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Abstract. MicroRNAs (miRNAs) have important roles in the 
initiation and progression of human cancer, including breast 
cancer. We evaluated miR-365 expression in breast cancer 
tissues, and investigated its effects on cell growth, cell cycle, 
cell invasion, and expression of its target gene ADAMTS-1. 
miR-365 expression levels were analyzed in breast cancer 
tissues and adjacent normal tissues using qRT-PCR. CCK-8, 
cell cycle, and invasion assays were used to explore the role 
of miR-365 expression in breast cancer cells. We conducted 
luciferase reporter and western blot assays to test whether 
ADAMTS-1 is a direct target of miR-365. We found that 
miR‑365 expression levels were significantly higher in breast 
cancer tissues compared with adjacent non-tumor tissues 
(P<0.05). These relatively high expression levels were signifi-
cantly associated with advanced clinical stages (P<0.05). In 
breast cancer cell lines, transfection with miR-365 inhibitor 
suppressed proliferation and invasion, and resulted in cell cycle 
arrest. Subsequent experiments indicated that miR-365 bound 
the 3'-UTR of ADAMTS-1 and downregulated its expression. 
Our findings indicated that the inhibition of miR‑365 reduced 
cell proliferation and cell invasion. Additionally, miR-365 
may function as a novel oncogene in breast cancer through 
targeting ADAMTS‑1. These findings provide insight into the 
mechanism of breast cancer pathogenesis.

Introduction

Breast cancer is a leading cause of cancer-related deaths in 
women worldwide (1). In 2005, microRNA (miRNA) deregu-
lation was first described in breast cancer (2). Subsequently, 
a growing number of studies reported altered expression of 
miRNAs was connected with breast cancer (3). miRNAs are a 
class of small conserved non‑coding RNAs that play a signifi-

cant role in many physiological and pathological processes, 
including cell proliferation, angiogenesis, metastasis, and 
epigenetic changes (4-8). miRNAs can bind the 3'-UTRs of 
target mRNAs and thereby post-transcriptionally regulate 
gene expression via translational inhibition or target mRNA 
degradation (9-13). In a variety of tumor types, miRNA 
expression was different between tumor and normal tissues, as 
well as between metastatic and non-metastatic tumors (14,15). 
Based on miRNA manipulations, the development of new 
therapies is urgently needed.

miR‑365 is located on 16p13.12. A previous study confirmed 
that miR-365 was downregulated in colon cancer tissues, was 
involved in tumor progression and poor survival, and regulated 
cancer cell behavior by targeting cyclin D1 and Bcl-2 (16). 
miR-365 was also overexpressed both in cells and cutaneous 
squamous cell carcinoma tissues, suggesting that miR-365 may 
act as an oncogene both in vitro and in vivo (17). Moreover, 
recent studies indicated that miR-365 was upregulated in 
breast cancer (18). However, its function remains unclear.

In this study, we investigated miR-365 expression levels in 
breast cancer tissues, and evaluated its effect on cell growth, 
cell invasion, and cell cycle in breast cancer cells. Furthermore, 
we verified the target relationship between miR-365 and 
ADAMTS-1.

Materials and methods

Breast cancer specimens. Breast cancer specimens and 
adjacent normal breast tissues (64 cases) were obtained from 
the Tumor Hospital Affiliated to Zhengzhou University from 
July 2013 to September 2014. All samples were immediately 
snap-frozen in liquid nitrogen, and no patient had received 
chemotherapy or radiotherapy before surgery. Clinical data 
from these samples are listed in Table I. The Ethics Committee 
of Zhengzhou University approved this study, and samples 
were obtained with informed consent from all patients.

Cell culture. MDA-MB-231 and MCF-7 breast cancer cell 
lines were purchased from American Type Culture Collection 
(ATCC). Cells were cultured in DMEM (Gibco, USA) supple-
mented with 10% fetal bovine serum (FBS, Gibco), penicillin 
(100 U/ml), and streptomycin (100 µg/ml). Cells were main-
tained at 37˚C in a humidified chamber with 5% CO2.
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RNA extraction and qRT-PCR. Total RNA was isolated from 
tissues and cells using TRIzol reagent (Invitrogen, USA) 
according to the manufacturer's instructions. For quantitative 
detection of miR-365, qRT-PCR analyses were performed 
using the Two Step Stemaim-it miR qRT-PCR Quantitation 
kit (Novland, China). We quantified U6 small nuclear RNA 
(U6 snRNA) as an endogenous control to normalize miRNA 
levels. SYBR Premix Ex Taq™ (Takara, Japan) was used to 
quantify ADAMTS-1 mRNA expression, and GADPH served 
as an endogenous control. Each sample was performed in trip-
licate on the ABI 7500 Fast thermocycler. Relative expression 
levels were analyzed using the 2-∆∆Ct or 2-∆Ct method.

miRNA transfection. The miR-365 mimics, miR-365 inhibitor, 
and negative controls (NC) were synthesized by GenePharma 
(Shanghai, China), and were transfected into MDA-MB-231 
and MCF-7 cells (at 100 nM) using Lipofectamine™ 2000 
(Invitrogen) according to the manufacturer's instructions. We 
assessed transfection efficiencies using qRT‑PCR at 24 h post‑
transfection.

Cell growth assay. Twenty-four hours post-transfection, 
MDA-MB-231 and MCF-7 cells were seeded into 96-well 
plates (4,000 cells/well). Cell proliferation was assessed at 
0, 24, 48, 72, and 96 h as follows: 10 µl Cell Counting Kit-8 
(CCK-8) solution (Dojindo, Japan) was added to each well, and 

the cells were incubated for an additional 3 h at 37˚C. The 
absorbance value of OD450 was measured daily and used to 
estimate the number of viable cells. Each experiment was 
repeated three times.

Cell cycle assay. We determined cell cycle distribution using 
flow cytometer analyses. Forty‑eight hours after transfection, 
cells from each group were harvested by trypsinization, washed 
with cold PBS, and fixed overnight at 4˚C in 70% ethanol. Next, 
cells were digested for 2‑3 h at 37˚C using RNase (0.1 g/l). 
After propidium iodide (PI) staining in the dark for 30 min 
at 4˚C, cells were analyzed using a FACScan® flow cytometer 
(BD Biosciences, USA).

Transwell assay. Transfected MDA-MB-231 cells (0.2 ml, 2x105 
cells/ml) were seeded in the upper chamber of the transwell 
(Costar, USA). The lower chamber was filled with DMEM 
plus 10% FBS. Each group was performed in triplicate. Cells 
were incubated at 37˚C in a humidified atmosphere containing 
5% CO2 for 24 h. Following incubation, non-invading cells 
were removed from the upper surface of the membrane and the 
Matrigel. Cells on the bottom surface of the membrane were 
fixed with 4% paraformaldehyde for 10 min and stained with 
0.1% crystal violet for 30 min at 37˚C. The number of invasive 
cells in three random fields was counted using an inverted 
microscope (x200 magnification).

Table Ⅰ. Clinicopathological characteristics and miR‑365 and ADAMTS‑1 expression levels in 64 breast cancer patients.

 miR-365 ADAMTS-1 mRNA
 expression (2-∆∆Ct) expression (2-∆∆Ct)
 ------------------------------------------------------------- ------------------------------------------------------------
Clinicopathological factor n Mean ± SD P-value Mean ± SD P-value

Age (years)
 ≤60 40 2.801±1.031 0.373 0.463±0.363 0.159
 >60 24 2.571±0.920  0.637±0.615
Lymph node metastasis
 Positive 30 2.899±0.909 0.161 0.476±0.367 0.414
 Negative 34 2.551±0.966  0.575±0.558
Tumor size (cm)    
 ≤4 42 2.819±1.059 0.242 0.501±0.497 0.532
 >4 22 2.513±0.827  0.581±0.441
TNM stage
 Ⅰ   5 3.936±0.587 0.001 0.232±0.065 0.000
 Ⅱ 28 2.941±0.825  0.294±0.152
 Ⅲ 24 2.431±0.936  0.699±0.507
 Ⅳ   7 1.905±0.932  1.091±0.559
Estrogen receptor    
 Positive 30 2.797±0.986 0.535 0.454±0.385 0.247
 Negative 34 2.641±1.001  0.593±0.542
Progesterone receptor   
 Positive 28 2.786±1.021 0.611 0.477±0.338 0.455
 Negative 36 2.658±0.975  0.568±0.563

P<0.05 statistical significance.
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Dual-luciferase assay. The 3'-UTR of ADAMTS-1, which 
contains a putative target region for miR-365, was PCR 
amplified from genomic DNA. The ADAMTS-1 3'-UTR 
mutant construct was generated by overlap extension PCR. 
Fragments were inserted between the XbaI and XhoI sites 
in the pmirGLO Dual-Luciferase miRNA Target Expression 
vector (Promega, USA) to generate the recombinant vectors 
pmirGLO-ADAMTS-1-wt and pmirGLO-ADAMTS-1-mut. 
Both insertions were verified by sequencing (Sangon, China). 
In MDA-MB-231 cells, co-transfection of the reporter vectors 
and miRNA (miR-365 mimics, miR-365 inhibitor or NC) was 
performed using Lipofectamine 2000. Twenty-four hours after 
transfection, luciferase and renilla signals were measured using 
the Dual Luciferase Reporter Assay kit (Promega) according 
to the manufacturer's protocol.

Western blotting. Total proteins were extracted using RIPA 
buffer according to the manufacturer's instructions. Lysates 
were centrifuged at 12,000 x g for 30 min at 4˚C, and the 
supernatants were obtained. Protein concentrations were 
determined using a BCA Protein Assay kit (Beyotime, 
China). Equal amounts of total protein (50 µg) were boiled 
for 5 min, separated by SDS-PAGE, and transferred to PvDF 
membranes. After blocking for 1 h at room temperature with 
5% non‑fat dry milk, membranes were incubated at 4˚C over-
night with the primary antibodies (1:900 dilution, polyclonal 

rabbit anti-ADAMTS-1 and polyclonal rabbit anti-GAPDH, 
Santa Cruz, USA), followed by incubation with the horseradish 
peroxidase-linked secondary antibody (1:2,000 dilution, goat 
anti‑rabbit IgG, Santa Cruz) for 1 h at 37˚C. All blots were 
visualized using an enhanced chemiluminescence (ECL) 
system (Amersham Pharmacia Biotech, NJ, USA).

Statistical analyses. Statistical analyses were performed 
using SPSS 17.0 software. All experiments were performed 
a minimum of three times, and results are expressed as the 
mean ± standard deviation (SD). One-way analyses of vari-
ance (ANOvA) were used to compare differences between 
experimental groups. Differences were considered statistically 
significant at P‑values <0.05. Asterisk in the figures indicate 
the statistical significantce.

Results

miR-365 is upregulated and ADAMTS-1 is downregulated in 
breast cancer. To evaluate miR-365 expression in a cohort of 
breast cancer patient samples (n=64), we used qRT-PCR. We 
found that miR‑365 expression levels were significantly higher 
in breast cancer tissues than in adjacent non-tumor tissues 
(P<0.05, Table Ⅰ and Fig. 1A). Statistical analyses showed 
that miR-365 expression in breast cancer was associated with 
clinical stage (P<0.05, Table 1 and Fig. 1B). There were no 

Figure 1. Expression levels of miR-365 and ADAMTS-1 mRNA in breast cancer tissues and adjacent normal tissues. (A) The relative expression of miR-365 
was significantly higher in breast cancer tissues compared to adjacent normal tissues (P<0.05). (B) The expression levels of miR‑365 were significantly 
different in different TNM stage (P<0.05). (C) Compared with adjacent normal tissues, the relative expression of ADAMTS‑1 mRNA was significantly lower 
in breast cancer (P<0.05). (D) The expression levels of ADAMTS‑1 mRNA stratified by TNM stage (P<0.05). The expression levels of miR‑365 were analyzed 
by qRT-PCR, which were based on the algorithm [(2-∆∆Ct)].
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differences between miR-365 expression and age, tumor size, 
lymph node metastasis, or estrogen receptor and progesterone 
receptor positivity (P>0.05, Table Ⅰ).

Using qRT-PCR assay, we found ADAMTS-1 mRNA 
expression in breast cancer varied, with the expression levels 
ranging from 0.09 to 2.68. The mean ADAMTS-1 expression 
value was significantly lower in breast cancer tissues than 
in adjacent non‑tumor tissues (P<0.05, Table Ⅰ and Fig. 1C). 
Increased ADAMTS-1 expression in breast cancer was associ-
ated with clinical stage (P<0.05, Table Ⅰ and Fig. 1D). However, 
we observed no statistically differences between ADAMTS-1 
expression and age, tumor size, lymph node metastasis, or 
estrogen receptor and progesterone receptor positivity (P>0.05, 
Table Ⅰ).

miR-365 downregulation inhibits proliferation in vitro. We 
used qRT-PCR and found that miR-365 expression in cells 

transfected with miR-365 mimics was significantly higher 
than the Blank group or NC group. miR-365 expression levels 
in cells transfected with the miR-365 inhibitor were decreased 
compared to the Blank group or NC group (P<0.05, Fig. 2A). 
In CCK-8 assay, we measured OD450 values of cells trans-
fected with NC, miR-365 mimics, and the miR-365 inhibitor. 
As shown in Fig. 2B and C, our data indicate that miR-365 
downregulation reduced proliferation of MDA-MB-231 and 
MCF-7 cells.

The cell cycle was affected following miR-365 downregula-
tion in vitro. Cell cycle arrest was successfully induced 48 h 
post-transfection (Fig. 3). Flow cytometry histograms show 
non-transfected cells and cells transfected with scrambled 
miR-365 or the miR-365 inhibitor (Fig. 3A). Cells trans-
fected with miR‑365 inhibitor had a significant increase in 
the percentage of G0/G1 cells compared to other groups, 

Figure 2. Effect of miR-365 on cell proliferation analyzed by CCK-8 assay. (A) Compared to Blank group, the relative miR-365 expression levels in 
miR-365 mimics, miR-365 inhibitor and NC group are shown in the histogram. The data were analyzed by qRT-PCR, which were based on the method 
(2-∆∆Ct). (B and C) In CCK-8 assay, the absorbance of cells markedly decreased in miR-365 inhibitor group, and increased in the group of miR-365 mimics 
compared to the control groups (NC and Blank group). NC, cells transfected with scrambled miR‑365 negative control; Blank, non‑transfected cells; 
miR‑365 mimics, cells transfected with miR‑365 mimics; miR‑365 inhibitor, cells transfected with miR‑365 inhibitor.

Figure 3. Effect of miR-365 downregulation on cell cycle progression in MDA-MB-231 and MCF-7 cells. (A) Cell cycle distribution was analyzed by 
flow cytometry. (B) The histogram show more cells in the G0/G1 phase and fewer cells in S phase following transiently transfected miR-365 inhibitor 
(P<0.05).
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Figure 4. Downregulation of miR-365 inhibits cell invasion in vitro. (A) Transwell assay showed staining invasive cells in miR-365 inhibitor transfected group, 
NC transfected group and Blank group. (B) Histogram indicates the number of invasive cells in miR‑365 inhibitor transfected group was significantly lower 
compared to other groups.

Figure 5. ADAMTS-1 is a direct target of miR-365. (A) The putative miR-365 binging site of ADAMTS-1 3'-UTR. (B) The expression of ADAMTS-1 was 
analyzed in miR‑365 inhibitor, mimics, NC or Blank group. GAPDH was used as a reference. NC, cells transfected with scrambled miR‑365 negative control; 
Blank, non‑transfected cells; miR‑365 mimics, cells transfected with miR‑365 mimics; miR‑365 inhibitor, cells transfected with miR‑365 inhibitor. (C) Dual‑
luciferase assay was performed to analyze the relative luciferase activity after transfection. wt‑ADAMTS‑1, pmirGLO‑ADAMTS‑1‑wt; mut‑ADAMTS‑1, 
pmirGLO-ADAMTS-1-mut.

Figure 6. Expression of ADAMTS-1 restores the miR-365 pro-invasion and the effect on cell cycle function. (A) The ADAMTS-1 expression was increased 
when transfected with pcDNA3.1-ADAMTS-1 and miR-365 mimics. (B) The number of G0/G1 phase cells was increased, and S phase cells was decreased 
when transfected with pcDNA3.1-ADAMTS-1 and miR-365 mimics. (C) Co-transfected with miR-365 mimics and pcDNA3.1-ADAMTS-1 decreased the 
average number of invasive cells, abrogating the effect of miR‑365 mimics on cell invasion. NC, cells transfected with scrambled miR‑365 negative control; 
miR‑365 mimics, cells transfected with miR‑365 mimics; pcDNA3.1‑ADAMTS‑1, cells transfected with pcDNA3.1‑ADAMTS‑1.
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suggesting that miR-365 downregulation induced G0/G1 
cell cycle arrest (P<0.05, Fig. 3B). These results suggest that 
miR-365 downregulation inhibits cell cycle progression in 
MDA-MB-231 and MCF-7 cells.

miR-365 downregulation inhibits cell invasion in vitro. We 
used transwell assay to investigate the role of miR-365 in regu-
lating invasion. As shown in Fig. 4, significantly fewer cells 
invaded the Matrigel in the miR-365 inhibitor group compared 
to the Blank and NC groups (P<0.05). However, no significant 
differences in the number of cells that invaded the Matrigel 
were observed between the NC group and Blank group 
(P>0.05). These results indicate that miR-365 downregulation 
decreased the invasive capacity of MDA-MB-231 cells.

ADAMTS-1 is a direct target of miR-365. Next, we investi-
gated potential targets of miR-365 using prediction algorithms 
(TargetScan, PicTar, and miRanda). Bioinformatics analyses 
predicted the ADAMTS-1 3'-UTR contained miR-365 
binding sites (Fig. 5A). We analyzed ADAMTS-1 expression 
levels using western blotting and found that ADAMTS-1 
expression was significantly lower in MDA-MB-231 cells 
following transfection with the miR-365 mimics. Moreover, 
ADAMTS-1 expression was significantly higher in cells 
transfected with the miR-365 inhibitor (Fig. 5B). To examine 
the target relationship, we constructed two reporter plasmids, 
pmirGLO-ADAMTS-1-wt and pmirGLO-ADAMTS-1-mut. 
These vectors were transfected into MDA-MB-231 cells with 
NC, miR-365 mimics, or the miR-365 inhibitor. We found 
that the luciferase activity was significantly reduced when the 
miR-365 mimic was co-transfected with the wt-ADAMTS-1 
reporter plasmid. In contrast, the miR‑365 inhibitor signifi-
cantly promoted wt-ADAMTS-1 reporter plasmid luciferase 
activity (Fig. 5C). These data indicate that miR-365 regulated 
ADAMTS-1 expression by directly targeting the 3'-UTR of 
ADAMTS-1.

ADAMTS-1 expression restores the pro-invasion and cell 
cycle function of miR-365. We constructed an expression 
vector (pcDNA3.1-ADAMTS-1) that exogenously expressed 
ADAMTS-1 lacking the 3'-UTR to further demonstrate the target 
relationship. Western blot analyses showed that co-transfection 
of miR-365 mimics and pcDNA3.1-ADAMTS-1 increased 
ADAMTS-1 expression as well as restored the function of 
the miR-365 mimics in regulating ADAMTS-1 expression 
(Fig. 6A). We also analyzed MDA-MB-231 cells co-transfected 
with miR-365 mimics and pcDNA3.1-ADAMTS-1 using 
flow cytometry and found that the population of cells in the 
G0/G1 phase increased, and the number of cells in the S phase 
decreased (Fig. 6B). Transwell assay revealed that the invasion 
accelerating effect of miR-365 was reversed by transfection 
with pcDNA3.1-ADAMTS-1 (Fig. 6C). Taken together, these 
findings further suggested that miR‑365 regulated ADAMTS‑1 
expression through binding to its 3'-UTR.

Discussion

An increasing number of studies have revealed that dysregula-
tion of specific miRNAs, which function as tumor suppressor 
or oncogenes, control breast cancer formation and progression 

and are found in tumor biopsies and body fluids (19‑21). mir‑15a 
has recently been found to participate in breast cancer progres-
sion. In vitro, miR-15a plays a role in potentiating apoptosis, 
suppressing proliferation, and mediating cell cycle arrest (22). 
It was recently found that miR-30c is dysregulated in breast 
cancer and its elevated expression correlated with poor patient 
survival. Moreover, miR-30c promotes the invasive phenotype 
of MDA-MB-231 cells (23). It has been reported that miR-10b 
upregulation is associated with brain metastases of breast 
cancer, suggesting that miR-10b can serve as a therapeutic 
target for anti-metastasis therapy (24). MiR-148a and miR-133a 
have been identified as biomarkers for breast cancer detection 
using a three-stage microRNA analysis (25). Furthermore, 
recent research found that miRNA-342-3p regulated sensi-
tivity to the chemotherapy drugs paclitaxel and cisplatin in 
a breast cancer cell line (26). Based on microarray analysis 
data, miR-365 is highly expressed (18). However, the effect of 
miR-365 on cell proliferation, cell cycle, and cell invasion in 
breast cancer remained unknown. Here, we investigated the 
mechanisms of the oncogene miR-365, and performed lucif-
erase reporter, western blotting, and restore assays to identify 
whether ADAMTS-1 is a direct target of miR-365.

In this study, we found that miR-365 expression is 
significantly higher in breast cancer tissues than normal 
adjacent tissues. In addition, elevated miR-365 expression 
was associated with clinical stage. These results suggest that 
upregulation of miR-365 may be related to breast cancer 
development. Moreover, we found that miR-365 suppression 
significantly restricted cell proliferation and cell invasion, as 
well as induced G0/G1 cell cycle arrest in vitro. These data 
indicate that miR-365 may function as an oncogene to promote 
cell proliferation by mediating G0/G1 cell cycle arrest.

ADAMTS-1 is an active multifunctional metalloproteinase 
that participates in a variety of carcinomas (27-30). However, 
the role of this enzyme in cancer development remains 
controversial. In 1999, Kuno et al showed that ADAMTS-1 
is associated with the extracellular matrix, which may play a 
role in the inflammatory process (31). When overexpressed, 
catalytically-active ADAMTS-1 increases tumor growth rates 
and recruits fibroblastic cells, thus inducing a stromal reaction 
in vivo (32). In addition, increased ADAMTS-1 expression has 
been reported in pancreatic tumors with metastatic phenotypes 
(33). Low ADAMTS-1 expression was observed in non-small-
cell lung cancer, and its dysregulation correlated with the 
development and progression of lung carcinoma (30). Recent 
studies revealed that ADAMTS-1 expression was decreased in 
human breast cancers, and ADAMTS-1 knockdown acceler-
ated cell migration, invasion, and formation of invadopodia 
(34). Consistent with previous reports, we found ADAMTS-1 
was downregulated in breast cancer. Based on our bioinfor-
matics search of several online databases, we determined that 
ADAMTS-1 mRNA contained miR-365 binding sites. We 
found that miR-365 inhibited ADAMTS-1 expression in breast 
cancer cells. Using luciferase reporter and restore assays, we 
further confirmed that ADAMTS‑1 is directly regulated by 
miR-365. Therefore, we propose that miR-365 functions by 
regulating ADAMTS-1 expression.

In conclusion, our study suggests that upregulated miR-365 
negatively regulates ADAMTS-1 expression by targeting its 
3'-UTR. We also found that miR-365 contributes to regula-



INTERNATIONAL JOURNAL OF ONCOLOGY  47:  296-302,  2015302

tion of cell proliferation, invasion, and the cell cycle in breast 
cancer cells. Therefore, inhibition of miR-365 might be a 
potential therapeutic strategy for breast cancer.
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