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Studies investigating the association between interleukin-10 (IL-10) -1082 promoter poly-
morphism and gastric cancer risk report conflicting results. The objective of this study
was to quantitatively summarise the evidence for such a relationship. Two investigators
2008 independently searched the Medline and Embase databases. This meta-analysis included
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13 case-control studies, which included 2227 gastric cancer cases and 3538 controls. The
combined results based on all studies showed that there was no significant difference in
genotype distribution [AA odds ratio (OR) =0.92, 95% confidence interval (CI) = 0.73, 1.14;
AG (OR =1.09, 95% CI = 0.87, 1.36); GG (OR = 1.03, 95% CI = 0.85, 1.25)] between gastric cancer
and noncancer patients. When stratifying for race, results were similar except that patients
with gastric cancer had a significantly lower frequency of AA (OR =0.71, 95% CI=0.52, 0.97)
and higher frequency AG (OR = 1.53, 95% CI=1.15, 2.03) than noncancer patients among
Asians. When stratifying by the location of gastric cancer, we found that patients with car-
dia gastric cancer had a significantly lower frequency of AA (OR =0.53, 95% CI = 0.34, 0.83)
and higher frequency AG (OR = 1.50, 95% CI = 1.06, 2.11) than those with noncardia gastric
cancer among Caucasians. When stratifying by the Lauren’s classification of gastric cancer,
we observed no statistically significant differences in genotype distribution. This meta-
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analysis suggests that the IL-10 -1082 promoter polymorphism may be associated with gas-
tric cancer among Asians, and that differences in genotype distribution may be associated
with the location of gastric cancer.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction the Western World, gastric cancer remains a serious fatal

disease throughout much of the rest of the world.>™* Thirty-

Gastric cancer, the second leading cause of death from cancer
throughout the world, is an important health problem. A 2005
analysis of the worldwide incidence of, and mortality from,
cancer showed that 934,000 cases of gastric cancer occurred
in 2002 and that 700,000 patients die annually of this disease.’
Despite the overall decline in gastric cancer rates in most of

* Corresponding author: Tel./fax: +86 28 85424110.
E-mail address: nutritioner@hotmail.com (X.-T. Wu).

eight percent of worldwide cases occur in China, where it
remains the most common cancer in both sexes, as it is else-
where in Eastern Asia.” Conversely, the incidence rates of
adenocarcinomas of the proximal stomach and distal oesoph-
agus have been increasing, particularly in the Western
World.® A major strategy for facing this health care problem
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is the identification of individuals at risk, contributing to the
prevention and early detection of the disease The knowledge
on molecular alterations, which are involved in the carcino-
genic process of gastric cancer, may lead to new and, hope-
fully more effective, means for controlling this lethal
disease. In this perspective, the role of genetic polymor-
phisms in gastric cancer risk has motivated increasing inter-
est in recent years.”

Interleukin-10 (IL-10) is an anti-inflammatory cytokine,
which is involved in down-regulating cell-mediated and cyto-
toxic inflammatory responses.® The gene encoding IL-10 is
located on chromosome 1 (1g31-1g32). IL-10 has three con-
firmed biallelic polymorphisms in the gene promoter region:
-1082 A/G, -819 C/T, and -592 C/A. Presence of -1082A is asso-
ciated with lower production of IL-10 in vitro and in vivo, and
an accordingly stronger inflammatory response.’

It has been suggested that the subclass of T lymphocytes,
T helper 3, may influence the outcome of Helicobacter pylori
infection by reducing the grade of inflammation via the pro-
duction of IL-10.1° Over the last two decades, a number of
case-control studies were conducted to investigate the associ-
ation between IL-10 -1082 promoter polymorphism and gas-
tric cancer risk in humans. But these studies have reported
conflicting results. No quantitative summary of the evidence
has ever been performed. The purpose of this meta-analysis
was to quantitatively summarise the evidence for such a
relationship.

2. Materials and methods

2.1.  Literature search strategy

The search was applied to the following electronic databases:
MEDLINE (1966 to January 2008), EMBASE (1980 to January
2008). The following key words were used: ‘interleukin-10’
or ‘IL-10’, ‘gastric’ or ‘stomach’, ‘carcinoma’ or ‘cancer’ or ‘tu-
mor’. The search was done without restriction on language
but was focused on studies that had been conducted on hu-
man subjects. The reference lists of reviews and retrieved
articles were hand searched simultaneously. Abstracts or
unpublished reports were not considered. If more than one
article was published by the same author using the same case
series, we selected the study with higher sample size.

2.2. Inclusion and exclusion criteria

We reviewed abstracts of all citations and retrieved studies.
For inclusion in the meta-analysis, the identified articles
had to provide information on: (i) the number of gastric can-
cer cases and controls studied; (ii) the number of individual
genotypes (AA, AG, GG) in cases and controls. Major reasons
for exclusion of studies were (i) no control; (ii) duplicate; (iii)
no usable data reported.

2.3. Data extraction

All data were extracted independently by two reviewers (Zhou
Y and Li N) according to the prespecified selection criteria.
Disagreement was resolved by discussion. The following data
were extracted: study design and period, statistical methods,

population, number of gastric cancer cases and controls stud-
ied, and study results.

2.4.  Statistical analysis

The statistical analysis was conducted using STATA 8.2 (Stata-
Corp, College Station, Tex); P < 0.05 was considered statisti-
cally significant. Dichotomous data were presented as odds
ratios (OR) with 95% confidence intervals (CI). Statistical het-
erogeneity was measured using the Q statistic (P <0.10 was
considered representative of statistically significant heteroge-
neity).'? Heterogeneity was also assessed through visual
examination of L'Abbe plots. The fixed effects model was used
when there was no heterogeneity of the results of the trials.
Otherwise, the random effects model was used. For dichoto-
mous outcomes, patients with incomplete or missing data
were included in sensitivity analyses by counting them as
treatment failures. To establish the effect of clinical heteroge-
neity between studies on meta-analysis conclusions, sub-
group analysis was conducted on the basis of race and the
location, stage, Lauren’s classification and histological differ-
entiation of the gastric cancer.

Several methods were used to assess the potential for pub-
lication bias. Visual inspection of asymmetry in funnel plots
was conducted. The Begg rank correlation method and the
Egger weighted regression method were also used to statisti-
cally assess publication bias (P <0.05 was considered repre-
sentative of statistically significant publication bias).**?

3. Results

3.1. Study characteristics

There were 140 papers relevant to the search words (Fig. 1).
Through the step of screening the title, 107 of these articles
were excluded (91 were not polymorphisms, ten were not

140 Citations Identified and
Screened

107 Excluded
91 Not polymorphisms
10 Not case-control studies
6 Not Human Studies

v
33 Abstracts Retrieved for
Detailed Evaluation

14 Excluded
8 Not case-control studies
6 Not Human Studies

A

19 Full-Text Articles Retrieved
for Detailed Evaluation

6 Excluded
> 4 Not for gastric cancer
2 No Usable Data Reported

A

13 Articles Included in Analysis

Fig. 1 - Studies identification, inclusion and exclusion.
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No. of AA of AG of GG of AA
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No. of
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Population

Study

Design

Study (author, year)

controls cases cases cases

cases

(country) method

period

11
11
103

208
217

13
23
133

106
195
120

220
230
210
385

120
220
314

PCR

Asians(China)
Asians(China)

1993-1999
1998-2000

DNR

HCC
HCC
PCC

Wu 20028

PCR

Wu 2003*°

48
284

59
20
268
232
267
101

61

TagMan
PCR

Caucasians(USA)
Asians(China)
Asians(China)

El-Omar 2003%°
Savage20042
Lu 2005%2

81

60

20
43

84
250
129
152

122

1991-1996
1994-2003

D

PCC
PC

29
326
DNR

201

300
644
443

PCR-DHPLC
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
TagMan
TagMan

©

86
DNR

25
DNR

56

DNR

48

Caucasians(Italy)

Asians(China)
Asians(Korea)

NR

HCC
PC

Zambon 200523

Guo 2005%*
Lee 2005%°

93
104

2001-2003
DNR

€

18

17

120

PCC
PC

43

45

44
208
162
404
168

45
112
170
404
105

Latinos(Costa Rica)

1999-2000
1985-1999
2002-2004
2002-2005
2001-2005

©

Alpizar 2005%°

37

96
49
189

72
102
133

38 47 27

121
123

Caucasians(Finland)
Latinos(Honduras)

PCC
PC

Kamangar 20062

Morgan 200628
Garcia 2007%°

11
82

42
204

©
€
@

77

PCR-RFLP
ASP-PCR

Caucasians(Spain)
Asians(Japan)

PC

34

134

26

79

PC

Sugimoto 2007°°

Abbreviations: HCC, hospital-based case-control; PCC, population-based case-control; DNR, data not reported; PCR, polymerase chain reaction; ASP, allele-specific PCR; RFLP, restriction fragment

length polymorphism; DHPLC, denaturing high performance liquid chromatography.

case-control studies, six were not conducted in humans). Ab-
stracts from 33 articles were reviewed and an additional 14
trials were excluded (eight were not case-control studies, six
were not conducted in humans), leaving 19 studies for full
publication review. Of these, six were excluded (four were
not for gastric cancer™* ™, two did not report usable
data'”*¥); thus, 13 papers®*®°, which included 2227 gastric
cancer cases and 3538 controls, were found to match our
inclusion criteria. Thirteen studies, including ten popula-
tion-based case-control studies and three hospital-based
case-control studies, were included in this meta-analysis.
Studies had been carried out in China, Japan, Korea, USA,
Italy, Finland, Spain, Honduras and Costa Rica. Characteris-
tics of studies included in this meta-analysis are presented
in Table 1.

3.2 Quantitative data synthesis

The combined results based on all studies showed that there
was no significant difference in genotype distribution [AA
odds ratio (OR)=0.92, 95% confidence interval (CI)=0.73,
1.14; AG (OR=1.09, 95% CI=0.87, 1.36); GG (OR =1.03, 95%
CI=0.85, 1.25)] between gastric cancer and noncancer pa-
tients. When stratifying for race, results were similar except
that patients with gastric cancer had a significantly lower fre-
quency of AA (OR=0.71, 95% CI=0.52, 0.97) and higher fre-
quency AG (OR=1.53, 95% CI=1.15, 2.03) than noncancer
patients among Asians. (Figs. 2-4).

When stratifying by the location of gastric cancer, we
found that patients with cardia gastric cancer had a signifi-
cantly lower frequency of AA (OR=0.53, 95% CI=0.34, 0.83)
and higher frequency AG (OR = 1.50, 95% CI=1.06, 2.11) than
those with noncardia gastric cancer among Caucasians.
When stratifying by the Lauren’s classification of gastric can-
cer, we observed no statistically significant differences in
genotype distribution. (Table 2).

Statistically significant heterogeneity was observed be-
tween trials in two analyses with the Q statistic (AA

0dds ratio

Study (95% Cl) % Weight
Asians :

Wu 2002 —— 0.44(0.20,0.98) 5.1

Wu 2003 . 0.47(0.23,0.94) 6.1

Savage 2004 — 0.91(0.30,2.74) 3.2

Lu 2005 - 0.49(0.30,0.79) 9.0

Lee 2005 ;- 1.09(0.54,2.19) 6.1

Guo 2005 1.04(0.71,1.52) 10.8

Sugimoto 2007 0.77(0.43,1.38) 7.5
Subtotal < 0.71(0.52,0.97) 47.7
Caucasians

El-Omar 2003 |-l 1.58(1.09,.2.31) 10.8

Zambon 2005 - 1.05(0.71,1.56) 10.5

Kamangar 2006 — 0.97 (0.60,1.57) 8.9

Garcia 2007 -.- 0.89(0.66,1.20) 12.2
Subtotal H=> 1.09(0.84,1.42) 425
Latino 1

Alpizar 2005 : 3.14(0.12,79.13) 0.5

Morgan 2006 +Hill— 1.45(0.92,2.30) 9.3
Subtotal p — 1.48(0.94,2.33) 9.8
Overall < 0.92(0.73, 1.14)100.0

T T
012638 1 79.1261
QOdds ratio

Fig. 2 - Meta-analysis of IL-10 -1082 promoter AA and
gastric cancer risk.
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0Odds ratio

Study (95% Cl) % Weight
Asians .

Wu 2002 —— 2.31(1.00,5.33) 5.1

Wu 2003 - 2.32(1.10,4.89) 5.9

Savage 2004 1.17(0.67,2.05) 8.3

Lu 2005 I 1.94(1.17,3.21) 9.2

Lee 2005 : 0.92(0.45,1.88) 6.2

Sugimoto 2007 ;. 1.30(0.73,2.32) 8.0
Subtotal == 1.53(1.15,2.03) 42.7
Caucasians :

EIl-Omar 2003 0.76(0.54, 1.08) 12.1

Zambon 2005 : 0.75(0.51,1.10) 11.5

Kamangar 2006 ; 0.84(0.53,1.34) 9.9

Garcia 2007 1.16(0.88,1.53) 13.7
Subtotal < 0.89(0.70,1.12) 47.2
Latino

Alpizar 2005 0.32(0.01,804) 05

Morgan 2006 0.76(047,.1.23) 96
Subtotal 0.74 (0.46, 1.20) 10.0
Overall PS 1.09(0.87,1.36)100.0

T T

012638 1 79.1261
Odds ratio

Fig. 3 - Meta-analysis of IL-10 -1082 promoter AG and
gastric cancer risk.

Odds ratio
Study (95% CI) % Weight
Asians
Wu 2002 1.84(0.11,2969) 0.3

Wu 2003 1.05(0.15,7.49) 1.0

Savage 2004 —— 0.89(0.53,1.50) 14.4

Lu 2005 — 2.43(0.60,9.83) 1.3

Lee 2005 0.98(0.06.15.91) 0.5
Subtotal = 1.04(0.65.1.65) 17.5
Caucasians

El-Omar 2003 0.81(0.53.1.25) 23.0

Zambon 2005
Kamangar 2006

1.56 (0.95,2.55) 11.5
1.47(0.84,257) 9.7

Garcia 2007 0.92(0.65.1.31) 329
Subtotal 1.05(0.85,1.31) 77.1
Latino

Morgan 2006 — 0.59 (0.22, 1.56) 5.4
Subtotal — 0.59(0.22. 1.56) 54
QOverall <> 1.03(0.85,1.25) 100.0

T i T
033684 1 29.6875
Odds ratio

Fig. 4 - Meta-analysis of IL-10 -1082 promoter GG and gastric
cancer risk.

P =0.008; AG P = 0.01; GG P = 0.44). In addition, L'Abbe plots did
show evidence of heterogeneity (Fig. 5). Review of funnel plots
could not rule out the potential for publication bias for all
analyses. Publication bias was not evident when the Begg

100 44

Gastric Cancer Gr

T T
0 25 50 75 100

Control Group, %

Fig. 5 - L'Abbe plots of IL-10 -1082 promoter polymorphism
and gastric cancer risk.

rank correlation method (AA P=0.54; AG P=0.07; GG
P=0.66) and the Egger weighted regression method (AA
P=0.74; AG P =0.17; GG P = 0.55) were used (Figs. 6 and 7).

4, Discussion

The rapid growth of human genetics creates countless oppor-
tunities for studies of disease association. Given the number
of potentially identifiable genetic markers and the multitude
of clinical outcomes to which these may be linked, the testing
and validation of statistical hypotheses in genetic epidemiol-
ogy is a task of unprecedented scale. Meta-analysis provides a
quantitative approach for combining the results of various
studies on the same topic, and for estimating and explaining
their diversity. A meta-analysis of 379 studies addressing 36
genetic associations with disease found that association stud-
ies of the same disease are often inconsistent in their find-
ings, and that the first study to report an association often
indicates a stronger effect than in subsequent studies. This
can lead to a distorted impression of the genetic etiology
underlying a given disease. A systematic meta-analytic ap-
proach may assist in estimating population-wide effects of
genetic risk factors in human disease.?>%?

A genetic predisposition to gastric cancer has been sug-
gested by both epidemiological studies and case reports of

Table 2 — Meta-analysis of interleukin-10 -1082 promoter polymorphism and gastric cancer

Stratification of No.of  OR (95% CI) P for OR (95% CI) P for OR (95% CI) P for
gastric cancer studies of AA heterogeneity of AG heterogeneity of GG heterogeneity
Location: Cardia 3 0.51(0.35,0.73) 0.40 1.56(1.12,2.18) 0.56 1.28(0.84,1.95) 0.26
versus Noncardia

Asians 1 0.31(0.07,1.34) NA 3.22(0.75,13.89) NA

Caucasians 0.53(0.34,0.83) 0.25 1.50(1.06,2.11) 0.68 1.28(0.84,1.95) 0.26
Lauren’s 2 1.14(0.73,1.77) 0.05 1.16(0.76,1.77) 0.19 0.57(0.30,1.06) NA
classification:

Diffuse versus

Intestinal

Asians 1 0.48(0.18,1.27) NA 2.10(0.79,5.59) NA

Caucasians 1 1.41(0.86,2.31) NA 1.02(0.64,1.63) NA 0.57(0.30,1.06) NA

Abbreviations: OR, odds ratio; CI, confidence interval; NA: not applicable.
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Begg's funnel plot with pseudo 95% confidence limits

LOGOR
o

s.e. of. LOGOR

Fig. 6 - Begg’s funnel plot of IL-10 -1082 promoter poly-
morphism and gastric cancer risk.

Egger's publication bias plot
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Fig. 7 - Egger’s publication bias plot of IL-10 -1082 promoter
polymorphism and gastric cancer risk.

gastric cancer families.® Recent studies suggest that single
nucleotide polymorphisms may be related to the tumourigen-
esis of gastric cancer.®® Individual genetic susceptibility may
be critical in a variety of processes relevant to gastric cancer
tumourigenesis, such as (i) mucosal protection in the face of
Helicobacter pylori infection and other carcinogens, (ii) the
inflammatory response, which conditions the maintenance,
severity and outcome of the Helicobacter pylori infection, (iii)
the functioning of carcinogen detoxification and antioxidant
protection, (iv) cell proliferation ability, (v) the intrinsic vari-
ability of DNA repair processes; and (vi) the cell apoptotic
pathway.” The mechanism of human gastric tumourigenesis
is still relatively unknown, and single nucleotide polymor-
phisms can be used as a tool in searching for genetic varia-
tions of the disease gene and susceptibility, and to increase
understanding of the disease mechanism.?*

Statistically significant heterogeneity was observed be-
tween trials in two analyses with the Q statistic. The most
important factor that contributed to the heterogeneity was
whether or not the genotype frequencies were in Hardy-
Weinberg equilibrium, because the equilibrium may not hold
among a case group if the genotype is truly associated with
disease. Observed departures from equilibrium therefore sug-
gest possible issues with the control group, or the study pop-

ulation in general, that might have generated less than ideal
circumstances for the investigation of the IL-10 -1082 pro-
moter polymorphism and gastric cancer. A departure from
Hardy-Weinberg equilibrium can also imply possible ethnic
admixture in the population, if the polymorphic site varies
in genotype by race.®*® In fact, race-specific variation in
the distribution of genotypes in the IL-10 -1082 promoter
polymorphism has been demonstrated. Because race may
be related to disease, either through common risk factors or
other genes in linkage disequilibrium with IL-10, confounding
by race, or population stratification, may have biased results
in studies conducted on ethnically diverse populations that
did not account for possible confounding.*” In this meta-anal-
ysis, subgroup analysis was conducted on the basis of race. In
fact, seven studies were conducted among Asians, four stud-
ies were conducted among Caucasians, and two studies were
conducted among Latinos. When stratifying for race, patients
with gastric cancer had a significantly lower frequency of AA
and higher frequency AG than noncancer patients among
Asians.

IL-10 polymorphism has also been extensively studied and
reported to be associated with other cancers and diseases. A
case-control study including 500 female patients with histo-
logically confirmed breast cancer and 500 female, age-
matched, healthy control subjects conducted by Langsenleh-
ner and colleagues suggested that IL-10 promoter polymor-
phism was associated with decreased breast cancer risk.*® A
prospective, case-control study including 147 patients with
advanced ovarian cancer conducted by Ioana and colleagues
showed that IL-10 promoter polymorphism may be related
with the ability to achieve optimal tumour debulking, and it
seemed to influence the overall and disease-free survival
rate.*® A study conducted by Shih and colleagues showed that
the frequency for IL-10-1082 G allele, IL-10-819C allele and IL-
10-592C allele was independently higher in a non-small cell
lung cancer patient group than that in the control group.*
A study conducted by Faupel and colleagues demonstrated
genotypes correlated with low IL-10 production was associ-
ated with increased risk of prostate cancer and with high-
grade disease.*’ A meta-analysis conducted by Nath and
colleagues revealed that IL-10 promoter -1082G allele was
associated with systemic lupus erythematosus in Asians
(OR =1.358, 95% CI; 1.015-1.816, P = 0.039).*? This supported
the results achieved by us.

There are some limitations to this meta-analysis. First,
only published studies were included in the meta-analysis;
therefore, publication bias may have occurred, even though
the use of a statistical test did not show it. Second, we could
not obtain information from most studies on the presence or
absence of a history of infection with Helicobacter pylori, a
strong risk factor for gastric cancer. Third, as in most meta-
analyses, these results should be interpreted with caution be-
cause the population from seven countries and controls were
not uniform. Fourth, our meta-analysis is based on unad-
justed estimates, while a more precise analysis could be per-
formed if individual data were available, which would allow
for an adjustment estimate (by age and sex). For this ap-
proach to be made, however, requires the authors of all of
the published studies to share their data. Finally, meta-analy-
sis remains retrospective research that is subject to the
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methodological deficiencies of the included studies. We min-
imised the likelihood of bias by developing a detailed protocol
before initiating the study, by performing a meticulous search
for published studies, and by using explicit methods for study
selection, data extraction and data analysis.

In conclusion, this meta-analysis suggests that the IL-10 -
1082 promoter polymorphism may be associated with gastric
cancer among Asians, and that differences in genotype distri-
bution may be associated with the location of gastric cancer.
Since more than half of the included studies were based on a
limited number of cases (<150), it is critical that larger and
well-designed multicentric studies based on the same ethnic
group confirm our results.
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