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Abstract

AIM: To investigate the relationship between the -765G
> C COX-2 polymorphism and the development of
different gastric lesions: atrophy or intestinal metaplasia
and gastric adenocarcinoma.

METHODS: A cross-sectional study was performed
involving 320 Portuguese individuals (210 without
evidence of neoplastic disease, 73 patients with gastric
adenocarcinomas and 37 with atrophy or intestinal
metaplasia) using a PCR-RFLP method.

RESULTS: -765C allele was overrepresented in the
patients with gastric adenocarcinoma (51%) when
compared either with the control group (38%) or
patients with atrophy or intestinal metaplasia (27%).
Callele was found to be very common in our population
(0.22), and a multivariate logistic regression analysis
revealed nearly 3-fold increased risk for the progression
to gastric adenocarcinoma in patients with atrophy or
intestinal metaplasia carrying the -765C allele (OR = 2.67,
95% CI = 1.03-6.93; P = 0.04).

CONCLUSION: -765C carrier status should be

considered as another susceptibility marker for gastric
adenocarcinoma development in patients with atrophy or
intestinal metaplasia.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric adenocarcinoma mortality rates have been
decreasing in Europem, although, in Portugal it still
remains one of the leading causes of cancer-related deaths
(third in men and fourth in women). Portugal has one
of the highest mortality rates of Europe and the highest
in southern Europe, with values of 33.2 and 20.8 per
100000/ year in men and women, respectively[zl.
Cyclooxygenase (COX), also known as prostaglandin
endoperoxide synthase, is a rate-limiting enzyme that
converts free arachidonic acid into important prostanoids
(PGs) and eicosanoids such as prostaglandin H2". There
are at least two isoforms of COX identified”; COX-7 is
expressed constitutively in most cell types and is thought
to be responsible for the maintenance of vascular home-
ostasis and gastroprotection[3’4]; and, COX-2, the inducible
isoform of the enzyme, undetectable in most cells is read-
ily induced by bacterial lipopolysaccharide (ILPS), cytokine,
growth factors, mitogens and tumor promoters’ .,
Enhanced expression of COX-2 has been observed in

7-14
several forms of cancer!

[

I including gastric cancer and
precancerous tissues P cox-2 over-expression plays
an important role in the inhibition of apoptosis, tumor
growth, angiogenesis, invasion and metastasis, which
are cg?sliqugid to be important steps in cancer develop-
ment 11619 .
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Single Nucleotide Polymorphisms (SNP) are the
most common form of genetic variants of the human
genome®, some of which might have functional effects
on the susceptibility to the development of human
cancers”* by modifying the transcriptional activation.

Several polymorphisms in COX-2 have been identified
so far. However, only a few seemed to have a functional ef-
fect on the transcription. Recently, Papafili e /™ described
a new polymorphism in the promoter region of COX-2,
characterized by a guanine (G) to cytosine (C) transition
at position -765 (-765G > C). This polymorphism appears
to distupt a Stimmulatory protein 1 (Spl) binding site, which is
considered to be a positive activator of transcription and
leads to a 30% treduction of the COX-2 promoter activity
in vitro™. With this evidence, only few investigations have
been done involving COX-2 polymorphisms either in can-
cer related studies™* or other diseases”™***.

The aim of this study was to determine the allelic fre-
quencies of the -765G > C COX-2 polymorphism in a
northern Portuguese population and to investigate its as-
sociation with the development of gastric lesions, such as,
atrophic gastritis or intestinal metaplasia and gastric adeno-
carcinoma.

MATERIALS AND METHODS

Subjects

The -765G > C COX-2 polymorphism was evaluated in
a cross-sectional study performed in healthy individuals
without clinical evidence of cancer (# = 210) and patients
with known gastric lesions (#z = 110), both from the
northern region of Portugal attended at the Portuguese
Institute of Oncology (Porto, Portugal).

The control group was formed by 75 females and 135
males (64%) with a median age of 51 years old. Patients
were divided according to the type of lesion presented
upon histopathological diagnosis after endoscopic multiple
biopsies. Seventy three patients displayed lesions as severe
as high-grade non-invasive neoplasia and intestinal type
invasive gastric adenocarcinoma and 37 with lesions,
such as atrophy or intestinal metaplasia that belong to a
standardized follow-up since 2001"’. The three different
groups are characterized in Table 1. The group of patients
with gastric adenocarcinoma included 27 females and 31
males (53%) with a mean age of 54 years and, and the
group of patients with atrophy or intestinal metaplasia
included 21 females and 13 males (38%) with a mean age
of 61 years.

All samples were obtained with the permissions of
the individuals before their inclusion in the study after
informed consent according to the Declaration of
Helsinki.

Sample DNA extraction

Blood samples were collected with a standard venipuncture
technique using EDTA containing tubes. Genomic DNA
was extracted from peripheral blood leukocytes by a
standard Salting-out protocol™”.,

Genotyping of -765G>C COX-2 polymorphism
The analysis of the -765G > C polymorphism was
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Control Gastric Atrophy or intestinal
n = 210 adenocarcinoma metaplasia
n=73 n =37

Age
(mean + SD) 49.5+18.0 542+11.3 60.7 £10.9
Male Gender 7 (%) 135 (64) 36 (49) 15 (40)
Atrophy n (%) Na Na 3(8)
Complete IM 1 (%) Na Na 4 (11)
Incomplete IM 7 (%) Na Na 30 (81)

Na: Not applicable; Atrophic chronic gastritis without intestinal metaplasia.

performed by PCR-based restriction fragment length
polymorphism (PCR-RFLP) as previously described™,
The primers used in the amplification were: CX2A
(forward): 5'-ATT CTG GCC ATC GCC GCT TC-3'
and CX2B (reverse) 5-CTC CTT GTT TCT TGG AAA
GAG ACG-3' (Metabion, Martinsried, Deutschland).
The amplification conditions were 95°C during 10 min
for the initial denaturation step, followed by 35 cycles of
denaturation at 94°C (1 min), annealing at 59°C (1 min)
and extension at 72°C (1 min). The final extension step
consisted 10 min at 72°C. As a negative control PCR mix
without DNA sample was used to ensure contamination
free PCR product. Reaction products were digested with
Bsh12361 restriction endonuclease (Fermentas, Vilnius,
Lithuania) during 8 h at 37°C.

Results were observed in 3% agarose gel stained with
ethidium bromide (Figure 1). Fragment sizes of 134
+ 23 bp indicated a wild-type homozygous -756GG
genotype, and an uncut fragment of 157 bp indicated the
homozygous -765CC genotype. The presence of all the
three bands (23, 134, and 157 bp) indicated a heterozygous
-765GC genotype. The 23 bp fragment, resulting from
the Bsh123061 restriction can not be distinguished from
the primer-dimmer band in the agarose gel. Analysis of
genotypes was independently performed by two of the
authors (C.P. and PE). Cases with nonconcordant results
between the two observers, or with the absence of a PCR
product were rejected. Also a second PCR-RFLP analysis
was performed in ten per cent of all samples to confirm
the genotype.

Variables
Individual’s age and gender, type of gastric lesion (gastric
adenocarcinoma or atrophy or intestinal metaplasia) ot its

absence, and COX-2 alleles (G, C).

Statistical analysis

Data analysis was performed using the computer software
Statistical Package for Social Sciences-SPSS for Windows
(version 11.5). Chi-square analysis was used to compare
categorical variables, using a 5% level of significance.
Multivariate logistic regression analysis was used to
estimate odds ratio (OR) and its 95% confidence interval
(CI) as a measure of the association between Allele C
carrier and the risk for the development of gastric lesion.
Gender and age were included in multivariate analysis, and
assessment for interaction was considered in the model.
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<— 157 bp
<— 134 bp

Figure 1 PCR-RFLP analysis of -765G > C COX-2 polymorphism. M: 50 bp DNA
ladder; 1: Homozygous -765CC genotype; 2, 3: Heterozygous -765GC genotype; 4:
Homozygous -765GG genotype.

o

Pathology Genotype 7 (%) OR?

GG Ccarrier  OR (95% CI) (95% CI)
Controls 130 (62) 80 (38) 1.00 1.00

(Reference) (Reference)'

Atrophy or 27 (73) 10 (27) 0.60 0.95 1.00
intestinal (0.28-1.31) (0.91-0.99)" (Reference)
metaplasia
Gastric 36 (49) 37(51) 1.67 1.45 2.67
adenocarcinoma (0.98-2.86) (0.84-2.64)" (1.03-6.93)

' OR adjusted for age and gender in a multivariate logistic regression
analysis; > OR adjusted for age and gender in a multivariate logistic
regression analysis for the progression of atrophy or intestinal metaplasia
into gastric cancer.

Controls Atrophy or intestinal Gastric
Genotype (n = 210) metaplasia adenocarcinoma
n = 37) (n =173)
n %) P n (%) P n (%)
GG 130 (62) 0197 27 (73) 0.018 36 (49)
GC 67(32) 0357  9(24) 0.046 32 (44)
cC 13(6) 0398 1(3) 0.339 5(7)
Ccarrier ~ 80(38) 0.197  10(27) 0.018 37 (51)

' vs Atrophy or intestinal metaplasia group (chi-square test); > vs Gastric
adenocarcinoma group (chi-square test).

RESULTS

Allelic distribution of COX-2 polymorphism

The distribution of -765G > C COX-2 genotypes is shown
in Table 2. The frequency of the -765GG, GC and CC
genotypes were 62%, 32% and 6%, respectively in controls,
49%, 44% and 7% in patients with gastric adenocatcinoma
and 73%, 24% and 3% in patients with atrophic gastritis
or intestinal metaplasia. All genotypic distributions are in
Hardy-Weinberg equilibrium (P > 0.05). -765C carriers
were more frequently found among those with gastric
adenocarcinoma (P = 0.04) than the other groups.

Risk estimate for associated lesions and invasive gastric
adenocarcinoma

Table 3 describes the Odds Ratio for the development
of atrophic gastritis or intestinal metaplasia and gastric
adenocarcinoma. We found no statistically significant
risk for the development of either atrophy or intestinal
metaplasia (OR = 0.60, 95% CI = 0.28-1.31; P = 0.20) or
gastric adenocarcinoma (OR = 1.67, 95% CI = 0.98-2.86;
P = 0.06). Although the results for the development
of gastric lesions were not statistically significant, we
observed a possible protective role for -765C carriers, and
when the same analysis was adjusted for age and gender
by a multivariate logistic regression analysis this protective
effect disappeared (OR = 0.95, 95% CI = 0.91-0.99; P =
0.01). In contrast, we observed a nearly 3-fold increased
risk for the progression of atrophy or intestinal metaplasia

Country n C allele C carrier
frequency (%) distribution (%)
America
USA® 228 21 37
USA (African American)™ 100 32 52
Europe
Portugal (our study) 210 22 38
Ttaly™! 864 28 50
UK® 454 (males) 14 25
Poland™! 547 17 31
Australia
Australia™! 168 17 31
Asia
Singapore™™! 1177 B 9
Japan®™ 241 2 5
China™ 1270 2 4

! in control populations of the mentioned studies.

into gastric adenocarcinoma (OR = 2.67, 95% CI =
1.03-6.93; P = 0.04).

Furthermore, when we evaluated the distribution of
gender in the two groups, atrophy or intestinal metaplasia
and gastric adenocarcinoma, no statistically significant
differences were observed (P = 0.38).

DISCUSSION

Enhanced expression of COX-2 gene has been reported
in several forms of cancer, including gastric precancerous
and adenocarcinoma tissues'” ¥, This evidence suggests
a role of COX-2 in the carcinogenesis pathway, such as in
the inhibition of apoptosis, tumour growth, angiogenesis,
invasion and metastasis™>'*""*. A -765G > C polymot-
phism on the promoter region of COX-2 gene disrupts
the Sp1 binding site™ that may alter the susceptibility to
develop cancer””. Our results revealed that C allele is ex-
tremely common (22%) in our population. Although only
a few studies have been developed involving this COX-2
polymorphism, the frequencies of the polymorphic variant
seems to vary, especially among different ethnic popula-
tions (Table 4). These studies revealed that the C allele is

www.wjgnet.com
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more frequent in Western countries, in Europe and Amer-
ica, than in Asian countries. Moreover, our results for the
genotype frequencies ate in concordance with other previ-
ously reported data in Caucasian populations.

-765G > C carriers and development of atrophic gastritis
and intestinal metaplasia

In the present study, -765C carriers were slightly overrep-
resented in the control population (38%) when compared
with patients with atrophy or intestinal metaplasia (27%).
In fact, although not statistically significant, our results
revealed a possible protective role for -765C carriers. Nev-
ertheless, when adjusted for age and gender this protec-
tive role disappears (OR = 0.95, 95% CI = 0.91-0.99, P =
0.01) suggesting that this variant does not influence the
development of gastric lesions such as atrophy or intes-
tinal metaplasia. Although, the protective role is in agree-
ment with previous studies, the small sample size may raise
some statistical concerns to this observation. Papafili ez
al’ showed that the promoter activity of the -765C allele
is reduced to about 30% when compared to the -765G. In
addition, Ulrich ez a/™ tevealed a marginal protection for
the development of colorectal adenomatous and hyper-
plastic polyps when associated with the -765CC genotype.
Thus, these results confirm the evidence that the depletion
of the Spl binding site, considered a positive activator of
COX-2 transcription, caused by the -765G > C transition,
modifies the transcriptional activation of COX-2P,

-765G > C polymorphism and the development of gastric
adenocarcinoma in patients with atrophic gastritis and
intestinal metaplasia

Gastric cancer developed upon a multistep process from
chronic active gastritis, gastric glandular atrophy (GA),
intestinal metaplasia (IM), dysplasia and gastric cancer
In a recent work, it was suggested that COX-2 expres-
sion increases as it progresses from initial gastric lesions
to gastric cancer, providing evidence that COX-2 might
contribute to an early event in gastric carcinogenesisw
Another approach attempt to understand the influence of
the COX-2 -765G > C polymorphism has in the progres-
sion from atrophy or intestinal metaplasia lesions to gastric
adenocarcinoma. We observed a nearly 3-fold increased
risk of progression from gastric lesions into gastric cancer
(OR = 2.67, 95% CI = 1.03-6.93; P = 0.04). This result
is consistent with previously cancer-related studies that
also revealed that -765C allele cartriers had increased risk
for the development of those diseases™™". More recently,
Zhang et al*™ described a 2-fold increased risk for the de-
velopment of esophageal squamous cell carcinoma due
to increased expression of COX-2 mRNA in -765G > C
heterozygous. Although the exact molecular mechanism by
which COX-2 polymorphism may affect the risk of gastric
adenocarcinoma development is still unclear, studies in the
COX-2 promoter revealed that COX-2 transcription is ac-
tivated by E2 promoter binding factor 1 (E2F1)*, which
is dependent on the transactivation and DNA-binding
domains of E2F1°". So the ability of this polymorphism
to create an E2F binding site, essential for the expression
of several genesmj, might help us to understand why we

www.wjgnet.com

observed increased risk.

In conclusion, all these findings suggest that different
physiological/pathological conditions, as well as cell
type, could determine the influence that -765G > C
COX-2 polymorphism has in the development of human
diseases, by the modification of the binding sites for
the transcription factors'”. The contribution of genetic
polymorphism to the risk of gastric adenocarcinoma may
be dependent on the population in study, as well on several
environmental and dietary factors that influence that
population. So, we hypothesize that each population has
to evaluate its own genetic profile for cancer risk that may
help to understand the geographic and racial differences
reported for gastric adenocarcinoma®. Furthermore,
COX-2 polymorphisms may be involved in different
individual drug response®™ and may be explored as for
in clinical trials to select those individual to be submitted
to COX-2 inhibition. Moreover, the definition of a
pharmacogenomic profile using molecular studies may
help to the development of a personalized treatment or
quimioprevention.

To the best of our knowledge, this is the first report
that evaluates the -765G > C COX-2 polymorphisms and
gastric adenocarcinoma development worldwide, which
also considers the progression from gastric lesions, such as
atrophy or intestinal metaplasia, to gastric adenocatcino-
ma. We theotise that once the lesions are installed, -765C
carriers are at risk of progression into gastric adenocarci-
noma. However, our results should be cautiously interpre-
ted as they report a cross-sectional design. Therefore, we
suggest that -765G > C polymorphism should be used in a
large cohort study among patients with atrophy or intesti-
nal metaplasia as a susceptibility marker for gastric adeno-
carcinoma and to confirm the real meaning of this genetic
alteration in gastric adenocarcinoma development.
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