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Abstract. Drug resistance severely limits the effectiveness
of chemotherapeutic treatment in ovarian cancer. The present
study aimed to investigate the role of long non‑coding RNA
LINC00152 (LINC00152) in the cisplatin resistance of ovarian
cancer. The expression level of LINC00152 was significantly
increased in the ovarian cancer CoC1 and CoC1/DDP cell
lines compared with the normal ovarian IOSE‑80 cell line.
To further investigate the function of LINC00152, small
interfering RNAs (siRNAs) targeting LINC00152 were
transfected into COC1 and COC1/DDP cells, which were
subsequently treated with varying concentrations of cisplatin.
The results revealed that LINC00152 silencing increased
the apoptotic rates and enhanced the chemosensitivity of
CoC1 and CoC1/DDP cells to cisplatin. Furthermore, downregulation of LINC00152 significantly decreased Bcl‑2,
and increased Bax and cleaved caspase‑3 expression levels.
Additionally, LINC00152 silencing decreased the expression
of multidrug resistance‑associated gene 1 (MDR1), multidrug
resistance‑associated protein 1 (MRP1) and glutathione
S‑transferase π (GSTπ). Collectively, the data demonstrated
that LINC00152 knockdown increased the chemosensitivity of
epithelial ovarian cancer cells to cisplatin by increasing apoptosis and decreasing the expression levels of MDR1, MRP1
and GSTπ.
Introduction
Ovarian cancer is a life‑threatening malignancy that has high
rates of incidence and mortality (1,2). As one of the most effective and commonly used chemotherapeutic drugs, cisplatin
is used to treat a number of cancer types. Treatment with
cisplatin results in the formation of DNA adducts and causes
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DNA damage in tumor cells through the irreversible insertion
of DNA bases (3); this prevents tumor cell DNA replication
and activates cell death (3,4). In previous years, cisplatin has
attracted extensive attention (4,5). However, ovarian cancer
cells frequently develop cisplatin resistance during treatment, which severely limits the efficacy of the drug and is the
primary cause of treatment failure (6). Therefore, to enhance
the sensitivity of ovarian cancer cells to cisplatin it is first
necessary to investigate the mechanism of drug resistance.
Long non‑coding RNAs (lncRNAs) are a class of
transcripts >200 nucleotides in length with no apparent
protein‑coding capacity (7). The altered expression of
lncRNAs has been demonstrated to positively and negatively
regulate various biological and pathological processes,
including cellular proliferation, migration, invasion, differentiation, apoptosis and carcinogenesis (8,9). Numerous
studies have focused on the role of lncRNAs in cancer cell
drug resistance; lncRNA colon cancer‑associated transcript‑1
contributed to cisplatin resistance in the non‑small cell lung
cancer cell line A549/DDP by downregulating the expression
of microRNA (miR)‑130a‑3p (10). In addition, knockdown of
lncRNA nuclear enriched abundant transcript 1 significantly
increased dexamethasone sensitivity in multiple myeloma
cell lines (11). lncRNA LINC00152 (LINC00152) has been
suggested to have an oncogenic function in various types of
cancer, and a previous study revealed that the downregulation
of LINC00152 increased the rate of apoptosis and suppressed
tumor growth in ovarian cancer by targeting miR‑125b (12).
However, the role of LINC00152 in the development of
ovarian cancer remains unclear, and few studies have
evaluated the effect of LINC00152 in chemotherapy‑resistant
ovarian cancer.
In the present study, the data demonstrated that silencing
LINC00152 promoted apoptosis and enhanced the cisplatin
sensitivity of ovarian cancer cells.
Materials and methods
Cell culture. The human normal ovarian cells line IOSE‑80,
ovarian adenocarcinoma cell line COC1 and its cisplatin‑resistant variant COC1/DDP were obtained from the
China Center for Type Culture Collection. The cells were
cultured in RPMI‑1640 supplemented with 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.,) at 37˚C in a
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humidified atmosphere (5% CO2). COC1 and COC1/DDP cells
were treated with different doze of cisplatin 24 h, as described
previously (13‑15). Then cells were then collected for further
experiments.
Reverse transcription‑quantitative polymerase chain reaction
(RT‑qPCR). Total RNA was extracted from cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.,) according
to the manufacturer's protocol. cDNA was generated using the
TaqMan Reverse Transcription Kit (Takara Biotechnology Co.,
Ltd.) and PCR reactions were subsequently performed using
the Perfect Real Time SYBR® Premix Ex Taq™ kit (Takara
Biotechnology Co., Ltd.) with the ABI 7500 thermocycler
(Thermo Fisher Scientific, Inc.). The thermocycling conditions were as follows: Initial denaturation at 95˚C for 5 min.
Amplification cycle consists of three steps; a denaturation step
at 95˚C for 30 sec, an annealing step at 60˚C for 45 sec and a
ﬁnal extension of 10 min at 72˚C. U6 was used as normalization control for LINC00152 expression. GAPDH was used as
an internal control for mRNAs multi‑drug resistance gene 1
(MDR1), multidrug resistance‑associated protein 1 (MRP1)
and glutathione S‑transferase π (GSTπ). The results of the relative expression levels of RNAs were analyzed using the 2‑ΔΔCq
method (16). Independent experiments were repeated 3 times.
The primers used were as follows: LINC00152 forward,
5'‑TGAGAATGAAGGCTGAGGTGT‑3'; LINC00152 reverse,
5'‑GCAG CGACCATCCAGTCAT T‑3'; U6 forward, 5'‑CTC
GCTTCGGCAGCACA‑3'; U6 reverse 5'‑AACGCTTCAGGA
ATTTGCGT‑3'; MDR1 forward, 5'‑ATTGCTCACCGCCTG
TCC ACC‑3'; MDR1 reverse, 5'‑TGC  T GAT GC  GTG  C CA
TGC  T CC‑3'; MRP1 forward, 5'‑CGT  GTT  G GT  C TC  T GT
GTTCC TG ‑3'; MRP1 reverse, 5'‑AGA A AGATG CTCTCT
GGGT TTG‑3'; GSTπ forward, 5'‑TGGG CATCTGAAG CC
TTTTG‑3'; GSTπ reverse, 5'‑GATC TG GTCACCCACGAT
GAA‑3'; GAPDH forward, 5'‑GGAGCGAGATCCCTCCAA
AAT‑3'; and GAPDH reverse 5'‑GGCTGTTGTCATACTTCT
CATGG‑3'.
Transfection. Small interfering RNAs (siRNAs) targeting
LINC00152 (si‑1‑LINC00152 and si‑2‑LINC00152) and an
appropriate negative control (si‑NC) were transfected into
COC1 and COC1/DDP cells. All siRNAs were designed
and synthesized by Guangzhou RiboBio Co., Ltd. Cells were
cultured in 6‑well plates to 70‑80% confluence, and the siRNAs
(100 nM) were transfected into the cells using Lipofectamine®
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.,)
according to the manufacturer's protocol. Subsequent experiments were performed 48 h post‑transfection.
Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was
used to assess cell proliferation capacity. Cells were seeded
into 96‑well plates (5x103 cells/well) and incubated for 24 h.
COC1 cells were treated with 0, 1, 2, 4, 8, 16 or 32 µg/ml
cisplatin, and COC1/DDP cells were treated with 0, 4, 8, 16,
32, 64 or 128 µg/ml cisplatin for a further 24 h. CCK‑8 reagent
(10 µl) was then added to each well for an additional 2 h.
Absorbance was measured at 450 nm and the percentage of
viable cells was calculated (normalized to the control group).
A total of 4 wells for each concentration were examined, and
the experiments were performed in triplicate.
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Flow cytometric analysis of apoptosis. Cells were treated
with cisplatin for 24 h and apoptosis was analyzed using an
Annexin V‑fluorescein isothiocyanate (FITC)/propidium
iodide (PI) flow cytometry assay kit (BD Biosciences)
according to the manufacturer's protocol. Briefly, cells were
collected and fixed in pre‑cooled 70% ethanol at 4˚C overnight.
The cells were resuspended in 300 µl cold binding buffer, and
labeled with 5 µl Annexin V‑FITC (20 µg/ml) for 10 min in
the dark at room temperature. Following the addition of 5 µl PI
(50 µg/ml) and 200 µl binding buffer, the samples were incubated at room temperature in the dark for an additional 5 min.
Apoptotic cells were quantified using the FACSCalibur™ flow
cytometer (BD Biosciences) and data were analyzed using BD
Accuri™ C6 (BD Biosciences). The experiments were independently repeated 3 times.
Western blot analysis. Following cisplatin treatment for 24 h,
the cells were harvested and total proteins were obtained
using RIPA lysis buffer (Beyotime Institute of Biotechnology).
Protein concentration was subsequently determined using
the BCA method (Beyotime Institute of Biotechnology). The
proteins (30 µg/lane) were separated using 10% SDS‑PAGE
gel and subsequently transferred to PVDF membranes (EDM
Millipore). Following blocking with 5% milk for 2 h at
room temperature, the membranes were incubated overnight
at 4˚C with the following primary antibodies: Anti‑Bcl‑2
(1:1,000; cat. no. 3498; Cell Signaling Technology, Inc.),
anti‑Bax (1:1,000; cat. no. 5023; Cell Signaling Technology,
Inc.), anti‑caspase‑3 (1:500; cat. no. 14220; Cell Signaling
Technology, Inc.), anti‑cleaved‑caspase‑3 (1:500; cat. no. 9579;
Cell Signaling Technology, Inc.) and GAPDH (1:2,000; cat.
no. MAB374; EMD Millipore; Merck KGaA). The membranes
were then incubated with the corresponding horseradish
peroxidase‑conjugated secondary antibodies mouse anti‑rabbit
(1:10,000; cat. no. sc‑2357; Santa Cruz Biotechnology,
Inc.), rabbit anti‑mouse (1:10,000; cat. no. sc‑358914; Santa
Cruz Biotechnology, Inc.) at room temperature for an
additional 2 h, and protein expression was detected using
an ECL detection reagent (EMD Millipore; Merck KGaA).
Protein levels were normalized to that of GAPDH and the
experiments were performed in triplicate. Quantification was
carried out using ImageJ software (version 1.43; National
Institutes of Health).
Statistical analysis. SPSS 17.0 software was used to conduct
all statistical analyses (SPSS, Inc). The data are presented as
the mean ± standard error of the mean and each experiment
was repeated ≥3 times. The data were analyzed using the
Students t‑test or one‑way analysis of variance followed by
Dunnett's post‑hoc test or Tukey's test. P<0.05 was considered
to indicate a statistically significant difference.
Results
Expression level of LINC00152 is upregulated in epithelial
ovarian cancer cells. In the present study, the level of
LINC00152 expression was detected in COC1 and COC1/DDP
ovarian cancer cell lines, and in normal ovarian cells (IOSE‑80).
As demonstrated in Fig. 1A, LINC00152 expression level was
significantly increased in the ovarian cancer cells compared
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Figure 1. Expression level of LINC00152 is upregulated in ovarian cancer cells. (A) RT‑qPCR was used to detect the expression level of LINC00152 in
IOSE‑80, COC1 and COC1/DDP cell lines. (B and C) siRNA (si‑1‑LINC00152 and si‑2‑LINC00152) and the negative control (si‑NC) were transfected into
(B) COC1 and (C) COC1/DDP cells. At 48 h post‑transfection, LINC00152 expression levels were detected using RT‑qPCR. *P<0.05, **P<0.01 and ***P<0.001
vs. IOSE‑80 or si‑NC. RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; siRNA, small interfering RNA; NC, negative control.

Figure 2. Effect of LINC00152 knockdown on cisplatin sensitivity. (A) At 24 h post‑transfection with si‑1‑LINC00152 or si‑NC, COC1 cells were treated with
0, 1, 2, 4, 8, 16 or 32 µg/ml cisplatin for a further 24 h, and cell viability was assessed using the CCK‑8 assay. (B) At 24 h post‑transfection with si‑1‑LINC00152
or si‑NC, COC1/DDP cells were treated with 0, 4, 8, 16, 32, 64 or 128 µg/ml cisplatin for a further 24 h, and viability was assessed using the CCK‑8 assay.
*
P<0.05, **P<0.01 and ***P<0.001 vs. si‑NC. CCK‑8, Cell Counting Kit‑8; si, small interfering RNA; NC, negative control.

with the normal ovarian cells. Furthermore, LINC00152
expression levels in COC1/DDP cisplatin‑resistant cells were
markedly increased compared with the cisplatin‑sensitive
COC1 cells (Fig. 1A). To further investigate the role of
LINC00152 in ovarian cancer cells, siRNAs (si‑1‑LINC00152
and si‑2‑LINC00152) and the negative control (si‑NC) were
transfected into COC1 and COC1/DDP cells. Transfection
efficiency was detected using RT‑qPCR 48 h post‑transfection. The results demonstrated that the inhibitory effect of
si‑1‑LINC00152 on LINC00152 expression level was improved
compared with that of si‑2‑LINC00152 in the COC1 (Fig. 1B)
and COC1/DDP cells (Fig. 1C).
LINC00152 knockdown enhances the sensitivity of ovarian
cancer cells to cisplatin. To additionally investigate the effects
of LINC00152 knockdown on cisplatin resistance, LINC00152
knockdown cells were treated with a concentration gradient
of cisplatin, and the levels of proliferation were assessed
using the CCK‑8 assay 24 h after treatment. As indicated in
the Fig. 2, the viability of si‑1‑LINC00152‑transfected COC1
cells was significantly decreased compared with that of the
si‑NC‑transfected COC1 cells. A similar effect was observed
in COC1/DDP cells. At a cisplatin concentration of 4 or

32 µg/ml, the viability of COC1 and COC1/DDP cells was
close to 50%, respectively (Fig. 2), and these 2 concentrations
were subsequently selected for subsequent investigation.
LINC00152‑silencing promotes apoptosis in cisplatin‑treated
COC1 and COC1/DDP cells. To investigate the underlying
mechanism of the LINC00152 knockdown‑associated
increase in cisplatin sensitivity, flow cytometric analyses were
conducted to assess the rate of apoptosis in ovarian cancer
cells. The results demonstrated that the apoptotic rate was
significantly increased in the cisplatin‑treated COC1 and
COC1/DDP cells following LINC00152 knockdown (Fig. 3).
Notably, si‑1‑LINC00152 transfection alone had no significant
effect on the level of apoptosis in COC1 cells (Fig. 3A and B);
however, apoptosis was markedly promoted in the COC1/DDP
cells (Fig. 3C and D). Furthermore, the western blot analysis
results indicated that LINC00152 knockdown significantly
decreased Bcl‑2, and increased Bax and Cleaved caspase‑3
expression levels in the cisplatin‑treated (Fig. 4A) COC1 and
(Fig. 4B) COC1/DDP cells. Again, si‑1‑LINC00152 transfection alone had no significant effect on the expression levels of
these proteins in the COC1 cells (Fig. 4A), which was consistent with the results of the apoptosis assay.
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Figure 3. Effect of LINC00152 knockdown on apoptosis. At 24 h post‑transfection with si‑1‑LINC00152 or si‑NC, (A and B) COC1 and (C and D) COC1/DDP
cells were treated with 4 or 32 µg/ml cisplatin, respectively. After 24 h of cisplatin treatment, apoptosis was analyzed by flow cytometry. ***P<0.001 vs. si‑NC
(0 µg/ml cisplatin); ###P<0.001 vs. si‑1‑LINC00152 (4 or 32 µg/ml cisplatin); Δ P<0.05 and ΔΔΔ P<0.001 vs. si‑NC (4 or 32 µg/ml cisplatin). si, small interfering
RNA; NC, negative control; FITC, fluorescein isothiocyanate.

LINC00152 silencing downregulates the expression level
of MDR1, MRP1 and GSTπ in ovarian cancer cells. The
mRNA expression levels of MDR1, MRP1 and GSTπ were
detected using RT‑qPCR. LINC00152 silencing markedly
decreased the level of MDR1, MRP1 and GSTπ expression
in COC1 (Fig. 5A) and COC1/DDP (Fig. 5B) cells following
exposure to cisplatin. However, knockdown of LINC00152

alone did not affect mRNA expression levels in COC1 cells
(Fig. 5A).
Discussion
At present, the most common treatments for ovarian cancer are
surgery and chemotherapy. However, the level of drug resistance

4514

EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 4510-4516, 2019

Figure 4. Effect of LINC00152 knockdown on the expression of apoptosis‑associated proteins. si‑1‑LINC00152 or si‑NC‑transfected (A) COC1 and
(B) COC1/DDP cells were treated with 4 or 32 µg/ml cisplatin, respectively, for 24 h. Western blot analysis was used to determine Bcl‑2, Bax, and cleaved
caspase‑3 expression levels. **P<0.01 vs. si‑NC (0 µg/ml cisplatin); ##P<0.01 and ###P<0.001 vs. si‑1‑LINC00152 (4 or 32 µg/ml cisplatin); ΔΔΔ P<0.001 vs. si‑NC
(4 or 32 µg/ml cisplatin). si, small interfering RNA; NC, negative control.

Figure 5. Effect of LINC00152 knockdown on the expression of multidrug resistance‑associated genes. (A) COC1 and (B) COC1/DDP cells transfected with
si‑1‑LINC00152 or si‑NC were treated with 4 or 32 µg/ml cisplatin, respectively. At 24 h post‑cisplatin treatment, reverse transcription‑quantitative polymerase
chain reaction analysis was performed to determine the expression levels of MDR1, MRP1 and GSTπ mRNA. **P<0.01 vs. si‑NC (0 µg/ml cisplatin); ###P<0.001
vs. si‑1‑LINC00152 (4 or 32 µg/ml cisplatin); ΔΔ P<0.01 and ΔΔΔ P<0.001 vs. si‑NC (4 or 32 µg/ml cisplatin). si, small interfering RNA; NC, negative control;
MDR1, multidrug resistance‑associated gene 1; MRP1, multidrug resistance‑associated protein 1; GSTπ, glutathione S‑transferase π.
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in cancer cells has a clear effect on patient prognosis (6,17,18).
Accumulating evidence has suggested that numerous lncRNAs
are involved in the occurrence and development of ovarian
cancer (19‑21), and that they may considerably affect drug
resistance (22). Xu et al (23) indicated that lncRNA EIBC was
highly expressed in ovarian cancer tissues, and that the upregulation of EIBC promoted tumor growth and improved cisplatin
resistance via inhibiting the Wnt/β‑catenin signaling pathway.
Wang et al (24) demonstrated that the downregulation of Hox
transcript antisense intergenic RNA significantly decreased the
levels of cell proliferation and invasion, and reversed cisplatin
resistance in SKOV‑3CDDP/R cells. In addition, Zhang et al (25)
indicated that Linc00312 promoted apoptosis and enhanced
cisplatin sensitivity through the Bcl‑2/Caspase‑3 pathway in
SKOV3/DDP cells. These studies indicated that lncRNAs have
great potential in the treatment of cisplatin resistance. Another
previous study suggested that LINC00152 confers oxaliplatin
resistance by regulating the expression of miR‑193a‑3p, and that
it may be an independent prognostic factor for colon cancer (26).
Notably, a recent study by Chen et al (12) demonstrated that
LINC00152 was upregulated in ovarian cancer tissues and cell
lines, and that LINC00152 knockdown promoted apoptosis
and inhibited tumor growth, suggesting a pro‑cancer effect of
LINC00152. To the best of our knowledge, in the present study,
the sensitization effect of LINC00152 on cisplatin was evaluated
for the first time in ovarian cancer cells. The results indicated
that the expression level of LINC00152 was markedly increased
in the COC1/DDP cisplatin‑resistant cells compared with the
cisplatin‑sensitive COC1 and normal ovarian cells, concluding
that LINC00152 knockdown enhanced cisplatin sensitivity in
both COC1 and COC1/DDP cells.
Previous studies have revealed that the expression of multidrug resistance genes is closely associated with lncRNAs in
tumors (22,27); silencing of lncRNA metastasis‑associated
lung adenocarcinoma transcript decreased MDR1, MRP5 and
prolow‑density lipoprotein receptor‑related protein 1 (LRP1)
expression levels and reversed temozolomide resistance in
glioblastoma cells (28). Additionally, downregulation of
lncRNA X‑inactive specific transcript inhibited GSTπ expression, promoted apoptosis and increased the sensitivity of
colorectal cancer cells to doxorubicin (29). The present study
suggested that LINC00152 silencing promoted apoptosis and
downregulated the levels of MDR1, MRP1 and GSTπ expression in cisplatin‑treated COC1 and COC1/DDP cells.
Notably, it was also identified that LINC00152 knockdown
alone had no significant effect on apoptosis and the expression of drug resistance‑associated genes (MDR1, MRP1 and
GSTπ) in COC1 cells. Contrastingly, the data from the study
by Chen et al (12) demonstrated that LINC00152 silencing
significantly promoted apoptosis in the ovarian cancer
SKOV3 and A2780 cell lines. This result is inconsistent with
ours, potentially due to the selection of different cell lines.
However, subsequent results from the present study indicated
that LINC00152 knockdown markedly enhanced apoptosis in
COC1/DDP cells with or without cisplatin treatment. Therefore,
it was hypothesized that LINC00152 may serve a prominent
role in the formation of cisplatin resistance in COC1 cells, and
the acquisition of additional functions involved in this process.
There were certain limitations to the present study. Firstly,
only the effect of LINC00152 silencing on the cisplatin resistance
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of COC1 and COC1/DDP cells was investigated; whether the
overexpression of LINC00152 has an effect on ovarian cancer
was not explored. In addition, only COC1 and COC1/DDP cells
were used. Whether LINC00152 serves a role in other ovarian
cancer cell lines is unknown. Future studies involving other cell
lines and an animal model are required to confirm the results.
In conclusion, the present study revealed that the altered
expression of LINC00152 may be associated with the
cisplatin‑resistance mechanisms of ovarian cancer cells.
Knockdown of LINC00152 improved the chemosensitivity of
epithelial ovarian cancer cells to cisplatin by increasing apoptosis and decreasing the expression levels of MDR1, MRP1
and GSTπ. Although future experiments are required for
confirmation, the upregulation of LINC00152 may be involved
in the formation of cisplatin resistance in COC1/DDP cells.
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