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SNP rs3202538 in 3′UTR region of ErbB3 
regulated by miR-204 and miR-211 promote 
gastric cancer development in Chinese 
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Abstract 

Background/aims: ErbB3 is an oncogene which has proliferation and metastasis promotion effects by several 
signaling pathways. However, the individual expression difference regulated by miRNA was almost still unknown. We 
focused on the miRNAs associated SNPs in the 3′-UTR of ErbB3 to investigate the further relationship of the SNPs with 
miRNAs among Chinese gastric cancer (GC) patients.

Methods: We performed case–control study including 851 GC patients and 799 cancer-free controls. Genotyping, 
real-time PCR assay, cell transfection, the dual luciferase reporter assay, western-blot, cell proliferation and trans-well 
based cell invasion assay were used to investigate the effects of the SNP on ErbB3 expression. Moreover, a 5-years-
overall survival and relapse free survival were investigated between different genotypes.

Results: We found that patients suffering from Helicobacter pylori (Hp.) infection indicated to be the susceptible 
population by comparing with controls. Besides, SNP rs3202538 (G/T) in ErbB3 3′-UTR was involved in the occurrence 
of GC by acting as tumor risk factors. SNP rs3202538 (G/T) could be regulated by both miR-204 and miR-211 which 
caused an upregulation of ErbB3 in patients. Furthermore, the carriers of T genotype was related to the significantly 
high expression of ErbB3, and to big tumor size, poor differentiation as well as the high probability of metastasis. Both 
miR-211 and miR-204 can significantly decrease cell proliferation, metastasis as well as downstream AKT activation 
through G but not T allele of ErbB3 3′UTR. Moreover, the SNP of G/T was associated with shorter survival of post-sur-
gery GC patients with 5 years of follow up study.

Conclusion: In conclusion, our findings have shown that the SNP rs3202538 (G/T) in ErbB3 3′-UTR acted as pro-
motion factors in the GC development through disrupting the regulatory role of miR-204 and miR-211 in ErbB3 
expression.
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Introduction
Globally, gastric cancer (GC) is the fifth leading cause 
of cancer and the third leading cause of death from can-
cer making up 7% of cases and 9% of deaths. In 2012 GC 

occurred in 950,000 people and caused 723,000 deaths 
[1]. GC occurs most commonly in East Asia and East-
ern Europe and it occurs twice as often in males as in 
females. The most common cause is infection by the bac-
terium Helicobacter pylori (Hp), which accounts for more 
than 60% of cases. The current diagnostic system was 
proved to be relatively poor in early-stage diagnosis GC, 
and accumulating evidence revealed the great potential 
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of microRNAs (miRNAs) as biomarkers in GC diagnosis 
[2].

Receptor tyrosine-protein kinase ErbB-3, is encoded by 
the ErbB3 gene and a member of the epidermal growth 
factor receptor (EGFR/ERBB) family of receptor tyrosine 
kinases [3]. The kinase-impaired ErbB3 is known to form 
active heterodimers with other members of the ErbB 
family, most notably the ligand binding-impaired ErbB2 
[4]. ErbB3 was reported to be overexpressed in human 
gastric cancer, it acts as a tumor promoter by activation 
of a serial of complicated signaling including PI3K/AKT, 
RAS/RAF/MAPK and etc. The diversity of expression of 
ErbB3 was related to its upstream regulation, among all 
this mechanism miRNA regulation was one of the impor-
tant reasons. miR-125, miR-199a, miR-205, and miR-450 
etc. were all reported to potentially capable of regulating 
ErbB3, generally by targeting its three prime untranslated 
regions (3′UTR) [5–9].

MicroRNAs (miRNAs) are a class of small, noncod-
ing, approximately 22-nucleotides-long RNAs, which 
may function as a post-transcriptional regulator of gene 
expression. Single nucleotide polymorphism (SNP) is a 
variation in a single nucleotide that occurs at a specific 
position in the genome, where each variation is present 
to some appreciable degree within a population. It com-
monly occurs in the human genome, some SNP were 
functional associating with the structure of functional 
proteins. However, SNP also occurred in 3′UTR of cer-
tain genes which might effect on the binding force by var-
ious miRNA [10, 11].

Thus, in this study, we focused on the SNPs in the 
3′UTR of ERBB3. By using the bioinformatics soft-
ware (http://bioinfo.life.hust.edu.cn/miRNASNP/), we 
obtained all the SNPs which could regulate by miRNAs 
(Table  2). Via the bioinformatics prediction and sta-
tistical analysis, we found that the rs3202538 (G/T) in 
ErbB3 3′-UTR might potential effect on the regulation 
by miR-204 and miR-211. Moreover, a previous study has 
revealed that rs3202538 (G/T) in ErbB3 3′-UTR was seri-
ously related to type I diabetes just via regulation of miR-
204 and miR-211 [12], we further investigated the allele 
distribution in a case–control study.

Materials and methods
Study subjects
A total of 851 GC cases and sex plus age-matched 799 
controls obtained from Zhenjiang Hospital of Chi-
nese Traditional Medicine, were included in this study. 
Patients were consecutively recruited between February 
2010 and January 2015. All cases are incident ones dur-
ing enrollment of the current case–control study. The 
diagnosis of all patients was histological confirmed. A 
face-to-face questionnaire was administered to collect 

demographic data and environmental exposure informa-
tion, including alcohol use and cigarette consumption 
status as well as family cancer history. The normal tissues 
sampled was obtained at least 2 cm away from the margin 
of the tumor. All participants have provided their written 
informed consents to participate in this study. This study 
was approved by the Institutional Review Board of Zhen-
jiang Hospital of Chinese Traditional Medicine.

Genotype
The polymorphism was genotyped through the PCR-
restriction fragment length polymorphism (RFLP) 
method as described previously [13]. The PCR reactions 
were carried out in a total volume of 5  μL containing 
TaqMan Universal Master Mix, 80X SNP 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 s and 60 °C for 1 min 
by the 384-well ABI 7900HT Real Time PCR System. A 
10% random sample was reciprocally examined by differ-
ent persons, and the reproducibility was 100%.

Real‑time PCR assay
Real-time polymerase chain reaction (RT-PCR) was per-
formed to determine whether the mutation changed the 
expression level of ERBB3. The primers used for ampli-
fication were forward primer: CAGCAGCTTGACAC 
ACGGTA, and reverse primer: AAACACCAAAGTGGC 
ATGTGA for ErbB3 and forward primer: TGTGGGCATC 
AATGGATTTGG, reverse primer: ACACCATGTATTCC 
GGGTCAAT for GAPDH. The amplification conditions 
were 95 °C for 10 min, followed by 40 cycles of 95 °C for 
30 s, 55  °C for 40 s, and 72  °C for 30 s, and finally 4  °C 
for 30 min for cooling by the 384-well ABI 7900HT Real 
Time PCR System.

Cell lines and cell culture
GC cell lines SGC-7901 and MKN-45 were purchased 
from the Chinese Academy of Sciences Cell Bank. All 
cells were cultured in Dulbecco’s Minimum Essential 
Medium (DMEM) purchased from Gibco (CA, USA) 
supplemented with 10% fetal bovine serum (Invitro-
gen, Carlsbad, USA) and grown in humidified 5%  CO2 
at 37  °C. MiR-214 and miR-1225a mimics and a normal 
control were obtained from Genepharma (Shanghai, 
China). The transfection was conducted by using Lipo-
fectamine 2000 (Invitrogen Corp, CA, USA).

Cell proliferation assays
Cell proliferation was determined by using CCK-8 (Dojin 
Laboratories, Kumamoto, Japan) according to the manu-
facturer’s instructions. Briefly, the control and infected 
cells were seeded at a density of 1  ×  103 cells/well in 
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96-well plates.  10  μL of CCK-8 was added to each well 
containing 100 µL of the culture medium, and the plate 
was incubated for 2 h at 37 °C. The viability of cells was 
evaluated by measuring the absorbance at 450 nm, using 
a microplate reader (Thermo Labsystems, CA).

Western blot
For western blotting, proteins were extracted from tis-
sues or cultured cells using RIPA buffer containing Pro-
tease Inhibitor Cocktails (P8340) (Sigma-Aldrich). An 
equal amount of proteins (100  μg) were separated with 
7.5%/12.5% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to polyvi-
nylidene fluoride (PVDF) membrane. Primary polyclonal 
antibodies targeting ErbB3 (ab20161), p-AKT (ab38449), 
AKT (ab8933), β-actin (ab3280) were purchased from 
Abcam (Cambridge, MA). The secondary antibodies 
were anti-rabbit or anti-mouse HRP-linked were pur-
chased from Santa Cruz Biotechnology (CA, USA). The 
blots were developed using ECL reagent (Millipore, 
MASS, USA). An equal amount of protein loading in 
each lane was confirmed using β-actin antibody. ImageJ 
software quantified the integrated density of the band.

Prediction of miRNAs binding to the SNP
Based on our bioinformatics analysis by using the bio-
informatics software (http://www.bioguo.org/miR-
NASNP/) to predict the related SNPs in the 3′UTR of 
ERBB3 which could interact with miRNAs.

Construction of luciferase‑based reporter plasmids
A full-length fragment of the 3′UTR containing 
rs3202538 (G/T) (wild type/mutant) were amplified. 
The PCR product was cloned into the pGL3-promoter 
luciferase-based plasmid (Promega) at the cloning site 
between KpnI and XhoI. The amplified fragment was ver-
ified by DNA sequencing. For cell proliferation and inva-
sion assay, the full-length cDNA of ErbB3 was sub-cloned 
into the pGL3-ErbB3 3′UTR plasmid.

Immunohistochemistry
Sections were de-paraffinized and followed by rehydra-
tion steps through a graded ethanol series and distilled 
water, and then were treated with 3% H2O2 in methanol 
for 30 min to block the endogenous peroxidase activity. 
The sections were rinsed in phosphate-buffered saline 
(PBS) twice, 5  min each time and incubated with 10% 
normal goat serum for 30 min to block non-specific anti-
body binding. After washing, the samples were incubated 
with primary anti-rabbit antibody ErbB3 (ab16901) pur-
chased from Abcam (Cambridge, MA) at 4 °C overnight, 
and then washed with PBS for three times and then incu-
bated with secondary antibodies. After that, the sections 

were stained with DAB according to manufacturer’s pro-
tocols and mounted and photographed using a digital-
ized microscope camera (Nikon, Tokyo, Japan).

Dual‑luciferase reporter assay
For luciferase activity analysis, SGC-7901 and MKN-45 
cells were cotransfected with 100 ng of luciferase reporter 
constructs 5  ng of the β-gal control plasmid and 10  pmol 
of miRNAs with 1 µL Lipofectamine 2000 according to the 
manufacturer’s instructions (Invitrogen, NY, USA). After 
incubation for 48 h, we carried out the luciferase assay using 
the luciferase reporter assay system (Promega, Madison, 
WI) according to the manufacturer’s protocol. Measure-
ments of luminescence and absorbance of β-gal were per-
formed on a luminometer (Glomax 20/20; Promega). Three 
independent experiments were performed in triplicate.

Cell invasion assay
For trans-well assay, the chamber was treated with 
Matrigel before cells were inoculated, 100 μL cell suspen-
sion with serum-free medium was seeded to the upper 
chamber, cells were stained with crystal violet staining 
solution (Beyotime, Nantong, China). Migrated cells were 
counted by using Image-pro Plus 6.0 while cell numbers 
of the normal control group were normalized to 1.

Statistical analysis
Differences between cases and controls were evaluated 
by the Student’s t test for continuous variables and the 
χ2 test for categorical variables. The association between 
SNPs and GC risk was estimated by the OR and 95% CI 
using the general genetic model. The potential gene–envi-
ronment interaction was evaluated by logistic regression 
analysis and tested by comparing changes in deviance 
between the models of main effects with or without the 
interaction term. The overall survival and relapse free 
survival rate in different groups were analyzed by using 
Kaplan–Meier curve. Comparisons between groups were 
analyzed by the t test (two-sided). All statistical analyses 
were performed using Prism Graphpad software.

Results
SNP rs3202538 in 3′UTR region of ErbB3 was a risk factor 
for development of gastric cancer
The differences in the distribution of the selected vari-
ables among GC and controls cases are listed in Table 1. 
No significant differences in age (P  =  0.681) and sex 
(P = 0.286) were found between the case and the control 
group. There were more patients who had Hp infection in 
the GC patients than in the controls (P < 0.0001). How-
ever, all the variables above were further adjusted for any 
residual confounding effect in the later multivariate logis-
tic regression analysis.

http://www.bioguo.org/miRNASNP/
http://www.bioguo.org/miRNASNP/
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To investigate the miRNA associated SNPs in the 
3′UTR of ERBB3, we first found all the possible SNPs 
from the SNP databases NCBI db SNP BUILED 129 and 
ENSEMBL v58 in the 3′-UTR of ErbB3 gene with the 
minor allele frequency (MAF) >0.05. And then used bio-
informatics software Diana-Micro and RNA hybrid to 
predict miRNAs that can bind to the ErbB3 3′-UTR (data 
not shown). Finally, we obtained five SNPs in 3′UTR of 
ErbB3 which could be regulated by different miRNAs 
(Table 2). The positions of the SNPs in 3′UTR of ERBB3 
as well as the variants were also listed. Further genotyp-
ing was performed to detect the distribution of allele 
gene of the SNP in our research, among all this SNPs, 
rs3202538 which can be potentially regulated by miR-
204 miR-211 and miR-4278 were in Hardy–Weinberg 

equilibrium distribution pattern in the healthy control 
group (P < 0.0001).

Logistic regression analyses indicated that individu-
als with the GT and TT of rs3202538 in 3′UTR of ErbB3 
were significantly associated with GC risk (P  <  0.0001), 
which indicated that this SNPs might be a risk factor 
in GC development. Moreover, the significant associa-
tion with GC risk was shown in U carrier of both SNPs 
(P < 0.0001) (Table 3). For SNP rs3202538, besides Wild 
type GG, other SNPs in 3′UTR of ErbB3 were signifi-
cantly associated GC risk, especially for TT genotype (for 
TT: OR 4.32, 95% CI 1.34–1.88; for GT: OR 1.89, 95% CI 
1.48–2.01; and for G carrier: OR 3.75; 95% CI 1.47–2.04). 
All ORs were adjusted for sex, age, and Hp. Infection sta-
tus, or family cancer history.

SNP rs3202538 in 3′UTR region of ErbB3 was associated 
with GC clinical characters by deregulation of miR‑204 
and miR‑211
Then, we did a stratified analysis of the association of 
the rs3202538 with the clinic pathological parameters of 
GC (Table  4). We found a significant association of the 
both genotypes with the tumor size, differentiation and 
metastasis as well as. Compared with the wild type, the 
carriers of T genotype presented significant large tumor 
size, poor differentiation as well as the high potential of 
metastasis (Table 4).

To investigate whether the rs3202538 SNPs affects 
the predicted miRNAs combining with ErbB3 3′UTR 
(Fig.  1a), we performed transient transfection in  vitro 
and measured the relative activities with a Dual-Glo 
Luciferase Reporter Assay System. As it was indicated, 
co-transfection of the luciferase vector containing either 
wild type (GG) and homozygous T mutant 3′UTR of 
ErbB3 plus miR-204, miR-211 and miR4287 mimics and 
control into two GC cells, significantly increase the lucif-
erase expression level was found in the mutant compared 
to wild types in both miR-204 and miR-211 but not miR-
4087 (Fig. 1b). So it is indicated that the SNP in 3′UTR of 
ERBB3 can affect the binding affinity of either miR-204 
and miR-211, and then affect the function of post-tran-
scriptional regulation, resulting in the abnormal expres-
sion level of ErbB3.

G>T of rs3202538 promote cell proliferation and invasion 
by enhanced ErbB3 expression in miR‑211 or miR‑204 
overexpression GC cell
To investigate the effect of G>T SNP on cell prolifera-
tion and metastasis, we overexpressed ErbB3 in MKN45 
cells using the pGL3 vector, overexpression of ErbB3 can 
significantly increase the cell proliferation and cell inva-
sion compared to the WT control. Both miR-211 and 
miR-204 can significantly decrease the cell proliferation 

Table 1 Frequency distributions of  selected variables 
in patients and cancer-free controls

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

Variables Cases (n = 851) Controls (n = 799) P*

N % N %

Age (years) 0.681

 ≤50 376 44.18 345 43.18

 >50 475 55.82 454 56.82

Gender 0.286

 Male 318 37.37 319 39.92

 Female 533 62.63 480 60.08

Hp infection <0.0001

 Negative 254 29.85 550 68.84

 Positive 597 70.15 249 31.16

Differentiation grade

 Poor 214 25.15

 Moderate 294 34.55

 Well 343 40.31

Tumor size (cm)

 ≤3 276 32.43

 >3 575 67.57

Metastasis

 Yes 412 48.41

 No 439 51.59

Table 2 List of SNP in 3′UTR region of ErbB3

SNP chr 3′UTR position Associated miRNA Allele

rs3202538 12 373–395 hsa-miR-204 G/T

rs3202538 12 373–395 hsa-miR-211 G/T

rs3202538 12 373–395 hsa-miR-4287 G/T

rs78743019 12 1076–1101 hsa-miR-3170 A/C

rs35291818 12 102–119 hsa-miR-4314 –/C
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and invasion ability in the G allele 3′UTR even lower than 
the WT control. However, there is no significant differ-
ence in both cell proliferation and invasion between the 
ErbB3 overexpressed MKN45 and MKN45 overexpressed 
T allele 3′UTR regulated ErbB3. This result indicated 
that the post-transcriptional regulation by miR-204 and 
miR-211 can be attenuated dramatically due to the G>T 
SNP in 3′UTR of ErbB3 (Fig. 1a–d). We also detected the 
expression of ErbB3 as well as its classical downstream 
AKT signaling by using western-blot, the protein expres-
sion of ErbB3 and the phosphorylated AKT in the resi-
due of T308 can be significantly decreased in the G allele 

3′UTR regulated ErbB3 overexpression MKN cells regu-
lated by both miR-204 and miR-211. However, miR-204 
and miR-211 have no apparent effects on the expression 
of ErbB3 or phosphorylated T308 AKT was investigated 
in the MKN45 cell overexpressed T allele 3′UTR regu-
lated ErbB3 (Fig. 2e).

SNP rs3202538 in 3′UTR region of ErbB3 was contributed 
to upregulation of human GC ErbB3 and associated 
with poor prognosis of post‑surgery GC patients
We also confirmed the expression of ERBB3 in clinical 
samples with different genotypes of rs3202538. ErbB3 
expression was detected in human GC by IHC, there 
are strong, medium, weak and negative staining in vary-
ing sections, GG group ERBB3 staining components 
were significantly different to that in GT and TT group 
in ErbB3 expression (high 14.6%, medium 48.2% weak 
26.8% and negative 10.4% for GG group; and high 27.6%, 
medium 38.5%, weak 25.7% and negative 8.2% for GT; 
high 36.1%, medium 33.6% weak 24.1% and negative 6.2% 
for GG group, P < 0.001) (Fig. 3a, b). Real-time PCR fur-
ther confirmed such difference in ERBB3 transcription, 
however, there is no significant difference in miR-204 and 
miR-211 expression between three groups (Fig. 3c–e).

Among of total 851 GC patients we have 344 patients 
with follow up data of survival and 36 GC patients have 
found reoccurrence. Therefore, survival analysis was per-
formed in GG and U carrier group. Firstly, the overall 
5-year survival rate in the TT/GT group was lowest as 
15.72% which significantly different to GG group with a 
higher survival rate of 35.38% (P = 0.0004, HR = 2.045, 
95% CI 1.321–2.644) (Fig.  4a, Additional file  1). The 
relapse free survival (RFS) was also investigated by 
Kaplan–Meier curve, and it is similar to the OS analysis 
that RFS in GG is also significantly higher than the T car-
rier group (P = 0.0004, HR = 2.059, 95% CI 1.329–2.659) 
(Fig. 4b, Additional file 2). In general, our foundlings indi-
cated that the G/T SNP might serve as a tumor promoter 
and poor prognosis indicator in GC by affecting the bind-
ing of miR-204 and miR-211 on the 3′UTR of ErbB3.

Table 3 Genotype frequencies of the ErbB3 at rs3202538 polymorphism among GC cases and controls

a The ORs, 95% CIs and P value were calculated after adjusting for age, gender, parental Hp infection history and family cancer history

Genotype Cases (n = 851) Controls (n = 799) OR (95% CI)a P  valuea

N % N %

rs3202538

 GG 178 20.92 398 49.81 1 <0.0001

 GT 317 37.25 217 27.16 1.89 (1.48–2.01)

 TT 356 41.83 184 23.03 4.32 (1.34–1.88)

 T carrier 673 79.08 401 50.19 3.75 (1.47–2.04) <0.0001

Table 4 Stratified analysis of  genotypes of  ErbB3 
rs3202538 with clinicopathological parameters of GC

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

Features Genotype GG vs GT
P value*

GG vs TT
P value*

GG GT TT

Age (years) 0.167 0.081

 ≤50 81 161 134

 >50 97 156 222

Gender 0.416 0.756

 Male 75 137 145

 Female 103 219 211

Hp. infection 0.002 0.169

 Negative 48 129 77

 Positive 130 188 279

Differentiation grade 0.0047 <0.0001

 Well 73 94 47

 Moderate 68 117 120

 Poor 37 106 189

Tumor size (cm) 0.109 <0.0001

 ≤3 93 164 19

 >3 85 153 337

Metastasis 0.0042 <0.0001

 Yes 49 128 235

 No 129 189 121



Page 6 of 10Shi et al. Cancer Cell Int  (2017) 17:81 

Discussion
Overexpression of ErbB3 was reported in human gastric 
cancer in several independent types of research, and also 
a high expression of ErbB3 was regarded as an indica-
tor of poor prognosis in post-surgery patients [3, 4, 14]. 
Recent works have implied the role of ErbB3 in gastric 
cancer as a key signaling hub [15]. On the one hand, 
HER3 overexpression may promote tumor progression 
and invasion by activation of PI3K/AKT signaling path-
way [16]. On the other hand, a lot of direct evidence 
has emerged the benefit of anti-HER3 agents in combi-
nation with EGFR tyrosine kinase inhibitors as well as 
anti-HER2 agents in gastric cancer [17]. And moreover, 
alternative activation of c-MET mediated signaling was 
also dependent on ErbB3, which reflected as the develop-
ment of resistance to c-MET inhibitors may result from 
the overexpression of ErbB3 [18].

The expression of ErbB3 was diverse in different GC 
patients, therefore, the signaling activation was also 
different. So far there was rarely research addressing 
the diversity of expression of ErbB3 in human GC, we 
addressed this issue here as SNP in its 3′UTR region and 
might cause deregulation of certain miRNA. miR-204 
and miR-211 were found to have a potential suppres-
sion effect on ErbB3 transcription and SNP rs3202538 
from G to T might increase ErbB3 expression by actu-
ating such suppressive effect. In the present study, the 
difference of ErbB3 expression was verified between the 
G and T allele, the expression of ErbB3 can be attenu-
ated dramatically by both miR-204 and miR-211 even 
in exogenous ErbB3 overexpression cells regulated by 
G allele but not the T allele 3′UTR. Also, the cell prolif-
eration, invasion ability as well as downstream pathway 
activation also decreased corresponding to the expres-
sion of ErbB3.

The roles of miR-211 were complicated and controver-
sial. Some of the researchers implied it as a tumor sup-
pressor by targeting oncogenic genes such as IGF2R, 
TGFBR2 and NFAT5 in melanoma [19]. And moreover, 
in human breast cancer, miRNA-211 directly inhibit 
CDC25B expression in breast cancer cells, alters other 
related target proteins CCNB1 and FOXM1, and then 
inhibits breast cancer cells growth, migration, and inva-
sion and lead G2/M arrest [20]. However, some studies 
defined miR-211 as a tumor promoter, by inhibiting the 
expression of SRC kinase signaling inhibitor 1 (SRCIN1), 
miR-211 was proved to promote human non-small cell 

Fig. 1 SNP rs3202538 in ERBB3 3′UTR of GC patients with GT/TT 
genotype can up-regulate of ERBB3 transcription by deregulated by 
miR-211 and miR-204. a Bioinformatics predicted the binding site of 
the miR-204, miR-211 and miR-4287 with ErbB3 and the mutation 
types were conducted into the pGL3 plasmid as presented. b Cells 
were cotransfected with miR-204, miR-211 and miR-4287 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. Data 
were presented as the mean ± SEM. Asterisk indicates a significant 
difference (P < 0.05)

(See figure on next page.) 
Fig. 2 G>T of rs3202538 promote cell proliferation and invasion by enhanced ErbB3 expression in miR-211 or miR-204 overexpression GC cell. a, b 
The cell proliferation was determined for 5 days of the cells treated differently indicated in the figures. c, d The cell metastasis capability of variously 
treated MKN45 cells were determined by using a trans-well based cell invasion assay. e The expression of ErbB3 as well as activation of AKT signal-
ing pathway in cells treated differently were determined by using western-blot. Data were presented as the mean ± SEM. *P < 0.05 and **P < 0.01
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Fig. 3 SNP rs3202538 in ERBB3 3′UTR on the expression of ERBB3 in clinical samples. a Representative figures for IHC staining of ERBB3 in GC tumor 
section. b Comparison of a component of IHC staining in both in TT, GT and GG genotype GC patents. c, d, e The expression level of ERBB3, miR-211 
and miR-204 were determined by real-time PCR in different genotypes GC patents

Fig. 4 SNP rs3202538 in ERBB3 3′UTR on overall survival and relapse free survival. a, b Overall survival rate and relapse free survival of post-surgery 
GC patients were analyzed by Kaplan–Meier survival curve. Data were presented as the mean ± SEM. *P < 0.05 and **P < 0.01
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lung cancer [21], and by targeting tumor suppressive 
gene CHD 5, miR-211 can promote human colon cancer 
[22, 23]. However, our study indicated that mIR-211 as a 
tumor suppressor in human GC by targeting ErbB3.

Compared to miR-211, the role of miR-204 was more 
explicit. In 2014 Zhou et  al. reported that Hp infection 
can down-regulate expression of miR-204 and thus to 
promote human GC by targeting SOX4 [24], And miR-
204 was extensively reported to suppression of EMT by 
targeting varying genes including snail and sirt1 [25, 26]. 
And in the present study, we revealed that miR-204 can 
also relate to metastasis of human GC by targeting ErbB3.

Conclusion
In the present study, we found miR-211 and miR-204 
have a potential transcriptional suppressive effect on 
ErbB3, and SNP in 3′UTR region of ErbB3 can effectively 
associate significantly up-regulation of ErbB3 which 
might occur due to loss regulation of miRNA. These find-
ings are novel and might contribute to explicit the indi-
vidual differences in GC susceptibility.

Abbreviations
GC: gastric cancer; SNP: single-nucleotide polymorphism; 3′UTR: three prime 
untranslated region; 95% CI: 95 confidence interval; HR: hazard ratio; OD: odds 
ratio; CC: CC genotype; AA: AA genotype; C/A: SNP C to A.

Authors’ contributions
Conception and design: SXC and SH. Collection and assembly of data: CX and 
YXW; Data analysis and interpretation: OYJ and HCX. Contribution of reagents, 
materials, and analysis tools, wrote the paper: QYC, OYJ and WDF. All authors 
read and approved the final manuscript.

Author details
1 Department of Gastroenterology, Zhenjiang Hospital of Traditional Chinese 
Medicine, Zhenjiang Affiliated Hosptial of Nanjing University of Chinese Medi-
cine, Zhenjiang, China. 2 Department of Gastroenterology, Jiangsu Province 
Hospital of TCM, Affiliated Hospital of Nanjing University of TCM, Nanjing, 
China. 3 College of Jingjiang, Jiangsu University, Zhenjiang, China. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Additional files

Additional file 1. The output files of overal survival rate comparison in 
different groups analyzed by Kaplan–Meier survival curve.

Additional file 2. The output files of relapse free survival rate comparison 
in different groups analyzed by Kaplan–Meier survival curve.

Ethics approval and consent to participate
Not applicable.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 5 April 2017   Accepted: 30 September 2017

References
 1. Gastric Cancer Treatment (PDQ(R)). Health professional version. PDQ 

cancer information summaries. Bethesda (MD). 2002.
 2. Li L, Wang H. Heterogeneity of liver cancer and personalized therapy. 

Cancer Lett. 2016;379:191–7.
 3. Montemurro F, Scaltriti M. Biomarkers of drugs targeting HER-family 

signalling in cancer. J Pathol. 2014;232:219–29.
 4. Roskoski R Jr. The ErbB/HER family of protein-tyrosine kinases and cancer. 

Pharmacol Res. 2014;79:34–74.
 5. Letelier P, Garcia P, Leal P, et al. miR-1 and miR-145 act as tumor 

suppressor microRNAs in gallbladder cancer. Int J Clin Exp Pathol. 
2014;7:1849–67.

 6. Momose K, Minami A, Shimono Y, et al. miR-214 and hypoxia down-
regulate Necl-2/CADM1 and enhance ErbB2/ErbB3 signaling. Genes Cells. 
2013;18:195–202.

 7. Wang S, Huang J, Lyu H, et al. Functional cooperation of miR-125a, miR-
125b, and miR-205 in entinostat-induced downregulation of erbB2/erbB3 
and apoptosis in breast cancer cells. Cell Death Dis. 2013;4:e556.

 8. Wu H, Mo YY. Targeting miR-205 in breast cancer. Expert Opin Ther 
Targets. 2009;13:1439–48.

 9. Yu J, Li Q, Xu Q, et al. MiR-148a inhibits angiogenesis by targeting ERBB3. J 
Biomed Res. 2011;25:170–7.

 10. Koutras A, Kotoula V, Fountzilas G. Prognostic and predictive role of 
vascular endothelial growth factor polymorphisms in breast cancer. 
Pharmacogenomics. 2015;16:79–94.

 11. Mishra PJ, Mishra PJ, Banerjee D, et al. MiRSNPs or MiR-polymorphisms, 
new players in microRNA mediated regulation of the cell: introducing 
microRNA pharmacogenomics. Cell Cycle. 2008;7:853–8.

 12. de Jong VM, Zaldumbide A, van der Slik AR, et al. Post-transcriptional con-
trol of candidate risk genes for type 1 diabetes by rare genetic variants. 
Genes Immun. 2013;14:58–61.

 13. Sentinelli F, Filippi E, Fallarino M, et al. The 3′-UTR C>T polymorphism of 
the oxidized LDL-receptor 1 (OLR1) gene does not associate with coro-
nary artery disease in Italian CAD patients or with the severity of coronary 
disease. Nutr Metab Cardiovasc Dis. 2006;16:345–52.

 14. Amin DN, Sergina N, Lim L, et al. HER3 signalling is regulated through 
a multitude of redundant mechanisms in HER2-driven tumour cells. 
Biochem J. 2012;447:417–25.

 15. Wang L, Yuan H, Li Y, et al. The role of HER3 in gastric cancer. Biomed 
Pharmacother. 2014;68:809–12.

 16. Wu G, Qin XQ, Guo JJ, et al. AKT/ERK activation is associated with gastric 
cancer cell resistance to paclitaxel. Int J Clin Exp Pathol. 2014;7:1449–58.

 17. Han S, Meng Y, Tong Q, et al. The ErbB2-targeting antibody trastuzumab 
and the small-molecule SRC inhibitor saracatinib synergistically inhibit 
ErbB2-overexpressing gastric cancer. MAbs. 2014;6:403–8.

 18. Yun C, Gang L, Rongmin G, et al. Essential role of Her3 in two signal-
ing transduction patterns: Her2/Her3 and MET/Her3 in proliferation of 
human gastric cancer. Mol Carcinog. 2015;54:1700–9.

 19. Levy C, Khaled M, Iliopoulos D, et al. Intronic miR-211 assumes the 
tumor suppressive function of its host gene in melanoma. Mol Cell. 
2010;40:841–9.

 20. Song GQ, Zhao Y. MicroRNA-211, a direct negative regulator of CDC25B 
expression, inhibits triple-negative breast cancer cells’ growth and migra-
tion. Tumour Biol. 2015;36:5001–9.

http://dx.doi.org/10.1186/s12935-017-0449-z
http://dx.doi.org/10.1186/s12935-017-0449-z


Page 10 of 10Shi et al. Cancer Cell Int  (2017) 17:81 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 21. Ye L, Wang H, Liu B. miR-211 promotes non-small cell lung cancer prolif-
eration by targeting SRCIN1. Tumour Biol. 2016;37:1151–7.

 22. Cai C, Ashktorab H, Pang X, et al. MicroRNA-211 expression promotes 
colorectal cancer cell growth in vitro and in vivo by targeting tumor sup-
pressor CHD5. PLoS ONE. 2012;7:e29750.

 23. Naraparaju K, Kolla V, Zhuang T, et al. Role of microRNAs in epigenetic 
silencing of the CHD5 tumor suppressor gene in neuroblastomas. Onco-
target. 2016;7:15977–85.

 24. Zhou X, Li L, Su J, et al. Decreased miR-204 in H. pylori-associated gastric 
cancer promotes cancer cell proliferation and invasion by targeting SOX4. 
PLoS ONE. 2014;9:e101457.

 25. Liu Z, Long J, Du R, et al. miR-204 regulates the EMT by targeting snai1 
to suppress the invasion and migration of gastric cancer. Tumour Biol. 
2016;37:8327–35.

 26. Zhang L, Wang X, Chen P. MiR-204 down regulates SIRT1 and reverts 
SIRT1-induced epithelial–mesenchymal transition, anoikis resistance and 
invasion in gastric cancer cells. BMC Cancer. 2013;13:290.


	SNP rs3202538 in 3′UTR region of ErbB3 regulated by miR-204 and miR-211 promote gastric cancer development in Chinese population
	Abstract 
	Backgroundaims: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study subjects
	Genotype
	Real-time PCR assay
	Cell lines and cell culture
	Cell proliferation assays
	Western blot
	Prediction of miRNAs binding to the SNP
	Construction of luciferase-based reporter plasmids
	Immunohistochemistry
	Dual-luciferase reporter assay
	Cell invasion assay
	Statistical analysis

	Results
	SNP rs3202538 in 3′UTR region of ErbB3 was a risk factor for development of gastric cancer
	SNP rs3202538 in 3′UTR region of ErbB3 was associated with GC clinical characters by deregulation of miR-204 and miR-211
	G>T of rs3202538 promote cell proliferation and invasion by enhanced ErbB3 expression in miR-211 or miR-204 overexpression GC cell
	SNP rs3202538 in 3′UTR region of ErbB3 was contributed to upregulation of human GC ErbB3 and associated with poor prognosis of post-surgery GC patients

	Discussion
	Conclusion
	Authors’ contributions
	References




