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Summary: Previous studies suggested an association between the EGF +61 A>G polymorphism and
susceptibility to gastric cancer, but the results have been inconsistent. To draw a more precise risk es-
timation of the association, we performed a meta-analysis of published studies. PubMed, EMBASE,
Google Scholar and the Chinese Wanfang databases were systematically searched to identify relevant
studies. There were 7 studies involving 1992 cases of gastric cancer and 3202 controls in this
meta-analysis. Our study showed that, overall, the EGF +61 A>G polymorphism was significantly
associated with the increased risk of gastric cancer in allele model (G vs. A: OR=1.18, 95%
CI=1.00-1.39), dominant model (GG + GA vs. AA: OR=1.28, 95% CI=1.05-1.55), homozygous
model (GG vs. AA: OR=1.31, 95% CI=1.06-1.63) and heterozygous model (GA vs. AA: OR=1.25,
95% CI=1.01-1.53). The stratified analysis by ethnicity revealed a significant association between
EGF +61 A>G polymorphism and gastric cancer risks in Asians. This meta-analysis indicates that
EGF +61 A>G polymorphism may increase the risk of gastric cancer, especially in Asians.
Large-sized, well-designed studies involving different ethnic groups should be conducted to confirm
this association.
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Gastric cancer remains the fifth most common ma-
lignancy and the third leading cause of death due to can-
cer worldwide, with about 1 million new gastric cancer
cases and around 700 000 deaths in 2012, Previous
studies have shown that multiple environmental and life-
style factors, including Helicobacter pylori infection!?,
smoking®!, alcohol consumption'’, a diet rich in red
meat”®! and/or salt'® may increase the risk of gastric can-
cer. However, not all of those who have been exposed to
the risk factors develop gastric cancer, suggesting an in-
dividual susceptibility to the effects of carcinogens!”.
Host factors, including genetic polymorphisms, have
been suggested as risk factors for the development of a
variety of cancers, such as gastric cancer’® ),

EGF, located in chromosome 4q25-q27"'", contains
24 exons and 23 introns, and encodes a ligand for the
EGF receptor (EGFR). As an endocrine growth factor,
EGF can activate DNA synthesis and cellular prolifera-
tion and stimulate mitogenesis in epidermal tissue by
binding to EGFR!"!). Previous studies have reported that
the gene variations in EGF can lead to deregulation of
the EGFR pathway and over-expression of EGF proteins,
which are associated with gastric cancer and various ma-
lignancies!"”. A study has shown that higher levels of
EGF in gastric cancer are associated with advanced tu-
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mor stage and a poor clinical outcome!'’!. The EGF +61
A>G polymorphism is a commonly functional sin-
gle-nucleotide polymorphism (SNP) in the 5' untrans-
lated region of the EGF gene, regulating EGF and the
effects on individuals’ susceptibility to various carcino-
mas, including gastric cancer!'*'®),

Several recent studies have examined the association
between EGF +61 A>G polymorphism and gastric can-
cer risk!""*), but have yielded mixed results. Some stud-
ies reported that patients carrying GG enotgfzpes have a
higher susceptibility to gastric cancer!'” ' ** %! while
the other studies did not"™ ** !, In addition, 5 published
articles tried to find this association by me-
ta-analysis®* 2", but the results were inconsistent and
they had the same limitation of the relatively small size.
Hence, we conducted a meta-analysis involving 7
case-control studies covering 1992 cases and 3202 con-
trols to provide a more precise risk estimation of the as-
sociation between EGF +61 A>G polymorphism and
gastric cancer risk.

1 MATERIALS AND METHODS

1.1 Literature Search

We conducted a comprehensive literature search in
PubMed, EMBASE, Google Scholar and the Chinese
Wanfang databases up to October 1, 2014 using the
search terms “epidermal growth factor,” “EGF,” “poly-
morphism” and “gastric cancer”. No language restriction
was imposed. Additional studies were also identified by
a manual search of the references of retrieved articles
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and reviews.
1.2 Inclusion and Exclusion Criteria

Studies had to fulfill the following criteria to be in-
cluded: (1) case-control studies focusing on the associa-
tion between EGF +61 A>G polymorphism and gastric
cancer risk; (2) genotype frequencies on EGF +61 A>G
polymorphism in case and control groups sufficient for
estimation of OR with 95% CI. For the studies contain-
ing comparable or overlapping data published by the
same investigators, we only included studies with com-
plete design and of larger sample size that had strong
power. Studies without providing controls and genotype
frequency or redundant publications were excluded.

1.3 Data Extraction and Quality Assessment

All the data were extracted independently by two
investigators and disagreements were resolved by dis-
cussion and consensus obtained among all reviewers.
Following information was extracted from the eligible
literature: first author’s last name, year of publication,
country, ethnicity, source of controls, number of cases
and controls, genotype distributions of cases and con-
trols.

The quality of included studies was assessed by the
confirmation of Hardy-Weinberg equilibrium (HWE) in
controls and by using the Newcastle Ottawa Scale
(NOS)™. The NOS has a maximum of nine ‘stars’ on
items related to the selection of the study groups (four
stars), the comparability of the groups (two stars) and the
ascertainment of the outcome of interest (three stars). A
study was awarded a maximum of one star for each item,
with the exception of the item related to comparability,
which was awarded two stars.

1.4 Statistical Analysis

HWE for the control group of each study was as-
sessed by using goodness-of-fit test (x> of Fisher’s exact
test).

Based on both fixed effects and random-effects
models, a pooled odds ratio (OR) with 95% interval con-
fidence (95% CI) was used to measure the strength of
association between EGF +61 A>G polymorphism and
gastric cancer risk. We examined the association for an
allele model (G vs. A), a dominant model (GG+GA vs.

AA), a recessive model (GG vs. GA+tAA), a homozy-
gous model (GG vs. AA) and a heterozygous model (GA
vs. AA).

Heterogeneity among studies was evaluated b?/
Cochran’s Q test and then quantified by 7 statistic!®® "),
If P>0.1 with the result of heterogeneity test, ORs were
pooled according to the fixed-effects model (Man-
tel-Haenszel model)**. Otherwise, ORs were pooled in
accordance with the random-effects model (Der Simo-
nian and Laird model)**. ¥ was used to qualify the
variation in OR attributable to heterogeneity. We con-
ducted stratified analyses in terms of ethnicity to identify
the cause of potential heterogeneity.

Funnel plot and Egger’s test were employed™*.
Funnel plot asymmetry was used to evaluate publication
bias. All statistical tests were performed in this study by
using the Metafor package (version 1.6) in R (version
15.3; http://www.r-project.org/) and all P values were
two-sided with the significant level set at 0.05.

2 RESULTS

2.1 Study Characteristics and Quality Assessment

The study selection process is depicted in fig. 1. A
comprehensive search identified 40 references, and 11
full-text publications were preliminarily identified for
further evaluation. Against the exclusion criteria, 4 2pub—
lications were excluded, including a meta-analysis'*!, a
study without control group™, a study lacking adequate
data® and a study that was not about EGF +61 A>G
polymorphism®®”.. As a result, a total of 7 studies!'” %
including 1992 gastric cancer cases and 3202 controls
were finally included in our meta-analysis. Of all the eli-
gible studies, 6 were conducted in Asians, and 1 Cauca-
sians. All studies had a case-control design, with the
controls of 3 studies from the general population, and the
rest from hospitals. The genotype distribution of the con-
trols in one study was inconsistent with HWE!"!. In
terms of NOS scores were awarded 7 stars in 4 studies, 3
studies earned 8 stars. The main features of the studies
are listed in table 1.

40 records identified through database by electronic
databases search (October 1, 2014)

29 excluded after reading title
and abstract:
12 duplicated studies
4 meta-analyses
11 not about EGF +61 A>G
polymorphism
2 not about gastric cancer

11 full-text articles assessed for eligibility

4 Full-text articles excluded :
1 study without control group
1 not about EGF +61 A>G polymorphism
| meta-analysis
1 lacking sufficient data

7 articles included in quantitative synthesis (meta-analysis)

Fig. 1 Flow chart of the literature search



J Huazhong Univ Sci Technol [Med Sci] 35(3):2015

329

Table 1 Characteristics of the studies included in meta-analysis

Study Year  Country Ethnicity Source of Sample size Cases Controls Stu(.iy 7HWE et
control (case/control) AA  AG GG AA AG GG quality P Test
Goto et al 2005 Japan Asian PB 202/454 14 88 100 47 188 215 8 0.537  Yes
Hamaietal 2005 Japan Asian HB 200/230 15 66 119 25 97 108 8 0.647  Yes
Jin et al 2007 China Asian PB 675/704 42 242 333 57 289 314 8 0.407  Yes
Araujoetal 2011 Portugal Caucasian PB 207/984 49 84 29 304 449 231 7 0.010 No
Yangetal 2012 China Asian HB 207/318 17 75 115 39 132 147 7 0272 Yes
Lin et al 2012 China Asian HB 114/120 7 45 62 14 59 47 7 0.484  Yes
Zhan et al 2013  China Asian HB 387/392 32 166 177 37 142 204 7 0.099  Yes

PB: population-based; HB: hospital-based; HWE: Hardy-Weinberg equilibrium

2.2 Test of Heterogeneity

The association between EGF +61 A>G polymor-
phism and gastric cancer risk is presented in table 2. The
heterogeneity of EGF +61 A>G polymorphism in 5 ge-
netic models was analyzed for all 7 studies. Random ef-
fects model was used for allele model and recessive
model in which significant heterogeneity was found (G

VS. At Prererogenein=0.009 for total population, and
Pheterogenein=0.028  for Asians; GG vs. GA+AA:
Pheterogenein=0.002 for total population and Pjeerogene-
i»=0.007 for Asians). On the other hand, fixed effects
model was empolyed in other genetic models in which
heterogeneity was not found.

Table 2 Meta-analysis of the association between EGF +61 A>G polymorphism and gastrc cancer risk

Genetic models n Model for OR (95% CI) P for OR P P for hetero-
analysis geneity
Allelic model 7 REM 1.18 (1.00-1.39) 0.054 66.61 0.009
Asian 6 REM 1.23 (1.04-1.46) 0.016 61.48 0.028
Caucasian 1 - 0.91 (0.71-1.15) 0.410 - -
Dominant model 7 FEM 1.28 (1.05-1.55) 0.015 0.00 0.742
Asian 6 FEM 1.39 (1.10-1.76) 0.005 0.00 0.897
Caucasian 1 - 1.03 (0.72-1.48) 0.869 - -
Recessive model 7 REM 1.18 (0.91-1.52) 0.208 74.35 0.002
Asian 6 REM 1.26 (0.99-1.61) 0.064 69.76 0.007
Caucasian 1 - 0.71 (0.46-1.09) 0.118 - -
Homozygous model 7 FEM 1.31 (1.06-1.63) 0.014 38.21 0.138
Asian 6 FEM 1.48 (1.17-1.89) 0.001 0.00 0.505
Caucasian 1 - 0.78 (0.48-1.27) 0.318 - -
Heterozygous model 7 FEM 1.25(1.01-1.53) 0.036 0.00 0.980
Asian 6 FEM 1.28 (1.01-1.64) 0.045 0.00 0.967
Caucasian 1 — 1.16 (0.79-1.70) 0.444 — —

n: number of studies; OR: odds ratio; 95% CI: 95% confidence interval, REM: random-effects model; FEM: fix-effects model

2.3 Synthesis Results

Table 2 shows the summary ORs for EGF +61 A>G
polymorphism and gastric cancer risk. Overall, signifi-
cant association between EGF +61 A>G polymorphism
and increased gastric cancer risk was observed in allele
model (G vs. A: OR=1.18, 95% CI=1.00-1.39), domi-
nant model (GG + GA vs. AA: OR=1.28, 95%
CI=1.05-1.55), homozygous model (GG vs. AA:
OR=1.31, 95% CI=1.06—-1.63) and heterozygous model
(GA vs. AA: OR=1.25, 95% CI=1.01-1.53), but no sig-
nificant association was found in recessive model (GG vs.
GA+AA: OR=1.18, 95% CI=0.91-1.52) (fig. 2).

The stratified analysis by ethnicity revealed signifi-
cant associations in Asians in allele model (G vs. A:
OR=1.23, 95% CI=1.04-1.46), dominant model (GG +
GA vs. AA: OR=1.39, 95% CI=1.10-1.76), homozygous

model (GG vs. AA: OR=1.48, 95% CI=1.17-1.89) and

heterozygous model (GA vs. AA:

OR=1.28, 95%

CI=1.01-1.64), but not in recessive model (GG wvs.
GA+AA: OR=1.26, 95%, C1=0.99-1.61).
2.4 Publication Bias

Egger’s funnel plot and Egger’s linear regression
test were performed to assess the publication bias of the
included studies. The shape of funnel plots (fig. 3) did
not exhibit conspicuous asymmetry and the P values of
Egger’s tests were greater than 0.05 in allele model
(P=0.106), dominant model (P=0.092), recessive model
(P=0.539) and heterozygous model (P=0.495), providing
statistical evidence of the funnel plots’ symmetry. How-
ever, the funnel plot did show some asymmetry, as sub-
sequently corroborated by Egger’s test in homozygous
model (P=0.048).
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Author(s) and year

Odds ratio [95% CI] Author(s) and year

Odds ratio [95% CI]

Goto et al, 2005 — 1.13[0.88, 1.47] Goto et al, 2005 ——— 1.57[0.84, 2.92]
Hamai et al, 2005 — 1.49[1.10, 2.01] Hamai et al, 2005 ———— 1.50[0.77, 2.94]
Jin et al, 2007 —— 1.22[1.03, 1.45] Jin et al, 2007 ——— 1.29[0.85, 1.96]
Araujo et al, 2011 —a— 0.91[0.71, 1.15] Araujo et al, 2011—@— 1.03[0.72, 1.48]
Yang et al, 2012 —— 1.38[1.05, 1.81] Yang et al, 2012 —a—— 1.56 [0.86, 2.84]
Lin et al, 2012 ————— 1.63[1.10,2.42] Linetal,2012 ~———— 2.02[0.78, 5.20]
Zhan et al,2013 —&— 0.89[0.71, 1.11] Zhan et al, 2013 —#— 1.15[0.70, 1.88]
RE model — 1.18 [1.00, 1.39] FE model - 1.28[1.05, 1.55]
[ N
0.61 1.00 1.65 2.72 0.61 1.65 448
A B
Author(s) and year Odds ratio [95% CI] Author(s) and year Odds ratio [95% CI]
Goto et al, 2005 —— 1.07 [0.77, 1491 Goto er al, 2005 —I— 1.56 [0.82,2.97]
Hamai et al, 2005 e LO6[1.13,243] famyj e al,2005 —— 1.84[0.92,3.67]
Jin et al, 2007 - 1.29[1.04, 1.61]  Jin et al, 2007 —— 1.44[0.94,2.21]
Araujo et al, 201 1—+— 0.71[0.46, 1.09] Araujo et al, 201 -~ 0.78 [0.48, 1.27]
Yang et al, 2012 —s—  145[1.02,2.07] Yangeral, 2012  —a— 1.790.97, 3.34]
Lin et al, 2012 (———— 1.85[1.10,3.11] Lin et al, 2012 ———— 2.64[0.99,7.05]
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Fig. 2 The forest plots of OR with 95% CI for EGF +61 A>G polymorphism with gastric cancer
A: allele model; B: dominant model; C: recessive model; D: homozygous model; E: heterozygous model

3 DISCUSSION

Gastric cancer accounts for a considerable burden of
morbidity and mortality worldwide!". Previous studies
have suggested that genetic factors play an important
role in gastric cancer susceptibility®®). Strong biological
evidence shows that EGF is involved in the development
and progression of gastric cancer. An animal experi-
ment™®” showed that EGF might modulate the growth of
gastric cancer by stimulating the expression of EGF re-
ceptor protein in nude mice. Another animal experi-
ment* exhibited that the incidence of the stomach tu-
mors was higher in rats treated with EGF immediately
after cessation of the N-methyl-N'-nitro-N-nitrosogua-
nidine treatment than in controls, suggesting that EGF
might enhance the effect of EGF on stomach carcino-
genesis in rats. Currently, while many studies showed the
association between EGF +61 A>G polymorphism and

gastric cancer risk, the results were inconsistent. The
discrepancy among the researches might be ascribed to
differences in country, ethnicity, study design, sample
size etc. In this study, we performed a meta-analysis of 7
studies, covering 1992 cases of gastric cancer and 3202
controls, with an attempt to provide a more reliable and
comprehensive result. The results of our meta-analysis
indicated that EGF +61 A>G polymorphism correlates
with increased gastric cancer risk, and the finding was in
line with the results reported by a number of previous
studies!'” ' #2361 The plausible mechanism might be
that EGF enhances gene transcription after binding to its
high affinity cell surface receptor (EGFR)"*!, stimulates
the proliferation and differentiation of both normal and
malignant cells, and eventually contributes to elevated
tumor risk. Nevertheless, given that other potential con-
founding factors might influence the result, we further
conducted a stratified analysis in terms of ethnicity. The
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results showed a significant association between EGF
+61 A>G polymorphism and gastric cancer risk in
Asians but not in Caucasians, suggesting ethnic differ-
ence in the association between EGF +61 A>G poly-
morphism and gastric cancer risk. However, only one
study was conducted in Caucasians and in the study the
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genotype distribution in controls was inconsistent with
HWE. Therefore, more studies involving larger samples
are warranted to more accurately estimate the association
between EGF +61 A>G polymorphism and gastric can-
cer risk in Caucasians.
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Fig. 3 The funnel plots of natural logarithm of OR against inverse standard error in each study
A: allele model; B: dominant model; C: recessive model; D: homozygous model; E: heterozygous model

Heterogeneity is an important issue in the interpre-
tation of meta-analysis findings. Table 2 shows that there
was obvious heterogeneity between allele model and re-
cessive model. Even when we stratified them in terms of
ethnicity, heterogeneity remained. One factor for this
heterogeneity might be that the role of the polymorphism
varies in different ethnicity.

Our meta-analysis had some limitations. First, sig-
nificant publication bias was detected in homozygous
model (GG vs. AA). Second, the number of included
studies was not sufficient for a comprehensive analysis.
In particular, the stratified analysis of a Caucasian popu-
lation was based on only one study. Third, the results
may be affected by additional confounding factors, such
as the status of Helicobacter pylori infection, tumor
status, gender or age, but most studies neither reported
these baseline data nor aggregated them in any ways,
rendering them ineligible for inclusion.

In summary, our meta-analysis indicates that EGF
+61 A>G polymorphism might increase the risk of gas-
tric cancer, especially in Asians. This results suggest that
EGF +61 A>G polymorphism may play an important
role in the development of gastric cancer. Large-sized,
well-designed studies involving different ethnic groups

should be conducted in future studies to further confirm
the results of our meta-analysis. Moreover, the effect of
gene-gene and gene-environment interactions must be
examined.
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