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MicroRNA-215 acts as a tumor suppressor in breast
cancer by targeting AKT serine/threonine kinase 1
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Abstract. There are accumulating reports that microRNAs
are dysregulated in a number of human cancer types, and
that they may function as tumor suppressors or oncogenes
in tumorigenesis and tumor development. microRNA-215
(miR-215) has been identified as a tumor suppressor in
epithelial ovarian, pancreatic, non-small cell lung and
colon cancer, whereas it may act as an oncogene in gastric
and cervical cancer. The role of miR-215 in breast cancer
carcinogenesis and progression has yet to be elucidated.
In the present study, the expression level of miR-215 was
determined in breast cancer tissues and cell lines using the
reverse transcription-quantitative polymerase chain reaction.
The effects of miR-215 overexpression on proliferation and
the invasive capacity of breast cancer cells were assessed
using MTT and cell invasion assays. The results revealed that
miR-215 was significantly downregulated in breast cancer
tissues and cell lines. Restoration of miR-215 expression
inhibited the proliferation and invasion of breast cancer cells.
The underlying molecular mechanism for the suppression of
proliferation and invasion by miR-215 was investigated. AKT
serine/threonine kinase 1 (AKT1) was validated as a novel
direct target of miR-215, and the effect of AKT1 small inter-
fering RNA mimicked the effect of miR-215 overexpression
in breast cancer cells. These results indicated that miR-215
acted as a tumor suppressor, and that its downregulation
in tumor tissues may contribute to the carcinogenesis and
progression of breast cancer, indicating that miR-215 may be
a novel therapeutic target for the treatment of breast cancer.
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Introduction

Breast cancer is the leading cause of cancer-associated
mortality for the female population worldwide; there were
an estimated 234,190 novel cases and 40,730 mortalities in
2015 in the USA (1,2). Treatment of breast cancer typically
includes surgery followed by adjuvant chemotherapy, radio-
therapy or hormone therapy (3). There has been a significant
effort to improve the prognosis of patients with breast cancer;
however, breast cancer remains a highly prevalent and lethal
malignancy (4,5). Local recurrence and distant metastasis are
the main reasons for the poor prognosis associated with breast
cancer (6). It was previously reported that between 30 and 75%
of patients with breast cancer developed disease recurrence or
metastasis following surgery and adjuvant treatment (7). The
local recurrence or metastasis of breast cancer is the leading
cause for the deterioration of breast cancer, and is responsible
for >90% of breast cancer-associated mortalities (8). Therefore,
improving the understanding of the molecular mechanisms of
breast cancer recurrence and metastasis is particularly impor-
tant.

MicroRNAs (miRNAs), small non-coding RNAs of
19-24 nucleotides, may be critical regulators of cancer patho-
genesis and progression (9). miRNAs negatively regulate
the expression of specific mRNA targets by directly binding
miRNA recognition elements, typically in the 3' untranslated
region (3'UTR) of target mRNAs, resulting in the inhibition
of translation and/or degradation of the target mRNA, thus
downregulating the expression of the associated protein
products (10,11). Each type of miRNA may modulate the
expression of numerous mRNAs simultaneously; therefore,
miRNAs serve critical roles in biological functions, including
cell proliferation, cell cycle progression, migration, inva-
sion, metastasis, apoptosis, metabolism and the immune
response (12-18). Accumulating studies have indicated that
there are associations between miRNA expression and the
clinical features of patients with cancer, including tumor size,
tumor-node-metastasis (TNM) stage, development, survival
time, disease recurrence and metastasis (19-22). miRNAs
have been reported to be frequently dysregulated in various
types of human cancer, and may function as tumor suppressors
or oncogenes in tumorigenesis and tumor development (23).
miRNAs are therefore regarded as attractive targets for the
development of improved cancer therapies.
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In the present study, it was demonstrated that the expres-
sion levels of miR-215 were lower in breast cancer tissues and
cell lines. In addition, enforced miR-215 expression inhibited
the proliferation and invasion of breast cancer cells. AKT
threonine serine/kinase 1 (AKT1) was identified as a novel
direct target of miR-215 in breast cancer. On the basis of these
results, miR-215 may be suitable for development as a thera-
peutic target in the treatment of breast cancer.

Materials and methods

Clinical samples and cell lines. Breast cancer and matched
adjacent non-tumor breast tissues were obtained from
56 patients who underwent surgery at the First Affiliated
Hospital of Harbin Medical University (Harbin, China)
between September 2013 and February 2014. None of the
patients had received chemotherapy, radiotherapy or adjuvant
hormonal therapy prior to surgery. All samples were snap
frozen in liquid nitrogen and stored at -80°C. The present study
was approved by the Ethics Committee of the First Affiliated
Hospital of Harbin Medical University. Written informed
consent for research purposes was obtained from each patient.

Human breast cancer cells (MCF-7A, MDA-MB-231,
MDA-MB-453, BT-474 and SK-BR-3) and HEK293T cells
were obtained from the American Type Culture Collection
(Manassas, VA, USA). MCF-10A, normal mammary epithelial
cells, were purchased from the Cell Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). Cells
were maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 pg/ml streptomycin (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA)at 37°C in
a humidified atmosphere containing 5% CO,.

miRNA and small interfering RNA (siRNA) transfection. An
miR-215 mimic and an miRNA negative control (NC) were
synthesized by Shanghai GenePharma Co., Ltd. (Shanghai,
China). AKT1 siRNA and scrambled siRNA were purchased
from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The
breast cancer cells were seeded into 6-well plates and grown
to 60% confluence. They were transfected with miRNA or
siRNA using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's
protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from tissues and cells
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. For detecting
miR-215 expression, total RNA was reverse-transcribed into
complementary DNA with a PrimeScript reverse transcrip-
tion reagent kit (Takara Bio, Inc., Otsu, Japan). qPCR was
performed with a SYBR Premix Ex Taq™ II kit (Takara Bio,
Inc.) on an Applied Biosystems 7500 Sequence Detection
system (Thermo Fisher Scientific, Inc.).

The reaction system contained 10 1 SYBR Premix Ex
Taq II, 2 ul cDNA (200 ng), 0.8 ul forward primer, 0.8 ul
reverse primer, 0.4 ul ROX Reference Dye and 6 ul ddH20.
The amplification was performed with cycling conditions
as follows: 5 min at 95°C, followed by 40 cycles of 95°C
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for 30 sec and 65°C for 45 sec. Relative expression levels of
miR-215 were evaluated using the 244%4 method (24). The
primer sequences used for qgPCR were: miR-215 forward,
5'-ACACTCCAGCTGGGATGACCTATGAATTG-3' and
reverse, 5'-GTGCAGGGTCCGAGGT-3"; U6 snRNA forward,
5'-CTCGCTTCGGCAGCACATATACT-3' and reverse,
5'-ACGCTTCACGAATTTGCGTGTC-3". All experiments
were run in triplicate.

MTT assay. An MTT assay was performed to detect the rate
of cell proliferation. Breast cancer cells were seeded in a
96-well plate, at a density of 3x10° cells per well, following
transfection with miR-215 mimic or siRNA. The extent
of proliferation was then assessed at 24, 48, 72 and 96 h
post-transfection. A 20 pl volume of MTT solution (5 mg/ml;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
added to each well prior to incubation at 37°C for 4 h. The
supernatant was removed and cells were resuspended in 150 ul
dimethylsulfoxide. The absorbance of the cells at 490 nm was
detected using a microplate reader. All experiments were
performed in triplicate.

Cell invasion assay. A Transwell chamber with 8§ ym pores
(BD Biosciences, San Jose, CA, USA) was used to evaluate
cell invasive capacity. The filter of the top chamber was
pre-coated with Matrigel (BD Biosciences). Briefly, 4x10*
miR-215 mimic- or siRNA-transfected cells were suspended
in 200 ul FBS-free DMEM, and added to the upper chamber.
The lower chambers were filled with 500 1 DMEM supple-
mented with 20% FBS as a chemoattractant. At 48 h after
incubation, the noninvading cells that remained on the upper
surface of the Transwell chamber were removed with a cotton
swab. The invading cells on the lower surface were fixed with
100% methanol and stained with 0.1% crystal violet. Cells that
had invaded to the lower surface were counted using a light
microscope in five randomly selected fields.

Bioinformatics analysis. TargetScan online software (Www.
targetscan.org/) and miRanda (www.microrna.org) were used
for miR-215 target gene prediction. From the potential targets,
AKT1 was selected as it has previously been demonstrated to
contribute to breast cancer progression (25).

Western blot analysis. At 72 h after transduction with the
miR-215 mimic or siRNA, total protein was extracted from
cells using a Total Protein Extraction kit (Nanjing KeyGen
Biotech Co., Ltd., Nanjing, China) and its concentration was
determined using a Pierce bicinchoninic acid protein quan-
titation kit (Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. Equal amounts of protein (30 ug)
were separated using SDS-PAGE (10% gel) and gels were elec-
troblotted onto polyvinylidene fluoride membranes (Merck
KGaA). The membranes were blocked with 5% skimmed milk
in TBS containing 0.1% Tween-20, and then incubated with
the following primary antibodies: Mouse anti-human AKT1
monoclonal antibody (ab54752, 1:1,000; Abcam, Cambridge,
UK) and mouse anti-human [-actin monoclonal antibody
(ab8226, 1:1,000; Abcam). Following overnight incubation
at 4°C, the membranes were probed with a goat anti-mouse
secondary antibody (ab6789, 1:5,000; Abcam) for 1 h at room
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Figure 1. miR-215 was downregulated in breast cancer tissues and cell lines. (A) Expression levels of miR-215 were significantly decreased in the breast cancer
tissues compared with matched adjacent non-tumor breast tissues. Data are presented as the mean + standard deviation. "P<0.05 vs. adjacent non-tumor breast
tissues. (B) Relative expression of miR-215 was lower in all breast cancer cell lines examined compared with MCF-10A. "P<0.05 compared with MCF-10A.

miR-215, microRNA-215.

temperature. The bands were visualized using Electrogenerated
chemiluminescence (GE Healthcare Life Sciences, Chalfont,
UK). B-Actin was used as a loading control for protein level
normalization.

Luciferase reporter assay. The luciferase reporter vectors,
pGL3-AKTI1-3'UTR wild-type 1 (Wtl), 2 (Wt2), mutant 1
(Mutl) and mutant 2 (Mut2), were synthesized by Shanghai
GenePharma Co., Ltd. For the luciferase reporter assay,
breast cancer cells were cultured in 24-well plates and
transfected with luciferase reporter vectors, along with
the miR-215 mimic or NC, using Lipofectamine 2000. At
48 h after transfection, luciferase activities were measured
with the Dual-Luciferase Reporter Assay system (Promega
Corporation, Madison, WI, USA) according to the manufac-
turer's protocol. Firefly luciferase activity was normalized to
Renilla luciferase activity.

Statistical analysis. Data were presented as mean =+ standard
deviation. Statistical analysis was performed using Student's
t-tests or one-way analysis of variance plus multiple compari-
sons using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).
SNK was used to compare between two groups in multiple
groups. For all analyses, P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-215 is downregulated in breast cancer tissues and
cell lines. To evaluate the role of miR-215 in breast cancer,
RT-qPCR was performed to measure the expression levels
of miR-215 in breast cancer tissues and matched adjacent
non-tumor breast tissues. The expression of miR-215 in breast
cancer tissues was significantly decreased compared with in
matched adjacent non-tumor breast tissues (P<0.05; Fig. 1A).

For further characterization of miR-215 expression in
breast cancer, its expression in a normal mammary epithelial
cell line (MCF-10A) and breast cancer cell lines (MCF-7A,
MDA-MB-231, MDA-MB-453, BT-474 and SK-BR-3) was

also quantified. RT-qPCR analysis demonstrated that miR-215
expression was significantly decreased in all the breast
cancer cell lines compared with MCF-10A (P<0.05; Fig. 1B).
The lowest level of miR-215 expression was in MCF-7A and
MDA-MB-231 cells, which were selected for use in further
experiments.

Effects of miR-215 on the proliferation and invasion of
breast cancer cells. Subsequent to transfecting MCF-7A and
MDA-MB-231 cells with the miR-215 mimic or NC, the
expression level of miR-215 was measured using RT-qPCR.
Transfection with the miR-215 mimic led to a significant
increase in its expression in MCF-7A and MDA-MB-231 cells
(P<0.05; Fig. 2A).

An MTT assay was performed to evaluate the effect of
miR-215 on the proliferation of MCF-7A and MDA-MB-231
cells. MCF-7A and MDA-MB-231 cells transfected with the
miR-215 mimic proliferated at a decreased rate compared with
the cells transfected with NC (P<0.05; Fig. 2B).

An invasion assay was performed to investigate the
effect of miR-215 on the invasive capacity of breast cancer
cells. Following transfection with the miR-215 mimic, the
invasive capacity of MCF-7A and MDA-MB-231 cells was
significantly decreased compared with NC-transfected cells
(Fig. 2C). Taken together, the data indicated that miR-215
inhibited the proliferation and invasion of breast cancer cells.

Overexpression of miR-215 decreases the level of AKTI
protein. In order to investigate the underlying molecular
mechanism of miR-215 in the progression of breast cancer,
TargetScan and miRanda were used to screen for target genes
of miR-215. From the potential targets, AKT1 was selected
as it had previously been demonstrated to contribute to breast
cancer progression. As illustrated in Fig. 3A, the 3'UTR of
AKT1 contains two predicted binding sites for miR-215.

The effect of miR-215 overexpression on AKT1 protein
expression in MCF-7A and MDA-MB-231 cells was
evaluated using western blot analysis. AKT1 was significantly
downregulated in miR-215 mimic-transfected MCF-7A and
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Figure 2. Effects of miR-215 overexpression on the proliferation and invasion of breast cancer cells. (A) Overexpression of miR-215 was simulated by trans-
fecting miR-215 mimic into MCF-7A and MDA-MB-231 cells. miR-215 expression was measured using the reverse transcription-quantitative polymerase
chain reaction 48 h after transfection. (B) Cell proliferation was determined using an MTT assay. MCF-7A and MDA-MB-231 cells transfected with miR-215
mimic exhibited a decreased rate of proliferation compared with cells transfected with NC. (C) miR-215 overexpression decreased the invasive capacity of
MCF-7A and MDA-MB-231 cells compared with NC groups. ‘P<0.05 compared with NC-transfected cells. mirR-215, microRNA-215; NC, negative control.
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MDA-MB-231 cells compared with cells transfected with
NC (P<0.05; Fig. 3B).

AKTI is a direct target of miR-215. To determine whether
miR-215 could directly target AKT1, a luciferase reporter
assay was performed. Luciferase reporter vectors with the
miR-215 mimic or NC were introduced into HEK293T cells.
miR-215-transfected HEK293T cells further transfected
with the pGL3-AKTI1-3'UTR Wtl and Wt2 luciferase report
vectors exhibited a significant decrease in luciferase activity
compared with NC-transfected cells with the reporter vectors
(P<0.05; Fig. 4). By contrast, pGL3-AKT1-3'UTR Mutl and
Mut?2 luciferase reporter vectors abrogated the repression of
luciferase activity associated with miR-215 overexpression
in HEK293T cells. These results suggested that AKT1 was a
direct target of miR-215.

AKTI promotes the proliferation and invasion of breast
cancer cells. The results of the present study had demon-
strated that miR-215 overexpression inhibited the proliferative
and invasive capacity of breast cancer cells, and AKT1 had
been implicated as a direct target of miR-215. Therefore the
association of AKT1 with the proliferation and invasion of
breast cancer cells was investigated. AKT1 siRNA was used
to decrease AKT1 expression. Following transfection, western
blot analysis demonstrated that AKT1 protein expression was
decreased in the AKT1 siRNA groups compared with in the
scrambled siRNA groups (P<0.05; Fig. 5A).

An MTT assay revealed that AKT1 siRNA transfection
inhibited the proliferation of MCF-7A and MDA-MB-231 cells
compared with transfection with scrambled siRNA (P<0.05;
Fig. 5B). In addition, AKT1 siRNA decreased the invasive
capacity of MCF-7A and MDA-MB-231 cells compared with the
scrambled siRNA groups (P<0.05; Fig. 5C). These data indicated
that the reduced expression of AKT1 inhibited cell proliferation
and invasion in a similar manner to miR-215 overexpression in
MCF-7A and MDA-MB-231 cells, which suggested that AKT1
was the functional target of miR-215 in breast cancer.

Discussion

In the present study, it was identified that miR-215 was signifi-
cantly downregulated in breast cancer tissues and cell lines

compared with adjacent non-tumor breast tissues and a normal
human breast epithelial cell line, respectively. miR-215 over-
expression inhibited the proliferation and invasion of breast
cancer cells. In addition, AKT1 was identified as a novel target
of miR-215; therefore, it was hypothesized that miR-215 acted
as a tumor suppressor through the downregulation of AKT1 in
breast cancer cells. The results suggested that miR-215 should
be investigated as a potential therapeutic agent in the treatment
of breast cancer.

Previous studies identified that miR-215 was upregulated
in gastric (26-28) and cervical (29) cancer. The expression
level of miR-215 was demonstrated to be associated with the
International Federation of Gynecology and Obstetrics stage,
the histological grade, and the extents of vascular invasion and
lymph node metastasis of cervical cancer; the 5-year survival
rate was lower in patients with stage II cervical cancer who
exhibited miR-215 overexpression (29). However, previous
studies have also demonstrated that miR-215 may be down-
regulated in epithelial ovarian (30), pancreatic (31), non-small
cell lung (32), breast (33) and colon (34) cancer. In the study
on pancreatic cancer, a low expression level of miR-215 was
significantly associated with a large tumor size, an advanced
TNM stage, a high extent of lymph node metastasis and vessel
invasion, and lower overall survival time; multivariate regres-
sion analysis demonstrated that miR-215 underexpression was
an independent unfavorable prognostic factor for patients (31).
miR-215 expression was also reported to be associated with a
higher tumor grade, human epidermal growth factor receptor 2
(HER?2)-positivity, HER2-positive breast cancer subtype and
lymph node metastasis in breast cancer (33). These studies
have indicated that miR-215 may be a diagnostic and prog-
nostic biomarker for a number of types of cancer.

In certain types of cancer, miR-215 has been identified as
a tumor suppressor. For example, in epithelial ovarian cancer,
ectopic miR-215 expression suppressed cell proliferation,
promoted apoptosis and increased sensitivity to chemotherapy
drugs (30). Ge et al (35) reported that miR-215 overexpression
inhibited cell proliferation, promoted apoptosis and increased
sensitivity to chemotherapy drugs in ovarian cancer cells.
Hou et al (32) also demonstrated that the restoration of the
expression of miR-215 inhibited proliferation and invasion and
promoted apoptosis in vitro, and suppressed tumorigenicity
and metastasis in vivo, in non-small cell lung cancer cells.
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However, in gastric cancer and cervical cancer, miR-215
has previously been demonstrated to act as an oncogene.
Previous studies demonstrated that miR-215 enhanced the
proliferation, migration, invasion and metastasis of gastric
cancer cells (26-28). These previous studies may appear
contradictory, in that miR-215 acted as an oncogene in certain
types of cancer, and a tumor suppressor in others. This contra-
diction may be explained by the 'imperfect complementarity’'
of the interactions between miRNAs and target genes (36).

miRNAs perform critical functions in a variety of cellular
processes by binding to the 3'UTR of target mRNAs (10,11).

Several targets of miR-215 have been identified, including
runt-related transcription factor 1 (28) and RB transcriptional
corepressor 1 (26) in gastric cancer, X-linked inhibitor of
apoptosis in epithelial ovarian cancer (30), and zinc finger E-box
binding homeobox 2 in pancreatic cancer (31) and non-small
cell lung cancer (32). In our study, AKT1 was validated as a
novel target of miR-215 through four experiments. Firstly,
TargetScan online software and miRanda predicted that the
AKTI1 3'UTR contained two miR-215 seed matches. Secondly,
western blot analysis results demonstrated that miR-215 mimic
decreased the AKT1 expression level of breast cancer cells.
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Thirdly, a luciferase report assay revealed that miR-215 targeted
the AKT1 3'UTR. Finally, the consequences of reducing AKT1
expression were similar to miR-215 overexpression in breast
cancer cells. These results have prompted us to hypothesize
that AKT1 is a direct target of miR-215, and that miR-215
produces its anti-tumor effects in breast cancer cells through
the downregulation of AKT]I.

AKTT1 is a highly conserved serine/threonine kinase and
a crucial factor of the PI3K/AKT pathway, which regulates
various cellular processes, including proliferation, apoptosis,
migration, invasion and metabolism (37,38). AKT]I is one of
the most frequently activated kinases in human cancer (39,40).
It has been demonstrated that AKT1 is upregulated in a number
of types of cancer, including prostate and breast cancer, and
ovarian carcinomas (41). Therefore, AKTI is considered a
valuable therapeutic target for several types of cancer. As it has
been identified that miR-215 targeted AKT]I to inhibit breast
cancer cell proliferation and invasion, miR-215/AKT1-based
therapy may be a promising treatment for breast cancer.

In conclusion, the present study has demonstrated that the
level of miR-215 expression was decreased in breast cancer,
and that miR-215 overexpression inhibited the proliferation and
invasion of breast cancer cells by targeting AKT1. The present
study has provided novel insight into the molecular mecha-
nisms underlying the proliferation and metastasis of breast
cancer. However, as the regulatory role of miR-215 in the rapid
proliferation and metastasis of breast cancer may be complex,
the topic requires further investigation in further studies.
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