen, (2) water and electrolyte
disturbance for iatrogenic reasons, (3) endotoxemia and
infections, (4) Helicobacter pylori (H pylori) infection, (5) use
of anesthetics or sedatives, and (6) decompression of the portal
vein such as by TIPSS or porto-systemic shunt. Elimination of
these factors may reduce or even prevent the occurrence of
encephalopathy. When the disease occurs, treatments with
defecation and intestinal acidification, use of arginine or
glutamate, branch-chain amino acids, and levodopa are often
effective. Antibiotics for H pylori can be used to reduce the
absorption of ammonia from the intestine for treatment of hepatic
encephalopathy.
Others
Ultrasonic examination and AFP dynamic methods are reliable
for early diagnosis of primary liver cancer. Hepatic arterial
radiography, CT and needle biopsy should be used in
suspect ed ca ses t o r ai se th e di a gn ost ic a ccura cy.
Gastrointestinal disease with portal hypertension is no longer
a concept of simple pathology, but a disease with specific
clinical and endoscopic presentations secondary to liver
cirrhosis[84-86]. Low blood oxygen capacity in liver cirrhosis,
or hepatopulmonary syndrome, is closely related to the
portopulmonary shunt, inflammation of the lungs, hydrothorax
and atelectasis at the base of the lung [87]. Hepatic hydrothorax
is most often found on the right side of the pleural cavity, but so
far its causes have not been fully understood. Hypoalbuminemia
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could accelerate the formation of hydrothorax in cirrhotic cases.
Budd-Chiarry syndrome, which is found much more frequently
than ever, is likely to be confused with liver cirrhosis. Color
Doppler ultrasound or infravenacavography, if necessary,
could identify most of the causes of the disease. It is worth
noticing that splanchnic hyperdynamics and hypoalbuminemia
may lead to hepatic myocardiopathy and heart insufficiency[88].
We believe that the incidence of liver cirrhosis can be lowered
with its prognosis improved, when more effort is made in
research of the complex mechanism of fibrosis and cirrhosis
and their molecular biology, serological diagnosis, complications
in relation to liver cirrhosis, application of integrated Chinese
and western medicine, and especially the study of the curative
mechanism of Chinese herbs, their serological pharmacology
and the extraction of effective components.
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Abstract
AIM: To investigate the expression of mitogen-activated
protein kinases (MAPKs) and its upstream protein kinase
in human gastric cancer and to evaluate the relationship
between protein levels and clinicopathological parameters.
METHODS: Western blot was used to measure the expression
of extracellular signal-regulated kinase (ERK)-1, ERK-2, ERK-3,
p38 and mitogen or ERK activated protein kinaseMEK-1
proteins in surgically resected gastric carcinoma, adjacent
normal mucosa and metastatic lymph nodes from 42 patients.
Immunohistochemistry was employed for their localization.
RESULTS: Compared with normal tissues, the protein levels
of ERK-1 (integral optical density value 159 526±65 760 vs
122 807±65 515, P = 0.001), ERK-2 (168 471±95 051 vs
120 469±72 874, P<0.001), ERK-3 (118 651±71 513 vs
70 934±68 058, P <0.001), P38 (104 776±51 650 vs
82 930±40 392, P = 0.048) and MEK-1 (116 486±45 725 vs
101 434±49 387, P = 0.027) were increased in gastric
cancer tissues. Overexpression of ERK-3 was correlated to
TNM staging [average ratio of integral optic density (IOD)tumor:
IOD normal in TNM I, II, III, IV tumors was 1.43±0.34,
5.08±3.74, 4.99±1.08, 1.44±1.02, n = 42, P = 0.023] and
serosa invasion (4.31±4.34 vs 2.00±2.03, P = 0.037). In
poorly differentiated cancers (n = 33), the protein levels of
ERK-1 and ERK-2 in stage III and IV tumors were higher
than those in stage I and II tumors (2.64±3.01 vs 1.01±0.33,
P = 0.022; 2.05±1.54 vs 1.24±0.40, P = 0.030). Gastric
cancer tissues with either lymph node involvement (2.49±2.91
vs 1.03±0.36, P = 0.023; 1.98±1.49 vs 1.24±0.44, P = 0.036)
or serosa invasion (2.39±2.82 vs 1.01±0.35, P = 0.022;
1.95±1.44 vs 1.14±0.36, P = 0.015) expressed higher
protein levels of ERK-1 and ERK-2. In Borrmann II tumors,
expression of ERK-2 and ERK-3 was increased compared
with Borrmann III tumors (2.57±1.86 vs 1.23±0.60, P = 0.022;
5.50±5.05 vs 1.83±1.21, P = 0.014). Borrmann IV tumors
expressed higher p38 protein levels. No statistically
significant difference in expression of MAPKs was found
when stratified to tumor size or histological grade (P>0.05).
Protein levels of ERK-2, ERK-3 and MEK-1 in metastatic
lymph nodes were 2-7 folds higher than those in adjacent
normal mucosa. The immunohistochemistry demonstrated

that ERK-1, ERK-2, ERK-3, p38 and MEK-1 proteins were
mainly localized in cytoplasm. The expression of MEK-1 in
gastric cancer cells metastasized to lymph nodes was
higher than that of the primary site.
CONCLUSION: MAPKs, particularly ERK subclass are
overexpressed in the majority of gastric cancers.
Overexpression of ERKs is correlated to TNM staging, serosa
invasion, and lymph node involvement. The overexpression
of p38 most likely plays a prominent role in certain
morphological subtypes of gastric cancers. MEK-1 is also
overexpressed in gastric cancer, particularly in metastatic
lymph nodes. Upregulation of MAPK signal transduction
pathways may play an important role in tumorigenesis and
metastatic potential of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; Mitogen-activated protein kinase;
Extracellular signal-regulated kinase; Signal transduction
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INTRODUCTION
The incidence and mortality of gastric cancer have decreased
markedly since 1930s[1]. This decrease is mirrored worldwide,
but it is comparatively higher in Japan, China, Chile, and Ireland.
Gastric cancer still is the leading cause of cancer-related deaths
in China[2].
Surgical removal with resection of adjacent lymph nodes
offers the only chance for cure, which is less than 33% of
patients with gastric cancer. The five-year survival rate is 30-40%
with a poorer prognosis of advanced tumors[3-5]. Thus far, current
treatments have largely been unsuccessful. Therefore it is
critical to further elucidate the etiological factors and molecular
mechanism for the pathogenesis of gastric cancer.
Mitogen-activated protein kinases (MAPKs) are serine/
threonine kinases activated in response to a variety of external
signals. Three major subclasses of MAPKs, namely,
extracellular signal-regulated kinase (ERK), c-Jun NH2-terminal
kinase (JNK), and p38 have been identified[6,7]. Various receptor
tyrosine kinases, cytokine receptors, G proteins and oncogene
products can activate MAPKs through phosphorylation by
mitogen activated protein kinase or ERK-activated protein
kinase (MEK)[8-10]. Thus, MAPKs are proposed to be a critical
integrator of various signaling transduction systems and
involved in various cellular processes including cell
proliferation, differentiation, apoptosis, and transformation[6,7].
Constitutive activation of these signaling cascades has been
noted in the malignant transformation of various cell lines[11,12]
and implicated in carcinogenesis and metastatic potential of
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human cancers[13-15]. The purpose of this study was to investigate
the expression of MAPKs and its upstream regulating signals in
human gastric cancer and to evaluate the relationship between
protein levels and clinicopathological parameters.

MATERIALS AND METHODS
Materials
Immobilon P PVDF membranes for Western blot were purchased
from Millipore (Bedford, MA), and X-ray film was purchased
from Eastman Kodak (Rochester, NY). Antibodies to ERK-l (sc-94),
ERK-2 (sc-154), ERK-3 (sc-155), p38 (sc-535) and MEK-1 (sc-219)
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
The enhanced chemiluminescence (ECL) system for Western
immunoblot analysis was purchased from Amersham (Arlington
Heights, IL). The concentrated protein assay dye reagent was
purchased from Bio-Rad Laboratories (Hercules, CA). All other
reagents were of molecular biology grade and purchased from
either Sigma or Amresco (Solon, OH).
Tissue procurement and whole cell extracts
Primary gastric adenocarcinomas, adjacent (5 to 10 cm from the
primary site) normal mucosa and metastatic lymph nodes were
obtained from 42 continuously enrolled patients undergoing
elective radical gastrectomy at the Peking University People’s
Hospital from July 1998 to January 2000. Resected tissues were
immediately flash frozen with liquid nitrogen. Tumors were
cl assi fied according to t he h istological subgroups
recommended by the World Health Organization (WHO) and
staged by the TNM system.
Tissues were homogenized on ice in RIPA lysis buffer
(50 mmol/L NaCL, 50 mmol/L Tris, pH 7.4, 0.5% NP-40, 1 mmol/L
EDTA, 1 mmol/L dithiothreitol, 1 mmol/L Na3VO4, 1 mmol/L
phenylmethylsulfonyl fluoride, 1 mmol/L NaF, 1 ug/mL
aprotinin, 1 ug/mL leupeptin). Cell extracts were then clarified
by centrifugation (for 30 min at 12 000 g) and protein concentration
was determined using the method of Bradford[16].
Western blotting
Western blotting was performed as described previously[17].
Briefly, whole cell lysates (50 ug) were denatured in SDS sample
loading buffer (50 mmol/L Tris, pH 6.8, 100 mmol/L DTT, 2%
SDS, 0.1% bromophenol blue, 10% glycerol) and fractionated on
a 10% SDS-polyacrylamide gel. Proteins were electroblotted to
Immobilon-P PVDF membranes. Filters were probed overnight
at 4 ℃ in blocking solution (TBS containing 5% non-fat dried
milk, 0.1% Tween 20) followed by an incubation for 3 h with the
primary antibody. Filters were then washed in blocking solution
and incubated with a horseradish peroxidase-conjugated
donkey anti-rabbit immunoglobulin G (IgG) as a secondary
antibody for 1 h. After 4 final washes, the immune complexes
were visualized using ECL detection. ERK-1, ERK-2, ERK-3,
p38 and MEK-1 expression in tumor and paired normal mucosae
were quantitated by densitometry to obtain an integral optic
density (IOD) value.
Immunohistochemical staining
In brief, sections (5 m thick) placed on silane-coated slides
(Muto Pure Chemicals, Sigma, Co. USA) were deparaffinized,
rehydrated and then pretreated with 3% H2O2 in methanol for
20 min at 25 ℃ to quench the endogenous peroxidase activity.
The sections were then placed in 10 mmol/L citrate buffer
(pH 6.0) and heated in a microwave oven (400 W) for 10 min to
facilitate antigen retrieval. Subsequently, the sections were
incubated with 10% goat non-immune serum-3% BSA in PBS at
room temperature for 60 min to block the nonspecific binding
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and then incubated with primary antibodies for 1 h. The sections
were then incubated at room temperature with the secondary
antibodies (biotinylated goat anti-rabbit IgG; Dako, Denmark)
followed by incubation with avidin-biotin-peroxidase
complex (Dako, Denmark), labeled with peroxidase and
colored with diaminobenzidine substrate. Sections of gastric
adenocarcinoma, confirmed to overexpress the protein of
interest, were used as positive controls. No primary antibody
was used as negative control.

Statistical analysis
Paired-samples t test was used to analyze the difference in
MAPKs expression between cancer tissues and normals. Either
independent-sample t test or one-way ANOVA was used to
analyze the relationships between IODtumor/IODnormal ratios and
clinicopathological characteristics. All analyses were performed
with the SPSS statistical software (Ver. 9.0). P values less than
0.05 were considered statistically significant.
RESULTS
Expression of ERK-1, ERK-2, ERK-3, p38 and MEK-1 in gastric cancer
To determine whether ERK-1, ERK-2 or ERK-3 was overexpressed
in gastric cancer, 42 gastric cancer tissues and adjacent normal
mucosa were examined by Western blot. The protein levels of
ERK-1, ERK-2 and ERK-3 were increased in gastric cancer tissues
compared with adjacent normal mucosa (P<0.001, Table 1). ERK-1,
ERK-2 and ERK-3 were overexpressed, as defined by an
IODtumor/IODnormal ratio >1.3, in 22, 22 and 27 cases of gastric
cancer, respectively (Figure 1). The average protein levels of
ERK-1, ERK-2 and ERK-3 in gastric cancer were 2.10, 2.04 and
3.85 folds higher than those in adjacent normal mucosa,
respectively. Because parts of our samples were used up in
previous experiments, the expressions of p38 and MEK-1 were
detected in 30 gastric cancers. The protein levels of p38 (P = 0.048)
and MEK-1 (P = 0.027, Table 1) were increased in gastric cancer
tissues compared with adjacent normal mucosa. MEK-1 and
p38 were overexpressed in 14 and 12 cases of gastric cancer,
respectively (Figure 1). The average protein levels of p38 and
MEK-1 in gastric cancer were 1.71 and 1.31 folds higher than
those in adjacent normal mucosa, respectively.
Table 1 Integral optical density value of gastric cancer and
adjacent normal mucosa (mean±SD)
IOD value
Items
ERK-1
ERK-2
ERK-3
P3 8
MEK-1

n
42
42
42
30
30

Gastric cancer

Normal mucosa

159
168
118
104
116

122 807±65 515
120 469±72 874
709 34±68 058
829 30±40 392
101 434±49 387

526±65
471±95
651±71
776±51
486±45

760
051
513
650
725

t

P

3.658
4.758
5.065
2.064
2.160

0.001
<0.001
<0.001
0.048
0.027

Relationships between expressions of ERK-1, ERK-2, ERK-3,
p38, MEK-1 and clinicopathological characteristics
When stratified to clinicopathological parameters, expression
of ERK-2 and ERK-3 was be increased in Borrmann II tumors in
comparison to Borrmann III or Borrmann IV tumors (2.57±1.86
vs 1.23±0.60, P= 0.022;5.50±5.05 vs1.83±1.21, P= 0.014). The protein
levels of ERK-3 were higher in stage II and stage III tumors than
those in stage I and IV tumors (average ratio of IODtumor :
IODnormals in TNM I, II, III, IV tumors was 1.43±0.34, 5.08±3.74,
4.99±1.08, 1.44±1.02, n = 42, P = 0.023). Stage III tumors trended to
express higher levels of ERK-1 and ERK-2 proteins, but no
statistically significant difference was found (P>0.05).
Gastric cancer tissues with serosa invasion expressed higher
protein levels of ERK-3 (4.31±4.34 vs 2.00±2.03, P = 0.037).
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serosa invasion expressed higher protein levels of ERK-1 and
ERK-2 (P<0.05). No statistically significant difference in ERK
expression was found when stratified to tumor size or
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No statistically significant association was found between
the IODtumor/IODnormal ratio of p38 or MEK-1 proteins when
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staging of patients. However in Borrmann IV cancers, there
was an increase in p38 expression compared with Borrmann II
(3.83±4.43 vs 1.64±1.21, P = 0.039) and Borrmann III tumors
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Figure 1 Assessment of ERK-1, ERK-2, ERK-3, p38 and MEK1 expression by Western blot. A: Expression of ERK-1 in
gastric carcinoma; B: Expression of ERK-2 in gastric
carcinoma; C: Expression of ERK-3 in gastric carcinoma; D:
Expression of p38 in gastric carcinoma; E: Expression of MEK1 in gastric carcinoma. Rabbit polyclonal anti-ERK-1, antiERK-2, anti-ERK-3, anti-p38 and anti-MEK-1 antibodies were
used to recognize the 44 ku, 42 ku, 63 ku, 41 ku, and 41 ku
isoforms respectively.

Interestingly, in 33 cases of poorly differentiated cancer,
the protein levels of ERK-1 and ERK-2 in stage III and IV tumors
were higher than those in stage I and II tumors (Table 2, P<0.05).

Expression of MAPKs and MEK-1 in metastatic lymph nodes
Although the cellular content of metastatic lymph nodes was
heterogenous, we found that the overall expression of ERK-2,
and ERK-3 was still increased (Figure 1 and Table 3). The
average protein levels of ERK-2 and ERK-3 in metastatic lymph
nodes were 1.68 and 6.89 folds higher than those in adjacent
normal mucosa in 14 paired samples, respectively.
Metastatic lymph nodes expressed higher levels of MEK-1
protein when compared with normal mucosa and primary sites
(P<0.05, Figure 1 and Table 3). The average protein level of
MEK-1 in metastatic lymph nodes was 2.09 folds higher than
that in adjacent normal mucosa in 12 paired samples. The protein
level of p38 was not increased in metastatic lymph nodes in
comparison to normal mucosa or primary sites (P>0.05).
Immunohistochemical staining
Immunohistochemistry of gastric carcinomas and normal
mucosa demonstrated that ERK-1, ERK-2, ERK-3, p38 and MEK1
proteins were localized in the cytoplasm. Gastric cancer cells
expressed higher levels of these proteins compared with
adjacent normal mucosa. In particular, the expression of MEK-1
in metastatic gastric cancer cells localized in lymph nodes was
higher than that of the primary sites (Figures 2A-D).

Table 2 Relationship between ERK1/2 expression and clinicopathological characteristics in poorly differentiated gastric cancers
(mean±SD)
Items

ERK1

n
T:N ratio

1

ERK2
1

F (t)

P

T:N ratio

2.505

0.022

1.24±0.40

F (t)

P

2.297

0.030

2.191

0.036

2.585

0.015

0.309

0.760

1.169

0.338

TNM stage
I, II

11

1.01±0.33

III, IV

22

2.64±3.01

+

24

2.49±2.91

-

9

1.03±0.36

+

26

2.39±2.82

-

7

1.01±0.35

<5 cm

19

1.97±2.30

>5 cm

14

2.27±2.96

I

5

1.27±0.53

II

22

2.17±1.64

2.96±3.27

III

12

1.30±0.68

1.02±0.37

IV

3

1.38±0.19

1.59±0.20

2.05±1.54

Lymph node involvement
2.421

0.023

1.98±1.49
1.24±0.44

Serosa invasion
2.428

0.022

1.95±1.44
1.14±0.36

Tumor size
0.323

0.749

1.72±1.31
1.86±1.39

Borrmann classification

1

Average ratio of IODtumor: IODnormals.

1.420

0.257

0.96±0.22
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Figure 2 Assessment of MEK-1 expression in human gastric cancer, adjacent normal mucosa, and metastatic lymph nodes by
immunohistochemical staining. Magnification, A-C, ×200; D, ×100. A: Expression of MEK-1 in primary sites; B: Expression of
MEK-1 in normal mucosa; C, D: Expression of MEK-1 in metastatic lymph nodes.
Table 3 Expression of ERK-1, ERK-2, ERK-3, p38 and MEK-1 in metastatic lymph nodes (mean±SD)
Items
ERK-1
Metastatic lymph
Primary site
Normal mucosa
ERK-2
Metastatic lymph
Primary site
Normal mucosa
ERK-3
Metastatic lymph
Primary site
Normal mucosa
P3 8
Metastatic lymph
Primary site
Normal mucosa
MEK-1
Metastatic lymph
Primary site
Normal mucosa
a

nodes

nodes

nodes

nodes

nodes

n

IOD value

t

P

14

195 734.7±70 508.8
210 423.7±74 207.3
155 862.3±79 052.8

0.608
1.453

0.554 b
0.170 a

186 959.5±80 801.8
211 155.1±64 116.8
127 092.4±56 585.6

0.893
2.579

0.388 b
0.023 a

140 323.2±120 532.0
98 732.1±54 021.3
50 032.9±58 937.8

1.261
3.116

0.230 b
<0.001 a

96 866.8±76 857.3
99 740.6±38 279.6
77 784.4±30 367.0

0.202
0.797

0.844 b
0.442 a

133 353.9±42 374.3
101 112.5±39 124.0
77 431.9±31 282.1

2.203
4.235

0.05 b
<0.001 a

14

14

12

12

P<0.05 vs normal mucosa; bP>0.05 vs primary site.

DISCUSSION
Mitogen-activated protein kinase is a key molecule in intracellular
signal transducing pathways that transport extracellular stimuli
from cell surface to nuclei. MAPK pathway has been revealed
to be involved in the physiological proliferation of mammalian
cells and also to potentiate them to transform[6,7]. With regard
to human gastric carcinoma, investigations of alterations in
expression and activity of components of the MAPK cascade
will help to understand the mechanisms of malignant behaviors
of gastric cancer cells.

In the present report, the expression of MAPKs wa s
exami ned by Western blot in 42 gastric cancer tissues and
adjacent normal mucosa. Our results demonstrate that the
protein levels of ERK-1, ERK-2 and ERK-3 are increased in
gastric cancer tissues compared with adjacent normal mucosa.
The average protein levels of ERK-1, ERK-2 and ERK-3 in
gastric cances are 2.10, 2.04 and 3.85 folds higher than those in
adjacent normal mucosa, respectively. In a previous report[18],
we showed an increase of phosphorylated ERK1/2 in gastric
adenocarcinoma compared to normals and the consistency of
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ERK1/2 activity and expression. Therefore, our results suggest
that ERK hyperexpression and increased activation may
contribute to the determination of the constitutive activation
of MAPK/ERK pathways in gastric carcinoma. Iwase et al[19]
found that upregulation of ERK pathway could contribute to
proliferation and transformation of gastric mucosa cells. Thus
constitutive activation of MAPK/ERK pathways may play an
important role in tumorigenesis of gastric cancer.
Cancer development is thought to be regulated by the
integration of distinct signals. It has been reported that ERK-3
is structurally related to the better characterized ERK-1 and
ERK-2 with 43% overall homology[20], however little is known
about its cellular function. Recent studies have shown that
activation of ERK-3 may participate in recovery of malignant
behaviors of colon HD3 cell line, including tumorigenesis in
nude mice[21]. Wang et al[22] found that the activation of ERK3 was increased in colon cancer, but the relationship between
ERK-3 activation and clinicopathological characteristics
remains to be identified. Our results demonstrate that
overexpression of ERK-3 is noted in 64.3% samples, and
increased protein levels of ERK-3 are found in TNM stage II
and III tumors or Borrmann II tumors. The exact roles of ERK-3
in human cancer carcinogenesis has not been identified. Its
upstream and downstream molecular targets are also
unidentified. Our data show that ERK-3 is associated with the
progression of gastric cancer, but the role is unclear. ERK-3
could be activated in certain morphological subtypes of gastric
cancer, and might play an important role in a certain stage.
Future investigation will provide the necessary information to
shed lights on these points.
The ERK signaling pathway is associated with progression
and metastatic potential of tumors. When we analyzed the
relationship between ERK-1 and ERK-2 expression and
clin icopath ological characteristi cs of th e patients,
overexpression of these proteins was positively correlated with
later TNM staging, lymph node involvement, and serosa
invasion in poorly differentiated gastric carcinomas. Lengye
et al[23] suggested the role of ERK pathway in regulation of
urokinase-type plasminogen activator expression in NIH3T3
cells. Shibata et al[24] found that Ras signaling was required for
enhanced matrix metalloproteinase 9 secretions induced by
fibronectin in ovarian cancer cells. Taken together, our data
show that overexpression of ERK-1 and ERK-2 is part of its
upregulation in gastric cancer. Upregulation of ERKs may
therefore play an important role in the progression and metastatic
potential of gastric cancer.
Several recent studies have demonstrated that tumor cell
invasion is associated with p38 MAPK signaling pathway[25,26].
Huang et al[25] showed that endogenous p38 MAPK activity
correlated well with breast carcinoma cell invasiveness. They
have suggested that p38 MAPK signaling pathway is important
for the maintenance of BT549 breast cancer cell invasive
phenotype by promoting the stabilities of uPA and uPAR
mRNA. In our study, the expression of p38 protein in gastric
cancer was also increased. No statistically significant
association was found between the IODtumor/IODnormal ratio of
p38 protein with age, sex, histological classification, or TNM
staging of patients. However in Borrmann IV cancers, there
was an increase in p38 expression compared with Borrmann II
and III tumors. Our data may shed lights on the possible role of
p38 in gastric cancer tumorigenesis. Further work will focus on
the p38 activity in gastric cancer and the role of p38 pathway in
gastric cancer tumorigenesis and metastasis.
Alterations in the upstream signals could lead to subsequent
alterations within the intracellular phosphorylation cascade.
Our data show that the protein level of MEK-1 is increased in
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gastric cancer tissues and consistent with that of ERKs,
suggesting that up regulated upstream signals are amplified
through intracellular phosphorylation cascade and could lead
to constitutive activation of MAPK signaling pathway.
Although the cellular content of metastatic lymph nodes
was heterogeneous, we found that in metastatic lymph nodes,
the expression of ERK-2, ERK-3, and MEK-1 was increased.
Immunohistochemical data also show that the expression of
MEK-1 in gastric cancer cells metastasized to lymph nodes is
higher than that of the primary sites (Figures 2A-C). Sivaraman
et al[27] used in situ RT-PCR to detect the expression of ERK
mRNA in breast cancer cells metastasized to involved lymph
nodes and found intense staining in the metastatic cancer cells,
but not in the surrounding stromal cells within the lymph node.
Webb et al[28] also found that the activity of ERK in metastatic
NIH3T3 transformed cells was higher than that in parent cells.
Their data suggest that overexpression of MAP kinase may
potentiate metastases. All in all, upregulation of the MAP kinase
pathway might be associated with malignant potential in gastric
cancer and can potentiate metastases.
In conclusion, upregulation of ERK pathway rather than p38,
plays a more important role in cancer tumorigenesis, aggressiveness
and metastases. Future studies are required to better delineate
the effectors that mediate the malignant phenotype. Studies,
which assess resected human samples, are essential to our better
understanding of the signaling mechanisms underlying the
regulation of gastric carcinogenesis.
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Abstract
AIM: To understand the expression of latent and lytic genes
of Epstein-Barr virus (EBV) in EBV-associated gastric
carcinoma (EBVaGC) and to explore the relationship
between EBV-encoded genes and development of EBVaGC
at molecular level.
METHODS: One hundred and seventy-two gastric carcinoma
tissues and 172 corresponding para-carcinoma tissues
were tested for EBV genome by polymerase chain reaction
(PCR)-Southern blotting. EBV-encoded small RNA (EBER)
1 of the PCR positive specimens was detected by in situ
hybridization (ISH). Gastric carcinomas with positive EBER1
signals were classified as EBVaGCs. RT-PCR and Southern
hybridization were applied to the detection of expression
of nuclear antigen (EBNA) promoters (Qp, Wp and Cp),
EBNA 1 and EBNA 2, latent membrane proteins (LMP) 1,
2A and 2B and lytic genes (immediate early genes BZLF1
and BRLF1, early genes BARF1 and BHRF1, late genes BcLF1
and BLLF1) in EBVaGCs.
RESULTS: Eleven EBV positive samples existed in gastric
carcinoma tissues (6.39%). No EBV positive sample was
found in corresponding para-carcinoma tissues. The
difference between EBV positivity in carcinoma tissues and
corresponding para-carcinoma tissues was significant
(2 = 9.0909, P = 0.0026). Transcripts of Qp and EBNA1
were detected in all the 11 EBVaGCs, while both Wp and
Cp were silent. EBNA2, LMP1 and LMP2B mRNA were absent
in all the cases, while LMP2A mRNA was detected in 4 of the
11 cases. Of the 11 EBVaGCs, 7 exhibited BcLF1 transcripts
and 2 exhibited BHRF1 transcripts. The transcripts of BZLF1
and BARF1 were detected in 5 cases, respectively. No BLLF1
and BRLF mRNA were detected.
CONCLUSION: The latent pattern of EBV in gastric
carcinoma corresponds to the latency I/II. Some lytic infection
genes are expressed in EBVaGCs tissues. BARF1 and BHRF1
genes may play an important role in tumorigenesis of gastric
carcinoma.
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INTRODUCTION
Epstein-Barr virus (EBV) is a tumor-related virus and EBV
genome exists in many human malignant tumors, such as
Burkitt’s lymphoma (BL), nasopharyngeal carcinoma (NPC),
Hodgkin’s disease (HD) and B lymphocyte carcinoma in
immunodeficiency patients. In recent years, EBV has also been
reported to be associated with the development of gastric
carcinoma. EBV has been found in most cases of rare gastric
lymphoepithelioma-like carcinomas and in a small but significant
proportion of common gastric adenocarcinomas. EBVassociated gastric carcinoma (EBVaGC) is observed in various
histological types, such as well moderately and poorly
differentiated adenocarcinomas, signet ring carcinomas[1,2].
Latent infection is a characteristic of EBV infection. It is
generally thought that EBV-carrying tumors express latent
infection genes but not lytic infection genes. Studies about
Burkitt’s lymphoma and nasopharyngeal carcinoma (NPC) have
shown that the expression of EBV genes is different in different
types of malignancies and that lytic genes are also expressed[3,4].
The pathogenic role of EBV in gastric carcinomas still remains
undefined. In order to identify the role of EBV in oncogenesis,
the form of EBV and expression of EBV genes in tumor tissues
must be understood. The aims of the present study were to
understand the expression of EBV latent and lytic genes in
EBVaGCs at transcriptional level, and to investigate the relationship
between EBV-encoded genes and development and progress of
gastric carcinomas at molecular level.
MATERIALS AND METHODS
Specimens and extraction of DNA and RNA
Tumor tissues and corresponding para-carcinoma tissues were
dissected from the stomachs removed at surgery from 172
patients with gastric carcinoma in the Affiliated Hospital of
Qingdao University Medical College, Qingdao Municipal Hospital
and Yantai Yuhuangding Hospital. DNA was extracted by the
standard proteinase K-sodium dodecyl sulfate (SDS) method,
followed by phenol-chloroform purification. Total RNA was
extracted with TRIzol reagent (Gibco BRL, Gaithersburg MD,
USA) following the manufacturer’s instructions.
PCR-Southern blotting for EBV DNA
EBV DNA was detected by PCR and Southern hybridization
analysis as previously described[5].
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In situ hybridization for EBV-encoded small RNA (EBER) 1
EBER1 of the PCR positive specimens was detected by in situ
hybridization (ISH) to confirm EBV infection. ISH was carried out
as previously described[6]. Briefly, paraffin-embedded sections
were deparaffinized with xylene, hydrated with ethanol, and
predigested with proteinase K. Then the sections were hybridized
with digoxigenin (DIG)-labeled oligonucleotide probes (antisense
probe: 5’-AGACACCGTCCTCACCACCCGGGACTTGTA-3’;
sense probe: 5’- TCTGTGGCAGGAGTGGTG-GGCCCTGAAC
AT-3’) overnight at 37 ℃. DIG-labeled probes were visualized
by alkaline phosphatase (AP) conjugated anti-DIG antibodies.
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NBT/BCIP (Roche Diagnostics, Germany) was used as a substrate
for AP. EBER1 sense probe was used to confirm the specificity
of hybridization.

RT-PCR analysis for EBV gene expression
Details of the sequences and genome coordinates of primers and
probes used to detect EBV transcripts are given in Table 1[1,7-11].
The probes were labeled with DIG-ddUTP by DIG oligonucleotide
3’-end labeling kit (Roche Diagnostics, Germany). Approximately
1 g RNA of EBV-positive samples was subjected to cDNA
synthesis with a reverse transcription system (Promega, USA).

Table 1 Sequences and coordinates of primers and probes for RT-PCR analysis
Transcript
Wp

Oligonucleotide sequence (5’-3’)
5’primer CAGGAGATCTGGAGTCCACACAAATCCT

Product size (bp)
131/136

5’primer GAGGAGATCTGGAGTCCACACAAATGGG

14 735-14 716

probe GAGACCGAAGTGAAGGCCCTGGACCAACCC
5’primer TGTAGATCTGATGGCATAGAGAC

14 561-14 590
285/290

3’primer ACTGAAGCTTGACCGGTGCCTTCTTAGGAG
5’primer ATATGAGCTCGTGCGCTACCGGATGGCG

11 356-11 378
25 5

3’primer GATCGAATTCCATTTCCAGGTCCTGTACCT
5’primer GATGAGCGTTTGGGAGAGCTGATTCTGCA

67 628-67 609
27 3

3’primer TCCTCGTCCATGGTTATCAC
5’primer GCTGCTACGCATTAGAGACC

67 608-67 627
33 9

3’primer TCCTGGTAGGGATTCGAGGG
5’primer TCCTCCTCTTGGCGCTACTG

48 391-48 420
49 0

3’primer TCATCACTGTGTCGTTGTCC
5’primer ATGACTCATCTCAACACATA

169 061-169 090
28 0

3’primer CATGTTAGGCAAATTGCAA
5’primer CAGTGTAATCTGCACAAAGA

62-81
32 5

3’primer CATGTTAGGCAAATTGCAAA

BRLF1

5’primer ATTGCACCTTGCCGCCACCTTTG

62-81
60 8

102 486-102 463

probe CACTGCTGCTGCTGTTTGAACAGT

102 772-102 795

5’primer ACCATACAGGACACAACACCTC

26 6

5’primer GGCTGTCACCGCTTTCTTGG

105 140-105 169
20 3

3’primer AGGTGTTGGCACTTCTGTGG

165 644-165 673
21 1

3’primer TTCTCTTGCTGCTAGCTCCA
5’primer TGCCCAATCCCAAGTACACGACC

54 435-54 411
37 7

3’primer CAGCAGGTCATAATTGGACGGG
5’primer CCTACCTTGAATACAACTGG

136 229-136 207
135 853-135 874

probe GAGAGCATTCTGTAGGTTAAACGCGAGGA
BLLF1

53 830-53 849
54 480-54 461

probe ATGCACACGACTGTCCCGTATACAC
BcLF1

165 560-165 579
165 762-165 743

probe CTGGTTTAAACTGGGCCCAGGAGAGGAGCA
5’primer GTCAAGGTTTCGTCTGTGTG

106 166-106 145
104 959-104 980

probe GTTAGCCTCAGAAAGTCTTCCAAGCCATCC

BHRF1

103 194-103 180

3’primer CGGCATTTTCTGGAAGCCACCCGA

3’primer GATGTTGAGCGTGGCCATTAGC
BARF1

169 819-169 838
380-361

probe ATCCAGTATGCCTGCCTGTA
BZLF1

166 874-166 893
380-361

probe ATCCAGTATGCCTGCCTGTA
LMP2B

169 383-169 364
168 740-168 759

probe GAACAGCACAATTCCAAGGAACAATGCCTG
LMP2A

47 892-47 911
48 616-48 597

probe CAGCACTGGCGTGTGACGTGGTGTAAGTT
LMP1

67 510-67 539
108 075-108 056

probe AGACCTGGGAGCAGATTCAC
EBNA2

62 441-62 457
107 987-107 967

probe GGTGAATCTGCTCCCAGGTC
EBNA1

11 342-11 355
14 735-14 716

probe AAGGACACCGAAGACCCCCAGAG
Qp

14 396-14 556
14 396-14 561

3’primer ACTGAAGCTTGACCGGTGCCTTCTTAGGAG
Cp

Genome coordinate

136 099-136 128
30 9

90 860-90 841

3’primer TGACGCTTGGCTGGTGGTGC

89 961-89 980

probe TGGTGACATCCGCGGTGGAT

90 731-90 750
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Figure 1 In situ hybridization for EBER1 in gastric carcinoma tissue. A: In situ EBER1 hybridization with antisense probes. Strong
signals were observed in the nuclei of all tumor cells; B: In situ EBER1 hybridization with sense probes; C: Hematoxylin/eosin
(H&E) staining in the adjacent pair of EBER1 in situ hybridization. original magnification ×200.

Three microliters of cDNA was added into a solution containing
200 mol/L dNTPs, 500 mol/L each primer, 1.5 mmol/L MgCl2
and 1 U Taq DNA polymerase (Promega, USA) in a total volume
of 30 L. PCR was carried out under the following conditions:
first denaturation at 94 ℃ for 5 min, then denaturation for 45 s
at 94 ℃, annealing for 45 s at 55 ℃, extension for 1 min at 72 ℃
in 35 amplification cycles, and finally extension for 5 min at
72 ℃. The amplified products were electrophoresed in 2%
agarose gel, transferred onto a Hybond N+ nylon membrane
(Amersham Pharmacia Biotec, Ireland) and subjected to
hybridization with 3’-end-DIG-labeled oligonucleotide probes.
The hybridized signals were detected by alkaline phosphatase
(AP) conjugated anti-DIG antibodies. The substrate of AP was
CSPD (Roche Diagnostics, Germany). cDNAs from EBVimmortalized lymphoblastoid cell lines (LCL) were used as
positive controls, and those from EBV-negative Ramos cells as
negative controls. The integrity of RNA was checked by the parallel
amplification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA.

Statistical analysis
Software SAS 6.12 was employed to process the data with
fourfold table 2 test.
RESULTS
Detection of EBVaGC
One hundred and seventy-two gastric carcinoma tissues and
corresponding para-carcinoma tissues were tested for EBV
genome by PCR-Southern blotting. EBER1 of the PCR positive
specimens was detected by ISH to confirm EBV infection.
Eleven EBV positive samples were found in gastric carcinomas
(6.39%). No EBV positive sample was found in corresponding
para-carcinoma tissues. The difference in EBV positivity was
significant between carcinoma and corresponding paracarcinoma tissues (2 = 9.0909, P = 0.0026). Tumor cell nuclei
of EBER1-positive cells were stained dark blue (Figure 1). Of
the 11 EBVaGCs, 10 expressed EBER1 in almost all carcinoma
cells, only one case expressed EBER1 in a proportion of tumor
cells.
Expression of EBNA promoters
RT-PCR and Southern hybridization were performed with exonspecific primers of Qp, Wp and Cp. Transcripts of Qp were
detected in all the 11 EBVaGCs, while neither Wp nor Cp
transcripts were detected. The transcripts were also detected
in LCL cells but not in Ramos cells (Figure 2). GAPDH mRNA
was amplified to check pertinent RNA extraction. The result
showed the integrity of RNA.
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M 1

2 3 4 5
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8 9 10 11 12 13

← 285/290 bp Cp

← 255 bp Qp

← 131/136 bp Wp

← 450 bp GAPDH

Figure 2 RT-PCR and Southern hybridization analysis of EBNA
gene transcription using promoters. M: DIG-labeled DNA
molecular weight marker VIII (Roche). Lane 1: EBV-positive
LCL(positive control); lane 2: EBV-negative Ramos cells
(negative control); lanes 3-13: EBV-positive gastric carcinoma
samples. GAPDH mRNA was amplified to check pertinent
RNA extraction and results were shown by EB staining.

Expression of EBV latent infection genes
We investigated the expression of latent infection genes in 11
EBVaGCs with RT-PCR and Southern blotting (Figure 3A).
EBNA1 mRNA was detected in all the cases, while EBNA2
mRNA was not detected, which was consistent with the Qp
utilization for EBNA1 mRNA. LMP2A mRNA was found in 4 of
the 11 cases, but neither LMP1 nor LMP2B mRNA was found
in any of the cases.
Expression of EBV lytic infection genes
To characterize the EBV lytic cycles in EBVaGCs, transcription
of EBV immediate-early genes BZLF1 and BRLF1, early genes
BARF1 and BHRF1 and late genes BcLF1 and BLLF1 were
analyzed by RT-PCR and Southern blotting (Figure 3B). Of the
11 EBVaGCs, 7 exhibited BcLF1 transcripts and 2 exhibited
BHRF1 transcripts. The transcripts of BZLF1 and BARF1 were
detected respectively. No BLLF1 and BRLF mRNA were
detected in the 11 EBVaGCs.
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8 9 10 11 12 13

← 273 bp EBNA1

← 339 bp EBNA2

← 490 bp LMP1

← 280 bp LMP2A

← 325 bp LMP2B

← 450 bp GAPDH

Figure 3 Detection of EBV latent gene expression (A) and
EBV lytic gene expression (B) by RT-PCR and Southern
hybridization. M: DIG-labeled DNA molecular weight marker
VIII (Roche). Lane 1: EBV-positive LCL (positive control); lane
2: EBV-negative Ramos cells (negative control); lanes 3-13:
EBV-positive gastric carcinoma samples. GAPDH mRNA was
amplified to check pertinent RNA extraction and results were
shown by EB staining.

DISCUSSION
Recently, great attention has been paid to the association of
EBV infection and gastric carcinoma. In the present study, 11
EBVaGCs (6.39%) were confirmed, while no EBV positive sample
was found from corresponding para-carcinoma tissues (P<0.01).
These results are consistent with previous reports on EBV
positivity in gastric carcinoma [1,2]. Ten of the 11 EBVaGCs
expressed EBER1 in almost all carcinoma cells, suggesting that
EBV infection occurs early in oncogenesis with a subsequent
clonal expansion of EBV-containing tumor cells as shown by
other investigators using molecular genetic techniques[7,12]. One
EBVaGC expressed EBER1 in a small number of gastric carcinoma
cells with focal EBER1 staining, indicating that EBV infection
occurs after the neoplastic transformation.
The expression of EBNA promoter genes was investigated
in 11 EBVaGC tissues. Qp was clearly detected in all the cases,
whereas Cp and Wp were not detected in all EBVaGCs, indicating
that Qp, but not Cp or Wp, mediates EBNA transcription in
EBVaGC tissues. Activation of Qp only resulted in expression
of EBNA1 gene but not other EBNA genes. EBNA1 mRNA was
transcribed from Qp in 11 EBVaGCs. EBNA2, LMP1 and LMP2B
mRNA were not detected. Four of 11 cases exhibited LMP2A
mRNA. These results are consistent with previous reports on
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EBVaGC[7,8]. The pattern of viral gene expression is not like the
latency I of Burkitt’s lymphoma (BL) or the latency II of NPC,
but corresponds to the unique latency I/II of EBV infection.
EBNA and LMP1 are essential genes for transformation of
cells. Since EBNA1 is commonly expressed in 3 types of latency,
it may play a similar pathogenic role in different types of tumors.
Several in vitro studies have demonstrated that LMP1 can
transform rodent fibroblasts and human keratinocytes, inhibit
differentiation of human epithelial cells, and induce expression
of epidermal growth factor receptors. These important findings
strongly support that they play crucial roles in the development
of non-lymphoid cell carcinomas, for example, the positivity of
NPC LMP1 exceeds 80% of the NPC cases[13-15]. In the present
study, EBNA1 mRNA was detected in all of the EBVaGCs,
suggesting that the pathogenic role of EBNA1 is similar in
EBVaGCs, NPC and BL. The absence of LMP1 expression in
EBVaGCs implies that LMP1 may not be necessary for the
tumors, at least not necessary for sustaining its already
established malignant state. Rather, LMP1 might participate in
the earlier stage of tumor development and is down-regulated
thereafter. Alternatively, the lack of LMP1 may reflect the result
of clonal selection of LMP1-negative tumor cells by immunological
pressure because EBV-specific cytotoxic T cells are potentially
directed against the viral latent membrane proteins rather than
EBNA1. In fact, patients with EBVaGC normally retain virusspecific immune T-cell responses, in contrast to NPC patients[8].
It has been reported that LMP2A is involved in blocking B-cell
specific signaling pathways and calcium mobilization, which
might be advantageous for maintaining latent patterns of EBV
infection and inhibiting EBV reactivation [16]. However, the
functions of LMP2A in epithelial cells have not been analyzed
yet. Serological studies have shown that NPC patients have
elevated titers of antibody to both LMP2A and LMP2B,
suggesting that LMP2A and LMP2B are expressed during the
progression of the disease[17]. The pathogenic roles of LMP2A in
the development and progression of gastric carcinoma remain
to be determined.
In our study, the expression of lytic infection genes in 11
EBVaGC tissues was detected by RT-PCR analysis. We demonstrated
EBV replication in part of the samples. Four cases simultaneously
exhibited BZLF1, BARF1 and BcLF1 mRNA. Immediate-early
genes BZLF1 and BRLF1 were necessary and sufficient to
orchestrate the switch from latency to lytic replication and
expression of early and late genes. BRLF1 mRNA was not
detected in 11 EBVaGCs, whereas BZLF1 mRNA was detected
in 5 of 11 cases. We therefore assume that BZLF1 gene activates
EBV lytic replication. Early gene BHRF1 showed partial
sequence homologous to human bcl-2 proto-oncogene, a gene
involved in inhibiting cell apoptosis. BHRF1 protein could
inhibit apoptosis of B lymphocytes and epithelial cells, and
promote cell growth and transformation[18,19]. BARF1 is able to
immortalize epithelial cells and fibroblast cells in vitro.
Furthermore, it could activate the expression of bcl-2[1,20]. We
demonstrated that 5 of 11 EBVaGCs exhibited BARF1 mRNA
and 2 exhibited BHRF1 mRNA. Because EBVaGC lacks the
expression of LMP1[1,7,8], BARF1 and BHRF1 genes might be
the viral oncogenes in EBVaGC. Late gene BLLF1 encodes
envelope glycoprotein gp320/220, which is the most abundant
protein synthesized during lytic replication of EBV. The
infection of B lymphocytes is mediated by adsorption of EBV
gp320/220 to the receptor, CD21. In our study, BLLF1 mRNA
was not found in 11 EBVaGCs. It can be proposed that EBV
infects gastric epithelial cells by CD21-independent pathways.
In lytic lymphocytes, transcripts of all known EBV lytic genes
have been detected. In our study, BLLF1 and BRLF1 mRNA
were not detected in EBVaGC. The expression of lytic genes
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varied among the individual tumors analyzed. These results
suggest that EBV lytic infection occurs in a small portion of
EBV-infected carcinoma cells and the productive cycle is often
incomplete. The same results have been reported previously[7].
Because EBER1-positive cells are detected only in carcinoma
cells but not in infiltrated lymphocytes in tumor tissues, we
could deny the possibility that EBV lytic infection occurs in
other cells (such as infiltrated lymphocytes in tumor tissues)
but not in carcinoma cells. Many studies have shown that the
pattern of viral gene expression corresponds to latency I/II of
EBV infection in EBVaGC. However, reports on the expression
of lytic infection genes in EBVaGC are very few and have
disparate results. For example, Sugiura et al[8] did not detect
BZLF1 mRNA in EBVaGCs, whereas Hoshikawa et al[7] detected
BZLF1, BRLF1, BLLF1 and BcLF1 mRNA in EBVaGCs.
In conclusion, the latent pattern of EBV corresponds to
latency I/II and EBV lytic infection occurs in EBVaGC. BARF1
and BHRF1 may play important roles in tumorigenesis of
EBVaGC. However, the mechanism by which EBV lytic infection
regulates the pathogenesis and development of gastric carcinoma
remains to be determined.
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(t = 5.94, P<0.01) and 32.12±1.77% (t = 6.17, P<0.01)
respectively. Partial cancer cells presented the characteristic
morphological changes of apoptosis, with apoptotic rates
being 19.31±1.16% (t = 7.16, P<0.01), 29.24±1.94%
(t = 8.15, P<0.01), 11.87±0.68% (t = 6.68, P<0.01) and
21.68±2.14% (t = 7.53, P<0.01) respectively.

Abstract

Tong QS, Zheng LD, Chen FM, Zeng FQ, Wang L, Dong JH,
Lu GC. Selection of optimal antisense accessible sites of
survivin and its application in treatment of gastric cancer.
World J Gastroenterol 2005; 11(5): 634-640

AIM: To select the optimal antisense accessible sites of
survivin, a highly expressed gene in tumor tissues, in order
to explore a novel approach to improve biological therapy
of gastric cancer.
METHODS: The 20 mer random oligonucleotide library
was synthesized, hybridized with in vitro transcribed total
survivin cRNA, then digested by RNase H. After primer
extension and autoradiography, the antisense accessible
sites (AAS) of survivin were selected. Then RNADraw
software was used to analyze and choose the AAS with
obvious stem-loop structures, according to which the
complementary antisense oligonucleotides (AS-ODNs) were
synthesized and transferred into survivin highly- expressing
gastric cancer cell line MKN-45. Survivin expression was
detected by RT-PCR and Western Blotting. Cellular growth
activities were assayed by tetrazolium bromide (MTT)
colorimetry. Cellular ultrastructure was observed by
electronic microscopy, while apoptosis was detected by
annexin V-FITC and propidium iodide staining flow cytometry.
RESULTS: Thirteen AAS of survivin were selected in vitro.
Four AAS with stem-loop structures were chosen, locating
at 207-226 bp, 187-206 bp, 126-145 bp and 44-63 bp of
survivin cDNA respectively. When compared with nontranfection controls, their corresponding AS-ODNs (AS-ODN1,
AS-ODN2 , AS-ODN3 and AS-ODN 4) could reduce Survivin
mRNA levels in MKN-45 cells by 54.3±1.1% (t = 6.12, P<0.01),
86.1±1.0% (t = 5.27, P<0.01), 32.2±1.3% (t = 7.34, P<0.01)
and 56.2±0.9% (t = 6.45, P<0.01) respectively, while survivin
protein levels were decreased by 42.2±2.5% (t = 6.26,
P<0.01), 75.4±3.1% (t = 7.11, P<0.01), 28.3±2.0% (t = 6.04,
P<0.01) and 45.8±1.2% (t = 6.38, P<0.01) respectively.
After transfection with 600 nmol/L AS-ODN1~AS-ODN4 for
24 h, cell growth was inhibited by 28.12±1.54% (t = 7.62,
P<0.01), 38.42±3.12% (t = 7.75, P<0.01), 21.46±2.63%

CONCLUSION: The AAS of survivin could be effectively
selected in vitro by random oligonucleotide library/RNase
H cleavage method combined with computer software
analysis, this has important reference values for further
studying survivin-targeted therapy strategies for gastric
cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; Survivin; Antisense accessible
sites; Gene expression
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INTRODUCTION
Survivin is a novel member of inhibitors of apoptosis (IAPs)
family, which expresses during human embryonal development
and in most of tumor tissues, whereas lacks of expression in
terminally differentiated normal tissues[1-4]. A series of studies
indicate that survivin has a double function in blocking cell
apoptosis and regulating cell proliferation, its overexpression
correlates with occurrence and development of gastric cancer[5,6].
Antisense technique has become an efficient therapeutic method
for gastric cancer through blocking gene expression and
biological function of survivin[7]. However, since the target
sequence is always folded into secondary and tertiary structures,
resulting in the blocking effects on antisense accessible sites,
which leads to the low inhibition activities of antisense
oligonucleotides designed only by computer software, it is an
attractive research focus on how to select optimal antisense
accessible sites of targeted sequence[8-11]. In this research, the
antisense accessible sites of survivin were selected in vitro
through random oligonucleotide library/RNase H cleavage
method combined with computer analysis software, in order to
establish an experimental basis for further exploring the
survivin-targeted therapy strategies for gastric cancer.
MATERIALS AND METHODS
Design and synthesis of random oligonucleotide library
According to literature[12], random oligonucleotide library was
synthesized, with the following required standards: a length of
20 bp, a mixture of phosphoramidites at a ratio of 1.5:1.25:1.15:1.0
(A: C: G: U/T), and a sequence of 5’-mmmnnnnnnnn nnnnnnnmm-
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3’. G, A, T and C denote four kinds of deoxynucleotides, m
denotes the methylation, n denotes random deoxynucleotides.
Random oligonucleotide library was synthesized and purified
by Shanghai Sangon Company.

Transcription of target gene in vitro
The plasmid pcDNA-SVV including full length of survivin
cDNA was a kind gift from the Walter and Eliza Hall Institute of
Medical Research (Australia). The plasmid was linearized by
digestion with restriction enzyme Nhe I (Takara Biology
Company) and transcribed into cRNA in vitro using a T 7
transcription kit (Promega Biology Company). The total reaction
volume was 50 L, and incubated at 37 ℃ for 2 h. Then the
DNA template was removed by digestion with DNase I for 30 min.
The products were extracted with phenol: chloroform: isoamyl
alcohol (V/V 25:24: 1), precipitated with 100% ethanol, washed
with 70% ethanol and dissolved in DEPC H2O after drying at
room temperature. The cRNA concentrations were measured with
UV spectro- photometer, and determined with 1% agarose gel
electrophoresis. The cRNA was preserved at -70 ℃.
RNase H cleavage reaction
The total volume for hybridization reaction between random
oligonucleotide library and cRNA was 200 L. The
oligonucleotide library (60 L, 300 nmol/L) was denatured at
95 ℃ for 5min, kept on ice for 5 min, added with cRNA 3 L
(30 pmol/L), 5×Tris buffer (200 mmol/L Tris, pH 8.0, 20 mmol/L
MgCl2, 5 mmol/L DTT) 40 L, 10 U/L RNase H (Takara Biology
Company) 2 L and 1% DEPC H2O 95 L. The reaction was
conducted at 30 ℃ for 1h. Then the product was extracted with
phenol: chloroform: isoamyl alcohol (V/V 25:24:1), added with
1/10 volume 3 mol/L NaAc and 2.5 volume 100% ethanol,
precipitated at -20 ℃ for 30 min, washed with 70% ethanol and
dissolved with DEPC H2O.
Primer extension and selection of antisense accessible sites
According to human survivin cDNA sequence (429 bp) and
protocol of the primer extension kit (Promega Corporation),
two extension primers were designed with Primer 5.0 software:
P1 5’-CCAAGGGTTAATTCTTCAAACTGCTTC-3’, P2 5’CCAAGTCTGGCTCGTTCTCAGTGGGGCAGT-3’, which were
synthesized by Shanghai Genebase Company and diluted with
double distilled H2O into 150 nmol/L. Primers and PhiX174 Hinf
I DNA marker were labeled with 32P-ATP (Beijing Furui Biology
Corporation) with T4 polynucleotide kinase. The 5’ end primer
extension reaction was conducted on the RNase H cleaved
products with each labeled primer, and reaction volume was
20 L. The reaction was continued at 42 ℃ for 30 min, terminated
by adding 20 L loading dye, then analyzed on 8% denaturing
polyacrylamide gel. The gel was fixed with 8% acetic acid for
10 min at room temperature, dried up in vacuum at 80 ℃ for 1 h,
exposed to X-ray film overnight at -70 ℃ for autoradiography.
The secondary structures of full-length survivin cDNA were
predicted with RNADraw software. The antisense accessible
sites (AAS) with obvious stem-loop structure domains, were
selected with results of random oligonucleotide libraries/RNase
H cleavage in vitro combined with RNADraw analysis. Their
complementary antisense oligonucleotides (AS-ODNs) were
synthesized by Shanghai Gene-base Company.
Design of control AS-ODN
According to the secondary structure of survivin cDNA
predicted by RNADraw, the antisense accessible site containing
two stem-loop domains (4-23 bp) was selected (Figure 1). Its
complementary antisense oligonucleotide, named as AS-ODN0
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(sequence: 5’-GGGGGCAACGTCGGGGCACC-3’), was
synthesized as a control.

Figure 1 Secondary structure of antisense accessible sites
(4-23 bp) of survivin designed only with RNADraw software.

Cell culture and gene transfection
The gastric cancer cell line MKN-45, a highly expressing
survivin gene, was purchased from American Type Culture
Collection (ATCC), and incubated in RPMI 1640 medium
supplemented with penicillin/ streptomycin (100 U/mL and
100 g/mL respectively) and 10% fetal bovine serum at 37 ℃ in
a humidified atmosphere of 50 mL/L CO2 and passaged every
three days. MKN-45 cells at exponential phases of growth were
inoculated into 24-well plates. The procedure for transfection
of AS-ODN0 and AS-ODNs was conducted according to the
protocol of Lipofectamine 2000 kit (Gibco Company).
Survivin mRNA expression detection
Reverse transcription polymerase chain reaction (RT-PCR) was
used. Eighteen hours after gene transfection, total RNA was
extracted from cells of each group. Reverse transcription
reaction was carried out using the following mixture containing
1L 10 mmol/L 4×dNTP, 1L 1 U/L RNase inhibitor, 1L
0.5 g/L Oligo dT primer, 0.5 L AMV reverse transcriptase,
4 L 5×AMV buffer, 4 L RNA template, 8.5 L ddH2O. The
reaction was conducted at 42 ℃ for 30 min, heated to 99 ℃
for 5 min to inactivate AMV reverse transcriptase and kept at
5 ℃ for 10 min. In reference to survivin cDNA sequence in
GenBank (accession number: U75285), the primer pairs for
survivin fragments were designed with Primer Premier 5.0
software: forward primer: 5’-CACCGCATCTCTACATTCAA3’, reverse primer: 5’-CACTTTCTTCGCAGTTTCCT-3’. The
anticipated product was 345 bp in length. The primers for tubulin, including forward primer: 5’-CCGTCCTTTCCACTCA3’ and reverse primer: 5’-GTAATCT CGGCAACAC-3’, served
as an inner control with a product of 410 bp. PCR amplification
was conducted in following condition: pre-denaturation at
95 ℃ for 5 min, denaturation at 95 ℃ for 1 min, annealing at 60 ℃
for 1 min, and extension at 72 ℃ for 90 s. After 30 amplification
cycles the products were extended at 72 ℃ for 10 min. The PCR
products were separated with electrophoresis on 1% agarose
gel and photographed under ultraviolet radiation light.
Survivin protein expression assay
Western blotting was used. The total cellular protein was extracted
and determined according to the Molecular Cloning Manual.
Western blot was conducted. Blots were incubated sequentially
with 1% fat free dry milk, rabbit polyclonal anti-survivin antibody
(Santa Cruz Company) and peroxidase-conjugated second
antibody, and evaluated using ECL Western blotting kit. Survivin
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protein band intensities were determined densitometrically
using the CMIASWIN computer imaging system.

statistical software.

Cell growth assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-dimethyl tetrazolium bromide
(MTT) colorimetry method was used. MKN-45 cells were seeded
at a density of 3×103/100 L into 96-well chamber slides. The
non-transfection controls, 600 nmol/L AS-ODN0 transfection and
600 nmol/L AS-ODN transfection groups were designed, with
each group having five wells. After transfected for 6, 12, 18 and
24 h, each well was added with 0.5% MTT 20 L and incubated
for another 4 h. The supernates were discarded, then DMSO
100 L was added. When the crystals were dissolved, the optical
density A values of the slides were read on enzyme-labeled
minireader II at the wavelength of 490 nm. Cell growth inhibition
rate (%) = ( 1- average A value of experimental group/ average A
value of non-transfection control group)×100%.

RESULTS
In vitro selection of antisense accessible sites of survivin
As shown in Figure 2, after survivin cRNA was mixed with the
random oligonucleotide library and digested by RNase H, there
were obvious products on autoradiography through primer extension
of P1 and P2, which weretargeting coding regions of survivin mRNA.
Thirteen antisense accessible sites were selected. Their product
size of primer extension, 3’ end cleaving sites by RNase H and
corresponding antisense accessible sites are shown in Table 1.
Secondary structures of these thirteen sites were analyzed with
RNADraw software. As shown in Figure 3, four sites were found
to have obvious stem-loop structures (at 207-226 bp, 187-206
bp, 126-145 bp, 44 -63 bp of survivin cDNA respectively). The
antisense oligonucleotides AS-ODN1-AS-ODN4, complementary
to these four sites, were synthesized (Table 2).

Cellular ultrastructure observation
Cancer cells from three groups were collected, rinsed with PBS
and fixed using 2.5% glutaraldehyde for 30 min, then washed
with PBS. After routine embedding and sectioning, cells were
observed under electronic microscope.
Cell apoptosis detection
Apoptosis was detected by annexin V-FITC and propidium iodide
staining flow cytometry. Cells were collected, washed twice with
cold PBS, resuspended with 100 L binding buffer (10 mmol/L
HEPES, 140 mmol/L NaCl, 2.5mmol/L CaCl2, pH7.4) to2-5×105/mL,
and incubated with annexin V-FITC at room temperature for
10 min. After washed with binding buffer, cells were resuspended
with 400 L binding buffer containing 10 L PI (20 g/mL) and
incubated on ice for 15 min. Apoptosis was analyzed by flow
cytometry (BD Company, USA) at the wavelength of 488 nm.
Statistical analysis
Data were expressed as mean±SD and analyzed by SPSS10.0

M 1 2 3

M

311
249
200
151
140
118
100
82
66
48
42
40
24

Figure 2 Primer extension analysis for the selection of antisense
accessible sites of survivin by random oligonucleotide library/
RNase H cleavage method. M: PhiX174 Hinf I DNA marker.
Lane 1: Primer extension positive control; lanes 2-3: Primer
extension products of P1 and P2 .

Table 1 Antisense accessible regions of survivin mRNA shown by primer extension analysis
Primer
name

Product size of primer
extension (bp)

P1

P2

3’ end site of primer
extension (bp)

42
60
70
82
90
10 4
11 8
15 1
40
70
10 0
11 8
14 0

25 5
23 7
22 7
21 5
20 7
19 3
17 9
14 6
12 4
94
64
46
24

3’ end site of RNase H
cleavage (bp)

Antisense accessible
sites (bp)

25 4
23 6
22 6
21 4
20 6
19 2
17 8
14 5
12 3
93
63
45
23

235-254
217-236
207-226
195-214
187-206
173-192
159-178
126-145
104-123
74-93
44-63
26-45
4-23

Table 2 Antisense accessible sites and their complementary oligonucleotide sequences selected by random oligonucleotide
library/RNase H cleavage combined with RNADraw analysis
Serial number

Base sequence

ODN 1
AS-ODN 1
ODN 2
AS-ODN 2
ODN 3
AS-ODN 3
ODN 4
AS-ODN 4

AGATGACGACCCCATAGAGG
CCTCTATGGGGTCGTCATCT
GAGCTGGAAGGCTGGGAGCC
GGCTCCCAGCCTTCCAGCTC
CTTCATCCACTGCCCCACTG
CAGTGGGGCAGTGGATGAAG
AGGACCACCGCATCTCTACA
TGTAGAGATGCGGTGGTCCT

Origination-end sites

Base pair

207-226

20 bp

187-206

20 bp

126-145

20 bp

44-63

20 bp
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A

B

C

D
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Figure 3 Four secondary structures of antisense accessible sites predicted by RNADraw software. A: ODN 1 (207-226 bp); B: ODN2
(187-206 bp); C: ODN 3 (126-145 bp); D: ODN 4 (44-63 bp).

Survivin

AS-O DN 4

1 M

AS-O DN 3

2

AS-O DN 2

B

Control

-tubulin (410 bp)
Survivin (345 bp)

3

AS-O DN 1

6 5 4

AS-O DN 0

A

16.5 ku

Figure 4 RT-PCR and Western blotting detection of the blocking effects of various antisense oligonucleotides on survivin
mRNA and protein expression of MKN-45 cells. A: RT-PCR
detection of the blocking effects of various antisense oligonucleotides on survivin mRNA expression of MKV-45 cells
M: PCR marker (100-1 000 bp). Lane 1: Non-transfection
Control; lane 2: AS-ODN0; lane 3: AS-ODN1 ; lane 4: AS-ODN2;
lane 5: AS-ODN3; lane 6: AS-ODN4; B: Western blotting detection of the blocking effects of various antisense oligonucleotides on survivin protein expression of MKN-45 cells.

protein expression were 12.6±1.1% (t = 4.05, P<0.05), 42.2±2.5%
(t = 6.26, P<0.01), 75.4±3.1% (t = 7.11, P<0.01), 28.3±2.0% (t = 6.04,
P<0.01) and 45.8±1.2% (t = 6.38, P<0.01), respectively. The
blocking effect of AS-ODN2 was the highest among all these
antisense oligonucleotides.

Cell growth inhibition
After treatment with 600 nmol/L AS-ODN0 and AS-ODN1-ASODN4, the growth activities of MKN-45 cells were reduced in
a time dependent manner. Twenty-four hours after transfection,
their growth inhibition rates on MKN-45 cells were 15.24±1.85%
(t = 5.44, P<0.01), 28.12±1.54% (t = 7.62, P<0.01), 38.42±3.12%
(t = 7.75, P<0.01), 21.46±2.63% (t = 5.94, P<0.01) and 32.12±1.77%
(t = 6.17, P<0.01) respectively. The growth inhibition effect of
AS-ODN2 was the highest in all antisense oligonucleotides
(Figure 5).
Cellular growth inhibition
rates (%)

Blocking effects of antisense oligonucleotides on gene expression
The ratio of survivin/-tubulin in non-transfection group
was 0.918±0.006. Eighteen hours after transfection with
AS-ODN0 and AS-ODN1-AS-ODN4, the survivin/a-tubulin
ratios were 0.749±0.006, 0.419±0.011, 0.128±0.009, 0.622±0.012
and 0.402±0.008 respectively (Figure 4A). Their inhibitory rates
on survivin mRNA expression were 18.4±0.6% (t = 5.02, P<0.05),
54.3±1.1% (t = 6.12, P<0.01), 86.1±1.0% (t = 5.27, P<0.01), 32.2±1.3%
(t = 7.34, P<0.01) and 56.2±0.9% (t = 6.45, P<0.01) respectively.
As shown in Figure 4B, Western blotting detection found
obvious 16.5 KD protein bands in non-transfected MKN-45 cells.
Computer imaging system demonstrated that the inhibitory
efficiencies of AS-ODN0 and AS-ODN1-AS-ODN4 on survivin

45
40
35
30
25
20
15
10
5
0

AS-ODS0
AS-ODS1
AS-ODS2
AS-ODS3
AS-ODS4

0

6

12
Time (h)

18

24

Figure 5 Growth inhibitory effects of various antisense oligonucleotides on MKN-45 cells.

Cell morphological features
Cancer cells in non-transfection control group grew rapidly, with
a regular polygon shape. After transfection with 600 nmol/L AS-
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ODNS1-4, some cells presented reduced size, irregular shape,
and mostly round profile. Under electronic microscope, some
cells had characteristic morphological changes of apoptosis such
as nuclear shrinkage, chromatin congregation around nuclear
membranes, reduction of cell volume and integrity of nuclear
membranes (Figure 6).

Induction of cell apoptosis
The apoptotic rate of MKN-45 cells in non-transfection group
was 0.92±0.12%. After treatment with 600 nmol/L AS-ODN0 and
AS-ODNS1-4 for 24 h, the apoptotic rates of MKN-45 cells
were 5.02±0.26% (t = 4.17, P<0.05), 19.31±1.16% (t = 7.16,
P<0.01), 29.24±1.94% (t = 8.15, P<0.01), 11.87±0.68% (t = 6.68,
P<0.01) and 21.68±2.14% (t = 7.53, P<0.01) respectively. The
apoptosis-inducing effect of AS-ODN2 was the highest in all
antisense oligonucleotides (Figure 7).
DISCUSSION
Gastric cancer is a common malignant neoplasm of the alimentary
tract, its incidence is among the leading three kinds of cancers
in different regions of China and has an increasing tendency[13-15].
It is one of the research focuses to explore effective methods
for early prevention and treatment of gastric cancer. Survivin is
a novel member of the apoptosis inhibitor gene family, which
was identified by hybridization screening of human genome
libraries with cDNA of effector cell protease receptor-1 (EPR-1)
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by Altieri et al [16] at Yale University in 1997. Interestingly,
survivin expresses during embryonal development and in most
human tumor tissues. It also expresses in many transformed
cell lines, whereas lacks of expression in normal adult tissues[17],
indicating that survivin participates in occurrence and development
of neoplasms through inhibiting apoptosis, promoting cell
proliferation and regulating mitosis and angiogenesis. These
findings indicate that survivin is a potential neoplasm marker
correlated with prognosis[18]. A series of researches demonstrate
that both mRNA and protein levels of survivin in gastric cancer
tissues are significantly higher than those in adjacent nontumor gastric tissues, indicating that it can serve as a novel
target for early diagnosis and treatment of gastric cancer[19,20].
Tu et al [7] stably transferred the antisense RNA vector for
survivin into gastric cancer cells and found that cell growth
was decreased with an increased rate of apoptosis, while these
cells also exhibited decreased de novo gastric tumor formation
and reduced angiogenesis.
In recent years, antisense oligonucleotide has been used
to explore gene function, and exhibits a great potential in
prevention and treatment of neoplasms[21-23]. Because the
secondary or tertiary structure of target gene is found in its
regions inaccessible to their complementary nucleic acids
through base partnership, the selection of optimal antisense
accessible sites of targeted sequence is one of the key factors
influencing the blocking effects of antisense nucleic acids[24,25].

AS-ODN2 transfection
chromatin congregating

Non-transfection control

Volume 11

AS-ODN2 transfection
nuclear shattering
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Figure 6 Morphological observation of gastric cancer cells after transfection with antisense oligonucleotides targeting survivin
by electronic microscopy.
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Figure 7 Flow cytometry detection of apoptosis-inducing effects of various antisense oligonucleotides on MKN-45 cells.
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Random shooting method has been widely used to select
antisense nucleic acids, in which a series of oligonucleotides
(usually 50-100 pieces) targeting different regions of a special
mRNA were synthesized and evaluated for their antisense
activities or accessibilities to targeted sites. But generally only
2-5% antisense oligonucleotides are efficient. Moreover, this
method can not determine all accessible sites of targeted
mRNA[26]. By computer- predicting method, RNA secondary
structures can be predicted through RNA fold softwares, such
as MFOLD. Though it has been used for 25 years, it is not
sufficient to design antisense oligonucleotides, except for few
successful examples. The reason is that computer software can
form different structures with similar free energies, which makes
it difficult to determine folded structures[27-29]. Antisense
hybridization screening was once considered as an efficient way
to select antisense oligonucleotides, by which a large number of
oligonucleotides could be synthesized and fixed in solid medium
for preparation of screen-array, while corresponding analysis
softwares for hybridization are also required. So, it costs a large
amount of research expenditure[30].
In 1996, based on the fact that RNase H could specifically
hydrolyze the phosphodiester backbone of the RNA strand in
RNA-DNA duplex hybrid, Siew et al firstly brought forward a
brand-new conception for the in vitro selection of antisense
accessible sites by random oligonucleotide libraries/RNase H
cleavage method. Firstly, a set of random oligonucleotide libraries,
which were fixed in length and composed of possible sequences,
were synthesized and incubated with targeted mRNA.
Oligonucleotides, which were complementary to accessible
sites in libraries, could form hybridization duplex with targeted
mRNA. After RNase H cleavage, the sizes and sites of the
cleaved products are determined by 5’ end primer extension
reaction, then the accessible sites of targeted sequence are
selected[12]. This method does not require a complex resource
of molecular biology and has full consideration of the blocking
effects of thermodynamics on secondary or tertiary structure
of mRNA. Using this method, Siew et al successfully selected
22 antisense accessible sites of human MDR-1 mRNA, and the
maximal blocking rate of synthesized complementary antisense
oligonucleotides to MDR-1 expression reached 95 percent. In
order to explore the effects of random oligonucleotide libraries
on selection of antisense accessible sites, Lloyd et al [31]
introduced four kinds of random oligonucleotide libraries
including 8, 12, 16 and 20 mer, and selected 34 antisense
accessible sites of TNF mRNA, in which the 20 mer library
has the highest selection efficiency. Vickers et al[32] compared
this method with RNAi (RNA interference) technique, and found
the blocking effect of antisense oligonucleotides designed and
synthesized by this method was close to that of siRNA.
In this study, thirteen antisense accessible sites of survivin
were selected in vitro by the random oligonucleotide libraries/
RNase H cleavage method, then analyzed by RNADraw
software. Four sites with obvious stem-loop structures were
chosen to synthesize their complementary oligonucleotides.
The results of cell transfection indicate that these four antisense
oligonucleotides have significantly higher blocking effects on
gene expression of survivin than that of simply designed by
computer software. AS-ODN2 against 187-206 bp region of
survivin cDNA, had the best blocking effects. After transfected
with 600 nmol/L AS-ODN2, the growth activities of gastric cancer
cells were significantly inhibited with obvious apoptotic cells.
This demonstrates that the selected antisense oligonucleotides
can block the biological function of survivin. This research
establishes a basis for further exploring the roles of survivin in
biological behaviors of gastric cancer and its regulation
mechanisms. Meanwhile, it also provides a brand-new field of
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vision and an important method for the targeted therapy of
gastric cancer, through antisense technology against survivin
genes to carry biological therapeutic drugs[33,34].
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Abstract
AIM: To set up a mathematic model for gastric cancer
screening and to evaluate its function in mass screening
for gastric cancer.
METHODS: A case control study was carried on in 66
patients and 198 normal people, then the risk and protective
factors of gastric cancer were determined, including heavy
manual work, foods such as small yellow-fin tuna, dried
small shrimps, squills, crabs, mothers suffering from gastric
diseases, spouse alive, use of refrigerators and hot food,
etc. According to some principles and methods of probability
and fuzzy mathematics, a quantitative assessment model
was established as follows: first, we selected some factors
significant in statistics, and calculated weight coefficient
for each one by two different methods; second, population
space was divided into gastric cancer fuzzy subset and
non gastric cancer fuzzy subset, then a mathematic model
for each subset was established, we got a mathematic
expression of attribute degree (AD).
RESULTS: Based on the data of 63 patients and 693 normal
people, AD of each subject was calculated. Considering
the sensitivity and specificity, the thresholds of AD values
calculated were configured with 0.20 and 0.17, respectively.
According to these thresholds, the sensitivity and specificity
of the quantitative model were about 69% and 63%.
Moreover, statistical test showed that the identification
outcomes of these two different calculation methods were
identical (P>0.05).
CONCLUSION: The validity of this method is satisfactory.
It is convenient, feasible, economic and can be used to
determine individual and population risks of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric cancer; Mass screening; Quantitative
assessment model
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deaths in the world, and China is one of the high-risk areas[1].
Population screening is an effective program for providing early
diagnosis and subsequent treatment of gastric cancer at its
curable stage. Whatever screening method is used, the most
important thing is that the method should be convenient,
feasible, and acceptable to the target population[2]. At present,
the methods used to find and diagnose gastric cancer at early
time are complicated, or their sensitivity and specificity are
dissatisfactory. Based on a population case-control study, a
mathematic model was established for determining individual
and population risks of gastric cancer in this paper. An assessment
of its practical application was also carried out to determine its
validity.

MATERIALS AND METHODS
Case-control study
To study the risk factors for gastric cancer, a case-control study
including 66 patients and 198 normal people, was carried out in
1999. Factors involving demographic variables, diet, drinking
water source, individual habits, disease history and family history
of gastric cancer were investigated in this study. Risk and
protective factors for gastric cancer were determined by the fast
epidemiology assessment method[3]. At the level of = 0.10,
gastric cancer risk factors included heavy manual work (>2 h/d),
foods such as small yellow-fin tuna, dried small shrimps, squills,
crabs, and mothers suffering from gastric diseases. In contrast,
spouse alive, use of refrigerators and hot food were the protective
factors against gastric cancer.
Mathematic expression
Based on the case-control study, a quantitative assessment
method was put forward by selecting some factors significant
in statistics, including risk factors and protective factors, with
application of some theories and approaches of fuzzy and
probability mathematics. The method was set up as follows.
Population characteristic space was divided into gastric cancer
fuzzy subset and non gastric cancer fuzzy subset, respectively.
Which subset each subject belonged to was determined by
attribute function, and the determination probability should be
maximal, or its error probability should be minimum. A was
~
configured as a fuzzy subset suffering from gastric cancer.
First, for setting up a fuzzy mathematical model, a group of
standard factors should be determined, that was Ui. Weight
sum (P) of Ui was configured as following:
n

o

P A =  α jC j  (1)
~ j=1

In the expression (1), j = 1, 2, 3,...n, and n is the number of the
factors selected. Cj is an identification score of each factor,
that is Cj equals 1 when a subject has a factor of Fi, no matter
that Fi is a risk factor or not. j is an attribute coefficient of Fi,
thereof P is weight sum of all factors (Fi).
P A is representative of weight sum of a subject when he
(or she)~ has some or all factors, that is:
n
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P A =  α jC' j 
~ j=1

(2) (j = 1, 2, 3…, n)

In the expression (2), j is the attribute coefficient of each
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Fi, and when a subject has a certain Fi, C’j equals Cj if Fi is a risk
factor. On the contrary, Cj equals 0 or 1 if a subject has no Fi.
An attribute function (individual or population) can be set up
with P Å and P A:
~ 
~
PA
μ A (Ui )    (3)
~

PA
~
~
In the expression (3), Å (Ui) is the expression of attribute
~
function of A. A specific value
ranging from 0 to 1 can be
calculated by~the expression for each subject, that is AD.



ORi (or1/ ORi )

 OR

. A weight

i

coefficient was calculated using the conditional probability and
entropy of each Fi, which is

i 

H ( F I / D)

in method 2.

H ( FI / D  H ( FI / D )
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Assessment of quantitative method
AD values of 63 patients and 693 normal people were calculated
with the expression (3), based on the quantitative assessment of
individual risk and population screening of gastric cancer. The
variational trend of sensitivity, specificity and Youden indexes
were identical, which are illustrated in Figure 1, though calculation
methods were different.
Because AD is a continuous variable, the identification
threshold could be determined based on actual needs. The
threshold could be reduced a little in order to increase the positive
rate while trying to check out more patients. Moreover, the
threshold could be raised to increase the specificity and reduce
the rate of false diagnosis in detective diagnosis (Figure 1).
In order to get the maximal Youden indexes, the thresholds
of AD values were configured with 0.20 and 0.17, considering
the sensitivity and specificity of population screening for
gastric cancer. Diagnostic value of different calculation methods
of weight coefficients are summaried in Table 2, and significance
test showed that these Youden indexes had no statistical
significance (P>0.05). Thus we could see the outcomes tended
to be identical.

Determination of weight coefficient for each factor
j in the expressions (1) and (2) was calculated by two different
methods. In method 1, OR for each Fi is taken as the weight
coefficient of each Fi (if Fi is a protective factor, its weight
coefficient equals 1/OR), that is  i
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In the expression, H (Fi/D) is the entropy of Fi in the condition



of patients, and H Fi / D
of normal people.



DISCUSSION
Gastric cancer, the most common fatal malignancy in the
world, causes more than 750 000 deaths annually[4]. To the year
of 2005, the mortality of gastric cancer is about to reach
26.3/100 000 per year in china[5]. Early finding, diagnosis and
treatment are the keys to reduce the mortality of gastric cancer,
to raise the survival rate and improve the life quality of patients.

is entropy of Fi in the condition

H ( Fi / D)   P ( Fi / D) log 2 P ( Fi / D)
H ( Fi / D)   P ( Fi / D) log 2 P ( Fi / D)
Weight coefficients of all factors are illustrated in Table 1.

Table 1 OR values, confidence limits and weight coefficients of risk factors and protective factors of gastric cancer
Variable

ORi

Time of heavy manual work (>2 h/d)
Eating small yellow-fin tuna frequently
Often eating squills (dry)
Eating dried small shrimps frequently
Often eating squills (fresh)
Eating crabs frequently
Mother suffering tummy bug
Eating shortly after anger
Spouse alive
Using refrigerators
Often eating hot food

2.00
1.52
6.12
1.26
1.70
1.76
5.51
2.07
0.89
0.47
0.52

95%C.I.

i (method 1)

1.14-3.54
1.10-2.09
1.15-32.66
0.99-1.60
0.92-3.13
1.00-3.09
0.95-32.06
1.31-3.27
0.81-0.99
0.19-1.15
0.28-0.97

i (method 2)

0.084
0.064
0.257
0.053
0.071
0.074
0.231
0.087
0.047
0.089
0.081

0.439
0.490
0.782
0.462
0.429
0.451
0.774
0.522
0.819
0.399
0.438

Table 2 Diagnosis value of different calculation method of weight coefficient
j
Method 1
Method 2

A

AD

Patients (n/N)

Normal people (n/N)

Sensitivity (%)

Specificity (%)

Youden index

≥0 .2 0
≥0 .1 7

44/64
43/63

440/693
435/693

69.8
68.3

63.5
62.8

0.333
0.311

B

1.2

1.2
1.0

1.0
0.8

Sensitivities

0.8

Youden indexes

0.6

Specificities

0.6

Sensitivities

0.4

Youden indexes

0.4

Specificities

0.2

0.2

0.0
1 1 4 1 7 1 9 2 1 2 3 2 5 2 7 3 0 3 4 Thresholds of ADS
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0.0
1 1 4 1 7 1 9 2 1 2 3 2 5 2 8 3 2 3 6 Thresholds of ADS
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

Figure 1 Diagnostic value of risk assessment for gastric cancer by methed 1 (A) and method 2 (B).
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In early gastric cancer, the 5-year survival rate is greater than
90% if treated by experienced hands[6]. It has important significance
to develop a simple and feasible screening method to find high
risk populations or early gastric cancer.
Up to now various methods for gastric cancer screening
have been developed. X-ray examination [7,8], endoscopy[9,10],
Helicobacter pylori screening[11], power Dopller imaging[12] and
photo fluorography[13] are used in gastric cancer screening. In
addition, gastric occult blood bead test[14], serum pepsinogen
concentration measure[15] and fecal carcinoembryonic antigen
measurement[16], are also used in screening gastric cancer. The
efficacy of some methods has reached an ideal level[15-17]. Except
for the methods mentioned above, some gene alterations, such
as hMLH1 methylation[18], BAT-26 mutation localized in intron
5 of hMSH2 gene[19], E-cadherin germline mutations[20], cyclin
overexpression, microsatellite instability, P53 mutation[21] are
useful molecular markers for gastric cancer.
Quantitative method has rarely been applied to gastric
cancer screening either at home or at abroad. Qiu et al[22] studied
the application of pattern recognition method in 1994. A
computer program was designed according to the principle of
pattern recognition and risk factors for gastric cancer. Its
detection rate was 1.54/1 000 in a study of 51 735 males aged
45-64 years.
Though the accuracy of some screening methods is ideal,
they have obvious disadvantages in practice. Endoscopy and
biopsy could make subjects discomfort. Many suspicious
patients tend to refuse these kinds of examinations. Another
shortcoming is the high cost. Some molecular biology marker
tests cost subjects too much due to expensive reagents, some
of them are invasive because gastric juice must be collected
before tests. In addition, the pattern recognition method reported
by Qiu et al [22] was complicated and high-cost, because 61
indexes must be questioned to subjects. Moreover, the principle
of pattern recognition is difficult to be mastered by subjects
and inquirers, and the workload is heavy. Therefore, a
conclusion may be reached that these methods are not suitable
for application in China.
Compared with these methods, the quantitative assessment
model is simple, economic, non-invasive and feasible. Identification
can be run as long as each subject fills in a simple questionnaire,
and calculation method is simpler than traditional mathematic
methods such as regression identification. Furthermore, the
diagnostic value of this quantitative method is relatively high.
Its sensitivity and specificity are about 69% and 63%. Given the
factors just outlined, this quantitative screening method for
gastric cancer can be applied to a large population in China.
Formerly, quantitative methods were mostly applied to
differential diagnosis in clinic[23]. There have been some methods
for assessing health hazard/health risk based on epidemic study
of population since 1980s[24]. In the 1990s, a quantitatively
scored cancer-risk assessment model[25] was developed to promote
cancer prevention and screening in America. Subsequently
quantitative models are widely used in the diagnosis, treatment
and prevention of diseases, such as multi-stage lung cancer[26],
assessment of cancer death in elderly patients[27], quantitative
model for early diagnosis of colorectal cancer[28] and efficacy
evaluation of intervention experiments[29]. In the late 1980s,
Chen et al[30] reported a mathematic model for mass screening
of colorectal cancer, which was subsequently proved to be a
convenient, effective and economic screening method. In recent
years, the mathematic model has been applied to screening
other diseases, including coronary heart disease and stroke[31],
lung cancer [32]. These studies show that the model has good
efficacy. However, there are two points to which attention must
be paid. One is how to identify threshold values. In our study,
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the threshold could be defined with practical application
because AD is a continuous variable. However, further followup is needed to increase its precision in screening other diseases,
because causes of different diseases are complicated. The other
is the low Youden index[30,31]. The reasons why many factors
are associated with these diseases are still unclear.
In short, the quantitative method can be regarded as the
front line method for assessing risks of gastric cancer. Occurrence
of gastric cancer is the outcome of many influential factors,
which are possibly different in different areas and populations,
that combining with actual status is very important. Further
studies are needed to testify whether this screening method
can contribute to the decrease of gastric cancer mortality.
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Abstract

tumor dissemination. Cytokeratins cannot identify the
worse prognosis in patients undergoing radical surgery.
Cytokeratins constitute an advance in the direction of a
perfect tumor marker in the treatment of patients with
colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal adenocarcinoma; Cytokeratins;
Carcinoembryonic antigen

AIM: To evaluate the serum levels of cytokeratins and
carcinoembryonic antigen (CEA) in diagnosis, staging and
prognosis of patients with colorectal adenocarcinoma.

Fern andes LC , K im S B, Mato s D. Cyto keratin s an d
carcinoembryonic antigen in diagnosis, staging and prognosis
of colorectal adenocarcinoma. World J Gastroenterol 2005;
11(5): 645-648

METHODS: The sample consisted of 169 patients. One
hundred blood donors formed the control group. Radical
surgery was performed on 120 patients, with an average
follow-up duration of 22.3 mo. Relapses occurred in 23
individuals after an average of 18.09 mo. CEA was assayed
via the Delfia® method with a limit of 5 ng/mL. Cytokeratins
were assayed via the LIA-mat® TPA-M Prolifigen® method
with a limit of 72 U/L.

http://www.wjgnet.com/1007-9327/11/645.asp

RESULTS: In the diagnosis of patients with colorectal
adenocarcinoma, CEA showed a sensitivity of 56%, a
specificity of 95%, a positive predictive value of 94%, a
negative predictive value of 50% and an accuracy of 76.8%.
TPA-M had a sensitivity of 70%, a specificity of 96%, a
positive predictive value of 97%, a negative predictive value
of 66% and an accuracy of 93.6%. The elevation of one of
the markers was shown to have a sensitivity of 76.9%, a
specificity of 91%, a positive predictive value of 93.5%, a
negative predictive value of 70% and an accuracy of 83.6%.
There was no variation in the levels of the markers according
to the degree of cell differentiation while there was an
elevation in their concentrations in accordance with the
increase in neoplastic dissemination. There was a
statistically significant difference between the patients with
stage IV lesions and those with stages I, II and III tumors.
With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with
stage II lesions, 8.0 ng/mL in patients with stage III lesions
and 87.7 ng/mL in patients with stage IV lesions. In relation
to TPA-M, the levels were 153.1 U/L in patients with stage I
tumors, 106.5 U/L in patients with stage II tumors, 136.3 U/L
in patients with stage III tumors and 464.3 U/L in patients
with stage IV tumors. There was a statistical difference in
patients with a high CEA level in relation to a shorter survival
(P<0.05). However, there was no correlation between
patients with high TPA-M levels and prognostic indices of
patients undergoing radical surgery.
CONCLUSION: Cytokeratins demonstrate a greater sensitivity
than CEA in the diagnosis of colorectal adenocarcinoma.
There is an increase in the sensitivity of the markers with

INTRODUCTION
Colorectal cancer is the third most frequent cancer in the world,
with a high incidence rate in North America, Western Europe,
Australia, New Zealand and France[1,2]. The general survival
rate of colorectal patients does not exceed 40%[3,4].
The average five-year survival rate of patients with lesions
diagnosed at early stages (stage I) is approximately 70%, and is
6% in cases of advanced disease (stage IV)[5]. Better public
awareness has assisted in diagnosing lesions at initial stages.
Nonetheless, patients are commonly found to have the disease
at advanced stages with extremely poor results. Sometimes
palliative surgery or interventions are performed in which tumor
resection is not achieved[6,7].
It is in this context that the use of serum tumor markers has
its place. These substances, which can be detected in peripheral
blood indicate the existence of developing neoplasm in the
body[8]. In colorectal adenocarcinoma, CEA[9] has become
distinguished as a tumor marker in the diagnosis[10-12], staging[10-12],
and prognosis[13-15] of patients with colorectal carcinoma, and
in the detection of its recurrence[16-19].
Other markers have been developed such as CA 19-9[20,21],
CA 242[21], CA 72-4[22], cytokeratins[23,24], VEGF[25], and p53[26,27].
Of these, cytokeratins merit attention.
Tissue polypeptide antigen (TPA) was the first developed
for detecting cytokeratins in 1978[23]. This evolved into tissue
polypeptide specific antigen (TPS) in 1992[28,29]. Subsequent to
this, monoclonal tissue polypeptide antigen (TPA-M) was
developed in 1994. Its utilization has been analyzed with regard
to the diagnosis of colorectal adenocarcinoma [30,31] and
neoplasms in other organs, such as the prostate[32], ovaries[33],
lungs[34], bladder[35] and breast[36].
A comparison between cytokeratins and CEA would be
useful for determining whether they have clinical advantages
in the diagnosis, staging and prognosis of colon or rectal
cancer patients.
MATERIALS AND METHODS
A study was made in 169 patients (n) with colorectal
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adenocarcinoma undergoing surgical treatment. The study was
conducted in accordance with international standards (Helsinki
Declaration)[37], and approved by the Institutional Ethics
Committee. Patients who had a previous neoplasm history were
excluded. A control group of 100 individuals was recruited
among blood donors at the General Hospital, São Paulo.
The patients were informed that the study period would
consist of the surgical phase and a postoperative follow-up
period of 6, 12, 18, 24, 36, 48 and 60 mo. The preoperative staging
was achieved via clinical evaluation, colonoscopy,
computerized tomography (CT) of the abdomen and pelvis,
and chest radiography. Opaque enema, nuclear magnetic
resonance (NMR) and bone scintigraphy were performed in
accordance with the clinical indications of each case.
Blood samples were centrifuged and the peripheral serum
was frozen at -20 ℃. The patients were periodically followed
up during the postoperative period by means of clinical
evaluation and performing the examinations mentioned. In the
control group, peripheral blood samples were collected via
procedures similar to those used for the patients.
With regard to ethnicity, 69.2% of the patients were whites,
20.1% brown-skinned, 7.7% yellow-skinned and 3% blacks.
With regard to gender, 43.2% were males. At the time of diagnosis,
the average age was 62.2 years, ranging from 19 to 89 years.
Fifty-four point four percent of the lesion locations were in the
rectum, 18.9% in the left colon, 3.6% in the transverse colon
and 23.1% in the right colon. The average diameter of the
neoplasms was 6.1 cm, ranging from 1 to 17 cm.
Of the initial 169 patients, 120 underwent curative surgery
(71%). The average time of follow-up was 22.3 mo.
Follow-up was lost in 3 patients (1.8%). Of the 120 patients
undergoing radical surgery, 81 (67.5%) completed the follow.
Among the 120 patients undergoing radical surgery, 23 (19.2%)
presented neoplastic relapse at an average of 18.1 mo after the
initial surgery.
The control group was composed of 100 blood donors at
the General Hospital, São Paulo (HGSP). Forty-five percent of
the donors were whites, 39% brown-skinned, 12% blacks and 4%
yellow-skinned. Fifty-four were males. At the time of blood donation,
their average age was 42.5 years, ranging from 18 to 60 years.
A single professional at the Clinical Analysis Laboratory of
Hospital São Paulo, Federal University of São Paulo - Escola
Paulista de Medicina, performed the serum assays for tumor
markers. The CEA level was determined via the Delfia® method,
using the Cobas Mira Plus® automatic analyzer from Roche®,
and the limit for normality was considered to be 5 ng/mL[10,11,18].
The cytokeratin levels were determined via the LIA-mat TPAM Prolifigen ® method from the AB Sangtec Medical ®
Laboratory, using the Lumat LB 9501® Luminometer from EG&G
Berthold, and the reference value of 72 U/L.
The following were utilized in the statistical analysis: ROC
curve[38], kappa statistic analysis ()[39], variance analysis[40],
Student’s t test (t)[41] and survival analysis[41] via the KaplanMeier curves. P<0.05 was considered statistically significant.

RESULTS
Diagnosis
In the diagnosis of colorectal adenocarcinoma, CEA demonstrated
a sensitivity of 56%, a specificity of 95%, a positive predictive
value of 94%, a negative predictive value of 50% and an accuracy
of 76.8%. TPA-M presented a sensitivity of 70%, a specificity
of 96%, a positive predictive value of 97%, a negative predictive
value of 66% and an accuracy of 93.6% (Figure 1).
The elevation of one of the markers was shown to have a
sensitivity of 76.9%, a specificity of 91%, a positive predictive
value of 93.5%, a negative predictive value of 70% and an
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accuracy of 83.6%. The reagents had independent action modes
in samples from the patients.
1.00
0.75
Sensitivity
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0.50
TPA-M

0.25

CEA
0.00
0.00 0.25 0.50 0.75 1.00
1-Specificity

Figure 1 Receiver operating characteristic curve obtained in
analysis of CEA and TPA-M in patients with colorectal cancer
and individuals of the control group.

Staging
There was no variation in the levels of the markers according to
the degree of cell differentiation while there was an elevation in
their concentrations in accordance with the neoplastic
dissemination. There was a statistically significant difference
between the patients with stage IV lesions and those with stages
I, II and III tumors.
With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with stage II
lesions, 8.0 ng/mL in patients with stage III lesions and 87.7 ng/mL
in patients with stage IV lesions. In relation to TPA-M, the
levels were 153.1 U/L in patients with stage I tumors, 106.5 U/L
in patients with stage II tumors, 136.3 U/L in patients with
stage III tumors and 464.3 U/L in patients with stage IV tumors.
The sensitivity of each marker or its association with stages
I, II, III and IV of the TNM classification is described in Table 1.
Table 1 Sensitivity of CEA and TPA-M in patients with colorectal
cancer according to the staging of the TNM classification
Sensitivity at different stages (%)
I

II

III

IV

CEA

35 .0

23.3

34.1

69.0

TPA-M

75 .0

53.3

61.0

82.8

77 .5

60.0

68.3

91.4

Increased CEA
or TPA-M
Probability of survival estimate
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1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

TPA-M

P = 0.910 (wilcoxon
test, Breslow version)

≥72 U/L
<72 U/L

0

1

2 3 4 5 6
Follow-up time (yr)

7

Figure 2 Preoperative TPA-M and survival of patients with
colorectal cancer undergoing radical surgical treatment.

Prognosis
There was a statistical difference in patients with a high CEA
level in relation to a shorter survival. However, there was no
statistical difference between patients with high TPA-M levels
in relation to a shorter survival (Figure 2). Even when higher
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cut-off values for TPA-M were adopted (216 U/L, three times
higher than the maximum value were considered to be normal),
no significant differences were discovered.

DISCUSSION
The exclusion criteria for patients with a prior history of benign
or malignant neoplasms were appropriate, because they could
have an increase in the levels of the serum tumor markers
analyzed not due to the colorectal neoplasm present. For the
control group, blood donors present colorectal neoplasm were
used as the healthy population sample as in other studies of the
same nature[30,31].
CEA presented unsatisfactory results when the diagnosis
of colorectal neoplasia was made, with a diagnostic rate of
about 40%[10-12]. In this study, the sensitivity was approximately
50%, confirming that this marker should, therefore not be utilized
for the diagnosis of lesions[42-44]. The cytokeratins assayed via
TPA-M showed a sensitivity of about 70%. Correale et al[30]
found a sensitivity of 48% with a cut-off point of 70 U/L. Plebani
et al[31] by using TPA-M with a cut-off value of 46 U/L, identified
a sensitivity of 58%. The rates obtained in the present
investigation appear to be promising. Additional studies are
necessary for verifying the real sensitivity of TPA-M in
colorectal cancer patients.
Plebani et al [31] foresaw the advantages in utilizing
cytokeratins in combination with CEA in the diagnosis of
colorectal neoplastic lesions. On the basis of the data from the
present research, the utilization of cytokeratins and CEA was
attractive, with a sensitivity of 77%.
Perhaps the use of TPA-M in combination with CEA will
make it possible to detect colorectal neoplasms in populations
at risk at a reasonable cost, especially when its ease of execution
and elevated sensitivity are considered.
With such a sensitivity, TPA-M may have some usefulness,
even in terms of diagnosis, of the lesions that have the macroscopic
characteristics of neoplasm in endoscopic or radiological
examinations but without confirmation of the malignant nature
from the anatomopathological examination. Increased use of
TPA-M in combination with CEA may constitute an additional
element for indicating surgical interventions.
The association between quantification of these tumor
markers and staging of patients is relative. Carriquiry and
Piñeyro[10] studied 209 patients, and identified an average
preoperative CEA level of 4.25 ng/mL in patients with stage I
tumors, 7.49 ng/mL in patients with stage II tumors, 6.42 ng/mL
in patients with stage III tumors, and 241.88 ng/mL in patients
with stage IV tumors. The percentage of increased CEA at each
stage was 21%, 31%, 36% and 92% in patients with stages I, II,
III and IV tumors, respectively.
Correale et al [30] studied TPA-M assays taken from 98
patients with malignant colorectal tumors using a cut-off point
of 57 U/L, and found the sensitivity 33%, 35%, 59% and 73% in
patients with stages I, II, III, and IV tumors, respectively. Plebani
et al[31] reported a statistically significant variation in TPA-M
levels only in patients with stage IV colorectal neoplasm, in
relation to those with other stage tumors.
In this research, the sensitivity of CEA and TPA-M presented
a statistically significant difference between stage IV and the
other stage tumors. Larger samples would perhaps be able to
find evidence for other differences. However, it is possible that
elevation in serum levels of tumor markers might only be
provoked by lesions that extend beyond the colon or rectum.
In any event, preoperative assay of the markers would show
some value in the staging, and should be done for all patients.
Several studies demonstrated lower levels on the survival curves
for patients with elevated CEA assays during the preoperative
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period, such as the studies by Carriquiry and Piñeyro[10],
Wang et al[14] and Wiratkapun et al[15].
No studies are available regarding the correlation between
preoperative TPA-M levels above or below 72 U/L and prognostic
indices such as disease-free intervals and relapse, in patients
with colon or rectum cancer.
In the present study, no statistical difference was identified
in the disease-free interval and survival of patients with
preoperative concentrations of TPA-M above or below the
level of 72 U/L. In the same way, with cut-off value three times
greater than normal, as calculated by Forones et al [13] and
Wiratkapun et al[15] for CEA, there was no difference in patient
survival for TPA-M. This does not, however, necessarily signify
that there is no difference between the groups of individuals
with normal or elevated pre-surgical levels of this tumor marker.
It is possible that the patient sample did not have medical followup for a sufficient period of time for a statistical difference to
emerge between the groups in relation to the marker studied.
In this research, the average patient follow-up time was 22.3 mo.
Other investigations[10,14,15] did have a longer follow-up, with a
statistical difference identified in survival. TPA-M can demonstrate
prognostic importance in studies with a longer follow-up time.
The peripheral serum level of CEA during the preoperative
period reached the status of a relevant prognostic variable. At
present, the preoperative staging of colorectal cancer includes
CEA assay with the following classification: CX - undetermined
CEA level, C0 - level less than 5 ng/mL, and C1 - level greater
than 5 ng/mL[45].
What are the intrinsic characteristics that would define an
ideal tumor marker? The level of such a marker would rise in the
presence of the smallest neoplastic lesions, and would increase
only with the existence of tumors. The marker would be
produced by all neoplastic cells, thus making it possible to
correlate between marker levels and tumor extent. All patients
would generate such a marker. For the public, the examination
must have an accessible cost, be minimally invasive and can be
performed in any location. The marker should precisely indicate
the diagnosis, staging, prognosis and occurrence of neoplastic
relapse. There is a consensus on the fact that the ideal tumor
marker does not exist[8,46].
Cytokeratins constitute an advance in the direction of a
perfect tumor marker, and their association with CEA is useful
in offering a better approach towards patients with colorectal
cancer.
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Abstract
AIM: Chronic hepatitis B virus (HBV) infection is predominantly
treated with interferon alpha (IFN-), which results in an
efficient reduction of the viral load only in 20-40% of treated
patients. Mutations at HBV precore prevail in different clinical
status of HBV infection. The roles of precore mutation in
the progression of chronic hepatitis and interferon sensitivity
are still unknown. The aim of this study was to explore if
there was any relationship between HBV precore mutation
and sensitivity to interferon in vitro.
METHODS: HBV replication-competent recombinant
constructs with different patterns of precore mutations
were developed. Then the recombinants were transiently
transfected into hepatoma cell line (Huh7) by calcium
phosphate transfection method. With or without IFN, viral
products in culture medium were collected and quantified
3 d after transfection.
RESULTS: We obtained 4 recombinant constructs by
orientation-cloning 1.2-fold-overlength HBV genome into
pUC18 vector via the EcoRI and Hind III and PCR mediated
site-directed mutagenesis method. All the recombinants
contained mutations within precore region. Huh7 cells
transfected with recombinants secreted HBsAg and HBV
particles into the cell culture medium, indicating that all
the recombinants were replication-competent. By comparing
the amount of HBV DNA in the medium, we found that HBV
DNA in medium reflecting HBV replication efficiency was
different in different recombinants. Recombinants containing
precore mutation had fewer HBV DNAs in culture medium
than wild type. This result showed that recombinants
containing precore mutation had lower replication efficiency
than wild type. HBV DNA was decreased in pUC18-HBV1.2WT recombinants after IFN was added while others with
precore mutations were not, indicating that HBV harboring
precore mutation was less sensitive to IFN in cell culture
system.
CONCLUSION: These data indicate that HBV harboring
precore mutation may be resistant to IFN in vitro.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Hepatitis B virus; Mutation; Interferon; Viral resistance
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INTRODUCTION
Hepatitis B virus (HBV) is a small, partially double-stranded
DNA (dsDNA) virus that causes acute and chronic hepatitis in
humans. HBV infection is a global health problem. Current
estimates are that 2 billion people are infected with HBV
worldwide, 360 million of them suffer from chronic HBV infection
resulting in over 520 000 deaths each year (52 000 from
acute hepatitis B and 470 000 from cirrhosis or liver cancer)[1].
Transient infections may lead to serious illness, and
approximately 0.5% are terminated in fatal, fulminant hepatitis.
Chronic infections may also have serious consequences, nearly
25% are terminated in untreatable liver cancer[2]. Chronic HBV
infection is predominantly treated with IFN alpha, which could
reduce the viral load in only 20-40% of treated patients with
low-level viremia and evidence of active liver disease[3,4]. It is
known that IFN alpha reduces viremia in responding patients
by modulation of immunological responses and/or by direct
induction of an intracellular antiviral state in infected cells.
So far, drug-induced intracellular antiviral mechanisms against
HBV have mostly been examined by use of hepatoma cell lines
and transgenic mice with integrated HBV DNA, since cell lines
permissive for HBV infection are not available. Studies have
shown that treatment of various stable HBV-expressing
hepatoma cell lines with IFN- could lead to intracellular
inhibition of synthesis of one or several HBV products,
depending on the type of cells and systems used[5-7].
HBV sequence variability has been increasingly recognized
as a factor that modulates the course and outcome of HBV
infection. Variants with disturbed hepatitis B e antigen (HBeAg)
synthesis, large deletions in the nucleocapsid gene, or mutations
in the basic core promoter (BCP) have been found to be associated
with severe liver diseases and might be related to the sensitivity
of interferon therapy[8]. There have been many studies on HBV
replication and IFN sensitivity, but the results are inconclusive.
The significance of mutations of HBV precore/core antigen in
causing persistent infection and subsequent liver diseases is
debatable. Therefore the roles of precore mutations in the
progression of chronic hepatitis are still unknown. G to A
transition at nt1896 in the precore (preC) region terminates
translation of the HBeAg precursor and results in HBeAgminus HBV. Although A1896 mutation was reported
previously to be associated with severe forms of chronic liver
diseases[9], the real significance of A1896 mutation in the course
of hepatitis is still controversial[10,11].
In addition, there are a few works about HBV mutation and
IFN sensitivity in vitro. HBV genome is a condensed structure,
the open reading frames are overlapped. Therefore mutation at
one site may alter transcription or translation of more than one
viral gene. Most previous studies focused on HBV subgenomic
fragments, nevertheless,there are a few researches on the full
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Table 1 Sequences of primers for mutagenesis reaction
Primer
A1762/G1764For

Direction
+

Length
34

Position (nt)

5’-sequence-3’

1 748-1 781

aggagattagttaaaggtctttgtactaggaggc

1896/1899Rev

-

20

1 895-1 876

aaagccacccaaggcacagc

A1896For

+

31

1 876-1 906

gctgtgccttgggtggctttagggcatggac

A1899For

+

34

1 876-1 909

gctgtgccttgggtggctttgggacatggacatt

A1896A1899For

+

34

1 876-1 909

gctgtgccttgggtggctttaggacatggacatt

PS5For

+

20

1 260-1 279

gccgatccatactgcggaac

PS4Rev

-

20

2 386-2 405

gagaccttcgtctgcgaggc

length of HBV. Therefore we introduced recombinant constructs
harboring more than one copy of HBV genome into hepatoma
cell line by transient transfection. Since the recombinants
contained different mutations at the precore region, we could
study the relationship of these mutations and interferon
sensitivity in vitro.

MATERIALS AND METHODS
Construction of plasmids
Cloning of plasmid constructs used in transfection experiments
was performed by standard techniques [12]. Mutagenesis
reactions were performed through polymerase chain reaction
(PCR)-mediated site-directed mutagenesis with the designed
mutagenetic primers (Table 1). For the calculation of the
nucleotide (ntd.) positions, the first thymine of the putative
EcoRI site of HBV was defined as position 1 and then anticlockwise was counted (GenBank accession number is
AY040627, genotype C). Different kinds of mutations were
introduced by amplification with Pwo-Taq DNA polymerase
mix (expand high fidelity PCR system, Roche Molecular
Biochemical, Germany).
First, pUC18-HBV1.2-TA was constructed. Plasmid pUC18HBV1.2-TA was derived from pALTER-HBV1.2 containing a
1.2×HBV full length (T1762/A1764 mutant type). The 1.2×HBV
full length from pALTER-HBV1.2 and linearized pUC18 vector
were obtained by restrictive endonuclease EcoRI and Hind III
digestion. Both of them were purified by QIAquick gel extraction
kit (Qiagen, Germany). Then the 1.2×HBV full length was
orientedly subcloned into the linearized vector pUC18 to acquire
pUC18-HBV1.2-TA (T1762/A1764).
Second, we constructed wild type recombinants. Plasmid
pUC18-HBV1.2-WT was produced by the large primer PCR
method. In brief, fragments which were prepared by expand
high fidelity PCR system (Roche) were used as large primers. In
the PCR system, pUC18-HBV1.2-TA was used as a template
with repair primer (wild type) A1762/G1764For and primer
PS4Rev. The PCR products were purified by QIAGEN gel
extraction kit and then used as large primers. The large primers
and primer PS5For were used to amplify template pUC18HBV1.2-TA to obtain the wild type fragments of HBV which
were ascertained by sequencing. The PCR products and pUC18HBV1.2-TA were both digested by restrictive endonucleases
EcoRI and Xmn I respectively. After ligation and subcloning,
the fragments between EcoRI and Xmn I in pUC18-HBV1.2-TA
were replaced by corresponding fragments derived from PCR
products, then wild type constructs of pUC18-HBV1.2-WT were
produced which had a wild type A1762/G1764 instead of a mutant
type T1762A1764.
Third, we constructed 1896/1899 recombinants. One
segment, designated as segment A was prepared by PCR using
pUC18-HBV1.2 as template with the primers PS5For and
1896/1899Rev, this fragment was used as a common segment
for all next round amplifications. Segment B was prepared with

the primers A1896For and PS4Rev, while segment C was
prepared with primers A1899For and PS4Rev and segment D
with primers A1896A1899For and PS4Rev. Then A1896 mutated
fragments were obtained by PCR using segments A and B as
templates with primers PS4 and PS5. Restrictive endonucleases
EcoRI and Xmn I were used to digest PCR products and
pUC18-HBV1.2-WT, then fragments between EcoR I and Xmn
I were exchanged between pUC18-HBV1.2-WT and PCR
products by subcloning as described above. Plasmids
containing the mutated site A1896 were obtained and named
as pUC18-HBV1.2-A1896.Accordingly, plasmids pUC18-HBV1.
2-A1899 and pUC18-HBV1.2-AA were obtained later. The
detailed mutation patterns of all the produced plasmids are
shown in Table 2 and Figure 1. Correctly introduced nucleotides
were verified by sequencing.
Table 2 Mutation patterns of the 4 recombinant constructs
Number

Recombinant constructs

Mutation pattern
A1896

A1899

1

pUC18-HBV1.2-WT

-

-

2

pUC18-HBV1.2-A1896

+

-

3

pUC18-HBV1.2-A1899

-

+

4

pUC18-HBV1.2-AA

+

+

Note: “+” indicates the construct containing the corresponding mutation, “-” indicates the constructs containing no corresponding mutation instead of wild type.

Determination of the most optimum concentration of interferon-
in vitro
Huh7 cells were seeded at a density of 6×105/well in six-well
plates (10 cm2 per well, Falcon) in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum and cultured
at 37 ℃ in 5 mL/L CO2 1 d before transfection. The medium was
changed 4 h before transfection. Five ug plasmid was
transfected into nearly confluent Huh7 cells. Sixteen hours after
transfection, Huh7 cells were shocked with 15% glycerol
solution, and then incubated with a fresh culture medium for
24 h. To determine the most optimal concentration of interferon
in vitro, different concentrations of interferon -2b were added
to the culture medium. The concentrations of IFN- (Intron A,
Schering-Plough Research Institute) used in the experiment
were 62.5 IU/mL, 125 IU/mL, 250 IU/mL, 500 IU/mL, 1 000 IU/mL,
2 000 IU/mL, 4 000 IU/mL, 8 000 IU/mL. Three days after
transfection, cell medium was collected to detect HBsAg, HBeAg
and HBV DNA. By comparing the amount of HBsAg, HBeAg
and HBV DNA secreted to the medium, we selected the
concentration of interferon which could inhibit HBV most.
Transfection of HBV DNA by calcium phosphate precipitation
All plasmid DNAs were prepared and purified by QIAGEN
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EndoFree maxi kit (EndoFreeTM Plasmid Mega Kit, Qiagen,
Gemany). The DNA was then quantified spectrophotometrically
(a ratio of the optical density at 260 nm to that at 280 nm of 1.7
to 1.8).
Transfection was performed by the calcium phosphate
precipitation method (Promega ProFection® mammalian
transfection system-calcium phosphate) according to the
supplied protocol. Human hepatoma cell line Huh7 was grown
as a monolayer in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum at 37 ℃ in 5 mL/L CO2.
Huh7 cells were plated at a density of 3.0×106 cells per Petri
dish (Falcon) 1 d before transfection to reach 80% confluence
at transfection. The medium was changed 4 h before
transfection. Twenty ug corresponding HBV replicationcompetent plasmid was mixed with CaCl2 solution, then added
dropwise to 2× HEPES-buffered saline (pH 7.05), and
transfected into confluent Huh7 cells. Sixteen hours after
transfection Huh7 cells were shocked with 15% glycerol
solution, and then incubated with a fresh culture medium for 24 h.
Medium with or without 1000 IU/mL IFN- (interferon alfa-2b,
intron A, Schering-Plough Research Institute) was then added
and the culture medium was harvested 3 d after transfection.
Transfection efficiency was measured by cotransfection of
1.0 g of reporter plasmid pSEAP2-Control-SV40 (Clontech)
expressing secretable alkaline phosphatase under the control
of the SV40 early promoter and the SV40 enhancer [13,14].
The SEAP coding sequence was followed by the SV40 late
polyadenylation signal to ensure proper and efficient processing
of the SEAP transcript in eukaryotic cells. The secreted SEAP
enzyme was assayed directly from the culture medium. The reporter
plasmid served as an internal control to monitor transfection
efficiency and potential IFN--mediated cytotoxic effects or
nonspecific inhibitory effects. Transfection efficiency in each cell
culture plate was carefully controlled by determination of the SEAP
enzymatic activity in the cell culture medium before addition of
IFN-, and was found to vary by less than 10% (data not shown).
The SEAP activity of the culture media was measured 24 h
after transfection by performing a colorimetric assay according
to the recommendation[13]. Briefly, twenty microliters of heattreated (at 65 ℃ for 5 min) medium was adjusted to 1×SEAP
assay buffer (1.0 mol/L diethanolamine pH9.8, 0.5 mmol/L
MgCl2, 10 mmol/L L-homoarginine) in a final volume of 200 L
and prewarmed to 37 ℃ for 10 min in a 96-well flat-bottom
culture dish. Twenty microlitres of prewarmed 120 mmol/L
p-nitrophenylphosphate (pNPP) dissolved in 1×SEAP assay
buffer was then added and mixed. A405 of the reaction mixture
was read in a microplate reader at 5-min intervals. The change
in absorbance was plotted and the maximum linear reaction rate
was determined. The SEAP activity was expressed in A405
(data not shown). The amount of both HBsAg and HBV DNA
was corrected by the SEAP activities.
A

1 896 1 899

B

1 896 1 899
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Detection for HBsAg secreted to cell culture medium
The amount of HBV surface antigen (HBsAg) secreted into the
cell culture medium was determined by enzyme-linked
immunosorbent assay (ELISA, Hepanostika HBsAg Uni-Form
II, Biomérieux bv, Netherlands) after removal of cell debris and
stored at -20 ℃ until analysis. Total amount of HBsAg was
calculated by comparison with a standard HBsAg-positive
human serum and negative control sera provided by the
manufacturer. If the A450 for HBsAg was more than 3.0, a 1:
10 dilution of culture medium was made for further assay.
Real-time quantitative PCR to detect HBV DNA secreted to culture
medium
Cell culture medium was collected 3 d after transfection and
centrifuged at 14 000 r/m rpm 10 min at 4 ℃ to remove cell
debris. The supernatant was adjusted to 10 mmol/L MgCl2 and
treated with 100 g/mL DNase I for 60 min at 37 ℃ to remove
the remaining recombinants. The reaction was stopped by
adding EDTA to a final concentration of 25 mmol/L. HBV DNA
in the cell medium was detected by fluorescent real-time
quantitative PCR (commercially available assay kit, Roche
Light cycler).
RESULTS
Replication-competent constructs containing HBV genome with
mutations at precore region
By PCR-mediated site-directed mutagenesis method and
molecular cloning, we obtained different HBV fragments
containing varied mutations with different mutagenetic primers.
The agarose gel electrophoresis of different HBV fragments is
shown in Figure 1. Finally we acquired four kinds of replicationcompetent constructs containing HBV genome with mutations
at the precore region. All the mutated sites were ascertained by
sequencing. The sequences were analyzed by Chromas and
Bioedit software. Therefore the desired mutations instead of
the unrelated mutations were introduced. Part of the sequencing
results at the mutation site are shown in Figure 2.
M1
100 bp ladder
bp
1 000
800
600
500
400

A

B

C

D

A96 A99

AA

M2
200 bp ladder
2 000
1 600
1 200
1 000
800
600
400
bp

Figure 1 Electrophoresis of mutagenesis PCR product. Lanes
A-D: Different HBV fragments using different mutated primers,
Lanes E-G: The second round PCR products.

C

1 896 1 899

D

1 896 1 899

Figure 2 Local sequences of mutagenesis sites of 4 recombinants. Arrowhead indicates the mutated nucleosides. A: pUC18HBV1.2-WT; B: pUC18-HBV1.2-A1896; C: pUC18-HBV1.2-A1899; D: pUC18-HBV1.2-AA.
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Table 3 HBsAg and HBV DNA secreted into cell culture medium with or without IFN (mean±SD)
Recombinants

HBsAg (A 450 )

HBV DNA (realtime PCR, log10)

Without IFN

With IFN

Without IFN

With IFN

2.63±0.1 c
1.43±0.05
1.97±0.15
2.6±0.05

1.96±0.07 c
1.46±0.07
1.96±0.12
2.5±0.06

5.02±0.06 ac
4.43±0.09 ac
4.80±0.05
4.06±0.07 ac

4.86±0.07 c
5.53±0.07 c
4.90±0.06
4.46±0.05 c

Puc18-HBV1.2-WT
Puc18-HBV1.2-A1896
Puc18-HBV1.2-A1899
Puc18-HBV1.2-AA

n = 3, aP<0.05 (WT in comparison with MT without IFN), cP<0.05 (without IFN in comparison with with IFN). WT: wild type, MT:
mutated type.

A

vector

P

X

P

C

PreS1

PreS2

Precore mutation decreased HBV replication
All the different recombinants were introduced into hepatoma
cell Huh7 by calcium phosphate transient transfection method.
Cell culture medium was collected 3 d after transfection and
HBV DNA was detected by fluorescent real-time quantitative
PCR. HBV DNA in the cell medium was given as viral copies per
milliliter. As shown in Table 3 and Figure 4, all the recombinants
could produce and secrete HBV DNA to the cell medium. When
the amounts of HBV DNA in the medium were compared,
replication efficiency was different in different recombinants.
Recombinants containing precore mutations had lower
replication efficiency than wild type. The recombinant containing
the A1896 and A1899 double mutations had lower replication
efficiency than the recombinant containing A1896 or A1899
single mutations.
HBeAg (A450)
HBsAg (1:10 diluted cell
medium)
HBV DNA (realtime PCR)

0

62.5

125

250

500 1 000 2 000 4 000 8 000 lFN-2b (lU/mL)

S

X

C

vector

BamH 1

1 753

1 762 1 764

10
9
8
7
6
5
4
3
2
1
0

Figure 4 Detection of HBsAg, HBeAg, HBV DNA secreted to
the cell medium with different concentrations of interferon.

EcoR l BamH l

1 742

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

HBV DNA (log10)

Dose-dependent sensitivity to interferon in vitro
As described in Materials and Methods, the plasmid containing
wild type HBV was transfected to Huh7 in six-well plates. Different
concentrations of interferon- (62.5 IU/mL, 125 IU/mL, 250 IU/mL,
500 IU/mL, 1 000 IU/mL, 2 000 IU/mL, 4 000 IU/mL, 8 000 IU/mL)
were added and cell medium was collected 3 d after transfection.
As shown in Figure 4, different concentrations of interferon-
had different effects on HBV antigen expression and viral
replication. Along with increase of interferon- concentration,
HBsAg and HBeAg secretion decreased almost in the same
extent in general. The results showed that interferon- with
2 000 IU/mL medium in vitro could inhibit HBV antigen
expression to the highest extent. For the viral DNA secreted to
the medium, the realtime PCR was used to detect HBV DNA.
With different concentrations of interferon- in cell medium,
the amounts of secreted viral DNA were also different. HBV DNA
decreased most in the medium with 1 000 IU/mL interferon-.
According to previous reports and our experimental results,

we selected the concentration 1 000 IU/mL of interferon- as
the concentration of experiments in vitro.

A450

HBV reconstructs were named as pHBV1.2 containing a
1.2-fold-overlength genome of HBV, genetype C, with a 5’
terminal redundancy encompassing enhancers I and II, the
origin of replication (direct repeats DR1 and DR2), the X- and
pregenomic/core promoter regions, the transcription initiation
site of the pregenomic RNA, the unique polyadenylation site,
and the entire X open reading frame as depicted in Figure 3.
Such a recombinant was proven to initiate HBV replication
efficiently and with high liver specificity in transfection
experiments and in transgenic mice[15]. In this research, we obtained
4 recombinant constructs by orientation-cloning and PCRmediated site-directed mutagenesis. As shown in Figure 3, the
4 constructs contained different combinations of mutations at
HBV precore region.

BCP

Bgl ll Hlnd III

1 849

1 896 1 899

gggggaggagattaggttaaaggtctttgtactaggaggctgtaggcataaattggtctgttcaccagcaccatgcaacttttttcacctctgcctaatcatctcatgttcatgtcctactgttcaagcctccaagctgtgccttgggtggctttggggc

B

TA1 TA2

TA3

TA4

DR1

1 896 1 899

pUC18-HBV1.2-WT
pUC18-HBV1.2-A1896

A
A

pUC18-HBV1.2-A1899
pUC18-HBV1.2-AA

A

A

Figure 3 Sketch map of structure of plasmid pUC-HBV1.2 and the mutation sites of all constructed plasmids. Panel A: Upper line
and box figure indicate the 1.2 copy HBV genome cloned into pUC18 EcoRI and Hind III sites. Different open reading frames are
indicated with corresponding box. Lower letters indicate HBV BCP and precore region sequence, TA rich region and DR region
are underlined. Scheduled nucleosides to be mutated are indicated with numeral; Panel B: Recombinant constructs and their
corresponding mutation sites. The constructs are listed at left, long gray box indicate consensus sequences, mutation nucleosides
and their sites are indicated.
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Precore mutation exerted no effect on expression of HBsAg
Cell culture medium was collected 3 d after transfection with
recombinant constructs. The amount of hepatitis B virus surface
antigen (HBsAg) secreted into the cell culture medium was
determined by ELISA. All the recombinants could express and
secrete HBsAg into cell medium. When the relative amount of
HBsAg was compared (Table 3), a slight difference was found
among all the recombinants containing different precore
mutation combinations. But there was no significant difference
by statistic analysis (P>0.05). The result indicated that precore
mutation might have no effect on expression of HBsAg.
Recombinants containing precore mutation were resistant to
interferon
Sixteen hours after transfection, Huh7 cells were shocked with
15% glycerol solution, and then incubated with fresh culture
medium for 24 h. Fresh complete medium with and without
1 000 IU/mL IFN- was added and the culture medium was
harvested 3 d after transfection. HBV DNA in the cell medium
was detected by fluorescent real-time quantitative PCR. By
comparing HBV DNA in the cell medium with or without addition
of IFN, we could know the sensitivity to IFN of different
recombinants. The level of HBV DNA was decreased in pUC18HBV1.2-WT recombinants after IFN was added while others
with precore mutations were not. HBV DNA in the medium from
the recombinants containing HBV precore mutations such as
A1896 and/or A1899 did not decrease in amount after IFN was
added. Thus recombinants containing precore mutations were
resistant to interferon, precore mutations might be one indicator
of HBV resistance to IFN.
Effect of IFN on secretion of HBsAg
As shown in Table 3, HBsAg secreted to the medium was
slightly decreased in recombinants with HBV wild type after
IFN was added. While after interferon was added, HBsAg in
the medium of recombinants with HBV precore mutations did
not decrease.
DISCUSSION
Chronic HBV infection remains a major public health problem
worldwide as well as a therapeutic challenge. Despite a high
rate of viral clearance in immunocompetent adults and the
availability of efficient vaccines, a large proportion of the world’s
population (400 million) are chronically infected with HBV. This
is due to the fact that vertical transmission of HBV in neonates
leads to a chronic infection in 90% of cases. Chronic HBV
infection may result in a wide spectrum of liver diseases including
acute self-limiting hepatitis or chronic infection. There are
still 250 000 deaths each year resulted from hepatitis B. While
HBV is generally regarded as noncytopathic, HBV-induced
liver diseases are mediated by cytotoxic T-lymphocyte (CTL)
lysis of infected hepatocytes[16,17]. Nevertheless, activity of
HBV-induced liver diseases may also relate to viral factors.
The coexistence of repeated cycles of HBV replication and
immune lysis of infected hepatocytes are associated with
fibrosis, cirrhosis, and hepatocellular carcinoma.
Current strategies for treating hepatitis B are focused on
clearance of active HBV infection through suppression of viral
replication. Interferon- (IFN-) and nucleoside analogs
(lamivudine and adefovir) have been approved for their clinical
use by FDA. The sustained virological response rate to IFN-,
however, ranges between 20% and 40%[3,4]. The actual rate of
sustained response in non selected patients is supposed to be
lower. The resistance to antiviral treatment by some viruses is
due to positive selection of variants harboring mutations that
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confer resistance[18]. Variations at the precore region have been
reported to be associated with the response to IFN therapy[19].
The mutation G to A switch at position 1896 of the pre-core
region of the HBV genome that leads to a translational stop
codon in the leader sequence of HBeAg protein could result in
the inhibition of protein synthesis[20]. Such variants selected
during seroconversion from HBeAg to anti-HBe are responsible
for HBeAg-negative chronic hepatitis B, which represents up
to 50-95% of the chronic hepatitis B cases followed up in liver
units in Europe and has an increasing prevalence from north to
south[21]. Recently a total of 694 consecutive chronic HBVinfected patients seen in 17 liver centers in the US during a
one-year period were enrolled[22]. Precore variants are found in
27% of chronic hepatitis B (CHB) patients and more common in
hepatitis B e antigen (HBeAg)-negative patients than in
HBeAg-positive patients (38% vs 9%, P<0.001). The precore
stop codon variants are detected in a median of 60% (range
0-100%) of HBeAg-negative patients, 92% in the Mediterranean,
50% in Asia Pacific and 24% in the USA and Northern Europe[23].
Anti-hepatitis e antigen-positive chronic hepatitis B is a
progressive liver disease associated with precore mutants and
poor response to interferon. It is still unknown why this variant
is related to IFN responsiveness, and whether it is IFN-sensitive
or resistant, or whether it is directly or causally related to
responsiveness. Previous studies have not fully answered these
questions and the results are contradictory[10].
Some studies have shown that mutant-type diseases (antiHBe-positive/HBeAg-negative) are less responsive to IFN
given for 6-12 mo while wild-type responds relatively well to
IFN treatment. Naoumov et al[24] sequenced precore/core region
in 46 serum samples obtained before, during, and after interferon
treatment of 12 patients. No significant changes occurred in
the precore/core regions in responders after seroconversion to
anti-hepatitis B e antigen, but multiple variations persisted in
nonresponders during treatment and new mutations occurred
with the relapse of hepatitis. Other studies had contradictory
results. Shindo et al[25] investigated 93 patients with chronic
hepatitis B treated with IFN alpha. The results suggest that the
precore wild type and mutant have similar sensitivity to IFN.
Schepis et al[26] found core gene variability did not seem to be
involved either in the outcome of infection or in the responses
to IFN treatment in children with chronic HBV infection.
Zampino et al [27] showed that G1896A precore stop codon
mutation was not detected before, during and after interferon
treatment in young Caucasian cancer survivors who acquired
HBV infection during chemotherapy for malignancies. Some
researchers[10] have found that precore mutant HBV could
influence the response to interferon when it reaches significant
serum levels (> 20% of total viremia).
For the study of HBV infection, no permissive cell line or
small animals are available. Stable cell lines with integrated
HBV genomes, e.g., HepG2.2.15 cells[28], are commonly used
for assessing the action of drugs on HBV replication. HBVtransgenic mice have been proved to be very useful for
immunological studies[29]. However, stable cell lines as well as
transgenic mice have the disadvantage that, unlike in natural
infection, HBV replicates from an integrated genome which
cannot be eliminated. In contrast to almost all previous studies
with cell lines containing chromosomally integrated HBV DNA
or transfection of cells with subgenomic HBV fragments[5,30-32],
we developed recombinant constructs in which 1.2-foldoverlength HBV containing precore mutations were inserted.
All the different recombinants were introduced into hepatoma
cell line Huh7 by calcium phosphate transient transfection
method. The constructs efficiently initiated virus replication
and antigen expression in transiently transfected hepatoma
cell line Huh7, which could be demonstrated by measuring
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HBsAg and HBV DNA secreted to the cell culture medium. All
the recombinant constructs were replication-competent. By
comparing the amount of HBV DNA into the medium, we found
that the replication efficiency was different in different
recombinants. Whether HBV harboring single A1896 and A1899
precore mutations affects replication efficiency or not is still
uncertain.
Interferons exert their cellular activities by binding to specific
membrane receptors on the cell surface. Once bound to the
cell membrane, interferons initiate a complex sequence of
intracellular events including induction of certain enzymes,
suppression of cell proliferation, immunomodulating activities
such as enhancement of the phagocytic activity of macrophages
and augmentation of the specific cytotoxicity of lymphocytes
for target cells, and inhibition of virus replication in virusinfected cells. It has been reported that type I interferons have
immunomodulatory properties as well as direct antiviral
activity[33]. Previous results obtained in in vivo studies could
not show whether precore mutation of HBV is directly related
to between IFN responsiveness. We used an in vitro system by
hepatoma cell lines (as described before) to investigate the
relationship between precore mutation and IFN responsiveness.
By comparing HBV DNA in the cell medium, we found that the
production of HBV DNA was decreased in HBV wild type after
adding IFN but not in HBV precore mutations. It demonstrates
that IFN could directly suppress viral replication in Huh7 cells
transiently transfected with wild type HBV DNA in vitro. These
in vitro experiment results indicate that the mechanism of IFN’s
antiviral effect is not only by immune regulation but also by
direct or indirect suppression of viral replication. IFN can not
suppress viral replication in Huh7 cells transiently transfected
with mutant type HBV DNA in vitro while it suppresses wild
type. Meanwhile our results imply that the antiviral effect of
IFN in vitro is dose-dependent. Based on the above results,
we conclude that interferon has direct anti-viral effects, HBV
harboring precore mutations influences the sensitivity of IFN.
Therefore precore mutations might at least partly affect the
response of IFN in vivo.
As discussed before, IFN might have direct antiviral effects
on HBV. HBsAg secreted to the medium was slightly decreased
in recombinants with HBV wild type after adding IFN while
HBsAg did not decrease in recombinants with precore mutations.
The results imply that the antiviral mechanism of IFN is not
only by affecting viral replication but also by affecting viral
antigen expression of HBV wild type. Precore mutations might
hamper this mechanism. These results are similar to previous
studies. Recent studies in chimpanzees have shown that in
the initial phase of acute HBV-infection a non-cytolytic
downregulation of HBV-replication takes place before cytotoxic
T-cell mediated destruction of HBV-antigen[34]. Various in vitro
studies have examined the inhibitory effects of IFN-/ on
HBV replication. Rang et al[35] showed that IFN- might reduce
the stability of HBV RNA in transiently transfected Huh7-cells
and Caselmann et al[6] observed a decrease of pregenomic HBV
RNA in HepG2 cells stably transfected with the HBV-genome
when they were treated with IFN-. Hamasaki et al [36]
demonstrated a reduction of HBs-antigen mRNA-levels by
IFN- in hepatoma cells with integrated HBV-DNA. Thus type
I IFNs inhibit HBV replication and protein production by a
variety of mechanisms.
Our experiments indicate that HBV with precore stop
mutation is resistant to IFN treatment in vitro. The result has
been ascertained by some studies in vivo. The anti-viral
mechanisms of IFN are very complicated. Further studies are
needed to explore the mechanisms of HBV precore mutation
resistance to IFN therapy. The pathogenicity and the treatment
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of HBV precore mutation remain to be investigated.
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Abstract
AIM: To investigate the role of p38 mitogen-activated protein
kinase in rat small intestine after ischemia-reperfusion (I/R)
insult and the relationship between activation of p38 MAPK
and apoptotic cell death of intestine.
METHODS: Ninety Wistar rats were divided randomly into
three groups, namely sham-operated group (C), I/R vehicle
group (R) and SB203580 pre-treated group (S). In groups
R and S, the superior mesenteric artery (SMA) was separated
and occluded for 45 min, then released for reperfusion for
0.25, 0.5, 1, 2, 6, 12 and 24 h. In group C, SMA was
separated without occlusion. Plasma D-lactate levels were
examined and histological changes were observed under
a light microscope. The activity of p38 MAPK was determined
by Western immunoblotting and apoptotic cells were
detected by the terminal deoxynucleotidyl transferase (TdT)mediated dUDP-biotin nick end labeling (TUNEL).
RESULTS: Intestinal ischemia followed by reperfusion
activated p38 MAPK, and the maximal level of activation
(7.3-fold vs sham-operated group) was reached 30 min
after I/R. Treatment with SB 203580, a p38 MAPK inhibitor,
reduced intestinal apoptosis (26.72±3.39% vs 62.50±3.08%
in I/R vehicle, P<0.01) and decreased plasma D-lactate
level (0.78±0.15 mmol/L in I/R vehicle vs 0.42±0.17 mmol/L
in SB-treated group) and improved post-ischemic intestinal
histological damage.
CONCLUSION: p38 MAPK plays a crucial role in the signal
transduction pathway mediating post-ischemic intestinal
apoptosis, and inhibition of p38 MAPK may attenuate
ischemia-reperfusion injury.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Growing evidence from both animal experiments and clinical
observations indicates that apoptosis, a form of cell death that
is distinct from necrosis, plays a key role in intestinal ischemiareperfusion injury[1,2]. The signal transduction pathway that
leads to this post-ischemic intestinal apoptosis, however,
remains unclear. Recently, cell biology studies have demonstrated
that c-Jun N-terminal kinase (JNKs)/stress-activated protein
kinase (SAPK) and p38 mitogen-activated protein kinase
(MAPK), two members of the MAPK family, are activated by a
variety of cellular stresses[3,4] and that their activations result
in apoptosis and cell death[5-11]. It has also been known recently
that intestinal I/R, an extreme pathological stress to the gut,
activates p38 MAPK[12]. However, whether activation of p38
MAPK plays a role in intestinal I/R apoptosis has not been
determined. The objectives of the present studies were to
determine the time course of p38 MAPK activation in vivo in I/R
rat model, establish a direct link between p38 MAPK activation
and intestinal epithelial cell apoptosis after intestinal I/R, and
define the effects of inhibition of p38MAPK activation and
I/R-induced cell apoptosis by specific pharmacological agents
on intestinal epithelial barrier functional damage.
MATERIALS AND METHODS
Animal model and experimental design
Ninety healthy male Wistar rats weighing 220±20 g (Animal
Centre, Chinese Academy of Military Medical Science, Beijing)
were used in this study. Rats were housed in wire-bottomed
cages placed in a room illuminated from 08:00 AM to 20:00 PM
(12:12 h light-dark cycle) and maintained at 21±1 ℃. Rats were
allowed access to water and chow ad libitum. After they were
anesthetized by 30 g/L sodium pentobarbital (40 mg/kg), and a
laparotomy was performed. The superior mesenteric artery
(SMA) was identified and freed by blunt dissection. A microbulldog clamp was placed at the root of SMA to induce complete
cessation of blood flow for 45 min, and thereafter the clamp
was loosened to form reperfusion injury[13]. The animals were
randomly divided into sham-operation group (C), I/R vehicle
group (R) and SB 203580 pre-treated group (S). According to
different periods after reperfusion, groups R and S were further
divided into 0.25, 0.5, 1, 2, 6, 12 and 24 h subgroups. In group R
and S, 0.15 mL saline or 0.15 mL saline plus SB 203580 (250 g/rat)
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was injected right before SMA occlusion via tail vein for
pre-treatment. In group C, SMA was separated but without
occlusion, and samples were taken after exposure to SMA for
45 min. In groups R and S, rats were sacrificed at different time
points after reperfusion, and blood samples and intestinal tissue
biopsies were taken. Blood samples were centrifuged and serum
was frozen to measure plasma D-lactate. A small piece of tissue
samples was fixed with 100 g/L neutral buffered formalin for
immunohistochemical detection of intestinal epithelial
apoptosis. The rest of tissue samples were placed in liquid
nitrogen for Western immunoblotting detection of p38 MAPK
activities.

Measurement of plasma D-lactate
The level of plasma D-lactate was measured with modified
Brandt’s method. Briefly, heparinized blood was centrifuged
at 3 200 r/min for 10 min and 2 mL of the plasma was deproteinized
with 0.2 mL perchloric acid (PCA) (1/10 vol), mixed and kept in
an ice bath for 10 min. The denatured protein solution was
centrifuged at 3200 r/min for 10 min and the supernatant was
removed. To 1.4 mL of supernatant, 0.12 mL KOH was added
and mixed for 20 s. Precipitant KCLO4 was removed by
centrifugation at 3200 r/min for 10 min. The supernatant and
neutralized-protein-free plasma were used to measure the
absorbency at 304 nm. Plasma D-lactate concentration was
expressed as mmol/L.
Histological staining
Formalin-fixed, paraffin-embedded intestinal samples were also
cut into 5-m thick sections, deparaffinized in xylene, rehydrated
in graded ethanol, and then stained with haematoxylin-eosin
(HE) for histological observation under light microscope.
In situ detection of cell death
The apoptotic cells of post-ischemic intestinal tissue were
detected by the terminal deoxynucleotidyl transferase (TdT)mediated dUDP-biotin nick end labeling (TUNEL) method[14].
In situ cell death detection kit (POD) was purchased from Roche
Inc., USA. Specimens were dewaxed and immersed in phosphatebuffered saline containing 3 g/L hydrogen peroxide for 10 min
at room temperature and then incubated with 20 g/mL
proteinase K for 15 min at room temperature. Seventy-five
microliters of equilibration buffer was applied directly onto the
specimens for 10 min at room temperature, followed by
incubation with 55 L of TdT enzyme at 37 ℃ for 1 h. The
reaction was terminated by transferring the slides to prewarmed
stop/wash buffer for 30 min at 37 ℃. The specimens were
covered with a few drops of rabbit serum and incubated for 20 min
at room temperature and then covered with 55 L of antidigoxigenin peroxidase and incubated for 30 min at room
temperature. Specimens were then soaked in Tris buffer
containing 0.2 g/L diaminobenzidine and 0.2 g/L hydrogen
peroxide for 1 min to achieve color development. Finally, the
specimens were counterstained by immersion in hematoxylin.
The cells with clear nuclear labeling were defined as TUNELpositive cells. The apoptotic cell rate (apoptotic index) was
calculated as percentage of TUNEL-positive cells using the
following formula: the number of TUNEL-positive cell nuclei /
(number of TUNEL-positive cell nuclei + the number of total
cell nuclei) ×100.
p38 MAP kinase activity assay
p38 MAP kinase activity assay was performed using a P38
MAPK assay kit (cell signaling technology) according to the
manufacturer’s instructions. In brief, intestinal tissue (100 mg)
was homogenized in 1 mL ice-cold cell lysis buffer (20 mmol/L
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Tris, pH 7.5, 150 mmol/LNaCL, 1 mmol/LEDTA, 1 mmol/LEGTA,
1% Triton x-100, 2.5 mmol/L sodium pyrophosphate, 1 mmol/L
-glycerolphosphate, 1 mmol/L Na3VO4, 1 mg /mL Leupeptin,
1 mmol/L PMSF). The lysates were then sonicated on ice and
centrifuged at 15 000 g for 10 min at 4 ℃. Immunoprecipitation
was performed by adding 20 L of resuspended immobilized
monoclonal antibody against phospho-p38 MAP kinase (Thr
180/Tyr 182) to 200 L cell lysate containing 200 g protein.
The mixture was incubated with gentle rocking overnight at
4 ℃. After centrifugation at 10 000 g at 4 ℃ for 2 min, the pellets
were washed twice with lysis buffer and twice with kinase buffer
(25 mmol/L Tris, pH 7.5, 5 mmol/L -glycerolphosphate, 2 mmol/L
DTT, 0.1 mmol/L Na3VO4, 10 mmol/L MgCL2 ). Kinase reactions
were carried out in the presence of 200 mol/L of ATP and 2 g
of ATF-2 fusion protein at 30 ℃ for 30 min. After incubation,
the samples were separated by SDS-PAGE, and ATF-2
phosphorylation was measured by Western immunoblotting
using a monoclonal antibody against phosphorylated ATF-2,
followed by an enhanced chemiluminescent detection.

Statistical analysis
All values were expressed as mean±SE. The statistical
significance was determined by one-way analysis of variance
(ANOVA), followed by the Student Newman-Keuls multiple
comparison test. P<0.05 was considered as statistically
significant.
RESULTS
Ischemia - reperfusion activation of p38 MAPK and its blockade
by SB 203580
Effect of in vivo intestinal I/R on p38 MAPK activity and its
inhibition by SB 203580 were determined using a p38 MAPK
assay kit. The data showed that p38 MAPK was markedly
activated in intestinal epithelial cells subjected to I/R. A 3.8-fold
increase in p38 MAPK activity was observed at 15 min after
reperfusion. After 30 min of reperfusion, p38 MAPK activity
reached a peak level of 7.3-fold increase and gradually returned
to control level thereafter. Treatment with SB 203580 at the
dose regime selected virtually abolished p38 MAPK activation
and brought p38 MAPK activity to a level that was not
statistically different from those seen in intestinal epithelia
subjected to sham intestinal I/R (Figures 1A, B). These results
demonstrated that p38 MAPK was activated by I/R, and its
activation could be inhibited by SB 203580 at the dose regime
selected in the present experiment.
In situ determination of apoptotic intestinal cells in I/R and its
inhibition by SB 203580
The immunohistochemical staining of small intestinal tissue
before and after I/R was evaluated and summarized. Before I/R,
few TUNEL-positive cells were observed at the villus surface.
However, when ischemic intestinal tissue was reperfused,
TUNEL-positive cells of the villus were markedly increased
compared with the sham-operation group (P<0.05). The number
of TUNEL-positive cells increased 5-fold and 6.7-fold at 30 min
and 60 min after I/R (29.83±3.43% vs 5.83±1.47% at 30 min and
39.33±4.32% vs 5.83±1.47% at 60 min, P<0.05), and reached its
peak value at 12 h after I/R, which was an increase of 10.72-fold
as compared with those in sham-operation group (62.50±3.08%
vs 5.83±1.47 %, P<0.01). Treatment with SB 203580 abolished
p38 MAPK activity, the number of TUNEL-positive cells
significantly reduced to 26.72±2.39 % in SB 203580 pre-treated
group compared with 62.50±3.08 % in I/R vehicle group at 12 h
after I/R (P<0.05, Figures 2A, B).
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Effect of p38 MAPK inhibition on intestinal histological damage
and plasma D-lactate level after I / R
As shown in Figure 3, 45 min after intestinal ischemia followed
by reperfusion resulted in significant intestinal histological
damage and plasma D-lactate level elevation. Plasma D-lactate
level elevated from 15 min after reperfusion in I/R vehicle group,
and reached its peak at 12 h, which was an increase of 6-fold as
compared with those in sham-operation group (0.78±0.15 mmol /L
vs 0.13±0.06 mmol /L, P<0.05) , and then gradually decreased.
This increased plasma D-lactate level in I/R vehicle group
was significantly decreased by treatment with SB 203580
(0.42±0.17 mmol /L vs 0.78±0.15 mmol /L, P<0.05). HE staining
showed the damage of intestinal epithelial cells, hemorrhage
and necrosis accompanied by inflammatory cell infiltration into
the intestinal wall. However, histological structure of intestinal
mucosa was significantly improved after treatment with SB
203580 (Figures 4 A-C).
DISCUSSION
Intestinal ischemia-reperfusion injury may cause significant
structural alteration of the intestinal wall including disruption
of intestinal epithelial barrier by inducing intestinal epithelial
programmed cell death[15,16]. Recently, several mechanisms have
been proposed for ischemia-reperfusion injury. The first event
is an influx of calcium into cells and a redistribution of intracellular
calcium pools with an increase of the free form (biologically
active) in the cytosol[17,18]. The increased calcium level manifests
its toxic effects on cells by altering mitochondrial respiratory
function and energy metabolism, resulting in serious damage

to cells. The second event is the generation of oxygen free
radicals. Free radicals and calcium work in concert to destroy
lipids and thereby destroy membrane structures including both
the cell membrane and mitochondrial membrane[19]. The third event
is a “no reflow” phenomenon. This condition may contribute
to increased neutrophil adherence to damaged endothelium,
and expression of P-selectin as well as intercellular adhesion
molecule-1(ICAM-1), promoting microcirculation disturbance,
which is thought to be a major mechanism of ischemia reperfusion injury.
Although it is well known that intestinal epithelial cells are
highly sensitive to ischemia-reperfusion injury, the relationship
between ischemia-reperfusion induced apoptosis and the injury
mechanisms involved in the signal transduction remains largely
unclear. Some studies demonstrate that MAPK family plays an
important role in intracellular signal transduction in response
to extracellular stimuli[20-22], such as, ischemia-reperfusion.
MAPK family members are activated by dual phosphorylation
of tyrosine and threonine in response to extracellular stimuli.
Once activated, these kinases are translocated to nuclei, where
they phosphorylate and activate different transcription factors
and transactivate target genes. In this group of kinases, classical
extracellular signal-regulated kinase is mainly stimulated by
growth factors, and is associated with proliferation. On the other
hand, p38 MAPK and JNK have been reported to be activated
by a variety of cellular stresses, such as inflammatory cytokines,
lipopolysaccharides, heat shock, osmotic stress, and ischemiareperfusion[23,24].
The ischemia-reperfusion process differentially activates
MAPK. In hepatic ischemia-reperfusion, p38 MAPK and JNK
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are activated by reperfusion after ischemia. Ma et al.[25] reported
that the administration of SB 203580 decreased myocardial
apoptosis and improved cardiac function after myocardial
ischemia -reperfusion by inhibiting p38 MAPK. In our study,
ischemia followed by reperfusion resulted in marked activation
of p38 MAPK, with 7.3-fold activation achieved 30 min after
ischemia-reperfusion. These results also lead us to hypothesize
that the strong activation of p38 MAPK by reperfusion might
play a more significant role in subsequent intestinal injury than
previously realized.
Another important discovery from the present study is that
administration of a p38 MAPK inhibitor, SB 203580, markedly
reduced post-ischemic intestinal apoptosis. Although previous
studies have demonstrated that p38 MAPK plays a key role in
apoptosis in a variety of cell culture systems[26], and that
ischemia- reperfusion activates p38 MAPK in animal models[27].
Whether or not p38 MAPK activation in ischemic intestinal
tissue is involved in post-ischemic intestinal cell apoptosis
has not been directly determined. Our results provide the
evidence that p38 MAPK is a key factor in signal transduction
leading to intestinal apoptosis after ischemia-reperfusion.
However, it should be noted that although administration of
SB 203580 blocked p38 MAPK activation, it failed to induce
complete inhibition of apoptosis caused by ischemiareperfusion. These results suggest that other signal transduction
pathways, such as JNK/SAPK, may also contribute to postischemic intestinal cell apoptosis.
In addition, we also demonstrated that administration of SB
203580 significantly attenuated post-ischemic intestinal
histological structural damage and decreased plasma D-lactate
level. D-lactate is the stereoisomer of mammalian L (+)-lactate
and is produced by bacterial fermentation. Since mammals do
not produce D-lactate and possess the enzyme system to rapidly
metabolize D-lactate[28,29], the released D-lactate will pass
through the gut barrier and liver in an unchanged form and

appears in the peripheral blood. As intestinal ischemia injury
causes mucosal injury and subsequent bacterial proliferation,
D-lactate is released from gut into the circulation. Thus, the
changes of serum D-lactate are used as a predictor of intestinal
ischemia reperfusion injury. In this study, serum D-lactate
level elevation and intestinal mucosal damage were observed
after ischemia reperfusion, and inhibition of p38 MAPK by SB
203580, D-lactate was not significantly increased and intestinal
mucosal histological damage was improved, indicating that
inhibition of p38 MAPK might exert an important protective
effect on the mucosal barrier and decrease the permeability.
In summary, intestinal ischemia- reperfusion, a real
pathological stress to the gut, results in significant activation
of p38 MAPK. This provides the direct evidence that activation
of p38 MAPK plays a key role in the signal transduction
pathway mediating intestinal apoptosis after ischemiareperfusion. Inhibiting p38 MAPK, which reduces intestinal
apoptosis associated with p38 MAPK activation, significantly
improves post-ischemic intestinal epithelial barrier functional
recovery.
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Abstract
AIM: To investigate the changes of platelet endothelial
cell adhesion molecule-1 (PECAM-1) expression on
polymorphonuclear leukocytes (PMNs) in peripheral circulation
and pancreatic microcirculation in cerulein–induced acute
edematous pancreatitis (AEP).
METHODS: Fifty Wistar rats were randomly divided into
control group (n = 10) and AEP group (n = 40). A model of
AEP was established by subcutaneous injection of cerulein
5.5 and 7.5 g/kg at 0 and 1 h after the beginning of
experiment respectively. PECAM-1 expression on PMNs
from splenic vein and inferior vena cava was determined
by RT-PCR at mRNA level and determined by flow cytometry
at protein level.
RESULTS: In experimental rats, an increased PECAM-1
mRNA expression was seen from 4 to 8 h of AEP in peripheral
circulation (0.77±0.25%, 0.76±0.28%, 0.89±0.30%,
1.00±0.21%), while in pancreatic microcirculation,
expression decreased from 2 h and reached the lowest level
at 6 h of AEP (0.78±0.29%, 0.75±0.26%, 0.62±0.28%,
0.66±0.20%). There were significant differences at 8-h
time point of AEP between peripheral circulation and pancreatic
microcirculation (1.00±0.21% vs 0.66±0.20%, P<0.05).
Meanwhile, the difference at protein level was also found.
CONCLUSION: A reverse expression of PECAM-1 on PMNs
was found between peripheral circulation and pancreatic
microcirculation, suggesting that inhibition of PECAM-1
expression may improve the pathological change of AEP.

Gao HK, Zhou ZG, Han FH, Chen YQ, Yan WW, He T, Wang
C, Wang Z. Differences in platelet endothelial cell adhesion
molecule-1 expression between peripheral circulation and
pancreatic microcirculation in cerulein-induced acute edematous
pancreatitis. World J Gastroenterol 2005; 11(5): 661-664
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INTRODUCTION
Acute pancreatitis (AP) is a potentially lethal disease and
characterized by acinar cell necrosis, extensive interstitial
edema, and migration of neutrophils to the damaged gland.
However, the development and etiology of AP remain poorly
understood.
Cerulein-induced acute edematous pancreatitis (AEP) is a
widely used model in investigating the pathophysiological
events of the disease. In this regard, rapid induction of mild
disease with a highly reproducible course and easily detected
changes of acute interstitial pancreatitis have made this
secretagogue-induced model favorable for the investigation of
the pathogenesis of the disease.
Platelet endothelial cell adhesion molecule -1(PECAM-1,
CD31) is a cell adhesion molecule that belongs to the Ig
superfamily expressed on endothelial cells as well as circulating
leukocytes including neutrophils [1,2], monocytes and NK cells[3,4].
The homophilic interaction of neutrophil or monocyte PECAM-1
with endothelial PECAM-1 is very important to neutrophil and
monocyte transendothelial migration as demonstrated in studies
in several different laboratories[5-9]. The interaction may be
mediated by interdigitating PECAM-1 molecules from
neutrophils or monocytes and endothelial cells, forming a zipper
which promotes their adhesion[10-12].
Recently, several studies have demonstrated that AP is
frequently associated with sequestration of inflammatory cells,
particularly leukocytes[13-15]. However, the expression of
PECAM-1 on leukocytes and the role of PECAM-1 in pancreatic
injury in AP are not very clear. Therefore, we conducted this
study to investigate the expression of PECAM-1 on PMNs and
the role of PECAM-1 in microcirculatory injury in AEP.
MATERIALS AND METHODS
Animals
Male Wistar rats (250-350 g) were provided by the Center of
Experimental Animals, Sichuan University (Chengdu, China).
All animals were fasted for 12 h before the experiments but had
free access to water. They were treated in accordance with the
protocols approved by the local Animal Use and Care Committee
and executed according to the National Animal Welfare Law.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Pancreatitis; Platelet endothelial cell adhesion
molecule-1; Microcirculation; Cerulein

Induction of acute pancreatitis
All experimental rats were given subcutaneous injection of
cerulein (Sigma Co, USA) 5.5 and 7.5 g/kg at 0 and 1 h after the
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beginning of experiment respectively, while control rats were
given subcutaneous injection of 0.9% saline solution.

Experimental protocols
The rats were randomly assigned into control group (n = 10)
and AEP group (n = 40). Rats in AEP group were sacrificed at 2
(n = 10), 4 (n = 10), 6 (n = 10) and 8 h (n = 10) after induction
of AEP.
Collection of samples
At different time points (2, 4, 6, and 8 h) after induction of AEP,
the experimental animals underwent laparotomy under
anesthesia by intraperitoneal injection of 50 mg/kg sodium
pentobarbital (Sanofi, Libourne, France). Blood samples were
immediately obtained from splenic vein by retrograde
catheterization from portal vein and inferior vena cava and
samples of pancreatic head were taken immediately after the
animals were killed. Control animals underwent laparotomy and
were sampled in the same fashion as animals with AEP.
Amylase measurement
Serum amylase levels were measured at 37 ℃ by an enzymatic
assay with a spectrophotometer according to the manufacturer’s
instructions. All serum samples were assayed in duplicate, and
the results were averaged at the end of the experiment.
Edema assessment
Pancreatic edema was evaluated by measuring the wet-to-dry
weight ratio. A segment of the pancreas was trimmed of fat and
weighed. The water content was determined by calculating the
wet-to-dry weight ratio from the initial weight (wet weight) and
its weight after incubation at 160 ℃ for 24 h (dry weight).
Reverse transcriptase-polymerase chain reaction
Total RNA was isolated from blood using TRIzol® reagent kits
(Gibco BRL, USA). RT-PCR was performed with the Access
RT-PCR kit (Takara, Japan) according to the manufacturer’s
protocol. The primer for rat PECAM-1 was constructed based on
published human and mouse PECAM-1 nucleotide sequences
and synthesized by Life Technology (Hong Kong, China). We
obtained two different bands from RT-PCR corresponding to
the splice variants. The band densities of the two splice variants
behaved in the same manner. The primers are indicated in
Table 1. RT-PCR reactions were performed in 50 L reaction
volume and run in Gene Amp 9600 machine (Perkin-Elmer, USA).
The conditions of RT-PCR were as follows: 1 cycle for 30 min at
50 ℃; 1 cycle for 2 min at 94 ℃; 30 cycles for 30 s at 94 ℃, for
30 s at 55 ℃, for 30 s at 72 ℃; 1 cycle for 10 min at 72 ℃. The
PCR products were separated by electrophoresis in 2% agarose
gels and stained with ethidium bromide. The densities of cDNA
bands were analyzed by scanning densitometry using GelDoc
2000 (Bio-Rad, USA). The band densities were normalized to
the -actin band densities and the results were expressed as
ratio.
Neutrophils preparation
Blood was immediately mixed with heparin (50 U/mL) and
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centrifuged in a discontinuous Percoll gradient to yield a fraction
of approximately 97% purity. Rat PMNs were isolated by a
modification of the technique. Cell viabilities, as assessed by
trypan blue exclusion, were above 96% under all experimental
conditions.

Flow cytometry
To determine PECAM-1 protein expression, rat PMNs were
incubated with phycoerythrin (PE)-anti-PECAM-1 monoclonal
antibody (BD PharMingen, USA) at 4 ℃ in the dark for 20 min.
After washing with PBS and fixed in 0.5% paraformaldehyde in
phosphate-buffered saline, cells were resuspended and mean
fluorescence intensity was measured by flow cytometry (ELITE
ESP, Coulter, USA).
Statistical analysis
The results were expressed as mean±SE, individual comparisons
of group means were performed with one-way ANOVA, P<0.05
was considered statistically significant.
RESULTS
Serum amylase
After induction of acute pancreatitis by subcutaneous injection
of cerulein as shown in Table 2, serum amylase increased
sharply and reached the peak at 4-h time point, then dropped
slightly at 8-h time point. Compared to control rats, all AEP rats
demonstrated hyperamylasemia (P<0.05).
Wet-to-dry weight ratio
As shown in Table 3, subcutaneous injection of cerulein resulted
in an increase in the wet/dry weight ratio in AEP rats. Compared
to control rats, all AEP rats had a significant increase in the
wet/dry weight ratio (P<0.05).
RT-PCR demonstration of PECAM-1 expression on PMNs
To determine the role of PECAM-1 in AEP, we evaluated the
PECAM-1 mRNA expression on PMNs by RT-PCR. As shown
in Figure 1, in experimental rats, the PECAM-1 mRNA expression
slightly increased from 4 to 8-h time points of AEP in peripheral
circulation, while in pancreatic microcirculation, the expression
decreased from 2 h and reached the lowest level at 6-h time
point of AEP and the PECAM-1 mRNA expression difference
became significant between peripheral circulation and pancreatic
microcirculation at 8-h time point of AEP (P<0.05).
Flow cytometry demonstration of PECAM-1 expression on PMNs
At protein level, we analyzed the PECAM-1 expression on the
surface of PMNs by flow cytometry. As shown in Figure 2, in
experimental rats, the expression of PECAM-1 on PMNs had
no significant difference between peripheral circulation and
pancreatic microcirculation at 2 and 4-h time points of AEP.
Then from 4 to 8-h time points, the expression of PECAM-1
was up-regulated in peripheral circulation, while it was downregulated in pancreatic microcirculation. As a result, the
expression had a significant difference between peripheral
circulation and pancreatic microcirculation at 8-h time point of
AEP (P<0.05).

Table 1 Primer list of RT-PCR
mRNA

Upper primer

Lower primer

-actin

5’-GATGGTGGGTATGGGTXAGAA-3’

5’-CTAGGAGCCAGGGCAGTAATC-3’

PECAM-1

5’-AGGGCTCATTGCGGTGGTTGTCAT-3

5’-TAAGGGAGCCTTCCGTTCTAGAGT-3

PECAM-1: platelet endothelial cell adhesion molecule-1.

Fragment size
346 bp
348, 404 bp

A

1

2

3

C

4
PECAM-1 in
peripheral circulation
-actin

B

1

2

3

4
PECAM-1 in
pancreatic microcirculation
-actin

Relative density of PECAM-1
RT-PCR product
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1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
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4

Time (h)
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8

Expression of PECAM-1 on PMNs (%)

Figure 1 RT-PCR analysis of PMNs PECAM-1. A: Expression of on PMNs PECAM-1 mRNA in peripheral circulation. Lanes 1, 2,
3 and 4: PECAM-1 cDNA after amplification from RNA of PMNs from inferior vena cava at 2, 4, 6 and 8-h time points of AEP
respectively; B: Expression of on PMNs PECAM-1 mRNA on in pancreatic microcirculation. Lanes 1, 2, 3 and 4: PECAM-1 cDNA
after amplification from RNA of PMNs from splenic vein at 2, 4, 6 and 8-h time points of AEP respectively; C: Values of the
density of PECAM-1 RT-PCR product normalized to that of -actin in the same RNA sample. Symbols are: ( ) peripheral
circulation; () pancreatic microcirculation. aP<0.05, by one-way ANOVA.
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Figure 2 Flow cytometry analysis of PECAM-1 on PMNs. aP<0.05
vs peripheral circulation values.
Table 2 Serum amylase level in AEP (mean±SE)
Group

Serum amylase (IU/L)

Control
AEP 2 h
AEP 4 h
AEP 6 h

319.5±78.7
1 493.3±308.9 a
2 095±956.7 b
1 662.7±544.6 a

AEP 8 h

1 514.2±634.2 a

a

P<0.05 vs control group; bP<0.001 vs control group.

Table 3 Wet/dry pancreatic weight ratio in AEP (mean±SE)
Group
Control
AEP 2 h
AEP 4 h
AEP 6 h
AEP 8 h
a

Wet/dry weight ratio (%)
3.4±0.2
3.9±0.3 a
4.0±0.3 a
4.3±0.4 a
4.1±0.5 a

P<0.05 vs control group.

DISCUSSION
This study demonstrates that PECAM-1 mRNA expression
on PMNs between peripheral circulation and pancreatic
microcirculation is in a reverse pattern in cerulein-induced AEP.
In peripheral circulation, the PECAM-1 mRNA expression is
up-regulated, while it is down-regulated in pancreatic
microcirculation, especially in the late stage of AEP. Moreover,
PECAM-1 gene activation is in good correlation with its protein
expression.

Since the concept of autodigestion is accepted generally,
considerable progress has been made in the understanding of
pathogenesis of AEP. In recent years, basic researches on the
morphology of pancreatic microcirculation have revealed that
intralobular arterioles could be considered as ‘end-arteries’.
Furthermore, they have no anastomosis with adjacent
intralobular arterioles and their branches. This anatomic feature
makes pancreas susceptible to the pancreatic microcirculatory
impairment. However, the key factors for local microcirculatory
disturbance remain obscure.
Several lines of evidence have shown that PECAM-1 is
required for leukocyte transmigration through endothelial cell
monolayer[16-18] and PMNs play an important role in microcirculatory
injury during inflammation[19,20]. But these researches mainly
focused on the expression of PECAM-1 on leukocytes in
peripheral circulation and rarely investigated its expression in
microcirculation. Moreover, the expression of PECAM-1 and
its role in pancreatic injury in vivo have been ambiguous.
Therefore, we examined the PECAM-1 expression on PMNs in
pancreatic microcirculation and peripheral circulation during
AEP.
PECAM-1, expressed on the surface of most leukocytes
and endothelial cells, can up-regulate leukocyte integrin affinity
by homophillic engagement of PECAM-1 molecules between
circulating leukocytes and the underlying endothelial cell
monolayer, facilitating leukocyte transmigration subsequently[20-22].
Neutralized antibodies to PECAM-1 could inhibit neutrophil
and monocyte transendothelial migration by 80% in vitro and
in vivo. The anti-PECAM-1 antibodies could inhibit tissue
recruitment of neutrophils and monocytes in vivo by inhibiting
the transmigration of neutrophils and monocytes between
endothelial cells[23]. Studies using intravital videomicroscopy
have demonstrated that anti-PECAM-1 antibodies do not
inhibit other steps in neutrophil or monocyte recruitment such
as rolling on endothelium or activation-dependent adhesion to
endothelium[24]. In our experiments, we found that PECAM-1
expression on PMNs in pancreatic microcirculation was
significantly down-regulated, in comparison with its expression
in peripheral circulation in AEP. In addition, the more the serum
amylase and wet/dry weight ratio increased, the more the
PECAM-1 expression decreased on PMNs in pancreatic
microcirculation, suggesting that PECAM-1 expression on
PMNs in pancreatic microcirculation is correlated with the
development of AEP. It is possible that the up-regulation of
PECAM-1 may prepare PMNs for transmigrating through the
monolayer of endothelial cells in microvessels, and down-regulation
of PECAM-1 may reflect the activation of PMNs. While the
activated PMNs go through pancreas, they can swim from the
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microvessel lumen, across the endothelium, to the inflammatory
tissue more easily, causing the deterioration of pancreatic injury.
Thus we hypothesize that inhibition of PECAM-1 expression on
PMNs may block the interaction between endothelial cells and
PMNs, thereby preventing PMNs’ transmigration.
In conclusion, our study is the first to investigate the
expression of PECAM-1 mRNA and protein on PMNs in
pancreatic microcirculation and peripheral circulation. PECAM-1
expression on PMNs between peripheral circulation and
pancreatic microcirculation is in a reverse direction in AEP.
Furthermore, down-regulation of PECAM-1 expression may be
one of the most important parameters of pancreatic
microcirculatory injury and inhibition of PECAM-1 expression
may alleviate the pathological changes of AEP.
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Abstract
AIM: To study the toxicity of bicyclol to animals.
METHODS: Acute toxicity test was performed in Kunming
strain mice that were orally given bicyclol at the doses
of 3 and 5 g/kg body weight, respectively. Wistar rats
were orally administered bicyclol at a dose of 5 g/kg
body weight. Death and clinical symptoms of animals
were recorded within 7 d. Sub-acute toxicity test was
carried out in rats that were treated with various doses
of bicyclol (150, 300, 600 mg/kg) once daily for 14 d.
Animal behaviors, blood biochemical markers, blood and
urine pictures were examined. Chronic toxicity test was
conducted in 80 Wistar rats of both sexes. The animals
were orally administered with various doses of bicyclol
[150, 300, 600 mg/kg, 100-400 folds corresponding to
the proposed therapeutic dose (1.5 mg/(kg·d)) of bicyclol
for patients] once daily for 6 mo except for Sunday. The
control group was given the same volume of 0.2%
sodium carboxyl methylcellulose (Na-CMC). Twenty-one
beagle dogs received bicyclol (25, 75, 225 mg/kg, 16.6,
50, 150 folds corresponding to the proposed therapeutic
dose of bicyclol for patients) once a day for 6 mo except for
Sunday. The body weight, food intake, urine and feces, blood
picture, blood biochemical markers, and pathological
examination of main organs were determined. Mutagenicity
and teratogenicity were determined. Mutagenicity assay
included Ames’s test, chromosome aberration test in CHL
cells and micronucleus test in mice. For the teratogenicity
assay, pregnant Wistar rats weighing 200-250 g were
treated with 0.2, 1.0 g/kg bicyclol once daily from the 7th d
of gestation for 10 d.
RESULTS: The oral LD50 of bicyclol was over 5 g/kg in
mice and rats. No noticeable alterations in subacute and
chronic toxicity of rats and dogs were demonstrated. No
mutagenicity and teratogenicity of bicyclol were found.
CONCLUSION: Bicyclol has no detectable chronic toxicity
as well as mutagenicity and teratogenicity in animals.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Bicyclol; Antiviral agents; Toxicity test
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INTRODUCTION
Chronic viral hepatitis is a worldwide disease. The incidence
of chronic viral hepatitis B (CHB) in China is the highest in
the world. Although many drugs have been used in the
treatment of CHB and chronic viral hepatitis C (CHC) patients,
no satisfactory drug is available. The long-term therapeutic
efficacy of interferon-2 and lamivudine on CHB patients is
still limited[1,2]. Therefore, it is necessary to develop effective
and safe new drugs for the treatment of chronic viral hepatitis.
In order to develop effective and safe drugs against viral
hepatitis, Professor Chun-Zhen Zhang in our institute has
synthesized a series of derivatives of 4, 4’-dimethoxy-5, 6, 5’, 6’dimethylene-dioxy-2, 2’-dicarboxylate biphenyl (DDB), a widely
used hepatoprotectant in China and foreign countries[3-5]. 4, 4’dimethoxy-5, 6, 5’, 6’-dimethylene-dioxy-2-hydroxymethyl-2’carbonyl biphenyl (bicyclol) has anti-liver injury, anti-liver fibrosis
and anti-hepatitis B virus effects in animal models[6-8]. In order to
carry out the clinical trial of bicyclol in viral hepatitis patients, the
toxicity of bicyclol was studied in animals. The results are described
in this paper with its chemical structure shown in Figure 1.
OCH3

O
CH2OH

O
O

COOCH3

O
OCH3

Figure 1 Chemical structure of bicyclol.

MATERIALS AND METHODS
Animals
Both sexes of Kunming strain mice weighing 18-22 g and Wistar
rats weighing 50-70 g or 150-250 g were obtained from the Animal
Center of Chinese Academy of Medical Sciences. The animals
were feed laboratory chow and water ad libitum and maintained
in an air-conditioned environment (23±1℃, 50±5% humidity)
in a 12 h light/dark cycle. Both sexes of beagle dogs weighing
8-12 kg (10 males, 11 females) were obtained from the Animal
Center of Chinese Academy of Military Medical Sciences. All
animals received care in compliance with the guidelines of
Beijing Animal Control Center.
Drug
Bicyclol, a non-water soluble white powder with 99% purity,
was kindly provided by Professor Chun-Zhen Zhang. Bicyclol
was suspended in 0.2% sodium carboxyl methylcellulose (NaCMC) for oral administration.
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Acute toxicity test in mice and rats
Twenty mice were randomly divided into two groups, 10 (5
males and 5 females) each group. One group of mice received
3 g/(10 mL·kg) body weight of bicyclol by gavage, and the
other group was given 5 g/kg of bicyclol. Ten rats weighing
150-200 g (5 males, 5 females) were orally administered 5 g/kg of
bicyclol. Animal behavior and death were recorded within 7 d.

and non-activating system were used. Briefly, 0.1 mL of TA
97 or TA 102 cultured at 37℃ for 12 h was mixed with 0.1 mL
of various concentrations of bicyclol (10, 100, 500, 1 000,
5 000 g/plate) and 0.5 mL of phosphate buffer or S9 mixture.
The above mixture was incubated at 37℃ for 12 min, then added
on the agar plate and incubated for another 48 h. The number
of revertants on each plate was counted.

Subcutaneous injection toxicity test in mice
Ten mice (5 males, 5 females) were subcutaneously injected 2 g/kg
of bicyclol. Animal behavior and death were observed within 7 d.

Micronucleus assay in mice
Male mice (3 each group) weighing 22-25 g were used in
preliminary test. In brief, 3.0 g/kg bicyclol was orally
administrated to mice, and then the mice were sacrificed by
decapitation at 18, 24, 30, 48 and 72 h after administration of
bicyclol. The leg bone marrow of each mouse was removed for
sliding smears. The smears were fixed with methanol and stained
with 10% Giemsa. The number of micronucleus polychromatic
erythrocytes (MNPCE) per 1 000 cells was counted under a
light microscope. Male mice (6 each group) weighing 22-25g
were used in regular test. Cyclophosphamide (50 mg/kg, i.p)
was used as a positive control drug. Different doses of bicyclol
(0.75, 1.5, 3.0 g/kg) were orally administrated to mice. The mice
were sacrificed by decapitation 24 h after drug treatment. The
rest procedure was the same as described in preliminary test.

Subacute toxicity test in rats
Sixty-four rats were randomly divided into 4 groups, 16 each
group. Bicyclol (150, 300, 600 mg/(10 mL·kg)) was administered
by gavage to rats once a day for 14 d. Control group was given
a corresponding volume of 0.2% Na-CMC vehicle. The intake
of water and food, and body weight of each group rats were
recorded every 2 d. All rats were sacrificed by decapitation 14 d
after treatment with bicyclol. Animal general behavior and their
serum ALP, GOT, BUN, LDH, TRIG, GLU, GPT, CHOL, TP,
ALB, BIL, HB, WRC and RBC were determined. Pathological
examination of main organs (heart, liver, kidney, lung, spleen,
thymus, pituitary, adrenal, uterus, ovary, testis, prostate and
seminal vesicle) was performed by microscopy.
Chronic toxicity test in rats
Eighty rats of both sexes weighing 50-70 g were equally divided
into four groups (10 males and 10 females each group). Three
groups of rats were administered 150, 300, 600 mg/(10 mL·kg) of
bicyclol, respectively, once daily for 6 mo except for Sunday.
The control group was given the same volume of 0.2% NaCMC vehicle. On the next day after the last administration of
bicyclol, all rats were decapitated. Blood and main organs of
each rat were collected for pathological examination.
Chronic toxicity test in beagle dogs
Beagle dogs were placed in individual cages. The room
temperature was kept at 16-22℃. Twenty-one beagle dogs were
divided into four groups, 5 (2 females, 3 males) in control group,
5 (3 females, 2 males) in 25 mg/kg bicyclol group, 5 (2 females,
3 males) in 75 mg/kg bicyclol group, and 6 (4 females, 2 males)
in 225 mg/kg bicyclol group. Bicyclol was mixed with a small
piece of beef and given to each dog every day for 6 consecutive
months before food was fed. One male dog from control group
and 2 dogs (1 male and 1 female) from high dose (225 mg/kg)
bicyclol group were sacrificed for biochemical and pathological
examinations 3 mo after treatment. The remaining dogs in each
group were continuously treated with bicyclol till to the end of
6 mo. Half of the dogs in each group were sacrificed 6 mo after
bicyclol treatment, and the remaining dogs of each group were
killed 1 mo after withdrawal of bicyclol medication.
General behavior, food intake and defecation of the animals
were recorded every day. The dogs were weighed every 2 wk.
Blood picture, biochemical parameters and urine were
determined twice before bicyclol administration, and every
1.5 mo after bicyclol medication and 1 mo after withdrawal of
bicyclol treatment. EKG (I, II, III, AVR, AVL, and ALF) was
detected one time before and 1.5, 3, 6 mo after administration of
bicyclol. The main organs including heart, liver, lung, kidney,
spleen, brain, spinal cord, thymus, thyroid, pituitary, pancreas,
stomach, jejunum, colon, mesentery, bladder, adrenal, uterus,
ovary and testis were all removed for pathological examination.
Mutagenicity assay
The assay was carried out on TA97 and TA102 bacterial strains
according to the classical method of Ames test. Both activating

Chromosome aberration test of bicyclol
Chinese hamster lung (CHL) cells (106 cells/plate) were preincubated for 24 h. The test compounds were added to the
plates and incubated for another 24 h. The cells were harvested
and stained with 0.5% trepan blue. The survived cells of 100 cells
per plate were counted and 50% inhibition rate of cell survival
was calculated. The concentration of 50% inhibition rate of
bicyclol on cell growth was 200 g/mL.
The cultured medium contained RPMI 16 40, 10% fetal bovine
serum, penicillin and streptomycin. Chinese hamster lung (CHL)
cells were preincubated for 24 h. The non-metabolic activation
group (-S9) was incubated with test compound for anther 24 h.
The metabolic activation group was incubated with test
compound for 6 h in the absence of fetal bovine serum, then the
incubation mixture was replaced by fresh medium and incubated
for 48 h. Bicyclol was dissolved in PEG 400 and a same volume of
PEG 400 was added onto the control plate. Colchicum (1 g) was
added to all groups and incubated for 3 h. The cells were harvested,
centrifuged, fixed, sliced and stained with 10% Giemsa for
10 min. One hundred metaphase cells dispersed freely were
examined for chromosome structure aberration and the
incidence rate of miltiploids was determined under microscope.
Teratogenicity assay
Both sexes of Wistar rats (20 each group) weighing 200-250 g
were used. Every early morning, the sperms were examined
by vaginal smear for determination of pregnancy (d 0) after
female and male rats were put into an animal cage at 2:1 ratio.
Bicyclol (100, 1 000 mg/kg) was orally administrated once a
day from d 7 for 10 d. Control group was given a same volume
of 0.2% Na-CMC.
Pregnant rats were weighed every 3 d. The rats were
sacrificed by dislocation on d 20 (1 d before delivery). The
living fetuses were taken from uterus and the number of corpora
luteum, absorbed fetuses, dead and living fetuses was recorded,
respectively. Meanwhile, the sex status and outside appearance
of fetus were also observed. The fetuses were fixed with Bouin’s
solution and 95% ethanol for morphological examination of
organs and bones.
Statistical analysis
All data were expressed as mean±SD and analyzed by Student’s
t test or 2 test between control and bicyclol-treated groups.
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Table 1 Effect of bicyclol on blood picture and biochemical markers in rats (mean±SD)
Blood picture

Classification of leukocytes,RET and PT

Group (mg/kg)
Sex

RBC
(104/mm3)

WBC
(/mm3)

Hb
(g/dL)

HCT
(%)
Neutrophil

Control
Bicyclol 150
300
600
Control
Bicyclol 150
300
600
a

M

F

713.8±95.8
753.7±55.0
609.1±109
593.2±86.8a
681.9±104
620.1±104
626.9±70
622.9±80

14 400±3 969
14 102±3 531
15 850±5 813
11 477±1 919
13 230±3 671
13 220±2 721
12 656±1 461
10 777±4 355

17.3±1.4
17.1±0.8
15.4±5.3
14.7±1.5a
16.8±1.99
15.7±1.25
15.3±1.52
14.7±1.51

RET (%)

Platelet (1×109/L)

1.55±0.99
0.86±0.26
1.14±0.91
1.04±0.62
0.74±0.37
0.92±0.55
0.70±0.49

900.75±136.07
837.60±155.62
905.60±106.10
763.20±144.50
715.60±76.20
831.6±82.20
562.4±273.30

Leukocytes (%)

37.5±5.2
38.8±3.6
31.7±11
29.7±3.8
35.1±5.0
31.3±3.7
34.6±3.9
34.1±4.4

Lymphocyte

39.3±7.05
39.0±8.12
29.6±9.22
29.4±13.47
33.4±10.07
45.0±8.7
42.0±15.6

58.6±4.32
58.6±6.97
68.4±9.07
67.8±13.9
65.4±11.7
53.4±8.7
54.4±14.6

Reticulocyte
4.5±2.06
2.0±0.89
2.0±0.63
2.4±2.5
1.0±0.9
1.6±1.6
3.6±2.9

P<0.05 vs control group.

RESULTS
Acute toxicity test in mice and rats
No death and clinical symptoms of mice and rats treated with 3,
6, and 5 g/kg of bicyclol were observed within 7 d. Two mice
and 2 rats from bicyclol treated groups were sacrificed and
dissected on d 8. No abnormal changes of organs were observed
by gross necropsy. The results suggested that the oral LD50 of
bicyclol was at least greater than 5 g/kg.
Subcutaneous injection toxicity test in mice
Subcutaneous injection of 2 g/kg bicyclol to mice did not induce
death and abnormal changes in general behavior of mice within
7 d. Two mice were sacrificed and dissected for observation of
lung, heart, liver, kidney and spleen by gross necropsy. No
abnormal changes of the main organs were observed.
Subacute toxicity test in rats
After 14 d treatment of rats with 150, 300 and 600 mg/kg bicyclol,
the general behavior and serum ALP, GOT, BUN, LDH, TRIG,
GLU, GPT, CHOL, TP, ALB, BIL, HB, WRC, RBC values were
all in normal range. The pathological observations of heart,
liver, kidney, lung, spleen, thymus, pituitary, adrenal, uterus,
ovary, testis, prostate and seminal vesicle were also normal
under microscope (data not shown).
Chronic toxicity test in rats
For observation of chronic toxicity of bicyclol in rats, 4 groups
of rats weighing 50-70 g were treated with 150, 300, 600 mg/kg
bicyclol once a day for 6 mo. Four months after bicyclol
treatment, 10 rats (5 males, 5 females) from bicyclol (600 mg/kg)
group and 10 rats from control group were sacrificed by
decapitation. The remaining rats in each group were given
bicyclol for another 2 mo and then killed by decapitation. The
following indexes were observed for toxicity assay: general
behaviors including activity, fur color, feces, body weight and
food intake; blood picture including RBC, WBC, Hb, HCT,
classification of leukocytes (neutrophils, lymphocyte,
reticulocyte), platelet, RET count; blood biochemical markers
including GPT, GOT, ALP, LAP, total cholesterol triglyceride,
D-bilirubin, total bilirubin, total protein, albumin, A/G ratio,
glucose, BUN, creatine; urine test including glucose, protein,
ketone body, and occult blood; pathological examination
including heart, liver, lung, kidney, spleen, thymus, pituitary,
adrenal, uterus, ovary, testis, seminal vesicle, prostate 6 mo
after bicyclol treatment.
No toxic effect of bicyclol and no pathological changes in
main organs were observed, although some variations in
certain parameters were demonstrated (Tables 1-3), suggesting
that bicyclol had no noticeable toxicity to rats at the test dosages.

Table 2 Effect of bicyclol on organ weight in rats (n = 10,
mean±SD)
Bicyclol (mg/kg)
Organ weight
mg/100g BW
Heart
Liver
Lung
Kidney
Spleen
Thymus
Pituitary
Adrenal
Prostate
Seminal
Testis
Heart
Liver
Lung
Kidney
Spleen
Thymus
Pituitary
Adrenal
Uterus
Ovary

Sex

Control

M

308±38
2 960±310
570±120
670±70
160±30
60±20
3±4
20±10
110±30
250±80
1150±160
350±40
3 200±330
970±320
810±110
220±44
102±36
5±2
29±4
173±50
39±19

F

150

300

600

300±42
3 120±610
620±280
660±120
170±40
60±20
2±1
24±30
120±30
240±80
1 120±180
360±38
3 300±220
890±280
820±100
210±36
67±23b
3±1
26±4
147±48
34±24

310±74
3 200±810
580±160
700±180
170±43
60±17
2±1
14±3
109±29
250±55
1 040±301
380±40
3 300±210
700±80
810±140
240±34
53±24b
5±2
29±3
163±31
37±3

360±70
3 300±700
700±180
580±270
140±45
45±18
2±1
16±4
110±40
260±66
1 130±296
370±41
3 300±290
680±291
770±130
320±54b
120±88
12±15
51±8
158±57
47±25

b

P<0.01 vs control group.

Chronic toxicity test in beagle dogs
The criteria of toxicology study were essentially the same as in
chronic toxicity test in rats. Serum GPT, GOT, ALP, glucose, total
cholesterol, total protein, total-bilirubin, albumin, creatine and
BUN, RBC, WBC, Hb, RET, platelet (PLT) polymorphonuclear
leukocyte, lymphocyte, monocyte and prothrombin (capillary
method) and urine glucose, protein, ketone body, occult blood,
pH were determined. Pathological examination of main organs
included morphological change of organs by gross necropsy
and light microscopy, weight of main organs and organ index.
The results were as follows.
The body weight, stool, water and food intake of dogs
treated with bicyclol were normal, except for 2 dogs in high dose
(225 mg/kg) bicyclol group having less food intake in the first few
days. No abnormal changes in heart rate and waveform from 6
leads were observed after bicyclol treatment. Most parameters of
blood picture assay were in normal range. Although variations in
certain parameters (Hb, lymphocytes, PLT, etc.) were demonstrated,
there was no significant difference between control and bicyclol
groups. Some changes in blood biochemical parameters such
as total protein (TP) and albumin (ALB) increased, while T-BIL
decreased in bicyclol-treated groups. However, there was no
significant difference between control and bicyclol groups
before and after bicyclol treatment (Tables 4-6).
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Table 3 Effect of bicyclol on blood biochemical markers in rats (n = 10, mean± SD)
Parameter

Bicyclol (mg/kg)

Control

Male rats
TP 10 g/L
ALB 10 g/L
GLB 10 g/L
A/G
SGOT IU/L
SGPT IU/L
ALP IU/L
LAP IU/L
T-CHO 10 mg/L
TG 10 mg/L
GLU 10 mg/L
D-BIL 10 mg/L
T-BIL 10 mg/L
BUN 10 mg/L
Creat 10 mg/L
Female rats
TP 10 g/L
ALB 10 g/L
GIB 10 g/L
A/G
sGOT IU/L
sGPT IU/L
ALP IU/L
LAP IU/L
T-CHO 10 mg/L
TG 10 mg/L
GLU 10 mg/L
D-BIL 10 mg/L
T-BIL 10 mg/L
BUN 10 mg/L
Creat 10 mg/L

150

300

600

6.68±0.31
3.82±0.22
2.86±0.22
1.34±0.13
391±74
63±10
293±42
63±5
73.6±6.68
107.4±33.7
4.2±5.33
0.14±0.03
1.33±0.22
20.7±4.8
1.14±0.19

6.30±0.63
3.55±0.29
2.75±0.43
1.31±0.17
411±57
50±8
255±53
62±7
65.7±8.26
109.9±30.6
2.2±1.87
0.16±0.07
1.32±0.71
18.3±4.7
1.13±0.16

7.30±0.61
3.79±0.42
3.51±0.38
1.09±0.15
406±50
46±8
303±67
69±8
72.1±9.51
97.1±15.1
8.5±12.7
0.18±0.08
1.58±0.67
18.4±2.7
1.13±0.23

6.47±0.41
3.68±0.21
2.80±0.32
1.33±0.17
431±76
62±10
285±68
65±5
69.3±5.87
106.7±25.8
8.2±8.8
0.18±0.06
1.68±0.53
17.0±5.8
0.97±2.2

6.53±0.78
3.55±0.57
2.99±0.53
1.22±0.26
439±95
59±31
227±170
59±18
66.4±14.5
108.6±49.5
7.4±4.8
0.36±0.45
2.84±3.03
23.0±7.2
0.90±0.14

6.58±0.75
3.58±0.46
2.99±0.45
1.22±0.19
403±70
38±11
203±156
59±5
63.2±10.5
117.5±58.7
6.1±5.5
0.27±0.09
2.35±0.65
32.7±16.7
1.06±0.25

6.93±0.64
3.97±0.36
2.96±0.45
1.37±0.21
520±119
49±16
189±46
69±7
63.5±4.20
121.9±23.1
8.2±4.0
0.19±0.05
1.79±0.54
24.6±9.6
0.98±0.18

6.73±0.44
4.06±0.36
2.68±0.40
1.55±0.30
433±100
46±10
151±26
69±6
60.4±9.2
120.8±4.3
16.3±12.0
0.16±0.08
1.57±0.77
23.5±4.5
0.81±0.28

Table 4 Blood test of female and male beagle dogs in control group before and after bicyclol treatment (mean±SD)
Parameter
Female (n = 2)
RBC ×1012 /L
Hb g/L
RET (%)
PLT ×109/L
WBC ×109/L
Lymphocyte (%)
Polymorphonuclear
leukocyte (%)
Monocyte (%)
Male (n = 3)
RBC ×1012 /L
Hb g/L
RET (%)
PLT ×109/L
WBC ×109/L
Lymphocyte (%)
Polymorphonuclear
leukocyte (%)
Monocyte (%)
a

Before treatment

After treatment (mo)
1.5

3

4.5

6

7 (n = 1)

9.2±0.5
140±14
0.9±0.3
200±14
14.6±2.2
55±11
41±7

9.2±0.5
140±7
0.8±0.3
205±21
13.7±2.0
55±12
41±13

7.3±2.2
145±7
0.9±0.3
215±35
15.2±3.7
62±14
36±13

8.2±0.9
143±11
0.7±0.3
370±14 a
13.6±2.6
61±12
34±9

9.8±2.0
148±11
0.8±0.1
265±78
16.2±7.2
69±8
28±4

8.4
140
0.6
240
14.5
74
21

5.5±2.1

5.0±1.4

2.5±0.7

4.0±1.4

3.5±0.7

5

8.7±1.7
135±10
0.9±0.4
223±38
12.1±3.1
52±12
45±11

7.3±0.6
140±5
0.6±0.1
250±26
12.7±0.8
57±11
39±13

8.7±2.1
135±9
0.6±0.2
197±32
10.6±2.3
48±11
47±10

8.5±1.6
145±7
0.9±0.4
260±85
11.9±2.1
69±4
28±4

7.9±1.1
150±7
0.8±0.4
290±28
12.2±1.6
67±8
26±1

8.6
140
0.8
312
20.1
66
26

3.7±0.6

3.3±1.5

2.7±0.6

3.5±0.7

7.0±1.4a

8

P<0.05 vs before dosing.

There were no abnormal changes in urine and prothrombin
test 6 mo after bicyclol treatment. No abnormal changes of the
main organs were observed by gross necropsy and light
microscopy.
In a word, oral administration of bicyclol (25, 75, 225 mg/(kg·d))
for 6 mo, 16.6-150 folds corresponding to the proposed
therapeutic dose of bicyclol for clinical use) to both sexes of
beagle dogs had no detectable toxicity.

Mutagenicity test of bicyclol
The results of Ames test of bicyclol (reverse mutation test)
in bacteria indicated that the positive mutagens induced a
significant increase of revertants, whereas bicyclol showed no
detectable mutagenicity in bacterial strains (Table 7).
Micronucleus test of bicyclol in mice
The results of preliminary test showed that there was no
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Table 5 Blood test of female and male beagle dogs before and after treatment with 225 mg/kg bicyclol (mean±SD)
Parameter
Female (n = 4)
RBC ×1012 /L
Hb g/L
RET (%)
PLT ×109/L
WBC ×109/L
Lymphocyte (%)
Polymorphonuclear
Leukocyte (%)
Monocyt (%)
Male (n = 2)
RBC ×1012 /L
Hb g/L
RET (%)
PLT ×109/L
WBC ×109/L
Lymphocyte (%)
Polymorphonuclear
Leukocyte (%)
Monocyt (%)
a

Before treatment

After treatment (mo)
1.5

3

4.5

6

7 (n = 1)

8.9±2.1
141±9
1.0±0.2
195±55
10.6±2.2
51±6

9.0±2.5
151±9
0.6±0.1
230±37
10.2±0.7
52±8

8.1±1.6
141±6
0.8±0.2
217±29
12.2±3.2
60±11

10.0±0.8
153±12
0.7±0.1
237±15
10.5±2.4
59±11

9.0±2.3
165±13a
0.8±0.2
313±25a
12.2±3.0
59±10

8.8
155
0.8
368
10.9
63

44±6
3.8±1.3

43±8
4.5±0.6

37±6
3.0±1.2

39±9
2.0±2.0

36±8
5.3±3.1

31
6

8.9±0.3
140±14
1.1±0.1
215±7
9.3±0.6
55±4

10.4±0.0a
142±9
0.9±0.2
290±0a
9.5±0.7
51±11

9.9±1.6
140±7
1.0±0.4
138±23a
11.2±1.9
52±6

7.4
155
0.9
210
6.9
48

7.9
160
0.8
260
12.8
55

7.5
145
0.6
248
14.4
67

41±3
3.5±0.7

46±11
3.0±0.0

46±6
4.0±1.4

48
4

40
5

26
7

P<0.05 vs before dosing.

Table 6 Blood biochemical parameters of female and male beagle dogs 6 mo after bicyclol treatment (mean±SD)
Parameter
Female
Glu mmol/L
T-CHO mmol/L
TP g/L
ALB g/L
Crea mol/L
BUN mmol/L
T-BIL mol/L
SGPT 10 U/L
SGOT 10 U/L
ALP 10 U/L
Male
Glu mmol/L
T-CHO mmol/L
TP g/L
ALB g/L
Crea mol/L
BUN mmol/L
T-BIL mol/L
SGPT 10 U/L
SGOT 10 U/L
ALP 10 U/L
a

Control

Bicyclol (mg/kg)
25

75

225

4.94±0.83
2.56±1.08
71.3±0.2
37.0±0.9
119±28
4.25±0.05
2.80±1.70
26.2±1.3
61.8±14.9
2.65±1.51

6.06±0.38
2.82±0.60
74.3±4.2a
39.9±1.7
138±10
3.51±0.24
4.00±2.26
28.3±15.0
41.3±14.6
1.95±0.39

5.60±0.08
2.97±1.02
73.5±3.3
41.0±3.7
145±42
4.22±0.29
3.60±0.57
12.8±8.9
45.1±8.0
2.55±0.38

6.36±0.62
3.43±1.39
76.1±6.2
44.0±4.1
143±27
3.60±0.78
1.20±0.40
25.2±8.1
45.8±23.8
3.14±1.12

5.79±0.29
2.37±0.35
74.2±5.2
34.9±1.6
136±10
3.43±0.63
4.40±0.57
34.6±9.9
57.9±11.6
2.51±0.46

5.19±0.44
2.82±0.60
71.6±9.8
38.7±1.5
136±9.8
3.94±0.58
4.00±0.00
23.1±6.9
37.9±5.8
5.41±4.59

5.58±0.88
2.39±0.06
79.1±12.2
42.4±7.5
165±39
2.95±0.34
3.20±0.80
25.7±9.9
54.5±7.3
2.23±1.16

4.65
2.65
70.6
33.4
105
3.20
2.80
36.0
53.3
1.94

P<0.05 vs control group.

significant alteration in the number of micronucleuated
polychromatic erythrocytes (MNPCE) per 1 000 cells in mice
after treatment with 3 g/kg bicyclol. Then, the regular test was
performed in mice treated with different doses of bicyclol (0.75,
1.5, 3.0 g/kg, P.O.) or cyclophosphamide (50 mg/kg, i.p). The
results showed that bicyclol exhibited no mutagenicity in
micronucleus test (Table 8) while cyclophosphamide induced
remarkable mutagenicity of MNPCE.

Chromosome aberration test of bicyclol
The results indicated that there was no significant difference in
chromosome aberrations between control and bicyclol-treated
cells (2 test). The positive control compounds, carboplatin
and cyclophosphamide, induced significant chromosome
aberrations in CHL (Table 9).
Teratogenicity test of bicyclol
No abortion, premature labor and other toxic effects of bicyclol

were found in pregnant rats except for a pregnant rat in high
dose group died of pneumonia on d 10 (Table 10).
There were no significant differences in body height and
weight, ratio of sex, outward appearance, living and dead fetus
between control and bicyclol treatment groups, suggesting
that bicyclol had no toxic effect on embryonic development
and fetus (Tables 11, 12).
Bicyclol had no effect on the development of occipital,
cervical, sacral bones and coccyx. Defect of sternum was
observed in all groups.
No abnormal changes in development of bones were
observed in all groups, except for multi-rib in high dose bicyclol
group rats (Tables 13, 14). Bicyclol had no effect on development
of main organs of fetus.
In a word, the results indicated that when bicyclol (200,
1000 mg/kg) was given orally once daily from the 7th d for 10 d,
no significant effects on pregnant rats, development of embryo,
skeleton and organs of fetuses were observed.
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Table 7 Mutagenicity of bicyclol in bacteria (revertants/plate) (mean±SD)
TA97

(g/plate)

TA102

-S9

Bicyclol 0
10
100
500
1 000
5 000
9-aminoacridine 0.2
2AF 10
DMC 20
MMS 2 L
Vp16 1 mg

+S9

86±15
68±8
80±1
57±14
88±8
80±4
938±10

130±15
111±1
116±20
120±6
140±4
88±1

-S9

+S9

227±15
237±13
259±33
236±16
237±35
259±23

272±12
230±10
304±40
279±5
344±18
153±2

1 736±509
1 606±48
1 270±37

Table 8 Mutagenicity in mice after bicyclol treatment
Group
Control
Bicyclol

Cyclophosphamide

Dosage (mg/kg)

n

MNPCE (‰)

P/N value

750
1 500
3 000
50

6
6
6
6
6

2.2±0.04
1.8±0.09
2.5±0.14
1.7±0.08
38.2±3.0

100/56
135/65
126/74
130/70
100/250

P
1.8
2.1
1.7
1.9
0.4

>0.05
>0.05
>0.05
<0.001

Table 9 Chromosome aberrations in mice after bicyclol treatment
-S9

Dosage (g/kg)
Control (DMSO)
Bicyclol
50
100
200
Carboplatin 100
CY
100

+S9

Aberration (%)
100
100

Aberration (%)

P
2
2

100
100
50

>0.05
>0.05
>0.05
<0.001

3
2
84

P

100
100

3
2

>0.05

100
100

3
3

>0.05
>0.05

50

66

<0.001

Table 10 Effect of bicyclol on pregnant rats (mean±SD)
Group

n

Control
Bicyclol 200 mg/kg
Bicyclol 1 000 mg/kg

20
20
20

Number of pregnancies

Body weight (g)

Death

15
15
17

0
1
0

D0
251.9±6.8
253.5±5.4
258.2±5.7

D9
271.0±6.8
295.4±5.5
277.4±5.64

D 18
337.7±8.2
373.3±6.7
352.9±7.5

Table 11 Effect of bicyclol on embryonic development
Dosage (mg/kg)

n

Corpus luteum

Living fetus(%)

Dead fetus (%)

Resorption (%)

Control
Bicyclol 200
Bicyclol 1 000

15
15
17

177
181
225

171 (96.6)
155 (93.3)
203 (97.1)

0
6 (3.6)
1 (0.5)

6 (3.4)
5 (3.0)
5 (2.4)

Even thought defect of sternum was observed in high dose
bicyclol group, no significant difference in the development of
skeleton between control and bicyclol groups was found by 2
test. The multi-rib in individual fetuses was considered to be
normal variation.

DISCUSSION
The acute, chronic and special toxicity of any new drug should
be studied before recommended for clinical trial. Acute toxicity
is mainly to determine the lethal dose (LD50) of a drug to induce
50% death of experimental animals. Results of the present study
indicated that 5 g/kg bicyclol given orally to mice and rats did
not induce clinical intoxication and death, suggesting that
the LD50 of bicyclol is at least greater than 5 g/kg body weight.
In general, if the LD50 of a single drug is over 5 g/kg, it may be
regarded as a low toxicity drug. Bicyclol belongs to this kind of

drugs. Chronic toxicity test should be performed in 2 species of
animals and 3 doses should be tested. One of the doses should
be the effective dosage in pharmacology, and the biggest
dose should be large enough to produce toxicity in animals.
In the study of chronic toxicity, 3 doses of bicyclol (150, 300
and 600 mg/kg) were used. Among the 3 doses of bicyclol
tested, 150 mg/kg was the pharmacologically effective dose,
and 600 mg/kg was 400 folds higher than the proposed
therapeutic dose of bicyclol (1.5 mg/(kg·d)) for patients. As a
result, the 3 doses of bicyclol given for 6 mo have no detectable
toxic effects on rats. All parameters obtained from blood picture,
urine, blood biochemistry and pathological examinations of
main organs were in normal range. In chronic toxicity test of
beagle dogs for 6 mo, 25, 75 and 225 mg/kg of bicyclol were
used. The highest dose of 225 mg/kg was 150 folds
corresponding to the proposed therapeutic dose of bicyclol
for patients. Like the results of chronic toxicity in rats, bicyclol
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Table 12 Effect of bicyclol on fetus (mean±SD)
Dosage (mg/kg)
Control
Bicyclol 200
Bicyclol 1 000

Brood number (X)

BW (g)

Height (cm)

Tail length (cm)

39.9±4.1
43.3±3.1
47.7±2.2

3.5±0.01
4.3±0.08
4.0±0.09

3.4±0.02
3.4±0.02
3.3±0.02

1.28±0.02
1.26±0.01
1.17±0.01

Sex ratio (F/M)
89/82
81/74
97/106

Table 13 Effect of bicyclol on ossification of fetus, n (%)
Ossification of sternum
Dosage (mg/kg)

n
Defect of the 5th and 6th sternums

Control
Bicyclol 200
Bicyclol 1 000

87
77
108

Defect of the 6th sternum

0
1 (1.3)
9 (8.3)

8 (9.2)
6 (7.8)
1 (0.9)

Number of
sternum defects
79 (91.0)
70 (90.9)
94 (87.0)

Table 14 Effect of skeleton development of fetus
Dosage (mg/kg)
Control
Bicyclol 200
Bicyclol 1 000

n

Cervical -rib

Defect of the 13th rib

87
77
108

0
0
0

0
0
0

also had no noticeable toxic effects on all biochemical indices
and pathological examinations of the main organs, although
there were variations of certain parameters before and after
bicyclol treatment, there were no statistically significant
difference between control and bicyclol groups, suggesting
that bicyclol is a low toxicity drug.
The purposes of specific toxicity tests including mutagenicity,
teratogenicity and carcinogenesis are to study whether the
tested drug would induce fetal deformation and mutation or
carcinogenesis. Mutagenicity test includes the classical Ames
test, chromosome aberrations in Chinese hamster lung (CHL)
cells and micronucleus assay. In Ames test, the biggest dose
of any test drug should reach 5 000 g/plate. For chromosome
aberration assay, the concentration of 50% inhibition rate of
test compound on growth of CHL cells should be tested. In both
Ames and chromosome aberration assays, positive mutagenic
compounds should also be used as control in presence and
absence of liver microsomes (S9 mixtures). In micronucleus assay,
1/2 LD50 of test drug should be used. The data of our current
study show that bicyclol at doses of 5 000 g/plate in Ames test,
200 g/mL (IC50) in chromosome aberration assay and 3 g/kg in
mice all have no mutagenic effect, while the positive control
compounds all induce mutation. In other word, bicyclol has no
mutagenicity.
The purpose of teratogenicity assay is to evaluate whether
the test drug induces fetal deformation of pregnant patients
who take the tried drug. As shown in the present study, bicyclol
at a rather high dose of 1 g/kg, which was 667 folds of the
proposed therapeutic dose (1.5 mg/(kg·d)) for patients, did not
induce fetal deformation. All the above results indicate that
bicyclol is a low toxicity drug. This conclusion is supported by
the results of clinical trial of bicyclol on chronic viral hepatitis.
More than 2 000 chronic hepatitis B patients were treated with
bicyclol for 6 mo. As a result, bicyclol significantly normalized
the elevated serum transaminases (ALT and AST) by about
50%, and also turned positive virus markers such as HBeAg to
negative by about 20%. Side effects such as headache and
skin eruption occurred in only about 1% of these patients[9,10].
No other noticeable side effects were observed. It was reported
that adverse effects (influenza-like syndrome) occur frequently
during treatment with interferons[11], and that lamivudine can

Defect of the 14th rib
0
0
4 (3.7%)

induce mitochondrial toxicity[12]. The side effect and toxicity of
bicyclol are lower than those of interferon-2 and lamivudine.
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Abstract
AIM: To investigate the effects of exogenous unsaturated
fatty acids on calcium-activated potassium current [IK(Ca)]
in gastric antral circular myocytes of guinea pigs.
METHODS: Gastric myocytes were isolated by collagenase
from the antral circular layer of guinea pig stomach. The
whole-cell patch clamp technique was used to record IK(Ca)
in the isolated single smooth muscle cells with or without
different concentrations of arachidonic acid (AA), linoleic
acid (LA), and oleic acid (OA).
RESULTS: AA at concentrations of 2,5 and 10 mol/L markedly
increased I K(ca) in a dose-dependent manner. LA at
concentrations of 5, 10 and 20 mol/L also enhanced IK(Ca)
in a dose-dependent manner. The increasing potency of
AA, LA, and oleic acid (OA) on IK(Ca) at the same concentration
(10 mol/L) was in the order of AA>LA>OA. AA (10 mol/L)induced increase of IK(ca) was not blocked by H-7 (10 mol/L), an
inhibitor of protein kinase C (PKC), or indomethacin (10 mol/L),
an inhibitor of the cyclooxygenase pathway, and 17octadecynoic acid (10 mol/L), an inhibitor of the cytochrome
P450 pathway, but weakened by nordihydroguaiaretic acid
(10 mol/L), an inhibitor of the lipoxygenase pathway.
CONCLUSION: Unsaturated fatty acids markedly increase

IK(ca), and the enhancing potencies are related to the number
of double bonds in the fatty acid chain. The lipoxygenase
pathway of unsaturated fatty acid metabolism is involved
in the unsaturated fatty acid-induced increase of IK(ca) in
gastric antral circular myocytes of guinea pigs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Gastric myocytes; Calcium-activated potassium
channel; Unsaturated fatty acids
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INTRODUCTION
Unsaturated fatty acids are the major components of membrane
lipids and they are mainly released by stimulation of phospholipase
A2. Arachidonic acid (AA) and other unsaturated fatty acids
modulate the activities of various ion channels[1-3] through direct
or indirect pathways. The direct effects are mediated by the
interaction between fatty acids and ion channel proteins or through
the interference with plasma membranes. The indirect actions on
ion channels result from cyclo-oxygenase, lipoxygenase, and
epoxygenase metabolites or cellular signal transduction
pathways[4]. For example, AA directly affects the activities of cloned
human potassium channels mainly existing in heart and brain[5]
and Ca2+-activated K+ channels in rabbit coronary smooth muscle
cells[6]. In addition, AA has been shown to modulate ion transient
receptor potential channels as a second messenger[7] and to
enhance voltage-dependent calcium channels in vascular smooth
muscle cells through cytochrome P450 metabolites[8].
The Ca 2+ -activated potassium channel [IK(ca) ] has been
considered to play an important role in excitability and
functional regulation in excitable cells[9]. Agonists of IK(ca), such
as carbon monoxide and bradykinin, which change the activity
of the Ca2+-activated potassium channels, can affect the membrane
potential and contractility in smooth muscle cells[10,11]. We have
shown that NO relaxes gastric antral smooth muscle of the
guinea pig through increase of IK(ca)[12]. It has been reported
that AA affects IK(Ca) in many cells. It inhibits IK(Ca) in T84 cells[13],
activates IK(Ca) in vascular smooth muscles[14] and GH(3) cells[15].
In our previous study, we have reported that AA and other
unsaturated fatty acids directly inhibit calcium current (ICa)[16],
chloride current (ICl)[17] and muscarinic current (ICCh)[18] in gastric
myocytes of guineapigs. But the effects of AA and other
unsaturated fatty acids on IK(Ca) in gastric myocytes have not
yet been reported. In the present study, we investigated the
effect of AA and other unsaturated fatty acids on IK(Ca) in gastric
antral circular myocytes of guinea pigs.
MATERIALS AND METHODS
Preparation of cells
Gastric myocytes were isolated enzymatically from the antral
circular layer of guinea pig stomachs as described previously[15].
Briefly, EWG/B guinea pigs (obtained from the Experimental
Animal Department of Jilin UniversityClinical College, Certificate
No 10-6004) of either sex weighing 300-350 g were euthanized
by a lethal dose of IV sodium pentobarbital (50 mg/kg). The
antral part of the stomach was dissected from the longitudinal
layer using fine scissors and then cut into small segments (2-3 mm).
The tissue chunks were then incubated at 36 ℃ for 25-30 min in
a digestion medium consisting of 4 mL Ca2+-free physiology
solution containing 8 mg bovine serum albumin, 4.5 mg trypsin
inhibitor, 4 mg collagenase type II, and 4 mg dithioerythreitol.
Single myocytes were kept at 4 ℃ until use.
Electrophysiological recordings
The isolated cells were transferred to a small chamber (0.1 mL)
on the stage of an inverted microscope (IX-70 Olympus, Japan)
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for 10-15 min to settle down. The cells were superfused
continuously with isosmotic solution. An 8-channel perfusion
system (L/M-sps-8, List Electronics, Germany) was used to
change the solution. Experiments were performed at 20-25 ℃
and the whole-cell configuration of the patch-clamp technique
was applied. Patch-clamp pipettes were manufactured from
borosilicate glass capillaries (GC 150T-7.5, Clark Electromedical
Instruments, UK) by a two-stage puller (PP-83, Narishige,
Japan). The resistance of the patch pipettes was 3-5 MΩ when
being filled with pipette solution. Liquid junction potentials
were compensated prior to seal formation. The whole-cell
holding currents were recorded with an Axopatch 1-D patchclamp amplifier (Axon Instrument, USA) and an EPC-10 amplifier
(HEKA Instrument, Germany).

Drugs and solutions
All drugs were purchased from Sigma Chemical Co, USA.
Tyrode’s solution contained NaCl 147, KCl 4, CaCl2·2H2O 2,
MgCl2·6H2O 1.05, NaH2PO4·2H2O 0.42, Na2HPO4·2H2O 1.81 and
glucose 5.5 mmol/L, pH was adjusted to 7.35 with NaOH. PSS
contained NaCl 134.8, KCl 4.5, MgCl2·6H2O 1.0, CaCl2·2 H2O 2.0,
glucose 5.0 and HEPES 10.0 mmol/L, and pH was adjusted to 7.4
by using Tris. In Ca2+-free PSS, 2.0 mmol/L CaCl2·2H2O was
omitted from PSS. The pH of modified Kraft-Bruhe solution
containing 0.5 mmol/L egtazic acid, 10 mmol/L HEPES,
MgCl2·6H2O 3 mmol/L 3, 50 mmol/L KCl, 10 mmol/L glucose,
50 mmol/L L-glutamata, 20 mmol/L taurine and 20 mmol/L
KH2PO4, was adjusted to 7.40 with KOH 1 mmol/L. The pipette
solution contained 110 mmol/L potassium-aspartic acid,
5 mmol/L Mg-ATP, 5 mmol/L HEPES, 1.0 mmol/L MgCl2·6H2O,
20 mmol/L KCl, 0.1 mmol/L egtazic acid, 2.5 mmol/L di-triscreatine phosphate and 2.5 mmol/L disodium-creatine
phosphate, pH was adjusted to 7.30 with Tris. AA, LA and
OA were separately prepared at 1 mmol/L. All unsaturated
fatty acids were added in external perfusing solution.
Indomethacin, 17-octadecynoic acid, nordihydroguaiaretic
acid and H-7 were prepared at 1 mmol/L.
Statistical analysis
This experiment was consubstantially compared. The current
before perfusion with fatty acids served as controls. All values
were expressed as mean±SD. Statistical significance was
evaluated by t-test.
RESULTS
Effects of unsaturated fatty acids on IK(Ca)
Under the whole-cell configuration, the membrane potential
was clamped at -60 mV, and IK(ca) was elicited by step voltage
command pulse from -40 mV to 100 mV for 440 ms with a 20 mV
increment at 10 s intervals. AA, an unsaturated fatty acid (with
4 double bonds) significantly increased IK(Ca) in a dose-dependent
manner. AA increased IK(Ca) by (15.9±3.6)%, (31.9±7.0)% and
(46.3±10.4)% at the concentrations of 2, 5 and 10 mol/L at
+60 mV, respectively (n = 8, Figure 1 C). Under the whole-cell
patch-clamp mode the membrane potential was clamped at -20 mV,
the spontaneous transient outward currents (STOCs) due to
activation of calcium-activated potassium[19] were then recorded.
AA markedly increased STOCs at 10 mol/L (Figure 1 D).
Another unsaturated fatty acid LA (with 2 double bonds) also
increased IK(Ca) by (27.8±4.8)%, (37.9±13.9)% and (70.8±19.9)%
at the concentrations of 5, 10 and 20 mol/L at +60 mV, respectively
(n = 8, Figure 1F-G).
Comparison of the effects among different unsaturated fatty
acids on IK(Ca)
To determine the enhancing potency of unsaturated fatty acids,
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the effects of different unsaturated fatty acids on IK(Ca) were
observed. Under the whole-cell configuration, AA, LA, and OA
(with one double bond) at the same concentration (10 mol/L)
increased IK(Ca) by (46.3±10.4)%, (37.9±13.9)% and (13.5±5.1)%
at +60 mV, respectively (n = 8, Figure 2). Among them, the
increasing potency was in the order of AA (C20: 4, cis-5, 8, 11,
14) > LA (C18: 2, cis-9, 12) > OA (C18: 1, cis-9). The increasing
potency of unsaturated fatty acids was in accordance with the
number of double bonds in the fatty acid chain.

Effects of PKC inhibitor and oxygenase inhibitor on AA-induced
increase of IK(Ca)
To determine whether unsaturated fatty acids induced increase
of IK(Ca) directly or indirectly, the effect of AA on IK(Ca) was
observed after pretreatment with indomethacin (indocin,
cyclo-oxygenase inhibitor), nordihydroguaiaretic acid (NDGA,
lipoxygenase inhibitor), 17-octadecynoic acid (17-ODA,
cytochrome P450 inhibitor) and H-7 (protein kinase C inhibitor),
which were added in external perfusing solution for about
10-15 min. H-7 (10 mol/L), indocin (10 mol/L) and 17-ODA
(10 mol/L) could not block AA-induced increase of IK(ca), and
AA still increased IK(Ca) by (41.8±3.7)%, (42.9±10.8)% and
(40.8±6.8)% at +60 mV, respectively (Figure 3). There was no
significant difference between the two groups before and after
pretreatment with H-7 and oxygenase inhibitors (P<0.05, n = 8).
But after pretreatment with NDGA 10 mol/L, AA-induced
increase of IK(ca) was diminished from 46.3±10.4% of control to
(11.3±4.3)% (Figure 3). There was a significant difference
between the two groups before and after pretreatment with
NDGA (P>0.05, n = 8).
DISCUSSION
In this study, it was found that unsaturated fatty acids increased
IK(Ca) in a dose-dependent manner and AA increased STOCs
also. AA-induced increase of IK(Ca) was not blocked by H-7,
indocin and 17-ODA, but was markedly weakened by NDGA.
Many experiments have shown that AA and other unsaturated
fatty acids enhance IK(Ca). It has been described that AA could
directly increase IK(Ca) in human mesangial cells[20] through
lipoxygenase metabolites in rat pituitary tumor cells[21] and
cytochrome p-450 epoxygenase products in smooth muscle
cells of rat cerebral arteries[22]. The results described here show
that unsaturated fatty acids increase IK(ca) and the more double
bonds they have, the more potent their enhancing effect on IK(ca)
in gastric antral smooth muscle cells of guinea pigs is. Our
previous studies have shown that more double bonds lead to
more inhibitory potency on ICa[16], and ICCh[18] in gastric antral
smooth muscle cells of guinea pigs; however, saturated fatty
acids have no effect on ICl[17]. Horimoto et al[23] also reported
only fatty acids having more than two double bonds activated
the K+ channels in freshly dissociated neurons of 10- to 20day-old rat visual cortex. These data show that double bonds
must be satisfied for a given fatty acid to affect ion channels.
The double bonds of unsaturated fatty acids might be easily
oxidized to form reactive oxygen species or make unsaturated
fatty acids to form barrette-like structures, which may optimize
the possibility of binding to ion channels to modulate IK(ca)[15].
The indirect effects of AA on ion channels require the
metabolite transformation of AA[20,21] and activation of PKC[24].
In this study, the lipoxygenase metabolism pathway was
involved in AA-induced increase of IK(ca), since NDGA markedly
diminished AA-induced increase of IK(ca), but H-7, indocin and
17-ODA had no effect. Many studies have demonstrated that
AA exerts physiological function via lipoxygenase metabolism
pathway by modulating ion channels. It has been reported that
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the lipoxygenase pathway mediates AA-induced vasodilation
through a K+ channel-dependent mechanism in rat small
mesenteric arteries and rat basilar arteries. The effect of AA by
lipoxygenase metabolites on IK(ca) might play an important role
in regulating secretory function of adrenal chromaffin cells in
bovine. However, we can not exclude the direct effect of AA on
IK(ca) , since NDGA could not abolish entirely AA-induced

increase of IK(ca). Unsaturated fatty acids may directly or/and
indirectly modulate IK(ca).
In summary, IK(Ca) is increased by unsaturated fatty acids in
a dose-dependent manner. There is a correlation between the
degree of cis unsaturation and the increasing potency on IK(Ca).
Lipoxygenase metabolism pathway is involved in unsaturated
fatty acid-induced increase of IK(Ca).
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Abstract
AIM: To determine the possible existence of a hepatocardiovascular response and its regulatory mechanism
in normal rats.
METHODS: Systemic hemodynamic changes following
intraportal injection of latex microspheres were studied
in two modified rat models of hepatic circulation, in which
the extrahepatic splanchnic circulation was excluded by
evisceration and the liver was perfused by systemic blood
via either the portal vein (model 1) or hepatic artery
(model 2) in vivo.
RESULTS: In model 1, intraportal injection of two sized
microspheres (15- m and 80- m) induced a similar
decrease in mean arterial pressure, while extrahepatic
portal venous occlusion induced an immediate increase in
mean arterial pressure. In model 2, microsphere injection
again induced a significant reduction in mean arterial
pressure, aortic blood flow and aortic resistance. There
were no significant differences in these parameters
between liver-innervated rats and liver-denervated rats.
The degrees of microsphere-induced reduction in mean
arterial pressure (-38.1±1.9% in liver-innervated rats
and -35.4±2.1% in liver-denervated rats, respectively)
were similar to those obtained by withdrawal of 2.0 mL
of blood via the jugular vein (-33.3±2.1%) (P>0.05).
Injection of 2.0 mL Haemaccel in microsphere-treated
rats, to compensate for the reduced effective circulating
blood volume, led to a hyperdynamic state which, as
compared with basal values and unlike control rats, was
characterised by increased aortic blood flow (+21.6±3.3%),
decreased aortic resistance (-38.1±3.5%) and reduced
mean arterial pressure (-9.7±2.8%).
CONCLUSION: A hepato-cardiovascular response exists
in normal rats. It acts through a humoral mechanism
leading to systemic vasodilatation, and may be involved
in the hemodynamic disturbances associated with acute
and chronic liver diseases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hepato-cardiovascular response; Hemodynamics
Li XN, Benjamin IS, Alexander B. Hepato-cardiovascular
response and its regulation. World J Gastroenterol 2005; 11
(5): 676-680

http://www.wjgnet.com/1007-9327/11/676.asp

INTRODUCTION
Several mechanisms are involved in the regulation of hepatic
hemodynamics, which include distensible hepatic resistance[1],
changeable hepatic blood volume[2], hepatic arterial buffer
response[3] and intrahepatic portal systemic shunts[4-6]. However,
a direct hemodynamic relationship between the liver and the
cardiovascular system has not been described.
In our previous studies, it was found that intrahepatic portal
block by microspheres induced an acute reduction in systemic
blood pressure[4-6]. Originally this was attributed to mesenteric
pooling of portal venous blood[4-6], but subsequent studies
have suggested that this might be due to a hepato-cardiovascular
response[7,8]. To further confirm such a response, the present
study used eviscerated rats to exclude extrahepatic splanchnic
circulation, and the liver was perfused with systemic blood via
either the portal vein or hepatic artery in vivo. Thus, if an
autoregulatory response mechanism exists between the liver
and the systemic circulation, this could be activated directly
following appropriate stimulation to the liver. The aims of the
present study were to determine whether: (1) intraportal injection
of latex microspheres would result in hemodynamic changes in
the systemic circulation; (2) different-sized microspheres
affected changes in systemic hemodynamics; (3) systemic
circulatory responses to the microsphere injection could be
induced in the absence of portal flow to the liver; and (4)
denervation of the liver altered microsphere-induced responses
in systemic hemodynamics.
MATERIALS AND METHODS
Animals and surgical procedures
Male Wistar rats (350-400 g) were anaesthetized with fentanyl/
fluanisone (0.3 mL/kg subcutaneously) and midazolam (0.3 mL/kg
subcutaneously). The left carotid artery was cannulated for
measurement of mean arterial pressure (MAP). Another cannula
was inserted into the right jugular vein and advanced 2-3 cm to
reach the superior vena cava for measurement of central venous
pressure (CVP).
The abdomen was then opened via a midline incision. The
gastric artery, splenic artery and superior mesenteric artery
were exposed and ligated, and the stomach, intestines and
spleen were subsequently removed.
After evisceration, the liver was perfused either by aortic
blood via the portal vein in vivo (model 1) or by hepatic arterial
blood in vivo (model 2). In model 1, the hepatic artery was
carefully dissected and ligated. The main portal vein was
divided so that a complete evisceration could be achieved. To
re-construct the portal venous supply to the liver, the abdominal
aorta was ligated and divided just above its bifurcation and the
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Figure 1 Diagram of experimental models. Rats in both models were eviscerated. In model 1, the hepatic artery was divided and
the liver was then perfused only by aortic blood via the portal vein (A). In model 2, the liver was perfused only by the hepatic artery
(B). Latex microspheres were injected intraportally and the resultant changes in mean arterial pressure (MAP), central venous
pressure (CVP) and portal venous pressure (PVP) were monitored by the cannulae in the carotid artery, jugular vein and portal
vein, respectively. Aortic blood flow (ABF) was measured by an electric magnetic flow probe placed around the abdominal aorta.

cephalad end of the aorta was connected to the hepatic end of
the portal vein by a T-type connector. The third arm of the
connector was used for measurement of portal venous pressure
(PVP) and injection of microspheres (Figure 1A). In model 2,
the liver was supplied only by the hepatic artery. The portal
vein was also divided, and the hepatic remnant cannulated for
injection of microspheres (Figure 1B).

Experimental design
Experiment 1 After a 20-min stabilization period, a vascular
clamp was applied to the portal vein in model 1 (Figure 1A) for
2-3 min and the pressures recorded as a measurement of the
maximum attainable portal venous pressure[4,5]. Five minutes
after releasing the vascular clamp, rats were given intraportally
via four equal injections (0.2 mL/injection) with a total of 2.2 × 107
15 m diameter microspheres (group 1, n = 6), or 3.6 × 105 80 m
diameter microspheres (group 2, n = 6)[4,5]. Identical volumes of
saline were given intraportally to controls (group 3, n = 6) during
the same time course. When steady-state portal venous
pressure was obtained, portal venous occlusion (PVO) was
performed again. The resultant changes in MAP and PVP were
continuously monitored. Because the liver was perfused by
aortic blood with high pressure, which might have enlarged the
hepatic sinusoids and/or opened intrahepatic portal-systemic
shunts[4-6] to lead to pulmonary embolization with a large number
of microspheres, an additional group of rats (n = 6) was,
therefore, used for measurement of intrahepatic shunting by
using 15-m diameter 51Cr labeled microspheres[6,9].
Experiment 2 In model 2 (Figure 1B), 5.6×106 15-m diameter
microspheres or equivalent volumes of saline (0.2 mL) were
injected intraportally, and the resultant changes in MAP, CVP
and aortic blood flow (ABF) were measured in liver-innervated
rats (group 1, n = 8), liver-denervated rats[10] (group 2, n = 8) and
control rats (group 3, n = 8) respectively. ABF was measured by
using an electromagnetic flow transducer that was placed around
the abdominal aorta between the celiac axis and renal arteries.

Results obtained were compared with that of group 4 (n = 6)
which underwent sequential blood withdrawals and subsequent
Haemaccel injections via the jugular vein (0.5 mL/withdrawal or
injection, both up to 6 times). The microsphere-induced
hypovolemia, secondary to vasodilatation (see below), was then
identified, and an appropriate volume of Haemaccel was given
via the jugular vein to rats pre-treated with 15-m diameter
microspheres (5.6×106) injected intraportally (group 5, n = 8).

Statistical analysis
Aortic blood flow was measured as mL/(min·100 g) body weight.
Aortic resistance (AR) was calculated as kPa/aortic blood flow.
Intrahepatic shunting was calculated from injection of 15-m
diameter 51Cr labeled microspheres as follows[9]: Intrahepatic
shunting (%) = lung radioactivity (cpm)×100/ liver radioactivity
(cpm) + lung radioactivity (cpm). The results were expressed as
mean ± SE. Statistical comparisons were performed using t test
and factorial ANOVA where appropriate unless otherwise stated.
Results were considered statistically significant when a P value
was <0.05.
RESULTS
MAP, PVP and intrahepatic shunting in experiment 1
Basal MAP and PVP were significantly increased by PVO to a
similar level, which returned to basal values immediately after
release of PVO (Table 1, Figure 2). In contrast, although
microsphere injections in groups 1 and 2 gradually increased
PVP due to increased intrahepatic portal resistance, MAP was
significantly decreased following the first injection of
microspheres in both groups, and showed no further significant
changes following the subsequent 3 injections. There were no
significant differences in MAP reduction between group 1 and
group 2. PVO, following microsphere injections, induced a
significantly smaller increase in MAP and PVP than PVO prior
to injection of microspheres (Table 1, Figure 2). There were no
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significant changes in control rats given saline.
Although the liver was perfused via the portal vein by aortic
blood with high pressure, intrahepatic shunting was negligible
with a mean value of (0.06±0.04)% (0.03-0.10%).
Table 1 Changes in MAP and PVP during PVO, intraportal
injection of microspheres and re-PVO after microsphere injections in experiment 1 (mean±SE)

MAP (kPa)
Group 1
Group 2
Group 3
PVP (kPa)
Group 1
Group 2
Group 3

Basal

PVO

Microsphere
injection

Re-PVO

11.6 ±0.4
11.2 ±0.3
11.4 ±0.4

13.0 ±0.3 a
13.2 ±0.5 a
12.6 ±0.3 a

8.8 ±0.4 a
8.5 ±0.3 a
11.5 ±3.9

9.0 ± 0.4 c
9.3 ± 0.3 c
12.4 ±0.3

4.1 ±0.3
4.5 ±0.2
4.2 ±0.2

13.0 ±0.3 b
13.2 ±0.4 b
12.6 ±0.3 b

4.5 ±0.3 a
5.1 ±0.2 a
4.2 ±0.2

8.4 ± 0.3 c
9.2 ± 0.2 c
12.4 ±0.3

Group 1: 15 m microspheres; group 2: 80 m microspheres;
group 3: saline control. MAP, mean arterial pressure; PVP,
portal venous pressure; PVO, portal venous occlusion. aP<0.05;
b
P<0.01 vs Basal. cP<0.05 vs PVO.
0

5

Time (min)

13
0
14
7
0
PVO

80-m microsphere in jections

R e- PV O

Figure 2 Mean arterial pressure (MAP) and portal venous pressure (PVP) recordings from a rat in group 2 of experiment 1 during portal venous occlusion (PVO), intraportal injection of 80-µm
diameter microspheres and re-PVO after microsphere injection.

Post-injection

Change (%)

0.43±0.07
0.40±0.08
0.34±0.06

0.39±0.06
0.38±0.59
0.35±0.08

-6.9±0.72
-5.5±0.66
1.3±0.22

12.7±0.4
12.9±0.6
12.9±0.4

7.9±0.4 a
8.4±0.5 a
13.1±0.4

-38.1±1.9
-35.4±2.1
1.5±0.2

4.2±0.3
3.7±0.2
4.1±0.3

3.4±0.3 a
3.1±0.2 a
4.2±0.3

-21.3±2.6
-16.8±2.5
2.1±0.1

3.1±0.1
3.5±0.1
3.3±0.2

2.4±0.1 a
2.7±0.1 a
3.2±0.2

-21.0±2.3
-21.7±2.3
-0.4±0.1

Group 1: liver-innervated rats; group 2: liver-denervated rats;
and group 3: control rats. CVP, central venous pressure; MAP,
mean arterial pressure; ABF, aortic blood flow; AR, aortic
resistance. aP<0.05 vs pre-injection.

Sequential blood withdrawal in group 4 caused a parallel
decrease in MAP and ABF, which, after subsequent Haemaccel
injections, completely returned to basal values. Microsphereinduced MAP reductions in liver-innervated rats (7.9±0.4 kPa)
and liver-denervated rats (8.4±0.5 kPa) were comparable to those
obtained by withdrawal of 2.0 mL blood via the jugular vein in
group 4 (8.3±0.5 kPa) (P>0.05). Therefore 2.0 mL of Haemaccel
was infused in microsphere-treated rats in group 5, to compensate
for the reduced effective circulating blood volume. This led to a
hyperdynamic state which, as compared with the basal values
and unlike rats in group 4, was characterized by increased ABF,
decreased AR and reduced MAP (Table 3, Figures 4, 5).
Table 3 Changes in MAP, ABF and AR following intraportal
injection of microspheres (5.6×106) and infusion of Haemaccel
(2 mL) via the jugular vein in group 5 of experiment 2

MAP (kPa)
ABF (mL/min/
100 g body weight)
AR (kPa/mL/min/
100 g body weight)

Basal

Microsphere
injection

Haemaccel
injection

12.8±0.5

7.6±0.3 b

11.6±0.4 a,d

4.4±0.2

3.4±0.2 b

5.6±0.4 b,d

2.9±0.1

2.3±0.1 b

2.1±0.1 b

0

MAP
14

13
0
15

15-m microsphere injection
(0.2 mL, 5.6×106)

Saline injection
(0.2 mL)

0
5
Time (min)

Figure 3 Central venous pressure (CVP), mean arterial pressure (MAP) and aortic blood flow (ABF) recordings from experiment 2 after intraportal injection of 15-µm diameter
microspheres in a liver-innervated rat (group 1) and saline
injection in a control rat (group 3).

7

0

ABF

6

a
b
b b

4

b

AR
b

3.3
2.2
1.1

2

0.0

0
Basal

AR (kPa/mL·min-100 g/BW)

MAP, mean arterial pressure; ABF, aortic blood flow; AR, aortic
resistance. aP<0.05; bP<0.01 vs Basal. dP<0.01 vs Microsphere injection.

3

0

Number 5

Pre-injection
CVP (kPa)
Group 1
Group 2
Group 3
MAP (kPa)
Group 1
Group 2
Group 3
ABF (mL/min/
100 g BW)
Group 1
Group 2
Group 3
AR (kPa/mL/
min/100 g BW)
Group 1
Group 2
Group 3

MAP (kPa)

ABF (mL/min)

MAP (kPa)

CVP (kPa)

Systemic hemodynamics in experiment 2
Intraportal injection of microspheres resulted in significant
reductions in MAP, ABF and AR, 60-90 s after microsphere
injection (Table 2, Figure 3). CVP showed no significant changes
following microsphere injection. There were no significant
differences in these parameters between liver-innervated rats
(group 1) and liver-denervated rats (group 2). No significant
changes were observed in control group given saline.

Volume 11

Table 2 Changes in CVP, MAP, ABF and AR before and after
intraportal injection of microspheres in experiment 2 (mean±SE)

ABF (mL/min·100 g/BW)

PVP (kPa)

MAP (kPa)

26

February 7, 2005

Microsphere Haemaccel
injection
injection

Figure 4 Mean arterial pressure (MAP), aortic blood flow
(ABF) and aortic resistance (AR) after intraportal injection of
15-µm diameter microspheres and subsequent Haemaccel injection in group 5 of experiment 2. aP<0.05, bP<0.01 vs Basal.
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Figure 5 Illustration of the hepato-cardiovascular response
and its regulatory mechanism. Intrahepatic stimulation induced by microspheres led to release of humoral mediator (s)
from the liver, which, in turn, caused systemic vasodilatation
and subsequently the reduction in arterial blood pressure.

DISCUSSION
The present study established two modified rat models of
hepatic circulation, in which the extrahepatic splanchnic
circulation was excluded by evisceration and the liver was
perfused by systemic blood via either the portal vein (model 1)
or hepatic artery (model 2) in vivo. Therefore, the possible
hemodynamic relationship between the liver and the
cardiovascular system could be easily observed. Results
showed that intraportal injection of microspheres induced a
significant reduction in MAP in both models, thus supporting our
previous hypothesis that there exists a hepato-cardiovascular
response in normal rats[7,8].
In model 1, the liver was only supplied by aortic blood via
the portal vein (Figure 1A). It was expected that in this model,
either intraportal injection of microspheres or PVO should
increase the resistance to aortic blood that was flowing through
the portal vasculature, thus leading to elevations in both MAP
and PVP. As expected, PVO prior to injection of microspheres,
induced an immediate increase in mean arterial pressure.
However, injection of microspheres into the liver induced an
immediate decrease in MAP. Furthermore, PVO following
microsphere injections induced a significantly smaller increase
in MAP.
The reduction in MAP might be a result of a major shunting
of microspheres into the pulmonary circulation, due to enlarged
sinusoids and opened intrahepatic portal-systemic shunts[4,5]
caused by a high portal venous perfusion pressure. However,
we showed that the percentage of intrahepatic shunting,
measured with 15m diameter labeled microspheres, was
negligible (<0.1%). This is consistent with our recent findings
that intrahepatic shunts in the normal rat liver are predominantly
small with diameters less than 15-m[6].
The liver is characterized by a high degree of compliance.
Therefore the microsphere-induced reductions in MAP could
also result from intrahepatic blood pooling, secondary to portal
block by the injected microspheres. If so, MAP should decrease
progressively with increasing numbers and sizes (diameters)
of microspheres as more sinusoids would become occluded in
the liver, but this was not observed. In fact, a similar and
sustained reduction in MAP was observed in groups 1 and 2 of
experiment 1, following the first injection of 15-m and 80-m
microspheres, respectively. Moreover, significant intrahepatic
portal pooling could not occur because the opening of intrahepatic

portal systemic shunts (<15-m) can permit 70% of the basal
portal venous blood to bypass the hepatic sinusoids[6]. We,
therefore, hypothesize that the reduction in MAP is possibly due
to an autoregulatory response elicited by the effects of injected
microspheres in the liver.
This hypothesis is supported by the results from the
subsequent experiments with model 2, in which the absence of
portal flow excluded portal venous pooling as the cause. Again,
significant reductions in MAP, aortic blood flow and aortic
resistance were induced by intraportal injection of microspheres.
These changes strongly suggest a significant systemic
vasodilatation leading to reductions in effective circulating blood
volume. Furthermore, the microsphere-induced hemodynamic
responses are different from those seen in acute toxic liver
injury, in which vasodilatation develops over hours or days[11],
not in seconds as observed in the present study. It is, therefore,
suggested that a hepato-cardiovascular response exists in
normal rats, by which the systemic circulation may quickly
respond to intrahepatic portal block by injected microspheres.
The fact that denervation of the liver does not eliminate this
response suggests that a humoral mechanism is involved in
the hepato-cardiovascular response, and that, following
microsphere injection, the liver releases substance (s) which
may exert a potent vasodilator action on the systemic circulation.
Although we did not perform humoral measurements as this is
beyond the scope of the present study, it is well known that
the liver can produce many vasodilators such as nitric oxide[12].
The systemic responses in model 1, in which a large quantity of
aortic blood flows through the liver via the portal vein with low
resistance, occurred immediately, while in model 2 there was a
delay of 60-90 s. This is consistent with rapid flushing of humoral
factors into the systemic circulation in model 1.
Microsphere-induced acute systemic vasodilatation resulted
in a state of relative hypovolemia and thus a reduction in MAP
comparable to withdrawal of 2.0 mL of blood via the jugular
vein. Infusion of 2.0 mL Haemaccel, to compensate for the
reduced effective circulating blood volume in microspheretreated rats, led to a hyperdynamic circulation, characterized
by increased aortic blood flow, decreased aortic resistance and
reduced MAP. Such circulatory disturbances are similar to those
observed following acute[11] or chronic liver injuries[13], and
consistent with the hypothesis that the combination of
vasodilatation and expanded plasma volume is necessary for
full expression of the hyperdynamic state[14]. However, the
initiating factor for the hyperdynamic circulation appears to be
the development of vasodilatation, which evokes an increase in
blood volume and cardiac output as a compensatory response[15].
Although the mechanisms underlying the vasodilatation are
still not fully understood, we have shown here, for the first
time, a direct hemodynamic response between the liver and the
cardiovascular system. It is suggested that this response may
play a role in the development of vasodilatation observed in
acute and chronic liver diseases such as severe hepatitis and
cirrhosis, where the mechanical stimulation to the liver, similar to
that induced by microsphere injections, is a common feature which
results from leukocyte accumulation[16], endothelial oedema[17],
Kupffer cell swelling[16], and portal occlusion or compression by
scar tissue and regenerative hyperplastic nodules[18,19].
In conclusion, this study demonstrates the existence of a
hepato-cardiovascular response in normal rats. This response
acts through a humoral mechanism and leads to systemic
vasodilatation, and may be involved in the hemodynamic
disturbances associated with acute and chronic liver diseases.
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Abstract
AIM: Crohn’s disease (CD) and ulcerative colitis (UC) are
multifactorial diseases with a significant genetic background.
Apart from CARD15/NOD2 gene, evidence is accumulating
that molecules related to the innate immune response such
as CD14 or Toll-like receptor 4 (TLR4), are involved in
their pathogenesis. In further exploring the genetic
background of these diseases, we investigated the
variations in the CARD15/NOD2 gene (Arg702Trp,
Gly908Arg and Leu1007fsinsC), and polymorphisms in the
TLR4 gene (Asp299Gly and Thr399Ile) as well as in the
promoter of the CD14 gene (T/C at position -159) in Greek
patients with CD and UC.
METHODS: DNA was obtained from 120 patients with CD,
85 with UC and 100 healthy individuals. Genotyping was
performed by allele specific PCR or by PCR-RFLP analysis.
RESULTS: The 299Gly allele frequency of the TLR4 gene and
the T allele and TT genotype frequencies of the CD14 promoter
were significantly higher in CD patients only compared to
healthy individuals (P = 0.026<0.05; P = 0.0048<0.01 and
P = 0.047<0.05 respectively). Concerning the NOD2/CARD15
mutations the overall presence in CD patients was
significantly higher than that in UC patients or in controls.
Additionally, 51.67% of the CD patients were carriers of a
TLR4 and/or CD14 polymorphic allele and at least one
variant of the NOD2/CARD15, compared to 27% of the UC
patients. It should be pointed out that both frequencies
significantly increased as compared with the 10% frequency
of multiple carriers found in healthy controls. A possible
interaction of the NOD2/CARD15 with TLR4 and especially
CD14, increased the risk of developing inflammatory bowel
disease (IBD).

INTRODUCTION
Inflammatory bowel diseases (IBD), Crohn’s disease (CD) and
ulcerative colitis (UC) are multifactorial disorders characterized
by failure to limit the inflammatory response to luminal antigens.
Genetic predisposition to IBD has been well established
through epidemiological studies and genome wide linkage
analyses, but little is known about the accountable genes[1].
Animal models have demonstrated that genes involved in the
regulation of the immune response are likely to play a crucial
role in the genetic predisposition to IBD[2].
The innate immune response represents the first defense
line in preventing systemic infection with bacteria. Several host
receptors interact with endotoxins and mediate cytokine
production of macrophages. Lipopolysaccharides (LPS) are the
main endotoxins derived from Gram-negative bacteria, and their
pivotal role in the pathogenesis of a variety of infectious and
allergic diseases has been suggested[3,4]. CARD15/NOD2, a
cytosolic protein expressed in monocytes, is involved in the
innate immune response to LPS and peptidoglycans (PGN)[5].
The association between mutations in the CARD15/NOD2
gene and CD has been described recently[6,7]. The 3 major
variants Gly908Arg, Arg702Trp, and Leu1007fsinsC are
associated with a deficit in NF-B activation in response to
bacterial components, providing a unifying mechanism for the
major CD-associated CARD15/NOD2 variants[5].
The question arises as to how CARD15/NOD2 mutations
and impaired NF-B activation confer susceptibility to CD. It
has been suggested that the answer most likely lies within the
leucine-rich repeats (LRR) of the CARD15/NOD2 gene and the
family of Toll-like receptors. These receptors recognize
pathogen-associated molecular patterns and activate signal
transduction pathways of the innate immune response genes
including inflammatory cytokines and the NF-B signaling
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pathway[8]. Therefore, one could speculate that extracellular
Toll-like receptors and intracellular CARD15/NOD2 participate
as pattern-recognition receptors in the regulation of mucosal
innate immune responses to intestinal microbes. Among the
Toll-like receptors, Toll-like receptor 4 (TLR4) was found to be
strongly up-regulated in both UC and CD[9]. TLR4 binds to LPS
together with CD14 and by internalization prevents inappropriate
NF-B activation[10].
Very recently, Arbour et al[11] reported that the Asp299Gly
and Thr399Ile polymorphisms of human TLR4 determine, in
concert with other genetic changes, the airway responsiveness
to inhaled LPS in humans. In addition, Klein et al[12] have
demonstrated an association of CD with a functional relevant
single nucleotide polymorphism in the promoter of the CD14
gene (T/C at position -159) and suggested that the interaction
of the CARD15/NOD2 and CD14 genes increases the risk for
developing CD[13].
In order to evaluate whether the above mentioned polymorphisms in TLR4 and CD14 genes contributed to the predisposition
to IBD, as well as whether the interaction of CARD15/NOD2,
TLR4 and CD14 genes could increase the risk for IBD in a Greek
population, we genotyped 120 patients with CD, 85 patients
with UC and 100 healthy controls for the Asp299Gly and
Thr399Ile polymorphisms of the TLR4 gene and the promoter
of the CD14 gene (T/C at position -159).

MATERIALS AND METHODS
Materials
Blood samples from 120 patients with CD, 85 patients with UC
and 100 age and sex-matched healthy individuals were collected
at the IBD Outpatient Clinic between September 2002 and
February 2003. The diagnosis of either CD or UC was based on
standard clinical, endoscopic, radiological, and histological
criteria [14]. Before commencement of the study, the Ethics
Committee at the participating centers approved the recruitment
protocols. All participants were informed of the study. DNA
was isolated from blood with the NucleoSpin Blood Kit
(Macherey-Nagel, Germany).
Methods
Genotyping for the TLR4 Asp299Gly and TLR4 Thr399Ile
polymorphisms was performed using PCR-RFLP as previously
described[15]. Specifically, primers for TLR4 Asp299Gly were
forward (5’ GATTAGCATACTTAGACTACTACCTCCATG 3’)
and reverse (5’ GATCAACTTCTGAAAAAGCATTCCCAC 3’).
Primers for TLR4 Thr399Ile were forward (5’ GGTTGCTGTTCT
CAAAGTGATTTTGGGAGAA 3’) and reverse (5’ CCTGAAGA
CTGGAGAGTGAGTTAAATGCT 3’). The underlined bases in
both forward primers indicate the altered nucleotide to create a
NcoI (TLR4 Asp299Gly) and a HinfI (TLR4 Thr399Ile) restriction
site, respectively. PCR reactions were run at 95 ℃ for 5 min
followed by 35 cycles at 95 ℃ 30 s, at 55 ℃ for 30 s, at 72 ℃ for
30 s, and a final incubation at 72 ℃ for 5 min. A 15-L aliquot of
the product was digested with the appropriate restriction
enzyme and electrophoresed in a 3% agarose gel to identify the
TLR4 alleles on the basis of the respective allele size. After
digestion, fragment sizes for carriers of the polymorphic allele
decreased from 249 bp (wild-type) to 223 bp for the 299 residue,
and from 406 bp (wild-type) to 377 bp for the 399 residue.
Genotyping for -159(C/T) of the CD14 gene was performed
using the method described by Hubacek et al[16] In brief, the
promoter of the CD14 receptor gene was amplified by the primers
CDP-1 (5’ TTGGTGCCAACAGATGAGGTTCAC 3’), and CDP2 (5’ TTCTTTCCTACACAGCGGCACCC 3’) under the
following conditions: an initial denaturation at 95 ℃ for 5 min,
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followed by 35 cycles at 92 ℃ for 40 s, at 62 ℃ for 35 s, and at
72 ℃ for 50 s. The final extension step was prolonged to 5 min.
The 561 bp PCR product was digested with the restriction
enzyme HaeIII, into the fragments of 204, 201 and 156 bp in
length in the presence of the wild-type allele. The variant allele
showed a loss of one HaeIII cleavage site, resulting in the
presence of fragments 360 and 201 bp in length.
The cytosine insertion mutation was genotyped by a PCR
amplification of specific allele assay using two allele-specific
forward primers L1007fsinsCWTF: 5’ CAGAAGCCCTCCTGCA
GGCCCT 3’ for the wild-type allele and L1007fsinsCMUTF: 5’
CAGAAGCCCTCCTGCAGGCCCCT 3’ for the L1007fsinsC
mutant allele, in combination with a common primer
L1007fsinsCR: 5’ TCTTCAACCACATCCCCATT 3’, in two
separate PCR reactions. The 3’-ends of the forward primers,
were able to anneal to regions that differed between the two
alleles. The PCR profile was as follows: initial denaturation at
95 ℃ for 5 min, followed by 35 cycles of denaturing at 94 ℃ for
45 s, annealing at 65 ℃ for 40 s and extension at 72 ℃ for 30 s and
a final incubation at 72 ℃ for 10 min. The missense mutation
R702W was genotyped by a PCR amplification of specific allele
assay using two allele-specific forward primers R702WWTF:
5’ ATCTGAGAAGGCCCTGCTCC 3’ for the wild-type allele and
R702WMUTF: 5’ ATCTGAGAAGGCCCTGCTCT 3’ for the
R702W mutant allele, in combination with a common primer
R702WR: 5’ CCCACACTTAGCCTTGATG 3’, in two separate
PCR reactions. The 3’-ends of the forward primers, were able to
anneal to regions that differed between the two alleles. The
PCR profile was as follows: initial denaturation at 95 ℃ for 5 min,
followed by 35 cycles of denaturing at 94 ℃ for 45 s, annealing
at 53 ℃ for 40 s and extension at 72 ℃ for 30 s and a final
incubation at 72 ℃ for 10 min. The missense mutation G908R
created a restriction site for HhaI and was genotyped by a
PCR-RFLP method (5’ CCCAGCTCCTCCCTCTTC 3’ and 5’
AAGTCTGTAATGTAAAGCCAC 3’). The presence of a wildtype allele resulted in an intact 380 bp band, whereas the RFLP
profile of the G908R variant was characterized by two bands of
138 bp and 242 bp. The PCR conditions were as follows: initial
denaturation at 95 ℃ for 5 min, followed by 35 cycles of
denaturing at 94 ℃ for 45 s, annealing at 53 ℃ for 40 s, extension
at 72 ℃ for 30 s, and a final incubation at 72 ℃ for 10 min. All
PCR assays were performed in a 50 L volume reaction
containing 10 mmol/L Tris-HCl, pH 8.3, 50 mmol/L KCl, 2 mmol/L
MgCl2, 250 mol/L dNTPs, 0.20 mol/L concentration of each
primer, 200 ng of genomic DNA and 2.5 U of Taq DNA
polymerase (Promega). PCR products were electrophoresed on
an agarose gel and visualized by ethidium bromide staining.

Statistical analysis
Odds ratios (OR) were calculated with the corresponding 95%
confidence intervals (CI95%). Frequencies and susceptibilities
of mutations among CD, UC and controls were compared based
on 2 distribution. All tests were 2-tailed with significance at
P<0.05. Inference was aided by GraphPad InStat (version 3.00,
GraphPad Software Inc., San Diego, CA).
RESULTS
TLR4 Asp299Gly and Thr399Ile genotype carrier frequencies
are summarized in Table 1. The 299Gly allele frequencies were
7.92%, 3.53%, and 3% in CD, UC and healthy controls,
respectively. The frequency of the 299Gly allele was significantly
higher in CD patients than in controls (P = 0.026<0.05, OR = 2.78
CI95%: 1.088-7.103). The 299Gly allele was not found to be
significantly associated with UC (P = 0.77, OR = 1.18 CI95%:
0.37-3.74). No significant difference was found in the
frequencies of the 399Ile polymorphism among CD or UC
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patients and controls.
Allele and genotype frequencies of the polymorphism -159
(C/T) of the CD14 gene are presented in Table 2. T allele and TT
genotype frequencies were increased in CD patients only compared
to controls (P = 0.0048<0.01, OR = 1.73, CI95%: 1.18-2.54
and P = 0.047<0.05, OR = 1.93, CI95%: 1.00-3.72, respectively).
Concerning the NOD2/CARD15 mutations, the overall
presence in CD patients (81.7%; 98/120) was significantly higher
than that in UC patients (47%; 40/85) (P < 0.0001<0.01, OR = 5.01,
CI95%: 2.67-9.38) or in healthy control individuals (21%; 21/100)
(P < 0.0001<0.01, OR = 16.76 CI95%: 8.60- 32.67) (Table 3). A
significant association was found between ileal disease and
possession of one or more variant alleles. For each NOD2/CARD15
variant, allele frequencies for overall ileal involvement (ileal
disease and ileocolitis) were significantly different from nonileal diseases (R702W ileal 8.3%, non-ileal 1.7%, P = 0.014<0.05;
G908R ileal 12.1%, non-ileal 2%, P < 0.0001<0.01; and L007fsinsC
ileal 17.1%, non-ileal 0.83% P < 0.0001<0.01).
Co-existence of the TLR4 polymorphic allele and the T allele
of the polymorphism -159 (C/T) of the CD14 gene was observed
in 12 CD patients (10%), in 5 UC patients (5.88%) and in 4
healthy controls (4%). Notably, there was a higher percentage
of mutated allele coexistence in CD patients compared to UC or
healthy subjects, suggesting that coexistence might increase
the susceptibility to CD. However the 2 of CD versus the
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controls was marginal (P = 0.08) and that of UC versus the
controls was not significant.
Among the 98 CD patients harboring NOD2/CARD15
variants, 9 (9.2%) were found to carry also a TLR4 polymorphic
allele, whereas among the 40 UC patients harboring NOD2/CARD15
variants, 5 (12.5%) were found to carry also a TLR4 polymorphic
allele. None of the 21 healthy controls harboring NOD2/CARD15
variants was found carrying a TLR4 polymorphic allele. This
indicated that coexistence of mutations in these genes could
also increase the risk for IBD. However, there was no
significantly increased risk of association with the disease.
As indicated in Table 4, the TT genotype and T allele
frequencies of the -159(C/T) polymorphism in the CD14 gene
increased in CD patients harboring at least one variant of the
NOD2/CARD15, compared to controls. The odds of developing
CD significantly increased in either case (P = 0.012<0.05, OR = 9.4
CI95%: 1.18-74.40, and P = 0.003<0.01, OR = 1.45 CI95%: 1.48-6.81,
for the T genotype and TT allele respectively).
Four of the CD patients (3.3%), 3 of the UC patients (3.5%)
and none of the healthy controls were found to carry simultaneously
a polymorphic allele of all the genes tested.
Additionally, 62 out of 120 (51.67%) of the CD patients were
carriers of a TLR4 and/or CD14 polymorphic allele and at least
one variant of the NOD2/CARD15, compared to 23 out of
85 (27%) of the UC patients (P = 0.0004<0.01, OR= 2.88 CI95%:

Table 1 TLR4 Asp299Gly and Thr399Ile genotype carriers in CD and UC patients and healthy individuals
TLR4 Asp299Gly genotype

TLR4 Thr399Ile genotype

Group
Asp/Asp

Asp/Gly

CD

103

15

UC

79

6

Controls

95

4

1

a

Gly/Gly

299Gly allele
frequencies (%)

OR

Thr/Thr

Thr/Ile

Ile/Ile

399Ile allele
frequencies (%)

OR

2

7.92

2.78 a

11 9

1

0

0.42

0.41 a

0

3.53

1.18

82

3

0

1.76

1.78

3

98

2

0

1

P<0.05 vs control group.

Table 2 Allele and genotype frequencies of the promoter polymorphism at position -159 of the CD14 gene in CD and UC patients
and healthy controls
Alleles
Group

Genotypes

C

T

T allele
frequencies (%)

OR

CC

CT

TT

TT genotype
frequencies (%)

OR

CD

11 9

121

50.42

1.73 b

33

53

34

28.33

1.93 a

UC

10 2

68

40

1.13

32

38

15

17.65

1.046

Controls

12 6

74

37

43

40

17

17

a

P<0.05, bP<0.01, vs control group.

Table 3 NOD2/CARD15 mutant allele frequencies in Crohn’s disease (CD) patients, in ulcerative colitis (UC) patients and
controls
Genotype

Samples
R702W

G908R

L1007fsincC

CD
UC
Control
CD
UC
Control
CD
UC
Control

1

2

3

96
73
98
87
63
93
79
79
88

24
12
2
32
21
7
39
6
12

0
0
0
1
1
0
2
0
0

Allele frequency (%)
10
7.1
1
14 .2
13 .5
3.5
17 .9
3.5
6

1: homozygous wild-type; 2: heterozygous; 3: homozygous mutant, bP<0.01 vs UC group and control group.

OR
11.05 b
7.52 b
4.51 b
4.31 b
3.42 b
0.57
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Table 4 Allele and genotype frequencies of the promoter polymorphism at position -159 of the CD14 gene
Genotyped for the CARD15/NOD2 gene
CD14
genotypes

CD
No variant
(n = 47)

UC

At least one variant
(n = 73)

No variant
(n = 49)

Controls

At least one variant
(n = 36)

No variant
(n = 81)

At least one
variant (n = 19)
9

CC

17

16

18

14

34

CT

21

32

23

15

31

TT, n (%)

9 (19.1)

9

25 (34.2) (P = 0.012) a

8 (16.3)

7 (19.4) (P = 0.156)

16 (19.7)

1 (5.3)

CD14 Alleles
C, n (%)

55 (58.5)

64 (43.8)

59 (60.2)

43 (59.7)

99 (61.1)

27 (71)

T, n (%)

39 (41.5)

82 (56.2) (P = 0.003) b

39 (39.8)

29 (40.3) (P = 0.24)

63 (38.8)

11 (28.9)

a

P<0.05, bP<0.01 vs control group.

1.88-5.24). It should be pointed out that both frequencies
significantly increased in CD and UC as compared to the
10% frequency of multiple carriers found in healthy controls
(P < 0.0001<0.01, OR= 9.62 CI95%: 4.56-20.27 and P = 0.002<0.01,
OR= 3.34, CI95%: 1.48-7.50, for CD and UC respectively).
Consequently, the co-existence of a mutation in either the TLR4
or CD14 gene and in NOD2/CARD15 increased the risk for
developing CD.

DISCUSSION
Crohn’s disease and ulcerative colitis are multifactorial diseases
with a polygenic nature. Despite both being chronic disorders
of the gastrointestinal tract with unknown etiology, an abnormal
inflammatory response directed against the enteric microflora
in a genetically susceptible host has been postulated as a
possible explanation[17]. In human system, the TLR4.MD2.CD14
complex has been demonstrated to serve as a surface receptor
for LPS[18]. In addition to the cell surface TLR4 complex, there is
evidence that mammalian cells have an intracellular receptor
that could detect LPS in the cytoplasm of infected cells[19].
These data suggest that TLRs and members of the NOD family
represent another innate immune system for the recognition of
a wide array of pathogen products[20].
Our study dealt with the relationship between the major
mutations in TLR4, CD14 and CARD15/NOD2 genes singularly
and in combination, and IBD in a Greek population.
Regarding the TLR4, Cario and Podolsky[9] recently showed
that TLR4 was strongly up-regulated in CD and UC, which may
be caused by an exaggerated host defense reaction of the
intestinal epithelium to endogenous luminal bacterial flora. It
was intriguing to hypothesize that the Asp299Gly allele of the
TLR4 gene could be related to such an imbalanced reaction.
Our findings indicate that the frequency of the 299Gly allele
was significantly higher in CD patients compared to UC patients
and controls and support the hypothesis that innate immunity
may play a role in Crohn’s disease pathogenesis. Our results
differ from those of a recent study in 86 UC patients of Japanese
population in whom this mutation could not be detected[21];
however, our results are in accordance with those of recent
studies in European patients[22,23]. Nevertheless, it is well known
that the frequency of the mutations varies in different
populations[24,25].
Concerning the CD14 gene, functional relevance between
T allele and increased expression of CD14, has been
demonstrated previously[26]. A significant increase of the T
allele and the TT genotype was found exclusively among CD
patients. Our results are in agreement with those from a recent
study by Klein et al[12] but differ from those of a cohort in a
Japanese population [27]. However, they demonstrated a

significant association of the T allele and TT genotype frequencies
with UC[27].
Regarding NOD2/CARD15, all the three risk alleles were
more common in patients with IBD than in the control Greek
population. The frequencies of the R702W and L1007fsinsC
mutations were significantly higher in CD patients compared
to UC patients and controls, whereas the frequency of the
G908R mutation was similar in CD and UC patients but
significantly higher compared to controls. Our results
concerning the presence of L1007fsinsC in Greek population
differ from those of a recent study in a Cretan population whose
incidence was only 5.3%[28]. This inconsistency may be
attributed to the fact that Crete is an isolated geographic region
with a homogenous population dispersed over a small
geographic area where this mutation does not seem to
predispose to the disease or to the relatively small size of the
examined sample[28]. Collectively our study confirmed previous
studies, which reported, increased mutation carrier frequencies
of one of the three variant alleles in CD patients compared to
UC patients or healthy controls[6,29]. However, in contrary to
the previously mentioned European studies, which reported
that mutation frequencies in UC patients are comparable with
those found in healthy controls. The allelic frequencies of
R702W and G908R appeared to be higher in our UC patients
than those found in healthy individuals. Interestingly, very
recently Andriuilli et al[30] reported a significant association
between the L1007fsincC mutation and UC, although at a lower
frequency in comparison with that observed in CD patients,
suggesting a possible involvement of the NOD2/CARD15 also
in UC patients[30]. Our findings may indicate the contribution
of NOD2/CARD15 variants to the pathogenesis of UC in our
population as well, or may reflect the well known difficulty to
classify correctly from the onset in all the patients with
inflammatory bowel disease.
Co-existence of TLR4 and CD14 mutated alleles was higher
in CD patients compared to UC or healthy subjects, but this
association was not was significant. Additionally, there was
no significantly increased risk of IBD related to the coexistence
of mutations in TLR4 and in CARD15/NOD2. On the contrary,
it is of interest that the T allele in the TT genotype appeared to
increase the relative risk for developing CD in combination
with at least one variation in the CARD15/NOD2 gene. These
results, are in accordance with a recent study by Klein et al[13],
suggesting that as both CD14 and CARD15/NOD2 genes are
involved in the recognition of LPS and subsequent activation
of NF-B, disturbed activation of the innate immune system by
bacterial antigens may be crucial in some patients with CD.
Co-existence of mutations in all the three genes was found
in only a small fraction of the CD or UC patients. But as
mentioned earlier, the extracellular complex TLR4.MD2.CD14
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and the intracellular CARD15/NOD2 might participate in the
regulation of innate immune responses to intestinal microflora.
This seemed to point to the danger of IBD development in
patients with at least one mutated allele in TLR4 and/or CD14
and at least one variant of CARD15/NOD2. Our results indicate
that, co-existence of a mutation in either the TLR4 or CD14
gene and in NOD2/CARD15 is associated with an increased
susceptibility to CD or UC.
In conclusion, the Greek population suffering from IBD most
likely carry polymorphisms in one or more of the genes related
to the innate immune system. However, further research in larger
and diverse populations is needed to elucidate the biological
mechanism behind IBD susceptibility. Understanding the
influence of predisposing genes can lead to a more precise
diagnosis and permit the development of personalized
medicines.
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Abstract
AIM: To investigate the ultrastructural and morphological
changes of non-specific duodenitis (NSD) in an attempt to
grade them according to the extent of the lesions.
METHODS: Biopsies were taken from the mucosa of
duodenal bulb of 44 patients selected from the patients
undergoing upper gastrointestinal endoscopy for epigastric
discomforts. From each patient, two pinch biopsies on the
same area were obtained from duodenal bulb. One was
for scanning electron microscopy and the other was stained
with hematoxylin-eosin, Warthin-Starry silver and both were
then examined under light microscope. A total of 12 specimens
(three from each degree of the normal and I-III of NSD
diagnosed and graded by histology) selected from the 44
patients were dehydrated, critical point dried, coated with
gold palladium and examined under a JEOL JSM-30 scanning
electron microscope (SEM) at 20 kV.
RESULTS: According to the ultrastructural morphologic
changes, non-specific duodenitis was divided into normal
(as control group), mild, moderate and severe degrees
according to results of SEM. The normal villi of duodenal
bulb were less than 0.2 mm. There were inflammation cells,
occasionally red blood cells and macrophages on the mucosal
epithelial surface. Erosion and desquamation of epithelium
could be seen. Three cases (25%, 3/12) had gastric metaplasia
and Helicobacter pylori (H pylori) infection could be found
in 5 cases (41.67%, 5/12) in duodenal bulb mucosa. The
most distinctive feature was the ulcer-like defect on the
surface of epithelial cells.
CONCLUSION: Non-specific duodenitis is a separate entity
disease caused by different factors. SEM is of value as an
aid in the diagnosis of mucosal diseases of duodenum.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Non-specific duodenitis; Intestinal Mucosa;
Ultrastructural organization
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INTRODUCTION
Chronic duodenitis is a common disease which might be a separate
entity or accompanied with duodenal ulceration and also a
common clinical symptom of dyspepsia[1,2]. Chronic duodenitis
could be divided into three types according to their endoscopic,
histological, and etiologic findings[3]. Histologically chronic
duodenitis was divided into two principal forms: primary (nonspecific duodenitis, NSD) form which is usually restricted to
the duodenal bulb and the first part of duodenum [4], and
secondary (specific) form which has been found in association
with various other disorders such as Crohn’s disease,
sarcoidosis, aspiriningestion and stress[3]. The diagnosis of NSD
is frequently made both endoscopically and histopathologically
and many research articles have documented it [3-13] .
Ultrastructural morphological study of NSD with scanning
electron microscope has been seldom reported. Therefore, we
carried out the present study on the ultrastructural changes of
non-specific duodenitis.
MATERIALS AND METHODS
Materials
Multiple biopsies from 44 patients selected from the patients
who underwent routine upper gastrointestinal endoscopy for
a variety of reasons including epigastric pain or discomforts,
heartburn etc. were taken from the mucosa duodenal bulb.
Patients with active duodenitis and duodenal ulcers were
excluded from this study. Specimens for SEM were obtained
from 12 of 44 patients, five women and seven men with an age
range of 19-62 years and an average age of 37.0±12.9 years. No
attempt was made to match the morphologic changes with the
clinical symptoms.
Methods
Biopsies were obtained through endoscopic biopsy forceps
directly at the endoscopically abnormal mucosa in each area or
randomly at the site if the mucosa appeared normal from the
duodenal bulb. At each endoscopy two pinch biopsies on the
same area were obtained from the duodenal bulb mucosa. One
was for SEM, the other for light microscopy. Each biopsy
specimen was then oriented.
The material used for light microscopy was immediately
fixed in 40 g/L formaldehyde, dehydrated in a graded series of
ethyl alcohol solution, embedded in paraffin and cut into 3-4 m
thick sections. These specimens were stained with hematoxylineosin, Warthin-Starry silver (for the identification of the H pylori
infection) and then examined with light microscopy. All
histological evaluations were performed blindly regardless of
the endoscopical diagnosis by one pathologist. According to
the extent of lesions, non-specific duodenitis was divided into
normal (as control group), mild, moderate and severe degrees
respectively referring to the Whitehead’s classification and
literature[1-3,5-7].
A total of 12 specimens (three from each degree of NSD
diagnosed and graded by histology) selected for SEM were
placed immediately into 25 g/L glutaraldehyde in phosphate
buffer, pH 7.4. After post-fixation and mucus removal, tissues
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were dehydrated in a graded series of acetone, critical point
dried using liquid carbon dioxide as an exchange medium. After
mounted onto stubs by means of quick drying silver paint, the
specimens were sputter coated with gold palladium to a
thickness of approximately 25 nm and examined under a JEOL
JSM-30 scanning electron microscope at 20 kV.

RESULTS
The morphologic changes of mucosal biopsies from the duodenal
bulb showed various patterns. Ultrastructural alterations in
NSD were restricted to the surface epithelial cells. Corresponding
to the degrees of histological and endoscopical examination,
NSD was also divided into the normal, mild, moderate and
severe degrees. The details were as follows. The specimens
taken from the normal duodenal bulb mucosa showed the villi
in uniformed shapes and sizes such as leaf-like or fingerlike
villous patterns with no surface exudates and intraluminal cells
adhered to the surface (Figure 1A). The majority of villi (over
90%) were less than 0.2 mm. The epithelial cells were related to
five to seven adjacent cells. Each cell surface was therefore
five-seven sided but the sides were not equal in length. There
were no gaps between adjacent cells. Mild degree of NSD had
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deformed and enlarged villi and its surface epithelial cells
exhibited minor alterations with some exudates on the surface
of the duodenal mucosa (Figure 1B). The villi were adhered and
integrated. Parts of villi were greater than 0.2 mm but less than
0.3 mm. Moderate degree of NSD, had broader, swollen, lodging,
shorter and flattened villi with convoluted or cerebroid patterns,
and the minority of villi were greater than 0.4 mm (Figure 1C).
Some areas of the duodenal mucosa were covered with mucus,
which was mass or band-like secreted from the crypts. The
most distinctive morphologic alteration was the ulcer-like defect
on the surface of epithelial cells of villi (Figure 1D). The edge of
the defect was abrupt and the bottom was rugged. In the defect
there were inflammatory cells just as there were inflammatory
cells and intraepithelial cells found in light microscopy. Epithelial
cells around the defect were relatively normal. Severe degree of
NSD had subtotal or total villous atrophy and severe erosion,
in large areas of the mucosa covered with mucous exudates
and hemorrhage and accompanied desquamation of epithelial
cells (Figure 1E).
In degrees I-III of NSD, there were cells on the epithelial
surface of the villi which had the SEM features of lymphocytes,
red blood cells and a few macrophages, neutrophils (Figure 1F).
The epithelial cells of gastric metaplasia (manifested as replacement

A

B

C

D

F

G

Figure 1 Photomicrograph of scanning electron microscopy of non-specific duodenitis.A: Villi in uniformed shapes of leaf-like
or fingerlike pattern of normal duodenal bulb mucosa. ×200; B: Deformed and integrated villi (asterisk) and exudates (arrow) in
degree II of NSD. ×100; C: Broadened, flattened, convoluted or cerebroid villi, masses or band-like mucus (arrows), ulcer-like
defect on the surface of a villus (long arrow) in degree II of NSD. ×100; D: Ulcer-like defect (asterisk) and a few of H pylori (arrows)
in mucus. ×2 500; E: Mucus and severe erosion on the surface of mucosa in degree III of NSD. ×500; F: Macrophages (long arrow)
and inflammatory cells (arrows) on the surface of mucosa and gastric metoplasia cells (asterisk). ×2 200; G: H pylori in S-shape on
the microvilli of epithelial cells (arrows). ×3 200.
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of the enterocytes of the villi by cells resembling the mucussecreting surface cells of the stomach) with dome-shaped
surface (Figure 1F) could also be found on the mucosa of three
out of twelve patients (25%, 3/12). They were loosely arranged,
and there were gaps between adjacent cells and a single cell
loss or desquamation could be seen (Figure 1F). These might
be the results of inflammatory edema due to inflammatory cells
related to these gaps and the epithelial cell surface. A few
bacteria were found on the microvilli of epithelial cells mainly
on gastric metaplasia type, occasionally on intestinal type and
luminal surface of the mucus (Figures 1D, G). Bacteria were
found on the surface of five out of the twelve patients with
NSD. According to the bacterial morphologic features curved
in their long axis or S-shaped type found in SEM and based on
the result of Warthin-Starry silver staining, the bacteria belonged
to H pylori. No H pylori L-form was found in this study as
reported by Wang et al [14]. The incidence of H pylori on the
mucosa of NSD in this limited sample was 41.67% (5/12), which
was higher than that from literature reports[8,13] and lower than
that from the report of Qian et al[15]. H pylori infection was
not found in non-ulcer dyspepsia patients[13]. This difference
might result from different methods. Of course the most
sensitive and accurate method was PCR for the diagnosis of
H pylori infection [16].

DISCUSSION
Endoscopic and histological changes of inflammation often
occurring in the mucosa of duodenal bulb in association with
peptic ulcer and similar change in the absence of frank ulceration
are termed non-specific duodinitis and common duodenitis,
chronic duodenitis, peptic duodenitis, gastroduodenitis, etc.
There are different methods of classification of NSD,
including clinical, endoscopic and histologic classifications.
As for grading the NSD according to SEM there are few reports
in the literature, except for a few papers which describe the
surface morphological characteristics of villi, and the bacteria
on the epithelial surface of gastroduodenal mucosa[7,17,18]. The
grading of NSD by light microscopy is based on the inflammatory
cell counts[6,7], whereas the grading of NSD by scanning electron
microscopy is based on the surface morphologic alterations of
the duodenal bulb mucosa as revealed in this study.
The controversy as to whether NSD is a separate entity or
whether it is only a stage of ulcer disease has been confused
by the contradictory observations that in some patients
duodenitis progressed to duodenal ulceration while in others it
did not. Scott et al[6] did contrast study of 16 pairs of patients
with and without duodenal ulcer, which exactly matched for
grade of duodenitis and the results supported the similarity of
the two conditions. Our another study of NDS with inflammatory
cell counts of lamina propria showed a significant change in
degrees I-III of NSD compared with the normal. This article
shows that NSD could also be divided into the normal and
degrees I-III by SEM. These results could confirm the opinion
that NSD is a separate entity disease based on ultrastructural
morphology.
As its name implies, the cause of NSD is not very clear.
There is evidence that the condition could be a part of the
duodenal ulcer. Because of the coexistence of DU and
duodenitis in surgical specimens, some authors[3,6,11] suggest
that increased acid secretion and ethanol might have an
important role in the pathogenesis of NSD based on the
histological changes and the response to cimetidine therapy
which would initially cause duodenitis. After prolonged exposure
duodenal ulcer, H pylori infection could also play a key role in
the pathogeneosis for gastroduodenal disease[8,19-22] and is an
independent risk factor of chronic inflammation in duodenal
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bulb[8]. Since H pylori was first isolated in 1983, H pylori related
diseases have become the hot spot of gastroenterological
studies[17,23-26]. This organism infection not only relates to
gastroduodenitis and most peptic ulcer[13,20,24,26] but also closely
relates to gastric carcinomas and mucosa-associated lymphoid
tissue lymphoma. H pylori previously named Compylobacter
Pylori, has a lot of characteristics such as the typical s-shape,
the corkscrew-like movement and the powerful urease enzyme.
These allow a rapid movement through the mucous layer to
adhere directly to the membranes of the surface mucous cells.
Under certain unfavorable conditions H pylori could transform
into L-form by which it can escape the body’s immune response[14].
Some metabolic products of the bacteria have chemotactic
properties that could cause an intense inflammation and some
products of H pylori have immunosuppressive effects on
prolonging the infection [14]. White blood cells are attracted
towards the chemotaxins, adhere to the vascular endothelium,
emigrate between the endothelial cell junctions by amoeboid
movement through venule into the mucosal surface[27] as
indicated by the photomicrograph in this study. H pylori could
be phagocytozed by invading polymorphonuclear leukocytes,
macrophages and worsened inflammatory response[7,19,27],
inducing several ultrastructural alterations such as edema of
mucosa, architectural distortion of villi, epithelial damage,
erosion, necrotic lesion and ulcer-like defect on the epithelium.
These observations clearly demonstrate that pathological
alterations in the ultrastructural level are induced mainly by
H pylori with the result of disrupted mucosal barrier of duodenal
bulb. H pylori was found on either gastric meterplasia epithelial
cells or intestinal type cells in our study which differs from
Steer’s[18] report that H pylori only existed on the surface of
the gastric-type epithelial cells. The diagnosis of H pylori with
SEM should be one of the gold standards. As for gastric
metaplasia it might be normal. However, most observers consider
it as a sign of severe duodenitis. As to the relationship between
H pylori and gastric metaplasia, some authors[18,25] hold that
H pylori closely relates to gastric metaplasia, others suggest
that H pylori has no major role in the development of gastric
metplasia in duodenal bulb, which is more common in DU
patients[13,23,24,26,28]. The present study indicates that NSD is a
separate entity disease caused by multiple factors such as toxic
dietary components, hyperacidity, ethanol, nonsteroidal antiinflammatory drugs and especially H pylori infection[3,8,22]. If the
pathogenetic factors remain, duodenal ulceration may ensue on
the basis of severe inflammation, desquamation, erosion,
necrosis and the ulcer-like defect on the epithelial surface of
duodenal bulb. The detailed relations between NSD, H pylori
infection and gastric metaplasia still remain to be studied.
In conclusion, SEM is of value as an aid in the diagnosis of
mucosal biopsies of duodenum and can improve the diagnostic
criteria of NSD.
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Abstract
AIM: To investigate if ischemia/reperfusion (I/R) injury in
aged liver could be alleviated by heme oxygenase-1 (HO-1).
METHODS: Three groups of SD rats (16 mo old) were
studied. Group 1: control donors received physiological saline
24 h before their livers were harvested; group 2: donors
were pretreated with hemin 24 h before their livers were
harvested; and group 3: donors received hemin 24 h before
their livers were harvested and zinc protoporphyrin (ZnPP,
HO-1 inhibitor) was given to recipients at reperfusion. The
harvested livers were stored in University of Wisconsin
solution (4 ℃) for 6 h, and then transplanted to syngeneic
rats. Serum glutamic oxaloacetic transaminase (SGOT),
apoptotic cells, and apoptotic gene were measured 3, 6,
12, 24, 48 h after reperfusion. We measured the apoptotic
index by TUNEL, determined the expression of antiapoptotic
Bcl-2 and proapoptotic (caspase-3) gene products by
Western blot.
RESULTS: After 3, 6, 12, 24, and 48 h of reperfusion, the
SGOT levels (584.4±85.8 u/L, 999.2±125.2 u/L, 423.4±161.3
u/L, 257.8±95.8 u/L, and 122.4±26.4 u/L) in hemin group
were significantly (all P<0.05) lower than those in saline group
(1082.2±101.2 u/L, 1775.2±328.3 u/L, 840.4±137.8 u/L,
448.6±74.3 u/L, and 306.2±49.3 u/L). Liver HO-1 enzymatic
activity correlated with beneficial effects of hemin and
deleterious effects of adjunctive ZnPP treatment. Markedly
less apoptotic (TUNEL+) liver cells 3, 6, 12, 24, and 48 h after
reperfusion (5.16±0.73, 10.2±0.67, 9.28±0.78, 7.14±1.12,
and 4.78±0.65) (P<0.05) could be detected in hemin liver
grafts, as compared to controls (7.82±1.05, 15.94±1.82,
11.67±1.59, 8.28±1.09, and 6.36±0.67). We detected the
increased levels of Bcl-2 (1.5-fold) expression and compared
with saline controls. These differences were most pronounced
at 12 h after transplantation. In contrast, an active form of
proapoptotic caspase-3 (p20) protein was found to be 2.9fold lower at 24 h in hemin-pretreated group, as compared
to saline liver transplant controls.
CONCLUSION: HO-1 overexpression can provide potent

protection against cold I/R injury. This effect depends, at
least in part, on HO-1-mediated inhibition of antiapoptotic
mechanism.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Orthotopic liver transplantation (OLT) has become an effective
therapeutic modality for end-stage liver diseases. Advances in
surgical procedures and immunosuppression protocols have
considerably improved patient survival after liver transplantation.
One problem associated with OLT is the disparity between the
increasing number of potential recipients and the inferior number
of eligible liver donors. The necessity to expand the donor
population has attracted attention to the possible use of aged
donor livers, which are frequently discarded because of their
primary nonfunction. Ischemia/reperfusion (I/R) injury, an
antigen-independent component of “harvesting” injury, is one
of the most critical events leading to nonfunction or early
dysfunction of aged liver grafts[1,2]. Reversible liver impairment or
severe injury resulting in cell death and ultimate liver failure is
dependent on the extent of liver damage caused by I/R.
Heme oxygenases (HOs) are ubiquitous enzymes that
catalyze the initial and rate-limiting steps in oxidative degradation
of heme to bilirubin. HOs cleave a mesocarbon of the heme
molecule, producing equimolar quantities of biliverdin, iron,
and carbon monoxide (CO)[3]. Biliverdin is reduced to bilirubin
by bilirubin reductase, and free iron is used in intracellular
metabolism or sequestered in ferritin. Three HO isoforms have
been identified. HO-1, an inducible heat shock protein 32, is
highly induced and confers protective effects on oxidative stress
response both in vivo and in vitro. The mechanism by which
HO-1 confers protection against oxidative stress has not yet
been defined. It is believed that byproducts derived from the
catalysis of heme by HO, namely biliverdin and ferritin
accumulated from released iron, and finally CO, may mediate
the physiological effects of HO-1. Both biliverdin and bilirubin
possess antioxidant properties[4], whereas iron released during
heme catabolism can stimulate ferritin synthesis[5]. Attention
has been centered on the biological effects of reaction products
that potentially possess important antioxidant, anti-inflammatory,
antiapoptotic, and possible immune modulatory functions[6-11].
However, putative mechanisms by which HO-1 induction may
lead to cytoprotection during I/R insults before transplantation
remain unclear. Since HO-1 may play a cytoprotective role
through an antiapoptotic pathway in vitro, we hypothesize
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MATERIALS AND METHODS
Animals
Aged male SD rats were obtained from the Laboratory Animal
Center of Jiangsu Province. Animals were fed a standard rodent
diet and water according to the guidelines approved by the
China Association of Laboratory Animal Care.
Study design
Syngeneic liver transplantation was performed using livers that
were harvested from aged rats and stored for 6 h at 4 ℃ in
University of Wisconsin solution before transplanted into
recipients with revascularization without hepatic artery
reconstruction[12,13]. In group 1, prospective liver donors (n = 25)
were given 9 g/L saline (5 mL/kg s c) 24 h before their livers
were harvested; group 2, donors (n = 25) received hemin
(40 umol/kg s c) In 24 h before procurement. After a 6-h storage
at 4 ℃ in University of Wisconsin solution, livers in both groups
were transplanted into rats. In group 3, donors (n = 10) were
treated with hemin 24 h before their livers were harvested. After
a 6-h cold storage, livers were transplanted into rats, which
were then infused with ZnPP (1.5 mg/kg I v), at the end of
surgery after the vessels were unclamped. Separate groups
of rats (n = 5 group) were killed at 3, 6, 12, 24 and 48 h after their
vessels were unclamped. Serum glutamic oxaloacetic
transaminase (SGOT) levels were detected and liver samples
were collected for further analysis.
Enzymatic assay for HO-1 activity
To determine HO-1 activity, liver isografts were removed and
homogenized on ice in Tris-HCl lysis buffer (pH 7.4) containing
5 mL/L Triton X-100 and protease inhibitors. Samples were
frozen in small aliquots until use. Graft homogenates were mixed
with 0.8 mmol/L reduced form of nicotinamide-adenine
dinucleotide phosphate (NADPH), 0.8 mmol/L glucose-6phosphate, 1.0 U of G-60P dehydrogenase, 1 mmol/L MgCl2,
and 10 mL of purified rat liver biliverdin reductase at 4 ℃. The
reaction was initiated by addition of hemin (final concentration
0.25 mmol/L). The reaction mixture was incubated at 37 ℃ in
the dark for 15 min. At the end of the incubation period, all
insoluble materials were removed by centrifugation, and
supernatants were analyzed for bilirubin concentration. An
extinction coefficient of 40 mmol/L-1 cm-1 at A460-530 nm was
used to calculate the amount of bilirubin formed. Controls
included naive samples in the absence of the NADPH generating
system and all the ingredients of the reaction mixture in the
absence of graft homogenates. Biliverdin reductase was purified
from rat livers as previously described[14].
Detection of apoptosis
Some of the specimens were immediately fixed in 4 ℃ buffered
formalin and embedded in paraffin. In all cases, conventional
histologic examination was performed on 4 m thick sections
of paraffin-embedded tissue. Terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL) assay
was performed essentially according to the instructions of the
commercial kit (ApopTag, Intergen Co., NY). Nuclear
counterstaining was performed with methyl green. Negative
and positive control reactions were performed for each reaction

step. Negative controls were obtained by omission of terminal
deoxynucleotidyl transferase. All the negative controls showed
no positive signal. Positive controls included sections that
were pretreated by DNAase I. All the positive controls were
positive. Morphometric analysis of the cells in tissue stained
by the TUNEL method was performed under the high-power
magnification (×400) in a blind fashion. Thirty random fields
were counted for each TUNEL-stained tissue sample. The
number of hepatocytes was counted and expressed as a
percentage of the total number of respective liver cells counted.
Hepatocytes were clearly identified as a specific population of
cells. However, sinusoidal endothelial cells (SLCs) included
endothelial cells, Kupffer cells, and possibly adherent
neutrophils. All nucleated cells lining the sinusoids were
evaluated.

Western blot analysis of Bcl-2 and caspase-3 expressions
Protein was extracted from liver tissue samples with PBSTDS
buffer (50 mmol/L Tris, 150 mmol/L NaCl, 1 g/L sodium dodecyl
sulfate [SDS], 10 g/L sodium deoxycholate, and 10 mL/L Triton
X-100, pH 7.2). Proteins (30 g/sample) in SDS loading buffer
(50 mmol/L Tris, pH 7.6, 100 g/L glycerol, and 10 g/L SDS) were
subjected to 120 g/L SDS-polyacrylamide gel electrophoresis
and transferred to nitrocellulose membranes (Bio-Rad, Hercules,
CA). The gel was then stained with Coomassie blue to document
equal protein loading. The membrane was blocked with 3% dry
milk and 1 mL/L Tween 20 (USB, Cleveland, OH) in PBS and
incubated with primary antibody against Bcl-2 or caspase-3
and actin. The filters were washed and then incubated with
horseradish peroxidase donkey anti-rabbit antibody (Amersham,
Arlington Heights, IL). Relative quantities of protein were
determined using a densitometer (Kodak Digital Science 1D
Analysis Software, Rochester, NY).
Statistical analysis
Results were expressed as mean±SD. Statistical comparisons
between the groups were done using unpaired two-tailed
Student’s t test. P values less than 0.05 were considered
statistically significant.
RESULTS
Alleviation of ischemia/reperfusion injury induced by HO-1
The SGOT release was a well-established marker of hepatocellular
injury after ischemia/reperfusion. We measured SGOT levels at
3, 6, 12, 24 and 48 h after reperfusion. The SGOT level in hemin
group was significantly lower than that in saline and
hemin±ZnPP groups at any time point after reperfusion (P<0.05,
Figure 1).
Serum SGOT level (U/L)

that one possible pathway by which HO-1 confers protection
against oxidant injury is via its ability to impart antiapoptotic
activity. Thus, the present study was designed to examine
whether attenuation of I/R injury by prior treatment with hemin,
an HO-1 inducer, might indeed involve the antiapoptotic
pathway in rat hearts undergoing a cold I/R insult.
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Figure 1 Comparison of serum SGOT levels in hemin group
and in saline and hemin+ZnPP groups (P<0.05). there was no
difference between the two groups. After a 6-h reperfusion,
the serum SGOT level was the highest.
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Enhancement of HO-1 enzyme activity after hemin treatment
We analyzed HO-1 enzyme activity in aged rat liver and isograft
samples [nmol of bilirubin/(mg protein min)]. As shown in Table 1
and Figure 2 pretreatment with hemin significantly increased
HO-1 liver activity after transplantation (2.13±0.04 vs 1.09±0.03,
2.17±0.04 vs 1.20±0.03, 2.22±0.05 vs 1.27±0.04, 2.03±0.04 vs 1.
15±0.03, and 1.94±0.03 vs 1.05±0.03 in controls at 3, 6, 12, 24,
and 48 h, respectively, P<0.05). Adjuvant ZnPP given during
reperfusion inhibited HO-1 activity in liver isografts.
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apoptotic networks, we assessed the expression of antiapoptotic
Bcl-2 and proapoptotic (caspase-3) gene products in orthotopic
liver transplants by Western blot (Figure 4). In agreement with
increased HO enzymatic activity in the liver treated with hemin,
we detected increased levels of Bcl-2 (1.5-fold) expression, as
compared to saline controls. These differences were most
pronounced at 12 h after transplantation. In contrast, an active
form of the proapoptotic caspase-3 (p20) protein was found to
be 2.9 folds lower at 24 h in hemin-pretreated group, as compared
to saline controls.

Table 1 Apoptotic index after reperfusion (mean±SD)
Group

3 h (%)

Saline

7.82±1.05

Hemin

5.16±0.73

Nmol bilirubin/mg protein/ min

Hemin+Znpp

7.8±0.83

6 h (%)

12 h (%)

24 h (%)

48 h (%)

BCL-2

15.94±1.82 11.67±1.59 8.28±1.09 6.36±0.67
10.2±0.67

9.28±0.78 7.14±1.12 4.78±0.65

Caspase-3

15.94±1.58 11.68±1.59 8.76±0.88 6.48±0.70

Actin
2.5

Hemin

1.5

Hemin+znpp

1.0

Normal

0.5
0.0

0
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Figure 2 Enzymatic assay for HO-1 activity.

Depression of liver apoptotic cell death by HO-1 overexpression
To detect apoptotic cells, we performed TUNEL labeling in liver
isografts that underwent cold I/R insults before transplantation.
Classic TUNEL positivity was characterized by focal nuclear
staining; the nuclear and cell membranes in apoptotic cells
were intact. Results of TUNEL staining of liver isografts
subjected to 3, 6, 12, 24 and 48 h of reperfusion after 24 h of cold
preservation are shown in Figure 3. The frequency of TUNEL+
cells in liver myocytes was diminished in sections from rats
pretreated with hemin (Figure 3A), as compared to saline-treated
controls or those after adjuvant hemin plus ZnPP therapy.
Consequently, an apoptotic index, calculated as the percentage
of TUNEL-nuclei divided by the counterstained-nuclei,
significantly diminished in the treated hemin group as compared
to saline or hemin+ ZnPP-treated group.
Enhancement of Bcl-2 and depression of Caspase-3 expression
by HO-1 overexpression
To evaluate whether hemin therapy affected the intragraft
A

A (12 h) B (24 h) C (12 h) D (24 h)

Saline

2.0

Figure 4 Western blot analyses of Bcl-2 and caspase-3 in
orthotopic liver transplants at 12 h (lanes A and C) and 24 h
(lanes B and D) after transplantation. At 12 and 24 h, higher
levels of antiapoptotic Bcl-2 were found in hemin–treated
livers (lanes A and B) as compared to saline controls (lanes C
and D). Proapoptotic caspase-3 decreased in hemin–treated
livers (lanes A and B) as compared to saline controls (lanes C
and D).

DISCUSSION
The principal findings of this work are as follows. Hemin
prevents I/R insults in aged rat livers with cold ischemia
followed by reperfusion. Hemin-induced HO-1 overexpression,
as determined by enzymatic assays, decreases hepatocellular
apoptosis. Treatment with ZnPP, abolishes these beneficial
effects, documenting the direct involvement of HO-1 in the
protection against I/R injury in aged rat livers.
HO-1 activity, is considered as one of the most sensitive
indicators of cellular stress[15,16]. Being analogous to heat shock
regulation, HO-1 overexpression may represent an endogenous
adaptive mechanism protecting cells from stress after radiation,
heat shock, inflammation, and ischemia. Indeed, hemin-induced
HO-1 overexpression in our present study prevented or
significantly decreased aged liver injury in a clinically relevant
model of 6 h cold I/R injury after syngeneic transplantation.
Unlike saline-pretreated controls, which had high serum levels
of SGOT, aged livers harvested from hemin-pre treated donors
had low levels of SGOT. ZnPP-mediated inhibition of HO-1
activity had negative effects after hemin treatment, which
endorses the hypothesis that the mechanism underlying
B

Figure 3 TUNEL-positive cells in (A) and saline-pretreated group (B) hemin-pretreated group (A) and (×200).
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protection against liver I/R injury involves HO-1 induction rather
than modulation of other biochemical pathways that may protect
livers from oxidative injury.
Studies have shown that up-regulation of HO-1 expression
could exert strikingly important adaptive antioxidant and antiinflammatory functions to protect cells from pathophysiological
conditions, including graft rejection and I/R injury[17-22]. But the
mechanisms underlying the beneficial effects of HO-1 on I/R
injury have to be elucidated.
The exact mechanisms underlying the fulminic I/R insults
by free radicals, calcium entry, or inflammation are currently
unknown, although cell apoptosis has been suggested as a
key early event[23-25]. Thus, inhibition of the apoptotic pathway
seems to be a rational therapeutic strategy to reduce the risk of
preservation injury in transplanted organs. Up-regulation for
HO-1 could inhibit apoptosis both in vitro and in vivo[10,26],
consistent with our present TUNEL-based findings of the
decreased frequency of apoptotic cells in hemin-pretreated liver
isografts as compared to controls. The cellular and physiological
mechanisms by which HO-1 exerts its cytoprotective functions
against I/R injury at the graft site might involve antiapoptotic
protein expression. Indeed, adjuvant treatment with ZnPP,
prevented the expression of Bcl-2 and promoted the activation
of caspase-3 in this study. Caspase-3 activitation is a key step in
apoptosis. Bcl-2 could prevent release of apoptogenic factors such
as cytochrome C and apoptosis-inducing factors from mitochondria
into cytosols[27,28]. Moreover, Bcl-2 could interact with apoptosisrelated family members such as Bax, and several non-family
member proteins including Raf-1 and Bag-1. Bag-1 could
cooperate with Bcl-2 to suppress apoptosis[29]. In this study,
the up-regulation of antiapoptotic Bcl-2 occurred 3 h after the
vessels were unclamped. Bcl-2 overexpression could block cell
death in a caspase-independent manner, preserve mitochondrial
integrity during hypoxia, and promote ATP generation even in
the absence of glucose, and utilize respiratory substrates during
reoxygenation[30].
The mechanism by which HO-1 influences the production
of antiapoptotic proteins remains to be elucidated. It has been
shown that HO-1-induced antiapoptotic effects might be
mediated via CO or p38 mitogen-activated protein kinase
(MAPK) signaling transduction pathways[26]. CO generation
could prevents xenograft rejection via its ability to suppress
endothelial cell apoptosis in vivo [31], whereas low CO
concentrations have been identified as the key factor in HO-1induced protection against apoptosis induced by tumor
necrosis factor -induced apoptosis in cultured fibroblasts[10]
as well as endothelial cells[26] in vitro. Moreover, animals
exposed to CO in vivo exhibit a significant attenuation of
hyperoxia-induced lung apoptosis, at least in part via the antiinflammatory mitogen-activated protein kinase-3 (MKK3)/ p38
mitogen-activated protein kinase (p38 MAPK) pathway[32].
Three major MAPKs in cardiomyocytes subjected to I/R and
the endoplasmic reticulum kinase (ERK) pathway may be critical
for the survival of cells by protecting them from programed cell
death caused by stress-induced activation of p38 and c-jun Nterminal kinase (JNK)[33].
In summary, HO-1 up-regulation can provide potent
protection against cold ischemia and reperfusion injury in aged
rat livers. This beneficial effect depends, at least in part, on HO1 modulation of the antiapoptotic pathway. HO-1-inducing
agents could be used in preventing I/R injury of marginal donors.
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Abstract
AIM: To determine the concentrations of leptin in plasma
and gastric fundic mucosa in humans, with reference to
Helicobacter pylori (H pylori) infection, and their association
with gastric mucosal levels of interleukin (IL)-1, IL-6 and IL-8.
METHODS: Plasma leptin concentrations were determined
in 135 outpatients with non-ulcer dyspepsia, consisting of
95 H pylori-infected and 40 uninfected subjects, and 13 patients
before and after cure of the infection with anti- H pylori
regimen. Using biopsy samples that were endoscopically
obtained from the middle corpus along the greater curvature,
gastric leptin contents were measured by radioimmunoassay
and the mucosal concentrations of IL-1, IL-6 and IL-8 were
measured by enzyme linked immunosorbent assay. We
also analysed the expression of leptin in the fundic mucosa
by reverse transcriptase-polymerase chain reaction (RT-PCR)
and immunohistochemistry.
RESULTS: The mucosal levels of leptin in the fundic mucosa
of H pylori-infected patients were significantly higher than
those of uninfected patients. The amount of gastric leptin
correlated positively with the mucosal levels of IL-1 and
IL-6, but not IL-8. Circulating leptin correlated with body
mass index, but not with H pylori status, and there was no
change in plasma leptin levels following cure of the infection.
Leptin immunoreactive cells were noted in the lower half
of the fundic glands, and its expression of messenger ribonucleic
acid in the oxyntic mucosa was detected by RT-PCR.
CONCLUSION: Leptin production is enhanced in H pyloriinfected gastric mucosa. Gastric leptin may be involved in
immune and inflammatory response during H pylori infection,
through interaction with proinflammatory cytokines.
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INTRODUCTION
Leptin is a 16-kDa protein synthesized mainly by the adipose tissue
and plays a crucial role in homeostasis of body weight by reducing
appetite and increasing energy expenditure[1,2]. Originally thought
to be a satiety factor, leptin is a pleiotropic bioactive molecule[3,4].
Recent evidence demonstrates that leptin regulates immune functions
and inhibits gastric acid secretion[3-7]. Contrary to initial reports,
leptin production is not restricted to adipocytes. It is also detected
in human placenta, muscles and gastric chief cells[3,4,8-10].
Helicobacter pylori (H pylori) is the major cause of chronic
gastritis and peptic ulcer diseases[11,12]. Chronic infection leads
to atrophic gastritis, which increases the risk of gastric
adenocarcinoma [12]. It is well documented that H pyloriassociated gastritis, which is characterized by intense infiltration
of polynuclear and mononuclear cells, affects various cell types
in gastric wall including chief cells[13-15]. Studies from our
laboratories and those of other investigators have documented
the presence of high concentrations of various proinflammatory
cytokines and chemokines in gastric mucosa infected with
H pylori[16-20]. Ghrelin, a novel endogenous ligand for growth
hormone secretagogue receptor, not only exerts potent growth
hormone releasing activity but also influences appetite, energy
balance, gastric motility and acid secretion[21]. This hormone is
primarily produced by X/A-like neuroendocrine cells in the oxyntic
gland[21]. To date, conflicting results have been reported regarding
the influence of H pylori status on ghrelin dynamics[22-24]. In
terms of the relationship between H pylori infection and leptin,
recent studies have shown that gastric leptin contents are higher
in H pylori-infected than in uninfected subjects, whereas the serum
levels are not always different between the two groups[9,13].
The present study was designed to determine the influence
of H pylori status on plasma and gastric levels of leptin. We
detected the presence of leptin messenger ribonucleic acid
(mRNA) and protein in the gastric mucosa by reverse
transcriptase-polymerase chain reaction (RT-PCR) and
immunohistochemistry, respectively. In addition, we assessed
the relationship between gastric leptin contents and levels of
representative proinflammatory cytokines and chemokines
including interleukin (IL)-1, IL-6 and IL-8.
MATERIALS AND METHODS
Patients
The study subjects were 135 outpatients, who were referred for
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upper gastrointestinal endoscopy and diagnosed as having
non-ulcer dyspepsia, between April 2000 and March 2003. The
study was approved by Nagasaki University Human Ethics
Committee. All samples were obtained with written informed
consent of the patients prior to their inclusion, in accordance
with the Helsinki Declaration. The exclusion criteria were: age
<18 or >80 years, pregnancy, body mass index (BMI) > 30 kg/m2,
diabetes mellitus, systemic infection, thyroid and liver diseases,
renal impairment, use of medications effective against H pylori
during the preceding 3 mo, alcohol abuse, drug addiction, and
long-term corticosteroid or nonsteroidal anti-inflammatory drug
use. None had undergone gastrointestinal surgery.
During endoscopy, one biopsy specimen was obtained from
the middle portion of the corpus along the greater curvature for
the measurement of gastric leptin contents and cytokines, snapfrozen in an ethanol-dry ice mixture and then stored at -80 ℃
until use. Two additional biopsies were endoscopically taken
from the antrum within 2 cm of the pyloric ring and the corpus
along the greater curvature; one was for the rapid urease test
(Helicocheck, Otsuka Pharmaceutical Co., Tokushima, Japan)
and another for histolopathological examination. In some cases,
additional biopsy samples were obtained from the fundic gland
mucosa for RT-PCR and immunohistochemical analysis.
We treated 13 H pylori-positive patients with 7-d triple therapy
consisting of rabeprazole, amoxicillin and clarithromycin [21].
Four weeks after cessation of the treatment, fasting plasma
samples were also collected.

Plasma leptin concentrations
On the day of endoscopy, blood samples were taken between
9 and 11 a.m. after an overnight fast, transferred into chilled
tubes containing ethylenediaminetetraacetic acid-2Na and
aprotinin, stored on ice during collection, centrifuged, plasma
separated, and stored at -80 ℃ until assay. Plasma leptin
concentrations were measured in duplicate by a commercial
radioimmunoassay (RIA) kit (Linco Research Co., St. Charles,
USA), based on the protocol provided by the manufacturer.
Measurement of gastric mucosal levels of leptin and cytokines
As described previously[16,17,26], biopsy samples were homogenized
in phosphate-buffered saline (PBS) and aliquots of homogenate
supernatants obtained by centrifugation (10 000 g for 10 min),
were assayed for total protein by a modified Lowry method.
The supernatants diluted to 0.50 mg/mL total protein
concentration in PBS, were frozen at -80 ℃ until assay. Gastric
leptin contents were measured by RIA (Linco Research).
Mucosal levels of IL-1, IL-6 and IL -8 were measured using
commercially available assay kits (Research and Diagnostics
Co., Minneapolis, MN, USA), which employ the quantitative
immunometric sandwich enzyme immunoassay technique.
These assays were performed in duplicate according to the
instructions provided by each manufacturer. The concentrations
of leptin and cytokines were expressed in ng/mg protein and
pg/mg protein, respectively.
Detection of H pylori infection
H pylori status was assessed by anti-H pylori immunoglobulin
G antibody (HEL-p TEST, an enzyme linked immunosorbent
assay kit, AMRAD Co., Melbourne, Australia) using the stored
plasma, 13C-urea breath test (UBiT, Otsuka Pharmaceutical Co.)
and rapid urease test using endoscopic biopsy samples.
Patients were considered to be positive for H pylori infection
when two of these examinations yielded positive results. On
the other hand, patients were defined as H pylori-negative if all
test results were negative[27]. Eradication of H pylori was considered
successful when 13C-urea breath test became negative[25].
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Histopathlogical examination
The sections were stained with hematoxylin and eosin. The
grades of histological gastritis including activity (neutrophils)
and chronic inflammation (mononuclear cells), was scored into
0, 1, 2 or 3 corresponding to none, mild, moderate or severe in
accordance with the Sydney system[16].
Immunohistochemistry
Immunohistochemical staining was performed with the
streptavidin-biotin-peroxidase-complex method (Histofine
SAB-PO® kit, Nichirei Co., Tokyo, Japan) as described
previously[16,17,26]. The following steps were performed at room
temperature unless otherwise specified. Paraffin-embedded
biopsy specimens were sectioned at 4-m thickness, deparaffinized
and rehydrated. After inhibition of endogenous peroxidase
activity for 30 min with methanol containing 0.3% H2O2, the
sections were reacted for 20 min with 10% normal goat serum to
prevent non-specific binding. They were then incubated
overnight with the rabbit polyclonal anti-leptin antibody
(diluted 1:100, Santa Cruz Biotechnologies Inc., Santa Cruz,
CA, USA) at 4 ℃. On the next day, the sections were washed in
0.01 M PBS and incubated for 20 min with 10 mg/mL biotinylated
goat anti-rabbit immunoglobulins (Nichirei Co.). After washed
in PBS, the sections were re-incubated for 20 min with 100 g/mL
horseradish peroxidase (HRP)-conjugated streptavidin (Nichirei
Co.) and stained with 0.02% 3,3’-diaminobenzidine
tetrahydrochloride (Dojindo Co., Kumamoto, Japan) in 0.05 mol/L
Tris-HCl buffer containing 0.03% H2O2. The sections were finally
washed in PBS and counterstained with hematoxylin. Control
studies were performed with normal rabbit serum or anti-leptin
antiserum (Santa Cruz Biotechnologies Inc.).
We calculated the leptin-labelling index, which was the
numbers of immunoreactive cells for leptin per total numbers of
cells within the fundic gland area (percentage). The calculation
was performed by two investigators without knowledge of the
experimental results.
RT-PCR
Total RNA from each biopsy sample was extracted using a
commercial kit according to the instructions provided by the
supplier (ISOGEN, Nippon Gene Co., Toyama, Japan). Equivalent
amounts of RNA were monitored by absorption at 260 nm and
by monitoring the density of 28S and 18S RNA detected after
electrophoresis. One g of total RNA was reverse transcribed
into complementary deoxyribonucleic acid (cDNA) in a volume
of 25 L with MuLV reverse transcriptase and random hexamers
(both from PE Applied Biosystems, Warrington, UK). According
to a previous report[10] with a slight modification, the target
sequence for leptin mRNA was amplified in 40 cycles, each
consisting of 1 min at 94 ℃ for denaturation, 1 min at 62 ℃ for
annealing and 1 min at 72 ℃ for extension, followed by a final
extension for 10 min at 72 ℃ using a RT-PCR kit (Takara Shuzo
Co., Otsu, Japan). Two primers, 5’-CCTGACCTTATCCAAGATG
G-3’, (forward) and 5’-GAGTAGCCTGAAGCTTCCAG
(reverse), were used for amplification of a 224 bp product[16]. A
10 L aliquot of each PCR product was analysed by
electrophoresis on 2% agarose gel containing ethidium bromide,
and the bands were examined under ultraviolet light for the
presence of amplified DNA. Glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) gene transcript was routinely amplified
as described previously[24] and used as an internal control of
the processed RNA for each preparation.
Statistical analysis
Statistical analyses were performed using Fisher’s exact, 2,
Student’s t, Mann-Whitney U, Kruskal-Wallis, Spearman rank
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Figure 1 Leptin immunoreactive cells localized in the lower half of oxyntic glands (arrow head, magonification ×650). A: Patients
with H pylori infection; B: Uninfected subjects; C: Patients who had successful eradication.

and Wilcoxon signed ranks tests, as appropriate. A P value less
than 0.05 was accepted as statistically significant. Data were
expressed as mean±SD.

RESULTS
Patient demographics
The study population consisted of 69 men and 66 women, with
a mean age of 54 years (range, 19-80). They consisted of 95
H pylori-infected and 40 uninfected subjects. There were no
significant differences in age, sex, alcohol intake, smoking habit,
BMI in terms of H pylori status.
Plasma concentrations of leptin and H pylori status
There was no significant difference in plasma leptin
concentrations between H pylori-positive than -negative
subjects (5.0±3.5 and 4.8±2.8 ng/mL, respectively). Successful
eradication of the organism was confirmed in all of the 13 patients
treated with anti-H pylori regimen. There was no significant
difference in the leptin levels before and after cure of the infection
(4.8±3.3 and 4.7±2.5 ng/mL, respectively).
Gastric mucosal levels of leptin, IL-1, IL-6 and IL–8 in relation
to H pylori status
Gastric leptin contents in patients with H pylori infection were
significantly higher than those in uninfected subjects (P<0.05,
Table 1). In addition, there were significant differences in the
mucosal levels of IL-6 and IL-8 between H pylori-positive and
-negative groups (P<0.0001 and P<0.0005, respectively, Table 1).
The mucosal IL-1 concentrations in H pylori-infected patients
tended to be higher than those in uninfected subjects, though
the difference was insignificant (Table 1). There were no
relationships between these cytokines and circulating leptin
concentrations.

Correlation between gastric mucosal levels of leptin and cytokines
Gastric leptin contents correlated positively with the mucosal
levels of IL-1 (correlation coefficient, r = 0.600, P<0.0001) and
IL-6 (r = 0.475, P<0.0005), but not the mucosal levels of IL-8
(r = 0.168).
Correlation between gastric mucosal levels of leptin and activity
and chronic inflammation
Gastric leptin contents correlated positively with grading scores
of chronic inflammation of gastritis (correlation coefficient,
r = 0.258, P<0.05), but not the scores of activity (r = 0.111).
Correlation between plasma and gastric leptin levels and baseline
parameters
Concentrations of leptin in plasma, but not in gastric mucosa,
correlated positively with BMI (r = 0.548, P<0.0001). Other
baseline characteristics including age, sex, alcohol intake and
smoking habit did not correlate with circulating and gastric
leptin concentrations.
Expression of leptin mRNA and protein in gastric mucosa
Using RT-PCR, leptin mRNA was identified in the fundic gland
mucosa, albeit the band intensities of the gastric mucosa from
patients with and without H pylori infection were much weaker
compared to that of omental fatty tissue (Figure 1).
In gastric biopsy specimens, leptin immunoreactive cells were
detected in the lower half of the fundic glands (Figure 1). The
leptin-labelling indices of H pylori-infected patients tended to
be higher than those of uninfected subjects (22.4±14.3 and
18.1±13.9, respectively, P<0.10).
M

1

2

3

4

Table 1 Gastric mucosal levels of leptin, interleukin 1,
interleukin 6 and interleukin 8 in terms to H pylori status
(mean±SD)
H pylori-infected
(n = 95)

Uninfected
(n = 40)

P

Leptin(ng/mg
protein)

0.18±0.13

0.14±0.15

<0.05

43.38±33.03

33.27±24.61

NS

1.26±0.57

0.75±0.57

<0.0001

70.42±66.12

1.3±0.13

<0.0005

Interleukin 1
(pg/mg protein)
Interleukin 6
(pg/mg protein)
Interleukin 8
(pg/mg protein)

Figure 2 Reverse transcriptase-polymerase chain reaction. M;
size marker. Lane 1: H pylori-uninfected gastric biopsy sample;
lane 2: omental adipose tissue sample; lane 3: H pylori-infected
gastric biopsy sample; lane 4: non-template negative control.

DISCUSSION
Bado and co-workers [29] were the first group to report the presence
of leptin mRNA and protein in the fundic glands of rat stomachs,
and that the chief cells were mainly immunoreactive for leptin[8].
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Earlier studies failed to identify leptin mRNA in human gastric
mucosa whereas the fundic epithelium exhibited the presence
of immunoreactive leptin. Thus, it is suggested that leptin itself
detected in gastric mucosa originates from the uptake of
circulating one rather than representing local biosynthesis. However,
we demonstrated here the expression of both leptin mRNA and
its protein, providing further support for the recent results that
leptin was a stomach-derived hormone in humans[9,10].
In our study, gastric leptin contents in H pylori-infected
patients were significantly higher than those in uninfected
patients. Using quantitative RT-PCR, Azuma et al[9] demonstrated
that H pylori infection significantly increased the expression
of leptin mRNA expression, and that cure of the infection
significantly reduced it. Considered together, H pylori infection
seems to enhance local biosynthesis of leptin as well as its
release into gastric juice in response to cholecystokinin or meal[7].
The finding that leptin was localized in the oxyntic gland area[8-10],
which is rarely colonized by the organism[13], suggests that
H pylori itself may not affect gastric leptin levels.
Our results demonstrated significantly positive correlations
between gastric leptin contents and the mucosal concentrations
of IL-1 and IL–6. In fact, there is evidence for the expression
of functional leptin receptor (Ob-R) in mononuclear cells[3,4,10,29,30].
Ob-R is homologous to members of class I cytokine receptor
(gp130) superfamily including IL-6[3,4,31]. Several lines of
evidence demonstrate that leptin could stimulate monocytes
to produce IL-1, IL-6 and tumour necrosis factor  (TNF-)[5,6].
In turn, these cytokines could increase systemic leptin levels
in vivo[32]. It has been reported that IL-1 and IL-6 are elevated
in gastric mucosa infected with H pylori[18-20], in line with this
study. Thus, leptin released locally may be implicated in the
immune and inflammatory responses to H pylori infection,
through interaction with proinflammatory cytokines. Moreover,
it not only modulates the activation and proliferation of T
lymphocytes but also skews cytokine responses towards a Th
1 phenotype by enhancing production of IL-2 and interferon [33,34].
It has been well accepted that mucosal cytokine profiles during
H pylori infection can imply Th1 predominance in human adults[13].
Considered together, these findings highlight the possible role
of leptin as an immunomodulator in H pylori-associated
gastritis.
In our study, circulating leptin concentrations were not
associated with H pylori status and there was no significant
alteration in their levels following cure of the infection,
consistent with previous reports[19,35]. Gastric leptin may have
a local rather than a systemic action, exerting paracrine effects
within the gastric mucosa. On the other hand, plasma leptin
concentrations significantly correlated with BMI, as the primary
contributor of circulating leptin is exclusively the adipose tissue[1,2].
In conclusion, we showed a significantly enhanced
production of leptin in H pylori-infected than uninfected gastric
mucosa. The amount of gastric leptin correlated positively with
the mucosal concentrations of IL-1 and IL-6, suggesting that
local overproduction of leptin is likely to be involved in immune
and inflammatory response during H pylori infection.
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Abstract
AIM: To investigate the effects of autologous tumor vaccine
on recurrence of hepatocellular carcinoma (HCC).
METHODS: Sixty patients with HCC who had undergone
curative resection, were randomly divided into HCC vaccine
group and control group. Three vaccinations at 2-wk intervals
were performed after curative hepatic resection. Delayedtype- hypersensitivity (DTH) test was performed before and
after vaccination. Primary endpoints were the time of recurrence.
RESULTS: Four patients in control group and 6 patients in
HCC vaccine group were withdrawn from the study. The
vaccine containing human autologous HCC fragments
showed no essential adverse effect in a phase II clinical
trial and 17 of 24 patients developed a DTH response
against the fragments. Three of 17 DTH-positive response
patients and 5 of 7 DTH- negative response patients had
recurrences after curative resection. After the operation,
1-, 2- and 3-year recurrence rates of HCC vaccine group
were 16.7%, 29.2% and 33.3%, respectively. But, 1-, 2- and
3-year recurrence rates of the control group were 30.8%,
53.8% and 61.5%, respectively. The time before the first
recurrence in the vaccinated patients was significantly longer
than that in the control patients (P<0.05).
CONCLUSION: Autologous tumor vaccine is of promise in
decreasing recurrence of human HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide, and its incidence is inceasing[1,2]. Although
curative treatments such as hepatic resection, orthotopic liver
transplantation or percutaneous regional treatments offer the

only chances of cure, the long-term results are still disappointed
because of the high frequency of postoperative recurrence[3-9].
Recurrence control is the primary goal of novel approaches for
HCC treatment. Active specific immunotherapy using the
patient’s own tumor to elicit a long-term cell-mediated immune
response has been successfully applied to melanoma, renal
carcinoma and colon cancer[10].
Tumor vaccines have been used to enhance T-cell responses
in many forms[11-16], such as whole tumor cells, tumor cell lysates,
genetically modified tumor cells and peptide-pulsed autologous
dendritic cells. Tumor cells themselves might be used as
immunogens because it is believed that tumor cells could express
a set of tumor-specific peptide-MHC complexes recognized by
cytotoxic T lymohocytes (CTL) . It has been reported that highly
specific autologous CTL are induced from peripheral blood on
formalin-fixed paraffin-embedded tumor sections[17,18]. Using a
formalin-fixed autologous tumor cell line as target cells, CTL
could continuously amplify. When T lymphocytes are stimulated
with formalin-fixed primary target cells derived from glioblastoma
multiformis as tumor antigens, human tumor-specific CTL are
expanded in vitro. HLA-A-2402-restricted and carcinoembryonicantigen (CEA)-specific CTL could be induced by culturing human
peripheral blood mononuclear cells (PBMC) with autologous
formalin-fixed adhesive PBMC pre-loaded with CEA-bound latex
beads[19]. These observations have led us to propose that solid
antigens in the size able to be phagocytosed by antigen presenting
cells (APC) is one of the efficient tumor vaccines[20]. We here
reported a HCC vaccine against HCC recurrence.

MATERIALS AND METHODS
Patients
The following protocol was approved by the ethical authorities
of the First Affiliated Hospital of Sun Yat-Sen University. All
patients were histologically confirmed as HCC and underwent
hepatectomy. Eligibility criteria included International Union
Against Cancer (UICC) (1997, 5th edition) clinical tumor-nodemetastasis (TNM) groupings of stages I, II, or IIIA. No patient
received any immunosuppressive drugs including steroids
within one month prior to receiving the vaccine. Furthermore,
patients who had adequate hematologic, hepatic, and renal
functions (hepatic function Child-Pugh class A or B, white cell
count >3×109/L, platelets >5×1010/L, and creatinine <88.4 µmol/L)
were enrolled, but those with any severe cardiac or psychiatric
disease or distant metastases were excluded, after written
informed consent was obtained. Exclusion criteria included
evidence of extra-hepatic metastases (stage III-B or IV), hepatic
function Child-Pugh C, other malignancies or history of other
malignancies in the past five years, postoperative dysfunction
of any organ for more than 2 wk, systemic active infections,
autoimmune diseases at any period of study, systematic steroid
therapy within one month prior to the vaccination and
chemotherapy, radiation therapy or biological therapy within
one month prior to the vaccination. Sixty patients with HCC
underwent curative resection between January 2000 and June
2003, 7 of them received left lateral lobectomy, 15 left hepatectomy,
6 right hepatectomy and 32 irregular hepatectomy. All patients
were randomly assigned into two groups. Thirty patients served
as control group with no adjuvant treatment but with regular
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follow-up observation in our hospital, and thirty patients treated
with HCC vaccination served as treatment group.

Preparation of tumor vaccine and method for injection
Lecithin solution was prepared by adding 0.5 mL of 99.5%
ethanol into 2.0 grams of lecithin, then dissolved at 45 ℃ in a
water bath for approximately 1 h and filtered with 0.22 m poresize Milex-GV filters. -tocopherol was dissolved at 45 ℃ in a
water bath for less than 30 min and filtered with Steradisc 13 ray sterile 0.45 m filters. The two solutions were mixed.
Cholesterol solution was prepared by dissolving 25 mg of
cholesterol in 2 mL of 99.5% ethanol. Twenty-four microliters
of cholesterol solution was added to 0.6 mL mixture solution of
the -tocopherol and lecithin, and then vortexed thoroughly to
mix the solution. Then 0.1 mL of 107 IU/mL human IL-2 and
human GM-CSF solution was added to 0.6 mL of the solution,
and mixed.
Resected and neutral formalin-fixed HCC tissues (2 g or more)
were homogenized. The fragments were filtered through 40 m
nylon meshes, washed and sterilized with 70% alcohol, then
incubated in RPMI- 1640 medium at 37 ℃ for 2 d. The tumor
fragments were washed three times with saline, aliquoted into
50 mL per Eppendorf tube and stored at -80 ℃ until use.
HCC vaccine consisted of Vac-1 and Vac-2. Vac-1 contained
(doses per injected site) 10 L of fixed HCC fragments, 1 000 IU
of hGM-CSF, 1 000 IU of hIL-2 and 0.05 g of tuberculin. Vac-2
cytokine-grease contained 6 000 IU of hGM-CSF and 6 000 IU
of hIL-2. Vac-1 ( 0.1 mL) was immunized by intradermal injection
into the upper arm per injected site. After thirty minutes, 0.1 mL
of Vac-2 was injected exactly into the Vac-1-injected site.
One month after hepatic operation, eligible patients had the
first vaccination. Autologous HCC vaccine was injected intra
dermally into the upper arm at a dose of 0.1 mL/site to 5 separate
sites. The patients received three vaccinations at two-week intervals.
Delayed-type hypersensitivity (DTH) test
Patients who underwent curative hepatic resection were
submitted to DTH test-1 before the first vaccination and to DTH
test-2 two weeks after the final vaccine injection. Peripheral blood
for PBMC preparation (10 mL) was taken for flow cytometry, and
then, a suspension (0.1 mL in saline) of the autologous tumor
fragments was injected intra-dermally into the left forearm. Fourtyeight hours later, if erythema and induration shared a skin-area
of more than 10 mm in diameter, it was defined positive. Slight
responses (5-10 mm in diameter) though definitely observable,
were recorded as weakly positive.
Follow up
Hepatic ultrasonography and serum alpha-fetoprotein (AFP)
two weeks after DTH test-2 injection and then every two months,
computed tomography (CT) scan and chest radiography at
every six months after operations were performed. The protective
effects of postoperative vaccine therapy on recurrence of HCC
included the time to the first recurrence after operation, recurrencefree survival and overall survival. Once the recurrence was
confirmed, follow-up was stopped, and routine treatments such
as second hepatic resection, ultrasound-guided intratumoral
ablation, transcatheter chemoembolisation (TACE) or systemic
chemotherapy were performed.
Evaluation of adverse events
Although safety was confirmed in the preceding phase I study[20],
when any of the following events happened during the vaccination
period, severe toxicity was considered. Using WHO grading of
acute and sub-acute toxicity for reference[21], the evaluation
standards for toxicity of vaccine therapy were as follows. The
toxicity to some main organs, such as heart, liver or kidney, reached
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grade 3 or grade 4 of WHO standards, and the toxicity to skin
reached grade 3 or grade 4 of WHO standards in two of three
injections, acute fulminant hepatitis or any kind of autoimmune
diseases was established.

Flow cytometry
Suspended cells (1×106 cells/mL) were washed three times with
phosphate-buffered solution (PBS) (-), stained with monoclonal
antibodies for 30 min, and FITC-labeled goat anti-mouse IgG
polyclonal antibody for 5 min. The cells were again washed
with PBS(-) containing 4% fibrinogens in fetal bovine serum
(FBS), re-suspended in the same buffer at a concentration of
1×106 cells/mL and immediately analyzed by fluorescenceactivated cell sorter (FACS) (Becton Dickinson, Co.) as
previously described[22]. The proportion of CD3+, CD4+, CD8+,
CD16+, and CD56+ cells was determined using mouse antihuman monoclonal antibodies.
Statistical analysis
The F-test was used to analyze the data using Excel software.
The prognostic relevance data of HCC tumor vaccine therapy
were analyzed using log-rank test. P value less than 0.05 was
considered statistically significant.
RESULTS
Base-line data of HCC patients
Four patients in the control group and 6 patients in the HCC
vaccine group were withdrawn from the study, because they
gave up tumor vaccine therapy or lost follow-up. Base-line
data of 26 control patients and 24 vaccinated patients are shown
in Table 1. No essential difference in the base-line data was
observed between the vaccinated and control patients. Age,
cause of liver injury, Child-Pugh classes, serum alanineaminotransferase level, percentage of patients with cirrhosis,
operation, American Joint Commission for Cancer (AJCC)
stages, blood loss and transfusion in the operation were all in
proximity. The major axis of resected tumor was 63±22 mm and
56±36 mm in the vaccinated and control patients, respectively.
Table 1 Base-line data of vaccinated and control patients (mean±SD)
Vaccinated
(n = 24, %)
Age (yr)
Male
Female
Cause of liver injury
Hepatitis B
Hepatitis C
Unknown
Child-Pugh class A
Child-Pugh class B
Alanine aminotransferase (U/L)
Cirrhosis
-fetoprotein
≥400 g/L
<400 g/L
Tumor size (major axis, mm)
AJCC stage I
AJCC stage II
Style of operation
Left lateral lobectomy
Left hepatectomy
Right hepatectomy
Irregular hepatectomy
Blood loss during operation (mL)
Blood transfusion during

operation (mL)

Control
(n = 26, %)

53±9
22 (92)
2 (8)

49±15
21 (81)
5 (19)

19 (79.1)
1 (4.2)
4 (16.7)
23 (96)
1 (4)
75±35
16 (67)

18 (69.2)
2 (7.7)
6 (23.1)
24 (92)
2 (8)
50±95
16 (62)

17 (71.3)
7 (28.7)
63±22
4 (17)
20 (83)

16 (61.5)
10 (38.5)
56±36
2 (8)
24 (92)

3
8
2
11
812±536
542±521

4
5
3
14
769±620
638±612
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Adverse events in patients
The ultimate aim of this study was to detect toxicity. The
vaccination was well tolerated and no severe adverse effect
was observed in all patients. Erythema, dry desquamation and
pruritus at the vaccinated sites were observed after each
vaccination. These adverse effects disappeared 2 wk later and
required no medical intervention. No exacerbation of cutaneous
toxicities such as moist desquamation, ulceration or necrosis
were observed. Lymphadenopathy and systemic reactions such
as fever or chills, or vaccination-related impairments of the
function of vital organs such as liver, kidney and bone marrow
were not found. Occurrence of autoimmune diseases and skin
toxicity was not observed. No patient withdrew from the study
because of the adverse effects.

lymphocytes before and after vaccination. After tumor vaccination,
the patients had a significantly higher number of CD3+ CD8+positive lymphocytes and number of CD4+/CD8+ significantly
lower (P<0.05 Table 2).

CD4+/CD8+

2.02±0.39

DTH responses induced by HCC vaccine
Delayed-type hypersensitivity (DTH) test was performed before
vaccination and two weeks after the third vaccination. Negative
responses were observed in all patients before vaccination. All
patients demonstrated DTH responses two weeks after the
third vaccination. Seventeen of 24 patients had delayed-type
hypersensitivity (DTH) response to the HCC fragments, three
weak-positive responses and fourteen positive responses were
observed in the vaccinated patients. Seven patients showed a
negative DTH response.

CD3-CD16+56+

18.5±3.9

Recurrence-free patients (%)

Tumor vaccine against recurrence of HCC
After three vaccinations at 2 wk intervals, seventeen of 24
patients had delayed-type hypersensitivity (DTH) response
against the fragments. Three of 17-DTH positive response
patients had HCC recurrence 13, 15 and 16 mo after curative
resection. Five of 7-DTH negative response patients had HCC
recurrence 8, 9, 10, 10, and 16 mo after operation. After the
operation, the 1-, 2- and 3-year recurrence rates in HCC vaccine
group were 16.7%, 29.2% and 33.3%, respectively. But the 1-, 2and 3-year recurrence rates in the control group were 30.8%,
53.8% and 61.5%, respectively. The time before the first
recurrence in the vaccinated patients was significantly longer
than that in the control patients (P<0.05). The recurrence-free
HCC patients with or without tumor vaccine therapy is shown
in Figure 1. The difference of the two curves was statistically
significant (log-rank test, P<0.05).These data suggested that
vaccination of HCC patients with the autologous vaccine was
a well-tolerated treatment and could induce tumor fragmentspecific immunity.
Control group

100

HCC vaccine group

80
60
40
20
0

0

6 12 18 24 30 36
After hepatectomy (mo)

42

Figure 1 Recurrence-free HCC patients with or without tumor vaccine therapy (Kaplan-Meier curves).

Flow cytometric evaluation of surface phenotypes of peripheral
blood lymphocytes
Twenty-four HCC patients who received the tumor vaccine
were analyzed for surface phenotypes of peripheral blood

Table 2 Surface phenotypes of peripheral blood lymphocytes
(mean±SD)
Control
(n=26)

Before
vaccination
(n=24)

After
vaccination
(n=24)

CD3 +

73.5±5.8

70.4±7.2

71.9±6.5

CD3+CD4 +

45.2±9.7

48.3±7.6

49.0±9.2

CD 3+CD 8+

29.3±9.8 a

27.9±7.5 a
c

2.15±0.98
16.9±8.3

39.9±10.5 a
c

1.03±1.13 c
19.7±9.3

a

P<0.05, c P<0.05 after tumor vaccination vs control or before
tumor vaccination.

DISCUSSION
The present results suggest that a vaccine comprised of fixed
HCC tissue fragments, cytokine controlled-release formulation,
and adjuvant could elicit anti-tumor immune responses in
human phase II clinical trials. The vaccine containing
autologously fixed HCC fragments has no essential adverse
effect; the time to the first recurrence in the vaccinated patients,
especially in the DTH-positive response patients, is significantly
longer than that in the control group (Figure 1).
In the clinical trial, we used DTH reaction, a monitoring
method, for detecting antigen-specific immunity. Vaccination
of patients with HCC fragments combined with hGM-CSF/hIL-2
controlled-release formulation and tuberculin was capable of
inducing antitumor cellular immune response. We investigated
DTH response to tumor fragments, which were processed by
APC for effective presentation to effector T cells. After three
vaccinations, 17 of 24 patients demonstrated postive DTH
response. Furthermore, anti-hepatocellular carcinoma immune
reaction was found to inhibit the recurrence. The results suggest
that fixed HCC vaccination is well tolerated and is able to induce
antitumor immunity, and should be considered for further clinical
evaluation to define its potential therapeutic efficacy.
The major advantage of the present human HCC vaccine is
that it contains personalized and very stable tumor antigens.
HCC vaccine consisted unidentified autologous tumour
antigens in fixed tumor tissues that can be preferably used in
many medical institutions where vaccine is prepared with MHCmatched peptides and complicated recombinant techniques.
Compared to the tumor vaccine containing live dendritic cells,
which are considered the essential component, non-live cellcontaining stable vaccines are easy to handle at bedside, thus
increasing its use.
Active immunotherapy can induce tumor-specific cytotoxic
T lymphocytes (CTL) and achieve a long-term antitumor
immune response[10,11,22]. AFP, a HCC-associated antigen, could
serve as a target for T-cell immunotherapy in animals[23,24], but
patients carrying matched major histocompatibility complex
(MHC) alleles could benefit from tumor-associated antigenbased vaccine[12]. Antigen pre-loaded dendritic cells (DCs)
could elicit strong antitumor immune response[25,26], but DCbased approaches are cumbersome and expensive, and unsuitable
for large-scale clinical trials. Until HCC-specific antigens are
identified, the tumor cell itself is still the best source of tumor
antigen. With autologous formalin-fixed paraffin-embedded
tumor sections, we successfully induced tumor-specific
cytotoxic T lymphocytes (CTL) from the peripheral blood of
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tumor-bearing patients. From the present results, precise
mechanisms of the anti-tumor immune response are obscure.
However, we prepared fixed HCC as a fragment suspension in
the vaccine. Phagocytosis of the particular antigen might be an
important pathway to present the antigenic peptide on MHCclass I molecules[27-30]. The present results suggest that antigens
in a particular form could elicit CD8+ MHC class I-restricted CTL
response (Table 2). Soluble antigens could elicit responses of
CD4+ MHC class II-restricted lymphocytes[31]. CD4+ T cells
could then transfer their immune information to stimulate
antibody production. Therefore, direct induction of CTL against
soluble antigens is difficult, except when the antigenic peptide
is loaded on the antigen presenting dendritic cells[32]. However,
studies have also reported that macrophages could efficiently
induce CTL response in vitro when particular carriers are used
to deliver antigenic short peptides[33]. In our hypothesis, fixed
tumor tissue can provide many tumor antigens that are
recognized by the immune system of patients and elicit a specific
antitumor response. Local use of hGM-CSF could activate
dermal antigen-presenting cells (APC), hIL-2 could expand the
proliferation of induced CTL, and the elicited antitumor immune
response is then amplified. Slow release of these cytokines
from cytokine controlled release formulation could maintain
long-term stimulation of the immune system and induce persistent
antitumor immunity.
Considering the simplicity in preparation, bed-side handling
of the tumor vaccine is one of the most important factors. In
this respect, vaccines including live cells in the formulation are
disadvantageous because of the complicated preparation
techniques. Tumor-associated antigenic peptides, DNA vaccines,
and tumor cell lysate, are therefore the attractive alternatives.
Unfortunately, peptides are only effective on patients carrying
matched major histocompatibility complex (MHC) alleles[12].
Peptides and tumor cell lysate are also rather weak immunogens.
Antigen pre-loaded dendritic cells might be a promising
vaccine[34],which also require live cell handling. DNA vaccines
could provide a definite amount of antigens[14].
In conclusion, HCC vaccine can significantly control early
post-operative recurrence of HCC and improve overall survival.
This cell-free immunization mode should be recommended for a
large-scale use in patients with HCC.
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Abstract
AIM: To explore the expression of Tiam1 gene in colorectal
carcinoma and its correlation with tumor metastasis.
METHODS: Expressions of Tiam1 gene in 8 colorectal
carcinoma cell lines were detected by reverse transcriptasepolymerase chain reaction. In vitro invasiveness was
determined by means of Matrigel invasion assay. The
correlation of Tiam1 expression with the invasive ability was
also analyzed.
RESULTS: Tiam1 gene was highly expressed in LoVo and
SW620, which were established from metastatic colorectal
carcinomas in comparison with LS174T, SW480, HCT116,
LST, HRT-18 and Hee8693, which were established from
primary colorectal carcinomas. In vitro cell invasivion
demonstrated that LoVo and SW620 had a higher invasive
ability than LS174T, SW480, HCT116, LST, HRT-18 and
Hee8693. The expression of Tiam1 gene was highly related
to the metastatic potential of colorectal carcinoma cells.
CONCLUSION: Tiam1 gene may play an important role in
invasion and metastasis of colorectal carcinoma and is a
metastasis-related gene.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colorectal carcinoma; Tiam1 gene; Gene
expression; Tumor metastasis
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INTRODUCTION
Colorectal carcinoma is one of the most common malignancies.
The majority of colorectal carcinomas arise from a series of
somatic genetic changes that involve activation of oncogenes
and inactivation of tumor suppressor genes. The delineation of
molecular genetic and biological changes that accompany the
pathogenesis of colorectal carcinoma will hopefully improve
the outcome of patients in the future. Unfortunately, the
overwhelming majority of patients with colorectal carcinoma
would die of metastatic disease, that is to say, metastasis is the

major cause of mortality in the human population[1]. Unlike the
molecular events described for the pathogenesis of primary
colorectal carcinomas, genes responsible for metastasis in these
tumors have not been well characterized. Exploring metastasisrelated genes is significantly important in the prevention of tumor
metastasis and prolongation of the life expectancy of patients.
A gene designated Tiam1 was originally identified as the
invasion- and metastasis-inducing gene by proviral tagging in
combination with in vitro selection for invasiveness [2].
Transfection of truncated Tiam1 cDNAs into noninvasive cells
can make these cells invasive. Tiam1 protein contains a Dbl
homologous (DH) domain and two pleckstrin homologous (PH)
domains. DH domain is present in guanine nucleotide exchange
factors (GEFs) that activate the Rho-like GTPases[3]. PH domain,
present in many signaling proteins, has been reported to be
involved in protein-protein and protein-phospholipid interactions
and might play a role in translocation of these proteins to
membranes[4]. Tiam1 is one of the GEFs and can specifically
activate Rac in vitro as well as in vivo[5]. Tiam1 has been
implicated to directly bind to a plethora of different cytoplasmic
and membrane-associated proteins, which couple Tima1-Rac
activity to specific signaling pathways[6,7]. Interestingly,
proteins such as Src[8],Myc[9],CD44[10] and nm23[11], claimed to
interact with Tiam1 are well known players in the field of cancer.
Tiam1 activation has also been shown to be stimulated by
certain serum-derived growth activators such as S1P[12] and
LPA[13] during cell spreading and motility.
Recent evidence suggests that Tiam1 could influence Rac
GTPase signaling specificity in addition to promoting their
activation[14]. That is why Tiam1 has a different effect on different
cancers. For example, activation of Tiam1 in breast cancer and
T-lymphoma cell lines, produces specific structural changes in
plasma membrane-cytoskeleton reorganization leading to
membrane ruffling, lamellipodia, filopodia, and stresses fiber
formation[15,16]. These changes are prerequisite for invasion
and metastasis. Conversely, in renal cell carcinoma cell lines,
Tiam1 potentiates homotypic cell-cell adhesion and inhibits
invasion[17]. In epithelial MDCK cells, Tiam1-Rac1 signaling
plays an invasion-suppressor role in Ras-transformed MDCK
cells[18]. A Tiam1 knock-out mouse is relatively resistant to
chemical induction of skin tumors but paradoxically more prone
to malignant histologic progression of those tumors[19].
Tiam1 has been studied in breast cancer[15], renal carcinoma[17],
chondrosarcoma [20], T-lymphoma [16], etc. However, it is not
known at present whether there is any relationship between
Tiam1 and colorectal carcinoma. Here we showed the expression
of Tiam1 in 8 colorectal carcinoma cell lines, and analyzed its
correlation with tumor metastasis. Our observations suggest
that Tiam1 has a close relationship with metastasis of colorectal
carcinoma and may be required for colorectal carcinoma cell
invasion and migration.

MATERIALS AND METHODS
Cell lines and culture conditions
HRT-18 and Hee8693 cell lines were a kind gift from Cancer
Research Institute in Xiangya Medical School of Central South
University. LST cell line was a generous gift from Digestive
Department in Nanfang Hospital. LoVo, LS174T, HCT116, SW480
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and SW620 were obtained from America Type Culture Collection.
LoVo, LS174T, LST, HRT-18, HCT116 and Hee8693 cell lines
were cultured in RPMI-1640 medium. SW480 and SW620 were
cultured in Dulbecco’s modified Eagle’s medium. All mediums
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) and 100 U/mL penicillin/streptomycin. Cultured cells were
grown in a 37 ℃ humidfied incubator with 50 mL/L CO2.

Total RNA extraction
Total RNA was extracted from the cell lines using TRIzol reagent
(Invitrogen Corporation). Then DNase I was used to remove
genomic DNA from total RNA. Concentration and purity of the
RNA samples were examined by a spectrophotometer. Two
oligonucleotides, 5’-AATCCCATCACCATCTTCCA-3’ and 5’CCTGCTTCACCACCTTCTTG-3’, designated GAPDH (a
housekeeping gene), were utilized as primers to perform
polymerase chain reaction (PCR) in order to check whether the
RNA was contaminated with trace genomic DNA.
Reverse transcriptase-polymerase chain reaction (RT-PCR)
Reverse transcriptase (RT) was performed using an access RT-PCR
system (Promega Corporation) according to the manufacturer’s
protocol. Total RNA in the amount of 1 µg was used in each RT
reaction to synthesize cDNA. For PCR, we used the forward primer
5’-AAGACGTACTCAGGCCATGTCC-3’and reverse primer 5’GACCCAAATGTCGCAGTCAG-3’, which weredesigned byprimer
premier 5.0 software, to amplify human Tiam1(NM_003253 from
GeneBank). And human GAPDHprimers were utilized as an internal
control. Thirty cycles of reactions were carried out, each at 94 ℃ for
45 s, at 58 ℃ for 45 s, at 72 ℃ for 45 s. PCR products were
electrophoresed in 2% agarose gel and sequenced by Bioasia
Biological Corporation. Electrophorectogram was taken by a pickup
camera under UV light and analyzed by 1-D advanced software.
In vitro invasion assay
This assay was based on the principle of Boyden chamber[21].
The top and bottom of Boyden chamber (corning company)
were separated by a polycarbonate filter with 8 m pore size.
The top chamber was prepared by coating the filter with 50 g of
diluted Matrigel and incubated for 30 min. A single cell suspension
of 10 000 tumor cells in serum-free medium was inoculated in the
upper chamber, after 5% FBS was added into the bottom chamber
as a chemoattactant. After 24 h incubation, noninvasive cells
were removed with a cotton swab. The cells migrated through
the membrane and stuck to the lower surface of the membrane
were fixed with methanol and stained with hematoxylin. Tumor
cell invasiveness was determined by counting all tumor cells in
five randomly selected counting fields at ×200.
Statistical analysis
Relationship between expression of Tiam1 and invasive ability
was analyzed by bivariate correlation using SPSS 10.0 Software.
RESULTS
Expression of Tiam1 in colorectal carcinoma cell lines
Total RNA extracted from eight colorectal carcinoma cell lines was
confirmed to have no degradation by agarose gel electrophoresis
(Figure 1). In order to detect whether the RNA was contaminated
with gDNA, we used the RNA digested with DNase I and RNA
not digested with DNaseIas templates to amplify the
housekeeping gene, GAPDH. The results showed that the RNA
we extracted was not contaminated with gDNA (Figure 2).
RT-PCR detection of Tiam1expression in eight colorectal
carcinoma cell lines was heterogeneous (Figure 3). Analyzed
by 1-D Advanced software, relative Tiam1 expression was
calculated as the ratio of the densitometry of the Tiam1 band:
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GAPDH band on RT-PCR. We found that Tiam1 was abundantly
expressed in metastastic colorectal carcinoma cell lines, LoVo
and SW620, 1.19 and 0.96 respectively. In primary colorectal
carcinoma cell lines, SW480 (0.57), LS174T (0.32), LST (0.44),
HCT116 (0.60), HRT-18 (0.52) and Hee8693 (0.55) were
moderately and lowly expressed. The product of RT-PCR, Tiam1,
was confirmed by sequence analysis (date was not shown).
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Figure 1 Agarose gel electrophoresis of total RNA from
colorectal carcinoma cell lines.
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Figure 2 2% agarose gel electrophoresis of the product of
PCR (580 bp). M: Marker; lane 1: Templates were the RNAs
not digested with DNase I, GAPDH was amplified; lanes 2, 3:
Templates were the RNAs digested with DNase I, no product
was amplified.
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Figure 3 Expression of Tiam1 in 8 colorectal carcinoma cell
lines by RT-PCR. M: Marker; lane 1: LoVo; lane 2: SW480; lane 3:
SW620; lane 4: HCT116; lane 5: LS174T; lane 6: LST; lane 7:
HRT-18; lane 8: Hee8693.

In vitro invasive assay
In vitro cell invasive assay was performed based on the principle
of the Boyden chamber assay. Matrigel matrix served as a
reconstituted basement membrane in vitro. The number of cells
migrating through the Matrigel matrix was counted. The result
indicated that LoVo (145) and SW620 (130) had a higher invasive
ability than SW480 (91), HCT116 (89), LS174T (64), LST (79),
HRT-18 (87) and Hee8693 (90).
Correlation analysis
We used the SPSS 10.0 to analysis the correlation between the
expression of Tiam1 and invasive ability. The results showed
that the both are highly correlative(r = 0.995, P<0.01).
DISCUSSION
Tumor invasion is a complex biological process, during which
tumor cells detach from the primary tumor and infiltrate its
surrounding tissues. This process requires loss of cell contacts
between tumor cells, active cell migration, adhesion to the
extracellular matrix (ECM) and proteolytic degradation of
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ECM[22]. At the molecular level, a number of different molecules,
including cadherins, integrins, proteases, and growth factors, have
been implicated in the regulation of tumor cell invasiveness[23].
It has been found that Tiam1 is capable of activating Rac1
as a ubiquitous guanine nucleotide exchange factor and
inducing membrane cytoskeleton-mediated cell shape changes,
cell adhesion, and cell motility[24-26]. Rac1 could act on
downstream of Tiam1 signaling and regulate the function of
several cell adhesion molecules such as laminin receptor,
integrin[27], E-cadherin[18], and the hyaluronan receptor, CD44.
In the past, to search new metastasis-associated genes, we
prepared cDNA microarray which is highly sensitive and
applicable in examining gene expression profile. Then metastatic
colorectal carcinoma microarray gene expression data were
mined by literature profiling, based on the analysis of literature
profiles generated by extracting the frequencies of certain terms
from MEDLINE. We found that Tiam1 gene had a potential
relation to metastatic colorectal carcinoma.
In this study, we investigated the relation between Tiam1
expression and metastasis in colorectal carcinoma. LoVo cell
line was derived from human colonic adenocarcinoma established
from the metastatic nodule. SW480 was isolated from a highgrade primary colonic tumor, and SW620 was isolated from a
metastatic lymph node from the same patient 1-year later at the
time of clinical relapse. LS174T, LST and HCT116 were isolated
from primary colonic carcinomas. HRT-18 was isolated from
primary rectal cancer and Hee8693 from primary cecal cancer.
We found that the expression of Tiam1 in cell lines established
from metastatic colorectal carcinomas was much higher than
that in cell lines established from primary colorectal carcinomas.
We also found that the invasiveness and metastasis in cell
lines established from metastatic colorectal carcinomas were
much stronger than those in cell lines established from primary
colorectal carcinomas. We identified that Tiam1 was highly
correlated with invasiveness and metastasis (P<0.01). These
data indicate that enhanced expression of Tima1 is associated
with increased invasive ability.
In a word, our results suggest that Tiam1 might be a metastasisrelated gene in colorectal carcinoma. In the future research, we
will study the effect of Tiam1 gene on invasion and metastasis in
colorectal carcinoma in vivo and in vitro through stable Tiam1
gene transfection or RNA interfering. The two-dimensional
electrophoresis and mass spectrum analysis will be used to study
the possible mechanism of Tiam1 gene and its signal transduction.
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Abstract
AIM: To determine the correlation between portal
hemodynamics and spleen function among different grades
of cirrhosis and verify its significance in cirrhosis staging.
METHODS: The portal and splenic vein hemodynamics and
spleen size were investigated by ultrasonography in
consecutive 38 cirrhotic patients with cirrhosis (Child’s
grades A to C) and 20 normal controls. The differences
were compared in portal vein diameter and flow velocity
between patients with and without ascites and between
patients with mild and severe esophageal varices. The
correlation between peripheral blood cell counts and Child’s
grades was also determined.
RESULTS: The portal flow velocity and volume were
significantly lower in patients with Child’s C (12.25±1.67 cm/s
vs 788.59±234 mm/min, respectively) cirrhosis compared
to controls (19.55±3.28 cm/s vs 1254.03±410 mm/min,
respectively) and those with Child’s A (18.5±3.02 cm/s vs
1358.48±384 mm/min, respectively) and Child’s B (16.0±3.89
cm/s vs 1142.23±390 mm/min, respectively) cirrhosis.
Patients with ascites had much lower portal flow velocity
and volume (13.0±1.72 cm/s vs 1078±533 mm/min) than
those without ascites (18.6±2.60 cm/s vs 1394±354 mm/min).
There was no statistical difference between patients with
mild and severe esophageal varices. The portal vein diameter
was not significantly different among the above groups.
There were significant differences in splenic vein diameter,
flow velocity and white blood cell count, but not in spleen
size, red blood cell and platelet counts among the various
grades of cirrhosis. The spleen size was negatively
correlated with red blood cell and platelet counts (r = -0.620
and r = -0.8.34, respectively).
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INTRODUCTION
Liver cirrhosis due to various causes is a very common and
irreversible state. In China, there are hundreds of thousands of
new cases annually, most of which are developed from chronic
hepatitis[1]. The diagnosis and prognosis in cirrhosis of liver
mostly depend upon the Child’s grading system or the modified
Child-Pugh system, which takes into account the severity of
jaundice, ascites, hypoalbuminemia, encephalopathy, and
prothrombin time[2]. Other liver function tests and biochemical
markers are also reported to correlate with the prognosis and
severity of liver cirrhosis[3-5]. However, the most common clinical
signs and symptoms of cirrhosis include three aspects: liver
dysfunction, portal hypertension and hepersplenism, and the
major causes of death for the patients with cirrhosis are hepatic
failure, gastrointestinal hemorrhage and secondary infection.
The criteria of the Child-Pugh system are all reflections of
hepatocyte function, but not of portal hemodynamics and spleen.
Therefore, a comprehensive evaluation for the cirrhosis staging
should cover hepatocyte function, portal hemodynamics and
spleen function. Several studies have shown that portal
hemodynamics is closely related to the Child’s scores and liver
fibrosis[2]. There are also published papers concerning the
relationship among spleen size, hemodynamics of splenic vein,
esophageal varices and Child’s scores[5-9]. To verify the correlation
between portal hemodynamics, splenomegaly and various Child’s
scores and clarify the significance of portal hemodynamics and
spleen function in cirrhosis staging, we studied retrospectively
a group of patients with cirrhosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

MATERIALS AND METHODS
Patients
Thirty-eight consecutive patients with cirrhosis (22 Child’s
grade A, 8 Child’s grade B, and 8 Child’s grade C) and 20 ageand sex-matched (authors) normal healthy controls were
enrolled in this study. The diagnosis of cirrhosis was established
by a combination of clinical, biochemical, surgical and
pathological investigations. Child’s grading was done by the
modified Child-Pugh scoring method. All patients with cirrhosis
underwent an upper gastrointestinal endoscopy within three
months prior to the study, to determine esophageal varices and the
varix degree if present, according to the Japanese Classification.
The exclusion criteria were 1, patients with gastrointestinal
bleeding in the previous four weeks; 2, those who were taking
portal pressure-lowering drugs such as -blockers; 3, those
with encephalopaphy grade II or more; 4, those with portal or
splenic vein thrombosis; and 5, those with a previous history
of sclerotherapy or banding for esophageal varices.

Key words: Liver cirrhosis; Portal vein; Splenic vein;
Hemodynamics; Hypersplenism

Methods
A color Doppler US system BK3535 (BK Medical, Copenhagen,

CONCLUSION: An optimal system that includes parameters
representing the portal hemodynamics and spleen function
should be proposed for cirrhosis staging.
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Denmark) was used. All measurements were performed by the
same examiner without knowledge of the clinical information
of subjects. All patients and controls were kept fasting
overnight prior to the sonography. Portal trunk was scanned
longitudinally with the sector scanner. The 3 mm sampling
marker was shifted to the corner of the lumen at 1.5-2.5 cm
before the bifurcation of right and left branches, and the angle
of insonation was kept below 60 ℃. The portal vein diameter
was measured directly at this point. The portal flow velocity
(PFV) in centimeters per second (cm/s) was averaged by
Doppler traces of 2-3 cardiac cycles. The portal blood flow
rate (PBFR) in milliliters per minute (mL/min) was obtained by
the formula: PBFR = PFV×A×60, (A as cross-sectional area of
portal vein in square centimeters).
The spleen maximal length, transverse diameter, and
thickness at the hilum were measured. These were then
multiplied together, and a further factor of 0.6 was included to
obtain an approximation of volume. The diameter and flow
velocity of the splenic vein were obtained at 1.0-1.5 cm before
bifurcation. Peripheral blood routine test was also performed
for each patient to evaluate the grade of hepersplenism.

Statistical analysis
All the data were analyzed with SAS10.0 software. Differences
in mean values of Doppler US parameters between the normal
control subjects and patients with cirrhosis were tested by
Student’s t test and univariate analysis. Correlation among
variables was assessed by linear regression analysis. The results
were expressed as mean±SD, and the difference was considered
statistically significant when P<0.05.
RESULTS
Correlation between portal hemodynamics and Child’s grade
There was no difference in the portal vein diameter between
the controls and the patients with different grades of cirrhosis
(Table 1). The portal flow velocity and volume were significantly
lower in Child’s C cirrhosis compared to controls, and Child’s
A and B cirrhotics. The portal flow velocity was also lower in
Child’s B cirrhotics than in Child’s A cirrhotics (P<0.05).
However, there was no difference in the portal blood volume
between patients with Child’s A and B cirrhosis and the controls
(Table 1). With increasing Child’s grades of severity, the portal
flow velocity and volume decreased significantly.
Table 1 Portal hemodynamics in patients with various grades
of Child’s cirrhosis (mean±SD)
Cases

Diameters
(cm)

Flow velocity
(cm/s)

Flow volume
(mL/min)

Control

20

1.17±0.13

19.55±3.28

1 254.03±410

Child A

22

1.23±0.17

18.5±3.02

Child B
Child C
a

8
8

1.24±0.15
1.16±0.20

16.0±3.89
12.25±1.67

1 358.48±384
a

b

1 142.23±390
788.59±234 bc

P<0.05, bP<0.01 vs Child’s A; cP<0.05 vs Child’s B.

The difference was not significantly in portal vein diameter
between patients with and without ascites. However, both
portal flow velocity and volume of the patients with ascites
were statistically lower than those without ascites (Table 2).
There was no significant difference in portal flow velocity
and volume between patients with mild varices and those with
severe varices (Table 3).
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Table 2 Portal hemodynamics between cirrhotics with and
without ascites (mean±SD)
Number

Diameter
(cm)

Velocity
(cm/s)

Volume
(mL/min)

8

1.32±0.17

13.0±1.72

1 078±533

30

1.20±0.21

18.6±2.60

1 394±354

>0.05

<0.01

<0.05

With ascites
Withour ascites
P

Table 3 Portal hemodynamics between cirrhotics with mild
and severe varices (mean±SD)
Number

Diameter (cm)

Velocity (cm/s)

Mild varices

21

1.20±0.14

18.0±3.92

Severe varices

17

1.26±0.21

19.50±3.93

>0.05

>0.05

P

Splenic hemodynamics and Child’s grading
There were significant differences in splenic vein diameter,
splenic flow velocity, peripheral white blood cell count among
patients with various grades of Child’ score. With the development
of cirrhosis from Child’s A to B and C, the splenic vein diameter
increased correspondingly, while splenic flow velocity and
white blood cell count decreased significantly. There was no
statistical difference in peripheral red blood cell and platelet count
among patients with various grades of cirrhosis (Table 4). The
spleen volume negatively correlated with red blood (R = -0.620,
P<0.05) and platelet counting (R = -0.8.34, P<0.001). Peripheral
platelet count positively correlated with red blood cell count
(R = 0.583, P<0.001).
Table 4 Univariate analysis of parameters for hypersplenism
among patients with various Child’s grades
Parameters

F

P

Splenic diameter

4.832

0.014

Splenic velocity

4.873

0.013

Spleen size

4.136

0.024

WBC

5.286

0.010

RBC

1.746

0.189

Platelet

1.935

0.159

DISCUSSION
Cirrhosis is defined as a chronic disease of the liver in which
diffuse destruction and regeneration of hepatic parenchymal
cells have occurred, and in which a diffuse increase in connective
tissues has resulted in disorganization of the lobular and
vascular architecture. The principal pathologic features of
cirrhosis include hepatic parenchymal necrosis, regeneration,
and scarring. Clinically, distortion of the vascular architecture
causes the most serious complications, portal hypertension
with resulting ascites, variceal hemorrhage and hypersplenism[10].
There are many factors that can cause liver cirrhosis and
portal hypertension such as viral hepatitis, alcohol abuse,
sclerosing cholangitis, schistosomiasis, and common inborn
errors of metabolism including Wilson disease, hemochromatosis
and -antitrypsin deficiency. There are differences both in
pathology and in clinical signs and symptoms among individual
patients. Even in the same patient, there are different pathological
and clinical characteristics at different stages. Accordingly,
the treatment is very specific for each patient at different stages.
Therefore, a clear and correct staging system for cirrhosis is
required[11].
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However, there has been no optimal staging system so far
to give a comprehensive stage analysis for cirrhosis. Warren
et al [12] once classified portal hypertension into four stages
according to the degree of interference with portal flow to the
liver, i.e., stage I (normal or only slightly restricted portal flow,
hepatopetal portal flow), stage II (moderate reduction,
hepatopetal or bi-directional portal flow), stage III (severe
restriction of flow, bi-directional or hepatofugal portal flow),
stage IV(lack of opacification of the portal vein by radiographic
study), hepatofugal flow. But what they included was only
portal flow direction not hepatocyte function. The most commonly
used system to assess the severity of cirrhosis is still Child’s
score or Child-Pugh’s score, which takes into account the
jaundice, ascites, hypoalbuminemia, encephalopathy and
prothrombin time. Biochemical markers are also reported to be
helpful for Child’s score[13,14]. But all the parameters included
are those for the hepatocyte function, but not for portal blood
flow and spleen function.
Ultrasonography provides not only liver hemodynamics by
color Doppler flow imaging, but also valuable information on
the morphological changes of the liver[15-19]. It has been reported
that evaluating liver hemodynamics and morphology in patients
with cirrhosis and portal hypertension is of immense value for
the estimation of severity and prognosis of the disease[20-22].
There also have been reports on the relationship between the
hemodynamic changes of portal vein and the histological
changes in chronic hepatitis[19,22-24]. Aube et al[22] observed that
the decrease of portal venous velocity closely correlated with
the histological degree of fibrosis. Similar to other studies[2,6-8],
our study showed a significant decrease in portal flow velocity
and volume with increasing Child’s grades of severity. In fact,
portal flow velocity is a better parameter to reflect the portal
pressure gradient and more useful for the diagnosis of portal
hypertension. Therefore, the portal hemodynamics is very helpful
in the assessment of the real status of cirrhosis and in finding
the choice of the optimal therapy.
In contrast to the portal flow velocity, there was no significant
difference in portal vein diameter among various Child’s grades
suggesting that portal vein diameter does not correlate with
the high portal pressure and the severity of cirrhosis.
Our study also demonstrated that cirrhotics with ascites
had a significantly lower portal flow velocity and volume compared
to those without ascites, which confirms that ascites is a sign
of liver function decompensation. However, there was no
significant difference in portal flow velocity and volume between
patients with mild and severe varices, indicating that the
mechanisms of varices in cirrhosis are very complicated. They
are not only the consequences of high portal pressure but also
of formation of regional collaterals.
Splenomegaly is a cardinal feature of hepatic cirrhosis
complicated by portal hypertension. The prevalence of
splenomegaly in cirrhosis varies from 36-92%[24,25]. Various
mechanisms underlying the development of hypersplenism in
portal hypertension have been proposed, including increased
pooling and increased destruction of blood cells in the spleen,
the dilutional effects of increased blood volume, and humoral
factors. Hypersplenism can be regarded as the association of
one or more of anemias, leukopenia, and thrombocytopenia with
splenomegaly, and a normal or hypercellular bone marrow.
Hypersplenism is a vital pathophysiological change in portal
hypertension, and should be considered as a parameter in
cirrhosis staging. In our study, although the splenic flow
velocity and splenic vein diameter correlated with Child’s grades
as others reported, peripheral red blood cell and platelet count
did not correlate with them. Furthermore, thrombocytopenia is
the most common manifestation of hypersplenism in cirrhosis
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and portal hypertension[26,27]. Similar to previous studies[26-28],
we also observed a negative correlation between the platelet
count and spleen volume. Therefore, peripheral blood cell count
represents the severity of hypersplenism, and should also be
taken into consideration in cirrhosis staging.
In conclusion, an optimal system that includes parameters
representing the portal hemodynamics and spleen function
should be proposed for cirrhosis staging.
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Abstract
AIM: To investigate the existence and significance of hepatitis
B virus (HBV) DNA in the pathogenesis of IgA nephropathy
(IgAN).
METHODS: Fifty cases of IgAN with HBV antigenaemia
and/or hepatitis B virus antigens (HBAg, or HBsAg, HBcAg)
detected by immunohistochemistry in renal tissues were
enrolled in our study. The distribution and localization of
HBV DNA were observed using in situ hybridization.
Southern blot analysis was performed to reveal the state
of renal HBV DNA.
RESULTS: Among the 50 patients with IgAN, HBs antigenemia
was detected in 17 patients (34%). HBAg in renal tissues
was detected in 48 patients (96%), the positive rate of
HBAg, HBsAg, and HBcAg was 82% (41/50), 58% (29/50),
and 42% (21/50) in glomeruli, respectively; and was 94%
(47/50), 56% (28/50) and 78% (39/50) in tubular epithelia,
respectively. Positive HBV DNA was detected in 72% (36/50)
and 82% (41/50) cases in tubular epithelia and glomeruli
respectively by in situ hybridization, and the positive signals
were localized in the nuclei of tubular epithelial cells and
glomerular mesangial cells as well as infiltrated interstitial
lymphocytes. Moreover, 68% (34/50) cases were proved to
be HBV DNA positive by Southern blot analysis, and all were
the integrated form.
CONCLUSION: HBV infection might play an important role
in occurrence and progress of IgAN. In addition to humoral
immune damages mediated by HBAg-HBAb immune complex,
renal tissues of some IgAN are directly infected with HBV
and express HBAg in situ, and the cellular mechanism
mediated by HBV originating from renal cells in situ may
also be involved in the pathogenesis of IgAN.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
IgA nephropathy is one of the most common glomerular
diseases worldwide. Its prevalence varies considerably among
and within countries, and its pathogenetic mechanisms still
remain largely uncertain [1-3]. Coexistence of mesangial
proliferative glomerulonephritis with predominant mesangial
IgA deposits and persistent hepatitis B virus surface
antigenemia was first reported in five patients by Nagy et al[4],
and later by some other studies[5-9]. In 1996 Zhang et al [5]
investigated HBV DNA in renal biopsies from fifty patients
with many kinds of glomerulonephritis using in situ
hybridization, and found that 72% (36/50) cases were HBV DNA
positive detected by in situ hybridization, and 82% (17/23)
cases were proved to be HBV DNA positive in Southern blot
analysis. Moreover, among the five patients with IgAN, four
and two patients were HBV DNA positive using in situ
hybridization and Southern blot analysis, respectively. Wang
et al[6,9] reported the integrated form of positive HBV DNA in
renal biopsies from one of two patients with IgAN in 1996 by
using Southern blot analysis, 12 of 20 patients with IgAN by
using in situ hybridization and 8 of 10 patients with IgAN were
the integrated form of positive HBV DNA using Southern blot
analysis in 2003. Since China is an endemic area of hepatitis B
virus (HBV) infection, and has an incidence of 32% IgA
nephropathy in primary glomerulonephritis, according to a
clinical analysis of 1001 cases by Li et al [10]. Hence, the
relationship between IgA nephropathy and HBV infection is
attracting increasing attention. In order to clarify the role of
HBV DNA in the pathogenesis of IgA nephropathy, we took
advantages of the sensitivity and specificity of molecular
techniques using both in situ hybridization and Southern blot
analysis to detect HBV DNA in kidney tissues from patients
with IgA nephropathy.
MATERIALS AND METHODS
Patients
Fifty patients with IgA nephropathy who were admitted to our
hospital with positive serum HBV infectious markers and/or
HBAg detected in renal biopsy by immunohistochemistry were
enrolled in this study. Of the 50 patients in this study, 27 were
males and 23 were females, aged 18-66 years ( average 34.6 years).
Their clinical data were complete and pathological diagnoses
were confirmed by light microscopy and immunofluorescence
examination. The criteria for selection of patients included no
history of jaundice or liver disease, blood transfusion, or
intravenous drug addiction; normal liver functions; absence of
cryoglobulinemia; and no clinical and laboratory evidence of
secondary renal lesions such as lupus nephritis and HenochSchonlein purpura glomerulonephritis. None had liver biopsies.
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Five cases without any HBV infectious markers in both serum
or renal tissue were used as controls.
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HBAg and HBV DNA in renal biopsies in IgAN patients,
Fisher’s exact test or chi-sequare test was used as appropriate.
P<0.05 was considered statistically significant.

Serologic tests for HBV
Tests for HBV antigens and antibodies were performed before
renal biopsy and regularly thereafter. Double antibody sandwich
ELISA was used for detecting HBsAg and HbeAg, while double
antigen ELISA was used for detecting anti-HBs and antibody
competitive ELISA for detecting anti-HBe and anti-HBc. The
test reagent kits were purchased from Shanghai Medical
Laboratory.

RESULTS
Serologic findings
Seventeen patients (34%) were found to be HBsAg positive in
their sera, serum HBeAg was detected in 3 patients (6%), antiHBe was positive in 10 patients (20%), HBcAb was positive in
26 patients (52%), and HBsAb was positive in 10 patients (20%).

Immunohistochemistry
The biopsy tissue was divided into three to four pieces. One
piece was fixed in 950 mL/L ethanol and cut into 3 m thick
sections and stained with hematoxylin and eosin (HE) and
periodic acid silver methanamine (PASM). The second piece
was embedded in ornithine carbamoyltransferase (OCT)
compound (Miles Inc. Elkhart, In, USA), cut into 5 m thick
sections for detecting IgG, IgA, IgM and C3 with direct
immunofluorescence. The relevant antibodies were labelled with
fluorescein (FITC) (Dako Corporation, Santa Barbara, CA, USA).
The third piece was prefixed with 2.5 g/L glutaldehyde and
postfixed with 10 g/L osmium and cut into ultrathin sections
with conventional methods for electron microscopic observation.
The fourth piece was freshly preserved at -70 ℃ for Southern
blot analysis.

Detection of HBAg in renal tissue
HBAg (HBsAg and/or HBcAg) in renal tissues was detected in
48 patients (96%) by immunohistochemistry. The distribution
of positive HBAg on glomeruli was found in 41 cases (82%),
including HBsAg in 58% (29/50) cases and HBcAg in 42%
(21/50) cases. The distribution of HBAg on glomeruli was found
either on capillary loops or in mesangial region or both. The
expression of HBAg in tubular epithelial cells was detected in
47 cases (94%). HBsAg and HBcAg in tubular epithelial cells
were also found in 56% (28/50) and 78% (39/50) cases. The
positive rate of tubular HBcAg (78%) was higher than that of
tubular HBsAg (56%), glomerular HBsAg (58%) and HBcAg
(42%). Both HBsAg and HBcAg were located in cytoplasm of
tubular epithelial cells. Occasionally, HBcAg could be visualized
in the nuclei of tubular cells.

Detection of HBVAg in renal tissue
Immunohistochemical methods were used to detect the distribution
of immunoglobulin, HbsAg and HBcAg. The 4 m thick sections
were digested with 0.5 g/L trypsin for 15 min at 37 ℃ to expose
the epitopes of HBsAg and HBcAg. Rabbit anti-HBcAg and
peroxidase-antiperoxidase (PAP) complex were purchased from
Dako Company (Dakopatts, Denmark, USA.). PAP kit for
HBcAg, horseradish peroxidase-labelled goat anti-human IgG,
IgA and IgM for immunofluorescence examination, and other
antibodies were prepared by the Department of Pathology,
Shanghai Medical University. The first antibodies for HBV
antigens were goat anti-HBs and rabbit anti-HBcAg. The
specificity of staining for HBV antigens was checked by
blocking and absorption procedures as previously described
by Lai et al [11] and Zhang et al [12]. No cross reactivities of
anti-HBV antigen (s) with each other and with immunoglobulins,
complements, fibrinogen, normal and sclerosed glomerular
tissues from HBsAg-negative controls were found. Primary
antibodies were replaced by normal sheep and rabbit sera as
negative controls.

Detection of HBV DNA in renal tissue by in situ hybridization
Forty-six of the 50 cases (92%) were HBV DNA positive in
renal tissues by in situ hybridization. Seventeen of them were
found to be HBsAg positive in their sera, HBeAg was detected
in 3 patients, HBeAb was positive in 10 patients, HBcAb was
positive in 25 patients and HBsAb was positive in 10 patients.
All these 46 patients were HBVAg positive in the renal tissue,
while HBcAg was positive in glomerular cells and tubular
cells in 21 and 39 cases, respectively and HBsAg was positive
in 29 and 28 cases, respectively. Of these 50 cases, 41 (82%)
were HBV DNA positive in tubular epithelial cells. HBV DNA
was detected in glomeruli in 72% cases (36/50). The positive
signals of hybridization were localized within the nuclei of tubular
epithelial cells and glomerular mesangial cells as well as
infiltrated interstitial lymphocytes.

In situ hybridization
Paraffin-embedded 4 m thick sections were used for in situ
hybridization. The digoxigenin labeled full-length HBV DNA
probe was prepared from a HBV plasmid clone of pBR322 and
labeled with digoxigenin by random labelling using a detection
kit [13] (Beijing Hepatitis Research Institute). The main
procedures of in situ hybridization were the same as reported
previously[5-9].
Southern blot analysis
Fresh specimens preserved at -70 ℃ were processed for the
detection of renal HBV DNA state by Southern blot analysis.
The 32P(a)-dCTP- labelled HBV DNA probe and the procedures
used were the same as reported previously[5-9].
Statistical analysis
To analyze the seropositivity of HBV marker or the presence of

Detection of HBV DNA in renal tissue by Southern blot
Of the 50 cases, 34 (68%) were HBV DNA positive by Southern
blot analysis, all these positive specimens were the integrated
form of HBV DNA , and none was a non-replicating free form
of HBV DNA with a single signal band of 3.2 kb. The integrated
state of HBV DNA by Southern blot analysis showed a high
molecular weight single band before digestion and revealed
irregular multiple bands after E. cori restrictive enzyme
treatment.
Relationship among HBV infectious markers in sera, and HBAg
and HBV DNA in renal tissues
The relationship among HBV infectious markers in sera, and
HBAg and HBV DNA in renal tissues of the 50 cases with
IgAN are shown in Table 1. Neither HBAg nor HBV DNA was
found in the renal tissues from the five control cases of
mesangioproliferative glomerulonephritis.
DISCUSSION
The association between chronic hepatitis B virus infection,
characterized by persistent hepatitis B surface antigenemia
and glomerular disease was first described in 1971 [14].

714

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

February 7, 2005

Volume 11

Number 5

Table 1 Relationship among HBV infectious markers in sera, and HBAg and HBV DNA in renal tissue in 50 cases with IgA
nephropathy
Serum HBV markers
Case Age
(yr)

Sex

Course

HBAg

Renal HBAg
HBAb

HBsAg HBeAg

HBsAb HBeAb

Renal HBV DNA

T
HBcAb

HBsAg

G

ISH

HBcAg HBsAg HBcAg

T

Southern bolt
G

1

30

F

4 yr

+

-

-

-

+

-

+

+

+

+

+

+

2

32

M

8 mo

+

-

-

-

-

-

+

+

-

+

+

+

3

35

M

2 yr

-

-

-

-

+

-

+

+

-

+

+

+

4

38

M

13 yr

+

-

-

+

+

-

+

-

+

+

+

+

5

35

F

5 yr

-

-

+

-

-

+

-

-

-

+

-

-

6

36

F

7 mo

+

-

-

-

+

+

-

+

+

+

+

+

7

32

M

2 mo

-

-

-

+

-

-

+

-

-

+

-

-

8

26

M

6 yr

-

-

-

-

+

-

+

+

-

+

+

+

9

22

M

5 mo

+

-

-

-

-

+

-

-

+

+

+

+

10

47

F

4 yr

+

-

-

-

+

-

+

+

-

+

+

+

11

24

M

6 yr

-

-

-

+

+

-

+

-

-

+

+

-

12

43

M

9 mo

-

-

-

-

+

+

-

-

+

+

+

+

13

26

F

1 yr

-

+

-

-

-

+

+

+

-

+

+

+

14

28

M

2 yr

-

-

+

-

+

-

+

-

+

+

-

+

15

45

M

3 mo

-

-

-

-

+

-

+

-

+

-

+

-

16

38

F

2 mo

-

-

+

-

-

+

+

+

-

+

-

+

17

53

F

4 yr

+

-

-

-

+

+

+

+

+

+

+

+

18

59

M

1 yr

-

-

-

+

+

+

+

+

-

+

+

+

19

64

M

11 mo

-

-

+

-

-

+

-

+

-

-

+

-

20

58

F

7 mo

-

-

+

-

-

-

+

-

+

-

+

+

21

66

M

2 yr

-

+

-

-

-

+

+

+

+

+

+

+

22

21

F

4 mo

-

-

-

-

-

+

-

+

-

-

+

-

23

30

M

1 yr

-

-

-

+

+

+

+

+

-

+

+

+

24

29

F

4 mo

-

-

-

-

+

-

-

-

-

-

-

-

25

43

F

3y

+

-

-

-

-

+

+

+

-

+

+

+

26

36

M

1 mo

-

-

+

-

+

-

+

+

-

+

+

+

27

27

M

2 mo

-

-

-

-

-

-

+

-

-

+

-

-

28

53

F

2 yr

-

-

-

-

+

+

+

+

+

+

+

+

29

49

F

5 mo

-

-

+

-

-

-

-

+

-

-

-

-

30

16

M

3 mo

-

-

-

-

+

+

+

+

-

+

+

+

31

28

F

6 mo

-

-

-

+

+

-

+

+

-

+

-

+

32

33

F

4 mo

+

-

-

-

-

+

+

+

-

+

+

+

33

41

M

7 mo

+

-

-

-

-

+

+

+

+

+

+

+

34

20

F

1 mo

-

-

-

-

+

-

+

-

+

+

-

-

35

18

F

2 mo

-

-

-

-

-

-

+

-

-

-

-

-

36

31

M

6 mo

+

-

-

-

-

+

+

+

+

+

+

+

37

29

M

1 yr

-

-

-

+

+

+

+

+

-

+

+

+

38

42

F

3 mo

-

-

+

-

-

+

-

-

-

+

-

-

39

21

F

2 mo

-

-

-

-

+

-

-

-

-

-

-

-

40

36

M

1 yr

+

-

-

-

-

+

+

+

-

+

+

+

41

60

F

2 yr

+

-

-

-

-

-

+

+

-

+

+

+

42

25

M

3 mo

-

-

-

-

+

-

+

-

+

+

-

-

43

19

M

2 mo

-

-

+

-

-

+

-

-

-

+

-

-

44

56

F

7 mo

+

-

-

-

-

+

+

+

+

+

+

+

45

22

M

3 mo

-

-

-

+

+

+

+

+

-

+

+

-

46

43

F

2 yr

+

-

-

-

+

+

+

-

+

+

+

+

47

39

M

6 mo

-

-

+

-

+

+

-

+

-

+

+

48

25

M

7 mo

+

+

-

-

-

+

+

+

+

+

+

+

49

36

F

8 mo

-

-

+

+

+

-

+

-

+

+

+

+

50

32

M

3 yr

+

-

-

-

+

+

+

-

+

+

+

+

17

3

10

10

26

28

39

29

21

41

36

34

Total

T: tubules; G: glomeruli; ISH: in situ hybridization; +: positive; -: negative.
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Hepatitis B virus associated glomerulonephritis (HBVGN)
has been traditionally regarded as a typical immune complex
glomerulonephritis mediated by hepatitis B antigen (HBAg)
and hepatitis B virus antibody (HBAb) immune complexes
deposited on glomeruli[14-18]. Various morphological patterns,
including membranous nephropathy, membranoproliferative
glomerulonephritis (MN), mesangial proliferative glomerulonephritis
(MPGN), minimal change nephropathy, and IgA nephropathy
have been reported[18-22,24-30]. IgA nephropathy has been confirmed
to be an immune complex-mediated glomerulonephritis, which
is morphologically defined by mesangial deposition of IgA[1-3].
The etiologic role of HBV antigenemia and HBV antigen
deposition in IgA nephropathy remains speculative[5-9]. It most
likely involves mesangial and subendothelial trapping of
circulating immune complexes (CICs), and the observation that
CICs primarily result in mesangial and subendothelial deposits
supports this mechanism[1-3]. The possible role of HBV antigens
is highly suspected, especially in endemic areas of HBV
infection, such as in Southeastern Asia[5-9,23]. Many efforts have
been contributed to this field[12,23,27,31-34], yet there are only
scattered and incomplete data because of the difficulty in
obtaining tissue specimens, complicated clinical settings, less
specific and sensitive detection techniques. Humoral immune
responses triggered by HBAg-HBAb immune complexes are
traditionally regarded as the mechanism of tissue injury
resulting in HBV-glomerulonephritis (GN). HBsAg, HBcAg and
HBeAg with immunoglobulins and complement deposits in the
glomeruli of HBV-GN have been demonstrated in many
investigations[4,30-33,35-38]. It remains perplexing why some chronic
HBsAg carriers develop IgAN, while others develop membranous
gl omer ul oneph r i ti s (MGN) or mesa n gioca pi ll a r y
glomerulonephritis (MCGN). This is well related to HBV antigen
status as well as the size and charge properties of HBV antigens
and their antibodies. The larger size of HBsAg and HBcAg
favors the mesangial localization of HbsAg-anti-HBs or /and
HBcAg-anti-HBc complexes in HBV-IgAN[11,12,23].
The demonstration of HBV DNA within the glomeruli in
patients with glomerulonephritis[33-35] and the identification of
both free and integrated HBV DNA in kidneys of chronic HBsAg
carrier, may favor the notion that HBV might also infect resident
glomerular cells leading to immune complex formation. Detection
of HBV DNA has been reported in kidneys of chronic HBsAg
carriers with different glomerulonephritis [33-35], yet the
consistency of these findings remains controversial, since some
investigators were unable to detect similar findings in chronic
HBV carriers with coexisting membranous nephropathy[36]. This
issue is of importance in understanding the pathogenesis of
HBV-related glomerulonephritis. In 1992 Fang et al[30] identified
the non-replicating free form and the integrated form of HBV
DNA in children’s membranous glomerulonephritis by Southern
blot analysis of renal DNA. Lin [31] investigated HBV DNA by
in situ hybridization with 3H-dCTP -labeled full-length HBV
DNA pr obes i n 20 ch i l d ca s es of m em br a n ous
glomerulonephritis, and found that the positive rate of HBV
DNA was 87.5% within 6 mo after the disease onset, and only
21% in tubular epithelial cells and none in glomeruli, while the
course of glomerulonephritis lasted for more than 6 mo. In 1996,
Zhang et al[5] investigated the HBV DNA in renal biopsies from
fifty patients and found that 72% (36/50) cases were HBV DNA
positive by using in situ hybridization and 73.9% (17/23) cases
were HBV DNA positive in Southern blot analysis. Wang et al
[9]
reported that HBV DNA was positive in 100% renal biopsies
from patients with IgAN by using in situ hybridization and 80%
(8/10) patients with IgAN were the integrated form of positive
HBV DNA by Southern blot analysis. Thereafter, the questions
that whether the existence of HBV DNA in renal tissue of
glomerulonephritis patients is a general phenomenon and what
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role HBV DNA plays in the pathogenesis of renal injury are
raised. Therefore, with the help of in situ hybridization (ISH)
and Southern blot analysis for HBV DNA, and highly sensitive
and specific biological techniques, we have found the evidence
for the presence of viral transcription in glomerular cells and
renal tubular epithelial cells, which supports an etiological role
of HBV in some chronic HBsAg carriers who develop coexisting
glomerulonephritis. Since the presence of HBcAg in glomeruli
might be not only from the HBV DNA positive glomerular cells,
but also from the circulation, the detectable rate of HBcAg in
glomeruli has a close correlation with serum HBV antigenaemia
and the state of HBV DNA both in serum and renal tissue. The
presence of HBcAg and HBV DNA in tubular epithelial might
indicate HBV replication in epithelial cells[39,40]. Southern blot
analysis, could identify the state of HBV DNA[30]. In our study,
34 of 50 cases (68%) were HBV DNA positive by Southern blot
analysis, and all were the integrated form. Since the number
and molecular weight of the bands of HBV DNA signals of
integrated form varied, it is suggested that HBV DNA integration
is random. The infected cells with free forms of HBV DNA,
consisting of full genome of HBV, may theoretically express
HBAg. However, if only some fragments of HBV DNA randomly
integrate into chromosomes of the host cells, whether the
cells expressing HBAg would depend on the integrated part
consisted of certain intact HBAg genomes and their matched
promotors as the elements of franking sequence of HBV DNA.
Therefore, the kidney might carry dormant HBV DNA after HBV
infection[5,6,28] or express HBAg triggering immune reaction
resulting in tissue injury, which might be mediated by HBAgHBAb immune complexes together with complements.
Meanwhile, another possibility is that HBV-infected renal cells
with the target HBcAg expression might activate T
lymphocytes with relevant lymphokines resulting in increase of
the permeability of glomerular epithelial cells and glomerular
basement membrane[41].
In conclusion, the presence of HBV DNA in renal tissues of
patients with IgAN, especially with coexisting HBV
antigenaemia, appears to be a general phenomenon among IgAN
patients in Shanghai, China. The host tissue tropism of HBV is
not limited to hepatocytes, and active viral transcription is
present in glomerular and tubular epithelial cells. Hepatitis B
virus might be the etiologic agent for some chronic HBsAg
carriers with coexisting IgA nephropathy. The cellular
mechanism mediated by HBV originating from renal cells in situ
may also be involved in the pathogenesis of IgAN. These
concepts might enrich our understanding of the pathogenesis
of HBV related IgAN both theoretically and clinically.
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Abstract
AIM: To validate a radioactivity assay, the TCA-RA method,
for the measurement of C-1027 in serum and to evaluate
its application in determination of pharmacokinetics of C1027 in mice.
125

METHODS: I-C-1027 was prepared by the Iodogen
method and separated by HPLC. The radioactivity assay
was established and used to determine 125I-C-1027 in mice
at doses of 10, 50 and 100 g/kg after precipitation with
20% trichloroacetic acid (TCA-RA method). Several
pharmacokinetic parameters were determined after
intravenous injection of 125I-C-1027 to mice.
RESULTS: After intravenous injection of 125I-C-1027 to mice,
at doses of 10, 50 and 100 g/kg; the apparent distribution
volumes (Vd) were 0.26, 0.31 and 0.33 L/kg; the biological
half-lives (T1/2) were 3.10, 3.40 and 3.90 h; the areas under
curve (AUC) were 18.41, 103.69 and 202.74 ng/h/mL; the
elimination rate constants (K) were 1.04, 1.26 and 0.58/h;
and the total body clearance (Cl ) were 0.54, 0.48 and
0.49 L/kg/h, respectively.
CONCLUSION: TCA-RA is a sensitive, reliable and suitable
method for the determination of 125I-C-1027 in mouse serum.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: C-1027; TCA-RA method; Pharmacokinetics
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INTRODUCTION
Lidamycin (C-1027), produced by Streptomyces globisporus in
soil, consists of a non-covalently bound apoprotein, and a labile
chromophore that is responsible for most of the biological

activities[1-7]. The structure of C-1027 has been studied by
several methods[8-10]. C-1027 shows a remarkable inhibition on
the growth of human liver cancer, colon cancer and epithelial
tumor cells[11-18], and exhibits highly potent cytotoxicity to
cultured cancer cells and marked DNA cleaving ability[19-27].
The protein moiety of C-1027 has a single polypeptide chain
cross-linked by two disulfide bonds with a molecular weight of
10 500 Da [28,29]. The protein protects the stability of the
chromophore. Like other enediyne agents, antibiotic C-1027 is
believed to exert its biological activity through the induction of
cellular DNA and RNA damage[30-35]. The pre-clinical studies
on the pharmacodynamics, pharmacokinetics and toxicology
have demonstrated that C-1027 appears to be a very promising
anticancer candidate, and has been used in clinical trial in China.
The aim of this study was to validate a radioactivity assay after
precipitation with 20% trichloroacetic acid (the TCA-RA method)
for the measurement of serum C-1027 and to evaluate its application
in determination of pharmacokinetics of C-1027 in mice.

MATERIALS AND METHODS
Chemicals and instruments
C-1027 (Lot: 20020525, purity 95.0%) was produced by the
Institute of Medicinal Biotechnology, Chinese Academy of
Medical Sciences and Peking Union Medical University
(Beijing, China). 125I-C-1027, which was radio-iodinated by the
Iodogen method[36], had a specific radioactivity of 7.45 mCi
(275.65 MBq)/mg. The radiochemical purity was more than 95%.
Iodogen was from Academy of Military Medical Sciences
(Beijing, China). Trichloroacetic acid (TCA, analytical grade)
was provided by the Chemical Company (Beijing, China),
and 0.9% sodium chloride was purchased from Dazhong
Pharmaceutical Company (Tianjin, China). Distilled water,
prepared from demineralized water, was used throughout the
study. Gamma counter (FJ630G/12 model) was produced by
Beijing Nuclear Company (Beijing, China). The chromatographic
system (LC-6A, Shimadzu, Japan) consisted of a pump
(LC-6AT), temperature box and variable wavelength UV
detector (Spectra 100, Shimadzu, Japan). Sephadex G-50 column
(300 mm ×7.8 mm I.D) was purchased from Pharmacia Company
(USA).
Animals
Kunming mice, male and female, with body weights from 17 to
24 g, were purchased from the Center of Experimental Animals
of Tianjin Institute of Pharmaceutical Research (Certificate
No: 20020804, Tianjin, China).
Preparation of 125I-C-1027
Iodogen (100 g) in 100 L of chloroform was placed in a sample
tube, and evaporated to dryness with nitrogen gas. C-1027
(50 g), and 50 L of Na125I (74 MBq) were pipetted, mixed, and
allowed to react at 15 ℃ for 30 min [36]. The mixture was
chromatographed on Sephadex G-50 column. The mobile phase
consisted of 0.05 mol/L sodium dodecyl sulfate phosphate
buffer solution (pH 7.0) at a flow rate of 0.8 mL/min. The eluted
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Application for mouse pharmacokinetics
Each sampling time was randomly distributed in 6 mice. Blood
samples (0.4 mL) were collected at 0 min (pre-dose) and 2, 5, 15,
30 min and 1, 2, 4, 6, 8, 12, and 24 h after intravenous
administration of 125I-C-1027 at doses of 10, 50, and 100 g/kg.
Serum samples were obtained by centrifuging at 2 000 g for
10 min, and stored at -20 ℃ until analysis.

0.8
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AU
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fractions, detected by gamma counter as the same chromatographic
behavior as standard C-1027 and Na125I, were components of
125
I-C-1027 and Na125I, respectively (Figure 1). The fraction,
collected from 10 min to 12.5 min, was a single radioactive peak
of 125I-C-1027, and was concentrated to a specific activity and
applied for pharmacokinetic study.
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Figure 1 Chromatograms of the separation of 125I-C-1027 assayed by UV and radioactivity. A: 125I-C-1027; B:Decomposed
materials of 125I-C-1027 and 125I.

Radiochemical purity
The radiochemical purity of 125I-C-1027 was calculated from the
ratio of radioactivity of 125I-C-1027 to the collected total
radioactivity. The biological activity of 125I-C-1027 was assayed
in mice as previously described[37], and the biological activity
was compared with C-1027. Only the 125I-C-1027, whose
biological activity remained unchanged, was used to study the
pharmacokinetics of 125I-C-1027.
Solution preparation and quality control samples
Stock solution (10.0 g/mL) of the 125I-C-1027 (275.65 KBq/mL)
was prepared in water, and stored at -20 ℃. The stock solution
was prepared into the serial concentrations of standard solution
of 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0 and 100.0 ng/mL in 0.9%
sodium chloride solution. The standard solution was used to
prepare standard curves. The serial concentrations of calibration
curves were prepared with mouse blank serum instead of 0.9%
sodium chloride solution as mentioned above. Quality control
(QC) samples were prepared into low, middle and high
concentrations (0.5, 5.0 and 50 ng/mL) in mouse serum.
Sample preparation
To 100 L of mouse serum samples, 100 L of 20% TCA was
added. The mixture was vortexed for 2 min, and the supernatant
was removed. Then, radioactivity of the precipitate was
determined by the gamma counter.
Specificity, precision, accuracy and stability
Specificity of the assay was demonstrated by comparison between
the radioactivity of the mouse serum spiked with 125I-C-1027
and the mouse blank serum.
QC samples of low, middle and high concentration levels
(0.5, 5.0, and 50 ng/mL) were prepared for the determination of
the precision and accuracy of intra- and inter-day. Precision,
which was evaluated by one-way analysis (ANOVA), was defined
as the relative standard deviation (RSD). Accuracy was defined
as the relative errors (RE) between the measured and the nominal
value on each of the three concentration levels.
Bench top stability was experimented at room temperature
over 12 h. The QC samples in 6 replicates were analyzed at
room temperature on the same day. Three freeze-thaw cycles
were done on the QC samples.

Pharmacokinetic datum analysis
The concentration-time data were computed using a 3p97
Pharmacokinetic Calculation Program developed by the
Mathematic Pharmacological Committee, Chinese Pharmacological
Society (Beijing, China). The following pharmacokinetic
parameters were calculated: biological half-life (T1/2), area under
concentration-time curve (AUC), apparent distribution volume
(Vd), the total body clearance (Cl), elimination rate constant
(K), and other parameters.
RESULTS
Validation of the bioanalytical method
The standard and calibration curve equations of 125I-C-1027
showed that the concentrations and their own radioactivity
had a good linear correlation. The typical curve equations and
correlation coefficients were as follows: y = 49.5 + 1235.9×(n = 8,
r = 0.9994) for the standard solution of 125I-C-1027 at the
concentration from 0.5 to 100.0 ng/mL, and y = 127.6 + 969.5× (n = 7,
r = 0.9999) for serum samples from 0.5 to 100.0 ng/mL.
Precision and accuracy of the assay were evaluated by
analyzing QC samples (0.5, 5.0 and 50.0 ng/mL) in 6 replicates
on 3 different days. The relative standard deviation (RSD) was
less than 5.0% for intra-day assay and less than 10.1% for
inter-day assay at 0.5-100.0 ng/mL. The accuracy was between
96.0% and 99.0% (Table 1). The limit of quantitation was the
lowest concentration on the calibration curve if the following
conditions were met. (1) There was no interference present in
blanks at the retention time of the analyte, or the determination
response was at least 10 times greater than any interference in
blank sample at the retention time; (2) Analyte peak should be
identifiable, discrete and reproducible with a precision of less
or equal to 15% and accuracy within ±15%. The limit of quantitation
of 125I-C-1027 for the TCA-RA method was 0.5 ng/mL.
Table 1 Precision and accuracy for determination of 125I-C1027 by TCA-RA method in mouse serum (mean±SD, n = 5)
Within-day
Added
(ng/mL)

Found

Between-day

RSD Accuracy Found
(%)
(%)

RSD Accuracy
(%)
(%)

1.0

0.98±0.05

5.0

98.0

0.96±0.04

4.6

96.0

2.5

2.47±0.05

1.9

98.6

2.45±0.25 10.1

98.2

20 .0

9.81±0.14

0.7

99.0

19.65±1.00

5.1

98.4

Stability
The bench top stability of 125I-C-1027 in mouse serum was
determined over 12 h at room temperature. The results showed
that 125I-C-1027 was stable at the concentrations (0.5, 5.0 and
50.0 ng/mL) at room temperature (more than 92.0%, 91.0% and
90.0%, respectively). Similarly when 125I-C-1027 underwent 3
freeze-thaw cycles, the percentage differences were 8.9%, 7.3%
and 8.2% at 3 different concentrations, respectively.
Specificity
The comparison of blank serum samples and serum samples
spiked with 125I-C-1027 showed no endogenous interference
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with the measurement of 125I-C-1027.
The validation of the TCA-RA method satisfied the
requirements for bioanalysis[38-42].

Pharmacokinetics
After intravenous injection of 10, 50 and 100 g/kg 125I-C-1027
to mice, the serum concentrations of 125I-C-1027 were determined
by the TCA-RA method. Figure 2 shows the serum concentrationtime curve of 125I-C-1027 after intravenous administration (n = 6).
The results of this experiment showed that the pharmacokinetic
parameters: T1/2, Cl, Vd and K did not exhibit statistically
significant differences (P>0.05) among the three doses, and the
AUC values depended on the administration dose (Table 2).

Concentration (ng/mL)

1 000

10 g/kg

than 95.0%) is obtained by the Sephadex G-50 gel filtration,
indicating that Sephadex G-50 gel filtration is an effective
procedure to yield the high quality 125I-labeled C-1027. Only
the 125I-C-1027 with purity and biological activity in accord
ance with the regulation can be used for the pharmacokinetic
experiments in mice.
The TCA-RA method has been considered to be an accepted
method for assay of the precipitated 125I-C-1027[43]. In this study,
the mouse serum determination and pharmacokinetic profiles
of 125I-C-1027 were measured by the TCA-RA method after
intravenous injection of 10, 50, and 100 µg/kg 125I-C-1027 to
mice. The pharmacokinetic results show that the areas under
curves of three doses (10, 50, and 100 µg/kg) depend on the
doses. The biological half-lives (T1/2) do not change with the
doses. The limit of quantitation indicates that this method is a
sensitive method for analysis of C-1027.

50 g/kg

100
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(P<0.05, 2high vs low = 4.710; P<0.05, 2middle vs low = 4.706).
There was a significant positive correlation between the
integral ratio of GAS to SS and the integral of bcl-2 (P<0.01,
r = 0.340). However, there was a negative correlation
between the integral ratio of GAS to the SS and bax the
integral of (P<0.05, r = -0.299).

Abstract

Mao JD, Wu P, Xia XH, Hu JQ, Huang WB, Xu GQ. Correlation
between expression of gastrin, somatostatin and cell apoptosis
regulation gene bcl-2/bax in large intestine carcinoma. World
J Gastroenterol 2005; 11(5): 721-725

AIM: To explore the correlation between expression of
somatostatin (SS), gastrin (GAS) and cell apoptosis regulation
gene bcl-2/bax in large intestine carcinoma.
METHODS: Sixty-two large intestine cancer tissue samples
were randomly and retrospectively selected from patients
with large intestine carcinoma. Immunohistochemical
staining for bcl-2, bax, GAS, SS was performed according
to the standard streptavidin-biotin-peroxidase (S-P) method.
According to the semi-quantitative integral evaluation, SS
and GAS were divided into three groups as follows. Scores
1-3 were defined as the low expression group, 4-8 as the
intermediate expression group, 9-16 as the high expression
group. Bax and bcl-2 protein expressions in different GAS
and SS expression groups of large intestine carcinoma
were assessed.
RESULTS: The positive expression rate of bax had a
prominent difference between SS and GAS high, intermediate
and low expression groups (P<0.05, 2SS = 9.246; P<0.05,
2GAS = 6.981). The positive expression rate of bax in SS
high (80.0%, 8/10) and intermediate (76.5%, 13/17)
expression groups was higher than that in low expression
group (40.0%, 14/35) (P<0.05, 2high vs low = 5.242; P<0.05,
2middle vs low = 6.097). The positive expression rate of bax in
GAS high expression group (27.3%, 3/8) was lower than
that in low expression group (69.4%, 25/36) (P<0.05,
2 = 4.594). However, bax expression in GAS intermediate
expression group (46.7%, 7/15) was lower than that in
low expression group, but not statistically significant. The
positive expression rate of bcl-2 had a prominent difference
between SS and GAS high, intermediate and low expression
groups (P<0.05, 2SS = 7.178; P<0.05, 2GAS = 13.831). The
positive expression rate of bcl-2 in GAS high (90.9%, 10/11)
and intermediate (86.7%, 13/15) expression groups was
higher than that in low expression group (44.4%, 16/36)
(P<0.05, 2high vs low = 5.600; P<0.05, 2 middle vs low = 7.695).
However, the positive expression rate of bcl-2 in SS high (40.
0%, 4/10) and intermediate (47.1%, 8/9) expression groups
was lower than that in low expression group (77.1%, 27/35)

CONCLUSION: The regulation and control of gastrin,
somatostatin in cell apoptosis of large intestine carcinoma may
be directly related to the abnormal expression of bcl-2, bax.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Large intestine carcinoma; Gastrin; Somatostatin;
bcl-2 gene; Bax gene; Apoptosis
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INTRODUCTION
Large intestine cancer is one of the commonest malignancies in
the world including china. Although early diagnosis and
treatment have somewhat improved outcomes of patients, large
intestine carcinoma still remains the major killer among Chinese[1-4].
Previous studies have demonstrated that the occurrence of
large intestine cancer is directly related to the abnormal
expression of gastrointestinal hormones such as gastrin,
somatostatin, etc[5]. Mean while, somatostatin is able to induce
cell apoptosis of large intestine cancer and inhibit cell
proliferation, but the function of GAS is opposite[6-8]. However,
the detailed mechanism of gastrin and somatostatin in
regulation and control of cell apoptosis of large intestine
carcinoma remains unknown. We used immunohistochemical
staining S-P method to detect the expression of GAS, SS, bcl-2,
bax proteins in large intestine cancer tissue. The aim of this
study was to explore whether GAS, SS could regulate and
control cell apoptosis mainly via influencing the expression of
bcl-2/bax proteins in large intestine cancer.
MATERIALS AND METHODS
Large intestine carcinoma specimens
Sixty-two large intestine cancer tissue samples were randomly
and retrospectively selected from patients with large intestine
carcinoma in the First Affiliated Yijishan Hospital of Wannan
Medical College from 2000 to 2002. Among them, 41 were
cases of rectal cancer, 21 were cases of colorectal carcinoma.
Twenty-two were females, 40 were males. The median age was
50.9±7.8 years, with a range of 28-77 years. The clinical stage
was determined according to Dukes’ stage. Thirty-four were
Dukes’ stages A, B and 28 were Dukes’ stages C, D. Histological
grade of tumors was determined according to the WHO criteria,
and 21 patients were grade I, 25 grade II, 16 grade III.
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Main reagents
The polyclonal rabbit antibodies against human SS and GAS,
monoclonal mouse antibodies against human bcl-2 and bax,
and immunohistochemical staining kits were all purchased from
Beijing Zhongshan Biological Technology Co, Ltd.
Immunohistochemical staining
Specimens obtained at surgery were routinely fixed in 10%
neutral formalin and embedded in paraffin. Serial 4 m thick
sections were cut. Immunohistochemical staining for bcl-2, bax,
GAS, SS was performed according to the standard streptavidinbiotin-peroxidase (S-P) method. The detailed manipulation was
conducted according to the introductions for users. A previously
known positive pancreatic tissue, stomach antrum mucous
membrane, amygdala tissue, Hodgkin’s disease tissue were
used as positive controls for GAS, SS, bcl-2, bax, respectively.
PBS 0.01M wao uged as a negative control to replace the
primary antibody.
Evaluation of scores
The standard positive SS and GAS expressions were stained
brown-yellow mainly in cell plasma, partly in cell membranes.
Both the extent and intensity of immunopositivity of SS and
GAS expressions were scored according to Wu et al [8]. The
intensity of positivity was scored as follows: 1, no staining; 2,
light-yellow; 3, brown-yellow; 4, brown-black. The extent of
positivity was scored as follows (one hundred cells were
counted by two independent observers, who did not know the
clinicopathological features of these large intestine cancers.):
1, ≤5%, 2, >5-10%, 3, >10-20%, 4, >20% of the tumor cells in
the respective lesions. The final score was determined by
multiplying the intensity with extent of positivity scores, yielding
a range from 1 to 16. According to the semi-quantitative integral
evaluation, SS and GAS were divided into three groups as
follows. Scores 1-3 were defined as the low expression group,
4-8 as the intermediate expression group, 9-16 as the high
expression group.
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The standard positive bcl-2 and bax expressions were stained
brown-yellow mainly in cell plasma. Both the extent and
intensity of immunopositivity of bcl-2 and bax expressions were
scored according to Fromowitz et al [9]. The intensity of
positivity was scored as follows: 0, negative; 1, light-yellow; 2,
brown-yellow; 3, brown-black. The extent of positivity was
scored as follows: 1, ≤25%; 2, >25-50%; 3, >50-75%; 4, >75%. The
final score was determined by adding the intensity to extent of
positivity scores, yielding a range from 0 to 12. Scores 1-2 were
defined as negative expression (-), 3 as weak staining pattern
(+), 4 as moderate staining (++), ≥5 as strong staining (+++).

Statistical analysis
Statistical evaluation was performed using chi-square test to
differentiate the rates of different groups and using Spearman
test to analyze the correlation between the ratio of GAS to SS
and the integral of bcl-2 and bax. P<0.05 was considered
statistically significant. SPSS 10.0 software for Windows was
employed to analyze all data.
RESULTS
Bax expression in GAS, SS high, intermediate, and low expression
groups of large intestine carcinoma
The positive expression rate of bax had a prominent difference
in SS and GAS high, intermediate and low expression groups of
large intestine cancer (P<0.05, 2SS = 9.246; P<0.05, 2GAS = 6.981).
The positive expression rate of bax in SS high (80.0%, 8/10)
and intermediate (76.5%, 13/17) expression groups was higher
than that in low expression group (40.0%, 14/35) (P<0.05,
2high vs low = 5.242; P<0.05, 2middle vs low = 6.097). The positive
expression rate of bax in GAS high expression group (27.3%, 3/8)
was lower than that in low expression group (69.4%, 25/36)
(P<0.05, 2 = 4.594). Bax expression in GAS intermediate
expression group (46.7%, 7/15) was lower than that in low
expression group, but without statistical significance (Table 1,
Figure 1: A-C).

A

B

C

D

Figure 1 Strong expressions of GAS, SS, bcl-2 and bax in large intestine carcinoma tissue. A: Strong GAS expression in large
intestine carcinoma tissue. S-P×400; B: Strong SS expression in large intestine carcinoma tissue. S-P×400; C: Strong bax expression
in SS high expression group of large intestine carcinoma tissue. S-P×200; D: Strong bcl-2 expression in GAS high expression
group of large intestine carcinoma tissue. S-P×200.

Mao JD et al. Expression of GAS SS and bcl-2/bax
Table 1 Bax expression in SS and GAS high, intermediate, and
low expression groups of large intestine carcinoma
Ba x
Groups

Positive rate (%)

n
Positive

Negative

SS
High

10

8

2

80.0 (8/10) a

Intermediate

17

13

4

76.5 (13/17) a

Low

35

14

21

40.0 (14/35)

11

3

8

27.3 (3/11) c

7

8

46.7 (7/15)

25

11

69.4 (25/36)

GAS
High

Intermediated 15
Low

36

a

P<0.05 vs the SS low expression group; c P<0.05 vs GAS low
expression group.

Bcl-2 expression in GAS, SS high, intermediate, and low
expression groups of large intestine carcinoma
The positive expression rate of bcl-2 had a prominent difference
in SS and GAS high, intermediate and low expression groups of
large intestine cancer (P<0.05, 2SS = 7.178; P<0.05, 2GAS = 13.831).
The positive expression rate of bcl-2 in GAS high (90.9%, 10/11)
and intermediated (86.7%, 13/15) expression groups was higher
than that in low expression group (44.4%, 16/36) (P<0.05,
2high vs low = 5.600; P<0.05, 2middle vs low = 7.695). However, the
positive expression rate of bcl-2 in SS high (40.0%, 4/10)
and intermediate (47.1%, 8/9) expression groups was lower
than that in low expression group (77.1%, 27/35) (P<0.05,
2high vs low = 4.710; P<0.05, 2middle vs low = 4.706) (Table 2, Figure 1: D).
Table 2 Bcl-2 expression in SS and GAS high, intermediate,
and low expression groups of large intestine carcinoma
Bcl-2
Groups

Positive rate (%)

n
Positive

Negative

SS
High

10

4

6

40.0 (4/10) a

Intermediated

17

8

9

47.1 (8/17) a

Low

35

27

8

77.1 (27/35)

High

11

10

1

90.9 (10/11) c

Intermediated

15

13

2

86.7 (13/15) c

Low

36

16

20

44.4 (16/36)

GAS

a

P<0.05 vs the SS low expression group; c P<0.05 vs the GAS
low expression group.

Correlation between the integral ratio of GAS to SS and the
integral of bcl-2, bax
There was a significant positive correlation between the integral
ratio of GAS to SS and the integral of bcl-2 (P<0.01, r = 0.340).
However, there was a negative correlation between the integral
ratio of GAS to SS and the integral of bax (P<0.05, r = -0.299).
DISCUSSION
Previous studies have shown that tissue growth is regulated
by hormones, and their tumor growth and development are still
controlled by hormones[10]. Gastrointestinal hormones such as
gastrin and somatostatin regulate the secretion, motility,
absorption, blood flow and cell nutrition of the digestive tract.
Abnormality of their secretion often affects the normal
functions of digestive tract, even causes clinical symptoms or
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syndromes[11,12]. Some studies have demonstrated that there is
a high correlation between the abnormal expressions of GAS, SS
and the occurrence and development of large intestine cancer[13-15].
Recent studies have shown that the abnormal expressions of
GAS and SS are closely related to cell apoptosis of large intestine
cancer. Gastrin could promote cell proliferation and inhibit cell
apoptosis. However, the action of somatostatin is opposite in
large intestine carcinoma[8,16,17].
Apoptosis can not only maintain the body in well stable
condition, but also plays an important role in regulating and
controlling tumor occurrence, development and treatment[18].
It has been proved that occurrence of cancer is due to the loss
of control of normal apoptosis and the disturbance of balance
between cell proliferation and apoptosis[19,20]. Apoptosis related
genes such as bcl-2 family are divided into two categories: proapoptosis genes and anti-apoptosis genes. Bcl-2 is an important
apoptosis repressor, while Bax is one of the most important
apoptosis promoters. The protein it encodes could combine
with Bcl-2 to form compounds, which resist the action of apoptosis
repression. But it has a positive regulatory action[21-24]. Recent
data indicate that the regulation and control of cell apoptosis by
bax and bcl-2 genes are not only based on the level of the two
regulatory proteins but also based on their ratio. When the ratio is
high, cells undergo apoptosis, otherwise, they proliferate[19,25,26].
Gastrin is mainly secreted from gastrin secreting cells
(G cells) in antrum mucosa or upper small intestine, large intestine.
Medulla oblongata and dorsal nuclei of vagus nerves in central
nervous system also secrete gastrin [27]. Some studies indicate
that external gastrin is able to inhibit apoptosis of MKN45 cells
by inducing over-expression of anti-apoptosis gene bcl-2, and
proglumide could block these effects of gastrin[28]. Zhang et al[29]
found that gastrin was able to increase the threshold of
apoptosis by upregulating bcl-2 gene expression in human
cholangiocarcinoma cells, but it had no effect on the expression
of bax gene. However, Hartwich et al[30] found that gastrin was
able to restrain the apoptosis of tumor cells by inducing overexpression of bcl-2 and inhibiting the bax gene activity. Whether
gastrin can regulate and control cell apoptosis mainly by
affecting the bax gene expression, needs further studies. In
this study, we found that GAS protein expression and the
positive expression rate of bcl-2 were higher in large intestine
carcinoma, however the expression of bax protein was opposite.
These results accord with those of foreign reports and indicate
that GAS regulation and control of cell apoptosis and
proliferation of large intestine cancer can induce overexpression of bcl-2 protein and down-regulate bax gene activity.
Somatostatin is distributed in human hypothalamus and other
sites of the brain, peripheral nerve and gastrointestinal tract. In
the digestive system, for example, somatostatin is secreted from
somatostatin secreting cells (D cells). D cells are distributed mainly
in intestinal nerve plexus, stomach and pancreas. Somatostatin
acts as an inhibitory peptide of various secretory and proliferative
responses. It has been found that its effects are mediated by a
family of G-protein-coupled receptors (sst1-5)[31-34]. The
mechanisms of the inhibition are the combined interaction of
somatostatin and its analogs with SST1-5R in tumor tissues,
either inhibiting division and proliferation of tumor cells or the
activities of growth factors such as vascular endothelial growth
factor (VEGF), insulin-like growth factor (IGF), etc[35-37], thus
counteracting tumorigenesis and tissue proliferation[38]. Recent
data have shown that somatostatin is not only able to restrain
cell proliferation, but also to induce tumour cell apoptosis.
However, the underlying mechanisms have not been elucidated.
Sharma et al[39] reported that somatostatin analogs (SSa)
octreotide (OCT) could elicit cytotoxic response in MCF-7
human breast cancer cells, leading to apoptosis which is
associated with a rapid, time-dependent induction of wild-type
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p53 and an increase of bax. Kang et al[40] demonstrated that
apoptosis by somatostatin might occur due to bax- and NOindependent p53 accumulation, and through Fas and caspase-8
activation pathways in peritoneal macrophages. Yuan et al[41]
found that somatostatin analogs (SSa) were able to induce the
apoptosis of pancreatic acinar cells. The mechanisms of
apoptosis are probably correlated with the expression of
apoptosis-regulated gene bax, but have no relationship with
the expression of p53. In a word, somatostatin and its analogues
could induce cell apoptosis. In this study, we found that the
higher the integral of SS was, the higher expression of bax
protein, but the expression of bcl-2 protein was lower. Our data
indicate that SS can promote cell apoptosis and restrain cell
proliferation of large intestine carcinoma. The mechanism is
through up-regulation of bax gene expression and inhibition of
the activity of anti-apoptosis gene bcl-2.
In the present study, we found that the ratio of GAS to SS
had an effect on biological characteristics such as malignant
type, tissue differentiation and clinical stages of large intestine
cancer. The ratio of GAS to SS was increased, which is of significance
in large intestine cancer occurrence and development [10]. Our
results show that there is a positive correlation between the
ratio of GAS to SS and the semi-quantitative integral of bcl-2
expression, and a negative correlation between GAS/SS and
bax. Furthermore, the expression of GAS and SS proteins has a
direct relation with the expression of bax and bcl-2.
In conclusion, abnormal expression of GAS and SS can lead
to abnormal expression of bcl-2 and bax in large intestine carcinoma.
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Abstract
AIM: To explore the expression effect of mutated IB
transfection on multidrug resistance gene (MDR-1) in hilar
cholangiocarcinoma cells by inhibiting the activity of nuclear
transcription factor-B (NF-B).
METHODS: We used the mutated IB plasmid to transfect
QBC939HCVC+ cells and QBC939 cells, and electrophoretic
gel mobility shift assay (EMSA) to detect the binding activity
of NF-B DNA and the effect of the transfecting mutated
IB plasmid on multidrug resistance gene (MDR-1) in hilar
cholangiocarcinoma cells and its expression protein (P-GP).
RESULTS: Plasmid DNA was digested by restriction enzymes
Xbal and Hand III, and its product after electrophoresis
showed two bands with a big difference in molecular weight,
with a size of 4.9 kb and 1.55 kb respectively, which indicated
that the carrier was successfully constructed and digested
with enzymes. The radioactivity accumulation of QBC939HCVC+
and QBC939 cells transfected with mutated IB plasmid
was significantly lower than that of the control group not
transfected with mutated IB plasmid. Double densimeter
scanning showed that the relative signal density between
the tansfection group and non-transfection group was
significantly different, which proved that the mutated IB
plasmid could inhibit the binding activity of NF-B DNA in
hilar cholangiocarcinoma cells. Compared to control group
not transfected with m IBplasmid, the expression level
of MDR-1mRNA in the QBC939 and QBC939HCVC+ cells
transfected with mutated IB plasmid was lower. The
expression intensity of P-GP protein in QBC939 and
QBC939HCVC+ cells transfected with mutated IB was
significantly lower than that of the control group not
transfected with mutated IB plasmid.
CONCLUSION: The mutated IB plasmid transfection can
markedly reverse the multidrug resistance of hilar
cholangiocarcinoma cells. Interruption of NF-B activity may
become a new target in gene therapy for hilar cholangiocarcinogenesic carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the discovery of the anti-apoptosis effects of nuclear
transcription factor-B (NF-B) and the research on the activity
inhibition of NF-B, especially the breakthrough progress in
the study on the phosphorylation and degradation mechanism
of the IB of NF-B, a new way to diagnose and treat hilar
cholangiocarcinoma has been explored by inhibiting the activity
of NF-B through gene therapy[1-3]. Mutated IB means that the
amino acid residues of IB at the sites of 32 and 36 are substituted
by alanines (S32,36→A), which block the phosphorylation and
degradation of IB by IKKs, and exclusively bind to the activated
NF-B and subsequently suppress the inappropriate or excessive
activation of NF-B[4-6]. In this paper, we used mutated IB to
block the activation pathway of NF-B to explore the effect of
mutated IB transfection on multidrug resistance (MDR-1) in
hilar cholangiocarcinoma cell lines.
MATERIALS AND METHODS
Materials
QBC939 cells were provided by Professor Wang Shuguang of
Southwest Hospital, Third Military Medical University.
QBC939HCVC+ cells were prepared by us and stored in our
laboratory. E.coli DH5 was stored in our laboratory by general
methods. Mutated IB(S32, 36→A) plasmid was presented
by Professor Baldwin of North Carolina State University.
CLONfectin (Clontetch), Trizal (promega), access RT-PCR
system (Promega), RNAzol (TEST INC), sense and anti-sense
primers of MDR-1 and 2-M, were synthesized by Shanghai
Sangon Bioengineering and Technology Service Co., Ltd.
Methods
Transformation, identification and maxi preps of mutated IB
plasmid We used mutated IB plasmid to transform the
calcified E.coli DH5, screen the positive clones, amplify and
extract and purify the plasmid DNA. The plasmid was stored at
-20 ℃, for transfection use.
Cell culture and transfection QBC939 cells were incubated in
DMEM supplemented with 10% fetal bovine serum (FBS), and
mutated IB plasmid was transfected to QBC939 and
QBC939HCVC +cell lines in log phase using the liposomemediated method, and compared with the control group.
EMSA test QBC939 and QBC939HCVC +cell lines transfected
with mutated IB plasmid were examined by electrophoretic
gel mobility shift assay (EMSA). Extraction of nuclear protein
was referred to the method of Ichikawa et al[7]. The method of
Coomassie brilliant blue G250 was used to determine the protein
concentration of supernatant. EMSA test was performed
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according to operation manual of Promega Company provided
with the gel shift assay kit.
Detection of expression of MDR-1 gene in transfected cells
with RT-PCR The single-step method of guanidine thiocyanate
was used to extract the total RNA, which was then quantitated
by an UV spectrophotometer and identified by agarose gel
electrophoresis. Reverse transcription-PCR reaction was
performed in a sensitive single-tube two-enzyme system,
(Promega Company). The reaction volume of 50 L contained
20 L special RNAase free water, 10 L AMV/IfI 5, 1 L dNTP
mixture (2.5 mmol/L), 10 L sense/anti-sense primer mixture,
2 L MgSO4 (25 mmol/L), 1LAMV reverse transcriptase (5 u/L),
1 mL Tfi DNA polymerase (5u/L), 3 g RNA sample, MDR-1
sense primer (5’-GTACCCATCATTGCAQATAGC), anti-sense
primer (5’- CAAACTTCTGCTCCTGAGTC -3’). PCR reaction
conditions were at 94 ℃ for 40 s, at 56 ℃ for 45 s; at 72 ℃ for
1min for 30 cycles. PCR products were identified by 2% agarose
gel electrophoresis, and stained with ethidium bromide (EB).
Electrophoresis bands of DNA were analyzed with a gel scanner
for determining the photon intensity. The ratio of MDR-1 to 2-M
was regarded as the reference data of expression levels to
determine the relative quantity of MDR-1 to PCR products.
Immunohistochemistry determination of the expression of PGP protein in transfection cells The general immunohistochemistry adopted labeled-streptavidin biotin system (LSAB),
and the positive and negative control groups were set up. When
over 5% cytoplasm or cell membrane showed brown-yellow in
color, the staining was regarded as the positive P-GP.

RESULTS
Identification of mutated IB plasmid
Plasmid DNA was digested by restriction enzymes Xbal and
HandIII, and its product after electrophoresis showed two
bands with a big difference in molecular weight (Figure 1), with
a size of 4.9 kb and 1.55 kb respectively, which indicated the
carrier was successfully constructed and digested with enzymes.
1

2
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the competitive reaction control after adding the 30× non-labeled
probe showed no avidity band of NF-B after electrophoresis
(Band 1 in Figure 1). The experiment indicated that the nonlabeled probes bound to NF-B competitively, causing the
labeled probes to decrease remarkably or almost completely.
These two experiments proved that the activity detection of
NF-B in this research had a specificity.
1 2 3 4 5 6
Sample-loading hole

NF-B

Free Probe

Figure 2 EMSA of QBC939 and QBC939HCVC +cells transfected
with mutated IB plasmid. Lane 1: Control group; lane 2:
QBC939HCVC +cells without transfected with mutated IB;
lane 3: QBC939 cells not transfected with mutated IB; lanes
4 and 5: QBC939HCVC + cells transfected with mutated IB;
lane 6: QBC939 cells transfected with mutated IB.

Effect of mutated IB plasmid transfection on the expression
of MDR-1 and P-GP in hilar cholangiocarcinoma cells
Compared with control group, the expression level of MDR1mRNA in QBC939 and QBC939HCVC+ cells transfected with
mutated IB plasmid was lower (Figure 3). The expression
intensity of P-GP protein in QBC939 and QBC939HCVC+ cells
transfected with mutated IB was significantly lower than
that in the control group not transfected with mutated IB
plasmid (Figures 4A, B).
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Figure 1 Macrorestriction map of mutated IB Plasmi. Lane
1: Plasmid DNA; lane 2: Plasmid DNA cut by Xbal and HandIII;
lane 3: DNA marker.

Inhibition of mutated IkBa plasmid transfection on NF-B DNA
binding activity
The radioactivity accumulation of QBC939HCVC+ and QBC939
cells transfected with mutated IB plasmid was significantly
lower than that of the control group not transfected with mutated
IB plasmid. Double densimeter scanning showed that the
relative signal density between the tansfection group and nontransfection group was significantly different, which proved
that the mutated IB plasmid had the function of inhibiting the
binding activity of NF-B DNA in hilar cholangiocarcinoma cells.
In order to examine the specificity of EMSA technology,
this experiment set up a negative control and a competitive
reaction control. The reaction solution of the negative control
without addition of the labeled probe showed no band after
electrophoresis (Band 3 in Figure 2). The reaction solution of

Figure 3 Expression of MDR-1mRNA in the QBC939 cells
transfected with mutated IBM: DNA marker. Lane 1: The
QBC 939HCVC+ cells transfected with mutated IB, lane 2:
The QBC939HCVC + cells not transfected with mutated IB;
lane 3: The QBC939 cells not transfected with mutated IB;
lane 4: The QBC939 cells transfected with mutated IB

A

B

Figure 4 Expression intensity of P-GP protein in QBC939 and
QBC939HCVC+ cells transfected with mutated IBA: Expression of P-GP in the non-transfection Group, LSAB ×400; B: Expression of P-GP after transfection of mutated IB, LSAB ×400.
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DISCUSSION
IB with a molecular weight of 37KD can be divided into three
parts. N-terminal domain can be phosphorylated under signal
stimulation and is the basic construction to regulate and control
the activity of NF-B. In the core of N-terminal domain, there is
a repeat sequence comprised of 5 anchored proteins, which
are the binding sites of NF-B. The C-terminal domain is
composed of Pro-Glu-Ser-Thr sequence, which involves in the
basic conversion of proteins[8,9].
In 1995 and 1996, the studies on the mechanism of IB
phosphorylation and degeneration made a breakthrough
progress, showing that Ser32 and Ser36 play a vital role in the
IB phosphorylation and the activation of NF-B. Ser32 and
Ser36 after mutation are not phosphorylated and degenerated,
so that they combine firmly with NF-B to stop NF-B from
entering into the cell nuclei for nuclear transcription [10].
Therefore, some researchers constructed IB with site mutations
at Ser32 and Ser36, which could be used as the super inhibitors.
Compared with the IB of wild type, the Ser32 and Ser36 the
IB of mutated type are replaced by alanines, the mutated
IB is out of the control of IB, continually producing mutated
IB, and combines with NF-B to form a trimer, reducing the
activation level of NF-B, which provides a perfect tool for
studying the regulation and control of NF-B.
The expression of multidrug resistance (MDR) gene in tumor
cells is the most crucial obstacle for successful chemical therapy.
Once cancer cells express the multidrug resistance gene, drugs
with different structures used for chemical therapy would
produce drug resistance. MDR-1 is a kind of tansmembrane
protein P-GP (P-glycoprotein) with a molecular weight of 170kD[11].
P-GP spreads in tissues. It has been reported that 60% tissues
of hilar cholangiocarcinoma could express MDR-1. There are
NF-B binding sites in the prompter sequence of MDR-1 gene,
MDR-1 is under the regulation and control of NF-B, which
could activate the expression of MDR gene. Therefore, it could
be supposed that inhibition of NF-B activity may increase the
accumulation of poisonous drugs between cells to improve the
therapeutic effect.
We have proved that the super activation state of NF-B
exists in tissues and cells of hilar cholangiocarcinoma. There is
evidence that the function of numerous chemical therapeutic
drugs for tumor cells is achieved by promoting apoptosis.
However, the drugs for chemical therapy can at the same time
activate NF-B in tumor cells, and activated NF-B can motivate
the expression of various anti-apoptosis genes, and reduce the
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effect of chemical therapeutic drugs. Consequently, people
presume that inhibition of NF-B can act as an enhancer of
chemical therapeutic drugs. Mutated IB plasmid, a inhibitor
of NF-B, can markedly reduce the expression of MDR-1. The
expression of MDR-1 after transfected with mutated IB plasmid
is significantly decreased.
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Abstract
AIM: To explore the implications of underlying diseases in
treatment of pancreatic pseudocysts (PPC).
METHODS: Clinical data of 73 cases of pancreatic
pseudocyst treated in a 12-year period were reviewed
comprehensively. Pancreatic pseudocysts were classified
according to the etiological criteria proposed by D’Egidio.
The correlation between the etiological classification,
measure of treatment and clinical outcome of the patients
was analyzed.
RESULTS: According to the etiological criteria proposed
by D’Egidio, 73 patients were divided into three groups.
Group I was comprised of 37 patients with type I
pseudocyst, percutaneous drainage was successful in the
majority (9/11, 82%) while external or internal drainage
was not satisfactory with a low success rate (8/16, 50%).
Group II was comprised of 24 patients with type II
pseudocyst, and internal drainage was curative for most
of the cases (11/12, 92%), but the success rate of
percutaneous or external drainage was unacceptably low
(4/9, 44%). Group III consisted of 12 patients with type III
pseudocyst. Internal drainage or pancreatic resection
performed in 10 of these patients produced a curative rate
of 80% (8/10) with the correction of the ductal pathology
as a prerequisite.
CONCLUSION: The classification of pancreatic pseudocyst
based on its underlying diseases is meaningful for its
management. Awareness of the underlying diseases of
pancreatic pseudocyst and detection of the ductal pathology
in type II and III pancreatic pseudocysts with endoscopic
retrograde cholangiopancreatography may help make better
decisions of treatment to reduce the rate of complications
and recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic pseudocyst is the most common complication of
acute or chronic pancreatitis[1]. In an attempt to help decide the
timing and choice of surgical intervention, several classifications
have been proposed. According to the Atlanta classification[2],
an acute pseudocyst is a collection of pancreatic juice enclosed
by a wall of fibrous or granulation tissue, arising as a consequence
of acute pancreatitis or pancreatic trauma, whereas a chronic
pseudocyst is a collection of pancreatic juice enclosed by a wall
of fibrous or granulation tissue, arising as a consequence of
chronic pancreatitis and lacking of an antecedent episode of
acute pancreatitis. But in clinic, some pseudocysts are usually
associated with chronic pancreatitis and may develop after an
episode of acute pancreatitis. There is also a classification based
entirely on pancreatic duct anatomy proposed by Nealon et al[3].
This system defines the categories of ductal abnormalities seen
in patients with pseudocyst and relates the authors’ experience
with different types of treatment. The classification of
pseudocysts proposed by D’ Egidio et al[4] takes into account
all the aspects mentioned above. They identified three distinct
types of pseudocysts: Type I or acute “post-necrotic”
pseudocysts that occur after an episode of acute pancreatitis
and are associated with normal duct anatomy and rarely
communicate with the pancreatic duct, Type II, or post-necrotic
pseudocysts which occur after an episode of acute or chronic
pancreatitis (the pancreatic duct is diseased but not strictured,
and there is often a duct-pseudocyst communication) and Type
III, defined as “retention” pseudocysts, which occur in chronic
pancreatitis and are uniformly associated with duct stricture
and pseudocyst-duct communication.
Based on a review of the literature and 12-year clinical
experiences with 73 patients with pancreatic pseudocyst, we
analyzed the correlation between the underlying diseases of
pancreatic pseudocyst, methods of treatment and the clinical
outcome of the patients.
MATERIALS AND METHODS
Clinical data
This study included 43 male and 30 female patients with
pancreatic pseudocyst, whose age ranged from 16 to 78 years
with an average age of 39 years. All patients were confirmed to
have fibrous encapsulation on ultrasonography, computed
tomography (CT) or at operation. Patients with acute peripancreatic
fluid collection or without evidence of encapsulation were
excluded [2-5]. According to their underlying diseases, the
patients were divided into 3 groups on the basis of etiologic
criteria for classification proposed by D’Egidio[4]. Group I
consisted of 37 patients with D’Egidio type I pseudocyst, which
occurred following an episode of acute pancreatitis in all cases.
Patients were categorized as having acute pancreatitis on the
clinical basis in conform to Atlanta criteria[2]. These patients
having a clinical diagnosis of acute pancreatitis lacked of any
of the findings typically seen in chronic pancreatitis. Endoscopic
retrograde cholangiopancreatography (ERCP) or sinography
was performed in 12 of these 37 patients, and no pancreatic
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duct stricture was identified, only one patient was found to
have cyst-duct communication. Group II was comprised of 24
patients with D’Egidio type II pancreatic pseudocyst, 12 of
them had definable acute pancreatitis and 19 had various chronic
pancreatitis. The diagnosis of chronic pancreatitis was
established clinically[6,7]. Fifteen of these patients received
ERCP or sinography, and were confirmed to have chronic
pathological changes in the pancreatic duct. Confirmatory
imaging of ERCP or sinogram in this group displayed a
tortuously or irregularly dilated main pancreatic duct,
calcification of pancreas, and no duct stricture. Seven of them
were found to have cyst-ductal communication. Group III
included 12 patients with chronic pancreatitis, and 8 of them
received ERCP or sinography for confirmation of the diagnosis.
The evidence for a diagnosis of chronic pancreatitis included
structural abnormalities in the pancreas identifiable on the
images, and a main pancreatic duct stricture and ductal
irregularity, areas of dilation and narrowing (the sign of “chain
of lakes”).
Table 1 Size of pseudocyst and anatomy of the pancreatic duct
of patients
Group

Number of
Patients (n)

Average size
of cyst (cm)

Duct
Cyst-duct
stricture 1 communication1

I

37

7.2 (2-23)

0/12

1/12

II

24

4.4 (2-12)

0/15

7/15

III

12

10.5 (5-25)

8/8

7/8

1

The number before the slash indicates the number of cases
receiving ERCP or sonogram, and that after the slash is the
positive cases identified.

Treatment
Patients were considered to be candidates for intervention
(surgical or radiological) when they were diagnosed as having
a pseudocyst 5 cm or greater in diameter with no sign of
spontaneous resolution over a period of evaluation varying in
length based on specific clinical criteria. Sixty patients were
subjected to percutaneous catheter drainage or surgical
therapy. The other patients were treated conservatively for
relieving their symptoms. The decision to employ percutaneous
or surgical drainage was made on the basis of the circumstances.
Percutaneous drainage was applied to the patients whose
pseudocysts arose as a consequence of acute pancreatitis and
were superficial so that there was a suitable route for
catheterization. All pseudocysts treated with percutaneous
drainage were confirmed with low-density content in CT scan.
Some patients were treated with percutaneous drainage because
of an unacceptably high risk for surgical intervention. The other
patients were treated surgically. The treatment approaches are
listed in Table 2.
Table 2 Treatment approaches for pancreatic pseudocysts
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performed to assess recurrence of pseudocyst. All patients
were evaluated for complications and recurrence. For
percutaneous management, patients who needed to cross over
to surgical management were also evaluated.

RESULTS
The incidence of complications in this patient cohort as a whole
was 22% (13/60), with a recurrence rate of 12% (7/60) and a
mortality rate of 1% (1/73).
Group I
Twenty-seven of the 37 patients I received surgical interventions.
Eleven patients were treated by percutaneous drainage for 4 to
24 d with an average of 11 d, and 2 of them experienced episodes
of infections that were subsequently cured. Ten patients
underwent surgical external drainage, and 2 of them developed
pancreatic fistulae and another two had hemorrhage. All the 4
patients were cured by conservative treatment. Pseudocyst
recurred in 2 of the remaining 6 patients who received surgical
external drainage and were cured after cyst-jejunostomy. Six
patients underwent surgical internal drainage, one of them
experienced gastric hemorrhage that was cured by conservative
treatment, and another developed fatal infections.
Group II
Twenty-one patients were subjected to drainage or surgery,
including two patients who were treated surgically after failure
of conservative treatment. Five patients underwent percutaneous
drainage, one of them developed pancreatic fistulae and was
cured by conservative management, and two of them had recourse
to surgery, during which cyst-jejunostomy was performed, after
30-d drainage when a cyst-duct communication was identified
on the sinogram. Four patients underwent surgical external
drainage, and one of them developed a pancreatic fistula that
was cured eventually by conservative management, with another
having recurrence cured by cyst-jejunostomy. Ten patients
underwent surgical internal drainage, and only one of them
had recurrence and received cyst-jejunostomy for the cure. The
remaining two patients were cured with distal pancreatectomy
plus cystectomy.
Table 3 Rate of recurrence of pseudocyst and complications
after treatment in 3 groups
Methods of treatment
Group

I
II
III

Percutaneous
drainage

External
drainage

Internal
drainage

2, 0
3, 0
-, -

4, 2
1, 1
1, 1

2, 0
0, 1
0, 1

Distal
pancreatectomy

-, 0, 0
0, 1

In each pair of numbers listed in the table, the former indicates the number of patients who had complications, and the
latter is the number of patients who had recurrence.

Methods of treatment (n)

Group

Percutaneous External
drainage drainage

Internal
drainage

Distal
pancreatectomy
0

I

11

10

6

II

5

4

10

2

III

0

2

5

5

Following-up
After surgical or percutaneous management, patients were
followed up regularly by ultrasound for 6 mo to 12 years with
an average of 73 mo. Where feasible, follow-up CT scans were

Group III
Twelve patients were subjected to drainage or surgery. Two
patients had surgical external drainage and pancreatic fistula
occurred in one case to require cyst-jejunostomy and the other
had recurrence to necessitate distal pancreatectomy. Five patients
received surgical internal drainage, and one of them had
pseudocyst recurrence and was cured by pancreatic resection.
The remaining 5 patients had distal pancreatectomy plus
cystectomy, one of them had recurrence probably attributable
to pancreatic fistula and was cured by reoperation for pancreatic
resection.
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The complications and recurrence in this whole patient
cohort are summarized in Table 3.

DISCUSSION
A better definition of pseudocyst that clearly separates it from
acute fluid collection, improvements in imaging modalities, and
a better understanding of the natural course of pseudocysts
have changed the concepts regarding their management. The
old teaching that the presence of cysts of more than 6 cm in
diameter for 6 wk should be drained is no longer true[8]. The
outcome of pseudocysts, which either spontaneously resolve
or require operation, and the rate of complications and
recurrence, are similar regardless of the size (be it less than 6 cm
in diameter or larger) and the course of disease[9-12], for the
etiology of pancreatitis is a more important determinant of the
outcome rather than the size of pseudocyst or course of disease.
The indications for drainage are now the presence of symptoms,
enlargement of cysts, and complications (infection, hemorrhage,
rupture, and obstruction)[8-13]. From our experience, D’Egidio
type I pseudocyst has a greater chance of spontaneous
resolution than the other types because of the normal anatomy
of pancreatic duct retained in the former. As for D’Egidio types
II and III pseudocysts, more active treatment measures should
be taken for a smaller chance of spontaneous resolution due to
the pathological changes in the pancreatic duct.
The therapeutic approaches currently available for pancreatic
pseudocysts include percutaneous drainage, transendoscopic
approach, and surgery. The choice of treatment depends on a
number of factors, including the size, number, and location of
the cysts, presence of communication of the cyst with the
pancreatic duct, and presence of infections[8-15]. Although
progress has been made with alternative methods such as
endoscopic drainage through the contiguous intestine, through
the transpapillary route, or using endoscopic ultrasound, a
higher complication and recurrence rate was reported in some
documents[16,17]. All patients in this cohort were treated with
percutaneous and surgical approach. The present study also
assessed the implications of the underlying diseases as well as
pancreatic ductal anatomy in the choice of treatment for
pancreatic pseudocysts.
D’Egidio type I pseudocysts occur after an episode of acute
pancreatitis, characterized by a shorter disease course and a
greater diameter of the pseudocyst, and the patients often have
noticeable symptoms[18], which requires intervention with
drainage as soon as possible [19,20]. External drainage is effective
for the pseudocysts without cyst-duct communication. We
performed percutaneous drainage with catheter insertion under
ultrasound guidance in 11 case of type I pseudocysts. A pigtail
catheter greater than 8F gauge in size was left in situ until the
drainage was completed, which was defined as the total volume
of drainage less than 10 mL in 24 h. A sinogram was then taken
through the catheter before its removal to exclude a persistent
communication with the pancreatic duct. In four cases, the
total volume of drainage in 24 h exceeded 1 000 mL, and we
treated these patients with octreotide. The drainage was
reduced after treatment. Simultaneously, we performed surgical
external or internal drainage in 16 cases of type I pseudocyst,
with a higher rate of complications or recurrence. We therefore
suggest that percutaneous drainage should be performed
primarily for D’Egidio type I pancreatic pseudocysts.
D’Egidio type II pseudocysts often occur after an episode
of acute pancreatitis associated with chronic pancreatitis. Cystduct communication has been identified in about 40% of patients
with this type of pseudocysts. The communication between
the cyst and pancreatic duct results in a persistent pancreatic
fistula. In some cases, the fistula can heal spontaneously after
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external drainage[21]. But a considerable amount of pancreatic
juice is lost in long-term of drainage, which leads to electrolyte
and acid-base imbalance. In this cohort, percutaneous or
surgical external drainage performed in 9 patients with type II
pseudocysts resulted in pancreatic fistulae in 4 patients and
recurrence in 1 patient. Another12 patients with type II
pseudocysts had surgical internal drainage or resection, and
only one patient had recurrence, showing a lower rate of
complications or recurrence in comparison with the patients
receiving external drainage. Hence we suggest that patients with
D’Egidio type II psedocysts with a cyst-duct communication
should be managed by surgical internal drainage or pancreatic
resection in order to decrease the rate of complications or
recurrence[22,23]. ERCP and other radiological imaging modalities
should be used to better understand the anatomy of the pancreatic
duct before treatment.
D’Egidio type III pseudocyst is thought to occur in chronic
pancreatitis. Long-term infection of the pancreas results in
stricture and even obstruction of the pancreatic duct, leading
to rupture of the distal pancreatic duct, extravasation of the
pancreatic juice, and subsequently pseudocyst formation. The
chance for spontaneous healing of the cyst-duct communication
is lower than that of other types of pseudocysts due to the fibrosis
of pancreatic tissue as a result of infection[24,25]. Percutaneous
drainage is therefore contraindicated [5,26-28] and surgical external
drainage would also fail[3,13] because of the abnormal anatomy
of pancreatic duct. We performed percutaneous drainage in two
patients but neither of them was successful, and ten patients
had surgical internal drainage or resection. All these patients
were cured except for two who had recurrence but eventually
cured by surgical correction of the pathological ductal anatomy.
Judging from the results of this present study, it seems that
simple drainage or cystectomy could lead to an unacceptably
high rate of complications and recurrence[29-31]. We suggest
that surgical maneuvers for this type of pseudocysts should
address the specific ductal pathology in addition to complete
drainage. Pancreatic resection or cyst-enterostomy plus ductal
drainage should be more suitable for this type of pseudocysts.
In conclusion, the choice of treatment of pancreatic pseudocysts
depends on a number of factors, including the size, number,
and location of cysts, presence of complications, to name a
few. But the etiology of pancreatitis is a more important
determinant of the choice. The procedure of management should
be individualized on the basis of a comprehensive evaluation
of these factors. Percutaneous drainage is safe and effective
for D’Egidio type I psudocysts, while appropriate treatment for
type II pseudocysts, should be chosen according to the
pancreatic anatomy. Surgical internal drainage is adequate for
patients with cyst-duct communication. In type III pancreatic
pseudocysts, serious pathological changes are often present
in the duct and surgical internal drainage or pancreatic resection
is needed to address the ductal pathology.
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Abstract
AIM: To study the modulation of glutamate on post-ischemic
intestinal and cerebral inflammatory responses in a ischemic
and excitotoxic rat model.
METHODS: Adult male rats were subjected to bilateral carotid
artery occlusion for 15 min and injection of monosodium
glutamate intraperitoneally, to decapitate them at selected
time points. Tumor necrosis factor alpha (TNF-) level and
nuclear factor kappa B (NF-B) activity were determined
by enzyme-linked immunosorbant assay (ELISA) and
electrophoretic mobility shift assay (EMSA), respectively.
Hemodynamic parameters were monitored continuously
during the whole process of cerebral ischemia and reperfusion.
RESULTS: Monosodium glutamate (MSG) treated rats
displayed statistically significant high levels of TNF- in
cerebral and intestinal tissues within the first 6 h of
ischemia. The rats with cerebral ischemia showed a minor
decrease of TNF- production in cerebral and intestinal
tissues. The rats with cerebral ischemia and treated with
MSG displayed statistically significant low levels of TNF-
in cerebral and intestinal tissues. These results correlated
significantly with NF-B production calculated at the same
intervals. During experiment, the mean blood pressure and
heart rates in all groups were stable.
CONCLUSION: Glutamate is involved in the mechanism of
intestinal and cerebral inflammation responses. The effects
of glutamate on cerebral and intestinal inflammatory responses
after ischemia are up-regulated at the transcriptional level,
through the NF-B signal transduction pathway.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Cerebral ischemia; Glutamate; Intestine inflammatory
responses; Cerebral inflammatory responses; NF-B
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INTRODUCTION
Cerebral ischemia, a major threatening pathologic process in many
brain diseases, such as gastrointestinal ischemia and hemorrhage[1]

is complicated by multiple organ dysfunction. In this process,
proinflammatory cytokines, such as TNF-, are elevated in the
injured areas[2].
During an early stage of cerebral ischemia, glutamate, a
ubiquitous excitatory amino acid in mammalian brains, is released
from neurons and cumulated in intercellular space[3,4]. Glutamate
and its receptors play key roles in pathology of ischemia injury[5],
leading to the glutamate-calcium overload hypothesis[6,7].
According to this hypothesis, glutamate is implicated in the
pathology in two ways: excessive accumulation of glutamate
in the extracellular spaces during ischemia, and subsequent
activation of glutamate receptors in postsynaptic cells[8,9].
Thousands of agents are intentionally added into the food
we consume. Monosodium glutamate (MSG) is one of the
widely-used food addictives in our daily diet[10]. MSG treatment
provokes hormonal alterations and specific intestinal changes
in smooth muscle reactivity to agonists[11]. Oral or intestinal
stimulation with isotonic MSG solution could increase the
discharge rate of gastric branches of the vagus nerve[12]. In
addition, excitotoxic injury could also result in a marked
stimulation of TNF- mRNA expression in forebrain structure
lesions[13]. Although intestinal inflammatory response is
activated after the elevation of intracellular glutamate
concentrations[14], the effect of glutamate on the gastrointestinal
system after cerebral ischemia still remains unclear.
In the present study, we used a post-ischemic and excitotoxic
animal model to investigate the effect of glutamate on
inflammatory response of intestine and brain after cerebral
ischemia. The involvement of glutamate in the mechanism of
post-ischemic inflammatory response and was discussed.

MATERIALS AND METHODS
The rat TNF- kit was purchased from DIACLONE (Besancon,
France). [32P]ATP was purchased from Free Biotech (Beijing,
China). A commercial kit for EMSA was purchased from
PROMEGA (Madison, WI). All other reagents were of molecular
biology grade and purchased from SIGMA. All reagents and
plasticwares used throughout the experiments were pyrogen-free.
Animal and experimental protocol
Adult male Sprague-Dawley rats, purchased from the Animal
Center of the Chinese Academy of Sciences (Shanghai, China),
were divided into experimental groups in a random manner. All
procedures were approved by the Institutional Animal Care
Committee. The rats were housed in plexiglass cages at 23±1 ℃,
and had free access to food and water ad libitum for 7 d, and
used for experiments when their body weights gained between
300-350 g. The rats were anesthetized with urethane (1 000 mg/kg
body weight, intraperitoneally). A polyethylene catheter was
implanted in the tail vein for continuous infusion of solutions
using a Razel Model WZ-50C syringe pump.
The rats were randomly assigned into 4 groups (6 rats each
group). Group A (the control group) accepted a pseudooperation of cervical incision and was injected with the same
volume of physiological saline intraperitoneally. Group B was
administered 4 mg/kg body weight MSG after cervical incision.
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Group C and group D served as the ischemic groups. An
ischemical model was established by 15-min of bilateral carotid
artery occlusion and reperfusion afterwards[15,16]. Group D,
however, accepted an additional MSG (4 mg/kg body weight)
at the beginning of carotid artery occlusion.
In the experiments, the right femoral artery was intubated
with a 25 G catheter prefilled with heparin solution and
hemodynamical parameters were continuously observed by
using a Datex monitor. Pre-ischemia was appointed at 0, 10, 20,
30, 60, 120 min after onset of the cerebral ischemia at 10, 20, 30,
60, 120 min, respectively.
The rats were decapitated at 6 h after ischemic insults. Blood
plasma, cerebral cortex and small intestine were collected for
TNF- or NF-B measurement. All samples were frozen
immediately in liquid nitrogen, and stored at -80 ℃.

Enzyme-linked immunosorbant assays (ELISA)
TNF- concentrations in plasma, cerebral and intestinal tissues
were quantified by ELISA according to the manufacturer’s
instructions.
Nuclear protein extracts and electrophoretic mobility shift assay
(EMSA)
Nuclear extracts from cerebral and intestinal tissues were
prepared by hypotonic lysis followed by high salt extraction as
described previously[17-19]. Intestinal tissue cells were incubated
in 0.5 mL ice-cold buffer (10 mmol/L HEPES, pH 7.9, 10 mmol/L
KCl, 2 mmol/L MgCl2, 0.1 mmol/L EDTA, 1 mmol/L dithiothreitol
(DTT)), then in 0.5 mmol/L phenylmethysulfonyl fluoride
(PMSF) for 15 min, and 50 L NP-40 was added. After 30 s, the
mixture was centrifuged at 5 000 g for 10 min at 4 ℃, the pellet
was suspended in 50 L ice-cold buffer (50 mmol/L HEPES,
pH 7.9, 50 mmol/L KCl, 300 mmol/L NaCl, 0.1 mmol/L EDTA,
1 mmol/L DTT, 0.5 mmol/L PMSF, with 100 mL/L glycerol) and
incubated on ice for 30 min and frequently mixed. After
centrifugation at 12 000 g for15 min at 4 ℃, the supernatants
were collected and stored at - 80 ℃ until use. Protein concentration
was determined as described previously[20,21].
The NF-B consensus oligonucleotide probe (5’-AGT TGA
GGG GAC TTT CCC AGG C-3’) was end-labeled with [-32P]ATP with T4-polynucleotide kinase. Nuclear protein (intestine:
80 g, cerebra: 60 g) was pre-incubated for 10 min at room
temperature (RT) in 9 L of binding buffer, containing 10 mmol/L
Tris-HCl (pH 7.5), 4% glycerol, 1 mmol/L MgCl, and 0.5 mmol/L
EDTA, 0.5 mmol/L DTT, 50 mmol/L NaCl, and 0.05 mg/mL poly
(di-dc). After the 32P-lebaled oligonucleotide probe was added,
the incubation was continued for 20 min at RT. Reaction was
stopped by adding 1 L gel loading buffer, and the mixture was
subjected to nondenaturi ng 4% polyacrylamide gel
electrophoresis in 0.5×TBE buffer, pre-run at 300 V for 10 min.
Electrophoresis was conducted at 390 V for 1 h. After
electrophoresis, gels were transferred to Whatman DE-81 paper,
dried and exposed to autoradiographic film (Fuji hyperfilm) with
an intensifier screen at -70 ℃[22].
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at 80-90 mmHg, and the heart rate was190-210 beats per minute
(bpm). TNF- was not detected in plasma, there was no
significant difference in MAP or heart rate among all groups at
any time point (Figures 1, 2).
Mean blood pressure (mmHg)
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Figure 1 Mean artery pressure (MAP) changes during cerebral ischemia and MSG insults. There were no significant
changes between inter-groups or intra-groups.
300
Heart rates (bpm)

734

Control

MSG

CI

CI+MSG

250
200
150
100
50
0

Time points

0

10

20

30

60

120 (min)

Figure 2 Heart rate changes during cerebral ischemia and
MSG insults. There were no significant changes between inter-groups or intra-groups.

MSG provoked TNF- production both in intestine and in
brain
Compared with control animals, the level of TNF- was elevated
3-fold both in MSG-treated rat intestine (6.08±0.52 vs 2.03±0.63
pg/g pro, P<0.05 , n = 6) and in cerebra (4.94±0.51 vs 1.85±0.32
pg/g pro, P<0.05 , n = 6) (Figure 3).
15-min cerebral ischemia increased TNF- production in
intestine and brain
TNF- concentrations were elevated both in cerebra and
intestine of the ischemic group, but did not differ significantly
from the data of control (Figure 3).

Data presentation and statistical analysis
Data were presented as mean±SE, and compared by analysis of
variance followed by one-way ANOVA and Tukey test (using
SPSS 10.0 software equipped with a Pentium 4 computer). P<0.05
was accepted as statistically significant.

Ischemia/MSG treatments increased TNF- production but
attenuated MSG-induced TNF- elevation in intestine and brain
Cerebral-ischemic rats treated with MSG also had a high level
of TNF- (intestine: 3.02±0.49 vs 2.03±0.63 pg/g pro, cerebra:
3.09±0.69 vs 1.85±0.32 pg/g pro, P<0.05 , n = 6). Compared with
MSG-treatment, the values were deceased both in intestine
and cerebra (intestine: 3.02±0.49 vs 6.08±0.52 pg/g pro, cerebra:
3.09±0.69 vs 4.94±0.51 pg/g pro, P<0.05 , n = 6) (Figure 3).

RESULTS
Hemodynamical parameters were stable during cerebralischemia/MSG insults
In the experiments, the mean artery pressure (MAP) fluctuated

NF-B activation in intestine
Both MSG-treatment and cerebral ischemia insults induced a
significantly higher intensity of NF-B in the intestine than in
controls (P<0.05). Compared with MSG-treatment, NF-B
activity decreased with ischemia-MSG-treatment (Figure 4A).
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control, bP<0.01 vs control, cP<0.05 vs MSG group.

A

B

NF-kappa B→

6

10

b
4

ac
a

2

0
Cerebral ischemia
Monosodium glutamate

NF kappa B activity/background

NF kappa B activity/background

NF-kappa B→

15 min 15 min
4 mg/kg
4 mg/kg

8

b
a

ac

6
4
2

0
Cerebral ischemia
Monosodium glutamate

15 min 15 min
4 mg/kg
4 mg/kg

Figure 4 NF-B activation in intestinal tissues (A) and in cerebral tissue (B). Lane1: controls, lane 2: MSG-treated rats, lane 3:
cerebral-ischemic rats, lane 4: NF-B intensity of ischemia/MSG-treated rats aP<0.05 vs control, bP<0.01 vs control, cP<0.05 vs
MSG-treatment.

NF-B activation in brain
The similar results were found in the brain. MSG-treatment and
cerebral ischemia induced a significantly higher intensity of
NF-B in the cerebra than in control (P<0.05). Compared with
MSG-treatment, NF-B activitydecreased significantly in ischemiaMSG-treatment compared with control (P<0.05) (Figure 4B).
DISCUSSION
In the present study, we demonstrated that 15-min cerebral
ischemia plus exogenous glutamate or single exogenous
glutamate could provoke significant inflammation responses in
the central nervous system and gastrointestinal system
characterized by an excess production of TNF- and activation
of NF-B. However, the inflammatory response either in brain or
in intestine was not prominent during cerebral ischemia injury.
It has been reported that TNF- is the most important
proinflammatory cytokine, which is released early after an
inflammatory stimulus[23], contributing to both morbidity and
mortality in conditions of ischemia-reperfusion injury. Among
the cytokines produced in intestinal mucosae during inflammation,
TNF- is particularly important because of its biological effects
on intestine and other systems[24].
In cytoplasms, NF-B is associated with its inhibitory
subunits, inhibitory kappa B (IB), which prevents it from
translocating into nuclei[25]. Many stimuli including endotoxin,
induce the phosphorylation and degradation of IB, freeing
NF-B from NF-B/IBs complexes and enabling it to translocat

into nuclei[25,26], where it regulates gene transcription. Many
effector genes, including those encoding cytokines and
adhesion molecules, are in turn regulated by NF-B. Some antiinflammatory agents (e.g., salicylates, dexamethasone) can
inhibit NF-B, suggesting that it is an important molecular target
for the modulation of inflammatory diseases[27,28].
Cytokines and inflammation in the central nervous system
(CNS) have been primarily studied in the context of autoimmune
and infectious diseases. In this study, we found that the
production of TNF- in the central nervous system and
gastrointestinal system was increased and NF-B activity was
increased after MSG treatment, indicating that the inflammatory
responses in the central nervous and gastrointestinal systems
can be enhanced by glutamate after cerebral ischemia. Glutamate
could induce gene transcription in numerous physiological and
pathological conditions. Among the glutamate-responsive
transcription factors, NF-kappaB has been mainly implicated in
neuronal survival and death. Glutamate could induce a rapid
reduction of I kappaB alpha levels and nuclear translocation of
the NF-kappaB subunit p65. The glutamate-induced reduction
of I kappaB alpha levels is blocked by the N-methyl-D-aspartate
inhibitor MK801[29]. Inflammatory mediators are involved in
the pathogenesis of focal ischemic brain damage and regulated
at transcriptional level[30].
It seems that cerebral ischemia can attenuate the intestinal
inflammatory response during an exogenous glutamate
challenge. Cerebral ischemia might protect intestinal tissues
against exogenous glutamate insults. The intestine may be more
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resistant to glutamate-induced toxic effects after cerebral
ischemic injury. Perhaps this effect is associated with the
distinctive role of glutamate and its receptors in the brain-gut
axis[31]. Excitatory amino acid (EAA) transmission is in the center
of the brain-gut axis, the dorsal vagal complex. However, further
investigations need to be carried out.
However, we do not advocate administrating glutamate,
because we found that exogenous glutamate exacerbated
inflammation of the central nervous system after cerebral
ischemia injury. After all, glutamate is the most important toxic
EAA in the pathogenesis of cerebral ischemia-reperfusion
injury, and systemic glutamate can be absorbed from portal
vein system and may penetrate the blood-brain-barrier (BBB)
during or after cerebral ischemia, since the BBB is destroyed
after cerebral ischemia-reperfusion injury[23].
In conclusion, exogenous glutamate can provoke inflammatory
responses in brain and intestine. The effect of glutamate on
inflammatory response after ischemia is regulated at transcriptional
level. Ischemic treatment can attenuate glutamate-induced
TNF- production both in brain and in intestine.
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Abstract
AIM: To investigate the effects of psychological stress on
small intestinal motility and expression of cholecystokinin
(CCK) and vasoactive intestinal polypeptide (VIP) in plasma
and small intestine, and to explore the relationship between
small intestinal motor disorders and gastrointestinal hormones
under psychological stress.
METHODS: Thirty-six mice were randomly divided into
psychological stress group and control group. A mouse
model with psychological stress was established by housing
the mice with a hungry cat in separate layers of a two-layer
cage. A semi-solid colored marker (carbon-ink) was used
for monitoring small intestinal transit. CCK and VIP levels
in plasma and small intestine in mice were measured by
radioimmunoassay (RIA).
RESULTS: Small intestinal transit was inhibited (52.18±19.15%

INTRODUCTION
In recent years, with rapid development of society and increasing
competition pressure, psychological stress, which originates
in society has imposed impacts on human health, and has become
an important stressor. Psychological stress is widely believed
to play a major role in gastrointestinal motor disorders,
especially in irritable bowel syndrome (IBS) and functional
dyspepsia (FD), by precipitating exacerbation of symptoms[1,2].
Available data clearly demonstrate that in experimental animals
the most consistent patterns of gastrointestinal motor
alternations induced by psychological stress are delayed gastric
emptying[3,4] and accelerated colon transit[5,6]. However, almost
no valid data are available on small intestinal motility disorders.
Previous studies of psychological stress[7-9] (cold stress,
restraint stress, foot-shock stress and swim stress), were all
focused on somatic stress. In common, both central and
peripheral nervous pathways are involved in the release of
gastrointestinal hormones due to psychological stress, thus
modulating gastrointestinal motility[10]. A large body of evidence
derived from experiments suggest that CCK could accelerate
small intestinal transit [11,12], while VIP could inhibit it [13].
However, there are few studies on whether gut hormones are
involved in modulating small intestinal motility under
psychological stress.
In the present study, experimental animals were obtained to
test the relationship between small intestinal motility and release
of gastrointestinal hormones during psychological stress.
Furthermore, small intestinal motility disorders in response to
CCK and VIP due to psychological stress were studied.

vs 70.19±17.79%, P<0.01) in mice after psychological
stress, compared to the controls. Small intestinal CCK levels
in psychological stress mice were significantly lower than those
in the control group (0.75±0.53 g/g vs 1.98±1.17 g/g,
P<0.01), whereas plasma CCK concentrations were not
different between the groups. VIP levels in small intestine
were significantly higher in psychological stress mice than those
in the control group (8.45±1.09 g/g vs 7.03±2.36 g/g,
P<0.01), while there was no significant difference in plasma
VIP levels between the two groups.
CONCLUSION: Psychological stress inhibits the small
intestinal transit, probably by down-regulating CCK and
up-regulating VIP expression in small intestine.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Small intestine; Psychological stress; Cholecystokinin;
Vasoactive intestinal polypeptide; Intestinal motility
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MATERIALS AND METHODS
Experimental animals and materials
Thirty-six healthy male mice (provided by Qinglongshan
Experimental Animal Center) weighing 20-30 g were used in
this study. Mice were housed individually in cages at constant
room temperature with a 12-h light/dark cycle and had free
access to laboratory chow and water. CCK kit was purchased
from Neurobiological Department of Second Military Medical
University. VIP kit was purchased from Beijing Haikerui
Biological Technology Center.
Establishment of animal models
Thirty-six mice were randomly divided into psychological stress
group and control group. Each contained 18 mice. Mice in
psychological stress group were housed in the bottom of
two-layer cage, with a hungry cat housed in the upper layer of
the cage for 10 min each day for 10 d, but mice and the cat had
no physical contact[14]. Procedure for the control group mice
were the same as psychological stress group except for no
contact with the cat.
Measurement of small intestinal transit
The carbon-ink transit test was modified as described. Mice
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were deprived of food for 24 h and water for 12 h prior to
experiment, and 0.25 mL carbon-ink was administered into their
stomachs by orogastric gavage. Twenty-five minutes later, the
mice were killed, abdomen was opened and small intestine was
dissected. The total length of the small intestine (pylorus-cecum)
and the distance traveled by carbon-ink were measured. Results
were expressed as ratio (percentage) of the distance traveled
by carbon-ink to the total length of the small intestine. Small
intestine was washed with normal saline after measuring. Water
was absorbed by filter paper and small intestine was kept in a
dry bottle.

Plasma and tissue preparation
Immediately after the mice were killed, blood samples were
collected into chilled tubes containing 0.3 L ethylenediamine
tetraacetic acid (EDTA) and 1000 KIU aprotinin. The blood was
centrifuged at 3 000 r/min at 4 ℃ for 10 min. The plasma was
stored at -70 ℃ until assayed.
Samples of small intestine were placed in saline and boiled
for 10 min. Water was absorbed by filter paper. Small intestine
was weighed by analytical balance and then dissolved in
1 mmol/L ice-cold acetic acid (0.3 mL/100 g), homogenized and
the same volume 1 mmol/L sodium hydroxide was added and
then they were left at room temperature for 20 min, and
centrifuged at 3 000 r/min at 4 ℃ for 10 min. The supernatants
were stored at -70 ℃ until assayed.
CCK radioimmunoassay
Plasma and small intestine CCK levels were measured using
radioimmunoassay (RIA). Briefly, samples and standards diluted
in the perfusion medium were incubated with CCK antiserum in
tubes for 24 h at 4 ℃. After addition of 125I-CCK, all samples
were further incubated for 24 h at 4 ℃ to reach equilibrium.
Antibody-bound and free tracers were separated by addition
of 0.4 mL of activated charcoal.
VIP radioimmunoassay
VIP was determined by radioimmunoassay. Samples and
standards diluted in the perfusion medium were incubated
with VIP antiserum in tubes for 48 h at 4 ℃. After addition of
125
I labeled VIP, all samples were further incubated for 48 h at
4 ℃. After incubation, antibody-bound and free tracers were
separated by addition of 0.4 mL of activated charcoal.
Statistical analysis
Data were expressed as mean±SD. Experimental results were
analyzed by t test, P<0.05 was considered statistically
significant.
RESULTS
Small intestinal transit
After 25 min of intragastric carbon-ink administration, the overall
mean ratio of small intestinal transit (P<0.01) under psychological
stress was lower than that of the control (52.18±19.15% vs
70.19±17.79%), indicating that psychological stress could
inhibit small intestinal transit. Figure 1 presents individual data
for the ratio of small intestinal transit (percentage of the distance
traveled by carbon-ink to the total length of the small intestine).
CCK concentrations in plasma and small intestine
CCK levels in small intestine of experimental psychological
stress mice were significantly lower than those of the control
(0.75±0.53 g/g vs 1.98±1.17 g/g, P<0.01). However, no
significant changes in plasma CCK levels were observed in
experimental psychological stress mice compared to the control
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(53.88±33.17 ng/L vs 52.70±20.10 ng/L, P>0.05) (Table 1).
Table 1 Changes of CCK in plasma and small intestine (mean±SD)
Group

No. of animals Small intestine g/g)

Plasma (ng/L)

Control

18

1.98±1.17

52.70±20.10

Stress

18

0.75±0.53 b

53.88±33.17

b

P<0.01 vs the control.

VIP concentrations in plasma and small intestine
VIP levels in small intestine of experimental psychological
stress mice were significantly higher than those of the control
(8.45±1.09 g/L vs 7.03±2.36 g/L, bP<0.01). However, plasma
VIP levels showed no significant difference between the two
groups (201.58±103.23 g/L vs 190.05±90.08 g/L, P>0.05).
Table 2 Changes of VIP in small intestine plasma (mean±SD)
Group

No. of animals

Small intestine (g/g)

Control

18

7.03±2.36

190.05±90.08

Stress

18

8.45±1.09 b

201.58±103.23

Plasma (ng/L)

b

P<0.01 vs the control.
100
Ratio of small
intestinal transit (%)

738

80

Stress
Control

60
40
20
0

0

5

10
15
Sample (n)

20

Figure 1 Effect of psychological stress on small intestinal transit.

DISCUSSION
The association between psychological stress and small
intestinal motility has been postulated for about twenty years.
Some studies in experimental animals indicate contradictory
results, and the mechanism by which psychological stress
affects small intestinal motility is not well understood. Ditto
et al[15] recently reported that stress enhanced small intestinal
transit and produced a statistically significant reduction in the
mean small intestinal transit time. However, Tsukada et al[16]
demonstrated that psychological stress induced inhibition of
small intestinal transit. In the present study, our results were
similar to Tuskada’s. After 25 min of intragastric carbon-ink
administration, the ratio of small intestinal transit significantly
decreased during psychological stress. Previous studies show
that patients with gastrointestinal motility disorders, especially
irritable bowel syndrome (IBS), symptoms of abdominal pain
and bloating are precipitated after psychological stress (life
events or trauma). The mechanism may be that psychological
stress induces decrease in small intestinal transit. Intestinal gas
could not be evacuated effectively leading to gas retention, which
evokes a series of symptoms, especially pain and bloating[17].
In this study, we showed that CCK levels in small intestine
of psychological stress mice were significantly lower than those
of the controls, while they did not alter in plasma. CCK, a peptide
secreted from I cells of gastrointestine responds to the presence
of nutrients in the small intestine. It is also synthesized in
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brain[18]. Two CCK receptor subtypes that differ markedly in
their pharmacological profiles and anatomical distribution have
been identified and characterized[19]. CCK-A receptors exist
predominantly at the peripheral level where they are responsible
for the digestive effects of CCK[20]. However, high densities of
brain CCK-B receptors are present in cortical and limbic blood.
Endogenous CCK appears to act in part by paracrine and
endocrine mechanisms to affect gut motility[21]. It is well
established that endogenous CCK regulates gastrointestinal
motility, including delay of gastric emptying[22], acceleration of
small intestinal transit[23] and enhancement of colon motor[24].
Various studies have provided evidence for the mechanism of
CCK underlying small intestinal motility through involvement
of CCK-A receptors in small intestine. The selective CCK-A
receptor antagonists (devazepide and lorglumide) effectively
attenuate this effect while CCK-B receptor antagonists have
no effect on it[25]. Furthermore, both afferent and efferent nerves
are implicated in CCK motor actions in the gastrointestinal tract.
Patterson et al[27] performed immunohistochemistry using an
antibody directed to the C-terminal region of the CCK-A receptor,
and found that intestinal cells of Cajal (ICC) in the sphincter
muscle and the circular muscle of proximal duodenum displayed
strong CCK-A receptor immunoreactivity; at the same time,
selection neurons in the myenteric ganglia and a few of single
neurons in the submucosa near the proximal duodenum, also
expressed strong CCK-A receptor immunoreactivity. In
view of these results, we can conclude that the effect of
psychological stress on intestinal motility and transit may be
partially mediated by decreasing intraluminal concentrations
of CCK, which leads to reduced migrating myoelectric complex
(MMC) activity of the small intestine, prolonging MMC cycle
length, reducing contraction frequency and decreaseing
propagation velocity.
VIP, which is released from D1 cells of gut through exocrine
into the lumen, has an established role in the regulation of
gastrointestinal motor function. VIP is widely distributed in gut.
In addition to GI mucosa[28], it is also found in submucous and
myenteric plexus, central and peripheral nervous systems[29,30].
Furthermore, a large number of VIP receptors are expressed in
those regions[31-33]. Sayadi et al[34] analyzed the distribution of
VIP receptors using autoradiographic techniques, and found
that the density of VIP receptors was greatest in duodenal
mucosa but was lower in jejunal and ileal mucosa. Moreover,
previous studies have provided evidence that VIP acts via two
receptors (VIP1 and VIP2). In the intestine, VIP1 receptor is
significantly higher than VIP2 receptor[35]. A great number of
data demonstrate that VIP has various physiologic functions
on small intestinal motility. First, VIP exerts direct stimulatory
effect on intestinal smooth muscle, reduces the percentage
motor index of pressure waves. This effect of VIP could be
partially antagonized by VIP receptor antagonists[36]. Second,
intraduodenal infusion of VIP in rats disrupts the MMC,
prolongs MMC cycle length and decreases propagation
velocity, while VIP receptor antagonists could reverse this
effect[37-39]. Third, the effect of VIP on intestinal motility involves
both myenteric and submucosal neurons, resulting in increased
contraction of longitudinal smooth muscle[40]. Naslund et al[41]
demonstrated that intraduodenal but not plasma concentrations
of VIP showed an association with the MMC. In the present
study, we showed that VIP levels in small intestine were
significantly higher than those of the control, but had no
difference in plasma. It indicates that small intestine VIP plays
an important role in the inhibition of small intestinal transit
caused by psychological stress.
The results of this study suggest that gastrointestinal
motility disorders during psychological stress may be partially
mediated by release of gut hormones from small intestine. But
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the following questions need to be answered in future: how
does psychological stress modulate gut hormone release from
small intestine and how are gastrointestinal motility disorders
caused by gut hormones in small intestine.
In summary, psychological stress does induce changes in
the small intestinal motility. Changes of CCK and VIP levels in
the small intestine of mice may be closely related with the
inhibition of small intestine transit. However, there is no
relationship between gastrointestinal dysmotility and gut
hormones in plasma during psychological stress.
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Abstract
AIM: To investigate the expression of vascular endothelial
growth factor (VEGF) and microvascular density (MVD) count
in pediatric malignant liver tumor and their clinical significances.
METHODS: Fourteen children with malignant liver tumors
including seven hepatocellular carcinomas (HCCs), five
hepatoblastomas, one malignant mesenchymoma and one
rhabdomyosarcoma were studied. Twelve adult HCC samples
served as control group. All samples were examined with
streptavidin-biotin peroxidase (SP) immunohistochemical
staining for VEGF expression and MVD count.
RESULTS: VEGF positive expression in all pediatric malignant
liver tumors was significantly higher than that in adult HCC
(0.4971±0.14 vs 0.4027±0.03, P<0.05). VEGF expression
in pediatric HCC group was also markedly higher than
that in adult HCC group (0.5665±0.10 vs 0.4027±0.03,
P<0.01) and pediatric non-HCC group (0.5665±0.10 vs
0.4276±0.15, P<0.05). The mean value of MVD in pediatric
malignant liver tumors was significantly higher than that
in adult HCC (33.66±12.24 vs 26.52±4.38, P <0.05).
Furthermore, MVD in pediatric HCC group was significantly
higher compared to that in adult HCC group (36.94±9.28 vs
26.52±4.38, P<0.05), but there was no significant difference
compared to the pediatric non-HCC group (36.94±9.28 vs
30.37±14.61, P>0.05). All 7 children in HCC group died within
2 years, whereas the prognosis in pediatric non-HCC group
was better, in which two patients survived more than 5 years.
CONCLUSION: Children with malignant liver tumors,
especially with HCC, may have extensive angiogenesis that
induces a rapid tumor growth and leads to a poor prognosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Liver tumor; Angiogenesis; Vascular endothelial
growth factor; Microvascular density
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INTRODUCTION
We reported a group of 26 children with primary liver malignant

tumor during a ten year period, in which hepatocellular carcinoma
(HCC) was in the majority[1]. These patients had a very poor
prognosis due to frequent metastases and rapid recurrence,
and died in a short time no matter what kind of therapeutic
procedures was taken. The characteristics of pediatric malignant
liver tumor, especially HCC, are worthwhile to be studied.
Recently, the roles of vascular endothelial growth factor (VEGF)
in the growth and metastasis of tumors have drawn extensive
attention. We presume there is an unusual angiogenesis that
might be related with VEGF expression in pediatric liver
malignant tumor. In this study, we investigated the VEGF
expression and microvascular density (MVD) in primary liver
malignant tumor in children, and elucidated the possible reasons
and correlative factors responsible for the high malignant
behaviors of these tumors.

MATERIALS AND METHODS
Patients
Among 26 children with malignant liver tumor who were treated
during 1992 to 2001, 14 cases (10 boys and 4 girls with an average
age of 68.6 mo and range 0.8-182 mo) underwent surgery and
were pathologically diagnosed as HCC (7 cases, 50%),
h epat obl ast om a (HB, 5 cases, 35.7%), m al i gn an t
mesenchymoma (1 case, 7.14%) and rhabdomyosarcoma (1 case,
7.14%). In HCC group, 4 had multiple tumors and 3 had a
single tumor in liver, but the patients with HB, malignant
mesenchymoma or rhabdomyosarcoma had only single tumor
in liver. Alpha-fetoprotein (AFP) and HBsAg in all patients
were measured before operation.
Immunohistochemistry of VEGF and MVD
The specimens obtained from normal liver, tumor and tumor
surrounding tissues were fixed in 100 mL/L formalin, embedded
in paraffin and serially sectioned (4 m thick). Routine
histopathologic evaluation of the tumor was performed using
hematoxylin and eosin staining, streptavidin-biotin peroxidase
(SPTM kit, ZYMED, USA) procedure was used for immunohistochemical staining of VEGF and MVD. The first antibodies were
rabbit anti-human VEGF polyclonal antibody (1:20, Santa Cruz
Biotechnology, Inc) and mouse anti-human CD34 (endothelial
cell marker for measuring MVD) monoclonal antibody (1:50,
NeoMarkers), respectively. Another 12 specimens obtained
from adult HCC (ranging in age from 36 to 59 years) were used
as control. All steps of manipulation were carried out according
to the manufacturer’s instructions of the kit. Positive VEGF
staining appeared as brown in cytoplasm was analyzed with
microscopy and computer-image system (HPIAS-1000, QianPing
Co.). The areas of positively stained cells in five visual fields
were measured by HPIAS-1000 in each section. According to
the criteria of Weidner et al[2], the number of capillaries and
microvessels which were endothelial-lined within tumor was
measured by MVD count. The distribution of microvessels in
each section was observed primarily under a low-power
microscope, and then 5 fields with abundant microvessels were
selected for counting under a high power microscope (400
magnification), and a mean value was calculated.
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Figure 1 Immunohistochemical staining for VEGF expression (×400) and MVD (×100). A, B: Immunohistochemical staining for
VEGF expression in HCC (A) and HB (B); C, D: Immunohistochemical staining for MVD (×100 ) in HCC (C) and HB (D).

Statistical analysis
The values of VEGF positive expression and MVD count were
presented as mean±SD. Student’s t test was used to analyse
the data. P<0.05 was considered statistically significant.
RESULTS
Clinical examination
In children with HCC, HB and two cases of malignant
mesenchymoma or rhabdomyosarcoma, the positive rate of AFP
was 71.2% (5/7), 100% (5/5) and 0%, respectively. The positive
rate of HBsAg was 43% (3/7), 0% and 0%, respectively.
Table 1 VEGF expression and MVD count in each group (mean±SD)
Groups
Pediatric malignant liver tumor
group (n = 14)
Pediatric HCC group (n = 7)
Pediatric non-HCC group (n = 7)
Adult HCC group (n = 12)

VEGF

MVD

0.4971±0.14 a

33.66±12.24 a

0.5665±0.10 b
0.4276±0.15 c
0.4027±0.03

36.94±9.28 a
30.37±14.61
26.52±4.38

a

P<0.05, bP<0.01 vs adult HCC group; cP<0.05 vs pediatric HCC
group.

VEGF expression and MVD count
VEGF positive expression was brown in sections of tumor tissue
(Figures 1A, B). It was significantly higher in all pediatric malignant
liver tumors than in adult HCC (0.4971±0.14 vs 0.4027±0.03,
P<0.05). VEGF expression in pediatric HCC group was also
markedly higher than that in adult HCC group (0.5665±0.10 vs
0.4027±0.03, P<0.01) and pediatric non-HCC group (0.5665±0.10
vs 0.4276±0.15, P<0.05, Table 1). The distribution of microvessels

was asymmetric in tumor tissue and the densest distribution
was in the edge of the tumor (Figures 1C, D). The mean value of
MVD in pediatric malignant liver tumor was significantly higher
than that in adult HCC (33.66±12.24 vs 26.52±4.38, P<0.05, Table 1).
Furthermore, MVD in pediatric HCC group was markedly higher
compared to the adult HCC group (36.94±9.28 vs 26.52±4.38,
P<0.05), but there was no significant difference compared to
the pediatric non-HCC group (36.94±9.28 vs 30.37±14.61, P>0.05,
Table1).

Survival rate (%)

Survival follow-up
The survival time of all children in HCC and non-HCC groups
was calculated until their death or September of 2003, and
described with the Kaplan-Meier curve.

HCC group
Non-HCC group

100
90
80
70
60
50
40
30
20
10
0
0

2

4 6

8 10 12 14 16 18 20 22 24

Time (mo)

Figure 2 Survival rate described by Kaplan-Meier curve in
children with HCC and non-HCC.

Survival rate
All patients were followed-up. All children in HCC group died
within two years after operation. The patients in non-HCC group
had a better prognosis. Among the survivors, two cases survived
for over 5 years. Kaplan-Meier curve showed that although all
patients underwent surgery procedures, there was a significant
difference in survival rate between patients with HCC and
without HCC, the survival rate of non-HCC group was notably
higher than that of HCC group (Figure 2).
DISCUSSION
In this study, the clinical characteristics of pediatric primary
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malignant liver tumor were as follows: (1) HCC cases out
numbered HB cases. This result was different from previous
reports that the incidence of HB was the highest in pediatric
malignant liver tumors[3]. (2) HBsAg was positive in 43%(3/7)
of all HCC cases, and negative in all HB cases, implying that
hepatitis B virus (HBV) infection might be responsible for HCC
in children. (3) AFP was positive in all HB and most HCC cases,
but HBsAg and AFP were negative in patients with mesenchymoma
or rhabdomyosarcoma. (4) The resection rate of pediatric
malignant liver tumor was low, accounting for 38.5% (10/26)
during the same period, and the resection rate of HCC was
only 21.05% in this study.
Clinical results have shown pediatric malignant liver tumors
grow rapidly and are often at the late stage when found or
diagnosed. Furthermore, pediatric malignant liver tumors,
especially HCC, have a very poor prognosis even if treated. In
pediatric HCC group of our study, none survived for over
two years. This poor prognosis might be due to the rapid
recurrence and metastasis of pediatric malignant liver tumor
even after surgical resection.
A more recent research indicates that the growth and
metastasis of solid tumors are dependent on the formation of
new blood vessels[4]. The onset of angiogenesis is believed to
be an early event in tumorigenesis and may facilitate tumor
progression and metastasis[5]. Several growth factors with
angiogenic activity have been described, including fibroblast
growth factor (FGF), platelet derived growth factor (PDGF) and
VEGF. Among the angiogenesis factors, VEGF is the most
important one and a hot spot of study at present. It has been
reported that VEGF is a dimeric glycoprotein with a structural
homology with PDGF[6,7], and also a highly specific mitogen for
blood vessel endothelial cells, which can stimulate endothelial
cells of microvessels to proliferate and increase permeability,
resulting in tumor angiogenesis[8]. On the other hand, tumor
MVD is not only the criterion for evaluating angiogenesis, but
also has a close relation with malignant behaviors of tumor,
such as recurrence and metastasis[9]. The higher the density of
the new blood vessels is in tumor, the worse the prognosis of
patients is. Thus VEGF and MVD were chosen to measure and
understand the angiogenesis event in pediatric liver malignant
tumor in this study.
The VEGF expression and MVD count in pediatric malignant
liver tumor, especially in pediatric HCC group, were significantly
higher than those in adult HCC group. The results indicate
there is stronger angiogenesis in pediatric liver malignant tumor
which might be an important reason why tumor growth is faster
and prognosis is poorer in children than in adults. Among the
children with malignant liver tumor, VEGF positive expression
and MVD count in HCC group were also higher than those in
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non-HCC group. On the other hand, there were also significant
differences in survival rate between HCC and non-HCC groups.
Almost all patients in HCC group died within two years after
operation, but more patients in non-HCC group survived for over
two years. Two possibilities might be accountable for this outcome.
First, since this study consisted of a small number of patients, the
cases were not sufficient to reflect the different characteristics
of angiogenesis of pediatric HCC and non-HCC. Second, except
for angiogenesis, other factors, such as types of tumor,
differentiation degree, course of disease, location and metastasis,
might be responsible for the prognosis. In the non-HCC group, two
patients with malignant mesenchymoma or rhabdomyosarcoma
are still alive. Interestingly, although without statistical
significance, their VEGF expression was negative.
The strong angiogenesis features in pediatric malignant liver
tumor can predict the rapid growth, easy metastasis and recurrence,
and extremely poor prognosis after operation. All these findings
indicate that antiangiogenic therapy could prolong the survival
time of malignant liver tumor patients after operation. The cause
of the strong expression of VEGF and increased MVD in malignant
liver tumor in children is still unclear, thus further studies are
needed.
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Abstract
AIM: To investigate the role of cyclin D1, p16 and retinoblastoma
in cancerous process of gallbladder carcinomas and to assess
the relation between cyclin D1, p16, Rb and the biological
characteristics of gallbladder carcinoma.
METHODS: Forty-one gallbladder carcinoma, 7 gallbladder
adenoma and 14 chronic cholecystitis specimens were
immunohistochemically and histopathologically investigated
for the relation of cyclin D1, p16 and Rb with Nevin staging
and pathologic grading.
RESULTS: The expression rates of abnormal cyclin D1 in
gallbladder carcinoma (68.3%)and gallbladder adenoma
(57.1%) were significantly higher than those in chronic
cholecystitis (7.1%) (P<0.05). No significant difference was
found both among the pathological grades G1, G2 and G3
and among Nevin stagings S1-S2, S3 and S4-S5 of gallbladder
carcinoma. The positive rates of p16 (48.8%) and Rb
(58.5%) in gallbladder carcinoma were significantly lower
compared to those in adenoma (100.0%) and cholecystitis
(100.0%) (P<0.05). The positive rates of p16 and Rb in
Nevin stagings S1 -S2 (80.0% and 90.0%) and S3 (46.2%
and 61.5%) gallbladder carcinomas were significantly
higher than those in S4-S5 (33.3% and 38.8%) (P<0.05),
and those in pathologic grades G1 (54.5% and 81.8%) and
G 2 (50.0% and 62.5%) gallbladder carcinoma were
significantly higher than those in G3 (28.6% and 35.7%)
(P<0.05). The protein expression of p16 and Rb had a
negative-correlation in gallbladder carcinoma (r = -0.2993,
P<0.05), and this negative-correlation was correlated with
Nevin staging (P<0.05). Moreover, the protein expression
of p16 and cyclin D1 had a negative-correlation in
gallbladder carcinoma (r = -0.9417, P<0.05).
CONCLUSION: Cyclin D1 may play a role in the early stage
of gallbladder carcinoma. Mutation of p16 and Rb genes might
be correlated with progression of gallbladder carcinoma.
Analysis of p16 and Rb can estimate the prognosis of
gallbladder carcinoma. Expression of p16 and Rb may be

correlated with Nevin staging and pathologic grading in
gallbladder carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary carcinoma of gallbladder is a very lethal malignant tumor
because of its early metastasis, strong invasion and poor
prognosis. It is very important to estimate the malignant degree
and invasion tendency in order to guide clinical diagnosis and
treatment of gallbladder carcinoma[1,2]. Cyclin D1 is considered
as an oncogene and can promote progression of the cell cycle
to S by cyclin D-dependent kinases (CDK4/CDK6)-mediated
phosphorylation of the retinoblastoma (Rb) protein[3,4]. The
activities of CDK4/CDK6 are constrained by p16[4,5]. The onset
and progression of gallbladder carcinoma are accompanied
with multiple genetic changes that result in qualitative and
quantitative alterations in individual gene expression[3-6]. By
immunohistochemical methods, we analyzed cyclin D1, p16 and
Rb expression levels in gallbladder carcinomas, adenomas and
cholecystitis to evaluate their relationships with the pathogenesis,
development and metastasis of gallbladder carcinoma.
MATERIALS AND METHODS
Materials
Sixty-two randomly chosen cholecystectomy specimens included
41 gallbladder carcinomas, 7 gallbladder adenomas and 14 chronic
cholecystitis. The Nevin staging of gallbladder carcinoma, and
pathologic grading of all cases were determined based on clinical
materials. Ten cases were determined as S1-S2, 13 cases as S3 and
18 cases as S4-S5, by Nevin staging. Eleven cases were determined
as G1, 16 cases as G2 and 14 cases as G3 by pathologic grading. The
polyclonal p16 antibody was rabbit antiserum against human
p16 protein (Dako co, USA). The polyclonal Rb antibody was
rabbit antiserum against human Rb protein (Santa Cruz, USA).
The monoclonal cyclin D1 antibody was mouse antiserum
against human cyclin D1 protein (Santa Cruz, USA).
Methods
Tissue specimens of gallbladder carcinoma were formalin-fixed
and paraffin-embedded, and cut into 5 m thick sections for staining.
The working concentrations of p16, cyclin D1 and Rb antibodies
were 1:40, 1:80 and 1:100, respectively. Paraffin-embedded
sections of gallbladder carcinoma tissue were dewaxed and
dehydrated with ethanol. The sections were incubated with
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3 mL/L H2O2-methyl alcohol for 30 min. The slides were incubated
overnight with appropriate dilutions of monoclonal antibodies/
polyclonal antibodies (McAbs/PcAbs) in PBS (pH 7.8) at 4 ℃.
After several washing steps, the reactivity was visualized using
streptavidin/horseradish peroxidase-conjugated horse antimouse or goat anti-rabbit immunoglobulin (Zymed Co) diluted
at 1:500 in PBS. Diaminobenzidine and hydrogen peroxide were
used as substrates. Control slides were incubated with preimmune sera or PBS. The protein expression was then scored
arbitrarily according to the following scales: -, <25% positive
cells; +, 25-50% positive cells; ++, >50-75% positive cells; and
+++, >75% positive cells. All steps were carried out at room
temperature. All reagents were equilibrated at room temperature.

Statistical analysis
Two×two contingency table, chi-square test, and correlation
analysis were performed. SPSS 8.0 statistical software was used
for calculation. P<0.05 was considered statistically significant.
RESULTS
Expression of p16, Rb and cyclin D1 gene in gallbladder
carcinoma
The positive staining for p16 and Rb gene expressed as brown
granules, was mainly located in nuclei of tumor cells, partly in
cytoplasms (Figure 1: A, B). The positive staining for cyclin D1
gene expressed as brown granules, was distributed mainly in
cell nuclei (Figure 1C).
The positive expression rates of cyclin D1, p16 and Rb are
shown in Table 1. The abnormal cyclin D1 expression rate in
gallbladder carcinoma and gallbladder adenoma was significantly
higher than that in chronic cholecystitis (P<0.05). No significant
difference was found between gallbladder carcinoma and
adenoma, and in pathologic grades G1, G2 and G3, and in Nevin
stagings S1-S2, S3 and S4-S5 of gallbladder carcinoma.
Table 1 Positive expression rates of Rb, p16 and cyclin D1
Rb
Disease

+
Gallbladder carcinoma
Adenoma
Cholecystitis

Cyclin D1

p16

n
41

24

%

+

%

+

%

58.7

28

68.3

20

48 .8

7

7

100.0

4

57.1

7

100.0

14

14

100.0

1

7.1 13

92 .8

The positive expression rates of p16 and Rb in gallbladder
carcinomas were significantly higher than those in adenomas
and cholecystitis (P<0.05). The positive expression rates of
p16 and Rb in Nevin stagings S1-S2 and S3 of gallbladder
carcinoma were significantly higher than those in S4-S5 (P<0.05).
A

B
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There was also a significant difference (P<0.05) in p16 and Rb
expression between pathologic grades G1 and G3 of gallbladder
carcinoma (P<0.05) (Table 2).
Table 2 Correlation between expression rates of Rb, p16 and
cyclin D1, and carcinoma staging
Rb
Stages

Cyclin D1

p16

n
+

Pathologic grading

Nevin staging

G1
G2
G3
S1 -S2
S3
S4 -S5

11
9
16 10
14 5
10 9
13 8
18
7

%

+

%

+

%

81.8
62.5
35.7
90.0
61.5
38.8

8
11
11
6
8
14

72.7
68.8
78.6
60.0
61.5
77.8

6
8
4
8
6
6

54 .5
50 .0
28 .6
80 .0
46 .2
33 .3

Correlation among Rb, cyclin D1 and p16 protein expression in
gallbladder carcinoma
Among the 20 cases of p16-positive gallbladder cancer, 8
were Rb positive. Of the 24 cases of Rb-positive gallbladder
cancer, 8 were p16 positive. Tumor suppressor gene p16 was
correlated with Rb (2 = 5.53, P<0.05; r = -0.2993, P<0.05).
There was a negative correlation between p16 and cyclin D1
(2 = 6.03, P<0.05; r = -0.9417, P<0.05), but no correlation
between Rb and cyclin D1 (2 = 1.20) (Table 3).
Table 3 Relationship between expressions of Rb, cyclin D1
and p16 in gallbladder carcinoma
Rb

p1 6

Cyclin D1

+
+
Total

8
16
24

Total

-

+

-

12
5
17

10
18
28

10
3
13

20
21
41

DISCUSSION
It has been accepted that there is a restriction point in cell-cycle
progression, the restriction point of G1-S is important. Rb, p16
and cyclin D1 are major restriction factors in the restriction
point. The cyclin D1/p16/Rb pathway plays a critical role in
tumorigenesis and each component of this pathway may be
affected by various malignancies[7-11]. Cell-cycle progression
is normally regulated by cyclins and cyclin inhibiting proteins.
Progression of cells from G1 to S phase is regulated via pRb
phosphorylation by cyclin D complexed with cyclin-dependent
kinases (CDK) 4 and 6, which are in turn regulated by CDK
inhibitors, such as p16INK4 protein[12]. pRb is underphosphorylated
throughout G1 phase and phosphorylated just before S phase[12,13].
Hypophosphorylated pRb arrests cells in G1 phase, and
C

Figure 1 Immunohistochemical staining for Rb, p16 and cyclin D1 (×400). A: Rb-positive expression; B: p16-positive expression;
C: cyclin D1-positive expression.
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phosphorylation relieves this inhibition resulting in S phase
entry[12-14]. p16INK4 is associated with the cyclin D-CDK4 complex,
preventing pRb phosphorylation and consequently, S phase
entry[15-18]. Dysregulation of the p16INK4/pRb/cyclin D1 pathway
has been reported in numerous tumor types[19,20]. Inactivation
of tumor suppressor gene products pRb and p16INK4 protein is
a common event in human cancers[9].
P16 gene located on chromosome 9p21, is a new tumor
suppressor gene, which was identified by an American molecular
geneticist in 1995 and is also called multiple tumor suppressor
1 (MTS1) for its suppressing function on multiple tumors[16].
Rb gene is the first tumor suppressor gene located at
chromosome 13q14 identified by the location cloning method.
The product of Rb is a nuclear phosphoprotein. Loss of pRb
has been demonstrated in a variety of cancers, including gastric,
pancreatic and bladder cancers, small cell lung and colorectal
carcinomas[21-25].
Our study showed that the positive expression rates of p16
and Rb in gallbladder carcinoma were significantly lower than
those in adenoma and cholecystitis. The positive expression
rates of p16 and Rb in Nevin stagings S1-S2 and S3 of gallbladder
carcinoma were significantly higher than those in S4-S5. There
was also a significant difference in p16 and Rb expressions
between pathologic grades G1 and G3 of gallbladder carcinoma.
These results suggest that loss and mutation of p16 play an
important role in gallbladder carcinoma progression, and there
is a consanguineous relation between p16 and invasion and
metastasis of gallbladder carcinoma. p16 gene can inhibit the
development of gallbladder carcinoma.
The overexpression of cyclin D1 has been reported in a wide
range of human cancers[26-28]. In our study the abnormal cyclin D1
expression rates in gallbladder carcinoma and adenoma were
significantly higher than those in chronic cholecystitis. No
significant difference was found in cyclin D1 expression
between gallbladder carcinoma and adenoma. Similarly, there
was no marked difference among the pathologic grades G1, G2
and G3 and among Nevin stagings S1-S2, S3 and S4-S5 of
gallbladder carcinoma. Hui et al[29] have suggested that cyclin
D1 overexpression is an early event in gallbladder carcinogenesis
and could independently predict the prognosis for patients
with resectable gallbladder carcinoma.
Among the 20 cases of p16-positive gallbladder cancer, 8
were Rb positive. Of 24 cases of Rb-positive gallbladder cancer,
8 were p16 positive. Tumor suppressor gene p16 is correlated
with Rb. Therefore, inactivation of pRb may stimulate cells to
increase p16INK4 expression, which inhibits the activity of CDK4
and inactivates cyclin D1-CDK4 complex. On the contrary, pRb
overexpression stimulates cells to increase p16INK4 protein loss,
which enhances the activity of CDK4, thus inactivating
excrescent pRb.
There is a negative correlation between p16 and cyclin D1.
A close association of cyclin D1 overexpression with p16INK4
protein loss has been found in bladder cancer[30] and hepatocellular
carcinoma[31,32]. Negative expression of p16INK4 protein and positive
expression of cyclin D1 protein are significantly correlated to
the high invasion and metastasis of tumor and the poor survival
of patients.
In conclusion, disruption of the cyclin D1/p16INK4-pRb
pathway plays an important role in the progression of gallbladder
carcinoma. Loss or decreased expression of p16 and pRb has
an obvious correlation with malignant degree and metastasis
of gallbladder carcinoma. Cyclin D1 overexpression is an early
event in gallbladder carcinogenesis.
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it is usually detected at an advanced stage due to no specific
symptoms [3]. The only potentially curative therapy for
gallbladder carcinoma is surgical resection. The spread modes
of gallbladder carcinoma are direct, lymphatic, vascular, neural,
intraperitoneal, and intraductal. Liver and lymph nodes are the
two most common sites of metastasis of gallbladder carcinoma[4,5].
The purpose of the present study was to assess the spread
patterns of gallbladder carcinoma and to discuss the related
radical resection methods.

Abstract

MATERIALS AND METHODS
Patients
From April 1994 to October 2003, a total of 138 patients with primary
gallbladder carcinoma were treated in our hospital. Patients without
surgery (n = 36) and patients with palliative surgery (n = 57) were
excluded from the study. Forty-five patients undergone radical
surgery were included in this study, 22 were men and 23 women,
with a mean age of 61.22 years (range: 33-85 years).

AIM: To evaluate the patterns with metastasis of gallbladder
carcinoma in lymph nodes and liver.
METHODS: A total of 45 patients who had radical surgery
were selected. The patterns with metastasis of primary
gallbladder carcinoma in lymph nodes and liver were
examined histopathologically and classified as TNM staging
of the American Joint Committee on Cancer.
RESULTS: Of the 45 patients, 29 (64.4%) had a lymph
node positive disease and 20 (44.4%) had a direct invasion
of the liver. The frequency of involvement of lymph nodes
was strongly influenced by the depth of the primary tumor
(P = 0.0001). The postoperative survival rate of patients
with negative lymph node metastasis was significantly
higher than that of patients with positive lymph node
metastasis (P = 0.004), but the postoperative survival rate
of patients with N1 lymph node metastasis was not
significantly different from that of patients with N2 lymph
node metastasis (P = 0.3874). The postoperative survival
rate of patients without hepatic invasion was significantly
better than that of patients with hepatic invasion (P = 0.0177).
CONCLUSION: Complete resection of the regional lymph
nodes is important in advanced primary gallbladder
carcinoma (PGC). The initial sites of liver spread are located
mostly in segments IV and V. It is necessary to achieve
negative surgical margins 2 cm from the tumor. In patients
with hepatic hilum invasion, extended right hepatectomy
with or without bile duct resection or portal vein resection
is necessary for curative resection.

Radical resection procedures
Radical resection was defined as the complete removal of a regional
tumor with free surgical margins and positive lymph node
metastasis restricted to the dissected area, as seen on postoperative
histological examination.
The operative procedures are shown in Table 1. Simple
cholecystectomy was performed in 3 patients, other patients
underwent lymphadenectomy. The operative procedures
included wedge resection (n = 8), resection of segments IV a
and V (n = 20), resection of the bile duct (n = 8), extended right
hepatectomy (n = 2), hepatopancreaticoduodenectomy (n = 5),
and other organ tissue resection (n = 6), portal vein resection
(n = 2), proper hepatic artery resection (n = 1). The resected
specimens were examined histopathologically. Hepatic and
lymph node specimens were especially concerned. The TNM
system of the American Joint Committee on Cancer (AJCC)
was used for staging.
Table 1 Radical procedures performed in 45 patients with
gallbladder carcinoma
Type of resection

Patients Percent
(n)
(%)

I

II

III

IV A

IV B

C

3

6.7

2

1

C+N

7

15.6

2

3

2

C+WR+N

8

17.8

1

2

2

1

2

Key words: Gallbladder carcinoma; Liver cancer; Lymph
node metastasis

C+S4aS5+N

6

13.3

4

2

C+S4aS5+BD+N

8

17.8

5

3

Lin HT, Liu GJ, Wu D, Lou JY. Metastasis of primary gallbladder
carcinoma in lymph node and liver. World J Gastroenterol
2005; 11(5): 748-751

C+ERH+N

2

4.4

1

1

1

4
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Total

INTRODUCTION
Primary gallbladder carcinoma (PGC) is one of the most common
malignancies of the biliary tract with poor prognosis[1,2], because

Abbreviations: C, cholecystectomy; N, lymphadenectomy; WR,
wedge resection of the liver bed; S4aS5, liver resection of
segments IV a and V; BD, resection of the bile duct; ERH, extended
right hepatic resection; HPD, hepatopancreaticoduodenectomy;
Other, other organ tissue resection.
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Figure 1 Postoperative survival rate depending on lymph node metastasis (A) and hepatic invasion (B).

Statistical analysis
Cumulative survival rate was determined with the Kaplan-Meier
method. Differences in the survival curves were compared with
the Log-rank test. P<0.05 was considered statistically significant.
RESULTS
Pathologic features
The 29 patients (64.4%) with a lymph node-positive disease
had N1 (n = 15) and N2 (n = 14) stages of primary gallbladder
carcinoma. Of these patients, 7 had positive cystic nodes, 22
had positive pericholedochal nodes, 10 had positive hepatic
hilum nodes, 2 had positive retroportal nodes, 3 had positive
nodes along the common hepatic artery, 12 had positive
postersuperior pancreaticoduodenal nodes, 1 had positive
celiac nodes, 1 had positive superior mesenteric nodes, 3 had
positive nodes at the greater curvature of the stomach, 4 had
positive para-aortic nodes. All patients with positive para-aortic
nodes had N2 stage of primary gallbladder carcinoma. The
relationship between N stage and T stage is shown in Table 2. The
frequency of lymph node involvement was strongly influenced
by the invasion depth of the primary tumor (P = 0.0001).
Primary lesions were located in the fundus (n = 14), body
(n = 12), neck (n = 7), both in the fundus and in the body (n = 2),
both in the fundus and in the neck (n = 2) of the gallbladder,
and in the whole gallbladder (n = 8). In 31 patients, the primary
lesions were extended out of the gallbladder into the surrounding
tissues.
Tumors of gallbladder invaded into the liver (n = 20), segment
IV (n = 1), segment V (n = 2), segments IV and V (n = 15),
segments IV, V and VIII (n = 2). Tumors invaded into the bile
duct (n = 12). There were 3 cases in the third stage. Locations
of tumors were in the pancreatic head (n = 4), nerve (n = 3),
portal vein (n = 2), proper hepatic artery (n = 1), duodenum (n = 3)
and right transverse colon invasion (n = 2).
There were 2 patients with right hepatic metastasis, 2 with
abdominal peritoneum metastasis, 1 with ileum metastasis. All
metastasitic lesions were completely resected.
Based on AJCC TNM staging system, the distributions were
in T1 (n = 6), T2 (n = 8), T3 (n = 5), T4 (n = 26), N0 (n = 16), N1
(n = 15), N2 (n = 14), M0 (n = 39), M1 (n = 6). Five cases were
stage I, six cases stage II, five cases stage III, fourteen cases
stage IVA, and fifteen cases stage IVB.
Survival
Three cases died in hospital of postoperative hepatic failure.
Postoperative morbidity and mortality rates of 45 patients were
33.3% and 6.7%, respectively. A total of 31 patients were
followed up. Postoperative survival rate was poor in our series
as compared to others, with an 1-year survival rate of 32.3%
and 3-year survival rate of 9.7%. The postoperative survival
rate of patients without lymph node metastasis was significantly

better than that of patients with lymph node metastasis (P = 0.004,
Figure 1A), but the postoperative survival rate of patients with
N1 lymph node metastasis was not significantly different from
that of patients with N2 lymph node metastasis (P = 0.3874).
The postoperative survival rate of patients without hepatic
invasion was significantly better than that of patients with
hepatic invasion (P = 0.0177, Figure 1B).

DISCUSSION
The prognosis of patients with gallbladder carcinoma remains
dismal especially in advanced cases. The role of surgery in the
treatment of gallbladder carcinoma is still controversial. The
pattern and outcome of prospective radical surgery depend on
the mode and degree of tumor spread[6].
Lymph node spread
Shirai et al[7] reported that gallbladder lymph circulated though
the pericholedochal lymph nodes to the posterosuperior
pancreaticoduodenal lymph nodes, and interaoticoval lymph
nodes. Ito et al[8] have proposed three pathways of lymphatic
drainage from the gallbladder: the cholecystoretropancreatic
pa t h wa y, t h e ch ol ec ys t oc el i a c pa t h wa y a n d t h e
cholecystomesenteric pathway. But this does not concern the
modes of flows to the hepatic hilum lymph nodes. This study
also shows that the hepatic hilum lymph node metastasis is a
common lymph node metastasis position (10 patients, 34.5%).
The cystic and pericholedochal lymph nodes are the initial
spreading sites from PBC.
The prognosis of PGC is strongly affected by their lymph
node status[9,10]. Some authors indicate that there is no difference
in survival between N0 and N1 patients, while patients with a
N2 disease have a significantly worse prognosis[11]. Some
authors indicate that there is no difference in survival between
N1 and N2 patients, while patients with a N0 disease have a
significantly better prognosis[12]. This study shows that N0
patients have a significantly better survival than N1 patients,
but there is no difference in survival between N1 and N2
patients. The different conclusions maybe due to the different
radical procedures. After a complete resection of the
posterosuperior pancreaticoduodenal nodes, superior mesenteric
nodes and celiac nodes, even para-aortic lymph nodes, N2
patients could get a survival rate as N1 patients.
Conflicting radical resection of lymph node metastasis was
reported. Benoist et al[1] advocate that radical resection should
only be considered in the absence of regional lymph node
metastasis, while Chijiiwa et al[9] believe that radical resection
should be done for patients with involvement confined to the
h ep a t od u oden al l ig a men t s, p os t er os up er ior
pancreaticoduodenal area, and the common hepatic artery, but
do not advocate radical resection for patients with superior
mesenteric node, celiac node, and para-aortic lymph node
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metastases. Tsukada et al [11] suggest a more extensive
dissection even with pancreaticoduodenectomy and resection
of the para-aortic lymph nodes in selected patients. This study
also shows that N2 patients with a more extensive dissection
could get a better prognosis than N1 patients.
Some authors advocate that there is no lymph node
metastasis in T1 patients[11,13,14]. One T1 patient had pN1 lymph
node metastasis (the primary lesion invaded muscle layer) (Table 2),
1 patient had N1 lymph node metastasis and 1 had both N2 and
para-aortic lymph node metastases in T2 patients. Complete
removal of regional lymph nodes is important in advanced PGC,
only patients with tumor lesions lying in mucosae could be
treated with simply cholecystectomy[15]. Radical resection is
comprised of resection of the lymph nodes around the head of
pancreas, including the lymph nodes along the common hepatic
artery, celiac nodes, retroportal lymph nodes, and para-aortic
lymph nodes in the aorticocaval space[16]. A sampling biopsy
of para-aortic nodes may be useful before starting a radical
resection [17]. If hepatic hilum lymph nodes are positive,
resection of segments IV a and V would be necessary to prevent
lymphatic hepatic metastasis[18].
Table 2 Comparison of depth of invasion of the tumor (T) and
lymph node metastases (N)

T1 (n = 6)
T2 (n = 8)
T3 (n = 5)
T4 (n = 26)
Total (n = 45)

N2

Para-aortic
lymph node

5
6

1
1

0
1

0
1

1

2

2

0

4
16

11
15

11
14

3
4

1

2

3

4

T and N were based on TNM staging of the American Joint
Committee on Cancer (AJCC).

Hepatic spread
Shirai et al[19] reported three patterns of direct hepatic invasion.
Some authors indicate that venous blood from the gallbladder
is drained into segments IV and V by short direct communicating
veins or by veins accompanying the extrahepatic ducts into
the liver [20]. This explains why the initial location of liver
metastasis is to the portions adjacent to the gallbladder, mostly
in segments IV and V, rather than the distant sites of the liver.
According to Yoshimitsu et al[21], 96% of gallbladder veins end
in the intrahepatic portal branches of segment V, 93% of
gallbladder veins end in the intrahepatic portal branches of
segment IV. The portal tract lymphatic retrograde spread may
be a reason of gallbladder metastasis. This study shows that
the most common hepatic spread position is segments IV and
V (15 patients, 75%).
Ogura et al[22] reported two patterns of hepatic infiltration,
the extensive pattern and the infiltrating pattern. Two modes of
tumor invasion have been noted in the infiltrating pattern, the
most common site of the main tumor is located in hepatic
parenchyma, the front of carcinoma involving vascular infiltration
invades the hepatic hilum along the Glisson’s sheath. Localized
hepatic metastases from gallbladder carcinoma near the
gallbladder bed are also reported[19]. The most important route
of early hepatic metastasis from gallbladder carcinoma seems
to be the portal tracts[23].
Hepatic resection for advanced carcinoma of the gallbladder
must be decided on the basis of the modes of tumor spread to
the liver. Wedge resection or resection of segments IV a and V
should be considered as an adequate hepatectomy for patients
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Abstract
AIM: To investigate the role of prostacyclin (PGI 2) and
nitric oxide (NO) in the development and maintenance of
hyperdynamic circulatory state of chronic portal hypertensive
rats.
METHODS: Ninety male Sprague-Dawley rats were divided
into three groups: intrahepatic portal hypertension (IHPH)
group by injection of CCl4, prehepatic portal hypertension
(PHPH) group by partial stenosis of the portal vein and
sham-operation control (SO) group. One week after the
models were made, animals in each group were subdivided
into 4 groups: saline controlled group (n = 23), N-nitroL-arginine (L-NNA)group (n = 21) group, indomethacin (INDO)
group (n = 22) and high-dose heparin group (n = 24). The
rats were administrated 1mL of saline, L-NNA (3.3 mg/kg·d)
and INDO (5 mg/kg·d) respectively through gastric tubes
for one week,then heparin (200 IU/Kg/min) was given to
rats by intravenous injection for an hour. Splanchnic and
systemic hemodynamics were measured using radioactive
microsphere techniques. The serum nitrate/nitrite(NO2-/NO3-)
levels as a marker of production of NO were assessed by a
colorimetric method, and concentration of 6-keto-PGF1,
a stable hydrolytic product of PGI2, was determined by
radioimmunoassay.
RESULTS: The concentrations of plasma 6-keto-PGF1
(pg/mL) and serum NO 2 -/NO 3 - (mol/L) in IHPH rats
(1123.85±153.64, 73.34±4.31) and PHPH rats (891.88±83.11,
75.21±6.89) were significantly higher than those in SO rats
(725.53±105.54, 58.79±8.47) (P<0.05). Compared with SO
rats, total peripheral vascular resistance (TPR) and
splanchnic vascular resistance (SVR) decreased but cardiac
index (CI) and portal venous inflow (PVI) increased
obviously in IHPH and PHPH rats (P<0.05). L-NNA and
indomethacin could decrease the concentrations of plasma
6-keto-PGF1 and serum NO2-/NO3-in IHPH and PHPH rats
(P<0.05) .Meanwhile, CI, FPP and PVI lowered but MAP,
TPR and SVR increased(P<0.05). After deduction of the
action of NO, there was no significant correlation between
plasma PGI2 level and hemodynamic parameters such as
CI, TPR, PVI and SVR. However, after deduction of the
action of PGI 2 , NO still correlated highly with the
hemodynamic parameters, indicating that there was a close
correlation between NO and the hemodynamic parameters.
After administration of high-dose heparin, plasma 6-keto-

PGF 1 concentrations in IHPH, PHPH and SO rats were
significantly higher than those in rats administrated vehicle
(P<0.05). On the contrary, levels of serum NO2-/NO3- in
IHPH, PHPH and SO rats were significantly lower than those
in rats administrated Vehicle (P<0.05). Compared with
those rats administrated vehicle, the hemodynamic
parameters of portal hypertensive rats, such as CI and
PVI, declined significantly after administration of high-dose
heparin ( P <0.05), while TPR and SV R increa sed
significantly (P<0.05).
CONCLUSION: It is NO rather than PGI2 that is a mediator
in the formation and maintenance of hyperdynamic
circulatory state of chronic portal hypertensive rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is well established that systemic and splanchnic hyperdynamic
circulatory state plays an important role in maintaining and
aggravating the high portal venous pressure. However, the
underlying mechanisms have not been completely understood.
Recent studies suggest that vasodilators such as nitric oxide
(NO) and prostacyclin (PGI2) contribute much to hyperdynamic
circulation[1,2,].
NO may be a mediator in the pathogenesis of hyperdynamic
circulatory state, but whether PGI2 plays the same role is still
controversial[3,4]. In order to elucidate the relative contribution
of PGI2, NO and the possible interaction between these two
vasodilators in the development of hyperdynamic circulatory
state of chronic portal hypertensive rats, we designed the
experiment to detect the plasma PGI2, NO level and hemodynamic
effects of NO inhibitor (L-NNA ), COX2 inhibitor (indomethacin)
and high-dose heparin on IHPH, PHPH and SO rats.
MATERIALS AND METHODS
Experimental model
Ninety adult male Sprague-Dawley rats(weighing 300±50 g)
were used in all experiments. Animals were housed in an
environmentally controlled vivarium with light control (12 h
light-dark cycle) and allowed free access to standard pellet diet
and water. Survival surgery and hemodynamic studies were
performed in strict sterile conditions under ketamine
hydrochloride anesthesia (100 mg/kg, im). The temperature of
rats was maintained at 37±0.5 ℃ by a heating lamp and
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monitored by a rectal probe. Experimental animals were
randomly divided into three groups: IHPH, PHPH and SO.
IHPH was induced in 22 rats by injection of CCl4 according
to a previously reported method[5]. Briefly, the rats were injected
15 times intramuscularly with (0.3 mL/100 g, first time injection
of 0.5 mL/100 g) 60% CCl4 in mineral oil, once every four days,
and were given 10% alcohol instead of water. PHPH was induced
in 20 rats by partial portal vein ligation according to a previously
reported method[6]. In brief, the portal vein was isolated and a
calibrated stenosis was performed with a single 3-0 silk ligature
around a 20-gauge blunt-tipped needle. The needle was then
removed, and the portal vein was allowed to reexpand. The
viscera were placed back into the abdomen, and the incision
was closed in two layers with suture. Antibiotic ointment was
applied to the surgical wound. SO was maded in 24 rats.

Experimental scheme
One week after the models were made, animals in each group
were subdivided into 4 groups: saline controlled group(n = 23),
N-nitro-L-arginine (L-NNA) group (n = 21), indomethacin
(INDO) group (n = 22) and high-dose heparin group (n = 24).
Rats were administrated 1mL of saline, L-NNA (dissolved in
1 mL saline at the dose of 3.3 mg/kg·d) and INDO (dissolved
in 1 mL saline at the dose of 5 mg/kg·d) respectively through
gastric tubes for one week, then 1mL heparin solution at the
dose of 200 IU/Kg/min and 1mL saline were given to high-dose
heparin group rats and saline controlled rats respectively by
intravenous injection for an hour.
Hemodynamic study
Splanchnic and systemic hemodynamic parameters including
mean arterial blood pressure (MAP), free portal pressure (FPP),
cardiac index (CI), portal venous inflow (PVI), total peripheral
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vascular resistance (TPR) and splanchnic vascular resistance
(SVR) were measured using radioactive microsphere techniques[7].

Assay of 6-keto-PGF1 and NO2-/NO3The concentration of 6-keto-PGF1 in the plasma, a stable
metabolite of PGI2, was measured by radioimmunoassay as
described previously, and NO2-/NO3- were determined in serum
by a colorimetric method according to a previous method[8].
Statistical analysis
All data were expressed as mean±SD. Statistical analysis was
performed using SPSS10.0 package of statistical programs.
Comparisons of means in three models and subgroups were
performed by one-way ANOVA. Pearson’s correlation analysis
was performed for selected variables. P<0.05 was taken as
statistically significant.
RESULTS
Effects of L-NNA and INDO on plasma PGI2 and NO concentrations
The concentrations of plasma 6-keto-PGF1 (pg/mL) and
NO2-/NO3- in both IHPH and PHPH rats were significantly higher
than those in SO rats (P<0.05). Compared with controlled group,
both L-NNA and indomethacin reduced the plasma 6-keto-PGF1
(pg/mL) and NO2-/NO3- concentrations (Table 1) (P<0.05).
Effects of L-NNA and INDO on systemic and splanchnic
hemodynamics
In basal state, MAP and TPR were significantly decreased but
CI was increased in IHPH and PHPH rats when compared with
SO rats (P<0.05). Compared with controlled group, the CI
decreased while the MAP and TPR in IHPH and PHPH rats
elevated after L-NNA or INDO was given (Table 2) (P<0.05).

Table 1 Effects of L-NNA and INDO on plasma PGI2 and NO concentrations (mean±SD)
Group
6-keto-PGF1 (pg/mL)
SO
IHPH
PHPH
NO 2– /NO 3 – ( mol/L)
SO
IHPH
PHPH
a

Vehicle (n = 23)

L-NNA (n = 21)

Indo (n = 22)

Heparin (n = 24)

725.53±105.54
1 123.85±153.64 a
891.88±83.11 a

748.48±67.68
494.74±145.98 ac
386.54±98.44 ac

336.91±37.05 c
342.86±104.79 ac
266.94±57.63 c

3 965.96±976.82 c
2 930.61±1 400.38 c
2 766.47±506.95 c

58.79±8.47
73.34±4.31 a
75.21±6.89 a

21.31±1.76 c
40.17±10.32 ac
30.45±3.28 ac

55.72±5.33
46.42±7.43 ac
54.74±4.39 c

45.28±4.398 c
54.02±11.89 ac
62.06±3.56 ac

P<0.05 vs SO; cP<0.05 vs control.

Table 2 Effects of L-NNA and INDO on systemic hemodynamics (mean±SD)
Group
MAP (mmHg)
SO
IHPH
PHPH
CI (mL/min)
SO
IHPH
PHPH
TPR (mmHg/mL· min)
SO
IHPH
PHPH
a

P<0.05 vs SO; cP<0.05 vs control.

Vehicle (n = 23)

L-NNA (n = 21)

Indo (n = 22)

Heparin (n = 24)

141.86±3.02
134.00±1.83 a
130.29±1.89 a

159.29±1.98 c
161.50±6.14 c
142.50±4.37 ac

145.86±3.72
161.14±4.45 ac
147.71±2.75 c

157.33±3.77 c
137.88±2.17 a
138.29±4.39 ac

28.46±0.58
32.03±1.34 a
33.19±0.66 a

25.34±2.22 c
25.03±1.76 c
28.13±0.51 ac

27.20±0.61
28.66±1.63 c
29.62±1.16 ac

23.52±0.72 c
28.39±2.25 a
26.67±0.66 ac

4.99±0.13
4.19±0.18 a
3.93±0.06 a

6.33±0.60 c
6.48±0.53 c
5.07±0.19 ac

5.36±0.13
5.64±0.42 c
5.00±0.33 ac

6.70±0.33 c
4.88±0.36 a
5.18±0.21 ac
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Table 3 Effects of L-NNA and INDO on systemic and splanchnic hemodynamics (mean±SD)
Group

Vehicle (n = 23)

L-NNA (n = 21)

Indo (n = 22)

Heparin (n = 24)

FPP (mmHg)
SO
IHPH
PHPH

6.93±0.35

7.29±0.39

7.07±0.35

7.06±0.39

10.29±0.39 a

8.75±0.46 ac

9.28±0.57 ac

9.25±0.65 ac

a

ac

ac

13.71±0.49

10.05±0.45

11.57±0.53

11.07±0.79 a

PVI (mL/min)
SO

1.06±0.20 c

2.35±0.27

IHPH
PHPH

3.83±0.64

a

7.37±1.56

a

1.63±0.17 c

2.34±0.50

ac

3.71±0.53

ac

1.57±0.31 c

2.16±0.59

c

2.05±0.62 ac

3.77±0.81

ac

2.35±0.25 ac

SVR (mmHg/mL·min)
SO
IHPH
PHPH
a

96.18±13.71 c

58.06±6.95
32.96±5.09

a

67.83±14.33

16.39±3.23

a

ac

36.21±5.21

ac

85.56±8.13 c
74.75±19.34
37.52±8.10

ac

99.36±20.26 c
c

68.51±22.26 ac
54.85±6.71 ac

P<0.05 vs SO; cP<0.05 vs control.

Table 4 Pearson partial correlations between PGI2, NO levels and hemodynamic parameters
Hemodynamic parameters

PGI2(deduction of the action of NO)
R

p

NO (deduction of the action of PGI2)
R

P

CI

-0.0259

0.8218

0.5520

0.0001

MAP

-0.1335

0.2436

-0.4572

0.0001

TPR

0.0122

0.9154

-0.6053

0.0001

FPP

0.2598

0.0216

0.4659

0.0001

PVI

0.1536

0.1794

0.3579

0.0013

PVR

-0.0523

0.6493

-0.2280

0.0446

SVR

-0.1216

0.2889

-0.4325

0.0001

INDO had no impacts on the CI and TPR in SO rats.
In basal state, FPP and PVI were significantly increased but
SVR was lowered in IHPH and PHPH rats when compared with
those in SO rats. Both L-NNA and INDO reduced the PVI but
enhanced the SVR in IHPH, PHPH and SO rats (Table 3) (P<0.05).

Effects of high-dose heparin on plasma PGI 2 and NO
concentrations and systemic and splanchnic hemodynamics
After administration of high-dose heparin, plasma 6-keto-PGF1
concentrations (pg/mL) in IHPH, PHPH and SO rats were
significantly higher than those in rats administrated vehicle.
On the contrary, serum NO2-/NO3- (mol/L) concentrations in
IHPH, PHPH and SO rats were significantly lower than those in
rats administrated vehicle (Table 1) (P<0.05). Compared with
the rats administrated vehicle, the hemodynamic parameters of
portal hypertensive rats such as CI and PVI were declined
significantly after the administration of high-dose heparin, while
TPR and SVR were increased significantly (Tables 2, 3) (P<0.05).
Correlation analysis
There was a significant positive correlation between plasma
6-keto-PGF1 and NO2-/NO3- (r = 0.3939, P<0.01). There were
no significant correlations between plasma PGI2 level and
hemodynamics parameters such as CI, TPR, PVI and SVR after
deduction of the action of NO, but after deduction of the action
of PGI2, NO still correlated highly with those hemodynamic
parameters (Table 4).
DISCUSSION
Whether PGI2 plays a role in formation and development of
hyperdynamic circulatory state in portal hypertensive rats has
not been specifically verified. Hamilton et al[9] found that the
plasma concentration of 6-keto-PGF1, a stable hydrolytic

product of PGI2, was markedly elevated in PHPH rats by partial
stenosis of the portal vein and was positively correlated to
portal venous pressure (PVP). Sitzmann et al[10] found that the
concentration of PGI2 in systemic artery circulation had a close
relationship to the enhanced PVP, the increased mesenteric
artery flow (MAF) and the decreased resistance of mesenteric
artery in portal hypertensive rats. The hyperdynamic circulatory
state in portal hypertensive rats was significantly alleviated
after administration of COX inhibitor (indomethacin), which
could be reversed after infusion of extrinsic PGI 2, thus
postulating that PGI 2 contributes to the formation of
hyperdynamics as a systemic mediator via escaping the hepatic
hydrolysis through portal systemic shunt. The following
findings that PGI2 is positively related to PVP in portal
hypertension and Budd-chiari syndrome patients and COX-1
mRNA transcription is elevated in superior mesenteric artery
and thoracic aortic artery in PHPH rats also support the above
hypothesis[11].
However, Blanchart et al[4] did not find the above-mentioned
effects of INDO on hyperdynamics of portal hypertensive rats,
considering that the formation of collateral circulation in PHPH
rats was a result of vascular dilation adapted to the high PVP.
Our previous studies have shown that the magnitude of
systemic and splanchnic hyperdynamics as well as portal
systemic shunt was in the order of PCS>PHPH>IHPH, whereas
the concentration of 6-keto-PGF1 is in the order of PHPH>
IHPH>PCS. Moreover, the concentration of 6-keto-PGF1 was
higher in PCS rats than in SO rats, but was lower than in PHPH
and IHPH rats, namely the dynamics in PCS rats increased
most but PGI2 elevated least. After administration of NOS
inhibitors, hyperdynamic state in PCS, PHPH and IHPH rats
was reversed to the basic state of SO rats while PGI2 level was
ascended, especially in PCS and SO rats (there was no statistic
difference when compared with PHPH and IHPH rats).
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In our previous experiments, we also found that 3 and 7 d
after orthotopic liver transplantation in IHPH rats, plasma PGI2
concentration was obviously lower, but was still higher than in
normal controlled rats 3 d after operation and so did the PVP.
Seven days after operation, there was no difference in PGI2
concentration between PHPH and normal controlled rats.
Nevertheless, 3 and 7 d after orthotopic liver transplantation in
IHPH rats, hyperdynamics still existed, verifying that it is the
enhanced PVP that causes the increase of PGI2, and PGI2 does
not play a role in hyperdynamic circulatory state. Recent data
also show that PGI2 could not modulate the vascular tension to
the normal level in eNOS deleted mice[12].
The findings of this study demonstrate that there are some
hyperdynamic characteristics in IHPH and PHPH rats such as
the increase of cardiac output, PVI, and the decrease of SVR
and MAP. L-NNA and INDO could lower the CI and PVI, but
elevate the MAP and TPR in both IHPH and PHPH rats, thereby
improving the hyperdynamic circulatory state, which seems
that both NO and PGI2 are mediators in the pathogenesis of
hyperdynamics. However, Hardy et al[13] found that while INDO
inhibited the synthesis of PGI2 , it could simultaneously inhibit
the release of NO, which is consistent with our results in this
study (Table 1). In another word, when INDO reduces the
plasma PGI2 level in IHPH and PHPH rats, it decreases the
serum NO level as well. Pearson partial correlation analysis
between PGI2, NO levels and hemodynamic parameters
manifests that after deduction of the action of NO, there is no
significant correlation between plasma PGI 2 level and
hemodynamic parameters such as CI, TPR, PVI and SVR.
However, after deduction of the action of PGI2, NO still correlates
highly with those hemodynamic parameters. Therefore, it is
NO rather than PGI2 that is a mediator in the formation and
development of hyperdynamic circulatory state in chronic portal
hypertensive rats.
It was reported that high-dose heparin could make physical
changes of endothelial cell membranes to enhance intracellular
PLA2 activity, thus increasing the production of PGI2[14,15].
Meanwhile, high-dose heparin could decrease the production
of NO in endothelial cells by decreasing expression of eNOS or
NOS activity as an effect on cell signaling pathways[16,17]. These
results are consistent with our results in this study that after
administration of high-dose heparin, plasma 6-keto-PGF1
concentrations (pg/mL) in IHPH, PHPH and SO rats were
significantly higher than those in rats administrated vehicle
while serum NO2-/NO3- (mol/L) concentrations in IHPH, PHPH
and SO rats were significantly lower than those in rats administrated
vehicle (Table 1). However, the most important finding after
application of high-dose heparin is that heparin extenuates the
hyperdynamic circulatory state of portal hypertensive rats while
facilitate the production of PGI2. After administration of highdose heparin, the CI and PVI in IHPH, PHPH and SO rats
attenuated significantly while TPR and SVR significantly
increased (Tables 2, 3). These results indicate that high-dose
heparin can extenuate the hyperdynamic circulation in portal
hypertensive rats by decreasing the production of NO which
further surports that PGI2 is not a mediator of hyperdynamic
circulation in portal hypertensive rats.
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Abstract
AIM: To investigate the survivin gene expression in human
hepatocellular carcinoma cell line SMMC-7721 and the
effects of survivin gene RNA interference (RNAi) on cell
apoptosis and biological behaviors of SMMC-7721 cells.
METHODS: Eukaryotic expression vector of survivin gene
RNAi and recombinant plasmid pSuppressorNeo-survivin
(pSuNeo-SVV), were constructed by ligating into the vector,
pSupperssorNeo (pSuNeo) digested with restriction
enzymes Xba I and Sal I and the designed double-chain
RNAi primers. A cell model of SMMC-7721 after treatment
with RNAi was prepared by transfecting SMMC-7721 cells
with the lipofectin transfection method. Strept-avidinbiotin-complex (SABC) immunohistochemical staining and
RT-PCR were used to detect survivin gene expressions in
SMMC-7721 cells. Flow cytometry was used for the cell
cycle analysis. Transmission electron microscopy was
performed to determine whether RNAi induced cell
apoptosis, and the method of measuring the cell growth
curve was utilized to study the growth of SMMC-7721 cells
before and after treatment with RNAi.
RESULTS: The eukaryotic expression vector of survivin gene
RNAi and pSuNeo-SVV, were constructed successfully. The
expression level of survivin gene in SMMC-7721 cells was
observed. After the treatment of RNAi, the expression of
survivin gene in SMMC-7721 cells was almost absent,
apoptosis index was increased by 15.6%, and the number
of cells was decreased in G2/M phase and the cell growth
was inhibited.
CONCLUSION: RNAi can exert a knockdown of survivin
gene expression in SMMC-7721 cells, and induce apoptosis
and inhibit the growth of carcinoma cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Survivin gene is a new member of inhibitors of the apoptosis
protein (IAP) family, and the most powerful apoptosis inhibitory
factor as far as we know. Its distribution characteristics in
tissues are different from other apoptosis inhibitory factors. It
is selectively overexpressed in embryonic and fetal development,
as well as in transformed cells and human carcinoma tissues,
but not in adult differentiated tissues (with the exception of
thymus and genital gland), and is associated with the
aggressiveness of diseases and unfavorable outcomes[1-13]. The
expression of survivin gene directly relates to the histological
classification of carcinoma, its relapse, metastasis, and growth
index and inversely relates to apoptotic index [1-4,6-8,11]. In
contrast, some studies have demonstrated that the expression
of survivin gene is not related to the histological classification
of carcinoma, its size, infiltration depth, relapse, metastasis and
prognosis[8-10].
RNA interference (RNAi) is a genetic interference
phenomenon directed by the double-stranded RNA (dsRNA).
It could specifically and efficiently degrade mRNA, resulting
in post-transcriptional gene silencing (PTGS)[14-16], which is a
natural mechanism in organisms underlying the resistance to
virus invasion and inhibition of transposon mobility. Its
blocking action on gene expression has been successfully
observed in rat and human cells cultured in vitro, and the
knockdown of genes in cells has been achieved[15,16].A latest
study[17] has shown that 21-25 nt small interference RNA
(siRNA) can mediate specific gene silencing in mammal cells.
Being effective and highly specific, RNAi probably becomes
a new technique in knocking gene down and plays an important
role in gene function study and gene therapy of diseases. We
constructed the survivin gene eukaryotic expression vector
of dsRNAi, and transfected SMMC-7721 cells, to observe the
survivin gene expression following RNAi and its effects on
cell apoptosis and growth, which has laid a foundation for
further studies on the functions of survivin gene and genetic
therapy involved in human hepatocellular carcinoma (HCC).
MATERIALS AND METHODS
Main reagents
Trizol reagent and M-MLV were purchased from Gibco BRL.
Taq DNA polymerase and dNTPs were obtained from Promega.
DNA Marker DL-2000 and DL-15000, T4 DNA ligase, BamH,
Xho I, Xba, Sal I and Sca I were bought from Takara. Lipfectamine
2000 was purchased from Invitrogen. Competent bacteria
(E.coli DH5) were preserved in our laboratory. Polyclonal
rabbit anti-human survivin antibody (sc-10811) was purchased
from Santa Cruz. pSuppressorNeo (pSuNeo) was a gift of YANYan (New York University, USA).
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Primer design
A survivin sense primer corresponding to nucleotides, 5’TA GGATCCATGGGTGCCCCGACG-3’ was added to
compatible restriction sites BamH I at the 5’end of the primer
sequences. A survivin antisense primer complementary to
nucleotides, 5’-ACCTCGAGCTCAATCCATGGCAGCC-3’
was added to compatible restriction sites Xho I at the 3’end
of the primer sequences. The length of amplified fragments
was 445 bp.
A forward primer of dsRNAi corresponding to nucleotideswas
5 ’ - T C G A G g a g a a c g a g c c a g a c t t g g c c G A G TA C T G
ggccaagtctggctcgttctcTTTTT-3. The Xho I and Sca I overhang
sites were underlined. A reverse primer of dsRNAi
corresponding to nucleotides was 3’-cctcttgctcggtctga
accggCTCATGAC ccggttcagaccgagcaagagAA AAAGATC-5’.
The Sca I and Xba I overhang sites were underlined. The primers
designed were synthesized by Shanghai Sangon Biological
Co. (China).
Cell lines and culture
Human hepatocellular carcinoma cell line SMMC-7721 was
maintained in our laboratory. The cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 100 mL/L
fetal bovine serum (FBS) and incubated in a humidified incubator
containing 50 mL/L CO2 in at 37 ℃.
Construction of recombinant pSuNeo-SVV
Primer annealing (siRNA insert) Forward primer, reverse
primer and annealing buffer were incubated at 95 ℃ for 10 min,
and the tube was gradually cooled to room temperature.
Ligation and insertion of vector pSuNeo One microliter of
linearized vector pSuNeo (completely digested with Xba I and
Sal I), 1 L of insert DNA, 1 L of T4 DNA ligase, and 2 L of
10×ligase buffer were incubated at 16 ℃ overnight. Following
the ligation reaction, the ligated plasmid DNA was transformed
into 200 L of competent cells of an appropriate host strain
(DH5), and then plated on LB plates containing 40 ng/mL of
kanamycin.
Transfection of pSuNeo-SVV
The gene transfection mediated by lipofectin was used to
introduce the plasmid pSuNeo-SVV and empty the vector pSuNeo
into human hepatocellular carcinoma cell line SMMC-7721,
respectively. After selected with G418, resistant colonies were
obtained. Immunohistochemical staining and RT-PCR were
performed to confirm the transfection.
Immunohistochemical staining
Immunohistochemical staining was performed by the a SABC
method using SABC kit (Wuhan Boster Biological Co., China).
Adherent cell sections were treated with 3 mL/L H2O2 in
methanol for 30 min to abolish the endogenous peroxidase
activity. Sections were blocked with normal goat serum for 30 min
at room temperature , and incubated with anti-survivin antibody
(1:200) overnight at 4 ℃. The sections were incubated with
biotinylated anti-rabbit IgG antibody, followed by avidin-biotinperoxidase complex. Color was developed in a substrate solution
of 0.1 mL/L diaminobenzidine-hydrogen peroxide and
counterstained with hematoxylin.
RT-PCR analysis
Total RNA was extracted from human hepatocellular carcinoma
cell line SMMC-7721 using the Trizol reagent according to the
manufacturer’s instructions. Complementary DNA (cDNA) was
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generated from total RNA using M-MLV. PCR of the cDNA
was performed in a final volume of 50 L containing 4 L of
4×dNTPs, 2 units of Taq DNA polymerase, and 20 mmol/L of
each primer. The samples were amplified 28 cycles at 95 ℃ for
1 min, at 58 ℃ for 30 s, and at 72 ℃ for 40 s, and finally at 72 ℃
for 10 min. The PCR products were separated by electrophoresis
on 10 g/L agarose gels and visualized by ethidium bromide
staining. Amplification of human -actin served as a control for a
sample loading and integrity. A -actin sense primer corresponding
to nucleotides was 5’-ACACTGTGCCCATCTACGAGG-3’, and
an antisense primer complementary to nucleotides was 5’AGGGGCCGGACTCG-CATTACT-3’, the length of amplified
fragments was 621 bp.

Transmission electron microscopy assay
The SMMC-7721 cells were digested with 2.5 g/L trypsinase
and collected. After rinsed with PBS, the cells were prefixed
with 30 g/L glutaraldehyde for 30 min, post-fixed with 10 mL/L
osmic acid, dehydrated in graded ethanol, embedded in Epon 812
mixture, and cut into 0.05 m thick sections on an ultramicrotome.
The cells were observed under Hitachi JEM-2000EX electron
microscopy.
Flow cytometric analysis
Cell cycle distributions were determined by measuring the
cellular DNA content using flow cytometry. Cells were washed
with PBS, fixed with 700 mL/L ethanol for 20 min and stored at
4 ℃ overnight, then washed with PBS, and stained with 100 L
of 50 mg/L PI at 4 ℃ for 30 min. Apoptotic cells were assayed
using the Elite ESP flow cytometer at 488 nm, and data were
analyzed with the CELLQuest software.
Assay of cell proliferation
A total of 2×104 cells from transfected plasmid pSuNeo-SVV,
vector pSuNeo and SMMC-7721 cell line were seeded in
triplicate in 24-well plates and cultured in DMEM supplemented
with 100 mL/L FBS. At each time point, cells were trypsinized to
a single cell suspension and counted on a Coulter counter set
at >10 m in diameter.
Statistical analysis
Data were expressed as mean±SD. Statistical significance was
determined by the Students’ t-test. P<0.05 was considered
statistically significant.
RESULTS
Analysis of pSuNeo-SVV digested with restriction enzymes
Digested results of the empty vector pSuNeo and recombinant
plasmid pSuNeo-SVV showed 2 to 3 bands in pSuNeo, pSuNeoSVV, and pSuNeo-SVV digested by Sal I. After pSuNeo was
digested by Sal I and pSuNeo-SVV was digested by Scal, a 3.4 kb
band appeared in both of them (Figure 1A).
Expression of survivin gene in SMMC-7721 cells
The RT-PCR findings revealed that the SMMC-7721 cells in the
control groups (SMMC-7721 and SMMC-7721 transfected with
empty vector pSuNeo) presented a bright strip at 445 bp, while
SMMC-7721 transfected with pSuNeo-SVV did not (Figure 1B).
By SABC immunohistochemical staining, we found that the
cell nuclei of SMMC-7721 and SMMC-7721 transfected with
empty vector pSuNeo were yellow colored, while the cell nuclei
of SMMC-7721 transfected with pSuNeo-SVV were not colored
(Figure 2).
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Figure 1 Degested results of the empty rector pSuNeo and recombinant pSuNeo-SVV. A: Electrophoretic profile of pSuNeo-SVV
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Transmission electron microscopic observation
Transmission electron microscopy revealed that in SMMC-7721
cells transfected with pSuNeo-SVV, dense chromatin appeared
near the nucleus membranes, which presented some typical
manifestations of cell apoptosis (Figure 3A), while no typical
manifestation of cell apoptosis was observed in the control
groups and the nuclei appeared to undergo karyokinesis, which
showed a vigorous cell proliferation (Figure 3B).

Cell number (104)

Figure 2 Immunohistochemical staining of survivin in SMMC-7721 cells. A: SMMC-7721 cells, B: SMMC-7721 cells transfected
with pSuNeo, C: SMMC-7721 cells transfected with pSuNeo-SVV.
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Figure 4 Growth curve of SMMC-7721 cells.

Figure 3 SMMC-7721 cells transfected with pSuNeo-SVV (A)
and pSuNeo (B).

Flow cytometry analysis
Flow cytometry analysis of cell cycle revealed that SMMC-7721
cells transfected with pSuNeo-SVV showed a marked reduction
in G2/M phase by 9.5%, the apoptosis index was as high as 15.6%,
17.1% and 17.1% in the control groups respectively.
Assay of cell proliferation
The cell growth curve shows that SMMC-7721 cells transfected
with pSuNeo-SVV grew slowly, reached a stage of platform on
the 7th d, and the number of cells was much less than that of
the two control groups, while SMMC-7721 cells in the control
groups proliferated rapidly on the 6th d and reached a stage of
platform on the 8th d (Figure 4).

DISCUSSION
In recent years, researches on the functions of gene and gene
therapeutic technologies for cancers, have been designed to
identify these functions with gene transduction, antisense
technology, transgene and gene knockout, and artificial
chromosome transduction to deprive the functions of particular
genes. RNAi possesses a high ability to specifically silence
particular genes. Therefore, it can be used as a powerful tool in
researches on the functions of genes and genetic therapy for
carcinoma[15,16]. Attention has been paid to RNAi in the field of
researches on gene functions.
Our study demonstrated that the recombinant pSuNeo-SVV
was not linearized when digested with Xba I, Xho I, or Sal I, but
was linearized only with Sca I. SABC immunohistochemical
staining showed that the nuclei of SMMC-7721 cells and SMMC7721 cells transfected with empty vector pSuNeo revealed
positive staining for survivin, while the nuclei of SMMC-7721
cells transfected with pSuNeo-SVV were almost not stained,
suggesting that survivin gene is blocked at the level of protein.
RT-PCR findings demonstrated that survivin gene was blocked
in SMMC-7721 cells transfected with pSuNeo-SVV at the level
of transcription. Flow cytometry analysis revealed that the
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SMMC-7721 cells transfected with pSuNeo-SVV presented a
marked reduction in G2/M phase, an obvious AP peak, and an
increase in apoptosis index compared to the control groups.
Transmission electron microscopy showed that in SMMC-7721
cells transfected with pSuNeo-SVV, dense chromatin appeared
near the nuclei membranes which presents some typical
manifestations of cell apoptosis, while no typical manifestation
of cell apoptosis was observed in the control groups and the
nuclei underwent karyokinesis, indicating a vigorous cell
proliferation. We also observed that SMMC-7721 cells
transfected with pSuNeo-SVV grew slowly, as compared with
the control groups.
The above-mentioned findings comfirm that chemically
synthesized siRNAs can specifically block survivin gene
expression, induce cell apoptosis, and inhibit the growth of
carcinoma cells. Therefore, our study has laid a foundation for
further studies on the use of RNAi in treating liver cancer.
It has been reported that the possible anti-apoptosis
mechanisms of survivin gene include the direct inhibitory effect
of survivin gene on the activities of caspases, especially
caspase-3 and caspase-7 to block cell apoptosis; interactions
of survivin gene with cyclin-dependent kinase 4 (CDK4),
leading to CDK2/cyclin E activation and Rb phosphorylation;
the release of p21waf1/cip from survivin-CDK4 complex and its
combination with the procaspase-3 of mitochondria, leading to
the inhibition of its activity and the blockage of cell apoptosis
blocked[18,19]. Survivin is characterized by cell cycle-dependent
expression, that is, it is expressed only in G2/M. Ito et al[4]
transfected survivin into 4 human hepatocellular carcinoma
cell lines and found that the number of cells in G0/G1 was
remarkably reduced, and the number of cells in S or G2/M
increased. It has been reported that survivin is involved in the
formation of blood vessels, as a possible protective gene
induced by growth factor in the formation of blood vessels to
protect the normal proliferation of endothelial cells[20]. In the
formation of blood vessels, the action of angiopoietin-1 (the key
factor to maintain the vascular stability and to form the cavity)
depends on the up-regulation of survivin gene expression[21]. In
the carcinoma cell lines transfected with antisense oligonucleotide
target survivin, cell apoptosis is increased and cell proliferation is
inhibited[22,23]. A study reported that apoptosis induced by tumor
necrosis factors-related apoptosis inducing ligand (TRAIL) was
related to its inhibitory action on survivin gene expression.
Survivin expression might resist apoptosis induced by
chemotherapy agents in cholangiocarcinomas.
The results of our study confirm that the inhibitory activity
of survivin gene on the growth of liver cancer cells could be
realized by inducing cell apoptosis. Besides, RNAi alone could
block survivin gene expression to induce a remarkable increase
in cell apoptosis. This unique effect of survivin provides new
evidence for its antiapoptotic effects on liver cancer cells.
In summary, survivin gene can be regarded as a very good
target gene in genetic therapy for carcinomas. RNAi of survivin
gene is a promising approach in treating carcinomas.
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Abstract
AIM: To investigate the effect of bone marrow-derived
monocytes transfected with RNA of CT-26 (a cell line of
mouse colon carcinoma) on antitumor immunity.
METHODS: Mouse bone marrow-derived monocytes were
incubated with mouse granulocyte macrophage colony
stimulating factor (mGM-CSF) in vitro , and the purity of
monocytes was detected by flow cytometry. Total RNA of
CT-26 was obtained by TRIzol’s process, and monocytes
were transfected by TransMessenger in vitro. The activity
of cytotoxic T lymphocytes (CTL) in vivo was estimated by
the modified lactate dehydrogenase (LDH) release assay.
Changes of tumor size in mice and animal’s survival time
were observed in different groups.
RESULTS: Monocytes from mouse bone marrow were
successfully incubated, and the positive rate of CD11b was
over 95%. Vaccination of the monocytes transfected with
total RNA induced a high level of specific CTL activity in vivo,
and made mice resistant to the subsequent challenge of
parental tumor cells. In vivo effects induced by monocytes
transfected with total RNA were stronger than those
induced by monocytes pulsed with tumor cell lysates.
CONCLUSION: Antigen presenting cells transfected with
total RNA of CT-26 can present endogenous? tumor
antigens, activate CTL, and effectively induce specific
antitumor immunity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
Key words: Colon carcinoma; RNA; Bone marrow-derived
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INTRODUCTION
With the development of immunology, molecular biology, and
genetic engineering technology, cancer immunotherapy has
become the fourth mode following surgery, chemical therapy
and radiotherapy. One of the hot spots in the field of tumor

immunotherapy research is to develop a simple and effective
specific tumor immunity[1]. Monocytes are important antigen
presenting cells (APCs) in the body with the function of antigen
processing and presenting. Monocytes activated by the
antigen, mitogens and cytokines can transform into activated
macrophages, and make the body produce a specific ability
against tumors through activating T cells[2-5]. In this study, we
observed the effects of bone marrow-derived monocytes
transfected with total RNA of mice CT-26 on specific antitumor
immunity in vivo.

MATERIALS AND METHODS
Animals and cell strain
Balb/c male mice, 6-8 wk old, were bought from Shanghai B and
K Experimental Animal Co, Ltd. Mice colon carcinoma cell strain
CT-26 was passaged routinely in our laboratory.
Reagents
Reagents and suppliers were RPMI1640 (Gibco Company), fetal
calf serum (Sijiqing Company of Hangzhou), IL-2 and mGMCSF (Sigma Company), TransMessenger transfected reagent
(Qiagen Company), CD11b-FITC fluorescent antibody
(Pharmingen Company), LDH test reagent (Nanjing Jiancheng
Reagent Company).
Incubation of mice bone marrow-derived monocytes
Mice femurs were taken in aseptic conditions and marrow cells
were washed out, erythrocytes were dissolved with Tris-NH4Cl
and washed twice with PBS. Then RPMI1640 culture medium with
10% fetal calf serum was added and its density was regulated to
1×106/mL, mGM-CSF 10 ng/mL was added and incubated in a
cultural vial. On every fourth day the culture medium and floating
cells were discarded, fresh medium and 10 ng/mL mGM-CSF were
added. On the ninth day of culture in vitro, the supernate and
floating cells were removed, the density was regulated and then the
culture was added to a 6-well plate on the 6×106 /well, replenished
with 2 mL fresh culture medium and 10 ng/mL mGM-CSF for
each well and incubated overnight. The next step was to slightly
blow its surface, and to discard all the culture medium and
floating cells. Monocytes attached to the wall were harvested.
FACS analysis of monocytes
Monocytes harvested were added to 100 L anti-CD11b
antibody (its density 5 g/mL) and incubated in darkness at
4 ℃ for 45 min. Monocytes were irrigated twice with PBS, then
analyzed by a flow cytometer (FACS caliber, B.D Company).
Extraction and identification of total RNA of CT-26 cells
After incubated for 24 h, total RNA of CT-26 cells was obtained
by Trizol process when cells became confluent at 80%.The A260
a nd A 280 va l ues of t ot a l RNA wer e mea sur ed by
spectrophotometer, and formaldehyde denatural electrophoresis
was used to test its purity and integrity.
Preparation of tumor cell lysates
CT-26 cells were collected in vitro through passage culture for
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24 h and washed twice with PBS, the density of which was
regulated to 1×107/mL. The cells were frozen and thawed 4
times, centrifuged at 12 000 g in low temperature for 30 min and
prepared for use after the supernatant was removed and filtered.

Monocytes transfected with RNA in vitro
Monocytes were transfected with total RNA in vitro according
to the protocol of TransMessenger. The whole culture medium
and floating cells in the 6-well plates were discarded. The
monocytes attached to the wall were left and washed twice with
PBS, 4 L enhancer R was instilled to EPP tube with 94 L buffer
EC-R and then added to 2 L RNA (RNA density 1 ng/L), turned
over and mixed evenly for 10 s. After keeping at room temperature
for 5 min, the culture was centrifuged for 5 s, and then the supernate
was removed and 8 L TransMessenger reagent was added and
again turned over and mixed evenly for 10 s. The culture was
kept at room temperature for 10 min, then added to RPMI 1640
culture liquid without any calf serum and antibiotics. It was then
vibrated twice and the tumor RNA-TransMessenger compounds
were quickly instilled into the spare monocytes and the culture
plate was lightly shaken. It was incubated at 37 ℃ in 50 mL/L
CO2 for 3 h and then the supernate was removed, RPMI 1640
culture liquid was added and incubated for 24 h in an incubator.
The next step was to add 10 mL EDTA and to assimilate the
culture at room temperature for 5 min, and then monocytes were
collected, and washed twice with PBS. Normal saline was added
to regulate the monocyte density to 5×107/mL and immediately
re-transfused to mice by injection into the abdominal cavity at
100 L/mouse.
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Sample release group A
value--natural release group A value

Killing activity (%) =

×100%
The greatest release group
A value--natural release group A value

RESULTS
Monocytes cultivated in vitro
A lot of proliferated cell colonies attached to the wall could be
obtained after mGM-CSF 10 ng/mL was added to mice bone
marrow cells in vitro and incubated for 3-5 d. There were dead
T and, B cells, erythrocytes and granulocytes in the supernate,
which was removed when the liquid was changed. After
culturing for 9 d, an abundance of proliferated cells was
scattered in the supernate. These cells were removed and put
into a new culture plate. After culturing overnight, granulocytes
and dendritic cells were suspended in supernate with only
monocytes attached to the wall. Only monocytes remained
after the supernate was removed (Figure 1). Plenty of moncytes
(over 108 cells) in the form of typical irregular stretching
adherent cells were collected after culturing for 9 d in mouse
bone marrow. These cells were sensitive to assimilation of
EDTA and pancreatin, the specific mark of moncytes tested
by flow cytometry was CD11b, and the positive rate of CD11b
in moncytes was over 95% (Figure 2), which indicated that the
purity of cultivated moncytes was quite high.

Monocytes pulsed with tumor cell lysates in vitro
Monocytes were obtained by incubation as above, 20 L tumor
cell lysate was added and incubated at 37 ℃ in an incubator
containing 50 mL/L CO2 for 24 h. After assimilated with EDTA,
the monocytes were collected and washed twice with PBS.
Normal saline was added to regulate the monocyte density to
5×107/mL, and then re-transfused to mice immediately by
injection into the abdominal cavity at 100 L/mouse.

Test of cytotoxic activity
Cytotoxic activity was tested by LDH release assay[6]. Eight
days after retransfusion of monocytes, 3 mice from each group
were randomly selected and their spleens were taken to prepare
cell suspension. Then 2×107 spleen cells were taken and added
to 2×106 CT-26 cells that underwent inactivation for 40 min
with mitomycin, 10 mL RPMI 1640, 10% fetal calf serum and
IL-II 50 U/mL, and then incubated for 5 d at 37 ℃ 50 mL/L CO2.
We collected live cells as the effector cells, mixed them with
CT-26 target cells according to the effect/target ratios 100:1,
50:1 and 25:1, put in a 96 well-round bottom culture plate with
its total volume reached to 200 L, and incubated for 4 h.
After incubation, 0.9% NaCl was added to stop effector/target
reaction, and then centrifuged at 1 500 r/min for 5 min and 100 L
supernate was taken to test LDH release rate. The killing
activity of CTL cells against tumor cells was calculated with
the following formula.

Figure 1 Expansion of monocytes from murine bone marrow
cells in vitro cultured with mGM-CSF.
64

Count

64

Count

Experiment in vivo
The mice were randomly divided into 5 groups with 8 mice in each
group. Abdominal cavity injection was performed at the dosage of
5×106/mouse. Group 1: monocytes transfected with tumor RNA
by TransMessenger in vitro; group 2: monocytes plused with
tumor RNA directly; group 3: monocytes plused with tumor lysates;
group 4: monocytes; group 5: PBS. Subjects were inoculated with
CT-26 cells at the dosage of 2×105 /mouse under the costal regions
subcutaneously after 10 d of re-transfusion, and then the growth
of tumor and the animal survival time were observed.
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Figure 2 Detection of the surface marker (CD11b) presented
on the bone marrow-derived monocytes by flow cytometry.

Quality of extracted tumor RNA
A260/280 of total RNA of CT-26 cells tested by spectrophotometer
was 1.83, indicating that the purity of RNA was high. The results
of formaldehyde denaturalization electrophoresis showed that
the total RNA was free from DNA pollution. There were two
bright bands, 28S and 18S, the proportion was 2:1 with no
degradation band, indicating that the RNA had sound integrity
and less degradation (Figure 3).
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Figure 3 Ethidium bromide-stained formaldehyde agarose
gel of total RNA isolated from 1×107 CT-26 tumor cells.

Activity of specific CTL in vivo
As shown in Figure 4, after monocytes transfected with total
RNA of CT-26 cells in vitro by TransMessenger were retransfused into the mice, the mice could be induced to generate
high levels of activity of specific CTL. Monocytes impacted
with CT-26 cell lysates in vitro could induce a moderate CTL
activity in vivo. These results showed that monocytes
transfected with tumor RNA in vitro by TransMessenger had
a higher ability to activate CD8+CTL than those pulsed with
tumor cell lysates in vitro.
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Figure 4 Induction of specific CTL activity in vivo by vaccination with tumor antigen-pulsed monocytes.

Antitumor effects in vivo
As shown in Figure 5, monocytes transfected with total RNA
of CT-26 cells by TransMessenger could generate a stronger
protecting immunity against attack by parent CT-26 tumor cells
lately vaccinated. All mice could live longer and produce a
completely protective effect because their immunologic function
was raised in vivo. Retransfusion of monocytes pulsed with
tumor cell lysates also generated a protective effect, but it was
lower than that of the monocytes transfected with tumor total
RNA, as only 60% of mice could survive for a long time.
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DISCUSSION
T lymphocytes receive a specific antigen signal through TCR
on its surface. That is, T lymphocytes receive a specific antigen
signal through recognizing the compounds of MHC-I and MHCII molecules on the surface of antigen presenting cells and
tumor antigen peptide, which activate T lymphocytes with a
specific subsidiary signal of antigen presenting cells stimulating
molecules (B7, ICAM-1 and CD40) to bring the killing effect on
tumor cells into play[7-9]. One of the main reasons for immune
evasion in tumor cells is the lower ability of antigen presenting
cells to present tumor antigen to T cells, which enable the body
to generate effective antitumor immune reaction.
At present, tumor antigens include tumor cell lysates,
withered corpuscles, irradiated and inactivated tumor vaccine,
tumor antigen polypeptide, RNA coded tumor antigens and
anti-specific tumor vaccines[10,11]. After these impacted antigen
presenting cells in vitro are re-transfused to the subject mice, a
strong antitumor immunological function can be produced[12-15],
which demonstrates the clinical values for antitumor treatment.
Monocytes transfected in vitro with tumor RNA that is taken
as a kind of antigens could get endogenous expression antigens,
and present MHC-I molecules to monocyte’s surface, which
could activate CD8+ T cells, and when they are re-transfused to
animals, the activity of lymphocytes on killing tumor in the
body could be enhanced. As the professional antigen
presenting cells, monocytes/macrophages play an important
role in anti-tumor immune reaction[16]. But at present, it is a very
complicated process to separate a large number of monocytes
from peripheral blood and it is hard to meet the needs of clinical
application. We took small amounts of bone marrow cells out
of body and added cytokines for culturing and proliferating,
and finally we obtained a large number of monocytes, which
could be retransfused to the body to protect against tumor
in vivo.
This study shows that when monocytes transfected with
CT-26 cell total RNA by TransMessenger in vitro are retransfused, they could induce a strong specific antitumor
immune protection in vivo, demonstrating that tumor RNA
extracted by TRIzol possesses good antigenic traits and pulsed
monocytes in vitro could stimulate the body to produce
antitumor ability markedly. Compared with other types of tumor
antigens, the advantage of tumor RNA extracted by TRIzol is
that it is easily prepared and could be used for every patient
whose tumor cells could be obtained through operation or
puncture. The extracted tumor RNA covers all the tumor
antigens. TRIzol could also extract the RNA of specific tumor
antigen effectively. Using the method of transfected medium,
tumor RNA can be expressed endogenously as tumor antigens
in antigen presenting cells, which could effectively activate
the antitumor effect of T cells in the body.
In brief, monocytes transfected with tumor RNA in vitro by
TransMessenger can be used as a new type of tumor vaccine,
and they can induce a specific antitumor immunological function
in vivo.
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Abstract
AIM: Acquired hepatocerebral degeneration (AHD) is an
exceptional type of hepatic encephalopathies (HE). It is
characterized by neuropsychiatric and extrapyramidal
symptomathology similar to that seen in hepatolenticular
degeneration (Wilson’s disease). In this paper, we report
a case of AHD with unusual presenting features.
METHODS: A 28-year-old man with AHD was described
and the literature was reviewed.
RESULTS: The man had a history of HBV-related liver
cirrhosis. He was admitted to our hospital with apathy,
dysarthria, mild consciousness impairment and extrapyramidal
symptoms after hematemesis. By review of the literature,
cases with AHD often did not present consciousness
impairment. So our case was once diagnosed incorrectly
as Wilson’s disease.

were reported. Two weeks ago, he had an episode of tary stool
and was cured. But he developed apathy, dysarthria, mild
consciousness impairment and involuntary abnormal movements
after some days. Physical examination revealed splenomegaly
and shifting dullness. Abdominal ultrasonic examination
suggested portal hypertension and a great deal of ascites. Cranial
magnetic resonance imaging (MRI) revealed increased signal
intensity in basal ganglia bilaterally on T2-weighted images similar
to hepatolenticular degeneration (Wilson’s disease) (Figure 1).
Electroencephalogram (EEG) disclosed diffuse slow wave activity
(Figure 2A). Slit lamp examination found no Kayser-Fleischer
(K-F) ring of the cornea associated with Wilson’s disease. Copper
balance and cerebrospinal fluid examinations gave normal results.
Liver failure was grade B-9 of the Child-Pugh classification. The
level of serum ammonia was measured several times, and was
above the reference range (132 mol/L) one time. He was treated
with hepatic protector tablets, ammonia lowering agents, bowel
relaxants and branched chain amino acid infusion. But therapeutic
effect was not so good. Then naloxone and anexate (Flumazenil)
were added, but the symptoms did not relieve obviously. Finally,
after administration of biocoene (coenzyme complex injection),
his neuropsychiatric abnormalities and the presentation of EEG
markedly improved (Figure 2B). By 3 mo follow-up, we found
that he recovered well and could take care of himself after leaving
hospital.
A

B

CONCLUSION: AHD is a rare syndrome and its variable
clinical manifestations make it difficult to be diagnosed.
But we believe that extensive examination and thorough
understanding of the disease are beneficial to a correct
diagnosis. Moreover, biocoene is effective in treating the case.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acquired hepatocerebal degeneration (AHD) is a rare syndrome
characterized by neuropsychiatric and extrapyramidal
symptomathology in patients with portocaval shunt. The
pathophysiology of this disorder is still unknown, but
hyperammonemia and/or brain manganese overload may play
a role. Medical treatment is often disappointing. We reported a case
of AHD whose clinical features led us to a misdiagnosis at one time.
CASE REPORT
The patient was a 28-year-old man. He had a history of HBVrelated liver cirrhosis. No familial hepatic or neurological diseases

Figure 1 Cranial MRI in the patient with similar hepatolenticular
degeneration (Wilson’s disease). A: increased signal intensity
in basal ganglia bilaterally on T2WI; B: increased signal intensity in basal ganglia bilaterally on T1WI.

DISCUSSION
AHD is an exceptional type of hepatic encephalopathies (HE).
It has been described in patients with severe liver disease of
many causes, and notably in patients with surgically or
spontaneously induced porto-systemic shunts. But many
questions remain unanswered. Its frequency and pathogenesis
remain largely uncertain. The clinical, neuroradiological, and
biological characteristics of AHD have not yet been fully
determined. The response to treatment is also incompletely
understood. Our review of the literature (including MEDLINE,
from 1981 to April 2003) yielded 36 similar cases[1-13], among them,
8 (22.2%) were Chinese and 28 (77.8%) were from Western countries.
Studies have indicated that the disease is associated with
multiple metabolic insults, such as ammonia, manganese, etc.
Especially, the toxic effects of manganese might be the major
determinant[1-3,14]. It has been proved that manganese is cleared
by the hepatobiliary system and whole blood and cerebrospinal
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fluid manganese concentrations in some patients with AHD
are several fold above the reference range. Thas deposition of
manganese in the brain is postulated in patients with AHD,
which may induce diffuse degeneration in parenchymal brain.
Microscopically, neuronal loss, Alzheimer type II astrocytes
and cytoplasmic glycogen granules in basal ganglia are
characteristic[3-6,14,15]. The spectrum of clinical presentations
can be neuropsychiatric (apathy, lethargy, excessive somnolence,
secondary dementia, etc.), extrapyramidal symptoms (focal
dystonia, postural tremor, myoclonus, rigidity, dysarthria,
choreoathetosis, etc.), or both [1-5,7-9,14]. But no consciousness
impairment has been reported. MR imaging scans showed a
hyperintense T1 signal in the basal ganglia[1-3]. But it was also
reported that some patients showed increased signal intensity
in the dentate nuclei bilaterally on T2-weighted images
indistinguishable from Wilson’s disease. The clinical symptoms,
neuropathological features and MR imaging appearance of AHD
are rather uniform and similar to those seen in Wilson’s disease,
so it is also named pseudo-Wilson disease. The discrimination
depends on the following aspects: (1) Morbidity age: Wilson’s
disease is a genetic disease, which rarely starts after the age of
thirty, whereas AHD occurs in those with severe liver disease
of many causes at different ages. (2) Copper metabolism:
copper metabolism in vivo in Wilson’s disease is out of balance
so that overload copper deposits in the liver, brain, kidney,
cornea, etc. Thas the concentration of ceruloplasmin is under
200 g/L, the contents of copper in liver and urine are respectively
over 250 g per gram dry weight tissue and 100 g/24 h. But
copper metabolizes normally in patients with AHD. (3) Wilson’s
disease is characterized by Kayser-Fleischer ring of the cornea
as a result of abnormal copper deposition in the cornea. But
this change is not seen in AHD[4,5,10]. Moreover, the disease is

also distinct from the more acute and transient episodes of
HE. The neurological symptoms of HE disappear when the
disease relieves, and there is no organic damage in HE[11]. The
disease develops gradually and the symptoms become
progressively worse. Medical treatment is often disappointing.
But it has been reported that some patients with AHD are
responsive to branched chain amino acids or levodopa therapy.
It has also been reported that endovascular occlusion of a
porto-systemic shunt is temporarily effective. Moreover, liver
transplantation in selected cases could be curative. is that AHD
might be a reversible and treatable disorder partly[1,2,10,14].
As described above, the disease is characterized by
neuropsychiatric and extrapyramidal symptoms developing from
chronic hepatic encephalopathies. By review of similarly published
cases at home and abroad, there has been no consciousness
impairment reported. The case was exceptional for the presentation
of mild consciousness impairment. Therefore, we hold that the
symptoms of AHD might be overlapped partly with those of hepatic
encephalopathies. The patient was irresponsive to the routine
therapy of anti-hepatic encephalopathies (such as branched chain
amino acids, etc.), but responsive to biocoene. The reason might
be that biocoene contains glutathione, which can play the role in
detoxicating and nourishing the liver.
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Abstract
Pancreatic carcinoma is a debilitating disease and carries
a poor prognosis. It is a rare cause of upper gastrointestinal
bleeding, even though pancreas, stomach, duodenum and
jejunum are adjacent organs. The incidence of pancreatic
adenocarcinoma directly invading the gastrointestinal tract
leading to gastrointestinal hemorrhage is very low, and most
of them present with melena and hematochezia. Here, we
describe one unique case manifesting characteristically
severe and unremitting hematemesis as an initial
presentation of pancreatic adenocarcinoma. This tumor
directly invaded the duodenal mucosa as a bleeding
protruding tumor mass. Our MEDLINE search has confirmed
that this is the first reported case with an initial manifestation
of hematemesis from pancreatic adenocarcinoma in Asians.
Pancreatic adenocarcinoma directly invading duodenum
complicated by hemorrhage can be a rare cause of
hematemesis, and clinicians should be reminded of it while
they are making differential diagnosis.

date, only one case manifesting hematemesis as the initial
presentation of pancreatic adenocarcinoma has been reported[9].
Herein, we reported the first case in Orientals.

CASE REPORT
A 77-year-old man suffered from nausea, epigastric fullness
and pain, dizziness, and body weight loss of 15 kg over a threemonth period. Physical examination was otherwise unremarkable,
except for moderate tenderness over the epigastrium. Abdominal
sonography showed mild dilatation of the pancreatic duct and
multiple hepatic masses over both lobes. Computed tomography
of the abdomen disclosed a 3 cm×3 cm mass over the pancreatic
head that could not be distinguished from the adjacent duodenal
wall, and multiple liver metastases (Figure 1). The upper
gastrointestinal endoscopy revealed a polypoid mass, protruding
over the anterior wall of the duodenal bulb with partial obstruction
of the duodenal lumen (Figure 2). During this examination,
endoscopy-assisted contrast medium infusion was performed
through the stricture segment of duodenum, which was requested
by radiologists to facilitate fine needle biopsy of pancreatic tumor
later. Endoscopically biopsied tissues revealed adenocarcinoma
(Figure 3A). The patient next received a computed tomographyguided biopsy for pancreatic lesion which was proved to be a
moderately differentiated adenocarcinoma (Figure 3B). The
morphology was quite compatible with the previous endoscopic
specimen. Thus, the diagnosis of pancreatic adenocarcinoma
with invasion of duodenal mucosa was virtually established.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 A soft tissue mass (3 cm×3 cm in size) over the
pancreatic head (arrow), duodenal infiltration (arrowhead),
and superior mesenteric vein encasement shown by abdominal computed tomography.

INTRODUCTION
Pancreatic carcinoma is very common in developed countries.
This tumor carries a poor prognosis, behaves devastatingly,
and often invades the contiguous organs, which in turn results
in 4 major symptoms: obstructive jaundice, duodenal
obstruction, weight loss, and cancer pain [1-8]. The main
symptoms usually result from external compression of duodenal
serosal side or common bile duct by pancreatic carcinoma,
frequently requiring palliative management clinically. However,
direct invasion to gastrointestinal tract by pancreatic
adenocarcinoma, while rare, has been reported[9,10]. The incidence
was 2.6% in an American retrospective series, and the commonest
symptoms were tarry stool passage and hematochezia[9]. Up to

Figure 2 A soft polypoid mass protruding over the anterior
wall of the duodenal bulb with partial obstruction of the second portion of the duodenum shown by upper gastrointestinal endoscopy.

768

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A

B

Figure 3 Morphology of adenocarcinoma and pancreatic
lesion. A: Biopsy of the duodenal tumor via upper gastrointestinal endoscopy revealed a picture of adenocarcinoma cells in
an acinar pattern; B: Biopsy of the pancreatic head tumor via
computed tomography-guidance showed moderately differentiated adenocarcinoma cells infiltrating into the collagenous
stroma (hematoxylin and eosin stain; magnification ×200).

Unfortunately, hematemesis and tarry stool developed six
days after admission. Intravenous fluid resuscitation and blood
transfusion with packed red cells were administered. An urgent
upper gastrointestinal endoscopy observed a tumor invasion
with blood oozing over the anterior wall of the first and second
portions of the duodenum. Local epinephrine injection was
then employed, and bleeding was temporarily stopped.
Approximately three weeks after the episode of upper
gastrointestinal bleeding, obstructive jaundice and cholangitis
developed. He then received palliative percutaneous transhepatic
drainage to relieve obstructive jaundice. In addition, palliative
radiotherapy and adjuvant chemotherapy with 5-fluorouracil and
gemcitabine were administered for one week. However, finally
the patient expired six weeks later due to cachexia, sepsis and
multiple organ failure.

DISCUSSION
Pancreatic carcinoma is becoming more and more prevalent in
Asia. It has been the tenth leading cause of death from cancer
in Taiwan in 2002[11]. The one-year survival rate is reported to
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be about 8%. The clinical course is poor, and the median
survival time is about 3-5 mo. About 80% of patients with
pancreatic cancer, at the time of diagnosis, were far advanced
and unresectable[12]. Regarding palliative therapeutic strategy
in advanced pancreatic carcinoma, gemcitabine is a strongly
recommended drug of choice by an updated study[1]. We also
applied this promising drug to our patient. However, the patient
still expired due to a poor general condition and relentless
disease progress six weeks after diagnosis eventually.
Pancreatic malignancy may have a variety of presentations.
The most common clinical manifestations are jaundice, pruritus,
abdominal pain, body weight loss, anorexia, and nausea[3,13,14].
Obstructive symptoms, either obstructive jaundice or duodenal
obstruction, are not rare manifestations of pancreatic carcinoma
while massive gastrointestinal hemorrhage is seldom
encountered[3,9,10,13,14]. By summarization from literature, there are
three mechanisms for the pathogenesis, either by gastric variceal
bleeding secondary to splenic vein occlusion[15-17], a fistula from
the blood vessel to duodenum (namely wirsungorrhage)[18,19],
or direct tumor bleeding via the pancreatic duct (namely
hemosuccus)[20,21]. However, in our case, the pancreatic tumor
extending to the duodenum was evident from the abdominal
CT image, where the patient experienced massive hematemesis.
In addition, the pathologic results from both the biopsies of the
pancreatic tumor and the duodenal intraluminal protruding mass
were quite compatible. Therefore, the diagnosis of pancreatic
adenocarcinoma directly invading the duodenum, complicated
by upper GI bleeding, was confirmed. In contrast to the clear
elucidation of pancreatic parenchymal neoplasms manifesting
hematemesis[20-23], pancreatic ductal carcinoma presenting with
upper gastrointestinal bleeding has been rarely reported, and
common symptoms are melena and hematochezia. To the best of
our knowledge, there has been only one case of pancreatic
adenocarcinoma presenting with hematemesis reported[9]. These
two patients’ clinical manifestations are shown in Table 1. One
of them (our case) presented with a polypoid mass from tumor
infiltration of duodenal mucosa, while the other failed to have
positive finding from upper gastrointestinal endoscopy due to
its deep location in the third portion of duodenum.
The pancreatic tumor was located in the retroperitoneal
space, and was somewhat difficult to approach by fine needle
biopsy. Using the assistant method of endoscopy-assisted
contrast medium infusion through the constrictive segment of
duodenum to define the accurate tumor location, we successfully
obtained tumor tissue from the pancreas.
In conclusion, pancreatic carcinoma may present with a
varying spectrum of gastrointestinal bleeding, including
hematemesis, which is easily overlooked by clinicians. Prompt
endoscopic examination, including judicious scrutiny of the
first and second portions of the duodenum, together with tissue
biopsy may provide imperative information for early detection
and enable selection of appropriate treatment.

Table 1 Clinical features of patients with pancreatic adenocarcinoma directly invading the duodenum complicated by upper
gastrointestinal bleeding
Our patient
Age (yr)
Sex
Clinical manifestation
Endoscopic finding
Location of tumor invasion
Treatment
Survival duration
1

Reference 9.

78
Male
Massive gastrointestinal bleeding (hematemesis)
Polypoid mass
The first and second portions of duodenum
Radiotherapy, chemotherapy
Six weeks

Lee et al.1
83
Female
Persistent gastrointestinal bleeding (hematemesis)
Normal
The third portion of duodenum
Not mentioned
Not mentioned

Lin YH et al. Hematemesis due to pancreatic CA
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

*F=9.87, §F=25.9,
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

45

#

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals

High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence

10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01 (no note
if P>0.05). If there 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.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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levels of MetAP-2 mRNA were significantly higher in groups
B and C than in group A (P = 0.025), and significantly
higher in group C than in group B (P = 0.047). The level
of Bcl-2 mRNA was significantly higher in group B than in
group A (P = 0.024), but lower in group C than in group
B, although not significantly (P = 0.072). Telomerase
mRNA was significantly higher in group B than in group A
(P = 0.025), but significantly lower in group C than in
group B (P = 0.016). The same inter-group relationship
was also true for telomerase activity (P = 0.025 and 0.046).
CONCLUSION: Fumagillin effectively inhibits both liver
tumor growth and metastasis in rats in vivo. A possible
mechanism is fumagillin-induced inhibition of MetAP-2,
which plays an essential role in endothelial cell proliferation.
Inhibition of MetAP-2 also results in inhibition of Bcl-2
and telomerase activity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effect and possible mechanisms
of antiangiogenesis therapy for HCC in rats.
METHODS: Adult male LEW/SsN rats were divided into 3
groups, 25 animals each. Group A was the control group.
Groups B and C were given diethylnitrosamine, 5 mg/kg/d.
In addition, group C rats received an intraperitoneal
injection of fumagillin, 30 mg/(kg·d). Five animals in each
group were killed at 6th, 12th, 18th, 20th and 24th wk to
evaluate the development of HCC and metastasis. Weight
of the rats, liver tumors, and number of organs involved
by HCC were measured at each stage. We compared
methionine aminopeptidase-2 (MetAP-2) mRNA, Bcl-2
mRNA, telomerase mRNA, and telomerase activity at 24th
wk in the liver tissue of group A rats and tumor tissue of
HCC from group B and C rats.
RESULTS: No HCC developed in group A, but tumors were
present in group B and C rats by the 18th wk. At wk 20 and
24, the median liver weight in group B was 0.64 g (range:
0.58-0.70 g) and 0.79 g (range: 0.70-0.90 g) (P = 0.04),
and that in group C was 0.37 g (range: 0.35-0.42 g) and
0.39 g (range: 0.35-0.47 g) (P = 0.67). The liver weight
in group C rats was significantly lower than that in group
B rats (P = 0.009). At the same time, the median metastasis
score (number of organ systems involved) was 3 (range 2-3)
in group B, and 1 (range 1-2) in group C, a significant
difference between the groups (P = 0.007, 0.004). The

Key words: Hepatocellular carcinoma; Antiangiogenesis
therapy; Fumagillin; MetAP-2
Sheen IS, Jeng KS, Jeng WJ, Jeng CJ, Wang YC, Gu SL,
Tseng SY, Chu CM, Lin CH, Chang KM. Fumagillin treatment
of hepatocellular carcinoma in rats: An in vivo study of
antiangiogenesis. World J Gastroenterol 2005; 11(6): 771-777
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INTRODUCTION
Hepatocellular carcinoma (HCC), a leading cause of death
in Taiwan and many Asian countries, is difficult to treat
because of early progression and metastasis. It is well known
that angiogenesis is essential for the survival, growth, and
metastasis of tumor cells[1-5]. Angiogenesis, formation of new
blood vessels from the existing vascular bed, is a complex
multistep process. There is extracellular matrix remodeling
and binding of angiogenic factors to specific endothelial cell
(EC) receptors, which results in EC proliferation, invasion
of basement membrane, migration, differentiation, and
formation of new capillary tubes. Their anastomoses develop
a vascular network. There is much interest in inhibiting
angiogenesis as a treatment strategy[6-9].
Fumagillin and its derivatives, such as TNP 470, are wellknown antiangiogenic agents[9-18]. There are few published
studies, however, of the in vivo effects of these agents on
experimentally induced HCC in an animal model. The aim
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of this study was to evaluate the therapeutic effect and
possible mechanisms of antiangiogenesis in a rat model of
HCC.

MATERIALS AND METHODS
Animals
Pathogen-free adult male LEW/SsN rats at the age of 8 wk
were purchased from the National Science Council, Taiwan.
They were fed standard diet chow pellets and water ad libitum.
The study was begun when the rats were 12 wk old,
and their median body weight (BW) was 372.5 g (range:
350-394 g). All experiments were performed according to
standard guidelines for animal experiments and approved
by the Animal Ethics Committees of Mackay Memorial
Hospital.
Treatment of rats
The 75 rats were divided into 3 groups, 25 each. Group A
rats were used as controls, receiving food only and no
medication. To induce hepatocarcinogenesis, groups B and
C rats were given diethylnitrosamine (DEN) (C4H10N2O)
(Sigma Chemical, St. Louis, MO. USA) in water at a dose
of 5 mg/(kg·d). Group C rats received, in addition to DEN,
intraperitoneal injections of fumagillin (C26H34O7) (Sigma
Chemical, St. Louis, MO, USA) 0.3 mg/(kg·d) beginning at
the 18th wk of DEN induction.
Gross and histologic examination
Five rats in each group were sacrificed at 6th, 12th, 18th, 20th
and 24 th wk to evaluate the development of liver tumors
and their changes. We measured the body weight, whole
liver weight, and the number of involved organ systems of
each rat. Liver and HCC specimens were examined by
pathologists. The tumor weight was estimated by subtracting
the liver weight of group A rats from that of group B or C
rats. In examining for metastasis, we gave a score of 1 for
HCC limited to the liver, 2 for extrahepatic extension or
metastasis within the peritoneal cavity, and 3 if there were
both intraperitoneal and lung metastases.
Molecular mechanisms
To investigate the molecular mechanisms of HCC inhibition
by fumagillin, we detected methionine aminopeptidase 2
(MetAP-2) mRNA, Bcl-2 mRNA, and telomerase mRNA
and telomerase activity from samples of the resected livers
of group A and the resected tumors of groups B and C, in
the 24 th wk of treatment. GAPDH mRNA was used as a
control.
Extraction of RNA
We homogenized resected tissue completely in 1mL of RNABee™ (Tel-Test, Protech Technology Enterprises Co., Ltd,
Friendswood, TX), added 0.2 mL chloroform, and shook
vigorously for 15-30 s. We stored the samples on ice for
5 min and then centrifuged at 12 000 g for 15 min. We
transferred the supernatant to a new 1.5 mL Eppendorf
tube and precipitated the solution with 0.5 mL of isopropanol
for 5 min at 4 ℃.We centrifuged the tube at 12 000 g for
5 min at 4 ℃ before removing the supernatant and washed
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the RNA pellet with 1 mL of isopropanol, shook to dislodge
the pellet from the side of the tube. We centrifuged the
pellet again at 12 000 g for 5 min at 4 ℃, removed the
supernatant, and washed the RNA pellet once with 75%
ethanol, shook to dislodge the pellet from the side of the
tube. We suspended the pellet in at least 1 mL of 75%
ethanol and centrifuged it at 7 500 g for 5 min at 4 ℃ before
carefully removing the ethanol. The RNA was to air dried
and then dissolved in DEPC-H2O (50-100 L) and stored
at -80 ℃.
Reverse transcription
We heated the RNA sample at 55 ℃ for 10 min, chilled it on
ice, and then added the following reagents: 4 L 5 XRT buffer
containing Tris-HCl (pH 8.3), 75 mmol/L KCl, 3 mmol/L
MgCl2, and 10 mmol/L DTT (dithiothreitol); 3 L 10 mmol/L
dNTP (deoxyribonucleoside triphosphate); 1.6 L Oligo-d
(T)18 and 0.4 L random hexamers (N)6 (1 ug/L); 0.5 L
RNase inhibitor (40 units/L); 3 L 25 mmol/L MnCl2;
6 L RNA in DEPC-H2O; and 0.5 L DEPC-H2O. We
incubated the mixture at 70 ℃ for 2 min and then chilled it
to 23 ℃ to anneal the primer to the RNA. We added 1 L
of M-MLV RTase (Moloney murine leukemia virus reverse
transcriptase, 200 units/L, Promega) and incubated it for
10 min at 23 ℃ followed by 60 min at 40 ℃. We then heated
it at 94 ℃ for 5 min, chilled it on ice, and stored the cDNA
at -20 ℃.
By PCR amplification of MetAP-2, Bcl-2, telomerase, and
GAPDH cDNA
First-strand cDNA synthesis was carried out using 2 g of
total RNA purified from 50 mg tissue. Reverse transcription
was performed in a 20 L final volume containing 2 g of
random hexamer (Gene Teks Bioscience Inc., Taipei), and
1.5 mmol/L each of dATP, dCTP, dGTP, and dTTP. Each
reaction mix was incubated for 8 min at 23 ℃ with 20 U of
rRNasin (RNase inhibitor; Promega, Madison, WI) followed
by incubation with 200 U of Moloney murine leukemia virus
reverse transcriptase (Gibco-BRL, Paisley, UK) for 60 min at
40 ℃ followed by 5 min at 94 ℃. PCR was performed in a
final volume of 50 L, by using 2 L of cDNA solution in a
mix containing 0.4 mmol/L deoxynucleotide triphosphates,
40 pmol of both sense and antisense oligonucleotide primers
according to the MetAP-2, Bcl-2 and telomerase type to be
detected, 2.5 mmol/L MgCl2, 2.5 U of Taq DNA polymerase
(Promega) and 5 L of 10 min Taq DNA polymerase
reaction buffer (500 mmol/L KCl, 100 mmol/L Tris-HCl
[pH9.0], 1% Triton-X-100). PCR primer sequences of the
sense and antisense oligonucleotides for MetAP-2, Bcl-2
and telomerase, as well as the direction, size and reaction
conditions are shown in Table 1. For example, the MetAP2
phosphorothioate anti-sense oligonucleotide (5’-AGTATTT
ACTTTCTCCCAAG-3’) and its relative scrambled sequence
(S’-CTTGG GAGAAAGTAAATACT- 3’) were synthesized
by Sigma-Genosys Ltd, Woodlands, TX, USA. The anti-sense
start position on the MetAP2 mRNA coding region was
1 284. This region corresponds to the large helical domain
insertion on the surface of the type 2 isozyme. GAPDH
was used as a control, with the quantities of the other mRNA
products reported as a fraction of their intensity compared
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Table1 Sequence of sense and antisense primers in reverse transcription-polymerase chain reaction (RT-PCR) analysis for MetAP-2, Bcl-2
and telomerase mRNA expression
Name
MetAP-2-S

Sequence
TGG CGG GCG TGGAAG AGG

Direction

Expected product size (bp)

PCR conditions for pair of primers

Sense

282

1 cycles: 94 ℃, 7 min 50 cycles: 94 ℃, 40 s; 54 ℃, 40”; 72 ℃, 1 min

Antisense

282

1 cycle: 72 ℃, 10 min; 4 ℃ overnight

MetAP-2-AS

GCA CCA TCA CCATCA CCA TCT CC

Bcl-2-S

AGA TGA AGA CTCCGC GCC CCT CAG G

Sense

566

1 cycles: 94 ℃, 7 min 50 cycles: 94 ℃, 40 s; 54 ℃, 40”; 72 ℃, 1 min

Bcl-2-AS

CCA GGT ATG CACCCA GAG TGA TG

Antisense

566

1 cycles: 72 ℃, 1 min; 4 ℃ overnight

Telomerase-S

GAC ATG GAG AACAAG CTG TTT GC

Telomerase-AS ACA GGG AAG TTCACC ACT GTC

Sense

185

1 cycles: 94 ℃, 7 min 50 cycles: 94 ℃, 40 s; 54 ℃, 40”; 72 ℃, 1 min

Antisense

185

1 cycle: 72 ℃, 10 min; 4 ℃ overnight

GAPDH-S

ACC ACA GTC CATGCC ATC AC

Sense

485

1 cycles: 94 ℃, 7 min 50 cycles: 94 ℃, 40 s; 54 ℃, 40”; 72 ℃, 1 min

GAPDH-AS

TCC ACC ACC CTGTTG CTG TA

Antisense

485

1 cycle: 72 ℃, 10 min; 4 ℃ overnight

to GAPDH mRNA. To eliminate any possibility of genomic
DNA contamination, PCR amplification reaction was carried
out on each sample for RNA extraction. As another internal
contamination control, PCR amplification was also carried
out on a sample of reaction mixture in the absence of
cDNA.
Telomeric repeat amplification protocol (TRAP) assay
Either an unamplified conventional standard or a polymerase
chain reaction-ELISA-based assay (Roche Molecular
Biochemicals, Foster City, CA) was used to measure
telomerase activity. Cell equivalents (1×103 to 5×10 3) were
used to visualize the DNA ladder according to the standard
protocol. For polymerase chain reaction-ELISA, 2×103 cell
equivalents were used. The polymerase chain reaction-ELISA
protocol was provided by the assay kit manufacturer (Roche
Molecular Biochemicals). Each set of TRAP assays included
control reaction tubes without any extract or with RNase A
(200 g/mL)-treated extracts. To quantify the levels of
telomerase activity, the average densitometric optical density
of the first six TRAP bands after a primer band was reported
as a ratio of the internal TRAP assay standard band.

Statistical analysis
A statistical software package (SPSS for Windows, version
8.0, Chicago, IL) was used, with Student’s t test for
continuous variables and 2 or Fisher’s exact test for
categorical variables. Non-parametric data were analyzed
with Mann-Whitney test or Kruskal-Wallis test. Significance
was accepted at P<0.05.

RESULTS
Hepatocarcinogenesis
No tumor was found in the liver of group A rats at any time
point in the study. All group B and C rats developed diffuse
neoplasms in all lobes of the liver by the end of 18 th wk.
However, after fumagillin treatment, hepatic tumors in group
C rats at wk 20 and 24 had necrosis and hemorrhage, no
change was seen in group B. Both group B and C rats had
a slight but insignificant increase in weight from wk 20 to
24; the difference in the changes between the two groups
was also not significant (P>0.05, Table 2).

Table 2 Body weight of rats at wk 20 and 24

Quantification of telomerase activity
After the TRAP reaction, hybridization and ELISA, the level
of telomerase activity in a given sample was determined by
comparing the signal from the sample to the signal obtained
using a control template (TS8; solutions 4 or 5). The control
templates provided with the TeloTAGGG telomerase PCR
ELISAplus are ready-to-use solutions containing TS8 at a
concentration of 0.001 mol/mL and 0.1 mol/mL. The control
templates used were identical to a telomerase elongation product
with 8 telomeric repeats. However, because amplification
of the TRAP products and the internal standard (IS) are
competitive, the signal of the internal control might be near
background level when analyzing samples with very high
telomerase activity.
Relative telomerase activities (RTA) within different
samples were obtained using the following formula:
(AS-ASO)/AS,IS
RTA =
× 100
(ATS8-ATS8,0)/ATS8,IS
AS: absorbance of sample; AS,0: absorbance of heat- or
RNase-treated sample; AS,IS: absorbance of internal standard
(IS) of the sample; ATS8: absorbance of control template
(TS8), ATS8,0: absorbance of lysis buffer; ATS8,IS: absorbance
of the internal standard of the control template.

Body weight (g)
Rats (n = 10)
20th wk
Group B
Group C
P value

DEN only
DEN + Fumagillin

24th wk

398

400

[386-409]

[384-411]

397

398

[380-410]

[382-414]

NS

NS

Weight: median [range]; P value: non-parametric test (Mann-Whitney U test)
Group A (control): 372 [350-380] g at wk 20 and 380 [351-394] g at wk 24.

The median tumor weights in group B at wk 20 and 24
were 0.64 g (range 0.58-0.70 g) and 0.79 g (0.70-0.90 g)
respectively, a significant increase. Those in group C were
0.37 g (range 0.35-0.42 g) and 0.39 g (0.35-0.47 g). The tumor
weight in group C rats was significantly lower than that in
group B at wk 20 and 24 (P = 0.009, P =0.009, Table 3),
suggesting that fumagillin inhibited the tumors.
Metastasis
Group B rats had a median metastasis score of 3 (range
2-3) at wk 20 and 24. Group C rats had a median score of
1 (range 1-2) at wk 20 and 24. The difference between the
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two groups was statistically significant (P = 0.007, P = 0.004,
Table 3).

Table 3 Inhibitory effect of fumagillin on hepatic tumor growth and
metastasis in LEW rats at wk 20 and 24
Liver tumor (B/C-A)
(g, median)

No. of HCC-involved
organs1
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groups A and B was significant (P = 0.024). The median
value of telomerase mRNA was 0.30 in group A (range
0.29-0.32), 0.43 in group B (range 0.35-0.47), and 0.34 in
group C (range 0.29-0.37). The value for group B was
significantly higher than that for group A or C (P = 0.025,
0.016), while the value did not differ significantly in groups
A and C (P = 0.655).

Treatment groups
20 th wk
Group B DEN only

0.64

1

24th wk
0.79

1

(n = 5)

[0.58-0.70]

[0.70-0.90]

Group C DEN + Fumagillin

0.37

0.39

(n = 5)

[0.35-0.42]
0.009

[0.35-0.47]
0.009

P value

20 th wk
3
[2-3]
1
[1-2]
0.007

24th wk
3
[3-3]
1
[1-2]
0.004

Weight: median [range] of 5 rats in each step; P value: non-parametric test
(Mann-Whitney U test); 1organs involved: 1 (liver only), or 2 to 3 (lung or/and
peritoneum, in addition to liver). Liver tumor (B/C-A): B rat liver tumor
weight = liver weight of group B rat minus that of group A rat; C rat liver tumor
weight = liver weight of group C rat minus that of group A rat.

Microscopic findings
All rats had evidence of HCC after 18 wk of treatment with
DEN. However, after administration of fumagillin for 2 wk,
tumors in group C rats had dilated bile ducts and sinusoids,
and karyorrhectic changes of endothelial cells lining the
sinusoids. After 6 wk of fumagillin treatment, multiple areas
with varying degrees of necrosis and hemorrhage were
found in tumors of the group C rats. Some cancer cells
had membrane blebbing, cytoplasmic vacuolization, and
mitochondrial body formation, and there were neutrophil
and histolytic infiltration. These changes were not present
in HCC of group B rats at wk 20 and 24.
Assays for MetAP-2, GAPDH, Bcl-2, and telomerase mRNA
The results of quantitative RT-PCR analysis are shown in
Table 4. The median intensity of MetAP-2 mRNA (compared
with GAPDH) in liver tissue of group A and HCC tissue
of groups B and C at the 24th wk was 0.34 (range 0.32-0.36),
0.50 (0.33-0.70) and 0.58 (range 0.40-0.73) respectively.
The groups all differed significantly from one another.
Comparable results for Bcl-2 mRNA were 0 in group A
(range 0-0.19), 0.45 in group B (range 0.22-0.63) and 0.38 in
group C (range 0-0.32). Differences among the 3 groups
and between groups A and C as well as between groups B
and C were not significant. However, the difference between

Telomerase activity
The median telomerase activity of HCC tissue at wk 24
in the 3 groups was 47.6% (range 46-71%), 225.0%
(187-310%), and 203.5% (94-292%) respectively.
Telomerase activity in group A was significantly lower than
that in group B (P = 0.025) or C (P = 0.025). The activity
was significantly higher in group B than that in group C
(P = 0.046, Table 4).

DISCUSSION
Our study has confirmed the inhibitory effects of fumagillin
on HCC and allowed us to develop a model describing its
effects both at tissue and cellular level and at molecular
level. The advantage of our investigation is that it was an
in vivo rather in vitro study or one, which used subcutaneously
implanted tumors. Evaluating HCC progression and
inhibition in situ in the liver can increase our understanding
of the disease.
Tumor weight in the group B animals treated with DEN
increased significantly from wk 20 to wk 24, confirming its
effect on progression of HCC. However, in group C rats
being given both DEN and fumagillin, the tumor weight
was significantly lower than that in group B rats at wk 20
and 24. In addition, the fumagillin-treated rats had a lower
metastasis score than those treated with DEN alone.
Fumagillin has been reported to cause weight loss[18,19],
although Kin et al[20] found that liver weight as a function of
body weight is actually higher in rats treated with fumagillin
derivative TNP-470 [20]. In our fumagillin-treated rats,
insignificant weight loss was only at wk 20 and 24. We think
that this is most likely due to the low dose we used. In addition,
the tumor weight was determined by comparing whole liver
weight with that of controls. Thus, fumagillin-induced body
weight loss cannot explain the lower tumor weight in the
fumagillin-treated rats.
It is proposed that the mechanism by which fumagillin

Table 4 Comparison of MetAP-2 mRNA, Bcl-2 mRNA, telomerase mRNA and telomerase activity among the 3 groups of rats at wk 24
Group

P value

Parameters
A (n = 3)
MetAP-2 mRNA
(0.32-0.36)
Bcl-2 mRNA
(0-0.19)
Telomerase mRNA

B (n = 5)

C (n = 5)

A vs B

A vs C

B vs C

0.34

0.50

0.58

0.025

0.025

0.047

(0.33-0.70)

(0.40-0.73)
0.38

0.024

0.608

0.072

0.025

0.655

0.016

0.025

0.025

0.046

0
(0.22-0.63)

0.45
(0-0.42)

0.30

0.43

0.34

(0.29-0.32)

(0.35-0.47)

(0.29-0.37)

Telomerase

47.6

Activity (%)

(46-71)

225.0
(187-310)

Non-parametric test: Mann-Whitney and Kruskal-Wallis tests.

203.5
(94-292)
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inhibits HCC is by inhibiting angiogenesis, specifically by
blocking EC proliferation. By inducing apoptosis of ECs,
vascularization is disrupted, leading to infarction of HCC.
It is well documented that fumagillin agents directly
inhibit proliferation and migration of ECs in vitro and in vivo
in various tumor models, such as in tumors implanted
subcutaneously in mice[21] . Folkman[22] has stated that the
goal of antiangiogenic therapy is to maximize apoptosis of
ECs in tumor vascular beds. Fox et al[5] pointed out that this
is a particularly attractive approach, as ECs are directly
accessible through the blood and because they are ‘normal’
cells and therefore unlikely to become resistant to treatment.
Similarly, according to Prox et al[23], fumagillin derivatives
do not directly inhibit proliferation of pancreatic cancer
cells, but they inhibit EC proliferation, increasing apoptosis
of tumor cells by reducing microvessel density.
At 24 wk, our fumagillin-treated rats had massive
hemorrhage and necrosis in the liver tumors, a finding not
seen in the rats treated with DEN alone. Damage to the
vessels supplying the tumor could certainly account for these
changes, as ischemia can result in both apoptosis and necrosis
of cancer cells. There is a critical difference between these
two causes of cell death. Necrosis occurs when the cell
suffers a major insult. Damage is generally so severe that
the cell loses its ability to maintain membrane integrity, rapid
swelling results in bursting of the membrane and release of
its contents. This sets up a chain reaction, as toxic enzymes
released from the dead cells attack surrounding cells. A
wave of necrosis radiates out from the initial site of damage.
There is as yet no evidence that fumagillin can kill HCC
cells. However, Catalano et al[24] noted that fumagillin might
induce apoptosis by early mitochondrial damage in malignant
mesothelioma cells. Yoshida et al[25] reported that fumagillinlike agents inhibit both the growth and migration of human
hepatoma and vascular ECs in vitro and may suppress in vivo
growth of hepatoma, associated with a reduction in the
microvasculature and macrophage counts. The speculation
that fumagillin inhibits not only ECs but also cancer cells to
some degree warrants more studies.
Methionine aminopeptidases (MetAPs) are enzymes
involved in the removal of N-terminal methionine from
peptides and proteins. The molecular target of fumagillin is
MetAP-2, which appears to be important in EC growth[26].
This enzyme’s effects appear to include protein co-translational
or posttranslational processing and myristoylation, as well as
regulation of protein stability[27] . Sin et al [28] demonstrated
that fumagillin selectively inhibits MetAP-2 protein in vivo
by covalently binding to it and blocking its aminopeptidase
activity. This would disrupt post-translational modification
with failure of myristoylation, contributing to EC cytostasis,
with arrest in the late G1 phase.
If MetAP-2 plays a comparable role in tumor cells, that
would further support the hypothesis that fumagillin directly
inhibits tumor cells. Studies have shown that in vitro exposure
of human microvascular endothelial cells (HMVECs) to
1 nmol/L fumagillin for 24 h results in a two- to six-fold
increase in MetAP2 protein in all cell types[29]. Up-regulation
of MetAP-2 gene thus seems to be a common phenomenon
in cells treated with fumagillin. It is hypothesized that the
loss of MetAP-2 catalytic function in cells exposed to
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fumagillin leads to up-regulation of the gene. This response
might itself contribute to cytostatic inhibition of ECs, possibly
via an excessive increase in the ribosomal regulatory (p67)
function of increased MetAP-2 protein in its free form or
bound to fumagillin.
DEN treatment significantly increased rat liver MetAP2 mRNA over that in untreated rats in our study. We attribute
this to rapid cell growth, and hence increased expression of
MetAP-2 mRNA, during carcinogenesis. Fumagillin-treated
rats had an even higher MetAP-2 mRNA level than those
treated with DEN alone, a difference that achieved statistical
significance (P = 0.047). With fumagillin inhibition, MetAP2 mRNA in HCC probably first decreased and then increased
to compensate for loss of MetAP-2 catalytic activity. However,
it did not quite achieve a two-fold increase over the level in
the control rats. This might be due to the fact that we used
a relatively low dose of fumagillin.
MetAP2 also affects two key regulators of proliferation
and programmed cell death, namely Bcl-2 and telomerase.
Inhibition of MetAP-2 in mesothelioma cells reduces both
mRNA and protein expression of the anti-apoptosis gene
bcl-2 as well as telomerase activity. This suggests a major role
for MetAP2 in proliferative and apoptosis pathways[24,30,31].
However, the mechanism by which MetAP2 regulates bcl-2
expression remains unknown. MetAP2 is not a transcription
factor; therefore, it is unlikely that it directly regulates bcl-2
gene expression. Instead, by its posttranslational processing
effects, MetAP2 may alter the function of bcl-2 transcription
factors.
The bcl-2 gene encodes a 26-kDa protein that protects
cells against apoptosis in a variety of experimental systems.
Bcl-2 maintains mitochondrial integrity by regulating the
opening of the transition pore, thus preventing release into
the cytosol of caspase activators. Furthermore, Bcl-2 protein
prevents apoptosis by inhibiting lipid peroxidation of the
cell membrane. It may therefore be important in protecting
ECs against apoptosis as they are engaged in forming new
vessels in tumors. It may also potentiate their differentiation
into functional blood vessels. Second, Bcl-2 might potentiate
the ability of ECs to differentiate. Some authors have
reported that MetAP2 inhibition causes a time-dependent
down-regulation of the bcl-2 gene, whereas it does not alter
expression of the pro-apoptotic gene, bax. Another mechanism
for downregulation of bcl-2 expression, at least in selected
systems, is by an increase in p53 expression induced by
fumagillin. In our study, Bcl-2 mRNA was significantly higher
in DEN-treated rats than in controls. It was somewhat lower
in the fumagillin-treated rats than in group B, but the
difference was not statistically significant. It is possible this
was because of our small sample number. Or, it is possible
that down-regulation of bcl-2 does not play a significant
role in this particular model of tumor inhibition.
In addition to deregulation of apoptosis, it is increasingly
clear that oncogenesis is driven by the activation of telomerase,
a ribonucleoprotein complex that adds telomeric repeats
(hexanucleotide 5’-TTAGGG-3’) to the ends of replicating
chromosomes. Telomerase is thought to be responsible for
cell immortality, primarily by protecting chromosomes from
rearrangement. Telomerase activity is not detected in normal
liver, but it has been detected in the vast majority of human
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cancer cells. This has raised the possibility that telomerase
may be an important target for therapy aimed at controlling
cell growth. Kishimoto et al[31] emphasized the critical step
of telomerase activation in hepatocarcinogenesis and tumor
progression. Takahashi et al [32] reported that telomerase
reactivation during hepatocarcinogenesis might be regulated
only by hTERT, whereas increased telomerase activity in
tumor progression might be regulated by both hTERT
(reverse transcript) and hTERT (RNA component). Shimada
et al[33] maintained that the higher the telomerase activity in
HCC, the higher the malignant potential.
The relationship between Bcl-2 and telomerase activity
remains controversial. Recent studies have shown an
association between telomerase activation and Bcl-2
deregulation in a wide range of human carcinoma cells.
Elkak et al[34] found that telomerase activity is higher in the
Bcl-2-expressing cases of colorectal cancer than in Bcl-2non-expressing cases, suggesting that Bcl-2 expression may
be related to telomerase activity in colorectal carcinoma.
Iida et al[30] and Elkak et al[34] hypothesized that telomerase
reactivation in human breast cancer is associated with
increased immunohistochemical expression of Bcl-2. Mandal
et al[35] reported that the stable overexpression of Bcl-2 in
human cancer cells with low Bcl-2 expression is accompanied
with increased levels of telomerase activity. In low-grade
tumors, Bcl-2 is inversely correlated with telomerase activity.
Ohmura et al [36] suggested that the biological role of the
Bcl-2 protein is altered by the degree of tumor aggressiveness,
so that it works with telomerase against genetic instability.
HCC is an aggressive malignancy, and we propose Bcl-2
and telomerase work together in this tumor. It is possible
that MetAP2 acts as upstream of Bcl-2, while the Bcl-2 site
of action is likely to be upstream of that of telomerase and
caspases.
We quantified both telomerase mRNA and telomerase
activity to ensure the accuracy of our results. DEN-treated
rats had significantly higher values for both at 24 th wk
compared to control and fumagillin-treated rats. Telomerase
mRNA in fumagillin-treated rats did not differ significantly
from that in controls, although the telomerase activity
remained significantly higher in group C than in group A.
There are three possible explanations for this. First, as
sug gested by Kenmochi et al [37] and Ohta et al [38] ,
differentiation may worsen as the tumor progresses; there
may be localized spread of the tumor, including intrahepatic
metastasis or portal vein thrombosis. Second, as the treated
tumor necroses, regeneration of hepatocytes may increase
telomerase activity. Third, it has been reported that
telomerase may be expressed in lymphocytes. Lymphocytic
infiltration may occur during tumor necrosis, so that the
total telomerase activity we measured included a proportion
generated by lymphocytes, thus overestimating that
contributed by the tumor.
Our study demonstrated the ability of fumagillin to
inhibit both progression of HCC in the liver itself and
systemic metastasis in vivo in DEN-treated rats. We also
examined three molecular targets of fumagillin in HCC.
We found that HCC tissue in fumagillin-treated rats had a
compensatory elevation of MetAP-2 mRNA after an initial
decrease, with associated decreases in Bcl-2 mRNA, telomerase
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mRNA, and telomerase activity. These results may be
attributed mainly to inhibition of ECs by fumagillin. A
possible mechanism is that fumagillin-induced inhibition of
MetAP-2 plays an essential role in EC proliferation. Inhibition
of MetAP-2 also results in inhibition of Bcl-2 and telomerase
activity.
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disease-free survival (DFS) were TNM staging, grade of
differentiation, preoperative CEA level, and high LOH
status. Patients with high LOH tumors had a significantly
lower DFS (50%) compared with patients with low LOH
tumors (84%). Of the patients developing subsequent
tumor recurrence, the number and percentage of LOH
were 2.97 and 46.8% respectively, similar to the stage
IV disease patients. TNM staging had the most significant
impact on DFS, followed by high LOH status.
CONCLUSION: Clinical manifestations of LOH and MSI
are different in colorectal cancer patients. High-frequency
LOH is associated with high metastatic potential of
colorectal cancers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: Colorectal cancers result from the accumulation of
several distinct genetic alterations. This study was to
investigate the frequency and prognostic value of loss
of heterozygosity (LOH) and microsatellite instability
(MSI) at 14 genetic loci located near or within regions
containing important genes implicated in colorectal
tumorigenesis.
METHODS: We studied colorectal cancers with corresponding
normal mucosae in 207 patients (139 males and 68 females,
mean age at the time of tumor resection 66.2±12.4 years,
range 22-88 years). There were 37 right-sided colonic
tumors, 85 left-sided colonic tumors and 85 rectal tumors.
The distribution of tumor staging was stage I in 25, stage
II in 73, stage III in 68, and stage IV in 41. We analyzed
the LOH and MSI of HPC1, hMSH2, hMLH1, APC, MET,
P53, NH23-H1, DCC, BAT25, BAT26, D17S250, MYCL1 and
D8S254 with fluorescent polymerase chain reaction and
denatured gel electrophoresis. High-frequency LOH was
determined to be greater than three, or more than 50%
of the informative marker with LOH. High-frequency MSI
(MSI-H) was determined as more than four markers with
instability (>30%). Correlations of LOH and MSI with
clinical outcomes and pathological features were analyzed
and compared.
RESULTS: The occurrence of MSI-H was 7.25%, located
predominantly in the right colons (7/15) and had a higher
frequency of poor differentiation (6/15) and mucin
production (7/15). LOH in at least one genetic locus
occurred in 78.7% of the tumors and was significantly
associated with disease progression. Of the 166 potentially
cured patients, 45 developed tumor recurrence within 36 mo
of follow-up. Clinicopathological factors affecting 3-year
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INTRODUCTION
Cumulated genetic alterations could affect proto-oncogenes
such as Ki-ras and tumor suppressor genes, including APC,
DCC and TP53[1,2]. The common event that inactivates tumor
suppressor genes is the loss of one allele frequently associated
with an inactivating point mutation in the remaining wildtype allele. This process is referred to as loss of heterozygosity
(LOH)[3].
In another mutational pathway, colorectal cancers display
increased rates of intragenic mutation characterized by
generalized instability of short, tandemly repeated DNA
sequences known as microsatellites[4]. High frequency of
microsatellite instability (MSI-H) has been found in more
than 90% of tumors in patients with hereditary nonpolyposis
colorectal cancer[5,6]. The presence of MSI could be the result
of defective DNA mismatch repair genes that were misaligned
in repetitive sequences (caused by slippage of polymerases)
and left unrepaired. In sporadic cases of colorectal cancer,
MSI-H occurred in approximately 15% of tumors[4,5,7].
Previous studies have demonstrated that tumors with
more alleles lost have a considerably worse prognosis[8,9]. In
contrast, the presence of MSI-H carries significant prognostic
implications for colorectal cancer patients[10,11]. In this study,
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we evaluated 207 colorectal cancer patients. LOH and MSI
at 14 markers were detected by microsatellite analysis to
evaluate the clinical manifestations of LOH and MSI in
sporadic colorectal cancers.

MATERIALS AND METHODS
Patients and clinicopathological data
A total of 207 patients with colorectal adenocarcinoma who
underwent resection in Taipei Veterans General Hospital
from January 1999 to December 1999 were enrolled in
this study. Patients were excluded if they received preoperative
chemotherapy and/or radiotherapy, and had evidence of
hereditary non-polyposis colorectal cancer according to the
criteria of Amsterdam or familial adenomatous polyposis,
a malignant tumor outside the colon within the previous
five years, or died from surgical complications. Clinical data
were recorded prospectively and stored in computerized
files. The database included (1) patients’ names, gender,
age, family history, and major medical problems, (2)
location, size, gross appearance, tumor-node-metastasis
(TNM) stage, differentiation, and relevant pathologic
prognostic features, and (3) types of operations, complications,
recurrence of disease, and follow-up conditions. After
operation, patients were followed up every 3 mo in the first
2 years, every 6 mo between 2 and 5 years, and annually
thereafter. All patients were followed up for at least 3 years
after operation or until death.
Tumor tissues
The Institutional Review Board of the Taipei Veterans
General Hospital approved the study program. Consents
to tissue collection were obtained from all patients. Following
removal, specimens were cleaned thoroughly. The tumors
were dissected meticulously and samples were collected from
4 different quadrants of the tumor for consideration of
intratumoral heterogeneity. The corresponding normal
mucosae taken at least 10 cm away from the primary tumor
were collected. The fragments of samples were immediately
frozen in liquid nitrogen and stored at -70 ℃. Sections of
cancer tissues and the corresponding normal mucosae were
identified, reviewed, and analyzed by a senior gastrointestinal
pathologist who did not know the clinical outcome of the
patients. The stage of the disease was classified according to
the TNM classification of the International Union Against
Cancer[12] . There were 139 (67.1%) men and 68 (32.9%)
women in the study group. The mean age at the time of tumor
resection was 66.2±12.4 years (range 22-88 years). There were
37 (17.8%) right side colonic tumors (cecum to splenic flexure),
85 (41.1%) left side colonic tumors (splenic flexure to sigmoid
colon) and 85 (41.1%) rectal tumors. The distribution of
tumor staging was stage I in 25 (12.1%), stage II in 73
(35.3%), stage III in 68 (32.9%) and stage IV in 41 (19.8%).
LOH and MSI analysis
High-molecular-weight genomic DNA was prepared from
each tumor and the corresponding normal tissue using
the QIAamp tissue kit (QIAGEN GmbH, Hilden, Germany).
Normal and tumor genomic DNA sample pairs were
amplified using the microsatellite instability MSI/LOH assay
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starter kit (Applied Biosystems, Foster City, CA). According
to the international criteria for the determination of MSI
[13]
, five reference markers including D2S123, D5S345,
Bat25, Bat26 and D17S250 were enrolled in our
microsatellite panel. The chromosomal location of the
microsatellite markers and genes surrounding the markers
was described in a previous report[14]. In brief, 25 ng template
DNA was amplified with fluorescent-labeled primer. PCR
was carried out in a GeneAmp PCR System 9, 600 thermal
cycler (Applied Biosystems) as follows: a 10-min pre-PCR
incubation step at 95 ℃, 30 cycles of amplification, each at
96 ℃ for 10 s, at 55 ℃ for 30 s, at 70 ℃ for 3 min, and a
final extension at 70 ℃ for 30 min.
The amplification reactions were pooled and loaded onto
a denaturing polyacrylamide gel, and the data were collected
with an ABI 377 automated sequencer (Applied Biosystems).
At the end of the run, each fluorescent peak was quantitated
in terms of size (in base pairs), peak height, and area. Normal
and tumor DNA pairs were compared for changes in peak
height of each microsatellite marker via GeneScan analysis
software (Applied Biosystems).
The LOH index was calculated using the modified
method described by Cawkwell[15] for each paired normal
and tumor samples. The peak height of two alleles in each
tumor was divided by the peak height in normal samples:
T1:T2/N1:N2 where T1 and N1 are the peak heights of the
tumor and normal samples, respectively for the corresponding
allele one, and T2 and N2 for the corresponding allele two.
Allele loss, according to the manufacturer’s instructions,
occurred with an LOH index of ≤0.67 or ≥1.5. This
allele loss also translated to a 33% decrease in peak height
of one of the tumor alleles as compared with the normal
alleles. The result of LOH analysis of a representative
sample is shown in Figure 1. The tumors that exhibited
LOH at more than 3 markers, or showed more than 50%
of informative markers, were classified as the highfrequency LOH group (LOH-high). Others were classified
as the low-frequency LOH group (LOH-low).
Tumor samples that exhibited novel allele peaks
compared with the corresponding normal samples were
classified as MSI at that marker. Such markers were
considered uninformative for the LOH study. The pattern
of MSI of a representative sample is shown in Figure 2.
The analysis was performed twice if the data were controversial.
According to the international criteria for the determination
of MSI [13] , MSI in at least 4 or more loci was defined as
high microsatellite instability (MSI-H); otherwise it was
considered microsatellite stability (MSS).
Statistical analysis
The statistical end point in our analysis was the occurrence
of metastasis or death. The group distribution of each
clinicopathological characteristic according to the presence
or absence of LOH or MSI was compared using the 2 test.
The numerical value was compared with the Student’s t test.
Statistical significance was defined as P<0.05 (SPSS for
Windows version 10.0). The variables that resulted in P values
<0.1 were entered into the Cox proportional hazards model
for the determination of the independent prognostic factor
for colorectal cancer.
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100.94 1
3012

132.631
1462

3

1

98.88 113.09
360 2
600 2

100.84 1
5552
LOH index 0.4

1
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hMSH2

196.141
2422

156.15
251 2

132.621
782

APC

B1

Tumor

Normal

A2
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B2
1

3

Tumor

182.60
699 2

1

196.141
1072

Normal

2.34

Figure 1 LOH at three genetic loci in a 52-yr-old male with stage IV disease (A) and MSI at two genetic loci in a 47-yr-old male with stage II
disease (B) shown as representative results of GeneScan. A: LOH at three genetic loci in a 52-yr-old male with stage IV disease; B: MSI at two
genetic loci in a 47-yr-old male with stage II disease. 1 Size of the PCR product (in bp). 2 Fluorescence intensity of peak. 3 Homozygosity. The
arrowhead indicated novel alleles.
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8

A
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68
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41
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25%
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Mean
23%
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0
Case number = 25
TNM
I

73
II

Figure 2 The number and percentage of LOH. Panel A: The number of LOH; Panel; B: The percentage of LOH.

RESULTS
Markers with detectable heterozygous alleles were defined
as informative. One hundred and sixty-three tumors (78.8%)
exhibited LOH in at least one microsatellite marker. LOH
in more than 3 markers (LOH-high) was noted in 93 tumors
(44.9%). The highest frequency of LOH in the tumor
suppressor gene was TP53.alu (65%), followed by DCC
(64.3%), D8S254 (51.7%) and APC (47.8%) (Table 1,
Figure 1A). There was no difference in the distribution of
gender, age, preoperative CEA level and location of tumors
between the LOH-high and LOH-low groups. Considering
the pathological variables, there was a linear trend between
TNM staging and the LOH-high tumors (P<0.001). The
mean number and percentage of LOH in stage I tumors
were 1.52% and 22.8%, respectively, with an increase to
3.02% and 48%, respectively, in stage IV tumors (Figure 2).
The other pathological variables such as lymph-vascular
invasion, mucin component, invasive pattern of tumors,
and grade of differentiation showed no significant association
with the LOH-high tumors (Table 2).

Table 1 Frequency of LOH and MSI of tumor suppressor genes in
sporadic colorectal cancers
Marker
NM23-H1
APC
Tp53.alu
HPC1
D8S254
DCC
hMSH2
hMLH1
MET
Tp53.pcr15
MYCL1
Bat-25
Bat-26
Mfd15

Informative
/Total (%)

LOH/Informative
(%)

MSI
No./Total (%)

125/207 (60.4)
121/207 (58.5)
103/207 (49.8)
127/207 (61.4)
89/207 (43.0)
98/207 (47.3)
153/207 (73.9)
99/207 (47.8)
91/207 (44.0)
80/207 (38.6)
110/207 (53.1)
30/207 (14.5)
41/207 (19.8)
33/207 (15.9)

43/125 (31.6)
56/121 (47.8)
67/103 (65.0)
15/127 (11.8)
46/89 (51.7)
63/98 (64.3)
24/153 (15.7)
26/99 (26.3)
27/91 (29.7)
31/80 (38.8)
38/110 (34.5)
3/30 (10)
4/41 (4.4)
2/33 (7.2)

4/164 (2.4)
10/151 (6.6)1
1/140 (0.7)
6/192 (3.1)
5/161 (3.1)
3/144 (2.1)
19/183 (10.4)1
11/181 (6.1)
7/180 (3.9)
5/174 (2.9)
5/169 (3.0)
22/204 (9.8)1
15/203 (7.4)1
9/205 (4.4)1

1

Reference markers according to the international criteria for the determination
of MSI [13].

In a total of 2, 451 MSI analyses, excluding LOH markers,
122 markers had MSI (4.97%, Figure 1B). Fifty-five tumors
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Table 2 Comparison between clinico-pathological features of loss of heterozygosity-high and loss of heterozygosity-low in colorectal cancer,
n (%)
Features
Number of cases
Age (yr)
Gender (male/female)
Location of tumor
Right colon
Left colon
Rectum
TNM stage
I
II
III
IV
Invasive pattern
Expanding
Infiltrative
Grade
Well-differentiated
Moderate differentiated
Poorly differentiated
Lymphovascular invasion
Yes
No
Mucin production
Yes
No
1

Total

LOH-high

LOH-low

P

207
66.2±12.4
139/68

93 (44.9)
67.2±12.4
61/32

114 (55.1)
65.4±12.3
78/36

0.2921
0.7782

37 (17.9)
85 (41.1)
85 (41.1)

16 (17.2)
42 (45.2)
35 (37.6)

21 (18.4)
43 (37.7)
50 (43.9)

0.5443

25 (12.1)
73 (35.3)
68 (32.9)
41 (19.8)

7 (7.5)
22 (23.7)
37 (39.8)
27 (29.0)

18 (15.8)
51 (44.7)
31 (27.2)
14 (12.3)

<0.0014

52 (25.1)
155 (74.9)

20 (21.5)
73 (78.5)

32 (28.1)
82 (71.9)

0.2862

5 (2.4)
182 (87.9)
20 (9.7)

2 (2.2)
81 (87.0)
10 (10.8)

3 (2.6)
101 (88.6)
10 (8.8)

0.2633

48 (23.2)
159 (76.8)

27 (56.3)
66 (41.5)

21 (43.7)
93 (58.5)

0.1022

29 (14.0)
178 (86.0)

9 (9.7)
84 (90.3)

20 (17.5)
94 (82.5)

0.1552

Student t test, 2Fisher exact test, 3Pearson 2 test, 42 test with linear-by-linear association.

Table 3 Comparison between clinico-pathological features of MSI-H and MSS in colorectal cancer, n (%)
Features
Number of cases (%)
Age (yr)
Gender(male/female)
Location of tumor
Right colon
Left colon
Rectum
TNM stage
I
II
III
IV
Invasive pattern
Expanding
Infiltrative
Grade of differentiation
Well
Moderate
Poor
Lymphovascular invasion
Yes
No
Mucin component
Yes
No
1

Total

MSI-H

MSS

P

207
66.2±12.4
139/68

15 (7.25)
69.7±14.8
8/7

192 (92.7)
65.9±12.2
131/61

37 (17.9)
85 (41.1)
85 (41.1)

7 (46.7)
2 (13.3)
6 (40.0)

30 (15.6)
83 (43.2)
79 (41.2)

0.0053

25 (14.2)
73 (36.8)
68 (31.6)
41 (17.4)

1 (6.7)
6 (40.0)
6 (40.0)
2 (13.3)

24 (12.5)
67 (34.9)
62 (32.3)
39 (20.3)

0.7804

52 (25.1)
155 (74.9)

4 (26.7)
11 (73.3)

48 (25.0)
144 (75.0)

1.02

5 (2.4)
182 (87.9)
20 (9.7)

(0)
9 (60.0)
6 (40.0)

5 (2.6)
173 (90.1)
14 (7.3)

<0.0013

48 (23.2)
159 (76.8)

1 (6.7)
14 (93.3)

47 (24.5)
145 (75.5)

0.2092

29 (14.0)
178 (86.0)

7 (46.7)
8 (53.3)

22 (11.5)
170 (88.5)

0.0012

0.2481
0.3692

Student t test, 2Fisher exact test, 3Pearson 2 test, 42 test with linear-by-linear association.

(26.6%) exhibited MSI in at least one genetic locus. MSI
in at least 4 or more loci (MSI-H) was noted in 15 tumors
(7.25%). The distribution of MSI at different markers is
shown in Table 1. The highest frequency of MSI was hMSH2
(10.4%), followed by Bat25 (9.8%), and Bat26 (7.4%). The
information on the clinicopathological features of MSI-H
and MSS colorectal cancers is shown in Table 3. Seven
(46.7%) of the 15 MSI-H cancers were located in the right
colon, a significantly greater number than that of the MSS

cancers (15.6%). Poor tumor differentiation was found in
40% of MSI-H cancers (6/15), significantly higher than
that found in MSS cancers (7.3%, 14/192). High mucin
component of tumors was found in 46.7% of MSI-H
cancers (7/15), significantly higher than that found in MSS
cancers (22/192). There was no difference in the distribution
of gender, TNM stage, invasive pattern of tumors, and
lymph-vascular invasion between the MSI-H and MSS
cancers.
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Of the 166 potentially cured patients, 45 developed
tumor recurrence within a median of 36 mo of follow-up.
The sites of tumor recurrence were: liver (20), lung (18), bone
(5), peritoneum (5), remote nodes (4), and other sites (3). As
shown in Table 4 and Figure 3, the clinicopathological factors
affecting the 3-year DFS were TNM staging, grade of
differentiation, preoperative CEA level, and high LOH status.
Using multivariate analysis, we identified that TNM staging
showed the most significant impact on DFS [hazard ratio
(HR) = 3.31; 95% confidence interval (CI) = 1.82-6.01],
followed by high LOH status (HR = 3.18; 95% CI = 1.68-5.98)
and CEA level (HR = 2.30; 95% CI = 1.21-4.37). Of the
respective markers, LOH of Tp53.alu, D8S254, DCC, and
Tp53.pcr15 had a significant impact on DFS, as shown in
Table 5.

Table 4 Correlation of the clinico-pathological factors with threeyear disease-free survival in potentially cured colorectal cancer
patients (stage I, II, III patients)
Number
of cases

3-yr disease
-free survival

P1

116

70

0.614

50

75

<5 ng/mL

80

82

>5 ng/mL

86

63

I

25

95

II

73

84

III

68

47

No

129

73

Yes

37

63

Expansive

45

73

Infiltrative

121

68

Variables

Gender
Male
Female
Preoperative CEA level
0.003

TNM stage
<0.001
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Table 5 Informative markers that influenced three-year DFS in
potentially cured colorectal cancer patients (stage I, II, III patients)
Markers

Number
of cases

3-yr disease-free
survival

P1

68
28

75
62

0.266

54
45

75
72

0.881

29
55

92
51

<0.001

87
12

75
70

0.743

39
31

75
52

0.030

27
45

79
55

0.042

107
15

73
75

0.972

62
19

66
57

0.287

50
16

72
64

0.350

42
20

76
33

<0.001

59
29

71
65

0.421

Nm23-H1
Non-LOH
LOH
APC
Non-LOH
LOH
Tp53.alu
Non-LOH
LOH
HPC1
Non-LOH
LOH
D8S254
Non-LOH
LOH
DCC
Non-LOH
LOH
MSH2
Non-LOH
LOH
MLH1
Non-LOH
LOH
Met ONC
Non-LOH
LOH
Tp53.pcr15
Non-LOH
LOH
MYCL1
Non-LOH
LOH
1

Log-rank test; The markers that had frequency of informative tumors lower than
30% were excluded in the survival analysis.

Lymphovascular permeation
0.091

0.517

Grade of differentiation
Well

3

100

146

75

17

48

<50%

143

72

>50%

23

68

Moderate
Poor

0.004

Mucinous component
0.642

Microsatellite instability
MSI-H
MSS

13

69

153

71

100

84

High

66

50

0.8
0.6
0.4
0.2

0.0
0
No at riskLow LOH 100
High LOH 66

12

24

36

93
49

78
31

47
20

48

60
Follow-up months
19
0
9
0

0.910

LOH status
Low

Disease-Free Survival

1.0

Invasive pattern of tumor

<0.001

Figure 3 Comparison of the clinicopathological factors with 3-yr
survival in colorectal cancer patients. ─ : Low LOH group;-----: High
LOH group.

Multivariate analysis2
Factors

Hazard
ratio

95% CI

LOH (High vs Low)

3.18

1.68-5.98

<0.001

TNM

3.31

1.82-6.01

<0.001

P

CEA level
>5 ng/mL vs <5 ng/mL

2.30

1.21-4.37

0.011

Grade of differentiation

1.12

0.45-2.77

0.791

Lymphovascular invasion

1.0

0.49-2.01

0.981

1
Log-rank test; 2The P value results from the hypothesis that the relative risk as
determined by a multivariate binary logistic regression analysis equaled 1.0.

DISCUSSION
Our approach consisted of examining 14 microsatellite
markers located near or within regions containing important
genes implicated in the complex process of colorectal
tumorigenesis. The use of automated assessment of loss
of heterozygosity and microsatellite instability with
fluorescent-PCR was described by Cawkwell[15] and could
be adapted to the analysis of both LOH and MSI, two
important mechanisms of colorectal carcinogenesis. In our
results, the frequency of MSI exhibited a trend to cluster

Chang SC et al. LOH and prognosis of colorectal cancer

in hMSH2, BAT25 and BAT26 loci, but not in markers in
regions displaying high levels of allelic loss (e.g., p53 and
DCC). The higher susceptibility of mononucleotide repeats
to instability in MSI tumors has been reported by Ionov[4]
and Dietmaier [16] . The microsatellite markers with a low
frequency MSI might provide prognostic information about
LOH. The present study demonstrated a significant inverse
correlation between the two molecular events (LOH vs MSI).
The tumors with MSI-H phenotypes had a lower frequency
of LOH than those with MSS phenotype.
In the present series of patients with resected primary
colorectal carcinomas, the frequency of MSI-H phenotypes
was 7.25%, lower than in previous reports[7,17]. This may be
attributed to several markers having a low-frequency MSI.
If only considering five reference markers[13] as the current
definition of MSI-H, the frequency of MSI-H could be as
high as 11.1% of tumors. Previous reports indicated that
MSI-H colorectal cancers were associated with distinct
clinicopathological features, including poor differentiation,
extracellular mucin accumulation, younger age at onset, and
proximal tumor location[18-20]. Our MSI-H tumors displayed
similar clinicopathological findings.
Loss of heterozygosity, i.e., loss of one allele at a
constitutional heterozygous locus indicates the probability
of loss of a tumor suppressor gene, which might promote
neoplastic progression[21,22]. The frequency of an informative
tumor for each microsatellite marker varied in the present
study (range 14.5-73.9%). Analysis of a single marker may
be biased by non-informative tumors, especially in the
marker in which the frequency of an informative tumor
was less than 50%. Therefore, we defined the LOH-high
group as LOH at more than 3 markers, or more than 50%
of informative markers for considering both the number
and percentage of LOH. In our results, high-frequency LOH
could be an independent prognostic factor affecting tumor
recurrence. Of the 166 potentially cured patients, those
with a high LOH tumor showed a DFS of 50 %, which
was poorer than those with low LOH tumors (84%). Of
the 45 patients who developed tumor recurrence, the mean
number of LOH was 2.97 and the percentage of LOH in
the primary tumor was 46.8%, which were similar to those
tumors that already had distant metastasis at operation.
These findings imply that high LOH tumors behave
comparably to those stage IV diseases.
Metastasis is a complicated multistep process. The cells
must detach and acquire motility, invade through the
basement membrane and extracellular matrix, gain access
to and survive in the vascular system, adhere to and immigrate
into the target organ, and then proliferate in the new site[23].
It is reasonable to believe that multiple genes control the
complicated process. Previous reports have hypothesized
that accumulation of various genetic abnormalities is more
important in tumorigenesis than the sequence of genetic
alterations[2,24].
Additionally, a previous report demonstrated that p53
and DCC were the most common mutated tumor suppressor
genes in colorectal cancer, and occurred mainly at the late
phase of carcinogenesis[1]. In our study, the frequency of
LOH was the highest at p53 (65.0%) followed by DCC
(64.3%), D8S254 (51.7%) and APC (47.8%). There were

783

four markers associated with metastatic potential, including
p53, DCC, and a tumor suppressor gene located in the 8p22.
In our series, the incidence of LOH of p53 was similar to a
previous report[24]. The p53 gene has been thought to modulate
two discrete functions, both in response to stress (particularly
DNA damage), cell cycle arrest, and apoptosis[25,26]. The loss
of p53 in the final stages of colon cancer not only allows
the cells to divide at an unrestrained rate, but this rapid
replication further promotes the development of even more
genetic mutations because the cell cycle is not interrupted
when errors occur. Several authors have found that mutations
of p53 or allelic loss of the p53 was correlated with poor
outcomes[27-29] . Our study yielded a similar finding. The
incidence of allele loss of DCC in colorectal cancer has
been reported to be from 33%[15] to 75%[29-31]. According to
previous reports, LOH or decreased DCC expression was
associated with liver and lymph node metastasis[29,31]. In our
study, LOH of DCC was significantly associated with lymph
node metastasis (data not shown). The DCC protein was a
transmembrane glycoprotein similar to the neural cell
adhesion molecules[32] . LOH of DCC could thus lead to
impaired contacts between cells, thereby contributing to
tumor growth and invasion. The prognostic value of LOH of
DCC has been confirmed in several previous studies[31,33,34].
Our observations also showed that LOH of DCC was
significantly associated with metastasis potential.
Another putative tumor suppressor gene located in the
short arm of chromosome 8 had a high frequency of LOH
in our study, as shown in a previous report[35]. Several studies
showed that this novel tumor suppressor gene locus was related
to the stage progression of colorectal cancer[36,37], similar to
our findings.
In the multivariate analysis, TNM stage was the most
significantly independent prognostic factor for colorectal
cancer, followed by high-frequency LOH and preoperative
CEA level. The outcome of patients with colorectal cancer
was determined by the presence or absence of metastasis at
the time of operation. We further analyzed the prognostic
impact of high LOH status on early state tumors (stage I or
II). Of the 29 stage I or II tumor patients with high-frequency
LOH, 9 patients (32.1%), developed distant metastasis within
three years after surgery, which was significantly higher than
those with low-frequency LOH (8.7%, P = 0.037). This
finding implies that early stage tumors with LOH-high have
a stronger metastatic potential.
In conclusion, genetic change in both MSI and LOH
phenotypes may occur in sporadic colorectal tumors, as
established by microsatellite analysis. Variation of genetic
phenotypes is related to different clinical manifestations, an
important finding that may be useful in identifying subgroups
of patients with different prognostic risks.
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Abstract
AIM: To investigate synergism of inhibition of telomerase
activity and proliferation of human colon cancer cells by
combination of telomerase antisense oligonucleotides
(ASODNs) simultaneously targeting human telomerase
RNA (hTR) and human telomerase reverse transcriptase
(hTERT) in vitro.
METHODS: ASODN of hTR and ASODN of hTERT were
transfected into human colon cancer SW480 cells by
liposomal transfection reagents. Telomerase activity of
SW480 cells was examined using telomeric repeat
amplification protocol (TRAP)-enzyme-linked immunosorbent
assay (PCR-ELISA). Proliferation activity of SW480 cells
was tested by methyl thiazolyl tetrazolium assay. Apoptosis
and cell cycle were analyzed by flow cytometry.
RESULTS: The telomerase activity and cell survival rate
in SW480 cells transfected with 0.2 µmol/L of ASODN of
hTR or ASODN of hTERT for 24-72 h were significantly
decreased in a time-dependent manner compared with
those after treatment with sense oligonucleotides and
untreated (telomerase activity: 24 h, 73%, 74% vs 99%,
98%; 48 h, 61%, 55% vs 98%, 99%; 72 h, 41%, 37% vs
99%, 97%; P<0.01; cell survival rate: 24 h, 88%, 86%
vs 94%, 98%; 48 h, 49%, 47% vs 94%, 97%; 72 h, 44%,
42% vs 92%, 96%; P<0.01). Moreover, the telomerase
activity and the cell survival rate in SW480 cells treated by
the combination of telomerase anti-hTR and anti-hTERT
were more significantly suppressed than single anti-hTR
or anti-hTERT (telomerase activity: 24 h, 59% vs 73%,
74%; 48 h, 43% vs 61%, 55%; 72 h, 18% vs 41%, 37%;
P<0.01; cell survival rate: 24 h, 64% vs 88%, 86%; 48 h,
37% vs 49%, 47%; 72 h, 25% vs 44%, 42%; P<0.01).
Meanwhile, the apoptosis rates in the combination group

were markedly increased compared with those in the
single group (24 h, 18.0% vs 7.2%, 7.4%; 48 h, 23.0%
vs 13.0%, 14.0%; 72 h, 28.6% vs 13.2%, 13.75; P<0.01).
Cells in combination group were arrested at G0/G1 phase.
CONCLUSION: Telomerase anti-hRT and anti-hTERT
suppress telomerase activity, and inhibit growth of human
colon cancer cells probably via induction of apoptosis and
retardation of cell cycle. Additionally, combined use of
telomerase ASODNs targeting both hTR and hTERT yields
synergistic action selective for human colon cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Telomerase is a cellular RNA-dependent DNA polymerase
that serves to maintain the tandem arrays of telomeric
TTAGGG repeats at eukaryotic chromosome ends [1].
Telomeres are highly conserved in organisms ranging from
unicellular eukaryocytes to mammals, indicating a strong
role of their protective mechanisms in preventing
chromosomal ends from undergoing degradation and ligation
with other chromosomes. Without telomeric caps human
chromosomes would undergo end-to-end fusions, with the
formation of dicentric and multicentric chromosomes[1] .
These abnormal chromosomes would break during mitosis,
resulting in severe damage to the genome and the activation
of DNA damage checkpoints, leading to cell senescence or
initiation of the apoptotic cell death pathway[2]. Indeed, it
has been proposed that telomere length specifies the number
of cell divisions a cell can undergo before senescence[3] .
Telomerase activity is up-regulated in the vast majority of
human tumors, as compared with normal somatic tissues.
Expression of the catalytic subunit of telomerase, human
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telomerase reverse transcriptase (hTERT), in cultured human
primary cells reconstitutes telomerase activity and allows
immortal growth[4-7]. The rate of telomere DNA shortening
is regulated by telomerase expression and activity [8].
Therefore, telomerase inhibitors might be useful as anticancer
agents, but there will be an expected log phase between the
time when the telomerase is inhibited and the time when
the telomere of cancer cells is shortened sufficiently to
produce detrimental effects on cell proliferation[9].
Human telomerase mainly consists of three subunitshuman telomerase RNA (hTR), human telomeraseassociated protein 1 (TP1) and hTERT. Numerous studies
have documented that antisense gene therapy directing
against telomerase RNA or hTERT component could
effectively inhibit telomerase activity and induce apoptosis
in gastric cancer, malignant gliomas, colon cancer, and
ovarian cancer[10-13]. We hypothesized that simultaneous use
of antisense to the RNA portion of hTR, which blocks the
template for telomere synthesis[8] and antisense to hTERT,
which blocks the promoter of human telomerase catalytic
subunit, may provide synergistic antitumor activity against
tumor cells that depend on telomerase for telomere
maintenance. In this study, we tested the hypothesis that
telomerase antisense oligonucleotides (ASODNs)
simultaneously targeting hTR and hTERT may provide
synergistic antitumor activity against tumor cells that depend
on telomerase. ASODNs combination targeting the hTR
gene (anti-hTR) and the hTERT gene (anti-hTERT),
modified by phosphorothiolation, was transfected into
SW480 cells with Oligofectamine TM , which has been
demonstrated to be telomerase-positive cells. The synergistic
action of the combination of anti-hTR and anti-hTERT
on telomerase activity, cell survival rates and apoptosis rate
in SW480 cells were investigated respectively.

MATERIALS AND METHODS
Reagents
TRAPEZE® ELISA telomerase detection kit. OligofectamineTM
reagent was purchased from Invitrogen. RPMI-1640 was
obtained from Gibco. Methyl thiazolyl tetrazolium (MTT)
and dimethyl sulfoxide (DMSO) were provided by Sigma.
Oligodeoxynucleotides synthesis
Antisense oligodeoxynucleotides against hTR (anti-hTR)
with sequence 5’-CTCAGTTAGGGTTAGAC-3’, which
blocks the template for telomere synthesis, and sense
oligodeoxynucleotides (SODN) (s-hTR) with sequence
5’-CATTTCTTGCTCTCCACG-3’, antisense oligodeoxynucleotides against hTERT (anti-hTERT) with sequence
5’-GGAGCGCGCGGCATCGCGGG-3’, which blocks
the promotor for telomere synthesis, and sense oligodeoxynucleotides (s-hTERT) with sequence 5’-CCCGCGATG
CCGCGCGCTCC-3’, were synthesized by Sangon
Biotechnology Engineering Company of Shanghai. The
synthesized oligodeoxynucleotides (ODNs) were modified
by phosphorothiolation, purified by HPLC, stored at -20 ℃.
Cell culture
SW480 cells, a human colon cancer cell line, generously
supplied by Department of Biology, Wuhan University,
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Wuhan, China, were maintained in RPMI-1640 supplemented
with 10% heat-inactivated fetal bovine serum in a humidified
50 mL/L CO2 atmosphere at 37 ℃.
Transfection of oligodeoxynucleotides
Cultured SW480 cells were divided into seven groups:
ASODNs (anti-hTR, anti-hTERT, anti-hTR+anti-hTERT),
SODNs (s-hTR, s-hTERT), OligofectamineTM and blank
control. The concentration of ASODNs was 0.05 µmol/L,
0.1 µmol/L, 0.2 µmol/L, respectively; the concentration of
SODNs was 0.2 µmol/L; OligofectamineTM concentration was
varied depending on ODNs dose according to manufacturer’s
protocol.
T he ODNs transfection was perfor med with
OligofectamineTM according to the manufacturer’s protocol.
Briefly, cells were plated into 96-well plates and incubated
until the cells reached 30-50% confluency. Before the
transfection, ODNs were diluted with serum-free medium.
Then, the desired amount of ODNs was incubated for
15-20 min with diluted OligofectamineTM. The ODNs/
OligofectamineTM mixture (20 µL) was added drop-wise in
80 µL serum-free RPMI-1640. After incubation for 4 h at
37 ℃, 50 µL RPMI-1640 containing 30% fetal bovine
serum was added into each well. Cells were analyzed after
24, 48 and 72 h, respectively.
Telomerase assay
Polymerase chain reaction enzyme-linked immunosorbent
assay (PCR-ELISA) was performed according to the
manufacturer’s protocol with a minor modification. Cultured
SW480 cells were harvested at a density of 1×105 per well
and washed with PBS and then homogenized in 200 µL
CHAPs lysis buffer and left on ice for 30 min. One hundred
and sixty microliters of supernatant was collected after
centrifugation (12 000 g, 20 min, 4 ℃). PCR was performed
in 50 µL supernatant containing 10 µL transfer reaction
mixture, 2 µL cell extracts added to 48 µL nuclease-free
water. The PCR condition is as follows: the telomerase
reaction was carried out at 30 ℃ for 30 min, followed by a
two-step PCR amplification (94 ℃, 30 s and 55 ℃, 30 s
for 33 cycles). Five microliters of amplified product and
20 µL denatured reagent were incubated at room
temperature, 25 µL hybridization buffer was then added
and mixed, and 100 µL of them was distributed in the wells
of a microtitering plate. After one hour of incubation (37 ℃),
100 µL of anti-DIG-POD working solution was added and
incubated for another 30 min followed by the addition of
100 µL TMB substrate solution, and 100 µL of stop reagent
was added at last. The absorbance in each well was read at
the wavelength of 450 and 690 nm by a microtiter plate
reader. The results of A450 min A690>0.80 unit using TSR
8 were judged as a positive control. The negative control
was considered as A450 min A690<0.20 unit using lysis buffer.
Telomerase activity was considered positive when the value
of A450 min A690 of a sample was at least 0.15. Each sample
was examined for more than twice.
At the same time, telomeric repeat amplification protocol
(TRAP) products were analyzed on a 19% non-denaturing
polyacrylamide gel. The gel was stained with silver and
analyzed. The internal telomerase assay standard (ITAS)
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effect on the inhibition of the telomerase activity in human
colon cancer cell line (Figure 1A).
Meanwhile, inhibition of anti-hTR or anti-hTERT or
both on telomerase activity was in a concentration-dependent
manner. The telomerase activity (% control) of SW480
cells transfected with the combination of anti-hTR and antihTERT at various concentrations of 0.05, 0.1, 0.2 µmol/L
for 72 h decreased from 40.51 to 32.76%, finally to 19.55%
(Figure 1B). Lanes shown in PAGE figures support the
results (Figure 1C).

was present in the lane, as described in the kit protocol.
Cytotoxicity assay
The SW480 cells were seeded onto 96-well plates at the
density of 0.5×10 4 cells per well, and incubated in a
humidified atmosphere of 50 mL/L CO2+95% air, until
the cells reached 30-50% confluency, then they were
transfected with ODNs/OligofectamineTM mixture for 24,
48 and 72 h. After the treatment, 20 µL MTT (5 g/L in
PBS) was added. The plates were incubated for 4 h and the
blue dye formed was dissolved in 100 µL DMSO. The
absorbance at 570 nm was recorded using an ELISA
Multiskan reader. Survival rate was calculated as follows:
survival rate (%) = (T-B)/(U-B)×100%, where T is the
absorbance determined when tumor cells were exposed to
drugs; U is the absorbance of untreated cells; B is the
absorbance when neither the drug nor MTT was added.

Synergistic inhibitory effect of combination of anti-hTR and
anti-hTERT on proliferation of SW480 cell line in vitro
The inhibition on proliferation of SW480 cells was
determined after transfection with ASODN, SODN and
OligofectamineTM for 24, 48, 72 h, respectively. At 24 h,
the survival rates in anti-hTR or anti-hTERT or both groups
were significantly decreased compared to those in SODN
and OligofectamineTM group (P<0.01). Similarly, combination
of anti-hTR and anti-hTERT has synergistic inhibitory effect
on cell growth (P<0.01); cell proliferation activity was
inhibited in a concentration- and time-dependent manner.
The rates of inhibition on proliferation increased from 33.58%
at 24 h to 69.34% at 72 h (Figure 2A). Meanwhile, rates of
inhibition increased depending on auto-concentration
(Figure 2B).

Apoptosis assay
To analyze apoptosis and cell cycle distribution, SW480 cells
were trypsinized, harvested with a density of 1×10 6/L,
washed once in ice-cold PBS, fixed and stained with
propidium iodide, and then analyzed by flow cytometry.
Statistical analysis
The data were expressed as mean±SD. Results were analyzed
with the software package SPSS 10.0, and one-way ANOVA.
P value <0.05 was considered statistically significant.

Synergistic effect of combination of anti-hTR and anti-hTERT
on induction of apoptosis in SW480 cell line
To explore the mechanism contributing to the inhibition of
cell growth and the altered cellular morphology, we analyzed
the apoptotic rate of SW480 cells treated with anti-hTR or
anti-hTERT or both. Compared to cells treated with SODN,
Oligofectamine TM and untreated control, there was a
significant increase in the apoptotic rates of cells treated
with anti-hTR and anti-hTERT at 0.2 µmol/L for 72 h
(P<0.01). Apoptotic rate of SW480 cells in combination
group (28.61%) was markedly higher than that in anti-hTR
(13.2%) or anti-hTERT (13.72%) alone (P<0.01) (Figure 3A).
Furthermore, as shown in Figure 3B, apoptotic rates
gradually increased with treatment time elongation, showing
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RESULTS
Synergistic effect of combination of anti-hTR and anti-hTERT
on inhibition of telomerase activity in SW480 cell line
The SW480 cells were transfected with ASODN, SODN
and OligofectamineTM and the untreated served as control;
telomerase activity of the SW480 cells after transfection
of anti-hTR and anti-hTERT was significantly decreased
(P<0.01). In addition, after transfection with ASODN of
combination of anti-hTR and anti-hTERT, the telomerase
activity was significantly lower than that with anti-hTR or
anti-hTERT alone (P<0.01). These findings suggested that
the combination of anti-hTR and anti-hTERT had synergetic
A
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Figure 1 Inhibition of telomerase activity by telomerase ASODN. A: The relative telomerase activity (% control) of SW480 cells transfected
with 0.2 µmol/L ASOND for 24, 48, 72 h respectively. Extracts of SW480 cell were quantified with a TRAPEZE® ELISA telomerase detection kit.
Sensitivity of telomerase PCR-ELISA (mean±SD of three experiments). B: Telomerase activity (% control) of SW480 cells transfected by ASODN
with various concentrations for 72 h. The concentration of ASODN was 0.05, 0.1, 0.2 µmol/L, respectively (mean±SD of three experiments). C:
PAGE figure of TRAP-PCR: Lane 1, Oligofectamine; lane 2, S-hTR; lane 3, anti-hTR; lane 4, anti-hTERT; lane 5: S-hTERT; lane 6, control; lane 7,
anti-hTR+anti-hTERT; lane 8, negative; ITAS was the 36-bp internal control. Negative was lysis buffer.
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Figure 2 The inhibition on proliferation of SW480 cells transfected with 0.2 µmol/L ASODN. A: Cells were exposed to various agents for 24,
48, 72 h, respectively; B: Cells were exposed to various concentrations of ASODN for 72 h (mean±SD of three experiments).
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a time-dependent manner.
Synergistic effect of combination with anti-hTR and antihTERT on cell cycle distribution in SW480 cell line
In SW480 cells treated with combination of anti-hTR and
anti-hTERT for 72 h, the cells in G0/G1 increased and in
G2/M phases decreased. SW480 cells after treatment with
anti-hTR or anti-hTERT alone were accumulated in G0/G1
and G2/M phases, respectively (Table 1).

DISCUSSION
Telomerase activity has been detected in 85-90% of various
human tumor tissues but is stringently repressed in normal
human somatic tissues making telomerase an attractive
therapeutic target[14]. Telomerase-associated hTR functions
as a template for telomerase elongation by telomerase[15] .
hTERT contains reverse transcriptase motifs and functions
as the catalytic subunit of telomerase[16]. hTR and hTERT
are both attractive targets.
Bachand et al [17] have identified that two independent
hTERT binding sites exist within hTR. hTR and hTERT
react with each other. Our experiments showed that
combination of anti-hTR and anti-hTERT possessed
synergistic action on the inhibition of telomerase in the
SW480 cell line. This is likely a result of the blocking of
both hTR and hTERT components responsible for telomere
elongation, thus enhancing the inhibition of telomerase

Table 1 Cell cycle distribution of SW480 cells transfected with
telomerase ASODNs, SODNs and OligofectamineTM (mean±SD, n = 3)
Cell cycle distribution (%)
G0/G1

S

G2/M

Control

50.7±2.3

36.6±1.8

15.5±2.2

OligofectamineTM
S-hTR

53.8±2.7
53.1±2.8

34.1±3.6
34.4±13.2

12.3±2.6
12.5±1.3

S-hTERT

50.7±3.5

30.1±2.8

19.2±2.6

Anti-hTR

55.0±2.3

30.1±2.5

14.9±1.9

Anti-hTERT
Anti- hTR+anti-hTERT

49.2±3.4
63.8±2.3b

28.8±3.1
24.9±1.6

21.9±2.8b
12.3±2.9

b

P<0.01 vs control group.

activity.
Telomerase is a ribonucleoprotein DNA polymerase that
synthesizes telomeric repeats de novo and is involved in
multiple cellular processes, including cell differentiation,
proliferation, inhibition of apoptosis, tumorigenesis, and
possibly DNA repair and drug resistance[18-21]. Telomerase
activity has recently been implicated in the control of the
proliferative capacity of normal and malignant cells[22]. In
the present study, it has been shown that ASODNs against
hTR component and hTERT significantly suppressed SW480
cell growth. In contrast, no significant proliferation inhibition
in SW480 cells by sense hTR or sense hTERT was observed.
In addition, combination of anti-hTR and anti-hTERT had
synergistic inhibitory effects. We suppose that combination
of anti-hTR and anti-hTERT augmented the effect on
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telomerase repression, thus enhanced the inhibitory effect
on cell growth.
Some experiments showed that telomerase inhibitors led
to cell death probably because progressive telomerase
shortening was responsible for decreased cell proliferation.
However, a number of studies have documented that
telomerase inhibitors resulted in proliferation inhibition likely
via induction of apoptosis[23]. Kondo et al[24] demonstrated
that treatment with antisense telomerase inhibited telomerase
activity and subsequently induced either apoptosis or
differentiation. Regulation of these two distinct pathways
may be dependent on the expression of interleukin-1 betaconverting enzyme (ICE) or cyclin-dependent kinase
inhibitors (CDKIs). In the present study, it showed that
anti-hTR and anti-hTERT induced apoptosis in SW480 cells.
Apoptotic rates in combination group were markedly
increased than that in the single group. It was established
that anti-hTR and anti-hTERT inhibited the growth of
SW480 cells through the induction of apoptosis.
Combination of anti-hTR and anti-hTERT has synergistic
induction of apoptosis.
Some human tumor cells without any telomerase activity
are able to maintain the length of their telomeres, indicating
the existence of one or more non-telomerase mechanisms
for telomere maintenance which have been ter med
alternative lengthening of telomeres (ALT)[25,26]. ALT has
been detected in a variety of human tumors, including
sarcomas, glioblastomas, and cancers of the lung, kidney,
adrenal, breast, and ovary[27]. An implication of the existence
of ALT is that tumors using this telomere maintenance
mechanism (including mixed telomerase-positive/ALTpositive tumors) will be resistant to telomerase inhibitors.
Also, telomerase inhibitors will put tumors that are initially
telomerase-positive under strong selection pressure for
activation of ALT. Therefore, combination therapy using
ALT and telomerase inhibitors may help prevent the
emergence of drug resistance. A novel telomerase inhibitor,
telomestatin, is a clinical candidate as a dual inhibitor of
ALT and telomerase[28]. Lee et al[29] reported that neoplastic
cells from telomerase RNA null mice (mTERC-/-) showed
enhanced chemosensitivity to doxorubicin or related double
strand DNA break-inducing agents. Telomere dysfunction,
rather than telomere inhibition, is proposed to be the
principal determinant governing chemosensitivity specifically
to double strand DNA break-inducing agents[29] . In this
study, we detected apoptosis in tumor cells just 24 h after
the combination of anti-hTR and anti-hTERT treatment in
a dose-dependent manner. It is likely to raise the possibility
that antitumor effect of the combination of anti-hTR and
anti-hTERT occurs through the following two pathways:
(1) A short-term effect on apoptosis was induced rapidly
by the combination of anti-hTR and anti-hTERT. (2) A
long-term inhibitory effect on telomerase activity was
provoked, and cell death was caused when telomere length
was critically shortened by telomeric DNA.
Zhu et al [30] have reported that telomerase activity was
likely to be regulated in a cell cycle-dependent manner. As
the cell progresses through the cell cycle, telomerase activity
gradually increased through the G1/S phase, reached its
maximum level in S phase, and decreased through the G2/M
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phase. These observations may be consistent with the
present experimental results showing that inhibition of
telomerase by the combination of anti-hTR and anti-hTERT
led to increased G0/G1 phase cells. Although SW480 cells
treated with anti-hTERT were arrested in G2/M phase, we
speculated that combination of anti-hTR and anti-hTERT
augmented retardation, causing cells to accumulate in G0/G1
phase.
In conclusion, in this study, it has been shown that antihTR and anti-hTERT have specific inhibition on SW480
cells. There is no significant difference between anti-hTR
and anti-hTERT, but the combination of anti-hTR and antihTERT has significant synergistic action. Our data suggest
that the strategy of telomerase ASODNs simultaneously
targeting hTR and hTERT may offer a potential antitumor
tool against human colon cancer and other telomerasepositive tumors.
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Abstract
AIM: To evaluate the histological features of gastric
mucosa, including Helicobacter pylori infection in patients
with early gastric cancer and endoscopically found
superficial gastritis, gastric erosion, erosive gastritis,
gastric ulcer.
METHODS: The biopsy specimens were taken from the
antrum, corpus and upper angulus of all the patients.
Giemsa staining, improved toluidine-blue staining, and
H pylori-specific antibody immune staining were performed
as appropriate for the histological diagnosis of H pylori
infection. Hematoxylin-eosin staining was used for the
histological diagnosis of gastric mucosa inflammation, gastric
glandular atrophy and intestinal metaplasia and scored
into four grades according to the Updated Sydney System.
RESULTS: The overall prevalence of H pylori infection in
superficial gastritis was 28.7%, in erosive gastritis 57.7%,
in gastric erosion 63.3%, in gastric ulcer 80.8%, in early
gastric cancer 52.4%. There was significant difference
(P<0.05), except for the difference between early gastric
cancer and erosive gastritis. H pylori infection rate in
antrum, corpus, angulus of patients with superficial
gastritis was 25.9%, 26.2%, 25.2%, respectively; in
patients with erosive gastritis 46.9%, 53.5%, 49.0%,
respectively; in patients with gastric erosion 52.4%, 61.5%,
52.4%, respectively; in patients with gastric ulcer 52.4%,
61.5%, 52.4%, respectively; in patients with early gastric
cancer 35.0%, 50.7%, 34.6%, respectively. No significant
difference was found among the different site biopsies in
superficial gastritis, but in the other diseases the detected

rates were higher in corpus biopsy (P<0.05). The grades
of mononuclear cell infiltration and polymorphonuclear cell
infiltration, in early gastric cancer patients, were significantly
higher than that in superficial gastritis patients, lower than
that in gastric erosion and gastric ulcer patients (P<0.01);
however, there was no significant difference compared
with erosive gastritis. The grades of mucosa glandular
atrophy and intestinal metaplasia were significantly
highest in early gastric cancer, lower in gastric ulcer, the
next were erosive gastritis, gastric erosion, the lowest in
superficial gastritis (P<0.01). Furthermore, 53.3% and
51.4% showed glandular atrophy and intestinal metaplasia
in angular biopsy specimens, respectively; but only 40.3%
and 39.9% were identified in antral biopsy, and 14.1%
and 13.6% in corpus biopsy; therefore, the angulus was
more reliable for the diagnosis of glandular atrophy and
intestinal metaplasia compared with antrum and corpus
(P<0.01). The positivity rate of glandular atrophy and
intestinal metaplasia of superficial gastritis with H pyloripositivity was 50.7%, 34.1%; of erosive gastritis 76.1%,
63.0%; of gastric erosion 84.8%, 87.8%; of gastric ulcer
80.6%, 90.9%; and of early gastric cancer 85.5%, 85.3%,
respectively. The positivity rate of glandular atrophy and
intestinal metaplasia of superficial gastritis with H pylorinegativity was 9.9%, 6.9%; of erosive gastritis 42.5%,
42.1%; of gastric erosion 51.1%, 61.9%; of gastric ulcer
29.8%, 25.5%; and of early gastric cancer 84.0%, 86.0%,
respectively. The positivity rate of glandular atrophy and
intestinal metaplasia of superficial gastritis, erosive
gastritis, gastric erosion, and gastric ulcer patients with
H pylori positivity was significantly higher than those with
H pylori negativity (P<0.01); however, there was no
significant difference in patients with early gastric cancer
with or without H pylori infection.
CONCLUSION: The progression of the gastric pre-cancerous
lesions, glandular atrophy and intestinal metaplasia in
superficial gastritis, gastric erosion, erosive gastritis and
gastric ulcer was strongly related to H pylori infection. In
depth studies are needed to evaluate whether eradication
of H pylori infection will really diminish the risk of gastric
cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The discovery of Helicobacter pylori (H pylori) offered the
etiologic agent of the initiating event of the inflammatory
cascade[1,2]. It has been confirmed that the development of
gastric cancer spans over several decades sequentially starting
with the acquisition of H pylori infection and the development
of chronic active gastritis[3,4]. Over time, the development
of glandular atrophy and intestinal metaplasia takes place
in a subset of patients. Finally, gastric cancer would
eventually arise[5]. It was suggested that H pylori infection
leads to an increased risk, in the order of 4 to 9 folds, of
developing precancerous gastric conditions especially when
the infection occurs in childhood[6-9]. In 1994 the International
Agency for Research on Cancer (IARC) monograph
committee classified H pylori as a class I carcinogen to
humans[10] . On the other hand, H pylori are also the cause
of other gastric diseases, such as peptic ulcer, gastric mucosaassociated lymphoma[13-17]. Previous histological studies have
reported the association between H pylori infection and gastric
cancer mainly using gastrectomy specimens from patients
with advanced gastric cancer. However, the results were
not always consistent; higher rates of serologically and
histologically detected H pylori positivity have been reported
for early stage cancer than for advanced cancer [11,12].
Therefore, to evaluate the significance of H pylori infection
in gastric carcinogenesis, samples obtained from patients
with an early stage cancer could be more informative than
those from patients with advanced-stage cancer. Additionally,
because both the incidence of gastric cancer and the
frequency of H pylori infection are much higher in Japanese
than in most Western populations, it would be of particular
interest to examine the association between endoscopically
found superficial gastritis, gastric erosion, erosive gastritis,
gastric ulcer and early gastric cancer in Japanese patients
with H pylori infection. Further, it is more accurate to compare
the presence of H pylori infection, glandular atrophy and
intestinal metaplasia in age- and gender-matched subjects[18].
MATERIALS AND METHODS
Patients
All patients were prospectively selected from subjects who
underwent upper gastrointestinal endoscopy screening with
present or past abdominal complaints at Nippon Medical
School hospitals from November 1994 to November 2003.
To perform a case-controlled study, five age (±2 years)
and sex-matched control subjects for each cancer patient
was randomly selected from the same series of subjects
with superficial gastritis, gastric erosion, erosive gastritis,
gastric ulcer or early gastric cancer. Subjects were considered
to be eligible for inclusion into the present study when their
endoscopic diagnosis was superficial gastritis, gastric erosion,
erosive gastritis or gastric ulcer. Early gastric cancer was
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pathologically diagnosed, as defined by the Japanese
Gastroenterological Society, by the growth of malignant
tumor confined to the mucosa and submucosa of the
stomach regardless of the presence or absence of metastatic
disease in the perigastric lymph nodes. Patients were excluded
from the study if they had received anti-ulcer agents or
antibiotics during the 2 mo before endoscopy or had
previous histories of duodenal ulcers, or gastric surgery.
The study comprised 286 patients with early gastric cancer
aged from 38 to 90 years (mean age 65.7±10.8), which
included 220 males and 66 females; 286 patients with
superficial gastritis aged from 38 to 88 years (mean age
65.3±9.9); 286 patients with gastric erosion aged from 38
to 90 years (mean age 65.3±10.4); 286 patients with erosive
gastritis aged from 38 to 90 years (mean age 65.3±10.4);
286 patients with gastric ulcer aged from 38 to 92 years
(mean age 65.7±10.8). All patients gave informed consent
before their endoscopies and the study was approved by
the Ethics Committee of Nippon Medical School.
Histological analysis
Biopsy specimens for histological diagnosis were obtained
endoscopically from the greater curvature of the lower,
the upper corpus and the lesser curvature of the lower
corpus of the stomach, according to the triple-site gastric
biopsy method, in all cases. Biopsy specimens were fixed
overnight in buffered formalin, embedded in paraffin, cut
to 3-m thickness, and stained with hematoxylin-eosin
staining, improved toluidine-blue staining, Giemsa staining
and H pylori-specific antibody immune staining (Dako,
Denmark). Identification of H pylori was performed using
the improved toluidine-blue staining, Giemsa staining and
H pylori-specific antibody immune staining. In accordance
with the Updated Sydney System, the degree of gastric
mucosal inflammation (mononuclear cell infiltration),
polymorphonuclear cell infiltration, glandular atrophy, and
intestinal metaplasia were classified into four grades as
follows: 0 = none, 1 = mild, 2 = moderate and 3 = severe.
Histologically, H pylori infection was considered negative if
H pylori were absent from all biopsy sites stained with
improved toluidine-blue staining, Giemsa staining and H pylorispecific antibody immune staining. H pylori infection was
considered positive if at least one of the histology tests was
positive[19,20].
Statistical analysis
The prevalence of H pylori infection, rates of gastric mucosal
inflammation, polymorphonuclear cell infiltration, glandular
atrophy and intestinal metaplasia were compared using
the 2 test for 4-fold table. The difference in grades of
mononuclear cell infiltration, polymorphonuclear cell
infiltration, glandular atrophy, and intestinal metaplasia
between diseases was compared by Mann-Whitney U-test.
P values <0.05 were considered statistically significant.

RESULTS
Prevalence of H pylori
The positivity rates for H pylori infection in studied patients
are shown in Table 1. The overall prevalence of H pylori
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infection in superficial gastritis was 28.7%, erosive gastritis
57.7%, gastric erosion 63.3%, gastric ulcer 80.8%, and early
gastric cancer 52.4%. The prevalence of H pylori infection
in early gastric cancer was significantly higher than that of
superficial gastritis, lower than that of gastric erosion, gastric
ulcer (all P<0.05); however, there was no significant
difference in the prevalence of H pylori infection between
early gastric cancer and erosive gastritis. The prevalence
was also higher in gastric ulcer and gastric erosion than in
superficial gastritis and erosive gastritis (all P<0.05). No
significant difference was found in the H pylori infection
rates among the different biopsy sites in superficial gastritis,
but in the other diseases the rates were higher in corpus
biopsy.

Table 1 H pylori infection identified in different biopsy sites in
associated diseases
Endoscopical diagnosis

Cases

H pylori infective rate (%)
Antrum

Corpus

Angle

Overall

Superficial gastritis

286

25.9

26.2

25.2

28.7

Erosive gastritis

286

46.9

53.5

49.0

57.7

Gastric erosion

286

52.4

61.5

52.4

63.3

Gastric ulcer

286

65.0

78.0

61.2

80.8

Early gastric cancer

286

35.0

50.7

34.6

52.4

Grades of mononuclear cell infiltration, polymorphonuclear
cell infiltration, mucosal glandular atrophy and intestinal
metaplasia
The grades of mononu clear cell infiltration and
polymorphonuclear cell infiltration, mucosal glandular
atrophy and intestinal metaplasia in patients are shown in
Table 2. The grades of mononuclear cell infiltration and
polymorphonuclear cell infiltration in early gastric cancer
patients were significantly higher than that in superficial
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gastritis patients and lower than that in gastric erosion and
gastric ulcer patients (all P<0.01); however, there was no
significant difference compared with erosive gastritis. The
grades of mononuclear cell infiltration and polymorphonuclear
cell infiltration in gastric ulcer, gastric erosion, and erosive
gastritis patients were also significantly higher than that in
superficial gastritis patients (all P<0.01). On the other hand,
they were significantly lower than that in gastric ulcer patients;
(both P<0.01).
The grades of mucosal glandular atrophy and intestinal
metaplasia were significantly higher in early gastric cancer,
lower in gastric ulcer, erosive gastritis, and gastric erosion
and the lowest in superficial gastritis (all P<0.01).
Furthermore, 53.3% and 51.4% showed glandular atrophy
and intestinal metaplasia in angular biopsy specimens,
respectively; however, only 40.3% and 39.9% were identified
in antral biopsy, 14.1% and 13.6% in corpus biopsy.
Therefore, the angulus was more reliable for the diagnosis
of glandular atrophy and intestinal metaplasia compared to
antrum and corpus (both P<0.01).
Rates of inflammation, activity, mucosal glandular atrophy and
intestinal metaplasia in patients with and without H pylori
infection
Rates of mononuclear cell infiltration, polymorphonuclear
cell infiltration, glandular atrophy and intestinal metaplasia
in patients with and without H pylori are shown in Table 3.
The positivity rate of chronic inflammation of superficial
gastritis, erosive gastritis, gastric erosion, and gastric ulcer
patients with H pylori-positivity was significantly higher than
those with H pylori-negativity (all P<0.01); however, there
was no significant difference in patients with early gastric
cancer with or without H pylori infection.
Mononuclear cell infiltration rate was significantly higher
in superficial gastritis, erosive gastritis and gastric erosion,
gastric ulcer or early gastric cancer patients with H pyloripositivity than H pylori-negative patients (all P<0.01).

Table 2 The grade of mononuclear cell infiltration, polymorphonuclear cell infiltration, glandular atrophy and intestinal metaplasia in
studied patients (%)
Diagnosis

Mononuclear cell infiltration
0

1

2

Polymorphonuclear cell infiltration

3

0

1

2

Glandular atrophy

3

0

1

2

Intestinal metaplasia
3

0

1

2

3

Superficial gastritis 40.9

34.3

10.1

14.7

72.7

3.5

4.5

19.2

78.7

17.6

2.2

1.5

85.3

4.9

4.2

5.6

Erosive gastritis

11.2

32.9

19.2

36.7

40.2

6.6

12.9

40.2

38.8

30.6

17.3

13.3

45.8

16.4

14.7

23.1

Gastric erosion
Gastric ulcer

3.8
4.2

29.0
14.3

21.0
14.0

46.2
67.5

33.9
17.8

3.8
3.1

10.1
7.7

52.1
71.3

28.3
29.2

23.2
17.7

24.5
21.8

24.1
31.3

21.7
21.7

18.5
2.4

23.4
2.4

36.4
73.4

Early gastric cancer 0.7

42.3

29.4

27.6

40.2

10.1

1.9

37.8

20.3

20.7

18.1

40.9

14.3

12.2

18.9

54.5

Table 3 Rates of inflammation, activity, glandular atrophy and intestinal metaplasia in patients with and without H pylori infection (%)

Diagnosis

Mononuclear cell infiltration
H pylori
Positive

Superficial gastritis

93.9

b

Erosive gastritis

98.8 b
100.0b

Gastric erosion
Gastric ulcer
Early gastric cancer
b

99.1
100.0

b

P<0.01 vs H pylori-negative group.

Negative

Polymorphonuclear cell infiltration
H pylori
Positive

45.1

90.2

b

75.2

97.0 b

89.5

99.4 b

81.8
98.5

b

99.1
100.0b

Negative

Glandular atrophy
H pylori
Positive

Negative

2.0

50.7

b

9.9

9.1

76.1 b

8.6
10.9
15.4

Intestinal metaplasia
H pylori
Positive

Negative

b

6.9

42.5

63.0b

42.1

84.8 b

51.1

87.8b

61.9

b

29.8
84.0

90.9b
85.3

25.5
86.0

80.6
85.5

34.1
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The positivity rate of mucosa glandular atrophy and
intestinal metaplasia of superficial gastritis, erosive gastritis,
gastric erosion, and gastric ulcer patients with H pyloripositivity was significantly higher than those with H pylorinegativity (all P<0.01); however, there was no significant
difference in patients with early gastric cancer with or without
H pylori infection (P<0.01).

DISCUSSION
Since the discovery of H pylori, many studies have implicated
infection with this bacterium in the pathogenesis of gastric
cancer. But prevalence of H pylori varies widely between
and within populations. Risk factors for H pylori infection
have been extensively studied. The prevalence of H pylori
infection among males appears to be higher than that among
females. It is also associated with age, lifestyle, ethnic, and
economic factors. In order to decrease the effect of these
risk factors on the study results as much as possible, we
performed a case-controlled study. Five age- and gendermatched control subjects for each early gastric cancer patient
was randomly selected from the same series of subjects
with superficial gastritis, gastric erosion, erosive gastritis,
gastric ulcer[21-25,31].
Our age- and gender-matched results suggest that from
superficial gastritis, erosive gastritis, gastric erosion to gastric
ulcer, as H pylori infection rates increased, the pre-malignant
lesions of glandular atrophy and intestinal metaplasia also
increased gradually. But in early gastric cancer patients the
H pylori infection rate was not very high; the reason might
be in early gastric cancer both mucosa atrophy and intestinal
metaplasia were very serious, which was unfavorable for
H pylori growth; therefore H pylori decreased gradually. As
to the distribution of H pylori and inflammation in the
stomach, Genta reported that H pylori were distributed evenly
throughout the stomach[26]. In the present study, we found
that the prevalence of H pylori infection was not significantly
different among the different biopsy sites in superficial
gastritis, but in the other diseases the detected rates were
higher in corpus biopsy. This finding was a little different
from Genta’s observation. In comparison between H pyloripositive and H pylori-negative patients, mononuclear cell
infiltration was more severe in H pylori-positive patients with
superficial gastritis, erosive gastritis, gastric erosion, gastric
ulcer or early gastric cancer than H pylori-negative patients,
and it was related between the grade of mononuclear cell
infiltration, polymorphonuclear cell infiltration and the grade
of H pylori infection. More intense bacterial infection and
more severe polymorphonuclear cell infiltration may
contribute more to DNA damage and promote carcinogenesis
in patients with gastric cancer. Furthermore, chronic H pylori
infection is also associated with increased gastric cell turnover,
probably of importance in malignant transformation[27,28].
The finding of a high incidence of chronic gastritis in
patients with gastric cancer and gastric ulcer supports
previous studies. All of the gastric cancer and gastric ulcer
were found in the setting of atrophic gastritis. Similarly,
Sipponen has reported a study of 54 patients with gastric
cancer, among whom 38 (70%) had H pylori infection. Only
five patients (16%) had normal mucosa, but had no evidence
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of H pylori infection by serology or histology[29]. Craanen
showed that atrophic mucosal changes were present in 90.3%
of patients with intestinal-type early gastric cancer. H pylori
infection was found in 63.6% of patients with intestinaltype early gastric cancer and in 54.5% of patients with
diffuse-type early gastric cancer[30] . In Western countries,
the prevalence of H pylori infection is 70-80% in gastric
cancer patients, but 10-20% of gastric cancer patients
develop in an apparently H pylori-negative stomach. It is
well known that the prevalence of H pylori infection and
gastric cancer is higher in Japan than in Western countries.
In our study, of 286 patients with early gastric cancer 150
patients had positive H pylori infection, 136 had negative
H pylori infection, but most of them had moderate to severe
atrophic gastritis, the atrophic rate was 85.5% and 84.0%
respectively. The prevalence of H pylori infection and early
gastric cancer in this study was 52.4%, also similar to the
findings reported by Craanen[30].
Glandular atrophy and intestinal metaplasia were found
in more than half of H pylori-positive patients but were
remarkably low in the H pylori-negative patients. These results
confirm the tight link between H pylori infection, atrophic
gastritis and intestinal metaplasis in the stomachs of Japanese.
In early gastric cancer patients, both glandular atrophy and
intestinal metaplasia were found to be higher; however, there
was no significant difference between H pylori-positive and
negative patients. Occasionally, it was found in glandular
atrophy and intestinal metaplasia tissues H pylori negative,
while in the tissues without glandular atrophy or intestinal
metaplasia it might be found H pylori positive. These findings
suggest that most patients with intestinal metaplasia and
glandular atrophy have been infected with H pylori at some
stage. H pylori infection may provide the proper environment
for atrophic gastritis and intestinal metaplasia to occur. At
the final stage of the disease, gastric atrophy with intestinal
metaplasia is not a hospitable environment for H pylori and
is associated with a dramatic reduction or even disappearance
of the organism[31-35] . Furthermore, we found glandular
atrophy and intestinal metaplasia were more frequent and
severe in angulus and antrum, where gastric cancer occurs
more frequently than in the corpus. In comparison with
H pylori infection, the presence of intestinal metaplasia in
the lesser curvature of the angulus was an increased risk
for the development of gastric cancer.
In intestinal metaplasia in all patients with H pylori
positivity, it was found that from superficial gastritis, erosive
gastritis, gastric erosion to gastric ulcer, and early gastric
cancer, both glandular atrophy and intestinal metaplasia
significantly increased. This result is in accordance with the
epidemiologic and pathologic studies of Correa, which
revealed the temporal association of chronic superficial
gastritis, atrophic gastritis, intestinal metaplasia, epithelial
dysplasia, and finally gastric cancer evolution[36].
There is increasing evidence that H pylori strains are
highly diverse genomically. Several H pylori virulenceassociated genes have been found in Western populations
to be associated with an increased risk of gastric cancer
and pre-cancerous lesions[37]. Studies from Japan have
confirmed that IL-1 polymorphisms do contribute to the
gastric acid secretory response to H pylori infection and
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subsequently to clinical sequelae[38,39]. These outcomes range
from, at one end of the spectrum, hypochlorhydria and
atrophic gastritis with an increased risk of cancer, and on
the other hand, high acid secretion and duodenal ulcer
disease. In an important extension to this work, Figueriedo
genotyped a large population with chronic gastritis and gastric
cancer for polymorphisms of the genes for both IL-1 and
its receptor, and for the vacA and cagA genotypes of the
infecting H pylori strain[40]. Combinatorial analysis of both
bacterial and host genotypes demonstrated an enormous
difference in the risk of gastric cancer, depending on
particular mixtures of H pylori virulence and host genetic
factors, thus demonstrating the importance of considering
both H pylori and host genetics in gastric cancer risk
assessment. Infection with the vacA s1a/m1 strain has also
been shown to be associated with greater mucosa neutrophil
and lymphocyte infiltration. However, previous studies have
shown that most H pylori strains in Japan are cagA positive
and of the vacA s1a/m1 genotype[41-43]. Therefore, our results
suggest that variabilities in host response to H pylori infection
play an important role in the occurrence of intense gastritis,
glandular atrophy and intestinal metaplasia in patients with
superficial gastritis, gastric erosion, erosive gastritis, gastric
ulcer or early gastric cancer. However, because we used
forceps biopsies, there was also the possibility of sampling
error in the case of focal atrophy or intestinal metaplasia.
On the other hand, in the present study, infection of
H pylori, glandular atrophy and intestinal metaplasia of gastric
erosion were more serious than that of erosive gastritis by
pathological diagnosis. These were not in accordance with
our endoscopic findings in which erosive gastritis was more
serious than gastric erosion. The possible reasons need to
be evaluated further in the future.
In conclusion, the progression of gastric precancerous
lesions, glandular atrophy and intestinal metaplasia in
superficial gastritis, gastric erosion, erosive gastritis and
gastric ulcer is strongly related to H pylori infection.
Prospective studies are needed to evaluate whether
eradication of H pylori infection will really diminish the risk
of gastric cancer.
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Abstract
AIM: Single nucleotide polymorphisms (SNPs) of uridinediphosphoglucuro-nosyltransferase 1A7 (UGT1A7) gene
are associated with the development of orolaryngeal
cancer, hepatocellular carcinoma, and colorectal cancer.
We performed this research to establish the techniques
for determining UGT1A7 gene and basic data of this gene
for Taiwan Chinese.
METHODS: We collected blood samples from 112 healthy
adults and 505 subjects carrying different genotypes of
UGT1A1, and determined the promoter area and the entire
sequence of UGT1A7 exon 1 by polymerase chain reaction.
We designed appropriate primers and restriction enzymes
to detect variant UGT1A7 genotypes found in the study
subjects.
RESULTS: Six SNPs at nucleotides 33, 387, 391, 392, 622,
and 756 within the coding region of UGT1A7 exon 1 were
found. The incidence of UGT1A7 *1/*2 (N129R131W208/
K129K131W208) was predominant (35.7%) while that of
UGT1A7 *3/*3 (K129K131R208/K129K131R208) was the
least (2.7%). The allele frequency of UGT1A7*3, which
exists in a considerable proportion of Caucasians (0.361)
and Japanese (0.255), was identified only to be 0.152 in
our study subjects. A novel variation at nucleotide -57 in
the upstream was found, which was associated with SNPs
at nucleotides 33, 387, 391, 392, and 622 in one of the
variant haplotypes. The nucleotide changes at positions
387, 391, 392 and 756 were in linkage in another variant
haplotype. The allele frequency of UGT1A7*3 was 0.018,
0.158, 0.242, 0.433, and 0.920 in subjects carrying wild,
A(TA)6TAA/A(TA)7TAA, A(TA)7TAA/A(TA)7TAA, 211G/211A,
and 211A/211A variants of UGT1A1 gene, respectively.

By using natural or mutagenesis primers, we successfully
detected the variations at nucleotides -57, 33, 387, and
622 with the restriction enzymes HpyCH4 IV, Taq I, Afl II,
and Rsa I, respectively.
CONCLUSION: The results indicate that the allele
frequencies of UGT1A7 gene in Taiwan Chinese are
different from those in Caucasians and Japanese. Carriage
of the nucleotide 211- variant UGT1A gene is highly
associated with UGT1A7*3. The restriction-enzymedigestion method for the determination of nucleotides 57 (or 33, or 622) and 387 can rapidly identify genotypes
of UGT1A7 in an individual.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Polymorphisms in genes encoding drug metabolism
enzymes are known to play an important role in clinical
response to drug therapy and disease susceptibility[1,2]. UDPglucuronosyltransferase enzymes (UGTs) catalyze the
reaction of glucuronidation, which is one of the most
important conjugative pathways for the detoxification and
elimination of endogenous and exogenous compounds[2].
Polymorphisms may decrease UGT activities and cause
illness in affected individuals. For instance, variant UGT1A1
genes may result in serious and benign inheritable
unconjugated hyperbilirubinemia, known as Crigler-Najjar
syndrome and Gilbert’s syndrome, respectively[2] . Two
UGT gene subfamilies, UGT1 and UGT2, have been identified
in humans up to now, based on evolutional divergence[3].
Unlike the UGT2B family, which is encoded by several
genes on chromosome 4q13- 21, the 13 members of UGT1
family are all derived from a single gene on chromosome
2q37 and generated by alternatively splicing of exon 1 to
the four common exons (exons 2-5) [4]. The genes are
designated UGT1A1 through UGT1A13 with nine functional
proteins (UGT1A1, UGT1A3- UGT1A10) and four
pseudogenes (UGT1A2, UGT1A11- UGT1A13), which
have either nucleotide deletions or flawed TATA boxes[4].
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Genetic polymorphisms of UGT1 have been described to
date for only four enzymes in humans: UGT1A1[2], 1A6[5],
1A7[6], and 1A8[7].
The results of our previous study showed that the allele
frequency of A (TA)7TAA in the UGT1A1 gene in Taiwan
Chinese was 0.143[8], comparable with that in Singaporean
Chinese (0.162) [9], Malaysians (0.188) [9], and Japanese
(0.1-0.168)[10-12] , but lower than that in Caucasians (0.3570.415)[13-16] and Indians (0.351)[9]. In contrast, variation rate
within the coding region of UGT1A1 gene was much higher in
Taiwan Chinese than that in Caucasians (0.293[8] vs 0.001[13]).
Moreover, the key UGT1A1-gene defect for the development
of neonatal hyperbilirubinemia in Japanese and Taiwan
Chinese is homozygous variation at nucleotide 211[11,17,18],
opposed to the homozygous variation in the promoter area,
which has been reported in Caucasians[19,20]. Recently, we
found a novel compound heterozygous variation of the
UGT1A1 gene that caused Crigler-Najjar syndrome type 2
in a Taiwan Chinese[21] . A previous report indicated that
there was a large difference in the number of UGT1A6
polymorphisms between Asians and Caucasians[5]. Those
results reveal that the ethnic differences of UGT1 genes
commonly occur and are worth studying.
Five and six single nucleotide polymorphisms (SNPs)
have been discovered in the first exon of UGT1A7 gene in
Caucasians and Japanese, respectively[6,22]. We hypothesized
that the variations of UGT1A7 gene in Taiwan Chinese
might be different from those in other ethnics and performed
this research.

MATERIALS AND METHODS
Study subjects
Blood samples were collected from 112 healthy adult Taiwan
Chinese and 505 subjects carrying different genotypes of
UGT1A1 who gave their written consent to participate in
this study. Among the 505 subjects, the number of different
UGT1A1-genotypes carriage was 246 for wild type, 38 for
A(TA) 6TAA/A (TA) 7TAA, 31 for A (TA) 7TAA/A (TA)
7TAA, 90 for 211G/211A, and 100 for 211G/211A.
Determination of SNPs
Total genomic DNA was isolated from the blood cells using
the blood DNA isolation kit (Maxim Biotech Inc., San
Francisco, USA). The promoter area (beginning at -114
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nucleotide in the upstream) and the entire sequence of
UGT1A7 exon 1 were analyzed by polymerase chain reaction
(PCR). The primers used for PCR are shown in Table 1. For
sequencing promoter and second part of exon 1, the forward
primers were used, while for the first part of exon 1 the
reverse primer was utilized. The amplification reaction
mixture (100 L) contained 1 g of DNA in 10 mmol/L
Tris-HCl (pH 8.8), 1.5 mmol/L MgCl2, 50 mmol/L KCl,
0.1% Triton X-100, 200 mol/L of each dNTP, 100 ng
of each primer, and 2 U of Dynazyme DNA polymerase
(Finnzymes OY, Espoo, Finland). The reaction was
performed with a DNA thermal cycler (Perkin-Elmer Cetus,
Norwalk, CT) as follows: three cycles of denaturation at
94 ℃ for 80 s, annealing at 55 ℃ for 60 s, and primer
extension at 72 ℃ for 110 s; seven cycles of denaturation at
94 ℃ for 60 s, annealing at 55 ℃ for 60 s, and extension at
72 ℃ for 110 s; 30 cycles of denaturation at 94 ℃ for 50 s,
annealing at 55 ℃ for 50 s, and extension at 72 ℃ for 90 s;
and a final extension step at 72 ℃ for 10 min. The PCR
products were sequenced with an automated fluorescence
sequencer (ABI Prism377, PE Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.
Restriction-enzyme-digestion method
We designed the natural or mutagenesis primers to detect
the variant UGT1A7 genotypes found in the study subjects.
PCR amplification was performed in a thermal cycler for
35 cycles of denaturation for 60 s at 94 ℃, annealing for
60 s at 55 ℃, primer extension for 60 s at 72 ℃, and a
final extension for 10 min at 72 ℃. The PCR products
were digested with appropriate restriction enzymes, and
analyzed on 3% agarose gel (NuSieve 3: 1, FMC Bioproduct,
Rockland, ME, USA) containing ethidium bromide.
Statistical analysis
The allele frequencies of UGT1A7 genotypes in our study
subjects were compared with those found in Caucasians[6]
and Japanese[22] by 2 test. For the analysis of association
between UGT1A1 and UGT1A7 genes, the relative risk
and its 95% confidence interval for carriage of UGT1A7*3
in the subjects bearing variant UGT1A1 gene were calculated
by comparing the allele frequency of UGT1A7*3 with the
subjects carrying wild UGT1A1-gene. A P value <0.05 was
defined as statistically significant.

Table 1 Primers used for PCR and sequencing of UGT1A7 gene
Primer
Region

Target size (bp)
Name

Promoter

Exon 1

PCR:

U7F1

5’TGAATGAATAAGTACACGCC3’

U7R1

5’ATAGAGAAAATGCACTTCGC3’

Sequencing:

U7F1

5’TGAATGAATAAGTACACGCC3’

PCR:

U7F1

5’TGAATGAATAAGTACACGCC3’

U7R2

5’TAGGGGCAAAATAAATGTTC3’

Sequencing:

U7R2

5’TAGGGGCAAAATAAATGTTC3’

PCR:

U7F2

5’ATACACTCTGGAGGATCAGG3’

U7R3

5’GCTACCCAACAATTAAGTGA3’

U7F3

5’TGTCCCCAGACTTCTCTTAG3’

Sequencing:
bp: base pair.

Sequence
439

779

774
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In addition to the six SNPs, a heterozygous or
homozygous T to G conversion at nucleotide -57 in the
upstream (Figure 1) was observed, which was associated
with SNPs at nucleotides 33, 387, 391, 392, and 622 in one
of the variant haplotypes. The nucleotide changes at
positions 387, 391, 392 and 756 were in linkage in another
variant haplotype. The functional variations in the 28
subjects with heterozygous T to G conversion at nucleotide
-57 were UGT1A7*1/*3 in 17 and UGT1A7 *2/*3 in 11
subjects, respectively, while that in the three subjects with
homozygous T to G conversion was UGT1A7*3/*3.
The distribution of the six UGT1A7 genotypes (*1/*1,
*1/*2, *1/*3, *2/*2, *2/*3, and *3/*3) and the UGT1A7*3
allele frequency in the subjects bearing the wild, A (TA) 6
TAA/A (TA)7TAA, A (TA)7TAA/A (TA)7TAA, 211G/211A,
and 211A/211A variants of UGT1A1 gene are presented
in Table 4. All the subjects carrying the wild UGT1A1 gene
did not bear UGT1A7*2/*3 or UGT1A7*3/*3. All the
individuals bearing the variant UGT1A1 gene were at a
relative higher risk for carriage of UGT1A7*3 in comparison
with those with the wild type. The UGT1A7*3 allele
frequency in the subjects with A(TA)7AA/A (TA)7TAA was
not significantly different from that in analogs with A (TA)6
TAA/A (TA)7TAA. By contrast, the UGT1A7*3 allele
frequency in the 211A/211A subjects was approximately
two-fold as many as the 211G/211A analogs. Of the individuals
carrying 211A/211A in UGT1A1 gene, 84% had UGT1A7*
3/*3 and 16% UGT1A7*1/*3 genes, respectively.
As shown in Table 5, by using the natural or mutagenesis
primers, we successfully detected the variations at nucleotides

RESULTS
Six SNPs at nucleotides 33 (C to A), 387 (T to G), 391 (C to
A), 392 (G to A), 622 (T to C), and 756 (G to A) within the
coding region of UGT1A7 exon 1 were found in the study
subjects. Among them, the variations at nucleotides 33
and 756 were wobbles. The functional polymorphisms at
codons 129 (nucleotide 387), 131 (nucleotide 391 or 392)
and 208 (nucleotide 622) are shown in Figure 1. Incidences
of UGT1A7*1/*1 (N129R131W208/N129R131W208),
*1/*2 (N129R131W208/K 129K131W208), *1/*3
(N129R131W208/K129K131R208), *2/*2 (K129K131W
208/K129K131W208), *2/*3 (K129K131W208/K129K
131R208) and *3/*3 (K129K131 R208/K129K131R208)
are presented in Table 2. The incidence of UGT1A7 *1/*2
was predominant (35.7%), while that of UGT1A7 *3/*3
was the least (2.7%). As shown in Table 3, the allele frequency
of UGT1A7*1 (wild type) in Taiwan Chinese was higher
and that of UGT1A7*3 was lower when compared to that
found in Caucasians. As compared with Japanese, the
allele frequency of UGT1A7*2 was higher and that of
UGT1A7*3 was lower in Taiwan Chinese.
Table 2 Frequencies of UGT1A7 genotypes in 112 Taiwan Chinese
UGTIA7

Number (%)

*1/*1
*1/*2
*1/*3
*2/*2
*2/*3
*3/*3

36 (32.1)
40 (35.7)
17 (15.2)
5 (4.5)
11 (9.8)
3 (2.7)

Table 3 Allele frequencies of UGT1A7 gene among different ethnic groups
UGT1A7 alleles

Taiwan Chinese
(224 chromosomes)

Caucasians
(288 chromosomes)

Japanese
(206 chromosomes)

P value (by 2 test)
<0.001

UGT1A7*1

0.576

0.358

0.593

UGT1A7*2

0.272

0.264

0.153

0.93

UGT1A7*3

0.152

0.361

0.255

<0.001

0.73
0.004
0.008

A

C

B

D

F

E

G

Figure 1 Representative electropherograms of (A) homozygous N129 R131 (nucleotides 387-392: TGACCG), (B) heterozygous K129 K131 (nucleotides
387-392: T/GGACC/AG/A), (C) homozygous K129 K131 (nucleotides 387- 392: GGACAA), (D) homozygous W208 (nucleotide 622: T), (E) heterozygous W208 /R208 (nucleotide 622: T/C), (F) - 57 T, and (G) - 57 T/G. Sequences were read reversely and nucleotides were translated into
complements for (A), (B), and (C). The arrows indicate the sites of single nucleotide polymorphism.
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Table 4 Allele frequency of UGT1A7*3 in subjects carrying different UGT1A1 genotypes
UGT1A7 gene
UGT1A1 gene

Number

Wild type
A(TA)6TAA/A(TA)7TAA

Allele frequency
of UGT1A7*3
*1/*1

*1/*2

*1/*3

*2/*2

*2/*3

*3/*3

246

114

108

9

15

0

0

0.018

38

13

12

7

1

5

0

0.158

Relative risk
(95% CI)
1.0
8.78 b
(2.70-28.54)

A(TA)7TAA/A(TA)7TAA

31

13

5

9

1

0

3

0.242

211G/211A

90

6

10

48

0

22

4

0.433

13.44b
(4.41-40.99)
24.06b
(9.31-62.31)

211A/211A

100

0

0

16

0

0

84

0.920

51.11b
(20.24-128.80)

CI: confidence interval, bP<0.001 vs wild type.

Table 5 Natural or mutagenesis primers, restriction enzymes and the results for UGT1A7 variations
Position (cDNA)

Primers

-57 T→G

U7F1
U7R1

Sequence

Restriction enzyme

5’ TGAATGAATAAGTACACGCC
5’ ATAGAGAAAATGCACTTCGC3’

Result (bp)

HpyCH4IV

N2
V3

Taq I

N

115

V

19+96

159
140+19

439
57+382

1stPCR

33 C→A

387 T→G

U7F1

5’ TGAATGAATAAGTACACGCC

U7R2
2ndPCR

5’ TAGGGGCAAAAAATGTTC3’

U7-33F1

5’ GGGTGGACTGGCCTCCTG3’1

U7-33R

5’ ACTGCATGGTGAACCAGTCG

1stPCR
U7F1

5’ TGAATGAATAAGTACACGCC

U7R2

5’ TAGGGGCAAAATAAATGTTC

2ndPCR

622 T→C

U7-387F
U7-387R

5’ AAATTGCAGGAGTTCTTA3’1
5’ TGGCAAAATATTCCCCGC3’

Afl II

N
V

U7F3

5’ TGTCCCCAGACTTCTCTTAG

Rsa I

N

447

U7R3

5’ GCTACCCAACAATTAAGTGA

V

54+393

bp: base pair, 1mutagenesis site, 2N: digestion result of wild type, 3V: digestion result of variant.

A

-57, 33, 387, and 622 with restriction enzymes HpyCH4
IV, Taq I, Afl II, and Rsa I, respectively. The example products
are shown in Figure 2.

M N/V N/V N/V V N/V V N N/V V

bp
300
200
100

B

159 bp

Afl II

N 159
V 140+19

M N/V N N N N N N N N/V
bp
447 bp

400
200

Rsa I

N 447
V 54+393

100

C

M N/V N N N N N N N N/V
bp

400
200

HpyCH4IV N 439

438 bp

V 57+382

100

Figure 2 Results of restriction fragments at nucleotides (A) 387, (B)
622, and (C) -57, digested by Afl II, Rsa I, and HpyCH4 IV, respectively.
The bands of 19, 54, and 57 bp were too small to be seen (bp = base
pair, M: DNA size marker, N: wild type, V: variant).

DISCUSSION
In the studies of SNPs for UGT1 in general populations,
most data were focused on UGT1A1 gene. Four common
allelic variations in the TATA box of UGT1A1 promoter
have been observed[13-16] . In addition, within the coding
region of UGT1A1 gene, the variations at nucleotides
211, 686, 1 091, 1 099, and 1 456 have been found in
Asians [8,10-12,17,18,23,24]. The other SNPs in UGT1 ever
described are limited to UGT1A6, UGT1A7, and UGT1A8.
For UGT1A6 gene, two close missense variations have been
reported[5]. For UGT1A8 gene, four genotypes have been
observed[7] . Recently, six SNPs in UGT1A7 have been
identified[6,22]. There were missense variations in codons 129,
131, and 208, characterized by the substitution of N for K,
R for K, and W for R, respectively. The allele containing
all three missense variations, UGT1A7*3, was found
exhibiting a 5.8 fold lower relative activity compared to the
wild type[6].
UGT1A7 is a typical isoenzyme of the extrahepatic
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UGT, with undetectable expression transcript in human
liver[25], while it is differentially expressed in human lung[6],
esophagus[26], and stomach[27]. The main substrates conjugated
by UGT1A7 are some phenolic compounds, carcinogens,
and drugs[28,29]. In the studies of disease susceptibility for
Caucasians, UGT1A7*3 was found to be a risk gene for
the development of orolaryngeal cancer[30], hepatocellular
carcinoma[31], and colorectal cancer [27] . UGT1A7 might
characterize a “trans-acting modifier gene” of cancer at the
liver as well as at other sites of the body[27,31]. However,
population study is the first step to set up the basic data for
every ethnic. That is why we performed this research.
All the five and six SNPs of UGT1A7 observed in
Caucasians and Japanese[6,22] were found in Taiwan Chinese.
However, the allele frequencies of UGT1A7 were different
among Taiwan Chinese, Caucasians, and Japanese. The low
activity of UGT1A7*3/*3, which exists in a considerable
proportion of population (15.3%) in Caucasians[6] , was
identified only in 2.7% in our study subjects. The clinical
significance of this difference warrants further investigation
since hepatocellular carcinoma, one of UGT1A7*3-related
sicknesses, is still a life-threatening disease in Taiwan[32]. The
UGT1A7*4 allele (N129R131R208), with 0.017 in frequency
in Caucasians[6], was not found in our study subjects. The
variation at nucleotide -57 in the upstream of UGT1A7
gene is a novel finding. The association between this variation
and SNPs at nucleotides 33, 387, 391, 392, and 622, as
well as the association of nucleotides 387, 391, 392, and 756
in another haplotype, might be a founder effect. Our results
also indicate that the UGT1A1 gene variant at nucleotide
211 was highly associated with carriage of UGT1A7*3.
However, it remains possible that this phenomenon may be
a founder effect. The results of our previous studies revealed
that homozygous variation at nucleotide 211 of UGT1A1
gene was a risk factor for developing hyperbilirubinemia[17,18].
If UGT1A7*3 is a risk SNP for the development of certain
cancers, the interaction between UGT1A1 211A/211A and
UGT1A7*3, serum bilirubin level, and its effect on disease
severity in patients are worthy of investigation. Interestingly,
the 211 G to A variation has been found in Japanese, Koreans,
Chinese[11], and Taiwan Chinese[8,17,18], but not in Caucasians[13].
This suggests that the clinical significance of the association
between UGT1A1 211A/211A and UGT1A7*3 is more
important for the Orientals.
The rapid restriction-enzyme-digestion method for the
detection of nucleotide -57 (or 33, or 622) can identify the
genotypes of UGT1A7*3/*3 in an individual. The genotype
is UGT1A7*3/*3 if the result is homozygous G at nucleotide
-57 (or homozygous A at nucleotide 33, or homozygous C
at nucleotide 622). The Afl II-digestion-method for
nucleotide 387, following the detection of nucleotide -57
(or 33, or 622), can identify the genotypes in subjects carrying
genes other than UGT1A7*3/*3. In the situation of wild
type at nucleotide -57 (or 33, or 622), the genotypes are
UGT1A7 *1/*1, *1/*2, and *2/*2 when the results of
nucleotide 387 are wild, heterozygous variation, and
homozygous variation, respectively. In the situation of
heterozygous variation at nucleotide -57 (or 33, or 622),
the genotypes are UGT1A7 *1/*3 and *2/*3 when the
results of nucleotide 387 are heterozygous and homozygous
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variations, respectively. Therefore, the restriction-enzymedigestion method for the determination of nucleotides -57
(or 33, or 622) and 387 can rapidly identify the genotypes
of UGT1A7 in an individual.
In conclusion, the features of UGT1A7 gene are found
in Taiwan Chinese and a simple and rapid method to
determine genotypes of UGT1A7 is established. The clinical
studies for this important gene are on-going.
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Abstract
AIM: To investigate the effects of gastrin and cholecystokinin
(CCK) and their specific antagonists on the growth of
pancreatic and biliary tract cancer cell lines.
METHODS: Five pancreatic and 6 biliary cancer cell lines
with 2 control cells were used in this study. Cell proliferation
study was done using 3-[4,5-dimethylthiazol-2-yl]-2,5diphenyl tetrazolium bromide (MTT) test and direct cell
count method. Reverse transcription-polymerase chain
reaction (RT-PCR) and slot blot hybridization were
performed to examine and quantify the expression of
hormonal receptors in these cell lines.
RESULTS: SNU-308 showed a growth stimulating effect
by gastrin-17, as did SNU-478 by both gastrin-17 and
CCK-8. The trophic effect of these two hormones was
completely blocked by specific antagonists (L-365, 260
for gastrin and L-364, 718 for CCK). Other cell lines did
not respond to gastrin or CCK. In RT-PCR, the presence
of CCK-A receptor and CCK-B/gastrin receptor mRNA was
detected in all biliary and pancreatic cancer cell lines. In
slot blot hybridization, compared to the cell lines which
did not respond to hormones, those that responded to
hormones showed high expression of receptor mRNA.
CONCLUSION: Gastrin and CCK exert a trophic action on
some of the biliary tract cancers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Carcinomas of the pancreas and biliary tract remain a
challenge to clinicians. The anatomical complexity and late
diagnosis of such carcinomas have led to a disappointingly
low resectability rate of around 10-20% especially in
pancreatic cancer[1]. Moreover, even if it is possible to resect
the tumor with clear margin, early recurrence and metastasis
are frequently observed. The overall 5-year survival rates
are reported as below 15% in pancreatic cancer and 15-50%
in other biliary and periampullary cancers[2,3].
No adjuvant treatments have shown success in improving
survival in periampullary cancers including pancreatic cancer
until now. So with the progress of surgical treatment and
early detection methods, new approaches including gene
therapy and new chemotherapeutic drugs are definitely
required to improve treatment results[4,5]. One such approach
might be hormonal manipulation, which is currently accepted
as the standard treatment modality for breast, prostate and
thyroid cancers.
The gastrointestinal hormones gastrin and cholecystokinin
(CCK) are structurally related. The former is known to be
a stimulant of acid secretion by gastric mucosa, the latter
a stimulant of enzyme secretion by the pancreas and
contraction of the gallbladder. While exerting these classical
actions, gastrin and CCK are also considered to act as growth
stimulants for gastrointestinal malignancies such as gastric
and colon cancer[6-9].
However, studies on the trophic effect of these
hormones on pancreatic cancer have provided conflicting
results. Although some researchers have documented that
gastrin and CCK stimulate the growth of pancreatic cancer
cells [10,11] and are involved in the early carcinogenesis,
others have refuted these effects[12,13] . Few investigations
have been performed in the bile duct cancer due to the
shortage of cancer cell lines and tumor models in the biliary
tract.
In the present study, we investigated the effects of
gastrin and CCK on the growth of pancreatic and biliary
tract cancer cell lines established at the Cancer Research
Institute of Seoul National University College of Medicine,
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and the expression of hormonal receptors.
MATERIALS AND METHODS
Cell lines
The human cancer cell lines in the biliary tract and pancreas
used in this experiment were SNU-245, SNU-308, SNU478, SNU-869, SNU-1079, SNU-1196, SNU-213, SNU-324,
SNU-410, PANC-1, Mia-PaCa. The SNU series were
established at the Korean Cell Line Bank in the Cancer
Research Institute of Seoul National University College of
Medicine, Seoul, Korea[14,15]. Cell lines PANC-1, Mia-PaCa,
LoVo and HT-1080 were obtained from the American Type
Culture Collection (Rockville, MD).
SNU-245 was established from distal common bile duct
cancer. SNU-478 and SNU-869 were obtained from
ampulla of Vater cancer, SNU-1079 and SNU-1196 from
upper bile duct cancer, and SNU-308 from gallbladder
cancer. SNU-213, SNU-324 and SNU-410 were acquired
from pancreatic head cancer. The characteristics of the
cell lines are summarized in Table 1.
Cell lines were grown in RPMI 1640 (GIBCO-BRL,
Rockville, MD) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) in a humidified incubator at 37 ℃
in an atmosphere of 50 mL/L CO2.
Cell proliferation assay
MTT assay A colorimetric assay using tetrazolium salt, 3[4,5 dimethyl thiazole-2-yl]-2,5 diphenyl tetrazolium bromide
(MTT), was used to determine the hormonal stimulation
effect on the cancer cell lines and the optimal stimulation
concentration of the hormones. A single cell suspension
was prepared and the cell number was calculated. MTT
assay was performed as previously described[16].
An equal number of cells were inoculated into each well
in 100 L of serum free culture medium to which gastrin-17
(Sigma, St. Louis, MO) or CCK-8 (Sigma, St. Louis, MO)
was added in a range from 10-6 mol/L to 10-12 mol/L. Twenty
L of gastrin-17 or CCK-8 was added daily to each well in
order to maintain the determined hormonal concentration.
After five days of culture, 0.1 mg MTT was added to each
well and incubated at 37 ℃ for 4 more hours. Plates were
centrifuged at 450 g for 5 min at room temperature and the
medium was then aspirated. Dimethyl sulfoxide (150 L)
was added to each well to dissolve the crystals. The plates
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were read immediately at 540 nm on a scanning multi-well
spectrophotometer. All experiments were performed 4
times.
We also performed another MTT assay to find the optimal
inhibitory concentration of specific antagonists and to
observe whether autocrine or paracrine effect of gastrin
or CCK could affect the tumor cell growth by application
of hormone receptor antagonists in the absence of
exogenous ligand. L-364, 718 (antagonist for CCK-A receptor)
and L-365, 260 (antagonist for CCK-B/gastrin receptor)
were used in a range from 10 -6 mol/L to 10 -12 mol/L
(10-9 mol/L), which were kindly supplied by ML laboratory
in UK. Test condition, except for antagonists, was same as
above.
Test for optimal antagonist concentration was performed
in cell lines, which showed hormone-dependent growth
stimulation. Under the optimal growth stimulation
concentration of hormones, various concentrations of
specific antagonists (range: 10 -6 -10 -12 mol/L) were added
(data not shown).
Direct cell count Cell lines showing a hormonal growthstimulating effect in the MTT assay were selected for the
direct cell count test to confirm the effect of hormones and
whether the hormonal trophic effect on cancer cells could
be blocked by specific antagonists with the concentration
determined by MTT test.
Cells (30×104 for SNU-308; 5×104 for SNU-478) were
plated onto 25 cm2 flasks (Falcon, Franklin Lake, NJ) in
serum free RPMI 1640 medium. After twenty-four hours,
cells were treated with hormone (CCK-8 or gastrin-17),
hormonal antagonists (L-364, 718 (10-9 mol/L), antagonist
for CCK-A receptors; L-365, 260 (10-9 mol/L), antagonist
for CCK-B/gastrin receptors), combinations of hormones
with their antagonist, or medium alone (control). Medium
and reagents were added daily. Every third day, we harvested
the cells and counted the cell number using a hemocytometer.
Each experiment was performed in triplicate.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted according to the manufacturer’s
instructions (TRIzol®, GIBCO-BRL, Rockville, MD). RNA
concentration was measured spectrophotometrically at
260 nm and the integrity of mRNA was controlled by
analyzing the ribosomal RNA content by electrophoresis

Table 1 Characteristics of pancreatic cancer and periampullary cancer cell lines
In vivo

In vitro

Cell
line

Origin

SNU-245

CBD

Well

0/9

Ad

85

54

P

SNU-308

GB

Moderately

-

Ad

88

48

P

SNU-478

AoV

Poorly

0/8

Ad

83

52

P/S

SNU-869

AoV

Well

5/10

Ad

91

48

P

SNU-1079

IHD

Moderately

-

Ad

89

72

Ple

SNU-1196

HDB

Moderately

0/1

Ad

94

48

Spindle to P

SNU-213

Pancreas

Moderately

1/8

Ad

89

48

P

SNU-324

Pancreas

Poorly

0/15

Ad+Fl

95

52

P/S

SNU-410

Pancreas

Poorly

-

Ad

92

72

P

Degree of
differentiation

Nodal
status

Growth
characteristics

Viability

Doubling
time

CBD: common bile duct, GB: gallbladder, AoV: ampulla of Vater, Ad: adherent, Fl: floating, P: polygonal, S: spherical, Ple: pleomorphic.

Cell
morphology
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on agarose gel.
After quantification of the extracted RNA, first strand
complementary DNA (cDNA) of each cancer cell line was
synthesized from 2 g of total RNA using Molony murine
leukemia virus reverse transcriptase (GIBCO-BRL, Rockville,
MD). PCR reactions were performed in a total of 20 g,
composed of 2 L cDNA, 10 mmol/L Tris-HCl (pH 8.3),
50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.25 mmol/L dNTPs,
1 mol/L of each oligonucleotide primer, and 1 U of Taq
DNA polymerase (Takara, Shiga, Japan). We used the primers
described by Mandair et al[17] for CCK-A receptor, CCK-B/
gastrin receptor, and -actin synthesized in Bioneer Co.
(Chungbuk, Korea). The forward primers were 5’-CCTAC
GACACCGCCT-CCGC-3’, 5’-ACCCCAACGACAGG
AAAAGGT-3’, and 5’-CACTGTGTTGGCGTACAGGT3’; the reverse primers were 5’-TCCGTTCTTTCTT
CTCTGCCTCCT-3’, 5’-TTTGGGAAGGAAGGAG
AGGGC-3’, and 5’-TCATCACCATTGGCAA TGAG-3’ for
the CCK-A receptor, CCK-B/gastrin receptor, and -actin
respectively. The amplification reaction involved denaturation
at 94 ℃ for 5 min followed by the following cycling: for
CCK-A receptor, 40 cycles of denaturation at 94 ℃ for
1 min, annealing for 1 min at 55 ℃ and extension for 1 min
30 s at 97 ℃; for CCK-B/gastrin receptor, 40 cycles of
denaturation at 94 ℃ for 1 min, annealing for 1 min at 58 ℃
and extension for 1 min 30 s at 97 ℃; for -actin, 35 cycles
of denaturation at 94 ℃ for 1 min, annealing for 1 min at
55 ℃ and extension for 1 min at 97 ℃.
The reaction proceeded in a DNA thermal cycler (Hybaid,
Middlesex, U.K.), and the products of amplification were
submitted to electrophoresis on 1.5% agarose gel and
visualized with ethidium bromide staining.
Slot blot hybridization
Quantitative gene expression was determined by slot blot
analysis. RNA samples were denatured at 68 ℃ for 15 min.
Four different concentrations (10, 3, 1, and 0.3 µg) of RNA
were loaded on per slot. Blots were prehybridized in buffer
(5× SSPE, 30% formamide, 5× Denhardt’s solution, 1%
SDS and 100 µg/mL salmon sperm DNA) for 2 h at 42 ℃.
Overnight hybridization was performed at 42 ℃ with a
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P-radiolabeled probe. The complementary riboprobes were
prepared by ligating PCR products for CCK-A receptor,
CCK-B/ gastrin receptor and -actin gene cDNA into the
pCR®II-TOPO® vector, using a TA cloning kit (Invitrogen,
Carlsbad, CA, USA). The appropriate templates for each
RNA probe were generated by linearization with a restriction
endonuclease EcoRI. Radiolabeling of the probes was
performed with [-32 P] deoxycytidine triphosphate using a
Prime-It® II random primer labeling kit (Stratagene, La Jolla,
CA, USA). After hybridization, the blots were washed twice
in 2× SSPE plus 0.2% SDS at 42 ℃ for 20 min, then once
with 0.1× SSPE at 42 ℃ for 15 min, and finally subjected
to autoradiography with Fuji Super RX® film at -70 ℃.
Hybridization with a -actin RNA probe was used to correct
RNA loading. The autoradiograms were analyzed and
quantitated by densitometry (BIPS®, Biomedlab, Seoul,
Korea).
Statistical analysis
Data were expressed as mean±SE. Comparison between
groups was made using Mann-Whitney U test, P<0.05 was
considered statistically significant.

RESULTS
MTT assay
The SNU-308 cell line originating from gallbladder cancer
responded to the addition of gastrin-17, and in particular
showed a maximum growth stimulating effect at the gastrin-17
concentration of 10-9 mol/L. At this concentration 27% of
the growth stimulating effect could be seen compared to
the control (Figure 1A). SNU-478 from ampulla of Vater
cancer exhibited similar stimulating effects to both gastrin17 (21%) and CCK-8 (23%) (Figure 1B). However, no
significant differences between control and hormone
treated cultures were observed at any concentration in
any of the other cell lines. MIAPaCa-2 and PANC-1 showed
similar results to those of the other pancreatic cell lines
(Tables 2, 3).
Suppression of cell growth by hormonal receptor
antagonists (without exogenous hormone) was not definite

Table 2 Effect of gastrin and L-365,260 on periampullary cancer cell lines
Maximum response to hormones and hormone concentration
Cell line

Origin
Gastrin
Response
(%)

Concentration
(mol/L)

L-365, 260
P-value

Response
(%)

Concentration
(mol/L)

P-value

SNU-245

CBD

108

10 -7

NS

98

10 -8

NS

SNU-308

GB

127

10 -9

0.038

96

10 -9

NS

SNU-478

AoV

121

10 -9

0.047

94

10 -9

NS

SNU-869

AoV

107

10 -6

NS

103

10 -7

NS

SNU-1079

IHD

107

10 -9

NS

104

10 -1 1

NS

SNU-1196

HDB

104

10 -8

NS

93

10 -7

NS

SNU-213

Pancreas

105

10 -1 0

NS

97

10 -8

NS

SNU-324

Pancreas

112

10 -1 1

NS

97

10 -9

NS

SNU-410

Pancreas

115

10 -1 2

NS

98

10 -8

NS

MIAPaCa-2

Pancreas

106

10 -1 0

NS

95

10 -9

NS

PANC-1

Pancreas

101

10 -7

NS

94

10 -8

NS
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Table 3 Effect of CCK and L-364,718 on periampullary cancer cell lines
Maximum response to hormones and hormone concentration
Cell line

Origin
CCK
Response
(%)

SNU-245
SNU-308
SNU-478
SNU-869
SNU-1079
SNU-1196
SNU-213
SNU-324
SNU-410
MIAPaCa-2
PANC-1

CBD
GB
AoV
AoV
IHD
HDB
Pancreas
Pancreas
Pancreas
Pancreas
Pancreas

L-364, 718

Concentration
(mol/L)
10 -1 2
10 -7
10 -9
10 -1 0
10 -9
10 -8
10 -7
10 -1 2
10 -9
10 -1 0
10 -8

110
109
123
107
113
109
106
116
113
108
105

NS
NS
0.043
NS
NS
NS
NS
NS
NS
NS
NS

(%)

A

a

120

Gastrin

a

a

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

a a

Gastrin

100

80

80

60

60

40

40

20

20
11

10 -1 0
10 -8
10 -9
10 -1 0
10 -8
10 -8
10 -6
10 -1 0
10 -8
10 -9
10 -8

96
94
93
97
101
94
98
96
94
97
98

140

CCK

Control 12

P-value

120

100

0

Concentration
(mol/L)

(%)

B

140

Response
(%)

P-value

10

9

8

7

0

6

Concentration of hormone (-log()M)

CCK

Control 12

11

10

9

8

7

6

Concentration of hormone (-log()M)

Figure 1 Effects of gastrin and CCK on SNU-308 from gallbladder cancer (A), SNU-478 from ampulla of Vater cancer (B). a P<0.05 vs control.
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Figure 2 Growth curves for SNU-308 (A), and SNU-478 (B, C) cells grown with either hormone or hormone combined with antagonist or
antagonist, or medium only. G: gastrin-17, G*: antagonist for CCK-B/gastrin receptor (L-365,260), C: CCK-8, C*: antagonist for CCK-A receptor
(L-364,718).

in all pancreatobiliary cancer cell lines (Tables 2, 3).
Effects of hormonal antagonists
The stimulatory effect of gastrin-17 exposure on the growth
rate of SNU-308 cells was blocked by the specific antagonist
L-365, 260. The growth stimulation effects of both the
hormones on SNU-478 were blocked by their respective
specific antagonists (Figure 2).
RT-PCR for CCK-A and CCK-B/gastrin receptors
Amplification of cDNA yielded an approximately 340 bp
fragment from the CCK-A receptor and 430 bp fragment
from the CCK-B/gastrin receptor (Figure 3). Sequence
analysis confirmed that each kind of PCR products was
identical to that of the expected sequence[18,19] . CCK-A

receptor and CCK-B/gastrin receptor mRNA were detected
in all biliary and pancreatic cancer cell lines. We utilized the
Mia PaCa-2 cell line as a positive control for the expression
of CCK-A receptor[17] and the LoVo cell line for the CCKB/gastrin receptor[20].
Slot blot assay for CCK-A and CCK-B/gastrin receptors
CCK-A and CCK-B/gastrin receptor mRNA levels were
measured by slot blot hybridization. The autoradiographic
signals were compared with those of Mia PaCa-2 (for CCKA receptor) and LoVo (for CCK-B/gastrin receptor). Figure 4
presents the slot blot assay results. SNU-308 and SNU-478
demonstrated a high expression of receptor mRNA
compared with other cell lines that did not respond to

Jang JY et al. Cysteine peptidase and its inhibitor and vitamine E in colorectal cancer

A

Size (bp)

9
6
a-2 45
0
07
08 78
19
69
aC
-2 U-3 U-4 U-8 U-1 U-1 -108
U
aP
i
N
N
M
S
HT
SN SN S
SN
SN

500300-

B

a-2 0
3 24
10 -1 aC
8
21
U- U-3 U-4 ANC iaP T-10
N
M
S
H
SN SN P
CCK-A
receptor
340 bp

Size (bp)

CCK-A
receptor
340 bp

500-

CCK -B
receptor
340 bp

500300-

-actin
154 bp

500300-

807

LoVo

LoVo

500300-

CCK -B
receptor
430 bp
LoVo

LoVo
500200-

-actin
154 bp

CCK-A
receptor
CCK-B/gastrin
receptor

-actin

-2
9
8
10
Ca
78
07
30
-4
-4
-1
Pa
UU
U
U
Vo
N
a
S
Lo
SN
SN
SN
Mi

B

C

LoVo

PANC-1

410

Mia PaCa-2

Cell lines

324

213

1 196

869

1 079

478

308

(%)
160
140
120
100
80
60
40
20
0

245

Mia PaCa-2

PANC-1

324

Cell lines

410

213

1 196

869

1 079

308

478

245

(%)
160
140
120
100
80
60
40
20
0

Relative densitometry unit

A

Relative densitometry unit

Figure 3 Amplification of CCK-A and CCK-B receptor mRNA in human biliary tract cancer cell lines (A) and pancreatic cancer cell lines (B) by
RT-PCR.

Figure 4 Representative slot blot hybridization. (A) Data from SNU-308, 478, 1079, 410, Mia PaCa-2, and LoVo cell lines. (B, C) Densitometrically
quantified slot blots.

hormones.
DISCUSSION
Gastrin and CCK, which share a peptide structure including
C-terminal pentapeptide amide (Gly-Trp-Met-Asp-PheNH2),
exert a trophic effect on the normal gastrointestinal organs,
including the stomach, gallbladder and duodenum, in addition
to the stimulation of secretion in the stomach and pancreas[21-23].
Except for these classical actions, gastrin and CCK also
appear to stimulate growth of gastrointestinal cancers.
Chronic endogenous hypergastrinemia and exogenous
pentagastrin administration are known to significantly
increase tumor cell number and the concentration of DNA,
RNA, and protein in colon and gastric cancers[6,24,25].
Similar trophic effects of gastrin and CCK have been
reported in pancreatic cancer. Smith et al [10] reported that
the growth responses of 6 human pancreatic cancer cell
lines (SW-1990, PANC-1, MIA PaCa-2, BxPC-3, RWP-2
and CAPAN-2) are stimulated by CCK in serum-free
medium, and its trophic effect can be blocked by a specific
antagonist[26]. They also demonstrated that gastrin exerts a
growth-stimulating effect on pancreatic cancer in vivo and
in vitro[27]. Furthermore many reports about the trophic effect
of CCK and gastrin on pancreatic cancer have been
published[11,28-30] and some studies have demonstrated that
these hormones play a role in gastrointestinal cancer
carcinogenesis[31,32] . On the contrary, other studies have
suggested that gastrin and CCK may have no trophic effect
on pancreatic cancer, and even exert an inhibitory effect
on pancreatic growth and carcinogenesis.
Liehr et al[12] reported that CCK cannot affect the growth
of PANC-1 and MIA PaCa-2 at the concentration of 10-12-

10-6 mol/L. Robertson et al[13] showed that gastrin also has
no trophic effect on the same pancreatic cancer cell lines.
Recently, Detjen et al [33] demonstrated that CCK-A and
CCK-B/gastrin receptors mediate growth inhibitory
responses in pancreatic cancer in their experiment on the
transfection of hormone receptors into the PANC-1 and
MIA PaCa-2 lines.
In the experiment with cholangiocarcinoma cells (SLU
132), the growth of cancer xenografted in nude mice is
significantly retarded by CCK[34]. Evers et al[35] demonstrated
that CR-1409, a CCK receptor antagonist, prevents caeruleinmediated inhibition of cancer growth when combined with
caerulein administration in SLU 132. Though a few cancer
cell lines have been established in the biliary tract, there are
limitations in the inhibitory effect of CCK on bile duct
cancer as described above. In our study, cancer cell lines
originating from the biliary tract exhibited a growth
stimulating effect by gastrin or CCK. Therefore, further
study using well-established cancer cells is mandatory to
determine the hormonal trophic effect on biliary tract
cancer.
We found that the trophic action of hormones was
influenced by the degree of expression of its receptors,
suggesting that biological response to peptide hormones is
modulated by the amount of receptors in target cells. Some
investigators explained that the trophic response of cancer
to gastrin and CCK is determined by the presence of specific
hormonal receptors, so that the responsiveness of tumor
to hormone treatment can be predicted by the presence or
absence of the receptor[7]. However, this explanation does
not account for the conflicting results of stimulatory or
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inhibitory effect on the same cancer cells according to the
investigators. In our study, most pancreatic and biliary cancer
cell lines have CCK-A and CCK-B receptors. However,
only 2 cell lines demonstrated tumor growth-stimulating
effect by gastrin (SNU-308, SNU-478) and only one cell
line exhibited tumor growth-stimulating effect by CCK
(SNU-478). PANC-1 and Mia PaCa-2, the most prevalently
studied cell lines in similar experiments, did not show any
growth-stimulating effects by gastrin and CCK though both
CCK-A and CCK-B/gastrin receptors presented. This nonresponse to exogenous hormone can be explained that
endogenous hormonal stimulation is enough for the trophic
action. However, we could not find sufficient endogenous
growth stimulation, which is contrary to some reports[36] .
We think endogenous stimulation effect is minimal even if
it exists.
Another possibility is the diversity or mutation of specific
hormonal receptors. Peptide hormones express their
biological activity by binding to specific hormone receptors.
Receptors for CCK have been pharmacologically classified
on the basis of their affinity for both the peptide agonists
CCK and gastrin, which share the same COOH-terminal
pentapeptide amide sequence but differ in sulfation at the
6th (gastrin) and 7th (CCK) tyrosyl residue, and the recently
developed subtype-specific antagonists.
Although two types of CCK receptors (CCK-A and
CCK-B/gastrin) are well known, the possibility of new nonA non-B receptor types has recently been reported. Imdahl
et al[37] reported that the expression of low affinity binding
gastrin/CCK-C receptor is found in 75% of human
colorectal carcinomas. Smith et al [38] recently showed that
the new CCK receptor is expressed in pancreatic cancer
specimens and they therefore designated it as CCK-C
(cancer) receptor.
Recent advances in molecular biology reveal a broader
distribution of CCK receptors in the gastrointestinal and
central nervous systems than previously recognized, thereby
suggesting additional physiological roles for these receptors.
Although CCK receptors feature homology in structure
among different species and even intra-species, slight
differences in receptor structure and distribution result in
significant pharmacological and physiological differences[39,40].
Minor peptide changes, even the difference of a single
amino acid by mutation or polymorphism of the CCK
receptor, can profoundly affect the binding affinities of
hormones and antagonists, enabling antagonists to act as
agonists and vice versa[41,42]. Actually, the functional effect
and clinical significance of receptor mutations have been
studied in some diseases[43].
Based on the present study, it may be concluded that
specific receptors for gastrin and CCK exert a trophic action
on some of the biliary tract cancers. However, many cancer
cell lines cannot be affected by hormones despite the
presence of CCK-A and CCK-B/gastrin receptors,
suggesting the possibility of hormonal manipulation in
limited cases of pancreatic and biliary tract cancer. An
accurate method for the identification of hormonally
responsive cancers is therefore required before adjunctive
hormonal or antihormonal therapy can be recommended.
Therefore, further investigations are required to elucidate
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the mechanism of the secondary signal pathway linked to
the CCK receptor family, and to determine the functional
and structural differences among the receptors. Furthermore,
mutation or polymorphism studies of CCK receptors may
be needed to ascertain the trophic or inhibitory effect of
gut hormones.
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Abstract
AIM: To assess the adhesion- and abscess-reducing
capacities of various concentrations of polysaccharides
derived from fungus, Phellinus gilvus (PG) or Phellinus
linteus (PL) in a rat peritonitis model.
METHODS: In 96 SD rats, experimental peritonitis was
induced using the cecal ligation and puncture model (CLP).
Rats were randomly assigned to 8 groups; Ringer’s lactate
solution (RL group), hyaluronic acid (HA group), 0.025%,
0.25%, and 0.5% polysaccharides from PG (PG0.025, 0.25,
and 0.5 groups), and PL (PL0.025, 0.25, and 0.5 groups).
Adhesions and abscesses were noted at 7 d after CLP.
RT-PCR assay was performed to assess the cecal tissue.
RESULTS: Adhesion formation was significantly reduced
in PG0.25, 0.5, PL0.25, 0.5, and HA groups (2.5±0.7,
2.4±0.7, 3.8±1.0, 3.6±0.8, and 2.7±1.1, P<0.05). The
incidence of abscesses was significantly reduced in all
treated groups compared to RL group (58%, P<0.05). The
urokinase-type plasminogen activator (uPA) gene expression
was greatly up-regulated by increasing the concentration
of polysaccharides. The urokinase-type plasminogen activator
receptor (uPAR) and tumor necrosis factor (TNF)- mRNA
were highly expressed in PG0.25, 0.5, PL0.25, and 0.5
groups.
CONCLUSION: We concluded that 0.5% polysaccharide
derived from PG and PL was the optimal concentration in
preventing adhesion and abscess formation and may act
by modulating activity of uPA and TNF- in a rat peritonitis
model.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intraperitoneal adhesions and abscesses are a major cause
of morbidity and mortality in the adult intensive care unit.
They are caused mainly by previous surgery and abdominal
inflammation[1,2]. Abdominal infection is accompanied by
peritoneal inflammation, including exudation of fibrinogen
and fibrin formation into the abdominal cavity. In infectious
conditions, these fibrin deposits may become a nidus for
abscesses[3] and in turn become fibrous adhesions. Therefore
peritoneal fibrinolytic system is crucial in preventing adhesion
and abscess formation. Activation of fibrinolytic system
results in the conversion of plasminogen into plasmin. The
conversion is activated directly by tissue-type plasminogen
activators (tPA) and uPA[4,5]. Various cells produce tPA, including
endothelial cells, mesothelial cells, and macrophages. The
uPA is also produced by the same cells and is equally effective
in the degradation of fibrin[6].
Numerous agents have been investigated in the
prevention of adhesion and abscess formation. Recently,
it was reported that beta-glucan in polysaccharides from
chemical was capable of reducing the frequency of adhesion
by preventing with beta-glucanase[7]. It is a potent macrophage
stimulator that enhances macrophage cytotoxicity and
phagocytic capacity and induces production of TNF-[8,9].
We have also previously demonstrated that 0.025%
polysaccharides derived from PG and PL reduced both
intraperitoneal adhesion and abscess formation by modulating
activity of uPA and TNF- produced from activated
macrophages in a rat peritonitis model[10]. However, comparison
of adhesion- and abscess-reducing capacity by varying
concentrations of polysaccharides solutions derived from
PG and PL has not been demonstrated to date.
Therefore, in this study, we hypothesize that intraperitoneal
abscesses and adhesions could be reduced by increasing
concentration of polysaccharides solutions derived from
PG and PL, and differences of the effect could be related
to uPA and TNF- activity produced from activated
macrophages. To test this hypothesis, we investigated
differences by varying concentration of polysaccharides
derived from PG and PL in preventing adhesion and abscess
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formation in order to investigate influence of the uPA and
TNF- gene expression in a rat peritonitis model.

MATERIALS AND METHODS
Preparation of materials
The fruiting body of PG was kindly provided by Gyeongbuk
Agricultural Technology Administration (Daegu, Korea). A
seed culture was grown in a 250-mL flask containing 50 mL
of PMP medium (2.4% potato/dextrose broth plus 1%
malt extract, 0.1% peptone) at 28 ℃ on a rotary incubator
at 150 r/min for 4 d. To obtain fruiting bodies of PG, a
culture was grown in oak sawdust block for 90 d. The yield
of fruiting bodies was 97 g dried weight per block. PL used
in this study was developed for 3 years in routine artificial
mulberry cultures and purchased from Sanwhang Mushroom
Co. (Andong, Korea). The fruiting body of PG and PL was
cut into small pieces, dried at 40-50 ℃ for 48 h. It was
homogenized, extracted by optimal water extraction
conditions, distilled water (1:25) at 100 ℃ for 10 h, and
concentrated at 80 ℃ in a rotary evaporator. The recovery
procedure of the polysaccharides from the fruiting body
of PG and PL followed an established method in our
previous study[10,11]. The concentration of 0.025%, 0.25%,
and 0.5% polysaccharides solutions was determined by
measuring total sugar using the anthrone method[12] using
glucose as the standard material. The 0.2% HA was prepared
by adding distilled water at HA (HYAL®, Shinpoong Pharm.
Co., Korea). It was filtered through a 0.22 m membrane
filter. All the materials were stored at 4 ℃ until used.
Animals
Ninety-six male Sprague-Dawley (SD) rats (Charles River
Korea Inc., Korea) weighing 237 to 261 g were acclimated
under the controlled conditions for 1 wk before the
experiments. The animals were fed with commercial rat
feed from Orient Inc., Korea. Food and water were provided
ad libitum to the animals. The Guidelines for Animal Care and
Use of Kyungpook National University approved the housing,
care and use of animals, as well as procedures to minimize
discomfort.
Surgical procedures
Bacterial peritonitis was induced by performing a CLP
procedure according to Wichterman et al[13]. Only water was
provided in the 12 h preceding the experiments. The animals
were weighed and anesthetized by intramuscular injection
of a combination of ketamine (100 mg/kg) and xylazine
(5 mg/kg). They breathed spontaneously throughout the
procedures. The abdominal skin was disinfected with 70%
alcohol. All procedures were performed under sterile
conditions. Routine midline celiotomy was performed with
a 3-cm incision and the cecum was exposed. The cecum
was ligated just distally to ileocecal valve with a 3-0 polyglactin
910 (VICRYL®, ETHICON, Inc., Johnson & Johnson Co.,
San Angelo, TX) suture to avoid intestinal obstruction,
punctured once with a 19-G needle, squeezed gently to force
out a small amount of feces, and then returned to the
abdominal cavity. After closing the abdomen in two layers
with 3-0 polyglactin 910 sutures, the animals received
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enrofloxacin (1 mg/kg) and 10 mL of isotonic sodium
chloride solution subcutaneously for hydration. After 24 h,
animals were weighed and the abdomen was reopened
under the same anesthesia as the first celiotomy. Samples
of peritoneal fluid were taken for microbiologic examination.
The abdominal cavity was rinsed with 10 mL isotonic sodium
chloride solution, and the cecum was resected. Before closure
of the abdomen, the animals were randomly allocated to 8
groups of 12. One control group was treated with 8 mL of
ringer lactate solution (RL group) and one other control
group was treated with 8 mL of 0.2% HA solution (HA
group) intraperitoneally through the urinary catheter. Six
experimental groups were treated with 8 mL of 0.025%,
0.25%, and 0.5% polysaccharides derived from PG
(PG0.025, 0.25, and 0.5 groups) and PL (PL0.025, 0.25,
and 0.5 groups) intraperitoneally, respectively. All animals
were given water only on the first postoperative day; standard
rat chow and water ad libitum were provided on the second
postoperative day. The animals were weighed again and killed
with carbon dioxide asphyxiation a week after the first
postoperative day. The abdomen was opened via a U-shaped
incision for complete exploration. Adhesions and the
incidence of abscesses were examined in a blind manner by
one of us (HK Jin) according to the method of Zuhlke
et al[14], whereby grade 0 means no adhesions and grade IV
means firm extensive adhesions that are dissectible only with
sharp instruments, with organ damage almost unavoidable.
Sites of adhesions scored included the midline, adnexa/
epididymal fat bodies, the upper abdomen (liver), the parietal
peritoneum, the omentum, and between the bowel loops.
The total score of these six locations was noted as the total
adhesion score (0-24) (Table 1).
Table 1 Grading of adhesions according to Zuhlke
Grade

Description

0

No adhesions

1

Filmy adhesions: gentle, blunt dissection required to free adhesions

2

Mild adhesions: aggressive blunt dissection required to free adhesions

3

Moderate adhesions: sharp dissection required to free adhesions

4

Severe adhesions: not dissectible without damaging organs

Note. Locations scored included midline, adnexa/epididymal fat bodies, the
upper abdomen (liver), the parietal peritoneum, the omentum, and between the
bowel loops. The sum of these locations formed the total adhesion score (0-24).

Bacterial cultures
Samples of peritoneal fluid and abscesses were taken from
all animals on the second postoperative day by swabs for
verification of the induced peritonitis. The swabs were
immediately introduced into medium and cultured
semiquantitatively in aerobic and anaerobic conditions.
Samples were incubated on blood and EMB agar for
aerobic culture and layered on anaerobic blood agar and
incubated in a Gas-Pak jar for anaerobic culture. After 24
and 48 h of incubation at 37 ℃, growing colonies were
identified with standard bacteriologic techniques.
Tissue collection
The adhesion-carrying cecal site was resected carefully. The
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cecal tissue was cut longitudinally to remove food contents,
washed with sterile phosphate-buffered saline (PBS). Half
the animals in each group were fixed in 10% formalin in
PBS for histopathologic evaluation and the remaining
animals in each group were stored at 80 ℃ for RT-PCR
analysis until further processing.
Histopathologic evaluation
After routine tissue processing, serial sections (5 m) were
stained with hematoxylin and eosin (HE). The inflammatory
reaction was assessed for each group by light microscopy.
The grade of inflammation was assessed using a semiquantitative scoring system, the inflammation grading scale[15].
Grade 1 on this scale represents a mild inflammatory
reaction with giant cells, occasionally scattered lymphocytes,
and plasma cells. Grade 2 represents a moderate reaction
with giant cells and increased admixed lymphocytes, plasma
cells, eosinophils, and neutrophils. Grade 3 represents a
severe inflammatory reaction with microabscesses present.
RNA extraction
Total cellular RNA was extracted from rat cecum using a
monophasic solution of phenol and guanidine isothiocyanate
(TRIzol Reagent, Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. The purity and integrity of
the RNA samples were assessed by A260/280 spectrophotometric
measurements.
RT
A 1 g portion of total RNA was subjected to first-strand
cDNA synthesis in a 20 L reaction mixture containing
Moloney murine leukemia virus reverse transcriptase (10 U),
dNTP mixture (2.5 mmol/L concentrations of each
dNTP), oligo (dT)12-18 primers (10 mol/L), and reaction
buffer as supplied with the enzyme (50 mmol/L Tris-HCl
(pH 8.3), 50 mmol/L KCl, 10 mmol/L MgCl2, 0.5 mmol/L
spermidine, and 10 mmol/L dithiothreitol). The samples
were incubated in a TOUCHgene DNA thermal cycler
(Techne (Cambridge) Limited, U.K.) at 42 ℃ for 60 min
followed by enzyme denaturation step at 94 ℃ for 2 min.
The reverse transcription mixture was stored at -80 ℃ for
use in PCR. All reagents were obtained from Promega
(Madison, WI).
PCR
PCR was performed on 2 L of reverse transcriptase
product using Gene Taq (Nippon Gene Co., Ltd., Toyama,
Japan) containing Taq DNA polymerase, dNTPs, buffer,
and 0.5 mol/L concentrations of each gene-specific
forward and reward primers (obtained from Bioneer,
Daejeon, Korea) in a total volume of 50 L. Gene-specific
oligonucleotide primers were designed from published rat
sequences. Primers used for amplification: TNF-: sense,
5’-TACTGAACTTCGGGGTGATTGGTCC-3’, antisense,
5’-CAGCCTTGTCCCTTGAAGAGAACC-3’; uPA: sense,
5’-TCGTGAATCAGCCAAAGAAGGAAGAGTACG-3’,
antisense, 5’-TTACAACTGACATTTTCAGGTCC-3’;
uPAR: sense, 5’-CAGAACACTGTATTGAAGTG
GTGACGCTCC-3’, antisense, 5’-TCCAAGCACTGATTC
ATTGGTCCCCG-3’; glyceraldehydes-3-phosphate
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dehydrogenase (GAPDH): sense, 5’-TGAAGGTCGGTGT
GAACGGATTTGGC-3’, antisense, 5’-CATGTAGGCCAT
GAGGTCCACCAC-3’. The PCR was conducted in
TOUCHgene DNA thermal cycler. After an initial denaturation
at 95 ℃ for 5 min, amplification was conducted through
35 cycles of denaturation at 94 ℃ for 30 s, annealing at
58 ℃ (GAPDH) or 60 ℃ (for all the other transcripts) for
30 s and extension at 72 ℃ for 45 s. Final extension was at
72 ℃ for 10 min followed by a final hold at 4 ℃. Negative
controls (PCR mixture without cDNA) and positive controls
(PCR mixture with a standard cDNA sample) were included
in preliminary PCR runs. Initial experiments were conducted
to determine the optimal annealing temperature for each
set of gene-specific primers (data not shown). The PCR
products were separated by electrophoresis using 2% agarose
gels stained with ethidium bromide to visualize cDNA
products.
Statistical analysis
Values are expressed as mean±SD. Analysis of differences
between treated groups and untreated groups was performed
using analysis of variance followed by multiple comparisons
and Fisher’s LSD test using the SAS statistical package
(release 8.1; SAS Institute Inc., Cary, NC). Differences at
P<0.05 were considered statistically significant.

RESULTS
Following CLP, all rats showed symptoms of peritonitislike apathetic behavior, ocular exudates, and piloerection.
These symptoms resolved within 2 d following the receliotomy and removal of the necrotic, perforated cecum
and peritoneal lavage. Survival rates in all groups were 100%
by the end of the experiment.
Body weights of the rats
The mean±SD body weight of the rats was 248.1±12.3 g
at the time of the first operation. The rats lost weight during
peritonitis (240.2±12.8 g) and recovered weight by the
end of the experiment (255.3±10.7 g) in RL, PG0.025,
PL0.025, and HA groups. The differences in weight gain
were not statistically significant among the groups. But,
the weight gain in the PG0.25, 0.5, PL 0.25, and 0.5
groups (270.2±12.8 g) was higher than that in RL, PG0.025,
PL0.025, and HA groups.
Microbiological examination
Culture results of the peritoneal fluid taken at the day of
cecal resection revealed polymicrobial intraperitoneal
infection. The most frequently isolated microorganisms were
Escherichia coli (50.9%), Proteus species (57.5%), Staphylococcus
(48.1%), Streptococcus (25%), Gram-positive Bacillus species
(15%), and Klebsiella (4%). E. coli (84.7%) was the organism
isolated most frequently from abdominal abscesses.
Total adhesion score and site of adhesion
The PG polysaccharide solutions Rats treated with 0.25%
and 0.5% of PG polysaccharide solutions had a significantly
lower total adhesion score compared to that of the RL
group (P<0.05). The total adhesion score of rats treated
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with the RL solution was 12.3±5.2. Group treated with 0.25%
(2.5±0.7) and 0.5% (2.4±0.7) of PG polysaccharide solutions
was lower than the group treated with 0.025% (5.8±1.0)
solution in total adhesion score (P<0.05) (Figure 1). There
was no significant difference in total adhesion score
between PG0.25 and PG0.5 group. The prevention effect
of adhesion of PG0.25 and 0.5 groups was slightly higher
than that in PL0.25, PL0.5, and HA (2.7±1.1) groups. There
was no statistical difference in total adhesion score. Eight
of 12 (67%) RL-treated rats had grade IV adhesions, in
contrast to only 2 of 12 (17%) PG 0.025% and 0 of 12 (0%)
PG0.25 and 0.5% treated rats. The site of the adhesions
did not differ among the PG groups. Most of the adhesions
were found between the bowel loops (81.1%), adnexa/
epididymal fat bodies (62.5%), and the omentum (43.2%)
in the PG groups (P<0.05) (Figure 2).
The PL polysaccharide solution Rat treated with 0.25
and 0.5% of PL polysaccharide solutions had a significantly
lower total adhesion score compared to RL group (P<0.05)
(Figure 1). The prevention effect of adhesion was slightly
lower than the effect of PG0.25, PG0.5, and HA groups.
Group treated with 0.25% (3.8±1.0) and 0.5% (3.6±0.8)
of PL polysaccharide solutions was lower than the group
treated with 0.025% PL (5.6±1.8) solution in total adhesion
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score (P<0.05). There was no significant difference in total
adhesion score between PL0.25 and PL0.5 groups like groups
treated with 0.25% and 0.5% of PG polysaccharide
solutions. The prevention effect of adhesion of PL0.25
and 0.5 groups was slightly lower than that in HA (2.7±1.1)
groups. One of 12 (17%) PL-treated rats had grade IV
adhesions. The site of the adhesions did not differ among
the PL groups. Site of the adhesions was similar to the site
of rats treated PG (Figure 2).
Abscesses
The incidence of intraperitoneal abscess significantly reduced
in all treated groups (P<0.05) compared to that in RL group.
No abscess occurred in rats treated with PG 0.25 and 0.5.
Rats treated with HA (3 of 12, 25%) reduced the incidence
of abscesses compared to RL (7 of 12, 58%).
Histologic evaluation
Mostly, the inflammatory reaction is dominant at mesenteric
fat and serosal surface of cecum. Rats treated with PG0.25
showed markedly reduced inflammatory reaction compared
to RL (Figure 3). The RL group showed increased admixed
lymphocytes, plasma cells, eosinophils, and neutrophils
(grade 3 on the inflammation grading scale). The grade of

20
Total adhesion score
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PG0.25

PG0.5

4

a

a

a

PL0.25

PL0.5

HA

2
0
RL

PG0.025

PL0.025

Figure 1 Total adhesion score of intraperitoneal adhesion in each group (in all rats). The animals were killed one week after the first
postoperative day. The abdomen was opened for complete exploration. Rats treated with 0.25 or 0.5% polysaccharides solutions from both
PG and PL showed a significantly lower total adhesion score compared with RL group ( aP<0.05 vs RL group).

Incidences of adhesions (%)

100
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a

80

a
60
40
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0
Midline

Adnexa/epididymal Upper abdomen Parietal
fat bodies
(liver)
peritoneum
Site of adhesions

Omentum

Bowel loops

Figure 2 The site of the intraperitoneal adhesions (in all rats). After the sacrifice, sites of adhesions were observed in the midline, adnexa/
epididymal fat bodies, the upper abdomen (liver), the parietal peritoneum, the omentum, and between the bowel loops. Most of the
adhesions were found between the bowel loops, adnexa/epididymal fat bodies, and the omentum compared with other sites ( aP<0.05).
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Figure 3 Evaluation of inflammatory reaction from formalin-fixed, paraffin-embedded section of cecal tissues. Compare the extent of
mesenteric inflammatory reaction among (A). RL, (B). PG0.25, (C). PG0.025, and (D). HA (×40). Note markedly reduced inflammatory
reaction in PG0.25 treated groups (n = 6 in each group).

Grade of inflammatory reaction

inflammatory response for the PG0.5 and PL0.5 groups
(1.1±0.4 and 1.2±0.4) was significantly lower than the grade
for the RL (2.9±0.4) (P<0.05) and slightly lower than
PG0.025 and 0.25 (1.7±0.5 and 1.3±0.5), PL0.025 and
0.25 (1.8±0.4 and 1.5±0.5), and HA group (1.6±0.5)
(Figure 4).

and PL treatment groups. In HA group, the level was highly
expressed, as compared to treatment with RL. The uPA
receptor (uPAR) mRNA was expressed at the highest levels
by the treatment with PG0.25 and 0.5. In PL and HA
groups, the level was expressed compared to RL group.
The GAPDH transcript levels among all groups were the
same (Figure 5).
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Figure 4 The grade of inflammatory reaction in each group (n = 6
per each group). The grade of inflammatory response for the PG0.5
and PL0.5 groups was significantly lower than the grade for the
RL ( aP<0.05 vs RL group).

TNF-, uPA, and uPAR mRNA expression
Experiments were carried out to demonstrate the effect of
PG, PL, and HA on the gene transcription of TNF-, uPA
and uPAR. In the PG and PL treatment groups, TNF-
mRNA was highly expressed, as compared to treatment
with RL in PG0.25, 0.5, PL0.25, and 0.5 groups. The level
slightly increased compared to RL in PG0.025, PL0.025,
and HA. The uPA gene expression was greatly up-regulated
by increasing concentration of polysaccharides in the PG

TNF-

← 295

GAPDH

← 983
A: RL, B: PG0.025, C: PG0.25, D: PG0.5,
E: PL0.025, F: PL0.25, G:PL0.5, H: HA

Figure 5 TNF-, uPA and uPAR mRNA expression in each group
(n = 6 per each group). The TNF- mRNA was highly expressed, as
compared to treatment with RL in PG0.25, 0.5, PL0.25, and 0.5
groups. The uPA gene expression was greatly upregulated by increasing concentration of polysaccharides in the PG and PL treatment groups. The uPAR mRNA was expressed at the highest levels
by the treatment with PG0.25 and 0.5. The GAPDH transcript levels
among all groups were the same.

DISCUSSION
Abdominal infections are associated with fibrin deposit,
which may cause clinically significant adhesion and abscess

Bae JS et al. Natural polysaccharides on intraperitoneal adhesions

formation. Adhesions are the most common cause of intestinal
obstruction in developed countries and important cause of
chronic abdominal and pelvic pain[16-19].
The CLP model has been used frequently for elucidating
the pathophysiology of abdominal inflammation and
developing new treatment modalities[20], because it is caused
by the intraperitoneal adhesions that are promoted by
surgical trauma, bacterial contamination, allergic reactions
to foreign bodies left in the abdomen, and tissue ischemia.
Thus, in our study, we used the CLP model that underwent
cecal resection to induce adhesion and abscess formation
in infectious environment.
The number of different agents has been studied in the
search to prevent intraperitoneal adhesions, with variable
results. Many studies showed HA decreases inflammation[21],
interferes with fibrin formation[22], prevents adhesion and
abscess formation[23], and stimulates fibrinolytic and TNF-
response[24,25]. In our study, we treated with 0.2% HA to
prevent intraperitoneal adhesion in rats and this solution
significantly reduced adhesion and abscess formation by
modulating uPA and TNF- production. This is in accordance
with the results from earlier studies[23-25] for the prevention
of intraperitoneal adhesions formation in rats using 0.2%
HA. And, we have previously demonstrated that 0.025%
polysaccharides derived from PG and PL reduced both
intraperitoneal adhesion and abscess for mation by
modulating activity of uPA and TNF- produced from
activated macrophages in a rat peritonitis model[10]. In the
present study, we treated with varying concentrations of
0.025%, 0.25%, and 0.5% of PG and PL in rats. It resulted
that 0.25 and 0.5% solutions had higher adhesion- and
abscess-reducing capacity than 0.025% solution in rats. The
uPA gene expression was greatly up-regulated by increasing
concentration of the solutions. Therefore, we think that
PG and PL may act in a dose-dependent manner in the
prevention of adhesion and abscess formation and the action
may be determined by modulating fibrinolytic capacity of
uPA produced from macrophages.
In short, PG and PL used in our study are fungi belonging
to the species of Hymenochaetaceae (Basidiomycetes) and
found mainly in tropical areas of America and Africa[26] .
Polysaccharides isolated from them have received special
attention due to their potent pharmacological activities.
PL is well known as one of the most popular medicinal
mushrooms due to its high anti-tumor[27] and immunostimulating
activities[28]. It has been used medicinally in Korea and Japan.
Recently, it was reported that polysaccharide solutions from
PL and PG had anti-inflammatory activity related to arthritis,
septic shock, and pulmonary inflammation[29-31]. Thus, we
think that these anti-inflammatory activities of natural
products like PG and PL may be beneficial in the treatment
of intraperitoneal adhesion related to inflammation.
PG has other advantages over PL in that it has a very
short growth period (3 mo) compared to PL (2-3 years)
making it cheaper to produce and the safety of acute single
orally-administered dose of PG has been demonstrated. In
the present study, although it is not a statistically significant
analysis, polysaccharides from PG had better capacity
than PL in the prevention of adhesion and abscess formation.
Therefore, this suggests an additional potential therapeutic
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role for PG in the treatment of inflammation in future.
In an experimental study, Bedirli et al[7] showed that betaglucan in polysaccharides had a positive weight gain effect
on the animals. In our study, although it is not a statistically
significant analysis, weight gain in the 0.25% and 0.5% of
PG and PL groups is higher than that in RL, HA, PG0.
025, and PL0.025 groups. That is to say, it showed a
positive weight gain in groups treated with high dose, 0.
25% and 0.5% of polysaccharides. However, the precise
mechanism of weight gain in these animals is uncertain. We
postulate that this could be related to a difference in the
mechanism by which adhesion formation is reduced.
Many studies showed that beta-glucan in polysaccharides
is a potent stimulator of macrophage functions and it
induces TNF- production in wound tissue[8,9]. But the role
of TNF- in adhesion formation is not clear. More recently,
Reijnen et al[24] reported that HA counteracts the fibrinolytic
decline induced by TNF-. Boyce et al [25] indicated that
TNF- down-regulates fibroblastic collagen synthesis within
experimental wounds and HA stimulates TNF- production
by human macrophages. In our study, TNF- mRNA was
highly expressed in the PG0.25, 0.5, PL 0.25, and 0.5 groups
compared to the RL group. This is in accordance with the
results from Abel et al[9], which indicated that beta-glucan
induced TNF- production in wound tissue. In HA group,
the level was slightly expressed compared to that of RL
group. This is also in accordance with the results from
Reijnen et al[24] and Boyce et al [25]. We infer that 0.25% and
0.5% of polysaccharides solutions derived from PG and
PL stimulate macrophage activity and increase secretion of
uPA, uPAR, and TNF- by the stimulated macrophage
activity. Thus, we conclude that high dose of polysaccharides
solutions derived from PG and PL decrease adhesion
formation by increasing macrophage activity and enhancing
fibrinolytic activity.
In summary, high dose of polysaccharides solutions
derived from the fungi, PG and PL are pharmacologic agents
that rapidly enhance host resistance to a variety of biological
insults through the fibrinolytic system and this involves
macrophage activation. In the present study, 0.25 and 0.5%
of polysaccharides significantly decreased intraperitoneal
adhesion and abscess formation in a rat peritonitis model.
It was as effective as HA in the prevention of intraperitoneal
adhesion and abscess formation. Additional studies will
help elicit whether the use of such polysaccharides and HA
in combination may have wider clinical application.
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on postoperative d 3.
CONCLUSION: TPN supplemented with Gln can improve
the nitrogen balance, and enhance macrophage phagocytic
activity at the site of injury. However, Gln supplementation
has no effect on phagocytic cell activity in the systemic
circulation, GH and insulin-like growth factor-1 might not
be responsible for attenuating nitrogen losses in rats with
a partial gastrectomy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the effect of glutamine (Gln)-containing
parenteral nutrition on phagocytic activity and to elucidate
the possible roles of Gln in the secretion of anabolic hormones
and nitrogen balance in rats undergoing a gastrectomy.
METHODS: Rats with an internal jugular catheter were
divided into 2 experimental groups and received total
parenteral nutrition (TPN). The TPN solutions were
isonitrogenous and identical in nutrient compositions except
for differences in amino acid content. One group received
conventional TPN (control), and in the other group, 25%
of the total amino acid nitrogen was replaced with Gln.
After receiving TPN for 3 d, one-third of the rats in each
experimental group were sacrificed as the baseline group.
The remaining rats underwent a partial gastrectomy and
were killed 1 and 3 d, respectively, after surgery. Plasma,
peritoneal lavage fluid (PLF), and urine samples were
collected for further analysis.
RESULTS: The Gln group had fewer nitrogen losses 1 and
2 d after surgery (d1, 16.6±242.5 vs -233.4±205.9 mg/d,
d2, 31.8±238.8 vs -253.4±184.6 mg/d, P<0.05). There
were no differences in plasma growth hormone (GH) and
insulin-like growth factor-1 levels between the 2 groups
before or after surgery. The phagocytic activity of peritoneal
macrophages was higher in the Gln group than in the
control group 1 d after surgery (A 1185±931 vs 323±201,
P<0.05). There were no differences in the phagocytic
activities of blood polymorphonuclear neutrophils between
the 2 groups at the baseline or on the postoperative days.
No significant differences in interleukin-1 or interleukin-6
concentrations in PLF were observed between the 2 groups.
However, tumor necrosis factor- level in PLF was
significantly lower in the Gln group than in the control group
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INTRODUCTION
Surgeries of the upper gastrointestinal tract usually produce
a moderate degree of metabolic stress. Altered protein
metabolism characterized by a negative nitrogen balance
and changes in plasma-free amino acid pattern were often
observed in surgical traumas[1,2]. For most gastrectomized
patients with gastric diseases, preoperative protein-energy
malnutrition was often present, and adequate oral intake
after surgery was achieved late[3,4] . Artificial nutritional
support is essential for these patients. Most surgeons use
the parenteral route to administer nutrients before and after
a gastrectomy. However, the optimal formulation of TPN
for patients with gastrectomy is still unknown.
In recent years, glutamine (Gln) has elicited great
attention for its therapeutic role in the treatment of diseases.
Gln has traditionally been considered as a nonessential amino
acid, but laboratory and clinical data suggest that it may
become essential during certain catabolic conditions[5,6] ,
because studies have shown that hypercatabolic states are
associated with significantly depressed plasma Gln levels[7-9].
A number of studies have demonstrated the beneficial
effects of supplying exogenous Gln in the diet for metabolicstressed conditions. These effects include increasing nitrogen
retention, preserving the integrity of the intestinal mucosa
and intestinal permeability, maintaining immunologic function,
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and reducing infections [5,6,10,11]. Parry-Billings et al [6].
demonstrated that depressed Gln concentrations were
associated with depressed phagocytosis by peritoneal
macrophages in normal mice. Ogle et al [12] . also reported
that Gln improved the bactericidal ability of abnormal
neutrophils from pediatric patients after burns. Furukawa
et al [13] . revealed that supplemental Gln enhances
phagocytosis by neutrophils from postoperative patients
in vitro. Although Parry-Billings et al [6]. and Ogle et al [12].
suggested the efficacy of Gln supplementation, they did
not supply Gln to their patients. The beneficial effect of
Gln on phagocytosis in in vitro studies might not reflect in vivo
situations. To our knowledge, no study has been carried out
to date to investigate the effect of Gln supplementation on
phagocytic activity after gastrectomy. Therefore, in this
study, we infused Gln-containing parenteral nutrition before
and after gastrectomy to investigate the effect of Gln on
phagocytic activity at the site of injury and in systemic
circulation. Growth hormone (GH) is an anabolic hormone
that can reduce whole-body nitrogen loss after surgery[14,15].
A study showed that low-dose Gln supplementation was
also capable of elevating plasma GH[16]. We analyzed plasma
GH and insulin-like growth factor (IGF)-1 to elucidate
whether Gln supplementation could enhance the secretion
of anabolic hormones thus attenuating the nitrogen losses
after gastrectomy.

MATERIALS AND METHODS
Animals
Male 7-wk-old Wistar rats weighing 170-210 g at the
beginning of the experiment were used. All rats were housed
in temperature- and humidity-controlled rooms, and allowed
free access to a standard rat chow for 7 d prior to the experiment.
The care of the animals followed the standard experimental
animal care procedures. This study was approved by the
Taipei Medical University Animal Care Committee.
Study protocol and operation procedures
Rats were randomly assigned to 2 experimental groups, with
30 rats to each group. The average weight between the
groups was adjusted as similar as possible. After an overnight
fasting, rats were anesthetized with intraperitoneal
pentobarbital (50 mg/kg), and the right internal jugular vein
was cannulated with a silastic catheter (Dow Corning, Midland,
MI) under sterile conditions. The catheter was tunneled
subcutaneously to the back of neck and exited through a coil
spring that was attached to a swivel, allowing free mobility of
animals inside individual metabolic cages. All animals were
allowed to drink water during the experimental period. TPN
provided 270 kcal/kg body weight, this level of energy was
slightly higher than weight maintenance for normal TPN
rats[17]. The kcal/nitrogen ratio in the TPN solution was
145:1. The calorie density was almost 1 kcal/mL. The TPN
solutions were isonitrogenous (6.84 mg/mL) and identical in
nutrient compositions except for the difference in amino
acid content. One group received conventional TPN (control),
the other group replaced 25% of the total amino acid nitrogen
with Gln. Although the quantity of essential amino acids
(EAA) was lower in the Gln group than that in the control

February 14, 2005

Volume 11

Number 6

group, the EAA was adequate for maintenance according
to the reported EAA requirements for rats[18]. The energy
distribution of the TPN solutions in the experimental groups
was 72% from glucose, 18% from protein, and 10% from
fat (Table 1). Gln was dissolved and sterilized by passage
through a 0.2-m Minisart NML filter (Sartorius,
Goettingen, Germany) and stored at 4 ℃ until being used.
Gln solution was stable at room temperature for at least 2 d
as previously described[17]. The TPN solution was refilled
daily and infused for 24 h at room temperature. Two
milliliters per hour was administered on the first day, and
then the rats received 48-57 kcal/d according to their body
weight. The infusion rate was maintained with a Terufusion
pump (model STC-503, Terumo, Tokyo, Japan). The TPN
solution without fat was prepared every other day in a
laminar flow hood, and the fat emulsion was added daily
just before use. After receiving TPN for 3 d, one-third of
the rats (n = 10) in each experimental group were killed as
the baseline group. The remaining rats underwent a partial
gastrectomy on the 4th d of TPN, and were killed 1 or 3 d,
respectively, after surgery. Partial gastrectomy was performed
using the same method as in our previous study[19]. TPN
was maintained for 3, 5, or 7 d according to the sacrifice
schedule of the rats.

Table 1 Formulation of the TPN solution

50% glucose
20% Lipofudin
1

Moriamine 10%

NaCl3 3%
K3PO4 8.7%

Gln

Control

420

420

50

50

345

450

35
10

35
10

KCl 7%

10

10

Calcium gluconate 10%

10

10

MgSO4 10%
ZnSO4 0.6%

4
2

4
2

2

8

8

Infuvita

Choline chloride (g)
Gln (g)
H2O

1

1

8.4
105

-----

Total volume

998

998

Total kcal

986

994

1

From Chinese Pharmaceuticals, Taipei, Taiwan. Each deciliter contains: Leu
1 250 mg, Ile 560 mg, Lys acetate 1 240 mg, Met 350 mg, Phe 935 mg, Thr
650 mg, Trp 130 mg, Val 450 mg, Ala 620 mg, Arg 790 mg, Asp 380 mg, Cys
100 mg, Glu 650 mg, His 600 mg, Pro 330 mg, Ser 220 mg, Tyr 35 mg, and
aminoacetic acid (Gly) 1 570 mg. 2From Yu-Liang Pharmaceuticals, Taoyuan,
Taiwan. Each milliliter contains: vitamin A 660 IU, ascorbic acid 20 mg, vitamin
A 660 IU, ergocalciferol 40 IU, thiamine HCl 0.6 mg, riboflavin 0.72 mg,
niacinamide 8 mg, pyridoxine HCl 0.8 mg, d-panthenol 3 mg, and dl-alphatocopheryl acetate 2 mg.

Measurements and analytical procedure
Rats in the respective groups were killed before or 1 or 3 d
after surgery. The animals were anesthetized with
intraperitoneal pentobarbital (50 mg/kg BW). A middle
abdominal incision was made, and 10 mL of phosphatebuffered saline (PBS) was intraperitoneally injected to elute
the peritoneal cells. After the PLF was harvested, rats were
exsanguinated by drawing arterial blood from the aorta. Blood
samples were collected in tubes containing heparin and
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Twenty-four-hour urine specimens were collected during
the 3 infusion days after surgery for determination of the
nitrogen balance. Nonprotein nitrogen in urine was measured
by a colorimetric method (Randox, Antrim, Ireland).
Statistical analysis
Data were expressed as mean±SD. Differences among
groups were analyzed by ANOVA using Duncan’s test. A P
value less than 0.05 was considered statistically significant.

RESULTS
There were no differences in initial body weights between
the 2 experimental groups at the beginning of TPN
administration. All rats gained weight after TPN infusion,
and weights were maintained postoperatively. No differences
in body weights were seen between the 2 groups on
postoperative d 1 and 3 (Figure 1). The Gln group had a
higher plasma Gln level on postoperative d 1. No significant
differences were observed before and 3 d after surgery
(Figure 2).

Body weight (g)

250
Control

200
150

Gln

100
50
0

Pre-op Post-1 Post-3
Before TPN

Pre-op Post-1 Post-3
Before sacrifice

Figure 1 Body weights of experimental groups at the beginning of
TPN administration and before sacrifice.

a

800

Control
Plasma Gln (mol/L)

immediately centrifuged. Plasma amino acids were analyzed
by the standard ninhydrin technology (Beckman Instruments,
model 6 300, Palo Alto, CA), after deproteinization of the
plasma with 5% salicylic acid[20]. Plasma GH (Cayman
Chemical, Ann Arbor, MI) and insulin-like growth factor
(IGF)-1 (Diagnostic Systems, Webster, TX) were
determined by using commercially available enzyme-linked
immunosorbent assay (ELISA) kits. Interleukin (IL)-1,
IL-6, and tumor necrosis factor (TNF)- levels in plasma
and PLF were measured using commercial ELISA
microtiter plates, with antibodies specific for rat IL-1,
IL-6, and TNF- coated onto wells of the microtiter strips
provided (Amersham Pharmacia Biotech, Buckinghamshire,
UK).
Flow cytometric phagocytosis test was used to evaluate
the phagocytic activity of blood polymorphonuclear
neutrophils[21,22]. One hundred microliters of heparinized whole
blood was aliquoted on the bottom of a 12 mm×75 mm
Falcon polystyrene tube (Becton Dickinson) and placed in
an ice-water bath. Twenty microliters of precooled
opsonized FITC-labeled E. coli (Molecular Probes, Eugene,
OR) was added to each tube. Control tubes remained on
ice, and assay samples were incubated for precisely 10 min
at 37 ℃ in a shaking water bath. After incubation, samples
were immediately placed in ice water, and 100 L of a
precooled trypan blue (Sigma, St. Louis, MO) solution
(0.25 mg/mL in citrate salt buffer pH 4.4) was added to
quench the fluorescence of the bacteria merely adhering to
the surface of phagocytosing cells. Cells were washed twice
in Hank’s buffered saline (HBSS), and erythrocytes were
lysed by the addition of FACS lysing solution (Becton
Dickinson). After an additional wash in HBSS, 100 L of
propidium iodide (PI) solution (1 g/mL in HBSS) was added
to stain the nuclear DNA 10 min before the flow cytometric
analysis. Flow cytometry was performed on an FACS
CaliburTM flow cytometer (Becton Dickinson) equipped with
a 488-nm argon laser. A live gate was set on the red (PI)
fluorescence histogram during acquisition to include only
those cells with a DNA content at least equal to human
diploid cells. The number of cells with phagocytic activity
did not exceed 6% at 0 ℃.
A VybrantTM phagocytosis assay kit (molecular probes)
was used to evaluate the phagocytic activity of peritoneal
macrophages. After the peritoneal macrophages were
washed 3 times with HBSS, the cell concentration was
counted, and the cell number was adjusted to 106 cells/mL
with RPMI-1640 supplemented with 5% fetal bovine serum
and an adequate quantity of antibiotics. After 100 L of
diluted solutions was distributed into each well on 96-well
microplates, it was transferred to a 37 ℃ CO2 incubator
for 1 h to allow the cells to adhere to the microplate surface.
The RPMI solution was removed from all microplate wells
by vacuum aspiration, and then 100 L of the prepared
FITC-labeled E.coli was added to each well for 2 h. Labeled
bacteria were removed by vacuum aspiration, and 100 L
of trypan blue suspension was added to all wells within 1
min. The excess trypan blue was immediately aspirated, and
the experimental and control wells (without peritoneal
macrophages) were read in the fluorescence plate reader
using -480 nm for excitation and -520 nm for emission.
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600
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400
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0

Pre-op

Post-1

Post-3

Figure 2 Plasma glutamine (Gln) levels of the 2 groups before and
after surgery. a P<0.05 vs control group on post-1d.

Compared with the control group, the Gln group had
fewer nitrogen loss 1 and 2 d after surgery (Figure 3A). A
significantly better cumulative nitrogen balance was observed
in the Gln group on postoperative days (Figure 3B). Compared
with the levels before surgery, plasma GH concentrations
were significantly lower after surgery in the control group
on both postoperative d 1 and 3, whereas there was only a
difference on d 3 postoperatively in the GLN group. There
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Figure 3 Nitrogen balance and cumulative nitrogen balance between the 2 groups after operation. aP<0.05 vs control group on postoperative days. A: Nitrogen balance between the 2 groups after operation; B: Cumulative nitrogen balance between the 2 groups after
operation.
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1 200
900
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0
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200
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Post-3
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B

2 500
a

Control

2 000
Gln
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1 000
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0
Pre-op
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Post-3

100
% of phagocytozing cells

A

A (Ex = 485 nm, Em = 535 nm)

Figure 4 Plasma growth hormone (GH) and insulin-like growth factor-I (IGF-I) concentrations between the 2 groups before and after
operation. a P<0.05 vs the corresponding group on post-operative days. A: Plasma growth hormone concentrations between the 2 groups
before and after operation; B: Plasma insulin-like growth factor-1 concentrations between the 2 groups before and after operation.

Control
80
Gln
60
40
20
0

c

c

Pre-op

Post-1

Post-3

Figure 5 Phagocytic activity of peritoneal macrophages and peripheral blood neutrophils. A: Phagocytic activity of peritoneal macrophages
measured by phagocytosis assay and read in the fluorescence plate reader using 480 nm for excitation and 520 nm for emission. aP<0.05 vs
control group on post-1d; B: Peripheral blood neutrophils measured by flow cytometry; cP<0.05 vs the corresponding groups on postoperative days.

were no differences in GH and IGF-1 levels between the 2
groups before or after surgery (Figures 4A, B). The phagocytic
activity of peritoneal macrophages was higher in the Gln
group than in the control group on postoperative d 1
(Figure 5A). The phagocytic activities of blood PMNs were
significantly higher after surgery than at the baseline,
regardless of whether or not Gln was given. There were
no significant differences in the phagocytic activities of
blood PMNs between the 2 groups at various time points
(Figure 5B). Plasma IL-1, IL-6, and TNF- levels were

undetectable. No significant differences in concentrations
of IL-1 and IL-6 in PLF were observed between the 2
groups at the time we took the measurements. However,
TNF- levels in PLF were significantly lower in the Gln group
than in the control group on postoperative d 3 (Table 2).

DISCUSSION
In this study, 25% of total nitrogen in the TPN solution
was supplied by Gln. This amount of Gln was previously
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Table 2 Interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-
concentrations in PLF between the 2 groups before and after operation (mean±SD)
Pre-op
(n = 10)

Post-1 (n = 10)
pg/mL

Post-3
(n = 10)

IL-1
Control

10.1±6.8

13.6±13.6

17.9±22.6

8.7±9.3

13.2±5.6

5.9±6.1

Control

88.9±46.1

130.0±21.7

131.5±50.8

Gln

94.0±10.4

144.5±51.7

118.0±64.3

TNF-
Control

24.0±16.6

10.2±8.3

54.7±28.5a

Gln

12.7±5.3

22.1±24.9

27.1±21.5c

Gln
IL-6

a
P<0.05 vs pre-op and post-1 groups in the same line, cP<0.05 vs control group
on post-3.

found to enhance the immune response in rodents[23,24]. We
administered TPN before and after gastrectomy, to mimic
the usual treatment for patients who were scheduled to
undergo gastrectomy. These patients were frequently
malnourished, and perioperative TPN was essential for
adequate nutritional support. Since human studies may have
wide variations owing to the age of patients, severity of
disease, infected area of the stomach, and complications of
other diseases, which may make interpretation difficult of
the data, we used an animal model with a partial gastrectomy
to investigate the effect of Gln on the catabolic and immune
responses after abdominal surgery.
Injury to the body could result in a negative nitrogen
balance together with a progressive loss of body protein[1,2],
possibly due to hormonal changes and cytokine secretion[25,26].
Many studies have shown that Gln supplementation could
enhance skeletal muscle synthesis which might consequently
improve nitrogen balance after elective surgery[5,27,28]. GH
is known to exert many metabolic effects. Among them are
nitrogen retention and preservation of muscle protein
mass[14,15]. IGF-1 is one of the major effectors of GH action.
The effects of GH are mediated in part by IGF-1 that is
produced in the liver and locally in GH target tissues[29]. A
study by Welbourne et al[16]. reported that oral Gln load was
capable of elevating plasma GH in healthy adults. Hammarqvist
et al[30]. demonstrated that GH together with Gln-containing
TPN reduced nitrogen losses compared with Gln alone.
The nitrogen retention data in the present study are in good
agreement with those of previous reports[5,29,30]. However,
we did not find an association between plasma GH, IGF-1
levels and Gln supplementation before or after operation.
This finding suggests that GH and IGF-1 might not be
responsible for attenuating nitrogen losses under the present
experimental conditions.
Previous reports have shown that parenterally or enterally
administered Gln lowered the incidence of infection in patients
with bone marrow transplantation and multiple traumas[31,32].
Supplemental Gln improved the survival in experimentally
Escherichia coli-induced peritonitis in rodents[33,34]. Nevertheless,
the mechanisms underlying the enhancing effect of Gln on
bactericidal capacity have not been fully elucidated. Gln is
an important fuel for immune cells[6]. Macrophages could
use Gln at a very high rate[35]. Some in vitro studies have shown
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that Gln is required for macrophage phagocytosis[6,12,13,36].
In this study, we found that the phagocytic activity of
peritoneal macrophages was much higher in the Gln group
after surgery compared to the control group, whereas no
differences were found in the phagocytic activities of blood
PMNs between the 2 groups. These findings indicate that
Gln supplementation can enhance the macrophage
phagocytic activity at the site of injury. The effect of Gln
on phagocytic cells in the systemic circulation was not
obvious. In this study, we did not observe reduced plasma
Gln levels after surgery. This result was consistent with the
report by Parry-Billings et al[37] that plasma Gln levels did
not change after a minor surgery. It is possible that partial
gastrectomy performed in this study resulted in a minor
metabolic stress. The rats were free of infection or other
stresses that would cause a systemic response. Therefore, a
tissue or an organ-specific nutrient like Gln exerted its effects
locally but not systemically.
Cytokines are peptides produced by cells of the immune
system that act as a mediator of the immune response and
the response of tissues to injury. Studies have proposed that
alterations in TNF- and IL-6 can be used as biochemical
markers of the stress response[27,28,38]. IL-6 has been considered
as the most consistently identified cytokine mediator of
postinjury infections[39]. High plasma concentrations of IL-1
and TNF- were associated with increased severity of
inflammatory diseases[39]. These cytokines in plasma were
not detectable at the time we took measurements. However,
cytokines in PLF were measurable. Compared with the
baseline, IL-1, and IL-6 levels did not change after surgery.
This result may indicate that postinjury infection was not
obvious in this study. We observed that TNF- was lower
in the Gln group than in the control group on postoperative
d 3. This might mean that TPN with Gln could reduce the
production of inflammatory mediators at the site of injury.
An in vitro study by Rohde et al[40] showed that Gln had no
effect on the production of IL-1, IL-6, or TNF-. Since
it was an in vitro study, and samples used for evaluation
were derived from healthy volunteers, responses to the
stressful metabolic conditions observed in this study might
differ and consequently lead to different immune responses.
In summary, parenterally infused Gln can significantly
enhance peritoneal macrophage phagocytic activity, and
the nitrogen balance can be improved. However, Gln
supplementation has no effect on phagocytic cells in the
systemic circulation, GH and IGF-1 might not be responsible
for attenuating nitrogen losses in rats with a partial gastrectomy.
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Abstract
AIM: To study the effect of Haimiding on the functioning
of red cell membrane of FC and H22 tumor-bearing mice.
METHODS: The membrane fluidity of red cells is measured
with DPH fluorescence probe as a marker; the amount of
red cell membrane proteins is measured using polyacrylamide
gel electrophoresis; the amount of sialic acid (SA) on the
surface of red cell membrane and the sealability of these
cells are measured using colorimetric analysis.
RESULTS: Haimiding can lower the membrane fluidity of
red cells in tumor-bearing mice and the amount of their
membrane proteins, while increasing the amount of
sialic acid in the membrane of red cells in these mice
and enhancing the ability of the membrane of their red
cells to reseal.
CONCLUSION: The anti-tumor effect of Haimiding on tumorbearing mice is due to its ability to improve and restore
the functions of the membrane of their red cell and to
enhance the immune effect of the organisms.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Haimiding is a compound anticancer preparation combining

Chinese and Western medicines. It is prepared from the
anticancer drug 5-Fu (5-fluorouracil) plus extracts from
Chinese medicines including Sargassum fusiforme, Ecklonia
kurome, Astragalus chrysopterus, and Sophora flavescens. Findings
from our earlier studies show that Haimiding has some killing
power on 8 kinds of human cancerous cells, namely, human
oral epithelial KB, human esophageal carcinoma Eca-109, human
proventriculus BGC-823, human pulmonary adenocarcinoma
A549, human colon HCT-8, human breast MCF-7, human
ovary A2780, and human liver Bel-7402. Its inhibitory effect
is most prominent on BGC-823, ECA-109, and HCT-8 cells.
It clearly can inhibit the formation of BGC-823, ECA-109,
and HCT-8 colonies with the effect on ECA-109 colonies
being the strongest. It has a clear inhibitory effect on the
growth of FC tumors in mice, and can significantly prolong
the life span of H22 tumor-bearing mice[1]. The cell membrane,
which constitutes a barrier between the cytoplasm and the
tissue, contains many kinds of proteins[2-5] and receptors[6-8],
which are related to the functioning of the organism and are
closely related to the genesis and development of tumors[10-14].
Based on these, we tried in the present study to observe the
effect of Haimiding on the functioning of red cell membrane
of tumor-bearing mice, aiming to explicate the mechanism
of the anticancer effect of Haimiding.

MATERIALS AND METHODS
Materials
Test animals White mouse (of the Kunming strain), acquired
from Laboratory Animal Center of Heilongjiang University
of Chinese Medicine (certificate no.: Heilongjiang animal
No. 00101003), half-male and half-female, weighing 20±2 g.
Tumor strains FC and H22 tumor-bearing mice, acquired
from the Institute of Tumor Research, Harbin Tumor Hospital.
Major reagents Haimiding is provided by the Institute of
Materia Medica, Harbin Commercial University (lot no.:
20010517); 5-FU, acquired from Shanghai No. 12 Pharmaceutical Company (lot no.: 20010601); DPH (1,6-diphenyl1, 3, 5-hexatriene), product of Fluke AG.
Main equipment RF-540 fluorescence spectrophotometer,
produced in Shimazu, Japan; thermostatic water bath,
acquired from Xiamen Medical Electronic Instruments.
Methods
Development of the mouse tumor model (1) Drawing
abdominal dropsy. The mouse was killed by taking apart at
the joint of its cervical vertebra 7 d after tumor cells were
transplanted. The animal was then fixed on a wax plate.
After sterilization, the abdominal skin was cut open and
peeled off. A syringe sterilized under high temperature was
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used to draw the abdominal dropsy, which was put in a
germ-free container surrounded by ice cubes for storage.
In addition, a small amount of abdominal dropsy was drawn
and put in a test tube to be used for observing and counting
the cells. A drop of the abdominal dropsy remaining in the
syringe was put on a slide, which was smeared and dyed
with Wright’s staining, and the cells were assorted and counted.
The sample was to be used only when 97% or more of the
cells were cancerous. (2) Inoculation. The abdominal dropsy
was diluted with normal saline to 1:4. The FC tumor-bearing
mouse was created by injecting the dropsy at the animal’s
armpit, and the H22 tumor-bearing mouse was created by
injecting the dropsy at the animal’s abdomen.
Grouping and administration of drugs (1) Grouping.
The mice were randomly divided into 6 groups, with a normal
group, a negative control group, a positive control group,
and another 3 groups to be given high, medium, and low
dosages of Haimiding. Each group consists of 10 mice. (2)
Administration of drugs. Twenty-four h after tumor cells
were transplanted into the mice, drugs were administered by
abdominal injection once a d for 7 consecutive d. The positive
control group was given 25 mg/kg of 5-FU, the treated
groups were given 25, 50, and 100 mg/kg of Haimiding,
and the negative control group was given normal saline of
the same volume. On the day following the last day of drug
administration, the animals were killed, and relevant
measurements were taken.
Effect of Haimiding on the immunological adhesiveness of red in tumor-bearing mice to tumor cells
After the animal was killed, blood was drawn, centrifuged,
and rinsed to make a red cell suspension (1×108 piece /mL)
to be used later. When the experiment was conducted, H22
tumor cells were drawn from a 7-d old abdominal cavity of
the mouse and rinsed twice with Hanks’ solution to make a
tumor cell suspension (1×106/mL). 0.1mL of this suspension
was taken and an equal volume of fresh guinea pig (or
human) blood was added to the sample. The sample was
then set in water bath at 37 ℃ for 1 h, centrifuged and
rinsed twice, with the supernatant being discarded to yield
serum-sensitized cancer cells. 0.05 mL of the red cell
suspension was set in water bath at 37 ℃ for 30 min, and
0.25% glutaraldehyde was added to fix the solution, a slide
was smeared with the preparation and dyed using Wright’s
staining. At this point, the tumor cells appeared to be blue,
while red cells were red. One tumor cell joining the 3 or
more red cells made up a tumor-red cell wreath. The
percentage of tumor-red cell wreath was calculated.
Effect of Haimiding on the fluidity of red cell membrane
of tumor-bearing mice A 2 mL 0.1% heparin was added
to each of the several 10-mL test tubes. Three drops of
blood was drawn from the experiment animal by cutting its
tail. The blood were put in those tubes, mixed, and centrifuged
for 10 min at 3 000 r/min. After the supernatant was
discarded, the residue was rinsed 3 times with isotonic
phosphoric acid buffer solution, and the red cells were
counted. With the number of red cells thus obtained, a red
cell suspension with 4×10 7 piece/mL was made. A 2 mL
of the 4 mL red cell suspension was taken and added to a
test tube as the blank tube, while the test tube containing
the remaining 2 mL of the red cell suspension was used for

February 14, 2005

Volume 11

Number 6

reference. A 2 mL of DPH probe solution was added to
the reference tube, while the same amount of isotonic PBS
buffer solution was added to the blank tube. Solution in the
two tubes was mixed and incubated for 30 min under a
temperature of 25 ℃ and then centrifuged for 10 min at
3 000 r/min. The remaining DPH probe solution was
discarded, and the residue was rinsed twice with isotonic
PBS buffer solution and then diluted into 4 mL of cell
suspension with isotonic PBS buffer solution. Immediately
after this, the fluorescence polarization of the residue was
measured. RF-540 fluorescence spectrophotometer with
xenon lamp as light source was used to measure the intensity
P of fluorescence polarized light both when it was parallel
to and when it was perpendicular to the direction of
vibration of the excitation polarized light, at a fluorescence
excitation wavelength of 362 nm, a radiation wavelength
of 432 nm, and under a temperature of 25 ℃. Then the
micro viscosity was calculated.
=

2P
0.46-P

Effect of Haimiding on the membrane protein content
in the red cells of tumor-bearing mice: Preparation
of red cell membrane
Whole blood
centrifuged at 3 000 r/min for 10 min, rinsed
twice with 1:3 saline, and suspended in 1:1 saline
Red cell suspension
5p 8.4 phosphoric buffer solution (1:30) was added
at 4 ℃ and hemolysis was allowed to proceed for
1 h.
Hemolyzed solution of red cells
centrifuged at 2 000 r/min at 4 ℃ for 40 min; the
supernatant was discarded; the residue was rinsed 3 times
and then suspended in 5p8.4 phosphoric acid buffer
solution.
Membrane suspension
The concentration of red cell membrane protein was
measured according to Lowry’s rule. DSD-polyacrylamide
gel electrophoresis was performed to separate the cell
membrane protein and measure its content.
Gel, gel plate, gel repository solution, electrolytic tank
buffer solution, and dyeing solutions I and II were prepared
as described in literature[15]. SDS was used to solubilize
membrane so as to separate the proteins from the membrane.
The sample was loaded in the following manner: 50 L of
membrane sample was sucked with a microsyringe. After
the sample was loaded, it was immediately covered with
electrolytic tank buffer solution, and tap water and cooling
water tube of the electrophoresis tank were turned on.
Electrophoresis was conducted for 3.5 h with the upper
tank as the cathode and the lower one as the anode, the
voltage adjusted to 50 V and electric current to 30 mA.
After electrophoresis, the gel was stripped off and the
sample was dyed. The gel plate was placed on a CS-930
double-wavelength scanner and scanned at 560 nm to yield
an electrophoretogram of the membrane protein, and then
the percentages of the components of the membrane protein
were calculated.
Effect of Haimiding on the sialic acid content on the
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Table 1 Steps for measuring the activity of the sialic acid content on the surface of the red cell membrane
Reagent

Blank

1

2

3

4

5

6

Nacetyl neuraminic acid Standard solution (mL)
0
0.05
0.1
0.2
0.3
0.4
0.5
Nacetyl neuraminic acid (g)
0
5
10
20
30
40
50
Distilled water (mL)
1
0.95
0.9
0.8
0.7
0.6
0.5
Bialsche reagent (mL)
1
1
1
1
1
1
1
Boil for 12 min in water bath, then cool for 3 min with ice water
Pentanol (mL)
5
5
5
5
5
5
5
Shaken thoroughly and then centrifuged for 10 min at 1 000 r/min; took the pentanol phase for colorimetric analysis at a wavelength 569 nm

7
0.8
80
0.2
1
5

Table 2 Steps for measuring the activity of the oxidoreductase NADH-cell pigment C
No saponin added (S)

Saponin added (+S)

Reagent (mL)
Blank

Sample

Blank

Sample

0.6 mg protein/mL Membrane suspension

0.6

0.6

0.6

0.6

PBS (5p8.4)
0.1% saponin

2.4
/

2.2
/

2.2
0.2

2.0
0.2

5 mmol/L K3Fe (CN)6

/

0.1

/

0.1

Let the solution stand for 10 min, added NADH, and recorded the result after 1 min 6 mmol/L NADH

/

0.1

/

0.1

surface of the red cell membrane of tumor-bearing
mice Red cell membrane was prepared as before.
The standard curve was plotted.
0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.8 mL of N-acetyl
neuraminic acid was added to 8 test tubes each, which was
to say the test tubes contained 0, 5, 10, 20, 30, 40, 50 and
80 g respectively of N-acetyl neuraminic acid. Then the optic
density (A) of each tube was measured according to the
procedures in the following table, and a standard curve was
plotted for the N-acetyl neuraminic acid content (Table 1).
Measurement of sialic acid content in red cell membrane
Bialsche reagent was added to 1 mL of the membrane
suspension prepared earlier (0.6 mg protein per millimeter
membrane liquid) to measure directly the sialic acid (SA)
content (by measuring the absorbance, or A). The
procedure was the same as above.
Effect of Haimiding on the sealability of the red cell membrane
of tumor-bearing mice
Preparation of closed membrane (isotonic closed
membrane) from red cells First, an unclosed membrane
preparation was made in the same manner as before. The
membrane was then rinsed once with isotonic phosphoric
acid buffer solution, centrifuged for 40 min at 2 000 r/min,
and then placed in isotonic solution, which was kept at 37 ℃
for 1 h to yield closed membrane. The activity of the
oxidoreductase NADH-cell pigment C was measured by
the method described in literature[16]: a 0.6 mL sample of
membrane (membrane fluid) was put in a colorimetric cup,
and reactants were added as shown in the Table 2. After
the reactants were each mixed with the sample, their colors
were compared at a wavelength of 420 nm. The time at
which NADH was added was taken as time zero, and A
was recorded once every min for 6 min after the reaction
starts. The reaction was to take place under room temperature
(25 ℃). Colorimetric analysis was performed. The procedure
was the same as above except that NADH was not added.

Specific steps were shown in Table 2.
Calculation of sealability The sealability of membrane
(%) was calculated according to the formula below:
Activity when surfactant is added
- Activity when no surfactant is
added
Sealability (%) =
×100%
Activity when surfactant
is added
Statistical analysis
t test was performed on data obtained from the experiments,
with the results expressed in the format mean±SD.

RESULTS
Effect of Haimiding on the immunological adhesiveness of
red cells in tumor-bearing mice to tumor cells
Experimental results showed that the immunological
adhesiveness of red cells in tumor-bearing mice, as measured
by the rate of wreaths, was weaker than that in the control
group, with the difference being more prominent with H22
mice than with FC mice. And the rate of wreaths was
significantly higher (P<0.01) in the treated group than in
the group that was administered normal saline, with the
level for FC group that was treated being close to the normal,
while that for the 5-Fu group showing no clear increase, or
even showing some trend toward decreasing (Tables 3, 4).
Table 3 Effect of Haimiding on the immunological adhesiveness of
red cells of FC mice to tumor cells (mean±SD)
Group

Number of
animals (n)

Control

10

Ip

Saline

10

Ip

5Fu

10

Ip

25

8.41±2.56

Haimiding

10

Ip

50

28.96±4.41b

b

Route of
Dosage (mg/kg)
administration

P<0.01 vs the saline group.

Rate of
wreaths (%)
36.36±5.42

Equal volume

10.46±3.55
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Table 4 Effect of Haimiding on the immunological adhesiveness of
red cells of H22 mice to tumor cells mean±SD

Table 7 Effect of Haimiding on the membrane protein content in
the red cells of FC mice

Group

Dosage
(mg/kg)

Route of
administration

No. of
animals (n)

Rate of
wreaths (%)

Group
Control
Saline
5Fu
Haimiding
Haimiding
Haimiding

Control

Ip

10

36.36±5.42

Equal volume

Ip

10

5.10±2.28

5Fu

25

Ip

10

5.96±3.15

Haimiding

50

Ip

10

25.68±4.13 b

Saline

b

P<0.01 vs the saline group.

a

Effect of Haimiding on the fluidity of intact red cell membrane
of tumor-bearing mice
From Tables 5, 6 it can be seen that, compared to the control,
the micro viscosity of red cells in tumor-bearing mice had
increased, and the membrane fluidity had decreased. But
after treatment, the microviscosity of red cells in the two
strains of tumor-bearing mice decreased to different
degrees, which means membrane fluidity had increased. The
effect was the most prominent with the group treated with
medium dosage of Haimiding (P<0.01).
Effect of Haimiding on the membrane protein content in the
red cells of tumor-bearing mice
From Tables 7, 8 it can be seen that the percentage of
polymers formed on the red cell membrane of the tumorbearing mice of the saline group was higher than that in
the control group, and that the level of polymers decreased
significantly after the animals had been treated with medium
dosage of Haimiding (P<0.01). For different tumor-bearing
organisms, the effect of high dosage of Haimiding differed
to some extent. The results also showed that for the same
dosage, the effect for H22 mice was more prominent than
that for FC mice.

Number of
animals (n)
10
10
10
10
10
10

Route of
administration
Ip
Ip
Ip
Ip
Ip
Ip

Dosage
(mg/kg)
Equal volume
25
100
50
25

Membrane
protein content %
0.281±0.051
0.332±0.094
0.278±0.041
0.241±0.037a
0.187±0.042b
0.296±0.040

P<0.05, bP<0.01 vs the saline group.

Table 8 Effect of Haimiding on the membrane protein content in
the red cells of H22 mice
Group

Number of
animals (n)

Route of
administration

10
10
10
10
10
10

Ip
Ip
Ip
Ip
Ip

Control
Saline
5Fu
Haimiding
Haimiding
Haimiding
a

Dosage
(mg/kg)

Membrane
protein content %

Equal volume
25
100
50
25

0.281±0.051
0.298±0.088
0.219±0.089
0.237±0.050
0.143±0.064 b
0.189±0.094 a

P<0.05, bP<0.01 vs the saline group.

Effect of Haimiding on the sialic acid content on the surface
of the red cell membrane of tumor-bearing mice
The results are shown in Tables 9, 10. From the study on
the effect of Haimiding on the SA content in red cell
membrane of tumor-bearing mice, it was found that the
SA content for tumor-bearing mice especially for those
of the H 22 strain was significantly lower than that for
normal mice. After Haimiding was administered, the SA
content in the red cell membrane of tumor-bearing mice
increased to different degrees, with the medium- and highdosage groups markedly different from the saline group

Table 5 Effect of Haimiding on the fluidity of intact red cell membrane of FC mice
Group

Number of
animals (n)

Route of
administration

Dosage (mg/kg)

Fluorescence
polarization (P)

Equal volume

Micro viscosity,  (P)

Membrane lipid
fluidity (LFU)

Control

10

0.2006±0.0728

1.7557±0.9616

Saline

10

Ip

25

0.2438±0.0122

1.9458±0.2367

4.3134±1.4378

5Fu

10

Ip

100

0.2169±0.0269

1.8183±0.3799

6.0234±1.9430a

Haimiding

10

Ip

50

0.215±0.0242 b

1.796±0.1414 a

6.1913±1.9348 a

Haimiding

10

Ip

25

0.210±0.0137 b

1.701±0.2063 a

6.4966±1.9687 b

Haimiding

10

Ip

1.7330±0.4404

5.7670±1.6962 a

a

0.2203±0.0338

7.4472±2.3273

P<0.05, bP<0.01 vs the saline group.

Table 6 Effect of Haimiding on the fluidity of intact red cell membrane of H22 mice
Group

Number of
animals (n)

Route of
administration

Control

10

Saline

10

Ip

5£Fu

10

Haimiding

10

Haimiding
Haimiding
a

Dosage (mg/kg)

Fluorescence
polarization (P)

Micro viscosity,  (P)

Membrane lipid
fluidity (LFU)

0.2006±0.0728

1.7557±0.9616

7.4478±2.3273

Equal volume

0.2430±0.03017

2.1378±0.6186

4.3559±1.4051

Ip

25

0.2275±0.0182

1.9760±0.6738

5.2606±1.5472

Ip

100

0.2331±0.0211

2.0819±0.1772

4.9153±1.5360

10

Ip

50

0.1770±0.0567b

1.2775±0.4164 b

11.0370±3.4489b

10

Ip

25

0.2111±0.0223a

1.8176±0.2106

P<0.05, bP<0.01 vs the saline group.

6.4776±2.0895 a
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(P<0.01), and the effect on the medium-dosage group being
the greatest.
Table 9 Effect of Haimiding on the sialic acid content on the surface
of the red cell membrane of FC mice
Group
Control
Saline
5Fu
Haimiding
Haimiding
Haimiding
b

Number of
animals (n)

Route of
administration

Dosage
(mg/kg)

10
10
10
10
10
10

Ip
Ip
Ip
Ip
Ip
Ip

Equal volume
25
100
50
25

A
0.183±0.068
0.087±0.026
0.065±0.030
0.139±0.049 b
0.148±0.032 b
0.095±0.028

P<0.01 vs the saline group.

Table 10 Effect of Haimiding on the sialic acid content on the
surface of the red cell membrane of H22 mice
Group
Control
Saline
5Fu
Haimiding
Haimiding
Haimiding
b

Number of
animals (n)

Route of
administration

Dosage
(mg/kg)

10
10
10
10
10
10

Ip
Ip
Ip
Ip
Ip
Ip

Equal volume
25
100
50
25

A
0.183±0.068
0.062±0.027
0.064±0.034
0.119±0.040 b
0.125±0.044 b
0.081±0.023

P<0.01 vs the saline group.

Effect of Haimiding on the sealability of the red cell membrane
of tumor-bearing mice
The results in Tables 11, 12 show that the sealability of the
red cell membrane of tumor-bearing mice was lower than
that for normal mice. The level of sealability remains
constant even when positive control drug was administered,
but the administration of Haimiding could raise the capacity
of red cells to reseal. The improvement was significant
(P<0.01) for all 3 groups administered with different dosages.
Table 11 Effect of Haimiding on the sealability of the red cell
membrane of FC mice
Group
Control
Saline
5Fu
Haimiding
Haimiding
Haimiding
b

Number of
animals (n)

Route of
administration

Dosage
(mg/kg)

10
10
10
10
10
10

Ip
Ip
Ip
Ip
Ip
Ip

Equal volume
25
100
50
25

Sealability (%)
70.6±4.05
54.6±2.21
52.0±3.39
63.5±3.11b
65.9±2.60b
58.4±2.05b

P<0.01 vs the saline group.

Table 12 Effect of Haimiding on the sealability of the red cell
membrane of H22 mice
Group
Control
Saline
5Fu
Haimiding
Haimiding
Haimiding
b

Number of
animals (n)

Route of
administration

Dosage
(mg/kg)

10
10
10
10
10
10

Ip
Ip
Ip
Ip
Ip
Ip

Equal volume
25
100
50
25

P<0.01 vs the saline group.

Sealability (%)
70.2±2.23
53.7±2.30
54.2±3.27
62.2±2.71b
61.4±3.44b
57.6±2.54b
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DISCUSSION
The cell membrane is an important structure indispensable
for all cells. It has extremely important biological functions.
The immunity of the cell and tumor genesis have all to do
with the cell membrane. The immune effect of red cells is
realized through the CR1 receptors on the membrane of
these cells [18,19]. The new concept “Red-Cell Immune
System” was first proposed in 1981 by the American scholar
Siegel. Through extensive research in the last two decades,
scholars in China and abroad have discovered that red cells,
which have their origin in hemopoietic stem cells, have the
most complete immunizing functions in the human body.
They contain many substances that have to do with immunity
and are capable of self-adjustment and self-control as well
as play a role in the organism’s immunological adjustment
and control. Red cells are capable of recognizing, adhering
to, and killing antigens, transmitting information about the
antigens, and eliminating the immunity-inhibiting substances
in circulation. Clinically, immunological defects of red cells
play an important role in the pathogenesis of many diseases
especially in the genesis of tumors.
In experiments we did in the past, we discovered that
Haimiding can significantly improve the immunological
functions of the red cells in tumor-bearing mice by significantly
increasing the wreath rate of C3b receptors on red cells and
the activity of promoters of immunological adhesiveness while
significantly decreasing the wreath rate of immunological
compounds in red cells and the activity of the inhibitors of
immunological adhesiveness. In all 4 of these indices,
Haimiding demonstrates an immune effect, which is not
possessed by the chemotherapeutic drug 5-Fu. According to
research results from recent years, red cells can immunologically
adhere to various kinds of tumor cells, and under electron
microscope it can be observed that tumor cells are damaged
at points where they make contact with red cells, suggesting
that red cells play the role of effector cells in the immune
reactions against tumors. If there are autoantibodies for
red cells in the serum of patients afflicted with tumors, this
function of red cells is weakened[19,20]. In our experiments
we also discovered that the capacity of red cells to adhere
to H22 tumor cells decreases significantly in tumor-bearing
mice as compared to normal mice, but this index is significantly
improved for the groups which are administered Haimiding,
while the administration of 5-Fu does not yield this kind of
effect.
Patients afflicted with tumor often are also anemic[21-23].
At the same time, both the number and the activity of the
CR1 on their red cells decrease significantly, resulting in
low immune efficacy of their red cells. The immune efficacy
of red cells in metastatic cancer patients is even lower, but
after operation on the digestive tract, the immunological
adhesiveness of these cells increases significantly. Research
in recent years shows that red cells can immunologically
adhere to tumor cells and prevent cancer cells from
undergoing deuametastasis, which is the main route through
which tumors spread. The number of red cells is 1 000 times
that of white cells, and the chances for their getting into
contact with tumor cells are much greater than that for
white cells, so red cells play a more important role in preventing
malignant tumor from metastasizing. Moreover, by
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immunologically adhering to the CD2 on the membrane of
T lymphocytes with the CD58 and CD59 on their own
membrane, red cells can activate the immunological functions
of T cells, which are expressed as an increase in the activity
of IL-2R and in the secretion of -interferon. Red cells can
release NK cell activators, thus increasing the activity of NK
cells in killing cancer cells. Red cell membrane also contains
receptors for chemotactic factors that can attract drifting
chemotactic factors, thus reducing the concentration of
chemotactic factors in blood circulation while enhancing the
inflammation reaction of the tumorous tissue in question[24].
To sum up, red cells do not only perform antitumor immunological functions on their own, but play an important role
in the overall control by the immune system of the human
body that involves many kinds of cells and tissues and works
through many routes, forming an antitumor immune control
system.
Haimiding can enhance the capacity of red cells in tumorbearing mice to adhere immunologically to tumor cells,
which shows that it has an important effect on the spreading
and metastasis of tumor. Furthermore, Haimiding can activate
the immune system of the whole organism by enhancing
the immunological effect of red cells, thus bringing about
some overall therapeutic effects. The mechanism by which
Haimiding enhances the immunological function of red cells
may be as follows: The membranes of red cells contain some
glycoprotein receptors, while Astragalus chrysopterus, a
component of Haimiding, contains some glycoproteins.
These glycoproteins can adhere to the glycoprotein receptors
on the membrane of red cells, activating the CR1 on the
membrane, thus enhancing the immunological effect of red
cells.
The major types of membrane lipids of red cells include
phospholipids (ovolecithin, cephalin, serine phosphatide, and
sphingomyelin), cholesterols, and glycolipids. These lipids
are arranged in a bi-layer molecular array, with the outer
layer rich in ovolecithin. Phospholipids, cholesterols, and
glycolipids all contain asymmetric hydrophilic and hydrophobic
groups. In the bi-layer structure, the hydrophilic parts point
outward, while the hydrophobic parts point toward the center
of the structure. The two layers of lipids are fluid. Fluidity
is an important mechanical property of cell membrane. All
the normal physiological functions of red cells depend on
the integrity of their membranes and the fluidity of the
bi-layer structure of membrane lipids. The fluidity of red
cell membrane has implications for the permeability,
deformability, fragility, translocation of solutes and enzyme
activity. It is directly related to the constituents of the serum
especially those of serum lipoproteins[25] . Therefore, the
study of the effect of Haimiding on the fluidity of red cell
membrane can help us explore at the cellular and molecular
levels the mechanism by which Haimiding works. As is
well known, part of the molecular basis of malignant
proliferation of cells is abnormality in the transmembrane
signal transmission chain. The malignant transformation
and redifferentiation of tumor cells may be related to the
damage and repair respectively of the transmembrane signal
transmission chain. Modifying or multiplying certain
molecules involved may induce abnormalities in the chain
and disorganization of the molecular processes, resulting in
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the loss of control of cell transformation and growth, which
would lead to malignant tumors. Repairing or changing
certain molecules involved can help restore the damaged
transmembrane signal transmission chain, causing malignant
tumor cells to redifferentiate and thus helping cancer cells
to reverse their course of development. This procedure
involves many kinds of molecules on the cell membrane,
especially membrane proteins and membrane lipids. The
canceration of cells and its reversion are both related to
the fluidity of membrane[4,26]. Experiments in the present
study show that Haimiding can lower the microviscosity of
red cell membrane in tumor-bearing mice, resulting in the
increase of membrane fluidity, and is thus helpful for adjusting
the immunological functions of red cells in the organism and
for restoring to normal the damaged transmembrane signal
transmission chain, thus increasing the killing power of red
cells on tumor cells.
After red cells are hemolyzed hypotonically and
centrifuged at high speed, red cell membrane can be
obtained. This is the so-called “ghost”. Following treatment
with detergent, SDS-polyacrylamide gel electrophoresis is
performed on the sample. Red cell membranes are separated
into different bands, which are treated with antibodies for
shrinking protein, anchor protein, band 3 protein and band
4.1 proteins in immunoblot experiment. The results show
that the polymers consist mainly of shrinking protein, anchor
protein, and band 3 protein[14]. Thus far, we have discovered
that the immune effect of red cells is mainly due to the
protein molecules, such as CR1 and CR3, on their membranes.
These proteins on the membranes of red cells are specially
structured. They are not fixed on the membrane with a
transmembrane structure of more than 20 hydrophobic amino
acids, but are anchored on the membrane by covalently
binding with some glycosyl phosphoric acid myoinositol,
which increases their movability on the membrane, enabling
these protein molecules, which are of a limited number, to
be in direct contact with a large number of ligands to bring out
their biological functions. However, in certain circumstances,
such as when the organism is experiencing abnormality in
its physiological functions, or when the cell membrane is
damaged, or when shrinking proteins (i.e., band 1 and band
2 proteins) and band 4.1 proteins are cross-linked into high
polymers, the composition of membrane proteins would
change greatly. The cross-linking of membrane proteins
directly affects the degree of freedom with which their spatial
configurations can be changed, leading to changes in the
mechanical properties of the membrane[27] . But findings
from experiments for the present study show that Haimiding
can improve the spatial stability of membrane proteins that
have already undergone changes. From comparison with
the saline group, it can be shown that Haimiding can
significantly lower the production of high polymers of red
cell membrane proteins of tumor-bearing mice, with the
effect being significantly better with the groups administered
medium dosage of Haimiding (50 mg/kg) than with the
other two groups (P<0.01). Decrease in the amount of high
polymers of membrane proteins can increase the fluidity
of the membrane, decrease its microviscosity, accelerate
the speed of blood flow, and increase the capacity of red
cells to adhere immunologically to tumor cells. These findings
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show that Haimiding can enhance the immunological effect
of red cells of the organism by lowering the production of
high, protein polymers on the membrane of these cells, thus
enabling them to adhere immunologically to tumor cells.
SA is a residue on the extremes of glycoproteins and the
sugar chain of glycolipids on cell membrane that is widely
distributed on the surface of the cell membrane (including
that of red cells) of mammals and is the main source of
negative cellular electric charges. It is also an important
component of receptors on cell membrane, taking part in
physiological processes such as cell differentiation, the
metastasis of cancer cells, and the recognition, adhesion,
and tactile inhibition of cells. It is a key to determining what
important features the cell membrane has[28,29]. Therefore,
changes in the SA content of cell membrane can lead to a
series of biological changes inside the cell. SA is also an
important component of the C3b receptor (CR1) of red
cells[30]. As mentioned earlier, CR1 is an important material
basis for red cells to perform their immunological functions,
that is to say, the amount of SA determines the activity of
CR1 receptors, thus also determining the immune effect
of the organism’s red cells. Experimental results show that
the SA content of red cell membrane of tumor-bearing
mice has clearly decreased, and that it further decreases
after chemotherapy. The SA content of red cell membrane
of groups to which Haimiding was administered, on the
other hand, was clearly higher than that of the negative
control and the positive groups, and the gap between them
was very large. Based on the above analysis, it seems that
Haimiding serves to enhance the immunity of the organism
by affecting the SA content in red cell membrane and thus
the activity of CR1.
Since the SA content of cell membrane is closely related
to its activity, further research on the effect of Haimiding
on the activity of red cell membrane is very important. In
isotonic solution, the membrane of red cells can reseal,
thus restoring the permeability barrier to macromolecules
and cations, forming a sealed membrane. The index measuring
the capacity of red cell membrane to reseal is sealability.
Due to the growth of the tumor and the effect of antitumor drugs, the functioning of the membrane will inevitably
change, and sealability can be used to indicate the extent of
this change. Our experimental results show that the
sealability of the red cell membrane of tumor-bearing mice
is lower than that of normal mice, but Haimiding can increase
sealability, suggesting that it can help restore the functions
of red cell membrane. 5-Fu, on the other hand, does not
have this effect. Increase in the activity of red cell membrane
results in its various functions approaching the normal, which
is the fundamental reason why the immune efficacy of red
cells is enhanced and why the secretion of SA is increased.
The membrane of tumor cells can also reseal, but its sealability
is lower than that of normal red cells. Findings from the
treated groups show that both Haimiding and 5-Fu can lower
the sealability of tumor cells, suggesting that the activity of
cell membrane has been lowered, which may lead to the
disorganization and death of the tumor cells.
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Abstract
AIM: To investigate the in vitro antitumor effect of
adenovirus-mediated small interfering RNAs (siRNAs) on
pancreatic cancer and the associated mechanism.
METHODS: A 63-nucleotide (nt) oligonucleotide encoding

K-rasval12 and specific siRNA were introduced into pSilencer
3.1-H1, then the H1-RNA promoter and siRNA coding
insert were subcloned into pAdTrack to get plasmid
pAdTrackH1-K-rasval12. After homologous recombination in
bacteria and transfections of such plasmids into a
mammalian packaging cell line 293, siRNA expressing
adenovirus AdH1-K-rasval12 was obtained. Stable suppression
of K-rasval12 was detected by Northern blot and Western
blot. Apoptosis in Panc-1 cells was detected by flow
cytometry.
RESULTS: We obtained adenovirus AdH1-K-rasval12 carrying
the pSilencer 3.1-H1 cassette, which could mediate gene
silencing. Through siRNA targeted K-rasval12, the oncogenic
phenotype of cancer cells was reversed. Flow cytometry
showed that apoptotic index of Panc-1 cells was significantly
higher in the AdH1-K-rasval12-treatment group (18.70% at
72 h post-infection, 49.55% at 96 h post-infection)
compared to the control groups (3.47%, 3.98% at 72 and
96 h post-infection of AdH1-empty, respectively; 4.21%,
3.78% at 72 and 96 h post-infection of AdH1-p53,
respectively) (P<0.05).
CONCLUSION: These results demonstrate that adenoviral

vectors can be used to mediate RNA interference (RNAi)
to induce persistent loss of functional phenotypes. In gene
therapy, the selective down-regulation of only the mutant
version of a gene allows for highly specific effects on
tumor cells, while leaving the normal cells untouched. In
addition, the apoptosis of pancreatic cancer cell line Panc-1
can be induced after AdH1-K-rasval12 infection. This kind
of adenovirus based on RNAi might be a promising vector
for cancer therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic carcinoma is a very aggressive carcinoma and
has the worst prognosis among common gastrointestinal
cancers. Its carcinogenesis is a multistep process, often
requiring 7 to 10 discrete (epi) genetic events that endow
the cells with an ever-increasing proliferative advantage[1].
These multiple genetic alterations include dominant mutant
oncogenes. It is often not clear which of these oncogenes is
continuously required, and which may inhibit tumorigenesis
when inactivated. In order to develop effective anti-cancer
therapies, it is essential to know which of these events is
still required late in the process of tumor progression to
maintain an oncogenic phenotype. In 85% cases of
pancreatic carcinoma, Ras genes were mutated[2,3]. The
proteins encoded by the Ras genes (K-ras, H-ras, and N-ras)
are guanine nucleotide binding proteins that associate with
the inner plasma membrane and transduce external signals
to the interior of cells. They regulate a broad spectrum of
cellular activities, including cell proliferation, differentiation,
and survival[4]. Mutant Ras oncogenes often contain point
mutations that alter only a single amino acid, which locks
the oncogenic Ras proteins in a persistently activated GTPbound state[5,6]. Single amino acid substitutions at codons
12, 13 or 61 of Ras p21 protein result in aberrant Ras
proteins that contribute to the formation of malignancy due
to the disruption of normal GTPase activity of proteins[7].
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The codon 12 mutation has been identified as the most
predominant mutation among the hot spots[8]. However,
the variability of residue substitutions at this position seems
limited. The substitution of the normal codon 12 Gly residue
by Val residue has been documented[8]. In mouse models
of cancer, somatic activation of oncogenic K-ras is necessary
for early onset of tumors, and its continuous production
for maintenance of tumor viability[9-12]. A difficulty in using
Ras oncogenes as targets in anti-cancer therapy is that at
present, it is not possible to specifically inhibit only the
oncogenic Ras alleles[3,7,9]. This may be essential, since the
wild-type K-ras gene appears to be required for viability, as
evidenced by the embryonic lethal phenotype of mice
nullizygous for K-ras[13] . Therefore, tools are required to
effectively inhibit the activity of oncogenic K-ras, but not
that of the wild-type K-ras protein in normal tissues. We
report here that oncogenic alleles of K-ras could be
specifically and stably inactivated in human pancreatic cancer
cells using a viral RNA interference (RNAi) vector, leading
to loss of tumorigenicity.
RNAi is a process during which double-stranded RNA
induces the homology-dependent degradation of cognate
Mrna[14]. In several organisms, introduction of doublestranded RNA has been proven to be a powerful tool to
suppress gene expression through a process known as RNAi[15].
However, in most mammalian cells this provokes a strong
cytotoxic response[16] . This non-specific effect could be
circumvented by use of synthetic siRNAs [21- to 22nucleotides], which could mediate strong and specific
suppression of gene expression[17]. Ever since synthetic
21-23 nucleotide siRNA has been shown to induce efficient
RNAi in mammalian cells[17,18], siRNA is routinely used in
gene silencing by transfection of chemically synthesized
siRNA[19] . However, this reduction in gene expression is
transient, which would severely restrict its applications. To
circumvent the high cost of synthetic siRNA and establish
stable gene knock-down cell lines by siRNA, several plasmid
vector systems have been designed to produce siRNA inside
cells driven by RNA polymerase III-dependent promoters,
such as U6- and H1-RNA promoters [20-24]. With these
plasmid vectors, the phenotypes of gene silencing could be
observed by stable transfection of cells[20] . Nevertheless,
transient siRNA expression, low and variable transfection
effciency remain the problems for such plasmid vector
derived siRNA. Recently, several virus vectors have been
developed for efficient delivery of siRNA into mammalian
cells[25-27]. Retroviral vectors have been designed to produce
siRNA driven by either U6- or H1-RNA promoter for
efficient, uniform delivery and immediate selection of stable
knock-down cells[25,26]. But retroviruses can integrate into
genome and have a narrower spectrum of cell types than
adenoviruses[28-30].
Decades of studies of adenovirus biology have resulted
in a detailed picture of the viral life cycle and the functions
of the majority of viral proteins. The genome of the most
commonly used human adenovirus (serotype 5) consists of
a linear, 36-kb, double-stranded DNA molecule. Both
strands are transcribed and nearly all transcripts are heavily
spliced. Additionally, high titers of viruses and high levels of
transgene expression generally can be obtained. Recombinant
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adenoviruses currently are used for a variety of purposes,
including cancer gene therapy[28-30] . Two approaches are
traditionally used to generate recombinant adenoviruses. The
first involves direct ligation of DNA fragments of the
adenoviral genome to restriction endonuclease fragments
containing a transgene[31,32] . The low efficiency of large
fragment ligations and the scarcity of unique restriction
sites have made this approach technically challenging. The
second and more widely used method involves homologous
recombination in mammalian cells capable of complementing
defective adenoviruses (‘‘packaging lines’’)[33,34]. The desired
recombinants are identified by screening individual plaques
generated in a lawn of packaging cells[35]. Though this
approach has been proven extremely useful, the low
efficiency of homologous recombination, the need for
repeated rounds of plaque purification, and the long time
required for completion of the viral production process
have hampered more widespread use of adenoviral vector
technology. The problems noted above have stimulated
novel methods for generating adenoviral vectors. Six years
ago, a simplified system (AdEasy system) for generating
recombinant adenoviruses was developed[36] . This system
results in highly efficient viral production procedures that
often obviate the need for plaque purification and
significantly decrease the time required to generate usable
viruses.
In this study, we developed a simple adenovirus system
utilizing the well-defined polymerase III H1-RNA promoter
to drive efficient expression of siRNA in human cancer
cells. Our results demonstrate efficient and specific knockdown of K-rasval12 in Panc-1 pancreatic carcinoma cell lines
and indicate a promising application of this adenovirus
system in cancer gene therapy.

MATERIALS AND METHODS
Plasmids, cell lines, medium, and reagents
Plasmids pSilencer3.1-H1 and pSP72 were purchased from
Ambion Inc. (TX) and Promega Corp. (WI), respectively.
Plasmid pAdTrack was kindly provided by Dr. Bert
Vogelstein (Johns Hopkins Oncology Center, USA).
Plasmid pSUPER-p53 was kindly provided by Dr. Reuven
Agami (Center for Biomedical Genetics, Netherlands). All
cell lines (Panc-1, HeLa) were purchased from the American
Type Culture Collection. These lines were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Life
Technologies, CA) supplemented with 100 mL/L fetal
bovine serum (FBS, HyClone, UT), 100 U/mL of penicillin,
and 100 g/mL of streptomycin at 37 ℃ in 50 mL/L
CO2. Lipofectin was purchased from Invitrogen Corp. (CA).
The antibodies used in this study were human K-ras (F234,
mouse monoclonal IgG), p53 (DO-1, mouse monoclonal
IgG) and actin (I-19, goat polyclonal IgG) from Santa Cruz
Biotechnology Inc. (CA). 32P-DNA probe was from Promega
Corp. (WI).
Plasmid constructs
The 63 nt oligonucleotides encoding human K-rasval12 specific
siRNA were 5’gatccgttggagctgttggcgtagttcaagagactacgcca
acagctccaactttttggaaa3’ and 5’agcttttccaaaaaagttggagctgttggc
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gtagtctcttgaactacgccaacagctccaacg3’. These oligonucleotides
were annealed and ligated to the BamHI and EcoRI sites of
pSilencer3.1-H1 to get plasmid pSilencer3.1-H1-K-rasval12,
subcloned into pSP72 (with HindIII and EcoRI) and then
cloned into pAdTrack (with HindIII and BglII) to obtain
plasmid pAdTrackH1-K-ras val12. pAdTrackH1-p53 (the
pSUPER-p53 positive control contains the oligonucleotides
encoding p53-specific siRNA) and pAdTrackH1-empty were
constructed according to the procedures as described above.
The inserted sequences were confirmed by dideoxy
sequencing.
Production of recombinant adenovirus and cell infection
We employed an efficient homologous recombination system
as described[36]. The shuttle vectors pAdTrackH1-empty,
pAdTrackH1-p53 and pAdTrackH1-K-rasval12 were linearized
with PmeI and transformed into BJ5183 cells (harbor
pAdEasy-1) by electroporation. Positive clones were selected
and confirmed by DNA miniprep and PacI digestion.
Plasmids from correct clones were amplified by transforming
into DH10B cells. Miniprep plasmid DNA was prepared
by a standard alkaline lysis procedure. The resulting
adenoviral DNA (AdEasyH1-K-rasval12, AdEasyH1-empty
and AdEasyH1-p53) was linearized with PacI and purified
by ethanol precipitation. The packaging cell line Ad-293
was grown in DMEM supplemented with 100 mL/L FBS,
100 U/mL penicillin and 100 mg/mL streptomycin in a
humidified atmosphere containing 50 mL/L CO2 in air at
37 ¡æ. Twenty-four hours before transfection, 0.3×106 cells
were plated in a 6-well plate to reach a 50-70% confluency.
Cells were transfected according to the manufacturer’s
instructions (Invitrogen, CA). After 4-6 h, the medium
containing the transfection mix was replaced with the growth
medium. Transfected cells were incubated for an additional
period of 7-10 d and medium was changed every 2-3 d.
Viruses were harvested, amplified and titered according
to the manufacturer’s instructions (Stratagene, CA). The
efficiency of packaging and amplification could be
observed under the fluorescence microscope at 470 nm
everyday.
Pancreatic carcinoma Panc-1 cells and cervical carcinoma
HeLa cells were grown in DMEM supplemented with
100 mL/L FBS, 100 U/mL penicillin and 100 mg/mL
streptomycin at 37 ℃ in 50 mL/L CO2. On the day before
virus infection, 0.3×106 Panc-1 or HeLa cells were plated
in each well of 6-well plates. On the following day, the
cells were incubated with recombinant viruses (AdH1-Krasval12, AdH1-p53 or AdH1-empty) at a multiplicity of
infection (MOI) of 10-20 at 37 ℃. After adsorption for
1-2 h, 2 mL of fresh growth medium was added and cells
were placed in the incubator for an additional period of
3-5 d.
Western blot analysis
Panc-1 and HeLa cells were infected by adenoviruses and
harvested after 60 h infection, washed once with cold
phosphate buffered saline (PBS, pH 7.0) and lysed in lysis
buffer (150 mmol/L NaCl, 50 mmol/L Tris-HCl, pH 7.4,
2 mmol/L EDTA, 1% NP-40) containing protease inhibitors
(Boehringer Mannheim, Germany). Total protein (30 g
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per lane) was resolved on SDS-polyacrylamide gel and
transferred onto a nitrocellulose membrane and incubated
with anti-K-ras val12, anti-p53 and anti-actin antibodies,
followed by incubation with corresponding secondary
antibodies. The bands were visualized by using the enhanced
chemiluminescence system (Pierce, Rockford, IL). As a
control, Panc-1 and HeLa cells without adenovirus infection
were used for detecting K-rasval12.
Northern blot analysis
Panc-1 cells were infected as described above, and total
RNA (30 g) was extracted 60 h later. RNA was loaded on
11% denaturing polyacrylamide gels, and separated and
blotted as described[37]. Anti-sense strand of K-rasval12 was
labeled by 32 P. The control 5S-rRNA band was detected
with ethidium bromide (EB) staining.
Flow cytometry analysis
At 72 and 96 h post-infection with viruses, Panc-1 cells
were trypsinized, washed with PBS. The harvested cells were
fixed in 750 mL/L ethanol overnight at 4 ℃, washed with
PBS, digested by DNase-free RNase A (to a final concentration
of 100 g/mL) for 30 min at 37 ℃, stained with 50 mg/mL
propidium iodide (PI) in PBS (1 h on ice in the dark), and
then measured by flow cytometer (Beckman, IL) for relative
PI fluorescence (FL-2). The apoptotic index was a mean of
four independent experiments.
Measurement of cell proliferation
In DMEM containing 100 mL/L serum, 2×10 4 Panc-1
and HeLa cells were infected with either AdH1-K-rasval12,
control AdH1-p53 or AdH1-empty viruses. Then the cells
were resuspended in 2 mL of 4 g/L low melting point
agarose and seeded in duplicate into six-well plates coated
with 10 g/L low melting point agarose in DMEM containing
100 mL/L FBS and adenoviruses. The number of foci
was scored after 3 wk.
Statistical analysis
Results were expressed as mean±SD and the mean values
were compared by using the ANOVA (SNK, StudentNewman-Keuls test) in the SAS 8.1 software. P<0.05 was
considered statistically significant.

RESULTS
Generation of siRNA-expressing adenoviruses: AdH1-K-rasval12,
AdH1-empty and AdH1-p53
We utilized an AdEasy-1 system by which adenoviruses were
generated and a pSilencer™ Kit pSilencer 3.1-H1 containing
the well-defined polymerase III H1-RNA promoter to
deliver siRNA expressing cassettes into cells and to silence
a specific gene in human cancer cells. After several rounds
of cloning, the H1-RNA promoter and the 63 nt
oligonucleotide were cloned into the shuttle vector pAdTrack
to get pAdTrack-H1, which could drive the expression
of siRNAs targeting different genes in recombinant
adenoviruses (Figure 1). Here, the 63 nt oligonucleotide
directed against K-rasval12 was introduced into pAdTrack,
then homologously recombined with pAdEasy-1 in E. coli

834

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

BJ5183 and packaged in 293 cells, after which adenovirus
AdH1-K-rasval12 was obtained (Figures 1, 2). In the same
way, AdH1-empty and AdH1-p53 were obtained.

Anneal 63 nt allgonucleotide

K-rasV12
HindIII

pSilencer

BamHI
H1-K-rasV12

HindIII

HindIII

HindIII H1
BamHI
EcoRI

pSP72

EcoRI
H1-K-rasV12
GFP

HindIII

pAdTrack

HindIII

EcoRI
Bg/II

Bg/II

CMV

Bg/II

pAdH1-K-rasV12
pAdEasy1
Linearize with Pad

LITR

Co-transform into E. coli BJ5183 Linearize with Pad
H1-K-rasV12 E1
GFP
E3
RITR
Transfect 293
Harvest viruses
293

Viruses

Figure 1 Schematic outline of siRNA expressing adenovirus AdH1K-ras val12, AdH1-p53 and AdH1-empty.
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Effect of siRNA-expressing adenoviruses at the molecular level
In this study, we tested our system by targeting K-rasval12
gene as a model. To study the inhibitory effects of oncogenic
Ras expression on the tumorigenic phenotypes of human
cancer cells, we targeted the expression of endogenous
mutant K-rasval12 alleles with siRNA vector in the human
pancreatic cell line Panc-1 (Figure 3). To target specifically
the mutant K-rasval12 alleles, the H1-RNA promoter was used
in our strategy. We cloned a 19 nt targeting sequence
spanning the region encoding valine 12 of mutant K-ras
into the pSilencer 3.1-H1 vector, and the yielded pSilencer
3.1H1-K-ras val12 (Figure 1) showed that human pancreatic
carcinoma Panc-1 cells transiently transfected with
pSilencer3.1H1-K-rasval12 had significant suppression of
endogenous K-rasval12 expression, whereas control p53 protein
levels were unaffected (data not shown). We then cloned
the pSilencer3.1H1-K-rasval12 cassettes into the pAdTrack to
generate the adenovirus AdH1-K-rasval12. Viral stocks (AdH1empty and AdH1-p53 viral stocks were used for control
infections.) were used to infect Panc-1 cells that harbored
K-rasval12. In AdH1-K-rasval12 neither AdH1-empty nor AdH1p53 infected Panc-1 cells, K-rasval12 gene was efficiently
silenced 60 h post-infection. After viral infection, Western
blot analysis with anti-K-ras-specific antibodies revealed that
the K-ras val12 expression in AdH1-K-rasval12-infected Panc-1
cells was markedly suppressed compared to the control
infections (Figure 4).
Consistent with this, Northern blot analysis with the
anti-sense strand of K-rasval12 as a probe detected K-rasval12
mRNA generated in the control groups (AdH1-empty and
AdH1-p53) but not in AdH1-K-rasval12 group (Figure 5).
Effect of siRNA-expressing adenoviruses at the cellular level
Flow cytometry analysis was performed to observe the
apoptosis. As shown in Figure 6, knocking down K-ras val12
Panc-1 displayed increased apoptotic cells compared to the

2d

3d

5d

6d

7d

12 d

Figure 2 Foci produced by adenoviruses on d 2-7 and 12 after transfection of 293 cells.
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DNA sequence of Target Sequence (K-rasVal12)
5’

AA

GTTGGAGCTGTTGGCGTAG

3’

Annealed Hairpin siRNA Insert

BamHI
5’-GATCC
3’-G

Sense Strand

RNA pol III
Loop Antisense Strand Terminator Hind III

GTTGGAGCTGTTGGCGTAG TTCAAGAGA CTACGCCAACAGCTCCAAC TTTTTTGGAAA-3’
CAACCTCGACAACCGCATC
AAGTTCTCT GATGCGGTTGTCGAGGTTG AAAAAACCTTTTCGA-5’

SiRNA Hairpin
sense sequence
U UC
5’-GUUGGAGCUGUUGGCGUAG
A
A
3’-UUCAACCUCGACAACCGCAUC
G
A GA
antisense sequence

AdH1-K-rasVal12

AdH1-empty

AdH1-p53

AdH1-K-rasVal12

AdH1-empty

AdH1-p53

Figure 3 Sequence (for detail, refer to[46] ) of Val12 mutant alleles of human K-ras and the predicted mutant-specific short hairpin transcripts
encoded by AdH1-K-rasval12 .

K-rasVal12
Actin
Panc-1

HeLa

Table 1 Cell proliferation assay in soft agar (mean±SD)

AdH1-K-rasVal12

AdH1-empty

AdH1-p53

Figure 4 Representative Western blot analysis for K-rasval12 expression in Panc-1 and HeLa cells 60 h after infection with viral
stocks (AdH1-K-rasval12 , AdH1-empty, AdH1-p53) of three separate
experiments.

rasval12, control AdH1-p53, or AdH1-empty viruses. A total
of 2×104 cells were plated in soft agar and allowed to grow
for three weeks. As expected from transformed human
tumor cell lines, both Panc-1 and HeLa cell lines were able
to grow and form colonies when infected with AdH1-empty
and AdH1-p53 control viruses (Table 1). In contrast,
infection of AdH1-K-rasval12 abolished almost completely the
colony growth of Panc-1 cells in this assay. Importantly,
the effect of AdH1-K-rasval12 was specific, as soft agar growth
of HeLa cells (which contained H-ras oncogene) was
unaffected (Table 1). Our results demonstrated a significant
down-regulation of K-rasval12 expression in Panc-1 cells.

AdH1-K-rasVal12

Cell line
Panc-1
HeLa

4±1.53
300±2

AdH1-empty
202±7.77
299±12.06

AdH1-p53
201±6.56
301±5.57

K-rasVal12
mRNA

The number of soft agar colonies from three independent experiments is presented
(P<0.05).

Figure 5 Northern blot analysis with total RNA from same infected
Panc-1 cells of single experiment.

control groups treated with AdH1-p53 or AdH1-empty. The
percentage of apoptotic cells in the treatment group (18.
70% 72 h post-infection, 49.55% 96 h post-infection) was
significantly higher than that in the control groups (3.
47%, 3.98% 72 and 96 h post-infection of AdH1-empty,
respectively; 4.21%, 3.78% 72 and 96 h post-infection of
AdH1-p53, respectively) (P<0.05).
The presence of oncogenic K-ras alleles was frequent in
human tumors, but almost invariably associated with other
genetic events [3] . To address the question of whether the
oncogenic phenotype of late stage human tumors still
depended on the expression of oncogenic mutant K-ras, we
again used Panc-1 cells. One phenotype associated with
tumorigenicity had the ability to grow independent of
anchorage when plated in a semisolid media (soft agar assay).
We infected Panc-1 and HeLa cells with either AdH1-K-

Percentage of apoptotic cells (%)

5s rRNA
100

AdH1-K-rasVal12

80

AdH1-empty

60

AdH1-p53

40
20
0

72
96
Time after infection (h)

Figure 6 Apoptotic indices shown as the mean of four separate
experiments for each group (P<0.05).

Test of the specificity of siRNA-expressing adenovirus AdH1K-rasval12
We tested the specificity of our targeting construct by
examining the expression of wild type K-ras. We used HeLa
cells, which could endogenously express wild type H-ras and
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AdH1-p53

AdH1-empty

AdH1-K-rasVal12

AdH1-p53

AdH1-empty

AdH1-K-rasVal12

K-ras alleles. Western blot analysis revealed that comparable
levels of wild type H-ras and K-ras proteins were expressed
in HeLa cells, irrespective of whether they were infected
with the same AdH1-K-rasval12, AdH1-p53, or AdH1-empty
adenoviral stocks used for the Panc-1 cells (data not shown).
In contrast, p53 expression was suppressed equally by
AdH1-p53 in both HeLa and Panc-1 cell types, ruling out
the possibilities that the HeLa cells were not infected or lacked
components necessary for RNAi (Figure 7). In addition, Kras val12 was also measured at the protein level. It showed
that K-rasval12 expressed in Panc-1 but not in HeLa (Figure 8).
Thus, the RNAi response provoked by AdH1-K-rasval12
adenoviruses was powerful and sufficiently selective to
distinguish the wild type K-ras alleles from the K-rasval12 alleles,
which differed in 1 bp only.

p53
Actin
Panc-1

HeLa

Figure 7 Stable polyclonal pools of Panc-1 and HeLa cells harboring wild-type H-ras infected with the indicated viral stocks and
immunoblotted for the detection of p53 and actin proteins in single
experiment.

K-rasVal12

Actin
Panc-1

HeLa

Figure 8 Detection of K-ras val12 at protein level in Panc-1 and HeLa
cells without virus infection in single experiment.

DISCUSSION
In cancer gene therapy, successful strategy depends on the
cancer specificity and the efficient delivery into mammalian
cells. In this study, RNAi technique and the human
adenovirus serotype 5 were used to reach the goal. The
availability of a high virus titer, infection of a broad
spectrum of cell types and independence on active cell
division make adenovirus the vector of choice for siRNA
delivery. In the AdEasy-1 system, the backbone vector
containing most of the adenoviral genomes, is used in
supercoiled form, obviating the need to enzymatically
manipulate it. The recombination is performed in E. coli
rather than in mammalian cells. There are no ligation steps
involved in generating the adenoviral recombinants, as the
process takes advantage of the highly efficient homologous
recombination machinery present in bacteria. The vector
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contains a green fluorescent protein (GFP) gene incorporated
into the adenoviral backbone, allowing direct observation
of the efficiency of transfection and infection. In the system,
the process of viral production can be directly and
conveniently followed in the packaging cells by visualization
of the GFP reporter. The packaging cell line 293 is highly
transfectable by lipid-DNA complexes and constitutively
expresses the E1 gene products required for propagation
of all recombinant adenoviruses. The system described
herein has several advantages in terms of easy manipulation
and speed. The ability to recover reasonable quantities of
homogeneous viruses, without plaque purification, represents
a major practical advantage. The GFP tracer makes it
possible to follow all stages of the viral production process
in a convenient fashion. In the case of cells that are
inefficiently infected with adenoviruses, the GFP tracer
additionally makes it possible to isolate expressing cells
through fluorescence-activated cell sorting, thus facilitating
several kinds of experiments. To generate viruses, we must
attach importance to the following considerations. First, high
efficient E. coli BJ5183 competent cells containing
supercoiled circular pAdEasy-1 and constructs can
completely digest with PmeI, guaranteeing the successful
homologous recombination. Second, to produce viruses,
recombinant plasmids can be digested with PacI to liberate
linear adenoviral genomes, then transfected into 293 cells.
It is critical to linearize the vectors at the PacI sites, as
transfection of circular plasmids yields no viruses (data not
shown). Third, homologously recombinant plasmids could
be produced directly from E. coli BJ5183 cells with a
relatively low yield. Therefore, miniprep DNA from E. coli
BJ5183 cells should be used to transform DH10B cells, a
recA strain in which high-quality and high yields of plasmid
DNA could be obtained more easily. The E. coli strain
BJ5183 is not recA, but it is deficient in other enzymes that
mediate recombination in bacteria. It could be chosen from
several strains mutated in recA, recBCD, recJ, or recF[38,39] ,
because of its higher efficiency of transformation and stable
propagation of plasmid DNA in experiments. Once
recombination is achieved and verified, the adenoviral
recombinant DNA can be simply transferred to recA and
endA strains (such as DH10B) for greater yields of DNA
if desired. (Because of its recA status, DH10B can not be
used to generate adenoviral recombinants by homologous
recombination.). In contradiction to the previous literature[36],
we found that it was not important to place the insert in
head-to-tail orientation when the siRNA expressing cassettes
were cloned into pAdTrack. But we could not explain the
phenomenon. If other kinds of expressing cassettes could
be constructed like this, the system would be more
convenient for the production of adenoviruses. Consistent
with the observation of several groups[25-27] , these viral
vectors could infect cells uniformly and rapidly. Given the
simplicity of this system, which employs readily available
reagents, most laboratories have the ability to silence their
genes by recombinant adenoviruses.
RNAi has been widely used in identification and
characterization of genes[40]. In functional genomics, a large
number of genes controlling cell division and metabolism
have been identified by screening with RNAi. Another
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potential application is in the area of gene therapy[41]. It
has been shown recently that RNA viruses are sensitive to
RNAi[42-44]. Nevertheless, our results indicate that adenoviral
vectors could also be used to mediate efficient integration
of pSilencer3.1-H1 cassettes in human cells and direct the
synthesis of siRNAs to suppress gene expression. It is
suggested that the expression of siRNAs may depend on
RNA polymerase III promoter but not on any kind of
vectors.
To detect the effect of AdH1-K-rasval12 at the cellular
level, flow cytometry analysis and measurement of cell
proliferation are employed. Determination of the relative
DNA content of apoptotic nuclei (which are hypodiploid
due to loss of fragments) by PI staining and cytofluorimetric
analysis is a more sensitive way to demonstrate apoptotic
cell death[45] . As shown in Figure 6, after AdH1-K-rasval12
infection, the apoptosis of Panc-1 cells is detected by flow
cytometry. But, in the study of Brummelkamp et al[46], flow
cytometry analyses showed that knocking down K-ras val12
had no significant effect on the ability of Capan-1 cells to
proliferate adherently under standard tissue culture
conditions. We think that it may be due to different viral
vectors or different cell lines. Further researches are needed
to explain the contradiction. Consistent with Brummelkamp
et al[46], soft agar assay demonstrates that viral vectors could
be used to mediate RNAi to induce persistent loss of
functional phenotypes, suggesting that siRNAs-expressing
adenoviruses can be used for cancer therapy at the late
stage of human tumors. Nevertheless, adenoviruses must
be employed repeatedly.
In mammalian cells, dsRNA larger than 30 bp was
reported to induce generally non-specific suppression of gene
expression by activating the antiviral interferon response[14].
This obstacle has been overcome by the discovery that the
effector in RNAi is an siRNA which is 21-23 nt long with 2
nt 3’-overhang and 5’-phosphate. The successful gene
silencing with chemically synthesized 21-22 nt siRNAs can
rapidly trigger its wide application in mammalian cells[14,17,18].
It has been demonstrated that a vector derived from
polymerase III-dependent H1-RNA gene promoter can
produce siRNA and cause efficient and specific downregulation of gene expression, resulting in functional
inactivation of the targeted genes[20]. Almost all the elements
of H1-RNA promoter are located upstream of the
transcribed region, and it is ideally suitable for the expression
of about 19 nt siRNAs. It has been reported that stemloop precursor transcripts are generated and processed to
functional siRNA by cellular enzymes[20]. This small size of
siRNA could prevent activation of the dsRNA inducible
interferon system present in mammalian cells and avoid
the non-specific phenotypes normally produced by dsRNA
larger than 30 bp in somatic cells[20,46]. Similarly, our results
showed the specificity. Adenovirus-delivered siRNAs may
be an ideal method for tumor-specific gene therapy.
In conclusion, a simple siRNA delivery strategy can be
developed by combination of well-defined H1-RNA
promoters and pAdEasy-1 adenovirus system. Vectors like
these have at least two potential applications. In gene therapy,
the selective down-regulation of only the mutant version
of a gene allows for highly specific effects on tumor cells,
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while leaving the normal cells untouched. This feature greatly
reduces the need to design viral vectors with tumor-specific
infection and/or expression. By designing target sequences
that span chromosomal translocation breakpoints found in
cancer, these vectors may also be used to specifically inhibit
the chimeric transcripts of these translocated chromosomes.
The recent demonstration that siRNAs can inhibit gene
expression in vivo provides further support for the notion
that oncogene-specific RNAi may be a viable approach to
the treatment of cancer [47,48]. This technology has a
foreseeable wide application in experimental and clinical work
for cancer therapy. In addition, these vectors can be used
to efficiently identify the genetic events that are required
for cancer cells to manifest a tumorigenic phenotype.
Through the use of this technology, out of the many genetic
alterations present in most human cancer cells, the most
effective targets for drug development can be rapidly
identified[46]. Furthermore, an apparent apoptosis in Panc-1
cells has been mediated by replication-incompetent
adenoviruses. The mechanism needs to be further
investigated. Since this kind of viruses transiently expresses
exogenous genes, in order to get a persistent gene expression,
we are developing a conditionally replicative virus that can
express siRNA for cancer therapy.
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Abstract
AIM: To assess the relationship between severity of
gastroesophageal reflux disease and apnea-hypopnea
index (AHI) as an indicator of the severity of obstructive
sleep apnea.
METHODS: Data of 57 patients with proven obstructive
sleep apnea and gastroesophageal reflux disease were
analyzed. Patients were divided into two groups according
to severity of the sleep apnea: “mild-moderate” (A)-AHI
≥5-30, n = 27, “severe” (B)-AHI >30, n = 30. All patients
underwent apnea monitoring during the night, upper
panendoscopy and were asked about typical reflux
symptoms.

RESULTS: All examined patients in both groups showed
a significant overweight and there was a positive correlation
between body mass index and the degree of sleep apnea
(P = 0.0002). The occurence of erosive reflux disease
was significantly higher in “severe” group (P = 0.0001).
Using a logistic regression analysis a positive correlation
was found between the endoscopic severity of reflux
disease and the AHI (P = 0.016). Forty-nine point five
percent of the patients experienced the typical symptoms
of reflux disease at least three times a week and there
was no significant difference between the two groups.
CONCLUSION: A positive correlation can be found between
the severity of gastroesophageal reflux disease and
obstructive sleep apnea.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There is an increasing mass of evidence for a link between
the obstructive sleep apnea (OSA) and gastroesophageal
reflux disease (GERD). The large negative intrapleural
pressure swings during apnea should facilitate reflux events[1].
A further factor to be considered regarding the OSA-GERD
relationship is that the diaphragm is connected to lower
esophageal sphincter (LES) through the phreno-esophageal
ligament (PEL). During apnea the respiratory work of the
diaphragm increases extremely. This increased burden affects
the cardia through the frequent change of the position of
PEL. This leads partly to the loss of the cardia muscle tone[2].
The European Community Respiratory Health Survey
published in 2002 noted that GERD development during
sleep is an important determinant of the respiratory balance,
since it may play a role as an aggravating or causal factor in
relation to the nocturnal asthma, chronic cough, recurrent
bronchitis and respiratory disorders during sleep[3]. A higher
frequency of GER-related symptoms has been found in
patients with OSA than in the control subjects[4,5]. More
reflux events could be identified in OSA patients than in
controls during one-channel esophageal pH-metry[6]. The
number of reflux events could be reduced with nasal
continuous positive airway pressure (nCPAP) treatment for
both the patients with OSA and GERD[7-9] . These data
suggest that OSA may be a significant cause of GERD.
The influence of the severity of OSA on endoscopic findings
in patients with GERD and OSA has not been analyzed yet.
MATERIALS AND METHODS
Fifty-five patients with proven OSA were referred for
upper panendoscopy. Diagnosis of sleep apnea was based
on a 12-channel polysomnography (2-channel EEG/
electroencephalography/, EOG/electrooculography/, chin
EMG/electromyography/, ECG/electrocardiography/,
nasal and oral flow-metry, detection for O2-saturation,
pulseoxymetry, detection for thoracic and abdominal
movements, phonometry) performed using the Morpheus
Medatech system in our sleep lab. All patients underwent upper
panendoscopy and were asked about the frequency of
typical reflux symptoms. Epworth sleepiness scale (ESS)[10]
was completed by patients to measure their daytime sleepiness.
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The classification of GERD was based on endoscopic findings.
We used the conventional Savary-Miller classification of the
disease[11]. The patiets’ data were collated on an Excel 9.0
worksheet, including the severity grades of GERD (0-4),
the apnea-hypopnea index (AHI), the frequency of typical
GERD symptoms (heartburn, regurgitation of gastric content,
dysphagia, age, gender, the score of ESS and body mass
index /BMI/. The patients were divided into two groups
according to the severity of sleep apnea[12] : “mild-moderate”
(A)-AHI ≥5-30, n = 27; “severe” (B)-AHI >30, n = 30.
Statistical analysis
I n case of continuous and category variables, a
nonparametric t test (Mann-Whitney), one way ANOVA
test and 2 test were used. In the event of dichotomous
variables, 2 “for trend” test was performed. The relationship
between the severity of reflux disease and AHI was analyzed
with the help of logistic regression analysis.
We relied on the conventional P<0.05 critical values
regarding the statistical tests of the results. We used the
SPSS 9 for Windows software package for the statistical
procedures.

RESULTS
The total available population covered 57 patients. This
population was characterized by an average age of 51.38 years
(SD±9.16), a male/female ratio of 2.8:1 (73.7% vs 26.3%)
and an average BMI of 34.20 kg/m² (SD±8.79). Using the
Savary-Miller definitions, our patients displayed the following
distribution alongside the endoscopic categorization of reflux
disease: 11 (19.3 %) GERD 0 subjects, 13 (22.8%) GERD
I subjects, 20 (35.1%) GERD II subjects, 7 (12.3%) GERD
III subjects, and 6 (10.5%) GERD IV subjects (Table 1).
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Table 1 Distribution of GERD types
Population (n = 57)

Occurrence

GERD 0
GERD 1
GERD 2
GERD 3
GERD 4

Percentage (%)

11
13
20
7
6

19.3
22.8
35.1
12.3
10.5

The population mean of AHI used as a direct measure
of the severity of sleep apnea was 40.8 (SD±35.18). The
patients were divided into two groups according to the
severity of sleep apnea: “mild-moderate” (A)-AHI ≥5-30,
n = 27 and “severe” (B)-AHI >30, n = 30. Comparison of
clinical data of groups is summarized in Table 2.
The percentage of female patients was 37% in group A
and 16% in B. The BMI was significantly higher in group B
than in group A (P = 0.0002). There was no significant
difference between two groups in respect of typical reflux
symptoms (52% vs 47%), but in 50.5% of the study
population these symptoms were negative (poor) according
to our determination. When the endoscopic findings of
GERD were analyzed, a higher frequency of severe cases
was found in group B (P = 0.0001). In group A the incidence
of GERD 0 was one-third of the cases, whereas in group
B that was only 7%.
We compared the clinical (sleep) parameters and GERrelated symptoms in each grade of GERD (Table 3). No
significant difference was found between grades in respect
of age, gender and GER-related symptoms. A positive
correlation could be found between the severity of GERD
and BMI. A very close connection was demonstrated
between the severity of GERD and AHI values and the
scores of Epworth scale.

Table 2 Comparison of clinical data between A and B group
Variable
Number of cases
Age (yr)
Gender (women, %)
BMI
AHI
GER-related symptoms +(%)
GERD endoscopic findings (%)

1

“A” group (AHI≤30)

“B” group (AHI>30)

Total

P1

27
51 (41-54)1, 2
37
31.2 (27.1-34.3)
10.1 (7-21)
52
0:33
1:33
2:34
3:0
4:0

30
53.5 (48-59.5)
16
36.4 (32.3-41.9)
56.7 (38.3-88.0)
47
0:7
1:13
2:37
3:23
4:20

57
52 (44.5-57.5)
26
33.8 (28.6-38.0)
35 (10.6-60)
49.5
0:19
1:23
2:35
3:12
4:11

0.07
0.13
0.0002
<0.0001
0.79
<0.0001

Non-parametric t-test (Mann-Whitney),  2 -test, endoscopic findings:  2-test for trend 1, 2median (interquartile range).

Table 3 Relationship between the severity of endoscopic findings, clinical parameters and GER-related symptoms
Variable
Number of cases
Age (yr)
Gender (women, %)
BMI
Epworth
AHI
GER-related symptoms +(%)
1

GERD “0”

GERD “1”

11
52 (42-53)2
18
29.5 (26.9-36.1)
11 (8-14)
14 (8-26)
18.2

13
53 (45-55)
31
33.9 (31.2-37.4)
9 (7-12)
11.2 (10-35)
61.5

GERD “2”
20
53 (43-59)
35
32.3 (28.6-35.0)
12.5 (10-16.5)
31.5 (16.4-66.1)
60

GERD “3”
7
53 (48-60)
29
37.8 (33.2-40.6)
15 (14-19)
65 (56.7-99.3)
57.1

GERD “4”
6
50 (48-50)
0
40.8 (35.8-47.3)
17 (16-18)
63.4 (45-83)
50

In case of continuous variable one-way ANOVA and dichotomous variable  2-test for trend (P<0.05 significant) 2median (interquartile range).

P1

0.79
0.197
0.04
0.006
0.0001
0.178

Demeter P et al. Gastroesophageal reflux and sleep apnea

We could reach essentially similar conclusions on the
basis of logistic regressions investigating the severity of
endosopic findings and AHI values as indicator of the
severity of OSA (Table 4).

Table 4 Logistic regression analysis in terms of the severity of
GERD 1 and the relationship between BMI and AHI
Not-adjusted model

Adjusted at AHI 2

BMI 3

1.9 (0.64-5.88) 0.23 4

1.27 (0.38-4.15) 0.68

AHI 3

4.09 (1.31-12.74) 0.016

3.79 (1.25-12.4) 0.028

Severity of GERD: mild: 0-1, severe: 2-4 2Classifying the AHI values: low: ≤the
median of all patients (35); high: > the median of all patients (35); 3 Classifying
the BMI: low: ≤the median of all patients (33.8); high: >the median of all patients
(33.8); 4Confidence interval; P<0.05 significant.
1

841

challenge, Wolf et al presented a case of a long-term severe
GERD patient who was treated with a high dose of
omeprasole and antacids. Eventually OSA was identified in
the background of this condition, which came into light
due to the complaint of daytime somnolence. The nCPAP
therapy achieved a significant improvement regarding
GERD and other symptoms as well. However, nCPAP could
decrease gastroesophageal reflux in patients without OSA
by increasing the intra-esophageal pressure[9].
In conclusion, severity of OSA and GERD is probably
parallel to each other. A high percentage of patients with
fewer and indefinite complaints suggests the role of
nocturnal GERD in OSA patients. Severity of OSA is
correlated to the endoscopic findings in GERD.
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Abstract
AIM: To evaluate susceptibility of Helicobacter pylori to
amoxicillin and clarithromycin in end-stage renal disease
(ESRD) patients and non-uremic controls.
METHODS: The subjects with dyspeptic complaints were
33 ESRD patients and 46 age- and sex-matched nonuremic controls who exhibited H pylori on antral biopsy
specimens. The two groups were age and sex matched.
The H pylori strains’ pattern of susceptibility to amoxicillin
and clarithromycin was investigated with the agar dilution
technique.
RESULTS: None of the H pylori strains from either group
showed resistance to amoxicillin with the agar dilution
method. Twelve (36.4%) of the ESRD group strains and
7 (15.2%) of the control group strains showed resistance
to clarithromycin, and this difference was statistically
significant (P<0.05).
CONCLUSION: Resistance to amoxicillin does not appear
to be an important problem in H pylori-infected ESRD and
non-uremic patients in our region. In contrast, the rates
of resistance to clarithromycin are high, particularly in
the ESRD population.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infection is the most common
chronic bacterial infection in humans. Estimates indicate
that approximately 60% of the world population is colonized
with this agent. In addition to the direct effects of H pylori,
complications related to infection with this bacterium are
serious public health problems[1]. H pylori is a gram-negative,
spiral-shaped bacillus that colonizes the antrum of the
stomach causing type B chronic-active antral gastritis.
Research has established that a number of diseases of the
gastrointestinal system are linked with H pylori infection.
Specifically, this condition is known to play an important
role in the pathogenesis of peptic ulcer disease, and is also
associated with gastric cancer[2,3] .
The ideal treatment for H pylori infection is yet to be
discovered. Triple-agent protocols involving a proton-pump
inhibitor and two antibiotics are frequently used[4-6]. Most
patients with H pylori infection respond well to these regimens;
however, therapy may fail due to antibiotic resistance, poor
compliance, or treatment-related factors (number/doses of
combined medications, dosing frequency, and/or treatment
duration). Antibiotic resistance is an important cause of
H pylori treatment failure. In order to administer optimal
treatment in a given region, it is critical to know the antibiotic
susceptibility pattern for the strains that exist in the area[7-10].
The epidemiological data concerning H pylori infection
in end-stage renal disease (ESRD) patients are insufficient[11].
Most studies of the epidemiological features of H pylori
infection have revealed similar findings in ESRD and nonuremic patients[11]. The prevalence rates of H pylori infection
and dyspeptic complaints in ESRD patients are high. Most
individuals with ESRD exhibit immune system dysfunction,
and these patients also tend to require frequent invasive
procedures. These factors result in increased rates of
infection, and this explains the very high frequencies of
antibiotic use in this population.
We designed a controlled study to investigate possible
differences in antibiotic resistance pattern for H pyloriinfected ESRD patients and non-uremic controls at a major
center in Ankara, Turkey.
MATERIALS AND METHODS
Subjects
Thirty-three ESRD patients who arrived at our gastroenterology
clinic with dyspeptic complaints were enrolled in the study.
Forty-six dyspeptic control patients with normal renal
function and no other known health problems also
participated. The ESRD group comprised of 17 (51.5%)
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females and 16 (48.5%) males. The mean age of these
patients was 42±14 years, and the mean hemodialysis
duration 4.1±2.8 years. The control group comprised of
26 (56.5%) females and 20 (43.5%) males of mean age
43±14 years (Table 1). The two groups were age and sex
matched (P>0.05). Each of the 79 subjects was investigated
with upper gastrointestinal endoscopy. The exclusion criteria
were as follows: prior treatment for H pylori infection; use
of any antibiotic, proton-pump inhibitor, H 2-receptor
antagonist or bismuth-containing drugs in the 30 d before
the study; negative H pylori culture from an antral biopsy
specimen; and positive H pylori culture but insufficient growth
for antibiotic susceptibility testing.
The study was conducted according to the guidelines of
the Declaration of Helsinki. The study protocol was
approved by the Local Ethics Committee of Baskent
University. Patients were enrolled in the study after getting
their written informed consent.
Endoscopic procedure
All the upper gastrointestinal system endoscopy procedures
were performed under appropriate sedation (lidocaine
10 mg/puff for pharyngeal anesthesia and intravenous
midazolam 2.5-7.5 mg for premedication) using the same
videoendoscope (Olympus GIF Q240). Two biopsy
specimens were collected in each case, one from the prepyloric region and one from the incisura angularis. Tissues
were placed in selective medium (Brucella broth culture
containing 20% glycerol) for transfer to the laboratory.
Culture
Within 4 h of the endoscopy procedure, each biopsy
specimen was placed in 0.5 mL sterile saline and
homogenized in a tissue homogenizer. Two droplets of each
homogenate were placed in 7% sheep blood Brucella agar,
and the plates were incubated in microaerophilic conditions
at 37 ℃ for 3-7 d. Another sample was gram stained and
examined under the microscope for gram-negative spiral
bacilli. Isolates from the cultures were identified as H pylori
based on typical colony morphology on selective agar, and
with gram staining and oxidase, catalase and urease tests.
The bacteria cultured from each case were kept in
separate cryo vials with 0.75 mL of 20% glycerol containing
Brucella broth medium at -80 ℃ until susceptibility testing
was done.
Minimum inhibitor concentration study
Each stock cultured specimen was warmed, re-plated on
7% sheep blood Brucella agar medium, and incubated in
microaerophilic conditions at 37 ℃ for 3-5 d. The pure
cultured H pylori strains were then tested for susceptibility
to amoxicillin and clarithromycin using the agar dilution
method, in accordance with the National Committee for
Clinical Laboratory Standards (NCCLS) [12-14]. Using
appropriate solvents, two-fold serial dilutions of each
antibiotic were prepared resulting in final concentration
ranges of 0.015-4.0 µg/mL for amoxicillin (Sigma Chemical
Co.) and 0.015-8.0 µg/mL for clarithromycin (Abbott
Laboratories). Five percent sheep blood containing MuellerHinton agar was used for the agar dilution method. Multiple
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suspensions of each H pylori strain to be tested were prepared
in sterile saline, and were arranged in order of clarity
according to the MacFarland 2 standard technique. Then a
3-µL droplet of each suspension was placed in each of the
above-described antibiotic dilutions and on control plates.
All strains were studied in pairs, and the H pylori strain NCTC
11637 was used as a control. The inoculated dilution tubes
and plates were incubated in microaerophilic conditions at
37 ℃ for 3 d. For each isolate, the dilution tube with the
lowest antibiotic concentration that showed no visible growth
was recorded as the minimum inhibitory concentration
(MIC). To determine whether or not a strain was susceptible
to each antibiotic, we compared the recorded MIC values
for amoxicillin and clarithromycin to previously reported
MIC cut-off values for these drugs (0.5 and 1 µg/mL,
respectively)[14-17].
Statistical analysis
Numeric values were expressed as mean±SD. The 2 test
was used to compare mean values, and the Mann-Whitney
U test was used to compare numeric values. P values <0.05
were considered to indicate statistical significance.

RESULTS
A total of 79 H pylori strains (one from each ESRD patient
and control subject) were isolated from the antral biopsy
specimens. The demographics for the two study groups are
shown in Table 1. None of the H pylori strains from either
group showed resistance to amoxicillin. Twelve (36.4%) of
the 33 ESRD group strains and 7 (15.2%) of the 46 control
group strains showed resistance to clarithromycin, and this
difference was statistically significant (P = 0.03) (Table 1).
Table 2 shows the demographic characteristics of the
ESRD patients and control subjects with clarithromycinresistant and clarithromycin-susceptible H pylori strains. Of

Table 1 Demographic characteristics and frequencies of antibiotic
resistance in the two study groups
Non-uremic patients
n = 46
Mean age (yr)
Female/Male

43±14
26/20 (43.5%)

42±14
17/16 (48.5%)

15.2% (7/46)

36.4% (12/33)

Hemodialysis duration (yr)
Clarithromycin resistance
Amoxicillin resistance

ESRD patients
n = 33

P

>0.05
>0.05

4.1±2.8
0% (0/46)

<0.05

0% (0/33)

Table 2 Demographic characteristics of the ESRD and non-uremic
patients with clarithromycin-resistant and susceptible H pylori strains
Resistant

Susceptible

P

ESRD patients
n
Mean age (yr)
Female/Male
Hemodialysis duration (yr)

12

21

42.9 ±12.6

40.9 ±14.7

>0.05

7/5
5.6 ±3.8

10/11
3.3 ±1.8

>0.05

Non-uremic patients
n
Mean age (yr)
Female/Male

7
49 ±17
4/3

39
42 ±14
22/17

>0.05
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the twelve ESRD patients with H pylori strains that were
resistant to clarithromycin, five were males and seven were
females. The mean age of these patients was 42.9±12.6 years,
and the mean age in the susceptible cases was 40.9±14.7 years.
This age difference was not statistically significant (P>0.05).
The mean hemodialysis durations in the subgroups of
ESRD patients with clarithromycin-resistant and susceptible
H pylori strains were 5.6±3.8 years and 3.3±1.8 years,
respectively (P>0.05).
Of the seven non-uremic control patients with H pylori
strains that were resistant to clarithromycin, three were
males and four were females. The mean age of these patients
was 49±17 years, and the mean age in the susceptible cases
was 42±14 years. This age difference was not statistically
significant (P>0.05).

DISCUSSION
H pylori infection is the most widespread bacterial infection
in the world. Antibiotic resistance is important in the
management of these patients, and knowledge of resistance
pattern helps the clinician to establish the most appropriate
treatment strategy[18-20].
The therapy for H pylori infection in ESRD patients and
non-uremic patients are approximately the same[21]. Drugs
that contain bismuth may be toxic for individuals with
ESRD, and are generally avoided in this population[11]. The
combination of proton-pump inhibitors, clarithromycin and
amoxicillin is frequently used to treat H pylori infection in
both uremic and non-uremic patients[4,20,22].
For some antibiotics, the in vivo and in vitro findings for
H pylori susceptibility differ. Rates of antibiotic resistance
in H pylori infection, particularly resistance to clarithromycin,
are rising dramatically in Turkey and many other countries
throughout the world, so it is more important than ever to
be aware of this issue[23,24].
One important barrier in the approach to this problem
is the lack of a standard system for assessing H pylori
microorganism susceptibility to antibiotics. The NCCLS
subcommittee recommends the agar dilution method for
this purpose, and this was our basis for using this technique
in our study[14]. The NCCLS MIC value for H pylori resistance
to clarithromycin is 1 µg/mL. There is no standard MIC
value for H pylori resistance to amoxicillin, so we used the
lowest value in the literature (0.5 µg/mL) as the cut-off in
our study[14-17].
The in vitro efficacy of amoxicillin for H pylori infection
is high; however, when amoxicillin is used as a single
therapeutic agent, this rate drops to approximately 20%
due to low efficacy at acid pH[25]. This is the reason why
amoxicillin is used in combination with anti-secretory
drugs[23]. A recent report has identified a number of H pylori
strains that are resistant to amoxicillin[26-29], but none of the
isolates in our study showed resistance to this agent.
Clarithromycin is the antibiotic to which H pylori is most
sensitive in vitro, and this agent is widely used in combination
regimens. Oral administration yields high serum and tissue
concentrations, and the drug is stable in acid environments.
Some authors have identified resistance to clarithromycin as
the most important problem in H pylori treatment failure[30,31].
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It has been reported that clarithromycin resistance results
in significantly lower H pylori eradication rates[7], and studies
from various nations have documented increasing rates of
H pylori resistance to this agent in recent years[32-34]. Rates
of H pylori resistance to clarithromycin are higher in countries
where macrolide antibiotics are frequently used[32]. The
estimated range of resistance to this antibiotic in H pyloriinfected patients in various nations and regions of the world
is 1-15%[32,35,36].
In our H pylori-infected study subjects, the rates of
H pylori resistance to clarithromycin were 15.2% in the
otherwise healthy controls and 36.4% in the ESRD patients.
These figures are both very high, and provide further
evidence that H pylori resistance to clarithromycin is on the
rise in our country. If this problem continues to escalate,
there will be even more serious problems treating H pylori
infection in future. In addition to the high frequencies we
observed in both study groups, the significantly higher rate
of clarithromycin resistance in our ESRD group compared
to the controls is of particular concern. It is important to
be aware that the risk of H pylori resistance to this agent is
likely to be higher in a patient who takes antibiotics for a
variety of reasons. It is essential to know the antibiotic
susceptibility of H pylori strains in order to identify what
drug combination will be effective and how to prevent
antibiotic resistance, to avoid using inappropriate drugs, and
to decrease costs. To our knowledge, this is the first study
that has examined H pylori resistance to amoxicillin and
clarithromycin in H pylori-infected ESRD patients.
In conclusion, it appears that H pylori resistance to
amoxicillin is not a major problem in ESRD and non-uremic
patients in Turkey. However, the H pylori isolates from the
ESRD patients in this series showed high rates of
clarithromycin resistance, and expansion of this problem in
all patient groups is a concern worldwide. Patients with ESRD
have a high probability of H pylori resistance to clarithromycin
due to immune compromise and extensive use of antibiotics.
In order to effectively treat H pylori in this patient group, it
is important to know the antibiotic susceptibility pattern of
the H pylori microorganism present in each individual.
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Abstract
AIM: To analyze hepatic, mesenteric and mucosal
microcirculation and leukocyte-endothelium interaction
(LEI) in a rat model with liver cirrhosis.
METHODS: Hepatic cirrhosis was induced in Wistar rats
by gavage with carbon tetrachloride, and intravital
videomicroscopy was performed in liver, mesentery and
small intestine mucosa. Special emphasis is given on
microcirculatory and morphometric changes during
cirrhotic portal hypertension.
RESULTS: LEI was influenced significantly in the cirrhotic
liver but not in the gut. Blood flow measurement showed
significant differences among liver, main mesenteric
vessels and the mucosa. The results of our study indicate
that liver cirrhosis leads to alterations in hepatic and
mesenteric blood flow but not in mucosal blood flow.
CONCLUSION: The enhanced inflammatory response in
hepatic microvessels may be caused by a decrease of
antithrombin III levels and could be responsible for
disturbances of organ pathology.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cirrhosis is recognized as an important risk factor for

the development of severe septical complications such as
spontaneous bacterial peritonitis and bacteriaemia[1]. The
impairment of intestinal microcirculation and mucosal
barrier may contribute to an increased intestinal permeability
and bacterial translocation[2-4]. Hypoperfusion of the gut
mucosa has been implicated as an important mechanism
contributing to gut-derived endotoxinemia and bacterieamia
in liver cirrhosis. Due to splanchnic arterial vasodilatation
and portal hypertension, intestinal capillary pressure is altered
and effective arterial blood volume decreases[5].
It is generally recognized that there is a close relationship
between the hepatic microcirculation and liver function
and structure[6,7]. Recent studies established the important
correlation between hepatic microcirculation and the
development of liver pathology[8]. Furthermore, it has been
described that leukocyte adherence in liver sinusoids is
amplified after gut ischemia and reperfusion due to an upregulation of adhesion molecules[9].
We still lack quantitative data describing hepatic and
mesenteric microvascular parameters such as blood flow
velocity, volumetric blood flow, leukocyte-endothelial
interaction and vessel size within one experimental setting.
Currently, intravital videomicroscopy is the most pretentious
technique to measure variables of microvascular perfusion
in vivo. In addition to the measurement of mesenteric blood
flow and leukocyte kinetics, we quantified mucosal blood
flow in terminal arterioles directly, since the assessment of
mucosal blood flow has been simplified[10].
The present study was undertaken to quantitate basic
microvascular parameters in normal rat liver and intestine
and to investigate changes in these parameters associated
with the development of cirrhosis.

MATERIALS AND METHODS
Male Wistar rats weighing 450±47 g at the time of surgery
(initial weight 250±5 g) were used in all experiments. They
were housed in a controlled environment with a 12-h light:
dark cycle and were fed standard rat diet with water ad libitum.
Chronic, progressive hepatic cirrhosis was induced
according to the method of Proctor and Chatamra by gavage
with carbon tetrachloride (CCl4)[11] . Animals were given
phenobarbital (35 mg/100 mL) in their drinking water to
induce the enzyme cytochrome P450, which has been
shown to increase rat liver sensitivity to CCl4[12]. Two weeks
later an initial dose of 0.04 mL CCl4 was given after orogastric
intubation and enhanced weekly in steps of 0.04 mL to a
maximum dose of 0.4 mL CCl4. Animals were weighed
weekly.
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Six control animals without liver cirrhosis were observed
for statistical analysis.
Videomicroscopy
Videomicroscopy was performed under general anesthesia.
Left carotid artery was cannulated with a polypropylene
catheter (B. Braun, Melsungen, FRG) to monitor arterial
blood pressure, heart rate and for blood-gas analysis (ABL
Radiometer). The right jugular vein was cannulated for drug
administration. The abdomen was opened via a median
incision. The presence of ascites and macroscopic appearance
of liver cirrhosis were noted.
For intravital microscopic investigations a Leitz microscope
(Leitz GmbH, Wetzlar, Germany) was used. With different
filter blocks in the epiillumination technique, selective
visualization of FITC-labeled erythrocytes and rhodamine
6G-stained leukocytes was possible. For contrast enhancement,
FITC-labeled albumin was administered intravenously.
Hepatic microcirculation
The hepatic microvascular parameters were measured in vivo
using the epiillumination microscopy setup described in
detail elsewhere[13]. In brief, the left liver lobe was exteriorized
onto a specially designed stage and prepared for intravital
videomicroscopy. Continuous superfusion with buffered
37 ℃ Ringer’s solution was provided. At the beginning of
videomicroscopy, FITC-labeled erythrocytes (1 mL/kg BW)
and rhodamine 6G-labeled leukocytes (0.05 nmol/kg BW)
were injected intravenously. Using a FITC selective filter
block, 5 fields of normal liver tissue during a period of 30 s
were analyzed. Observations of leukocytes were done using
a rhodamine-selective filter block. Vessels with a length of
at least 100 µm were registered for a period of 60 s each.
Intestinal microcirculation
In a second step, terminal ileum was exteriorized and placed
on a glass slide. Videomicroscopy of mean mesenteric
vessels was performed. Subsequently the bowel was opened
along the antimesenteric border and fixed at the incision
margins. The prepared bowel was bathed and superfused
with buffered Ringer’s solution. Mesenteric microcirculation
was investigated in 10 fields of ileal arteries and corresponding
veins following the scheme of hepatic videomicroscopy.
Mucosal microcirculation was measured in the main arteriole
of 5 single villus. Each vessel was observed for 30 s.
Data interpretation
Measurements were videotaped and off-line analysis was
performed by means of an image-processing system
(Capimage®, Zeintl GmbH, Heidelberg, Germany)[14]. The
red cell blood velocity and vessel diameter were measured
using the frame-to-frame method. Leukocyte contact to
endothelium was analyzed and described as leukocyteendothelium interaction (LEI). The definition of the duration
of this interaction results in leukocyte rolling and leukocyte
sticking. Leukocyte rolling was based on the movement along
the endothelial lining that was less than 66% of the red cell
blood velocity. Temporary interactions with the endothelium
of not more than 30 s duration were also considered as
rollers. Leukocyte sticking was defined as the attachment
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to the vessel endothelium for at least 30 s.
Microvascular blood flow (Vb in nL/min) was calculated
using the following equation[15]:
Vb = ×v e×(D/2)2. Determinants were erythrocyte
velocity (ve) and vessel diameter (D).
Histology and blood tests
At the end of experiments, liver and small intestine specimens
were taken and the sections were stained with hematoxylin
and eosin. Blood samples were taken for measurement
of serum concentration of GOT, GPT, -GT and AP.
Prothrombin time and the antithrombin III level were taken
for hemostatic analysis.
Statistical analysis
Results were expressed as mean±SD. Statistical analysis was
performed using Mann-Whitney U test. Results are
considered significant at P<0.05.

RESULTS
Cardiorespiratory parameters did not differ between groups
throughout the observation period (Table 1).
Table 1 Cardiorespiratory parameters

Mean arterial blood pressure

Cirrhosis

Controls

P

107±8.4

112±7.3

NS

(mmHg)
Heart rate (bpm)

310±9.2

304±8.4

NS

paO2 (mmHg)

89.1±5.3

92.3±4.8

NS

Histological findings
Ascitic rats had microscopic evidence of cirrhosis in all
cases. Liver histology revealed extensive deposits of fibrous
tissue with regenerative nodules in at least some areas. Foci
of necrotic cells were also observed. Sections of ileum showed
a higher number of lymph vessels in cirrhotic rats than that
in controls.
Intravital observations
The quantitative measurements of microvascular parameters
are summarized in Table 2. Blood flow in terminal arterioles
of the villus was similar between both the groups (5.3±0.3
vs 5.4±0.2 nL/min in control animals, NS). Marked differences
were observed in main mesenteric blood flow (135.1±3.5
vs 156.5±4.3 nL/min in controls, P<0.01). Liver blood flow
remained comparable (32.1±0.4 vs 31.2±0.6 nL/min in
controls, NS), although red blood cell velocity in cirrhosis
was reduced significantly (0.93±0.09 vs 1.22±0.18 mm/s in
controls, P<0.05).
Hepatic LEI was enhanced in cirrhosis. The number of
rolling leukocytes and high-affinity leukocytes raised significantly
(4.80±0.90 vs 2.33±0.75 roller/100 µm and 1.91±0.28 vs
0.5±0.5 sticker/100 µm in controls, P<0.01). Analysis of
LEI in main mesenteric arterioles showed no differences
between the groups (Table 3).
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Table 2 Microcirculatory parameters
Cirrhosis

Controls

P

Vessel diameter (µm)
Liver

27.86±2.03

23.03±0.62

<0.01

Mesentery
Mucosa

32.06±8.91
7.51± 0.30

33.46±11.66
7.20±0.23

NS
NS

Liver

0.93±0.09

1.22±0.18

<0.05

Mesentery
Mucosa

2.81±0.49
2.03±0.15

3.11±0.35
2.18±0.16

NS
NS

Red blood cell velocity (mm/s)

Volumetric blood flow (nL/min)
Liver
Mesentery
Mucosa

32.10±0.4

31.20±0.6

NS

135.10±3.5
5.30±0.3

156.50±4.3
5.40±0.2

<0.01
NS

Table 3 Leukocyte–endothelium interaction
Cirrhosis

Controls

P

1.91±0.28

0.50±0.5

<0.01

2.54±1.19

1.62±0.85

NS

Adherent leukocytes (n/100 µm)
Liver
Mesentery
Rolling leukocytes (n/100 µm)
Liver

4.80±0.90

2.33±0.75

<0.01

Mesentery

7.68±3.18

6.88±1.94

NS

Blood tests
Serum enzyme tests revealed significant disturbances of
hepatocellular integrity and reduction of blood clotting
capacity. Further antithrombin III levels were significantly
reduced in cirrhotic animals (108.5±14.59 vs 125.0±8.96 IU
in controls, P<0.05) (Table 4).
Table 4 Blood tests
Cirrhosis

Controls

P

GOT (U/L)

63.67±10.42

28.67±4.85

<0.01

GPT (U/L)
GGT (U/L)

31.83±4.84
5.33±1.49

16.67±1.11
3.17±0.69

<0.01
<0.05

AP (U/L)

130.50±35.75

Prothrombin time (%)

75.30±5.4

Antithrombin III (IU)

108.50±14.59

56.83±2.67

<0.01

102.4±2.7

<0.01

125.0±8.96

<0.05

DISCUSSION
Liver cirrhosis has been detected to be an important risk
factor for mortality in critically ill patients[16]. Its incidence
in western countries is rising and represents the most common
cause of mortality among the non-malignant digestive
diseases[17]. The mechanisms for the increased morbidity
and mortality may be immunological, mechanical or
pharmacological. Special emphasize is given to hepatic and
intestinal microcirculatory disorders. However, it is still not
clear how alterations in hepatic microcirculation contribute
to the progression of the disease and its sequelae.
In the present study, we have applied the technique of
intravital videomicroscopy to quantitate intestinal and
hepatic microcirculation and LEI in cirrhotic rats. We used
a model of CCl4-induced cirrhosis. Liver damage is mainly
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caused by hepatotoxic CCl4 metabolites produced within the
liver. The intensity of the hepatic damage is exaggerated when
the microsomal enzyme oxidizing system is previously induced,
for instance by the administration of phenobarbital[12].
Induced cirrhosis is associated with marked hemodynamic
disturbances. These include changes in both the intrahepatic
and splanchnic circulation resulting in portal hypertension[18,19].
Our quantitative studies of hepatic and mesenteric microvascular
parameters indicate that cirrhosis leads to a marked arterial
vasodilatation. This observation is in accordance with other
experimental studies. The pathogenesis of vascular tone is
explained by biochemical investigations and disorders of
vascular heme oxygenase-1 expression and nitric oxide synthase
expression in experimental cirrhosis[20,21 ].
In this study, presence of liver cirrhosis had no effect
on villus blood flow measured in the terminal, central villus
arteriole. To our knowledge, there is no other study where
the effects of cirrhosis and portal hypertension on villus
blood flow were derived directly from data obtained on the
level of single villus arterioles. The disturbance of mucosal
blood flow may contribute to an impairment of the intestinal
barrier function. It has been described that alterations of
the mucosal permeability in cirrhosis are related to the degree
of liver failure and to the progression of the liver disease[4].
However, the impact of liver cirrhosis on hepatic
microcirculation is more evident. LEI is enhanced significantly
and may explain organ disturbances. LEI itself is modulated
by a variety of adhesion molecules expressed on the surface
of leukocytes and endothelial cells. These adhesion molecules
mediate the decrease in leukocyte rolling and the increase
in leukocyte adherence and migration.
In summary, this study demonstrates that in the gut
mucosa, cirrhosis may not induce disturbances in the villus
microcirculation, despite altered levels of mesenteric blood
flow.
Experimental liver cirrhosis is associated with a marked
increase of liver enzymes and a decrease of antithrombin
III levels and prothrombin time. Antithrombin III is one of
the most important physiological inhibitors of coagulation.
It is synthesized in liver parenchymal cells. Moreover, it has
been described that AT III has anti-inflammatory actions in
experimental sepsis and hepatic ischemia-reperfusion[22,23].
It could be presumed that in cirrhosis a drop of the
antithrombin III level leads to hemostatic disorders similar
to disseminated intravasal coagulation (DIC) and inflammatory
response in the microcirculatory units, even if clinical
observations did not emphasize those findings[24,25 ]. In our
study, hemostatic dysfunction could be measured and LEI
in liver parenchyma and mesenteric vessels was enhanced
significantly.
We conclude that experimental liver cirrhosis leads to
disturbances in hepatic and mesenteric but not in mucosal
microcirculation. Although not proven by our experiments,
lower antithrombin III levels as found in our study could
potentially maintain or aggravate hemostatic disorders
and alterations in hepatic inflammatory response to portal
hypertension associated with a deterioration of liver function.
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Abstract
AIM: Cysteine peptidase (CP) and its inhibitor (CPI) are a
matrix protease that may be associated with colorectal
carcinoma invasion and progression, and vitamin E is also
a stimulator of the immunological system. Our purpose
was to determine the correlation between the expression
of cysteine peptidases and their endogenous inhibitors,
and the level of vitamin E in sera of patients with colorectal
cancer in comparison with healthy individuals.
METHODS: The levels of cysteine peptidases and their
inhibitors were determined in the sera of patients with
primary and metastatic colorectal carcinoma and healthy
individuals using fluorogenic substrate, and the level of
vitamin E was determined by HPLC.
RESULTS: The levels of cysteine peptidases and their
inhibitors were significantly higher in the metastatic colorectal
cancer patients than that in the healthy controls (P<0.05).
The activity of CP increased 2.2-fold, CPI 2.8-fold and
vitamin E decreased 3.4-fold in sera of patients with
metastasis in comparison with controls. The level of vitamin
E in healthy individuals was higher, whereas the activity
of cysteine peptidases and their inhibitors associated with
complexes was lower than that in patients with cancer of
the digestive tract.
CONCLUSION: These results suggest that the serum levels
of CP and their inhibitors could be an indicator of the prognosis
for patients with metastatic colorectal cancer. Vitamin E
can be administered prophylactically to prevent digestive
tract neoplasmas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The first pathologic changes taking place in the organs of
patients who presently are regarded as having neoplastic
changes were recorded[1] . The results of diagnostic and
statistical data have shown that in Poland, neoplastic diseases
occurr in about 75 000 people yearly and account for
about 40% of these neoplastic changes in the digestive
system. It is assumed that by the year 2010 the number of
people with neoplastic changes will reach up to 80%[2]. It is
also assumed that one of the basic causes of neoplastic
changes is environmental pollution as a result of advances
in industrialization[3]. Epidemiologic data were from the Centre
of Oncology in Heidelberg, where examinations on the level
of pollution in water, on land, and in the air by carcinogenic
substances in Europe were carried out, and showed that
the highest level of pollution caused by substances leading
to cancer were observed in the region of Legnica and
Głogow[4] . These results were supported by genetic test
researches, showing that these substances could cause
mutation of the digestive tract epithelial cells. It has also
been shown that the mutated suppressor gene APC could
take place in chromosome 5 (MCC - mutated in colorectal
carcinoma), and the DCC gene (deleted in colorectal carcinoma)
codes for proteins determining adhesion between mutated
and unmutated cells. The information obtained from these
examinations has made it possible to prepare a hypothetic
scheme of neoplastic cell induction in the digestive tract
(Figure 1)[5].

Healthy cells

Benign polyp
(mutation in ras)

Loss of APC gene

Large polyp (loss of
control in p53 gene)

Cancer cell

Figure 1 Hypothetic scheme of neoplastic cell induction in digestive tract.
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For the further development of cancer, an important
role is played by proteolytic enzymes like elastase, collagenase,
metalloproteinases, cysteine peptidase, cathepsins B and L
as well as cathepsin D. The researches carried out by many
research groups have confirmed the fact that enzymes taking
part in the process of carcinogenesis can autoactivate
enzymatic transformation cascade in which cysteine peptidase
plays a key role[6,7]. At the same time, it has also been shown
that the relationship between cathepsins and caspases which
are responsible for necrosis and apoptosis in cells helps the
development of cancer[8]. A rise in the activity of cysteine
peptidase was observed in the sera of patients[9] and in cell
cultures and cancer tissues of the digestive tract[10] . We
assumed that they could be used as components in the new
generation of drugs referred to as inhibitotherapy which
could be used in cancer therapy as well as inhibiting the
growth of pathogenic microorganisms[11,12].
It was found that vitamin E could inhibit cysteine
endopeptidase activities by increasing endogen inhibitor
level. The level of vitamin E in healthy individuals was
higher than that in patients who were exposed to the action
of toxic substances as well as in patients with cancer [13] .
In cell cultures, vitamin E could inhibit the expression of
oncogenes H-ras and c-myc in cells, which are the factors
determining the initiation of neoplastic processes[14]. Sakamoto
et al [15,16]. suggested that they could activate macrophages
leading to the production of interleukin-1, which acts on
fibroblasts, lymphocytes catalyzing the secretion of interleukin
6, which increases the level of kininogen T, an autogenic
inhibitor of cysteine peptidase.
The level of cysteine peptidases and their inhibitors and
the level of vitamin E in the sera of patients with different
degrees of digestive tract cancer were determined as compared
to analogous markers in healthy individuals.

MATERIALS AND METHODS
Materials
All patients whose sera were tested were inhabitants of
Legnica and Glogow, which is the most polluted region of
Poland by carcinogenic substances, who had been living in
this region for at least five years and the exposure level to
the action of carcinogenic substances was the same (this
concerns both healthy individuals and those with neoplastic
changes in the digestive tract).
We purposely did not choose the people performing
jobs which made them at a higher risk of exposure to toxic
and carcinogenic elements. The aim was to eliminate the
effect of toxic substances present in the working environment
especially when it was a threat to the health of workers.
Blood samples were collected from the cubital veins of
healthy males and females as well as those with neoplastic
changes in the group aged 35-70 years. We determined the
active cysteine peptidases and their inhibitors in each serum
sample and the amount (free, total amount produced in the
organism) bound to the enzyme-inhibitor complex. After
routine diagnostic tests were carried out, the patients taking
part in the research were divided into 5 groups, 25 in each
group, so that the results obtained could be tested statistically.
Group A: healthy individuals without neoplastic changes,
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not genetically developing malignant cancer of the digestive
tract; group B: patients with changes that did not show the
qualities of malignancy (6 gastric adenomas, 13 colorectal
adenomas, 5 ulcerative colitis, 1 patient with Crohn’s
disease); group C: patients with cancer before operation
and chemotherapy; group D: patients operated once after
chemotherapy; group E: patients with non-operative cancer
and metastases.
Cysteine peptidase activity (CP)
Sample probes of sera were filled up to 950 L of 0.01 mol/L
phosphate-buffered solution at pH 6.0 containing 2 nmol/L
DL of cysteine and 2 nmol/L EDTA. Next, 50 L 1.5 mmol/L
of substrate benzoilo-arginylo -naftylo amid (BANA) was
added. The whole probe was incubated at 37 ℃. After a 12-h
reaction, a break was taken during which -naftyloamine
was released. As a unit of activity, we chose the amount of
enzyme which hydrolyzed 1 nmoL -naftyloamine[17] within
an hour.
Cysteine peptidase inhibitor activity
Fifty microliters of 0.01% papain solution with activities of
3-4 units/mg protein was added to sera samples, and
preincubated for 10 min at 37 ℃, and then filled 950 L
0.01 mol/L of phosphate buffered solution at pH of
6.0 containing 2 nmol/L DL cysteine and 2 nmol/L
EDTA. Fifty microliters of 1.5 nmol/L of substrate solution
was incubated at 37 ℃, after 30 min the amount of released
- aftyloamine was determined. We assumed that a unit of
inhibition was the amount of inhibitors in sera samples which
inhibited one unit of papain[18].
Total amount of cysteine peptidase inhibitors in sera
Twenty to 200 L sera samples each with the same amount
of 0.02 mol/L HCl was preincubated for 20 min at 80 ℃,
cooled to room temperature and then filled up to 1.0 mL
of 0.02 mol/L of phosphate-buffered solution at pH 6.0
containing 2 nmol/L DL cysteine and 2 nmol/L EDTA.
One hundred microliters of each sample was collected and
the inhibitory activity with respect to papain was determined
as described in ICP37[18].
Cysteine peptidase inhibitors associated with complexes △ ICP
The amount of inhibitors associated with enzyme-inhibitor
complexes was calculated in each serum sample as a difference
between the total amount of inhibitors and their active
forms (△ICP = ICP80-ICP37).
Determination of vitamin E level
Vitamine E was determined in sera samples by liquid
chromatographic methods using HPLC apparatus from
Philips and a detector Pye Unicam PU 4020 UV using a
computer program, the peak simple chromatography data
system[19].
In all the samples tested, the enzymatic activity and the
level of inhibitors and the amount of vitamin E were
calculated and converted to 1.0 mL sera.
Statistical analysis
Statistical determination was carried out with the help of
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the programe Statgraf. Distribution analysis of results was
done using Colmogorov-Smirnoffs test. The examined
parameters possessed a normal distribution in which
parametric tests were used. The results obtained were
compared using Student’s t-test and Vilcox or Kruskal-Walis.
P<0.05 was considered statistically significant.

RESULTS
Figure 2A shows the activity of cysteine peptidases
(cathepsins B and L) in sera of patients with different stages
of colorectal cancer before and after chemotherapy and
operation in comparison with control healthy blood. The
mean activity of cysteine peptidases and their inhibitors was
highly significant in comparison with controls (P<0.05). The
activity increased 2.2-fold in sera of patients with metastasis in
comparison with controls. The mean activity value of
cysteine peptidases was 0.250±0.077 U/mL in group A,
0.448±0.092 U/mL in group B, 0.461±0.0100 U/mL in group
C, 0.452±0.132 U/mL in group D, and 0.547±0.212 U/mL
in group E. The mean value of inhibitor activity as a
complex form (ΔCPI) in each group was as follows:
20.54±9.72 U/mL in group A, 32.92±11.17 U/mL in group
B, 44.18±19.0 U/mL in group C, 27.64±8.23 U/mL in
group D, and 58.22±20.12 U/mL in group E. The
differences were statistically significant (Figure 2B). The
activity increased 2.8-fold in patients with metastasis in
comparison with control group. By examining the level of
free inhibitors of cysteine peptidase as well as the total
amount, we were unable to show any statistically significant
difference in the examined groups A, B, C, D and E.
Compared with the level of vitamin E in the sera of examined
patients, the highest value of vitamin E was observed in
healthy individuals. It was 35.0±0.03 ng/mL in group A,
24.71±7.41 ng/mL in group B, 15.08±5.67 ng/mL in group
C, 8.42±1.54 ng/mL in group D, and 7.78±1.54 ng/mL in
group E. The difference was statistically significant in
comparison with controls (P<0.05) and the results are
presented in Figure 2C.
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relationship between active cysteine peptidases, their autogenic
inhibitors and the level of vitamin E. An examination of
all these parameters was carried out on the same samples
obtained from patients with neoplasmas of the digestive
tract and healthy individuals.
In the organs of healthy people, equilibrium was observed
between active enzymes from the cysteine peptidases and
their autogenic inhibitors. In determining the activity of the
inhibitors, we used papain which in laboratory examinations
was used in stead of other cysteine peptidases such as cathepsins
B and L[20]. The activity of cysteine peptidases (cathepsins
B and L) in sera of patients with different stages of colorectal
cancer before and after chemotherapy and operation was
compared with controls. The mean activity of cysteine
peptidases and their inhibitors was highly significant in
comparison with controls (P<0.05). The activity of CP
increased 2.2-fold and CPI 2.8-fold in sera of patients with
metastasis in comparison with controls. During the
development process of neoplastic diseases, the activity of
these enzymes increased, and other activated proteolytic
enzymes like elastase, kolagenase causing catalytic degradation
of healthy tissues initiated the development of a disease
and their autogenic inhibitors were not able to stop the
developing changes[21,22]. The aim of many researchers was
to know the cause of a shift in equilibrium between enzymeinhibitors. It is assumed that the answer to this question may
help gain a better knowledge of accompanying neoplasmic
changes. Information on this topic may support the
conventional methods of treating malignant cancers[23,24]. Our
research group dealt with the role of cysteine peptidases
and their inhibitors in diagnosis and therapy of neoplastic
changes[7,17,24,25]. The essence of information on enzymatic
changes accompanying neoplastic processes was shown in
the results obtained by a Japanese research group. They
discovered that it was possible to increase the level of
autogenic cysteine peptidase inhibitors after administration
of large doses of vitamin E[15]. Our results showed that the
level of vitamin E decreased 3.4-fold in patients with metastasis
in comparison with healthy controls. Earlier researches
showed that the level of vitamin E was lower in patients
with cancer than in healthy people. This research was carried
out in healthy individuals and patients with cancer[13]. Our
research was based on this work and connected two

Vitamin E concentration
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In the research we wanted to find out if there was any
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Figure 2 Changes in cysteine peptidases and their inhibitor activities and vitamin E concentration in patients with colorectal cancer in
comparison with controls. A: Healthy individuals (control); B: Patients with primary neoplasms; C: Patients with cancer before operation and
chemotherapy; D: Patients operated once after chemotherapy; E: Patients with non operative cancer and metastases (A) Cysteine peptidase
activities (U/mL) (B) level of vitamin E (ng/mL) (C) vitamin E concentration (ng/mL).

Szwed R et al. CP and CPI activity levels and VE concentration

independent research areas. The first was associated with
the role of enzymatic processes and their inhibitors as well
as vitamin E in neoplastic processes. Our research was
limited to know the role of substances in initiating
neoplasmas of the digestive tract in the inhabitants of
Legnica and Głogow, which is the most polluted region of
Poland by carcinogenic substances. In our research, we
presented the assay results of the level of active enzymes
determining the autogenic intensity of neoplastic processes,
and the autogenic inhibitors controlling these changes and
vitamin E, which may affect the enzyme-inhibitor
equilibrium[26,27]. The present research was to give an answer
to the questions like the relationship between the level of
neoplasm and the activity of enzymes belonging to the
cysteine peptidase group, their autogenic inhibitors and
vitamin E. The results obtained confirmed that in healthy
people the level of vitamin E was the highest and the activity
of cysteine peptidases and their inhibitors had the least
values. We therefore believe that this idea has a close
relationship with the research by Sakamoto et al [15]. It is
possible that vitamin E could induce an increase of the level
of kininogen (an autogenic inhibitor of cysteine peptidase)
in the organs, which play a key role in the transformation
of neoplastic cells, invasion and metastases and in controlling
the formation of apoptotic and necrotic changes in cells[28].
In conclusion, the level of vitamin E in healthy
individuals is higher, whereas the activity of cysteine peptidases
and their inhibitors associated with complexes is lower than
that in patients with cancer of the digestive tract. Vitamin E
can be prophylactically administered to prevent digestive tract
neoplasmas.
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Abstract
AIM: To investigate the relationship between the
polymorphism of class II transactivator (CIITA) gene
promoters and chronic hepatitis B (CHB).
METHODS: Genomic DNA was prepared from peripheral
blood leukocytes. Promoters I, III and IV of gene were
analyzed respectively with polymerase chain reaction
single strand conformation polymorphism (PCR-SSCP) in
65 patients with CHB, 26 patients with acute hepatitis B
(AHB) and 85 normal controls.
RESULTS: No abnormal migration was found in PCR-SSCP
analysis of the three promoters in the three groups. Also,
no sequential difference was observed at the three
promoters among the CHB patients, AHB patients and
normal controls.
CONCLUSION: No polymorphism in promoters I, III and
IV of CIITA gene exists in CHB patients, ABH patients and
normal controls, suggesting that the promoter of CIITA
gene might be a conserved domain.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Major histocompatibility complex (MHC) class II molecules
play a central role in immune responses, and the regulation
of this family of genes occurs primarily at the transcriptional

level. The class II transactivator (CIITA), a non-DNAbinding protein, is the master regulator of the MHC class
II gene expression [1-5]. Human CIITA is encoded on
chromosome 16, and the initial CIITA cDNA encodes an
1130-aminoacid protein. CIITA is the major rate-limiting
factor for both constitutive and interferon--induced
expression of MHC class II gene. Furthermore, the expression
of MHC class II is quantitatively controlled at the CIITA
level[4,6]. Human CIITA gene expression is controlled by 4
distinct promoters (PI to PIV), and they are cell-type-specific
and have different activation profiles, leading to multiple
CIITA transcripts with different first exons, and 3 of the
forms predominating. Promoter I and promoter III direct
dendritic cell and B-cell-specific expressions respectively,
whereas promoter IV mediates IFN--inducible expression[7-10].
Recently, it has been shown that CIITA plays an important
role in infectious diseases, cancer and autoimmune diseases[11-16].
Infection with hepatitis B virus (HBV) may result in different
clinical outcomes[17]. There is strong evidence in HBV infection
that host genetic factors play a major role in determining
the outcome of the infection[18-23]. Therefore, to explore
the relationship between polymorphism of CIITA gene
promoters and chronic hepatitis B(CHB), we analyzed the
sequence variability at promoters of CIITA transcription
factor in CHB patients and compared with acute hepatitis B
(AHB) patients and normal subjects by SSCP analysis of
the PCR-amplified CIITA promoter region.

MATERIALS AND METHODS
Subjects
Sixty-five patients (42 men and 23 women, mean age,
35.5 years) with CHB and 26 patients (18 men and 8 women,
mean age, 32.3 years) with AHB, and 95 healthy blood
donors (62 men and 33 women, mean age, 33.4 years) from
the First Hospital of Xi’an Jiaotong University, Xi’an,
China, were included in this study. The diagnosis of all the
cases was made according to the criteria established on the
Viral Hepatitis National Conference held in 2000 in Xi’an,
China[24] . All the patients and controls were Chinese Han
nationals without relatives from Xi’an.
DNA preparation and PCR amplification
Genomic DNA was isolated from whole blood by the salt
precipitation method, and dissolved in TE buffer (10 mmol/L
Tris-HCl, 1 mmol/L EDTA, pH 8.0) for polymerase chain
reaction (PCR) analysis. The designed primers were
synthesized by BioAsia Company, Shanghai, China. The
specific primer sequences of promoters I, III and IV of C
II TA gene are shown in Table 1. The PCR mixture (total
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Table 1 Primers used for CIITA promoters PCR amplification
Promoters

Primer sequence

Position

Region amplified

Annealing temperature (℃)

1 Sense

5’-TGGAGTCTGAATCAACCCAA-3’

-120/-101

120 bp

58

1Antisense
3 Sense

5’-AGGGAACCTCTGCAATTTAT-3’
5’-TGCAGAAGGTGGCAGATATT -3’

-20/-1
-321/-302

298 bp

56

3 Antisense

5’-CAAGCTAAGCCAACATGCAA-3’

-43/-24

4 Sense

5’-GGTTGGACTGAGTTGGAGAGA -3’

-354/-334

257 bp

60

4 Antisense

5’- GGAGCAACCAAGCACCTACT-3’

-117/-98

volume 25 L) contained 50-100 ng of genomic DNA
(0.5-1 L), 2.5 L of 10 mmol/L PCR buffer, 2.5 L of
25 mmol/L MgCl2, 2 L of 2.5 mmol/L dNTPs, 1 L
each of two fragment-specific primers, 15 L of tripledistilled water, and 1 unit of Taq DNA polymerase
(Promega, USA). The PCR mixtures were pre-denatured at
94 ℃ for 1 min, followed by 30 cycles of denaturation at
94 ℃ for 40 s, annealing at 60 ℃ for 40 s, and extension at
72 ℃ for 40 s, and the final extension at 72 ℃ for 5 min.
The amplified fragments were run on a 15 g/L agarose gel,
and confirmed to be existent (Figure 1).
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Figure 1 Identification of amplified CIITA gene promoters. Lane M:
GeneRuler 50 bp DNA ladder; lanes 1-3: PCR product of promoter I
of CIITA gene; lanes 4-6: PCR product of promoter III of CIITA gene;
lanes 7-9: PCR product of promoter IV of CIITA gene.

SSCP analysis
Two microliters of each PCR product was mixed with 8 L
of denaturing dye (950 mL/L formamide, 10 mmol/L
NaOH, 0.5 g/L bromophenol blue, 0.5 g/L xylene cyanol),
denatured at 96 ℃ for 5 min, and transferred into an icecold water bath for 3 min. The PCR products were resolved
on an 80 g/L polyacrylamide gel under non-denaturing

A

bp

M 1 2 3 4 5

6 7 8 9 10

B

M 1 2 3 4 5

conditions in 1 g/L TBE buffer. Electrophoresis was
performed at 250 V and at 4 ℃ for 2-3 h. Silver staining
was done by fixing the gel in 100 g/L glacial acetic acid for
20 min, rinsed 3 times with ultra-pure water for 2 min each,
immersed in 1 g/L AgNO3 solution for 30 min, and finally
the gel was rinsed and developed with 30 g/L Na2CO3 till
the bands appeared (Figure 2 A-C). All the reagents were
of analytical grade.
DNA sequencing
The PCR products, which showed mobility shift in SSCP,
were extracted from a 10 g/L agarose gel and column
purified using a QIAquick gel extraction kit (Qiagen, Hilden,
Germany), and direct sequencing was performed by BioAsia
Company, Shanghai, China.

RESULTS
Analysis of PCR products
The increment of all DNA samples from the CHB patients,
AHB patients and normal controls was a single strand with
120, 298 and 257 bp in length respectively, which indicated
that a large fragment insertion and deletion did not exist in
the region of CIITA gene promoters I, III and IV among
the subjects.
SSCP analysis
For each promoter, identical SSCP patterns were detected
in PCR products derived from all the subjects, whether
CHB patients, AHB patients or healthy controls, with no
evidence of polymorphism. Selective DNA bands detected
by SSCP analysis randomly and direct DNA sequencing
conformed to this result.
Thus, in the samples analyzed in the present study, no
difference was found at CIITA gene promoters I, III and

6 7 8

9 10

C

M 1 2 3

4 5

6

7 8

9 10

600
300

bp
600

bp
600

200
300
100

200

300
200

Figure 2 PCR-SSCP analysis of promoter I, III, IV of CIITA gene. A: Lane M: 100 bp DNA ladder; lanes 1-4: CHB patients; lanes 5-7: AHB patients;
lanes 8-10: normal controls; B: Lane M: 100 bp DNA ladder; lanes 1-4: CHB patients; lanes 5-7: AHB patients; lanes 8-10: normal controls; C:
Lane M: 100 bp DNA ladder; lanes 1-4: CHB patients; lanes 5-7: AHB patients; lanes 8-10: normal controls.
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IV among CHB patients, AHB patients and healthy controls.
The three CIITA promoters resulted in no polymorphism.

DISCUSSION
It has been estimated that HBV is present in a reservoir of
more than 130 million chronic carriers, accounting for more
than 10% of Chinese population[25] . Infection with HBV
can cause a broad spectrum of diseases, including
asymptomatic HBV carriers, acute hepatitis, chronic
hepatitis, liver cirrhosis and primary hepatocellular
carcinoma. Virological factors may play a role in the outcome
of the infection, while infection with the same HBV virus
has been found to cause various clinical outcomes in different
patients suggesting that there is a strong immunogenic
component to affect the individual susceptibility to HBV.
So far, histocompatibility leukocyte antigen (HLA)[26-29], tumor
necrosis factor alpha (TNF-) [30], interleukin-6 (IL-6) [31] ,
interleukin-10 (IL-10)[32,33], mannose-binding lectin (MBL)
gene[34], and vitamin D receptor[35] have been investigated as
potential candidate genes. However, no single allele has been
clearly associated with HBV persistence or disease severity.
Further study is needed to clarify these preliminary
associations and to identify other potential candidate genes.
CIITA is encoded by the activator of immune response
1 (AIR-1) locus[36]. It was first discovered in a rare, severe
immunodeficiency-bare lymphocyte syndrome (BLS), and
the expression of CIITA was lacking in a BLS complementation
of group[1]. It has been shown that CIITA can activate other
genes involved in antigen presentation, such as the invariant
chain, HLA-DM and MHC class I [37], and can affect HIV
long terminal repeat expression. Impaired induction of
CIITA might decrease IFN--induced HLA-DR expression
in cultured thymic epithelial cells (TEC) derived from
thymoma and affect CD4+ T cell development[38]. CIITA
could compete with nuclear factor of activated T cells
(NF-AT) to bind to the CREB binding protein (CBP/p300)
and inhibit Th2-type cytokine production during Th1 cell
differentiation to prevent interleukin-4 (IL-4) gene
transcription[39] . Quan et al [40] investigated the underlying
genetic defect in an immunodeficient patient who presented
with recurrent bacterial infections in his late twenties and
demonstrated that a single amino acid substitution,
phenylalanine to serine, in the COOH-terminal portion of
the CIITA sequence was correlated with reduced transcription
of MHC class II genes. Marten et al[41] transfected dendritic
cells (DCs) with the CIITA gene efficiently and found an
increase in antitumoral immunostimulatory capacity of DCs.
Sartoris et al[42] transfected an expressible CIITA cDNA in
uninducible hepatocarcinoma cell lines, and found that there
was a very high expression of HLA class II in the transfected
cell surface and they had acquired antigen processing and
presentation capacity.
The availability of CIITA appears generally essential
for MHC class II gene expression, and hence its transcriptional
regulatory mechanisms are of fundamental importance for
a correct homeostasis of the immune response. Therefore,
it is possible to hypothesize that variability at the CIITAencoding locus, AIR-1, could constitute an additional source
of susceptible traits to autoimmune diseases. Sartoris et al
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analyzed the sequence variation at AIR-1/CIITA promoters
by PCR-SSCP in 88 Caucasians from the Northeast of
Italy, including 23 insulin-dependent diabetes mellitus
(IDDM), 30 rheumatoid arthritis (RA) patients, compared
with a sample of 19 unaffected normal controls and 16
unaffected IDDM family members, and they did not
observe any sequence difference at the four AIR-1/CIITA
promoters between autoimmune patients and normal controls.
Rasmussen et al searched for genetic susceptibility to multiple
sclerosis (MS). Polymorphism screening based upon detection
of single strand conformational changes (SSCP analysis)
followed by sequencing revealed six single nucleotide
variations, i.e., one in the promoter-utilized by B cells and
five in the 3’ untranslated region (UTR) of the gene. The
distribution of CIITA alleles did not differ between MS
patients and control subjects. After sub-grouping the patients
into relapsing-remitting MS and primary progressive MS,
the distribution of promoter alleles at the BslI polymorphic
site in the latter of the two patient groups differed from
that of healthy control subjects. It is suggested that there is
a weak association between one of the alleles at this site
and primary progressive MS.
We studied the sequence variability at promoter I, III
and IV of CIITA transcription factor in CHB patients, ABH
patients and normal controls by SSCP analysis of the three
PCR-amplified CIITA promoter regions to assess whether
there was a relationship between polymorphism of CIITA
gene promoters and the chronicity of hepatitis B. The similar
report on the relationship between polymorphism of CIITA
gene promoters and CHB has not been found abroad and
in our country. We found no polymorphic variation at the
three CIITA promoters significantly associated with CHB.
Due to the importance of CIITA in the class II gene
expression, the polymorphism in the coding region and 3’UTR
of this gene needs to be studied further. We suppose that the
promoter region of CIITA gene may be a conserved domain
and the variability at CIITA promoters might not improve
the overall potentiality of the system against pathogens.
Furthermore, studies on a large number of cases will reveal
significance of polymorphism in CIITA promoters and its
relation with CHB.
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and family history of UGIC, the combination of A/G and G/G
genotypes also did not show any significant influence on
the risk of ESCC and GCA development compared to A/A
genotypes.
CONCLUSION: IL-10-G1082A polymorphism might not be
used as a stratification marker to predicate the risk of
ESCC and GCA development in North China.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the possible association of G→A single
nucleotide polymorphism (SNP) at the -1082 position of
interleukin (IL)-10 promoter with susceptibility to
esophageal squamous cell carcinoma (ESCC) and gastric
cardiac adenocarcinoma (GCA) in a population of a high
incidence region of North China.
METHODS: IL-10-G1082A promoter SNP was genotyped
by polymerase chain reaction (PCR)-restriction fragment
length polymorphism (RFLP) in 355 cancer patients (203
ESCC and 152 GCA) and 443 healthy controls.
RESULTS: Smoking significantly increased the risk of ESCC
and GCA development (the age and sex adjusted OR = 1.42
and 2.64, 95%CI = 1.11-1.81 and 1.46-4.76, respectively).
Similarly, family history of upper gastrointestinal cancer
(UGIC) significantly increased the risk of developing ESCC
and GCA (the age and sex adjusted OR = 1.44 and 3.10,
95%CI = 1.18-1.75 and 1.94-4.97, respectively). The
A/A, A/G and G/G genotype frequencies of IL-10-G1082A
were 60.3%, 37.0% and 2.7% in healthy controls, 57.6%,
39.9% and 2.5% in ESCC and 61.2%, 36.8% and 2.0% in
GCA patients, respectively. The frequencies of A and G
alleles were 78.8% and 21.2% in healthy controls, 77.6%
and 22.4% in ESCC patients and 79.6%, 20.4% in GCA
patients. The distribution of genotype and allelotype in
ESCC and GCA patients was not significantly different from
that in healthy controls (P>0.05). Compared to the A/A
genotype, the combination of A/G and G/G genotypes did
not show a significant effect on the risk of developing
ESCC and GCA; the adjusted odds ratio was 0.92 (95%
CI = 0.76-1.11) in ESCC and 0.95 (95% CI = 0.61-1.46)
in GCA, respectively. When stratified for smoking status
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INTRODUCTION
China is a country with high-incidence regions of esophageal
squamous cell carcinoma (ESCC) and gastric cardiac
adenocarcinoma (GCA). Exogenous factors including
nutrition deficiency[1], unhealthy living habits[2], consumption
of alcohol and tobacco[2,3], pathogenic infections[4,5] are
generally considered as the risk factors for developing these
two cancers in China. However, only a subset of individuals
exposed to the above listed exogenous risk factors would
develop ESCC and GCA, suggesting a role of host
susceptibility factors in cancer development. The role of a
genetic background in developing these cancers has also
been strongly suggested by familial clustering of upper
gastrointestinal cancer (UGIC) patients in high-incidence
regions[6,7]. Some candidate genes have been identified to
modify the susceptibility to ESCC and GCA in Chinese or
other populations[8].
Cytokines play an important role in regulating both
humor and cell-mediated immune responses. Promoter
regions of some cytokine genes contain polymorphisms that
may directly influence the cytokine transcription or
expression[9]. These promoter polymorphisms may lead to
either high- or low-level production of the given cytokines,
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cause inter-individual differences in antitumor immune
response and subsequently influence the susceptibility to
cancers. For example, vascular endothelial growth factor
(VEGF) polymorphism has been suggested to affect the
susceptibility to prostate cancer by promoting angiogenesis[10].
Interleukin-1 polymorphism has been demonstrated to be
a risk factor for gastric cancer in subjects with H pylori
infection[11].
Interleukin (IL)-10, which is produced by T-lymphocytes,
is an important anti-inflammatory and immuno-suppressive
cytokine and may regulate angiogenesis in various cancers.
The IL-10 gene is located on chromosome 1q31-32.
Polymorphisms at positions -1082, -819 and -592 of the IL-10
promoter region are correlated with IL-10 production[12] .
The expression of IL-10 is correlated to angiogenic factor
expression in ESCC that may influence the development
and progression of this tumor[13]. It has been reported that
IL-10-G1082A polymorphism is correlated with the
expression of IL-10 and accordingly affects the susceptibility
to some types of tumors, such as cervical cancer [14] and
prostate cancer[10]. Although the expression of IL-10 gene
might be associated with the susceptibility to ESCC[13], the
correlation of IL-10 promoter polymorphism with the
susceptibility to ESCC and GCA has not been reported so
far. Therefore, in this study, we conducted a populationbased case control study to investigate the association of
IL-10 -G1082A polymorphisms with the risk of ESCC and
GCA development in Cixian County and Shexian County, a
high-incidence region of ESCC and GCA in Taihang
Mountain, North China.

MATERIALS AND METHODS
Subjects
This study included 355 patients (203 with ESCC and 152
with GAC) and 443 healthy individuals without overt cancer.
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The cases were outpatients for endoscopic biopsy or inpatients
for tumor resection in the Fourth Affiliated Hospital of
Hebei Medical University or local tumor hospitals in Cixian
County and Shexian County between 2001 and 2003.
Histological tumor typing was carried out on the basis of
biopsy or resection specimens. Esophageal carcinomas were
all squamous cell carcinomas. Gastric cardiac carcinomas
were all adenocarcinomas with their epicenters at the
gastroesophageal junction, i.e., from 1 cm above until 2 cm
below the junction between the end of the tubular esophagus
and the beginning of the saccular stomach[15]. Healthy
subjects were recruited from Cixian County and Shexian
County during the endoscopic screening campaign between
2001 and 2003. All the cancer patients and control subjects
were unrelated Han nationals. Information of sex, age,
smoking habit and family history was obtained from cancer
patients and healthy controls by an interview following
sampling. Smokers were defined as former or current
individuals smoking 5 cigarettes per day for at least two
years. Individuals with at least one first-degree relative or at
least two second-degree relatives having esophageal/cardiac/
gastric cancer were defined as having a family history of
upper gastrointestinal cancers (UGIC). Smoking status and
family history were only available from a sub-set of cancer
patients and healthy controls (Table 1). The study was
approved by the Ethics Committee of Hebei Cancer
Institute and informed consent was obtained from all
recruited subjects.
DNA extraction
Five milliliters of venous blood from each subject was
drawn into Vacutainer tubes containing EDTA and stored
at 4 ℃. Genomic DNA was extracted within one week
after sampling by using proteinase K (Merck, Darmstadt,
Germany) digestion followed by a salting out procedure
according to the method published by Miller[16].

Table 1 Selected characteristics of ESCC, GCA patients and healthy individuals
Control, n (%)

ESCC, n (%)

Pa

GCA, n (%)

P1

Male

269 (60.7)

135 (66.5)

0.16

102 (67.1)

0.16

Female

174 (39.3)

68 (33.5)

Groups
Sex

50 (32.9)

57.1 (10.27)

59.2 (9.58)

0.062

Ex- or current smoker

144 (33.2)

106 (55.5)

<0.001 5

Non-smoker

290 (66.8)

85 (44.5)

Mean age, in years (SD)

60.7 (8.07)

0.06 2

3

Smoking status

88 (66.7)

<0.0015

44 (33.3)

Family history of UGIC4
<0.001 f

Positive

164 (37.0)

93 (52.2)

Negative

279 (63.0)

85 (47.8)

74 (61.2)

A/A

267 (60.3)

117 (57.6)

A/G

164 (37.0)

81 (39.9)

56 (36.8)

G/G

12 (2.7)

5 (2.5)

30 (2.0)

A

698 (78.8)

315 (77.6)

G

188 (21.2)

91 (22.4)

<0.0016

47 (38.8)

IL-10 -G1082A SNP genotype
0.78

93 (61.2)

0.88

IL-10 -G1082A SNP allelotype
0.63

242 (79.6)

0.76

62 (20.4)

ESCC: esophageal squamous cell carcinoma, GCA: gastric cardiac adenocarcinoma, UGIC: upper gastrointestinal cancer. 1P value for  2 test; 2P value for t test;
3,4
information of smoking status and family history was available from a subset of subjects; 5smoking significantly increased the risk to the ESCC development (the age and
sex adjusted OR = 1.42, 95% CI = 1.11–1.81); and GCA development (the age and sex adjusted OR = 2.64, 95% CI = 1.46–4.76); 6positive family history of UGIC significantly
increased the risk to develop ESCC (the age and sex adjusted OR = 1.44, 95%CI = 1.18-1.75) and GCA (the age and sex adjusted OR = 3.10, 95%CI = 1.94–4.97).
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IL-10-G1082A genotyping by PCR and restriction fragment
analysis
IL-10-G1082A genotyping was determined by polymerasechain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay. PCR primers used for amplifying IL10-G1082A fragments were 5’-CACTACTAAGGC
TTCCTTGGGA-3’ (sense) and 5’-GTGAGCAAACTGA
GGCACAGACAT-3’ (antisense). The sense primer was
specially designed to introduce a recognition site of restriction
enzyme EcoN I (CCTNN\NNNAGG, MBI Fermentas,
Lithuania) by replacing a T with a C at the seventh position
close to the 3’ end of the primer. PCR was performed in a
20 µL volume containing 100 ng of DNA template, 2.0 µL
of 10× PCR buffer, 1.5 mmoL of MgCl2, 1 U of TaqDNA-polymerase (BioDev-Tech., Beijing, China), 200 µmoL
of dNTPs and 200 nmoL of sense and antisense primers.
The PCR cycling conditions were at 94 ℃ for 5 min followed
by 35 cycles at 94 ℃ for 30 s, at 60 ℃ for 50 s, and at 72 ℃
for 40 s, and with a final step at 72 ℃ for 5 min to allow
the complete extension of all PCR fragments. An 8 µL
aliquot of PCR products was digested overnight at 37 ℃
in a 10 µL reaction containing 10 units of EcoN I and 1×
reaction buffer. After an overnight digestion, the products
were resolved and separated on a 10% polyacrylamide gel
followed by staining with 0.25% silver nitrate. After
electrophoresis, the AA homozygote was represented by
three DNA bands being 252, 39 and 19 bp in length. The
GG homozygote was represented by two DNA bands being
271 and 39 bp in length, whereas the heterozygote displayed
four DNA bands being 271, 252, 39 and 19 bp in length
(Figure 1). For a negative control, each PCR reaction used
distilled water instead of DNA in the reaction system. For
10% of the samples, the reaction was repeated once for
IL-10 genotyping and all of the genotypes matched with
the original results.
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Figure 1 Polyacrylamide gel electrophoresis of IL-10-G1082A digested by EcoN I. Lanes 1 and 8: AG genotype; lanes 2-4 and 6, 7, 9:
AA genotype; lane 5: GG genotype; lane 10: PCR product; M: Marker.

Statistical analysis
Statistical analysis was performed using SPSS10.0 software
package (SPSS Company, Chicago, IL). Hardy-Weinberg
analysis was performed by comparing the observed and
expected genotype frequencies using 2 test. Comparison
of the IL-10-G1082A genotype distribution in ESCC and
healthy controls was performed by means of two-sided
contingency tables using 2 test. A probability level of 5%

February 14, 2005

Volume 11

Number 6

was considered statistically significant. The odds ratio (OR)
and 95% confidence interval (CI) were calculated using an
unconditional logistic regression model and adjusted by age
and sex accordingly.

RESULTS
The mean age of ESCC cases, GCA cases and controls
was 59.2±9.58 years (range 34-85), 60.7±8.07 years (range
37-86) and 57.1±10.27 years (range 31-78), respectively.
The gender distribution in ESCC and GCA patients (66.5%
and 67.1% men) was comparable to that in healthy controls
(60.7% men) (P = 0.16 and 0.16, respectively). The
proportion of smokers in ESCC and GCA patients (55.5%
and 66.7%) was significantly higher than that in healthy
controls (33.2%) (2 = 27.53 and 46.92, respectively, P<0.001).
Therefore, smoking significantly increased the risk of ESCC
and GCA development (the age and sex adjusted OR = 1.42
and 2.64, 95% CI = 1.11-1.81 and 1.46-4.76, respectively).
In addition, the frequency of positive family history of
UGIC in ESCC (52.2%) and GCA (61.2%) patients was
significantly higher than that in healthy controls (37.0%)
(2 = 12.14 and 22.70, respectively, P<0.001). Thus, family
history of UGIC significantly increased the risk of
developing ESCC (adjusted OR = 1.44, 95%CI = 1.18-1.75)
and GCA (adjusted OR = 3.10, 95%CI = 1.94-4.97). The
demographic distribution of ESCC and GCA patients as
well as healthy controls was shown in Table 1.
IL-10 genotyping was successfully performed in all study
subjects. The genotype distribution in ESCC and GCA
patients and healthy controls was consistent with HardyWeinberg equilibrium (P = 0.30, 0.47 and 0.23, respectively).
The genotype distribution was not correlated with gender
and age both in healthy controls and in ESCC and GCA
patients (data not shown). In healthy controls, the frequencies
of the A/A, A/G and G/G genotypes were 60.3%, 37.0%
and 2.7%, while the distribution of A and G alleles was 78.8%
and 21.2%, respectively. As shown in Table 1, there was no
statistical difference in allele distribution between ESCC, GCA
patients and healthy controls (2 = 0.24 and 0.09, P = 0.63
and 0.76, respectively). The overall IL-10 genotype
distribution in ESCC and GCA patients was also not
significantly different from that in healthy controls (2 = 0.50
and 0.26, P = 0.78 and 0.88, respectively). Compared to the
A/A genotype, the combination of A/G and G/G genotypes
did not show a significant effect on modifying the risk of
ESCC and GCA development; the adjusted OR for ESCC
and GCA was 0.92 (95%CI = 0.76–1.11) and 0.95 (95%
CI = 0.61–1.46), respectively.
When stratified for smoking status and family history
of UGIC, the frequency of IL-10 genotypes in ESCC and
GCA patients was also not significantly different from that
in healthy controls. Compared to the A/A genotype, the
combination of A/G and G/G genotypes did not show
any significant influence on the risk of ESCC and GCA in
each stratification group (Table 2).
DISCUSSION
Cixian County and Shexian County lie in Taihang Mountain
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Table 2 Association analysis of the IL-10 –1082 promoter polymorphism with the risk of ESCC and GCA development
A/A

A/G+G/G

aOR (95%CI)3

Overall
Normal

267 (60.3)

176 (39.7)

ESCC

117 (57.6)

86 (42.4)

0.92 (0.76–1.11)

GCA

93 (61.2)

59 (38.8)

0.95 (0.61–1.46)

Nonsmoker1
Normal

181 (62.4)

109 (37.6)

ESCC

52 (61.2)

33 (38.8)

0.89 (0.67–1.18)

GCA

26 (59.1)

18 (40.9)

0.79 (0.39–1.63)

Smoker
Normal

80 (55.6)

64 (44.4)

ESCC

61 (57.5)

45 (42.5)

1.01 (0.77–1.33)

GCA

54 (61.4)

34 (38.6)

1.11 (0.61–2.02)

Negative family history2
Normal

168 (60.2)

111 (39.8)

ESCC

48 (56.5)

37 (43.5)

0.92 (0.70-1.20)

GCA

30 (63.8)

17 (36.2)

1.10 (0.54-2.22)

Positive family history
Normal

99 (60.4)

65 (39.6)

ESCC

56 (60.2)

37 (39.8)

0.96 (0.71–1.29)

GCA

40 (54.0)

34 (46.0)

0.71 (0.37–1.36)

ESCC : esoph ageal squamous cell carcino ma. GCA: gastric cardiac
adenocarcinoma. 1,2 information of smoking status and family history was
available from a subset of subjects; 3 The age and sex adjusted odds ratio of the
A/G+G/G genotype against the A/A genotype.

located at the southern part of Hebei Province. These two
counties are famous in the world for their high-incidence
and mortality of esophageal cancer. GCA, which was
formerly registered as esophageal cancer or gastric cancer,
has been diagnosed independently in very recent years, due
to the improvement in early endoscopic screening and
pathologic diagnosis. It has been sug gested by our
epidemiological data that GCA is also a prevalent tumor
type in Cixian County and Shexian County; its incidence is
about one-third of ESCC in these counties. Therefore, we
selected ESCC and GCA patients as well as demographically
matched healthy controls as the resources of this populationbased case control study.
In the present study, smoking, which was considered as
one of the important risk factors in Western countries, was
also suggested to significantly increase the risk of ESCC
and GCA development. In addition, the study strongly
supported that the genetic background might play an
additional role in the development of these two tumor types.
Therefore, smoking control may play an important role in
the prevention of ESCC and GCA in this region. In addition,
individuals with a family history of UGIC should pay more
attention to their living habits and undergo a regular
endoscopic inspection to prevent and early detect ESCC
or GCA.
In recent years, host-dependent susceptibility to ESCC
and GCA has been widely exploited especially in China[8].
Some polymorphic genes encoding metabolic enzymes,
cell cycle regulators and mismatch repair enzymes, such
as aldehyde dehydrogenase-2 (ALDH2)[17], cytochrome
P450 (CYP) [18] , glutathione S-transferase (GST),
methylenetetrahydrofolate reductase (MTHFR)[8], NAD (P)
H: quinone oxidoreductase 1 (NQO1)[19] have been found
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to be able to modify the susceptibility to chemically induced
cancers including esophageal and gastric cardiac cancer.
Therefore, these polymorphic genes may be used as
predicative parameters for screening individuals at a high
risk of ESCC and GCA.
Polymorphisms in cytokine genes might be associated
with functional differences in cytokine transcription and
could alter clinical performance in a variety of diseases[10,14].
IL-10 is a cytokine with anti-inflammatory and B-cellstimulating activity. It may also influence tumor development
via its action on pathways of tumor angiogenesis. It has
been reported that the IL-10-1082 A/A genotype (low producer
of IL-10) significantly increased in prostate cancer[14] and
cutaneous malignant melanoma[20]. In contrast, high levels
of IL-10 were tumor promoting and elevated serum IL-10
levels were observed in patients with various solid tumors[21].
However, in this population-based case-control study,
difference in IL-10-G1082A genotype distribution was not
found between ESCC or GCA patients and healthy controls,
as well as in the stratification analyses according to smoking
status (never smoking or current and ever smoking) and
family history of UGIC, suggesting that although IL-101082 polymorphism has been correlated with some cancer
types, this genetic alteration may not be associated with the
susceptibility to ESCC and GCA.
In summary, the findings in this study indicate that IL10-1082 promoter polymorphism might not be used as a
stratification marker to predicate the susceptibility to ESCC
and GCA in North China.
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Abstract
AIM: To investigate the effect of rhubarb on contractile
response of isolated gallbladder muscle strips from guinea
pigs and its mechanism.
METHODS: Guinea pigs were killed to remove the whole
gallbladder. Two or three smooth muscle strips (8 mm×3
mm) were cut along the longitudinal direction. The mucosa
on each strip was carefully removed. Each longitudinal
muscle strip was suspended in a tissue chamber
containing 5 mL Krebs solution (37 ℃), bubbled
continuously with 950 mL/L O2 and 50 mL/L CO2 . The
resting tension (g), mean contractile amplitude (mm),
and contractile frequency (waves/min) were simultaneously
recorded on recorders. After 2-h equilibration, rhubarb
(10, 20, 70, 200, 700, 1 000 g/L) was added cumulatively
to the tissue chamber in turns every 2 min to observe
their effects on gallbladder. Antagonists were given 3 min
before administration of rhubarb to investigate the possible
mechanism.
RESULTS: Rhubarb increased the resting tension (from
0 to 0.40±0.02, P <0.001), and decreased the mean
contractile amplitude (from 5.22±0.71 to 2.73±0.41,
P<0.001). It also increased the contractile frequency of the
gallbladder muscle strips in guinea pigs (from 4.09±0.46
to 6.08±0.35, P<0.001). The stimulation of rhubarb on
the resting tension decreased from 3.98±0.22 to 1.58±0.12
by atropine (P<0.001), from3.98±0.22 to 2.09±0.19 by
verapamil (P<0.001) and from 3.98±0.22 to 2.67±0.43
by phentolamine ( P <0.005). But the effect was not
inhibited by hexamethonium (P>0.05). In addition, the
action of mean amplitude and frequency was not inhibited
by the above antagonists.
CONCLUSION: Rhubarb can stimulate the motility of

INTRODUCTION
Muscular contraction of the gallbladder is the primary
determinant factor of bile delivery into the duodenum.
Rhubarb has been reported to promote bile secretion and
dredge liver fine bile ducts. Moreover, rhubarb relaxes
Oddi sphincter. It has been used to treat cholecystitis and
bile duct infection, which was caused by manifold bacteria.
But the action and mechanisms of rhubarb on the
gallbladder smooth muscle strips in vitro are not reported.
In this study , we observed the effects of rhubarb on the
gallbladder muscle strips isolated from guinea pigs and
investigated the possible mechanism concerned.
MATERIALS AND METHODS
Animal preparation
Guinea pigs of either sex (grade I, purchased from Animal
Center of Lanzhou Biology Institute), weighing 350-450 g,
were fasted with free access to water for 24 h, and killed to
remove the whole gallbladder. Two or three smooth muscle
strips (8 mm×3 mm) were cut along the longitudinal
direction. The mucosa on each strip was carefully removed.
Experiment
The muscle strips were suspended in a tissue chamber
containing 5 mL Krebs solution, constantly warmed by a
circulating water jacket at 37 ℃, bubbled continuously with
950 mL/L O2 and 50 mL/L CO2. One end of the strip was
fixed to a hook on the bottom of the chamber. The other
end was connected to an external isometric force transducer
(JZ-BK, BK). The preparation was subjected to 1-g-load
tension and washed with 5 mL Krebs solution every 20 min.
The motility of gallbladder strips in tissue chambers was
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DISCUSSION
The effects of Chinese herbs on the gallbladder motility
have been reported[2-5]. It was reported that rhubarb could
be used to treat cholecystitis[6-9] based on the fact that some
substances extracted from rhubarb have significant effects
on promoting gallbladder contraction. Also, rhubarb can
relax Oddi sphincter and restrain the activity of pancreas
succus amylase. These effects may be the basis of treating
acute pancreas adenitis. But investigation of the effects of
rhubarb on gallbladder smooth muscle in vitro is rare. In
this experiment, we found that rhubarb significantly
increased the resting tension and contractile frequency of
isolated guinea pig gallbladder strips, and the mean amplitude

Data analysis
The results were presented as mean±SE, and statistically
analyzed by ANOVA, P<0.05 was considered statistically
significant.

RESULTS
Effect of rhubarb on spontaneous contraction of gallbladder
muscle strips
Rhubarb (0.05, 0.15, 5, 15, 50, 100 g/L) increased the resting
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Effect of atropine, verapamil, phentolamine, and hexamethonium
on responses caused by rhubarb
Atropine (1 mol/L), hexamethonium (10 mol/L),
phentolamine (1 mol/L) and verapamil (0.05 mol/L) had
no significant effect on gallbladder muscle strips isolated
from guinea pigs. But when given 3 min before the
administration of rhubarb (0.05, 0.15, 5, 15, 50, 100 g/L),
atropine, verapamil, and phentolamine reduced the increasing
action of rhubarb on the resting tension of gallbladder muscle
strips at different degrees (Table 1). They had no significant
effects on the other actions of rhubarb (Tables 2, 3).
Hexamethonium given 3 min before the administration of
rhubarb had no significant effects on the action of rhubarb.

Drug preparation
Rhubarb was broken into pieces, boiled, filtrated, and diluted
to 1 000 g/L, and then diluted to 10, 20, 70, 200, 700,
1 000 g/L (the drug was appraised and prepared by Drug
Control Institute of Gansu Province). The following antagonists
were used: atropine (Pharmaceutical Factory in Yancheng,
Jiangsu Province), hexamethonium (Sigma Chemical Company),
phentolamine (Beijing Thirteen Pharmaceutical Factory),
and verapamil (Lanzhou Pharmaceutical Factory).

0.6

Volume 11

tension, and decreased the mean contractile amplitude. It
also increased the contractile frequency of gallbladder muscle
strips isolated from guinea pigs (Figure 1).

simultaneously recorded on ink writing two channel recorders
(LMS_ZB, Chengdu). After 2-h equilibration, 10, 20, 70,
200, 700, 1 000 g/L of rhubarb were added cumulatively
in turns every 2 min to observe their effects on gallbladder.
Cumulating final concentration of rhubarb was 0.05, 0.15,
5, 15, 50, 100 g/L in the tissue chamber. Atropine (1 mol/L),
hexamethonium (10 mol/L), phentolamine (1 mol/L)
and verapamil (0.05 mol/L) were added 3 min before the
administration of rhubarb to investigate whether the actions
of rhubarb were relevant with M receptor,  receptor,
Ca 2+ channel and N receptor. The concentrations of
antagonists were the final concentrations[1].

A
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Figure 1 Effect of rhubarb on resting tension (g), mean contractile amplitude (mm) and frequency (waves/min) of isolated guinea pig
gallbladder muscle strips (n = 12). A: resting tension; B: the mean contractile amplitude; C: frequency. aP<0.005, bP<0.001 vs control (the
gallbladder spontaneous contraction under 1 g initial load when rhubarb was 0 g/L). The resting tension of each strip in control was 0.

Table 1 Effect of rhubarb on resting tension (g) of isolated guinea pig gallbladder muscle strips after pretreatment with antagonists
(mean±SE)
Resting
tension (g)

Rhubarb (g/L)
0

Rhubarb
Phe+Rhu
Hex+Rhu
Atr+Rhu
Iso+Rhu
a

0
0
0
0
0

0.05
0.03±0.01
0.04±0.01
0.04±0.01
0g
0.03±0.01

0.15

5
c

0.09±0.02
0.06±0.01 e
0.08±0.01 e
0.03±0.01g
0.07±0.01 c

15
c

0.20±0.03
0.11±0.01c,g
0.17±0.02 g
0.07±0.01a,g
0.10±0.01c,e

50
c

0.48±0.03
0.33±0.05 c,g
0.39±0.02g
0.22±0.04 c,g
0.30±0.01 c,g

100
c

0.46±0.02
0.30±0.05c,g
0.40±0.02g
0.19±0.03c,g
0.28±0.02c,g

0.40±0.02c
0.27±0.04c,g
0.35±0.02 g
0.16±0.01c,g
0.21±0.02c,g

P<0.05, cP<0.005 vs control (the gallbladder spontaneous contraction under 1-g initial load when rhubarb was 0 g/L) n = 12. The resting tension of each strip in control
was 0. eP<0.05, gP<0.005 vs rhubarb (the resting tension of adding each concentration of rhubarb) n = 12.
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Table 2 Effect of rhubarb on the contractile amplitude (mm) of isolated guinea pig gallbladder muscle strips after pretreatment with
antagonists (mean±SE)
Amplitude
(mm)

Rhubarb (g/L)
0

0.05

0.15

5

15

50

100

Rhubarb
Phe+Rhu

5.2±0.7
3.3±0.4

4.9±0.7
3.2±0.4

5.0±0.7
3.1±0.4

4.8±0.7
3.0±0.4

4.0±0.5
2.9±0.4

3.0±0.4a
2.3±0.4

2.7±0.4c
1.7±0.4c

Hex+Rhu

4.7±0.6

4.5±0.6

4.3±0.6

4.2±0.6

3.8±0.8

3.1±0.5

2.7±0.5a

Atr+Rhu

5.4±0.9

5.3±0.9

5.1±0.8

4.8±0.7

4.5±0.7

3.8±0.6

3.1±0.5a

Iso+Rhu

5.2±0.9

5.1±1.0

4.9±1.0

4.7±0.8

4.4±0.9

3.4±0.6

3.0±0.5

a

P<0.05, cP<0.005 vs control (the gallbladder spontaneous mean contraction amplitude under 1-g initial load when rhubarb was 0 g/L) n = 12.

Table 3 Effect of rhubarb on the contractile frequency (waves/min) of isolated guinea pig gallbladder muscle strip after pretreatment with
antagonists (mean±SE)
Frequency
(w/min)

Rhubarb (g/L)
0

0.05

0.15

5

15

50

100
c

6.1±0.4c

Rhubarb

4.1±0.5

4.0±0.4

4.1±0.5

4.4±0.4

5.0±0.3

6.3±0.5

Phe+rhu
Hex+rhu

4.2±0.5
3.7±0.3

4.5±0.5
3.8±0.4

4.6±0.6
3.8±0.4

4.6±0.5
4.1±0.5

4.8±0.6
4.9±0.6

5.5±0.6
5.3±0.7c

6.0±0.5c
5.5±0.5c

Atr+rhu

3.5±0.4

3.4±0.4

3.5±0.4

3.7±0.4

4.0±0.4

4.8±0.5c

5.0±0.5c

4.1±0.4

4.1±0.4

4.1±0.4

4.2±0.4

4.5±0.4

5.0±0.5

4.9±0.4

Iso+rhu
a

c

P<0.05, P<0.005 vs control (the gallbladder spontaneous contraction frequency under 1-g initial load when rhubarb was 0 g/L) n = 12.

decreased at the same time. Atropine, phentolamine and
verapamil could block this exciting action partly, whereas
hexamethonium had no inhibitory effects. Our results
suggested that the stimulating action of rhubarb on
gallbladder smooth muscle strips was relevant with M
receptor, Ca2+ channel and  receptor, but irrelevant with
N receptors.
The presence of M receptors in guinea pig gallbladder
smooth muscle cells has been reported recently[10-12]. The
majority of these receptors are said to be M 2 subtype.
However, there are controversial reports about the
functional muscarinic receptors that mediate contraction in
this tissue. Kurtel et al [13] presumed that M 4 receptors and
M5 receptors played a major role in gallbladder contraction.
But von Schrenck et al. [11] reported that M 3 receptors
mediated the movement. The study of Akici et al [14]
supported the conclusion that the majority of muscarinic
receptors of M2 did not mediate the contractile responses.
When M receptors were stimulated, the potential sensitive
Ca2+ channels were opened, which would cause the influx
of extracellular Ca2+ and induce the contraction of smooth
muscles. The key determinant of smooth muscle contractility
is the concentration of intracellular free calcium Ca2+, which
could trigger a sequence of events leading to the generation
of forces[15-17]. When smooth muscle cells were stimulated,
extracellular Ca2+ entered into cells. Meanwhile sarcoplasmic
reticuli could bring into play the function of Ca2+ . When
some exciting transmitters, hormones and drugs combined
with muscular receptors, the secondary message was
generated via G protein, then Ca2+ was released. The result
was a rise of [Ca2+ ]. This increased calcium sequentially
bound to the four binding sites on the regulatory protein,
calmodulin (CAM). The activated calmodulin bound to
myosin light chain kinase (MLCK) to form an active complex
(Ca++4CaM.MLCK). Phosphorylation of myosin produced

a conformational change in the myosin head group that
could activate ATPase. The interaction between the
phosphorylated myosin heads and actin filaments generated
forces, filament movements and cell shorting, with sequential
attachment and detachment of the cross-bridges, leading
to contraction[18]. In this experiment, verapamil (an inhibitor
of Ca2+ channel) significantly blocked the contraction
response of rhubarb. This result is consistent with the above
results.  receptor has been found in gallbladder smooth
muscles that could mediate the exciting action. After
phentolamine (an inhibitor of  receptor) was added, the
contraction response of rhubarb significantly decreased. This
mechanism will allow us to gain more information about
the effects of rhubarb on gallbladder.
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incidence rate have no significant difference between
familial aggregation and non-familial aggregation. It may
have no significant relationship between YMDD mutations
and pre-c-zone mutations. HBV DNA level may not have a
positive correlation with YMDD mutations. LAM is clinically
effective for CHB patients with YMDD mutations.

Abstract

http://www.wjgnet.com/1007-9327/11/867.asp

AIM: To polymerase P region (YMDD) mutations of hepatitis
B virus gene (HBV DNA) in patients with chronic hepatitis
B (CHB) untreated with antiviral medicines and to explore
its correlation with pre-c-zone mutations, HBV genotypes
and HBV DNA level, and to observe its curative effect.
METHODS: A total of 104 cases (38 cases in group of
familial aggregation and 66 cases in group of non-familial
aggregation) were randomly chosen from 226 patients with
CHB who did not receive the treatment of lamivudine (LAM)
and any other antivirus drugs within the last one year.
Their serum YMDD mutations were detected by microcosmic
nucleic acid and cross-nucleic acid quantitative determination,
HBV genotypes by PCR-microcosmic nucleic acid crossELISA, HBV DNA quantitative determination and fluorescence
ration PCR analysis, hepatitis B virus markers (HBVM) by
ELISA. LAM was taken by 10 patients with YMDD mutations
and its curative effect was observed.
RESULTS: Twenty-eight cases (26.9%) had YMDD
mutations, of them 11 cases (28.9%) were in familial
aggregation group (38 cases) and 17 cases (25.8%) in nonfamilial aggregation group (66 cases) with no significant
difference between the two groups. Twenty-seven point
one percent (16/59) cases were positive for HBeAg YMDD
mutations, and 26.7% (12/45) cases were negative for
HBeAg and positive for anti-HBe. There was also no
significant difference between the two groups. Different
YMDD incidence rate existed in different HBV genotypes.
HBV DNA level did not have a positive correlation with the
incidence of YMDD mutations. LAM was effective for all
patients with mutations.
CONCLUSION: Wild mutant strains in HBV and their

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
To investigate the polymerase P region (YMDD) mutations
of hepatitis B virus gene (HBV DNA) in patients with CHB
who had not received antiviral treatment, 104 cases were
randomly chosen from 226 such cases to detect their serum
YMDD mutations. To explore its correlation with HBV
genotypes, HBV DNA level and HBV e antigen system, and
to investigate its incidence rate between familial aggregation
and non-familial aggregation. LAM treatment was given to
some patients with YMDD mutations. The therapeutic results
were analyzed.
MATERIALS AND METHODS
Patients and materials
A total of 104 patients were from out-patient and in-patient
departments of our hospital. Among them 38 cases were in
familial aggregation group (2 or more close-contacted family
members were infected with HBV but had no direct evidence
of blood transmission), including 26 males and 12 females
aged 17-69 years (average, 35 years). Sixty-six cases were in
non-familial aggregation group, including 45 males and 21
females aged 16-56 years (average, 34.6 years). All the cases
met the diagnosis standards made at the Tenth Viral
Hepatitis Conference[1] and had not received LAM treatment
or any other antiviral treatment within one year before
detection of serum YMDD.
Detection of YMDD mutations
YMDD mutations of HBV DNA were detected by microc-
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osmic nucleic acid cross-nucleic acid quantitative determination.
The detection of 25 cases was completed at the Biomedicine
Diagnosis and Research Center of Basic Medicine Department
of the First Military Medical University, and the detection
of the other 79 cases was completed under the same conditions
at our hospital’s central laboratory. For specimen processing,
50 L serum to be tested and 50 L processed liquid were
fully mixed, boiled at 100 ℃ for 5 min, spun by centrifugation
at 12 000 r/min for 5 min, and 8 L supernatant was put
into a tube containing reaction liquid, spun by centrifugation
for 10 s at 10 000 r/min, then put into the processing machine
and pre-denatured at 92 ℃ for 2 min, followed by 35 cycles
(denaturation at 94 ℃ for 50 s, annealing at 55 ℃ for 50 s,
extension at 72 ℃ for 65 s) and a final extension at 72 ℃
for 3 min. For HBV DNA primer design, HBV W1 (TGGA
CGTCGCATG GGAGAACCACCGTGAA) and HBV W2
(GAAAGCTTCTGCGACGCCGTGATTGAG) were
taken as primers of YMDD. For hybridization, amplified
products were denatured at 98 ℃ for 10 min and then cooled
in an ice-bath for 10 min. Two hundred micro liters of
hybridization liquid was added and kept at 55 ℃ for 6 min,
and the step was repeated twice. One hundred micro liters
of enzyme anti-body liquid was added and kept at 37 ℃
for 30 min, discarded gently and completely, then 200 L
enzyme lotions was added, kept at 37 ℃ for 5 min, and the
step was repeated twice. Color reagents A and B (30 L)
were added, kept at room temperature for 10 min, then
60 L termination liquid was added and the results were
observed. The spatial absorption value (A) was detected
with an enzyme labeling machine. YMDD was considered
to be positive if P/N ≤3.5.
Detection of HBV genotypes
HBV genotypes were detected by PCR-microcosmic nucleic
acid cross-ELISA[2]. Twenty-five cases were completed in
Biomedicine Diagnosis and Research Center, Basic Medicine
Department of the First Military Medical University, and
the other 79 cases were detected in our hospital according
to the introduction manual.
Quantitative determination of HBV DNA
Shanghai FX990 micro-fluorometer and HBV-PCR
fluoroscopy reagent kits (termination value, 103 copy/mL),
provided by the Shanghai Fu Xing Company, were used.
The procedure was strictly manipulated according to the
introduction manual and estimated by experts.
Detection of HBVM
For the detection of HBVM, ELISA was adopted. Reagent
kits were provided by Zhongshan Bioengineering Co. Ltd,
Guangdong. The manipulations were strictly completed
according to the introduction manual.
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2 test between different genotypes, HBV DNA level , HBV
e system, familial aggregation and non-familial aggregation
case. The statistical analysis was processed with SAS statistical
software. P<0.05 was considered significant.

RESULTS
YMDD mutation data of 104 CHB cases
Twenty-eight cases (26.9%) out of 104 had YMDD mutations.
The incidence rate of YMDD mutations was 25.8% (17/66)
in non-familial aggregation cases, and 28.9% (11/38) in
familial aggregation cases. No significant difference could
be found between the two groups. (2 = 0.124, P>0.05).
Relationship between HBeAg system and YMDD mutations
Of the 59 cases who were positive for HBeAg, 16 had
YMDD mutations and the incidence rate was 27.1%. Of
the 45 cases who were negative for HBeAg and positive
for anti-HBe, 12 cases had YMDD mutations and the
incidence rate was 26.7%. There was no significant difference
between the two groups (2 = 0.0027, P>0.05).
YMDD mutations in different HBV genotypes
Genotypes of all these cases included D, C, B, nonclassified types and mixed forms of CD, CB and DB.
YMDD mutations of different genotypes are shown in
Table 1. It demonstrated that the mutations mostly occurred
in genotype C and its mixed genotypes, accounting for
71.4% (20/28).
Table 1 YMDD mutations in different HBV genotypes
Patterns of
genotypes

n

Case number of
YMDD mutations

CD

25

8

32.0

CB

16

6

37.5

C

15

6

40.0

D

9

2

22.2

B

9

-

-

DB

12

-

-

Non-classified types

18

6

33.3

104

28

26.9

Total count

Incidence
rate (%)

Comparison of mutations in different groups ( 2 = 0.9334, P>0.05).

Relationship between HBV DNA level and YMDD mutations
There was no significant difference between high and low
HBV DNA level groups, suggesting that HBV DNA level
might not have a positive correlation with YMDD mutations
(Table 2).

Treatment
LAM (10 mg/d p.o.) was given to patients with YMDD
mutations and their liver functions, HBVM and HBV DNA
were detected every 4 wk and observed continuously for
42 wk.

Table 2 Comparison of YMDD mutations in different HBV DNA
levels

≤10 5

Statistical analysis
The incidence rate of YMDD mutation was compared by

>105

YMDD mutations
HBV DNA (copy/mL)

n
Positive

Positive rate (%)

56

16

28.6

48

12

25.0

Comparison between the two groups ( 2 = 0.1676, P>0.05).
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Observation of curative effect
Of the 28 patients with YMDD mutations, 18 gave up
treatments because of financial difficulty, the other 10 had
abnormal ALT level and were positive for HBeAg at the
same time. In the 10 cases, HBV DNA level decreased by
different degrees 4 wk after LAM treatment. At the end of
42 wk, HBV DNA level in 8 cases (80%) was lower than
10 3/mL, and ALT was returned to normal and baseline
level of ALT did not rebound. HBeAg converted to negative
in 4 (40%) cases and 1 (10%) case had HBeAg/anti-HBe
serum conversion. It was suggested that LAM had a good
curative effect in the patients with wild YMDD mutations.

DISCUSSION
HBV belongs to DNA viral species and its duplication course
is similar to that of reversed transcription viruses. HBV
DNA polymerase has an activity of reversed transcription
and a highly conservative YMDD order locating in the
polymerase structural region C area, which is the combing
and functioning site of LAM (nucleoside antiviral medicine).
A great number of studies in recent years showed that longterm (longer than 6 mo) LAM treatment could contribute
to YMDD mutations[3-12] and disease recurrence. Some
patients even went worse, and eventually died [13-17]. But it
has been seldom reported whether YMDD mutations have
natural existence. Some scholars[18,19] found that YMDD
mutational strains were positive in the serum of the cases
infected with CHB who did not receive LAM treatment.
Yan et al[20] showed that 19 cases had YMDD mutations out
of 110 CHB cases untreated with LAM. Fontaine et al [21]
reported that 5 had YMDD mutations out of 18 cases of
asymptomatic HBV carriers, and so they considered that the
natural existence of YMDD mutational strains was associated
with a great amount of HBVs existing in CHB patients and
its mutations. Fontaine et al[21] revealed that YMDD mutations
also occurred in HBV-infected cases who underwent kidney
transplantation and dialysis therapy. In addition, Zhang et al
[22]
found that 32 (26.2%) cases (including wild YMDD
genotypes and mutant genotypes) had YMDD mutations
in 122 CHB cases by genetic chip determination. Matsuda
et al[23] reported that a few CHB cases not treated with LAM
had YMDD mutations. Of the 104 CHB cases in this study
who had not received LAM and any other Chinese traditional
or Western antiviral treatment, 28 (26.9%) had YMDD
mutations and the detection rate of mutational strains was
in accordance with that reported by Zhang et al[22], showing
that wild YMDD mutational strains were in existence in
HBV DNA. However, the spontaneous incidence rate of
YMDD mutations had no correlation with familial aggregation.
Kobayashi et al [19] found that anti-HBe was positive in
all patients with YMDD mutations, and Ye et al [24] found
that anti-HBe was positive in most patients with YMDD
mutations and considered that YMDD mutations might
occur more easily if mutations took place in pre-c-zone. In
this study, we found that the incidence rate of YMDD
mutations was 27.1% in patients with negative HBeAg while
26.7% in patients with negative HBeAg and positive antiHBe. There was no significant difference between the two
groups. These results do not accord with those of Kobayashi
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et al [19] and Ye et al [24] but accord with the studies of Da
Silva et al[25] and Yan et al[20]. Therefore, YMDD mutations
might not have a relationship with pre-c-zone mutations.
We found that there was a difference in the incidence
rate of HBV YMDD wild mutational strains between HBV
genotypes C, D, non-classified types and mixed genotypes
of CD and CB. Most of the mutations (71.4%) occurred
in genotype C and its mixed forms partly because genotype
C occupied a great proportion in CHB cases. Though there
was no significant difference among these genotypes, the
relation between YMDD mutations and HBV genotypes
could not be excluded as the cases were comparatively small
in our study.
Some scholars[26, 27] proposed that a high HBV DNA
level of serum had a positive correlation with the incidence
of mutations. After HBV DNA was detected in 104 CHB
patients, we found 12 YMDD mutations (25.0%) in 48 cases
with a higher level of HBV DNA (>105 copies/mL), while
16 (28.6%) mutations were found in 26 cases with a lower
HBV DNA level (≤10 5 copies/mL) and there was no
significant difference between the two groups, suggesting
that HBV DNA level might not be positively correlated
with YMDD mutations. Further studies with more samples
should be conducted.
LAM has been acknowledged and identified as one of
the first-line medicines for CHB at World Gastroenterology
Conference, and by Asian-Pacific Region Hepatology
Association and European-American He patolog y
Association[28,29] . In our study, 10 patients with YMDD
mutations were treated with LAM. We found that HBV
DNA level decreased by different degrees 4 wk after
treatment, and at the end of 42 wk HBV DNA level in 8
cases was lower than 103 copies/mL, and their ALT recovered
to normal and baseline level of ALT did not rebound,
HBeAg became negative in 4 cases and l case had HBeAg/
anti-HBe conversion. These indicated that LAM had a shortterm curative effect on CHB with YMDD mutations. The
results might be associated with the fact that wild viral strains
were dominant while YMDD mutational strains were minor
and had a lower duplication activity and weaker pathogenicity.
The samples were small and the course of treatment was
not long enough in our study to assess. To know whether
and how the curative effect of LAM was affected by
YMDD mutational strains, a contoured study with a nonYMDD mutation group and larger sample size is needed.
Some scholars[30-34] considered that LAM combined with
other antiviral medicines in the treatment of CHB patients
would partly improve the curative effect and could delay
or decrease the occurrence of drug-tolerant YMDD mutation
strains. Thus, it is worthwhile to explore antiviral medicines
for the treatment of patients with natural YMDD mutations.
In conclusion, YMDD wild mutational strains exist in HBV
and its incidence rate has no relation to familial aggregation.
LAM has a good short-term curative effect in CHB patients
with YMDD mutations. But some issues still need further
research, such as the factors that contribute to mutations,
the relationship between mutations and the development
of hepatic diseases, the correlation of pre-c-zone mutations
with genotypes, the relationship between HBV DNA level
and the incidence of mutations.
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Abstract
AIM: To evaluate the expression of matrix metalloproteinase9 (MMP-9) and its clinical significance in esophageal
squamous cell carcinoma (ESCC).
METHODS: The expression of MMP-9 in 208 cases of
ESCC was detected by immunohistochemistry (IHC) and
its clinical significance in ESCC especially the relationship
with the clinicopathological parameters was analyzed.
RESULTS: The percentage of positive cases for MMP-9
detected by IHC was 49.0%. MMP-9 was mainly expressed
in the cytoplasm of cancer cells especially in the invasive
front. Only weak expression was detected in the stromal
cells and no expression in non-cancerous mucosa. The
expression of MMP-9 was positively correlated with poorer
differentiation (P = 0.001<0.01), existence of vessel
permeation (P = 0.027<0.05) and lymph node metastasis
(P = 0.027<0.05).
CONCLUSION: The expression of MMP-9 correlates with
the cancer cell differentiation, vessel permeation and
lymph node metastasis. It may be a novel biomarker for
the diagnosis and treatment of ESCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the
most aggressive malignant tumors, and China is one of the
leading ESCC high-incidence areas in the world. In general,
patients with ESCC have a worse prognosis than those with
other digestive tract cancers even after curative surgical
resection, due to the extensive local invasion and frequent
regional lymph node metastasis at presentation. Spread of
malignant tumors is a multi-step process and many of the
stages of tumor invasion require degradation or breakdown
of the extracellular matrix and connective tissue surrounding
the tumor cells. The matrix metalloproteinases (MMPs) are
a family of zinc-dependent endopeptidases collectively
capable of degrading essentially all components of extracellular
matrix (ECM)[1-3] , and there is considerable evidence to
indicate that individual MMPs have an important role in
tumor invasion and metastasis[4-7].
At present, more than 20 members of the human MMP
gene family are known, and they are classified into subgroups
of collagenases, stromelysins and gelatinases based on their
structure and substrate specificity. MMP-9 is one of the
gelatinases that mainly degrades type IV collagen, which is
the main component of basement membrane. Then the
activity of MMP-9 is suggested to be associated with the
disruption of basement membrane and also to play a very
important role in the distant metastasis potential of carcinoma
cells through vessel permeation. Recently, some studies have
indicated that MMP-9 is associated with the ESCC[8,9].
However, there is still lack of comprehensive analysis for the
expression of MMP-9 in ESCC in large sections of examples.
In this study, immunohistochemistry (IHC) was
performed to detect the expression of MMP-9 and the relationship of its expression to clinicopathological parameters
was analyzed. We found that the expression of MMP-9
correlates with cancer cell differentiation, vessel permeation
and lymph node metastasis, and hence might be a novel
biomarker for the diagnosis and treatment of ESCC.
MATERIALS AND METHODS
Patients and tissue samples
Paraffin-embedded tumor specimens from 208 patients with
ESCC who were surgically treated in Peking University
School of Oncology from July 1996 to November 2002
were used for IHC analysis, 162 males and 46 females, aged
38-78 years (mean 60 years).
Immunohistochemistry
The 4-m sections were dewaxed in xylene, rehydrated in
alcohol, and immersed in 3% hydrogen peroxide for 10 min
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to suppress endogenous peroxidase activity. Then antigen
retrieval was performed by microwave treatment (650 W)
of the sections for 10 min in 0.01 mol/L sodium citrate buffer
(pH 6.0). After being rinsed for 5 min×3 times in PBS, the
sections were incubated for 18 h at 4 ℃ with a mouse
antihuman MMP-9 antibody (Novocastra Laboratories, 15W2,
1:20) diluted in PBS. After washing for 5 min×3 times in
PBS, the sections were incubated with horseradish peroxidaselabeled goat antimouse immunoglobulin (DAKO, K4001)
for 1 h at room temperature. After 3 additional washes,
peroxidase activity was developed with diaminobenzidine
(DAB) at room temperature. Finally, the sections were
counterstained in Mayer’s hematoxylin.
Immunostaining signals were scored by two independent
observers. The scores were calculated as the number of
stained cells divided by the total number of carcinoma cells.
Unequivocal staining of the cytoplasm in more than 10%
of carcinoma cells was considered positive.
Statistical analysis
SPSS 10.0 software was used to perform the 2 test to
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analyze the relationship between the expression of MMPs
and clinicopathological parameters. P value less than 0.05
was considered statistically significant.

RESULTS
Expression of MMP-9 in ESCC detected by IHC
The percentage of positive cases for MMP-9 detected by
IHC is 49.0% and Figure 1 shows the representative results.
The expression of MMP-9 is mainly located in the cytoplasm
of cancer cells. And the immunostaining showed a tendency
to be stronger in deeply invading nests especially in invasive
fronts. Weak staining was seen in stromal cells and no staining
was seen in normal esophageal mucosa.
Relationship of MMP-9 expression and clinicopathological
parameters
The expression of MMP-9 was positively correlated with
poorer differentiation, existence of vessel permeation and
lymph node metastasis, but had no relationship with other
parameters (Table 1).

B

Figure 1 Immunohistochemical staining of MMP-9 in ESCC. A: Strong immunostaining can be seen in deeply invading nests of ESCC, weak
immunostaining can be seen in stromal cells (×100); B: Positive staining locates in the cytoplasm of ESCC cells (×400).

Table 1 Relationship of the MMP-9 expression and clinicopathological parameters
MMP-9 expression
2

Clinicopathological parameters
Age (yr)
Sex
Tumor location

Tumor cell differentiation

Vessel permeation
Tumor invasion (T)

Lymph node metastasis (N)
TNM stage

<60
>60
Male
Female
Upper
Middle
Lower
Well
Middle
Poor
Absent
Present
T1
T2
T3
N0
N1
I
IIa
IIb
III

Positive cases (%)

Negative cases (%)

44 (49.4)
58 (48.7)
74 (45.7)
28 (60.9)
8 (50.0)
69 (51.9)
25 (42.4)
25 (32.5)
46 (59.7)
31 (57.4)
75 (45.2)
27 (64.3)
8 (57.1)
19 (42.2)
75 (50.3)
45 (41.7)
57 (57.0)
7 (58.3)
38 (39.6)
7 (46.7)
50 (58.8)

45 (50.6)
61 (51.3)
88 (54.3)
18 (39.1)
8 (50.0)
64 (48.1)
34 (57.6)
52 (67.5)
31 (40.3)
23 (42.6)
91 (54.8)
15 (35.7)
6 (42.9)
26 (57.8)
74 (49.7)
63 (58.3)
43 (43.0)
5 (41.7)
58 (60.4)
8 (53.3)
35 (41.2)

P

0.010

0.921

3.308

0.069

1.484

0.476

13.503

0.001

4.896

0.027

1.305

0.521

4.885

0.027

7.139

0.068

Gu ZD et al. MMP-9 in esophageal squamous cell carcinoma

DISCUSSION
It is widely accepted that cancers develop and progress through
the accumulation of various genetic alterations. ESCC is one
of the most aggressive carcinomas and the postoperative
outcome remains unsatisfactory[10]. But it is recognized that
some patients who undergo a curative operation do gain a
long-term survival, even though the carcinoma has reached
an advanced stage[11]. That is, the widely used TNM staging
cannot accurately predict the prognosis in all the patients.
So it is important to study some useful biologic markers as
indicators for the malignant potential [12]. MMPs have
attracted more and more attention because of their important
function in tumor invasion, angiogenesis and metastasis. In
the present study, we detected the expression of MMP-9
to figure out the role of MMPs in ESCC.
Expression of MMP-9 is elevated in ESCC especially at the
invasive front
The results of IHC for MMP-9 showed that the immunostaining was mainly located in the cytoplasm of cancer cells
especially the cancer cells at the invasive front. There were
weak expressions in stromal cells and no expression in noncancerous mucosa. This expression status showed that the
expression of MMP-9 was elevated in carcinoma tissues
compared to non-cancerous mucosa, which indicates that
MMP-9 may play a role in the development of ESCC. The
high expression of MMP-9 at the invasive front may enforce
the degradation of the ECM and then facilitate the invasion
or metastasis of tumor cells. Some authors suggest that the
expression of MMPs in stromal cells may exert more important
function[13,14], but others do not think so[3,4]. In our study, it
was found that the expression of MMP-9 was mainly located
in the cytoplasm of cancer cells, which indicates that the
MMP-9 expressed in cancer cells may play a more important
role.
Expression of MMP-9 is related to the clinicopathological
parameters of ESCC
MMP-9 is important in many aspects of biology; ranging
from cell proliferation, differentiation and remodeling of the
ECM, these events may be the reasons for MMP-9 expression
being related to the clinicopathological parameters.
Poor differentiated ESCC has high MMP-9 expression.
This may explain why poorly differentiated ESCC has high
malignant tendency. High expression of MMP-9 can provide
the cancer cell more chances to invade and metastasize.
MMP-9 expression is positively correlated with the
existence of vessel permeation (vascular or lymphatic). There
may be two reasons for this. One is, MMP-9 mainly degrades
type IV collagen, which is the principal component of basement
membrane. So the high expression of MMP-9 may facilitate
the cancer cells to penetrate the vessel membranes and then
to enter the blood stream or metastasize to lymph nodes.
Kim et al[15] found that MMP inhibitors can block intravasation
of tumor cells and only MMP-9-expressing cells are able to
enter the blood stream, which indicates that MMP-9 is
required for intravasation and hematogenous spread of
tumor cells in vivo. The other reason is that MMP-9 expression
can promote the tumor angiogenesis, which can provide
oxygen and nutrition for cancer cells, and promote the
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formation of cancer emboli. Bergers et al[16] suggested that
MMP-9 can induce angiogenesis by releasing sequestered
VEGF.
High expression of MMP-9 is positively correlated with
lymph node metastasis. The mechanism may be the same
as that mentioned above. Many authors reported that lymph
node metastasis is an independent prognostic factor of
ESCC[17,18], and MMP-9 may affect the prognosis by affecting
the lymph node metastasis.
On the other hand, the expression of MMP-9 has no
relationship with the depth of tumor invasion, which may
be due to the fact that the main substrate of MMP-9 is type
IV collagen and not type I collagen. Type I collagen is the
main component of connective tissue, and the tumor invasion
to the deeper layer is always accompanied with the lysis of
type I collagen. So, maybe collagenases play an important
role in the tumor invasion depth.
MMP-9 might be a novel biomarker for ESCC
In our study, MMP-9 was highly expressed in poor prognostic
potential patients, weakly expressed in good prognostic
potential patients and did not express in non-cancerous
mucosa. This expression pattern lends considerable support
to the likelihood that MMP-9 might be acting as a novel
biomarker for the diagnosis and treatment of ESCC. Now
many potential inhibitors of MMPs, including MMP-9, are
assessed for anticancer properties such as synthetic lowmolecular weight MMPIs and bryostatin compounds, but
there are still some uncertainties and a definite conclusion
awaits more studies[19-21].
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Abstract
AIM: To investigate the difference in activation of STAT3
signaling between two human stomach adenocarcinoma
cell lines: 5-fluorouracil resistant cell line and its parental
cell line, and to evaluate its relationship with the expression
of vascular endothelial growth factor (VEGF).
METHODS: Western blot and electrophoretic mobility
shift assay (EMSA) were used to detect the expression of
phospho-STAT3 protein and constitutive activation of STAT3
in two human stomach adenocarcinoma cell lines, 5fluorouracil resistant cell line SGC7901/R and its parental
cell line SGC7901, respectively. The mRNA expression of
VEGF was analysed by semi-quantitative RT-PCR. The
expressive intensity of VEGF protein was measured by
immunocytochemistry.
RESULTS: The expressions of phospho-STAT3 protein and
constitutive activation of STAT3 between two human
stomach adenocarcinoma cell lines were different.
Compared with the parental cell line SGC7901, the STAT3DNA binding activity and the expressive intensity of
phospho-STAT3 protein were lower in the drug-resistant
cell line SGC7901/R. The expression levels of VEGF mRNA
and its encoded protein were also decreased in drugresistant cell line.
CONCLUSION: Over-expression of VEGF may be correlated
with elevated STAT3 activation in parental cell line. Lower
VEGF expression may be correlated with decreased STAT3
activation in resistant cell line, which may have resulted
from negative feedback regulation of STAT signaling.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
As one of the signal transducers and activators of transcription
(STAT) family members, STAT3 has been correlated with
positive regulation of cell growth and is highly activated in
cancer cells[1,2]. Activation of STAT3 signaling regulates the
expression of numerous genes involved in growth control
and survival. Many studies have shown that numerous genes
encoding Bcl-xL, Mcl-1, cyclins D1/D2, and c-Myc proteins
are downstream targets of STAT3[3-6]. Recent studies have
indicated that constitutive STAT3 signaling induces VEGF
expression and tumor angiogenesis[7-11]. The expression of
VEGF antigen in gastric cancer cells can serve as a pertinent
predictive factor for hematogenous invasion or metastasis,
and the importance of it has been proven and widely
studied[12-14] . In addition, the resistance to 5-fluorouracil
(5-FU) is a main obstacle in gastric cancer chemotherapy.
However, the correlation between STAT3 and VEGF has
not been studied in drug resistant cell line. In this study, we
aimed to investigate the different activation of STAT3
signaling in two human stomach adenocarcinoma cell lines,
5-fluorouracil resistant cell line and its parental cell line,
and evaluate its relationship with the expression of VEGF.
MATERIALS AND METHODS
Reagents
Nuclear and cytoplasmic extraction reagents and bovine
serum albumin (BCA) protein assay kit were purchased from
Pierce (Rockford, IL, USA). Easytides adenosine 5’triphosphate [-32P] was purchased from PerkinElmer
(Boston, MA, USA). MicroSpinTM G-25 column and hybondC membrane were purchased from Amersham Biosciences
(Piscataway, NJ USA). TRIzol reagent and MagicMarker
Western standard were purchased from Invitrogen
(Carlsbad, California. USA). AMV reverse transcription
system (A3500), Taq DNA polymerase, dNTP, PCR marker
and EMSA kit were purchased from Promega (Madison,
WI, USA). Monoclonal anti--actin was purchased from
Sigma. Polyclonal rabbit anti-human phospho-Tyr705-
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STAT3 was obtained from Cell Signaling (Beverly, MA,
USA). Goat anti-rabbit IgG-AP was purchased from Santa
Cruz (California, USA). Monoclonal mouse anti-human
VEGF antibody was obtained from Fujian Maixin Co (Fujian,
China). DAKO Envision system HRP (DAB) was purchased
from DAKO (Produktionsvej, Glostrup, Denmark).
Cell lines and culture
Two human gastric adenocarcinoma cell lines, 5-fluorouracil
resistant cell line SGC7901/R and its parental cell line
SGC7901 were obtained from Shanghai Institute of Materia
Medica, Chinese Academy of Sciences. All of the cells were
grown in RPMI 1640 supplemented with 100 mL/L fetal
bovine serum in a humidified atmosphere containing
50 mL/L CO2 at 37 ℃. The final inducing dosage of 5fluorouracil was 1 g/L.
Western blot analysis
Both the extraction of nuclear protein of two cell lines and
the contents of nuclear protein were determined by the
kits according to the manufacturer’s instruction. A total of
100 g of nuclear extracts was loaded onto SDSpolyacrylamide gel and blotted onto hybond-C membranes
by electrophoresis. Equal protein sample loading was
monitored by hybridizing the same membrane filter with
an anti--actin antibody. MagicMarker was used for
molecular weight determinations. The membranes were
rinsed in TBS and blocked for 1 h at room temperature
with 50 g/L fat free milk powder in TBS. The membranes
were then incubated with 1:400 dilution of polyclonal
antibodies against phospho-STAT3 at room temperature
for 2 h. The proteins were detected by incubating the strips
in alkaline phosphatase-conjugated anti-rabbit IgG antibody
for 1 h at room temperature. The Quantity one software
was used to analyse the scanned protein bands.
Electrophoretic mobility shift assay (EMSA) for STAT3-DNA
binding activity
The STAT3-DNA binding activity was assessed by EMSA
using the nuclear extract from the two cell lines. The sense
strand that binds activated STAT3 protein was 5’ TCG
ACA TTT CCC GTA AAT C 3’(synthesized by Shanghai
Shenggong Co). Double-stranded oligonucleotide was endlabeled with [-32P] ATP using a T4 polynucleotide kinase
according to the manufacturer’s instruction. The final
concentration of probe was 1.75 pmol/L. The labeled probes
were then purified by G-25 spin columns. One microliter
of 32P-labeled STAT3 oligonucleotide was added to each
reaction. For STAT3 specific test, a 150-fold unlabeled
STAT3 probe was applied as a competitor. The final volume
of reaction was 20 L, including 10 g of nuclear extract
and 5×binding buffer. The reactions were placed on ice for
30 min. The 45 g/L nondenaturing acrylamide gel was prerun in 1×TBE buffer at 25 mA for 60 min. After loading
of the samples, the gel was run at room temperature in
1×TBE buffer at 25 mA for 90 min. The gel was dried on
a gel dryer, then exposed to x-ray film overnight at -80 ℃
with intensifying screen. The protein-DNA complex was
detected by autoradiography. The Quantity one software
was used to analyse the scanned EMSA gel bands.
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Semi-quantitative RT-PCR
Total RNA was extracted from the two cell lines with a
single step method using the TRIzol reagent according to
the manufacturer’s protocol. Complementary DNA (cDNA)
synthesis was performed using 2 g of total RNA by reverse
transcription system (A3500) according to the manufacturer’s
instructions. Polymerase chain reaction was then conducted
for 26, 28, 30 and 35 cycles in a thermal controller
(Programmable Thermal Controller; MJ Research, Inc.) and
the optimal cycle number for quantification (30 cycles) was
determined. The primer annealing for STAT3 was carried
out at 57 ℃ for 0.5 min. The sequences of PCR primers
were as follows: for VEGF, 5’ TGC ATT CAC ATT TGT
TGT GC 3’(sense), and 5’ AGA CCC TGG TGG ACA
TCT TC 3’ (antisense, a 200 bp product); for -actin, 5’
AAG GAT TCC TAT GTG GGC 3’ (sense), and 5’ CAT
CTC TTG CTC GAA GTC 3’ (antisense, a 532 bp product).
-actin mRNA levels were used as internal controls. Then
8 L of each PCR product was electrophoresed on 20 g/L
agarose gels, and the intensities of the specific bands were
analyzed by the software of Quantity one.
Immunocytochemistry
DAKO Envision system HRP (DAB) was used for
immunocytochemical staining of VEGF. Two kinds of cells
were fixed in 40 g/L paraformaldehyde. Endogenous
peroxidase and nonspecific background staining were
blocked by incubating slides with 30 mL/L hydrogen
peroxide for 10 min at room temperature. After washed
with PBS for 5 min, slides were blocked with normal serum
for 20 min, followed by incubation with the primary antibody
for VEGF (a mouse anti-human monoclonal antibody diluted
at 1:50), overnight at 4 ℃. As negative controls, PBS was
used to replace primary antibody. After rinsed with PBS
for 5 min, slides were incubated with the secondary antibody
for 30 min and washed again. Chromogen was developed
with 3, 3’-diaminobenzidine (DAB). All of the slides were
lightly counterstained with hematoxylin for 10 s before
dehydration and mounting. The slides were examined under
a microscope (BX-50, Olympus Company). The software
of Spot version 3.5.2 was used to analyze the images.

RESULTS
Western blot analysis of phospho-STAT3 protein
We performed Western blot with phospho-STAT3 antibody.
This antibody reacts with the phosphorylated tyrosine 705
residue that is indicative of STAT3 activation [15]. The
expression levels of the phospho-STAT3 proteins were
markedly reduced in drug-resistant cell line SGC7901/R
when compared with the parental cell SGC7901 (Figure 1).

1

2

← P-STAT3 (86 ku)
← -actin (42 ku)
Figure 1 Western blot analysis of phospho-STAT3 in different cell
lines. Lane 1: SGC7901 cell line; lane 2: SGC7901/R cell line.
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The level of STAT3 -DNA binding activity
The result of EMSA showed that STAT3 -DNA binding
activities were different between the two cell lines (Figure 2).
The STAT3-DNA binding activity was lower in the drugresistant cell line SGC7901/R, as compared with the parental
cell lines SGC7901, suggesting that the constitutive activation
of STAT3 was decreased in the drug-resistant cell line.

123

← STAT3

← Free probe
Figure 2 EMSA analysis of STAT3 DNA-binding activity in different
cell lines. Lane 1: Competitive probe; lane 2: SGC7901/R cell line;
lane 3: SGC7901 cell line.

Expression of VEGF mRNA
The semi-quantitative RT-PCR showed that the levels of
VEGF mRNA were markedly decreased in SGC7901/R cell
line when compared with the SGC7901 cell line (Figure 3).
bp

750
500
300
150

M

1

2

-actin
VEGF

Figure 3 Identification of VEGF mRNA by RT-PCR in different cell
lines. M: Ladder marker; lane 1: SGC7901 cell line; lane 2:
SGC7901/R cell line.

Detection of VEGF protein by immunostaining
Compared with parental cell line SGC7901, lower expression
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of VEGF in cytoplasm was observed in the drug-resistant
cell line SGC7901/R (Figure 4).

DISCUSSION
The STAT factors function as downstream effectors of
cytokine and growth factor receptor signaling. STAT
signaling is critical for normal cellular processes, such as
embryonic development, organ genesis and function, innate
and adaptive immune function, regulation of cell
differentiation, growth, and apoptosis. Studies have
demonstrated constitutive activation of STAT, in particular
STAT1, STAT3, and STAT5, in a large number of diverse
human tumor cell lines. The function of Stat1 has been
associated with growth suppression rather than malignant
transformation and thus can be considered a potential tumor
suppressor. However, STAT3 and STAT5, have been
demonstrated to directly contribute to oncogenesis by
stimulating cell proliferation and preventing apoptosis. A
variety of cellular mechanisms of multi-drug resistance
(MDR) have been identified in human drug-resistant cell
lines. These include P-glycoprotein (Pgp), multi-drug
resistance-associated protein (MRP), lung resistance-related
protein (LRP), glutathiones-transferase (GST-pi), DNA topoisomerase II alpha (Topo II alpha) and apoptosis, etc. CatlettFalcone et al[16 ] found that constitutive activation of STAT3
signaling conferred resistance to apoptosis in human U266
myeloma cells. But inhibition of STAT3 signaling led to
apoptosis of leukemic large granular lymphocytes and
decreased Mcl-1 expression. These studies suggested that
tumor cells lacking STAT activation were typically more tolerant
to the pharmacological doses used in these experiments[17].
A main chemotherapeutic drug for patients with
progressive gastric cancer 5-fluorouracil is one of the
pyrimidine antagonists. A research on 5-FU resistant human
gastric cancer cell line showed that SGC7901/R was an
acquired resistant cell line[18]. Besides highly resistant to 5FU, the drug-resistant cell line was cross-resistant to several
drugs. SGC7901/R cell line was 12.77, 271 and 14.04-fold
more resistant to cytotoxic action of DNR, CDDP and
MMC, respectively. So the 5-FU resistant cell line has the
characteristics of multi-drug resistance (MDR). The drug
resistance mechanisms of 5-FU resistant cell line were
related not only to the alteration of thymidylate synthase
(TS) and thymidine kinase (TK), which play key role in the

B

Figure 4 Immunocytochemical staining of VEGF in two human stomach adenocarcinoma cell lines (DAB×400). A: parental cell line SGC7901;
B: drug-resistant cell line SGC7901/R.
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pathway of pyrimidine synthesis, but also to the P-glycoprotein
(P-gp) coded by mdr-1 genes.
The present study originally investigated the relationship
between STAT3 and MDR in the drug-resistance cell line.
Western blot was firstly used to detect the expression of
phospho-STAT3 protein. The result demonstrated that the
expression of phospho-STAT3 protein was lower in the
drug-resistant cell line SGC7901/R as compared with its
parental cell line SGC7901. The EMSA assay provides a
simple and rapid method for detecting DNA-binding protein.
This method has been used widely in the study of sequencespecific DNA-binding proteins, such as transcription factors.
The result of EMSA in our study showed that STAT3 DNAbinding activities were different between the two cell lines.
The STAT3 DNA-binding activity was decreased in the
drug-resistant cell line. These evidence suggested that drugresistant cells which had lower level of STAT activation
was more tolerant to the drugs of chemotherapy.
Numerous studies on STAT signal pathway have shown
that signals usually generated at cell surface receptors. Upon
binding of cytokines to cognate receptors on the surface of
cells, receptors dimerize and thereby activate receptorassociated tyrosine kinases, such as JAKs. Receptor-bound
STAT subsequently become tyrosine phosphorylated either
by receptor intrinsic or associated tyrosine kinase activities.
Once phosphorylated, STAT dimerizes via reciprocal
phosphotyrosine-SH2 domain interactions. Within minutes,
the dimers translocate to the nucleus, where they interact
with other transcriptional modulators bound to specific
promoter sequences and induce gene expression. Wei et al[19]
found that more than 80% of the human pancreatic cancer
cell lines exhibited constitutively activated STAT3, with
STAT3 activation correlated with the VEGF expression
level. Immunohistochemical studies have indicated that
VEGF over-expression coincides with elevated STAT3
activation in human pancreatic cancer specimens. Blockade
of activated STAT3 via ectopic expression of dominantnegative STAT3 significantly suppressed VEGF expression,
angiogenesis, tumor growth, and metastasis in vivo.
Furthermore, constitutively activated STAT3 directly
activated the VEGF promoter, whereas dominant-negative
STAT3 inhibited the VEGF promoter. These results
indicated that STAT3 directly regulated VEGF expression
and hence angiogenesis, growth, and metastasis of human
pancreatic cancer. The present study demonstrated that
compared with the parental cell line SGC7901, both the
constitutive activation of STAT3 and the expressive intensity
of phospho-STAT3 protein were lower in drug resistant
cell line. The expression levels of VEGF mRNA and its
encoded protein were also decreased in drug-resistant cell
line. These results suggested that over-expression of VEGF
might be correlated with elevated STAT3 activation in
parental cell line and the lower VEGF expression is correlated
with decreased STAT3 activation in resistant cell line.
A number of modulators of STAT signaling pathways
have been described[20,21], and the suppressor of cytokine
signaling has received a great deal of focus. The suppressors
of cytokine signaling (SOCS) family consist of eight proteins,
CIS and SOCS1-SOCS7, which were discovered to suppress
STAT signaling by binding to and inhibiting JAKs[22-24]. Some
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of these proteins were transcriptionally regulated by STAT
themselves, suggesting that STAT could negatively regulate
their own phosphorylation state. SOCS1 could play a key
role in the negative regulation of interferon-gamma signaling
and in T cell differentiation[25]. It has been demonstrated to
block Tel-JAK2-mediated transformation of hematopoietic
cells[26]. Recently, a deletion on chromosome 16p that contains
SOCS1 was found in 48% of primary hepatocellular
carcinomas, raising the possibility that inactivation of this
gene might participate in hepatocarcinogenesis[27]. SOCS2 (-/-)
mice were 30-40% larger than wild-type mice, demonstrating
that SOCS2 might be a critical regulator of postnatal
growth[24] . SOCS-3, which is known to inhibit STAT3 and
STAT5 activation, has been shown to be critical in the
negative regulation of fetal liver hematopoiesis[28]. The
biological role of other SOCS proteins remains to be
determined. The protein inhibitors of activated STAT
(PIAS) represent another group of proteins that normally
serve to decrease DNA activation by blocking STAT DNA
binding activity[29]. Reports have demonstrated that overexpression of PIAS3 suppresses gene transcription mediated
by STAT3 [30] . The present study demonstrated that both
the STAT3-DNA binding activity and the expressive intensity
of phospho-STAT3 protein were lower in drug-resistant
cell line. It can therefore be speculated that negative
regulators of STAT signaling might be correlated with the
decreased STAT3 activation in drug-resistant cell line.
In summary, our study demonstrates different activation
of STAT3 signaling in these two human stomach
adenocarcinoma cell lines, 5-fluorouracil resistant cell line
and its parental cell line. The knowledge of STAT signaling
pathway has proved to be of even broader benefit for
illustrating the multi-drug resistance mechanisms of gastric
cancer. The lower VEGF expression may be correlated with
decreased STAT3 activation in drug-resistant cell line.
Because the negative regulators of STAT signaling might
play important roles in the control of tumor incidence and/or
progression, further studies should be done in order to
illustrate their regulation for tumors’ drug-resistance. The
fact that STAT3 regulates the key angiogenic factor, VEGF,
makes STAT3 a critical transcription factor in tumor
development and progression. The parent cell line SGC7901,
which is sensitive to the drugs of chemotherapy, has elevated
constitutive activation of STAT3 and over-expression of
VEGF, so targeting at STAT3 signaling may represent a
novel approach to control the angiogenesis and growth of
human gastric cancer.
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Abstract
AIM: To characterize the CagA variable region of
Helicobacter pylori isolates from Chinese patients.
METHODS: DNA fragments in CagA variable region were
amplified and sequenced respectively from genomic DNA
of 19 isolates from patients with gastric cancer and 20
isolates from patients with chronic gastritis. The tendency
of phosphorylation in tyrosine(s) of CagA proteins was
evaluated subsequently by phosphorylation assay in vivo
and in vitro respectively.
RESULTS: About 97.44% (38/39) H pylori isolates
possessed CagA gene. CagA + strains contained 2-4
tandem five-amino-acid motifs EPIYA but only one EPIYA
had repeated sequence in CagA variable region in different
isolates. There was no significant difference between the
number of EPIYA motifs in H pylori from patients with
different diseases. However, only tyrosine site in EPIYA
within repeated sequence could be phosphorylated by AGS
cells in vivo although all tyrosine sites in EPIYA could be
phosphorylated in vitro.
CONCLUSION: CagA in Chinese has no functional
difference in perturbing cellular signal pathway among
different H pylori isolates.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) has been recognized as the causative
agent of chronic gastric inflammation, which can progress
further to a variety of diseases such as peptic ulcer and
mucosa-associated lymphoid tissue (MALT) lymphoma or
adenocarcinoma[1-3]. Type I isolates of H pylori possess a
major disease-associated genetic component, the cag
pathogenicity island (PAI) which encodes a type IV secretion
apparatus and virulence factors such as the immunodominant
CagA protein[4,5] . Recent studies have demonstrated that
the CagA protein is translocated from the bacterium into
the host cell and induces reorganization of the host cell
actin cytoskeleton, activation of Rho GTPases Rac1 and
Cdc42, recruitment of transcription factors NF-KB and
AP-1, activation of proto-oncogenes c-fos and c-jun and
release of cytokines and chemokines[6-10]. Stein et al[11] have
confirmed that the C-terminal half of CagA (namely CagA
variable region) is phosphorylated in tyrosine sites by c- src/lyn
protein kinase family once translocated into eukaryotic cells.
Higashi and coworkers[12] found a src homology 2 (SH2)
containing tyrosine phosphatase 2 (SHP-2) was an
intracellular target of CagA protein. SHP-2 is an important
mediator molecule in several cell signal transductions and
rearrangement of the actin cytoskeleton which plays a crucial
role in inducing the scattering (‘hummingbird’) phenotype
in gastric epithelial cells (AGS)[12,13]. Phosphorylated CagA
disturbs signal transductions by binding to SHP-2 in host
cells[10]. However, CagA protein varies in size in different
strains, this size variation raises an intriguing possibility that
the biological activity of CagA can vary from one strain to
the next, which may influence the pathogenicities of different
strains[14-16]. China is one of the nations where the infection
incidence of H pylori is among the highest in the world and
more than 90% isolated strains possess PAI gene, the
biological activity of H pylori virulence factor CagA isolated
from Chinese remains unclear so far [17,18] . In the present
report, we cloned and sequenced the variable region of
CagA DNA fragments in 19 strains from patients with
gastric cancer and 20 strains from patients with chronic
gastritis. Further, we evaluated the ability of CagA protein
to phosphorylate in tyrosine(s).
MATERIALS AND METHODS
A total of 39 H pylori clinical strains including 19 strains
from patients with gastric cancer and 20 strains from patients
with chronic gastritis were isolated from the biopsy
specimens in the Second Affiliated Hospital of Zhejiang
University College of Medicine between October 2000 and
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April 2002. The diagnosis obtained by endoscopy and
histology was recorded for all patients from whom the strains
were isolated. There were 22 males and 17 females, with
their age ranging 36-68 years (median age 48.6 years).
Isolation and culture of H pylori strains
Gastric mucosa supernatant was directly cultured in the
PYL plate (Biomerux Company, France) and incubated in
microaerophilic atmosphere for 4 d at 37 ℃. Bacterial clones
were identified by both biochemical (including rapid urease
reaction, peroxidase test and Gram’s staining) and serological
reactions. Following primary isolation, the bacteria were
inoculated into Columbia agar (Biomerux Company, France)
with 50 mL/L frozen-melting sheep blood, 100 mL/L fetal
bovine serum, and Skirrow’s antibiotic supplement
(Biomerux Company, France) in a microaerophilic atmosphere
for 5 d at 37 ℃, washed 3 times with 100 mmol/L PBS,
pH7.4. H pylori genomic DNA was extracted according to
the instructions of bacterial genome extraction kit (Sangon
Engineering Biotechnology Company, Shanghai, China).
Amplification of DNA fragments of CagA variable region in
clinical isolates
A total of 39 DNA samples were amplified by high fidelity
PCR master (Roche Company, Germany) with upstream
primer: 5’-GACGAGCCTATTTATGCT-3’ and downstream
primer: 5’-GCCTCATCAAAATCAATTGT-3’. The
reaction mixture was incubated in a thermal cycler. PCR
conditions were as follows: denaturation at 94 ℃ for 2 min
followed by 30 cycles of denaturation at 94 ℃ for 15 s,
annealing at 48 ℃ for 30 s, and extension at 72 ℃ for 30 s,
with a final extension reaction for 7 min[14]. Samples were
analyzed on an 1% agarose gel in 1×Tris base-EDTA buffer.
DNA fragments were excised and purified from gel with
kit for DNA sequence respectively.
Construction of pcDNA3.1(+) and pET15b expression vectors
containing CagA DNA fragments with 2, 3 and 4 EPIYAs as
well as their mutants respectively
Genomic DNA containing CagA fragments with 2, 3
and 4 EPIYAs from the above clinical isolates were
used as templates, respectively. Two subfragments
(about 800 bp) from CagA variable region in each strain
could be amplified by high fidelity overlapped PCR with
primers containing BamH I or Xho I [19]. The upstream
primer was 5’-TCGGATCCAATTGGAGAGCAGAA-3’
and the downstream primer: 5 ’-GCTAGGCTCCAA
AGCGGCCGCTCTTGCTT CCTTACTAG-3’ for
construction 1. The upstream primer was 5’-ATGCCT
GGACCAAGAGCGGCCGCTT TCGATC-3’ and the
downstream primer was 5’-GACTCGAGTTAAGATTT
TTGGAAACCAC-3’ for construction 2. After ligation at
Not I site, the PCR products were digested with double
restriction endonuclease BamHI/Xho I, and an 1 509 bp
CagA fragment was cloned into pcDNA3.1(+) mammalian
expression vector (Invitrogen Company, USA). The mutants
(referred to as EPIFA) of CagA variable region in which
tyrosine in the repeated sequence was mutated to
phenylalanine were produced by using a Chameleon sitedirected mutagenesis kit (Stratagene Company, USA, data
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not shown), including EPIFA with 1, 2 and 3 EPIYAs,
respectively. The procedure was strictly performed under
the manufacturer’s instructions. pcDNA3.1(+) containing
CagA or mutants was constructed as template, wild and
mutated CagA fragments with EPIYA(s) were subsequently
subcloned into Nde I/BamH I sites of pET15b expression
vectors (Novagen Company, USA) and BL21 DE3 plysS
E.coli component cells (Novagen Company, USA) were
transformed. The recombinant proteins were induced by
IPTG at the concentration of 0.4 mmol/L for 2 h, and
purified by the His.Bind purification kit (Novagen Company,
USA) for evaluation of the phosphorylation at tyrosine site
(s) of CagA protein in vitro.
Phosphorylation assay
Phosphorylation assay in vivo Human AGS gastric
epithelial cells were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum (Invitrogen
Company, USA) before transfection. Cells were transfected
with pcDNA3.1(+) expression vectors containing CagA or
mutants with 2-4 EPIYA motifs respectively by Lipofectamine
2000 reagent (Invitrogen Company, USA) according to the
manufacturer’s protocols. Fifty milligrams of plasmid
was transfected into AGS cells by 40 L of Lipofectamine
2000 reagent. Cells were harvested 72 h after transfection and
lysed in lysis buffer containing 1 mmol/L EDTA, 1 mmol/L
orthovanadate, 1 mmol/L phenylmethylsulfonyl fluoride
(PMSF), 1 mol/L leupeptin, 1 mol/L pepstatin. The cell
lysate was mixed with anti-CagA-antibody-sepharose 4B gel
(a generous gift from Dr. Yi-Xiong Wang in Right
Biotechnology, China) at 4 ℃ for 60 min, gently mixed,
washed 3 times with 100 mmol/L PBS, pH7.4, denatured
with Tris base-choride buffer containing 100 mmol/L
dithiothreitol, centrifuged at 13 000 g for 20 min. The
supernatant collected was subjected to electrophoresis and
transferred to a nitrocellulose membrane filter (Hybond
Company,USA), blocked with 5% milk powder, incubated
in at 1:250 diluted monoclonal antibodies against
phosphorylated tyrosine (Y99, Santa Cruz Company, USA)
at 37 ℃ for 2 h, washed 5 times. Then 1:100 diluted
biotinylated sheep antibodies against mouse (Maxim
Biotechnology Company, USA) were added and washed 5
times, and incubated with streptoavidin-peroxidase conjugate
(Maxim Biotechnology Company, USA) for 60 min. Finally,
the color was developed by ECL substrate.
Phosphorylation assay in vitro Nonidet P40-soluble
fraction of AGS cells was performed as described by Stein
et al [11] . Ten milligrams of CagA or mutant recombinant
proteins with EPIYAs was incubated with 10 L of cell
lysate in a total reaction volume of 40 L 250 mmol/L
Tris-Cl buffer (pH7.4) containing 100 Ci gamma-32P ATP
(Perkin Elmer company, USA), 62.5 mmol/L MnCl2, 312.
5 mmol/L MgCl2, 5 mmol/L EGTA, 1 mmol/L sodiumo-vanadate. Phosphorylation was carried out at 30 ℃ for
10 min and the mixed solution was subjected to SDSpolyacrylamide gel electrophoresis. After electrophoresis,
the gel was exposed at 4 ℃ for 24 h, respectively.

RESULTS
Amino acid sequence of CagA variable region
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Thirty-eight of 39 isolates possessed CagA gene and the
positive rate of CagA+ was 97.44% (38/39). The nucleotide
sequences of CagA were quite similar among the 38 strains
with CagA + . However, the variation in the number of
repetitions of the 5-amino acid EPIYA sequence in the 3’
region of CagA was observed. Amino acid sequences were
found to be 2-4 tandem five-amino-acid motifs EPIYA
between each of which, there was an interval of 13-44
amino acids in CagA variable region. The case of CagA
protein with 3 tandem EPIYAs was most common in all
clinical isolates. There were 3 types of CagA variable region
among the 38 isolates, namely CagA with 2 EPIYAs, CagA
with 3 EPIYAs and CagA with 4 EPIYAs (Figure 1). To
explore the relationship between the number of EPIYAs
in isolates and disease outcomes, we adopted 2 test to
evaluate the correlation and found that there was no
significant difference in the number of tandem five-aminoacid motif EPIYAs in isolates from gastric cancer and
chronic gastritis (Table 1), P>0.05. It implied that the
variation of the number of EPIYAs might not relate to the
disease outcome (gastric cancer vs chronic gastritis).
Subsequently the analysis of sequences showed that each
CagA+ strain contained only one repeated sequence in the
C-terminal half of CagA protein, namely genetic structure
of EPIYA-TIDDL-FPLKRHDKVEDLSKV (this EPIYA
was usually referred to as D1 region, TIDDL as D2 region,
FPLKRHDKVEDLSKV as D3 region[11]). There were two
obviously differences in this structure compared with
Western standard strain NCTC11637. One difference was
found in the number of repeated sequences. There was
only one repeated sequence in each Chinese isolate
compared with three repeated sequences in NCTC11637.
The other was found in the key amino acid sequences in
D2 region of repeated sequences. The amino acid
sequence in D2 region was DFD in each H pylori from
Chinese patients, and was DDL in NCTC11637 and other
Western isolates[11,14]. The variation of two amino acids in
D2 region conferred Chinese CagA protein to more perfectly
match the SHP-2 consensus motif (PY-S/T/A/V/I-XV/I/L-X-W/F) than the Western strains[20]. Hence, we
speculated that Chinese CagA protein might be more able
to activate SHP-2 molecules.
Tyrosine phosphorylation sites in EPIYA
We used the phosphorylation assay in vivo and in vitro to
identify whether and which tyrosine site(s) in EPIYA could
be phosphorylated. In phosphorylation assay in vitro, CagA
recombinant proteins with 2, 3 and 4 EPIYAs as well as
their mutants EPIFA with 1, 2 and 3 EPIYAs could be
labeled with 32P respectively. Moreover, CagA protein with
4 EPIYAs became more marked with 32 P than that with 2
or 3 EPIYAs and their mutants with 1, 2 and 3 EPIYAs
(Figure 2: A-F). It implied that the tyrosine phosphorylation
site in EPIYA both within and outside the repeated sequences
of CagA recombinant proteins could be phosphorylated by
AGS cell lysate in vitro, and CagA protein with 4 EPIYAs
became more phosphorylated than that with 2 or 3 EPIYAs
and their mutants. However, only one tyrosine site in EPIYA
within the repeated sequences could be phosphorylated and
no tyrosine in EPIYA outside the repeated sequences could
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CZU-1: EPIYAQVNKKKAGQVARINKIASAGKGVGGFGGVGRSASPE
CZU-2: EPIYAQVNKKKAGQVASPEEPIYAQVARKVSVKIDQLNEAT
CZU-3: EPIYAQVNKKKTGQATSPEEPIYAQVNKKKTGQVASPE—-—NCTC11637 EPIYAKVNKKKAGQAASLEEPIYA————————-———
CZU-1: EPIYATIDFDEANQAGFPLRRSAAVNDLSKV————————
CZU-2: SAINRKIDRINKIASAGKGVGGFGGVGRSASPEEPIYAQVAKK
CZU-3: EPIYATIDFDEANQAGFPLRRSAAVNDLSKV————————
NCTC11637:EPIYATIDDLGGPFPLKRHDKVEDLSKV-————————Repeat1 D1 D2
D3
CZU-1: ——————————————————————-————————
CZU-2: VSAKIDQLNEATSAINRKIDRINKIASAGKGVGGFGGVGRSASPE
CZU-3: —————————————————————— ————————NCTC11637:EPIYATIDDLGGPFPLKRHDKVEDLSKVG—————————Repeat2 D1 D2
D3
CZU-1: —————————————————————————CZU-2: EPIYATIDFDEANQAGFPLRRSAAVNDLSKV————CZU-3: —————————————————————————NCTC11637: EPIYATIDDLGGPFPLKRHDKVEDLSKV————--Repeat3 D1 D2
D3

Figure 1 Amino acid sequence characteristics of CagA variable
region. CZU-1,2,3: Isolates from Chinese patients stand for the three
types of CagA variable region respectively; CZU-1: CagA with 2 EPIYAs;
CZU-2: CagA with 3 EPIYAs and CZU-3: CagA with 4 EPIYAs. The red
letters stand for the deletion of amino acids in CZU-1 and the letters
underline the mean extra amino acids in CZU-3 when compared to
CZU-2. NCTC11637 was a Western standard strain.

Table 1 Comparison of the number of tandem five-amino-acid motif
EPIYAs in strains from gastric cancer and gastritis
EPIYA (n)
Case
2

3

Gastritis

20

4

13

4
3

Gastric cancer

18

3

12

3

2 test, 2 = 0.301, P>0.05.

A

G

B

H

C

D

E

I

J

K

F

L

Figure 2 Tyrosine phosphorylation sites in EPIYA in vitro and in vivo.
A-F: tyrosine phosphorylation in vitro. Lane A: CagA with 4 EPIYAs;
lane B: CagA with 3 EPIYAs; lane C: CagA with 2 EPIYAs; lane D: EPIFA
with 1 EPIYA; lane E: EPIFA with 2 EPIYAs; lane F: EPIFA with 3 EPIYAs.
lane G-L: tyrosine phosphorylation in vivo. G: CagA with 4 EPIYAs; H:
CagA with 3 EPIYAs; I: CagA with 2 EPIYAs; lane J: EPIFA with 3 EPIYAs;
lane K: EPIFA with 2 EPIYAs; lane L: EPIFA with 1 EPIYA.

be phosphorylated in vivo by AGS cells when transfected
pcDNA3.1(+) mammalian expression vectors containing
CagA with 2, 3 and 4 EPIYAs as well as EPIFA with 1, 2
and 3 EPIYAs, since the mutants of EPIFA with 1, 2 and 3
EPIYAs could not react with antibody to phosphorylated
tyrosine in transfected AGS cells (Figure 2: G-L). Moreover,
CagA protein with 4 EPIYAs did not become more
phosphorylated than that with 2 or 3 EPIYAs. The outcomes
were similar to that of infection of AGS cells with H pylori
bacteria containing CagA with 2, 3 and 4 EPIYAs, respectively

Zhu YL et al. CagA variable region of H pylori isolates

(data not shown). Hence, we speculated that the number
of EPIYA motifs might not relate to the ability of tyrosine
to phosphorylate on CagA protein in vivo, which could only
be determined by the number of EPIYA repeated
sequences. As a result, this outcome raised an intriguing
possibility that the ability of Chinese CagA to phosphorylate
in tyrosine was equal to one another in different isolated
strains of type I because each CagA protein contained only
one repeated sequence in clinical isolates from Chinese
patients with either gastric adenocarcinoma or gastritis.

DISCUSSION
The correlation between H pylori as a class I carcinogen and
gastric adenocarcinoma is not completely clarified and has
attracted much attention so far. CagA gene as a marker for
cag pathogenicity island associated with more virulent H pylori
strains may be one of the most important contributors in
the process of gastric carcinogenesis, because the antibody
titer of CagA is much higher in gastric carcinoma than in
non- gastric carcinoma and the detectable rate of CagA
antibody in human beings is significantly higher in high
occurrence region of gastric cancer than in low occurrence
area. CagA+ strains can significantly increase the risk for
developing severe gastritis and gastric carcinoma compared
with CagA- H pylori strains[21-23]. A research suggests that
the development of more prominent gastritis and severe
atrophy in CagA+ patients is an indicator for the importance
of CagA rather than H pylori load[24]. indicating that CagA
protein plays an important role in pathogenesis of H pylori.
In general, CagA from different H pylori has a significant
difference because of the number of repeated sequences
of EPIYA in C-terminal half of CagA although N-terminal
of CagA protein is quite conserved. Hence, the highlight in
study of CagA is whether this diversity of CagA is correlated
with disease outcomes. Azuma et al[15] found that there were
more EPIYAs in H pylori from atrophic gastritis and gastric
cancer than in H pylori from gastritis. The frequencies of
genotypes of CagA with more than 4 EPIYAs were
significantly higher in atrophic gastritis than in duodenal
ulcer. One-third of strains with more than 4 EPIYAs were
in gastric cancer. They concluded that H pylori infection
with the CagA genotype with more than 4 EPIYAs might
correlate with the pathogenesis of atrophic gastritis and
gastric cancer[15] . In contrast, CagA protein varied in the
number (from 1 to 3) of repeated sequences of EPIYA in
different strains isolated from Western countries[11,16]. We
demonstrated in this work that each Chinese CagA variable
region contained 2-4 tandem EPIYA motifs and only one
EPIYA had repeated sequences. There was no significant
difference between the number of EPIYA motifs in CagA
variable regions in H pylori isolated from patients with either
gastritis or gastric carcinoma. There were three types of
CagA variable region among the 38 isolates, namely CagA
with 2 EPIYAs, CagA with 3 EPIYAs and CagA with 4
EPIYAs. But no CagA with more than 4 EPIYAs or deletion
of cagE was observed in these Chinese H pylori isolates. It
appears that there is a difference in the 3’ -variable region
of CagA of H pylori isolates from Chinese and Japanese[15].
The ability of CagA protein to phosphorylate in tyrosine
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(s) is the premise of CagA protein perturb cellular signal
pathway and induction of cellular response. Higashi and
coworkers[12] have found that a tyrosine phosphatase -2
containing c-src homology 2 is an intracellular target of
tyrosine-phosphorylated CagA protein. The phosphorylase
activity of SHP-2 by binding to tyrosine-phosphorylated
C agA protein has a close relationship with the
“hummingbird” phenotype of AGS cells. Besides SHP-2 as
an intracellular target of tyrosine-phosphorylated CagA
protein, CagA protein could interact with Grb2 and
phosphorylate CagA protein which is indispensable for the
Grb2 binding [25], resulting in the activation of the Ras/
MEK/ERK pathway and cell proliferation. Hence, the
ability of phosphorylated CagA protein could reflect the
level of biological function of CagA and might play a key
role in the pathogenicity of H pylori. Except that one
tyrosine site in repeated sequences is phosphorylated after
CagA DNA is transfected into gastric epithelial cells, no
other tyrosine sites in EPIYA outside the repeated sequences
could be phosphorylated in vivo although all the tyrosine
sites in EPIYA could be phosphorylated in vitro, indicating
that sequence diversity of tyrosine phosphorylation
motifs on CagA is not related to the presence of tyrosine
phosphorylation. The reason is that the membrane
tethering of CagA protein is necessary for the tyrosinephosphorylated EPIYA in host cells. The other obvious
difference that might influence the phosphorylation ability
of CagA is the amino acid sequence in D2 region in
repeated sequences[16]. Each Chinese isolate is DFD which
could more perfectly match the SHP-2 consensus motifs
than DDL in NCTC11637 and other Western isolated
strains. It implies that Chinese CagA has a much stronger
ability to perturb cell signal pathway. Above all, the fact
raises an intriguing possibility that Chinese CagA has no
functional difference in perturbing cellular signal pathway
among different isolates of type I although there is a diversity
in C-terminal half of CagA.
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Abstract
AIM: To determine the changes of gene expression profile
in small intestinal allografts in rats after cold preservation/
reperfusion, and to identify the genes relevant to cold
preservation/reperfusion injury.
METHODS: Heterotopic segmental small bowel transplantation was performed in six rats with a sham operation
and they were used as controls. Total RNA was extracted
from the allografts (experimental group) and normal
intestines (control group) 1 h after cold preservation/
reperfusion, and then purified to mRNA, which was then
reversely transcribed to cDNA, and labeled with fluorescent
Cy5-dUTP and Cy3-dUTP to prepare hybridization probes.
The mixed probes were hybridized to the cDNA microarray.
After high-stringent washing, the fluorescent signals on
cDNA microarray chip were scanned and analyzed.
RESULTS: Among the 4 096 target genes, 82 differentially
expressed genes were identified between the two groups.
There were 18 novel genes, 33 expression sequence tags,
and 31 previously reported genes. The selected genes
may be divided into four classes: genes modulating cellular
adhesion, genes regulating cellular energy, glucose and
protein metabolism, early response genes and other genes.
CONCLUSION: A total of 82 genes that may be relevant
to cold preservation/reperfusion injury in small intestinal
allografts are identified. Abnormal adhesion between
polymorphonuclears and endothelia and failure in energy,
glucose and protein metabolism of the grafts may contribute
to preservation/reperfusion injury. The functions of the
novel genes identified in our study need to be clarified further.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary dysfunction of small intestinal grafts induced by
rejection and cold preservation/reperfusion injury, is still
one of the main obstacles in clinical small intestinal
transplantation[1-6]. The cold preservation/reperfusion injury
of small intestinal grafts, an unspecific injury, may enhance
the immunogenicity of the grafts, and exacerbate the degree
of acute or chronic rejection, thus influence the survival
and function of the grafts[7]. Therefore, better understanding
of molecular mechanism in the course of cold preservation/
reperfusion is beneficial for searching for new methods that
could decrease the graft injury. However, previous studies
only investigated the relationship between one or a few genes
or proteins and cold preservation/reperfusion injury by
Northern hybridization or RT-PCR. Thus, the overall changes
in intra-graft gene expression profile are not clearly identified.
The aim of this study was to determine the gene expression
profile of rat small bowel allograft after cold preservation/
reperfusion injury, and to identify the genes relevant to cold
preservation/reperfusion injury by means of cDNA microarray.
MATERIALS AND METHODS
Animal preparation
Healthy male Sprague-Dawley (SD) rats, weighing 280±20 g,
provided by Medical Experiment Animal Center, Xi’an
Jiaotong University, were housed in standard animal facilities,
fed with commercially available rat chow and tap water ad
libitum for 1 wk before test to acclimatize the laboratory,
and maintained on a 12-h light/dark cycle.
Experimental design
SD rats were used as donors and recipients. They were
randomly divided into two groups: sham operation group (S
group, n = 6), in which animals were only subjected to
anesthesia and laparotomy and left nephrectomy, and
heterotopic segmental small bowel transplantation group
(SBT group, n = 12), in which the donor and recipient were
paired according to the similar body weight.
Heterotopic small bowel transplantation
Heterotopic segmental small bowel transplantation was
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performed with a technique modified from that described
by Monchik and others[8]. All animals were fasted for 12 h,
but had free access to water before operation. They were
anesthetized with pentobarbital sodium solution (2%,
35 mg/kg) intraperitoneally. After perfused in situ with cold
lactated Ringer’s solution, the small intestine 5 cm distal to
Treitz ligament was harvested from each donor rat with a
vascular pedicle including portal vein (PV) and aorta segment
with superior mesenteric artery, and stored at 4 ℃ in lactated
Ringer’s solution for 1 h. After left nephrectomy, the left
renal vein and abdominal aorta of the recipient rat were
isolated. The graft was revascularized by end-to-side anastomosis
between donor aorta and recipient aorta using the continuous
9-0 non-traumatic nylon sutures and end-to-side anastomosis
between donor PV and left renal vein of the recipient using
a cuff technique. The recipient’s own intestine was left intact.
During transplantation, mean warm ischemia time of graft
was less than 1 min, and cold preservation time of graft
did not exceed 60 min.
Gene chip preparation
Four thousand and ninety-six target cDNA clones were used
in the cDNA chip (provided by Biostar Gene Ltd, Shanghai,
China). These genes were amplified through polymerase
chain reaction (PCR) using universal primers and purified
with a standard method. The quality of PCR was monitored
by agarose electrophoresis. Target genes were dissolved in
3×standard saline citrate (SSC) spotting solution, and spotted
on silylated slides (Telechem, Inc., USA) by Cartesian 7 500
spotting Robotics (Cartesian, Inc., USA). After spotting, the
slides were hydrated for 2 h, dried for 0.5 h at room
temperature, cross-linked under UV light and then treated
with 0.2% sodium dodecyl sulfate (SDS), H2O and 0.2%
NaBH4 for 10 min, respectively. The slides were then dried
in the cold and ready for use.
Probe preparation
In SBT group, the small intestinal grafts were cut 3 cm
long and kept in liquid nitrogen immediately after successful
revascularization and 1 h after reperfusion of the small
intestinal grafts. Samples taken from the same anatomic
sites in the S group were kept in liquid nitrogen. Total RNA
in different groups was extracted by a single step method.
UV light analysis and electrophoresis detection showed the
good quality of purified RNA. mRNA was isolated and
purified using an oligotex mRNA Midi kit (Qiagen, Inc.,
California, USA). The fluorescein-labeled cDNA probes
were prepared through retro-transcription and purified
according to the method of Schena et al [9] . Probes from
normal small intestine in S group were labeled with Cy3dUTP, and those from small intestinal graft in SBT group
with Cy5-dUTP. The probes were mixed, precipitated by
ethanol and resolved in 20 L hybridization solution
(5×SSC+0.2% SDS).
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glass, the chip was washed in 2×SSC+0.2%SDS, 0.1×SSC+
0.2%SDS and 0.1×SSC, 10 min each, respectively, and then
dried at room temperature.
Fluorescence scanning and analysis
The chip was scanned with a Scan Array 4 000 scanner
(General scanning Inc., USA) at two wavelengths to detect
emission from both Cy3 and Cy5. The acquired images were
analyzed using ImaGene 3.0 software (BioDiscovery, USA).
The fluorescent intensity of each spot at the two wavelengths
represented the quantity of Cy3-dUTP and Cy5-dUTP,
respectively, hybridized to each spot. Cy3 and Cy5 overall
intensity was normalized and corrected by a coefficient
according to location ratios of the housekeeping genes. The
criteria for screening out each differentially expressed gene
were defined: (1) The absolute value of the natural logarithm
of the signal ratio of Cy5/Cy3 was greater than 0.69; or
the ratio of Cy5/Cy3>2.0 or <0.5, or (2) one of the signal
values of Cy3 and Cy5 was greater than 800.

RESULTS
Verification of gene chip by the hybridization system
The microarray consisted of 4 096 sequences of rats
including full length and partial complementary DNA
(cDNA). Its standards of quality control included 20
housekeeping genes as positive controls, 16 plant genes as
negative controls and, 19 spotting solutions as blank controls.
The results of this study completely accorded with the above
standards of quality control, which indicated that there was
no contamination during the process of study.
Scatter-plot of hybridization signals
The scatter plot, derived from Cy3 and Cy5 fluorescent
signal values, revealed a dispersed distribution pattern
(Figure 1). Every spot represented a gene. Most spots were
found on an almost 45o diagonal line. Certain yellow spots
were distributed beyond the 45o diagonal line, which indicated
the existence of some differentially expressed genes between
normal small intestine and small intestinal graft. The genes
with a remarkably different expression distributed on the
upper and lower sides of the 45o diagonal line, representing
the up-regulation and down-regulation, respectively. Red spots
showed signal differences between 0.5 and 2 folds, which
indicated the non-differentially expressed genes close to the
45o diagonal line.
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20 000

10 000

Hybridization
Hybridization probes and gene chip were denatured in a
95 ℃ bath for 5 min. The probes were added on the chip
and covered with a glass. The chip was hybridized in a sealed
chamber at 60 ℃ for 15-17 h. After removing the cover
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Figure 1 Scatter plots of gene expression pattern.
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Table 1 Differentially expressed genes with GenBank identity number (n = 31) as screened by the gene chip
GenBank ID

Definition

Ratio Cy5/Cy3)

M 15327

Rat alcohol dehydrogenase mRNA

0.050

U 76714

Cell adhesion regulator mRNA

0.233

NM-016998

Carboxypeptidase mRNA

0.243

NM-024391

17-beta hydroxysteroid dehydrogenase

0.291

mRNA

Figure 2 Merged image of hybridizing signals on gene chip.

NM-019158

Aquaporin 8 mRNA

NM-017272

Aldehyde dehydrogenase family mRNA

0.304
0.337

NM-013098

Glucose-6-phosphatase 1 mRNA

0.361

NM-031639

Discs, large homolog 3 mRNA

0.396

NM-022407

Aldehyde dehydrogenase subfamily

0.406

A1 mRNA

Gene expression by scanning analysis
The fluorescent scanning profile of gene expression was
merged by computer to produce the Figure 2. Yellow spots
indicated no significant difference in gene expression between
normal small intestine (Cy3) and that of small intestinal
graft (Cy5). Green spots indicate that gene expression was
higher in normal small intestine than in small intestinal grafts,
whereas red spots indicate the opposite.
Overall, 82 differentially expressed genes between
normal small intestines and small intestinal grafts were
detected. Among them, 31 genes with GenBank identity
numbers included 17 down-regulation genes and 14 upregulation genes (Table 1). Expression sequence tags (EST)
counted to 33. In addition, there were 18 novel genes, eight
up-regulated genes and 10 down-regulated genes. The
functions of these novel genes need to be investigated further.

DISCUSSION
Small bowel transplantation has been advocated as the
preferred therapy for patients with irreversible intestinal
failures such as short bowel syndrome [10-14]. However,
primary graft rejection and cold preservation/reperfusion
damage involved in loss of small intestine function after
transplantation are still the major obstacles to small bowel
transplantation. At present, in addition to theory of free radical
species and theory of calcium overload, the mechanism of
cold preservation/reperfusion injury has not yet completely
elucidated. In order to modulate this non-specific injury, it is
necessary to investigate the molecular and genetic mechanism
of cold preservation/reperfusion injury. In this study, we
identified some genes that may be relevant to cold preservation/
reperfusion damage by use of cDNA microarray. The selected
genes could be divided into four classes: genes modulating
cellular adhesion, genes regulating cellular energy, glucose
and protein metabolism, early response genes and other
genes.
In physiological conditions, the repelling action between
the vascular endothelia and polymorphonuclears flowing in
the blood vessels guarantees the microcirculatory perfusion.
Our experiments showed that the expression of cell adhesion
regulator genes (U76714) and receptor-typed protein-tyrosinephosphatase (NM-013080) with function of inhibiting cell
adhesion decreased 1 h after cold preservation/reperfusion
of grafts, whereas the expression of DORA protein (AJ223184),
an adhesion molecule of immunoglobulin superfamily, and

X05080

Beta-globin

0.422

M83143

Beta-galactoside-alpha

0.429

2,6-sialyltransferase mRNA
AF 154572

ERG2 protein mRNA

0.436

NM-031351

Attractin mRNA

0.450

NM-013080

Protein tyrosine phosphatase,

0.450

receptor-type mRNA
NM-031565

Carboxylesterase 1 mRNA

0.461

NM-031579

Protein tyrosine phosphatase

0.465

4al mRNA
NM-053297

Pyruvate kinase 3 mRNA

NM-054008

Rgc 32 protein mRNA

0.479
2.053

NM-020538

Arylacetamide deacetylase mRNA

2.056

M 20406

P450 II B mRNA

2.083

NM-053523

Herpud 1 mRNA

2.085

AJ 223184

DORA Protein

2.210

NM-022392

Growth response protein mRNA (CL-6)

2.489

NM-012771

Lysozyme mRNA

2.491

X 68312

Ig rearranged mu-chain C region

2.495

NM-017268

Hmgcsl mRNA

2.497

NM-053372

Secretory leukocyte protease inhibitor

2.796

mRNA
AJ 238392

Sulfotransferase K2 mRNA

2.876

AF 146518

Amino peptidase A short variant mRNA

2.883

NM 017211

Selectin, endothelial cell ligand mRNA

2.949

NM-022251

Aminopeptidase A mRNA

3.302

selectin family (NM-017211) increased. Thus, these changes
may induce the adhesion of polymorphonuclears to the
endothelia, and initiate the adhesion cascade reaction. Adhesion
of polymorphonuclears to the endothelia and the recruitment
of the cells into the grafts are essential for the development
of cold preservation/reperfusion injury. In the process,
selectins play an important role[15,16]. The results of cDNA
microarray showed that 1 h after cold preservation/
reperfusion selectins revealed up-regulation, which directed
polymorphonuclears accumulation in the grafts and activated
polymorphonuclears to release inflammatory mediators and
proteases. Injury to the graft may occur through the following
ways. Firstly, adhesion of polymorphonuclears to the endothelia
causes the damage and physical obstruction of capillaries,
such as the no reflow phenomenon, which injures the graft
further. Secondly, a great amount of free radical species is
produced through the respiratory burst of polymorphonuclears,
which destroy the structure of membrane. Thirdly,
polymorphonuclears secrete proteolytic enzymes such as
elastase that could decompose the graft. Therefore, anti-
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adhesion therapy is likely to be a new approach to relieve/
inhibit cold preservation/reperfusion injury of small
intestinal transplant.
Our study showed that the expression of cytochrome
P450 (M20406) of respiratory chain of biological oxidation
increased in the course of cold preservation/reperfusion
of small intestinal grafts, whereas that of attractin (NM031351), which controls homeostasis of cell energy metabolisms,
decreased, suggesting that there is a failure in energy and
substance metabolism of cells[17,18]. The injury of capillaries
mediated by adhesion cascade reaction made the grafts in
the state of relative anoxia during reperfusion since the
biological oxidation of glucose mainly depended on glycolysis.
In our study, pyruvate-kinase (NM-053297), the key enzyme
in the course of glycolysis, expressed downward, which hindered
glycolysis. In the meantime, the expression of glucose-6phosphatase (NM-013098), the key enzyme in the course of
glyconeogenesis, was also down regulated, which inhibited
glyconeogenesis. Although the expression of aminopeptidase
A (AF146518, NM-022251), which hydrolyzes the peptide
chains, increased, the expression of carboxypolypeptidase
A (NM-016998), which hydrolyzes the peptide bonds and
releases amino acids, expressed downward, resulting in the
failure of peptide or protein utilization by the cells. In addition,
due to the action of the oxygen-free radical, peroxide lipid
produced in the course of reperfusion of small intestinal grafts
usually degrades, and forms some aldehyde compounds like
malonic aldehyde, which easily causes the occurrence of
additional response with cell proteins, leading to the crosslinking of intra-molecules or inter-molecules of proteins
and subsequently resulting in coagulation. In our study,
aldehyde dehydrogenases (NM-022407 and NM-017272),
which oxidize and decompose the aldehyde, expressed
downward, which may and aggravate the harm to the
cells [19,20]. Therefore, there is not only the disturbance of
biological oxidation of glucose or proteins but also the failure
of catabolism of toxic products, such as the aldehyde during
the reperfusion of small intestinal grafts.
Early response genes of cells, a kind of important mediated
genes, determine the final response mode of cells stimulated
in the external environment, namely expression of the
function-relevant gene downstream[21]. Our study showed
that early response genes of cells, growth response protein
(CL-6 or NM-022392) and Rgc32 protein (NM-054008)
expressed upward whereas protein tyrosine phosphatase
(PTPase or NM-031579) expressed downward during cold
preservation/reperfusion of small intestinal grafts. Rgc32
protein increases the activation of CDC2 kinase that cell
cycle depends on, and impels the synthesis of cellular DNA
to enter the S phase, indicating a function of activating cell
cycle. CL-6 also plays an important role in cell proliferation.
Therefore, the cold preservation/reperfusion of intestinal
grafts triggers cell proliferation of small intestine and promotes
the recovery of injury. This conclusion coincides with those
obtained from previous studies at the single gene level[22].
Our study also indicates that endogenous protection in small
intestinal grafts is limitedly initiated through adjustment of
the expression mode of genes, which may relieve the
reperfusion injury. This finding has seldom been observed in
previous studies. Aquaporin 8 (NM-019158) expressed
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downward, which could lessen cell edema caused by relative
lack of oxygen[23]. Secretory protease inhibitor of leukocyte
(NM-022407) expressed upward, which could suppress
protease released by adhesion cascade reaction activated
by endothelia and polymorphonuclears, and lessen the
hydrolysis of proteins[24].
In conclusion, our results using cDNA microarray are
consistent with previous studies at the single gene level.
Moreover, there are changes in the gene expression mode
after the cold preservation/reperfusion of small intestinal
grafts on more concrete links, which enable us to further
understand the molecular mechanisms of the cold
preservation/reperfusion injury. Furthermore, the functions
of many new genes identified in our study in the cold
preservation/reperfusion injury of small intestinal grafts
need to be clarified further.
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CONCLUSION: The HALSS established by us is effective
in supporting liver function of patients with severe liver
failure.
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Abstract
AIM: To construct a novel hybrid artificial liver support
system (HALSS) and to evaluate its efficacy in patients
with severe liver failure.
METHODS: Hepatocytes were isolated from suckling pig
by the modified Seglen’s method. Isolated hepatocytes were
cultured in a spinner flask for 24 h to form spheroids before
use and the functions of spheroids were detected. HALSS
consisted of a plasma separator, a hemo-adsorba and a
bioreactor with hepatocytes spheroids in its extra-fiber space.
HALSS was applied to 10 patients with severe liver failure.
The general condition and the biochemical indexes of the
patients were studied just before and after the treatment.
RESULTS: The number of cells per liver was about 24×10 10 (mean, 3.1±1.5×10 10 ). The cell viabilities were
more than 95%. After 24 h of spheroid culture, most
hepatocytes formed spheroids. The levels of albumin and
urea in the medium of spheroid culture were higher than
those in supernatant of petri dish culture (P = 0.0015 and
0.0001, respectively). The capacity of albumin production
and urea synthesis remained stable for more than one
wk and declined rapidly after two weeks in vitro. In HALSS
group, the duration of HALSS treatment was 6-10 h each
time. All patients tolerated the treatment well without any
fatal adverse reaction. After HALSS treatment, the general
condition, psychic state, encephalopathy and hepatic function
of the patients were improved. The survival rate of the
HALSS group, Plasmapheresis group and control group
was 30% (3/10), 20% (2/10) and 0% (0/10), respectively
(P = 0.024). Two weeks after treatment, Tbil and ALT
decreased and the PTA level elevated in HALSS group
and pasmapheresis group (P value: 0.015 vs 0.020, 0.009
vs 0.012 and 0.032 vs 0.041, respectively). But there was no
significant change of blood albumin concentration before and
after treatment in HALSS group and Plasmapheresis group.

INTRODUCTION
Liver is an important organ with complex functions,
including gluconeogenesis, synthesis of blood proteins, amino
acid metabolism, urea synthesis, lipid metabolism, drug
detoxification, waste removal, and immune and hormonal
modulation[1]. Many people suffer from liver diseases,
especially severe hepatitis, in China, and most of the cases
give rise to widespread hepatic necrosis with little hepatocyte
regeneration. Currently, the only available treatment is liver
transplantation. However, liver transplantation faces acute
shortages of donors worldwide and the patients treated with
liver transplantation are subjected to the lifetime risks of
graft rejection and immunosuppression[2,3]. The liver has a
remarkable capacity for regeneration. But a minimum critical
mass of hepatocyte is required to support homeostasis while
regeneration progresses after liver damage. Without this
critical mass, liver failure supervenes and regeneration is
impaired[4]. Artificial liver support systems, such as plasma
exchange, hemodialysis and hemofiltration, have been
proposed as a temporary liver support that allows the native
liver to regenerate[5-7]. But these treatment do not perform
many complex functions for survival. Hybrid artificial liver
support system (HALSS) is an extracorporeal circulation
system comprising of a bioreactor with highly differentiated
hepatocytes in hollow fiber space[8]. The large number of
highly differentiated hepatocytes is the key to construct
HALSS. It has become increasingly evident that threedimensional rather than monolayer growth is particulary
important for maintaining differentiated hepatocyte function
in culture. One means of establishing three-dimensional
hepatocyte growth is the creation of multicellular spheroid
aggregates[8-12]. Here we developed a HALSS that contained
a hollow fiber bioreactor inoculated with porcine hepatocyte
spheroids and applied it to 10 patients with severe liver
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failure. The efficacy of the HALSS for treatment of severe
liver failure was evaluated.

MATERIALS AND METHODS
Animals
Chinese suckling pigs weighing about 4.0 kg were supplied
by Laboratory Animal Center of Chinese Academy of
Sciences.

Bacteria-proof
filter
Hepatocyte
reservoir

Hemoadsorba

Configuration of bioartificial liver
The HALSS was constructed as shown in Figure 1. The
formed spheroid hepatocytes containing 1-2×10 10 highly
differentiated primary porcine hepatocytes in DMEM
medium were inoculated into the outer space of the hollow
fibers of the bioreactor (Languna Hills). A hepatocytes
reservoir was designed to connect to the extra-fiber
compartment of the bioreactor just as described by Ding
et al [15,16]. Blood was removed from the patient through a
double lumen catheter in superficial femoral vein at a rate
of 100 mL/min and run through a plasma separator. The

separated plasma passed a hemo-adsorba 160 for removing
bilirubin and toxin, and then it was run through the intrafiber compartment of bioreactor. The reacted plasma was
then reconstituted with red blood cells and returned to the
patient via the venous cannula.

Plasma separator

Isolation and spheroid culture of hepatocytes
Hepatocytes were isolated from suckling pigs by modified
two-step in situ collagenase perfusion method described
by Seglen[13] . The liver was perfused at 4 ℃ with Hanks
solution containing 40 mg/L dexamethasone (Sigma-Aldrich,
the USA) through the portal vein to rinse whole blood. At
the end of the first perfusion, the liver was excised gently
from the surrounding tissue and the isolated liver was placed
on the stage of perfusion apparatus. Then the liver was
circularly perfused with Hanks solution containing 0.5 g/L
collagenase IV (Sigma-Aldrich, America) at 37 ℃, which
was equilibrated with 950 mL/L O2 and 50 mL/L CO2.
The softened liver was gently lifted and placed in icecold minimum essential medium (MEM) (GIBCO™,
Invitrogen). After dissociation of the liver capsule by
scissor, the liver was shaken gently in the medium until it
was reduced to only connective tissue. The resulting cell
suspension was filtered through 50 µm sterile stainless steel
meshes. The hepatocytes were washed three times at
500 r/min for 1 min each.
The hepatocyte suspension was adjusted to 5×106/mL in
warmed dulbecco’s modified eagle medium (D-MEM)
culture medium supplemented with 0.1 µmol/L dexamethasone,
10 µg/L hepatocyte growth factor (HGF), 20 µg/L
epidermal growth factor (EGF), 1×insulin-transferrinselenium solution (GIBCO™, Invitrogen), 10 mg/L linoleic
acid, 200 mmoL glutamine, 50 mL/L fetal bovine serum,
0.1 µg/L CuSO4.5H2O, 50 pmoL ZnSO4.7H2O, 15 mmoL
HEPES, 125 mg/L penicillin and 100 mg/L streptomycin.
The cells suspension was then placed in a 50 mL/L CO2
and 950 mL/L air humidified incubator at 37 ℃ and
immediately stirred with a magnetic stirrer at 120 r/min.
Air from the incubator was blown into the flask from the
open side of the spinner flask by an air pump. The medium
was changed every 24 h. Albumin secretion and urea synthesis
were measured in the medium of the spheroid culture
according to the method described by Chen et al[14] with the
petri dish culture at the same density as control.
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Figure 1 Schematic diagram of HALSS.

Clinical treatment
All patients were at the end stage of severe liver failure
according to the diagnostic standard defined in Xi ’an
meeting in China in 2000. Ten patients (including 7 males
and 3 females, and 8 patients were infected with hepatitis B
and 2 patients were infected with hepatitis E) with severe
liver failure were assigned to HALSS group. Ten patients (2
females, 8 males) were assigned to Plasmapheresis group.
And another ten patients were assigned to control group.
There was no significant difference in symptoms and
biochemical index between the two groups (Table 1).
Table 1 Clinical feature of patients
HALSS
group
(n = 10)

Plasmapheresis
group
(n = 10)

Control
group
(n = 10)

Sex
Male

3

2

Female

7

8

Average age (yr)

39.5

41.5

40.5

35-56

27-60

30-58

Range (yr)

3
7

Encephalopathy

4

2

1

Ascites

8

6

7

Hepatorenal syndrome

9

7

7

Biochemical index
Tbil (µmol/L)

499.5±25.1

519.4±137.5

496.3±93.2

Dbil (µmol/L)

227.5±19.0

269.6±118.4

286.5±107.3

ALT (U/L)

347.6±126.5

303.2±139.4

336.2±139.6

ALB (g/L)

29.8±0.4

29.9±5.3

30.9±5.3

PTA

17.5±1.2

22.8±6.5

21.5±4.4

Tbil: Total bilirubin, Dbil: Direct bilirubin, ALT: Alanine aminotransferase,
PTA: Prothrombin activity.

Biochemical analysis
Blood samples were obtained at the start and end of the
treatment. Blood alanine aminotransferase (ALT), total
bilirubin (TBil) and albumin (ALB) were determined with
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an automatic biochemical analyzer. Prothrombin activity
(PTA) was detected according to manufacturer’s instructions.
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survival rate of the HALSS group, Plasmapheresis group
and control group was 30% (3/10) , 20% (2/10) and 0%
(0/10), respectively (P = 0.024). Two weeks after treatment,
TBil and ALT decreased and the level of PTA elevated in
HALSS group and Plasmapheresis group (P value is 0.015
vs 0.020, 0.009 vs 0.012 and 0.032 vs 0.041, respectively).
But there was no significant change of blood albumin
concentration before and after the HALSS treatment
(Figure 4).

Statistical analysis
Results were expressed as mean±SD. Paired t test was used
(SPSS10.0 software) to compare the data. P<0.05 was
considered statistically significant.

RESULTS
Cell morphology and viability
The number of cells per liver was about 2-4×10 10 (mean,
3.1±1.5×1010). The cell viabilities were more than 95%
(Figure 2). After 24 h of spheroid culture, most hepatocytes
formed spheroids (Figure 2).

Table 2 General condition of patients at two weeks after treatment
HALSS
group
(n = 10)

Metabolites secretion in culture
The functions about albumin production and urea synthesis
are shown in Figure 3. The levels of albumin and urea in
the medium of spheroid culture were higher than those
in supernatant of petri dish culture (P = 0.0015, 0.0001,
respectively). The capacity of albumin production and urea
synthesis was constant for more than one week and declined
rapidly after two weeks.

Encephalopathy
Ascites
Hepatorenal syndrome

Plasmapheresis
group
(n = 10)

Control
group
(n = 10)

Pre-

Post-

Pre-

Post-

Pre-

Post-

4
8
9

2
3
3

2
6
7

2
3
3

1
7
7

2
9
9

DISCUSSION
Acute or acute-on-chronic liver failure is a life-threatening
condition. Most of the cases are caused by viral hepatitis,
such as hepatitis B and C, in China. The mortality of
liver failure is very high, more than 70% [17] . Liver
transplantation is an effective therapy for many severe
hepatic failure, but the number of patients who can benefit
from this procedure is limited by the availability of donor
organs [17,18]. Alternative therapy including liver cell

Clinical effect of HALSS
In HALSS group, the duration of HALSS treatment was 610 h each time. All patients tolerated the treatment well
without any fatal adverse reaction. After HALSS treatment,
general condition, psychic state, encephalopathy and hepatic
function of the patients were improved (Table 2). The

A

B

9
8
7
6
5
4
3
2
1
0

Spheroid
Petri dish

1

2 4 6 8 10 12 14
Days in culture

B

Spheroid
Urea synthesis (mmol/L)

A

Albumin production (g/L)

Figure 2 Morphology of hepatocytes. A: freshly isolated single hepatocytes stained with trypan blue (×200); B: spheroid formation after 24
h of spheroid culture (×100).

8
7
6
5
4
3
2
1
0

Petri dish

1

2

4 6 8 10 12 14
Days in culture

Figure 3 Spheroid cultivation of hepatocytes at a density of 5×106/mL cells. Control hepatocytes were cultivated in a petri dish at the same
density. A: albumin production; B: urea synthesis.
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Pre-

ALT (U/L)

400

Post-

400
200

Post-

300
200
100

Control

HALSS

0

Plasmapheresis

40
35
30
25
20
15
10
5
0

Pre-

D

Post-

Control

HALSS

Plasmapheresis

Prothrombin activity (%)

Albumin (g/L)

Pre-

600

0

C

500

B

800
index (mol/L)

Total bilirubin

A

893

Control

HALSS

Plasmapheresis

45
40
35
30
25
20
15
10
5
0

PrePost-

Control

HALSS

Plasmapheresis

Figure 4 Changes of total bilirubin, ALT, albumin and PTA index in patients in HALSS group, Plasmapheresis group and control group. Pre-:
index before treatment. Post-: index at two weeks after treatment.

transplantation and artificial livers has been developed. The
non-bioartificial livers consisted of haemofiltration,
hemoperfusion, plasma exchange and molecular adsorbents
recycling system[6,19-21]. These devices could remove toxic
factors, including ammonia, endotoxin, mercaptans and
endogenous inhibitor neurotansmitters. But some factors,
which are involved in hepatic regeneration, such as interleukin6, tumor necrosis factor-, hepatocyte growth factor and
albumin-bilirubin complex might also be removed[22]. And
they cannot replace the complex functions of liver such as
synthetic and metabolic functions. On this condition,
bioartificial liver has been developed to support liver
functions temporarily[4,15,16,23,24].
The large numbers of highly differentiated primary
hepatocytes are demanded for configuration of bioartificial
liver. Primary human hepatocytes divide much less readily
in vitro even under optimal culture conditions[25]. Cell lines
and stem cells are still under study, and they cannot be
used for clinical treatment currently[11,26]. Primary porcine
hepatocytes are the most common cellular components of
current bioartificial liver devices[27]. Hepatocytes in monolayer
culture lose their functions quickly in vitro and the density of
heaptocytes in monolayer cannot satisfy the needs for
configuration of bioreactor. Hepatocytes multicellular
aggregates that have a tissue-like structure expressed highly
differentiated functions [24,28]. Spheroidal aggregates of
hepatocytes are known to exhibit better hepatocyte functions
for a longer timer than hepatocytes produced by monolayer
culture[10,29] . Our data showed that functions of albumin
production and urea synthesis of spheroidal hepatocytes
were better than that of monolayter cultured hepatocytes
(P<0.05). The functions of spheroidal hepatocytes were
stable more than one week in the medium supplemented
with growth factors and hormones, but they declined quickly
after two weeks in vitro. The density of spheroid culture
was enough to meet the needs of large numbers of
hepatocytes for configuration of bioartificial liver.
Blood from the patients with severe liver failure has
many toxins in it, which are harmful to living hepatocytes[30].
In HALSS, the blood from the patients was detoxified with a

hemo-adsorba 160 and continuous renal replacement therapy
(CRRT) before it was run through a bioreactor. To ensure
that enough hepatocytes were used, a hepatocyte reservoir
was added to the system.
Data from clinical study showed that HALSS improved
general condition, encephalopathy and biochemical indexes,
including ALT, TBil and PTA of patients. But the albumin
level was not changed, which was in agreement with the
previous study by Ding et al[16]. The survival rate of HALSS
treatment group was also higher than that of the
Plasmapheresis group and control group (30% vs 0%). It
suggest that the HALSS significantly prolong the survival
time of the patients.
On the basis of the above mentioned results, the HALSS
established by us is effective for the treatment of severe
liver failure.
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Abstract
AIM: To analyze the data from Tianjin Cancer Registry of
mortality due to colon cancer from 1981 to 2000 in Tianjin,
China.
METHODS: Tumors diagnosed in this study were coded
according to ICD-9. Mortality rates were calculated by
sex and calendar year of diagnosis.
RESULTS: Seventy point four percent of colon cancer deaths
occurred in the age group of 55-79 years and the mortality
rate reached its peak in the age group of 75-80 years.
The average age at death was 64.10 years. An ascending
trend was observed in the mean age of death due to
colon cancer from 1981 through 2000. However, as for
the sex ratio, there was no clear trend exhibited. During
1981-2000, the total number of deaths was 2147, 1041
males and 1106 females. The mean mortality rate of colon
cancer was 3.04/100 000. The mortality caused by colon
cancer ascended from 1981 to 2000.
CONCLUSION: The epidemic trend of colon cancer in
Tianjin and its risk factors and prevention should be studied
further.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon cancer and rectum cancer are distinct to some
extent in their epidemiology[1,2]. Colon cancer is one of the

most common cancers in the Western and industrialized
nations[3-6]. By the year 1996, it had remained an important
subject of research in China for more than 20 years.
Mortality due to colon cancer has increased gradually, partly
as a result of the changes of life style and nutrition. From
the early 1970s to the late 1980s, the highest rate of increase
in cancer was observed in colon cancer [7] . Therefore, it
appears especially critical to gather and analyze the data
concerning the incidence and mortality of colon cancer.
This study analyzed the data about the mortality as a result
of colon cancer in the urban areas of Tianjin during 19812000. The results provide insights into the etiology and
prevention of colon cancer.

MATERIALS AND METHODS
Cancer deaths
The data concerning cancer mortality were provided by
Tianjin Cancer Registry. As mandated by Tianjin Health
Bureau, it is the duty of the medical institutions to fill cards
to report their individual cancer cases to Tianjin Cancer
Registry. The cards should include the name, birthday,
gender, address, tumor site, date of diagnosis, age at
diagnosis, diagnostic method of cases, and the date and age
at death for cases to be registered. The Registry is responsible
for the coding, checking, sorting, and analyzing of the
reported cards. As for cases with information omissions,
family visits were made to compensate for such lost data.
Cases in this study were constant inhabitants in urban Tianjin,
coded according to ICD-9.
Population data
Tianjin Public Safety Bureau provided the population data.
Statistical analysis
Software packages SAS 8.0 and SPSS 10.0 were employed
to calculate the mortality rate, standardized rate, and mean
age at death. A linear regression model was established for
the trend of mortality.

RESULTS
Age distribution of mortality
A total of 2 147 cards were reported during 1981-2000
concerning dead cases of colon cancer, all of which included
a definite age at death. The number of deaths increased
with age among people under 55 years, but decreased for
those over 75 years. The group aged between 55 and
79 years accounted for 70.4% of the total cases. Mortality
rates varied greatly among different age groups, increasing
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moderately and remaining at a relatively low level before
reaching age 50, but increased dramatically after 50 years
of age and reached its peak after 70-80 years of age (Table 1,
Figure 1).
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Mortality rate and its trend
Two thousand one hundred and forty-seven new colon
cancer deaths were reported in Tianjin during 1981-2000
of which 1041 were male and 1106 were female. Mortality
rates of colon cancer were calculated on the basis of
population data and the corresponding number of new
deaths reported. The average crude mortality rate over these
20 years was 3.04/100 000 (male: 2.92/100 000; female:
3.15/100 000), while the average age standardized rate was

15
Table 2 Trend of mean age at death due to colon cancer in Tianjin,
from 1981 to 2000

10
5

Male

0

Female

Total

0-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-

Year
Mean

Age group

Figure 1 Age-specific rate of colon cancer mortality in Tianjin, from
1981 to 2000.

Table 1 Age distribution of colon cancer mortality in TianJin during
1981–2000

SD

SE

Mean

SD

SE

Mean

SD

SE

1981

58.70

13.94

2.20

66.31

8.48

1.22

62.85

11.85

1.26

1982

57.81

16.49

2.92

64.42

14.24

2.17

61.60

15.49

1.79

1983
1984

59.12
59.53

11.69
16.50

1.83
2.92

64.15
59.00

14.14
16.86

1.83
2.43

62.11
59.21

13.37
16.61

1.33
1.86

1985

62.64

12.63

1.84

61.75

16.66

2.63

62.23

14.54

1.56

1986

59.28

15.70

2.31

62.76

12.37

1.67

61.18

14.02

1.40

1987
1988

57.63
63.57

16.24
10.99

2.40
1.70

62.49
60.56

13.36
12.28

2.14
1.74

59.86
61.93

15.10
11.75

1.64
1.22

1989

61.65

14.97

2.04

62.04

15.03

2.22

61.83

14.92

1.49

Male

Female

Total

1990

63.85

13.50

1.87

63.78

13.71

1.87

63.81

13.54

1.32

Death prop (%) rate

Death prop (%) rate

Death prop (%) rate

1991
1992

63.39
64.65

13.04
12.88

1.73
1.84

65.75
65.05

12.06
12.30

1.91
1.62

64.36
64.87

12.63
12.51

1.28
1.21

Age at
death
0-

2

0.2

0.02

2

0.2

0.02

4

0.2

0.02

1993

67.83

10.77

1.49

64.16

13.25

1.62

65.76

12.32

1.13

20-

4

0.4

0.14

4

0.4

0.15

8

0.4

0.14

1994

64.17

12.16

1.38

65.89

12.91

1.48

65.02

12.53

1.01

25-

15

1.4

0.43

8

0.7

0.24

23

1.1

0.34

3035-

25
29

2.4
2.8

0.69
0.83

21
23

1.9
2.1

0.60
0.67

46
52

2.1
2.4

0.64
0.75

1995
1996

65.13
65.21

12.85
12.25

1.56
1.50

65.07
65.81

11.20
11.99

1.50
1.56

65.10
65.49

12.09
12.08

1.09
1.08

1997

64.56

14.19

1.80

69.82

12.56

1.47

67.41

13.54

1.17

40-

32

3.1

1.10

31

2.8

1.07

63

2.9

1.08

1998

67.41

10.90

1.40

65.19

11.66

1.48

66.29

11.30

1.02

45-

48

4.6

2.10

63

5.7

2.71

111

5.2

2.41

5055-

58
115

5.6
11.0

2.99
6.53

68
119

6.1
10.8

3.39
6.37

126
234

5.9
10.9

3.19
6.44

1999
2000

68.06
67.22

13.44
11.69

1.67
1.65

66.29
66.13

13.51
14.79

1.63
1.86

67.15
66.61

13.45
13.46

1.16
1.27

Total

63.57

13.52

0.42

64.59

13.31

0.40

64.10

13.42

0.29

60-

143

13.7

9.11

145

13.1

8.70

288

13.4

8.88

65-

166

15.9

13.27

190

17.2 14.85

356

16.6 14.05

7075-

187
139

18.0
13.4

22.12
29.31

164
145

14.8 18.77
13.1 27.44

351
284

16.3 20.40
13.2 28.29

80-

58

5.6

26.83

90

8.1 32.64

148

6.9 30.07

85-

20

1.9

22.47

33

3.0 21.86

53

2.5 22.07

Total 1 041

100.0

2.92

1 106

100.0

3.15

2 147

100.0

3.04

Prop: proportion; rate: 1/100 000.

Trend for mean age at death
The average age at death during 1981-2000 was 64.10 years
(male: 63.57 years; female: 64.59 years), which was higher
in females than in males, but the difference was statistically
insignificant between sexes. The mean age at death (from
62.85 years in 1981 to 66.61 years in 2000) increased by
3.76 years during the two decades. This trend was almost
the same for both the sexes. Linear regression further
confirmed this trend (Tables 2, 3 and Figure 2A).
Trends for sex ratio of colon cancer mortality
Sex ratio of colon cancer mortality fluctuated around 1.0
during 1981-2000, ranging from 0.65 in 1984 to 1.40 in 1991,
but no clear trend was observed in these 20 years. Linear
regression model was statistically insignificant: t = 1.622,
P = 0.122 (Tables 4, 5 and Figure 2B).

Comparison of mean age at death between sexes: t = -1.75, P = 0.0796.

Table 3 Linear regression analyses for mean age at death of colon
cancer
Year of diagnosis

B

SE

STD B

t

P

95%CI

Male

0.436

0.050

0.900

8.735

0.000

0.331, 0.541

Female
Total

0.237
0.336

0.060
0.042

0.683
0.882

3.970
7.943

0.001
0.000

0.112, 0.363
0.247, 0.425

Table 4 Trend for sex ratio of colon cancer mortality in Tianjin from
1981 to 2000
Year

Ratio

Year

Ratio

Year

Ratio

Year

Ratio

1981

0.81

1986

0.82

1991

1.40

1996

1.13

1982

0.73

1987

1.15

1992

0.83

1997

0.84

1983
1984

0.67
0.65

1988
1989

0.82
1.15

1993
1994

0.77
1.01

1998
1999

0.98
0.94

1985

1.15

1990

0.94

1995

1.20

2000

0.79

Table 5 Linear regression analyses for sex ratio of colon cancer
mortality
Variable

B

SE

Year of diagnosis 8.857E-03 0.008

STD B

t

P

95%CI

0.260

1.140

0.269

-0.007, 0.025

Wang YG et al. Colon cancer mortality in Tianjin

897

B 1.6
1.4

Total

Ratio

Female

Male: female

1.2

Male

1.0
0.8
0.6
0.4

19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99

19
99

19
95

0.0
19
97

Year

19
93

19
91

19
89

19
87

19
85

0.2
19
83

75
70
65
60
55
50
45
40

19
81

Mean age

A

Year

Figure 2 Trend for mean age (A) and sex ratio (B) of colon cancer mortality in Tianjin from 1981 to 2000.

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Male
Female
Total

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Mortality rate

2.49/100 000 (male: 2.49/100 000; female: 2.48/100 000).
The difference is statistically insignificant between sexes.
Linear regression takes the year of death as independent
variable and mortality rate as dependent variable that suggests
an ascending trend apparent in colon cancer mortality during
1981-2000 (from 2.55/100000 in 1981 to 3.02/100 000
in 2000) representing about a 18.43% increase over these
20 years, annually 0.89% (Tables 6, 7 and Figure 3).

Year

Figure 3 Mortality trend of colon cancer in Tianjin during 1981-2000.

Table 6 Mortality rate of colon cancer in TianJin during 1981-2000
Male

Female

Total

Year
Deaths
1981
40
1982
32
1983
41
1984
32
1985
47
1986
46
1987
46
1988
42
1989
54
1990
52
1991
57
1992
49
1993
52
1994
78
1995
68
1996
67
1997
62
1998
61
1999
65
2000
50
Total 1 041

Rate

ASR

2.28
2.03
2.55
1.95
2.78
2.68
2.64
2.37
3.01
2.86
3.12
2.67
2.82
4.21
3.67
3.62
3.35
3.27
3.48
2.66
2.92

2.55
2.07
2.56
1.93
2.75
2.43
2.32
2.08
2.92
2.48
2.59
2.30
2.24
3.24
2.84
2.64
2.47
2.35
2.42
1.77
2.49

Deaths
48
43
60
48
40
55
39
50
46
54
40
58
67
76
56
59
73
62
69
63
1 106

Rate

ASR

Deaths

Rate

ASR

2.83
2.78
3.80
2.98
2.42
3.28
2.29
2.89
2.62
3.03
2.23
3.21
3.68
4.15
3.05
3.21
3.97
3.35
3.72
3.38
3.15

3.10
2.81
3.71
2.88
2.22
3.04
2.01
2.64
2.26
2.49
1.77
2.44
2.74
2.98
2.14
2.42
2.58
2.19
2.36
2.09
2.48

88
75
101
80
87
101
85
92
100
106
97
107
119
154
124
126
135
123
134
113
2 147

2.55
2.40
3.17
2.46
2.61
2.97
2.47
2.63
2.82
2.94
2.68
2.94
3.24
4.18
3.36
3.41
3.66
3.31
3.60
3.02
3.04

2.78
2.49
3.21
2.43
2.49
2.77
2.18
2.36
2.51
2.49
2.19
2.35
2.52
3.11
2.46
2.53
2.55
2.24
2.38
1.92
2.49

Comparison of mean mortality between sexes: 2 = 0.075 (df = 2145), P>0.05.

Table 7 Parameter estimation for linear regression of colon cancer
mortality
Year of diagnosis
Male
Female
Total

B

SE

STD B

t

P

95% CI

6.880E-02
4.294E-02
5.598E-02

0.016
0.019
0.013

0.709
0.469
0.702

4.267
2.252
4.185

0.000
0.037
0.001

0.035, 0.103
0.003, 0.083
0.028, 0.084

DISCUSSION
As shown in this study, 2147 new deaths of colon cancer
were reported in Tianjin from 1981 to 2000. The average
age-standardized mortality rate during the two decades was
2.49/100 000 (2.49/100 000 for males and 2.48/100 000
for females). Available reports suggest that the highest
mortality rate of colon cancer for males was 17.1/100 000
observed in Hungary, and 14.2/100 000 for females in
New Zealand during 1988-1992[8]. Both were approximately
six times the rates in Tianjin.
Although colon cancer mortality in Tianjin is insignificant
in comparison with that of industrialized nations, it had
experienced an 18.43% increase over these 20 years, a
growth from 2.55/100 000 in 1981 to 3.02/100 000 in
2000. Certain Western countries have already made progress
in controlling colon cancer. For example, in Canada, colon
cancer mortality decreased from 13.9/100000 to 13.1/100 000
for males and from 11.9/100 000 to 9.4/100 000 for
females during the 1980s. In the same period, the Swedish
colon cancer mortality descended from 10.4/100 000 to
9.9/100 000 for males and from 9.1/100 000 to 8.1/100 000
for females[9]. Therefore, the trend of colon cancer mortality
is apparently unfortunate in Tianjin. It is imperative to curb
the pace of such an increase in colon cancer deaths for the
sake of humanity.
Although the constant increase in colon cancer mortality
may be directly due to the increase in colon cancer incidence,
it may be that its primary cause is the change in lifestyle and
environment. A large body of evidence indicated that
several dietary and lifestyle factors were likely to have a
major influence on the risk of colon cancer. Physical
inactivity, excess body weight, and a central deposition of
adiposity are consistent risk factors. Over-consumption of
energy is likely to be one of the major contributors to the
high incidence rates of colon cancer in Western countries.
Red meat, processed meats, and perhaps refined carbohydrates
could contribute to the risk[8]. Immigrant epidemiology can
well establish the relation between environment and colon
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cancer incidence. For example, Blacks in America have
10-20 times more incidence than Blacks in Africa. Male
and female American Chinese have an incidence of 10 times
and 3-4 times, respectively than those in Shanghai[10].
This study also showed that the mortality of colon cancer
was only slightly higher in females than in males, and this
difference was statistically insignificant. Trend analysis for
sex ratio showed no clear change in sex distribution of colon
cancer mortality, suggesting that males and females share
almost the same risk of dying of colon cancer. On the
other hand, age distribution analysis found that older people
had a higher mortality rate than younger people, especially
after age 50, the mortality rate increased exponentially. The
group aged 55-79 years accounted for 70.4% of total
deaths. Trend analysis for mean age at death proposed an
even worse situation for the old, since the mean age has
been increasing. Then, it is self-evidently true that the older
people are the high-risk group of colon cancer mortality.
In such cases, in addition to effective treatment for colon
cancer, screening of the group with high risk would be
effective to prevent potential deaths of colon cancer. It has
been reported that annual fecal occult blood tests can reduce
the incidence and mortality rate of colorectal cancer[11-13].
Furthermore, there is evidence that screening not only
reduces the incidence of colorectal cancer, but also the
mortality, which is substantially reduced after removal of
the precursor lesions[14,15].
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Abstract
AIM: To study the practical use of the model for endstage liver disease (MELD) on clinic and assess its validity
by the concordance (C)-statistic in predicting the prognosis
of the patient with severe viral hepatitis.
METHODS: One hundred and twenty-one patients were
divided into plasma exchange group and non-plasma
exchange group, and were graded with MELD formula.
The death rate was observed within 3 mo.
RESULTS: Eighty-one patients died within 3 mo (35 cases
in PE group, 46 cases in non-PE group). The mortality of
patients in PE group whose MELD score between 20-30
and 30-40 were 31.6% and 57.7%, respectively, but in
non-PE cases they were 67.6%, 81.3% respectively.
There was significant difference between PE group and
non-PE group (P<0.05). However, the mortality of patients
whose MELD score higher than 40 were 93.3% in PE group
and 100% in non-PE group and there was no significant
difference between the two groups (P = 0.65>0.05). The
optimal cut-off values of MELD to predict the prognosis of
patients were 30 in PE group whose sensitivity, specificity
and C-statistic were 80.0%, 52.0% and 0.777, but in non-PE
group they were 25, 82.6%, 86.7% and 0.869, respectively.
CONCLUSION: The MELD score can act as a disease severity
index for patients with severe viral hepatitis, and the mortality
of the patient increases with the increase of the MELD
score. The MELD can accurately predict the short-term
prognosis of patients with severe viral hepatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Viral hepatitis is one of the diseases endangering people’s
health worldwide, especially patients with severe viral
hepatitis (severe hepatitis in short) with bad prognosis and
a high mortality. Despite exploitation of new medicines and
continuous advances in supporting therapy, mortality of
patients undergoing conservative therapy of internal
medicine is still reaching 60-80%[1] . It is important to
establish a good method to estimate the prognosis of severe
hepatitis, assess the severity of disease and development
direction afterwards in order to select reasonable and
effective therapy on the basis of relative clinical information.
These years, the establishment of Artificial Liver Support
System (ALSS) provides important methods for the treatment
of severe hepatitis, of which plasma exchange has become
a relatively mature method in many hospitals. However, in
the absence of unity of the index to estimate the therapy
effect, people lack uniform cognition about the clinical
effect of plasma exchange.
This study uses the model for end-stage liver disease
(MELD)[2] to predict the short-term(3 mo) prognosis of
patients with severe viral hepatitis and assess its practical
value on clinic.
MATERIALS AND METHODS
Patients
One hundred and twenty-one hospitalized patients with
severe hepatitis diagnosed according to the diagnostic
standards recommended in Xian National Hepatopathy
Meeting in 2000 [3] from April of 2001 to August of 2003
were recruited for the study. We collected the case history
of the 121 patients and they were divided into plasma exchange
group and non-plasma exchange group, with 60 cases in PE
group and 61 cases in non-PE group. There is no statistically
significant difference between the two groups. Patients
with autoimmune hepatitis, drug hepatitis, toxic hepatitis,
alcoholic hepatitis and fatty liver were excluded.
Comparison of the clinical statistics between the two groups
is shown in Table 1.
Combined therapy
The basic management of the two groups were the same:
bed rest; venous infusion with liver-protecting medicine;
transfusing blood product such as albumin and plasma;
supplying energy and vitamin; maintaining electrolytic and
acid-base homeostasis; preventing complications. PE group
was appended with plasma exchange therapy and times of
treatments were according to the state of each patient.
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Table 1 Patients’ demographics

Sex (male/female)

PE group

Non-PE group

53/7

58/3

42 (18-65)

40 (18-68)

Age (yr)
Median (range)
Etiology (cases)
B

45

41

B+E

13

16

B+C

2

4

February 14, 2005
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(recovery and discharge from hospital, transit to receiving
liver transplantation or death for instance).
The formula for the MELD score is: score of MELD[4]
= 3.8×ln [Total bilirubin (mg/dL)] +11.2× ln (INR)
+9.6×ln [creatinine (mg/dL)] +6.4× (etiology: 0 if
cholestatic or alcoholic, 1 otherwise). MELD score (integer)
can be obtained from the official web site of American
Mayo Clinic research center www.mayoclinic.org/gi-rst/
mayomodel 5.html by inputting the patients’ clinical data.

Clinical type (cases)
Subacute severe hepatitis

9

6

Chronic severe hepatitis

51

55

Laboratory parameters
Serum total bilirubin (mol/L)
(Range)
Serum creatinine (mol/L)
(Range)
INR1

514.99
(293.0-1 140.3)

131.63

142.09

(43.3-401.8)

(42.0-945.0)

3.18

(Range)
1

588.88
(217.0-1 015.5)

(1.90-6.60)

2.88
(1.91-7.20)

International normalized ratio (INR).

Plasma exchange therapy
Patients were kept in plasma exchange therapy’s room under
strict disinfection and temperature control. A dual lumen
catheter placed percutaneously into the femoral vein used
as a blood access. Heparin was added to prevent clotting.
Plasma exchange device of M-25 made in the USA was
used. The blood flow rate in PE circuit was 10-20 mL/min.
The duration of PE was 3 to 4 h. Some volumes of plasma
(3 000-3 500 mL) per PE were exchanged and replaced with
homotypic fresh frozen plasma.
Test indices and scores
Function index of liver and kidney and international normalized
ratio of the 121 patients tested in our hospital clinical
laboratory were studied, and test data of the subsequent day
after plasma exchange was compared with the data before
treatment. Developments of liver disease were observed
during 3-mo follow-up period from the day of hospitalization

Statistical methods
Comparisons between groups were performed using t test,
the rates were compared by 2 test and Fisher’s exact test.
The validity of MELD model in predicting the prognosis
was measured by the C-statistic, which was equivalent to
the area under receiver operating characteristic curve (ROC
curve)[5]. Besides, the optimal cut-off values of MELD to
discriminate between deceased and surviving patients with
severe hepatitis were calculated by ROC curves.
Statistically, a C-statistic between 0.8 and 0.9 indicates
excellent diagnostic accuracy and a C-statistic greater than
0.7 is generally considered a useful test. For prognostic
models, a C-statistic of 0.9 or greater is seldom seen[6,7] .
For all analyses P <0.05 was considered statistically
significant. Data were analyzed with the SPSS software
package for Windows.

RESULTS
Comparison of clinical biochemical data and MELD score
between PE group and non-PE group
Scores obtained by the two groups according to MELD
tormula and MELD scores, of all the cases were 20 or
above. Both groups were categorized into three subsets: 20
≤MELD<30, 30≤MELD<40, MELD≥40 (Table 2).
The changes in clinical biochemical index and MELD
score of the PE group after several times of plasma exchange
are shown in Table 3.
There were significant decreases in the concentrations
of the serum total bilirubin, INR and MELD score between,

Table 2 Comparison of clinical biochemical data and MELD score between PE group and non-PE group before treatment (mean±SD)
20≤MELD<30

Bilirubin (mol/L)
INR
Creatinine (mol/L)
MELD score

30≤MELD<40

MELD≥40

PE group

Non-PE group

PE group

Non-PE group

PE group

Non-PE group

561.66±148.92
2.13±0.62
70.53±18.69
24.7±3.1

463.28±169.69
2.34±.0.67
72.51±26.11
24.2±3.0

606.40±150.60
3.54±1.16
106.45±37.31
34.7±2.2

526.44±148.00
4.14±1.24
101.97±65.85
32.4±7.1

600.77±140.90
4.01±1.58
237.12±136.64
42.7±1.7

677.79±221.18
3.58±1.69
523.01±289.10
48.6±5.3

Table 3 Changes in related data of the PE group between before and after the plasma exchange (mean±SD)
20≤MELD<30

Bilirubin (mol/L)
INR
Creatinine (mol/L)
MELD score
a

30≤MELD<40

MELD≥40

Before PE

After PE

Before PE

After PE

Before PE

After PE

561.66±148.92
2.13±0.62
70.53±18.68
24.7±3.1

242.01±134.39 b
1.55±0.28 a
88.00±21.28
19.7±3.5 a

606.40±150.60
3.54±1.16
106.45±37.31
34.7±2.2

260.85±64.65 b
1.59±0.22a
124.78±41.22
22.7±3.7 a

600.77±140.90
4.01±1.58
237.12±136.64
42.7±1.7

289.70±147.50 b
2.40±1.52 a
228.38±132.04
28.4±5.3 a

P<0.05, after PE vs before PE; bP<0.01, after PE vs before PE.
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Relation between mortality and MELD score
The transformations of the disease of the two groups were
observed from the day of hospitalization. The mortality
and MELD score of all patients within 3 mo are shown in
Table 4.

1.0
0.8
Sensitivity

before and after the plasma exchange treatments (Table 3).
Serum creatinine level also changed after plasma exchange
therapy, but without statistically significant difference
(P>0.05).
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0.0
0.0

0.5
1-Specificity

1.0

Figure 1 ROC curve of PE group determined by MELD model, area
under the broken line is 0.5 standing for no discrimination.
Table 4 Three-month death rates
30≤MELD<40

MELD≥40

Non-PE group

67.6% (25/37)

81.3% (13/16)

100% (8/8)

PE group

31.6% (6/19)a

57.7% (15/26)c

93.3% (14/15 ) 1

2 = 6.58, aP<0.05, PE group vs non-PE group; 2 = 3.97, cP<0.05, PE group vs non-PE
group; 1P = 0.65, PE group vs non-PE group.

The study shows that the mortality of the patients with
the MELD score between 20-30 and 30-40 in PE group was
obviously lower than that of non-PE group. However, the
mortalities of the patients with MELD score reaching or
exceeding 40 in PE group and non-PE group were 93.3%
and 100% respectively, and P value was 0.65 under Fisher’s
exact test which means the difference between the two groups
was of no statistical significance.
Prognostic analysis using the cut-off value of MELD
Using different MELD scores as cut-off value to discriminate
between deceased and surviving patients, true/false positive
value, true/false negativity value, and corresponding
sensitivity and specificity can be obtained from four-fold
table analysis of diagnostic experiment (Table 5).
Table 5 Four-fold table analysis of diagnostic experiment
Predicted prognosis
Real prognosis
Number of deaths
Number of deaths
Number of survivors

Value of true positive

Number of survivors
a

Value of false positive

c

Value of false negativeb
Value of true negatived

Sensitivity = a/(a+b)×100%, specificity = d/(c+d)×100%.

The cut-off values with the best sensitivity and specificity
in predicting a 3-mo survival for MELD score were calculated
using ROC curve, which gained from ROC software package
with sensitivity as vertical axis and 1-specificity as horizontal
axis (Figures 1, 2). The more the area under the curve, the
higher the diagnostic validity[7].
Figure 1 shows the ROC curve estimating the prognosis
of the non-PE group within 3 mo through MELD
model. ROC analysis software can output the following
results: Area under the curve is 0.869; SE is 0.055; P is less
than 0.0001; 95% CI is 0.760-0.978; the optimal cut-off
value is 25; corresponding sensitivity is 82.6% and specificity
is 86.7%.

Sensitivity

20≤MELD<30

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.0

0.5
1-Specificity

1.0

Figure 2 ROC curve of PE group determined by MELD model, area
under the broken line is 0.5 standing for no discrimination.

Figure 2 demonstrates the ROC curve estimating the
prognosis of the PE group within 3 mo through MELD model.
The following results can be obtained from the ROC analysis
software: Area under the curve is 0.777; SE is 0.059; P is
less than 0.0001; 95% CI is 0.661-0.892; the optimal cutoff value is 30; corresponding sensitivity is 80.0% and
specificity is 52.0%.

DISCUSSION
MELD scoring system was originally developed to access the
short-term prognosis of patients with cirrhosis hypertension
undergoing the transjugular intrahepatic portosystemic shunt
(TIPS) procedure by Mayo Clinic research center. MELD
scoring system uses serum creatinine, total bilirubin, INR
for prothrombin time and etiology of hepatopathy as indices
and calculates the data through mathematical formula. Those
patients with high score are of bad prognosis and greater
possibility of death in short term. Besides using objective
indices, this scoring system employs the renal function as
an independent variable in estimating the prognosis of the
hepatopathy, while other models don’t.
A European study[8] showed that 6-mo survival sensitivity,
specificity and C-statistic of using MELD score of 14 as the
cut-off value to discriminate between deceased and surviving
patients with hepatic cirrhosis is 75%, 72% and 0.82, respectively.
The MELD scoring system showed nice discriminant ability.
The study also demonstrated that MELD score correlates
with the degree of liver functional impairment.
Recently, scholars both at home and abroad made a lot
of research and study about predicting the prognosis of the
severe hepatitis, but most of them are limited to univariate
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analysis. Some multivariate analysis cannot be widely used
in clinic due to the complexity of their indices. Most scholars
discussed the plasma exchange therapy, about its improvement
of symptom, mend of biochemical index and increase of
survival rate, but the therapeutic effect reported by different
research institutions has not been consistent with each
other due to the absence of the objective of the index.
The establishment of MELD scoring system solved these
problems primitively.
The purpose of this study is to evaluate the ability of
the MELD scoring system in discriminating the prognosis
of the patients with severe hepatitis in short term (within
3 mo), and its validity in prediction is also analyzed by ROC
curve, which gives out the optimal cut-off value of MELD
score to discriminate between deceased and surviving
patients in 3 mo.
The mortalities of patients in non-PE group whose
MELD score in 20-30, 30-40 and ≥40 are 67.6%, 81.3%,
100%, respectively and the C-statistic is 0.869, which is
nearer to the result of Kamath et al[2]. In PE cases they are
31.6%, 57.7% and 93.3%, respectively. MELD score can
act as a severity index for the severe hepatitis, and mortality
in 3 mo increases as the MELD score increases. The mortality
of the patients in PE group with MELD score in 20-30
and 30-40 is significantly lower than that of non-PE group
(P<0.05), thus plasma exchange therapy can increase the
short-term survival rate of some patients with severe hepatitis.
Therapeutic effect of internal medicine for patients with
MELD score reaching or exceeding 25 is not so well with
bad prognosis in 3 mo. Plasma exchange or other artificial
liver support system such as molecular absorbing recirculating
system and liver transplantation should be applied early.
Plasma exchange is of little effect for the patients whose
MELD score is reaching or exceeding 40 and liver
transplantation may be the only way to save their lives.
The following conclusions can be drawn from this study:
the MELD score can act as a disease severity index for
patients with severe viral hepatitis, and the mortality of the
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patient increases with the increase of the MELD score. The
MELD can accurately predict the short-term prognosis of
patients with severe viral hepatitis, and it can be popularized
in clinic. Clinical doctors can rely on MELD score for
reference in determining whether the patients with severe
hepatitis need plasma exchange or other therapy of artificial
liver, even liver transplantation and its treatment occasion,
and avoiding waste of medical resources. Further studies
will be required to research and develop more exact
quantified method in estimating liver function, increase the
prediction vitality of clinical model, in order to predict the
possibility of survival/fatality of individual patient.
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Abstract
AIM: To investigate whether NF-B is activated in human
gastric carcinoma tissues and, if so, to study whether
there is any correlation between NF-B activity and
heparanase expression in gastric carcinoma.
METHODS: NF-B activation was assayed by immunohistochemical staining in formalin-fixed, paraffin-embedded
specimens from 45 gastric carcinoma patients. Electrophoretic
mobility shift assay (EMSA) method was used for nuclear
protein from these fresh tissue specimens. Heparanase
gene expression was quantified using quantitative RT-PCR.
RESULTS: The nuclear translocation of RelA (marker of NFB activation) was significantly higher in tumor cells compared
to adjacent and normal epithelial cells [(41.3±3.52)% vs
(0.38±0.22) %, t = 10.993, P = 0.000<0.05; (41.3±3.52)%
vs (0±0.31)%, t = 11.484, P = 0.000<0.05]. NF-B
activation was correlated with tumor invasion-related
clinicopathological features such as lymphatic invasion,
pathological stage, and depth of invasion (Z = 2.148,
P = 0.032<0.05; 2 = 8.758, P = 0.033<0.05; 2 = 18.531,
P = 0.006<0.05). NF-B activation was significantly
correlated with expression of heparanase gene (r = 0.194,
P = 0.046<0.05).
CONCLUSION: NF-B RelA (p65) activation was related
with increased heparanase gene expression and correlated
with poor clinicopathological characteristics in gastric
cancers. This suggests NF-B as a major controller of
the metastatic phenotype through its reciprocal regulation
of some metastasis-related genes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignant
neoplasms in China and its incidence is gradually increasing
in recent years. The clinical outcome for gastric cancer
patients is still very poor with a 5-year survival rate of only
20% in all stages[1] and only 40% of the patients respond to
surgical intervention[2].
NF-B is involved in the regulation of apoptosis, tumor
progression, and responses to chemotherapy and ionizing
radiation[3]. But its role in the process of gastric cancer
metastasis has not been examined in detail. NF-B is a
transcriptional activator of MMP-9 and uPA[4], supports a
role of the NF-B signal transduction pathway in the
metastatic process. However, little information is available
concerning the activity of NF-B in gastric carcinoma, one
of the most aggressive types of cancer.
Degradation of basement membrane and extracellular
matrix structures are important features of invasion and
metastasis in gastric cancer [5]. Human heparanase, an
endoglycosidase, specifically involved in cleaving heparan
sulfate, has been cloned recently, and it has been reported
that this gene is functionally related to the invasion and
metastasis of cancer cells[6]. Based on previous reports, we
speculate that heparanase may be involved in the invasion
and metastasis of gastric cancer cells. In the present study,
we examined heparanase expression of the gastric cancer
patients using quantitative RT-PCR.
It is recently reported that heparanase expression is
regulated by NF-B in tumor cell lines[7] , suggesting an
important role for the NF-B signal transduction pathway
in the metastatic process. However, little information is
available concerning NF-B activation and whether it
regulates the expression of heparanase expression in gastric
carcinoma.
In the present study, we aimed to investigate whether
NF-B was constitutively activated in gastric carcinoma
tissues. We also analyzed the correlation between NF-B
activity and clinicopathological features and whether
heparanase expression was regulated by NF-B activation
in gastric carcinoma.
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MATERIALS AND METHODS
Clinical specimens
Forty-five gastric carcinoma patients who gave informed
consent before surgical treatment were enrolled into the
present study at Sir Run Run Shaw Hospital between 2000
and 2004. All the normal, adjacent and tumor specimens,
including 3 cases of metastatic liver tissues, were obtained
from surgically resected tissues in the operating room, and
stored in liquid nitrogen until use. The nuclear proteins were
extracted immediately. Tissues were fixed in 10% formalin
and embedded in paraffin for H&E staining and
immunohistochemical staining. All specimens were
classified histologically. The clinical pathological
characteristics were evaluated according to the guidelines
of the Union Internationale Contre le Cancer.
Immunohistochemistry
Immunostaining was performed as described previously with
a moderate modification[8] . Briefly, antigen retrieval on
paraffin sections was performed by heating three times in a
10 mmol/L citrate buffer solution (pH 6.0) in a microwave.
Slides were then probed with primary (anti-RelA p65; 1:200;
sc-109; Santa Cruz Biotechnology, Santa Cruz, CA), and
incubated with secondary antibodies (RelA, goat anti-rabbit
immunoglobulin). Antibody binding was detected with a
combination of DAB (40 mg/150 mL in PBS; Sigma
Biotechnology, USA) and 0.06% hydrogen peroxide (H2O2).
The number of nuclear-positive cells was counted and found
to be 200 cells for each section. Nuclear staining, which
indicated nuclear translocation of RelA, was considered as
the marker of NF-B activation.
Nuclear protein extraction
Normal, adjacent and tumor specimens were collected in
the operating room and homogenized in hypotonic buffer
[10 mmol/L HEPES (pH 7.9), 10 mmol/L KCl, 1.5 mmol/L
MgCl2, 0.1% NP40, and 5% protease inhibitor (0.2 mmol/L
DTT, 10 mmol/L benzamidine, 7 ng/L leupeptin, 50 ng/L
soybean trypsin inhibitor, 2 ng/L aprotinin, 2 ng/L antipain,
0.7 ng/L pepstatin, 0.5 mmol/L phenylmethylsulfonyl
fluoride, and 0.5 mmol/L 4-(2-aminoethyl) benzenesulfonyl
fluoride)] immediately. Homogenized tissues were incubated
on ice for 10 min and extraction of nuclear contents was
performed as described previously[9]. The protein concentrations
were determined by Bradford assay (Bio-Rad, Hercules,
CA.). The nuclear extracts were stored at -80 ℃ until use.
Electrophoretic mobility shift assay (EMSA)
To further prove the results of immunostaining, NF-B
nuclear translocation was analyzed by EMSA for nuclear
protein extracts of carcinomas, adjacent and normal tissues
as described previously[9]. Nuclear protein extracts (10 g in
each assay) were incubated with the binding buffer [60 mmol/L
HEPES (pH 7.5), 180 mmol/L KCl, 15 mmol/L MgCl2,
0.6 mmol/L EDTA, and 24% glycerol], poly (dI-dC)
(Amersham Pharmacia Biotech AB, Uppsala, Sweden) and
32
P-labeled double-stranded oligonucleotides containing the
binding motif of NF-B (Promega Corp., Madison, WI)
for 30 min at 37 ℃. The sequence of the double-stranded
oligomer used for EMSA was 5’-AGTTGAGGGGACTTT
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CCCAGGC-3’.
Quantitative RT-PCR
Total RNA was extracted from carcinoma, adjacent and
normal tissues by the TRIzol reagent. The primer sequences
for amplification of heparanase gene were 5’ AGA CCT
TTG GGA CCT CAT GGA 3’ (forward) and 5’ GCA ACT
TTG GCA TTT CTT ATC ACA A 3’ (reverse), and the
probe was 5’ FAM- CAG GAA GTT CAC TGG GCT TGC
CAG CTT TCT CA -TRAM 3’. The primer sequences for
amplification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene were 5’ CTT AGC ACC CCT CCC CAA
G 3’ (forward) and 5’ GAT GTT CTG GAG AGC CCC G
3’ (reverse) and the probe was 5’ FAM- CAT GCC ATC
ACT GCC ACC CAG AAG A -TRAM 3’. Expected RTPCR product sizes were 179 bp for heparanase gene and
150 bp for GAPDH. PCR conditions consisted an initial
denaturation step for 5 min at 94 ℃, followed by 40 cycles
of amplification (denaturation for 30 s at 94 ℃, annealing
for 15 s at 62 ℃, and a final extension for 10 min at 72 ℃).
The RT-PCR products were sequenced in Tumor Research
Institute of Zhejiang University, and the sequences we
obtained coincided with the sequences available in
GenBank [accession number BC083511 (for GAPDH) and
accession number BC051321 (for heparanase)]. The RTPCR products were also visualized on 2.0% agarose gels
stained by ethidium bromide. Based on the fact that the CT
(threshold cycle) value was inversely proportional to the log
value of the original copy number of the target sequence,
heparanase C T/ GAPDH C T was used to evaluate the
mRNA expression level in different tissues.
Statistical analysis
All statistical analyses were performed with SPSS Statistical
Software (release 12.0) on the windows workstation. The
difference of the mean staining rate among tumor, adjacent
and normal cells was analyzed by t-test for paired data. The
correlation between the RelA nuclear staining rate and the
clinical parameters was analyzed by Rank Sum test. The
correlation between RelA nuclear staining and heparanase
gene expression was analyzed by Spearman’s test (one-sided).
P value <0.05 was considered as significant.

RESULTS
RelA staining in gastric carcinoma specimens
To ascertain whether NF-B was activated in gastric
carcinoma specimens, an immunohistochemical analysis of
RelA was performed in formalin-fixed, paraffin-embedded
gastric carcinoma specimens (Figure 1). RelA (P65) staining
was significantly enhanced in the nuclei of the tumor cells
compared to adjacent and normal epithelial cells. RelA
staining was markedly higher in the metastatic tissues of
the liver in the 3 cases compared to the gastric tumor
specimens. The percentages of RelA (P65) staining were
(41.3±3.52)%, (0.38±0.22)%, and (0±0.31)% in tumor,
adjacent and normal epithelial cells, respectively. The nuclear
staining rates were statistically higher in tumor cells compared
with those in adjacent and normal epithelial cells (t = 10.993,
P = 0.000; t = 11.484, P = 0.000).
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Figure 1 Comparison of nuclear staining rates statistically higher in tumor cells with those in adjacent and normal epithelial cells after
staining of RelA. A: Normal epithelial cells with no nuclei staining; B: Adjacent epithelial cells with no nuclei staining; C: Cancer tissues with
strong nuclei staining; D: Cancer metastasis to the liver with specially enhanced nuclei staining (×400).
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Figure 2 Increased NF-B RelA (p65) DNA binding activities in
tumor specimens compared with that in adjacent and normal tissue
of 2 typical cases.

Figure 3 The significantly higher heparanase mRNA levels in gastric cancer specimens than those in adjacent and far normal specimens of 4 typical cases.

Increased NF-B DNA binding activity in gastric carcinoma
specimens
EMSA was used to confirm the increased nuclear translocation
of RelA (p65) in gastric carcinoma tissues. Figure 2 showed
significantly increased NF-B RelA (p65) DNA binding
activity in tumor tissue compared to adjacent and normal
tissues of 2 typical cases.

Heparanase expression and correlation between NF- B
activation and heparanase expression in gastric carcinoma
specimens
We examined the expression of heparanase in gastric
carcinoma specimens by RT-PCR (Figure 3) and quantitative
RT-PCR, since the expression of heparanase was thought
to be mediated by NF-B. Heparanase mRNA levels in
gastric cancer tissues were significantly higher than those in
adjacent and normal tissues (data not included in this paper
and will be published in another paper). Correlation analysis
between NF-B activation and heparanase expression with
one-sided Spearman’s test showed positive relation (r = 0.194,
P = 0.046).

NF-B activation and clinical pathological features
The correlations between RelA nuclear staining and the
clinical pathological parameters in the 45 gastric carcinoma
specimens were analyzed statistically as described in
“Materials and Methods”. As shown in Table 1, NF-B
activation was correlated with lymphatic invasion (Z = 2.148,
P = 0.032), pathological stage (2 = 8.758, P = 0.033), and
depth of invasion (2 = 18.531, P = 0.006).

DISCUSSION
Previously, our studies have shown the activation of NF-B
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Table 1 Correlations between the expression of NF-B and clinical
pathological features of gastric cancers
Clinical pathological
indices
Depth of invasion

45

Mean Value Asymp. sig.
rank
(two-sided)

Mucosa

4

52.83

2
3

14.50
19.50

Deep muscular
Out of serosa
Lymphatic permeation
Have
No
Stage

2

5.50

30

32.50

4
45

5.83

3
42

Z = 2.148

5

35.00

II

5

39.50

III
IV

20
15

30.90
34.40

Well
Middle
Poor

45

0.032 a Mann-Whitney U

5.50
33.37
2 = 8.758

I

Histological grading

Test

2 = 18.531 0.006a Kruskal-Wallis H

Submucosa
Superficial muscular
Serosa

a

Cases

2 = 8.920

8

18.30

15
22

31.60
37.21

0.033 a Median test

0.014 a Kruskal-Wallis H

P<0.05.

in various cultured cell lines and several carcinoma tissues.
NF-B activation was usually evaluated on the basis of
nuclear translocation of RelA (p65) and/or NF-B 1 (p50)
using EMSA and/or immunohistochemical analysis[10]. In
this study, NF-B RelA (p65) was constitutively activated
in gastric carcinoma tissues by immunohistochemical
analysis through quantified staining of nuclear RelA (p65)
to evaluate NF-B activation (Figure 1). The results were
further proved by EMSAs in several cases. The significance
of NF-B activation in carcinoma tissues remained unclear
until now. Here, we analyzed the relationship between NF-B
activation, as estimated by nuclear translocation of RelA,
and the clinicopathological parameters. Our data proved
that NF-B activation was correlated with clinicopathological
parameters such as lymphatic invasion, pathological stage,
and depth of invasion (P = 0.032, P = 0.033 and P = 0.006,
separately) in gastric carcinoma tissues(Table 1). These
results supported the correlation between NF-B activation
and aggressiveness of gastric carcinomas, which is consistent
to reports from other investigators[11,12]. Recent studies also
showed that NF-B is constitutively activated in several other
tumors such as pancreatic cancer and breast cancer [13,14] .
Interestingly, RelA (p65) staining was especially enhanced
in the metastatic specimens of the liver, suggesting that
NF-B activation might contribute to the metastasis to distant
organs. Since only 3 cases of liver metastatic specimens
were collected in this study, additional specimens would need
to be collected for future studies.
Specific enzymes produced and activated by cancer cells
contributed to the degradation of extracellular matrices and
basement membranes. Overexpression of heparanase was
thought to contribute to tumor invasion, metastasis[15], and
inflammatory reactions[16], and the enzyme was moderately
up-regulated especially in metastatic cancers[17].
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In our previous study, the heparanase mRNA levels in
gastric cancer specimens were significantly higher than those
in adjacent and normal tissues, while there was no significant
difference between the adjacent and normal tissues. The
heparanase mRNA levels in gastric cancer tissues were
significantly correlated with age, invasive depth, differentiation
status, tumor size, metastasis, blood vessel invasion, lymphatic
vessel invasion and nerves invasion (data were not shown
in this paper and will be published in another paper).
However, the mechanism leading to the overexpression of
heparanase gene in cancer cells remains unclear.
Recently, it was reported that heparanase expression was
regulated by NF-B in tumor cell lines[7]. NF-B modulated
the expression of extracellular matrix proteinases such as
MMPs, and the blockage of the NF-B signal pathway
resulted in the down-regulation of MMP-9 and heparanase.
However, there is little information on the relationship
between the NF-B activity and the expression of
heparanase gene in gastric cancer tissue.
To explore this relationship, the correlation between
NF-B activation and the heparanase gene expression of
the invasion-related factor in tumor cells was analyzed
by immunohistochemistry and quantitative RT-PCR
separately. The results showed that there is a positive
correlation between NF-B activation and the heparanase
expression in gastric carcinoma. However, specimens, showing
a high heparanse expression, were not always detected
corresponding to high NF-B activation. Thus, this
mechanism needs further study. We planned to block the
NF-B/IB signal transduction pathway in a gastric cancer
cell line using either mutant IB or siRNA of IB, to study
whether the expression of heparanase gene could be downregulated or not, and to determine how it affects the
metastatic activity of tumor cells.
In conclusion, we found that the level of nuclear
translocation of NF-B was higher in gastric carcinoma
cells than in adjacent and normal epithelial cells. There is a
significant correlation between NF-B RelA (p65) activation
and the expression of heparanase gene. In the future, this
positive relationship will be further studied to learn whether
blocking the NF-B signal transduction pathway can inhibit
heparanase expression in gastric cancer cell lines. NF-B
and/or heparanase could be potential targets for antiinvasion therapies of gastric carcinoma.
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Abstract
AIM: To compare the efficacy of probiotic preparation
Golden Bifid and lactulose on rat experimental model of
minimal hepatic encephalopathy (MHE) induced by
thioactamide (TAA).
METHODS: MHE was induced by intraperitoneal injection
of TAA (200 mg/kg) every 24 h for two consecutive days.
Thirty-six male MHE models were then randomly divided
into 3 groups: TAA group (n = 12) received tap water ad
libitum only; lactulose group (n = 12) and probiotics group
(n = 12) were gavaged, respectively with 8 mL/kg of
lactulose and 1.5 g/kg of probiotic preparation Golden
Bifid (highly concentrated combination of probiotic)
dissolved in 2 mL of normal saline, once a day for 8 d
(from the 5th d before the experiment to the 3rd d of the
experiment). The latency of brainstem auditory evoked
potentials (BAEP) I was used as an objective index of
MHE. The incidence of MHE, the level of serum endotoxin,
ammonia, liver function and histological grade of hepatic
injury of rats were examined individually.
RESULTS: There were no overt HE and rat deaths in 3
groups. The incidence of MHE, the levels of blood ammonia
and endotoxin in TAA group, which were 83.3% (10/12),
168.33±15.44 mg/dL and 0.36±0.04 EU/mL, respectively,
were significantly higher than those in lactulose group,
which were 33.3% (4/12), 110.25±7.39 mg/dL and
0.19±0.02 EU/mL, and probiotics group, which were
33.3% (4/12), 108.58±10.24 mg/dL and 0.13±0.03 EU/mL
res pectiv ely ( P <0.0 01 ). I t s ho wed that either
probiotics or lactulose could significantly lower the level
of hyperammonemia and hyper-endotoxemia, lighten
centrolobular necrotic areas as well as inflammatory
reaction in the liver of rats, normalize the latency of BAEP,
and decrease the incidence of MHE. However, no
significant differences were observed between these two

groups (P >0.05).
CONCLUSION: Probiotic compound Golden Bifid is at least
as useful as lactulose for the prevention and treatment of
MHE. Probiotic therapy may be a safe, natural, well-tolerated
therapy appropriate for the long-term treatment of MHE.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic encephalopathy (HE) is a common and serious
complication of liver diseases, ranging from minimal disease
(grade 0) to hepatic coma (grade IV) [1,2]. Minimal hepatic
encephalopathy (MHE) is a term that describes patients
with chronic liver disease who have no clinical symptoms
of brain dysfunction, but perform substantially worse on
psychometric tests compared to healthy controls [3-5].
Although the exact pathogenesis of HE still remains
unknown, the products of gut flora metabolism, such as
ammonia, endotoxin, and benzodiazepine-like substances have
been universally recognized as critical in recent years[6-10].
Present treatment strategies, including lactulose and
poorly absorbable antibiotics, may not be the optimal therapy
for all HE patients due to their side effects and patients’
poor compliance with therapy. Being viable bacteria given
orally to improve health, probiotics were found to have
multiple mechanisms of action to disrupt the pathogenesis
of HE, and probiotic therapy was supposed to be the ideal
strategy for HE[6,7].
Probiotic compound Golden Bifid is a highly concentrated
combination of probiotic containing bifidobacteria,
lactobacilli and a mixture of Streptococcus thermophilus strains
[6]
. Based on the MHE model of rats established in 2004[11],
the present study was conducted to further compare the
efficacy of Golden Bifid and lactulose on rat experimental
MHE induced by thioactamide (TAA).
MATERIALS AND METHODS
Induction of MHE model and its grouping
A total of 36 male Sprague-Dawley rats (Experimental
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Animal Center of Sun Yat-Sen University) weighing 220250 g were used. MHE was induced by intraperitoneal
injection of TAA (200 mg/kg in normal saline, purity
>99%, Shanghai Central Chemical Factory) every 24 h
for two consecutive days[11]. Rats were fed with regular chow
and water ad libitum in cages placed in a room with a 12-h
light/dark cycle and constant humidity and temperature
(25 ℃).
MHE models were then randomly divided into 3 groups:
TAA group (n = 12) received tap water ad libitum only;
lactulose group (n = 12) and probiotic group (n = 12) were
gavaged respectively with 8 mL/kg of lactulose (Duphalac®,
Solvay Pharmaceuticals B.V.) and 1.5 g/kg of Golden Bifid
(highly concentrated combination of probiotic, provided
by Shuangqi Pharmaceutical Co., Inner Mongolia, China)
dissolved in 2 mL of normal saline, once a day for 8 d
(from the 5 th d before the experiment to the 3 rd d of the
experiment).
At the 3 rd d of the experiment, brainstem auditory
evoked potentials (BAEP), the serum level of endotoxin
and ammonia, and liver function tests were carried for a
quantitative evaluation of the efficacy of the Golden Bifid
and lactulose treatment.
Diagnosis of HE and MHE in rats
The behavioral manifestations of hepatic encephalopathy
in the rats that received intraperitoneal injection of TAA
evolved through four stages: (1) lethargy; (2) mild ataxia;
(3) lack of spontaneous movement, loss of righting reflex,
but positive response to tail pinch, and (4) coma, no response
to tail pinch[12] . If TAA-treated rats showed one of the
manifestations, it could be diagnosed as overt HE. Otherwise,
evoked potentials of rats should be tested to confirm the
diagnosis of MHE.
In our previous studies, the latency of BAEP of healthy
rats was used as an objective index of MHE, and the average
value of the latency of BAEP I in healthy rats ±1.96 SD
(1.45 ms) was regarded as nor mal value. MHE was
diagnosed if the test score of the latency of BAEP I of
rats was above 1.45 ms. Incidence of MHE and HE was
recorded[11].
Analysis of serum endotoxin, ammonia and liver function tests
All the blood samples for the endotoxin determination were
stored in endotoxin-free tubes. The serum was pretreated
with perchloric acid for removal of the possible inhibitors
to limulus amebocyte lysate (LAL). Serum level of endotoxin
was determined by LAL test with LAL kits (purchased from
Yihua Medical Technology Co., Shanghai, China).
Liver function tests, including total bilirubin (TB),
albumin, serum glutamic-oxalacetic transaminase (SGOT)
and glutamic-pyruvic transaminase (SGPT) were measured
using a biochemical autoanalyzer (Hitachi Co., Tokyo,
Japan). Tail vein ammonia was measured using a blood
ammonia detector (Model AA-4120, Kyoto DaiiChi Kagaku
Company, Japan).
Hepatic histopathology of rats
Liver tissue samples from the right major liver lobe were
obtained, fixed in formalin and embedded in paraffin. Five-
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micron thin tissue sections were obtained and stained with
hematoxylin and eosin for microscopic examination.
Histological grade of hepatic injury was determined by a
semi-quantitative method based on the criteria described
below: Grade 0: normal liver, grade 1: edema in the liver
cell, grade 2: changes as balloon in liver cell, grade 3: necrosis
as dots in the liver cell, inflammation cells in the portal vein
section, grade 4: necrosis as small pieces.
Two pathologists who had no knowledge of the sample
sources and each other’s assessment examined the stained
slides independently.
Statistical analysis
All the values were expressed as the mean±SD. One-way
ANOVA was used to check the differences among
them. 2 test was used to check the differences of the
incidence of MHE among the groups. When P was less
than 0.05, the difference was considered statistically
significant. Software SPSS10.0 was used in all statistical
analyses.

RESULTS
Probiotics effects on the incidence of MHE
There were no overt HE and rat deaths in 3 groups. The
incidence of MHE in TAA group was 83.3% (10/12), if
1.45 ms was regarded as the normal value of latency of
BAEP I of rats (Table 1). Administration of lactulose and
probiotics could significantly normalize the latency of
BAEP, and decrease the incidence of MHE (33.3% and
33.3% respectively, P<0.05), however, there was no
difference in the incidence of MHE between lactulose
group and probiotics group (P>0.05).
Probiotic effects on endotoxin, ammonia and liver function
tests
The levels of blood ammonia and endotoxin in TAA group
were 168.33±15.44 g/dL and 0.36±0.04 EU/mL respectively,
which were significantly higher than those in lactulose group,
which were 62.25±7.63 g/dL and 0.07±0.02 EU/mL,
and probiotics group, which were 62.25±7.63 g/dL and
0.07±0.02 EU/mL, respectively (P<0.05). It revealed that
lactulose and probiotics could significantly improve the
ammonemia and endotoxemia in MHE models, as presented
in Table 1.
Table 1 Incidence of MHE, serum level of endotoxin and ammonia
in three groups
Group

Latency of
BAEP I
(ms)

Incidence of
MHE
(%)

Level of
endotoxin
(EU/mL)

Level of
ammonia
(g/dL)

TAA
Lactulose
Probiotics

1.52±0.07
1.43±0.04a
1.42±0.09a

83.3 (10/12)
33.3 (4/12)a
33.3 (4/12)a

0.36±0.04
0.13±0.02a
0.13±0.03a

168.33±15.44
110.25±7.39a
108.58±10.24a

a

P<0.05 vs TAA group.

Serum ALT, AST, albumin and TB concentrations in
lactulose and probiotic groups showed slight improvement
compared with those in TAA group (P> 0.05) (Table 2).
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However, there were no significant differences between
lactulose group and probiotic group (P>0.05).
Table 2 Serum content of ALT, AST, albumin and TB in three groups
Group

ALT
(IU/L)

AST
(IU/L)

Albumin
(g/L)

TB
(mol/L)

TAA
Lactulose

137.00±20.55
132.58±18.95

430.75±60.25
421.17±60.00

31.27±1.26
31.95±0.96

14.97±2.76
12.23±1.07

Probiotics

128.00±16.21

409.67±63.02

32.23±1.07

13.76±2.18

Probiotic effects on hepatic histopathology of rats
The control livers showed a normal lobular architecture
with central veins and radiating hepatic cords. Two consecutive
intraperitoneal injections of TAA (200 mg/kg) at 48 h time
intervals caused severe pathological damages such as
inflammation, dot necrosis or patchy necrosis. Administration
of lactulose and probiotics could significantly lighten
centrolobular necrotic areas as well as inflammatory reaction
in rats subjected to TAA (P<0.05). Semi-quantitative hepatic
injury staging scores are shown in Table 3.
Table 3 Hepatic histopathology of rats in three groups
Group

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

TAA
Lactulose

0
1

0
6

0
3

10
1a

2
0

Probiotics

1

7

2

2a

0

a

P<0.05 vs TAA group.

DISCUSSION
According to a consensus statement about HE in 1998, the
study of HE has been greatly hindered by the lack of
properly designed therapeutic trials[1,3]. The exact pathogenesis
of HE remains uncertain, but is almost certainly multifactorial. Gut-derived nitrogenous substances are universally
acknowledged to play a major role. Specifically, many
nitrogenous products of gut flora metabolism including
ammonia, endotoxin, benzodiazepine-like substances, or
mercaptans are implicated in the genesis of HE [6-10].
Consequently, treatment of HE generally aims to reduce
the production and absorption of intestinal toxins such as
modifying the quantity and type of protein intake, reducing
the intestinal transit time, and the proteolytic flora and
increasing the saccharolytic flora[6,7,13-16].
Presently, lactulose is considered to be the ‘standard
therapy’ for HE due to its efficacy. However, lactulose has
an unpleasant taste and causes flatulence, diarrhea,
abdominal pain or intestinal malabsorption, which does
not contribute to the improvement of patients’ quality of
life[17-19]. Pai et al[20] showed that only 20% patients favored
the taste of lactulose, and 30% patients complained of
meteorism and flatulence, and 20% patients complained
of nausea. A high rate of dropouts (21-31%) was reported
in some studies when treated with lactulose at a dose titrated
to pass 2-3 semi-soft stools a day[18,19]. Therefore, lactulose
may not be the optimal therapy for all HE patients due to
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side effects, cost, and relatively poor compliance with therapy,
particularly for the long-term treatment of MHE. Clearly,
safe and well-tolerated alternatives are needed. Since probiotic
is a safe, natural, well-tolerated therapy appropriate for
long-term use, probiotic therapy is supposed to be the
ideal strategy for HE, and has been gradually accepted
worldwide in recent years[6] .
A number of studies have been performed using several
strains of fermentative lactic-producing bacteria in order
to modify the composition of gut flora. These trials
employed high doses of non-urease-producing bacteria, either
Lactobacillus acidophilus or Enterococcus fecium SF68. The effects
of probiotics on HE have been demonstrated in many
studies and no adverse effects were reported[7,16,21,22]. In a
carefully conducted randomized controlled study, either
short-term or long-term administration of SF68 in
compensated patients with cirrhosis could enhance tolerance
to protein load, lower ammonia levels, and improve
neurological symptoms in patients with HE, and was at least
as useful as lactulose for long-term treatment of chronic
grades 1-2 of HE. It had no adverse effects, and in contrast
to lactulose, treatment can be interrupted for 2 wk without
losing the beneficial effects[7]. However, these above studies
were limited to therapy with single aforementioned probiotic
product and treatment of overt HE. Therefore, Solga[6]
further proposed a hypothesis that probiotic compound may
be superior to the single one, and probiotic compound
VSL#3, which contains viable, lyophilized bifidobacteria,
lactobacilli and a mixture of Streptococcus thermophilus strains
might be ideally suited to HE[23,24].
Unfortunately, no useful animal models exist for MHE
study[6] . We used the latency of BAEP I as an objective
index of MHE, and established animal model of MHE
induced by injection of small dose of TAA in rats for the
first time. The MHE model had a high level of ammonemia
and endotoxemia, and its incidence was 83.3%[11]. The
efficacy of probiotics and lactulose on rat experimental
MHE has not been elucidated before.
In the current study, Golden Bifid ser ved as a
representative of probiotic compound VSL#3[23,24]. We used
the well-established MHE model to compare the efficacy
of Golden Bifid and lactulose, and tried to reason Solga’s
hypothesis. The results demonstrated that either Golden
Bifid or lactulose could significantly lower the level of
hyperammonemia and hyper-endotoxemia, lighten
centrolobular necrotic areas as well as inflammatory reaction
in the liver of rats, normalize the latency of BAEP, and
decrease the incidence of MHE. However, there were no
significant differences between lactulose group and Golden
Bifid group. Probiotics may exhibit efficacy in the treatment
of MHE by decreasing total ammonia in the portal blood,
as well as in the uptake of other toxins, reducing inflammation
and oxidative stress in hepatocytes leading to increased hepatic
clearance of ammonia and other toxins[6].
In conclusion, probiotic compound Golden Bifid showed
excellent effects in lowering the level of ammonemia and
endotoxemia, improving hepatic histopathology of rats, and
decreasing the incidence of MHE. It was as effective as
lactulose in the prevention and treatment of MHE. Our
study agrees with Loguercio’s conclusions on chronic HE
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and confirms Solga’s hypothesis for the first time. The
probiotic therapy is a safe, effective, and well-tolerated
strategy for HE, especially appropriate for long-term
treatment of MHE.
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in portal and heart blood within 1 h of SMA occlusion
without increase in SGPT in heart blood, suggests that
the origin of ADH is from ischemic intestine and not from
liver. Similarly, raised ADH levels were found in DA and
IVC as well. IVC blood does represent peripheral blood
sample. A raised level of ADH in test animals confirms it
to be a potential marker in the early diagnosis of Ii.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: Intestinal ischemia (Ii) is an abdominal emergency
due to blockade of the superior mesenteric artery resulting
in 60-100% mortality if diagnosed late. Changes in several
biochemical parameters such as D (-)-lactate, Creatinine
kinase isoenzymes and lactate dehydrogenase suggested
for early diagnosis, lack specificity and sensitivity. Therefore
a biochemical parameter with greater sensitivity needs
to be identified.
METHODS: Wistar male rats were randomly assigned
into two groups; control sham operated (n = 24) and
ischemic test (n = 24) group. Superior mesenteric arterial
occlusion was performed in the ischemic test group for
1 h. Alcohol dehydrogenase (ADH) was estimated in
blood from portal vein, right ventricle of heart, dorsal
aorta (DA) and inferior vena cava (IVC). The Serum
glutamic acid pyruvate transaminase (SGPT) was also
estimated in blood from portal vein and right ventricle of
heart.
RESULTS: A significant increase (P<0.001) in the levels of
ADH in both portal blood as well as heart blood of the test
group (232.72±99.45 EU and 250.85±95.14 EU, respectively)
as compared to the control group (46.39±21.69 EU and
65.38±30.55 EU, respectively) were observed. Similarly,
increased levels of ADH were observed in blood samples
withdrawn from DA and IVC in test animals (319.52±80.14
EU and 363.90±120.68 EU, respectively) as compared to
the control group (67.68±63.22 EU and 72.50±58.45 EU,
respectively). However, in test animals there was significant
increase in SGPT in portal blood (P = 0.054) without much
increase in heart blood.
CONCLUSION: Significant increase in the levels of ADH

INTRODUCTION
Acute mesenteric ischemia is an abdominal emergency due
to inadequate tissue perfusion. Consequence of late diagnosis
is a multi-system organ dysfunction syndrome, which may
lead to death[1]. The mortality rate due to intestinal ischemia
(Ii) ranges between 60-100%. Yet there is no non-invasive
method to diagnose Ii in the early stage. There are several attempts
to analyze a biochemical marker for the diagnosis of Ii;
however, no suitable marker has been identified till date.
The measurement of plasma D (-)-lactate, amylin level,
serum concentration of cytosolic beta-glucosidase (CBG) and
diamine oxidase (DAO) may be useful to assess the intestinal
injury[2-6]. Preliminary findings suggest that human intestinal
fatty acid binding protein (hIFABP) may serve as a diagnostic
marker for early intestinal mucosal damage[7,8]. The results
suggest that plasma and peritoneal lactic acid (LA) are
sensitive indicators in the early diagnosis of bowel ischemia
in contrast to serum CK, which is not a useful indicator[9,10].
Glutathione-S-transferase (-GST) monitoring is also a useful
tool for the diagnosis of Ii[11].
Association of Alcohol dehydrogenase (ADH) (EC 1.1.
1.1) levels with various pathological conditions has already
been suggested[12-14]. It has been reported that endotoxemia
occurs in Ii[15]. Gastrointestinal barrier dysfunction in Ii has
also been reported[16-18]. Recently, involvement of endotoxin
in up-regulation of ADH gene from liver reported by Mezey
et al [19] (2003) along with the above-mentioned findings,
prompted us to look for ADH levels in Ii. ADH is a major
enzyme catalyzing the biological oxidation of ethanol in
mammals[20]. Five protein subunits (, , ,  and ) combine
into three classes of isoenzymes. The class IV () ADH
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encoded by ADH7 is a key enzyme in the metabolism of
retinol to retinoic acid (RA)[21,22]. Rat ADH3 and human
class I (ADH) are analogous and mainly localized in liver.
Rat ADH2 and human -ADH (class III) are analogous
and ubiquitously found in all tissues. The correspondence
between rat ADH-1 and human -ADH (class II) is not
clear. Human -ADH has been detected exclusively in liver
while rat ADH 1 is found in eye, stomach, lung and other
rat organs but not in liver[23] . The wide tissue distribution
of ADH is already established [23,24]. In an attempt of
qualitative determination of ADH in animals suffering
from Ii, we found significant increase in ADH enzyme
activity. Thus further studies were therefore conducted
to investigate the association of increase in ADH enzyme
activity with SMA occlusion.
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expressed in terms of M of NDMA reduced per min
per mL of serum.
The enzyme kinetic assays were carried out in 96 well
flat bottom micro titer plates and 7.5 L of serum was added
to each well. To this 132.5 L of substrate solution was added
and the plates were read immediately at 440 nm in kinetic
mode for 10 min on the kinetic reader Softmax Pro, Version
4 (Molecular devises, USA). SGPT assay was carried out
using ‘Infinate GPT’ kit (Accurex Biomedical Pvt. Ltd, India).
Intestinal tissue of about 10 cm in length and a small
part of liver were removed immediately after the end of the
experiment and fixed in 10% formal saline. The sections
were stained with hematoxylin/eosine for histopathological
investigation. The grades of the injury to the intestine were
defined as mentioned by Khurana et al [27] briefly: grade 0normal. Grade 1- subepithelial blebs with small areas of
apical epithelial loss; stroma and crypts normal; vessels are
patent. Grade 2- total loss of villous epithelium but crypts
and stroma are normal; vessels are patent. Grade 3- total
villous loss with some crypts involved; stroma normal;
vessels are patent. Grade 4- all crypts involved, stroma is
normal, but vessels patent and remain patent. Grade 5- all
Grade 4 changes with stromal necrosis and/or evidence of
vessel thrombosis.
Student t test was used for statistical analyses of data
using ‘Quick-stat’ software.

RESULTS
The levels of SGPT and ADH are depicted in (Figure 1).
The values of SGPT in portal blood in test and control
animals were 39.93±7.99 IU/L and 15.70±4.83 IU/L,
respectively. SGPT levels in samples drawn from heart were
35.27±18.11 IU/L and 13.04±6.87 IU/L, respectively in
test and control animals. The increase in SGPT levels in
heart blood of test animals was not significant as compared
to that in portal blood of test animals (P = 0.054).
There was nearly 5 times increase in the levels of ADH
in blood from portal vein, DA and IVC; however, heart
blood showed a rise of about 4 times in test group as compared

DA

C
DA
T
IV
CC
IVC
T

IU/L of serum

B

CP
TP
CH
TH

A

Mlcromole of NDMA reduced/min/mL
of serum

MATERIALS AND METHODS
Eight weeks old rats (Wistar strain) weighing between
150-200 g were fasted 18 h before conducting the experiments.
Two groups were assigned, sham-operated control (n = 24)
and one-hour ischemic test group (n = 24). Midline laprotomy
was performed on both the groups after giving ether anesthesia.
The control group of animals was sham-operated in order
to trace the superior mesenteric artery (SMA) while in test
group the SMA was flush ligated. Both the groups were kept
under observation for 1 h.
After 1 h the blood was withdrawn from portal vein,
right ventricle of heart, dorsal aorta (DA) and inferior vena
cava (IVC). The serum was separated immediately and
stored at -40 ℃ till the assay was performed. The serum
glutamic acid pyruvate transaminase (SGPT) was assayed
in serum sample drawn from portal vein and heart while
alcohol dehydrogenase (ADH) was assayed in samples
drawn at all points mentioned above within 24 h of blood
withdrawal. Alcohol dehydrogenase assay was performed
by the method of Skursky et al[25]. The substrate p-nitroso
N, N dimethyl aniline (NDMA) was prepared in the
laboratory[26]. Both kinetic as well as one-point incubation
method were performed. Concentration of ADH is
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Figure 1 Alcohol Dehydrogenase Assay By Skursky et al (A) and SGPT Assay (B) performed in heart blood and portal blood of 1 h ischemic
test and sham operated control group. A: Alcohol dehydrogenase assay performed by Skursky et al method. CH and TH represent the
blood withdrawn from heart of control group and test group, respectively. CP and TP represent the blood withdrawn from portal vein of
control group and test group, respectively. DAC and DAT represent the dorsal aorta blood sample from control and test group, respectively
while IVCC and IVCT represent the blood sample from inferior vena cava of control and test group, respectively. The EU expressed in terms
of micromoles of NDMA reduced per min/L of serum; B: SGPT assay. CH and TH represent the blood withdrawn from heart of control group
and 1 h ischemic test group, respectively. CP and TP represent the blood withdrawn from portal vein of control group and 1 h ischemic test
group, respectively.
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Figure 2 Histology of intestine from rats. A: C- control sham operated group; 0 grade injury i.e. no damage to villi and crypts; B: t-test one-hour
intestinal ischemic group; Total villous loss with some crypts involved; stroma normal. Vessels are patent (i.e. grade 3 injury).

to control group. The levels of ADH in portal blood of
test group and control group were 232.72±99.44 EU and
46.38±21.69 EU, respectively whereas those in heart
blood of test and control were 250.85±95.14 EU and
65.37±30.55 EU, respectively. Similarly there was an increase
in DA and IVC blood in test group (319.52±80.14 EU and
363.90±120.68 EU, respectively) as compared to control group
(67.68±63.22 EU and 72.50±58.50 EU, respectively). The
increase in ADH levels at all the points in test animals were
highly significant as compared to control group (P<0.001).
The kinetic data of blood sample taken from heart of the test
animal and control animal also support this fact (Figure 3).
Kinetic data also reconfirmed the finding that the levels of
ADH at all the points mentioned above were significantly
higher in test group as compared to control group.
It was interesting to note that histological studies in
liver tissue from control and test animal do not show any
apparent damage. Grade three injuries were observed in
intestines of the test animals those who had suffered 1-h
SMA occlusion (Figure 2).
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Figure 3 Kinetic assay of Alcohol dehydrogenase from serum carried out at 30 ℃. (B) Showing practically no auto-reduction of NDMA
in the absence of serum, (C) reduction of NDMA in the presence of
serum drawn from the heart of control animal after 1 h of sham
operation, (T) reduction of NDMA in presence of serum drawn from
the heart of test animal after 1 h SMA occlusion.

DISCUSSION
Our data reveals highly significant increase in the levels of
ADH at all points as mentioned above, as compared to
control group. There is evidence to suggest that the barrier

properties of the gastrointestinal mucosa are significantly
in conditions like ischemia[16,17]. Measurement of plasma
(or luminal) clearances of water-soluble molecules has proved
to be a popular method for studying intestinal permeability18.
Rise in ADH enzyme levels suggest that probably ADH
leaks out from gastrointestinal lumen into the blood
compartment due to an intestinal barrier dysfunction caused
by Ii. Caglayan et al[28] (2002) studied ischemia-reperfusion
in intestine in rabbits and estimated CK, LDH, AST and
SGPT. They concluded that in ischemic condition there
was a rise in AST, LDH and CK levels but there is no rise
in the level of SGPT. With these findings they concluded
that in ischemia of intestine, liver per se is not contributing
into the increased levels of other enzymes and their primary
source is injured intestine. It is a well-known fact that
alcoholism causes liver damage, but Chrostek et al [29] has
shown that in alcoholics the main source of serum ADH is
gastrointestinal tract and not liver. Our study also reports
significant increase in SGPT levels in portal blood without
insignificant increase in heart blood in test animals. This is
another supporting evidence that in our study, the intestine
and not the liver is responsible for the rise of serum ADH
levels in Ii. Data obtained from the histological findings
also suggest that there was no damage of liver cells in the
test animals.
Variation in SGPT levels in control heart blood and
test heart blood was not found to be statistically significant.
However, portal vein samples of the same animals showed
significant increase of SGPT levels (P = 0.05). This can be
explained as the portal blood represents diffuse drainage
from the intestine allowing higher concentration of SGPT
due to ischemic intestine while such blood that enters
subsequently into liver and in body-circulation gets diluted
and final concentration would vary according to blood volume
of each animal.
It seems that residual level of ADH in normal animal is
around 46 EU and the rise due to ischemic insult shoots up
to 232 EU in heart blood. Comparatively the levels of ADH
in heart, DA and IVC show higher levels than blood
withdrawn from portal vein, which is contradictory to the
argument, made in relation to SGPT. The DA blood
represents the blood, which supplies blood to organs and
tissues of lower part of the body while IVC blood represents
peripheral blood circulation and collection of blood from

Gumaste UR et al. Alcohol dehydrogenase: Marker for intestinal ischemia

all organs and tissues from distal part of the body. When
closely compared, the levels of ADH obtained in test animals
are 232.72±99.44 EU in portal blood, 250.85±95.14 EU in
heart blood, 319.52±80.14 in DA blood and 363.90±120.68
in IVC blood, imply that point of collection of sample does
not affect the level of detection of ADH. On the contrary
the higher levels of ADH at different points highlight their
utility towards diagnosis of Ii as only tissue damaged in this
process was the intestine. However, this fact can be explained
by hypothesizing that there may be some unknown compounds
or factors, which might be getting released by intestinal tissue
into the blood, which may interact with other tissues allowing
additional ADH release in the blood. The endotoxemia occurs
following severe injuries in the intestine in Ii [15]. It is also
known that bacterial endotoxin up-regulates the ADH
gene in liver [19]. However, we believe, the duration of 1-h
ischemia is insufficient to up-regulate the ADH gene in liver
and cause increased ADH enzyme in blood. The increase
in ADH levels is equally significant in portal blood as well
as all other points (Figure 1) in SMA-ligated test animals,
which suggests that it cannot be due to up-regulation of
ADH gene in the liver by endotoxin. The investigation of
such factor will be an interesting approach but presently
beyond the scope of this paper.
ADH is also termed as s-nitroso glutathione (GSNO)
terminase involved in the elimination of aldehyde resulting
from lipid peroxidation, thereby constituting a defense
mechanism against cytotoxic aldehydes generated by lipid
peroxidation[30]. Since there is generation of localized free
radicals, nitric oxide, lipid peroxides and possible production
of GSNO in ischemic intestine[31] , it is surmised that the
increased levels of ADH may be involved in neutralization
of lipid peroxidation product and degradation of GSNO.
ADH1 and ADH4 are expressed throughout the
gastrointestinal tract and exhibit retinol dehydrogenase
activity, which is responsible for the generation of retinoic
acid (RA). RA is an essential modulator of epithelial
development, differentiation and aging of vascular smooth
muscle cells[30] . Due to the occurrence of apoptosis and
large amount of cell destruction of enterocytes in ischemia,
the role of ADH in generation of enterocytes and preparedness
of tissue for recovery cannot be neglected.
The significant increase in the levels of ADH in portal
and heart blood along with similar increase in DA blood
and IVC blood within 1 h of SMA occlusion without
increase in SGPT in heart blood suggests that the origin
of ADH is from ischemic intestine. This also rules out the
possibility of direct pathophysiological involvement of liver.
In fact, the histopathological examination of liver tissue
from test samples reconfirms the above findings. Since IVC
blood sample, which represents peripheral blood, has shown
that increased levels of ADH in test animals confirms the
potential of serum ADH in early diagnosis of Ii. Even in
clinical settings femoral blood sample can be taken very
effectively. Therefore, we feel its clinical utility is much more
prominent; however, clinical trials are required in order to
confirm this finding and utility in day to day clinical practices.
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Abstract
AIM: To establish a new pig model for auxiliary partial
orthotopic liver transplantation (APOLT).
METHODS: The liver of the donor was removed from its
body. The left lobe of the liver was resected in vivo and the
right lobe was used as a graft. After the left lateral lobe
of the recipient was resected, end-to-side anastomoses of
suprahepatic inferior vena cava and portal vein were
performed between the donor and recipient livers,
respectively. End-to-end anastomoses were made between
hepatic artery of graft and splenic artery of the host.
Outside drainage was placed in donor common bile duct.
RESULTS: Models of APOLT were established in 5 pigs
with a success rate of 80%. Color ultrasound examination
showed an increase of blood flow of graft on 5th d compared
to the first day after operation. When animals were killed
on the 5th d after operation, thrombosis of hepatic vein
(HV) and portal vein (PV) were not found. Histopathological
examination of liver samples revealed evidence of damage
with mild steatosis and sporadic necrotic hepatocytes and
focal hepatic lobules structure disorganized in graft. Infiltration
of inflammatory cells was mild in portal or central vein
area. Hematologic laboratory values and blood chemical
findings revealed that compared with group A (before
transplantation), mean arterial pressure (MAP), central
venous pressure (CVP), buffer base (BB), standard
bicarbonate (SB) and K+ in group B (after portal vein was
clamped) decreased (P<0.01). After reperfusion of the
graft, MAP, CVP and K+ restored gradually.
CONCLUSION: Significant decrease of congestion in
portal vein and shortened blocking time were obtained
because of the application of in vitro veno-venous bypass
during complete vascular clamping. This new procedure,

INTRODUCTION
Orthotopic liver transplantation has become an accepted
form of treatment for chronic liver failure, acute liver failure,
primary hepatic malignancy not treatable by conventional
resection and inborn errors of metabolism due to a liverbased enzyme defect but without parenchymal liver disease[1].
In the middle of the 1990s, with the development of reducedsize liver transplantation, split liver transplantation and
partial-living liver transplantation, much attention was paid to
auxiliary partial orthotopic liver transplantation (APOLT)[2,3].
APOLT, in which a reduced-size graft orthotopically replaces
the resected lobe of the recipient, has been introduced with
acceptable results for patients with fulminant hepatic failure
(FHF)[4,5]. It has great advantages over standard orthotopic
liver transplantation. In APOLT, both the reduced native
liver and the reduced graft can obtain optimal accommodation,
and a position close to the right atrium may improve hepatic
venous outflow of the graft[6]. On the other hand, if the graft
is destroyed by some events such as severe rejection or if
primary nonfunction occurs, the remnant native liver can
sustain the patient’s life and emergency re-transplantation
is not necessary[6,7]. Furthermore, when the diseased native
liver regenerates with its function fully restored, the withdrawal
of immunosuppressive therapy is then possible[5,8], which
will decrease the incidence of drug-related side effects and
neoplasia, and monitoring requirements[9] . Also, in the
preserved native liver future gene therapy is still possible[10].
However, there are few studies of APOLT using large
animal models. In this experimental study, we attempted
to establish a new pig model of APOLT and evaluated the
changes of intraoperative systemic hemodynamics and graft
function in the model.
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Surgical procedures
Anesthesia was induced by ketamine intramuscularly with a
dose of 20 mg in the donor or recipient. After intubation,
inhalation anesthesia was maintained by pentothal sodium.
For donor operations, we used a midline laparotomy. The
infrahepatic inferior vena cava (IVC), common bile duct,
portal vein (PV) and hepatic artery (HA) were dissected and
exposed. The hepatic artery was kept in continuity with the
celiac trunk and abdominal aorta up to the iliac bifurcation.
The whole liver was perfused in situ with 4 ℃ cold kidney
preservation solution via abdominal aorta (1 500 mL) and
portal vein (2 000 mL). Once perfusion was finished, the
harvested graft was removed and immersed in a basin filled
with cold kidney preservation solution at 4 ℃. During bench
surgery the gallbladder was resected and the liver splitting
was performed with the technique of curettage and aspiration
by use of PMOD (Peng’s Multifunctional Operative
Dissector). The liver was divided along the right side of the

B
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middle hepatic vein and the right branches of the PV. The
right liver was used as a partial graft and stored at 4 ℃ in the
same solution bath. During the donor preparation, another
surgical team performed the recipient operation. The recipient
animal was intubated, anesthetized, and an internal jugular
vein catheter was placed for blood sampling, intravenous
infusion and central venous pressure (CVP) monitoring. A
second catheter was placed in the carotid artery to monitor
blood pressure during the procedure. When heparin was
intravenously infused with a bolus dose of 2 mg/kg, left
hepatectomy was performed and the spleen was resected
and removed. Before all hepatic vessels of the recipient
were interrupted, an extracorporeal veno-venous bypass
(splenic vein and femoral vein to extra jugular vein) was
established and the graft (right liver) was placed into the
position of left lobe of recipient. The following anastomoses
were then made: donor suprahepatic inferior vena cava endto-side to host suprahepatic inferior vena cava, donor portal
vein end-to-side to host portal vein, donor hepatic artery
end-to-end to host spleen artery. The donor’s common bile
duct was intubated for outside drainage and bile was collected
with an extracorporeal bag. The time consumed in suprahepatic
inferior vena cava and portal vein anastomoses between
donor and recipient was 15-20 min and 10-15 min, respectively.
After operation, the donor’s infrahepatic inferior vena cava
was ligated. Heat and cold ischemia time were 0 min and
60±4.0 min, respectively. Figure 1A-E shows our APOLT

MATERIALS AND METHODS
Animal selection
Ten healthy male or female domestic pigs, weighing 22-27 kg,
were randomly selected to be either donor group (n = 5)
or recipient group (n = 5). Another 5 animals, weighing
75-150 kg, were used as blood supply group. Prior to
surgical procedure, the pigs were fasted for 12 h, but were
fed water ad libitum.

A
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Figure 1A-E Surgical procedure of APOLT in pigs using right lobe graft.
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method using the right liver graft. Immunosuppressant was
not administered. Antibiotics were administered for three
days after operation. During transplantation, arterial blood
pressure and central venous pressure were recorded. Buffer
base (BB), standard bicarbonate (SB) and pH of arterial blood
sample were measured in order to assess the impact of
operation on the animals. Color ultrasound examinations
were performed 5 d after operation on selected recipients
and autopsies were made on all of the recipients. Wedge
biopsy specimens of every pig were obtained and stained
with hematoxylin-eosin and then examined.
Statistical analysis
Data were given as mean±SE. Analysis of variance and q
test were used to compare the change of hemodynamics and
acid-base balance of the recipients in three groups. P<0.05
was considered statistically significant.

RESULTS
Five recipient pigs were operated up on. Four of five (80%)
survived for five days, one recipient could not recover from
anesthesia, probably due to hyperkalemia and severe acidosis.
The hemodynamics of the other four recipients recovered
rapidly and stabilized after graft reperfusion. Color ultrasound
examination showed an increase of blood flow of graft on
5th d compared to the first day after operation. When animals
were killed on the 5th d after operation, thrombosis of hepatic
vein (HV) and portal vein (PV) were not found. Histopathological
examination of liver samples made at this time revealed
evidence of damage with mild steatosis and sporadic necrotic
hepatocytes and focal hepatic lobules structure disorganized
in graft, especially in a pericentral venous area. Infiltration
of inflammatory cells was mild in portal or central vein
area.
Hematologic laboratory values and blood chemical
findings revealed that mean arterial pressure (MAP), central
venous pressure (CVP), buffer base (BB), standard bicarbonate
(SB) and K + decreased when suprahepatic inferior vena
cava, infrahepatic inferior vena cava and hepatic hilus were
clamped. After reperfusion of the graft, MAP, CVP and
K+ restored gradually but BB, SB decreased further (Table 1).

Table 1 Changes of hemodynamics and acid-base balance in APOLT
(n = 5)

A
B
C

BB
(mmol/L)

SB
(mmol/L)

K+
(mmol/L)

5.6±2.1a

42±7.0

21±3

4.17±1.08

4.3±1.4a

38 ±4.3b

18±3.4b

3.19±0.36b

b

b

5.78±1.64b

MAP
(mmHg)

CVP
(cmH2O)

92.5±11.8
68.5±16.8

b

71.3±15.4

b

4.3±1.9

31±4.0

11±3.7

Note: Before transplantation (A), after the portal vein was clamped (B),
after reperfusion of the graft(C): MAP: mean arterial pressure, CVP: central
venous pressure, BB: buffer base, SB: standard bicarbonate a P<0.05 vs group
C; bP<0.01 vs group A.

DISCUSSION
Recent advances in clinical liver transplantation have revealed
that auxiliary partial orthotopic liver transplantation (APOLT)
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is a feasible approach to treat patients with fulminant hepatic
failure. Compared to standard orthotopic liver transplantation,
APOLT shows us such advantages as the supporting role
of remnant native liver against destroyed graft, withdrawal
of immunosuppressant and application of small-for-size
transplantation, in which remnant native liver can support
insufficient graft function until the graft has regenerated
sufficiently[5-8,11]. However, there are many unresolved problems
in the clinical application of APOLT. The focus problem
concerned by many authors was the functional competition
resulted from the portal blood flow struggle between the
graft and the native liver and the necessity of preemptive
transaction of the portal branch to the native liver at the
time of transplantation[12-14]. Other problems include deleterious
effects of the necrotic liver on the graft function[15] and the
difficulty in predicting regeneration of the remnant native
liver before operation[16,17] . Thus, it is very important to
establish stable experimental models using large animals to
clarify these problems.
Welch first performed auxiliary total liver transplantation
in 1955 and the first human auxiliary heterotopic liver
transplantation was performed by Absolon in 1964. Since
then auxiliary liver transplantation became an important
branch of liver transplantation especially in treatment of
fulminant hepatic failure. Recently, van Hoek reported that
the best survival result, after liver transplantation for patients
with acute liver failure, could be achieved after APOLT
rather than HALT and orthotopic liver transplantation[18].
They also reported that 62% of all patients after auxiliary
liver transplantation were free of immunosuppression within
1 year after transplantation. APOLT has been increasingly
spread and developed well in Western countries [18-20].
Therefore, it is important to establish a perfect experimental
model using large animals for improving the surgical skills
of the modern APOLT team. Among the large animal
models, pigs are considered the most realistic choice due to
their low cost and availability[21]. The purpose of this study
was to establish a new and stable pig model of APOLT and
observe the changes of intraoperative hemodynamics and
graft function in this model.
Taniguchi[22] reported their swine model of APOLT and
preliminary data of the model for treatment of ischemic
liver injury in 1998, but the operation pattern was very
complicated. The characteristic anatomical structure of
pigs, quite different from that of humans, lies in its short
extrahepatic vena and the intrahepatic bifurcation of the
hepatic veins, which lead to difficult anastomoses of hepatic
vessels. Our model’s advantages were as follows: (1) Operation
was simple and safe. After the graft (right liver) was placed
into the position of left lobe of recipient, the following
anastomoses were then made: donor suprahepatic inferior
vena cava end-to-side to host suprahepatic inferior vena
cava, donor portal vein end-to-side to host portal vein, donor
hepatic artery end-to-end to host spleen artery. The donor
common bile duct was intubated for outside drainage.
Furthermore, use of extracorporeal veno-venous bypass
before the interruption of all hepatic vessels can markedly
decrease the congestion of portal vein and obtain stable
hemodynamics. (2) Under the premise of skilled performance
of vascular anastomoses, centrifugal pump was employed
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in extracorporeal veno-venous bypass. The anhepatic phase
was controlled within 30 min and ischemia reperfusion injury
of the host liver can be effectively prevented (3) Suture
was performed on the section of the donor liver to prevent
hemorrhage. End-to-side anastomoses of suprahepatic
inferior vena cava were performed between the donor liver
and recipient liver. Because of the simple vessel processing,
unobstructed stoma and little postoperative hemorrhage
could easily be achieved.
One of the puzzles of partial liver transplantation is
hemorrhage on the section of the donor liver. The quantity
of intraoperative bleeding is regarded as a significant risk
factor relating to early mortality after liver transplantation.
Blood coagulation disorder after reperfusion, incomplete
surgical hemostasis and blood leakage at stoma are the
main reasons for hemorrhage. In our experiment, hepatic
parenchyma was split with forceps fracture method when
the donor liver trimming and resection of liver lobes were
performed in vitro. Hepatic vein and left branch of portal
vein were sutured with Prolene thread under direct view.
We recognized that hemorrhage on the section of the donor
liver would not happen during and after operation if the
graft had vitality. The heparin consumption of pigs was
twice as much as that of human when thorough heparinization
was obtained. The related check results still stayed at normal
levels even if widespread blood permeation had taken
place. Therefore, the proper administration of heparin and
hemostatic drugs was a key procedure to prevent blood
coagulation disorders.
In APOLT, the reperfusion of graft and the metabolic
changes during operation consequentially lead to relevant
hemodynamic change. Our experiment proved that there
were certain rules about hemodynamic change in APOLT:
Hemodynamics was stable before the onset of new liver’s
blood circulation. MAP decreased and HR speeded up after
onset of blood circulation of portal vein of donor liver
(compared to preoperation) (P<0.01). The change of CVP
was inapparent. We believe that the abrupt decrease of
returned blood volume was the main reason for hemodynamic
change at this phase. After such treatments as accelerating
fluid replacement and blood transfusion, MAP and HR
could restore to stability. Plenty of toxin released from
recipient liver due to reperfusion injury, hypothermia and
plenty of fluid containing potassium in liver or kidney
preservation solution, etc., usually resulted in metabolic
acidosis and hyperpotassemia after the onset of new liver’s
blood circulation. One of the key procedures, that had to
be stressed in this model, was the correcting of metabolic
acidosis and hyperpotassemia.
The severity of congestion in portal vein system was
relevant to two factors in APOLT. One was portal vein’s
blockage period. Pigs were considered to be sensitive to the
congestion of portal vein system blockage. Obvious intestinal
mucosa injury took place 45 min after blockage[22]. Another
was retention blood flow in portal vein system. Pigs have
short limbs and strong gastrointestinal tract. Blood flow in
portal vein is plentiful. Severe congestion in portal vein
system would certainly lead to whole body’s hemodynamic
disorder. The exsanguine liver period of recipient group all
lasted less than 40 min. The changes of MAP, CVP, K + ,
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PCO2, BB and SB took place after the blockage of hepatic
hilus, suprahepatic and infrahepatic inferior vena cava (that
was anhepatic phase). But the change gradually restored as
portal vein was reperfused.
Our experiments proved we have established a new
operative and ideal large animal model of APOLT. We
predict this model may contribute to experimental or clinic
APOLT research.
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Abstract
AIM: Inflammatory pseudotumor (IPT) of the liver is a
rare benign lesion, the etiology of which remains obscure.
It is not associated with any particular diseases apart
from phlebitis and Crohn’s disease.
METHODS: A middle-aged male with hepatic IPT and
peripheral eosinophilia associated with autoimmune
pancreatitis (AIP) was selected for this study and review
of literature.
RESULTS: A 59-year-old male was admitted with
obstructive jaundice, marked eosinophilia (1 343/mm3 )
and hypergammaglobulinemia (4 145 mg/dL). Imaging
techniques revealed dilatation of the intrahepatic bile duct,
stenosis of the common bile duct with diffuse wall
thickening, gallbladder wall thickening, irregular narrowing
of the pancreatic duct, and swelling of the pancreatic
parenchyma. Multiple liver masses were also demonstrated
and diagnosed as IPT by biopsy specimens. Six months
later, the abnormal features of the biliary tree remarkably
improved by the oral administration of prednisolone, and
the liver masses disappeared. The swelling of the
pancreatic head also improved. The peripheral eosinophil
count normalized. IPT associated with AIP, as we know,
has not been reported in the literature. The clinical
features of the present case mimicked those of pancreatic
cancer with liver metastasis. This case deserves to be
documented to prevent misdiagnosis of similar cases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inflammatory pseudotumor (IPT) is a rare benign lesion
histologically characterized by the presence of a heterogeneous
population of inflammatory cells, particularly plasma cells,
macrophages and fibroblasts, as well as areas of fibrosis
and necrosis. Pack et al[1] first described IPT of the liver in
1953. Despite numerous subsequent descriptions in the
literature[2-5], IPT remains difficult to diagnose, causing major
problems particularly for differential diagnosis especially that
with malignant liver tumor. There are neither specific signs
in imaging techniques, nor conclusive biochemical tests.
Histological examinations are always required for
confirmation of the diagnosis. The etiology of IPT remains
obscure to date, especially in the absence of documented
evidence of its having associations with any particular
diseases apart from phlebitis[6] and Crohn’s disease[7] shown
in a few reports.
For our study, we selected a middle-aged male patient
with hepatic IPT and peripheral eosinophilia associated with
autoimmune pancreatitis (AIP). AIP is a recently recognized
disorder and new clinical entity associated with irregular
narrowing of the pancreatic ducts and swelling of the
parenchyma [8-10]. AIP is difficult to diagnose differentially
from pancreatic cancer. When liver tumors are found in
AIP, there is a possibility of a misdiagnosis with pancreatic
cancer with liver metastasis. Thus, the documentation of
this case may be of value for the prevention of misdiagnosis
in similar cases.
CASE REPORT
A 59-year-old man was admitted with obstructive jaundice.
He had no remarkable familial or personal medical histories.
He had taken no drugs prior to admission. Physical
examination on admission revealed no abnormal findings
except for the jaundice.
Abnormal laboratory findings were as follows: erythrocyte
sedimentation rate (ESR) 60 mm/hr, CRP 0.6 mg/dL, white
blood cell count 10 100/mm 3 with 13.3% eosinophils
(1 343/mm3), serum IgE 1481 IU/mL, IgG 4145 mg/dL,
total bilirubin 11.6 mg/dL, ALP 655 IU/L. Serum amylase,
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ALT and AST were not elevated. CEA and CA19-9 remained
within normal range. Autoantibodies were negative except
for rheumatoid factor. Antibodies for hepatitis virus and
HIV were negative. Stool specimens showed no ova or
parasites.
Ultrasonography and CT scan revealed dilatation of the
intrahepatic bile duct, common bile duct stenosis with diffuse
wall thickening, gallbladder wall thickening and swelling of
the pancreas (Figure 1). Multiple liver masses were also
demonstrated as low echogenic areas by ultrasonography
(Figure 2), and they were not enhanced by contrast medium
on CT. Magnetic resonance cholangiopancreatography
(MRCP) revealed the stricture of the common bile duct
and the markedly dilated intrahepatic bile duct (Figure 3).
Endoscopic retrograde cholangiopancreatography (ERCP)
was not successful, but the brush cytology specimens
obtained from the distal bile duct and distal pancreatic duct
contained considerable numbers of eosinophils though
malignancy was not indicated by the cytology tests.
Percutaneous biopsy of the liver masses was performed

A

923

under ultrasonographic guidance. Histology showed mixed
inflammatory infiltrates composed of lymphocytes,
histiocytes, plasma cells, and a prominent number of
eosinophils. There was no evidence of epithelial, mesenchymal
or lymphoid malignancy (Figure 4).
Prednisolone (40 mg/d) was administered orally. Four
weeks later, the bile duct stricture, common bile duct wall
thickening and gallbladder wall thickening improved
remarkably. The liver masses resolved. The swelling of the
pancreatic head also improved. The steroid dose was tapered
gradually, and 6 mo later he took 5 mg of prednisolone. At
this point, the biliary and pancreatic abnormal findings had
completely disappeared (Figure 5), and the peripheral
eosinophil count had also become normal (Figure 6).
Two years after remission of the disorder, serum
immunoglobulin IgG4 was assayed. The serum level of IgG4
remained markedly elevated to 1 810 mg/dL. The patient,
on a maintenance regimen of 5 mg of prednisolone, was in
good health, and the features of the disorder remained
resolved.

B

Figure 1 A: CT demonstrated dilatation of the intrahepatic bile
ducts, swelling of the pancreatic head, thickening of the gallbladder wall; B: CT revealed the liver mass, which was not enhanced by
contrast medium.

Figure 2 Ultrasonography demonstrated hypoechoic liver mass.

Figure 3 MRCP showed stricture of the common bile duct with
marked dilatation of the intrahepatic bile duct and irregular narrowing of the pancreatic duct.

Figure 4 Biopsy specimens from the liver mass showed lymphocytes,
histiocytes, plasma cells, and a number of eosinophils. It did not
contain normal liver tissue or malignant cells.

Figure 5 CT revealed that the pancreatic swelling almost resolved
1 mo after the treatment. Liver masses decreased.

Figure 6 MRCP demonstrated the normalized bile duct 6 mo after
the treatment.
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DISCUSSION
The clinical features of the present case were similar to
those of pancreatic cancer with obstructive jaundice and
liver metastasis. The liver masses were diagnosed as
inflammatory pseudotumor (IPT) by histological examination
of biopsy specimens. IPT is a benign lesion with the presence
of a heterogeneous population of inflammatory cells,
particularly plasma cells, macrophages and fibroblasts, as
well as areas of fibrosis and necrosis. However, it is difficult
to distinguish this lesion from malignant tumor. The
diagnostic challenge of IPT is emphasized by the fact that
most of the reported cases were diagnosed by surgical
procedures including either wedge resection or lobectomy.
In such intricate cases as the present one, careful attention
must be paid so that misdiagnosis and resultant inappropriate
treatment can be avoided.
The most conspicuous finding in the laboratory tests
was the marked peripheral eosinophilia. This might suggest
a diagnosis of hypereosinophilic syndrome (HES). HES is
diagnosed when the following criteria are met: Persistent
eosinophilia (1 500 eosinophils/mm3) for at least 6 mo or
death before 6 mo with signs and symptoms of HES disease;
exclusion of other recognized causes of eosinophilia; organ
system involvement or dysfunction attributable to eosinophil
infiltration or not otherwise explained[11]. In the present case,
the peripheral eosinophil count was lower than 1500/mm3,
and the condition persisted for only 2 mo. Thus, a case like
this should not be diagnosed as HES, despite the fact that
possible causes of eosinophilia such as parasitic infection
had been excluded. Nonetheless, it cannot be ruled out that
eosinophilia might play a role in the pathogenesis of the
clinical features presented.
Another conspicuous feature was obstructive jaundice
caused by biliary stricture with common bile duct wall
thickening. We first considered that this obstructive jaundice
was associated with eosinophilic cholangitis (EC). Butler first
reported EC in 1985, which was associated with obstructive
jaundice, lymphadenopathy and peripheral eosinophilia, and
showing marked eosinophilic infiltration in the gallbladder
and cystic duct as well as mild infiltration in the liver [12] .
Subsequently, a number of cases with similar conditions
were reported under various nomenclatures, including
primary biliary sclerosing cholangitis with eosinophilic
infiltration and eosinophilic gastroenteritis with biliary
involvement as well as EC. In our patient, an additional
feature was the swelling of the pancreas, whereas pancreatic
involvement was never observed in the reported cases with
EC[13-21]. Furthermore, the mean age of the patients with
EC was 34 years (range 20-48), while our patient was 59.
Our patient showed marked hypergammaglobulinemia (IgG
4 145 mg/dL), a finding not reported in EC cases except
for one with mild serum IgG elevation of 1 700 mg/dL[14].
Thus, it was hardly conceivable that the present case belonged
to a category of eosinophilic cholangitis or the like.
It is in this regard that we think of autoimmune pancreatitis
(AIP) for a disorder manifesting the aforesaid features. AIP
is a recently recognized unique form of chronic pancreatitis
with irregular narrowing of the pancreatic duct and swelling
of the pancreatic parenchyma [8-10]. This condition was
initially described as chronic pancreatitis associated with
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hypergammaglobulinemia by Sarles et al [18] in 1961. Since
then, AIP has been described mainly in Japanese literature.
Multiple definitions are given for this condition, including
primary inflammatory sclerosis of pancreas, sclerosing
pancreatitis, lymphoplasmacytic sclerosing pancreatitis,
autoimmune sclerosing pancreatitis and sclerosing pancreatocholangitis. As those terms indicated, the affected organs
are not limited to the pancreas. The biliary tree is the most
frequent location involved[19]. Okazaki et al[10] reported that
obstructive jaundice was observed in 40% of their series.
The increase of peripheral eosinophil count is often
observed in AIP[9]. Furthermore, the age of AIP patients
was reported to be an average of 59-61 years[10,20], clearly
higher than that of eosinophilic cholangitis.
Hamano et al[21] reported that patients with AIP had high
serum IgG4 concentrations, the finding of which is usually
observed in only a limited number of conditions, including
autoimmune skin diseases such as pemphigus vulgaris and
pemphigus foliaceus. Recently, the IgG4 assay has been
recognized as the most useful test for the diagnosis of AIP.
The present case showed a high serum IgG4 concentration
of 1 810 mg (normal range <135 mg/dL).
Based on our findings, the diagnosis of this case was
AIP with IPT, a condition not previously described in the
literature. Recently, IPT was associated with an immune
reaction[22,23]. It is entirely possible that IPT is associated
with AIP.
To date, several treatment approaches, including
antibiotics[24], nonsteroidal anti-inflammatory drugs[25], have
been described for IPT of the liver. The spontaneous resolution
of the lesion after a few months has been reported[26]. The
prognosis of this lesion is considered favorable in the majority
of cases. The liver mass of our patient was successfully treated
with prednisolone. However, there had been a few cases having
undergone surgical resection or liver transplantation[27-29].
Some of them could have avoided surgery if preoperative
diagnosis was certainly made.
In conclusion, a case of hepatic IPT and peripheral
eosinophilia in AIP was reported. The present case deserves
to be documented. This is helpful in avoiding misdiagnosis
and inappropriate treatment in similar cases.

REFERENCES
1
2

Pack GT, Baker HW. Total right hepatic lobectomy; report of
a case. Ann Surg 1953; 138: 253–258
Mathiak G, Meyer-Pannwitt U, Mathiak M, Schroder S,
Henne-Bruns D, Froschle G. Inflammatory pseudotumor of
the liver-rare differential diagnosis of undetermined hepatic
space-occ upying lesion. Case report and revi ew of the
literature. Langenbecks Arch Chir 1996; 381: 309–317

3

4
5

6

Zamir D, Jarchowsky J, Singer C, Abumoch S, Groisman G,
Ammar M, Weiner P. Inflammatory pseudotumor of the livera rare entity and a diagnostic challenge. Am J Gastroenterol
1998; 93: 1538–1540
Ji XL, Shen MS, Yin T. Liver inflammatory pseudotumor or
parasitic granuloma? World J Gastroenterol 2000; 6: 458-460
Lupovitch A, Chen R, Mishra S. Inflammatory pseudotumor
of the liver. Report of the fine needle aspiration cytologic findings in a case initially misdiagnosed as malignant. Acta Cytol
1989; 33: 259–262
Horiuchi R, Uchida T, Kojima T, Shikata T. Inflammatory
pseudotumor of the liver. Clinicopathologic study and re-

Sasahira N et al. Inflammatory pseudotumor in autoimmune pancreatitis

7

8

9

10
11

12

13

14

15

16

17

18

view of the literature. Cancer 1990; 65: 1583–1590
Amankonah TD, Strom CB, Vierling JM, Petrovic LM. Inflammatory pseudotumor of the liver as the first manifestation of Crohn’s disease. Am J Gastroenterol 2001; 96: 252025 22
Yoshida K, Toki F, Takeuchi T, Watanabe S, Shiratori K,
Hayashi N. Chronic pancreatitis caused by an autoimmune
a bnorma li ty. Proposal of the conc ept of a utoi mmune
pancreatitis. Dig Dis Sci 1995; 40: 1561-1568
Uchida K, Okazaki K, Konishi Y, Ohana M, Takakuwa H,
Hajiro K, Chiba T. Clinical analysis of autoimmune-related
pancreatitis. Am J Gastroenterol 2000; 95: 2788-2794
Okazaki K, Uchida K, Chiba T. Recent concept of autoimmune- related pancreatitis. J Gastroenterol 2001; 36: 293–302
Fauci AS, Harley JB, Roberts WC, Ferrans VJ, Gralnick HR,
Bjornson BH. NIH conference. The idiopathic hypereosino philic
syndrome. Cl inical, pathophysiologic, and therapeutic
considerations. Ann Intern Med 1982; 97: 78-92
Butler TW, Feintuch TA, Caine WP. Eosinophilic cholangitis,
lymphadenopathy, and peripheral eosinophilia: a case report.
Am J Gastroenterol 1985; 80: 572-574
Ros enga rt TK, Rotterdam H, Ranson JH. Eosinophil ic
cholangitis: a self-limited cause of extrahepatic biliary
obstruction. Am J Gastroenterol 1990; 85: 582-585
Scheurlen M, Mork H, Weber P. Hypereosinophilic syndrome
resembling chronic inflammatory bowel disease with primary
sclerosing cholangitis. J Clin Gastroenterol 1992; 14: 59-63
Grauer L, Padilla VM, Bouza L, Barkin JS. Eosinophilic sclerosi ng c hol a ngiti s a ssoc i ated wi th hypereosi nophi li c
syndrome. Am J Gastroenterol 1993; 88: 1764-1769
Song HH, Byun JY, Jung SE, Choi KH, Shinn KS, Kim BK.
Eosinophilic cholangitis: U S, CT, and cholangiography
findings. J Comput Assist Tomogr 1997; 21: 251-253
Tenner S, Roston A, Lichtenstein D, Brooks D, Herlihy E,
Carr-Locke D. Eosinophilic cholangiopathy. Gastrointest Endosc
1997; 45: 307-309
Sarles H, Sarles JC, Muratore R, Guien C. Chronic inflammatory sclerosis of the pancreas-an autonomous pancreatic

19

20

21

22

23

24

25

26
27

28

29

925

disease? Am J Dig Dis 1961; 6: 688-698
Hirano K, Shiratori Y, Komatsu Y, Yamamoto N, Sasahira
N, Toda N, Isayama H, Tada M, Tsujino T, Nakata R, Kawase
T, Katamoto T, Kawabe T, Omata M. Involvement of the
biliary system in autoimmune pancreatitis: a follow-up study.
Clin Gastroenterol Hepatol 2003; 1: 453-464
Toki F, Kozu T, Oi I. An unusual type of chronic pancreatitis
showing diffuse irregular narrowing of the entire main pancreatic
duct on ERCP-A report of four cases. Endoscopy 1992; 24: 640
Ha ma no H, Ka wa S, Hori uc hi A , Unno H, Furuya N,
Akamatsu T, Fukushima M, Nikaido T, Nakayama K, Usuda
N, Kiyosawa K. High serum IgG4 concentrations in patients
with sclerosing pancreatitis. N Engl J Med 2001; 344: 732-738
Hertzer NR, Hawk WA, Hermann RE. Inflammatory lesions
of the liver which simulate tumor: report of two cases in
children. Surgery 1971; 69: 839–846
Someren A. “Inflammatory pseudotumor” of liver with occlusive phlebitis: report of a case in a child and review of the
literature. Am J Clin Pathol 1978; 69: 176-181
Jais P, Berger JF, Vissuzaine C, Paramelle O, Clays-Schouman
E, Pote t F, Mi g non M . Re gres si on of i nfl a mma t ory
pseudotumor of the liver under conservative therapy. Dig Dis
Sci 1995; 40: 752–756
Ha k oz a ki Y, Ka to u M , N a ka g a w a K, Shi ra h a ma T,
Matsumoto T. Improvement of inflammatory pseudotumor
of the liver after nonsteroidal anti-inflammatory agent therapy.
Am J Gastroenterol 1993; 88: 1121–1122
Gollapudi P, Chejfec G, Zarling EJ. Spontaneous regression of
hepatic pseudotumor. Am J Gastroenterol 1992; 87: 214–217
Kim HB, Maller E, Redd D, Hebra A, Davidoff A, Buzby M,
Hoffman MA. Orthotopic liver transplantation for inflammatory myofibroblastic tumor of the liver hilum. J Pediatr
Surg 1996; 31: 840-842
Heneghan MA, Kaplan CG, Priebe CJ, Partin JS. Inflammatory pseudotumor of the liver: a rare cause of obstructive
jaundice and portal hypertension in a child. Pediatr Radiol
1984; 14: 433–435
Anthony PP, Telesinghe PU. Inflammatory pseudotumour
of the liver. J Clin Pathol 1986; 39: 761–768
Edited by Gabbe M

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(6):926-929
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Undifferentiated (embryonal) sarcoma of liver in adult: A case
report
Chao-Liu Dai, Feng Xu, Hong Shu, Yong-Qing Xu, Yong Huang
Chao-Liu Dai, Feng Xu, Yong-Qing Xu, Yong Huang, Department
of Hepatobiliary Surgery, the 2nd Affiliated Hospital, China Medical
University, Shenyang 110004, Liaoning Province, China
Hong Shu, Department of Pathology, the 2 nd Affiliated Hospital,
China Medical University, Shenyang 110004, Liaoning Province,
China
Correspondence to: Professor Chao-Liu Dai, Department of
Hepatobiliary Surgery, the 2 nd Affiliated Hospital, China Medical
University, Shenyang 110004, Liaoning Province,
China. daicl-sy@163.net
Telephone: +86-24-83955052 Fax: +86-24-23926097
Received: 2004-01-02 Accepted: 2004-02-01

Abstract
We report a case of undifferentiated (embryonal)
sarcoma of the liver (UESL), which showed cystic
formation in a 20-year-old man with no prior history of
any hepatitis or liver cirrhosis. He was admitted with
abdominal pain and a palpable epigastric mass. The
physical examination findings were unremarkable except
for a tenderness mass and the results of routine laboratory
studies were all within normal limits. Abdominal ultrasound
and computed tomography (CT) both showed a cystic mass
in the left hepatic lobe. Subsequently, the patient
underwent a tumor excision and another two times of
hepatecto my be cause of tum or re currence.
Immunohistochemical study results showed that the tumor
cells were positive for vimentin, alpha-1-antichymotrypsin
(AACT) and desmin staining, and negative for alphafetoprotein (AFP), and eosinophilic hyaline globules in the
cytoplasm of some giant cells were strongly positive for
periodic acid-Schiff (PAS) staining. The pathological
diagnosis was UESL. The patient is still alive with no tumor
recurrence for four months.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Undifferentiated (embryonal) sarcoma of the liver (UESL)
is a rare malignant hepatic tumor with poor prognosis that
often presents in the pediatric population between the ages

of 6 and 10 years, and rarely occurs in adults. UESL, first
documented by Stocker and Ishak [1] in 1978, has been
recognized as a unique clinicopathologic entity. This tumor
usually appears on CT and ultrasound as a predominantly
solid mass with or without cystic areas. We report a case of
primary UESL, which showed cystic formation in an adult.

CASE REPORT
A 20-year-old male was presented with a palpable epigastric
mass and upper abdominal pain and of 5 d’ duration. Five
days ago, he abruptly suffered from intermittent sharp pain
located at slightly-left side below the xiphoid process, which
was aggravated on deep breath or raise of abdominal pressure
but relieved at quiet rest, with no predisposing cause, and a
fist-like mass was palpated in the epigastrium. He was
admitted due to a cystic mass in the left lobe of the liver,
revealed by ultrasonography on October 16, 2000. He was
previously in good health. His family and past histories
were not contributory. Physical examination on admission
disclosed that his body temperature was 36.4 ℃, pulse rate
was 84 beats/min, respiratory rate was 16 breaths/min and
blood pressure was 130/80 mmHg. He was in his right senses
and well-nourished. Yellow skin, icteric sclera, spider naevi and
palmar erythema were not noted. Cardiopulmonary examination
was unremarkable. The upper abdomen was slightly swollen,
but the abdomen was soft. A tender, smooth-faced mass,
measuring 6 cm×6 cm, was palpable at slightly left side of
the mid-epigastric abdomen. He felt a little pain when we
percussed the right hypochondrium. Laboratory data showed
liver function test was normal, hepatitis markers of HAV,
HBV, HCV, etc. were negative and AFP was 55 ng/mL.
The chest radiograph showed no pulmonary abnormality.
Abdominal sonography showed that an 8.4 cm×5.9 cm
multiloculated cystic lesion with a few internal septations, a
peripheral integrated capsule and papillary protrusion
extending inward the cystic cavity was located in the left
lobe of the liver. The thickest portion of the wall of the
cyst was 1.28 cm. These findings supported the diagnosis
of a cystic occupied lesion of the left lobe of the liver.
Abdominal unenhanced computed tomography (CT) showed
that a 6 cm×7 cm mass in the left hepatic lobe with a few
internal septations projected to the anterior abdominal wall,
and the mass was predominantly hypodense with an
attenuation value of 9-25 HU. On dynamic contrast CT,
there was a thick-walled mass with marked enhancement
of its septations and capsule with an attenuation value of
9-44 HU (Figure 1A). No other abnormality was seen in
the rest of the liver or in other abdominal viscera. On
account of these features, a cystic occupied lesion of the
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left lobe of the liver was suspected. So the initial diagnosis
was hepatic cyst.
After preoperative preparation, the patient underwent
an exploratory laparotomy under general anesthesia. During
operation, a 10 cm×9 cm×6 cm cystic mass with ruptured
capsule and abdominal invasion, which was located at the
left exterior lobe of the liver, was noted, and there were
also large quantities of blood clots and about 100 mL of
bloody fluid near the mass. The right hepatic lobe was
normal and no other tumor was found in the abdominal
cavity. Bloody fluid was aspirated with fine-needle from
the mass that contained not only fluid, but also a lower
proportion of solid ingredients. A portion of neoplastic wall
of biopsy was sent to pathology laboratory for frozen
section, and the pathological report suggested the mass was
hepatic cyst and microscopically some cells were atypia.
Subsequently, hepatic segmentectomy of S2, S3 was
performed because we considered the mass might be
malignant. The pathological gross specimen showed the tumor
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was a multilocular cystic mass with mastoid protuberances
in the intracavity on cut section. On microscopic examination
postoperatively, the tumor consisted of inhomogeneous
glandular cavities with some secretion. The tumor cells with
giant nuclei deeply stained were spindle shaped, polygonal
and predominantly atypical. The cells were distributed
diffusely (Figure 1B). Pathological diagnosis was malignant
tumor of the liver (adenofibrosarcoma?).
The epigastric pain recurred in July 2002. Abdominal
sonography and CT both showed the mass was a cystic
tumor, and was close to the previous resection margin of
the left hepatic lobe. Subsequently, the patient underwent
an intervention of hepatic segmentectomy of S4. At surgery,
the cystic cavity of the tumor with inhomogeneous wall
was full of bloody fluid and its anterior part adhered to
abdominal wall. Postoperative pathology revealed that most
of cystic wall was organized, and there were only a few
spindle shaped, polygonal atypical cells and no adenoid
structure.

A

B

C

D

E

F

G

Figure 1 The appearance of UESL in enhanced CT, H&E stain, PAS staining and immunohistochemical assay. A: Enhanced CT scan of primary
tumor. It shows a well encapsulated, multiloculated cystic mass in left hepatic lobe containing internal septations and mastoid protuberances
in the intracavity, and the mass projects to the anterior abdominal wall; B: Microphotograph of primary tumor showing adeniform structure
surrounded by predominantly atypical, pleomorphic sarcomatous cells (H&E stain, ×100); C: Eosinophilic hyaline globules seen in the cytoplasm
of some tumor cells (H&E stain, ×400); D: Eosinophilic hyaline globules showing strongly positive for periodic acid-Schiff (PAS) staining (×400);
E: Immunohistochemical assay revealing spindle shaped, polygonal, multinucleated or macronuclear cells with positive staining for vimentin
(SP, ×100); F: Immunohistochemical feature presenting some anaplastic tumor cells with positive staining for alpha-1-antichymotrypsin (AACT)
(SP, ×100); G: Immunohistochemical assay showing many pleomorphic tumor cells with positive staining for desmin (SP, ×400).
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During follow-up, a tumor was discovered in the right
upper abdomen in July 2003. Abdominal ultrasonography
and CT both showed a solid-to-cystic lesion followed by
surgical resection of the tumor. Gross appearance of the
lesion on section was reddish white fish-meat-like and the
cystic cavity with inhomogeneous wall was filled with bloody
fluid. Postoperative histopathology on microscopic
examination showed that the cells with frequent abnormal
mitosis were spindle shaped, polygonal, multinucleated or
macronucleus, and variable numbers of eosinophilic hyaline
globules in the cytoplasm of some giant cells were seen
(Figure 1C), which were strongly positive for periodic acidSchiff (PAS) staining (Figure 1D). There were mucinous
degeneration of mesenchyme and no adenoid structure.
Immunohistochemical study (SP method) results showed that
the tumor cells were positive for vimentin (Figure 1E), alpha1-antichymotrypsin (AACT) (Figure 1F) and desmin staining
(Figure 1G), and negative for alpha-fetoprotein. The
pathological diagnosis was UESL.
The postoperative course was uneventful with no
adjuvant chemotherapy and then the patient was
discharged. He has been receiving regular follow-up
examinations at the outpatient department and is still alive
with no tumor recurrence for four months.

DISCUSSION
Cystic-occupied lesions of liver were classified according
to pathogenesis by Henson[2] in 1956 into four types: (1)
congenital cyst of liver, including solitary (single) and diffuse
forms; (2) traumatic cyst; (3) inflammatory hepatic cyst,
including specific and nonspecific ones; and (4) tumorous
hepatic cyst, including benign and malignant forms.
Cystadenoma and cystadenocarcinoma are the main forms
of tumorous hepatic cyst. Moreover, ischemic necrosis
followed by cystic change, attributed to rapid growth of the
tumor, may occur at the central part of the mass of primary
hepatocarcinoma. Hepatic sarcoma is of low incidence in
malignant tumors of the liver, and those that present cystic
change are especially rare.
UESL, also called malignant mesenchymoma of the
liver, is a rare tumor that most often presents in late childhood
(6-10 years old) but infrequently in adults. Less than 50
cases of UESL in adults have been reported within 40 years
up to 2003 in the world-wide literature[3-8] . Grossly, it is
usually a large, solitary and well-circumscribed mass with
variable areas of hemorrhage, necrosis and cystic
degeneration[1] . Some lesions may be with a capsule or
pseudocapsule. Microscopically, the tumor is predominantly
composed of a mixture of highly atypical spindle-shaped
and giant cells [8]. The presence of malignant fibrous
histiocytoma-like, rhabdomyosarcoma-like or fibrosarcomalike areas can be seen. Tumor cells arrange loosely or densely
within myxoid matrix. The larger cells often contain numerous
intracytoplasmic eosinophilic hyaline globules that are
strongly positive for PAS staining, and caryomitosis can be
seen. Scattered hyperplastic or degenerating bile duct-like
structures surrounded by tumor cells are seen in most cases,
and considered to the residue of normal bile duct or, much
more likely, be the constituent of the tumor[9-11] . But the
pathohistologic feature in this case suggested that duct-like
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structure might be present in primary tumor, but not in
secondary tumor. We drew a conclusion that the duct-like
structure in this case might be the residue of normal bile
duct. On immunohistochemical analysis of documentary
reports, the tumor cells were positive for vimentin, alpha1-antichymotrypsin (AACT), alpha-1-antitrypsin (1AT),
lysozyme, desmin, smooth muscle actin and cytokeratin[8-12].
The peculiar combination of phenotypical features has led
a couple of authors to postulate a histogenetic relationship
with primary hepatic embryonal rhabdomyosarcoma[11], and
others to suggest that the tumor could originate from
mesenchymal hamartoma[13,14].
UESL has no specific clinical features. The most common
clinical presentation includes hepatomegaly, an upper
abdominal mass, which was accompanied by abdominalgia
or not, and weight loss. Occasionally, tumoral spontaneous
rupture may result in intraperitoneal hemorrhage due to
rapid growth of the tumor. Different from primary
carcinoma of the liver, UESL has no relation to hepatitis
or liver cirrhosis, no disturbance of hepatic function or
elevation of AFP. CT and magnetic resonance image (MRI)
features of cystic change are usually different from that of
solid-to-cystic change revealed by sonography or upon
macroscopy[15]. The cystic change may be the result of
hemorrhage or necrosis during tumor growth. In our case,
both the primary and the first recurrent tumor mainly
displayed cystic change, but the second recurrent mass
presented with solid-to-cystic change and solid type
predominance. Bloody fluid in the cystic cavity of the
primary or recurrent tumor mass suggested that cystic
degeneration had relation to the presence of hemorrhage
or necrosis in the tumor. But, on the other hand, the inner
wall of the cystic cavity was rather smooth, and we could
deduce that the tumor had a tendency to develop a cyst
spontaneously. The clinical diagnosis of UESL is rather
difficult, so is the differential diagnosis, such as malignant
fibrous histiocytoma. The ultimate diagnosis relies on
pathological examination. Immunohistochemical and electron
microscopic examinations are supposed to be carried out if
it is difficult to evaluate tumoral histogenesis. In our case,
the definite diagnosis was not made until PAS staining and
immunohistochemical examination were applied to the
second recurrent tumor mass. Radical resection of the tumor
is the optimal treatment of choice[16] . The prognosis for
UESL has been poor to date and majority of the patients died
of tumor recurrence or metastasis within two years after
operation[1,17,18] . Recent researches have shown that preand/or post-operative systemic chemotherapy (with cisplatin,
adriamycin, cyclopho-sphamide) and/or radiotherapy, when
necessary, can remarkably improve patients’ survival [19,20].
It has been reported that a patient has been free from tumor
for 20 years postoperatively.
In conclusion, through the diagnosis and treatment of
the case, several points are worth recommending. First, we
need to extend our understanding of cystic change of
malignant tumor of liver, such as sarcoma. Hepatic cystic
mass with abrupt abdominalgia, which should be paid special
attention to, usually suggests spontaneous rupture or intratumor hemorrhage. Second, we should study imaging
features of hepatic cystic lesion comprehensively in
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differential diagnosis of malignant mass or not. In our case,
CT and sonography both revealed the primary tumor with
complete capsule, heterogeneous cystic wall with thickness,
a few internal septations of cystic cavity, papillary protrusion
extending inward the cavities and especially prominent
protrusion of parenchyma of the tumor attributed to the
outward growth. These imaging features are seldom seen in
benign cysts, such as congenital solitary hepatic cyst. Third,
we should carry out timely excision of non-traumatic cyst
suspected of malignancy when bloody fluid was drawn out
with fine needle under the direction of ultrasound or
revealed inside cyst during operation. Fourth, frozen section,
during operation, is of great value for ascertaining the nature
of tumor. But for fear of false-negative results, the material
should be precisely harvested from the proper tissue. And
last, post-operative follow-up, is necessary for the patients with
hepatosarcoma as well as for those with primary carcinoma
of liver. Once there is an evidence of recurrence, resection
of the tumor wherever feasible should be performed in
most cases.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

World Journal of

Gastroenterology



ELSEVIER

Volume 11 Number 7
February 21, 2005
National Journal Award

Contents
REVIEW

Supported by NSFC
2005-2006

931 Regulation of apoptosis by the papillomavirus E6 oncogene
Li TT, Zhao LN, Liu ZG, Han Y, Fan DM

GASTRIC CANCER

938 Effect of Weikangning on gastric cancer cell growth and expression of vascular
endothelial growth factor and its receptors KDR and Flt-1
Li QM, Kan FJ, Min CY

LIVER CANCER

943 Molecular mechanisms of apoptosis induced by Scorpio water extract in human
hepatoma HepG2 cells
Kwon KB, Kim EK, Lim JG, Jeong ES, Shin BC, Jeon YS, Kim KS, Seo EA, Ryu DG

948 Decreased expression of type II tumor suppressor gene RARRES3 in tissues
of hepatocellular carcinoma and cholangeocarcinoma
Jiang SY, Chou JM, Leu FJ, Hsu YY, Shih YL, Yu JC, Lee MS, Shyu RY

954 High-density lipoprotein as a potential carrier for delivery of a lipophilic antitumoral
drug into hepatoma cells
Lou B, Liao XL, Wu MP, Cheng PF, Yin CY, Fei Z

960 Immunohistochemical assessment of angiogenesis in hepatocellular carcinoma
and surrounding cirrhotic liver tissues
Deli G, Jin CH, Mu R, Yang S, Liang Y, Chen D, Makuuchi M

COLORECTAL CANCER

964 Expression and significance of Tie-1 and Tie-2 receptors, and angiopoietins1, 2 and 4 in colorectal adenocarcinoma: Immunohistochemical analysis and
correlation with clinicopathological factors
Nakayama T, Hatachi G, Wen CY, Yoshizaki A, Yamazumi K, Niino D, Sekine I

VIRAL HEPATITIS

970 Hepatitis G virus genomic RNA is pathogenic to Macaca mulatta
Ren H, Zhu FL, Cao MM, Wen XY, Zhao P, Qi ZT

Helicobacter pylori

976 Comparison of Helicobacter pylori infection and gastric mucosa histological
features of gastric ulcer patients with chronic gastritis patients
Zhang C, Yamada N, Wu YL, Wen M, Matsuhisa T, Matsukura N

982 Anti-Helicobacter pylori therapy significantly reduces Helicobacter pylori-induced
gastric mucosal damage in Mongolian gerbils
Chang CC, Chen SH, Lien GS, Lee YJ, Lou HY, Hsieh CR, Fang CL, Pan S

986 Effect of Hewei-Decoction on chronic atrophic gastritis and eradication of

Helicobacter pylori
Ji WS, Gao ZX, Wu KC, Qiu JW, Shi BL, Fan DM

BASIC RESEARCH

990 A nuclear import inhibitory peptide ameliorates the severity of cholecystokinin-induced acute pancreatitis
Letoha T, Somlai C, Takács T, Szabolcs A, Jármay K, Rakonczay Jr Z, Hegyi P, Varga I,
Kaszaki J, Krizbai I, Boros I, Duda E, Kusz E, Penke B

1000 Effect of intestinal ischemia-reperfusion injury on protein levels of leptin and
orexin-A in peripheral blood and central secretory tissues
Lin J, Yan GT, Hao XH, Wang LH, Zhang K, Xue H

www.wjgnet.com

World Journal of Gastroenterology

Volume 11 Number 7 February 21, 2005

Contents
BASIC RESEARCH

1005 Role of adhesion molecules and dendritic cells in rat hepatic/renal ischemiareperfusion injury and anti-adhesive intervention with anti-P-selectin lectinEGF domain monoclonal antibody
Zhou T, Sun GZ, Zhang MJ, Chen JL, Zhang DQ, Hu QS, Chen YY, Chen N

1011 Acupuncture inhibition on neuronal activity of spinal dorsal horn induced by
noxious colorectal distention in rat
Rong PJ, Zhu B, Huang QF, Gao XY, Ben H, Li YH

CLINICAL RESEARCH

1018 Use of color Doppler ultrasonography in the diagnosis of anomalous connection in pancreatobiliary disease
Kawashima H, Hirooka Y, Itoh A, Hashimoto S, Itoh T, Hara K, Kanamori A, Ohmiya N,
Niwa Y, Goto H

1023 Detection of CK20mRNA in peripheral blood of pancreatic cancer and its clinical significance
Zhang YL, Feng JG, Gou JM, Zhou LX, Wang P

BRIEF REPORTS

1028 Childhood inflammatory bowel disease: Parental concerns and expectations
Day AS, Whitten KE, Bohane TD

1032 Helicobacter pylori infection and low serum pepsinogen I level as risk factors
for gastric carcinoma
Kokkola A, Louhimo J, Puolakkainen P, Alfthan H, Haglund C, Rautelin H

1037 Immune response to an indigenously developed r- Hepatitis B vaccine in mixed
population: Study of an accelerated vaccination schedule
Chowdhury A, Santra A, Habibullah CM, Khan AA, Karunakaramaiah J, Kishore TSA,
Raju AVR, Lahiri S

1040 Inhibitory effect of fluvastatin on ileal ulcer formation in rats induced by nonsteroidal antiinflammatory drug
Hagiwara M, Kataoka K, Arimochi H, Kuwahara T, Nakayama H, Ohnishi Y

1044 Epinephrine injection therapy versus a combination of epinephrine injection
and endoscopic hemoclip in the treatment of bleeding ulcers
Chua TS, Fock KM, Ng TM, Teo EK, Tan JYL, Ang TL

1048 Response of blood endothelin-1 and nitric oxide activity in duodenal ulcer
patients undergoing Helicobacter pylori eradication
Chang FY, Chen CY, Lu CL, Luo JC, Lu RH, Lee SD

1052 Analysis of CD117-negative gastrointestinal stromal tumors
Tzen CY, Mau BL

1056 Correlation between clinicopathology and expression of heat shock protein
70 and glucose-regulated protein 94 in human colonic adenocarcinoma
Wang XP, Qiu FR, Liu GZ, Chen RF

1060 Tamoxifen can reverse multidrug resistance of colorectal carcinoma in vivo
Shen LZ, Hua YB, Yu XM, Xu Q, Chen T, Wang JH, Wu WX

1065 Adenovirus mediated CTLA4Ig gene inhibits infiltration of immune cells and
cell apoptosis in rats after liver transplantation
Jiang GP, Hu ZH, Zheng SS, Jia CK, Zhang AB, Wang WL

1070 L-arginine administration ameliorates serum and pulmonary cytokine response
after gut ischemia-reperfusion in immature rats
Fu TL, Zhang WT, Zhang L, Wang F, Gao Y, Xu M

1073 Comparison of integrated Chinese and Western medicine with and without
somatostatin supplement in treatment of severe acute pancreatitis
Xia Q, Yuan L, Yang XN, Tang WF, Jiang JM

1077 Solubility of disulfide bonded proteins in cytoplasm of Escherichia coli and its
“oxidizing” mutant
Xiong S, Wang YF, Ren XR, Li B, Zhang MY, Luo Y, Zhang L, Xie QL, Su KY

www.wjgnet.com

World Journal of Gastroenterology

Contents
BRIEF REPORTS

Volume 11 Number 7 February 21, 2005
1083 Effects of killing Helicobacter pylori quadruple therapy on peptic ulce: A randomized double-blind clinical trial
Feng LY, Yao XX, Jiang SL

1087 Clinical outcomes of enteroscopy using the double-balloon method for strictures of the small intestine
Sunada K, Yamamoto H, Kita H, Yano T, Sato H, Hayashi Y, Miyata T, Sekine Y, Kuno A,
Iwamoto M, Ohnishi H, Ido K, Sugano K

ACKNOWLEDGEMENTS 1090 Acknowledgements to reviewers for this issue
APPENDIX

FLYLEAF

1A

Meetings

2A

Instructions to authors

4A

World Journal of Gastroenterology standard of quantities and units

I-V

Editorial Board

INSIDE FRONT COVER

ISI journal citation reports 2003-GASTROENTEROLOGY AND HEPATOLOGY

INSIDE BACK COVER

E-journal of World Journal of Gastroenterology

World Journal of Gastroenterology ( World J Gastroenterol , WJG ), a leading international journal in gastroenterology and hepatology, has an established reputation
for publishing first class research on esophageal cancer, gastric cancer, liver cancer, viral hepatitis, colorectal cancer, and Helicobacter pylori infection, providing
a forum for both clinicians and scientists, and has been indexed and abstracted in Index Medicus, MEDLINE, PubMed, Chemical Abstracts, EMBASE,
Abstracts Journals, Nature Clinical Practice Gastroenterology and Hepatology, CAB Abstracts and Global Health. Impact factor of ISI JCR during 2000-2003
is 0.993, 1.445, 2.532 and 3.318 respectively. WJG is a weekly journal published jointly by The WJG Press and Elsevier Inc. The publication date is on 7th,
14th, 21st, and 28th every month. The WJG is supported by The National Natural Science Foundation of China, No. 30224801 and No.30424812, which was
founded with a name of China National Journal of New Gastroenterology on October 1,1995, and renamed as WJG on January 25, 1998.

HONORARY EDIT ORS-IN-CHIEF
Ke-Ji Chen, Beijing
Dai -Ming Fan, Xi’an
Zhi-Qiang Huang, Beijing
Nicholas F LaRusso, Rochester
Jie-Shou Li, Nanjing
Geng-Tao Liu, Beijing
Fa-Zu Qiu, Wuhan
Eamonn M Quigley, Cork
David S Rampton, London
Rudi Schmid, California
Nicholas Joseph Talley, Rochester
Zhao-You Tang, Shanghai
Guido NJ Tytgat, Amsterdam
Meng-Chao Wu, Shanghai
Xian-Zhong Wu, Tianjin
Hui Zhuang, Beijing
Jia-Yu Xu, Shanghai
PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Beijing
EDITOR-I N-CHIEF
Bo- Rong Pan, Xi’an
ASSOCI ATE EDI TORS-IN-CHI EF
Bruno Annibale, Roma
Henri Bismuth, Villesuif
Jordi Bruix, Barcelona
Roger William Chapman, Oxford
Alexander L Gerbes, Munich
Shou-Dong Lee, Taipei
Walter Edwin Longo, New Haven
You-Yong Lu, Beijing
Masao Omata, Tokyo
Harry H-X Xia, Hong Kong

EDITORIAL BOARD
See full details flyleaf I-V
DEPUTY EDITOR
Michelle Gabbe, Xian-Lin Wang
ASSOCIATE MANAGING EDITORS
Jan-Zhong Zhang, Shi-Yu Guo
ED ITO RIAL OFFICE MANAGER
Jing-Yun Ma
EDITORIAL ASSISTANT
Juan Li
TECHNICAL EDIT ORS
Meng Li, Shao-Hua Li, Hu-Jun Mei, Hu Wang
P R O O FREAD ER S
Hong Li, Li Ding, Shi-Yu Guo
PUBLISHED JOINTLY BY
The WJG Press and Elsevier Inc
PRINTING GROUP
Printed in Beijing on acid-free paper by
Beijing Kexin Printing House
COP Y R IGH T
© 2005 Published jointly by The WJG Press
and Elsevier Inc. All rights reserved; no part
of this publication may be reproduced,
stored in a retrieval system, or transmitted
in any form or by any means, electronic,
mechanical, photocopying, recording, or
otherwise without the prior permission of

The WJG Press and Elsevier Inc. Author
are required to grant WJG an exclusive
licence to publish. Print ISSN 1007-9327
CN 14-1219/R.

E-mail: r.garcia@elsevier.com
http://asia.elsevierhealth.com
Institutional Rates Print-2005 rates: USD1 500.00
Personal Rates Print-2005 rates: USD700.00

SPECIAL STATEMENT
All articles published in this journal represent
the viewpoints of the authors except where
indicated otherwise.

Domestic
Local Post Offices Code No. BM 82-261

ED ITOR IAL OFFI CE
Editor: World Journal of Gastroenterology,
The WJG Press, Apartment 1066 Yishou
Garden, 58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
Telephone: +86-(0)10-85381901-1013
Fax:+86-10-85381893
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
Public Relationship Manager
Shi-Yu Guo
The WJG Press, Apartment 1066 Yishou
Garden, 58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
Telephone: +86-(0)10-8538 1901-1023
Fax: +86-10-8538 1893
E-mail: s.y.guo@wjgnet.com
http://www.wjgnet.com
SU BSCRI PT ION INFO RMATI ON
Foreign
Elsevier (Singapore) Pte Ltd, 3 Killiney Road
#08-01, Winsland House I, Singapore 239519
Telephone: +65-6349 0200
Fax: +65-6733 1817

www.wjgnet.com

Author Reprints and Commercial
Reprints
The WJG Press, Apartment 1066 Yishou
Garden, 58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
Telephone: +86-(0)10-85381901-1013
Fax:+86-10-85381893
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
AD VER T I SI NG
Rosalia Da Carcia
Elsevier Science
Journals Marketing & Society Relations
Health Science Asia
3 Killiney Road #08-01, Winsland House 1
Singapore 239519
Telephone: +65-6349 0200
Fax +65- 6733 1817
E-mail: r.garcia@elsevier.com
http://asia.elsevierhealth.com
INSTRUCTI ONS TO AUTH ORS
Full instructions are available online at
http://www.wj gnet.com/wjg/he lp/
instructions.jsp If you do not have web
access please contact the editorial office.

World Journal of

Gastroenterology ®
Editorial Board
2004-2006

Published by The WJG Press and Elsevier Inc., PO Box 2345, Beijing 100023, China
Fax: +86-(0)10-85381893 E-mail: wjg@wjgnet.com http://www.wjgnet.com

HONORARY EDITORS-IN-CHIEF
Ke-Ji Chen, Beijing
Dai -Ming Fan, Xi’an
Zhi-Qiang Huang, Beijing
Nicholas F LaRusso, Rochester
Jie-Shou Li, Nanjing
Geng-Tao Liu, Beijing
Fa-Zu Qiu, Wuhan
Eamonn M Quigley, Cork
David S Rampton, London
Rudi Schmid, California
Nicholas Joseph Talley, Rochester
Zhao-You Tang, Shanghai
Guido NJ Tytgat, Amsterdam
Meng-Chao Wu, Shanghai
Xian-Zhong Wu, Tianjin
Hui Zhuang, Beijing
Jia-Yu Xu, Shanghai

PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Beijing

Roger William Chapman, Oxford
Alexander L Gerbes, Munich
Shou-Dong Lee, Taipei
Walter Edwin Longo, New Haven
You-Yong Lu, Beijing
Masao Omata, Tokyo
Harry H-X Xia, Hong Kong

MEMBERS OF THE EDITORIAL BOARD
Albania
Bashkim Resuli, Tirana

Algeria
Hocine Asselah, Algiers

Argentina
Julio Horacio Carri, Córdoba

EDITOR-IN-CHIEF
Bo- Rong Pan, Xi’an

ASSOCIATE EDITORS-IN-CHIEF
Bruno Annibale, Roma
Henri Bismuth, Villesuif
Jordi Bruix, Barcelona

Australia
Darrell HG Crawford, Brisbane
Robert JL Fraser, Daw Park
Yik-Hong Ho, Townsville
Gerald J Holtmann, Adelaide
Michael Horowitz, Adelaide
www.wjgnet.com

Riordan SM, Sydney
IC Roberts-Thomson, Adelaide
James Toouli, Adelaide

Austria
Dragosics BA, Vienna
Peter Ferenci, Vienna
Alfred Gangl, Vienna
Michael Trauner, Graz
Harald Vogelsang, Vienna

Belarus
Yury K Marakhouski, Minsk

Belgium
Geerts AEC, Brussels
Cremer MC, Brussels
Yves J Horsmans, Brussels
Yvan Vandenplas, Brussels
Eddie Wisse, Keerbergen

Brazil
Heitor Rosa, Goiania

Bulgaria
Zahariy Alexandrov Krastev, Sofia

Canada
Wang-Xue Chen, Ottawa
Richard N Fedorak, Edmonton
Hugh James Freeman, Vancouver
Samuel S Lee, Calgary
Philip Martin Sherman, Toronto
Alan BR Thomson, Edmonton
Eric M Yoshida, Vancouver

China
Francis KL Chan, Hong Kong
Xiao-Ping Chen, Wuhan
Jun Cheng, Beijing
Chi-Hin Cho, Hong Kong
Zong-Jie Cui, Beijing
Da-Jun Deng, Beijing
Er-Dan Dong, Beijng
Sheung-Tat Fan, Hong Kong
Xue-Gong Fan, Changsha
Jin Gu, Beijing
De-Wu Han, Taiyuan
Shao-Heng He, Shantou
Fu-Lian Hu, Beijing
Wayne HC Hu, Hong Kong
Ching Lung Lai, Hong Kong
Kam Chuen Lai, Hong Kong
Wai-Keung Leung, Hong Kong
Zhi-Hua Liu, Beijing
Ai- Ping Lu, Beijing
Jing-Yun Ma, Beijing
Lun-Xiu Qin, Shanghai
Yu-Gang Song, Guangzhou
Peng Shang, Xi’an
Qin Su, Beijing
Yuan Wang, Shanghai
Benjamin Wong, Hong Kong
Wai-Man Wong, Hong Kong
Hong Xiao, Shanghai
Dong-Liang Yang, Wuhan
Xue-Biao Yao, Hefei
Yuan Yuan, Shenyang
Man-Fung Yuen, Hong Kong
Jian-Zhong Zhang, Beijing
Zhi-Rong Zhang, Chengdu
Xiao-Hang Zhao, Beijing
Shu Zheng, Hangzhou

Costa Rica
Edgar M Izquierdo, San José

Croatia
Marko Duvnjak, Zagreb

Denmark
Flemming Burcharth, Herlev
Peter Bytzer, Copenhagen
Hans Gregersen, Aalborg

Jens H Henriksen, Hvidovre
Fin Stolze Larsen, Copenhagen
Søren Møller, Hvidovre

Egypt
Abdel-Rahman El-Zayadi, Giza

Finland
Pentti Sipponen, Espoo

France
Charles Paul Balabaud, Bordeaux
Jacques Belghiti, Clichy

Jurgen M Stein, Frankfurt
Manfred Stolte, Bayreuth
Wolfgang R Stremmel, Heidelberg
Hans Ludger Tillmann, Leipzig
Siegfried Wagner, Deggendorf
Bertram Wiedenmann, Berlin

Greece
Arvanitakis C, Thessaloniki
Elias A Kouroumalis, Heraklion

Hungary
Simon A László, Szekszárd
János Papp, Budapest

Pierre Brissot, Rennes
Franck Carbonnel, Besancon
Bruno Clément, Rennes
Jacques Cosnes, Paris
Francoise Degos, Clichy

Iceland
Hallgrimur Gudjonsson, Reykjavik

Francoise Lunel Fabian, Angers
Gérard Feldmann, Paris
Jean Fioramonti, Toulouse
Rene Lambert, Lyon
Didier Lebrec, Clichy
Francis Mégraud, Bordeaux
Richard Moreau, Clichy
Jose Sahel, Marseille

India
Sujit Kumar Bhattacharya, Kolkata
Chawla YK, Chandigarh
Radha Dhiman K, Chandigarh
Sri Prakash Misra, Allahabad
Kartar Singh, Lucknow

Jean-Yves Scoazec, Lyon
Jean-Pierre Henri Zarski, Grenoble

Germany

Iran
Reza Malekzadeh, Tehran

HD Allescher, Garmisch-Partenkirchen

Rudolf Arnold, Marburg
Hubert Blum, Freiburg
Peter Born, Muchen
Heinz J Buhr, Berlin
Haussinger Dieter, Düsseldorf
Dietrich CF, Bad Mergentheim
Wolfram W Domschke, Muenster
Ulrich Robert Fölsch, Kiel
Peter R Galle, Mainz
Burkhard Göke, Munich
Axel M Gressner, Aachen
Eckhart Georg Hahn, Erlangen
Werner Hohenberger, Erlangen
RG Jakobs, Ludwigshafen
Joachim Labenz, Siegen
Ansgar W Lohse, Hamburg
Peter Malfertheiner, Magdeburg
Andrea Dinah May, Wiesbaden
Stephan Miehlke, Dresden
Gustav Paumgartner, Munich
Ulrich Ks Peitz, Magdeburg
Giuliano Ramadori, Göttingen
Tilman Sauerbruch, Bonn
Hans Seifert, Oldenburg
J Ruediger Siewert, Munich
Manfred V Singer, Mannheim
www.wjgnet.com

Israel
Abraham Rami Eliakim, Haifa
Yaron Niv, Pardesia

Italy
Giovanni Addolorato, Roma
Alfredo Alberti, Padova
Annese V, San Giovanni Rotondo
Giovanni Barbara, Bologna
Gabrio Bassotti, Perugia
Franco Bazzoli, Bologna
Adolfo Francesco Attili, Roma
Antomio Benedetti, Ancona
Giovanni Cammarota, Roma
Antonino Cavallari, Bologna
Dario Conte, Milano
Gino Roberto Corazza, Pavia
Guido Costamagua, Roma
Antonio Craxi, Palermo
Fabio Farinati, Padua
Giovanni Gasbarrini, Roma
Paolo Gentilini, Florence
Edoardo G Giannini, Genoa

Paolo Gionchetti, Bologna
Roberto De Giorgio, Bologna
Mario Guslandi, Milano
Giovanni Maconi, Milan
Giulio Marchesini, Bologna
Giuseppe Montalto, Palermo
Luisi Pagliaro, Palermo
Fabrizio R Parente, Milan
Perri F, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Pilotto A, San Giovanni Rotondo
Massimo Pinzani, Firenze
Gabriele Bianchi Porro, Milano
Piero Portincasa, Bari
Giacomo Laffi, Firenze
Enrico Roda, Bologna
Massimo Rugge, Padova
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Calogero Surrenti, Florence
Roberto Testa, Genoa
Dino Vaira, Bologna

Japan
Kyoichi Adachi, Izumo
Takashi Aikou, Kagoshima
Taiji Akamatsu, Matsumoto
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Yutaka Atomi, Tokyo
Takeshi Azuma, Fukui
Nobuyuki Enomoto, Yamanashi
Kazuma Fujimoto, Saga
Toshio Fujioka, Oita
Yoshihide Fujiyama, Otsu
Hiroyuki Hanai, Hamamatsu
Kazuhiro Hanazaki, Nagano
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka,
Tetsuo Hayakawa, Nagoya
Kazuhide Higuchi, Osaka
Ichiro Hirata, Osaka
Keiji Hirata, Kitakyushu
Takafumi Ichida, Shizuoka
Kenji Ikeda, Tokyo
Kohzoh Imai, Sapporo
Fumio Imazeki, Chiba
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki

Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Sunao Kawano, Osaka
Yoshikazu Kinoshita, Izumo
Masaki Kitajima, Tokyo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Hironori Koga, Kurume
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa
Masato Kusunoki, Mie
Takashi Maeda, Fukuoka
Shin Maeda, Tokyo
Osamu Matsui, Kanazawa
Yasushi Matsuzaki, Tsukuba
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yoshiharu Motoo, Kanazawa
Akihiro Munakata, Hirosaki
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Masato Nagino, Nagoya
Yujl Naito, Kyoto
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Akimasa Nakao, Nagoya
Mikio Nishioka, Niihama
Susumu Ohmada, Maebashi
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Susumu Okabe, Kyoto
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Takafumi Saito, Yamagata
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Hiroaki Shimizu, Chiba
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Yasuhiko Sugawara, Tokyo
Toshiro Sugiyama, Toyama
Kazuyuki Suzuki, Morioka
Hidekazu Suzuki, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
www.wjgnet.com

Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Kyuichi Tanikawa, Kurume
Tadashi Terada, Shizuoka
Akira Terano, Shimotsugagun
Kazunari Tominaga, Osaka
Hidenori Toyoda, Ogaki
Akihito Tsubota, Chiba
Shingo Tsuji, Osaka
Takato Ueno, Kurume
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Sumio Watanabe, Akita
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Chun-Yang Wen, Nagasaki
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Kentaro Yoshika, Toyoake
Masahide Yoshikawa, Kashihara

Lithuania
Sasa Markovic, Japljeva

Macedonia
Vladimir Cirko Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Jayaram Menon, Sabah
Khean-Lee Goh, Kuala Lumpur

Monaco
Patrick Rampal, Monaco

Netherlands
Louis MA Akkermans, Utrecht
Karel Van Erpecum, Utrecht
Albert K Groen, Amsterdam
Dirk Joan Gouma, Amsterdam
Jan BMJ Jansen, Nijmegen
Evan Anthony Jones, Abcoude
Ernst Johan Kuipers, Rotterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen

Pena AS, Amsterdam
Andreas Smout, Utrecht
RW Stockbrugger, Maastricht
GP Vanberge-Henegouwen,

Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul

Utrecht

New Zealand
Ian David Wallace, Auckland

Norway
Trond Berg, Oslo
Helge Lyder Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore

Philippines
Eulenia Rasco Nolasco, Manila

Spain
Abraldes JG, Barcelona
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Maria Buti, Barcelon
Xavier Calvet, Sabadell
Antoni Castells, Barcelona
Manuel Daz-Rubio, Madrid
Juan C Garcia-Pagán, Barcelona
Genover JB, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Angel Lanas, Zaragoza
Ricardo Moreno-Otero, Madrid
Julian Panes, Barcelona
Miguel Perez-Mateo, Alicante
Josep M Pique, Barcelona
Jesus Prieto, Pamplona
Luis Rodrigo, Oviedo

Poland
Tomasz Brzozowski, Cracow
Andrzej Nowak, Katowice

Sri Lanka
Janaka De Silva, Ragama

Portugal
Miguel Carneiro De Moura, Lisbon

Swaziland
Gerd Kullak-Ublick, Zurich

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

Sweden
Lars Christer Olbe, Molndal
Curt Einarsson, Huddinge
Lars R Lundell, Stockholm
Xiao-Feng Sun, Linkoping

Singapore
Bow Ho, Kent Ridge
Francis Seow-Choen, Singapore

Switzerland
Christoph Beglinger, Basel
Michael W Fried, Zurich
Bruno Stieger, Zurich
Arthur Zimmermann, Berne

Slovakia
Anton Vavrecka, Bratislava

South Africa
Michael C Kew, Parktown

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Cihan Yurdaydin, Ankara

South Korea
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Yun-Soo Kim, Seoul
Yung-Il Min, Seoul

United Kingdom
Axon ATR, Leeds
Paul Jonathan Ciclitira, London
Amar Paul Dhillon, London
www.wjgnet.com

Stuarts Forbes
Subrata Ghosh, London
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Michael A Kamm, Harrow
Hong-Xiang Liu, Cambridge
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Colm Antoine O’Morain, Dublin
Simon D Taylor-Robinson, London
Frank Ivor Tovey, Basingstoke
Min Zhao, Foresterhill

United States
Firas H Ac-Kawas, Washington
Gianfranco D Alpini, Temple
Paul Angulo, Rochester
Jamie S Barkin, Miami Beach
Todd Baron, Rochester
Kim Elaine Barrett, San Diego
Jennifer D Black, Buffalo
Xu Cao, Birmingham
David L Carr-Locke, Boston
Marc F Catalano, Milwaukee
Xian-Ming Chen, Rochester
James M Church, Cleveland
Vincent Coghlan, Beaverton
James R Connor, Hershey
Pelayo Correa, New Orleans
John Cuppoletti, Cincinnati
Peter V Danenberg, Los Angeles
Kiron Moy Das, New Brunswick
Hala El-Zimaity, Houston
Ronnie Fass, Tucson
Emma E Furth, Pennsylvania
John Geibel, New Haven
Graham DY, Houston
Joel S Greenberger, Pittsburgh
Anna S Gukovskaya, Los Angeles
Gavin Harewood, Rochester
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Dennis M Jensen, Los Angeles
Leonard R Johnson, Memphis
Peter James Kahrilas, Chicago
Anthony Nicholas Kalloo, Baltimore
Neil Kaplowitz, Los Angeles
Emmet B Keeffe, Palo Alto
Joseph B Kirsner, Chicago
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Shiu-Ming Kuo, Buffalo
Frederick H Leibach, Augusta
Andreas Leodolter, La Jolla
Ming Li, New Orleans
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Josep M Llovet, New York
Martin Lipkin, New York

Robin G Lorenz, Birmingham
James David Luketich, Pittsburgh
Henry Thomson Lynch, Omaha
Paul Martiw, New York
Richard W McCallum, Kansas City
Timothy H Moran, Baltimore
Hiroshi Nakagawa, Philadelphia
Douglas B Neison, Minneapalis
Juan J Nogueras, Weston
Curtis T Okamoto, Los Angeles
Pankaj Jay Pasricha, Galveston
Zhiheng Pei, New York
Pitchumoni CS, New Brunswiuc
Satish Rao, Iowa City
Adrian Reuben, Charleston

Victor E Reyes, Galveston
Richard E Sampliner, Tucson
Vijay H Shah, Rochester
Stuart Sherman, Indianapolis
Stuart Jon Spechler, Dallas
Michael Steer, Boston
Gary D Stoner, Columbus
Rakesh Kumar Tandon, New Delhi
Tchou-Wong KM, New York
Paul Joseph Thuluvath, Baltimore
Swan Nio Thung, New York
Travagli RA, Baton Rouge-La
Triadafilopoulos G, Stanford
David Hoffman Vanthiel, Mequon
Jian-Ying Wang, Baltimore

Manuscript reviewers of

World Journal of Gastroenterology
Yogesh K Chawla, Chandigarh
Chiung-Yu Chen, Tainan
Gran-Hum Chen, Taichung
Li-Fang Chou, Taipei
Jennifer E Hardingham, Woodville
Ming-Liang He, Hong Kong
Li-Sung Hsu, Taichung
Guang-Cun Huang, Shanghai
Shinn-Jang Hwang, Taipei
Jia-Horng Kao, Taipei
Aydin Karabacakoglu, Konya
Sherif M Karam, Al-Ain
Tadashi Kondo, Tsukiji
Jong-Soo Lee, Nam-yang-ju
Lein-Ray Mo, Tainan
Kpozehouen P Randolph, Shanghgai
Bin Ren, Boston
Tetsuji Sawada, Osaka
Cheng-Shyong Wu, Cha-Yi
Ming-Shiang Wu, Taipei
Wei-Guo Zhu, Beijing

www.wjgnet.com

Kenneth Ke-Ning Wang, Rochester
Judy Van De Water, Davis
Steven David Wexner, Weston
Russell Harold Wiesner, Rochester
Keith Tucker Wilson, Baltimore
George Y Wu, Farmington
Jian Wu, Sacramento,
Chung Shu Yang, Piscataway
David Yule, Rochester
Michael Zenilman, Brooklyn

Yugoslavia
Jovanovic DM , Sremska Kamenica

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(7):931-937
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• REVIEW •

Regulation of apoptosis by the papillomavirus E6 oncogene
Ting-Ting Li, Li-Na Zhao, Zhi-Guo Liu, Ying Han, Dai-Ming Fan
Ting-Ting Li, Li-Na Zhao, Zhi-Guo Liu, Ying Han, Dai-Ming
Fan, Institute of Gastroenterology, Xijing Hospital, Fourth Military
Medical University, Xi’an 710032, Shaanxi Province, China
Supported by the National Natural Science Foundation of China,
No.30400016, the Elite Program of FMMU, No.4138A4324 and
the Major State Basic Research Development Program of China
(973 Program), No. 2004CB518702
Co-first-authors: Ting-Ting Li and Li-Na Zhao
Correspondence to: Zhi-Guo Liu, M.D., Ph.D., Institute of
Gastroenterology, 15 West Changle Road, Xijing Hospital Xi’an
710032, Shaanxi Province, China. liuzhiguo@fmmu.edu.cn
Telephone: +86-29-83375229 Fax: +86-29-82539041
Received: 2004-07-23 Accepted: 2004-10-20

Abstract
Infection with human papillomaviruses is strongly
associated with the development of multiple cancers
including esophageal squamous cell carcinoma. The HPV
E6 gene is essential for the oncogenic potential of HPV.
The regulation of apoptosis by oncogene has been related
to carcinogenesis closely; therefore, the modulation of
E6 on cellular apoptosis has become a hot research topic
recently. Inactivation of the pro-apoptotic tumor suppressor
p53 by E6 is an important mechanism by which E6
promotes cell growth; it is expected that inactivation of
p53 by E6 should lead to a reduction in cellular apoptosis,
numerous studies showed that E6 could in fact sensitize
cells to apoptosis. The molecular basis for apoptosis
modulation by E6 is poorly understood. In this article, we
will present an overview of observations and current
understanding of molecular basis for E6-induced apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Papillomaviruses are small DNA viruses that infect various
epithelial tissues. Papillomaviruses replicate in the stratified
layers of skin and mucosa, and usually give rise to benign
lesions such as warts or papillomas. Human papillomaviruses
(HPVs) can be classified as either high-risk or low-risk type
on the basis of their clinical associations. The high-risk HPV
types, of which type 16 (HPV-16) is the most prevalent

type, are commonly associated with lesions that can progress
to high-grade intraepithelial neoplasia and ultimately to
carcinoma, while the low-risk HPV types, such as HPV-6
and -11, are found associated primarily with benign lesions,
which rarely progress to cancer[1]. A subgroup of low risk
HPV types, including HPV-5 and -8, are frequently detected
in skin cancers that develop from multiple flat warts when
combined with certain physical and chemical carcinogens[2].

HUMAN PAPILLOMAVIRUS AND THE
DEVELOPMENT OF ESOPHAGEAL CANCER
Squamous cell cancer of Esophagus is the pathological type
that is most closely associated with HPV infection in
gastrointestinal malignancies. Syrjanen group found
condyloma-like lesions in the specimens of esophageal
cancer in 1982, which links HPV infection to esophageal
cancer for the first time[3]. This finding was soon substantiated
by the demonstration of HPV structural proteins in these
lesions using immunohistochemistry[4]. Numerous reports
have been published since then. However, there is a wide
variation on HPV infection rates among different studies,
ranging from 0% to 88%, which make it still hard to
consolidate the role of HPV (Table 1). This variation seems

Table 1 Detection of human papillomavirus in esophageal squamous
cell carcinomas 1
HPV positive
Area or Country
Germany
Japan
Italy
United States
Belgium
Linxian, China
Japan
Northern China
Northern China
Cixian, China
Hungary
Japan
South Africa
Italy
Anyang, China
Shanxi and Anyang, China
Guangdong, China
Beijing, China
Northern India
Beijing, China
Mexico

%

n

0
0
4.4
4.5
4.8
6.7
16
16.8
16.9
20.3
39
42
46
47
63.3
64
65.5
70
74
83.3
88

0/23
0/4
2/45
1/22
1/21
2/32
12/75
17/101
118/700
26/128
32/82
20/48
23/50
8/17
19/30
31/48
96/176
28/40
20/27
15/18
20/23

Dectection method

Reference

PCR
IHC
PCR
PCR
PCR
PCR
PCR
PCR
ISH
PCR
PCR
PCR
PCR
PCR
PCR
PCR
PCR
ISH
PCR
PCR
PCR

[90]
[91]
[92]
[93]
[94]
[95]
[96]
[97]
[6]
[98]
[99]
[100]
[101]
[102]
[103]
[7]
[104]
[105]
[106]
[107]
[14]

PCR, polymerase chain reaction, IHC, immunohistochemistry; ISH, in situ
hybridization. 1Only publications after 2000 were indexed in this table since
there are numerous reports on the HPV infection status in esophageal carcinomas.
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to be influenced by methodology of detection, pathological
grading, geographic distribution and genetic sensitivity to
HPV infection. Even though different opinions do exist, a
large portion of them strongly suggest a causal role for
HPV in esophageal carcinogenesis, or at least consider HPV
as a possible contributor in those HPV prevalent areas such
as China and South Africa.
The incidence of esophageal cancer in Anyang area is
one of the highest in China, with a mortality rate of 132×105,
significantly higher than the one of 52×105 in neighboring
area. A 132-case survey in this area showed that the infection
rate of HPV-16 is much higher than neighboring area, 1.9 fold
by PCR (72% vs 37%) and 2.2 fold by immunohistochemisty
(49% vs 22%), and the infection of HPV is closely related
with the degree of dysplasia[5-26]. Compared to normal
adjacent tissues, samples from esophageal carcinoma showed
significantly higher infection rate for HPV [13,20].The most
frequently detected types of HPV in esophageal cancer are
HPV-16 and -18[27].
Some indirect or direct evidences have been shown
recently to further substantiate the causal role of HPV.
When the genomes of HPV-16 and -18 without E1 and E2
were transfected transiently into esophageal cancer cell, these
viral genomes replicated in the absence of E1 and E2, which
suggest specific host nuclear factors in esophageal squamous
epithelial cells may support HPV replication[28]. Other
researchers have reported that E6 gene can actually associate
with the nuclear matrix of esophageal carcinoma cell.
Evidence from animal studies showed that persistent
papillomatosis and carcinomas in cattle can be experimentally
reproduced with bovine papillomavirus 4 (BPV 4) infections
in these animals. Up to 96% of the cancer-bearing animals
have concomitant papillomas, and the progression from benign
papilloma to carcinomas could be clearly identified[29]. Recently
an immortal esophageal cell line was established by
transferring HPV 18E6E7 into fetal esophageal epithelium;
this cell line showed gradual change from preimmortal,
immortal, precancerous to malignantly transformed stages
upon prolonged cultivation without any co-carcinogens,
which provided valuable direct proof on the role of HPV
in carcinogenesis process of esophageal carcinoma[30,31].
The major role of HPV might be in the early stage of
carcinogenesis since it has been shown in several studies
that compared to esophagitis, precancerous leisions showed
more HPV infection (96% vs 26%), while in advanced
esophageal cancer specimens, the positive rate leveled off
a little (88%)[25]. The hypothesis might be that HPV play its
role in near-normal differentiating cells; this differentiating
status is needed for HPV to replicate and when these cells
acquire malignant phenotype changes step by step, the
differentiation process is reversed. At this stage, HPV will
have to face hostile environments to replicate. This may also
explain the wide variation on positive rates when detecting
HPV in esophageal cancer specimens since the pathological
grading may vary greatly. In this aspect, the relation of HPV
with esophageal cancer is somehow like the one of HBV
with hepatocellular carcinoma. In benign tissue of infected
liver such as cirrhosis, HBeAg and HBcAg were easily
detected, but after malignant changes happened following
virus infection, it became much harder to detect[32].
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Multiple factors besides HPV are considered in
carcinogenesis of esophageal cancer, such as some chemicals
(nitrosamines, mycotoxins, cigarette smoke, excessive alcohol
intake), nutritional deficiencies and physical factors (hot
food), thus making it very hard to clearly characterize the
significance of HPV in esophageal cancer. More insights will
be needed to fully demonstrate the mechanisms involved.
Before that it might be hard to draw a final conclusion on the
causal role of HPV in esophageal carcinogenesis.
The transforming properties of high-risk HPVs primarily
reside in two genes, E6 and E7, which are consistently expressed
in HPV-positive cervical cancers and cancer-derived cell
lines[33]. The sustained expression of E6 and E7 is essential
to maintain the transformed state of HPV-positive cells[34].
Independent of E7, E6 exhibits important biological
activities. The modulation of E6 in apoptosis will be the
focus of this review. However, due to the technical difficulty
to establish a normal esophageal keratinocyte cell line, most
studies were carried out in keratinocytes from foreskin or
skin, or even in unrelated cell types.

PILLOMAVIRUS E6 PROTEINS
The papillomavirus E6s are relatively small proteins. For
example, HPV-16 E6 protein is a small protein of 151 amino
acids (Figure 1). E6 proteins from different HPV types or
among the animal and human papillomaviruses show
moderate amino acid homology. The common feature of
most E6 proteins is the presence of four putative Cys-XX-Cys motifs that are capable of binding zinc[35-37] . The
importance of Cys-X-X-Cys motifs for E6 proteins has
been implicated in functions such as transcriptional activation,
transformation, immortalization, and association with cellular
proteins [37-42]. There is a PDZ-binding motif in high-risk
HPV’s E6 that is important for association with PDZ
containing proteins[43,44]. A phosphorylation site for protein
kinase A on E6 has also been identified[45].
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Figure 1 Sequence of HPV-16 E6 protein. Single-letter designations are used to represent the amino acids. The sequence is arranged into a zinc finger configuration. The amino acid residues
(121KKQR 124) essential for nuclear import and the PDZ domain-binding motif (148ETQL151) are marked. T 149 is a putative phosphorylation
site for protein kinase A.
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MODULATION OF APOPTOSIS BY E6
Apoptosis is a genetically programed process of cellular
destruction that is indispensable for the normal development
and homeostasis of multi-cellular organisms[63]. Apoptosis
is characterized by plasma membrane blebbing, condensation,
and fragmentation of cells and nuclei, degradation of
chromosomal DNA into nucleosomal units[64]. Apoptosis
serves to eliminate cells that are no longer required or
potentially dangerous, such as radiation-damaged, aberrantly
growing due to oncogene activation, and virally infected
cells. Regulation of apoptosis is very important in terms of
pathogenesis of diseases. Inappropriate occurrence of
apoptosis results in neurodegenerative diseases and AIDS,
while the failure of appropriate apoptosis contributes to
autoimmune diseases and cancer. Many viral proteins have
been found to modulate apoptosis[65]. Both pro- and antiapoptotic activities for papillomavirus E6 have been
described. While the anti-apoptotic function of E6 can be

attributed in part to its ability to degrade p53, little is known
regarding how E6 sensitizes cells to apoptosis.

INDUCTION AND SIGNAL TRANSDUCTION OF
APOPTOTIC PATHWAYS
The apoptotic signal may originate endogenously, for example,
from DNA damage, uncoordinated induction of cell cycle, or
disruption of the cellular metabolism. This pathway involves
the mitochondria and more specifically cytochrome c, the
protein localized in the inner mitochondrial membrane and
the inter-membrane space[66]. During apoptosis, cytochrome
c is released in the cytosol and together with Apaf-1, activates
procaspase 9. Activated caspase 9 then cleaves and activates
the executioner caspase 3, an event that leads to the cleavage
of other death substrates, cellular and nuclear morphological
changes, and ultimately to cell death[67]. Apoptotic signals can
also be triggered externally once the suitable surface death
receptors are ligated. For example, the Fas (CD95/APO-1)
receptor transduces apoptotic signals upon cross-linking with
the Fas ligand (FasL). FasL binding triggers trimerization of
the Fas receptor and recruitment on the cytoplasmic death
domain DD of death-inducing signaling complex (DISC),
which includes the adaptor FADD and pro-caspase 8 as crucial
physiological death effectors. Coupling of pro-caspase 8 to
Fas results in proteolytic activation of caspase 8. Two
pathways have been shown for the signal transduction
downstream of caspase 8, which are used in different cell
types (types I and II) [68]. In type I cells, caspase 8 directly
activates procaspase 3; in type II cells, caspase 8 cleaves
Bid, a proapoptotic member of the Bcl-2 family[69,70]. The
cleaved Bid translocates to the mitochondria and stimulates
the release of cytochrome c (Figure 2).

Fas/TNFa

TRADD

Caspase 8

p53
Bad
Bik
Puma
tBid

DED

FADD

E6
DD
DD
DED DD

DISC

Localization of E6 has been controversial and complex,
partly due to its very low level in the cells. Nevertheless, E6
proteins have been localized to the nuclear, cytoplasmic,
and non-nuclear membrane (including Golgi membrane)
fractions in a variety of cells[46,47]. A recent study showed
that HPV-18 E6 localization is an actively controlled process[47].
Nuclear entry of HPV-16 E6 was shown to occur via several
pathways[48]. Some recent studies also revealed differences
in cellular localization between E6 proteins from high-risk
and low-risk HPVs[47].
Non-specific double-stranded DNA-binding by E6 has
been observed in vitro[37,49]. Sequence-specifically binding to
the HPV long control region has also been described for
HPV-16 E6 [50] . Recently, specific recognition of Holiday
junctions by E6 from high-risk HPVs was demonstrated[51,52].
The oncogenic activities of E6 have been demonstrated
in multiple biological assays. These include immortalization
of primary human epithelial cells, transformation of
established mouse fibroblasts, transcriptional activation,
resistance to terminal differentiation of human keratinocytes,
modulation of apoptosis, and tumorigenesis in animals[53].
Some recent studies showed that E6 played an essential
role in HPV life cycle[54]. Although E6, along with E7,
efficiently immortalizes primary human epithelial cells, is
not sufficient in induction of human cell transformation;
additional alterations are required for the cells to be fully
transformed[55].
Association of E6 with p53 is mediated by the ubiquitin
ligase E6AP that leads to the degradation of p53 by the
ubiquitination pathway[56,57]. One of the most important p53induced gene product is the universal cyclin-dependent kinase
(CDK) inhibitor p21Waf1/Cip1[58]. Notably, posttranscriptional
down regulation of p21 by E6 has also been reported in
several normal cell types[59]. Consistent with these observations,
differential expression of p53 and p21 in cervical squamous
intraepithelial lesions infected with HPV has also been
observed[60]. E6 also has functions independent of inactivating
p53 and has been shown to interact with multiple additional
cellular proteins[53]. These include the pro-apoptotic protein
Bak, tumor necrosis factor receptor 1, and the DNA repair
protein MGMT and XRCC1 [61,62].
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Figure 2 Modulation of apoptosis by E6.

The pathways of cell proliferation and apoptosis are
tightly coupled. Inappropriate proliferation of somatic cells
may trigger apoptosis. Activation of p53 by DNA damage
induces either cell cycle arrest or apoptosis[71]. The cytostatic
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effect of p53 is largely mediated by transcriptional activation
of p21, whereas the apoptotic effect is mediated by
transcriptional activation of pro-apoptotic genes including
BAX and PUMA[72,73]. Compared to many normal tissues,
cancer cells are highly sensitized to apoptotic signals, and
survive only because they have acquired lesions such as
loss of p53 that prevent or impede cell death[71] . Much
effort has gone into deter mining the effects of p53
inactivation on the response of cancer cells to the therapeutic
agents. The results have been conflicting, with some studies
indicating enhanced sensitivity and others indicating increased
resistance[74]. For example, one study showed that the p53deficient cells were sensitized to the effects of DNAdamaging agents as a result of the failure to induce
expression of p21, while resistant to the effects of the
antimetabolite 5-fluorouracil; p21 was shown to inhibit Cdc2associated apoptosis[75]. Inappropriate activation of Cdc2
has been implicated or shown to be required for apoptotic
cell death[76,77]. In some other systems, however, inactivation
of Cdc2 increased the level of apoptosis[78]. The discrepancy
regarding Cdc2’s contribution to cell death or survival
probably depends on phosphorylation of its downstream
targets including BAD and survivin[79-81].
So far, numerous studies addressing the role of E6 in
apoptosis have been reported (Figure 2). Since different
systems have been used, conflicting and sometimes
confusing results have been obtained. As cell types could
affect experimental results, we will first focus on apoptosis
modulation by E6 in its natural host cells, the keratinocytes
or keratinocytes-derived cancer cells. Some interesting
observation made in other cell types will be discussed in the
third section. For additional information, please see other
related reviews[82].

E6 MODULATION OF APOPTOSIS IN HPV
NATURAL HOST CELLS
In primary human foreskin keratinocytes, expression of
HPV 16 E6 slightly increased spontaneous apoptosis[83,84].
After induction with chemotherapeutic agents such as
cisplatin, etoposide, and mitomycin C, enhanced sensitivity
in E6 expressing cells was observed[85]. In contrast, E6
inhibited apoptosis during serum- and calcium-induced
differentiation of human foreskin keratinocytes[86]. E6
expression correlated with prolonged expression of Bcl-2,
reduced elevation of Bax, and loss of p53 [86]. While the
role of Bcl-2 and Bax in this process remains to be
determined, p53 inactivation or E6BP binding do not appear
to be essential [87]. Furthermore, co-expression of E6
abrogated E7-mediated apoptosis by TNF[84].
In human keratinocytes immortalized by E6, low levels
of apoptosis as compared to the non-immortalized control
cells were observed after CD95 (Fas) agonist treatment[88].
Interestingly, in addition to p53 and p21, protein levels of
anti-apoptotic proteins Bcl-2 and Flip were reduced.
Proteosomal inhibition increased the susceptibility of E6
expressing cells to CD95-mediated apoptosis. But it remains
to be determined whether this sensitization is due to increased
protein levels of E6, p53, or some other molecules. In
another study, E6 reduced UVC-, mitomycin C, and serum
starvation-induced apoptosis in the immortalized human
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keratinocytes (HaCaT) bearing mutated alleles of p53[89,90].
Expression of HPV-16 E6 in HeLa cervical carcinoma
cells where the endogenous HPV-18 E6 and E7 transcription
were repressed, slightly increased the number of apoptotic
cells after prolonged incubation[91]. However, expression of
E6 to allow E7 to induce apoptosis is implicated in this
study. Similarly, intracellular targeting of HPV-16 E6 by
E6-binding polypeptide resulted in apoptosis of HPV-16positive cervical cancer cells[92]. In contrast, HPV-16 E6
expression in cervical carcinoma C33A cells leads to
atractyloside-induced apoptosis[93]. C33A cells do not contain
HPV but express mutant p53.
In summary, expression of E6 in primary human
keratinocytes or keratinocyte-derived cells consistently induces
low level of spontaneous apoptosis. Depending on the
agents used, E6 could either sensitize or inhibit keratinocytes
to apoptosis after treatment with chemotherapeutic agents.

MODULATION OF PROGRAMED CELL DEATH
BY E6 IN OTHER SYSTEMS
Numerous studies have been conducted to explore the
function of E6 or p53 using cells unrelated to keratinocytes.
Different cell types, reagents, and assays were employed.
The results are quite inconsistent and sometimes confusing.
It is impossible to discuss every report in this review. For
this reason, only some representative studies considered to
be of special interest will be discussed.
Some early studies showed that E6 inhibited E7-induced
apoptosis through p53-independent mechanism in the
developing lens of transgenic mice[94,95]. Similarly, E6 could
functionally substitute the insulin-like growth factor 1
receptor in inhibiting staurosporine-induced apoptosis in
mouse fibroblast, including p53-null cells[96]. Expressing of
E6 in human foreskin fibroblasts also inhibited caspase 3
activation after treatment with thiol-containing antioxidant
penicillamine[97]. HPV-18 E6 protected cancer cells from
Bak-induced apoptosis[98]. E6 of both cutaneous and genital
HPVs promoted proteolytic degradation of Bak [61,98]. The
role of Bak in UV-induced apoptosis in skin cancer has
also been implicated[61].
Several studies have examined the sensitivity of cells
expressing E6 to TNF. HPV-16 E6 was shown to bind TNF
receptor 1 (TNF R1) and protect cells from TNF-induced
apoptosis in mouse fibroblasts and human histiocyte/monocyte
and osteosarcoma cells[62,99]. E6 binding to TNF R1 probably
interfered with formation of the death-inducing signaling
complex and thus with transduction of apoptotic signals.
However, E6 did not appear to have much effect on TNF
susceptibility in human keratinocytes[84,88]. In contrast, in
human ovarian and colon cancer cells, HPV-16 E6 enhanced
susceptibility to TNF-induced apoptosis[100]. This effect of
E6 appeared to be p53-independent but may involve downregulation of NF-kappa B. Notably, the BPV-1 E6
oncoprotein sensitized cells to TNF-induced apoptosis[101].
This BPV-1 E6-induced sensitization to apoptosis is distinct
from its transforming activity[102]. Interestingly, expression
of HPV-16 E6 sensitized murine fibrosarcoma L929 cells
to TNF-induced necrosis instead of apoptosis[103]. The E6enhanced cytolysis correlated with an increase in reactive oxygen
species level and was independent of p53 and caspases[103].
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In human diploid fibroblasts, expression of HPV-16 E6
resulted in an inhibition of oxidant-induced apoptosis as
compared to vector control within 24 h but a sensitization
after prolonged incubation[104], indicating that time point at
which cell death is measured also contributes to the
outcomes. Dying E6 cells exhibited a G2/M phase
distribution with elevated cyclin B/Cdc2 levels and activity.
The death of E6 cells has some features of oncosis. It
remains to be determined to what extent the elevated
cyclin B/Cdc2 activity contributes to the cell death in E6expressing cells. Notably, Normal human fibroblasts
expressing HPV-16 E6 showed increased cytotoxicity to
taxol[105]. Mutational analysis indicated that reduced levels
of p53 correlated with increased G2/M phase arrest and
taxol-induced apoptosis[105]. Adriamycin and cisplatin-treated
human foreskin fibroblasts expressing E6 also were arrested
at G2 with increased cyclin B/Cdc2 kinase activity but no
apoptosis[106]. Apparently, activation of cyclin B/Cdc2 kinase
in G2/M arrested cells is not by itself sufficient to trigger
cell death. E6 expressing cells could also die at other cell
cycle stages. For example, when treated with cisplatin, normal
human foreskin fibroblasts expressing HPV-16 E6 showed
increased cytotoxicity associated with delayed progression
through S phase[107].

CONCLUSIONS
Progress has been made on observations of E6 regulation
of apoptosis. However, the precise mechanism by which
E6 modulates apoptosis remains to be explored. In
particular, we know little about how E6 sensitizes cells to
apoptosis independently of p53. Few studies have addressed
the functions of low-risk HPV E6s on cell proliferation
and apoptosis. Future studies should also establish the role
of more than twenty E6-interacting proteins identified
during the past decade. Understanding the mechanism by
which E6 regulates apoptosis will certainly help us fully
demonstrate the significance of HPV in the etiology of
esophageal cancer and possibly have some therapeutic
significance.
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Abstract
AIM: To observe the effect of Chinese traditional herbal
decoction Weikang-ning (WKN) on cell growth and
expression of VEGF and its receptors KDR and Flt-1 in
gastric cancer cell line MGC-803.
METHODS: A total of 120 male Wistar rats were divided
into control group, high dose, medium dose and low dose
groups fed with natural saline, 20, 10, and 5 g/kg of WKN,
respectively. The experimental animals were finally killed
for the preparation of drug-containing serum. The gastric
cancer cell MGC-803 was cultured with the drug-containing
serum drawn from the rats in different groups. We
observed the growth condition of the cancer cells with
light microscope and flow cytometer. The expression of
mRNA of VEGF and its receptors KDR and Flt-1 was
detected with RT-PCR.
RESULTS: The proportion of cells in G 0-G 1 phase was
(65.40±0.41)%, (56.92±0.62)%, (55.89±0.69)% in high,
medium and low dose groups respectively vs (41.35±0.55)%
in control group (P<0.01), while the cells in G 2 -S and
S phases were (11.62±0.62)% and (22.99±0.69)%,
(17.08±0.80)% and (26.00±0.71)%, (19.37±0.57)% and
(24.74±0.64)% in high, medium and low dose groups,
respectively, vs (23.65±0.56)% and (35.00±0.60)% in
control group (P<0.01). The expression of mRNA of VEGF
and its receptors was significantly decreased, the area of
electrophoresis bands (AREA), the absorptivity of mean
optical density (A) and the product of AREA and A were
significantly lower in WKN-administered groups than that
in control group (P<0.01).

INTRODUCTION
Gastric cancer continues to be one of the most common
malignancies in humans worldwide[1-4], severely influencing
the people’s health. In China, its mortality accounts for the
leading cause of death among malignant tumors[5] . The
occurrence and development of gastric cancer is a complicated
process involving multi-factors and multi-genes[6]. During
this course, the malfunction of proliferation of cells resulting
from the inactivation, mutation or irregulation of prooncogenes, suppressive oncogenes and apoptosis-related
genes leads to malignant conversion [7,8]. Our study
investigated the expression of mRNA of both VEGF and
its receptors in gastric cancer cell line MGC-803, and the
effect of traditional herbal decoction Weikang-ning (WKN)
on it.
MATERIALS AND METHODS
Preparation of WKN decoction
WKN was made up of Codonopsis Pilosula, herba scutellariae
barbatae, etc. (the powder preparation was supplied by Jiangyin
Pharmaceutical Factory, Jiangsu Province, China). Each
milliliter of the preparation of WKN decoction solution
contains 1 g crude drug equivalently. The preparation added
with benzyl acid (0.1 g/100 mL) was stored at 4 ℃ for
animal feeding.
Preparation of drug-containing serum
A total number of 120 Wistar rats (clean rank, supplied by
Sun Yat-Sen University Experimental Animal Center,
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Table 1 Primers for PCR

VEGF
Flt-1
KDR
-actin

Positive

Negative

5’AATGCTTTCTCCGCTCTG3’
5’CAAGTGGCCAGAGGCATGGAGTT3’
5’GAGGGCCTCTCATGGTGATTGT3’
5’CTAYYGGCAACGAGCGGTTC3’

5’TTGCTGCTCTACCTCCAC3’
5’GATGTAGTCTTTACCATCCTGTTG3’
5’TGCCAGCAGTCCAGCATGGTCTG3’
5’CTTAGGAGTGGGGGTGGCTT3’

Guangzhou, China) weighing 120-150 g were randomly
divided into four groups. The high dose, medium dose and
low dose groups were fed with the decoction of WKN
containing equivalently 20, 10, 5 g/kg crude drugs,
respectively, while the control group was fed with saline of
the same volume. All groups were fed once a day for 1 wk.
During the first hour after the last feeding, blood was
aseptically drawn from the abdominal aortas of the animals in
different groups and immediately centrifuged at 1 700 r/min
to harvest the serum. The preparation of drug-containing
serum was blended according to different groups and stored
at -70 ℃, inactivated at 56 ℃ before use.
Culture of gastric cancer cells
Gastric cancer cell line MGC-803 (supplied by Experimental
Animal Center of Sun Yat-Sen University, Guangzhou,
China) was cultured in RPMI-1640 medium (purchased
from NBS, USA) containing 100 g/L fetal bovine serum
(FBS, purchased from Invitrogen Biotech, Shanghai, China)
in an incubator (purchased from NAPCO, USA) containing
50 mL/L CO2 at 37 ℃ for 48-72 h after resuscitated. The
medium was changed every 24 h and discarded after the
bottom of the flasks was covered with cells. Culture medium
RPMI-1640 supplemented with 100 g/L FBS was used to
adjust the cell density to 2×10 6/mL after the cells were
trypsinized with 2.5 g/L trypsin, and then the cells were
inoculated into serum.
The cells in control group were grown in routine culture
medium. The cells in serum group were grown in the serum
from normal rats. The cells in high, medium and low dose
groups were grown in the sera from high, medium and low
dose group animals, respectively. After the cells were grown
for two generations in vitro, we observed the morphological
changes of the cells and the index of doubling proliferation
with reverse microscope and detected the cell cycle change
with flow cytometer (purchased from Becton-Dickinson,
France).
Evaluation of cell cycle
After the cells (1×106/mL) were evenly inoculated into the
culture medium containing 10% drug-containing serum and
grown for two generations, we collected the suspension of
cells after being trypsinized with 2.5 g/L trypsin. Then the
cells were washed with PBS, embedded in alcohol at -20 ℃,
and dyed by PI, and the change of cell cycle was observed
with flow cytometry.
Effect of WKN on the expression of VEGF and its receptors
KDR and Flt-1
Guanidinium isothiocyanate-phenol single-step method was
applied to extract the total RNA of cells using TRIzol
(purchased from GIBCO BRL, Gaithersburg, MD, USA)
following the instruction of the kit. The integrity, purity

and concentration of the mRNA extracted were detected
with ultraviolet spectral photometer and agarose gel
electrophoresis. The RNA extract dissolved in DEPC was
stored at -70 ℃.
Design and synthesis of the primers
According to the sequences of human mRNA of VEGF,
KDR and Flt-1, the primers were designed (Table 1),
synthesized and supplied by Boya Biotech, Shanghai, China.
RT-PCR
First-strand cDNA was synthesized from 2 g RNA dissolved
in water administered with DEPC, in which 0.2 L oligo
dT was added at 70 ℃ for 5 min, and placed on ice for
1 min, then 1 L MMLV reverse transcriptase (200 IU/L),
0.5 L RNasin (40 IU/L), 5 L 5×RT buffer, and 1.5 L
dNTPs (10 mmol/L) were added at 42 ℃ for 60 min. The
reverse transcriptase was inactivated at 65 ℃ for 5 min.
Five microliters of cDNA, 12.5 mL 10× buffer, 3 L
2 mmol/L dNTPs, 0.5 L 5 IU/L LA Taq enzyme and water
were added to a volume of 25 L. The final concentrations
of positive and negative chain primers were both 0.8 m/L.
VEGF was amplified for 30 cycles at 94 ℃ for 1 min, at
55 ℃ for 1 min, at 72 ℃ for 2 min, and extended at 72 ℃
for 7 min. KDR and Flt-1 were both amplified for 30 cycles
at 95 ℃ for 2 min, at 94 ℃ for 1 min, at 60 ℃ for 1 min,
at 72 ℃ for 2 min, and extended at 72 ℃ for 7 min. The
area of electrophoresis bands (AREA), the absorptivity of
mean optical density (A) and the product of AREA and A
were quantitatively analyzed after the product of PCR was
detected with auto image manipulating system following
agarose gel (2%) cataphoresis and dyed with EB. The samples
were controlled with blank and -actin.
Statistical analysis
Software SPSS was applied for the statistical analysis of the
data from the experiments.

RESULTS
Effect of WKN on cell cycle
Our results showed that there was significant difference in
the proportion of cells in different phases between drugadministered groups and control group in a dose-dependent
manner (Table 2, Figure 1).
Effect of WKN on the expression of mRNA of VEGF and its
receptors KDR and Flt-1
The mRNA expression of VEGF and its receptors KDR
and Flt-1 mRNA was seen in all groups; however, compared
to the control group, the expression was decreased in
drug-administered groups in a dose-related manner (Table 3,
Figure 2).
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Figure 2 Expression of VEGF, KDR and Flt-1 mRNAs. Lanes 1 to 6 were loaded with the marker, high dose, medium dose, low dose, serum
groups and control group.

Table 2 Proportion of cells in different phases of cell cycle of
different groups
Proportion of cells (%)
Groups
G0-G1 phase

G2-S phase

a,b

11.62±0.62

S phase

a,b

22.99±0.69a,b
26.00±0.71a,b

High dose

65.40±0.41

Medium dose

56.92±0.62a,b

17.08±0.80a,b

Low dose

55.89±0.69a,b

19.37±0.57a,b

24.74±0.64a,b

Serum

42.25±0.25

22.51±0.58

35.34±0.56

Control

41.35±0.55

23.65±0.56

35.00±0.60

a

P<0.05 between high, medium, and low dose groups, bP<0.01 vs control group.

Table 3 Effect of WKN on the mRNAs of VEGF and its receptors KDR
and Flt-1
Groups

High dose Medium dose Low dose Serum Control
AREA

VEGF

KDR

Flt-1

a

120b

134a,b
b

a,b

OPTDM

0.072

APTDI

8.588b

14.373 a,b

0.107

192 a,b

261

0.140a,b

0.152

0.174

25.856a,b

39.555

50.850
408

297

AREA

79b

178a,b

239 a,b

272

OPTDM

0.237 b

0.112a,b

0.150a,b

0.162

0.282

APTDI

18.752b

19.883a,b

35.764

44.183

115.242

AREA

111b

197 a,b

247a,b

271

306

OPTDM

0.061 b

0.275a,b

0.340a,b

0.368

0.407

APTDI

6.805b

54.256a,b

84.040a,b

99.600

124.531

P<0.05 vs high dose group, bP<0.01 vs control group.

DISCUSSION
The proliferation of tumor cells as normal cells goes through
the cell cycle, which is known to consist of four phases: G1,
G2, M and S. Drugs with the effect of tumor suppression
by blocking any one or more of the four phases can
effectively inhibit the growth of tumors[9]. Our results showed
that WKN-containing serum arrested the gastric cancer cell
MGC-803 in G0-G1 phase, blocked or delayed the entry
into S phase, disturbed the synthesis of DNA. The growth
and proliferation of cancer cells were inhibited in a dosedependent manner.
VEGF is a new type growth factor in tumor cells, which
specifically acts on endothelial cells, and prompts the
proliferation of endothelial cells, playing an important role
in the formation and growth and metastasis of tumors. In
the course of occurrence and development of gastric cancer,
angiogenesis plays a crucial role in which VEGF is believed
to be the most important factor in neovascularization[10] .
The expression of VEGF is commonly shown in gastric
cancer cells in a number of studies. One mechanism of
invasion and metastasis of gastric cancer is related to the
pro-angiogenesis action performed by VEGF, and the extent
of its expression is closely related to the occurrence,
development and prognosis of gastric cancer[11-14] especially
the expression of VEGF-C and VEGF-D is the important
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marker of lymph node metastasis of the cancer[15,16]. Some
studies in rats showed that the level of VEGF in serum was
not only related with the prognosis of gastric cancer but
also with the efficacy of therapy[17]. Both the kinds of specific
receptors of VEGF, KDR and Flt-1 are commonly
distributed in vascular endothelial cells. VEGF’s combination
with any one or both of its receptors activated the intrinsic
tyrosinase. By tyrosinase signal transduction pathway, the
tyrosine remnant in the cytoplasm was activated and then
vascular-derived factors were secreted to function[18]. Our
study confirmed that KDR and Flt-1 also exist in the surface
of cancer cells, consistent with other recent studies[19]. Most
investigators believe that VEGF secretes in an autocrine
way[20,21].
Some scholars have proposed anti-cancer therapies
targeting at VEGF and its receptors. Studies have shown
that monoclonal anti-VEGF antibodies can inhibit the
progression and metastasis of cancers[22] . The anti-sense
mRNA of VEGF inhibits the expression and secretion of
VEGF by complimentarily combining with the bases of
VEGF mRNA, inhibiting the transcription and increasing
the degradation of VEGF mRNA[22]. Soluble receptors or
antibodies combining with the excessive VEGF in serum
are also effective. Soluble VEGF receptor sFlt-1 combines
with VEGF with a high affinity through the formation of
isogenical homodimer or combines with integral Flt-1 or
integral KDR to form heterogenical alloploid, competitively
inhibiting the combination of VEGF with integral Flt-1 or
the autopolyploid of KDR, resulting in the blockage of
stimulation VEGF on endothelial cell proliferation, and
finally suppression of angiogenesis[23] . Flt-1 coupled with
small peptides can combine with human umbilical vein blood
cells and cancer cells to inhibit the angiogenesis, prompt the
necrosis of tumor tissues and significantly inhibit the growth
of cancer cells[24] .
Studies on Chinese traditional medicine recently show
that herbs belonging to spleen boosting and Qi tonification
as well as their compounds not only improve the immune
function and quality of life of patients with gastric cancer
but also increase the curative effect of anticancer drugs,
and decrease the toxic side effects[25] . Herbs with spleen
boosting, Qi tonifying, blood circulation stimulating and
thrombosis dissolving functions as well as their compounds
could induce or prompt the differentiation and maturation
of cells with intestinal metaplasia and heterogeneous-type
proliferation[26], inhibit and remedy the abnormal propagation
and protect the gastric mucosa[27,28]. Our previous studies
had shown that WKN could inhibit not only the growth of
gastric cancer but also the expression of p53 and VEGF in
gastric cancer tissues[29]. The current study shows that the
expression of VEGF and KDR, Flt-1 decreased in drug
administered groups, indicating that WKN could inhibit the
expression of receptors in a dose-dependent manner. It
also shows that the therapeutic action of herbs on gastric
cancer involves multiple factors and at multiple levels. The
herbs act not only on related genes but also on relevant
proteins or receptors. The expression of VEGF and its
receptors is regulated by a variety of cytokines and
tumorigenic genes [30]. Further studies are required to
determine the exact molecular mechanism of WKN’s effect
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on VEGF and its receptors KDR and Flt-1.
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Abstract
AIM: To clarify the mechanism underlying the anti-mutagenic
and anti-cancer activities of Scorpio water extract (SWE).
METHODS: Human hepatoma HepG2 cells were incubated
with various concentrations of SWE. After 24-h incubation,
cytotoxicity and apoptosis evaluations were determined
by MTT and DNA fragmentation assay, respectively. After
treatment with SWE, mitochondrial membrane potential
(MMP) was determined by measuring the retention of
the dye 3,3’-dihexyloxacarbocyanine (DiOC6(3)) and the
protein expression including cytochrome C and poly-(ADPribose) polymerase (PARP) were measured by Western
blotting. Caspase-3 and -9 enzyme activities were measured
using specific fluorescence dyes such as Ac-DEVD-AFC
and Ac-LEHD-AFC.
RESULTS: We found that treatment with SWE induced
apoptosis as confirmed by discontinuous DNA fragmentation
in cultured human hepatoma HepG2 cells. Our investigation
also showed that SWE-induced apoptosis of HepG2 cells
were associated with intracellular events including
disruption of MMP, increased translocation of cytochrome
C from mitochondria to cytosol, activation of caspase-3,
and PARP. Pre-treatment of N-acetyl-Asp-Glu-Val-Asp-CHO
(Ac-DEVD-CHO), a caspase-3 specific inhibitor, or cyclosporin
A (CsA), an inhibitor of MMP disruption, completely
abolished SWE-induced DNA fragmentation.
CONCLUSION: These results suggest that SWE possibly
causes mitochondrial damage, leading to cytochrome C

release into cytosol and activation of caspases resulting
in PARP cleavage and execution of apoptotic cell death in
HepG2 cells. These results further suggest that Scorpio
may be a valuable agent of therapeutic intervention of
human hepatomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Recently, some herbs have been shown to be potent cancerprotective or cancer- preventive agents against chemical-induced
carcinogenesis model in vivo [1] and cancer cells in vitro [1-3] .
The use of these herbs has attracted a great deal of attention
as one of alternative cancer therapies from the viewpoint
of less toxicity and cost benefit.
Scorpio is the whole body of Buthus martensii Karsch
and belongs to Buthidae[4]. It is commonly used in alleviating
pain and treating liver disease and cancer. Experimentally,
it was reported that Scorpio has anti-tumor promoting
activity in two-stage mouse skin and lung carcinogenesis
induced by chemical carcinogens and cytotoxic effect on
human hepatoma HepG2 cells[5,6] . However, the events
leading to cell-death after Scorpio treatment are not well
understood.
Apoptosis, or programed cell death, plays a central role
in the development and homeostasis of all multicellular
organisms[7,8] and is characterized by loss of plasma membrane
phospholipid asymmetry, chromatin condensation, and
discontinuous DNA fragmentation[9]. Suppression of the
apoptotic machinery is a hallmark of cancer. Therefore,
induction of apoptosis of cancer-cells is a useful method,
as a valuable tool for cancer treatment[10].
Many investigators have demonstrated that mitochondria
are key regulators of apoptosis[11,12] . Mitochondria have
shown to be involved in integrating different pro-apoptotic
pathways via release of cytochrome C into cytosol[11,13],
which is associated with loss of mitochondrial membrane
potential (MMP) and an increased production of reactive
oxygen species[14]. The released cytochrome C induces the
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activation of a family of caspases (aspartate-specific cystein
proteases)[15]. Caspase activity is responsible, either directly
or indirectly, for cleavage of cellular proteins including
poly-(ADP-ribose) polymerase (PARP)[16], nuclear lamin[17]
and inhibitors of deoxyribonuclease (such as DFF45 or
ICAD)[18] during apoptosis.
In the present study, we demonstrated that Scorpio water
extract (SWE) could induce apoptosis of human hepatoma
HepG2 cells. Additionally, to investigate the mechanisms,
we measured the loss of MMP, cytochrome C release from
mitochondria, activations of caspase-9 and -3 and the
cleavage of PARP in SWE-treated HepG2 cells.

retention of the dye 3,3’-dihexyloxacarbocyanine (DiOC6
(3). Briefly, cells (5×105 in 500 L of complete RPMI 1640
medium) were loaded with 100 nmol/L DiOC6(3) during
the last 30 min of treatment. The cells were then pelleted
by centrifugation at 700 g for 10 min. The supernatant
was removed and the pellet was re-suspended and washed
twice in PBS. The pellet was then lysed by the addition of
600 L of deionized water followed by homogenization.
The concentration of retained DiOC6(3) was read on a
spectrofluorometer (F-2500, Hitachi, Japan) with an
excitation wavelength of 488 nm and an emission
wavelength of 500 nm.

MATERIALS AND METHODS
Materials
Culture medium RPMI 1640, fetal bovine serum and
trypsin-EDTA were from Gibco Ltd. Paisley and Strathclyde
were from UK. DiOC6(3) were from Molecular Probes
(Eugene, Oregon, USA). Mouse IgG1 monoclonal antibodies
against PARP and cytochrome C, N-acetyl-Asp-Glu-ValAsp-AFC (Ac-DEVD-AFC), Acetyl-Leu-Glu-His-Asp-AFC
(Ac-LEHD-AFC), N-acetyl-Asp-Glu-Val-Asp-CHO (AcDEVD-CHO) were from BD PharMingen (Franklin Lakes,
NJ, USA). Cyclosporin A (CsA), anti-mouse IgG antibody
conjugated with alkaline phosphatase were from Sigma (Saint
Louis, Missouri, USA).

Detection of cytochrome C release
The release of mitochondrial cytochrome C was determined
by Western blot[21]. Briefly, at the end of various designated
treatments, cells (1.5×107) were washed with PBS, and resuspended in ice-cold homogenizing buffer (250 mmol/L
sucrose, 20 mmol/L Hepes-KOH (pH 7.5), 10 mmol/L
KCl, 1.5 mmol/L MgCl2, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, 1 mmol/L PMSF, 1 g/mL
aprotinin, and 1 g/mL leupeptin). After 30-min incubation
on ice, cells were homogenized with a glass Dounce
homogenizer (30 strokes). The homogenate was subjected
to a series of centrifugations at 100 000 g for 60 min for
the collection of mitochondrial pellets and cytosolic fraction.
Thirty micrograms of protein was loaded on 15% SDS gel.
After electrophoretic separation, the proteins were
transferred to nitrocellulose membrane (Millipore, Bedford,
MA, USA) using a semi-dry blotting apparatus (Bio-Rad,
Munich, Germany), and the blot was incubated with mouse
anti-cytochrome C antibody (Pharmingen, San Diego, CA,
USA), followed by reaction with alkaline phosphatase
conjugated secondary antibody.

Cell culture
The human hepatoma HepG2 cell line was purchased from
the American Type Culture Collection. Cells were placed
into 75 cm2 tissue culture flasks and grown at 37 ℃ under
a humidified, 50 mL/L CO2 atmosphere in RPMI 1640
medium (Gibco, BRL) supplemented with 10% fetal bovine
serum and 2 mmol/L glutamine, 10 000 units/mL of
penicillin, 10 mg/mL of streptomycin, and 2.5 g/mL of
amphotericin B.
Preparation of Scorpio water extract (SWE)
The herb was identified as Scorpio by local experts. Voucher
samples were preserved for reference in the herbarium of
Department of Physiology, School of Oriental Medicine,
Wonkwang University (Omcphy, 2001-40-d). For extraction,
200 g of Scorpio was added to 1 800 mL of water and
boiled for 2 h, filtered and then concentrated to 200 mL.
The sterile extract (57.67 g) was stored at -20 ℃.
MTT assay for cell viability
The viability of cultured cells was determined by assaying
for the reduction of MTT to formazan[19]. In brief, after
incubation with SWE, cells (104/well) in 96-well plates were
washed twice with PBS and MTT (100 g/0.1 mL of PBS)
was added to each well. Cells were incubated at 37 ℃
for 1 h, and DMSO (100 L) was added to dissolve the
formazan crystals. Absorbance was measured at 570 nm
with a spectrophotometer (model E-MAX, Molecular
Devices, USA).
Measurement of mitochondrial membrane potential (MMP)
MMP was determined as described[20] by measuring the

Caspase activity assay
After treatment with SWE, cells were washed with ice-cold
PBS and lysed in Triton X-100 buffer (5 mL/L Triton X-100,
10 mmol/L EDTA, and 10 mmol/L Tris–HCl, pH 7.5) for
30 min on ice. Cell lysates were mixed with caspase assay
buffer (100 mL/L glycerol, 2 mmol/L DTT, and 20 mmol/L
HEPES, pH 7.5) containing 20 mol/L Ac-DEVD-AFC
(specific for caspase-3) and 50 mol/L Ac-LEHD-AFC
(specific for caspase-9), caspase substrates, and incubated
for 1 h at 37 ℃. Enzyme catalyzed release of AFC was
monitored using a spectrofluorometer (F-2500, Hitachi,
Japan) with an excitation wavelength of 400 nm and an
emission wavelength of 505 nm.
Western blot analysis of PARP cleavage
Cell extract proteins were separated by SDS-PAGE.
Subsequently the proteins were transferred onto a nitrocellulose
membrane using a semi-dry blotting apparatus. Prior to
incubation with antibodies against PARP, membranes were
blocked with 20 g/L BSA for 30 min. After the membranes
were washed, an alkaline-phosphatase coupled secondary
antibody was added. The target proteins became visible
following the addition of 5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium (BCIP/NBT), a substrate
of alkaline phosphatase.
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Detection of DNA fragmentation by gel electrophoresis
Cell pellets (3×10 6) were resuspended in 500 L of lysis
buffer (5 mL/L Triton X-100, 10 mmol/L EDTA, and
10 mmol/L Tris–HCl, pH 8.0) at room temperature for
15 min and centrifuged at 16 000 g for 10 min. DNA was
then extracted twice with phenol/chlorofor m (1:1),
precipitated with ethanol, and resuspended in Tris/EDTA
buffer (10 mmol/L Tris-HCl, pH 8.0, and 1 mmol/L EDTA).
DNA was analyzed after separation by gel electrophoresis
(20 g/L agarose).
Protein determination
The cytosolic protein concentration in HL-60 cells was
determined by the method of Bradford[22] with bovine
serum albumin as the standard. All the samples were assayed
in triplicate.
Statistical analysis
Statistical analysis of the data was performed with Student’s
t-test and ANOVA. Differences with P<0.05 were
considered statistically significant.

RESULTS
Induction of apoptosis by SWE in HepG2 cells
The effect of SWE on the viability of HepG2 cells was
examined using the MTT staining. SWE decreased cell viability
in a dose-dependent manner as shown in Figure 1A. A
significant cytotoxicity by SWE was started at the concentration

Cell viability (%)

A
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of 1.0 mg/mL. The IC50 of SWE for HepG2 was less
than 2.0 mg/mL. We further examined whether SWE
induced apoptotic cell death in HepG2 cells. In DNA
agarose gel electrophoresis, a ladder of fragmented DNA
was detected 12 h after incubation and sustained until 24 h
in 2.0 mg/mL SWE-treated HepG2 cells, as shown in
Figure 1B. These results showed that SWE had an activity
in inducing apoptosis of HepG2 human hepatoma cells.
Role of mitochondrial alteration in SWE-treated HepG2 cells
Because mitochondria were known to play an important
role in apoptosis, we examined whether SWE induced loss
of mitochondrial membrane potential (MMP) assessed by
DiOC6(3) fluorescence. Treatment with 2.0 mg/mL SWE
represented a time- dependent loss of DiOC6(3) fluorescence,
which was inhibited by preincubation with cyclosporin A
(CsA), a known inhibitor of mitochondrial permeability
transition (MPT) for 30 min in HepG2 cells (Figures 2A
and B). The MPT released cytochrome C from mitochondria
into cytosol. SWE-treated HepG2 cells produced a release
of cytochrome C to the cytosol and a concomitant decrease
in the content of cytochrome C in the mitochondria, which
was almost prevented by pretreatment with CsA (Figure 2C).
Activation of caspase-3 and cleavage of PARP in SWE-treated
HepG2 cells
Based on increased apoptosis of SWE-treated HepG2 cells,
our next aim was to examine the involvement of caspases that
play a major role in the execution of apoptotic events. As
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Figure 1 Effects of SWE on cell viability (A) and DNA fragmentation (B). A: Cells (1×104) treated with various concentrations of SWE for 24 h;
B: Cells (3×106) treated with 2.0 mg/mL SWE for the indicated time periods. aP<0.05, bP<0.01 vs control.
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Figure 2 Role of mitochondrial alterations in SWE-treated HepG2 cells. A: Cells (5×105 ) treated with 2.0 mg/mL SWE for the indicated time
periods; B and C: Cells pretreated for 30 min with 5 mol/L CsA and then treated with 2.0 mg/mL SWE for 6 h. a P<0.05 vs control.
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shown in Figures 3A and B, SWE caused concentration
and time- dependent activation of caspase-3, but the activation
of caspase-9 did not occur (data not shown). These results
were well correlated with a decrease of viability and a
discontinuous DNA fragmentation as depicted in Figure 1.
Since PARP is one of the down stream substrates of caspase3, we examined the effect of SWE-induced caspase-3
activation on PARP cleavage, which separates N-terminal DNAbinding domain from its C-terminal catalytic domain (85 ku).
Our immunoblot analysis showed a time-dependent cleavage
of PARP that corresponded to and further supported the
possible involvement of caspase-3 activation in SWE-caused
apoptosis of HepG2 cells (Figure 3C).
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DISCUSSION
Previously, SWE has been reported to have an anti-tumor
activity. However, the mechanisms of these actions of SWE
are completely unknown. In the present study, we examined
the effect of SWE on the proliferation of human hepatoma
cell lines, HepG2 cells. Our results demonstrated that SWE
inhibited HepG2 cell growth in a concentration-dependent
manner. Moreover, cultured HepG2 cells treated with SWE
exhibited a characteristic pattern of apoptosis such as DNA
ladder.
Many reports suggested that mitochondria play an
important role in apoptosis. Disruption of MMP plays a
pivotal role in the initiation of apoptotic induction and is
related to the release of cytochrome C[11,13,23]. Mitochondrial
permeability transition (MPT) causes loss of the MMP and
cytochrome C release from mitochondria into cytosol[20] .
The fluorescent dye DiOC6(3) localizes at mitochondria as
a consequence of MMP, and MPT reduces accumulation
of DiOC6(3)[24,25]. In HepG2 cells, SWE produced a timedependent loss of DiOC 6(3) (Figure 2A) and released
cytochrome C from mitochondria into cytosol. Participation
of the MPT in SWE-induced apoptosis of HepG2 cells
was shown by the observation that CsA, a known inhibitor
of MPT, prevented the discontinuous DNA fragmentation
(Figure 4C), as well as the loss of MMP (Figure 2B) and
cytochrome C release (Figure 2C).

Inhibition of SWE-induced apoptosis by CsA and Ac-DEVDCHO
To further confirm the involvement of caspase-3 activation
and MMP loss in SWE-induced apoptosis of HepG2 cells,
we employed pharmacological inhibitors such as Ac-DEVDCHO, a specific inhibitor of caspase-3 activation, and CsA,
an inhibitor of MMP loss. Pre-treatment with 25.0 mol/L
Ac-DEVD-CHO and 5.0 mol/L CsA inhibited both the
activation of caspase-3 and the cleavage of PARP by SWE
in HepG2 cells (Figures 4A and B). Also, these inhibitors
prevented SWE-induced DNA fragmentation, which is one
of the characteristic signs of apoptosis (Figure 4C).
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Figure 3 SWE induces the activation of caspase-3 and PARP cleavage in HepG2 cells. A: HepG2 cells (1.5×107 ) treated with 0-5.0 mg/mL of
SWE for 24 h; B and C: HepG2 cells treated with 2.0 mg/mL SWE for the indicated time periods. aP<0.05, b P<0.01 vs control.
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Figure 4 Inhibition of SWE-induced caspase-3 activation (A), PARP cleavage (B) and DNA fragmentation (C) by caspase-3 inhibitor or MPT
inhibitor. HepG2 cells were pretreated with Ac-DEVD-CHO (25 mol/L) for 1 h or CsA (5 mol/L) for 30 min followed by treatment with 2.0 mg/mL
SWE for further 24 h. Lane M: DNA marker, lane 1: control, lane 2: 2.0 mg/mL SWE, lane 3: 2.0 mg/mL SWE with 5 mol/L CsA, lane 4: 2.0 mg/mL
SWE with 25 mol/L Ac-DEVD-CHO. bP<0.01 vs control; dP<0.01 vs SWE alone.
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Cytochrome C released from mitochondria during
apoptosis promotes the activation of caspase-3[20,26]. Caspase
(cystein aspartate-specific proteases) family has been shown
to play a central role in the initiation and execution of
apoptosis[27,28]. The caspase family of proteases consists of
at least 14 mammalian members that are constitutively
expressed in almost all cell types[29]. Among them, caspase-3
is activated during most apoptotic processes and is believed
to be the main executor caspase. In SWE-induced apoptosis
of HepG2 cells, caspase-3 enzyme was activated in a doseand time-dependent fashion (Figures 3A and B). Also,
using DNA fragmentation assay, we observed that HepG2
cell apoptosis could be prevented by inhibiting caspase
activity with caspase-3 inhibitors such as Ac-DEVD-CHO
(Figure 4C). Many intracellular stimuli can activate caspase-3
including apoptosis-inducing factor (AIF), heat shock
proteins (HSPs)[28], direct IAP binding proteins such as
DIABLO/Smac, and several procaspases. Although we
confirmed that cytochrome C released from mitochondria
could induce the activation of caspase-3, further studies
may be needed about other factors involved in SWE-induced
apoptotic cascade of HepG2 cells.
The activation of caspase-3 induces characteristic patterns
of apoptosis such DNA fragmentation and chromatin
condensation through activation or inactivation by the
cleavage of cellular substrates including lamin, actin, fodrin, PARP, and ICAD (inhibitor of caspase activated
DNase)[16,17]. The increased caspase-3 activity in SWE-treated
cells was accompanied with a decrease of PARP (116 ku)
and concomitant increase of 85 ku (Figure 3C). The cleavage
of PARP was prevented by the presence of either AcDEVD-CHO or CsA, indicating an essential role of the
activation of caspase-3 and the loss of MMP in SWEinduced apoptosis of HepG2 cells.
In conclusion, SWE induces apoptosis through the
mechanisms involved in MMP loss, the release of cytochrome
C from mitochondria, and activation of caspase-3 with the
consequent degradation of PARP in HepG2 cells.
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Abstract
AIM: To analyze the expression of retinoic acid receptor
responder 3 (RARRES3) protein in paraffin-embedded tissues
of hepatocellular carcinoma (HCC) and cholangiocarcinoma
(CC), and the correlation of RARRES3 production with
tumor differentiation.
METHODS: Expression of RARRES3 in tissues from 21
CC (10 well-, 7 moderately- and 4 poorly-differentiated)
and 32 HCC was determined by immunohistochemistry.
RESULTS: Among 21 CC tissues, RARRES3 was detected
in 8 (80%) of 10 well-differentiated tumors. Only 2 (18.2%)
out of 11 tumors with moderate or poor differentiation
showed positive RARRES3 expression. RARRES3 expression
in well-differentiated CC was significantly higher than that
in tumors with moderate or poor differentiation (Fisher exact
test, P<0.01). Expression of RARRES3 was not different
between early (I and II) and late (III and IV) stages of CC.
Among 30 HCC tissues, 17 (56.7%) weakly expressed
RARRES3 in HCC cells, and 25 (83.3%) normal tissues
adjacent to HCC expressed the protein. RARRES3 expression
was significantly decreased in HCC tissues compared to
that in adjacent normal tissues (logistic regression
analysis, OR = 0.27, 95% CI (0.11-0.62), P<0.01).
CONCLUSION: Expression of RARRES3 is positively
correlated to well-differentiated CC, which supports the

role of RARRES3 in malignant epithelial differentiation of
the tumor. The decrease in RARRES3 expression in tissues
of HCC and CC with moderate and poor differentiation
suggests that altered RARRES3 expression may play a
role in the carcinogenesis of the liver and biliary tract.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Retinoic acid receptor responder 3 (RARRES3), also named
as TIG3[1] or RIG1[2] is a growth regulatory protein, a member
of the HREV107 protein family. The family includes RARRES3,
HREV107[3,4] and A-C1[5,6], which possess the NlpC/P60
functional domain[7]. The genuine function for the HREV107
family of proteins remains unclear, although the role as
enzymes that modify membrane components have been
proposed[7]. Proteins of the HREV107 family have been shown
to suppress transformation induced by H-ras[4,6,8] or kinase
activities downstream of the activation of Ras proteins[9].
The RARRES3 gene that encodes is expressed ubiquitously
in normal tissues and at lower levels in cancer cell lines. In
vitro examination of cancer cells and keratinocytes show that
expression of RARRES3 leads to the suppression of cellular
growth accompanied with an induction of apoptosis or
differentiation[1,9-11]. In head, neck and lung carcinoma cells,
RARRES3 expression is closely associated with suppression
of cellular growth induced by all-trans retinoic acid[12]. Therefore,
the increase in RARRES3 protein expression may play an
important role in tumor suppressive activity of retinoids.
Analysis of the differential expression of RARRES3
between benign and malignant tissues is limited. RARRES3
is expressed in the suprabasal epidermis of normal skin,
and the protein’s production is reduced in tissues of basal
cell carcinoma and aggressive squamous cell carcinoma[13].
Application of the synthetic retinoid tazarotene induces
RARRES3 expression and histological improvement of
basal cell carcinoma[14]. Also, expression of RARRES3
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protein is positively correlated to cellular differentiation of
normal and adenocarcinoma tissues of the colorectum[15].
Colorectal adenocarcinoma with moderate and poor
differentiation is coincident with the markedly decreased
production of RARRES3. The positive association between
the presence of RARRES3 and epidermal and colorectal
differentiation in vivo[13-15] as well as induction of keratinocyte
terminal differentiation by RARRES3 in vitro[10] suggest that
RARRES3 may be important in epithelial differentiation,
and altered expression of the protein may play an important
role in carcinogenesis.
Mechanisms of hepatocellular carcinogenesis have been
studied extensively. Exposure to the chemical carcinogen
aflatoxin B1 as well as infection of hepatitis B or C virus
play pivotal roles in the development of hepatocellular
carcinoma (HCC). Activation of protooncogenes such as
N-ras, c-myc and c-fos as well as inactivation or loss of
expression of tumor suppressor genes like TP53 and DLC-1
are observed frequently in HCC tissues[16,17]. The molecular
pathogenesis of cholangiocarcinoma (CC) has not been well
defined. However, multiple tumor suppressor genes and
oncogenes, including TP53 and K-ras, are altered in these
tumors[18].
The liver is the organ responsible for the storage and
metabolic inactivation of dietary retinoids. Epidemiological
analysis has shown that the decrease in serum retinol levels
is associated with hepatocarcinogenesis in cirrhosis patients[19].
Both all-trans retinoic acid and the synthetic acylic retinoid
suppress growth of HCC in vitro and in vivo[20-22]. Furthermore,
the acyclic retinoid prevents the development of second
primary HCC[23].
The role of retinoids in the carcinogenesis of CC has
not been investigated before. To investigate the expression
and role of retinoid inducible protein, RARRES3, in the
carcinogenesis of HCC and CC, we presently analyzed the
expression of RARRES3 protein in tissues from HCC and
CC using immunohistochemistry.

MATERIALS AND METHODS
Specimen collection and preparation
A sample of CC tissue was obtained from 21 patients (9
males and 12 females) with a mean age of 67.0 years. A
sample of HCC tissue was obtained from 30 other patients
(24 males and 6 females) with a mean age of 53.9 years.
Distribution of these tumors according to their level of
differentiation and TNM stages are listed in Table 1. Tissue
slides were prepared from paraffin-embedded blocks and
used for hematoxylin and eosin staining. Each specimen
was evaluated by the same pathologist to define the
differentiation status of carcinoma tissues. Assessment of
tumor differentiation was based on the architectural and
glandular differentiation as well as nuclear features of
tumors[24].
Immunohistochemical analysis
Tissue sections were air-dried, deparaffinized, and then
boiled twice for 2 min in 10% DAKO ChemMateTM solution
(DAKO Corp., Carpinteria, CA) containing 0.05% Nonidet
P-40. The DAKO LSAB2 peroxidase kit (DAKO Corp.)
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Table 1 Characteristics of cancer patients and tissues
Categories

Number of cases

Cholangiocarcinoma
M/F
Average age (yr)

9/12
67.0±8.1

Stages
I

2

II
III

9
8

IV

2

Tumor differentiation
Well
Moderate

10
7

Poor

4

Hepatocellular carcinoma
M/F
Average age

24/6
53.9±15.0

Tumor differentiation
Well

4

Moderate
Poor

23
3

Stages

1

I

4

II
III

18
1

NA1

7

Not available.

was used to stain RARRES3 protein in tissue sections. Briefly,
sections were blocked with 3% hydrogen peroxide (H2O2)
and then incubated with RIG1 antiserum or preimmune
serum at a dilution of 1:800 at room temperature for 1 h.
After washing with phosphate-buffered saline (PBS)
containing 0.2% Tween 20, sections were incubated with
biotinylated goat anti-rabbit and anti-mouse immunoglobulins
at room temperature for 10 min. Sections were washed
and then incubated with streptavidin-biotin-peroxidase
complexes at room temperature for 10 min. After washing,
tissue sections were then incubated in acetate containing 3amino-9-ethylcarbazole and 1% H2O2. The sections were
lightly counterstained with Mayer’s hematoxylin. The
RARRES3 antiserum was developed from rabbits by
immunizing with a RARRES3 peptide corresponding to
amino acids 74-87 of the protein. Specificity of the antiserum
was determined by Western blotting and competition of
RARRES3 binding using the immunized peptide[9,15].
Reviewing and scoring of sections
Patterns of staining, cellular RARRES3 localization, staining
intensity and percentage of RARRES3 expressed cells were
recorded. Both diffused and supranuclear granular patterns
of RARRES3 staining were observed. For tissues with a
diffuse staining pattern, “negative” RARRES3 expression was
defined as an absence of RARRES3 staining, and “positive”
was defined as weak or moderate RARRES3 staining. For tissues
with supranuclear granular patterns of RARRES3 staining,
evaluation of staining patterns was performed as described
previously with minor modifications[15]. Briefly, evaluation
of staining patterns was performed using the immunoreactive
score (IRS) in which IRS = SI (staining intensity)×PP
(percentage of positive cells)[15]. SI was scored as 0 (negative),
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1 (weak), 2 (moderate), and 3 (strong). PP was defined as
1 (0-<10% positive cells), 2 (10-50% positive cells), and
3 (>50% positive cells). Ten high power visual fields from
different areas of each specimen, with 100 cells per field
counted, were chosen at random for IRS evaluation, and
the average of IRS was calculated. Final intensity of
RARRES3 staining was defined as “negative” and “positive”
corresponding to the aforementioned IRS values of 0-1
and 2-9, respectively. Results of RARRES3 staining were
based on the consensus of 2 investigators (Jiang SY and
Chou JM).
Statistical analysis
The Fisher’s exact tests were applied for comparison of
positive RARRES3 expression and tumor differentiation as
well as stages of CC. Differential expression of RARRES3
between adjacent normal and HCC tissues from the same
cancer patient was analyzed by logistic regression. However,
the estimated co-efficient and their correspondent variances
were obtained through the generalized estimating equation
method[25] and the SAS/IML macro program, GEE1.SAS,
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RESULTS
RARRES3 in CC tissues
Within the 21 tumor tissue samples, 7 had normal biliary
ducts. Positive RARRES3 staining, ranging from 15-60%
of biliary epithelial cells adjacent to tumors, was observed in
5 (71.4%) of the 7 tissues. Dysplastic tissue was observed in
only 1 sample and that tissue expressed the RARRES3 protein.
Staining revealed a granular pattern of RARRES3 in the
supranuclear regions of biliary epithelial cells and dysplastic
tissue (Figures 1A and 1B). The protein was expressed in
10 out of 21 (47.6%) CC tissues. Among these 10 tissue
samples, 5 samples showed only a granular pattern of
RARRES3 staining located at the supranuclear region, and
5 tissues showed both a granular as well as diffuse RARRES3
staining in the cytoplasm. Representative results of RARRES3
protein expression in well-, moderately- and poorlydifferentiated tumor tissues are shown in Figure 1. RARRES3
expression was observed in the well-differentiated CC tissue
(Figure 1D), whereas moderately-differentiated tumor tissue

B

C

D

E

F

T

N

H

T

Number 7

to take into account the subject correlation.

A

G

Volume 11

N

I

N

T

Figure 1 Expression of RARRES3 in paraffin-embedded sections of CC tissues. Tissue sections from tumors with moderate (A-C), well (D-F) and
poor (G-I) differentiation were assayed for RARRES3 expression by immunohistochemistry using RARRES3 antiserum (A-C, D and G) or
preimmune serum (E, H). F and I: hematoxylin and eosin staining. Arrows indicate granular patterns of RARRES3 staining. AN: adjacent
normal tissues; T: tumor tissues. Original magnification: 100×.
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did not express RARRES3 (Figure 1C). Poorly-differentiated
tumor tissue was stained negative for RARRES3 protein,
whereas adjacent normal liver tissues were stained positive
for the protein (Figure 1G). No specific RARRES3 staining
was observed in tissues incubated with preimmune serum
(Figures 1E and 1H).
When RARRES3 expression was analyzed with respect
to difference in tumor differentiation, 8 out of 10 (80%)
well-differentiated CC tissues were stained positive for the
protein. Similar positive staining was noted in only 2 (18.2%)
of the 11 moderately- or poorly-differentiated CC tissues.
Well-differentiated CC tumors had a significantly greater
chance of expressing the protein than moderately- and
poorly-differentiated tumors (Fisher’s exact test, P<0.01)
(Table 2). No significant association between RARRES3
expression and tumor stages was found (P = 0.40).
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adjacent normal hepatocytes that showed positive RARRES3
expression (Figure 1G and Figure 2). Seventeen out of
30 (56.7%) HCC tissues were stained positive for RARRES3
protein, while 25 (83.3%) adjacent normal liver tissues were
positively stained (Table 3). Logistic regression analysis
revealed that HCC cells had a significantly lower chance of
housing RARRES3 than the adjacent normal hepatocytes
[OR = 0.27, CI (0.11-0.62), P<0.01]. Due to the
disproportionate distribution of tumor samples (Table 1),
differences in RARRES3 expression among tumors with
difference in differentiation or stages were not analyzed.

Table 3 Expression of RIG1 protein in HCC tissues
RIG1 protein [n (%) of cases]

Tissues

Negative

Adjacent normal
HCC

Table 2 Expression of RIG1 protein in CC tissues
RIG protein staining
[n (%) of cases]

Fisher’s exact
test

Positive

5 (16.7)

25 (83.3)

13 (43.3)

17 (56.7)

Logistic regression analysis: OR = 0.27, 95% CI (0.11–0.62), P<0.01.

Categories
Negative
Differentiation
Well
Moderate/poor
Stages
I and II
III and IV

Positive
P<0.01

2 (20.0)
9 (81.8)

8 (80.0)
2 (18.2)

7 (63.6)
4 (40.0)

4 (36.4)
6 (60.0)

P = 0.40

RARRES3 expression in HCC tissues
The detection of RARRES3 was analyzed in 30 HCC tissues
and adjacent normal tissues. In contrast to CC, a diffuse
pattern of staining was observed in all HCC tissues and

DISCUSSION
RARRES3 is a retinoid inducible protein that is a tumor
suppressor. This study showed that RARRES3 was expressed
in normal hepatocytes and biliary epithelial cells that are
adjacent to HCC or CC. Compared to the adjacent normal
liver tissues, HCC tumor cells were markedly reduced in
RARRES3. Within CC tissues, tumors with moderate or
poor differentiation also showed a significant loss in
RARRES3 expression, compared to the protein level in welldifferentiated tumors.
Previous studies have analyzed the expression of
RARRES3 in normal and malignant tissues from skin and

A

B

C

D

E

F

Figure 2 Expression of RARRES3 in paraffin-embedded HCC tissues. HCC (A-C) and adjacent normal tissues (D-F) were stained for RARRES3
protein using RARRES3 antiserum (A, D) or preimmune serum (B, E). C and F: hematoxylin and eosin staining. Original magnification: 100×.
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colorectum that differ in their cellular differentiation.
RARRES3 protein is expressed at the highest levels in
terminal, differentiated colorectal epithelial cells[15], normal
suprabasal epidermis, hair follicles, and sebaceous gland[13].
Presently, this list has been expanded to include normal
biliary epithelial cells and hepatocytes. The wide spectrum
of RARRES3 expression in several differentiated normal
tissues and the conserved structure of the protein throughout
evolution[7] is consistent with the idea that RARRES3 plays
an important role in cells of epithelial origin. Within carcinoma
tissues, results from the current and our previous studies[15]
show a significant loss of RARRES3 expression in
moderately- and poorly-differentiated adenocarcinomas of
colorectum and CC. Expression of RARRES3 in colorectal
adenocarcinoma tissues is progressively lost with the decrease
in tumor differentiation. RARRES3 expression in welldifferentiated tumors is relatively equal to normal or adjacent
normal tissues of the colorectum. The close correlation
between RARRES3 expression and cellular differentiation
in various nor mal and tumor tissues sug gests that
RARRES3 may play a pivotal role in both normal and
malignant epithelial differentiation.
Previous studies using transient transfection have
demonstrated that RARRES3 exhibits growth suppressive
and proapoptotic activities in several cancer cell lines[1,9,11].
Recently, results from Sturniolo et al[10] demonstrated that
keratinocyte growth arrest, apoptosis and terminal
differentiation are induced following induction of RARRES3
expression. Therefore, RARRES3 may not only function
as a negative growth regulator but also may play an active
role in the induction of epithelial differentiation.
RARRES3-induced terminal differentiation is mediated
through the activation of type I transglutaminase in
keratinocytes[10]. There are several types of transglutaminases,
whose expressions range from ubiquitous to tissue specific.
Whether a specific type of transglutaminase is activated in
RARRES3-mediated differentiation of colorectal and biliary
epithelial cells as well as hepatocytes requires further
investigation.
Retinoids are known to regulate a broad spectrum of
biological processes such as cell development, growth, and
differentiation. Animal and clinical studies have demonstrated
the chemopreventive activity of acyclic retinoid in the
formation of second primary HCC in humans[23]. Both
retinoic acid and acyclic retinoid suppress growth of human
HCC cells[20-22] , an activity that is mediated through the
activation of a retinoic acid receptor  and a retinoid
receptor[26]. RARRES3 is a retinoid inducible gene, which is
induced through heterodimers of these receptors[2]. Aberrant
expression of nuclear retinoic acid receptors and cellular
sensitivity to retinoic acid in HCC cells can occur in vitro[27].
Whether the loss of RARRES3 expression in HCC tissues
is parallel to the aberrant expression of nuclear retinoic
acid receptors requires further investigation.
The production of RARRES3 leads to growth suppression
and cellular apoptosis in several types of cancer cells. The
induction of RARRES3 expression by all-trans retinoic acid
is associated with the suppression of anchorage-independent
growth in head and neck and lung carcinoma cells[12]. Further
analysis of the regulation of RARRES3 expression by
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retinoids in HCC cells may aid in understanding the role of
RARRES3 in growth suppressive activity mediated by
retinoic acid and acyclic retinoids.
In conclusion, expression of RARRES3 is downregulated
in moderately- and poorly-differentiated HCC and CC
tissues. These results agree with previous observation
demonstrating the positive association between RARRES3
expression and tissue differentiation of normal and tumor
tissues from the epidermis and colorectum. Enhanced
RARRES3 levels in well-differentiated CC tissues support
the role of RARRES3 in malignant epithelial differentiation
of the tumor. This role is further supported by the knowledge
that RARRES3 can suppress downstream signal pathways
of Ras and actively induce cellular differentiation in vitro.
Further analysis of the differences in the activation of Ras
signal pathways in tissues that display a variable degree of
RARRES3 expression is important to understand the
significance of the decreased production of this protein in
HCC and CC tissues.
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Abstract
AIM: To investigate the possibility of recombinant highdensity lipoprotein (rHDL) being a carrier for delivering
antitumoral drug to hepatoma cells.
METHODS: Recombinant complex of HDL and aclacinomycin
(rHDL-ACM) was prepared by cosonication of apoproteins
from HDL (Apo HDL) and ACM as well as phosphatidylcholine.
Characteristics of the rHDL-ACM were elucidated by
electrophoretic mobility, including the size of particles,
morphology and entrapment efficiency. Binding activity
of rHDL-ACM to human hepatoma cells was determined
by competition assay in the presence of excess native
HDL. The cytotoxicity of rHDL-ACM was assessed by MTT
method.
RESULTS: The density range of rHDL-ACM was 1.063-1.210
g/mL, and the same as that of native HDL. The purity of
all rHDL-ACM preparations was more than 92%.
Encapsulated efficiencies of rHDL-ACM were more than
90%. rHDL-ACM particles were typical sphere model of
lipoproteins and heterogeneous in particle size. The
average diameter was 31.26±5.62 nm by measure of 110
rHDL-ACM particles in the range of diameter of lipoproteins.
rHDL-ACM could bind on SMMC-7721 cells, and such
binding could be competed against in the presence of
excess native HDL. rHDL-ACM had same binding capacity
as native HDL. The cellular uptake of rHDL-ACM by SMMC7721 hepatoma cells was significantly higher than that
of free ACM at the concentration range of 0.5-10 µg/mL
(P<0.01). Cytotoxicity of rHDL-ACM to SMMC-7721 cells
was significantly higher than that of free ACM at
concentration range of less than 5 µg/mL (P<0.01) and
IC50 of rHDL-ACM was lower than IC50 of free ACM
(1.68 nmol/L vs 3 nmol/L). Compared to L02 hepatocytes,
a normal liver cell line, the cellular uptake of rHDL-ACM
by SMMC-7721 cells was significantly higher (P<0.01) and
in a dose-dependent manner at the concentration range
of 0.5-10 g/mL. Cytotoxicity of the rHDL-ACM to SMMC-

7721 cells was significantly higher than that to L02 cells at
concentration range of 1-7.5 g/mL (P<0.01). IC50 for
SMMC-7721 cells (1.68 nmol/L) was lower than that for
L02 cells (5.68 nmol/L), showing a preferential cytotoxicity
of rHDL-ACM for SMMC-7721 cells.
CONCLUSION: rHDL-ACM complex keeps the basic
physical and biological binding properties of native HDL
and shows a preferential cytotoxicity for SMMC-7721
hepatoma to normal L02 hepatocytes. HDL is a potential
carrier for delivering lipophilic antitumoral drug to hepatoma
cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: High-density lipoprotein; Carrier; Antitumoral
drug; SMMC-7721 hepatoma cell
Lou B, Liao XL, Wu MP, Cheng PF, Yin CY, Fei Z. High-density
lipoprotein as a potential carrier for delivery of a lipophilic
antitumoral drug into hepatoma cells. World J Gastroenterol
2005; 11(7): 954-959

http://www.wjgnet.com/1007-9327/11/954.asp

INTRODUCTION
Clinical efficacy of anti-tumoral drug treatment is still a
big challenge, despite several decades of intensive research.
There are a number of factors, which we have to face,
such as lack of specificity and development of drug
resistance. Several strategies have been explored to
overcome these problems. The use of liposomes, for
example, has been studied as a delivery system to improve
the efficacy of antitumoral drugs. However, liposomes
have been found to be quickly cleared by reticuloendothelial
system[1,2] and its targeting -efficiency is uncertain[3]. Another
approach is using specific antibodies (Abs) to deliver the
drugs. But most antibodies are murine in origin and, can be
immunogenic, resulting in the production of antimouse
protein Abs[4] . Lipoproteins are potential candidates for
the delivery of drugs to cancer- cells [5] . Lipoproteins,
heterogeneous in particle size, lipid and apolipoprotein
contents, are classified as chylomicrons (CM), very low
density lipoprotein (VLDL), low density lipoprotein (LDL),
and high density lipoprotein (HDL). There are several
advantages of lipoproteins as anti-tumoural drug carriers:
(1) lipoproteins are spherical particles consisting of a core
of apolar lipids surrounded by a phospholipid monolayer,
in which cholesterol and apoproteins are embedded[6]. Highly
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lipophilic drugs can be incorporated into the apolar core[7,8]
without affecting lipoprotein receptor recognition; (2)
lipoproteins can be recognized and taken up via specific
receptors, and can mediate cellular uptake of the carried
drugs[1,2,9]; (3) being endogenous, lipoproteins are completely
bio-degradable, do not trigger immunological responses,
escape from recognition and elimination by the
reticuloendothelial system (RES), and have a relatively long
half-life in the circulation[10]; (4) many cancer -cells including
the most aggressive ones show a high ability of lipoprotein
uptake. This is presumably due to enhanced requirements
for structural cholesterol and steroid-derived products in
highly proliferative cells[11].
Many researches have been conducted to evaluate the
lipoprotein-drug delivery system. It was reported that VLDLdrug complexes had the same cytotoxicity as free drugs.
However, the authors did not evidence receptor-mediated
uptake. [10,12]. A large number of investigations were
concentrated on LDL-drug complex[1,2,8]. LDLs, which have
great potential to store lipophilic molecules in their cores,
have been extensively studied as drug- carriers and have
been shown to be effective in improving efficacy and/or
reducing toxicity of therapeutical agents[1,15]. Some carcinoma
cell -lines have been reported to express more LDL receptors
than normal cells[16,17]. Most of tumor- cells readily internalize
and degrade LDL by the high-affinity receptor pathway and
then drugs are released from LDL particles into the cells[12,18,19].
However, LDL receptors present in most normal tissue
cells, may not solve the problem of specificity.
Recently, HDL has been explored as a drug -carrier
system for a hydrophobic prodrug of IUdR [20] and for
cervical and breast cancer chemotherapy[12] . HDL plays a
major role in the transport of cholesterol from peripheral
tissues to the liver (called ‘reverse cholesterol transport’)[21].
HDL transports cholesterol to liver cells, where they are
recognized and taken up via specific receptors. Cholesteryl
esters within HDL are selectively uptaken by hepatocytes
via the scavenger receptor BI(SR-BI) [22,23]. An interesting
feature of SR-BI is that the receptor selectively translocates
HDL-cholesteryl esters from the lipoprotein particle to the
cytosol of the liver parenchymal cells without a parallel
uptake of the apolipoproteins and this property may allow
for the delivery of its loaded drugs avoiding lysosomal
degradation[24]. The ectopic -chain of ATP synthase[25], as
a new hepatic apoA-I receptor, and hepatic lipase[26] in the
surface of hepatocytes may also take part in the selective
uptake of HDL-cholesteryl esters. The rate of selective
cellular uptake of cholesteryl ester by liver can be up to 40fold higher than the uptake of apolipoprotein [27]. The
lysosomal pathway of endocytic LDL may result in the
destruction of its carried drugs[13,14]. As a drug carrier, nonlysosomal pathway of endocytic HDL[24,26] may be more
desirable. As a drug delivery system, HDL may be better
than other lipoproteins in hepatoma chemotherapy.
In this paper, we chose HDL as a drug carrier to explore
the possibility of HDL-ACM complex in hepatoma
chemotherapy. We found that rHDL-ACM complex keeps
the basic physical and biological binding properties of
native HDL and shows a preferential cytotoxicity for
SMMC-7721 hepatoma to normal L02 hepatocytes.
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MATERIALS AND METHODS
Materials
Aclacinomycin (ACM) was purchased from Yangzhou
Phar maceutical Corporation (Jiangsu, China). Soy
phosphatidylcholine was purchased from Shanghai Boao
Co. Human hepatocellular carcinoma SMMC-7721 cells
(SMMC-7721 cells) and hepatocyte L02, a normal liver
cell line, was provided by Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of Science.
Methods
Isolation of high-density lipoprotein Human HDL
(1.063-1.210 g/mL) was isolated by ultracentrifugation as
previously described[28]. The isolated HDL was dialyzed at
4 ℃ against 0.15 mol/L NaCl, 1 mmol/L sodium EDTA,
0.02% NaN3, and pH 6.5.
Preparation of ApoHDL HDL was concentrated with
polyethylene glycol 20 000. The concentration of HDL
protein was adjusted to 10 mg/mL. HDL was delipidated
with ethanol: diethyl ether (3:2) mixture at -10 ℃. Details
of the procedure were described by Scanu[29]. The ApoHDL
was collected, dried in N2 and stored at -20 ℃.
Preparation and purification of recombinants of HDL and
aclacinomycin (rHDL-ACM)
Using HDL reconstitution technique [30] with some
modification, we prepared rHDL-ACM complex. Soy
phosphatidylcholine (80 mg), and ACM (3 mg) dispersed
in 10 mL of 0.01 mol/L pH 8.0 Tris buffer (containing
0.1 mol/L KCl, 1 mmol/L EDTA and 0.02% NaN3) were
sonicated using a probe sonicator for 30 min at room
temperature. Then 10 mg apoA-I, dissolved in 2.5 mol/L
urea, was added over a period of 5 min. Sonication was
continued for another 10 min. The preparation was purified
by density gradient centrifugation at 166 200 g for 20 h and
1.063-1.210 g/mL density fractions were pooled. rHDLACM was exhaustively dialyzed against 0.15 mol/L NaCl,
1 mmol/L sodiumEDTA, 0.02% NaN3, and pH 6.5.
The prepared rHDL-ACM was purified on SephadexG25 (1×18 cm) after dialyzed against 0.15 mol/L NaCl,
1 mmol/L EDTA, 0.02% NaN3, pH 6.5 to remove free
ACM. rHDL-ACM was stored at 4 ℃.
Determination of the purity and encapsulated efficiency of
rHDL-ACM
One hundred microliter Protamin sulfate (10 mg/mL) was
added to 0.5 mL purified rHDL-ACM (phosphatidylcholine/
Protamin sulfate mass ratio 2:1), mixed for 3 min at room
temperature and spun by centrifugation at 1 920 g for 30 min.
The precipitate was extracted by 1 mL chloroform: methanol
(1:1) mixture. The ACM in organic phase was determined
by UV at wavelength of 431 nm. The content of ACM
encapsulated in rHDL-ACM can be calculated according to
standard curve of ACM. Another part of purified 0.5 mL
rHDL-ACM was added into 2 mL chloroform/methanol
(1:1) mixture and shaken for 2 min. The content of ACM
in organic phase (total content of ACM in rHDL-ACM
solution) was measured and calculated according to standard
curve of ACM.
Purity of rHDL-ACM(%) = the content of ACM
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encapsulated in rHDL-ACM/the total content of ACM in
the purified rHDL-ACM solution ×100%.
Encapsulated efficiency(%) = (the content of ACM
encapsulated in rHDL-ACM/the total amount of added
ACM)×100%.
Electrophoretic study The electrophoretic mobility of
the rHDL-ACM complex and native HDL were compared
on agarose gel electrophoresis[31].
The size and morphology of rHDL-ACM The mean
diameter of the rHDL-ACM particles was obtained by Zata
Potential/Particle Sizer (Nicomp 380 ZlS). rHDL-ACM
particles were stained with 2% potassium phosphotungstate
pH 7.4 and then the morphology was observed under
transmission electron microscope (Philip Co.). The
magnification was 52 K.
Competitive binding assay of rHDL-ACM to SMMA7721 cells SMMC-7721 cells were routinely cultured in
RPMI 1640 (gibco) containing penicillin (100 IU/mL),
streptomycin (100 g/mL) and 100 mL/L calf serum and
maintained in a humidified atmosphere containing 50 mL/L
CO 2 at 37 ℃. Cells were seeded in 6-well plates at a
concentration of 4×105 cells/well. After incubation for 24 h,
the medium was removed and replaced with the media
supplemented with rHDL-ACM at a final concentration
of 125 g/mL and incubated with an excess of native
HDL with a final concentration of 0, 125, 250, 500, 1 000,
2 000 g/mL. The assays were performed in triplicate.
After incubation for 3 h at 37 ℃, the medium was removed
and cells were washed with pH 7.2 PBS for three times and
then dissolved in 1 mL 0.4% NaOH, 2 mL of chloroform:
methanol (1:1) mixture was added to each well. The plate
was then agitated on an orbital shaker for 2 min and
centrifuged at 1 920 g for 10 min. The fluorescent absorbance
of ACM in organic phase was measured using an excitation
wave at 440 nm and the emission wave at 560 nm. All
assays were performed in triplicate.
Cell uptake of rHDL-ACM complex and free ACM by SMMC7721 cells
SMMC-7721 cells were cultured and seeded. The procedures
were as described above. The concentration of SMMC7721 cells was 4×105 cells/well. After 24 h culture, the
medium was replaced with the media supplemented with
rHDL-ACM or free ACM with concentrations of 0, 0.5,
1.0, 2.5, 5.0, and 10 g/mL. After incubating for 24 h, the
medium was removed and cells were washed with pH 7.2
PBS for three times. ACM in cells was measured. All assays
were performed in triplicate.
Cell uptake of rHDL-ACM by SMMC-7721 cells and hepatocyte
L02
The procedures were described as above. The concentration
of SMMC-7721 cells or hepatocyte L02 cells was 4×10 5
cells/well. The concentrations of rHDL-ACM were 0, 0.5,
1.0, 2.5, 5.0, and 10 g/mL. After incubation for 24-h,
ACM in SMMC-7721 cells or hepatocyte L02 cells was
measured. All assays were performed in triplicate.
Cytotoxicity of rHDL-ACM complex and free ACM to SMMC7721 cells
SMMC-7721 cells were cultured in 96-well- plates at a
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concentration of 1 000 cells/well. After 48 h of incubation,
drugs (rHDL-ACM, free ACM) were added respectively at
concentrations of 0.5, 1.0, 2.5, 5.0, and 7.5 g/mL. The plates
were incubated for 24 h at 37 ℃ and the media was removed.
Cell survival- rate was measured by MTT assay[32]. All assays
were performed in triplicate. The formula used to calculate
the cell survival rate (%) was as follows: cell survival rate
(%) = (net absorbance for cells treated with free ACM or
rHDL-ACM/net absorbance for untreated cells) × 100%.
IC50 of rHDL-ACM complex and free ACM to SMMC7721 cells were calculated.
Cytotoxicity of rHDL-ACM to SMMC-7721 cells and hepatocyte
L02
The procedures were the same as above. rHDL-ACM was
added at the concentrations of 0, 0.5, 2.0, 5.0, and 7.5 g/mL.
All assays were performed in triplicate.
Statistics analysis
Statistical analysis was performed using Student’s t-test.

RESULTS
Characteristics of rHDL-ACM complex
The rHDL-ACM was prepared by sonication, density
gradient ultra-centrifugation and size fractionation. The
density range of rHDL-ACM was 1.063-1.210 g/mL, the
same as that of native HDL[33] . As shown in Figures 1A
and 1B, there was no free ACM after dialysis. The purity
of all rHDL-ACM preparations was more than 92%. Its
encapsulated efficiencies were more than 90%. We further
determined electrophoretic mobility of the complex and
found that the mobility of rHDL-ACM on agarose gels
was faster than that of native HDL (0.32 vs 0.16). Moreover,
we examined the complex by using negative staining
transmission electron microscopy and found that rHDLACM particles were typical sphere model of lipoproteins
and heterogeneous in particle size. The average diameter
was 31.26±5.62 nm by measure of 110 rHDL-ACM particles.
This is consistent with the standard deviation for the average
diameter of the particles that was determined by particle
sizer (30.7±3.9 nm). rHDL-ACM particles were in the range
of diameter of lipoproteins[33] (Figure 2).
ACM delivery to human hepatocellular carcinoma SMMC-7721
cells through rHDL-ACM complex
In order to determine whether rHDL-ACM still had same
cell-binding activity as native HDL, we carried out a
competitive binding assay. As shown in Figure 3, rHDLACM could bind to SMMC-7721 cells and such binding
could be competed against in the presence of excess native
HDL, indicating that rHDL-ACM complex still had native
HDL property.
To test the drug delivery efficiency, we incubated the
SMMC-7721 cells with increasing concentrations of rHDLACM or free ACM. As shown in Figure 4, rHDL-ACM complex
delivered significantly higher amount of ACM into cells
than free ACM at a concentration range of 0.5-10 µg/mL
(P<0.01) revealing that rHDL-ACM complex had a high
drug delivery efficiency.
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Figure 4 Cellular-uptake of rHDL-ACM and free ACM (fACM) by
SMMC-7721 cells (n = 3). Incubation was carried out at 37 ℃ for 24 h.
Drug concentration indicates ACM concentration in the medium.
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Figure 1 Elution profile of rHDL-ACM on SephadexG-25. Flow rate,
30 mL/h. Elution solution:0.15 mol/L NaCl, 1 mmol/L EDTA, 0.02%
NaN3, pH 6.5. A: rHDL-ACM before dialysis against 0.15 mol/L NaCl,
1 mmol/L EDTA, 0.02% NaN3, pH 6.5 Peak 1: rHDL-ACM, Peak 2:
fACM; B: rHDL-ACM after dialysis against 0.15 mol/L NaCl, 1 mmol/L
EDTA, 0.02% NaN3, pH 6.5.
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Figure 5 Cytotoxicity of rHDL-ACM and fACM against SMMC-7721 cells
(n = 3). Drug concentration indicates ACM concentration in the medium.
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Figure 2 Electron micrograph of rHDL-ACM. rHDL-ACM preparation
was negatively stained with 1% sodium phosphotungstate pH 7.4.
Bar marker represents 200 nm. (×52 K).
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In order to investigate the specificity of rHDL-ACM
delivery system, we utilized both SMMC-7721 cells and
L02 cells, and found that uptake of rHDL-ACM by SMMC7721 cells was significantly higher than by L02 cells at a
concentration range of 0.5-10 µg/mL (P<0.01) with a dose–
dependent manner (Figure 6), suggesting that rHDL-ACM
has some specificity to target the cancer cells. Finally, we
determined cytotoxicity of rHDL-ACM for both SMMC7721 and L02 cells. As shown in Figure 7, cytotoxicity of
rHDL-ACM to SMMC-7721 cells was significantly higher
than that ofL02 cells at a concentration range of 1-7.5 µg/mL
(P<0.01). IC50 for SMMC-7721 cells (1.68 nmol/L) was
lower than that ofL02 cells (5.68 nmol/L), showing a
preferential cytotoxicity of rHDL-ACM for SMMC-7721 cells.
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We further evaluated the cytotoxicity and 50% inhibitory
concentration (IC50) of rHDL-ACM and free ACM for
SMMC-7721 cells. It was found that cytotoxicity of rHDLACM was significantly higher than that of free ACM at
concentrations of less than 5 µg/mL (P<0.01) (Figure 5)
and IC50 of rHDL-ACM was lower than that of free ACM
(1.68 nmol/l vs 3 nmol/L).
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Figure 3 Competitive binding of rHDL-ACM to SMMC-7721 cells in
the presence of excess native HDL. Incubation was carried out at
37 ℃ for 3 h, at native human plasma HDL concentrations ranging
from 0 to 2 000 µg/2×105 cell.
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Figure 6 Cellular-uptake of rHDL-ACM by SMMC-7721 cells and L02
cells (n = 3) Incubation was carried out at 37 ℃ for 24 h. Drug
concentration indicates ACM concentration in the medium.
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Figure 7 Cytotoxicity of rHDL-ACM against SMMC-7721 and L02
cells (n = 3). Drug concentration indicates ACM concentration in the
medium.

DISCUSSION
Among lipoproteins, only LDL has been explored intensively
as a drug carrier for cancer chemotherapy[1,2,8]. In the present
paper, we demonstrated that it was possible to use HDL as
a carrier for a hydrophobic antitumoral drug (ACM) delivery.
We found that (1) rHDL-ACM complexes were regular
spherical particles and its encapsulated efficiencies were more
than 90%; (2) rHDL-ACM had same binding capacity as
native HDL; (3) the cellular uptake of rHDL-ACM by
SMMC-7721 hepatoma cells was significantly higher than
that of free ACM; (4) compared to L02 hepatocytes, a
normal liver cell line, the cellular uptake of rHDL-ACM
by SMMC-7721 cells was significantly higher; (5) rHDLACM had a higher cytotoxicity than that of free ACM; and
(6) SMMC-7721 hepatoma cells were more sensitive to
rHDL-ACM than L02 cells.
The lipid core of lipoprotein is the better site, because it
has a relatively larger capacity. Lipoproteins can sequester
drugs from enzymes in the circulation and can incorporate
drugs without affecting lipoprotein-receptor binding. In order
to prepare rHDL-ACM complex, we added hydrophobic
antitumoral drug (ACM) to reconstituted HDL (consisting
of delipidated HDL and phosphatidylcholine) to substitute
core lipid of HDL. Drugs were incorporated into lipoproteins
without disrupting their integrity, which is important for
their recognition by receptors[2,10,12]. It has been reported
recently that SR-BI[22-24], ectopic -chain of ATP synthase[25],
as well as hepatic lipase[26] take part in the endocytosis of
HDL and the selective uptake of HDL-cholesteryl ester.
Our results showed that rHDL-ACM complex keeps the
typical spherical particles of plasma lipoproteins and its
average diameter (31.3±5.6 nm) is in the range of diameter
of plasma lipoprotein[33]. The density range of rHDL-ACM
(1.063-1.210 g/mL) is the same as native HDL. Although a
higher molar ratio of phosphatidylcholine/ApoA-I in rHDLACM might result in its faster mobility than in native HDL,
it still keeps cell- binding activity of native plasma HDL.
This is important for the potential use of HDL as a drug
carrier, since success would depend on the preservation of
its receptor recognition. These results showed that rHDLACM does not change the integrity of native HDL.
We studied the possibility of reconstituted HDL particles
as drug- carriers in vitro for the special delivery of ACM to
hepatoma cell SMMC-7721. The human normal hepatocyte
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L02 cells were used as control cells. The cellular uptake of
ACM encapsulated in rHDL was higher than free ACM by
SMMC-7721 cells (P<0.01). The uptake of rHDL-ACM
by SMMC-7721 cells was higher as compared to L02 cells
(P<0.01). Furthermore, uptake of rHDL-ACM by SMMC7721 cells was dose-dependent. Compared to free ACM,
cytotoxicity of rHDL-ACM against SMMC-7721 cells
increased 1.79-fold. When compared with control L02 cells,
the cytotoxicity of rHDL-ACM to SMMC-7721 cells
increased 3.38-fold. These results suggest that rHDL-ACM
complex could specifically deliver anti-tumor drug ACM to
hepatoma cells SMMC-7721.
Cancer cells, which proliferate rapidly, need large
amounts of cholesterol for synthesis of new cell membranes.
It was reported that some carcinoma cell- lines express more
LDL receptors than normal cells[16,17]. Our results showed
hepatoma- cells had an increased uptake of rHDL-ACM
as compared to L02 cells. All these imply that hepatoma cells
could have more HDL receptors than normal cell types.
ACM, a lipophilic anti-tumor anthracycline antibiotic was
developed for the purpose of reducing the cardiotoxicity
of anthracyclines. Our results showed that HDL, as a liver
targeting carrier, could combine with ACM to form a rHDLACM complex. The complex possesses higher selectivity to
hepatoma cells and potent application for targeting therapy
of hepatoma. The pharmacokinetics studies of HDL-ACM
in vivo are in progress.
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Abstract
AIM: To investigate whether vascular endothelial growth
factor (VEGF) was over-expressed in hepatocellular
carcinoma (HCC) or in surrounding cirrhotic liver tissues.
METHODS: Immunohistochemistry was performed to
investigate the expression of VEGF proteins in HCC tissues
from 105 consecutive patients undergoing curative
resection for HCC. The immunostaining results and related
clinicopathologic materials were analyzed with statistical
methods. Kaplan–Meier method was used to calculate
survival curves, and Log-rank test was performed to
compare differences in survival rates of the patients with
positive HCC staining and negative VEGF.
RESULTS: VEGF-positive expression was found in 72 of
105 HCC patients (68.6%). Capsular infiltration (P = 0.005),
vascular invasion (P = 0.035) and intrahepatic metastasis
(P = 0.008) were observed more frequently in patients
with VEGF-positive expression than in those with VEGFnegative expression. Kaplan–Meier curves showed that
VEGF-positive expression was associated with a shorter
overall survival (P = 0.014). VEGF-positive expression was
found in 47 of tissues 68 HCC (69.1%), and VEGF-positive
expression was found in 54 of 68 surrounding cirrhotic
liver tissues (79.4%). VEGF-positive expression was
significantly higher in surrounding cirrhotic liver tissues
than in HCC (P = 0.017).
CONCLUSION: VEGF may play an important role in the
angiogenesis and prognosis of HCC, as well as in the
angiogenesis of liver cirrhosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiogenesis is a fundamental process involved in normal
organ physiology, development and tissue repair, as well as,
in a variety of pathological processes[1]. When blood vessels
grow, angiogenesis becomes pathologic and sustains the
progression of many neoplastic and non-neoplastic diseases[2].
VEGF is a potent mitogen specific for vascular endothelial
cells and may directly stimulate the growth of new blood
vessels[3]. VEGF has been reported to play an important role
in the angiogenesis of HCC[4,5]. Studies have demonstrated
that increasing expression of VEGF is correlated with
aggressive behaviors and a poor prognosis of various human
cancers including breast, gastric, esophageal and colorectal
cancer[6-9]. Recent, evidence indicates that angiogenesis also
plays an important role in the development of liver fibrosis[10].
It has been shown that VEGF expression significantly
increases during the course of liver fibrosis in experimental
studies and VEGF participates in sinusoidal capillarization
in the liver[11]. It is reported that expression of VEGF in
HCC is correlated with cirrhotic liver [12]. In this study,
VEGF expressions in HCC and surrounding cirrhotic liver
tissues were examined by immunohistochemical method.
MATERIALS AND METHODS
Patients
One hundred and five patients (79 males and 26 females,
mean age 63±9 years, range 16-83 years) with singular nodule
of HCC who had undergone curative hepatectomy from
January 1993 to December 1997 at the Hepato-BiliaryPancreatic Surgery Division, Graduate School of Medicine,
University of Tokyo, Japan, were included in the study.
Patients, who had previously a hepatectomy or hepatic
arterial chemoembolization (TACE), were excluded. HCC
tissues were obtained from all patients. HCC tissues and
surrounding cirrhotic liver tissues were examined for VEGF.
We also investigated the VEGF expression in normal liver
tissue, that was surgically obtained from seven patients with
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metastatic liver tumors derived from colon cancer, which
were not associated with HCC, chronic viral hepatitis and
autoimmune hepatitis. The patients were strictly followed
up. The mean period of follow-up was 38.7 mo (38.7±18.1,
range 2-75 mo).
The pathologic diagnosis and classification of variables
were based on the criteria recommended in the General
Rules for Clinical and Pathological Study of Primary Liver
Cancer (Liver Cancer Study Group of Japan 1992).
Clinicopathological parameters analyzed included sex, age,
liver pathology (hepatitis vs cirrhosis), tumor size (<5 cm vs
≥ 5 cm), tumor differentiation (high, moderate, poor),
capsule formation (presence vs absence), capsule infiltration
(presence vs absence), vascular invasion (including vascular
invasion and/or tumor thrombi in portal or hepatic vein),
and intrahepatic metastasis (presence vs absence) (Table 1).
Immunohistochemistry
To obtain more accurate VEGF staining, we selected the
tissue blocks containing HCC and surrounding liver tissues
that were exposed to the same period of hypoxia. Fivemicrometer thick sections were cut from formalin-fixed
paraffin-embedded tissue blocks, deparaffinized and
rehydrated in ethanol. The sections were incubated in 0.3%
hydrogen peroxide in methanol for 30 min and in normal
horse serum for 30 min at room temperature, followed by
incubation overnight at 4 ℃ with anti-VEGF polyclonal
antibody (A-20, sc-152G; Santa Cruz Biotechnology, Inc.)
diluted at 1:100. Bound anti-body was detected by the avidinbiotin-peroxidase complex method, using a commercial kit
as recommended by the manufacturer (Vestastain ABC Elite
kit; Vector, Burlingame, CA). 3,3’-diaminobenzidine
tetrahydrochloride was used as the chromogen and hematoxylin
was used as a counterstain[13]. For negative control, 1.5%
normal horse serum was used.
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Evaluation of VEGF immunohistochemical staining
Positive staining for VEGF was located in cell cytoplasm.
The percentage of cells stained positively for VEGF was
evaluated by assessing 10 high-power microscopic fields
(×400) in each section. In seven normal liver tissue
specimens, the percentage of positively stained hepatocytes
ranged from 90% to 100% (98.57±3.78) (Figure 1A). The
expressions were graded as follows: negative if <60% of
cancerous cells in a given specimen were positively stained;
positive if ≥60% of cancerous cells in a given specimen
were positively stained; negative if <96% of surrounding
cirrhotic liver cells in a given specimen were positively
stained; positive if ≥96% of surrounding cirrhotic liver
cells in a given specimen were positively stained.
Statistical analysis
Quantitative data were expressed as mean±SD. Chi-square
test was used for comparison between groups. Kaplan-Meier
method was used to calculate survival curves, and Logrank test was performed to compare differences in survival
rates of the patient groups. P<0.05 was considered statistically
significant.

RESULTS
Expression of VEGF in HCC tissue
The percentage of positively- stained HCC ranged 0-90%
(58.67±25.51) (Figure 1B). VEGF-positive expression was
found in 72 of 105 HCC patients (68.6%). Capsular
infiltration (P = 0.005), vascular invasion (P = 0.035) and
intrahepatic metastasis (P = 0.008) were observed more
frequently in patients with VEGF-positive expression than in
those with VEGF-negative expression (Table 1). Kaplan-Meier
curves showed that VEGF-positive expression was associated
with a shorter overall survival (P = 0.014) (Figure 2).

A

B

C

D

Figure 1 Positive expression of VEGF in normal epithelial and hepatic cells (A) (ABC, ×200), and in hepatocellular carcinoma cells (B) (ABC,
×200), negative expression of VEGF in hepatocellular carcinoma cells and positive expression of VEGF in surrounding cirrhotic liver cells (C,
D) (ABC, ×200, ×100).
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Table 1 Relationship between VEGF expression and clinicopathological Features of HCC (n=105)

Negative
(n = 33)

Sex

P
NS

Male

79

54

25

Female

26

18

8

≤60

51

42

9

>60

54

30

24

Cirrhosis

68

47

21

Hepatitis

37

25

12

<5

71

47

24

≥5

34

25

9

High

27

18

9

Moderate

65

45

20

Poor

13

9

4

Presence

31

20

11

Absence

74

52

22

Presence

65

51

14

Absence

40

21

19

Presence

34

28

6

Absence

71

44

27

Presence

23

21

2

Absence

82

51

31

Age (yr)

Number 7

VEGF expression

VEGF expression
Positive
(n = 72)

Volume 11

Table 2 VEGF expression in HCC and surrounding cirrhotic liver
tissues (n=68)

Variables
Number of
patients

February 21, 2005

HCC
Surrounding
Cirrhotic liver

Positive n (%)

Negative n (%)

47 (69.1)

21 (30.9)

54 (79.4)

14 (20.6)

P

0.017

0.003

Liver pathology

NS

Tumor size

NS

Tumor differentiation

NS

Capsule formation

NS

Capsule infiltration

0.005

Vascular invasion

0.035

Intrahepatic metastasis

0.008

NS: no significant difference.

Expression of VEGF in HCC tissue and surrounding cirrhotic
liver tissue
In the 68 patients with HCC accompanied with liver cirrhosis,
the percentage of positive staining in surrounding cirrhotic
liver tissues ranged 50-100% (95.59±1.46). VEGF-positive
expression was found in 47 of 68 HCC tissues (69.1%) and
in 54 of 68 surrounding cirrhotic liver tissues (79.4%)
(Figures 1C, D). VEGF-positive expression was significantly
higher in surrounding cirrhotic liver tissues than in HCC
tissues (P = 0.017) (Table 2).

Overall survival

1.2
1.0
VEGF-(n = 33)

0.8
0.6
0.4

VEGF+(n = 72)

0.2
0

20
40
60
80
Time after surgery (mo)

Figure 2 Kaplan–Meier curves for overall survival in 105 patients
with HCC after operation (P = 0.014).

DISCUSSION
VEGF is a potential tumor angiogenesis factor. In 1993,
Kim et al [14] demonstrated that blocking the action of a
paracrine mediator VEGF, that acts on the vasculature,
may have a significant or even dramatic inhibitory effect
on tumor growth and emphasized the significance of VEGF
as an important mediator of tumor angiogenesis. Our study
demonstrated that VEGF expression in 105 HCC patients
had a significant correlation with capsular infiltration,
vascular invasion, and intrahepatic metastasis. Furthermore,
in our follow-up data, Kaplan-Meier curves showed that
positive VEGF expressions in HCC correlated with shortened
survival rates. These results suggest that VEGF may play
an important role in angiogenesis and prognosis of HCC.
Strong evidence supports the hypothesis that VEGF is
a key mediator of angiogenesis associated with various
disorders[15] . Oxygen tension is a key regulator of VEGF
gene expression both in vitro and in vivo [16]. VEGF as a
hypoxia-inducible angiogenic factor has been extensively
described in recent years[17, 18] . In 1998, El-Assal et al [12]
showed that VEGF expression is significantly higher in
cirrhotic liver tissues than in noncirrhotic liver tissues. In
1999, Shimoda et al[19] found a higher VEGF expression in
cirrhosis but not in HCC. In 2000, Feng et al [20] reported
that the positive rate of VEGF in HCC is significantly lower
than in surrounding cirrhotic liver tissues (66.7% vs 85.4%).
In this study, VEGF-positive expression was found in 47
of 68 HCC tissues (69.1%) and in 54 of 68 surrounding
cirrhotic liver tissues (79.4%). Our data provides evidence
that VEGF-positive expression is significantly higher in
surrounding cirrhotic liver tissues than in HCC. It is possible
that hepatocytes, in cirrhotic liver, are in a sustained
mechanically-reduced blood flow, and the decreased oxygen
pressure strongly up-regulates VEGF transcription and
protein synthesis in the cirrhotic liver [12] . The excessive
VEGF produced and secreted by hepatocytes and HCC
cells may subsequently act on endothelial cells, resulting in
growth of new blood vessels and capillarization of sinusoidal
endothelial cells[21]. In addition, VEGF-positive expression
is higher in HCC marginal areas than in HCC central areas[22].
Tumor cells expressing VEGF may have a growth advantage
and proliferate more rapidly than cells that do not express
VEGF. Rapid cell proliferation in the center of a tumor
can lead to increased interstitial fluid pressure, which may
result in compression closure of capillaries and consecutive
tissue necrosis[23]. Central necrosis areas cause a suppression
of VEGF protein synthesis[24]. Moreover, VEGF expression
in surrounding cirrhotic liver tissues is also modulated by
inflammatory cytokines released from infiltrating
inflammatory cells. Several cytokines, such as basic fibroblast
growth factor, transforming growth factor  and ,
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epidermal growth factor and platelet-derived growth
factor have been reported to act cooperatively on VEGF
expression[25-31]. These results suggest that VEGF also plays
an important role in the development of liver cirrhosis.
In conclusion, VEGF-positive expression in HCC has a
significant correlation with capsular infiltration, vascular
invasion, and intrahepatic metastasis. VEGF may play an
important role in the angiogenesis and prognosis of HCC,
as well as in the angiogenesis of liver cirrhosis.
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Abstract
AIM: There is strong evidence that tyrosine kinases are
involved in the regulation of tumor progression, cellular
growth and differentiation. Recently, many kinds of
tyrosine kinase receptors have been reported, among
them Tie-1 and Tie-2 receptors constitute a major class.
Angiopoietin (Ang)-1 is known as a ligand of Tie-2 tyrosine
kinase receptor. The objective of this study was to establish
a comprehensive Tie-1 and Tie-2 and Ang-1, 2 and 4
expression profile in human colorectal adenocarcinomas.
METHODS: We examined 96 cases of surgically resected
human colorectal adenocarcinoma by immunohistochemistry
and investigated the statistical correlation between the
expressions of Ties and Angs and clinicopathological
factors.
RESULTS: Among the 96 cases of adenocarcinoma, 87
(90.6%), 92 (95.8%), 83 (86.5%), 89 (92.7%), and 76
cases (79.2%) showed positive staining in the cytoplasm
of carcinoma cells for the Tie-1 and Tie-2 and Ang-1, 2
and 4 proteins, respectively. Histologically, the expressions
of Ties and Angs were variable. The expressions of Ties
and Angs were correlated with several clinicopathological
factors, but did not correlate with the presence of lymph
node metastasis. Ties and Angs were highly expressed
in human colorectal adenocarcinoma cells.
CONCLUSION: These findings suggest that the Tie-Ang
receptor-ligand complex is one of the factors involved in
the cellular differentiation and progression of human
colorectal adenocarcinoma.
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INTRODUCTION
The prognosis of colorectal cancer patients is based on the
depth of invasion and the presence of lymph node metastasis[1].
Usually, these parameters can be determined by microscopic
examination of tissue sections from the primary neoplasm
and lymph nodes [2]. However, only histopathological
examination of primary colorectal carcinoma specimens
cannot always elucidate the prognosis [2]. Recently, the
occurrence and progression of cancer are suggested to be
related to a series of genetic events affecting the structure
and/or the expression of a number of oncogenes, antioncogenes and growth factors. However, the mechanism
of the invasion of colorectal carcinomas has not been fully
elucidated.
Several tyrosine kinase receptors (TKRs) have been
identified that are associated with tumor cell proliferation
and differentiation, including the vascular endothelial growth
factor (VEGF) family TKRs, Flt-1, Flt-4 and KDR/Flk-1
TKRs[3]. As both Tie-1 and Tie-2 possess unique, multiple
extracellular domains, they are thought to represent a new
subfamily of TKRs[4,5] . Like the VEGF receptors, Tie-1
and Tie-2 are highly expressed and play critical roles during
embryonic development[4-7]. Experimental evidence from
the targeted disruption of Tie-1 and Tie-2 gene function
suggests that Tie-2 plays a pivotal role in developmental
angiogenesis and vascular remodeling[6,7] , whereas Tie-1
appears to be required for the maintenance of vascular
integrity in adult mice and rats in addition to its role in
angiogenesis[8,9]. The Tie-2 receptor is up-regulated in breast
cancer, particularly at the periphery of invasive carcinomas[10].
Recently, a soluble truncated Tie-2 receptor mutant has been
shown to act in a dominant-negative manner to block the
growth of primary murine tumors and their metastases[11,12].
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The angiopoietin family of growth factors has been
recently identified as ligands for Tie-2. Angiopoietin (Ang)-1
activates Tie-2 leading to receptor autophosphorylation
upon binding and stimulates endothelial cell migration
in vitro [13,14]. Ang-2 appears to be a natural inhibitor of
Tie-2 function, binding to Tie-2 with an affinity similar
to that of Ang-1 and blocks Ang-1-stimulated receptor
phosphorylation in endothelial cells[14,15] . Deletion of the
Ang-1 gene[16] or overexpression of Ang-2[15] in transgenic
mice results in death in utero due to a broad failure of
microvascular morphogenesis similar to that observed in
Tie-2 knock-out mice[7] .
The objective of the present study was to evaluate the
role of Ties and Angs in the progression and differentiation
of human colorectal adenocarcinoma.

MATERIALS AND METHODS
Cases and tissues
We studied 11 colorectal adenomas and 96 primary human
colorectal adenocarcinomas. All specimens of adenoma were
resected by endoscopy and all specimens of adenocarcinoma
were obtained from patients operated on at Nagasaki University
Hospital between 1999 and 2003. Each tumor was assigned
a histological type according to the World Health Organization
classification[17] and a depth grading of infiltration according
to the TNM staging system by the American Joint Commission
on Cancer[18]. Fifteen specimens of normal colon mucosal
tissue, that were taken from patients without colorectal
cancer, were evaluated as the normal control.
The desmoplastic stromal reaction was graded according
to the extent of the stromal area involved. It was defined
as “slight” (when the fibrous stromal area was less than
25% of the whole tumor), “moderate” (between 25% and
50%), and “extensive” (when it exceeded 75% of the whole
tumor) based on the overall pattern[19] . The examination
was performed on routine slides to identify lymphatic,
venous and perineural invasions. In addition to hematoxylin
and eosin staining, we also used elastic van Gieson staining
in all cases. Each parameter was defined as “present” when
the invasion was identified with certainty, but defined as
“absent” when either was not observed at all or not
observed with certainty[20,21]. Lymph node metastasis was
defined as “present” only when it was histologically proven.
Diagnosis was established by two independent pathologists
(TN, IS), and cases of questionable diagnosis were omitted
from the study.
Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues were cut into
4 µm sections, deparaffinized in xylene and rehydrated in
phosphate-buffered saline. Deparaffinized sections were
preincubated with normal bovine serum to prevent
nonspecific binding, and then incubated overnight at 4 ℃
with an optimal dilution (0.1 µg/mL) of a primary polyclonal
rabbit antibody against human Tie-1 (C-18), Tie-2 (C-20),
Ang-1 (N-18), Ang-2 (N-18) or Ang-4 (L-18). Each antibody
was purchased from Santa Cruz Biotechnology Inc., (Santa
Cruz, CA, USA). The slides for Tie-1 and Tie-2 were then
sequentially incubated with an alkaline phosphatase-
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conjugated horse antirabbit immunoglobulin antibody, and
the reaction products were resolved using a mixture of 5bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium
chloride (BCIP/NBT; BRL, Gaithersburg, MD, USA). The
slides for Ang-1, 2 and 4 were sequentially incubated with a
biotinylated horse antirabbit immunoglobulin antibody, and
the reaction products were resolved using diaminobenzidine
(DAB; DAKO Ltd., Glostrup, Denmark). Primary antibodies
preabsorbed with excess recombinant Tie-1 and Tie-2 and
Ang-1, 2 and 4 peptides, respectively (Santa Cruz
Biotechnology Inc.) were used as negative controls. Gastric
ulcer tissue with capillary proliferation served as the internal
positive control for Ties and Angs immunostaining. Analysis
of the immunohistochemical staining was performed
independently by two investigators (TN, IS). Tie-1 and Tie-2
and Ang-1, 2 and 4 expressions were classified into three
categories depending on the percentage of cells stained: -,
0% to 10% positive cells; +, 10% to 50% positive tumor
cells; and ++, >50% positive tumor cells.
Statistical analysis
The Stat View II program (Abacus Concepts, Inc., Berkeley,
CA, USA) was used for statistical analyses. Analyses
comparing the degrees of Tie-1 and Tie-2 and Ang-1, 2
and 4 expressions were performed by the Mann-Whitney
and Spearman’s tests. P<0.05 was taken as significant.

RESULTS
Benign colorectal epithelial cells showed focal and patch
immunoreactivity of Ties and Angs with faint to mild staining
intensity (data not shown). Ties and Angs were also expressed
in colorectal adenomas (Table 1). We summarized the
immunohistochemical results of colorectal adenocarcinomas
in Tables 1, 2 and Figure 1. Among the 96 cases of
adenocarcinoma, 87 (90.6%), 92 (95.8%), 83 (86.5%), 89
(92.7%), and 76 cases (79.2%) showed positive staining in
the cytoplasm of carcinoma cells for Tie-1 and Tie-2 and
Ang-1, 2 and 4 proteins, respectively (Table 1). Histologically,
the expressions of Tie-1 and Tie-2 and Ang-1, 2 and 4
were variable. With the exception of mucinous carcinomas,
the expressions of Tie-1, Tie-2 and Ang-1,4 were significantly
correlated with the degree of well, moderate and poor
histological differentiation (P = 0.000123, P = 0.002209,
P = 0.000161, P = 0.008193, respectively). Tie-1 and Tie-2
and Ang-1, 2 and 4 expressions correlated with the depth of
tumor invasion (P = 0.000473, P = 0.006137, P = 0.000747,
P = 0.0097, P = 0.000949, respectively). Tie-1, Tie-2 and
Ang-1, 4 expressions correlated with Duke’s classification
(P = 0.00038, P = 0.0037, P = 0.00124, P = 0.015936,
respectively). The expression of Tie-2 was significantly
correlated with the degree of desmoplastic stromal reaction
(P = 0.039383) (Table 2). The expressions of Tie-2 and
Ang-2 correlated with the degree of venous invasions
(P = 0.005992, P = 0.018168, respectively). The expressions
of Tie-1 and Tie-2 and Ang-1 correlated with the presence
of lymphatic invasion (P = 0.033356, P = 0.001326,
P = 0.039066, respectively). There was no correlation
between the expression of Angs/Ties and the presence of
lymph node metastasis (Table 2).
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Table 1 Histological differentiation, invasion and Tie-1, 2 and Ang-1, 2, 4 expressions in human colorectal adenocarcinoma (n = 96), n (%)
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Figure 1 Positive staining in cytoplasm of colorectal adenocarcinoma cells shown by immunohistochemical staining of Ties and Angs.
Immunoalkaline phosphatase staining; Tie-1 (A), Tie-2 (B) and DAB staining; Ang-1 (C), Ang-2 (D), and Ang-4 (E). (magnification: ×100, each).

DISCUSSION
Tyrosine-kinase receptors (TKRs) are key molecules in
signaling pathways leading to growth and differentiation of
normal and carcinoma cells [22,23]. The attenuation of
subcellular tyrosine phosphorylation has been reported to
induce the differentiated phenotypes in human colorectal
cancer cells[24]. Aberrant expression of tyrosine kinases, as
reflected by aberrant tyrosine phosphorylation in gastric
cancer cells, has been reported[25]. Subversion of different
signal pathways may contribute to the progression of
different types of colorectal cancer.
Tie-1 and Tie-2 were highly expressed in cancer tissues
in this study. One report suggested that Tie-1 expression
was restricted to endothelial and hematopoietic cells[26].
However, this study showed that Tie-1 and Tie-2 were
expressed in colorectal adenocarcinoma cells as well. The
expressed Tie-1 and Tie-2 proteins were localized in the
cytoplasm of cancer cells, and the invasive front and/or
the peripheral parts of the primary tumor were intensely
stained compared to the superficial and central parts of
the tumor in almost all cases of invasive carcinomas. The
expression of Tie-1 in gastric cancer cells was shown to be
associated with reduced survival of the patients and served
as an independent predictor of survival[27]. In this study we
found some correlations between the expression of Ties
and histological differentiation, depth of invasion, Duke’s
classification and lymphatic invasion of colorectal carcinoma.
In the category of vasculogenesis, a new family of
growth factors, termed angiopoietins that are specific for
the vascular endothelium has been recently identified[13,15,16,28].
The specificity of the Angs for the vascular endothelium
resulted from the restricted distribution of the angiopoietin
receptor, Tie-2, to these cells[4,5]. All known angiopoietins
bind to Tie-2, but it is still unclear as to whether they use

the closely related receptor Tie-1. Transgenic overexpression
of Ang-1 could lead to striking hypervascularization[29]. In
contrast, transgenic overexpression of Ang-2, a natural
competitor of Ang-1 for the Tie-2 receptor, seemed to
severely disturb vessel stabilization and remodeling[15].
Ang-3 and Ang-4 were more recently described members
of this family that seem to represent the mouse and human
counterparts, respectively, of the same genetic locus[28].
Ang-4 seemed to act as an agonist and is expressed at high
levels in the lungs[28].
Although the expressions of Ties and Angs have been
reported in angiogenesis[30], the expression of Angs in
carcinoma cells has led us to consider the possibility that
Ang might be involved in the growth or progression of
tumor cells. One report showed that the colon carcinoma
cell line, transfected with Ang-1 and Ang-2 expression vector,
revealed rapid tumor growth[31]. In this study, both Angs
and Ties were expressed simultaneously in carcinoma cells.
Therefore, tumor cells should respond to the Angs in an
autocrine or paracrine fashion to promote the growth of
tumors. Nevertheless, more studies are required to elucidate
this potential regulation of signaling pathways by Angs in
colorectal carcinoma cells.
Statistical analyses of our data showed a correlation only
between Tie-1 and Tie-2 and Ang-1 and Ang-4 expressions
and histological differentiations. Poorly differentiated
adenocarcinomas were strongly positive for each protein in
the cytoplasm of carcinoma cells. In gastric cancer, some
reports have described a correlation between the expressions
of Ties or Angs and histological differentiations[31-33], but
these reports showed variable results. The present study is
the only report on correlation between expressions of Ties
and Angs and differentiation of colorectal carcinomas.
However, more studies are needed to clarify the correlation
between expressions of Ties and Angs and histopathological
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differentiation.
Prognosis in patients with colorectal cancer has
conventionally been determined by the extent of the primary
tumor and the presence or absence of metastasis [1].
However, the mechanism of invasion and metastasis of
colorectal carcinoma has not been fully elucidated. In our
study, Ties and Angs were expressed in normal colorectal
epithelium, although these expressions were weak (data not
shown). Ties and Angs were also expressed in colorectal
adenomas (Table 1). Some reports showed that the expressions
of Ties and Angs were correlated with tumor invasion or
prognosis of patients with gastric carcinoma[27,32]. However,
in colorectal carcinoma, there was no report of the
correlation between expressions of Ties and Angs and
prognostic factors. In our study, the expression of Ties and
Angs correlated significantly with the depth of tumor
invasion, Duke’s classification, venous invasion, lymphatic
invasion. It showed no correlation between expressions of
Ties and Angs and lymph node metastasis. Further
investigations are thus required to establish the details in
the correlation between expressions of Ties and Angs and
tumor progression and metastasis to lymph nodes in
colorectal carcinoma.
Tumor desmoplasia is a common feature in several
malignant human tumors, and it has been reported that a
well-marked desmoplastic stromal reaction was associated
with a poorer prognosis in colorectal cancer[34]. In this study,
many cases of colorectal carcinoma expressed Ties and
Angs in the cytoplasm of carcinoma cells. However, fibrous
stromal cells did not show high expression of Ties and Angs
(data not shown). Tie-2 was significantly correlated with the
extent of fibrous stromal tissue. Our results suggest that
the expression of Tie-2 protein may be used as one of the
prognostic factors in colorectal cancer.
In previous reports, Angs were shown to be mainly
produced by endothelial cells and pericites, and their receptor,
Tie-2, was also expressed in endothelial cells[35]. Angs were
expressed in endothelial cells of tumor-associated vessels[36],
and Ang-1 induced angiogenesis[13,14]. In this study, Ties and
Angs were expressed in vessel cells (data not shown), and the
expressions of Tie-2 and Ang-2 correlated with venous
invasion. These results suggest that Tie-2 and Ang-2 produced
by tumor cells in human colorectal adenocarcinoma induce
angiogenesis, which facilitates tumor nutrition. New vessels
might be used to make metastasis easy to other organs.
This study demonstrates that Ties and Angs are highly
expressed in human colorectal adenocarcinoma cells. It
suggests that the Tie-Ang receptor-ligand complex is one
of the factors involved in cellular differentiation and
progression of human colorectal adenocarcinoma.
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Abstract
AIM: To explore the pathogenicity and infectivity of hepatitis
G virus (HGV) by observing replication and expression
of the virus, as well as the serological and histological
changes of Macaca mulatta infected with HGV genomic
RNA or HGV RNA-positive serum.
METHODS: Full-length HGV cDNA clone (HGVqz) was
constructed and proved to be infectious, from which HGV
genomic RNA was transcribed in vitro . Macaca mulatta
BY1 was intra-hepatically inoculated with HGV genomic
RNA, HGV RNA-positive serum from BY1 was intravenously
inoculated into Macaca mulatta BM1, and then BB1 was
infected with serum from BM1. Serum and liver tissue
were taken regularly, and checked with RT-PCR, in situ
hybridization and other immunological, serological,
histological assays.
RESULTS: Serum HGV RNA was detectable in all the 3
Macaca mulattas, serological and histological examinations
showed the experimental animals had slightly elevated
alanine transaminase (ALT) and developed HGV viremia
during the infectious period. The histology, immunohistochemistry, and in situ hybridization in liver tissues of
the inoculated animals demonstrated a very mild hepatitis
with HGV antigen expression in cytoplasm of hepatocytes.
RT-PCR and quantitative PCR results showed that HGV
could replicate in liver.
CONCLUSION: The genomic RNA from full-length HGV
cDNA is infectious to the Macaca mulatta and can cause
mild hepatitis. HGV RNA-positive serum, from HGV RNA
inoculated Macaca mulatta, is infectious to other Macaca
mulattas. Macaca mulatta is susceptible to the inoculated
HGV, and therefore can be used as an experimental animal
model for the studies of HGV infection and pathogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis G virus (HGV), once named GB virus C (GBV-C),
is a positive-sense single-stranded RNA virus whose genetic
structure resembles hepatitis C virus and is considered to
be a member of Flaviviridae family[1-3] . Early researches
support that HGV is associated with post-transfusion
hepatitis and other acute or chronic liver- diseases[1,2], but
subsequent works question the pathogenicity of HGV[4,5].
Actually, HGV infection is found widely in human
population, with frequencies of active or past infection
ranging from 5% to 15%[6-8]. HGV infection is frequently
persistent and associated with high- level of circulating
viremia[9-11]. Until now, many efforts have been made on
the expression and replication of HGV in vitro, but few
researches have focused on the association of HGV with
liver diseases[12-16]. Since HGV does not infect routine
experimental animals and is difficult to replicate in vitro, the
pathogenicity, pathogenesis, replication and expression of
HGV in host are not clear[17-19]. Although experimental HGV
infection with HGV RNA-positive plasma has been reported
in chimpanzees and rhesus monkeys, the results are
controversial[20-23].
The genome of positive strand RNA virus functions as
mRNA, from which all viral proteins necessary for virus
propagation are translated. Thus, genomic RNA as well as
RNA transcripts from full-length cDNA clones, should be
infectious. In fact, it has been proved in cell cultures and
animal inoculation studies of HAV and HCV using fulllength RNA transcripts[24-26]. In this laboratory, we have
constructed a full-length HGV cDNA clone (pHGVqz),
which is proved to be infectious in vitro[27-29]. pHGVqz is
deposited in the GenBank with the accession number of
AF081782 and contains 9373 bp in length[30,31]. In the present
study, the full-length HGV genome was transcribed from
this clone and intra-hepatically injected into the liver of
Macaca mulatta to study its pathogenicity[32,33].
MATERIALS AND METHODS
Experimental animals
Three Macaca mulattas (BY1, M, 2 years, 2 kg; BM1, F, 10 m,
1.0 kg; BB1, F, 1 years, 1.5 kg) were used in this study. These
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animals were purchased from Chinese Academy of Sciences
(Shanghai) and maintained under conditions that met all
requirements for use in an approved facility. The animals
were not inoculated with any material from animal or human,
prior to this study. Serum samples and liver biopsies were
taken as negative controls before inoculation. The Macaca
mulattas were observed for several months before use and
proved to be healthy with normal ALT, negative for HGV
RNA, anti-HAV, anti-HBV, anti-HCV and anti-HGV.
In vitro transcription
pHGVqz was linearized with Xba I, and transcribed with
T7 RNA polymerase, according to the manufacturer’s
instructions (Riboprobe transcription system, Progema,
Madison, WI). The products were digested with 1 u/g
RQ1 DNase at 37 ℃ for 15 min, extracted with phenol/
chloroform and precipitated with ethanol. The HGV RNA
transcripts were stored at -70 ℃ for use.
Methods of infection
Laparotomy was performed and HGV RNA transcripts
(90 g) were injected into 6 sites of the exposed liver of
BY1. One milliliter of HGV RNA-positive serum taken
from BY1 at the ninth month post-inoculation was
intravenously injected into BM1, and then BB1 was
intravenously injected with 1 mL of BM1 serum at the
seventh month post-inoculation. Serum samples were
collected weekly for the first part of the study after injection,
and less frequently thereafter, and monitored for HGV RNA,
liver enzymes [alanine aminotransferase (ALT)] and antiHGV antibodies (HGV IgG ELISA, Sinoclone Ltd,
Hongkong). The cut-off value of ALT was 40 IU/L. Liver
tissues were taken regularly for the examination of
inflammatory changes.
Detection of HGV RNA
Total RNA was extracted from serum or liver tissues using
TRIzol LS or TRIzol reagent. RNA pellet was resuspended
in 25 L of RNase-free water. HGV RNA was amplified
by RT-PCR with the primer from the 5’-NTR of HGV
and with an external primer pair of 5’-ACCGACGCCTATCTAAGTAGA-3’ and 5’-CTTGGAGTCC
CTCTCCAAGCC-3’, and an internal primer pair of 5’GACAGGGTTGGTAGGTCGT AAATCC-3’ and 5’AGAGAGACATTGAAGGGCGAC-3’. Reverse transcription
was performed at 42 ℃ for 1 h in 20 L reaction volume
using avian myeloblastosis virus reverse transcriptase
(Progema) and external antisense primer (for the detection
of genomic RNA) or sense primer (for the detection of
minus strand RNA). cDNA was amplified with internal
primer pair for 35 cycles with denaturation at 94 ℃ for 30 s,
primer annealing at 56 ℃ for 30 s, and DNA amplification
at 72 ℃ for 45 s. The amplified product was analyzed by
electrophoresis through 15 g/L agarose gel containing
ethidium bromide followed by UV transillumination. Each
set of experiments included a positive control and a negative
control.
HGV specific probe tagged with fluorescence (nt 1361 1 2 , 5 ’ - FA M - C AG G G T T G G T A G G T C G T AAATCCCGG-TAMRA-3’) was synthesized by Shenyou
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Biotechnolog y Company, Shanghai. TaqMan TM PCR
detection kit (Perkin–Elmer Applied Biosystems) was used
to quantitate HGV genomic RNA and minus RNA in liver
tissues of the infected Macaca mulattas.
Histological inspection and immunohistochemical staining
Autopsy tissues from Macaca mulatta were fixed with
100 mL/L formaldehyde and embedded in paraffin
routinely. Each paraffin-embedded specimen was sliced into
5-m thick sections, which were stained with hematoxylin
and eosin (HE). The inflammatory changes of liver tissue
sections were observed under a light microscope.
Paraffin-embedded liver sections (5 m) were dewaxed
in xylol and re-hydrated through a series of ethanol dilutions
and then disposed with H2O 2 to inactivate endogenous
peroxidase, digested for 30 min with 1 g/L tryspin (GIBCO,
Gaithersburg, MD). Monoclonal anti-HGV E2 (kindly
provided by Dr. Engel, Roche Diagnostics, Germany), antimouse IgG conjugated with horseradish peroxidase (HRP)
and the substrate H2O2-diaminobenzidine (DAB)/ACE were
added to the sections step by step. The normal liver tissue
sections were used as negative controls.
In situ hybridization
Full-length HGV cDNA containing plasmid pHGVqz was
digested with Pst I, and the 3 642 bp fragment containing a
470 bp of HGV 5’-NCR and vector sequence was recovered
and self-ligated. In this new constructed plasmid, HGV
cDNA fragment was flanked with the T7 (5’ to the cDNA
insert) and SP6 (3’ to the insert) RNA promoters. The
recombinant plasmid was digested with Xba I or EcoR I
and the linearized plasmid was transcribed in vitro with T7
(Xba I linearized plasmid) or SP6 (EcoR I linearized plasmid)
RNA polymerases in the presence of digoxigenin 11-UTP
(DIG DNA labeling and detection kit, Roche Diagnostics,
Germany) to generate probes of sense and anti-sense polarity,
respectively.
The 10-m thick frozen liver sections fixed with 40 mL/L
paraformaldehyde/0.1 mol/L PBS at 4 ℃ for 1 h, were
rinsed with 0.1 mol/L glycine/PBS and 4 mL/L Triton X100/PBS. After digestion with proteinase K (1 mg/mL) at
37 ℃ for 10 min, the sections were acetylated in 5 mL/L
acetic anhydride in 0.1 mol/L triethanolamine (pH 8.0) for
20 min at room temperature. The slices were rinsed in 2×SSC
(standard saline citrate) and quickly dehydrated in ethanol.
After that, 20 µL of hybridization mixture consisting of
50 mL/L formamide, 100 mL/L dextran sulfate, 1×Denhardt
solution, 10 mmol/L Tris-HCl pH 8.0, 0.3 mmol/L NaCl,
1 mmol/L EDTA pH 8.0, 10 mmol/L DNA of salmon
sperm, and 5 ng of heat-denatured labeled probe were placed
on each slice, sealed with rubber solution. The sections and
probe were denatured together at 80 ℃ for 10 min. The
slices were incubated at 56 ℃ for 16 h. After hybridization,
slices were washed for 1 h at 56 ℃ with 3×SSC, digested
with RNase A (20 mg/mL), and rinsed in 1.5×SSC and
0.75×SSC at 50 ℃ for 1 h each. The digoxigenin-labeled
hybrids were detected with a digoxigenin antibody-alkaline
phosphatase conjugate and an enzyme substrate chromogen
(nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate)
according to the manufacturer’s instructions (Dig nucleic
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acid detection kit; Roche Diagnostics, Germany). The results
were documented under a light microscope. The negative
controls included sections without probes and sections with
normal liver tissues.

RESULTS
HGV genomic RNA
As seen in Figure 1, the full-length HGV cDNA clone could
be transcribed in vitro. The majority of HGV genome RNA
was about 9 400 nt in length. Compared to the T7 linear
control, the integrity of HGV genomic RNA was good and
the yield was about 0.8 g/L. HGV RNA transcripts were
examined by RT-PCR with or without RTase and the
expected fragment was about 233 bp. The absence of
residual plasmid DNA was confirmed by the negative results
in the PCR analysis when the RT step was omitted (data
not shown).

bp
21 226

1

2

3

kb
9.4
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control and negative samples were set up in each reaction.
In Macaca mulatta BY1, serum HGV RNA turned positive
from wk 8, kept up for 13 wk and kept intermittently
positive thereafter. BY1 was observed for 90 wk then, HGV
RNA could also be found in the serum. In BM1, serum
HGV RNA became positive from wk 3 to 24, and kept
intermittently positive thereafter. While in BB1, serum HGV
RNA was only detectable at wk 3 and 4 (Figure 2).
Quantitive PCR showed that the copies of genomic RNA
and minus RNA in the liver were 6.24×104 and 9.76×105/g
in BY1, 2.24×104 and 1.56×106/g in BM1, 1.76×104 and
2.88×105/g in BB1, respectively.
Histological changes
The histological appearances were normal in all three Macaca
mulattas before infection. All of them developed mild
inflammatory changes in the liver after the infection (Table 1).
Lymphocyte infiltration, focal necrosis, hydropic degeneration
and mild proliferation of Kupffer’s cells were predominant
in the early time and the normal structure of liver lobule
was destroyed. When the time of infection was prolonged,
the infiltration of lymphocytes and proliferation of fibroblasts
became apparent in the portal areas.

1.8

2 027

Table 1 Pathological finding in hepatocytes of infected Macaca
mulattas
Figure 1 HGV RNA transcripts in vitro transcribed from plasmid
pHGVqz. Lane 1: molecular standard, lane 2: T7 linear DNA control,
lane 3: HGV genomic RNA.

Elevated ALT and positive Anti-HGV
In Macaca mulatta BY1, the ALT level elevated intermittently
from wk 4 post-inoculation and kept high for quite a long
time lasting 37 wk after inoculation; the peak was 418 IU/L
at wk 83 post-inoculation. While in BM1 and BB1, ALT
levels elevated 29 and 3 wk after inoculation, respectively
(Figure 2). Serum anti-HGV was calculated based on the
cut-off values (0.222). Anti-HGV was detectable from
wk 39-50 and 64-66 post-inoculation in BY1, at wk 32 and
40-48 post-inoculation in BM1, from wk 6 to 12 postinoculation in BB1 (Figure 2).
HGV RNA
The expected PCR product was about 233 bp. Positive

Macaca
mulatta
BY1

BM1

BB1

Weeks postinoculation

Histology

ImmunoIn situ
histochemistry hybridization

0

Normal

-

-

18
48

Chronic mild hepatitis
Chronic mild hepatitis

+
+

+
+

68

Chronic mild hepatitis

+

+

0

Normal

-

-

18
32

Mild hepatitis
Chronic mild hepatitis

+
+

+
+

0

Normal

-

-

18

Mild hepatitis

+

ND

+, positive; -, negative; ND. not done.

Immunohistochemical inspection and in situ hybridization
The immunohistochemistry and in situ hybridization in liver
tissues were negative before inoculation. HGV E2 protein
and HGV mRNA were detectable in hepatocytes of BY1,
BM1 and BB1 (Table 1). HGV E2 antigen-positive hepatocytes
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Figure 2 ALT levels, anti-HGV and HGV RNA in inoculated Macaca mulattas.
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A

A1 (3.3×40)

A2 (3.3×20)

A3 (3.3×40)

B1 (3.3×20)

B2 (3.3×20)

B3 (3.3×20)

B

Figure 3 Immunohistochemistry (A) and in situ hybridization (B) results of liver from inoculated Macaca mulattas. A1: Normal liver; A2, A3:
HGV E2 protein in infected liver; B1: Normal liver; B2, B3: HGV mRNA in infected liver.

were distributed sparsely in liver lobules, mainly in the cytoplasm
of hepatocytes. The negative controls in the experiments
were normal (Figure 3). The results of immunohistochemistry
and in situ hybridization were basically coincident.

DISCUSSION
HGV is a newly- identified causative agent of post-transfusion
non-A-E hepatitis[1-3]. Although whether HGV could lead to
human hepatitis is still controversial, HGV RNA does exist
in the sera of both blood donors and various hepatitis
patients[6-8]. Besides the epidemiological and clinical studies,
some primate animal models have been used to study the
pathogenicity of HGV [20-23]. When 2 chimpanzees are
inoculated with patient’s serum containing 10 8 copies of
HGV RNA, viremia occurs at wk 10 and 11 after inoculation
but neither of the chimpanzees developed hepatitis[20].
However, elevated ALT, HGV RNA and anti-HGV are
detectable[21-23], since the materials used are from patients,
which could not exclude the possibility that the undiscovered
infectious agents may interfere with the results of experiments.
HGV is RNA virus, the genomic RNA serves as template
both for viral replication and for protein translation. In order
to eliminate other infectious factors from HGV-positive
human plasma, we decided to study the pathology and
replication of HGV using full-length genomic HGV RNA
transcribed from HGV cDNA clone. We constructed a fulllength genomic HGV cDNA clone (pHGVqz) in our
laboratory, which provided us a good starting material for
this study. HGVqz represents the full-length genome of
HGV, 9 373 bp in length, and consists of a 5’-noncoding
region, an open reading frame, and a 3’-noncoding region.
The HGV genomic cDNA was cloned into EcoR I and Xba I
sites of pGEM-3zf (+) vector, and immediately downstream
of the T7 promoter, which ensured that the T7 promoter
started transcription from the exact 5’-end, stopped at the
exact 3’-end of HGV, and produced the authentic HGV
RNA transcripts[27,28,30,31]. Before in vitro transcription, the

plasmid was linearized with Xba I. The successful construction
of full-length genomic cDNA clone allowed us to avoid the
defect of infection with positive plasma. Furthermore,
chimpanzee or Macaca mulatta infected with RNA transcripts
derived from a single cDNA clone can provide more detailed
information on pathogenicity, pathogenesis and evolution
of the virus.
In this study, Macaca mulatta BY1 was intra-hepatically
injected with HGV RNA transcripts from pHGVqz, Macaca
mulatta BM1 was intravenously inoculated with HGV RNApositive serum collected from BY1 and Macaca mulatta
BB1 was infected with serum from BM1. Our data showed
that serum HGV RNA of the 3 experimental animals turned
positive between the 3rd and 8th wk post-inoculation and
existed for quite a long time, suggesting that HGV can not
only replicate in Macaca mulatta, but also transmit to normal
Macaca mulattas. Quantitive PCR results of both liver and
serum (data not shown) showed that HGV RNA decreased
with the infection passage, possibly because the virulence
reduced during the passage of infection. Intermittently elevated
serum ALT level was detectable in all 3 Macaca mulattas
without direct association with HGV RNA. Anti-HGV,
detectable in the inoculated Macaca mulatta, suggests HGV
protein is expressed and immune responses are induced in
the Macaca mulattas. Compared to normal liver before
inoculation, the 3 Macaca mulattas developed mild hepatitis.
HGV E2 protein and mRNA were also detectable using
immunohistochemistry and in situ hybridization. Serological
and histological changes in 3 Macaca mulattas proved that
HGV might exist in Macaca mulattas and have potential
infectivity.
Although the replication mechanism of HGV is
unknown, it is presumed that HGV replicates in the same
manner as other positive-stranded RNA flaviviruses. We
examined HGV minus strand RNA in the liver to see
whether the liver was the replicate site of HGV. In our
study, HGV minus RNA was found in the liver of all 3
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Macaca mulattas, which was 10-fold more than genomic
RNA. Until now, the tissue tropism of HGV is unclear.
Some studies reported that HGV minus RNA is found in
borne marrow cells and peripheral blood mononuclear cells
(PMBC), but not in liver[25,26]. Contradictory results have
been reported that HGV minus RNA is detectable in liver
and PMBC samples from chronically HGV-infected
patients[34-36]. These discrepancies could be partially explained
if there are HGV variants with different tissue tropism.
Fogeda et al [37] reported that both hepatotropic and
lymphotropic HGV variants exist in infected hosts.
Replication of different tropic variants determines the
distribution of serum HGV, and only a fraction of HGV
variants present in serum is able to infect and replicate in
PBMC in vitro. In our study, the expression and replication
of HGV were detectable in the livers of experimental
animals, suggesting that the HGV RNA genome transcribed
in vitro has the liver tropism, indicating that HGV RNA
genome may be pathogenic to Macaca mulattas and can
lead to viremia and inflammatory changes of liver.
In conclusion, HGV genomic RNA is infectious. HGV
RNA exists and replicates in Macaca mulattas, and is capable
of causing hepatitis in infected Macaca mulattas. Macaca
mulatta is susceptible to HGV infection and may be used
as an animal model for studying HGV replication and
selecting anti-viral drugs.
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Abstract
AIM: To compare Helicobacter pylori infection and gastric
mucosal histological features of gastric ulcer patients with
chronic gastritis patients in different age groups and from
different biopsy sites.
METHODS: The biopsy specimens were taken from the
antrum, corpus and upper angulus of gastric ulcer and
chronic gastritis patients. Giemsa staining, improved
Toluidine-blue staining and H pylori-specific antibody
immune staining were performed as appropriate for the
histological diagnosis of H pylori infection. Hematoxylineosin staining was used for the histological diagnosis of
activity of H pylori infection, mucosal inflammation,
glandular atrophy and intestinal metaplasia and scored
into four grades according to the Updated Sydney System.
RESULTS: Total rate of H pylori infection, mucosal
inflammation, activity of H pylori infection, glandular
atrophy and intestinal metaplasia in 3 839 gastric ulcer
patients (78.5%, 97.4%, 82.1%, 61.1% and 64.2%,
respectively) were significantly higher than those in 4 102
chronic gastritis patients (55.0%, 90.3%, 56.2%, 36.8%,
and 37.0%, respectively, P<0.05). The rate of H pylori
colonization of chronic gastritis in <30 years, 31-40 years,
41-50 years, 51-60 years, 61-70 years and >70 years
age groups in antrum was 33.3%, 41.7%, 53.6%, 57.3%,
50.7%, 43.5%, respectively; in corpus, it was 32.6%,
41.9%, 53.8%, 60.2%, 58.0%, 54.8%, respectively; in
angulus, it was 32.4%, 42.1%, 51.6%, 54.5%, 49.7%,
43.5%, respectively. The rate of H pylori colonization of
gastric ulcer in <30 years, 31-40 years, 41-50 years,

51-60 years, 61-70 years and >70 years age groups in
antrum was 60.5%, 79.9%, 80.9%, 66.8%, 59.6%, 45.6%,
respectively; in corpus, it was 59.7%, 79.6%, 83.6%,
80.1%, 70.6%, 59.1%, respectively; in angulus, it was
61.3%, 77.8 %, 7 5.3%, 68 .8%, 59.7%, 45.8 %,
respectively. The rate of H pylori colonization at antrum
was similar to corpus and angulus in patients, below
50 years, with chronic gastritis and in patients, below
40 years, with gastric ulcer. In the other age- groups,
the rate of H pylori colonization was highest in corpus,
lower in antrum and lowest in angulus (all P<0.05). The
rates of glandular atrophy and intestinal metaplasia were
higher and earlier in H pylori-positive patients than those
without H pylori infection (both P<0.01). In comparison
of gastric ulcer patients with chronic gastritis patients,
the rate of glandular atrophy and intestinal metaplasia
was higher in H pylori-positive patients with gastric ulcer
than in H pylori-positive patients with chronic gastritis
(both P <0.01); the rate of glandular atrophy and
intestinal metaplasia were also higher in H pylori-negative
patients with gastric ulcer than in H pylori -negative
patients with chronic gastritis (both P<0.01). Both
glandular atrophy and intestinal metaplasia were much
more commonly identified in the angulus than in the
antrum, lowest in corpus (all P<0.01).
CONCLUSION: Rate of H pylori infection, glandular atrophy
and intestinal metaplasia in gastric ulcer were higher than
in chronic gastritis in all-different age -groups. Distribution
of H pylori colonization is pangastric in the younger
patients. It is highest in corpus, lower in antrum and lowest
in angulus in the older age groups. Progression of glandular
atrophy and intestinal metaplasia seem to have a key
role in the distribution of H pylori colonization. H pylori
appears to be the most important risk factor for the
development of glandular atrophy and intestinal
metaplasia, but it is not the only risk.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For more than a century, peptic ulcer disease has been a
major cause of morbidity and mortality. The pathophysiology
of peptic ulcer disease has centered on an imbalance
between aggressive and protective factors in the stomach[1].
Twenty years have elapsed since Marshall and Warren’s
discovery of the link between Helicobacter pylori (H pylori)
infection and peptic ulcer disease[2]. Now, there is much
evidence to support the idea that H pylori infection is a prerequisite for duodenal and gastric ulcers[3,4]. As to the patterns
of gastritis associated with peptic ulcers, long before the
discovery of H pylori, they were known to be different from
duodenal ulcer and gastric ulcers. Duodenal ulcer is
associated with an antrum-predominant gastritis, whereas
gastric ulcer is associated with diffuse or a corpus-predominant
gastritis[5,6]. Although much about the relationship between
H pylori and gastritis of peptic ulcer has been found, there
is no study, to our knowledge ,which compares H pylori
infection and gastric mucosal histological features of gastric
ulcer patients with chronic gastritis in different age -groups.
Therefore, we undertook the present study.
MATERIALS AND METHODS
Patients
Patients were prospectively and consecutively selected from
subjects, with present or past abdominal complaints, who
underwent upper gastrointestinal endoscopy screening in
Nippon Medical School Hospital from November 1994 to
November 2003. They were not enrolled if they had
concurrent illnesses or were on any medication other than
antacids. None had taken H2 receptor antagonists, proton
pump inhibitors, bismuth, antibiotics, non-steroidal antiinflammatory drugs, or corticosteroids within 2 mo of the
examination. Ultimately, 7 941 patients were included in
the study consisting of 3 839 patients with gastric ulcer,
aged from 11 to 94 years (mean age 56.7±13.4), with 2 601
males and 1 238 females, and 4 102 patients with chronic
gastritis, aged from 11 to 93 years (mean age 53.9±16.1),
with 1 768 males and 2 334 females. All patients gave
informed consent before their endoscopy and the study
was approved by the Ethics Committee of Nippon Medical
School.
Histological analysis
Biopsy specimens for histological diagnosis were obtained
endoscopically from the greater curvature of the antrum,
and the upper corpus and the lesser curvature of the lower
corpus of the stomach in all cases. Biopsy specimens were
fixed overnight in buffered formalin, embedded in paraffin,
cut into 3-m thick sections, and examined with hematoxylineosin staining, improved toluidine-blue staining, Giemsa
staining and H pylori-specific antibody immune staining
(Dako, USA). H pylori were identified as curved rods or
coccoid forms by methods of modified toluidine-blue and
confirmed by immunostaining, using anti-H pylori antibody.
Histologically, H pylori infection was considered negative if
H pylori were absent from all biopsy sites; H pylori infection
was considered positive if at least one of the histology
tests was positive [7,8]. Lymphocytes and plasmocytes
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infiltration indicate chronic inflammation of H pylori and
polymorphonuclear (PMN) cell infiltration stand for activity
of H pylori infection. It was scored based on the density of
inflammatory cells in both lamina propria and glandular
epithelium. The histological glandular atrophy was identified
when the gastric glands were correspondingly decreased in
amount and/or widely separated. In order to avoid the
observative variation, in the antral and supra-angular
specimens, only cases with preserved muscularis mucosa
were taken as evidence for histological glandular atrophy,
in which, the lower layer of glands almost touched the
muscularis mucosa in normal mucosa. In the corpal
specimens, the cases without muscularis mucosa were taken
as negative for histological glandular atrophy if the fundic
glands were compact and not separated. This is because
muscularis mucosa was usually not included in the biopsy
specimens of normal mucosa. In accordance with the
Updated Sydney System, the degree of mucosal
inflammation, activity of H pylori infection, glandular
atrophy, and intestinal metaplasia were classified into four
grades as follows: 0, none; 1, mild; 2, moderate and 3, severe.
Statistical analysis
The prevalence of H pylori infection, rates of inflammation,
activity of H pylori infection, glandular atrophy and intestinal
metaplasia were compared using the chi-square test for
four-fold table. The difference of grades of mononuclear
cell infiltration, polymorphonuclear cell infiltration, glandular
atrophy, and intestinal metaplasia between groups were
compared by Mann-Whitney U-test. P -values of <0.05
were considered to denote statistical significance.

RESULTS
Total H pylori infection and histological features in chronic
gastritis and gastric ulcer patients
Rates of H pylori infection, mucosal inflammation, activity
of H pylori infection, glandular atrophy and intestinal
metaplasia in patients are shown in Table 1. They were
scored in all 7 941 consecutive patients. However, glandular
atrophy was not scored in 299 chronic gastritis patients and
545 gastric ulcer patients. The positivity of H pylori infection,
mucosal inflammation, activity of H pylori infection,
glandular atrophy and intestinal metaplasia in patients, with
gastric ulcer, was all significantly higher than those of chronic
gastritis patients (all P<0.01).

Table 1 H pylori infection and histological features of H pylori
infection in chronic gastritis and gastric ulcer patients (n, %)
H pylori

Mucosal
Activity
inflammation

Glandular Intestinal
atrophy metaplasia

Chronic gastritis

55.0

90.3

56.2

36.8

37.0

Gastric ulcer

78.5b

97.4 b

82.1b

61.1b

64.2b

b

P<0.01 vs chronic gastritis.

H pylori infection and histological features in three biopsy
sites of patients with chronic gastritis
Rate of H pylori infection, mucosal inflammation, activity

0.7
0.6
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B

Antrum
Corpus
Angulus
Total

0.6

0.5
0.4
0.3
<31 31-40 41-50 51-60 61-70 >70
Age group (yr)

0.5
0.4
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Positive rate of atrophy
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0.0
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0.7
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Antrum
Corpus
Angulus
Total

0.3
0.2
0.1
0.0
<31 31-40 41-50 51-60 61-70 >70
Age group (yr)

Positive rate of H pylori

1.0
0.9

Antrum
Corpus

Angulus
Total

0.8
0.7
0.6
0.5
0.4
<31 31-40 41-50 51-60 61-70 >70
Age group (yr)

B

0.8

Antrum
Corpus

Angulus
Total

0.6
0.4
0.2
0.0
<31 31-40 41-50 51-60 61-70 >70
Age group (yr)

C

Positive rate of H pylori

A

Positive rate of atrophy

Figure 1 Distribution of H pylori infection, atrophy, intestinal metaplasia in three biopsy sites of different age-group patients with chronic
gastritis. A: distribution of H pylori infection; B: distribution of atrophy; C: distribution of intestinal metaplasia.

0.8

Antrum
Corpus

Angulus
Total

0.6
0.4
0.2
0.0
<31 31-40 41-50 51-60 61-70 >70
Age group (yr)

Figure 2 Distribution of H pylori infection, atrophy, intestinal metaplasia in three biopsy sites of different age-group patients with gastric
ulcer. A: distribution of H pylori infection; B: distribution of atrophy; C: distribution of intestinal metaplasia.

of H pylori infection, glandular atrophy and intestinal
metaplasia in three biopsy sites of different age-group
patients with chronic gastritis are shown in Figure 1 A-C.
The distribution of H pylori colonization of chronic
gastritis in <30 years, 31-40 years, 41-50 years, 51-60 years,
61-70 years and >70 years age groups in antrum was 33.3%,
41.7%, 53.6%, 57.3%, 50.7%, 43.5%, respectively; in corpus
it was 32.6%, 41.9%, 53.8%, 60.2%, 58.0%, 54.8%,
respectively; in angulus it was 32.4%, 42.1%, 51.6%, 54.5%,
49.7%, 43.5%, respectively; overall it was 34.3%, 43.5%,
56.3%, 62.9%, 60.5%, 57.5%, respectively. Total rate of
H pylori infection and activity of H pylori infection in 4 102
cases with chronic gastritis were significantly higher from
<31 years to 51-60 years, respectively (P<0.01). No obvious
difference was found between 51-60 years and 61-70 years;
61-70 years and >70 years. However, rates of H pylori
infection and activity of H pylori infection of 51-60 years
were significantly higher than that of >70 years (P<0.05).
Comparing distribution and density of H pylori infection,
we found that there was no significant difference among
three biopsy sites in <31 years, in 31-40 years and 41-50 years
groups. Rate of H pylori infection in 51-60 years, the corpus
was significantly higher than that in angulus (P<0.05); in
61-70 years and >70 years groups, the rate was significantly
higher in the corpus than in antrum and angulus (P<0.01).
The age-group distribution of mucosal inflammation in
<31 years was significantly lower than that of the other age
groups (P<0.01); both were significantly higher in 31-40 years
and in 41-50 years than that in <31 years (P<0.01), lower

than that in the other age groups (P<0.01). However, there
was no difference between 51-60 years, 61-70 years and
>70 years. In comparison of the mucosal inflammation
among three biopsy sites, it was significantly lower from
antrum, angulus to corpus in all age groups (P<0.05).
Total rate of glandular atrophy and intestinal metaplasia
was significantly higher from <31 years to >70 years,
respectively (P<0.05). In comparison to the rate of glandular
atrophy and intestinal metaplasia among three biopsy sites,
both of them were lowest in corpus (P<0.05), significantly
higher in antrum (P<0.01), highest in angulus (P<0.01) in
all age groups.
H pylori infection and histological features in three biopsy
sites of patients with gastric ulcer
Distributions of H pylori infection, mucosal inflammation,
activity of H pylori infection, glandular atrophy and intestinal
metaplasia in three biopsy sites of different age- group
patients, with gastric ulcer, are shown in Figure 2 A-C.
The distribution of H pylori colonization of gastric ulcer
in <30 years, 31-40 years, 41-50 years, 51-60 years, 61-70 years
and >70 years age groups in antrum was 60.5%, 79.9%,
80.9%, 66.8%, 59.6%, 45.6%, respectively; in corpus it
was 59.7%, 79.6%, 83.6%, 80.1%, 70.6%, 59.1%,
respectively; in angulus it was 61.3%, 77.8%, 75.3%, 68.8%,
59.7%, 45.8%, respectively; overall it was 63.9%, 83.4%,
87.8%, 84.1%, 74.7%, 62.8%, respectively. Total
distribution of H pylori infection and activity of H pylori
infection in 3 839 cases, with gastric ulcer, was highest in
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41-50 years (P<0.05); no obvious difference was found
between 31-40 years and 51-60 years; <31 years and >70
years. Total rate of H pylori infection and activity of H
pylori infection in 61-70 years was significantly higher than
in <31 years and >70 years (P<0.01). However, it was
significantly lower than in 31-40 years and 51-60 years.
Comparing distribution and density of H pylori infection,
we found that there was no significant difference among
three biopsy sites in <31 years, 31-40 years and 41-50 years.
In comparison of distribution of H pylori infection, there
was no significant difference among three biopsy sites in
<31 years and 31-40 years, respectively; however, in a
further study, we had found the density of H pylori in
antrum was significantly higher than in corpus of both age
groups (P<0.05). Rate of H pylori in corpus was significantly
higher than in angulus in 41-50 years (P<0.05). It was
highest among three biopsy sites in the other age groups (all
P<0.01).
Rate of mucosal inflammation in <31 years was
significantly lower than that of the other age groups (P<0.01);
there was no difference among the other age groups. Rate
of mucosal inflammation was significantly lower in corpus
than in antrum and angulus in >70 years (P<0.05); there
was no difference among three biopsy sites in the other
age groups.
Total rate of glandular atrophy was highest in >70
years (P<0.01), lower in 31-40 years (P<0.01), lowest in
<31 years (P<0.01). There was no difference in 41-70
years, in which all of the rates were higher than in <31
years and 31-40 years (P<0.01). Rate of glandular atrophy
among three biopsy sites was lowest in corpus (P<0.05),
there was no difference between antrum and angulus
in <31 years. However, the rate was significantly higher
in antrum (P<0.01), highest in angulus in the other age
groups (P<0.01).
Total rate of intestinal metaplasia was significantly higher
from <31 years to >70 years (P<0.01), except between 5160 years and 61-70 years in which there was no significant
difference. Rate of intestinal metaplasia among three biopsy
sites was lowest in corpus, higher in antrum, highest in
angulus in all age groups (P<0.01).
Glandular atrophy and intestinal metaplasia in different age
groups with and without H pylori infection
Distributions of glandular atrophy and intestinal metaplasia
in different age groups with and without H pylori infection
were shown in Tables 2 and 3. Rate of glandular atrophy
and intestinal metaplasia was significantly higher in H pyloripositive patients than in H pylori-negative patients in all age
groups, regardless of patients with chronic gastritis or gastric
ulcer (P<0.01). Comparing distribution of glandular atrophy
and intestinal metaplasia between chronic gastritis and gastric
ulcer in <31 years, H pylori-positive patients with H pyloripositive patients, H pylori-negative patients with H pylorinegative patients, we found both H pylori-positive and H pylorinegative patients had no significant difference even though
the rate was a little higher in gastric ulcer patients; in the
other age groups both rates were significantly higher in gastric
ulcer patients (P<0.01).
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Table 2 Atrophy and intestinal metaplasia in different age groups of
patients with chronic gastritis with and without H pylori infection (n, %)
<31 yr
Cases

31-40 yr 41-50 yr 51-60 yr 61-70 yr >70 yr

423

515

647

929

885

703

25.4

30.2

54.0

56.4

63.6

66.3

2.5

5.6

8.7

16.1

27.2

34.5

H pylori-positive

15.9

20.1

41.5

53.9

62.8

68.3

H pylori-negative

1.8

4.5

9.9

21.7

34.9

43.1

Atrophy
H pylori-positive
H pylori-negative
Intestinal metaplasia

Table 3 Atrophy and intestinal metaplasia in different age groups of
patients with gastric ulcer with and without H pylori infection (n, %)
<31 yr

31-40 yr

Cases
Atrophy

119

H pylori-positive

34.8

54.4

H pylori-negative

4.7

13.7

Intestinal metaplasia
H pylori-positive
21.1

37.8

4.7

15.8

H pylori-negative

343

41-50 yr 51-60 yr 61-70 yr >70 yr
745

1 098

940

594

65.2

66.3

67.8

75.1

36.4

46.5

51.9

57.6

63.6

71.0

75.1

81.0

47.3

57.1

58.8

65.6

DISCUSSION
H pylori are important human pathogens, responsible for most
peptic ulcer diseases, gastritis, gastric adenocarcinomas and
gastric mucosa-associated lymphoid lymphoma, even in the
pathogenesis of some extragastric diseases. In most persons,
H pylori infection is largely restricted to the gastric antrum,
in other hosts they develop a more widespread, infection
that involves the body of the stomach and sometimes the
antrum as well[9-13]. H pylori occupy a unique niche, extremely
acidic environment. The urease of H pylori is essential for
its colonization and survival at extremely low pH, to ensure
cytoplasmic homeostasis during large pH changes that occur
during feeding. H pylori can use molecular hydrogen as energy
source; thus, its growth depends to some extent on the
hydrogen excreted. In our results, the distribution of H pylori
colonization at antrum was similar to corpus in patients
with chronic gastritis before 50 years and in patients with
gastric ulcer before 40 years. These results suggest the
distribution of H pylori infection is pangastric in the younger
patients. In the other age groups, the rate of H pylori
colonization was highest in corpus, lower in antrum and
lowest in angulus. Progression of glandular atrophy and
intestinal metaplasia seems to have a key role in the
distribution of H pylori colonization in these areas. In the
younger there were not much glandular atrophy and
intestinal metaplasia in the stomach, group which is beneficial
for H pylori colonization, therefore H pylori even colonized,
however, colonization of the lumen of gastric glands by
H pylori eventually led to gastritis, glandular atrophy, and
intestinal metaplasia, especially in angulus and antrum, but
in the corpus it was very mild. Glandular atrophy and
intestinal metaplasia in the angulus and antrum may result
in decreased acid output as a consequence of diminished gastrin
release[14,15], therefore H pylori gradually decreased during the
development of glandular atrophy and intestinal metaplasia
in the angulus and antrum but not in corpus in the older
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age group. Logan and colleagues showed that potent acid
suppression with a proton pump inhibitor resulted in a
proximal shift of H pylori in the stomach[16]. This shift was
accompanied by increased colonization of H pylori in the
corpu s, decreased in the antru m. Besides acids,
environmental and host factors might also affect the
distribution of H pylori in the stomach[17] . El-Omar and
colleagues reported that the genetic make up of the host
might also have a role. Polymorphism in the IL-1 gene
cluster, which has both pro-inflammatory and potent acid
suppressive effects, is associated with an augmented cytokine
response to H pylori infection that greatly increases the risk
of gastric atrophy, gastric ulcer, and gastric cancer[18,19].
It has long been known that patients with gastric ulcers
have pangastritis affecting both the antrum and body, in
contrast to patients with duodenal ulcers, who have antralpredominant gastritis. It is clear that the severity of the
underlying patholog y is a significant factor to ulcer
formation. The more severe the gastritis, the more likely it
is that decreased mucosal defense will allow acid-induced
damage. Thus, it has been observed that gastric ulcers occur
in the areas of most severe gastritis[20,21]. Our results are in
accordance with this hypothesis, showing mucosal
inflammation of gastric ulcer is a diffuse gastritis, but
mucosal inflammation of chronic gastritis is an antrumpredominant gastritis. Moreover, inflammation of gastric
ulcer is more severe than that of chronic gastritis. We also
found infection with H pylori was nearly always accompanied
by mononuclear cell infiltration in the lamina propria with
neutrophilic cell and eosinophilic cell invasion of the lamina
propria and epithelium. The regular epithelial gland structure
was disrupted, and overlying mucus was decreased. Mucosal
inflammation is thought to be mediated by direct contact
between H pylori and the gastric epithelium, which induces
IL-8 production, and by several H pylori products, including
urease, ammonia manufactured by urease activity, and VacA
protein[22-24].
Prior to the identification of H pylori as the major cause
of gastritis, the decline in the ability to secrete gastric acid
due to atrophic change of gastric mucosa was considered a
consequence of aging[25]. The discovery of H pylori has led
to a reassessment of the importance of aging and studies
have focused on the long-term effects of H pylori infection
and its role in the development of atrophic gastritis. Recently,
it was suggested that H pylori infection is apparently a much
more important factor than age per se in the chronological
changes of the gastric mucosa leading to the development
of atrophy[26]. Our present data clearly showed that the rate
of glandular atrophy and intestinal metaplasia increased with
age, in patients with chronic gastritis or gastric ulcer, and in
patients with or without H pylori infection. However, the
rate of glandular atrophy and intestinal metaplasia was
higher and they occurred earlier in H pylori-positive patients
with chronic gastritis; in contrast, it was very low in those
without H pylori infection. They were high in H pylori-positive
patients with gastric ulcer, but also very high in those without
H pylori infection. Comparing gastric ulcer patients with
chronic gastritis patients, we found the rates of glandular
atrophy and intestinal metaplasia were higher in H pyloripositive patients with gastric ulcer than in H pylori-positive
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patients with chronic gastritis; they were also higher in H pylorinegative patients with gastric ulcer than in H pylori-negative
patients with chronic gastritis. It suggests that even H pylori
appear to be the most important risk factor for development
of glandular atrophy and intestinal metaplasia, but it is not
the only risk. Other identified risk factors include cigarette
smoking, bile reflux, NSAID use, high salt intake, and
autoimmune gastritis and yet unrecognized genetic factors
may also play a part[27-30].
It is believed for a long time that atrophic gastritis extends
from the antrum to the body with advancing age. Satoh
indicated that H pylori infection was usually associated with
antral atrophic gastritis and intestinal metaplasia[31,32]. Contrast
to this concept, we found by an analysis of 4 102 cases
with chronic gastritis and 3 839 cases with gastric ulcer,
that both glandular atrophy and intestinal metaplasia were
much more commonly identified in the angulus than in
the antrum, lowest in corpus regardless of the different
density of H pylori colonization, different ages or diseases.
Though it remains to be further confirmed whether the
real histological origin of glandular atrophy or intestinal
metaplasia develops first from the angulus or not, we should
take this fact into consideration in the evaluation of
biopsy. There are two possible explanations for the apparent
ability of H pylori to induce a more intense inflammatory
response at angulus; either the bacteria are metabolizing
and proliferating maximally because the local environment
is at their pH optimum, or they are generating more
inflammatory products, under which they can maximize
adhesion, growth, and release of inflammatory products
and induce maximal cytokine production via signal
transduction. These areas of peak inflammatory response
are the preferential sites for ulceration or development of
glandular atrophy and intestinal metaplasia[33].
In conclusion, rates of H pylori infection, atrophy and
intestinal metaplasia in gastric ulcer were higher than those
in chronic gastritis. Distribution of H pylori colonization
is pangastric in the younger patients; however, the rate of
H pylori colonization is highest in corpus, lower in antrum
and lowest in angulus in the older age groups. Progression
of atrophy and intestinal metaplasia seems to have a key
role in the distribution of H pylori colonization.

REFERENCES
1
2

3

4

5
6
7

Chan FK, Leung WK. Peptic-ulcer disease. Lancet 2002; 360:
933-941
Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration. Lancet 1984; 1: 1311-1315
NIH Consensus Conference. Helicobacter pylori in peptic ulc er di sea se. NIH C onsensus D e v el opment Pa nel on
Helicobacter pylori in Peptic Ulcer Disease. JAMA 1994; 272:
65-69
Curr e nt Eu rope a n c onc e p ts in the ma n a ge me n t of
Helicobacter pylori infection. The Maastricht Consensus
Report. European Helicobacter Pylori Study Group. Gut 1997;
41: 8-13
Schrager J, Spink R, Mitra S. The antrum in patients with
duodenal and gastric ulcers. Gut 1967; 8: 497-508
Kashiwagi H. Zollinger-Ellison syndrome. Nihon Rinsho 2002;
60 Suppl 2: 614-618
Rotimi O, Cairns A, Gray S, Moayyedi P, Dixon MF. Histological identification of Helicobacter pylori: comparison of stain-

Zhang C et al. H pylori infection and gastric mucosa histological features of gastric ulcer and chronic gastritis

8

9
10
11

12

13

14

15

16

17

18
19

20

ing methods. J Clin Pathol 2000; 53: 756-759
Testoni PA, Bonassi U, Bagnolo F, Colombo E, Scelsi R. In
diffuse atrophic gastritis, routine histology underestimates
Helicobacter pylori infection. J Clin Gastroenterol 2002; 35:
23 4-23 9
Moss SF, Sood S. Helicobacter pylori. Curr Opin Infect Dis 2003;
16: 445-451
Passaro DJ, Chosy EJ, Parsonnet J. Helicobacter pylori: consensus and controversy. Clin Infect Dis 2002; 35: 298-304
Stolte M, Eidt S. Lymphoid follicles in antral mucosa: immune response to Campylobacter pylori? J Clin Pathol 1989;
42: 1269-1271
Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, Isaacson
PG. Helicobacter pylori-associated gastritis and primary B-cell
gastric lymphoma. Lancet 1991; 338: 1175-1176
Wotherspoon AC. A critical review of the effect of Helicobacter
p ylo ri era di ca ti on on ga stri c MA LT l ymphoma. Curr
Gastroenterol Rep 2000; 2: 494-498
el-Omar EM, Penman ID, Ardill JE, Chittajallu RS, Howie C,
McColl KE. Helicobacter pylori infection and abnormalities of
acid secretion in patients with duodenal ulcer disease. Gastroenterology 1995; 109: 681-691
Gillen D, el-Omar EM, Wirz AA, Ardill JE, McColl KE. The
acid response to gastrin distinguishes duodenal ulcer patients from Helicobacter pylori-infected healthy subjects. Gastroenterology 1998; 114: 50-57
Logan RP, Walker MM, Misiewicz JJ, Gummett PA, Karim
QN, Baron JH. Changes in the intragastric distribution of
Helicobacter pylori during treatment with omeprazole. Gut 1995;
36: 12-16
Graham DY. Helicobacter pylori infection in the pathogenesis
of duodenal ulcer and gastric cancer: a model. Gastroenterology 1997; 113: 1983-1991
Testino G. Gastric preneoplastic changes. Recenti Prog Med
2004; 95: 239-244
Figueiredo C, Machado JC, Pharoah P, Seruca R, Sousa S,
Carvalho R, Capelinha AF, Quint W, Caldas C, van Doorn LJ,
Carneiro F, Sobrinho-Simoes M. Helicobacter py lori a nd
interleukin 1 genotyping: an opportunity to identify high-risk
individuals for gastric carcinoma. J Natl Cancer Inst 2002; 94:
1680-1687
Maaroos HI, Vorobjova T, Sipponen P, Tammur R, Uibo R,
Wadstrom T, Keevallik R, Villako K. An 18-year follow-up
study of chronic gastritis and Helicobacter pylori association
of CagA positivity with development of atrophy and activity of gastritis. Scand J Gastroenterol 1999; 34: 864-869

21

22

23

24

25

26

27

28

29

30

31

32

33

981

Vorobjova T, Maaroos HI, Sipponen P, Villako K, Uibo R.
Apoptosis in different compartments of antrum and corpus
mucosa in chronic Helicobacter pylori gastritis. An 18-year follow-up study. Scand J Gastroenterol 2001; 36: 136-143
Israel DA, Peek RM. Pathogenesis of Helicobacter pylori-induced gastric inflammation. Aliment Pharmacol Ther 2001;
15: 1271-1290
Suzuki H, Masaoka T, Miyazawa M, Suzuki M, Miura S,
Ishii H. Gastric mucosal response to Helicobacter pylori. Keio J
Med 2002; 51 Suppl 2: 40-44
Cover TL, Dooley CP, Blaser MJ. Characterization of and
human serologic response to proteins in Helicobacter pylori
broth culture supernatants with vacuolizing cytotoxin activity.
Infect Immun 1990; 58: 603-610
Kimura K. Chronological transition of the fundic-pyloric border determined by stepwise biopsy of the lesser and greater
curvatures of the stomach. Gastroenterology 1972; 63: 584-592
Katelaris PH, Seow F, Lin BP, Napoli J, Ngu MC, Jones DB.
Effect of age, Helicobacter pylori infection, and gastritis with
atrophy on serum gastrin and gastric acid secretion in healthy
men. Gut 1993; 34: 1032-1037
Stemmermann GN, Nomura AM, Chyou PH, Hankin J. Impact of diet and smoking on risk of developing intestinal
metaplasia of the stomach. Dig Dis Sci 1990; 35: 433-438
Ogihara A, Kikuchi S, Hasegawa A, Kurosawa M, Miki K,
Kaneko E, Mizukoshi H. Relationship between Helicobacter
pylori infection and smoking and drinking habits. J Gastroenterol
Hepatol 2000; 15: 271-276
Dixon MF, Mapstone NP, Neville PM, Moayyedi P, Axon
AT. Bile reflux gastritis and intestinal metaplasia at the cardia.
Gut 2002; 51: 351-355
Petersson F, Borch K, Franzen LE. Prevalence of subtypes of
intestinal metaplasia in the general population and in patients with autoimmune chronic atrophic gastritis. Scand J
Gastroenterol 2002; 37: 262-266
Satoh K, Kimura K, Sipponen P. Helicobacter pylori infection
and chronological extension of atrophic gastritis. Eur J
Gastroenterol Hepatol 1995; 7 Suppl 1: S11-S15
Kimura K, Sipponen P, Unge P, Ekstrom P, Satoh K, Hellblom
M, Ohlin B, Stubberod A, Kihira K, Yube T, Yoshida Y. Comparison of gastric histology among Swedish and Japanese
patients with peptic ulcer and Helicobacter pylori infection.
Scand J Gastroenterol 2003; 38: 491-497
Van Zanten SJ, Dixon MF, Lee A. The gastric transitional
zones: neglected links between gastroduodenal pathology and
helicobacter ecology. Gastroenterology 1999; 116: 1217-1229

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(7):982-985
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• Helicobacter pylori •

Anti-Helicobacter pylori therapy significantly reduces Helicobacter
pylori -induced gastric mucosal damage in Mongolian gerbils
Chun-Chao Chang, Sheng-Hsuan Chen, Gi-Shih Lien, Yuarn-Jang Lee, Horng-Yuan Lou, Ching-Ruey Hsieh, Chia-Lang
Fang, Shiann Pan
Chun-Chao Chang, Sheng-Hsuan Chen, Gi-Shih Lien, YuarnJang Lee, Horng-Yuan Lou, Ching-Ruey Hsieh, Chia-Lang Fang,
Shiann Pan, Department of Internal Medicine, Division of
Gastroenterology, Taipei Medical University Hospital, Digestive
Disease Research Center, Taipei Medical University, Taipei, Taiwan,
China
Supported by the Grant from TMU-Y05-A108
Correspondence to: Dr. Chun-Chao Chang, Department of Internal
Medicine, Taipei Medical University Hospital, No. 252, Wu-Hsing
Street, Taipei 110, Taiwan, China. chunchao@tmu.edu.tw
Telephone: +886-2-27372181-3903 Fax: +886-2-27363051
Received: 2004-06-24 Accepted: 2004-07-27

Abstract
AIM: To investigate the effectiveness of 4 d’ anti-Helicobacter
pylori therapy on the H pylori-infected Mongolian gerbils
based on physiological and pathological changes.
METHODS: We used 6-wk-old male gerbils orally
inoculated with H pylori (ATCC43504, 2x108 CFU/mL).
Seven weeks after H pylori inoculation, the animals of
study group received 4 d’ anti-H pylori triple therapy (H pylorieradicated group). Seven days later, all animals of the
H pylori-eradicated and control groups (H pylori-infected
& H pylori -uninfected groups) were sacrificed. We
examined gastric mucosal lesions macroscopically, studied
gastritis microscopically and determined the stomach
weight ratio, myeloperoxidase (MPO) activity and
prostaglandin (PG) E2 level.
RESULTS: The results showed that both macroscopic and
histological gastric damages were significantly less in
H pylori-eradicated group than H pylori-infected group.
Stomach weight ratio, MPO activity and PGE2 levels were
significantly higher in H pylori-infected group than those
in the other two groups.
CONCLUSION: Four days’ anti- H pylori therapy was
effective in the improvement of H pylori-induced gastric
lesions in Mongolian gerbils.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is considered a major cause of
acute and chronic gastritis as well as peptic ulcer disease,
and is also highly associated with the development of gastric
mucosa-associated lymphoid tissue lymphoma and gastric
cancer[1-3]. Both National Institute of Health (NIH) of USA
and International Agency for Research on Cancer (IARC)
have issued statements on the importance of H pylori
eradication and carcinogenic risks in patients with H pylori
infection[4,5]. At present, H pylori eradication therapy is
performed in patients with peptic ulcer diseases. In 1996,
Hirayama et al[6] reported that H pylori infection in Mongolian
gerbils can induce gastric ulcer and intestinal metaplasia.
This animal model is considered to be very similar to human
H pylori infection. However, little progress has been made
in the H pylori-eradication with a simple regimen and a shortterm course. Therefore, we conducted this study to compare
histological and physiological changes in the stomach of
Mongolian gerbils including those receiving 4 d’ anti-H pylori
therapy after a successful inoculation of H pylori, with those
infected with H pylori but not receiving anti-H pylori therapy,
and those not infected with H pylori.
MATERIALS AND METHODS
Animals
Six-week-old specific pathogen-free male Mongolian gerbils
(MGS/Sea) weighing 40-50 g, were used. The animals were
kept in an isolated clean room with regulated temperature
(approximately 20-22 ℃) and humidity (approximately 55%)
with a 12/12-h light-dark cycle. The animals were allowed
free access to water and sterile solid food (CE-2). There
were 3 groups of experimental animals prepared for this
study: group A, not inoculated with H pylori (H pyloriuninfected group, n = 7); group B, inoculated with H pylori
but not received anti-H pylori therapy (H pylori-infected group,
n = 7); and group C, inoculated with H pylori, and treated
with anti-H pylori triple therapy for 4 d (H pylori-eradicated
group, n = 7).
Bacteria
ATCC43504, a standard H pylori strain (CagA and VacApositive), was used. The bacteria were incubated overnight
in a brain-heart infusion broth (Difco Laboratories, Detroit,
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Michigan) containing 10% fetal bovine serum (Gibco BRL,
Grand Island, New York) at 37 ℃ under a microaerophilic
atmosphere (N2 85%, CO2 10%, O2 5%), and allowed to
grow to a concentration of approximately 2.0×108 colonyforming units (CFU)/mL.
H pylori inoculation
The animals were deprived of food for 24 h before and
4 h after H pylori inoculation, but were otherwise afforded
free access to food and tap water. One mL of H pylori
(2.0×10 8 CFU/mL) was orally inoculated into animals of
groups B and C.
Regimen for eradication of H pylori
The regimen of anti-H pylori triple therapy is same as the
therapy used in human beings. The drugs including
lansoprazole, amoxicillin and clarithromycin were suspended
in 0.5% w/w carboxymethyl cellulose (CMC) sodium salt
solution and administrated orally twice a day for four days
at a dose of 10, 3, and 30 mg/kg body weight respectively.
The animals of group C received 4 d’ anti-H pylori therapy
at 7 wk after H pylori inoculation, while the animals of other
2 groups (groups B and C) received vehicle (CMC) for 4 d.
All animals were sacrificed 7 d after cessation of medication.
Diagnosis of H pylori infection or eradication
We performed H pylori culture and rapid urease test to
confirm the existence of H pylori.
The gerbils were sacrificed with ether anesthesia, and
then their half-stomachs (right side) were excised. After
approximate 50-100 g of the stomach was punched out for
MPO activity examination, the remaining part of the
stomach was homogenized in 10 mL phosphate buffered
saline with a Polytron, followed by dilution with the same
buffer. Aliquots (100 L) of the dilutions were applied to
Brucella agar plates containing 10% horse blood (Nippon BioTest Laboratories, Tokyo, Japan), 2.5 g/mL amphotericin B,
9 g/mL vancomycin, 0.32 g/mL polymyxin B, 5 g/mL
trimethoprim and 50 g/mL 2,3,5-triphenyltetrazolium
chloride. The plates were incubated at 37 ℃ under
microaerophilic atmosphere (N2 850 mL/L, CO2 100 mL/L,
O2 5%) for seven days. H pylori was identified as gold colonies
in spiral shape under a microscope and positive for rapid
urease test.
Determination of gastric inflammatory activity
Gross observation The stomachs were opened along the
greater curvature and washed with phosphate-buffered
saline, then were spread gently and fixed with pins on a
cork board. All the stomachs were observed by a researcher
who was unaware of the treatment of the animals. Under
dissecting microscope, variable size and type of gastric
lesions were checked and recorded with a square grid.
Microscopic observation Half of each stomach (left
side) was fixed in 10% formalin and embedded with paraffin.
Four m thick sections were prepared and stained with
hematoxylin and eosin. The diagnosis of gastritis was made
according to the modified criteria, which was slightly
modified from Rauws et al [7] . The parameters of chronic
active gastritis were as follows: lymphocyte infiltration (0:
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none, 1: mild infiltration to lamina propria, 2: moderate
infiltration to lamina propria, 3: severe infiltration and
lymphoid follicle formation), polymorphonuclear leukocyte
infiltration (0: none, 1: the number of cells in lamina propria
<30 in the field of magnification ×400, 2: 30-100/field, 3:
>100/field), superficial erosions (0: none, 1: deletion of
surface epithelial cells). The total score of these variables
varied from 0 to 7, and was used as a measure of the
activity of gastritis. Microscopic gastritis was classified as
non-gastritis (score: 0), mild gastritis (score: 1-3), moderate
gastritis (score: 4-5) and severe gastritis (score: 6-7). An
experienced pathologist determined the gastric pathology
without himself being aware of the prior treatment.
Determination of PGE2 synthesis and MPO activity
PGE 2 production in the gastric mucosa of the gerbils
was determined according to the method of Lee and
Feldman [8] . We punched out about 50-100 mg gastric
specimen from the border of gastric antrum and corpus
(right half side) in each gerbil. The specimen was placed in
50 mmol/L Tris HCl (pH 8.4) buffer and then minced
with a pair of scissors. After the tissue samples were washed
and resuspended in 2 mL of buffer, each sample was
subjected to vortex mixing at room temperature for 1 min
to stimulate PGE2 production, followed by centrifugation
at 10 000 g for 15 s. The PGE2 levels in the resulting
supernatants were determined by means of enzyme
immunoassay (PGE2 EIA kit; Cayman Chemicals, Ann
Arbor, Michigan, USA). PGE2 production was expressed
as picograms of PGE2 per minute per milligram of tissue.
After removal of supernatants for PGE2 analysis, the
MPO activity in the remaining tissue was determined with
the method described by Takahashi and Keto[9]. Each sample
(approximately 50-100 mg) was first homogenized with a
Polytron in 1.0 mL of 50 mmol/L phosphate buffer (pH 6.0)
containing 0.5% hexadecyltrimethylammonium bromide
(Sigma), and then subjected to three sessions of freezingthawing. Subsequently, the homogenates were centrifuged
at 1 600 g for 10 min at 4 ℃. After 5 L aliquot of each
supernatant was mixed with 145 L of phosphate buffer
(pH 6.0) containing 0.167 mg/mL o-dianisidine dihydrochloride
(Sigama) and 0.0005% H2O2, the change in the rate of
absorbance at 450 nm was measured with microplate
reader (Thermo Max; Molecular Devices, Sunnyvale, CA).
The MPO activity was expressed as the degradation of
H2O2 moL/min/g tissue.
Statistical analysis
The data was presented as mean±SE and were analyzed
with Student’s t-test. P value less than 0.05 was regarded as
statistically significant.

RESULTS
Among the H pylori-eradicated animals, 6 out of 7 gerbils
were free of H pylori infection. The eradication rate was
around 85.7%. The mean body weights of animals in groups
A, B and C were 76.3±3.4, 73.0±1.6 and 76.1±2.5 g
respectively. The difference of mean body weight in the 3
groups was not statistically significant (P>0.05). There was
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no gastritis in group A (Figure 1A). Mild to moderate gastritis
including erosions and hyperplasia of mucosa were found
in group C (Figure 1B). However, remarkable erosions and
hyperplasia of mucosa were found in group B (Figure 1C).
The mean area of erosions (mm2) of gastric mucosa in
groups A, B and C were 0±0, 2.2±0.6, 0.4±0.3 respectively.
The differences in area of gastric erosions between group
A and group B and between group B and group C were
statistically significant (P<0.05) (Table 1). The mean area
(mm2) of hyperplasia of gastric mucosa in groups A, B and
C were 0±0, 62.8±6.3, 0.9±0.6 respectively. The differences
in area of hyperplasia of gastric mucosa between group A
and group B and between group B and group C were
statistically significant (P<0.05) (Table 1). The mean scores
of gastritis by histological study in groups A, B and C were
0±0, 6.9±0.1, 2.0±0.5 respectively. The difference was
statistically significant between two groups (group A vs group
B, P<0.001; group B vs group C, P<0.001) (Table 1).

A

B

C

Figure 1 Gross appearance of the stomach in Mongolian gerbils. A:
Non-gastritis of group A Mongolian gerbils; B: Mild to moderate
gastritis of group C Mongolian gerbils; C: Severe gastritis of group B
Mongolian gerbils.
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In addition, the weight of stomach increased remarkably
after H pylori infection. The mean wet weights (gram) of
the stomach in groups A, B and C were 8.9±0.3, 14.1±0.3,
9.8±0.2 respectively. The differences between groups A
and B (P<0.001) and groups B and C (P<0.001) were of
statistical significance (Table 1).
The values of MPO activity (mol H2O2/min/g tissue)
in groups A, B and C were 4.6±2.3, 100.4±5.9, 5.7±1.3
respectively. The differences between groups A and B
(P<0.001) and between groups B and C (P<0.001) were
statistically significant (Table 1).
The values of PGE2 synthesis (pg/mg wet weight/min)
in groups A, B and C were 26.9±14.4, 77.0±15.3, 30.6±11.9
respectively. The differences between groups A and B
(P<0.001) and between groups B and C (P<0.001) were
statistically significant (Table 1).
Although we did not measure the thickness of the
stomach, it became more thicker in H pylori-infected
gerbils than H pylori-uninfected or H pylori-eradicated gerbils
(Figure 2A-C).

DISCUSSION
Hirayama et al[6,10] has demonstrated gastritis, gastric erosions,
gastric ulcer and intestinal metaplasia from the stomach of
Mongolian gerbils infected with H pylori in different periods.
Sawada et al [11] found acute inflammation, immature
epithelium and erosion can be observed 2 wk after H pylori
infection, while chronic inflammation can be noted 4 wk
after H pylori infection. In addition, intestinal metaplasia
and gastric ulcers develop 12 and 24 wk after H pylori
infection respectively. Takahashi et al [9] study found

B

C

Figure 2 Histological study of gastritis activity in Mongolian gerbils (H E stain, original magnification ×50) A: Non-gastritis in group A
Mongolian gerbils; B: Moderate gastritis in group C Mongolian gerbils; C: Severe gastritis in group B Mongolian gerbils.

Table 1 Comparison of gastric inflammation among H pylori-infected, H pylori-eradicated and H pylori-uninfected gerbils (mean±SE)
Hp-infected Group A (n: 7)

Hp-eradicated Group B (n: 6)

Hp-uninfected Group C (n: 7)

P value

Stomach weight ratio (×1000)

14.1±0.3

9.8±0.2

8.9±0.3

Hyperplasia area (mm2)

62.8±6.3

0.9±0.6

0

Erosion and ulcer area (mm 2)

2.2±0.6

0.4±0.3

0

Score of gastritis

6.9±0.1

2.0±0.5

0

100.4±5.9

5.7±1.3

4.6±2.3

30.6±11.9

26.9±14.4

<0.05a
<0.05c
<0.05a
<0.05c
<0.05a
<0.05c
<0.05a
<0.05c
<0.05a
<0.05c
<0.05 a
<0.05 c

MPO activity (mol H2O2/min/g tissue)
PGE2 synthesis (pg/mg wet weight/min)

77.0±15.3

Stomach weight ratio: Weight of stomach over weight of body. aP<0.05: H pylori-infected vs H pylori-eradicated; cP<0.05: H pylori-infected vs H pylori-uninfected
P value less than 0.05 was considered statistically siE 8.
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edematous and/or congestive mucosa and white substance
in the stomachs from Mongolian gerbils 1-4 wk after
infection with H pylori. However, there is no report about
the efficient and rapid eradication of H pylori in Mongolian
gerbils. Keto et al [12] concluded that combined treatment
with omeprazole and clarithromycin for 4 wk can enhance
healing of H pylori-induced gastric ulcers in Mongolian
gerbils, but it took a long period of time to eradicate H pylori
in their experiment. In addition, Kusuhara et al[13] eradicated
H pylori in Mongolian gerbils 5 d after dual therapy
(amoxicillin plus omeprazole or clarithromycin plus
omeprazole). However, dual therapy for H pylori eradication
in human beings is used less frequently. In our study, we
used anti-H pylori triple therapy, which is commonly used in
the treatment for humans infected with H pylori. The drugs
we used were amoxicillin, clarithromycin and lansoprazole.
The eradication rate was 85.7% in our study.
From gross observation, there were less superficial lesions
(erosions and hyperplasia) in H pylori-eradicated gerbils than
in H pylori-infected gerbils. It revealed that effective
eradication of H pylori can reduce the gastric inflammation
in Mongolian gerbils. Probably, the interval between
stopping use of antibiotics and sacrifice of animals was too
short, so that gastric inflammation in H pylori-eradicated
animals did not heal completely. The scores of gastritis in
H pylori-uninfected and H pylori-eradicated animals were less
than that in H pylori-infected animals.
From our study, we observed that H pylori eradication
can effectively reduce gastric inflammation including erosion
and hyperplasia of gastric mucosa in Mongolian gerbils.
Anti-H pylori triple therapy can be applied in the study of
Mongolian gerbils infected with H pylori for one to two years.
Probably, it is helpful in the investigation - can the eradication
of H pylori decrease adenomas and/or hyperplastic polyps
in Mongolian gerbils?
There are many risk factors involved for development
of gastritis including H pylori, non-steroidal anti-inflammatory
drugs (NSAIDs), cigarette smoking, ethanol, food, etc.
Recently, Suzuki et al [14] reported that ethanol intake
preceding H pylori inoculation promotes gastric mucosal
inflammation in Mongolian gerbils. Takahashi et al [15]
reported that NSAIDs induce acute gastric injury in
Mongolian gerbils. Tanigawa et al[16] suggested that fish meal
contains factors, which greatly enhance H pylori-induced
gastritis in Mongolian gerbils. Perhaps, we can investigate
the effects of eradicating H pylori prior to administration
of ethanol, NSAIDs and fish meal in Mongolian gerbils. It
is very important to elucidate the necessity of eradicating
H pylori in patients who use NSAIDs and those who are
heavy drinkers.
In conclusion, 4 d’ anti-H pylori therapy is a rapid and
effective modality in eradicating H pylori in Mongolian gerbils
and it can be used in the study of gastric mucosal changes
in gerbils infected with H pylori.
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Abstract
AIM: To demonstrate the effect of Hewei-Decoction
(Decoction for regulating the stomach) on chronic atrophic
gastritis (CAG) and eradication of Helicobacter pylori.
METHODS: Ninety patients with CAG entering the
investigation were divided into six differentiation
syndromes, based on their major symptoms and signs.
Hewei-Decoction was taken by all the patients orally for 4
or 8 wk. The efficacy was assessed by both the composite
accumulation of reduced scores of major symptoms and
the eradication of H pylori. ² test was used to compare
the efficacy between H pylori-positive and negative cases,
and to disclose the relationship between efficacy and
eradication of H pylori.
RESULTS: In patients with six different syndrome types,
the efficacy of Hewei-Decoction was 91.67% (11/12),
92.86% (13/14), 97.22% (35/36), 87.50% (14/16),
75.00% (6/8), 75.00% (3/4) respectively. The rate of
highly efficacious was 58.33% (7/12), 50.00% (7/14),
77.78% (28/36), 62.50% (10/16), 12.50% (1/8) and
25.00% (1/4), respectively. The total efficacy was 91.11%
(82/90), and the rate of highly efficacious was 60.00%
(54/90). The eradication rate of H pylori was 67.86%
(38/56). The therapeutic effect of Hewei-Decoction was
better in H pylori positive cases than that in H pylori-negative
cases with the total effect of 96.43% vs 82.35% (P<0.05).
In 56 H pylori positive cases, the therapeutic effect was
better in H pylori eradicated cases than that in H pyloriexistent cases with the total effect of 97.37% vs 72.22%
(P<0.01).
CONCLUSION: Hewei-Decoction is effective in most cases
of all the syndrome types. The results indicate that
eradication of H pylori is one of the important mechanisms

INTRODUCTION
Chronic atrophic gastritis (CAG) has a high incidence in
adult population and the incidence increases with age. It is
one of the most important pre-cancerous lesions and few
therapeutic drugs have been proved to be effective in
current Western medical system. In traditional Chinese
medicine (TCM), CAG belongs to the categories of
“weitong” (gastric pain), “piman” (feeling of fullness), “outu”
(vomiting), “caoza” (gastric discomfort), and “tunsuan” (acid
regurgitation). Based on the major symptoms and signs, cases
of CAG are differentiated into several syndrome types
including pathogenic cold attacking the stomach, damp heat
in the spleen and stomach, disharmony between the liver
and stomach, qi deficiency of the spleen and stomach, yang
deficiency of the spleen and stomach, yin deficiency of the
stomach and blood stasis blocking collaterals, and then the
corresponding recipes are made to treat different syndromes.
However, the exploitation of so many drugs and recipes is
really perplexing, which might limit the standardization of
TCM investigations. Therefore, it is essential to explore a
common recipe that has good compliance on most cases
of different syndrome types, and at the same time the
efficacy of this recipe could be evaluated objectively and
quantitatively. In this investigation, the efficacy of Hewei–
Decoction was evaluated by the combination of
accumulation of reduced scores of major symptoms and
eradication of Helicobacter pylori (H pylori).
MATERIALS AND METHODS
Case selection
One hundred and twenty two cases of CAG were confirmed
by gastroscopic and histological examinations from
September 2001 to December 2003. Cases with any one
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of the following were excluded from this investigation: peptic
ulcer, severe systemic diseases, severe metaplasia or dysplasia
or pre-cancerous lesions, women in pregnancy or lactation
period, hypersensitive constitution and allergic to many
drugs, dropping out of the investigation before the end of
treatment, the follow-up period shorter than 4 wk after
treatment. Ninety patients (55 males, 35 females, aged from
32 to 72 years) entered this investigation.
Syndrome differentiation of CAG
All cases were differentiated into the following six types on
the basis of their chief manifestations[1] : (1) 12 cases of
pathogenic cold attacking the stomach; (2) 14 cases of damp
heat in the spleen and stomach; (3) 36 cases of disharmony
between the liver and spleen; (4) 16 cases of qi deficiency
in the spleen and stomach; (5) 8 cases of yang deficiency in
the spleen and stomach; (6) 4 cases of yin deficiency in the
stomach (Table 1).
Prescriptions of Hewei-Decoction
Taizishen (Radix Pseudostellaria Heterophylla) 20 g, shanyao
(Rhizoma Dioscoreae) 25 g, baizhu (Rhizoma Atractylodis
Macrocephalae) 12 g, chaihu (Radix Bupleuri) 10 g, zhishi
(Fructus Aurantii Immaturus) 10 g, xiangfu (Rhizoma Cyperi)
12 g, baishaoyao (Radix Paeoniae Alba) 12 g, huanglian
(Rhizoma Coptidis) 5 g, wuzhuyu (Fructus Evodiae) 3 g, jineijin
(Endothelium Corneum Gigeriae Galli) 6 g, shanzha (Fructus
Crataegi) 15 g, maiya (Fructus Hordei Germinatus) 15 g, shenqu
(Massa Fermentata Medicinalis) 12 g, shenggancao (Radix
Glycyrrhizae) 6 g, houpu (Cortex Magnoliae Officinalis) 12 g,
fabanxia (Rhizoma Pinelliae Praeparatae) 12 g were ground
into fine powders, 20 g was boiled and taken orally twice
daily for 4 wk, and in some cases for an additional period of
4 wk if necessary.
Elucidation of Hewei-Decoction
Ingredients of taizishen and shanyao were used to nourish
the spleen and stomach. Ingredients of baizhu, chaihu, zhishi,
xiangfu and baishaoyao were modified from the recipe of
Sinisan (powder for treating cold limbs), which was used to
soothe the liver and regulate the spleen, thus relieving the
disharmony between the liver and spleen. Ingredients of
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huanglian and wuzhuyu were used to regulate the coldness
and warmness in the stomach and the middle energizer.
Ingredients of jineijin, shanzha, maiya and shenqu were all
peptic drugs, which were used to promote digestion, remove
stagnation and regulate the spleen and stomach. Ingredients
of houpu and fabanxia were used to dry dampness and
eradicate fullness in the middle energizer. Shenggancao
served as guiding drug with the function of mediating
properties of other drugs.
Effect assessment
Two experienced professional TCM doctors performed
effect assessment cross-blindly 1 wk and 4 wk after HeweiDecoction treatment, according to the standards established
in 1989 by the Subcommittee of Digestive Diseases of
Chinese Integrative Medicine[2,3].
Effect assessment of composite reduced-score
accumulation The therapeutic effect was demonstrated
by the composite accumulation of reduced scores (CARS)
of all major symptoms in this method. To quantify the grade
of major symptoms or signs, every symptom was scaled
into three levels according to its severity (Table 2). The
results were evaluated as follows: (1) highly efficacious:
completely clear of all the major symptoms, CARS ≥95%;
(2) obviously efficacious: great improvement of the major
symptoms, CARS≥70%; (3) efficacious: the major symptoms
were improved, CARS≥30%; (4) no effect: no improvement
of the major symptoms, CARS ≤30%.
CARS were calculated using the following formula:
CARS (%) = [(accumulated scores before treatmentaccumulated scores after treatment) ÷ accumulated scores
before treatment] ×%.
Assessment of H pylori eradication H pylori infection
was detected by the combination of C14-urease breath test,
Gram stain and rapid urease test of biopsy samples before
treatment, and reassessed 4 wk after treatment. ² test was
used to compare the efficacy between H pylori-positive and
negative cases, and to disclose the relationship between
efficacy and eradication of H pylori.

RESULTS
In cases of pathogenic cold attacking the stomach, the

Table 1 Syndrome differentiation of CAG patients
Syndrome types

Chief manifestations

n

PCAS

Sudden onset of gastric pain aggravated by pressure and alleviated by hot compression, preference for warmth and
aversion to cold, absence of thirst, preference for hot drinks, white tongue coating, wiry and tense pulse

12

DHSS

Fullness or distending pain in the gastric area, bitter taste and stickiness in the mouth, heavy sensation in head and body,

14

dyschesia, feverish sensation in the anus, red tip of the tongue with yellow and greasy coating, wiry and smooth pulse
DLS

Distending pain in gastric area radiating to hypochondriac area, fullness in chest, belching, sighing, vomiting,
restlessness, irritability, insomnia, dyschesia, or diarrhea or constipation, pale tongue with thin and yellow coating, wiry pulse

36

QDSS

Fullness in gastric area, worse after meals; anorexia, lassitude, loose stools, pale and swollen tongue

16

with thin and white coating, deep and weak pulse
YDSS

Continuous dull pain in gastric area relieved by warmth, pressure and intake of food; vomiting of clear fluid,
anorexia, lassitude, cold limbs, loose stool, pale and swollen tongue with thin and white coating, thready and weak pulse

8

YDS

Dull burning pain in gastric area, restlessness and thirsty, dry mouth and throat, dry stools, dizziness, insomnia, poor

4

appetite, feverish sensation in palms and soles, red tongue with little coating or peeling cracks on the tongue, thready and rapid pulse
PCAS: pathogenic cold attacking the stomach; DHSS: damp heat in the spleen and stomach; DLS: disharmony between the liver and spleen; QDSS: qi deficiency in the spleen
and stomach; YDSS: yang deficiency in the spleen and stomach; YDS: yin deficiency in the stomach.
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Table 2 Grade quantifications of chief symptoms and signs
Symptoms

1

Gastric fullness
Dull gastric pain
Pricking gastric pain
Dryness in mouth
Bitter taste
Tastelessness
Nausea
Stickiness in mouth
Acid regurgitation
Loose stools
Dyschesia
Dry stools
Black stools
Anorexia
Fullness in chest
Lassitude
Short breath
Yellow urine

2

Slight
Slight
Slight or none
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Slight
Occasionally
Occasionally
Reduction of food≤1/4
Slight
Slight
After physical exercises
Occasionally

Endurable
Endurable
Endurable
In morning
In morning
From time to time
From time to time
From time to time
From time to time
Frequently
Moderate
Frequently
Moderate
Reduction of food≤1/3
Sometimes
Hard to deal with daily tasks
After mild physical exercises
Frequently, with scanty urine

Table 3 Effect assessment of composite accumulation of reduced
scores
Syndrome types

HE

OE

E

NE

CAS
DHSS
DLS
QDSS
YDSS
YDS

7
7
28
10
1
1

2
3
6
2
2
2

2
3
1
2
3
0

1
1
1
2
2
1

Total efficacy (%)
91.67
92.86
97.22
87.50
75.00
75.00

HE: highly efficacious, OE: obviously efficacious, E: efficacious, NE: no effect.

Table 4 Relationship between efficacy and H pylori infection
Results of treatment
Total
H pylori positive before treatment
H pylori negative before treatment
Total

Effective

Ineffective

54
28
82

2
6
8

56
34
90

g = 1, ² = 5.175, aP<0.05 vs Hpylori negative.

Table 5 Relationship between efficacy and H pylori eradication
Results of treatment
Total
Effective
H pylori eradicated after treatment
H pylori non-eradicated after treatment
Total

37
13
50

3

Ineffective
1
5
6

38
18
56

Unendurable
Unendurable
Severe and fixed
On whole day
On whole day
Frequently
Frequently
Frequently
Frequently
Severe
Severe
Severe
Severe
Reduction of food≤1/2
Severe
Unable to deal with daily tasks
Even in calm status
Dark yellow severe and scanty urine

(28/36) respectively. In cases of qi deficiency of the spleen
and stomach, the overall efficacy of the decoction and the
rate of highly efficacious were 87.50% (14/16) and 62.50%
(10/16) respectively. In cases of yang deficiency of the
spleen and stomach, the overall efficacy of the decoction
and the rate of highly efficacious were 75.00% (6/8) and
12.50% (1/8) respectively. In cases of yin deficiency of
the stomach, the overall efficacy of the decoction and the
rate of highly efficacious were 75.00% (3/4) and 25.00%
(1/4), respectively (Table 3). On the whole, the total efficacy
was 91.11% (82/90), and the rate of highly efficacious was
60.00% (54/90).
The eradication rate of H pylori was 62.50% (5/8),
60.00% (6/10), 72.73% (16/22), 70.00% (7/10), and 60%
(3/5), respectively, in cases of pathogenic cold attacking
the stomach, damp heat in the spleen and stomach,
disharmony between the liver and stomach, qi deficiency
of the spleen and stomach, and Yang deficiency of the
spleen and stomach. In cases of Yin deficiency of the
stomach, only one case was H pylori positive, and H pylori
infection was eradicated after treatment. The total
eradication rate was 67.86% (38/56). The therapeutic
effect of Hewei-Decoction was better in H pylori-positive
cases than that in H pylori negative cases, the total effect
was 96.43% vs 82.35% (P<0.05, Table 4). In 56 H pyloripositive cases, the therapeutic effect was better in H pylorieradicated cases than that in H pylori-non-eradicated cases,
the total effect was 97.37% vs 72.22% (P<0.01, Table 5).

g = 1, ² = 8.074, bP<0.01 vs Hpylori non-eradicated.

overall efficacy of Hewei-Decoction (including highly
efficacious, obviously efficacious and efficacious) was 91.67%
(11/12), and the rate of highly efficacious was 58.33%
(7/12). In cases of damp heat in the spleen and stomach,
the overall efficacy of the decoction and the rate of highly
efficacious were 92.86% (13/14) and 50.00% (7/14)
respectively. In cases of disharmony between the liver and
stomach, the overall efficacy of the decoction and the rate
of highly efficacious were 97.22% (35/36) and 77.78%

DISCUSSION
As a pre-cancerous lesion with a high incidence in middleaged and old population, CAG is one of the critical gastric
diseases, to which researchers in both clinical and basic fields
have paid great attention[4,5]. However, few therapeutic drugs
have been proved to be effective. The focus is shifted to
traditional medicines. According to the previous work, CAG
could be differentiated into several syndrome types[6-10]. It
is no doubt that the precise differentiation is the basis for
reasonable treatment, which means that different syndrome
types require different prescriptions. Indeed, many drugs
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and recipes in TCM have been proved to be effective on
CAG[11-15]. However, too many prescriptions for one disease
though manifesting different symptoms and signs are really
perplexing, especially for basic and clinical medical
researchers. This situation would bring obstacles to establish
a uniform, concise and precise standard that is easier to be
understood and accepted. One way to solve this problem is
to form a prescription that is effective on most cases of
different syndromes. The other way is to select drugs that
have been proved to have effect on objective and measurable
signs or examinations, which is also the requirement of
evidence-based medicine[16-20].
The composition of Hewei-Decoction followed the basic
therapeutic principles in TCM of keeping the balance, which
means that this prescription took the balance into first
consideration. The selection of drugs took special care of
the balance between yin and yang, heat and cold, dryness
and moistness on the whole, which was purposed to adapt
to most cases of different syndromes. It is believed that
H pylori infection may be an important pathogenic factor
in CAG[21,22]. So it is reasonable to take the eradication of
H pylori as an objective measurement to evaluate the therapeutic
effect on CAG.
In this investigation, Hewei-Decoction was shown to be
effective in most cases of different syndrome types. The
total efficacy was 91.11% (75.00-97.22% in different
syndrome types), which was a little higher than that reported
by Zhang et al. The rate of highly efficacious was 60.00%
(25.00-77.78% in different syndrome types). It was
noticeable that there were differences in efficacy among
syndrome types. The best effect was achieved in cases of
disharmony between the liver and stomach, next in cases
of damp heat in the spleen and stomach, followed by
pathogenic cold attacking the stomach, qi deficiency of the
spleen and stomach, yang deficiency of the spleen and
stomach, and yin deficiency of the stomach.
On the whole, the eradication rate of H pylori was 67.86%,
which was roughly accordant with the rate of highly
efficacious. This is comparable to the result (with H pylori
eradication of 66.04%) reported by Wang. It is interesting
that the therapeutic effect of Hewei-Decoction was
paralleled with H pylori eradication, and better in H pyloripositive cases than that in H pylori-negative cases. It was
strongly indicated that the alleviation of major symptoms
was relevant to H pylori eradication.
In summary, Hewei-Decoction is effective in most cases
of all the syndrome types. The eradication of H pylori is
one of the important mechanisms for alleviation of
symptoms and signs. Also, the decoction is efficacious in
H pylori-negative cases. Further research is necessary to
disclose the underlying mechanisms involved in the
symptomatic improvement.
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Abstract
AIM: To assess the effect of our novel cell-permeable
nuclear factor-kappaB (NF-B) inhibitor peptide PN50 in
an experimental model of acute pancreatitis. PN50 was
produced by conjugating the cell-penetrating penetratin
peptide with the nuclear localization signal of the NF-B
p50 subunit.
METHODS: Pancreatitis was induced in male Wistar rats
by administering 2×100 g/kg body weight of cholecystokininoctapeptide (CCK) intraperitoneally (IP) at an interval of
1 h. PN50-treated animals received 1 mg/kg of PN50 IP
30 min before or after the CCK injections. The animals
were sacrificed 4 h after the first injection of CCK.
RESULTS: All the examined laboratory (the pancreatic
weight/body weight ratio, serum amylase activity,
pancreatic levels of TNF- and IL-6, degree of lipid
peroxidation, reduced glutathione levels, NF-B binding
activity, pancreatic and lung myeloperoxidase activity) and
morphological parameters of the disease were improved
before and after treatment with the PN50 peptide.
According to the histological findings, PN50 protected the
animals against acute pancreatitis by favoring the
induction of apoptotic, as opposed to necrotic acinar cell
death associated with severe acute pancreatitis.
CONCLUSION: Our study implies that reversible inhibitors

of stress-responsive transcription factors like NF-B might
be clinically useful for the suppression of the severity of
acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis is a disease with high mortality. In the
earliest stages, the inflammation is limited to the pancreas.
Due to systemic action of diverse inflammatory mediators
(such as cytokines, reactive oxygen species (ROS), proteolytic
enzymes, lipids, etc.), this locally limited inflammation quickly
overspreads and develops into systemic inflammatory
response syndrome (SIRS) and eventually into multiple organ
failure (MOF), the latter is responsible for most pancreatitisassociated mortality and morbidity[1,2]. Nuclear factor-kappaB
(NF-B) plays a pivotal role in the onset of acute pancreatitis
not only in pancreatic acinar cells[3-7] and leukocytes[8-12] but
also in specific distant organs, such as the lung[13-16]. After
activation, NF-B translocates into the nuclei and induces
the expression of mediators of localized and systemic
inflammatory responses[17-19] . It is well established that
transcription activity of NF-B correlates with the severity
of acute pancreatitis[4,8,19-21]. Various studies have demonstrated
the therapeutic benefits of selective NF-B inhibition in
acute pancreatitis[22-24].
Inhibition of NF-B has been a controversial issue in
the treatment of experimental acute pancreatitis[25] . This
controversy stems from the rather elusive and unspecified
effects of PDTC used by Steinle et al [26]. However, this
controversy also attracts attention to the well-known fact
that genes encoding proinflammatory mediators are also
activated by other stress-responsive transcription factors
(SRTFs) besides NF-B[27-30] . Recent evidence strongly
supports the crucial role of other SRTFs in the initiation and
propagation of acute pancreatitis, e.g., activator protein-1
(AP-1) [31-35] and signal transducers and activators of
transcription (STATs)[36]. The observation that T lymphocytes
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have a central role in the tissue injury during acute
pancreatitis[37,38] implies the importance of a T cell-related
SRTF in the pathogenesis of acute pancreatitis, namely the
nuclear factor of activated T cells (NFAT). So development
of acute pancreatitis involves a multiplex signaling process
that is triggered by mobilization of NF-B and other SRTFs
to their nuclear sites of action and by systemic expression
of proinflammatory cytokine mediators. Thus, inhibition
of a broader range of SRTFs would imply a more favorable
clinical outcome in the treatment of acute pancreatitis.
Torgerson et al[39] have demonstrated that noninvasive
intracellular delivery of peptides bearing the NF-B p50
nuclear localization signal (NLS) inhibits the signal-dependent
nuclear import of NF-B and other SRTFs like AP-1,
STAT1 and NFAT. In these experiments, the hydrophobic
domain of the Kaposi fibroblast growth factor signal
sequence is used to transport the NF-B p50 NLS into the
cells. This cell-permeable p50 NLS construct named SN50
suppresses systemic inflammatory responses in vivo[40,41] too.
The broad inhibitory range of the SN50 peptide offers
an advantage, because genes of cytokines and other
proinflammatory mediators are regulated by multiple SRTFs.
In order to reduce the production of cytokines and prevent
LPS-induced lethal shock in mice, the SN50 peptide has to
be applied in quite high doses (1.5 mg given in 7 injections
for an animal weighing only 20 g). The necessity to use
such a high dosage can be contributed partly to the insufficient
intracellular delivery of the otherwise very potent p50 NLS
cargo.
To enhance the efficacy of SN50, we replaced the cellpermeable motif with the more efficient cell-transporter
peptide penetratin (Table 1). Penetratin has already proven
its superior abilities to transport bioactive molecules
intracellularly both in vitro and in vivo [42-45] . We coupled
penetratin to the NF-B p50 NLS through a disulfide bridge,
thus enabling easy cleavage of the cargo NLS from its
transporter penetratin in the reductive intracellular milieu.
We named this peptide PN50, where P indicates the vector
penetratin and the rest of the term refers to its parent
SN50 peptide. We reasoned that our new peptide PN50
with its enhanced cell permeability and broad inhibitory
range exerts both prophylactic and therapeutic effects on
acute pancreatitis.

Table 1 Sequence of the cell-permeable PN50 peptide
NF- B p50 NLS-Cell-Permeable Motif
VQRKRQKLMPC-CRQIKIWFQNRRMKWKK
Sequences are given in single letter amino acid code. Underlined residues
constitute the cell-permeable peptide penetratin.

Before applying PN50 in an animal model of acute
pancreatitis, we analyzed the NF-B inhibitory activity of
the substance with in vitro luciferase reporter gene assays.
Then, we assessed whether PN50 could enter the pancreas
and lung, the organs most affected by acute pancreatitis. In
the final and most important stage we investigated the effect
of PN50 on CCK-induced acute pancreatitis. The results
of the above-mentioned in vitro and in vivo experiments are
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reported here.

MATERIALS AND METHODS
Materials and animals
Cholecystokinin-octapeptide (CCK) was prepared in our
laboratory at the Department of Medical Chemistry, Szeged,
Hungary with the method of Penke et al [46] . The NF-B
p50 NLS peptide (VQRKRQKLMPC) was synthesized in
our laboratory on solid phase standard methodology. This
peptide was coupled with a disulfide bridge to the cell transporter
peptide Cys-penetratin (CRQIKIWFQNRRMKWKK)
synthesized also on solid phase in our laboratory. For the in
vivo uptake experiments, the cell permeable conjugate, PN50
was labeled with fluorescein isothiocyanate (FITC, SigmaAldrich, Munich, Germany) with the method of Fülöp et al[47].
A 21-basepair oligonucleotide 5’-GGCAGAGGGGACTTTCCGAGA-3’containing the NF-B consensus
sequence (underlined), its mutated form (in which the NF-B
motif was changed to GccACTaaC) and their complementary
pairs were synthesized in our laboratory with a DNAsynthesizer. For the in vivo studies male Wistar rats (provided
by the Animal Center of the University of Szeged) weighing
250-300 g were used. The animals were kept at a constant
room temperature with a 12-h light-dark cycle and allowed
free access to water and standard laboratory chow
(Biofarm, Zagyvaszántó, Hungary). All animal experiments
performed in this study were approved by the Animal
Care Committee of the University and complied with the
European Communities Council Directive of 24 November
1986 (86/609/EEC).
Transformant cell lines
Mouse L929 cells (5×105/60 mm plate) were transformed
with pNF-B-luc4 and pSV-2/neo plasmids (coding for
firefly luciferase under the regulation of 5 NF-B-responsive
elements and the neor gene controlled by the SV40 enhancer/
promoter respectively) using the DMIRIE-C cationic lipid
transfection agent (GIBCO BRL) one day after trypsinization.
Selection started 48 h later, the cells were exposed to
Geneticin G418 400 mg/L for two weeks and the medium
was refreshed twice weekly. Clones were isolated and tested
for the intensity of their TNF--elicited NF-B induction
(50-100 U/mL recombinant TNF-, 6-10 h of induction).
RAW 264.7 cells (5×105/60 mm plate) subcultured the
previous day were transformed overnight with the above
plasmids complexed with polyethylene-imine (jetPEI,
Qbiogen, Illkirch, France). Geneticin-containing medium
(400 mg/L) was replaced daily from d 2; clones were
isolated after 12 d. Clones showing the highest response to
LPS activation (0.1 to 10 g/mL, 6-10 h of incubation) were
used for the assays.
Media: Both cell types were grown in MIX MEM (1:1
mixture of DMEM, Sigma and F-12 HAM, Sigma) plus
10% FCS (Sigma). Transformation was carried out in OPTI
MEM (GIBCO BRL). Geneticin was purchased from
Sigma.
Luciferase assay
One-day-old cultures (both of L929 and RAW cells)
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grown on luminoplates (Corning Costar) were used and
3×104 cells/well (in MIX MEM 10% FCS) were exposed
to various concentrations of PN50 peptide (L929 cells:
0.39 to 50 mol/L; RAW cells: 0.39 to 25 mol/L). After
30 min, the cells were treated with TNF- (10 U/mL) or
LPS (30 ng/mL) respectively (in 100 L of the above
medium per well). After 6 h of incubation with TNF- or
LPS, the medium was removed and the cells were washed and
lysed for 10 min at room temperature in buffer (20 L/well,
Promega). Substrate was added (20 L/well, Promega) and
luciferase activity was measured in a Luminoskan Ascent
(Thermo Labsystems) scanning luminometer. Each of the
experiments were repeated three times.
In vivo uptake experiments
Six male Wistar rats weighing 250-300 g were injected
intraperitoneally (IP) with 15 nmolar of PN50-FITC
peptide in 500 mL of phosphate-buffered saline (PBS).
Treated rats were killed 15 min after the injections by
exsanguinations via the abdominal aorta, pancreatic and lung
tissues were harvested and frozen in Histo Prep media
(Fisher Scientific). Sections (10 to 50 m) were cut on a
cryostat and analyzed by fluorescence confocal microscopy.
CCK-induced pancreatitis
Acute pancreatitis was induced by injecting 100 g/kg body
weight of CCK IP twice at an interval of 1 h (Figure 1).
The rats were fasted for 16 h before the induction of acute
pancreatitis. In each experimental group 10 rats were used.
The PN50 pre-treated group (“group PN50+CCK”)
received 1 mg/kg body weight of PN50 IP 30 min before
the first injection of CCK. In the post-treatment group

February 21, 2005

Volume 11

Number 7

(“group CCK+PN50”) the animals were injected with
1 mg/kg body weight of PN50 IP 30 min after the second
CCK injection. Rats in “group CCK” were injected with
0.5 mL of physiological saline (PS) IP 30 min before the
induction of pancreatitis. Animals were killed by exsanguinations
via the abdominal aorta 4 h after the first CCK injection.
The control rats (“group PS”) received PS IP instead of
CCK and PN50. The pancreas was quickly removed, cleaned
of fat and lymph nodes, weighed, frozen in liquid nitrogen
and stored at -80 ℃ until use.
Nuclear protein extract
Nuclear protein extracts were prepared essentially as
described by Dignam et al[48]. A 250-300 mg pancreatic tissue
sample was lysed on ice in hypotonic buffer A by 20 strokes
in a glass Dounce homogenizer. The hypotonic buffer was
supplemented with 1 mmol/L phenylmethylsulfonyl fluoride,
4 mmol/L benzamidine, 100 IU/mL aprotinin, and 1 mmol/
L dithiothreitol. The homogenate was left on ice for 20
min, and Nonidet P-40 was then added to a final
concentration of 30-40 mL/L. The samples were briefly
vortexed and incubated on ice for an additional 2 min. The
nuclear pellet was collected by centrifugation of the lysed
tissue for 20 s at 13 000 g in a Microfuge. The supernatant
(cytosolic fraction) was saved for ELISA. The nuclear pellet
was resuspended in buffer C supplemented with 1 mmol/L
dithiothreitol, 1.5 mmol/L phenylmethylsulfonyl fluoride,
4 mmol/L benzamidine, and 100 IU/mL aprotinin. After
rotation at 4 ℃ for 45 min, the nuclear membranes were
pelleted by microcentrifugation for 10 min and the supernatant
(nuclear extract) was aliquoted and stored at -80 ℃. The
protein concentration of the nuclear extract was determined
by the method of Goa[49] .

Group PS
PS
1 mL ip
t-0.5 h

PS
1 mL ip
t0 h

PS
1 mL ip
t4 h

t1 h

Group CCK
PS
1 mL ip
t-0.5 h

CCK
100 g/kg
t0 h

CCK
100 g/kg
t1 h

t4 h

Group PN50+CCK
PN50
1 mg/kg ip
t-0.5 h

CCK
100 g/kg
t0 h

CCK
100 g/kg
t1 h

t4 h

Group CCK+PN50
CCK
100 g/kg

CCK
100 g/kg

PN50
1 mg/kg ip

t0 h

t1 h

t1.5 h

Figure 1 Experimental protocol of CCK-induced acute pancreatitis.

t4 h
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Electrophoretic mobility shift assay (EMSA) of NF-B
A 21-basepair oligonucleotide 5’-GGCAGAGGGGACTTTCCGAGA-3’ containing the NF-B consensus sequence
(underlined) was annealed with its complementary
oligonucleotide to generate a double-stranded probe and
end-labeled with [- 32P] by T4 polynucleotide kinase
(Fermentas, Lithuania). Labeled oligonucleotides were
separated from the unincorporated isotope by PAGE and
isolated from a 16% polyacrylamide gel. To determine the
NF-B binding activity, aliquots of nuclear protein (12 g)
were mixed with a buffer containing 10 mmol/L HEPES
(pH = 7.9), 50 mmol/L KCl, 1 mmol/L EDTA, 1 mmol/L
dithiothreitol, 100 mL/L glycerol, and 4.5 g poly(dI/dC).
The binding reaction was started by adding 3 000-5 000 cpm
of the radiolabeled double-stranded probe and allowed to
proceed for 30-40 min on ice. For cold competition,
unlabeled dou ble-stranded wild-type or mu tated
oligonucleotides were added to the reaction mixture in 20×
or 100× molar excess together with the labeled probe. In
the mutated oligonucleotide, the NF-B motif was changed
to GccACTaaC. DNA-protein complexes were resolved by
PAGE at 4 ℃ on a non-denaturing 4.5% gel in a buffer
containing 6.7 mmol/L Tris base, 3.3 mmol/L sodium
acetate, and 1 mmol/L EDTA (pH = 7.5). Gels were
vacuum-dried and exposed to Fuji RX films (Fuji Tokyo,
Japan) with intensifying screens at -80 ℃. The intensities
of the bands were quantified by using the ImageJ 1.32j
image processing and analysis software (National Institute
of Health, USA).
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marker of tissue leukocyte infiltration, was assessed by the
method of Kuebler et al [50].
Pancreatic lipid peroxide and reduced glutathione levels
The malondialdehyde (MDA) level was measured after the
reaction with thiobarbituric acid, according to the method
of Placer et al [51] , and was also corrected for the protein
content of the tissue. Reduced glutathione (GSH) level
was determined spectrophotometrically with Ellman’s
reagent[52].
Histological examination
A portion of the pancreas was fixed in an 8% neutral
formaldehyde solution and subsequently embedded in
paraffin. Sections were cut at 4 m thickness and stained
with hematoxylin and eosin (HE). The slides were coded
and read for the traditional histological markers of pancreatic
tissue injury by two independent observers who were blind
to the experimental protocol. They used the scoring system
of Hughes et al [53] for the evaluation of acute pancreatitis.
Thus semi-quantitative grading of interstitial edema (0-1),
vascular changes (0-2), inflammation (0-1), acinar necrosis
(0-2), calcification (0-0.5) and fat necrosis (0-0.5) of the
pancreas samples was evaluated in each animal (described
in more details in Table 2).
Statistical analysis
Results were expressed as mean±SD. Differences between
experimental groups were evaluated by using analysis of
variance (ANOVA). Values of P<0.05 were accepted as
significant.

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

RESULTS
PN50 suppressed NF-B transcription activity in vitro
Luciferase reporter gene assay was performed to analyze
the endogenous NF-B transcription activity with transfection
of reporter plasmids (pNF-B-Luc) in L929 and RAW
264.7 cells. First, we measured the transcriptional activity
of NF-B by stimulating L929 cells with 10 U/mL of the
inflammatory cytokine TNF-. NF-B–driven luciferase
activity of TNF--stimulated L929 cells markedly increased
and reached its maximum at 6 h. PN50 pre-treatment (30 min
prior to TNF- addition) dose-dependently decreased TNF-induced luciferase activity at concentrations of 0.39 to
50 mol/L (Figure 2A).

Serum amylase activity
All blood samples were centrifuged at 2 500 g for 20 min.
The serum levels of amylase were determined by a
Colorimetric-Kinetic method (Dialab, Vienna, Austria).
Pancreatic tumor necrosis factor- and interleukin-6 levels
Tumor necrosis factor- (TNF-) and interleukin-6 (IL-6)
concentrations were measured in the pancreatic cytosolic
fractions with ELISA kits (Bender MedSystems, Vienna,
Austria) according to the manufacturer’s instructions.
Pancreatic and lung myeloperoxidase activity
Pancreatic and lung myeloperoxidase (MPO) activity, as a

Table 2 Histological scoring system for the evaluation of CCK-induced acute pancreatitis
0

0.5

1

Edema

Absent

Focal<50%

Diffuse>50%

Vascular Change

Absent

Congestion

Focal hemorrhage

Inflammation

Absent

Focal/mild

Diffuse>50%

Acinar necrosis

Absent

Single acinar cell necrosis/foci
of peripheral lobular damage

Lobular necrosis in 10%
to 30% of the surface area

Calcification

Absent

Present

Fat necrosis

Absent

Present

1.5

2

Diffuse hemorrhage

Vascular necrosis or thrombosis

Lobular necrosis in 30%
to 50% of the surface area

Lobular necrosis in >50%
of the surface area/microabscesses

The slides were coded and read for the traditional histological markers of pancreatic tissue injury by two independent observers who were blind to the experimental
protocol. Semi-quantitative grading of interstitial edema, inflammation, hyperemia, and necrosis of acinar cells were evaluated in each animal, with the scoring
system of Hughes et al[53].
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Intrapancreatic TNF- and IL-6
Injection of CCK increased pancreatic TNF- and IL-6
concentrations after 4 h. This increase was significantly
ameliorated in rats treated with PN50 (Figures 5C and D).
Pancreatic lipid peroxidation
In pancreatic tissue, level of malondialdehyde (MDA) was
significantly elevated in group CCK compared to group
PS. In both of the PN50-treated groups (group PN50+CCK
and group CCK+PN50) pancreatic MDA levels were
significantly lower than in group CCK (Figure 6A).

Relative luciferase activity (%)

Pw/bw ratio and serum amylase activity
Administration of 2×100 g/kg body weight CCK increased

B

75
50
25
0
0.39 0.78

1.56 3.12 6.25 12.5 25
PN50 concentration (mol/L)

50

Number 7

Lung myeloperoxidase (MPO) activity
The lung MPO activity was significantly elevated in CCKinduced pancreatitis. The administration of PN50 decreased
this parameter 4 h after the last CCK injection. However,
compared to group CCK, the difference was significant only
in the PN50 pre-treated (prophylactic) group (Figure 5B).

PN50 decreased the parameters of acute pancreatitis in vivo
After demonstrating the efficient delivery of the NF-B
p50 NLS into the pancreas and lung in vivo, we tested PN50
in an animal model of acute pancreatitis. The following
results showed the effects of prophylactic and therapeutic
administrations of PN50 on the examined parameters of
the disease.
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Pancreatic myeloperoxidase (MPO) activity
Pancreatic MPO activity was significantly higher in group
CCK than in group PS (control group). In group PN50+
CCK and group CCK+PN50 the PN50 injections
significantly reduced pancreatic MPO activity compared to
group CCK (Figure 5A).

PN50 entered the pancreas and lung in vivo
Next we studied the uptake of the PN50 peptide into the
pancreas and lung. Fifteen min after the IP injection of the
PN50-FITC peptide, tissues were dissected from rats and
cryostat sections were prepared. Fluorescence confocal
microscopy analysis of the pancreas and lung sections
revealed a strong signal from PN50-FITC peptide injected
rats (Figure 3). Fluorescence photobleaching was observed
(performed?) in sections subjected to prolonged excitation,
providing further evidence that the PN50-FITC peptide
was present in the pancreas and lung sections.

A
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the pw/bw ratio and the serum amylase activity compared
to controls. The pw/bw ratio and serum amylase levels
significantly decreased both before and after treatment with
PN50, reflecting less edema and milder cellular damage
within the pancreas (Figure 4).

Next we assessed the effect of PN50 peptide on
transcriptional activity of NF-B in cultured murine
macrophages. Macrophages are well-known targets for the
proinflammatory agonist LPS that can induce synthesis of
proinflammatory mediators in these cells. When tested in
murine RAW 264.7 macrophages, PN50 suppressed LPSinduced luciferase activity by 72.7% at a concentration of
25 mol/L (Figure 2B).
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Figure 2 PN50 suppresses transcriptional activity of NF-B in TNF--stimulated L929 fibroblasts (A) and LPS-activated RAW 264.7 macrophages (B) in vitro.
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Figure 3 In vivo delivery of the NF-B p50 NLS with penetratin into the pancreas (A) and lung (B).
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Figure 4 Effect of PN50 on the pancreatic weight/body weight ratio (pw/bw) (A) and serum amylase activity (B) in CCK-induced acute
pancreatitis. b P<0.01 vs group PS; dP<0.01 vs group CCK.
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Figure 5 Effect of PN50 on the pancreatic (A) and lung (B) myeloperoxidase (MPO) activity and pancreatic TNF- (C) and IL-6 (D) levels in CCKinduced acute pancreatitis. a P<0.05, b P<0.01 vs group PS; cP<0.05, d P<0.01 vs group CCK.

Pancreatic reduced glutathione (GSH) levels
GSH levels in the pancreas were significantly lower in group
CCK than in the control group. Prophylactic PN50 treatment
significantly increased the pancreatic GSH level compared
to group CCK (Figure 6B).
Electrophoretic mobility shift assay (EMSA) of NF-B
The level of nuclear import of NF-B was determined by
measuring DNA-binding activity using an EMSA performed
on nuclear extracts from the pancreas samples. As shown
in Figure 7, NF-B-binding activity could hardly be detected
in the control group. Four hours after the first CCK injection
DNA-binding activity of NF-B increased. Treating animals
with PN50 efficiently inhibited NF-B nuclear import. This
inhibitory effect of PN50 was not significant when PN50
was administered 30 min after the second CCK injection.
The specificity of NF-B binding was confirmed in
competition experiments. Incubation with increasing doses

of the cold unlabeled oligonucleotide led to the inhibition
of binding activity. In contrast, incubation with an increased
concentration of nonspecific DNA [poly (dI/dC)] did not
affect the NF-B binding (results not shown).
Histological findings
In group CCK, the administration of 2×100 g/kg body
weight CCK induced acute pancreatitis characterized by
marked edema, inflammatory activity, and stasis of the
pancreas. Microfocal necroses, vacuolar degenerations in
acinar cells were also present in the pancreatic samples of
this group. Treating the animals with 1 mg/kg PN50 before
or after the CCK-injections significantly inhibited the onset
of pancreatic morphological damage as compared to group
CCK (Figure 8). This inhibition was much more apparent
in the prophylactic group (group PN50+CCK). The values
for each of the scored parameters are shown in Table 3.
Apoptosis was more frequent and acinar cell necrosis was
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Table 3 Effects of PN50 before and after treatment on the histologic parameters in CCK-induced acute pancreatitis (mean±SD)
Group PS

Group CCK

Group PN50+CCK

Group CCK+PN50

Edema

0.1±0.067

0.955±0.045 b

0.55±0.117 b,d

0.636 ± 0.097 b,d

Vascular Change

0.1±0.067

0.773± 0.079 b

0.4±0.1 a,d

0.55 ± 0.05 b,c

0

0.591±0.061 b

0.3±0.082 b,d

0.35 ± 0.076 b,c

Acinar necrosis

0

0.955±0.081

b

Calcification

0

0.125±0.065

0

0

Fat necrosis

0

0.167±0.071 a

0.05±0.05

0.05±0.05

Inflammation

a

0.45±0.09

b,d

0.65 ± 0.076 b,c

P<0.05, bP<0.01 vs group PS; cP<0.05, dP<0.01 vs group CCK.

almost absent in the pancreas of the PN50-treated animals.
In group CCK, where pancreatitis was much more severe,
necrosis was more pronounced than apoptosis in the
pancreatic specimens.

DISCUSSION
A number of well-carried out studies have revealed the
importance and beneficial effect of NF-B inhibition in
experimental acute pancreatitis[8,22-24,35]. Ethridge et al[23] have
demonstrated that a novel peptide that binds the NF-B
essential modifier binding domain (NBD) could attenuate
the severity of acute pancreatitis. Other SRTFs also play a key
role in the onset and development of acute pancreatitis[31-35].
It is well- established that the acinar cell is a source of
increased inflammatory molecule expression through the
activation of NF-B and AP-1 at the initiation of pancreatitis.

STAT activation could also occur in acute pancreatitis model
of acute lung injury[36]. NFAT and STATs play a key role in
T lymphocyte activation and these cells have a central role
in proinflammatory cytokine production [27,30]. In vivo
delivery of the NLS of the NF-B p50 subunit can block
the production of proinflammatory cytokines and significantly
reduce the lethality associated with sepsis or endotoxic shock
by inhibiting the nuclear translocation of SRTFs like NF-B,
AP1, STAT1 and NFAT [40,41]. We wanted to test our
hypothesis that inhibiting a broad range of SRTFs with the
NF-B p50 NLS provides an advantage over selective NF-B
inhibition in acute pancreatitis. We coupled the p50 NLS to
one of the most efficient vector peptide penetratin. Our
novel cell-permeant conjugate is named PN50.
First, we investigated the effect of PN50 delivery on
endogenous NF-B transcription activity in cultured cells.
The in vitro luciferase reporter gene assay in TNF- stimulated
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Figure 8 Effect of PN50 on pancreatic morphological damage in CCK-induced pancreatitis. A: group PS (control group): normal pancreas (HE
x100); B: group CCK: marked edema, inflammatory activity, stasis (HE x100); microfocal necroses, vacuolar degenerations in the acinar cells
(insert: HE x250); C: group PN50+CCK: mild inflammation, mild edema, fairly maintained parenchymal structure (HE x100); mild degenerative
changes in the acini (insert: HE x250); D: group CCK+PN50: mild edema, minimal inflammatory activity (HE x 100); degenerative changes with
apoptotic cells (arrows) in the acini (insert: HE ×250).

L929 fibroblasts showed that PN50 dose-dependently
prevented the increase of NF-B-driven luciferase activity
at concentrations of 0.39 to 50 mol/L. In LPS-treated RAW
264.7 macrophages PN50 decreased NF-B transcriptional
activity by 76% and 72.7% at 12.5 and 25 mol/L respectively.
The following in vivo uptake experiments with fluorescently
labeled PN50 showed that the peptide could enter the cells
of the pancreas and lung 15 min after its IP injection. Based
on these promising results, we moved on to test PN50 in
the in vivo model of CCK-induced acute pancreatitis.
Injection of supramaximal doses of CCK produced acute
pancreatitis assessed by the alterations in typical laboratory
and morphological parameters of the disease. Thus
supramaximal doses of CCK caused pancreas edema,
cellular damage, increase of neutrophil sequestration, lipid
pero-xidation, oxidative stress and cytokine production, both
within the pancreas and lung. PN50 pretreatment (prophylactic
treatment) at the very low dose of 1 mg/kg decreased and
almost completely prevented the onset of pancreatitis.
Adding PN50 30 min after the second CCK injection
(therapeutic treatment) also improved the severity of the
disease, but not as much as pre-treatment. The EMSA of
NF-B revealed that PN50 suppressed the DNA-binding
activity of NF-B especially when administered 30 min
before the CCK injections. Considering the observation
that DNA-binding activity of NF-B peaks already at 30 min
of cerulein hyperstimulation [4], our finding that PN50
inhibits the DNA-binding activity of NF-B to a smaller
extent in the post-treated group (group CCK+PN50) is not
surprising. The double-blind histological examination revealed
that PN50 (either administered before or after induction
of acute pancreatitis) protected the pancreas against edema

and cellular damage. Our observation that PN50 favored
the induction of apoptosis (as opposed to the necrotic cell
death observed in group CCK) supports the results of
several experimental studies claiming that apoptosis protects
against acute pancreatitis[55-59]. It is already proven that
TNF- induces concomitantly proapoptotic and antiapoptotic
mechanisms in pancreatic acinar cells and the antiapoptotic
mechanism of TNF- is mediated by NF-B [60] . By
blocking the nuclear import of NF-B with PN50, we
also inhibited the antiapoptotic mechanisms of TNF-
mediated by NF-B.
Our findings that inhibiting SRTFs like NF-B attenuates
the severity of acute pancreatitis are in accordance with the
results of previous studies[8,22-24,35]. The capacity of NF-B
p50 NLS to block the nuclear translocation and transcriptional
activity of a broad range of SRTFs (including NF-B, AP-1,
STAT1 and NFAT) makes this peptide preferable over other
NF-B inhibitors. Given their coordinated involvement in
regulation of genes encoding the key inflammatory mediators
of systemic inflammation, broad inhibition of SRTFs
nuclear import becomes superior as a treatment strategy
over inhibiting only a single SRTF signaling pathway[41]. The
striking fact that a very low dose of 1 mg/kg of PN50
reduces the severity of CCK-induced acute pancreatitis
in vivo, could be explained by the broad inhibitory range of
its p50 NLS subunit observed by Torgerson et al[39].
In summary, our study shows the in vivo efficacy of a
cell-permeable NF-B NLS peptide for treatment of
experimental acute pancreatitis. Given the broad inhibitory
range of its bioactive subunit, nuclear import inhibitors like
PN50 may provide a better therapeutic solution for the
treatment of this disease.
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Abstract
AIM: To explore the effect of intestinal ischemia-reperfusion
injury on protein levels of leptin and orexin-A in peripheral
blood and their central secretory tissues and to find out the
role leptin and orexin-A play in acute inflammatory responses.
METHODS: An intestinal ischemia-reperfusion (I/R)
injury model of rats was established and rats were divided
randomly into six groups: sham-operation group, 60 min
ischemia/30 min reperfusion group (I60’R30’), I60’R90’,
I60’R150’, I60’R240’ and I60’R360’, 9 rats each group.
Two highly-sensitive radioimmunoassays for leptin and
orexin-A were established and used to check the change
of their concentrations in peripheral blood and central
secretory tissues before and after intestinal I/R injury.
RESULTS: Compared with the serum leptin level before
injury, it decreased significantly in I60’R30’ group and
increased significantly in I60’R360’ group; compared to
sham-operation group after injury, serum leptin level
increased significantly in I60’R360’ group; compared to
sham-operation group after injury, adipose leptin levels
decreased significantly in I60’R30’ and I60’R90’ groups,
while increased significantly in I60’R360’ group. There
was no significant difference between the expression
levels of orexin-A before and after I/R injury.
CONCLUSION: Leptin has a time-dependent response
and orexin-A has a delayed response to acute inflammatory
stimuli such as intestinal I/R injury and they may participate
in metabolic disorders in injury as inflammatory cytokines.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Leptin is an active protein specifically secreted by adipose
tissue in mice, rats, and humans, which consists of 167
amino acids and has a molecular weight of 16 ku. It is a
product of obese gene and has a feedback regulation by
neuroendocrine system. Recent studies have found that
leptin plays a role in food-consuming behavior, energy
metabolism and weight balance, primarily reducing foodintake and promoting energy expenditure through binding
to its receptor in hypothalamus[1]. Moreover, leptin also
participates in hematopoiesis[2], thermogenesis[3], reproduction,
angiogenesis, and immune homeostasis[4-7].
Orexin-A, also known as hypocretin-1, is a novel
neuropeptide secreted by specific neurons in lateral
hypothalamus. It consists of 33 amino acids and has a
molecular weight of 3 562 u [8] . Orexin-A is C-terminally
amidated and contains 2 intra-molecular disulfide bonds,
that connect cysteine residues from positions 6-12 and 714, respectively. The structure of orexin-A is conserved
among human, rat, mouse and cow[9] . Recent findings
suggest that orexin-A provides a critical link between the
peripheral energy balance and central nervous system
mechanisms that coordinate sleep-wakefulness and motivated
behaviors such as food seeking, especially in physiological
state of fasting stress[10,11].
Intestinal ischemia-reperfusion (I/R) injury is a classical
traumatic model well- reflecting acute stress and inflammatory
responses, when the body suffers severe energy metabolic
impediment and out-of-control inflammation[12]. As leptin
and orexin-A are a couple of active mediators closely-related
with energy metabolism and their concentrations change
inversely in previous experiments[13-15], we hypothesize that
leptin and orexin-A might undergo an inverse fluctuation
during severe metabolic impediment of acute inflammation
as I/R injury, and play a role as inflammatory cytokines.
We established highly-sensitive and simple radioimmunoassays for murine leptin and human/rat/mouse orexin-A
(as the structure of human orexin-A is almost the same as
that of rat or mouse)[9] respectively, and used these assays
to detect the changes of leptin and orexin-A levels in peripheral
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blood (serum and plasma) and central secretory tissues (adipose
tissue and hypothalamus) in rat intestinal I/R injury.

MATERIALS AND METHODS
Animals and reagents
Three male New Zealand white rabbits (weighing 1.2 kg)
and 54 male Sprague-Dawley rats (weighing 250 g) were
supplied by the Experimental Animal Center of our hospital.
Animals were maintained at 22-25 ℃ under a constant day/
night rhythm and given food and water ad libitum. All animal
experiments were carried out in accordance with the NIH
Guide for Care and Use of Laboratory Animals and
approved by the Animal Care and Use Committee at our
hospital.
Recombinant murine leptin was purchased from
PeproTech Inc. (London, UK). Complete and incomplete
Freund’s adjuvant were purchased from Gibco/BRL®
(Gaithersburg, USA). Human orexin-A, rabbit-anti-human
orexin-A antibody, Sephadex G-25 and bovine serum
albumin (BSA) were purchased from Sigma® (St. Louis,
USA). Sodium iodide (Na 125I) was purchased from
Amersham® Biosciences (Piscataway, USA). PR reagent was
supplied by Northern Biotech Company (Beijing, China).
Other reagents purchased were of analytically pure grade.
Preparation of antibody
New Zealand white rabbits were immunized subcutaneously
with an emulsion of 120 g leptin in 3 mL complete Freund’s
adjuvant, each rabbit was given 1 mL solution. Two weeks
later, rabbits were intensively immunized 4 times using
incomplete Freund’s adjuvant at intervals of 4 wk. One
week after the last injection, blood was withdrawn via the
right internal carotid artery under conscious condition.
Serum containing rabbit anti-rat leptin antibody was
separated by centrifugation at 3 000 r/min for 15 min, and
stored in -80 ℃.
Iodination of antigen
Antigen was iodinized as previously described[16,17]. The eluate
of Sephadex G-25 chromatography column was collected
at the rate of one tube per minute, and the tubes containing
the first elution peak were reserved. After reaction with
anti-body, iodinized leptin and orexin-A with a high specific
binding rate and a low fault binding rate were taken as
successfully iodinized and mixed with an equal volume of
15 g/L BSA, then stored at -20 ℃.
Intestinal I/R injury model
Fifty-four rats were divided randomly into six groups, nine
rats each group. Group 1 served as sham-operation group,
group 2 as 60 min ischemia/30 min reperfusion group
(I60’R30’), groups 3-6 as I60’R90’, I60’R150’, I60’R240’
and I60’R360’ groups, respectively. The abdominal cavity
of rats anesthetized with pentobarbital sodium (60 mg/kg,
IP) was opened, the superior mesenteric artery was separated
and clipped with a microvessel clip for 60 min ischemia,
then released for reperfusion[18].
Blood sample collection
Two milliliter blood was taken from tail vein of each rat,
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three days before I/R injury. During experiment, blood was
drawn from the heart of rats. Rat serum was separated
from whole blood by incubating blood samples in 37 ℃
water for 20 min and centrifuging at 3 000 g for 10 min at
4 ℃. Rat plasma was separated from whole blood as
previously described[19]. Serum and plasma samples were
used for detecting leptin and orexin-A levels in peripheral
blood by radioimmunoassay.
Tissue sample collection
Epididymal fat pads (a kind of white adipose tissue) on the
left side[20] and hypothalamus tissue[21] of each rat were
separated, tissue samples were snap-frozen in liquid nitrogen
and stored at -80 ℃. One milliliter cold normal saline was
added to each 200 mg tissue sample, samples were homogenized
by centrifugation at 20 000 r/min for 30 s at 4 ℃, and
repeated twice at intervals of 10 s. Then the homogenized
fluid was centrifuged at 12 000 r/min for 20 min at 4 ℃, the
supernatant was collected and stored at -20 ℃. Homogenized
fluid samples were used for detecting leptin and orexin-A
levels in central secretory tissue by radioimmunoassay.
Radioimmunoassay
The standard points set for serum samples were 1.1, 3.3,
11, 33, 100 and 300 g/L, while those for adipose samples
were 0.55, 1.65, 5.5, 16.5, 50 and 150 g/L. The standard
points set for plasma and hypothalamus samples were 21,
62.5, 125, 250, 500, 1 000, and 2 000 ng/L. One hundred
microliter serum sample, 200 L adipose sample, 200 L
plasma sample or hypothalamus sample were added for
testing. Radioimmunoassay was carried out as previously
described[16,17]. Before testing, 50 L of each adipose sample
or 10 L of each hypothalamus sample was taken and
diluted to 500 L in ddH2O. Then Coomassie Brilliant Blue
G-250 method [22] was used to check the total protein
concentration in this diluted fluid, and adipose leptin levels
(ng) or hypothalamus orexin-A levels (pg) were compared
in 100 g total protein of each tissue sample.
Statistical analysis
We used Stata 7.0 software to process our data. For the
data, which accorded with normal distribution and showed
no difference in standard deviation, we used parametric
statistic analysis (Student’s t test or one-way analysis of
variance); for the data that did not accord with normal
distribution or showed difference in standard deviation, we
used non-parametric statistic analysis (Wilcoxon signed-rank
test). P value less than 0.05 was considered statistically
significant. All data were expressed as mean±SE.

RESULTS
Standard curve and antibody dilution
The best curve shape was achieved at 4 ℃ after 24 h
incubation with a suitable binding rate of 36-40% and a nonspecific binding rate of 2.3-2.6%. The final antibody dilutions
were 1:3 000 (serum), 1:4 000 (adipose) and 1:6 000 (plasma
and hypothalamus). Good binding curves were obtained
in the standard field of 1.1-300 g/L for serum samples,
0.55-150 g/L for adipose samples (which paralleled well
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with the former), and 21-2 000 ng/L for plasma and
hypothalamus samples (Figure 1).
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Table 1 Plasma and hypothalamus orexin-A levels of each group
before and after I/R injury (mean±SE)
Plasma level (ng/L)

Leptin levels before and after intestinal I/R injury
Serum levels vs self-control Compared to self-control
(before injury), serum leptin level decreased significantly in
I60’R30’ group (t = 2.3891, P<0.05), expressed a trend to
increase in I60’R150’ group (t = -0.7176, P = 0.4834) and
increased significantly in I60’R360’ group (t = -2.3437,
P<0.05), as shown in Figure 2A.
Serum and adipose levels vs sham-operation group
Compared to sham-operation group after injury, serum
leptin level expressed a trend to increase in I60’R240’ group
(t = -2.0327, P = 0.0590) and increased significantly in
I60’R360’ group (t = -2.8085, P<0.05); while adipose leptin
levels decreased significantly in I60’R30’ and I60’R90’ groups
(t = 2.2804 and 2.5170, respectively, P<0.05), and increased
significantly in I60’R360’ group (t = -2.8401, P<0.05), as
shown in Figure 2B.
Orexin-A levels before and after intestinal I/R injury
Compared to self-control (before injury), plasma orexinA expression level in each group after injury had no
significant difference (P>0.05). Compared to shamoperation group after injury, plasma orexin-A expression
level or hypothalamus orexin-A expression level in each
group had no significant difference (P>0.05), as shown in
Table 1.

DISCUSSION
Association of intestinal I/R injury with leptin and orexin-A
Intestinal I/R injury causes intestinal bleeding and necrosis.
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A

834.33±156.3
720.39±39.39
719.99±60.61

419.08±27.94
562.08±75.76
504.29±66.38
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I60’R360’

9
9
9

720.42±33.07
675.23±100.1
678.38±72.08

742.09±53.71
808.98±168.4
570.18±80.43

517.36±92.16
486.76±31.54
480.16±29.30

1

Calculated in 100 g total protein of hypothalamus tissue homogenized fluids.

Large amounts of endotoxin and oxygenic free radicals are
released into blood circulation while monocytes, phagocytes
and neutrophils are activated, leading to severe systemic
inflammatory responses and metabolic disorders. At the
same time, sympathetic and parasympathetic nervous systems
are activated, causing sharp increases of catecholamines,
adrenocorticoids and glucose in blood circulation[23,24] . It
has been reported that leptin and orexin-A have a certain
relationship with catecholamine[25,26], glucocorticoids[27,28],
glucose[29,30] and sympathetic nervous system[31,32]. Moreover,
leptin can activate monocytes and T lymphocytes[33,34], and
interact with inflammatory mediators such as IL-1, TNF-
and C-reactive protein[35-37]. All these results present a possible
link between leptin and orexin-A and systemic metabolic
disorders, suggesting that they play a potential role as
inflammatory cytokines in I/R injury.
Highly sensitive and simple radioimmunoassay
Our methods for detecting leptin and orexin-A are highly
sensitive and simple, and can achieve good experimental
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Figure 1 Standard curves of leptin (A) and orexin-A (B) radioimmunoassay.
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Figure 2 Serum leptin (A) and leptin (B) levels before and after intestinal I/R injury a P<0.05, vs before injury and sham-operation group.
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results. 125I-labeled leptin or orexin-A can be stored for 2 mo
at -20 ℃ after lyophilization. Standard leptin or orexin-A
and their antibody can be stored for 6 mo at room temperature
or for 2 years at -20 ℃ after lyophilization. Moreover, during
the storage, the modality of standard curve is good and
other indexes such as intra/inter-assay variances, recovery
rate or specificity also meet the request of radioimmunoassay.
Although our assays are not the first radioimmunoassay for
leptin and orexin-A, they are more simple and feasible than
others [38,19]. The methods we used to extract leptin or
orexin-A from homogenized tissues and prepare buffer for
radioimmunoassay are more simple. In addition, we need
not use organic reagents such as acid-acetone, acetonitrile,
methanol or trifluoroacetic acid in iodination or measurement
of orexin-A, and can also achieve good results.
Leptin fluctuates as inflammatory cytokines
In the early stage of I/R injury, the high metabolic status
can change the body into a situation similar to hunger. As
leptin decreases significantly during hungry status through
the action of neuroendocrine system[39], leptin level in the
early stage of I/R injury (I60’R30’) is significantly lower
than that before injury. As time goes on, adipose tissue
expresses more leptin to compensate for the decrease of
serum leptin, and the high metabolic status recovers, thus
increasing the serum leptin level step-by-step (from I60’R90’
to I60’R240’) which is finally higher (I60’R360’) than selfcontrol. In adipose tissue, as serum leptin level declines
significantly in the early stage (I60’R30’), adipose tissue
expresses more leptin for compensation due to a negative
feedback mechanism. Since the trans-membrane secretion
of leptin from intra-adipocytes to extra-adipocytes and blood
circulation is quite active, leptin level in adipose tissue declines
significantly than that in sham-operation group (from
I60’R30’ to I60’R90’). Then, serum leptin level begins to
increase and the activity of trans-membrane secretion of
leptin is inhibited due to less concentration difference
between two sides of adipocyte membrane. Therefore, leptin
level in adipose tissue begins to increase step-by-step. When
reperfusion is prolonged (from I60’R240’ to I60’R360’),
serum leptin level remains slightly higher than in shamoperation group. Due to a potentially positive feedback
mechanism protecting the body[40], adipose tissue expresses
more leptin, causing a significant increase of leptin level.
Orexin-A has a delayed response to inflammatory stimuli
Results showed that there was no significant difference
between plasma orexin-A levels of each group before and
after injury. The results may be attributed to two counteractive
factors (one increased orexin-A level and the other suppressed
it) and the limited number of experimental animals, which
caused the delayed response of orexin-A to inflammatory
stimuli. In the early stage of I/R injury, the high metabolic
level changes the body into a situation like hunger. As plasma
orexin-A increases during hungry status through the action
of neuroendocrine system, plasma orexin-A levels in the
early and median stages of I/R injury (from I60’R30’ to
I60’R150’) should be higher than self-control. But as orexin-A
is secreted by hypothalamus and its level may be greatly
influenced by inhibition of central nervous system (e.g.,
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anesthesia), the increasing trend of orexin-A level caused
by hungry status is suppressed by anesthesia. When
reperfusion is prolonged (from I60’R240’ to I60’R360’),
the high metabolic status recovers step-by-step and the
anesthetized inhibition decreases, the trend of orexin-A to
decrease is counteracted. In hypothalamus tissue, the change
of orexin-A level is also affected by the two counteractive
factors. Therefore, during the whole process of our
experiment, no significant change was found in expression
of orexin-A. If we increase the number of animals and/or
prolong reperfusion time, we would find new positive results.
In conclusion, leptin and orexin-A undergo a certain
change in intestinal I/R injury. When reperfusion is
prolonged, protein levels of leptin in central secretory tissue
and peripheral blood fluctuates correspondingly, while
protein levels of orexin-A in central secretory tissue and
peripheral blood showed no significant change. Leptin has
a time-dependent response and orexin-A has a delayed
response to acute inflammatory stimuli such as intestinal I/R
injury, and they may participate in metabolic disorders as
inflammatory cytokines.

ACKNOWLEDGEMENTS
The authors thank Miss Xiao-Ning Gao, Mrs Na-Qing
Zhang and Miss He-Dan Lu for their generous assistance
during the experiment.
REFERENCES
1

2

3

4

5
6

7

8
9

10

11

12

Imagawa K, Numata Y, Katsuura G, Sakaguchi I, Morita A,
Kikuoka S, Matumoto Y, Tsuji T, Tamaki M, Sasakura K,
Teraoka H, Hosoda K, Ogawa Y, Nakao K. Structure-function
studies of human leptin. J Biol Chem 1998; 273: 35245–35249
Fantuzzi G, Faggioni R. Leptin in the regulation of immunity,
inflammation, and hematopoiesis. J Leukoc Biol 2000; 68:
4 37 –44 6
Hausberg M, Morgan DA, Mitchell JL, Sivitz WI, Mark AL,
Haynes WG. Leptin potentiates thermogenic sympathetic responses to hypothermia: a receptor-mediated effect. Diabetes
2002; 51: 2434–2440
Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang
DJ, Klein AS, Bulkley GB, Bao C, Noble PW, Lane MD, Diehl
AM. Leptin regulates proinflammatory immune responses.
FASEB J 1998; 12: 57–65
Marti A, Berraondo B, Martinez JA. Leptin: physiological
actions. J Physiol Biochem 1999; 55: 43–49
Palacio A, Lopez M, Perez-Bravo F, Monkeberg F, Schlesinger
L. Leptin levels are associated with immune response in malnourished infants. J Clin Endocrinol Metab 2002; 87: 3040–3046
Siegmund B, Lehr HA, Fantuzzi G. Leptin: a pivotal mediator of intestinal inflammation in mice. Gastroenterology 2002;
122: 2011–2025
Wolf G. Orexins: a newly discovered family of hypothalamic
regulators of food intake. Nutr Rev 1998; 56: 172–173
Wieland HA, Soll RM, Doods HN, Stenkamp D, Hurnaus R,
Lammle B, Beck-Sickinger AG. The SK-N-MC cell line expresses an orexin binding site different from recombinant orexin
1-type receptor. Eur J Biochem 2002; 269: 1128–1135
Sakurai T. Orexin: a link between energy homeostasis and
adaptive behaviour. Curr Opin Clin Nutr Metab Care 2003; 6:
353–360
Mondal MS, Nakazato M, Date Y, Murakami N, Yanagisawa
M, Matsukura S. Widespread distribution of orexin in rat
brain and its regulation upon fasting. Biochem Biophys Res
Commun 1999; 256: 495–499
Zhou JL, Jin GH, Yi YL, Zhang JL, Huang XL. Role of nitric

1004

13

14

15

16

17

18

19

20

21

22

23

24

25

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

oxide and peroxynitrite anion in lung injury induced by intestinal ischemia-reperfusion in rats. World J Gastroenterol 2003;
9: 1318–1322
Komaki G, Matsumoto Y, Nishikata H, Kawai K, Nozaki T,
Takii M, Sogawa H, Kubo C. Orexin-A and leptin change
inversely in fasting non-obese subjects. Eur J Endocrinol 2001;
144: 645–651
Beck B, Richy S, Dimitrov T, Stricker-Krongrad A. Opposite
regulation of hypothalamic orexin and neuropeptide Y receptors and peptide expressions in obese Zucker rats. Biochem
Biophys Res Commun 2001; 286: 518–523
Muroya S, Funahashi H, Yamanaka A, Kohno D, Uramura K,
Nambu T, Shiba ha ra M, Kuramoc hi M, Ta kiga wa M,
Ya na gisaw a M, Sa kurai T, Shioda S, Yada T. Orexi ns
(hypocretins) directly interact with neuropeptide Y, POMC and
glucose-responsive neurons to regulate Ca2+ signaling in a reciprocal manner to leptin: orexigenic neuronal pathways in the
mediobasal hypothalamus. Eur J Neurosci 2004; 19: 1524–1534
Yan GT, Hao XH, Xue H, Lu YP. Establishment of a highly
sensitive leptin radioimmunoassay and detection of increased
leptin levels in hyperlipidemia and pregnancy. J Immunoassay
Immunochem 2002; 23: 317–326
Lin J, Yan GT, Hao XH, Zhang K, Wang LH, Xue H. Establishment and primary application of a highly-sensitive orexinA radioimmunoassay. J Immunoassay Immunochem 2004; 25:
45 –5 5
Turnage RH, Kadesky KM, Bartula L, Guice KS, Oldham
KT, Myers SI. Splanchnic PGI2 release and “no reflow” following intestinal reperfusion. J Surg Res 1995; 58: 558–564
Arihara Z, Takahashi K, Murakami O, Totsune K, Sone M,
Satoh F, Ito S, Mouri T. Immunoreactive orexin-A in human
plasma. Peptides 2001; 22: 139–142
Kawamura T, Yoshida K, Sugawara A, Nagasaka M, Mori
N, Takeuchi K, Kohzuki M. Impact of exercise and angiotensin converting enzyme inhibition on tumor necrosis factoralpha and leptin in fructose-fed hypertensive rats. Hypertens
Res 2002; 25: 919–926
Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM,
Tanaka H, Williams SC, Richardson JA, Kozlowski GP, Wilson
S, Arch JR, Buckingham RE, Haynes AC, Carr SA, Annan RS,
McNulty DE, Liu WS, Terrett JA, Elshourbagy NA, Bergsma
DJ, Yanagisawa M. Orexins and orexin receptors: a family of
hypothalamic neuropeptides and G protein-coupled receptors
that regulate feeding behavior. Cell 1998; 92: 573–585
Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 1976; 72: 248–254
Zhang JF, Zhang YM, Yan CD, Zhou XP, Qi YJ. Protective
effects of paraventricular nucleus stimulation and vasopressin
on gastric ischemia-reperfusion injury in rats. Shengli Xuebao
2002; 54: 133–138
Kawada T, Yamazaki T, Akiyama T, Mori H, Inagaki M,
Shishido T, Takaki H, Sugimachi M, Sunagawa K. Effects of
brief ischaemia on myocardial acetylcholine and noradrenaline levels in anaesthetized cats. Auton Neurosci 2002; 95: 37–42
Shibuya I, Utsunomiya K, Toyohira Y, Ueno S, Tsutsui M,
Cheah TB, Ueta Y, Izumi F, Yanagihara N. Regulation of
catecholamine synthesis by leptin. Ann N Y Acad Sci 2002;
971: 522–527

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

February 21, 2005

Volume 11

Number 7

Kawada Y, Ueno S, Asayama K, Tsutsui M, Utsunomiya K,
Toyohira Y, Morisada N, Tanaka K, Shirahata A, Yanagihara
N. Stimulation of catecholamine synthesis by orexin-A in bovine adrenal medullary cells through orexin receptor-1. Biochem
Pharmacol 2003; 66: 141–147
Wallace AM, Tucker P, Williams DM, Hughes IA, Ahmed
SF. Short-term effects of prednisolone and dexamethasone on
circulating concentrations of leptin and sex hormone-binding
globulin in children being treated for acute lymphoblastic
leukaemia. Clin Endocrinol (Oxf) 2003; 58: 770–776
Stricker-Krongrad A, Beck B. Modulation of hypothalamic
hypocretin/orexin mRNA expression by glucocorticoids.
Biochem Biophys Res Commun 2002; 296: 129–133
Leininger MT, Portocarrero CP, Bidwell CA, Spurlock ME,
Houseknecht KL. Leptin expression is reduced with acute
endotoxemia in the pig: correlation with glucose, insulin, and
insulin-like growth factor-1 (IGF-1). J Interferon Cytokine Res
2000; 20: 99–106
Ouedraogo R, Naslund E, Kirchgessner AL. Glucose regulates the release of orexin-a from the endocrine pancreas. Diabetes 2003; 52: 111–117
Eikelis N, Schlaich M, Aggarwal A, Kaye D, Esler M. Interactions between leptin and the human sympathetic nervous
system. Hypertension 2003; 41: 1072–1079
van den Top M, Nolan MF, Lee K, Richardson PJ, Buijs RM,
Davies CH, Spanswick D. Orexins induce increased excitability and synchronisation of rat sympathetic preganglionic
neurones. J Physiol 2003; 549: 809–821
Najib S, Sanchez-Margalet V. Human leptin promotes survi val of human circul ati ng blood monocytes prone to
apoptosis by activation of p42/44 MAPK pathway. Cell
Immunol 2002; 220: 143–149
Martin-Romero C, Santos-Alvarez J, Goberna R, SanchezMargalet V. Human leptin enhances activation and proliferation of human circulating T lymphocytes. Cell Immunol 2000;
199: 15–24
Hosoi T, Okuma Y, Wada S, Nomura Y. Inhibition of leptininduced IL-1beta expression by glucocorticoids in the brain.
Brain Res 2003; 969: 95–101
Kazumi T, Kawaguchi A, Hirano T, Yoshino G. C-reactive
protein in young, apparently healthy men: associations with
serum leptin, QTc interval, and high-density lipoproteincholesterol. Metabolism 2003; 52: 1113–1116
Madiehe AM, Mitchell TD, Harris RB. Hyperleptinemia and
reduced TNF-alpha secretion cause resistance of db/db mice
to endotoxin. Am J Physiol Regul Integr Comp Physiol 2003;
284: R763–R770
Landt M, Gingerich RL, Havel PJ, Mueller WM, Schoner B,
Hale JE, Heiman ML. Radioimmunoa ssay of rat leptin:
sexual dimorphism reversed from humans. Clin Chem 1998;
44: 565–570
Faggioni R, Moser A, Feingold KR, Grunfeld C. Reduced
leptin levels in starvation increase susceptibility to endotoxic
shock. Am J Pathol 2000; 156: 1781–1787
Jaworek J, Bonior J, Pierzchalski P, Tomaszewska R, Stachura
J, Sendur R, Leja A, Jachimczak B, Konturek PC, Bielanski W,
Pawlik W, Konturek SJ. Leptin protects the pancreas from
damage induced by caerulein overstimulation by modulating cytokine production. Pancreatology 2002; 2: 89–99

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(7):10051010
World Journal of Gastroenterology ISSN 10079327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Role of adhesion molecules and dendritic cells in rat hepatic/renal
ischemia-reperfusion injury and anti-adhesive intervention with
anti-P-selectin lectin-EGF domain monoclonal antibody
Tong Zhou, Gui-Zhi Sun, Ming-Jun Zhang, Jin-Lian Chen, Dong-Qing Zhang, Qing-Shen Hu, Yu-Ying Chen, Nan Chen
Tong Zhou, Gui-Zhi Sun, Nan Chen, Department of Nephrology,
Rui Jin Hospital, Shanghai Second Medical University, Shanghai
200025, China
Ming-Jun Zhang, Animal Laboratory, Rui Jin Hospital, Shanghai
Second Medical University, Shanghai 200025, China
Jin-Lian Chen, Department of Gastroenterology, Shanghai Sixth
People’s Hospital, Shanghai 200233, China
Dong-Qing Zhang, Shanghai Institute of Immunology, Shanghai
Second Medical University, Shanghai 200025, China
Qing-Shen Hu, Yu-Ying Chen, Institute of Cellular Biology,
Shanghai Second Medical University, Shanghai 200025, China
Supported by Grants from the National Natural Science Foundation
of China, No. 39970340, the Scientific Fund of the Chinese Ministry
of Health, 98-2-283 and the Natural Science Foundation of Shanghai,
No. 02ZB14041 and 034119916
Correspondence to: Tong Zhou, Department of Nephrology, Rui
Jin Hospital, Shanghai Second Medical University, Shanghai 200025,
China. zhoutong_cn@hotmail.com
Telephone: +86-21-64370045 Fax: +86-21-64333548
Received: 2004-02-14 Accepted: 2004-03-02

with anti-PsL-EGFmAb.
CONCLUSION: DCs play an important role in immune
pathogenesis of hepatic/renal ischemia-reperfusion injury.
Anti-PsL-EGFmAb may regulate and inhibit local DC
immigration and accumulation in liver/kidney.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Adhesion molecules; Dendritic cells; Hepatic/
renal ischemia-reperfusion injury; Anti-P-selectin lectinEGF domain monoclonal antibody
Zhou T, Sun GZ, Zhang MJ, Chen JL, Zhang DQ, Hu QS,
Chen YY, Chen N. Role of adhesion molecules and dendritic
cells in rat hepatic/renal ischemia-reperfusion injury and antiadhesive intervention with anti-P-selectin lectin-EGF domain
monoclonal antibody. World J Gastroenterol 2005; 11(7):
1005-1010

http://www.wjgnet.com/1007-9327/11/1005.asp

Abstract
AIM: To investigate the role of P-selectin, intercellular
adhesion molecule-1 (ICAM-1) and dendritic cells (DCs)
in liver/kidney of rats with hepatic/renal ischemiareperfusion injury and the preventive effect of anti-Pselectin lectin-EGF domain monoclonal antibody (anti-PsLEGFmAb) on the injury.
METHODS: Rat models of hepatic and renal ischemiareperfusion were established. The rats were then divided
into two groups, one group treated with anti-PsL-EGFmAb
(n = 20) and control treated with saline (n = 20). Both
groups were subdivided into four groups according to
reperfusion time (1, 3, 6 and 24 h). The sham-operated
group (n = 5) served as a control group. DCs were
observed by the microscopic image method, while P-selectin
and ICAM-1 were analyzed by immunohistochemistry.
RESULTS: P-selectin increased significantly in hepatic
sinusoidal endothelial cells and renal tubular epithelial
cells 1 h after ischemia-reperfusion, and the expression
of ICAM-1 was up-regulated in hepatic sinusoid and renal
vessels after 6 h. CD1a+CD80+DCs gradually increased in
hepatic sinusoidal endothelium and renal tubules and
interstitium 1 h after ischemia-reperfusion, and there was
the most number of DCs in 24-h group. The localization
of DCs was associated with rat hepatic/renal function.
These changes became less significant in rats treated

INTRODUCTION
Hepatic/renal ischemia-reperfusion injury is very common
clinically, but the exact mechanism is unknown[1-6]. Recently,
it has been reported that cell adhesion molecules play a
crucial role in ischemia-reperfusion injury by mediating the
interaction of polymorphonuclear neutrophils with
endothelium[7-12]. There are evidences that inhibition of the
activities of adhesion molecules especially selectins prevented
leukocyte adhesion, migration and recruitment[12-15]. In
addition, dendritic cells (DCs) and their biological functions
have also been implicated in inflammatory diseases,
autoimmune diseases, graft rejection and tumors[16-21]. Thus,
the roles of DCs in adhesion and migration have attracted
great interest because of the observations that their
migration into inflamed tissue is mediated by P- or E-selectins
and that they play an important initiating and modulating
role in immune responses within inflamed tissues[15,17-21] .
However, the roles of DCs involved in leukocyte infiltration
and immune pathogenesis of hepatic/renal ischemiareperfusion injury are largely unknown. In view of the
previous studies[22,23], we further investigated the roles of
P-selectin, intercellular adhesion molecule-1 (ICAM-1) and
DCs in rat hepatic/renal ischemia-reperfusion injury and
the preventive effect of anti-P-selectin lectin-EGF domain
monoclonal antibody (anti-PsL-EGFmAb) on the injury.

1006

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

MATERIALS AND METHODS
Reagents
The antibodies and reagents used in the experiments included
goat anti-mouse CD1a polyclonal antibody (Santa Cruz
Biotech Co., California, USA), rabbit anti-mouse CD80
polyclonal antibody (BD Biotech Co., San Diego, CA), anti-rabbit
IgG-FITC and anti-goat IgG-RPE (Jackson Co., Baltimore,
USA), P-selectin and ICAM-1 immunohistochemistry LSAB
kits (Mei Hua Biotech Development Co., Beijing, China),
ser um alanine aminotransferase (ALT), aspartate
aminotransferase (AST), blood urea nitrogen (BUN), serum
creatinine (SCr) kits (Shanghai Institute of Medical and
Chemistry, Shanghai, China) and anti-PsL-EGFmAb was
produced in-house[24].
Animal models
Ninety male Wistar rats (Shanghai Experimental Animal
Centers of Chinese Academy of Sciences), weighing 200±10 g
were given free access to food and water for three days
before the experiments. The rats were anesthetized with
2.5% sodium pentobarbital intraperitoneally and randomly
divided into two groups. In group one (n = 40), the ligament
linking liver, diaphragm and abdominal wall were separated,
then portal vein and liver artery that drain blood to left
hepatic lobe were blocked with a microvascular clamp for
60 min. After that the clamp was removed, and reperfusion
occurred. In group two (n = 40), the left renal artery was
blocked with a microvascular clamp for 60 min, then the
clamp was removed and reperfusion started. The right
kidney was cut off before the procedure. The two groups
were then randomly divided into two subgroups, one treated
with anti-PsL-EGFmAb (anti-PsL-EGFmAb-treated group,
n = 20) and one treated with normal saline only (salinetreated group, n = 20). Anti-PsL-EGFmAb (2 mg/kg) or
normal saline was injected intravenously 5 min before
reperfusion. Five rats in each group were sacrificed
respectively at 1, 3, 6 and 24 h after reperfusion. Shamoperated rats with anesthesia and opening of celiac cavity
but without blocking of hepatic or renal blood flow (n = 10)
were used as controls.
Collection and measurement methods of specimens
Blood, hepatic and renal tissues were collected at different
time points. Levels of serum AST, ALT, BUN and SCr
were measured with a 747 automatic analyzer (Hitachi
Boehringer Mannheim, Mannheim, Germany). Hepatic and
renal tissue samples were fixed in 10% formalin and
embedded in paraffin. Sections were cut 5 m thick and
stained with hematoxylin and eosin for light microscopic
examination. Expression of P-selectin and ICAM-1 in
hepatic/renal tissue was detected by an immunohistochemistry
method with an LSAB kit.
Distribution of DCs in hepatic and renal tissues
Dual-label immunofluorescence staining for microscopic
image analysis was used[25]. Hepatic and renal tissue sections
were washed with PBS, and then blocked with 0.3% BSA
for 20 min. The sections were incubated with the appropriate
concentration of goat anti-mouse CD1a polyclonal antibody
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and rabbit anti-mouse CD80 polyclonal antibody overnight
at 4 ℃. Subsequently, the sections were washed with PBS,
and added with the appropriate concentration of anti-rabbit
IgG-FITC and anti-goat IgG-RPE antibodies respectively.
The sections were incubated for 1 h at 37 ℃, washed with
PBS and then sealed. PBS was used as a negative control.
DCs were observed by a microscopic image method. CD1a
was positively stained by red-fluorescence and CD80 by
green-fluorescence. Cells with dual staining as shown by
yellow-fluorescence represented DCs. All data were input
into the KS400 imaging process system and software (Vet
3.0), and the area, number and density of DC yellowfluorescence were analyzed.
Statistical analysis
The data were presented as the mean±SD for each group.
All analyses were performed using the SPSS 10.0 program.
Correlation analysis and Student’s t test were used. P<0.05
was considered statistically significant.

RESULTS
Histopathologic evaluation
Grossly the left hepatic lobe was more swollen than the
right lobe, and both were dark in color 1 h after reperfusion
in the saline-treated group. Interstitial congestion and
infiltration of inflammatory cells were observed under the
light microscope. The renal cortices were pale, and the renal
medullae displayed blood stagnation and were dark 1 h after
reperfusion in the saline-treated group. Edema, degeneration
with different extents and necrosis of renal tubular epithelial
cells were obser ved under the light microscope.
Simultaneously, interstitial congestion, edema and infiltration
of inflammatory cells were also found. However, the gross
appearance of the liver and kidney in the anti-PsLEGFmAb-treated group was similar to that in the shamoperated group. No degeneration, necrosis, and interstitial
changes appeared in hepatic cells and tubular cells except
for swelling.
Hepatic and renal function evaluation
The serum levels of ALT (628±91 /L) and AST
(1608±199 /L) 24 h after hepatic reperfusion were much
higher in the saline-treated group than those in the shamoperated group (52±11 /L and 80±17 /L respectively,
P<0.01). The group treated with anti-PsL-EGFmAb had
significantly low levels of ALT (156±21 /L) and AST
(325±37 /L) compared to the saline-treated group (P<0.01).
The levels of BUN (14.54±0.67 mmol/L) and SCr
(102.12±4.67 mol/L) 24 h after hepatic reperfusion were
much higher in the saline-treated group than those in the shamoperated group (7.88±0.57 mmol/L and 39.00±4.47 mol/L
respectively, P<0.01). However, the anti-PsL-EGFmAbtreated group presented with significantly low levels of BUN
(8.78±0.46 mmol/L) and SCr (45.62±3.17 mol/L)
compared to the saline-treated group (P<0.01).
Expression of adhesion molecules in hepatic and renal tissues
P-selectin was expressed widely in hepatic and renal tissues
1 h after reperfusion, which was mainly distributed in hepatic
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sinusoidal endothelium and tubular epithelium as yet
maintained low level at 24 h after reperfusion. In addition,
it was also expressed on part of hepatic cellular membrane,
glomerular mesangium, capillary loops, and interstitium.
ICAM-1 was continuously and increasingly up-regulated on
hepatic sinusoidal endothelium and renal interstitium.
However, treated with anti-PsL-EGFmAb, there were no
obvious expressions of P-selectin and ICAM-1 in the hepatic
and renal tissues of the rats.
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24 h after reperfusion (P<0.01) (Figure 1 E-F, Table 3).
Table 1 Dendritic cell distribution in rat hepatic tissue among the
three groups
Group

n

Area (mm2) of
Number of
Density (n/mm2) of
CD1a+CD80+ DCs CD1a+CD80+ DCs CD1a+CD80 + DCs

Shamoperated 5
Salinetreated 20

415.8±259.4
3 542.6±2 435.8d

AntiPsL

1 982.7±1 456.4b,f

20

98.5±56.8
1 035.6±984.2d

626.4±291.5
2 654.3±1 025.4d

625.4±341.3b,f

962.8±659.1b,f

EGFmAbtreated

DC distributive patterns in hepatic and renal tissues
CD1a +CD80 +DCs were rarely distributed in hepatic and
renal tissues in the sham-operated group, but largely increased
in the saline-treated group as demonstrated by the imaging
analysis (P<0.01) (Figure 1A-D and Tables 1, 2). Further
results found that DCs were mainly distributed in hepatic
sinusoids and renal interstitium. CD1a+CD80+DCs gradually
increased from 1 h after reperfusion and reached the
peak at 24 h (P<0.01) (Table 3). T he number of
CD1a +CD80 + DCs in hepatic and renal tissues were
markedly reduced in the anti-PsL-EGFmAb-treated group
compared to the saline-treated group (P<0.05) especially at

b

P<0.01, dP<0.001 vs shamoperated group; fP<0.01 vs salinetreated group.

Table 2 Dendritic cell distribution in rat renal tissue among the
three groups
Group

n

Shamoperated 5
Salinetreated
20
AntiPsL
20
EGFmAbtreated

Area (mm2) of
Number of Density (n/mm2) of
CD1a+CD80 +DC CD1a+CD80+DC CD1a+CD80+DC
356.3±232.0
2 726.9±1 678.4d
1 610.7±1 025.3b,f

84.5±63.7
866.9±685.4d
383.4±257.6b,f

575.3±280.1
1 647.5±1 376.8d
932.6±754.1b,f

b

P<0.01, dP<0.001 vs shamoperated group; fP<0.01 vs salinetreated group.

Table 3 Dendritic cell distribution at different time points after reperfusion between saline-treated and anti-PsL-EGFmAb-treated groups
CD1a +CD80+ DCs (n/mm2) in rat hepatic tissue

CD1a+CD80+ DCs (n/mm2) in rat renal tissue

n
Salinetreated
1h

5

1 239.7±965.2

AntiPsLEGFmAbtreated

AntiPsLEGFmAbtreated

632.7±425.3

1 076.4±563.9

573.5±376.8a

a

1 132.5±925.7

659.8±475.2a

3h

5

1 364.5±1 025.4

671.9±654.1

6h
24 h

5
5

1 748.9±1 085.1
3 428.6±1 594.5d

967.2±977.5a
1 249.4±872.9 b

a

Salinetreated

a

1 435.6±952.8
2 864.3±2041.5d

975.3±612.8a
1 256.2±956.4 b

P<0.05, bP<0.01 vs salinetreated group, dP<0.01 vs 1 h, 3 h or 6 h group.

A

B

C

D

E

F

Figure 1 Dendritic cell distribution in each group (×1 200). A: DCs were rare in rat hepatic tissue after reperfusion in the sham-operated
group; B: DCs were rare in rat renal tissue after reperfusion in the sham-operated group;C: DCs increased in rat hepatic tissue after
reperfusion in the saline-treated group; D: DCs increased in rat renal tissue after reperfusion in the saline-treated group; E: The number of
DCs in rat hepatic tissue after reperfusion was smaller in the anti-PsL-EGFmAb-treated group than in the saline-treated group; F: The number
of DCs in rat renal tissue after reperfusion was smaller in the anti-PsL-EGFmAb-treated group than in the saline-treated group.
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Relationship between DCs in hepatic/renal tissues and hepatic/
renal functions
The correlation analysis showed that the number of DCs
in rat liver and kidney was associated with ALT, AST, BUN
and SCr (r = 0.338, 0.339, 0.412 and 0.526 respectively, all
P<0.05).

DISCUSSION
Recent studies have indicated that the interactions of
leukocytes with endothelium mediated by cell adhesion
molecules, which form the adhesion cascade, are the critical
multistep processes of leukocyte firm adhesion, activation
and release of inflammatory mediators, which play an
important role in hepatic/renal ischemia-reperfusion
injury[1-15,21-23] . P-selectin mediates the initial, low-affinity
leukocyte-endothelial cell interaction that is manifested as
leukocyte rolling. This transient binding results in further
leukocyte activation and subsequent firm adhesion and
transendothelial migration of leukocytes, both of which are
mediated by interactions between ICAM-1 and other specific
adhesion molecules[26-29] . It has been demonstrated that
blockade of P-selectin or ICAM-1 expression with their
ligands attenuated leukocyte adherence and infiltration during
ischemia and reperfusion injury[14,30-34]. Recently, DCs have
attracted great interest in immune responses or tolerance
and diseases as well as their modulating mechanisms to
migrate inflamed tissue[16,19-21,35,36]. Pendl et al[19], found that
DC migration into inflamed tissue was mainly mediated by
P- or E-selectin at very early stage of inflammation,
suggesting that DCs also play an important role in the
initiation and modulation of the inflammatory response in
tissues. However, the roles of DCs in the hepatic/renal
ischemia-reperfusion injury and P-selectin in mediating DC
migration into the hepatic and renal tissues are not clear so
far.
In our study, hepatic and renal tissues appeared with
significant pathologic damage after ischemia-reperfusion,
including cell swelling, interstitial congestion and
inflammatory cell infiltration, with the increased serum levels
of ALT and AST, BUN and SCr. We also found that the
expressions of P-selectin and ICAM-1 were time-dependent
in the hepatic and renal tissues. P-selectin was markedly
expressed on hepatic sinusoidal endothelium and renal
tubular epithelium in the early stage of hepatic/renal
reperfusion, and was maintained at a lower level in the late
stage. ICAM-1 was mainly expressed on hepatic sinusoidal
endothelium and renal tubular epithelium in the late stage
of reperfusion. Moreover, P-selectin and ICAM-1
expressions in hepatic and renal tissues were down-regulated,
and paralleled the improvement of hepatic/renal functions
and the decrease of pathologic damage when anti-PsLEGFmAb was injected into rats before reperfusion. It has
been reported that leukocyte rolling and recruitment was
delayed when P- or E-selectin deficient mice were infected.
In addition, ischemia-reperfusion induced by renal injury
was markedly attenuated in ICAM-1 deficient mice[20,26,37].
Here we revealed that P-selectin and ICAM-1 played an
important role in inflammation initiated by leukocyte rolling,
adhesion and recruitment into injured tissue. In addition,
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this study indicated that blockade of P-selectin and the early
events of leukocyte adhesion attenuated inflammatory cell
infiltration and pathologic damage, consistent with previous
studies that blockade of P-selectin inhibits platelet and its
activation and improves hepatic/renal functions after
ischemia-reperfusion injury[38,39-42].
DCs are the most potent antigen-presenting cells that
have many biological functions involved in many
inflammatory processes[15,16,20,21]. In this study, we performed
CD1a and CD80 dual-label immunofluorescence staining
for the analysis of DC migration into hepatic and renal
tissues, and found that CD1a+CD80+DCs were significantly
recruited into hepatic and renal tissues of the saline-treated
group, but were rare in the sham-operated group.
CD1a +CD80 + DCs were mainly distributed in the hepatic
sinusoids and renal interstitium in agreement with acute
immune inflammation of hepatic sinusoids and renal
interstitial damage. Our results suggest that DCs may be
involved in neutrophil infiltration within the liver and kidney
in the early stage of ischemia-reperfusion because their
numbers paralleled hepatic and renal damage. Furthermore,
we found that CD1a+CD80 +DCs started to accumulate
within the hepatic and renal tissues 1 h after reperfusion
and reached the peak at 24 h after reperfusion, matching with
the increasing hepatic and renal damage. CD1a+CD80+DC
distribution and populations within hepatic and renal tissues
were positively associated with hepatic and renal functions,
indicating that DCs play a major role in hepatic/renal
reperfusion injury. The potential mechanisms of DCs’ insult
on the liver and kidney after the onset of reperfusion might
be that they migrate into the injured hepatic sinusoids and
renal interstitium, subsequently activate CD4+T cells and
allow them to release pro- and anti-inflammatory cytokines,
which initiate and maintain the local inflammatory response
and tissue injury [2,5,43-46].
It is generally assumed that biological functions of DCs
are associated with their homing, which are mediated and
modulated by different time-dependent adhesion molecules
and chemokines and their interactions[16,19,21,35,47-50] . Our
results of P-selectin and ICAM-1 expression at high levels
within the liver and kidney were consistent with
CD1a+CD80+DC distribution in hepatic sinusoids and renal
tubular interstitium and tissue injury. However, we showed
that P-selectin and ICAM-1 expressions were inhibited,
CD1a+CD80+DC populations were reduced and the injury
was attenuated in hepatic and renal tissue in anti-PsLEGFmAb-treated group. These results support the
hypothesis that DC infiltration and accumulation is related
to P-selectin and ICAM-1 expression and mediation, and
suggest that P-selectin and ICAM-1 adhesion cascade
mediate DC migration into hepatic and renal tissues, initiating
immune inflammation in hepatic/renal ischemia-reperfusion
injury. Furthermore, blockade of P-selectin and ICAM-1
inhibits the migration of the DCs of adhesion cascade to
the hepatic and renal tissues, and thus attenuates hepatic
and renal pathological damage[48,51,52].
In conclusion, DCs play an important role in immune
pathogenesis of hepatic/renal ischemia-reperfusion injury.
Anti-PsL-EGFmAb may regulate and inhibit local DC
immigration and accumulation in liver/kidney. These
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findings may be important to further elucidate the
mechanisms of hepatic/renal ischemia-reperfusion injury
and to explore an efficient approach of anti-adhesive
intervention.
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Abstract
AIM: To observe how acupuncture stimulation influences
the visceral nociception in rat and to clarify the interactions
between acupuncture or somatic input and visceral
nociceptive inputs in the spinal dorsal horn. These will
provide scientific base for illustrating the mechanism of
acupuncture on visceral pain.
METHODS: Experiments were performed on SpragueDawley rats and the visceral nociceptive stimulus was
generated by colorectal distention (CRD). Unit discharges
from individual single neuron were recorded extracellularly
with glass-microelectrode in L 1-3 spinal dorsal horn.
Acupuncture stimulation was applied at contralateral
heterotopic acupoint and ipsilateral homotopic acupoint,
both of which were innervated by the same segments
that innervate also the colorectal-gut.
RESULTS: The visceral nociception could be inhibited at
the spinal level by the heterotopic somatic mechanical
stimulation and acupuncture. The maximal inhibition was
induced by acupuncture or the somatic noxious stimulation
at spinal dorsal horn level with inhibiting rate of 68.61%
and 60.79%, respectively ( P <0.01 and <0.001). In
reversible spinalized rats (cervical-thoracic cold block)
both spontaneous activity and responses to CRD increased
significantly in 16/20 units examined, indicating the
existence of tonic descending inhibition. The inhibition of
acupuncture on the noxious CRD disappeared totally in
the reversible spinalized rats (P<0.001).
CONCLUSION: The inputs of noxious CRD and acupuncture
may interact at the spinal level. The nociceptive visceral inputs
could be inhibited by acupuncture applied to hetero-topic
acupoint. The effect indicates that the spinal dorsal horn plays
a significant role in mediating the inhibition of acupuncture

INTRODUCTION
Visceral pain is poorly understood compared with cutaneous
pain, as a consequence, much of our understanding of
visceral pain is limited to anecdotally clinical descriptions of
pain related to visceral pathology. Abdominal pain associated
with stimulation of the gastrointestinal tract has been related
to sustained or repetitive distention of the gut, as occurs
pathologically with intestinal obstruction. Psychophysical
studies have demonstrated that experimental balloon
distention of the sigmoid colon also leads to the sensation
of pain, but in some cases, only after multiple presentations
of the distending stimulus[1,2]. This stimulus in humans also
produces sensitization of neighboring structures that are
not being directly stimulated, suggesting the activation of
central mechanisms[2,3]. Recently, the studies of visceral
nociception have employed the stimulus of colorectal
distention (CRD) to evoke vigorous physiological, neuronal,
and behavioral responses in rats, rabbits, horses, cats, dogs,
and primates (including humans)[4]. These responses have
been interpreted as painful or nociceptive.
Based on the new development in the concept of central
pathways for visceral nociception, recent studies were
proposed to investigate the interactions between somatic
inputs and nociceptive colorectal inputs in the rat dorsal
horn of spinal cord[5]. According to the pattern theory of
pain, which assumes that the neuronal discharge rate is
related to the level of nociception, the reduced discharge
of these nociceptive neurons in response to CRD in the
presence of tactile inputs may mean an alleviating effect
for visceral pain, and on the other hand, the abnormally
increased response to a tactile stimulus of skin may mean
skin allodynia or pain referred to the body surface.
Furthermore, it is not clear whether the possible sensitive
sites on the body surface in association with the visceral pain

1012

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

are related to the acupoints, the Ah-shi acupoint in particular.
Despite rapid development in pharmacology in the last
60 years, only a small proportion of medical care worldwide
is delivered by means of conventional, biomedically oriented
“western medicine”. An estimated 70% of human healthcare
is achieved by means of alternative therapies. The survival
of these traditional medicines indicates that they have their
merits for being economic, effective, and/or with less sideeffects. However, many traditional therapies remain to be
called alternative or complementary medicine because they
lack modern scientific support.
Being a kind of traditional technique with a long history,
acupuncture has been used to treat a variety of diseases
including pain. This striking and convincing effect activated
the curiosities of scientists and then ample evidence was
achieved on its mechanism. Electrophysiological studies show
that acupuncture might inhibit the neuronal discharges
induced by pain of both somatic and visceral sources in
different levels of the central nervous system. This gave a
good explanation for the clinic phenomena that in some
circumstances acupuncture produces quick effect on pain
and relatively slow and long post effect in the other. Though
there was vast data relating the depression of somatic
afferent inputs on visceral nociception, the evidence about
the role of acupuncture in this process did not abound.
In our recent study, we observed that somatic inputs
and noxious visceral signals (i.e., CRD) might converge and
interact in the neurons at ventroposterior, lateral and dorsal
column nucleus levels. Their interactions were manifested
as that when the cutaneous stimuli were applied, the neuronal
response to CRD was reduced in most cases[6,7].
The current project endeavors to unveil central pain
mechanisms in general and visceral nociception in particular,
and to shine light on the scientific foundation of “alternative
medicine” including acupuncture and touch therapies. By
means of electrophysiological recording in the thalamus,
we expect to strengthen our preliminary findings that tactile
input may suppress nociceptive visceral inputs by virtue of
somatovisceral convergence[6], thus providing a scientific
basis for somatic therapies. On the other hand, visceral
nociception may sometimes cause abnormally higher
discharges of thalamic neurons in response to tactile
stimulation and hence presumably, skin allodynia or pain
referred to the body surface[8] . Acupuncture may be an
appropriate method for pain relief in this latter circumstance
as shown in many studies[9,10].
The purpose of this experiment was to observe how
acupuncture stimulation influences the visceral nociception
in rat and to clarify the interactions between somatic and
visceral nociceptive inputs in the spinal dorsal horn.

MATERIALS AND METHODS
Preparation and recording procedures
All the animal experiments in the present study were
approved authoritatively in accordance with the “Guide for
Care and Use of Laboratory Animals” issued by National
Institutes of Health. Experiments were performed on 67
Sprague-Dawley rats weighing between 250 and 350 g. The
animals were housed with ad libitum access to food and
water in a room illuminated from 07.00 to 18.00. The rats
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were initially anesthetized with an intraperitoneal injection
of pentobarbital sodium (50-60 mg/kg). The trachea was
intubated and a catheter was inserted into one of the jugular
veins to allow a continuous infusion of the anesthetic
(maintained with intravenous infusion at 5 mg/(kg·h)). A
laminectomy was performed between lumbar 1-3 segments
of the spinal cord and the corresponding vertebrae mounted
on a rigid frame. Finally, the skin overlying the cord was
retracted to form a pool. In reversible spinalization
experiments, cervix 8 and thorax 1 laminectomy was also
performed to expose the spinal cord for the application of
frozen normal saline to produce a reversible cold block.
Discharges from single spinal neurons were recorded
extracellularly with the glass microelectrode filled with a
solution of NaCl and pontamine sky blue (resistance 9-15
M ) and the cord covered with agar gel to minimize the
movements caused by respiration. The isolated action
potentials were fed into a window discriminator and displayed
on an oscilloscope screen. The output of the window
discriminator and amplifier were led into a data collection
system and a personal computer data acquisition system
(PowerLab) for further analysis.
The excitatory receptive field of each neuron was mapped
first by innocuous tactile stimulation and then its response
to CRD with pressure ranging from 20 to 100 mmHg was
tested. Only those neurons that responded to both cutaneous
stimuli and CRD were recruited in the present study.
Furthermore, the neurons selected for the present study were
actually the convergent units, which responded to both noxious
(strong pinch and noxiously hot water) and innocuous (hair
movement, pressure) stimuli applied to the receptive field.
Correspondingly, they could also be activated by both large Aand fine C-fibers during transcutaneous electrical stimulation
delivered through a pair of stainless steel needles inserted
in the center of the excitatory receptive field of the neurons.
The unit discharges induced by the stimulation were
compared with the background activity recorded before
any stimulation was added (“net response”). If the impulse
counts during stimulation were 20% more or less than the
background activity, the neuron was then considered to have
an excitatory or inhibitory response respectively.
Heart rate was continuously monitored and body
temperature kept constantly around 37 ℃ by means of a
feedback-controlled heating blanket.
Noxious visceral stimulus
The noxious visceral stimulus employed in these studies
consisted of distention of the descending colon and rectum
of the rat by air inflation of a 4 cm flexible latex balloon.
The balloon was inserted via the anus and kept in position
(the end of the balloon was 1 cm from the anus) by tying
the connecting catheter to the tail of the animal. Pressure
within the balloon was controlled using a blood-pressure
meter and increased repeatedly to 80-100 mmHg for 50 s
with an interval of 5 min to avoid overstimulation and
sensitization. CRD stimuli with intensity >40 mmHg are
recognized as noxious based on previous studies and
experience. CRD has been extensively used as a visceral
pain model since it produces pain in humans and evokes
avoidance behavior in rats[11].

Rong PJ et al. Acupuncture inhibition on noxious colorectal distention

Skin stimulus and acupuncture
Excitatory somatic receptive fields were mapped. Neurons
were classified by their responses to the innocuous (brush
and tap) and noxious (pinch) stimuli. The skin receptive
field was identified initially by gentle tapping and brushing,
and then defined with von Frey hairs.
Manual acupuncture was applied at the excitatory receptive
field of ipsilateral hindlimb acupoint St-36 (Zusanli, located
below the capitulum fibulae and lateral to the tibia) and
non-receptive field, contralateral hindlimb acupoint St-36.
For the manual acupuncture, a needle was inserted into
acupoint and was rotated clockwise and anti-clockwise at
2 Hz for 30 s.
Experimental procedures
When cell activity is well isolated from background noise,
the response of the neuron to skin stimulation and CRD
will be tested separately first. The skin receptive field will
be mapped by means of von Frey hairs. Visceral nociceptive
stimulation will be generated by CRD by means of a balloon
catheter inserted into the descending colon and rectum with
a pressure of up to 80-100 mmHg.
A standard protocol was employed for the determination
of effects of acupuncture and somatic stimuli on the neuronal
response. A background activity of the neurons was recorded
for 5-20 s followed by a test of their responses to CRD
stimulation for 50 s. Manual acupuncture at the acupoint
or mechanical stimulation on the skin was applied for 30 s
beginning at the tenth second of a 50-s period of CRD
stimulation. After the acupuncture or somatic stimulation,
the response of the neurons was recorded for another 10 s
and finally, the background activity of the neurons was tested
for another 5 s after the CRD stimulation was removed.
Histological verification of recording sites
A lesion was made at the site of recording or at the end of
an electrode track by passing 100- to 500-A DC current
for 10-30 s to identify the locations of neurons recorded in
the spinal cord. The fixed brain was blocked and sectioned
at a thickness of 50-m and the locations of recording site
within the dorsal horn were verified from specimens by
reconstruction of microelectrode tracks.
Statistical analysis
The data obtained before and after intervention in the same
group used paired t-test, and the corresponding ones
between the two groups were compared statistically by an
independent t-test. P<0.05 was considered as statistical
significance. All data are presented as mean±SE.

RESULTS
General properties of recorded units
A total of 237 spinal dorsal horn neurons in L1-3 segments
were recorded in 67 rats, of which, 145 were convergent
neurons, 80 were those responding only to innocuous
stimulation (non-noxious-only neurons) and 12 were the ones
responding only to the noxious stimulation (noxious-only
neurons). As shown by electrophoresis of the dye at the
end of experiments, the convergent neurons in the present
study were located within the dorsal horn both in superficial
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(lamina 1) and, more often, in deeper zones (laminae 4-6)
of the gray matter (Figure 1B), while their excitatory receptive
fields were located in the caudal parts of the body, including
the scrotum, hip region, thigh, hindlimb, or tail, and were
sometimes even larger (Figure 1A). The neuron could be
activated by both noxious (pinch, hot water) and innocuous
(von Frey hairs, tapping, light pressure) stimuli; the application
of sustained non-noxious pressure resulted in a phasic
response prior to a short period of adaptation, which was
followed by a tonic discharge lasting throughout the period
of stimulation. By applying 1 ms duration transcutaneous
electrical square-wave stimuli to the center of their excitatory
receptive fields, responses due to peripheral activation of
A- and C-fibers could be observed in application of
suprathreshold current.

A

B

Figure 1 Skin receptive fields (A) and histological localization of
the spinal dorsal horn neurons (B).

Eighty non-noxious-only neurons had a distal cutaneous
excitatory receptive field; they responded only to innocuous
peripheral stimuli such as hair movement, light pressure
and touch, but did not respond to noxious stimuli, or to Cfiber inputs. The non-noxious-only neurons were found in
laminae 3-6. Twelve noxious-only units were mainly located
in the marginal layer of the dorsal horn. The peripheral
receptive fields were smaller than those of the convergent
neurons. The neurons could only be activated by a strong
pinch or noxious heat and received a clear C-fiber input
without A-fiber input.
In the present study, we focused on the convergent neuron,
i.e., the units responding to both noxious and non-noxious
inputs.
Response of convergent neurons to CRD
All convergent neurons were excited by noxious and nonnoxious cutaneous stimuli, and were also activated by CRD
stimuli. Among 145 units responding to CRD, 113 were
excited and 32 were inhibited. In general, the neurons were
classified as abrupt or sustained neurons[10] . The abrupt
neurons were excited with short latency by CRD and their
activities abruptly returned to the baseline or under baseline
levels after the termination of distending stimulus. The
sustained neurons were also excited with short latency by
CRD, but the responses were sustained for longer than 5 s
after termination of distention. Whereas, the activity of both
abrupt and sustained neurons was similarly attenuated by
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acupuncture stimulation applied at non-segmental acupoints.
As shown in Figure 2, the convergent neurons responded
linearly to the CRD of increasing intensities from 20 to
100 mmHg. During CRD at 100 mmHg, these neuronal
discharges increased from 5.95±1.87 spikes/s, the baseline
level, to 21.67±3.41 spikes/s, with an increasing rate of
364.20%.
250

Spikes/10s

200
150
100
50

CRD
0

20

40

60

80

100 mmHg

Figure 2 Convergent neuron responses to CRD ranged from 20 to
100 mmHg in a monotonic and accelerating fashion.

Effects of acupuncture and mechanical stimulation on the
responses of convergent neurons to CRD
The effect of noxiously conditioning pinch of skin of nonreceptive field on neuronal responses to CRD was studied
in 18 convergent neurons. As an individual example shown
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in Figure 3, the firing of the neuron was induced by
sustained CRD at 100 mmHg, it was shown that either
noxious pinch of hind paw (Figure 3A and Figure 4) or the
stimulation of tail by hot water at 48 ℃ (Figure 3B) strongly
reduced the responses of the neurons to CRD, whereas
non-noxious light pressure was totally ineffective.
The noxious pinch of homotopic region i.e., the somatic
region converged with visceral inputs in excitatory receptive
field of convergent units induced a significant facilitation
of the response to CRD (Figure 4).
The effect of acupuncture of non-receptive field (usually
at contralateral St-36 acupoint) on CRD-evoked response
was also investigated in the present study. As shown in
Figure 3C for a representative individual example, CRDevoked response of convergent unit could be strongly
inhibited by heterotopic acupuncture at contralateral St-36
acupoint (Figure 3C). However, acupuncture stimulation
of excitatory receptive field (usually at ipsilateral St-36
acupoint) produced a strongly facilitative effect on the
response of the neuron to CRD (Figure 3D).
The results of acupuncture and mechanical stimulations
on the responses of convergent neurons to CRD were
summarized in Figure 4. Both heterotopic noxious mechanical
stimuli and heterotopic acupuncture could induce a similar
inhibitory effect on the responses of convergent neurons
to CRD while, either noxious mechanical stimuli or
acupuncture at the neuronal excitatory receptive field
significantly facilitated the responses of the neurons to CRD.

Pinching contralateral hindpaw (NRF)

A

Volume 11

n = 17d

CRD+Acup RF

0

Spikes/s

40

0 5
15
bg CRD

45
CRD+testing

55 60 s
CRD bg

Figure 3 Effect of acupuncture and noxious stimuli on the responses of convergent neuron to CRD. Whole recording time covers
60 s, of which first 5 s (0–5 s) is the duration for recording spontaneous background (bg) activity; from 5th to 55th s the CRD was consecutively administered, during 15 th to 45 th s the stimulations of
acupuncture, pinch or hotwater was given (CRD + testing); from 55th
to 60th s was for recording only the post-stimuli bg activity. Inhibitory effects induced by the stimuli of pinch in hind paw (A), 48 ℃hotwater on tail (B) and acupuncture at contralateral St-36 acupoint
(C) in non-receptive fields (NRFs), and facilitated effect produced by
acupuncture at ipsilateral St-36 acupoint (D) in receptive field (RF).
The top traces in each section are original computer-captured spike
records, and the bottom traces are the corresponding peri-stimulus
time histograms of the discharges.

Figure 4 Statistical graph showing the effects of acupuncture and
pinch on the responses of convergent neurons to CRD. Control CRD:
CRD induced the neuron’s responses; CRD+Pinch NRF: effect of
pinch in non-receptive field on the responses of the neurons to CRD;
CRD+Pinch RF: effect of pinch in the receptive field; CRD+Acup.
NRF: effect of acupuncture in non-receptive field; CRD+Acup. RF:
effect of acupuncture in receptive field. bP<0.01 and d P<0.001 vs
Control CRD respectively.

Effects of acupuncture and mechanical stimulation on responses
of convergent neurons to CRD in the spinalization animal
Twenty convergent neurons were recorded in 14 reversible
spinalization rats. All the 20 neurons in the rats were found to
respond to the noxious heat, strong pinch, pressure and light
touch and received A and C fiber inputs before spinalization.
After spinalization, the spontaneous discharges (background
activity) of the neurons were 5.7±1.1 spikes/s, which was
significantly enhanced as compared to 3.9±0.9 spikes/s,
obtained before spinalization (P<0.05). Similarly, the

Rong PJ et al. Acupuncture inhibition on noxious colorectal distention

responses of the neurons to sustained CRD at 80 mmHg were
14.9±2.5 spikes/s following spinalization, which was statistically
higher than that of pre-spinalization, 12.7±3.5 spikes/s
(P<0.05).
As shown in Figure 5, the responses of 20 convergent
neurons to sustained CRD were significantly inhibited by
acupuncture at contralateral St-36 acupoint with an inhibitory
rate of 66.7±3.5% in the pre-spinalized rats (Figure 5A).
Interestingly, the inhibitory effect of the same stimulation
of acupuncture almost completely disappeared in the same
rats after spinalization (Figure 5B). The inhibitory effect
could reoccur in several minutes after the spinal blockage
was removed (Figure 5C and Figure 6 for summary data).
A

Pre-spinalization

B

During recoverable spinalization

C

After recovery from acute spinaliztion
Spikes/s

40

0 5
bg

15
CRD

45

CRD+acupuncture St36

55 60 s
CRD

bg

Figure 5 Effects of acupuncture on the responses of the convergent neurons to CRD before and after reversible spinalization. All
the experimental procedure in this figure is the same as those in
Figure 3.

n = 17b
% 100

CRD

CRD+Acup
50

0

n = 17b

pre-spinalization

post-spinalization

Figure 6 Statistical graph showing the effects of acupuncture on
the responses of convergent neurons t o CRD in normal and
spinalized rats. Open columns represent the CRD induced the neuron’s
responses; hatched columns exhibit the effects of acupuncture at
the acupoint of non-receptive field on CRD-induced responses before and after reversible spinalization. b P<0.001 vs CRD-induced
response and acupuncture effect of post-spinalization compared
with that of normal animals respectively.

DISCUSSION
Over the last few decades there has been a widespread and
increasing interest in acupuncture around the world. Though
great progresses are made, a lot of mysteries and disputes
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still remain in acupuncture mechanism. It was confirmed
that acupuncture could produce obvious inhibition on painrelated discharges of the neurons in almost all levels of the
central nervous system. Acupuncture-induced analgesia is
widely accepted in the fields of both clinical and basic science
studies[9,12]. As mentioned in the section of introduction,
there is the inter-inhibitory control at the spinal level that
converge and integrate the information coming from both
somatic (including acupuncture-activated input) and visceral
afferents. In the present study, acupuncture or pinch
stimulation applied in the area remote to the receptive field
induced a rapid suppression on the response to the noxious
visceral stimulation. Actually, the conditioning stimulation of
various areas of the entire body could produce the inhibition
in an intensity-dependent manner. These features resemble
diffuse noxious inhibitory control (DNIC) phenomena[13].
Quantitative neurophysiological studies in rats have
demonstrated the existence of at least two spinal neuron
populations that encode for CRD in an excitatory, graded
fashion throughout the noxious range[14,15]. The recent study
conducted by Ness and Gebhart [16] demonstrated that
chemical inflammation of the colon-rectum leads to increases
in reflex responses to CRD and to increased CRD-evoked
activity in a subset of spinal dorsal horn neurons encoding
for CRD, the sustained neurons. The magnitude of the
alterations in the reflex responses correlated in time with an
index of local inflammation, the extravasation of Evans
blue into colorectal tissues. The mechanisms of these increased
responses may be due to both processes at the level of the
primary afferent transducer as well as central processes
(spinal cord or brain).
In terms of nociception, the spinothalamic tract (STT) has
been viewed as the most important pathway for nociception,
including visceral pain, and previous studies of pain mechanisms
have focused mainly on this pathway and its related projection
areas[17,18] . There has been ample evidence to show that
viscerosomatic convergence is a common phenomenon in
this pathway[19,20], and it has been found that virtually all
second-order neurons in the spinal cord that receive visceral
inputs also have convergent somatic inputs[21,22]. Studies of
pain mechanisms and viscerosomatic interactions have also
been mainly aimed at the spinal level. The interactions
between different fibers have been conducted in the STT
and it is generally found that the interaction of the two afferent
systems is usually an inhibition of the second response
irrespective of which of the systems is activated first[19,20,23],
and inhibition of one nociceptive response is better achieved
with another painful conditioning stimulus. As most STT
neurons respond specifically to noxious inputs or have wide
dynamic range responses[21], studies of pain control by the
conditioning method have so far invoked either electrical[15,16]
or nociceptive stimuli[19,20]. Despite an early report in which
electrical stimulation that was considered to activate large
diameter fibers (and thus was innocuous) could temporarily
abolish pain in human subjects[26], activation of A and C
fibers in general was found necessary in order to efficiently
inhibit or counteri-rritate the original pain[27,28]. In principle,
the electrical nerve stimulation involves “nocigenic inhibition”
or “counteri-rritation”, in line with the DNIC mechanism[29].
Numerous studies have shown that viscerosomatic
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convergence appears to be a rule rather than an exception
at both the spinal and supraspinal levels[30]. The spinal
convergent neurons receive signals from viscera, muscles
and joints. This convergence of inputs means that multireceptive neurons are continuously capturing all the
information from both the external environment (the skin)
and the internal milieu (the viscera, muscles, etc.). This
information constitutes a ‘basic somaesthetic activity’ that
could help the somatosensory system to build a ‘global
representation of the body’. In addition to a global entity,
the output of multi-receptive neurons should be understood
in dynamic terms since the size of the peripheral fields of
the individual neurons may change, as a result of the
plasticity of both excitatory and inhibitory segmental
processes. Furthermore, the activity of these neurons can
be inhibited from most of the remaining parts of the body
via supraspinal mechanisms. These DNICs are triggered
by peripheral A- and C-fibres, involving the brain structures
confined to the caudal-most part of the medulla[29] . We
previously reported that acupuncture stimulation might
inhibit C- nociceptive inputs produced by electrical shock
in the excitatory receptive fields of the convergent neurons
in spinal and bulb dorsal horn. The inhibition was strong
and lasted for long period[31]. The present data not only
support the findings of earlier reports of nociceptive inhibition
in cutaneous models, but also extend them to visceral system.
Ness and Gebhart’s studies[19,20] on nociceptive inhibition
of neuronal and/or reflex responses to a reproducible,
reliable, noxious visceral stimulation (for CRD), showed that
the noxious conditioning cutaneous stimuli inhibited the
responses to the gradually-increased noxiously visceral
stimulus in an intensity-dependent fashion and made a parallel
shift to the right of stimulus-response curve. In human,
Coffin and colleagues observed that transcutaneous electrical
nerve stimulation (100 Hz, 100 s) could reduce the
perception of gut distention [32]. Meanwhile, electrical
stimulation on the dorsal surface of spinal cord at L1 could
obviously attenuate the behavioral response of visceromotor
induced by CRD (60 mmHg for 10 min) in a rat model.
The authors suggested that, like somatic stimulation, the
spinal cord stimulation might have therapeutic potential for
the treatment of visceral pain[33].
The current study showed that the skin areas that may
interact with colorectal nociception at the spinal[10,11] and
thalamic[34] levels are located in the caudal part of the body
including the tail, hindlimb, perineal and hip regions. In terms
of the spinal segmental arrangement, they are within the
lumbosacral dermatomes, the same segments that innervate
the hindgut (L 2-S 3). Despite having generally smaller
receptive fields on the extremities than those on the
abdominal region, there was no clear correlation between
the type of interactions, whether excitatory or inhibitory,
and the skin receptive fields from our limited data. Whether
the skin spots, in particular the tender points, where the
interactions take place are related to acupoints and the
meridians of traditional Chinese medicine remains to be
investigated further, preferably in primates.
It is generally accepted that multiple supraspinal sites of
the descending pain modulatory system exert powerful
effects on the inhibitory response of the nociceptive messages
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at the spinal level. It has been demonstrated that acupuncture
stimulation inhibited Fos expression in the dorsal horn
induced by mechanical noxious stimulation or hindlimb
amputation and inhibited the nociceptive response[35]. The
results here in reversible spinalized experiments also
indicated that the neuronal inhibition on noxious CRD by
acupuncture totally disappeared. However, Ness and
Gebhart [10] certified that noxious conditioning cutaneous
stimuli could still inhibit CRD-induced neuronal responses
in the spinal cord transection at the level of C1 segment;
this result was not in coincidence with the present observation.
Actually, the propriospinal neurons in the upper cervical
cord (C1-C3) can receive a convergence from the different
visceral inputs and serve as a potential integrator of sensory
information between visceral organs separated by distance
and function. This multisegmental modulation of visceral
afferent processing still occurs after C1 transection but is
abolished after a C6 transection[36-38]. These researches
indicate that the neurons of upper cervical segments may
be important for modulatory activity of distant spinal
neurons responding to visceral input (processor). Recent
studies have suggested that electroacupuncture-activated
spinal neurons convey acupuncture signals to the brain and
activate a descending inhibitory system, which in turn inhibits
c-Fos expression in the spinal cord and hyperalgesia[39,40].
Based upon the finding of the present and previous
studies, it can be concluded that the convergent neurons of
spinal dorsal horn is an important area of visceral nociceptive
processing. These findings further extend and support the
contention that visceral nociception occurs in the lower
lumbar spinal cord of the rat. The neurons respond to the
gradually-increased intensity of noxious visceral stimulation
in an intensity-dependent manner. Noxious conditioning
cutaneous stimuli and acupuncture at acupoint can significantly
inhibit the noxiously visceral response in intact, but not in
spinalized rats, suggesting that upper cervical cord and/or
supraspinal mechanisms are/is important in mediating the
nociceptive inhibition produced by the conditioning cutaneous
stimuli or acupuncture.
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Abstract
AIM: To estimate the detectability of anomalous connection
in pancreatobiliary disease (ACPBD) cases, measuring
gallbladder wall blood flow (GWBF).
METHODS: In the retrospective study, we enrolled 42
subjects with gallbladder wall thickening. GWBF velocity
was determined as an average value of the peak velocity
of color signals on the gallbladder wall, three times in each
case. Based on the findings on endoscopic ultrasonography
(EUS) or endoscopic retrograde cholangiopancreatography
(ERCP), the 42 subjects were divided into 11 cases with
ACPBD and 31 cases without ACPBD. In the prospective
study, the subjects were 92 cases with gallbladder wall
thickening. Using the cut-off level of the flow velocity obtained
in the retrospective study, the usefulness of measuring
GWBF velocity in diagnosing ACPBD was evaluated.
RESULTS: In the retrospective study, imaging of GWBF
was obtained in 40 of the 42 subjects. The mean GWBF
velocity of the ACPBD cases was 29.4±3.9 cm/s
(mean±SD), which was significantly different (P<0.0001;
95% CI 5.48-13.2) from that of the without ACPBD cases
(20.1±5.9 cm/s). Based on this result, we prepared a
receiver operating characteristic curve, and the cut-off
level appropriate for diagnosing ACPBD was estimated to
be 25 cm/s. In the prospective study, GWBF was detected
in 86 of the 92 subjects. Based on the EUS or ERCP
findings, the 92 subjects were divided into 15 cases with
ACPBD and 77 cases without ACPBD. When a cut-off level
of 25 cm/s was employed, ACPBD could be diagnosed
with a sensitivity of 87.0% (13/15) and a specificity of
87.3% (62/71).
CONCLUSION: Meas urement of GWBF velocity, which is
less invasive and provides objective values, is very useful
for diagnosing ACPBD prior to the development of malignant
tumors in cases with gallbladder wall thickening.

INTRODUCTION
The junction of the common bile duct and the pancreatic
duct is crucial for sphincteric control of bile and pancreatic
juice drainage. Anomalous connection in pancreatobiliary
disease (ACPBD) is a condition in which the junction between
the common bile duct and the pancreatic duct is located
outside the duodenal wall[1]. Therefore, the action of the
sphincter of Oddi does not affect the junction; the
communication between these ducts is always present, and
so pancreatic juice flows into the biliary tract through the
communication. ACPBD has attracted attention because
of its frequent association with biliary malignancy[2-4]. Thus
it is important for ACPBD cases to be detected more
efficiently before biliary malignancy develops. It has been
reported that gallbladder wall thickening is characteristic of
ACPBD on abdominal ultrasonography. But these findings
are rather subjective. To efficiently and objectively detect
a low incidence of ACPBD, high-risk patients should be
detected from cases with these findings. Endoscopic
ultrasonography (EUS) is carried out in selected cases to
detect ACPBD in the subjects with gallbladder wall thickening,
and then endoscopic retrograde cholangiopancreatography
(ERCP) is performed to confirm the existence of ACPBD.
However, no examination procedure has been established[5]
to detect non-invasively and efficiently precancerous
ACPBD.
On the other hand, we reported the usefulness of
gallbladder wall blood flow (GWBF) velocity in the diagnosis
of gallbladder disorders; a higher velocity of gallbladder
wall blood flow suggested malignant potential[6-9]. In this
study, we investigated the usefulness of measuring GWBF
velocity in the diagnosis of ACPBD in patients with gallbladder
wall thickening to facilitate the more efficient detecting of
ACPBD.
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MATERIALS AND METHODS
Retrospective study
For the present study, 3 mm or greater gallbladder wall
thickening was considered indicative of potentially
underlying ACPBD[5]. Forty-two consecutive subjects with
gallbladder wall thickening who visited Nagoya University
Hospital between October 1996 and September 1998 were
examined in this study. They included 28 males and 14
females with a mean age of 50.5±2.47 (mean±SE) years.
The subjects did not have any symptoms, and ultrasonography
on a health checkup showed gallbladder wall thickening.
Patients with acute cholecystitis, hepatitis, chronic liver
disease, or hepatic neoplasm were excluded, because it has
been reported that patients with these disorders show a
specific type of gallbladder wall blood flow[7,10,11] , with a
high flow velocity. In each subject, fast Fourier transform
analysis of the flow velocity was performed using imaging
of GWBF obtained by color Doppler-guided spectral analysis.
After GWBF velocity was measured, EUS was performed
to investigate the presence or absence of ACPBD in all
patients. In diagnosing ACPBD by EUS, we followed the
course of the distal common bile duct and the pancreatic
duct within the pancreatic parenchyma up to the level of
the papilla, as described in previous studies[12]. Ten cases with
pancreatobiliary connection in the pancreatic parenchyma
were regarded as having ACPBD, whereas 28 cases in whom
the common bile duct ran through the duodenal wall without
connecting with the pancreatic duct were regarded as being
free from ACPBD. In 4 cases in whom the distal common
bile duct could not be evaluated by EUS, we considered
diagnosis impossible. The echoendoscopes used in the
present study were the EG-3630UR (Pentax, Tokyo, Japan),
GF-UM240 and GF-UM2000 (Olympus, Tokyo, Japan).
In the cases in whom EUS suggested anomalous connection
and in those in whom diagnosis was impossible, ERCP was
performed to evaluate the presence or absence of ACPBD
for definitive diagnosis. In the 10 cases in whom EUS
suggested ACPBD, ERCP confirmed this finding. In 1 of
the 4 cases in whom diagnosis was impossible on EUS,
ACPBD was detected, but not in the other 3 cases. The
diagnostic criterion for ACPBD by ERCP is a common
channel longer than 15 mm. Moreover, for more definite
proof of ACPBD, it is best to confirm that the contractile
segment of the common channel ends well below the
common channel[4] . Be summarized as follows, the 42
subjects were divided into 11 cases with ACPBD and 31
cases without ACPBD. In 5 of the 11 cases with ACPBD,
dilatation of the bile duct was observed, but not in the
other 6 cases. In the 11 cases with ACPBD, surgery was
performed, and pathological findings confirmed gallbladder
cancer in 2 cases, hyperplasia of the gallbladder in 5 cases,
and gallbladder adenomyomatosis in 4 cases.
GWBF velocity was measured as previously described.
The threshold and the mode of color Doppler sensitivity
were adjusted to obtain the most sensitive color signal without
aliasing. When the image of the cystic artery was obtained,
we evaluated the flow of the cystic artery in the gallbladder
body close to the hepatic bed. The values of peak flow
velocity were measured at three points of the artery in the
gallbladder, close to the hepatic bed, and were averaged.
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For velocity measurement, angle correction was made at
that position. We tried to obtain a measurement of velocity
less than 60 degrees in Doppler angle[7]. The HDI 3 000
and 5 000 (ATL, Philips, USA) and a 5 MHz convex or
linear probe were used to measure GWBF velocity.
We compared GWBF velocity between the cases with
ACPBD and those without ACPBD, and estimated the cutoff value of GWBF velocity for diagnosing ACPBD in
cases with gallbladder wall thickening. In the cases with
ACPBD, we examined GWBF velocity with respect to
gallbladder disorders and the presence or absence of
dilatation of the bile duct.
Prospective study
In the prospective study, the subjects were consecutive 92
cases with gallbladder wall thickening who visited our hospital
between October 1998 and September 2003, and to simplify
this study we excluded cases such as acute cholecystitis,
hepatitis, chronic liver disease, or hepatic neoplasm as
mentioned above. Using the cut-off level of the flow
velocity obtained in the retrospective study, the usefulness
of measuring GWBF velocity in diagnosing ACPBD was
evaluated.
Analysis of data
Analysis of unpaired t-test and ANOVA (analysis of
variance) were used for statistical analysis of the data.
Probability (P) values of less than 0.05 were considered
significant. All values are expressed as the mean±SD. To
determine the cut-off level of flow velocity, we prepared a
receiver operating characteristic curve (ROC curve) based
on the results of the retrospective study.

RESULTS
Retrospective study
In the retrospective study, imaging of GWBF was obtained
in 40 (95%) of the 42 subjects. In the ACPBD group, the
peak mean GWBF velocity was 29.4±3.9 cm/s, and images
of wall blood flow were obtained in all 11 cases. The mean
flow velocity of each gallbladder disorder was as follows: in
carcinoma (2 cases) it was 34.1±2.5 cm/s, in hyperplasia (5
cases) 30.1±3.2 cm/s, and in adenomyomatosis (4 cases)
26.7±2.0 cm/s. There was a significant difference in GWBF
velocity between the patients with gallbladder cancer and
those with adenomyomatosis (P = 0.0392 by ANOVA).
However, there were no significant differences among the
other disorder groups. There was no significant difference
in GWBF velocity between the 5 ACPBD patients with
dilatation of the bile duct and the 6 ACPBD patients without
dilatation of the bile duct.
In the without ACPBD group, the mean GWBF velocity
was 20.1±5.9 cm/s and images of GWBF were obtained
in 29 (94%) of the 31 cases. The blood flow velocity within
the gallbladder wall in the ACPBD group was significantly
higher than that in the without ACPBD group (P<0.0001;
95% CI 5.48 - 13.2 = (Table 1). When preparing an ROC
curve based on these results, the cut-off level of GWBF
velocity appropriate for diagnosing ACPBD was estimated to
be 25 cm/s (Figure 1). When the cut-off level of the GWBF
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Table 1 Subjects and data in the retrospective study (mean±SD)
Group

Detection rates (%)

ACPBD cases

Disorder of GB (cases)

Type of CBD dilatation (cases)

GWBF velocity (cm/s)

11/11 (100%)
Carcinoma (2)
Hyperplasia (5)
Adenomyomatosis (4)
Dilated type (5)
Undilated type (6)

Without ACPBD cases

29/31 (94%)

29.4±3.91
34.1±2.52
30.1±3.2
26.7±2.02
30.1±3.2
28.9±4.7
20.1±5.91

NS
NS
NS
NS
NS

P<0.0001; 95% CI 5.48–13.2 2P = 0.0392 (by ANOVA); ACPBD, anomalous connection in pancreatobiliary disease; GB, gallbladder; CBD, common bile duct;
GWBF, gallbladder wall blood flow; NS, not significant.

1

velocity was set at 25 cm/s, the sensitivity and specificity
for ACPBD by GWBF velocity were 90.9% (10/11) and
89.7% (26/29) respectively.

GWBF velocity (cm/s)

60
50
40

1.0

Sensitivity

0.8

←25 cm/s

30
20

0.6

10

0.4
ACPBD cases Without ACPBD cases

0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
False. Positive. Rate
Figure 1 Receiver operating characteristic curve. The cut-off level
of the gallbladder wall blood flow velocity was set at 25 cm/s for
diagnosing anomalous connection in pancreatobiliary disease.

When GWBF close to the peritoneal cavity was compared
with that close to the hepatic bed in subjects in whom images
of wall blood flow were obtained, there was no significant
difference in the flow between the two regions in any case.
Prospective study
In 86 (93%) of the 92 subjects, GWBF could be detected.
EUS suggested ACPBD in 13 cases; there was no anomalous
connection in 74 cases, and diagnosis was impossible in
5 cases. In 2 of the 5 cases, ERCP verified ACPBD, whereas
there was no anomalous connection in the other 3 cases.
Briefly, the subjects consisted of 15 cases with ACPBD
and 77 cases without ACPBD. GWBF velocity could be
measured in all cases with ACPBD and in 71 (92.2%) of
the 77 cases without ACPBD. Twenty-eight cases showed a
GWBF velocity of more than 25 cm/s. The sensitivity and
specificity of GWBF velocity in the diagnosis of ACPBD were
86.7% (13/15) and 87.3% (62/71) respectively (Figure 2).
In 7 of the 15 cases with ACPBD, dilatation of the bile
duct was observed, but not in the other 8 cases.
In all cases with ACPBD, surgery was performed.
Pathological findings confirmed gallbladder cancer in 3 cases,
hyperplasia of the gallbladder in 8 cases (Figure 3), and
gallbladder adenomyomatosis in 4 cases. Remaining 77 cases
are under serial examination every 6 mo (6 from 66, mean
32.4±14.8 mo), and there have been no morphological
change of the gallbladder.

Figure 2 Distribution of individual GWBF velocity (prospective study)
Gallbladder wall blood flow velocities in the prospective study. Using a 25 cm/s cut-off level in the retrospective study, 28 cases (13
with ACPBD cases and 15 without ACPBD cases) had a peak wall
flow velocity of over 25 cm/s. ■, carcinoma with ACPBD; ◆, hyperplasia with ACPBD; •, adenomyomatosis with ACPBD; ○, without
ACPBD; GWBF, gallbladder wall blood flow; ACPBD, anomalous connection in pancreatobiliary disease.

DISCUSSION
In cases with ACPBD, malignant tumors of the biliary
system develop at a young age, showing a poor prognosis in
many patients[2-4]. Therefore, it is important to detect ACPBD
before the development of malignant tumors. Gallbladder
wall thickening and dilatation of the common bile duct on
ultrasonography are characteristic of ACPBD, and a study
has reported that ACPBD was observed in 2.9% of patients
with gallbladder wall thickening and in 23% of patients with
dilatation of the common bile duct[5]. To evaluate gallbladder
wall thickening is rather subjective, so objective diagnostic
criteria may be needed. To efficiently and objectively detect
a low incidence of ACPBD, high-risk patients should be
detected from cases with these findings. In cases with
dilatation of the bile duct on abdominal ultrasonography,
not only ACPBD but also malignant tumors of the bile duct
or pancreas must be ruled out, and secondary examination
should be aggressively performed. Therefore, we considered
it important to efficiently detect cases with ACPBD from
cases with gallbladder wall thickening, and this study
investigated cases with gallbladder wall thickening regardless
of the presence or absence of dilatation of the common
bile duct. A study has indicated that GWBF velocity is high
in patients with symptomatic acute cholecystitis[7,11]; therefore,
these patients were excluded from this study. When gallbladder
wall thickening persisted after improvement in symptoms,
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Figure 3 Case with gallbladder hyperplasia with ACPBD. A: Gallbladder wall thickening was observed by gray-scale ultrasound; B: Color
Doppler ultrasound revealed abundant blood flow within the hypertrophic gallbladder wall close to the hepatic bed. The peak gallbladder wall
blood flow velocity was 44.2 cm/s by fast Fourier transform analysis of blood flow; C: Endoscopic ultrasonography shows the pancreatic duct
(PD) and bile duct (BD) connection (arrow head) beyond the duodenal wall and within the pancreatic parenchyma. This is one of the cases with
ACPBD detected in the prospective study (ACPBD, anomalous connection in pancreatobiliary disease).

GWBF velocity was measured, and these patients were
enrolled in this study. Hayakawa et al[7] have reported that
gallbladder cancer could be detected with a sensitivity and
specificity of 100% and 96% respectively when the cutoff value of GWBF velocity was set at 30 cm/s. When this
cut-off value (30 cm/s) was applied to the results of this
retrospective study, GWBF velocity was 30 cm/s or more in
the 2 ACPBD cases with gallbladder cancer; however,
GWBF velocity was less than 30 cm/s in 7 (77.8%) of the
9 patients with ACPBD prior to the development of cancer.
Therefore, we prepared an ROC curve based on the results
of the retrospective study to establish a cut-off value
appropriate for the diagnosis of ACPBD, and established
the cut-off value at 25 cm/s.
In our prospective study, we employed this cut-off value
(25 cm/s), and investigated the usefulness of measuring
GWBF velocity in the diagnosis of ACPBD. Measurement
of GWBF velocity facilitated diagnosis in 13 (86.7%) of
the 15 cases with ACPBD and in 7 (87.5%) of the 8 cases
without dilatation of the bile duct. In this study, no patients
without ACPBD had gallbladder cancer.
Previously, cholangiography such as ERCP has been
used for the definitive diagnosis of ACPBD; however, EUS
also facilitates accurate diagnosis with less invasiveness, and
may be more useful for secondary examination[12]. In this
study, the presence or absence of ACPBD could be evaluated
by EUS in 136 (93.8%) of the 145 cases. However, diagnosis
was impossible in 6.2% of the cases (3 (11.5%) of the 26
cases with ACPBD, 6 (5.0%) of the 119 cases without
ACPBD); in these cases, the distal common bile duct could
not be evaluated up to the level of the papilla.
In the 26 cases with ACPBD, GWBF velocity was
investigated with respect to gallbladder disorders. The
mean GWBF velocity was 39.0±10.4 cm/s in 5 cases with
carcinoma, 29.8±4.6 cm/s in 13 cases with hyperplasia,
and 26.5±9.6 cm/s in 8 cases with adenomyomatosis. There
was a significant difference in GWBF velocity between
the patients with gallbladder cancer and those with
adenomyomatosis (P = 0.0296 by ANOVA). It has been
reported that adenomyomatosis of the gallbladder frequently
develops in cases with ACPBD[13,14]. In this study, 8 (30.8%)
of the 26 cases with ACPBD had adenomyomatosis. When

the mean GWBF velocity was compared between the 8
cases with ACPBD and adenomyomatosis of the gallbladder
and the 11 cases with adenomyomatosis of the gallbladder
without ACPBD in whom surgery and pathological
diagnosis were performed for various reasons, the mean
value (26.5±9.6 cm/s) in the former cases was significantly
higher than that (18.4±5.3 cm/s) in the latter cases (P = 0.029;
95% CI 0.947-15.4). In 21 cases, excluding the cases with
gallbladder cancer from the 26 patients with ACPBD, the mean
GWBF velocity was 28.6±6.9 cm/s, which is significantly
higher than that (19.3±6.4 cm/s) in the 100 cases without
ACPBD (P<0.0001; 95% CI 6.18-12.3). Some studies have
reported that the Ki-67 labeling index is high in the gallbladder
wall of cases with ACPBD[15], and that immunostaining shows
a high level of TNF[16]. These findings suggest that cell
proliferation is enhanced in the gallbladder wall of cases
with ACPBD. This may contribute to a higher GWBF
velocity in cases with ACPBD before the development of
malignant tumors.
In this study, the mean GWBF velocity was 32.0±9.2 cm/s
in the 12 ACPBD cases with dilatation of the bile duct and
29.3±8.1 cm/s in the 14 ACPBD cases without dilatation of
the bile duct; there was no significant difference (P = 0.43;
95% CI -4.26-4.70).
Measurement of GWBF velocity is very useful for
efficiently detecting patients with ACPBD from those with
gallbladder wall thickening before the development of
malignant tumors, since this non-invasive simple procedure
provides objective values. In conclusion, GWBF measurement
is useful in detecting potentially malignant cases out of cases
with gallbladder wall thickening.
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Abstract
AIM: To detect the expression of CK20mRNA in peripheral
blood of pancreatic cancer and evaluate its clinical
significance.
METHODS: Expression of CK20mRNA in peripheral blood
was detected by fluorogenic qualita tive reverse
transcription-polymerase chain reaction (RT-PCR) in 40
cases of pancreatic cancer at the night before operation,
in 5 cases of benign pancreatic diseases, in 5 cases of
healthy individuals. The relationships were investigated
between CK20mRNA expression and the clinicopathological
variables, and clinical follow-up outcome in those patients
with pancreatic cancer having undergone radical resection.
RESULTS: Of the 40 patients with pancreatic cancer, 23
(57.5%) cases were positive for CK20mRNA expression.
CK20mRNA expression was significantly correlated with
lymphatic metastasis ( P = 0.008), histopathological
grading (P = 0.009), and pathological stage (P = 0.021);
there was no significant correlation between CK20mRNA
expression and age, gender, tumor diameter, and depth
of invasion. The cumulative metastasis rates of patients
with CK20mRNA expression were higher than those of
patients with no CK20mRNA expression within 6 mo (34.7%
vs 5.9%, P = 0.043) or 12 mo (73.9% vs 35.3%, P = 0.02)
after operation. CK20mRNA expression in peripheral blood
of pancreatic cancer indicated poorer prognosis. The
survival rate of patients with CK20mRNA expression was
lower than that of patients with negative CK20mRNA
expression (Log-Rank = 13.31, P = 0.0003).
CONCLUSION: CK20mRNA is a sensitive and specific
molecular marker for the detection of micrometastasis in
peripheral blood of patients with pancreatic cancer. The
CK20mRNA expression in peripheral blood is correlated
with biological characteristic of pancreatic cancer. It can
help to predict the prognosis of pancreatic cancer after
operation, and to determine which patient will benefit

INTRODUCTION
Pancreatic cancer is one of the most lethal malignancies
with less than 3-5% of the overall five-year survival rate,
and the patients normally die within six months after
diagnosis. In United States, more than 30 000 people were
diagnosed and reported dead of pancreatic cancer in 2003,
representing the fourth leading cause of cancer death[1]. In
China, the incidence and mortality rates of pancreatic cancer
have taken an upward trend countrywide. Based on the
date of demography and death collected through Chinese
Disease Surveillance Point System (DSPS) over the period
of 1991-2000, the age-standardized mortality rate due to
pancreatic cancer increased from 2.18 in 1991 to 3.26 in
2 000 per 1 000 000 populations and the peak mortality of
pancreatic cancer might reach China in the next few
decades[2]. The disease is often advanced at first presentation,
and only 10-20% patients undergoing surgery have a curative
resection[3,4]. Metastasis and relapse are the common factors
leading to death of patients[5]. During the development of
pancreatic cancer, a few of tumor cells escape from the
original focus and disseminate into the lymph system, blood
circulation, bone marrow, liver, kidney and other organs,
which is called micro-metastasis[6,7]. It cannot be detected
by any routine biochemical and histopathological assays or
any graphical methods such as X-ray, CT, MRI. At the
same time, the patients may not have any obvious symptoms.
Minute focus would grow rapidly and develop to metastasize
and relapse. So, to develop an efficient diagnostic method
for the detection of micrometastasis is of great clinical
significance.
Cytokeratin (CK) is observed mainly in epithelial cells,
and CK20mRNA was used to detect carcinoma cells in the
blood samples in various tumors[8]. In this study, we used
fluorogenic qualitative reverse transcriptase polymerase
chain reaction (RT-PCR) technique to detect CK20mRNA
expression in peripheral blood of patients with pancreatic

1024

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

cancer, and investigated the relationship between
CK20mRNA expression and the patient’s clinicopathological
variables and prognosis.

MATERIALS AND METHODS
Patients and specimens
Fifty specimens of peripheral blood were collected from
forty patients with pancreatic cancer and five patients with
benign pancreatic diseases or five normal volunteers in
the Department of Surgery of Zhejiang Cancer Hospital
from January 2001 to December 2003. Among the 40
patients with pancreatic cancer, 35 cases underwent
pancreaticoduodenectomy (Whipple’s operation), 5 cases
underwent distal pancreatectomy. None of these patients
had distant site metastases, and received either radiation or
chemotherapy perioperatively. The final diagnoses of these
patients were determined pathologically. All patients were
diagnosed with pancreatic ductal adenocarcinoma. The blood
specimens were collected on the night before operation,
and anti-coagulated with heparin (5 u/mL).
Forty patients with pancreatic cancer consisted of 29
males and 11 females with the mean age of 56.5 years
(range from 35-75 years). Histological classification of
tumors was based on the World Health Organization (WHO)
criteria. All tumors were staged according to the pTNM
pathological classification of the UICC (International Union
Against Cancer)[9]. Eleven cases were classified as stage II,
29 cases as stage III.
Fluorogenic qualitative RT-PCR
CR20mRNA fluorogenic qualitative RT-PCR Detection kit
were purchased from Shanghai Jaochen Biotechnology CO.
Total RNA was extracted from the peripheral cells with
TRIzol reagent (Gibco, USA) and dissolved in non-sterile
DEPC water, stored in ethanol at -20 ℃ according to
manufacturer’s instructions. RT-PCR analysis was performed
as follows: The extracted RNA was incubated at 70 ℃ for
5 min and chilled to 4 ℃ immediately before reverse
transcribing. The RT mixture (5 L) was incubated for
30 min at 37 ℃ with 18 L reverse transcriptase buffer,
1 g MMLV reverse transcriptase, 1  RNasin. For
polymerase chain reaction (PCR), 43 g of PCR buffer,
2 L TaqMan polymerase, and 5 L RNA mixture in a
total volume of 50 L were added. The primers of
CK20mRNA and TaqMan were synthesized by Life
Technology, Shanghai. CK20mRNA upstream primer:
5’GAG GCA CAC GGT GAA CTA TGG 3’, downstream
primer: 5’CAT CAG CTT CCA CTG TTA GCG 3’;
TaqMan fluorogenic probe: 5’CAG ATG GGA ACT TCT
AGT A 3’. The amplification reaction mixture was amplified
through 40 cycles. For each cycle, the amplification reaction
mixture was first heated at 95 ℃ for 5 min to terminate
the reverse transcription reaction, and carried out at 95 ℃
for 30 s, at 62 ℃ for 30 s, at 72 ℃ for 30 s, followed by an
incubation at 72 ℃ for 10 min, and then slowly cooled to
4 ℃. The same procedure was performed with standard
agent, positive control, negative control replaced of the RT
mixture in each cycle. According to manufacturer’s instructions,
the standard agent must be diluted as 4×10 8 copy/mL,
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4×10 7 copy/mL, 4×106 copy/mL, and 4×105 copy/mL for
each cycle. In each cycle, the amplified products were
analyzed by PE7700 (Applied Biosystem, USA). The standard
curve of CK20mRNA can be constructed, and the software
of Sequence Detector V1.6.3 calculated the copy numbers
of samples.
Follow-up
All patients had systematic follow-up examinations. The
follow-up ended on Jun 2004. The median duration of
follow-up was 17.5 mo (range 6-30 mo). Routine follow-up
examinations included clinical examination, CA199,
ultrasonography (BUS et al), CT (computed tomography),
or SCT (spiral CT), X-ray and so on. The internal (exam?)
between each clinical visit was set at 2 mo, but the internal
was shortened according to clinical changes, such as CA199,
BUS et al. In most patients, tumor metastases were diagnosed
by abdominal SCT and CA199. Survival was considered
from the day of surgery to the day of death or the most
recent follow-up visit, the metastasis rate was computed
from the day of surgery to the first follow-up visit that
revealed tumor metastasis. Disease-free survival was defined
as the combination of the two variables mentioned,
considering the date of death or the date of the tumor
metastasis as the time of terminal events.
Statistical analysis
Statistical analysis was performed by the SPSS10.0 software
package. Associations between CK20mRNA expression and
various clinicopathological variables were examined with
Fisher’s exact test. Overall survival and disease-free survival
were calculated by the Kaplan-Meier Estimate. The Log-Rank
test was performed to compare survival time distributions
between curves. P<0.05 was considered statistically significant.

RESULTS
Fluorogenic qualitative analysis of RT-PCR
According to the manufacturer’s instructions of the
CK20mRNA kit, the PE7700 sequence detector allowed
measurement of the fluorescent spectra of all 96 wells of
the thermal cycle in realtime. Using the fluorescent emission
data collected during the PCR amplification, the software
constructed amplification plots. The measurements from 3
until 15 cycles were considered the baseline and its standard
deviation was calculated. Ct (threshold cycle) values were
calculated by determining the point at which the fluorescence
exceeded a threshold limit. With the standard curve (Figure 1),
the copy numbers of the samples were calculated. Among
40 patients with pancreatic cancer, 23 (57.5%) cases were positive
for CK20mRNA expression in peripheral blood. The
quantitative of CK20mRNA were 6017.58±4993.34 copy/mL.
There was no CK20mRNA expression in benign pancreatic
disease or healthy individuals.
Correlations between CK20mRNA expression and
clinicopathological variables
Correlations between RT-PCR CK20mRNA in peripheral
blood and various clinicopathological features were
summarized in Table 1. There were significant correlations

Threshold cyole (ct)
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operation, the cumulative metastasis rates of the two groups
were 82.6% and 76.4% respectively (P = 0.63). There was
no significant difference (Table 2).

Table 2 CK20mRNA expression and cumulative tumor metastasis
after operation (Fisher’s exact test)

10A1 10A2 10A3 10A4 10A5 10A6 10A7 10A8 10A9
Starting quantity

CK20mRNA
expression

n

Within 6 mo

Within 12 mo

Within 24 mo

Positive

23

8 (34.7%)

17 (73.9%)

19 (82.6%)

Negative

17

1 (5.9%)

6 (35.3%)

13 (76.5%)

0.043

0.02

0.631

Pvalue

Figure 1 CK20mRNA Standard Curve: 3 until 15 cycles were the
baseline and its standard deviation was calculated. Ct (threshold
cycle) values were calculated by determining the point at which the
fluorescence exceeded a threshold limit.

between CK20mRNA expression and histopathological
grading (P = 0.009), lymph node metastasis (P = 0.008),
post-operative pathological stage (P = 0.021). No significant
correlation was found between CK20mRNA expression and
age, gender, tumor diameter and depth of invasion.

Table 1 Associations between CK20mRNA and clinicopathologic
variables in pancreatic cancer (Fisher’s exact test)
Variable

n

CK20 (+)

CK20 ()

Pvalue

Table 3 CK20mRNA expression and survival time after operation

Sex
Male

28

16

12

Female
Age (yr)

12

7

5

≥65

19

9

10

21

14

7

30

17

13

10

6

4

14
26

4
19

10
7

0.009

10

2

8

0.008

30

21

9

<60
Tumor size
≥3 cm
<3 cm

CK20mRNA expression and survival
At the end of follow-up, the median disease-free survival
time for the patients with positive CK20mRNA expression
was 10 mo after operation, 16 mo for negative CK20mRNA
expression; the median overall survival time of positive
CK20mRNA expression was 15 mo after operation, 23 mo
for negative CK20mRNA expression (Table 3). The
overall survival curve was shown in Figure 2. The overall
survival rate was significantly correlated with CK20mRNA
expression in the peripheral blood of pancreatic cancer (LogRank = 13.31, P = 0.0003).

0.612

CK20mRNA
expression

Median (mo)
0.218

0.577

Negative
Positive
Tumor stage (TNM)
II

11

3

8

III

29

20

9

Depth of tumor invasion
T1T2
T3T4

12

5

7

28

18

10

0.021

0.164

95%CI

Median (mo)

95%CI

10

5.9714.21

15

13.9316.07

Negative

16

11.3620.64

23

17.1528.85

KaplanMeier method, 95%CI (95% confidence interval).

1.2
Cum over all survival

Lymph node metastasis

Overall survival time

Positive

Tumor differentiation
High differentiation
Moderate+poor

Diseasefree survival time

Survival functions

1.0

CK20mRNA (-)

0.8
0.6
0.4

CK20mRNA (+)

0.2
0.0
0

10

20

30

After operation (mo)

Correlations between CK20mRNA expression and tumor
metastases after operation
At the end of follow-up, 8 (34.7%) of 23 patients with
positive CK20mRNA expression developed distant metastases
(mainly liver metastasis and retroperitoneal lymph node
metastasis) within 6 mo after operation; 1 (5.9%) of 17
patients with negative CK20mRNA expression developed
liver metastasis within 6 mo after operation. There was a
significant difference between the two groups (P = 0.043).
Within 12 mo after operation, the cumulative metastasis
rates of positive and negative CK20mRNA expression were
73.9%, 35.3% respectively (P = 0.02). Within 24 mo after

Figure 2 Kaplan-Meier analysis for overall survival according to
CK20mRNA expression in patients with pancreatic cancer (log-rank
= 13.31, P = 0.0003).

DISCUSSION
CK is a component of cell skeleton, which distributes in
cells deriving from ectoderm. CK20, a member of this
family, has been found to have a stricter selectivity to
epithelial tissue. CK20mRNA could not be detected from
the peripheral blood circulation of healthy people. If
CK20mRNA was detected from the peripheral blood
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circulation of patients, there were live cells expression of
CK20mRNA existing in blood specimens, hemocytes came
from mesoderm and there were no epithelial cells in blood
circulation. So, when CK20mRNA was amplified from
blood circulation, there must be tumor cells in the specimens.
If the specimens were extracted from pancreatic cancer
patients, the tumor cells must be pancreatic cancer cells. It
has been reported that CK20mRNA was extensively used
as a probe to detect the presence of circulating tumor cells
in the blood samples of various epithelial tumors such as
gastrointestinal cancer [10,11], colorectal cancer [12], breast
carcinoma[13], oral cavity, pharynx and larynx cancer[14], renal
neoplasm[15], hepatocellular carcinoma[16], thyroid tumor[17].
Meanwhile, it has been confirmed that CK20mRNA
showed relatively high sensitivity, specificity and positive
predictive value to detect tumor micrometastasis.
Traditional methods to detect micrometastasis in the
pancreatic cancer such as cell morphology, flow cytometer
and cytogenetics were not so sensitive. In recent years,
fluorogenic quantitative RT-PCR was invented and it has a
high efficiency in detecting the micrometastasis of peripheral
blood circulation, bone morrow, lymph tract and peritoneal
cavity. The method has a high sensitivity, precision,
reproducibility and without being false positive or false
negative. It has been presently regarded as the most effective
method to detect tumor micrometastasis[18-21]. In this study,
we used fluorogenic qualitative RT-PCR method to detect
CK20mRNA expression in circulating blood of 40 patients
with pancreatic cancer. We found the CK20mRNA
expression very frequently, in 57.5% (23/40) of pancreatic
cancer, and no CK20mRNA expression in normal or benign
pancreatic diseases. In the present study, we evaluated the
relationships between CK20mRNA expression in peripheral
blood and the clinicopathological variables of pancreatic
cancer, and found CK20mRNA expression was a significant
correlation with tumor staging, tumor differentiation, and
lymph node metastasis. It seems likely that CK20mRNA
expression might be relevant to neoplastic progression. A
similar correlation was reported in gastric carcinoma[11],
colorectal cancer[11], and breast cancer[13].
Great progress has been made in the early diagnosis
and treatment of pancreatic cancer in recent years, but the
survival of patients with pancreatic cancer even after a
potentially curative resection remains poor, and patients
generally succumb to metastatic diseases. Pancreatic cancer
has a high potential for liver metastasis or other distant
metastases. Michael reported that 16 (73%) of 22 patients
with pathologic Stage I pancreatic adenocarcinoma, which
suggested metastases not detected by routine histopathology,
had occult metastases[22]. In our study, we found high
incidence of CK20mRNA expression in peripheral blood
of Stage II or stage III pancreatic cancer. The high incidence
of CK20mRNA expression in peripheral blood might be
one of the mechanisms contributing to the dismal outcome
of patients with completely resected pancreatic cancer.
Consistent with this hypothesis, we found that the cumulative
metastasis rates of the patients with positive CK20mRNA
expression were significantly higher than those of negative
CK20mRNA expression within 6 or 12 mo after operation.
Moreover, the overall survival rate of patients with positive
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CK20mRNA expression was significantly lower than that
of patients with negative CK20mRNA expression. Our
ability to detect gross metastatic diseases at the time of
operation was good, but the detection of micrometastases
and circulating cancer cells is not part of clinical practice.
Detection of CK20mRNA expression in peripheral blood
seems to be somewhat useful to predict the occurrence of
micrometastases in pancreatic cancer, and to determine
which patients would benefit from aggressive adjuvant
therapies[23].
In conclusion, CK20mRNA is a sensitive and specific
molecular marker for the detection of micrometastasis in
peripheral blood of patients with pancreatic cancer.
Fluorogenic Quantitative RT-PCR has a high sensitivity,
precision, and reproducibility. The CK20mRNA expression
in peripheral blood is correlated with biological characteristics
of pancreatic cancer. CK20mRNA expression in peripheral
blood may help to predict the prognosis of pancreatic cancer
after operation, and to determine aggressive adjuvant
therapies.
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Abstract
AIM: To document the concerns and expectations of
parents of children with inflammatory bowel disease (IBD)
within the context of a multidisciplinary IBD clinic, and to
highlight the importance of a holistic approach to the care
of these children.
METHODS: The parents of 60 children with IBD were
surveyed by mailed questionnaire. Parents were asked
to provide details of their concerns regarding their child’s
condition and to express their expectations of medical
care. In addition, enquiry was made in respect to the
respondents’ learning about IBD.
RESULTS: Forty-six questionnaires (77%) returned. Fiftytwo percent of the patients were male. Patients were
aged a mean of 10.9 (±4.1) years and diagnosed at an
average age of 2.1 (±1.8) years previously. The most
common concerns expressed by the parents related to
the side- effects of medications and the future prospects
for their child. Overall, parents were satisfied with aspects
of care within the IBD clinic but many suggested additional
personnel such as counselors or educators should be
available. Parents also reported the need for continuing
education and easy access to up-to-date information.
CONCLUSION: Parents of children and adolescents with
IBD have many common concerns regarding their child’s
condition. On-going attention to holistic care, including
psychosocial and educational elements for patients and
families, is appropriate in the context of the chronic and
unpredictable nature of IBD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) appears to be increasingly
common in children and presenting at earlier ages[1]. IBD,
comprising ulcerative colitis and Crohn’s disease, is a chronic
condition, which features periods of remission and episodes
of relapse. Although most commonly presenting in the second
and third decades, IBD may present prior to 10 years of age,
including infancy. Because of differing ages at diagnosis, patients
(and their families) may have varying understanding of their
disease, and hence will differ in their ability to adjust to a chronic
illness. In addition, nutrition and growth are vital aspects of
managing children with IBD, with many children presenting
weight loss prior to diagnosis, and potential compromise of
weight and height affecting the onset of pubertal development
and acquisition of final adult height. Consequently, children
with IBD and their parents comprise a distinct group with
specific medical, nutritional and emotional needs[1].
These issues have been highlighted by several reports
delineating quality of life in children with IBD. Other
investigators have shown that a child with IBD may place
extra stress and concerns upon siblings and parents. For instance,
parental focus groups conducted in a British population showed
that parents of children with IBD have many concerns, such
as the impact of disease on their child’s future, difficulties
with school attendance, concerns about the side effects of
medicines, and restrictions upon the family lifestyle[1,2].
In order to provide focused care for children with IBD,
a specialized multidisciplinary IBD clinic was established in
2001. This clinic aims to provide a disease-specific facility
for children and adolescents with IBD and to ensure that
patients and families are provided with medical, nutritional,
educational and psychosocial resources to ensure optimal
care. The current study was conducted to determine the
parental concerns regarding their child’s illness, within the
context of the multidisciplinary clinic. Additional enquiry
was directed towards the parent’s impressions and expectations
of their medical care and further aims were to understand
how patients and parents learn about their disease.
MATERIALS AND METHODS
Patients
Children and adolescents who attended the Inflammatory
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Bowel Disease Clinic, Sydney Children’s Hospital (SCH),
over 12 mo from commencement of the clinic in March
2001 were identified from clinic booking records and the
clinic database. Children who were seen within the clinic
schedule, but later diagnosed with a condition other than
IBD (such as celiac disease) were excluded. In addition,
children cared for at SCH but were still seen in their
gastroenterologist’s primary general follow-up clinic (i.e., not
yet seen in the IBD Clinic) were not included.
Questionnaire
The questionnaire was developed for the purposes of this
study (copies available from the authors upon request). The
survey was mailed to each family with a covering letter,
which explained the rationale for undertaking this process,
provided appropriate contact details and invited individuals
to make direct contact with the investigators if questions
or confusion arose. The questionnaires were directed to
the parents of children with IBD, and hence reflecting
parental impressions primarily, where appropriate parents
were asked to consult with their child or to take their child’s
impressions into account.
Parents were requested to complete the questionnaire
and return it to the investigators using the enclosed stamped
addressed envelope. Forms were not numbered and
parents were asked not to add any identifying information
upon the surveys, in order to ensure complete anonymity.
This questionnaire was followed 2 mo later by a second
letter. This generic letter was sent to all participants
thanking those who had replied, and reminding those
who were yet to complete the questionnaire to do so and
return it.
Basic background data requested included the child’s
age and gender, the specific IBD diagnosis and date of
diagnosis. Parents were asked to detail their child’s current
prescribed medications. The questionnaire asked the
respondents to detail their concerns about their child’s
condition within two categories: firstly, concerns held in the
past and, secondly, their current concerns. In addition,
parents were asked to provide comments regarding the care
of their child within the IBD clinic, and their expectations
for this clinic. Parents were asked to provide details of
their experiences learning abou t IBD. A second
questionnaire also was included, directed to the children’s
use of complementary and alternative therapies, and would
be reported separately.
Prior to the commencement of the study period, 6
parents were asked at random to review each of the
questions with subsequent amendments as appropriate. The
study was conducted following institutional guidelines and
approved by the Research Ethics Committee, South East
Sydney Area Health Service.
Statistical analysis
Averaged data are expressed as mean±SD. Student’s t test
was utilized in comparison between the groups of data.
GraphPad InStat was employed for the analysis of data
(GraphPad InStat version 3.00 for Windows 95, GraphPad
Software, San Diego, CA, USA, http://www.graphpad.
com).
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RESULTS
Patient descriptions
Sixty-five patients were seen against 148 appointments in
the IBD Clinic over a 1-year period from March 2001. A
further 10 children with IBD managed at Sydney Children’s
Hospital over this period, but who had not yet been seen in
the IBD clinic, were not included.
Of the 65 children, 60 were appropriate for inclusion
in this study (remainder were not diagnosed with IBD) and
questionnaires were mailed to each of these families. Fortysix questionnaires (77%) were returned by mail.
The average age of the patients, whose parents
completed the questionnaire, was 10.9±4.1 years (range
1-18 years) with 24 (52%) of the patients being male. Thirtyfive (76%) were identified as being diagnosed with Crohn’s
disease and 7 (15%) had UC. The remaining 4 (9%) were
classified as indeterminate colitis. Children were diagnosed with
IBD a mean of 2 (±1.8) years previously (range 0.25-7 years).
Children were receiving an average of 1.7 (±0.8) prescribed
medications. Thirty-three (72%) children were prescribed
maintenance aminosalicylate compounds and 20 were taking
azathioprine (4 having azathioprine alone). Seventeen (37%)
children were on oral steroids at the time of the questionnaire
(1 on budesonide, 16 on prednisone). At the time of this
survey, 3 children were taking antibiotics and 1 on tacrolimus.
Parental concerns regarding their child’s illness
Parents expressed numerous concerns about their child and
his or her illness (Table 1). The most commonly mentioned
concerns that parents had felt in the past were regarding
the side- effects of medications (n = 37), prospects for
their child’s future (n = 36), and the use of medicines for
their child (n = 33). Parents held similar current concerns
about their children. These included concerns about the
future of their child’s illness (n = 32), side effects of therapies
(n = 23), and their child’s current symptoms (n = 22).

Table 1 Parental concerns about their child’s IBD
Concern

Past

Current

Medicines

33

17

Growth

26

16

Puberty

15

12

The future
Diet

36
27

32
13

Side effects
Nutrition
Schooling

37
26
18

23
18
12

Symptoms
Effects on social life
Genetics of IBD

32
0
0

22
1
1

Emotional effects
Psychological effects
Travel

1
1
0

2
2
1

Parents reported their past and current concerns.

Parental experiences of IBD Clinic
Forty-five parents reported that the clinic was useful for
them (19 extremely, 21 very and 5 fairly useful). One
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respondent felt that the clinic was not useful for him. Most
(35 of 46) parents reported that their expectations of the
clinic were met. Two parents felt that their expectations
were not met and the remaining parents were unsure. Fortyfour (96 %) of 46 respondents reported that their children
also found the IBD Clinic useful (20 extremely, 20 very
and 4 fairly useful). Of the two parents who did not find
the clinic useful, one commented that nothing worked for
their child, and the second said their child attended clinic
only on one occasion.
The majority (37 of 40) of parents reported that they
always felt comfortable asking questions to the clinic staff.
Similarly, most parents reported that the time allocated for
clinic appointments was always (n = 25) or mostly (n = 18)
sufficient. The other 3 felt that appointments were sometimes
not long enough. Thirty (67%) of 45 respondents reported
that they were always well- informed about their child’s progress.
Eleven replied that they were mostly informed, whereas 3
said sometimes and 1 was unsure. In addition, parents reported
on receiving the information they needed about their child
(19 always, 23 mostly, and 2 sometimes). One parent reported
as never receiving all the information they required.
When asked about the team-based approach of the clinic,
all but one respondent were pleased. Twenty-six of 45
respondents found the approach of the clinic to be excellent
and 14 commented that the clinic approach was good. Three
parents were indifferent. Fifteen of the 19 parents, whose
child saw the clinic dietitian within the clinic structure, were
pleased with being able to do this. Three were unsure whether
this was beneficial or not, one was indifferent, and none
felt that it was not helpful. Similarly, most parents (27 of
42) felt that it was helpful to have all children with IBD
coming to a specialized clinic and 26 (60%) of 43
respondents felt that the advent of the IBD Clinic had
positive effects on their child. Four felt the clinic did not
make any change to their child’s care and 13 were either
unsure or indifferent.
Parents also made a number of additional comments
about their child’s experiences in the IBD Clinic. These
included comments about the timing of clinics (in relation
to time off school), the team approach (helpful that more
than one gastroenterologist was aware of their child’s
condition and ideal to see dietitian at the same visit), and
the awareness of new issues for the parents.
Parental psycho-social and educational expectations
The most common suggestion made by the parents was
that the clinic should provide easy access to a counselor or
psychologist (23 parents). Seven parents requested further
opportunities to improve knowledge and education about
IBD. Improved access to peer support for their children
and adolescents with IBD was considered an important issue
for 23 parents. Other parents (n = 20) reported that
increased peer supports could possibly be useful for their
child. In addition, parental support was mentioned by several
parents as an important aspect of managing and coping
with their child’s condition.
Parental comments regarding learning about IBD
Parents commented on their initial experiences of learning
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about IBD following their child’s diagnosis. Most reported
that they were initially educated about IBD by multiple
indi vidu al s, most freq u e ntly b y their pedia tric
gastroenterologist. On the majority of occasions, parents
felt this initial education experience was positive: 37 said
this was excellent, 4 felt it was reasonable and 2 were
indifferent. Only one parent reported inadequate initial
education (from their general practitioner).
Parents rated the amount of information transmitted
in initial education sessions as just right (n = 26), not enough
(n = 16), or inadequate (n = 3). Areas that respondents felt
were not provided sufficiently were predominantly diet and
nutrition (13 parents), the impact of IBD upon their child’s
life (n = 13) and the side effects of treatments (n = 11). In
addition, areas that some parents felt they would have liked
to learn more about, were initial psychological effects of
the disease and the impact of the child’s disease upon the
rest of the family.
A number of parents expressed the view that their
education was an on-going process and that the initial sessions
were of limited benefit as a consequence of the stress of
the new diagnosis. Common sources for further or on-going
information about IBD included the IBD Clinic (30
responses), the internet (n = 27) and the hospital (n = 21).
Formal education meetings were emphasized as essential
by a number of parents. Nineteen respondents attended
such a meeting in the previous year and all expressed that
they found this event useful in understanding and learning
about IBD. Other parents suggested that other mechanisms
to distribute information (such as newsletters or handouts)
could also be useful for them and their child ren.

DISCUSSION
This report describes the concerns and issues facing the
parents of young people with IBD. These parents expressed
a wide range of concerns regarding their child’s illness and
had many expectations for their child’s care. Many similar
aspects were expressed commonly by these parents. The
data gathered in this report are representative of the study
population with satisfactory return of questionnaires by mail.
Anonymous parental responses were provided for, by the
study design. These data demonstrate that the parents are
satisfied with the multi-faceted care provided to their
children with chronic gastrointestinal illness. This care may
help to ensure optimal quality of life outcomes, in addition
to medical and nutritional outcomes. Further study is
required to establish such outcomes.
The potential impact of chronic IBD upon children and
adolescents with IBD has been clearly delineated by a
number of investigators recently[1,9-12]. Akobeng et al[9] utilized
focus group meetings and a questionnaire to delineate some
of these issues in 16 young people with IBD. Depressive
symptoms and school absenteeism were reported by 12 of
16 subjects. Inability to do school sports was expressed by
8, worry by 14 and anger/frustration by 12. A further
common observation was of difficulty taking holidays and
staying at friends’ houses. This study, conducted in the
United Kingdom, is complemented by several other reports
from North America and Europe of issues affecting young
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people with IBD[10-11]. The nature of IBD may have multiple
effects upon the ability of children or adolescents to
perform normal age-related activities. Such effects include
managing symptoms related to their gut diseases such as
frequent diarrhea, and effects on growth and puberty,
schooling, career choices, social and sporting activities, and
peer interactions. The impact of disease upon the children
was not investigated directly in the current report, which
focused more upon parental concerns and expectations.
Parental quality of life issues were illustrated clearly by
the respondents in the current study. Issues such as, what
the future may hold for their child, psychological implications
and social consequences were commonly expressed. Several
investigators have explored the consequences of a child’s
chronic gut disease upon siblings and parents[8,10] . One
employed parental focus groups involving 20 parents of
children with IBD [12]. Two-thirds of the parents were
concerned about impact of disease on their child’s future
(job, independence, etc.). Half of them worried about school
problems and a number of others expressed feelings of
guilt, concerns about the side- effects of medicines, and
restrictions upon the family lifestyle. Although the current
study did not include the same techniques to assess family
concerns, the impact of the disease reported by parents
was similar. In addition, this report did not consider the
impact of the patient’s illness upon siblings. Siblings also
reported that they had fears about diseases (that they may
develop) and feelings of jealousy (related to the time and
attention devoted to the sick child)[12].
Education can be considered an essential tool for coping
with new situations, such as that presents following the
diagnosis of IBD in a child. The quality of the initial
educational process may impact upon subsequent outcome,
compliance and patient or family quality of life aspects [3].
Specific education in the setting of instituting nutritional
interventions in patients with IBD has been demonstrated
to alter outcome [4] but the outcome is not formally
considered in the current study. The design of the study to
maintain anonymity of parental responses did not permit
detailed collection of data regarding disease severity,
nutritional progress or current disease activity.
The educational goals and expectations of patients with
IBD have been considered by several authors[5-8]. This study
highlights that information distribution is vital in the
management of children with chronic gastrointestinal
conditions such as IBD. Parents had a common desire for
greater access to information. Although most parents noted
satisfactory initial experiences in learning about IBD after
diagnosis, some remarked that education about IBD was
an ongoing process. Many reported their continuing use of
the Internet to obtain information and to answer questions
about IBD. The reliability of information from various
sources may vary. The impact of educational activities and
identification of areas of ignorance may be measured by
specific tools, such as those developed and validated by
Eaden et al[2] and Haaland and Otley[13].
Educational activities are considered as one of the
essential roles of the IBD Clinic, upon establishment. The
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clinic is set up as a multi-disciplinary, team-based clinic for
children and adolescents with IBD. Prior to the institution
of the clinic, children diagnosed with IBD were managed
by one of the two pediatric gastroenterologists in general
follow-up clinics at Sydney Children’s Hospital, without
coordination or focus of care and without easy access to
other health professionals. The advent of the clinic permits
team-based care with medical, surgical, nutritional and
nursing personnel. Holisitic care, with the consideration of
all the aspects of a child’s condition, is considered an
important focus of the clinic.
The parental responses detailed here suggest that such
a clinic format is appropriate and well received. There are,
however, no data regarding parental impressions of their
child’s care prior to the commencement of the clinic format
that could be used as a comparison. The implications of the
findings of the current study are to ensure that any facility
directed towards managing children with IBD should consider
the multiple and complex issues faced by these young people
and their families. Further study is required to ascertain
how a multi-disciplinary IBD clinic format impacts upon
outcome and parental quality of life and expectations.
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Abstract
AIM: To study whether examination of CagA antibodies
could increase the odds ratio for gastric cancer in a casecontrol study, and how often other serum markers of
gastric cancer risk could be found in Helicobacter pylori negative patients.
METHODS: H pylori CagA and parietal cell antibodies
(PCAs), and serum pepsinogen I (SPGI) levels were
compared between patients with gastric cancer and
controls who received endoscopic examination due to
reasons other than gastrointestinal malignancy.
RESULTS: The odds ratio (OR) for gastric cancer was
2.9 (95% CI 1.4-5.8) in H pylori + patients, and 2.4 (95%
CI 1.2-4.9) in CagA+ patients. When results of H pylori
and CagA antibodies were combined, OR increased to
5.0 (95% CI 2.5-10.0). Furthermore, if cardia cancer
patients were excluded, the OR increased to 6.8 (95% CI
3.1-14.8). Among patients with a low SPGI level, the OR
was 12.0 (95% CI 4.1-35.3). However, the risk was
significant only in the older age group. The number of
patients with low SPGI was significantly higher in H pylori
-/CagA+ patients as compared to other cancer patients.
CONCLUSION: Examination of both H pylori and CagA
antibodies increases the OR for gastric cancer in our casecontrol study. CagA antibodies are important in detecting
previous H pylori infection in advanced atrophic gastritis
or cancer when spontaneous decline of H pylori antibodies
occurs. SPGI may be helpful in screening elderly gastric
cancer patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The incidence of gastric cancer has rapidly decreased in the
Western countries during the last decade[1]. It remains,
however, a major cause of cancer morbidity and mortality[1].
According to a recent meta-analysis, Helicobacter pylori (H pylori)
infection increases the risk for non-cardia gastric cancer
approximately six folds[2], whereas the development of cardia
cancer has not been shown to be associated with H pylori[2].
Atrophic gastritis, a well documented risk factor for gastric
cancer[3-5], has been estimated to develop in up to half the
persons infected with H pylori[6-8]. However, in patients with
severe atrophic gastritis, H pylori infection may be difficult
to demonstrate because the bacteria disappear spontaneously
and even H pylori antibody titers finally decline to normal[9-13].
It has previously been suggested that CagA antibodies last
longer in serum after H pylori eradication than H pylori
antibodies[14]. Patients with CagA-positive strains of H pylori
have a higher risk for atrophic gastritis and gastric cancer
than patients with CagA-negative H pylori gastritis[15,16].
Low serum pepsinogen I (SPGI) level has been shown
to be an accurate indicator of atrophic corpus gastritis[17] ,
and is used in screening patients with elevated risk for gastric
cancer[18,19]. Although H pylori is the most important cause
of atrophic gastritis, some patients may have atrophic
changes without previous H pylori infection[20] , so called
autoimmune atrophic gastritis. However, autoimmune type
of atrophic gastritis may be linked to a previous H pylori
infection[21,22]. Parietal cell antibodies (PCAs) are found in
autoimmune-type atrophic gastritis[23].
The present study was performed to measure H pylori,
CagA and PCAs, to determine SPGI levels in patients with
gastric cancer, and to compare the findings with those of
patients who had undergone endoscopy due to reasons other
than upper gastrointestinal malignancy.
MATERIALS AND METHODS
Patients and serum samples
Serum samples were randomly collected from 143 gastric
cancer patients who were treated at Helsinki University

Kokkola A et al. Risk factors of gastric cancer

Central Hospital between September 1988 and July 2001.
Eleven patients were treated in 1980s, 93 in 1990s and 39
in 2000-2001. Sera were stored at -20 ℃ until analyzed.
There were 77 males and 66 females (age ranged from 32
to 89 years, mean age 64 years). There were 81 diffuse
tumors and 61 intestinal-type tumors[24] . One tumor was
unclassified. The tumor stages[25] were as follows: stage I in
33, stage II in 11, stage III in 38, and stage IV in 59 patients.
In two patients the stage could not be defined. Fifteen of
the tumors were located in the cardia and 128 were noncardia tumors by location.
Control sera were collected from 108 patients who
underwent endoscopy for some reasons other than
gastrointestinal malignancy. The final diagnoses of the control
patients are shown in Table 1. Fifty-nine of the controls
were males and 49 were females (age ranged from 17 to
98 years, mean age 61 years). The control serum samples
were collected in 2002 and stored at -80 ℃ until analyzed.
All patients gave their informed consent before serum
samples were collected.
Table 1 Final diagnoses of 108 control patients
Diagnosis

Number of
patients

H pylori-positive
(H pylori + and/or CagA+)
patients (%)

Non-ulcer gastrointestinal bleeding

26

15 (58)

Esophagitis

23

12 (52)

Dyspepsia

21

11 (52)

Gastric ulcer

14

12 (86)

Barrett’s esophagus

7

2 (29)

Duodenal ulcer

4

3 (75)

Benign gastrointestinal tumor

4

2 (50)

Others

9

5 (56)

108

62 (57)

All

All subjects who had received H pylori eradication therapy
before serum samples were collected (seven cancer patients
and 23 controls), were excluded from the analysis.
Serum antibodies to H pylori were measured by an inhouse enzyme immunoassay (EIA). The antigen used was
an acid glycine extract from H pylori NCTC 11637[26]. The
lower limits for the raised titers were 700 for IgG antibodies
and 70 for IgA antibodies[27]. In an outpatient series, the
assay showed a specificity of 93% and a sensitivity of 100%
as compared to histology[27].
CagA antibodies were measured with a commercial
immunoblot method (I.D. Blot H pylori IgG, DPC, Los
Angeles, California, USA) according to instructions of the
manufacturer. Briefly, serum samples at a dilution of 1:50
were incubated with nitrocellulose strips for 30 min at room
temperature. The strips were washed with buffer and
incubated with an enzyme-labeled anti-IgG antibody. After
washing, the strips were treated with the substrate solution.
Positive bands were estimated visually. A band at 120-kDa
indicated the presence of CagA antibodies.
SPGI concentrations were measu red using an
immunoenzymometric assay (Gastroset PG1, Orion
Diagnostica, Espoo, Finland). SPGI levels <28 g/L
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indicated the presence of atrophic corpus gastritis.
PCAs in serum were determined with a commercial
enzyme immunoassay (Varelisa Parietal Cell Antibodies,
Pharmacia Diagnostics, Freiburg, Germany) according to
instructions of the manufacturer. Serum samples at a
dilution of 1:101 were incubated for 30 min in microtiter
wells coated with the H+/K+ATPase antigen. The microtiter
wells were washed with buffer, and an enzyme-labeled antihuman IgG conjugate was added and incubated for 30 min.
After washing, enzyme substrate was pipetted into the
wells, incubated for 10 min, and the reaction was stopped.
Absorbances (optical densities) at 450 nm were recorded with
a microplate reader and converted to PCA concentrations.
According to instructions of the manufacturer, concentrations
<10 U/mL were considered normal.
Statistical analysis
Categorical data were analyzed using 2 or Fisher’s exact
tests, and continuous data with Mann-Whitney U test. P
values less than 0.05 were considered statistically significant.
Logistic regression analysis was used to evaluate and compare
relative risks (odds ratio, OR) for cancer attributed to the
serum markers of risk factors for gastric cancer. The analysis
was performed in a backward and forward stepwise manner
and the best fit of the model was assessed with likelihood
ratio test. The final multivariate model included only the
covariates with statistical significance in the model.

RESULTS
H pylori and CagA antibodies
The prevalence of H pylori, CagA and either H pylori and/or
CagA antibodies in 143 gastric cancer patients, or 108
controls are shown in Table 2. The prevalence of CagA
antibodies was higher in H pylori antibody positive cancer
patients than in H pylori + control patients (95/101, 94.1%
vs 35/42, 83.3%, P = 0.056, 2). There was no significant
difference between the histological type of cancer and the
prevalence of H pylori or CagA antibodies. In patients with
tumors located in the cardia, antibodies (H pylori + and/or
CagA+) were found less often than in patients with tumors
located elsewhere in the stomach (10/15 [66.7%] vs 117/128
[91.4%], P = 0.014, Fisher’s exact test).
Table 2 Number (%) of H pylori (H pylori +), CagA (CagA+) and
H pylori+ and/or CagA+ persons in 143 gastric cancer patients and
108 controls
Cancer patients
n (%)

Controls
n (%)

P (2-test)

H pylori +

101 (70.6)

42 (38.9)

<0.001

CagA+

120 (83.9)

55 (50.9)

<0.001

H pylori + and/or CagA +

127 (88.8)

62 (57.4)

<0.001

Among the non-cardia cancer patients, 11 (8.6%) of
the patients had no evidence of Hp infection (H pylori - and
CagA-); most of them had diffuse-type and stage IV tumors
(Table 3). The effects of tumor stage on the prevalences
of H pylori and CagA antibodies are shown in Table 4.

1034

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Table 3 Characteristics of 11 non-cardia cancer patients who did
not show any evidence of previous H pylori infection (H pylori - and
CagA-)
Case Age (yr)

Sex

SPGI

PCA

Histological
type of cancer

Tumor
stage

1

54

Male

Normal

Normal

Intestinal

4

2

65

Male

Normal

Normal

Intestinal

4

3

76

Male

Normal

Normal

Intestinal

4

4

62

Female

Normal

Normal

Diffuse

1

5

75

Female

Low

Normal

Diffuse

2

6

44

Female

Normal

Normal

Diffuse

3

7

32

Female

Normal

Elevated

Diffuse

4

8

54

Male

Normal

Normal

Diffuse

4

9

69

Female

Normal

Normal

Diffuse

4

10

77

Male

Low

Elevated

Diffuse

4

11

78

Female

Normal

Normal

Diffuse

4
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type cancer and in 15 out of 81 (18.5%) with diffuse-type
tumors. PCAs were found almost as often in H pylori - and
CagA- patients (11.3%) as in H pylori positive (H pylori +
and/or CagA+) patients (13.2%). The number of patients
with PCAs was more in low SPGI level patient group than
in normal SPGI level group (14 out of 54 [27.8%] vs 18
out of 197 [9.1%], P = 0.002, 2).
Logistic regression analysis
The OR of H pylori infection, as determined by elevated
H pylori antibody titers, was 2.9 (95%CI 1.4-5.8) in all gastric
cancers, and 3.1 (95%CI 1.5-6.3) in non-cardia cancer. When
H pylori and CagA antibodies were combined, the OR
increased to 5.0 (95%CI 2.5-10.0) in all gastric cancers and
to 6.8 (95%CI 3.1-14.8) in non-cardia cancer (Table 5).
The effect of the histological type of cancer on ORs is
shown in Table 6.

Table 4 Effect of tumor stage on the prevalence of H pylori (H pylori
+) and CagA (CagA+) antibodies in 126 non-cardia gastric cancer
patients

Table 6 Odds ratios (with 95% confidence intervals) of risk factors
for intestinal and diffuse types of gastric cancer

Stage 1 (%)
(n=31)

Stage 2 (%)
(n=10)

Stage 3 (%)
(n=30)

Stage 4 (%)
(n=55)

H pylori +

80.6

70.0

73.3

67.3

Low SPGI

CagA+

90.3

80.0

93.0

81.8

PCA+

H pylori + and/or CagA +

96.8

90.0

96.7

85.5

H pylori + and/or CagA +

Intestinal type (n = 61)

Diffuse type (n = 81)

27.7 (8.5-89.5)

8.2 (2.5-27.0)

NS

NS

4.1 (1.5-10.7)

6.0 (2.6-13.9)

NS = not significant.

Serum pepsinogen I
Cancer patients had significantly lower SPGI levels than
the controls (mean SPGI 75.1 g/L vs 116.9 g/L, P<0.001,
Mann-Whitney U test). Accordingly, the number of patients
with a low SPGI level (<28 g/L) was higher in the group
of cancer patients (50 out of 143 vs 4 out of 108, P<0.001,
Fisher’s exact test). Patients with intestinal-type cancer had
a lower mean SPGI level than those with diffuse-type tumors
(mean SPGI 57.8 g/L vs 88.9 g/L, P = 0.004, MannWhitney U test). In those cancer patients who had CagA
antibodies but not elevated H pylori antibodies (H pylori -/
CagA+), the SPGI level was significantly lower than in
other cancer patients (mean SPGI 39.2 g/L vs 82.7 g/L,
P = 0.001, Mann-Whitney U test). Also the number of
patients with a low SPGI level was more in H pylori -/CagA+
patients than in the other cancer patients (16/25 [64.0%] vs
34/118 [28.8%], P = 0.002, Fisher’s exact test).

DISCUSSION
In the present study, 89% of gastric cancer patients and
91% of non-cardia cancer patients were H pylori seropositive
(H pylori + and/or CagA+). When CagA-positive patients
were considered, the prevalence of H pylori positivity
increased by 17%, and the OR in H pylori gastritis for noncardia gastric cancer rose from 3.1 to 6.8. The present result
is in line with a recent Swedish study, in which CagA
immunoblot detected previous H pylori infection in an
additional 21% of gastric cancer patients[28] . It has been
shown that OR for gastric cancer in H pylori infection
increases when time interval between serum collection and
cancer diagnosis becomes longer [29] . This may be due to
spontaneous decline of H pylori antibodies in some patients
as the gastric carcinogenesis proceeds. However, although
seronegative in ordinary H pylori antibody tests, some patients
may still have CagA antibodies as a marker of H pylori
infection. Although CagA positivity was very common
both in the H pylori + gastric cancer patients and in H pylori
+ controls in our study, some of the cancer patients may
have been infected with CagA negative H pylori strains.
A low SPGI value is the best indicator of gastric cancer

Parietal cell antibodies
PCAs were found more commonly in cancer patients than
in controls (24/143 cancer patients [16.8%] vs 8/108
controls [7.4%], P = 0.020, Fisher’s exact test). PCAs were
detected in 9 out of 61 (14.8%) patients with intestinal-

Table 5 Odds ratios (with 95% confidence intervals) of risk factors for the development of gastric cancer
All gastric cancers
Low SPGI
PCA+
H pylori+ and/or CagA+

Non-cardia cancers only

Patients aged <55 yr1

Patients aged >55 yr2
16.4 (2.1-128.8)

12.0 (4.1-35.3)

12.5 (4.2-37.4)

NS

NS

NS

NS

5.0 (2.5-10.0)

6.8 (3.1-14.8)

16.7(3.1-88.7)

NS
3.1 (1.2-8.0)

NS= not significant. 1 38 cancer patients <55 yr were compared to 40 age-matched controls. 2105 cancer patients >55 yr were compared to 68 age-matched controls.
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with the highest OR especially in the intestinal type of cancer
and in patients older than 55 years of age. Patients with
atrophic gastritis are often asymptomatic, and screening for
SPGI may increase the detection rate of early neoplastic
lesions in the stomach[18].
In our study, the presence of PCAs was not a significant
risk factor for gastric cancer although it was observed more
frequently in cancer patients. Recently, a large study from
Sweden showed only 2.2 fold gastric cancer risk in pernicious
anemia patients[30]. A larger case-control study might show
an increased risk for gastric cancer in PCA-positive patients.
It seems to give only little additional value in preoperative
diagnosis of gastric cancer. In our study, only one gastric
cancer patient without any evidence of previous H pylori
infection and a normal SPGI level showed PCAs.
In the present study, most gastric cancer patients had
evidence of H pylori infection (H pylori + and/or CagA+)
but in some of the seronegative patients with advanced atrophic
gastritis and in those with stage IV tumors, spontaneous
eradication occurred. When patients with stage IV tumors
were excluded, only two non-cardia cancer patients were
H pylori seronegative and had normal SPGI and PCA levels.
Our control material collected from patients at our
department could hardly represent a “normal” population.
The majority of the control patients had gastrointestinal
bleeding or esophagitis, and many patients with peptic ulcer
disease were also included. Thus, both patient groups known
to have a high prevalence of H pylori, such as peptic ulcer
patients[31,32] and those with a low prevalence of H pylori,
such as gastroesophageal reflux disease patients[33,34] were
included as controls. Although the control samples were
collected later than the samples from cancer patients, and
H pylori prevalence is rapidly decreasing in developed
countries such as Finland [35,36], the overall H pylori
seroprevalence in the controls was still 57%. However,
though the problems existed in selecting the control patients,
the OR for gastric cancer in H pylori-positive subjects in
our study was approximately the same as in a recent metaanalysis[2]. H pylori infection was observed less frequently in
patients with cardia cancer than in patients with non-cardia
gastric cancers, which is also in line with previous studies[2]. In
our study, the odds ratio was even higher in cancer patients
aged less than 55 years as compared to the older ones.
Corresponding results have also been published earlier[37].
In summary, H pylori infection increases the risk for
non-cardia gastric cancer by 6.8-fold, but is not associated
with cardia cancer. Detection of CagA antibodies can
significantly increase the number of H pylori-positive patients.
Low SPGI level is a significant risk factor for gastric cancer
only in elderly patients. The value of PCAs in preoperative
diagnosis of gastric cancer seems to be limited.
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Abstract
AIM: To establish the safety and efficacy of an indigenously
developed r-hepatitis B vaccine using an accelerated schedule
and to highlight the social awareness and commitment in
preventing the spreading of hepatitis B virus infection.
METHODS: The study was a multicentric, double blind,
randomized (3:1) study using three doses of vaccine
immunization schedule (20 g for those above 10 years
old and 10 g for those below 10 years old) on d 0, 30
and 60. One hundred and sixty-six subjects were enrolled
(87 males and 76 females aged 5-35 years). The main
outcome measure was assessment of immunogenicity
and safety.
RESULTS: A 100% seroconversion response was
observed on the 30th d after the 1st injection in both the
experimental groups. The sero-protection data reported
a 41.2-65.6% response on the 30th d after the 1st injection
and reached 100% on the 60th d. Descriptive statistical analysis
showed a geometric mean titer value of 13.77 mIU/mL in
the test (BEVAC) group and 10.95 mIU/mL in the commercial
control (ENGERIX-B) group on the 30th d after the 1st
injection. The response on the 60th d showed a geometric
mean titre value (GMT) of 519.84 mIU/mL in the BEVAC
group and 475.46 mIU/mL in the ENGERIX-B group. On
the 90th d, the antibody titer response was observed to be
2627.58 mIU/mL in the BEVAC group and 2272.72 mIU/mL
in the ENGERIX-B group. Two subjects in each group
experienced pains at injection site after the first
vaccination. A total of six subjects in both groups
experienced a solicited adverse reaction, which included
pains, swelling and redness at the injection site, three
subjects in the group-B had a pain at the injection site
after the third dose. No other serious adverse events

occurred and no dose-related local or general symptoms
were observed during the study.
CONCLUSION: The vaccine is safe, efficacious and
immunogenic in comparison with the well documented
ENGERIX-B.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For over two centuries, active immunotherapeutic approaches
have been at the forefront of efforts to prevent the infectious
diseases that plague humans. In the 18th century in Europe,
smallpox caused 10% of all deaths. Edward Jenner’s remarkable
achievements in 1796 with smallpox vaccination has opened
up new vistas for the development of prophylactic vaccination
against the present day killer infectious diseases, including
typhoid, cholera, plague, measles, hepatitis-B. Out of these
dreaded infectious diseases, worldwide prevention of chronic
HBV infection has become an ultimate priority.
Viral Hepatitis is a disease with multiple causes and a
public health problem, which was first described in the 5th
century BC by Hippocrates[1]. Hepatitis-B virus infection is
a common viral disease and the present data show that more
than one third of the world population are infected with
this virus and nearly one million deaths occur every year
due to this infection[2]. Epidemiological data also reveal that
there are 360 million carriers of hepatitis-B virus throughout
the globe and 78% of the world population are living in Asia[3].
Although safe and effective vaccinations have been
available since 1980 s, universal vaccination is still postponed
in many countries[4]. The reason behind inhibition or weakness
of our social commitment to preventive vaccines is lack of
public awareness. In India the availability of prophylactic
hepatitis-B vaccines was started simultaneously by multi
national companies (MNCs) and after that many others
have been licensed, claimed to be efficacious and safe. But
the usage is very poor due to prohibitive cost and lack of
knowledge of identifiable risk factors due to weakness of
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our social commitment and to preventive medicines and
vaccines[5]. The present study was carried out not only to
prove the safety and efficacy of an indigenously developed
hepatitis-B vaccine in an accelerated schedule, but also to
highlight the social awareness and commitment, in preventing
the spreading of hepatitis-B virus infection.

MATERIALS AND METHODS
Vaccines
The experimental vaccine was a second-generation of
recombinant vaccine derived from yeast - Pichia pastoris.
One mL of vaccine contained 20 g of purified hepatitis-B
surface antigen, 0.5 mg % aluminum hydroxide as adjuvant
(as Al+++ ) and 0.05 mg % of thiomersal as preservative
(BEVAC- HBM01002, 01102, DOM- Nov 02, DOE - Oct
05). For comparative purpose, a commercially available
vaccine (ENG3449B2, DOM - Mar-02, DOE - Feb 05,
ENG5322A4, DOM - Apr 02, DOE - Mar 05) manufactured
by Glaxo-Smith Kline with a similar composition was used.
Study design
The study design was approved by the Institutional Ethics
Committee of selected trial centers in accordance with the
Declaration of Helsinki, 1989. The study was conducted
after the necessary approval was obtained from the Office
of the Drug Controller General of India. The study was a
multi centric, double blind, randomized (3:1) study using three
doses of vaccine immunization schedule (20 µg for those
above 10 years old and 10 µg for those below 10 years old)
on d 0, 30 and 60. Subjects were allocated randomly in two
groups to receive either BEVAC or ENGERIX-B. The
sample size calculation was assumed to be equivalent.
For enrollment, 200 subjects were screened at first, 34
subjects were excluded and only 166 were enrolled for the
study. The subjects were randomly divided into two groups
in 3:1 ratio (BEVAC - 3: ENGERIX-B - 1). All the 166
subjects received the first vaccination during their second
visit. The standard flowchart is provided in Table 1.
Serological analysis
Blood samples collected during different visits were subjected
to serum separation and preserved at a proper temperature.
Hematology, liver function test (LFT), kidney function test
(KFT) were carried out within two hours after serum separation.
Different hepatitis markers were also analyzed as mentioned
in the standard flowchart. All the serological parameters
were carried out by the commercially available kit.
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Table 1 Flowchart of the events
CRITERIA

d -7

d0

Informed consent

d 30

d 60

v

d 90

v

Medical history
Physical exam/signs and symptoms

v
v

v

v

Hepatitis B vaccine

v

v

v

Adverse experiences

v

v

v

v

Specialty tests-HIV
Hematology & ESR

v
v

Liver function test

v

v

Renal function test

v

v

HBsAg
Anti-HBs Ab

v
v

Anti-HBc – IgM

v

v

v

v

v

The seroconversion rate and geometric mean titer were
measured to evaluate the immunogenicity in each group at all
time points at which blood samples were taken. Seroconversion
was defined as the presence of hepatitis B surface antibody
titre ≥1 mIU/mL, while antibody titer ≥20 mIU/mL
was considered sero-protective. Anti-HBs antibody was
determined by using the EIA kit manufactured by Abbott
Laboratories, USA (AUSAB).
Data analysis
Data analysis was carried out by the CRA Group of Biological
E Limited using SPSS version 11.0.0 and Microsoft Excel
2002. The proportions of sero-converted and sero-protected
subjects at different time points were studied by logistic
regression. Hematological, renal function and liver function
parameters analysed at different time points, were studied
by “Student’s t test” analysis. Geometric mean titer with
confidence interval for each study group was also assayed
and one way ANOVA was also carried out for the assessment.

RESULTS
One hundred and sixty-six subjects were enrolled for the
study, data from 3 subjects were discarded, 2 for loss of
essential data and 1 for non-compliance with the protocol.
These subjects were randomly allocated into group A
(BEVAC) and group B (ENGERIX - B). In group A, 62
males and 59 females aged 5-35 years were enrolled. GroupB consisted of 25 males and 17 females with their age
similar to group A.
The data on immunogenicity showed that both the study
drugs, BEVAC and ENGERIX-B were highly immunogenic
(Table 2). The percent of seroconversion data depicted an

Table 2 Immunogenicity analysis in subjects after three doses of vaccination
30th d

60th d

90 th d

Groups
GMT

AMT
(mean ± SE)

Confidence % SC GMT
Level (95%)
U

BEVAC
ENGERIX-B
TWO-WAY
ANOVA

L

13.77 33.30± 9.86 52.83 13.76 100 519.84
10.95 22.40±10.52 43.65 1.15 100 475.46
NS (Between the groups)

AMT
(mean ± SE)

Confidence
Level (95%)
U

% SC

GMT

L

632.67± 3.94 709.77 555.56 100
557.00±50.55 659.08 454.91 100
NS (Between the groups)

AMT
(mean ± SE)

Confidence
Level (95%)
U

L

2 627.58 4 529.19± 79.79 6 073.13 2 985.25
2 272.72 3 523.93±800.56 5 140.71 1 907.14
NS (Between the Groups)

GMT – geometric mean titer, AMT – arithmetic mean titer, SEM – standard error of mean , NS – non-significant .

% SC

100
100
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100% seroconversion response on the 30 th d after the 1 st
injection in both male and female groups. The sero-protection
data also reported a 41.2-65.6% response which reached
100% on the 60 th d after first injection. Descriptive
statistical analysis also showed a geometric mean titer value of
13.77 mIU/mL in the BEVAC group and 10.95 mIU/mL in
the ENGERIX-B group on the 30th d after the 1st injection
(Table 2). The 60 th d response showed a GMT value of
519.84 mIU/mL in the BEVAC group and 475.46 mIU/mL
in the ENGERIX-B group (Table 2). On the 90 th d, the
antibody titre response observed was 2 627.58 mIU/mL in
the BEVAC group and 2 272.72 mIU/mL in the ENGERIXB group. No statistically significant difference was observed
between the two experimental groups as well as between
the sexes (Table 2).

and rapid protective antibody levels in accelerated
immunization. In conclusion, BEVAC is safe, efficacious
and immunogenic in comparison with the well documented
ENGERIX-B.

Evaluation of reactogenicity
Two subjects in each group experienced pains at the injection
site after the first vaccination. A total of six subjects in
both groups showed a solicited adverse reaction, including
pain, swelling and redness at the injection site. Three subjects
in group B had a pain at the injection site after the third
dose. No other serious adverse events occurred and no
dose-related local or general symptoms were found during
the study.

4

DISCUSSION
Immunization of susceptible persons against hepatitis-B is
necessary to prevent not only acute diseases, but also the
conversion and chronic states of hepatitis B virus infection.
The initial immune response to the vaccines following the
basic immunization series, is an important determinant of
the duration of immunity. In the present study, all the
subjects responded satisfactorily with an antibody titer
>20 mIU/mL and also showed an 100% seroprotection
response within 60 d after vaccination. Seven subjects
also showed a rise of antibody titer within the level of
10 001-100 000 mIU/mL. Published studies regarding the
dose-response relationship in terms of immunogenicity and
sero-protection are highly varied. Chiaramonte et al [6]
reported that the sero-protection reached a level of 99.6%
within one month after primary immunization with the
recombinant hepatitis-B vaccine. The findings of Assateerawatt
et al[7] and Just et al[8] also were the same.
During the present study, an augmented vaccination
schedule was adopted (0, 1, 2 mo). Clinical studies by Jilg
et al[9], Hadler et al[10], Scheiermann et al[11] have clearly shown
that there is no significant difference in level of
immunogenicity between 0-1-2 mo and 0-1-6 mo schedules
used for the immunization purpose. On the other hand,
Marsano et al[12] have established that a 0-1-2 mo schedule
could exert a quicker and identical rate of sero-protection
in comparison to the standard schedule of 0, 1 and 6 mo.
Wahl et al[13], Iu et al[14], and Hollinger[15] noticed significant
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Abstract
AIM: Nonsteroidal anti-inflammatory drugs (NSAIDs)
cause gastrointestinal damage as one of their side effects
in humans and experimental animals. Lipid peroxidation
plays an important role in NSAID-induced ulceration. The
aim of this study was to investigate the inhibitory effect
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors on the ulceration in small intestines
of rats.
METHODS: The effects of three HMG-CoA reductase
inhibitors, fluvastatin, pravastatin and atorvastatin on ileal
ulcer formation in 5-bromo-2-(4-fluorophenyl)-3-(4methylsulfonylphenyl) thiophene (BFMeT)-treated rats
were examined. Antioxidative activity of the inhibitors was
measured by a redox-linked colorimetric method.
RESULTS: Fluvastatin, which was reported to have
antioxidative activity, repressed the ileal ulcer formation
in rats treated with BFMeT an NSAIDs. However, the other
HMG-CoA reductase inhibitors (pravastatin and atorvastatin)
did not repress the ileal ulcer formation. Among these
HMG-CoA reductase inhibitors, fluvastatin showed a
significantly stronger reducing power than the others
(pravastatin, atorvastatin).
CONCLUSION: Fluvastatin having the antioxidaitive
activity suppresses ulcer formation in rats induced by
NSAIDs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most
widely used drugs in clinical fields, and several new NSAIDs
have recently been developed. However, gastrointestinal ulcers
are induced by NSAIDs[1-5]. Allison et al[6] reported that small
intestinal ulceration occurred in 8.4% of users of NSAIDs
but in only 0.6% of non-users. It has also been reported
that several patients who were long-term users of NSAIDs
died of perforation of small intestinal ulcers[7,8]. These
reports suggest that patients who take NSAIDs have an
increased risk of ulceration in the small intestine and that
small intestinal ulcers can cause life-threatening complications.
Mechanisms of NSAID-induced ulceration have been
studied using rat models[4,9,10] and have been reviewed[3,11-13].
Lipid peroxidation mediated by oxygen radicals has been shown
to play a crucial role in induction of gastric mucosal damage
by NSAIDs, and antioxidants such as ascorbic acid have been
shown to attenuate the damage[14-16]. It has been reported that
5-bromo-2-(4-fluorophenyl)-3-(4-methylsulfonylphenyl)
thiophene (BFMeT), a non-acidic NSAID[17], induced small
intestinal ulcers and that generation of thiobarbituric acid
(TBA)-reactive substances, an index of lipid peroxidation,
significantly increased in ileal mucosa of rats treated with
BFMeT[18]. Some antioxidants, especially ascorbic acid, could
repress the ileal ulcer formation in rats treated with BFMeT[19].
It is therefore thought that lipid peroxidation plays an important
role in the pathogenesis of gastrointestinal mucosal lesions
induced by BFMeT.
In an aging society, many elderly people suffer from more
than one disease, and they often use hypercholesterolemic
drugs, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, together with NSAIDs. Hypercholesterolemia causes atherosclerosis, which is one of the main
causes of cardiovascular diseases. Atherosclerosis has
recently become recognized as an inflammatory disease on
the basis of results of a study showing that baseline plasma
C-reactive protein concentration, a marker for systemic
inflammation, was higher in atherosclerosis patients who
experienced cardiovascular events than in patients who did
not experience any cardiovascular events[20]. Moreover,
Ridker et al[21] reported that the use of aspirin, an NSAID,
reduced the risk of the first occurrence of myocardial
infarction in patients with high baseline C-reactive protein
concentrations. Therefore, hypercholesterolemic patients
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who take HMG-CoA reductase inhibitors could be given
NSAIDs. The interaction of NSAIDs and HMG-CoA
reductase inhibitors is an important issue. If HMG-CoA
reductase inhibitors having antioxidative activity are
prescribed for NSAID users, gastrointestinal damage
induced by NSAIDs will be reduced. Fluvastatin, which was
tested in this study, is a new HMG-CoA reductase inhibitor
that has antioxidative activity[5,22]. In this study, we investigated
the effect of three HMG-CoA reductase inhibitors (fluvastatin,
pravastatin and atorvastatin) on BFMeT-induced ileal ulcer
formation in small intestines of rats and compared their
antioxidative activities.

MATERIALS AND METHODS
Chemicals
BFMeT [17] was obtained from Otsuka Pharmaceutical
Factory, Inc. (Tokushima, Japan). Fluvastatin was kindly
supplied from Tanabe Seiyaku Co., Ltd. (Osaka, Japan).
Pravastatin and atorvastatin were purchased from Sankyo
Co., Ltd. (Osaka, Japan) and Yamanouchi Phrmaceutical
Co., Ltd. (Osaka, Japan), respectively. Other reagents, all
of reagent grade or higher, were obtained from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan) or Sigma Chemical
Co., (St. Louis, MO).
Animal treatment
Five-week-old male Wistar rats (100-120 g) obtained from
Clea Japan, Inc. (Tokyo) were adapted to laboratory conditions
with free access to rat pelleted diet (MF, Oriental Yeast
Co., Ltd., Tokyo) and tap water. Rats were housed in plastic
cages in a room environmentally controlled at a temperature
of 23±2 ℃, humidity of 55±10% and 13-h light/11-h
dark cycle. HMG-CoA reductase inhibitors were suspended
in 5% gum arabic solution, and 5 or 25 mg/kg of each
inhibitor was administered by gavage once a day throughout
the experimental period. BFMeT suspended in 5% gum
arabic solution was administered at a dose of 1 000 mg/kg
of body weight in a single infusion on day 4 by gastric gavage
at 13:00 after an 18-h fast as described previously [10]. HMGCoA reductase inhibitors were administered 4 h after the
treatment with BFMeT. The rats were sacrificed 72 h after
the administration of BFMeT by cervical dislocation under
anaesthesia with diethyl ether, and their gastrointestinal
tracts were cut open longitudinally and carefully examined
for ulcer formation macroscopically. The ulcer index was
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calculated as the percentage of total length of the longer
diameters of ulcers in the whole length of the small intestine.
All animal procedures complied with animal care guidelines
of the Institute of Animal Experimentation, School of
Medicine, The University of Tokushima.
Measurement of antioxidative activity
Antioxidative activities of HMG-CoA reductase inhibitors
were determined by a redox-linked colorimetric method using
iron (Fe (III)) as an easily reduced oxidant in stoichiometric
excess[23]. Antioxidants could reduce Fe (III) to Fe (II), which
subsequently reacted with 1,10-phenanthroline to form a
colored complex[12,24,25]. The intensity of the absorbance at
510 nm reflected the reducing power as antioxidative activity.
Each HMG-CoA reductase inhibitor (10 mol/L) and
0.01 mol/L Fe (III) chloride were subsequently mixed with
0.5 mol/L acetic acid and 0.05 mol/L 1, 10-phenanthroline
and incubated for 30 min at room temperature. The colored
complex Fe (II)-1, 10-phenanthroline was measured at
absorbance of 510 nm (max). Gallic acid was used as a
positive control.
Statistical analysis
The significance of differences in the ulcer index and length
of the small intestine of two groups and absorbance at
510 nm as the reducing power of HMG-CoA reductase
inhibitors were tested by one-way analysis of variance
(ANOVA).

RESULTS
The rats that were administered BFMeT at a dose of
1 000 mg/kg of body weight had ulcers in the small
intestine, and the degree of intestinal mucosal damage was
the same as that reported previously[18,19]. The rats that were
treated with a solvent had no ulcers, and the mean length
of the small intestine was 104.8±4.2 cm. Among the tested
HMG-CoA reductase inhibitors, fluvastatin showed a
repressive effect on the ulceration in small intestines of
rats treated with BFMeT (Table 1). The lengths of small
intestines in the fluvastatin-treated group were almost the
same as those in the non-treated rats. Pravastatin and
atorvastatin, however, had no repressive effect. The rats
that were treated with a solvent and HMG-CoA reductase
inhibitors at doses of 5 and 25 mg/kg had no ulcer formation
(data not shown).

Table 1 Effect of HMG-CoA reductase inhibitors on BFMeT-induced ulcer formation in rat small intestines(mean±SD)
HMG-CoA reductase inhibitor

Number of rats

Total length of ulcers

Length of the small intestine

Ulcer index (%)

None (control)

7

7.1±2.84

78.8±10.5

9.2±4.10

Fluvastatin 5 mg/kg

5

6.0±3.71

83.4±4.6a

7.0±4.13
2.6±1.00a

Fluvastatin 25 mg/kg

5

2.4±0.77a

97.4±12.5a

Pravastatin 5 mg/kg

5

5.4±2.38

87.9±15.9

6.6±3.76

Pravastain 25 mg/kg

4

8.0±2.88

87.9±11.4

9.6±4.47

Atorvastatin 5 mg/kg

5

11.3±3.28a

82.8±14.2

14.0±4.79

Atorvastatin 25 mg/kg

5

6.8±4.56

85.9±17.2

9.3±7.48

All rats were administered BFMeT at a dose of 1 000 mg/kg of body weight. Ulcer index was calculated as the percentage of total length of ulcers in the whole length
of the small intestine. There was no ulcer formation in small intestines of rats treated with a solvent only and the length of the small intestine was 104.8±4.2 cm.
Significantly different from the control group at aP<0.05 (ANOVA).

1042

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

February 21, 2005

Volume 11

Number 7

The reducing power, as the antioxidative activity of
HMG-CoA reductase inhibitors, is shown in Table 2. The
reducing power of fluvastatin was significantly stronger than
that of the other HMG-CoA reductase inhibitors (P<0.0001).
Pravastatin showed no antioxidative activity.

and Thita Tantiwat for the technical assistance.

Table 2 Reducing power of HMG-CoA reductase inhibitors(mean±SD)

2

HMG-CoA
reductase inhibitor
Solvent only

Dose (mmol/L)
0

REFERENCES
1

Absorbance at 510 nm
(as the reducing power)
0.182±0.019

Fluvastatin

0.01

0.545±0.016 2

Pravastatin

0.01

0.182±0.021

Atorvastatin

0.01

0.308±0.016 2

Gallic acid

0.005

0.709±0.010 1

3

4

The intensity of the absorbance at 510 nm reflected antioxidative activity as
the reducing power. 1Gallic acid was not a HMG-CoA reductase inhibitor and
used as a positive control of this test. 2Significantly different from the solvent
at P<0.0001 (ANOVA).

5

DISCUSSION
In the small intestine, NSAIDs could increase intestinal
permeability and enhance exposure of the mucosa to luminal
aggressive factors such as bacteria or their degradation
products, resulting in an increase in recruitment of neutrophils
and their activation[1,3,9,11-13]. Reactive oxygen species produced
by activated neutrophils could play important roles in
NSAID-induced formation of ulcers[26,27]. As shown in Table 1,
atorvastatin did not repress ileal ulcer formation. Although
atorvastatin showed a reducing power as could be seen in
Table 2, there are no reports of atorvastatin showing inhibition
of neutrophil-dependent O2- production. Pravastatin has been
reported to repress superoxide generation in neutrophils[28],
but it showed no reducing power in the present study (Table 2).
Fluvastatin has been reported to suppress the generation
of superoxide anions from neutrophils and to have a strong
antioxidative activity[29-31]. These results suggest that the
repressive effect of fluvastatin on ulcer formation is due to its
antioxidative activity and that drugs that have an antioxidative
activity could repress ileal ulcer formation induced by
NSAIDs.
The effects of combinations of drugs on human health
have recently become important issues because many elderly
patients now take more than one drugs at the same time.
Naturally, patients taking NSAIDs should be given a drug
or should consume food that has an antioxidative activity
and represses ulcer formation induced by NSAIDs. The
results of this study indicate that drugs that reduce the side
effects of NSAIDs should be selected for patients taking
NSAIDs who require treatment with other drugs.

7
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Abstract
AIM: To assess the efficacy of hemoclip application in
combination with epinephrine injection in the treatment
of bleeding peptic ulcers and to compare the clinical
outcomes between patients treated with such a combination
therapy and those treated with epinephrine injection
alone.
METHODS: A total of 293 patients (211 males, 82
females) underwent endoscopic therapy for bleeding
peptic ulcers. Of these, 202 patients (152 males, 50
females) received epinephrine injection therapy while 91
patients (59 males, 32 females) received combination
therapy. The choice of endoscopic therapy was made by
the endoscopist. Hemostatic rates, rebleeding rates, need
for emergency surgery and 30-d mortality were the
outcome measures studied.
RESULTS: Patients who received combination therapy
were significantly older (mean age 66±16 years, range
24-90 years) and more suffered from chronic renal failure
compared to those who received epinephrine injection
therapy alone (mean age 61±17 years, range 21-89 years).
Failure to achieve permanent hemostasis was 4% in the
group who received epinephrine injection alone and 11%
in the group who received combination therapy. When
the differences in age and renal function between the
two treatment groups were taken into account by
multivariate analysis, the rates of initial hemostasis,
rebleeding rates, need for surgery and 30-d mortality for
both treatment options were not significantly different.
CONCLUSION: Combination therapy of epinephrine
injection with endoscopic hemoclip application is an
effective method of achieving hemostasis in bleeding
peptic ulcer diseases. However, superiority of combination
therapy over epinephrine injection alone, could not be
demonstrated.

INTRODUCTION
Gastrointestinal hemorrhage is a common complication of
peptic ulcer disease. Despite advances in the clinical diagnosis
of patients with gastrointestinal hemorrhage, the
development of new pharmacological agents and endoscopic
interventions, the mortality rate due to gastrointestinal
hemorrhage has remained relatively unchanged at 6-10%
for the past three decades[1-4]. This could be attributed to
the increasing age and comorbidity of patients who present
with gastrointestinal hemorrhage. About 80% of patients
with gastrointestinal hemorrhage due to peptic ulcer disease
stop bleeding with only supportive measures [2,5-7] . The
remaining 20% who would continue to bleed or have
recurrence of bleeding account for most of the mortality
from gastrointestinal hemorrhage. This group of patients is
a high-risk group who can be targeted for aggressive
hemostatic therapy.
Hemostatic therapies include endoscopic, angiographic
and surgical methods. Upper gastrointestinal endoscopy is
the most effective diagnostic technique for peptic ulcer
diseases. A skilled endoscopist is able to diagnose the bleeding
source in over 95% of cases[8,9]. Endoscopic therapy is the
acknowledged method of choice for controlling active peptic
ulcer hemorrhage, reducing the risk of rebleeding as well
as the need for surgical intervention[10,11]. For patients who
fail endoscopic therapy, angiographic and surgical
alternatives have to be considered.
A variety of methods may be used to achieve hemostasis
of bleeding peptic ulcers endoscopically. These include
contact thermal therapy, non-contact thermal therapy,
injection therapy, and mechanical hemostasis. Epinephrine
injection therapy has been shown to be effective in the
treatment of bleeding peptic ulcers with reported initial
hemostasis rates ranging from 80% to 100% and rebleeding
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rates ranging from 9% to 36% [12-18]. In many centers,
epinephrine injection has become standard endoscopic
therapy for hemostasis. The use of metallic clips to achieve
hemostasis endoscopically was first described by Hayashi
et al [19] in 1975 but the technique was abandoned because
of its technical complexity. In 1988, Hachisu[20] reported a
permanent hemostasis rate of 84% in patients treated with
endoscopic application of hemoclips. Uncontrolled studies
by Binmoeller et al[21], Scapa[22] and Lai et al[23] reported initial
hemostasis rates of 100%, 100% and 95% respectively with
low rebleeding rates.
Epinephrine injection has been shown to achieve
hemostasis by local tamponade, prolonged vasoconstriction
and platelet aggregation[24]. The immediate compression of
bleeding vessels is thought to be the most important for
initial hemostasis. However, rebleeding may occur after the
local tamponade effects of epinephrine wear off. Moreover,
the vasoconstricting effect of epinephrine may be
diminished in atherosclerotic vessels. The application of
direct mechanical tamponade with a metallic hemoclip on
the bleeding blood vessels may be more effective in
preventing rebleeding. It may be possible that a combination
of epinephrine injection followed by hemoclip application
will be more effective in preventing rebleeding from peptic
ulcers. We therefore compared the hemostatic efficacy of
combined epinephrine injection and endoscopic hemoclip
application with that of epinephrine injection alone in 293
patients with bleeding peptic ulcer disease.

After the index therapeutic endoscopy, all patients
received oral acid suppressant therapy (either histamine
receptor antagonists or proton pump inhibitors). The
following outcome measures were recorded: initial hemostasis
which was defined as the absence of bleeding when observed
for 5 min after therapeutic endoscopic intervention, rebleeding,
need for emergency surgery, and 30-d mortality. Criteria for
rebleeding included the recurrence of haemetemesis and/or
melena, a drop in hemoglobin of more than 2 g/dL over a
3-d period or the development of shock as defined by a
systolic blood pressure below 100 mmHg, pulse rate greater
than 100/min with peripheral vasoconstriction. If rebleeding
was suspected, an emergency endoscopy was performed to
confirm the re-bleeding and endoscopic treatment was
repeated with either epinephrine injection alone or with
combination therapy. The endoscopic therapy used for
treatment of rebleeding was the same as that used in the
initial endoscopy. The decision for emergency surgery would
be made if initial hemostasis could not be achieved at the
index endoscopy or if 2 consecutive endoscopic therapeutic
interventions were unsuccessful.

MATERIALS AND METHODS
Over a 6-year period between September 1993 and September
1999, 293 patients (>18 years of age) with bleeding
gastroduodenal ulcers were admitted to the Division of
Gastroenterology at Toa Payoh Hospital, Singapore
(subsequently Changi General Hospital, Singapore). These
patients were included in the study if emergency endoscopy
demonstrated a gastric or duodenal ulcer with major stigmata
of recent hemorrhage (SRH): there an actively bleeding
vessel, a non-bleeding visible vessel or an adherent clot
resistant to washing. Adherent clots were removed to expose
the underlying ulcer base. All the 293 patients received
endoscopic therapeutic intervention with either epinephrine
injection alone or with a combination of epinephine injection
and hemoclip application. The choice of endoscopic therapy
was decided by the endoscopist. Patients taking non-steroidal
anti-inflammatory drugs (NSAIDs), aspirin or anticoagulants
were not excluded but these drugs were stopped at the time
of hospital admission. Concomitant medical conditions were
recorded and all patients were classified according to the
American Society of Anaesthesiologists (ASA) classification
of physical status.
Endoscopic epinephrine injection therapy was performed
using 1:10 000 epinephrine injected via a disposable needle
(KeyMed Ltd, Southend-on-Sea). Multiple injections were
performed around the bleeding point until hemostasis was
secured. In the patients who received combination therapy,
endoscopic hemoclip application was carried out using a
clipping device (Olympus HX-5LR, Tokyo, Japan) after
epinephrine injection had been performed.

RESULTS
Two hundred and ninety-three patients (82 females, 211
males; mean age 62 years), who presented with hemetemesis
and/or melena, were found - at upper gastrointestinal
endoscopy to have peptic ulcer diseases with active bleeding,
a non-bleeding visible vessel or an adherent clot resistant to
washing. Of these, 202 patients received epinephrine
injection therapy alone while 91 patients received
combination therapy of epinephrine injection with hemoclip
application.
The characteristics of patients studied are shown in
Table 1. There was no significant difference in gender, type
of stigmata of hemorrhage, smoking habit, and lowest
hemoglobin value between the two treatment groups. The
patients were also classified according to the ASA
classification of physical status. There was no significant
difference in the number of patients of each ASA grade
between the two treatment groups. The patients who
received combination therapy were significantly older
(66±16 years) compared to those who received epinephrine
injection only (61±17 years). The two treatment groups were
also compared with regard to the presence of common
comorbid conditions (Table 2). Moderate chronic renal
failure, defined as a plasma creatinine level of more than
300 mol/L, was present in more patients who received
combination therapy compared to those who received
epinephrine injection alone. There were no other significant
differences in the frequency of major comorbid conditions
between the two groups. The patients who received
combination therapy also tended to have more concomitant

Statistical analysis
Statistical analysis was performed using SPSS 9.01 for
Windows. Differences in outcomes were compared using
the chi-square test. Multivariate analysis was performed using
binary logistic regression methods. Statistical significance
was defined as a P value of less than 0.05.
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Table 1 Clinical characteristics of patients in the two treatment
groups
Epinephrine
injection alone
(n = 202)

Combination
therapy
(n = 91)

P value

Gender (male:female)
Age (yr)

152:50
61±17

59:32
66±16

(range in years)

(21–89)

(24–90)

Smoking, n (%)

61 (30.2)

30 (33.0)

0.674

Alcohol, n (%)
Recent NSAID usage, n (%)

42 (20.8)
70 (34.7)

12 (13.2)
37 (40.7)

0.108
0.338

Past history of peptic ulcer, n (%)

64 (31.7)

25 (27.5)

0.453

Past history of UGIB, n (%)

35 (17.3)

15 (16.5)

0.845

Lowest Hb
(range in g/dL)

9.1±2.5
(4.1-16.4)

8.7±2.5
(4.3-17.9)

0.162

Ulcer type (GU:DU)

76:126

0.066
0.016

40:51

0.305

82 (40.6)
102 (50.5)

46 (50.5)
42 (46.2)

0.185

18 (8.9)

3 (3.3)

Endoscopic major SRH, n (%)
- active bleeding
- visible vessel
- adherent clot
ASA physical status, n (%)
- P1 (Healthy; no medical problems) 78 (38.6)
- P2 (Mild systemic disease)
51 (25.2)

25 (27.5)
23 (25.3)

- P3 (Severe systemic disease)

43 (47.3)

73 (36.1)

0.124
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necessitating further endoscopic therapy. Hemostasis was
achieved on the second therapeutic endoscopy in 4 patients.
One patient required surgery to achieve hemostasis. None
of the patients who re-bled, died. However, 8 patients, in
the patient group who received epinephrine injection only,
died as a result of worsening of their pre-existing comorbid
conditions following gastrointestinal bleeding. Thus the
overall failure rate in the group who received epinephrine
injection alone was 4% (8 of 202 patients, 3 primary failure,
5 recurrent bleeding).
Of the 91 patients who received combination therapy
using epinephrine injection followed by hemoclip application,
initial hemostasis was achieved in all the patients. Ten patients
re-bled during their hospital admission, necessitating further
endoscopic therapy. Hemostasis was achieved on the second
therapeutic endoscopy in 9 patients. One patient required
surgery to achieve hemostasis. None of the patients who
re-bled died. However, there were 6 deaths in the patient
group who received combination therapy as a result of
worsening of their pre-existing comorbid conditions
following the gastrointestinal hemorrhage. Thus the overall
failure rate in the group who received combination therapy
was 11% (10 of 91 patients, all from recurrent bleeding).

Table 2 Frequency of comorbid conditions of patients in the two
treatment groups
Epinephrine
injection alone
(n = 202), n (%)

Combination
therapy (n = 91),
n (%)

P value

Ischemic heart disease

50 (24.8)

28 (30.8)

0.281

Hypertension

69 (34.2)

40 (44.0)

0.108

Diabetes mellitus

44 (21.8)

25 (27.5)

0.288

Stroke
Chronic renal failure

19 (9.4)
9 (4.5)

12 (13.2)
10 (11.0)

0.330
0.036

Liver cirrhosis

9 (4.5)

1 (1.1)

0.143

Osteoarthritis

20 (6.8)

8 (2.7)

0.755

7 (3.5)
124 (61.4)

4 (4.4)
66 (72.5)

0.698
0.065

Malignancy
At least 1 comorbid illness

Table 3 Clinical outcome measures of the patients in the two
treatment groups
Epinephrine injection
(n = 202), n (%)
Initial hemostasis
Rebleeding
Emergency surgery
30-d mortality

Combination therapy
(n = 91), n (%)

P value1

199 (98.5)

91 (100)

0.637

8 (4.0)

10 (11.0)

0.108

1 (1.1)
6 (6.6)

0.412
0.754

3 (1.5)
11 (5.4)

1
P value calculated using multivariate analysis to account for the increased age
and increased frequency of chronic renal failure in the group receiving
combination therapy.

illnesses with 72.5% having at least one other chronic illness
compared to 61.4% of those who received epinephrine
injection alone.
Table 3 shows the clinical outcome measures of the
patients in the two treatment groups. Of the 202 patients
who received epinephrine injection alone, initial hemostasis
was achieved in 199 patients. The 3 patients in whom initial
hemostasis could not be achieved endoscopically underwent
surgery but died within 30 d of their initial presentation.
Five patients re-bled during their hospital admission,

DISCUSSION
Gastrointestinal bleeding due to peptic ulcers is a serious
and potentially life-threatening condition. Endoscopic
haemostatic therapy has been shown to improve the
outcomes in upper gastrointestinal hemorrhage. These
therapies may be divided into four main groups: contact
thermal therapy, non-contact thermal therapy, injection
therapy, and mechanical hemostasis. Each method has
advantages and disadvantages related to the technical aspects
of the procedure as well as the mechanism by which
hemostasis is achieved.
Following initial studies which showed that endoscopic
hemoclip application was associated with a low rate of
recurrent bleeding, more recent studies have focused on
comparing the hemostatic efficacy of hemoclip application
with that of other modalities. A retrospective study by
Buffoli et al compared the efficacy of epinephrine injection
alone versus a combined method of epinephrine injection
with hemoclip application in the treatment of 99 patients
with peptic ulcer bleeding. Re-bleeding occurred in 16.6%
of those who received epinephrine injection alone and in
4.4% of those who received combination therapy, suggesting
that a combined approach may be more efficacious than a
single modality. However, this difference did not reach
statistical significance, possibly because of the small number
of patients. Prospective studies by Chung et al, and Gevers
et al compared the hemostatic efficacy of the endoscopic
hemoclip technique with that of epinephrine injection and
a combined method in the management of bleeding peptic
ulcers. In both studies, no significant benefit was shown
with the combined method of epinephrine injection with
hemoclip application over epinephrine injection alone. Again,
both studies involved a relatively small number of patients
(32-42 patients in each treatment arm). In the study by
Gevers et al, sample sizes were calculated based on a rate
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of failure in initial hemostasis of 30% for the group treated
with epinephrine-polidocanol injection only, and 5% for the
group treated with a combination of epinephrine-polidocanol
injection and hemoclip application. However, in that study,
the actual initial failure rate in the injection only group was
15% (the overall failure rate being 6%) while that in the
combined therapy group was 25% (the overall failure rate
being 25%). In the study by Chung et al, the overall failure
rate in the injection only group was 14.6% while that in the
combined group was 9.5%. In our study, which included
293 patients (202 treated with epinephrine injection only,
91 with combined epinephrine injection-hemoclip
application), the overall failure in hemostasis occurred in
4% of the patients who received epinephrine injection only
and in 11% of those who were treated with a combined
method of epinephrine injection and hemoclip application.
The fact that epinephrine injection therapy was very effective
in achieving hemostasis and associated with a low rebleeding
rate made it difficult to demonstrate any improvement, if
any, in those treated by the combined epinephrine-hemoclip
technique.
In our study, the patients who received combination
therapy were significantly older and a significantly greater
number had moderate chronic renal failure with plasma
creatinine levels exceeding 300 mol/L. Abnor mal
hemostasis is common in chronic renal impairment due to
a variety of factors such as prolongation of bleeding time,
decreased activity of platelet factor 3, abnormal platelet
aggregation and adhesiveness, and impaired prothrombin
consumption. A greater proportion of the patients who
received combination therapy had a poorer physical status,
with 47.3% having an ASA grade of P3 compared to 36.1%
in those who were treated with epinephrine injection only,
though this did not reach a statistical significance. When the
differences in age and renal function between the two
treatment groups were taken into account by multivariate
analysis, the rebleeding rates for both treatment options
were not significantly different.
Treatment of bleeding peptic ulcers with epinephrine
injection or with hemoclip application has been shown to
be safe and effective. The results of our study showed that
the combination of epinephrine injection and hemoclip
application was equally efficacious and could be employed
in the treatment of bleeding peptic ulcers. The possibility
that a combination of both methods will be even more
efficacious is certainly appealing and logical. However,
despite a greater number of patients compared to previous
studies, we have not managed to demonstrate the superiority
of combination therapy over epinephrine injection alone.
The difference in efficacy may not be as great as previously
perceived and future comparative studies would require
even greater sample sizes.
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Abstract
AIM: To investigate the effect of Helicobacter pylori
eradication on endothelin-1 (ET-1) and nitric oxide (NO)
in duodenal ulcer (DU) patients.
METHODS: Sixty-six H pylori-infected active DU patients
were consecutively enrolled to receive one-week triple
therapy (rabeprazole, amoxicillin and metronidazole) and
then one-month rabeprazole therapy. They were asked
back to determine ulcer and H pylori status using endoscopy
one month later. Thirty-seven healthy controls (H pylori
+/-: 17/20) were enrolled for comparison. Blood samples
were collected in each visit to measure plasma ET-1 and
nitrate/nitrite levels using an enzyme immunoassay kit.
RESULTS: Sixty DU patients finished trial per protocol.
The ulcer healing and H pylori-eradication rates were 86.7%
and 83.3%, respectively. Plasma ET-1 level in DU patients
was higher than that of H pylori-negative and positive controls
(3.59±0.96 vs 0.89±0.54 vs 0.3±0.2 pg/mL, P<0.01), while
nitrate/nitrite levels among them were also significantly
different (8.55±0.71 vs 5.27±0.68 vs 6.39±0.92 µmol/L,
P<0.05). H pylori eradication diminished ET-1 levels
(3.64±0.55 vs 2.64±0.55 pg/mL, P<0.01) but elevated nitrate/
nitrite level (8.16±0.84 vs 11.41±1.42 µmol/L, P<0.05).
CONCLUSION: Both plasma ET-1 and nitrate/nitrite levels
increase in active DU patients. After an effective H pylori
eradication, DU healing is associated with diminished blood
ET-1 level and elevated nitrate/nitrite level.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In acidic stomach lumen and ongoing acid-peptic digestive
process, adequate mucosal blood flow is one of the essential
mechanisms to maintain mucosal integrity since this blood
flow removes diffused acid and delivers energy to support
the normal mucosal function[1]. Likewise, acute stress usually
results in ischemia and the following ulcerations[2]. Besides,
gastric mucosal blood flow is diminished in patients with
active gastric ulcer compared to that of healed subjects[3].
Endothelins are the family of three homologous 21-aminoacid
peptides in terms of endothelin-1 (ET-1), ET-2 and ET-3.
ET was originally found in the endothelium of blood vessels
with very potent vasoconstriction ability[4-6]. The submucosal
injection of ET-1 in gastric wall results in mucosal injury
since its integrity is destroyed by the diminished blood
flow[7]. In addition, the higher plasma ET-1 level is found in
gastric ulcer patients. Perhaps ET-1 is one of the mediators
contributing to the pathogenesis of peptic ulcer[8] . Nitric
oxide (NO) is a free radical molecule generated by three
well known NO synthases (neuronal, endothelial and inducibleNOS) via electron transfer step [9]. NO behaves as an
endogenous vasodilator to modulate stomach mucosal blood
flow in maintaining its integrity[10]. NO pathway also exhibits
other gastrointestinal functions including epithelial
permeability, motility and even inflammation. iNOS is highly
expressed in response to epithelial cell injury, apoptosis,
host immune response and perpetuation of inflammatory
responses[9-11]. It means that iNOS-derived NO generation
occurs at a greater order in these events than that of other
isoforms [9]. Accordingly, over expression of iNOS in
gastrointestinal mucosa is one of the factors leading to
mucosal injury[12] . Currently, Helicobacter pylori (H pylori)
colonization has been considered as the most important
etiology of peptic ulcer diseases[13]. H pylori infection produces
many peptides and inflammatory cytokines in turn leading
to major pathophysiological changes in the spectra ranging
from gastritis to cancer[14,15]. Eradication treatment has been
strongly recommended to all H pylori related duodenal ulcer
(DU) patients[13,15]. Whether H pylori infection also has an
impact on the releasing of ET-1 and NO in DU patients is
unknown. If this impact exists, an effective H pylori
eradication should attenuate these released products upon
the disease course. The aim of this study was to determine
whether the plasma ET-1 and NO levels were associated
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with H pylori infection in DU patients, especially the effect
of H pylori eradication.

MATERIALS AND METHODS
This study was conducted between August 2001 and July
2002 as a single-center trial. Inclusion criteria were as follows:
patients of both sexes, age between 20 and 80 years, presenting
with dyspeptic symptoms, with no H pylori eradication history
or obvious gastroesophageal reflux symptoms. According
to the study protocol, only the H pylori-infected patients
with an active ulcer crater in the duodenal bulb with a
minimal size over 2 mm diagnosed based on endoscopy
were eligibly enrolled. During the diagnostic endoscopy,
ulcer size was measured while biopsy specimens were
simultaneously obtained from the antrum and body for a
rapid urease test and histological examination to determine
H pylori colonization. When both methods were positive for
H pylori, H pylori infection was established. All patients treated
previously with ulcerogenic or acid-reducing drugs within
2 wk prior to endoscopy or failed in H pylori eradication
were excluded. Other exclusion criteria included pregnancy,
concomitant gastric or prepyloric ulcer, recent DU-related
bleeding, inability to suspend any ulcerogenic drugs during
the study, or surgery on the upper gastrointestinal tract. For
comparison, age and sex-matched healthy controls were
enrolled from healthy subjects who received a paid physical
check up including routine endoscopy in this hospital. Neither
dyspepsia complaint nor main endoscopic finding was
acknowledged to be a control. Because many diseases are
associated with abnormal plasma ET-1 and NO levels,
neither the studied patients nor the control subjects had
acute pancreatitis, and chronic pulmonary, liver, renal,
cardiovascular, or cerebrovascular diseases[6,16]. This study
was approved by the Institutional Review Board of Taipei
Veterans General Hospital, and informed consent was
obtained from all cases prior to the study.
HP eradication and follow-up
After each diagnostic endoscopy, plasma samples of all
infected DU patients were collected in the fasting state and
stored at -80 ℃ until measurement. The patients received
H pylori-eradicated triple therapy consisting of rabeprazole
20 mg twice daily, amoxicillin 1 000 mg twice daily and
metronidazole 500 mg twice daily for one week and then
acid-reducing therapy of rabeprazole 20 mg once daily for
another one month. Afterwards, they were asked back on
the appointed date for the second endoscopic reassessment
of DU and H pylori states one month after the final regimen
was completed. During this period, neither antibiotics nor
acid-reducing agent was allowed for the studied subjects
except for antacids in occurrence of dyspepsia. H pylori
eradication was defined when both urease test and histologic
examination were negative.
Plasma endothelin-1 and nitric oxide level measurement
Plasma ET-1 level was measured with a commercial enzyme
immunoassay kit [Endothelin-1 (human), Cayman, Ann Arbor,
MI, USA] while plasma NO activity was determined by
measuring the nitrate/nitrite level (Nitrate/Nitrite, Cayman).
The technician responsible for the NO and ET-1 measurement
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was not aware of the current status of all studied subjects.
Statistical analysis
Results were expressed as mean±SE. Numerical data were
analyzed using either Student’s t test, Wilcoxon signed rank
test or Kruskal-Wallis one-way analysis of variance (ANOVA).
Linear regression was used to study the correlation coefficient
between two variables. P value less than 0.05 was considered
statistically significant.

RESULTS
A total of 66 active DU patients (M/F: 46/20, age: 22-68 years)
meeting our defined criteria were consecutively enrolled.
Sixty of them (90.9%) finished the whole procedure per
protocol, 52 (86.7%) patients had healed DU in the followup, whereas successful H pylori eradication was achieved in
50 (83.3%) subjects. Meanwhile 37 healthy subjects were
enrolled for comparison during this period. Seventeen of
them (M/F: 12/5, age: 32-58 years) were H pylori negative
and 20 (M/F: 13/7, age: 38-54 years) were H pylori positive.
The plasma ET-1 levels in 17 H pylori-negative controls, 20
H pylori-positive controls and 60 active DU patients were
0.89±0.54, 0.3±0.2 and 3.59±0.96 pg/mL, respectively
(P<0.01). While the plasma nitrate/nitrite levels in three studied
groups were 5.27±0.68, 6.39±0.92 and 8.55±0.71 µmol/L,
respectively (P<0.05). The correlation coefficients of plasma
ET-1 and nitrate/nitrite levels against ulcer sizes in 60 DU
patients were 0.26 (P<0.05) and 0.15 (NS), respectively
(Figure 1). Figure 2 depicts the change of plasma ET-1
levels in DU patients after triple therapy. Among the 50
H pylori-eradicated subjects, ET-1 level diminished in the
follow-up (3.65±0.54 vs 2.64±0.55 pg/mL, P<0.01), whereas
this decline was not observed in 10 subjects without H pylori
eradication (2.39±1.20 vs 4.94±1.20 pg/mL, NS). Figure 2
shows the change of plasma nitrate/nitrite levels in these
DU patients. Nitrate/nitrite level in the 50 H pylorieradiacted subjects elevated in the follow-up (8.16±0.84 vs
11.41±1.42 µmol/L, P<0.05). However, this elevation
was not found in 10 patients without H pylori eradication
(8.81±2.540 vs 11.60±2.85 µmol/L, NS). The correlation
coefficients of plasma ET-1 levels against nitrate/nitrite
levels before and after triple treatment were -0.46 and -0.068
in these 10 DU patients, respectively (NS), and were -0.16
and 0.13 in 50 H pylori-eradicated DU patients.
DISCUSSION
In our study, the H pylori eradication rate in active DU
patients undergoing this triple therapy was 83.3%. This result
is comparable with others as well as that in our previous
study using proton pump inhibitor based treatment[13,17-19].
Furthermore, the H pylori infection in all healed subjects
was eradicated. H pylori infection induces inflammatory
responses in mucosa including increased cytokines,
activation of inflammation and stimulates the production
of prostaglandins, gastrin and somatostatin, etc. [14]. The
imbalance of these factors determines the ulcer occurrence
or recurrence. Consequently, various cytokine and peptide
responses have a significant change after effective H pylori
eradication, e.g., the decline of various cytokines and gastrin
production[20-22].
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ET-1 appears to be a candidate in the mechanisms leading
to gastric mucosal injury. For example, increased intraluminal
acid and the following ulcerations are induced after
exogenous ET-1 treatment[7]. Furthermore, endogenous ET1 is a powerful mediator of stress-evoked gastric mucosal
damage in rats[23,24]. Masuda et al[8] indicated that the plasma
ET-1 level in patients with active gastric ulcer is higher than
that in these healed subjects and controls. Besides, the ulcer
areas of these subjects have a significant correlation with
plasma ET-1 levels (r = 0.7). Similarly, our study pointed
out that ET-1 level in active DU patients is also higher than
that in controls, and effective eradication can restore its
level. The ulcer sizes exhibit a weak correlation with plasma
ET-1 levels. Taking these observations into consideration,
we suggest that the increased ET-1 production is one of
the mechanisms leading to peptic ulcer formation, regardless
of ulcer location.
ET-positive cells are found in vascular smooth muscle,
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gastric epithelium and stomach smooth muscle[25]. It remains
controversial about the role of H pylori in the production
of ET-1 in peptic ulcer patients. Mori et al[26] observed that
gastric endogenous ET-1 plays a role in ammonia-induced
gastric mucosal injury mediated via muscarine and ETA
receptors. Since ammonia is the main product of H pylori,
it seems that ET-1 is closely related to H pylori elicited mucosal
injury. Our control study found that H pylori infection could
not produce ET-1. In contrast, once DU occurs, more ET-1
is produced. H pylori eradication can reduce ET-1 production.
These data suggest that ET-1 is not the only decisive factor
for H pylori-related DU, other pathways are involved in the
pathogenesis of DU.
Sufficient mucosal blood flow is dependent upon the
balance between the endothelial released substances
increasing blood flow, vasodilatation and anti-aggregatory
activity and the substances reducing blood flow and
promoting platelet aggregation[8]. Evidence indicates that NO
acts as one of the endogenous vasodilators to regulate
gastroduodenal mucosal blood flow and to maintain its
integrity and defense[9,27]. A good correlation exists between
blood/gastric mucosal nitrate/nitrite concentration and
gastric iNOS activity[28]. The increased NO production via
iNOS in gastric mucosa of stressful rats is believed to lead
to mucosal lesions[28]. Histologically, iNOS-positive cells are
not confined to the vascular smooth muscle only[29] . The
higher nitrate/nitrite level in DU patients is likely in this
example. Similarly, mucosal NO activity is also higher in
patients with gastric ulcer[25]. We suggest that more nitrate/
nitrite production in DU patients is the feedback protective
response to stress or ulceration. However, we believe that
this is not a direct response to increased ET since no
correlation exists between the two parameters.
Our study showed that H pylori infection in control
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Figure 2 Change of plasma ET-1 levels (A) and nitrate/nitrite levels (B) in duodenal ulcer patients before (■) and after (□) H pylori
eradication treatment.
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subjects could not produce more nitrate/nitrite unless
presented with active DU, we suggest that significant NO
production is not due to H pylori infection since its eradication
could not diminish nitrate/nitrite level.
Since some of the degraded H pylori extracts in duodenum
are the free amino acid residues presenting as a potent
inhibitor of NO system, their blockage of gastroduodenal
NO seems to be one of the mechanisms underlying the
decreased mucosal alkaline secretory capacity in DU
patients[30]. An animal study also confirmed the interference
in mucosal NO synthase if H pylori extract is treated[31].
Accordingly, the inhibition of NO system by H pylori
infection or its product leads to ulcerations. It is unknown
whether DU patients showing ulcer healing and H pylori
eradication can restore duodenal mucosal alkaline secretion.
Future studies are likely needed to confirm this putative
mechanism. In conclusion, both plasma ET-1 and nitrate/
nitrite levels increase in active DU patients. After effective
H pylori eradication, DU healing is associated with diminished
blood ET-1 level and elevated nitrate/nitrite activity. Ulcer
processing rather than H pylori infection alone is likely to
determine the changed activity of these vasomotor substances.
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Abstract
AIM: To identify the gastrointestinal stromal tumors
(GISTs) that are negative for CD117 expression by
immunohistochemistry and to characterize their malignant
potential.
METHODS: A total of 108 primary mesenchymal tumors
of the gastrointestinal tract were screened to select CD117negative tumors, from which KIT (exons 9, 11, 13, and 17)
and PDGFRA (exons 10, 12, 14, and 18) were sequenced
to identify GISTs. Tumor recurrence and distant metastasis
were used as the criteria of malignancy.
RESULTS: The result showed that approximately 25%
(29/108) of the gastrointestinal mesenchymal tumors
were negative for CD117 and approximately 6% (7/108)
of the tumors were CD117-negative GISTs. All these
CD117-negative tumors had a mutated KIT and a wildtype PDGFRA. All CD117-negative GISTs with mutations
at codons 557/558 of KIT had mitotic counts >10/50 high
power field, and 75% (3/4) of them showed multiple
recurrence or distant metastasis.
CONCLUSION: CD117-negative KIT mutated GISTs account
for approximately 6% of the gastrointestinal mesenchymal
tumors. Tumor recurrence or distant metastasis correlates
to both the KIT mutations at codons 557/558 and the mitotic
counts, but not to the tumor size.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Before our current understanding of the gastrointestinal

stromal tumor (GIST), the term stromal tumor was originally
introduced to describe mesenchymal tumors of the
gastrointestinal (GI) tract that do not have features of
Schwann cells or smooth muscle cells[1]. Subsequently, this
term refers collectively to all mesencymal tumors regardless
of the differentiation phenotype[2]. In 1998, Kindblom et al[3]
reported that GIST expresses KIT tyrosine-kinase receptor,
supporting its origin from a stem cell that differentiates
into interstitial cells of Cajal. Since then, GISTs have been
defined as KIT-expression mesenchymal tumors of the
GI tract[4] regardless of whether there are co-expressed
differentiation markers of myogenic phenotype (e.g., smooth muscle actin [SMA] or desmin) or neurogenic
phenotype (e.g., S-100 and neuron-specific enolase). In this
regard, the immunoreaction to a marker for KIT (i.e.,
CD117 positivity) becomes a requirement for the diagnosis
of GISTs with very rare exceptions.
Gain-of-function mutation of KIT is believed to be the
initial oncogenic step leading to the development of GIST[5].
Several investigators have shown that 52% to 92% of GISTs
harbor KIT mutation[6-8] and KIT mutation is associated with
aggressive behavior in GISTs[9,10]. A recent study also showed
that approximately 35% of GISTs, lacking mutated MIT,
have PDGFRA mutation[11].
Although the CD117 positivity by immunohistochemistry
provides a simple and clear marker for the diagnosis, some
authors believe that a few GISTs may not express CD117[12,13].
These tumors, if existed, are likely to be overlooked if the
CD117 expression is a requirement for the diagnosis unless
mutated KIT or PDGFRA genes are identified. In the present
study, we screened primary mesenchymal tumors of the
GI tract that were morphologically indistinguishable from
GIST and sequenced the KIT and PDGFRA exons in all
tumors that were negative for CD117. Then, we characterized
the CD117-negative GISTs in terms of immunophenotype,
mutation pattern, and clinical behavior.

MATERIALS AND METHODS
Specimens and pathology
A total of 108 primary mesenchymal tumors of the GI
tract in the pathology archives of Mackay Memorial
Hospital were coded as smooth muscle tumors (leiomyoma
or leiomyosarcoma), schwannomas, fibromatoses, solitary
fibrous tumors, inflammatory myofibroblastic tumors,
gastrointestinal autonomic nerve tumors, stromal tumors
or GISTs, during the period from 1995 to 2002.
For immunohistochemical staining, 5 m representative
sections of the specimens were deparaffinized with xylene
and rehydrated in graded alcohols. Antibody against CD117
(1:50 dilution; Dako, Carpinteria, CA), S-100 protein (1:1 500;
Dako), desmin (1:50; Dako), and SMA (1:100, Dako) were
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commercially available. Immunoreaction was detected
according to the manufacturer’s instructions (Ventana
Medical Systems, Tucson, AZ). Staining for CD117 was
considered negative if less than 5% of the tumor cells were
weakly stained.
DNA extraction
To isolate DNA from formalin-fixed tumors, representative
paraffin blocks were cut at 8 m using a clean disposable
microtome blade. To ensure representative sampling, excess
tissue was trimmed before sectioning. The first and the last
sections from each ribbon were subjected to light microscopic
examination after routine hematoxylin & eosin staining.
The paraffin sections were transferred directly into the
PCR tubes and incubated in 300 L of xylene at 25 ℃ for
5 min, pelleted at 12 000 g for 5 min, re-suspended in 300 L
of absolute alcohol at room temperature, spun down, and
lyophilized. The pellets were then processed using the
Puregene DNA isolation kit (Gentra, Minneapolis, MN)
according to the manufacturer’s instructions, which include
proteinase K (300 g/mL) digestion overnight at 55 ℃.
The final extracts were dissolved in TE buffer and kept at
4 ℃ for later use.
Polymerase chain reaction (PCR) and DNA sequencing
Four pairs of oligonucleotide primers were used to amplify
exons 9, 11, 13, and 17 of KIT gene and exons of 10, 12,
14, and 18 of PDGFRA gene. The primer pairs to amplify
KIT were 9R (5’-TGA CAT GGT CAA TGT TGG AA-3’)
and 9L (5’-AGC CAG GGC TTT TGT TTT CT-3’) for
exon 9, 11R (5’-TGG AAA GCC CCT GTT TCA TA-3’)
and 11L (5’-CGT AAT CGT AGC TGG CAT GA-3’) for
exon 11, 13R (5’-GCA AGA GAG AAC AAC AGT CTG
G-3’) and 13L (5’-CAT GCG CTT GAC ATC AGT TT-3’)
for exon 13, and 17R (5’-TGA ACA TCA TTC AAG GGT
ACT TTT G-3’) and 17L (5’-TTG AAA CTA AAA ATC
CTT TGC AGG AC-3’) for exon 17. The primer pairs to
amplify PDGFRA were 10R (5’-AGA TGG TTT GAG
AGA TGG TAC TGC-3’) and 10L (5’-GGA CAC AGT
AGA GTC CAA CAA CGT-3’) for exon 10, 12F (5’-TCC
AGT CAC TGT CGCT GCT TC-3’) and 12R (5’-GCA
AGG GAA AAG GGA GTC TT-3’) for exon 12, 14R (5’CTC ACT CTC ATT CAA ACC TAT CAG C-3’) and 14L
(5’-TC ATA CCC ATC TCC TAA CGG C-3’) for exon 14,
and 18F (5’-ACC ATG GAT CAG CCA GTC TT-3’) and
18R (5’-TGA AGG AGG ATG AGC CTG ACC-3’) for
exon 18.
PCR was carried out according to previously described
procedures[11,14]. The PCR products were sequenced using
the ABI PRISM BigDye terminator cycle sequencing ready
reaction kit and ABI Prism 377 genetic analyzer (PE Applied
Biosystems, Foster City, CA). All PCR products and
independent duplicates were sequenced on both strands.

RESULTS
Of the 108 primary mesenchymal tumors of the GI tract
examined, 79 tumors were positive for CD117 expression
by immunohistochemistry, whereas 29 (Figures 1A and 1B)
were negative for CD117, i.e., less than 5% of the tumor
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cells were weakly stained. All these CD117 negative tumors
had positive mast cells in the adjacent areas as an internal
control (Figure 1C). Among these CD117-negative tumors,
14 were myogenic (positive for SMA or desmin, negative
for S-100), 4 were neurogenic (positive to S-100, negative
for SMA and desmin), 9 were null-phenotypic (negative
to both S-100 and SMA/desmin), and 2 showed dual
differentiation (positive to both S-100 and SMA/desmin).
All these CD117-negative tumors were subjected to
PDGFRA genomic DNA sequencing for the exons 10, 12,
14, and 18 as well as KIT genomic DNA sequencing for the
exons 9, 11, 13, and 17. The result showed no detectable
mutations in PDGFRA gene. However, 7 of them had KIT
mutations, all of which were located in the exon 11 and
consisted of 4 missense mutations and 3 in-frame deletion
mutations. Codon 557 (tryptophan) and codon 558 (lysine)
were most commonly affected, accounting for 57% (4/7)
of the KIT mutations.
KIT mutations were identified in 5 of 9 null-phenotypic
tumors, 1 of 4 neurogenic tumors (Figure 1D), 1 of 2 dual
differentiated tumors and none (0/14) of the myogenic
tumors. Fisher’s exact test showed a significant heterogeneity
in KIT mutation frequency according to the tumor type
(P = 0.0051). A closer look further showed that nullphenotypic tumors and myogenic tumors were more
significantly different (P = 0.0037).
The clinical and histologic features of these CD117negative GISTs are summarized in Table 1. Among these
patients with CD117-negative GISTs, there were five men
and two women, at an average age of 52.7 years (range, 44
to 69 years). Three tumors occurred in the stomach, two in
small intestine, and two in rectum. Nearly all CD117negative GISTs were composed of spindle tumor cells. The
mitotic counts ranged from 2 to 367 per 50 HPF. Four of
these tumors (#106, #133, #142, and #146) had mitotic
count greater than 10/50 HPF. The tumor sizes ranged
from 4.5 cm to 40 cm (range, 4.5 to 40 cm). Four tumors
(#112, #142, #146, and #151) measured larger than 10 cm
in greatest dimension, two (#106 and #133) measured
5-10 cm, and one (#23) smaller than 5cm. If tumor
recurrence or metastasis was used as the criterion for
malignancy, three cases (#133, #142, and #146) belonged
to this category.

A

B

C

D

Figure 1 Light microscopic examination of case #23 (A) shows
interlacing spindle tumor cells (hematoxylin & eosin stain). The
tumor cells were negative for CD117 by immunohistochemistry (B),
while the adjacent mast cells were immunoreative to CD117 (C). This
tumor was strongly positive for S-100 (D). (magnification ×400).
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Table 1 Clinical data of CD117-negative GISTs harboring KIT mutations
Case
Number

Age (yr)
Sex
Location

#23

52
Female
Stomach
69
Female
Stomach
44
Male
Rectum
56
Male
Rectum
45
Female
Small intestine
53
Female
Small intestine
50
Female
Stomach

#106

#112

#133

#142

#146

#151

1

Tumor size1
Cell type
MI2
4.5 cm
Spindle
MI = 2
5.5 cm
Spindle
MI = 30
13 cm
Spindle
MI = 7
6 cm
Spindle
MI = 13
15 cm
Spindle
MI = 367
17 cm
Mixed
MI = 100
40 cm
Spindle
MI = 3

S-100

SMA 3 or
desmin

+

-

No evidence of disease after excision (24 mo)

-

-

No evidence of disease after excision (15 mo)

-

-

No evidence of disease after excision (12 mo)

-

-

Alive with local recurrence for 5 times (35 mo)

-

-

Died of disease (48 mo); failed to Grivec treatment

-

-

Alive with multiple metastasis (36 mo); remission after Glivec treatment

+

+

No evidence of disease after excision (17 mo)

Clinical behavior (follow-up months)

Size represents the single greatest dimension. 2MI, mitotic index (mitoses per 50 high power fields). 3SMA, -smooth muscle actin.

DISCUSSION
Acknowledging the fact that further studies are needed to
fully understand the molecular basis of GIST, it would seem
that gain-of-function mutation of KIT is one of the critical
oncogenic steps in the tumor development. CD117 positivity
may not correlate well to KIT mutation[12,13] because mutated
KIT in some tumors has a low expression at protein level or
the epitope of receptor has defects. Alternatively, fixation
of the specimen and sources of the antibody (C-19 of
Santa Cruz vs A4502 of DAKO) may influence the reaction,
resulting in false negative staining by immunohistochemistry.
In this study, all CD117-negative tumors had immunoreactive
mast cells in their adjacent tissues, thus excluding the
possibility of technical failure.
In this study, we screened a total of 108 mesenchymal
tumors of the GI tract. The result showed that 29 (25%)
of these tumors were negative for CD117 expression.
Among them, seven harbored mutated KIT and none had
mutated PDGFRA. About 57% KIT mutations in CD117negative GISTs were missense mutations, causing a higher
ratio of missense to deletion/insertion mutation than that
of the CD117-positive GISTs, which was 23:77 in our series
(unpublished observation). We could not explain the reason
for this phenomenon.
Based on the immunoreactivity to S-100 and SMA/desmin,
these 29 CD117-negative tumors could be divided into four
groups. It is the current concept that GISTs are derived
from stem cells that differentiate into interstitial cells of
Cajal, which are positive for CD117 by immunohistochemistry.
Therefore, GISTs without CD117 expression are probably
better regarded as “null phenotypic” when immunostaining
for SMA/S-100 is also negative, as opposed to the “prototypic”
GISTs that are immunopositive for CD117. In this study,
we also found that one of four CD117-negative and S-100-

positive tumors harbored mutated KIT (Figure 1). Because
patients with KIT-mutant tumors (regardless of their
immunoreactivity to S-100) can benefit from imatinib
treatment just like other GIST patients, it is better to classify
this kind of tumor as GIST instead of KIT-mutant “nerve
sheath tumor” at least for the therapeutic purpose. The
myogenic group is distinct because none of the tumors in
this group harbored KIT mutation, suggesting that true
myogenic differentiation and KIT mutation are mutually
exclusive. However, when the true myogenic tumors were
excluded, the heterogeneity in KIT mutation became
insignificant (P = 0.765, Fisher’s exact test). This finding
supports the argument[10] for differentiation of true smooth
muscle tumors from GIST, and argues against differentiating
other tumors from GIST.
So far, all the grading systems for GIST are derived
from the observation on the CD117-positive tumors. Most
of these systems, such as the NIH Consensus Guidelines
for grading[4], give weight to both mitotic count and tumor
size. According to this system, there were one low-risk tumor
(#23) and six high-risk tumors in our CD117-negative
GISTs. In contrast, some grading systems such as the threetiered grading scheme[15] emphasize mitotic count and cytologic
feature but not tumor size. Based on this scheme, there
were two low-risk tumors (#23 and #151), one intermediaterisk tumor (#112), and four high-risk tumors (#106, #133,
#142, and #146). Because three of the four high-risk
tumors in this grading system (#133, #142, and #146)
showed either multiple recurrence or distant metastasis, the
three-tiered grading scheme correlates better with the clinical
behavior of CD117-negative GISTs. This finding suggests
that tumor size might not be an important prognostic factor
in CD117-negative GISTs, as opposed to CD117-positive
tumors. In fact, only two of four tumors with their sizes
>10 cm in this study were malignant and the largest tumor

Tzen CY et al. CD117-negative GIST

(case #151) measuring 40 cm was microscopically of low
risk and clinically benign.
Mutations at certain positions may be associated with
aggressive tumor behavior. All CD117-negative GISTs with
mutations at codons 557/558 of KIT were high-risk in the
three-tiered grading scheme[15], and vice versa. Therefore,
75% (3/4) of them showed multiple recurrence or distant
metastasis. A similar observation was also made in CD117positive GISTs with mutations at codons 557/558 occurred
in 79% (11/14) of malignant tumors[10]. In contrast, mutations
at codons 557/558 only accounted for 34% (15/34) of all
GISTs with exon 11 genomic mutations[6].
In conclusion, CD117-negative GISTs do exist (Figure 2),
accounting for approximately 6% of the gastrointestinal
mesenchymal tumors. They are immunohistochemically
different from smooth muscle tumors, which are positive
for SMA/desmin but negative for S-100 and CD117. A
final diagnosis of CD117-negative GIST depends on the
presence of mutated KIT or PDGFR A. Although
generalizations about the malignant potential of CD117negative GISTs cannot be made, our limited cases show a
correlation to KIT mutations at codons 557/558 and mitotic
counts, but not to tumor size.

Primary mesenchymal tumor
of the gastrointestinal tract
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positive CD117 by immunohistochemistry. If tumors were negative
for both CD117 and S-100 but positive for -smooth muscle actin or
desmin, they were true smooth muscle tumors. The rest of the
tumors should be examined for PDGFRA and KIT genes. Those harboring mutated PDGFRA, labeled GIST (III), belonged to the recently
described entity [11] , whereas those containing mutated KIT, labeled
GIST (II), were described in this study. The remaining tumors were
not GISTs.
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Abstract
AIM: To investigate the correlation between clinicopathology
and expression of heat shock protein 70 (HSP70) and
glucose-regulated protein 94 (grp94) in human colonic
carcinoma.
METHODS: The expression of HSP70 and grp94 was
studied in 80 human colonic cancers with or without
metastasis as well as in their adjacent mucous membrane
by way of immunohistochemistry and pathology
photograph analysis.
RESULTS: The expression of HSP70 and grp94 was
significantly higher in cancer than that in adjacent mucous
membrane (92.5%, 85.0% vs 56.3%, 42.5%, P<0.01).
HSP70 and grp94 expressed higher in moderately- and
poorly-differentiated colonic cancers than that in their
adjacent tissues (93.7%, 87.5%; 100%, 90% vs 56.3%,
42.5%; P<0.01). Dukes C and D stages of colonic cancers
showed higher positive rates than Dukes A and B stage
groups (97.1%, 91.2%; 100%, 90.9%; vs 80%, 70%;
78.6%, 71.4%; P<0.05). There were definite differences
in HSP70 and grp94 expression between metastasis
groups and non-metastasis groups (100% vs 75%, 100%
vs 50%, P<0.05).
CONCLUSION: The HSP70 and grp94 expression rates
in colonic cancer groups are significantly higher than that
in their adjacent mucous membrane. The HSP70 and grp94
expression in poorly-differentiated colonic cancers with
metastasis is significantly higher than well-differentiated
cancers without metastasis. The overexpression of HSP70
and grp94 can be used as diagnostic or prognostic markers
for colonic cancer.
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INTRODUCTION
Heat shock protein (HSP) is a highly conserved group of
cellular proteins and is up-expressed under stress conditions,
such as heat, hypoxia, serum deprivation, neoplasia and virus
infection[1-3]. It functions as a molecular chaperone and a
biochemical regulator to mediate cell growth, apoptosis,
protein homeostasis and cellular targets of peptides[2]. Studies
showed that HSPs have a close relationship with carcinoma[4,5].
They may combine with oncogene products to form
complexes and transport them into intracellular special sites
and promote cancer cell proliferation and heterogeneous
differentiation[6,7]. Recent studies showed that heat shock
protein 70 (HSP70) and glucose-regulated protein 94 (grp94)
are highly expressed in cancer tissues and have been used
as prognostic markers in some cases[8-10]. Colonic cancer is
one of the most malignant cancers and there may be a
close relationship between the occurrence of colonic cancer
and the overexpression of HSPs [11]. However, limited
information is available on the HSP70 and grp94 molecules
in colonic cancer tissu es. In this study, we used
immunochemical staining methods to detect the expression
of HSP70, grp94 in colonic cancer and their adjacent
mucous membrane and colonic cancer tissue with or without
metastasis in order to explore the relationship among them
and their significances. The results show that there exists a
significant correlation between the expression of HSP70,
grp94 and the progression of colonic cancer.
MATERIALS AND METHODS
Immunochemistry reagents
Mouse anti-human HSP70 monoclonal antibody and grp94
monoclonal antibody were purchased from Santa Crus
Company. EnVisionTM kits were purchased from Dako
Biological Technology Company.

Wang XP et al. HSP70 and grp94 in colonic adenocarcinoma

Tissue samples
Paraffin specimens from 80 patients with primary colonic
cancer undergoing colonic resection were collected from
Beijing Chaoyang Hospital, Capital University of Medical
Sciences, Beijing, China, from 2000 to 2003.The patients
consisted of 54 males and 26 females, with a mean age of
59.5 years, ranging from 42 to 80 years. All cases were
diagnosed as adenocarcinoma by routine pathological
examination. Well-differentiated type (grade I) was found
in 28 cases, moderately-differentiated type (grade II) in 32
cases, and poorly-differentiated type (grade III) in 20 cases.
According to the revised Dukes stages[12], stage A included
10 cases, stage B 14 cases, stage C 34 cases, and stage D 22
cases. Among the cases, 56 had regional lymph node
metastasis, and 22 had remote metastasis.
Methods
All specimens were deparaffined and dehydrated with graded
alcohol. Endogenous peroxidase was then blocked with
3 mL/L H2O2 diluted in methanol for 30 min at room
temperature. Antigen retrieval was performed by treating
the slides in citrate buffer in a microwave oven for 10 min.
The slides were incubated in a moist chamber with HSP70
mouse monoclonal antibody (1:100) and grp94 mouse
monoclonal antibody (1:100) at 4 ℃ overnight, respectively.
After a complete wash in PBS, the slides were treated with
goat anti-mouse antibody (1:100) for 45 min at 37 ℃. After
a complete wash in PBS, the slides were developed in 0.5 g/L
freshly prepared diaminobenzedine solution (DAB, Sigma
Co.) for 8 min, and then counterstained with hematoxylin,
dehydrated, air dried, and mounted. PBS was used to
substitute the primary antibody as a negative control.
Statistical analysis
HSP70 and grp94 expression differences between colonic
cancers and their adjacent mucous membrane were analyzed
using U test. The relationship between expression of HSP70
and grp94 in colonic cancer tissue with or without metastasis
was analyzed using 2 test. P<0.05 was considered statistically
significant.

RESULTS
Expression of HSP70 and grp94 in colonic cancers and their
adjacent mucous membrane
Immunohistochemical staining showed that HSP70 was
expressed in 74 of 80 primary tumors (92.5%) and 45 of
80 adjacent mucous membranes (56.3%). The grp94positive rate in colonic cancer and adjacent mucous
membrane was 85.0 and 42.5%, respectively. HSP70 was
mainly stained in cell nuclei, whereas grp94 was mainly
stained in cytoplasm. The HSP70 and grp94-positive rates
in colonic cancer were significantly higher than that in
adjacent mucous membrane (P<0.01) (Table 1).
Relationship between clinicopathology and expression of
HSP70, grp94 in colonic cancer
HSP70 and grp94 expressed higher in moderately- and
poorly-differentiated colonic cancers than that in adjacent
tissues (93.7%, 87.5%; 100%, 90% vs 56.3%, 42.5%; P<0.01).
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Dukes C and D stage groups showed distinct higher positive
rates than Dukes A and B stage groups (97.1%, 91.2%;
100%, 90.9%; vs 80%, 70%; 78.6%, 71.4%; P<0.05).
HSP70 and grp94-positive rates were 100% in lymph node
metastasis and remote metastasis groups. There were
significant differences in HSP70 and grp94 expression
between metastasis groups and non-metastasis groups
(P<0.05) (Table 1).

Table 1 Relationship between clinicopathology and expression of
HSP70 and grp94 in colonic cancers
HSP70
Pathologic types

grp94

n

Tissues adjacent 80
to cancers
Colonic cancersb 80
Tumor differentiationd
High
28
Moderate
32
Low
20
Dukes stages
A
10
B
14
Ca
34
Da
22
Lymph node metastasis
Yesc
56
No
24
Remote metastasis
Yesc
22
No
58

- (%)

+ (%)

- (%)

+ (%)

35 (43.7)

45 (56.3)

46 (57.5)

34 (42.5)

6 (7.5)

74 (92.5)

12 (15.0)

68 (85.0)

4 (14.3)
2 (6.3)
0 (0)

24 (85.7)
30 (93.7)
20 (100)

6 (21.4)
4 (12.5)
2 (10)

22 (78.6)
28 (87.5)
18 (90)

2 (20)
3 (21.4)
1 (2.9)
0 (0)

8 (80)
11 (78.6)
33 (97.1)
22 (100)

3 (30)
4 (28.6)
3 (8.8)
2 (9.1)

7 (70)
10 (71.4)
31 (91.2)
20 (90.9)

0 (0)
6 (25)

56 (100)
18 (75)

0 (0)
12 (50)

56 (100)
12 (50)

0 (0)
6 (10.3)

22 (100)
52 (89.4)

0 (0)
12 (20.7)

22 (100)
46 (79.3)

b
P<0.01, dP<0.01, vs adjacent tissues; aP<0.05, vs Dukes A and B groups: cP<0.05, vs
non-metastasis groups.

DISCUSSION
In this study, we examined the expressions of HSP70 and
grp94 in 80 colonic cancer samples by immunohistochemistry.
The results showed that almost all the detected colonic
cancers expressed HSP70. By way of immunohistochemistry
and microscope analysis, we found that there was a definite
correlation between expression of HSP70 and grp94 and
differentiation, development and metastasis of colonic
cancers. The lower the differentiation, the higher the level
of HSP70 and grp94 expression. The worse the colonic
cancer progresses, the higher the level of HSP70 and grp94
expressions.
There is evidence that heat shock protein (HSP) is a
group of highly-conserved proteins synthesized after heat
induction[1-3]. In mammalian cells, this system is divided into
HSPs and glucose-regulated proteins (grps)[1], which appear
to be structurally and functionally related. During the growth
and development of normal cells, HSP70 is constitutively
expressed at low levels but the expression is dramatically
enhanced by stressful conditions[2]. Studies suggested that
HSP70 continuously expressed at high level in tumor cells
without any stimulation[4,5] , and that there is a possible
correlation between the expression of HSP70 and the growth
and progression of tumor cells[9,10]. In normal cells, grp94
could also be induced by various stresses to function as
molecular chaperones[13,14]. Enhanced expression of grp94
has a close relationship with cancer cell growth[11,15]. High-
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level expression of grp94 contributes to tumorigenicity of
certain tumors[15,16]. However, few reports have studied the
expression of grp94 in colonic cancers especially during
the course of tumor growth and differentiation in
comparison with HSP70. In these experiments, HSP70 and
grp94 express high level when colonic cancers differentiate
and progress. The results are consistent with some
researches[17,18]. It is reasonable to propose that HSP70 and
grp94 up-expression in these tumor cells is closely related
with tumor cell survival and proliferation. Recent studies
have suggested that HSPs take part in cell growth and
proliferation by several ways such as signal transduction
and cell cycle regulation through combining certain protooncogene products, indicating that these proliferating cells
need much more HSPs to maintain protein activities[19,20].
Tumor cells are a group of high-proliferation heterogeneous
cells which progress gradually through mutant oncogene
products[21] . Continuous expression of HSP proteins in
tumor cells may be required to ser ve as molecular
chaperones in regulating and stabilizing these products during
tumor growth[6-8] . The existence of mutant or oncogene
products may stimulate HSP synthesis[8]. It has been verified
that HSP70 interacts with mutant p53 to stabilize its function,
conversely wild-type p53 may down-regulate HSP70
expression[22] . Our results showed that the expression of
HSP70 and grp94 in colonic cancer was higher than that in
adjacent tissues, and the expression of HSP70 and grp94
in poorly-differentiated colonic cancer with metastasis was
definitely higher than that in well-differentiated colonic
cancer without metastasis, indicating that up-expression of
HSP70 and grp94 is likely to have some relationship with
progression, invasion and metastasis of colonic cancer.
Studies revealed that considerable expression of HSPs
is found in tumor cells, showing that HSPs may be induced
by other stresses and participate in broader body defense
during tumor cell growth and differentiation[7-9]. It may be
presumed that under various stimulations and stressful
conditions, colonic mucous membrane has to transcript and
translate high level of HSPs which may sustain normal
metabolism and functions of cells in order to avoid the damage
caused by deleterious factors such as methylcholanthreneoncogenesis evocator. Under these conditions, colonic
mucous membrane should synthesize HSPs rapidly to exert
the protecting role for colonic mucous cells. Progression
of colonic cancer is a gradual process under the long-term
influence of various stimulations. During the process,
inducible HSP synthesis increases gradually[23] , which is
confirmed by our results that HSP70 and grp94 were
expressed higher in colonic cancer than that in adjacent
tissues. The lower the differentiation, the higher the level
of HSP70 and grp94 expression. The worse the colonic
cancer progresses, the higher the level of HSP70 and grp94
expressions. The expression level of HSP70 and grp94 can
be used as diagnostic or prognostic marker for colonic
cancer.
HSP70 and grp94 have been identified as murine tumor
rejection antigens[24,25]. The classical mechanisms of HSP70
and grp94 against tumors are that they may act as chaperones
to facilitate MHC-I peptide loading and therefore increasing
the tumor peptides presented by MHC-I [26,27]. HSP70-
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associated peptides may directly activate T+ lymphocytes
or natural killer cells as superantigens independently of the
stimulation of MHC-I class molecules[28,29]. Through this
way CTL response can be induced and anti-tumor immunity
is activated. Our data show that there is high-level expression
of HSP70 and grp94 in colonic cancer, and their expression
has a significant correlation with differentiation and
metastasis of tumors.
In conclusion, there is a close correlation between the
overexpression of HSP70, grp94 and progression,
metastasis of colonic cancer. The high-level expression of
HSP70 and grp94 can be used as diagnostic or prognostic
markers for colonic cancer.
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P = 0.045 respectively], which are similar to that in the
models with mdr1(+)/ER(-) tumor. No significant changes
were found in the expressive level of mdr1 mRNA following
these treatments.
CONCLUSION: The expression of mdr1 gene corresponds
to the sensitivity of colon cancer to anti-tumor drugs in vivo.
TAM can reverse the MDR of colorectal carcinoma in nude
mice, which is independent of the expression of ER;
however, no change was observed in the expressive level
of mdr1 mRNA.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effect of tamoxifen (TAM) on
multidrug resistance (MDR) of colorectal carcinoma in vivo
and its relationship with estrogen receptor (ER).
METHODS: Multidrug resistance was determined by
means of semi-quantitative retro-transcription polymerase
chain reaction (RT-PCR) to test mdr1 gene mRNA and ER
expression was studied by immunohistochemistry. Tumor
tissues from three cases of human colon carcinoma, which
had mdr1(+)/ER(+), mdr1(+)/ER(-), mdr1(-) expressions,
were planted subcutaneously in the neck of nude mice to
establish three xenograft models. These models were
subdivided into four subgroups randomly: Doxorubicin
(DOX)-treated group, TAM-treated group, DOX and TAM
group and control group. The dimensions of these
xenografts were measured after each course of treatment
and the xenografts were removed at the end of the
experiments for measurements of weight and the variation
of mdr1 mRNA level with RT-PCR. In each course, TAM
[15 mg/(kg/d)] was administrated orally per day in the first
seven days and DOX (3.6 mg/kg) was injected peritoneally
on the first day. Data was evaluated by q and t tests.
RESULTS: In the animal models with mdr1(-) tumor, the
weights and volumes of the planted tumor in DOX group
[(39.1±2.29) mg, (31.44±1.61) mm3] and TAM and DOX
group [(38.72±2.56) mg, (31.31±1.74) mm 3 ], which
were lesser than that of control group [(45.48±3.92) mg,
(36.42±2.77) mm3 , P = 0.037, P = 0.016 respectively]
significantly. In the animal models with mdr1(+)/ER(+)
tumor, the weights and volumes of planted tumor were
not affected by DOX or TAM treatment; however, in TAM
and DOX group [(425.5±28.58) mg, (340.35±22.28) mm3],
they were significantly less than that of control group
[(634.23±119.41) mg, (507.45±93.34) mm3, P = 0.022,

Key words: Tamoxifen; Multidrug resistance; Colorectal
carcinoma; Estrogen receptor
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INTRODUCTION
Multidrug resistance (MDR) describes the cross-resistance
to various structurally unrelated cytotoxic agents in human
neoplasms. Resistance to chemotherapy remains an obstacle
to the successful treatment of human cancer and has been
the subject of numerous investigations aiming at identifying
the molecular mechanisms of resistance in cancer cells[1]. It
has been shown that MDR has many mechanisms, including
the over-expression of mdr1 gene, the enhancement of
multidrug-resistant protein and lung-resistant protein, the
variation of DNA topoisomerase II and glutathione-Stransferase (GST). But mdr1 over expression is being
regarded as the major factor[2-4]. The mdr1 gene encodes a
transmembrane protein, called P-glycoprotein (P-gp), which
acts as a drug efflux pump actively depleting intracellular
drug concentration in resistant tumor cells. The colorectal
carcinoma has been estimated as one of the tumors with
the highest expression of mdr1 gene or P-gp.
Experimentally, MDR can be reversed completely or
partly by simultaneous treatment with a number of noncytotoxic agents, which can competitively inhibit P-gp
function [5-9]. These agents include tamoxifen (TAM),
cyclosporin A (CsA), verapamil (VER), BSO, etc. It has been
estimated that the MDR of colorectal cells can be reversed
by administration of TAM in vitro, which has not been
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shown in vivo. It has been repeatedly demonstrated that
estrogen has a close bearing on the carcinogenesis of estrogen
receptor (ER) containing target organs such as uterus, vagina
and breast. ER was also found in both normal and neoplastic
colorectal epithelia[10] . TAM has been used widely in the
treatment of advanced breast cancer, with high responses
in patients with positive expression of ER. In this study,
xenograft models of nude mice with human colorectal
carcinoma were established to determine whether TAM
had the same effect in vivo as in vitro on MDR and its
relationship with ER.

MATERIALS AND METHODS
Semi-quantitative RT-PCR assay to test mdr1 mRNA and
immunohistochemistry assay to examine ER expression
Semi-quantitative RT-PCR assay to test mRNA and
immunohistochemistry assay to examine ER expression are
described in our previous report[11].
Establishment of xenograft models in nude mice
BALB/c (nu/nu) nude mice, four to six months old, were
purchased from Shanghai Institute of Experimental Animals,
Chinese Academy of Sciences, and bred in SPF environment
in Jiangsu Experimental Animal Center. These nude mice
were experimented irrespective of their genders.
Human colorectal carcinoma tissue was obtained during
operation aseptically and was broken into pieces as small as
possible, and then this tissue was transplanted into nude
mice subcutaneously. It was required that tumor tissue be
transplanted in thirty minutes after resection and
transplantation operation be sterile. About four weeks later
at the transplantation site tumor appeared and grew large
gradually. When the tumor in nude mice grew to about 2-3
centimeters in diameter, it was taken out and cut into one
square millimeter pieces and each piece planted into nude
mice to establish the second-generation model, which was
used in this study.
Before we established the nude mouse models, we had
done some biopsies by electronic colonoscopic examination
to screen out three patients with colorectal carcinoma, whose
expressions of ER and mdr1 gene were ER positive/mdr1
positive, ER negative/mdr1 positive, mdr1 negative
respectively. Patient I, male, with both ER and mdr1 positive,
was thirty-six years old and had poorly differentiated
carcinoma in ascending colon, which was Duke’s stage B.
Patient II, male, with ER negativity but mdr1 positivity, was
forty-three years old and had poorly differentiated
carcinoma in sigmoid colon, which was Duke’s stage C.
Patient III, female, mdr1 negative, had well-differentiated
carcinoma in sigmoid colon, which was also Duke’s stage C.
Grouping
The second-generation models from one patient were divided
into four groups randomly: DOX-treated group, TAMtreated group, DOX and TAM group and control group.
Each group contained six nude mice.
Administration
TAM (Shanghai Hualian Pharmaceutical Co. Ltd) was
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dissolved in normal saline and administered orally at
15 mg/kg body weight per day. DOX (Shanghai Hualian
Pharmaceutical Co. Ltd) was injected into peritoneal cavity
at 3.6 mg/kg body weight.
Protocols
TAM was administered orally every day in the first seven
days in TAM-treated groups and in TAM and DOX groups.
DOX was injected on the first day in DOX-treated groups
and in TAM and DOX groups. There was no administration
during the eighth to the twenty-first days. There were two
courses totally.
At the beginning and end of each course, the dimensions
of these tumors were measured (X stands for the maximal
length and Y for the minimal length), and then tumor
volumes were calculated by the formula, V = 0.4xy2. By
the end of this experiment, the tumors were taken out and
weighed, and the mdr1 mRNA levels of these treated tumors
were evaluated again.
Statistics analysis
The volumes and weights of the tumors were compared
among different groups by q test, so were the mdr1 RNA
levels between pre- and post- experiment using t test.

RESULTS
mdr1 mRNA of tumors from three patients
Figure 1 shows the results of mdr1 mRNA expression before
experiments.

1

2

3

4

5

6

mdr1→

Figure 1 mdr1 mRNA expression of tumors from three patients.
Lane 1: DNA marker, lane 2: positive control, lane 3: negative control,
lane 4: patient III, lane 5: patient I, lane 6: patient II.

Volumes and weights of mdr1-positive and ER-positive tumors
The volumes and weights of mdr1-positive and ER-positive
tumors are shown in Figure 2. By the end of the first course the
volumes of tumors were nearly equal among the control group
[(62.63±10.16) cm3], DOX-treated group [(57.58±8.36) cm3]
and TAM-treated group [(59.22±8.53) cm3], but the tumors
in DOX+TAM group [(44.37±4.02) cm3] were smaller than
those of control group (P = 0.031). Similarly, at the end of
treatment the tumor volumes and weights of TAM+DOX
group [(340.35±22.28) cm3, (425.52±28.58) mg] were smaller
than those of control group significantly [(507.45±93.34) cm3,
(634.23±119.41) mg, P = 0.022, P = 0.045 respectively];
both the tumors in TAM-treated group [(483.68±81.96) cm3,
(603.05±103.39) mg] and DOX-treated group [(465.92±
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72.94) cm3, (581.05±89.77) mg] were similar to those of
control group in diameter.
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Figure 4 The volumes and weights of mdr1 negative tumors, 1: the
tumor volumes in the beginning of treatment, 2: the tumor volumes
at the end of the first course, 3: the tumor volumes at the end of the
second course, 4: the tumor weights at the end of the second course.

4

Figure 2 The volumes and weights of mdr1-positive and ER-positive tumors, 1: the tumor volumes in the beginning of treatment, 2:
the tumor volumes at the end of the first course, 3: the tumor
volumes at the end of the second course, 4: the tumor weights at
the end of the second course.

Volumes and weights of mdr1-positive and ER-negative tumors
The result of mdr1-positive and ER-negative group is shown
in Figure 3. Similar to those of both mdr1 and ER-positive
tumors, at the end of first and second courses of treatment
the tumors in TAM+DOX group were smaller than those
of control group significantly (P = 0.040, P = 0.001
respectively); however, the tumors in TAM-treated group
and DOX-treated group were relatively equal to those of
control group.

mdr1 mRNA levels of mdr1-positive tumors after treatment
The ratio of mdr1 mRNA/2MG mRNA of tumor from
patient I (both mdr1 and ER positive) was 0.36, and from
patient II (ER negative but mdr1 positive) 0.44 before
treatment. The results after treatment are shown in Figure 5.
Obviously, the mdr1 mRNA levels of these tumors remained
unchanged after treatment.
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0.0

500

Control

400

DOX

300

TAM
DOX+TAM

200
100
0

1

2

3

4

Figure 3 The volumes and weights of mdr1-positive and ER-negative tumors, 1: the tumor volumes in the beginning of treatment, 2:
the tumor volumes by the end of the first course, 3: the tumor
volumes at the end of the second course, 4: the tumor weights at
the end of the second course.

Volumes and weights of mdr1-negative tumors
The result of mdr1-negative group is shown in Figure 4.
The tumors were nearly equal among four groups after the
first course, but by the end of treatment the tumors in
TAM+DOX group [(31.31±1.74) cm3, (38.72±2.56) mg]
and DOX group [(31.44±1.61) cm3, (39.1±2.29) mg] were
smaller than those of control group [(36.42±2.77) cm3,
(45.48±3.92) mg] and TAM group [(35.47±3.5) cm 3 ,
(44.57±3.74) mg] significantly (P = 0.037, P = 0.016 respectively).

Control

DOX

TAM

DOX+TAM

Figure 5 mdr1 mRNA levels of mdr1-positive tumors after treatment.

DISCUSSION
Multidrug resistance (MDR) was first obser ved in
experimental oncology in 1970 by Biedler and Riehm. It
has been extensively studied because one of the most serious
problems in current cancer chemotherapy is intrinsic or
acquired drug resistance. P-glycoprotein (P-gp) encoded by
mdr1 gene, is believed to play an important role in the
mechanism of MDR, although the latter involves many
factors. P-gp is a membrane ATPase that serves as an efflux
pump for multiple anticancer agents. This protein has 12
transmembrane domains divided into two homologous
halves, each of which includes an ATP-binding cassette
domain that catalyzes ATP hydrolysis. P-gp is found in
normal bile duct, pancreatic duct, small intestine and large
intestine, although its amount is very low. P-gp in normal
tissue is thought to serve some functions such as
withstanding the invasion of exotic toxin, excreting byproduct of metabolism or several kinds of cytokine via
non-typical pathway, transferring ions and hormones.
Colorectal cancer is one of the tumors with the highest
expression of mdr1 gene or P-gp. Previously, we showed by
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immunohistochemistry analysis that 42.9% normal colorectal
specimens expressed P-gp; however, in untreated colorectal
tumors P-gp expression rate was 73.85%, which was
significantly higher than that in the corresponding normal
tissue, indicating the colon epithelium, which acquired high
expression of P-gp/mdr1 in the course of carcinogenesis[11].
As to the clinical relationship between overexpression of Pgp/mdr1 with multiple drug resistance, numerous researches
have demonstrated the direct relevancy[3,4,12]. In the current
research, tumors with negative mdr1 expression were smaller
than those in control groups after DOX treatment, but DOX
did not influence the growth of mdr1-positive tumors, that
is to say, tumors with increased mdr1 gene expression showed
resistance to DOX, confirming the relationship between
mdr1 gene and anticancer drug resistance in nude mouse
models.
The relationship between hormone and neoplasm is
relatively complicated[13]. It has been repeatedly demonstrated
that estrogen has a close bearing on the carcinogenesis of
its estrogen receptor (ER)-containing target organs such as
uterus, vagina and breast. Estrogen functions through
integrating with estrogen receptor (ER), but ER protein was
also found in both normal and neoplastic colorectal
epithelium, which was firstly reported by Jensen and his
colleagues. The expression rate of ER in primary colorectal
carcinoma varied widely from 20% to 80% according to
different reports[10,14-20]. In our previous study, we demonstrated
ER expression in colorectal carcinomas and adjacent normal
mucosa with expression rates of 75.4% and 38.1%
respectively[11]. ER expression in carcinomas was more
extensive than in normal tissues indicating that during the
course of carcinogenesis colorectal epithelium obtained high
expression of ER and estrogen might play some role in
differentiation and maturation of colorectal cells, which is
different from results of Konstantinopoulos et al [21].
Previously, there was no report on co-expression of ER
and P-gp; however, the positive relevancy between the
expression of ER and P-gp was not found in our study.
Anti-estrogen tamoxifen (TAM) is one of the compounds
that can modify multidrug resistance. It is widely used in
the treatment of advanced breast cancers with a high
response in tumors containing ER. Despite numerous
in vitro studies and clinical trials of TAM having been
conducted, it is necessary to investigate its effect in vivo and
its relationship with ER status. In the current research, three
colorectal cancer specimens from different patients with
different expression of ER or mdr1 gene were used to
establish xenograft models in nude mice, which ensured the
results more close to clinical study.
Although Nakayama’s research[22] showed ERbeta ligands
in combination with tamoxifen may have tumor-static effects
on colon cancer cells, our results showed that only tamoxifen
did not influence the growth of tumors despite several kinds
of expressions of ER and mdr1 gene, indicating that only
TAM may have no effect on colon cancer. However, in
tumors with mdr1 gene, TAM did inhibit tumors significantly
irrespective of ER status when it was administered with
DOX, that is to say, TAM can modify multidrug resistance,
and its effect is independent of estrogen receptor. It was
also demonstrated that the mdr1 gene levels in these tumors
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were not influenced by TAM and DOX treatment. The
mechanism of TAM to reverse MDR requires further
investigation. The dose of TAM used in this study was too
high for humans, so its innate toxicity may prevent it from
being used in humans as a potent modulating agent. Other
chemical compounds also produce undesirable side effects
in vivo, such as cardiovascular disorders.
Recent advances in molecular technology make it
possible to introduce genetic modification of the cells to
the field of treatment[23-27]. Reports have already described
that treatment of anti-sense oligonucleotides against P-gp[23]
and P-gp ribozyme[24] overcame MDR and enhanced the
chemosensitivity of treated cells. Heike et al [28] used an
intracellular anti-mdr1 sFv to overcome MDR, and Zhan
et al [29] found reintroduction of wt p53 into soft tissue
sarcoma cells harboring p53 mutations enhanced their
chemosensitivity to DOX through the inhibition of mdr1/
P-gp expression.
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Abstract
AIM: To investigate the role of adenovirus-mediated
CTLA4Ig gene therapy in inhibiting the infiltration of
macrophages and CD8+T cells and cell apoptosis after
liver transplantation.
METHODS: The rat orthotopic liver transplantation model
was applied. The rats were divided into three groups:
group I: rejection control (SD-to-Wistar); group II: acute
rejection treated with intramuscular injection of CsA
3.0 mg/(kgd) for 12 d (SD-to-Wistar+CsA); groupIII:
injection of 1×109 PFU adenovirus-mediated CTLA4Ig gene
liquor in dorsal vein of penis 7 d before liver transplantation
(SD-to-Wistar+CTLA4Ig). Immunohistochemistry and
transferase-mediated dUTP nick-end labeling (TUNEL)
were used to analyze the expression of CTLA4Ig gene in
liver, infiltration of macrophages and CD8+T cells, cell
apoptosis in grafts at different time-points after liver
transplantation. Histopathological examination was done.
RESULTS: CTLA4Ig gene expression was positive in liver
on d 7 after administering adenovirus-mediated CTLA4Ig
gene via vein, and remained positive until day 60 after
liver transplantation. Infiltration of macrophages and
CD8+T cells in CTLA4Ig-treated group was less than in
rejection control group and CsA-treated group. The
apoptotic index of rejection group on d 3, 5, and 7 were
significantly higher than that of CTLA4Ig-treated group. A
good correlation was found between severity of rejection
reaction and infiltration of immune activator cells or cell
apoptotic index in grafts.
CONCLUSION: CTLA4Ig gene is constantly expressed in

liver and plays an important role in inducing immune
tolerance.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver transplantation has become a life-saving therapeutic
modality for end-stage liver diseases[1,2]. Although immunosuppressive therapy has decreased the incidence of
rejection, it is still one of the main complications after liver
transplantation and leads to poor results. Signal 1 through
T-cell receptor (TCR)-major histocompatibility complex
(MHC) plus antigenic peptide complex and signal 2 through
costimulatory molecules are the bases of immune response.
Interaction of CD28/CTLA-4 and B7 molecules is a major
costimulatory pathway[3-6]. Binding of CD28/CTLA-4 on T
cells to B7-related receptors on antigen-presenting cells (APC)
can produce important antigen-nonspecific costimulatory
signals critical for immune responses. Blockade of this pathway
can lead to a state of antigen-specific unresponsiveness or
apoptosis.
Linsley et al[7] bound an extra-celluar domain of mouse
CTLA4 to a constant region of human IgG1 forming a
fusion protein CTLA4Ig, which had high-avidity with B
molecules of CD28. CTLA4Ig recombinant fusion protein
can lead to a satisfactory immune result in heart, kidney and
islet transplantations[8-12]. and in treatment of autoimmune
diseases, such as systemic lupus erythematosus (SLE),
glomerulonephritis (GN), rheumatoid arthritis (RA), etc[13-17].
But there are few reports about the immune effects of
CTLA4Ig gene on liver transplantation. In this study, we
transfected adenovirus-mediated CTLA4Ig gene into the
graft liver in order to investigate the role of CTLA4Ig gene
in immune tolerance through inhibiting infiltration of
immune cells and apoptosis in grafts.
MATERIALS AND METHODS
Biological and chemical materials
The materials used in this study were cyclosporine (50 g/L,
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Sandoz Corp, Switzerland), triphosphate nick-end labeling
(TUNEL) assay kit (Promega), anti-CTLA4Ig antibody
(R&D Corp, USA). ED1 and CD8 monoclonal antibodies
were donated by Dr. Ren Yi of Surgery Department,
Hongkong University.
Animals, surgical procedure and experimental groups
Inbred male Wistar and Sprague-Dawly (SD) rats weighing
200-250 g were purchased from Shanghai Experimental
Animal Center. Under ether inhalation, orthotopic rat liver
transplantation was performed with Kamada’s two-cuff
technique[18] . SD rats were selected as transplant donors
and Wistar rats served as recipients that were randomly
divided into 3 groups (21 pairs in each group): groupI:
rejection control (SD-to-Wistar), group II: acute rejection
treated with intramuscular injection of CsA 3.0 mg/(kg/d)
for 12 d (SD-to-Wistar+CsA), group III: injection of 1×109
PFU adenovirus mediated CTLA4Ig gene liquor in dorsal
vein of penis 7 d before liver transplantation (SD-toWistar+CTLA4Ig). On d 1, 3, 5, 7 and 12 post-transplant,
3 rats were randomly selected from each group for sample
harvesting; another 6 rats in each group were bred for the
observation of common situation and survival time.
Histopathological examination
Grafted liver samples were fixed in 10% buffered formalin
and embedded in paraffin. Five micrometer thick sections
were affixed to slides, deparaffinized, and stained with
hematoxylin and eosin to assess morphologic changes and
severity of acute rejection by the Kemnitz’s standard[19].
Immunohistochemical method
The formalin-fixed, paraffin-embedded specimens were
examined immunohistochemically using respective antibodies
to CTLA4Ig (dilution: 1:100), ED1 (dilution: 1:200) and
CD8 (dilution: 1:200). Yellow or yellow- brown staining in
cellular membrane or cytoplasm was a sign of being positive.
ED1-positive and CD8-positive cells of portal area were
counted as the mean number of positive cells in 10
randomized hyper-visual fields.
Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) assay
Transferase-mediated dUTP nick-end labeling (TUNEL)
staining was used in the examination of apoptosis. Positive
control slides were treated with DNase-1 and negative controls
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were stained in the absence of terminal deoxynucleotidyl
transferase enzyme. Yellow- brown nuclei with nuclear
condensation in stained cells were considered as TUNEL
positive. Apoptotic index (AI) was counted as the mean
number of apoptotic cells in 10 randomized hyper-visual
fields of one section[20].
Statistics analysis
All data were expressed as mean±SD. The analysis of
variance (ANOVA) was used for comparison between
groups. Pearson’s correlation analysis was used between
parameters. Calculations were performed with SPSS for
Windows Release 11.0 (SPSS Inc., Chicago, USA) statistical
software. P less than 0.05 was considered statistically
significant.

RESULTS
Survival time
The mean survival time of SD-to-Wistar group was
13.17±2.79 d, which was much shorter than that of SDto-Wistar+CsA group and SD-to-Wistar+CTLA4Ig group
(both over 60 d). The difference among the 3 groups were
statistically significant (P<0.01).
Expression of CTLA4Ig gene in liver
CTLA4Ig gene expression was positive in liver on d 7 after
administering adenovirus-mediated CTLA4Ig gene via vein,
and remained positive until d 60 after liver transplantation.
The common SD rat liver showed negative expression of
CTLA4Ig gene (Figure 1).
Infiltration of immune cells
The detection of ED1-specific antigen in cytoplasm of
mononuclear cells/macrophages by anti-ED1 antibodies was
as follows. In SD-to-Wistar group, there was obvious
infiltration of ED1-positive cells in portal area on d 5 after
liver transplantation; the number of ED-positive cells was
reduced in portal area but increased significantly in hepatic
lobules on d 7. In SD-to-Wistar+CTLA4Ig group, the
number of ED1-positive cells was low and did not show
obvious changes at any time point. There was statistically
significant difference between the SD-to-Wistar+CTLA4Ig
group and the other two groups on d 3, 5, 7, and 12 after
transplantation (P<0.01). The number of CD8-positive T
cells in SD-to-Wistar+CTLA4Ig group was much lower than

Figure 1 Immunohistochemical staining of CTLA4Ig in liver. A: on d 7 after administering adenovirus-mediated CTLA4Ig gene via vein (×200);
B: on d 60 after liver transplantation in CTLA4-Ig-treated group (×200).
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Table 1 Comparison in the infiltration of macrophage and CD8-positive cells in portal area (mean±SD)
Post-operative time (d)
Group
1

3

5

106.75±22.56

7

12

49.82±14.74

29.22±8.69

33.25±12.44b
2.45±2.50b,d

21.78±7.17a
2.90±2.38b,d

Macrophage
Group I

2.11±1.54

20.13±8.34

Group II
Group III

2.42±1.68
1.90±1.45

10.78±3.70a
3.50±2.37b,d

29.64±10.60b
5.31±2.66 b,d

Group I

1.25±1.04

57.43±19.64

87.29±23.44

130.83±31.61

60.67±19.71

Group II
Group III

2.13±1.64
1.22±1.48

5.11±3.02b
5.60±2.55b

14.88±7.02b
6.00±2.31 b,c

8.79±6.65b
2.18±1.83b,d

28.86±8.03b
3.22±2.91b,d

CD8-positive cells

a

P<0.05, bP<0.01 vs Group I; cP<0.05, dP<0.01 Group II vs Group III.

Table 2 Comparison apoptosis index after transplantation (mean±SD)
Post-operative time (d)
Group
1

3

5

7

12

Group I

2.70±2.50

14.30±11.61

22.10±7.59

14.50±12.80

11.30±10.71

Group II

2.60±3.78

2.00±1.63b

2.80±1.87 b

4.90±5.57b

6.50±6.93

Group III

2.30±2.58

2.10±1.79b

3.20±2.66 b

2.40±1.96b

3.90±4.23a

a

P<0.05, bP<0.01 vs GroupI.

that in Wistar-to-SD group at any time point except for on
d 1 and 3 after transplantation. Compared with SD-toWistar+CsA group, there was a difference on d 5, 7, and
12 after transplantation. The results are shown in Table 1.
Apoptosis
The AI of SD-to-Wistar+CTLA4Ig group was much
lower than that of SD-to-Wistar group on d 3, 5, and 7
after transplantation. The difference was statistically
significant. But there was no substantial difference between
SD-to-Wistar+CTLA4Ig group and SD-to-Wistar+CsA
group at any time- point. The data indicated that AI
correlated significantly with the number of infiltration CD8positive cells in port area (r = 0.882, P<0.01). The results
are shown in Table 2.
Histopathological examination
Rejection grade of SD-to-Wistar+CTLA4Ig group was
significantly lower than that of Wistar-to-SD group on d 3,
5, 7, 12 and after transplantation (P<0.01) and lower than that
of SD-to-Wistar+CsA group on d 12 after transplantation
(P<0.05). The rejection grade correlated significantly with
the number of macrophages/CD8-positive cells in portal
area and AI (r = 0.696, P<0.01; r = 0.924, P<0.01; r = 0.914,
P<0.01). The results are shown in Table 3.

Table 3 Comparison in rejection grade after transplantation
(mean±SD)
Post-operative time (d)
Group
1

3

5

7

12

Group I

0,0,0

2,1-2,2

3,2-3,2-3

3,2-3,3

3,3,2-3

Group II

0,0,0

0,0,0a

0-1,0-1,1a

1,0-1,1a

1,1,1-2a

Group III

0,0,0

0,0-1,0a

0,0-1,0a

0,1,0-1a

0,0,1a,b

a

P<0.05, vs Group; bP<0.01 Group II vs Group III.

DISCUSSION
CTLA4Ig is a fusion protein formed in an extracelluar
domain of CTLA4 and a constant region of human IgG1.
This protein has high avidity with B7-1/2 molecules and
blocks the co-stimulatory signal pathway from APC to
antigen specific T cells and inhibits immune tolerance[21,22].
The study by Hayashi et al [23] revealed that CTLA4Ig gene
begins to express in liver on d 7 after administering
adenovirus-mediated CTLA4Ig gene and remains positive
for about 3 mo in blood. But they did not study the effects
of CTLA4Ig after transplantation. We found that CTLA4Ig
gene was positive in liver after injection in dorsal vein of
penis with adenovirus-mediate gene just once and remained
positive after transplantation. The rejection grade of Wistarto-SD group increased rapidly 3-5 d after transplantation.
This period is called “crisis period”[24], which differed in
SD-to-Wistar+CsA group because of the strong inhibiting
rejection effects of CsA. In contrast, there was no crisis
period in+CTLA4Ig group at any time point and the rejection
was inhibited effectively with the result the survival time
prolonged significantly.
Acute rejection, characterized by infiltration of
mononuclear cells, is a kind of immune response through
CD8-positive cytotoxic T cells (CTL) with the assistance of
CD4-positive T cells recognizing specific antigen. Intragraft
infiltration and gathering of specific immune cell sub-group
in circulation are the key to immune injury. In our study,
infiltration of macrophages and CD8-positive T cells in
portal area significantly increased from the 3rd day after
transplantation and reached a peak on d 5 and 7 in Wistarto-SD group. In contrast, the number of infiltrating immune
cells was much lower in SD-to-Wistar+CTLA4Ig group.
This phenomenon is consistent with allograft pathologic
representation under rejection reaction. These data indicate
that CTLA4Ig can block co-stimulatory signal pathway,
inhibit infiltration of immune cells, alleviate CTL-induced
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injury and induce immune tolerance. As is known,
transplantation operation causes chemotaxis and infiltration
of mononuclear cells/macrophages in one direction. In SDto-Wistar+CTLA4Ig group, the number of post-operative
infiltration macrophages in portal area was very small and
did not show obvious changes at any time point, suggesting
that hepatocytes construct and secret CTLA4Ig recombinant
fusion protein after transfection of CTLA4Ig gene, increase
local CTLA4Ig dosage and transport it into circulation via
hepatic sinusoid. CTLA4Ig protein is combined with B7
molecule on the surface of mononuclear cells/macrophages,
and leads to some biological changes of these cells, such as
low-adhesion and low-movement or other unknown changes,
thus decreasing the number of infiltrating macrophages in
graft liver and affecting the ability of macrophages to
present antigen. It is probably the mechanism of CTLA4Iginduced immune tolerance through the changes of biologic
characteristics of macrophages. Based on this hypothesis,
we believe that CTLA4Ig concentration in circulation should
reach a sufficient level before transplantation; but some
authors suggested that CTLA4Ig protein is administrated
2 d after operation, although the peak of migration to
lymphoid nodes around allografts of APC occurs on d 2
after operation[25].
Apoptosis, after liver transplantation, is related with postoperative survival time[26] . Dresske et al [27] reported that
apoptotic level in immune tolerance group is much lower
than that in rejection group. Memon et al[28] found that some
patients develop allograft dysfunction approximately 7 d
following an initial nor mal graft function, which is
characterized by marked apoptosis of hepatocytes. This
phenomenon is known as seventh- day syndrome. Apoptosis
of hepatocytes is regarded as an important mechanism and
an index of rejection. In our series, AI of Wistar-to-SD
group increased quickly from the 3rd d and reached a peak
on the 5th d, keeping a parallel relationship with rejection
grade and infiltration of CD8-positive cells. This result is in
agreement with that of Mignon [29]. The AI of SD-toWistar+CsA group and SD-to-Wistar+CTLA4Ig group were
much lower than that of Wistar-to-SD group, indicating an
obvious protection of CsA and CTLA4Ig expression in
hepatocytes. The common situation of SD-to-Wistar+
CTLA4Ig group was better than that of SD-to-Wistar+CsA
group, because CTLA4Ig inhibited T cells with antigen
specificity[30] and decreased the infiltration and activation
of lymphocytes, mononuclear cells/macrophages, whereas
CsA held back the whole immune system non-specifically.
Adenovirus-mediated CTLA4Ig gene does not need repeated
injection of recombinant protein and is safe because
adenovirus cannot recombine with human genes.
In conclusion, CTLA4Ig gene is constantly expressed in
liver via single intravenous injection into rats using adenovirus
as vector and remains positive after transplantation.
Adenovirus-mediated CTLA4Ig gene therapy can inhibit
infiltration of immune activator cells and apoptosis in grafts,
thus prolonging the survival of recipients. CTLA4Ig inhibits
the ability of marophage chemokinesis via its ligation with
B7 expressed on the surface of marophages, and plays an
important role in inducing immune tolerance. Adenovirusmediated CTLA4Ig gene therapy is a satisfactory therapy
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against rejection after liver transplantation.
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Abstract
AIM: Small intestinal ischemia-reperfusion (IR) has been
demonstrated to result in both local mucosal injury and
systemic injuries. The exact role of nitric oxide (NO) in
intestinal IR is unclear. We propose that NO and some
other cytokines change in the reperfusion period and these
changes are associated with lung injury. The aim of this
study was to determine the effect of supplementing NO
substrate, L-arginine (L-arg), on serum and pulmonary
cytokine production during small intestinal IR in immature
rats.
METHODS: Immature rats underwent 60 min. of superior
mesenteric artery occlusion followed by 90 min of
reperfusion. L-arg (250 mg/kg) was given intravenously
to the experimental group (IR+L-arg) which received L-arg
after 45 min of intestinal ischemia. Serum and lung
endothelin-1 (ET-1), NO, malondialdehyde (MDA), and
tumor necrosis factor  (TNF) were measured. Sham
operation (SHAM) and intestinal IR (IR) groups were
performed as control. The lavage fluid of the lung was
collected by bronchoalveolar lavage (BAL) and white blood
cells and polymo rphonuclear cells (PMNs) were
immediately counted to identify lung damage.
RESULTS: When L-arg was given during small intestinal
IR, serum NO concentration increased significantly in
IR+L-arg group (162.17±42.93 mol/L) when compared
with IR group (87.57±23.17 mol/L, t = 3.190, P = 0.008
<0.01). Serum MDA reduced significantly in IR+L-arg
group (8.93±1.50 nmol/L) when compared with SHAM
(23.78±7.81 nmol/L, t = 3.243, P = 0.007<0.01) and
IR (25.54±9.32 nmol/L, t = 3.421, P = 0.006<0.01).
ET-1 level in lung tissues was significantly lower in
IR+L-arg group (13.81±7.84 pg/mL) than that in SHAM

(35.52±10.82 pg/mL, t = 2.571, P = 0.03<0.05) and IR
(50.83±22.05 pg/mL, t = 3.025, P = 0.009<0.01) groups.
MDA contents in lung tissues were significantly lower
in IR+L-arg group (10.73±1.99 nmol/L) than in SHAM
(16.62±2.28 nmol/L, t = 3.280, P = 0.007<0.01) and IR
(21.90±4.82 nmol/L, t = 3.322, P = 0.007<0.01) groups.
Serum and lung TNF concentrations were not significantly
different in three groups. NO contents in lung homogenates
and white blood cell counts in BAL had no significant
difference in three groups; but the percentage of PMNs
in BAL was 13.50±8.92, 33.20±16.59, and 22.50±6.09 in
SHAM, IR, and IR+L-arg groups, respectively.
CONCLUSION: Small intestinal IR induced increases of
pulmonary neutrophil infiltration in immature rats.
Neutrophil infiltration in lung tissues was reduced by L-arg
administration but remained higher than in SHAM group.
L-arg administration during intestinal IR enhances serum
NO production, reduces serum MDA and lung ET-1 and
MDA levels, resulting in the improvement of systemic
endothelial function. L-arg supplementation before
reperfusion may act as a useful clinical adjunct in the
management of intestinal IR, thus preventing the
development of adult respiratory distress syndrome, even
multiple organ dysfunction syndrome (MODS).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intestinal IR has been demonstrated to result in both intestinal
mucosal injury and systemic injuries[1,2]. The exact role of
NO in intestinal IR is unclear [1] . In the literature, several
studies indicated NO as being either beneficial or detrimental
to IR-induced injury[1,2]. An inflammatory process mediated
by activated neutrophils resulting in capillary dysfunction
and macromolecular leakage is proposed in recent years[3].
One proposed mechanism involves the combination of
endothelial-derived NO with superoxide, producing the
powerful oxidant peroxynitrite (ONOO-). This molecule
may act locally to cause intestinal mucosal injury following
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IR [1]. Tavaf-Motamen et al [4] demonstrated that inhibition
of constitutive form of NO synthase (cNOS) with NGnitro-L-arginine (L-NNA) accelerated the post-ischemia
neutrophil activation and induced lung injury.
The focus of the present study was to investigate if
supplement of L-arg would ameliorate systemic and lung
cytokine production after small intestinal IR in immature
rats. Thus, the effects of L-arg administration on serum
and lung endothelin-1 (ET-1), NO, MDA, TNF
concentrations were quantitatively measured.

MATERIALS AND METHODS
Animals
Experiments were performed on male Sprague-Dawley rats
(25-day-old), weighing 84-110 g. Twelve hours prior to
experimentation, animals were fasted and free access to water
was allowed. Anesthesia was induced with intraperitoneal
ketamine (15 mg/kg) injection, and maintained with
intermittent boluses of intraperitoneal ketamine (10 mg/kg).
Animals were placed on a heating pad set at 37 ℃.
Induction of intestinal IR models
Through a midline abdominal incision, the superior
mesentery artery (SMA) was dissected in all the three groups.
Animals in SHAM group were treated identically, omitting
the SMA occlusion. At 45 min after laparotomy, 0.5 mL of
normal saline was injected slowly into the femoral vein. For
animals in IR group, SMA was occluded with an atraumatic
microvascular clamp for 60 min. Then the clamp was
removed. Reperfusion of the intestine was confirmed by
the return of pulsatile mesenteric blood flow. At 45 min
after ischemia, 0.5 mL of normal saline was injected slowly
into the femoral vein. In IR+L-arg group, 45 min after
ischemia, 0.5 mL of L-arg (250 mg/kg) was slowly
administered intravenously.
Sampling procedures
After 90 min of reperfusion, 1.5 mL of blood was obtained
from jugular artery and animals were euthanized with 0.5 mL
of 10% potassium chloride intravenously. Then a thoracotomy
was immediately performed. The left lobe base of lung
was harvested and immediately homogenized on ice with
nine volumes of normal saline. The homogenates of the lung
tissue and blood were spun by centrifugation at 1 000 r/min
at 4 ℃ for 10 min. The lungs were then excised en bloc, and
BAL was performed through the trachea. The lavage fluid
was collected immediately to count white blood cells and PMNs.
Specimen measurements
Serum and supernatants of the lung homogenates were
stored at -20 ℃ for analysis. The concentration of ET-1,
and TNF in serum and supernatants was analyzed using
radioimmunoassay kits (supplied by Beijing East Asia
Immunology Institute, China). The concentration of NO
and MDA was monitored by NO and MDA assay kits
(supplied by Nanjing Jiancheng Bioengineering Institute,
China) respectively. Pulmonary neutrophil infiltration was
assessed by counting the number of white blood cells and
PMNs in BAL collection.
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Statistical analysis
All data are presented as mean±SD. Significance was
determined using t test. P less than 0.05 was considered
significant.

RESULTS
Serum ET-1, MDA, NO, and TNF levels
Serum MDA levels decreased significantly in IR+L-arg
group, while serum NO levels increased significantly after
the administration of L-arg. Serum ET-1 levels in IR+Larg group were not different from those in the other two
groups. Serum TNF concentration had no significant
difference in the three groups (Table 1).

Table 1 Effects of L-arg on ET-1, MDA, NO, and TNF levels in serum
Group
SHAM
IR
IR+L-arg

n
6
7
6

ET-1
(pg/mL)

MDA
(nmol/L)

NO
(mol/L)

TNF
(ng/mL)

226.01±37.91
229.68±68.20
246.50±31.44

23.78±7.81
25.54±9.32
8.93±1.50b

108.17±56.28
87.57±23.17
162.17±42.93d

3.20±0.39
2.66±0.54
3.76±0.95

b

P<0.01 vs either SHAM or IR group; dP<0.01 vs IR group.

Lung tissue ET-1, MDA, NO, and TNF levels
ET-1 and MDA levels in lung tissue were significantly lower
in IR+L-arg group thanthose in SHAM and IR groups. Lung
NO concentrations had no significant difference in three
groups (Table 2).

Table 2 Effects of L-arg on ET-1, MDA, NO, and TNF levels in lung
homogenates
Groups

n

SHAM
IR
IR+L-arg

6
7
6

a

ET-1
(pg/mL)
35.52±10.82a
50.83±22.05b
13.81±7.84

MDA
(nmol/L)

NO
(mol/L)

TNF
(ng/mL)

16.62±2.28b
21.90±4.82b
10.73±1.99

8.12±3.20
4.97±0.05
4.98±0.82

1.24±0.19
1.07±0.17
0.91±0.33

P<0.05 vs IR+L-arg group; bP<0.01 vs IR+L-arg group.

PMN counting of lung lavage fluid
White blood cell counts had no significant differences in
three groups, but the percentage of PMNs was 13.50±8.92,
33.20±16.59, and 22.50±6.09 in SHAM, IR, and IR+Larg groups, respectively. IR significantly increased pulmonary
neutrophil infiltration in immature rats. Neutrophil
infiltration was reduced significantly by L-arg infusion before
reperfusion. Pulmonary neutrophil infiltration in IR+L-arg
group remained above that in SHAM group, but not
significantly.

DISCUSSION
The lung is one of the very important target organs in
MODS caused by severe injury[1,2,5-7] . It has been found
that, in addition to the direct trauma, the lung could also be
damaged by indirect injury such as gut, liver IR[8]. Activated
neutrophils are one of the primary mediators of local and
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remote tissue damage after intestinal IR [1,3] . Neutrophil
infiltration has been shown to be important in the
development of pulmonary edema and microvascular
leakage in animal models[5]. The present results showed that
1 h of intestinal ischemia followed by 90 min of reperfusion
in immature rats induced lung neutrophil infiltration. When
L-arg was given before reperfusion, lung neutrophil
infiltration reduced but remained higher than that in the
control group.
The mechanism of lung injury induced by intestinal IR,
is poorly understood. The pathophysiology of lung injury
associated with intestinal IR involves a variety of
inflammatory and vasoactive mediators[5]. The production
of large amounts of NO, a free radical produced by the
inducible isoform of NO synthase, has been implicated as
a cytotoxic factor in pathophysiological processes[9,10]. In
animal models, the gut has been proposed as a cytokineproducing organ after IR-type injuries. Under the condition
of an inadequate mucosal blood flow, the gut barrier
function can be progressively impaired and invaded by
bacteria or endogenous endotoxin [5]. This process is
associated with the activation of systemic inflammatory
mediators including bacteriotoxin, inflammatory mediators,
such as TNF and other cytokines. Studies of intestinal IR
linking the local process to the resulting systemic changes
have identified NO as a potential mediator[1,2]. In this regard,
inhibitors of endogenous NO production greatly exacerbate
the increase in epithelial permeability and cardiovascular
dysfunction in the reperfused post-ischemia intestine, while
administration of NO donors prevents the early rise in
epithelial permeability and tissue dysfunction. Luo et al
suggested that endogenous NO may play a role in protecting
intestinal integrity after intestinal IR. Li et al recently reported
that exotic melatonin can improve the hepatic function after
reperfusion and plays a definitely protective role in liver IR
by increasing the activities of superoxide dismutase, and
decreasing the cumulation of MDA in liver reperfusion
tissue. Yang et al studied the role of bFGF and TGF
mRNA expression and basic fibroblast growth factor in the
intestinal IR process. The data manifested that the
endogenous bFGF and TGF expression appeared to be
up-regulated in the lung following intestinal IR. Both growth
factors might be involved in the process of lung injury and
repair. In the current experiment, we investigated the
contribution of L-arg to the lung damage induced by
intestinal IR. The results demonstrated that in 1 h of
intestinal ischemia followed by 90 min of reperfusion in
immature rat models, L-arg administration significantly
reduced serum and lung MDA levels when compared with
SHAM group and IR group. L-arg administration during
intestinal IR also increased serum NO concentration
significantly. But there was no significant difference of lung
TNF concentrations in the three groups. It is suggested
that intestinal IR-mediated lung injury is oxygen-dependent
and the protective effect of L-arg supplementation in
intestinal IR is probably related to increasing intravascular
NO formation[6,10].
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ET-1 is a peptide which is produced in the intestinal
vascular endothelium, and it has been identified as an
important participant in IR-induced vasoconstriction in
circulation[9] . Durakbasa et al reported that NO and ET
had a feedback effect on each other both under physiological
conditions and in IR injury. In this study, lung ET-1 level
was also significantly lower in IR+L-arg group than that in
SHAM and IR groups. It is suggested that L-arg alleviates
lung damage by reducing lung ET-1 level and improving
pulmonary endothelial function.
In summary, the present study shows that L-arg
administration before intestinal IR increases serum NO
content, reduces serum and lung MDA and ET-1 levels, and
attenuates systemic and pulmonary endothelial dysfunction.
L-arg supplementation before reperfusion may act as a
useful clinical adjunct in the management of intestinal IR
injury, thus preventing the development of adult respiratory
distress syndrome, even MODS[1,3].
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Abstract
AIM: To evaluate the therapeutic effect of the combined
use of early short-term somatostatin and conventional
integrated Chinese and Western medicine in treating
severe acute pancreatitis.
METHODS: Sixty patients with severe acute pancreatitis
were divided at random into a somatostatin group and a
basic treatment group. Both groups received integrated
traditional Chinese and Western medicine without surgery.
For patients in the somatostatin group, somatostatin was
infused intravenously 250 g/h for 72 h; other medications
were the same as in the basic treatment group. In both
groups, comparisons of therapeutic effectiveness were
made in terms of morbidity of organic dysfunction and
mortality rate, and severity of the disease according to
serum levels of C-reaction protein, scores of acute
physiology and chronic health evaluation (APACHE II), and
scores of Balthazar-CT.
RESULTS: The indexes for C-reaction protein levels on
the fourth and seventh days, and APACHE II scores on
the seventh day after treatment, were significantly
improved in the somatostatin group than in the basic
treatment group. The morbidity of organic dysfunction
was lower in the somatostatin group than in the basic
treatment group, although the difference was not
statistically significant. There was no significant difference
in mortality between the two groups.
CONCLUSION: We conclude that combined traditional
Chinese and Western medicines with an early short-term
use of somatostatin can improve the condition of patients
with severe acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Somatostatin is a strong inhibitor of pancreatic secretion.
Since the 1980 s, somatostatin has been used to treat
pancreatitis and complications resulting from surgery for
pancreatitis, and has achieved good results. In the treatment
of severe acute pancreatitis, we have also obtained good
results with combined traditional Chinese and Western
medicines without the use of somatostatin[1]. However, the
effective ingredients of Chinese medicines used by us do
not directly inhibit external secretion of the pancreas.
Therefore, this study was undertaken to evaluate the effects
of early short-term treatment with somatostatin, combined
with traditional Chinese and Western medicines, in cases of
severe acute pancreatitis.
MATERIALS AND METHODS
Inclusion criteria
(1) Confirmed diagnosis of severe acute pancreatitis and
scores of APACHE II [2] ≥8. The diagnosis was made in
accordance with the criteria in “Clinical Diagnosis of Acute
Pancreatitis and Criteria for Grading” formulated by the
Chinese Medical Association[3].
(2) Admission within 72 h of onset, and not treated
with somatostatin or analogues before admission.
Exclusion criteria
(1) Mild cases of pancreatitis. (2) Admission after 72 h of
onset, or presence of pancreatic pseudocyst or/and pancreatic
abscess on admission, or surgery performed before
admission. (3) Treated with somatostatin or analogues before
admission. (4) Allergic to the medicine Stilamin. (5) Pregnant
women, breast-feeding women, or patients with serious
primary diseases of the heart, lung, liver, kidney or the
hematopoietic system, or patients with mental disorders.
Patient data
Sixty consecutively-admitted patients were chosen according
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to these criteria. Using the Random Number Table, they
were divided into a somatostatin treatment group and a
basic treatment group of 30 patients each. In the basic
treatment group, there were 15 male and 15 female patients,
ranging in age from 30 to 71 years, with an average age of
50. Their disease course was 53±15 h, and their APACHE
II score was 14.10±4.30. There were 21 cases of type I
and nine cases of type II. In the somatostatin treatment
group, there were 14 male and 16 female patients, ranging
in age from 33 to 70 years, with an average age of 48.
Their disease course was 57±12 h; the APACHE II score
was 13.80±4.50. There were 22 cases of type I and eight
cases of type II. There was, thus, no statistically significant
difference between the two groups (P>0.05).
Cases which had a definite cause numbered 23 in the
basic treatment group and 19 in the somatostatin treatment
group. In the former, 13 cases had biliary tract disease, five
cases were alcoholic, four cases had hyperlipemia and one
case had hypercalcemia. In the somatostatin treatment group,
11 cases had biliary tract disease, three cases were alcoholic,
four cases had hyperlipemia and one had duodenal
diverticulum. Again, there was no statistically significant
difference between the groups (P>0.05).
In four cases in the basic treatment group and five in
the somatostatin treatment group, definite necrosis of
pancreas could be visualized on CT scan at admission, with
a necrotic area of less than 30%. In this respect as well,
there was no statistically significant difference between the
two groups (P>0.05).
Treatment
The regimen of combined traditional Chinese medicine
(TCM) and Western medicine was common to the treatment
of both groups. Western medicine methods included fasting,
gastrointestinal decompression, H 2 receptor blocking
agent, water-electrolyte balance, homeostasis, symptomatic
treatment, infection prevention, alimentotherapy, and organ
function protection. TCM methods of treatment were based
on differentiation of symptoms and signs according to the
type of syndrome and the staging of severe acute pancreatitis
in TCM. In the acute reaction stage (one week after onset),
expelling stasis by purgation was the main method,
supplemented with dispersing and rectifying the depressed
liver-qi, purifying the pathogenic heat and removing toxic
materials. In the infection stage (2-3 wk after onset), purifying
the pathogenic heat and removing toxic materials,
supplementing qi and bringing back yin were the main
methods, supplemented with expelling stasis by purgation
and activating the blood circulation to eliminate blood stasis.
In the recovery stage (4 wk-2 mo after onset), invigorating
qi and the blood, invigorating the spleen and eliminating
wetness evil, and activating the blood circulation to eliminate
blood stasis were used to regulate the whole body functions.
The combined treatment of supplementing qi and bringing
back yin, activating the blood circulation to eliminate blood
stasis, purifying the pathogenic heat and removing toxic
materials, and expelling stasis by purgation was called the
therapy of “supplementing, activating, purifying, and
expelling”.
Four types of severe acute pancreatitis were found
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according to TCM: stagnation of the liver-qi, damp-heat in
the liver and gallbladder, fever of excess type in the spleen
and stomach, and upward intrusion of ascaris. The remedies
used were respectively: Da Chai Hu Tang (decoction of
Bupleuri for regulating Shaoyang Yangming); Da Chai Hu
Tang combined with Long Dan Xie Gan Tang (decoction
of Gentianae for purging liver-fire); Cai Qin Chen Qi Tang
(decoction for purgation); and Da Chai Hu Tang combined
with Wu Mei Tang (decoction of Mume). These were
modified in the prescriptions at each stage. The decoctions
could be given orally, by a stomach tube, or by enema. The
average treatment course was one month.
While both groups received the combined treatment,
somatostatin was used additionally for the somatostatin
treatment group. Administration of the drug consisted of
Stilamin 250 g/h, infused intravenously for 72 h.
Observation and analysis methods
APACHE II scores and C-reaction protein levels were
determined just before treatment and on the fourth and
seventh days after treatment. APACHE II scores before
treatment were used not only as an inclusion criterion but
also as an index of the severity of the patient’s condition.
Abdominal enhanced-CT scanning was performed on
admission and 15 d after treatment and Balthazar[4] scores
were also determined so as to assess and compare local damage
to the pancreas.
Indexes of therapeutic effects included mortality in the
early stage (occurring within one week of admission), overall
mortality (occurring during the whole hospitalization), and
morbidity of organic dysfunction according to guidelines
described in literature[5].
Statistical analysis was made with software SPSS 10.0
for Windows.

RESULTS
Comparison of serum C-reaction protein levels
In both groups, serum C-reaction protein levels were high
one day after admission, but significantly decreased on the
fourth and seventh days after treatment (P<0.05). The
decrease in serum C-reaction protein level was greater in
the somatostatin treatment group than in the basic treatment
group (T = 2.56, T = 3.53, respectively, P<0.05) (Table 1).

Table 1 Comparison of serum C-reaction protein levels between
two groups (mg/L, mean±SD)
Group

d1

d4

d7

Somatostatin

292±145

188±102a,c

118±62a,c

Basic treatment

287±152

234±110c

165±98c

a

P<0.05 vs basic treatment group; cP<0.05 vs previous level.

Comparison of APACHE II scores
APACHE II scores decreased significantly after treatment
in both groups (P<0.05), suggesting an improvement in
the condition of patients. But the scores were lower in the
somatostatin treatment group than in the basic treatment
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group on the seventh day after treatment (T = 3.02, P<0.05)
(Table 2).

Table 2 Comparison of APACHE II scores before and after treatment between two groups (mg/L, mean±SD)
Group
Somatostatin
Basic treatment
a

d1

d4

13.80±4.50
14.10±4.30

10.54±3.36c
11.21±2.39c

d7
4.30±1.08a,c
6.21±2.39c

P<0.05 vs basic treatment group; cP<0.05 vs previous score.

Comparison of Balthazar-CT scores
There were 28 cases in each group. In the somatostatin
treatment group, the scores were 4.3±1.28 and 3.9±0.96
before and after treatment. In the basic treatment group,
the scores were 4.5±1.13 and 4.1±1.05 respectively. The
Balthazar-CT scores were lower after treatment in both
groups, suggesting a reduction in inflammation of the
pancreas or in local inflammation around the pancreas. But
there was no statistically significant difference between the
two groups before and after treatment (P>0.05).
Comparison of morbidity of organ dysfunction
There was no statistically significant difference between the
two groups (P>0.05) (Table 3).

Table 3 Comparison of morbidity of organ dysfunction (episodes)
Somatostatin group Basic treatment group
Dysfunction of cardiovascular

4

4

7
2

8
3

system
Dysfunction of lungs
Dysfunction of kidneys
Dysfunction of liver

0

2

Dysfunction of gastro-intestinal system

5

6

Septicemia

3

4

Comparison of mortality
Five deaths resulted from multiple organ failure one week
after admission, with a mortality rate of 9%. Of these,
three occurred in the somatostatin treatment group with an
early mortality rate of 11%, and twoin the basic treatment
group with an early mortality rate of 7%. There was no
statistically significant difference between the two groups
(P>0.05). A total of eight deaths occurred during the whole
disease course in the two groups, with an overall mortality
rate of 14%, - three in the somatostatin treatment group
with a mortality rate of 11%, and five in the basic treatment
group with a mortality rate of 17%. Of these, two died of
pancreatic infection and one of septicemia. The mortality
rate during the whole disease course was lower in the
somatostatin group than in the basic treatment group, but
the difference was not statistically significant. (P>0.05).

DISCUSSION
Somatostatin is a strong inhibitor of pancreatic secretion,

and can relax Oddi’s sphincter, stimulate the reticuloendothelial system, and protect cells. Therefore it has been
widely used in the treatment of acute pancreatitis and
complications after pancreatic surgery. It is widely accepted
that TCM has a therapeutic effect in promoting gastrointestinal
peristalsis, protecting intestinal barrier function, depressing
actions of cytokines and inflammatory media, improving
pancreatic microcirculation, safeguarding pancreatic cells
and subcellular organellae, and inhibiting the activation of
pancreatin[6-8]. However, traditional Chinese medicines are
not involved in the inhibition of external secretion by the
pancreas. Administration of Chinese medicines is generally
through the mouth or through a stomach tube. In the early
stage of pancreatitis, these two routes can stimulate secretion
by the pancreas, so aggravating auto-digestion of the
pancreas and accelerating inflammatory exudates from it.
In clinical practice it was also observed that patients with
severe acute pancreatitis, especially those with enteroparalysis,
underwent a repeated process of tube-feeding - gastrointestinal
retention - gastrointestinal decompression - another tubefeeding, which could last for 24-48 h during the first 72 h.
Therefore, in early treatment by TCM, in the first 72 h, the
additional use of somatostatin could produce a synergistic
action with traditional Chinese medicines and could also
overcome, to some extent, the disadvantages of the
administration route. A short-term use of somatostatin
combined with traditional Chinese and Western medicine
to treat severe acute pancreatitis could improve the treatment
through a synergistic mechanism of the two therapies and
decrease some adverse effects; besides, it would not be
expensive. However, this innovative therapy remains to be
further studied clinically.
There have been many researches on the assessment
of severity and prognosis of severe acute pancreatitis. The
APACHE II scoring system not only determines whether
pancreatitis is mild or severe within the first 24 h of onset,
but also assesses the severity of the patient’s condition in
the disease course. In addition, its sensitivity and specificity
are relatively high[9]. In this study, the APACHE II scoring
system was able to assess the condition of patients in the
two groups both before and during treatment, and predict
changes in their condition, thus providing evidence for
further treatment. It was found that APACHE II scores
on the seventh day after admission were lower in the
somatostatin treatment group than in the basic treatment
group, suggesting that the relief from severe acute pancreatitis
may be attributed to comprehensive treatment with
somatostatin.
C-reaction protein level is a single important index for
early assessment and determination of the severity of severe
acute pancreatitis[10]. This study found that the peak of
serum C-reaction protein level occurred within 1-4 d of
disease onset, and C-reaction protein level on the fourth
and seventh days after treatment was significantly lower in
the somatostatin treatment group than in the basic treatment
group. This suggests that somatostatin may depress excessive
inflammatory reactions. In terms of treatment opportunity,
we suggest that somatostatin should be given immediately
after admission and should be continued for 72 h, corresponding
to the reaction period of C-reaction protein.
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Findings from enhanced-CT scanning are the gold
standard for diagnosing necrosis of the pancreas. They also
accurately reflect local pathogenic changes in and around
the pancreas. So, the diagnostic criteria derived from
Balthazar-CT have been widely accepted and highly praised.
Balthazar scores decreased after treatment in both groups,
suggesting that there was an improvement of inflammation
in and around the pancreas. Somatostatin accelerated the
absorption of inflammation through its strong depression
of pancreatic secretion. The fact that there was no significant
difference between the two groups after treatment may
be due to the short period of observation and incomplete
absorption of the fluid around the pancreas.
In terms of morbidity of organ dysfunction and mortality
rate, addition of somatostatin did not achieve a significant
effect. There could be two reasons for this. (1) The dosage
and duration of administration: somatostatin mainly inhibits
the activation process of enzymes in the acinus in the early
stage of pancreatitis; so it should be used as early as possible
in order to achieve the best result. In the treatment of a
pancreatitis animal model, administration of somatostatin
before modeling was able to achieve good therapeutic effect.
In this study, most of the patients were admitted after 48 h
of onset. In addition, literature suggests the use of
somatostatin for 5-7 d[11,12], and short-term use should be
tested for effectiveness with larger sample sizes. (2) The
sample size: the relatively small sample size of 60 cases
may be a reason for different therapeutic effects. Meta
analysis[13] has pointed out that the use of somatostatin in
treatment of severe acute pancreatitis can significantly
decrease the mortality rate, and that a single small sample
size may lead to a false negative result.
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Abstract
AIM: To study the influence of redox environment of

[pQE-HBscFv] lysate displayed weak bioactivity and its
counterpart from M15[pQE-HBscFv] did not display any
bioactivity. The soluble HBscFv in Origami[pQE-HBscFv]
was purified to be 1-2 mg/L and its affinity constant was
determined to be 2.62×107 mol/L. The yield of native
HBscFv refolded from inclusion body in M15[pQE-HBscFv] was
30-35 mg/L and the affinity constant was 1.98×107 mol/L.
There was no significant difference between the bioactivity
of HBscFvs refolded from the inclusion bodies produced
in different host strains.
CONCLUSION: Modification of the redox environment of

E. coli cytoplasm can significantly improve the folding of
recombinant disulfide-bonded proteins produced in it.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Escherichia coli ; Recombinant protein
expression; Disulfide bond; Solubility; bFGF; HBsAg;
Single-chain Fv; Reductase deficient; Protein folding;
Affinity constant

Escherichia coli (E. coli) cytoplasm on disulfide bond
formation of recombinant proteins.
METHODS: Bovine fibroblast growth factor (BbFGF) was
selected as a model of simple proteins with a single
disulfide bond and free cysteines. Anti-HBsAg single-chain
Fv (HBscFv), an artificial multidomain protein, was
selected as the model molecule of complex protein with
2 disulfide bonds. A BbFGF-producing plasmid, pJN-BbFGF,
and a HBscFv producing-plasmid, pQE-HBscFv, were
constructed and transformed into E. coli strains BL21(DE3)
and M15[pREP4] respectively. At the same time, both
plasmids were transformed into a reductase-deficient host
strain, E. coli Origami(DE3). The 4 recombinant E. coli
strains were cultured and the target proteins were
purified. Solubility and bioactivity of recombinant BbFGF
and HBscFv produced in different host strains were
analyzed and compared respectively.
RESULTS: All recombinant E. coli strains could efficiently
produce target proteins. The level of BbFGF in BL21(DE3)
was 15-23% of the total protein, and was 5-10% in
Origami (DE3). In addition, 65% of the BbFGF produced
in BL21(DE3) formed into inclusion body in the cytoplasm,
and all the target proteins became soluble in Origami
(DE3). The bioactivity of BbFGF purified from Origami(DE3)
was higher than its counterpart from BL21(DE3). The ED50
of BbFGF from Origami(DE3) and BL21(DE3) was 1.6 g/L
and 2.2 g/L, respectively. Both HBscFv formed into
inclusion body in the cytoplasm of M15[pQE-HBscFv] or
Origami[pQE-HBscFv]. But the supernatant of Origami
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INTRODUCTION
Among the systems available for heterologous protein
production, Escherichia coli remains the first choice because
of its ability to grow rapidly and at high density, its wellcharacterized genetics and the availability of an increasingly
large number of vectors and host strains [1-3]. With a
considerable amount of efforts directed at yield during the
past 20 years, heterologous proteins could be produced in
E. coli with an amazing productivity. At present, one of the
mostly focused fields of E. coli system is how to improve
the solubility of heterologous proteins in cytoplasm of this
bacterium[3]. This problem might be addressed in two
approaches. First, heterologous proteins might be fused with
chaperone or refoldase, which promotes the proper
isomerization or accelerates rate-limiting steps along the
folding pathway[4,5]. Plasmids pET32[6] and pET44[7] are the
representatives of this kind of vectors. Second, redox
environment of E. coli cytoplasm might be altered by genetic
engineering, namely, construction of an E. coli mutant with
diminished or eliminated reductase system[8]. The effect of
this strategy is still not well addressed. To investigate the
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influence of redox environment of E. coli cytoplasm on
the solubility of heterologous proteins, bovine basic
fibroblast growth factor (BbFGF) with a single disulfide
bond, and human anti-HBsAg single-chain Fv (HBscFv)
with 2 disulfide bonds, selected as model molecules of simple
and complex proteins, were produced in normal E. coli strains
and in E. coli Origami(DE3), a reductase deficient strain.
Comparing the solubility and bioactivity of the recombinant
proteins produced in different hosts might help us better
understand the folding of heterologous proteins, and be a
reference for other proteins’ engineering.
BbFGF is a non-glycosylated single-strand polypeptide
with a variety of bioactivities[9]. The polypeptide consists
of 155 amino acid residues, including 4 cysteines, in which
C34 and C101 are linked with disulfide bonds, while C78 and
C96 exist freely. It was reported that the majority of
recombinant BbFGF forms into inclusion body when it is
overproduced in E. coli cytoplasm. Point mutation of C78 and
C96 into serine might solve the problem to some extent[10,11],
but the primary structure of BbFGF is changed and the
bioactivity of the mutant declines, thus becoming an obstacle
in drug development[12]. HBscFv[13] is a human recombinant
antibody with 4 cysteines participating in disulfide bond
formation. It is impossible to minimize the misfolding of
recombinant products via point mutation. In addition, there
is more uncertainty in the folding process of scFvs, because
they are artificial multidomain (VH and VL) molecules[2,14]. It
is more difficult to obtain soluble recombinant HBscFv
than BbFGF in E. coli cytoplasm.

MATERIALS AND METHODS
Plasmids, bacteria and reagents
pJN-BbFGF, a plasmid constructed from a pET3c
derivative, pJN982[15], allows the expression of BbFGF fused
in frame to phage10-LacZ leader under control of the T7
promoter. pQE-HBscFv is a HBscFv-producing plasmid
derived from pQE-40, in which HBscFv is fused in frame
to a 6×His tag downstream of T5 promoter. E. coli BL21
(DE3) [F- OmpT hsd SB(rB - ,MB - ) dcm gal  (DE3)] and
Origami(DE3) [ara- leu7697 lacX74 phoA PvuII phoR
araD139 galE galK rspL F’[lac– (lacIq) pro] gor522::Tn10 (TcR )
trxB:: kan (DE3)] were purchased from Novagen. E. coli
M15[pREP4] with phenotype of Nals, Strs, Rifs, Thi-, lac-,
Ara+, Gal+, Mtl-, F-, RecA-, Uvr+, Lon+ was purchased from
Qiagen. IPTG was purchased from Promega. Chromatography
medium Bio-Rex 70 and Heparin Hyper D were purchased
from Bio-Rad and Kronlab respectively. His-Trap HP
column and SP-sepharose CL-4B were purchased from
Amersham Bioscience. MTT was from Sigma. Rabbit antiHBscFv antibody was prepared in our laboratory.
Expression of BbFGF
Construction of recombinant E. coli was carried out as
previously described [15] . E. coli BL[pJN-BbFGF] or
Origami[pJN-BbFGF] was culture to 1.0 A600 U/mL at
37 ℃, 220 r/min, in 2×YT medium and expression of
BbFGF was induced with 1 mmol/L IPTG for 4 h. The
pellet and supernatant of bacteria lysate were collected for
analysis or purification.
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Purification and bioactivity of BbFGF
Samples containing BbFGF were applied on Bio-Rex70
column. Blank runs were performed to elute any trace
of weakly adsorbed ligand and, subsequently, PBS with
0.6 mol/L NaCl was used to elute the protein of interest as
the starting material of Heparin Hyper D re-purification.
Recombinant BbFGF was eluted by buffer with 1.2 mol/L
NaCl and its purity was determined on gel-optical-density
scan[16-20]. Bioactivity of recombinant BbFGF with purity
over 96% was assayed by MTT method as previously
described[18,19].
Expression of HBscFv
HBscFv-producing E. coli strains, M15[pQE-HBscFv] and
Origami[pQE-HBscFv] were cultured in 2×YT medium
and were induced with 1 mmol/L IPTG as the same
condition as BbFGF.
Purification and bioactivity of HBscFv
HBscFv inclusion body from M15[pQE-HBscFv] or
Origami[pQE-HBscFv] was lysed in buffer containing
6 mol/L GuHCl, then applied on His-Trap HP column.
The fraction of interest was collected and refolded by
gradual removal of the denaturing reagent using stepwise
dialysis with the introduction of an oxidizing reagent (GSSG)
and L-arginine. Soluble HBscFv from Origami[pQEHBscFv] was preliminarily purified via SP-sepharose CL-4B
chromatography, and then applied on His-Trap HP column.
Indirect ELISA was performed to determine the HBsAg
binding activity of HBscFv products from different host
strains[20-22].
The affinity constant (KA) of HBscFv products was
determined by non-competitive enzyme immunoassay as
previously described[23]. In brief, a microtiter plate (Corning
Costar) was coated with serially 2-fold diluted HBsAg from
3 to 0.375 mg/L in carbonate buffer at 4 ℃ overnight.
Serially diluted HBscFv (10 -7 mol/L) from 1:2 to 1:256
was added to the plate and an indirect ELISA was carried
out. According to the sigmoid curve of A versus logarithm
of HBscFv concentration (mol/L), the concentrations of
HBscFv at A50 were identified and KA was calculated by the
formula of KA = (n-1)/(nAb’-Ab).

RESULTS
Construction of recombinant E. coli
Plasmid pJN-BbFGF was transformed into E. coli BL21
(DE3) and E. coli Origami(DE3). The recombinant strains
were designated as E. coli BL[pJN-BbFGF] and Origami
[pJN-BbFGF], respectively. As is shown in Figure 1A, the
gene of interest was located at the downstream of T7
promoter and phage10-LacZ leader. T7 RNA polymerase,
integrated into the genome of host and induced by IPTG,
could start the transcription of target gene, resulting in
recombinant BbFGF with the molecule weight of 20 ku.
Recombinant E. coli M15[pQE-HBscFv] and Origami[pQEHBscFv] were constructed by transforming plasmid pQEHBscFv into E. coli M15[pREP4] and Origami(DE3),
respectively. Sketch map of plasmid pQE-HBscFv (Figure 1B)
showed that the target gene, controlled by T5 promoter,

Xiong S et al. Solubility of disulfide bonded proteins in E. coli

was located downstream of LacO sequence and sensitive
to IPTG induction. Moreover, there was a 6×His tag at
N-terminal of HBscFv, which made the recombinant
protein could be purified by immobilized metal ion affinity
chromatography (IMAC).

A

B
pT5
LacO
6×His
HBscFv

BbFGF
LacZ


Ap

pJN-BbFGF
(5346 bp)

bla
pQE-HBscFv
4 172 bp

pT7

Purification and bioactivity of recombinant BbFGFs
BbFGFs produced in two recombinant bacteria were purified
by cation exchange and heparin affinity chromatography to
homology with purity of up to 96%. MTT assay revealed
that the specific bioactivity of BbFGF purified from
Origami(DE3) was higher than its counterpart from BL21
(DE3) (Figure 3). The ED50 of BbFGFs from Origami
(DE3) was 1.6 g/L, and 2.2 g/L from BL21(DE3).
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Figure 1 Structure of the expression plasmids pJN-BbFGF (A) and
pQE-HBscFv (B).
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Expression of BbFGF
SDS-PAGE analysis of induced BL[pJN-BbFGF] is shown
in Figure 2A, in which lanes 2 and 3 are supernatant and
pellet of the cell lysate, respectively. It could be made out
that recombinant BbFGF mainly formed into inclusion body
in the cytoplasm of E. coli BL21(DE3). The result of geloptical-density scan associated with protein quantitative
analysis revealed that 65% of the produced BbFGF
aggregated into inclusion body. In contrast, soluble BbFGF
was obtained when the protein was produced in E. coli
Origami(DE3). Cell lysate of induced Origami[pJN-BbFGF]
is shown in Figure 2B, in which lanes 2 and 3 are the
supernatant and pellet of the cell lysate, respectively. The
gel showed that the target protein was included in the
supernatant, accounting for 11.6% of the total soluble
protein.
Besides, SDS-PAGE analysis also revealed that the yield
of BbFGF in Origami(DE3), from 5-10% of the total
protein, was significantly lower than that in BL21(DE3), in
which the recombinant BbFGF was 15-23% of the total
protein.

A

ku
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3

20.1
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31.0
20.1

20.0

200.0 2 000.0
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Expression of HBscFv
Induced with IPTG, E. coli M15[pQE-HBscFv] produced
a great deal of recombinant HBscFv, which existed in the
form of inclusion body in the cytoplasm (Figure 4A). SDSPAGE analysis of M15[pQE-HBscFv] showed that the
28 ku HBscFv was located in the insoluble fraction of cell
lysate. At the same time, recombinant E. coli Origami[pQEHBscFv] was cultured and induced. The result of SDS-PAGE
analysis indicated that HBscFv still formed into inclusion body
in the cytoplasm of Origami(DE3). Lane 3 of Figure 4B was
the insoluble fraction of Origami[pQE-HBscFv], in which there
was an obvious HBscFv-like protein band. There was also an
enlarged protein band, amounting 4.7% of the total protein
at the corresponding position of HBscFv in the soluble
fraction (Lane 2, Figure 4B). To determine the characteristics
of this protein band, bioactivity assay was carried out.

ku

1

2

3

42.7
31.0

←BbFGF

←HBscFv

20.1

14.4

B

2.0

Figure 3 Bioactivity of BbFGFs produced from different host bacteria.
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31.0

0.2

1
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3

B

←BbFGF

14.4
Figure 2 Characteristics of BbFGF in different host bacteria. A: E.
coli BL21(DE3), B: E. coli Origami(DE3), lane 1: Molecular weight
standard, lane 2: Supernatant of the bacteria lysate, lane 3: Pellet
of the bacteria lysate.
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←HBscFv

20.1
Figure 4 Characteristics of HBscFv in different host bacteria. A: E.
coli M15[pREP4], B: E. coli Origami(DE3), lane 1: Molecular weight
standard, lane 2: Supernatant of the bacteria lysate, lane 3: Pellet
of the bacteria lysate.
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Purification and bioactivity of recombinant HBscFvs
The supernatant from the two recombinant E. coli strains
was adjusted to identical protein concentration and the activity
of HBsAg-binding was determined. There was no detectable
bioactivity in the supernatant of M15[pQE-HBscFv]
(A450/630 = 0.05, similar to negative control), and weak
bioactivity (A450/630 = 0.21) was detectable in that of Origami
[pQE-HBscFv]. The hollow columns in Figure 5 show the
significant difference of bioactivity between the soluble
fractions of the two HBscFv-producing E. coli strains. Twostep purification revealed that the yield of soluble HBscFv
from Origami[pQE-HBscFv] was 1-2 mg/L.
HBscFvs from pellets of the two HBscFv-producing
E. coli strains were purified and refolded by dialysis. The
yield of HBscFv refolded from M15[pQE-HBscFv] was
30-35 mg/L, and 18-22 mg/L from Origami[pQE-HBscFv].
Refolded HBscFvs from different recombinant bacteria
were adjusted to the same concentration. Bioactivity assay
demonstrated that both HBscFvs exhibited HBsAg-binding
activities, and there was no significant difference between
the specific bioactivities (blacked column in Figure 5).
1.8

Supernatant

Pellet

1.5

A450/630

1.2
0.9
0.6
0.3
0.0
Control

HBscFv1

HBscFv2

Figure 5 Antigen-binding activity of recombinant HBscFvs produced from different E. coli (mean±SD). HBscFv1: HBscFv produced
from M15[pQE-HBscFv], HBscFv2: HBscFv produced from Origami
[pQE-HBscFv].

Figure 6 is the ELISA curves of HBscFv purified from the
supernatant of Origami[pQE-HBscFv]. From the curve, KA of
the soluble HBscFv was determined to be 2.62×107 mol/L.
Parallel analysis showed that KA of refolded HBscFv from the
inclusion body of M15[pQE-HBscFv] was 1.98×107 mol/L.
2.5

300 ng

A450/630

2.0

150 ng

1.5

75 ng

1.0

37.5 ng

0.5
0.0
-6.4 -6.7 -7.0 -7.3 -7.6 -7.9 -8.2 -8.5

Log [HBscFv]

Figure 6 ELISA curves of HBscFv purified from the supernatant of
Origami[pQE-HBscFv].
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DISCUSSION
Aggregation of recombinant disulfide-bonded proteins in
E. coli is a direct consequence of the lack of disulfide bond
formation, proceeding from an intermediate present during
the unfolding/refolding transition[24]. Under physiological
conditions, E. coli cytoplasm is maintained in a reduced state
that strongly disfavors the formation of stable disulfide
bonds in proteins. Disulfide bonds that form instantaneously
in cytoplasm of normal E. coli are reduced by at least 5
proteins, namely, thioredoxins 1 and 2, glutaredoxins 1, 2
and 3 [25]. To keep these proteins in reduced situation,
thioredoxin reductase and glutathione reductase are
necessary. Thus, heterologous proteins can fold correctly
when the reductase is fully or partly impaired[26].
As a host strain with inactivated thioredoxin reductase
and glutathione reductase, E. coli Origami(DE3) is permissive
to the formation of disulfide bonds in the more oxidative
cytoplasm. It was reported that alkaline phosphatase can
partly fold into enzymatically active structure in this mutated
host strain[26]. Results listed above show BbFGF, a simple
protein with a single disulfide bond and free cysteines, mainly
forming into inclusion body in E. coli BL21(DE3), is
synthesized as a soluble product in Origami(DE3). In
addition, HBscFv, a complex protein with 2 disulfide bonds,
exists mainly as an inclusion body and partially as a soluble
protein in this oxidized host strain, suggesting that
modification of the redox environment of E. coli cytoplasm
may significantly improve the solubility of simple proteins
which usually for m into inclusion bodies during
overproduction. However, it is difficult to obtain a great
number of soluble recombinant products for complex
proteins with multiple disulfide bonds.
Besides the enhanced solubility, another advantage of
E. coli Origami(DE3) that should not be ignored is that
recombinant proteins have higher specific bioactivity.
Determination of ED50 of BbFGF and KA of HBscFv has
proved it. The method of HBscFv refolding applied in this
paper resulted in the highly efficient refolding of various
denatured scFvs from inclusion bodies and its mechanism
is disclosed recently[20,22]. However, the KA of refolded
HBscFv still differed significantly from that of soluble
HBscFv. Isoelectric point measurement by IEF and disulfide
bond determination by MALDI-TOF MS suggested that
there are misfolded disulfide bonds in the refolded HBscFv
products[27]. Therefore, E. coli Origami(DE3) may be a better
choice for the bioactivity-guided application of recombinant
proteins.
Protein folding is a complex process that results in various
assistant enzymes or proteins[28]. A great number of folding
enhancers, methods and kinetic models[29] are described and
applied. What dismays us is that optimizing one factor
may improve the folding of certain proteins, but it is
impossible to design a universal expression system that adapts
to all kinds of heterologous proteins[2,3,30,31]. Therefore, to
overproduce a complex protein, we usually have to make
“trial-and-error” experiments to select an expression system;
and to optimize culture conditions and modify host strains
to maximize the yield of native products.
In this study, soluble BbFGF and partially soluble
HBscFv were obtained in E. coli Origami(DE3), but the
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total yield of recombinant products decreased. The
expression level of BbFGF in Origami(DE3) was 33-43%
of that in BL21(DE3). The yield of soluble HBscFv in
Origami(DE3) was 4.5-11.1% of the inclusion bodies, and
the total yield of the target proteins in Origami(DE3) was
63-68% of that in M15[pREP4]. Whether the soluble
expression is resulted from the lower yield, or from the
alteration of the redox environment of cytoplasm is still
unknown. We had tried to change the induction condition
of BL[pJN-BbFGF] to decrease BbFGF yield, but failed
to eliminate inclusion body formation. As the relationship
between yield decrease and reductase deficiency is
concerned, there might be certain correlation between the
two factors. E. coli requires either a functional thioredoxin
or a glutaredoxin system to reduce disulfide bonds which
appear after each catalytic cycle in the essential enzyme
ribonucleotide reductase and perhaps to reduce non-native
disulfide bonds in cytoplasmic proteins[25]. Chaperones are
able to improve the folding yield of multidomain proteins
but markedly delay the folding process both in vivo and
in vitro. Based on these finding, we might conclude that
correct folding of heterologous proteins in reductase
deficient host E. coli Origami(DE3) is at the expense of
total yield.
HBscFv is a recombinant human antibody fragment that
is more suitable to be produced in mammalian cells or other
eukaryotic cells[2,13,32-34], but the technology of large-scale
culture of mammalian cells is still in developing. Large scale
production of recombinant antibodies efficiently and costly
is the last obstacle in antibody engineering. If the partially
soluble HBscFv described here could be further optimized
in the culture condition[35] and/or the level of molecular
chaperones or refoldase (DsbC or other proved solubility
enhancer) [36,37], the proportion of soluble products might
be greatly increased. That should pose further significance
of E. coli on the production of recombinant antibody or
other complex pharmaceutical proteins.
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Abstract
AIM: To study the therapeutic efficacy of a Chinese and
Western integrated regimen, killing Helicobacter pylori
quadruple therapy on H pylori-associated peptic ulcers
(PU).
METHODS: With prospective and double-blind controlled
method, seventy-five active PU patients with H pylori
infection were randomized to receive one of the following
three regimens: (1) new triple therapy (group A:
lansoprazole 30 mg qd, plus clarithromycin 250 mg bid,
plus amoxycillin 500 mg tid, each for 10 d); (2) killing Hp
quadruple therapy(group B: the three above drugs plus
killing H pylori capsule 6 capsules bid for 4 wk) and (3)
placebo(group C: gastropine 3 tablets bid for 4 wk).
H pylori eradication and ulcer healing quality were
evaluated under an endoscope 4 wk after treatment. The
patients were followed up for 5 years.
RESULTS: Both the healing rate of PU and H pylori
eradication rate in group B were significantly higher than
those in group C (100% and 96.4% vs 20% and 0%,
respectively, P <0.005), but there was no significant
difference compared to those in group A (88% and
92%, P>0.05). The healing quality of ulcer in group B
was superior to that in groups C and A (P<0.05). The
recurrence rate of PU in group B (4%) was lower than
that in group A (10%) and group C (100%, P<0.01).
CONCLUSION: Killing Helicobacter pylori quadruple
therapy can not only promote the eradication of H pylori
and healing quality of ulcer but also reduce recurrence
rate of ulcer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infection is a major pathogenetic
factor of peptic ulcer (PU). It is closely associated with
refractoriness in the healing quality of ulcer and relapse[1-5].
So far, there has been no satisfactory therapeutic regimen
with a high eradication rate of H pylori and a high healing
quality of PU. This study aimed to investigate the effects
of killing H pylori quadruple therapy (KHQT - killing H pylori
capsule plus lansoprazole plus clarithromycin and
amoxycillin) in eradication of H pylori, healing quality of
PU and prevention of ulcer relapse.
MATERIALS AND METHODS
Patients
Selected patients (who provided informed consent) were
aged 18 to 65 years, with endoscopically (Olympus JIFXQ240, Tokyo, Japan) proven PU of diameter 0.5 to 1.5 cm,
and presence of H pylori infection confirmed by antral biopsy
specimens. Patients who had used antibiotics, bismuth or
PPI in the preceding two weeks, or had suffered from serious
complications of PU and chronic or advanced liver, kidney,
heart, or pulmonary diseases were excluded from the study.
Seventy-five patients were enrolled for the study conducted
from May 1997 to May 2003. Seven of the cases were
later excluded for reasons such as not taking the medicine
or refusing endoscopic examination; 68 completed the study.
Study design
All cases were randomly allocated to three groups to undergo
three kinds of treatment:Group A (new triple therapy):
lansoprazole 30 mg qd, clarithromycin 250 mg bid and
amoxycillin 500 mg bid for 10 d; Group B (killing H pylori
quadruple therapy -- KHQT): the three above drugs for
ten days and killing H pylori capsule 6 capsules bid for 4 wk;
Group C (placebo): gastropine, 3 tablets bid for 4 wk. Of
the 68 cases, 25 were in group A, 28 in group B and 15 in
group C (Table 1). Each case underwent an endoscopic
examination three days before start of treatment. Biopsies
at 2.0 to 2.5 cm from pylorus were obtained and urease
test, Gram staining and Warthin-Starry silver staining were
carried out. H pylori strains were taken as positive if two or
more of the three tests were positive.
Treatment for the study was by the double-blind and
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Table 1 Data on enrolled cases (%, mean±SD)
Group A (n = 25) Group B (n = 28)

Group C (n = 15)

Sex
Male
Female

21 (84.0)
4 (16.0)

23 (82.1)
5 (17.9)

13 (86.7)
2 (13.3)

Age (yr)

41.6±11.2

43.2±12.4

38.8±11.8

Height (cm)

169±4.6

166.1±7.9

166.5±7.5

Weight (kg)
Disease course (yr)

64.4±8.1
4.2±3.8

62.3±9.6
4.2±4.0

60.2±6.9
4.2±3.7

Gastric ulcer

5 (20.0)

8 (28.6)

Duodenal ulcer

20 (80.0)

20 (71.4)

11 (73.3)

Diameters (cm)
Smoking

1.0±0.5
16 (64.0)

1.0±0.4
18 (64.3)

1.0±0.4
9 (60.0)

Alcohol drinking

4 (26.7.0)

9 (36.0)

10 (35.7)

5 (33.3)

Upper abdominal pain

23 (92.0)

27 (96.4)

14 (93.3)

Distension
Heart burn or acid reflux

16 (64.0)
16 (64.0)

16 (57.1)
16 (57.1)

10 (66.7)
9 (60.0)

Belch

8 (32.0)

9 (32.1)

5 (33.3)

Inappetence

10 (40.0)

11 (39.3)

6 (40.0)

Constipation

9 (36.0)

10 (35.7)

5 (33.3)

double-simulation method. The medicine, starch or placebo
(gastropine) was packed in gelatin capsules of similar
appearance. The investigators did not know what medicines
were given to the patients, and the patients did not know
what medicines they had taken.
After ten days of treatment and again after 4 wk,
alterations in symptoms, incidence of side effects and
compliance were assessed. In addition, after 4 wk, the
condition of healed ulcer and eradication of H pylori were
assessed through endoscopy and classified as healed
(complete epithelialization or scar formation), effective (the
size of ulcer reduced by 50% compared to pre-treatment
state) and ineffective (not reduced by 50%). Eradication
of H pylori was affirmed if the three tests (urease test,
Gram staining and Warthin-Starry silver staining) were
negative. For patients with healed ulcers, the healing quality
of ulcers was evaluated.
The healed ulcers were classified as stages S1 (red scar)
and S2 (white scar). In patients with healed ulcers at white
scar stage, one biopsy specimen was obtained from the center
of the scar. The specimen was stained with HE and
observed under a light microscope to assess the histological
growth of the regenerating mucosa. Histological healing
patterns of regenerating mucous membranes were classified[6]
as: fine (resembling normal mucosa with well-formed villi
or epithelium, well-developed glandular structure and few
inflammatory cells); fair (blunt and coarse villi or incomplete
epithelia, underdeveloped glandular structures and relatively
more inflammatory cells); and poor (a few layers of newly
generated cells over the scar, poorly developed or absent
glandular structure and dense infiltration of inflammatory
cells). Histologic ultrastructure of healed ulcers was observed
under an electronmicroscope.
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performed five years after healing of ulcers or earlier if
ulcer-like symptoms reappeared. Those cases in which active
ulcers reappeared under endoscopic examination were
regarded as cases of relapse.
Statistical analysis
Student’s t test was used for measurement data, ² test for
enumeration data and Ridit analysis for ranked data. P values
<0.05 were considered statistically significant.

RESULTS
Clinical efficacy
Patients in group B (KHQT) had less upper abdominal pain
and distension than those in the other two groups (P<0.05).
H pylori eradication rate was 92% (23/25) in group A, 96.4%
(27/28) in group B and 0.0% (0/15) in group C. There was
a significant difference between each of the two therapeutic
groups and group C (P<0.005) .The ulcer healing rate was
higher in groups A and B than in group C (88% and 100%
vs 20%, respectively, P<0.005) (Table2). Between groups A
and B, there was no significant difference in healing of
ulcers and eradication of H pylori. In all patients, compliance
with taking drugs was excellent and no side-effects were
observed except for mild dizziness in one patient.

Table 2 Healing rate of PU
Group

Healed (%)
a

A (n = 25)

22 (88.0)

B (n = 28)
C (n = 15)

28 (100.0)a
3 (20.0)

a

Improved (%)

Unimproved (%) Total (%)

3 (12.0)

100.0

0
4 (26.7)

8 (53.3)

100.0
46.7

P<0.005 vs group C.

Healing quality
The healing quality was assessed in terms of achievement
rate of ulcer healing stage S2 and histological and
ultrastructural conditions of regenerating mucosae. The rate
of stage S2 in group B (67.9%) was higher than that in
groups C (0.0%, P<0.005) and A (32.0%, P<0.01). Degree
of histological maturation (Table 3 and Figures 1A-C) and
ultrastructural features (Figures 2A-C) of the regenerating
mucosa in group B were better than those in groups C and A.

Table 3 Histology of regenerating mucosae of healed ulcers
Group

Good (%)

Fair (%)

A (n = 17)

7 (41.2)

10 (58.8)

0 (0.0)a

B (n = 18)

16 (88.9)

2 (11.1)

0 (0.0)b ,c

C (n = 3)

0 (0.0)

1 (33.3)

2 (66.7)

a

Follow-up
Patients with healed PU were followed up at three-month
intervals, by telephone or petition letters, for five years.
During the five-year follow-up, most of these patients did
not take any drugs. A few took gastropine or Chinese herbs
when symptoms relevant to PU occurred. Endoscopy was
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Poor (%)

P<0.05, bP<0.01 vs group C; cP<0.05 vs group A.

Recurrence of PU
Of 53 patients with healed ulcers, 48 patients (20 in group
A, 25 in group B and 3 in group C) returned for endoscopy
at the end of the five-year follow-up. Five patients were
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Figure 1 Histological maturation of regenerating mucosa in three groups. A: New triple therapy: incomplete epithelium, poorly developed
glandular structure and moderate inflammatory cell infiltration (light microscope 3.3×10); B: Killing Hp quadruple therapy: well-formed
epithelia, well-developed glandular structure and fewer inflammatory cells (light microscope 3.3×10); C: Placebo: some layers of newly generated cells over the scar, very poorly developed glandular structure and dense infiltration of inflammatory cells (light microscope 3.3×10).

A

B

C

Figure 2 Ultrastructural features of regenerating mucosa in three groups. A: New triple therapy: well-formed epithelia, but short and
irregular microvilli, short sugar chains and thin sugar coat of microvilli (electronmicroscope ×15 000); B: Killing Hp quadruple therapy: wellformed epithelia, long and regular microvilli, long sugar chains and thick sugar coat of microvilli (electronmicroscope ×25 000); C: Placebo:
shorter and fewer microvilli, shorter sugar chains and thinner sugar coat of microvilli (electromicroscope ×15 000).

withdrawn: three refused endoscopy and for two there was
no further follow-up information. Recurrence rate of PU
for KHQT patients was 4% (1/25), for new triple therapy
patients, 10% (2/20) and for placebo patients, 100% (3/3).
There was a significant difference between group B and
group C (P<0.01). Patients who suffered from ulcer relapse
experienced either H pylori eradication failure or poor healing
quality of ulcers.

DISCUSSION
Eradication of H pylori is the key to treating peptic ulcers
and to decreasing their relapse[4,5]. Studies[2-9] have shown
that relapse is closely related to not only H pylori infection
but also poor healing quality of ulcers. Clinical trials have
also shown that PU has higher healing rates and lower
relapses after H pylori eradication. The regimen that consisted
mainly of metronidazole had a lower rate of H pylori
eradication, of around 60%[10,11] . So far, H pylori has not
been found sensitive to some antibiotics which also cause
many side effects and poor healing quality. It has been
proved that some mucosal protective drugs can improve
the healing quality of PU[6,8], and Chinese traditional medicine
has attracted attention because of its special efficacy in
mucosal protection[12-15].
Killing H pylori capsule containing more than ten kinds
of Chinese herbs (Radix salviae miltiorrhizae, Poria coccus,

Atractylodes macrocephala, Saussurea lappa, Magnolia
officinalis, Fructus amomi, Wu mei, etc.) has been proved,
in animal experiments and clinical trials, to have the efficacy
of improving mucosal lesions[16-18]. On the basis of these
studies, we used a low-dose triple therapy combined with
Killing Hp capsule to study its efficacy on PU.
This combined regimen we named killing H pylori
quadruple therapy. The results in this study showed that
KHQT (group B) had significant effects on abdominal pain
and distension, and a high H pylori eradication and healing
rate commensurate with new triple therapy (group A); and
it was significantly superior to controls (group C, gastropine,
P<0.005). There were no side-effects except for one case
of mild dizziness. All cases had good compliance. Our study
showed the clinical efficacy was significantly enhanced when
KHQT was used in patients with H pylori -related PU.
Enhancing the healing quality of PU reduces ulcer
recurrence[5-8]. KHQT achieved excellent healing quality of
PU with 67.9% ulcer healing stage S2, 88.9% of which
were of fine pattern of regenerating mucosa and good
ultrastructure, better than those in both group A (32.0 %
ulcer healing stage S2, P<0.01; fine pattern of 41.2%
regenerating mucosa, P<0.05) and group C (0.0% and
0.0%, P<0.01 respectively). The study indicated KHQT
had enhanced the healing quality of PU. It may be related
to the cooperative action of antibiotics eradicating H pylori
infection and Chinese traditional herbs improving the gastric
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mucosal barrier[13-15,17-19].
As shown by the five-year follow-up, the recurrence rate
in cases treated with KHQT was lower than that in group C
(1/25, 4% vs 3/3, 100%; P<0.01) and in group A (2/20,
10%); but there was no statistical significance perhaps
because of the small number of cases. Ulcer recurrence
was found in those who had ulcer healing stage S1, poor
patterns of regenerating mucosa and failure of H pylori
eradication. Ulcer recurrence was related to H pylori infection
and poor healing quality of ulcers.
In conclusion, KHQT can not only improve gastrointestinal
symptoms, promote H pylori eradication and improve ulcer
healing rate significantly, but can also increase the healing
quality of PU and reduce recurrence of ulcers. KHQT
could be an excellent regimen for treating H pylori- related
PU.
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Abstract
AIM: To evaluate the clinical outcome of enteroscopy, using
the double-balloon method, focusing on the involvement
of neoplasms in strictures of the small intestine.
METHODS: Enteroscopy, using the double-balloon
method, was performed between December 1999 and
December 2002 at Jichi Medical School Hospital, Japan
and strictures of the small intestine were found in 17 out
of 62 patients. These 17 consecutive patients were
subjected to analysis.
RESULTS: The double-balloon enteroscopy contributed
to the diagnosis of small intestinal neoplasms found in 3
out of 17 patients by direct observation of the strictures
as well as biopsy sampling. Surgical procedures were
chosen for these three patients, while balloon dilation
was chosen for the strictures in four patients diagnosed
with inflammation without involvement of neoplasm.
CONCLUSION: Double-balloon enteroscopy is a useful
method for the diagnosis and treatment of strictures in
the small bowel.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Stricture is one of the important pathological conditions in
the small intestine that may require urgent and adequate
treatments. Strictures of the small bowel can be induced by
various kinds of diseases. One of the most important
factors for the choice of treatment of the stricture of the
small bowel is to determine whether neoplasm is involved
in the stricture. Indeed, endoscopic observation as well as
biopsy sampling, if available before treatment, would be
very helpful regarding the choice of treatment for the
strictures in the small bowel.
While endoscopy provides visualization of the most
proximal and distal end of gut, small bowel is among the most
difficult part of the gastrointestinal tract to reach, because
only a small part of the terminal ileum can be observed by
intubation of the ileocecal valve after total colonoscopy. After
the advent of a wireless-capsule endoscopy, this revolutionary
diagnostic tool is likely to play an important role in the
diagnosis of small bowel disorders[1,2]. However, the currently
available Given M2A capsule endoscopy is no longer useful
in patients with bowel stricture or bowel obstruction.
To overcome the limitation of the insertion depth with
a conventional push method, we have developed a new
method of enteroscopy using two balloons[3-5]. The doubleballoon method is a new technique capable of accessing
the entire small intestine with intervention capabilities. This
study evaluated the clinical outcomes of enteroscopy using
the double-balloon method for strictures of the small intestine
specifically focusing on the involvement of neoplasms in
the strictures.
MATERIALS AND METHODS
Instruments
A new endoscopic system of the double-balloon method
was prepared as described elsewhere[3-5]. In brief, a specifically
designed videoendoscope (outer diameter: 8.5 mm, working
length: 200 cm) with an attachable balloon at its tip and a
soft overtube (length: 140 cm) with another balloon at the
distal end were used. For safety and simplification of the
insertion procedures, latex soft balloons were used for both
the endoscope and the overtube, and a specifically designed
pump was also developed, which can inflate or deflate the
balloons with one-touch while accurately monitoring the
balloon pressure.
Patients
Enteroscopy using the double-balloon method was performed

1088

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

in 62 patients between December 1999 and 2002 at Jichi
Medical School Hospital, Tochigi, Japan. Full and informed
consent was obtained from each patient before the
procedure. Strictures of the small intestine were found in
17 patients and these consecutive 17 patients were subjected
to analysis. The average age of 17 patients (9 men and 8
women) was 45.0 (23-68) years. Characteristics of the
patients are listed in Table 1. The procedures were
performed under the fluoroscopic guidance in all cases
studied. Indications of the examinations included bowel
obstruction in 12 patients (71%), hematochezia in 1 patient,
severe anemia in 1 patient, abdominal mass in 2 patients,
and protein-losing gastroenteropathy in 1 patient.

RESULTS
Enteroscopy was performed in 8 patients through the mouth,
7 patients through the anus, and 2 patients through both
mouth and anus as shown in Table 1. The double-balloon
enteroscopy was well tolerated and no complication was
found in all patients studied. Neoplasms were suspected in
3 patients (18%) based on the endoscopic observation alone.
Biopsies were taken in these 3 patients and neoplasm was
pathologically confirmed in all 3 patients. By contrast,
inflammatory disorders were suspected by the endoscopic
observation in 8 patients (47%) including 3 Crohn’s diseases.
Neoplasm was ruled out in these 8 patients by biopsy
sampling and/or endoscopic observation. By contrast,
endoscopic observation of the narrowing lumen showed
normal mucosa in the remaining 5 patients (24%), suggestive
of adhesion from outside or postoperative stricture.
Neoplasms found in 3 patients included inflammatory
myofibroblastic tumor[6], lymphoma[7], and undifferentiated
cancer. Laparoscopic treatment was chosen for the first
patient and open surgery for the other two patients because
the diagnoses were pathologically confirmed before surgical
operation. By contrast, a balloon dilation was performed
after the exclusion of neoplastic diseases in 4 patients including
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Crohn’s diseases[8], posttraumatic stricture (Yano et al), and
inflammatory stricture. Their symptoms were relieved after
endoscopic dilation of the strictures in all 4 patients studied.

DISCUSSION
It is difficult to evaluate small bowel disorders because the
small bowel is located quite far from the mouth and anus.
Stricture is a common disorder of the small bowel. Once
the presence of strictures is suspected in the small intestine,
precise description and diagnosis are necessary for adequate
treatment[9]. However, diagnosis is often delayed because
of the difficulty in examining the small bowel. Conventional
push enteroscopy is a popular method but the entire small
bowel is not accessible [10-14]. The novel video capsule
endoscopy system has the potential to view the entire
gastrointestinal tract[15-23]. Capsule endoscopy was reported
to be superior to push enteroscopy [1] and small bowel
radiograph[2] for the evaluation of small bowel diseases.
However, capsule endoscopy is no longer available when
strictures are suspected in the gastrointestinal tract.
The new method of enteroscopy, namely double-balloon
method, is a useful procedure, which enables deep insertion
of an endoscope to the small intestine while preventing
over-stretching of the intestinal tract. This method could
be used either from mouth or anus, and allows for
endoscopic observation in almost all parts of the small
intestine. Moreover, to and fro observation of an affected
area with controlled movement of the endoscope with an
accessory channel enables interventions such as biopsies
and dilatations. Thus, this new method has the potential to
contribute to the diagnosis and treatment of the diseases in
the small intestine where endoscopic approach has been
difficult so far. It allows for viewing mucosal lesions of the
small intestine, and tissue samples are also available for
pathological diagnosis with biopsy through the enteroscope.
Balloon dilation technique at the site of stricture is also
available whenever necessary[8].

Table 1 Clinical feature of the patients
Case

Indication

Age (yr)

1

bowel obstruction

48

M

oral

narrowing anastomosis with normal mucosa1

NA

2

bowel obstruction

40

F

oral

edematous change of the lumen2

non specific inflammation

3
4

low protein
bowel obstruction

28
41

F
M

anal
oral

annular constriction3
narrowing lumen with normal mucosa4

non specific inflammation
NA

5

abdominal tumor

65

M

anal

tumor

lymphoma

6

bowel obstruction

56

M

anal

multiple strictures

non specific inflammation

7
8

bowel obstruction
bowel obstruction

47
29

M
M

oral
oral

9

Sex Approach route

Endoscopic findings

narrowing lumen with normal mucosa4
mild inflammatory change5

Histological findings

Intervention

dilation

no remarkable change
NA

bowel obstruction

50

F

anal

tumor

10

anemia

68

F

anal

multiple strictures3

11
12

hematochezia
bowel obstruction

41
47

F
F

both
oral

multiple strictures with ulceration3
longitudinal ulcerations5

non specific inflammation
NA

13

bowel obstruction

62

M

oral

narrowing anastomosis with normal mucosa1

NA

14

abdominal tumor

52

M

both

15
16

bowel obstruction
bowel obstruction

23
27

F
F

anal
oral

narrowing lumen with normal mucosa4
edematous change of the lumen5

NA
NA

dilation

17

bowel obstruction

42

M

anal

course and red-colored lumen with ulceration6

non specific inflammation

dilation

tumor

inflammatory fibroid polyp
non specific inflammation
dilation

undifferentiated cancer

NA: not assessed. 1Postoperative stricture was suspected. 2Lung sarcoidosis was found in this patient. 3Intestinal tuberculosis was suspected based on the feature of
stricture or ulceration and other clinical features. 4Intestinal adhesion was suspected. 5Crohn's disease was suspected based on the feature of strictures or ulcerations
along with other clinical features. 6Posttraumatic stricture was suspected.

Sunada K et al. Enteroscopy for small intestinal strictures

By using this new method, we were able to observe the
stricture lesions of the small intestine in 17 patients. This
procedure was very useful for the diagnosis of neoplasms
in 3 out of 17 patients. It is important to note that biopsy
samples taken from these three patients were useful for the
confirmation of pathological diagnosis before surgical
operations. Indeed, thanks to the pre-operative diagnosis,
one patient with a benign tumor was subjected to laparotomy
with minimal incision. Exact locations of the stricture lesions
in these patients were marked with Indian ink beforehand
by using the double-balloon enteroscope so that the lesion
could be easily identified in the surgical procedure.
Balloon dilation was performed in four patients including
two with Crohn’s diseases, one with posttraumatic stricture,
and one with inflammatory stricture after exclusion of the
involvement of neoplasm. Their symptoms were relieved
after dilation of the strictures in all four patients studied.
In conclusion, enteroscopy using the double-balloon
method is very useful for the diagnosis and therapeutic
interventions against strictures of the small intestine.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: In nonresectable cholangiocellular carcinoma (CCC)
therapeutic options are limited. Recently, systemic
chemotherapy has shown response rates of up to 30%.
Additional regional therapy of the arterially hyper
vascularized hepatic tumors might represent a rational
approach in an attempt to further improve response and
palliation. Hence, a protocol combining transarterial
chemoembolization and systemic chemotherapy was
applied in patients with CCC limited to the liver.
METHODS: Eight patients (6 women, 2 men, mean age
62 years) with nonresectable CCC received systemic
chemotherapy (gemcitabine 1 000 mg/m2) and additional
transarterial chemoembolization procedures (50 mg/m²
cisplatin, 50 mg/m² doxorubicin, up to 600 mg degradable
starch microspheres). Clinical follow-up of patients, tumor
markers, CT and ultrasound were performed to evaluate
maximum response and toxicity.
RESULTS: Both systemic and regional therapies were
tolerated well; no severe toxicity (WHO III/IV) was
encountered. Nausea and fever were the most commonly
observed side effects. A progressive rarefication of the
intrahepatic arteries limited the maximum number of
chemoembolization procedures in 4 patients. A median
of 2 chemoembolization cycles (range, 1-3) and a median
of 6.5 gemcitabine cycles (range, 4-11) were administered.
Complete responses were not achieved. As maximum
response, partial responses were achieved in 3 cases,
stable diseases in 5 cases. Two patients died from progressive

disease after 9 and 10 mo. Six patients are still alive. The
current median survival is 12 mo (range, 9-18); the median
time to tumor progression is 7 mo (range, 3-18). Seven
patients suffered from tumor-related symptoms prior to
therapy, 3 of these experienced a treatment-related clinical
relief. In one patient the tumor became resectable under
therapy and was successfully removed after 10 mo.
CONCLUSION: The present results indicate that a
combination of systemic gemcitabine therapy and repeated
regional chemoembolizations is well tolerated and may
enhance the effect of palliation in a selected group of
patients with intrahepatic nonresectable CCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intrahepatic cholangiocellular carcinoma (CCC) is a rare
entity associated with chronic inflammatory bile duct
disorders. Diagnosis often occurs in patients having large
tumors at nonresectable stages[1,2] . In the past, systemic
chemotherapy has shown limited success in terms of
objective responses or prolonged survival especially in single
agent therapy using 5-FU. Response rates of about 25%
were the most to be expected[3]. Gemcitabine (2, 2-dideoxyfluorocytidine) has gained importance in the palliative
treatment of solid tumors. The substance demonstrated
activity against breast, bladder, ovarian, pancreatic and nonsmall cell lung cancer while having a low toxicity profile[4,5].
A large phase III trial on pancreatic cancer revealed a higher
activity of gemcitabine compared to 5-FU in terms of patient
survival and improvement of symptoms[6]. In a recent phase
II study on nonresectable CCC of our institution systemic
gemcitabine monotherapy achieved objective response rates
of 30%[3]. Furthermore, a majority of the patients experienced

1092

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

a chemotherapy-related relief of symptoms.
Regional intraarterial therapies of the liver have shown
efficacy and safety in hypervascularized hepatic tumors or
metastases[7] . The rationale for this approach is further
increased antitumoral activity in the liver by inducing a
temporary local ischemia and increasing local chemotherapy
concentrations while reducing the systemic side effects [8].
Hence, in an attempt to improve palliation a combination
therapy of systemic gemcitabine with repeated intraarterial
chemoembolization appears promising in those patients with
CCC limited to the liver in order to further enhance response
rates and symptom relief while maintaining low toxicity.
Based on this hypothesis a selected group of patients with
nonresectable intrahepatic CCC was included in a study to
investigate this combination regime.

MATERIALS AND METHODS
From June 2002 to February 2004 eight patients (6 women,
2 men, mean age 62 years) with histologically proven
nonresectable CCC were included to the study (Table 1).
Inclusion criteria were (1) measurable, unresectable intrahepatic
tumors; (2) >18 years of age, a life expectancy of >3 mo;
(3) no prior chemotherapy; (4) technically feasible catheterization
of the hepatic artery; (5) adequate functional, hematological
and biochemical parameters (i.e., cardiac ejection fraction
>50%, leukocytes >3 000/L, thrombocytes >90 000/L,
creatinine-clearance >60 mL/min, bilirubin <3 mg/dL,
cholinesterase >2 mU/mL (21 ℃), bilirubin <3 mg/mL,
prothrombin time >50%); and (6) informed consent. Patient
characteristics are shown in Table 1.
Systemic gemcitabine therapy
Systemic gemcitabine was administered on an out-patient
basis. 1 000 mg/m2 were given once a week intravenously
over 30 min for 3 consecutive weeks followed by a pause
of one week. One therapy cycle was defined as one 4-wk
period. During the first cycle gemcitabine was also given
during the fourth week. Prophylaxis against nausea consisted
of metoclopramide orally.
Intraarterial chemoembolization
Intraarterial chemoembolization was performed on an inpatient basis after 2 systemic gemcitabine cycles had been
given and was tolerated in terms of toxicity and clinical
response. Chemoembolizations were repeated in case of
stable disease or remission after an interval of at least 8 wk.

A

B

February 28, 2005

Volume 11

Number 8

Antiemetics (5 mg tropisetron) and steroids (24 mg
dexamethasone) were injected intravenously prior to each
procedure. Also, intravenous antibiotic prophylaxis (3×200 mg
ciprofloxacin/d, 3×500 mg metronidazole/d) against biliary
infections was administered before and for 7 d after the
procedure.
During arterial angiography using the femoral approach,
an aortography and a selective mesenteric portography were
performed to show vascular anatomy and the patency of
the portal vein. Then, a selective hepatography was done
using a standard diagnostic catheter or, if necessary, a coaxial
catheter system. Intra-arterial analgesia (50-100 mg pethidine)
was applied to control possible local pain. According to tumor
vascularization a mixture of doxorubicin (50 mg/m2) and
cisplatin (50 mg/m2) and 300-600 mg degradable starch
microspheres (DSM, Spherex™, Pharmacia, Erlangen,
Germany) was administered via hand injection under
fluoroscopic control to check for stasis or reflux. In case
of stasis, the injection was stopped until the arterial flow
resumed. Finally, a control hepatography was performed.
After the chemoembolization procedure the patient remained
on the ward for at least five days. Systemic gemcitabine
treatment was continued under laboratory controls for
therapy-related toxicity after an interval of 3 to 4 wk.
Evaluation of response and toxicity
Pretreatment evaluation included physical examinations,
evaluation of tumor markers, hematological and biochemical
parameters. For tumor staging transabdominal ultrasound
and a CT scan of thorax and abdomen were performed.
The imaging modality and technique showing the best
visibility at the start of treatment were used for baseline
and follow-up tumor measurements (Figure 1). The sizes
of measurable lesions were determined as the products of
the two greatest perpendicular diameters. The following
definitions were used: complete response (CR) for the
disappearance of all clinical evidence of tumor for a
minimum of 4 wk, partial response (PR) for a decrease of
more than 50% in the measurable disease for a minimum
of 4 wk, progressive disease (PD) for an increase in tumor
size of more than 25%, the appearance of new lesions, or
a deterioration of clinical status consistent with disease
progression. Patients who did not meet criteria of CR, PR
or PD were defined as having a stable disease (SD). Time
to tumor progression was defined as the time between
administration of the first chemotherapy and the time PD
was diagnosed.

C

D

Figure 1 A: Axial CT shows a large hyper vascularized CCC in the left liver lobe of patient 4 before therapy; B: In patient 3 axial CT shows hyper
vascularized CCC nodules in the lateral right liver; C: After 7 mo of therapy there is marked shrinkage and hypodense transformation of the
tumor in PR in patient 4; D: In patient 3 the same changes are apparent in the right liver in PR after 7 mo of therapy.
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Table 1 Patient characteristics, maximum toxicity, maximum response, adverse events, and arterial hypovascularisation under therapy
Patient Age (yr) Gender Maximum
number
number of
gemcitabine
cycles
1
2
3
4
5
6
7
8
1

60
71
67
47
63
76
53
56

M
F
F
F
F
F
F
M

5
4
11
7
9
6
9
4

Maximum
number of
chemoocclusion
cycles

Maximum
response

2
1
3
3 (+1 1)
2 (+1 1)
2 (+1 1)
2
1

SD
SD
PR
PR
PR
SD
SD
SD

Neutropenia
acc. to
WHO

Thrombo- Anemia
penia
acc. to
acc. to
WHO
WHO

2
2
1
1
0
0
0
0

2
2
1
0
0
0
1
0

Cholestasis
acc. to
WHO

2
1
1
1
1
0
1
2

2
2
2
1
2
0
2
2

Nausea Flush
Tumoracc. to symptoms related
WHO acc. to
disease
WHO
2
2
0
2
1
1
2
1

1
1
1
2
1
1
2
2

Clinical
therapy
related
benefit

yes
yes
yes
yes
yes
yes
yes

Progressive
arterial
hypovascularization

yes
yes
yes
-

yes
yes
yes
yes
-

Single chemoperfusion without DSM because of early vascular stasis due to progressive arterial hypovascularization.

Table 2 Present status, chemotherapy-related response and changes of tumor markers
Patient
number

Observervation
period (mo)

Maximum
response

1
2
3
4

10
14
18
12

SD
SD
PR
PR

5
6

10
16

PR
SD

7

12

SD

8

9

SD

1

Highest tumor
markers before
therapy
None
Ca15-3:48
Ca19-9:1 442
Ca19-9:89
AFP:35
Ca19-9:786
Ca15-3:54
Ca19-9:88
Ca19-9:845 200
CEA:285
Ca15-3:435
Ca19-9:117

Lowest tumor marker
under therapy (%)
47 (-21)
34 (-98 1)
19 (-77 1)
6 (-831)
139 (-821)
43 (-20 1)
115 (+31 1)
435 (-991)
2 (-991)
204 (-531)
84 (-28 1)

Time to tumor
progression (mo)
7
5
18
NA (still PR)
NA resected after 10
7

Survival
(mo)
Dead (10)
Alive
Alive
Alive
Alive
Alive

7
Alive
3
Dead (9)

Change of tumor marker in percent compared to highest value before therapy NA: not assessable.

Therapy-related toxicity was assessed once weekly during
treatment by investigations of serum liver enzymes, bilirubin,
creatinine, and complete blood counts. Clinical relief was
defined as a chemotherapy-related relief of tumor symptoms
or weight gain (including third-space fluid) of >7% from
baseline for at least 4 wk without deterioration in any other
parameters.
Evaluation of quality of life (QOL)
QOL was assessed prior to each chemoembolization
procedure using the SF-36 Health Survey[9]. As components
of QOL, the SF-36 questionnaire comprises the distinct
aspects physical functioning, physical role, emotional role,
social functioning, mental health index, general health, vitality,
and bodily pain. A score for each category was calculated
(0-100). Based on these scores a bodily sum score was
determined. The sum scores before and during chemotherapy
were compared.

RESULTS
A median of 2 chemoembolization cycles (range, 1-3) and
a median of 6.5 gemcitabine cycles (range, 4-11) were applied
(Table 1).
Response
In terms of maximum response, there were five patients

with SD and 3 patients with PR; CR was not achieved
(Table 1, 2). The median time to tumor progression was 7 mo
(range, 3-18). Six patients are still alive, 2 patients died from
tumor progression after 9 and 10 mo. The current median
survival is 12 mo (range, 9-18).
Seven patients suffered from tumor-related symptoms,
3 of these experienced a treatment-related clinical relief
(Table 1). The tumor of patient 5 became resectable during
PR and was successfully removed by hemi-hepatectomy
10 mo after onset of therapy.
Six patients had elevated tumor marker Ca19-9 serum
levels. Four patients showed a chemotherapy-related decrease
of more than 75% compared to the baseline value further
indicating response to therapy (Table 2).
Toxicity
Both systemic and regional therapies were tolerated well,
no severe toxicity (WHO III/IV) was encountered (Table 1).
Nausea and fever were the most commonly observed side
effects. In patients 3, 4, 5, and 6 repeated chemoembolization
led to a progressive rarefication of the intrahepatic arteries
limiting the maximum applicable number of interventions
(Table 1, Figure 2). In patient 3, the left hepatic artery
remained permanently occluded after the second procedure.
Further chemoembolization cycles were attempted in
patients 4, 5, and 6. However, due to the progressive arterial
hypovascularization the application of DSM had become
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Figure 2 A: The arteriogram of patient 4 shows a beginning rarefication of the intrahepatic arteries after one chemoembolization; B: After
three chemoembolizations the arteriogram of the same patient shows a progressive arterial rarefication with irregular stenoses and
occlusions of peripheral branches.

impossible. The chemotherapeutics were finally administrated
once in the course of a regional chemoperfusion before
further regional therapy was considered impossible in these
patients (Table 1).
Quality of life (QOL)
Patients 1, 2, 4, 5, and 6 were evaluable in terms of QOL
follow-up using the SF-36; the remaining three patients did
not provide follow-up data. The bodily sum scale remained
stable under therapy in 4 patients (46/45, 39/31, 49/47,
and 48/50). Patient 4 showed a gradual decrease from 53
to 38.

DISCUSSION
The overall prognosis of patients with nonresectable CCC
remains dismal[10]. At present, only palliative therapeutical
options are available. In addition to the improvement of
the prognosis, chemotherapy has to be tolerable and should
maintain the quality of life. The combination of 5-FU and
leucovorin improved survival and QOL compared to best
supportive care; however, the effect was limited[11]. In the
search for improved systemic chemotherapy gemcitabine
demonstrated tolerability and good QOL for patients with
solid tumors[12]. In advanced pancreatic tumors, a phase III
study revealed a better survival and symptom control
compared to 5-FU[6]. Due to a common developmental origin
of the pancreas and the biliary tract, CCC and pancreatic
cancer share similarities in terms of tumor markers and
resistance to chemotherapy. Hence, gemcitabine was
administered in a phase II study to patients with unresectable
CCC showing an objective response rate of 30%, a median
time to progression of 27 wk and a median survival time
of 9.3 mo[3] .
Regional intraarterial therapies of the liver have shown
efficacy in hyper vascularized hepatic malignancies[7,13,14].
While normal liver parenchyma receives more than twothirds of its blood supply from the portal vein, hepatic
tumors derive their blood supply almost completely from
the hepatic artery[15]. The rationale for a regional intraarterial
approach is a further increased anti tumoral activity induced
by a temporary local ischemia and increasing local chemotherapy
concentrations while reducing the systemic side effects[8].
Only limited data is available in terms of regional treatment
of nonresectable CCC[16,17]. Cisplatin and doxorubicin have

been applied successfully in the regional chemotherapy of
hepatocellular carcinoma (HCC). The combination with lipiodol
yielded anti-tumoral efficacy at a low systemic toxicity[18]. These
observations led to the assumption that additional intraarterial
chemoembolization of hypervascularized CCC might
further enhance intrahepatic tumor response while maintaining
the efficacy of systemic gemcitabine therapy.
In the course of the present study 8 patients with intrahepatic
CCC received a combination of systemic chemotherapy
and regional intraarterial chemoembolization. Maximum
response was PR in 3 patients and SD in 5 patients. Six
patients are still alive after a mean observation period of
14 mo. Three of the 7 patients who suffered from tumorrelated disease symptoms experienced a clinical relief under
therapy. Furthermore, from the 6 patients with elevated
Ca19-9 levels, 4 patients showed a therapy-related decrease
of more than 75%; among those the 3 patients with PR.
QOL remained stable under therapy in those patients
evaluable. These data are well in line and even exceed those
from the gemcitabine monotherapy study from Kubicka et al
showing objective responses in 30%, a therapy-related
decrease in CA19-9 levels in 11 of 14 patients and a
chemotherapy-related clinical relief in 7 of 11 patients with
tumor symptoms[3].
One patient of our study showed a partial tumor remission
under the combined therapy. The initially unresectable tumor
became resectable after 10 mo. Whether a neoadjuvant
intention might improve the prognosis in terms of secondary
resectability will have to be determined by future observations.
However, secondary resectability does not necessarily
represent cure. Valverde and coworkers observed a 3-yearsurvival rate of only 22% after extensive surgical resection
of intrahepatic CCC mainly related to the presence of
intrahepatic satellite nodules and/or regional lymph node
metastasis[2].
In spite of careful technique and the regular application
of dexamethasone before the chemoembolization procedure,
the number of cycles became limited to a maximum of
three due to a progressive rarefication of the intrahepatic
arteries. Incidents of regional therapy-related arteritis have
been reported[19-21] . While a mechanical trauma may be
responsible in some instances, toxic chemotherapy-related
arteritis or ischemic reactions appear to be the more probable
explanation in our situation for there is a progressive
character of the changes. Interestingly, these phenomena
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occurred in 4 of our 8 patients with CCC in non-cirrhotic
livers. In contrast, we rarely encountered it after regional
therapies of our patients with HCC in cirrhotic livers.
Demachi and colleagues suggested that hypertrophy of
peribiliary capillary plexus in cirrhosis could act as a
portoarterial shunt thereby acting protective during decreased
arterial flow[22]. In CCC there is a constant risk of focal
cholestasis. The biliary structures are mainly dependent on
the arterial perfusion. Hence, arterial hypoperfusion during
chemoembolization is associated with an increased risk of
biliary complications and infections[23]. These vascular and
biliary side effects of regional chemoembolization are also
reported by other investigators to be more pronounced in
the non-cirrhotic liver with a good organ function than in
the cirrhotic liver[24]. In our set of patients we did not encounter
a clinically obvious complication such as cholangitis or biloma;
however, the administration of antibiotics during the
chemoembolization therapy and carefu l catheter
management seems mandatory to avoid these instances.
Our results suggest that in patients with nonresectable
hepatic CCC being in a good physical condition regional
chemoembolization in addition to systemic gemcitabine is
well tolerated and may further enhance the palliative effect
of systemic gemcitabine therapy. It is, however, too early
to demonstrate a clear advantage towards systemic therapy
alone. One should be aware of the potentially progressive
arterial hypo vascularization after repeated chemoembolization
cycles possibly limiting the maximum number of procedures.
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overexpressing hepatoma cells is attributed to gelatinases:
Relevance to intracellular signaling pathways
Elke Roeb, Anja-Katrin Bosserhoff, Sabine Hamacher, Bettina Jansen, Judith Dahmen, Sandra Wagner, Siegfried Matern
Elke Roeb, Sabine Hamacher, Bettina Jansen, Judith
Dahmen, Sandra Wagner, Siegfried Matern, Department of
Internal Medicine III, University Hospital RWTH Aachen, Germany
Anja-Katrin Bosserhoff, Institute of Pathology, University of
Regensburg, Germany
Supported by grants from the Federal Ministry of Education and
Research of Germany, Deutsche Forschungsgemeinschaft (DFG),
and Aachen University
Correspondence to: Professor Elke Roeb, Department of Internal
Medicine III, University Hospital RWTH Aachen, Pauwelsstr. 30,
52057 Aachen, Germany. eroeb@ukaachen.de
Telephone: +49-241-8089200 Fax: +49-241-8082455
Received: 2004-06-24 Accepted: 2004-08-22

Abstract
AIM: To study the effect of gelatinases (especially MMP-9)
on migration of tissue inhibitor of metalloproteinase
(TIMP-1) overexpressing hepatoma cells.
METHODS: Wild type HepG2 cells, cells stably transfected
with TIMP-1 and TIMP-1 antagonist (MMP-9-H401A, a
catalytically inactive matrix metalloproteinase (MMP) which
still binds and neutralizes TIMP-1) were incubated in
Boyden chambers either with or without Galardin (a
synthetic inhibitor of MMP-1, -2, -3, -8, -9) or a specific
inhibitor of gelatinases.
RESULTS: Compared to wild type HepG2 cells, the cells
overexpressing TIMP-1 showed 115% migration (P<0.05)
and the cells overexpressing MMP-9-H401A showed 62%
migration (P<0.01). Galardin reduced cell migration dose
dependently in all cases. The gelatinase inhibitor reduced
migration in TIMP-1 overexpressing cells predominantly.
Furthermore, we examined intracellular signal transduction
pathways of TIMP-1-dependent HepG2 cells. TIMP-1
deactivates cell signaling pathways of MMP-2 and MMP-9
involving p38 mitogen-activated protein kinase. Specific
blockade of the ERK pathway suppresses gelatinase
expression either in the presence or absence of TIMP-1.
CONCLUSION: Overexpressing functional TIMP-1enhanced migration of HepG2-TIMP-1 cells depends on
enhanced MMP-activity, especially MMP-9.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Proteins of the matrix metalloproteinases (MMPs), a family
of structurally related zinc-dependent enzymes, are involved
in the breakdown of extracellular matrix (ECM) in normal
physiological processes, such as embryonic development,
reproduction, and tissue remodeling as well as in disease
processes, such as arthritis, tumor cell invasion, migration,
and metastasis[1-3] . Most MMPs are secreted as inactive
proteins, which are activated when cleaved by extracellular
proteinases. MMPs may be expressed on the surface of
cells, thus allowing a precise and localized proteolysis[4]. The
gelatinases MMP-2 and MMP-9 are necessary for the
migration of Langerhans cells and dermal dendritic cells
from human and murine skin[5]. MMP-2 (gene ID 4313 on
chromosome 16q13-q21) e.g., is involved in cell migration
of human lung carcinoma cells[6]. MMP-9 (gene ID 4318,
chromosome 20, q11.2-q13.1) is a major secretion product
of macrophages and a component of cytoplasmic granules
of neutrophils[7]. The enzyme is also secreted by lymphocytes
and stromal cells upon stimulation by inflammatory
cytokines, or upon delivery of bidirectional activation signals
following integrin-mediated cell-cell or cell-matrix contacts[8].
MMP-9 plays an important role in tumor invasion and
angiogenesis. Secretion has been reported in various cancer
types including lung, colon, and breast cancer. The activity
of MMPs is tightly controlled by endogenous specific
inhibitors, the tissue inhibitors of metalloproteinases
(TIMPs). The balance between activated MMPs and their
free inhibitors determines the net MMP activity and seems
to be of great importance for matrix protein turnover
associated with tumor cell invasion and metastasis. A striking
phenotypic characteristic of fibrotic liver is a dramatic upregulation of TIMP-1 (GenBank number NM 003254.1,
chromosome X, Xp11.3-p11.23), which seems to be a
functional promotor of hepatic fibrosis[9,10] . But there is
also evidence that TIMPs are associated with suppression
of programed cell death, tissue remodeling during tumor
progression and mitogenic activity[11,12]. TIMP-1 has been
shown to suppress apoptosis in a series of Burkitt’s lymphoma
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cell lines[13] and to act as a survival factor blocking apoptosis
in B cells[14,15]. TIMP-1 must, therefore, be regarded as a
multifunctional protein[16,17]. Recently, evidence has been
provided that TIMP-1 induces specific signaling pathways[18].
TIMP-1 is able to activate Ras involving the Tyk/mitogenactivated protein kinase (MAPK) pathway[19] . A specific
blockade of the ERK pathway suppresses the expression
of MMP-9 and inhibits markedly the invasiveness of tumor
cells[20] . The PKC-dependent NFK kappa B activation is
absolute for MMP-9 induction and PKC-dependent ERC
activation devotes to increase the expression level of MMP-9
in hepatocellular carcinoma cells[21,22]. St-Pierre et al[8] have
given an overview of recent developments in the field of
MMP-9 gene expression in different cell types, from the
triggering of cell-surface receptors to the activation of
cytoplasmic mediators and transcription factors responsible
for the activation of MMP-9 promotor. Fibronectin upregulates MMP-9 and induces coordinated expression of
MMP-2 and its activator, the membrane-type MT1-MMP
(MMP-14) by human T-lymphocyte cell lines, a process
repressed through Ras/MAP kinase signaling pathways[23].
Accordingly, transfection of T-cell lines with dominant
negative mutant of Ha-Ras strongly increases fibronectininduced expression of MMP-2 and MMP-9 [23]. In human
glioma cells, angiopoietin-2 induces tumor cell infiltration
by activation of MMP-2. MMP-2 is associated with tumor
size, invasiveness, and survival in breast cancer[24]. SB203580,
a p38 MAP kinase inhibitor, reduces MMP-2 expression in
melanoma cells[25]. Non-steroidal anti-inflammatory drugs
inhibit MMP-2 via suppression of ERK/Sp1-mediated
transcription[26].
Recently, we demonstrated an increased expression of
MMP-2 and MMP-9 protein as a result of increased TIMP-1
expression in human hepatoma cells[27]. Beyond that TIMP-1
overexpressing HepG2 cells could grow in nests and keep
in contact with each other[27, 28]. This striking phenotype could
be abrogated by a TIMP-1 antagonist, the mutant MMP-9H401A[28]. Three histidine residues constitute the active site
of MMP-9 by binding to the catalytic zinc. A MMP-9
mutant has been generated in which the histidine residue at
position 401 is replaced by alanine. The mutant is enzymatically
inactive but is still able to bind to TIMP-1. Furthermore,
MMP-9-H401A is able to neutralize the ability of TIMP-1
to inhibit MMP-9 activity[28]. With the help of this TIMP-1
antagonist the influence of TIMP-1 e.g., on cell migration
and invasion might be demonstrated much more clearly.
Recent discoveries regarding the main functions of TIMP-1
(inhibition of tumor growth, invasion, angiogenesis, and
metastasis; exhibition of growth factor-like activity and
suppression of programmed cell death independent of the
MMP inhibitory activity) have complicated the understanding
of this protease inhibitor. Presently TIMP-1 can no longer be
regarded uniquely as a tissue inhibitor of metalloproteinases.
We decided to study in more detail the role of TIMP-1 and
MMPs in the migration and signal transduction of human
hepatoma cells by using an established cell motility assay
with clear and defined conditions. We showed here that
TIMP-1 overexpressing cells exhibit increased migration
by chemotaxis, which could be reduced by MMP inhibition,
especially inhibition of gelatinases. Following this discovery,
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we further investigated the signal transduction pathways of
MMP-2 and MMP-9 in the event of TIMP-1 overexpression
and demonstrated that TIMP-1 deactivates specific cell
signaling pathways of MMPs.

MATERIALS AND METHODS
Materials
Culture reagents were from Sigma (Steinheim, Germany),
Gibco (Eggenstein, Germany), or Sarstedt (Berlin, Germany).
All chemicals were purchased from Sigma (Germany),
Pharmacia (Freiburg, Germany), or ICN (Meckenheim,
Germany). Galardin (GM 6001), a broad spectrum inhibitor
of MMPs, genistein (4,5,7-trihydroxyisoflavone), an inhibitor
of tyrosine kinases, SB 202190 (FHPI; 4-(4-fluorophenyl)2-(4-hydroxyphenyl)-5-(4-pyridyl)1H-imidazol), an inhibitor
of p38 MAP kinase, UO126 (1,4-diamino-2,3-dicyano1,4-bis(2-aminophenylthio) butadien), an inhibitor of
MEK1/2, and MMP-2/MMP-9 inhibitor I (2R,2,4biphenylylsulfonylamino-3-phenylpropionic acid) were
obtained from CalBiochem (Bad Soden, Germany).
Preparation of a rabbit polyclonal anti-murine-TIMP-1
antiserum was described elsewhere[29] . Boyden chambers
were purchased from Neuroprobe (Gaithersburg, US) and
membranes from Merck (Dar mstadt, Ger many).
Recombinant murine TIMP-1 was obtained from R&D
Systems (Wiesbaden-Nordenstadt, Germany). A semiquantitative PCR detection kit was purchased from BioSource
International (Camarillo, CA).
Construction of a TIMP-1 antagonist
The MMP-9 mutant MMP-9-H401A was cloned as
previously described[28]. To introduce a point mutation at
amino acid 401 of murine MMP-9 (MMP-9-H401A), PCRaided mutagenesis was performed using the following
primers: 5’-TGG CAG CGG CCG AGT TCG GCC ATG3’ sense and 5’-CGA ACT CGG CCG CTG CCA CCA
GG-3’ antisense.
Cells and cell treatment
Human hepatoma cells (HepG2) were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 50 mL/L fetal calf serum (FCS), 100 mg/L
streptomycin and 60 mg/L penicillin. Cells were grown at
37 ℃ in a water-saturated atmosphere in air/CO2 (19:1).
Cells were assessed for the expression of TIMP-1 by Western
blotting after incubation under serum-free conditions for
24 h. Selection of HepG2 clones stably transfected with
murine TIMP-1 cDNA or murine MMP-9-H401A cDNA
was previously described[27,28]. For stable expression, HepG2
cells were transfected with the expression vector pcDNA3.1mTIMP-1 or pcDNA3.1-MMP-9-mut containing the
neomycin resistance gene. Colonies resistant to 500 µg/mL
neomycin were isolated, several clones were established and
assessed for the expression of murine TIMP-1 or mutant
MMP-9 by Northern and Western blotting. Expression by these
cells was maintained for more than 20 passages. Three positive
clones for each plasmid were used for further analyses.
Western blot
Serum-free cell supernatants of HepG2 cells and HepG2
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cell clones were separated by SDS-polyacrylamide gel
electrophoresis separating gels of 12.5% polyacrylamide and
stacking gels of 3% polyacrylamide. Lanes were loaded with
2 g of total protein each. Following electrophoresis at 30 V
the proteins from serum-free cell supernatants were
transferred to nitrocellulose membrane. Protein bands were
localized by staining Ponceau S. Blots were blocked with
TBS-N (pH 7.6) containing 10% BSA, 20 mmol/L Tris,
137 mmol/L NaCl, 0.1% Nonidet P40, washed and
incubated with antibodies against TIMP-1 (dilution 1:1 000).
Signals were visualized by enhanced chemiluminescence
according to the manufacturer’s instructions (Amersham).
Experiments were done in triplicate.
Boyden chamber experiments
Transwell 0.64-cm2 filter inserts (8-m pores) coated with a
thin layer of gelatin (125 g/cm2) were re-hydrated according
to the customer’s instructions essentially as described
previously[30]. Prior to seeding into the transwell inserts, cells
were released using trypsin-EDTA and sequentially rinsed
with DMEM containing 10% FCS and serum-free DMEM.
The rinsed cells were re-suspended in serum-free DMEM
(2.5×10 5 cells/mL) and 800 L was added to the upper
chambers. Galardin (2 mol/L), MMP-2/MMP-9 inhibitor
I (20 mol/L) or 0.1% DMSO as control were added. In
the lower compartment, fetal calf serum was used as
chemoattractant. Chambers were incubated in a humified
tissue incubator, containing 50 mL/L CO2 for 4 h at 37 ℃.
The cells on the upper surface of the filters were then
removed using a cotton swab and those remaining on the
lower surface of the filter were fixed with 10% methanol
and stained with hematoxylin and eosin. The filters were
rinsed with deionized water, dried and examined using light
microscopy. The number of cells in five random optical
fields (×400 magnification) from triplicate filters was
averaged to obtain the number of migrating cells.
Attachment assay
Attachment assays were performed in 96-well plates. The
wells were coated with gelatin solutions at a concentration
of 10 µg/mL at 4 ℃ for 18 h. Unspecific binding of cells was
blocked by pre-incubation of the wells with 3% BSA/PBS
for 2 h. Hepatoma cell clones were harvested by trypsin
incubation for 2 min, resuspended in DMEM without FCS
at a density of 2×105 cells/mL and placed in the respective
wells. For 4 h cells remaining in suspension were counted
every 15 min. The assays were carried out in triplicate.
Numerical data were analyzed by analysis of variance and
Tukey’s multiple range tests at 5 and 1% levels. Data were
presented as mean±SD.
RT-PCR
RNA was isolated from whole cells by UltraspecTM phenol
chloroform extraction procedure (Biotecx Laboratories Inc.,
Houston, TX) according to the instruction manual,
quantified spectrophotometrically at 260 nm and stored at
-70 ℃. Five micrograms of RNA were heated to 65 ℃ for
10 min in 50% formamide, 20 mmol/L 3-[N-morpholino]
propane sulfonic acid (MOPS), 5 mmol/L sodium acetate,
1 mmol/L EDTA, and 2.2 mol/L formaldehyde before
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gel electrophoresis in 1% agarose containing 2.2 mol/L
formaldehyde, 20 mmol/L MOPS, 5 mmol/L sodium
acetate, and 1 mmol/L EDTA. After electrophoresis,
integrity of the RNA was controlled by ethidium bromide
staining of 18S and 28S ribosomal RNA. First-strand
complementary DNA (cDNA) was synthesized from 1 µg
of DNA-free total RNA with a T-primed first-strand kit
(Pharmacia Biotech, Freiburg, Germany) according to the
manufacturer’s instructions. A 1:100 final dilution of the
reaction was used as template for PCR. In preliminary
experiments, we determined the optimal number of cycles
within the linearity of reactions for each PCR product. The
cycle number was 35 cycles for MMP-9, MMP-14, and
human TIMP-1, and 25 cycles for MMP-2 and GAPDH.
The primers for PCR were as follows: human MMP-2
(756-1682 nt, GenBankTM accession no. AL832088),
forward (5’-CCA CGC TGC GGC AAC CCA GAT GTG
GCC AAC-3’) and backward (5’-GGC GTG GCC AAA CTC
GTG GGC TGC CAC-3’); human GAPDH (292-885 nt,
GenBankTM J04038), forward (5’-CCC ATC ACC ATC
TTC CAG) and backward (5’-CCT GCT TCA CCA CCT
TCT); human MMP-9 (1512-2120 nt, GenBankTM
BC006093), forward (5’-ACG GCC ACT ACT GTG CCT
TTG-3’) and backward (5’-AGG GCA CTG CAG GAT
GTC ATA GG-3’); human MMP-14 (1247–1766 nt,
GenBankTM NM 031056), forward (5’-GCC CAT TGG
CCA GTT CTG GCG GG-3’) and backward (5’-CCT CGT
CCA CCT CAA TGA TGA TC-3’); human TIMP-1 (169494 nt, GenBankTM NM003254), forward (5’-GCA ATT
CCG ACC TCG TCA TC-3’) and backward (5’-AGT GTA
GGT CTT GGT GAA GC-3’). Using these primers, PCR
was performed by the expand high fidelity PCR system
(Roche Diagnostics) at 94 ℃ for 4 min followed by
individual cycles at 94 ℃ for 30 s, at 58 ℃ for 30 s, and at
72 ℃ for 1 min with an extension step at 72 ℃ for 7 min
at the end of the last cycle. The products were resolved in
agarose gel (1.8%), followed by staining with ethidium
bromide, and recorded by digital camera. The relative density
of the products was quantitated by the Bio-Rad Gel-Doc
system. The predicted PCR product size for MMP-2 and
MMP-9 was 926 and 608 bp, respectively. For glyceraldehyde
3-phosphate dehydrogenase (GAPDH) the product size is
593 bp, for MMP-14 519 bp, and for human TIMP-1,
325 bp. Identity of the PCR product for MMP-2, MMP-9,
MMP-14, and human TIMP-1 was confirmed by DNA
sequencing. The values were depicted as the ratio to those
of GAPDH.
Semi-quantitative multiplexPCR detection
The expression of human MMP-1, -3, -7, -2, -9, and GAPDH
were detected by a multiplexPCR kit (BioSou rce
International) according to the supplier’s instructions. The
primers were selected with similar Tm such that highly
stringent conditions for all primers could be utilized for
RT-multiplexPCR. Buffers used were formulated to decrease
competition among amplicons and to enhance the
amplification of longer DNA fragments during
multiplexPCR. Following PCR, the amplicons were analyzed
by gel electrophoresis. Since the amplification efficiency of
each primer pair was equivalent, the intensity of each
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Figure 1 TIMP-1 protein expression of hepatoma cells overexpressing
murine TIMP-1 and those overexpressing the TIMP-1 antagonist
MMP-9-H401A. The arrow indicates the position of murine TIMP-1.
TIMP-1 protein could be detected in HepG2-TIMP-1 cells only.

Effect of TIMP-1 and TIMP-1 antagonist on expression of
MMP-1, -3, -7, -2, -9, and MMP-13
Semi-quantitative multiplexPCR was used to investigate the
expression of MMP-1, -3, -2, -9, and -14 simultaneously in
HepG2 cells, HepG2-TIMP-1 cells and HepG2 cells
overexpressing MMP-9-H401A. The average values of
three different clones for each cell line are indicated in
Figure 2. Expression values of HepG2 cells were set to
100%. There were no significant changes in the expression
levels of MMP-1, MMP-3, and MMP-14 between wild
type HepG2 (white columns), TIMP-1 overexpressing
HepG2 cells (black columns), and HepG2 overexpressing
MMP-9-H401A (halftone columns). We observed a
significant increase in the expression of MMP-9 (HepG2TIMP-1: P = 0.003; HepG2-MMP-9-H401A: P = 0.05) in
both HepG2-TIMP-1 and HepG2-MMP-9-H401A cells
(Figure 2). MMP-9 primers did not differ between
endogenous human MMP-9 and the transgene MMP-9H401A with a single point mutation on DNA level. MMP-2
expression increased in HepG2-TIMP-1 in comparison to

mRNA normalized to GAPDH [% of WT]

RESULTS
Effect of TIMP-1 and TIMP-1 antagonist on TIMP-1 expression
HepG2 wild type cells were compared with HepG2 cell
clones overexpressing murine TIMP-1 (#T1, #T2, #T3)
and HepG2 cells overexpressing the TIMP-1 antagonist
MMP-9-H401A (#M1, #M2, #M3). Western blot analysis
was performed for serum-free supernatants from HepG2
cells, HepG2-TIMP-1, (Figure 1, Lane 3) and HepG2MMP-9-H401A. Using a specific polyclonal antiserum against
murine TIMP-1 that did not detect human TIMP-1, amounts
of murine TIMP-1 could be detected in HepG2-TIMP-1
cells. The supernatants of three different clones for HepG2TIMP-1 (Figure 1, lane 2) and three different clones for
MMP-9-H401A (Figure 1, lane 1), respectively, were pooled.

HepG2 cells but values did not reach the level of
significance. MMP-2 expression levels in HepG2-MMP-9H401A, however, decreased (Figure 2). There were no
changes in the expression of the endogenous TIMP-1
between all cell clones examined (Figure 2, right panel).
600
ba
500
400
300
200
a

100
0

MMP-1 MMP-3 MMP-2 MMP-9 MMP-14 TIMP-1

Figure 2 MMP mRNA expression of HepG2 (white columns), HepG2TIMP-1 clones (black columns), and HepG2 cells overexpressing the
TIMP-1 antagonist MMP-9-H401A (halftone columns). aP<0.05; bP<0.01.

Migration of human hepatoma cells was influenced by
endogenous TIMP-1
To investigate whether TIMP-1 or TIMP-1 antagonism
contributed to differences in cell migration, HepG2-TIMP-1
and HepG2-MMP-9-H401A cells were incubated in Boyden
chambers. Fetal calf serum was used as chemoattractant.
After incubated for 4 h, migrated cells were numbered on
the undersite of the permeable membrane coated with
gelatin. Data were normalized by setting the number of
HepG2 wild type cells to 100% (Figure 3, white column,
lane 1) and were presented as mean±SD. Compared with
wild type HepG2 cells, the cells overexpressing TIMP-1
showed 114.6±10.7% (P = 0.039) migration (Figure 3, black
column, lane 2) and the cells overexpressing the TIMP-1
antagonist showed 62.2±16% (P = 0.0196) migration
(Figure 3, halftone column, lane 3). The difference between
TIMP-1 clones and clones overexpressing the TIMP-1
antagonist was highly significant (P = 0.0057). Thus,
TIMP-1 overexpression associated with increased expression
of MMP-9 and MMP-2 favors migration in contrast to
TIMP-1 inhibition by MMP-9H401A.

a
140
Percentage of wt (%)

amplicon band was proportional to their relative concentration
in the cDNA sample. Agarose gel electrophoresis bands were
scanned by computer analysis, and the optical density was
plotted by histogram. The Bio-Rad Gel-Doc system was used
to quantify PCR data. Data from MMP-cDNA were
normalized to the respective content of GAPDH.
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Figure 3 TIMP-1 and TIMP-1 antagonist contribute to differences in
cell migration. a P<0.05; bP<0.01.
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Migration of hepatoma cells overexpressing TIMP-1 was
inhibited by a broad spectrum inhibitor of MMPs and a specific
inhibitor of MMP-2 and MMP-9
To investigate whether MMPs were responsible for the
different migration rates of HepG2 cells overexpressing
TIMP-1 or MMP-9-H401A, cells were incubated with the
broad spectrum MMP-inhibitor Galardin (Figure 4, lanes
2, 5, 8, 11, 14, 17, 20; few points) and a specific inhibitor
of MMP-2/MMP-9 (Figure 4, lanes 3, 6, 9, 12, 15, 18, 21;
many points). HepG2, HepG2-TIMP-1, and HepG2-MMP9-H401A cells were incubated in Boyden chambers either
with or without 2 µmol/L Galardin (GM 6001, inhibitor
of MMP-1, -2, -3, -8, -9) and 20 µmol/L MMP-2/MMP-9
inhibitor. Fetal calf serum was used as chemoattractant.
After 4 h of incubation migrated cells were numbered on
the bottom of the permeable membrane coated with gelatin.
Incubation with 2 µmol/L Galardin and 20 µmol/L
gelatinase inhibitor reduced cell migration from 27.7±15.6
to 22.2±10.3 (P = 0.038) and 25.1±15.7 in HepG2 wild
type cells (Figure 4, column 1-3). In the case of HepG2MMP-9-H401A, incubation with Galardin reduced cell
migration significantly from 21.5 to 16.1 (P = 0.02, #M1),
17.6 to 4.8 (P = 0.0016, #M2), and 12.6 to 6.9 (P = 0.03,
#M3) for all clones analyzed separately. Gelatinase inhibitor
was not able to reduce cell migration significantly in wild
type cells and two of three cell clones overexpressing the
TIMP-1 antagonist MMP-9-H401A (Figure 4, lanes 3, 6,
and 12; many points). In the case of HepG2-TIMP-1,
incubation with Galardin reduced cell migration from 33.9
to 25.8 (P = 0.02, #T1), 30.8 to 24.6 (P = 0.018, #T2), and
28.1 to 14.5 (P<0.0001, #T3). In the presence of MMP-2/9 inhibitor a reduced migration was observed in all TIMP1 overexpressing cell clones (Figure 4, lane 15, 18, and 21:
many points), although reduction did not achieve significance
in all cases (Figure 4, lane 18). Incubation of HepG2-TIMP1 (#T1) with the specific MMP-2/-9 inhibitor reduced cell
migration from 33.9±18.9 to 15.4±10.7 (P = 0.000003)
beyond the number achieved by incubation with Galardin.
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Figure 4 Effect of a broad spectrum MMP inhibitor and a specific
MMP-2/MMP-9 inhibitor on the migration of HepG2, HepG2-TIMP-1
and HepG2-MMP-9-H401A cells. bP<0.01; d P<0.001.

Effect of TIMP-1 overexpression and TIMP-1 antagonism on
cell attachment
We examined the attachment of all cell clones used to gelatin-
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coated membranes as shown in Figure 5. Three different
clones of HepG2-TIMP-1 (#T1, #T2, #T3) and HepG2MMP-9-H401A (#M1, #M2, #M3) behaved similarly to
wild type HepG2 cells and showed a comparable attachment
(Figure 5).

2.5
X-fold decrease/30 min

1100

2.0
1.5
1.0
0.5
0.0

WT #T1 #T2 #T3 #M1 #M2 #M3

Figure 5 TIMP-1 and TIMP-1 antagonist do not influence cell
attachment.

Signaling pathways required for expression of MMP-2 and
MMP-9 in TIMP-1 overexpressing cells
To test which signaling pathways were involved in the
expression of MMP-2 and MMP-9 in wild type HepG2
and TIMP-1 overexpressing HepG2, cells were incubated
with different kinase inhibitors. Ras proteins are key
molecular switches that mediate transmembrane signaling
through the activation of multiple downstream pathways,
which include the MAPK kinase pathways[31]. A series of
pharmacological inhibitors were used to test the potential
contribution of one or more signaling pathways that might
regulate the steady-state transcription of the MMP-2 and
the MMP-9 gene in wild-type or TIMP-1 overexpressing
HepG2 cells: genistein (25 and 50 mol/L; tyrosine kinase
inhibitor), SB 202190 (2.5 mol/L; potent inhibitor of p38
MAP kinase), and UO126 (1 mol/L; potent and specific
inhibitor of MEK1 and MEK2).
UO126 and genistein treatment at a dose of 50 mol/L
inhibited the secretion of MMP-2 in wild type and TIMP-1
overexpressing hepatoma cells (Figures 6A, B and columns
3, and 5). There was also a less pronounced but reproducible
effect using the general tyrosin kinase inhibitor genistein at
a dose of 25 mol/L (Figure 6A, B and column 2). The
specific p38 MAP kinase inhibitor SB 202190 was effective
in blocking MMP-2 expression in HepG2 wild-type cells
only, suggesting that the MMP-2 expression was not
regulated through p38 MAPK in the case of TIMP-1
overexpression. These data all supported the hypothesis that
constitutive MMP-2 expression is regulated through a
steady-state signaling event, passing through Ras, MEK1/2,
and p38 MAP kinases (Figure 6A). All TIMP-1 overexpressing
cell clones (#T1, #T2, #T3) behaved similar (Figure 6 B).
Genistein at a dose of 25 and 50 µmol/L inhibited the
secretion of MMP-9 in wild-type and TIMP-1 overexpressing
hepatoma cells (Figure 6C, D and columns 2, 3). There was
also a less-pronounced but reproducible effect using the
specific MEK1/2 inhibitor UO126 at a dose of 1 mol/L
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Figure 6 Effect of genistein, p38 MAPK inhibitor (SB 202190), and UO126 on the induction of MMP-2 and MMP-9 mRNA expression in HepG2
(A and C) and HepG2 TIMP-1 overexpressing cell clones (B and D). Cells were treated with Genistein 25 µM (2), Genistein 50 µM (3), SB202190
(4), and UO126 (5). mRNA expression of untreated cells (1) were set to 100%. Incubation with DMSO served as control (6).

(Figure 6C, D and column 5). The specific p38 MAP kinase
inhibitor SB 202190 was effective in blocking MMP-9
expression in HepG2 wild-type cells and less pronounced
in one (#T1) of the TIMP-1 overexpressing clones
(individual data not shown) whereas MMP-9 expression
could not be influenced by p38 MAK inhibition in other
TIMP-1 overexpressing clones (#T2, #T3) (individual data
not shown). These data suggested that TIMP-1 overexpression
attenuates MMP-9 expression through p38 MAPK. Similar
to MMP-2 constitutive MMP-9 expression is regulated
through a steady-state signaling event passing through Ras,
MEK1/2, and p38 MAP kinases (Figure 6C).

DISCUSSION
A critical involvement of TIMP-1 and MMPs, in the extent
of migration of human hepatoma cells, is shown here. It
has previously been reported that TIMP-1 may play an
important role in growth and migration, especially of
hepatocellular and cholangiocellular carcinomas[32]. In this
report, we extend these data in several ways. The migration
of human hepatoma cells is characterized by the presence
of TIMP-1 and a novel TIMP-1 antagonist. The influence
of MMPs in the presence of high TIMP-1 levels can be
determined by the application of a broad spectrum MMP
inhibitor (Galardin GM6001) and a specific inhibitor of
MMP-2, and MMP-9. MMP-2 and MMP-9 were critical
for the migration of hepatoma cells in the presence of
TIMP-1 (Figure 4). The action of TIMP-1 on the migration
of hepatoma cells is functionally different from the MMPinhibitors indicating other functions of TIMP-1 besides its
MMP inhibitory capacity. The influence of cell attachment
on the extent of migration is excluded by defining the
attachment of all cell clones used. Signal transduction

pathways responsible for the gene expression of MMP-2
and MMP-9 are analyzed either in the presence or absence
of TIMP-1 and differences are elaborated concerning p38
MAPK.
TIMP-1 overexpression leads to increased migration of
hepatoma cells (Figure 2). This phenomenon linked to
TIMP-1 is confirmed by the use of the novel TIMP-1
antagonist MMP-9-H401-A[28]. This MMP-9 mutant has
the opposite effect of TIMP-1 and reduces migration in
our system. Although both TIMP-1 and the synthetic MMPinhibitor GM6001 are able to inhibit MMPs, TIMP-1
increases and GM6001 decreases migration. Thus, the action
of TIMP-1 on migration of hepatoma cells is functionally
different from GM6001. Since TIMP-1 enhances migration
in hepatoma cells, the influence of TIMP-1 on migration
seems to be at least partly independent of its MMP
inhibitory activity and indicates other functions of TIMP-1
besides its MMP inhibitory capacity. Recent studies showed
that apoptotic effects of TIMP-1, especially the inhibition
of apoptosis in tumor cells, are independent of MMP
inhibition[11,33] . However, apoptosis would hardly be the
reason for increased migration in our experiments because
we measured migration over 4 h, too short for significant
effects of programed cell death. Furthermore, we measured
apoptosis in all cell clones used vs HepG2 wild-type cells by
a cell death detection (nuclear matrix protein) but ELISA
and apoptotic DNA Ladder kit could not detect any
significant differences (data not shown). Further biological
functions of TIMP-1, mitogenic activity, and cell-growth
promoting activity, can be mainly excluded for the short
period of time selected[11,34-36] . The effect of TIMP-1 on
hepatoma cell migration might be cell tissue specific because
in B16-F10 melanoma cells a specific up-regulation of
murine TIMP-1 expression directly suppresses the invasive
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ability in a matrigel transwell invasion assay[37]. Recently the
modulation of cell morphology has been reported to have
a function for TIMP-1 [11,38]. In smooth muscle cells a
minimum expression of the contractile proteins and a
maximal proliferation rate are correlated with the highest
levels of both MMP-1 and TIMP-1[38]. TIMP-1 overexpressing
HepG2 cells actually have a characteristic phenotype; they
grow in nests and lie on top of each other[27]. It might be
possible that this specific phenotype enables the cells to
enhance migration through the gelatin-coated transwell
filters. Whether the modulation of cell morphology by
TIMP-1 takes place by changing the expression pattern of
contractile proteins is the subject of our current investigation.
MMP-2 and -9 are necessary for the migration of many
cell types and tumor cells, e.g., Langerhans cells and dermal
dendritic cells from human and murine skin[5]. The migration
of the latter cells, however, is inhibited by TIMP-1 and
TIMP-2. We also demonstrated that MMPs are critical for
the migration of hepatoma cells either in the presence or
absence of TIMP-1 (Figure 4). Overexpressing functional
TIMP-1 seems to depend on enhanced MMP-activity. Since
Galardin is able to inhibit MMP-1, -2, -3, -8 and -9, one or
more of these MMPs might be responsible for migration
in HepG2 cells in our system. Overexpression of MMP-9
in HepG2-TIMP-1 cells has been demonstrated earlier[27].
Actually, we observed a reduced migration of all cell clones
used in the presence of MMP-2/MMP-9 inhibitor. In some
cases (Figure 4), however, reduction of migration did not
achieve significance.
Migration of cells through a coated membrane involves
not only ECM degradation but also requires the ability of
adhesive interactions between cells and matrix. Cell migration
can be viewed as a process regulated by counter-balanced
forces or activities. Strength of cell adhesion and inhibitory
degrees of cell adhesion can regulate the speed of motility[6,39].
In the present study, however, decreased and increased
migration did not correlate with different adhesion (Figure 5).
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MAPK activities exert a crucial role in cellular migration,
and their implication in this process has been highlighted by
the use of specific inhibitors (indicated in Figure 7).
Several reports have shown that SAPK2/p38 is involved
in chemokine-induced chemotaxis of cells[40-42] . For this
reason, we examined the migration potential of TIMP-1
overexpressing cells in the presence of specific signal
transduction inhibitors (Figure 7) and our study presents
evidence that p38 but not ERK, intervenes in the control
of hepatoma cell migration. Signal transduction has
traditionally been examined by short-term stimulation of
cells with agents that induce mitogenesis, differentiation, or
apoptosis[43]. Recent work showed that maintenance of
basal cell function also requires “steady-state” signal
transduction[44] . In this specific instance, the steady-state
production of MMP-2 and MMP-9 involved in cell
attachment, detachment, and migration was examined in
our study. Constitutive MMP-2 and MMP-9 expression is
regulated through a steady-state signaling event passing
through tyrosine kinases, MEK1/2, and p38 MAP kinases
(Figures 6, 7). Our results are in accordance with others[42-44,48].
For head and neck cancer cells, it has already been reported
that the general tyrosine kinase inhibitor genistein induces
several specific molecular changes, such as down-regulation
of c-erbB-2 expression, down-regulation of MMP-2 and
MMP-9 secretion, inhibition of tumor cell invasion and
down-regulation of nuclear factor-kappaB DNA binding
activity[45]. In human keratinocytes, the inhibition of MAPK
pathway is correlated with down-regulation of MMP-9
secretion induced by TNF-alpha[46]. In brain cells, ERK and
p38 MAP kinases are up-regulated after mechanical injury,
and mediate the secretion of MMP-9 [47] . Recently, it has
been shown that inhibition of monocyte migration occurs
via inhibiting crucial signaling pathways, like SAPK2/p38
(Figure 7) and MMP-2 activities[48].
Given the data presented in this manuscript, we could
now predict that expression of MMP-2 and MMP-9 in
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Figure 7 Signal transduction pathways and MAP kinase signaling cascades in mammalian cells shown in schematic form.
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liver tumors containing high TIMP-1 activity cannot be
influenced by inhibition of p38 MAK (Figure 7). This should
result in a higher metastatic potential and probably a poorer
overall prognosis.
Our data add new insights in the complex function of
TIMP-1 and control of MMP activity in human liver cells.
Thus, the suggested role of TIMP-1 in tumor cell migration
has substantially changed from the initial focus on MMP
inhibition to a broader focus including modulation of MMP
secretion, cell morphology, and cell migration. With regard
to the treatment of inflammatory disorders and metastasis,
it might be useful to target the signaling pathways regulating
these MMPs in more detail.
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AIM: To clarify the clinicopathologic significance of COX-2
expression in human colorectal cancer.
METHODS: A total of 128 surgically resected colorectal
cancer s pecim ens were im munohistochem ically
analyzed with the use of anti-COX-2, anti-VEGF and antiMMP-2 antibodies. The relationship between the
cyclooxygenase-2 expression in primary lesions of
colorectal cancer and clinicopathologic parameters was
evaluated by chi-square test.
RESULTS: Among 128 cases of colorectal cancer, 87
(67.9%) were positive for cyclooxygenase-2. The
expression of cyclooxygenase-2 was significantly
correlated with the depth of invasion, stage of disease,
and metastasis (lymph node and liver). Patients in T3-T4,
stages III-IV and with metastasis had much higher
expression of cyclooxygenase-2 than ones in T1-T2, stages
I-II and without metastasis (P<0.05). Among 45 cases of
colorectal cancer with lymph node metastasis, the COX-2positive rate was 86.7% (39/45) for primary lesions and
diffuse cytoplasmic staining for COX-2 protein was
detected in cancer cells in 100% of metastatic lesions of
the lymph nodes. VEGF expression was detected in 49
tumors (38.3%), and VEGF expression was closely
correlated with COX-2 expression. The positive expression
rate of VEGF (81.6%) in the cyclooxygenase-2-positive
group was higher than that in the cyclooxygenase-2negative group (18.4%, P<0.05). MMP-2 expression was
detected in 88 tumors (68.8%), and MMP-2 expression
was closely correlated with COX-2 expression. The positive
expression rate of MMP-2 (79.6%) in the positive COX-2
group was higher than that in the negative COX-2 group
(20.4%, P<0.05).
CONCLUSION: Cyclooxygenase-2 may be associated
with tumor progression by modulating the angiogenesis

INTRODUCTION
Cancer has been described as a disease of aberrant signal
transduction. Carcinogenesis is a multistep process
characterized by progressive changes in the amounts or
activity of proteins that regulate cellular proliferation,
differentiation, and survival. These changes can be mediated
through both genetic and epigenetic mechanisms.
Cyclooxygenase (COX) is a rate-limiting enzyme in
prostaglandin biosynthesis [1]. Evidence suggests that
nonsteroidal anti-inflammatory drugs reduce the risk of
colorectal cancer and that this effect is mediated through
COX inhibition[2-4]. Two COX isoforms, COX-1 and COX-2,
have been identified. COX-1 is constitutively expressed and
involved in general cell functions, whereas COX-2 is an
inducible enzyme that is up-regulated in response to various
stimuli, including growth factors and mitogens[5-8]. An
enhanced expression of COX-2 has been found in many
tumors, such as the lung, breast, esophageal, and colon
cancers [2-4,9-11]. Recent studies have demonstrated that
COX-2 could affect carcinogenesis via several different
mechanisms [1,12-15]. Overexpression of COX-2 leads to
phenotypic changes involving increased adhesion to the
extracellular matrix and inhibition of apoptosis in rat intestinal
epithelial cell, which could enhance their tumorigenic
potential[3,8,10,15-18]. Constitutive expression of COX-2 can
also lead to alterations in the invasive potential of colorectal
cancer cells, and COX-2 may be involved in tumor
angiogenesis [1,11,13,17-20]. COX-2 may be related to the
development of colorectal cancer, but the precise role of
COX-2 in colorectal cancer is not yet fully known.
In this study we compared COX-2 expression in primary
and metastatic lesions by immunohistochemical staining in
a group of colorectal cancer patients. Our objective was to
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determine the clinical significance of COX-2 in advance
of colorectal cancer.

MATERIALS AND METHODS
Patients
A total of 128 cases of colorectal adenocarcinoma that
had undergone surgical resection were collected in the
Affiliated Zhongnan Hospital of Wuhan University (Wuhan,
China) from January 1999 to September 2002, and COX-2,
VEGF and MMP-2 immunohistochemical staining were
performed. There were 73 men and 55 women, and their
age ranged from 23 to 74 years (mean, 56±11 years). Among
128 patients, 26 were well-differentiated adenocarcinoma,
57 moderately differentiated adenocarcinoma and 45 poorly
differentiated adenocarcinoma. According to Dukes’ staging
criteria, 37 cases were stage I, 41 stage II, 39 stage III and
11 stage IV.
Methods
Immunohistochemical staining All the tissue specimens
were fixed in 100 mol/L neutral formalin and embedded in
paraffin. Five-m thick sections were dewaxed in xylene
and dehydrated in ethanol. Tissue sections were washed
three times in 0.05 mol/L PBS, and incubated in endogenous
peroxidase blocking solution. Non-specific antibody binding
was blocked by pretreatment with PBS containing 5 g/L
bovine serum albumin. Sections were then rinsed in PBS
and incubated overnight at 4 ℃ with diluted anti-COX-2
(Santa Cruz), anti-VEGF (Bosden, Wuhan, China) and antiMMP-2 (Santa Cruz) antibodies. The steps were performed
using S-P detection kit (Maxin, Fuzhou, China) according
to the manufacturer’s instructions. PBS was used as
substitutes of antibody for negative control. The sections
were examined under light microscope.
Evaluation of the staining Evaluation for COX-2 was
performed according to the following scoring system[1] :
staining intensity was graded as weak (1), moderate (2), or
strong (3), and area of staining positivity as <10% (0) of all
cells stained in the cytoplasm, 10-40% (1), 40-70% (2), or
≥70% (3). Total scores for grade and area of three or
more was defined as positive expression and less than three
as negative. Positive signal for VEGF and MMP-2 was
located in the cytoplasm or/and cell membrane[11,21-24].
Immunoreactivity was graded as follows: +, ≥10% stained
tumor cells; and -, <10% stained tumor cells[18,25-28].
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Statistical analysis
The difference between each group was analyzed by 2
test. P<0.05 was considered significant.

RESULTS
COX-2 expression in colorectal cancer and clinicopathologic
findings
COX-2 was expressed in the cytoplasm of cancer cells
(Figure 1A) and the expression in primary tumor was noted
in 67.9% (87/128). The correlation between COX-2
expression and the clinicopathologic findings is shown in
Table 1. The expression of COX-2 was significantly correlated
with depth of invasion, stage of disease and metastasis
(lymph node and liver). Patients in T3-T4, stages III-IV
and metastasis had much higher COX-2 expression than
ones in T1-T2, stages I-II and without metastasis (P<0.05).
The expression of COX-2 was not correlated with age,
gender and differentiation degree of the tumor (P>0.05).

Table 1 Clinicopathologic characteristics of colorectal cancer with
expression of COX-2
Variable

COX-2 positive
n (%)

n

Sex
Male
73
Female
55
Age (yr)
Histological differentiation
Well
26
Moderate
57
Poor
45
Depth of invasion
T1-T2
81
T3-T4
47
Metastasis
Present
50
Absent
78
Dukes stage
I
37
II
41
III+IV
50
VEGF expression
Positive
49
Negative
79
MMP-2 expression
Positive
88
Negative
40
a

COX-2 negative
n (%)

50 (68.5)
37 (67.3)
54±12

23 (31.5)
18 (32.7)
56±15

17 (65.4)
40 (70.2)
30 (66.7)

9 (34.6)
17 (29.8)
15 (33.3)

48 (59.3)
39 (83.0)

33 (40.7)
8 (17.0)a

42 (84.0)
45 (57.7)

8 (16.0)
33 (42.3)a

15 (40.5)
28 (68.3)
44 (88.0)

22 (59.5)
13 (31.7)
6 (12.0)a

40 (81.6)
47 (59.5)

9 (18.4)
32 (40.5)a

70 (79.6)
17 (42.5)

18 (20.4)
23 (57.5)a

P<0.05 vs positive.

C

Figure 1 Expression of COX-2, VEGF and MMP-2 in well-differentiated colon adenocarcinoma. A: The staining of COX-2 is mainly in the
cytoplasm of tumor cells. S-P, ×400; B: The staining of VEGF is mainly in the cytoplasm and membrane of tumor cells. S-P, ×400; C: The
staining of MMP-2 is mainly in cytoplasm and membrane of tumor cells. S-P, ×400.

Xiong B et al. Cyclooxygenase-2 and colorectal cancer
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Figure 2 COX-2 expression in lymph node metastatic lesions. A: The staining is mainly in cytoplasm of tumor cells. S-P, ×200; B: The staining
is mainly in cytoplasm of tumor cells. S-P, ×400.

Relationship between COX-2, VEGF and MMP-2 expression
VEGF was mainly localized in the cytoplasm and cell
membrane of the tumor cells (Figure 1B). VEGF expression
was detected in 49 tumors (38.3%), and VEGF expression
was closely correlated with COX-2 expression (Table 1).
The positive expression rate of VEGF (81.6%) in the
positive COX-2 group was higher than that in the negative
COX-2 group (18.4%, P<0.05).
MMP-2 was mainly localized in the cytoplasm and cell
membrane of the tumor cells (Figure 1C). MMP-2
expression was detected in 88 tumors (68.8%), and MMP-2
expression was closely correlated with COX-2 expression
(Table 1). The positive expression rate of MMP-2 (79.6%)
in the positive COX-2 group was higher than that in the
negative COX-2 group (20.4%, P<0.05).
Relationship of COX-2 expression between primary and lymph
node metastatic lesions
Among 45 cases of colorectal cancer with lymph node
metastasis, the COX-2 positive rate was 86.7% (39/45) for
primary lesions and 100% for metastatic lesions in the lymph
nodes. All cases with no staining in the primary lesion showed
COX-2 staining in the metastatic lesion in the lymph nodes
(Figures 2A, B).

DISCUSSION
Epidemiological and experimental studies have demonstrated
the effect of non-steroidal anti-inflammatory drugs in the
prevention of human cancers[1,5-7,16-18]. These drugs block
endogenous prostaglandin synthesis through inhibition of
COX enzymatic activity[17,20,23-26] . COX-2 is an inducible
enzyme that catalyzes the conversion of arachidonic acid
to biologically active prostanoids. COX-2 modulates the
growth and function of many cells, including those with
malignant transformation. The over-expression of COX-2
has been reported in tissues from patients with different
carcinoma, and is believed to play a role in tumor
transformation and progression, as well as in tumor
regression[1,4-7,18,29-32]. Recent experimental studies showed
that COX-2 inhibits cell apoptosis, regulates angiogenesis, and
is associated with matrix metalloproteinases (MMP)[16,26,33-35].
COX-2 was over-expressed in approximate 80% of
colorectal cancer cases[1,18,30,36], and may be related to the

development of colorectal cancer. However, the precise
role of COX-2 in colorectal cancer is not yet fully known.
Yamauchi et al[1] reported that COX-2 expression correlated
significantly with histologic type, depth of invasion, pathologic
stage, and metachronous liver metastasis of colorectal
cancer. Multivariate analysis for factors associated with
metachronous liver metastasis of colorectal cancer showed
that COX-2 expression was one of the independent risk
factors, second only to lymph node metastasis[1]. COX-2
expression in the primary lesion may be a useful marker
for evaluating prognosis and liver metastasis in patients with
colorectal cancer[1] . In our study, COX-2 expression was
detected in 87 tumors (67.9%). The expression of COX-2
was significantly correlated with the depth of invasion, stage
of disease and metastasis (lymph node and liver). Patients
in T3-T4, stages III-IV and with metastasis had much higher
expression of COX-2 than ones in T1-T2, stages I-II and
without metastasis (P<0.05). Among 45 cases of colorectal
cancer with lymph node metastasis, the COX-2-positive rate
was 86.7% (39/45) for primary lesions and diffuse
cytoplasmic staining for COX-2 protein was detected in
cancer cells in 100% of metastatic lesions in the lymph
nodes. The preferential expression of COX-2 in lymph node
metastases suggests a clonal selection of tumor cells with
COX-2 expression, specific for the higher potential of lymph
node metastasis in tumor advance, and COX-2 plays a role
related to the malignant progression of colorectal cancer.
Masferrer et al [31] reported that COX-2 stimulates
endothelial cell migration and vessel tube formation, which
are inhibited by NSAIDs. They also reported that COX-2
affects MMP-2 and activated collagenase levels. This study
found that the expression of VEGF and MMP-2 in COX-2positive group is significantly higher than that in COX-2negative group. The expression of COX-2 is significantly
correlated with the expression of VEGF. It demonstrated
that COX-2 might be indirectly correlated with angiogenesis
through an up-regulation of the expression of VEGF. The
expression of COX-2 is also significantly correlated with
MMP-2 in colorectal cancer. It indicates that COX-2 can
also lead to alterations in the invasive potential of colorectal
cancer cells through an up-regulation of the expression of
MMP-2. It suggests that COX-2 is closely related to the
invasion and metastasis of colorectal cancer and it may be
used as a possible biomarker.
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Abstract
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AIM: Hepatitis B virus (HBV) re-activation often occurs
spontaneously or after withdrawal of immunosuppressive
therapy in patients with chronic hepatitis B. Severe
exacerbation, sometimes developing into fulminant
hepatic failure, is at high risk of mortality. The efficacy of
corticosteroid therapy in “clinically severe” exacerbation
of chronic hepatitis B has not been well demonstrated. In
this study we evaluated the efficacy of early introduction
of high-dose corticosteroid therapy in patients with lifethreatening severe exacerbation of chronic hepatitis B.
METHODS: Twenty-two patients, 14 men and 8 women,
were defined as “severe” exacerbation of chronic hepatitis
B using uniform criteria and enrolled in this study. Eleven
patients were treated with corticosteroids at 60 mg or
more daily with or without anti-viral drugs within 10 d
after the diagnosis of severe disease (“early high-dose”
group) and 11 patients were either treated more than 10 d
or untreated with corticosteroids (“non-early high-dose”
group).
RESULTS: Mean age, male-to-female ratio, mean
prothrombin time (PT) activity, alanine transaminase (ALT)
level, total bilirubin level, positivity of HBeAg, mean IgMHBc titer, and mean HBV DNA polymerase activity did not
differ between the two groups. Ten of 11 patients of the
“early high-dose” group survived, while only 2 of 11
patients of the “non-early high-dose” group survived
(P<0.001). During the first 2 wk after the introduction of
corticosteroids, improvements in PT activities and total
bilirubin levels were observed in the “early high-dose”
group. Both ALT levels and HBV DNA polymerase levels

CONCLUSION: The introduction of high-dose corticosteroid
can reverse deterioration in patients with “clinically lifethreatening” severe exacerbation of chronic hepatitis B,
when used in the early stage of illness.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is well recognized that exacerbation of hepatitis B may
occur in chronic hepatitis B virus (HBV) carriers spontaneously
or in relation to cytotoxic or immunosuppressive therapy. A
clinical picture of acute hepatitis, and even severe exacerbation,
sometimes fulminant hepatic failure, may develop and is
associated with high mortality[1]. In a retrospective survey
in Japan, a 53% incidence of severe hepatitis with a 24%
mortality rate (mortality rate of 45% in severe hepatitis) is
reported in relation to chemotherapy in HBV carriers with
hematologic malignancies[2]. For the treatment of patients
with severe exacerbation without malignancies who progressed
to serious deterioration, liver transplantation may be
considered. However, the problems of the shortage of
donor- livers and the high cost of liver transplantation still
remain in Japan. Thus, therapies other than transplantation
must be further investigated for the hepatitis B patients
with severe exacerbation.
In HBV infection, liver injury is considered to be induced
mainly by CTL-mediated cytolytic pathways of infected
hepatocytes[3]. Examination of B and T lymphocyte functions
in patients with chronic hepatitis B revealed that serum
alanine transaminase (ALT) level is closely correlated with
suppressor T lymphocyte activity[4]. Sjogren et al[5] suggested
that corticosteroids modulate the activity of chronic hepatitis
B by suppressing the host-immune response to HBV antigens.
Nouri-Aria et al[6] have shown the defects in suppressor T
lymphocyte activity in chronic hepatitis B. Therefore, it must
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be reasonable to treat chronic hepatitis B patients with
corticosteroids in order to inhibit excessive immune response
and prevent cytolysis of infected hepatocytes.
Corticosteroids have been used in the treatment of
chronic active hepatitis B since the 1970s. However, in
recent years corticosteroids have not been used for the
routine management of chronic hepatitis B since the
advantage of their use was not confirmed by control studies.
For example, Lam et al[7] reported that long-term low-dose
prednisolone treatment delays remission and increases
relapse, complications, and death in a pair-randomized study,
indicating that prednisolone has a deleterious effect on
chronic active hepatitis B. Hoofnagle et al [8] showed that
4 wk of pre-dnisolone treatment produces no benefit in
patients with chronic hepatitis B and is even harmful because
of worsening of histopathological features. Scullard et al[9]
showed that immunosuppressive therapy has a potentiating
effect on hepatitis B viral replication in patients with chronic
active hepatitis. However, these studies mainly dealt with
cases of clinically “non-severe” hepatitis that is not urgently
life-threatening and the effects of corticosteroid treatment
for “potentially life-threatening” severe exacerbation of
chronic hepatitis B as well as the timing and dose of
treatment have not been well demonstrated. Lau et al [10]
reported that the re-introduction of long-term high-dose
corticosteroids in the early phase of reactivation after the
withdrawal of immunosuppressive therapy prevents both
progressive clinical deterioration and the potential need for
orthotopic liver transplantation.
In this study, we investigated the clinicopathological
features of chronic hepatitis B patients with severe exacerbation
selected by uniform criteria, and treated with early introduction
or reintroduction of sufficient doses of corticosteroids, in
order to clarify the benefits and limitations of the effects
of corticosteroids for amelioration of clinically severe
exacerbation of chronic hepatitis B.

MATERIALS AND METHODS
Patients
Twenty-two chronic hepatitis B patients with severe
exacerbation, who were admitted to our liver unit (Chiba
University Hospital and related hospitals) during the last
decade, were studied. The diagnosis of chronic hepatitis B
viral carriers was made, based on either the positivity of
hepatitis B surface antigen (HBsAg) for at least 6 mo before
entry, or the positivity of hepatitis B surface antigen, antihepatitis B core antibody (HBcAb) at high titer and negativity
or low titer of IgM anti-hepatitis B core antibody (IgMHBc) in patients with follow-up periods less than 6 mo
before entry. The patients, fulfilling the following three
criteria during the course, were defined as having severe
exacerbation: prothrombin time (PT) activity less than
60% of normal control, total bilirubin (T-bili) greater than
3.0 mg/dL, and ALT greater than 300 IU/L. All patients
had a poor general condition, manifested as general malaise,
fatigue, jaundice, edema, ascites and encephalopathy.
Histological examination was performed in the convalescent
phase or after death in 16 patients.
All patients were negative for IgM anti-HAV antibody,
anti-hepatitis D antibody, anti-HCV antibody, HCV RNA,
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IgM anti-Epstein-Barr virus antibody (IgM-EBV), IgM antiherpes simplex virus antibody (IgM-HSV), IgM anticytomegalovirus antibody (IgM-CMV), anti-nuclear antibody,
anti-smooth muscle antibody, liver kidney microsomal
antibody-1 and anti-mitochondrial antibody. Patients with
a history of recent exposure to drugs and chemical agents
and histories of recent heavy alcohol in-take were ruled
out. None of the patients had clinical and laboratory
evidence of acquired immune deficiency syndrome.
Protocols for treatment
Eleven patients were treated with “early high-dose” of
corticosteroids (Table 1). Informed consent was obtained
from patients or their appropriate family members.
Corticosteroids, 60 mg or more prednisolone daily, was
administered within 10 d after the diagnosis of severe disease
using the above-mentioned criteria. The dosage of
prednisolone was maintained at least for 4 d. When the
patients showed a trend toward remission in PT[11], the dosage
was reduced by 10 mg at least every 4 d to 30 mg. Then,
the dosage was reduced by 2.5 or 5 mg every 2 wk or
longer, depending on the decreasing trend of the ALT level.
The remaining 11 patients were not treated with “early
high-dose” corticosteroids (Table 1), because it was already
10 d before they were admitted to our unit.
Two patients (patients 1 and 17) with marked prolongation
of PT were treated with 1 000 mg of methylprednisolone
daily for 3 d followed by the same pre-dnisolone therapy as
described above. Two patients with deep hepatic coma at
admission (patients 12 and 17) were treated with a combination
therapy of corticosteroid and interferon. Interferon- was
administered at 3 million units/d. Afterwards, lamivudine,
a nucleoside analogue with significant inhibition of HBV
DNA polymerase, which could be used safely in patients
with severe disease[12-17] was administered, in addition to
prednisolone, at a daily dose of 150 mg in 3 patients, 2 in
the “early high-dose” group (patients 6 and 7) and 1 in the
“non-early high-dose” group (patient 14).
Four patients were treated with intravenous glycyrrhizin
(stronger neominophagen C) at 60 mL/d, an aqueous extract
of licorice root which is reported to have anti-inflammatory
activity and has been used for the treatment of chronic
viral hepatitis in Japan[18].
Serological markers
HBsAg, hepatitis B e antigen (HBeAg), anti-HBe antibody
(HBeAb), HBcAb, IgM-HBc, IgM anti-HAV antibody, and
anti-hepatitis D antibody were detected by commercial
radioimmunoassay (Abbott Laboratories, Chicago, IL), and
HCV RNA was measured by nested RT-PCR[19]. The second
generation of anti-HCV anti-body was measured by enzyme
immunoassay (Ortho Diagnostics, Tokyo, Japan). IgM-EBV,
IgM-CMV, and IgM-HSV were examined by enzyme-linked
immunosorbent assays. Anti-nuclear antibody, anti-smooth
muscle antibody, anti-mitochondrial antibody, and anti-liver
kidney microsomal-1 antibody were detected by fluorescent
antibody method. HBV DNA polymerase was assayed
according to the method of Kaplan et al [20] . HBV DNA
level was measured by hybridization assay (Abbott) or
branched DNA hybridization assay (Chiron, Emeryville, CA).
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Table 1 Clinical features of patients
Pt

Age (yr)

Sex

Therapy
drug

Duration (d)1

Condition

History of immunosuppresive
or cytotoxic therapy

Outcome

+
-

Death
Recovery

Patients who received early introduction of high-dose corticosteroids
1.
2.

27
36

M
M

MPSL/PSL
PSL

1
2

Ulcerative colitis

3.

41

F

PSL

3

-

Recovery

4.

27

M

PSL

4

-

Recovery

5.
6.

41
33

F
M

PSL
PSL+Lam

4
4

Schizophrenia

-

Recovery
Recovery

7.

68

F

PSL+Lam

4

Non-Hodgkin’s lymphoma

8.

56

M

PSL

5

9.
10.

57
39

F
M

PSL
PSL

5
5

11.

43

M

PSL

10

Acute lymphocytic leukemia

+

Recovery

-

Recovery

+

Recovery
Recovery

-

Recovery

Patients who did not receive early introduction of high-dose corticosteroids
12.
13.

49
59

F
F

PSL+IFN
PSL

14
14

Non-Hodgkin’s lymphoma

+
-

Death
Death

14.

47

M

PSL+Lam

14

Ulcerative colitis

+

Death

15.

58

M

PSL

15

-

Death

16.
17.

59
36

M
F

PSL
MPSL/PSL+IFN

17
28

Breast cancer

+

Death
Death

18.

68

F

PSL

120

Pemphigoid

+

Death

19.

41

M

glycyrrhizin

-

Recovery

20.
21.

55
59

M
M

glycyrrhizin
glycyrrhizin

-

Recovery
Death

22.

28

M

glycyrrhizin

-

Death

Mental retardation

PSL: prednisolone, MPSL: methylprednisolone, IFN: interferon, Lam: lamivudine. 1 Duration between the diagnosis of severe disease and introduction of
immunosuppressive drugs.

Statistical analysis
Differences among the groups were compared by Fisher’s
exact probability test, Student’s t and Welch’s t.

immunosuppressive drugs was 4.3±2.3 d in the “early highdose” group, and 31.7±39.3 d in the “non-early high-dose”
group (P = 0.11).

RESULTS
Clinicopathological features of severe chronic hepatitis B
patients at admission
Of the 22 patients fulfilling the criteria of “severe”
exacerbation, 14 were men and 8 women. The mean age at
the time of admission was 46.7±12.9 years. HBeAg/HBeAb
status was +/- in 7, -/+ in 12, +/+ in 2, and -/- in 1. Seven
patients had primary diseases (2 non-Hodgkin’s lymphoma,
2 ulcerative colitis, 1 acute lymphocytic leukemia, 1 breast
cancer, and 1 pemphigoid), and all 7 had been treated
with immunosuppressive or cytotoxic drugs, suffering
exacerbations after their withdrawal. Two patients had
primary conditions, 1 with schizophrenia, and the other with
mental retardation. Eleven patients were treated with “early
high-dose” corticosteroids and 11 were not. The clinical,
biochemical, and histological features of all patients at
admission are provided in Tables 1 and 2.
The clinicopathological features of the “early high-dose”
and “non-early high-dose” groups of patients at admission
stage were compared (Table 2). There were no differences
in mean age, male-to-female ratio, mean PT activity, mean
ALT level, mean T-bili level, positivity of HBeAg, mean
IgM-HBc titer and HBV DNA polymerase activity between
two groups. Serum HBV DNA was positive in 4 of 7 “early
high-dose” patients and in 4 of 8 “non-early high-dose”
patients. The duration between the diagnosis of severe
exacerbation and the introduction of corticosteroids or

Responses to corticosteroids and clinical outcomes
Ten of 11 patients were alive and well after treatment in
the “early high-dose” group. Ten alive patients were free of
hepatic encephalopathy during the course. One patient died
of sepsis. In the “non-early high-dose” group, 2 patients
recovered and 9 patients died (P<0.001). Eight patients died
of hepatic failure and 1 (patient 22) of sepsis. Two patients
(patients 12 and 17) had deep coma at admission, and neither
responded to therapies including artificial liver support such
as plasma exchange and hemodiafiltration. None of the
remaining 9 patients had encephalopathy at admission, but
7 of them failed to respond to therapies and gradually
developed hepatic failure.
Changes in PT activities, ALT levels, T-bili levels, and
HBV DNA polymerase activities after the introduction of
corticosteroid therapy are shown in Figure 1. Improvement
of PT activities was found in all but one (patient 7) of the
“early high-dose” group. In patient 7 treated with
corticosteroid and lamivudine, PT activities fluctuated and
improvement was delayed by some months (Figure 2). In
the “non-early high-dose” group, improved PT activities
were obtained in 2 patients but not in the others, although
some of them showed transient rise after infusions of fresh
frozen plasma. The elevation of PT activities in the first
2 wk was significant (P = 0.006) in the “early high-dose” group,
but not in the “non-early high-dose” group (Figure 1A).
The ALT levels fell in all 22 patients during the course,
with the decline in the first 2 wk being significant (P<0.001)
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Figure 1 Prothrombin time activities (A), alanine transaminase levels (B), total bilirubin levels (C), and HBV DNA polymerase activities (D)
before and after the administration of corticosteroids in 11 “early high-dose” and 11 “non-early high-dose” patients. Thick and thin lines
denote those of “early high-dose” and “non-early high-dose”, respectively. A: The mean activity at each point was 41±13, 77±23 and 81±19%
in “early high-dose” and 29±13, 37±22 and 32±32% in “non-early high-dose”, respectively. 1 Statistically significant (P = 0.006); B: The mean
level at each point was 976±990, 225±200 and 100±53 IU/L in “early high-dose” and 816±1 072, 191±292 and 97±67 IU/L in “non-early
high-dose”, respectively. 2Statistically significant (P<0.001); C: The mean activity at each point was 6.7±4.3, 3.8±4.4 and 1.5±0.7 mg/dL in
“early high-dose” and 12.8±6.8, 14.2±8.3 and 22.2±14.9 mg/dL in “non-early high-dose”, respectively; D: The mean level at each point was
2 325±3 879 and 1 282±3 022 cpm in “early high-dose”, and 6 866±1 6981 and 44±86 cpm in “non-early high-dose”, respectively.
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0
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0
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123456
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Figure 2 Clinical courses of patient 7 (A), patient 4 (B), and patient 14 (C). A: Clinical course of a 68-year-old female patient (patient 7). She
suffered from non-Hodgkin’s lymphoma and was found to be an HBV carrier with normal ALT, anti-HBe and no HBV DNA polymerase activity.
After four cycles of chemotherapy (CHOP therapy), hematologic examination of her bone marrow showed complete remission, but reactivation of HBV occurred. High-dose corticosteroid was administered in combination with lamivudine because her serum HBV DNA titer was high.
She gradually responded to the therapy. Thick solid, thin solid and dashed lines denote prothrombin time (PT), alanine transaminase (ALT)
and total bilirubin (T-bili), respectively; B: Clinical course of a 27-year-old male patient (patient 4). He had natural reactivation of chronic
hepatitis B and responded to corticosteroid therapy with transient HBeAg seroconversion; C: Clinical course of a 47-year-old male patient
(patient 14). He suffered from chronic hepatitis B with anti-HBe and ulcerative colitis. He had HBV reactivation and convalesced spontaneously after the withdrawal of prednisolone. Six months later, he had repeated reactivation of HBV with marked prolonged PT and high level
of viremia after the withdrawal of 6-mercaptopurine for ulcerative colitis, and was treated with corticosteroid and lamivudine, but did not
respond to the combination therapy.
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Table 2 Biochemical and histological features of patients at admission
Pt

PT
(%)

ALT
(IU/L)

T-bili
(mg/dL)

HBeAg/HBeAb

IgM-HBc
(cut-off index)

Patients who received early introduction of high-dose corticosteroids
1.
16
1 698
9.5
-/+
2.
31
2 689
3.0
+/3.
57
474
15.2
-/+
4.
37
495
12.0
+/5.
37
155
8.0
-/6.
56
2 080
4.2
+/+
7.
57
167
3.1
-/+
8.
37
2 257
3.7
-/+
9.
34
224
7.3
+/10.
56
399
3.8
-/+
11.
46
101
6.4
-/+
Patients who did not receive early introduction of high-dose corticosteroids
12.
29
254
12.6
-/+
13.
34
2 643
19.3
+/14.
32
240
2.9
-/+
15.
28
228
13.3
-/+
16.
29
150
13.3
-/+
17.
19
549
11.1
+/18.
28
954
6.3
-/+
19.
59
214
12.9
+/+
20.
38
3 620
7.7
-/+
21.
33
164
8.9
+/22.
21
49
8.0
+/-

HBV DNA
polymerase (cpm)

HBV DNA
(Meq/mL)

Liver histology

2.6
0.3
0.2
0.3
0.5
1.8
ND
2.3
1.4
3.7
0.3

10
3 517
50
999
ND
595
6 425
28
25
11 600
10

ND
ND
<0.70
920 pg/mL
1+
<0.70
ND
20
1.2
ND
<0.70

ND
ND
ND
CAH (F2, severe)
ND
CAH (F2, severe)
ND
CAH (F3, severe)
ND
Submassive necrosis
LC, submassive necrosis

1.1
1.6
0.5
3.3
0.2
7.6
ND
0.4
0.2
ND
1.0

0
0
12 735
16
53 856
2
ND
5
0
7 576
0

<0.70
<0.70
3 800
1.1
>10 000
1.9
ND
ND
<0.70
ND
<0.70

ND
ND
ND
Submassive necrosis
Submassive necrosis
LC, submassive necrosis
Submassive necrosis
CAH (F3, moderate)
CAH (F3, moderate)
LC, submassive necrosis
Submassive necrosis

CAH: chronic active hepatitis; LC: liver cirrhosis; ND: not done.

in both groups (Figure 1B). T-bili levels fell during the course
in the “early high-dose” group, but rose in the “non-early
high-dose” group (Figure 1C). HBV DNA polymerase
activities fell in all the patients examined (Figure 1D). These
results might indicate that the “early high-dose” introduction
of corticosteroids could suppress the host immunologic
reaction to HBV and inhibit significant liver cell degeneration.
Liver histology of 5 “early high-dose” patients showed
submassive necrosis in 1, liver cirrhosis with submassive
necrosis in 1, chronic hepatitis (F2, severe) in 2, and chronic
hepatitis (F3, severe) in 1. Liver histology of 8 “non-early
high-dose” patients showed submassive necrosis in 4, liver
cirrhosis with submassive necrosis in 2, and chronic hepatitis
(F3, moderate) in 2 (Table 2).

DISCUSSION
The prognosis of severe exacerbation of chronic hepatitis
B is poor if signs of liver failure appear[1,2,21]. The mortality
rate of chronic hepatitis B patients with severe exacerbation
related to chemotherapy is reported to be 45% from Japan[2],
and 60% from Slovenia [21] . If effective therapeutic
approaches are available, they must be beneficial for these
patients. In the current study, only one of the 11 (9%)
“early high-dose” corticosteroid-treated patients died,
whereas 9 of 11 (82%) “non-early high-dose” patients died
(P<0.001), suggesting that “early high-dose” corticosteroid
treatment is beneficial for clinically severe exacerbation of
chronic hepatitis B. Representatively, clinical course of one
patient (patient 4) who recovered after treatment with only
corticosteroid is demonstrated in Figure 2B.
Regarding the timing of corticosteroid treatment,
Gregory et al[22] reported that methyl prednisolone cannot
enhance survival in patients with severe “acute” viral hepatitis
when used later, but they conceived that steroid would have

likely proved beneficial if treatment had started “much
earlier”. Actually, in our study, all the 7 patients died when
high-dose corticosteroid was given more than 10 d after
the diagnosis of severe disease, indicating the importance
of the “early” usage of corticosteroid. When the start of
treatment is delayed, quite a large number of hepatocytes
would probably already have been destroyed and inhibition
of the inflammatory reaction would not be effective.
Regarding the corticosteroid dosage, Schalm et al [23]
demonstrated that histologically severe chronic active
hepatitis B patients failing treatment with conventional doses
of prednisone often improved with higher doses, suggesting
that higher doses of steroid might be more efficacious. One
of the reasons, for not using corticosteroids in the treatment
of chronic hepatitis B, is that it might enhance the replication
of HBV through a steroid-responsive element in the HBV
genome[24]. In our study, serum HBV DNA at admission
was negative in about half of our patients. Moreover, none
of the patients, given high doses of corticosteroids, showed
increments of HBV. Because of the rapid and aggressive
immune clearance of virus-infected hepatocytes by CTLmediated cytolytic pathways, patients developing a rapid
course of liver- failure might not show evidence of HBV
replication during the short-term observation period of the
present study.
Our results indicate the importance of immunosuppressive
therapy for preventing the progression of liver failure. If
HBV proteins are not produced in hepatocytes, CTL will
not recognize and destroy the HBV-infected hepatocytes.
Therefore, suppression of the production of HBV-related
proteins by preventing HBV replication must also be
important in the treatment of severe exacerbation of
chronic hepatitis B.
In a couple of cases, we administered lamivudine, an
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antiviral agent, in combination with corticosteroids.
Lamivudine is a nucleoside analogue that has recently been
used for the treatment of chronic hepatitis B, demonstrating
a strong inhibitory effect on HBV replication. Several recent
studies have reported that lamivudine appears to be effective
in advanced and decompensated chronic liver disease and
acute hepatic failure due to hepatitis B[12-17] . Therefore,
lamivudine may be effective in the treatment of severe
exacerbation of chronic hepatitis B.
With the administration of lamivudine, HBV DNA is
reduced rapidly, but the improvement in liver-function is
delayed by a few weeks to a few months[14] . During the
time- lag phase, excessive immunological reaction may
continue and liver cell injury may progress. We observed in
a patient (patient 7) who needed more than 3 mo before the
improvement of liver function became evident (Figure 2A),
and a patient (patient 14) who died despite the usage of
lamivudine (Figure 2C). The latter patient was an asymptomatic
carrier of HBV with anti-HBe, and severe exacerbation of
hepatitis occurred after the withdrawal of immunosuppressive
drugs for ulcerative colitis. When admitted to our hospital,
PT was already markedly prolonged (Figure 2C). It seems
that anti-viral therapy is not enough to stop progressive
deterioration, and additional therapy to suppress liver cell
degeneration may be required. Combination treatment with
“early high-dose” corticosteroids and lamivudine might be
effective in suppressing the excessive host immune response
in the early period. Additionally, lamivudine may make it
possible to shorten the term of corticosteroid therapy. The
efficacy of this combination therapy needs to be examined
as soon as possible.
In summary, our study demonstrates that the early
introduction of high-dose corticosteroid treatment is useful
for “clinically severe” acute exacerbation of chronic hepatitis
B; we did not include placebo-controlled patients, considering
the current knowledge of the poor prognosis of such patients.
The combination of corticosteroids with lamivudine may
be a beneficial option for the treatment of such patients.
Nevertheless, delay in the treatment may result in fatal liverfailure even though these treatment protocols are used,
suggesting the requirement of early diagnosis of such patients,
at the first sign of a biochemical trend of liver failure, before
the appearance of clinical symptoms.
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Abstract
AIM: To assess the effect of non-selective ETA/B (LU 302872)
and selective ETA (LU 302146) antagonist on pancreatic
histology and ultrastructure of acinar cells in connection
with trypsinogen activation in early caerulein-induced AP.
METHODS: Male Wistar rats with caerulein-induced AP,
lasting 4 h, were treated i.p. with 10 and 20 mg/kg b.w.
of each antagonist. Edema, inflammatory infiltration,
necrosis and vacuolization of acinar cells in the pancreas
were scored at 0-3 scale. Free active trypsin (FAT), total
potential trypsin (TPT) after activation with enterokinase,
and index of trypsinogen activation (%FAT/TPT) were
assayed in pancreatic homogenates.
RESULTS: In untreated AP, the edema, inflammatory
infiltration, necrosis and vacuolization increased as
compared to control healthy rats (P<0.01). None of the
treatment exerted any meaningful effect on the edema
and inflammatory infiltration. The selective antagonist
increased slightly the necrosis score to 0.82±0.06 at higher
dose (P<0.05) vs 0.58±0.06 in untreated AP. The nonselective antagonist increased slightly the vacuolization
score to 2.41±0.07 at higher dose (P<0.01) vs 1.88±0.08
in untreated AP. The decrease in the number of zymogen
granules, disorganization of endoplasmic reticulum,
autophagosomes and cytoplasmic vacuoles were more
prominent in treated AP than in untreated AP groups.
%FAT/TPT in untreated AP increased about four times
(18.4±3.8 vs 4.8±1.3 in control group without AP, P<0.001).
Treatment of AP with both antagonists did not affect
significantly augmented trypsinogen activation.
CONCLUSION: The treatment with endothelin-1 receptors

(non-selective ETA/B and selective ETA) antagonists has
essential effect neither on the edema and inflammatory
infiltration nor on trypsinogen activation observed in the
early course of caerulein-induced AP. Nevertheless a slight
increase of the necrosis and vacuolization score and some
of the ultrastructural data could suggest the possibility of
their undesired effects in caerulein-induced AP at
investigated doses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of endothelin-1 (ET-1), as a potent vasoconstrictor
polypeptide, and its receptor antagonists in acute pancreatitis
(AP) has been an intensively studied issue recently. The
experimental studies have brought varied results and evoked
a number of controversies. In many experiments, the
application of selective and non-selective ET-1 receptor A and
B antagonists caused a significant improvement in pancreatic
capillary blood flow, a decrease in capillary permeability
and a reduction in leukocyte rolling in mild and severe AP[1-5].
A beneficial effect of the ET-1 receptor antagonists was also
evidenced by less pronounced morphological changes in
AP, including necrosis and vacuolization of acinar cells,
hemorrhagic changes and granulocytic infiltration of
pancreatic parenchyma[3,6-9]. Foitzik et al[10] found a considerable
drop in the mortality rate of rats after the application of
the selective ET-1 receptor A antagonist, LU 135252, in
severe AP.
However, not all researchers have confirmed the
beneficial effects of ET-1 receptor antagonists in AP. The
results of Martignoni et al[11] clearly indicated that selective
ET-1 receptor A (ETA) antagonist (LU 135252) did not
decrease but showed a tendency to increase mortality in
animals with taurocholate-induced pancreatitis. A study by
Fiedler et al [12] revealed no effect of non-selective ET-1
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receptor A and B (ETA/B) antagonist, bosentan, on the
survival rate of rats or on the morphological and biochemical
changes in severe taurocholate AP. Todd et al [9] observed
no decrease in the mortality rate of animals in acute
hemorrhagic pancreatitis after the application of non-selective
ET-1 receptor A and B antagonist PD 145065, despite
decreased severity of inflammation. Also recent studies have
not confirmed the advantageous effect of non-selective
(ETA/B) and selective (ETA) blockade in necrotic or edematous
AP[11].
On the other hand, Kogire et al [13] found a significant
improvement in the course of caerulein-induced pancreatitis
following systemic infusion of ET-1 by evaluating serum
-amylase level, dry/wet weight ratio, and histological
changes. In contrast, endothelin receptor blockade with BQ
123, a potent selective ETA receptor antagonist, augmented
pancreatic edema and the extent of inflammatory cell
infiltration. The above data indicate that the role of ET-1
and ET-1 receptors antagonists in AP remains controversial
and not fully elucidated.
Therefore, the aim of the present study was to evaluate
and compare the effect of non-selective ET-1 A and B
receptors (ETA/B) antagonist, LU 302872, and selective
receptor A (ETA) antagonist, LU 302146, on the morphological
and ultrastructural changes and trypsinogen activation in
the pancreas in early caerulein-induced edematous, AP in rats.

time as the first injection of caerulein (n = 6).
Group 4. Rats with caerulein-induced AP treated with
LU 302872 at a dose of 20 mg/kg b.w., i.p. given at the
beginning of the experiment, at the same time as the first
injection of caerulein (n = 6).
Group 5. Rats with caerulein-induced AP treated with
selective ET-1 A receptor antagonist LU 302146 (ETA
antagonist), at a dose of 10 mg/kg b.w. i.p., at the beginning
of the experiment, at the same time as the first injection of
caerulein (n = 6).
Group 6. Rats with caerulein-induced AP treated with
LU 302146, at a dose of 20 mg/kg b.w. i.p., at the beginning
of the experiment, at the same time as the first injection of
caerulein (n = 6).
The volume of saline as a vehiculum was equilibrated
in all groups to 2×2 mL/kg b.w. The ET-1 receptor
antagonists were generously donated by Knoll AG,
Ludwigshafen, Germany (Dr. M. Kirchengast).
The animals were killed by quick decapitation after 4 h
after the first injection of caerulein, in general anesthesia
induced with i.p. ketamine 40 mg/kg b.w. and pentobarbital
20 mg/kg b.w. The pancreases were quickly excised, freed
from the peripancreatic tissues and weighed. The specimens
for histological and ultrastructural examinations were taken.
The remaining portion of the pancreas was processed for
biochemical assays.

MATERIALS AND METHODS
Animals
The experiments were carried out on 40 male Wistar rats,
240-280 g of body weight, housed individually in wire
bottomed cages, at a room temperature of 21±1 ℃ using
a 12-h light-dark cycle. They were fed with a laboratory
chow diet and fasted overnight, before the experiment,
with free access to water. Care was provided in accordance
with the current procedures for the care and use of
laboratory animals. The protocol has been approved by the
local Bioethical Commission.

Histological examination
The representative specimen of the pancreatic tissue from
each rat was fixed in 10% neutral-buffered formalin.
Sections of the samples were stained with H&E and
examined under light microscope at ×200 magnification intermediate power field (IPF) by a blinded observer in a
hundred fields from each group. Histological changes were
evaluated according to Kyogoku et al[15]. Interstitial edema
was scored as follows: 0 = absent, 1 = expanded interlobular
septa, 2 = expanded intralobular septa, 3 = separated
individual acini. Polymorphonuclear neutrophils (PMNs)
infiltration was scored as 0 = absent, 1 = less than 20 PMNs
per IPF, 2 = 20-50 PMNs per IPF and 3 = more than 50
PMNs per IPF. Parenchymal necrosis was scored as the
percentage involvement of the examined area: 0 = absent,
1 = less than 5% IPF, 2 = 5-20% IPF, 3 = more than 20%
IPF. The grading of vacuolization was based on the
percentage of acinar cells with cytoplasmic vacuoles per
IPF: 0 = absent, 1 = less than 20%, 2 = 20-50%, 3 = more
than 50%. Hemorrhagic changes were absent and therefore
not scored.

Induction of acute pancreatitis
Acute pancreatitis was induced according to the method of
Yamaguchi et al [14] . The rats were injected with caerulein
(Sigma Chemical Co., St. Louis, MO, USA) at a dose of
40 g/kg of body weight intraperitoneally (i.p.) twice, at 1 h
interval. In control rats, only vehiculum of caerulein (saline
solution) was given i.p. In the treated rats, the solution of
respective ET-1 receptor antagonist in vehiculum was given
i.p. simultaneously with the first injection of caerulein.
Experimental design
Rats were subdivided into six groups as follows:
Group 1. Control group (C), received only saline solution
i.p. at 0 and 1 h (n = 6).
Group 2. Rats with untreated caerulein-induced AP, received
only saline solution i.p. as in the control group (n = 10).
Group 3. Rats with caerulein-induced AP treated with
the non-selective antagonist of ET-1 A and B receptors:
LU 302872 (ETA/B antagonist) at a dose of 10 mg/kg b.w.
i.p. given at the beginning of the experiment , at the same

Ultrastructural examination
Small specimens (about 1 mm3) of pancreatic tissue (three
from each animal) were immediately fixed in 3.6%
glutaraldehyde in 0.1 mol/L cacodylate buffer (pH 7.4)
for 3 h and after washing in a buffer, postfixed in 2% osmium
tetroxide for 1 h. The samples were dehydrated in alcohol
and propylene oxide and then embedded in Epon 812. The
ultrathin sections were cut from each block on a Reichert
ultramicrotome, stained with lead citrate and uranyl acetate,
and studied under an Opton 900 PC transmission electron
microscope field by field. Fifty to 60 electron micrographs
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of the most characteristic changes from each group were
made. The determination of pathology was made blind.
Biochemical assays
The remaining pancreatic tissue was homogenized in icecold four volumes of 50 mmol/L Tris-HCl buffer (pH 8.0),
containing nonorganic detergent Triton X-100, 5 mL/L
during 1 min by three full up and down strokes using a
motor-driven glass-Teflon homogenizer (Thomas
Scientific, Swedesboro, NJ, USA) cooled with ice. The
resulting homogenate was sonified for 20 s in an ice bath
using Vibra cell, model VC 50, Sonics and Materials Inc.,
Danbury, CT (frequency 20 kHz and amplitude 70). The
volumes were then adjusted giving 10% homogenates
placed on ice.
Free active trypsin (FAT) and total potential trypsin (TPT)
in whole homogenate were assayed according to Yamaguchi
et al[14] with the exception that N-p-tosyl-L-arginine methyl
ester hydrochloride (TAME) 1 mmol/L was used as a substrate
and the absorbance of released product was estimated at
247 nm wave length in an automatic spectrophotometer
Pye Unicam SP 505 (Cambridge, UK), as in our previous
studies[16, 17].
TPT in whole homogenate was estimated after the
activation of trypsinogen with enterokinase in 1:1 dilution
in 50 mmoL Tris-HCl buffer, pH 8.0 for 30 min at 37 ℃.
The freshly prepared working solution of enterokinase
contained 2 mg of enzyme/mL of the same buffer. The
time of activation proved to be sufficient for complete
activation. The activity was expressed in g of trypsin/mg
of protein by comparison with the calibration curve of
increasing concentrations of bovine trypsin, type I. The
%FAT/TPT ratio served as an index of trypsinogen
activation[14].
All reagents for biochemical assays were purchased from
Sigma Chemical Co., St. Louis, MO, USA.
Statistical analysis
Histologic data were expressed as the range of the scores
and mean±SE and compared using non-parametric tests:
the Mann-Whitney for two groups and the Kruskal-Wallis
for multiple groups. The results of biochemical assays were
reported as mean±SE and after performing an F test for
the equality of variances, the means were compared using
the t test for unpaired data. The differences with P<0.05
were considered statistically significant. SPSS 8.OPL
statistical program was used (SPSS Inc., Chicago, IL).

RESULTS
Light microscopy
The microscopic picture of the pancreas in the control group
(C) showed only negligible swelling of pancreatic interstitial
tissue with the presence of single neutrophils. Rats with
untreated AP displayed moderate edema and inflammatory
infiltration of neutrophils. Moreover, a necrosis of some
of the acinar cells and their marked vacuolization were
found. The changes in all AP animals were significantly more
pronounced (P<0.001) than in healthy animals. Assuming
the increase of score from 0 to 3 points as 100%, the
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treatment of AP with ET-1 receptor antagonists did not
reduce the pancreatic edema and even a slight increase
(<10%) of its score after higher dose of non-selective ETA/B
receptor antagonist was noted. Only slight reduction of
PMNs infiltration (<10%) after higher dose of the selective
antagonist compared to untreated AP or treated with the
non-selective antagonist was noted. The necrosis of acinar
cells was slightly more pronounced (6-13%) after the
application of both doses of the selective receptor A
antagonist than in the untreated group or in the groups
treated with both doses of non-selective ETA/B antagonist.
Mean vacuolization score was slightly increased after both
doses of non-selective (12-18%) and after higher dose of
selective ET-1 receptors antagonists (10%) as compared to
untreated AP. The mean scores of histological changes are
reported in Table 1.

Table 1 Histological changes in the pancreas of rats with caeruleininduced acute pancreatitis (AP) in comparison to control group (C),
SE range of scores in brackets
No.
1

Group

Edema PMNs infiltration Necrosis

Vacuolization

Control (C)

(0–1)

(0–1)

(0)

(0–1)

(n = 6)

0.12±0.03

0.06±0.02

0.00±0.00

0.08±0.03

(1–3)
2.04±0.07b

(0–3)
1.61±0.08b

(0–2)
0.58±0.06b

(1–3)
1.88±0.08b

2 Untreated AP
(n = 10)
3 AP + LU 302872
10 mg/kg (n = 6)
4 AP + LU 302872
20 mg/kg (n = 6)
5 AP + LU 302146

(1–3)

(0–3)

(0–1)

(1–3)

2.02±0.07 b

1.66±0.07 b

0.48±0.05b

2.24±0.08b,d

(1–3)
(0–3)
2.30±0.06b,d,h 1.68±0.08 b

(0–2)
0.50±0.05b

(1–3)
2.41±0.07b,d

(0–2)

(1–3)

(0–3)

(0–3)

10 mg/kg (n = 6)

1.96±0.09 b

1.43±0.09b,e

0.86±0.07b,d,f 1.91±0.09b,f

6 AP + LU 302146
20 mg/kg (n = 6)

(0–3)
2.14±0.07b

(0–3)
1.41±0.07b,c,e

(0–2)
0.82±0.06b,d,f

(1–3)
2.19±0.07b,d,e,g

LU 302872 (non-selective ET-1 receptor A and B antagonist) or LU 302146
(selective ET-1 receptor A antagonist) were given i.p. at the indicated dosage
at the beginning of the experiment, at 0 time, simultaneously with the first i.p.
injection of caerulein. Statistical significance of differences: aP<0.05, bP<0.01 vs
control cP<0.05, dP<0.01 vs AP untreated eP<0.05, fP<0.01 vs non-selective
antagonist gP<0.05, hP<0.01 vs lower dose of antagonist.

Electron microscopy
Group 1 (control group) The ultrastructural picture of acinar
cells did not show any deviations from the norm (Figure 1).
The interstitial tissue displayed slight swelling and sporadic
neutrophils and erythrocytes. Blood vessels were normal in
appearance.

Figure 1 Normal ultrastructural appearance of pancreatic acinar
cells. Control group (C). Original magnification ×3 000, bar = 2.5 m.
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Group 2 (untreated AP) Acinar cells of the pancreas
displayed features of damage of varied intensity. Many of
them had dilated, disorganized, and partially degranulated
rough endoplasmic reticulum (RER) channels (Figure 2A).
The cisternae of the Golgi apparatus were sometimes
distended and filled with flocculent material. Zymogen
granules were rare, varying in size and electron density
(Figure 2B) and frequently migrated to the basolateral parts
of the cell. Some of the mitochondria showed increased matrix
translucence and destruction of their cristae. The majority of
pancreatic acinar cells contained vacuoles, which sometimes
reached large sizes and occupied a considerable area of the
cell. Moreover, the cytoplasm contained autophagosomes with
fragments of cellular organelles or sometimes zymogen
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granules. A necrosis of acinar cells was only sporadically
observed.
The interstitial tissue showed marked edema and quite
numerous inflammatory cells. Some of endothelial cells were
swollen, with features of destruction of their organelles.
Groups 3 and 4 (AP treated with ETA/B antagonist) In both
groups treated with non-selective ETA/B antagonist at a dose
of 10 and 20 mg/kg, pancreatic acinar cells displayed slightly
higher degree of damage than in the untreated AP. The
cytoplasm contained quite numerous vacuoles some of
them migrated to the base of the cells as if opening to the
interstitial space (Figure 3A). These vacuoles were usually
empty or contained membranous structures. Moreover,
typical autophagous vacuoles were quite common and they

B

M

G

M

V

Figure 2 Ultrastructural changes in the pancreatic acinar cells in untreated caerulein-induced AP. A: Dilated channels of rough endoplasmic
reticulum and slightly damaged mitochondria (M) in the cytoplasm of the acinar cells. In the vicinity of nucleus, a vacuole (V) is seen. Original
magnification ×3 000, bar = 2.5 m; B: Zymogen granules of different shape and size and dilated cisternae of the Golgi apparatus (G). Original
magnification ×7 000, bar = 1.1 m.

B

A

C

V

X

IS

D

X

E
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Figure 3 Ultrastructural changes in the pancreatic acinar cells in caerulein-induced AP treated with non-selective (ET A/B ) or selective (ET A)
ET-1 receptors antagonists. A: Large vacuole (V) at the base of acinar cell opening into the interstitial space (IS). Group 3 – AP treated with
LU 302872 (ETA/B antagonist) at a dose of 10 mg/kg b.w. Original magnification ×4 400, bar=1.7 m; B: Irregular “lakes” of zymogen material
(*), large vacuoles and zymogen granules at the base of two acinar cells. Group 3 – AP treated with LU 302872 (ETA/B antagonist) at a dose of
10 mg/kg b.w. Original magnification ×3 000, bar=2.5 m; C: Concentric arrangement, vesicular transformation and disorganization of
endoplasmic reticulum. Note some phagosomes (Ph) in the cytoplasm. Group 4 – AP treated with LU 302872 (ET A/B antagonist) at a dose of
20 mg/kg b.w. Original magnification ×3 000, bar = 2.5 m; D: Total disintegration of the acinar cell – its fragments in the interstitial space
are seen. The endothelial cells (E) of capillary are swollen. Group 6 – caerulein-induced AP treated with LU 302146 (ET A antagonist) at a dose
of 20 mg/kg b.w. Original magnification ×3 000, bar = 2.5 m; E: Autophagous vacuoles containing zymogen granules, fragments of
endoplasmic reticulum and other acinar cell organelles. Group 6 – caerulein-induced AP treated with LU 302146 (ET A antagonist ) at a dose
of 20 mg/kg b.w. Original magnification ×7 000, bar = 1.1 m.
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contained RER fragments, damaged mitochondria,
sometimes zymogen granules and amorphous or membranous
structures. Zymogen granules were rare, varying in size and
electron density, sometimes fused together to form irregular
“lakes” (Figure 3B). Channels of RER were usually dilated
and showed vesicular transformation, concentric arrangement,
partial degranulation and focal total disorganization (Figure 3C).
The cisternae of the Golgi apparatus were frequently dilated.
Some mitochondria showed features of swelling. Necrosis
of acinar cells was sporadic.
The interstitial tissue displayed distinct swelling, fibrin
strands, inflammatory cells and features of damage in some
endothelial cells. Generally the ultrastructural changes were
similar after both doses of ETA/B antagonist and they were
a bit more prominent than in the untreated group with AP.
Group 5 and 6 (AP treated with ETA antagonist).
Ultrastructural changes after treatment with lower dose
of selective ETA antagonist resembled those observed in
animals treated with both doses of non-selective ETA/B
antagonist.
However, after treatment with higher dose, the
ultrastructural alterations were more pronounced. Many
acinar cells showed features of total disintegration and their
fragments could be seen in the interstitial space (Figure 3D).
The cytoplasm contained numerous vacuoles varying in size.
Zymogen granules had varied electron density, frequently
migrated to the base of the cell, and sporadically merged to
form large irregular “lakes”. Sometimes they were found in
autophagous vacuoles (Figure 3E) or were lying loosely in
the interstitial space. Changes in RER, Golgi apparatus,
mitochondria and in the interstitial tissue were similar to
those noted in the previous groups.
Trypsinogen activation index (%FAT/TPT)
In pancreatic homogenate (Table 2) in untreated AP this index
was over four times as high as in control group (P<0.01).
Treatment with non-selective ETA/B antagonist and selective
ETA antagonist at both doses did not affect significantly the
augmented trypsinogen activation index, compared to the
untreated AP group.

Table 2 Free active trypsin (FAT), total potential trypsin (TPT) activity and index of trypsinogen activation (%FAT/TPT) in whole homogenate of the rat pancreas in caerulein-induced acute pancreatitis
(AP) in rats in comparison to control group (C) (mean±SE)
Group
Control
(n = 6)
Untreated AP
(n = 10)
AP+LU 302872
10 mg/kg (n = 6)
AP+LU 302872
20 mg/kg (n = 6)
AP+LU 302146
10 mg/kg (n = 6)
AP+LU 302146
20 mg/kg (n = 6)

FAT
(g/mg protein)

TPT
(g/mg protein)

FAT/TPT
(%)

0.394±0.094

8.90±1.14

4.8±1.3

1.542±0.249

9.77±0.94

18.4±3.8b

1.543±0.134

10.56±1.04

14.9±1.2b

1.245±0.176

9.06±2.18

16.7±2.6b

0.969±0.08

6.61±0.98

16.0±2.6b

1.869±0.52

8.11±1.55

21.8±3.0b

LU 302872 (non-selective ET-1 receptor A and B antagonist) or LU 302146
(selective ET-1 receptor A antagonist) was given i.p. at the indicated dosage
at the beginning of the experiment, at 0 time, simultaneously with the first
i.p. injection of caerulein. Statistical significance of differences in %FAT/TPT:
b
P<0.01 vs control.
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DISCUSSION
Caerulein-induced pancreatitis is a well established and
commonly used model of mild, edematous pancreatitis[13,18-21].
In the light microscopy, it displayed features of swelling,
inflammatory infiltration composed mainly of neurophils,
distinct vacuolization of acinar cells and sporadically necrosis.
In our study, the treatment with ET-1 receptor antagonists
(non-selective ETA/B and selective ETA) increased slightly
the vacuolization of acinar cells but did not affect
meaningfully the edema. ET-1 receptor antagonists did not
diminish the score of necrosis and it was even slightly
increased after both ETA antagonist doses. Parallel, ETA
antagonist decreased PMNs infiltration of pancreatic tissue
in histological examination. The ultrastructural changes such
as decreased number of zymogen granules, disorganization
of endoplasmic reticulum, autophagosomes and cytoplasmic
vacuoles were even more prominent in treated groups than
in rats with untreated AP. The simultaneous biochemical
assays revealed that the treatment with non-selective ETA/B
and selective ETA antagonists did not affect the increased
trypsinogen activation index in pancreatic homogenate as
compared to untreated AP.
The overall outcome of the present study was rather
surprising for us. In our previous study[8], the same ET-1
receptor antagonists considerably reduced the extent of
morphological changes in the pancreas, evaluated by light
and electron microscopy in the model of severe AP induced
by sodium taurocholate retrograde injection lasting 24 h.
Our previous results also suggested a significant role of the
antagonism of ET-1 receptors, mainly of the receptor A,
which is blocked by the two antagonists, in the inhibition of
trypsinogen activation [8]. However, actually in a mild
caerulein-induced pancreatitis, we observed no beneficial
effects of the same antagonists of ET-1 receptor. This leads
us to thinking that the endothelin-1 receptor antagonists may
act in different ways in different models of AP. The reason
for this is not clear, but can be at least partly explained by
differences in pancreatic microcirculation disorders between
necrohemorrhagic and edematous AP[9,22]. In severe necrotic
pancreatitis, the pancreatic blood flow decreases to 47% of
baseline within 6 h[23], and plasma ET-1 level significantly
increases[24]. In this situation, application of ET-1 receptor
antagonists could considerably improve the circulatory
parameters[2-4,10,24] preventing the development of more
advanced morphological and biochemical changes. However,
the pancreatic capillary flow in edematous, caerulein-induced
AP rapidly increases to 188% of baseline and remains elevated
up to 6 h of experiment[23], and ET-1 plasma level does not
increase[13] . Complete capillary stasis develops in 38% of
capillaries in severe AP and is absent in edematous AP[23].
Thus, both the vasoconstrictive action of ET-1 and the
blockade of its receptors may be of less importance in the
course of edematous AP than in the severe, necrotic one.
These differences could be crucial for the explanation of
the controversial role of ET-1 receptor antagonists in AP
reported in the literature.
Acinar cell vacuolization is a major morphological change
in caerulein-induced AP. Watanabe et al[20] have shown that
in some developmental stages of this model of disease,
vacuoles contain digestive and lysosomal enzymes, which
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may lead to intracellular activation of trypsinogen by
lysosomal cathepsin B and may be an important step in the
development of AP. Simultaneous blockade of apical
secretion is a prerequisite to basolateral output of partially
activated zymogens into the interstitial space with a
consecutive release of cytokines and vasoactive mediators,
causing edema and chemoattraction of inflammatory cells
and activation of vascular endothelium[25]. In our study, we
found almost four-fold increase in trypsinogen activation
index in pancreatic homogenate in the untreated AP group,
compared to control animals. Application of endothelin-1
receptors antagonists had no significant effect on this
augmented trypsinogen activation index, as compared to
untreated AP nor did it affect meaningfully the edema score.
However, the treatment with the selective receptor A antagonist
at a dose of 20 mg/kg, slightly but significantly, decreased
inflammatory infiltration. According to Plusczyk et al[7], the
selective inhibition of the ETA receptor prevents migration
of leukocytes in acute experimental pancreatitis. This is
consistent with the finding that ETA receptor antagonists inhibit
ET-1-mediated adhesion and migration of leukocytes[13,26,27].
Martignoni et al [11] revealed that after the application of
selective ETA antagonist (LU 135252), pancreatic edema in
animals with caerulein-induced pancreatitis, was similar to
that observed in non-treated animals. An increase in edema
and in inflammatory infiltration after the administration of
BQ-123, a potent ETA receptor antagonist was observed by
Kogire et al[13] in caerulein-induced AP. Also Liu et al[6] found
no advantageous effect of BQ-123 on swelling and
inflammatory infiltration in caerulein+stress-induced
pancreatitis, although this antagonist was found to decrease
vacuolization and necrosis of acinar cells.
Except for our previous work[8], no reports are available
on the ultrastructural changes in pancreatic acinar cells in
association with the application of endothelins or ET-1
receptor antagonists in AP. In the group of animals with
untreated AP, we observed degenerated acinar cells with
vacuoles, dilated rough endoplasmic reticulum, decreased
number of zymogen granules and necrosis of some acinar
cells. These findings are in accordance with observations
of other authors[13,18-20,28,29 ]. The application of ETA/B and
ETA receptors antagonists did not improve the ultrastructural
picture; on the contrary, it intensified to some degree the
changes, especially in the group treated with higher dose of
selective ET A antagonist many acinar cells displayed
numerous autophagous vacuoles and total cytoplasm
disintegration, leading to cell degradation. This group showed
the highest trypsinogen activation index, which may
confirm the involvement of trypsin in the development
and intensification of cellular changes in AP.
Thus, our present examinations, i.e., light microscopy,
ultrastructural visualizing of cell organelles and measurement
of trypsinogen activation index in pancreatic homogenate,
reveal that the treatment with ET-1 receptor antagonists
(non-selective ETA/B and selective ETA) does not affect
essentially either the edema and inflammatory infiltration
or trypsinogen activation observed in the early course of
caerulein-induced AP. Nevertheless, a slight increase of the
necrosis and vacuolization score and some of the ultrastructural
data could suggest the possibility of their undesired effects
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in caerulein-induced AP at investigated doses. Therefore, it
is tempting to suggest that some intracellular effects
mediated by ET-1 receptors could be protective in caeruleininduced AP.
LU 302872 is a derivative of endothelin A selective
receptor antagonist LU 135252, which retains affinity
for ETA but exhibits substantial ETB affinity as well. It
antagonises the big ET-induced blood pressure increase in
rats and big ET-induced bronchospasm in guinea pigs at
the dose of 10 mg/kg [30,31] . LU 302146 is a derivative of
LU 135252 with a higher ET-A receptor specificity[32] . Both
antagonists have been used at the dose of 30 mg/kg daily
p.o., to prevent experimental uremic cardiomyopathy[33].
There are no dates on the doses of used antagonists to be
sufficient for complete blockade of ET-1 receptors. The
doses of both antagonists chosen in this study are comparable
to that in other studies[30,31]. Nevertheless, similar effects of
both investigated doses suggest that lower dose (10 mg/kg)
is sufficient for the suturing of ET-1 receptors. Different
potency or specificity of the endothelin receptor antagonists,
dosing differences, the type of animals used and variation
in pancreatitis model might be an explanation for the
contradictory results reported in the literature.
In conclusion, we are of the opinion that the beneficial
effect of endothelin-1 receptor blockade in early, edematous
AP could be questioned and the attempts intending to
introduce endothelin receptor antagonists to prevent the
development of edematous pancreatitis (i.e., socalled postERCP pancreatitis) or its transition into necrotic one, should
be treated with considerable caution.
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Abstract
AIM: Thiazolidinediones (TZD) are a new class of oral
antidiabetic drugs that have been shown to inhibit growth
of same epithelial cancer cells. Although TZD were found
to be ligands for peroxisome proliferator-activated
receptor  (PPAR), the mechanism by which TZD exert
their anticancer effect is presently unclear. In this study,
we analyzed the mechanism by which TZD inhibit growth
of human pancreatic carcinoma cell lines in order to
evaluate the potential therapeutic use of these drugs in
pancreatic adenocarcinoma.
METHODS: The effects of TZD in pancreatic cancer cells
were assessed in anchorage-independent growth assay.
Expression of PPAR was measured by reverse-transcription
polymerase chain reaction and confirmed by Western blot
analysis. PPAR activity was evaluated by transient reporter
gene assay. Flow cytometry and DNA fragmentation assay
were used to determine the effect of TZD on cell cycle
progression and apoptosis respectively. The effect of TZD
on ductal differentiation markers was performed by
Western blot.
RESULTS: Exposure to TZD inhibited colony formation in
a PPAR-dependent manner. Growth inhibition was linked
to G1 phase cell cycle arrest through induction of the
ductal differentiation program without any increase of the
apoptotic rate.
CONCLUSION: TZD treatment in pancreatic cancer cells

has potent inhibitory effects on growth by a PPAR-dependent
induction of pacreatic ductal differentiation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a devastating disease characterized by
an increased incidence in western industrialized countries,
an extremely poor median survival of 4-6 mo after diagnosis[1],
and limited therapeutic options[2].
The majority of pancreatic cancers arises from the
pancreatic duct cells and is characterized by uncontrolled
growth, inability to express the differentiated features of
normal duct cells and progressive accumulation of multiple
genetic abnormalities[3].
It has been suggested that the pharmacological induction
of cellular differentiation might be an alternative to
conventional tumor chemotherapy. The activation of the
terminal differentiation program in genetically abnormal
tumor cells is strictly associated with irreversible growth
arrest[4]. In pancreatic cancer cells, retinoids, for example,
induce differentiation and inhibit growth by activation of
their specific nuclear receptors[5,6] suggesting that other
nuclear receptors involved in the regulation of cellular
differentiation might be targets for novel therapeutic
strategies of pancreatic cancer.
Thiazolidinediones (TZD) such as pioglitazone (PGZ)
and rosiglitazone (RGZ) are a new class of antidiabetic drugs,
which attenuate the insulin resistance associated with obesity,
hypertension and impaired glucose tolerance in humans as
well as in several animal models of non-insulin-dependent
diabetes mellitus[7] . TZD were found to be ligands for
peroxisome proliferator-activated receptor  (PPAR), a
member of the nuclear receptor superfamily of liganddependent transcription factors that is predominantly
expressed in adipose tissue although it is also expressed in
other tissue at much lower levels[8-10] . In adipose tissue
PPAR functions as a master regulator of adipogenesis and
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its ligand-mediated activation in fibroblasts induces adipocyte
differentiation and lipid storage[11,12]. TZD activate PPAR
and promote association with 9-cis retinoic acid receptor
(RXR) to form functional heterodimers, which recognize their
cognate response element at the level of target genes[13,14].
Several recent studies have indicated that TZD may
have anticancer properties in a variety of different epithelial
malignancies including breast, prostate and gastrointestinal
cancers[15-17]. Treatment of cultured breast and colon cancer
cells with TZD resulted in a reduction in growth rate and
induction of apoptosis[18,19]. Furthermore, human colorectal
cancer cells implanted in nude mice were shown to grow
more slowly in mice treated with TZD, with a 50% reduction
of tumor volume[20]. In addition loss-of-function mutation
of the PPAR gene has been found in some human colon
and thyroid carcinomas[21,22]. As a consequence, PPAR has
become a molecular target for anticancer drug development,
and TZD have been proposed for therapy of PPARexpressing tumors.
Although preliminary evidence has shown that, troglitazone,
the first TZD marketed for use in humans, inhibited pancreatic
cell proliferation[23,24], the mechanism by which these drugs
inhibit cell growth in these cells has not been conclusively
established.
In this study we demonstrated that exposure of pancreatic
cancer cells to TZD inhibited anchorage-independent
growth with a PPAR-dependent differentiation-inducing
mechanism. Surprisingly the ductal pro-differentiation
program induced by PPAR activation was not associated
with apoptosis in these cells.

MATERIALS AND METHODS
Materials
Most chemicals and supplies were purchased from Sigma
Chemical Company (St. Luis, MO). Nitrocellulose and
Nytran were from Schleicher and Schuell, Inc., (Keene, NH).
Agarose, trypsin, all restriction endonucleases, DNAmodifying enzymes, and tissue culture media were purchased
from Gibco BRL (New Brunswick, NJ). Fetal bovine
serum (FBS) was from HyClone Laboratories (Logan, UT).
D-threo-[dichloroacetyl-1,2- 14C]-chloramphenicol was
purchased from New England Nuclear (Boston, MA).
Rosiglitazone and pioglitazone were from SmithKline
Beecham Pharmaceuticals (Welwyn, UK) and Takeda
Chemicals (Tokyo, Japan) respectively.
Tissue sample and cell cultures
The pancreatic adenocarcinoma cell lines PANC-1,
CAPAN-2, and HPAC were obtained from the American
Type Culture Collection (ATCC, Rockville, MD). Cells
were maintained in Dulbecco’s modified Eagles medium
(DMEM; GIBCO Laboratories, Grand Island, NY)
containing 10% fetal bovine serum (FBS, Gibco). Culture
medium was supplemented with 50 U/mL penicillin and
50 g/mL streptomycin. All experiments were performed
in phenol red-free medium.
Tumor clonogenic assay
Pancreatic cancer cells were trypsinized and disaggregated
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through a 19-gauge needle into a single-cell suspension, as
evaluated by microscopy. Cells 2×10 4 were mixed with
DMEM/5% dialyzed FBS containing 0.3% agarose and
TZD at the concentration indicated. Cells were then layered
over a solid base of 0.5% agarose in the same medium, in
60-mm dishes. The cultures were incubated in humidified
50 mL/L CO2/95% air at 37 ℃. After 14 d the colonies
were counted by an Omnicon 3 600 Colony Counter and
photographed.
Cell cycle analysis
Cells (4×10 5) were exposed to TDZ for 4 d in medium
supplemented with 5% dialyzed FBS. Total cells both in
suspension and adherent, were collected, washed, suspended
in cold PBS, and stained in trypan blue. Both blue and nonblue cells were counted. The cells were adjusted to 1×106
viable cells/mL and fixed in 2:1 ratio (v/v) in methanol
overnight before staining with propidium iodide. Cell cycle
status was analyzed with Becton Dickinson Flow Cytometer
and CellFIT Cell-Cycle Analysis software.
Protein extract and Western blot
Whole-cell proteins were extracted from the different
adenocarcinoma cell lines. Cells were cultured in the presence
or absence of test agents and were homogenized in Laemmli
buffer[25]. Nuclear proteins were isolated from treated and
untreated cells based on micro preparation methods[26].
The nuclear extracts were suspended in 20 mmol/L HEPES
(pH 7.9), 40 mmol/L NaCl, 1.5 MgCl 2, 0.2 mmol/L
ethylenediaminetetraacetic acid, 25% glycerol, 0.5 mmol/L
dithiothreitol, and 0.2 mmol/L phenylmethylsulfonyl
fluoride. Lysates were centrifuged at 20 000 g for 10 min
at 4 ℃ and supernatants were frozen in liquid nitrogen and
stored at -80 ℃ until use. Nuclear and whole-cell extracts
(40 g protein) were fractionated in 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and electro blotted
onto nitrocellulose filters. Proteins were detected by
incubating the filters with the following primary antibody:
mouse anti-human PPAR (1:500) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), sheep anti-human carbonic anhydrase
II (1:500)[27] cytokeratin 7 (1:1 500) (Novocastra Lab,
Newcastle UK), p21 (1:1 000) (Santa Cruz Biotechnology,
Santa Cruz, CA) and p27 (1:1 000) (Santa Cruz Biotechnology,
Santa Cruz, CA), mouse anti-human bcl-2, bax, and bcl-xl
(1:1 000) (Transduction, Laboratories, San Diego CA)
mouse anti human bax (1:1 000), and mouse anti-human
bak (1:1 000) (CalBiochem, San Diego CA). Detection of
the protein bands was performed using the Amersham ECL
kit (Arlington Heights, IL).
RNA extraction and RT-PCR
Total RNA was extracted from cultured cells and by
guanidinium-phenol-chloroform methods of Chomczynski
and Sacchi[28] with minor modifications[29]. One mg of RNA
from tumor cells was reverse transcribed with Molony
murine leukemia virus (MMLV) reverse transcriptase (Life
Technologies Inc., Paisley, UK) at 42 ℃ for 60 min in a 20-L
mixture in the presence of random hexamers. The nucleotide
bases used for human PPAR were 5’-TCTGGCCCACCAACTTTGGG-3’ and 5’-CTTCACAAGCATGA-
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ACTCCA-3’. Two L of a reverse-transcribed mixture was
subjected to PCR in a 20-L reaction solution [10 mmol/L
Tris-HCl (pH 8.3), 50 mmol/L KCl, 2.0 mmol/L MgCl2,
0.01% gelatin, 20 mmol/L deoxynucleotide triphosphate,
0.5 units of Taq polymerase (Life Technologies Inc., Paisley,
UK), and 0.25 pmoL of primers]. Twenty-five cycles of
reaction at 94 ℃ for 50 s, 60 ℃ for 45 s, and 72 ℃ for 90 s
were carried out by DNA thermal cycler (Perkin-Elmer
Cetus Norwalk, CT). Efficiency of RT was controlled in
each sample by PCR amplification of human  2 microglobulin (5’-GCAAAAGATGAGTATGCCTG-3’, 5’TTCACTCAATCCAAATGCGG-3’).
Transient transfection of culture cells
Cells were transfected at the density of 5×105 cells/60 mm
dish with 2.5 g of peroxisome proliferator response element
(ARE)3-tk-luciferase reporter plasmid (containing 3 copies
of the PPRE from the adipocyte lipid-binding protein (aP2)
gene ligated to a herpes simplex thymidine kinase promoter
upstream of a luciferase gene)[30,31], and 5 g of pSV2CAT
(vector containing SV40 early promoter and enhancer
sequences that drives a chimeric chloramphenicol acetyl
transferase [CAT] gene) as an internal control by calcium
phosphate precipitation. Total amount of DNA transfected
was normalized with a carrier DNA (pcDNA3.1; Invitrogen
Corporation, Carlsbad, CA). Four hours later the cells were
exposed to PBS containing 15% glycerol for 3 min. The
cells were rinsed twice with PBS and fresh serum
supplemented with 5% dialyzed FBS was added. Twenty
four hours after transfection cells were treated with TZD.
Twenty four hours later, the cells were harvested, washed
twice with PBS, and lysed in 150 L of buffer containing
25 mmol/L Tris, pH 7.8, 2 mmol/L ethylenediaminetetraacetic
acid, 20 mmol/L dithiothreitol, 10% glycerol, and 1% Triton
X-100. Fifty microliters of cell extract were incubated with
luciferase assay reagent based on the original protocol of
de Wet et al[32]. The number of relative light units with a 3s delay and 30-s incubation were measured by Sirius1
luminometer (Berthold Detection System, Pforzheim/
Germany). CAT activity was measured as described
previously[33]. The conversion of chloramphenicol to its
acetylated products was quantified on Ambis beta scanner
(Ambis System, San Diego, CA).
Generation of the PPAR-expressing cell line
Human PPAR cDNA was cloned into pLNCX, a retroviral
vector driving expression of the cloned cDNA from the
cytomegalovirus promoter and conferring resistance to
G418. Retrovirus plasmid was transfected into a packaging
cell line, PA317, and used to transduce HPAC cells as
previously described[34] . In brief, PA317 were transfected
with 10 g of the cloned construct (PPAR-pLNCX) or
the empty retroviral vector, using calcium phosphate
precipitation followed by glycerol stock as described above.
Twenty four hours after transfection the virus-containing
supernatant was removed, filtered through a 45-m filter,
and stored at -70 ℃. A total of 5×10 5 HPAC cells were
infected with 106 cfu/mL virus in the presence of 6 g/mL
polybrene. Twenty four hours later the cells were replated
in duplicate and selected with 600 g/mL of the antibiotic

February 28, 2005

Volume 11

Number 8

G418. After selection of G418-resistant cells, the clones
were expanded and screened for PPAR expression by
Western blotting.
Apoptosis assay
Following the indicated treatments, apoptosis was measured
by a DNA fragmentation assay (Apo-Direct) as recommended
by the manufacturer (PharMingen, San Diego, CA). Briefly,
cells (adherent and floating) were fixed in 1% formaldehyde
in PBS overnight. After washing, 10 6 fixed cells were
incubated with terminal deoxynucleotidyl transferase enzyme
(TdT) and FITC-dUTP for 90 min at 37 ℃ to label DNA
breaks. Cells were rinsed, incubated in RNaseA/propidium
iodide in the dark for 30 min at room temperature to stain
total DNA, and then analyzed by flow cytometry. Cells
doublets and clumps were eliminated from the analysis by
gating.
Statistical analysis
Data was expressed as mean±SD. Statistical correlation of
data was checked for significance by ANOVA and paired
Student’s t test. The corresponding probability (P) is given.

RESULTS
TZD inhibited anchorage-independent growth of human
pancreatic cancer cells with a PPAR-dependent mechanism
We initially investigated the effect of TZD on pancreatic
cancer cell growth. The effect of TZD on anchorageindependent growth was assessed by cloning cancer cells in
soft agarose. Treatment with both TZD at the concentration
of 10 mol/L resulted in a significant inhibition of colony
formation by Panc-1 and Capan-2 cell lines, whereas drug
treatment was ineffective in the PPAR non-expressing
HPAC cells (Figure 1A, B). Clofibric acid was used as a
negative control. The dose dependency for the anchorageindependent growth inhibition was further characterized in
Panc-1 cells. PGZ inhibited colony formation in a dosedependent manner in Panc-1 cell line (Figure 1C). Moreover,
the size of the colonies was significantly smaller in the RGZtreated cells compared to cells treated with vehicle alone.
To confirm the role of PPAR in TDZ-induced growth
arrest, we generated a PPAR-expressing HPAC cells using
transducing retroviruses. Four isolated HPAC clones showed
selective overexpression of PPAR protein compared to
parental wild type and mock-transfected controls (Figure 2A).
Of the selected clones, number 3 (P3-HPAC) was used for
further studies. In these cells, PGZ induced the activity of
the ARE-7 3-tk-luc reporter in a dose-dependent manner
(Figure 2B) and this effect was correlated to a significant
inhibition of anchorage-independent growth (Figure 2C).
PPAR activation by TZD alters cell cycle progression but
does not induce apoptosis in pancreatic cancer cells
Preliminary experiments evaluating trypan blue exclusion
and lactate dehydrogenase leakage from pancreatic cancer
cells into the culture medium showed that both TZD induced
growth inhibition rather than cytotoxicity, because the
number of vitally stained cells was higher than 90% in all
experiments at any given time point. Based on this observation,
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reverse transcribed using random hexamers and amplified by polymerase chain reaction using specific primers for PPAR and for 2 -microglobulin
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expressed as the percentage of control cells treated with vehicle (DMSO) alone. The mean±SD of six independent experiments performed for
each cell line in triplicate are shown. a P<0.05 (or higher degree of significance) vs control; C: Dose-dependent inhibition of anchorageindependent growth by TZD in Panc-1 cells. Clonogenic assay of Panc-1 cells treated with the indicated concentrations of RGZ was performed as
described in Methods. The number of colonies was then given as the percentage of control cells treated with vehicle alone. The mean±SD of five
independent experiments performed for each in triplicate are shown. aP<0.05 (or higher degree of significance) vs control.
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we assessed the effect of RGZ and PGZ on cell cycle
progression. Little change in cell distribution was observed
at 12 h with 20 mol/L of TZD in all cell lines (not shown).
In PPAR-expressing cells both RGZ and PGZ increased

the proportion of cells in G0/G 1 phase at 24 h and the
arrest persisted at later time points (Figure 3). The Increased
number of cells in G 0 /G 1 phase was mirrored by a
proportional decrease of cells in S phase. No effect was

1126

ISSN 1007-9327

100

CN 14-1219/ R

Panc-1

World J Gastroenterol
100

Control

Volume 11

Capan-2

PGZ

RGZ
PGZ

60

60

Number 8

Control

80

RGZ

80

February 28, 2005

%

%
40

40

20

20

0

0
G0/G1

S

G0/G1

G2/M
100

100

HPAC

Control

80

G2/M
Control

P3-HPAC

RGZ

80

RGZ

PGZ

PGZ

60

S

60
%

%
40

40

20

20

0

0
G0/G1

S

G0/G1

G2/M

S

G2/M

Figure 3 Cell cycle phase distribution of pancreatic tumor cells treated with TZD. After overnight attachment cells were treated with
20 mol/L of TZD (RGZ or PGZ) for 72 h, followed by staining with propidium iodide and flow cytometric analysis of DNA content. The
percentage of cells in each cell cycle phase was determined by analysis of the DNA content histograms using Modfit software as described
in Methods. Data show the percentage of cells in each phase of cell cycle in a representative experiment. Similar results were obtained in
at least three independent experiments.

Table 1 Effect of TZD on apoptosis in pancreatic tumor cells. Extent
of apoptosis following treatment of pancreatic cancer cell lines with
20 mol/L of TZD (RGZ or PGZ) for three days was measured by the
incorporation of FITC-dUTP in the presence of TdT enzyme to detect
DNA fragmentation as described in Methods. Cells were stained
with RNase A/PI and analyzed by flow cytometry. The mean±SD of
five independent experiments each performed in triplicate are shown
Apoptosis (%)
Treatment
Panc-1

Capan-2

HPAC

Control (DMSO)
RGZ

1.16±0.15
1.20±0.17

0.88±014
0.90±0.22

0.46±0.19
0.38±0.17

P3-HPAC
0.66±017
0.58±0.19

PGZ

1.19±0.14

0.93±0.17

0.40±0.18

0.57±0.13

C
bcl-xl bcl-2 bak bax

documented in the PPAR-deficient HPAC line, whereas
the inhibition of cell cycle progression by TZD was restored
in P3-HPAC cells. To determine whether the inhibitory effect
of TZD was in part mediated by inducing apoptosis, cells
were treated with RGZ or PGZ for 72 h before the analysis.
The extent of apoptosis was measured by incorporation of
FITC dUTP in the presence of TdT enzyme to detect DNA
fragmentation. Both compounds had negligible effect on
the extent of apoptosis at the higher concentration used
(Table 1). In addition, the expression of the bcl-2 family
members involved in regulating apoptosis was also
determined in PANC-1, Capan-2 and P3-HPAC cells
following treatment with RGZ or PGZ. After 24-h
incubation with TZD, no change in the expression of the
inducers of apoptosis, bax or bak, or inhibitors of apoptosis
such as bcl-2 and its close homologue bcl-xL was detected
(Figure 4). These results suggest that pancreatic tumor cells
are relatively resistant to apoptosis induced by TZD.

PGZ
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RGZ

C

PGZ

Capan-2

RGZ C

PGZ

RGZ

P3-HPAC

Figure 4 Expression of apoptotic proteins in cells treated with TZD.
Sub-confluent cells were treated with 20 mol/L of TZD (RGZ or PGZ)
for 24 h. Cells were then harvested, and whole-cell protein extracts
were fractionated by sodium dodecyl sulfate-polyacrylamide electrophoresis and transferred to nitrocellulose paper as described in
Methods. Different proteins were detected by incubating the filter
with specific antibodies.

TZD promoted differentiation and reversal of the transformed
phenotype in PPAR-expressing cells
In the PPAR-expressing cell line, PANC-1, 72-h incubation
with RGZ resulted in morphological changes with more
abundant, flattened cytoplasm, and increased cytoplasmic/
nuclear ratio, as is consistent with a more mature phenotype
(Figure 5B). To determine whether morphological changes
and growth arrest were accompanied by differentiation,
analysis of markers of the differentiated state was performed.
Treatment with 20 mol/L of RGZ resulted in a timedependent increased expression of ductal specific markers
such as carbonic anhydrase II (CA II)[5] and cytokeratin 7[35]
as well as “general” differentiation markers such as the cell
cycle inhibitors p21 and p27 (Figure 5A). Expression of
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Figure 5 TZD-induced ductal differentiation in pancreatic adenocarcinoma cells. A: Effect of RGZ on the expression of differentiation
markers in Panc-1 cells. After 24 h of plating, cells were incubated with 20 mol/L of RGZ for the indicated time intervals. Protein extracts
were then extracted and separated by Western blotting as described in Methods. Immunoreactive proteins were detected by incubating the
filters with the specific primary antibodies. A representative of three independent experiments, yielding similar results, is shown; B: Effect
of RGZ on tumor cells morphology. Panc-1 cells were plated onto sterile culture chambers and then treated with 20 mol/L of RGZ for 96 h.
After the incubation period cells were photographed with Axiovert 200 Image System (Zeiss, Gottingen, Germany). Original magnification ×200.

A

C

24 h

72 h

96 h

B

CAll

CAll

p21

p21

actin

actin
HPAC

C

24 h

72 h

96 h

P3-HPAC

Figure 6 Effect of TZD on expression of differentiation markers in HPAC cells transduced with PPAR-expressing retrovirus. Untransduced
parental HPAC cells. A: or PPAR-overexpressing P3-HPAC cells; B: were incubated with 20 mol/L of RGZ for the indicated time intervals.
Protein extracts were then extracted and separated by Western blotting as described in Methods. Immunoreactive proteins were detected
by incubating the filters with the specific primary antibodies. A representative of three independent experiments, yielding similar results, is
shown.

-actin, used as an internal control, did not change under
any experimental condition. Treatment with PGZ had similar
effect (not shown). In contrast, HPAC cells did not show
any induction of differentiation markers (Figure 6A). TZD
induced p21 and CA II expression in the P3-HPAC clone
(Figure 6B), thus supporting the role of PPAR in the
acquisition of a more differentiated state.
Because PPAR activation can enhance adipocyte
differentiation[11] , we examined the lipid accumulation in
PANC-1 and in Capan-2 cells. Oil Red O staining revealed
no lipid accumulation after PGZ or RGZ treatment for 4 d
(not shown).

DISCUSSION
Here we studied the effects of two TZD, pioglitazone
(PGZ) and rosiglitazone (RGZ), on pancreatic cancer cell
growth, and we characterized the relationship between
PPAR expression and their anticancer properties. The two
TZD similarly induced a strong inhibition of anchorageindependent growth on PPAR-expressing cell lines but
they had no effect on colony formation of the PPARdeficient cells, HPAC (Figure 1B). The role of PPAR in
the antiproliferative effect of TZD in pancreatic cancer
cells was confirmed by overexpression of the receptor in
HPAC cells. Expression of PPAR in HPAC cells, obtained

by transducing retrovirus, restored the growth inhibitory
effect of TZD in parallel with a significant induction of
PPRE reporter activity (Figure 2B, C). We therefore,
conclude that PPAR expression determines TZD sensitivity
in pancreatic carcinoma cells. Confirming our result, the
reduction of DNA accumulation by RGZ in glioma cells is
strictly dependent on PPAR expression[36]. In addition RGZ
exclusively inhibits anchorage-independent growth in human
colorectal cancer cells that express a transcriptionally active
PPAR[18]. This data is, however, partially in contrast with
the observation that the anticancer effects of TZD are
independent of PPAR and mediated by inhibition of
translation initiation[37]. In fact, in PPAR ES cells troglitazone
induced cell cycle arrest by partial depletion of intracellular
Ca 2+ stores, activation of the double-stranded RNAdependent protein kinase (PKR), and phosphorylation of
the eukaryotic initiation factor 2 (eIF2). Furthermore,
Abe et al have indicated that troglitazone suppressed cell
growth and histamine secretion by a PPAR-independent
mechanism in the human basophilic leukemia cell line
KU812[38]. A possible explanation of this controversy may
be due to the different chemical structure of the various
members of TZD family. Only troglitazone, for instance,
has the chroman structure of vitamin E, suggesting that this
TZD could regulate signal pathways by mimicking the effects
of vitamin E and independently of PPAR transcriptional
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activation[39].
To define the mechanisms by which TZD inhibit the
growth of pancreatic carcinoma cells, we analyzed the cell
cycle profile of cells treated with RGZ and PGZ. Both
TZD increased the population of cells in G1/G0 phase and
reduced the population of cells in S phase in PPARexpressing cells (Figure 3). These results support recent
observations in other growing cells, such as colon cancer
cells and myeloid leukemia cells, showing that PPAR
activation induce G 1 cell cycle arrest [18,40]. These cycle
alterations were achieved at TZD concentrations that
repressed pancreatic cell growth, indicating that cell-cycle
arrest is one of the primary mechanisms responsible for
the anti-proliferative action of TZD in pancreatic cancer
cell in vitro.
Apoptosis and cell differentiation are tightly linked to
cell cycle control mechanisms, particularly those that regulate
the transit through G1 phase[41,42]. Thus, the induction of G1
arrest by TZD-activation of PPAR may be the precipitating
molecular events for subsequent cell differentiation or death.
We did not find any pro-apoptotic effects in PPARexpressing and non-expressing cells after TZD treatment at
the highest concentration used (Table 1 and Figure 4),
whereas a significant time-dependent induction of both
general and ductal-specific differentiation markers was
observed after TZD treatment in PANC-1 cells and in the
PPAR overexpressing clone, P3-HPAC. This suggests that
the in vitro anti-proliferative effects of TZD in pancreatic
tumor cells are not primarily mediated by the induction of
apoptotic cell death. Our findings are consistent with the
apoptotic-resistant phenotype characteristic of pancreatic
tumor cells that are resistant to undergoing apoptosis induced
by chemotherapeutic agents, activation of surface receptors
such as CD 95 or by serum and growth factor withdrawal[43,44].
Similarly to TZD, non-steroidal anti-inflammatory drugs
(NSAID) such as indomethacin and sulindac inhibit
pancreatic cell growth by cell-cycle arrest without apoptosis
via a COX2-independent mechanism[45]. Interestingly, it has
been shown that NSAID are PPAR activators and their
growth-inhibitory effect in pancreatic cells could be mediated,
at least in part, by this receptor[46]. Furthermore, Wick et al,
have recently demonstrated that PPAR is one of the molecular
targets of NSAID mediating COX-independent inhibition
of lung cancer cell growth[47]. In contrast, the natural PPAR
ligand, 15d-PGJ2, induced substantial apoptosis in pancreatic
cancer cells[48] . These discrepancies could be explained
assuming that the effect of 15d-PGJ 2 may be partially
PPAR-independent. Indeed, cyclopentenone prostaglandins
have been shown to induce apoptotic cell death of human
hepatic myofibroblasts, which do not express PPAR, by a
mechanism involving the production of reactive oxygen
species[49]. Furthermore, specific inhibition of PPAR does
not prevent 15d-PGJ2-induced apoptosis in breast cancer
cells, suggesting that this ecosanoid requires mechanisms
others than activation of PPAR to induce apoptosis[50].
Although inhibition of cloning efficiency is generally
considered the hallmark of differentiation, we investigated
additional characteristics that would point towards a more
differentiated phenotype of ductal carcinoma cells. Whereas
much is known about PPAR and its role in adipocytic
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differentiation[11], in part because of the identification of
well-established markers of the terminally differentiated
adipocyte[12], the pancreatic ductal epithelium represents a
more complex and challenging system. We found that TZD
treatment induced the expression of differentiated ductal
cells markers such as CK-7[35] and CAII[5] in parallel with a
significant up-regulation of the cell cycle inhibitors p21 and
p27 in Panc-1 cells (Figure 5A). By light microscopy, we
observed elongation and flattening of cells with extending
cellular process after TZD treatment (Figure 5B). These
morphological changes are strikingly similar to the ones
observed after butyrate and retinoid induced differentiation
in the same cell lines[5,51] and represented a more differentiated
and less malignant state. In agreement with the negligible
effect of TZD on growth of PPAR non-expressing cells,
these drugs have no effect on the expression of CAII and
p21 in HPAC cells (Figure 6A). Ectopic expression of PPAR
completely restored the ability of TZD to induce ductal
differentiation in HPAC cells, suggesting that the expression
and activation of PPAR pathway is a key step in pancreaticspecific differentiation (Figure 6B). Chang et al, have recently
reported growth inhibition and increased expression of
markers of bronchoalveolar progenitor cells in non-small
cell lung cancer after treatment with PPAR agonists[52] .
Similarly to our results, they did not document either lipid
accumulation or adipocyte-specific gene expression, thus
excluding adipocytic transdifferentiation of these cell lines.
The signaling events evoked by PPAR activation in epithelial
cancer cells remain unclear. The ability of TZD to establish
various lineage-specific differentiated states that differ
according to the cellular type would suggest that the PPAR
pathway functions early in the induction of differentiation,
before lineage-specific events occur.
Overall, our study demonstrates that TZD inhibits
growth of pancreatic cancer cells via a PPAR-dependent
induction of ductal differentiation. Given the favorable
toxicity profile of these drugs and the limited treatment
options that are currently available for patients with pancreatic
malignancies, TZD might be a new effective approach to
complement conventional chemotherapeutic regimens for
pancreatic cancer therapy.
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Abstract
AIM: To study the role of intestinal flora in inflammatory
bowel disease (IBD).
METHODS: The spatial organization of intestinal flora was
investigated in normal mice and in two models of murine
colitis using fluorescence in situ hybridization.
RESULTS: The murine small intestine was nearly bacteriafree. The normal colonic flora was organized in three
distinct compartments (crypt, interlaced, and fecal), each
with different bacterial compositions. Crypt bacteria were
present in the cecum and proximal colon. The fecal
compartment was composed of homogeneously mixed
bacterial groups that directly contacted the colonic wall
in the cecum but were separated from the proximal
colonic wall by a dense interlaced layer. Beginning in
the middle colon, a mucus gap of growing thickness
physically separated all intestinal bacteria from contact
with the epithelium. Co lo nic inflam ma tion w as
accompanied with a depletion of bacteria within the fecal
compartment, a reduced surface area in which feces
had direct contact with the colonic wall, increased
thickness and spread of the mucus gap, and massive
increases of bacterial concentrations in the crypt and
interlaced compartments. Adhesive and infiltrative
bacteria were observed in inflamed colon only, with
dominant Bacteroides species.
CONCLUSION: The proximal and distal colons are
functionally different organs with respect to the intestinal
flora, representing a bioreactor and a segregation device.
The highly organized structure of the colonic flora, its
specific arrangement in different colonic segments, and
its specialized response to inflammatory stimuli indicate
that the intestinal flora is an innate part of host immunity
that is under complex control.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The general consensus that the intestinal flora is important
in the pathogenesis of chronic bowel inflammation is based
on solid clinical and experimental evidence[1]. Despite this,
all attempts to identify specific changes of the intestinal
flora that are associated with chronic inflammation have
either failed or are inconsistent[2]. Previous investigations
of bacterial involvement in inflammatory bowel disease
(IBD) have mainly been based on comparative studies of
bacterial isolates. It is likely however, that the intestinal flora
is structurally organized[3]. Sampling of the intestinal contents
prior to culture or gene-based identification disrupts the
structural organization of bacteria within the gut and may
disguise the complex interactions between intestinal flora
and the host.
The aim of this work was to study the composition and
spatial organization of the intestinal flora in normal mice
and in two commonly used models of murine colonic
inflammation, using fluorescence in situ hybridization (FISH)
with rRNA-targeted, fluorescent Cy3/Cy5 (carbocyanine)
labeled oligonucleotide probes[4].
MATERIALS AND METHODS
Animals
Three different groups of mice were investigated: wild-type
mice without colitis (WT group, n = 3), wild-type mice with
acute chemically-induced colitis (DSS group, n = 3), IL-10
knockout mice without colitis (IL-10 C- group, n = 2) and
IL-10 knockout mice with manifest colitis (IL-10 C+ group,
n = 3). All mice studied were of C57BL/6J background
and obtained from Jackson Laboratories (Bar Harbor, ME).
Mice were housed in micro-isolator racks and allowed access
to food and water ad libitum. Colitis was induced in 5 to 8wk-old wild type mice (WT) by adding 3% dextran sulfate
sodium (DSS, 40 kDa MW; obtained from ICN, Costa
Mesa, CA) to the drinking water for 5 d. Acute colitis
developed in all treated animals by d 4 of DSS exposure.
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Symptoms included diarrhea, gross or occult blood in stool
(measured by Hemoccult II Sensa cards; Beckman Coulter,
Palo Alto, CA), and weight loss. DSS-treated mice were
sacrificed on d 7 after first exposure to DSS. The spontaneous
development of colitis in mice genetically deficient in IL10 was monitored by daily weight measurements and weekly
stool occult blood tests. Animals were sacrificed by CO2
asphyxiation. A portion of the midjejunum, the terminal
ileum and the whole colon were obtained. The colon was
divided into 5 parts representing the cecum, proximal,
mid, distal colon, and the rectum. Each colon part was
analyzed separately. Intestinal segments were fixed in
Carnoy’s solution[5] for 3 h, then processed into paraffin
blocks using standard techniques, cut into 4-10 µm sections
and placed on SuperFrost slides (R. Langenbrinck,
Emmendingen, Germany) for pathologic examination and
FISH studies.
The studies were conducted under protocols approved
by the Institutional Animal Care and Use Committee of
Duke University Medical Center.
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Fluorescence in situ hybridization
Oligonucleotide probes were synthesized with a Cy3 or Cy5
reactive fluorescent dye at the 5’ end (MWG Biotech,
Ebersberg, Germany). Forty domain, group and speciesspecific FISH probes (Table 1) were applied to murine colon
sections. The Eub338 universal bacterial probe was used to
detect virtually all relevant bacteria. The nonsense probe
Non338 was used to test for nonspecific binding of
oligonucleotide probes. Formamide concentration and
hybridization temperature were used as described to achieve
the optimal stringency[6-30]. Additional hybridizations using a
permeation step with lysozyme were performed in parallel
for detection of Gram-positive bacteria.
In situ quantification of fecal bacteria Bacteria were
visualized by FISH and 4, 6-diamidino-2-phenylindole stain
(DAPI) under a Nikon e600 fluorescence microscope
(Nikon, Tokyo, Japan) and photo-documented with a Nikon
DXM1200 camera and software (Nikon). The enumeration
of bacteria was performed only when hybridization signals
were clear and morphologically distinguishable as bacterial

Table 1 FISH probes
Name

Target

Reference

Eub338
Alf1b

Virtually all Bacteria, Kingdom Eubacteria
Alpha group of Proteobacteria: Rhodobacter, Acetobacter, Paracoccus

6
7

Beta42a

Beta subclass of Proteobacteria: Rhodocyclus, Bordetella, Neisseria,Thiobacillus, Alcaligenes and other

7

Gam42a

Gamma subclass of Proteobacteria: Enterobacteriaceae, Proteus, Legionella, Azotobacter

7

Ebac

Enterobacteriaceae

8

Ec1531
Y16s-69

Escherichia coli
Yersinia species

9
10

Srb385

Sulfate reducing bacteria

11

Sgd

Desulfotomaculum subgroup

12

Hpy-1
Arc1430

Helicobacter pylori epsilon subclass of Proteobacteria
Arcobacter ssp. epsilon subclass of Proteobacteria

13
14

HGC

Gram-positive bacteria with high G+C content: Actinobacteria

15

LGC

Gram-positive bacteria with low G+C content: Firmicutes

16

Sfb
Erec

Segmented filamentous bacteria
Clostridium coccoides - Eubacterium rectale group

17
18

Lach

Subgroup of Erec

19

Ehal

Subgroup of Erec

19

Chis150
Clit135

Clostridium histolyticum group (Incl. Clostridium perfringens and Clostridium botulinum)
Clostridium lituseburense group (incl. Clostridium difficile)

18
18

Lab158

Lactobacillus and Enterococcus group

20

Strc493

Streptococcus group

18

Enc131
Efaec

Enterococcus spp and other
Enterococcus faecalis, Enterococcus sulfuricus

21
22

Ato291

Atopobium, Coriobacterium, Eggerthella and Collinsella spp

23

Cor653

Coriobacterium group

23

Ecyl
Phasco

Eubacterium cylindroides, Clostridium innocuum, Eubacterium biforme, Eubacterium tortuosum and other
Phascolarctobacterium faecium, Acidaminococcus fermentans, and Succiniclasticum ruminis

19
19

Veil

Veillonella group

19

Rbro, Rfla

Clostridium sporosphaeroides, Ruminococcus bromii, and Clostridium leptum, Ruminococcus albus and Ruminococcus flavefaciens

19

UroA, UroB
Ser1410

Ruminococcus obeum-like bacteria (subgroup of Erec)
Genus Brachyspira

24
25

Bif164

Bifidobacterium

26

CF319a

Cytophaga-Flavobacteria group

27

Bac303
Bfra602

Bacteroides/Prevotella group
Bacteroides fragilis group

27
18
18

Bdis656

Bacteroides distasonis group

Fprau

Fusobacterium prausnitzii group

28

Dss658
Arch915

Sulfate reducing bacteria subgroup of delta proteobacteria
Archaea

29
30

Non338

Nonsense probe used to test for nonspecific binding

7
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Quantification of dynamic compartments The quantification
of the dynamic structures, such as bacterial populations of
crypts, bacteria organized in layers adjacent to the mucosa,
and the width and spread of the mucus, was based on the
mean values of at least ten photographs of different
microscopic fields made within each bowel segment at a
magnification of ×400 for layers and ×1 000 for crypts.

cells by triple identification with universal and group-specific
FISH probes and DAPI stain, in absence of cross-hybridization
or hybridization with the Non338 nonsense probe.
For each group-specific FISH probe, high power (×1 000
magnification) photographs were made of three different
microscopic fields within the intestinal lumen at the widest,
narrowest, and median diameters of each colonic segment.
The estimation of bacterial concentrations was made based
on the assumption that a 10-µL sample with a cell
concentration of 107 cells per mL brings 40 cells per average
microscopic field at magnification of 1 000 [4]. Two
investigators independently counted bacteria within a 50 µm2
area of the microscopic field (about 1 cm2 of the 100%
scale photographic image). The mean number of bacteria
was recorded for each colonic segment. In cases where single
bacterial cells were morphologically indistinguishable due
to high bacterial concentrations and the fluorescence was
confluent to a homogeneously fluorescent mass, no
enumeration was attempted and the bacterial concentration
was assigned a value of >10 12 per mL. If single bacterial
cells were not distinguishable within the bacterial carpet but
some empty gaps could be recognized, the bacterial
concentration was assigned a value of >1011 per mL.
Evaluation of spatial interrelationship of bacteria and
assessment of cross-hybridization The spatial organization
of bacteria was evaluated in three steps. Group or speciesspecific signals (green-orange fluorescence Cy3) were
visualized simultaneously with a Eub338 probe universal
for all relevant bacteria (dark red fluorescence Cy5). All
probes positively hybridizing with more than 1% of bacteria
were further combined with each other in pairs, in a twocolor analysis (Cy3 vs Cy5). This allowed us to characterize
the position of different bacterial groups relative to each
other within the intestine and to assess potential crosshybridization. Although probes chosen for this study were
designed for definite bacterial groups and extensively tested
(Table 1)[6-30] , the specificity of each probe is relative. In
these experiments, multiple observations were made to
determine whether bacteria that hybridized with one probe
gave a positive hybridization signal with a probe representing
other bacterial groups, rather than to rely on results obtained
with a single probe. When probes of unrelated bacterial
groups hybridized with the same bacteria, the hybridization
stringency was adjusted until a clear differentiation was
possible. Otherwise the results achieved with cross-hybridizing
probes were excluded.

Statistical analysis
Mean values and standard deviations were calculated for
bacteria concentrations and measurements of layer (e.g.,
mucus or interlaced) thickness. Using t-tests, P<0.05 was
considered statistically significant.

RESULTS
Distribution of bacteria within bowel based on hybridization
with universal bacterial probes
Healthy wild type mice The ileum was narrow. The few
microorganisms found were heterogeneously composed,
random, and without signs of adhesion or contact with the
intestinal wall (Figure 1).

E

L

Figure 1 I = ileum of a wild type normal mouse narrow and free of
bacteria in most parts. E = epithelium; L = lumen.

The cecum was wide and contained a highly concentrated
mass of bacteria. The exact enumeration of bacteria was
impossible since single bacteria could not be distinguished
within the confluent fluorescent carpet (Figure 2A). Luminal
bacteria were in direct contact with the wall of the cecum.
Despite this contact, the bacteria lining the cecal mucosa
were probably non-adherent. Shrinkage caused by fixation
sometimes led to dissection of feces from the cecal wall. In

B

A
E

F

Figure 2 Concentrated bacterial mass in direct contact with the mucosal surface (A) and non-adherent bacteria (B) in cecum of a healthy wild
type mouse. E = epithelium; F = feces. Arrow indicates the shrinkage of feces, arrowheads indicate bacteria in crypts.
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all regions where this dissection took place, no bacteria
adhered to the mucosal surface (Figure 2B). Abundant
bacteria were observed within crypts (Figure 2B, arrowheads).
The proximal colon was wide initially, and narrows
distally. Fecal bacteria were present in high numbers and
contacted the colonic wall along most of its length.
Numerous bacteria were seen in nearly half of all intestinal
crypts, even very deep within the wall. The number of crypts
containing bacteria and the number of bacteria within these
crypts were even higher in the proximal colon than in the cecum.
A thin but dense band of homogeneous bacteria was
present in the distal part of the colon. Because this band of
bacteria was interlaced between the epithelial wall and the
unorganized fecal masses, it was termed the interlaced layer
(Figure 3).
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F

M
E
100 m

Figure 5 Rectal mucosa covered with thick mucus (M). E =
epithelium, F = feces.

Figure 4 Middle colon in a normal mouse.

IL-10 knockout mice without colitis The bacterial
concentrations in the ileum of IL-10 knockout mice without
colitis were similar to findings in healthy WT mice. However,
the concentrations and occurrence of bacteria in crypts,
the thickness of the interlaced layer, and the overall
concentrations of fecal bacteria were noticeably less
compared to healthy WT mice (Table 2).
DSS-treated wild-type mice and IL-10 knockout mice
with colitis Five striking changes were observed both in
mice with colitis due to DSS exposure and in IL-10 knockout
mice with spontaneous severe colitis (Table 2). First, there
was a massive reduction of bacterial concentrations within
the fecal masses in all colonic segments compared to healthy
WT mice. Second, in inflamed colon, the middle colon lost
its dividing function. The narrowing observed in normal
WT mice was not observed in the colitis groups. The area
where fecal masses had direct contact with the mucosal
surface was reduced. The mucus gap separating the colonic
wall from the fecal biomass began more proximally than in
healthy WT mice. In mice with colitis, the mucus layer was
evident in the distal cecum and became broad and complete
in the proximal colon. Third, the number and occurrence
of bacteria within crypts increased manifold compared to
mice without colitis. Bacteria could be regularly seen even
in crypts of the inflamed distal colon, while bacteria were
seen only in the crypts of cecum and proximal colon in
healthy WT mice. Fourth, the interlaced layer became
extremely thick in the proximal and middle colon of mice
with colitis, and reached thicknesses of >300 µm in some
locations. The interlaced layer could be observed separating
feces from mucosa, beginning in the distal cecum and
continuing to the proximal portion of the distal colon. Fifth,
in addition to these gradual changes, bacteria adhering to
the mucosa or invading mucosal epithelial cells were seen
in mice with colitis, but not in healthy WT mice.

The colon lumen widened in the distal colon and was
filled with masses of feces containing a high concentration
of bacteria. A growing mucus gap devoid of bacteria
completely separated the colonic wall from this fecal
biomass. Nearly no bacteria was found in crypts and no
interlaced layer was seen.
The lumen of rectum was wide. The mucus layer
separating the bacteria from the mucosa continuously
thickened (Figure 5). No bacteria were found within crypts
in the rectum.

Compartment-specific composition of bacterial communities
in different colonic segments
Intestinal bacteria were organized in crypt, interlaced, fecal,
adhesive, and invasive compartments. Crypt, interlaced, and
fecal compartments were observed in all groups; however,
adhesive and invasive bacteria were seen only in animals with
colitis. The bacterial groups found in different compartments
are summarized in Table 3. Generally all bacterial groups that
were observed within the crypt compartment could also be
found in the interlaced and fecal compartments. However,
not all bacterial groups found in feces had access to the interlaced

E
I
F

Figure 3 Interlaced layer in the distal portion of the proximal colon.

The mid-colon was narrow, and generally contained little
feces. If present, fecal material was restricted to a fine tubelike structure located centrally within the intestinal lumen
and separated from the epithelial surface by mucus. Bacteria
were seen less often within crypts (Figure 4).

E

50 m
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Table 2 Spatial organization of intestinal bacteria based on FISH with Eub338 universal bacterial probe

Mean lumen width in
microscopic fields
(×10 00) between
opposite walls
Min -max
concentrations of
bacteria per mL
of feces
Min -max. length
of mucus gap
separating feces
from epithelium
Min-max width
of the mucus in
µm between
epithelium and feces
Mean percent of
crypts with bacteria
(mean-max number of
bacteria within each)
Min-max thickness
of the interlaced
layer (µm)

Group

Ileum

Cecum

Proximal

Middle

Distal

Rectum

WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+

Narrow 0.2
Narrow 0.1
Narrow 0.1
Narrow 0.3
0.2-2.5×107
<107
<107
<107
None
None
None
None
-

Broad 6.4
Broad 3.0
Broad 2.1
Broad 2.0
>1012
1.3-6.7×10 9
1.0-5.3×10 10
1.7-5.0×10 9
None
8-20%
5-10%
10-20%
0
0- 5
0-10
0-20
10% (3-12)
22% (4-25)
1% single
28% ( 3-20)
0
0-100
2-10
0-120

Narrowing 2.9
Irregular 0.9
Irregular 0.6
Irregular 0.6
>1012
1.2-4.0×109
1.0-5.2×1010
0.7-4.2×109
8-10%
40-50%
70-80%
50-80%
0- 5
0-10
0-10
0-20
16% (6-16)
44% (9-30)
5% (1-3)
34% (8-34)
5-25
80-400
<5
200-500

Narrow <0.1
Irregular 0.8
Irregular 0.5
Irregular 0.5
2.1-6.6×109
0.6-3.4×1010
0.7-4.2×109
80-90%
Complete
Complete
Complete
0-20
10-50
15-50
5-50
5% (single)
27% (4-15)
2% (single)
27% (2-20)
0-10
8-40
0
80-150

Widening 2.4
Irregular 0.6
Irregular 0.7
Irregular 0.5
>1012
1.8-2.2×109
1.2-1.9×1010
4.7-7.1×109
Complete
Complete
Complete
Complete
20-50
40-75
40-100
60-200
<1% (single)
16% (2-9)
1% (single)
16% (3-12)
0
0-2
0-2
0-15

Broad 2.5
Irregular 0.6
Irregular 1.2
Narrow 0.2
>1012
1.1-2.2×109
1.4-2.3×1010
4.7-9.2×109
Complete
Exudate
Complete
Exudate
30-100
60-150
60-200
Infiltrate
0
<1%
No
<1%
0
0-2
0
Infiltrate

-

Mean number of bacteria within crypts were counted in two different microscopic fields. Only crypts with bacteria were evaluated when mean number of
bacteria within crypts was determined.

compartment. In addition, some bacterial groups seen in
both fecal and interlaced compartments were never seen in
the crypt compartment (Table 3).
Table 3 Bacterial groups identified within defined compartments
FISH Probe
Erec
Alf1b
Lach
Phasco
Cor653
Lab158
Rbro
Rfla
Ehal
Bdis
Bac303
LGC
Clit135
Chis150
Ecyl
Bif164
Veil
UroB
UroA
HGC
Strc493
Ebac
Arc1430
Enc131
Ato291

Feces
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Interlaced
+
+
+
+
+
+/-1
+
+
+/-1
+/-1
-

Crypt
+
+
+
+
+
+
-

1
Composed of different morphotypes one of which could be found within and
one outside of the interlaced layer.

The composition of the bacterial populations within
single compartments (feces, interlaced, crypt) was the same
in all investigated groups of animals. However, the spread,

extent, and volume of these different compartments within
different colonic segments differed markedly between
groups with and without colitis, irrespective of the etiology
of the inflammation.
Fecal compartment The composition of the bacterial
community in the lumen of ileum could not be reliably
evaluated in all groups of mice due to low bacterial
concentrations and their irregular distribution within the
lumen. Different bacterial groups found in the ileum
appeared to be at random and varied from animal to animal
in an unpredictable manner.
All bacterial groups that were positively hybridized with
FISH probes were homogeneously mixed within the feces,
without a gradient in distribution between regions adjacent
to the mucosa and distant regions (Figure 6). The Arch915,
Gam42a, Beta42a, Srb385, Bfra602, CF319a probes
demonstrated a high grade of cross-hybridization and were
excluded from the evaluation. The Erec, Lach, Alf1b,
Phasco, Lab158 and Bac303 probes hybridized with more
than 10% of the fecal population at least in one of the
animals tested. The Rbro, Chis150, Clit135, Ehal, Ecyl, LGC,
Cor653, Bdis659 probes hybridized with more than 1% of
the fecal population. The Bif164, HGC, Rfla, Enc131, Veil,
Ato291, UroB, UroA, Strc493, Ebac, Arc1430 probes
hybridized with less than 1% of the population. Despite
this low overall proportion, the absolute number of these
bacterial groups was higher than 107 cells/mL and therefore,
easy to distinguish from the non-specific background. The
Ec1531, Y16s-69, Sgd, Fprau, Sfb, Hpy-1, Efaec, Ser1410,
Dss658 probes failed to give signals that were different from
the background fluorescence seen with the nonsense probe.
Changes in bacterial concentrations within the fecal
compartment from the cecum to the rectum The types
of bacteria present in the fecal compartment were constant
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Figure 6 Fecal bacteria hybridized with Bacteroides (Cy3 green-orange, 6A) and Erec (Cy5 red, 6B) probes, cecum of healthy WT mice.

in all colonic segments and animal groups; however, the
concentrations differed markedly. This was illustrated by
the changes in mean concentrations of bacteria that
hybridized with Erec and Bac303 probes, the two most
abundant bacterial groups within the fecal compartment,
during the transition from cecum to rectum (Table 4).
Table 4 Mean concentrations of selected bacterial groups comprising more than 10% of the population within the fecal compartment
of cecum and rectum
Probe

Group

Cecum

Rectum

Erec

WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+ 28 wk

80×109
13×108
15×108
8×108
2.8×108
1×10 8
5×108
11×10 8

0.8×109
0.3×108
25×108
12×108
2.1×108
0.5×108
2×108
5×108

Bac

Bacterial groups found both in the crypt and fecal
compartments (e.g., Erec, Alpf1b, Phasco, etc.; Table 3) were
predominant in the cecum of healthy WT mice and their
concentrations declined distally. The concentrations of
bacterial groups found mainly in feces (e.g., Bacteroides,
Clit135, Chis150, etc. Table 3) remained relatively stable
throughout the colon. Thus their concentrations increased
relative to the Erec-like groups.
Crypt bacterial communities Crypt bacteria were mainly
found in the cecum and proximal colon of healthy WT
mice (Table 2). Starting with the middle colon, bacteria could
be only sporadically observed within the crypts. No bacteria
were found within crypts of the distal colon and rectum.
The occurrence and number of crypt bacteria were
significantly reduced in IL-10 knockout mice without colitis.
In contrast, in both DSS mice with colitis and IL-10
knockout mice with spontaneous colitis, the crypt population
was amplified and crypt bacteria could be seen sporadically
even in the rectum (Table 2). Despite this significant
difference in the extent and the distribution of crypt
communities, the composition of the crypt population was
the same in all investigated animal groups. Groups hybridizing
with the Alf1b, Erec (Lach), Phasco and Lab158 probes
were detected within crypts in different combinations. In
the cecum, crypt bacteria directly contacted fecal masses
and these bacteria were the main constituents of the fecal

compartment. Bacteria positively hybridizing with Bac303
(Bacteroides), Chis150 (Clostridium histolyticum), and Clit135
(including Clostridium difficile) probes were never identified
within crypts of any of the groups investigated (Table 3),
although they were homogeneously intermixed within the
fecal compartment and directly contacted the mucosa and
crypt mouths in the cecum. In the proximal colon, the groups
of bacteria that were present within crypts formed the
interlaced layer before they mixed with the fecal compartment.
Interlaced layer The interlaced layer was mainly composed
of the same bacterial groups that were present within the
crypts (Table 3). These bacteria were condensed in extremely
dense mats adjacent to the mucosa, which were clearly
demarcated from the rest of the feces. This layer was
relatively thin in WT mice and in IL-10 knockout mice
without colitis. However, the interlaced layer was markedly
amplified in all mice with colitis.
The concentration of bacteria into the interlaced layer
was not simply numerical. The interlaced layer prevented
the mucosa from contact with bacterial groups hybridizing
with Bac303 (Bacteroides) and Clit135 (Clostridium difficile) probes
which were observed in the cecum and initial parts of the
proximal colon in healthy WT mice (Figure 6). The blocking
role of the interlaced layer was especially well seen when pairs
of probes representing all (Eub338)/interlaced (Erec, Alf1b,
Phasco, Lab158, etc.) and exclusively fecal (e.g., Bac303, Clit135)
bacterial population were simultaneously used (Figures 7, 8).
Adhesive bacteria Bacteria had direct contact with the
cecal wall in healthy WT mice. These bacteria were separated
completely from the wall when the fecal masses shrank
during fixation without that bacteria adhered to the colonic
surface (Figure 2B). Bacterial-mucosal contact in the cecum
was therefore not adhesive.
True adhesion was observed in all animals with colitis.
This was characterized by bacteria, which lined the mucosal
surface and were located beneath the mucus layer. This
true adhesion was found in at least one location in all animals
with colitis, but was observed mainly in the distal portion
of the colon (Figure 9). Sixty percent of adhesive bacteria
were Bacteroides.
Invading bacteria Bacteria invading the mucosa were
found exclusively in the rectum and distal colon of DSS
and IL-10 knockout mice with colitis (Figure 10). The types
of invading bacteria were heterogeneous but mainly
represented bacteria of the Bacteroides and Erec groups. The
proportion of Bacteroides to Erec was more than three to one.

Swidsinski A et al. Mucosal flora in IBD models

A

1137

B
F

F

I

I
E

E

Figure 7 Interlaced layer in the proximal colon of IL-10 mice with colitis visualized simultaneously by hybridization with Bac303 (Cy3 greenorange, 7A) and Eub338 probes (Cy5 red, 7B).
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Figure 8 Interlaced layer in proximal colon of DSS mice visualized simultaneously by hybridization with Clit135 (Cy5 red, 8A) and Lab158
probes (Cy3 green-orange, 8B). I = interlaced layer, E = epithelium, F = feces.

E

Figure 9 Bacteria location below the intact mucus layer (arrowheads)
and adherence to the colonic mucosa in DSS-exposed mice.

100 m
Figure 10 Bacteria infiltrating the mucosa in distal colon of IL-10
mice with colitis (arrowheads).

DISCUSSION
In the present study we described a novel approach for the
characterization of biofilm in the murine intestine. The
utilization of the broad in situ typing methodology, described
herein, allowed
for the first time to visualize the spatial
E
complexity of murine intestinal microbiota in health and
disease. Our results clearly show that normal murine intestinal
flora is highly differentiated, organized in structurally
definitive, distinctively composed compartments, which are
typical for each colonic segment and closely interrelated to
colonic function. Finally, we report, for the first time, that
intestinal inflammation is associated with spatial redistribution of specific groups of bacteria in the large
intestine of mice.
In recent years a large amount of data has emerged
that point out the importance of biofilm in environmental
microbiology in such diverse settings as implantable medical
devices[31] and dental plaque[32,33]. In regards to the intestinal
microbiota, however, detailed investigations are clearly
lacking. The limited number of studies that incorporated
FISH technology to investigate microorganisms in histologic
material of human or animal intestines has dealt for the most
part with the detection and enumeration of bacteria[34-36].
In contrast, in the present study, we modified the existing
methodology to achieve better characterization of the spatial
association between intestinal bacteria and the mucosal
environment. First, to accomplish optimal resolution of the
spatial structures, our technique included probes, which have
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been shown to express low bacterial specificity taking into
account some level of uncertainty in regard to the specificity
of identification of bacteria and the sensitivity of
enumeration studies. Second, we hybridized all probes that
generated positive signals in multiple combinations to each
other. Probes, which cross-hybridized with a subset of
bacteria even when high stringency conditions were applied,
were subsequently excluded from the evaluation.
A major finding of our study is the clear diversity
observed between different intestinal segments in regards
to the number of intraluminal bacteria and the localization
of microorganisms in relation to intestinal wall. Specifically,
in our study, bacteria were rare in the small intestine. On
the contrary, with the exception of middle colon, all colonic
segments were found to contain a large number of bacteria
within the fecal mass. Striking differences, however, were
observed between proximal and distal colonic areas regarding
the position of microorganisms in relation to the bowel
wall. Indeed, not only were the cecum and proximal colon
tightly filled with high concentrations of bacteria, but direct
contact of all involved bacterial groups with the bowel wall
was observed as well. More importantly, abundant bacteria
within colonic crypts were a uniform characteristic of
proximal large intestinal segments. On the other hand, in
the distal colon and rectum intraluminal bacteria were
prohibited from contact to the bowel wall, whereas no
microorganisms were detected in the colonic crypts.
We hypothesize that the differences in the spatial
association between commensal bacteria and murine colonic
wall replicate functional differences between individual
colonic segments. First, our data indicate that the cecum
and proximal colon, where direct contact of bacteria and
bowel wall takes place, are involved in the proper
fermentation reactor of the large bowel in mice. In addition,
the rich bacterial population found within the crypts of
proximal colonic segments of WT mice contradicts the
previous assumption that such localization of bacteria
indicates the presence of disturbed mucosal barrier[38]. A
more plausible explanation is that these bacteria represent
inocula used by the host to boost and maintain the stability
of fermentation. This notion is strongly supported by the
fact that intracryptic bacteria are devoid of potentially
harmful species such as Bacteroides (Bac303) or Clostridium
difficile (Clit135). Second, our findings support the concept
that, different from the proximal colon, the distal colon
functions mainly as a segregation device. In fact, the waste
product segregation is managed by a mucus layer that
normally starts in the middle colon and becomes fully
developed in the distal colon, where the number of crypt
bacteria continuously declines. The composition of mucins
in the proximal and distal colonic segments in mice and
men has been extensively studied and marked differences
were previously described[37]. The lack of detection of a
mucus layer by in situ hybridization in the cecum and
proximal colon of WT mice does not indicate that mucin
production by the cecal epithelium does not occur. It is
more probable that mucus secreted in the murine cecum is
penetrable by bacteria and does not lead to the development
of the mucus layer, which physically separates the fecal
masses from the epithelium. The “physiological” contact
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that takes place between bacteria and proximal large intestinal
wall may underlie the tolerance of the colonic epithelium
towards commensal flora that characterizes the healthy state.
More importantly it offers an attractive explanation as to
why colitis very often originates in the distal colon, where
the bacteria are separated from the mucosa and tolerance
does not develop. The functional differences between
proximal and distal colon in healthy WT mice are further
emphasized during peristalsis. The proximal and distal parts
of the healthy WT mouse colon are dilated and filled with
feces and divided by a narrow middle colon, which prevents
the intermixing of the two reservoirs.
A unique finding in our study is the identification of the
interlaced bacterial layer. This represents a bacterial sheet
that is composed of selected microbial groups, which grow
in dense mats between feces and mucosa and are
impenetrable for most fecal bacteria. The interlaced layer
is an entirely new entity observed in the transition zone
between proximal and distal colon. The reason why previous
studies failed to detect this distinctive layer may lie in the
fact that the interlaced layer is relatively thin in healthy WT
mice and poorly contrasts against the bright fluorescence
of highly concentrated dense fecal compartment when
universal probes or single group-specific probes are used.
It can be definitively recognized only when pairs of probes
specific for strictly fecal bacteria such as Bacteroides along
with crypt-specific bacterial probes such as Erec are
concomitantly applied, an approach that has not been
practiced until now. The functional peculiarities of the
interlaced layer indicate that it could be nature’s solution
for preventing the spoiling of the fermentation by
overgrowth of contaminants or facultative pathogens.
Our studies in DSS-treated and IL-10 knockout mice
clearly demonstrate that, in the setting of intestinal
inflammation, the described complex cooperative work of
macro and microorganisms within the intestinal lumen was
deranged. The development of colitis introduced changes
that can be interpreted as increasing host intolerance to the
fecal flora. First, in the inflamed colon the formation of
the mucus layer that prevents contact of feces with the
colonic wall moved proximally and became detectable in
the cecum. Second, the spread and width of the mucus
layer significantly increased throughout the colon. Third,
redistribution of the intestinal microorganisms occurred that
was highly selective and compartment-specific. Indeed, the
concentrations of bacteria in the fecal compartment dropped
dramatically. Nevertheless, while microorganisms were
suppressed within the fecal compartment, the intra-cryptic
bacterial groups recognized by the Alf1b, Erec, Phasco and
Lab158 probes as well as the interlaced bacterial layer were
enhanced in their growth. Both the number of crypts
containing bacteria and the number of bacteria within single
crypts significantly increased in mice with colitis.
Furthermore, intra-cryptic bacteria were regularly found
even in the distal colon. The interlaced layer got especially
dense and thick in the inflamed proximal and middle colon
and spread up into the cecum. Although these results indicate
an activation of intestinal defense mechanisms in mice with
colitis, as expressed by the wider spread and increased
thickness of mucus and the interlaced layer, fecal bacteria
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are able to overcome the defense lines. In fact a definite
discriminatory characteristic between healthy and colitic
mice is the presence of invasive bacteria and bacteria that
were adhesive to the mucosa below the mucus in the latter
group. Specification analysis revealed that Eubacterium rectale
group was most numerous in crypts, feces and the interlaced
layer. On the other hand, Bacteroides species dominated the
adhesive and invasive populations documenting the changing
spectrum of bacteria involved in the inflammatory process.
In conclusion, the present study indicates that the
proximal, middle and distal colonic segments appear to be
physiologically distinct with respect to their interactions with
bacteria. On the other hand, bacterial attachment to the
mucosa can follow one of three principally different
processes: fermentation (facilitated by direct contact to the
proximal colonic wall), protection (through the formation
of an isolating interlaced layer), and inflammation (adhesion
and invasion). These processes are differently expressed
throughout the colon and have opposite meanings in each
case and position. The first is reduced, whereas the last two
are enhanced in colitis. As an end result, the interrelation
between bacteria and colonic epithelium and the state that
predominates (tolerance vs. inflammation) is constantly
defined by the mode of bacterial attachment and the colonic
segment where this attachment takes place. The spatial,
segment-specific structure and differential response of
specific bacterial groups and compartments to inflammatory
stimuli may be pivotal for the clarification of many past
inconsistencies of experimental and clinical research
regarding the pathogenic role of bacteria in IBD[38-41] and is
a promising goal for future studies.
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Abstract
AIM: Silymarin is a potent antioxidant, antiinflammatory
and anti-fibrogenic agent in the liver, which is mediated
by alteration of hepatic Kupffer cell function, lipid
peroxidation, and collagen production. Especially, in
hepatic fibrogenesis, mast cells are expressed in chronic
inflammatory conditions, and promote fibroblast growth
and stimulate production of the extracellular matrix by
hepatic stellate cells.
METHODS: We examined the inhibitory mechanism of
silymarin on CCl4-induced hepatic cirrhosis in rats. At 4, 8,
and 12 wk, liver tissues were examined histopathologically
for fibrotic changes produced by silymarin treatment.
RESULTS: In the silymarin with CCl4 -treated group,
increase of hepatic stellate cells and TGF-1 production
were lower than in the CCl4-treated group at early stages.
Additionally, at the late fibrogenic stage, expressions of
TGF-1 were weaker and especially not expressed in
hepatocytes located in peripheral areas. Moreover, the
number of mast cell in portal areas gradually increased
and was dependent on the fibrogenic stage, but those of
CCl4+silymarin-treated group decreased significantly.
CONCLUSION: Anti-fibrotic and antiinflammatory effects
of silymarin were associated with activation of hepatic
stellate cells through the expression of TGF-1 and
stabilization of mast cells. These results suggest that
silymarin prevent hepatic fibrosis through suppression of
inflammation and hypoxia in the hepatic fibrogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Silymarin, a standardized extract of the milk thistle (Silybum
marianum [L.] Gaertner) has a long tradition as an herbal
remedy[1] . The flavonoid silymarin was introduced as a
“hepatoprotective” agent a few years ago and is used
clinically in Europe and Asia for the treatment of liver
diseases[2]. The protective action of silymarin is explicable
in terms of its capacity for trapping free radicals and has a
stabilizing effect on the cytoplasmic membranes. In
experimental animals, this flavonoid has a protective action
on the liver, which is particularly vulnerable to poisoning by
several hepatotoxic substances such as carbon tetrachloride
(CCl4), thioacetamide, and D-galactosamine[3]. Silymarin is
a potent antioxidant that inhibits lipid peroxide formation
in the liver cells[4], and possesses antiinflammatory properties
mediated by alteration of hepatic Kupffer cell function[5].
Hepatic fibrosis has been noted in chronic liver disease,
and is characterized by increased production and deposition
of collagen, glycoproteins, and proteoglycans that compose
the extracellular matrix (ECM)[6] . Availability of animal
models is crucial for the study of liver fibrosis and/or
cirrhosis. It is well known that hepatic cirrhosis animal
models for chronic liver damage induced by CCl4 in rats
produce liver fibrosis and biochemical and histological
patterns that resemble human liver cirrhosis[7]. Thus, the
rat model of liver cirrhosis has been useful in studying the
effects of hepatoprotective drugs with therapeutic potential
to be used in hu mans [8] . In hepatic fibrogenesis,
myofibroblasts (MFBs) such as hepatic stellate cells (HSCs)
are the major source of increased ECM [6]. When they are
exposed to soluble factors from damaged hepatocytes and
from activated Kupffer cells, MFBs will lose Vitamin A
and their lipid contents and undergo activation. The activated
MFBs migrate and proliferate at the site of liver injury,
playing a pivotal role in the formation of fibrous tissue[9].
Among the various cytokines, TGF-1 plays an important
role as a profibrogenic factor in chronic liver disease,
triggering the expression of procollagen-I and tissue inhibitor
of metalloproteinases-1 (TIMP-1), key effectors of
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fibrogenesis. TGF-1 is also the most potent mast cell
chemo-attractant so far identified and induces mast cell
migration at femtomolar (fM) concentrations. Various other
cell types, e.g., monocytes, neutrophils, and fibroblasts also
migrate towards TGF-1[10].
Mast cells, which are derived from hematopoietic
progenitors, leave the bone marrow and migrate to areas
of inflammation. A number of factors responsible for this
directional migration and tissue maturation of mast cells
have been identified. These include the CXC family of
chemokines, stem cell factor (also known as kit-ligand, steel
factor, and mast cell growth factor), and TGF-1[11]. Thus,
the activation of mast cells and the subsequent exocytosis
of granules are followed by production and secretion of
cytokines and other factors that lead to leukocyte infiltration
and local inflammation. Mast cell hyperplasia in the liver
has also been observed in a variety of experimental models
of rat liver fibrosis, such as that induced by CCl 4 ,
diethylnitrosamine, radiation, porcine serum, and bile duct
resection[12]. In addition, silymarin acts to stabilize hepatocyte
membranes and block receptor binding of various toxins
and drugs. Antioxidant activity is also hepatoprotective
in vivo and in vitro studies, showing that silymarin has free
radical scavenging activity and enhances superoxide
dismutase action in erythrocytes and lymphocytes [13].
Silymarin also protects against glutathione depletion and
increases protein synthesis by hepatocytes when there is
damage to parenchymatous tissue[14].
In this study, we examined the inhibitory mechanism of
silymarin on CCl4-induced hepatic cirrhosis in rats. The
objective of the present study was to observe the alteration
of MFBs, TGF-1, and mast cells histopathologically on
the silymarin treatment and to elucidate the correlation
between these changes and the antifibrotic effect of
silymarin.

MATERIALS AND METHODS
Animals and treatments
Studies were performed on thirty male Wistar rats weighing
130-150 g. They were housed in a room at 22±2 ℃ and a
12-h light-dark cycle. Feed (PMI Nutrition International,
USA) and water were supplied ad libitum.
Hepatic fibrosis was induced experimentally by
intraperitoneal injection (IP) of 1.0 mL/kg body weight of
10% CCl4 (Sigma, USA) dissolved in olive oil (Sigma, USA),
three times a week for 12 wk. Two groups of fifteen animals
each were used. These groups are schematically shown in
Table 1. The first (CCl4) group received CCl4, 1.0 mL/kg
IP three times a week and 0.25% carboxymethylcellulose
(CMC, Sigma, USA), 1.0 mL/kg per oral, 5 d a week
for 12 wk. The second (CCl4+Sily) group received CCl4,
1.0 mg/kg IP and a daily oral dose of 50 mg/kg silymarin
5 times a week. Silymarin was given as a suspension in
0.25% CMC. Five rats of each group were sacrificed at wk
4, 8, and 12 respectively.
Serum biochemical measurements
Serum was collected and assayed for alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) using standard
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Table 1 Experimental designs used in this study
Group ID Number
of animal
CCl4
CCl4 + Sily

Treatment

Sacrificed time

15

CCl4, 1.0 mg/(kg·d), IP 3 times a wk

15

0.25% CMC, 1 mL/(kg·d), PO 5 times a wk
CCl4, 1.0 mg/(kg·d), IP 3 times a wk
4, 8, 12 wk

4, 8, 12 wk

Silymarin, 50 mg/(kg·d), PO 5 times a wk

enzymatic assay kits. Each assay is a colorimetric assay with
detection of a highly colored end product measured at
490-520 nm using autoanalyzer - UV/V is spectrophotometer
(Hitachi 736-10, Hitachi, Japan). The absorbance of each
end product is proportional to the enzyme’s activity.
Determination of hepatic hydroxyproline content
Hydroxyproline (HYP) was determinated colorimetrically
in duplicates from 0.2 g of liver tissue using a modified
method of Jamall et al [15]. Briefly, the frozen tissue was
homogenized in 4 mL of 6N HCl and hydrolyzed at 110 ℃
for 16 h. The hydrolysate was filtered, and then 30 L
aliquot of these samples was evaporated under vacuum.
The sediment was dissolved in 1.2 mL of isopropanol and
incubated with 0.2 mL of 0.84% chloramines-T in acetatecitrate buffer (pH 6.0) for 10 min at room temperature.
Then, 1.0 mL of Ehrlich’s reagent was added and the
mixture was incubated at 60 ℃ for 25 min. The absorbance
of the sample solution was measured at 560 nm wavelength
(Hitachi 736-10, Hitachi, Japan). Next, the hydroxyproline
content in 100 mg of liver was calculated from the standard
curve of 4-hydroxy-L-proline (Sigma, USA) (g/100 mg
liver weight).
Histopathological analysis
Liver tissues from each rat were rapidly removed, fixed in
10% neutral-buffered formalin, and processed routinely.
Paraffin-embedded sections were cut into 4 m thick
sections. The sections were stained with hematoxylin and
eosin (HE) and with special Azan stain, for collagen fibers.
In there experiments, the degree of fibrosis in each section
of liver was classified as a grade 0-4[16].
Immunohistochemistry
Liver sections were deparaffinized in xylene, dehydrated in
graded alcohol series, and for the block of endogenous
peroxidase, sections were incubated in a solution of 3%
hydrogen peroxide (H2O2) in methanol for 10 min. Tissue
sections were washed with PBS containing 0.03% non-fat
milk and 0.01% Tween 20, and then immunostained with
primary antibodies for alpha-smooth muscle actin (alphaSMA) and TGF-1. The antigen-antibody complex was
visualized by a labeled streptavidin-biotin method using a
Histostatin-PLUS Bulk Kit (Zymed Laboratories Inc., USA)
and followed by diaminobenzidine (DAB) as a chromogen.
After washing, slides were counter-stained with Meyer’s
hematoxylin and washed with tap water. The primary
antibodies used were monoclonal anti -SMA at a dilution
of 1:800 (clone 1A4, Sigma, USA) and polygonal rabbit
LC[1-30] antibody to mature TGF-1 (kindly provided by
Dr. Seong-Jin Kim) at a dilution of 1:100 respectively. Non-
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Number of mast cells in liver tissue
Toluidine blue staining for mast cells was performed by
immersion of liver sections in 0.1% toluidine blue (Sigma,
USA) for 1 min at room temperature. The number of mast
cells was quantified in 25 randomly selected, non-overlapping
fields and expressed as the number of mast cells/mm2.
Statistical analysis
All results were expressed as mean and standard deviation
(SD). Statistical analysis of the data was done using InStat
program (GraphPad Software Inc.). A Mann-Whitney
U-test was conducted and the data that were considered to
be significantly different were reported at probability levels
of P<0.05 or P<0.005, as indicated.

RESULTS
Serum biochemistry
Serum ALT and AST levels of all CCl4-tested animals
increased in a time-dependent fashion during the whole of
experimental period (Figure 1). These changes indicated that
liver damage and inflammation were induced successfully
by injection of CCl4 and were similar to previous results.
However, in the CCl4+silymarin treatment group, increases
of serum ALT and AST levels were lower than those of
the CCl4, control group. The reduced ALT and AST activities
of the silymarin-treated group were 30%, 72% and 33%
compared to increases of 8%, 55% and 34% in the CCl4treated groups, at 4, 8, and 12 wk.

ALT (IU/L)

1 000

500

CCl4 Sily
4

CCl4 Sily
8

CCl4 Sily
12 (wk)

CCl4 Sily
4

CCl4 Sily
8

CCl4 Sily
12 (wk)

B
AST (IU/L)

1 500
1 000
500
0

40
c

30
a
20

10

0
CCl4 Sily

CCl4 Sily

CCl4 Sily

4

8

12 (wk)

Figure 2 Hydroxyproline content determinated in the livers of CCl4 or CCl4 with silymarin-treated groups. At 4, 8 and 12 wk, HYP contents of CCl4 with silymarin-treated group (black bar) reduced compared to those of control group (open bar). Data are expressed as
the mean±SD (n = 5). aP<0.05 means significant compared to that of
CCl4 -treated groups. cP<0.005 means significant compared to that
of CCl4 -treated groups.

A 1 500

0

Collagen accumulation
Collagen contents of liver tissue were quantified by
determination of the hydroxyproline content (Figure 2).
In the CCl 4-treated group, hydroxyproline contents at
4, 8, and 12 wk increased 21.81±3.37, 24.31±0.91, and
43.26±1.41 g/100 mg liver weight respectively.
However, in the CCl4+silymarin-treated group, the HYP
contents at 4, 8, and 12 wk were 18.05±1.89, 20.5±1.92,
and 27.5±0.69 g/100 mg liver weight respectively. At 4,
8, and 12 wk, these HYP contents of CCl4+silymarin-treated
group were reduced by 17%, 16%, and 36% respectively
compared to those of control group. Reduced HYP contents
of 8 and 12 wk in the CCl4+silymarin-treated group were
statistically significant, P<0.05 and <0.005 respectively.

Hydroxyproline concentration
(g/100 mg liver weight)

immunized goat sera, which were used instead of the
primary antibody, served as the negative control.

1143

Figure 1 Serum ALT and AST levels in the CCl4- or CCl4 with silymarintreated groups. A: Serum ALT levels were detected at 4, 8, and 12 wk;
B: Serum AST levels were detected at 4, 8, and 12 wk. In the CCl4
with silymarin-treated group (black bar), increase of serum ALT and
AST levels were lower than those of CCl4-treated group (open bar).

Histopathological observations
During the process of cirrhosis, the grade of hepatic fibrosis
changed from grade 0 to grade 4 (Table 2). At 4 wk,
centrilobular necrosis and moderate fatty change of liver
were found in the CCl4-only-treated group. In this group,
there was collagen accumulation around the blood vessels
(Figure 3A, G). At 8 wk, fatty change was rarely observed,
but collagen fibers were more abundant in the centrilobular
area and neighboring central veins were bridged by fibrous
septa. Then, pseudolobuli were formed by thin fibrous septa
(Figure 3B, H). At 12 wk, pseudolobuli were formed and
macrovesicular lipid droplets were detected. The collagenous
septa were much thicker, and pseudolobuli were subdivided
into smaller lobuli (Figure 3C, I).
In the silymarin with CCl4 injection group, at 4 wk, the
presence of connective tissue was almost normal around
the central veins (Figure 3D, J). At wk 8, moderate to severe
fatty change was detected around the periportal area and
central vein. A slight accumulation and spread of collagen
fibers around central veins was observed too (Figure 3E, K).
At wk 12, large lipid accumulation was detected more than
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Table 2 Histopathological findings of liver tissue in the CCl4 - or CCl4 with silymarin-treated groups
4 wk

8 wk

12 wk

Group
Grade1
CCl4
CCl4+Sily

Lesion

Grade

Lesion

Grade

2

Mild fibrosis

3

Severe fibrosis

4

0-1

Mild fatty change

1-2

Mild fatty change and fibrosis

2-3

Lesion
Cirrhosis
Severe fatty change and fibrosis

1
Fibrotic grade classified by Fujiwara et al., Grade 0: none, Grade 1: short collagen extended from central veins, Grade 2: slender septa link the central veins but
lobular architecture is preserved, Grade 3: pseudolobuli are formed thin septa, Grade 4: parenchyma is subdivided into pseudolobuli by thin septa.

A

B

C

D

E

F

G

H

I

J

K

L

Figure 3 Hepatic fibrosis and accumulation of collagen in only CCl4 - or CCl4 with silymarin-treated groups. In only CCl4-treated group - A and
G: At 4 wk, collagen (arrowhead) accumulation around the blood vessels; B and H: At 8 wk, collagen fiber (arrowhead) was more abundant in
the centrilobular area and neighboring central veins were bridged by fibrous septa; C and I: At 12 wk, pseudolobuli were formed actively and
macrovesicular lipid droplets were detected. The collagenous septa (arrowhead) were much thicker, and pseudolobuli were subdivided into
smaller lobuli. In CCl4 with silymarin-treated groups - D and J: At 4 wk, connective tissue was almost normal around the areas of central veins;
E and K: At 8 wk, the slight accumulation and spread of collagen fibers around central veins was observed; F and L: At 12 wk, large lipid
accumulation was detected more than that of CCl4 -treated group and pseudolobuli were formed by thin collagenous septa. HE stain, A-F; Azan
stain, G-L. Original magnification: ×33, A-L.

that of the CCl 4-treated group and pseudolobuli were
formed by thin collagenous septa (Figure 3F, L). The
presence of collagenous fibers, as demonstrated by Azan
stain, was confirmed too.
Immunohistochemical analysis
Normal expression of myofibroblasts (MFBs) (e.g., hepatic
stellate cells, HSCs, etc.) was identified by -SMA-positive
staining and was limited to the central veins and portal triad.
As liver damage, progressed -SMA-positive cells markedly

increased around blood vessels and fibrotic tissue in the
CCl4-only-treated group at wk 4, 8, and 12 (Figure 4A-C).
In the silymarin with CCl4-treated group, at 4 wk, -SMApositive cells were slightly detected around central and portal
veins, the same as in the control group (Figure 4D), and
then at wk 8 increasing -SMA-positive MFBs exhibited
the same pattern of collagen fiber spread from the central
veins (Figure 4E). However, the numbers of -SMA-positive
cells in the silymarin with CCl4-treated group was lower than
in the CCl4-only-treated group at wk 8 (Figure 4B, E). At
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J

K

L

Figure 4 Positive reactive cells for -SMA, TGF-1 in only CCl4- or CCl4 with silymarin-treated groups. In only CCl4-treated group - A: Weak
positive reaction for -SMA was detected at 4 wk; B: At 8 wk, increasing positive reaction for -SMA was observed around fibrous septa; C:
At 12 wk, -SMA-positive cells observed a little decreasing along to the thick collagenous septa. In CCl4 with silymarin-treated group -D:
positive reaction for -SMA was slightly detected at 4 wk; E: At 8 wk, -SMA-positive cells were lower than that of CCl4 -only-treated group;
F: At 12 wk, positive expression of -SMA was shown the same pattern with result of CCl4-treated group at 8 wk. In only CCl4-treated group
-G: Weak positive reaction for TGF-1 (arrowhead) was detected in portal triad at wk 4; H: At 8 wk, increasing positive reaction for TGF-1
(arrowhead) was observed in macrophage and around fibrous septa; I: At 12 wk, several hepatocytes (open arrowhead), located peripherally
within pseudolobules, were observed TGFbeta1-positive immunoreaction. In CCl4 with silymarin-treated group - J: At 4 wk, positive reaction
for TGF-1 (arrowhead) was slightly detected in macrophages; K: At 8 wk, positive reactive cells for TGF-1 (arrowhead) were lower than that
of CCl4 -only-treated group; L: At 12 wk, expressions of TGFbeta1 (arrowhead) were seen weaker than those of CCl4 -treated group and not
detected in hepatocytes. Immunostaining for -SMA (A-F) and TGF-1 (G-L) with hematoxylin counterstain. Original magnifications: ×33 (A-F);
×132 (G-L).

wk 12, the CCl4-treated group developed into a cirrhotic
stage, and -SMA-positive MFBs were observed mild along
to the thick collagenous septa (Figure 4C), compared to
8 wk. This indicated expression of the collagen matrix in
the hepatocytes against activation of myofibroblasts, which
disappeared at the stage of cirrhosis. However, at 12 wk,
MFBs of the CCl4+silymarin-treated group showed positive
expression of -SMA identical to the pattern in fibrosis
(Figure 4F).
During hepatic fibrogenesis in CCl4-treated group,
expression of TGF-1 was detected in bile ductular epithelial
cells and macrophages at 4 and 8 wk (Figure 4G, H). As
the fibrotic grade increased, the positive reaction of
TGF-1 was predominantly expressed in the macrophages
and MFBs. Significantly, at 12 wk several hepatocytes showed
TGF-1-positive immunoreaction. These hepatocytes were
located peripherally within the pseudolobules (Figure 4I).

However, in the CCl4+silymarin-treated group, the expression
of TGF-1 was weaker than in the CCl4-treated group
(Figure 4J-L).
Recruitment of mast cells in liver tissue
In toluidine blue stained liver sections from the CCl4-treated
group mast cells were oval in shape with metachromatic
granules in portal areas (Figure 5). At 4, 8, and 12 wk, the
number of mast cells of the CCl4-treated group increased
gradually: 12.43±2.38, 18.17±2.12 and 21.8±4.92 cells/mm2
respectively. However, in the CCl4+silymarin-treated group,
the number of mast cell were 10±3.33, 12.42±2.35, and
12.17±3.07 cells/mm 2 respectively (Figure 6). These
numbers for the CCl4+silymarin-treated group decreased
significantly by 19%, 32%, and 44% compared to those of
CCl4-treated group, indicating a silymarin-mediated protective
mechanism.
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Figure 5 Toluidine blue-stained liver tissue of only CCl4 - or CCl4 with silymarin-treated groups. In only CCl4-treated group - A: At 4 wk, specific
toluidine blue-stained mast cells (arrowhead) were detected in periportal region; B: At 8 wk, the number of mast cell increased; C: At 12 wk,
mast cells increased along the thick collagenous septa. In CCl 4 with silymarin-treated group - D: Positive reaction for toluidine blue
(arrowhead) was slightly detected at 4 wk; E: At 8 wk, -SMA-positive cells were lower than that of CCl4 -only-treated group; F: At 12 wk,
positive expression of -SMA was shown in the same pattern as with the result of CCl4 -treated group at 8 wk. Toluidine blue stain, A-F. Original
magnification: ×132, A-F.
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Figure 6 Recruitment of mast cell numbers in only CCl4- or CCl4 with
silymarin-treated groups. At 4, 8 and 12 wk, mast cell numbers of
CCl4 with silymarin-treated group (black bar) significantly reduced
compared to those of control group (open bar). Data are expressed
as the mean±SD. a P<0.05 means significant compared to that of
CCl4 -treated groups. cP<0.005 smeans significant compared to that
of CCl4 -treated groups.

DISCUSSION
Silymarin is well known to be a protective agent against
various hepatotoxins, such as acetaminophen, alcohol,
carbon tetrachloride, tetrachloromethane, and toluene[17] .
Pretreating rats and mice with silymarin before exposure to
these chemical hepatotoxins significantly reduced lipid
peroxidation and hepatotoxicity [3]. Additionally, the
pharmacological effects of silymarin include regulation of
cell membrane permeability, leukotriene inhibition, reactive
oxygen species scavenging, and suppression of NF-kappaB
DNA binding activity[18].
In animal studies, silymarin is as effective as colchicine
in reversing hepatic fibrosis due to CCl4-induced damage[1].
A CCl4-induced hepatic cirrhosis rat model has been useful

in studying the effects of hepatoprotective drugs with
therapeutic potential to be used in humans[8]. In the current
study, hepatic fibrosis/cirrhosis was successfully induced
by CCl4 injection in rats and flavorous results were obtained
similar to previous study. Total hepatic collagen contents
determined by hydroxyproline content increased gradually
during experimental period and histopathological findings
of fibrosis/cirrhosis were observed in H&E and the Azanstained section. In the present study, the hepatoprotective
effect of silymarin was determined in CCl4-induced liver
cirrhosis of rats. In the CCl4 with silymarin-treated group,
total hepatic collagen contents were significantly lower than
in the CCl 4-treated group especially at 8 and 12 wk.
Additionally histopathological findings of fibrosis/cirrhosis
were revealed a significant reduction in the CCl4-treated
group. Similar experiments by Favari et al reported the
reduction of lipid peroxidation, Na+, K+, and Ca2+-ATPase
levels and increases of collagen content[3,19].
In hepatic fibrogenesis, myofibroblasts (MFBs) are the
major source of increased ECM. The activated MFBs
migrate and proliferate at the site of liver injury and play a
pivotal role in the formation of fibrous tissue. Therefore,
activated MFBs are considered the major cellular target to
prevent the progression of liver fibrosis during the new
drug development[9]. In addition, transforming growth factor
beta (TGF-) is a potent fibrogenic cytokine produced by
Kupffer cells and HSCs. There is a prolonged increase of
TGF-1 expression during hepatic fibrosis in CCl4- and
diethylnitrosamine-induced models[20] and in patients with
cirrhosis induced by alcohol or viral hepatitis[21].
In the current study, as liver damage progressed in the
CCl4-only-treated group, -SMA-positive cells markedly
increased around fibrous septa. The number of these cells
increased from wk 4 to 8, but slightly decreased along the
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thick collagenous septa at 12 wk, developed into the cirrhotic
stage. Characteristically, in immunohistochemical analysis
for TGF-1, positive reactions were mainly expressed by
HSC and macrophages around the portal region, at early
(4 wk) and middle (8 wk) stages of the fibrotic processes,
but they were predominantly observed in hepatocytes located
in pseudolobules peripherally, at the cirrhosis-occurred stage
(12 wk). The mechanism of TGF-1 expression in
hepatocytes has been studied by several researchers, but is
still unclear. Furthermore, these alterations of TGF-1
expression were already reported by our laboratory and we
suggested that hypoxia might be associated with fibrogenesis
in the liver[22]. However, in the silymarin+CCl4-treated group
of our study, there was increase of -SMA-positive cells
such as MFBs, lower than that of CCl4-only-treated group,
at 4, 8, and 12 wk. Additionally, expressions of TGF-1
were weaker than those of CCl4-treated group, during all
experimental periods, especially at 12 wk not expressed in
hepatocyte located in peripheral areas of pseudolobules.
Thus, based on the results of the current study, it is concluded
that silymarin has protective effect of proliferation and
TGF-1 production in MFBs.
Fuchs et al [23] reported on the basis of in vitro studies
that the potential antifibrotic properties of silymarin might
be the inhibition of hepatic stellate cell proliferation and
transformation. Jia et al[24] observed that silymarin suppresses
expression of profibrogenic procollagen alpha1 (I) and
TIMP-1 most likely via down-regulation of TGF-1 mRNA
in rats with biliary fibrosis. However, in vivo studies of the
anti-fibrotic activities of silymarin have not yet elucidated
histopathologically the preventive mechanism of activation
or proliferation of MFBs by silymarin during the CCl4induced hepatic fibrogenesis. These results suggest that
alterations of the numbers of MFBs and TGF-1 expression
in the liver may be involved in the hepatoprotective effects
of silymarin observed in other studies. Another study of
silymarin explained the antifibrotic action through the effects
on TGF-1 expression[24] . Silymarin has been noted to
regenerate cells and enhance RNA synthesis in the rat liver[25].
In liver fibrosis and/or cirrhosis, several studies have
reported a relationship between mast cell density,
hepatocellular damage, mRNA encoding TGF-1, hepatic
stellate cell activation, and collagen levels[26-28]. Mast cells
have been implicated in chronic inflammatory conditions
resulting in fibrosis, such as Crohn’s disease, and have been
identified in human liver. The number of mast cells are
reported to increase in chronic liver diseases associated with
fibrosis[12]. Armbrust et al [29] demonstrated that in the late
stage of liver fibrogenesis, mast cells may be involved by
displaying protease inhibitory activity in the fibrotic septa.
In our previous study, the chronic injection of CCl4 induced
rat liver cirrhosis concomitant with a marked increase of
mast cells[30] . In this study, the number of mast cells in
portal areas gradually increased in the fibrogenic stage, but
the number of mast cells in the CCl4+silymarin-treated group
decreased significantly compared to those of CCl4-treated
group. In the study of Fantozzi et al, there was inhibition
of neutrophil-mediated histamine release dose-dependently.
These results further stress the concept of a neutrophilmast cell interaction, which may be involved in inflammatory
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processes[31]. Moreover, mast cells secrete various mediators,
which promote fibroblast growth, stimulate production of
the extracellular matrix by fibroblasts of hepatic stellate
cells, and produce components of the extramedullary matrix
themselves[32,33]. However, it is unclear whether they play a
central role in its development.
The anti-inflammatory effects of silymarin are also based
on multiple activities including mast cell stabilization,
inhibition of neutrophil migration, Kupffer cell inhibition,
inhibition of leukotrienes, and prostaglandin formation.
However, results of earlier studies have not histopathologically
shown expression of mast cells in fibrotic liver tissue after
silymarin treatment. Thus, silymarin has been histopathologically
shown to have significant antiinflammatory effect on hepatic
tissue, including mast cell stabilization. In addition, it is likely
that the hepatoprotective effect of silymarin is related to
prevention of hypoxia in hepatic fibrogenesis.
In conclusion, the anti-fibrotic and antiinflammatory
effects of silymarin were histopathologically observed in
the hepatic fibrogenesis of chronic liver damage induced
by CCl 4 treatment. Furthermore, these effects were
associated with activation of MFBs, expression of TGF-1,
and stabilization of mast cells. These results suggest that
silymarin prevents hepatic fibrosis through the suppression
of inflammation and hypoxia in CCl4-induced rat liver
cirrhosis.
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Abstract
AIM: Nuclear factor kappa B (NF-B) regulates a large
number of genes involved in the inflammatory response
to critical illnesses, but it is not known if and how NF-B
is activated and intercellular adhesion molecule-1 (ICAM-1)
expressed in the gut following traumatic brain injury (TBI).
The aim of current study was to investigate the temporal
pattern of intestinal NF-B activation and ICAM-1
expression following TBI.
METHODS: Male Wistar rats were randomly divided into
six groups (6 rats in each group) including controls with
sham operation and TBI groups at hours 3, 12, 24, and
72, and on d 7. Parietal brain contusion was adopted
using weight-dropping method. All rats were decapitated
at corresponding time point and mid-jejunum samples
were taken. NF-B binding activity in jejunal tissue was
measured using EMSA. Immunohistochemistry was used
for detection of ICAM-1 expression in jejunal samples.
RESULTS: There was a very low NF-B binding activity
and little ICAM-1 expression in the gut of control rats
after sham surgery. NF-B binding activity in jejunum
significantly increased by 160% at 3 h following TBI
(P <0.05 vs control), peaked at 72 h (500% increase)
and remained elevated on d 7 post-injury by 390%
increase. Compared to controls, ICAM-1 was significantly
up-regulated on the endothelia of microvessels in villous
interstitium and lamina propria by 24 h following TBI and
maximally expressed at 72 h post-injury (P<0.001). The
endothelial ICAM-1 immunoreactivity in jejunal mucosa
still remained strong on d 7 post-injury. The peak of NF-B
activation and endothelial ICAM-1 expression coincided
in time with the period during which secondary mucosal
injury of the gut was also at their culmination following TBI.

CONCLUSION: TBI could induce an immediate and
persistent up-regulation of NF-B activity and subsequent
up-regulation of ICAM-1 expression in the intestine.
Inflammatory response mediated by increased NF-B
activation and ICAM-1 expression may play an important
role in the pathogenesis of acute gut mucosal injury
following TBI.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The importance of the intestinal mucosa in the inflammatory
and metabolic responses to sepsis, trauma and other critical
illnesses is increasingly recognized. Major trauma and shock
may initiate a cascade of intestinal events such as intestinal
cytokine overproduction[1-3], increased intestinal permeability[4-6],
translocation of intestinal bacteria and endotoxins[7]. These
events may not only influence the intestinal mucosa itself,
but also may affect the function and integrity of remote
organs and tissues[8], leading to systemic inflammatory
response syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS)[9]. Indeed, the gut has been proposed
to be the “motor” of MODS in critical illnesses[4,7,10], mainly
through the inflammatory response mediated by nuclear
factor kappa B (NF-B) and proinflammatory cytokines[1].
Our previous study demonstrated that traumatic brain injury
(TBI) could induce marked damage of intestinal mucosal
structure and barrier function[5]. However, the underlying
mechanism for the acute gut mucosal injury induced by
TBI remains unclear.
NF-B is a transcription factor that plays a key role in
the activation of genes involved in immune and acute phase
responses[11,12]. NF-B can be activated by lesion-induced
oxidative stress, bacterial endotoxin or cytokines, and
subsequently increases transcriptionally the expression of
the genes for many cytokines[13,14], enzymes[15] and adhesion
molecules[16], which have been believed to be involved in
the acute inflammatory response. Adhesion molecules can
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recruit inflammatory cells, such as neutrophils, eosinophils,
and T lymphocytes, from the circulation to the site of
inflammation to release inflammatory mediators responsible
for the gut mucosal damage. NF-B regulates the expression
of several genes that encode these adhesion molecules,
including intercellular adhesion molecule-1 (ICAM-1) and
E-selectin[16-18], which mediates the initial attachment and
rolling of neutrophils, and vascular-cell adhesion molecule-1
(VCAM-1)[19], which mediates the recruitment of monocytes
and lymphocytes. Several studies have shown that NF-B
and ICAM-1 play an important role in the pathogenesis of
chronic inflammatory bowel disease (IBD)[13,14,20,21]. Taken
together, the activation of intestinal NF-B could induce
the up-regulation of ICAM-1, leading to the recruitment
of inflammatory cells and exacerbating intestinal
inflammation. Intestinal inflammation has been viewed as a
process in which gut-derived effector immune cells cause
the destruction of other mucosal cells[1,20,22].
To date, there has been no study on intestinal NF-B
binding activity and ICAM-1 expression induced by TBI.
Insight into these cellular and molecular events occurring
in the gut might contribute to the understanding of
inflammatory response and potential mechanisms involved
in the acute intestinal mucosal injury following TBI. In this
regard, the aim of current study was to evaluate the temporal
pattern of intestinal NF-B activation and ICAM-1
expression following TBI.

MATERIALS AND METHODS
Rat models of TBI
Male Wistar rats (220 to 250 g) were purchased from Animal
Center of Chinese Academy of Sciences, Shanghai, China.
The rats were housed in temperature- and humiditycontrolled animal quarters with a 12 h light/dark cycle, room
temperature (RT) at 23±1 ℃ and free access to water.
Physiological parameters and eating behaviors were
monitored to avoid the confounding variable of different
food intakes between the groups on mucosal responses
throughout the experiments. All procedures were approved
by the Institutional Animal Care Committee, and were in
accordance with the guidelines of the National Institutes of
Health on the care and use of animals.
The rats were randomly divided into six groups (6 rats
in each group) including control group with sham operation
and traumatic brain injury groups at hours 3, 12, 24, and
72, and on d 7 respectively. Following intraperitoneal
anesthesia with urethane (1 000 mg/kg), the animal head
was fixed in the stereotactic device. A right parietal bone
window of 5 mm in diameter was made under aseptic
conditions with dental drill just behind the cranial coronal
suture and beside midline. The dura was kept intact. Right
parietal brain contusion was adopted using the weightdropping method described by Feeney et al [23] and severe
traumatic brain injury was made by letting a steel rod
weighing 40 g with a flat end diameter of 4 mm fall onto a
piston resting on the dura from a height of 25 cm. The
piston was allowed to compress the brain tissue a maximum
of 5 mm. Our preliminary study showed that there was no
significant difference between all control rats at various time
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points from 3 h to 7 d. Therefore, we chose the rats with
sham surgery for 72 h as the control group. The control
animals were killed for sample collection at 72 h, and TBI
group rats were decapitated at their corresponding time
points. A 3 cm segment of the midjejunum was taken,
flushed with ice-cold saline, opened longitudinally and stored
in liquid nitrogen immediately until use.
Nuclear protein extracts and EMSA
NF-B was examined using electrophoretic mobility shift
assay (EMSA). Nuclear extracts of intestinal tissue were
prepared by hypotonic lyses followed by high salt extraction[24].
In brief, about 0.1 g of frozen jejunal tissue was homogenized
in 0.8 mL ice-cold buffer A, composed of 10 mmol/L
HEPES (pH 7.9), 10 mmol/L KCl, 2 mmol/L MgCl 2 ,
0.1 mmol/L EDTA, 1.0 mmol/L dithiothreitol (DTT), and
0.5 mmol/L phenylmethylsulfonyl fluoride (PMSF) (all from
Sigma Chemical Co.). The homogenate was incubated on
ice for 20 min, and then 50 L of 10% Nonidet P-40
solution was added (Sigma Chemical Co.); the mixture was
vortexed for 30 s and spun by centrifugation for 1 min at
5 000 g, 4 ℃. The crude nuclear pellet was resuspended in
200 L of buffer B, containing 20 mmol/L HEPES (pH
7.9), 420 mmol/L NaCl, 1.5 mmol/L MgCl2, 0.1 mmol/L
EDTA, 1 mmol/L DTT, 0.5 mmol/L PMSF, 250 mL/L
glycerol, and incubated on ice for 30 min with intermittent
mixing. The suspension was spun by centrifugation at
12 000 g, 4 ℃ for 15 min. The supernatant containing
nuclear proteins was collected and stored at -70 ℃ for
further analysis. Protein concentration was determined using
a bicinchoninic acid assay kit with bovine serum albumin as
the standard (Pierce Biochemicals, Rockford, IL).
EMSA was performed using a commercial kit (Gel Shift
Assay System, Promega, Madison, WI). NF-B consensus
oligonucleotide probe (5’-AGTTGAGGGGACTTTCC
CAGGC-3’) was end-labeled with [-32P] ATP (Free Biotech,
Beijing, China) and T4-polynucleotide kinase. Nuclear
protein (20 µg) was pre-incubated in a total volume of 9 µL
in a binding buffer, consisting of 10 mmol/L Tris-Cl, pH
7.5, 1 mmol/L MgCl2, 50 mmol/L NaCl, 0.5 mmol/L
EDTA, 0.5 mmol/L DTT, 4% glycerol, and 0.05 g/L of
polydeoxyinosinic deoxycytidylic acid (dI-dC) for 15 min at
room temperature. After addition of the 32P-labeled
oligonucleotide probe, the incubation was continued for
20 min at room temperature. Reaction was stopped by
addition of 1 µL of gel loading buffer and the mixture was
subjected to non-denaturing 4% polyacrylamide gel
electrophoresis in a TBE buffer (Tris-borate-EDTA). The
gel was vacuum-dried and exposed to x-ray (Fuji Hyperfilm)
at -70 ℃ till an intensifying screen. Levels of NF-B DNA
binding activity was quantified by computer-assisted
densitometric scanning and expressed as an arbitrary
densitometric unit (ADU).
Detection of ICAM-1 expression in jejunal tissue
The 10% buffered for malin-fixed jejunal tissue was
embedded in paraffin, sectioned in 4 m thickness with a
microtome and stained with hematoxylin and eosin (H-E).
The H-E stained sections were examined under a microscope
for any alteration in histopathology. Rabbit anti CD54
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(ICAM-1) primary antibody was purchased from Boster
Biotechnology Co., Ltd, China and the working dilutions
for these antibodies were 1:100. For immunohistochemistry,
sections were incubated in phosphate-buffered saline (PBS)
with 5% normal horse serum and 0.3% Triton X-100 for
1 h at RT. Sections were washed three times with PBS and
incubated with primary antibody to ICAM-1 for 2 h at RT.
After washing with PBS, sections were incubated with
biotinylated second antibodies for 1 h at RT. Sections
incubated in the absence of primary antibody were used as
negative controls. Microscopy of the immunohistochemically
stained tissue sections was performed by an experienced
pathologist blinded to the experimental condition. Evaluation
of sections was, therefore undertaken by assessing the intensity
of staining (5 grades). “0” indicates that there were no detectable
positive cells; “1” indicates very low density of positive cells;
“2” indicates a moderate density of positive cells; “3”
indicates the higher, but not maximal density of positive
cells; and “4” indicates the highest density of positive cells.
Statistical analysis
Software SPSS 11.0 was used in the statistical analysis. Each
parameter was presented as mean±SD, and compared using
one-way ANOVA analysis of variance, followed by Dunnett
T3 post hoc test. The level of significance was set at P<0.05.

RESULTS
NF-B binding activity in the jejunal tissue
There was a very low NF-B binding activity in the rats of
control group, which showed almost undetectable band
intensity in EMSA autoradiograph. Compared to control
group, NF-B binding activity in the jejunum following TBI
significantly increased (about 160%) by 3 h after TBI, being
highest (about 500% increase) at 72 h post-injury, and
remained elevated (about 390% increase) at 7 d post-injury
(Figure 1). The specificity of the DNA/protein was
determined by competition reactions in which a 100-fold
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molar excess of unlabeled NF-B oligonucleotide (specific
competitor) or unlabeled AP2 oligonucleotide (nonspecific
competitor) was added to the binding reaction 10 min before
the addition of radiolabeled probe using Hela nuclear
extract (Figure 2).

1 2 3 4
NF-B →

Free probe →
Figure 2 Results of competitive electrophoretic mobility shift assay for NF-B activity. Lane 1, negative control, no Hela nuclear
extract; lane 2, positive control, Hela nuclear extract; lane 3, Hela
nuclear extract plus 100-fold molar excess of unlabeled NF-B consensus oligo (specific competitor); lane 4, Hela nuclear extract plus
100-fold molar excess of unlabeled AP2 consensus oligo (nonspecific
competitor). This autoradiograph is representative of 2 independent experiments.

Expression of ICAM-1 in jejunum
The endothelial ICAM-1 expression in jejunum was not
significantly different among groups of control, TBI 3 h
and 12 h, in which there were few ICAM-1-positive
microvessels (Figures 3, 4A). Compared to controls, ICAM-1
was significantly up-regulated in the endothelia of
microvessels in villous interstitium and lamina propria by
24 h following TBI (Figure 4B) and maximally expressed at
72 h post-injury (Figure 3, 4C), with marked destruction of
villous structure. The endothelial ICAM-1 immunoreactivity
in jejunal mucosa still remained strong on d 7 post-injury
(Figures 3, 4D), accompanied by mucosal atrophy and villous
fusion[5]. The ICAM-1-positive endothelial cells were shown
as nigger-brown granules.

1 2 3 4 5 6

b

20

b

b

15
10

b

a

5
0
Control 3 h 12 h 24 h 72 h 7 d
Time after TBI

Figure 1 Jejunal NF-B binding activity following TBI. As compared
with control group, NF-B binding activity in the jejunal tissue following TBI significantly increased at 3 h after TBI, being highest at
72 h postinjury, and remained elevated by 7 d postinjury. Upper:
EMSA autoradiogram. Lane 1, control; lane 2, 3 h postinjury; lane 3,
12 h postinjury; lane 4, 24 h postinjury; lane 5, 72 h postinjury; lane 6,
7 d postinjury. Lower: bar graph showing the mean band intensity of
EMSA autoradiograph in the jejunal tissue of control, 3, 12, 24, 72 h and
7 d postinjury. aP<0.05, bP<0.01. mean±SD of six animals in each group.

Median rank of ICAM-1 expression

Intestinal NF-B binding
activity (ADU)

NF-B →
4.5

f

4.0
3.5
3.0

d
b

2.5
2.0
1.5
1.0
0.5
Control 3 h 12 h 24 h 72 h 7 d
Time after TBI

Figure 3 Expression intensity of ICAM-1 in jejunum, manifested as
median rank. There was no significant difference in the ICAM-1 positive cells among the rats of control group, TBI 3 h and 12 h. As
compared to controls, ICAM-1 immunoreactivity was significantly
up-regulated on the endothelia of microvessels in villous interstitium and lamina propria by 24 h following TBI and maximally expressed at 72 h postinjury. The endothelial ICAM-1 expression in
jejunal interstitium still remained high at 7 d postinjury. bP = 0.01 vs
control, d P = 0.001 vs control, fP<0.001 vs control.
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C

B

E
D

Figure 4 ICAM-1 immunohistochemical staining of jejunal tissue,
indicated by the arrows. A: almost undetectable ICAM-1 expression
in the villi from control rats; B: moderate ICAM-1 immunoreactivity
in the villous interstitium at 24 h postinjury, with the villi well defined;
C: strong ICAM-1 immunoreactivity in the villous interstitium at 72 h
postinjury, with the villi disarranged and the ICAM-1 posit ive
endothelial cells shown as nigger-brown granules; D: marked ICAM1 immunohistochemical staining of microvessels in the intestinal
lamina propria at 72 h postinjury; E: high ICAM-1 immunoreactivity
in the villous interstitium at 7 d postinjury, with the villi atrophic
and sparse.

DISCUSSION
The most important finding of the present study is that
TBI might induce a significant up-regulation of NF-B
activity and ICAM-1 immunoreactivity in the intestine. The
activation of NF-B significantly increased by 3 h following
TBI, peaked at 72 h and remained elevated on d 7 postinjury. Otherwise, the expression of ICAM-1 was
significantly up-regulated in the intestine by 24 h following
TBI and peaked at 72 h post-injury. The peak of NF-B
activation and ICAM-1 expression coincided in time with
the period during which secondary mucosal injury of the
gut was also at its culmination following TBI[5], indicating
that intestinal inflammatory response mediated by NF-B
and ICAM-1 might play an important role in the acute gut
mucosal damage induced by TBI.
NF-B is a protein transcription factor that functions
to enhance the transcription of a variety of genes, including
cytokines, growth factors, intercellular adhesion molecules,
immunoreceptors and acute-phase proteins[12-14] . Under
normal conditions, NF-B is complexed in the cytoplasm,
where it is inactive, through an interaction of the p65 or
c-Rel subunit with inhibitory proteins termed inhibitory kappa
B (IB)[11]. In response to a variety of extracellular stimuli
such as proinflammatory cytokines (e.g., IL-1, TNF-),
lipopolysaccharides (LPS), mitogens, viral proteins, ionizing
radiation and certain chemical agents[12], at least two of the
IB proteins (IB and IB) are rapidly phosphorylated
by the recently identified IB kinase complex at two
conserved N-terminal residues. Phosphorylated IB is then
rapidly polyubiquitinated, and targeted for degradation
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through proteasome. Once IB is degraded, the nuclear
localization sequence of NF-B is exposed, allowing its
translocation to the nucleus and activation of gene
transcription.
To the best of our knowledge, till now no study has
been found in the literature on the intestinal NF-B
activation after trauma. Information about the intestinal
activation and regulation of NF-B induced by trauma is
not well understood. Concerning the importance of NF-B
in the inflammatory response[13,14] and gut in MODS[4,7,10], it
is necessary to explore the temporal pattern of intestinal
NF-B activation under the condition of trauma. Although
current study has shown that TBI could lead to an immediate
and persistent NF-B activation in the gut, the potential
mechanism underlying the initial and subsequent activation of
intestinal NF-B following TBI remains unclear. De Plaen[25]
have previously shown that NF-B was constitutively active
at low levels in the small intestine of rats, mainly as p50
homodimers, and could be activated by PAF in vivo within
30 min and was localized in both epithelial cells and lamina
propria cells by immunohistochemical studies. Several factors
might promote the activation of intestinal NF-B, including
ischemia-reperfusion, cytokines and reactive oxygen species[26]
in the gut. Splanchnic hypoperfusion is a common
phenomenon in trauma due to sympathetic response and
adaptive regulation of blood supply to vital organs. Therefore,
it is highly suggested that gut ischemia and subsequent
reactive oxygen species might initiate the NF-B activation,
which can be persistently up-regulated by overproduction
of intestinal proinflammatory cytokines following TBI.
Under normal physiological condition, there is no NF-B
activation. After trauma and other pathological stimuli,
NF-B is activated and required for maximal transcription
of many cytokines and adhesion molecules[13,14], including
TNF-, IL-6 and ICAM-1, which are thought to be important
in the generation of acute inflammatory responses[21,27] and
chronic inflammatory bowel disease[13,21]. Several animal
models have been developed to evaluate the role of NF-B
in the production of inflammatory events[27-29]. Activation
of NF-B correlates with the expression of mRNA for
cytokine-induced neutrophil chemoattractant (CINC), a
neutrophil chemotactic chemokine, and these events are
followed by an influx of neutrophils into the inflamed site[29].
Neurath[27] recently reported an interesting study in which
experimental colitis in mice was effectively blocked by the
administration of anti-sense oligonucleotides to the Rel A
subunit of NF-B. These findings support the concept that
NF-B plays a pivotal role in the inflammatory response and
regulating NF-B activation can alter inflammatory events.
The intestinal inflammatory response following trauma
is characterized by intestinal recruitments of neutrophils
and monocytes by releasing proinflammatory cytokines,
elastase and superoxide, which can lead to gut mucosal
injury[30]. The adhesion to vascular endothelium and infiltration
into the gut mucosa of leukocytes are orchestrated by specific
adhesion proteins on both endothelial cells and leukocytes.
Up-regulation of adhesion molecule is the basis of priming
and activation of leukocytes. ICAM-1 is a member of the
immunoglobulin superfamily, which is inducible by NF-B
and inflammatory cytokines such as IL-1 and TNF-.
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ICAM-1 might be up-regulated to involve in the adhesion
and infiltration of leukocytes into the injured site[31,32]. There
is a low expression of ICAM-1 in normal intestinal epithelium.
In this study, increased ICAM-1 immunoreactivity was
observed in intestinal villi and lamina propria following TBI.
Increased induction of ICAM-1 immunoreactivity in jejunal
vessels might promote leukocyte adhesion to the intestinal
vascular endothelia and the infiltration of leukocytes by
interactions between ICAM-1 and a group of CD11/CD18
glycoproteins on leukocytes, and further support the local
accumulation and activation of immunocompetent cells,
leading to the gut mucosal damage.
Because of the central role of NF-B in the inflammatory
response, many researches are presently focused on different
methods by which NF-B activation can be reduced. Recent
studies suggested that NF-B DNA-binding activity in
intestinal mucosa during endotoxemia was reduced by
induction of the stress response[33], antioxidants[34,35], some
anti-inflammatory compounds including glucocorticoids and
salicylates[36]. In addition, local or systemic administration
of anti-sense oligonucleotides to the NF-B subunit p65
decreased intestinal inflammation in murine experimental
colitis[27] . This may be a brand-new direction for further
research on the control of inflammatory response induced
by TBI.
In summary, we have shown that TBI could induce a
significant up-regulation of intestinal NF-B activation and
ICAM-1 immunoreactivity. The peak of NF-B activation
and ICAM-1 immunoreactivity coincides in time with the
period during which secondary mucosal injury of the gut is
also at its culmination following TBI. Inflammatory response
mediated mainly by NF-B and ICAM-1 may play an
important role in the pathogenesis of acute gut mucosal
damage following TBI.
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Abstract
AIM: To investigate the therapeutic effects of Guiyuanfang
and bone marrow stem cells (BMSCs) on rats with liver
fibrosis.
METHODS: Liver fibrosis model was induced by carbon
tetrachloride, ethanol, high lipid and as sess ed
biochemically and histologically. Liver function and
hydroxyproline contents of liver tissue were determined.
Serum hyaluronic acid (HA) level and procollagen III level
were performed by radioimmunoassay. The VG staining
was used to evaluate the collagen deposit in the liver.
Immunohistochemical SABC methods were used to detect
transplanted BMSCs and expression of urokinase
plasminogen activator (uPA).
RESULTS: Serum transaminase level and liver fibrosis in
rats were markedly reduced by Guiyuanfang and BMSCs. HA
level and procollagen III level were also reduced obviously,
compared to model rats (HA: 47.18±10.97 ng/mL,
48.96±14.79 ng/mL; PCIII: 22.48±5.46 ng/mL, 26.90±3.35
ng/mL; P<0.05). Hydroxyproline contents of liver tissue
in both BMSCs group and Guiyuanfang group were far
lower than that of model group (1 227.2±43.1 g/g liver
tissue, 1390.8±156.3 g/g liver tissue; P<0.01). After
treatment fibrosis scores were also reduced. Both
Guiyuanfang and BMSCs could increase the expression of
uPA. The transplanted BMSCs could engraft, survive, and
proliferate in the liver.

CONCLUSION: Guiyuanfang protects against liver fibrosis.
Transplanted BMSCs may engraft, survive, and proliferate
in the fibrosis livers indefinitely. Guiyuanfang may
synergize with BMSCs to improve recovery from liver fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
China has a high incidence of hepatic injury and fibrosis.
Current therapeutic options for liver fibrosis, unfortunately,
remain inadequate and as a result, the social economic
burden remains high. Until now, effective drugs are still
lacking, so it is most urgent that some novel effective
therapies be developed. In near future, targeting of stellate
cells, gene therapy, cytokine antagonist, and fibrogenic
mediators will be a mainstay of antifibrotic therapy. Natural
extracts with putative antifibrotic activity have gained
increasing attention[1]. TCM could lead to new prospects
for the therapy of fibrosis. A lot of Traditional Chinese
Materia Medica, such as Danshen, Danggui, Gancao[2] ,
Xiaocaihu Tang, Fufang 861, Fuzhenghuayufang, and so
on, have been documented effective. Our previous study
showed that the Guiyuanfang was very effective for liver
injury.
Severe liver dysfunction on terminal liver failure can be
reversed by orthotopic liver transplantation, but with the
necessity for chronic immunosuppression of the recipient
and with the need to wait for a donor liver, sometimes for
years, due to paucity of liver donors. A variety of technical,
financial, and logistic issues, however, limits its application
to a relatively small percentage of patients with liver
disease.
Hepatocyte transplantation is emerging as a potential
treatment to augment cell number in diseased liver, and to
show early promising[3,4]. Hepatocyte transplantation is now
being done successfully to sustain liver function in patients
awaiting liver transplantation[5]. It not only provides temporary
liver function in patients but has also shown to be curative in
certain metabolic conditions[6,7]. This procedure may be even
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an alternative to orthotopic liver transplantation. Theoretically,
hepatocyte transplantation would be less invasive and
technically less demanding than whole organ transplantation
and, if the procedure could be performed percutaneously,
recipients would not require prolonged hospitalization.
Isolated liver cells can be cryopreserved for emergency use[8,9].
The major limitation to this form of therapy is the
availability of human livers as a source of hepatocytes.
Others were immune allograft rejection and proliferative
capacity of liver cells. The bone marrow may be a possible
adult reservoir of totipotent stem cells or a novel location
for various types of determined stem cells [10-12]. Bone
marrow cells can be easily obtained from adult marrow
opening the possibility of autologous transplantation.
Autologous stem cell transplantation for the treatment of
diseased liver is becoming an increasingly promising strategy.
We propose to alleviate or overcome the liver problem by
developing novel therapies using autologous bone marrow
stem cells (BMSCs) and TCM. We attempt to confirm the
anti-fibrotic activities of TCM and autologous BMSCs.
Could the BMSCs survive, proliferate, and differentiate in
the fibrotic environment? Could TCM synergize with the
BMSCs to improve the diseased liver?

MATERIALS AND METHODS
Animals
Normal Sprague-Dawley rats weighing 180-220 g were
obtained from Beijing Tonglihua Experimental Animal Center
(China). All animals received care in compliance with the
guidelines of China Ministry of Health.
Reagents
The Guiyuanfang consists of four Traditional Chinese
Materia Medica purchased from Beijing Tongrentang
Pharmaceutical Co., Ltd (Beijing, China), all the herbal was
identified by Professor Li JS in the Beijing University of
Traditional Chinese Medicine (TCM). ALT Kit, AST Kit,
Albumin Kit, and Total Protein kit were all purchased from
ZhongShan Biotechnology Co. Ltd (Beijing, China). 5Bromide-2’-deoxygen-uridine (BrdU) was purchased from
Boehringer Co., Ltd (Germany). SABC kit, DSABC kit,
and antibody were purchased from Boster Company
(Wuhan, China). Hydroxyproline kit was purchased from
Jiancheng Biotechnology Co., Ltd (Nanjing, China). All other
reagents used were of analytical grade.
Preparation and culture of BMSCs of rats
Bone marrow cells were collected from the femora of
Sprague-Dawley rats. Mononuclear cells were obtained by
a Percoll-separation step. The mononuclear cells were
inoculated at a density of 1×105/cm2 into 6-well plates. These
plates were pre-coated with 0.1% Matrigel (BD). Basal media
used were -MEM supplemented with 10 ng/mL EGF
(BD) and 5% fetal bovine serum (Hyclone). EGF was
freshly added when the medium was changed every 3 d.
Each culture was labeled according to the animal numbers.
After 4 wk the cultures were transplanted to the liver of
the same rats. Before the transplantation the 5 L BrdU
solution (50 mg BrdU dissolved in 0.8 mL DMSO, added
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1.2 mL ddH2O) was added into the cultures.
Complex factors (carbon tetrachloride, ethanol, and high lipid)
induced hepatic fibrosis and treatment
Fibrosis was induced using carbon tetrachloride, alcohol,
and high lipid diet. Briefly, rats were given alcohol (diluted
1:9 in water) added to the drinking water. CCl4 (diluted
4:6 in olive oil) was given subcutaneously twice a week.
The initial dose was 0.5 mL/kg body weight, but subsequent
dose was adjusted weekly based on the changes in body
weight. When there was no change or an increase in body
weight, CCl4 was given at 0.3 mL/kg. When body weight
decreased by 1-10 g, CCl4 was given at 0.15 mL/kg. When
body weight decreased by more than 10 g, CCl4 was not
given and the CCl4 dose was reassessed 1 wk later. During
the fibrotic model replicated, the rats were fed a high-lipid
diet (corn powder 79.5%, lard 20%, 0.5% cholesterol). Eight
weeks later, rats were randomly allocated to the different
groups. For BMSCs transplantation, a small surgical incision
was made in the flank and the portal vein was exposed.
Five million BMSCs, suspended in 0.5 mL MEM medium,
were injected into the portal vein in 5 min. At the end of
the experiment all rats were killed, blood samples were drawn
from celiac artery, and the sera were isolated and stored at
-20 ℃, a portion of the liver was flash frozen in liquid
nitrogen and stored at -70 ℃ until assayed or fixed in 10%
neutral buffered formalin for 18-24 h and paraffin
embedded.
Assay for liver function and hydroxyproline levels
Sera were analyzed for alanine transaminase (ALT), aspartate
transaminase (AST), albumin (ALB), and total protein (TP),
and hydroxyproline contents of liver tissue were determined
by a biochemical kit according to the manufacturer’s
instructions. The assay of serum hyaluronic acid (HA) level
and procollagen III level was performed with specific
radioimmunoassay kit.
Tissue analysis
Samples were obtained from the same liver lobe in all
animals and fixed in 10% buffered formalin, embedded in
paraffin, sectioned, and stained with hematoxylin-eosin or
Van Gieson solutions. Fibrosis was scored according to the
following scoring system modified from HAI System[13];
I = thickened perivenular collagen and a few thin collagen
septa; II = thin septa with incomplete bridging between
portal regions; III = thin septa and extensive bridging; IV =
thickened septa with complete bridging of portal regions
and a nodular appearance.
Immunohistochemistry
Indirect immunohistochemistry analysis of urokinase
plasminogen activators (uPAs) expression was performed
on liver sections. Briefly, tissue sections were deparaffinized,
and endogenous peroxidase activity was blocked by
incubation of tissue in 3% H2O2 for 10 min. Primary antiuPA antibody was applied at 4 ℃ for overnight; rabbit IgG
was used as a negative control. Then they were incubated
with second antibody, biotin-labeled goat anti-rabbit IgG
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Table 1 Effects of Guiyuanfang and BMSCs transplantation on serum ALT, AST, ALB, TP, and A/G levels
Group
Control

n

ALT (U/mL)
b

AST (U/mL)

TP (g/L)

b

ALB (g/L)

A/G

b

0.85±0.06b

10

38.3±5.1

Model

10

325.9±101.7

697.5±215.8

53.2±10.5

21.6±3.0

0.70±0.09

Guiyuanfang

10

56.8±11.5b

149.5±31.7b

64.0±7.0

28.3±2.6b

0.80±0.07b

127.9±16.3

62.6±5.9

28.8±3.5

BMSCs

8

67.3±22.0b

133.3±33.8b

60.6±8.8

26.1±2.2a

0.75±0.03a

Guiyuanfang plus BMSCs

8

40.4±9.5b

123.1±27.9b

57.7±5.1

26.9±4.2b

0.83±0.02b

P<0.05, bP<0.01 vs model group.

antibody (1:400 dilution), at 37 ℃ for 2 h, followed by
incubation with SABC complex (1:400 dilution), at room
temperature for 1 h. Finally, diaminobenzedine was used
for color developing, and then the slides were counterstained
by hematoxylin.
Dual immunohistochemistry was used to detect the
BMSCs in the liver parenchyma and their differentiating
state. Monoclonal antibodies against BrdU were used to
localize the transplanted bone marrow cells. Briefly, samples
were serially rehydrated with 100, 95, and 70% ethanol
after deparaffinization with toluene. Endogenous peroxidase
in the sample was blocked using 3% hydrogen peroxide for
10 min at room temperature. The sample was treated with
pepsin for 5 min at 42 ℃ and 2 N HCl for 30 min at room
temperature. After rinsing with PBS three times, the sample
was incubated with antibodies against BrdU in a moist
chamber for 16 h at 4 ℃. Then they were incubated with
second antibody, biotin-labeled goat anti-rabbit IgG antibody
(1:400 dilution), at 37 ℃ for 2 h, followed by incubation
with SABC-AP complex (1:400 dilution) at room temperature
for 1 h. BCIP/NBT was used for color developing. After
rinsing, monoclonal antibodies against cytokeratin-18 were
applied to the slides, the other procedures were similar,
except that the SABC-POD was used to replace the SABCAP, and the AEC solutions to replace BCIP/NBT. Negative
control samples were incubated in PBS (without the primary
antibodies) under similar conditions.
Statistical analysis
The data are presented as mean±SD. The significance of
differences was analyzed with the Student’s t, Mann-Whitney
rank sum, 2 tests or analysis of variance (ANOVA) with
the pairwise multiple comparison method of q test using
SPSS 10.0 software. P<0.05 was considered significant.

RESULTS
Effects of Guiyuanfang and BMSCs transplantation on liver
function
Laboratory measures of liver function remained abnormal
in model animals but significantly improved toward normal
in animals that received treatment. Administration of
Guiyuanfang or BMSC transplantation reduced the elevated
serum ALT and AST levels significantly (P<0.01), and serum
TP, ALB, A/G levels increased in all animals receiving
treatment (P<0.01 or 0.05), compared to model rats
(Table 1).
The serum PCIII, and HA levels were often used as
indicators of hepatic fibrosis clinically. As shown in Table 2,

the serum PCIII, HA levels of the model rats maintained
high level during the period of the study (respectively
91.73, 34.32 ng/mL). However, in the treatment group,
the serum PCIII, HA levels were far lower than that of the
model rat (P<0.01).
Determination of liver tissue hydroxyproline content
confirmed the histological studies, showing a net reduction
in total collagen levels. Total liver hydroxyproline levels at
model group were 2123.1±218.9 g/g wet weight, which
represent a 10-fold increase, compared to normal livers
(P<0.01), and decreased to about 1 000 g/g wet weight in
Guiyuanfang or BMSCs group (Figure 1).

Table 2 Effects of Guiyuanfang and BMSCs transplantation on serum PCIII and HA levels
Group

HA (ng/mL)

n

b

PCIII (ng/mL)
23.35±2.70b

Control

10

54.61±17.04

Model

10

91.73±22.77

34.32±5.21

Guiyuanfang
BMSCs

10
8

47.18±10.97b
48.96±14.79b

22.48±5.46b
26.90±3.35b

8

38.24±10.34b

20.15±4.04b

Guiyuanfang plus BMSCs
a

P<0.05, bP<0.01 vs model group.

The contents of hydroxyproline
(g/g wet liver tissue)

a

2 123.1

2 500
2 000

1 390.8
1 500

1 227.2

1 048.4

1 000
500
0

210.4
Control

Model

Guiyuanfang

BMSCs

Guiyuanfang
plus BMSCs

Figure 1 Effects of Guiyuan fang and BMSCs on hydroxyproline
levels of liver fibrosis tissue (g/g wet liver).

Effects of Guiyuanfang and BMSCs transplantation on liver
pathology
In normal livers, only minimal collagen staining was present;
no fibrosis was detected in the group. In model rats, there
was obvious nodular fibrosis with deposition of welldelineated fibrosis septa, extensive collagen deposition, which
were continuous and extended throughout each section, with
mature collagen fibrils bridging portal regions and vascular
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Figure 2 VG staining showing fibrin in liver tissue (100×). A: In model rats, there was obvious nodular fibrosis with deposition of welldelineated fibrosis septa, extensive collagen deposition, which were continuous and extended throughout each section, with mature
collagen fibrils bridging portal regions and vascular structures, including perivenular ballooning degeneration of hepatocytes; B: In control
livers, only minimal collagen staining was present; no fibrosis was detected in this group; C: In Guiyuanfang group, collagen deposition
decreased; D: In BMSCs group, few collagen deposition. E: The appearance of bridging collagen fibers was prevented almost completely in
rats treated with Guiyuanfang plus BMSCs. Only occasional short fibril fragments could be visualized. Most liver tissues were restored to
normal organization.

A

B

D

E

C

Figure 3 The expression of uPA in liver tissue (400×). A: In model group, there was very weak uPA expression; B: There was no expression
of uPA in the normal group; C: Guiyuanfang group; D: Autologous BMSCs transplantation group; E: Guiyuanfang plus autologous BMSC
transplantation group.

structures, including perivenular ballooning degeneration of
hepatocytes. In Guiyuanfang group, mild fatty change and
vacuolation of hepatocytes were observed. The fibrous septa
were less well defined and discontinuous and fewer nodules
of regenerative parenchyma were noted. In autologous
BMSC group, there was evidence of early fibrosis with a
number of cells with fibroblast-like morphology in some

sections. The appearance of bridging collagen fibers was
prevented almost completely in rats treated with Guiyuanfang
plus autologous BMSCs. Only occasional short fibril
fragments could be visualized. Most liver tissues were restored
to normal organization (Figure 2). The 2 test was used to
assess the fibrosis score, and there was significant difference
among all treated groups and model group (Table 3).
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A

B

C

D

Figure 4 Fate of transplanted BMSCs 4 wk after transplantation. The differentiation of transplanted BMSCs in liver fibrosis environment. A:
Some transplanted stem cells have migrated into parenchyma, exhibiting the morphology of hepatocyte (BMSCs group, 200×); B: Most
transplanted cells were distributed at portal region (Guiyuanfang plus BMSC group, 200×); C: Some transplanted stem cells exhibited the
morphology of bile epithelium cells or hepatocyte (Guiyuanfang plus BMSC group, 400×); D: Double immunohistochemical staining showed
that the BrdU-labeled cells were fully integrated in the liver parenchyma, along with the expression of cytokeratin-18, the liver epithelial
specific marker (Guiyuanfang plus BMSCs group, 400×).

Table 3 Effects of Guiyuanfang and BMSC transplantation on fibrosis score
Grade of liver fibrosis
Group

n
0

I

II

III

IV
0

Control

10

8

2

0

0

Model

10

0

0

0

2

8

Guiyuanfang

10

0

2

5

2

1

BMSCs

8

0

2

3

3

0

Guiyuanfang plus BMSCs

8

0

3

4

1

0

I = thickened perivenular collagen and a few thin collagen septa; II = thin septa
with incomplete bridging between portal regions; III = thin septa and extensive
bridging; IV = thickened septa with complete bridging of portal regions and a
nodular appearance.

Expression of uPA and co-localization of BrdU and
cytokeratin-18
The normal liver tissues showed very weak uPA expression,
and Guiyuanfang caused a marked increase of uPA
expression in the livers in a dose-dependent manner. The
uPA expression in the liver tissues of autologous BMSC
transplantation group and Guiyuanfang plus autologous
BMSCs transplantation group was the strongest (Figure 3).
The transplanted cells were predominantly in clusters of
1-3 cells each. Double immunohistochemical staining showed
that the BrdU-labeled cells were fully integrated in the liver
parenchyma, showing the appearance of hepatocytes, along
with the expression of cytokeratin-18, the liver epithelial
specific marker. Some BMSCs have differentiated into
hepatocytes or endothelial cells (Figure 4).

DISCUSSION
Chronic diseases and age-associated illness are major
challenges in today’s medicine. The pathogenesis of these
diseases and symptoms may not only be multifactorial but
also could vary from one individual to another. The complex,
difficult and changing nature of these chronic diseases has
certainly slowed western science’s approach to finding
treatments leaving today a large medical need that has not
yet been met. The potential usefulness of Chinese medicine
embodies the belief that maintaining healthy homeostasis
of the body involves the balance of a mixture of chemicals
at different organs or tissues. The liver fibrosis is one of
these diseases. To find new therapies for liver diseases, the
best approach is to integrate traditional and modern
approaches. Now cell transplantation has been found to be
promising for liver diseases. So integrating Chinese medicine
with cell transplantation will provide us with new leads to
understand the regulation of homeostasis and further
advancement of human medicine.
To the best of our knowledge, this is the first experimental
study, investigating TCM and BMSC transplantation on liver
fibrosis. To ensure the therapeutic effect, we selected the
empiristic formula, Guiyuanfang, which has been used for
hundreds of years. Our work showed that Guiyuanfang
could improve liver function, protect hepatocytes from
toxicant, promote protein synthesis, maintain cytoplasm
membrane stable, and provide a good environment for
hepatocyte function. It also inhibits inflammatory response,
reduces necrotic region, and promotes the phagocytosis of
debris and fibrils. Guiyuanfang reverses the liver fibrosis
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by neutralizing profibrogenic cytokines inhibiting the
generation and accumulation of collagen, promoting the
degradation of ECM, and improving microcirculation. It is
possible that the protective effects of Guiyuanfang may be
due to either enhanced collagen breakdown or diminished
collagen synthesis. In the study, we observed the obvious
increase of uPA expression in the fibrotic liver tissue, after
administration of Guiyuanfang. The recovery from fibrosis
was correlated with the uPA expression.
Previous work has shown that hepatocyte transplantation
can correct liver-based metabolic disorders, prolong the
survival of rodents with experimentally-induced acute liver
failure, and provide significant hepatic support to animals
with hypertension, liver fibrosis, and irreversible cirrhosis[14].
Recently accumulating evidence indicates that bone marrow
can differentiate into specific cell types. Transplantation of
bone marrow cells in vivo resulted in the appearance of
hepatocyte of donor origin in recipient liver [15-18] .
Transplanted bone marrow cells can repopulate hepatic and
biliary duct epithelia under certain circumstances. Generally
the patients with liver fibrosis are likely to have difficulty in
producing healthy hepatocytes. There were a lot of solutions
reported to enhance bone marrow cell differentiation and
proliferation, however, all had their own shortage[19-21], so
how to improve conditions to induce hepatocytes from bone
marrow cells in vivo and in vitro is a great challenge for the
medical scientists. In this study, Guiyuanfang could improve
the liver microcirculation, reduce the toxic metabolic, and
finally provide a good environment for the transplanted
BMSCs to engraft and to proliferate in the fibrotic liver.
Although we could not determine whether the initial survival
of transplanted cells in the fibrotic liver was different from
that in the normal liver, and we were still only able to
propagate a small number of hepatocyte-like cells from
BMSCs, the present study is a step further in such a
direction, and this work still has important implications.
In conclusion, we found that transplanted BMSCs
engrafted, survived, and proliferated in the fibrosis livers
indefinitely. BMSCs in hepatic fibrogenic environment
can differentiate into hepatocytes, endothelial cells.
Guiyuanfang can synergize with the BMSCs to improve
the recovery from liver fibrosis. Such a possibility will be
of great interest in developing treatments for patients with
liver fibrosis.
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Abstract
AIM: To study effect of operation-synchronizing transfusion
of apoptotic spleen cells from donor rats on acute rejection
of recipient rats after liver transplantation.
METHODS: Two of Wistar rats were chosen randomly
for normal liver pathology control and ten of SD rats chosen
randomly for liver function control as blank group (no
operation). The rest of Wistar and SD rats were divided
into four groups: control group (only liver transplantation),
Dex group (donors receiving intraperitoneal injection of
dexamethasone), SpC group (recipients receiving infusion
of spleen cells of donors), Dex-SpC group (recipients
receiving infusion of apoptotic spleen cells of donors),
with each group except blank group, containing 10 SD
rats and 10 Wistar rats, respectively. Wistar rats received
liver transplantation from SD rats, in the meantime they
received infusion of spleen cells of donors, which were
induced by an intraperitoneal injection of dexamethasone
(3 mg/(d.kg)·b.w ) for three days before liver transplantation.
The serum alanine transaminase (ALT), total bilirubin
(T bili), liver pathological changes and survival time were
analysed. Statistical analysis was carried out using SPSS
10.0 for Windows. Differences of the parametric data
of ALT in means were examined by one-way ANOVA.
Differences of ALT between two groups were examined
by LSD. Differences of the nonparametric data of T bili in
means and scores of pathology classification for acute
rejection were examined by Kruskal-Willis H test. The
correlations between ALT and T bili were analysed by
Bivariate. Kaplan-Meier curves were used to demonstrate
survival distribution. The log-rank test was used to compare
the survival data.
RESULTS: There were significant differences in ALT of

the five groups (F = 23.164 P = 0.000), and ALT in DexSpC group was significantly higher than that in blank
control, control, Dex, and SpC groups (P = 0.000), and
ALT in SpC group was significantly higher than that in
blank control (P = 0.000), control (P = 0.004), and Dex
groups (P = 0.02). Results of nonparametric analysis of
T bili showed that there were differences in T bili of the
five groups (= 33.265 P = 0.000). T bili in Dex-SpC group
was significantly higher than that in blank control, control,
Dex, and SpC groups. T bili in SpC group was higher than
that in blank control, control, and Dex groups. There were
significant differences in scores of pathology classification
for acute rejection in each of the groups ( = 25.933,
P = 0.000). The pathologically more serious acute rejection
was found in Dex-SPC group than in other groups. No sign
of acute rejection was observed in the blank control group.
Slight acute rejection was observed in the control group.
Slight-moderate acute rejection was observed in the Dex
group. Moderate-acute rejection was observed in the SpC
group. Severe-acute rejection was observed in the DexSpC group. The survival time in Dex-SpC group was shorter
than in other groups (statistic = 11.13, P = 0.011). ALT
and T bili were positively correlated (r = 0.747, P = 0.000,
two-tailed).
CONCLUSION: In order to reduce quantity of blood loss
from rats after liver transplantation, only one of ALT or
T bili is needed for liver function measurement of rats.
Simultaneous injection of apoptotic spleen cells from
donors induced by dexamethasone to liver transplantation
rats aggravates acute rejection. One important mechanism
of aggravation of acute rejection may be that apoptotic
cells are not removed in time and that dead cells including
apoptotic cells release inflammatory factors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Liver transplantation; Acute rejection;
Dexamethasone
Liu J, Gao Y, Wang S, Sun EW, Wang Y, Zhang Z, Shan
YQ, Zhong SZ. Effect of operation-synchronizing transfusion
of apoptotic spleen cells from donor rats on acute rejection
of recipient rats after liver transplantation. World J Gastroenterol
2005; 11(8): 1161-1166

http://www.wjgnet.com/1007-9327/11/1161.asp

INTRODUCTION
Rejection of recipients to organs of donors is a very important
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issue. Particularity in liver transplantation[1-7], rejection of
recipients to liver of donors is still a problem that has puzzled
clinicians and immunologists. Induced immune tolerance is
an effective way to resolve rejection. Therefore, immune
tolerance of liver transplantation is one of the hot spots in
the field of organ transplantation immunity. We carried out
experimental study on tolerance induction of rat liver
transplantation by transfusion of spleen cells from
dexamethasone-treated donor rats before liver transplantation
in our laboratory and found that such a treatment could
prolong the survival time of grafts and that some recipients
could live a long time. Thus we succeeded in tolerance
induction of rat liver transplantation[8]. We also studied the
mechanisms of apoptotic cells from donors to induce immune
tolerance[9-12]. However, it is difficult to attain apoptotic cells
of donors before clinical liver transplantation. If tolerance
of rat liver transplantation can be induced by transfusion
of spleen cells from dexamethasone-treated donor rats in
the meantime of liver transplantation, it would be more
practical.

MATERIALS AND METHODS
Equipments
Shanghai Medical Apparatus and Instruments Factory made
packages of instruments showing minute points and BullDog tongs; un-damaging suture of 7/0,8/0,9/0 was supplied
by Shanghai Medical Apparatus and Instruments Suture
Silk Factory. We made venous cannulas from cotton rods
produced in Guandong Zhongshan Plastic Factory. Cage
catheters of bile duct were made from segmental epidural
catheter produced in Zhejiang Jiaxing Shujia Medical
Apparatus and Instruments Factory. W-CJ-IF ultra-clean
operating boar was made in Suzhou Purification Equipment
Factory. High-speed hypothermia centrifugal machine
UNIVERSAL 16R was made in Germany Hettich Company.
CX7 automatic biochemistry analyzer was made by American
Beckman Company. Olefin microtome was made by
Germany Leica Company.
Reagents
Diethyl ether solutions were made in Guangdong Shantou
Xilong Chemical Plant. Dexamethasone sodium phosphate
parenteral solution (3 mg/(d.kg)b.w., made by Wuhan
Binghuhe Pharmaceutical Co., Ltd,) was injected intraperitoneally
into SD rats in corresponding groups at 8 a.m. for three days
before liver transplantation. Atropine was made by Xuzhou
Ryen pharmaceutical Co., Ltd. Heparin was made by Nanjing
Xintian Biochemistry Pharmaceutical Co., Ltd.
Animals
Ninety-two male clean-closed colony Wistar and SD rats
(weighing 220-280 g) were purchased from Experimental
Animals Center of First Military Medical University and
Zhongshan University, respectively. Body weight of donors
was a little less than that of recipients. Two of Wistar rats
were used randomly for normal liver pathology control and
ten of SD rats were randomly used for liver function control.
The rest of Wistar and SD rats were divided into four groups:
control group (only liver transplantation), Dex group (donor
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received intraperitoneal injection of dexamethasone, three
days before liver transplantation), SpC group (recipients
received infusion of spleen cells of donors), Dex-SpC group
(recipients received infusion of apoptotic spleen cells of
donors treated with dexamethasone three days before liver
transplantation). There were ten SD rats and ten Wistar
rats in each group in which liver transplantations were carried
out, and SD rats received livers from Wistar rats. As a rule,
rats were fasted 12 h, restrained from water for 30 min
before operation and subcutaneous injection of atropine
(0.04 mg/kg b.w.) was done 15-30 min before operation.
Methods of operation and preparation of suspension fluid of
spleen cells
Rats were put into an instrument filled with vapor of diethyl
ether and taken out after they became motionless for 3-5 s.
Then, their heads were covered with centrifuge tubes filled
with vapor of diethyl ether. Spleens of rats in corresponding
groups were removed. Suspension fluid of spleen cells (1 mL,
concentration 5×107/mL) was fabricated by routine method;
also, its vital force was more than 95%. Modified two-cuff
method of Kamada[13] was used in the course of rat liver
transplantation. Suspension fluid of spleen cells was injected
into recipients through dorsal veins of penis 30 min after
portal veins of recipients reopened.
Observation parameters
We observed general condition (body weight, appearance,
activities, jaundice), liver function, liver histopathology, scores
for acute rejection, and survival time after liver transplantation.
ALT and T bili were assayed by CX7 automatic biochemistry
analyzer with blood attained from tail veins on the seventh
day after liver transplantation. Biopsy of livers of SD rats
in each group were carried out by biopsy needle on the
seventh day after liver transplantation. Liver tissue sample
was fixed in 10% formaldehyde solution, embedded in
paraffin, sliced up, stained in hematoxylin and eosin solution
and observed under light microscopes. Scores of pathology
classification for acute rejection were calculated according
to Williams’ method[14,15].
Statistical analysis
Data were expressed as mean±SE. Statistical analysis was
carried out using SPSS 10.0 for Windows. Differences of
the parametric data of ALT in means were examined by
one-way ANOVA. Differences of ALT between two groups
were examined by LSD. Differences of the nonparametric
data of T bili on means and scores of pathology classification
for acute rejection were examined by Kruskal-Wallis H test.
The correlation between ALT and T bili was analysed by
Bivariate. Kaplan-Meier curves were used to demonstrate
survival distribution. The log-rank test was used to compare
the survival data in the whole and between groups. A P
value <0.05 was considered statistically significant.

RESULTS
General state
One rat died from bleeding of portal vein of donor postoperation in Dex-SpC group and blood could not be gained
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Result of ALT
Results of ALT could meet the condition of analysis of
variance (Figure 1, Table 1). Results of analysis of variance
of ALT showed that there were significant differences in ALT
of the five groups (F = 23.164 P = 0.000), and that ALT in
Dex-SpC group was significantly higher than that in blank
control, control, Dex, SpC groups( P = 0.000), and that ALT in
SpC group was significantly higher than that in blank control
(P = 0.000), control (P = 0.004),and Dex groups (P = 0.02).

1 200

of variance (Figure 2, Table 1). Result of nonparametric
analysis of T bili showed that there were differences in
TBil of the five groups (2 = 33.265 P = 0.000). T bili in
Dex-SpC group was significantly higher than that in blank
control, control, Dex group, and SpC groups and that T bili
in SpC group was higher than that in blank control, control,
and Dex groups.

TBil (mol/L)

from the tail vein of one rat in each of blank control, Dex,
SpC, Dex-SpC groups. All the rats in each group awoke
after operation, could crawl at once, were fed with sugar
solution in 60 min and with food after a day of liver
transplantation. The rats ate little, became depressed and
emaciated; moreover, the color of pinna and urine became
dark yellow in Dex-SpC group from the seventh to the
ninth day after liver transplantation. The same phenomena
could be found in SpC group from fifteenth to seventeenth
day, in Dex group from the third week to the fourth week,
and in a few rats the fifth week after post-operation.
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Figure 2 Boxplot of T bili one week after liver transplantation T bili:
Total bilirubin; Blank: The group without liver transplantation; Control:
The group with only liver transplantation; Dex: The group treated
with dexamethasone; SpC: The group treated with spleen cells; DexSpC: The group treated with dexamethasone and spleen cells.
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Correlation of ALT and T bili
Analysis of correlation of ALT and Tbili showed that there
were significant positive correlations (r = 0.747, P = 0.000,
two-tailed) between them.
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Figure 1 Boxplot of ALT one week after liver transplantation ALT:
Alanine transaminase; Blank: The group without liver transplantation;
Control: The group only with liver transplantation; Dex: The group treated
with dexamethasone; SpC: The group treated with spleen cells; DexSpC: The group treated with dexamethasone and spleen cells.

Table 1 ALT and T bili in recipients in each group 1 wk after liver
transplantation
ALT (IU/L)
Groups

T bili (mol/L)

n
mean±SE

Blank

9

Control
Dex

95% Confidence 95% Confidence
interval
interval

201.1

60.3

154.8-247.5

1.2-4.8

10

259.0

138.1

161.1-358.7

7.6-27.2

9

293.9

94.9

220.9-366.8

15.4-43.2

SpC

9

433.8

123.2

339.1-528.5a

33.7-69.7

Dex-SpC

8

717.0

178.5

567.8-866.2b

69.1-111.4

a
P<0.05 vs Control, Dex; bP<0.001 vs Control, Dex, SpC. ALT: Alanine
transaminase; T bili: Total bilirubin; Blank: The group without liver
transplantation; Control: The group only with liver transplantation; Dex: The
group treated with dexamethasone; SpC: The group treated with spleen cells;
Dex-SpC: The group treated with dexamethasone and spleen cells.

Results of T bili
Results of T bili could not meet the condition of analysis

Results of liver pathology about acute rejection
Scores of pathology classification for acute rejection in
each of the groups were calculated according to Williams’
method[14,15] (Table 2). The scores from zero to two, from
four to five, from six to seven, and from eight to nine showed
no acute rejection, light acute rejection, moderate acute
rejection, and severe acute rejection, respectively[15]. There
were significant differences in scores of pathology classification
for acute rejection between the groups (2 = 25.933, P = 0.000).
Pathological most severe-acute rejection was found in DexSPC group. No sign of acute rejection was observed in blank
control group (Figure 3A). Slightly acute rejection was
observed in control group (Figure 3B). Slight-moderate acute
rejection was observed in Dex group (Figure 3D). Moderateacute rejection was observed in SpC group (Figure 3C). Severe
acute rejection was observed in Dex-SpC group (Figure 3E).

Table 2 Scores of pathology classification for acute rejection in
each group
Group

n

Blank

2

Rejection active index
1

Control

10

Dex

10

SpC

10

Dex-SpC

4

5

6

7

8

9

2
9

9

Abbreviations as in Table 1.

1
1

9
5

4

1
2

7
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Figure 3 Histopathology in different groups. A: Histopathology in blank control group showing no acute rejection (HE, A1: original
magnification: 33×; A2: original magnification: 132×); B: Histopathology in control group showing slightly acute rejection 1 wk after
orthotopic liver transplantation (OLT) (HE, B1: original magnification: 33×; B2: original magnification: 132×); C: Histopathology in Dex group
showing slight–moderate acute rejection 1 wk after OLT (HE, C1: original magnification: 33×; C2: original magnification: 132×); D: Histopathology in SpC group showing moderate–acute rejection 1 wk after OLT, with less extensive hepatocyte necrosis (HE, D1: original magnification:
33×; D2: original magnification: 132×); E: Histopathology in Dex-SpC group showing serious acute rejection 1 wk after OLT, with more
extensive hepatocytes necrosis (HE, E1: original magnification: 33; E2: original magnification: 132×).
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Survival period
Survival period after liver transplantation in each group
are shown in Table 3 and Figure 4. There were significant
differences in survival period between the groups (pooled
over strata, statistic = 11.13, P = 0.011). The survival period in
the Dex-SpC group was significantly shorter than that in the
control group (P = 0.0085) and the Dex group (P = 0.0326 ).

Cumulative survival

1.2

Group
Dex-SpC
Dex-SpC-censored

1.0
0.8

Sp C
SpC-censored

A

0.6
0.4

D

B

0.2

Control
Control-censored

C

0.0

-0.2

0

20

40

60

Dex
Dex-censored

80

100

Remission time (d)
Figure 4 Curve of survival time after liver transplantation in
each group. Pooled over strata (statistic = 11.13, P = 0.011), Pairwise
over strata, D vs A (statistic = 6.93, P = 0.0085), B (statistic = 4.57,
P = 0.0326), C (statistic = 2.24 , P = 0.1342). A: control group, B: Dex
group, C: SpC group, D: Dex-SpC group.

Table 3 Survival period after liver transplantation in each group
Groups

n

Survival period (d)

Mean (d)

Control
Dex

10

11, 18, 40, 47, >70 (×2), >71 (×2), >96, >97

69.8

10

9, 15, 18, 26, 29, >38, >68,, >69, >87, >99

SpC

10
1

Dex-SpC

10, 13, 14, 15, 29, 40, 47, >37 (×2), >38
0.5 (death from surgical reasons)

+
9

56.2
29.9
15.3

10, 11, 12, 13, 15, 16, 17, >18, >22

Abbreviations as in Table 1.

DISCUSSION
As liver is an essential organ, once there is acute rejection
after liver transplantation in a rat, which cannot be managed,
the rat will die in a short time. The survival time of rats
and grafts in orthotopic liver transplantation is the same.
The loss of liver function can be an end-point of acute
rejection. Therefore, survival period of recipients can indicate
survival time of grafts. When acute rejection for liver occurs,
ALT and bilirubin come out of cells. ALT and T bili in blood
increase quickly. Assaying of liver function is helpful to
determine grades of acute rejection. The results of ALT
and T bili and survival time accord with the changes in
pathology of liver.
Antigens of donors are injected into recipients, resulting
in different outcomes from promoting immune response
to immune tolerance. The survival time of grafts of pancreas,
heart and skin were prolonged obviously after the dendritic
cells from donors’ livers were injected into recipients before
transplantations[16]. The survival times of grafts were also
prolonged obviously after marrow or spleen cells were
injected into recipients before transplantations[17]. Starzl[18],
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using microchimerism believed that the graft was alive longer
because the recipient had formed microchimerism by antigen
of the donor injected before. There have been numerous
studies on apoptosis[19]. Our experiment showed that transfusion
of spleen cells from dexamethasone-treated donor to
recipients before liver transplantation could prolong the
survival time of grafts and that some recipients could live
a long time, indicating successful tolerance induction of rat
liver transplantation[8]. We speculate that liver is a special
place where apoptotic cells are phagocytized. Apoptotic cells
inhibit immunity in local places where they are accumulated.
The antigen-presenting cells (APCs) that phagocytize
apoptotic cells present to T cells in inhibited circumstance
induce immune tolerance[4].
DCs can phagocytize apoptotic cells. But there is dispute
about whether this phagocytosis could cause immune
tolerance or response[20]. Hawiger et al[21], found that DCs’
antigen-presenting could lead to immune tolerance. The
results of liver function, pathology and survival time in this
experiment showed that operation synchronizing transfusion
of apoptotic spleen cells from donor rats accelerated acute
rejection of rat liver transplantation. It is almost impossible
that operation synchronizing transfusion of apoptotic
lymphocytes from donor would induce immune tolerance.
The reasons are, maybe as follows: First, though the phagocytes
in livers account for 80% of the total in human bodies, the
function of phagocytes have been damaged because of
warm and cold ischemic/reperfusion injury. Therefore, the
phagocytes cannot phagocytize apoptotic cells immediately,
and the apoptotic cells, which cannot be phagocytized at
once become necrotic and release inflammatory factors such
as TNF-, IL-1, IL-6 and IL-8 that can activate DCs[22],
and make them mature. The ability of antigen presenting
of APCs become stronger[23]. So an acute rejection happens[2427]
. Second, according to the theory of danger signal[28], there
have been plenty of danger signals that resulted from warm
and cold ischemic-reperfusion injury. Though the number
of necrotic cells is less than 5%, there are 35% apoptotic
cells[8], necrotic cells and apoptotic cells, which cannot be
phagocytized at once release danger signals. The danger
signals were so strong that APCs in recipients including DCs
phagocytized the spleen cells of donors including necrotic
cells and apoptotic cells and presented with antigens of
donors, produced co-stimulatory molecules, accelerated
acute rejection of rat liver transplantation finally (Figure 5).
Third, the results of this experiment showed the acute
rejection in the groups with injected spleen cells of donors
treated or untreated was more serious than the groups
without injected spleen cells. The spleen cells solution
including DCs distributed the whole body because of blood
circulation, activated the lymph organs and caused immune
responses. On the other hand, immune responses depended
on lymphocytes of the donor circulating to the liver of the
recipient or the graft of liver releasing soluble antigens to
blood circulation when only liver transplantation was carried
out.
Because there was positive correlation between ALT and
T bili, we can sample blood as little as possible so as to
reduce effects of blood loss on survival time. Only one of
ALT and T bili is needed to measure the liver function.
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Figure 5 Diagram of synchronizing transfusion of apoptotic spleen
cells accelerating acute rejection of rat liver transplantation.

Also, because the Wistar and SD rats were purchased
from different units and grouped randomly, we excluded
the effects of difference of rats on the whole results. In this
experiment, the survival time in the control group was longer
than that reported in literature[8,29]. In order to find out the
reasons, liver transplantations were carried out seven times
by the same method using Wistar and SD rats provided by
the same unit. The mean survival time was 11.1 d, significantly
shorter than that of the Control group (P<0.01). There
were no differences compared to that of Wang[8 ]. Therefore,
we suspect that the gene of the SD rats might have been
mutated or added to the gene of Wistar rats in the control
group[30].
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Abstract
AIM: To investigate the clinical significance of serum
vascular endothelial growth factor (VEGF) and soluble
VEGF receptor-1 (VEGFR1/Flt-1) (sVEGFR1) levels in
biliary diseases.
METHODS: We analyzed the serum levels of these
proteins in patients with acute cholangitis (group 1), biliary
malignancies (group 2), and primary biliary cirrhosis or
primary sclerosing cholangitis (group 3), and in healthy
donors (group 4). The influence of inflammation was also
analyzed. Serum VEGF levels were expressed as VEGF
per platelet (VEGF/PLT, pg/10 6 ) in order to exclude the
influence of platelet counts.
RESULTS: sVEGFR1 levels were significantly higher in
groups 1 and 2 than in the control group, but did not
correlate with inflammatory markers. VEGF/PLT levels
were generally higher in patients with active inflammation
than in those with carcinoma. C-reactive protein strongly
correlated with the levels of serum VEGF independently
of platelet and leukocyte counts, even in cancer patients.
In cancer patients, VEGF/PLT and sVEGFR1 levels might
be indicators for evaluating the effect of medical treatment
or the disease progression.
CONCLUSION: Serum VEGF and VEGFR1 might be useful
markers for gauging the clinical effect of various treatments
on patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiogenic response occurs through the release of various
angiogenic factors such as vascular endothelial growth factor
(VEGF). VEGF is known to be synthesized by endothelial
cells, leukocytes, and megakaryocytes[1] . Angiogenesis is
essential for the growth and survival of solid tumors and
VEGF plays a predominant role in inducing tumorassociated angiogenesis[2,3]. Generally, VEGF is detected in
most malignant epithelial tumor cells and it has been reported
that the level of VEGF expression in tumor tissue is of
prognostic value[4,5]. Some groups reported that both serum
and plasma VEGF concentrations correlate with tumor
stage[6,7]. Megakaryocytes are an important source of VEGF,
which is stored in the  granules of platelets[8] . A close
correlation between platelet counts and serum VEGF has
been reported in cancer patients and this phenomenon is
presumably due to the release of VEGF following platelet
activation during the clotting process[9,10].
A VEGF-specific tyrosine kinase receptor, VEGF
receptor-1 (VEGFR1/Flt-1), is found in vascular endothelial
cells of tumor vessels[2,3,11] . A naturally occurring soluble
form of VEGFR1 (sVEGFR1) is an alternatively spliced
variant of the VEGFR1 gene and can be secreted into the
circulation[5,12]. VEGFR1 has a high affinity for VEGF, even
in soluble form[12]. sVEGFR1 can be derived not only from
vessels but also from tumor cells[13-15]. sVEGFR1 appears
to be a crucial, intrinsic, negative regulator of VEGF and it
may play a key role in tumor angiogenesis[16,17].
The expression of VEGF and VEGFR1 in tissues of
cholangiocarcinoma has been examined histopathologically[18].
VEGF is strongly expressed in malignant cholangiocytes,
whereas the surrounding mesenchymal and endothelial cells
are consistently negative for VEGF. On the other hand,
VEGFR1 is expressed exclusively by endothelial cells adjacent
to tumor cells and rarely expressed in quiescent endothelial
cells. Endothelial cells are demonstrated as the only cellular
source of the receptor. However, little is known about the
clinical significance of serum levels of VEGF and sVEGFR1
in biliary diseases, especially in benign disease. The current
study was therefore, initiated to evaluate the serum values
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of VEGF and sVEGFR1 in patients with biliary diseases.

MATERIALS AND METHODS
Sera were collected from patients with biliary disease at the
Third Department of Internal Medicine and the First
Department of Surgery, Kyushu University Hospital,
between 2001 and 2003. Patients were divided into three
groups: Group 1. Cholangitis with active inflammation
(n = 42); Group 2. Biliary neoplasms including intrahepatic
and extrahepatic cholangiocarcinoma (n = 44), gallbladder
carcinoma (n = 7), and ampullary carcinoma (n = 8); Group
3. Vanishing bile duct disorder of autoimmune origin,
primary sclerosing cholangitis (PSC: n = 12) or primary
biliary cirrhosis (PBC: n = 13). For the control group (Group 4),
serum samples from 31 healthy blood donors were assayed.
Informed consent was obtained from each patient prior to
their entering the study.
Serum concentrations of VEGF and sVEGFR1 were
quantified using the high-sensitivity ELISA kits (R&D
Systems, Minneapolis, MN) according to the manufacturer’s
specifications. The sensitivity of VEGF and sVEGFR1
assays was 9 pg/mL. C-reactive protein (CRP) was used as
a laboratory marker of inflammation. The number of
platelets and leukocytes in peripheral blood was routinely
tested. Statistical analyses were performed using Spearman’s
correlation analysis, Kruskal-Wallis test with Bonferroni
correlation for multiple comparisons, or Wilcoxon’s signed
rank test and the results were considered statistically
significant if P was less than 0.05.
RESULTS
Correlation of VEGF levels with platelet counts
In this study, blood donors formed one of these four

A

Group 1
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groups: Group 1. patients with acute cholangitis/cholecystitis;
Group 2. patients with biliary carcinoma; Group 3. PBC or
PSC; Group 4. healthy volunteers (see Materials and Methods).
Correlations between pairs of parameters were tested by
Spearman’s correlation analysis. Overall, VEGF levels
showed a close relationship with platelet counts: Group 1.
r = 0.449, P = 0.0029; Group 2, r = 0.439, P = 0.0005; Group
3. r = 0.393, P = 0.0520; Group 4. r = 0.537, P = 0.0018
(Figure 1). On the other hand, VEGF levels were not
significantly correlated with WBC counts in healthy donors
and patients with benign biliary disease: Group 1 r = 0.166;
Group 3 r = 0.325; Group 4, r = 0.312. However, the
correlation was significant in patients with malignancy:
Group 2, r = 0.487, P<0.0001. These results indicated that
platelet counts could considerably control serum VEGF
levels in patients. Therefore, the concentration of VEGF
per platelet (VEGF/PLT, pg/106) was calculated by dividing
the serum VEGF values (pg/mL) by the platelet counts
(×106/mL) in order to standardize and accurately compare
the VEGF levels between patients. When VEGF levels were
expressed relative to platelet counts, WBC counts did not
show a significant correlation: Group 1, r = -0.049; Group
2, r = 0.288; Group 3, r = -0.076; Group 4, r = 0.205.
There was no significant correlation between platelet and
leukocyte counts (data not shown). The correlation was not
significant between serum levels of sVEGFR1 and platelet
or leukocyte counts.
Serum levels of VEGF, sVEGFR1, and VEGF/PLT
Serum levels of VEGF, sVEGFR1, and VEGF/PLT were
compared among groups by Kruskal-Wallis test (Bonferroni
correlation for multiple comparisons). Data for each group
were presented as (median [25th. percentile, 75th. percentile];
mean value). VEGF values were significantly higher in Group
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Movement of serum VEGF/PLT and sVEGFR1 in cancer patients
In almost all our patients, biliary carcinoma was clinically
detected and diagnosed at advanced stages (stage IV or III).
Therefore, patients with cancer were divided into two groups
for the convenience of clinical severity: Group A, patients
treated by curative surgical resection (n = 13); Group B,
patients with no effective treatment (n = 14). Significant
difference was tested by Wilcoxon’s signed-rank test. The
levels of VEGF/PLT and sVEGFR1 were measured before
and 4 wk after surgical operation in group A. In group B,
the parameters were measured at intervals of 3 mo. At the
time of admission to our hospital, there was no significant
difference in the levels of VEGF/PLT and sVEGFR1
between Groups A and B. However, in Group A, the levels
of VEGF/PLT (P = 0.0001) and sVEGFR1 (P = 0.0024)
decreased significantly after surgical treatment (Figures 4A, B).
By contrast, the levels of both significantly increased in
Group B: VEGF/PLT, P = 0.0134; sVEGFR, P = 0.0017
(Figures 4C, D).

1 (648.5 [390, 1066]; 805.6 pg/mL) and Group 2 (504
[347, 775]; 633.7 pg/mL) than in Group 3 (191 [113, 333];
246.7 pg/mL) and Group 4 (261 [185, 338]; 278.2 pg/mL)
(Figure 2A). VEGF/PLT levels showed the same pattern
as VEGF, and were significantly higher in Group 1 (3.22
[2.33, 4.59]; 3.78 pg/106) and Group 2 (2.51 [1.84, 3.26];
2.86 pg/106) than in Group 3 (1.78 [1.02, 2.35]; 1.74 pg/106)
and Group 4 (1.26 [0.89, 1.52]; 1.28 pg/106) (Figure 2B).
sVEGFR1 levels were significantly higher in Group 1 (72
[62, 88]; 81.2 pg/mL) and Group 2 (72 [59, 90]; 77.0 pg/mL)
than in Group 4 (56 [47, 74]; 60.4 pg/mL) (Figure 2C).
Influence of inflammation
The correlation between CRP, a commonly used marker
of inflammation, and VEGF/PLT or sVEGFR1 was
analyzed in patients (groups 1-3) by Spearman’s correlation
analysis. CRP levels were normally distributed within each
group. In acute inflammatory disease (group 1), CRP and
VEGF/PLT were closely correlated (r = 0.575, P<0.0001)
(Figure 3A), but there was no correlation between CRP and
sVEGFR1 (r = -0.067). In patients with chronic autoimmune
disease, the PBC and PSC group, no significant correlation
was found between CRP and VEGF/PLT (r = -0.084) or
sVEGFR1 (r = 0.398). In cancer patients, significant
correlations were observed between CRP and VEGF/PLT
(r = 0.717, P<0.0001) (Figure 3B), and also between CRP
and sVEGFR1 (r = 0.318, P = 0.018).
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DISCUSSION
Recent studies have shown that serum VEGF levels are
closely related to platelet counts in cancer patients[1,7,19,20]. It has
been suggested that serum VEGF levels reflect platelet
counts rather than VEGF secretion from tumor cells, or that
platelets act as a scavenger through endocytosis and storage
of VEGF secreted from the tumor[1,7,10,19-21]. We demonstrated,
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is presented as a bold line. VEGF/PLT: the calculated parameter by dividing the serum VEGF values (pg/mL) by the platelet counts (×106/mL);
Cholangitis: patients with acute cholangitis or cholecystitis; Cancer: patients with biliary neoplasms; PBC/PSC: patients with primary biliary
cirrhosis or primary sclerosing cholangitis; normal: healthy volunteers.
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in this study, the relationship between serum VEGF and platelet
counts is also true in biliary cancer (r = 0.439, P = 0.0005).
On the other hand, some groups have not found such a
correlation between VEGF and platelet counts in benign
disease and healthy controls[13,14]. However, in our study, a
correlative trend was obvious in acute cholangitis (r = 0.449,
P = 0.0029), autoimmune biliary disease (r = 0.393, P = 0.052),
and normal controls (r = 0.537, P = 0.0018). Therefore,
we reasoned that expressing VEGF levels relative to platelet
counts is a more meaningful way to compare the clinical
significance of VEGF among diseases. Leukocytes are
another known producer of VEGF. However, when WBC
counts were compared with VEGF/PLT, no correlation
was found in any of the groups. This finding indicates that
WBC counts in peripheral blood do not significantly influence
the levels of VEGF.
In our study, the levels of VEGF/PLT were higher
(P = 0.0152) in acute cholangitis patients (mean value:
3.78 pg/106) than in cancer patients (mean value: 2.86 pg/106)
and closely correlated with serum CRP levels (r = 0.575,
P<0.0001). Angiogenesis is a necessary process for inflammation
and tissue regeneration. It has been reported that inflammation
and hypoxic change with expression of various tissue factors,
cytokines, and chemokines stimulate VEGF synthesizing
cells such as platelets, immune cells, and inflammatory
cells[22-24]. Acute cholangitis is a typical intensive infectious
disease. Therefore, in the patients with the disease, the
correlation between inflammation activity marker, CRP, and
serum VEGF levels is expressed more significantly.
Surprisingly, in biliary cancer patients, VEGF/PLT is
also closely correlated with CRP (r = 0.717, P<0.0001). The
phenomenon raises the question whether cholangiocarcinoma
cells really produce and secrete significant amounts of
VEGF, since VEGF/PLT levels may be increased by the
same mechanism as in cholangitis. In patients with
hypervascular massive tumors like hepatocellular carcinoma,
immunohistochemical VEGF expression in cancer cells
and serum VEGF are quantitatively correlated[25] . These
findings support the concept that VEGF production and
neovascularization are absolutely needed for these tumors
to survive. On the other hand, cholangiocarcinoma is a
relatively hypovascular and invasive tumor, namely,

inflammation may be a more significant clinical characteristic
in cholangiocarcinoma than in HCC. Therefore, platelets
and inflammatory cells may play an important role in VEGF
production/secretion in cholangitis as well. If this hypothesis
is true, then it is not surprising that, in view of the degree
of inflammation, VEGF/PLT levels were higher in the
cholangitis group than in the neoplasm group.
Among the patients with autoimmune biliary disease
(PBC and PSC), those at advanced stages (i.e., liver cirrhosis)
showed lower platelet counts (under 1×10 5/L), and
therefore, the mean serum VEGF level in this group was
only 234.6 pg/mL. However, no correlation was found
between VEGF/PLT and CRP. These autoimmune diseases
are characterized by chronic inflammatory conditions. VEGF
expression is thoroughly characterized in rheumatoid arthritis
(RA), a well-known systemic autoimmune disease. Serum
levels of VEGF have been reported to be elevated in patients
with RA and to correlate with disease activity and inflammatory
markers. However, over time, the correlation with VEGF
levels is only seen in RA of early to median disease duration,
but not of long duration[26-28]. Generally, in patients with PBC/
PSC, the clinical state is relatively stable even at advanced
stages and the inflammatory events are not pronounced.
Therefore, serum VEGF and VEGF/PLT levels may be in
a relatively low grade and independent of CRP levels.
In our study, serum sVEGFR1 levels did not correlate
with platelet and WBC counts. sVEGFR1 levels were
statistically higher in groups 1 and 2 than in the normal
control group. This finding can be explained by previous
evidence showing that endothelial sVEGFR1 is up-regulated
by its ligand, VEGF[13] . Indeed sVEGFR1 levels tend to
change with VEGF/PLT level.
We have investigated whether the levels of VEGF/PLT
and sVEGFR1 reflect the effect of surgical treatment in patients
with biliary carcinoma. If not treated, both levels were elevated
with the lapse of time. However, the levels clearly declined as
a consequence of curative surgical resection. The results indicate
that these serum proteins might be useful markers for
gauging the clinical effect of various treatments on patients.
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and symptoms change during the post-operative period
and correlate with the parameters of the myoelectric and
contractile activities of the stomach. Tachygastria seems
to be the major pathogenetic factor involved in the
contractile dysfunction.

Abstract

http://www.wjgnet.com/1007-9327/11/1172.asp

AIM: To investigate the electric and contractile mechanisms
involved in the deranged function of the transposed
stomach in relation to the course of the symptoms and
the changes in contractile and electrical parameters over
time.
METHODS: Twenty-one patients after subtotal esophagectomy and 18 healthy volunteers were studied.
Complaints were compiled by using a questionnaire, and
a symptom score was formed. Synchronous electrogastrography and gastric manometry were performed in the
fasting state and postprandially.
RESULTS: Eight of the operated patients were symptomfree and 13 had symptoms. The durations of the
postoperative periods for the symptomatic (9.1±6.5 mo)
and the asymptomatic (28.3±8.8 mo) patients were
significantly different. The symptom score correlated
negatively with the time that had elapsed since the
operation. The percentages of the dominant frequency in
the normogastric, bradygastric and tachygastric ranges
differed significantly between the controls and the patients.
A significant difference was detected between the power
ratio of the controls and that of the patients. The occurrence
of tachygastria in the symptomatic and the symptom-free
patients correlated negatively both with the time that had
elapsed and with the symptom score. There was a
significant increase in motility index after feeding in the
controls, but not in the patients. The contractile activity
of the stomach increased both in the controls and in the
symptom-free patients. In contrast, in the group of
symptomatic patients, the contractile activity decreased
postprandially as compared with the fasting state.
CONCLUSION: The patients’ post-operative complaints

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For reconstruction of the alimentary tract, gastric interposition
is the most common procedure in patients with esophageal
cancer [1] . Preparation of the stomach, as an esophageal
substitute, is associated with substantial alterations: vagotomy
is inevitable and the blood supply is reduced. Both truncal
and highly selective vagotomy have been found to disrupt
the gastric electric activity[2] and to delay the gastric emptying
of solids [3]. Consequently, use of the stomach as an
esophageal substitute involves multiple influences on the
gastric secretion and motility, resulting in post-operative
symptoms in both the short and the long-term[4,5]. These
motility disorder seems to be a significant problem even in
10-year survivors, who are not satisfied with the daily food
intake quantity, with no resulting gain in body weight after
surgery[6]. Altered motility, including a gastroesophageal and
a duodenogastric reflux, has been attributed to the
development of these symptoms[4,7,8]. This complaint has
been found to correlate with the weekly occurrence either
of reflux or of heartburn, resulting in an increasing number
of non-malignancy deaths[6]. However, controversial reports
have been published on the functional properties of the
stomach as an esophageal substitute after esophagectomy;
when pulled up into the chest, the stomach has been claimed
to act as an inert organ[7,9,10] whereas others have reported
the detection of contractions in the gastric wall on radiological
examination[11] and also via manometry and the use of a
barostat[12-14]. The frequency and propagation of the gastric
contractions are controlled by the myoelectric activities of
the stomach, which can be measured by means of cutaneous
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electrodes placed on the abdominal skin[15,16]. Synchronized
activity has been demonstrated between the gastric contractions
and the cutaneous or electromyographic activity[16-18], but
this was not observed following total gastrectomy[19,20]. The
ingestion of food has been associated with changes in the
electromyographic activity that is reflected in both serosal
and cutaneous recordings[21,22].
The primary aim of the present study was to investigate
the electric and contractile mechanisms involved in the
deranged function of the transposed stomach through the
synchronous application of electrogastrography and gastric
manometry. Secondary objectives were to find a possible
correlation between the course of the symptoms and the
development of the contractile and electric parameters
during time.

MATERIALS AND METHODS
Subjects
Twenty-one patients, 14 men and 7 women, aged 24-72 years
(median 56.5), who had undergone subtotal esophagectomy
for either cancer (n = 15) or benign disease (n = 6).
All patients were operated on by the same surgeon (AA),
as described by Akiyama et al[23]. Briefly, following a subtotal
resection of the esophagus, gastric substitution was
performed in one sitting. The extent of resection of the
lesser curvature is determined by a line connecting the
highest point in the fundus, points where the vessels of the
lesser curvature enter the stomach wall, and the lesser
curvature at the junction of the arterial arcades of the
right and left gastric arteries. This permits the removal of
all potentially-involved lymph nodes while preserving the
arterial network to the fundus intact. Preservation of the
venous system must be carefully ensured to allow normal
venous drainage. The denervated stomach was pulled up
into the posterior mediastinum. An esophagogastrostoma
was created over the azygos vein in the thoracic dome. The
gastric emptying may be impaired after this operation, and
thus a pyloroplasty was routinely added in each case[24,25].
No patient had participated in radiotherapy or chemotherapy,
which influence the gastrointestinal motility.
Patients, operated upon consecutively between 1997 and
2001, were investigated for a median of 11 (4-38) mo postoperatively. A detailed history of their complaints was taken
by using a validated questionnaire adapted from the
literature[26-28]. dysphagia, early satiety, postprandial epigastric
fullness, retrosternal pain, epigastric pain, regurgitation,
nausea and vomiting were scored with regard to severity
(0 = not present, 1 = modest, 2 = moderate, 3 = severe
and frequency (1 = 2-3 times a month, 2 = once a week,
3 = 2-3 times a week, 4 daily). The maximum sum of scores
was 56. Anorexia, diarrhea and symptoms of the dumping
syndrome were also recorded.
Control studies were performed on 18 healthy volunteers,
11 men and 7 women, aged 21-58 years (median 42), who
had no previous foregut disease or operation.
Each of the subject enrolled into the study signed an
informed consent form.
Prior to enrolment, as part of a scheduled follow-up
examination, all patients underwent abdominal ultrasonography,
thoraco-abdominal CT and upper gastrointestinal endoscopy
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in order to exclude the relapse of the malignancy and to
visually assess the anastomoses.
Manometric study
Synchronous manometric and electrogastrographic
examinations were carried out between 9 a.m., and 2 p.m.
after overnight fasting.
Manometric studies were performed as described by
Collard et al[13,14]. The contractile activity of the stomach in
each subject was studied by using a six-channel polyvinyl
catheter passed through a nostril and positioned in the
stomach under fluoroscopic control, so that the recording
side-holes were located at distances from the pylorus of 2,
4, 7, 12, 17 and 22 cm in all individuals. Each channel was
perfused with distilled water at a rate of 0.6 mL/min. Electric
impulses generated by external transducers were transmitted
to a polygraphic system (PC Polygram Synectics Medical,
Stockholm, Sweden) that was connected to a personal computer
via an analogue-digital interface and the data were analyzed.
The subjects were investigated in a semi-supine position,
with the upper part of the body elevated at an angle of 50o
throughout the study. The fasting gastric motility was
recorded for about 2 h; the subjects then consumed a
standard semisolid test meal of 800 kcal, and the recording
was continued for 2 h postprandially. Significant difference
was not observed between the times required for consumption
of the test meal by the patients and the controls (16±3 and
15±2.5 min, respectively).
Manometric recordings were evaluated as described by
Collard et al [13,14] . The baseline was set by using both the
manual and automatic baseline calculation systems of the
software. The vertical axis was scaled up to reveal waves
of <1.2 kPa in an amplitude that cannot be observed on
the default scales. The scaled-up manometric recordings
were inspected visually on screen and the ones with the
most prominent microwaves were selected. As the contractile
activities of the distal ports were more pronounced than
those of the proximal ones, tracings recorded by one of
the three distal ports were chosen. All the waves of the
selected tracing were sorted into one of the different
predefined classes. Waves were defined as macrowaves if
the amplitude was ≥1.2 kPa, and as microwaves if it was
<1.2 kPa. Macrowaves were subclassified further according
to amplitude (1.2-6.6 kPa, >6.6-26.6 kPa and >26.6 kPa) and
the frequency distribution of both micro and macrowaves
was determined for each subject. The numbers of each type
of contraction were determined by reading the tracings on
screen and the contraction rates were determined by dividing
the number of total contractions by the duration of the
recording in minutes. The beginnings and ends of the time
frames of the different types of waves were recorded in
order to select the corresponding electrogastrographic
recordings.
A motility index was calculated by dividing the sum of
the areas under the macrowaves by the duration of
recording time in minutes in the best antral channel during
both the fasting and postprandial periods, as described by
Collard et al [13,14] .
The contraction rates were also determined in all subjects,
both in the fasting state and postprandially, by counting all
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Electrogastrography
Electrogastrography was perfor med as described in
Refs [15,29-31] . After the manometric catheter had been
positioned, the skin was cleaned and two disposable
electrocardiographic electrodes were placed 5-cm apart
along the gastric corpus-antrum axis, determined by
ultrasonography in the control subjects and localized by the
preceding fluoroscopy in the patients. A third, reference
electrode was placed on the chest over the liver.
Electrogastrographic recordings were started, synchronized
with the manometric recordings and performed with a
Digitrapper electrogastrograph (Synectics Medical AB,
Stockholm, Sweden). All recordings were made at a sampling
frequency of 4 Hz. The internal low- and high-pass filters
were set at 0.5 and 10 cpm, respectively. The recorded data
were processed by a software program (ElectroGastroGram
Version 6.3, Gastrosoft Inc., Synectics Medical), using a
personal computer. Before the computer-assisted analysis,
the total recordings were visually inspected onscreen so as
to detect artefacts and to debug the data. The parts of the
electrogastrographic recordings which corresponded to the
time frame of the evaluated manometric recordings were
then selected and were analyzed separately by the computer.
The main component of the electrogastrographic recording
is the gastric signal. The frequency believed to be of gastric
origin and at which the power has a peak value is called the
dominant frequency.
The following parameters were evaluated: Dominant
frequency (DF): the frequency with the greatest amplitude
within the normal range of gastric slow waves. Dominant
power (DP): the power at the DF. Power ratio (PR): the ratio
of the preprandial and the postprandial DPs. Percentages of
normogastria and dysrhythmia: Normogastria is the percentage
of time during which normal slow waves are observed
between 2 and 4 cpm. Gastric dysrhythmias are classified
as bradygastria when the DF peak is in the range 0.5-2 cpm,
and as tachygastria when it is in the range 4-9 cpm. Dominant
frequency and dominant power instability coefficients (DFIC and
DPIC): the ratio of the standard deviation and the mean of
the DF or DP.

RESULTS
The median of the symptom scores was 5, with a range of
0-39. Eight patients (38%) were totally free of symptoms.
On the basis of the symptoms, the operated patients were
sub-classified into symptomatic and symptom-free groups.
A significant difference was obser ved between the
symptomatic and the asymptomatic patients as concerns
the duration of the post-operative period (9.1±6.5 and
28.3±8.8 mo, respectively; P<0.0001). Eleven (84.6%) of
the symptomatic patients, but only one of the symptom
free-patients, had been operated upon within the previous year.
The symptom score correlated negatively with the time
that had elapsed since the operation (Pearson’s correlation
coefficient r = -0.652; P = 0.01) (Figure 1).
Seven of the symptomatic patients experienced
postprandial fullness and 8 others early satiety. Mild early
satiety and postprandial fullness occurred 1-3 times a week
in 5 patients. The 3 most seriously symptomatic patients
reported moderate early satiety and postprandial fullness
daily. These symptoms were accompanied by regurgitation
in 7 patients, with frequency 2-3 times a week in most cases.
Nine patients had mostly mild epigastric pain 1-3 times
a week. Seven patients complained of nausea, and in 2 of
them it resulted in vomiting. The latter took place 2-3 times
a week in the 2 most symptomatic patients. One patient
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Statistical analysis
Normally distributed data are expressed as means and
standard deviations while non-normally distributed data are
given as medians and full ranges. The Kolmogorov-Smirnov
test was used to determine the normal distribution of the
data. Manometric data are expressed as medians. For the
statistical evaluation of the manometric data, the Wilcoxon
signed-rank sum test for paired comparisons and the MannWhitney U-test for unpaired comparisons were used.
Electrogastrographic data are expressed as means and
standard deviations. Statistical evaluation of the data was
performed by the Independent Samples t-test used with
between-subjects designs and the Paired Samples t-test with
within-subjects designs. All the statistical computations were
performed with an SPSS 8.0 for Windows software package.
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Figure 1 The correlation between the symptom score and the length of the postoperative period in patients after esophagectomy with the
stomach as a substitute. A: Symptom score; B: Percentage of tachygastria.
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complained of dysphagia. In general, the symptoms were
mild or moderate in 85% of the symptomatic patients, and
only 2 patients had serious complaints. Four patients (19%)
had diarrhea, and 2 (9.5%) had the dumping syndrome; the
latter was easily managed by dietary measures.
The results of electrogastrography are summarized in
Table 1. The percentages of the DF in the normogastric,
bradygastric and tachygastric ranges were significantly
different in the healthy control subjects and the operated
patients. Food ingestion did not have a significant effect on
the percentages of normogastria, bradygastria and tachygastria
in either the healthy or the operated group. The DF did not
differ significantly between the healthy controls and the
patients. The significant increase observed in the DF in the
healthy controls in the fed state did not occur in the operated
patients. The DFIC was significantly higher in the operated
patients without significant postprandial changes. In the
patients, the DP did not change significantly in the
postprandial period, whereas it increased significantly in the
control subjects; this resulted in a significant difference
between the two groups. A significant difference in PR was
detected between the healthy control subjects and the
operated patients. Significant change in the DPIC was not
observed between the two groups or after food ingestion.

Table 1 Comparison of fasting and postprandial electrogastrographic
variables in healthy control (HC) volunteers and esophagectomized
patients with the stomach as a substitute

Normogastria (%) preprandial
postprandial
P (pre- vs
postprandial)
Bradygastria (%) preprandial
postprandial
P (pre- vs
postprandial)
Tachygastria (%) preprandial
postprandial
P (pre- vs
postprandial)
DF (cpm)
preprandial
postprandial
P (pre- vs
postprandial)
DFIC (%)
preprandial
postprandial
P (pre- vs
postprandial)
DP (V2)
preprandial
postprandial
P (pre- vs
postprandial)
DPIC (%)
preprandial
postprandial
P (pre- vs
postprandial)
Power ratio

HC
(n = 18)

Operated
(n = 21)

P (HC
vs Operated)

79.1±10.5
81.8±9.8
NS

45.3±20.5
42.4±23.3
NS

P<0.001
P<0.001

10.5±5.7
9.7±6.2
NS

31.1±14.4
33.2±14.5
NS

P<0.001
P<0.001

8.4±5.7
6.8±4.9
NS

18.5±11.4
20.8±12.1
NS

P<0.05
P<0.001

2.81±0.62
3.04±0.46
P<0.02

3.06±1.80
3.51±2.00
NS

31.2±12.8
32.3±14.9
NS

53.6±25.9
55.0±27.9
NS

P<0.001
P<0.001

927±447
1 399±727
P<0.005

529±450
603±578
NS

P<0.01
P<0.001

80.1±30.0
88.3±30.2
NS

82.2±36.9
83.5±32.4
NS

NS
NS

1.75±1.2

1.09±0.18

P<0.02

NS
NS

When the electrogastrographic parameters of the
symptomatic and the symptom-free patients were analyzed
separately, the percentages of tachygastria correlated negatively
both with the time that had elapsed since the operation and the
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symptom score (Pearson’s correlation coefficients of -0.652
and -0.740, respectively; P = 0.01 for both). The percentages of
tachygastria for the symptomatic and the symptom-free
patients differed significantly (23.9±11.7 vs 10.9±5.03,
respectively; P<0.003) and similar values were observed in
the fed state (24.9±11.7 vs 6.8±4.9). The tachygastric
fraction in the asymptomatic patients was not significantly
different from that in the healthy controls (10.9±5.03 vs
8.4±5.7; P = 0.38). A correlation could not be established
between other electrogastrographic parameters and the time
that had elapsed since the operation or the manometric
parameters.
Table 2 presents the motility indices in the symptomatic
and symptom-free groups of operated patients and in the
control subjects during fasting and in the postprandial
periods. The motility index increased significantly in the
healthy control subjects, reflecting an increased motility after
food ingestion, whereas it remained unchanged in both groups
of operated patients. Although the motility indices of the
symptomatic and asymptomatic groups of operated patients
were significantly different, both were significantly lower
than that for the healthy volunteers.

Table 2 Fasting and postprandial motility indices in healthy volunteers and in esophagectomized patients with the stomach as a
substitute
Operated (n = 21)
Significance
Symptomatic Symptom Symptomatic vs
free
Asymptomatic
Preprandial 1.39±0.51
Postprandial 1.28±0.81
Significance
NS

2.38±0.82
2.44±1.05
NS

P<0.01
P<0.006

Healthy Significance
controls Operated vs
(n = 18)
control
3.03±0.79
7.39±1.90
P<0.001

P<0.001
P<0.001

The rates of contraction are shown in Table 3. The
frequency of the contractions detected by manometry is
compared with the frequency of the electric activity and
expressed as a percentage. The number of contractions
per minute is less than the DF in each group of subjects, in
both the fasting and the fed state. On an average, only about
two-thirds of the electric control activity was detected as
contractions. A significant postprandial increase in the
contractile rate was seen only in the healthy control subjects.
The fasting and postprandial frequency distributions of
the gastric contractions in the healthy volunteers and the
two groups of operated patients are depicted in Figure 2.
Significant increases in the 1.2-6.6 kPa, >6.6-26.6 kPa
and >26.6 kPa waves were observed in the healthy control
subjects postprandially (P<0.004 for all). Similarly, significant
increases in the >26.6 kPa and >6.6-26.6 kPa waves were
observed in the symptom-free operated patients (P<0.02
and P<0.0001, respectively). Since the preprandial percentage
of the waves of 1.2-6.6 kPa waves was significantly higher
than that for the healthy controls (12.7% vs 27.1%; P<0.001),
significant postprandial change was not observed. In contrast,
in the symptomatic group of patients, the percentage of the
waves of 1.2-6.6 kPa did not change postprandially, whereas
the >6.6-26.6 kPa waves decreased significantly (P<0.002),
as compared to the fasting percentage.
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Table 3 The response to a test meal of mechanical activity in the stomach of healthy volunteers and of esophagectomized patients with a
transposed stomach, expressed as the number of contractions per minute. The electromechanical fractions express the percentage of the
dominant frequency that develops mechanical contractions
Operated patients (n = 21)
Preprandial
Total
Contractions
Electromechanical fraction
1

Healthy controls (n = 18)
Postprandial

Symptomatic

Asymptomatic

Total

Symptomatic

Asymptomatic

2.24±2.01
67.5±22.5

2.03±0.93
70.5±15.8

2.19±1.85
62.5±31.0

2.14±2.28
54.2±32.3

2.26±0.97
76.0±24.8

2.16±1.66
68.7±19.4

Preprandial

Postprandial

2.2±0.71
78.2±17.6

2.36±0.731
75.8±18.7

P<0.02.
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Figure 2 Distribution of intragastric pressure wave classes for
healthy controls and operated patients in the fasting (F) and postprandial (P) states.

DISCUSSION
The origin of the complaints in patients, who have undergone
oesophagectomy with the stomach substituting for the gullet,
is not clearly understood. These symptoms were earlier
attributed to the loss of contractility of the transposed
stomach[7,9,10], although it has recently been demonstrated
that the stomach as an esophageal substitute maintains its
contractile activity[12-14,32]. Notwithstanding this preserved
contractile activity of the transposed stomach, the patients
frequently suffer from symptoms of disordered gastric
emptying[33-36] and the pathogenesis remains unresolved.
Accordingly, in the present study, we investigated the
relationship between the symptoms and the functional
properties of the transposed stomach, and also the temporal
dimensions. Previous studies had investigated the stomach
as an oesophageal replacement either by manometry[13,14,31-33,37]
or by electrogastrography [7,19,38], and proved that the
transposed stomach generates measurable contractile waves
and displays detectable electric activity. In order to evaluate
the association between the contractile and electric activities
of the transposed stomach in relation to the complaints
of the patients, we applied these diagnostic modalities
synchronously.
The symptoms of our patients are similar to those
reported for the late results of esophagectomy with the
stomach as substitute[39-41]. Postprandial fullness and vomiting
have been shown to be likely consequences of delayed gastric
emptying[42,43]. Half of our symptomatic patients reported
postprandial fullness, which, together with the disordered
contractile activity and dysrhythmias detected, implies
impaired gastric emptying. The dumping syndrome and
diarrhea was less frequent than reported in Ref.[44]. All of

our patients with symptoms of delayed gastric emptying
had been operated on within a year of the assessment. The
prevalence of symptoms in our patients operated on within
the previous year corresponds to or is somewhat better
than the literature data[41,44]. As concerns the severity of the
symptoms in our patients, which were assessed semiquantitatively by using a scoring system, the median score
proved to be less than that reported in diabetic patients
with dyspepsia[26].
Our results indicate that the changes in the distribution
of the gastric wall contraction waves are most pronounced
in the group of symptomatic patients. The mechanical
activity of the transposed stomach was affected most, both
in the fasting and in the postprandial state, and resulted in
the most prominent symptoms. As regards the groups of
patients in whom the stomach is utilized as a substitute after
esophagectomy, the motility indices of the stomach remained
lower and more pronounced in the symptomatic patients.
Feeding normally induces increases in the gastric motility
indices, but this did not occur in either group of our
operated patients. The discrimination of different types of
contraction waves on the basis of their amplitudes and
analysis of the frequency and distribution demonstrated a
lack of postprandial modification of the gastric motor
patterns; moreover, a significant decrease in the percentage
of >6.6-26.6 kPa wave contractions was observed in the
symptomatic patients, as another manifestation of an
insufficient gastric motor activity. In contrast, Collard and
Ramagnoli reported a postprandial increase in contractile
activity, but we observed this only in the healthy controls in
our study, and not in the patients. This controversy might
be explained by the longer post-operative period in the earlier
study [14]. Indeed, after feeding, the higher-amplitude
contractile activities were found to be lower in our
symptomatic patients, whereas an improvement was
observed in the patients free of symptoms. The combined
application of manometry and electrogastrography
demonstrated a good correlation between the changes in
slow wave activity and the mechanical performance. This
is characterized by bradygastria and decreased DP;
additionally, the postprandial increase in myoelectric activity
that occurred in the healthy persons was not observed in
the operated patients. Nonetheless, the DFs in the healthy
controls and the patients did not differ significantly, which
points to a preserved gastric pacemaker activity. These
observations provide further evidence that the changes in
both electric and motor activities are results of vagotomy[2].
The postprandial increases in DF and DP that were observed
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in our healthy control subjects are well known[16,30,31,45,46]. A
postprandial increase in the DFIC did not occur either in
the healthy controls or in the patients, though this instability
was significantly greater in the patients in both the fasting
and the postprandial states, which reveals a more unstable
electric state. The postprandial change in the DP is thought
to be a result of the spatial change in the position of the
stomach[30]. The significant decrease in DP in the operated
patients might therefore, reflect the transposition of the
stomach rather than being a consequence of an altered
function.
The frequency of contractions in our study was lower
than that reported by Collard and Ramagnoli[14] and even the
DF detected by electrogastrography. This could be a
consequence of the methodological difference. We counted
all the contractions in a selected tracing, while Collard and
Ramagnoli counted the contractions in 3 different antral strips
of 10 min each. On the other hand, a difference between
the rate of the electrical control activity and contractile
activity has also been detected by others in dogs by synchronous
serosal electric recordings and intragastric manometry[47].
In the pathogenesis of the symptoms of esophagectomized
patients, gastric vagal denervation has been shown to play a
role[33,48-50] . Accordingly, a novel surgical technique was
elaborated recently to spare the vagal nerves, especially in
patients operated on with benign esophageal diseases[51]. After
vagotomy, delayed gastric emptying of a solid meal was
observed in the early postoperative period, but after a
year the gastric emptying in patients with either truncal or
selective vagotomy did not differ from that in controls[48].
Vagotomy has been shown to result in a disorganization of
the basic electric rhythm in dogs[52] , and tachygastria has
been demonstrated by implanted gastric electrodes in
patients with truncal vagotomy[50]. This is in accord with the
relatively low prevalence and a diminishing tendency with
time of the symptoms of delayed gastric emptying in our
patients.
Our present data are consistent with reports on the
denervated stomach as an esophageal replacement that has
been shown to act as a contractile organ, this contractile
activity being recovered postoperatively over time [13].
However, the recovery of the motor response is not
complete, as indicated by the diminished response of the
motility indices to a test meal even in the asymptomatic
group of patients. A clear difference was observed in the
lengths of post-operative periods of the symptomatic and
the symptom-free patients: a majority of the symptomatic
patients had been operated on within 1 year, whereas the
symptom-free patients have had surgery more than 2 years
previously. Collard reported recovery of the contractile
activity over a 3-year period[13].
An important phenomenon is the tachygastria that occurs
in the transposed stomach, which exhibits a tendency to
return to normogastria in time. Tachygastria has been
documented in patients with functional dyspepsia and
delayed gastric emptying[39,52] . Tachygastria too has been
shown to be accompanied by the absence of contractility in
vagotomized dogs[52] and humans after vagotomy with[45] or
without symptoms of altered gastric emptying. This might
be a consequence of the disturbed proximal-distal
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coordination of pacemaker activity in the smooth muscle.
The negative correlation between the symptoms of our
patients and the postoperative time, together with the
significant difference between the percentages of tachygastria
in the symptomatic and asymptomatic patients suggests that
tachygastria could be one of the important factors playing
a role in the pathogenesis of the complaints. This is supported
by the observation that significant tachygastria was not
detected in the asymptomatic patients or the healthy controls.
These data suggest that the complaints of patients with a
transposed stomach are consequences of a decrease in the
electromechanical activity of the stomach. Electrogastrography
itself is a useful method with which to provide important
information on the gastric motility in these patients.
The major new findings of our present study are the
time dependency of the post-operative complaints and
symptoms of the patients, and their correlation with the
parameters of the myoelectric and contractile activities of
the stomach, obtained by simultaneous electrogastrographic
and manometric investigations. The processes of
electromechanical adaptation in the transposed stomach
result in decreases in time of the postoperative symptoms
in patients after esophagectomy. Tachygastria seems to be
the major pathogenetic factor involved in the contractile
dysfunction.
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Abstract
AIM: To detect the anomaly in the persistent right umbilical
vein (PRUV) of portal vein (PV) with deviation of the
ligamentum tere and left-sided gallbladder.
METHODS: A total of 5783 candidates for routine analysis
were evaluated for hepatic vascular abnormalities by
ultrasonography.
RESULTS: Ten candidates (0.17%) had a portal vein
anomaly with a rightward-deviated ligamentum tere.
The blood-flow velocity in the PRUV of the portal vein
(17.7±3.0 cm/s) of the 10 cases was similar to that of
the right anterior portal trunk (17.6±4.1 cm/s). However,
the vessel diameter of the PRUV (12.4±4.4 mm) was
larger than the right anterior portal trunk (j6.1±0.9 mm).
Therefore, flow volume in the anomalous portion
(0 .97±0.30 L/min) was more than that in the right
anterior portal trunk (0.18±0.05 L/min).
CONCLUSION: The anomaly plays an important role in
intra-hepatic PV flow.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Abdominal ultrasonography (US) is a routine clinical method
of examining the liver. The classification of Couinaud is

used at present in order to divide the liver into 8 areas
counter-clockwise from the caudate lobe. In this classification,
the portal vein (PV) dominates an area, and the hepatic vein
becomes a boundary in each area. Therefore, understanding
the main root and branching of the PV is very important.
We observed an anomaly in the persistent right umbilical
vein (PRUV) of PV first described by Matsumoto[1] in 1986,
who noted the absence of the umbilical portion of the left
PV from its normal site and deviation of the ligamentum
teres to the right. Therefore, we investigated the prevalence
of PRUV during routine ultrasonography screening.

MATERIALS AND METHODS
Between April 1995 and March 1996, 5 783 (3 227 men,
2 556 women) subjects underwent abdominal US at
Matsusaka Central General Hospital. We had detected
anomalous portal branching of PRUV in 10 persons. Ten
men and 10 women were enrolled in this study.
An ALOKA SSD-650 ultrasound machine with 3.5 MHz
convex array probes was used. Then we routinely assessed
PV flow by duplex sonography (combined real-time and
pulsed Doppler) employing an EUB-565A transducer with
3.5-5.0 MHz (Hitachi, Japan). The wall-filter was set at
50-100 Hz. Sample volume was maintained below 5 mm
and located at the center of each vessel. The spectral
waveform was angle-corrected and the Doppler angles of
incidence were less than 60°. We observed anomalous portal
vein branching system by B-mode method. Then we
investigated blood vessel diameter, mean velocity and mean
flow volume with pulse wave Doppler methods, and
compared the left side umbilical portion with normal group
of patients and trunk of the PRUV. Pulsed Doppler US
was performed in the supine position, using mechanical
ventilation or quiet breathing in a fasting state. The sample
point of the pulsed Doppler US examination was placed at
the center of the umbilical portion.
RESULTS
Anomaly of the PRUV of PV was incidentally detected
during a routine abdominal US. The prevalence of this
anomaly was 0.17% (10 of 5 783). Three men and 7 women
aged 20-81 years (mean, 53.9 years) had the anomaly. In
these patients with PRUV at the portal hepatis, the portal
trunk first gave rise to a branch to the right posterior
segment. The left PV which normally runs horizontally at
this level was absent, and there was no major branch to the
right anterior segment. The portal trunk then ran upward
and gave off a branch to the left lobe. At this point, the PV
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Figure 1 Persistent right umbilical vein shown on ultrasonogram. A: Right posterior portal branch originating from the main portal vein at
the portal hepatis; B: Anterior portal branch and P 4 branch of the portal vein originating from the umbilical portion; C, D: Persistent right
umbilical vein on the Cantlie line; PRUV: Persistent right umbilical vein; RAP: right anterior portal vein; RPP: right posterior portal vein; Lig:
Ligamentum teres; RHV: Right hepatic vein.

made a U-turn in a right anterior direction and downward,
giving off branches to the right anterior segment and small
branches to the left lobe. The umbilical portion was not
identified at its usual position (i.e., in the left PV between
the medial and lateral segments of the liver). Instead, a Ushaped part resembling the umbilical portion was seen above
the gallbladder fossa (i.e., on the Cantlie line). Right anterior
segment and quadrate lobe of the liver were supplied from
the entire part of the PRUV (Figure 1).
We then examined the blood vessel diameter of the
PRUV and the right anterior portal trunk. The diameter of
normal adult right anterior portal trunk was 6.1±0.9 mm
(5.9±0.9 mm for men, 6.4±1.0 mm for women) and that
of the PRUV was 12.4±4.4 mm (men 16.0±2.4 mm,
women 10.1±3.8 mm). Therefore, the PRUV was
significantly enlarged. The mean flow velocity in the PRUV
was 17.7±3.0 cm/s (17.6±3.1 cm/s for men, 17.1±3.1 cm/s
for women) and that of the right anterior portal trunk was
17.6±4.1 cm/s (16.0±3.2 cm/s for men, 18.9±3.4 cm/s
for women) demonstrating no difference. However, the mean
flow volume of right anterior portal trunk 0.20±0.06 L/min,
0.18±0.05 L/min for men, 21±0.06 L/min for women) was
significantly lower than that of the PRUV 0.97±0.30 L/min
(1.21±0.21 L/min for men (0.82±0.34 L/min for women)
Table 1.
In patients with this anomaly, the PRUV lay astride
the ligamentum teres, or on the left side of the ligamentum teres of the gallbladder (i.e., left-sided gallbladder)
(Figure 2).
Only in 1 of these 10 cases, the neck of the gallbladder
began diagonally opposite the main PV. The gallbladder body
went in the direction of the left side and fundus was enlarged
to the left side of the above mesenteric artery (Figure 3).
In two patients, the left hepatic vein was shunted from the
top of the PRUV to the portal branch to the inside of the
left-lobe. Turbulent blood-flow together with portal venous

Table 1 Comparison of blood vessel diameter, blood flow velocity
and volume comparison between normal persons (NP) and patients
with PRPV (mean±SD)
Patients with
NP

PRUV

P

16.0±2.4 (n = 4)
10.1±3.8 (n = 6)
12.4±4.4 (n = 10)

<0.01
<0.01
<0.01

16.0±3.2 (n = 4)
18.9±3.4 (n = 6)
17.6±4.1 (n = 10)

NS
NS
NS

1.21±0.21 (n = 4)
0.82±0.34 (n = 6)
0.97±0.30 (n = 10)

<0.01
<0.01
<0.01

mm

Vessel diameter ( )
Male
5.9±0.9 (n=10)
Female
6.4±1.0 (n = 10)
Total
6.1±0.9 (n = 20)
Mean velocity (cm/s)
Male
17.6±3.1 (n = 10)
Female
17.1±3.1 (n = 10)
Total
17.7±3.0 (n = 20)
Flow volume (L/min)
Male
0.18±0.05 (n = 10)
Female
0.21±0.06 (n = 10)
Total
0.20±0.06 (n = 20)

Note: NP, Normal group of patient; PRUV, Persistent right umbilical vein.

shunt was observed at the PRUV (Figure 4). Two patients
underwent hepatic resection because of an intra-hepatic
bile duct stone in the right posterior segment. Furthermore,
1 patient showed malrotation of the intestine in the colon
fiberscopic examination.

DISCUSSION
The prevalence of PRUV ranges from 0.1% to 0.7%,
according to previous reports[1,2,3,6]. The reported prevalence
is almost equivalent to 0.17% (10 of 5 783) in our present
study. Other studies have reported a higher prevalence,
which is 1.2% in the computed tomography study of Maetani
et al.[8]. This difference is probably due to the absence of an
ultrasonographic examination. Infect, 4 of 10 cases in our
study were not detected for this anomaly during a previous
examination. Therefore, this anomaly should be kept in mind
during ultrasonographic examination.
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Ligamentum teres

GB

PRUV

IVC

Figure 2 Persistent right umbilical vein of the portal vein astride
the igamentum teres of the gallbladder. PRUV: persistent right
umbilical vein; GB: gallbladder; IVC: inferior vena cava.

GB

Ao SMA
MPV

Figure 3 A case of persistent right umbilical vein with left-sided
gallbladder. GB: gallbladder; MPV: main portal vein; Ao: abdominal
aorta.
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the peripheral branch level. Dissection of the liver along
the right side of the ligamentum teres, as is usually performed
in the donor’s liver during a partial liver transplantation,
may cause a circulatory disturbance of a wide area of the
right lobe. Therefore, it is important to understand the portal
running by US before operation. In addition, this portal
anomaly always accompanies the abnormal position of the
left side of the gallbladder (left-sided gallbladder).
Gross[6] proposed two hypotheses for the origin of a
left-sided gallbladder. The normal gallbladder migrates to
the left lobe instead of the right and localizes at, the left
side of the ligamentum teres. An accessory gallbladder may
arise from the left hepatic duct while the normal gallbladder
fails to develop.
However, Ozeki et al. [4] reported a case of left-sided
gallbladder with a PV anomaly and proposed another origin.
They suggested that the gallbladder is situated on the left
side of the ligamentum teres simply because the latter
deviates to the right. Furthermore, Kimura et al. [5] and
Yamasaki et al. [9] reported a case of portal in front of the
duodenum. Infrahepatic inferi should be looked for during
routine US screening or vena cava defect[10], multiple spleens,
malrotation of the intestine and annular pancreas with PRUV
should be considered.
In conclusion, PV anomaly has important clinical
implications in preoperative examination of the liver, and
should be looked for during routine screening.
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Abstract
AIM: To report the long-term outcome of patients after
complete ablation of non-neoplastic Barrett’s esophagus
(BE) with respect to BE relapse and development of
intraepithelial neoplasia or esophageal adenocarcinoma.
METHODS: In 70 patients with histologically proven nonneoplastic BE, complete BE ablation was achieved by argon
plasma coagulation (APC) and high-dose proton pump
inhibitor therapy (120 mg omeprazole daily). Sixty-six
patients (94.4%) underwent further surveillance
endoscopy. At each surveillance endoscopy four-quadrant
biopsies were taken from the neo-squamous epithelium
at 2 cm intervals depending on the pre-treatment length
of BE mucosa beginning at the neo-Z-line, and from any
endoscopically suspicious lesion.
RESULTS: The median follow-up of 66 patients was 51 mo
(range 9-85 mo) giving a total of 280.5 patient years.
A mean of 6 biopsies were taken during surveillance
endoscopies. In 13 patients (19.7%) tongues or islands
suspicious for BE were found during endoscopy. In 8 of
these patients (12.1%) non-neoplastic BE relapse was
confirmed histologically giving a histological relapse rate
of 3% per year. In none of the patients, intraepithelial
neoplasia nor an esophageal adenocarcinoma was detected.
Logistic regression analysis identified endoscopic detection
of islands or tongues as the only positive predictor of BE
relapse (P = 0.0004).
CONCLUSION: The long-term relapse rate of non-

neoplastic BE following complete ablation with high-power
APC is low (3% per year).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Barrett’s esophagus (BE) is a metaplastic replacement of
the normal squamous epithelium by specialized intestinal
columnar epithelium. BE is considered as a premalignant
condition arising in patients with chronic gastroesophageal
reflux disease (GERD)[1,2]. Approximately 6-12% of patients
with symptoms of GERD develop this condition[2,3]. Gerson
et al[4] reported a BE prevalence of 25% in asymptomatic
male veterans older than 50 years of age undergoing
screening sigmoidoscopy for colorectal cancer. BE is a wellrecognized risk factor for esophageal adenocarcinoma.
Patients with BE have a 30- to 125-fold increased risk of
developing adenocarcinoma compared to the general
population[3,5,6]. Proton pump inhibitor (PPI) therapy, even
at high doses, does not result in complete regression of
BE[7-10]. Thus, there have been made many efforts to develop
effective endoscopic treatments such as photodynamic
therapy[11,12] and laser therapy[13] in order to ablate BE.
In recent years, argon plasma coagulation (APC) has
been suggested as an effective technique for the ablation
of BE[7,14-16]. APC is a thermal cautery device that involves
the transmission of a high-frequency current via a constant
flow of ionized argon gas. The depth of tissue destruction
is limited to 2-3 mm. Short- and mid-term efficacy data of
APC treatment are promising[15-17] . However, long-term
follow-up studies investigating the risk of BE relapse or
development of neoplasia after APC treatment are sparse.
So far, only two studies have assessed the long-term outcome
of patients with BE after APC treatment reporting a high
endoscopic and histological relapse rate of 30 and 62%
during a mean follow-up period of 3 years[18,19].
We have previously described a large cohort of patients
with non-neoplastic BE who underwent ablation of BE by
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high-power APC[16]. Here, we report the long-term outcome
of patients after complete ablation of BE with respect to
BE relapse and the development of intraepithelial neoplasia
or esophageal adenocarcinoma.

MATERIALS AND METHODS
Patients
In an outpatient setting, consecutive patients undergoing
endoscopy for the evaluation of GERD symptoms were
evaluated between 1994 and 1998. Patients were eligible
for the study if BE without intraepithelial neoplasia was
histologically confirmed and written informed consent was
given, particularly regarding the experimental nature of the
APC procedure. Patients were excluded from the study if
they were younger than 18 years of age and if any serious
gastrointestinal or extraintestinal disease or BE with any
kind of intraepithelial neoplasia was present.
Endoscopy and APC treatment
At baseline endoscopy the macroscopic extent of BE was
determined by measuring the distance between the most
proximal point of columnar mucosa and the proximal end of
gastric folds as referenced to the distance from the incisions.
For the APC procedure, patients received intravenous
sedation with 10-mg midazolam. Circumferential areas of
BE were ablated by using an argon beamer device (APC300,
ERBOTOM ICC200; Erbe Medizintechnik, Tübingen,
Germany), using a gas flow of 2 L/min at a power setting
of 90 W. Ablation was initiated at the gastroesophageal
transition zone and proceeded longitudinally toward the
proximal epithelial junction with squamous epithelium. All
APC treatments were carried out by a single experienced
gastroenterologist (H.S.) at intervals of 2-3 wk and continued
until macroscopic and histological complete reepithelialization
with squamous epithelium.
Biopsy protocol and histological assessment
Before the APC procedure, four-quadrant biopsies were
obtained every 2 cm along the visible length of BE by using
a spiked biopsy forceps with an open diameter of 7 mm
(MTW Endoskopie, Wesel, Germany). Additional specimens
were obtained from any abnormal area as recommended
by Levine et al[30].
After macroscopic complete ablation of BE, regeneration
of squamous epithelium was confirmed by quadrant biopsies
every 2 cm. Thereafter, during surveillance endoscopies,
two to four biopsies were routinely taken from the neosquamous epithelium and additional biopsies from any
endoscopically suspected BE or other suspicious lesions.
The histological examination included staining with
hematoxillin and eosin, and PAS-alcian-blue at pH 2.5. The
histologic diagnosis of BE was established only when
specialized intestinal columnar epithelium was detected.
Complete intestinal metaplasia of normal or inflammatory
cardia mucosa was not classified as BE. All biopsies were
examined by two experienced pathologists (M.S. and M.V.).
BE relapse was defined either as endoscopically suspected
and histologically confirmed BE, or as random detection
of BE by biopsies from exactly below the Z-line and/or
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underneath neosquamous epithelium (buried glands).
Antireflux therapy during follow-up
During the entire APC treatment period, 40 mg omeprazole
was given three times daily in order to achieve maximum
acid suppression. After completion of APC treatment the
omeprazole dose was reduced to 20 mg or continued with
40 mg daily as maintenance therapy depending on the results
of pH monitoring and reflux symptoms (cumulative reflux
time [pH less than 4] less than 7% per 24 h). After 12 mo
of follow-up, PPI therapy was continued depending on the
presence of reflux symptoms or if esophagitis was detected
during surveillance endoscopy. Antireflux surgery was
considered in eligible patients.

RESULTS
APC treatment
Seventy-three patients (45 men, mean age 55±12 years,
range 28-77 years) with histologically proven non-neoplastic
BE and at least moderate to severe gastroesophageal reflux
symptoms for more than one year were enrolled in the
initial study[16]. The median length of BE was 4 cm (range
1-12 cm), 56 patients (76.7%) had a BE longer than 2 cm.
Three patients were lost during APC treatment due to
unwillingness to continue and therefore, excluded from this
analysis. In 69 of 70 patients complete squamous regeneration
was achieved after a median of two APC sessions. In one
patient (extent of BE 8 cm) 6 sessions of APC were necessary
during the first 12 mo to achieve complete ablation except
for a persistent small island of residual BE without
intraepithelial neoplasia. After repeated sessions of APC
treatment, this patient also achieved complete ablation and
was included in the long-term follow-up study.
The APC procedures were generally well tolerated[22]. No
severe complications such as bleeding or perforation occurred.
Three patients developed mild esophageal strictures that were
successfully treated by a single bougie dilatation.
Long-term follow-up
Sixty-six out of 70 patients (94.3%) underwent further
surveillance endoscopy approximately every 12 mo. The
clinical characteristics of these 66 patients are summarized
in Table 1. In these patients, the median follow-up period
ranged from 9 to 85 mo with a median of 51 mo giving a total
of 280.5 patient years. During the entire follow-up period,
220 endoscopies were performed (mean 3.3 endoscopies per
patient) with a mean of six biopsies taken during endoscopy.
The remaining four patients who did not undergo further
surveillance endoscopy after the initial follow-up of 12 mo
were interviewed (M.A.) by telephone at mo 84, 75, 61 and
78, respectively, after complete APC ablation of BE. None
of them reported having any symptoms of dysphagia or
having a diagnosis of upper gastrointestinal tract carcinoma.
Thirty-three patients (50%) received further PPI therapy
with symptom-adjusted doses. Based upon patients’
willingness, 22 patients (33.3%) underwent laparoscopic
fundoplication after complete BE ablation. Eight patients who
underwent laparoscopic fundoplication required further PPI
therapy. Eleven patients were free of reflux symptoms and
had no further antireflux therapy.
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Table 1 Baseline characteristics of patients with continuous surveillance endoscopy
Variable
Patients (n)
Length of BE >3 cm, n (%)

66
37 (56)
90 1

Median follow-up (mo)
Hiatal hernia, n (%)

51
26 (39)

Sustained PPI-therapy, n (%)

33 (50)

Laparoscopic fundoplicatio, n (%)

22 (33)

Initial study [16].

BE relapse
In 13 of the 66 patients (19.7%) islands or tongues of BE was
identified during surveillance endoscopy. The macroscopic
features of suspicious BE are summarized in Table 2. In 8
of the 13 patients, BE was histologically confirmed.
Therefore, the cumulative relapse rate of histologically
confirmed BE during the entire long-term follow-up was
12.1% giving an annual relapse rate of approximately 3%.
The probability of sustained absence of BE after complete
ablation by APC is shown in Figure 1.

Table 2 Endoscopically suspicious and histologically confirmed BE
relapse rates for 66 patients
Endoscopically
suspicious BE
Number of patients (%)

Histologically
confirmed BE
Number of patients (%)

13 (19.7)

8 (12.1)

Tongues >3 cm

1 (1.6)

1 (1.6)

Tongues >1 cm
Tongues <1 cm

5 (7.5)
4 (6.1)

3 (4.5)
2 (3)

Small islands

3 (4.5)

2 (3)

Probability of sustained reversal of BE

Endoscopic finding

1.0
0.8
0.6
0.4
0.2
0.0
0

Volume 11

Number 8

detection suspicious for BE as the only predictor of
histological BE relapse. Other potential factors such as hiatal
hernia, antireflux therapy or initial length of BE were not
predictive for BE relapse (Table 3).

21

APC applications (mean)
APC energy (W)

1
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Median time of follow-up (mo)
Figure 1 Probability of sustained absence of BE after complete
ablation by APC.

Seven of the 8 patients with BE relapse received antireflux
therapy during follow-up (laparoscopic fundoplication, n = 3;
PPI therapy, n = 4). One BE relapse occurred in a patient
without further antireflux therapy. All patients with
histologically confirmed BE relapse were retreated with one
session of high-power APC treatment.
Logistic regression analysis identified the endoscopic

Table 3 Variables as predictors of BE relapse in 66 patients treated
with APC and analyzed using logistic regression analysis
Variable

Multivariate analysis P

Age (yr)

0.57

Gender

0.11

Hiatal hernia
Number of APC sessions

0.15
0.22

Length of BE

0.10

Endoscopically islands or tongues of suspicious BE

0.0004

PPI therapy
Antireflux surgery

0.96
0.73

Importantly, neither intraepithelial neoplasia nor
esophageal adenocarcinoma was detected in our patient
cohort during the entire follow-up period.

DISCUSSION
The presence of BE as the most serious complication of
GERD is associated with an increased risk of developing
adenocarcinoma of the esophagus[1-6]. Thus, besides surveillance
strategies many efforts have been made to develop new
effective therapeutic endoscopic therapy for the ablation
of BE such as thermal laser ablation or photodynamic
therapy and APC[8,11-13,20].
The results of our long-term follow-up study suggest
that endoscopic APC is effective and safe for the ablation
of BE without neoplasia. To our knowledge the present study
currently represents the largest series with the longest
follow-up of patients. During a median follow-up of 51 mo
we observed a low BE relapse rate of 12.1% after a complete
BE ablation, which represents a BE relapse rate of
approximately 3% per year. In our patient population neither
intraepithelial neoplasia nor esophageal adenocarcinoma was
detected.
Since the use of APC was described in a case report[21],
several controlled studies with a larger number of patients
have been fully published with a short- and mid-term
follow-up[14,15,18,17,22,23,25] . The results of these studies are
contradictory regarding both the initial success rate of complete
ablation and relapse rate of BE. In four studies a complete
ablation of BE between 87 and 100% is achieved[15-17,22].
Other studies showed only complete reversal of BE in
61-70% of patients[14,18,23,25]. The reported number of APC
sessions (range 2-4) and the mean length of BE (4-6 cm)
prior to the treatment were comparable in all studies. In
contrast to all other published studies, in our study the highest
level of energy (90 W) was applied during the APC treatment.
This difference might be one reason for the higher rate of
squamous reepithelialization in our study. Pereira-Lima et al[15]
and Tigges et al [22]. used APC at a power setting of up to
70 W and achieved a complete BE reversal in 96 and 91%
of patients, respectively. We also used a higher dose of
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omeprazole (40 mg three times daily) to suppress acid during
the APC treatment period than all other studies.
Since most studies reported a low complication rate,
APC can be regarded as a safe endoscopic method[24].
However, severe complications have been reported in four
patients suffering from perforation[18,25], two patients died
due to these complications. Although we used a high energy
level in our study, only three patients (4.3%) developed a
mild esophageal stricture, that was resolved after a single
session of bougie dilatation. Since the long-term benefit of
this procedure has not been sufficiently investigated, APC
treatment should be still used primarily in experienced centers
and within controlled trials.
Based upon the incidence of adenocarcinoma in patients
with BE (estimated 0.5-1% per year)[1] we would have
expected to observe up to three adenocarcinomas in our
cohort. However, our data are certainly underpowered for
valid incidence rates of adenocarcinoma after APC ablation
of BE, or for the assessment of possible risk reduction of
carcinoma development. In contrast to other studies we
did not include patients with any kind of intraepithelial
neoplasia in our study. Others have shown that in some
cases adenocarcinoma might develop under the new
regenerated squamous epithelium after APC treatment[26,27]
although that was not the case in our study. This fact supports
the current hypothesis that BE arises from pluripotential
stem cells present in the basal layer of esophageal mucosa[28-34].
There are concerns that buried glands could remain beneath
the new regenerated squamous epithelium after APC
treatment and would not be detected by biopsies. However,
it is still unknown whether buried glands relapse or still
remain in BE due to incomplete ablation. Based upon our
long-term follow-up data, this phenomenon appears not to
be a clinically relevant problem, since we did not detect any
buried glands in our cohort. Nevertheless, sampling cannot
definitely rule out BE.
There are only two studies with long-term follow-up
data after APC treatment of BE (Table 2). Kahaleh et al[19]
published a study of 39 patients with BE, 7 of them with
low-grade intraepithelial neoplasia and received APC
treatment. After a complete ablation rate, they demonstrated
a high BE relapse rate of 62% during a median follow-up
period of 36 mo. Five out of seven patients with a lowgrade intraepithelial neoplasia at baseline had recurrence
of BE, one developed low-grade intraepithelial neoplasia
again. In two patients of this cohort an esophageal adenocarcinoma
was detected after a follow-up of 12 and 18 mo, respectively.
Based upon these results, Kahaleh et al [19] concluded that
APC cannot be recommended as an effective ablation
method for BE. There are, however, some limitations in
this study. First, it has to be considered that Kahaleh et al[19]
showed a short-term relapse rate of 44% after 1 mo, thus
it appears that in their study about 44% were incompletely
ablated rather than relapsed. Weinstein[35] suggested that the
reason for the low rate of complete ablation at baseline
may be due to technical factors such as use of energy or
acid suppression agents and demand of more vigorous
ablation especially in longer-segment BE coupled with more
potent acid suppression. Morris et al[18] described a cohort
of 55 patients undergoing APC treatment of BE followed
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up a mean period of 36 mo. After a complete ablation rate
of 70% no BE relapse was observed during the long-term
follow-up. As in our initial report[16], we speculate that
incomplete acid suppression and the lower level of energy
may be the main reasons for the lower success rates of
APC and remaining BE.
Several studies suggested short length of BE (<3 cm)
and the normalization of acid exposure can be used as
positive predictors of long-term reversal of BE[14,19]. Our
regression analysis only identified the endoscopically detected
suspicious BE as a positive predictor of histological BE
relapse, whereas other factors such as the length of BE,
hiatal hernia or previous antireflux therapy had no statistical
impact on the sustained reversal of BE. In contrast to other
studies[18,19] in which endoscopically suspicious BE was always
confirmed histologically, we found endoscopically suspicious
but not histologically confirmed BE in five patients. That
means minimal endoscopic findings may not be equivalent
to BE unless histologically confirmed.
In conclusion this study suggests that endoscopic APC
is an effective method for the ablation of BE without
neoplasia. The long-term relapse rate of BE is low.
Nevertheless, APC treatment of BE does not replace
surveillance endoscopy at present although cost-utility
analysis has shown that subsequent surveillance of patients
with BE but no neoplasia, even at 5-year intervals, is an
expensive practice[36].
Although the present cohort was followed up for over
4 years without any evidence for intraepithelial neoplasia or
adenocarcinoma, further long-term studies are warranted
to determine whether risk reduction of malignancy can be
achieved by APC ablation of BE.
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Abstract
AIM: Inflammatory bowel diseases (IBD) are multifactorial
pathologies of unknown etiology. One susceptibility locus,
IBD5 , has been mapped to chromosome 5q31. We
analyzed our Spanish cohorts of Crohn’s disease (CD)
and ulcerative colitis (UC) patients to determine whether
this locus is associated with IBD, and to ascertain the
main clinical phenotype influenced by this risk factor. The
kind of interaction, either genetic heterogeneity or
epistasis, between this IBD5 susceptibility region and the
NOD2/CARD15 gene mutations was studied as well.
Finally, we assessed whether this locus can predict
response to infliximab therapy.
METHODS: A case control study was performed with 274
CD and 211 UC patients recruited from a single center
and 511 healthy ethnically matched controls. Two
polymorphisms were genotyped in the IBD5 locus and
three in the CARD15/NOD2 gene.
RESULTS: Our results evidence association only with CD
especially with the fistulizing phenotype and in the absence
of NOD2/CARD15 variants (mutant allele frequency in
patients vs controls: OR = 2.03, 95% CI = 1.35-3.06,
P<0.01). The frequency of the IBD5 homozygous mutant
genotype significantly increased in CD patients lacking
response to infliximab (RR = 3.88, 95% CI = 1.18-12.0,
P<0.05). UC patients overall do not show association with
5q31 polymorphisms, although a similar trend to the one
observed in CD is found within the worse prognosis group.
CONCLUSION: The IBD5 variants may enhance an
individual carrier’s risk for CD, mainly in the absence of
the NOD2/CARD15 mutations and in fistulizing patients.
The data presented suggest the potential role of the 5q31
polymorphisms as markers of response to infliximab.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Most patients with inflammatory bowel disease (IBD) are
diagnosed as having Crohn’s disease (CD) or ulcerative colitis
(UC) according to clinical, endoscopic, radiological and
pathological criteria [1]. Epidemiological studies claim
significant contribution of genetics to the IBD etiology[2,3].
Even though differences are present between the two clinical
forms of these autoimmune disorders of the gastrointestinal
tract, relatives of patients with CD or UC are at increased
risk of developing any form of IBD[4]. Therefore, it seems
plausible that both CD and UC patients will share some
susceptibility genes, while others will be phenotype-specific
loci. A 250-kb haplotype in the 5q31 cytokine gene cluster was
first described to confer CD risk in a Canadian population[5] ,
and recently mapping to the OCTN cation transporter in
the same population has been reported[6]. IBD5 association
with UC has also been found in a German cohort, in
addition to the replication of the association of this region
with CD[7]. The so-called IBD5 locus might therefore be
regarded as a general risk factor for IBD, at least in some
populations. Simultaneously, a British study in a large
European cohort of patients did not detect association with
UC, and reported that the risk conferred by the 5q31 locus
to CD patients was dependent on the presence of at least
one of the NOD2/CARD15 disease susceptibility alleles[8].
The NOD2/CARD15 gene is an established CD risk locus,
IBD1 [9-11] . It encodes a protein with affinity for bacterial
components that defectively activates the NF-B pathway[12].
Therefore, whether the 5q31 region is a general risk factor
for both intestinal diseases or for CD exclusively is open to
debate, together with the putative epistatic interaction with
the NOD2/CARD15 predisposition gene. Further evidence
from independent populations will aid in clarifying the
importance of this locus in IBD.
Replication of the initial Canadian study associating the
cytokine cluster region in 5q31 with CD has been obtained
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in British and German populations, whereas the extremely
low frequency of these polymorphisms in Japan precluded
the analysis[13,14]. We aimed at replicating this finding in a
Mediterranean population and we sought to determine the
clinical forms showing the strongest impact of this risk
factor.
Th1 cells are critical in the pathogenesis of CD and the
release of Th1 cytokines increases during CD relapses.
Tumor necrosis factor alpha (TNF-) mediates mucosal
inflammation and the efficiency of the TNF- neutralizing
agents has been proven. The infusion of chimeric anti-TNF-
antibodies (infliximab) has been shown to exert a proapoptotic effect on T-cells[15] and to inhibit the production
of both Th1 type cytokines and granulocyte-macrophage
colony stimulating factor (GM-CSF[16]). Given that the GMCSF gene maps to the 5q31 cytokine cluster, we were
interested in ascertaining whether this IBD5 susceptibility
locus had any influence on the response to infliximab
treatment. Moreover, this 5q31 locus is a cluster of genes
with relevance in the immune response, including several
cytokine genes that map to this chromosomal region, and
this alone may justify the approach.

MATERIALS AND METHODS
Patients and controls
The study group consisted of 274 unrelated adult white
Spanish CD patients (53% women) with median follow-up
10.5 years (95% percentile values range from 3.4 to 26.9 years),
recruited after informed consent from a single center.
Diagnosis of CD was based on Lennard-Jones criteria[17] .
Phenotypic details were obtained with the clinical history
and personal interviews with patients. Disease phenotype
was determined following the Vienna Classification[18].
Location: L1 (Terminal ileum), L2 (Colonic), L3 (Ileocolonic)
and L4 (Upper Gastrointestinal). Behavior: B1 (Inflammatory,
Non-stricturing and non-fistulizing), B2 (Stricturing) and B3
(Fistulizing). Perianal disease was defined by the presence
of perianal abscesses, fistulae and/or ulcers. In addition,
211 unrelated adult white Spanish UC patients (38% women)
were recruited after informed consent from the same center.
Their diagnosis was documented by conventional endoscopic,
histologic, and clinical criteria. The median follow-up period
was 8.5 years (95% percentile values range from 2.7 to
19.4 years). Disease was classified as extensive (inflammation
proximal to the splenic flexure) or distal. Patients and data
are regularly followed up in the Inflammatory Bowel Disease
Unit at Hospital Clínico San Carlos, Madrid. A group of
511 healthy white, unrelated subjects (61% women) from
the Madrid region (mainly hospital employees and blood
donors) were used as controls.
Genotyping
5q31 locus Two variants, IGR2060a_1 and IGR3081a_1,
were independently analyzed by using the SYBR Green
Master Mix of Applied Biosystems, under conditions
recommended by the manufacturer. Allelic genotyping was
achieved in an ABI 7700 Sequence Detector (Applied
Biosystems, Foster City, CA) with the following set of
primers: IGR2060a_1: sense 5’-CTC ATT ACA TCC TTG
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CAA CCC T(G/C)-3’ and antisense 5’-GAC ACA TGG
TGT GAG CTC AGT CA-3’. IGR3081a_1: sense 5’-TCG
CGT GAG TCC TAT TCT TTC T(T/G)-3’ and antisense
5’-TTC ATA CTT CCA GCA GCG GG-3’.
NOD2/CARD15 polymorphisms Primers and probes
used were previously described[19], in summary: Leu1007fsinsC
was genotyped using a TaqMan assay (Applied Biosystems,
Foster City, CA) and PCR products were analyzed in an
ABI 7700 Sequence Detector (Applied Biosystems).
Arg702Trp (sense, 5’-CAT CTG AGA AGG CCC TGC TC
(C/T)-3’; antisense, 5’-CAG ACA CCA GCG GGC ACA-3’)
and Gly908Arg (sense, 5’-TTG GCC TTT TCA GAT TCT
GG (G/C)-3’; antisense, 5’-CCC CTC GTC ACC CAC TCT
G-3’) were typed by allele-specific PCR. Wild-type/mutant
genotype was assessed in an ABI 7700 Sequence Detector
by SYBR Green assay. Previously sequenced samples were
used as controls.
Treatments
Crohn’s disease Forty patients received an intravenous
infusion of infliximab at a dose of 5 mg/kg of body weight
at wk 0, 2 and 6. The physicians assessing clinical response
to infliximab were blinded for the genotype information.
Clinical response was divided into two categories: response
or non-response. Patients with active luminal (non-fistulizing)
disease were considered responders if the CD activity index
(CDAI) decreased below 150 or if a decrease of 70 points in
CDAI after 4 wk was observed[20]. Patients with fistulizing
disease were considered responders in case of complete
fistulae healing or 50% decrease in the number of draining
fistulae within two consecutive visits, i.e., if a response was
observed at both weeks 10 and 14[21].
Ulcerative colitis Medical treatments (steroids, immunosuppressant agents and surgical intervention) were related
to the severity of the disease. Immunosuppressant agents
(azathioprine, 6-mercaptopurine and cyclosporine) were used
in UC patients to induce remission in steroid refractory
disease and as steroid-sparing agent in patients who were
steroid-dependent. Procedures considered as surgical therapy
were colonic resections.
Statistical analysis
Case-control analyses were performed with the 2 statistics
or Fisher exact test. The association between genotypic and
phenotypic characteristics of CD and UC was estimated by
the odds ratio (OR) with 95% confidence interval (CI).
The 2 test or Fisher exact test was used to compare
responders and non-responders and association was
expressed as relative risk (RR) with 95% CI. The statistical
power considering a RR = 1.5 for the 5q31 polymorphisms
is 84.38% for CD and 79.51% for UC. Logistic regression
analysis was performed to assess whether 5q31 homozygous
mutants were correlated with baseline characteristics of
patients treated with infliximab. Statistical analysis was
performed using the Statistical Package for the Social
Sciences (SPSS) version 10.07 for Windows (SPSS Inc.,
Chicago, IL).

RESULTS
Eleven SNPs significantly associated with CD initially defined
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the 250-kb IBD5 locus. Due to the strong linkage
disequilibrium (LD) among them, any of those 11
polymorphisms would be equally informative once LD was
confirmed in one specific population. We genotyped two
of those 11 SNPs, IGR2060a_1 and IGR3081a_1 from
the 5’ and 3’ ends of the IBD5 haplotype, to verify whether
the extent of linkage disequilibrium was similar in our
population and in those previously described. The rate of
LD observed between these two SNPs was confirmed to
be almost complete, in keeping with literature (data not
shown).
In a case-control study with 274 CD and 211 UC Spanish
patients and 511 unrelated healthy controls, we first
examined the CD cohort to determine whether there was
any evidence of association with the two above-mentioned
IBD5 SNPs. The comparison of the frequencies of the
mutant allele carriage in CD patients overall with healthy
controls nearly reached significant levels (200/341 vs
74/170, OR [CI] = 1.35 [0.96-1.89], P = 0.07). Due to
clinical heterogeneity of the disease, it seemed interesting
to clarify in which group of patients IBD5 had the strongest
impact on susceptibility. According to the Vienna
Classification, dealing with anatomical localization and
behavior of the lesions, the analysis revealed that some
unique clinical characteristics were correlated with the
genotype. The extended follow-up of the patients allowed
us to confidently describe the localization and behavior of
their lesions. The patients were classified in three groups:
terminal ileum (L1, 48.6%), colonic (L2, 16.5%) and ileocolonic
(L3, 34.9%). In terms of the behavior their distribution was
inflammatory (B1, 43.3%), stricturing (B2, 16.1%) and
fistulizing (B3, 40.6%). The ileocolonic L3 and fistulizing B3
clinical forms were both significantly associated with IBD5
when compared to control subjects in the Spanish sample
(Table 1). Data supported a dominant model of inheritance.
When allelic frequencies were studied, the fistulizing
patients were also significantly different from the group
formed by the inflammatory plus stricturing patients (B3
(119/101) vs B1+B2 (141/179), OR [CI] = 1.5 [1.04-2.14],
P<0.05). Moreover, the homozygous mutant genotype was
significantly more abundant in fistulizing patients than that
in the inflammatory and stricturing clinical groups (Table 1,
B3 (33/77) vs B 1+B2 (31/132), OR [CI] = 1.82 [1-3.34],
P<0.05).

Table 1 Genotype frequencies of the IBD5 SNPs in Crohn’s disease
patients and controls
TT (%)
Controls (n = 511)
170 (33.3)
CD patients (n = 274)
74 (27)
CD-L1 (n = 133) terminal ileum + UG 41 (30.8)
CD-L2 (n = 46) colon
12 (26.1)
CD-L3 (n = 95) ileocolon
21 (22.1)
CD-B1 (n = 119) inflammatory
36 (30.2)
CD-B2 (n = 44) stricturing
14 (31.8)
CD-B3 (n = 110) fistulizing
24 (21.3)
CD-perianal (n = 47)
10 (21.3)
CD-non perianal (n = 227)
64 (28.2)

GT (%)

GG (%)

236 (46.2)
136 (49.6)
66 (49.6)
23 (50)
47 (49.5)
60 (50.4)
22 (50)
53 (48.9)
23 (48.9)
113 (49.8)

105 (20.5)
64 (23.4)
26 (19.6)
11 (23.9)
27 (28.4)a
23 (19.3)
8 (18.2)
33 (30)c
14 (29.8)
50 (22)

(GG+ GT) vs TT: aP<0.05; OR (CI) = 1.76 (1.02-3.05) compared to controls. (GG+
GT) vs TT: cP<0.05; OR (CI) = 1.79 (1.07-3.00) compared to controls.

Since the IBD1 locus in chromosome 16 is a well-known
genetic factor conferring susceptibility to CD we searched
for epistatic effects with the IBD5 region. Three NOD2/
CARD15 variants (R702W, G908R and L1007fs) act
cooperatively to increase risk in CD: in the presence of any
one of them, risk rises 2-6-fold and when homozygotes or
compound heterozygotes appear, risk reaches up to 40fold. We found that 31.4% of the Spanish CD patients
present at least one of those three polymorphisms compared
to 9.3% controls. To assess whether there was a different
association of the IBD5 locus on stratification by the
NOD2/CARD15 genotype, we studied the allele distribution
of both polymorphisms IGR2060a_1 and IGR3081a_1 in
the NOD2/CARD15-negative and NOD2/CARD15positive populations. In the NOD2/CARD15-positive group,
no IBD5-association could be detected (data not shown).
Interestingly, we could observe that the association with
IBD5 was present in the NOD2/CARD15-negative
individuals (Table 2). In this case, the genotype distribution
in NOD2/CARD15-negative CD patients was significantly
different from the one displayed for the healthy controls
(OR [CI] = 1.68 [1.07-2.66], P<0.05). Again, as seen in the
overall CD cohort, in the NOD2/CARD15-negative
population the L3 and B3 subtypes were associated with the
5q31 polymorphisms (Table 2).

Table 2 Genotype frequencies of the IBD5 SNPs in NOD2/CARD15negative Crohn’s disease patients and ethnically-matched controls
TT (%)

GT (%)

GG (%)

170 (33.3)

236 (46.2)

105 (20.5)

32 (22.9)

69 (49.3)

39 (27.9)a

CD-L1 (n = 55) terminal ileum + UG 16 (29.1)

25 (45.5)

14 (25.5)

Controls (n = 511)
CD patients (n = 140)
CD-L2 (n = 31) colon

8 (25.8)

15 (48.4)

8 (25.8)

CD-L3 (n = 54) ileocolon

8 (14.8)

29 (53.7)

17 (31.5)b
15 (23.1)

CD-B1 (n = 65) inflammatory

17 (26.1)

33 (50.8)

CD-B2 (n = 15) stricturing

6 (40)

7 (46.7)

2 (13.3)

CD-B3 (n = 59) fistulizing

9 (15.25)

28 (47.5)

22 (37.3)d

CD-perianal (n = 34)
CD-non perianal (n = 106)

6 (17.7)

19 (55.9)

9 (26.5)

26 (24.5)

50 (47.2)

30 (28.3)

(GG+GT) vs TT: aP<0.05; OR (CI) = 1.68 (1.07-2.66) compared to controls. (GG+GT)
vs TT: bP<0.01; OR (CI) = 2.87 (1.27-6.73) compared to controls. (GG+GT) vs TT:
d
P<0.01; OR (CI) = 2.77 (1.28-6.2) compared to controls.

Forty CD patients were treated with infliximab, and only
25 of them responded to treatment (see Methods), while
the remaining 37.5% were non-responders. This means that
infliximab was effective in around two-third of the CD
patients, concordant with the previously reported efficiency
of this therapy[21]. This overall response rate did not differ
among the patient groups, regardless of the fistulizing or
luminal phenotype. We pursued checking whether the
polymorphisms located in the 5q31 locus could act as
markers of response to this monoclonal antibody. No
distorted distribution of the 5q31 phenotype among treated
and non-treated CD patients was observed (homozygous
mutant: 24.4% non-treated vs 25% treated). However, when
the response to the monoclonal antibody was studied in
those 40 CD patients (Table 3), the homozygous mutant
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genotype was significantly associated with lack of response
to infliximab treatment (RR [CI] = 3.88 [1.18-12.8], P<0.05).
Patients’ demographics and characteristics did not differ
significantly between responders and non-responders. We
only found significant association between homozygous
mutant carriers and lack of response to infliximab treatment,
which was independent of demographics, disease phenotype
and concomitant medications. The frequency of the
homozygous mutant genotype in the non-responders group
was 46.7%, more than twice the frequency found for the
healthy control cohort (20.3%) (OR [CI] = 3.42 [1.09-10.68],
P<0.05). Moreover, significant difference was maintained
when responders and non-responders to infliximab were
compared (Table 3).

Table 3 Patients’ characteristics at the time of infliximab treatment:
the differential response to infliximab therapy in CD patients depends on their 5q31 genotype
Responder
(n = 25)

Non-responder
(n = 15)

P

Demographics
Mean age, yr (range)

35 (21-66)

Mean duration of disease, yr (range)10 (1-27)

40 (17-68)

0.21

12 (1-31)

0.37

Male:Female

13:12

6:9

0.46

Smoker, n (%)

13 (52)

8 (53.3)

0.93

Extraintestinal

13 (52)

7 (46)

0.92

14 (56)

9 (60)

0.80

manifestations, n (%)
Previous surgery, n (%)
Disease distribution
Small bowel only, n (%)

9 (36)

4 (26.7)

0.54

Colon only, n (%)

3 (12)

2 (13.3)

1

13 (52)

9 (66)

0.62

7 (28)

6 (40)

0.62

Colon and small bowel, n (%)
Indication for infliximab
Inflammatory disease only, n (%)
Fistulizing disease only, n (%)
Inflammatory and

10 (40)

7 (46.7)

1

8 (32)

2 (13.3)

0.27

17 (68)

13 (86.7)

0.27

fistulizing disease, n (%)
Concomitant medication
6-mercaptopurine, azathioprine,
methotrexate, n (%)
Mesalamine, n (%)

7 (28)

4 (26.7)

0.52

Corticosteroid, n (%)

6 (24)

5 (33.3)

1

6 (24)

5q31 genotype
Homozygous wild type, n (%)
Heterozygous, n (%)
Homozygous mutant, n (%)
a

3 (20)

1

16 (64)

5 (33.3)

0.1

3 (12)

7 (46.7)

0.024a

P<0.05, RR (CI) = 3.88 (1.18-12.8).

The UC cohort was then analyzed and no evidence of
association with this pathology in the Spanish sample was
found. No significant difference was observed when
comparing the two clinical forms, extensive and distal, to
healthy controls. The main genetic determinant of UC
susceptibility and extension within the Major Histocompatibility
Complex (MHC) in our population is DRB1*0103.
Stratifying by this MHC factor did not yield any difference
either. Although UC disease can be treated with steroids in
order to control symptoms, some patients eventually become
resistant to or dependent on this therapy. To treat disease
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exacerbation in those cases, immunosuppressive therapy or
even surgery is performed. If immunosuppressive drugs
and/or surgical therapy were used at least once during the
disease, it was considered as severe colitis. When the
distribution of the 5q31 alleles was compared between these
severe colitis patients and the healthy controls, a trend for
association was seen (56/48 vs 440/572, OR [CI] = 1.52
[0.99-2.32], P = 0.05). These results could point to clinical
heterogeneity of the UC samples tested as the cause
underlying the variability reported in the association with
the 5q31 haplotype. Others[22] have already observed the
different UC incidence rate between sexes present in our
population. The gender distribution of the IBD5 genotype
was compared to discern the male predominance in UC as
a factor altering our results and no difference was found
between men and women (TT: 39/22; GT: 73/42 and GG:
26/22, respectively).

DISCUSSION
A haplotype spanning 250 kb in the cytokine gene cluster
on chromosome 5q31 was originally reported to be associated
with Crohn’s disease in a Canadian population[5,23]. Moreover,
functional variants of OCTN cation transporter genes
have been recently found in association with CD in this
population, probably affecting the uptake of physiologic
compounds and toxins [6]. Replication trials have been
performed in order to verify the association of the 5q31
locus in independent cohorts. There are important
disagreements in the literature regarding the relevance of
this chromosome 5-risk locus in IBD. The influence of
this locus in UC has been reported only once [7]. The
primary purpose of this work was testing the involvement
of the IBD5 risk alleles in IBD disease susceptibility in the
Spanish population. We have been able to replicate the
association previously found in CD, but not in our UC
cohort, although both seem to share a similar trend. This
difference could be due either to a lesser effect of this
locus on UC susceptibility or to an association with a yetunidentified specific subgroup of UC patients or to the
combination of both.
The complex genetic background of IBD has been
revealed by the identified locus to locus interactions. A
previous study stated that the IBD5 association was present
only in individuals with at least one of the known NOD2/
CARD15 susceptibility alleles, but was not significantly
elevated in CD patients who had no NOD2/CARD15
mutation[8]. The present work shows that the association
found with IBD5 in the Spanish CD cohort was due to the
predisposition conferred to the NOD2/CARD15-negative
subpopulation, and no influence was detected in the NOD2/
CARD15-positive group. Our results agree with others
reporting a contribution of the 5q31 variants in CD
independently of the presence of NOD2/CARD15
susceptibility alleles[7,14]. Moreover, our group has already
deter mined that NOD2/CARD15 and the Major
Histocompatibility Complex locus are also independent
genetic risk factors for CD[24]. The data presented suggest
that one CD susceptibility locus affect a definite patient
subgroup. Therefore, IBD predisposition would not always
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be conferred by the presence of the same polymorphisms
in many susceptibility genes, each with a small effect. Most
probably, few variants would be enough to increase risk to
one specific clinical form, and a different combination of
risk factors would lend susceptibility to another clinical form.
Thus, the genetic background determines which pathways
are preferentially activated during tissue damage.
To assess the repercussion at the clinical subtypes of
the disease, a detailed analysis following the Vienna
Classification was performed. The CD perianal phenotype
has been reported essential in the association with IBD5[14].
In contrast, the fistulizing phenotype is more strongly
associated in the Spanish cohort tested in the present study,
and in our patients, perianal lesions do not seem to be so
crucial. It is interesting that both the interactions with the
IBD1 locus and the relationship with the clinical phenotype
are not unequivocally reproduced in all the populations
studied, probably indicating that the underlying different
clinical composition of the cohorts tested sometimes
preclude from detecting an effect. One could postulate that
something similar occurs within the UC cohort, i.e., the
different clinical composition may explain the apparently
contradictory results reported in terms of association with
the 5q31 locus.
Infliximab is a chimerical monoclonal antibody that
inhibits the action of TNF-. Although both infliximab and
etanercept show powerful TNF- neutralization, only
infliximab (the only one effective in CD) binds to peripheral
blood lymphocytes and lamina propria T cells to induce
apoptosis of activated lymphocytes[15]. This provides a
biological basis for the difference in CD effect of both
drugs. It has been recently demonstrated that T cells from
CD patients produce increased amounts of GM-CSF and
that this increase significantly correlates with CD activity[16].
Moreover, the same study shows that infliximab inhibits
the production of GM-CSF by mucosal T cells. Therefore,
given the location of the GM-CSF gene in the IBD5 risk
locus, we were interested in exploring these 5q31 variants
as potential markers of infliximab response. In clinical trials
in CD, infliximab significantly decreased the CD activity
index compared to placebo in treatment-resistant disease.
However, this agent is expensive and at least one-third of
the eligible patients fail to show any useful response. Lack
of response seems a stable trait even after repeated
infusions, suggesting that it might be genetically determined.
Identifying predictors of response to infliximab may lead
to better selection of patients for this maintenance therapy
for individuals with CD. Several genes have been studied
for this purpose: the TNF- gene polymorphisms show
conflicting results as predictors of response. Polymorphisms
in the TNF- receptors and the three mutations in the
NOD2/CARD15 gene have been reported not to be
associated with infliximab response[16]. Our results showed
that chromosome 5 polymorphisms associated with
susceptibility to CD could be considered as good markers
for response to infliximab therapy. The homozygous mutant
patients for these IBD5 variants present a significantly worse
response to infliximab. However, as the number of patients
recruited is small, this preliminary interesting finding should
be further confirmed in a larger cohort of treated CD
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patients before making any definite conclusion.
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Abstract
AIM: To evaluate the significance of transforming
growth factor beta (TGF ) expression, in correlation
with histopathological parameters, at the front of invasion
in T1 colorectal cancer (CRC) and presence of metastases.
METHODS: TGF  immunohistochemical expression was
studied in 34 specimens of colorectal adenocarcinomas
(pT1). A three-step avidin-biotinylated immuno-peroxidase
(ABCu-NCL) staining technique was performed on 4-µm
paraffin-embedded tissue sections with a monoclonal
antibody to TGF  (Novocastra, NCL-TGFB, clone TGFB 17,
dilution 1:40).
RESULTS: Seventeen (50%) out of 34 lesions were
positive for TGF  expression. The TGF -positive rate in
patients with vascular invasion was significantly higher than
in those without vascular invasion (11/14 cases, P<0.01,
P = 0.005). The TGF -positive rate was observed in 91.7%
of patients with presence of tumor budding at the front of
invasion (11/12 cases, P<0.01, P = 0.0003). A statistically
significant correlation was found between the presence
of lymph node metastases and positive expression of TGF
 (14/16 cases, P<0.01, P = 0.0001). We also observed
that the TGF -positive rates in groups with distant and
non-distant metastases were 92.8% and 20% respectively,
and a significant correlation between TGF  expression
and distant metastasis was shown (P<0.01, P = 0.00003).
CONCLUSION: The evaluation of TGF  expression of
protein in association with histological parameters can
be used as a parameter of the aggressiveness of pT1
CRC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common types
of cancer in Poland and other western countries. According
to statistics, the mortality of CRC is ranking second in western
countries and third in Poland amongst all cancers. That is
why its biology is still being investigated by researchers[1-3].
Transforming growth factor  (TGF ) is a multifunctional
cytokine that can induce growth inhibition, apoptosis, and
differentiation of intestinal epithelial cells[4,5].
Generally, TGF  inhibits the growth of nor mal
intestinal epithelial cells but can switch to a growth
stimulator with tumor progression and enhance malignant
transformation[6,7].
Until now, the number of potential prognostic factors
for CRC is continually increasing, which is associated with
its biologically diverse malignancy, given the same stage of
advancement. Some histological parameters such as vascular
invasion and tumor budding at the front of invasion seem
to give very important information about invasive potential
and metastasis of CRC. A few published studies have
associated tumor- budding with metastatic changes[8-12] .
These results seem to confirm that tumor- budding can
play a crucial role as a prognostic factor in CRC. Also, the
observed presence of neoplastic cells and nets of cells in
lymphatic and venous vessels (vascular invasion) is an
important feature of invasiveness in CRC. On the other
hand, the presence of lymph node and distant metastasis is
a recognized parameter of metastatic potential. This is why
the aims of the study were, to evaluate the vascular invasion
and tumor-budding in CRC growth zone, to analyze its
relationship with the expression of TGF  protein in tumors,
and to find any correlation between the expression of TGF
 and the presence of metastases.
MATERIALS AND METHODS
Collection of samples
Thirty-four T1 colorectal carcinoma specimens from 34
patients, treated by radical surgery at the Department of
Surgery, J. Śniadecki Hospital, Białystok, Poland, between
1999 and 2003, were examined retrospectively. Patients’
clinical records and pathological reports were reviewed with
special attention paid to the presence or absence of lymph
node metastasis, local recurrence, and distant metastasis.
Tissue specimens were collected immediately after tumor
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removal, fixed in 100 g/L formaldehyde, embedded in paraffin,
and then histopathologically examined using standard
hematoxylin-eosin staining according to the TNM classification.
Vascular invasion, lymphatic and venous invasion were
examined and grouped. Tumor budding was examined
according to the criteria of Morodomi et al[1].

Table 3 TGF  expression in main mass of CRC with and without
distant metastasis

Immunohistochemistry
Slides of 4-m-thick serial sections of the primary tumor
were prepared. A standard avidin-biotin immunoperoxidase
(Novostain Super ABC Kit (universal), No. NCL-ABCu,
Biokom, Poland) method was used for the detection of
TGF  expression. Briefly, the slides were dewaxed using
xylene, transferred to alcohol, placed in citric acid buffer
(10 mmol/L) and heated in a microwave oven (700 W) for
15 min to expose antigens. Endogenous peroxidase activity
was inhibited by incubating the section with 3% hydrogen
peroxide in methanol for 5 min. The slides were then washed
three times with phosphate-buffered saline (PBS) and
incubated in 10 g/L normal horse serum for 20 min to
reduce nonspecific antibody binding. After washing with PBS,
the slides were incubated overnight at 4 ℃ with monoclonal
antibodies. Anti-human TGF  protein monoclonal antibody
(Novocastra, NCL-TGFB, clone TGFB 17, dilution 1:40,
Biokom, Poland) was used. Nonspecific mouse IgG was
used as a negative control. The reaction products were
visualized with diaminobenzidine DAB (DAKO S3000,
Dako, Poland). The sections were counterstained with
hematoxylin, dehydrated, and mounted. The tissue sections
known to be positive were used as positive controls.

P = 0.00003, P<0.01.

Evaluation of samples
The immunostaining of cytoplasm was observed under a
light microscope for TGF . TGF  expression was semiquantitatively assessed in neoplastic cells of primary tumors.
Cases were considered positive when >20% of cancerous
cells was stained with TGF  and negative when <20% of
cancerous cells was stained with TGF . The percentage of
TGF -positive cells was calculated in at least 500 neoplastic
cells per sample, under light microscope (×400). The overall
results of immunohistochemical examinations are presented
in Tables 1-4.

Expression of TGF , n (%)
Parameter
With distant metastasis
Without distant metastasis

Total (%)

n
14
20

Negative

Positive

1 (7.2)
16 (80.0)

13 (92.8)
4 (20.0)

41.2
58.8

Table 4 TGF  expression in main mass of CRC with and without
tumor budding
Expression of TGF , n (%)
Parameter

Total (%)

n
Negative

Positive
11 (91.7)

35.3

6 (27.3)

64.7

With tumor budding

12

1 (8.3)

Without tumor budding

22

16 (72.7)

P = 0.00003, P<0.01.

Statistical analysis
The association between TGF  expression and clinicopathological parameters was examined using 2 test. Fisher’s
exact test was used for statistical analysis. P<0.05 was
considered statistically significant.

RESULTS
In our study, 17 (50%) out of 34 colorectal carcinomas
displayed positive cytoplasmatic TGF  protein reactivity
(Figure 1). There was a significant difference between the
expression of TGF  in patients with and without vascular
invasion (78.6% and 30% respectively, P<0.01). A significant
difference also existed between the expression of TGF  in
primary tumor and lymph node metastases (87.5%, P<0.01)
and distant metastases (92.8%, P<0.01). The presence of
tumor- budding at the front of invasion showed a statistically
significant correlation with the expression of TGF  in the
primary tumor (P<0.01).

Table 1 TGF  expression in main mass of CRC with and without
vascular invasion
Expression of TGF , n (%)
Parameter
With vascular invasion
Without vascular invasion

Total (%)

n
14
20

Negative

Positive

3 (21.4)
14 (70)

11 (78.6)
6 (30)

41.2
58.8

P = 0.005, P<0.01.

Table 2 TGF  expression in main mass of CRC with and without
lymph node metastasis

Figure 1 Strong cytoplasmic expression of TGF  in neoplastic cells
×200.

Expression of TGF , n (%)
Parameter
With lymph node metastasis
Without lymph node metastasis
P = 0.0001, P<0.01.

Total (%)

n
16
18

Negative

Positive

2 (12.5)
15 (83.3)

14 (87.5)
3 (16.7)

47.1
52.9

DISCUSSION
Recent studies reported that many tumor cells, including
colon cancer cells, can secrete TGF [13,14]. It has been shown
that elevated levels of human TGF  protein in colorectal

Guzi ń ska-Ustymowicz K et al. TGF beta in colorectal cancer pT1

cancer correlate with an increased metastatic potential[15] .
There is a significant correlation between tumor expression
of TGF  1 and a shorter post-operative survival[16]. It has
been reported that plasma concentrations of active total
TGF 1 are significantly higher in patients with CRC than
in healthy volunteers[17]. Patients with CRC in stages C-D
have significantly higher expressions of TGF 1 in tumors
[16]
. Some authors observed that the expression of TGF 1
is closely related to a higher rate of lymph node metastases
in gastric cancer [18]. Our results also showed that the
expression of TGF  in CRC pT1 with lymph node and
distant metastasis was higher. All these findings are consistent
with the results from Robson et al[19] who reported a positive
expression in 58% of tumors. Similarly, Bellone et al [20]
reported that colon carcinoma progression is associated with
gradual and significant increases in the expression of
TGF-1, TGF-2 mRNA and proteins. Tsushima et al[21]
showed that preoperative TGF 1 level is a predictive factor
for liver metastasis after curative resection.
The novel histopathological parameter in CRC associated
with invasion is known as ‘tumor- budding’. Recent studies
of the prognostic factors for CRC have paid attention to
tumor-budding as a potential prognostic factor [1,8-12] . We
found a statistically significant correlation between the
intensity of tumor- budding and lymph node involvement[2].
Hase et al [8] examined 663 patients with CRC for tumorbudding, and suggested that tumor- budding is an important
prognostic factor in patients with CRC. Morodomi et al [1]
reported that tumor- budding represents the neoplastic cells
that are directly involved in host tissue invasion. According
to these authors, if the degree of differentiation in colorectal
adenocarcinoma is moderate (G2), lymph node involvement
is highly probable. However, even in these moderately
differentiated tumors, lymphatic involvement is probable
but less likely. In well-differentiated adenocarcinomas (G1),
tumor-budding and lymphatic invasion are usually not
observed. If tumor-budding occurs in such cases, then lymph
node involvement is highly probable.
We found that the expression of TGF  in investigated
tumors (T1) was strongly correlated with the presence of
tumor -budding, vascular invasion at the front of invasion
and presence of lymph node and distant metastases. These
results suggest that TGF seems to be closely related to the
aggressiveness of CRC.
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Abstract
AIM: To study the role of the intracellular receptor domain
of gp130 in human inflammatory bowel disease (IBD).
METHODS: We amplified and sequenced the complete
exon 17 of the human gp130 gene in 146 patients with
IBD. According to clinical and histopathological signs,
the 146 patients with IBD were classified as having
Crohn’s disease (n = 73) or ulcerative colitis (n = 63),
or as indeterminate status (n = 10).
RESULTS: No mutations in exon 17 of the gp130 gene
could be detected in any of the 146 patients with IBD
examined.
CONCLUSION: There is no evidence that mutations in
exon 17 of the gp130 gene are involved in the pathogenesis
of human IBD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The gp130 cytokine family includes interleukin (IL)-6, IL-11,
leukemia inhibitory factor, oncostatin M, ciliary neurotrophic
factor, novel-neurotrophin-1/B-cell stimulating factor-3,
neuropoietin and cardiotrophin (CT)-1. Signal transduction
of gp130 cytokines involves activation of the Janus kinases
and signal transducer and activator of transcription (JakSTAT) signaling cascade pathway as well as the src-homology
tyrosine phosphatase 2 (SHP2)-Ras-Erk pathway. Briefly,
ligand binding to the gp130 receptor complex induces
autophosphorylation of Jaks, followed by the phosphorylation
of specific tyrosine residues in the cytoplasmatic receptor
domain and subsequent tyrosine phosphorylation of STAT
proteins. Phosphorylated STAT proteins (pSTATs)
translocate as homo- or heterodimeric complexes to the
nuclei and act as specific transcription factors by binding to
regulatory promoter elements of various genes[1-3].
The intracellular domain of the common gp130 receptor
subunit harbors several essential motifs involved in signal
transduction of gp130 cytokines (Figure 1). The membrane
proximal homology region of the intracellular gp130 domain
containing the box1 and box2 motifs is important for Jak
association[1,4]. The tyrosine residue Y757/759 (murine/human) in the
cytoplasmic domain of activated gp130 is essential for the
association of gp130 with src-homology 2 domain-bearing
protein tyrosine phosphatase (SHP)-2 and suppressor of
cytokine signaling (SOCS)-3[1,4]. SHP-2 down-regulates STAT
signaling and links the Jak-STAT cascade to the rasdependent mitogen-activated protein kinase pathway. SOCS-3
inhibits the Jak-STAT signaling cascade by directly inhibiting
Jak kinase activity as well as by binding to activated
intracellular cytokine receptor domains and inhibiting further
protein association[1,3,4]. Finally, the tyrosines Y765/767 (murine/human),
Y812/814 (murine/human), Y904/905 (murine/human), and Y914/915 (murine/human) in
the cytoplasmic domain of activated gp130 are required
for the association of STAT proteins with gp130. This
association is essential for STAT phosphorylation and
activation[1,4].
Gp130 STAT mice harboring a mutated (Y765F and
Q768A) and truncated (769stop) intracellular gp130
receptor domain, thus lacking the four specific STAT-binding
site motifs YxxQ at tyrosines Y765/812/904/914 in murine gp130,
display abrogated STAT3 phosphorylation but elevated
activation of SHP2 and Erk1/2 following IL-6 stimulation.
Gp130 STAT mice show impaired colonic mucosal wound
healing, mucosal ulcers in the gastric pylorus and coecum, and
exaggerated sodium dextran sulfate (DSS)-induced colitis[5-7].
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Figure 1 Schematic diagram of the intracellular receptor domain
of human gp130 (adapted from Refs.[1-5]).

Crohn’s disease and ulcerative colitis are classified as
chronic inflammatory bowel diseases (IBDs) characterized
by chronic inflammation and the inability to maintain
mucosal integrity in the large and/or small intestine. The
human gp130 gene is located on chromosome 5q11[4]. Until
now, linkage studies have not reported the g p130corresponding loci on chromosome 5q11 to be susceptible
loci for IBD [8], whereas there have been considered
susceptible loci for IBD on chromosome 5q31 and 5q13[8].
Nevertheless, data obtained from Gp130STAT mice strongly
suggest that mutations in the intracellular binding sites of
gp130 might play a role in the pathophysiology of IBD[5-7].
Therefore, we performed a candidate gene study, searching
for mutations in exon 17 of the gp130 gene in 146 patients
with IBD.

MATERIALS AND METHODS
Patients
A total of 146 patients with Crohn’s disease (n = 73),
ulcerative colitis (n = 63) or indeterminate colitis (n = 10)
were recruited through the IBD in-patient and out-patient
clinics at our university hospital in Munich. Patient data
were obtained by chart review and patient questionnaire
and recorded by a senior gastroenterologist. Inclusion criteria
were based on homogenous diagnostic parameters including
clinical data (physical examination, CDAI[9]/Lichtiger score[10]),
laboratory findings, endoscopic criteria (location and degree
of inflammation, stenosis, fistulas, transmural involvement
in colonoscopy) and radiological findings (CT and/or MRT).
At inclusion, all patients had duration of IBD of more
than one year. An infectious pathogenesis of gastrointestinal
symptoms was excluded in all patients by biopsy and stool
culture. EDTA blood samples for molecular genetic studies
were taken, after written informed consents were obtained
from the patients and/or their parents. The study protocol
followed ethical guidelines and was approved by the
Institutional Ethical Committee.
DNA isolation and sequencing
Genomic DNA was isolated from the peripheral blood
leukocytes with the DNA blood mini kit (QIAGEN, Hilden,
Germany). Exon 17 of the gp130 gene (GeneBank Accession
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M57230; Ref.[4]) was amplified by PCR using the intronspecific primer pair 5’-AGTTTCAGAGATGCATTA
GCTCTGTG-3’ (sense) and 5’-GGCAAATGATCATCTT
CAGAGAGTG-3’ (antisense; nt 68781 to nt 69703 in
GeneBank Accession AC016596) in order to avoid
amplification of an intronless pseudogene of gp130[4]. Each
50-µL reaction contained approximately 300 ng of genomic
DNA, 0.4 µmol/L of each primer, 1.5 mmol/L MgCl2 ,
5 µL Thermo Start reaction buffer (ABgene, Epsom, UK),
125 µmol/L dNTPs, and 0.25 µL of Thermo Start Taq
DNA polymerase (ABgene). PCR was performed for 40
amplification cycles (denaturation at 95 ℃ for 30 s, annealing
at 62 ℃ for 30 s and extension at 72 ℃ for 30 s). PCR
products were purified using the QIAquick PCR purification
kit (QIAGEN, Hilden, Germany) and sequenced with the
Big Dye terminator v3.1 ready reaction cycle sequencing
kit (Applied Biosystems, Foster City, USA). Data analysis
was performed on an ABI Prism 377 DNA sequencer
(Applied Biosystems).

RESULTS
Patient characteristics
Seventy-three patients with Crohn’s disease (39 males, 34
females), 63 patients with ulcerative colitis (24 males, 39
females) and 10 patients with indeterminate IBD (4 males,
6 females) were examined. The median age at inclusion was
39±10 years in the CD group, 41±15 years in the UC group
and 47±19 years in the indeterminate group (mean±SD).
All patients included in this study had a history of at least
one episode with an elevated CDAI [9] of more than 150
points in Crohn’s disease or a Lichtiger[10] score of more
than 10 points in ulcerative colitis in combination with
characteristic endoscopical and radiological findings.
gp130 exon 17 sequencing
The genomic DNA of the 146 patients with IBD, who
were classified as Crohn’s disease (n = 73), ulcerative colitis
(n = 63) and indeterminate IBD (n = 10), was sequenced
for mutations in exon 17 of the gp130 gene. None of
these 146 patients carried a mutation or a polymorphism in
this region of the gp130 receptor gene. Therefore, we could
exclude mutations in exon 17 of the gp130 receptor gene
being involved in the etiology of Crohn’s disease in more
than 5% of patients (P<0.05). Likewise, we did not find
any evidence that mutations in exon 17 of the gp130
receptor gene might be involved in the etiology of ulcerative
colitis.

DISCUSSION
The current study demonstrated a lack of mutations in
exon 17 of the human gp130 gene in 146 patients with
IBD, e.g., Crohn’s disease and ulcerative colitis. Exon 17
of the gp130 gene[4] is spanning most of the intracellular
region of the gp130 receptor (Figure 1) and harbors several
important signal transduction regions such as the membrane
proximal box2 motif for Jak association, the tyrosine residue
Y757/759 (murine/human) for SHP2 and SOCS-3 association, and
the tyrosine residues Y765/767 (murine/human), Y812/814 (murine/human),
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Y904/905 (murine/human), and Y914/915 (murine/human) for STAT association[1,4].
The animal model of gp130 STAT mice demonstrated
impaired STAT activation due to a truncated intracytoplasmatic
gp130 receptor domain lacking the tyrosine residues
Y765/812/904/914 associated with impaired mucosal healing,
mucosal ulcers in the gastric pylorus and caecum, and
exaggerated DSS-induced colitis[5-7] . On the other hand,
gp130 (757F) mice harboring a mutated (Y757F and
V760A) YxxV motif for SHP-2 and SOCS-3 binding
displayed enhanced tissue STAT3 phosphorylation, but
abrogated SHP2-Ras-ERK signaling following IL-6
stimulation. Gp130 (757F) mice developed gastric adenomas
by 3 mo of age[6]. These two gastrointestinal phenotypes
are highly similar to the phenotypes exhibited by mice
deficient in trefoil factor 1 (pS2/TFF1) and in intestinal
trefoil factor (ITF)/TFF3, respectively. TFF1 and TFF3
are members of the trefoil factor (TFF) family; each of
them bears a characteristic three-looped structure known
as the trefoil domain. TFF1 is primarily expressed in gastricpit mucus cells. TFF3 is expressed at its highest level in the
mucous-secreting goblet cells of the small and large intestine.
TFFs are supposed to be involved in the process of healing
or restitution, since they are upregulated after injury to the
gastrointestinal epithelium. TFF1 knock-out mice could
develop gastric hyperplasia, whereas deletion of TFF3 might
become visible in an exaggerated response to DSS-mediated
epithelial damage. Regulation of TFF1 and TFF3 in the
gastrointestinal tract seems to be dependent on SHP2/Erk
and STAT1/3 signaling, as reduced gastric levels of TFF1
can be seen in gp130 (757F) mice, while reduced colonic
levels of TFF3 are observed in gp130DSTAT mice[6,7]. Taken
together, it seems that the integrity of the gastrointestinal
mucosa can be maintained by a balanced activation of both
pathways (leading to a certain ratio of TFF1 vs TFF3).
According to this model, the imbalance in favor of STAT1/3
signaling leads to excessive antral proliferation, presumably
caused by unhindered effects of STAT signaling. An
exaggerated activation of the SHP2/Erk signaling cascade
results in mucosal healing defects due to a lack of
phosphorylated STAT3. Either the decreased level of
phosphorylated STAT3 itself or down-regulation of TFF3
leads to impaired epithelial cell migration after the injury of
the intestinal epithelium. However, our current study has
demonstrated that impaired STAT activation due to a
mutated or truncated intracellular gp130 receptor domain
is not involved in the pathogenesis of IBD in humans.
Nevertheless, mutations at this site might be involved in
the pathogenesis of other human diseases, e.g., degenerative
joint disease or blastocyst implantation failure[5].
Other studies suggest IBD to be associated with
increased rather than decreased STAT activation. Increased
STAT1 phosphorylation[11], STAT3 phosphorylation[12], and
STAT-dependent SOCS-3 expression [11,12] have been
observed in human colon samples from patients with IBD..
Phosphorylated STAT proteins are primarily expressed in
inflammatory cells infiltrating the mucosa[11,12] and STAT
activation is probably due to IL-6-mediated stimulation of
these cells[13]. Suzuki et al[14] reported that a mutant SOCS-1
protein (F59D-JAB) inhibits the negative regulatory effects
of endogenous SOCS-1 and SOCS-3. F59D-JAB transgenic
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mice demonstrate exaggerated DSS-induced colitis and
hyperactivated STAT3 activation, probably due to lack of
the negative regulatory role of SOCS-3[12]. Loss of SOCS-3
has recently been shown to result in prolonged STAT3 and
STAT1 activation after IL-6 stimulation[15,16].
In summary, dysbalance of the Jak-STAT pathway
seems to be involved in the pathogenesis of colitis[6,8,12,14].
In the current study, however, we found no evidence that
mutations in exon 17 of the gp130 gene, encoding all
functionally essential intracellular tyrosine residues of the
gp130 receptor (Figure 1), are involved in the pathogenesis
of human IBD. Our data suggest that other mechanisms
are important for the dysbalance of the Jak-STAT pathway
in IBD. The role of STAT protein activation and negative
regu lation of Jak-STAT signaling merits further
investigation. Studies on the putative role of SOCS-3
mutations in the pathogenesis of IBD are currently
underway.
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Abstract
AIM: To investigate the relation of human papillomavirus
(HPV) and esophageal squamous cell carcinoma (ESCC)
in Iranian patients as compared to normal controls.
METHODS: Using MY09/MY11 consensus primers, we
compared the prevalence of a HPV L1 gene in tumor
tissues from 38 ESCC cases and biopsied tissues from 38
endoscopically normal Iranian individuals. We also
compared the presence of HPV16 and HPV18 in the same
samples using type-specific E6/E7 primers.
RESULTS: Fourteen (36.8%) of the 38 ESCC samples
but only 5 (13.2%) of the 38 control samples were positive
for the HPV L1 gene (P = 0.02). Five (13.2%) of the ESCC
samples but none of the control samples were positive
for the HPV16 E6/E7 gene (P = 0.05). Three (7.9%) of
the ESCC samples and 5 (13.2%) of the control samples
were positive for the HPV18 E6/E7 gene (P = 0.71).
CONCLUSION: Our data are consistent with HPV DNA
studies conducted in other high-risk areas for ESCC. HPV
should be considered as a potential factor contributing to
the high incidence of ESCC in Iran and other high-incidence
areas of the world.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of human papillomavirus (HPV) in the etiology
of esophageal squamous cell carcinoma (ESCC) has been
debated in the past 20 years. Oncogenic types of HPV,
most notably HPV 16 and HPV 18, are recognized as the
most significant risk factors of cervical cancer[1]. A role of
HPV in the etiology of cancers of vulva, anus, penis, and
oropharyngeal cavity has also been established[2]. However,
the role of HPV in the causation of ESCC remains
controversial. Syrjanen first suggested a role of HPV in the
etiology of ESCC in 1982, based on the observation of
characteristic histological findings suggesting the presence
of HPV in benign esophageal epithelia and malignant
esophageal tumors[3]. Since then several studies have used a
variety of techniques, including detection of HPV DNA in
esophageal tumor tissues and serological methods, to
examine the association between exposure to HPV and risk
of ESCC[4]. The results of these studies are not consistent.
Case series using polymerase chain reaction have found
evidence of HPV in tumor tissues varying from 0 to 67%[4].
It has been suggested that the high variation in HPV
DNA results may partly be explained by geographic variation.
Most studies, that did not detect HPV DNA in esophageal
tumors, were conducted in low-risk areas of USA or
Europe. However most studies in high-risk areas for ESCC
(such as China, South Africa, and Japan) found that HPV
had significantly higher percentages in esophageal tumors[4].
Iran is a very high-risk area for esophageal cancer[5-8]. In
some parts of northeastern Iran, the incidence rate of ESCC
is reportedly over 100/100 000 person/year[5].
In order to investigate the prevalence of HPV infection
in ESCC in Iran, a country with high rates of ESCC, we
evaluated the tumor tissues from patients with ESCC and
normal esophageal tissues from age-matched controls for
the presence of HPV DNA.
MATERIALS AND METHODS
Formalin-fixed paraffin-embedded tissue samples were
collected from the patients undergoing surgery for ESCC
in two hospitals in Tehran (Shariati, Mehr) from 1996 to
2001. One control per case was selected from consecutive
patients referred to a private gastroenterology clinic in
Tehran for symptoms of dyspepsia. Only subjects who had
normal endoscopy (non-ulcer dyspepsia) and matched on
age (±5 years) with one of the case subjects were eligible to
be controls. In the controls, two biopsies were taken from
the middle third of the esophagus, about 30 cm from the
incisor teeth.
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The presence of the representative tumor in selected
paraffin blocks was confirmed by at least two pathologists
before the blocks were further processed for HPV DNA.
One block from each tumor and one block containing
both biopsies from each control patient were evaluated for
the presence of HPV L1 gene using MY09/MY11
consensus (general) primers. MY09/MY11 primers are
complementary to 450-bp-conserved sequences in the L1
gene of HPV, and are able to amplify the L1 gene from a
broad range of HPV types. In samples where the L1 gene
could be amplified, further examination was performed to
explore the presence of HPV16- and HPV18-specific E6/
E7 genes.
DNA extraction
Serial tissue sections (3-5 sections, each 10-20-m thick)
were cut from each paraffin block using disposable microtome
blades. After rehydration, DNA was extracted using a lysis
buffer containing 10 mmol/L Tris–HCl (pH 8), 100 mmol/L
NaCl, 1% sodium docecyl sulfate, 200 g/mL proteinase
K, and 0.01% EDTA at 56 ℃ for 4 h and then incubated
overnight at 37 ℃ in a lytic solution. After proteinase K
digestion of the tissue, proteinase K was inactivated by
incubation at 95 ℃ for 8-10 min. After vortex with phenol
and 150 L chloroform-isoamylalcohol and spun for 2 min
at high speed, the upper phase was transferred to a new
tube.
Sample suitability
Suitability of samples for PCR amplification was ascertained
by testing for the beta-globin gene. Successful amplification
of the beta-globin gene fragments indicated that the DNA
sample was adequate for PCR analysis and that no PCR
inhibitors were present.
Primers
To examine for the presence of any HPV DNA in the tissue,
MY09/MY11 primer pairs were used to amplify the L1
gene. To look for HPV types 16 and 18, the type-specific
primer pairs for the E6/E7 gene were used (Table 1).
Distilled water was used as a negative control. This control
was necessary to determine if any of the reagents was
contaminated with HPV DNA.

Amplification
Master mixtures contained PCR buffer, 10 mmol/L TrisHCl (pH 8.4), 50 mmol/L KCl, 2.5 mmol/L MgCl2, 0.01%
gelatin, 0.2 mmol/L of each dNTP (dATP, dCTP, dGTP
and dTTP), 0.5 mmol/L of each primer and 2.5 units of
Taq polymerase (Amp Taq). The PCR mixture was subjected
to 30 cycles of amplification (using Genius thermal cycler)
each consisting of an initial denaturing step at 94 ℃ for
1 min, annealing at 60 ℃ for 30 s and extension at 72 ℃
for 1 min.
The PCR products were then detected by 2% agarose
gel electrophoresis and visualized by ethidium bromide
staining. Results were saved by a documentation system
along with a transilluminator.
Statistical methods
We used the 2 test or the Fisher exact test, wherever
appropriate, to compare the proportions of cases and controls
that were positive for HPV L1 gene and HPV16 and HPV18
(type-specific E6/E7 genes).
The study protocol was approved by the Ethics Committee
of the Digestive Disease Research Center, Tehran University
of Medical Sciences, and informed consent was obtained
from all controls before endoscopy.

RESULTS
Tissue samples were available from 40 cases of ESCC operated
between 1996 and 2001. After DNA extraction, two samples
were found unsuitable for PCR and excluded. The other
38 samples (22 males and 16 females) were included in the
study as cases. Thirty-eight control subjects (16 males and
22 females), age-matched to cases, were selected from
patients who were endoscopied for dyspepsia and had normal
endoscopies. Mean ± SD age was 54.2±13 years in cases
(range 25-75 years), and 51.6±11.3 years in controls (range
22-78 years).
Fourteen (36.8%) out of the 38 ESCC samples but only
5 (13.2%) of the 38 control samples were positive for HPV
L1 gene (P = 0.02). Five (13.2%) of the ESCC samples but
none of the control samples were positive for HPV16 E6/E7
gene (P = 0.05). Three (7.9%) of the ESCC samples and
5 (13.2%) of the control samples were positive for HPV18
E6/E7 gene (P = 0.71). No sample was positive for both
HPV16 and HPV18.

Table 1 Primer sequences used for the amplification of HPV L1,
HPV16 E6/E7, and HPV18 E6/E7 genes
Target

Primer sequence

HPV L1 gene

5’ CGTCC{C/A}A{G/A}{G/A}GGA{T

(MY09)

/A}ACTGATC 3’

HPV L1

5’ GC{C/A}CAGGG {T/A} CAT AA

Approximate size (bp)
450
450

gene (MY11)

{T/C}AATGG 3’

HPV16 E6/E7

5’ GAACAGCAATACAACAAACCCG 3’

240

5’ CCATGCATGATTACAGCTGG 3’

240

5’ TGCCAGAAACCGTTGAATCC 3’

250

5’ CAATGTCTTGCAATGTTGCC 3’

250

gene (sense)
HPV16 E6/E7
gene (antisense)
HPV18 E6/E7
gene (sense)
HPV18 E6/E7
gene (antisense)

DISCUSSION
ESCC has become the sixth most common cause of cancer
death worldwide[9]. In western countries, where the risk of
ESCC is generally low, consumption of tobacco and alcohol
could explain more than 90% of the cases of ESCC[6,10] .
However, in countries with the highest rates of ESCC, such
as Iran and China, only a small proportion of ESCC cases
could be attributed to smoking or alcohol consumption[6,11].
So other risk factors must be responsible for the high incidence
of ESCC in these areas. Microbial agents, especially HPV,
may be one of the factors that explain part of this high
incidence of ESCC.
The etiologic role of oncogenic HPV types has been
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established in many epithelial cancers, most notably cervical
cancer[1,2]. Previous studies have shown that HPV16 and
HPV18 are the most important risk factors for cervical
cancer[1]. The mechanisms through which HPV can induce
epithelial neoplasia have been extensively studied[12-15]. Some
of the proteins produced by HPV, notably E6 and E7, are
oncoproteins that could immortalize various human cell
types, inactivate host proteins (such as p53 or pRb), and
induce mutations in the host cell DNA[14,16,17].
The role of HPV in ESCC has been studied in many
high-risk and low-risk areas of the world[4,18]. Most studies
from high-risk areas, such as China and South Africa, have
suggested a role of HPV in ESCC, while most studies from
low-risk areas have failed to find any association[4,19-21]. To
the best of our knowledge, this is the first study that reports
the association between DNA markers of HPV and the
risk of ESCC in Iran, a high-risk area for ESCC.
Our results imply that HPV is not a predominant risk
factor for ESCC in Iran because only 14 (36.8%) of 38
samples of ESCC were positive for the common indicator
of HPV (L1 gene). However, this was higher than the
percentage of positive samples in controls (13.2%) and the
difference was statistically significant (P = 0.02). Higher
prevalence of this HPV marker in ESCC cases than in
controls may be confounded by other factors. But in the
light of known mechanisms of carcinogenicity established
for HPV and previous studies associating HPV with epithelial
cancers, it is unlikely that the virus is a mere innocent
bystander, and HPV should be considered as a potential
factor contributing to high incidence of ESCC in Iran.
The prevalence of HPV16 was significantly higher in
ESCC cases than that in controls (P = 0.05), but there was
no statistically significant difference in the prevalence of
HPV18 between cases and controls. This implies that only
HPV16, but not HPV18, may be a risk factor for ESCC in
Iran. A similar Chinese study by Zhou et al found a similar
result. We found markers for HPV16 and HPV18 in only 8
out of 14 ESCC samples in which HPV L1 gene was present.
Therefore, it is possible that other HPV types, not tested in
this study, may also be associated with the risk of ESCC in
this area. Another line of evidence that argues against high
exposure of the Iranian population to HPV16 and HPV18,
and hence against these two types of HPV being major risk
factors for ESCC in Iran, is the low prevalence of cervical
cancer in Iran[7]. Low exposure to HPV16 and HPV18 in
Iran is possibly related to the lifestyle and sexual behaviors
in this religious society.
A potential shortcoming of this study, as well as other
retrospective studies, is their limited ability to find an
association between HPV and ESCC, if HPV has a “hitand-run” mechanism for inducing ESCC, as some studies
in a bovine model have suggested[22]. These studies have
found that bovine papillomavirus is essential in the early
stages of carcinogenesis of the bovine foregut, but is not
needed for progression to the malignant state. Therefore,
although we found evidence for the presence of HPV in
only 38% of our case samples, it is possible that such
evidence in other cases has disappeared. This hypothesis
can only be tested in prospective studies with tissue or serum
samples. So far, no prospective studies using tissue samples
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have examined this hypothesis, but two small prospective
serologic studies have found a strong association between
serologic HPV markers and the risk of ESCC[23,24].
In summary, our data are consistent with HPV DNA
studies conducted in other high-risk areas for ESCC which
showed evidence of HPV in tumor tissues from 20% to 50%
of ESCC cases. We think that HPV should be considered
as a potential factor contributing to the high incidence of
ESCC in Iran and other high-incidence areas of the world.
Further prospective studies are needed to test the hypothesis
of a “hit-and-run” phenomenon, the hypothetical mechanism
suggested for the disappearance of HPV from tumors after
initial DNA damage.
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Abstract
AIM: To investigate the protective mechanisms of Weikang
(WK) decoction on gastric mucosae.
METHODS: Ninety rats were randomly divided into nine
groups of 10 each, namely group, model group, group
with large WK dosage, group with medium WK dosage,
group with small WK dosage, group with herbs of jianpiyiqi
(strengthening the spleen and replenishing qi), group with
herbs of yangxuehuoxue (invigorating the circulation of
and nourishing the blood), group with herbs of qingrejiedu
(clearing away the heat-evils and toxic materials), group
with colloidal bismuth pectin (CBP) capsules. According
to the method adopted by Yang Xuesong, except normal
control group, chronic gastric ulcer was induced with 100%
acetic acid. On the sixth day after moldmaking, WK
decoction was administered, respectively at doses of 20,
10 and 5 g/kg to rats of the WK groups, or the groups
with herbs of jianpiyiqi, yangxuehuoxue and qingrejiedu,
10 mL/kg was separately administered to each group
every day. For the group with CBP capsules, medicine
was dissolved with water and doses 15 times of human
therapeutic dose were administered (10 mL/kg solution
containing 0.35% CBP). Rats of other groups were
fed with physiological saline (10 mL/kg every day).
Administration lasted for 16 d. Rats were killed on d 22
after mold making to observe changes of gastric mucosa.
The mucus thickness of gastric mucosa surface was
measured. Levels of epidermal growth factor (EGF) in
gastric juice, nitric oxide (NO) in gastric tissue, endothelin
(ET) in plasma, superoxide dismutase (SOD) in plasma,
malondialdehyde (MDA) in plasma and prostaglandin I2
(PGI2) were examined.
RESULTS: Compared with control group, ulceration was

found in gastric mucosa of model group rats. The mucus
thickness of gastric mucosa surface, the levels of EGF,
NO, 6-K-PGF1 and SOD decreased significantly in the
model group (EGF: 0.818±0.18 vs 2.168±0.375, NO:
0.213±0.049 vs 0.601±0.081, 6-K-PGF 1: 59.7±6.3 vs
96.6±8.30, SOD: 128.6±15.0 vs 196.6±35.3, P<0.01), the
levels of ET (179.96±37.40 vs 46.64±21.20, P<0.01) and
MDA (48.2±4.5 vs 15.7±4.8, P<0.01) increased. Compared
with model group, the thickness of regenerative mucosa
increased, glandular arrangement was in order, and cystic
dilative glands decreased, while the mucus thickness of
gastric mucosa surface increased (20 g/kg WK: 51.3±2.9
vs 23.2±8.4, 10 g/kg WK: 43.3±2.9 vs 23.2±8.4, 5 g/kg WK:
36.1±7.2 vs 23.2±8.4, jianpiyiqi: 35.4±5.6 vs 23.2±8.4,
yangxuehuoxue: 33.1±8.9 vs 23.2±8.4, qingrejiedu:
31.0±8.0 vs 23.2±8.4 and CBP: 38.2±3.5 vs 23.2±8.4,
P<0.05-0.01). The levels of EGF (20 g/kg WK: 1.364±0.12
vs 0.818±0.18, 10 g/kg WK: 1.359±0.24 vs 0.818±0.18,
5 g/kg WK: 1.245±0.31 vs 0.818±0.18, jianpiyiqi: 1.025±
0.45 vs 0.818±0.18, yangxuehuoxue: 1.03±0.29 vs
0.818±0.18, qingrejiedu: 1.02±0.47 vs 0.818±0.18 and CBP:
1.237±0.20 vs 0.818±0.18, P<0.05-0.01), NO (20 g/kg WK:
0.480±0.026 vs 0.213±0.049, 10 g/kg WK: 0.390±0.055
vs 0.213±0.049, 5 g/kg WK: 0.394±0.026 vs 0.213±0.049,
jianpiyiqi: 0.393±0.123 vs 0.213±0.049, yangxuehuoxue:
0.463±0.077 vs 0.213±0.049, qingrejiedu: 0.382±0.082
vs 0.213±0.049 and CBP: 0.395±0.053 vs 0.213±0.049,
P<0.05-0.01), 6-K-PGF 1  (20 g/kg WK: 86.8±7.6 vs
59.7±6.3, 10 g/kg WK: 77.9±7.0 vs 59.7±6.3, 5 g/kg WK:
70.0±5.4 vs 59.7±6.3, jianpiyiqi: 73.5±12.2 vs 59.7±6.3,
yangxuehuoxue: 65.1±5.3 vs 59.7±6.3, qingrejiedu:
76.9±14.6 vs 59.7±6.3, and CBP: 93.7±10.7 vs 59.7±6.3,
P<0.05-0.01) and SOD (20 g/kg WK: 186.4±19.9 vs
128.6±15.0, 10 g/kg WK: 168.2±21.7 vs 128.6±15.0, 5 g/kg
WK: 155.6±21.6 vs 128.6±15.0, jianpiyiqi: 168.0±85.3
vs 128.6±15.0, yangxuehuoxue: 165.0±34.0 vs 128.6±15.0,
qingrejiedu: 168.2±24.9 vs 128.6±15.0, and CBP: 156.3±18.1
vs 128.6±15.0, P<0.05-0.01) significantly increased. The
levels of ET (20 g/kg WK: 81.30±17.20 vs 179.96±37.40,
10 g/kg WK: 83.40±25.90 vs 179.96±37.40, 5 g/kg WK:
93.87±20.70 vs 179.96±37.40, jianpiyiqi: 130.67±43.66
vs 179.96±37.40, yangxuehuoxue: 115.88±34.09 vs
179.96±37.40, qingrejiedu: 108.22±36.97 vs 179.96±37.40,
and CBP: 91.96±19.0 vs 179.96±37.40, P<0.01) and
MDA (20 g/kg WK: 21.6±7.4 vs 48.2±4.5, 10 g/kg WK:
32.2±7.3 vs 48.2±4.5, 5 g/kg WK: 34.2±6.2 vs 48.2±4.5,
jianpiyiqi: 34.9±13.8 vs 48.2±4.5, yangxuehuoxue:
35.5±16.7 vs 48.2±4.5, qingrejiedu: 42.2±17.6 vs
48.2±4.5, and CBP: 30.1±6.1 vs 48.2±4.5, P<0.05-0.01)
obviously decreased. The 20 g/kg WK group was better
than 10 g/kg (the mucus thickness: 51.3±2.9 vs 43.3±2.9,
NO: 0.480±0.026 vs 0.390±0.055, SOD: 186.4±19.9 vs
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168.2±21.7, P<0.01) and 5 g/kg (the mucus thickness:
51.3±2.9 vs 36.1±7.2, NO: 0.480±0.026 vs 0.394±0.026,
SOD: 186.4±19.9 vs 155.6±21.6, P<0.01) groups and CBP
group (the mucus thickness: 51.3±2.9 vs 38.2±3.5, NO:
0.480±0.026 vs 0.395±0.053, SOD: 186.4±19.9 vs
156.3±18.1, P<0.01) in the mucus thickness, NO and SOD
levels and better than 10 g/kg (86.8±7.6 vs 77.9±7.0,
P<0.05) and 5 g/kg (86.8±7.6 vs 70.0±5.4, P<0.05)
groups in 6-K-PGF1 level, 10 g/kg WK group was better
than 5 g/kg WK (the mucus thickness: 43.3±2.9 vs 36.1±7.2,
P<0.01, SOD: 168.2±21.7 vs 155.6±21.6, P<0.05) and
CBP groups (the mucus thickness: 43.3±2.9 vs 38.2±3.5,
P<0.01, SOD: 168.2±21.7 vs 156.3±18.1, P<0.05) in the
mucus thickness and SOD level. In compound group,
jianpiyiqi group, yangxuehuoxue group, qingrejiedu group,
the level of ET was decreased, NO contents were increased
in gastric tissue of ulcers in rats.
CONCLUSION: WK decoction and separated recipes have
significantly protective effect on ethanol-induced gastric
mucosal injury. They can increase the content of EGF in
gastric juice, PGI2 SOD in plasma and NO in gastric tissues,
thicken the mucus on the gastric mucosa, and decrease
the impairing factor MDA, ET in plasma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
PU is a common disease with a high clinical incidence, which
features predicted curative ratio up to 95%, but high relapse
rate at about 65-80% one year after withdrawal and up to
nearly 100% within two years. Such being the case, treatment
of PU and prevention of its relapse still is a problem in the
medical field[1-5]. When the gastric mucosa is normal, the
gastric wall can prevent digestion in the stomach by the
mucus with hydrogen ion’s consistence being 3-4 million
times higher than that in the blood. Furthermore, most of
the ulcerations are caused by the weakening of the protective
ability of mucosa than by the increasing of the attacking
factors[6-8]. In recent years, many experts have proved, by
virtue of modern approaches, that herbs for strengthening
the spleen can remove the damage to gastric mucosa in
experiments, and can withstand ulcerations by way of
consolidating the barrier of gastric mucus, speeding up the
mucosal blood flow, quickening the reproduction of PGI2,
and holding back the damage by free radicals[9,10]. Protective
effects of traditional Chinese medicine on gastric and
intestinal mucosa offer a new method. WK decoction can
treat PU and prevent relapse of PU according to clinical
research[9-13]. The experiment was carried out to investigate
the possible mechanisms and find a new traditional Chinese
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medical recipe on mucosal protection.

MATERIALS AND METHODS
Materials
Ninety pure wistar rats of either sex (180-250 g), provided
by Tongji Medical University Experimental Animal Center,
were caged by layer, male and female separated. After 1 wk
of feeding, if no unfavorable reaction was inspected, the
experiment would begin. Entire herbs consisting of huangqi
and pugongying 30 g each, guizhi, zhiganchao and sanqi 6 g
each, baishao, yuanhu 15 g each, dahuang 12 g, jianpiyiqi
herbs consisting of huangqi 30 g, guizhi and zhiganchao 6 g
each, yangxuehuoxue herbs consisting of yuanhu and bansho
15 g each, sanqi 6 g, qingrejiedu herbs consisting of dahuang
12 g and pugongying 30 g. The above herbs were boiled
with 400 mL deionized water twice, 30 min each, then, the
filtrate was condensed to a concentration of 1 g/mL and
was put in a 500-mL glass bottle kept at low temperature.
The CBP capsules were produced by Shanxi Ante Biological
Pharmaceutical Co., Ltd., 92 Wei Yao Zhun Zi X-47-1.
Methods
Ninety rats were randomly divided into nine groups of
10 each, respectively marked with control group, model
group, group with large WK dosage, group with medium
WK dosage, group with small WK dosage, jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group and group with
CBP capsules. According to the method adopted by Yang
Xuesong[14], except for the control group, food was withheld
for 24 h before modeling while water was allowed.
Anesthetized with ether, these rats had their furs cut. Then,
along the middle line under the xiphoid process, they were
cut open from the belly (the cut was about 2 cm long).
The stomach was exposed. Subsequently, filter paper with
a diameter of 5 mm immersed in 100% acetic acid was
pasted at the serosa at the intersection of antrum phlori
and the stomach body twice of 30 s each. After that, new
filter paper was used to absorb extra acetic acid on the
surface of the stomach. This part was covered with
omentum. The stomach was resumed to normal shape.
Finally, cuts were sutured by layers, and coated with a layer
of diluted ceiba acid for protection purpose. Administration
was made to lavage the stomach from the sixth day after
modeling. The doses of WK decoction were calculated by
extrapolating the human therapeutic dose. Medium dosage
was 15 times of human dose (10 mL/kg every d), large
dosage was twice as much (20 mL/kg every d) while small
dosage of one second (5 mL/kg every d), jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group (10 mL/kg
every d) was administered to each group, for the group
with CBP capsules, medicine was dissolved with water
and doses 15 times of human therapeutic dose were
administered (10 mL/kg solution containing 0.35% pectin
bismuth), rats of other groups were fed with physiological saline
(10 mL/kg every d). Administration lasted 16 d. From the
17 d, these rats were fasted for 24 h, water allowed. Before
the experiment, the animals received 1 mL physiological
saline. Two hours later, they were anesthetized with 1%
sodium pentobarbital at a dose of 40-50 mg/kg on the
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abdomen. Then, the rats were killed by removing their heads.
Blood was sampled into two test tubes, one added with
30 L EDTA disodium and 40 L aprotinin to measure
the concentration of endothelin (ET), and the another with
30 L EDTA, disodium to measure the thickness of 6-KPGF1, MDA and serum superoxide dismutases (SOD).
After the stomachs were removed, gastric juice was collected
to measure epidermal growth factor (EGF). At the corpus
and fundus ventriculus and antrum phlori each, one-third
of stomach tissue was sampled, 200 mg in all, to measure
the concentration of nitric oxide (NO). And, the ulcerations
along the maximum diameter parallel to the longer axis of
the stomach were selected and soaked with 10% formalin
for 24 h. Pathological sections were taken to observe
ulcerations and measure the thickness of mucus on the
mucosa surfaces. All the kits for EGF, NO, 6-K-PGF1,
ET, MDA and SOD were provided by Nanjing Juli
Biological Co., Ltd. For more details about measurements,
please refer to their instruction manuals. Statistical
disposition: all data were expressed in mean±SD. Means
of specimens were compared by Q test and t test in the
analysis of variance.

RESULTS
Overview
When coming around after modeling, the rats began to eat
but lost their appetite dramatically. They were not as active
as before, their furs and skins were dry and urine volume
also decreased. About 5-7 d after modeling, they became
active gradually, with appetite getting better, their skins and
furs resumed lustrousness and the urine volume also rose.
During the experiments, four rats died, three from the
jianpiyiqi group, and one from the qingrejiedu group.
Pathological observations
Compared with the control group, rats in the model group
suffered from damaged gastric mucosa. Ulcerations were
deep into the muscular layer. Additionally, the holes were
covered only with little reproduced mucosa, and glands were
arranged disorderly, presenting a cystic dilatation. For the
rats in the groups respectively with large, medium and small
WK dosage, as well as the group with CBP capsules, the
mucosa reproduced at the holes of gastric mucosa was
thicker than the model group, and the damage area in the
muscular layer was smaller. Glands tended to arrange
orderly, with those of cystic dilation decreased.
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Table 1 Thickness of mucus on gastric mucosa surface and the
content of EGF in gastric juice (mean±SD)
Group

Specimens

Thickness of mucus (m)
64.1±9.3

b,d

EGF (ng/g)
2.168±0.375b

Control

10

Model

10

23.2±8.4

0.818±0.18

WK (20 g/kg)

10

51.3±2.9b,d

1.364±0.12a

WK (10 g/kg)
WK (5 g/kg)

10
9

43.3±2.9b,c
36.1±7.2b

1.359±0.24a
1.245±0.31a
1.025±0.45c

7

35.4±5.6b

Yangxuehuoxue

10

33.1±8.9b

1.03±0.29c

Qingrejiedu
CBP capsules

9
10

31.0±8.0
38.2±3.5b

1.02±0.47c
1.237±0.20a

Jianpiyiqi

a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on EGF
As shown in Table 1, in terms of the content of EGF in
gastric juice, the model group is much lower than the control
group (P<0.01), while the groups with large, medium and
small WK dosage and the group with CBP capsules, between
which there is no dramatic difference, are considerably
higher than the model group (P<0.05). In general, groups
with partial ingredients are lower than those with entire
ingredients (P<0.05) but higher than the model group. The
averages of all groups with partial ingredients are very close,
with little remarkable difference.
Effect on the content of NO in gastric tissue
As regards the content of NO in gastric tissue, the model
group is much lower than the control group (P<0.01), while
the groups with large, medium and small WK dosage and
the group with CBP capsules are considerably higher than
the model group (P<0.05-0.01). The group with large WK
dosage and the yangxuehuoxue group are greatly higher than
the jianpiyiqi group, qingrejiedu group, group with medium
and small WK dosage, the group with CBP capsules. See
Table 2.

Table 2 Content of NO in gastric tissue and the content of ET in
plasma (mean±SD)
Group

Specimens

NO (mol/g)
b,d

ET (pg/mL)
46.64±21.20bd

Control

10

0.601±0.081

Model

10

0.213±0.049

WK 20 g/kg

10

0.480±0.026 b,c

81.30±17.20b

WK 10 g/kg
WK 5 g/kg

10
9

0.390±0.055a
0.394±0.026a

83.40±25.90b
93.87±20.70b

179.96±37.40

7

0.393±0.123a

130.67±43.66b,c

Yangxuehuoxue

10

0.463±0.077b,c

115.88±34.09b,c

Qingrejiedu
CBP capsules

9
10

0.382±0.082a
0.395±0.053a

108.22±36.97b
91.96±19.0b

Jianpiyiqi

Effect on the thickness of mucus on gastric mucosa
If arranged by the thickness of mucus on the gastric mucosa
in ascending order, then the sequence is as follows: model
group (P<0.01), group with small WK dosage and group
with CBP capsules (P<0.01), group with medium WK dosage
(P<0.05), group with large WK dosage (P<0.01), and the
control group. There is little difference between the group
with small WK dosage and the group with CBP capsules.
Moreover, the mucus of the groups with partial ingredients
is thicker than the model group (P<0.05-0.01) but thinner
than the group with entire ingredients. The results are
summarized in Table 1.
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a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on the content of ET in plasma
As shown in Table 2, in regard to the content of ET in
plasma, the model group is much higher than the control
group (P<0.01), while the groups with herbs and the group
with CBP capsules are considerably lower than the model
group (P<0.01). For the groups with large, medium and
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small WK dosage and the group with CBP capsules, there is
no dramatic difference among them. The jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group are substantially
higher than the groups with entire ingredients and with CBP
capsules (P<0.05).
Effect on SOD and MDA in plasma
Compared with the control group, the model group is much
lower in terms of SOD content (P<0.01), but higher in
terms of MDA content (P<0.01). As regards SOD content,
the groups with small WK dosage and with CBP capsules
are substantially higher than the model group (P<0.05), but
much lower than the group with medium WK dosage (P<0.05).
The group with large WK dosage is higher than the group
with medium WK dosage (P<0.05). In terms of MDA
content, the groups with large, medium and small WK dosage
and the group with CBP capsules, between which there is
no dramatic difference, are hugely lower than the model
group (P<0.05-P<0.01). See Table 3.

Table 3 Content of SOD and MDA in plasma of each group (mean±SD)
Group

Specimens

SOD (NU/mL)
196.6±35.3

b,d

f MDA (NM/mL)
15.7±4.8b,d

Control

10

Model

10

128.6±15.0

48.2±4.5

WK 20 g/kg

10

186.4±19.9b,d

21.6±7.4b,c

WK 10 g/kg
WK 5 g/kg

10
9

168.2±21.7a,c
155.6±21.6a

32.2±7.3a
34.2±6.2a

7

168.0±85.3a,c

34.9±13.8a

Yangxuehuoxue

10

165.0±34.0a,c

35.5±16.7a

Qingrejiedu
CBP capsules

9
10

168.2±24.9a,c
156.3±18.1a

42.2±17.6a,c
30.1±6.1a

Jianpiyiqi

a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on the content of 6-K-PGF1 in plasma
In terms of 6-K-PGF1 content, the model group is much
lower than the control group (P<0.01), but higher than the
groups with large, medium and small WK dosage and the
group with CBP capsules (P<0.05). Between the groups
with large, medium and small WK dosage and the group
with CBP capsules, there is no dramatic difference (P>0.05),
but the group with large WK dosage is greatly higher than
the groups with medium and small dosage (P<0.05). See
Table 4.

Table 4 Effect of WK on the content of 6-K-PGF 1 in plasma in rats
(mean±SD)
Group

Specimens

6-K-PGF1 (pg/mL)

Control
Model
WK 20 g/kg

10
10
10

96.6±8.3b
59.7±6.3
86.8±7.6b

WK 10 g/kg
WK 5 g/kg
Jianpiyiqi

10
9
7

77.9±7.0a
70.0±5.4a
73.5±12.2a

Yangxuehuoxue
Qingrejiedu
CBP capsules

10
9
10

65.1±5.3
76.9±14.6a
93.7±10.7b

a

P<0.05, bP<0.01 vs the model group.
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DISCUSSION
To the present day, major anti-PU medicines aim at fighting
against mucosa-attacking factor. Such medicines include H2
receptor antagonism, H+-K +ATP enzyme inhibitor, anticholin drugs, Helicobacter pylori (Hp) counteractant[15], etc.
When the gastric mucosa is normal, the gastric wall can
prevent digestion in the stomach by the mucus with
hydrogenion’s consistence 3-4 million times higher than that
in the blood. However, when in PU, secretion of gastric acid
generally stays low in the normal range, while in duodenal
ulcer, the secretion is only 1/3 more than the normal level.
Furthermore, not all PU are related with HP, which indicates
that most ulcerations are caused by the weakening protective
ability of mucosa and not by the increasing of the attacking
factor. In clinically traditional Chinese herbs have good effect
for PU[16-20]. The WK decoction derives from Jianzhong
Astragalus Root Soup, with some herbs added or removed.
This recipe mainly functions for strengthening the spleen
and replenishing qi, complemented with other effects, such
as invigorating the circulation of and nourishing the blood,
and clearing away the heat-evils and expelling superficial
evils. In recent years, by virtue of modern approaches, many
experts have proved, strengthening the spleen can remove
the damage to gastric mucosa in experiments, and can
withstand ulcerations by way of consolidating the barrier
of gastric mucus, speeding up the mucosal blood flow,
quickening the reproduction of PGI2, and holding back the
damage by free radicals. For mucus, perfect structure is the
foundation of its protecting function[21]. It is revealed by
our experiments that, regardless of doses, WK in solid state
can shrink ulcerations, build up the mucosa barrier, straighten
up the arrangement of glands and better the structure.
Additionally, dependent on its dosage, WK decoction also
can thicken the mucus on the surface of gastric mucosa,
which indicates that it can facilitate mucosa to secrete mucus.
EGF of the human body can stimulate the mitosis of cells,
improve the proliferation and differentiation of epithelium,
and speed up the production of DNA and proteins in the
gastric mucosa, all of which are of great importance to
regenerate and repair the tissue[22-26]. Our experiments show
that after modeling the content of EGF of the model group
dropped greatly, but that of the groups with large, medium
and small WK dosage and with CBP capsules climbed up.
Comparatively, large doses of WK exerted more influence
on the content of EGF than CBP capsules, which indicates
that WK decoction has the function of protecting gastric
mucus by enhancing the EGF content and its effect is
dependent on dosage. NO protects the stomach by speeding
up the circulation of blood in the gastric mucosa. Also, it
plays an important role in defending the gastric mucosa as
an antioxidant[26,27]. Our experiments reveal that the content
of NO in the model group is much lower than that in the control
group (P<0.01), indicating a decreased content of NO
protective factor in the event of gastric ulceration. The
content of NO in the groups with large, medium and small
WK dosage and with CBP capsules are dramatically higher
than that in the model group. Comparatively, large doses
of WK exerted more influence on the content of NO than
CBP capsules, which indicates that WK decoction can protect
the gastric mucosa by enhancing NO content after treatment
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but its effect is dependent on dosage. ET may antagonize
the effect of NO, leading to an imbalanced NO/ET. As it
may slow down the mucosal blood flow, gastric mucosa
may be impaired [28-30]. Our experiments show that the
content of ET in the model group is much higher than that
in the control group, indicating increase of ET in the event
of gastric ulceration. The content of NO in the groups
with large, medium and small WK dosage and with CBP
capsules are dramatically lower than that in the model group,
which means that WK decoction can lower the content of
ET in plasma by slowing down the production and secretion
of ET. In general, to lower ET content and enhance the
content of NO can keep NO/ET in balance, maintain
normal mucosal blood flow and thus protect the gastric
mucosa.
When stimulated by chemicals or in shortage of blood,
the gastric and intestinal mucosa will produce tremendous
free radicals, which impair mucosa. Through experimental
results, we can see that the model group is much higher
than the control group (P<0.01) in terms of MDA content
but much lower than the latter in terms of SOD content
(P<0.01). These data indicate that oxygen-derived free
radicals will take part in ulceration and meanwhile oxygenderived free radical scavengers that have protective function
decrease. The groups with large, medium and small WK
dosage and with CBP capsules are considerably lower than
the model group in terms of MDA content but higher than
the latter in terms of SOD content. Furthermore, the groups
with medium and small WK dosage are higher than the
group with CBP capsules in terms of SOD content (P<0.05),
which shows that WK has better effect in increasing SOD
contents, removing oxygen-derived free radicals and
protecting the gastric mucosa. Its effect is dependent on
dosage.
PGI2 can restrain the secretion of gastric acid, enhance
the mucosal blood flow and protect the cells and TXB2.
However, it has a short half-life period. Within two minutes,
it can hydrolyze into stable 6-K-PGF1. Our experiments
show that the content of 6-K-PGF1 in the model group
is much lower than that in the control group (P<0.01),
indicating that in case of ulceration protective factor 6-KPGF1 will decrease. But, the groups with large, medium
and small WK dosage and with CBP capsules are
considerably higher than the model group (P<0.01), which
indicates that WK can protect the gastric mucosa and further
repair ulcerations by increasing 6-K-PGF1.
The WK decoction derives from huangqijianzhong
decoction[31], with some herbs added or removed. However,
huangqijianzhong decoction is mainly used for restoring qi
by virtue of warm herbs. In consideration of the pathogenesis
of ulcer diseases, such as deficiency of vital energy, blood
stasis and tremendous heat toxins[32], we add some herbs
for activating blood circulation to dissipate blood stasis[33],
such as xuanhu (rhizomacorydalis) and sanqi (pseudoginseng),
some herbs dahuang (rhubarbs) and pugongying (dandelion)[34]
for clearing away the heat-evils and toxic materials. This
recipe mainly functions for strengthening the spleen and
replenishing qi, complemented with other effects, such as
invigorating the circulation of and nourishing the blood,
and clearing away the heat-evils. These experiments show
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that all the groups with partial ingredients have favorable
effect of curing gastric ulcer for rats. These ingredients
can increase contents of PGI2, EGF, SOD and NO, thicken
the mucus on the gastric mucosa, and decrease the impairing
factor MDA and ET. Through comparison, we find out
that partial ingredients do not have as good effect as the
entirety. In some cases, they show some dramatic statistical
difference, while in other cases although there is no such
difference, the group with entire ingredients has better
figures. Therefore, the entire ingredients have better
comprehensive effect in curing ulcerations. All medical herbs
have their own substantial foundation supporting their
activity and effect in treatment. Since the medicine has so
many ingredients that may produce many complicated
chemical reactions, its treatment effect is not equal to the
aggregate effects of each ingredient. As for its effective
substantial foundation, it is to be explored in further
researches.
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patients with colorectal cancer, even though MCs exhibited
no significant phenotypic changes. TAM count is of value
to predict the clinical outcome or prognosis. It is more
beneficial for estimating biological character of colorectal
carcinoma to combine MC and TAM counts.

Abstract

INTRODUCTION
Numerous cells of immunosurveillance are known to
microscopically infiltrate in cancers. These infiltrating
immunosurveillance cells, including mast cell (MCs) and
tumor associated macrophages (TAMs), have been found
to reflect a tumor-related immune response[1-4].
In the fight against cancer, MCs have been shown to
play several roles. While some studies report on the antitumor
functions of MCs including natural cytotoxicity[1] and the
release of antitumor compounds [2], in addition to the
enhancement of the cytotoxic activation of mainly peritumoral
eosinophils and macrophages[5-8], others suggest a direct
relationship between MCs and tumor angiogenesis[9,10]. Many
theories have been advanced as to the reasons for the antitumor
functions of MCs, in particular as to whether phenotypic
changes occur in the presence of cancer cells[11-13]. It is well
known that human MCs are conventionally divided into
two types depending on the expression of different proteases
in their granules: MCs positive only for tryptase (MCT) and
MCs positive for both tryptase and chymase (MC TC).
Phenotypic changes have been reported in pathological
conditions including helminth infections, sarcoidosis and
allergic alveolitis[14,15]. Unlike the definitive studies already
mentioned, however, few researches have demonstrated a
clear correlation between MCs and tumor toxicity in
colorectal cancer, and, as yet, the MC phenotype in lung
cancer has not been characterized.
Although TAMs have the potential to mediate tumor
cytotoxicity and to stimulate antitumor lymphocytes[3], it is
still unclear whether TAMs can predict tumor prognosis.
The purpose of this study was to determine: (1) whether
a direct correlation exists between the number of these

AIM: To determine whether the mast cell (MCs) and
tumor-associated macrophage (TAMs) counts have any
correlation with clinical outcome in colorectal cancer, and
to investigate whether MCs undergo phenotypic changes
in colorectal cancer.
METHODS: The MC and TAM counts were determined
immunohistochemically in 60 patients with colorectal
cancer and the depth of invasion, lymph node metastasis
rate, distant metastasis rates, and survival rates were
compared between patients with low (less than the mean
number of positive cells) and high (more than the mean
number of positive cells) cell counts.
RESULTS: Both patients with a low MC count and patients
with a low TAM count had significantly deeper depth of
invasion than those with a high MC count and those with
a high TAM count (P<0.01 and P <0.01 respectively).
Patients with a high MC count and patients with a high
TAM count were significantly higher showing significantly
lower rates of lymph node metastasis, distant metastasis
than those with a low MC count and those with a low
TAM count. There were significant positive correlation
between MC counts and TAM counts (r = 0.852, P<0.01).
In both cancerous tissue and normal colorectal tissue,
the predominant MC phenotype was MCTC. The 5-year
survival rate estimated was significantly lower in both
patients with a low MC count and patients with a low
TAM count than in those with a high MC count and those
with a high TAM count (P<0.05 and P<0.01 respectively).
CONCLUSION: There appears to be a direct relationship
between the number of MCs and clinical outcome in

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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inflammatory cells (MCs and TAMs) and the clinical
outcome of patients with colorectal cancer, and (2) whether
these MCs undergo phenotypic changes in colorectal cancer.

MATERIALS AND METHODS
Materials
A total of 60 carcinomas of the colon and rectum (35 men
and 25 women, mean age: 67.9 years, range 48-80 years)
were selected from our department and affiliated hospitals
between 1995 and 2002. We also obtained 20 “normal”
colon and rectum specimens (mean age = 59 years, age
range 41-86 years, male:female = 12:8) from the biopsy
and autopsy files of our department. Depth of invasion
was graded according to the standard TNM classification.
All specimens were immediately fixed in neutral-buffered
formalin and embedded in paraffin wax. Several 4-m serial
sections were obtained from each case. They were subjected
to immunohistochemical analysis.
Methods
Mast cell immunohistochemical staining and estimation
of mast cell phenotype[19] To distinguish MCT and MCTC,
two serial sections were stained for both chymase and
tryptase, both of which were known to be contained in the
granules of MC cytoplasm, using the EnVision method and
the streptavidin-peroxidase conjugated method (S-P)
methods[14].
After deparaffinization and rehydration, for antigen
retrieval the sections were microwaved at 750 W for 10 min.
the specimens were incubated with 3% H202, for 10 min to
quench endogenous peroxidase activity, and incubated with
1.5% non-immune goat serum for 20 min to suppress
nonspecific binding of subsequent reagents. Then they were
incubated with two primary antibodies, namely primary
antibody CC1 (monoclonal mouse anti-human MC chymase,
Novocastra, dilution = 1:500), and primary antibody AA1
(monoclonal mouse anti-human MC tryptase, Novocastra,
dilution = 1:1 000) for 60 min at 25 ℃. After washing with
PBS, the slides were subsequently incubated respectively
with Polymer Helper (PV9000 kits, Zhongshan Bio Corp.,
Beijing, China) for 20 min and biotin-conjugated goat
anti-mouse IgG antibody for 15 min. Then, after washing
again with PBS, the sections were incubated respectively
with poly peroxidase-goat-anti-mouse IgG antibody for
30 min and streptavidin-peroxidase complex (SP kits,

A

B
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Zhongshan Bio Corp., Beijing, China) for 15 min.
Diaminobenzidine was used as chromogen to yield brown
reaction products. Nuclei were counterstained with Harris
hematoxylin.
Using light microscopy, the mean number of chymasepositive MCs/total MCs per 5 fields with the most abundant
infiltration at a magnification of 400× was counted, and the
ratio was calculated. Chymase-positive MCs were considered
to be MCTC, all others, MCT.
TAMs immunohistochemical staining
After deparaffinization, for antigen retrieval, the sections
were microwaved at 750 W for 10 min and the sections
were incubated in 3% hydrogen peroxide for 10 min in
order to devitalize endogenous peroxidase. Deparaffinized
and rehydrated specimens were heated in 10 mmol/L citrate
buffer, pH 6.0, for 10 min in an autoclave at 120 ℃. After
cooling to room temperature for 30 min, the specimens
were incubated with normal goat serum for 15 min at
37 ℃. Then they were incubated with monoclonal antibody
against CD68 (Zhongshan Bio Corp.) for 60 min at 37 ℃,
followed by the S-P technique using an S-P kit (Zhongshan
Bio Corp., Beijing, China) and diaminobenzidine as the
chromogen. Nuclei were counterstained with Harris
hematoxylin.
The mean number of TAMs per 5 fields with the most
abundant infiltration at a magnification of 400× was counted.
Statistical analysis
Correlation between the degree of infiltration by each cell
type and the various clinicopathologic factors was analyzed
using the Student’s t-test, Mann-Whitney U test, 2 test,
and Pearson correlation was performed for correlation
analysis between MCs and TAMs. Survival curves were
constructed using the Kaplan-Meier method and differences
were tested using log-rank statistics. The level of critical
significance was assigned at P<0.05.

RESULTS
Immunohistochemical staining of MCs (tryptase, chymase) and
TAM (CD68)
Immunohistochemical staining indicated that tryptase,
chymase and CD68 were localized in the cytoplasm. Infiltrating
MCs and TAMs were distributed primarily in the invasive
area of the cancers (Figure 1). At ×400 magnification, the

C

Figure 1 Immunohistochemical staining of MCs phenotype and TAMs A: Immunostaining for MC tryptase, ×200; B: Immunostaining for MC
chymase, ×200; C: Immunostaining for macrophages (CD68), ×400.
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mean number of total MCs was 59.2, and of TAM 81.2.
Of the 60 patients, 27 had 59 or more MCs and were
ascribed to the high level of MCs infiltration group, while
the remaining 33 patients had 58 or less MCs and were put
into the low level of MCs infiltration group. Twenty-nine
patients had 81 or more TAMs and were denoted by the
high level of TAM infiltration group, while the remaining
31 patients had 80 or less TAMs and were denoted by the
low level of TAM infiltration group.
Correlation between the expression of each antigen and
various clinicopathologic factors
Table 1 shows the correlation between the expression of
each antigen and the various clinicopathologic factors.
Patients with a low level of MC infiltration had significantly
deeper depth of invasion than those with a high level of
MC infiltration (P<0.01). The percentage of patients with
a high level of MC infiltration was significantly higher in
lymph node metastasis-negative cases (59.3%) than those
with a low MC count in lymph node metastasis-negative
cases (27.3%, P<0.05), and higher in distant metastasisnegative cases (74.1%) than in distant metastasis-negative
cases (48.5%, P<0.05).

Table 1 Correlations between MC and macrophages infiltration
and the various clinicopathologic factors
MCs

Age (yr)5
Sex7
Male
Female
Histological grade of carcinoma6
Well
Moderate
Poor
Depth of invasion7
Superficial Ta-T1
Invasive T2-T4
Lymph node metastasis7
Positive
Negative
Distant metastasis7
Positive
Negative

TAMs
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predominated over MCT in each group. The percentage of
MCT and MCTC in colorectal cancer group and normal group
is shown in Table 2. The percentage of MC T was 22.6%,
and that of MCTC was 77.4% in colorectal cancer. Although
the quantities of MC T and MC TC were significantly higher
in the tissue of colorectal carcinoma than in normal
colorectal tissue, there were no significant differences in
this percentage between normal groups and colorectal
cancer groups (Table 2).

Table 2 Proportion of MCT and MCTC in colorectal cancer and normal

Normal group

MC TC (mean±SD)

MCT (mean±SD)

Total

10.1±3.2 (74.3%)

3.5±0.9 (25.7%)

13.6±2.1 (100%)

45.8±10.6 (77.4%) 13.4±4.9 (22.6%)

59.2±9.3 (100%)

(n = 20)
Colorectal cancer
group (n=60)
MC T, mast cell positive for tryptase. MCTC, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in both groups
(P>0.05, 2 test).

The percentage of MCT and MCTC in colorectal cancer
with various histological grades was all approximately 25%
and 75% respectively. There were no differences in the
percentage of MCT and MCTC among well, moderately and
poorly differentiated tumors (Table 3).

High1

Low2

High3

Low4

61.2

57.2

58.3

59.7

Table 3 Proportion of MCT and MCTC in colorectal cancer with various
histological grades

13
14

22
11

16
13

19
12

Histological grade
of carcinoma

12
11
4

9
14
10

14
12
3

10
12
9

19b
8b

10
23

19 d
10 d

9
22

11a
16a

24
9

12c
17c

22
9

7a
20a

17
16

8c
21c

18
13

1
Patients with a high level of MCs infiltration. 2Patients with a low level of
MCs infiltration. 3Patients with a high level of TAMs infiltration. 4Patients
with a low level of TAMs infiltration. 5 Student’s t-test. 6 Mann-Whitney test.
7 2
 test. aP<0.05, bP<0.01, cP<0.05, dP<0.01.

MC TC (mean±SD)

MC T (mean±SD)

Total

Well (n = 21)

50.8±12.5 (80.5%)

12.3±5.1 (19.5%)

Moderate (n = 25)

42.2±9.1 (73.0%)

15.6±3.3 (27.0%) 57.8±8.2 (100%)

Poor (n = 14)

44.7±8.5 (80.0%)

11.2±4.7 (20.0%)

63.1±10.1 (100%)
55.9±5.3 (100%)

MC T, mast cell positive for tryptase. MCTC, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in every group
(P>0.05. 2 test).

Correlation between MCs and TAMs
There was significant positive correlation between MC and
TAM counts (Figure 2. r = 0.852, P<0.0001).

160

Estimation of MC phenotype
With regard to mast cell subpopulations, MCTC always

140
TAM counts

Patients with a low TAM count had significantly deeper
depth of invasion than those with a high TAM count
(P<0.01). The percentage of patients with a low TAM count
was significantly higher in lymph node metastasis-positive
cases (71.0%) than those with a high TAM count in lymph
node metastasis-positive cases (41.4%, P<0.05), and in lymph
node metastasis-positive cases (58.1%) than in lymph node
metastasis-positive cases (27.6%, P<0.05).

120
100
80
60
40
20
0
0

20

40

60

80

100

120 140

MC counts
Figure 2 Correlation between MCs and TAMs.
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MC High group

A 1.0

TAM High group

B 1.0

MC Low group

0.4

0.6
0.4
0.2 Log-rank test P<0.01

Log-rank test P<0.05

0.2

Survival (%)

Survival (%)

Survival (%)

MC Low and TAM Low group

0.8

0.8

0.6

0.0
10 20 30 40 50
After operation (mo)

60

0.6
0.4
0.2

Log-rank test P<0.01

0.0

0.0
0

MC High and TAM High group

C 1.0

TAM Low group

0.8
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After operation (mo)
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0

10 20 30 40 50
After operation (mo)

60

Figure 3 Survival analysis. A: Survival comparison between patients with a high level of MC infiltration and those with a low level of MC
infiltration (Kaplan-Meier method); B: Survival comparison between patients with a high level of TAM infiltration and those with a low level
of TAM infiltration (Kaplan-Meier method); C: Survival comparison between patients with a high level of both MC and TAM infiltration and
those with a low level of both MC and TAM infiltration (Kaplan-Meier method).

Survival analysis
Survival at 5 years was 59.3% in patients with a high MC
count compared to 33.3% in those patients with a low MC
count. Overall survival was significantly shorter for patients
with a low MC count than those with a high MC count
(Figure 3A, log-rank test, P<0.01).
Survival at 5 years was 65.5% in patients with a high
TAM count and 25.8% in patients with a low TAM count.
There is a significant difference observed between the two
groups (Figure 3B, log-rank test, P<0.01).
Twenty-one patients had a high level of both MC and
TAM infiltrations. This group’s survival rate at 5 years
(76.2%) was higher than the patients with a low level of
both MC and TAM infiltrations (25.0%, Figure 3C).

DISCUSSION
In this study, we evaluated the relationship between MCs
and the clinical outcome in 60 randomly selected patients
with colorectal cancer, and found a significant correlation
between MC count and patient prognosis. Similar observations
have been reported in lung cancer[16] as well as breast cancer[17].
These results suggest that MCs may exert a cytotoxic effect
on cancer cells.
The effector components in the MC granules that suppress
tumor cell activity have not been clearly identified. MCs
contain the serine proteases, tryptase and chymase[18]. One
study indicates that MC proteases may kill tumor cells directly
by destroying surface structures on tumor cells and indirectly
by altering the medium in a fashion analogous to the effect
of arginase[19] .
In addition to these effector components, experimental
studies have shown that MC chymase induces the accumulation
of macrophages, neutrophils and other inflammatory cells
in vivo[8]. Furthermore, MC enhances the cytotoxic activation
of mainly peritumoral macrophages and eosinophils[5-8] and
may indirectly exert a cytotoxic effect on cancer cells. These
suggestions that MCs may inhibit the malignant progression
of carcinomas are supported in our study by the higher
number of MCs in High Group, which had a better
prognosis than Low Group, which had fewer MCs.
Other studies, however, have reported on the relationship

between MCs and tumor angiogenesis[9,10,20]. Secreting MCs
are able to induce and enhance angiogenesis via multiple, in
part, interacting pathways[20]. As has been demonstrated, MC
secreting products such as basic fibroblast growth factor[21]
and histamine[22] may act directly on endothelial cells by
stimulating their migration and proliferation. VEGF, a welldemonstrated mediator secreted by MCs, may contribute
to angiogenesis[23]. Recently, MC tryptase was found to be a
novel and potent angiogenic factor[24]. On account of this
information, MCs may be seen to play a role in promoting
tumor growth. However, our results, in addition to other
studies, indicate that MCs are cytotoxic to cancer cells.
Because of these conflicting reports, further studies are
required to ascertain whether MCs enhance host immunity
against cancer cells or accelerate tumor growth.
Several studies have focused on MC phenotypes in
order to identify the effector components of MCs and
their particular roles. Because phenotypic changes have been
reported in pathological conditions including helminth
infections, sarcoidosis and allergic alveolitis[14,15], we were
interested in determining whether MCs might undergo
phenotypic changes in colorectal cancer. The present study
revealed: while there was significant difference in the
quantities of MCT and MCTC between colorectal cancer
and normal colorectal tissue, no difference was found in
the proportion of MCT and MCTC between colorectal cancer
and normal colorectal tissues. This finding suggests that
both MCT and MCTC may equally proliferate or infiltrate
in colorectal cancer.
It is well known that TAMs have numerous functions
and, when activated, TAMs inhibit cancer growth and
destroy cancer cells[25]. To date, a significant difference in
the degree of TAM infiltration has been reported with regard
to human bladder cancer[26]. However, whether correlation
exists between the degree of TAM infiltration and cancer
progression and prognosis remains unclear. Our results
demonstrate that TAMs may exert a suppressive function
against cancer progression and occurrence of regional lymph
node metastasis and distant metastasis. Furthermore, a high
level of TAM infiltration had some impact on prognosis.
Therefore, TAM infiltration may manifest sufficient
systemic anti-tumoral effect.
In the present study, there was significant positive correlation
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between MC counts and TAM counts, and 16 patients with a
high level of both MC and TAM infiltration (76.2%) survived
for 5 years after surgery. MC secreting product-chymase
induces the accumulation of macrophages, neutrophils
and other inflammatory cells in vivo[8]. Furthermore, MC
also enhances the cytotoxic activation of TAMs and
eosinophils[5-8]. Our findings support those results by showing
that the cooperative interaction of TAMs and MCs is
important for anti-tumoral immunoreaction.
In conclusion, MC and TAM count were found to have
a direct relationship with clinical outcome in patients with
colorectal cancer. From these results, we presume that MCs
and TAMs may play an important role in the enhancement
of host immunity against cancer cells and that an increase
in MCs and TAMs may improve the postoperative prognosis
of patients with colorectal cancer. It is beneficial for
estimating biological character of colorectal carcinoma to
combine MC and TAM counts. Further studies are required
with respect to MC phenotyping to confirm whether or not
changes do indeed occur in the presence of colorectal
cancer.
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RESULTS: The mean survival periods of the patients in
four groups were 3.6, 7.3, 10.1, and 15.1 mo respectively.
There were significant differences in the survival rates
among the groups. The survival rates at 0.5-, 1-, 2-, and
3- year in surgical resection with pos toperative
chemotherapy group were 55.8%, 39.3%, 30.4%, and
15.6% respectively, which were significantly higher than
those of other groups (P<0.001). Multivariate analysis
revealed that the strategy of treatment (P<0.001) and
the number of chemotherapy cycles (P = 0.012) were
independent survival predictors for patients with HCC
and PVTT.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, with the highest incidence in Asia and
Africa[1]. HCC tends to invade the intrahepatic vasculature,
especially the portal vein. Portal vein tumor thrombosis
(PVTT) can be detected in 30.0% to 62.2% of patients
with HCC[2-4]. Macroscopic tumor thrombus in portal vein
appears to be the terminal stage of HCC, and is associated
with the threat of bleeding of the esophageal varices, or
liver failure[5,6]. The natural history of untreated HCC with
PVTT is very poor. The median survival of such patients
was reported to be 2.7 mo, whereas survival in those without
PVTT was 24.4 mo[7,8]. Furthermore, it has been proved
that portal vein invasion is correlated with intrahepatic
metastasis and recurrence after treatment. The presence
of tumor thrombus is correlated with poor prognosis[9-11].
The management of HCC with portal vein tumor thrombosis
is complicated and controversial. PVTT was considered a
relative or absolute contraindication to surgical resection.
Only conservative and palliative treatments were available.
With the improvement of surgical techniques and
chemotherapy, many strategies have been used to treat HCC
with PVTT. Some therapies have been reported to achieve
promising results[3,12-16]. However, little has been done to
assess the efficacy of different therapeutic strategies. In
this study, we compared the clinical outcomes of different
treatment strategies and investigate prognostic factors of
patients with HCC and PVTT at our institution.

CONCLUSION: Surgical resection of HCC and PVTT
com bined with po s to perativ e chem otherapy o r
chemoembolization is the most effective therapeutic
strategy for the patients who can tolerate operation.
Multiple chemotherapeutic courses should be given
postoperatively to the patients with good hepatic function
reserve.

MATERIALS AND METHODS
Patients
The eligibility criteria were: (1) HCC with tumor thrombus
in the first branch and/or main trunk of the portal vein
confirmed by preoperative investigations or intraoperative
exploration; (2) solitary or multiple tumors mainly located

AIM: To evaluate the efficacy of different treatment
strategies for hepatocellular carcinoma (HCC) with portal
vein tumor thrombosis (PVTT) and investigate factors
influencing prognosis.
METHODS: One hundred and seventy-nine HCC patients
with macroscopic PVTT were enrolled in this study. They
were divided into four groups and underwent different
treatments: conservative treatment group (n = 18),
chemotherapy group (n = 53), surgical resection group
(n = 24) and surgical resection with postoperative
chemotherapy group (n = 84). Survival rates of the
patients were analyzed by the Kaplan-Meier method. A
log-rank analysis was performed to identify group
differences. Cox’s proportional hazards model was used
to analyze variables associated with survival.
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in one lobe of the liver, and the PVTT can be removed
together with the tumors in preoperative assessment; (3) no
distant metastasis; (4) good or moderate hepatic function
(Child-Pugh A or B); and (5) no contraindication to
laparotomy.
From January 1997 to December 2002, 198 HCC
patients with PVTT who met the eligibility criteria were
treated at the Liver Cancer Institute, Digestive and
Interventional Department of Zhongshan Hospital, Fudan
University, China. Nineteen patients who were lost to followup were excluded. The remaining 179 were enrolled in the
current study. There were 160 men and 19 women with a
mean age of 47.46±10.8 years (range, 26-75 years). Serum
hepatitis B surface antigen (HBsAg) was positive in 146
patients (81.6%), and hepatitis C antibody was positive in 5
patients. The -fetoprotein (AFP) level was elevated in 149
cases (83.2%). Most of the patients had underlying cirrhosis
(87.6%). According to the Child-Pugh classification, 135
patients (75.4%) were Child-Pugh A, 44 patients (24.6%)
were Child-Pugh B. The tumor size was 10.5±3.2 cm (range,
3.0-22.0 cm) in diameter. Tumor thrombi involved in the
first branch or extended to main trunk of portal vein.
Written informed consent was obtained from all of the
patients. Patients were followed until January 2004, or until
the time of death.
Study design
One hundred and seventy-nine patients were divided into
four groups and received different strategies of treatment:
(1) conservative treatment group: traditional Chinese
medicine or combined with immunotherapy was prescribed
in 18 patients; (2) chemotherapy group: TACE or
intraoperative hepatic artery ligation (HAL) combined with
hepatic artery infusion (HAI) or portal vein infusion (PVI)
were performed in 53 patients. Postoperative chemotherapy
was performed through the hepatic artery or portal vein,
and periodical chemoembolization through hepatic artery;
(3) surgical resection group: tumors and PVTT were resected
en bloc or thrombi were extracted from the portal vein
after removal of the tumors in 24 patients; and (4) surgical
resection combined with adjunctive chemotherapy
group: hepatic arterial infusion chemotherapy (HAIC)
and/or portal vein infusion chemotherapy (PVIC),
transcatheter hepatic arterial chemoembolization (TACE),
or selective percutaneous portal vein chemotherapy (SPVC)
were performed in 84 patients after hepatectomy and
thrombectomy.
Surgical procedure
Left lateral segmentectomy was performed in 7 patients,
left hemi-hepatectomy in 20, left trilobectomy in 3, right
partial hepatectomy in 43, right hemi-hepatectomy in 13,
right trilobectomy in 2, partial median lobectomy in 5,
combined left and right partial hepatectomy in 6, combined
hepatic segmentectomy in 7, and complete caudate lobe
resection and extended left lateral segmentectomy in 2
patients. PVTT was taken out in all cases underwent
resection. Extrahepatic bile duct tumor thrombus was
removed simultaneously in 6 patients, hepatic vein tumor
thrombus in 5, the inferior vena cava tumor thrombus in 3,
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and superior mesenteric vein tumor thrombus in 1. The
technique for tumor thrombus removal was as described
previously[17].
Chemotherapy regimen
Each course of chemotherapy consisted of 1 000-1 500 mg
5-fluorouracil (5-FU), 80-100 mg cisplatin (CDDP), 8-20 mg
mitomycin (MMC) or 40-60 mg epiadriamycin and 5-20 mL
lipiodol. For TACE or SPVC, the drugs were administered
in bolus injection. For HAIC and/or PVIC, they were
administered via a subcutaneously implanted injection
port either by intermittent injection or by a continuous
infusion pump. Lipiodol was administered through
hepatic artery. This procedure was repeated at one-month
intervals according to patients’ liver function and response
to treatment. The number of chemotherapy cycles varied
from 1 to 7.
Statistical analysis
Differences in clinicopathologic variables among the
four groups were compared by the 2 test. Survival of the
patients was analyzed by the Kaplan-Meier method, and
comparison of the group differences was made by the logrank test. Cox’s proportional hazards model was used to
analyze the variables associated with survival. Statistical
analysis was carried out with SPSS software. P<0.05 was
considered significant.

RESULTS
The clinical characteristics of 179 HCC patients with PVTT
are summarized in Table 1. The clinicopathologic variables
of the four groups were not statistically significant in terms
of gender, age, Child-Pugh classification, tumor location,
tumor size, tumor number, or location of tumor thrombus
(P>0.05).
Survival periods
The survival of the four groups is presented in Table 2.
The mean survival times of patients in conservative
treatment group, chemotherapy group, surgical resection
group, and surgical resection combined with adjunctive
chemotherapy group were 3.6, 7.3, 10.1, and 15.1 mo
respectively. The overall 0.5-, 1-, 2- and 3- year survival
rates of the patients in the surgical resection combined with
adjunctive chemotherapy group were 55.8%, 39.3%, 30.4%,
and 15.6% respectively, which were the highest among the
four groups (P<0.001). Survival periods of surgical resection
group were significantly longer than those of conservative
treatment group (P = 0.001). In addition, a statistically
significant difference was found between surgical resection
group and chemotherapy group (P = 0.019).
Factors influencing the survival after surgical resection
In the univariate analysis, variables that showed significant
differences in survival for 108 patients who underwent
surgical resection were tumor size and number of
chemotherapy cycles (Table 3). None of the other variables,
including number of tumors, tumor capsules, and location
of tumor thrombus were significantly associated with
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survival. Multivariate analysis with Cox’s proportional
hazards model identified only number of chemotherapy
cycles was an independent prognostic factor for a favorable
prognosis (P = 0.008), while tumor size was not.

Table 1 Clinical characteristics of 179 HCC patients with PVTT
Clinical
characteristics

Conservative Chemo- Surgical
Surgical
treatment
therapy resection resection with
(n = 18)
(n = 53) (n = 24) chemotherapy
(n = 84)

Gender

P

0.522

Male
Female

15
3

49
4

20
4

76
8

8

28

9

45

10

25

15

39

A

12

39

18

66

B

6

14

6

18

3

6

5

22

10

33

13

51

4

13

6

9

1

1

0

2

<10 cm

6

25

13

45

≥10 cm

12

28

11

39

11

33

14

58

7

20

10

26

3
1

7
2

4
2

18
7

Age (yr)

0.510

<45
≥45
Child-Pugh Class

0.731

Tumor location
Left lobe

0.351

Right lobe
Left and right lobe
Caudate lobe
Tumor size

0.430

Tumor number
1

0.715

≥2
Tumor thrombus location
Left branch
Left branch extending

0.639

to main trunk
Right branch

6

23

12

41

Right branch extending
to main trunk

4

10

4

11

Left, right branch

4

11

2

7

and main trunk

Table 2 Survival periods and rates of different groups
Groups

Mean
0.5-yr
1-yr
survival
survival survival
periods (mo) rate (%) rate (%)

2-yr
3-yr
survival survival
rate (%) rate (%)

Conservative treatment

3.6

5.5

0

0

0

Chemotherapy

7.3

34.6

11.8

0

0

Surgical resection

10.1

46.8

22.7

9.8

0

Surgical resection

15.1

55.8

39.3

30.4

15.6

with chemotherapy

Table 3 Variables influencing postoperative survival of patients
with HCC and PVTT
Influent variables

Survival periods (mo)
mean±SD

P

Tumor size
<10 cm

19.2±3.26

≥10 cm

12.8±2.47

0.037

Number of chemotherapy cycles
0

8.6±1.68

1

11.9±2.24

2

16.7±2.98

≥3

23.1±4.32

0.006
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Prognostic factors for PVTT patients
Pretreatment and treatment variables of all 179 patients
with PVTT were analyzed by the Cox’s proportional hazards
model. Multivariate analysis showed that the strategy of
treatment (P<0.001) and the number of chemotherapy
cycles (P = 0.012) were independent survival predictors
for patients with HCC and PVTT.

DISCUSSION
Efficacy of surgical resection for HCC with PVTT
Prognosis is extremely poor in patients with HCC
complicated with PVTT[7,8]. Different treatments have been
tried, to improve the survival of those patients. Some
investigators reported the safety and efficacy of TACE for
HCC with portal vein tumor thrombosis; however, the
5-year survival rate of the patients was only 0-16.8%[18,19].
These data indicate that TACE is not effective in treating
portal vein tumor thrombosis. It was suggested that surgical
resection provided more satisfactory results. Ohkubo et al[3]
presented the report of surgical resection for 47 patients
with PVTT. The postoperative 1-, 3-, and 5-year survival
rates were 53.9%, 33.2%, 23.9% respectively. The prognosis
was better if the tumor was less than 10 cm and had no
intrahepatic metastases. Minagawa et al[20] also reported the
efficacy of surgical treatment in HCC patients with PVTT.
The mean survival time of the 18 patients who underwent
surgical resection was 3.4±2.7 years, and postoperative 1-,
3- and 5-year survival rates were 82.0%, 42.0% and 42.0%
respectively, whereas the mean survival time of 27 patients
of chemotherapy group was 0.36±0.26 years. Multivariate
analysis indicated that surgical resection is a positive
prognostic factor. We previously reported that hepatic
resection combined with thrombectomy was performed in
79 patients with HCC and PVTT at our institute, and the
median survival time was 12 mo, while the median survival
time of 18 patients in HAI or TACE group was 5 mo. The
postoperative 1-, 3-, and 5-year survival rates were 53.9%,
26.9% and 16.6% in surgical resection group vs 22.2%,
5.6% and 0% in the HAI or TACE group respectively[17] .
These results were in agreement with those of others. In
this study, patients of surgical resection group and surgical
resection combined with adjunctive chemotherapy group
had higher survival rates than those of conservative
treatment group or chemotherapy group. Cox’s multivariate
analysis also showed that the strategy of treatment was an
independent survival predictor for patients with HCC and
PVTT. We believe that the benefits of tumor and thrombus
resection en bloc or hepatectomy plus thrombectomy are
as follows: (1) decrease of portal vein pressure and
prevention of intractable ascites and esophageal varices
bleeding; (2) recovery of blood flow of portal vein and
improvement of liver function; (3) reducing the tumor
burden and increasing the efficacy of postoperative
multimodality treatments such as HAI, PVI, TACE and
biotherapy; and (4) improvement of quality of life and
survival rate of the patients[13,21,22]. Therefore, surgical
resection is an effective therapy for HCC with PVTT.
Necessity of postoperative chemotherapy
The major cause of postoperative death in the patients with
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PVTT was cancer recurrence in the remnant liver [3,20,23] .
The possible causes of HCC recurrence after surgical
resection include invisible intrahepatic metastases present
preoperatively in the remnant liver, dissemination of tumor
cells during surgical manipulation, and multicentric origin
of the tumor. It is widely accepted that intrahepatic
metastasis, by the portal venous system, is an important
mechanism for intrahepatic recurrence[9,24,25]. Adjuvant
chemotherapy after hepatic resection may effectively kill
residual microscopic tumor cells in the remnant liver and
circulation. Lipiodol was also used because of its selective
accumulation in tumors when delivered intraarterially and
being a carrier for anticancer drugs[10,18,26]. Recent reports
have presented favorable results of using adjunctive
chemotherapy or chemoembolization after operation for
PVTT patients. In our previous study, we reported that 58
patients with HCC with tumor thrombus in the first branch
of portal vein underwent surgical resection and 24 patients
received operation combined with periodical PVI and/or
HAI, chemoembolization or TACE. The median survival
time of the first group was 13 mo, and the postoperative
1-, 3- and 5-year survival rates were 59.7%, 27.4%, 8.8%
respectively, whereas the median survival time of the second
group was 16.5 mo and 1-, 3- and 5-year survival rates
were 79.2%, 54.6% and 42.0% respectively; the difference
between the two groups was significant[27]. Similar results
have been published by Fukuda et al [23] . He reported that
the overall 3-year survival rate was 48.5% for 19 HCC
patients with tumor thrombi in the main portal vein, inferior
vena cava and extrahepatic bile duct, who had received
postoperative hepatic arterial infusion chemotherapy, and
5 patients survived more than 5 years after the operation.
In the present study, the overall 0.5-, 1-, 2- and 3-year
survival rates of the patients in the surgical resection
combined with adjunctive chemotherapy group were 55.8%,
39.3%, 30.4% and 15.6% respectively. However, the overall
0.5-, 1-, 2- and 3- year survival rates of patients underwent
surgical resection alone were 46.8%, 22.7%, 9.8% and 0%
respectively. Our results indicate that postoperative
adjunctive chemotherapy can reduce recurrence and is
indispensable to prolonging survival. Thus, adjunctive
chemotherapy should be recommended after operation in
attempts to eliminate micrometastases that might be present
at the time of operation or malignant cells shed during
surgical manipulation of the tumor.

multiple treatments cycles are given, the opportunity to kill
the residual tumor cells will increase, and the better prognosis
may achieve. However, chemotherapy or chemoembolization
may damage the remnant liver parenchyma, especially in
cirrhotic patients, which result in impairment or deterioration
of liver function[29,30] . Consequently, the number of the
chemotherapy cycles will be decided according to patients’
hepatic function and response to the treatment. With careful
monitoring, repeated chemotherapy or chemoembolization
is safe and effective.
In conclusion, surgical resection combined with
postoperative adjunctive chemotherapy is the most effective
therapeutic strategy for HCC patients with PVTT when
liver function is compensative. If hepatic reserve is permitted,
repeated adjunctive chemotherapy or chemoembolization
after operation could be recommended to prolong the
survival of the patients. Further prospective randomized
controlled studies with large case numbers are required to
support our findings.

Prognostic factors related to survival of patients with HCC
and PVTT
In this study, multivariate analysis with Cox’s proportional
hazards model identified the strategy of treatment and the
number of postoperative chemotherapy cycles were
independent prognostic factors for a favorable prognosis
of patients with HCC and PVTT. The strategy of treatment
influencing the survival had been well discussed above.
Multiple chemotherapy courses also prolonged the survival
of the patients with HCC and PVTT. We believe that the
explanation for this phenomenon is that the cytotoxic effects
of chemotherapy drugs usually follow log cell kill kinetics[28].
Cell killing, therefore, is proportional. Tumor cells cannot
be eliminated by only one course of chemotherapy. If
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Abstract
AIM: To investigate the effect of CpG-containing
oligodeoxynucleotides (CpG ODN) alone or in combination
with the chemotherapeutic agent 5-fluorouracil (5-FU) on
tumor growth and whether CpG ODN can reverse the
immunosuppression caused by the chemotherapy with
5-FU in murine hepatoma model.
METHODS: Hepatoma model was established by
subcutaneous inoculation with hepatoma-22 (H22 ) cells
into the right flank of BALB/c mice. Mice with tumor were
treated by peritumoral injection of CpG ODN alone or in
combination with subcutaneous injection of 5-FU. Tumor
size was quantified regularly. Serum levels of IL-12 and
IF N-  in mice were a ss a yed by enzy me- linked
immunosorbent assay (ELISA). The lytic capacity of splenic
NK cells was tested by lactate dehydrogenase release
assay.
RESULTS: Peritumoral injection of CpG ODN alone or in
combination with subcutaneous injection of 5-FU, and the
treatment with 5-FU alone all led to significant inhibition
of hepatoma growth. The mean tumor volumes fell by
46.66% in mice injected with CpG ODN, 68.34% in the
5-FU treated mice, and 70.23% in mice treated with the
combination of CpG ODN and 5-FU than in controls. There
was no significant difference in tumor size between 5-FUtreated mice and mice treated with the combination of
5-FU and CpG ODN (P>0.05). The serum levels of IL-12
and IFN- of mice treated with CpG ODN alone (IL-12:
464.50±24.37 pg/mL; IFN-: 134.20±25.76 pg/mL) or
with the co-administration of CpG ODN and 5-FU (IL-12:
335.83±28.74 pg/mL; IFN-: 111.00±5.33 pg/mL)
were significantly higher than that of controls (IL-12:
237.50±45.31 pg/mL; IFN-: 56.75±8.22 pg/mL). The

production of IL-12 and IFN-was suppressed moderately
in 5-FU-treated mice (IL-12: 166.67±53.22 pg/mL;
53.33±16.98 pg/mL) compared to control mice (P>0.05),
whereas the combination of CpG ODN and 5-FU significantly
increased the serum levels of IL-12 and IFN- compared to
5-FU alone (P<0.05). The NK cell killing activity in CpG ODNtreated mice (44.04±1.38%) or the mice treated with CpG
ODN combined with 5-FU (30.67±1.28%) was significantly
potentiated compared to controls (19.22±0.95%, P<0.05).
The co-administration of CpG ODN and 5-FU also significantly
enhanced the lytic activity of NK cells when compared with
the treatment with 5-FU alone (12.03±1.42%, P<0.05).
CONCLUSION: The present data suggests that CpG ODN
used as single therapeutic agent triggers anti-tumor
immune response to inhibit the growth of implanted
hepatoma and reverses the immunosuppression caused
by the chemotherapy with 5-FU.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
CpG is a dinucleotide containing cytosine (C) and guanine
(G). Bacterial DNA and synthetic oligodeoxynucleotides
containing the CpG motifs (CpG ODN) have been shown
to be potent activators of immune system, which can
provoke various immune cells and induce the production
of a wide variety of T helper-1 (Th1)-promoting cytokines,
such as interleukin 12 (IL-12), interferon- (IFN-), tumor
necrosis factor- (TNF-) and IL-6 [1-4]. As a strong
immunostimulatory agent, CpG ODN is able to prevent
effectively against bacterial, viral and parasitic infections[5-7].
CpG ODN also enhances the anti-tumor efficacy of
monoclonal antibodies or cancer vaccines when used as
immune adjuvants in animal tumor models [8,9]. The
administration of CpG ODN alone is also capable of
triggering potent anti-tumor immune responses against
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various experimental tumors, for example, lymphoma,
leukemia, melanoma, colon tumor, glioma, cervical cancer,
neuroblastoma[8,10-14].
Among the available approaches used for the treatment
of hepatocellular carcinoma (HCC), chemotherapy is still a
major alternative for the majority of cases. However, a
single chemotherapeutic agent usually was shown to be poor
in suppressing HCC and improving the overall survival rate
of patients with HCC[15]. Immunotherapy, as a novel option
for tumor management, has offered some clinical benefits
for improvement of the survival patients with HCC[16]. In
particular, the combination therapy with chemotherapeutic
agents and immunostimulators, such as 5-fluorouracil
(5-FU) and IFN, has been found to be effective in enhancing
the HCC-inhibitory effect of chemotherapy alone[16,17]. In
the present study, we investigated the therapeutic potential
of CpG ODN by peritumoral injection in murine hepatoma
model and the possibility that the combination CpG ODN
with 5-FU promotes the inhibitory efficacy of 5-FU alone.
The production of large amounts of IL-12 and IFN-,
and the activation of natural killer (NK) cells has been
thought to be an important property of the CpG ODNelicited immune response[5-7,18]. In this study, we evaluated
the effects of CpG ODN on immune cells by examining
the serum levels of IL-12 and IFN- and cytotoxicity of
splenic NK cells in mice with tumor to further understand
the possible mechanism responsible for CpG ODN action.
The chemotherapeutic drug 5-FU usually causes severe bone
marrow suppression leading to immunosuppression; in
contrast, CpG ODN is a potent immune activator; hence we
also explored whether or not CpG ODN used in combination
with 5-FU could improve the immunosuppressive condition
in 5-FU-treated mice in terms of IL-12 and IFN- contents
in murine sera and NK cell killing activity.

MATERIALS AND METHODS
Mice
BALB/c mice were obtained from the Animal Center of
Tongji Medical College (Wuhan, China) and used for studies
at ages of 6 to 8 wk with an average body weight of 20 g.
Cell lines and cell culture
Mouse hepatoma cell line, hepatoma-22 (H22) and murine
lymphoma YAC-1 cell line were provided by China Center
for Type Culture Collection (Wuhan, China). H22 cells were
maintained in our laboratory by injecting intraperitoneally
1×106 cells into the above-mentioned BALB/c mice. YAC-1
cells were cultured in RPMI 1640 medium supplemented
with 10% heat-inactivated fetal bovine serum, 100 IU/mL
of penicillin, 100 µg/mL of streptomycin and 2 mmol/L
L-glutamine at 37 ℃, 50 mL/L CO2. All culture reagents
were purchased from Gibco BRL, UK.
Oligodeoxynucleotides
The ODNs used in the present study included CpG ODN
1826 and the non-CpG control ODN 1982 [19]. Both of
the purified ODNs were purchased from Shanghai Sangon
Biological Engineering Technolog y Service Co. Ltd.
(Shanghai, China). The sequence of CpG ODN 1826 was:
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5’-TCCATGACGTTCCTGACGTT-3’, which contains
two CpG dinucleotides. The non-CpG ODN 1982
sequence was: 5’-TCCAGGACTTCTCTCAGGTT-3’.
Before in vivo use, ODNs were dissolved in sterile isotonic
sodium chloride.
Tumor implantation and tumor treatments
H22 cells harvested from the peritoneal cavity of the mice
bearing hepatoma-22 were washed three times with cold
PBS. 1×106 of cells with a viability of >95%, as determined
by trypan blue exclusion, were inoculated subcutaneously
at the right hind flank of BALB/c mice. The implanted
tumors exhibited 100% survival. When the subcutaneous
tumor diameter had reached 4-5 mm (5 d after tumor
inoculation), treatment with ODNs alone or in combination
with 5-FU was started. Mice were injected peritumorally
with 50 µL of sodium chloride per day (control) or 50 µg
of ODNs dissolved in 50 µL of saline (once per day) on
d 5, 10, 15 and 17 after tumor inoculation. From the first
day of treatment, 5-FU (25 mg/kg) dissolved in 50 µL of
saline was given at the back of mice per day subcutaneously
for 12 consecutive days with or without peritumoral injection
of ODN (CpG ODN) as described above. Tumor diameter
were measured every third day with a caliper and tumor
volume was calculated according to the following formula:
V = (largest diameter)×(smallest diameter) 2/2. For each
experiment, groups of 5-8 mice were used.
In vitro assay for IL-12 and IFN- levels
Peripheral blood was collected from mice with tumor 24 h
after the final injection of ODNs. Sera were separated and
frozen at -70 ℃. Serum levels of IL-12 (p40) and IFN-
were measured using enzyme-linked immunosorbent assay
(ELISA) kits (BioSource International, Inc., CA, USA)
according to the manufacturer’s instructions. The results
were expressed as pg/mL.
Assay of splenic NK cell activity
After collection of blood, mice were killed by cervical
dislocation. Spleen was freshly removed and smashed in
cold RPMI 1640 media; a single-cell suspension was obtained
by passing the material through a sterile nylon mesh of 100
and 200 gauge in turn. Lymphocytes were separated from
suspension by gradient centrifugation with Ficoll-Hypaque
with a specific gravity of 1.09. NK cell activity was
determined by the lactate dehydrogenase (LDH) release
assay[20]. Briefly, purified lymphocytes were incubated with
the NK-sensitive target cell YAC-1 at E:T ratios of 100
for 4 h in triplicates at 37 ℃ in a 50 mL/L CO2 incubator.
The spontaneous and maximum release of LDH was
determined by culturing YAC-1 cells in culture medium
alone or with 1% sodium lauryl sulfate. After incubation,
the enzymatic reactions were carried out in the dark over
a period of 15 min according to the methods described
by Konjevic et al [20] . All reagents were purchased from
Sigma (St. Louis, MO). The absorbances were read at
570 nm and NK cell lytic activity was calculated by the
following formula: lytic activity (%) = (experimental release
- spontaneous release) / (maximum release - spontaneous
release) ×100%.
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Statistical analysis
All results were expressed as mean±SE of individual animal
values in each group. Statistical analyses were performed
by the unpaired Student’s t test. Results were considered
significant at P<0.05.

RESULTS
Inhibition of tumor growth by CpG ODN and 5-FU
The average survival duration of mice, bearing hepatoma
without any treatment was 23 d. Considering that
chemotherapeutic or immunostimulatory agents would lose
their therapeutic efficacy with the progress of tumor, we
killed all mice 18 d after tumor inoculation to compare the
effects of different therapeutic agents on tumor growth.
Eight days after tumor cell inoculation (3 d after the initial
treatments), subcutaneous injection of 5-FU or peritumoral
injection of CpG ODNs, but not non-CpG ODN, led to
greater reduction of tumor volumes compared to controls
injected with sodium chloride (Figure 1). By 17 d of posttumor implantation, the mean tumor volumes fell by
46.66% in mice injected with CpG ODN (n = 8), which is
greater than that seen in controls (n = 5; 3579.38±480.72
vs 6710.40±909.80 mm 3; P<0.005). A stronger tumor
inhibition occurred in 5-FU-treated mice (n = 8), with tumor
volumes 68.34% smaller than controls (2124.56±434.04 vs
6710.40±909.80 mm 3, P<0.001). The tumor growth
inhibition was not observed in non-CpG ODN-treated mice
(6780.70±656.41 mm3, n = 5). The results suggest that the
antitumoral effect of CpG ODN was dependent on the
CpG motifs within the ODN.
Inhibition of tumor growth by the co-administration with CpG
ODN and 5-FU
Treatment with the combination of CpG ODN and 5-FU
(n = 8) resulted in a 70.23% reduction of mean tumor volumes
compared to controls (1997.78±474.56 vs 6710.40±909.80 mm3,
P<0.001). There was no significant difference in the tumor
inhibition between mice treated with 5-FU alone and
combined use of CpG ODN and 5-FU (Figure 1). The
result showed that CpG ODN did not produce a cooperative
inhibition of hepatoma growth with 5-FU.
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CpG ODN stimulates IL-12 and IFN- production
To assess the effects of CpG ODN on immune cell activity
in mice with hepatoma, we examined and compared the
serum levels of IL-12 and IFN- in all mice after different
treatments. As shown in Figure 2, concentrations of IL-12
and IFN- in sera of mice treated with CpG ODN were
significantly higher than those in sera of controls (IL12: 464.50±24.37 vs 237.50±45.31 pg/mL, P<0.01; IFN-:
134.20±25.76 vs 56.75±8.22 pg/mL, P<0.05). There was
also a significant increase in serum levels of IL-12 and IFN of mice treated with the co-administration of CpG ODN
and 5-FU compared to controls (IL-12: 335.83±28.74 vs
237.50±45.31 pg/mL, P<0.05; IFN-: 111.00±5.33 vs
56.75±8.22 pg/mL, P<0.05), whereas non-CpG ODN
treatment did not affect the levels of IL-12 and IFN-.
The results indicated that CpG ODN could induce the
production of IL-12 and IFN- in mice bearing tumor and
the stimulatory effects were dependent on the CpG motifs
containing ODN. The production of IL-12 and IFN- was
suppressed moderately in 5-FU-treated mice compared
to control mice, whereas the combination of CpG ODN
and 5-FU significantly increased serum levels of IL-12 and
IFN- compared to 5-FU alone (IL-12: 335.83±28.74 vs
166.67±53.22 pg/mL, P<0.05; IFN-: 111.00±5.33 vs
53.33±16.98 pg/mL, P<0.05). The data suggest that CpG
ODN can reverse the inhibition of immune cells resulting
from the 5-FU therapy.
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Figure 2 The serum levels of IL-12 and IFN- (mean±SE) in BALB/c
mice with hepatoma after different treatments. Peripheral blood
was collected from mice with tumor 24 h after the final injection of
sodium chloride (control, n = 5), non-CpG ODN (n = 5), CpG ODN (n = 8),
5-FU (n = 8) and 5-FU combined with CpG ODN (n = 8). ODNs IL-12 and
IFN- contents in sera were assayed with ELISA.
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Figure 1 Tumor volumes (mean±SE) in BALB/c mice with hepatoma
treated with sodium chloride (control, ◆, n = 5), non-CpG ODN (□,
n = 5), CpG ODN (◇, n = 8), 5-FU (▲, n = 8) and 5-FU combined with
CpG ODN (○, n = 8).

Effects of CpG ODN on cytotoxicity of splenic NK cells
To evaluate the effect of CpG ODN on the activity of splenic
NK cells, we detected the lytic activity of NK cells against
YAC1 tumor target cells (Table 1). NK cell killing activity in
CpG ODN-treated mice and the mice treated with CpG
ODN combined with 5-FU was significantly higher than
those in controls, whereas the potentiation of NK cell activity
was not seen in non-CpG ODN-treated mice. This
observation showed the ability of CpG ODN to activate
NK cells and augment their cytotoxicity, and the CpG motifs
were necessary for the immunostimulatory activity of CpG
ODN. Injection with 5-FU alone caused a relatively mild
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but no significant inhibition of NK cell compared to control
animals. However, the lytic activity of NK cells in mice
treated with the combination of CpG ODN and 5-FU is
significantly higher than those in 5-FU-treated mice (P<0.05),
which suggests that CpG ODN is capable of eliminating
the inhibition of NK cell function induced by 5-FU.

Table 1 NK cell activity of hepatoma-bearing mice receiving different treatments
Groups

n

NK activity (%)

Control

4

19.22±0.95

Non-CpG ODN

5

19.33±1.95

CpGODN

6

44.04±1.38a

5-FU
5-FU+CpG ODN

6
6

12.03±1.42
30.67±1.28a

a

P<0.05 vs the control group.

DISCUSSION
CpG ODN 1826 is known as a strong immune activator
and induces protective and curative Th1 responses against
infections and tumor in vivo, and the immunostimulatory
effects of CpG ODN 1826 are dependent on the CpG
motifs within oligodeoxynucleotides[5-7,21]. Our studies here
first showed that peritumoral injection of CpG ODN 1826
as a single therapeutic agent suppressed the growth of
implanted hepatoma in mice, but the oligodeoxynucleotide
without CpG motifs was ineffective. The findings are
consistent with the previous observations obtained in several
tumor models treated with CpG ODN 1826[11,19,21].
The most important immunostimulatory property of
CpG ODN is to activate directly antigen-presenting cells
(APCs), including macrophages, monocytes and dendritic
cells (DCs), to produce a large amount of Th1-promoting
cytokines especially IL-12 and IFN-[13,14,22]. IL-12 and
IFN- are critical cytokines in the induction of cellular
immunity. IL-12 can promote Th1 cell immune response
and stimulate T cells and NK cells to secrete IFN-[23]. The
activated NK cells also release IL-12, which together with
IFN-, in turn further activate NK cells, APCs and T cells
and enhance their immune activity[18,24]. It has been reported
that the IL-12 and IFN--dependent immunological
mechanisms are responsible for the CpG ODN-triggered
protective response to infections[5-7]. The immunological
activity of CpG ODN in the antitumoral response varies
with the ODN sequence and backbone as well as tumor
models. For example, CpG ODN 1585 was ineffective in
lymphoma model but induced a significant regression of
tumor in melanoma via NK cells, whereas the inhibition of
CpG ODN 1826 in lymphoma model was dependent on
both NK and T cells[23]. In the present study, CpG ODN
induced production of IL-12 and IFN- and potentiated
NK cell lytic activity, which exhibited the ability of CpG
ODN to activate various immune cells of the mice with
hepatoma and to elicit the anti-tumor response. The results
also suggest that the production of IL-12 and IFN- as
well as NK cell activation may play a role in the CpG ODN
1826-induced inhibition of hepatoma growth.
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So far, the efficacy of chemotherapeutic agents remains
superior to single immune modulators in the management
of HCC, which was also confirmed in the present result
that 5-FU showed stronger inhibitory effect on hepatoma
growth than CpG ODN. Unfortunately, 5-FU inhibits cancer
cell growth but also damages normal cells, especially the
hemopoietic cells within bone marrow, which can cause bone
marrow suppression leading to immunosuppression. CpG
ODN is a potent immunostimulator; besides the activation
of various immune cells, it has been shown to trigger
extramedullary hematopoiesis and enhance cytotoxic T cell
function in the irradiated mice[25]. IL-12 derived from
activated APCs has been reported to promote maturation
of primitive bone marrow precursors and proliferation of
DCs synergistically with other hemopoietic growth factors[23].
Theoretically the co-administration of 5-FU and CpG ODN
1826 in mice with hepatoma should be able to reverse the
depressed immune function resulting from 5-FU therapy,
thereby enhancing the anti-tumor efficacy of 5-FU alone.
Our results that the treated mice with CpG ODN combined
with 5-FU had higher serum levels of IL-12 and IFN- and
stronger NK cell lytic activity than the 5-FU-treated mice
suggest that CpG ODN indeed reconstitutes immune
function of mice treated with 5-FU. However, no significant
difference in mean tumor volumes was observed between
the two treatments. The results reflected the possibility that
the combined use of CpG ODN with 5-FU did not increase
the tumor-inhibitory effect of 5-FU. But it is mostly possible
that the dose of 5-FU used here is enough to inhibit cancer
cells, which cannot be exceeded by the addition of CpG
ODN. Even if the combination of CpG ODN with 5-FU
failed to produce synergistic inhibition of tumor growth,
the immune-potentiating effect induced by CpG ODN
undoubtedly contributes to the anti-tumor response in mice,
and increases the toleration to the chemotherapeutic agents,
thereby bringing about positive effect on tumor control.
In this study, peritumoral injection of CpG ODN did not
produce any adverse effects showing that CpG ODN is safer
than chemotherapeutic drugs or other immunostimulatory
agents such as IL-2 and IFN in tumor treatment.
Furthermore, CpG ODN is cheaper and easily available.
Therefore, the present findings that CpG ODN inhibited
hepatoma growth and triggered an immune response to
reverse the immunosuppression caused by 5-FU therapy
give rise to the interest that CpG ODN may also be a useful
agent in human HCC management.
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Abstract
AIM: To investigate the effect of fermented soy milk on
human ecosystem in the intestinal tract by way of
examining the population of different microorganisms
isolated from fecal samples.
METHODS: A crossover experimental design was applied.
Twenty-eight healthy adults completed this experiment.
Each subject consumed 250 mL, twice a day between
meals, of either fermented soy milk or regular soy milk
first for 2 wk, then switched to the other drink after 2 wk.
Fecal samples were collected from all subjects every week
starting from the second week to the end of the experiment.
The microorganisms analyzed were Bifidobacterium spp.,
Lactobacillus spp., Clostridium perfringens , coliform
organisms, and total anaerobic organisms.
RESULTS: In the period of fermented soy milk consumption,
the populations of Bifidobacterium spp. and Lactobacillus
spp. increased ( P <0.05) as well as the ratios of
Bifidobacterium spp. and Lactobacillus spp. to Clostridium
perfringens ( P <0.05). The population of coliform
organisms decreased (P<0.05) when subjects were in
the period of fermented soy milk consumption.
CONCLUSION: Intake of fermented soy milk significantly
improved the ecosystem of the intestinal tract in the body
by increasing the amount of probiotics.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Probiotics are bacteria with health-benefits that live in the
intestinal tract. Probiotics reduce lactose-intolerance
symptoms, increase the resistance of the intestines to
diseases, inhibit cancer cells from proliferating, modulate
the concentration of plasma cholesterol, improve digestive
functions, and stimulate the immune system[1,2]. On the other
hand, prebiotics are the food ingredients that can be utilized
by or can enhance the growth of probiotics. Some commonly
mentioned prebiotics are lactose, fructooligosaccharides, and
galactooligosaccharides[3-6]. Soybeans and soy products have
been well known for their health benefits. In soybeans,
oligosaccharides were also proven to be prebiotics[7]. The
combination of probiotics and prebiotics is called synbiotics[1].
Fermented soy milk, according to previous statements, can
be considered as a synbiotic product. Thus, our objective
was to investigate the effect of fermented soy milk on the
ecosystem in the intestinal tract of human subjects.
MATERIALS AND METHODS
Subjects
This study was approved by the Human Ethics Committee
of Taipei Medical University (Taipei, Taiwan). Subjects were
recruited mostly from the campus of Taipei Medical
University and had no acute or chronic diseases, gastrointestinal
problems, or a recent history of taking antibiotics. Before
executing this study, written informed consents were
acquired from all subjects. Totally 36 subjects participated
at the beginning. Subjects were advised to maintain their
normal life style during the experiment.
Study design
A crossover design was used in this study. Subjects were
randomly assigned to two groups, A and B. In group A,
subjects consumed fermented soy milk first, and then
switched to regular soy milk, while regular soy milk was
consumed first in group B. The total experimental time was
9 wk. A 2-wk adjustment period was carried out, followed
by consumption of experimental drinks for 2 wk. Before
switching to the other experiment drink, there was another
2-wk period for washout. After all subjects had completed
consuming the two kinds of experimental drink, there was
a 1-wk washout period before the experiment formally
ended. The drink consisted of 250 mL each time given
30 min after a meal, twice a day (500 mL/d). A 3-d (Sunday,
Monday and Tuesday) dietary record was completed by
subjects every week during the experiment.
Sample collection and microorganism analyses
About 1 g of fecal samples from each subject was collected
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in wk 2, 3, 4, 6, 7, 8, and 9 for microorganism analyses.
Samples were stored at -20 ℃ for less than 24 h before
analysis. For the analyses, 0.5 g of the inner part of a fecal
sample (to retrieve anaerobic material) was mixed well with
15 mL of an anaerobic solution (Table 1), followed by serial
dilutions to acquire different concentrations (10-1 to 10 -8).
Certain microorganisms were isolated from fecal samples
using the media and methods developed by Molly et al [8] .
The bacteria, media and incubation times are listed in
Table 2. Starting from the lowest concentration, 50 L of
the solution was then inoculated on different media using
the spread plate method. For incubating Clostridium perfringens,
1 mL of solutions with suitable concentrations, determined
by the result of a pre-experiment, was mixed well with TSC
medium (without egg-yolk) using the pour plate method,
followed by mixing with the regular TSC medium. After
the liquid medium solidified, the plate was placed in an
anaerobic chamber.
When counting colonies, plates with 30-300 colonies were
included. The number of bacteria was presented as log
CFU/g of wet weight of feces. The calculation formulae
are listed as follows and are based on the FDA Bacteriological
Analytical Manual: Bifidobacterium spp., Lactobacillus spp.,
coliform organisms, and total anaerobic organisms: CFU/
plate ×20 (50 L/plate)×dilution factor×15 mL/sample (g);
and Clostridium perfringens: CFU/plate×dilution factor×15 mL/
sample (g).

Table 1 Composition of the anaerobic solution
Chemicals

Weight

KH2PO4

4.5 g

Na2HPO4

6.0 g

L-cysteine HCl·H2O

0.5 g

Tween 20

1g

Galtin

2g

Distilled water

1L

Statistical analysis
All data are presented as the mean±SD. One-way analysis
of variance (ANOVA), unpaired and paired t-tests were
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performed using SAS version 8.1. P<0.05 was the level of
significance.

RESULTS
Before the experiment started, 8 people withdrew from the
study due to personal reasons. Thus, totally 28 people
participated and completed two experimental periods. As
shown in Table 3, there were no significant changes in weight,
height, or BMI between before and after the study.
Group A (fermented soy milk first, regular soy milk second)
In this group (Figure 1A), we found that during the first
period of fermented soy milk consumption, the populations
of coliform organisms and Clostridium perfringens significantly
decreased (P<0.05). In the same period, the populations
of both Lactobacillus spp. and Bifidobacterium spp. increased
(P<0.05). The ratios of Lactobacillus spp. and Bifidobacterium
spp. to Clostridium perfringens also increased in the first period.
In the second period of regular soy milk consumption, the
populations of coliform organisms and Clostridium perfringens
and the ratios of Lactobacillus spp. and Bifidobacterium spp.
to Clostridium perfringens did not change.
Group B (regular soy milk first, fermented soy milk second)
In this group (Figure 1B), in the first and second periods,
the population of Lactobacillus spp. significantly increased
(P<0.05). In the second period, the populations of coliform
organisms and Clostridium perfringens significantly decreased
(P<0.05), while the population of Bifidobacterium spp.
significantly increased (P<0.05). At the end of the first and
second periods, the ratios of Lactobacillus spp. and
Bifidobacterium spp. to Clostridium perfringens had significantly
increased (P<0.05). The population of total anaerobic
bacteria did not change in either group.

DISCUSSION
The population of microorganisms in the intestine is in a
balanced phase[9]. When the number of probiotics increases,
the number of harmful bacteria decreases. As seen in the
results, we found that when subjects were in the period of
fermented soy milk consumption, their intestinal ecosystem

Table 2 Microorganisms analyzed and incubating media, times and temperatures
Medium

Microorganism

Color of the colony

Incubation conditions

Bifidobacteria iodoacetate medium–25 (BIM-25)

Bifidobacterium spp.

Green

48 h, 35-37 ℃

Lactobacillus anaerobic MRS with bromocresol green (MRS-modified)

Lactobacillus spp.

Reddish orange

48 h, 35-37 ℃

Tryptose-sulfite-D-cycloserine agar (TSC)
Endo agar plates (Endo)

Clostridium perfringens
Coliform organisms

White with black center
Metallic red

24 h, 35-37 ℃
24 h, 35-37 ℃

CDC anaerobe blood agar plates (CDC)

Total anaerobic organisms

White

48 h, 35-37 ℃

Table 3 Background information of subjects before and after the study
Wk 0
Group

n

A
B

14
14

Age (yr)

Weight (kg)

Height (cm)

23.1±1.1
22.6±1.8

56.4±10.6
55.9±8.3

162.0±7.9
162.6±8.2

Wk 8
BMI
21.3±2.3
21.1±1.5

Weight (kg)
56.1±10.2
56.1±9.5

Height (cm)

BMI

162.0±7.9
163.1±8.8

21.2±2.2
21.1±3.5
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A

a
c

12
10

c

8

a

a
a
c
c

a
c

a
c

a

a

a
a
a

c
a
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B
a
c

a

a

12

a
c

c

4

2

2
0
1-0

1-1

1-2

a
c

2-0

2-1

2-2

Wash

aa
c
a
c

a
c

c

6

4

0

a
c

8

c

6

c

10

a

1-0

1-1

1-2

2-0

2-1

a

a

2-2

Wash

Figure 1 Changes in the number (log) of different microorganisms during the experiment. A: the group in which fermented soy milk was
consumed in the first period; B: the group in which regular soy milk was consumed in the first period. Data presented as the mean±SD, n=13;
: coliform organisms, : total anaerobic organisms, : lactobacillus spp., : Bifidobacterium spp., : Clostridium to wk 2-0, aP<0.05 vs total
anaerobic organisms; cP<0.05 vs total anaerobic organisms.

tended to be improved by an increase in the populations of
the so-called “good bacteria”. The effect could be maintained
even 3 wk after cessation of fer mented soy milk
consumption. On the other hand, results showed that regular
soy milk also had some effect on increasing the population
of Lactobacillus spp. This may have been because soybeans
contain certain types of oligosaccharides such as raffinose
and stachyose that can be utilized by Lactobacillus spp. as
energy sources[10,11]; this reduces the beany odor and gas
production in the intestines[12]. It was found that, by culturing
different probiotics in soy milk, the amounts of raffinose
and stachyose that caused reduction of gas production in
the stomach while the amounts of sucrose, glucose,
galactose, acetic acid, and free amino acids increased[13]. The
increase in probiotics lowers the risk of GI tract dysfunction
from bacterial invasion and hence, maintains one of the
major functions of GI tract, the barrier function[14]. Beside
the effects of consuming fermented soy milk determined
in this experiment, soy products are well known for their
health benefits. It has been found that the intake of soy
products reduces the risk of various cancers, lowers the
levels of blood lipid and cholesterol, and prevents oxidation
of VLDL and LDL, and hence lowering the risk of
cardiovascular diseases[15-17].
In conclusion, consumption of fermented soy milk is
beneficial to the ecosystem of the intestinal tract by
increasing the populations of probiotics and reducing the
populations of unwanted bacteria. In addition, fermented
soy milk may also provide other exclusive ingredients such
as isoflavone and saponin that do not exist in dairy products.
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Abstract
AIM: To explore expression and distribution features of
COX-2 and bcl-2 in human gastric adenocarcinoma tissues
and to study its biological significance.
METHODS: Totally 36 human gastric carcinoma samples
were enrolled in this study (cardiac adenocarcinoma
16 cases, distal gastric adenocarcinoma 20 cases). The
expressions of COX-2 and bcl-2 in cancerous tissues and
corresponding para-cancerous tissues were investigated
by immunohistochemistry using COX-2 polyclonal antibody
and bcl-2 monoclonal antibody. The normal gastric mucosa
tissues were used as control.
RESULTS: The expressions of COX-2 and bcl-2 in gastric
carcinoma were significantly higher than that in the paracancerous tissues (77.8% vs 47.2%, P<0.01, 80.56% vs
58.33%, P<0.05). The expression of COX-2 in cardiac
adenocarcinoma was remarkably higher than that in the
distal gastric carcinoma (93.8% vs 65.0%, P<0.01). The
expression of COX-2 was mainly localized in the cytoplasm
of tumor cells and partly in the nucleus. There is a transition
of the COX-2 cytoplasmic positivity to nucleic in tumor
cells with the increase of gastric carcinoma pathological
grade. Interstitial macrophages, fibroblasts and vascular
endothelial cells also expressed COX-2. The tissues with
higher expression of COX-2 also expressed high level of
bcl-2 protein.
CONCLUSION: Abnormal expression pattern of COX-2
within the tissues of human gastric cancer is correlated
with tumor location and lymph node metastasis. COX-2
may regulate expression of apoptosis suppressor gene
(bcl-2) through interaction of tumor cells and stromal cells
and play an important role in the generation and development
of tumors, which will be of great help in developing new

methods for antitumor therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cyclooxygenases (COXes), which are the key enzymes in
prostaglandin (PG) biosynthesis, are thought to be important
in maintaining the normal physiological functions and certain
pathological process. Currently, cyclooxygenases have at least
2 isoenzymes in the mammal, namely COX-1 and COX-2.
COX-1 is expressed in most tissues and is thought to be
important in maintaining the normal physiological functions.
COX-2 may be involved in the repairment of peptic ulcer and
colitis, development and progression of tumor by promoting
proliferation of cells and tumor angiogenesis, and inhibition
of apoptosis[1,2]. Recently, the relationship between COX-2 and
human gastric cancer has been emphasized. The increased
expression of COX-2 mRNA or protein has been demonstrated
in human tumors of digestive system[3-10], such as esophageal
cancer, colorectal cancer, liver cancer and pancreas cancer.
The expression of COX-2 protein in human gastric carcinoma
has also been reported. However, distribution features of
COX-2 protein in human gastric carcinoma and the
relationship between COX-2 and bcl-2 are still not clear. To
clarify the contribution of COX-2 and bcl-2 in gastric
carcinoma, it is essential to examine the expression of COX2 and bcl-2 within tissues of human gastric carcinoma.
In this study, we used immunohistochemistry method
to detect the expression of COX-2 and bcl-2 protein in
human gastric adenocarcinoma and their corresponding paracancerous tissues, and to explore the distribution features
of COX-2 and bcl-2 in human gastric adenocarcinoma and
the biological significance, and to provide rational foundation
for designing effective schemes of antitumor therapy.
MATERIALS AND METHODS
Materials
A total of 36 human gastric adenocarcinoma (including 16
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cardiac adenocarcinomas and 20 distal gastric adenocarcinomas)
cases were investigated. All tissues were surgically resected.
Cancerous tissue and para-cancerous gastric mucosa were
all from the same specimens. Morphologically normal gastric
mucosa tissues were used as control. Each specimen was
fixed in 10% phosphate-buffered formalin immediately after
resection, embedded in paraffin and sectioned into 4 m
for immunohistochemical study and routine histological
examination.
The study was approved by the Ethics Committee of
our hospital and all patients gave written informed consent
prior to enrollment.
Reagents and methods
Polyclonal mouse anti-human COX-2 antibody was purchased
from Santa Cruz Biotechnology Co. Mouse anti-human
monoclonal antibody bcl-2 was purchased from Danmark
Co. The SP staining kit was purchased from Zymed Co.
The procedures of immunohistochemical staining were
performed according to the manufacturer’s instructions.
The known positive colorectal cancer tissues were used as
positive control. As negative control, PBS was used to replace
primary antibody.
Assessment of staining
Under the light microscope, the immunoreactivity was
evaluated both qualitatively and quantitatively. Intensity and
percentage of positive cells were used to evaluate each tissue
section. The immunostaining intensity was scored as 0
(achromatic), 1 (light yellow), 2 (yellow), and 3 (brown).
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Immunostaining quantity was scored as follows: 1 = <25%,
2 = 26-50%, 3 = 51-75% and 4 = >75% of tumor cell
showing positivity. The combined score, based on both
qualitative and quantitative immunostaining, was determined
by multiplying the qualitative and quantitative scores. Based
on the combined score, the samples were grouped as follows:
negative (-) 0-1, weak (+) 2-3, moderate (++) 4-6, strong
(+++) >6.
Statistical analysis
With statistical analysis package (SPSS) version 10.0 for
Windows, difference between groups was evaluated by using
chi-square test and Student’s t test. The P value less than
0.05 was considered statistically significant. All reported P
values were two-sided.

RESULTS
Expression of COX-2 and bcl-2 in normal gastric mucosa
In the normal gastric mucosa, the expression of COX-2
was mostly negative. Smattering deep glandular epithelia
cells showed weak-positive expression of COX-2. The
expression of bcl-2 was negative or focus weak-positive
reaction in the normal gastric mucosa.
Distribution of COX-2 within tissues of human gastric
carcinomas (Table 1)
The expression of COX-2 was mainly localized in the
cytoplasm of tumor cells, partly in the nucleus (Figure 1).
The expressions of COX-2 were detected in the paracancerous tissues (Figure 2), including gastric mucosal

Table 1 Pathological characteristics of gastric adenocarcinoma and immunohistochemical COX-2 staining
Expression of COX-2
Pathological characteristics
Gastric carcinomas
Para-cancerous tissues
Location of tumor
Cardiac carcinoma
Non-cardiac carcinoma
Histological type
Intestinal carcinoma
Diffuse carcinoma
Metastatic lymph node
Positive
Negative

Positive rate (%)

P

6
0

77.8
47.2

<0.01b

8
2

3
3

93.8
65.0

<0.01b

5
7

5
4

4
3

82.3
74.1

10
2

5
5

6
0

95.5
50.0

n
-

+

++

+++

36
36

8
19

12
10

10
7

16
20

1
7

4
8

17
19

3
5

22
14

1
7

<0.005b

b

P<0.01 vs the expression of COX-2 was significant between gastric carcinoma and para-cancerous tissues, location of tumor, and metastatic lymph node.

Figure 1 Expression of COX-2 in tissue of human gastric adenocarcinoma.
Some stromal cells showed positive stains. Immunohistochemical
staining, ×400.

Figure 2 Expression of COX-2 in the para-cancerous tissue. Intestinal metaplasia epithelia and goblet cells showed plasmatic stain.
Immunohistochemical staining, ×400.

1230

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

epithelia, intestinal metaplasia epithelia, goblet cells and a
few glandular epithelia, but with lower intensity. The COX2 expression was also observed on interstitial macrophages,
fibroblasts and endothelial cells. The expression of COX-2
in cancerous tissues was significantly higher than that in the
para-cancerous tissues (77.8% vs 47.2%). Compared to the
distal gastric adenocarcinoma, the rate of COX-2 expression
was dramatically higher in cardiac adenocarcinoma (93.8%
vs 65%). There was no significant difference in the expression
of COX-2 based on the tumor differentiation. However,
the cytoplasmic positivity of COX-2 was transformed to
nucleic positivity with the increase of pathological grade of
gastric carcinoma. Meanwhile, we observed that the
expression of COX-2 in metastatic cases was higher than
that in non-metastatic one (P<0.005), which suggested that
the expression of COX-2 may contribute to infiltrating
metastasis potential of cancer cells.
The expression of bcl-2 protein in gastric cancer tissues (see
Table 2)
The expression of bcl-2 protein in gastric cancer tissues
was located in cytoplasm of tumor cells and stromal
lymphocytes. In para-cancerous tissues, only a few deep
glandular epithelium cells and intestinal metaplasia cells
expressed bcl-2 protein. The positive rate and intensity of
bcl-2 expression in gastric cancer tissues were higher than
that in para-cancerous tissues. The expression of bcl-2
protein was not correlated with location and histological
type of tumor and lymph node metastasis (data was not
shown).

Table 2 Expression of bcl-2 in gastric cancer and para-cancerous
tissues
Expression of bcl-2
Type of tissue

n
-

+

++

+++

Positive rate (%)

P
<0.025 a

Gastric cancer tissue

36

7

9

12

8

80.56

Para-cancerous tissues

36

15

14

4

3

58.33

a

P<0.05 vs the expression of bcl-2 was significant between gastric carcinoma
and para-cancerous tissues.

DISCUSSION
COXes are thought to be important in maintaining the
normal physiological and pathological functions. COX-2 may
be involved in the development and progress of tumor by
promoting proliferation of cells and tumor angiogenesis and
inhibiting apoptosis of cells[1,2].
The increased expression of COX-2 mRNA or protein
has been demonstrated in human tumors of digestive
system[3-8], such as esophageal cancer, colorectal cancer, liver
cancer and pancreas cancer. The expression of COX-2
protein in human gastric cancer tissues has also been
reported. However, distribution features of COX-2 protein
in human gastric cancer tissues, relationship between COX2 and bcl-2 are not completely clear. In the present study,
we demonstrated that COX-2 protein was overexpressed in
human gastric cancer tissues. The location of COX-2
products varied with difference of tumor differentiation.
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In intestinal adenocarcinoma, COX-2 protein was present
in the cytoplasm of tumor cells with moderate staining
intensity. But in diffuse adenocarcinoma, COX-2 protein
was localized in nucleus of tumor cells and stained with
brown granules. Sometimes, COX-2 protein simultaneously
appeared in nucleus and cytoplasm of tumor cells.
Interestingly, the positive rate of COX-2 expression and
stained intensity in cardiac carcinoma were significantly
higher than that in gastric distal carcinomas. These findings
differed from other reports [9] in which similar rate of
positivity was evident in intestinal-type cardiac carcinoma
(52%) when compared to the noncardiac ones (64%).
However, there was a trend of lower incidence of strong
COX-2 positivity in cardiac than in noncardiac tumors (14%
vs 41%). This difference of COX-2 distribution may be
associated with specificity and sensitivity related to different
COX-2 antibodies and staining protocols or procedures.
There may be ethnic difference between different peoples.
Recent studies[11] indicated that genesis of cardiac cancer
was related to reflux esophagitis, intestinal metaplasia in the
junction of stomach and esophagus and atypical hyperplasia.
Incidence of cardiac adenocarcinoma was increasing in
Chinese, which may be one of the factors that lead to highlevel expression of COX-2 in cardiac cancer.
Our results showed that COX-2 protein was not only
expressed in neoplastic epithelial cells, but also in interstitial
macrophages and fibroblasts, which might be an incidental
phenomenon in the progression of diseases unrelated to
carcinogenesis itself or might be a reaction to mucosal lesion.
The stromal cells expressing COX-2 can stimulate proliferation
of epithelium cells and promote tumorigenesis through
paracrine ways[12]. Williams and his colleagues[13] found that
the growth of a lung carcinoma cell line is markedly
attenuated in COX-2 -/- mice or mice treated with a COX-2selective inhibitor. In sporadic colorectal adenomas, COX-2
was localized on superficial interstitial macrophages and
dysplastic epithelial cells. The mechanism to induce epithelial
carcinogenesis may be COX-2-mediated paracrine signaling
between the macrophages and epithelial cells within tumors[14].
The development and progression of stomach cancer
is a pathological process involving many factors, stages and
oncogenes, in which imbalance between apoptosis and
proliferation of cells plays an important role. Bcl-2 gene is
a well-known apoptosis suppressor gene leading to increase
of abnormal cells by inhibiting cell apoptosis and prolonging
life span of cells, but not promoting cell proliferation, so it
will make way for the development of tumors[15]. Our results
showed that the positive rate and intensity of bcl-2 protein
expression in tissues of gastric adenocarcinomas was higher
than that in para-cancerous tissues, suggesting that epithelial
cells might have overexpression of bcl-2 protein during
malignancy transformation of gastric mucosa, which makes
regulatory mechanism of cells changeable. Therefore, the
balance between apoptosis and proliferation of cell was
destroyed, which will conduce to development of tumors.
The expression of bcl-2 protein was not related to differentiation
and location of gastric adenocarcinoma.
Recent studies[16-19] suggest that COX-2 was involved in
the development of tumors through following ways: (1)
COX-2 can increase products of prostaglandin; (2) COX-2
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can transform pre-carcinogen to carcinogen; (3) COX-2
can inhibit apoptosis of cells and promote adhesion of cells;
(4) COX-2 can promote angiogenesis of tumor; (5) COX-2
can regulate inflammation and immune functions; (6) COX-2
can enhance invasive ability of tumor cells. We also found
in the present experiment that the tissues with a high-level
expression of COX-2 expressed simultaneously high-level
of bcl-2 protein, indicating the COX-2 can promote
expression of bcl-2 and decrease cell apoptosis. Therefore,
we suppose COX-2 plays an important regulatory role in
bcl-2 expression. Further study of interaction between
COX-2 and bcl-2 in the gastric cancer is warranted.
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Abstract
AIM: To investigate the expression of tumor necrosis
factor-alpha (TNF-) and vascular endothelial growth
factor (VEGF) in the development of esophageal varices
in portal hypertensive rats.
METHODS: Thirty male Sprague-Dawley (SD) rats in the
model group in which a two-stage ligation of portal vein
plus ligation of the left adrenal vein was performed, were
divided into three subgroups (M7, M14 , and M21) in which
the rats were kiued on the seventh day, the 14th d and the
21 d after the complete portal ligation. Thirty male SD
rats, which underwent the sham operation in the control
group, were also separated into three subgroups (C7, C14
and C21) corresponding to the models. The expression of
TNF- and VEGF in the esophagus of all the six subgroups
of rats were measured with immunohistochemical SP
technique.
RESULTS: The portal pressure in the three model subgroups
was significantly higher than that in the corresponding
control subgroups (23.82±1.83 vs 11.61±0.86 cmH 2O,
20.90±3.27 vs 11.43±1.55 cmH2O and 20.68±2.27 vs
11.87±0.79 cmH2O respectively, P<0.01), as well as the
number (9.3±1.6 vs 5.1±0.8, 11.1±0.8 vs 5.4±1.3 and
11.7±1.5 vs 5.2±1.1 respectively, P<0.01) and the total
vascular area (78 972.6±3 527.8 vs 12 993.5±4 994.8
m2, 107 207.5±4 6461.4 vs 11 862.6±5 423.2 m2 and
110 241.4±49 262.2 vs 11 973.7±3 968.5 m2 respectively,
P<0.01) of submucosal veins in esophagus. Compared to
the corresponding controls, the expression of TNF- and VEGF
in M21 was significantly higher (2.23±0.30 vs 1.13±0.28
and 1.65±0.38 vs 0.56±0.30 for TNF- and VEGF
respectively, P <0.01), whereas there was no difference in
M7 (1.14±0.38 vs 1.06±0.27 and 0.67±0.35 vs 0.50±0.24
for TNF- and VEGF respectively, P>0.05) and M14 (1.20±0.25
vs 1.04±0.26 and 0.65±0.18 vs 0.53±0.25 for TNF- and
VEGF respectively, P>0.05). And the expression of TNF-
and VEGF in M21 was significantly higher than that in M7

(2.23±0.30 vs 1.14±0.38 and 1.65±0.38 vs 0.67±0.35 for
TNF- and VEGF respectively, P<0.01) and M14 (2.23±0.30
vs 1.20±0.25 and 1.65±0.38 vs 0.65±0.18 for TNF- and
VEGF respectively, P<0.01), but there was no difference
between M7 and M14 (1.14±0.38 vs 1.20±0.25 and 0.67±0.35
vs 0.65±0.18 for TNF- and VEGF respectively, P >0.05).
CONCLUSION: In the development of esophageal varices
in portal hypertensive rats, increased TNF- and VEGF
may be not an early event, and probably play a role in
weakening the esophageal wall and the rupture of
esophageal varices.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has been known that portal hypertension is responsible
for the opening and dilatation of relative collateral vessels,
which can lead to the development of varices at various
locations. Esophageal varices are one of its most common
and sometimes lethal complications. The studies on
esophageal varices have been going on for more than one
century, and have gained great achievements especially in
the treatment, but the mechanism of their development
remains to be clarified.
The functions of humoral substances in portal
hypertension had been studied for a long time; however,
most of the research was on their changes in the circulation.
Recent studies suggested that the changes of humoral
substances in portal hypertensive esophagus may be
responsible for the development and rupture of esophageal
varices[1-4].
Tumor necrosis factor-alpha (TNF-), a 17 ku
mononuclear-derived cytotoxic protein, plays an important
role in the pathogenesis of multiple diseases [5-8]. The
evidences indicate that the increased production of TNF-
has been implicated in the vasodilatation associated with
portal hypertension, which mainly mediated through an
increased release of nitric oxide[9-12] . And further studies
showed that TNF- may activate not only the nitric oxide

Yin ZH et al. TNF- and VEGF in portal hypertensive esophagus

synthase (NOS) gene but also the ET-1 gene [13-16] .
Furthermore, recent studies suggested that the overexpression
of NOS and ET-1 in portal hypertensive esophagus may
be responsible for the development and rupture of
esophageal varices[1-3], but the expression and function of
TNF- in portal hypertensive esophagus remain unclear.
Vascular endothelial growth factor (VEGF), termed on
its ability to promote growth of vascular endothelial cells, is
a glycoprotein that selectively induces endothelial
proliferation, angiogenesis, and capillary hyperpermeability,
and is known as a key regulator of blood vessel growth[17,18].
Several studies showed that the VEGF gene is expressed in
a wide variety of normal animals and human tissue[19,20] ,
and it also plays an important role in some pathological
conditions, which related to vessel changes[21-25]. Though the
serum VEGF levels in cirrhotic patients was significantly
lower than that in the control[26-28], the expression of VEGF
in portal hypertensive gastric mucosa, whether in patients
or in animal models, had significantly increased[29,30]. As to
esophageal varices, another complication of portal
hypertension, Genesca et al [27] observed that the serum
VEGF levels in cirrhotic patients without gastroesophageal
varices was higher than that in patients with them, but how
it is expressed in portal hypertensive esophagus remains
unknown.
Since esophageal varices are characterized by the
pathological changes of esophageal submucosal vein, and
are also components during the progress of portal
hypertension, we hypothesized that TNF and VEGF may
be involved in the etiopathology of esophageal varices. So
in the present study, we established a rat model of esophageal
varices by a two-stage ligation of portal vein plus ligation
of the left adrenal vein, then investigated the dynamic
expression of TNF- and VEGF in the development of
esophageal varices in portal hypertensive rats.

MATERIALS AND METHODS
Preparation of esophageal variceal rat model
Sixty male Sprague-Dawley rats weighing 225-275 g,
obtained from the Laboratory Animals Center of Xiangya
Medical College, were divided into the model group and
the control randomly. Modified from Tanoue’s method[31],
a two-stage ligation of portal vein plus ligation of the left
adrenal vein was performed in the model group. In brief,
with the rats under ether anesthesia, the portal vein was
isolated after median laparotomy. A ligature was tied by a
3-0 silk around both an 18-gauge hypodermic needle lying
alongside the portal vein and the portal vein, and then
removal of the needle yielded a partial ligation of the portal
vein. Subsequently, both ends of silk were drawn out
through the abdominal wall after a round the portal vein,
and placed hypodermically in the flank. In addition, the left
kidney, adrenal gland, and adrenal veins were exposed, and
the left adrenal vein was ligated, but no devascularization
was conducted at the circumference of the left renal vein
except removal of the retroperitoneal fat around the top
of left kidney. Seven days after the operation, the ends of
the silk in the flank were pulled simultaneously to make a
complete portal ligation.

1233

Thirty rats in model group were divided into three
subgroups (M7, M14, and M21, n = 10), which were kiued on
the seventh day, the 14th d and the 21 d after the complete
portal ligation. The rats in the control group, which underwent
a sham operation, were also separated into three subgroups
(C7, C14, and C21, n = 10), corresponded to the model group.
The rats fed with rat chow and water ad libitum before
and after surgery. All procedures are under the animal
protection council.
Measurement of the portal pressure
After the rats were anesthetized with ether and the superior
mesenteric vein was exposed. A catheter perfused with
heparin saline solution (200 units of heparin diluted in
1 mL of 0.9% saline solution) was inserted through the
superior mesenteric vein into the portal vein. The portal
pressure was measured from the height of the column of
saline within the catheter, with the right atrium as the zero
reference.
Tissue preparation
After portal pressure measurement, the rats were killed with
a bolus of 0.5 mL potassium chloride via the mesenteric
catheter. The lower esophagus (0.5 cm in length from
esophagogastric junction) was excised, fixed in 10% buffered
formalin, and embedded in paraffin. Serial transverse
sections were cut at 4 m, some stained with hematoxylin
and eosin (HE) for pathological study and others for
immunohistochemistry.
Immunohistochemical procedure
TNF- and VEGF were detected by the immunohistochemical
SP technique according to the manufacturer’s instructions.
In TNF- staining, the antigen enhancement was performed
by immersing the slides in boiling 10 mmol/L citric acid
buffer (pH 6.0) for 20 min. In VEGF staining, sections
were treated with boiling EDTA solution for 20 min. After
immersing in 0.3% H 2O2 in methanol for 10 min and
incubating with normal goat serum for 10 min at room
temperature, sections were incubated with the primary
antibody of either anti-TNF (goat polyclonal antibody,
Santa Cruz, diluted 1:50) or anti-VEGF antibody (mouse
monoclonal antibody, Santa Cruz, diluted 1:50) at 4 ℃
overnight. Then, sections were incubated with biotinylated
second antibody of either anti-mouse or anti-goat IgG for
10 min at room temperature, followed by 10-min incubation
in an S-P complex solution. Finally, the peroxidase activity
was visualized with 0.4% diaminobenzidine (DAB). Sections
were rinsed in 0.01 mol/L phosphate buffer solution (PBS,
pH 7.4) between every two steps. We used PBS instead of
the primary antibody as negative control.
Morphometric analysis
With the computer software HPIAS-1000, the number of
vessels and the total vascular area (diameter >20 m) in
the esophageal submucosa were calculated.
Immunohistochemical expression of TNF- and VEGF
were detected with the corrected optical density (COD)
values. Briefly, the optical density of immunoreactive
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products in five randomly selected fields of each different
esophageal section was measured by an image-based analysis
system, and the measurement was standardized by
subtracting the background intensity of each section.
Statistical analysis
All data were analyzed using the SPSS10.0 for Windows.
The results were expressed as the mean±SD. Mann-Whitney
U test was used to determine any significance between
groups. P<0.05 was considered to be significant.

RESULTS
Portal pressure
The mean portal pressure in all three model subgroups (M7,
M 14 , and M 21) was significantly higher than that in the
corresponding control subgroups (C7, C14, and C21) (P<0.01).
There was no difference in portal pressure between M14
and M21 (P>0.05), and it had significantly decreased in both
than in M7 (P<0.05) (Table 1).

Table 1 Portal venous pressure (cmH 2 O, n = 10) (mean±SD)
Group

7d

14 d

Figure 1 Markedly dilated esophageal submucosal veins (arrow) in
the lower esophagus in M14 group. (H & E, 40).

Expression of TNF-
Positive TNF--immunoreactive products (brown-colored)
were mainly observed on the surface of esophageal mucosa
(Figure 2). The immunoreactivity for TNF- in M21 group
was stronger than that in M7, M14 and the control subgroups
(P<0.01), but there was no difference between M7 and M14
(P>0.05) (Table 4).

21 d

Model

23.82±1.83

20.90±3.27

20.68±2.27

Control

11.61±0.86

11.43±1.55

11.87±0.79

Table 4 COD value of TNF -positive products in the lower esophagus
(mean±SD)
Group

Esophageal morphometric analysis
Number of veins in submucosa The number of submucosal
veins in the three model subgroups (M7, M14, and M21) was
significantly higher than that in the corresponding control
subgroups (C7, C14 , and C21 ) (P<0.01), but there was no
difference between model subgroups (P>0.05) (Table 2).

Table 2 Number of veins in the esophageal submucosa (n = 10)
(mean±SD)
Group

7d

14 d

21 d

Model

9.3±1.6

11.1±0.8

11.7±1.5

Control

5.1±0.8

5.4±1.3

5.2±1.1

7d

14 d

21 d

Model

1.14±0.38

1.20±0.25

2.23±0.30

Control

1.06±0.27

1.04±0.26

1.13±0.28

Expression of VEGF
The VEGF-immunoreactive brown-colored deposits were
mainly located in the endothelia of submucosal vessels, and
were also seen in the muscularis mucosa and propria
(Figure 2). The immunohistochemistry staining intensity for
VEGF in M21 group was stronger than that in M7, M14 and
the control subgroups (P<0.01), but there was no difference
between M7 and M 14 (P>0.05) (Table 5).

Table 5 COD value of VEGF-positive products in the lower esophagus
(mean±SD)

Total vascular area in submucosa The total vascular
area in the three model subgroups (M7, M14 , and M21) was
significantly higher than in the corresponding control
subgroups (C7, C14, and C21) (P<0.01). There was no difference
in total vascular area between M 14 and M 21 (P>0.05), and
it was significantly higher in both than that in M 7 (P<0.05)
(Figure 1, Table 3).

Table 3 Total vascular area in the esophageal submucosa (m2, n = 10)
(mean±SD)
Group

7d

14 d

Model

78 972.6±3 527.8 107 207.5±4 6461.4

Control

12 993.5±4 994.8

11 862.6±5 423.2

21 d
110 241.4±49 262.2
11 973.7±3 968.5

Group

7d

14 d

21 d

Model

0.67±0.35

0.65±0.18

1.65±0.38

Control

0.50±0.24

0.53±0.25

0.56±0.30

DISCUSSION
In our study, a prehepatic portal hypertensive rat model
was created, and the rats in model group developed more
submucosal vessels than in the control. On the 14th d and
the 21 d after the complete portal ligation, the portal pressure
and the vascular area were stabilized basically; so we conclude
that 7 d after the complete portal ligation should be
considered the early stage, whereas 14 and 21 d, the
persistent stage, in the development of esophageal varices.
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Figure 2 VEGF and TNF- immunoreactive staining in the lower esophagus of portal hypertensive rats. A: VEGF-immunoreactive staining in
M21 group, and positive staining mainly located in the endothelia of submucosal vessels of the lower esophagus. (× 200); B: TNF- immunoreactive staining in M21 group, and positive staining mainly located on the surface of the lower esophageal mucosa. (×100).

TNF- was first identified as an endotoxin-induced
serum factor that can cause necrosis of tumors, by Carswell
et al[31] in 1975, and this multifunctional cytokine can increase
vascular permeability and cause both structural and
metabolic changes in vascular endothelial cells[33]. Our results
showed that overexpression of TNF- was only detected
in M21 group, and the positive immunostaining areas were
mainly in the surface of esophageal mucosa rather than
submucosal vessels. Though other studies suggested that
TNF- can cause the overexpression of NOS and ET-1 in
portal hypertensive gastric mucosa, our results showed that
the overexpression of NOS and ET-1 was even earlier than
TNF- (data not shown). All findings indicated that TNF-
produced in local esophagus may play an important role at
the persistent stage in the development of esophageal varices
via other pathway instead of NOS and ET-1 pathway, and
the pathogenesis of esophageal varices may be different
from the portal hypertensive gastropathy (PHG). On the
other hand, as an inflammatory factor, the overexpression
of TNF- in the surface of esophageal mucosa may
increase mucosal susceptibility to injury, but its function in
local portal hypertensive esophagus remains to be clarified.
VEGF was first described by Senger[34] in 1983 who
partially purified a factor secreted by hepatocarcinoma cell
lines that increased dye extravasation into the skin of guinea
pigs. This peptide was also termed vascular permeability factor
(VPF) since it can increase interstitial accumulation of
intravenously injected dye and stimulate the production of
ascites[34,35], or termed vasculotropin based on its ability to
stimulate endothelial cell migration[36], and now this peptide
is referred to as VEGF. VEGF can stimulate endothelial
mitosis, migration and increase permeability of endothelial
monolayers by binding to the three different receptors[18] .
In our study, its expression in M21 group was stronger than
in other groups, which suggested that the synthesis of VEGF
was not an early accident in the development of esophageal
varices. Kroll et al[36] observed that the activation of VEGF
receptor-2 leads to an up-regulation of NOS protein.
Though we did not detect the expression of VEGF receptor2 in our study, our data showed the overexpression of NOS
in portal hypertensive esophagus, which seems not to be
activated by VEGF produced at local esophagus indicating
that the overexpression of NOS was earlier than VEGF
(data not shown). The late-stage increased VEGF can

probably cause edema of submucosal layer and lead varices
losing their surrounding support, consequently resulting in
the weakness of the esophageal wall and predisposes varices
to the rupture by inducing vascular hyperpermeability.
Interestingly, we also noticed the controversy that
whether a dilated submucosal vein plexus resulted from
passive opening of pre-existent vascular channels or from
the newly formed vessels. In our study, the model rats
developed more submucosal vessels than the control.
However, we only counted the vessels with diameter over
20 µm; there is always the possibility that the higher vessel
number could be attributed to the dilatation of pre-existent
veins not counted in the control group due to their small
size. Nevertheless, the total vascular area in M 14 and M 21
was significantly higher than M7, but there is no significant
difference in the number of vessels, which indicated the
majority of the dilatation of pre-existent veins in the early
stage of esophageal varices. In addition, whether the
overexpression of VEGF indicates the formation of new
vessels at late stage of esophageal varices, our acute model
cannot answer the question yet; however, it is more likely
there is the passive opening of pre-existent vascular channels
at early stage in the development of esophageal varices,
and de novo synthesis of new vascular channels may appear
at late stage.

REFERENCES
1

2

3

4

5

Tanoue K, Tarnawski AS, Santos AM, Hanke S, Sugimachi
K, Sarfeh IJ. Reduced expression of basic fibroblast growth
factor and its receptor mRNAs and proteins in portal hypertensive esophageal mucosa: a mechanism responsible for muscularis mucosae thinning and variceal rupture. Surgery 1996;
119: 424-430
Ohta M, Pai R, Kawanaka H, Ma T, Sugimachi K, Sarfeh IJ,
Tarnawski AS. Expression of endothelin-1, and endothelin A
and B receptors in portal hypertensive esophagus of rats. J
Physiol Pharmacol 2000; 51: 57-67
Tanoue K, Ohta M, Tarnawski AS, Wahlstrom KJ, Sugimachi
K, Sarfeh IJ. Portal hypertension activates the nitric oxide
synthase genes in the esophageal mucosa of rats. Gastroenterology 1996; 110: 549-557
Huang YQ, Xiao SD, Zhang DZ, Mo JZ. Nitric oxide synthase
distribution in esophageal mucosa and hemodynamic changes
in rats with cirrhosis. World J Gastroenterol 1999; 5: 213-216
Mitsiades CS, Poulaki V, Mitsiades N. The role of apoptosisinducing receptors of the tumor necrosis factor family in thy-

1236

6
7

8

9

10

11

12

13

14

15

16

17

18
19

20

21

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

roid cancer. J Endocrinol 2003; 178: 205-216
Vassalli P. The pathophysiology of tumor necrosis factors.
Annu Rev Immunol 1992; 10: 411-452
Feldman AM, Combes A, Wagner D, Kadakomi T, Kubota
T, Li YY, McTiernan C. The role of tumor necrosis factor in the
pathophysiology of heart failure. J Am Coll Cardiol 2000; 35:
537-544
Ruiz-del-Arbol L, Urman J, Fernandez J, Gonzalez M, Navasa
M, Monescillo A, Albillos A, Jimenez W, Arroyo V. Systemic,
renal, and hepatic hemodynamic derangement in cirrhotic
patients with spontaneous bacterial peritonitis. Hepatology
2003; 38: 1210-1218
Mookerjee RP, Sen S, Davies NA, Hodges SJ, Williams R,
Jalan R. Tumour necrosis factor alpha is an important mediator of portal and systemic haemodynamic derangements in
alcoholic hepatitis. Gut 2003; 52: 1182-1187
Munoz J, Albillos A, Perez-Paramo M, Rossi I, Alvarez-Mon
M. Factors mediating the hemodynamic effects of tumor necrosis factor-alpha in portal hypertensive rats. Am J Physiol
1999; 276: G687–G693
Lopez-Talavera JC, Cadelina G, Olchowski J, Merrill W,
Groszmann RJ. Thalidomide inhibits tumor necrosis factor
alpha, decreases nitric oxide synthesis, and ameliorates the
hyperdynamic circulatory syndrome in portal-hypertensive
rats. Hepatology 1996; 23: 1616-1621
Fernando B, Marley R, Holt S, Anand R, Harry D, Sanderson
P, Smith R, Hamilton G, Moore K. N-acetylcysteine prevents
development of the hyperdynamic circulation in the portal
hypertensive rat. Hepatology 1998; 28: 689-694
Marsden PA, Brenner BM. Transcriptional regulation of the
endothelin-1 gene by TNF-alpha. Am J Physiol 1992; 262: C854C8 61
Ohta M, Ta rnaw ski AS, Itani R, Pai R, Tomi ka wa M,
Sugimachi K, Sarfeh IJ. Tumor necrosis factor alpha regulates nitric oxide synthase expression in portal hypertensive
gastric mucosa of rats. Hepatology 1998; 27: 906-913
Kaviani A, Ohta M, Itani R, Sander F, Tarnawski AS, Sarfeh
IJ. Tumor necrosis factor-alpha regulates inducible nitric oxide synthase gene expression in the portal hypertensive gastric mucosa of the rat. J Gastrointest Surg 1997; 1: 371-376
Kawanaka H, Jones MK, Szabo IL, Baatar D, Pai R, Tsugawa
K, Sugimachi K, Sarfeh IJ, Tarnawski AS. Activation of eNOS
in rat portal hypertensive gastric mucosa is mediated by TNFalpha via the PI 3-kinase-Akt signaling pathway. Hepatology
2002; 35: 393-402
Ferrara N, Henzel WJ. Pituitary follicular cells secrete a novel
heparin-binding growth factor specific for vascular endothelial cells. Biochem Biophys Res Commun 1989; 161: 851-858
Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and
its receptors. Nat Med 2003; 9: 669-676
Berse B, Brown LF, Van de Water L, Dvorak HF, Senger DR.
Vascular permeability factor (vascular endothelial growth
factor) gene is expressed differentially in normal tissues,
macrophages, and tumors. Mol Biol Cell 1992; 3: 211-220
Monacci WT, Merrill MJ, Oldfield EH. Expression of vascular permeability factor/vascular endothelial growth factor in
normal rat tissues. Am J Physiol 1993; 264: C995- C1002
Brown LF, Yeo KT, Berse B, Yeo TK, Senger DR, Dvorak HF,
van de Water L. Expression of vascular permeability factor
(v a sc ul a r end oth el i a l gro w t h f a c t or) by e pi d erm a l

22

23

24

25

26

27

28

29

30
31

32

33

34

35

36

February 28, 2005

Volume 11

Number 8

keratinocytes during wound healing. J Exp Med 1992; 176:
1375-1379
Pierce EA, Avery RL, Foley ED, Aiello LP, Smith LE. Vascular endothelial growth factor/vascular permeability factor
expression in a mouse model of retinal neovascularization.
Proc Natl Acad Sci USA 1995; 92: 905-909
Hashimoto E, Ogita T, Nakaoka T, Matsuoka R, Takao A,
Kira Y. Rapid induction of vascular endothelial growth factor
expression by transient ischemia in rat heart. Am J Physiol
1994; 267: H1948-H1954
Banai S, Shweiki D, Pinson A, Chandra M, Lazarovici G,
Keshet E. Upregulation of vascular endothelial growth factor
expression induced by myocardial ischaemia: implications
for coronary angiogenesis. Cardiovasc Res 1994; 28: 1176 11 79
Suzuki K, Hayashi N, Miyamoto Y, Yamamoto M, Ohkawa
K, Ito Y, Sasaki Y, Yamaguchi Y, Nakase H, Noda K, Enomoto
N, Arai K, Yamada Y, Yoshihara H, Tujimura T, Kawano K,
Yoshikawa K, Kamada T. Expression of vascular permeability factor/vascular endothelial growth factor in human hepatocellular carcinoma. Cancer Res 1996; 56: 3004-3009
Akiyoshi F, Sata M, Suzuki H, Uchimura Y, Mitsuyama K,
Matsuo K, Tanikawa K. Serum vascular endothelial growth
factor levels in various liver diseases. Dig Dis Sci 1998; 43: 4145
Genesca J, Gonzalez A, Mujal A, Cereto F, Segura R. Vascular endothelial growth factor levels in liver cirrhosis. Dig Dis
Sci 1999; 44: 1261-1262
Tsugawa K, Hashizume M, Migou S, Kishihara F, Kawanaka
H, Tomikawa M, Sugimachi K. Role of vascular endothelial
growth factor in portal hypertensive gastropathy. Digestion
2000; 61: 98-106
Ts uga wa K , Ha s hi z ume M , Tomi ka w a M, Mi g ou S,
Kawanaka H, Shiraishi S, Sueishi K, Sugimachi K. Immunohistochemical localization of vascular endothelial growth factor
in the rat portal hypertensive gastropathy. J Gastroenterol
Hepatol 2001; 16: 429-437
Tanoue K, Kitano S, Hashizume M, Wada H, Sugimachi K. A
rat model of esophageal varices. Hepatology 1991; 13: 353-358
Carswell EA, Old LJ, Kassel RL, Green S, Fiore N, Williamson
B. An endotoxin-induced serum factor that causes necrosis
of tumors. Proc Natl Acad Sci USA 1975; 72: 3666-3670
Stephens KE, Ishizaka A, Larrick JW, Raffin TA. Tumor
necrosis factor causes increased pulmonary permeability and
edema. Comparison to septic acute lung injury. Am Rev Respir
Dis 1988; 137: 1364-1370
Senger DR, Galli SJ, Dvorak AM, Perruzzi CA, Harvey VS,
Dvorak HF. Tumor cells secrete a vascular permeability factor that promotes accumulation of ascites fluid. Science 1983;
219: 983-985
Senger DR, Connolly DT, Van de Water L, Feder J, Dvorak
HF. Purification and NH2-terminal amino acid sequence of
guinea pig tumor-secreted vascular permeability factor. Cancer Res 1990; 50: 1774-1778
Favard C, Moukadiri H, Dorey C, Praloran V, Plouet J. Purification and biological properties of vasculotropin, a new angiogenic cytokine. Biol Cell 1991; 73: 1-6
Kroll J, Waltenberger J. VEGF-A induces expression of eNOS
and iNOS in endothelial cells via VEGF receptor-2 (KDR).
Biochem Biophys Res Commun 1998; 252: 743-746

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(8):1237-1240
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression of p57kip2 and its relationship with clinicopathology,
PCNA and p53 in primary hepatocellular carcinoma
Ke-Jun Nan, Hui Guo, Zhi-Ping Ruan, Zhao Jing, Shaan-Xi Liu
Ke-Jun Nan, Hui Guo, Zhi-Ping Ruan, Zhao Jing, Department
of Oncology, First Hospital of Xi’an Jiaotong University, Xi’an
710061, Shaanxi Province, China
Shaan-Xi Liu, Department of Hematology, First Hospital of Xi’an
Jiaotong University, Xi’an 710061, Shaanxi Province, China
Correspondence to: Ke-Jun Nan, Department of Oncology, First
Hospital of Xi’an Jiaotong University, Xi’an 710061, Shaanxi
Province, China. guoguo79_79@163.com
Fax: +86-29-85324086
Received: 2004-02-14 Accepted: 2004-03-02

Abstract
AIM: To investigate the expression of p57kip2 and its
relationship with clinicopathology, PCNA and p53 in primary
hepatocellular carcinoma (HCC).
METHODS: Expression of p57 kip2 , PCNA and p53 in
tumor tissues from 32 patients with HCC and 10 liver
tissues of normal persons was detected with Elivision
immunohistochemical technique.
RESULTS: The p57kip2 protein positive-expression rate in
HCC was 56.25%, lower than that in normal tissues
(100%, P<0.05). The reduced expression of p57kip2 protein
correlated significantly with moderate or low differentiation
of tumor cells (P = 0.007 <0.05), high clinical stage
(P = 0.041 <0.05) and poor prognosis (P = 0.036 <0.05),
but did not correlate significantly with metastasis, tumor
size, level of AFP and age (P>0.05). The PCNA positiveexpression rate was 56.25%, which was correlated
significantly with the expression of p57kip2 (P = 0.025<0.05).
The p53 positive-expression rate was 46.88%, which was
not correlated significantly with the expression of p57kip2
(P>0.05).
CONCLUSION: There is a marked loss or absence of
p57kip2 expression and high expression of PCNA in HCC,
which are involved in carcinogenesis and development of
HCC. The p57kip2 and p53 may induce apoptosis via different
mechanisms.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The damage of cell cycle is the crucial point in carcinogenesis
and development of HCC. Orderly progression of cell cycle
is controlled by the families of cyclins and cyclin-dependent
kinas (CDKs), which are restrictively counterbalanced by
CDK inhibitors (CDKIs). The p57kip2 was found by Matsuoka
and located at 11p11.5, which is included in the CIP-KIP
families. The structure of p57kip2 has partial homology with
p21 and p27, which harbors homologous CDK binding
domains or function of cyclin-CDK complexes and makes
cell cycle to arrest in G1 phase[1]. The p57kip2 has the function
of a tumor suppressor gene. The expression of PCNA has
an intimate relationship with cell proliferation[2]. The p53 is
an important gene to induce cell apoptosis and may have
osculation with p57 kip2 in function[3] . In this study, the
expression of p57kip2, PCNA protein and p53 in tissues of
HCC as detected with immunohistochemical Elivision
technique to investigate the roles of p57 kip2 , PCNA and
p53 in the genesis and progression of HCC.
MATERIALS AND METHODS
Materials
Thirty-two specimens of HCC and 10 normal liver tissues
as controls were collected from surgical resections
performed in the First Hospital of Xi’an Jiaotong University
from 2000 to 2002. Of the patients, 26 (81.25%) were
males and 6 (18.75%) were females and the mean age was
49.19±12.32 years (range, 29-77 years). All the patients were
confirmed to have HCC by the clinicopathological diagnosis.
According to the histological grading, three were at grade I,
14 were at grade II, 11 were at grade III and 4 were at
grade IV. All the specimens of HCC and normal liver tissues
were fixed in 100 mL/L buffered formalin, processed
routinely, embedded in paraffin and cut into 4-m-thick
sections, which were placed on poly-L-lysine-coated slides
for immunohistochemistry. In each case, all available
hematoxylin and eosin-stained sections were reviewed, and
representative blocks were chosen for further studies. Antihuman p57kip2 monoclonal antibody (57P06), anti-human
PCNA monoclonal antibody (PC10), anti-human p53
monoclonal antibody (MAB-0226) and Elivision kit were
supplied by Maixin-Bio Co., Fuzhou, China.
Immunohistochemical study (Elivision)
Slides were deparaffinized in xylene twice for 10 min,
dehydrated through graded ethanol to distilled water for
5 min, respectively. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxidase for 20 min. Slides
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were heated in 0.01 mol/L citrate buffer (pH 6.0) at a high
temperature and high pressure for 7 min for antigen retrieval.
After cooled to room temperature, the sections were
incubated for 20 min in a blocking solution containing 10%
normal goat serum in PBS [0.01 mol/L phosphate (pH 7.4)]
and incubated with anti-human p57kip2 monoclonal antibody
(work quality) in a humidified chamber at 4 ℃ overnight.
While the sections with anti-human PCNA monoclonal
antibody and anti-human p53 monoclonal antibody (1:50,
Santa Cruz Biotechnology, CA, USA) were incubated for
1 h at 37 ℃, incubated for 40 min with goat anti-rabbit
IgG conjugated to horseradish peroxidase (Santa Cruz
Biotechnology). The 3,3’-diaminobenzidine was used as
chromogen for 3 min. Slides were counterstained for
2 min with hematoxylin solution and differentiated for 3 s
with hydrochloric acid alcohol, then dehydrated and cover
slipped. Normal liver tissue was regarded as a positive
control, whereas the primary antibody was replaced by PBS
as a negative control.
Value of score
The cells with brown-yellow granules in the nuclei or
cytoplasm were taken as p57kip2 positive cells, and the mean
of 10 visual fields on each slide was counted. The extent
of positivity was graded as follows: 0, <10%; 1, 10-25%; 2,
25-50%; 3, 50-75%; 4, >75% of the hepatocytes. The
intensity was evaluated as follows: 0, negative; 1, weak; 2,
moderate; 3, strong. The score was obtained by multiplying
the extent and the intensity of positivity. The slides were
distinguished as negative (-), positive (+), strong positive
(++) and strongest positive (+++) when the score was <2,
between 3 and 5, 6 and 8, and >9, respectively. The cells
with brown-yellow granules in the nuclei were taken as PCNA
and p53 positive cells. The slides were distinguished as
negative (-), and positive (+) when the count of positive
cells was less than 50% and over 50% for PCNA and p53,
respectively.
Statistical analysis
Fisher’s exact test and Spearman correlation (SPSS 11.0
for Windows) were adopted to assess the association between
p57 kip2 expression and clinicopathology, PCNA and p53.
P<0.05 was considered statistically significant.

RESULTS
p57kip2 expression in HCC and normal tissues
The p57kip2 protein was located in the nuclei or cytoplasm
of normal liver cells and the HCC cells with brown-yellow
granules (Figures 1, 2). The p57kip2 protein positive-expression
rate in tumor tissues of HCC was 56.25% (18/32), which
was lower than that (100.0%) in the normal liver tissues
(P<0.05).
Relationship between p57kip2 and clinicopathology
The p57kip2 protein positive-expression rate in moderate or
poorly differentiated group was 20.0%, being lower than
that (88.24%) in well-differentiated group (P = 0.007). In a
word, the lower the cancer cells were differentiated, the
higher the rate of p57kip2 protein was reduced. In addition,
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Figure 1 Positive p57kip2 expression in normal hepatocytes and
well-differentiated carcinomas. A: Positive p57kip2 expression in normal hepatocytes (20×); B: Positive p57kip2 expression in well-differentiated carcinomas (40×).

Figure 2 Negative p57kip2 expression in moderately or poorly differentiated carcinomas and positive expression of p57kip2 in adjacent
liver tissues (20×).

Table 1 Relationship between p57kip2 and pathological indexes
p57kip2 protein expression
Characters
–
Histological grade
I-II
2
III-IV
12
Clinical stage
I-II
5
III-IV
9
Age (yr)
<45
2
≥45
12
AFP (g/L)
<400
7
≥400
7
Tumor size
<5 cm
4
≥5 cm
10
Local metastasis
Yes
7
No
7
Survival time
<1 year
11
≥1 year
3

Positive
rate (%)

+

++

+++

4
0

5
3

6
0

88.24a
20.00a

2
2

6
2

5
1

72.22 c
35.71 c

2
2

5
3

3
3

83.33
40.00

3
1

5
3

6
0

66.67
36.36

3
1

3
5

3
3

69.23
47.37

2
2

4
4

4
2

58.82
53.33

0
4

4
4

3
3

38.89 e
78.57 e

a
P<0.05 vs poorly differentiated group; cP<0.05 vs high clinical stages; eP<0.05
vs poor prognosis.

the reduced p57 kip2 expression showed a significant
relationship with higher clinical stages (stages III and IV,
P = 0.041) and poor prognosis (<1 year, P = 0.036).
However, no relationship was found between p57 kip2 and
age, level of AFP, tumor size and local metastasis (Table 1).
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Figure 3 Highly positive expression of PCNA in tumor tissue of HCC
and low expression of PCNA in adjacent liver tissues (40×).

Figure 4 Positive expression of p53 in HCC tissue (40×).

Relationship of p57kip2, PCNA and p53
PCNA was located in nuclei of HCC cells with brownyellow granules (Figure 3). The p53 was located in nuclei
of positive HCC cells with brown-yellow granules (Figure 4).
The results suggested that the PCNA positive-expression
rate was higher in HCC tissue (56.25%) than that in the
normal liver tissues (30%) and the p53 positive-expression
rate was lower in HCC tissue (46.88%) compared with that
in the normal liver tissues (80%, P<0.05).
The p57 kip protein positive-expression rate in tumor
tissues of PCNA positive-expression group was 38.39%,
and was 78.39% in tumor tissues of PCNA negativeexpression group. There was a significant relationship
between the two groups (r = 0.397, P = 0.025). The p57kip2
protein positive-expression rate in tumor tissues of p53
positive-expression group (66.67%) was higher than that in
tumor tissues of p53 negative-expression group (47.03%).
But there was no significant relationship between the two
groups (r = 0.197, P = 0.279) (Table 2).
Table 2 Relationship between p57kip2 , PCNA and p53
p57kip2 Protein expression
Characters
PCNA
–
+

-

+

++

+++

3

3

3

5

11

1

5

1

9
5

1
3

5
3

2
4

p53
–
+
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DISCUSSION
The G1-phase regulation of cell cycle was a complex process
in which multiple factors took part, and abnormality of cell
cycle regulation was significantly correlated with the genesis
and progression of tumors[4].
The p57 kip2 gene is located on chromosome 11p15.5
and p57kip2 protein is a cell cycle inhibitor with a molecular
weight of 57 kDa, which is included in the CIP/KIP family
and similar to p21 and p27 protein in functions. The p57kip2
contains three structural domains: N-terminal region bearing
homology with CDK-inhibitors p21 (CIP1) and p27 (KIP1),
a central proline-rich domain, and a C-terminal region (QT
domain) shared with p27KIP1. The proline-rich domain included
clusters of alternating proline-alanine residues (PAPA-repeats)
that were hypothesized to mediate specific protein-protein
interactions required for the p57kip2 function[5,6]. The tumor
suppressor mechanism of p57kip2 protein might be integrated
with cyclin-CDK complexes including E-CDK2, D2-CDK2
and A-CDK2, making cell cycle to arrest in the G1 phase[7].
In many CDKIs, only p57kip2 was essential for the embryo
formation and played an important role in proliferation,
movement, transfiguration, differentiation and other
complicated processes[8] . The mice of p57 kip2 knockout
developed a series of abnormalities, high rate of tumor
occurrence and high mortality, suggesting that p57kip2 might
participate in cell proliferation and differentiation[9].
Paternal alleles of p57kip2 were imprinted, maternal alleles
of p57kip2 were normally expressed and loss of imprinting
and imprinting mistakes of p57kip2 led to decreased level of
gene expression leading to carcinogenesis and development
of tumors[10]. It is the first gene that is regulated through
imprinting. As a tumor suppressor and regulator of growth,
this expression mode of p57 kip2 increased the risk of
abnormalities and cancers[11] . Several types of childhood
tumors, including Wilms’ tumor, adrenocortical carcinoma,
rhabdomyosarcoma and hepatocellular carcinoma, display
a specific loss of maternal 11p15 alleles, suggesting that
genomic imprinting plays an important part[8]. A few studies
about p57kip2 protein expression in human esophageal cancer,
gastric cancer, colorectal carcinoma, epithelial ovarian tumor,
breast cancer, neoplastic thyroid tissues and extra hepatic
bile duct carcinoma and intrahepatic cholangiocellular
carcinoma have been reported[12-19] , but the relationship
between p57 kip2 protein expression and HCC was less
reported. In this study, we found that the p57 kip2 protein
positive-expression rate in HCC tissues was significantly
lower than that in normal liver tissues, suggesting that loss
of p57 kip 2 expression correlated with malignant
transformation of hepatocytes. The high loss rate of p57kip2
was also found by Nakai[20] and the occurrence rate of tumor
was increased after p57 kip2 gene was knocked out. There
was a significant correlation between the p57 kip2 positiveexpression and histological grade of HCC (P = 0.007), the
poorer the cancer cells were differentiated, the lower the
expression of p57 kip2 in tumor tissues was. There was a
significant correlation between well-differentiated and poorly
differentiated HCC (P<0.05), showing that the inactivation
of p57 kip2 could occur at early stage of hepatocytes
transformation, leading to decrease of p57 kip2 protein
expression, and p57 kip2 negative-regulation function and
resulting in hepatocytes over-proliferation. It suggested that
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expression of p57kip2 was negatively correlated with clinical
stage and that p57 kip2 protein negative-expression may
indicate a poor prognosis. In our statistical analysis, we found
that there was a significant relationship between p57 kip2
protein expression and prognosis. The p57kip2 protein was
more highly expressed in tumors with a good prognosis,
compared with tumors with a poor prognosis.
PCNA was an assistant factor of DNA synthetase delta,
it took part in DNA biological synthesis and regulated cell
cycle and cell proliferation by a tetramer with cyclin, CDK
and p21. The amount of PCNA could reflect the
proliferating activity of cancer cells, and could be regarded
as the index of proliferation[21]. Over-expression of PCNA
was associated with a variety of tumors of the digestive
system. Our results showed that the PCNA positiveexpression rate was higher in HCC tissue than that in normal
liver tissues and the p57kip2 protein positive-expression rate
was lower in PCNA positive tissues than that in PCNA
negative tissues (P<0.05), suggesting that PCNA had a high
positive-expression in HCC and cell proliferating activity
was high in tumor tissues with negative or reduced expression
of p57kip2 protein. It was proved that p57kip2 could interact
with PCNA, and p57 kip2 could block by DNA replication
via suppressing the function of PCNA as a tumor suppressor.
It has been found that p53 is an important apoptosis
gene and its mutation induces cell-cycle dysregulation.
Fifty percent of human tumors with p53 mutation had
abnormality of DNA check. The HCCs with p53 mutation
had a high malignant potential, and p53 mutation in the
primary lesion could be used as an indicator for the biological
behavior of recurrent HCCs, and as an independent
prognostic factor affecting survival after recurrence, but
DNA check had no p53-dependent mechanism. Our results
showed a positive relationship between p57kip2 and p53, but
without statistical significance. Hong stimulated hepatocytes
with low-dose thioacetamide (TA) and found p57 kip2
increased to a peak level at d 2 but p53 increased to a peak
level at d 3, showing that p57kip2 arrested cell cycle in the S
phase but p53 arrested cells in G1 phase. It has been proved
that p53 expression is reduced in HCC, but p57 kip2 can
directly combine with CDK-cyclins via non-p53-dependent
mechanism to suppress CDKs and differs from p21 which
blocks cell cycle via p53-p21-CDKs-cyclins path.
In summary, the reduced expression of p57kip2 and the
high expression of PCNA are involved in carcinogenesis
and development of HCC. The p57kip2 and p53 can induce
apoptosis by different mechanisms.
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Abstract
Nonspherocytic hereditary anemias are occasionally
accompanied by significant iron overload but the
significance for the development of chronic liver disease
is not clear. We described two cases of patients with
chronic liver disease and severe iron overload due to
chronic hereditary hemolysis. Both patients have had signs
of liver cirrhosis and severe hemolysis since childhood. A
hereditary pyruvate kinase deficiency (PKD) was
discovered as the underlying reason for the hemolysis.
Sequencing of the pyruvate kinase gene showed a
mutation within exon 11. Liver histology in both patients
revealed cirrhosis and a severe iron overload but primary
hemochromatosis was excluded by HFE-gene analysis.
An iron reduction therapy with desferrioxamine led to
significant decrease of serum ferritin and sustained clinical
improvement. PKD-induced hemolysis may cause severe
iron overload even in the absence of HFE-genotype
abnormalities. This secondary iron overload can lead to
chronic liver disease and cirrhosis. Therefore, the iron
metabolism of PKD patients has to be closely monitored
and iron overload should be consequently treated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary hemolytic anemia is classified as spherocytic
anemia and nonspherocytic anemia. Spherocytic hemolytic
anemia is based on an impairment of the erythrocyte membrane
or mutations of integral compounds or the hemoglobin
molecule. Nonspherocytic hemolytic anemia is caused by a

functional defect of particular enzymes of the erythrocellular
glucose metabolism, namely the glycolytic cascade. Since,
glycolysis is the only way for mature erythrocytes to generate
ATP, inhibition of this pathway results in disturbance of
the erythrocellular energy metabolism and, ultimately,
hemolysis[1].
Here, we report two cases of patients with severe, nonspherocytic hemolytic anemia caused by hereditary pyruvate
kinase deficiency (PKD). The chronic hemolysis led to
secondary hepatocellular iron overload and subsequently
liver cirrhosis. These results suggest a consequent control
of the iron metabolism and the liver function in patients with
PK deficiency and, if necessary, an iron reducing therapy.

CASE REPORT
Case 1
A 56-year-old male patient (patient 1) with severe abdominal
pain, fever, nausea and emesis was admitted to the
emergency room. In addition, the patient had stigmata of
chronic liver disease such as icterus, spider naevi, dilated
abdominal subcutaneous veins and ascites. The clinical
picture and an abdominal ultrasound examination suggested
advanced liver cirrhosis and acute cholecystitis in the
presence of gallstones. Laboratory parameters at admission
confirmed severe inflammation. A significant iron overload,
as indicated by high serum iron and ferritin and siderinuria,
was found. Bilirubin was high and the liver function
parameters (cholinesterase, prothrombin time and albumin)
were significantly altered. However, further differentiation
of the elevated bilirubin revealed that the major proportion
was indirect bilirubin (>70%). In conjunction with an elevated
lactat-dehydrogenase (LDH 450 U/L) this was suggestive
for hemolysis. Concomitantly, the patient had anemia
(hemoglobin 9.4 mg/dL) with significantly stimulated
erythropoiesis, as demonstrated by the elevated reticulocyte
count of 21% (Table 1).
The patient reported the first onset of icterus at the age
of 12. At that time the spleen was removed and he had
significant and long-term improvement of the clinical situation.
Importantly, the patient revealed a positive family history
with a brother (patient 2) who suffered from chronic hemolysis
as well. Therefore, further efforts attempting to clarify the
etiology of the hemolytic anemia focused on the hereditary
hemolytic syndromes. Normal hemoglobin electrophoresis
and negative testing for sickle cell disease excluded hemoglobin
abnormalities and no sphero or elliptocytosis was found.
Osmotic resistance of the red blood cells was normal.
However, examination of intracellular erythrocyte enzymes
revealed a massively decreased activity of pyruvate kinase
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(3.5 U/10 11 erythrocytes; normal: 17.1-26.5), while the
activities of glucose-6-phosphate dehydrogenase, hexokinase
and glutation reductase were normal. This finding led to
the diagnosis of hereditary PKD.
After the antibiotic pretreatment, open cholecystectomy
was performed. The gallbladder was severely inflamed and
the intraoperative inspection and palpation of the liver were
suggestive for liver cirrhosis. The liver was biopsied and
histology confir med advanced periportal bridging.
Furthermore, a severe iron overload of hepatocytes and
biliary epithelial cells was present, suggestive for genetic
hemochromatosis (Figure 1). However, analysis of the HFEgenotype revealed no mutations and other chronic liver
diseases, such as alcohol, viral, or autoimmune-related hepatitis
and biliary diseases were excluded. Since a causal treatment
of PKD is at present not available, an iron-chelating therapy
with subcutaneous administration of desferrioxamine twice
a day[2] was initiated. Despite a significant stabilization of
the clinical condition under therapy (no ascites was found
in follow-up visits after 3, 6 and 12 mo) and in view of the
advanced stage of the liver cirrhosis (Child-Pugh Score 9),
the patient was evaluated and recommended for liver
transplantation. Unfortunately, he refused transplantation
and conser vative therapy with desferrioxamine was
continued. Unexpectedly, liver function is to date stable for
more than 3 years.
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(reticulocyte count of 22‰). Pyruvate kinase activity was
even lower in this patient than in the older brother. The
definitive confirmation of the congenital defect in both
patients was now performed by sequence analysis of the
pyruvate kinase gene within chromosome 5. A mutation of
a single base at position 1 529 within exon 11 of this gene,
with substitution of guanine (G) by adenosin (A) was evident
(Figure 2). On the amino acid level this mutation could cause
an exchange of arginine 510 into glutamate. This patient
also had elevated liver enzymes but, in contrast to the older
brother, he had no clinical signs of cirrhosis and his liver
function was completely normal. There was no evidence
for alcoholtoxic, viral or autoimmune hepatitis or an
underlying biliary disease. However, iron metabolism
parameters with high serum iron and ferritin were in a similar
range as in his older brother, indicating massive iron overload.
Liver biopsy confirmed the severe hepatocellular iron
overload, and revealed furthermore advanced periportal
bridging (Figure 1). This patient showed a markedly reduced
ejection fraction in echocardiography, indicating iron-induced
toxic cardiomyopathy. An iron chelating therapy with
desferrioxamine was initiated and complemented by
phlebotomy with a bimonthly withdrawal of 500-mL blood.
In both patients, the iron reducing therapy led to a significant
reduction of iron and ferritin over the next 12 mo (Figure 3).
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Case 2
The diagnosis of PKD prompted us to examine the younger
brother of the patient, who had a very similar medical history
of the development of icterus and concomitant splenectomy
during childhood. His actual laboratory parameters are
shown in Table 1 (patient 2). The bilirubin elevation in this
patient was caused solely by hemolysis, since direct bilirubin
proportion was within the normal range (0.7 mg/dL).
Correspondingly, all other hemolysis parameters were
elevated and erythropoiesis was significantly stimulated

Ferritin (mg/dL)

Figure 1 Liver histology of two patients with hereditary corpuscular hemolysis. Liver biopsies from patient 1 and 2 were fixed in
formaldehyde and embedded in paraffin following standard
protocols. Sections of 4-µm thickness were stained either with hematoxylin–eosin (HE-stain) or Perls Prussian Blue. Hepatic iron deposition was graded according to DiBisceglie.

Figure 2 Partial sequence analysis of the pyruvate kinase gene
(exon 11) in the patients described. Genomic DNA was prepared
from peripheral blood mononuclear cells (PBMC) and sequenced
according to standard protocols, applying [ 35 S] dATP during the
termination reaction and subsequent fluorography.
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Figure 3 D ecrease of iron ov erload in t he pat ient s under
desferrioxamine therapy. Iron metabolism was assessed by serum
ferritin concentration over a period of time of 30 mo.

Hilgard P et al. Liver cirrhosis due to PKD-induced iron overload
Table 1 Laboratory parameters of the described patients at admission
Liver inflammation
and function

Normal

Patient 1

Patient 2

ALT (GOT),

5–20 U/L

30 U/L

31 U/L

AST (GPT)

5–25 U/L

39 U/L

41 U/L

-GT
Alkaline phosphatase

5–30 U/L
<180 U/L

41 U/L
224 U/L

61 U/L
219 U/L

Prothrombin time

70–110%

48%

102%

1.43

0.99

INR
Albumin
Cholinesterase

(3.6–5.0 g/dL)
(3.5–7.0 kU/L)

2.9 mg/dL
2.1 kU/L

4.4 mg/dL
4.8 kU/L

C-reactive protein

<0.7 mg/dL

10 mg/dL

0.5 mg/dL

Erythrocyte morphology

anisocytosis,

macrocytosis,

poikilocytosis,
acanthocytosis

anisocytosis,
poikiLocytosis

Blood count, parameters of hemolysis and iron metabolism
· WBC

(3–10/nL)

24 /nL

13 /nL

· Hemoglobin

(13.5–-16 g/dL)

9.2 g/dL

11.5 g/dL

· Free hemoglobin

(35–-65 mg/dL)

150 mg/L

115 mg/L

· Total bilirubin
· Direct bilirubin

(0.4–-1.0 mg/dL)
(0.2–-0.5 mg/dL)

8.3 mg/dL
1.7 mg/dL

7.6 mg/dL
0.8 mg/dL

· Haptoglobin

(<0.23 g/L)

< 0.233 g/L

< 0.233 g/L

· Lactat-dehydrogenase (10–-150 U/L)

450 U/L

375 U/L

· Reticulocytes
· Ferritin

21 %
1850 ng/mL

22 %
1620 ng/mL

0.5 mg/24 h

0.3 mg/24 h

· Urine iron excretion

(<1%)
(15–630 ng/mL)

DISCUSSION
The diagnosis of PKD in both cases was confirmed by
sequence analysis of the PK gene, which revealed a single
nucleotide mutation (G to A) in the PK gene within exon
11 at position 1 529. Together with the glucose-6-phosphatedehydrogenase (G6PD) deficiency, PK deficiency is the most
common type of hereditary enzyme defect within the
glycolytic pathway causing nonspherocytic anemia[3,4]. The
point mutation detected in our 2 patients (G1529A) is one
of the most frequent mutations within the western European
population[5-7]. The remaining activity of PK in patients
carrying this mutation has been reported to be 10-25% and
reticulocytosis varies from 5% to 66%[7]. The disease shows
a broad range of clinical severity, which is loosely correlated
to the impairment of hematological parameters: The lower
the residual PK activity and the higher the reticulocyte count,
the more the patients are affected[7,3]. Since PK catalyzes
the final step within the glycolytic pathway (phosphoenolpyruvate→pyruvate), a decreased activity results in
alterations of the erythrocellular energy metabolism.
Subsequently, the activity of the membrane associated
sodium-potassium ATPase is impaired, leading to instability
of red blood cells[8].
A main clinical feature in the two PKD patients, examined
in this study, is a considerable iron overload. The iron
overload is independent of transfusion therapy. In the liver
tissue, the iron overload includes hepatocytes and even
biliary epithelial cells. Since this histological pattern correlates
to genetic hemochromatosis, the HLA phenotype and the
commonly known mutations in the hereditary hemochromatosis
(HFE)-gene (C282Y and H63D) were examined. The
possibility of a coincidence of both diseases seems not unlikely,
since 2-20% of the European population have mild
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alterations of the iron status associated with heterozygosity
for the main hemochromatosis mutation (C282Y), while a
much higher proportion carry the H63D mutation. A recent
study revealed abnormalities of the HFE-gene in 35% of
nontransfused patients with PKD and these abnormalities
coincide with increased serum iron and ferritin[9]. However,
in our patients heterozygosity for genetic hemochromatosis
was ruled out by a normal HFE-genotype.
In addition to heterozygosity for hemochromatosis,
splenectomy has been reported to be an independent risk
factor for iron overload in hemolytic diseases[10,11]. While
the increased iron turnover is the basis for the iron overload in
PKD[9,12], it alone is not sufficient to cause iron accumulation
in this disease[9,12]. Since both of our patients underwent
splenectomy during childhood, this circumstance was considered
as a main contribution to the significant iron overload they
had. It is well accepted, that primary and secondary iron
overloads have prefibrogenic effects within the liver tissue,
by sustained induction of oxidative stress[13,14]. As in our patients,
the level of the liver transaminases may only be marginally
elevated, since the iron-induced chronic inflammation is often
of very low activity, but nevertheless results in progressive
fibrosis[13] . Independent of the pathogenesis, liver iron
concentration must exceed a critical threshold, which has
been suggested to be around 350-400 µmol/L/g, in order
to cause hepatocellular damage[15,16]. Above this threshold,
the secondary iron overload (e.g.,due to hemolytic disease)
may have the same deleterious effects as the primary iron
overload in genetic hemochromatosis.
Taken together, it becomes obvious that the clinical
symptoms of the patients described in this study, are all
based on the PKD in association with the splenectomy.
Under this circumstance, chronic hemolysis is capable of
causing significant iron overload, which in turn is responsible
for the liver and cardiac disease of both patients. The
pathophysiological importance of iron overload in these
patients was also demonstrated by the effectiveness of the
iron chelating therapy, which led to a significant decrease
of serum ferritin and a stable liver function for more than
3 years. In addition to the iron overload, PKD-induced
hemolysis is responsible for the abdominal symptoms of
the elder patient (case 1). The chronic excess of bilirubin
obviously altered the solvent properties of the bile, resulting
in cholelithiasis, presumably consisting of bilirubin stones.
The stones caused cholecystitis, perhaps combined with
acute or chronic cholangitis. After cholecystectomy, these
associated symptoms such as fever and abdominal pain
relieved completely. Histological examination of gallbladder
and the gallstones after surgery confirmed these clinical
suspicions.
In summary, this study demonstrates that PKD-induced
hemolysis in conjunction with splenectomy may cause severe
iron overload even in the absence of HFE-genotype
abnormalities. The secondary iron overload may lead to
chronic liver disease and cirrhosis. Unfortunately, a sufficient
causal therapy for PKD is at present not available, although
new therapeutic strategies are under evaluation. The most
promising gene therapeutic approaches may be either
transplantation of heterologous hematopoietic stem cells[17]
or the reinfusion of autologous stem cells after correction
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of the PK gene sequence in the stem cell DNA in vitro[18] .
Until such therapies become available, we suggest a close
monitoring of the iron metabolism of PKD patients and a
consequent treatment of iron overload.
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Abstract
AIM: Clostridium difficile infection is primarily a nosocomial
infection but asymptomatic carriers of Clostridium difficile
can be found in up to 5% of the general population.
Ampicillin, cephalosporins and clindamycin are the
antibiotics that are most frequently associated with
Clostridium difficile-associated diarrhea or colitis. Little is
known about acute renal failure as a consequence of
Clostridium difficile-associated diarrhea.
METHODS: In this case report, we describe the course of

Clostridium difficile-associated diarrhea in an 82-yearold patient developing acute renal failure. Stopping the
offending agent and symptomatic therapy brought a rapid
improvement of diarrhea and acute renal failure, full
recovery was gained 18 d after admission. In a systematic
review we looked for links between the two conditions.
RESULTS: The link between Clostridium difficile-associated
diarrhea and acute renal failure in our patient was most
likely volume depletion. However, in experimental studies
a direct influence of Clostridium difficile toxins on renal
duct cells could be shown.
CONCLUSION: Rapid diagnosis, nonspecific supportive
treatment and specific antibiotic treatment, especially in
the elderly, may lower excess mortality Clostridium
difficile -associated diarrhea and renal failure being
possible complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Clostridium difficile-associated diarrhea is more common in
the hospital setting. A recent study found toxins of Clostridium
difficile in 18% of inpatients and in 58% of inpatients with
unexplained leukocytosis[1,2]. Overall mortality of patients
with hospital-acquired Clostridium difficile-associated diarrhea
was reported to be 15%[1]. However, toxins of Clostridium
difficile have also been found out of hospital in 5% of fecal
specimens of the asymptomatic general population [3].
Overall mortality of elderly patients admitted to an intensive
care unit with the diagnosis of acute renal failure was
reported to be 61%[4]. Clostridium difficile-associated diarrhea
and acute renal failure are both well-recognized conditions
but rarely occur together. The clinical course may be more
severe and mortality increased particularly in the elderly
population. Both conditions are reversible by relatively
simple measures provided an early diagnosis is made. The
clinical work-up and outcome of an 82-year-old man,
suffering from acute renal failure due to preclinical-acquired
Clostridium difficile-associated diarrhea, is presented.
Epidemiology, diagnostics and standards of treatment are
critically reviewed in line with current literature.
CASE REPORT
An 82-year-old man presented, in poor but stable general
condition, to the local emergency department of a tertiary
care university hospital with typical signs of gastroenteritis
lasting for 5 d. His medical history included non-insulindependent diabetes mellitus since 10 years, two myocardial
infarctions 1 year ago, cerebrovascular occlusive disease
treated with carotid endarterectomy 2 years ago and pulmonary
embolism 4 years ago. Initially, he had presented to his
general practitioner with abdominal pain lasting for a few
days. Considering his complex medical history his general
practitioner put him on amoxicillin/clavulanate potassium.
Because the symptoms did not improve during the following
days and his general condition started to deteriorate, the patient
called the ambulance and he was brought to the hospital. On
examination the patient’s blood-pressure was 115/85 mmHg
(15/11 kPa), his pulse rate 60 beats/min, he was dehydrated
but afebrile. Laboratory examinations showed highly elevated
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plasma urea (41 mmol/L, normal range 2.5-6.7 mmol/L)
and creatinine levels (1149.2 µmol/L, normal range 70150 µmol/L) (Figure 1). Serum levels of electrolytes, white
blood cell count and CRP were within normal range (CRP
under 1 mg/dL, WBC 4.3-10.8×109/L) (Figure 2), and fibrinogen
was only slightly increased (6 g/L, normal range 1.80-3.90 g/L).
Prerenal acute renal failure was assumed as primary working
diagnosis because of dehydration due to prolonged diarrhea
and the patient’s long-term therapy with furosemide.
Diuretics were stopped; under continuous intravenous and
oral fluid replacement the patient’s general condition
improved. Prior to referral to a medical ward, stool cultures
were requested. During the following days white blood cell
count and acute phase proteins increased, indicating an
ongoing infection. Chest x-rays showed no signs of
pneumonia and blood cultures did not reveal bacteremia.
Stool specimen was positive for Clostridium difficile. The patient
was started on intravenous metronidazole 1.5 g/d. Three
days after onset of specific therapy, inflammatory markers
reached maximum levels (WBC 12 g/L, CRP 6 mg/dL)
and decreased in the further course (Figure 2), while plasma
urea and creatinine levels returned to normal (Figure 1).
Clostridium difficile toxins could not be detected in any
subsequent stool samples. Fully recovered, the patient
could be discharged from hospital, 18 d after initial
presentation.

Serum CRP concentration (mg/dL)
and WBC (×G/1)

Figure 1 Serum urea (----) and creatinine (—) levels over time of
hospital stay with the horizontal lines representing normal ranges
of urea (----) and creatinine (—). The arrow indicates start of specific
antibiotic treatment.
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DISCUSSION
Risk factors
Considering the high prevalence of Clostridium difficile
infections in the hospital setting, our patient may have been
infected during a previous hospital stay. But an acquisition
of infection out of hospital is not excluded. Because of his
old age and his comorbidities including non-insulin-dependent
diabetes mellitus, ischaemic heart disease, cerebrovascular
occlusive disease and pulmonary embolism, he certainly was
at risk to develop Clostridium difficile-associated diarrhea as
well as acute renal failure. Antibiotic-associated diarrhea as
a common course of infection with Clostridium difficile has a
broad spectrum of clinical manifestations ranging from mild
diarrhea to pseudomembranous colitis and fulminant colitis[5].
The risk factors that could be identified as associated with
severe disease (defined by a hospital stay of greater than
14 d, colectomy, intensive care unit admission or death of
patient) were age over 70 years, comorbid illnesses, and
recurrence of Clostridium difficile-associated diarrhea[6]. Acute
renal failure is characterized by an abrupt decline in renal
function resulting in an inability to excrete metabolic wastes
and maintain proper fluid and electrolyte imbalance[7].
Prerenal acute renal failure together with intrarenal acute
renal failure due to ischaemia and nephrotoxins are responsible
for most episodes of acute renal failure[8]. Common causes
of prerenal failure are volume depletion as a result of
diarrhea, reduced fluid intake, fever, diuretics, or heart
failure. Elderly patients are particularly susceptible to prerenal
failure because of their predisposition to hypovolaemia and
high prevalence of renal-artery atherosclerotic disease[9].
Developments of the diagnosis of Clostridium difficileassociated diarrhea
The diagnosis of Clostridium difficile-associated diarrhea was
confirmed by ELISA testing for enterotoxin A and B. The
diagnosis of an infection with Clostridium difficile can be made
either by testing for toxin A or B (ELISA and cytotoxin
assay), bacterial enzymes (Latex agglutination test) or by
bacterial culture. Bacterial culture is highly sensitive and allows
bacterial strain typing, but also takes 2-5 d to perform[5]. Latex
agglutination tests are fast and inexpensive and have
improved in sensitivity in the past few years[10].
Treatment
For our patient, intravenous and oral fluid replacement therapy
in addition to the appropriate antibiotic agent brought a
rapid improvement in his condition. In fact both diseases
share the same principles of nonspecific treatment (Table 1, 2).
Reversing the underlying cause is the first and most beneficial
measure. In Clostridium difficile infection it is discontinuation
of offending antibiotic treatment, in acute renal failure it may
be stopping a nephrotoxic agent or treating diarrhea. Further
important measures in both diseases are replacing
intravascular volume and correcting electrolyte abnormalities.

0
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7

9 11 13 15 17 (d)

Figure 2 White blood cell count (----) and serum CRP levels (—) over
time of hospital stay with horizontal lines representing normal
ranges of white blood cell count (----) and CRP (—). The arrow indicates start of specific antibiotic treatment.

Clostridium difficile and antibiotics
In our case, amoxicillin/clavulanate potassium seemed to
have initiated deterioration of first mild gastrointestinal
symptoms. The development of Clostridium difficile-associated
diarrhea and pseudomembranous colitis, however, is not

Arrich J et al. Clostridium difficile causing acute renal failure

restricted to certain antibiotics. The ones that are most
frequently associated are ampicillin, cephalosporins and
clindamycin. If patients require antibiotics, another way of
treating them is changing to an agent that has less frequently
been associated with the disease[5]. First line agents for the
treatment of symptomatic Clostridium difficile infection include
oral vancomycin or metronidazole. A recent study,
investigating resistance of Clostridium difficile strains to
different antibiotics found no evidence that the most
common human strains were resistant to vancomycin or
metronidazole while all strains were resistant to cefoxitin
and most strains resistant to ceftriaxon[11].
Table 1 Treatment of acute renal failure[7]
Reverse underlying causes
Return intravascular volume and mean arterial pressure to normal
Correct electrolyte imbalances
Treat hyperkalaemia and acidosis with inhaled beta-agonists,
insulin/glucose, sodium bicarbonate, binding resins (sodium polystyrene
sulfonate)
Discontinue or avoid nephrotoxins
Adjust doses of medications that are eliminated by the kidney or by dialysis
Initiate renal replacement therapy in case of volume overload,
hyperkalaemia, metabolic acidosis refractory to medical treatment
Obtain nephrologic consultation as soon as possible
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membrane[15] . Cell death cells plays a major role in acute
renal failure and it could be observed that toxins of
Clostridium difficile initiate. Whether these mechanisms
contribute to acute renal failure remain to be investigated.
In conclusion, our patient presented with a course of
Clostridium difficile-associated diarrhea followed by acute renal
failure. Under continuous volume replacement therapy and
specific antibiotics the patient’s general condition improved,
inflammatory markers, serum urea and creatinine rapidly
returned to normal and the patient could be discharged after
full recovery 18 d after admission. Both acute renal failure
and Clostridium difficile-associated diarrhea are potentially lifethreatening diseases in the elderly but may be reversed using
appropriate therapy. Keeping in mind a possible direct link
between these two serious diseases, this report once more
stresses the need for rapid diagnosis and specific treatment,
especially in the elderly, to prevent fatal outcome.
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Abstract
We report on a case of gossypiboma. A 78-year-old man
was admitted to our hospital with acute abdomen. He
had undergone an operation for colon cancer 4 mo previously.
Abdominal ultrasonography revealed an echogenic lesion
with a hypoechoic rim and strong posterior acoustic
shadowing in the lower abdomen. Diagnosis of gossypiboma
can be made by ultrasonography to avoid loss-of-chance of
survival. We reviewed the English literature briefly of
gossypiboma from the medical and juridical view. According
to the theory of loss-of-chance, the damage of plaintiff is
the loss of the chance of survival or recovery, rather than
the final harm. The victim would allow recovery for the loss
of the chance from the defendant. But the plaintiff would
show by a preponderance that he was deprived of a
betterchance of a cure. Under the proposed rule, the
compensable value of the victim would be the plaintiff’s
compensation for the loss of the victim’s chance of survival.

CASE REPORT
A 78-year-old man with a history of previous operation for
colon cancer was admitted with the chief complaints of acute
epigastric pain for several days. He was rather well until several
days before this admission when he experienced acute epigastric
pain and poor appetite intermittently. On arrival, his
consciousness was clear and vital signs were stable (blood
pressure: 120/60 mmHg, pulse rate: 72/min, respiratory rate:
18/min, and body temperature: 36.5 ℃). Physical examination
revealed no abdominal mass was felt. Results of rectal
examination were normal. An ultrasound scan of the abdomen
revealed an echogenic lesion with a hypoechoic rim and strong
posterior acoustic shadowing in the lower abdomen (Figure 1).
A plain x-ray of the abdomen revealed a long and fine opacity
over the right lower quadrant abdomen, some mottled small
air densities were superimposed on this area (Figure 2). Under
the impression of intraabdominal abscess, exploratory
laparotomy was performed. At laparotomy there was a focal
abscess in the right lower quadrant abdomen containing a
laparotomy gauze. The abscess cavity was irrigated and the
retained gauze was resected. The abdomen was drained and
closed. The postoperative period was uneventful.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Right intercostal sonogram obtained 4 mo after surgery
show a cystic mass with irregular internal components. Posteriorly,
the mass has strong acoustic shadowing.
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Report of gossypiboma from the standpoint in medicine and
law. World J Gastroenterol 2005; 11(8): 1248-1249
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INTRODUCTION
Retained gauzes in the abdominal cavity are infrequent nowadays,
but they present a diagnostic problem even if radiopaque
threads and gauze double counts are used in the operation
room[1]. It can cause loss-of-chance of survival or recovery.
We will present an acute abdomen occurring 4 mo after
a gauze was left in the abdomen. Ultrasound examinations
proved helpful, and they are described in this report.

R

Figure 2 Plain roentgenogram of abdomen after abdominal
sonogram. Notice serpentine linear opacity over the right portion of
abdomen, some mottled hyperdensities are adjacent to this linear
opacity- all diagnostic features of a retained gauze.

Shyung LR et al. Report of gossypiboma from the standpoint in medicine and law

DISCUSSION
Radiopaque threads impregnated into surgical gauzes were
first introduced by Cahn in 1929, but were not come into
general use in the United States until about 1940[2]. A retained
gauze left in the abdomen must be considered in the
differential diagnosis of patients with a history of
laparotomy, and thus one needs a careful review of the
patient’s past history. During the first two months of retained
gauze, there was a little reaction, death being unrelated to
the presence of the gauze. From 2 mo to 2 years, infective
inflammation and abscess were found. During that period,
extrusion of the gauze occurred through an externally
fistulous tract or internally into the rectum, vagina, bladder,
or intestinal lumen[3].
There are surgeons who recommend the routine
postoperative abdominal film after abdominal operation[4].
On abdominal films, a whirl-like appearance is characteristic
of retained gauzes. This appearance is considered to be
due to gas trapped in the fibers of the gauze[5]. The ultrasound
is very useful in the diagnosis of abdominal retained gauze[6].
The ultrasound feature is usually a well-delineated mass
containing wavy internal echo with a hypoechoic rim and a
strong posterior acoustic shadowing[7] . Ultrasonography
images can be classified into two groups, a cystic type and a
solid type. The former showed a cystic lesion with zigzag
echogenic bundle. The latter showed a complex mass with
hyper- and hypoechoic regions. A postoperative diagnosis
of retained gauze can be made from the characteristic
appearance on ultrasonography images. This can avoid
delayed diagnosis and medical errors.
A doctor may negligently fail to diagnoses a preexisting
disease, allowing it to progress, with harmful effects. The
disease was obviously a cause of harm. The doctor’s negligence
in allowing the disease to progress may also have caused
the harm. In assessing the value of that loss-of-chance of
gossypiboma, the disease should be deemed a preexisting
condition and be taken into account. To illustrate, consider
the case in which a doctor negligently fails to diagnose a
patient’s cancerous condition until it has become inoperable.

1249

Assume further that even with a timely diagnosis the patient
would have had only a 30% chance of recovering from the
disease. A rational approach would allow recovery from
the loss of the chance of cure even though the chance was
not better than even. While the plaintiff here could not
prove by a preponderance of the evidence that he was
denied a cure by the defendant’s negligence, he would show
by a preponderance that he was deprived of a 30% chance
of a cure.
In our case, the preexisting condition and the effect of
the doctor’s tortuous conduct attach within a relatively short
time, the burden of providing the extent to which the
preexisting condition reduced the value of the interest in
question should be shifted to the doctor. Shifting the burden
of proof is not a completely satisfactory solution, this shift
simply realigns the scale[8,9].
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Meetings
Major meetings coming up
Digestive Disease Week
10 6th Annual Mee ting of AGA , The
American Gastroenterology Association
May 14-19, 2005
www.ddw.org/
Chicago, Illinois
13th World Congress of Gastroenterology
September 10-14, 2005
www.wcog2005.org/
Montreal, Canada
13th United European Gastroenterology
Week, UEGW
October 15-20, 2005
www.uegf.org/
Copenhagen, Denmark
American College of Gastroenterology
Annual Scientific Meeting
October 28-November 2, 2005
www.acg.gi.org/
Honolulu Convention Center, Honolulu,
Hawaii

Events and Meetings in the upcoming
6 months
Canadian Digestive Disease Week Conference
February 26-March 6, 2005
www.cag-acg.org
Banff, AB
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World Congres s on Gas trointes tinal
Cancer
June 15–18, 2005
Barcelona
British Soc ie ty of Ga s troenterology
Conference (BSG)
March 14–17, 2005
www.bsg.org.uk
Birmingham
Dige s tive Dis ea s e We e k D D W 1 0 6 t h
Annual Meeting
May 15–18, 2005
www.ddw.org
Chicago, Illinois

Events and meetings in 2005
Ca na di a n D ige s tiv e Di s e a s e We e k
Confere nce
February 26-March 6, 2005
www.cag-acg.org
Banff, AB
2005 World Congress of Gastroenterology
September 12–14, 2005
Montreal, Canada
International Colorectal Disease Symposium 2005
February 3–5, 2005
Hong Kong
13th UEGW meeting United European
Gastroenterology Week
October 15–20, 2005
www.webasistent.cz/guarant/uegw2005/
Copenhagen-Malmoe

APDW 20 05 - Asia Pa cific Digestive
Week 2005
September 25–28, 2005
www.apdw2005.org
Seoul, Korea
World Congre ss on Ga strointe stinal
Cance r
June 15–18, 2005
Barcelona
Britis h Socie ty of Gas troe nte rology
Conference (BSG)
March 14–17, 2005
www.bsg.org.uk
Birmingham
Digestive Disease Wee k DD W 1 06 th
Annual Meeting
May 15–18, 2005
www.ddw.org
Chicago, Illinois
70th ACG Annual Scientific Meeting
and Postgraduate Course
October 28-November 2, 2005
Honolulu Convention Center, Honolulu,
Hawaii

Events and Meetings in 2006
EASL 2006 - THE 41ST ANNUAL
MEETING
April 26–30, 2006
Vienna, Austria
Ca n a dia n Di ge s ti ve D is e a s e W e e k
Conference
March 4–12, 2006
www.cag-acg.org
Quebec City

In tern ati onal Color ecta l Disea se
Symposium 20 05
February 3–5, 2005
info@icds-hk.org
Hong Kong

7th International Workshop on Therapeutic Endoscopy
September 10–12, 2005
www.alfamedical.com
Theodor Bilharz Research Institute

EASL 2005 the 40th annual meeting
April 13–17, 2005
www.easl.ch/easl2005/
Paris, France

EASL 2005 the 40 th annual meeting
April 13–17, 2005
www.easl.ch/easl2005/
Paris, France

Pediatric Gastroenterology, Hepatology
and Nutrition
March 13, 2005
Jakarta, Indonesia

Pediatric Gastroenterology, Hepatology
and Nutrition
March 13, 2005
Jakarta, Indonesia

21st annual international congress of
Pakistan society of Gastroenterology &
GI Endoscopy
March 25–27, 2005
www.psgc2005.com
Peshawar

21st annual international congress of
Pakistan society of Gastroenterology &
GI Endoscopy
March 25–27, 2005
www.psgc2005.com
Peshawar

7th World Congress of the International
Hepato-Pancreato-Biliary Association
September 3–7, 2006
www.edinburgh.org/conference
Edinburgh

8th Congress of the Asian Society of
HepatoBiliary Pancreatic Surgery
February 10–13, 2005
Mandaluyong, Philippines

8th Congress of the Asian Society of
HepatoBiliary Pancreatic Surgery
February 10–13, 2005
Mandaluyong, Philippines

71st ACG Annual Scientific Meeting
and Postgraduate Course
October 20–25, 2006
Venetian Hotel, Las Vegas, Neveda

XXX pan-american congress of digestive
diseases XXX congreso panamericano de
anfermedades digestivas
November 25-December 1, 2006
www.gastro.org.mx
Cancun
World Congre ss on Ga strointestinal
Cancer
June 14–17, 2006
Barcelona, Spain
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Title page
Full manuscript title, running title, all author(s) name(s), affiliations,
institution(s) and/or department(s) where the work was accomplished,
disclosure of any financial support for the research, and the name, full
address, telephone and fax numbers and email address of the
corresponding author should be involved. Titles should be concise and
informative (removing all unnecessary words), emphasize what is NEW,
and avoid abbreviations. A short running title of less than 40 letters
should be provided. List the author(s)’ name(s) as follows: initials
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
structured into the following sections: AIM: Only the purpose should be
included. METHODS: The materials, techniques, instruments and
equipments, and the experimental procedures should be included. RESULTS:
The observatory and experimental results, including data, effects,
outcome, etc. should be included. Authors should present P value where
necessary, and the significant data should accompany. CONCLUSION:
Accurate view and the value of the results should be included.
The format of structured abstracts is at: http://www.wjgnet.com/
wjg/help/11.doc
Key words
Please list 3-10 key words that could reflect content of the study.
Text
For most article types, the main text should be structured into the
following section s: IN TRO DUCTION , M ATE RIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the body
text or Figures and Tables, not both.
Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page.
No detailed legend should be involved under the figures. This part
should add into the text where the figures 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 files) and not RGB (screen-viewing files). Place each
photograph in a separate file. Print images: supply images of size no
smaller than 126×76 mm printed on smooth surface paper; label the
image by writing the Figure number and orientation using an arrow.
Photomicrographs: indicate the original magnification and stain in the
legend. Digital Drawings: supply files in EPS if created by Freehand
and Illustrator, or TIFF from P hotoshop. EPS files must be
accompanied by a version in native file format for editing purposes.
Scans of existing line drawings should be scanned at a resolution of
1200 dpi and as close as possible to the size at which they will appear
when printed, not smaller. 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 involved under the tables. This part should add 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 which is not statistically significant should not be noted. aP<0.05,
b
P<0.01 (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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illustrations should be expressed as 1 F, 2 F, 3F; or some other symbols
with a superscript (Arabic numerals) in the upper left corner. In a
multi-curve illustration, each curve should be labeled with ●, ○, ■,
□, ▲, △, etc. in a certain sequence.

Statistical expression
Express t test as t(in italics), F test as F(in italics), chi square test as 2
(in Greek), related coefficient as r(in italics), degree of freedom as  (in
Greek), sample number as n(in italics), and probability as P(in italics).
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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
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Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated unless
they are used repeatedly and the abbreviation is helpful to the reader.
Permissible abbreviations are listed in Units, Symbols and Abbreviations:
A Guide for Biological and Medical Editors and Authors (Ed. Baron DN,
1988) published by The Royal Society of Medicine, London. Certain
commonly used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
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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
figures (if any) should be copied on a floppy or compact disk. Author
should send the revised manuscript, along with printed high-resolution
color or black and white photos, copyright transfer letter, the final
check list for authors, and responses to reviewers by a courier (such as
EMS) (submission of revised manuscript by e-mail or on the WJG
Editorial Office Online System is NOT available at present).
Language evaluation
The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected.
The revised articles should be in grade B or grade A.
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
Proof of financial support
For paper supported by a foundation, authors should provide a copy of
the document and serial number of the foundation.
Publication fee
Authors of accepted articles must pay publication fee.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(8):Appendix 4
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

