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Several studies have shown that miR-215-5p acts as a tumor suppressor in
certain cancers, but its role in the progression and metastasis of breast car-
cinoma remains incompletely understood. Herein, we prove that miR-215-
5p is substantially down-expressed in breast carcinoma as compared with
nontumor tissue. Up-regulation of miR-215-5p inhibits the aggressive abili-
ties of breast carcinoma cells in vitro. We performed luciferase reporter
tests to show that SRY-Box 9 (Sox9) is the target of miR-215-5p; as pre-
dicted, Sox9 depletion replicates the suppressive effects of miR-215-5p on
breast carcinoma cells, and overexpression of Sox9 rescues the effects of
miR-215-5p on breast cancer cell progression. In addition, a xenograft
model assay was used to reveal that miR-215-5p inhibits breast cancer cell
growth and metastatic potential in vivo. Overall, these results imply that
miRNA-215-5p suppresses the aggressiveness of breast cancer cells through

targeting Sox9.

Breast carcinoma remains one of the deadliest
malignancies among gynecologic oncology [1]. Despite
surgical resection combined with radiotherapy or
chemotherapy being effective in improving the progno-
sis of patients with breast carcinoma, those patients
who have distant metastasis and recurrence after the
surgical resection have high mortality rates [2].
Accordingly, the identification of molecules involved
in breast cancer tumorigenesis and metastasis is helpful
for developing new potential targets to treat breast
cancer [3].

miRNAs, belonging to the endogenous noncoding
RNA family, regulate the level of target protein via
interacting with the 3’-UTR of the target [4,5]. The
dysfunction of miRNAs has a close association with
the growth and progression of tumors, and several
miRNAs act as tumor suppressors or oncogenes in
different kinds of tumors [6-8]. Earlier research has
shed light on the fact that miR-215 is significantly
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down-expressed in human breast carcinoma and acts
as an anticancer gene [9-11]. However, the exact
function of miR-215-5p in breast carcinoma cell
growth, as well as metastasis, has not been investi-
gated.

In this research, we demonstrate that miR-215-5p is
substantially down-expressed in breast carcinoma, and
its level has a negative correlation with the develop-
ment of breast carcinoma. The in vitro experiments
suggest that upregulation of miR-215-5p significantly
restrains the proliferation and metastasis of breast can-
cer MCF-7 and MDA-MB-231 cells. SRY-Box 9
(Sox9) is certified as the target gene of miR-215-5p;
furthermore, the inhibition effects of miR-215-5p on
breast cancer cell migration ability and invasiveness
are phenocopied by Sox9 slicing. Altogether, these
findings verify that miR-215-5p represses the growth,
migration and invasion of breast cancer cells by modu-
lating Sox9.

GAPDH, glyceraldehyde-3 phosphate dehydrogenase; IHC, immunohistochemistry; miR-ctr, miRNA negative control; MTT, 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide; siSox9, small interfering RNA targeting Sox9; Sox9, SRY-Box 9; wt, wild-type.
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Materials and methods

Breast carcinoma cell lines and tissues

The normal mammary epithelial cell line, MCF-10A, and
breast carcinoma cells (MDA-MB-468, MDA-MB-231 and
MCF-7) were purchased from the Shanghai Institute of
Biological Sciences (Shanghai, China). Cells were cultured
using RPMI 1640 or Dulbecco’s modified Eagle’s medium
(Thermo Fisher Scientific, Waltham, MA, USA) that con-
tained 10% FBS (Thermo Fisher Scientific) and maintained
in an incubator with 5% CO, at 37 °C. From August 2010
to August 2017, 39 cases of breast carcinoma tissues and
corresponding normal tissues were obtained from the Peo-
ple’s Hospital Affiliated to Nanchang University. Written
informed consent was obtained from patients before sur-
gery. This study was approved by the Research Ethics
Committee of the People’s Hospital Affiliated to Nanchang
University. The study conforms to the Code of Ethics of
the World Medical Association (Declaration of Helsinki)
printed in the British Medical Journal (18 July 1964). The
characteristics of patients are summarized in Table S1.

Cell transfection

miR-215-5p mimic (100 nm), small interfering RNA target-
ing Sox9 (siSox9; 400 nm), miRNA negative control (miR-
ctr) and small interfering RNA control (siCon) were
obtained from Qiagen (Hilden, Germany). A Sox9 expres-
sion construct was constructed by subcloning the PCR-am-
plified full-length Sox9 cDNA into pMSCV retrovirus
plasmid (Guangzhou FulenGen Co., Ltd., Guangzhou,
Guangdong, China). miR-215-5p or siSox9 was transfected
into MDA-MB-231 or MCF-7 cells for 48 h using the
Lipofectamine 3000 kit (Thermo Fisher Scientific).

MTT assay

Cells (5 x 10%) were plated into 96-well plates. A 100-pL 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT) solution was plated into each well after 1, 2,
3, or 4 days, respectively. The absorbance value was
detected at 450 nm.

Colony formation

Cells (1 x 10% were cultured into a six-well plate. After
2 weeks, the cell colonies were fixed with 70% EtOH and
stained by crystal violet. The number of cell colonies was
counted under a microscope (Olympus, Tokyo, Japan) [12].

Migration assay

Cells (2 x 10°) were added to a six-well plate overnight.
Then a straight line of damage was made with a 100-pL

J. B. GAO et al.

pipette tip. Cells were cultured with FBS free medium for
24 h. Pictures were taken at the times of 0 and 24 h. The
percentage of wound healing = (0 h width of wound —
24 h width of wound)/0 h width of wound x 100%.

Invasion assay

A total of 200 pL of cells (5 x 10*) was added to the upper
chamber of Tranwells (8-um pore size), which was coated
with Matrigel (BD, Waltham, MA, USA). A total of
600 uL of medium (20% FBS) was plated to the lower
chamber. After 24 h, the Transwell membrane was subse-
quently fixed in methanol (75%) and stained using crystal
violet (1%). The invaded cell was counted under a micro-
scope (Olympus).

Quantitative real-time PCR analysis

The preparation of total RNA was carried out using TRI-
zol (Thermo Fisher Scientific). miRNAs were extracted
using the PureLink™ miRNA Isolation Kit (Thermo
Fisher Scientific). The synthesis of cDNA was carried out
using a PrimeScript RT reagent kit (Takara Bio, Tokyo,
Japan). Quantitative real-time PCR was performed using
SYBR Premix Ex Taq II (Takara Bio) and the iQ5 real-
time detection system (Bio-Rad Laboratories, Hercules,
CA, USA). The relative expression of a gene was measured
using the 2724C method. The relative expression of miR-
215-5p and Sox9 was normalized to the U6 and glyceralde-
hyde-3 phosphate dehydrogenase (GAPDH) level, respec-
tively. The primers in quantitative real-time PCR were as
follows: miR-215-5p, 5-UAUGGCUUUUUAUUCCUAU-
GUGA-3; Sox9, Y-AGTACCCGCATCTGCACAAC-¥
(forward) and 5-ACGAAGGGTCTCTTCTCGCT-3' (re-
verse); GAPDH, 5-ATGGGACGATGCTGGTACTGA-3'
(forward) and 5-TGCTGACAACCTTGAGTGAAAT-3
(reverse).

Luciferase reporter gene assay

The plasmid pGL3 that contained the wild-type (wt) 3’-
UTR of Sox9 or mutant type of pGL3-Sox9 3-UTR com-
bination with miR-215-5p or miR-ctr was cotransfected
into MDA-MB-231 or MCF-7 cells using Lipofectamine
3000 (Thermo Fisher Scientific). The luciferase reporter
gene assay was carried out using the Luciferase® Reporter
Assay System (Promega, Madison, WI, USA).

Immunoblotting analysis

Total proteins were abstracted using radioimmunoprecip-
itation assay lysis (Beyotime, Nanjing, Jiangsu, China).
The proteins were separated using 10% SDS/PAGE and
then transferred onto the poly(vinylidene difluoride)
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membrane (Millipore, Braunschweig, Germany). The
poly(vinylidene difluoride) membrane was incubated with
Sox9 (ab185230, 1 : 1000; Abcam, Cambridge, UK) or
GAPDH antibodies (sc-47724, 1 :1000; Santa Cruz
Biotechnology, Dallas, TX, USA) overnight at 4 °C fol-
lowed by incubating with goat anti-rabbit IgG conju-
gated to horseradish peroxidase (BS13278, 1 : 10 000;
Bioworld Technology, Inc., Nanjing, Jiangsu, China) for
2 h. Bands were visualized using the electrochemilumi-
nescence system (Millipore).

Xenograft model

BALB/c nude mice (n = 6 in each group) were inoculated
with 100 pL of MDA-MB-231 cells (1 x 10°%). The tumor
volume in each group was recorded each week and was cal-
culated (tumor volume = 0.5 x width? x length). Finally,
mice were sacrificed and tumor tissues were subjected to
immunohistochemistry (IHC) staining. This study was
approved by the Ethics Committee (No. 20161009) of the
People’s Hospital Affiliated to Nanchang University, Nan-
chang, Jiangxi Province, China.

Pulmonary metastasis model

MDA-MB-231 cells (5 x 10°) were injected into BALB/c
nude mice (n =6 in each group) via the tail vein. After
8 weeks, nude mice were sacrificed. In addition, the lungs
were conducted for the hematoxylin and eosin staining.
The animal experiment received approval from the Institu-
tional Animal Care and Use Committee at the People’s
Hospital Affiliated to Nanchang University. This study was
approved by the Ethics Committee (No: 20161009) of the
People’s Hospital Affiliated to Nanchang University,
Jiangxi Province, China. All procedures involving experi-
mental animals were performed in accordance with proto-
cols that were approved by the Committee for Animal
Research of the People’s Hospital Affiliated to Nanchang
University and complied with the Guide for the Care and
Use of Laboratory Animals (NIH Publication No. 86-23,
revised 1985).

IHC assay

A paraffin-embedded tissue section was deparaffinized in
xylene and rehydrated in graded series of EtOH followed
by heat-induced epitope retrieval in citrate buffer (pH 6.0).
The section was incubated with anti-Sox9 IgG (#82630,
1 : 200; Cell Signaling Technology, Danvers, MA, USA) at
4 °C overnight. A standard streptavidin-biotin-peroxidase
complex method was used for staining, followed by coun-
terstaining with Mayer’s hematoxylin. The IHC experiment
was performed in triplicate using tumor tissue of similar
size in each group.

miRNA-215-5p suppresses breast cancer

Statistical analysis

The analysis of the data was carried out using GRAPHPAD
prisM 7 (GraphPad Software, San Diego, CA, USA), and
the data were presented as mean + SD. One-way ANOVA
or two-tailed Student’s z-test was used to analyze the statis-
tical difference. A P value <0.05 was regarded as having
statistical significance.

Results

miR-215-5p is down-regulated in breast
carcinoma

First, we investigated the dysregulations of miRNAs
in normal tissue and breast carcinoma tissue using
Gene Expression Omnibus dataset GSE73002. The
heatmap generated by the differential gene suggested
that miR-135-5p was significantly down-expressed in
breast cancer tissues in comparison with the corre-
sponding normal tissues (Fig. 1A). In addition, the
analysis of the level of miR-215-5p was carried out
in 39 pairs of breast cancer tissue and normal tissue
by quantitative real-time PCR assay. As shown in
Fig. 1B, miR-215-5p was distinctly down-expressed
in breast carcinoma tissue. Furthermore, the level of
miR-215-5p was allied to the advanced stage of
breast cancer (Fig. 1C), as well as lymph node
metastasis (Fig. 1D). Finally, the survival analysis
implied that the lower level of miR-215-5p had an
association ~ with  the unfavourable prognosis
(Fig. 1E). These findings indicate that miR-215-5p is
a suppressive miRNA in the progression of breast
carcinoma.

miR-215-5p restrains the aggressiveness of
breast carcinoma

Next, we analyzed the miR-215-5p levels in breast
carcinoma cell lines and observed that miR-215-5p
was down-regulated in all breast carcinoma cells, in
contrast with MCF-10A (Fig. 2A). Next, miR-215-
S5p mimics were transfected into MCF-7 and MDA-
MB-231 cells to increase the endogenous level of
miR-215-5p (Fig. 2B). miR-215-5p overexpression
substantially suppressed the proliferation of MDA-
MB-231 and MCF-7 cells (Fig. 2C,D). Consistently,
the colony formation of breast cancer cells that
were transfected with miR-215-5p was dramatically
reduced (Fig. 2E). In order to investigate whether
miR-215-5p was involved in the metastatic-related
traits of breast cancer cells, we studied the function
of miR-215-5p in breast cancer cell metastatic
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Fig. 1. miR-215-5p is down-expressed in breast carcinoma tissues. (A) Microarray analysis of miRNA expression in breast cancer tissues
corresponding to normal tissues. (B) The expression of miR-215-5p in breast carcinoma and matched normal tissues was analyzed by using
guantitative real-time PCR. n = 39. **P < 0.01 compared with normal. (C) The levels of miR-215-bp in patients of different stages were
detected via quantitative real-time PCR. **P < 0.01 compared with stage I-Il. (D) The relationship of miR-215-5p and lymph node metastasis
was analyzed by using quantitative real-time PCR assay. **P < 0.01 compared with patients with no metastasis. All data are presented as
mean + SD (two-tailed Student’s t-test). (E) Kaplan-Meier survival curves of patients with different levels of miR-215-5p.

Fig. 2. miR-215-5p suppresses growth, migration and invasion of breast cancer cells in vitro. (A) The expression of miR-215-5p in breast
cancer cells and MCF-10A cells was detected through quantitative real-time PCR. (B) MDA-MB-231 and MCF-7 cells were transfected with
miR-ctr or miR-215-5p mimic, and the level of miR-215-5p was detected by quantitative real-time PCR. (C, D) The MTT assays were
conducted to determine MDA-MB-231 and MCF-7 cell viability. (E) Representative photographs of colon formation. (F) Cell migration was
analyzed by using wound healing. Scale bars, 200 um. (G) Invasion of cells was measured by using the Transwell invasion assay. n = 3.
Scale bars, 200 pm. Data were expressed as mean + SD (two-tailed Student's ttest). **P < 0.01 compared with control.
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ability. The wound healing migration analysis veri- were transfected with miR-215-5p. As shown in
fied that miR-215-5p substantially reduced the Fig. 3B, the level of Sox9 was reduced by miR-215-5p
breast cancer cell migration (Fig. 2F). In addition, in both MDA-MB-231 and MCF-7 cells. The binding
the invasive abilities of MCF-7 and MDA-MB-231 site between miR-215-5p and the 3’-UTR of Sox9 is
cells were examined by Transwell invasion analysis, shown in Fig. 3C. To explore the relationship
and the findings suggested that up-regulation of between Sox9 and miR-215-5p, we carried out lucifer-
miR-215-5p decreased the invasion of MCF-7 and ase reporter gene analysis. We found that miR-215-5p
MDA-MB-231 cells (Fig. 2G). These findings imply reduced the luciferase activity in breast cancer cells
that miR-215-5p represses the aggressiveness of transfected with the wt 3-UTR of Sox9 (Fig. 3C).
breast carcinoma cells in vitro. Furthermore, miR-215-5p strikingly reduced the level
of Sox9 as proved by both quantitative real-time
PCR and immunoblotting assay (Fig. 3D.E). These
results imply that Sox9 is the target of miR-215-5p in
Next, the candidate targets of miR-215-5p were iden- breast cancer.

tified using miRDB, TargetScan and miRTarBase
[13—15]. As shown in Fig. 3A, a total of nine common
target mRNAs was screened from three bioinformat-
ics software tools. To find the target of miR-215-5p,
we measured by quantitative real-time PCR the levels Previous findings illustrated that miR-215-5p negatively
of nine genes in MCF-7 or MDA-MB-231 cells that regulates the expression of Sox9 through binding with

Sox9 is the target of miR-215-5p

The suppressive impact of miR-215-5p on breast
carcinoma cells depends on Sox9
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Fig. 3. Sox9 is the target of miR-215-5p. (A) The complementary sequences of miR-215-5p were discovered in the 3'-UTR of Sox9 mRNA
using miRTarBase, miRDB and TargetScan. Venn graph represents the number of candidate common target genes determined by
bioinformatics analysis. (B) MCF-7 or MDA-MB-231 cells were transfected with miRNA negative control (miR-NC) or miR-215-5p, and the
levels of common target genes were detected using quantitative real-time PCR. (C) The binding sites of miR-215-5p in the 3-UTR of
Sox9 were predicted by using an online analysis tool, TargetScan. HEK-293T cells were cotransfected with miR-215-5p and a pGL3
plasmid that contains wt or mutant 3'-UTR of Sox9. The luciferase activities were detected. (D) The mRNA level of Sox9 in cells that
transfected with miR-215-5p or miR-ctr was measured. (E) The protein expression of Sox9 in miR-ctr- or miR-215-5p-transfected cells was
detected by western blotting assay. n = 3. Data were expressed as the mean + SD (two-tailed Student’s t-test). **P < 0.01 compared with
control.

1962 FEBS Open Bio 9 (2019) 1957-1967 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



J. B. GAO et al. miRNA-215-5p suppresses breast cancer

A B
—~ 2.07 —~ 2.0q
© 9 .o 9 £ -e- Control = -~ Control
Go“\ ‘\Oo(\ '\60*00(‘\( OO° ot 3 -= siCon 3 -=- siCon
K N o < 1.5 + siso = 157 -+ siSox9
soo IS BT - z
- 2 1.0 2 1.0
GAPDH |l W W | [ e = g g
MDA-MB-231 MCF-7 8 0.5 = S 0.5 >
2 2
® k]
& 0.0l T T T & 0.0l T T T
24h 48h 72h 96h 24h 48h 72h 96h
MCF-7 MDA-MB-231
C Control siCon siSox9
= . 200+
~ 7 ¢\ @l Control
0 L 8 1501 3 siCon
% & @l siSox9
o
o
5 100
=
[S i
ﬁ 5 50 . "
o
0.
= A %)
< NS
: g
80+
. . . . @B Control
D Control siCon siSox9 Control siCon siSox9 g B3 siCon
L gg 601 BB siSox9
£8
&S 401
S o
& § 20101l ¥ i
k]
0.
A - 4l >
\\\Q? \J\%ﬂ'
MCF-7 MDA-MB-231 o
E Control siCon siSox9
4 g - L v & 1501
| & ‘}- pletee o WM vs® f P @l Control
|- . ™ e "‘\0‘ 3 B siCon
i - .
O, »# a = * -' X 9 100 @l siSox9
S| ¥ iy B L 3
'_il‘\‘ W] 4 4] - E
~ 3 - 3 ’ 5
g o er e B | T ' g—, 504
C}l - ° 4 =\ - o e [ ok
0 (&g » * ;\' \ £ 2 =
= 3":‘\‘. LN % s l\, Ve o . |
L]*« ' v g ! » e J )
g S o & = o K
S| Ve .9 uta = > W

Fig. 4. Sox9 knockdown phenocopies the suppressive effect of miR-215-6p. (A) MCF-7 and MDA-MB-231 cells were transfected with siCon or
siSox9. The expression of Sox9 was detected using western blotting assay. (B) The cell was transfected with siSox9 or siCon. MDA-MB-231
and MCF-7 cell proliferation were determined through MTT assays. (C) Representative results of colony formation of MDA-MB-231 and MCF-7
cells (left panel). The amount of colonies was counted. (D) Cells were transfected with siSox9 or siCon. The migration of MDA-MB-231 and
MCEF-7 cells was detected using wound healing assay. Scale bars, 200 um. (E) The invasion of cells was detected using Transwell invasion
assay. n = 3. Scale bars, 200 um. Data were expressed as the mean + SD (two-tailed Student'’s t-test). **P < 0.01 compared with control.

the 3°-UTR of Sox9. Accordingly, as we speculated, breast cancer cells. As shown in Fig. 4B, Sox9 silencing
miR-215-5p mediated the progression of breast cancer suppressed the proliferation of MDA-MB-231 and
cells via regulating Sox9. siSox9 was applied for reduc- MCF-7 cells. Meanwhile, the colony formation assay
ing the expression of Sox9 (Fig. 4A), and we explored proved that down-regulation of Sox9 substantially low-
the down-regulation of Sox9 on the development of  ered the colony formation in breast cancer cells
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215-5p + Sox9-expressing plasmid. The level of Sox9 was detected by quantitative real-time PCR assay. (B, C) A breast cancer cell was
transfected with miR-215-5p alone or cotransfected with miR-215-5p + Sox9-expressing plasmid. Cell viability was detected through MTT
assay. (D) Representative result of colony formation in MDA-MB-231 and MCF-7 cells. (E) Cell was transfected with miR-215-56p alone or
cotransfected with miR-215-5p + Sox9-expressing plasmid. The migration of cells was detected using wound healing assay. (F) The invasion
of cells was determined by Transwell invasion assay. n = 3. Data were expressed as the mean + SD (two-tailed Student’'s ttest).
#*P < 0.01 compared with control; **P < 0.01 compared with the miR-215-5p group.

(Fig. 4C). Furthermore, we investigated the effect of
knocked-down Sox9 on the aggressiveness of breast
carcinoma cells. As shown in Fig. 4D,E, Sox9 silencing
significantly impaired the migration and invasive phe-
notype of MDA-MB-231 and MCF-7 cells.

The inhibitory impact of miR-215-5p is rescued
by Sox9

Next, breast cancer cells were transfected in combina-
tion with miR-215-5p and Sox9 to demonstrate that
Sox9 was the functional target of miR-215-5p
(Fig. 5A). Re-expression of Sox9 significantly attenu-
ated the inhibition impact of miR-215-5p on the

1964

proliferation and colony formation of breast cancer
cells (Fig. 5B-D). Furthermore, Sox9 overexpression
partially offsets the inhibition impact of miR-215-5p
on the invasion and migration of MCF-7 and MDA-
MB-231 cells (Fig. 5E,F). As revealed by all of these
data, the inhibitory impact of miR-215-5p on the
malignant phenotypes of breast cancer cells is rescued
by Sox9.

miR-215-5p suppresses the progression of breast
carcinoma cells in vivo

Finally, the xenograft tumor model was constructed
by subcutaneous inoculation of miR-215-5p- or miR-
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Fig. 6. Overexpression of miR-215-5p suppresses MDA-MB-231 cell growth and metastasis. (A, B) Mice were injected subcutaneously with
miR-ctr- or miR-215-5p-transfected MDA-MB-231 cells. The tumor volumes and tumor weights of the subcutaneous breast cancer cell
implantation model. (C) Nude mice were injected with miR-215-5p- or miR-ctr-transfected MDA-MB-231 cells through tail veins. The number
of metastatic foci on the lung from mice injected with MDA-MB-231 cells was counted. Scale bars, 200 mm. (D) Representative results of
immunohistochemical analyses of Sox9 in tumor tissues. n = 3. Scale bars, 200 um. Data were expressed as the mean + SD (two-tailed
Student’s ttest). **P < 0.01 compared with miR-ctr.

ctr-transfected MDA-MB-231 cells into nude mice. compared with the control group (Fig. 6A.B). Then,
We observed that tumors formed by miR-215-5p- the lung metastasis model was constructed by inject-
overexpressing MDA-MB-231 cells grew slower as ing MDA-MB-231 cells into nude mice. In those
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mice, which were injected with miR-215-5p-overex-
pressing MDA-MB-231 cells, the lung metastasis rate
of MDA-MB-231 cells was significantly reduced in
comparison with the control group (Fig. 6C). Similar
to the impact of miR-215-5p on Sox9 expression
in vitro, miR-215-5p decreased the expression of
Sox9 in vive (Fig. 6D). In conclusion, miR-215-5p

inhibits the development of breast cancer cells
in vivo.
Discussion

In spite of the advanced progress made in treating
breast cancer, the survival rate of patients remains
unsatisfactory [16,17]. Therefore, new prognostic
markers and treatment options are urgent for the
improvement of medical treatment for patients with
breast cancer. Previous investigations have determined
that miR-215 serves as an anti-oncogene in several
kinds of cancers, but the mechanisms by which miR-
215-5p is involved in breast carcinoma progression
have not been effectively studied [9,11,18,19]. This cur-
rent study reveals that miR-215-5p is down-regulated
in breast cancer and is negatively correlated with the
progression and metastasis of breast carcinoma. Up-
regulation of miR-215-5p inhibits the growth, migra-
tion and invasion of breast cancer cells. In addition,
Sox9 is identified as the functional target of miR-215-
Sp. Knockout of Sox9 mimicked the inhibitory impact
of miR-215-5p on breast carcinoma cells. As revealed
by these results, miR-215-5p serves as a cancer sup-
pressor in human breast cancer.

The investigation of the fundamental function of
miR-215 in the progression of malignant tumors has
been carried out in preclinical research [20]. Herein, we
discovered that miR-215-5p was significantly downreg-
ulated in breast cancer compared with noncancerous
tissue. In line with the earlier research, we discovered
that the expression of miR-215-5p was inversely corre-
lated with the progression and metastasis of breast
cancer. Importantly, the prognostic analysis proved
that the clinical outcomes of patients who had a high
level of miR-215-5p were superior to those of patients
who had a lower miR-215-5p level.

The aberrant expression of miR-215-5p performs the
regulation of multiple cancer-related signaling path-
ways, for instance, cell growth, invasion and metasta-
sis. As revealed by our findings, miR-215-5p
substantially suppressed not just the growth but also
the migration and invasion of breast cancer cells.
These findings were consistent with the previous
report, in which miR-215-5p inhibits the progression
of colon cancer by modulating epidermal growth

J. B. GAO et al.

factor receptor ligand and Homeobox protein Hox-B9
[20]. In contrast, miR-215-5p had the potential of
inhibiting the mRNA and the protein expression of
Protocadherin-9 in glioma cells through regulating its
promoter and 3’-UTR [21]. The luciferase reporter
gene assay and western blotting assay demonstrated
that Sox9 is the potential target of miR-215-5p in
breast cancer. Meanwhile, overexpression of Sox9 con-
verted the suppressive impact of miR-215-5p on the
growth and metastatic-related traits of breast cancer
cells, suggesting that Sox9 is the downstream target of
miR-215-5p. In this investigation, we also demon-
strated that miR-215-5p overexpression decreased
tumor development and distant metastasis of breast
carcinoma cells in nude mice.

Substantive reports have confirmed that the epithe-
lial-mesenchymal transition process contributes to the
metastasis of several cancers, including breast cancer
[22-24]. Even though our tests suggest that miR-215-
5p overexpression blocks the aggressive phenotypes of
cancer cells, whether miR-215-5p mediates breast can-
cer metastasis and is associated with regulating the
epithelial-mesenchymal transition process continues to
be unknown. Therefore, more in-depth studies are
required to reveal other downstream signaling path-
ways, in addition to key regulatory processes of miR-
215-5p in the progression of breast cancer.

In conclusion, our study proves that miR-215-5p is
down-regulated in human breast carcinoma, and the
level of miR-215-5p has an inverse relationship with
the metastasis and prognosis of patients with breast
cancer. In addition, miR-215-5p is a suppressive
miRNA in the progression of breast cancer by regula-
tion of Sox9 expression.

Conflict of interest

The authors declare no conflict of interest.

Author contributions

JBG and MNZ conducted experiments and were
responsible for data acquisition, analysis, interpreta-
tion and manuscript writing. XLZ conceived and
designed the study. All authors read and approved the
final manuscript.

References

1 Lin Z, Li JW, Wang Y, Chen T, Ren N, Yang L, Xu
W, He H, Jiang Y, Chen X et al. (2016) Abnormal
miRNA-30e expression is associated with breast cancer
progression. Clin Lab 62, 121-128.

1966 FEBS Open Bio 9 (2019) 1957-1967 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



J. B. GAO et al.

11

12

13

14

FEBS Open Bio 9 (2019) 1957-1967 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Orangi E and Motovali-Bashi M (2019) Evaluation of
miRNA-9 and miRNA-34a as potential biomarkers for
diagnosis of breast cancer in Iranian women. Gene 687,
272-279.

Yerukala Sathipati S and Ho SY (2018) Identifying a
miRNA signature for predicting the stage of breast
cancer. Sci Rep 8, 16138.

Telonis AG and Rigoutsos I (2018) Race disparities in
the contribution of miRNA isoforms and tRNA-derived
fragments to triple-negative breast cancer. Cancer Res
78, 1140-1154.

Quan Y, Huang X and Quan X (2018) Expression of
miRNA-206 and miRNA-145 in breast cancer and
correlation with prognosis. Oncol Lett 16, 6638—-6642.
Niedzwiecki S, Piekarski J, Szymanska B, Pawlowska Z
and Jeziorski A (2018) Serum levels of circulating
miRNA-21, miRNA-10b and miRNA-200c in triple-
negative breast cancer patients. Ginekol Pol 89,
415-420.

Muti P, Donezelli S, Sacconi A, Hossain A, Ganci F,
Frixa T, Sieri S, Krogh V, Berrino F, Biagioni F et al.
(2018) MiRNA-513a-5p inhibits progesterone receptor
expression and constitutes a risk factor for breast
cancer: the hOrmone and Diet in the ETiology of breast
cancer prospective study. Carcinogenesis 39, 98—108.
Ljepoja B, Garcia-Roman J, Sommer AK, Wagner E
and Roidl A (2018) MiRNA-27a sensitizes breast cancer
cells to treatment with Selective Estrogen Receptor
Modulators. Breast 43, 31-38.

Cai X, Peng D, Wei H, Yang X, Huang Q, Lin Z, Xu
W, Qian M, Yang C, Liu T ef al. (2017) miR-215
suppresses proliferation and migration of non-small cell
lung cancer cells. Oncol Lett 13, 2349-2353.

Ge G, Zhang W, Niu L, Yan Y, Ren Y and Zou Y
(2016) miR-215 functions as a tumor suppressor in
epithelial ovarian cancer through regulation of the
X-chromosome-linked inhibitor of apoptosis. Oncol Rep
35, 1816-1822.

Hou Y, Zhen J, Xu X, Zhen K, Zhu B, Pan R and
Zhao C (2015) miR-215 functions as a tumor
suppressor and directly targets ZEB2 in human non-
small cell lung cancer. Oncol Lett 10, 1985-1992.

Xie F, Hosany S, Zhong S, Jiang Y, Zhang F, Lin L,
Wang X, Gao S and Hu X (2017) MicroRNA-193a
inhibits breast cancer proliferation and metastasis by
downregulating WT1. PLoS ONE 12, e0185565.

Wong N and Wang X (2015) miRDB: an online
resource for microRNA target prediction and functional
annotations. Nucleic Acids Res 43, D146-D152.
Riffo-Campos AL, Riquelme I and Brebi-Mieville P
(2016) Tools for sequence-based miRNA target
prediction: what to choose? Int J Mol Sci 17. E1987.

16

18

20

21

22

23

24

miRNA-215-5p suppresses breast cancer

Chou CH, Chang NW, Shrestha S, Hsu SD, Lin YL,
Lee WH, Yang CD, Hong HC, Wei TY, Tu SJ et al.
(2016) miRTarBase 2016: updates to the experimentally
validated miRNA-target interactions database. Nucleic
Acids Res 44, D239-D247.

Cheng Y, Li Z, Xie J, Wang P, Zhu J, Li Y and Wang
Y (2018) MiRNA-224-5p inhibits autophagy in breast
cancer cells via targeting Smad4. Biochem Biophys Res
Commun 506, 793-798.

Bai X, Han G, Liu Y, Jiang H and He Q (2018)
MiRNA-20a-5p promotes the growth of triple-negative
breast cancer cells through targeting RUNX3. Biomed
Pharmacother 103, 1482-1489.

Zhou SW, Su BB, Zhou Y, Feng YQ, Guo Y, Wang
YX, Qi P and Xu S (2014) Aberrant miR-215
expression is associated with clinical outcome in breast
cancer patients. Med Oncol 31, 259.

Karaayvaz M, Pal T, Song B, Zhang C,
Georgakopoulos P, Mehmood S, Burke S, Shroyer K
and Ju J (2011) Prognostic significance of miR-215 in
colon cancer. Clin Colorectal Cancer 10, 340-347.
Vychytilova-Faltejskova P, Merhautova J, Machackova
T, Gutierrez-Garcia I, Garcia-Solano J, Radova L,
Brchnelova D, Slaba K, Svoboda M, Halamkova J

et al. (2017) MiR-215-5p is a tumor suppressor in
colorectal cancer targeting EGFR ligand epiregulin and
its transcriptional inducer HOXB9. Oncogenesis 6, 399.
Wang C, Chen Q, Li S, Li S, Zhao Z, Gao H, Wang
X, Li B, Zhang W, Yuan Y et al. (2017) Dual
inhibition of PCDH9 expression by miR-215-5p up-
regulation in gliomas. Oncotarget 8, 10287-10297.
Bagger SO, Hopkinson BM, Pandey DP, Bak M,
Brydholm AV, Villadsen R, Helin K, Ronnov-Jessen L,
Petersen OW and Kim J (2018) Aggressiveness of non-
EMT breast cancer cells relies on FBXOI11 activity.
Mol Cancer 17, 171.

Huang J and Guo L (2017) Knockdown of SOX9
inhibits the proliferation, invasion, and EMT in thyroid
cancer cells. Oncol Res 25, 167-176.

Gao H, Hao G, Sun Y, Li L and Wang Y (2018) Long
noncoding RNA H19 mediated the chemosensitivity of
breast cancer cells via Wnt pathway and EMT process.
Onco Targets Ther 11, 8001-8012.

Supporting information

Additional

supporting information may be found

online in the Supporting Information section at the end
of the article.

Table S1. Characteristics of patients with breast cancer
in the present study.

1967



	Outline placeholder
	feb412733-aff-0001
	feb412733-fig-0001
	feb412733-fig-0002
	feb412733-fig-0003
	feb412733-fig-0004
	feb412733-fig-0005
	feb412733-fig-0006
	feb412733-bib-0001
	feb412733-bib-0002
	feb412733-bib-0003
	feb412733-bib-0004
	feb412733-bib-0005
	feb412733-bib-0006
	feb412733-bib-0007
	feb412733-bib-0008
	feb412733-bib-0009
	feb412733-bib-0010
	feb412733-bib-0011
	feb412733-bib-0012
	feb412733-bib-0013
	feb412733-bib-0014
	feb412733-bib-0015
	feb412733-bib-0016
	feb412733-bib-0017
	feb412733-bib-0018
	feb412733-bib-0019
	feb412733-bib-0020
	feb412733-bib-0021
	feb412733-bib-0022
	feb412733-bib-0023
	feb412733-bib-0024


