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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 (January-
August). 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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(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.

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 self-
citation 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 self-
citations, 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.

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%.

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 self-
citations per article were 0.03, 0.05, 1.77, 4.21, 6.25, 3.07 and 1.70
respectively in 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
Year Issue                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

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          5801 1.061          574  0.69

1Data 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 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 (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.

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

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

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

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).

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).

Figure 2  Total reference citations (A) and reference citations per article (B) in WJG during 1998-2004.
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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.,

      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 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

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

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

Figure 7  Total number of inappropriate citations (A) and number of inappropriate citations per article (B).

Figure 6  WJG self-citation rate and citation rate of WJG articles by other SCI journals.

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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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).

SUMMARY
●    Annual 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 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%.

●   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.

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

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.

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.
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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.

●   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% respectively in 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

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.

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
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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
and difficult to read. I finally realized that you didn’t truncate the words by syllable where it is necessary. This is usually done in
other international journals. Microsoft Word software has an auto word-wrap function. Sometimes, my friends here would ask
me to explain something printed on the wrap of made-in-China things which was written in “Chinglish” and with obvious
mistakes. That embarrassed me so much. Next time, when I introduce WJG to my friends or colleagues, are they going to say:”
Oh! Look at those lines! ”? Second, the speed of WJG website is too slow. How about speeding it up?

Edited by Li WZ
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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.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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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 intra-
and 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

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.

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.

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



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

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 MR-
cholangiopancreaticography (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 small-
duct 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 wedge-
shaped 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.

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

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.

Figure 2  MRCP pictures of a PSC patient. Wall irregularities
(see arrows) are visible in undilated bile ducts. The gallblad-
der (GB) is enlarged.

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

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).

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).

A B

A B

GB



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].

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

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

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.

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.

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

Table 2  Targets, mechanisms and effects of UDCA therapy

Target      Mechanisms                     Effects             References

Cholesterol Intestinal absorption ↓ Biliary cholesterol decreased by 40-60%         [118]

Conversion to bile acids ↑ Serum LDL and HDL cholesterol decreased

Bile acid pool 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]

Exocytocis and canalicular transport ↑

Bile flow (due to ↑ cytoplasmatic free Ca2+)

Modulation of membrane transport proteins Excretory rates and bile acids transit time ↑         [123-125]

Hypercholeresis         [80]

Gallbladder Modulation of smooth muscle contractility Fasting gallbladder volume ↑         [126-128]

(CCK receptor + cholinergic nerves) Postprandial gallbladder emptying 

Gallbladder bile Biliary total proteins ↓ Crystallization-promoting activity ↓         [129,130]

Concanavalin A-binding fraction ↓ Inhibition of cholesterol crystallization

Immune system Expression of MHC class I and II ↓ Immunomodulatory effect         [82,83]

T-cell hepatocellular damage ↓

Cells Hydrophobic bile acid induced cell damage ↓ Cytoprotection (e.g., liver damage ↓)         [85,86]

Apoptosis or necrosis ↓

Neoplasms Unknown (decreased fecal hydrophobic Chemo protection (neoplasm proliferation ↓)         [87,89,131]

deoxycholate, lithocholate)

↓, decreased; ↑, increased; , unchanged; MHC, major histocompatibility complex.

Table 3  Regimens and effects of UDCA for PSC therapy

Regimen Assessment Outcome      References

8-13 mg/(kg·d) Liver biochemistry Improved [92]

Low doses Histology, symptoms, survival Ineffective

(single administration) 13-15 mg/(kg·d) Liver biochemistry Improved [90]

Histology, symptoms, survival Ineffective

Low doses 10-12 mg/(kg·d) t.i.d. Liver biochemistry Improved [93]

(multiple administration)1 Histology, symptoms No progression

20 mg/(kg·d) Liver biochemistry Improved

Histology Improved [94]

High doses ERCP No progression

25-30 mg/(kg·d) Liver biochemistry Improved

Mayo risk score and survival Improved [95]

at 4 yr

UDCA 650 mg/d + Liver biochemistry Improved

Combination azathioprine 1-1.5 mg/(kg·d) + Histology Improved [96]

prednisolone 1-10 mg/(kg·d) ERCP Improved

1 Comparable effects for multiple vs single administration.
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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 non-
absorbed 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

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].

Figure 5  Sequence of balloon dilatation during ERCP treat-
ment 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 immunosuppr-
essants 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 constitute an early 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.
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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
approximately 20-40%.
     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].



        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) erythematous-
edematous 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

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(+)           Sydney system
Selection criteria    Average age (yr)

         Female Male I  II    III     IV

Group I (no familiar cancer) 7/3 4/2 46.3 3   5      2        1

Group II (stomach cancer in first-degree relatives and 6/3 4/2 47.4 1   1      2        6
cancer of other organs in first- or second- degree relatives)
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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.

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

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.

Figure 2  Comparison of FHIT expression in the gastric mu-
cosa 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.

Figure 3  Comparison of expression of FHIT gene in the gas-
tric 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.

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 sys-
tem group, independent of stomach topography and coloni-
zation 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].

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

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.



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 non-
curatively resected gastric carcinoma (60.0% vs 6.5%, P<0.001)
(Figure 2).

Table 1  Clinicopathologic features of gastric carcinoma in
the elderly and young patients

Variables           Age > 70 yr       Age < 36 yr   P value
         (n = 194) (%)    (n = 137) (%)

Age (yr)            73.3±3.1             30.6±5.1       <0.001

Gender          <0.001

  Male           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

Number of lesions

  Multiple 14 (7.2)   4 (2.9)          <0.05

  Single           180 (92.8)         133 (97.1)

Borrmann type

   I 10 (5.2)   5 (3.6)

  II 43 (22.2) 13 (9.5)

  III                        128 (66.0) 93 (67.9)

  IV 13 (6.6) 26 (19.0)        0.011

Location

  Upper 16 (8.3) 23 (16.8)

  Middle 41 (21.1) 50 (36.5)

  Lower           130 (67.0) 56 (40.9)        <0.05

  Whole   7 (3.6)   8 (5.8)

Depth of invasion NS

  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)

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)       <0.001

  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 NS

  H (-)           188 (96.9)         132 (96.4)

  H (+)   6 (3.1)   5 (3.6)

Peritoneal dissemination NS

  P (-)           176 (90.7) 116 (84.7)

  P (+) 18 (9.3) 21 (15.3)

Stage NS

  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)

Operative type

  Total gastrectomy 52 (26.8) 47 (34.4)         0.004

  Subtotal gastrectomy           122 (62.9) 78 (56.9)

  Others 20 (8.6) 12 (8.7)

  Resectability NS

  Curative           157 (80.9)         101 (73.7)
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Table 2  Correlation between prognostic factors and survival
rates of elderly patients with gastric carcinoma

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

Gender         0.3147

  Male          131 43.3

  Female            63 52.8

Tumor size (cm)         <0.001

  <5          102 66.8

  >5            92 26.0

Depth of invasion         <0.001

  T1 and 2            76 84.9

  T3 and 4          118 20.6

Histologic type         0.0097

  Differentiated          100 55.1

  Undifferentiated            94 39.8

Tumor location         0.1969

  Upper third            16 31.6

  Middle/distal third          178 50.8

Operative type         <0.001

  Total            52 27.9

  Subtotal          142 55.5

LN invasion         <0.001

  N0            88 77.9

  N1            48 36.6

  >N2            58 12.9

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.

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).
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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

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 virus-
associated 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 EBER-
1 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.
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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 cancer-
related 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 lymphoepithelioma-
like carcinomas were excluded from this study. The surgical cases



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).

Figure 1  Strong expression of EBER-1 in nuclei of gastric ad-
enocarcinomas coupled with the absence of signal in the stro-
mal 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

Table 1  Incidence of EBER-1 expression in gastric carcinoma by histological type

Histological type                            Male                                                 Female                                           Total
                                             Positive/tested (%)                           Positive/tested (%)                      Positive/tested (%)

Intestinal   1/30 (3.3) 0/18 (0)   1/48 (2.1)

Tub1   0/7 (0) 0/11 (0)   0/18 (0)

Tub2   1/23 (4.3) 0/7 (0)   1/30 (3.3)

Diffuse 11/56 (19.6) 2/35 (5.7) 13/91 (14.2)

Por1   7/16 (43.7) 2/13 (15.3)   9/29 (31.0)

Por2   4/22 (18.1) 0/6 (0)   4/28 (14.2)

Sig   0/15 (0) 0/12 (0)   0/27 (0)

Muc   0/3 (0) 0/4 (0)   0/7 (0)

Table 2  Clinicopathological characteristics of EBV incidence in gastric cancer patients

                                               Intestinal type                                       Diffuse type                                                    Total
                                            Positive/tested (%)                             Positive/tested (%)                                     Positive/tested (%)

Age (yr)

20-39 1/2 (50.0)           2/15 (13.3)   3/17 (17.6)

40-59 1/20 (5.0)           5/45 (11.1)   6/65 (9.2)

≥6 0 0/26 (0)           5/31 (16.1)   5/57 (8.7)

Race

Asian 0/16 (0)           5/40 (12.5)   5/56 (8.9)

Caucasian 1/32 (3.1)           8/51 (15.6)   9/83 (10.8)

Sex

Male 1/30 (3.3)         11/56 (19.6) 12/86 (13.9)

Female 0/18 (0)           2/35 (5.7)   2/53 (3.7)

Location

Upper 1/15 (6.6)           5/33 (15.1)   6/48 (12.5)

Lower 0/19 (0)           8/40 (20.0)   8/59 (13.5)

Unknown 0/14 (0)           0/18 (0)   0/32 (0)

A

B
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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-1-
positive 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 EBV-
associated 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 EBV-
associated 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 EBV-
associated 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 EBV-
associated gastric cancer.
     Our study is the first to describe the incidence of EBV-
associated gastric cancer incidence in Kazakhstan. The data

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.
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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.

REFERENCES

1 de-The G, Ambrosioni JC, Ho HC, Kwan HC. Lymphoblastoid

transformation and presence of herpes-type viral particles in a
Chinese nasopharyngeal tumour cultured in vitro. Nature 1969;

221: 770–771

2 zur Hausen H, Schulte-Holthausen H, Klein G, Henle W, Henle
G, Clifford P, Santesson L. EBV DNA in biopsies of Burkitt

tumours and anaplastic carcinomas of the nasopharynx. Na-

ture 1970; 228: 1056–1058
3 Tsai CC, Chen CL, Hsu HC. Expression of Epstein-Barr virus

in carcinomas of major salivary glands: a strong association

with lymphoepithelioma-like carcinoma. Hum Pathol 1996; 27:
258–262

4 Gallo O, Santucci M, Calzolari A, Storchi OF. Epstein-Barr

virus (EBV) infection and undifferentiated carcinoma of the
parotid gland in Caucasian patients. Acta Otolaryngol 1994;

114: 572–575

5 Shibata D, Weiss LM. Epstein–Barr-virus-associated gastric
adenocarcinoma. Am J Pathol 1992; 140: 769–774

6 Galetsky SA,  Tsvetnov VV, Land CE, Afanasieva TA,

Petrovichev NN, Gurtsevitch VE, Tokunaga M. Epstein-Barr-
virus-associated gastric cancer in Russia. Int J Cancer 1997; 73:

786–789

7 Tokunaga M, Land CE, Uemura Y, Tokudome T, Tanaka S,
Sato E. Epstein-Barr virus in gastric carcinoma. Am J Pathol

1993; 143: 1250–1254

8 Oda K, Tamaru J, Takenouchi T, Mikata A, Nunomura M,

Saitoh N, Sarashina H, Nakajima N. Association of Epstein-
Barr virus with gastric carcinoma with lymphoid stroma. Am J

Pathol 1993; 143: 1063–1071

9 Imai S, Koizumi S, Sugiura M, Tokunaga M, Uemura Y,
Yamamoto N, Tanaka S, Sato E, Osato T. Gastric carcinoma:

monoclonal epithelial malignant cells expressing Epstein-Barr

virus latent infection protein. Proc Natl Acad Sci U S A 1994; 91:
9131–9135

1 0 Cancer morbidity and mortality Kazakhstan population in

2002. Department of Cancer Registry in Health Ministry, Astana,
2003, Kazakhstan

1 1 Japanese Research Society for Gastric Cancer. The general rules

for gastric cancer studies in surgery and pathology, 12th ed.
Tokyo: 1993: 64–67

1 2 Lauren P. The two histological main types of gastric carci-

noma diffuse and so called intestinal type carcinoma. Acta
Pathol Microbiol Scand 1965; 64: 31– 49

1 3 Lerner MR, Andrews NC, Miller G, Steitz JA. Two small RNAs

encoded by Epstein-Barr virus and complexed with protein are
precipitated by antibodies from patients with systemic lupus

erythematosus. Proc Natl Acad Sci U S A 1981; 78: 805–809

1 4 Arrand JR, Rymo L. Characterization of the major Epstein-
Barr virus-specific RNA in Burkitt lymphoma-derived cells. J

Virol 1982; 41: 376–389

1 5 Clemens MJ. The small RNAs of Epstein-Barr virus. Mol Biol

Rep 1993; 17: 81–92

1 6 Chang KL, Chen YY, Shibata D, Weiss LM. Description of an
in situ hybridization methodology for detection of Epstein-

Barr virus RNA in paraffin-embedded tissues, with a sur-

vey of normal and neoplastic  tissues. Diagn Mol Pathol
1992; 1:  246–255

1 7 Preston DL, Lubin JH, Pierce DA. Epicure user’s guide. Seattle:

Hirosoft International Corp 1991
1 8 Hosmer DW, Lemeshow S. Applied logistic regression. New

York: John Wiley Sons, 1989

1 9 Anagnostopoulos I, Hummel M. Epstein-Barr virus in tumours
Histopathology 1996; 29: 297–315

2 0 Shibata D, Hawes D, Stemmermann GN, Weiss LM. Epstein-

Barr virus-associated gastric adenocarcinoma among Japa-
nese Americans in Hawaii. Cancer Epidemiol Biomarkers Prev

1993; 2: 213–217

2 1 Harn HJ, Chang JY, Wang MW, Ho LI, Lee HS, Chiang JH, Lee
WH. Epstein-Barr virus-associated gastric adenocarcinoma in

Taiwan. Hum Pathol 1995; 26: 267-271

2 2 Qiu K, Tomita Y, Hashimoto M, Ohsawa M, Kawano K, Wu
DM, Aozasa K. Epstein-Barr virus in gastric carcinoma in

Suzhou, China and Osaka, Japan: association with clinico-

pathologic factors and HLA-subtype. Int J Cancer 1997; 71 :
155-158

2 3 Zimber U, Adldinger HK, Lenoir GM, Vuillaume M, Knebel-

Doeberitz MV, Laux G, Desgranges C, Wittmann P, Freese UK,
Schneider U. Geographical prevalence of two types of Epstein-

Barr virus. Virology 1986; 154: 56-66

2 4 Boyle MJ, Sewell WA, Sculley TB, Apolloni A, Turner JJ,
Swanson CE, Penny R, Cooper DA. Subtypes of Epstein-Barr

virus in human immunodeficiency virus-associated non-

Hodgkin lymphoma. Blood 1991; 78: 3004-3011
2 5 Chen XY, Pepper SD, Arrand JR. Prevalence of the A and B

types of Epstein-Barr virus DNA in nasopharyngeal carcinoma

biopsies from southern China. J Gen Virol 1992; 73 (Pt 2): 463–
466

2 6 Fukayama M, Hayashi Y, Iwasaki Y, Chong J, Ooba T,

Takizawa T, Koike M, Mizutani S, Miyaki M, Hirai K. Epstein-
Barr virus-associated gastric carcinoma and Epstein-Barr vi-

rus infection of the stomach. Lab Invest 1994; 71: 73-81

2 7 Herrera-Goepfert R, Reyes E, Hernandez-Avila M, Mohar A,
Shinkura R, Fujiyama C, Akiba S, Eizuru Y, Harada Y,

Tokunaga M. Epstein-Barr virus-associated gastric carcinoma

in Mexico, analysis of 135 consecutive gastrectomies in two
hospitals. Mod Pathol 1999; 12: 873–878

2 8 Mori M, Sugimachi K, Ohiwa T, Okamura T, Tamura S,

Inokuchi K. Early gastric carcinoma in Japanese patients under
30 years of age. Br J Surg 1985; 72: 289–291

2 9 Nakamura T, Yao T, Niho Y, Tsuneyoshi M. A clinicopatho-

logical study in young patients with gastric carcinoma. J Surg
Oncol 1999; 71: 214–219

3 0 Tso PL, Bringaze WL, Dauterive AH, Correa P, Cohn I. Gastric

carcinoma in the young. Cancer 1987; 59: 1362–1365
3 1 Kitamura K, Yamaguchi T, Yamamoto K, Ichikawa D,

Taniguchi H, Hagiwara A, Sawai K, Takahashi T. Clinico-

pathological analysis of gastric cancer in young adults.
Hepatogastroenterology 1996; 43: 1273–1280

3 2 Lim S, Lee HS, Kim HS, Kim YI, Kim WH. Alteration of

E-cadherin-mediated adhesion protein is common, but
microsatellite instability is uncommon in young age gastric

cancers. Histopathology 2003; 42: 128-136

3 3 Hsieh LL, Lin PJ, Chen TC, Ou JT. Frequency of Epstein-Barr
virus-associated gastric adenocarcinoma in Taiwan. Cancer Lett

1998; 129: 125-129

Edited by Ma JY and Wang XL

30                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



• GASTRIC CANCER •

Mutations of mitochondrial 12S rRNA in gastric carcinoma and their

significance

Cheng-Bo Han, Jia-Ming Ma, Yan Xin, Xiao-Yun Mao, Yu-Jie Zhao, Dong-Ying Wu, Su-Min Zhang, Yu-Kui Zhang

PO Box 2345, Beijing 100023, China                                                                                                                                                                              World J Gastroenterol  2005;11(1):31-35

Fax: +86-10-85381893                                                                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327

E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                     © 2005 The WJG Press and Elsevier Inc. All rights reserved.
ELSEVIER

Cheng-Bo Han, Yan Xin, Xiao-Yun Mao, Dong-Ying Wu, Su-Min
Zhang, Cancer Institute, the First Affiliated Hospital, China Medical
University, Shenyang 110001, Liaoning Province, China
Jia-Ming Ma, Yu-Jie Zhao, Yu-Kui Zhang, Biochips Center, China
Medical University, Shenyang 110001, Liaoning Province, China
Supported by the National Natural Science Foundation of China, No.
30371607
Correspondence to: Professor Yan Xin, the Fourth Laboratory of
Cancer Institute, the First Affiliated Hospital, China Medical University,
Shenyang 110001, Liaoning Province, China.  hancb@126.com
Telephone: +86-24-23256666-6351
Received: 2004-04-19    Accepted: 2004-05-13

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 (AS-
PCR), 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 tumor-
genesis[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 (AS-
PCR), 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



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

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 car-
cinoma

Position (np)         Variations         Property

652 G-ins1 HM

663 A-G PM

709 G-A PM

716 T-G1 HM

728 C-T PM

745 A-G1 PM

750 G-A PM

757 A-T PM

759 A-T1 PM

764 A-C PM

772 A-T1 PM

782 A-T1 PM

794 T-C1 PM

799 A-C1 PM

1Variations 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

Table 1  Primers for DNA sequencing and AS-PCR

Primer Forward primer         Position               Reverse primer           Position    Product        Lengh      12SrRNA type

P1 TAGACGGGCTCACATCAC 620 GGGGTATCTAATAGTTTGGGT 1 086       PP1          467 bp      Mix type

P2 GCAAGCATCCCCGTTCCAGT 697 GGGGTATCTAATAGTTTGGGT 1 086       PP2          390 bp      Wide type

P3 GCAAGCATCCCCGTTCCAGG 697 GGGGTATCTAATAGTTTGGGT 1 086          PP3          390 bp      Mutant type
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transversion mutation were heteroplasmic mutations mixed with
mutant type and wild type 12S rRNA (Figure 2). AS-PCR, nest-
PCR, 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.

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

Num.         Cancer (T3)     Dysplasia (D3)

1 0.9214 0.8164

2 0.8738 0.6487

3 0.9038 0.7268
4 0.8955 0.5572

5 0.8659 0.6402

Mean±SD 0.89±0.02 0.68±0.09
P <0.01

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.

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.

Figure 3  Mutant property of 12S rRNA 716T-G shown in AS-PCR analysis. A: gastric cancerous cells; B: dysplasia cells. Lanes 1-
5: 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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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 intestinal-
type 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.

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.

Wide type 12S rRNA

dG* = 169.48

Mutant type 12S rRNA

716 T-G dG* = 169.44

Mutant type 12S rRNA

652 G ins dG* = 169.32

34                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



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.
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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



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 (FITC-
dUTP). 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).

Table 1  Primer pairs used for PCR-amplified probes of mtRNA

Functional Primer     Sequence      Length (mer)       Tm ( ℃) GC%         Product
domain         size (bp)

12SrRNA F1097 GCCCTAAACCTCAACAGT 1 8 54.1 50.0 264

R1360 CATTTCTTGCCACCTCAT 1 8 44.5 44.4

16SrRNA F2618 TAGGGACCTGTATGAATGG 1 9 48.2 47.4 485s

R3102 ATAGAAACCGACCTGGAT 1 8 48.0 44.4

ND1 F3927 GTCTCAGGCTCAACATC 1 7 42.1 52.9 273

R4199 TAGGGTGAGTGGTAGGAA 1 8 51.1 50.0

ND2 F5022 CCCACATAGGATGAATAA 1 8 40.2 38.9 466

R5487 GCGATGAGGATGGATAGAG 1 9 46.2 52.6

COI F6043 TCTAGGTAACGACCACATCTACAAC 2 5 62.4 44.0 614

R6656 CGAAGCCTGGTAGGATAA 1 8 51.9 50.0

COII F7841 TAACAGACGAGGTCAACG 1 8 50.5 50.0 351

R8191 TTGCTCCACAGATTTCAG 1 8 43.1 44.4

ATPase8 F8366 TGCCCCAACTAAATACTA 1 8 49.4 38.9 191

R8556 CAATGAATGAAGCGAACA 1 8 41.6 38.9

ATPase6 F9000 CGCCTAACCGCTAACATTACTG 2 2 64.2 50.0 148

R9147 AGGCGACAGCGATTTCTA 1 8 53.8 50.0

COIII F9321 CCATAACGCTCCTCATAC 1 8 47.8 50.0 203

R9523 TAGGCTGGAGTGGTAAAA 1 8 51.8 44.4

ND3 F10200 GCGTCCCTTTCTCCATAA 1 8 52.4 50.0 203

R10402 TTCGGTTCAGTCTAATCCTT 2 0 51.8 40.0

ND4 F11581 ATCTGCCTACGACAAACA 1 8 48.3 44.4 444

R12024 GTGGTGGGTGAGTGAGCCC 1 9 61.3 68.4

ND4L F10573 AATAATACTATCGCTGTTCA 1 9 45.4 30.0 189

R10761 CATTGGAGTAGGTTTAGG 1 8 46.2 44.4

ND5 F13028 CTGACTCCCCTCAGCCATAGA 2 1 57.2 57.1 276

R13303 TGTGGTTGGTTGATGCCG 1 8 53.3 55.6

ND6 F14322 GTTTACCACAACCACCAC 1 8 52.1 50.0 291

R14612 TCTAAGCCTTCTCCTATTT 1 9 48.8 36.8

Cyt-b F15002 GCGCCTCAATATTCTTTATCTGC 2 3 58.7 43.5 305

R15306 GAAGGGCAAGATGAAGTGAAA 2 1 53.4 42.9

ND: NADH dehydrogenase; Cyt-b: Cytochrome b; ATPase: adenosine triphosphatase; CO: cytochrome c oxidase.
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Northern blot  In order to evaluate the reliability of the microarray
method, the RNA extracted from gastric cancerous and non-
cancerous 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.

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.

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 cancer-
ous tissue and normal gastric mucosal tissue.

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.

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.

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 nor-
mal gastric mucosal tissue. HT: hybridization of housekeep-
ing gene -action in cancerous tissue; T: hybridization of ND4
or CO I in cancerous tissue.

Figure 4  Data after standardization.

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 anti-
neoplastic 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].



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.

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

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           Total no.   No. of       Tumor
of rats   rats with    incidence

    tumor         (%)

A Control                                                5             0   0

B MNNG alone                                     16           12 75.01

C MNNG+celecoxib 5 mg/kg              17           12 70.6

D 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

1P = 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 gastr ic 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

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%,

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.

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 non-
tumor 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 dose-
dependent 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 anti-
proliferative 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.

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%).

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 sig-
nificant 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

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 mediated-
carcinogenesis 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

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
(iNOS) was expressed strongly in human 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.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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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 tissue-
specific 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.



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.

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.

Immunohistochemistry
Immunohistochemistry was performed using the streptavidin-
peroxidase (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 streptavdin-
peroxidase complex for l5 min. The reaction products of
peroxidase were visualized by incubation with 0.05 mol/L Tris-
HCl 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 brown-
yellow) 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

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.

Statistics analysis
Statistical comparison of NOS immunoreactivity with clinico-
pathological 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.

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).

Figure 1  Total NOS activity in gastric adenocarcinoma and
normal tissues [pmole/(min·mg) protein].

Figure 2  Total NOS activity of gastric cancer by histological
classification [pmole/(min·mg) protein]. Normal: normal gas-
tric mucosa Well: well differentiated Moderate: moderately
differentiated  Poor: poorly differentiated.
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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

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.

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

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.

A B

A B

A B
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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 patho-
logical parameter in gastric cancer tissues

   iNOS
Parameter         Cases       expression       Positive    P

n             rate(%)
      Positive  Negative

Morphological type

Polypoid or fungating type 30       22     8  73.3

Ulcerative type 34       27     7  79.4   >0.05

Infiltrating type 21       16     5  76.2

Histological classification

Adenocarcinoma 3 1 2 3      8  74.2

Scirrhous carcinoma 1 5 1 2      3  80.0

Medullary carcinoma 1 7 1 3      4  76.5    >0.05

Mucoid carcinoma 2 2 1 6      6  72.7

Degree of differentiation

Poorly differentiated 3 5 3 0      5  85.7a   <0.05

Well differentiated 5 1 3 3   17  64.7

Clinical stage

Early gastric carcinoma 3 6 2 4   12  66.7

Advanced gastric carcinoma 4 9 4 4      5  89.8c   <0.05

Lymph node metastasis

Positive 5 1 4 4      7  86.3e     <0.05

Negative 3 4 1 9   15  55.6

aP<0.05 vs the group of well-differentiated carcinomas; cP<0.05
vs the group of early gastric carcinomas; eP<0.05 vs the expres-
sion 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        Positive

 n          Positive       Negative            rate(%)

P53

Positive 7 2 5 9 1 3           81.9a

Negative 1 3   5   7           38.5

PCNA

Positive 6 9 5 6 1 3           81.2c

Negative 1 6   6 1 0           37.5

aP<0.05, A comparison of iNOS expression between p53-posi-
tive 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

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]. Tumor-
associated 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.
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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 paraffin-
embedded 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
air-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.



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). PCR was performed in a final volume of 25 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.

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

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.

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)

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.

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 non-
germinal-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 center-
derived 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

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.
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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].   Distr ibution  of  gastr ic  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 hospital-
based 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 population-
based case-control study of 206 patients with incident gastric
non-cardia cancer and 261 age- and sex-matched cancer-free
controls.



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 non-
cardia 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 enzyme-
linked  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%.

Statistical analysis
Differences in distributions of selected demographic variables,

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 can-
cer patients and cancer-free controls

Cases (n = 206)       Controls (n = 261)
Variable       P value1

    n         %  n      %

Age (yr)

 ≤60     89       43.2 114     43.7

   >60   117       56.8 147     56.3         0.918

Sex

 Male   150       72.8 190     72.8

 Female     56       27.2   71     27.2         0.996

Alcohol status

 Nondrinker   118       57.3 136     52.1

 Drinker     88       42.7 125     47.9         0.265

Smoking status2

 Nonsmoker     84       40.8 100     38.6

 Smoker   122       59.2 159     61.4         0.635

H pylori infection3

 Negative     91       44.2   93     35.9

 Positive   115       55.8 166     64.1         0.070

Daily drinking of tea

 Yes     77       37.4 123     47.1

 No   129       62.6 138     52.9         0.035

Family history of gastric cancer4

 Yes     42       20.5   25       9.6

 No   163       79.5 235     90.4         0.001

1Two-side 2 test; 2Two controls missed smoking information;
3Two controls missed H pylori information; 4One case and one
control missed information of family history.
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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           OR (95%CI)1

         n %      n            %

CC      119 57.8   152       58.22                1.00

CA        75 36.4     91       34.9        1.15   0.78-1.72

A A        12   5.8     18         6.9        0.90   0.40-2.01

2 = 0.29            P = 0.87

CC      119 57.8   152       58.2              1.00

CA+AA      87 42.2   109       41.8        1.05   0.72-1.54

2 = 0.01            P = 0.92

C allele      395 75.7   313       76.0              1.00

A allele     127 24.3     99       24.0        1.02    0.75-1.37

2 = 0.01            P = 0.92

1ORs were adjusted for age, sex, smoking, alcohol drinking,
residence, tea consumption, H pylori infection and family his-
tory of gastric cancer in a logistic regression model; 2The ob-
served 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

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 wild-
type 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
Variables OR (95%CI)1

  CC n (%)         CA+AA n (%)       CC n (%)                CA+AA n (%)

Total 119 (57.7)           87 (42.2)                   152 (58.2)     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)

Sex

 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)

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)

Smoking

 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)

Alcohol Drinking

 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)

H pylori infection

 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)

Family history of gastric cancer

 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)

1ORs 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 cancer-
free 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 intestinal-
and 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

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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Abstract
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-1-
treated 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.

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-1-
mediated apoptosis in GC cells.

© 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,



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 RPMI-
1640 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 reverse-
transcribed to the first strand of cDNA using superscript reverse
transcriptase system (Invitrogen, USA) according to the

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 TGF-
1 (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 cDNA primer sequence Annealing temperature (℃)       Product size (bp)

TGF-1 Forward: 5’-GCGACTCGCCAGAGTGTTAT-3’

Reverse: 5’-ATAGTTGGTGTCCAGGGCTCG-3’         61      284

TRI Forward: 5’-ACGGCGTTACAGTGTTCTG-3’

Reverse: 5’-CCACACCGTCTATATCTGG-3’         57      358

TRII Forward: 5’-AGCAACTGCAGCATCACCTC-3’

Reverse: 5’-ACTACAGACTCTTCTACAGG-3’         57      688

Smad2 Forward: 5’-ATCCTAACAGAACTTCCGCC-3’

Reverse: 5’-GAGTCGTTTTTGAAGGGGTG-3’                      57      489

Smad3 Forward: 5’-GGAGGGCAGGCTTGGGGAAAATG-3’

Reverse: 5’-CCCCTCCCCCGGCCACCACATTAT-3’         57      284

Smad4 Forward: 5’-AAGGTGAAGGTGATGTTTG-3’

Reverse: 5’-CTCGATAAGGTGGATGACTA-3’         56      264

Smad7 Forward: 5’-GTGGGGAGGCTCTACTGTGTC-3’

Reverse: 5’-CAGCTTTCGGAACTACCTCTTTGG-3’         57      294

p15 Forward: 5’-TTCTTTAAATGGCTCCACCTGCCT-3’

Reverse: 5’-AACCGTCGGAAGTAGCTTAATCCA-3’         60      436

p21 Forward: 5’-AGTGGACAGCGAGCAGCTGA-3’

Reverse: 5’-ATCTTTAGACAGTACGACCAGAC-3’         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 (Bio-
Rad, 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 TGF-
1 (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 TGF-
1 (10 ng/mL) for 1, 2 and 3 h. Total proteins were extracted[12]

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).

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% agar-
ose gel containing ethidium bromide.

Table 2  Cell cycle alterations of BGC-823 cells treated with
TGF-1

Time of TGF-1  Cell cycle (%)
  treatment (h)

  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 3  Effect of TGF-1 on proliferation of BGC-823 cells.

Figure 2  Localization and expression of Smads in BGC-823 cells by immunofluorescence.

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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A B

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.
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       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).

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

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.

DISCUSSION
The dynamic balance between cell proliferation and apoptosis
is very important to maintain the homeostasis in human body,
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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 3-
exposure to TGF-1, respectively.

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.

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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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 TRI 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 cyclinE-
CDK2[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 anti-
proliferative 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

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 BGC-
823 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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Abstract

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.
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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

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.

MATERIALS AND METHODS

Reagents and cell lines
Genistein (purity >98%) and trypsin were purchased from Sigma.
3HTdR 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.

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



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.

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.

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.

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.

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

shown in Table 2.

Table 1  Effect of genistein on cell cycle progression of SGC-7901
cells (%)

Genistein 24 h      48 h
(g/mL)

        G0/G1   S         G2/M   G0/G1         S          G2/M

    0.0         57.90       32.52   9.57   64.13      29.75       6.12

    5.0         50.64b        30.05 19.31b   56.16b         29.41     14.43b

  10.0         43.01b,d      30.18a 27.80b,d   49.85b,d      30.01     20.14b,d

  20.0         36.96b,d,f   30.66a 32.38b,d,f  39.26b,d,f    36.88b,d,f 23.86b,d,f

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

Table 2  Expression of cyclin B1 and cyclin D1 in SGC-7901 cells
treated with genistein

Genistein    Positive rate (%, 24 h)              Positive rate (%, 48 h)
(g/mL)

      cyclin B1       cylinD1       cyclin B1     cyclinD1

    0.0         36.8         91.9         48.2       88.1

    5.0         46.5b         70.5b         54.8b       54.3b

  10.0         53.4b,d         49.3b,d         62.8b,d       43.9b,d

  20.0         72.3b,d,f         25.4b,d,f         85.2b,d,f       22.1b,d,f

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

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.

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

Figure 3  Calculation of areas of p21WAF1/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
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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 G2/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

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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Abstract

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 SGC-
7901 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 dose-
and 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

suggesting that HSP70 is required for the proliferation and
survival of human gastric cancer cells under normal conditions.

© 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
molecular  chaperones that are induced by various
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-



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’-ATGGCCAAAGCCGCG-
3’) 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 calculated 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-

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 SGC-
7901 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 inter-
nucleosomal 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

74                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



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.

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

part be a result of apoptotic cell death, which mainly occurred
in G1 and S-phases of cell cycle.

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: mo-
lecular marker.

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 antisense-
oligomer-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
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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.

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.

G
ro

w
th

 i
n
h
ib

it
io

n
 (

%
)

A 100

80

60

40

20

0
0  1   2  4   6  8  10 12 14 16

Dose (mol/L)

Antisense

Sense

B
100

80

60

40

20

0
0   24  48  72   96  100

Time (h)

Sense

Antisense

G
ro

w
th

 i
n
h
ib

it
io

n
 (

%
)

1      2       3      4      5       6

Dose (mol/L) Time (h)

Sense

Antisense

A B

A
p
o
p
to

ti
c 

ra
te

 (
%

)

0   1    2   4    6   8  10  12  14 16 0     24     48    72     96   100

50

40

30

20

10

0

A
p
o
p
to

ti
c 

ra
te

 (
%

)

50

40

30

20

10

0

Antisense

Sense



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

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).

Figure 5  Effects of HSP70 antisense oligomer on apoptosis of
SGC-7901 cells induced by heat-shock.

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

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.
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fragmentation, and a hypodiploid DNA peak of propidium
iodide-stained nuclei analyzed by flow cytometry,
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, HSP-
MYCB 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

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 apoptosis-
inducing 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 G418 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±0.4-
24.0±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 mitochondria-
derived 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, TrizolTM 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



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, non-
transfection, pcDNA3.1 and pcDNA3.1-Smac transfection
groups were designed for this experiment. Gene transfection was
conducted according to the protocol of liposome GeneSHUTTLE-
40 (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 TrizolTM 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 dT18, 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.

Detection of cellular chemotherapeutic sensitivity
MTT colorimetry was used. MKN-45, MKN-45/neo and MKN-
45/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 density A values of the slides were read on the enzyme-
labeled 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 DEVD-
pNA, 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 pcDNA3.1-
Smac 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.
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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).

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.

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

activities of MKN-45, MKN-45/neo and MKN-45/Smac cells
were all decreased. The growth inhibitory rates were 5.8±0.4-
24.0±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).

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).

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).

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).
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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].

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

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.

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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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 apoptosis-
inducing 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 caspase-
3 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 colony-
formation 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.
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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.



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 (-) (%)   TGF-1 (+) (%)

 G1  G2  S       Apoptosis   G1  G2    S      Apoptosis

SGC-7901 55.2 15.8 2 9 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 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

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.

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).

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).

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

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.

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

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.
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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 cross-
talk 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.

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.

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.
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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 mucosa-
associated 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 tissue-
fluorescence in situ hybridization (FISH), using chromosome-
specific -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,
13C-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

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 phosphate-
buffered 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, cover-
slipped, 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 tissue-
FISH, 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



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.

  +3        +7      +12  +18        t(11;18)

   1    0           0      NA     0 NA

   2    4           2       2.5   14.2    4
   3    0           0        0     4 NA

   4    2           0        0     0    0

   5    2.5           0        0    3.5    2
   6    2           3        0     2    0

   7    3           0     24  49    4

   8  10           4        0     4    1
   9  19           0        1     1 1 9

1 0    2.5           3        2    2.5 1 7

1 1    0           3        3     0 3 8
1 2    1           1        2     3 2 4

1 3    3           2       1.8    3.2 2 2

NA: not available.

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)

Taji S et al. Trisomy 3 is prognostic factor for MALToma            91

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) Hp.    Endoscopic           Depth          Response Time for regression     Second       Follow-up
No.     findings ＃            (mo)     therapy           (mo)

   1 M/72 (+)         SS  m CR  8        (-)            105

   2 F/69 (+)         SS  m CR  2        (-) 8 1

   3 F/73 (+)         SS  m CR  1        (-) 4 1

   4 F/55 (+)         SS  m CR  6        (-) 3 0

   5 F/60 (+)         SS  m2 CR  2.5        (-) 3 5

   6 F/50 (+)         SS  m2 CR  1        (-) 2 6

   7 M/72 (+)         SS  m2 CR  4        (-) 2 6

   8 M/49 (-)         SS Sm PR (-) observation 4 9

   9 M/71 (+)         SS Sm NR (-) observation 4 5

1 0 M/68 (+)         MF Sm NR (-)        EMR 2 9

1 1 M/49 (+)         DI Sm NR (-)           Ritsuximab→RT 2 3

1 2 F/59 (+)         MF Sm1 PD (-) Gastrectomy 9 1

1 3 M/69 (+)         SS Sm2 PD (-)       CHOP 2 6

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 endo-
scopic and gastrointestinal X ray examination.
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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



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 m-
thick, 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

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 histopa-
thologically 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.

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 antrum-
predominant 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.

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 Kore-
ans 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).

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.

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.

Figure 4  Chronic interstitial inflammation. In the body, the
prevalence of high-grade infiltration was higher in Ameri-
cans 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.

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 differ-
ence 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.

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.

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,

males are about twice as many as females. The reason for male-
preponderance 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 acid-
secreting 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.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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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 Gram-
positive 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



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 cut-
off 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 RP-
HPLC 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 HBD-
2 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].

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 gastroduode-
nal diseases (mean±SD)

     Human neutrophil -defensin 2 -defensin-1
           peptides 1-3    (pg/mL)     (ng/mL)

  (ng/mL)

Chronic gastritis 520.8±40.0   250.4±84.1   8.68±1.08

Gastric ulcer 512.1±75.3   225.3±32.6   8.81±1.26

Duodenal ulcer 560.4±121.9   269.8±46.5   8.37±1.14

Benign gastric polyp 606.4±99.5   206.2±70.0   7.81±1.32

Normal mucosa 552.7±69.5   196.3±55.4   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).

100                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



 Nishi Y et al. - and -defensins of gastric juice in gastroduodenal diseases          101

        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      H pylori-uninfected

Human neutrophil peptides     544.2±36.4            518.3±53.1

1-3 (ng/mL)

-defensin 2 (pg/mL)     286.5±55.8            238.5±53.4

-defensin 1 (ng/mL)       7.66±0.94  8.13±0.71

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

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).

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

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

Chronic gastritis  52.0±26.5    19.5±9.8   3.3±1.9   84.9±41.3

Gastric ulcer     67.1±31.2    31.4±12.5   2.4±1.3    69.3±35.9

Duodenal ulcer    76.7±20.2    18.1±8.9   4.5±0.8    69.2±34.6
Benign gastric     49.0±29.1    17.3±16.9   4.0±2.8    57.1±30.4

polyp

Normal mucosa  46.7±26.2      9.2±5.4   5.2±1.5    48.5±22.1

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

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.

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.
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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

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 H2O2/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 pylori-
eradicated 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



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 pylori-
infected 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, 5-
triphenyltetrazolium 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

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% hexadecyltri-
methyl-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.

Figure 1  Ratio of stomach weight to body weight in H pylori-
infected, H pylori-eradicated and H pylori-uninfected Mongo-
lian 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.

Figure 2  Hyperplastic area of the stomach 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.

MPO activity
MPO activity is demonstrated in Figure 5. A significantly lower
activity of MPO was found in H pylori-uninfected or H pylori-
eradicated 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 pylori-
uninfected gerbils (mean±SD)

      H pylori-infected    H pylori-eradicated     H pylori-uninfected                     P

Stomach weight ratio (×1000) 14.1±1.3 10.5±0.3 9.0±0.3 <0.05a

<0.05c

Hyperplasia area (mm2) 82.4±9.2 13.9±3.5       0 <0.05a

<0.05c

Erosion and ulcer area (mm2) 14.4±4.9   0.9±0.5       0 <0.05a

<0.05c

Score of gastritis   7.0±0.0   3.6±0.5 0.8±0.4 <0.05a

<0.05c

MPO activity (moL H2O2/min/g tissue)            104.7±9.2   8.9±2.3 7.8±2.5 <0.05a

<0.05c

PGE2 synthesis (pg/mg wet weight/min)            299.2±81.5            102.8±26.2 9.6±1.3 <0.05a

<0.05c

Stomach weight ratio: weight of stomach to weight of body aP<0.05, H pylori-infected vs H pylori-eradicated; cP<0.05, H pylori-
infected 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

Stomach weight ratio (×1000) 12.8±0.4 10.1±0.3 8.1±0.4          <0.05a

         <0.05c

Hyperplasia area (mm2) 30.5±5.1 1.3±0.6        0          <0.05a

         <0.05c

Erosion and ulcer area (mm2)   1.3±0.6 0.4±0.3        0          <0.05a

         <0.05c

Score of gastritis   7.0±0.0 2.7±0.5        0          <0.05a

         <0.05c

MPO activity (moL H2O2/min/g tissue)       133.5±15.0 2.9±0.7 6.6±1.7          <0.05a

         <0.05c

PGE2 synthesis (pg/mg wet weight/min)      321.4±30.3           11.9±4.8           25.9±15.9          <0.05a

         <0.05c

Stomach weight ratio: weight of stomach to weight of body aP<0.05, H pylori-infected vs H pylori-eradicated; cP<0.05, H pylori-
infected 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.
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.

Figure 4  Scores of chronic gastritis 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.

Figure 5  MPO activity 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.

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.

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).

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 pylori-
eradicated 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 pylori-
infected 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 cytoskeleton-
associated 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.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Helicobacter pylori plays an important role in the pathogenesis

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 ℃.

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.

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



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

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          Ratio (T/C)

Heat shock 70 ku protein 1B 100

Heat shock 105 ku   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 esponsive to some virulence determinants
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

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 cytoskeleton-
related genes are expressed at low levels, including kinesin-
like-5 protein, actin-related protein 2 (ARP2), intermediate
filament protein syncoilin and dynactin 4 (Table 1). Kinesin-
like-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 actin-
related 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 NH2-
terminal 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 down-
expression 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

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 receptor-
associated 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.

REFERENCES
1 Ogura K, Maeda S, Nakao M, Watanabe T, Tada M, Kyutoku

T, Yoshida H, Shiratori Y, Omata M. Virulence factors of
Helicobacter pylori responsible for gastric diseases in Mongolian

gerbil. J Exp Med 2000; 192: 1601-1610

2 Leunk RD, Johnson PT, David BC, Kraft WG, Morgan DR.
Cytotoxic activity in broth-culture filtrates of Campylobacter

pylori. J Med Microbiol 1988; 26: 93-99

3 Sepulveda AR. Molecular testing of Helicobacter pylori-associ-
ated chronic gastritis and premalignant gastric lesions: clinical

implications. J Clin Gastroenterol 2001; 32: 377-382

4 Mann NS, Westblom TU. Helicobacter pylori and the future: an
afterword. Curr Top Microbiol Immunol 1999; 241: 301-308

5 Ogura K, Takahashi M, Maeda S, Ikenoue T, Kanai F, Yoshida

H, Shiratori Y, Mori K, Mafune KI, Omata M. Interleukin-8
production in primary cultures of human gastric epithelial cells

induced by Helicobacter pylori. Dig Dis Sci 1998; 43: 2738-2743

6 Wagner S, Bei l W, Westermann J, Logan RP, Bock CT,
Trautwein C, Bleck JS, Manns MP. Regulation of gastric epithe-

lial cell growth by Helicobacter pylori: offdence for a major role

of apoptosis. Gastroenterology 1997; 113: 1836-1847
7 Cover TL, Halter SA, Blaser MJ. Characterization of HeLa cell

vacuoles induced by Helicobacter  pylori  broth culture

supernatant. Hum Pathol 1992; 23: 1004-1010
8 Segal ED, Falkow S, Tompkins LS. Helicobacter pylori attach-

ment to gastric cells induces cytoskeletal rearrangements and

tyrosine phosphorylation of host cell proteins. Proc Natl Acad

112                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



Sci U S A 1996; 93: 1259-1264
9 Cox JM, Clayton CL, Tomita T, Wallace DM, Robinson PA,

Crabtree JE. cDNA array analysis of cag pathogenicity island-

associated Helicobacter pylori epithelial cell response genes. In-
fect Immun 2001; 69 : 6970-6980

1 0 Chiou CC, Chan CC, Sheu DL, Chen KT, Li YS, Chan EC.
Helicobacter pylori infection induced alteration of gene expres-

sion in human gastric cells. Gut 2001; 48: 598-604
1 1 Maeda S, Otsuka M, Hirata Y, Mitsuno Y, Yoshida H, Shiratori

Y, Masuho Y, Muramatsu M, Seki  N, Omata M. cDNA
microarray analysis of Helicobacter pylori-mediated alteration

of gene expression in gastric cancer cells. Biochem Biophys Res
Commun 2001; 284: 443-449

1 2 Chang K, Fujiwara Y, Wyle F, Tarnawski A. Helicobacter pylori
toxin inhibits growth and proliferation of cultured gastric cells-

Kato III. J Physiol Pharmacol 1993; 44: 17-22
1 3 Fujiwara Y, Wyle F, Arakawa T, Domek MJ, Fukuda T,

Kobayashi K, Tarnawski A. Helicobacter pylori culture superna-
tant inhibits binding and proliferative response of human gas-

tric cells to epidermal growth factor: implications for H pylori
interference with ulcer healing? Digestion 1997; 58: 299-303

1 4 Pai R, Cover TL, Tarnawski AS. Helicobacter pylori vacuolating

cytotoxin (VacA) disorganizes the cytoskeletal architecture of

gastric epithelial cells. Biochem Biophys Res Commun 1999; 262:
245-250

1 5 Ashorn M, Cantet F, Mayo K, Megraud F. Cytoskeletal rear-

rangements induced by Helicobacter pylori strains in epithelial
cell culture: possible role of the cytotoxin. Dig Dis Sci 2000; 45:

1774-1780

1 6 Henics T, Wheatley DN. Vacuolar cytoplasmic phase separa-
tion in cultured mammalian cells involves the microfilament

network and reduces motional properties of intracellular water.

Int J Exp Pathol 1997; 78: 343-354
1 7 Henics T, Wheatley DN. Cytoplasmic vacuolation, adapta-

tion and cell death: a view on new perspectives and features.

Biol Cell 1999; 91: 485-498
1 8 Pai R, Sasaki E, Tarnawski AS. Helicobacter pylori vacuolating

cytotoxin (VacA) alters cytoskeleton-associated proteins and

interferes with re-epithelialization of wounded gastric epithe-

lial monolayers. Cell Biol Int 2000; 24: 291-301

1 9 Humphries CL, Balcer HI, D’Agostino JL, Winsor B, Drubin

DG, Barnes G, Andrews BJ, Goode BL. Direct regulation of

Arp2/3 complex activity and function by the actin binding

protein coronin. J Cell Biol 2002; 159: 993-1004

2 0 Poon E, Howman EV, Newey SE, Davies KE. Association of

syncoilin and desmin: linking intermediate filament proteins to

the dystrophin-associated protein complex. J Biol Chem 2002;

277: 3433-3439

2 1 Deacon SW, Serpinskaya AS, Vaughan PS, Lopez Fanarraga

M, Vernos I, Vaughan KT, Gelfand VI. Dynactin is required for

bidirectional organelle transport. J Cell Biol 2003; 160: 297-301
2 2 IARC working group on the evaluation of carcinogenic risks to

humans: some industrial chemicals. Lyon, 15-22 February 1994.

IARC Monogr Eval Carcinog Risks Hum 1994; 60: 1-560
2 3 Park JH, Lee SW. Hypertonicity induction of melanoma antigen,

a tumor-associated antigen. Mol Cells 2002; 13: 288-295

2 4 Kavalar R, Sarcevic B, Spagnoli GC, Separovic V, Samija M,
Terracciano L, Heberer M, Juretic A. Expression of MAGE tu-

mour-associated antigens is inversely correlated with tumour

differentiation in invasive ductal breast cancers: an immuno-
histochemical study. Virchows Arch 2001; 439: 127-131

2 5 Yang DH, Smith ER, Cohen C, Wu H, Patriotis C, Godwin AK,

Hamilton TC, Xu XX. Molecular events associated with dys-
plastic morphologic transformation and initiation of ovarian

tumorigenicity. Cancer 2002; 94: 2380-2392

2 6 Liu SH, Lin CY, Peng SY, Jeng YM, Pan HW, Lai PL, Liu CL,
Hsu HC. Down-regulation of annexin A10 in hepatocellular

carcinoma is associated with vascular invasion, early recurrence,

and poor prognosis in synergy with p53 mutation. Am J Pathol
2002; 160 : 1831-1837

2 7 Hiyama E, Hiyama K. Telomerase as tumor marker. Cancer
Lett 2003; 194: 221-233

2 8 Bukau B, Horwich AL. The Hsp70 and Hsp60 chaperone
machines. Cell 1998; 92: 351-366

2 9 Sherman MY, Goldberg AL. Cellular defenses against un-
folded proteins: a cell biologist thinks about neurodegenerative

diseases. Neuron 2001; 29: 15-32
3 0 Falkowska-Podstawka M, Wernicki A. Heat shock proteins in

health and disease. Pol J Vet Sci 2003; 6: 61-70
3 1 Hickey E, Brandon SE, Smale G, Lloyd D, Weber LA. Sequence

and regulation of a gene encoding a human 89-kilodalton heat
shock protein. Mol Cell Biol 1989; 9: 2615-2626

3 2 Ambrus JL, Fauci AS. Human B lymphoma cell line producing
B cell growth factor. J Clin Invest 1985; 75: 732-739

Edited by Wang XL and Ren SY

     Wang HT et al. Effect of VacA on gastric cancer cells                    113



• H pylori •

Construction of a recombinant attenuated Salmonella typhimurium

DNA vaccine carrying Helicobacter pylori hpaA

Can Xu, Zhao-Shen Li, Yi-Qi Du, Zhen-Xing Tu, Yan-Fang Gong, Jing Jin, Hong-Yu Wu, Guo-Ming Xu

PO Box 2345, Beijing 100023, China                                                                                                                                                                              World J Gastroenterol  2005;11(1):114-117

Fax: +86-10-85381893                                                                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327

E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                     © 2005 The WJG Press and Elsevier Inc. All rights reserved.
ELSEVIER

Can Xu, Zhao-Shen Li, Yi-Qi Du, Zhen-Xing Tu, Yan-Fang Gong,
Jing Jin, Hong-Yu Wu, Guo-Ming Xu, Department of Gastroenterology,
Changhai Hospital, Second Military Medical University, Shanghai
200433, China
Supported by the National Natural Science Foundation of China, No.
30170427
Correspondence to: Dr. Can Xu, Department of Gastroenterology,
Changhai Hospital, Second Military Medical University, Shanghai
200433, China.  xucan9@hotmail.com
Telephone: +86-21-25070556    Fax: +86-21-25074635
Received: 2004-02-21    Accepted: 2004-03-02

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 antibiotic-
resistant 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’ACGCGTCTACTTTCGTTTTTTCATTTCAC 3’. Amplication
was done in a total volume of 50 L under conditions: at 94 ℃



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.

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.

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/

Mlu I site of pIRES, resulting in a recombinant plasmid pIRES-
hpaA. 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.

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).

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 differ-
ent generations after digestion with EcoRI and Mlu I; lane 6:
pIRES after digestion with EcoRI and Mlu I.

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).

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 mucosa-
associated 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

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 pIRES-
hpaA. 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 anti-
inflammatory 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 Crigler-
Najjar 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). pGEM-
T 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



(Shanghai, China). All other reagents and organic solvents of
analytical or HPLC grades were commercially available.

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.

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.

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

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

Determination of transcription of UGT1A3
Transcription of UGT1A3 in CHL cells was confirmed by RT-
PCR. 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.

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 1,4-
lactone 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

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).

Figure 1  Agarose gel electrophoresis of UGT1A3 PCR
products. Lane 1: UGT1A3 PCR products; lane 2: DNA mo-
lecular 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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        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.

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

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 post-
translational 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

by gel image system (Bio-Rad Laboratories, Segrate, Italy).

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.

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.

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.

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.

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



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-bioth-
peroxidase complex method. Anti--SMA monoclonal antibody
(Zhongshan Bio-tech Company) was also used.

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.

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).

Statistical analysis
Results were presented as mean±SD, differences of ordinal

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.

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).

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

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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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       Model          OM               IFN               BR
     n = 8         n = 10         n = 10           n = 9            n = 10

ALT 48.00±3.0   51.33±6.5   67.70±3.31    41.33±1.8   53.80±5.2

PCIII   5.83±0.4     9.91±3.1     7.46±0.71,2     6.68±0.31     6.56±0.41

CIV   0.93±0.71    4.13±1.4     0.97±0.91      0.90±0.61      0.40±0.41

1Significantly different compared with model group, 2signifi-
cantly 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 IV

Control     8       8         0             0 0   0

Model               10       0         5             1 1   3

OM               10       2         7             0 1   0

IFN     9       2         6             1 0   0

BR               10       4         5             0 1   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.

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.
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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 low-
volume and high-volume CVVHs, which was more pronounced
in the latter. High-volume CVVH was significantly superior
compared with less intensive treatment modalities (low-
volume 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)



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 Swan-
Ganz 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)

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, high-
volume 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    Group       Baseline                       6 h                           12 h                         24 h                          36 h                           48 h

HR(bpm) 1 123.0±8.2         179±9.7d    194±20.8d           164±26.2c      132±23.0     NC

2 123.0±8.2         159±10.4ad    165±15.5ad           159±21.6d      139±25.2  141±36.1

3 125.0±8.3         149±9.9ad    155±23.8ad           148±21.4d      148±17.6d  138±18.4

BT(°C) 1   37.1±1.2        39.6±1.1d   40.0±0.9d          36.0±0.6c     35.6±0.6     NC

2   37.9±0.7        38.7±1.2   38.7±0.6a          36.8±1.2c     36.1±1.3 37.5±3.4

3   37.8±0.5        38.3±0.6ac   38.6±0.8a          38.8±0.8ac     38.5±0.2ac 39.0±0.3

Amy(U/l) 1 238.3±122.6   3 635.0±427.2d        9 535.8±5 802.6d     7 535.7±6 573.6c      5 502.7±1 976.8c     NC

2 336.0±123.8   3 309.1±1331.2d         8 199.4±5 881.0d     8 441.8±5 730.6d      2 960.5±1 292.6c      3 168.5±1 136.3

3 237.0±66.7   2 803.9±518.1d        8 186.6±3 987.9d     8 265.3±4 092.0d     3 211.9±1 151.7d      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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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

Table 2  Hemodynamic parameters (mean±SD)

Parameter                Group            Baseline                      6 h                         12 h                     24 h                      36 h                         48 h

MAP (mmHg) 1    126.5±7.76           95.5±10.20d   87.38±12.45d      81.83±5.08d           80.0±10.0d          NC

2    126.3±7.19           95.6±7.44d   104.5±6.82ad      102.0±10.64ad      100.8±9.74ac     84.5±13.44

3    123.3±4.43         117.8±9.07ac   116.3±7.80a      106.8±9.79ad            104.5±6.74ad   99.57±11.97

MPAP (mmHg) 1      24.5±1.51           25.0±1.07     26.8±1.16d        30.0±2.76d           27.3±3.06          NC

2      24.3±2.25           26.1±2.59     26.4±2.33        28.4±3.58c           29.5±2.38     29.0±8.49

3      24.4±1.85           25.9±1.25     22.1±1.81a        25.4±2.92a           27.3±3.58c     27.4±1.72

PCWP (mmHg) 1      10.1±1.96             9.1±2.85     10.8±1.98        14.2±3.19c           11.0±2.65          NC

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±2.87a           10.0±3.82     14.0±3.00

CVP (mmHg) 1        8.6±2.07             7.3±2.12       5.5±2.07c          9.2±3.92             9.0±1.73          NC

2        8.0±2.14             8.6±4.41       7.6±3.85          8.6±2.50           11.5±6.24       7.0±5.66

3        7.9±1.36             6.5±1.93       6.9±1.36          7.3±1.98             7.4±2.07       8.3±2.21

CI (L/min/m2) 1        4.5±0.55             6.2±0.64d       5.9±1.19c          3.1±0.41d             2.4±0.70          NC

2        4.7±0.75             5.4±0.90c       5.9±0.86c          5.1±1.79a             4.6±2.43       3.7±0.12

3        4.6±0.54             5.0±0.97a       4.2±0.73a          4.8±0.56a             5.3±1.10a       6.3±1.17

SVR (dyn•s•cm-5) 1 2 130.2±204.5      1 176.8±253.9d 1 465.0±788.3c    1 915.8±397.8      3 617.7±374.1d          NC

2 2 061.2±407.1      1 329.6±354.8d 1 349.9±218.6d    1 573.0±633.1      1 988.1±942.4a 1 674.2±463.6

3 2 034.4±315.6      1 820.8±380.3a 2 172.3±371.7a    1 664.6±268.1      1 512.6±321.6a 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    Group         Baseline                   6 h                              12 h                             24 h                         36 h                        48 h

DO2 1 774.1±142.9  1 044.5±154.2d 1 029.4±307.6 501.3±75.0d       389.4±178.8        NC

2 751.4±206.0     811.6±197.4a    840.6±195.7 673.6±189.8       458.4±166.8c 320.9±71.8

3 674.2±76.7     706.5±95.4a    552.1±119.7a 489.5±71.8bd       474.9±63.0d 517.2±163.7

VO2 1 215.3±44.9     336.6±103.1d    331.4±153.2 140.0±46.4d       108.0±55.1c                    NC

2 224.4±67.0     365.9±136.4d    331.0±70.0d 293.1±105.4a       200.6±133.8   93.7±41.9

3 203.7±61.1     366.1±52.6d    247.8±73.7b 178.5±44.0b       163.2±45.1 167.8±90.0

OER 1   27.8±2.0       31.7±7.7      31.5±6.7   27.6±7.2         27.6±3.1        NC

2   29.9±4.6       44.0±9.0ad      40.0±5.8ac   43.5±10.4ac         41.0±12.9   28.5±6.7

3   30.0±6.8       51.9±3.2ad      44.6±7.3ad   36.3±7.2ad         33.9±6.4   31.0±7.8

DO2: oxygen delivery, VO2: oxygen consumption, OER: oxygen extraction ratio. Group 1: controls; group 2: low-volume continu-
ous 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.



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 non-
oxidative 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

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-mo-
old 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
meta l lopro te inase  (TIMP-1)  and the  leve l  o f
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 pro-
fibrogenic 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



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

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 TTT ACG 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

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)        LW/BW (%)

Y 224.3±14.2d 420.3±13.6d 15.9±0.8d 3.7±0.1d

N 763.8±21.5b 768.8±22.6b 20.4±3.5b 2.7±0.3b

E 761.0±19.6b 750.4±25.4b 19.3±1.1b 2.6±0.1b

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

Table 2  Rat liver histopathology

       Hepatocyte (×103)      Fibrotic area (%)              Lipofuscin (%)

Y   5.3±0.3d 1.4±0.1d 32.4±6.0d

N   2.3±0.3b 2.8±0.1b 62.8±5.7b

E   3.4±0.4bd 2.2±0.1bd 33.7±5.3d

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

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).

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±0.1d    103.2±17.6d 16.7±4.4c

N 59.0±23.7     131.8±22.2 5.9±0.7    40.9±3.1 1.2±0.2b      61.8±14.5b 11.8±3.9a

E 61.8±25.2     118.3±28.4 5.1±0.6    42.5±6.9 1.0±0.1bc      97.1±15.3d 14.1±4.7

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

M Y N E M Y N E

-actin

TIMP-1

134                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



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.
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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



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

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

1 7 3   M Antrum Round A 1 1.0 - +      Ranitidine

2 3 5   F Angle Triangle A 1 0.8 S2 +      Nizatidine

3 4 2   M Body Ovoid A 2 0.9  - -      Ranitidine

4 6 1   M Body Ovoid A 2 1.2  - +      Ranitidine

51 5 8   F Angle Round A 2 1.2 H1 0.6 -      Ranitidine

61 4 2   M Antrum Triangle A 1 0.8 H2 0.5 -      Nizatidine

71 5 1   M Cardia Round A 2 1.3 H1 0.7 +      Ranitidine

81 6 8   M Body Ovoid A 1 0.9 H2 0.5 +      Nizatidine

9 5 4   M Angle Round A 2 1.0 S2 +      Ranitidine

1 0 6 2   F Cardia Round A 1 1.2  - -      Nizatidine

1 1 3 9   F Antrum Ovoid H1 0.8  - +      Nizatidine

1 2 7 1   M Angle Round A 2 1.0 S2 -      Ranitidine

131 6 2   F Antrum Triangle A 1 1.2 H2 0.6 +      Nizatidine

141 3 6   M Body Ovoid H1 0.7 H2 0.4 -      Ranitidine

151 4 6   F Angle Round A 1 1.3 H1 0.9 +      Ranitidine

161 4 0   M Antrum Ovoid A 2 0.9 H2 0.6 +      Nizatidine

1Poor 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.

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 well-
healed 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 well-
healed 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

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.

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.

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).

138                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1

A B C

D E F

1   2   3   4  5   6   7   8   9  10 11 12 13 14 15 16

TGF-

TGF- receotor

-actin



      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

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

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).

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).

 Shih SC et al. TGF- and refractory gastric ulcer          139

A B C

D E F

A B C

D E F



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 HCV-
related 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



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 re-
proposed[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

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).

13C -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                    CH n = 50                       LCA n = 30                   LCB n = 30                   LCC n = 30

Gender male/female   25/15   27/23     23/7   20/10     22/8

Age mean (range) 50 (30-80) 57 (38-78) 60 (33-80) 63 (32-80)  59 (39-76)

BSA Mean     1.76     1.75     1.78     1.74      1.72

Etiology Viral/Alcoholic         0    50/0     22/8    25/5      24/6

Child score Mean (range)         0         0  5.38 (5-6)   8.0 (7-9) 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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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 Child-
Pugh 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 Child-
Pugh 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

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.

Table 2  13CO2-peak and  area under the curve (AUC) of  13CO2 maximal scores in all groups of subjects studied

Tests                           CTR Mean (95% CI)     CH Mean (95% CI)     LCA Mean (95% CI)      LCB Mean (95% CI)  LCC Mean (95% CI)

13C-phenylalanine

13CO2-peak 12.68 (10.94-14.42) 16.11 (13.58-18.63) 11.85 (9.41-14.29) 10.45 (8.07- 12.83) 7.11 (2.74-11.47)

AUC13CO2max   5.40 (2.32-7.62)   6.85 (2.83-12.80)   5.81 (2.64-10.36)   4.60 (2.13-9.25) 5.40 (2.77-10.65)

13C-methacetin

13CO2-peak 31.03b (25.61-36.46) 22.80d (20.74-24.85) 19.19f (15.60-22.77) 10.18 (8.52-11.83) 7.02 (5.03-9.00)

AUC13CO2 max 16.76h (7.35-28.04) 14.69d (5.41-31.27)   9.44e (2.76-29.01)   4.91 (3.13-8.83) 5.32 (2.87-7.17)

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.

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.
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Figure 2  Serum levels of cholic acid (CCA) and chenodeoxy-
cholic 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

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).

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

PBT collecting   Area             SE         MBT collecting         Area       SE
time                                                          time

10 min 0.45      0.07   10 min 0.83 0.04

20 min 0.54      0.07   20 min 0.86 0.04

30 min 0.59      0.07   30 min 0.89 0.03

40 min 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)

                                                                                                    MBT                                                       PBT
Group                                             Time (min)                                                                                                                                 2

                                                                                       Area                   SE                                Area                   SE

CTR vs all patient 6 0 0.86 0.04 0.73 0.04 0.02

CH vs C 6 0 0.89 0.03 0.69 0.05 0.003

CTR vs CH 6 0 0.67 0.07 0.56 0.008 ns

CH vs C-Child A 6 0 0.79 0.05 0.60 0.07 0.02

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

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                                                   Beta                    P

13C-methacetin

(60 min % oxidation) -0.544 0.000

CCA  0.576 0.0016

CDCA  0.855 0.001

r2 = 0.660.

Table 6  Multiple regression analysis of 13C-phenylalanine
breath test, serum levels of cholic acid (CCA) and chenode-
oxycholic acid (CDCA) conjugates

Variable                                                   Beta                    P

13C-phenylalanine

(60 min % oxidation) -0.252 0.057

CCA  0.487 0.070

CDCA  1.010 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 Child-
Pugh 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 sulfobromo-
phthalein 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

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 investig-
ators[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.
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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 high-
density 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,



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 high-
density 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 agency-
assigned 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

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            Male         Female        Total        T             P

AGE        46.78±7.93      46.62±7.79    46.69±7.85   0.360       0.719

SBP      126.26±19.92    122.23±20.54  124.03±20.36   3.413       0.001

DBP        81.09±12.47      77.23±10.79    78.95±11.73   5.737       0.000

FBG     4.48 (4.07-4.94)   4.42 (4.08-4.84) 4.58 (4.07-4.88)   0.492       0.623

CH     4.06 (3.50-4.71)   3.98 (3.45-4.59) 4.02 (3.48-4.63)   1.578       0.115

TG     0.83 (0.59-1.24)   0.77 (0.57-1.12) 0.79 (0.57-1.18)   1.957       0.051

HDL     1.04 (0.86-1.28)   1.07 (0.89-1.27) 1.06 (0.88-1.28)  -1.405       0.160

LDL     2.54 (2.09-3.02)   2.44 (2.05-2.88) 2.48 (2.06-2.95)   0.990       0.322

BMI         23.60±2.84      24.16±3.19   23.91±3.05  -3.128       0.002

WC         79.43±8.76      76.34±8.57   77.72±8.78   6.130       0.000

TI     4.24 (2.57-6.53)   5.45 (3.51-7.47) 4.91 (3.01-7.09)  -5.164       0.000

PI     3.39 (2.04-5.65)   3.58 (2.22-5.69) 3.49 (2.14-5.68)  -0.574       0.566

Table 2  ANCOVA analysis of TI and risk factors (age and sex are covariate)

Risk factors N (M/F)   Median (QR)       F     P

Hypertension Y 149/142 5.71 (3.78-7.86) 34.063 0.000

N 384/521 4.60 (2.78-6.75)
Hyperglycemia Y   17/22 7.50 (4.86-9.82) 12.116 0.000

N 516/641 4.82 (2.97-7.02)

Obesity Y 149/227 6.41 (4.39-8.46) 89.080 0.000
N 382/436 4.24 (2.59-6.31)

Visceral obesity Y 137/214 6.37 (4.54-8.31) 83.062 0.000

N 395/449 4.25 (2.58-6.42)
High CH Y   85/78 5.69 (3.66-8.19)   9.638 0.002

N 448/585 4.76 (2.96-6.97)

High LDL Y   72/79 5.55 (3.19-7.84)   5.301 0.021
N 460/579 4.79 (2.97-7.00)

High TG Y   66/74 6.94 (4.89-8.62) 39.522 0.000

N 467/589 4.64 (2.82-6.76)
Low HDL Y 258/297 5.31 (3.19-7.57)   8.829 0.003

N 275/366 4.63 (2.82-6.69)

Risk factor score 0 134/180 3.81 (2.54-5.84) 21.136 0.000
1 170/220 4.59 (2.79-6.63)

2 123/151 5.19 (3.19-7.16)

3   56/65 6.15 (4.23-7.92)
4   29/27 7.75 (5.53-9.45)

≥5   18/15 7.81 (5.74-10.20)

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 N (M/F) Median (QR)       F     P

Hypertension Y 149/142 4.24(2.49-6.66) 20.523 0.000

N 384/521 3.34(2.02-5.31)

Hyperglycemia Y   17/22 11.20(7.54-17.52) 78.858 0.000

N 516/641 3.43(2.04-5.36)

Obesity Y 149/227 4.70(2.93-7.46) 70.508 0.000

N 382/436 3.13(1.84-4.72)

Visceral obesity Y 137/214 4.67(3.05-7.56) 69.619 0.000

N 395/449 3.13(1.83-4.86)

High CH Y   85/78 4.72(2.89-7.01) 25.807 0.000

N 448/585 3.36(2.02-5.32)

High LDL Y   72/79 4.35(2.62-6.65) 15.775 0.000

N 460/579 3.40(2.04-5.39)

High TG Y   66/74 5.37(3.63-8.57) 54.298 0.000

N 467/589 3.31(1.99-5.30)

Low HDL Y 258/297 3.76(2.38-5.96) 12.049 0.001

N 275/366 3.29(1.95-5.31)

Risk factor score 0 134/180 2.77(1.61-4.29) 27.290 0.000

1 170/220 3.15(2.02-5.03)

2 123/151 3.97(2.39-6.03)

3   56/65 4.56(3.04-7.19)

4   29/27 6.18(3.83-11.39)

≥5   18/15 6.89(4.45-12.30)

M/F, male/female; Y or N, presence or absence of risk factors.



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, low-
density 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 non-
Hispanic 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

Table 4  Multiple stepwise linear regression analysis with TI as a dependent variable

Unstandardized coefficients
Parameter     Standardized coefficients (Beta)       T        P

      B   SE

Constant -1.677 1.520   ——  -1.103   0.270

Risk factor score  0.410 0.102  0.156   4.036   0.000

FBG  0.558 0.112  0.142   4.992   0.000
Sex  0.836 0.248  0.094   3.375   0.001

BMI  0.162 0.052  0.111   3.121   0.002

TG  0.196 0.093  0.063   2.108   0.035
AGE -3.18E-02 0.016 -0.056  -2.003   0.045

Table 5  Multiple stepwise linear regression analysis with PI as a dependent variable

 Unstandardized coefficients
Parameter    Standardized coefficients  (Beta)       T        P

B SE

Constant -3.915 1.281   ——  -3.058   0.002

FBG  1.095 0.093  0.316 11.741   0.000

Risk factors score  0.326 0.091  0.141   3.596   0.000

BMI  0.165 0.043  0.128   3.856   0.000

AGE -4.80E-02 0.013 -0.097  -3.632   0.000

TG  0.281 0.084  0.103   3.346   0.001

LDL  0.321 0.158  0.062   2.034   0.042
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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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