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Epidermal Growth Factor 61A > G Polymorphism Is Associated
with Risk of Hepatocellular Carcinoma: A Meta-Analysis

Zhiping Yang,” Qiong Wu,” Yongquan Shi, Yongzhan Nie, Kaichun Wu, and Daiming Fan

The association between hepatocellular carcinoma (HCC) and the 61A>G polymorphism in the epidermal
growth factor (EGF) gene has been analyzed in several studies, but results have been inconsistent. The aim of this
study was to integrate previous findings and explore whether this polymorphism is associated with suscepti-
bility to HCC. A meta-analysis was performed by searching PubMed, Web of Science, and Cochrane Library
databases. Data were extracted using predefined form and pooled odds ratios (OR) with 95% confidence in-
tervals (CI) and were calculated to evaluate the strength of this association. Five studies involving 690 cases, 514
healthy controls, and 1419 controls with cancer-free liver diseases were identified. On the basis of healthy
controls, the significant main effects on HCC risk were observed in a heterozygote comparison (OR=1.76, 95%
CI 1.07-2.90, p=0.02) and a dominant genetic model (OR=1.65, 95% CI 1.03-2.66, p=0.04). On the basis of the
controls with cancer-free liver diseases, a significantly increased risk of HCC was found in all the genetic models.
Subgroup analyses stratified by ethnicity and etiology of HCC also showed positive associations. The EGF 61G

allele is a risk factor for developing HCC without the influence of ethnic and etiological diversity.

Introduction

HEPATOCELLULAR carciNoMA (HCCQ) is the sixth most
commonly diagnosed cancer worldwide and the third
most frequent cause of cancer death. Half of these cases and
deaths were estimated to occur in China (Jemal ef al., 2011).
Although hepatocarcinogenesis is usually attributed to chronic
hepatitis B virus (HBV) and hepatitis C virus (HCV) infection,
only a minority of those patients will develop HCC, suggesting
that host genetic factors may play an important role in patho-
genesis (Liu and Fan, 2007). Researchers argue that most
population-attributable cancer heritability is related to poly-
morphic variations in the DNA sequence (Ponder, 2001).
Epidermal growth factor (EGF) results in cellular prolifer-
ation, differentiation, and tumorigenesis of epidermal and
epithelial tissues by binding to its receptor (EGFR) and, hence,
activating several signal pathways (Henson and Gibson,
2006). Mounting evidence supports a role for EGF in malig-
nant transformation and tumor progression (Stoscheck and
King, 1986; Harari et al., 2007; Limaye et al., 2008, Magnus
et al., 2010; Morris et al., 2011; Miyake and Parsons, 2012). The
EGF 61A>G polymorphism (rs4444903) is a commonly
functional single-nucleotide polymorphism (SNP) in the 5
untranslated region of the EGF gene, regulating EGF levels
and effects on individual susceptibility to various carcino-
mas (Xu et al., 2010). The study by Shahbazi et al. (2002) first

reported that this polymorphism was associated with in-
creased EGF production and the risk of developing malignant
melanoma. A recent meta-analysis by Zhang et al. (2010) was
conducted to determine whether EGF 61A > G polymorphism
alters cancer risk. Although they concluded that the EGF 61G
allele is a risk factor of cancer, especially for gastric cancer and
glioma, no study with regard to this polymorphism and HCC
was included in their synthesis.

The association between EGF 61A>G polymorphism and
the risk of HCC is still inconsistent and ambiguous, poten-
tially due to the small number of relevant studies and rela-
tively small sample size in single studies. Therefore, we
performed a meta-analysis to derive a more precise estimation
of the relationship between 61A>G polymorphism in EGF
gene and HCC risk.

Materials and Methods
Study selection

We conducted an electronic search in the PubMed, Web of
Science, and Cochrane Library, using the following terms
“(epidermal growth factor OR EGF) AND (polymorphism OR
genotype OR variant) AND (hepatocellular carcinoma OR
liver cancer OR HCC)” for articles published from 1960 to
October 2011. Reference lists of relevant publications were
manually reviewed to identify additional studies.
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Qi 2009 102 17 78 96 256%  1.57(0.74,331] 2009 ™

Li 2010 96 104 65 80 132%  277[1.11,6.91] 2010 —

Chen 2011 62 60 45 59 115%  276[1.03,7.38 2011 [

Subtotal (95% CI) 290 235 502%  215([1.31,3.53] <

Total events 260 188

Hetorogenelly: Chit = 1.22, df = 2 (P = 0.64); I = 0%

Test for overall effect: Z = 3.04 (P = 0.002) FIG. 1. Forest plot of
hepatocellular carcinoma

%zn'::: g]m 15 27 12 40 100%  2.92[1.06,8.06] 2008 — (HCC) risk associated with
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Tanabe 2008 23 32 32 83 11.7%  407[1.68,9.90) 2008 — the epidermal grOIWth fac}fior

Abu Dayyeh 2011 28 41 178 400 28.2%  2.16[1.11,4.21] 2011 —.— (EGF) 61A>G polymorphism

Subtotal (95% CI) 100 523 49.8%  2.76[1.73, 4.42] < (GG vs. AA) stratified by

Total evenls 64 222 ethnlClty

Heterogenelty: Chi* = 1.27, df = 2 (P = 0.53); I = 0%

Test for overall effect: Z = 4.23 (P < 0.0001)

Total (85% CI) 390 758 100.0%  2.46[1.75,3.45) *

Total ovents 324 410 : ;

Heterogenelty: Chi* = 3.00, df = 5 (P = 0.70); I*=0%
Test for overall effect: Z = 5.17 (P < 0.00001)
Test for subgroup differences: Not applicable

or anti-apoptosis (Grunwald and Hidalgo, 2003). It has been
demonstrated that the EGFR system plays a critical role in the
linkage of chronic liver injury to cancer under inflammatory
stimulation (Berasain et al., 2009). Inhibitions of EGFR have
become one of the logical strategies of anti-cancer (Grunwald
and Hidalgo, 2003; Berasain et al., 2009).

Since Shahbazi et al. (2002) first identified the EGF 61A>G
polymorphism and discovered that the GG genotype was
associated with an increased risk of malignant melanoma
compared with the AA genotype, many studies have been
published that deal with the association between this SNP
and different types of cancer, such as glioma (Tan et al., 2010),
esophageal cancer (Lanuti et al., 2008), gastric cancer (Goto
et al., 2005), breast cancer (Wang et al., 2008), lung cancer
(Kang et al., 2007), and so on. Two meta-analyses published in
the last year assessed the overall cancer risk influenced by the

001 04 1 10 100
Favors AA Favors GG

EGF 61A > G polymorphism (Xu et al., 2010; Zhang et al., 2010).
However, one article did not include a study about HCC
(Zhang et al., 2010), the other only contained the Tanabe study
and another study in the Chinese language (Xu et al., 2010). The
results of our meta-analysis strongly supported the conclu-
sion that the EGF 61G allele is a risk factor for developing HCC
according to the large sample size and the significant associa-
tions without any heterogeneity among the studies for all ge-
netic models in controls with cancer-free liver diseases, for the
dominant genetic model, and for a heterozygote comparison in
healthy controls. Moreover, the associations were not affected
by the ethnicity and etiology of HCC; whereas there are con-
tradictory findings about ethnicity in other cancer types using
this polymorphism (Tan et al., 2010).

There are still some limitations in this meta-analysis. First,
the current results were based on unadjusted estimates, while

Qi 2009 102 117 78 9 256%  1.57(0.74,3.31]
Li2010 9 104 65 80 132%  277[111,691]
Chen 2011 62 63 45 59 115%  276[1.03,7.38
Subtotal (95% CI) 290 235 502%  2.15[1.31,3.53]
Total events 260 188

Heterogenelty: Chi* = 1.22, df = 2 (P = 0.54); I*= 0%
Test for overall effect: Z = 3,04 (P = 0,002)

23.2HCV
Tanabe 2008 23 32 32 83 11.7%  4.07[1.68,9.90
Abu Dayyeh 2011 26 41 178 400 282%  2.16[1.11,4.21]
Subtotal (95% CI) 73 483 398%  2.72[1.80, 4.62]
Total events 49 210

Heterogenelty: Chi? = 1.25, df = 1 (P = 0.26); I* = 20%

Test for overall effect: Z = 3.70 (P = 0,0002)

2.3.3 Alcohol

Tanabe 2008 15 27 12 40 10.0%  2.92([1.06,8.06]
Subtotal (95% CI) 27 40 10.0%  2.92[1.06,8.06)
Total events 15 12

Haterogenalty: Not applicable

Test for overall effect: Z = 2.06 (P = 0.04)

Total (95% CI) 390 758 100.0%  246[1.75,3.45]

Total events 324 410
Heterogenelty: Chi* = 3.00, df = 5 (P = 0.70); I*= 0%
Test for overall effect: Z = 5.17 (P < 0.00001)

Tesl for subgroup differences: Not applicable
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TaBLE 3. PUuBLICATION Bias TEsTs

Begg’s test Egger’s test
Genetic model p-value p-value
Healthy controls
G-allele vs. A-allele 1.000 0.676
GG vs. AA 1.000 0.725
GA vs. AA 1.000 0.902
GG+GA vs. AA 1.000 0.792
GG vs. GA+AA 0.296 0.415
Controls with liver diseases
G-allele vs. A-allele 0.024 0.055
GG vs. AA 0.452 0.175
GA vs. AA 0.452 0.279
GG+GA vs. AA 0.260 0.168
GG vs. GA+AA 0.009 0.023

a more precise analysis should be conducted if individual
data were available for the adjustment by other covariates,
including age, sex, family history, environmental factors,
cancer stage, and lifestyle. Second, the interactions between
gene-gene, gene-environment, and even different polymor-
phic loci of the same gene may modulate HCC risk (Tan ef al.,
2010). Third, our previous study design intended to pool the
data about EGF serum level, which could not be accessed in
most individual studies. Fourth, publication bias may exist in
this meta-analysis, because non-significant or negative find-
ings may be unpublished.

In conclusion, our meta-analysis suggests that the EGF
61A>G polymorphism is associated with an increased risk of
HCC without the influence of ethnic and etiological diversity.
Further well-designed large studies, particularly those asses-
sing gene-gene and gene-environment interaction, are needed
to confirm these findings. Such research may eventually lead
to our better and comprehensive understanding of the asso-
ciation mechanism between the EGF 61A >G polymorphism
and HCC risk.
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