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Abstract: ErbB2 can act as an oncogene and its related signaling server as essential roles in tumorigenesis. Poly-
morphisms in ErbB2 have been reported related to bad prognosis of with human cancer, however the association
between SNP in 3’'UTR of ErbB2 so far. In this study rs113054794 and rs76322625 located in the 3’'UTR of ErbB2
was selected to evaluate its relationship with the risk of HCC among Chinese population. In this study, SNP of
rs113054794 in the 3'-UTR of ErbB2 was involved as a risk factor in the occurrence of HCC. SNP rs113054794
could be regulated by miR-221-5p which caused an up-regulation of ErbB2 in patients. Furthermore, the carriers
of CA and AA genotype in rs113054794 presented poor differentiation, a big tumor size as well as the high prob-
ability of metastasis. In conclusion, our findings have shown that the SNP rs113054794 in ErbB2 3’-UTR, through
disrupting the regulatory role of miR-221-5p in ErbB2 expression, which might act as a promotion factor in the

pathogenesis of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a primary
malignancy of the liver. Which is now the third
leading cause of cancer deaths worldwide, with
over 500,000 people affected? The endemic
high prevalence of hepatitis B and hepatitis C
strongly predisposes to the development of
chronic liver disease and subsequent develop-
ment of hepatocellular carcinoma [1, 2].

Several lines of evidence indicate that develop-
ment of HCC is a multistep process affected by
both inherited and acquired factors leading to
the transformation of normal hepatocytes into
malignant clones [3]. SNPs correspond to a
modification of a DNA sequence due to the
change of a single nucleotide; they account for
>90% of allelic disparities scattered through-
out the human genome [4, 5]. Although the vast
majority of these modifications are situated in
non-coding regions, some can modify gene-
product expression and function, which may
affect biological pathways. If the genes are
involved in liver carcinogenesis, these modifi-
cations may partly explain the genetic heritabil-

ity thought to influence individual susceptibility
to HCC [6-8].

Receptor tyrosine-protein kinase erbB-2 is a
member of the human epidermal growth factor
receptor (HER/EGFR/ERBB) family. Amplifi-
cation or overexpression of this oncogene has
been shown to play an important role in the
development and progression of certain
aggressive malignancy [9, 10]. Up to 1994,
erbb2 expression was analyzed within human
HCC, 61.6% of candidate patients suffered by
hepatocellular carcinoma was significantly
raise of serum erbb2, 63.3% of liver cirrhosis
and 43.2% of chronic hepatitis patients was
also positive for serum erbb2, which suggested
that serum c-erbB-2 protein levels are greatly
influenced by liver dysfunction [11, 12].
Recently, significantly high expression of Erbb2
was observed within human HCC especially in
those HBV infected HCC patients, mechanism
studies revealed that ErbB-2/beta-catenin up-
regulation contributes importantly to the mech-
anism of HBxAg mediated hepatocellular
growth [13].
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MiRNAs are small, non-coding RNA molecules
of 19-25 nucleotides which have been reported
to play important roles by regulating cell differ-
entiation, proliferation, migration and apopto-
sis [14]. MiRNAs can not only negatively regu-
late their target genes expression at the
post-transcription level through binding to 3’
untranslated regions (UTRs) of their targets
message RNAs, [15, 16]. Although several stud-
ies have revealed that ErbB2 can be sup-
pressed by other miRNAs, few study has been
reported describing loss regulation by the
3'UTR region SNP of ErbB2 by certain miRNAs.

In this study, we focused on the SNPs in the
3’UTR of ErbB2 which has rarely been reported
before. By using the bioinformatics software
(http://www.bioguo.org/miRNASNP/), we obta-
ined all the SNPs which could regulate by differ-
ent miRNAs as candidate SNPs and further
investigated the allele distribution in a case-
control study.

Materials and methods

Study subjects

The hospital-based case-control study consists
of 693 patients newly diagnosed with HCC and
752 cancer-free controls. All the subjects were
genetically unrelated Han Chinese recruited
from the First Affiliated Hospital of Nanjing
Medical University (Nanjing China), January
2010 and May 2015. Patients with other hema-
tological disorders, previous history of cancers,
radiotherapy and chemotherapy were excluded.
The cancer-free control subjects from the same
geographic area showed no evidence of genetic
relationship with the cases. The patients were
classified according to World Health Orga-
nization classification. This study was approved
by the Ethical Committee of the First Affiliated
Hospital of Nanjing Medical University, and
every patient had written informed consent.

Genotype

We extracted genomic DNA from peripheral
whole blood of every validation subject by using
QIAamp DNA blood mini kits (Qiagen, Germany)
according to the manufacturer’s instructions.
Genotyping was performed with the TagMan
SNP Genotyping Assay. The PCR reactions were
carried out in a total volume of 5 pL containing
TagMan Universal Master Mix, 80X SNP
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Genotyping AssayMix, Dnase-free water and
10-ng genomic DNA. The PCR conditions were
2 min at 50°C, 10 min at 95°C, followed by 40
cycles at 95°C for 15 sec and 60°C for 1 min.
The 384-well ABI 7900HT Real Time PCR
System

Real time PCR assay

Real time polymerase chain reaction (RT-PCR)
was performed to determine whether the C/G
to A mutation changed the expression level of
ERBB2. The amplification conditions were 95°C
for 10 minutes, followed by 40 cycles of 95°C
for 30 seconds, 55°C for 40 s, and 72°C for 30
seconds, and finally 4°C for 30 minutes for
cooling.

Cell lines and cell culture

HCC cell lines 97H and HepG2 were purchased
from the Chinese Academy of Sciences Cell
Bank. All cells were cultured in RPMI-1640
(Gibco, USA) supplemented with 10% fetal
bovine serum (Invitrogen, Carlsbad, USA) and
grown in humidified 5% CO, at 37°C. MiR-221-
5p and miR-3116 mimics and normal control
were obtained from Genepharma (Shanghai,
China). The transfection was conducted by
using Lipofectamine 2000 (Invitrogen Corp, CA,
USA).

Prediction of miRNAs binding to the SNP

Based on our bioinformatics analysis by using
the bioinformatics software (http://www.
bioguo.org/miRNASNP/) to predict the related
SNPs in the 3'UTR of ERBB2 which could regu-
late by different miRNAs.

Construction of luciferase-based reporter
plasmids

All the fragment of the 3'UTR containing the
mutated alleles we desired were amplified and
constructed. The PCR production was cloned
into the pGL3-promoterless luciferase-based
plasmid (Promega) at the cloning site between
Kpnl and Xhol. The amplified fragment was veri-
fied by DNA sequencing.

Dual-luciferase reporter assay

The 3-UTR sequence of ERBB2 predicted to
interact with miR-603 or a mutated sequence
with the predicted target sites were inserted

Int J Clin Exp Med 2016;9(2):3521-3528



Table 1. Frequency distributions of selected variables in patients

and cancer-free controls
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Statistical analysis

The association between rs-

Cases Controls
Variables (n=693) (h=752) p+ 113054794 and rs185147-
N % N % 690 genotypes and the risk of
HCC was evaluated by calcu-
Age (years) 0.6359 lating the odds ratios (ORs)
<50 347 50.07% 386 51.33% and their 95% confidence
>50 346 49.93% 366 48.67% intervals (Cls) using univariate
Gender 0.1707 and multivariate logistic re-
Male 373 53.82% 377 50.13% gression analysis. Stratifica-
Female 320 46.18% 375 49.87% tion analysis was performed
Parental HBV infection status <0.0001 according to the clinical char-
Negative 442 63.78% 361 48.01% qcteristic and. risk classifica-
Positive 251 36.22% 391 51.99% E??’Fg dt?terf“'“e the ge?type
. L istribution in cases and con-
Differentiation grade trols as well as their associa-
well 318 36.43 tion with the risk of HCC. The
Moderate 253 2898 difference of the expression
Poorly 302 34.59 levels of ERBB2 with three
Tumor Size (cm) genotypes and the difference
<5cm 317 45.74% of the relative luciferase activi-
>5cm 376 54.26% ties between the wild and
Tumor Number mutant genotype were evalu-
Solid 402 58.01% ated by independent-sample t
Multiple 001 41.99% test. All statistical tests were
) ' two-sided and P<0.05 was
Metastasis considered statistically signifi-
Yes 278 40.12% cant. Statistical analysis was
No 415 59.88% performed with SPSS 13.0

*Two-sided chi-square test for either genotype distributions or allele frequencies

between cases and controls.

Table 2. Association between SNPs and HCC

SNP chr 3’UTR position Associated miRNA
rs113054794 17 104-125 hsa-miR-221-5p
rs2910164 17 367-387 hsa-miR-146a-3p
rs185147690 17 178-199 hsa-miR-3116
rs192207383 17 182-203 hsa-miR-3622b-5p

(SPSS Ltd.) and SAS software
(version 9.1.3; SAS Institute,
Cary, NC, USA). The graphs
were generated by Graphpad
Prism 5.0 (Graphpad Software,

Allele Inc.).
C/A Results
G/C
G/A Subject characteristics
C/A

Chr = chromosome; UTR = Untranslated Regions.

The characteristics of the 693
HCC patients and 752 healthy
controls are summarized. No

into the Kpnl and Xhol sites of pGL3 promoter
vector (Genscript, Nanjing, China). For reporter
assay, cells were plated onto 24-well plates
and transfected with 100 ng of pGL3-ERBB2
wild, pGL3-ErbB2 mutant, miRNA and their
mimics, respectively by using Lipofectamine
2000 (Invitrogen Corp, CA, USA). A Renilla lucif-
erase vector pRL-SV40 (5 ng) was also co-
transfected to normalize the differences in
transfection efficiency. Transfection was
repeated three times in triplicate.
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statistically significant differences were ob-
served between cases and controls in terms of
sex and age (both P>0.05). This indicates that
the frequency matching was adequate. Patients
suffering from heritage of HBV infection indi-
cated to be the susceptible population by com-
paring with controls (Table 1).

The miRSNPs in the ErbB2 gene 3’-UTR

In order to investigate the miRNA associated
SNPs in the 3'UTR of ERBB2, we first found all

Int J Clin Exp Med 2016;9(2):3521-3528



SNP in 3’UTR of ErbB2 promote HCC

Table 3. Genotype frequencies of the ErbB2 at rs113054794 and

carrier genotype (GA and

rs185147690 polymorphism among HCC cases and controls AA) (P<0.0001). Logistic

Cases (1=693) Controls (n=752) . regression analyses indicat-

Genotype % N % (95% Cly° P Value ed that individuals with the

15113054794 rs113054794 GA gpd AA

cC 265 38.24% 578 81.29% <0.0001 genotype was significantly

R eI : associated with HCC risk

CA 217 31.31% 121  17.02%  3.91(1.34-1.93) (OR=3.91, 95% Cl=1.34-
AA 211 30.45% 54 6.19% 8.52 (1.27-1.79)

A Carrier 428 61.76% 175 23.20% 5.33(1.55-1.98) <0.0001

1.93 for CA; OR=8.52, 95%
Cl=1.27-1.79 for AA; and

rs185147690 OR=5.33; 95% Cl=1.55-
GG 237 34.20% 418 55.59% <0.0001 1.98 for A carrier). Similarly,
GA 255 36.80% 201 26.73% 2.23 (1.45-1.79) the rs185147690 GA and
AA 201 29.00% 134 17.82% 2.64 (1.36-1.79) AA genotype was also sig-

A Carrier 456 65.80% 335 44.55% 2.40(1.05-1.85) <0.0001

nificantly associated with

aThe ORs, 95% Cls and P value were calculated after adjusting for age, gender, paren-

tal HBV infection history and family cancer history.

the SNPs from the SNP databases NCBI db SNP
BUILED 129 and ENSEMBL v58 in the 3’-UTR of
ERBB2 gene with the minor allele frequency
(MAF) >0.05. We then used bioinformatics soft-
ware Diana-Micro, RNA hybrid to predict miR-
NAs that can bind to the ERBB2 3'-UTR. The
mMiRNASNP database was also applied to
explore the miRNAs which could also bind to
the 3-UTR of patients harbored the SNP. As
shown in Table 2. Finally, we obtained 4 SNPs
in the 3’'UTR which could be regulated by four
different miRNAs (hsa-miR-221-5p, hsa-miR-
146a-3p, hsa-miR-3116 and hsa-miR-3622b-
5p). The positions of the SNPs in 3'UTR of
ERBB2 as well as the variants were listed.
Further genotyping was performed to detect
the distribution of allele gene of the 2 SNPs in
our research.

Correlation of rs113054794 and
rs185147690 with HCC

Interestingly, two SNPs (rs113054794 and
rs185147690) indicated a significant differ-
ence in HCC patients respectively; as listed in
Table 3. The results showed that the genotypes
of both rs113054794 and rs185147690 were
in Hardy--Weinberg equilibrium distribution pat-
tern in the healthy control group (P<0.0001).
Further, logistic regression analysis results
revealed that the HCC genotype GG genotype in
SNP rs113054794 presented a significant
decreased risk of HCC as compared with the A
carrier genotype (CA and AA) (P<0.0001).
Similarly, rs185147690 presented a significant
decreased risk of HCC as compared with the A
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HCC risk (OR=2.23, 95%
Cl=1.45-1.79 for GA; OR=
2.64, 95% CI=1.36-1.79 for
AA; and OR=2.40; 95%
Cl=1.05-1.85 for A carrier). All ORs were adjust-
ed for sex, age, and smoking status, drinking
history or family cancer history.

The effect of rs113054794 and rs185147690
on the regulatory role of miRNAs in ErbB2
expression

Sincethe SNPrs113054794 and rs185147690
were predicted to locate in the binding site of
miR-221-5p and miR-3116 respectively. We
hypothesized that the expression of ErbB2
might be regulated by these microRNAs, which
can be impacted by rs113054794 and
rs185147690. To test whether or not the inhibi-
tory role of these miRNAs impacted by the two
SNPs, we first detected the expression level of
ErbB2 expression level in patients harbored the
CC, CAand AA genotypes as well as the patients
with GG, GA and AA genotypes. We found that
patients with CA or AA genotypes presented a
significantly higher level of ERBB2 by compar-
ing with the patients with CC genotype in SNP
rs113054794 (Figure 1A); however, on the
contrary, in rs185147690 of ErbB2 3'UTR, the
patients with genotype of GA, AA also has no
significantly increased lever of ErbB2 than
those with GG genotypes (Figure 2A). We then
constructed pGL3 vectors including the allele-
specific binding sequences of both SNPs
(Figures 1B and 2B), and then co-transfected it
with miR-221-5p and miR-3116 as well as the
controls into HCC cell lines including 97H and
HepG2. As presented in Figure 1C, 1D, a-allele-
specific of both pGL3 construct was not signifi-
cantly suppressed by miR-221-5p, while results
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A% 0.05+ . B
E 0.04+
2 0.03 ErbB2 3'UTR Wild Type 5' aggggaACCUGCCAUGCCAGGa 3'
if 0.021 miR-221-5p 3' uuuagaUGUAACAUACGGUCCa 5'
S oor- LI THHXT L
£ 000, ErbB2 3'UTR Mutant 5' aggggaACCUGCCAUGCAAGGa 3'
& cc CA AA
c > & il R Control D 2 b . E Control
% o 3 mir-221-5p mimics % 8 3 mir-221-5p mimics
£ 41 g
3 5 ad
% 2- % 2-‘ i
B E
0- T T 0- T

pGL3-ErbB2mut  pGL3-ErbB2WT

PGL3-ErbB2mut  pGL3-ErbB2WT

Figure 1. SNP rs113054794 in 3'UTR of HCC patients with CA/AA genotype can up-regulate of ErbB2 transcription
by deregulated by miR-221-5p. A: The expression level of ErbB2 was determined by RT-PCR in patients with CC, CA
and AA genotypes. B: Bioinformatics predicted the binding site between the miR-221-5p with ErbB2 and the muta-
tion types were conducted into the pGL3 plasmid as presented. C, D: Cells were co-transfected with miR-221-5p
mimics or control, Renilla luciferase vector pRL-SV40 for 48 h. Both firefly and Renilla luciferase activities were
measured in the same sample. Firefly luciferase signals were normalized with Renilla luciferase signals. Left panel
indicated the 97H cell line (left panel) while the right indicated HepG2 cell line (right panel). Data were presented
as the mean + SEM. *Indicates a significant difference (P<0.05).

was reversed in rs185147690. These find
might suggested that rs113054794 was regu-
lated by miR-221-5p while rs185147690 was
not.

Stratified analyses of association between
ErbB2 polymorphism and HCC risk

Then, we did stratified analysis of the associa-
tion of the rs113054794 genotypes with the
clinicopathological parameters of HCC (Table
4). We found a significant association of the
rs113054794 genotypes with the tumor size,
differentiation and metastasis as well as.
Compared with the CC homozygote, the carri-
ers of A genotype presented significant large
tumor size, poor differentiation as well as the
high potential of metastasis.

Discussion

In the present study, we investigated the rela-
tionship between miRSNPs within the 3'-UTR of
ERBB2 gene and the risk of HCC. We observed
that ERBB2 rs113054794 with either CA, AA
genotype were associated with significantly
increased tumor size, poor differentiation and
metastasis of HCC. We further found that the
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SNP rs113054794, locating in the binding sites
of miR-221-5p, can disrupt their inhibitory role
on ERBB2 expression, played an important role
in the development of HCC.

ErbB2 was one of member of EGFR family which
can transduce growth signaling intracellular
through various of signaling including PI3K/
AKT, MAPK, PKC etc. [10, 17]. Several studies
have revealed that ErbB2 was overexpressed
within human hepatocellular carcinoma [11-
13]. High levels of soluble human ErbB2 were
found in chronic HCV hepatitis and related HCC.
plus with Child-Pugh score in those patients
with LC and with tumor size in those patients
with HCC, confirming that this protein may be
used as a predictor of liver damage and of
inflammatory process leading to fibrosis, cirrho-
sis, and subsequently to cancer. The expres-
sion of also related to HBV infection. HBx
expression increased HER2 protein level via
enhancing its mRNA stability. The induction of
RNA-binding protein HUR expression by HBXx
mediated the HER2 mRNA stabilization [13].

ErbB2 SNP was previously reported to in many
human malignancies including breast cancer
[18], colon cancer [19], gastric cancer [20],

Int J Clin Exp Med 2016;9(2):3521-3528
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Figure 2. SNP rs185147690 in 3'UTR of HCC patients with GA/AA genotype cannot up-regulate of ErbB2 transcrip-
tion by deregulated by miR-3116. A: The expression level of ERBB2 was determined by RT-PCR in patients with GG,
GA and AA genotypes. B: Bioinformatics predicted the binding site between the miR-3116 with ErbB2 and the muta-
tion types were conducted into the pGL3 plasmid as presented. C, D: Cells were co-transfected with miR-3116 mim-
ics or control, Renilla luciferase vector pRL-SV40 for 48 h. Both firefly and Renilla luciferase activities were measured
in the same sample. Firefly luciferase signals were normalized with Renilla luciferase signals. Left panel indicated
the 97H cell line (left panel) while the right indicated HepG2 cell line (right panel). Data were presented as the mean
+ SEM. *Indicates a significant difference (P<0.05).

Table 4. Stratified analysis of rs113054794 genotype with clinicopathological parameters of HCC

Feather Genotype CAvs. CC AAvs. CC A carrier vs. GG
CC CA AA  Acarrier P Value* P Value* P Value*

Age (years)
<50 133 113 101 214 0.621 0.712 0.937
>50 132 104 110 214

Gender
Male 126 103 144 247 0.986 0.538 0.679
Female 139 114 176 290

Differentiation grade
Well 142 123 53 318 0.017 <0.0001 <0.0001
Moderate 113 74 66 253
Poorly 10 20 71 101

Tumor Size (cm)
<5cm 143 109 65 174 0.414 <0.0001 0.0006
>5cm 122 108 146 254

Tumor Number
Solitary 142 122 138 260 0.563 0.0093 0.0634
Multiple 123 95 73 168

Metastasis
Yes 249 249 249 249 <0.0001 <0.0001 <0.0001
No 179 179 179 179

*Two-sided chi-square test for either genotype distributions or allele frequencies between cases and controls.

gastroesophageal adenocarcinoma [21], espe-
cially in their metastatic sites. However, SNP in
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3’'UTR of ErbB2 which related to gain or loss
function was rarely reported and recently con-
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sidered as another genetically factors in het-
erogeneityindividually. In present study, we
found four potentially SNP in 3’UTR region of
ErbB2 in which one of them was really impact
on the regulation by miRNA through loss of
blocking effect of binding.

In summary, we reported the first evidence that
the SNP rs113054794 in ERBB2 3-UTR was
involved in the occurrence of HCC by acting as
a promotion factor, and this result can also
serve as one of the reasons of overexpression
of ErbB2 in human HCC. SNP rs113054794
could be regulated by miR-221-5p which caused
an up-regulation of ERBB2 in patients. This
SNP was also found to be related to the clinico-
pathological features of HCC, suggesting it may
have important roles in promoting tumor devel-
opment. Our results support the hypothesis
that genetic variants interrupting miRNAs medi-
ated regulation tumor suppressors would be
involved in HCC etiology.

Acknowledgements

This study was funded by Jiangsu Provincial
Science and Technology Department of In-
ternational Cooperation Program (BZ2012058).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xiaofeng Qian, Liver
Transplantation Center, The First Affiliated Hospital
of Nanjing Medical University, 300 Guangzhou Road,
Nanjing, Jiangsu Province, P. R. China. Tel: 86-
25-68136476; Fax: 86-25-86560946; E-mail:
xiaofenggian1@126.com

References

[1] Lin MV, King LY, Chung RT. Hepatitis ¢ virus-
associated cancer. Ann Rev Pathol 2015; 10:
345-370.

[2] Szabo G, Saha B, Bukong TN. Alcohol and hcv:
Implications for liver cancer. Adv Exp Med Biol
2015; 815: 197-216.

[3] Rahimi RS, Trotter JF. Liver transplantation for
hepatocellular carcinoma: Outcomes and
treatment options for recurrence. Ann Gastro-
enterol 2015; 28: 323-330.

[4] Rebai M, Kallel I, Hamza F, Charfeddine S, Kaf-
fel R, Guermazi F, Rebai A. Association of egfr
and her2 polymorphisms with risk and clinical
features of thyroid cancer. Genet Test Mol Bio-
markers 2009; 13: 779-784.

3527

(5]

)

(11]

[12]

(13]

Tan MH, Wong CF, Tan HL, Yang XJ, Ditlev J,
Matsuda D, Khoo SK, Sugimura J, Fujioka T,
Furge KA, Kort E, Giraud S, Ferlicot S, Vielh P,
Amsellem-Ouazana D, Debre B, Flam T,
Thiounn N, Zerbib M, Benoit G, Droupy S, Moli-
nie V, Vieillefond A, Tan PH, Richard S, Teh BT.
Genomic expression and single-nucleotide
polymorphism profiling discriminates chromo-
phobe renal cell carcinoma and oncocytoma.
BMC Cancer 2010; 10: 196.

Kimkong |, Chankaew J, Kunanopparat A, Hi-
rankarn N, Tangkijvanich P. Gene polymor-
phisms of interleukin 28b and the risk to
chronic hepatitis b virus infection in thai. Tis-
sue Antigens 2015; 85: 177-181.

TanC, LiuS, Tan S, Zeng X, Yu H, Li A, Bei C, Qiu
X. Polymorphisms in microrna target sites of
forkhead box o genes are associated with he-
patocellular carcinoma. PLoS One 2015; 10:
e0119210.

Wang W, Ma XP, Shi Z, Zhang P, Ding DL, Huang
HX, Saiyin HG, Chen TY, Lu PX, Wang NJ, Yu H,
Sun J, Zheng SL, Yu L, Xu J, Jiang DK. Epider-
mal growth factor receptor pathway polymor-
phisms and the prognosis of hepatocellular
carcinoma. Am J Cancer Res 2015; 5: 396-
410.

Tu HC, Schwitalla S, Qian Z, LaPier GS, Yer-
malovich A, Ku YC, Chen SC, Viswanathan SR,
Zhu H, Nishihara R, Inamura K, Kim SA, Mori-
kawa T, Mima K, Sukawa Y, Yang J, Meredith G,
Fuchs CS, Ogino S, Daley GQ. Lin28 cooper-
ates with wnt signaling to drive invasive intesti-
nal and colorectal adenocarcinoma in mice
and humans. Genes Dev 2015; 29: 1074-86.
Mooso BA, Vinall RL, Mudryj M, Yap SA, deVere
White RW, Ghosh PM. The role of egfr family
inhibitors in muscle invasive bladder cancer: A
review of clinical data and molecular evidence.
J Urol 2015; 193: 19-29.

Motoo Y, Sawabu N, Yamaguchi Y, Mouri |, Ya-
makawa O, Watanabe H, Ohta H, Okai T, Maki-
no H. Serum levels of c-erbb-2 protein in diges-
tive diseases. J Gastroenterol 1994; 29:
616-620.

Nakopoulou L, Stefanaki K, Filaktopoulos D,
Giannopoulou I. C-erb-b-2 oncoprotein and epi-
dermal growth factor receptor in human hepa-
tocellular carcinoma: An immunohistochemi-
cal study. Histol Histopathol 1994; 9: 677-682.
Hung CM, Huang WC, Pan HL, Chien PH, Lin
CW, Chen LC, Chien YF, Lin CC, Leow KH, Chen
WS, Chen JY, Ho CY, Hou PS, Chen YJ. Hepatitis
b virus x upregulates hur protein level to stabi-
lize her2 expression in hepatocellular carcino-
ma cells. Biomed Res Int 2014; 2014: 827415.
Plasterk RH. Micro rnas in animal develop-
ment. Cell 2006; 124: 877-881.

Int J Clin Exp Med 2016;9(2):3521-3528



[15]

(16]

[17]

(18]

SNP in 3’UTR of ErbB2 promote HCC

Valastyan S, Reinhardt F, Benaich N, Calogrias
D, Szasz AM, Wang ZC, Brock JE, Richardson
AL, Weinberg RA. A pleiotropically acting mi-
crorna, mir-31, inhibits breast cancer metasta-
sis. Cell 2009; 137: 1032-1046.

Hyun S, Lee JH, Jin H, Nam J, Namkoong B, Lee
G, Chung J, Kim VN. Conserved microrna mir-
8/mir-200 and its target ush/fog2 control
growth by regulating pi3k. Cell 2009; 139:
1096-1108.

Stanton SE, Ward MM, Christos P, Sanford R,
Lam C, Cobham MV, Donovan D, Scheff RJ,
Cigler T, Moore A, Vahdat LT, Lane ME, Chuang
E. Pro1170 ala polymorphism in her 2-neu is
associated with risk of trastuzumab cardiotox-
icity. BMC Cancer 2015; 15: 267.
Papadopoulou E, Tripsianis G, Anagnostopou-
los K, Tentes |, Kakolyris S, Galazios G, Sivridis
E, Simopoulos K, Kortsaris A. The influence of
serum her-2 levels and her-2 codon 655 poly-
morphism on breast cancer outcome. Neo-
plasma 2008; 55: 113-121.

3528

(19]

[20]

(21]

Tao W, Wang C, Han R, Jiang H. Her2 codon
655 polymorphism and breast cancer risk: A
meta-analysis. Breast Cancer Res Treat 2009;
114: 371-376.

Satiroglu-Tufan NL, Bir F, Calli-Demirkan N. In-
vestigation of her-2 codon 655 single nucleo-
tide polymorphism frequency and c-erbb-2 pro-
tein expression alterations in gastric cancer
patients. World J Gastroenterol 2006; 12:
3283-3287.

Hu Y, Bandla S, Godfrey TE, Tan D, Luketich JD,
Pennathur A, Qiu X, Hicks DG, Peters JH, Zhou
Z. Her 2 amplification, overexpression and
score criteria in esophageal adenocarcinoma.
Mod Pathol 2011; 24: 899-907.

Int J Clin Exp Med 2016;9(2):3521-3528



