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Introduction

 Breast and ovarian cancer have been remained as a highly 
malignant tumor among women, posing a serious threat to women 
health worldwide [1-3]. In 2012, Breast cancer was considered as 
the fifth leading of cancer death, having caused 1.67 million new 
cases which accounted for 25% of all new cancer cases in the world 
[4]. Ovarian cancer is the fifth most common cause of cancer deaths 
in women and the tenth most common cancer among women in 
the United States, and the leading cause of death from gynecologic 
cancer [5]. They have become the leading cause of cancer death 
among females. In recent years, significant progress has been 
achieved in surgical techniques and chemotherapy regimens. 
However, relapse remains almost inevitable in patients with 
advanced breast and ovarian cancer [6]. It is thus important to 
understand the details of the underlying molecular mechanism of 
cancer pathogenesis that promote cancer migration, as this may 
provide both new imaging and therapeutic targets.

 The role of epigenetic alterations, including the acetylation 
status of histones and DNA methylation, has been an important 
focus in studies on the development of human cancers, and such 
changes are often an early event in tumorigenesis [7,8]. Histone 
deacetylase (HDAC) family members remove acetyl groups from the  

 
lysine residues of histones, leading to controlling gene expression, 
which is involved in many diseases, including age-related tissue 
degeneration, heart failure and cancer [9]. The specific interactions 
of various HDACs and their effects on many types of cancer were 
clarified. HDACs are often highly expressed in various types 
of cancer and promote cancer progress, so they are attractive 
anticancer targets [10-14]. HDAC activity in human tumors leads 
to conformational changes within the nucleosome, which results 
in the transcriptional repression of genes during migration and 
metastasis [15-17]. Changes in HDAC expression levels have been 
associated with clinical prognosis in patients with invasive cancer, 
including breast cancer [18]. In this study, we aim to shed light on the 
mechanisms of breast and ovarian cancer metastasis. We show that 
MDA-MB-231and C13* have higher potently migration than MCF-7 
and OV2078. And increase EMT marker and HDAC4/7 expression. 
Inhibition of HDAC4/7 can block the EMT marker express of MDA-
MB-231and C13*, leading to migration arrest. These results support 
the hypothesis that cancer cells have higher HDACs promote cancer 
migration through regulating (EMT) marker express. Thus, by 
developing HDAC isoforms as potential biomarkers for breast and 
ovarian cancer metastasis, the present study can be extended to 
developing therapies for breast cancer invasion.
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Breast and ovarian cancer have been remained as a highly malignant tumor among women, posing a serious threat to women health worldwide. 
In this study, we were aimed to investigate the underlying mechanism of breast and ovarian cancer cell migration. Wound healing assay showed that 
MDA-MB-231and C13* have higher migration potential compare with MCF-7 and OV2078 cells, as well as regulated epithelial-mesenchymal transition 
(EMT) marker. We found that HDAC4 and HADC7 mRNA are up regulated in MDA-MB-231 and C13* cells. Moreover, target HDAC4 and HDAC7 by TSA or 
shRNA block MDA-MB-231and C13* migration. These results reveal a new link between HDACs and EMT in the regulation of breast and ovarian cancer 
migration. 
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Materials and Methods

Cell culture 

Human ovarian surface epithelial cancer cells OV2008 and 
C13* were gifts from Dr. Benjamin K. Tsang (University of Ottawa, 
Ontario, Canada). OV2008 and C13* cells were cultured in RPMI 
1640 medium with 10% fetal bovine serum (FBS) [19]. MCF-7 
and MDA-MB-231cells were cultured in Dulbecco Modified Eagle 
Medium (DMEM) with 10% FBS.

Quantitative real-time PCR

Total cellular RNA was extracted using the EastepR Super RNA 
Extract reagent Kit (Promega). cDNA was generated from purified 
RNA using Prime Scipt TM RT reagent Kit (Takara) according to the 
manufacturer’s instructions. Quantitative Real-time PCR (qRT-PCR) 
was performed using SYBR Green (Biotool) on a Bio-rad CFX96 
Real-time PCR System (Bio-rad). Relative target mRNA (primer 
in the Supplementary Table) levels were normalized to β-actin 
expression.

Wound healing assay

Cells were grown in 6-well to 80% confluency. Scratches were 
made along the center of the dish with 200μl tips. Cells were 
subsequently incubated in CO2 chamber and images were captured 
at regular intervals. Images were analyzed by Image J software. 
Distance between two approaching growth fronts at any time was 

measured and its ratio with that at 0 hour was represented as the 
percentage of cell migration.

Statistical analysis

Statistical analyses were performed using Student’s ttest. All 
data obtained from three independent experiments performed in 
triplicate and are presented as the mean ± standard error. P<0.05 
was considered to indicate a statistically significant difference.

Results

Higher migration of breast and ovarian cancer cells have 
higher EMT marker express

We first compared the migration between MDA-MB-231/C13* 
and MCF-7 /OV2078 cells, wound healing assay showed that MDA-
MB-231and C13* have higher potential migration than MCF-7 and 
OV2078 cells. We next examined the expression of EMT marker 
in MDA-MB-231/C13* and MCF-7 /OV2078 cells, real time PCR 
results show that E-cadherin was decreased in MDA-MB-231/
C13*. N-cadherin and vimentin were increased in MDA-MB-231/
C13*. Slug was increased in MDA-MB-231 compared with MCF-7, 
but not difference between C13* and OV2008. Sanil was increased 
in MDA-MB-231 compare with MCF-7, but it was decrease in C13* 
compared with OV2008. Together, these results show that MDA-
MB-231and C13* have higher migration potential rate than MCF-7 
and OV2078 cells, as well as regulated most EMT marker (Figure 1).

Figure 1: Higher migration of breast and ovarian cancer cells have higher EMT marker express.
(A) Wound healing assay check migration of MDA-MB-231 and MCF-7. 
(B) Wound healing assay check migration of OV2008 and C13*. 
(C) Real time PCR checks EMT marker express in MDA-MB-231 and MCF-7. 
(D) Real time PCR checks EMT marker express in OV2008 and C13*. Error bars represent mean values±SD from three replicates 
of each sample (* P<0.05; **P<0.01; *** P<0.001).

HDAC4 and HDAC7 expression are significantly higher in 
MDA-MB-231and C13*

Several lines of evidence suggest that cancer cells regulate the 
HDACs to support cancer cell migration. However, the role of HDACs 
in cancer cell migration have not been clearly described. We want 
to know whether HDACs involve in promoting cell migration. So, 

we compared the HDACs expression between MDA-MB-231/C13* 
and MCF-7 /OV2078 cells. Our results showed that HDAC4 and 
HDAC7 were upregulated in both MDA-MB-231 and C13* cells. 
Taken together, these results suggest that higher migration cells 
may regulate HDAC4 and HDAC7 expression as a mechanism for 
promoting cell migration (Figure 2).
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Figure 2: HDAC4 and HDAC7 expression were upregulated in MDA-MB-231/C13* compare with MCF-7/OV2008. 
(A) Real time PCR checks EMT marker express in MDA-MB-231 and MCF-7. 
(B) Real time PCR checks EMT marker express in OV2008 and C13*. Error bars represent mean values±SD from three replicates 
of each sample (*P<0.05; **P<0.01; *** P<0.001).

Targeting HDAC4 and HDAC7 by HDACs inhibitor 
Trichostatin A (TSA) decreased cell migration and 
regulating EMT marker expression

To validate our hypothesis, we analyzed cell migration in MDA-
MB-231 and C13* cells when treated with Trichostatin A (TSA), the 
HDACs inhibitor. Wound healing assay showed that TSA significantly 
inhibited MDA-MB-231and C13* cell migration. We next examined 

the expression of EMT marker in MDA-MB-231, C13* cells when 
treated with TSA, real time PCR results show that E-cadherin was 
increased in MDA-MB-231/C13*. N-cadherin, vimentin and snail 
were decreased, and Slug was not changed in MDA-MB-231 when 
treated with TSA. N-cadherin, vimentin and snail were increased 
except Slug in C13* when treated with TSA. Together, these results 
show that MDA-MB-231and C13* cell migration were blocked by 
treated with TSA (Figure 3).

Figure 3: Targeting HDAC4 and HDAC7 by HDACs inhibitor Trichostatin A (TSA) decreased cell migration and regulating EMT 
marker expression. 
(A) Wound healing assay check migration of MDA-MB-231 and MCF-7 when treated with TSA. 
(B) Wound healing assay check migration of OV2008 and C13* when treated with TSA. 
(C) Real time PCR checks EMT marker express in MDA-MB-231 and MCF-7 when treated with TSA. 
(D) Real time PCR check EMT marker express in OV2008 and C13* when treated with TSA. Error bars represent mean values±SD 
from three replicates of each sample (*P<0.05; **P<0.01; *** P<0.001).
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Targeting HDAC4 and HDAC7 by HDACs shRNA decreased 
cell migration and regulating EMT marker expression

To further confirm our founding, wound healing assay showed 
that targeting HDAC4 and HDAC7 by their shRNA significantly 
inhibited MDA-MB-231and C13* cell migration. We next examined 
the expression of EMT marker in MDA-MB-231, C13* cells when 

treated with HDAC4 and HDAC7shRNA, real time PCR results show 
that E-cadherin and slug were increased in MDA-MB-231/C13*. 
N-cadherin, vimentin and snail were decreased in MDA-MB-231/
C13* when treated with HDAC4 and HDAC7shRNA.Together, these 
results show that MDA-MB-231and C13* cell migration were 
blocked by suppressing HDAC4 and HDAC7expression (Figure 4).

Figure 4: Targeting HDAC4 and HDAC7 by HDACs shRNA decreased cell migration and regulating EMT marker expression.
 (A) Wound healing assay check migration of C13* when treated with HDAC4 shRNA.
(B) Wound healing assay check migration of C13* when treated with HDAC7 shRNA. 
(C) Real time PCR check EMT marker express in C13* when treated with HDAC4 shRNA. 
(D) Real time PCR check EMT marker express in C13* when treated with HDAC7 shRNA. Error bars represent mean values±SD 
from three replicates of each sample (*P<0.05; **P<0.01; ***P<0.001).

Discussion

In recent years, great achievements in our understanding 
of breast and ovarian cancer pathogenesis have contributed to 
improved surgical management and chemotherapy treatment. 
However, the limited efficacy of novel therapeutics has become a 
major obstacle due to our inadequate comprehension of tumor 
cell metastasis. It is urgent to investigate the further molecular 
mechanisms underlying breast and ovarian cancer metastasis. 
In the present study, we demonstrated that HDAC4 and HDAC7 
promoted breast and ovarian cancer cell migration via EMT-related 
key regulators. Metastasis is one of the most common features of 
malignant tumors, which is responsible for most cancer-related 
deaths [20]. Epithelial-to-mesenchymal transition (EMT) is a 
major process in cancer cell invasion and metastasis. Emerging 
studies have demonstrated aberrant expression of Classical (Class 
I,II,IV) HDACs has been linked to cancer cell metastasis [17]. These 
findings indicate the therapeutic potential of inhibition of Class I 
HDACs in targeting EMT and metastasis of cancer cells. However, 
the level of HDACs expression in breast and ovarian cancer and their 
association with the clinical outcome of the Metastasis is unclear.

In our study, we demonstrated that HDAC4 and HADC7 
mRNA are overexpressed in MDA-MB-231 and C13* cells, which 
have higher migration potential than MCF-7 and OV2008 cells. 

Downregulation of HDAC4 and HDAC7 significantly reduced 
the migratory activity in DA-MB-231 and C13* cells. Moreover, 
epithelial-mesenchymal transition (EMT) marker were identified 
as a functional target of HDAC4 and HDAC7. Many studies 
report that EMT marker play diverse roles in the pathogenesis, 
progression, invasion, and metastasis in diverse human cancers. 
The expressions of EMT marker are frequently dysregulated in 
malignancies, and are associated with tumors aggressive behavior 
[6,21]. EMT has been recognized as a critical procedure regulating 
the pathogenesis of breast cancer [22]. Many signaling pathways 
are involved in the EMT program, and a theme that has emerged 
is that signals from soluble extracellular factors are integrated 
with contextual molecules for cellular phenotype regulation [23]. 
In conclusion, our study demonstrates that HDAC4 and HDAC7 
functions as a migration promoter and has a vital role in the 
processes of breast and ovarian cancer cell migration. Mechanically, 
it exerts its function by specifically promotes the expression of EMT 
progression. These findings imply that HDAC4 and HDAC7 could 
serve as a novel therapeutic target for breast and ovarian cancer 
therapy.
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