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Abstract. The present study aimed to explore the expres-
sion of microRNA (miRNA or miR) in drug-resistant and
drug-sensitive ovariancancer celllines,and to seek the potential
therapeutic target of ovarian cancer drug-resistant mechanism
in order to improve drug resistance by altering miRNA levels.
The drug-resistant characteristics of SKOV3/DDP, SKOV3,
COCI1/DDP and COCI cell lines were studied. The miRNAs
that were differentially expressed between cisplatin-resistant
cells and its parental cells in ovarian cancer were screened
with a miRNA chip. The effect of miRNAs was detected,
and their drug-resistant mechanism was investigated by
transfection and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide methods. Among the expression
screening of miRNAs, 41 mRNAs, including Homo sapiens
(hsa)-miR-30a-5p and hsa-miR-34c-5p, were highly expressed
in the drug-resistant cells, whereas 44 miRNAs, including
hsa-miR-96-5p and hsa-miR-200c-3p, were lowly expressed.
The expression levels of hsa-miR-30a-5p in two types of
ovarian cancer chemotherapy-resistant cell lines were signifi-
cantly higher than those in chemotherapy-sensitive cell lines,
which was associated with ovarian cancer chemotherapy resis-
tance. In conclusion, high expression of miRNA-30a-5p was
able to promote cell growth and colony forming ability, and
enhance cell migration and invasion. Thus, miRNA-30a-5p
is expected to become a meaningful novel target for ovarian
cancer resistant treatment.
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Introduction

Ovarian cancer is a common malignant tumor seriously
threatening women's lives and health. Its mortality rate ranks
first among all gynecological tumors (1). In the past 10 years,
along with the wide development of cytoreductive surgery,
novel chemotherapy drugs have emerged unceasingly (1).
Since chemotherapy plans are constantly improving, the treat-
ment of ovarian cancer has greatly improved in recent years,
and the patients' quality of life has improved significantly as
a result (2). However, the 5-year survival rate is still 30-50%;
thus, chemotherapy has not obviously improved the overall
survival rate (3). One of the main reasons for this observation
is primary or secondary drug resistance during chemotherapy.
Previous studies revealed that tumor drug-resistant mechanisms
included oncogene activation, anti-oncogene inactivation,
reduced intracellular drug concentration, drug target molecular
changes, metabolism detoxification, enhanced DNA damage
repair function and inhibition of tumor cells apoptosis, which
is a comprehensive result of polygenic, multiple factors and
multiple steps (2). Ovarian cancer drug resistance has a great
impact on the prognosis of ovarian cancer. Therefore, studying
the occurrence and development mechanisms of ovarian cancer
drug resistance in order to reverse this process could greatly
improve the chemotherapy effect on ovarian cancer. To iden-
tity the regulatory mechanisms responsible for ovarian cancer
chemotherapy drug resistance in order to improve the tumor
sensitivity to chemotherapeutic drugs (particularly in recurrent
tumors) is one of the effective ways to improve the survival
rate of ovarian cancer patients. The current study identified
multiple microRNAs (miRNAs or miRs) that were differen-
tially expressed in tumor tissue and serum of ovarian cancer
patients. These miRNAs have been reported to be important
in the occurrence and progression of ovarian cancer, and are
expected to be used in early diagnosis, prognosis, recurrence
and treatment of ovarian cancer (4-6).

miRNAs are small non-coding RNAs with gene regula-
tion function, which are 20-25 nucleotides-long and are
processed from a hairpin-structure precursor (7). Previous
studies demonstrated that miRNAs are mainly involved in the
post-transcriptional control of eukaryotic gene expression by
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inhibiting the translation of their target gene or mediating the
degradation of their target gene messenger RNA (mRNA) (7).
miRNAs participate in cell proliferation, differentiation,
apoptosis and cell cycle regulation processes. In recent years,
a growing number of studies demonstrated that miRNAs
are involved in multiple processes, including tumor occur-
rence, development, invasion, metastasis and prognosis (8).
miRNAs are important in the occurrence and development
of breast, colorectal, lung, ovarian and liver cancer, as well
as other malignant tumors (9). Kinose et al (10) noticed
that the expression levels of miR-15a and miR-16 were
decreased in ovarian cancer tissues and cell lines. miR-15a
and miR-16 directly acted on the proto-oncogene (B-cell
specific moloney leukemia virus insertion site 1) Bim-1 and
played a role as anti-oncogenes by inhibiting the expres-
sion of Bim-1 (10). Previous studies also demonstrated that
miR-21 was abnormally highly expressed in ovarian cancer
tissues, and was closely associated with the differentiation
of tumor cells and lymph node metastasis, suggesting that
miR-21 may promote the development of ovarian cancer as
an oncogene (11). These studies indicated that the occurrence
and development processes of ovarian cancer were closely
associated with miRNA levels (11,12).

miRNAs are closely associated with the drug sensitivity
of numerous tumors. Among them, miRNA let-7i was the
first member of the miRNA family identified to be associ-
ated with tumor drug sensitivity, and was observed to play an
indirect anti-tumor role by increasing the cell sensitivity to
chemotherapeutic drugs (13). Lee et al (14) demonstrated that
the expression of let-7i was decreased in platinum-resistant
ovarian tumor cells, and downregulation of the expression of
let-7i could increase ovarian cancer resistance to cisplatin,
suggesting that let-7i could be used as a chemical marker
to evaluate the prognosis of ovarian cancer. However, the
specific mechanism of chemotherapy drug resistance remains
unclear. Nurkkala et al (15) demonstrated that inhibition of
phosphatase and tensin homolog (PTEN)-targeted regula-
tion by an AKT inhibitor or miR-214 directly could reduce
the miR-214-mediated survival rate and cisplatin-resistance
through PTEN/AKT signaling in PTEN/AKT-induced
ovarian cancer drug-resistant cells. The above methods could
increase chemotherapy drug sensitivity of ovarian cancer
patients, which could be used in the treatment of recurrent and
chemotherapy-resistant ovarian cancer in order to improve
the treatment of ovarian cancer.

In the present study, using the drug-resistant charac-
teristics of SKOV3/DDP, SKOV3, COC1/DDP and COC1
cells, the differences in miRNA expression profiles between
the SKOV3/DDP, SKOV3, COC1/DDP and COCI cell lines
were compared. miRNA expression in drug-resistant and
drug-sensitive ovarian cancer cell lines was detected. The
potential therapeutic target of the ovarian cancer drug-resistant
mechanism and the possible improvement of drug resistance
was investigated at the miRNA level.

Materials and methods
Cells and chip. The drug-resistant and drug-sensitive

ovarian cancer cell lines SKOV3 and COCI cell lines
(SKOV3/DDP, drug-resistant; SKOV3, drug-sensitive;
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Figure 1. Determination of messenger RNA extraction quality. 1, SKOV3
cells; 2, SKOV3/DDP cells; 3, COCI1 cells; 4, COC1/DDP cells; M, marker.

COC1/DDP, drug-resistant; COCl1, drug-sensitive) were used
in the present study. SKOV3/DDP and SKOV3 cells were
purchased from the Cancer Institute and Hospital, Chinese
Academy of Medical Sciences (Beijing, China). SKOV3
cells and SKOV3/DDP cells were cultivated in RPMI-1640
culture medium containing 10% fetal bovine serum (Gibco®;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) without
penicillin or streptomycin under 5% CO, and 37°C saturated
humidity. These cells exhibited adherent growth. COC1/DDP
and COCI1 cells were purchased from the Wuhan University
cell library, and cultivated in RPMI-1640 culture medium
containing 10% fetal bovine serum without penicillin or
streptomycin under 5% CO, and 37°C saturated humidity.
These cells displayed suspended growth. The drug-resistant
SKOV3/DDP and COC1/DDP maintenance concentration of
cisplatin (Qilu Pharmaceutical Co. Ltd., Jinan, China) was
1 pg/ml.

A total of 924 probes (data from Sanger miRNA database
miRBase 12. 0, August 2012; www.pageinsider.com/microrna.
sanger.ac.uk) were designed for a chip experiment aiming to
analyze 677 human, 292 rat and 461 mice mature miRNAs,
using the mammalian miRNA chip V3 (Beijing Bo'ao
Hengxin Biotechnology Co., Ltd., Beijing, China). The probe
was arrayed on 75x25-mm, chemically modified glass slides
with chip microarray SmartArrayer™ (CapitalBio Corpora-
tion, Beijing, China). Each probe was repeated three times.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total cell miRNA was extracted using
the TagMan probe method (Thermo Fisher Scientific, Inc.)
and extracted using mirVana miRNA Isolation kit (Ambion;
Thermo Fisher Scientific, Inc.). miRNA was detected with the
Applied Biosystems 7300 Real-Time PCR System (Thermo
Fisher Scientific, Inc.) with the following cycling conditions:
95°C for 10 min, and 40 cycles of 95°C for 15 sec and 60°C for
30 sec, followed by melt-curve analysis.

Cell transfection. Cell transfection was performed with Lipo-
fectamine 2000, according to the manufacturer's protocol
(Invitrogen; Thermo Fisher Scientific, Inc.). The final concen-
tration of the miRNA-transfected molecules Homo sapiens
(hsa)-miR-30a-5p precursor molecule pre-hsa-miR-30a-5p,
hsa-miR-30a-5p inhibitory molecule anti-hsa-miR-30a-5p
and the corresponding negative controls pre-scramble and
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Figure 2. microRNA chip hybridization results. Red represents CyS5; green represents Cy3; yellow represents that the instensity of Cy3 and Cy5 was the same.
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Figure 3. microRNA statistical scatter diagram results. The matrix was divided into 8 sub-arrays. Each array included 25 rows and 24 columns. The matrix
spacing was 245 ym. The diameter of each dot was ~150 iim. Each probe was repeated three times. Red color represented Cy5, while green color represented
Cy3. If the Cy3 signal was stronger than the Cy5 signal, the dot was green, whereas if the Cy5 signal was stronger, the dot was red. If the intensity of the Cy3

and CyS5 signals was the same, the resulting dot was yellow. Cy, cyanine.
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Figure 4. Reverse transcription-quantitative polymerase chain reaction
revealed high expression of microRNA-30a-5p in SKOV3 cells following
transfection for 24 h.

anti-scramble miRNAs (Ambion; Thermo Fisher Scien-
tific, Inc.) was 30 nmol/l. The cellular total miRNAs were
extracted after transfection for 24 and 48 h.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Cells were digested into a monoplast suspen-
sion with trypsin after transfection for 24 h. The density was
adjusted to 1x10* cells/ml and inoculated in a 96-well plate,
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Figure 5. Reverse transcription-quantitative polymerase chain reaction was
used to detect the expression of miR-30a-5p in SKOV3/DDP cells after trans-
fection with a pre-miR inhibitor for 24 h. miR,, microRNA; WT, wild-type;
NC, negative control; IN, inhibitor.

(100 pl/well). Control groups were established prior to and
following transfection. The cells in the 96-well plate were
changed into the prepared concentration gradient of cisplatin
in culture medium 24 h later. Five wells were set for each
concentration, and the cells were cultured for additional 48 h.
Next, 10 ul MTT was added in each well, and the absorbance
of each well was detected at 490 nm wavelength after being
incubated for 4 h in the dark. The median lethal concentration
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Figure 6. Effect of miR-30a-5p transfection on SKOV3/DDP and SKOV3 cells drug resistance. (A) SKOV3/DDP cells exhibited reduced resistance to cisplatin
after transfection with inhibitor. (B) SKOV3 cells exhibited increased resistance to cisplatin after pre-miR transfection. “P<0.05 vs. control cells. miR, microRNA.
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Figure 7. Effect of microRNA-30a-5p on SKOV3/DDP and SKOV3 cell activity. (A) Different concentrations of cisplatin were inoculated after transfection
of SKOV3/DDP cells with inhibitor for 24 h. Cell activities were reduced after SKOV3/DDP cells after inhibitor transfection. (B) Different concentrations of
cisplatin were inoculated after transfection of SKOV3 cells with inhibitor for 24 h. Cell activities were increased after SKOV3 cells after pre-miR transfection.

“P<0.05 vs. control cells.

(ICsy) of cisplatin was calculated. Each experiment was
repeated three times, and five wells were set each time.

Statistical analysis. SPSS version 13.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for statistical analysis. Data are
presented as the mean =+ standard error of the mean. Student's
t-test was used to compare the mean value between two groups.
P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Identification of mRNA extraction quality. RNA electro-
phoresis results are shown in Fig. 1. Bands corresponding
to 5.8S, 18S and 28S were clearly visible, indicating that
non-biodegradable mRNA was obtained. The electrophoresis
results revealed that the band brightness of RNA 28S was more
close to 1:1 than that of 18S mRNA. Thus, the quality of the
mRNA extracted met the experimental requirements, and the
miRNA chip experiment could subsequently be performed.

Differences in expression profile analyzed by miRNA
microarray chip. miRNA expression in drug-resistant and

drug-sensitive ovarian cancer cells was detected by gene chip
technology. Fig. 2 describes the miRNA chip hybridization
results obtained, while Fig. 3 represents the results of miRNA
statistical scatter diagram.

Compared withthe drug-sensitive ovariancancer SKOV3 cell
line, 19 miRNAs, including hsa-miR-99a-5p, hsa-miR-30a-5p,
hsa-miR-34c-5p, hsa-miR-31-3p and hsa-miR-181d, were
highly expressed in the drug-resistant SKOV3/DPP cell line,
while 20 miRNAs, including hsa-miR-96-5p, hsa-miR-193b-3p
and hsa-miR-200c-3p, were lowly expressed. In addition,
22 miRNAs, including hsa-miR-34a-5p, hsa-miR-30a-5p and
hsa-miR-181c-3p, were highly expressed in the COC1/DPP cell
line compared with the COCI cell line, while 22 miRNAs,
including hsa-miR-892b and hsa-miR-505-5p, were lowly
expressed. Among them, both hsa-miR-30a-5p and hsa-miR-181
were highly expressed in the two cell lines.

Detection of miRNA expression by RT-qPCR. RT-qPCR
was used to analyze the expression of miRNA-30a-5p in
SKOV3/DDP and SKOV3 cells after transfection for 24 h.
The results revealed that the ACq of miRNA-30a-5p was 2.3
after SKOV3 cell transfection with pre-miR for 24 h, while
the ACq was 7.7 in the negative control group. The relative
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expression level of miRNA-30a-5p was 42.2 times that of the
negative control group after cell transfection with pre-miR
for 24 h. The RT-qPCR results also revealed that the ACq
of miRNA-30a-5p was 8.9 after SKOV3/DDP cell transfec-
tion with pre-miR inhibitor for 24 h, while the ACq of the
negative control group was 5.6. The relative expression of
miRNA-30a-5p was 9.8 times that of the negative control
group after cell transfection with pre-miR inhibitor for 24 h
(Figs. 4 and 5).

Effect of miRNA-30a-5p transfection on SKOV3/DDP and
SKOV3 cells drug resistance. SKOV3/DDP cells exhibited
reduced resistance to cisplatin after transfection with inhibitor.
The ICs, value was 7.6+0.38 pg/ml in these cells compared with
13+0.47 pug/ml in the negative control group. The difference
between the two groups was significant (P<0.05) (Fig. 6A).
SKOV3 cells exhibited increased resistance to cisplatin
after pre-miR transfection (IC5,=3.5+0.26 pg/ml vs.
1.8+0.12 pg/ml for the negative control group). The difference
between the two groups was significant (P<0.05) (Fig. 6B).

Effect of miRNA-30a-5p on SKOV3/DDP and SKOV3 cell
activities. The cell number was significantly lower than that
of the negative control group after 48 h of incubation with
different concentrations of cisplatin following the transfection
of SKOV3/DDP cells with inhibitor for 24 h cells (P<0.05).
The cell activity was decreased significantly (Fig. 7A).

The cell number was significantly higher than that of the
negative control group after 48 h of incubation with different
concentrations of cisplatin following the transfection of
SKOV3 cells with inhibitor for 24 h cells (P<0.05). The cell
activity was increased significantly (Fig. 7B).

Discussion

A number of studies have demonstrated that miRNAs are
involved in the occurrence and development of ovarian
cancer (10-12). Zhang et al (16) reported that miRNA was
involved in the occurrence and development of ovarian cancer
drug resistance by studying a stem cell-like epithelial ovarian
cancer line. Li et al (17) demonstrated that miRNA-27a was
associated with ovarian cancer drug resistance, and the mech-
anism was that MDR1/P-GP gene regulated the HIPK?2 gene.

Sorrentino et al (8) detected the expression of let-7e,
miR-30C, miR-125b, miR-30a and miR-335 in the wild-type
ovarian cancer cell line A2780, paclitaxel-resistant cell line
A2780TAX and cisplatin-resistant cell line A2780CIS by chip
technology. The authors observed that let-7e was overexpressed
in A2780TAX cells, while miR-125b was lowly expressed in
this cell line. Two miRNAs were inversely expressed in the
other cell lines, while miR-30c, miR-130a and miR-335 were
all lowly expressed in the above three cell lines (8). There-
fore, it was inferred that let-7e had an inverse correlation with
miR-125b, and that miRNA expression in ovarian cancer was
associated with drug resistance of ovarian cancer, which was
consistent with other studies (18-20).

In the present study, a miRNA microarray chip platform
containing 924 probes was used for hybridization. The differ-
entially expressed miRNAs between chemotherapy resistance
and chemotherapy sensitivity in the ovarian cancer cell lines

2069

SKOV3/DDP and SKOV3 were screened. Among them,
19 miRNAs, including hsa-miR-99a-5p, hsa-miR-30a-5p,
hsa-miR-34c-5p, hsa-miR-31-3p and hsa-miR-181d, were
observed to be highly expressed in SKOV3/DPP vs. SKOV3
cell lines, while 20 miRNAs, including hsa-miR-96-5p,
hsa-miR-200c-3p and hsa-miR-193b-3p, were lowly expressed.
In addition, 22 miRNAs, including hsa-miR-34a-5p,
hsa-miR-30a-5p and hsa-miR-181c-3p, were observed to be
highly expressed in COC1/DPP vs. COCI cell lines, while
24 miRNAs, including hsa-miR-892b and hsa-miR-505-5p,
were lowly expressed. Among them, both hsa-miR-30a-5p
and hsa-miR-181 were highly expressed in the two cell lines.
These findings may provide a theoretical basis and a novel
approach to further study the association between miRNA
and cisplatin resistance in ovarian cancer cells, as well as its
possible mechanism.

miRNAs are likely to be important in the occurrence,
development, diagnosis and treatment of ovarian cancer;
thus, the number of studies on abnormal expression profiles
of miRNA in serum and tissue of ovarian cancer patients
has increased gradually (3,21). The future goal should
focus on accurately predicting ovarian cancer-associated
miRNA target genes, studying the specific mechanism,
and solving clinical diagnosis, treatment and prognosis
evaluation-associated problems. The treatment perspec-
tive of cancer chemotherapy resistance with miRNA as a
target is very wide. The studies on miRNA as a clinically
therapeutic target are still in their initial stages. Since
1998, increasing attention has been paid to miRNA and the
potential therapeutic effect of the corresponding exogenous
small interfering RNA (22). miRNA treatment includes
miRNA that substitutes low expression and miRNA that
inhibits overexpression. Previous studies have used agomirs
and antagomirs as analogues and inhibitors, respectively, of
miRNAs for the treatment of cancer, and a large number of
experiments in vivo have been conducted (23-27).

In conclusion, the present study confirmed that
miRNA-30a-5p played a role in the drug-resistant mecha-
nism of ovarian cancer. Future miRNA-30a-5p expression
analysis may become an effective tool for predicting the
effect of ovarian cancer chemotherapy. The mechanism of
miRNA-30a-5p-mediated regulation of ovarian cancer drug
resistance should be further investigated. Further studies will
greatly promote the practical applications of miRNA in the
prevention, diagnosis and treatment of ovarian cancer, which
may provide a more broad application prospect in ovarian
cancer-associated miRNA clinical studies.
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