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Objective: Epithelial ovarian cancer (EOC) patients o ten experience
cisplatin resistance. This study analysed themiR-182 level in EOC pa-
tients, and explored the association betweenmiR-182with chemore-
sistance in EOC. Methods: Using qRT-PCR, the miR-182-5p levels in
EOCwere determined. miR-182-5p and its associations with the clin-
icopathological characteristics and overall survival of EOC patients
were analysed. A2780/DDP cells and A2780 cells were transfected
with miR-182-5p mimics or inhibitor. Then, using a CCK8 assay, cell
viabilities were assessed. To determine if GRB2 is a bona fide miR-
182-5p target, a dual luciferase reporter assay was carried out. Then,
the cell viability in A2780/DDP cells overexpressing GRB2 was deter-
mined. Results: Compared with adjacent normal tissues, the miR-
182-5p was significantly upregulated in EOC tissues. High levels of
miR-182-5p were associated with frequent platinum resistance and
poor overall survival in EOC patients. Upregulation of miR-182-5p by
its mimics significantly enhanced the cisplatin resistance of A2780
cells. Conversely, miR-182-5p inhibitors significantly enhanced the
cisplatin sensitivity of A2780/DDP cells. GRB2 was confirmed as a
bona fide miR-182-5p target in EOC. In GRB2-overexpressing EOC
cells, cisplatin sensitivity was significantly enhanced. Conclusions:
miR-182-5p enhanced the cisplatin resistance of EOC cells by down-
regulating GRB2, which is a novel target for predicting the prognosis
and improving the treatment of EOC.
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1. Introduction
Epithelial ovarian cancer (EOC) is a malignant tumour,

with great risk to threaten women’s lives and health. The
mortality rate of EOC ranks first among gynaecological tu-
mours [1]. With the extensive development of cytoreductive
surgery, the emergence of platinum-based drugs, the treat-
ment of EOCand the quality of life of EOCpatients has signif-
icantly improved in recent decades [2], but the EOC five-year
survival rate remains < 50%, so platinum-based chemother-
apy does not significantly improve overall survival [1]. One
of the main reasons is the resistance of platinum-based drugs
used in chemotherapy [3, 4]. Multiplemechanisms of tumour
resistance have been demonstrated in literatures including
oncogene activation and suppressor gene inactivation, inhi-
bition of tumour cell apoptosis and decrease of intracellular

drug concentration and are the result of a comprehensive se-
ries of multi-gene, multi-factor, and multi-step actions [2].
Exploring the mechanism underlying the drug resistance of
EOC and improving the chemotherapy sensitivity of EOC
cells will effectively enhance the survival of EOC patients.

MicroRNAs (miRNAs) are regulated the gene posttran-
scription [5, 6]. They participate in important biological pro-
cesses of organism development, cell differentiation and cell
signal transduction [5, 7]. They also act as gene expression
regulators and play a key role in the malignant tumours de-
velopment, including EOC. It was demonstrated that some
miRNAs are involved in chemoresistance and are significant
indicators for predicting patient outcomes or disease pro-
gression after chemotherapy [8]. In breast cancer cells, the
level of miR-182 is associated with resistance to trastuzumab
[9]. miR-182 has an oncogenic role in human lung cancer,
ovarian cancer and hepatocellular carcinoma, while miR-182
serves as a tumour suppressor in renal cancer [10]. miR-182
plays dual roles in prostate cancer progression. miR-182 is
upregulated in localized prostate cancer, while it is down-
regulated in aggressive cancers [11]. In a relatively large co-
hort of serous ovarian cancer patients with platinum-based
chemotherapy, miR-182 was downregulated, indicating that
miR-182 might be associated with platinum resistance [12].
However, the associations between clinicopathological char-
acteristics and miR-182-5p, cisplatin resistance in EOC pa-
tients are still unclear.

Here, we demonstrated the role ofmiR-182-5p in cisplatin
resistance and survival in EOC. The increase of miR-182-5p
significantly enhanced the cisplatin resistance in EOC cells.
Furthermore, miR-182-5p inhibitors upregulated growth
factor receptor bound protein 2 (GRB2), causing increases in
the cisplatin sensitivity of EOC cells. Thus, this study reveals
a novel mechanism underlying cisplatin resistance in EOC.
miR-182-5p/GRB2 signalling might act as a therapeutic tar-
get for cisplatin-resistant EOC.

2. Materials andmethods
2.1 EOC tissue specimens

A total of 20 normal ovarian epithelial tissues, and 89
EOC patients’ tissues were collected at Zhejiang University
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Mingzhou Hospital between 2009 and 2017. Tissues were
immediately frozen in liquid nitrogen and then stored at -
80 ◦C until the test. The included patients signed the in-
formed consent. All enrolled patients underwent platinum-
based therapy after surgery. If tumour relapse or progression
was observedwithin 6months of the last chemotherapy treat-
ment, the tumour was defined as platinum resistance. If not,
it was defined as platinum sensitive. To classify the EOC tis-
sues, the mean value of miR-182-5p was set as the threshold
to separate them into high and low miR-182-5p expression
groups. Our study was approved by the ethics committee of
Zhejiang University Mingzhou Hospital.
2.2 Cell culture and treatment

Human EOC cell lines A2780, A2780/DDP, SKOV3, and
CaOV3 (American Type Culture Collection, USA), and im-
mortalized ovarian epithelial cell line Moody were used. The
cells were maintained with 5% CO2 at 37 ◦C in DMEM
(Gibco, USA) supplemented with 10% FBS and 1% peni-
cillin/streptomycin. GRB2 sequences were ligated into the
pEX-2 vector or pEX-2 vector (NC) byGenePharma (China).
Using Lipofectamine 3000 (Invitrogen, USA), the miR-182-
5p mimics, inhibitor and NC (RiboBio, China) were trans-
fected into cells.
2.3 qRT-PCR

Using TRIzol reagent (Invitrogen, USA), total RNA from
cells or tissue sampleswere extracted. Then, using the Prime-
Script RT reagent kit (Promega, USA), cDNA was synthe-
sized. The primer sequences of miR-182-5p were described
previously [13]. Using ABI 7500 real-time PCR system (Ap-
plied Biosystems, Germany), PCRwas performedwith SYBR
Green PCRKit (Takara, Japan). U6 was used as internal con-
trol. With 2−∆∆Ct method, the relative levels were anal-
ysed.
2.4 Western blotting

Using RIPA (Beyotime, China), the proteins were ex-
tracted from cells and measured by BCA kit (Beyotime,
China). After separation the extracted proteins by 10% SDS-
PAGE, the blots were then electransferred to PVDF mem-
branes (Millipore, USA). The membrane were incubated
with 5%non-fatmilk for blocking 1 h. Followed an overnight
incubation at 4 ◦C with primary antibodies against GRB2
and GAPDH (Abcam, USA), The membranes were incu-
bated with HRP-conjugate secondary antibody for 1 h. Us-
ing BioRad XRS imaging system (Bio-Rad, USA), the bands
of proteins were visualized with Enhanced Chemilumines-
cence (ECL) Western Blotting Substrate (Abcam, USA) and
quantified by ImageJ (NIH, USA).
2.5 Luciferase reporter assay

The sequence of the GRB2 3’-UTR containing the wild-
type or mutated binding site for miR-182-5p was ampli-
fied and inserted into the psiCHECK-2 vector (Promega,
USA). Transfection with miR-182-5p mimics and GRB2 re-
porter constructs was performed using Lipofectamine 3000
(Invitrogen, USA). The luciferase assay was performed in the

A2780/DDP cell line with the Dual-Luciferase Reporter As-
say System (Promega).
2.6 Cell viability

Cells were transfectedwithmiR-182-5pmimics, inhibitor
or NC and then seeded in 96-well plates at 2 × 104 and 1 ×
104cells/well for A2780 cells and A2780/DDP cells, respec-
tively. After 24 h. Cells were treated with cisplatin (Sigma,
USA) for 48 h, and cell viability was determined by CCK-8
assay (Beyotime, China). The IC50 values were calculated.
2.7 Statistical analysis

Data were obtained from 3 independent experiments. All
results were presented as the means ± SD and analysed us-
ing SPSS 17.0 (SPSS, USA) with Student’s t-test (for two
groups) and ANOVA with Tukey’s post hoc test. For sur-
vival analyses, kaplan-Meier analysis and the log-rank test
was performed. The relationship between miR-182-5p level
and EOC patients’ pathological characteristics was analysed
by X2 test. P < 0.05 was considered statistically significant.

Table 1. The clinicopathological characteristics of EOC
patients and their relationship withmiR-182-5p level.

miR-182-5p (n = 89)

Variables High (n = 57) Low (n = 32) X2 P

Age (years) 0.002 0.964
≥ 50 27 15
< 50 30 17
FIGO stage 2.836 0.092
I–II 15 14
III–IV 42 18
Histology type 0.442 0.931
Serous 36 18
Mucinous 10 7
Clear cell 6 4
Endometrioid 5 3
Differentiation 1.312 0.519
G1 27 19
G2 18 7
G3 12 6
Lymph node metastasis 5.237 0.022
Negative 34 11
Positive 23 21
Response to primary therapy 4.009 0.045
CR 39 28
Non-CR 18 4
Platinum status 4.298 0.038
Sensitive 30 24
Resistant 27 8

Note: To classify the EOC tissues, themean value ofmiR-182-5pwas
set as the threshold to separate patients into high and low miR-182-
5p expression groups. CR, complete response.
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Fig. 1. miR-182-5p is upregulated in EOC tumour tissues and is positively associated with poor overall survival. (A) Relative expression of miR-
182-5p in EOC tissues (n = 89) and fresh normal ovarian epithelial tissues (n = 20). (B) Kaplan-Meier analysis of the overall survival of EOC patients (n =
89) with low (n = 32) or high (n = 57) expression levels of miR-182-5p (P < 0.01). To classify the EOC tissues, the mean value of miR-182-5p was set as the
threshold to separate them into high and low miR-182-5p expression groups. ***P < 0.001.

Fig. 2. Role of miR-182-5p in cisplatin resistance. (A) miR-182-5p expression levels in Moody and EOC cell lines. (B) A2780 and A2780/DDP cells were
exposed to various concentrations of cisplatin for 48 h, and the IC50 of cisplatin was determined by the CCK-8 assay. (C,D) A2780 (C) and A2780/DDP (D)
cells were transfected with miR-182-5p mimics and miR-182-5p inhibitor, or the corresponding NC. Cells were treated by cisplatin for 48 h. Cell viability was
assessed by CCK-8 assay. *P < 0.05, **P < 0.01, ***P < 0.001.

3. Results
3.1 miR-182-5p is overexpressed in EOC

The expression of miR-182-5p in 30 pairs of EOC tis-
sues and their respective adjacent normal controls were de-
termined. Compared with normal controls, the miR-182-5p
in EOC tissues were significantly upregulated (P < 0.001)

(Fig. 1A). The mean value of miR-182-5p level was taken as
the threshold to separate the high and low levels of miR-182-
5p. Moreover, the miR-182-5p levels in another 89 EOC pa-
tients were detected, and the associations between those ex-
pression levels and stage, age, differentiation, histology type,
response to primary therapy, and platinum status were anal-
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Fig. 3. GRB2 is a direct target ofmiR-182-5p in EOC cells. (A) Predicted binding sites of miR-182-5p on the 3’-UTR of GRB2 and mutant vector sequence.
(B) Dual luciferase reporter assay for detection of the relationship between miR-182-5p and GRB2. (C,D) Expression of miR-182-5p (C) and GRB2 (D) in
EOC cells after transfection with miR-182-5p mimics or inhibitors. *P < 0.05, ***P < 0.001.

ysed (Table 1). The miR-182-5p was not significantly corre-
lated to age, histology type, differentiation or stage, but high
level of miR-182-5p was correlated with complete response
to primary therapy and high platinum resistance (Table 1).
Furthermore, miR-182-5p was closed associated with EOC
overall survival by Kaplan-Meier analysis (Fig. 1B).

3.2 miR-182-5p suppressed cisplatin-induced cytotoxicity

To study miR-182-5p in cisplatin-induced cytotoxicity,
the miR-182-5p level in EOC cell lines were detected. Fig. 2
shows the miR-182-5p was upregulated in EOCA2780/DDP
cell, SKOV3 and CAOV3 compared with Moody cells, but
miR-182-5p was not significantly changed in A2780 EOC
cells, compared with Moody cells (Fig. 2A). As miR-182-5p
expression was upregulated in cisplatin-resistant EOC cell
line A2780/DDP cells but not in cisplatin-sensitive parental
A2780 cells, miR-182-5p might be responsible for EOC cell
cisplatin resistance. The IC50 of cisplatin in A2780 cells was
markedly lower than that in A2780/DDP cells (Fig. 2B).

Then, transfection of miR-182-5p inhibitor downregu-

lated the miR-182-5p in A2780/DDP cells and A2780 cells,
and transfection of miR-182-5p mimics overexpressed the
miR-182-5p in those cells. The cell viability after 48 h
was examined using CCK-8 kit. Overexpression of miR-
182-5p by mimics significantly enhanced cisplatin resistance
in A2780 EOC cells, while downregulation of miR-182-
5p by inhibitors significantly enhanced cisplatin sensitiv-
ity in A2780/DDP cells, compared to that in control cells
(Fig. 2C,D). Thus, miR-182-5p contributes to cisplatin resis-
tance in EOC.

3.3 miR-182-5p directly targeted GRB2 in EOC cells

We predicted that GRB2 is a direct target of miR-182-5p
by using TargetScan (http://www.targetscan.org/vert_71/)
and miranda (microrna.org) (Fig. 3A). Using dual luciferase
reporter assay, we confirmed the relationship between GRB2
and miR-182-5p. After miR-182-5p mimics and GRB2 wild-
type vector transfections, the luciferase activity was signifi-
cantly inhibited compared with NC. However, after transfec-
tion with the GRB2 binding site mutation (mut) vector with
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Fig. 4. Effect of GRB2 overexpression on the cisplatin sensitivity of EOC cells. Cells were transfected with GRB2-expressing vector, and then GRB2
expression (A) and cell viability (B) were determined by CCK-8 assay after cisplatin treatment at various concentrations for 48 h. *P < 0.05.

miR-182-5p mimics, the luciferase activity was not signifi-
cantly changed, compared with control (Fig. 3B). GRB2 was
significantly downregulated bymiR-182-5pmimics inA2780
cells, while GRB2 was significantly upregulated by miR-182-
5p inhibitor in A2780/DDP cells (P < 0.001, Fig. 3C,D).
These data suggested that GRB2 serves as a bona fide miR-
182-5p target in EOC.

3.4 Overexpression of GRB2 enhances EOC cell cisplatin sensitivity

To detect the role of GRB2 in EOC cisplatin resistance,
GRB2 was overexpressed in A2780/DDP cells. GRB2 up-
regulation (Fig. 4A) significantly enhanced the EOC cisplatin
sensitivity (Fig. 4B), suggesting that miR-182-5p downregu-
lation enhances cisplatin sensitivity of EOC cells by upregu-
lating GRB2.
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4. Discussion
Cisplatin is the chemotherapy drug for EOC. Acquired

drug resistance frequently occurs following treatment with
chemotherapeutics including cisplatin, which is believed to
be the main cause of mortality in EOC [14]. Many EOC
patients is nagged by the failure of chemotherapy. One of
the important reasons for the failure of chemotherapy is the
emergence of chemotherapeutic drug resistance. It is frus-
trating that there is still no effective way to prevent and over-
come chemotherapy resistance. We show miR-182-5p up-
regulation had a complete response to primary therapy and
with high platinum resistance. A significant relationship ex-
isted between miR-182-5p expression and EOC overall sur-
vival. Our study also explored the role ofmiR-182-5p in plat-
inum resistance and the underlying mechanism.

It is well-known that changes in specific miRNAs of tu-
mour cells will lead to chemotherapy resistance. miRNAs
dysregulation will contributed to multiple cell functions in-
cluding cell proliferation, and cell apoptosis. In recent, in-
creased evidence have shown that miRNAs also contribute
to tumour occurrence, invasion and metastasis [15, 16]. The
inhibition of miR-182 in trastuzumab-resistant breast cancer
cell was mediated by phosphatidylinositol 3-kinase (PI3K)-
protein kinase B (AKT)-mammalian target of rapamycin
(mTOR) signalling pathway activation [9]. miR-182-5p in-
hibitor suppressed the cisplatin resistance of acute myeloid
leukaemia cells by upregulating the expression of BCL2L12
and BCL2 [17]. miR-182 was upregulated in irradiated lung
cancers [18]. miR-182-5p could downregulate GRB2, and
the overexpression of miR-182-5p by mimics enhanced the
resistance of EOC cells to cisplatin. GRB2 is a growth factor
receptor binding protein 2, also known as Ash protein, which
is encoded by the GRB2 gene in humans. GRB2 is widely
distributed in cells and is mainly involved in the tyrosine ki-
nase receptor signalling pathway [19]. It can bind directly to
activated EGF receptor phosphorylated tyrosine, participate
in EGF receptor-mediated signal transduction, and indirectly
participate in signal transduction mediated by insulin recep-
tor via binding to Shc phosphorylated tyrosine. GRB2 can
bind with Shc and Sos to activate Sos [20]. Current stud-
ies shown GRB2 is involved in the occurrence and develop-
ment of various malignant tumours [19, 21]. GRB2 can pro-
mote cell proliferation, invasion, metastasis and angiogene-
sis [22], which are important features of cancer cells [23, 24].
The level of GRB2 expression is closely correlated with the
prognosis and survival of gastric cancer, colorectal cancer,
and so on [25–28], suggesting GRB2 was closed associated
with tumour progression. In our previous study, we demon-
strated that GRB2 downregulation suppressed SKOV3 OC
cell behaviours and chemosensitivity [29]. GRB2 was lower
expressed in A280 cells than in A2780/DDP cells. Overex-
pression of GRB2 significantly enhanced the cisplatin sensi-
tivity of EOC cells, suggesting that miR-182-5p downregu-
lation enhances cisplatin sensitivity in EOC cells by upregu-
lating GRB2, which might be related to the activation of the

tyrosine kinase receptor signalling pathway. It has been re-
ported that tyrosine kinase receptors mediate platinum resis-
tance [30]. However, the role of GRB2 in EOC patients with
chemotherapeutic resistance andmetastatic spreading should
be confirmed in the future. Additionally, this study is focused
on acquired cisplatin resistance. We will investigate intrin-
sic cisplatin resistance using cells inherently less sensitive to
cisplatin, such as SKOV3, in the future.

Summary, miR-182-5p in EOC specimens is overex-
pressed, which enhanced cisplatin chemoresistance through a
novel GRB2 pathway. These results present GRB2 as a novel
potential target for predicting EOC prognosis and combat-
ting chemoresistance.
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