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Abstract: Increasing evidence has suggested that dysregulation of microRNAs (miRNAs) could contribute to tumor 
progression. The miR-125a was downregulated in several types of cancer; however, the molecular mechanism of 
miR-125a in the ovarian cancer remains unclear. The aim of the paper was to study the expression of miR-125a 
in ovarian cancer and miR-125a’s relation to the cell proliferation and invasion in ovarian cancer. In this study, we 
demonstrated that miR-125a is downregulated in ovarian cancer tissues and cell lines, compared with the cor-
responding adjacent non-neoplastic tissues and normal human fallopian tube epithelial cell line. Histone deacety-
lase 4 (HDAC4), which has been reported to be associated with invasive ovarian cancer, was identified as a novel 
target of miR-125a in OVCAR-3 ovarian cancer cells, and the protein expression of HDAC4 was negatively regulated 
by miR-125a in OVCAR-3 cells. Additionally, upregulation of miR-125a and downregulation of HDAC4 suppressed 
ovarian cancer cell proliferation and invasion. These data suggest that miR-125a may suppress ovarian cancer cell 
proliferation and invasion through direct inhibition of HDAC4 expression. Taken together, our findings show that miR-
125a functions as tumor suppressor in ovarian cancer by targeting HDAC4, and miR-125a may therefore serve as 
a biomarker for diagnosis and therapeutics in ovarian cancer. 
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Introduction

Ovarian cancer is the 5th leading cause of can-
cer-related deaths among women in the world 
and considered the most lethal gynecologic 
malignancy [1]. Despite improvements of diag-
nosis and treatment of ovarian cancer, metas-
tasis leads to a high mortality and low 5-year 
survival rate of patients with ovarian cancer [2, 
3]. It has been demonstrated that dysfunction 
of oncogenes or tumor suppressors is closely 
associated with the development and progres-
sion of ovarian cancer [4]. Accordingly, develop-
ing novel molecular targets may be promising 
for the development of therapeutic strategies 
for invasive ovarian cancer.

MicroRNAs (miRNAs), as a class of small 
(22-nucleotide) non-coding RNAs, have been 
identified to be aberrantly expressed in several 
human malignancies [5]. miRNAs regulate gene 

expression by binding to the 3’untranslated 
region (3’-UTR) of their target mRNAs, modulat-
ing mRNA stability and/or translation [6]. By 
negatively regulating the protein expression of 
their targets, microRNAs exert adverse effects 
on cell survival, proliferation and motility [4]. 
Dysfunctions of miRNAs, which act as onco-
genes or tumor suppressors, have been dem-
onstrated to be associated with human malig-
nancies [7]. Furthermore, deregulations of 
numerous miRNAs have been revealed to con-
tribute to the development and progression of 
invasive ovarian cancer, including miR-186, 
miR-126, miR-153, miR-129, miR-572 and miR-
34a [8-13]. However, the expression and role of 
miR-125a in ovarian cancer remains unknown.

Histone deacetylases (HDACs) are the key 
enzymes which regulates the acetylation status 
of both histone- and non-histone proteins [14]. 
Recently, HDACs are reported to be frequently 
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altered expression in various cancers [15]. It 
was reported that they involve in cancer initia-
tion and progression by altering cellular epigen-
etic programming [16]. Moreover, overexpres-
sion of HDACs was also reported to promote 
invasion, migration, angiogenesis, decreased 
adhesion, and decreased apoptosis in cancer 
cells [17, 18]. Recently, drug-induced inactiva-
tion or gene silencing of class I histone deacet-
ylases suppresses ovarian cancer cell growth, 
indicating that suppressing HDACs expression 
is an important direction in anti-cancer drug 
development in ovarian cancer [19, 20].

In the current study, we confirmed that miR-
125a was down-regulated in ovarian cancer. 
Furthermore, miR-125a targets HDAC4 and 
inhibited the expression of HDAC4 both at the 
mRNA and protein levels. Also, overexpression 
of miR-125a suppressed ovarian cancer cell 
proliferation and invasion by suppressing 
HDAC4 expression. In conclusion, we found 
that miR-125a functions as a tumor suppressor 
by directly targeting HDAC4. Thus, our findings 
provide significant clues regarding the role of 
miR-125a as a tumor suppressor in ovarian 
cancer.

Materials and methods

Patients and samples

Human ovarian cancer specimens (n = 25) and 
paired adjacent specimens (n = 25) were 
obtained from the patients at Qilu Hospital of 
Shandong University with documented individu-
al informed consent. Patients undergoing sur-
gery for ovarian cancer provided the written 
consent to donate tissue for analysis. 

Cell culture and transfection

Human ovarian carcinoma cell line OVCAR-3 
was maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (HyClone, 
Logan, Utah, USA) and 1% penicillin/streptomy-
cin and incubated in a humidified (37°C, 5% 
CO2) incubator.

Human ovarian carcinoma cells were transfect-
ed with miR-125a mimic or miR-Ctrl (50 nM; 
GenePharma, Suzhou, China) using Lipofect- 
amine 2000 reagent (Invitrogen). HDAC4 siRNA, 
5’-CGACTCATCTTGTAGCTTATT-3’. Cells were in- 
cubated for 48 h after transfection and used 
for further experiments. 

qRT-PCR

The PCR amplification for the quantification of 
the miR-125a and U6 was performed using 
TaqMan miRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA) and 
TaqMan Human MiRNA Assay Kit (Applied 
Biosystems, Foster City, CA, USA). The relative 
expression of miR-125a was shown as fold dif-
ference relative to U6. The PCR amplification 
for the quantification of the HDAC4 and GAPDH 
mRNAs was performed using an ABI PRISM 
7300 Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA) and a 
SYBR®Premix Ex Taq™ ii (Perfect Real Time) Kit 
(Takara Bio, Shiga, Japan). 

Western blot

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manual, and then, the 
protein was quantified by a BCA assay (Pierce, 
Rockford, IL, USA). Then, the protein samples 
were separated by SDS-PAGE (10%) and detect-
ed by Western blot using polyclonal (rabbit) 
anti-HDAC4 antibody (Santa Cruz Bio-tech- 
nology, Santa Cruz, CA, USA). Goat anti-rabbit 
IgG (Pierce, Rockford, IL, USA) secondary anti-
body conjugated to horseradish peroxidase 
and ECL detection systems (SuperSignal West 
Femto, Pierce) were used for detection.

Luciferase assay

After 48 h of transfection, cells were lysed with 
1× reporter lysis buffer, and renilla luciferase 
activities were measured using the Dual-
Luciferase Reporter Kit (Promega) according to 
the manufacturer’s instructions. Fiinally, lucif-
erase activity was standardized to the renilla 
activity as control.

Cell proliferation and invasion assay

The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used to 
estimate cell viability [21]. Briefly, cells were 
plated at a density of 1×104 cells per well in 
96-well plates. After exposure to specific treat-
ment, the cells were incubated with MTT at a 
final concentration of 0.5 mg/ml for 4 h at 
37°C. After the removal of the medium, 150 
mM DMSO solutions were added to dissolve 
the formazan crystals. The absorbance was 
read at 570 nm using a multi-well scanning 
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spectrophotometer reader. Cells in the control 
group were considered 100% viable at 48 h.

The capability of cell invasion was examined by 
transwell invasion assay. Cells were cultivated 
to 80% confluence on the 12-well plates. Then, 
we observed the procedures of cellular growth 
at 48 h. All the experiments were repeated in 
triplicate. The transwell migration chambers 
were used to evaluate cell invasion. Then cells 
invading cells across the membrane were 
counted under a light microscope. 

Statistical analysis

Each experiment was repeated at least three 
times. Data were shown as mean ± s.d. and 
analyzed using SPSS 18.0. Statistical compari-
sons between groups were analyzed using 
Student’s t-test and a two-tailed P < 0.05 was 
considered to indicate statistical significance.

Results

miR-125a is negatively associated with HDAC4 
in clinical ovarian cancer tissues

HDACs was overexpression in various cancer 
[17, 18], however, the role and mechanism of 
HDAC4 in ovarian cancer progression and 
metastasis remains understood. Here, we ana-
lyzed the miR-125a expression in 25 paired 
clinical ovarian cancer and adjacent noncan-
cerous liver tissues using qRT-PCR. When com-
pared with their noncancerous counterparts, 
significant downregulation of miR-125a was 

observed in all the 25 ovarian cancer samples 
(Figure 1A). Then we assessed the correlation 
between miR-125a and HDAC4. As expected, 
we found that the levels of miR-125a exhibited 
a significant negative correlation with the levels 
of HDAC4 mRNA (Pearson’s correlation 
coefficient of -0.7524, P < 0.01) (Figure 1B). 
Overall, our finding indicates that the levels of 
miR-125a are negatively associated with those 
of HDAC4 mRNA in clinical ovarian cancer 
tissues. 

miR-125a directly targets HDAC4 in ovarian 
cancer cells 

In this study, the miRNA target prediction web-
sites www.microRNA.org and TargetScan were 
used and identified a conserved miR-125a-bind-
ing site in the 3’-UTR of HDAC4 mRNA. We then 
cloned WT or Mut target region sequence of the 
HDAC4 3’-UTR, which was inserted into a lucif-
erase reporter vector (Figure 2A). Subsequently, 
these reporter vectors were cotransfected with 
miR-125a mimics and mimics control (mimics_
con) into the HEK293T cell line. As shown in 
Figure 2A, co-transfection of miR-125a mimics 
suppressed the luciferase activity of the report-
er containing wild-type HDAC4 3’ UTR sequence, 
but failed to inhibit that of mutated HDAC4 by 
dual-luciferase reporter assay. These data indi-
cate that HDAC4 is one of the direct targets of 
miR-125a in ovarian cancer. 

To further investigate the effect of miR-125a on 
HDAC4, we transfected miR-125a mimics (miR-

Figure 1. miR-125a is negatively associated with HDAC4 in clinical ovarian tissues. A. miR-125a expression levels 
were examined by qRT-PCR in 25 cases of clinical ovarian tissues and paired non-tumorous tissues. B. Correlation of 
miR-125a levels with HDAC4 mRNA levels was examined by qRT-PCR in 25 cases of clinical ovarian tissues. Statisti-
cally significant differences are indicated: *P < 0.01 versus paired non-tumorous tissues.
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125a mimics group) or HDAC4 siRNA (siRNA 
group) into ovarian cancer cells. We found that 
miR-125a mimics markedly increased the 
expression of miR-125a (Figure 2B) and 
decreased the expression of HDAC4 both at 
mRNA and protein levels in ovarian cancers 
(Figure 2C and 2D). In addition, HDAC4 did not 
affect miR-125a expression (Figure 2B). In con-
clusion, these results demonstrated that 
HDAC4 is a direct target of miR-125a in ovarian 
cancer.

miR-125a suppresses proliferation and inva-
sion of ovarian cancer cells via HDAC4

It has been reported that miR-125a is implicat-
ed in various cancer progression [22, 23]. Here, 
we detected that effect of miR-125a on cell pro-
liferation and invasion of ovarian cancer cells 
(Figure 3). MTT assay revealed that cell prolif-
eration was greatly decreased by miR-125a 
mimics and HDAC4 siRNA (Figure 3A). Con- 
sistent with these results, the transwell inva-

Figure 2. miR-125a directly targeted HDAC4. A. Sequence alignment of miR-125a and 3’ UTR of HDAC4 using mirco-
RNA.org. Luciferase reporter assay with co-transfection of wild-type or mutant HDAC4 and miR-125a mimics or 
miR-control in HEK293T cells. Error bars represent ± S.E. and *, P < 0.01 versus negative control (NC). B. qRT-PCR 
analysis revealed the effects of miR-125a mimics (miR-125a mimics group), HDAC4 siRNA (HDAC4 siRNA group), 
or cotransfected miR-125a mimics and HDAC4 siRNA on the expression level of miR-125a. C. qRT-PCR analysis. D. 
Western blot analysis revealed the effects of miR-125a mimics, HDAC4 siRNA, or cotransfected miR-125a mimics 
and HDAC4 siRNA on the expression level of HDAC4. Error bars represent ± S.E. and *, P < 0.01 versus negative 
control (NC). #, P < 0.01 versus HDAC4 siRNA group.
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sion assay manifested that cell invasion was 
decreased when the cells were treated with 
miR-125a and HDAC4 siRNA (Figure 3B and 
3C). Collectively, we concluded that miR-125a 
inhibits the proliferation and invasion of ovari-
an cancer cells relying on HDAC4 in part.

Discussion

Accumulated studies revealed deregulated 
miRNAs in various human cancers including 
ovarian cancer. Identifying the miRNAs and 
their targets that are essential for ovarian can-

Figure 3. miR-125a affects the invasion and migration of ovarian cancer cells via HDAC4. A. MTT assays revealed 
the proliferation ability of OVCAR-3 cell transfected with miR-NC, miR-125a or HDAC4 siRNA. B and C. Transwell 
assays revealed the invasion ability of OVCAR-3 cell transfected with miR-NC, miR-125a or HDAC4 siRNA. Data are 
the mean ± SD of duplicates from a representative experiment of three independent experiments. *p< 0.01 vs. NC 
group and control group.
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cer progression may provide promising thera-
peutic opportunities. In this study, we demon-
strated HDAC4 as a direct target of miR-125a 
and revealed the mechanism of miR-125a-me-
diated HDAC4 in metastasis of ovarian cancer.

It has been well established that miRNAs were 
involved in the regulation of diverse physiologi-
cal and pathological processes, especially 
tumorigenesis [24, 25]. It was reported that 
miR-125a was deregulated in various cancers 
and function as diagnostic and prognostic 
markers [26, 27]. For example, the reduced 
expression of miR-125a has shown diagnostic 
and prognostic significance in non-small cell 
lung cancer (NSCLC) [28]. miR-125a was also 
reported as a tumor suppressor by targeting 
genes associated with cell proliferation and 
tumor progression [22]. Xu et al. showed that 
ectopic expression of miR-125a substantially 
inhibited the proliferation, migration and inva-
sion activities of gastric cancer cells via target-
ing E2F3 [29]. However, the role and mecha-
nism of miR-125a in ovarian cancer remains 
unknown. In this study, our data demonstrated 
that miR-125a expression was greatly 
decreased in ovarian cancer tissues, and low 
levels of miR-125a were correlated with high 
levels of HDAC4 in clinical ovarian cancer sam-
ples. Next, we first time to identify the HDAC4 
as the direct target of miR-125a and the protein 
expression of HDAC4 were negatively regulated 
by miR-125a in ovarian cancer. It has been 
reported that HDACs and miR-125a involves in 
proliferation and metastasis in various cancers 
[17, 18]. Here, by the gain of function assay, it 
was found that miR-125a overexpression led to 
a significant inhibition of ovarian cancer cell 
proliferation and invasion, similar to the effect 
of HDAC4 inhibition. These findings confirmed 
that miR-125a plays a role in the regulation of 
ovarian cancer cell proliferation and metasta-
sis by direct targeting of HDAC4.

In conclusion, we first time demonstrated that 
miR-125a is downregulated in ovarian cancer 
tissues and HDAC4 is a novel target genes of 
miR-125a. Furthermore, we demonstrated the 
important role of miR-125a-suppressed HDAC4 
on ovarian cancer proliferation and metastasis, 
providing potential therapeutic pathway in ovar-
ian cancer therapy.

Acknowledgements

This work was supported by a grant of Roadmap 
for Science and Technology Development of 
Shandong Province (2011GSF11805).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yuecun Zhang, 
Department of Obstetrics & Gynecology, Nanjing 
Tongren Hospital, School of Medicine, Southeast 
University, Nanjing 211102, China. E-mail: 
zhangyc1@njtrh.org; Dr. Shiqian Zhang, Department 
of Obstetrics & Gynecology, Qilu Hospital of 
Shandong University, Jinan 250012, China. E-mail: 
sqzhang585@163.com

References

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J and Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2] Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA CancerJ Clin 2013; 63: 11-
30.

[3] Suh DH, Lee KH, Kim K, Kang S and Kim JW. 
Major clinical research advances in gyneco-
logic cancer in 2014. J Gynecol Oncol 2015; 
26: 156-167.

[4] Nam EJ, Yoon H, Kim SW, Kim H, Kim YT, Kim 
JH, Kim JW, Kim S. MicroRNA expression pro-
files in serous ovarian carcinoma. Clin Cancer 
Res 2008; 14: 2690-2695.

[5] Iorio MV and Croce CM. MicroRNA dysregula-
tion in cancer: diagnostics, monitoring and 
therapeutics. A comprehensive review. EMBO 
Mol Med 2012; 4: 143-159.

[6] Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-297.

[7] Wang BC and Ma J. Role of MicroRNAs in Ma-
lignant Glioma. Chin Med J 2015; 128: 1238-
1244.

[8] Zhu X, Shen H, Yin X, Long L, Xie C, Liu Y, Hui L, 
Lin X, Fang Y, Cao Y, Xu Y, Li M, Xu W, Li Y. miR-
186 regulation of Twist1 and ovarian cancer 
sensitivity to cisplatin. Oncogene 2015; [Epub 
ahead of print].

[9] Luo P, Fei J, Zhou J and Zhang W. microR-
NA-126 suppresses PAK4 expression in ovari-
an cancer SKOV3 cells. Oncol Lett 2015; 9: 
2225-2229.

[10] Zhou J, Xie M, Shi Y, Luo B, Gong G, Li J, Wang 
J, Zhao W, Zi Y, Wu X, Wen J. MicroRNA-153 
functions as a tumor suppressor by targeting 
SET7 and ZEB2 in ovarian cancer cells. Oncol 
Rep 2015; 34: 111-120.

[11] Tan G, Cao X, Dai Q, Zhang B, Huang J, Xiong S, 
Zhang Yy, Chen W, Yang J, Li H. A novel role for 
microRNA-129-5p in inhibiting ovarian cancer 
cell proliferation and survival via direct sup-
pression of transcriptional co-activators YAP 
and TAZ. Oncotarget 2015; 6: 8676-8686.

[12] Zhang X, Liu J, Zang D, Wu S, Liu A, Zhu J, Wu 
G, Li J, Jiang L. Upregulation of miR-572 tran-



MiR-125a targets HDAC4 in ovarian cancer

1698 Int J Clin Exp Pathol 2016;9(2):1692-1698

scriptionally suppresses SOCS1 and p21 and 
contributes to human ovarian cancer progres-
sion. Oncotarget 2015; 6: 15180-15193.

[13] Li R, Shi X, Ling F, Wang C, Liu J, Wang W, Li M. 
MiR-34a suppresses ovarian cancer prolifera-
tion and motility by targeting AXL. Tumour Biol 
2015; 36: 7277-83.

[14] Glozak MA, Sengupta N, Zhang X and Seto E. 
Acetylation and deacetylation of non-histone 
proteins. Gene 2005; 363: 15-23.

[15] Montezuma D, Henrique RM and Jeronimo C. 
Altered expression of histone deacetylases in 
cancer. Crit Rev Oncog 2015; 20: 19-34.

[16] Noonan EJ, Place RF, Pookot D, Basak S, Whit-
son JM, Hirata H, Giardina C, Dahiya R. miR-
449a targets HDAC-1 and induces growth ar-
rest in prostate cancer. Oncogene 2009; 28: 
1714-1724.

[17] Glozak MA and Seto E. Histone deacetylases 
and cancer. Oncogene 2007; 26: 5420-5432.

[18] Spiegel S, Milstien S and Grant S. Endogenous 
modulators and pharmacological inhibitors of 
histone deacetylases in cancer therapy. Onco-
gene 2012; 31: 537-551.

[19] Khabele D. The therapeutic potential of class I 
selective histone deacetylase inhibitors in 
ovarian cancer. Front Oncol 2014; 4: 111.

[20] Khabele D, Son DS, Parl AK, Goldberg GL, Au-
genlicht LH, Mariadason JM, Rice VM. Drug-in-
duced inactivation or gene silencing of class I 
histone deacetylases suppresses ovarian can-
cer cell growth: implications for therapy. Can-
cer Biol Ther 2007; 6: 795-801.

[21] Liu B, Che W, Xue J, Zheng C, Tang K, Zhang J, 
Wen J, Xu Y. SIRT4 prevents hypoxia-induced 
apoptosis in H9c2 cardiomyoblast cells. Cell 
Physiol Biochem 2013; 32: 655-662.

[22] Yuan J, Xiao G, Peng G, Liu D, Wang Z, Liao Y, 
Liu Q, Wu M, Yuan X. MiRNA-125a-5p inhibits 
glioblastoma cell proliferation and promotes 
cell differentiation by targeting TAZ. Biochem 
Biophys Res Commun 2015; 457: 171-176.

[23] Ninio-Many L, Grossman H, Levi M, Zilber S, 
Tsarfaty I, Shomron N, Tuvar A, Chuderland D, 
Stemmer SM, Ben-Aharon I, Shalgi R. MicroR-
NA miR-125a-3p modulates molecular path-
way of motility and migration in prostate can-
cer cells. Oncoscience 2014; 1: 250-261.

[24] Garzon R, Calin GA and Croce CM. MicroRNAs 
in Cancer. Ann Rev Med 2009; 60: 167-179.

[25] Acunzo M, Romano G, Wernicke D and Croce 
CM: MicroRNA and cancer - A brief overview. 
Adv Biol Regul 2015; 57: 1-9.

[26] Hsieh TH, Hsu CY, Tsai CF, Long CY, Chai CY, 
Hou MF, Lee JN, Wu DC, Wang SC, Tsai EM. 
miR-125a-5p is a prognostic biomarker that 
targets HDAC4 to suppress breast tumorigen-
esis. Oncotarget 2015; 6: 494-509.

[27] Zheng J, Zhou Z, Xu Z, Li G, Dong P, Chen Z, Lin 
D, Chen B, Yu F. Serum microRNA-125a-5p, a 
useful biomarker in liver diseases, correlates 
with disease progression. Mol Med Rep 2015; 
12: 1584-1590.

[28] Zhu WY, Luo B, An JY, He JY, Chen DD, Xu LY, 
Huang YY, Liu XG, Le HB, Zhang YK. Differen-
tial expression of miR-125a-5p and let-7e pre-
dicts the progression and prognosis of non-
small cell lung cancer. Cancer Invest 2014; 32: 
394-401.

[29] Xu Y, Huang Z and Liu Y. Reduced miR-125a-
5p expression is associated with gastric carci-
nogenesis through the targeting of E2F3. Mol 
Med Rep 2014; 10: 2601-2608.


