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Abstract. Dicer is an essential enzyme that processes micro 
(mi)‑RNA precursors into mature miRNAs, and serves a critical 
role in cancer development and progression by regulating gene 
expression. However, the role of Dicer in cisplatin‑mediated 
apoptosis and chemotherapy resistance in epithelial ovarian 
cancer (EOC) cells is poorly understood. In the present study, 
Dicer was expressed at low levels in cisplatin‑resistant A2780 
cells when compared with parental cells. In addition, knocking 
down Dicer using short hairpin RNA decreased the sensitivity 
of A2780 and CAOV3 cells to cisplatin. Furthermore, 
downregulating Dicer significantly inhibited cisplatin‑induced 
apoptosis in ovarian cancer cells, and decreased the levels of 
proteins involved in apoptosis signaling pathways, including 
P73, P63, P53, caspase‑9 and caspase‑3. These findings 
indicated that Dicer may be a promising target for overcoming 
drug resistance in ovarian cancer.

Introduction

Ovarian cancer is the most lethal malignant gynecologic 
cancer  (1). More than 70% of ovarian cancer patients are 
diagnosed at an advanced stage due to a lack of early‑stage 
symptoms, and the overall 5‑year survival rates are less 
than 30% (2). Even after receiving primary cytoreductive 
surgery and platinum‑based chemotherapy, 60‑70% of EOC 
patients eventually undergo relapse, which is largely due to 

chemotherapy resistance. Unfortunately, the specific mecha-
nism of chemoresistance remains unclear.

Dicer belongs to the RNase III family of enzymes whose 
function is central to the processing of miRNA precursors into 
mature miRNAs in the cytoplasm (3). Dicer directly affects the 
levels and activity of miRNAs (4). Numerous recent studies 
have revealed the importance of Dicer in cancer development, 
chemoresistance and progression, but its expression levels 
are not consistent in different types of tumors. There are 
tissue‑specific effects associated with the aberrant expression 
of Dicer (5). Recent research has shown that Dicer is associated 
with chemoresistance in colon cancer cells (6), breast cancer (7) 
and lung cancer cells (8). In ovarian cancer, it was reported 
that the deletion of Dicer could promote epithelial ovarian 
cancer (EOC) progression by increasing PDIA3 expression 
levels (9). In addition, several studies indicated that low levels of 
Dicer expression were significantly associated with high‑grade 
histologic features and poor responses to chemotherapy (10,11). 
Although these findings support the hypothesis that Dicer plays 
an essential role in ovarian cancer chemoresistance, the under-
lying molecular mechanism is unclear.

Therefore, in the present study, we aimed to demonstrate 
whether downregulating Dicer can mediate cell apoptosis and 
regulate cisplatin resistance in ovarian cancer cells in vitro.

Materials and methods

Cell lines and culture conditions. The human EOC cell lines 
A2780 and CAOV3 were purchased from the China Center for 
Type Culture Collection (CCTCC, Wuhan University, China). 
A cisplatin‑resistant subline (A2780/DDP) was generated and 
maintained by our laboratory (12). Cisplatin was purchased 
from Shandong Qilu Pharmaceutical Factory. All cell lines 
were cultured in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) with 10% fetal calf 
serum (FCS; Gibco; Thermo Fisher Scientific, Inc.). Cells were 
maintained in a 37˚C humidified incubator with an atmosphere 
of 5% CO2. A2780/DDP cells were cultured without cisplatin 
for more than 1 month prior to use in this study to exclude 
stress reactions mediated by drug treatment.
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Dicer shRNA stable transfection. The Dicer‑shRNA and 
control‑shRNA vectors were purchased from Shanghai 
GenePharma (Shanghai, China). The target sequence for 
Dicer‑shRNA was 5'‑GCC​AAG​GAA​ATC​AGC​TAA​ATT‑3'. 
A2780 and CAOV3 cells were seeded in a six‑well plate at 
a concentration of 5x105  cells per well. Transfection was 
performed via lentivirus infection according to the manufac-
turer's instructions. Then, the cells were selected by 2 µg/ml 
puromycin until resistant cell colonies were obtained. The 
stably transfected cells were harvested 48 h after transfec-
tion and used for further assays. To verify the knockdown 
efficiency, mRNA and protein levels in the stably transfected 
cells were analyzed by reverse transcription‑quantitative poly-
merase chain reaction (RT‑qPCR) and western blot assays.

RT‑qPCR. Total RNA was extracted from the cell lines using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and 
cDNA was synthesized using an RT kit (Toyobo Life Science, 
Osaka, Japan) according to the manufacturer's protocol. Dicer 
and β‑actin were measured by a SYBR Green (Takara Bio, 
Inc., Otsu, Japan) qPCR assay. The sequences of the Dicer 
primers were as follows: Upstream, 5'‑GTG​GTT​CGT​TTT​
GAT​TTG​CCC‑3' and downstream, 5'‑CGT​GTT​GAT​TGT​
GAC​TCG​TGGA‑3' (NM_001195573.1). β‑actin was used for 
normalization, and the primer sequences were as follows: 
Upstream, 5'‑GCC​AAC​ACA​GTG​CTG​TCT​GG‑3' and down-
stream, 5'‑GCT​CAG​GAG​GAG​CAA​TGA​TCT​TG‑3'. Dicer 
was amplified under the following qPCR reaction conditions: 
Initial denaturation at 95˚C for 1 min, followed by 40 cycles 
of denaturation at 95˚C for 15 sec, and annealing at 62˚C for 
1 min. All reactions were run on an Applied Biosystems 7500 
Real‑time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The 2‑ΔΔCq method was used to calculate rela-
tive changes in gene expression (13).

Western blotting. Cellular proteins were lysed in NP40 Cell Lysis 
Buffer (Beyotime Institute of Biotechnology, Haimen, China) 
containing 1 mM protease inhibitor cocktail (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) at 4˚C for 30 min. The 
protein concentrations were determined using the bicincho-
ninic acid (BCA) method. Fifty micrograms of total protein 
from each sample was resolved by 8% (Dicer) or 10% (P53, 
P63, P73, caspase‑9 and caspase‑3) SDS‑PAGE and then was 
transferred onto polyvinylidene difluoride (PVDF) membranes 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Membranes 
were incubated with mouse anti‑Dicer (1:500 dilution; Abcam, 
Cambridge, MA, USA), rabbit anti‑P53 (1:1,000 dilution; Cell 
Signaling Technology, Inc., Danvers, MA, USA), rabbit anti‑P63 
(1:500 dilution; Abcam), rabbit anti‑P73 (1:500 dilution; 
Abcam), rabbit anti‑caspase‑9 (1:1,000 dilution; Cell Signaling 
Technology, Inc.), rabbit anti‑caspase‑3 (1:2,000 dilution; Cell 
Signaling Technology, Inc.), rabbit anti‑P21 (1:1,000 dilu-
tion; Cell Signaling Technology, Inc.) and mouse anti‑β‑actin 
(1:5,000 dilution; Wuhan Boster Biological Technology, Ltd., 
Wuhan, China). β‑Actin was used as a loading control. The 
primary antibodies were detected using HRP‑conjugated 
secondary antibody (1:5,000 dilution; Wuhan Boster Biological 
Technology, Ltd.). The final immunoblots were detected by 
using an enhanced chemiluminescence system (Pierce; Thermo 
Fisher Scientific, Inc.). Protein bands were quantitated after 

scanning using Quantity One software (Bio-Rad Laboratories, 
Inc.).

MTT assays. Chemoresistance to cisplatin was assessed 
using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assays. Briefly, cells were plated in triplicate 
in a 96‑well plate at a density of 5000 cells/well. Cells were 
treated with cisplatin at various concentrations ranging from 
2.5 to 100 µM for an additional 48 h. After that, 20 µl of MTT 
(Sigma‑Aldrich; Merck KGaA) at a final concentration of 
0.5 mg/ml was added to each well and incubated at 37˚C for 
6 h. Then, the cells were dissolved in 100 µl of DMSO by incu-
bating overnight at 37˚C. The absorbance at a wavelength of 
570 nm was measured using an iMark microplate reader (serial 
no. 10601; Bio-Rad Laboratories, Inc.). The percentage of cell 
survival at each dose was calculated as the absorbance ratio of 
treated to untreated cells. The 50% inhibitory concentration 
(IC50) values were calculated by linear interpolation. The data 
shown are representative of three independent experiments.

Hoechst 33342 staining. Cells were plated in triplicate in a 
six‑well plate at a density of 1x105 cells/well and incubated for 
24 h. After that, A2780 cells were treated with 40 µM cisplatin, 
and CAOV3 cells were treated with 30 µM cisplatin. After a 48 h 
incubation at 37˚C, the cells were fixed in 4% paraformaldehyde 
for 10 min at room temperature. Finally, 1 µg/ml Hoechst 33342 
(Invitrogen; Thermo Fisher Scientific, Inc.) was added for 5 min. 
Then, images of the six‑well plates mounted with emission fluo-
rescence were acquired with a fluorescence microscope (model 
IX70; Olympus Corporation, Tokyo, Japan) and Image‑Pro Plus 
software (Media Cybernetics, Inc., Rockville, MD, USA). The 
Hoechst reagent was taken up by nuclei, and the nuclei of apop-
totic cells exhibited bright blue fluorescence. Each experiment 
was repeated separately three times.

Flow cytometric assays. Cells were plated in triplicate in a 
six‑well plate at a density of 1x105 cells/well and incubated 
for 24 h. After that, A2780 cells were treated with 40 µM 
cisplatin, and CAOV3 cells were treated with 30 µM cisplatin. 
After a 48 h incubation at 37˚C, the cells were harvested, 
trypsinized and washed with cold PBS. Subsequently, the 
cells were stained with APC Annexin V and propidium iodide 
(cat. no. 640932; BioLegend, Inc., San Diego, CA, USA). The 
stained cells were immediately analyzed by an LSR flow 
cytometer (BD Biosciences, Franklin Lakes, NJ, USA), and 
the data were analyzed using ModFit LT software (Verity 
Software House, Inc., Topsham, ME, USA).

Statistical analysis. Data are presented as the mean ± standard 
deviation (n≥3). Statistical comparisons between groups 
were estimated by two‑tailed Student's t‑tests or one‑way 
analysis of variance followed by Dunnett's post hoc test. Data 
analyses were carried out using the SPSS v.13.0 statistical 
software package (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Dicer expression levels are decreased in cisplatin‑resistant 
ovarian cancer cells. To investigate whether the expression 
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of Dicer is affected by cisplatin, we treated A2780 cells with 
20 µM cisplatin for different periods of time. Western blot 
analyses showed that the protein expression levels of Dicer 
were dramatically decreased after cisplatin treatment for 
12 and 24 h (Fig. 1A). To identify the role of Dicer in cisplatin 
resistance, first, the cisplatin sensitivities of parental A2780 
cells and A2780/DDP were assessed using MTT assays. As 
demonstrated in Fig. 1B, the A2780/DDP cells dose‑survival 
curve was shifted to the right, and the cells became more resis-
tant to cisplatin. The cisplatin IC50 value for the A2780/DDP 
cells was 3.38‑fold higher than that of A2780 cells (49.31 vs. 
14.61 µM; P<0.001; Fig. 1C). Then, the expression of Dicer in 
A2780 and A2780/DDP cells was analyzed by RT‑qPCR and 
western blot assays. The results showed that Dicer mRNA and 
protein levels were significantly lower in A2780/DDP cells 
than in parental A2780 cells (Fig. 1D and E).

Dicer knockdown increases cisplatin resistance in ovarian 
cancer cells. To study the effects of Dicer knockdown on 
cisplatin sensitivity, first, A2780 and CAOV3 cells were 
transfected with a shRNA plasmid against Dicer (shDicer) 
or a scrambled control plasmid (shNC). Compared with 
those in the shNC cells, Dicer mRNA levels were decreased 
by 77.3 and 73.09% in A2780/shDicer and CAOV3/shDicer 
cells, respectively (P<0.01; Fig. 2A). Similarly, western blot 
analyses confirmed Dicer knockdown after shDicer trans-
fection (Fig. 2B). Then, the sensitivities of parental control, 
shNC and shDicer cells to cisplatin were assessed by MTT 
assays. The results showed that the dose‑survival curves in the 
A2780/shDicer and CAOV3/shDicer cells were shifted to the 
right, and the cells became more resistant to cisplatin than the 
shNC cells (Fig. 2C and D). In addition, compared with those 

of the corresponding shNC cells, the IC50 values for cisplatin 
were increased by 2.37‑ and 1.68‑fold in the A2780/shDicer 
(14.42 vs. 34.2 µM; P<0.001, Fig. 2D) and CAOV3/shDicer 
cells (20.34 vs. 34.2 µM; P<0.001, Fig. 3D), respectively.

Dicer knockdown inhibits cisplatin‑induced cell apoptosis in 
ovarian cancer cells. Cisplatin is primarily believed to kill caner 
cells by inducing cell apoptosis. To explore the effects of Dicer 
on cisplatin‑induced cancer cell apoptosis, A2780 and CAOV3 
cells were treated with cisplatin for 48 h at concentrations of 40 
and 30 µM, respectively, and Hoechst 33342 staining was then 
performed. According to fluorescence microscopy images, the 
shDicer cells had significantly less nuclear fragmentation than 
the parental control cells and the shNC cells in both A2780 
((5.22±0.41), (13.14±0.84) and (13.33±0.69)% apoptosis rates 
for shDicer, parental control and shNC cells, respectively, 
P<0.001) and CAOV3 cells ( (5.14±0.46), (12.17±0.79) and 
(12.39±0.73)% apoptosis rates for shDicer, parental control and 
shNC cells, respectively, P<0.001; Fig. 3A and B). Consistently, 
Annexin V/propidium iodide dual staining followed by flow 
cytometric analyses showed that compared with the shNC 
cells, the proportion of apoptotic shDicer cells was decreased 
by 1.88‑, 3.11‑ and 6.95‑fold in A2780 cells after treatment 
with cisplatin at concentrations of 0, 20 and 40 µM, respec-
tively (Fig. 3C and D); the proportion of apoptotic shDicer 
cells was decreased by 2.26‑, 4.27‑ and 10.17‑fold in CAOV3 
cells after treatment with cisplatin at concentrations of 0, 15 
and 30 µM, respectively (Fig. 3C and E).

Dicer knockdown decreases apoptosis‑related protein 
expression levels. To investigate whether Dicer affects the 
expression of apoptosis‑related proteins in cancer cells 

Figure 1. Dicer expression levels are decreased in A2780/DDP cells. (A) Western blots presenting the Dicer protein levels in A2780 cells following treatment 
with 20 µM cisplatin for 0, 12 and 24 h. (B) Cell survival following cisplatin treatment was significantly higher in A2780/DDP cells when compared with 
A2780 cells, as determined by MTT assays. (C) The cisplatin IC50 was significantly increased in A2780/DDP cells when compared with that in A2780 cells 
following the MTT assays. (D) The relative level of Dicer mRNA was decreased in A2780/DDP cells when compared with A2780 cells, as determined by 
reverse transcription‑quantitative polymerase chain reaction. Dicer expression was normalized to β‑actin. (E) Dicer protein expression was downregulated in 
A2780/DDP cells when compared with A2780 cells according to western blot analyses. *P<0.05, **P<0.01 and ***P<0.001, vs. A2780/as indicated.



WANG et al:  DICER AFFECTS CISPLATIN-MEDIATED APOPTOSIS IN EOC CELLS4384

exposed to cisplatin, P73, P63, P53, cleaved caspase‑9, cleaved 
caspase‑3 levels and P21 were measured in ovarian cancer 
cells that were treated with cisplatin for 48 h. The treatment 
concentrations of cisplatin were 0, 20 and 40 µM for A2780 
cells and 0, 15 and 30 µM for CAOV3 cells. Western blot 
analyses showed that the cisplatin‑mediated increases in the 
expression levels of P73, P63, P53, P21, cleaved caspase‑9 
and cleaved caspase‑3 were concentration‑dependent in both 
shNC and shDicer cells; however, these expression levels 
were generally lower in the shDicer cells, especially the active 
fragments of caspase‑9 and caspase‑3 (Fig. 4).

Discussion

In the present study, we showed that decreased Dicer expres-
sion levels contributed to cisplatin resistance in ovarian cancer 

cells. Our results indicate that Dicer knockdown could protect 
ovarian cancer cells from cisplatin‑induced apoptosis by 
decreasing the expression levels of proteins involved in apop-
tosis signaling pathways, including P73, P63, P53, caspase‑9 
and caspase‑3. These findings provide novel insight into the 
mechanism of chemoresistance in ovarian cancer.

In our study, we found a dramatic decrease in Dicer protein 
level 1 h after cisplatin treatment. Previous study reported 
that cisplatin‑induced proteasome degradation cause rapid 
down‑regulation of hCTR1 (human copper transporter 1) expres-
sion in human ovarian carcinoma cells (14). In addition, another 
research indicated that cisplatin could induce EGFR phosphory-
lation and subsequent ubiquitination and degradation in head and 
neck cancer (15). Whether the instant downregulation of Dicer 
after exposure to cisplatin is caused by cisplatin‑induced protein 
degradation or not need to be further explored.

Figure 2. Dicer knockdown increases cisplatin resistance in ovarian cancer cells. (A) The expression levels of Dicer mRNA and (B) protein in A2780 
and CAOV3 cells treated with Dicer‑targeted shRNA (shDicer) or scrambled shRNA (shNC) and in parental control cells was determined by reverse 
transcription‑quantitative polymerase chain reaction and western blot analyses, respectively. **P<0.01, as indicated. The relative viability of (C) A2780/shDicer 
vs. A2780/shNC and that of (D) CAOV3/shDicer vs. CAOV3/shNC were measured by MTT assays after treating cells with the indicated concentrations of 
cisplatin. (E and F) The IC50 for cisplatin in the ovarian cancer cell lines, (E) A2780 and (F) CAOV3 are shown. ***P<0.001, as indicated. IC50, half‑maximal 
inhibitory concentration; shRNA, short hairpin RNA; NC, negative control.
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A previous study revealed that reduced expression levels of 
Dicer in ovarian cancer were associated with increased tumor 
cell proliferation, enhanced migration ability and increased 
cisplatin resistance (11). In our previous study, we found that 
downregulation of Dicer could promote proliferation, colony 
formation, and migration ability of A2780, CAOV3, and 
SKOV3 ovarian cancer cells. Besides, proteomic profiling 
assay showed that Dicer knockdown promoted ovarian cancer 
progression by elevating PDIA3 expression  (9). Our study 
further revealed that the downregulation of Dicer could 
increase cisplatin resistance in ovarian cancer cells through 
inhibiting cisplatin‑induced apoptosis and decreasing the 
levels of cleaved caspase‑3 and caspase‑9. Similarly, several 

recent reports have proven that decreased Dicer levels play an 
important role in drug resistance in different cancer types. In 
cervical cancer, a study showed that EZH2 inhibition could 
effectively increase the cisplatin sensitivity of HeLa/DDP 
cells by upregulating Dicer expression (16). In addition, the 
knockdown of Dicer resulted in resistance to 5‑FU‑based 
chemoradiotherapy and a poor prognosis in patients with oral 
squamous cell carcinoma (17). In addition, the upregulation 
of miR‑18a decreased Dicer expression levels and conferred 
paclitaxel resistance in triple‑negative breast cancer (7). These 
findings are consistent with our results. However, some studies 
have obtained the opposite results regarding the relationship 
between Dicer expression and drug resistance. In breast 

Figure 3. Dicer knockdown inhibits cisplatin‑induced cell apoptosis in ovarian cancer cells. (A) Representative fluorescence images of A2780 and CAOV3 
parental control, shNC and shDicer cells stained with Hoechst 33342 (blue) following cisplatin treatment. The yellow arrows indicate apoptotic cells with 
nuclear fragmentation. Scale bars, 50 µm. (B) The percentages of apoptotic cells were quantified by immunofluorescence analyses. (C) Apoptotic parental 
control, shNC and shDicer cells of the A2780 and CAOV3 cell lines were assessed using flow cytometry with Annexin V and PI double staining following 
cisplatin treatment. (D and E) The percentages of apoptotic (D) A2780 and (E) CAOV3 cells were quantified by flow cytometric analyses. Data are presented 
as the mean ± standard deviation. *P<0.05 and ***P<0.001, as indicated. shRNA, short hairpin RNA; NC, negative control; PI, propidium iodide.



WANG et al:  DICER AFFECTS CISPLATIN-MEDIATED APOPTOSIS IN EOC CELLS4386

cancer, Bu et al reported that the suppression of Dicer could 
result in G1 arrest in MCF‑7 cells and increase their sensitivity 
to cisplatin (18). It has also been reported that downregulating 
Dicer could increase gefitinib sensitivity in human lung cancer 
cells  (8). These opposite results may be attributed to the 
complicated structure and function of Dicer.

Previous studies have demonstrated that Dicer might 
promote cell apoptosis through regulating apoptosis‑related 
genes (19,20). It is well‑known that P53 superfamily proteins 
including P53, P63 and P73 function in mediating apoptosis 
in the presence of many stress stimuli, including activation 
of oncogenes and DNA damage  (21,22). As is known, p53 
plays a central role in tumor suppression, while which is the 
most frequently mutated gene in human cancer, and over 
half of human cancers contain p53 mutations. Although the 
critical role of wild‑type p53 in tumor suppression has been 
firmly established, mounting evidence has demonstrated that 
many tumor‑associated mutant p53 proteins not only lose the 
tumor‑suppressive function of wild‑type p53 but also gain new 
activities to promote tumorigenesis independently of wild‑type 
p53, termed gain‑of‑function. Mutant p53 protein often accu-
mulates to very high levels in tumors, contributing to malignant 
progression (21). In addition, caspase‑9 and caspase‑3 can be 
activated in response to cisplatin‑induced apoptosis (23). Our 
findings indicate that the expression levels of proteins involved 
in apoptosis signaling pathways, including P73, P63, P53, 
caspase‑9 and caspase‑3, were decreased in ovarian cancer 
cells after Dicer knockdown. Therefore, our results indicate 
that Dicer might play a specific role in cisplatin‑induced apop-
tosis in ovarian cancer cells. Besides, we found that the p21 
protein expression was not affected by Dicer down‑regulation 

in A2780 and CAOV3 cells, while it was decreased under 
cisplatin treatment. The cisplatin induced reduction of P21 
was similar in the A2780 cells with or without Dicer depletion, 
but more intensive in the CAOV3 cells with Dicer depletion 
compared with control, which may be due to the presence of 
P53 mutations in CAOV3, but not in A2780 (24). Recently, it 
has been reported that tumor‑associated mutant p53 promoted 
cancer cell survival upon glutamine deprivation through 
p21 induction (25), which is consistent with our results. As 
is known, Dicer plays an important role in the maturation of 
miRNAs. Emerging evidence has indicated that low levels of 
some miRNAs are associated with drug resistance in cancer 
cells. For example, low miRNA‑107 and low miRNA‑204 were 
linked to chemo‑resistance in non‑small cell lung cancers and 
prostate cancers, respectively, because they target the mRNAs 
of antiapoptotic factors Bcl‑w and zinc‑finger E‑box‑binding 
homeobox 1 (ZEB1)  (26,27). These findings suggest the 
potential roles of microRNAs in regulating Dicer‑mediated 
chemotherapy responses in tumor cells. However, whether the 
role of Dicer in cisplatin resistance in ovarian cancer is medi-
ated by corresponding microRNAs needs to be further studied.

In summary, we found that low expression levels of Dicer can 
inhibit cisplatin‑induced apoptosis in ovarian cancer cells, which 
in turn resulted in resistance to cisplatin. However, the present 
study also has several limitations. First, Dicer upregulation in the 
cisplatin resistant ovarian cancer cells was not performed because 
of technical difficulty. Second, only one cisplatin‑resistant cell 
line was used. Third, the mechanisms through which Dicer regu-
lates cell apoptosis remain unclear. Given that Dicer functions 
as an enzyme that catalyzes miRNA maturation and that several 
miRNAs have been identified as regulators of cell apoptosis, 

Figure 4. Dicer knockdown decreases the expression levels of apoptosis‑associated proteins induced by cisplatin in ovarian cancer cells. Western blot analyses 
demonstrated that the expression levels of proteins involved in apoptosis signaling pathways, including P73, P63, P53, caspase‑9 and caspase‑3, were decreased 
in shDicer cells when compared with shNC cells following cisplatin treatment in the A2780 and CAOV3 cell lines. Western blot analyses also demonstrated 
that P21 protein expression was not affected by Dicer downregulation in A2780 and CAOV3 cells, while it was decreased following cisplatin treatment. The 
results were normalized to the expression of the reference protein β‑actin. shRNA, short hairpin RNA; NC, negative control.
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multiple miRNAs might be involved in Dicer‑mediated cisplatin 
resistance in ovarian cancer. Moreover, our results suggest that the 
upregulation of Dicer might be a promising strategy for treating 
recurrent, cisplatin‑resistant EOC.
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