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Abstract 

Purpose: To study the role and therapeutic potential of miR-9 in the treatment of breast cancer. 
Methods: The expression of miR-9 was evaluated in breast cancer cell lines using quantitative real-time 
polymerase chain reaction (qRT-PCR). Proliferation was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay, while cell migration was assessed by wound healing assay. 
Transfections were performed with Lipofectamine 2000 reagent. Overexpression of miR-9 was 
performed by transfecting breast cancer cells with miR-9 mimics, and suppression of STAT3 was done 
with Si-RNA construct. Target identification was carried out using target scan, while protein expression 
was determined with immunoblotting. 
Results: The results revealed that miR-9 was significantly (p < 0.05) downregulated in the breast 
cancer cell lines. Overexpression of miR-9 significantly (p < 0.05) inhibited the proliferation of the breast 
cancer cells by initiation of apoptosis and cell cycle arrest. In addition, MiR-9 overexpression inhibited 
the migration of the breast cancer cells. TargetScan analysis showed that STAT3 was the potential 
target of miR-9: it was significantly downregulated in breast cancer cells overexpressing miR-9. 
Silencing of STAT3 exerted inhibitory effects on the proliferation and migration of breast cancer cells 
similar to that of miR-9 overexpression. 
Conclusion: MiR-9 regulates the proliferation of human breast cancer by targeting STAT3. Hence, 
miR-9 can be potentially applied as a therapeutic agent for the management of breast cancer.  
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INTRODUCTION 
 
Breast cancer is one of the prevalent cancers 
among woman, and it causes considerable 
mortality throughout the world [1]. It is the most 
prevalent cause of death in women, with about 
half million deaths annually worldwide [2]. It has 
been reported that breast cancer constitutes 
about14 % of all the cancer-related deaths in 

women, and its incidence is still on the still 
increase [3]. The main obstacles to the treatment 
of breast cancer include unavailability of 
consistent biomarkers and therapeutic 
targets/agents. 
 
Due to the functions of microRNA (miRNAs) in a 
wide array of biological processes, they are 
believed to act as targets for anticancer drugs 
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[4]. The miRNAs do not code for any protein and 
are generally very short RNA molecules 
consisting of about 20 nucleotides [5]. They have 
been shown to control a number of processes, 
including cell division [6]. A number of studies 
have reported that miRNAs are involved in 
cancer development [7,8]. This is mainly due to 
altered expressions of miRNAs in cancerous 
tissues [9]. In particular, MiR-9 has been 
reported to play a role in the development and 
progression of several types of cancers. For 
instance, miR-9 regulates the metastasis of 
oesophageal cancer cells [10]. Similarly, it has 
been found that suppression of miR-9 causes 
activation of JAK/STAT pathway in HeLa cancer 
cells [11]. 
 
Nonetheless, the role of miR-9 in breast cancer 
has not been extensively studied. In the present 
study, the therapeutic potential of miR-9 in breast 
cancer was investigated. 
 
EXPERIMENTAL 
 
Cell lines and culture conditions 
 
Breast cancer cell lines (MCF7, CAMA-1, SK-
BR-3, AU-565, BT-20, BT-483, BT-549) and a 
non-cancerous breast cell line (CL-S1) were 
obtained from American Type Culture Collection. 
The cell lines were maintained in Dulbecco’s 
Modified Eagle’s Medium (DMEM) containing 
fetal bovine serum albumin (10 % bovine serum, 
penicillin and streptomycin), and glutamine (2 
mM). The cells were grown in a CO2 incubator at 
37 °C and 98 % humidity. 
 
RNA isolation and quantitative RT-PCR 
 
The RNA was isolated from the gastric cancer 
tissues and cell lines by Trizol reagent and then 
transcribed into cDNA using RevertAid cDNA 
synthesis kit. The expressions of miR-19a and 
CLU-5 were determined by qRT-PCR using Taq 
PCR Master Mix Kit (Qiagen) according to the 
guidelines of the manufacturer. 
 
Transfections 
 
The SK-BR-3 cells were transfected at 80 % 
confluence with miR-NC and miR-9 mimics (10 
pmol, Shanghai GenePharma) and Si-NC or Si-
STAT3 using Lipofectamine 2000 (Invitrogen) as 
per manufacturer’s guidelines. 
 
Anti-proliferative and colony formation 
assays 
 
Breast cancer cell proliferation was assessed 
with MTT assay as described previously by 

Mosmann [12]. Oral cancer cells were 
transfected and the proliferation was determined 
by reading absorbance at 570 nm at varied time 
intervals (0, 24, 48, 72, 96 h). For assessment of 
the colony formation potential of the transfected 
SK-BR-3 cells, the growing cells were harvested 
at exponential phase and subjected to counting 
in a hemocytometer. The platting of the 
transfected cells was carried out at 200 
cells/well. The plates were then kept at 37 ○C for 
6 days. After incubating the cells for about six 
days, they were washed with PBS and fixed with 
methanol.  They were then stained with crystal 
violet and examined by microscopy. 
 
Apoptosis assay 
 
The apoptosis-inducing effects of miR-9 were 
determined by DAPI staining as described 
previously [13]. In brief, the oral cancer cells (0.6 
× 106) were grown in 6-well plates. Following 12 
h of incubation, the cells were subjected to 
transfection with miR-9. The cell cultures were 
then centrifuged and the pellets were washed 
with PBS. Thereafter, the cells were DAPI-
stained, centrifuged and the PBS was washed 
off. Finally, the nuclear morphology of the stained 
cells was examined by fluorescence microscopy. 
The percentage of the apoptotic cells was 
estimated by Annexin V/PI staining [14]. 
 
Cell cycle analysis 
 
Approximately1x105 SK-BR-3 cells in each well 
of 6-well plates were transfected with miR-NC or 
miR-9 mimics and incubated at 37 °C for 24 h. 
The distribution of the SK-BR-3 cells in various 
cell cycle phases was determined by flow 
cytometry as described previously [15]. 
 
Wound healing assay 
 
The potential of the SK-BR-3 cells transfected to 
migrate was investigated with wound healing 
assay. The cells at the density of 5 × 104 cells 
per well were cultured in 96-well plates. The 
plates were then subjected to incubation at 37 ○C 
for 24 to allow for adherence. A wound was 
scratched on the plate with the help of sterile 
pipette tip. The cells were then washed with 
PBS, monitored after 48 h interval and 
photographed. 
 
Western blot assay 
 
After lysis of the breast cancer cells in RIPA lysis 
buffer, the protein content of the each lysate was 
estimated by BCA assay, and the samples were 
thereafter subjected to separation using SDS-
PAGE. After the electrophoresis, the gels were 
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transferred to nitrocellulose membranes and 
treated with primary antibody at 4 ○C for 24 h. 
Subsequently, the membranes were incubated 
with horseradish peroxidase (HRP)-conjugated 
secondary antibody (1:1000) for 50 min at 25 ○C, 
after which enhanced chemiluminescence was 
used to visualise the protein bands. 
 
Statistical analysis 
 
All experiments were done in triplicate and the 
data presented as mean ± SD. Student’s t-test, 
with the aid of GraphPad Prism 7 was used for 
the statistical analysis. Statistical difference was 
set at p < 0.05. 
 
RESULTS 
 
MiR-9 downregulated human breast cancer 
cell lines 
 
The expression of miR-9 was studied in six 
different breast cancer cell lines and one normal 
cell line by quantitative RT-PCR. The results 
showed that the expression of miR-9 was 
significantly downregulated in all the breast 
cancer cell lines (Figure 1 A). The expression of 
miR-9 was about 9-fold lower in the breast 
cancer cell lines than in the control, non-
cancerous CSL-1 cells. The lowest expression 
was observed in the SK-BR-3 breast cancer cell 
line. 
 
Overexpression of miR-9 inhibited 
proliferation of SK-BR-3 breast cancer cells 
 
To study the role of miR-9 in the breast cancer 
cells, miR-9 was overexpressed by transfection 
of the breast cancer cells with miR-NC or miR-9 
mimics. The results showed that overexpression 
of miR-9 in the SK-BR-3breast cancer cells 
inhibited their proliferation in a time-dependent 
manner (Figure 1 B). Furthermore, 
overexpression of miR-9 caused significant 
inhibition of colony formation in the SK-BR-3 
breast cancer cells (Figure 1 C).  
 
Results from DAPI and annexin V/PI staining 
revealed that overexpression of miR-9 triggered 
apoptosis in the SK-BR-3 breast cancer cells 
(Figure 2 A). Annexin V/PI test showed that the 
proportion of cells undergoing apoptosis was 
28.3 %, relative to 3.2 % apoptotic cells in the 
miR-NC-transfected cells (Figure 2 B). It was 
observed that miR-9 overexpression resulted in 
the accumulation of the SK-BR-3 breast cancer 
cells in sub-G1 phase of the cell cycle, indicating 
sub-G1 cell cycle arrest (Figure 2 C). 
 

Overexpression of miR-9 suppressed 
migration of SK-BR-3 breast cancer cells 
 
The effect of overexpression of miR-9 was also 
investigated on the migration of the breast 
cancer cells using wound healing assay. The 
results showed that miR-9 overexpression 
caused significant decrease in the migration and 
breast cancer cells, when compared to the cells 
transfected with miR-NC (Figure 3). 
 
MiR-9 targeted STAT3 in the SK-BR-3 breast 
cancer cells 
 
TargetScan analysis revealed that STAT3 was 
the potential target of miR-9 (Figure 4A). 
Therefore the expressions of STAT3 in all the 
breast cancer and the normal cell lines were 
investigated. The results revealed that STAT3 
was significantly overexpressed in all the breast 
cancer cell lines (Figure 4B). However, miR-9 
overexpression caused significant down-
regulation of STAT3 in SK-BR-3 breast cancer 
cells, which further confirmed that STAT3 was 
the target of miR-9 (Figure 4C). Silencing of 
STAT3 also inhibited the proliferation of SK-BR-3 
breast cancer cells (Figure 4D). The results of 
colony formation assay revealed that silencing of 
STAT3 suppressed the colony formation 
potential of the SK-BR-3 breast cancer cells 
(Figure 5), while results from wound healing 
assay revealed that STAT3 silencing inhibited 
the migration of the breast cancer cells (Figure 
6). 

 
Figure 1: (A) Expression of miR-9 in human breast 
cancer cell lines and one normal breast cancer cell 
line. (B): Effect of miR-9 overexpression on SK-BR-3 
cancer cell proliferation. (C): Colony formation. The 
experiments were carried out in three biological 
replicates, and data are expressed as mean ± SD. *p 
< 0.05 
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Figure 2: Apoptosis in SK-BR-3 breast cancer cells 
was triggered by miR-9 overexpression, as revealed 
by (A) DAPI staining, and (B) Annexin V/PI staining. 
(C): Overexpression of miR-9 triggered sub-G1 cell 
cycle arrest in SK-BR-3 breast cancer cells 
 

 
Figure 3: Inhibition of the migration of the SK-BR-3 
breast cancer cells by overexpression of miR-9.The 
experiments were carried out in three biological 
replicates, and data are expressed as mean ± SD. *p 
< 0.05) 
 

 
Figure 4: (A) TargetScan analysis showing that miR-9 
targeted STAT3 (B) expression of STAT3 in breast 
cancer cells, as indicated by qRT-PCR assays. (C): 
Expression of STAT3 in miR-NC and miR-9 mimics-
transfected SK-BR-3 breast cancer cells. (D): Effect of 
STAT3 suppression on SK-BR-3 breast cancer cell 
proliferation. The experiments were carried out in 
three biological replicates, and the results are 
expressed as mean ± SD (p < 0.05) 
 

 
 
Figure 5: Effect of STAT3 suppression on colony 
formation of SK-BR-3 breast cancer cells. The 
experiments were carried in triplicate, and the data are 
expressed as mean ± SD (p < 0.05) 
 
DISCUSSION 
 
Breast cancer is one of the deadly cancers, and 
is responsible for significant mortality in women 
across the globe [16]. The treatment for breast 
cancer is obstructed by late diagnosis due to 
unavailability of reliable biomarkers and efficient 
therapeutic targets [14]. MicroRNAs are 
important biomarkers and therapeutic targets for 
the diagnosis and treatment of several cancers 
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[17]. Since miRNAs are involved in a number of 
cellular and physiological processes, their 
expression is often affected in disease 
conditions. Consistently, the expressions of 
several miRNAs are often deregulated in cancer 
cells [18]. 
 

 
 

 
 
Figure 6: Suppression of miR-9 inhibited the migration 
of SK-BR-3 breast cancer cells. The experiments were 
carried out in triplicate. Data are expressed as mean ± 
SD (p< 0.05) 
 
 
In the present study, it was observed that the 
expression of miR-9 was significantly down-

regulated in cancer cells. Previous studies have 
also reported that miR-9 is downregulated in 
cancer cells. For instance, it has been shown 
that miR-9 is significantly downregulated in oral 
squamous carcinoma cells, and that it regulates 
cell migration and invasion [19]. Similarly, miR-9 
is suppressed in glioblastoma cells, and that it 
promotes their proliferation and tumorigenesis 
[20]. In the present study, in order to investigate 
the role of miRNA, miRNA-9 was overexpressed 
in breast cancer cells. The results indicated that 
overexpression of miR-9 in breast cancer cells 
inhibited their proliferation and colony formation 
potential. MiR-9 overexpression in breast cancer 
cells also suppressed their cell migration and 
motility. These results are well supported by 
studies carried out earlier. For example, miR-9 
has been reported to inhibit the migration and 
invasion of gastric cancer cells [21]. In yet 
another study, it was shown that miR-9 regulated 
the proliferation and metastasis of liver cancer 
cells [20]. MicroRNAs exert their effects by 
regulating the expression of human genes. 
Indeed, about thirty human genes are regulated 
by miRNAs [22]. TargetScan analysis of miR-9 
revealed that miR-9 targets STAT3 in breast 
cancer cells. STAT proteins have been 
previously shown to regulate proliferation and 
tumorigenesis in different types of cancers [23]. It 
was observed in the present study that the 
expression of STAT3 was upregulated in all the 
breast cancer cell lines used, and miR-9 
overexpression in breast cancer cells also 
caused downregulation of STAT3 expression in 
SK-BR-3 cells. Furthermore, silencing of STAT3 
had effects on proliferation and migration of 
breast cancer cells similar to those of miR-9 
overexpression. Thus, MiR-9 may be an 
important therapeutic target for breast cancer. 
 
CONCLUSION 
 
The findings of this study show that miR-9 is 
significantly downregulated in breast cancer cell 
lines, and that overexpression of miR-9 inhibits 
the proliferation and migration by targeting 
STAT3. Therefore, miR-9 is likely to be an 
important therapeutic target for the management 
of breast cancer. 
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