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Abstract. Currently, ovarian cancer is identified as one of 
the leading causes of cancer‑associated mortality in females. 
Despite numerous efforts that were made on developing 
novel treatments for ovarian cancer, the survival rate remains 
unsatisfactory. Considering the important regulatory role 
of miRNAs in different types of cancer, the present study 
aims to identify a novel therapeutic target for treatment of 
ovarian cancer. The expression of miR‑149 was detected using 
reverse transcription‑quantitative polymerase chain reaction 
in cancerous and normal cells. Furthermore, the effects of 
miR‑149 on ovarian cancer cell activities were investigated 
using MTT assay, colony formation, flow cytometry and 
western blotting analysis. In the present study, it was revealed 
that microRNA (miR)‑149 was significantly downregulated 
in ovarian cancer tissues and cell lines, and that the miR‑149 
expression was correlated with the patient prognosis. In 
addition, it was observed that forced expression of miR‑149 
increased the sensitivity of ovarian cancer cell to cisplatin. 
Based on bioinformatics analysis and luciferase assay, X‑linked 
inhibitor of apoptosis (XIAP) was identified as a direct target 
gene of miR‑149 in ovarian cancer cells. It was also demon-
strated that XIAP expression was upregulated in the ovarian 
cancer tissues and cell lines, while it was negatively corre-
lated with miR‑149 in these tissues and cells. Furthermore, 
results revealed that ectopic expression of XIAP was able to 
abolish the miR‑149‑enhanced cell sensitivity to cisplatin. In 
conclusion, the present study revealed that miR‑149 functioned 
as a tumor suppressor in the progression of ovarian cancer, 

increasing the sensitivity of ovarian cancer cells to cisplatin 
treatment.

Introduction

Ovarian cancer is one of the leading causes of cancer‑associated 
mortality in females. As epithelial ovarian cancer accounts for 
~90% of all ovarian cancer cases worldwide, it is considered to 
be one of the most common types of gynecological tumor (1,2). 
Due to the lack of effective means for early diagnosis, the 
majority of patients are diagnosed at an advanced stage 
of the disease, and the 5‑year survival rate of advanced 
ovarian cancer remains unsatisfactory, at only 20‑25% (3). 
Cisplatin‑mediated chemotherapy has been used to improve 
the prognosis and survival patients with advanced stage 
ovarian cancer (2). However, the clinical application of this 
therapeutic agent is limited by chemoresistance. Therefore, 
it is necessary to investigate the mechanism underlying 
the development of chemoresistance, which may assist in 
developing novel treatment strategies for ovarian cancer 
patients with chemoresistance.

MicroRNAs (miRNAs or miRs) are a class of small 
(18‑25 nucleotides), endogenous, non‑coding RNAs, which 
function by directly binding to the 3'‑untranslated region 
(3'UTR) of their target mRNAs, causing translational inhi-
bition of proteins and mRNA degradation  (4). miRNAs 
have been documented to be involved in various biological 
processes, including tumorigenesis through the regulation of 
cell proliferation, apoptosis, differentiation, migration, inva-
sion, epithelial‑mesenchymal transition and chemoresistant 
phenotype formation  (5‑11). Several previous studies have 
reported that miR‑149 serves crucial roles in the progression 
of various tumors. For instance, Chen et al (12) demonstrated 
that downregulated expression of miR‑149 promoted apoptosis 
in side population cells that were sorted from the TSU prostate 
cancer cell lines. In addition, miR‑149‑3p‑Wnt‑1 signaling was 
observed to be involved in 18β‑glycyrrhetinic acid‑mediated 
gastric cancer suppression  (13). However, the mechanism 
underlying the effect of miR‑149 in ovarian cancer remains 
unclear.
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In the present study, miR‑149 expression was observed 
to be downregulated in ovarian cancer tissues and cell lines. 
Low miR‑149 expression was associated with a poor patient 
prognosis, whereas forced expression of miR‑149 increased 
the sensitivity of ovarian cancer cell to cisplatin treatment. 
Furthermore, it was demonstrated that X‑linked inhibitor of 
apoptosis (XIAP) was a target of miR‑149 and was involved in 
the function of miR‑149 in ovarian cancer.

Patients and methods

Patients. A total of 58 human epithelial ovarian tumor tissues 
and adjacent normal ovarian tissues were obtained from the 
patients who received chemotherapy for ovarian cancer in the 
Department of Gynecology, Affiliated Hospital of Qingdao 
University (Qingdao, China) between September 2010 and 
October 2015. Patients were between 25 and 85 years of age, 
with a mean age of 44.5±3.4. According to the criteria of 
the International Federation of Gynecology and Obstetrics, 
International Gynecologic Cancer Society (14), these patients 
were divided into three stages (stage I, n=12; stage II, n=28; 
stage  III, n=18). The exclusion criteria of samples are as 
follows: i) Patients who were pregnant when they were afflicted 
with ovarian cancer, ii) patients who were simultaneously 
afflicted with ovarian cancer and other malignant tumor types 
and iii) patients whose case or data were incomplete. According 
to the radiologic Response Evaluation Criteria in Solid Tumors 
(RECIST) guidelines, the 58 clinical tissues were divided 
into two groups immediately following administration of the 
chemotherapy regime (15). According to their response to 
chemotherapy, they were divided into the ‘sensitive’ (complete 
or partial response) and ‘insensitive’ (stable or progressive 
disease) groups. The research protocol was reviewed and 
approved by the Ethical Committee and Institutional Review 
Board of the Department of Gynecology, Affiliated Hospital 
of Qingdao University. Written informed consent was obtained 
from each patient included into the current study. Following 
detection of the expression level of miR‑149 in all samples, the 
mean value of miR‑149 was used as the cut‑off value. Thus, 
the ovarian cancer samples were divided into two groups in 
accordance with the level of miR‑149 expression (the miR‑149 
high expression group and miR‑149 low expression group).

Cell lines. In total, four ovarian cancer cell lines (HG‑SOC, 
HO8910, SKOV‑3 and ES2) and the immortalized normal fallo-
pian tube epithelial FTE187 cell line were purchased from the 
Cell Bank of the Type Culture Collection of Chinese Academy 
of Sciences (Shanghai, China). The cells were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal bovine serum 
(FBS, Gibco; Thermo Fisher Scientific, Inc.), 100 µl ampicillin 
and 100 µl streptomycin at 37˚C in a humidified atmosphere 
with 95% air and 5% CO2.

Cell transfection. HO8910 and SKOV‑3 cells were preserved 
in RPMI‑1640 (Invitrogen; Thermo Fisher Scientific, Inc.), 
supplemented with 100  µl penicillin/streptomycin and 
10% fetal bovine serum until transfection. Cells were incu-
bated until 80% confluence was reached, and then transfected 
for 15 min at 37˚C. For overexpression and knockdown of 

XIAP, cells were separately transfected with pcDNA3.1‑XIAP 
or small interfering RNA (siRNA)‑XIAP vectors (both from 
GenePharma Co., Ltd., Shanghai, China). At the same time, 
the negative controls (the pcDNA3.1 empty vector and si‑NC) 
were transfected into cells for comparison. The negative 
controls were obtained from GenePharma Co., Ltd. For over-
expression and knockdown of miR‑149, cells were separately 
transfected with miR‑149 mimics and miR‑149 inhibitors and 
miR‑NC (Shanghai GenePharma Co., Ltd., Shanghai, China). 
All transfections were performed using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from the cells or tissues was extracted 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The concen-
tration of RNA was quantified using a NanoDrop ND‑1000 
spectrophotometer (NanoDrop Technologies; Thermo Fisher 
Scientific, Inc., Wilmington, DE, USA). RNA concentration 
was determined using the following formula; optical density 
(OD)260 nm x dilution x ratio 0.04 ug/ul. cDNA synthesized 
from total RNA was reverse transcribed with the Transcriptor 
High Fidelity cDNA synthesis kit (Roche Applied Science, 
Mannheim, Germany) using the miRNA‑specific primer or 
oligo (dT) and the random hexamer‑primers. The relative 
expression level of mRNA was detected by SYBR‑Green 
qRT‑PCR assay (Bio‑Rad Laboratories Inc, Hercules, CA, 
USA). qPCR was then performed to measure the miR‑149 and 
XIAP expression levels using SYBR‑Green PCR Master Mix 
on an ABI 7500 PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) following the manufacturer's instruc-
tions. The primers sequences used for this experiment were 
as follows: miR‑149 forward, 5'‑GGC​TCT​GGC​TCC​GTG​
TCT​T‑3', and reverse, CAG​TGC​AGG​GTC​CGA​GGT​ATT; 
U6 forward, 5'‑CAA​ATT​CGT​GAA​GCG​TTC​CAT​A‑3' and 
reverse, 5'‑AGT​GCA​GGG​TCC​GAG​GTA​TTC‑3'; GAPDH 
forward, CCT​GTA​CGC​CAA​CAC​AGT​GC and reverse, 
ATA​CTC​CTG​CTT​GCT​GAT​CC. qPCR conditions were 
as follows; pre‑denaturation at 95˚C for 10 min followed by 
45 cycles at 95˚C for 15 sec and 40 cycles at 60˚C for 1 min. 
The miR‑149 or XIAP levels were calculated with the 2‑ΔΔCq 
method (16), and were normalized to U6 RNA or GAPDH 
mRNA levels, respectively. Control levels were defined as 1.0, 
and the miRNA or mRNA expression levels were presented 
relative to the fold change of the corresponding control. All 
assays were performed in triplicate.

Bioinformatics analysis. By employing the online 
miRNA target binding site analysis miRanda software 
(www.microrna.org/microrna/home.do), ~8,955 predic-
tion targets of miR‑149 were identified. Among these 
8,955 prediction targets, the current study focused on 
investigating the role of XIAP, which is the study object of 
our research group.

Dual‑luciferase activity assay. A XIAP 3'‑UTR luciferase 
reporter gene plasmid was constructed by inserting it into the 
pGL3 vector (Promega Corporation, Madison, WI, USA), and 
the fragment containing putative binding sites for miR‑149 
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was amplified. The plasmids pXIAP‑wild‑type (WT) and 
pXIAP‑mutated (MUT) and miR‑149 overexpressing vector 
were generated via subcloning the downstream luciferase 
vector using Fugene (Promega Corporation). Dual‑luciferase 
reporter experiments were then performed. Briefly, human 
ovarian cancer cells (SKOV‑3, 5x104) seeded into 96‑well 
plates and then co‑transfected with 100 ng pXIAP‑WT or 
pXIAP‑MUT and with miR‑149 mimics or scramble oligo-
nucleotide in the presence of 50 nM Lipofectamine 2000 (Life 
Technologies, Carlsbad, USA). After 48 h, cells were assayed 
using the Dual‑Glo Luciferase Assay kit (Promega Corp., 
Madison, WI, USA), according to the manufacturer's instruc-
tions. The SpectraMax M5 microplate reader (Molecular 
Devices, LLC, Sunnyvale, CA, USA) was used to analyze the 
results.

Western blot analysis. Total proteins were extracted from the 
cells or tissues using radioimmunoprecipitation assay lysis 
buffer (Thermo Fisher Scientific, Inc.). Protein concentra-
tion was determined using the following formula: [(1.45 x 
(OD280 nm ‑0.74 x OD260 nm) x dilution factor]. Next, the 
total protein samples were separated by 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and electrophoreti-
cally transferred to polyvinylidene difluoride membranes (Roche 
Diagnostics, Basel, Switzerland). The membranes were then 
blocked using 3% non‑fat milk for ~30 min at 4˚C, followed by 
incubation with primary antibodies against XIAP (1:5,000; cat. 
no. ab21278; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
and GAPDH (1:5,000; cat. no. ab9485; Abcam, Cambridge, 
MA USA) at 4˚C overnight. Subsequently, the membranes were 
probed with horseradish peroxidase‑labeled secondary anti-
body (1:5,000; cat. no. ab205718; Abcam), and the signals were 
visualized using an enhanced chemiluminescence detection 
system (cat. no. NEL100001EA; PerkinElmer, Inc., Waltham, 
MA, USA). All antibodies were incubated at room temperature 
for 1‑2 h. Quantity One 1‑D analysis software (version 4.6.5; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was used to 
quantify results. GAPDH was used as the control.

In  vit ro chemosensit ivit y assay. An MTT assay 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
conducted to examine the chemosensitivity of cells to cisplatin. 
Briefly, cells (500 cells/well) were cultured in 96‑well plates 
and then treated with cisplatin at different concentrations (0, 
2.5, 5, 10, 20, 40, 80 µM). Cells were then incubated for 1 h 
at room temperature. After 48 h of incubation, MTT solution 
(5 mg/ml; 20 µl) was added to each well for 4 h, followed 
by removal of the media and addition of 100 µl dimethyl 
sulfoxide to each well. The relative number of surviving cells 
was subsequently assessed by measuring the optical density 
of the cell lysates at a wavelength of 560 nm. All assays were 
conducted in triplicate.

Colony formation assay. In order to examine the colony 
formation ability of cells, 500 cells per well were seeded 
into 6‑well plates and incubated in RPMI 1640 supplemented 
with 10% FBS at 37˚C. After 2 weeks, the cells were fixed in 
4% paraformaldehyde for 15 min and stained with 0.1% crystal 
violet. Subsequently, the number of visible colonies in the 
plates was counted manually.

Flow cytometric analysis of apoptosis. In order to investi-
gate cell apoptosis, flow cytometry was conducted using an 
Annexin V‑FITC Apoptosis Detection kit (BD Biosciences, 
Franklin Lakes, NJ, USA), according to the manufacturer's 
protocol. All samples were assayed in triplicate.

Statistical analysis. All data are expressed as the 
mean  ±  standard deviation. Student's t‑test or one‑way 
analysis of variance was used to determine any statistically 
significant differences among the groups using SPSS version 
17.0 software (SPSS, Inc., Chicago, IL, USA). Log‑rank test 
and Kaplan‑Meier was used for survival analysis. All tests 
performed were two‑sided. The correlation between miR‑149 
and XIAP expression levels in the 58 cases of ovarian tumor 
tissues was analyzed by Spearman's correlation analysis. 
P<0.05 was considered to indicate a difference that was statis-
tically significant. All the experiments were repeated at least 
three times with each sample examined in triplicate.

Results

miR‑149 expression is downregulated in chemosensitive 
and chemo‑insensitive ovarian cancer tissues, and ovarian 
cancer cell lines. In the current study, the level of miR‑149 
in 58 ovarian tumor tissues and the corresponding normal 
tissues was initially measured. As shown in Fig. 1A, miR‑149 
expression was significantly downregulated in cancer tissues 
compared with that in the normal tissues (P<0.01). Furthermore, 
based on the radiologic RECIST guidelines, the 58 cases of 
ovarian tumor were classified as sensitive (complete or partial 
response) and insensitive (stable or progressive disease) to 
cisplatin‑based chemotherapy. As demonstrated in Fig. 1B, a 
significantly higher level of miR‑149 expression was observed 
in the chemosensitive group (n=24) compared with the 
chemo‑insensitive group (n=34), as detected by RT‑qPCR. The 
mean value of the miR‑149 expression level of the samples was 
regarded as the cut‑off value, and the ovarian cancer samples 
were divided into two groups according to the level of miR‑149 
expression (miR‑149 high expression group and miR‑149 low 
expression group). Furthermore, survival analysis indicated 
that a low level of miR‑149 was associated with poor prognosis 
of the patients (Fig. 1C).

Furthermore, the current study determined the level of 
miR‑149 in four ovarian cancer cell lines, namely HG‑SOC, 
HO8910, SKOV‑3 and ES2, and the immortalized normal 
fallopian tube epithelial FTE187 cell line. As presented in 
Fig. 1D, miR‑149 expression was significantly reduced in the 
four ovarian cancer cell lines, as compared with that in the 
normal cells. In addition, the level of miR‑149 in HO8910 and 
SKOV‑3 cells was relatively lower in comparison with that in 
the other two cancer cell lines; thus, the HO8910 and SKOV‑3 
cell lines were selected for use in subsequent assays. These 
results indicated that miR‑149 may be involved in the progres-
sion of ovarian cancer.

Ectopic expression of miR‑149 increases the sensitivity of 
ovarian cancer cells to cisplatin, inhibits cell proliferation 
and induces cell apoptosis. To determine the function of 
miR‑149 in ovarian cells, the two cell lines HO8910 and 
SKOV‑3 were selected as model cells, since they exhibited the 
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Figure 1. miR‑149 expression is downregulated in ovarian cancer tissues and cell lines. The miR‑149 expression levels in (A) ovarian cancer tissues and 
corresponding normal tissues, as well as in (B) sensitive and insensitive ovarian cancer tissues to chemotherapy, were measured by RT‑qPCR. (C) Correlation 
between the expression level of miR‑149 and patient prognosis was analyzed by Kaplan‑Meier survival analysis. (D) miR‑149 expression levels in four ovarian 
cancer cell lines (HG‑SOC, HO8910, SKOV‑3 and ES2) and one immortalized normal fallopian tube epithelial cell line (FTE187) were measured by RT‑qPCR. 
Error bars represent the mean ± standard deviation of at least three independent experiments. **P<0.01 vs. control group. XIAP, X‑linked inhibitor of apoptosis; 
miR, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Figure 2. Ectopic expression of miR‑149 increased the sensitivity of ovarian cells to cisplatin, inhibited cell proliferation and induced cell apoptosis. (A) HO8910 
and SKOV‑3 were transfected with miR‑149 mimics, and the transfection efficiency was confirmed by reverse transcription‑quantitative polymerase chain 
reaction. (B) Sensitivity of HO8910 and SKOV‑3 cells transfected with miR‑149 mimics to cisplatin treatment was determined by MTT assay. (C) Colony 
formation assays were performed to measure the effect of miR‑149 on HO8910 and SKOV‑3 cell proliferation. (D) Flow cytometry analysis was used to 
analyze the effect of miR‑149 on the HO8910 and SKOV‑3 cell apoptosis rate. Error bars represent the mean ± standard deviation of at least three independent 
experiments. **P<0.01 vs. NC group. XIAP, X‑linked inhibitor of apoptosis; miR, microRNA; NC, negative control.
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lowest expression levels in RT‑qPCR assay. These cells were 
transfected with miR‑149 mimics to induce overexpression 
of this miRNA, or with miR‑negative control (NC), which 
served as the negative control group (Fig. 2A). The results of 
the MTT assay revealed that the overexpression of miR‑149 
significantly increased the sensitivity of HO8910 and SKOV‑3 
cells to cisplatin with the increasing concentration of cisplatin, 
compared with that of the control transfected cells (Fig. 2B). 
Colony formation assays also revealed that ectopic expression 
of miR‑149 significantly inhibited the HO8910 and SKOV‑3 cell 
proliferation as compared with that of miR‑NC‑transfected cells 
(Fig. 2C). Additionally, flow cytometry analysis indicated that 
overexpression of miR‑149 markedly increased the apoptosis 
rate in the two cell lines (Fig. 2D). These findings revealed that 
miR‑149 may function as a tumor suppressor in ovarian cancer.

XIAP is a direct target of miR‑149 in the ovarian cancer 
cells. Based on the results of bioinformatics analysis using the 
miRanda software, 8,955 predicted targets of miR‑149 were 
identified. Among these predicted targets, XIAP was observed 
to be a potential target gene of miR‑149 (Fig. 3A), and this gene 
was selected for further investigation. Next, the level of XIAP in 
the four ovarian cancer cell lines (HG‑SOC, HO8910, SKOV‑3 
and ES2) and the immortalized normal fallopian tube epithelial 
cell line (FTE187) was detected. As illustrated in Fig. 3B, the 
mRNA levels of XIAP was significantly increased in the four 
ovarian cancer cells, particularly in HO8910 and SKOV‑3 cells. 
Subsequently, the interaction between miR‑149 and XIAP was 
measured by a dual‑luciferase reporter assay in SKOV‑3 cells. 
As demonstrated in Fig. 3C, miR‑149 overexpression by mimic 
transfection significantly inhibited the luciferase activity of the 
XIAP‑WT reporter, but not of the XIAP‑MUT 3'UTR reporter. 
Furthermore, forced expression of miR‑149 significantly inhib-
ited XIAP expression at the mRNA and protein levels in SKOV‑3 
cells (Fig. 3D). Furthermore, the level of XIAP in the ovarian 
cancer tissues was measured. It was revealed that XIAP was 
significantly upregulated in ovarian cancer tissues compared 
with that in the corresponding normal tissues (Fig. 3E). A lower 
level of XIAP was observed in the chemosensitive group when 
compared with that in the chemo‑insensitive group (Fig. 3F). 
Additionally, XIAP expression was inversely correlated with 
miR‑149 expression in ovarian cancer tissues in accordance 
with the Pearson correlation results. Collectively, all results 
indicate that miR‑149 negatively regulated XIAP in ovarian 
cancer cells (Fig. 3G).

miR‑149 increases the sensitivity of SKOV‑3 cells to 
cisplatin and inhibits ovarian cancer cell proliferation in a 
XIAP‑dependent manner. To further confirm the role of XIAP 
in ovarian cancer, rescue assays were performed. As shown 
in Fig. 4A, forced expression of XIAP was able to abolish the 
responses of miR‑149‑overexpressing ovarian cancer cells to 
cisplatin. The results of the colony formation assay revealed that 
miR‑149 mimics decreased cell proliferation in comparison with 
NC, while the decreased proliferation was increased by XIAP 
(Fig. 4B). Furthermore, flow cytometry analysis demonstrated 
that the increased apoptosis rate caused by miR‑149 mimics was 
reversed by XIAP overexpression (Fig. 4C). All these findings 
indicated that the function of miR‑149 in ovarian cancer was 
exerted in an XIAP‑dependent manner.

Discussion

Drug resistance is identified as a major obstacle in tumor 
chemotherapy, and miRNAs have been reported to serve crit-
ical roles in this process (17‑23). To date, several studies have 
identified that miR‑149 exerts a critical function in numerous 
types of tumors. For instance, Jin et al (24) demonstrated that 
the tumor suppressor miR‑149‑5p was associated with cellular 
migration, proliferation and apoptosis in renal cell carcinoma. 
Fan et al (25) also reported that miR‑149 promoted cell prolif-
eration and suppressed apoptosis by mediating JunB in T‑cell 
acute lymphoblastic leukemia. In addition, Luo et al  (26) 
indicated that miR‑149 repressed the metastasis of hepato-
cellular carcinoma by targeting protein phosphatase 1F, an 
actin‑regulatory protein. Despite the existence of numerous 
studies investigating miR‑149 in several tumors, the biological 
function and molecular mechanism of miR‑149 in ovarian 
cancer remain unclear to date.

In the present study, miR‑149 expression was demonstrated 
to be significantly downregulated in chemosensitive and 
chemo‑insensitive ovarian cancer tissues, as well as in ovarian 
cancer cell lines. Furthermore, miR‑149 overexpression 
suppressed the ovarian cancer cell proliferation and increased 
the sensitivity of these cells to cisplatin treatment. XIAP, 
as a member of the inhibitors of apoptosis family, has been 
reported in numerous types of human cancer, and is associated 
with chemical or radiation resistance (27‑30). Recent studies 
indicated that expression of XIAP may be regulated by 
miRNAs (31‑34). In the current study, it was observed that 
XIAP is a direct target gene of miR‑149 in ovarian cancer. 
Ectopic expression of miR‑149 inhibited the luciferase activity 
of the XIAP‑WT reporter, but not of the XIAP‑MUT reporter, 
suggesting that miR‑149 was able to directly regulate the 
XIAP expression. Furthermore, miR‑149 overexpression 
suppressed XIAP expression at the mRNA and protein levels. 
It was also observed that XIAP was overexpressed in ovarian 
cancer tissues and cells, and that its expression was negatively 
correlated with that of miR‑149 expression in ovarian cancer 
tissues. Additionally, rescue assays revealed that overexpression 
of XIAP was able to abolish the increased cisplatin sensitivity 
and weaken the proliferative ability of ovarian cancer cells 
transfected with miR‑149 mimics. These findings indicated that 
miR‑149 functioned as a tumor suppressor in ovarian cancer and 
increased the sensitivity of ovarian cancer to cisplatin, at least 
partially, through targeting XIAP. However, certain limitations 
remain in the current study. For example, the present study 
only elucidated the effects of miR‑149 on proliferation and 
apoptosis of ovarian cancer cells, the metastatic conditions still 
need to be explored. We performed experiments in only four 
ovarian cancer cell lines due to some limitations. We will make 
experiments in more cell lines in future. Future investigations 
should examine the role of other target genes of miR‑149 and the 
upstream regulatory pathway of miR‑149.

In conclusion, the findings of the current study revealed 
that miR‑149 was downregulated in ovarian cancer cells and 
tissues. Forced expression of miR‑149 suppressed the ovarian 
cancer cell proliferation and promoted the response of ovarian 
cancer cells to cisplatin via targeting XIAP. These data 
suggested that the miR‑149/XIAP signaling pathway may be 
a potential therapeutic target for patients with ovarian cancer.
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Figure 3. XIAP is a direct target of miR‑149 in ovarian cancer cells. (A) Bioinformatics analysis was used to predict the binding site for miR‑149 in the 
3'‑untranslated region of XIAP. (B) RT‑qPCR was performed to measure the level of XIAP in four ovarian cancer cells (HG‑SOC, HO8910, SKOV‑3 and 
ES2) and one immortalized normal fallopian tube epithelial (FTE187) cell lines. (C) Dual‑luciferase reporter assay was performed to confirm the interaction 
between miR‑149 and XIAP. (D) mRNA and protein levels of XIAP in response to forced expression of miR‑149 in SKOV‑3 cells. The mRNA levels of XIAP 
in (E) ovarian cancer and corresponding normal tissues, as were as in (F) sensitive and insensitive ovarian cancer tissues, were measured by RT‑qPCR. (G) The 
correlation between miR‑149 and XIAP was analyzed by Spearman's correlation analysis. Error bars represent the mean ± standard deviation of at least three 
independent experiments. **P<0.01 vs. corresponding control group. XIAP, X‑linked inhibitor of apoptosis; miR, microRNA; NC, negative control; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; WT, wild‑type; MUT, mutated; NS, non‑significant.

Figure 4. miR‑149 increased the sensitivity of SKOV‑3 cells to cisplatin and inhibited ovarian cancer cell proliferation in an XIAP‑dependent manner. (A) The 
sensitivity of SKOV‑3 cells co‑transfected with miR‑149 mimics and XIAP expression vector to cisplatin treatment was measured by an MTT assay. (B) Colony 
formation and (C) flow cytometry assays were performed to detect the proliferation ability and apoptosis rate, respectively, of SKOV‑3 cells co‑transfected 
with miR‑149 mimics and XIAP expression vector. Error bars represent the mean ± standard deviation of at least three independent experiments. *P<0.05 and 
**P<0.01, vs. corresponding control group. XIAP, X‑linked inhibitor of apoptosis; miR, microRNA; NC, negative control.
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