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Abstract. Polymorphisms in microRNA (miR) genes and their
target sites are a distinct classification of variation in the human
genome, which are rapidly being identified and investigated in
human cancer. A polymorphism in the miR-196a-2 locus has
demonstrated significant associations with various types of
cancer, including lung, breast, esophageal and gastric tumors.
However, miR-196a-2 has not been fully explored in ovarian
cancer, which shares similar biological characteristics with other
types of cancer. Therefore, the present study aimed to elucidate
the association between a single nucleotide polymorphism
(SNP) in the mature sequence of miR-196a-2 (rs11614913, T/C)
and the clinical features of 479 Chinese patients with epithelial
ovarian cancer (EOC). In addition, the biological significance
of this polymorphism was investigated in the OVCAR3 ovarian
cancer cell line. Risk association was evaluated in 479 cases of
EOC patients and 431 controls. SNPs were analyzed by using
polymerase chain reaction based restriction fragment length
polymorphism assay. miR-196a expression was evaluated with
reverse transcription polymerase chain reaction. The influence
of miR-196a-2 rs11614913 T/C on EOC cell migration and
invasion ability was further investigated in vitro. The results
revealed significant differences in the homozygous CC geno-
type distribution in patients with EOC (n=479), compared with
that of the control subjects (n=431; P=0.026). Analysis of the
association between genotype and the risk of EOC revealed
that individuals who carried the homozygous CC genotype
were 1.34-fold more susceptible to EOC, compared with those
carrying the wild-type TT and heterozygous CT genotypes
[odds ratio, 1.34; 95% confidence interval, 1.04-2.17; P=0.023].
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In addition, the role of this polymorphism in the production
of mature miR-196a was investigated. Significantly enhanced
production of mature miR-196a was revealed in the C-allelic
compared with that of the T-allelic miR-196a-2 precursor
(P<0.05). Further examination indicated that miR-196a
significantly promoted cell migration and invasion ability in
the human OVCAR3 ovarian cell line (P<0.05). In conclu-
sion, the results indicated that the miR-196a-2 rs11614913
CC genotype may increase the risks of ovarian cancer by
affecting the expression of mature miR-196a and enhancing
cell migration/invasion. The current results provided evidence
that the T>C polymorphism in the miR-196a-2 precursor may
influence tumorigenesis and metastasis in EOC, and suggested
that the functional SNP rs11614913 in the promoter region of
pri-miR-196a-2 may be a potential indicator of EOC suscepti-
bility in the population analyzed.

Introduction

Ovarian cancer only accounts for ~4% of cancer cases in
women, but it is the eighth most common cause of cancer-
associated mortality resulting from gynecological tumors
worldwide (1,2). Epithelial ovarian cancer (EOC), which is
categorized into serous, mucinous, endometrioid and non-clear
cell types, accounts for 90% of all ovarian cancer (3,4). The
earlier cancer is identified, the better the prognosis; however,
ovarian cancer is difficult to detect early, as overt symptoms do
not occur until later stages of the disease. Despite of advanced
diagnostic technologies such as the combination of computed
tomography/positron emission tomography scan and applica-
tion of novel targeted drugs such as Bevacizumab and Olaparib,
the 5-year survival rate ranges between ~30-50% (1,5).
Furthermore, EOC is characterized by accelerated and aggres-
sive growth, which may result in high recurrence rates. These
features comprise the major challenges for the early diagnosis
and effective treatment of patients with EOC (6). For a number
of years, specific diagnostic biomarkers have been reported
in various studies of EOC (7,8); Chong et al (9) conducted a
microarray based microRNA expression study in primary and
recurrent EOC patient tissues samples and identified 8 specific
miRNAs whose expression was most significantly changed. In
addition, Eitan et al (10) identified miR-200a, miR-34a, and
miR-449b as the most downregulated miRNAs in advanced
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(stage III) ovarian tumors. Fan et al (11) reported the associa-
tion of high levels of miR-196a expression and worse overall
survival in ovarian cancer patients, especially in advanced
stage tumors. Single nucleotide polymorphisms (SNPs) have
also been examined as potential EOC risk indictors (12-14).
However, the mechanism and genetic factors involved in the
progression of this cancer remain to be elucidated.

MicroRNAs (miRNAs/miRs) are non-coding RNAs with
complex biological functions that regulate the expression of
numerous proteins through direct binding to the 3'-untranslated
region of target genes (15,16). It has been well-documented
that miRNAs are involved in a wide range of ovarian cancer
tumorigenic processes, including malignant transformation,
differentiation, proliferation and apoptosis (17-19).

Furthermore, SNPs located in miRNAs (miRSNPs) have
begun to draw attention, due to their critical regulatory role in
cancer progression. miRSNPs influence the transcription of the
primary target gene, disturbing pri-/pre-miRNA processing,
or affecting miRNA-mRNA interactions (20).

A previous study located the common genetic variant
rs11614913 in the 3p mature miRNA region of Homo sapiens
(hsa)-miR-196a2, and revealed that it led to a variation from
GT to G:C in the stem region of the miR-196a-2 precursor (21).
Previous studies have suggested that this SNP may affect the
processing of pre-miRNA and is associated with risk in various
types of cancer, including breast and colorectal cancer (22-24).
However, the genetic factors associated with EOC susceptibility
have not previously been identified. It was hypothesized that
the miR-196a-2 genotype may be associated with susceptibility
to EOC. The present study aimed to investigate this hypothesis
in a population-based case-control study and determine the
function of this variant in the OVCAR3 cell line in vivo.

Materials and methods

Study population. The study protocol was approved by
the Institutional Review Board of Zhengzhou University
(Zengzhou, China) and Henan Academy of Medical Science
(Zengzhou, China). The present study included 479 women
with EOC that underwent tumor resections in the First Affili-
ated Hospital of Zhengzhou University and Woman and Infants
Hospital of Zhengzhou between 2006 and 2012. In addition,
431 healthy women living in the same area, without any history
of hereditary or malignant disease were selected as a control
group. All patients and controls were of the one ethnic group
(Han Chinese). Healthy control individuals were recruited from
a large pool of individuals seeing a physician for routine health
checkups in the First Affiliated Hospital of Zhengzhou Univer-
sity and Woman and Infants Hospital of Zhengzhou. Both cases
and controls were prospectively recruited and matched by age
and ethnicity. Demographic and epidemiology information,
including height and weight were collected for all subjects.
Histopathological diagnoses and clinical stages were classified
based on the criteria of the International Federation of Gyne-
cology and Obstetrics (25). Genomic DNA was immediately
extracted from 5 ml peripheral blood samples of all patients
using a Wizard Genomic DNA Purification kit (Promega Corp.,
Madison, WI, USA) and stored at -80°C. Written informed
consent was obtained from all participants or their families if
direct consent could not be obtained.
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Table I. Baseline characteristics of the EOC cases and controls
investigated.

EOC patients, n Controls, n

Characteristic (n=479) (n=431)
Age, years

<41 75 67

41-50 118 112

51-60 168 156

>60 118 106
Tumor histology

Serous 163

Mucinous 60

Endometrioid 121

Undifferentiated 95

No cell type 40
Tumor stage

/11 164

/v 315

EOC, epithelial ovarian cancer.

Genotyping. Genotyping was performed using a polymerase
chain reaction (PCR)-based restriction fragment length
polymorphism assay. The following primers were used
to amplify the rs11614913 T>C polymorphism site in the
miR-196a-2 precursor: F 5'-CCCCTTCCCTTCTCCTCCAGA
TA-3'and R 5-CGAAAACCGACTGATGTAACTCCG-3". All
primers was synthesized by Shengong Company (Shanghai,
China). PCR was performed with a total volume of 25 ul with
100 ng DNA template, 2.5 pl of 10X PCR buffer, 1 U of Taq
DNA polymerase, 0.2 mM dNTPs (Invitrogen, Carslbad, CA,
USA) and 0.5 gmol/l of each primer. The PCR conditions were
94°C for 5 min followed by 35 cycles of 30 sec at 94°C, 30 sec
at 63°C, and 1 min at 72°C, and final elongation step at 72°C for
10 min. A total of 10 ul PCR product was then digested using
2 pl (10 U/ul) Fermentas Mspl restriction enzyme (Thermo
Fisher Scientific, Inc., Pittsburgh, PA, USA) for 16 h at 37°C.
The resulting fragments were separated by electrophoresis
on a 3.0% agarose gel (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and visualized in three distinct patterns of restric-
tion fragments. The CC genotype produced two fragments
(125 and 24 bp), the TT homozygote produced one 149-bp
fragment and the TC heterozygote produced three fragments
(125, 149 and 24 bp). The experiment was performed in tripli-
cate; 10% of the PCR products were randomly selected from
each of the miRNA polymorphism patterns for repeat assay
and validated by direct DNA sequencing using an ABI3730x1
DNA Analyzer (Applied Biosystems, Foster City, CA, USA).

Tissue samples. To detect the expression levels of
miRNA-196a, ovarian cancer tissue samples were collected
from 83 patients who were histopathologically diagnosed with
EOC and had undergone resection for EOC between June and
October 2010 at Henan Cancer Hospital (Zhengzhou, China).
The recruitment process was the same as outlined above. No
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Table II. Association between the microRNA-196a-2 single nucleotide polymorphism and the risk of EOC.

Genotype EOC cases, n (%; n=479) Control, n (%; n=431) OR* (95% CI) P-value
TT 111 (23.2) 142 (32.9) 1 (Reference)
CT 247 (51.6) 203 (47.1) 1.53(0.77-2.12) 0.063
CC 121 (25.2) 86 (20.0) 1.78 (1.03-2.05) 0.018
TT/CT® 358 (74.8) 345 (80.0) 1 (Reference)

*0R and P-values were calculated by multivariate unconditional logistic regression, adjusted for age. "Comparison of TT/CT vs. CC genotypes
resulted in an OR (95% CI) of 1.36 (1.04-2.17) (P=0.023). EOC, epithelial ovarian cancer; OR, odds ratio; CI, confidence interval.

patients had received radiotherapy or chemotherapy prior to
undergoing surgery.

Reverse transcription-quantitative PCR (RT-gPCR). RNA
was isolated from the ovarian cancer tissues using the Applied
Biosystems mirVana miRNA Isolation kit (Thermo Fisher
Scientific, Inc.). The quality of miRNA extracted was deter-
mined using a 2100 Bioanalyzer (Agilent Technologies, Inc.,
Santa Clara, CA, USA). Samples with a high RNA Integrate
Number (RIN) of miRNA (>7.0) were included in subsequent
investigations. RIN was calculated using Agilent 2100 Expert
software (Agilent Biotechnology) (26). RNA was extracted
from 83 tissue samples and nearly 40 were selected for RIN
calculation in the present study.

An RT-qPCR assay (Applied Biosystems TagMan
microRNA; Thermo Fisher Scientific, Inc.) was used to
determine mature miRNA expression levels. The primers
were as follows: Forward, 5'-GCTCTGGCTCCGTGTCTT
CACTCCC-3' and reverse, 5-TGCCCCAGCACAGCCCCC
GTCCCCC-3'. The following primers were used to amplify
the P-actin gene, which was used as the internal control:
Forward, 5-AGAAAATCTGGCACCACACC-3" and reverse,
5-GGGGTGTTGAAGGTCTCAAA-3'. Small nuclear RNA
U6 (Applied Biosystems; Thermo Fisher Scientific, Inc.) was
used for normalization. The PCR was performed in a 20 ul
reaction (2 ul of template cDNA, 1 pl of 10 gmol/l primers,
10 1 of 2X SYBR Green Master Mix, 4 ul of 25 mmol/l Mg
and 2 pl of ddH,0) was performed with the following cycling
parameters: 3 min at 95°C followed by 40 cycles at 95°C for
10 sec and 60°C for 30 sec. All quantitative reactions were
performed in an Applied Biosystems ABI 7000 Real-Time
PCR System (Thermo Fisher Scientific, Inc.) in triplicate.
Quantification cycle values were obtained from Applied
Biosystems ABI PRISM 7000 SDS software, version 1.2.3
and used to calculate relative expression: Transcript levels
were calculated according to the comparative cycle threshold
(Cq).The 2" method was applied to present final results,
where ACq for each sample was determined by subtracting the
value for RNA U6 gene. Only triplicates with Cq values with
a standard deviation <0.20 were acceptable.

Transient transfection and miRNA expression in an ovarian
cancer cell line. To further explore the influence of this poly-
morphism on the production of mature miRNA, the commercial
expression plasmid pCMV-MIR-196a-2 rs11614913-T/C
(OriGene Technologies, Inc., Beijing, China) was transfected

into OVCAR3 cells (American Type Culture Collection,
Manassas, VA, USA), which exhibits wild-type and low
expression of miR-196a. Briefly, 5x10* OVCAR3 cells/well
were seeded on 24-well plates 24 h prior to transfection. A total
of 1 ug of DNA vector diluted in 100 pxl Opti-MEM I (Ther-
moFisher Scientific); 3 pl transfection agent MegaTran 1.0
(OriGene) was added to diluted DNA and incubate for 10 min
at room temperature; 100 ul Megatran/DNA mixture was then
added into each well and incubate 37°C for 48 h. An empty
vector (P CMV-MIR) transfection was performed in parallel
as a negative control. Transfection efficiency was confirmed
by monitoring the GFP signal contained in the vector. The
total RNA of cells that carried pCMV miR-196a-2 rs11614913
T or C was extracted and qPCR was used to detect miR-196a
expression following 72 h of culture.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) cell proliferation assay. Cell proliferation was
evaluated using an MTT cell viability assay. Cells (3x10*/ml)
were initially seeded in a 96-well plate and collected once
growth in the log phase was achieved. A total of 10 ul MTT
(5 mg/ml; Sigma-Aldrich) was added at 24 and 36 h following
plasmid transfection, and cells were cultured for a further
4 h. Subsequently, cells were lysed with dimethyl sulfoxide
(Sigma-Aldrich, St. Louis, MO, USA). The ratio of optical
density (OD) was measured at an absorbance of 490 nm using
a Bio-Rad Laboratories 680 microplate reader, and the assay
was repeated a minimum of three times.

Cell invasion and migration assay. Trypsinized cells of the
various groups were collected from culture flasks and resus-
pended at a density of 2x10°/ml in Dulbecco's modified Eagle's
medium (Sigma-Aldrich). This cell suspension (200 ul) was
added to the upper chamber of an 8-pum pore-size Transwell®
insert (Corning Life Sciences, Carlsbad, CA, USA) in 6 wells.
For the invasion assay, the Transwell was coated with 100 ul
Matrigel (Corning Life Sciences). Subsequently, 600 ul
RPMI-1640 culture solution (Sigma-Aldrich) containing
10% fetal bovine serum was added to the lower chamber of
each well. Incubation at 37°C occurred for 24 h for migration
and 48 h for invasion detection. Non-migratory cells on the
upper surface of the membrane were removed, stained with
0.1% crystal violet and counted: the number of invading and
migrated cells under the microscope at approximately 40X
total magnification. Count cells in five randomly selected
fields in triplicate.
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Figure 1. miR-196a-2 stem loop and influence of rs11614913 on the production of mature miR-196a. (A) Schematic diagram of the hairpin loop structure
of the T and C allelic miR-196a-2 precursor. The sequences for mature miR-196a-2 5p and 3p are underlined. The polymorphism site is indicated by grey
highlighting. The T/C polymorphism is located in the stem region opposite to the mature miR-196a-2 sequence and results in a change from a G:U to a G:C
pair in the stem structure of the precursor. (B) Correlation between miR-196a expression and various genotypes of rs11614913 in epithelial ovarian cancer
tissue samples. (C) Expression of miR-196a in mature cells transfected with various rs11614913 plasmids. The result was reproducible in three independent
experiments. miR, microRNA; mRNA, messenger RNA. Data are presented as the mean + SEM,; error bars represent SEM.

Statistical analysis. The SPSS software package (version 11.5;
SPSS, Inc., Chicago, IL, USA) was used for all statistical
analyses. Hardy-Weinberg equilibrium analysis was initially
performed and then the y? test, was used to compare the distri-
bution of SNPs between EOC patients and healthy controls.
The odds ratio (OR) and 95% confidence interval (CI) were
calculated using an unconditional logistic regression model.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patient characteristics. The current results showed that
164 patients with EOC were stage I/II, while 315 were
stage III/TV. The predominant tumor pathology type observed
was serous-papillary (163 samples), followed by 121 endo-
metrioid, 95 undifferentiated, 60 mucinous and 40 no clear
cell-type samples (Table I). The 431 healthy control women
exhibited a similar age distribution to that of the patients with
EOC included in the current study.

miR-196a-2 polymorphism CC genotype increases EOC risk.
The observed genotype distribution of the miR-196a-2 poly-
morphism in the EOC and control groups conformed to the
Hardy-Weinberg equilibrium (P=0.600 and P=0.243, respec-
tively). The current results revealed a significantly higher
frequency of CT and CC genotypes in the patients compared
with that of the control group (51.6 vs. 47.1%, P=0.063 and
25.2 vs. 20.0%, P=0.018, respectively; Table II). Subsequent
grouping of the TT and CT genotypes in the recessive genetic
model revealed a significantly increased risk of ovarian cancer
in CC genotype carriers when compared with that of the
wild-type homozygous TT and heterozygous CT genotype
carriers (OR, 1.36; 95% CI, 1.04-2.17; P=0.023).

rs11614913-C enhances mature miR-196a expression. The
effect of miR-196a rs11614913 on mature miR-196a expression
was analyzed in 83 ovarian cancer tissue samples. Fig. 1A indi-
cates the site-specific mutagenesis at rs11614913 from T to C in
the plasmid used in the current study. Significantly upregulated
expression of miR-196a was observed in CC genotype patients
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Figure 2. Promotion of cell proliferation and migration/invasion ability by miR-196a-2 rs11614913. (A) Cell viability was significantly increased in C allele
cells, as demonstrated by a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide test. (B) Crystal violet staining of EOC cells that crossed the poly-
carbonate membrane of the Transwell® chamber, revealing the migration of cells (magnification, x200). (C) Crystal violet staining of EOC cells that crossed the
Matrigel®-coated polycarbonate membrane of the Transwell chamber, demonstrating the invasion of cells (magnification, x200). (D) Migration and invasion
ability was significantly enhanced in C allele plasmid-transfected cells. miRNA-NC, microRNA negative control; EOC, epithelial ovarian cancer. Data are

presented as the mean + SEM; error bars represent SEM.

compared with that of the TT genotype (P<0.05; Fig. 1B). Further-
more, the CT genotype demonstrated increased expression of
miR-196a compared with that of the TT genotype, however, no
significant difference was observed (P>0.05; Fig. 1B). Following
72 h of culture, pPCMV-MIR-miR-196a-2 rs11614913-C-trans-
fected OVCAR3 cells expressed significantly increased
expression levels of miR-196a when compared with those of the
wild-type T allele group (P<0.01; Fig. 1C).

miR-196a SNP promotes cell proliferation, migration and
invasion. Following transfection, no significant differences in
cell viability were observed between the control and T allele
groups. Proliferation in the C allele group was significantly
increased compared with that of the control group (P<0.05;
Fig. 2A). The migration capacity of C allele-transfected
cells was significantly enhanced compared with that of the
non-transfected and T allele-transfected groups (Fig. 2B).
The number of cells migrating to Matrigel was counted, and
compared with non-transfected and T allele-transfected cells,
invasion was increased in C allele-transfected cells (Fig. 2C).
The increases in migration and invasion rates were significant
(P<0.05; Fig. 2D).

Discussion

It is well established that miRNAs participate in the initial
and developmental stages of numerous types of cancer, as
oncogenes or tumor suppressors (27-29). However, the correla-
tion between miRNA coding region variants and cancer risk,
as well as prognosis, has not been fully elucidated (30,31).
The present study revealed the distribution frequencies of
miRNA miR-196a-2 rs11614913 in a Han Chinese popula-
tion with EOC. An association between the CC genotype of
miR-196a-2 rs11614913 and a 1.34-fold increase in ovarian
cancer risk was observed. In addition, it was demonstrated
that the miR-196a-2 rs11614913 C allele induced mature
miR-196a expression in vivo in tissue and in vitro in cells.
Finally, mechanism data suggested that the alternation of
mature miR-196a-2 expression may result in abnormal cell
viability and migration/invasion capacity, which may eventu-
ally be responsible for increasing susceptibility to ovarian
cancer. To the best of our knowledge, the present study is
the first combined clinical and cell functional study of the
association between rs11614913 SNP and susceptibility to
ovarian cancer.
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It is widely accepted that gene variants located in
pri- and pre-miRNA regions may influence the biological
functions of miRNAs and eventually lead to alterations in
disease incidence (32). Considering this, various studies have
investigated the application of pri- and pre-miRNA poly-
morphisms as predictors of cancer risk (29,31,33). Notably,
miRNAs are frequently located in cancer-associated genomic
regions (34) and may regulate almost all cancer-associated
genes (35). The SNPs in miRNAs may perturb multiple
miRNA-mediated gene regulations and make it a novel
cancer diagnostic and prognostic biomarker. One example
is the G to C variant (rs2910164) of the miR-146a precursor,
which induces a change from a G:U pair to a C:U mismatch
in the stem region. Evidence indicates that this variant may
facilitate early diagnosis in patients with ovarian cancer (36).
Another study demonstrated that carriers of the variant homo-
zygote CC of miR-196a-2 were more likely to develop gastric
cancer compared with wild-type homozygote TT and hetero-
zygote CT carriers (adjusted OR, 1.57; 95% CI, 1.03-2.39;
P=0.038) (37). In the same study, it was also indicated this
C allele was significantly associated with lymph node metas-
tasis of gastric cancer (adjusted OR, 2.25; 95% CI, 1.21-4.18,;
P=0.011) (37).

Hu et al (30) previously reported significantly higher
expression of miR-196a in non-small cell lung tumor samples
with CC genotypes compared with that of CT and TT indi-
viduals. However, no observed differential expression was
found in pri- and pre-miRNA sequences based on genotype
in subsequent studies (21,38). Hoffman e al (33) demon-
strated upregulation of mature miR-196a expression in breast
cancer cells transfected with pre-miR-196a-C compared with
pre-miR-196a-T-transfected empty vector control; however,
marked differential expression of the precursor miRNA was
not observed in this study. Similarly, the present study revealed
upregulation of miR-196a in patients with ovarian cancer who
carried the C allele and in pre-miR-196a-C-transfected cells.
Similarly, the present study identified that CC genotype carriers
were more susceptible to ovarian cancer compared with TT
and CT genotype carriers. Together, these results suggest that
the rs11614913 polymorphism may affect the processing of the
pre-miRNA to its mature form.

To clarify the impact of miR-196a on tumor cells, a series
of functional experiments were performed in the present
study. It was observed that elevated miR-196a expression
from C allele-transfected cells promoted cell proliferation,
migration and invasion capacity in vitro. A previous study,
conducted in colorectal cancer, demonstrated a positive
correlation between enhanced migration, invasion ability and
increased expression levels of miR-196a (39). Results derived
from studies of other types of cancer, including lung (38),
colorectal (40) and early breast (22) cancer, also demonstrated
similar results, suggesting that the miR-196a-2 genotype may
result in altered processing of the pre-miRNA. However, other
studies have reported the absence of an association between
miR-196a-2 rs11614913 and the risk for various types of
cancer or disease (41-43). These contradictory results may be
a result of population sample selection bias or differences in
human genotype distribution. A large population-based gene
variant correlation study should be conducted to overcome
this limitation.
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Despite the merits of the current study, including it being
the first report of miRNA SNPs and EOC risk, as well as
having a relatively large study population and a high statistical
power, certain limitations should be taken into consideration.
All the patients were clinically followed up for 12-24 months.
The short follow-up period for certain patients, particularly
those of stage I, mean that analysis of the association between
this SNP and EOC prognosis could not be performed. In addi-
tion, the direct target genes of hsa-miR-196a-2 miRNA were
not identified in the current study; this will require further
exploration in future in vitro and in vivo investigations.

In conclusion, the present study suggested a potential role
for miR-196a-2 rs11614913 in predicting EOC risk, and indi-
cated the critical use of miRNAs as diagnostic and prognostic
biomarkers in cancer.
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