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MicroRNA-27a promotes tumorigenesis via targeting
AKT in triple negative breast cancer
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Abstract. Altered microRNA (miRNA/miR) expression regu-
lates tumor development and progression in triple-negative
breast cancer (TNBC). The present study examined the
effect of miR-27a on proliferation, migration and invasion
of TNBC cells in vitro and in vivo. An MTT assay was
performed to examine the proliferation of MDA-MB-231 and
MDA-MB-468 breast cancer cells with either overexpression
of miR-27a or downregulation of miR-27a, in the presence
or absence of radiation. The migratory and invasive abilities
of MDA-MB-231 and MDA-MB-468 breast cancer cells
were assessed by Transwell migration and Matrigel inva-
sion assays. The protein expression levels were examined by
western blotting. The caspase-Glo3/7 assay was performed to
examine the effect of miR-27a on radiation-induced apoptosis
in MDA-MB-231 and MDA-MB-468 breast cancer cells.
A luciferase assay was performed to evaluate the effect of
miR-27a on phosphatase and tensin homolog (PTEN) and
B cell lymphoma (Bcl)-2 associated X, apoptosis regulator
(BAX) expression. Immunodeficient nude mice were used to
examine tumor growth following injection of MDA-MB-231
breast cancer cells. miR-27a promoted proliferation in vitro
and in vivo, and enhanced migration and invasion in TNBC
cells. miR-27a improved the survival of TNBC cells following
irradiation. miR-27a inhibited radiation-induced apoptosis in
TNBC cells by regulation of caspase 3/7 and Bcl-2 expression.
Furthermore, the expression levels of PTEN and phosphory-
lated protein kinase B in MDA-MB-231 and MDA-MB-468
cells was altered following overexpression of miR-27a. The
luciferase assay demonstrated that miR-27a regulated PTEN
and BAX expression by binding to 3'-untranslated regions.
Overall, miR-27a exhibits an essential role in tumor develop-
ment and progression in TNBC and may be used as a potential
biomarker to predict radiotherapy response and prognosis for
the disease.
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Introduction

Breast cancer remained the leading cause of cancer death in
women although mortality is falling due to earlier diagnosis and
improved surgical techniques as well as better chemotherapy
and radiotherapy (1-3). It is estimated that about 252,710 new
cases of invasive breast cancer will be diagnosed in women,
and about 40,610 women will die from breast cancer in 2017
in the United States (4).

About 15-20% of breast cancers are found to be triple-nega-
tive for estrogen receptors, progesterone receptors, and HER?2,
and defined as triple-negative breast cancer (TNBC) (5).
TNBC has a poor prognosis and only responds to chemo-
therapy and radiotherapy but not hormonal therapy (6,7).
Therefore, discovery of new molecular targets to treat patients
with TNBC has been pressing and of significant interest (8,9).

MicroRNAs (miRNAs/miRs) are small non-coding RNAs
that play important roles in regulation of gene expression
post-transcriptionally (10). Growing evidence has shown that
some miRNAs are upregulated in cancer and behave as onco-
genic characteristics, while some miRNAs are downregulated
in cancer and act as tumor-suppressive miRNAs. Therefore,
miRNAs play critical roles in each stages of tumorigenesis of
many human cancers such as lung (11), endometrial (12), and
colon cancer (13). miRNAs are promising potential targets for
cancer treatment. Previous studies have shown that miRNAs
are associated with different biological activities in breast
cancer. Huang et al showed that miR-21 improved breast
cancer cell invasion and regulated epithelial-to-mesenchymal
transition (EMT) (14). Overexpression of miR-205 decreases
cell proliferation and increases apoptosis via regulation of
HMGB3 in breast cancer. miR-205 regulates HMGB3 and its
ectopic expression significantly inhibits cell proliferation and
promotes apoptosis in breast cancer (15). Recently, Liu et al
reported that aberrant expression of miR-374b-5p, miR-218-5p,
miR-126-3p, miR-27b-3p predicted a good prognosis in
TNBC (16).

In this study, we examined the function of miR-27a in cell
proliferation, invasion and migration using TNBC cell lines.

Materials and methods
Cell lines. MDA-MB-231 and MDA-MB-468, human TNBC

cell lines were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). The tumor cells
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were grown in Dubelcco's modified Egale's medium (DMEM)
(Invitrogen, Carlsbad, CA, USA) supplemented with 100 yg/ml
streptomycin, 100 U/ml penicillin and 10% fetal bovine serum
(Invitrogen), and at 37°C in a humidified incubator with
5% CO,. When all cells reach to 70-80% confluence, they
were used in our experiments.

Cell transfection and miRNA quantification. To transfer
miR-27a mimics or anti-miR-27a inhibitor (Invitrogen) into
breast cancer cells, Lipofectamine 2000 (Invitrogen) was
used. A random sequence miRNA mimic molecule was used
as a negative control (mirVana™ miRNA mimic; Ambion,
Austin, TX, USA). Then, miR-27a expression level after trans-
fection was examined. The total RNA was extracted from the
transfected breast cancer cells, TagMan miRNA reverse tran-
scription kit (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was used to synthesize cDNA according the manufac-
turer's instructions. The GAPDH, one of housekeeping genes,
was used as the endogenous reference gene.

Cell proliferation assay. To analyze the effect of miR-27a
on breast cancer cell proliferation, WST-1 assay (Roche
Diagnostics, Indianapolis, IN, USA) was performed. Briefly,
the transfected breast cancer cells were placed into 96-well
plates at the density of 2x10* cells/well and cultured overnight.
The cells were continued to culture at 37°C in a humidified
incubator with 5% CO,. 20 ul of WST-1 reagent was added
to each well and incubated for at least 1 h at 37°C every 24 h.
Then the absorbance was measured at 490 nm. All experi-
ments were performed in triplicates.

Migration and invasion assays. To evaluate breast cancer cell
migration and invasion, the Promega migration and invasion
assays were performed according the manufacturer's instruc-
tions. Briefly, transfected breast cancer cells were seeded on
the upper Transwell chamber either with or without Matrigel
in DMEM without FBS. DMEM containing 5% FBS was
added to the lower chamber. The cells were cultured for 18 h
at 37°C. Then the non-invaded cells were removed by cotton
swabs, and the invaded cells were stained by Diff-Quik stain.
The percentage of migration and invasion was calculated and
showed as a ratio of invaded cells over cells normalized on
second day of growth curve.

Western blot analysis. The breast cancer cells were gently
washed with cold phosphate-buffered saline, and then lysed
in ice-cold lysis buffer (50 mM Tris-HCI, pH 7.5, 0.1% SDS,
150 mM NaCl, 0.5% deoxycholate, 1% NP-40, and 1X protease
inhibitors), then heated at 100°C for 5 min. Protein lysates
(20 ug) were loaded to the SDS-PAGE gel and transferred
to PVDF membranes (Sigma-Aldrich, St. Louis, MO, USA).
The PVDF membranes were incubated in blocking buffer
for 1 h at room temperature. Different primary antibodies
[B cell lymphoma (Bcl)-2, Bcl-2 associated X (BAX), AKT
and p-AKT; Cell Signaling Technology, Inc., Danvers, MA,
USA] were added in 5% non-fat dry milk in TBS-T buffer at
4°C overnight, followed by secondary antibody incubation 1 h
at room temperature. The immune signals were detected with
the EasySee Weatern Blot kit (TransGen Biotech Co., Ltd.,
Shanghai, China).
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Apoptosis activity after ionizing radiation treatment. To
examine the apoptosis activity of breast cancer cells with
altered miR-27a expression, the breast cancer cells were grown
in 24-well plates at density of 2x10%/well and cultured over-
night. Then the breast cancer cells were exposed to different
doses of ionizing radiation. After 24 h of culture, the apoptosis
activity was examined by measure the caspase 3/7 activity
using the Caspase-Glo3/7 assay kit (Promega Corp., Madison,
WI, USA) following the manufacturer's protocol. Briefly,
Caspase-Glo reagent was added to each well, and then the
cells were incubated with the Caspase-Glo reagent in a dark
place for 8 h with gentle shaking at room temperature. The
luminescence value was measured using 1-min lag time and
0.5 sec/well read time. All experiments were carried out in
triplicates.

Luciferase reporter assay. The pEZX-MTO05 reporter vector
carrying miRNA full length binding sequence of 3'-UTR
of phosphatase and tensin homolog (PTEN) gene, BAX or
control sequence (GeneCopoeia, Rockville, MD, USA) was
co-transfected to HEK-293T cells with has-miR-27a using
Lipofectamine 2000 (Invitrogen). Two days after the trans-
fections, the culture medium was collected and Gaussian
luciferase and alkaline phosphatase activities were measured
using the secreted pair dual luminescence kit according to the
manufacturer's instructions (GeneCopoeia). Gaussian lucif-
erase activity was normalized to alkaline phosphatase activity.

Xenograft assays in nude mice. Female BALB/c athymic
nude mice (5-week-old) purchased from Charles River
Laboratories (Wilmington, MA, USA) were used in xeno-
graft assay. The mice were maintained in accordance with
the Guide for Institutional Animal Care and guidelines for
animal experiment. MDA-MB-231 breast cancer cells (1x10°)
with or without miR-27a mimics were mixed with Matrigel
ECM (reconstituted basement membrane) (17) and were
injected subcutaneously into the mammary fat pads. Ten mice
were included in each experimental group. Tumor size was
measured every 3 days by measuring tumor length (L) and
width (W) with calipers, and tumor volume was calculated as:
Tumor volume = tLW?/6 (18).

Statistical analysis. All of results in our experiments
were shown as Mean + standard deviation. SPSS program
(version 11.0; SPSS, Inc., Chicago, IL, USA) was chose for
statistical analyses using Student's t-test. Differences are
considered statistically significant if P<0.05.

Results

miR-27a improved the proliferation of TNBC cells both in vitro
and in vivo. To determine the effect of miR-27a on proliferation
of TNBC cells, miR-27a was transfected to MDA-MB-231 and
MDA-MB-468 TNBC cells with Lipofectamine 2000. MTT
assay was performed to examine the growth curve (Fig. 1). As
shown in Fig. 1 A, the miR-27a expression level was significantly
increased in both MDA-MB-231 and MDA-MB-468 cells
after transfection of miR-27a mimic, and the miR-27a expres-
sion level was decreased after transfection of anti- miR-27a
inhibitor. miR-27a promoted the proliferation of MDA-MB-231
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Figure 1. miR-27a promoted the proliferation of TNBC cells. (A) The miR-27a expression level was determined by qRT-PCR in TNBC cells transfected with
either miR-27a mimic or miR-27a inhibitor. P=0.002, P=0.008, P=0.006, P=0.004. (B) The proliferation of MDA-MB-231 cells after miR-27a overexpres-
sion. (C) The proliferation of MDA-MB-231 cells after transfection with anti-miR-27a inhibitor. (D) The proliferation of MDA-MB-468 cells after miR-27a
overexpression. (E) The proliferation of MDA-MB-468 cells after transfection with anti-miR-27a inhibitor. (F) The in vivo growth of MDA-MB-231 cells
transfected with miR-27a mimic in nude mice exnografts. (G) The average tumor weight in nude mice exnografts. (H) The miR-27a expression level in nude
mice exongrafts. "P<0.05. miR, microRNA; TNBC, triple-negative breast cancer.

(Fig. 1B) and MDA-MB-468 cells (Fig. 1D) (P<0.05). When the
expression level of miR-27a was decreased by the anti-miR-27a
inhibitor, the proliferation of MDA-MB-231 (Fig. 1C) and
MDA-MB-468 cells (Fig. 1E) was inhibited (P<0.05).

To examine whether miR-27a regulates tumor growth
in vivo, we performed subcutaneous tumor xenograft experi-
ments by injection transfected MDA-MB-231 breast cancer
cells into immunodeficient nude mice. Compared to vector
control group, the tumor growth rate and tumor weight in
transfected MDA-MB-231 xenografts was significantly
increased (P<0.01) (Fig. 1F and G). These in vivo results

are consistent with the in vitro experiment results, and show
miR-27a improved the tumor growth of breast cancer cells
in vivo. The miR-27a expression level is high in tumor with
transfected MDA-MB-231 cells (Fig. 1H).

miR-27a enhanced migration and invasion of TNBC cells.
To examine the effect of miR-27a on migration and invasion
of TNBC cells, we performed the migration and Matrigel
invasion assays using BD Transwell. As shown in Fig. 2, the
migration and invasion in MDA-MB-231 (Fig. 2A-D) and
MDA-MB-468 (Fig. 2I-L) were significantly increased after
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Figure 2. miR-27a increases migration and invasion of TNBC cells. (A-D) miR-27a increases migration and invasion of MDA-MB-231 cells. (E-H) The
migration and invasion of MDA-MB-231 cells were decreased after treatment with anti-miR-27a inhibitor. (I-L) miR-27a increases migration and invasion in

MDA-MB-468 cells.
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Figure 2. Continued. (M-P) The migration and invasion of MDA-MB-468 cells were decreased after treatment with anti-miR-27a inhibitor. All experiments
were performed three times in triplicate. miR, microRNA.
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Figure 3. miR-27a improved the survival of TNBC cells after irradiation. (A-C) The effect of miR-27a on proliferation of MDA-MB-231 cells after different
doses of irradiation treatment. (D-F) The effect of miR-27a on proliferation of MDA-MB-468 cells after different doses of irradiation treatment. miR,
microRNA; TNBC, triple-negative breast cancer.
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Figure 4. miR-27a inhibits radiation-induced apoptosis in TNBC cells. (A) The caspase 3/7 activity in MDA-MB-231 cells transfected with miR-27a after
different doses of irradiation treatment. (B) The caspase 3/7 activity in MDA-MB-468 cells transfected with miR-27a after different doses of irradiation
treatment. (C and D) The apoptotic proteins levels in MDA-MB-231 cells after radiation. (E and F) The apoptotic proteins levels in MDA-MB-468 cells after
radiation. miR, microRNA; TNBC, triple-negative breast cancer; Bcl, B cell lymphoma; BAX, B cell lymphoma-2 associated X.

transfection of miR-27a. In contrast, the migration and inva-
sion of MDA-MB-231 (Fig. 2E-H) and MDA-MB-468 cells
(Fig. 2M-P) were significantly decreased by anti-miR-27a
inhibitor.

miR-27a altered the radiation-induced inhibitory effect
on proliferation of TNBC cells. We further examined the
radiation-induced inhibitory effect of miR-27a on the prolif-
eration of TNBC cells. The MDA-MB-231 and MDA-MB-468
breast cancer cells transfected with miR-27a were exposed to
different doses of ionizing radiation (30, 50 and 100 Gy). MTT
assay was performed to evaluate the proliferation. As shown
in Fig. 3, the radiation-induced inhibitory effect on prolif-
eration of both MDA-MB-231 (Fig. 3A-C) and MDA-MB-468
(Fig. 3D-F) cells was decreased at dose dependent manner
after miR-27a overexpression, compared to the control cells.

miR-27a decreased radiation-induced apoptosis in TNBC
cells. To determine the role of miR-27a on radiation-induced

apoptosis in TNBC cells by measuring caspase 3/7 activity,
and apoptotic related protein. As shown in Fig. 4, miR-27a
inhibited the caspase 3/7 activity in both MDA-MB-231
(Fig. 4A) and MDA-MB-468 (Fig. 4B) cells at dose dependent
manner. The expression of BAX and Bcl-2 was altered in
MDA-MB-231 (Fig. 4C and D) and MDA-MB-468 (Fig. 4E
and F) after miR-27a overexpression, compared to the control
cells.

miR-27a activated AKT in TNBC cells. We further examined
the expression of p-AKT, total AKT, and PTEN in both
MDA-MB-231 and MDA-MB-468 cells after miR-27a over-
expression. We found that miR-27a increased the expression
of p-AKT, and decreased the PTEN expression level in both
MDA-MB-231 (Fig. 5A and B) and MDA-MB-468 (Fig. 5C
and D) cells.

To investigate whether miR-27a is able to regulate PTEN
and BAX expression directly, we searched the miR-27a poten-
tial binding sites within the PTEN 3'-UTR and BAX 3'-UTR by
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Figure 5. miR-27a activated AKT in TNBC cells. (A) The expression of, p-AKT, AKT and PTEN in MDA-MB-231 cells after transfection with miR-27a
mimic. (B) The relative expression level of proteins on MDA-MB-231 cells after transfection with miR-27a mimic by densitometric analysis. (C) The expres-
sion of p-AKT, AKT and PTEN in MDA-MB-468 cells after transfection with miR-27a mimic. (D) The relative expression level of proteins on MDA-MB-468
cells after transfection with miR-27a mimic by densitometric analysis. (E and F) The potential binding sequence between miR-27a and target genes (PTEN
and BAX) and luciferase activity after transfection of miR-27a in dose-dependent manner with luciferase reporter containing PTEN and BAX 3'-UTR. miR,
microRNA; TNBC, triple-negative breast cancer; PTEN, phosphatase and tensin homolog; Bax, B cell lymphoma-2 associated X.

miRNA target gene prediction software (TargetScanHuman).
The search showed that miR-27a has a potential binding site
within the PTEN 3'-UTR and BAX 3'-UTR (Fig. 5E and F).

To evaluate the effect of miR-27a on PTEN and BAX
expression, we performed luciferase assay with a reporter
(HMI) containing 3'-UTR of PTEN and BAX gene. The lucif-
erase activity of the construct (HMI) significantly increased
in a dosage-dependent manner by co-transfection of miR-27a
mimic in a dosage-dependent manner (Fig. 5SE and F).
However, miR-27a transfection had no effect on luciferase
activity in control plasmid (CMI) lacking the PTEN 3'-UTR
fusion (Fig. 5E and F).

Discussion

Recent studies have shown that miR-27a plays important
roles in tumorgenesis in many organs, including kidney (19),
breast (20), stomach (21) and cervix (22). For instance,
Pan et al found that miR-27a improved proliferation, migra-
tion and invasion of human osteosarcoma cells by regulating
MAP2K4 expression (23). The overexpression of miR-27a is
associated with metastasis in gastric cancer cells by regu-
lating EMT (24). It has been demonstrated that Wnt/B-catenin
signaling pathway is associated with the proliferation and
migration of breast cancer. Kong et al found that miR-27a
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promoted proliferation of breast cancer cells by targeting
SFRP1 via Wnt/B-catenin signaling pathway both in vitro
and in vivo (25). In addition, Drayton et al reported that
miR-27a contributed to cisplatin resistance by targeting
cysteine/glutamate exchanger SLC7A11 (26). Recently study
has shown that miR-27a might act as a prognostic marker for
breast cancer (27). Furthermore, miR-27a may coordinate
with other miRNAs in breast cancer cells (28). In our study,
we found that miR-27a improved the proliferation of TNBC
cells. Moreover, we showed that overexpression of miR-27a
enhanced migration and invasion in both MDA-MB-231 and
MDA-MB-468 cells. However, downregulation of miR-27a
decreased the migration and invasion in both MDA-MB-231
and MDA-MB-468 cells. It has been known that TNBC is
more likely to recur and has poor prognosis (29). Metastasis
is one of important cause for the recurrence of TNBC.
Therefore, our study indicated that miR-27a play important
roles in TNBC progression.

Radiotherapy is one of highly effective adjuvant treat-
ments in patients with breast cancer after surgery (30). TNBC
is characterized as rapid growth and local recurrence. It has
been found that radiotherapy can decrease the locoregional
recurrence in patients with T1-2NO disease after modified
radical mastectomy (31). In the present study, we found that
miR-27a enhanced the survival of TNBC cells after irra-
diation. Meanwhile, miR-27a inhibited the radiation-induced
apoptosis of TNBC cells.

PTEN, the second most frequently mutated tumor
suppressor gene in human cancer, plays critical roles in prolif-
eration, apoptosis and cell cycle in tumor cells. PTEN involves
tumor development by targeting several signaling pathways,
such as MAPK pathway, FAK pathway and PI3K/AKT
pathway. Recent studies have demonstrated that PI3K/AKT
pathway is the key pathway by which PTEN displays antionco-
genic effects (32). The PI3K/AKT pathway regulates multiple
biological processes and mediates the downstream responses
including cell proliferation, apoptosis and metabolism. It has
been found that PI3K/AKT is activated in TNBC due to PTEN
loss (33). Our results showed that PTEN expression level
was decreased, and p-AKT expression level was increased in
TNBC cells after overexpression miR-27a. In addition, lucif-
erase assay showed that PTEN and BAX are downregulated
by miR-27a by binding to 3'-UTR. These results indicated
miR-27a regulates proliferation of TNBC cells by targeting
PI3K/AKT signaling pathway. Further studies are needed to
demonstrate the molecular mechanism.

miR-27a regulated tumorigenesis and malignant progres-
sion of TNBC. The present study indicates miR-27a might
be used as a potential biomarker to predict the radiotherapy
response and prognosis in TNBC.
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