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Abstract

Objectives: miRNAs play crucial roles in human
tumourigenesis. This study was performed to mea-
sure expression and function of miR-762 in breast
cancer.

Materials and methods: Expression of miR-762 in
breast tissues and cell lines (SK-BR-3, DA-MB-
435s, MCF-7 and MDA-MB-231, HBL-100) was
measured by using real-time RT-PCR. We restored
expression of miR-762 in MCF-7 cells to measure
its functional roles. Luciferase assays were per-
formed to reveal the target gene of miR-762.
Results: Expression of miR-762 was high in both
breast cancer cell lines and specimens, and its over-
expression increased breast cancer cell proliferation
and invasion. Interferon regulatory factor 7 (IRF7)
is a direct target of miR-762 and overexpression of
miR-762 reduced expression of IRF7. Moreover,
IRF7 was repressed, its levels inversely correlated
to miR-762 expression. IRF7 rescued miR-762-
induced cell invasion and proliferation.
Conclusions: These results demonstrate that miR-
762 tumour effect was achieved by targeting IRF7
in human breast cancer specimens.

Introduction

Breast cancer is a leading malignant tumour in women
of developed countries, and an alarming increase in its

Correspondence: J. Yun or R. Ling, Department of Vascular and Endo-
crine Surgery, Xijing Hospital, Fourth Military Medical University,
Xi’an, Shaan Xi 710032, China. Tel.: +86-029-84774114; Fax: +86-
029-84774114;

Email: yunjunfmmul @126.com or lingrui31@yahoo.com.cn

Yongping Li and Ruixue Huang are co-first authors.

© 2015 John Wiley & Sons Ltd

incidence has now been shown in developing countries
too (1-3). Aggressive breast cancers have a high poten-
tial to become metastatic, a transition that makes clinical
intervention difficult (4,5). In recent years, although sys-
temic treatments have improved outcomes, prognosis for
patients with breast cancer still remains poor (6-8).
Thus, it is important to find new therapeutic targets for
this malignancy.

MicroRNAs (miRNAs) are a class of endogenous,
typically 18-25 nucleotides long, non-coding single
RNAs, highly conserved and endogenously expressed,
across many species (9-11). They regulate other types
of gene expression at post-transcriptional levels, and are
aberrantly expressed in numerous human malignancies
(12—14). Previous studies have shown that miRNAs play
critical roles in biological events, such as cell prolifera-
tion, invasion, migration and apoptosis, glucose and
lipid metabolism, and infection and immune responses
(15-19). In addition, it has been well established that
miRNAs participate in tumourigenesis, yet might also
act as tumour suppressors or oncogenically (20-22).

The aim of our study was to investigate biological
roles of miR-762 in breast cancer. We also explored its
potential application as a therapeutic target for breast
cancer patients.

Materials and methods

Clinical breast cancer samples

Surgical tissues (both tumour and adjacent non-tumour
specimens) were collected from patients who underwent
surgery between 2013 and 2014 at our department. All
patients had provided written informed consent and the
study was approved by the ethical board of the institute
of Xijing Hospital, complied according to the Declara-
tion of Helsinki. Tissues were frozen immediately in
liquid nitrogen until use.
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Cell lines and culture

Human breast cancer cell lines SK-BR-3, DA-MB-435s,
MCE-7 and MDA-MB-231 as well as the normal breast
cell line, HBL-100, were cultured in RPMI-1640 med-
ium. HBL-100, MDA-MB-435s and SK-BR-3 were pur-
chased from the Institute of Biochemistry and Cell
Biology (Shanghai, China) and MDA-MB-231 and
MCEF-7 were obtained from the Cell Center at the Xian-
gya School of Medicine (Changsha, China).

Oligonucleotide transfection

miR-762 mimics, inhibitor and their controls were bought
from GenePharma (Shanghai, China) and transfected with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), in
MCEF-7 cells, following the manufacturer’s instructions.

RNA isolation and quantitative real-time PCR

Total RNA was extracted using TRIzol Reagent (Invitro-
gen) and miR-762 quantification was measured using
TagMan miRNA Assay (Applied Biosystems, Foster
City, CA, USA). Expression of IRF7 was measured by
qRT-PCR; U6 snRNA being used as control for miR-
762. Expression level of GAPDH was used as control
for IRF7 expression (Table S1).

Luciferase reporter assay

The entire 3’-UTR of IRF7 was amplified using PCR
and PCR products were inserted into the p-MIR-reporter
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plasmid (Ambion, Austin, TX, USA). For the luciferase
reporter assay, MCF-7 cells were cultured in 24-well
plates and transfected with luciferase reporter plasmid,
miR-762 mimic or scrambled, using lipofectamine 2000
(Invitrogen). 24 h after transfection, cells were measured
for relative luciferase activity using luciferase Kkits
(Promega, Madison, WI, USA).

Cell proliferation and invasion assay

Cell Counting Kit-8 (CCK-8, Dojindo) was used to measure
cell viability, following the manufacturer’s protocol. For inva-
sion, Matrigel (1 mg/ml) was added to media without serum,
and coated on membranes (BD Biosciences, San Jose, CA,
USA). Cells were plated in medium without serum or growth
factors, supplemented with serum as chemoattractant in lower
chambers. Cells from lower surfaces of membranes were
stained with crystal violet and counted.

Western blotting

Total Protein Extraction Kit (KeyGen, Nanjing, China)
was used to extract total protein and western blotting was
performed as previously described (23). Primary antibodies
were rabbit polyclonal anti-IRF7 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) and mouse monoclonal anti-
GAPDH (Cell Signaling Technology, Beverly, MA, USA).

Statistical analysis

Data are displayed as mean + SD. Correlation between
miR-762 and IRF7 expression was compared using

Figure 1. miR-762 expression up-regulated
in both human breast cancer tissues and
cell lines. (a) qRT-PCR analysis of miR-762
expression in human breast cancer tissues and
distant non-tumour tissues. (b) Expression of
miR-762 was measured using qRT-PCR. (c)
Expression of miR-762 was measured using
qRT-PCR. (d) qRT-PCR analysis of miR-762
expression in four human breast cancer cell
o lines and a normal human breast epithelial
Q\.,?3‘ cell line. Level of miR-762 expression was
normalized to U6.
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Pearson’s correlation method. Significant differences
were assessed using Student’s z-test. P < 0.05 was con-
sidered significant.

Results

miR-762 expression was up-regulated in the breast
cancer cell lines and tissues

qRT-PCR analysis indicated that miR-762 expression
was up-regulated in the human breast cancer tissues
compared to their normal tissue counterparts (Fig. la—c).
Moreover, we also found that expression of miR-762
was higher in human breast cancer cell lines (SK-BR-3,
DA-MB-435s, MCF-7 and MDA-MB-231) compared to
the normal breast cell line (HBL-100) (Fig. 1d).
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Overexpression of miR-762 promoted breast cancer cell
proliferation and invasion

miR-762 expression increased in transfected MCF-7
cells using miR-762 mimics (Fig. 2a), and decreased in
transfected MCF-7 cells, by using the miR-762 inhibitor
(Fig. 2b). CCK-8 viability assay showed that population
growth was higher in MCF-7 cells transfected with
miR-762 mimics compared to cells transfected with
scramble mimics or were untreated (Fig. 2c). Mean-
while, miR-762 inhibitor reduced proliferation of the
MCEF-7 cells (Fig. 2d). Invasiveness of cells transfected
with miR-762 mimics was dramatically increased com-
pared to the scramble and control groups of cells and
invasiveness of cells transfected with miR-762 inhibitor
was reduced compared to scramble and control group
cells (Fig. 2e).
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IRF7 was a direct target of miR-762 in the breast
cancer cells

IRF7 was one of the predicted miR-762 targets whose
3'UTR contained putative miR-762 target sites (Fig. 3a).
The luciferase reporter assay result showed that relative
Iuciferase activity of the reporter (which contains wild-
type 3'UTR of IRF7) was reduced in the miR-762 group
compared to the scramble group. However, relative luci-
ferase activity of mutant IRF7 3'UTR reporter showed no
significant difference from the control group (Fig. 3b). In
MCEF-7 cells transfected by miR-762 mimics, IRF7 was
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reduced at both mRNA (Fig. 3c) and protein levels
(Fig. 3d) compared to control cells.

Up-regulation of miR-762 highly correlated with down-
regulation of IRF7 expression

Compared to their non-tumour counterparts, expression of
IRF7 protein was higher in tumour tissues from four dif-
ferent patients (Fig. 4a,b). mRNA and protein expression
of IRF7 was lower in the malignant cell lines (SK-BR-3,
DA-MB-435s, MCF-7 and MDA-MB-231) compared to
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Figure 3. IRF7 was a direct target of miR-
762 in the breast cancer cells. (a) Targetscan
prediction of miR-762 targeting of IRF7 at
the IRF7 mRNA 3-UTR. (b) miR-762-
mediated directly inhibitory effects of IRF7
by luciferase reporter assay, in which expres-

MUT

IRF7

-
L

sion of the reporter containing IRF7 3'UTR
was suppressed by miR-762, but not in the

mutated construct. (¢) miR-762-mediated sup-

Relative IRF7 mRNA Expression @

o
1

GAPDH | o SR —

pression of IRF7 mRNA levels in MCF-7

@ 1RE7 |- — . —]

Control Scramble miR-762

cells and analysed by qRT-PCR. (d) Western
blot analysis showing that miR-762 inhibited
protein expression of IRF7 in MCF-7 cells.

GAPDH| e e e |

GAPDH | s S a—

1T IN 2T 2N 3T

(d)5 4-
(c) g

IRF7 [ S5 S - - - £s)

.
GAPDH | S - S .| :
e

S L 5T A o s
A P g
& & & ¢ ¥ E

\od @Y’ e 0-

’Q@ ’,\QQ Q?’
&\4 é_fb

(e) U]

4+ BB Cancer tissue
[—J Normal tissue

Log2(cancer/normal)

4T 4N

Figure 4. Up-regulation of miR-762 highly
correlated with down-regulation of IRF7
expression in human breast cancer tissues.
(a) and (b) IRF7 protein was analysed by
western blotting in four pairs of breast cancer
v-’& tissues. (c) Western blot analysis of IRF7 pro-
tein expression in four human breast cancer
cell lines and a normal human breast epithe-
lial cell line. GAPDH was also detected as a
loading control. (d) qRT-PCR analysis of
IRF7 mRNA expression in four human breast
cancer cell lines and a normal human breast
epithelial cell line. (e) qRT-PCR analysis of
IRF7 expression in 10 human breast cancer
tissues and distant non-tumour tissues. (f)
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normal breast cell lines (HBL-100) (Fig. 4c,d). qRT-PCR
analysis showed that IRF7 expression was up-regulated in
all breast cancer cases compared to normal tissues
(Fig. 4e). Furthermore, between pairs of breast cancer tis-
sues, there was statistically significant inverse correlation
between IRF7 and miR-762 expression (Fig. 4f).

miR-762-mediated inhibition of IRF7 was involved in
tumour invasion of the breast cancer cells

Ectopic expression of IRF7 enhanced IRF7 protein
expression and miR-762 mimic inhibited part of the
function of IRF7 ¢cDNA plasmid (Fig. 5a). The CCK-8
cell viability assay and the invasion assay showed that
miR-762 mimics promoted cell proliferation and inva-
sion. When miR-762 and pcDNA-IRF7 were co-trans-
fected into MCF-7 cells, miR-762 expression reduced
IRF7-induced breast cell proliferation and invasion
(Fig. 5b,c).

Discussion

miRNAs are a group of endogenous, small (18-25-
nucleotide long) and non-coding RNA molecules that
regulate the expression of specific mRNAs by either
translational inhibition or mRNA degradation (24-27).
More than 50% miRNAs are reported to be located in
cancer-associated genomic break points and function as
tumour suppressors or oncogenically (28-31). Our cur-
rent study provides the first evidence that miR-762 pro-
motes proliferation and invasion of breast cancer cells.
Expression of miR-762 was significantly higher in breast
cancer cell lines and clinical breast cancer tissues,
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indicating its possible involvement in cancer develop-
ment. We subsequently confirmed that miR-762 signifi-
cantly promoted breast cancer cell proliferation and
invasion in vitro. Our research to unravel biological
roles of miR-762 in breast cancer development identified
IRF7 as a downstream target. We revealed that IRF7
was down-regulated in breast cancer cell lines, and
exogenous miR-762 down-regulated IRF7 protein and
mRNA levels. Furthermore, luciferase reporter assays
revealed that miR-762 directly targetted the 3’-UTR of
IRF7 mRNA. Our findings suggest that miR-762 has a
fundamental role in breast cancer tumourigenesis
through affecting cancer cell proliferation and invasion.

Previous study has shown that miR-762 is up-regu-
lated in human corneal epithelial cells in response to
tear fluid and Pseudomonas aeruginosa antigens, and
genes coding for RNase7 and ST2 have been identified
as target genes of miR-762 (28). Moreover, miR-762
suppresses expression of IFITMS at the translational
level in Saos-2 cells, and probably contributes to pro-
gression of bone mineralization (32). However, the role
of miR-762 in breast cancer has remained unclear. In
our study, miR-762 was frequently up-regulated in
breast tumour tissues and cell lines; its overexpression
enhanced breast cancer cell proliferation and invasion.
Ability of miR-762 to promote cell proliferation and
invasion was confirmed by both overexpression and
down-regulation experiments. Thus, our results sug-
gested miR-762 to be a novel oncogenic RNA in breast
cancer.

To explore the molecular mechanisms by which
miR-762 enhances breast cancer cell line growth and
invasion, IRF7 was identified as a direct target of
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Figure 5. miR-762-mediated inhibition of NC IRF7 IRF7+
IRF7 was involved in tumour invasion of miR-762 0-

breast cancer cells. (a) Western blotting was
performed to examine effects of pCDNA-
IRF7 on expression of IRF7. GAPDH was
also detected as loading control. (b) Cell
growth of MCF-7 cells co-transfected with
either miR-762 mimic and 2.0 pg pCDNA-
IRF7 or pCDNA empty vector using CCK-8
viability assay. (c) Invasion of MCF-7 cells
co-transfected with either miR-762 mimic and
2.0 ng pCDNA-IRF7 or pCDNA empty vec-
tor using invasion assay. *P < 0.05,
**p < 0.01, and ***P < 0.001.
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miR-762 in breast cancer cells. First, the complementary
sequence of miR-762 was identified in the 3'UTR of
IRF7 mRNA. Second, miR-762 reduced IRF7 mRNA
and protein levels in the cells. Third, up-regulation of
miR-762 reduced activity of a luciferase reporter con-
taining the 3'UTR sequence of IRF7. More importantly,
mRNA levels of miR-762 inversely correlated with
IRF7 levels in the breast cancer tissues and IRF7 res-
cued miR-329-induced promotion of cell invasion and
proliferation. These data indicate that miR-762, by
down-regulating IRF7, promoted breast cancer cell pro-
liferation and invasion in our experiments.

In conclusion, although further work is required to
fully understand the mechanisms by which miR-762
influences tumour metastasis, identification of miR-762
as a regulator of tumour cell proliferation and invasion
suggests it may play an important role in mediating
oncogenesis of breast cancer. In this way, miR-762 may
become a favoured therapeutic target for therapy of
breast cancer.
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