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This study was designed to investigate the precise mechanisms of miR-325- 100A2 axis in breast cancer
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INTRODUCTION

Breast cancer (BC) i & Mosi€ommg@n cause of
cancer-related mortalityga g fema more than
508,000 deaths, and ge sg@pRe.most common can-
cer with nearly 1.67 millio cases diagnosed in 2012
worldwide'2, BC is a heteroge disease characterized
by many kinds of pathologica¥features®. Despite many
great advances made in the early diagnosis and treatment
strategies, the long-term survival in patients, especially
in patients with metastatic BC, remains ungratified*. Due
to tumor metastasis, the mortality of BC is increased®.
It has been illustrated that tumor metastasis is a compli-
cated process®. Therefore, it is critical to study the precise
mechanisms that cause primary tumors to metastasize.

The S100 gene family encodes for low-molecular
weight calcium-binding proteins and comprises 20
members”8. A number of evidences have reported that
aberrant expressions of the S100 family genes contribute
to tumorigenesis, tumor progression, and metastasis by

: analysis predicted that the
ay demonstrated that miR-325-3p

gmilar effects with knockdown of
versed the promoted effects of miR-

| pr on, invasion, and EMT of BC cells by

" Proliferation;

promoting cancer cell proliferation, apoptosis, migration,
and invasion®. For example, S100A4 promoted inva-
sion of lung cancer cells by upregulating NADH dehy-
drogenase (ubiquinone) Fe-S protein 2 (NDUFS2)Y.
Overexpression of S100A6 promoted cell proliferation
and migration in hepatocellular carcinomat. A previous
study reported that knockdown of S100A7 reduced epi-
thelial ovarian cancer cell proliferation, migration, and
invasion*?. However, little is known about the functional
roles of S100A2 in BC. Therefore, the mechanism of
S100A2 in BC deserves further studies.

MicroRNAs (miRNAs), small noncoding RNAs
that regulate the translation of many genes by binding
to the untranslated region (3¢UTR) of target mMRNAs,
are involved in a variety of physiological and patho-
logical processes, including cancer development®®4,
Accumulating evidence shows that miRNAs are aber-
rantly expressed in many types of cancers, including BC,
and some of these miRNAs function as tumor suppres-
sor genes or oncogenes during tumor development and
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progression®>!, Distinct miRNAs have been reported to
be directly involved in BC carcinogenesis and progres-
sion by regulation of cell proliferation, apoptosis, inva-
sion, or drug sensitivity'’. For example, Du et al. showed
that miR-137 alleviates doxorubicin resistance in breast
cancer through inhibition of epithelial-mesenchymal
transition by targeting DUSP48, Wei et al. showed that
miR-223 functioned as tumor suppressor and inhibited
breast cancer cell proliferation, invasion and epithelial-
mesenchymal transition (EMT) by directly targeting
FOXO1%. Xiao et al. suggested that miR-425-5p acted as
an oncogene and promoted the proliferation and migra-
tion of BC cell lines by downregulating PTEN expres-
sion?. However, the expression and role of miR-325-3p
in BC remain unclear.

In this study, we found significant downregulation of
S100A2 in BC tissues and cells. Knockdown of S100A2
promoted the proliferation, invasion, and EMT of BC
cells. Up to now, the relationship between S100A2 and
miRNA processing in tumor progression is little known.
We found that S100A2 was a direct target of miR-325-3p
in BC cells. Overexpression of miR-325-3p promoted the
proliferation, invasion, and EMT of BC cells. Moreover,
upregulation of S100A2 reversed the promoted effects
of miR-325-3p overexpression. Therefore, our outcomes

showed critical roles for miR-325-3p/S100A2 axis in
pathogenesis of BC and suggested its possible appliggtion
in tumor treatment.

MATERIALSAND M ETHOD&
Patients and Tissue Samples

This study included 30 alB patiQifs wigh breast
invasive ductal carcinomg erwen ical treat-
ment at our hospital between Jga @ethd December
2018. Primary cancer tissues anghpaired adjacent non-
cancerous tissues were snap-froz8%in liquid nitrogen
immediately after resection and thén stored at —80°C for
RNA extraction. This study was conducted according to
the principles of the Helsinki Declaration. The study pro-
tocol was approved by the Ethics Committee of Hunan
Provincial People’s Hospital. All participants had signed
written informed consents in advance.

Cell Culture and Transient Transfection

The human breast cell line MCF10A and the BC cell
lines MDA-MB-231, MDA-MB-453, MDA-MB-468,
BT-20, and MCF7 were obtained from the Institute of
Biochemistry and Cell Biology of the Chinese Academy
of Sciences (Shanghai, China), and cultured in DMEM
medium containing 10% fetal bovine serum (FBS, GIBCO),
ampicillin, and streptomycin at 37°C in a humidified cell
incubator with an atmosphere of 5% CO, at 37°C.

The miR-325-3p mimics, miR-NC, miR-325-3p
inhibitor, anti-miR-NC, siRNA for S100A2 (si-S100A2,
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5¢CAGGAAAACAGCAUACUCCTG-39, and siRNA-
negative control (si-NC) were synthesized and purified by
Gene-Pharma (Shanghai, China). The S100A2 overexpres-
sion plasmid was generated by inserting S100A2 cDNA
into a pcDNA3.1 vector. This plasmid was sequence con-
firmed by Gene-Pharma. miR-325-3p mimics (50 nM),
miR-325-3p inhibitors (100 nM), si-S100A2 (100 nM), and
S100A2-overexpression plasmid (100 nM) were transfected
by using Lipofectamine 3000 reagent (Invitrogen, Carlshad,
CA, USA) following the manufacturer’s protocols. Total
RNA and protein were collected 48 h after transfection.

RNA I solation and gRT-PCR

Total RNA was,isolated using TRIzol according to the
manufacturer’s in tions. The first chain of cDNA was

Kit according to the manu-
reaction was conducted in

ion are shown in Table 1. Each experiment
dongyin triplicate.

el] Proliferation Assay

0 study the role of miR-325-3p mimic or inhibitor in
proliferation of BC cells, 5x10° cells were seeded in a
96-well plate and then incubated overnight in complete
medium. After removing the medium, the cells were
transfected with miR-325-3p mimic or inhibitor for 48 h

Table 1. Sequences of Primers for qRT-PCR

Gene Primer Sequence

S100A2 F: 56 TGCCAAGAGGGCGACAAGTTCA-3¢
R: 56AAGTCCACCTGCTGGTCACTGT-3¢
CDK2 F: 56 ATGGATGCCTCTGCTCTCACTG-3¢
R: 56CCCGATGAGAATGGCAGAAAGC-3¢
Cyclin E1 F: 5¢TGTGTCCTGGATGTTGACTGCC-3¢
R: 56CTCTATGTCGCACCACTGATACC-3¢
p21 F: 56AGGTGGACCTGGAGACTCTCAG-3¢
R: 5¢ TCCTCTTGGAGAAGATCAGCCG-3¢
MMP-2 F: 5¢ TACAGGATCATTGGCTACACACC-3¢
R: 56GGTCACATCGCTCCAGACT-3¢
MMP-9 F: 5¢TGTACCGCTATGGTTACACTCG-3¢
R: 56GGCAGGGACAGTTGCTTCT-3¢
TIMP-1 F: 5¢CTTCTGCAATTCCGACCTCGT-3¢
R: 5¢ACGCTGGTATAAGGTGGTCTG-3¢
miR-325-3p  F: 56GTAGGTGTCCAGTAAGTG-3¢
R: 56GAACATGTCTGCGTATCTC-3¢
ué6 F: 56CTCGCTTCGGCAGCACA-3¢
R: 56AACGCTTCACGAATTTGCGT-3¢
GAPDH F:56GAGTCAACGGATTTGGTCGTATTG-3¢

R: 56CCTGGAAGATGGTGATGGGATT-3¢
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at 37°C. Cell Proliferation ELISA-BrdU (colorimetric)
kit (Roche Diagnostics, Indianapolis, IN, USA) was used
to detect the cell proliferation according to the manufac-
turer’s protocols.

In Vitro Invasion Assay

For invasion assays, 1 x 10° cells in serum-free medium
were placed into the upper chamber of an insert coated
with Matrigel (Sigma-Aldrich, St. Louis, MO, USA). A
medium containing 10% FBS was added to the lower
chamber as a chemoattractant. After 24 h of incubation,
cells remaining on the upper membrane were removed,
whereas cells that had migrated or invaded to the lower
membrane were stained with 0.1% crystal violet. The
membranes were then rinsed with 30% glacial acetic
acid. Finally, the washing solution was examined at 540
nm for the counting of the number of BC cells.

Protein Extraction and Western Blot Analysis

The cells were lysed in RIPA lysis buffer (Sigma-
Aldrich). Protein lysates were prepared, and protein con-
centration was measured using the BCA Protein Assay kit
(Beyotime, Shanghai, China). Equal quantities of protein
samples were loaded on 10% SDS-PAGE and transferred
onto PVDF membranes, and blocking was perfor
with 5% nonfat milk. The membrane was incubat
night with anti-S100A2 (ab109494), anti-p21 (al
anti-CDK2 (ab32147), anti-cyclin E1 fab anti-
E-cadherin (ab40772), anti-N-cadherin
vimentin (ab92547), and anti-a-tubuli am,
Cambridge, MA, USA). After was
with horseradish peroxida pjuga
Aldrich) for 1.5 h at rg
were detected using al
(ECL) system following the

anufacturer’s protocol.

Luciferase Reporter Assay

The 3¢UTR of human S100A2 was amplificated
and cloned into the pGL3-luciferase reporter plasmid
(Promega, Madison, WI, USA). The pGL3-S100A2-mut
vector was built by PCR. Cells were cotransfected with
wild-type pGL3-S100A2 or mutated pGL3-S100A2-mut
vector, and miR-325-3p mimics, inhibitor, or negative
control, using Lipofectamine 2000 for 24 h. The luciferase
activity was measured using the commercial Dual-
Luciferase reporter assay system (Promega) according to
the manufacturer’s instructions.

Satistical Analysis

The data were expressed as the mean+standard error
of the mean (SEM). The number of independent experi-
ments was represented by n. Correlations between miR-
325-3p and S100A2 levels were analyzed using Pearson’s
correlation coefficient. Two-tailed Student’s t-test was
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used for other comparisons. A value of p<0.05 was con-
sidered to have a statistically significant difference.

RESULTS

Low Expression of SI00A2 Was in BC Specimens
and its Effects on Cell Proliferation, Invasion,
and EMT of BC Cells

It has been reported that SLTO0A2 expression is closely
associated with many kinds of cancers. In this study, we
detected the mMRNA level of S100A2 in BC tissues. Our
result showed that mMRNA level of S100A2 was signifi-
cantly decreased in BC tissues compared with the adja-
cent tissues (Fig. 1A). To investigate the functional roles
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Figure 1. The expressions and its effects of SI00A2 in BC tis-
sues and cell lines. (A) gRT-PCR analysis of S100A2 expres-
sion in breast cancer (BC) tissues and the adjacent tissues
(n=30). Transcript levels were normalized by GAPDH expres-
sion. (B) Relative S100A2 expression analyzed by gRT-PCR
in five BC cell lines including MDA-MB-231, MDA-MB-453,
MDAMB-468, BT-20, MCF7, and a human breast cell line
MCF10A were normalized with GAPDH. All data are presented
as mean=SEM, n=6. *p<0.05, **p<0.01, ***p<0.001 versus
normal or MCF10A.
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Figure2. The effects of SLO0A2 knockdown on the proliferation, invasion, and EMT in BC cells. MDA-MB-453 and MDA-MB-468
cells were transfected with si-S100A2 or si-NC for 48 h. (A) The protein expression of SI00A2 was determined via Western blot.
(B) Cell proliferation was assessed by a BrdU assay. (C) The protein expressions of CDK2, cyclin E1, and p21 were determined by
Western blot. (D) The invasion of BC cells was assessed by Transwell assay. (E) The mRNA levels of MMP-2, MMP-9, and TIMP-1
were detected by quantitative RT-PCR assay. (F) The expressions of E-cadherin, vimentin, and N-cadherin were detected by Western
blot. All data are presented as means+SEM, n=6. #p<0.05, ##p<0.01 versus si-NC.
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of S100A2 in BC, several BC cell lines were determined.
Subsequently, we determined the level of S100A2 in five
BC cell lines including MDA-MB-231, MDA-MB-453,
MDA-MB-468, BT-20, MCF7, and a human breast cell
line MCF10A. Compared with MCF10A, the expressions
of S100A2 in BC cell lines were lower than those in other
BC lines (Fig. 1B). We used MDA-MB-453 and MDA-
MB-468 cells in the following experiments for further
study because its S100A2 expression is exceptionally
high.

Next, to investigate the functional roles of S100A2
in BC cells, the proliferation and invasion and EMT of
BC cells were detected after transfection with si-NC or
si-S100A2. Transfection with si-S100A2 significantly
decreased the S100A2 expression in MDA-MB-453 and
MDA-MB-468 cells compared with the si-NC group (Fig.
2A). Then we found that silencing S100A2 evidently
increased the proliferation of MDA-MB-453 and MDA-
MB-468 cells (Fig. 2B). Moreover, downregulation of
S100A2 enhanced the expressions of CDK2 and cyclin
E1, and reduced the expression of p21 (Fig. 2C). Next,
Transwell assay revealed that decreased S100A2 expres-
sion promoted invasion of MDA-MB-453 and MDA-
MB-468 cells (Fig. 2D). For further study, knockdown
of S100A2 markedly upregulated expressions of MM
and MMP-9, and downregulated expression of
in MDA-MB-453 and MDA-MB-468 cells .
Next, the EMT of BC cells was promoted ilenc-

ing S100A2 expression, by reducing E- -
sion and enhancing N-cadherin and vi i ions
(Fig. 2F). Consequently, silencing rkably
promoted BC cell prolife inva§ibn, and EMT.

miR-325-3p Directly

To further study S100A@expression regulated by
which miRNA, we detected evels of miR-325-3p
predicted by online database TargetScan 7.2 in BC tis-
sues. We found that miR-325-3p levels were significantly
upregulated in BC tissues (Fig. 3A) and BC cells (Fig.
3B) compared with the adjacent tissues and MCF10A,
respectively. Moreover, the Pearson’s correlation analy-
sis revealed a significant inverse correlation between
miR-325-3p and S100A2 in BC tissues (Fig. 3C). To elu-
cidate the mechanisms through which miR-325-3p acts
on BC, we predicted the target gene of miR-325-3p with
TargetScan databases. SI00A2 3-®&JTRs was found to have
binding sequences for miR-325-3p (Fig. 3D). To further
confirm S100A2 as an miR-325-3p target, we determined
the expression of S100A2 in miR-325-3p overexpres-
sion or knockdown BC cells. The S100A2 expression
was downregulated at protein level in MDA-MB-453 and
MDA-MB-468 cells by miR-325-3p mimic (Fig. 3E),
while the S1I00A2 expression was upregulated at protein
level in MDA-MB-231 and MCF7 cells by miR-325-3p
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inhibitor (Fig. 3E). To verify the effects of miR-325-3p
on S100A2, luciferase activity assay was performed.
Here, we found that miR-325-3p significantly inhibited
the luciferase activity of the 3-@JTR S100A2-Wt group,
compared with that in the SI00A2-Mut group, indicating
that S100A2 is one of the direct targets of miR-325-3p
in BC (Fig. 3F). Taken together, those findings strongly
suggested that SI00A2 is a direct target of miR-325-3p
in BC.

Upregulation of miR-325-3p Promoted BC Cell
Proliferation

Next, we studied the effects of miR-325-3p on the pro-
liferation of BC cells. After transfection with miR-325-3p
mimic and mMiRQAIC, the gRT-PCR analysis showed that
the level of miR-328-3p was significantly upregulated in
the miR-325-3p p compared with the miR-NC
dy the effect of miR-325-3p on
cells, the results from BrdU assay

ingreased level of miR-325-3p markedly
liferation of MDA-MB-231 and MCF7
B). To further confirm the above results, we
effects of miR-325-3p on several proliferation
and cgll cycle-related proteins and genes. Overexpression
R-325-3p increased the protein and mRNA levels
f CDK2, cyclin E1, and decreased p21 expression in
BC cells (Fig. 4C). However, knockdown of miR-325-3p
(Fig. 5A) significantly inhibited the proliferation of BC
cells (Fig. 5B), and decreased the protein and mRNA lev-
els of CDK2 and cyclin E1 and increased p21 expression
in BC cells (Fig. 5C).

group (Fig. 4A
the proli no
showgd

Introduction of miR-325-3p Increased the Invasion
and EMT of BC Cells

Next, we transfected miR-325-3p mimic or inhibitor
into MDA-MB-231 and MCF7 cells, and the invasive
ability of BC cells was assessed by Transwell assay.
Increased miR-325-3p level significantly increased the
number of invading BC cells compared with the miR-NC
group (Fig. 6A). However, cell invasion ability in the
miR-325-3p inhibitor group was weaker than that of the
miR-NC inhibitor group (Fig. 7A). In addition, the expres-
sions of MMP-2, MMP-9, and TIMP-1 were determined.
Our findings demonstrated that expressions of MMP-2
and MMP-9 were markedly increased by increasing the
miR-325-3p level in MDA-MB-231 and MCF7 cells
(Fig. 6B), while the expression of TIMP-1 was dramati-
cally decreased by increasing the miR-325-3p level (Fig.
6B). However, downregulation of miR-325-3p had the
reversed effects on the expressions of MMP-2, MMP-9,
and TIMP-1 (Fig. 7B).

EMT is one of the key initiation steps in the metastasis
process, which provides cancer cells with motility, inva-
sion, and migration properties. Therefore, we explored
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Figure 3. S100A2 was a direct target of miR-325-3p. (A) gRT-PCR analysis of miR-325-3p level in BC tissues and the adjacent tis-
sues (n=30). Transcript levels were normalized by U6 level. (B) gRT-PCR analysis of miR-325-3p level in five BC cell lines includ-
ing MDA-MB-231, MDA-MB-453, MDAMB-468, BT-20, MCF7, and a human breast cell line MCF10A. (C) Pearson’s correlation
analysis of the relative expression levels of miR-325-3p and the relative S100A2 mRNA levels in BC tissues (n=30). (D) Schematic
representation of SI00A2 3¢UTRs showing putative miRNA target site. BC cells were transfected with miR-325-3p mimic or inhibitor
for 48 h. (E) The protein expression of SI00A2 was determined by Western blot. (F) The analysis of the relative luciferase activities
of S100A2-WT and S100A2-MUT. All data are presented as mean+SEM, n=6. *p<0.05, **p<0.01, ***p<0.001 versus normal or
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Figure 6. Effects of miR-325-3p overexpression on the invasion and EMT of BC cells. MDA-MB-453 and MDA-MB-468 cells were
transfected with miR-325-3p mimic or miR-NC for 48 h. (A) The invasion of BC cells was assessed by Transwell assay. (B) The mMRNA
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were detected by Western blot assays. All data are presented as mean+SEM, n=6. #p<0.05, ##p<0.01, ##p<0.001 versus miR-NC.
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whether miR-325-3p promoting BC progression is medi-
ated by the EMT process. Western blot showed that the
epithelial marker E-cadherin was downregulated after
miR-325-3p overexpression (Fig. 6C). By contrast, the
mesenchymal markers N-cadherin and vimentin were
upregulated in miR-325-3p-overexpressed MDA-MB-
231 and MCF7 cells (Fig. 6C), while the miR-325-3p
inhibitors showed the opposite effect (Fig. 7C). Thus,
we demonstrated that miR-325-3p could promote the BC
progression by promoting cell proliferation, invasion,
and EMT.

Overexpression of SI00A2 Sgnificantly Blocked
the Effects of miR-325-3p Mimic on BC Cells

To determine whether miR-325-3p targeting S100A2
was responsible for the promotion of proliferation, inva-
sion, and EMT of BC cells, we constructed an expression
vector that encoded the entire SI00A2 coding sequence
but lacked the 3¢UTR. Then we cotransfected this vec-
tor ()cDNA-S100A2) or its negative control ()cDNA3.1)
with miR-325-3p mimic or miR-NC into MDA-MB-231
cells (Fig. 8A). Cell proliferation assay data showed that
concomitant overexpression of miR-325-3p and S100A2
abrogated the promoted effect of miR-325-3p mimic
(Fig. 8B). The protein levels of CDK2 and cyclin E1
decreased, and the levels of p21 were increased i
325-3p-overexpressing BC cells after exogenousai
tion of S100A2 (Fig. 8C). Next, we fou ased

S100A2 expression could reverse the pr f
the miR-325-3p mimic on invasion of B ig.8D),
reduce the expressions of MMP-2 @ pregu-
lated by miR-325-3p mimief@md enf@lice the expression

of TIMP-1 inhibited b

8F). Therefore, the promoted e
reversed by S100A2 overexpréSsion. Taken together, all
the above results clearly confirmed that miR-325-3p pro-
moted cell proliferation, invasion, and EMT in BC cells
by downregulation of SI00A2, and miR-325-3p targeting
S100A2 was responsible for promotion of the prolifera-
tion, invasion, and EMT of BC cells.

DISCUSSION

A severe manifestation of BC is metastasis, which is
the main reason for the high mortality observed in BC
patients?L. In a previous study, Wicki et al. demonstrated
that S100A2 was significantly downregulated in BC tissues
compared with normal BC tissues?. However, its function
in human BC is not fully understood. Accumulating evi-
dence indicates that miRNAs play vital roles in regulat-
ing the occurrence and progression of many tumors®2,
miRNAs are detectable in plasma or serum, and are
therefore expected to have utility as novel biomarkers of
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cancer prognosis®. Therefore, identification and confir-
mation of appropriate biomarkers are still urgent for eval-
uating the prognosis and guiding tumor treatment of BC.
In the present study, we examined the functional roles of
S100A2 and its regulation by an miRNA in BC cells.
Aberrant expressions of S100 family genes have been
linked to tumorigenesis and tumor progression®. SI00A2
was reported to play an important role in the develop-
ment of cancers, including non-small cell lung cancer
(NSCLC)%, colorectal cancer?, gastric cancer?, oral can-
cer?, bladder cancer, and head and neck cancer?. Ectopic
expression of S100A2 induces metastasis of NSCLC?.
Furthermore, high S100A2 level was a prognostic marker
for patients wjth stages Il and IIl colorectal cancer®.
of S100A2 expression contributed
and progression of gastric cancer?.
rgles of S100A2 in BC have not
gtidy found that SI00A2 mRNA
ec d significantly in BC tissues and
cell lj hich) was consistent with previous study?.
tional investigation revealed that SIRNA-
ockdown of S100A2 led to promoting cell
asion, and EMT of BC cells.
It4s well known that miRNAs perform their func-
y regulating the expression of its target gene. Here,
argetScan 7.2 database predicted that only miR-325-3p
could directly target S100A2, and luciferase reporter
assay suggested that S100A2 might be the functional
target gene of miR-325-3p. We found that the expres-
sion of miR-325-3p was increased in BC tissues and cell
lines. In addition, we found that miR-325-3p expression
was inversely correlated with S100A2 expression in BC.
Furthermore, increased expression or knockdown of
miR-325-3p significantly inhibited or promoted S100A2
expression, respectively. These results indicated that
miR-325-3p was an oncogene in BC. Increasing stud-
ies revealed that dysregulated miRNAs contribute to
tumor progression. It is reported that miR-325-3p can
act as a tumor suppressor®®32, For example, previous
studies found that overexpression of miR-325-3p inhib-
ited NSCLC cell invasion and proliferation by directly
targeting high-mobility group box 1 (HMGB1)*. Lin
et al. showed that upregulation of miR-325-3p in blad-
der cancer had tumor-suppressive functions®. miR-
325-3p inhibits cell proliferation and induces apoptosis
in hepatitis B virus-related hepatocellular carcinoma by
downregulation of aquaporin 5%, The present study for
the first time explored the function of miR-325-3p in
the progression of BC. Increased expression of miR-
325-3p significantly promoted BC cell proliferation,
invasion, and EMT in vitro. Next, our data revealed that
S100A2 overexpression partially abolished the promoted
effects of miR-325-3p on BC cell progression and
reversed miR-325-3p-caused EMT-related marker changes,
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suggesting that miR-325-3p could regulate BC progres-
sion via targeting S100A2.

In summary, the current study provided that miR-
325-3p could serve as a potential oncogene in BC pro-
gression. miR-325-3p promoted BC cell proliferation,
invasion, and EMT by directly targeting S100A2.
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