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Abstract: Objective: The aim of this study is to investigate the sensitivity change and the preliminary mechanism of 
ovarian cancer cells on the resistant to chemotherapeutic drugs by inhibiting miR-23a expression. Methods: The 
ovarian cancer cell lines A2780 was administrated with antagomir-23a and platinum, and then the cell proliferation 
inhibition rate was determined by MTT assay. The cell cycle distribution was detected by flow cytometric analysis. 
The apoptotic morphological changes were analyzed by Hoechst33258 staining. The glycoprotein P-gp expression 
changes were detected by Western blot analysis. Results: The cell proliferation inhibition rate increased significantly 
after the administration of miR-23a and platinum (P<0.01). The middle concentration of drug efficacy IC50 in ex-
perimental group decreased by 83.76% compared with that in control group, which was 17.89 μmol/L vs 110.18 
μmol/L (P<0.01). The cell lines A2780 were arrested in G0/G1 phase and apoptosis rate kept increasing (P<0.05). 
The cell nuclei stained by Hoechst33258 were obviously enhanced and demonstrated apoptosis morphology, such 
as condense, pyknosis. Compared with control group, the levels of P-gp protein expression in experimental group 
decreased along with the increase of the cisplatin concentration (P<0.05). Conclusion: The inhibition of miR-23a 
expression could significantly increase the sensitivity of cisplatin towards tumor cells, and it was probably because 
the negative regulatory factors of miR-23a target genes was released, and as a result, the expression of P-gp protein 
was inhibited.
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Introduction

In recent years, more and more ovarian cancer 
patients produced resistance to platinum che-
motherapy, and the comprehensive curative 
effect was reduced. As a result, the five-year 
survival rate of ovarian cancer patients signifi-
cantly decreased [1]. It was an important 
research field in gynecologic oncology that the 
drug-resistance mechanism of ovarian cancer 
was discovered and the chemotherapy sensitiv-
ity of ovarian cancer was improved. The current 
discovery in the main drug-resistance mecha-
nisms were the decrease of topoisomerases 
II-α of ovarian cancer, which reduced the effect 
of DNA double strand breaking by chemothera-
peutic drugs [2]. Moreover, the levels of metallo-
thionein (MTN) and multidrug resistance-asso-
ciated protein (MRP) were up-regulated, which 
could protect the cell membrane from attack-
ing by cisplatin, as one of the common clinical 

drugs for the treatment of ovarian cancer [3]. 
Current researches focused on the abovemen-
tioned mechanisms of individual proteins, how-
ever, to clarify the drug-resistance mechanism 
of ovarian cancer, the precise mechanisms 
could not be illustrated depending on individual 
proteins. 

MicroRNA was a large family of short, non-cod-
ing RNA, which had a wide regulation function 
at gene post-transcription level [4]. The expres-
sion of MiR-23a was obviously up-regulated in 
the chemotherapy-resistant ovarian cancer cell 
lines [5]. This study aimed to investigate the 
variation of drug-resistance and the preliminary 
mechanism in order to clarify the cisplatin drug-
resistance mechanism of ovarian cancer, by 
reducing the level of MiR-23a in the cytoplasm 
of ovarian cancer cell lines A2780 with molecu-
lar biological methods. 

http://www.ijcem.com
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Materials and methods

Materials and main instruments

The cisplatin drug-resistance ovarian cancer 
cell lines A2780 were donated by Dr. CHEN 
Guo-qin, obstetrics and gynecology depart-
ment of the first affiliated hospital to Chongqin 
medical university. The antagomir-23a (miR-
23a inhibitor) and Lipofectamine 2000 were 
purchased from Gima Biotech Company, 
Shanghai China. RPMI1640 were purchased 
from Sijiqin biotech company, Hangzhou China. 
Calf serum was purchased from Gibco 
Company, USA. MTT, total protein extraction kit, 
ECL, and Heochst 33258 kit were purchased 
from Biyuntian Biotech Company, Jiangsu 
China. The murine anti-human P-gp monoclonal 
antibody, murine anti-human β-actin monoclo-
nal antibody, and rabbit anti-mouse IgG sec-
ondary antibody were purchased from Baoshen 
Biotech Company, Dalian China. The flow 
cytometry was purchased from Becton Di- 
ckinson Company, USA.

Cell culture and experimental group

A2780 cells were cultured in culture solution 
with 10% fetal calf serum, in the incubator of 
37°C and 5% CO2. After the cells grew to pave 
completely, the cells would go through diges-
tion, passage and inoculation. The cells were 
divided into control group and experimental 

gomir-23a with 5 pmol/hole, and Lipofecta- 
mine 2000 with 0.3 μL /hole in addition to 
cisplatin.

Each hole was routinely cultured for 48 h, and 
then added into 5 g/L×20 μL MTT solution to 
incubate for 4 h. The supernatant in each hole 
was abandoned, and each hole was added with 
150 μL DMSO. After agitation for 5-10 min, the 
plates were sent to enzyme-labelled meter, and 
the A490 was detect at the 490 nm wave. The 
growth inhibition rate and IC50 of each group 
were calculated with A490. 

Flow cytometry analysis

The administration of drug was same to the 
MTT test. The cells were inoculated in 6-well 
flat bottomed plates in both control group and 
experimental group. After 48 h incubation, the 
cells were washed by PBS and reserved with 
75% alcohol. Before the flow cytometry analy-
sis, the cells were washed by PBS again and 
mixed with 180 μL 1% RNA RNA polymerase. 
When incubation at 37°C for 30 min, the cells 
were added into 800 μL PI in 4°C refrigerator 
for 30 min, and then was measured by FACS.

Apoptosis morphology detection

The drug treatments were the same to the 
FACS, and the Hoechst33258 staining was 

Figure 1. The effect of antagomir-23a on the CPIR of A2780 cells exposed to 
different concentrations of cisplatin.

group. The cells of control 
group were incubated with 
cisplatin and the cells of 
experimental group were 
incubated with cisplatin and 
antagomir-23a.

MTT test

The cisplatin-resistant cell 
line A2780 cells paused at 
the logarithmic growth phase 
were inoculated into 96-well 
flat bottomed plates at a con-
centration of 3×103 cells/ml. 
The cells of control group 
were incubated with cisplatin 
and the final concentrations 
were 0, 20, 40, 60, 80, 100, 
and 120 μmol/L, respectively. 
Each cell mass with final con-
centration were set into three 
holes. The cells in experimen-
tal group were added anta- 
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used for apoptosis morphology detection. The 
cells were inoculated in 6-well flat bottomed 
plates in both control group and experimental 
group. After 48 h incubation, the cells were 
washed by PBS, fixed by 4% methanol and 
added with Hoechst33258 staining. After stain-
ing 3-5 min in dark room, the cells were 
observed under fluorescence microscope. The 
nuclei morphology of the apoptotic cells dem-
onstrated the tight and hyperchromatic, or frag-
mental block structure.

Western blot detection

After 48 h incubation, the culture solutions of 
two groups’ cells were abandoned. The protein 
quantification of two groups’ cells was following 
the instructions of protein quantification kit. 
The two groups’ cells were carried by Western 
blot detection. The first step was SDS-PAGE 
electrophoresis, transmembrane and seal. The 
system was added into primary antibody 
(murine anti-human P-gp monoclonal antibody, 
murine anti-human β-actin monoclonal anti-
body) at 4°C and for 12 h and then secondary 
antibody at  37°C and for 1 h. Finally, the sys-
tem was sent to luminescence imaging system 
for imaging. The imaging was analyzed by 
Quantity One analysis software.

Statistical analysis

The data was analyzed by SPSS17.0 software. 
Continuous variables were reported as mean ± 
standard deviation (SD), and compared using 
Student’s t-test. Categorical variables were 
compared with Chi-square test. A p-value of 
less than 0.05 was considered as statistically 
significance. 

Results

The effect of antagomir-23a on the cell prolif-
eration inhibition rate (CPIR) of drug-resistance 
A2780 cell lines exposed to cisplatin 

Compared with control group, the CPIR of 
experimental group was obviously higher 
(P<0.05) in MTT test. The effect was dose-
dependent of cisplatin (Figure 1). The IC50 of 
control group was 110.18 μmol/L. The IC50 of 
experimental group was 17.89 μmol/L, less 
than control group by 83.76%. 

The effect of antagomir-23a on the cell gen-
eration cycle and apoptosis rate of drug-resis-
tance A2780 cell lines exposed to cisplatin

Compared with control group, the cells number 
of A2780 cell lines at phase S in experimental 

Table 1. The effect of antagomir-23a on the cell cycle distribution and apoptosis rate of A2780 cells 
exposed to cisplatin

Group
Cell cycle distribution and apoptosis rate (%)

Cisplatin 
inhibition G0/G1phase S phase G2/M phase apoptosis rate

Control group 0 0 46.15 ± 1.25 39.96 ± 1.76 13.89 ± 0.85 1.22 ± 0.14
20 0 44.61 ± 2.36 40.42 ± 2.05 14.97 ± 0.91 2.10 ± 0.09
40 0 48.97 ± 1.96 41.20 ± 1.33 9.83 ± 0.53 1.56 ± 0.27
60 0 52.14 ± 1.52 38.58 ± 1.94 9.28 ± 0.61 3.69 ± 0.53
80 0 55.53 ± 1.16 31.37 ± 2.14 13.10 ± 0.82 4.52 ± 0.46

100 0 60.08 ± 2.37 27.51 ± 1.30 12.41 ± 0.13 7.04 ± 0.69
120 0 64.91 ± 1.80 23.08 ± 2.22 12.01 ± 0.47 9.62 ± 0.85

Experimental group 0 0 49.02 ± 2.09 35.60 ± 3.15 15.38 ± 1.00 2.42 ± 0.24
20 5 57.53 ± 2.41 33.61 ± 1.62b 8.86 ± 0.72 3.19 ± 0.15
40 5 63.18 ± 3.91b 29.85 ± 1.51b 6.97 ± 0.29 9.13 ± 0.61b

60 5 69.61 ± 1.92b 23.10 ± 1.29b 7.29 ± 0.43 13.66 ± 1.02b

80 5 76.39 ± 3.17b 19.00 ± 1.10b 4.61 ± 0.66 20.63 ± 1.16b

100 5 85.06 ± 2.85b 7.15 ± 0.42b 7.79 ± 0.34 34.13 ± 2.34b

120 5 91.49 ± 2.33b 2.13 ± 0.19b 6.38 ± 0.59 51.17 ± 3.91b

Note: bP<0.05 mean the comparison of the same concentration between two groups. The concentration units of cisplatin and 
antagomir-23a were μmol/L and pmol respectively.
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group was obviously less, but the cells number 
of A2780 cell lines at G0/G1 phase was obvi-
ously more. The A2780 cell lines were inhibited 
at phase G0/G1. The cell apoptosis rate of 
experimental group was obviously higher than 
that of control group (Table 1).

The effect of antagomir-23a on the apoptosis 
morphology of drug-resistance A2780 cell 
lines exposed to cisplatin

Compared with control group, the A2780 cell 
lines in experimental group were treated by cis-
platin and antagomir-23a, and the cell nuclei 
stained by Hoechst33258 were obviously 
bright and demonstrated apoptosis morpholo-
gy, such as condense, pyknosis. The cell apop-
tosis rate of mean concentration (60 μmol/L 
cisplatin) in control group was 4.23%, and the 
apoptosis rate of mean concentration (60 
μmol/L cisplatin and 5 pmol/L antagomir-23a) 
in experimental group was 27.82% (P<0.05) 
(Figure 2).

among all concentrations of cisplatin (Figure 3; 
Table 2).

Discussion

The ovarian cancer was the highest mortality of 
gynecological malignancy, and the incidence 
was significantly increasing recently. With the 
rapid improvement of the gynecological surgi-
cal procedures, the current therapy was mainly 
the comprehensive treatment of cytoreductive 
surgery and chemotherapy for intermediate 
and late-stage ovarian cancer. Because cytore-
ductive surgery could not eradicate the ovarian 
cancer cell in vivo, the chemotherapy was the 
last defense line and closely correlated with the 
patients’ prognosis and 5-year survival rate  
[6]. In recent studies, the drug-resistance of 
chemotherapeutic agents of various kinds in 
tumor cells were confirmed, which led to poor 
therapeutic effect. Meanwhile, the adverse 
effect of chemotherapeutic agents could 
reduce the therapeutic effect of the compre-
hensive treatment. Therefore, the research of 

Figure 2. The effect of antagomir-23a on the morphology of apoptotic A2780 cells. A. Untreated. B. Treated with 60 
μmol/L cisplatin. C. Treated with 60 μmol/L cisplatin and 5 pmol/L antagomir-23a.

Figure 3. The effect of antagomir-23a on P-gp protein expression of A2780 
cells exposed to different concentrations of cisplatin.

The effect of antagomir-23a 
on P-gp protein expression to 
drug-resistance A2780 cell 
lines exposed to cisplatin

Compared with control group, 
the levels of P-gp protein 
expression in experimental 
group decreased along with 
the increase of the cisplatin 
concentration (P<0.05). How- 
ever, the levels of P-gp protein 
expression in control group 
was not obviously various 
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drug-resistance mechanisms of the ovarian 
cancer was crucial to improve the clinical thera-
peutic effect of ovarian cancer. This study 
proved that the inhibition of the cytoplasm 
expression of miR-23a of drug-resistance ovar-
ian cancer A2780 cell lines could increase the 
sensitivity of ovarian cancer A2780 cell lines to 
the cisplatin.

MicroRNA (miRNA), a single-stranded RNA mol-
ecule with length of 20-22 nucleotides, was 
confirmed to exist widely in cytoplasm. miRNA 
does not have the protein encode function, but 
it inhibits the transcription of target genes pro-
tein by combining controlled target genes 
mRNA3’-UTR sequence. Therefore, the regula-
tory function of the expression of target genes 
at post-transcriptional level was working. miR-
23a was one of MicroRNA family and has widely 
gene regulation function [7]. This study findings 
proved that the sensitivity of ovarian cancer 
A2780 cell lines to the cisplatin obviously 
increased after the inhibition of drug-resistance 
ovarian cancer A2780 cell lines. The IC50 of 
experimental group was 17.89 μmol/L, less 
than that of control group by 83.76%. This 
effect was cisplatin dose-dependent, which 
meant that the higher the concentration of cis-
platin was, the higher was the cell proliferation 
inhibition rate (CPIR). The FACS analysis also 
pointed out that the ovarian cancer A2780 cell 
lines were inhibited at non-proliferative G0/G1 
phase and cells at proliferative S phase obvi-
ously decreased by inhibition the expression of 
miR-23a and treatment with cisplatin. These 
changes could lead to increasing apoptosis 
rate. Meantime, the phenomenon of the 
increasing cell apoptosis was proved by mor-
phology, which was the condensing and pykno-
sis of cell nucleus with bright staining. The mor-
phology of cells treated by inhibited miR-23a 
and cisplatin changed significantly under the 
microscope, such as larger cell size, lower edge 
refractivity, different cell appearance liking 
“the rotten leaves” and conjugate division. 

In order to investigate the molecular mecha-
nism of the increase of A2780 cell sensitivity to 
the cisplatin by inhibiting the expression of miR-
23a, this study measured the change of P-gp 
protein expression by Western blot detection. 
The presented study found that the expression 
of P-gp in experimental group obviously 
decreased. The human P-gp was encoded by 
tumor multi-drug resistance gene 1 (MDR1) 
mapped to No. 7 human chromosome. The 
molecular weight of human P-gp was 170 kD 
and it was formed by two same molecular struc-
ture subunits. Each subunit included six trans-
membrane domains and one ATP-binding site 
[8]. The P-gp protein was located at cytomem-
brane. It could play a role as drug pump to 
excrete the chemotherapeutic agents out of 
the cells when it combined with ATP. Therefore, 
it could reduce the accumulation of chemother-
apeutic agents in order to avoid the cells injure. 
This resistance mechanism was also called as 
classic resistance mechanism [9]. The 
researcher reported that the miR-23a could 
combine the domain of RUNX3-3’UTR directly 
by the relative activity of luciferase analysis, so 
RUNX3-3’UTR gene was confirmed to be the 
regulatory target gene of miR-23a [10]. The 
Runx3 gene was one of anti-oncogenes and its 
tumor suppressor mechanism was correlated 
with TGF-β signal pathway. The TGF-β was a 
growth factor, which could inhibit the multiple 
development and physiological process [11, 
12]. When the Runx3 protein was combined to 
transcriptional repressor Sin3A, the silent gene 
MDR1 was expressed. At last, the expression of 
P-gp protein decreased. Because of highly 
expressed level of miR-23a in drug-resistance 
tumor cell, the effect of carcinostasis to Runx3 
gene was restricted.

Based on the presented results, we speculated 
the following conclusions: (1) The expression of 
miR-23a in drug-resistance ovarian cancer 
A2780 cell lines obviously increased; (2) The 
expression of Runx3 gene could be inhibited by 

Table 2. The effect of antagomir-23a on the P-gp protein expression of A2780 cells exposed to differ-
ent concentrations of cisplatin

group
Cisplatin concentration (μmol/L)

20 40 60 80 100 120
Control group 1.13 ± 0.02 0.95 ± 0.03 1.09 ± 0.02 0.87 ± 0.01 1.24 ± 0.04 1.21 ± 0.03
Experimental group 0.98 ± 0.01 0.94 ± 0.02 0.83 ± 0.03 0.51 ± 0.01b 0.34 ± 0.01b 0.23 ± 0.01b

Note: bP<0.05 mean the comparison of the same concentration between two groups. The concentration unit of cisplatin was 
μmol/L, and the antagomir-23a was pmol.
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the combination of miR-23a and Runx3 3’UTR 
domain, which restricted the effect of Runx3 
gene on the silence of MDR1 expression; (3) 
The expression of P-gp in drug-resistance 
tumor cell was obviously up-regulated, there-
fore the resistance mechanism was achieved 
by the classic resistance mechanism; (4) If the 
expression of miR-23a was inhibited, the regu-
latory effect decreased, and the expression 
level of Runx3 increased, and the silent effect 
of MDR1 expression by Runx3 improved. (5) 
The expression of P-gp decreased, so the clas-
sic resistance mechanism was also inhibited to 
various degrees, and then the sensitivity of cis-
platin to drug-resistance increased. We demon-
strate miR-23a had multiple-gene regulatory 
function, however the further studies should be 
performed to investigate the precise resistance 
mechanism.

Disclosure of conflict of interest

None.

Address correspondence to: Zhao-Lian Wei, 
Department of Obstetrics and Gynecology, The  
First Affiliated Hospital of Anhui Medical University, 
No. 218, Jixi Road, Hefei City, China. Tel: 
+8613865916162; Fax: 86-551-62923241; E-mail: 
weizhaolian_1@126.com

References

[1]	 Wenham RM, Lapolla J, Lin HY, Apte SM, 
Lancaster JM, Judson PL, Gonzalez-Bosquet J, 
Herschberger A, Havrilesky LJ and Secord AA. 
A phase II trial of docetaxel and bevacizumab 
in recurrent ovarian cancer within 12 months 
of prior platinum-based chemotherapy. 
Gynecol Oncol 2013; 130: 19-24.

[2]	 Wang C, Yan L, Wang Y, Lin B, Liu S, Li Q, Gao 
L, Zhang S and Iwamori M. Overexpression of 
Lewis(y) antigen protects ovarian cancer RMG-
1 cells from carboplatin-induced apoptosis by 
the upregulation of Topo-I and Topo-II beta. 
Anat Rec (Hoboken) 2011; 294: 961-969.

[3]	 Surowiak P, Materna V, Maciejczyk A, Pudelko 
M, Markwitz E, Spaczynski M, Dietel M, Zabel 
M and Lage H. Nuclear metallothionein expres-
sion correlates with cisplatin resistance of 
ovarian cancer cells and poor clinical outcome. 
Virchows Arch 2007; 450: 279-285.

[4]	 Sessa R and Hata A. Role of microRNAs in lung 
development and pulmonary diseases. Pulm 
Circ 2013; 3: 315-328.

[5]	 Chhabra R, Dubey R and Saini N. Cooperative 
and individualistic functions of the microRNAs 
in the miR-23a~27a~24-2 cluster and its im-
plication in human diseases. Mol Cancer 
2010; 9: 232.

[6]	 Hall M, Gourley C, McNeish I, Ledermann J, 
Gore M, Jayson G, Perren T, Rustin G and Kaye 
S. Targeted anti-vascular therapies for ovarian 
cancer: current evidence. Br J Cancer 2013; 
108: 250-258.

[7]	 Cao M, Seike M, Soeno C, Mizutani H, Kitamura 
K, Minegishi Y, Noro R, Yoshimura A, Cai L and 
Gemma A. MiR-23a regulates TGF-beta-
induced epithelial-mesenchymal transition by 
targeting E-cadherin in lung cancer cells. Int J 
Oncol 2012; 41: 869-875.

[8]	 Lubin J, Markowska A and Knapp P. Factors af-
fecting response of chemotherapy in women 
with ovarian cancer. Eur J Gynaecol Oncol 
2012; 33: 644-647.

[9]	 Xu L, Cai J, Yang Q, Ding H, Wu L, Li T and Wang 
Z. Prognostic significance of several biomark-
ers in epithelial ovarian cancer: a meta-analy-
sis of published studies. J Cancer Res Clin 
Oncol 2013; 139: 1257-1277.

[10]	 He RF, Xie LM, Zhao Q, Wang J, Wen L, Wang Y 
and Tang HL. Expressions of miR-23a and 
RUNX1 in gastric cancer and their clinical sig-
nificances. Chinese Journal of General Surgery 
2012; 21: 563-567.

[11]	 Nishina S, Shiraha H, Nakanishi Y, Tanaka S, 
Matsubara M, Takaoka N, Uemura M, Horiguchi 
S, Kataoka J, Iwamuro M, Yagi T and Yamamoto 
K. Restored expression of the tumor suppres-
sor gene RUNX3 reduces cancer stem cells in 
hepatocellular carcinoma by suppressing 
Jagged1-Notch signaling. Oncol Rep 2011; 26: 
523-531.

[12]	 Zheng Y, Wang R, Song HZ, Pan BZ, Zhang YW 
and Chen LB. Epigenetic downregulation of 
RUNX3 by DNA methylation induces docetaxel 
chemoresistance in human lung adenocarci-
noma cells by activation of the AKT pathway. 
Int J Biochem Cell Biol 2013; 45: 2369-2378.


