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Background: Hepatocellular carcinoma (HCC) is a common solid malignant tumor occurring worldwide that leads
to the third largest cause of death compared to other cancers. Genetic and environmental factors are involved in the
pathogenesis of HCC. Epidermal growth factor (EGF) and epidermal growth factor receptor (EGFR) can stimulate
the proliferation of epidermal and epithelial cells. The EGF signal pathway has a relationship with the growth of
the embryo, tissue repairing, and tumorigenesis. Methods: In this study, 416 patients with hepatitis B virus infection
(HBV)-related HCC and 645 individuals who had never been infected with HBV of the Chinese Han population
were enrolled. Eight single-nucleotide polymorphisms (SNPs), whose minor allele frequency >20% in the EGF and
EGER genes, were genotyped to examine their associations with hepatocarcinogenesis. Genotyping experiments
were carried out using TagMan. Results: There were significant differences in genotype distributions (p=0.005) and
allele frequencies (p=0.001, odds ratio [OR]=1.43, 95% confidence interval [CI]=1.15-1.79) of rs11569017 in the
EGF gene between the HCC and control groups. After binary logistic regression to determine independent factors
for susceptibility to HCC under an additive model, rs11569017 was still independently associated with the sus-
ceptibility to HCC (p=0.021, OR=1.48, 95% CI=1.06-2.07), but no significant differences in other SNPs were
found. Additionally, the haplotype T-G constructed by rs11569017 and rs4444903 of the EGF gene might increase
the risk of HBV-related HCC (p=0.002, OR=1.44, 95% CI=1.15-1.82). Conclusion: The rs11569017 T allele was
associated with susceptibility to HBV-related HCC.

Introduction

EPATOCELLULAR CARCINOMA (HCC) is a common solid

malignant tumor occurring worldwide and representing
the third leading cause of death compared with other cancers.
Liver cancer predominates among males in developing re-
gions (Taylor et al., 2008). HCC is a kind of cancer with mul-
tiple etiologies (Anzola, 2004), chronic infection with hepatitis
B, excessive alcohol consumption, and many etiological fac-
tors have been related with HCC development (Whittaker
et al., 2010). The genetic factors play an important role in the
occurrence of HCC (Zhang et al., 2010). However, its molec-
ular mechanism is not yet clear.

In recent years, a number of important signaling pathways
in HCC have been studied systematically. These pathways
regulate physiological processes such as the growth and dif-
ferentiation of tumor cells, the regeneration of blood vessels,
and the migration of tumor cells (Zender ef al., 2010). Studies
have shown that the signal pathway of the epidermal growth
factor (EGF) plays an important role in the occurrence of liver
cancer. The EGF can stimulate the proliferation of epidermal
and epithelial cells, which have a strong relationship with the
growth of the embryo, tissue repair, regeneration, and tu-
morigenesis (Fisher and Lakshmanan, 1990; Limaye et al.,
2008). The transient profile of EGF RNA accumulation sug-
gests that an increase in EGF levels may catalyze a cascade of
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events preceding the first wave of hepatic DNA replication in
hepatocytes isolated by collagenase perfusion (Mullhaupt
et al., 1994). The EGF activates the epidermal growth factor
receptor (EGFR) as a ligand with biological effect through
signal transduction (Villanueva ef al., 2007).

The EGEFR is a kind of membrane receptor, which over-
expresses in many kinds of malignant tumors such as breast
cancer (Nakajima et al., 2012), lung cancer (Han et al., 2011),
ovarian cancer, cervical cancer, esophageal cancer, prostate
cancer, and liver cancer (Han and Lo, 2012). The EGFR ac-
celerates proliferation and metastasis of tumor cells along
with promoting tumor angiogenesis and hindering tumor
apoptosis.

The EGFR belongs to the receptor tyrosine kinase family
and widely distributes on epithelial cells. Ligands integrating
with the EGFR form a homodimer, after a process of phos-
phorylation, the system of ras/raf/MAPK cascade is acti-
vated, then the dimer turns into the affinity sites of
downstream signal transduction to generate high-affinity in-
teractions with the signal transduction molecules involved in
mitosis (Kenny, 2007).

Currently, a number of molecular genetic studies have
shown that the polymorphisms of the EGFR and its ligand
genes are related to lung cancer (Dong et al., 2010), kidney
cancer (Zhuet al., 2010), breast cancer (Choura et al., 2010), and
other cancers. The association studies between the EGF gene
and HCC were mainly concentrated in the 61*A/G poly-
morphism (rs4444903), however, the results are inconsistent
(Liet al., 2009; Qi et al., 2009; Zhong et al., 2012). In this study,
we aim to investigate the association between polymorphisms
in the EGFR gene and its ligand EGF gene and hepatitis B
virus (HBV)-related HCC in the Chinese Han population.

Materials and Methods
Subjects

The subjects enrolled in the study included a total of 1061
northern Chinese Han participants, who were divided into
two groups: the case group consisted of 416 patients (352
men/64 women, mean age 54.5+10.36 years) with HBV-
related HCC; the control group consisted of 645 individu-
als who had never been infected with HBV (522 men/123
women, mean age 39.3+6.90 years), in whom all HBV serum
markers were negative (the data for detailed patient profile
are shown in Supplementary Table S2; Supplementary Data
are available online at www liebertpub.com/gtmb). They
were recruited from 302 Hospital of the People’s Liberation
Army, Beijing Youan Hospital, Beijing Center for Disease
Control and Prevention (CDC), and Shandong CDC between
November 2001 and October 2010. All participants with
HBV-related HCC were pathologically HCC patients, who
were also on the basis of clinical evidence obtained from liver
function tests and serum immunologic marker screening,
proved not to have other cancers. They were confirmed by
liver ultrasonography and/or computed tomography as well
(Xin et al., 2012).

The subjects were excluded if (1) they had past or present
infection with other hepatitis viruses or hepatitis not caused
by HBV; (2) they were not of Han ethnicity; and (3) they had
alcoholic liver disease, autoimmune liver disease, or meta-
bolic liver disease. The study was performed in accordance
with the guidelines of the Helsinki Declaration after informed
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consent had been obtained from all the participants. It was
approved by the ethics committee of the Institute of Basic
Medical Sciences, Chinese Academy of Medical Sciences.

Single-nucleotide polymorphism selection
and genotyping

Genomic DNA was extracted from peripheral blood by
using a method of salting-out (Miller et al., 1988). A strategy of
functional single-nucleotide polymorphisms (SNPs) selecting
was applied. The entire gene region from the 5'untranslated
region (5” UTR) to 3'UTR was selected using the HapMap
database (HapMap Data Rel 24/ phase Il Nov 08, on NCBI B36
assembly, dbSNP b126) with minor allele frequencies
(MAF) >0.20. The strategy we chose could make sure that all
SNPs selected have no linkage disequilibrium (LD). In the
EGF, the SNP rs11569017 located in exonl5 and rs4444907
located in 5’'UTR were selected, and rs11569017 as a TagSNP
represented another 14 SNPs. In the EGFR, the six SNPs
(rs2072454, rs2227983, rs17337023, rs1050171, rs2293347, and
rs884225) were selected for the present study (shown in Table 1).
Among all the SNPs in the EGFR, rs2072454, rs2227983,
rs17337023, rs1050171, and rs2293347 were in exons, and
rs884225 was in the 3'UTR.

The genotyping was conducted using TagMan, with probes
synthesized by Sangon BioTech Co., Ltd. The sequences of the
polymerase chain reaction (PCR) primers and the probes were
listed in Supplementary Table S1. A volume of 10 L. ampli-
fication reactions was carried out that consisted of 5uL of
bestar TM PCR Master Mix buffer (Beijing ComWin Biotech
Co., Ltd.), 0.45 puL of PCR primers (0.1 mM), 0.25 uL of probes
(0.1 mM), and 30ng of template DNA. All amplification and
detection were conducted in 96-well PCR plates using a Bio-
Rad iQ5 Real-Time PCR Detection system (Bio-Rad).

The reaction cycle was performed in two stages: 10 min at
95°C for a denaturation step, followed by 40 cycles of 155 at
92°C and 1min at the appropriate annealing temperature.
After the PCR was completed, allelic discrimination was an-
alyzed using the Bio-Rad iQ5 2.0 Standard Edition Optical
System Software (Bio-Rad). All the samples were successfully
genotyped, and 10% of them were conducted again randomly
to make sure that the results were correct and identical.

TABLE 1. INFORMATION OF SINGLE-NUCLEOTIDE
PoLyMORPHISMS ANALYZED IN THIS STUDY

Chr. Gene SNP ID Region Polymorphism
7pl2 EGFR rs2072454 Exon3 C/T
152227983 Exon9 A/G
(Thr/Met)
rs17337023 Exon12 A/T
rs1050171 Exonl15 A/G
152293347 Exonl19 A/G
rs884225 3'UTR A/G
4q25 EGF rs11569017 Exon15 A/T
(Val/Asp)
rs4444903 5UTR A/G

The SNP information is based on the database http://www
ncbinlm.nih.gov/SNP/

The mutation for genotypes on extrons except for rs22227983 and
1511569017 were synonymous mutations.

SNP, single-nucleotide polymorphism; EGF, epidermal growth
factor; EGFR, epidermal growth factor receptor.
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Statistical analysis

We used a method of the 3 test to detect whether the
distributions of SNPs were in the Hardy-Weinberg equilib-
rium (HWE). Difference of allele frequencies and genotype
distribution between case and control were tested using a 2 x2
or 2x3 contingency tables. The Statistical Package for the
Social Sciences, version 12.0 was used to analyze all the sta-
tistics, and p <0.05 was the criterion for statistical significance.
We used the SHEsis online software (Shi and He, 2005) to
acquire LD values (%, D’) and the haplotype estimation.

Results

Genotyping experiments were conducted for the eight
SNPs. Genotype distributions of the studied SNPs were in
HWE except for the SNP rs4444903 (p <0.05) in the EGF. The
frequencies of case and control in each group are shown in
Table 2. The frequency of the T allele of rs11569017 in EGF was
20.9% in HCC patients versus 15.6% in control (p=0.001,
odds ratio [OR]=1.43, 95% confidence interval [CI]=1.15—
1.79), and the distribution of the genotype was also signifi-
cantly different (p=0.005). Meanwhile, the frequency of the C
allele of SNP rs2072454 in EGFR was 61.1% in HCC patients
and 56.1% in controls (p=0.023, OR=1.23,95% CI=1.03-1.47)
and the genotype distribution was different as well
(p=0.039). We used a stepwise forward selection of binary
logistic regression to determine independent factors such as
age and gender for susceptibility to HCC under an additive
model in all SNPs. The result showed that rs11569017 was still
independently associated with the susceptibility to HCC
(p=0.021, OR=1.48, 95% CI=1.06-2.07), but the SNP
1rs2072454 (p=0.143, OR=1.21, 95% CI=0.94-1.56) and other
SNPs we chose were not associated with the susceptibility
to HCC.

The degrees of LD for six SNPs in EGFR and two SNPs in
EGF were examined, and no apparent LD (r2=0.09 for EGF,
72<0.686 for EGFR) was found. Then, we carried out a hap-
lotype analysis of these SNPs, the result showed that the fre-
quency of haplotype T-G consisted of rs11569017 and
rs4444903 in the EGF was significantly higher in the case
group than in the control group (20.9% vs. 15.4%, p=0.002,
OR=1.44, 95% CI=1.15-1.82) (Table 3). However, there was
no significant difference between the case and control groups
in other haplotypes. These results were in accordance with the
single locus analysis, suggesting that rs11569017 was a prin-
cipal genetic factor in the EGF. No significant difference be-
tween the case group and control group in haplotypes of the
EGER gene in our study was found.

Discussion

The interaction between the EGFR and EGF activates the
signal pathway of c-Src, PI3K, and MAPK downstream,
which increases growth, migration, and adhesion as well as
inhibits apoptosis. The EGFR in the tumor endothelial cells
may play a role for tumor angiogenesis in HCC via paracrine
mechanisms (Moon et al., 2006), and apparent EGF over-
expression is detected in the serum of HCC patients (Abu
Dayyeh et al., 2011), both demonstrate that the EGF and EGFR
play an important role in the process of tumorigenesis.
Yoneda ef al. (2011) performed the experiment to investigate
the mechanism underlying the development of cytokeratin19-
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positive HCC, the results indicate that the activation of the
EGF-EGFR signaling pathway is associated with the devel-
opment of cytokeratin 19-positive HCC, and the EGF-induced
increase in growth abilities of HCC may account for the poor
prognosis of the patients. Genetic variation may be associated
with tumor occurrence. An association study about gastric
cancer in the Chinese Han population shows that the A allele
of EGF rs4444903 is a protective factor of gastric cancer, but
the T allele of EGFR rs17337023 is a risk factor (Yang et al.,
2012). In a Caucasian population, the G allele of rs4444903 is
confirmed to be closely related to the incidence of esophageal
cancer (Menke et al., 2011).

Additionally, some studies reveal the effect of the
1rs2293347 polymorphism in EGFR on the clinical efficacy of
gefitinib in patients with nonsmall cell lung cancer (Ma et al.,
2011). EGFR intron 1 (CA)n polymorphism effects the out-
come in advanced lung cancer patients treated with EGFR-
TKI (Nie et al., 2011). Association studies on polymorphisms
of the EGF gene and HCC are mainly focused on rs4444903.
The study carried out by Abu Dayyeh et al. (2011) showed that
the EGF genotype G/G was associated with increased risk for
HCC, and differences in its frequency among black and white
subjects might account for differences in HCC incidence be-
tween these ethnicities (Menke et al., 2011). The genotype of
rs4444903 in the EGF is associated with a higher risk of chronic
HBV-infected HCC in the Chinese population (Abu Dayyeh
et al., 2011). In 2009, a study certificated that there was no
association of EGF rs4444903 and HCC in Chinese patients
with chronic HBV infection (Qi et al., 2009). The researches
above perceive that the association between EGF rs4444903
and the risk of HCC is still controversial and ambiguous. This
situation may be due to facts such as ethnic diversity, control
selecting, and small sample size in the Chinese Han popula-
tion. Association studies on other SNPs in the EGF gene and
liver cancer susceptibility were rarely reported. EGFR inhib-
itor drugs had been designed to block the signaling pathway
through inhibiting the development of tumor (Kim and Lim,
2011), however, relatively few studies focused on the associ-
ation between polymorphisms in EGFR and HCC suscepti-
bility. Xie et al. (2012) elucidated the association of four
polymorphisms of key molecules in the JAK/STAT signaling
pathway with susceptibility to HCC, and (AG+GG) in
rs11543848 of EGFR had a decreased risk of HCC in women.

The EGF located in 4q25 encodes a member of the EGF
superfamily. The encoded protein is synthesized as a large
precursor molecule that is proteolytically cleaved to generate
the 53-amino acid EGF peptide. This protein acts as a potent
mitogenic factor that plays an important role in the growth,
proliferation, and differentiation of numerous cell types. A
study (Liu ef al., 2012) shows that the EGF as a mitogen can
induce AKR1B10(aldo-keto reductase 1B10), which is over-
expressed in liver and lung cancer, and plays a critical role in
tumor development and progression by promoting lipogen-
esis and eliminating cytotoxic carbonyls. Rs11569017 on
exonl5 in EGF is a nonsynonymous SNP (Val/Asp), as we all
know that when a nonpolar aliphatic amino acid becomes an
acidic amino acid, water solubility of amino acids may in-
crease, but decrease the stability of amino acids. Numerous
studies have shown that the change of amino acid would lead
to a variation of structural stability (Rabbani et al., 2012); some
amino acid change in a special position may also lead to an
enhanced signaling to reinforce protein expression (Liu et al.,
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TABLE 2. GENOTYPE DISTRIBUTIONS AND ALLELIC FREQUENCIES
OF SINGLE-NUCLEOTIDE POoLYMORPHISMS IN EGF AND EGFR
Genotype/
Gene SNPs allele Case Control ba p/p* OR 95% CI
EGFR 152072454 n=410 (%) n=634 (%)
CcC 158 (38.5) 196 (30.9) 6.48 0.039/0.143 1.21 0.94-1.56
CT 185 (45.1) 319 (50.3)
T 67 (16.3) 119 (18.8)
C 501 (61.1) 711 (56.1) 5.16 0.023 1.23 1.02-1.48
T 319 (38.9) 557 (43.9)
rs2227983 n=402 (%) n=643 (%)
AA 113 (28.1) 170 (26.4) 1.75 0.416/0.184 1.19 0.92-1.54
GA 205 (51.0) 316 (49.1)
GG 84 (20.9) 157 (24.4)
A 431 (53.6) 656 (51.0) 1.34 0.248 1.11 0.93-1.33
G 373 (46.4) 630 (49.0)
rs17337023 n=393 (%) n=631 (%)
AA 119 (30.3) 169 (26.8) 1.55 0.462/0.155 1.21 0.93-1.58
TA 196 (49.9) 335 (53.1)
T 78 (19.8) 127 (20.1)
A 434 (55.2) 673 (53.3) 0.70 0.404 1.08 0.90-1.30
T 352 (44.8) 589 (46.7)
rs1050171 n=412 (%) n=638 (%)
AA 14 (3.4) 19 (3.0) 1.35 0.256/0.115 0.76 0.56-1.07
GA 118 (28.6) 164 (25.7)
GG 280 (68.0) 455 (71.3)
A 146 (17.7) 202 (15.8) 1.29 0.510 1.14 0.91-1.45
G 678 (82.3) 1074 (84.2)
rs2293347 n=406 (%) n=640 (%)
AA 37 9.1) 60 (9.4) 0.33 0.850/0.478 1.10 0.84-1.45
GA 176 (43.3) 266 (41.6)
GG 193 (47.6) 314 (49.0)
A 250 (30.8) 386 (30.2) 0.09 0.759 1.03 0.85-1.25
G 562 (69.2) 894 (69.8)
rs884225 n=415 (%) n=643 (%)
AA 112 (27.0) 147 (22.9) 2.50 0.286/0.194 1.18 0.92-1.52
GA 206 (49.6) 330 (51.3)
GG 97 (23.4) 166 (25.8)
A 430 (51.8) 624 (48.5) 2.18 0.140 1.14 0.96-1.36
G 400 (48.2) 662 (51.5)
EGF rs11569017 n=411 (%) n=636 (%)
1T 15 (3.6) 16 (2.5) 10.53 0.005/0.021 1.48 1.06-2.07
TA 142 (34.5) 166 (26.1)
AA 254 (61.8) 454 (71.4)
T 172 (20.9) 198 (15.6) 9.86 0.001 1.43 1.15-1.79
A 650 (79.1) 1074 (84.4)
rs4444903 n=404 (%) n=623 (%)
AA 45 (11.1) 76 (12.2) 1.80 0.407/0.706 0.95 0.735-1.23
AG 153 (37.9) 256 (41.1)
GG 206 (51.0) 291 (46.7)
A 243 (30.1) 408 (32.7) 1.61 0.204 0.88 0.73-1.07
G 565 (69.9) 838 (67.3)

Cases: patients with HBV-related HCC.

Controls: individuals who had never been infected with HBV and in whom all HBV serum markers were negative.
p*, p-Value conducted by binary logistic regression to determine age and gender for susceptibility to HCC under an additive model.
OR, odds ratio; CI, confidence interval; df=2; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.

2012). In addition, missense mutation may also affect the 3D
structure and protein—protein interactions (Zhang et al., 2012).
The length of the EGF gene is 100079 bp, which encodes a
preproEGF with a total of 1027 amino acids. The Val to Asp
mutation in amino acid 784 caused by the rs11569017 in hu-
man preproEGF is included in the region, which is homolo-
gous to the low-density lipoprotein receptor. Although

rs11569017 is not located on the mature EGF, it may make a
difference through influencing the expression of preproEGF
or the splicing efficiency in downstream of amino acid 784
(971-1023) encodes a Ca* *-binding domain, which is the most
important functional structure and maintained in the mature
EGF. The precursor found in the distal tubule cells will be
membrane bound (Bell ef al., 1986). The EGF precursor is
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TABLE 3. COMPARISON OF Rs11569017-rs4444903
HarLoTYPE FREQUENCIES IN EGF
BETWEEN CASEs AND CONTROLS

Haplotype  Case (%)  Control (%)  p OR (95% CI)
AA 241 (30.1) 399 (32.3) 0.269 0.90 (0.74-1.09)
AG 392 (49.0) 641 (51.8) 0.176 0.88 (0.74-1.06)
TG 167 (20.9) 190 (15.4) 0.002 1.44 (1.15-1.82)
TA 0 (0.0) 6 (0.5)

Case: patient with HBV-related HCC.
Control: individuals who had never been infected with HBV and
in whom all HBV serum markers were negative.

synthesized as a membrane-bound protein with its NH-
terminus external to the cell surface. A research demonstrated
that the preproEGF contains a hydrophobic domain that
may serve to anchor the precursor in the plasma membrane.
Because of this feature, as well as the presence of a region of
about 400 amino acids that is homologous to the low-den-
sity lipoprotein receptor has been suggested that preproEGF
may function as a receptor for a yet unidentified ligand,
which may have a biological function (Mroczkowski et al.,
1989). Those suggest that the mutation may affect the pro-
tein-protein interaction through the Ca”*-binding domain
in downstream indirectly or through the structure change in
its precursor to influence the membrane binding directly. As
described above, the nonsynonymous SNP (Val/Asp) may
increase the susceptibility of HCC by means of protein—
protein interactions through increasing water solubility of
amino acids.

The haplotype analysis of the two SNPs in the EGF gene
showed that the T-G haplotype consisted of rs11569017 and
rs4444903 was associated with the increased risk of HBV-
related HCC (p=0.002, OR=1.44, 95% CI=1.15-1.82). The
result provided evidence that T allele in rs11569017 played a
leading role in the development of HBV-related HCC. Al-
though the polymorphism of rs4444903 was not associated
with HBV-related HCC in the present study, numerous
studies identified that the G allele in rs4444903 was associated
with the overexpression of EGF. In this study, the combina-
tion of rs11569017 and rs4444903 might increase the risk of
HBV-related HCC, and this effect might be influenced by in-
ducing the expression of the EGF (Tanabe ef al., 2008).

Only SNPs with MAF>0.20 were selected in the present
study. Some SNPs with MAF<0.20, which would have po-
tential roles in association with susceptibility to HCC might
be omitted. Therefore, a lower MAF cutoff should be selected
to study more SNPs with more samples in further studies to
confirm the association.

In summary, the study showed that there were significant
differences in genotype distributions and allele frequencies of
rs11569017 between the control group and case group, and
the carriage of the rs11569017 T allele was associated with the
susceptibility to HBV-related HCC, but no significant differ-
ences in the other SNPs were found.
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