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Abstract: MicroRNAs (miRNAs) have emerged as important regulators that potentially play critical roles in various
biological processes. Previous studies have shown that miR-615 regulates proliferation and apoptosis in many types
of cancers. The biological function of this microRNA in breast cancer remains largely unexplored. In the present
study, we found that miR-615 expression was markedly downregulated in breast cancer tissues and breast cancer
cells. The enforced expression of miR-615 was able to inhibite the proliferation and anchorage-independent growth
of breast cancer cells, while miR-615-in showed the opposite effect. Bioinformatics analysis further revealed AKT2,
a putative tumor promoter as a potential target of miR-615. Ectopic expression of miR-615 led to downregulation of
AKT2 protein, which resulted in the upregulation of p27 and p21 and the downregulation of cyclin D1. In sum, these
results suggest that miR-615 represents a potential anti-onco-miR and participates in breast cancer carcinogenesis

by suppressing AKT2 expression.
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Introduction

Breast cancer is the most common malignancy
which leading the second leading cause of can-
cer-related mortality among females among
the world [1, 2]. In recent years, the incidence
of breast cancer has been experiencing a sig-
nificant rise, highlighting the requirement for
therapies of breast cancer.

Growing evidence suggests that MicroRNAs
(miRNAs) act as either tumor suppressors or
promoters in the development of various can-
cers and play crucial roles in regulating post-
transcriptional gene expression by binding to
3’-untranslated of the target mRNA [3-5].
Moreover, treatment by targeting miRNAs has
attracted extensive research attention in vari-
ous kinds of cancers, including breast cancer
[6, 7]. Recently, miR-615 was reported to be
frequently downregulated and acted as a tumor
suppressor involved in cellular function [8].
However, the relationship between breast can-

cer and the expression of miR-615 has not yet
been elucidated. In this present study, we found
that miR-615 expression was markedly down-
regulated in breast cancer tissues and breast
cancer cells. Bioinformatics analysis indicated
that miR-615 may directly target the 3-UTR of
AKT2. We demonstrated that miR-615 inhibited
breast cancer cell proliferation by directly tar-
geting the 3’-UTR of AKT2 mRNA, which subse-
quently reduced expression of the cell-cycle
regulator cyclin D1 and upregulated the cyclin-
dependent kinase (CDK) inhibitors, p27 and
p21. Our data demonstrated that miR-615 may
play an important role in the development and
progression of breast cancer through the AKT2-
mediated signaling pathway.

Materials and methods
Clinical specimens

Normal breast sample was collected from the
mammoplasty material of a 34-year-old woman
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at Cangzhou Centerl Hospital (Cangzhou, Hebei
Province, People’s Republic of China). Eight
paired human breast cancer tissues and the
matched adjacent non-tumor tissues (ANT)
were obtained from breast cancer patients and
histopathologically diagnosed at Cangzhou Ce-
nterl Hospital (Cangzhou, Hebei Province, Peo-
ple’'s Republic of China). The study was appro-
ved by the ethics committee of Cangzhou Cen-
terl Hospital (Cangzhou, Hebei Province, Peo-
ple’'s Republic of China). Written informed con-
sent was obtained from all patients.

Cell culture

Primary normal breast cell (NBEC), from mam-
moplasty material, were cultured in the Kera-
tinocyte serum-free medium (Invitrogen, Carl-
sbad, CA) supplemented with epithelial growth
factor, bovine pituitary extract and antibiotics
(120 mg/ml streptomycin and 120 mg/ml peni-
cillin). Human breast cancer cell lines BT549,
MCEF-7, Bcap37, MDA-MB231, ZR-75-30, SKB-
R3, MDA-MB435, MDA-MB453 and T47D were
purchased from National Rodent Laboratory
Animal Resource (Shanghai, People’s Republic
of China). All cell lines were grown in were cul-
tured in RPMI-1640 (Gbico, USA) supplemented
with 10% fetal bovine serum (FBS, Sigma, St
Louis, MI), 100units/ml of penicillin-streptomy-
cin (Invitrogen, Carlsbad, CA), The media for
BT-549 cells were additionally supplemented
with 0.01 mg/ml insulin (Novo Nordisk A/S) and
for T47D with 1% glucose. Cell lines were cul-
tured in a humidified incubator at 37°C in an
atmosphere of 5% CO, and 95% air.

Plasmids, small interfering RNA and transfec-
tion

The 3’-UTR of the human AKT2 messenger RNA
was cloned in between the Notl and Xba1l sites
of pGL-3 vector (Promega). MiR-615 mimic,
miR-615 inhibitor, miR-615-mut and negative
control were purchased from GeneCopoeia
(Guangzhou, China) and transfected into breast
cancer cells using Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA) according to the man-
ufacturer’s instructions.

RNA extraction and real-time quantitative PCR

Total RNA was extracted from the tumor tissues
and cancer cells and using TRIzol reagent
(Invitrogen, Carlsbad, CA) according to the man-
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ufacturer’s instruction. The expression levels of
miR-615 were quantified using the miRNA-spe-
cific TagMan MIRNA Assay Kit (Applied Bio-
systems). The relative miR-615 expression lev-
els after normalization to U6 small nuclear RNA
were calculated using 2:Ct of miR-615) - (Ct of UB)
Quantitative PCR was performed by SYBR Kit
(Qiagen, China) using a Light Cycler system. The
primers selected are as follows: Cyclin D1 for-
ward 5-TCCTCTCCAAAATGC CAGAG-3’ and
Cyclin D1 reverse 5-GGCGGATTGGAAATGAA-
CTT-3’; p27 forward 5-TGCAACCGACGATTCTT-
CTACTCAA-3' and reverse 5-CAAGCAGTGATG-
TATCTGATAAAC AAGGA-3’; p21 forward 5-CAT-
GGGTTCTGACGGA CAT-3' and p21 reverse 5-
AGTCAGTTCCTTGTGGAGCC-3'. Expression data
was normalized to the geometric mean of
GAPDH to control the variability in expression
levels (forward primer 5-GACGGCCGCATCTT-
CTTGT-3’; reverse primer 3’-CACACC GA CCTT-
CACCATTTT-5’) and calculated as 2-1CtofCyelind1, p27

and p21) - (Ct of GAPDH)]

Western blotting

Protein lysates were prepared, equal quantities
of protein were s subjected to SDS-PAGE, gels
were transferred onto PVDF membranes. The
following anti-bodies were used as follows: anti-
AKT2 (1:500; Abcam), anti-cyclin D1 (1:1000;
Cell Signaling Technology), anti-p27 (1:1000;
Cell Signaling Technology), anti-p21 (1:1000;
Cell Signaling Technology), anti-retinoblastoma
(anti-Rb,1:1000; Cell Signaling Technology) and
anti-phosphorylated Rb (anti-p-Rb,1:1000; Cell
Signaling Technology). To control sample load-
ing, the blotting membranes were stripped and
re-probed with an anti-a-tubulin antibody (Sig-
ma, St Louis, MI). Immunocomplexes were visu-
alized using the chemiluminesence (GE, USA)
following the manufacturer’s protocol.

MTT assay

Cell growth was measured by MTT assay, MDA-
MB231 cells were seeded in 96-well plates in
medium containing 10% FBS at approximately
2,000 cells/well. For quantitation of cell viabili-
ty, cultures were stained after 1, 2, 3 and 4
days and 100 pl MTT (Sigma) working solution
was added into wells for 4 h at 37°C, followed
by removal of the culture medium and addition
of 150 yl DMSO. The absorbance at 490 nm
was measured in a Thermo Scientific Multiskan
(Thermo Fisher Scientific, USA).
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Figure 1. Expression of miR-615 in human breast cancer cell lines and tissues. (A) Real-time PCR analysis of miR-
615 expression in normal breast cells (NBEC) and breast cancer cell lines, including BT549, MCF-7, Bcap37, MDA-
MB231, ZR-75-30, SKBR3, MDA-MB435, MDA-MB453 and T47D. (B) Relative miR-615 mRNA expression levels in 8
paired primary breast cancer tissues (T) and the matched adjacent non-tumor tissues (ANT) from the same patient
were detected by PCR analysis. Experiments were repeated at least three times (A and B). Each bar represents the
mean of three independent experiments. *P < 0.05.
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Figure 2. miR-615 upregulation inhibited bre-
ast cancer cell proliferation. A. Validation of miR
-615 expression levels after transfection by
PCR analysis. B. MTT assays revealed that up-
regulation of miR-615 suppressed growth of
MDA-MB231 cells. C. Representative microgra-
phs (left) and quantification (right) of crystal
violet-stained cell colonies. D. Upregulation of
miR-615 inhibited the anchorage-independent
growth of MDA-MB2310 cells. Representative
micrographs (left) and quantification of colonies
that were > 0.1 mm (right). E. Flow cytometric
analysis of the indicated MDA-MB231 cells
transfected with NC or miR-615. Each bar rep-
resents the mean of three independent experi-
ments. *P < 0.05.
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Colony formation assay

MDA-MB231 cells were plated 6-well plates
(1000 cells per well) and incubated for 10 days.
Colonies were stained with 1.0% crystal violet
for 30 s after fixation with 10% formaldehyde
for 5 min. The number of colonies, defined as >
50 cells/colony were counted. Three indepen-
dent experiments were performed and the data
was calculated using paired t test.

Anchorage-independent growth assay

One thousand cells were trypsinized and sus-
pended in 2 ml complete medium plus 0.3%
agar (Sigma, St Louis, MI). The agar-cell mixture
was plated on top of a bottom layer consisting
of 1% agar in complete medium. Cells were
incubated for 14 days at 37°C until colony for-
mation and colonies were stained with 0.5%
Crystal Violet for counting under microscope
and cell colonies were photographed at an orig-

3804

—a— MDA-MB-231-NC
—&— MDA-MB-231-miR-615-in

- -
=L

o N A O ©

5 Day
EINC [l miR-615-in
*

0 1 2 3 4

Colony number (>0.1mm)
- o ow
o 8 8 &8 8

MDA-MB-231

Figure 3. Inhibition of miR-615 promoted breast
cancer cell proliferation. A. Validation of miR-615
expression levels after transfection by PCR analysis.
B. MTT assays revealed that Inhibition of miR-615
promoted growth of MDA-MB231 cells. C. Represen-
tative micrographs (left) and quantification (right)
of crystal violet-stained cell colonies. D. Inhibition
of miR-615 promoted the anchorage-independent
growth of MDA-MB231 cells. Representative mi-
crographs (left) and quantification of colonies that
were > 0.1 mm (right). E. Flow cytometric analysis
of the indicated MDA-MB231 cells transfected with
NC or miR-615-in. Each bar represents the mean of
three independent experiments. *P < 0.05.

inal magnification of 100 x. Only cell colonies
containing more than 50 cells were counted.

Flow cytometric analysis

Forty-eight hours after transfection, MDA-
MB231 cells were harvested washed with PBS,
and fixed with 70% ethanol. Fixed cells were
then treated with 20 yg/mL of RNaseA and 50
pg/mL of PI (Sigma-Aldrich) for 30 minutes, and
stained cells were immediately analyzed by a
FACS can flow cytometer (BD Biosciences).

Luciferase assays

The pGL3 luciferase reporter gene plasmids
pGL3-AKT2-3’-UTR, or the control-luciferase
plasmid were cotransfected into the cells with
5ng pRL-TK Renilla plasmid (Promega) using
Lipofectamine 2000 Reagent (Invitrogen, Carl-
sbad, CA). Luciferase and Renilla activities
were assayed 48 hours after transfection using
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the dual luciferase assay kit to the manufac-
turer’s protocol. The levels of firefly luciferase
activities were obtained by normalizing to Re-
nilla luciferase activities.

Statistical analysis

All statistical analyses except for microarray
data were performed using the SPSS 17.0
(SPSS, Inc., Chicago, IL, USA). Student’s t test
was used to evaluate the significance of the dif-
ferences between two groups of data in all the
pertinent experiments. P < 0.05 was consid-
ered statistically significant.

Result

MIiR-615 expression was elevated in breast
cancer tissues and breast cancer cell lines

Firstly, expression level of miR-615 was deter-
mined using Real-time PCR analysis. As shown

3805

in Figure 1, our results demonstrated that miR-
615 expression was consistently downregulat-
ed in the breast cancer tissues compared with
the matched tumor adjacent tissues, and in all
9 tested breast cancer cell lines showed signifi-
cantly downregulated expression of miR-615
compared to the normal breast cell (NBEC).
Taken together, these results suggested that
miR-615 was downregulated in breast cancer.

MiR-615 inhibited cell proliferation of breast
cancer

In order to explore the effects of miR-615 on
breast cancer cell growth, we transfected the
MDA-MB-231 cells with miR-615 mimics, miR-
615 inhibitor or the respective controls and the
cell growth was examined. Relative miR-615
expression was verified using qRT-PCR (Figures
2A and 3A). MTT assay showed that miR-615
overexpression significantly decreased the pro-
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liferation rate of MDA-MB-231 cells (Figure 2B),
and results of colony formation assay revealed
that miR-615-transfected cells displayed fewer
and smaller colonies compared with control NC
transfectants (Figure 2C). Strikingly, we found
that enforced expression of miR-615 in MDA-
MB-231 cells significantly decreased their an-
chorage-independent growth ability (Figure
2D). In contrast, the cell growth rates and colo-
ny numbers of MDA-MB-231 cells transfected
with miR-615 inhibition (miR-615-in) were sig-
nificantly increased the cell growth rate than
those transfected with NC (Figure 3B and 3C).
In addition, the anchorage-independent growth
ability of MDA-MB-231 cells was drastically
increased in response to miR-615-in (Figure
3D). Taken together, MTT, colony formation,
and anchorage-independent growth assay
demonstrated that miR-615 was able to inhibit
the proliferation of breast cancer cells in vitro.

To further investigate the mechanisms by which
miR-615 inhibits breast cancer cells prolifera-
tion, we predicted whether miR-615-induced
inhibition of cell proliferation resulted from a
blocked cell-cycle checkpoint. To confirm this
prediction, we analyzed the cell cycle distribu-
tion. We found that the percentage of G /G, ph-
ase was increased in miR-615 overexpressed
cells and decreased in its depleted cells, wh-
ereas the percentage of S phase was decreased
in cells with miR-615 transfection and incre-
ased in cells with miR-615-in (Figures 2E and
3E). These results suggested that the miR-615
would initiate its antiproliferation potential at
G,-S phase in breast cancer cells, thus prevent-
ing further malignancy progression.

MiR-615 inhibits breast cancer cell prolifera-
tion and cell cycle via directly targeting AKT2

To uncover the mechanisms by which miR-615
induced G,-S arrest, we searched for the target
genes of miR-615. Potential target of miR-615
was predicted using TargetScan 6.2, we found
that AKT2 was a potential target of miR-615
(Figure 4A). To test whether miR-615 expres-
sion affected endogenous AKT2 expression,
expression of AKT2 were detected in the MDA-
MB-231 cells, which were transfected with miR-
615 mimics, miR-615-in or the respective con-
trols. As predicted, western blotting analysis
showed that miR-615 mimics markedly sup-
pressed AKT2 protein levels in MDA-MB-231
cells (Figure 4B), while miR-615-in clearly pro-
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moted AKT2 protein expression. To validate
whether AKT2 was the direct target gene of
miR-615, a Dual-Luciferase Reporter System
containing wild-type 3’-UTR of AKT2 was used.
The luciferase assay showed that miR-615 sig-
nificantly led to the suppression of luciferase
activity (Figure 4C), indicating that miR-615
directly bound to its predicted binding site on
AKT2. Meanwhile, miR-615-mut had no effect
on the luciferase activity of AKT2 3’-UTR wild
type. These results, taken together, demon-
strated that AKT2 is a bona fide target of
miR-615.

MiR-615 altered levels of proteins related to
cell proliferation and cell cycle in breast can-
cer

It was reported previously that AKT2 is closely
correlated with cell proliferation and cell cycle
that remarkably regulates the expression of its
downstream genes [9-11]. As miR-615 inhibit-
ed cell proliferation of breast cancer, we exam-
ined its functions on expression of the genes
which regulate the G, /S transition, including
the CDK inhibitors p21 and p27, the CDK regu-
lator Cyclin D1, Rb and p-Rb. Our results sug-
gested that p21 and p27 were strikingly upreg-
ulated at both the protein and mRNA levels
while cyclin D1 levels were downregulated in
miR-615-overexpressing MDA-MB-231 cells,
compared to NC transfected cells (Figure 4D
and 4E). Cyclin D1 exerts its functions by bind-
ing cyclin-dependent kinases (CDKs) subunit 4
and 6 to form a complex, which results in suc-
cessive phosphorylation of the Rb protein [12].
The phosphorylation of retinoblastoma (pRb)
levels was decreased in miR-615-overexpress-
ing cells while increased in the miR-615-inhibit-
ed cells (Figure 4E). These results provides fur-
ther evidence that miR-615 plays an important
role in breast cancer cell proliferation. Altoge-
ther, our results indicated that miR-615 func-
tionally modulates cell cycle regulators, p21,
p27, cyclin D1, Rb and p-Rb, thus relevant to
cell proliferation and cell cycle.

Discussion

Accumulating evidences have demonstrated
that miRNAs has been shown to be a common
event that can control cell proliferation in devel-
opment and progression of breast cancer [7,
13, 14]. In the current study, we found that miR-
615 expression was markedly downregulated
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in both breast cancer tissues and cell lines.
Furthermore, ectopic expression of miR-615
inhibited breast cancer cells proliferation by
blocking the G,-S transition in vitro, probably
through directly targeting AKT2-related cell-
cycle signaling. Taken together, our data pro-
vided a more comprehensive understanding of
the tumor suppressor role of miR-615 during
development of breast cancer.

Recently, deregulation of miRNAs in cancer ce-
lls and their roles in tumorigenesis have been
increasingly investigated. However, the underly-
ing mechanism responsible for decreased
expression of miR-615 in breast cancer is still
unknown. Thus, in this study, our study revealed
that miR-615 was significantly downregulated
in breast cancer cell lines and breast carcino-
ma tissues. And ectopic expression of miR-615
in MDA-MB-231 cells inhibited cell prolifera-
tion, clonogenicity, and also induced G,-S arrest
in vitro, suggesting miR-615 as a tumor sup-
pressor in breast cancer development.

AKT2 is a serine/threonine kinase, has been
found to be associated with numerous other
cancers, including colorectal, liver and breast
cancers [15-18]. Moreover, previous studies
have reported that Akt2 plays a critical role in
cell proliferation, survival and apoptosis in vari-
ous Kkinds of cancers, including breast cancer
[19, 20]. AKT2 is essential for progression from
G,-G, to S-phase by inducing the regulator of
Gl-S transition, including cyclin D1, p21 and
p27, during cell-cycle progression [11, 21]. How-
ever, precise details of the mechanisms which
regulate AKT2 remain elusive. Our experimen-
tal results further proved that AKT2 was direct
targets of miR-615 in breast cancer cells. The
activities of AKT2 3'UTR luciferase reporter
were responsive to miR-615 overexpression.
Endogenous AKT2 protein expression decrea-
sed in miR-615-transfected breast cancer ce-
lls. The cell regulators were detected by PCR
and Western Blots. Our results suggested that
both the protein and mRNA levels of p21 and
p27 were strikingly upregulated while cyclin D1
levels were downregulated in miR-615-overex-
pressing MDA-MB-231 cells, compared to NC
transfected cells. Our findings suggest that
miR-615 may function as a cell-cycle suppres-
sor by targeting AKT2 in breast cancer. Taken
together, our results suggested that miR-615
suppressed AKT2 expression by binding direct-
ly to the 3’-UTR of AKT2, and thus inducing cell
cycle.
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In conclusion, the current study revealed that
the roles of miR-615 and its targeted gene,
AKT2, in their control of the cell cycle and their
potential implication in development of breast
cancer. Our results revealed that miR-615 may
be a novel tumor suppressor that blocks the
growth of breast cancer cells through targeting
AKT2-related cell-cycle progression signaling
pathways. Based on all data, it was inspiring to
speculate that miR-615 could be a significant
diagnostic and prognostic biomarker for breast
cancer.
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