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Abstract: Recent studies show that many microRNAs (miRNAs) are found to play important roles in breast cancer, 
however, most of miRNAs are not investigated completely. In the present study, significant down-regulation of miR-
520a-3p was found in the breast cancer tissues and cell lines. The restoration of miR-520a-3p expression in breast 
cancer cells could inhibit cell proliferation, migration and invasion. In addition, miR-520a-3p was able to induce 
breast cancer cell apoptosis. Luciferase assay was used to confirm that CCND1 and CD44 were the direct target 
genes of miR-520a-3p. The ectopic expression of miR-520a-3p repressed CCND1 and CD44 expression on post-
transcriptional levels in breast cancer cells. This study suggests that miR-520a-3p may act as an optional method 
for breast cancer therapy.
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Introduction

Breast cancer is the most common cancer in 
women world widely. Although there are great 
achievements in breast cancer therapy with the 
development of modern technology, there are 
still unknown molecular mechanisms in breast 
cancer. There needs to investigate the mole- 
cular mechanism of breast cancer to develop 
more effective and efficient therapeutic results. 
MicroRNAs (miRNAs) are a family of non-coding 
small RNAs which function as the regulators  
of gene expression in a variety of cells and 
involve in many biological processes such as 
cell growth and survival, apoptosis, autophagy, 
migration, stem cell self-renewal and drug sen-
sitivity by targeting different genes [1-3].

Previous studies have identified a number of 
miRNAs that were deregulated in breast can-
cer. For example, mir-17-92 cluster, miR-21, 
miR-142-3p are up-regulated and miR-98, miR-
22, miR-145, miR-378, miR-497, miR-320 and 
miR-451 are downregulated in breast cancer 
depending on cell background [4-6]. However, 
there are no studies to reveal the role of miR-

520a-3p in breast cancer. In this study, we  
will evaluate the potential role of miR-520a-3p 
in breast cancer, which includes cell growth, 
apoptosis, cell cycle distribution and metasta-
sis. The predicted results indicated that CCND1 
and CD44 were the direct target genes of miR-
520a-3p. Functional and molecular tests, bioin-
formatics and survival analyses suggest that 
miR-520-3p plays a role in breast cancer devel-
opment by targeting CCND1 and CD44. In addi-
tion, the correlation between the expressions  
of miR-520a-3p, CD44 and CCND1 in breast 
cancer samples were analyzed.

Materials and methods

Breast cancer samples

Primary human breast cancer and their ma- 
tched normal adjacent tissues were obtained 
from 96 patients with median age 51.5 years at 
the first affiliated hospital with Nanjing Medical 
University (Nanjing, China). The diagnosis was 
based on pathological evidence. The patients 
were all underwent chemotherapy and the 
specimens were immediately snap-frozen and 
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stored at -80°C. All samples were collected 
after the patients provided written informed 
consent which was approved by the Ethics 
Boards of the first affiliated hospital with Nan- 
jing Medical University. 

Cell culture

All the breast cancer cell lines used in the  
study were primarily obtained from American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). They were grown according to the stan-
dard protocols. MCF10A cells were cultured in 
DMEM-F12 with 10% fetal bovine serum and 
antibiotics (100 U/ml penicillin and 100 µg/ml 
streptomycin sulfate) and EGF and insulin. The 
cells were grown in a humidified incubator at 
37°C with 5% CO2. Other media supplies were 
obtained from Sigma. 

MiRNAs, plasmids and transfection

Nuclear acid transfection was performed using 
Lipofectamine 2000 according to the proto-
cols. The cells were seeded in 12-well plates 
and were grown up to 40% confluence before 
the transfection. The RNA were extracted at 48 
h after the transfection. The final concentration 
of miR-520a-3p mimic and anti-miR-520a-3p 
was 50 nM. 

Real time RT-PCR

Total RNA isolated from tissues or cells were 
performed for poly-A polymerase based First-
Strand Synthesis kit (TaKaRa Bio, Japan) follow-
ing the manufacturer’s protocol. To quantify  
the CD44 and CCND1 mRNA levels, 1 ug of 
total RNA was subjected to first-strand cDNA 
synthesis for 15 min at 37°C and 5 s at 85°C 
using a PrimeScript RT Reagent kit (TaKaRa, 
Japan). The qPCR was performed using SYBR 
Green PCR master mix (TaKaRa, Japan) on  
the ABI 7500HT System. The U6 or GAPDH 
were used as an endogenous control. All the 
primers were ordered from Invitrogen. The rela-
tive fold expression was calculated with the 
2-ΔΔCT method. All the qRT-PCR reactions were 
run in triplicate. 

Cell proliferation assay

Cell proliferation was determined by MTT assay. 
Briefly, breast cancer cells (5×103 per well) 
were plated in 96-well plates in RPMI 1640 

with 10% FBS. After 24 h, the cells were trans-
fected with 50 nM miR-520a-3p mimics, and 
the control using Lipofectamine 2000 (Invit- 
rogen). The cells were then cultured in the 
medium for another 48 h and were assessed 
by a colorimetric assay using MTT solution (5 
mg/mL) at 570 nm.

Evaluation of apoptosis and cell cycle distribu-
tion

For apoptosis analysis, cells were transfected 
with miR-520-3p mimics for 48 h. The trans-
fected cells were collected, washed twice with 
cold phosphate buffered saline (PBS), suspend-
ed in binding buffer at a cell density of 1×106/
mL. Cells were stained with Annexin V-FITC and 
propodium iodide according to the manufac-
turer’s protocol. The signal was acquired by a 
FACS Calibur flow cytometer (BD Biosciences) 
and the data was analyzed with a Cellquest 
software. For the cell cycle analysis, cells were 
harvested, washed twice using cold PBS and 
fixed in 70% ethanol overnight at -20°C. Then 
the cells were treated with DNA staining solu-
tion containing 3.4 mM Tris-Cl (pH 7.4), propo-
dium iodide, 0.1% triton X-100 buffer and 100 
µg/ml RNase A. Cell cycle was analyzed by flow 
cytometry.

Matrigel invasion assay

The Matrigel invasion chamber was used to 
assess cell invasion ability (24-well plates, 8 
mm pore size, Corning). In brief, cells (5×104) 
were seeded in the upper chamber at 37°C 
with the media containing 0.1% bovine serum 
albumin, while the media containing 20% fetal 
bovine serum was placed in the lower well. 
After 48 hours, the noninvading cells were 
removed with cotton swabs. Invasive cells at 
the bottom of the membrane were stained with 
0.1% crystal violet and were counted under a 
microscope. 

Western blotting

Breast cancer cells were transfected with 50 
nM miR-520a-3p mimic or its control and then 
total protein was extracted after 48 h. SDS-
PAGE gel electrophoresis and blotting were per-
formed. Several different primary antibodies 
were used including CCND1, CD44 and GAPDH 
(Santa Cruz Biotechnology, Santa Cruz, USA). 
The secondary antibody incubations were per-
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formed for 2 h at room temperature and protein 
bands were visualized on the X-ray film using an 
enhanced chemiluminescence substrate.

Dual luciferase assay

Co-transfection experiments were performed  
in 96-well plates. A total of 1×104 cells were 
seeded per well in 200 µl medium. A total of 
100 ng wild type or mutant reporter constructs 
were co-transfected with Lipofectamine 2000 
transfection reagent into the breast cancer 
cells with 50 nM miR-520-3p or the controls 
according to the manufacturer’s instruction. 
After 48 h, luciferase activity was measured 
with the Dual-Luciferase reporter assay system 
(Promega). Firefly luciferase activity was then 
normalized to the corresponding Renilla lucifer-
ase activity.

Xenograft assays in nude mice

Four-week-old BALB/c female nude mice were 
purchased from the Model Animal Research 
Center of Nanjing University (Nanjing, China). 
Hs578T cells were transfected with miR-520a-
3p mimics or the control and infected in the fat 
pads of nude mice. The mice were sacrificed 
and photographed at 28 days post-implanta-
tion. Xenograft tumors were excised, photo-
graphed and weighed. All animal care and han-
dling procedures were performed in accor-
dance with the National Institutes of Health’s 
Guide for the Care and Use of Laboratory 
Animals. 

Statistical analysis

Statistical analyses were performed by using 
SPSS 15.0 software. The unpaired t-test analy-
sis was used to calculate P values for com- 
parisons of CCND1 and CD44 mRNA and pro-

tein levels, and miR-520-3p expression levels 
between treated animals and respective age-
matched controls, as well in cell lines. The un- 
paired t-test analysis was also used to calcu-
late P values for comparisons of MTT assay, cell 
invasion and cell apoptosis. A P value <0.05 
was considered significant. 

Results

Relationship of miR-520a-3p expression and 
poor breast cancer progression

In order to explore the role of miR-520a-3p in 
breast cancer, its expression in breast cancer 
tissues and cell lines was examined using real 
time RT-PCR. The total RNA was extracted from 
96 breast cancer samples real time RT-PCR 
analysis. The average of miR-520a-3p change 
folds in breast cancer tissues were lower com-
pared to that of the normal tissues (Figure 1A). 
We observed significant down-regulation of 
miR-520a-3p in breast cancer tissues from  
65 cases (Figure 1B). Meanwhile, lack of miR-
520a-3p expression in the breast cancer cell 
lines were confirmed, which showed that the 
miR-520a-3p expression was significantly de- 
creased in most of breast cancer cell lines 
examined as compared to the miR-520a-3p 
expression in MCF10A cells (normal epithelial 
breast cell line) (Figure 1C). So, the results indi-
cated that miR-520-3p may play as a suppress-
ing role in breast cancer.

Suppression role of miR-520a-3p on breast 
cell proliferation in vitro and in vivo

Based on the above data, we speculated miR-
520a-3p plays a role in breast cancer as a 
tumor suppressor. To observe miR-520a-3p  
on breast cell proliferation, breast cancer cells 

Figure 1. MiR-520a-3p is related to poor breast cancer progression. (A) miR-520a-3p expression was analyzed by 
real time PCR in breast cancer samples. (B) Data analysis of (A). (C) miR-520a-3p expression was analyzed by real 
time PCR in breast cancer cell lines. **P<0.01; *P<0.05.
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Hs578T and BT-20 were transfected with syn-
thesized miR-520a-3p mimics. As shown in 
Figure 2A, the miR-520a-3p mimics transfec-
tion was effective in breast cancer cells. MiR-
520a-3p mimics transfection led to the inhibi-
tion of Hs578T cell proliferation (Figure 2B). 
MiR-520a-3p could also inhibit BT-20 cell prolif-
eration (Figure 2C). Next, breast cancer nude 
mice were set up to investigate the role of  
miR-520a-3p on cell growth in vivo, the data 
demonstrated that miR-520a-3p inhibited the 
breast cancer cell growth (Figure 2D and 2E).

Role of miR-520a-3p in breast cancer cell 
apoptosis and metastasis 

To elucidate the mechanisms of miR-520a-3p 
inhibition on breast cancer cell proliferation, 
Hs578T and BT-20 cells were transfected with 
miR-520a-3p mimics and then treated with 
paclitaxel, and apoptosis was analyzed using 
flow cytometry. It was found that apoptosis 
rates were not changed much in Hs578T and 
BT-20 cells with miR-520a-3p transfection 
compared to that of the miRNA control (Figure 
3A and 3B). To learn the effect of miR-520a-3p 
on metastasis of breast cancer cells, Hs578T 
and BT-20 cells were transfected with miR-
520a-3p and migration was analyzed using 
wound healing method. The founding was sho- 
wn that miR-520a-3p significantly increased 

the migration in Hs578T and BT-20 cells with 
miR-520a-3p transfection comparing with their 
controls (Figure 3C and 3D). Moreover, miR-
520a-3p greatly reduced the invading ability in 
Hs578T and BT-20 (Figure 3E).

CCND1 and CD44 are the target genes of miR-
520a-3p in breast cancer cells

To elucidate the molecular mechanism of sup-
pressing roles of miR-520a-3p on breast can-
cer cellular functions, we used online soft- 
ware to predict the putative miR-520a-3p tar-
get genes. The predicted results showed that 
CCND1 and CD44 are the predicted target 
genes with high possibility (Figure 4A). We  
constructed the reporter plasmids with the 
wide type of 3’UTRs and the mutated type of 
3’UTRs of the predicted target genes includ- 
ing CCND1 and CD44. It was found that miR-
520a-3p significantly decreased the firefly lucif-
erase activity in the reporter with wild type 
3’UTR, but the activity of mutant 3’UTR vector 
remained unaffected (Figure 4B and 4C). The 
breast cancer cells were further transfected 
with miR-520a-3p and were examined for CC- 
ND1 and CD44 mRNA expression by qRT-PCR. 
It was found that miR-520-3p transfection led 
to an obvious decrease in CCND1 and CD44 
mRNA (Figure 4D), so did protein expression 
(Figure 4E). When the breast cancer cell were 
transfected with the inhibitors of miR-520a-3p, 

Figure 2. MiR-520a-3p suppresses 
breast cell proliferation both in vitro 
and in vivo. (A) miR-520a-3p expres-
sion in Hs578T and BT-20 cells with 
miR-520a-3p mimics transfection. (B, 
C) Cell proliferation of Hs578T and 
BT-20 cells with miR-520a-3p mim-
ics transfection was assayed by MTT 
method. (D) Cell growth curve of nude 
mice with tumors using Hs578T cells 
transfected miR-520a-3p mimics or 
the control. (E) Tumor weight from (D) 
**P<0.01; *P<0.05.
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Figure 3. MiR-520a-3p induced apoptosis and inhibited metastasis of breast cancer cells. (A) Apoptosis was assayed by flow cytometry in the Hs578T and BT-20 
cells transfected miR-520a-3p mimics or the control. (B) Qualification of (A). (C) Migration was assayed using wound healing method in the Hs578T and BT-20 cells 
transfected miR-520a-3p mimics or the control. (D) Invasion was assayed by transwell system in the Hs578T and BT-20 cells transfected miR-520a-3p mimics or 
the control. (E) Qualification of (D) **P<0.01.
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CCND1 and CD44 protein levels increased 
(Figure 4F and 4G). The data demonstrated 
that CCND1 and CD44 were the target genes of 
miR-520a-3p.

Relationship between miR-520-3p expression 
and CCND1 or CD44 expression in breast can-
cer tissues

To know the relationship of miR-520a-3p and 
CCND1 or CD44, CCND1 and CD44 mRNA were 
measured by real time RT-PCR, and they were 

both higher in breast cancer tissues (T) than  
in adjacent normal tissues (N) (Figure 5A and 
5B). The analyzed relationship between CCND1 
or CD44 and miR-520a-3p expression levels 
indicated that CCND1 or CD44 were reversely 
related to miR-520a-3p in breast cancer tis-
sues (Figure 5C and 5D). 

Discussion 

In the past years, thousands of miRNAs in can-
cer has been widely found and they participate 

Figure 4. CCND1 and CD44 are the target genes of miR-520a-3p in breast cancer cells. A. Binding sequences of 
CCND1 and CD44 with miR-520-3p. B. Luciferase activity of CCND1 3’UTR in Hs578T cells with miR-520a-3p mim-
ics transfection. C. Luciferase activity of CD44 3’UTR in Hs578T cells with miR-520a-3p mimics transfection. D, E. 
miR-520-3p led to an obvious decrease in CCND1 and CD44 mRNA in Hs578T and BT20 cells using qRT-PCR. F. 
miR-520-3p led to an obvious decrease in CCND1 and CD44 protein levels in Hs578T and BT20 cells using Western 
blotting. G. miR-520-3p inhibitor led to an obvious increase in CCND1 and CD44 protein levels in Hs578T and BT20 
cells using Western blotting. **P<0.01.
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in many physiological and pathological pro-
cesses, which widens the knowledge of can- 
cer cell biology [27]. MiR-520a-3p is one of a 
potential tumor suppressing miRNA [7], howev-
er, its expression and roles in breast cancer are 
unknown. In this study, we attempted to deter-
mine the roles of miR-520a-3p in breast can-
cer. The expression of miR-520a-3p in brea- 
st cancer tissue samples and cell lines was 
down-regulated and further study indicated 
that miR-520a-3p suppressed breast cancer 
cell survival ability and metastasis by inhibiting 
the expression of CCND1 and CD44.

There was a report showed that miR-520a-3p is 
down-regulated in NSCLC, which indicates it 
functions as a tumor suppressor by directly tar-
geting MAP3K2 in NSCLC cells [7]. Our study 
indicated that miR-520a-3p was lack of expres-
sion in breast cancer tissues and cells. Forced 
expression of miR-520a-3p in breast cancer 

cells suppressed cell proliferation and growth 
in vivo. MiR-520a-3p could inhibit cancer cell 
migration and invasion. The results supported 
that miR-520a-3p plays a suppressing role in 
breast cancer. 

Previous studies indicate CD44, a common 
marker of cancer stem cells, has multi-function 
in cancer development and progression. Our 
study showed that CD44 is a direct target  
gene of miR-520a-3p in breast cancer cells. 
CD44 could be regulated by other miRNAs such 
as miR-199a, miR-199a-3p, miR-9, miR-106b, 
miR-328, miR-708, miR-21, miR-34a, miR-373 
and miR-520c in cancer cells and the cellular 
functions of them involve in regulating cell pro-
liferation, migration, multidrug resistance, can-
cer stem cell maintaining and others [8-19]. 
Our study demonstrated that CD44 was veri-
fied as a direct target gene of miR-520a-3p by 
luciferase assay, real time RT-PCR and western 

Figure 5. Inverse correlation between miR-520-3p expression and CCND1 and CD44 in breast cancer tissues. A, B. 
Average CCND1 and CD44 mRNA levels in breast cancer tissues. C. Relationship of CCND1 and miR-520-3p expres-
sion in breast cancer tissues (n=96). D. Relationship of CD44 and miR-520-3p expression in breast cancer tissues 
(n=96). **P<0.01.
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blotting. CCND1 gene encodes the cell cycle  
G1 regulatory protein cyclinD1, which overex-
pressed in 90% breast cancers and regulated 
by miR-326, miR-211, miR-195 and others [20-
22]. CCND1 is another identified target gene  
of miR-520a-3p in breast cancer cells in this 
study. MiR-520a-3p could inhibit CCND1 mRNA 
and cyclinD1 protein levels in breast cancer. 
Data from the breast cancer tissues showed 
that miR-520a-3p was negatively correlated 
with CCND1 mRNA. 

In a conclusion, our study give an evidence  
that miR-520a-3p plays an inhibiting role in 
breast cancer cell proliferation and metastasis. 
Importantly, we show, to our knowledge, for the 
first time that miR-520a-3p is a key negative 
regulator of CCND1 and CD44 of breast cancer 
cells and that both of them are the direct func-
tional target genes of miR-520a-3p. 
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