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Abstract. - OBJECTIVE: To elucidate the rela-
tionship between microRNA-566 (miR-566) and
prognosis in breast cancer (BC) and to clarify
the influences of miR-566 and WNT®6 in its locus
region on BC progression.

PATIENTS AND METHODS: MiR-566 and
WNT6 levels in 44 pairs of BC samples were
detected by quantitative real-time polymerase
chain reaction (QRT-PCR). The influences of miR-
566 on clinical features and prognosis in BC pa-
tients were analyzed. According to the differen-
tial expressions of miR-566 in the tested BC cell
lines, MDA-MB-231 and MCF-7 cells were select-
ed for generating miR-566 knockdown and over-
expression models, respectively. Cell counting
kit-8 (CCK-8), 5-Ethynyl-2’-deoxyuridine (EdU)
and transwell assays were conducted to explore
the role of miR-566 in BC cell functions. Besides,
the regulatory interaction between miR-566 and
its downstream gene WNT6 was assessed by
performing Dual-Luciferase reporter assay. Fi-
nally, the co-regulation of miR-566 and WNT®6 in
BC cell functions was examined.

RESULTS: MiR-566 was downregulated in BC
tissues. BC patients with a low expression lev-
el of miR-566 were prone to suffering a large tu-
mor size, advanced tumor grade, high incidence
of lymphatic metastasis and poor prognosis.
Overexpression of miR-566 weakened prolifera-
tive and migratory abilities in MCF-7 cells, where-
as knockdown of miR-566 produced the opposite
results in MDA-MB-231 cells. WNT6 was the tar-
get gene binding to miR-566, and they displayed
a negative expression correlation in BC tissues.
Regulatory effects of miR-566 on BC progres-
sion could be reversed by WNT6.

CONCLUSIONS: MiR-566 is closely related
to tumor size, tumor grade, lymphatic metasta-
sis and prognosis in BC. It protects the malig-
nant progression of BC by negatively regulating
WNT6.
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Introduction

Breast cancer (BC) is a globally prevalent tu-
mor that mainly affects women aged 40-60 years
old"?. Tt is reported that there are 1.38 million
(23%) new cases of BC and 450,000 (14%) deaths
of BC each year in the world**. The incidence and
mortality of BC are both in the first place in ei-
ther developing or developed countries®S. The in-
cidence of BC shows an increasing trend in our
country, and its onset appears to be manifesting
at a younger age, especially in urban women®.
Therapeutic strategies for BC have been largely
improved’. However, gradually developed drug
resistance severely restricts the clinical outcomes
of BC patients’®. It is believed that intracellular
drug consumption through transporters and en-
zymes, DNA repair pathways, therapeutic target
mutations, resistance to apoptosis, and recently
discovered miRNAs are involved in BC resis-
tance®'”.

MicroRNAs (miRNAs) are endogenous, non-
coding RNAs containing 21-25 nucleotides''2.
The genome is transcribed into a pri-miRNA in
the nucleus, where a hairpin-structure pre-miR-
NA containing 60-70 nucleotides is produced
under the guidance of RNase I1I Drosha and its
cofactor DGCRS&"!. With the help of Exportin
5, apre-miRNA is transported to the cytoplasm,
where a double-stranded RNA is produced by
Dicer'*". Later, two strands of the short dSRNA
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are separated by RNA helicase, one of which is
integrated into the RNA-induced silencing com-
plex (RISC) and the other is discarded from the
complex'®!”. Finally, the complete RISC-miR-
NA complex induces mRNA degradation or
translation inhibition through miRNA-mRNA
base pairing in the mRNA 3'-untranslated re-
gion (3'-UTR), therefore silencing the target
proteins®!"’. MiR-566 is abnormally expressed in
colorectal cancer and renal cancer samples, and
its expression is closely related to tumor stage,
clinical grade and prognosis®*?..

Through targeting the downstream genes,
miRNAs are widely involved in tumor progres-
sion'®!. In this paper, WNT6 was predicted as
a target binding to miR-566. The abnormality
of the WNT signaling may influence the tran-
scription of multiple downstream genes, there-
after changing biological characteristics**#. As
a vital member of the WNT family, WNT6 is
reported to participate in tumor progression®*%.
In the present study, the regulation of miR-566-
WNTG6 interaction on the malignant progression
of BC was mainly explored.

Patients and Methods

BC Sample Collection

A total of 44 pairs of BC and paracancerous tis-
sues were collected and stored at -80°C. This inves-
tigation was approved by the Ethics Committee of
Fudan University Shanghai Cancer Center. In this
study, none of the enrolled subjects were preoper-
atively treated with anti-tumor therapy. In addition,
tumor stage was assessed based on the guideline
proposed by the Union for International Cancer
Control (UICC). Exclusion criteria: patients com-
plicated with other malignancies, those with mental
disease, or those complicated with heart failure or
other chronic diseases. In addition, this study was
in line with the declaration of Helsinki and good
clinical practice guidelines. Informed consent was
obtained from each subject before sample collection.

Cell Lines and Reagents

BC cell lines (BT474, SKBR-3, ZR-75-30,
MCF-7, MDA-MB-453, MDA-MB-231) and the
normal breast epithelial cell line (MCF-10A) were
provided by American Type Culture Collection
(ATCC; Manassas, VA, USA). Except for BT474
and SKBR-3 cells that were cultured in Roswell
Park Memorial Institute-1640 (RPMI-1640) me-
dium (HyClone, South Logan, UT, USA), the re-

maining cells were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; Gibco, Rockville,
MD, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA), 100
U/mL penicillin and 100 pg/mL streptomycin.

Transfection

Transfection plasmids were purchased from
GenePharma (Shanghai, China). Cells were inoc-
ulated in the 6-well plate and cultured to a density
of 30-50%. Later, transfection was conducted us-
ing Lipofectamine™?2000 (Invitrogen, Carlsbad,
CA, USA). After 48 h, transfected cells were col-
lected for functional experiments.

Cell Proliferation Assay

2x10° cells were implanted in each well of
a 6-well plate and cultured for indicated time
points, where 10 pL of CCK-8 solution was added
(TaKaRa, Dalian, China). After 1-h culturing in
the dark, the optical density at 450 nm was mea-
sured using a microplate reader. Blank group was
set by adding medium and experimental solution
without cells.

5-Ethynyl-2-Deoxyuridine (EdU) Assay

10 pL of EdU (50 pmol/L; Sigma-Aldrich, St.
Louis, MO, USA) was applied in each well for
cell labeling. After 12 hours, cells were incubat-
ed with 4% paraformaldehyde, followed by phos-
phate-buffered saline (PBS) washing and incu-
bation with 0.5% Triton X-100 (Sigma-Aldrich,
St. Louis, MO, USA) for another 20 min. Subse-
quently, 1 mL of 4’,6-diamidino-2-phenylindole
(DAPI) was applied for nuclei staining in the dark.
Finally, cells were washed in PBS and captured.

Transwell Migration Assay

200 pL of suspension (5x10° cells/mL) and 600
pL of serum-free medium were added in the up-
per and bottom transwell chambers, respectively,
for balancing the pressure (Corning, Corning, NY,
USA). After 48-h incubation, transwell chambers
were taken out. Cells in the bottom were subject-
ed to methanol fixation for 15 min, followed by
staining with crystal violet (0.2%) for 20 min. Fi-
nally, migratory cells were counted in 5 randomly
selected fields per sample.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

RNAs extracted from pancreatic cancer cells
and tissues using TRIzol (Invitrogen, Carls-
bad, CA, USA) were reversely transcribed by
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means of Primescript RT Reagent (TaKaRa,
Dalian, China). QRT-PCR was conducted us-
ing SYBR"Premix Ex Taq™ (TaKaRa, Da-
lian, China) on the StepOne Plus Real-time
PCR system (Applied Biosystems, Foster City,
CA, USA). Relative level was calculated by
244t method. miR-566: forward: 5’-GGGC-
GCCUGUGAUCCCAAC-3’, reverse: 5°-UG-
GGAUCACAGGCGCCCUU-3’; U6: forward:
5’-GCGCGTCGTGAAGCGTTC-3’,  reverse:
5’-GTGCAGGGTCCGAGGT-3% WNTG6:
forward: 5’-CACCCTGCCGCCCTTAC-
CCTCC-3, reverse: 5-GATCCGGGTCACAG-
GCAGAGGC-3’; glyceraldehyde 3-phosphate
dehydrogenase (GAPDH): forward: 5’-GGAG-
CGAGATCCCTCCAAAAT-3, reverse:
5’-GGCTGTTGTCATACTTCTCATGG-3".

Western Blot

Cells were lysed on ice for 30 min and cen-
trifuged at 4°C, 14000xg for 15 min to isolate
proteins, followed by electrophoresis. Protein
samples were loaded on polyvinylidene diflu-
oride (PVDF) membranes (Millipore, Billeri-
ca, MA, USA). Subsequently, membranes were
soaked in 5% skim milk for 2 hours. Primary
and secondary antibodies were applied for indi-
cated time. Finally, protein bands were exposed
and analyzed.

Dual-Luciferase Reporter Assay

Shared binding sites to miR-566 seed sequence
in WNT6 3-UTR were predicted online, which
were inserted into pmirGLO vectors for generating
wild-type pmirGLO-WNT6. The mutant-type pmir-
GLO-WNT6 was generated by inserting mutated se-
quences. They were transfected into HEK293T cells
with either miR-566 mimic or negative control for 48
h, followed by luciferase activity measurement (Ther-
mo Fisher Scientific, Waltham, MA, USA).

Statistical Analysis

GraphPad Prism 5 V5.01 (La Jolla, CA, USA)
was responsible for statistical analysis. Differenc-
es between two groups were analyzed by using
the Student’s #-test. Comparison among multiple
groups was done using One-way ANOVA test
followed by Post-Hoc Test (Least Significant Dif-
ference). Each experiment was repeated in tripli-
cate and data were expressed as mean + standard
deviation. Kaplan-Meier curves were depicted for
survival analysis. p<0.05 was considered statisti-
cally significant.

Results

MiR-566 Was Lowly Expressed
In BC samples

We collected 44 pairs of BC and paracancerous
tissues. QRT-PCR data revealed a lower level of
miR-566 in BC tissues than that in paracancerous
ones (Figure 1A). Meanwhile, miR-566 was down-
regulated in BC cell lines as well (Figure 1B). It is
suggested that miR-566 may be a tumor-suppres-
sive miRNA involved in BC progression.

MiR-566 Expression Was Correlated With
Prognosis In BC

Recruited BC patients were divided into high
and low miR-566 expression groups, respectively.
The differences in clinical features of BC patients
between groups were analyzed. It was shown that
miR-566 level was markedly related to tumor
size, tumor grade and lymphatic metastasis in BC
patients, whereas it was unrelated to age and dis-
tant metastasis (Table I). To explore the relation-
ship between miR-566 and prognosis in BC, we
collected follow-up data of recruited BC patients.
Kaplan-Meier curves showed a low survival rate
in low miR-566 expression group, suggesting that
low level of miR-566 predicts poor prognosis in
BC (Figure 1C). MiR-566 could be a biomarker
for predicting the prognosis in BC.

MIiR-566 Inhibited Proliferation
and Metastasis In BC

To elucidate the biological functions of miR-
566 in BC cell behaviors, we generated miR-566
overexpression and knockdown models in MCF-7
and MDA-MB-231 cells, respectively. Transfec-
tion efficacy of miR-566 mimic and inhibitor was
tested by qRT-PCR (Figure 1D). In MCF-7 cells
overexpressing miR-566, the cell viability and the
percentage of EdU-positive cells markedly de-
creased (Figure 2A and 2B, left). Knockdown of
miR-566 in MDA-MB-231 cells yielded the oppo-
site results (Figure 2A and 2B, right). In addition,
transwell assay uncovered that the migratory abil-
ity was inhibited after overexpression of miR-566
in MCEF-7 cells, which was markedly stimulated
in MDA-MB-231 cells with miR-566 knockdown
(Figure 2C). It is concluded that miR-566 inhibits
the proliferative and migratory abilities in BC.

MiR-566-WNT6 Interaction

By detecting the differential level of WNT6 in
BC tissues, it was upregulated in tumor tissues
compared with that in paracancerous ones (Fig-
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Table I. Association of miR-566 expression with clinicopathologic characteristics of breast cancer.

miR-566 expression
No.
Parameters of cases High (%) Low (%) p-value
Age (years) 0.907
<60 16 10 6
>60 28 17 11
Tumor size (years) 0.029
<4 27 20 7
>4 17 7 10
T stage 0.029
T1-T2 27 20 7
T3-T4 17 7 10
Lymph node metastasis 0.014
No 28 21 7
Yes 16 6 10
Distance metastasis 0.431
No 29 19 10
Yes 15 8 7
ure 3A) and negatively correlated with miR-566 Discussion

level (Figure 3F). As expected, WNT6 was highly
expressed in BC cell lines (Figure 3B). In addi-
tion, protein levels of WNT6 and B-catenin were
downregulated in MCF-7 cells overexpressing
miR-566 (Figure 3C). Moreover, shared binding
sites to miR-566 seed sequence in WNT6 3-UTR
were predicted using the bioinformatics tool (Fig-
ure 3D). Overexpression of miR-566 was able to
decrease luciferase activity in pmirGLO-WNT6-
WT, whereas it failed to mediate the luciferase
activity in the mutant-type one. It was also indi-
cated that WNT6 was the target gene binding to
miR-566 (Figure 3E). Knockdown of miR-566 in
MDA-MB-231 cells upregulated vital genes in the
WNT signaling.

WNT6 Was Involved In
MiR-566-Modulated BC Cell Functions

We next explored the role of WNT6 in BC
progression. Transfection efficacy of pcD-
NA3.1-WNT6 and si-WNT6 was examined in
MCF-7 and MDA-MB-231 cells by Western blot,
respectively (Figure 4A). Compared with those
in cells overexpressing miR-566, the viability
and percentage of EdU-positive cells were in-
creased in MCF-7 cells co-overexpressing miR-
566 and WNT6 (Figure 4B and 4C, left). In ad-
dition, lower proliferative ability was observed in
MDA-MB-231 cells with co-silence of miR-566
and WNT®6 than those with miR-566 knockdown
(Figure 4B and 4C, right). Similarly, migratory
changes induced by miR-566 intervention were
abolished by WNTO6 (Figure 4D).

Malignant tumor has become the number one
killer severely endangering human lives. BC is a
major reason for cancer deaths in females. It is
responsible for 25% of female cancer deaths and
15% of total cancer deaths. During the past de-
cade, the prevalence of BC in our country has
sharply increased owing to the rapid development
of the living habits'>. Although great efforts have
been made in timely diagnosing BC, controlling
BC aggravation and improving life quality of BC
patients, the increasing trends of incidence and
mortality of BC have not been well controlled’®.
Therefore, it is urgently necessary to clarify the
molecular mechanisms of BC progression and
seek effective methods to reverse the growth and
metastasis of BC*'°.

A growing number of studies have reported the
abnormally expressed miRNAs in tumor cells.
They are vital regulators during the growth, me-
tastasis and progression of tumors via targeting
the downstream genes!'"'°. Aiming to provide a
novel idea in clinical treatment of BC, the objec-
tive of this study was first to elucidate the onco-
genic role of miR-566 in the progression of BC,
as well as its specific mechanism. Therefore, we
collected BC samples and generated in vitro miR-
566 knockdown and overexpression models in BC
cells. MiR-566 was found to be downregulated in
BC tissues compared with that in paracancerous
ones and its level was linked to tumor size, tu-
mor grade, lymphatic metastasis and prognosis in
BC patients, suggesting that miR-566 serves as a
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tumor suppressor in BC. Subsequently, cell func-
tion experiments uncovered the role of miR-566
in inhibiting proliferative and migratory abilities
in BC cells.

The ceRNA hypothesis proposed that there is
a complicated regulatory interaction between dif-
ferent types of RNAs, including protein-encod-
ing mRNAs and noncoding RNAs. They share
common miRNA binding sites. By abolishing or
alleviating the inhibitory effects on target genes,
these ceRNAs are widely involved in either pro-
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get gene binding to miR-566. The WNT pathway
plays a critical role in controlling the enormous
tissue expansion and remodeling during the de-
velopment of BC, and its deregulation has been
implicated in BC initiation and progression?®.
Western blot analyses uncovered that the vital
genes in the WNT signaling, including WNT6
and B-catenin, were downregulated by overex-
pression of miR-566 in MCF-7 cells. Besides,
WNT6 level was negatively related to miR-566
level in BC samples. We thereafter speculated
that WNT6 was involved in miR-566-regulated
BC progression. By performing rescue experi-
ments, it is found that WNT6 was able to abolish
the regulatory effects of miR-566 on proliferative
and migratory abilities in BC. To sum up, the pro-
tective role of miR-566 in alleviating the malig-
nant progression of BC relied on the involvement
of WNT6. These findings provided new insights
and ideas for the diagnosis and treatment of BC,
and might become a key to making breakthrough
progress in the subsequent years.

Conclusions

In brief, miR-566 is closely related to tumor
size, tumor grade, lymphatic metastasis and prog-
nosis in BC. It protects the malignant progression
of BC by negatively regulating WNTO6.
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