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Abstract

Background Breast cancer is an aggressive tumor, which poses a heavy burden to human health. Circular RNAs have been
involved in the pathogenesis of breast cancer. This study aims to investigate whether circ_0008673 mediates breast cancer
malignant progression by microRNA-153-3p (miR-153-3p)/cofilin 2 (CFL2) pathway.

Methods The RNA levels of circ_0008673, miR-153-3p and CFL2 were detected by quantitative real-time polymerase
chain reaction (QRT-PCR). The protein expression of CFL2, E-cadherin and N-cadherin was determined by western blot
analysis. Cell proliferation was demonstrated through cell counting kit-8 and cell colony-formation assays. Cell apoptosis
was detected by flow cytometry analysis. Cell migratory and invasive capacities were determined by transwell assay. The
associated relationship between miR-153-3p and circ_0008673 or CFL2 was predicted by online databases, and testified
by dual-luciferase reporter and RNA immunoprecipitation assays. In vivo assay was employed to demonstrate the effects of
circ_0008673 silencing on tumor formation in vivo.

Results Circ_0008673 and CFL2 expressions were upregulated, while miR-153-3p expression was downregulated in breast
cancer tissues and cells compared with adjacent normal breast tissues and cells, respectively. Circ_0008673 overexpression
promoted cell proliferation, migration and invasion, and repressed cell apoptosis, while circ_0008673 silencing had opposite
effects. Additionally, circ_0008673 served as a sponge of miR-153-3p. And circ_0008673 was proved to regulate breast
cancer cell malignancy by sponging miR-153-3p. MiR-153-3p was found to modulate breast cancer cell carcinogenesis via
targeting CFL2. Furthermore, circ_0008673 silencing repressed tumor growth in vivo.

Conclusion Circ_0008673 promoted breast cancer progression by upregulating CFL2 expression through sponging miR-
153-3p. This study provides a theoretical basis for researching circRNA-directed treatment of breast cancer.
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Introduction diagnosed with breast cancer and approximately 30% of

the patients died, with an age-standardized morbidity and

Breast cancer, a common malignant cancer, accounts for
about 15% of cancer-caused deaths [1]. According to the
data reported in 2018, more than 2 million people were
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mortality rates of 39.2 and 8.6 per one hundred thousand,
respectively, in females [2]. Despite numerous diagnostic
and therapeutic improvements, a number of sufferers still
progress to metastatic stage after treatment. Thus, it is urgent
to seek new molecules participating in the pathogenesis of
breast cancer to improve unfavorable prognosis.

Circular RNA (circRNA) is a circular RNA without pro-
tein-coding capacity, characterized by stability, high expres-
sion and conservatism [3]. CircRNA usually acts as a com-
peting endogenous RNA (ceRNA) to inhibit the activity of
microRNA (miRNA) to further modulate the transcription or
translation of target gene [4]. With the rapid development of
next-generation sequencing technologies, multiple circRNAs
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have been unveiled to participate in modulating cancer evo-
lution [5]. In breast cancer, lots of circRNAs also were iden-
tified to be involved. For example, circ_001783 was found to
be closely related to heavier tumor burden, and its silencing
greatly repressed cell proliferation and invasion [6]. Zhang
and his colleagues also explained circ_0003645 absence hin-
dered cell proliferation, and contributed to cell apoptosis
[7]. Additionally, circ_0072309 [8] and circ_0000442 [9]
were disclosed to act as cancer suppressors in breast cancer.
Circ_0008673, a novel circRNA, has been indicated to be
augmented in breast cancer tissues, and is related to larger
tumor size and distant metastasis [10]. However, the under-
lying mechanism by which circ_0008673 mediated breast
cancer process remains largely unknown. According to the
ceRNA theory, we predicted the miRNA associated with
circ_0008673, and the miRNA-interacted mRNA by online
databases. Our data showed that circ_0008673 contained the
binding sites of the seed sequence of miR-153-3p, and miR-
153-3p carried the complementary sites of Cofilin 2 (CFL2).

MicroRNA (miRNA) is a small RNA with about 20
nucleotides and acts function via targeting the noncoding
sequence of interest mRNA [11]. An increasing number
of researchers reported that miRNAs were involved in the
advancement of various cancers [12]. As reported, miR-
153-3p played a tumor-repressing role in breast cancer
development [13, 14]. CFL2 belongs to ADF/cofilins fam-
ily, with encoding cofilin 2 protein. Yehl and his colleagues
explained that CFL2 interacted with F-actin to mediate actin
treadmilling [15]. In particular, in the study of Schwickert
et al., CFL2 was found to participate in modulating breast
cancer invasiveness [16], suggesting CFL2 participated in
breast cancer progression. The above evidence suggests
miR-153-3p/CFL2 may be responsible for circ_0008673-
mediated breast cancer progression; however, the novel
mechanism has not been reported.

Thus, the expression of circ_0008673 in breast cancer
tissues and cells was quantified. In function, we studied
the role of circ_0008673 on breast cancer cell processes,
including cell proliferation, apoptosis, migration and inva-
sion. Additionally, circ_0008673/miR-153-3p/CFL2 path-
way was utilized to explain the molecular mechanism behind
circ_0008673-mediated breast cancer progression.

Materials and methods

Specimen collection and storage

42 pairs of breast cancer and adjacent breast tissues were
collected from breast cancer patients from Renmin Hospi-
tal, Hubei University of Medicine. Collected tissues were

confirmed by two pathologists, and stored at — 80 °C in a
freezer. Breast cancer suffers signed the written informed
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consent. The Ethics Committee of Renmin Hospital, Hubei
University of Medicine approved this research.

Cell purchase and culture

Human breast cancer cell lines (MDA-MB-231, MDA-
MB-468, MCF-7) and human normal breast cell line (MCF-
10A) were purchased from American Type Culture Collec-
tion (Manassas, VA, USA). Human breast cancer cell line
(MCF-10AT) was provided by Karmanos Cancer Institute
(Detroit, Michigan, USA). Purchased cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Procell,
Wuhan, China) with 10% fetal bovine serum (FBS; Thermo
Fisher, Waltham, MA, USA) and 1% penicillin/streptomycin
(Procell) at 37 °C in a humid incubator with 5% CO.,.

Plasmid construction, oligonucleotide synthesis
and cell transfection

Small interfering RNAs against circ_0008673 (si-
circ_0008673#1 and si-circ_0008673#2) and CFL2
(si-CFL2), small hairpin RNA targeting circ_0008673
(sh-circ_0008673), miR-153-3p mimics (miR-153-3p),
miR-153-3p inhibitors (in-miR-153-3p) and control groups
(si-con, si-NC, sh-con, miR-NC and in-miR-NC) were
synthesized by GenePharma (Shanghai, China). The over-
expression plasmids of circ_0008673 (circ_0008673) and
CFL2 (CFL2) as well as control groups (Vector, pcDNA)
were provided by Geneseed Co., Ltd. (Guangzhou,
China). The wild-type (WT) plasmids of circ_0008673
(circ_0008673 WT) and the 3'-untranslated region of
CFL2 (CFL2 3'UTR WT) as well as the mutant (MUT)
vectors of circ_0008673 (circ_0008673 MUT) and CFL2
(CFL2 3'UTR MUT) were built by Geneseed Co., Ltd.
Plasmids or oligonucleotides were transfected into MCF-
10AT and MCF-7 cells with TurboFect reagent (Thermo
Fisher) according to the instruction of manufacturer. The
sequences of synthesized oligonucleotides were displayed
as below. Si-circ_0008673#1 5'-AAAGGTTCATTGGAA
CAGAAA-3', si-circ_0008673#2 5'-AAAAGGTTCATT
GGAACAGAA-3', miR-153-3p 5'-UUGCAUAGUCAC
AAAAGUGAUC-3', in-miR-153-3p 5'-GAUCACUUUUGU
GACUAUGCAA-3', si-CFL2 5'-GCAGTTCTCTTCTGT
TTAA-3', si-con 5'-CCTCTACCTGTCGCTGAGCTGTAA
T-3', miR-NC 5'-UUUGUACUACACAAAAGUACUG-3',
in-miR-NC 5'-CAGUACUUUUGUGUAGUACAAA-3' and
si-NC 5-GCATCTTTCGTCTTGTTAA-3'.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Tissues and cells were first lysed using TransZol (TransGen,
Beijing, China). RNA was isolated using RNAsimple kit
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(Tiangen, Beijing, China). Then, cDNA was amplified with
FastKing RT Kit (Tiangen) and TQiagen reverse transcrip-
tion kit (Hilden, Germany), respectively. For quantification
analysis, SuperReal PreMix Color (Tiangen) was employed
with a Mx3000P system (Stratagene, Santa Clara, CA,
USA). Data were assessed with the 2722¢ method. The
sense and antisense sequences of primers were listed as
below. Circ_0008673 5'-AGGAACCAGGGATGAAAT
-3" and 5'-CCAGACAGATGGGACACT-3"; BRCA1 DNA
repair associated (BRCA1) 5'-AAAAGACATGACAGCGAT
AC-3"and 5'-CTTGGAAGGCTAGGATTG-3"; miR-153-3p
5'-ACACTCCAGCTGGGTTGCATAGTCACAAAA-3" and
5" TGGTGTCGTGGAGTCG-3'; CFL2 5'-CGAGGGCAC
TATGGCTTCT-3' and 5'-ACCAAGATCTGCTTTGCT
TCC-3'; U6 5'-CTCGCTTCGGCAGCACA-3" and 5'-AAC
GCTTCACGAATTTGCGT-3'; glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) 5'-GGTCACCAGGGCTGC
TTT-3" and 5'-GGAAGATGGTGATGGGATT-3'. U6 and
GAPDH were employed as controls.

Cytoplasmic and nuclear circ_0008673 analysis

Cell nucleus was separated away from cytoplasm using
PARIS™ Kit (Thermo Fisher). Briefly, cultured MCF-10AT
and MCEF-7 cells were harvested and instantly placed on ice.
After that, the cells were suspended in 300 pL Cell Frac-
tionation Buffer (Thermo Fisher) by pipetting. Cell super-
natant was collected up by centrifugation at 500 g for 6 min.
The fractions containing cell nucleus and cytoplasm were
severally separated by carefully aspirating. Obtained cell
nucleus and cytoplasm fractions were lysed with Lysis solu-
tion (Thermo Fisher) and RNA was extracted. Circ_0008673
content was assessed by qRT-PCR. GAPDH and U6 served
as references.

RNase R resistance analysis assay

Cultured MCF-10AT and MCF-7 cells were harvested and
lysed. RNA was isolated and incubated with RNase R (3 U/
pg RNA, Geneseed) at 37 °C. After 30 min, RNA was puri-
fied with Qiagen RNeasy Cleaning Kit (Valencia, CA, USA).
And circ_0008673 content was determined by qRT-PCR.
Linear BRCA1 was employed as a reference.

Cell counting kit-8 (CCK-8) assay

The viability of MCF-10AT and MCF-7 cells was deter-
mined by CCK-8 assay. In brief, cells were grown in
96-well plates and transfected with circ_0008673, si-
circ_0008673#1, si-circ_0008673#2, in-miR-153-3p, miR-
153-3p, si-CFL2, CFL2, Vector, si-con, in-miR-NC, miR-
NC, si-NC or pcDNA based on different purposes. Cells
were grown for 1, 2, 3, 4, 5 and 6 days, respectively. Then,

CCK-8 reagent (Beyotime, Shanghai, China) was used to
incubate the cells for 3 h. The samples were analyzed with a
microplate reader (Thermo Fisher). Cell viability was deter-
mined by assessing the output of wavelength at 450 nm.

Cell colony-formation assay

MCF-10AT and MCF-7 cells were seeded in 6-well plates,
and transfected with various treatments as shown in CCK-8
assay. And cells were continued to be grown for about
2 weeks. Media were renewed every 3 days. After superna-
tant was removed, the cells were fixed with paraformalde-
hyde (Beyotime) and stained with crystal violet (Beyotime).
Finally, cell colony-forming ability was determined via
figuring up the number of colonies. A colony was deemed
when cell numbers over 50.

Flow cytometry analysis

The apoptotic rate of MCF-10AT and MCF-7 cells was
revealed by Annexin V-fluorescein isothiocyanate (Annexin
V-FITC)/propidium iodide (PI) double staining kit (Solar-
bio, Beijing, China). In brief, grown cells were collected,
and suspended in Binding buffer (Solarbio). After that,
Annexin V-FITC (Solarbio) and PI (Solarbio) were singly
employed to incubate the cells in dark. The samples were
assessed with flow cytometry (Thermo Fisher).

Transwell assay

Transwell chambers (8.0 um, Millipore, Bradford, MA,
USA) were employed to assess cell migratory and inva-
sive capacities. In brief, MCF-10AT and MCF-7 cells were
seeded in the upper chambers supplemented with FBS-free
DMEM (Procell), and DMEM containing 15% FBS (Thermo
Fisher) was pipetted into the lower chambers. At 24 h after
culture, cells were fixed and stained with methanol (Corn-
ing, Madison, New York, USA) and crystal violet (Beyo-
time), respectively. Finally, results were analyzed by count-
ing cell numbers in the lower chambers under microscope
(Olympus, Tokyo, Japan) with 100 X magnification. For cell
invasion assay, the chambers were pre-coated with Matrigel
(Corning).

Western blot analysis

Tissues and cells were first lysed by incubation with RIPA
buffer (Beyotime). The lysates were mixed with loading
buffer (Thermo Fisher), which were subsequently boiled
in the boiling water to denature proteins. After that, pro-
tein samples were loaded by 12% bis—tris-acrylamide gel
(Thermo Fisher). And the separated protein bands were
transferred onto nitrocellulose membranes (GE Healthcare,
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Westborough, MA, USA), and blocked with nonfat dry
milk (Solarbio). The membranes were incubated with pri-
mary antibodies and secondary antibody (1:8000; Affinity,
Nanjing, China), respectively. Finally, protein bands were
emerged by RapidStep ECL Reagent (Millipore). The pri-
mary antibodies were anti-E-cadherin (1:2000; Affinity),
anti-N-cadherin (1:800; Affinity), anti-CFL2 (1:1500; Affin-
ity) and anti-GAPDH (1:15,000; Affinity). GAPDH served
as a control.

Dual-luciferase reporter assay

The binding sites of miR-153-3p and circ_0008673 or CFL2
were severally predicted by starBase online database (http://
starbase.sysu.edu.cn/agoClipRNA.php?source=circRNA&
flag=target&clade=mammal&genome=humané&assembly=
hg19&miRNA=all&clipNum=1&deNum=0&target=hsa_
circ_0008673) and Targetscan online database (http://www.
targetscan.org/cgi-bin/targetscan/vert_71/view_gene.cgi?rs=
ENST00000354662.1&taxid=9606&members=miR-153-
3p&showenc=1&shownc=1&shownc_nc=1&showncfl=
1&subset=1). The putative binding sites were identified by
dual-luciferase reporter assay kit (Promega, Madison, WI,
USA). In brief, constructed plasmids were mixed with miR-
153-3p or miR-NC, and transfected into MCF-10AT and
MCEF-7 cells with TurboFect reagent (Thermo Fisher). 48
h later, the cells were collected up and lysed using Passive
lysis buffer (Promega). Luciferase activities were evaluated
after cells were incubated with Luciferase assay regent 11
(Promega) or Stop&Glo Reagent (Promega). Results were
expressed as the value of firefly luciferase activity/Renilla
luciferase activity.

RNA immunoprecipitation (RIP) assay

Magna RIP kit (Millipore) was utilized to demon-
strate whether miR-153-3p was directly associated with
circ_0008673 or CFL2. In brief, fresh MCF-10AT and
MCF-7 cells were collected and lysed with RIP lysis buffer
(Millipore) containing protease and RNase inhibitors (Mil-
lipore). And antibodies against argonaute2 (Anti-Ago2;
1:50; Abcam) and immunoglobulin G (Anti-IgG; 1:100;
Abcam) were incubated with the lysates for 4 h before
pre-treated with magnetic beads (Millipore). Twenty-four
hours later, magnetic beads were washed, and the contents
of circ_0008673, miR-153-3p and CFL2 were determined
by qRT-PCR.

In vivo assay
Female BALB/c nude mice (6-week-old) were purchased

from Charles River (Beijing, China), and fed in pathogen-
free environment. These mice were divided into two groups
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(sh-circ_0008673 group and sh-con group, N =6, respec-
tively). Constructed sh-circ_0008673 and sh-con were
severally packaged as lentivirus to infect MCF-7 cells.
Then, 5% 10° MCF-7 cells were subcutaneously injected
into the right back of mice. Tumor volume was measured
every 4 days until the 24th day after injection. The forming
tumors were photographed before excised, and weight of
every tumor was weighted. Additionally, circ_0008673 and
miR-153-3p expressions were detected by qRT-PCR, and
the protein levels of CFL2, E-cadherin and N-cadherin were
determined by western blot analysis. The Animal Care and
Use Committee of Renmin Hospital, Hubei University of
Medicine approved this research.

Statistical analysis

Data were analyzed by SPSS 21.0 software (IBM, Som-
ers, NY, USA) based on the results from three independ-
ent duplicate tests. Results were shown as means + standard
deviations (SD). The significant differences were compared
with Spearman’s correlation test in Spearman correlation
analysis, with two-tailed Student’s ¢ tests or Wilcoxon rank-
sum test between the two groups, and with one-way analysis
of variance (ANOVA) among three or more groups. Statisti-
cal significance was deemed when P value <0.05.

Results

Circ_0008673 promoted breast cancer cell
malignancy

Circ_0008673 expression was first determined in breast can-
cer tissues. Data displayed that circ_0008673 expression was
dramatically upregulated in breast cancer tissues compared
with paracancerous normal breast tissues (Fig. 1A). Sub-
sequently, qRT-PCR data showed circ_0008673 expression
was also obviously increased in MCF-10AT, MDA-MB-231,
MDA-MB-468 and MCF-7 cells as compared to human nor-
mal breast cell line (MCF-10A cells), respectively (Fig. 1B).
These data implicated circ_0008673 might be involved in the
progression of breast cancer. MCF-10AT and MCF-7 cells
were employed in subsequent study based on the lowest or
highest circ_0008673 expression in the two cell types. Sub-
sequent analysis presented circ_0008673 was mainly located
in cytoplasm (Fig. S1A, B). Furthermore, result displayed
that circ_0008673 expression had little change after RNase
R treatment, but linear BRCA1 expression was apparently
downregulated (Fig. S1C, D), suggesting the high stability
of circ_0008673.

To demonstrate whether circ_0008673 was involved
in the development of breast cancer, the effects of
circ_0008673 overexpression and silencing on cell
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Fig.1 Circ_0008673 promoted breast cancer cell malignancy. A
and B Circ_0008673 expression was detected by qRT-PCR in 42
pairs of breast cancer and matched normal breast tissues as well as
MCF-10A, MCF-10AT, MDA-MB-231, MDA-MB-468 and MCEF-7
cells. C and D The effects of circ_0008673 overexpression on cell
viability and colony-forming ability were revealed by CCK-8 assay
and cell colony-formation assay, respectively, in MCF-10AT cells.
E Flow cytometry analysis was employed to analyze the effects

processes of breast cancer were revealed. Results first pre-
sented that constructed circ_0008673, si-circ_0008673#1
and si-circ_0008673#2 were effective in increasing or
decreasing circ_0008673 expression (Fig. S2A, B). Sub-
sequently, data showed circ_0008673 overexpression pro-
moted cell viability and colony-forming ability (Fig. 1C,
D), but inhibited cell apoptosis (Fig. 1E). Transwell
assay presented cell migratory and invasive ability were
enhanced after circ_0008673 overexpression (Fig. 1F).
Meanwhile, western blot analysis showed that E-cadherin
protein expression was downregulated and N-cadherin
protein expression was upregulated after circ_0008673
overexpression in MCF-10AT cells (Fig. 1G). The study
then investigated the impacts of circ_0008673 depletion
on breast cancer cell processes. To validate this, MCF-7

sh-con sh-circ_0008673

of circ_0008673 overexpression on the apoptosis of MCF-10AT
cells. F The effects of circ_0008673 overexpression on cell migra-
tion and invasion were presented by transwell assay in MCF-10AT
cells. G The effects of circ_0008673 overexpression on the protein
expression of E-cadherin and N-cadherin were presented by western
blot analysis in MCF-10AT cells. H-J The effects of circ_0008673
silencing on tumor volume and weight were revealed. **P <0.01 and
*#%P <0.001

cells were chosen as the highest expression of the cir-
cRNA in the cell line. As displayed, circ_0008673 knock-
down repressed cell viability and cell colony-forming
ability (Fig. S3A, B), induced cell apoptosis (Fig. S3C),
and repressed cell metastasis (Fig. S3D-F). In support,
circ_0008673 knockdown inhibited tumor volume and
weight in vivo (Fig. 1H-J), decreased circ_0008673 and
N-cadherin expression, and increased E-cadherin expres-
sion when compared with sh-con group (data not shown).
Collectively, the above data demonstrated circ_0008673
served as an oncogene in breast cancer progression. Si-
circ_0008673#2 was employed for subsequent study
because of its significantly inhibitory effects on MCF-7
cell malignancy.
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Circ_0008673 regulated breast cancer cell
malignancy by binding to miR-153-3p

The study continued to explore the mechanism of
circ_0008673 in regulating breast cancer cell malignancy.
The miRNAs containing the binding sites of circ_0008673
were predicted using online databases. Based on the pre-
diction of circBank, circInteractome and starBase online
databases, we found that only miR-153-3p contained the
binding sites of circ_0008673 (data not shown). Subse-
quently, dual-luciferase reporter assay exhibited that miR-
153-3p apparently repressed the relative luciferase activity
of circ_0008673 WT, but not that of circ_0008673 MUT
(Fig. 2A). RIP assay also presented both circ_0008673
and miR-153-3p were dramatically enriched by Anti-Ago2
compared with Anti-IgG in MCF-10AT and MCF-7 cells
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(data not shown). Additionally, we found circ_0008673
overexpression obviously decreased miR-153-3p expres-
sion, and circ_0008673 knockdown apparently upregu-
lated miR-153-3p expression in vitro and in vivo (data not
shown). An obviously low miR-153-3p expression was also
found in breast cancer tissues and MCF-10AT and MCF-7
cells as compared to adjacent normal breast tissues and
MCF-10A cells, respectively (Fig. 2B, C). Furthermore, it
was revealed that miR-153-3p expression was negatively
related to circ_0008673 expression in breast cancer tissues
(data not shown). All in all, these evidences demonstrated
circ_0008673 directly bound to miR-153-3p.

Given the associated relationship between circ_0008673
and miR-153-3p, whether circ_0008673 repressed breast
cancer cell malignancy via interacting with miR-153-3p was
revealed in this part. Results first showed the synthesized
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Fig.2 Circ_0008673 promoted cell proliferation, migration and
invasion, whereas repressed cell apoptosis by binding to miR-
153-3p. A Dual-luciferase reporter assay was conducted to demon-
strate circ_0008673 was associated with miR-153-3p in MCF-10AT
and MCF-7 cells. B and C MiR-153-3p expression was detected
by gRT-PCR in 42 pairs of breast cancer and adjacent normal
breast tissues as well as MCF-10A, MCF-10AT and MCF-7 cells.
D-1 MCF-10AT cells were transfected with Vector, circ_0008673,
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N-cadherin

E-cadherin

circ_0008673 + miR-NC and circ_0008673 + miR-153-3p, respec-
tively. D Cell viability was detected by CCK-8 assay. E Cell colony-
forming ability was determined by cell colony-formation assay. F
Cell apoptosis was demonstrated by flow cytometry analysis. G and
H The migration and invasion of MCF-10AT cells were detected
by transwell assay. I The protein expression of E-cadherin and
N-cadherin was detected by western blot analysis. **P<0.01 and
4P <0.001
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miR-153-3p mimics and inhibitors were effective in upreg-
ulating or downregulating miR-153-3p expression (Fig.
S2C). After that, results displayed that miR-153-3p mimics
reversed circ_0008673 overexpression-mediated promotion
of cell viability and cell colony-forming ability (Fig. 2D,
E). Flow cytometry analysis presented circ_0008673 over-
expression repressed cell apoptosis, whereas this effect was
hindered after transfection of miR-153-3p mimics (Fig. 2F).
Additionally, the promotion of circ_0008673 overexpression
on cell migration and invasion were attenuated by miR-
153-3p mimics (Fig. 2G, H). Furthermore, western blot
analysis showed circ_0008673 overexpression decreased
E-cadherin protein expression and increased N-cadherin pro-
tein expression, while these effects were reversed after trans-
fection of miR-153-3p mimics (Fig. 2I). In support, miR-
153-3p inhibitors also overturned the inhibitory effects of
circ_0008673 knockdown on cell viability, colony-forming
ability and metastasis, and the stimulatory impact of that on
cell apoptosis (Fig. S4). Taken together, the above results
demonstrated circ_0008673 could regulate cell malignancy
of breast cancer via interacting with miR-153-3p.

MiR-153-3p repressed cell malignancy of breast
cancer by targeting CFL2

Targetscan online database showed CFL2 3’UTR possessed
the binding sequence of miR-153-3p (data not shown). Sub-
sequent results presented the relative luciferase activity was
apparently inhibited after co-transfection of CFL2 3'UTR
WT and miR-153-3p, whereas that had little change in CFL2
3'UTR MUT and miR-153-3p group (Fig. 3A). RIP assay
exhibited miR-153-3p and CFL2 contents were higher in
Anti-Ago2 group than in Anti-IgG group (data not shown),
implicated miR-153-3p could directly bind to CFL2. After-
wards, we found CFL2 protein expression was dramatically
downregulated by miR-153-3p mimics, but upregulated by
miR-153-3p inhibitors in MCF-10AT or MCF-7 cells (data
not shown). Furthermore, our data exhibited the protein
expression of CFL2 was significant upregulated in breast
cancer tissues and MCF-10AT and MCF-7 cells when
compared with paracancerous normal breast tissues and
MCF-10A cells, respectively (Fig. 3B, C). Also, western
blot analysis presented CFL2 expression was upregulated
after circ_0008673 overexpression, which was attenuated by
miR-153-3p mimics (Fig. S6A). Meanwhile, CFL2 expres-
sion was downregulated by circ_0008673 silencing; how-
ever, this effect was restored by miR-153-3p inhibitors (Fig.
S6B). In support, in vivo assay further showed circ_0008673
knockdown downregulated CFL2 expression in vivo (data
not shown). These data presented circ_0008673 modulated
CFL2 expression by binding to miR-153-3p.

We then explored whether miR-153-3p regulated the
malignancy of MCF-10AT and MCF-7 cells by binding to

CFL2. Results initially presented that the high efficiency of
in-miR-153-3p and miR-153-3p in decreasing or increasing
miR-153-3p expression (Fig. S2D). The data from west-
ern blot analysis also showed that si-CFL2 and CFL2 were
effective in downregulating or upregulating CFL2 expres-
sion (Fig. S2E). Subsequently, miR-153-3p inhibitors pro-
moted cell viability and colony-forming ability, whereas
these effects were restrained after CFL2 silencing (Fig. 3D,
E). Flow cytometry analysis showed miR-153-3p inhibitors
repressed cell apoptosis, but CFL2 absence attenuated this
effect (Fig. 3F). Additionally, it was found that MiR-153-3p
inhibitors contributed to cell migration and invasion; how-
ever, these effects were reversed by CFL2 silencing (Fig. 3G,
H). Results presented miR-153-3p inhibitors downregulated
E-cadherin protein expression, and upregulated N-cadherin
protein level, which was reversed after CFL2 silencing
(Fig. 3I). Also, CFL2 overexpression also overturned the
inhibitory effects of miR-153-3p mimics on cell viability,
colony-forming ability and metastasis, and the stimulatory
impact of that on cell apoptosis (Fig. S5). Collectively, the
above data demonstrated miR-153-3p regulated the malig-
nancy of MCF-7 and MCF-10AT cells by targeting CFL2.

Discussion

Breast cancer is an aggressive malignant tumor and is the
second most common cancer in females, posing a heavy
burden to human health [17]. However, the nosogenesis
of breast cancer has not been fully investigated. Previous
researches have shown that circRNA plays a vital part in
breast cancer progression [18-20], and can be employed as
a predictive biomarker or therapeutic target of various can-
cers [21]. Therefore, this research was designed to reveal the
role of circRNA in breast cancer evolution. And we found
circ_0008673 contributed to cell malignancy via modulating
miR-153-3p/CFL2 axis in breast cancer.

A growing body of evidences have explained the
importance of circRNAs in breast cancer progression. For
instance, circ_103809 was proved to facilitate cell prolif-
eration and repress cell apoptosis via controlling phospho-
inositide 3-kinase (PI3K)/protein kinase B pathway [22].
Circ_0136666 could enhance cell proliferative and meta-
static abilities via augmenting cyclin-dependent kinase 6
(CDKG6) through binding to miR-1299 [23]. In contrast,
circ-cyclin B1 (CCNB1) overexpression repressed tumor
growth and extended mouse viability [24]. In this paper, we
found that circ_0008673 was increased in specimen and cell
lines, and circ_0008673 overexpression enhanced cell prolif-
eration and migration capacities. In contrast, circ_0008673
silencing restrained cell proliferation and migration. These
results were consistent with the findings of Hu and his col-
leagues [10]. Beyond that, our data also demonstrated that

@ Springer



230

Archives of Gynecology and Obstetrics (2022) 305:223-232

>

MCF-10AT
E miR-NC
51 @ miR-153-3p

- -
=]

Relative luciferase activity
o °
o

CFL2 3'UTR CFL2 3'UTR
WT MUT
D MCF-10AT
— in-miR-NC

-= in-miR-153-3p
-+ in-miR-153-3p+si-NC
8" in-miR-153-3p+si-CFL2

MCF-7
E miR-NC
B miR-153-5p

=) - -
3] o o

Relative luciferase activity

o
1)

CFL2 3'UTR
MuUT

CFL2 3'UTR
WT

E = in-miR-NC

3 in-miR-153-3p

B in-miR-153-3p+si-NC
Bl in-miR-153-3p+si-CFL2

E 3
Se 5
S S
3 I*I* 8
s 4 k]
s o
3 ﬂ)
S2 £
a ]
o z
0 > 3 ]} 5 6 MCF-10AT
Days
H B3 in-miR-NC | MCF-10AT
O in-miR-153-3p in-miR-NC + - -
B in-miR-153-3p+si-NC inmiR-153-3p -+  +
200 M in-miR-153-3p+si-CFL2 NG oL e
% 15 si-CFL2 +
£ E-cadherin | <l e — G
c 100
o
B . N-cadherin — D G —
> 5
c
= GAPDH -— e - e

MCF-10AT

Fig.3 MiR-153-3p regulated breast cancer cell processes by bind-
ing to CFL2. A Dual-luciferase reporter assay was performed to
demonstrate that miR-153-3p was directly associated with CFL2 in
MCF-10AT and MCF-7 cells. B and C The protein level of CFL2
was detected by western blot in 42 pairs of breast cancer and paracan-
cerous normal breast tissues as well as MCF-10A, MCF-10AT and
MCEF-7 cells. D-I MCF-10AT cells were transfected with in-miR-
NC, in-miR-153-3p, in-miR-153-3p+5si-NC and in-miR-153-3p +si-

circ_0008673 repressed cell apoptosis and contributed to
cell invasion, and that circ_0008673 promoted tumor for-
mation in nude mice. Additionally, cytoplasmic and nuclear
circ_0008673 analysis assay presented circ_0008673 was
chiefly located in cytoplasm, implicating that circ_0008673
chiefly participated in post-transcriptional regulation. These
data suggested that circ_0008673 could promote breast can-
cer progression.

Based on the features of miRNAs in cell biological
behaviors that they acted function at the post-transcrip-
tional level [25], we screened the miRNAs associated with
circ_0008673 by circBank, circInteractome and starBase
online databases. As a result, we found only miR-153-3p
contained the complementary sites of circ_0008673, and
the miRNA was thereby employed in subsequent study.
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The binding relationship was proved by mechanism assays.
MiR-153-3p, a miRNA, also played a vital part in cancer
development [26, 27]. In terms of mechanism underneath
breast cancer development, previous research indicated
cancer susceptibility candidate 15 (CASC15) contributed
to cell proliferation and invasion by sponging miR-153-3p
[14]. Sun et al. also presented miR-153-3p repressed
cell proliferation, migration and invasion by binding to
Rho-associated coiled-coil containing protein kinase 1
(ROCK1) [13]. These evidences demonstrated miR-153-3p
repressed cell proliferation and metastasis of breast can-
cer. In agreement with these findings, we also observed
the repressive impacts of miR-153-3p on cell prolifera-
tion and metastasis. Besides, QRT-PCR data displayed the
low expression of miR-153-3p in tissue samples and cell
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lines, and miR-153-3p led to upregulation of cell apop-
totic rate. Moreover, circ_0008673 silencing-mediated
repressive impacts on cell malignancy could be reversed
after transfection of miR-153-3p inhibitors, which meant
circ_0008673 regulated breast cancer cell carcinogenesis
by sponging miR-153-3p.

MiRNA commonly regulates cancer progression by tar-
geting mRNA [28]. Based on this mechanism, we further
sought the mRNA interacted with miR-153-3p. And we
found CFL2 was a target gene of miR-153-3p. CFL2 was
classified as actin-binding protein, and contributed to cell
proliferation and migration of prostate cancer [29] and
gastric cancer [30]. Additionally, Yu and his colleagues
presented CFL2 had the potential as a therapeutic target
in nasopharyngeal cancer owing to its promoting effect on
cell tumor or cell growth [31]. In this study, we also found
CFL2 was overexpressed in breast cancer tissues and cell
lines, which was in line with the results of Luo et al. [32].
In addition, rescue experiments showed CFL2 overex-
pression attenuated the effects of miR-153-3p mimics on
cell proliferation, metastasis and apoptosis. These data
not only suggested that CFL2 promoted cell malignancy
of breast cancer, but also demonstrated that miR-153-3p
regulated cell carcinogenesis by targeting CFL2. In vivo
assay further indicated that circ_0008673 upregulated
CFL2 expression. Importantly, circ_0008673 controlled
CFL2 via interacting with miR-153-3p.

All in all, circ_0008673 was highly expressed in breast
cancer tissues and cells. Circ_0008673 overexpression
enhanced cell proliferative and metastatic capacities,
but downregulated cell apoptotic rate in breast cancer
cells. Circ_0008673 could upregulate CFL2 expression
by binding to miR-153-3p. Additionally, circ_0008673
knockdown repressed tumor formation in vivo. Collec-
tively, circ_0008673 facilitated breast cancer progression
by miR-153-3p/CFL2 axis. Our findings demonstrate that
circ_0008673 has the potential as a predictive biomarker
or therapeutic target for breast cancer.
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