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Abstract: Objective: The RNA polymerase II mediator complex subunit 12 (MED12) is an important factor for che-
motherapy sensitivity. We explored the roles of exosomal transfer of carcinogenic microRNAs (miRNAs) in MED12 
regulation and cisplatin resistance of ovarian cancer cells. In this study, the correlation between MED12 expression 
and cisplatin resistance was analyzed in ovarian cancer cells. The molecular regulation of MED12 by exosomal miR-
548aq-3p was investigated by bioinformatics analysis and luciferase reporter assays. Further clinical significance 
of miR-548aq was assessed with TCGA data. We identified decreased MED12 expression in cisplatin-resistance 
of ovarian cancer cells. More importantly, coculture with cisplatin-resistant cells attenuated cisplatin sensitivity of 
parental ovarian cancer cells, as well as reduced MED12 expression to a large extent. Further bioinformatic analy-
sis identified that exosomal miR-548aq-3p was correlated with MED12 transcriptional regulation in ovarian cancer 
cells. Luciferase reporter assays demonstrated that miR-548aq-3p down-regulated MED12 expression. miR-548aq-
3p overexpression enhanced cell survival and proliferation of ovarian cancer cells with cisplatin treatment, while 
miR-548aq-3p inhibition induced cell apoptosis of cisplatin-resistant cells. Further clinical analysis indicated that 
miR-548aq was correlated with lower MED12 expression. More importantly, miR-548aq expression was a detrimen-
tal factor in the disease progression of ovarian cancer patients. In conclusion, we found that miR-548aq-3p contrib-
uted to cisplatin chemotherapy resistance of ovarian cancer cells through MED12 downregulation. Our study sup-
ported miR-548aq-3p as a promising therapeutic target for improving chemotherapy sensitivity of ovarian cancer. 
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Introduction

Ovarian cancer is the major contributor for the 
morbidity of malignant genital tumors, ranking 
the second in the death caused from female 
genital tract cancer [1]. Most ovarian carcino-
ma patients are diagnosed as advanced and 
unresectable disease because of its insidious 
onset [2]. These patients are usually adminis-
trated in the range of platinum-based chemo-
therapy [3], especially for those without homol-
ogous recombination defect [4]. However, the 
majority of epithelial ovarian cancer patients 
suffered chemoresistance related disease pro-
gression after a short-term latency [5]. Detailed 
mechanism underlying the chemoresistance 
was still elusive yet presently [6]. Thus, it is of 

great importance to screen effective biomark-
ers and targets for improving chemotherapy 
sensitivity of ovarian cancer.

The RNA polymerase II mediator complex sub-
unit 12 (MED12) is a component of the tran-
scriptional MEDIATOR complex [7]. Previous 
studies identified that MED12 inhibited epithe-
lial-mesenchymal transition of cancer cells to 
maintain chemotherapy sensitivity of colon can-
cer [8]. The physical interaction of MED12 and 
TGFbR2 is the determinant contributor for the 
response to ALK and EGFR inhibitors for lung 
cancer [9]. Decreased MED12 expression pre-
dicts poor prognosis of ovarian cancer [10]. 
However, the functional role of MED12 is still 
unclear in chemotherapy sensitivity of epithelial 
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ovarian cancer. Further studies of the MED12 
regulation mechanism in chemotherapy will 
provide a novel insight for the drug-resistant 
ovarian cancer.

Exosomes play crucial roles in achieving sur-
vival advantages during malignant progression. 
Paracrine exosomes release to the extracellu-
lar environment from the invagination of late 
endosomes of cancer cells, which transfer 
intercellular of molecules such as non-coding 
RNAs [11]. The post-transcriptional regulation 
role of specific molecular contributes to the 
phenotypic reprogramming of recipient cells, 
including microRNAs (miRNAs) induced chemo-
therapy resistance [12]. Various molecules are 
reported to participate in the carcinogenesis 
and progression of epithelial ovarian cancer, 
which are potential candidates for the transla-
tional application in ovarian cancer treatment 
[13]. Recent studies indicated that miR-152 
interacted with miR-185 to regulate DNA meth-
yltransferase 1 expression, which was involved 
in the chemotherapy sensitivity of epithelial 
ovarian cancer [14, 15]. Further investigation 
was still needed for the functional role of exo-
somal miRNAs in chemotherapy resistance of 
epithelial ovarian cancer, especially the exo-
somal miRNAs. 

In the present study, we identified decreased 
MED12 contributed to the chemotherapy-resis-
tance in cocultured ovarian cancer cells. The 
molecular mechanism was studied for the ge- 
ne transcriptional regulation by exosomal miR-
548aq-3p. We aimed to explore the function 
and clinical significance of miR-548aq-3p in 
chemotherapy resistance of ovarian cancer.

Material and methods

Cell culture

Ovarian cancer cell lines (SKOV-3 and A2780) 
were purchased from the American Type Cul- 
ture Collection (Manassas, VA). Cells were cul-
tured with DMEM with 10% FBS (Sigma Che- 
mical Co., St. Louis, MO). Cisplatin-resistant 
ovarian cancer cells were maintained with 10 
μM cisplatin treatment. All cells were passag- 
ed for less than three months which were cul-
tured from early cryopreservation cells.

Cell transfection

MED12_pLX307 was a gift from William  
Hahn and Sefi Rosenbluh (Addgene plasmid 
#98350). MED12 expressing or control vector 
plasmids (Control) were transfected into cispla-
tin resistant cells or miR-548aq-3p expressing 
cells with Lipofectamine 2000 transfection 
reagent (Invitrogen, Carlbad, CA). Puromycin 
(Merck, St. Louis, MO) was used for the selec-
tion of transfected cells. The miR-548aq-3p 
mimic, miR-548aq-3p inhibitor (mirVana; has-
miR-548aq-3p, MH17925), and their corre-
sponding negative controls (miR-control and 
control-inh; mirVana; negative control #1) were 
obtained from Thermo Fisher Scientific (In- 
dianapolis, IN). Lentiviruses expressing miR-
548aq-3p were produced by co-transfection of 
pLenti4-CMV/TO-miR-548aq-3p plasmid (0.4 
μg) and packaging plasmids pCMV-VSV-G (0.1 
μg) and pCMV-ΔR8.91 (0.3 μg) into 293T cells 
using TransFectin lipid reagent (Bio-Rad). Ova- 
rian cancer cells were transfected following the 
manufacturer’s instructions.

Western blot analysis

Whole lysates of the transfected ovarian can-
cer cells were prepared with RIPA buffer (Be- 
yotime), and then mixed with loading buffer and 
boiled at 100°C for 10 min. The clarified lysates 
were resolved by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis gels (SDS- 
PAGE) and transferred to polyvinylidene di- 
fluoride (PVDF). Enhanced chemiluminescence 
were performed for the analysis of the protein 
bands. The primary antibodies for MED12 
(ab70842), Cleaved PARP (ab32064), bcl-2 
(ab32124), Bcl-xL (ab32370), and anti-GAPDH 
(ab181602) were purchased from Abcam (Cam- 
bridge, CA).

Reverse transcription-quantitative PCR (RT-
qPCR)

Total RNA extraction of exosomes and microR-
NAs from ovarian cancer cells was performed 
with TRIzol (Invitrogen). The reverse-transcrip-
tion of extracted RNA was performed with AMV 
reverse transcriptase (Takara, Otsu, Japan)  
and RevertAid™ H Minus First Strand cDNA 
Synthesis Kit (Takara). SYBR PrimeScript RT- 
PCR kit (Takara) was used for the RNA expres-
sion levels. GAPDH and U6 were used as endog-
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enous controls for mRNA and miRNA, res- 
pectively. The following primers were used: 
MED12 forward, 5’-GGGATCTTGAGCTACGAAC- 
AC-3’, and reverse, 5’-GCAGGCTGGTTATTGAA- 
ACCTTG-3’; GAPDH forward, 5’-TGTGGGCATCA- 
ATGGATTTGG-3’, and reverse, 5’-ACACCATGTA- 
TTCCGGGTCAAT-3’; The miR-548aq-3p specific 
primers were purchased from miRCURY LNA 
miRNA PCR Starter kit (YP02100851, QIAGEN).

Cell viability analysis 

Prepared ovarian cell lines were cultured with 
96-well plates with 3000 cells/well. Five repli-
cates were designed for each group. Indicated 
treatment was administrated at 37°C. The Cell 
Counting Kit-8 (Beyotime, Shanghai, China)  
was used for cell viability analysis following the 
manufacturer’s instructions. The absorbance 
at 450 nm was measured with a microplate 
reader to calculate the relative cell growth.

Annexin V-FITC/PI for cell apoptosis

Cell apoptosis was evaluated with Annexin 
V-FITC/PI method. The indicated cells were 
treated with the vehicle or cisplatin. All cells 
were harvested and resuspended in Becton 
Dickinson Biosciences IX Annexin Buffer (BD 
Biosciences, San Jose, CA) and incubated with 
Annexin V-FITC/PI for 15 minutes at room tem-
perature in the dark. Finally, flow cytometry 
detection was performed with FACSAria II 
(Becton Dickinson) and the results were ana-
lyzed with the FlowJo software v10.6.1. Each 
assay was conducted in duplicate, and three 
independent experiments were performed.

Flow cytometry for cell sorting

CD133+/- cell sorting was performed with FACS 
Calibur (BD Biosciences, CA). Briefly, A2780/
DDP cells were incubated with 10 μl of Alexa 
Fluor® 647 Anti-CD133 antibody [EPR20980-
104] (ab252127) at 4°C for 40 min. The cells 
were washed with buffer for flow cytometry 
analysis as manufacturer’s instruction.

Luciferase reporter assay

The interaction between miR548aq-3p and 
MED12 was analyzed with the TargetScan da- 
tabase (http://www.targetscan.org). The pMIR-
REPORT vector with wild-type or mutated 
3’-UTR sequences of MED12 were synthesized 

by Shanghai GenePharma Co. (Shanghai, 
China). The Dual-Luciferase Reporter assay kit 
(Promega) was used for the analysis of lucifer-
ase activities. Briefly, 293T cells were cultured 
in six-well plates until approximately 70% con-
fluence. Lipofectamine 2000 was used for the 
transfection of either wild type or mutant lucif-
erase reporter plasmids and miR-548aq-3p 
mimics or control. After 48 h culture, luciferase 
activity was measured and normalized to the 
Rluc activity.

Dataset selection and differentially expressed 
genes (DEGs) identification

The data of A2780 cell lines in GSE76449 were 
selected for the analysis of potential exosomal 
miRNA which were involved in cisplatin resis-
tance. DEGs were analyzed with GEO2R web-
site (http://www.ncbi. nlm.nih.gov/geo/geo2r), 
which was performed with the cutoff value of 
log2 (foldchange) > 2 and adjusted P value < 
0.01 [16]. Candidate miRNAs for MED12 down-
regulation were analyzed with TargetScan Hu- 
man 7.2 (www.targetscan.org). The common 
DEGs from the three cell lines were identified 
and graphed with the online VENN software 
(http://www.bioinformatics.com.cn/static/oth-
ers/jvenn/index.html). 

In vivo mouse xenograft

Twelve 6-week-old female BALB/c nude mice 
were purchased from the Vital River Labo- 
ratories Vital River Laboratories (Beijing, China) 
and housed under specific pathogen-free (SPF) 
conditions. Mice were injected subcutaneously 
with 1.0×107 infected A2780 cells (A2780/miR 
and A2780/miR548aq, n = 6 mice each group). 
The mice were administered with cisplatin 
(DDP, 5 mg/kg) three times a week for two 
weeks from day 12, which the average tumor 
volumes were 100 mm3. We measured the vol-
umes of the subcutaneous tumors in nude 
mice once every 3 days. On day 30, the mice 
were sacrificed to harvest the xenografts. All 
animal experiments were approved by the 
Institutional Animal Care and Use Committee 
(IACUC) at the Center for Experimental Animals 
of the 960th Hospital of PLA.

Patients and specimens

The retrospective study selected totally 96 
ovarian cancer specimens from July 2008 to 
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Exogenous MED12 overexpression was per-
formed with the cisplatin-resistant cells, whi- 
ch was confirmed with Western blot assays 
(Figure 1C). Inhibited cell viability was observed 
in MED12 overexpressing cells with cisplatin 
treatment compared to control A2780 and 
SKOV-3 cells (Figure 1D, 1E). The MED12 over-
expressing cells were collected with 24 h cispl-
atin treatment to evaluate the relative levels of 
cell apoptosis. Increased cell apoptosis was 
observed in MED12 overexpressing cells with 
cisplatin treatment compared with the control 
cells (Figure 1F). Our results supported that 
MED12 contributed to cisplatin treatment sen-
sitivity of ovarian cancer cells. We sorted can-
cer stem cells and non-stem cells from the  
cisplatin-resistant cells according to CD133 
expression with flowcytometry (Figure 1G). We 
observed higher levels of MED12 expression in 
non-stem cells than the cancer stem cells 
(Figure 1H). More importantly, both cell sub-
population was treated with cisplatin for 24 h. 
Higher levels of cell apoptosis was observed in 
CD133- cells than CD133+ cells (Figure 1I). 
Taken together, these results suggested cispla-
tin-resistant cancer cells communicated with 
the cisplatin-sensitive cells which conferred the 
non-stem cells of survival advantage with cis-
platin treatment.

Coculture with cisplatin-resistant cells attenu-
ates cisplatin sensitivity of parental ovarian 
cancer cells

Further study was performed to explore the 
potential way to MED12 downregulation in cis-
platin resistant cells. We focused on the role of 
exosome secretion in cisplatin-resistant cells 
with a coculture system. The parental ovarian 
cancer cells with 0.4-μm pores were cocultur- 
ed with cisplatin-resistant cells as indicated. 
Meanwhile, GW4869 was added in the lower 
chamber medium to inhibit exosome secretion 
in the coculture system as another group 
(Figure 2A). The cocultured cells plated in the 
upper chamber were collected for subsequent 
experiments. We observed increased cell viabil-
ity of the cocultured ovarian cancer cells com-
pared to the parental cells, while GW4869 
treatment decreased cell viability of the cocul-
tured cells (Figure 2B, 2C). Further analysis 
also indicated a decreased apoptosis rate in 
the cocultured A2780 cells, which was neutral-
ized with GW4869 treatment (Figure 2D, 2E). 

September 2016. All patients received cisplat-
in chemotherapy after adnexectomy and pelvic 
lymphadenectomy in the Affiliated Hospital of 
Qingdao University. We collected clinical char-
acteristics, operation and other medical infor-
mation from medical records, telephone, writ-
ten correspondence and death certificate. 
Follow-up analysis evaluated objective res- 
ponse rate (ORR) of chemotherapy response 
according to Response Evaluation Criteria in 
Solid Tumors (RECIST 1.1) [17]. Our clinical trial 
was approved by the Ethics Committee of 
Affiliated Hospital of Qingdao University.

Immunohistochemical (IHC) staining

We conducted IHC staining with Ventana 
Discovery XT automated staining system 
(Ventana Medical Systems, Inc., Tucson, AZ). 
The procession was same as previous descri- 
be [18]. MED12 antibody (ab70842, Abcam, 
Cambridge, MA) was used as primary antibody. 
Corresponding control IgG was used as nega-
tive control. 

Statistical analysis

The results were presented as mean ± stan-
dard deviation from at least three indepen- 
dent experiments. Unpaired student’s t-test 
was used for the analysis of differences 
between groups with the SPSS 24.0 software 
(IBM, Chicago, IL). One-way analysis of variance 
(ANOVA) was used to analyze the correlation 
among more than two groups. Spearman’s rank 
test was utilized for analyzing the correlation  
of miR548aq and clinical parameter. Kaplan-
Meier analysis with a log-rank test was used  
to compare the survival distributions with SPSS 
or KM-plotter (https://kmplot.com/analysis/) 
[19]. The P < 0.05 was considered significant.

Results

Cisplatin resistant ovarian cancer cells shows 
decreased MED12 expression

We first assessed the functional role of MED12 
in cisplatin resistance of ovarian cancer cells. 
Western blot assays indicated decreased 
MED12 expression in cisplatin resistant ovari-
an cancer cells than the corresponding paren-
tal cells (Figure 1A). Further RT-qPCR analysis 
also indicated decreased MED12 mRNA ex- 
pression in cisplatin resistant cells (Figure 1B). 
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Figure 1. Cisplatin resistant ovarian cancer cells shows decreased MED12 expression. (A) Western blot analyses 
of MED12 in DDP resistant and parental A2780 and SKOV-3 cells. GAPDH was used as an internal control. (B) The 
mRNA levels of MED12 were measured by RT-qPCR assays in DDP resistant and parental A2780 and SKOV-3 cells. 
GAPDH was used as an internal control. (C) Exogenous MED12 expression was performed with DDP resistant ovar-
ian cancer cells, which was confirmed by Western Blotting assays. (D and E) Cell viability was compared between 
MED12 overexpressing A2780/DDP (D) or SKOV3/DDP cells and control cells, which were treated with cisplatin 
(0-75 μM) for 48 h. (F) Cell apoptosis of the transfected DDP resistant cells were analyzed with the Annexin V/
FITC Assays. MED12 overexpressing and control DDP resistant cells were treated with 25 μM cisplatin for 72 h. 
(G) CD133+/- cells from A2780/DDP were sorted with flow cyotometry, which were cultured for further analysis. (H) 
Western blot analyses of MED12 in CD133+/- cells as G described. GAPDH was used as an internal control. (I) Cell 
apoptosis of sorted CD133+/- cells were analyzed with the Annexin V/FITC Assays. The cells were treated with 25 μM 
cisplatin for 72 h. Student’s t test was used for statistical analysis. *P < 0.01 vs. negative control.

Notably, decreased MED12 expression was 
observed in the cocultured cells, and GW4869 
treatment rescued MED12 expression (Figure 
2F, 2G). Taken together, these results suggest-
ed that exosomes secreted from the cisplatin-
resistant ovarian cancer cells downregulated 
MED12 expression to conferred chemoresis-
tance ability to the adjacent cancer cells.

Exosomal miR-548aq-3p inhibits MED12 
expression in ovarian cancer cells

To understand the mechanism of exosomes 
secretion in cisplatin-resistant ovarian cancer 

cells, we explored A2780 cisplatin resistant  
cell in GSE76449 for candidate targets in 
inducing cisplatin resistance (Figure 3A). Then 
TargetScan Human 7.2 (www.targetscan.org) 
was used to analyze the candidate miRNAs for 
MED12 down-regulation. The VENN analysis 
indicated that only one candidate miRNAs we- 
re overlapped, miR-548aq-3p (Figure 3B). We 
also explored the differently expressed miRNA 
in cells (Figure 3C). Notably, A2780 cisplatin 
resistant cells did not show increased miR-
548aq-3p expression in cells (P = 0.894). We 
collected the exosome which was isolated from 
cisplatin-resistant cells culture medium, and 
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Figure 2. Coculture with cisplatin-resistant cells attenuates cisplatin sensitivity of parental ovarian cancer cells. (A) Schematic diagram of coculture system of cis-
platin resistant cells and parental cells. (B and C) Cell viability was compared between parental ovarian cancer cells (B. A2780, C. SKOV-3), cocultured cells and 
GW4869 treated cells. All group cells were treated with cisplatin (0-75 μM) for 48 h. (D and E) Cell apoptosis of the cells as indicated as (A) was analyzed with FACS, 
which was treated with 25 μM cisplatin for 48 h. (F and G) Western blot and RT-qPCR analyses of MED12 expression of the cells as indicated. GAPDH was used as 
control.



Exosomal miR-548aq-3p confers cisplatin resistance

2005 Am J Cancer Res 2023;13(5):1999-2012

Figure 3. miR-548aq-3p inhibits MED12 expression in ovarian cancer cells. (A) Volcano plots for exosomal DEGs in A2780 cisplatin-resistant and parental cells 
based on GSE76449 datasets. (B) The intersection of the miRNA DEGs and predicted miRNA of MED12 by TargetScan was analyzed with the VENN diagram online 
tool. (C) Volcano plots for cellular DEGs in A2780 cisplatin-resistant and parental cells based on GSE76449 datasets. (D, E) The miR-548aq-3p expression levels was 
analyzed in the exosome (D) and cells (E) from the parental and cisplatin resistant ovarian cancer cells. (F) The miR-548aq-3p target site was shown in the sequence 
of MED12 as TargetScan analysis. The wild-type and mutated sites of MED12 were shown. (G) The luciferase reporter gene assays were performed to measure the 
activity of MED12 in A2780 cells, which were co-transfected with wild-type or mutated MED12 and miR-548aq-3p or miR-control, respectively. (H) The MED12 mRNA 
expression in miR548aq-3p inhibitor transfected A2780 and A2780/DDP cells was analyzed with RT-qPCR assays. Student’s t test was used for statistical analysis. 
*P < 0.01. (I) Western Blots analysis of MED12 in transfected A2780 cancer cells. GAPDH was used as internal control.
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Figure 4. Exogenous miR-548aq-3p confers cisplatin resistance of ovarian cancer cells. (A, B) A2780 and SKOV-
3 cells were transfected with miR-548aq-3p-mimics or scramble control. Cell viability were measured with CCK8 
analysis which were treated with 25 μM cisplatin for 72 days. (C) Cell apoptosis of the transfected cells was mea-
sured after 72 h cisplatin treatment. (D, E) The xenografts volumes of the miR548aq-3p infected A2780 cells were 
measured for 30 days (E). The image showed the harvested xenografts of different groups. (F) The miR-548aq-3p 
infected cells were co-transfected with MED12 or control (control). MED12 expression were certificated with West-
ern Blots analysis. GAPDH was used as internal control. (G, H) Cell viability was analyzed with cisplatin (0-75 μM) 
treatment for 72 h. (I) Cell apoptosis of the transfected cells as (F) was measured with flow cytometry after 72 h 
cisplatin treatment. Student’s t test was used for statistical analysis. *P < 0.01 vs. control.

we found that increased miR-548aq-3p expres-
sion in the exosome of A2780 and SKOV-3 cis-
platin-resistant cells than parental cells (Figure 
3D). However, we did not observe significantly 
increased miR-548aq-3p expression in the 
secreted exosome of ovarian cancer cells after 
cisplatin treatment for 24 h (Figure 3E). We 
designed mutant 3’UTR of MED12 mRNA as 
indicated for luciferase reporter gene assays 
(Figure 3F). Our results indicated that miR-
548aq-3p negatively regulated MED12 tran-
scriptional activity in A2780 cells, which sh- 
owed no significant changes in mutant ones 
(Figure 3G). Furthermore, RT-qPCR analysis 
showed that miR-548aq-3p inhibition signifi-
cantly upregulated the expression of MED12  
in A2780/DDP cells, while miR-548aq-3p mi- 
mics down-regulated MED12 expression in 
A2780 cells (Figure 3H). Western blot assays 
also confirmed that miR-548aq-3p inhibited 

MED12 expression levels in the ovarian cancer 
cells, while miR-548aq-3p inhibitor restored 
MED12 expression (Figure 3I).

Exogenous miR-548aq-3p confers cisplatin 
resistance of ovarian cancer cells

We further explored the functional role of miR-
548aq-3p in ovarian cancer cells. Overexpre- 
ssion of miR-548aq-3p mimics increased the 
cell proliferation of A2780 and SKOV-3 cells 
compared to the corresponding control groups 
(Figure 4A, 4B). More importantly, decreased 
cell apoptosis was also observed in the miR-
548aq-3p transfected cells than the control 
cells with cisplatin treatment (Figure 4C, 4D). 
Xenograft analysis was performed with the 
infected SKOV-3 cells with cisplatin treatment, 
which indicated increased tumor volumes  
of exogenous miR-548aq-3p expressing cells 



Exosomal miR-548aq-3p confers cisplatin resistance

2007 Am J Cancer Res 2023;13(5):1999-2012

Figure 5. miR-548aq-3p inhibition restores cisplatin sensitivity of ovarian cancer cells. A, B. The cisplatin resistant 
cells transfected with miR-548aq-3p inh (miR-548aq-3p-inh) or inhibitor control (control). Cell viability was analyzed 
with cisplatin (0-75 μM) treatment for 72 h. C, D. The cell apoptosis extents of the transfected cisplatin resistant 
cells were analyzed with FACS. Transfected SKOV-3/DDP cells were treated with 25 μM cisplatin for the 72 h. E. 
Western blot analyses of cleaved PARP, Bcl-2 and Bcl-XL in the transfected cisplatin resistant cells. GAPDH was used 
as an internal control. Student’s I test was used for statistical analysis. *P < 0.01 vs. inhibitor control.

compared to control cells (Figure 4E, 4F). 
Furthermore, we overexpressed MED12 in miR-
548aq-3p expressing cells, which was certifi-
cated with Western blot (Figure 4G). MED12 
overexpression restored cisplatin sensitivity of 
the miR-548aq-3p expressing cells with de- 
creased cell viability (Figure 4H). Furthermo- 
re, flowcytometry analysis also showed that 
MED12 expression abrogated miR-548aq-3p 
induced cell survival advantage with cisplatin 
treatment in ovarian cancer cells (Figure 4I). 
Our results supported that miR-548aq-3p con-
tributed to MED12 down-regulation induced 
cisplatin resistance of ovarian cancer cells.

miR-548aq-3p inhibition restores cisplatin sen-
sitivity of ovarian cancer cells

Then, the A2780 and SKOV-3 DDP resistant 
cells were transfected with the miR-548aq-3p 
inhibitor or corresponding negative control. 
Decreased cell viability was observed in miR-
548aq-3p inhibitor transfected cells compared 
to those with the negative control with gradient 
concentration of cisplatin treatment for 48 h 
(Figure 5A, 5B). The miR-548aq-3p inhibitor 

transfected cells were collected within 48 h cis-
platin treatment to evaluate the relative levels 
of cell apoptosis. The extent of cell apoptosis 
was significantly increased in miR-548aq-3p 
inhibitor transfected cells than the control ones 
(Figure 5C, 5D). Further Western blot assays 
confirmed that increased cleaved PARP expres-
sion, decreased bcl-2 and Bcl-XL expression in 
miR-548aq-3p inhibitor infected cells with cis-
platin treatment (Figure 5E). Taken together, 
our results suggested miR-548aq-3p contrib-
uted to the cisplatin resistance of ovarian can-
cer cells by down-regulating MED12 expre- 
ssion.

miR-548aq predicts disease progression of 
epithelial ovarian cancer

Firstly, we selected paraffin-embedded speci-
mens from 98 ovarian cancer patients who 
received cisplatin-based neoadjuvant chemo-
therapy. IHC staining were performed for the 
expression levels of MED12, which indicated 
that MED12 protein was located in the cyto-
plasm and nuclei (Figure 6A). More important- 
ly, lower percentage of ORR was observed in 



Exosomal miR-548aq-3p confers cisplatin resistance

2008 Am J Cancer Res 2023;13(5):1999-2012

Figure 6. miR-548aq predicts disease progression of epithelial ovarian cancer. (A) IHC staining of LOXL2 was per-
formed with CRC specimens. Representative images were provided with positive and negative expression. Bar, 
50 μm. (B) The comparation of overall response rate (ORR) was analyzed between MED12-positive patients and 
negative patients. P < 0.001. (C, D) Kaplan-Meier analysis of progression-free survival (C) and overall survival (D) 
in cisplatin treated epithelial ovarian cancer patients according to MED12 expression with IHC analysis. (E, F) The 
correlation of miR-548aq expression and age (E) and histological grade (F) was analyzed with TCGA database. 
(G) Decreased MED12 mRNA levels were observed in miR-548aq positive ovarian cancer specimens, which was 
analyzed with TCGA database. (H, I) Kaplan-Meier analysis of progression-free survival (H) and overall survival (I) in 
cisplatin treated epithelial ovarian cancer patients according to MED12 mRNA expression. (J) Kaplan-Meier analysis 
of disease-free survival of epithelial ovarian cancer patients according miR-548aq expression.

MED12 negative patients than positive ones 
(62.00% vs. 82.43%) (Figure 6B). Moreover, 
negative correlation was observed between 
MED12 expression and some clinical parame-
ters, including lymph node metastasis and clini-
cal stage (Table 1). We further evaluated the 
prognostic significance of MED12 expression  
in ovarian cancer. We observed better PFS and 
OS in the patients with positive MED12 than 
negative ones (Figure 6C and 6D).

We further accessed the clinical significance of 
miR-548aq in epithelial ovarian cancer with 
TCGA data. Totally 374 cases were involved in 
the analysis. No significant correlation was 

observed between the miR-548aq expression 
and age or histological grade (Figure 6E, 6F). 
However, decreased MED12 expression was 
observed in the miR-548aq positive specimens 
than the negative ones (Figure 6G). Moreover, 
we evaluate the prognostic value of MED12 in 
ovarian cancer with cisplatin chemotherapy 
with Kaplan-Meier Plotter (https://kmplot.com/
analysis/). We found a favorable PFS in MED12 
positive ovarian cancer patients than negative 
ones (MED12 cutoff value: 754, n = 1259. 
Figure 6H). More importantly, MED12 positive 
ovarian cancer patients also showed better OS 
than negative ones (MED12 cutoff value: 573, 
n = 1409. Figure 6I). Next, Kaplan-Meier analy-
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Table 1. Relationship between clinical characteristics and 
MED12 expression

Characteristic Number 
(%)

MED12 expression P 
valueNegative Positive

Total 96 (50, 52.08%) (46, 47.92%)
    Age, years
        < 50 37 (38.54) 15 (15.63) 16 (16.67) 0.617
        ≥ 50 59 (61.46) 35 (36.46) 30 (31.25)
    Tumor size, cm
        < 10 60 (62.50) 33 (34.38) 27 (28.13) 0.460
        ≥ 10 36 (37.50) 17 (17.71) 19 (19.79)
    Histological grade
        I 43 (44.79) 12 (12.50) 16 (16.67) 0.594
        II 53 (55.21) 38 (39.58) 40 (41.67)
    Lymph node status
        0 37 (38.54) 13 (13.54) 24 (25.00) 0.008
        ≥ 1 59 (61.46) 37 (38.54) 22 (22.92)
    Clinical stage
        I-II 28 (29.17) 8 (8.33) 20 (20.83) 0.003
        III-IV 68 (70.83) 42 (43.75) 26 (27.08)
    CA125
        < 400 52 (54.17) 27 (28.13) 25 (26.04) 0.973
        ≥ 400 44 (45.83) 23 (23.96) 21 (21.88)

sis showed that miR-548aq expression pre- 
dicted lower disease-free survival of epithelial 
ovarian cancer patients (n = 458. Figure 6J). 
Taken together, our findings supported that 
miR-548aq expression predicted disease pro-
gression of epithelial ovarian cancer.

Discussion

Platinum-based chemotherapy regimen is the 
standard treatment for epithelial ovarian can-
cer, including neoadjuvant chemotherapy prior 
to debulking surgery and adjuvant chemothe- 
rapy after cytoreductive surgery [20, 21]. How- 
ever, disease recurrence after latency periods 
is observed in a large percentage of the patients 
[22]. Drug-resistance contributes predominant-
ly to the cancer-related mortality for the ovarian 
cancer patients [23]. The best candidates for 
the adjuvant therapeutic setting are currently a 
lack of consensus [24]. Here in this study, we 
identified MED12 participated in the cisplatin 
sensitivity of ovarian cancer. Further study indi-
cated that the transcriptional suppression of 
MED12 by exosomal miR-548aq-3p contribut-
ed to the cisplatin resistance of ovarian cancer 
cells. miR-548aq-3p expression conferred sur-

vival advantage of ovarian can-
cer cells in cytotoxic environ-
ment. These results showed im- 
portant therapeutic implications 
of targeting miR-548aq-3p/MED- 
12 for improving chemotherapy 
sensitivity of ovarian cancer. 

MED12 works as a subunit of the 
Mediator complex to regulate 
transcriptional activity [25]. Ele- 
vated MED12 expression was 
correlated with chemotherapy 
sensitivity in breast cancer [26], 
lung cancer [27], and colon can-
cer [9, 28]. TGFβ-receptor signal-
ing and epithelial-mesenchymal 
transition was reported to medi-
ate its function in cancer cells [9, 
29]. Furthermore, MED12 knock-
down arrested cell cycle in G0- 
G1 phase of epithelial ovarian 
cancer and castration-resistant 
prostate cancer [10, 30]. Decre- 
ased MED12 expression was co- 
rrelated with poor prognosis in 
patients with NSCLC, breast can-

cer, ovarian cancer and leukemia to chemo-
therapeutics [31]. The modulating activity of 
the CDK8 kinase and interaction with TGF-βR2 
signaling, may contribute to therapeutic sensi-
tivity [9, 32], including the tyrosine kinase inhib-
itors and chemotherapy regimens [10]. Besid- 
es, post-translational methylation of MED12 by 
CARM1 renders cells sensitive to 5-fluorouracil, 
which was correlated with p21/WAF1 regula-
tion [26]. More importantly, MED12 bound to 
the promoter of EGFR to regulate its expression 
in epithelial ovarian cancer, which was corre-
lated with therapeutic sensitivity [10]. Con- 
sistent with the previous studies, our study in- 
dicated MED12 was involved in the chemother-
apy sensitivity of platinum-based regimens in 
ovarian cancer [33]. Restoration of MED12 
expression indicated a promising therapeutic 
strategy for advanced ovarian cancer, especial-
ly for the chemotherapy resistant ones. 

Differentially expressed exosomal miRNAs was 
identified in cisplatin-resistant and parental 
ovarian cancer cells with a microarray analysis 
dataset (GSE76449) to explore the candidate 
mechanism which involved in drug-resistance 
of ovarian cancer. The exosomal miRNAs were 
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screened with log2 (fold change) ≥ 2, and 
adjusted P value < 0.05. TargetScan Human 
7.2 (www.targetscan.org) was used to analyze 
the candidate miRNAs for MED12 down-regu- 
lation. Further VENN analysis identified miR-
548aq-3p as an overlapped candidate. Further 
RT-qPCR verified higher miR-548aq-3p expres-
sion levels in the exosomes of cisplatin resis-
tant ovarian cancer cells than parental ones. 
The exosomes from cisplatin-resistant cells 
were taken up by parental cells and maintained 
their effects, such as exosomal miR-429 and 
miR-205 [12, 34]. miR548aq-3p may be appro-
priate for packaging into exosomes to retain  
its stability and subsequently play a significant 
role in cisplatin resistance. Moreover, we also 
provided evidence that miR-548aq-3p partici-
pated in MED12 transcriptional inhibition, whi- 
ch supported miR-548aq-3p as a candidate  
for MED12 inhibitor. Further investigation of 
miR-548aq-3p may suggest new therapeutic 
approaches for epithelial ovarian cancer.

miR-548aq-3p is a novel miRNA with no biologi-
cal function as yet defined. Recent study indi-
cated that non-invasive far infrared radiation 
induced miR-548aq-3p down-regulation of en- 
dothelial colony forming cells, which contribut-
ed to vascular repair in coronary artery disease 
[35]. To elucidate if miR-548aq-3p is involved 
in the cisplatin resistance of ovarian cancer 
cells, we performed miR-548aq-3p overexpres-
sion and inhibition experiments in ovarian can-
cer cells, respectively. Overexpressing miR-
548aq-3p showed anti-apoptotic activity with 
cisplatin treatment, while miR548aq-3p inhibi-
tion decreased cell viability and drug resistance 
with cisplatin treatment. In our study, exosomal 
miR-548aq-3p expression levels were not sig-
nificantly changed with short-term cisplatin 
treatment, whereas cisplatin resistant cells 
showed decreased MED12 expression and 
increased exosomal miR-548aq-3p. In consid-
eration of sustained cisplatin treatment enri- 
ched cancer stem cells, which maybe contrib-
uted predominantly to exosomal miR-548aq- 
3p secretion. Further investigation is still need-
ed to explore the functional role of miR-548aq-
3p in human disease progression.

Accumulating studies supported a crucial role 
of miRNAs in human malignancies, including 
tumorigenesis, angiogenesis and metastasis 
[36, 37]. Wide transcriptional changes of miR-

NAs were also observed during the develop-
ment and progression of ovarian cancer, which 
indicated their correlation with clinical stage 
and histological grade [38]. Moreover, different 
histological subtype of ovarian tumors also 
showed distinct miRNA phenotype according to 
the microarray analyses [39]. Clinical examina-
tion for miR-548aq-3p expression will provide 
valuable information for prognosis and chemo-
therapy regimens option for the ovarian cancer 
patients. Moreover, the clinical analysis sup-
ported that miR-548aq-3p predicted grim sur-
vival estimation in ovarian cancer patients. The 
ovarian tumors with miR-548aq-3p expression 
will not benefit from cisplatin-based chemo- 
therapy. 

In conclusion, we demonstrated that miR-
548aq-3p down-regulated cell apoptotic activi-
ty of epithelial ovarian cancer cells via modulat-
ing MED12 expression. Further elucidating the 
mechanisms of miR-548aq-3p/MED12 interac-
tion will provide valuable insight towards che-
moresistance, which will also provide novel 
antitumor strategies for epithelial ovarian can- 
cer. 
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