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Abstract

Breast cancer is one of the most common malignancies worldwide. Circular RNAs (CircRNAs) were revealed to be impli-
cated in the development of breast cancer. In this research, we aimed to investigate the role and underlying mechanism of
circ_0008500 in the development and radiosensitivity of breast cancer. Using real-time quantitative PCR (RT-qPCR) and
western blot, we found that hsa_circ_0008500 (circ_0008500) and profilin 2 (PFN2) were increased, while microRNA-758-3p
(miR-758-3p) was decreased in breast cancer tissues and cells. Cell viability, the number of colonies, proliferation and apop-
tosis were detected using CCK-8, colony formation, EdU assays and flow cytometry, respectively. Dual-luciferase reporter and
RNA immunoprecipitation (RIP) assays were devoted to test the interaction between miR-758-3p and circ_0008500 or PFN2.
The results showed that circ_0008500 knockdown inhibited cell growth, and facilitated cell apoptosis and radiosensitivity
in breast cancer cells in vitro. Moreover, circ_0008500 regulated PFN2 expression by sponging miR-758-3p. Functionally,
circ_0008500 knockdown regulated cell behaviors and radiosensitivity by targeting miR-758-3p to downregulate PFN2
expression in vitro. Additionally, in vivo tumor formation assay and immunohistochemistry (IHC) assay demonstrated that
circ_0008500 knockdown enhanced the radiosensitivity and repressed tumor growth in vivo. In conclusion, circ_0008500
inhibition promoted the radiosensitivity and restrained the development of breast cancer by downregulating PEN2 expres-
sion via targeting miR-758-3p.
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Introduction

With over 2 million newly diagnosed cases and more than
626,000 deaths annually, breast cancer is a common type
of human cancers among women globally [1-3]. Although
early diagnosis methods and comprehensive treatment,
including molecular targeted drug applications, radiother-
apy, chemotherapy and radical surgery, have gained enor-
mous improvements, the recurrence and mortality rates are
still disappointing in women with breast cancer [4, 5]. It was
well known that radiotherapy was widely used as a main
adjuvant therapy for the majority of patients with breast
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cancer in the clinical treatment [6]. Although radiotherapy
could contribute to decrease the recurrence risk and increase
long-term survival of most breast cancer patients, the cura-
tive effect was related to the radioresistance of breast cancer
[7]. Therefore,{ Huang, 2021 #5661} it is urgent to explore
the new therapeutic targets for the radioresistance in breast
cancer.{Huang, 2021 #566} {Huang, 2021 #566}.

Multiple research studies reported that non-coding RNAs
(ncRNAs) played vital roles in the progression of various
cancers [8]. Circular RNAs (circRNAs) are a special class
of endogenous ncRNAs and featured by the continuous
covalently circular structure without 3’-end poly A tail and
5’-end cup [9, 10]. MicroRNAs (miRNAs), the small, short-
stranded ncRNAs with the size of approximately 20 nucleo-
tides, exert function through the posttranscriptional degra-
dation of the target mRNA or suppressing the target mRNA
translation [11, 12]. Growing evidence revealed that circR-
NAs with close-loop structure could act as the stable molec-
ular diagnosis and therapy biomarkers in diverse tumors
[13]. CircRNAs were proved to serve as the major regulators
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in cancer biology and correlated with cancer radioresist-
ance [14-16]. A previous report showed that there were 37
downregulated circRNAs and 30 upregulated circRNAs in
lung cancer cells under irradiation treatment [17]. Currently,
accumulating evidence also suggested the regulatory effect
of some circRNAs on breast cancer development, while
there were few researches on the involvement of circRNAs
in breast cancer radiosensitivity. Interestingly, major roles of
miRNAs in the pathogenesis of breast cancer and response
to radioresistance have been explored [18, 19]. For instance,
miR-22 served as an inhibitor in breast cancer, as evidenced
by restraining cell proliferation and enhancing cell apoptosis
and radiosensitivity [20]. MiR-200c modulated UBQLNT1 to
repress the radioresistance and autophagy in MDA-MB-231
cells [21]. In addition, it was reported that circTADA2As
modulated the miR-203a/SOCS3 axis to restrain the metasta-
sis of breast cancer cells [22]. More importantly, a previous
research uncovered that hsa_circ_0008500 (circ_0008500;
Position: chr3:196,831,773-196,846,401), a novel circRNA,
was found to be upregulated in breast cancer samples [23].
However, the critical role of circ_0008500 and its potential
underlying mechanism in the radiosensitivity and develop-
ment of breast cancer are yet to be studied.

Herein, we determined the level of circ_0008500 in breast
cancer tissues and cells. Moreover, we also explored the
functional role of circ_0008500 and its molecular mecha-
nism in breast cancer radiosensitivity.

Material and Methods
Clinical Tissue Samples Acquirement

50 breast cancer patients admitted to the Fourth Hospital of
Hebei Medical University were recruited to obtain the can-
cerous tissues and the adjacent normal tissues. The collected
fresh tissues were immediately kept at —80°C for further
analysis. The related breast cancer patients agreed to take
part in this study and signed the written informed consents.
This project received the ratification of the Ethics Commit-
tee of the Fourth Hospital of Hebei Medical University.

Cell Culture

MCF-10A cells (normal breast epithelial cell line), and
MDA-MB-468 and MCF-7 cells (human breast cancer cell
lines) were obtained from Shanghai Academy of life Sci-
ence (Shanghai, China). 10% fetal bovine serum was added
into dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Carlsbad, CA, USA) containing 100 units/mL penicillin and
100 pg/mL streptomycin, and the medium was used to main-
tain the cells in an incubator at 37°C under the condition
with the setting of 5% CO,.
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Cell Transfection

MCE-7 and MDA-MB-468 cells (5% 10° cells/well) were
seeded into the 12-well plates and cultured for 24 h. Small
interfering RNA (siRNA) specifically against circ_0008500
(si-circ_0008500; 5°-AACCTCTTTCAGGCTTTAATAGA-
3’) and its siRNA control (si-NC), microRNA-758-3p
(miR-758-3p) mimic and the control (miRNA NC), and
miR-758-3p inhibition (miR-758-p inhibitor) and its nega-
tive control (inhibitor NC) were synthesized and acquired
from Genepharma (Shanghai, China). Then, the above-
mentioned oligonucleotides (0.5 pg) were transfected into
the cells using 0.6 pL of Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). Profilin 2 (PFN2) overexpression vec-
tor (pc-PFN2) was generated by cloning the full sequence
of PFN2 into pcDNA3.1 (Invitrogen), with pc-NC as the
negative control. Then, the cells were transfected with 0.2 pg
of pc-PFN2 or pc-NC using 0.5 pL of Lipofectamine 3000
(Invitrogen).

Irradiation

X-ray irradiation was conducted with the single dose of 0,
2, 4, 6 or 8 Gy using an exposure instrument Cs-137 irra-
diator (HWMD-2000, Siemens, Germany) at a dose rate
of 2.4 Gy/min. For time-course assays, MCF-7 and MDA-
MB-468 cells were irradiated with 4 Gy and harvested every
6 h within 24 h post-irradiation.

RT-qPCR Analysis

Total RNA was isolated using TRIzol reagent (Invitrogen).
Reverse transcription (5 pg RNA) was conducted to synthe-
size cDNA using First Strand cDNA Synthesis Kit (Takara,
Dalian, Liaoning, China). Then, the transcription was per-
formed in a 10 pL reaction mixture, including 5 X Prime-
Script Buffer (2 pL), polyadenylated RNA (100 ng), RT
primer mixture (1 pL), PrimeScript RT Enzyme Mix I (0.5
pL), and RNase-free water. The quantitative analysis of
circ_0008500, DLG1 and PFN2 was conducted using the
SYBR® Premix Ex Tag™ (Takara) in 15 pL final mixture
harboring 7.5 pL 2 X SYBR Green PCR master mix, 1.5
pL template cDNA and 3 pL of each forward and reverse
primers. The cDNA amplification of miR-758-3p was car-
ried out using a mirVana™ real-time RT-PCR microRNA
detection kit (Life Technologies, Carlsbad, CA, USA). RT-
gPCR analysis was carried out on the StepOnePlus system
(Applied Biosystems, CA, USA). The level of circ_0008500,
DLG1, miR-758-3p and PFN2 was calculated by the 2 ~4¢t
method, with the normalization by U6 and GADPH. The
primer sequences were represented as below: circ_0008500,
F 5’-CTAGTCATGAGCAGGCAGCA-3’, R 5’-CCAAGA
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AGGAAGATGGGCTA-3’; miR-758-3p, F 5°-GCCGAG
TTTGTGACCTGGTCCA-3’, R 5°-GTGCAGGGTCCG
AGGT-3’; PFN2, F 5°-GAGACTCTGGGTTCTAGCTGC-
3’, R 5"-TTAAGTGTGCCTCCGTGGAC-3’; DLGI, F
5’-ATAGGGAGGTCCTCGTCACC-3’, R 5°-CTTCCGGAC
CGGCATTTTTC-3’; U6, F 5°-CTCGCTTCGGCAGCA
CATA-3’, R 5’-CGAATTTGCGTGTCATCCT-3’; GAPDH
(qPCR), F 5’-AAGGCTGTGGGCAAGGTCATC-3’, R
5’-GCGTCAAAGGTGGAGGAGTGG-3’; circ_0008500
(Convergent), F 5’-TCTCCAGCCAGATACTCCCC-3’,
R 5’-GCAGCTCTGAGGTCAACACT-3’; circ_0008500
(Divergent), F 5’-GGAGATCGTATTATATCGGT-3’, R
5’-CCCTTGTAATTTCATCATCT-3’; GAPDH (PCR), F
5’-GTGACTAACCCTGCGCTCC-3’, R 5’-GGAAAAGCA
TCACCCGGAGG-3’.

CircRNA Identification

For agarose gel electrophoresis assay, genomic DNA
(gDNA) was isolated from the cells using the mammalian
genomic DNA extraction kit (Beyotime, Shanghai, China).
The products of gDNA and cDNA were determined by 1%
TAE running buffer at 160 V for 15 min. The bands were
obtained by UV irradiation.

For RNase R digestion assay, total RNA (2 pg) was
incubated with or without RNase R (Epicentre, Madison,
WI, USA). After cultivation at 37°C for 30 min, the level of
circ_0008500 and DLG1 was determined using RT-qPCR
assay.

CCK-8 Assay

Cell viability of breast cancer cells was assessed by the
CCK-8 kit (Beyotime). MCF-7 and MDA-MB-468 cells
(4000 cells per well) were seeded in the 96-well plates. After
the relevant treatment, 10 pL CCK-8 solution was added
and incubated with the cells for 2 h. Then, the absorbance
at 450 nm was assessed using a microplate reader (Thermo
Labsystems, Waltham, MA, USA).

EdU Staining Assay

2% 10* MDA-MB-468 and MCF-7 cells were seeded in the
12-well plates. MDA-MB-468 and MCF-7 cells irradiated
with 4 Gy or transfected with the indicated plasmids and
oligonucleotides were cultured with 20 pM EdU (RiboBio,
Nanjing, China) for 2 h, and then treated with 10 pLL DAPI
(Sigma-Aldrich, St. Louis, MO, USA) for 15 min to stain
the nuclei. Finally, EdU-positive cells were imaged by a
microscope.

Colony Formation Assay

Briefly, MDA-MB-468 and MCF-7 cells were seeded and
grown in the 6-well plates at a density of 500 cells per well.
Then, the cells were irradiated with 4 Gy or transfected with
the indicated plasmids and oligonucleotides. After incuba-
tion for 14 d, the colonies were washed with PBS, fixed with
methanol for 20 min, and stained with 0.1% crystal violet for
15 min. Finally, the colonies were recorded by an inverted
microscope (Carl Zeiss AG, Heidenheim, Germany).

Flow Cytometry

Cell apoptosis assessment was performed using Annexin
V-FITC apoptosis detection kit (Beyotime). Briefly, MDA-
MB-468 and MCF-7 cells irradiated with 4 Gy or trans-
fected with the indicated plasmids and oligonucleotides were
washed, collected and re-suspended in 400 pL 1 X binding
buffer (Invitrogen). Then, Annexin V-FITC (5 pL; Beyo-
time) and PI (10 pL; Beyotime) were used to culture cells
away from light for 15 min and finally analyzed by a flow
cytometry.

Western Blot

The RIPA buffer (Beyotime) was used to isolate the protein.
The extracted proteins (20 pg) were loaded on SDS-PAGE
and then transferred on the PVDF membranes. The mem-
branes were blocked with 5% non-fat milk for 2 h. Then,
the membranes were incubated with the primary antibodies
at 4°C overnight and the secondary antibody for 1.5 h at
room temperature. The antibodies were anti-BAX (1:1000;
ab32503, Abcam, Cambridge, UK), anti-BCL2 (1:1000;
ab32124, Abcam), anti-PFN2 (1:1000; 60,094-2-Ig, Pro-
teinTech Group, Chicago, IL, USA), anti-GAPDH (1:1000;
ab181602, Abcam), and the secondary antibody (goat anti-
rabbit, 1:2000; ab6721, Abcam). The protein complexes
were presented using the enhanced chemiluminescence
(Millipore, Bradford, MA, USA).

Subcellular Localization Assay

Cytoplasmic & Nuclear RNA Purification Kit (Norgen
Biotek Corp., Belmont, MA, USA) was used to measure the
localization of circ_0008500 according to the accompanying
protocols. In brief, the cells were lysed using Lysis Buffer J.
After centrifugation, anhydrous ethanol and Buffer SK were
used to incubate the nuclear and cytoplasmic RNA, respec-
tively. Finally, circ_0008500 content in the cytoplasmic and
nucleus fractions was measured using RT-qPCR.
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«Fig. 1 Circ_0008500 was downregulated by radiation treatment in
breast cancer cells. (A) The level of circ_0008500 in breast cancer
tissues (n=50) and the adjacent normal tissues (n=>50) was meas-
ured by RT-qPCR. (B) RT-qPCR was employed to detect the level
of circ_0008500 in TNBC tissues (n=24) and the non-TNBC tis-
sues (n=26). (C) RT-qPCR was used to measure the expression
of circ_0008500 in ER-negative (n=27) or ER-positive (n=23)
BC tissues. (D) RT-qPCR was used to measure the expression
of circ_0008500 in PR-negative (n=28) or PR-positive (n=22)
BC tissues. (E) RT-gPCR was used to measure the expression of
circ_0008500 in HER2-negative (n=25) and HER2-positive (n=25)
BC tissues. (F) The expression of circ_0008500 in breast cancer
cell lines (MCF-7 and MDA-MB-468 cells) and the normal breast
epithelial cell line (MCF-10A) was detected by RT-qPCR. (G)
Circ_0008500 was formed by the cyclization of exons 13, 14 and 15.
(H) The divergent primers amplified circ_0008500 from cDNA but
not from gDNA. (I and J) The expression of circ_0008500 and lin-
ear DLG1 was determined by RT-qPCR after treatment with RNase
R. (K and L) Circ_0008500 level in MCF-7 and MDA-MB-468
cells after radiation treatment (4 Gy) was measured by RT-qPCR.
*P <0.05. Student’s ¢ test and one-way ANOVA followed by Tukey’s
test were used to determine statistical significance

Fig.2 Circ_0008500 knock-
down aggravated radiation-
caused suppression effect on
cell proliferation in breast can-
cer cells. (A) The knockdown
efficiency of circ_0008500 was
evaluated by RT-qPCR. (B) Cell
viability in MCF-7 and MDA-
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Dual-Luciferase Reporter Assay

The wild-type (WT) segments of circ_0008500 or PFN2
harboring the complementary sites of miR-758-3p were indi-
vidually cloned into the pGL3 vector (Promega, Madison,
WI, USA) to construct the WT-circ_0008500 or WT-PFN2
3’UTR luciferase reporter vectors. The mutated segments of
circ_0008500 or PFN2 containing the mutant target regions
of miR-758-3p were used to form the mutant (MUT) vectors
(MUT-circ_0008500 and MUT-PFN2 3’UTR). MiRNA NC
or miR-758-3p mimic was co-transfected with each reporter
construct into the cells using Lipofectamine 3000 (Invitro-
gen). The luciferase activity was determined using the Dual-
Glo® Luciferase Assay System (Promega).

RIP Assay

A RIP kit (Geneseed, Guangzhou, China) was used to test
the correlation between miR-758-3p and circ_0008500 or
PFN2. Cell lysates of MCF-7 and MDA-MB-468 cells were
acquired using RIP lysis buffer, and then mixed with the
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magnetic beads conjugated with anti-IgG (1:100; ab190475,
Abcam) or anti-Ago2 (1:50; ab186733, Abcam). After
immunoprecipitation, the abundance of circ_0008500, miR-
758-3p and PFN2 was quantified by RT-qPCR analysis.

Tumor Formation Assay

Cs-137 irradiator (HWMD-2000, Siemens) was utilized for
irradiation in tumor formation assay. Beijing Vital River
Laboratory Animal Technology (Beijing, China) provided
16 BALB/c nude mice (4-week-old) to establish the murine
xenograft model of breast cancer. To stably knockdown
circ_0008500, sh-circ_0008500 lentivirus vector was con-
structed and the lentiviruses were packaged and purified by
GenePharma (Shanghai, China). 1x 10° stably modified
(circ_0008500 knockdown) or control (sh-NC) MCF-7 or

Fig.3 Circ_0008500 down- A

regulation enhanced radiation- 0 Gy

107
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reporter assay was devoted to determine the relationship between
circ_0008500 and miR-758-3p in breast cancer cells. (H and I) The
enrichment of circ_0008500 and miR-758-3p was detected by RIP
assay. (J) The expression of miR-758-3p in breast cancer tissues
(n=>50) and normal tissues (n=>50) was assessed by RT-qPCR. (K)

N\c\‘-‘““ ‘“‘% g_N\a.Aee

The expression of miR-758-3p was measured in non-TNBC (n=26)
and TNBC tissues (n=24) using RT-qPCR. (L) RT-qPCR was used
to measure the expression of miR-758-3p in ER-negative (n=27) or
ER-positive (n=23) BC tissues. (M) RT-qPCR was used to measure
the expression of miR-758-3p in PR-negative (n=28) or PR-positive
(n=22) BC tissues. (N) RT-qPCR was used to measure the expres-
sion of miR-758-3p in HER2-negative (n=25) and HER2-positive
(n=25) BC tissues. (O) RT-qPCR analysis was used to measure the
level of miR-758-3p in MCF-10A, MCF-7 and MDA-MB-468 cells.
(P) MiR-758-3p expression in MCF-7 and MDA-MB-468 cells trans-
fected with si-NC or si-circ_0008500 was assessed by RT-qPCR
analysis. *P <0.05. Three independent experiments were performed.
Student’s ¢ test and one-way ANOVA followed by Tukey’s test were
used to determine statistical significance
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with paraffin. Paraffin-embedded tissues were sliced into
5 um slides. Then, the sections were incubated with anti-
PFN2 (1:50; 60,094-2-Ig, ProteinTech Group) and the sec-
ondary antibody. Following the staining using the diamin-
obenzidine (DAB) kit (Sigma-Aldrich), the positive protein
expression of tissue sections was observed and photographed
under a microscope.

Statistical Analysis

The assessment data from three replications were analyzed
by GraphPad Prism software (La Jolla, CA, USA) and shown
as the mean + standard deviation (SD). The difference was
assessed by one-way analysis of variance (ANOVA) or Stu-
dent’s 7 test. A value of P less than 0.5 meant the statistically
significant difference.

Fig.5 Circ_0008500 down-
regulation repressed cell
proliferation and elevated cell
apoptosis by targeting miR-
758-3p in breast cancer cells.
(A) The level of miR-758-3p in
MCF-7 and MDA-MB-468 cells
transfected with inhibitor NC
or miR-758-3p inhibitor was
detected by RT-qPCR. (B-G)
MCF-7 and MDA-MB-468
cells were transfected with
si-NC, si-circ_0008500, si-
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PR-positive BC tissues, while there was no remarkable dif-
ference between HER2-negative and HER2-positive BC tis-
sues (Fig. 1C-E). Moreover, the expression of circ_0008500
was higher in breast cancer cells (MCF-7 and MDA-MB-468
cells) than that in MCF-10A cells (Fig. 1F). As shown in
Fig. 1G, circ_0008500 was consisted of exons 13, 14, and
15 of DLGI. The results of agarose gel electrophoresis assay
showed that circ_0008500 was amplified only from cDNA
using the divergent primer, while circ_0008500 could not
be amplified from gDNA (Fig. 1H). In RNase R treatment
assay, we found that the expression of DLG1 was inhibited
by RNase R treatment, whereas circ_0008500 was more
stable than DLG1 and resistant to RNase R (Fig. 11, J). As
displayed in Fig. 1K- L, 4 Gy radiation induced a signifi-
cant decrease of circ_0008500 in MCF-7 and MDA-MB-468
cells.

Circ_0008500 Knockdown Enhanced
Radiosensitivity and Aggravated Radiation-caused
Suppression Effect On Cell Proliferation As Well As
Promotion Effect On Cell Apoptosis in Breast Cancer
Cells

The data of RT-qPCR represented a successful knockdown
efficiency of si-circ_0008500 in MCF-7 and MDA-MB-468
cells (Fig. 2A). CCK-8 assay indicated that cell viability
was significantly inhibited by circ_0008500 knockdown
in breast cancer cells (Fig. 2B). Moreover, circ_0008500
downregulation aggravated radiation treatment caused inhi-
bition on cell proliferation in breast cancer cells (Fig. 2C,
D). The results in colony formation assay suggested that
circ_0008500 knockdown exacerbated the suppressive
impact of radiation treatment on the number of colonies in
MCF-7 and MDA-MB-468 cells (Fig. 2E). In addition, the
promotion effect of radiation treatment on cell apoptosis
was facilitated by circ_0008500 knockdown (Fig. 3A, B).
Meanwhile, the enhanced BAX protein expression and the
reduced BCL2 protein expression induced by radiation treat-
ment were intensified by transfection of si-circ_0008500 in
MCF-7 and MDA-MB-468 cells (Fig. 3C, D).

Circ_0008500 Interacted with miR-758-3p

The results showed that circ_0008500 was mainly enriched
in the cytoplasm (Fig. 4A, B). Venn diagram displayed that
one overlapped miRNA was predicted by circBank and
circinteractome (Fig. 4C). CircBank predicted the binding
sites between circ_0008500 and miR-758-3p (Fig. 4D). RT-
gPCR analysis represented a successful overexpression effi-
ciency of miR-758-3p mimic in MCF-7 and MDA-MB-468
cells (Fig. 4E). Next, dual-luciferase reporter and RIP
assays were performed to determine the correlation between
circ_0008500 and miR-758-3p. The results of dual-luciferase

reporter assay revealed that miR-758-3p mimic remark-
ably reduced the luciferase activity in WT-circ_0008500
group, while the luciferase activity in MUT-circ_0008500
group was not impacted (Fig. 4F, G). RIP assay showed
that circ_0008500 and miR-758-3p were enriched in anti-
Ago2 group in comparison to anti-IgG group (Fig. 4H, I).
Moreover, the data disclosed that miR-758-3p was signifi-
cantly downregulated in breast cancer tissues (Fig. 4]). The
results in Fig. 4K suggested that miR-758-3p was elevated
in TNBC tissues compared with the non-TNBC tissues. Fur-
thermore, miR-758-3p was significantly decreased in ER/
PR-positive BC tissues, but not in HER2-positive BC tissues
(Fig. 4L-N). In addition, our data showed that miR-758-3p
was lower in MCF-7 and MDA-MB-468 cells relative to that
in MCF-10A cells (Fig. 40). As described in Fig. 4P, the
expression of miR-758-3p was upregulated by circ_0008500
knockdown in MCF-7 and MDA-MB-468 cells.

Circ_0008500 Downregulation Repressed
Cell Proliferation and Elevated Cell Apoptosis
by Targeting miR-758-3p in Breast Cancer Cells

Based on the above results, we further investigated whether
miR-758-3p was involved in the function of circ_0008500 in
breast cancer development. The data of RT-qPCR analysis
indicated that miR-758-3p inhibitor markedly suppressed
the expression of miR-758-3p in MCF-7 and MDA-MB-468
cells (Fig. 5A). Further analysis displayed that miR-758-3p
inhibitor strikingly counteracted the inhibitory effect on
cell viability caused by circ_0008500 absence in breast
cancer cells (Fig. 5B). EdU and colony formation assays
demonstrated that the inhibition of miR-758-3p signifi-
cantly blocked circ_0008500 downregulation-induced sup-
pressive impact on cell proliferation (Figs. 5C, D and S1C,
D). Besides, circ_0008500 knockdown led to the enhanced
cell apoptosis, which was harbored by miR-758-3p inhibi-
tor (Figs. SE and S1E). Furtherly, upregulation of BAX
and downregulation of BCL2 protein expression caused
by circ_0008500 knockdown were rescued by inhibition of
miR-758-3p in MCF-7 and MDA-MB-468 cells (Fig. S5F, G).

PFN2 Was a Target of miR-758-3p and circ_0008500
Regulated PFN2 Expression Through Targeting
miR-758-3p

Next, we further studied the downstream regulator of miR-
758-3p in the development of breast cancer. Starbase pre-
dicted the potential binding sites between miR-758-3p and
PFN2 (Fig. 6A). Dual-luciferase reporter assay indicated
that the luciferase activity was remarkably reduced by
miR-758-3p mimic in WT-PFN2 3’UTR group, but not in
MUT-PEN2 3’UTR group (Fig. 6B, C). Moreover, the rela-
tionship between miR-758-3p and PFN2 was also verified
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«Fig.6 PFN2 was a target of miR-758-3p and circ_0008500 regu-
lated PFN2 expression through targeting miR-758-3p. (A) Starbase
predicted the putative complementary sites between miR-758-3p and
PFN2. (B-E) Dual-luciferase reporter (B and C) and RIP (D and E)
assays were performed to verify the relationship between miR-758-3p
and PFN2. (F) The expression of PFN2 in breast cancer tissues
(n=>50) and normal tissues (n=>50) were measured by RT-qPCR. (G)
The level of PFN2 was determined in non-TNBC (n=26) and TNBC
(n=24) tissues using RT-qPCR. (H) RT-qPCR was used to meas-
ure the expression of PFN2 in ER-negative (n=27) or ER-positive
(n=23) BC tissues. (I) RT-qPCR was used to measure the expres-
sion of PFN2 in PR-negative (n=28) or PR-positive (n=22) BC tis-
sues. (J) RT-qPCR was used to measure the expression of PFN2 in
HER2-negative (n=25) and HER2-positive (n=25) BC tissues. (K)
The protein expression of PFN2 in breast cancer tissues and normal
tissues were measured by western blot. (L) Western blot was utilized
to evaluate the protein expression of PFN2 in MCF-10A, MCE-7
and MDA-MB-468 cells. (M) PFN2 protein expression was detected
by western blot in MCF-7 and MDA-MB-468 cells transfected with
miRNA NC or miR-758-3p mimic. (N) PFN2 protein expression was
assessed by western blot in MCF-7 and MDA-MB-468 cells with
transfection of si-NC, si-circ_0008500, si-circ_0008500 + inhibi-
tor NC, or si-circ_0008500 + miR-758-3p inhibitor. *P <0.05. Three
independent experiments were performed. Student’s ¢ test and one-
way ANOVA followed by Tukey’s test were used to determine statis-
tical significance

by RIP assay (Fig. 6D, E). RT-qPCR analysis revealed that
PFN2 was highly expressed in breast cancer tissues (n=>50)
compared with the normal tissues (n=50) (Fig. 6F). Moreo-
ver, PFN2 was decreased in TNBC tissues in comparison
to the non-TNBC tissues (Fig. 6G). The upregulated PFN2
expression was observed in ER/PR-positive BC tissues,
while the expression of PFN2 showed no significant differ-
ence between HER2-positive and HER2-negative BC tissues
(Fig. 6H-J). Western blot showed that the protein expression
of PFN2 was significantly increased in breast cancer tis-
sues and cells (Fig. 6K, L). The data in Fig. 6M suggested
that miR-758-3p mimic markedly repressed PFN2 protein
expression in MCF-7 and MDA-MB-468 cells. Additionally,
circ_0008500 knockdown suppressed the protein expression
of PFN2 by targeting miR-758-3p (Fig. 6N).

MiR-758-3p Inhibited Cell Proliferation,
and Enhanced Cell Apoptosis by Regulating PFN2
in Breast Cancer Cells

The results from western blot showed that the protein expres-
sion of PFN2 was significantly upregulated in MCF-7 and
MDA-MB-468 cells transfected with pc-PFN2 (Fig. 7A).
Functionally, overexpression of PFN2 strikingly blocked
miR-758-3p mimic-induced repression on cell viability

(Fig. 7B) and proliferation (Figs. 7C, D, and S2C, D) in
MCEF-7 and MDA-MB-468 cells. In addition, miR-758-3p
mimic-caused promotion on cell apoptosis was reversed by
PFN2 overexpression (Figs. 7E and S2E), as evidenced by
the decreased BAX and the increased BCL2 (Fig. 7F, G).

Circ_0008500 Knockdown Inhibited Tumor Growth
and Elevated the Radiosensitivity in Breast Cancer
in Vivo

To further verify the functional role of circ_0008500
in breast cancer in vivo, the xenograft tumor assay was
employed. As displayed in Figs. 8A, B and S3A, B,
tumor volume and weight were significantly repressed
by circ_0008500 downregulation or radiation treatment,
and a more remarkable suppression of tumor volume and
weight was found in sh-circ_0008500 transduction + radia-
tion treatment group compared with the radiation treatment
group. Moreover, the data indicated that circ_0008500
knockdown enhanced miR-758-3p expression and inhibited
circ_0008500 and PFN2 expression in the tissues extracted
from the mice. Additionally, circ_0008500 knockdown
aggravated the inhibition effect of radiation treatment on
circ_0008500 and PFN2 expression, as well as promotion
effect on miR-758-3p expression (Figs. 8C-F and S3C-F).
Furthermore, IHC assay suggested that PFN2 was reduced
in sh-circ_0008500 or radiation treatment group, and
circ_0008500 knockdown enhanced the inhibition impact of
radiation treatment on PFN2 expression (Figs. 8G and S3G).

Discussion

CircRNAs, a new type of ncRNAs, are regarded as the
aberrant splicing byproducts and exert function by regu-
lating gene expression [24]. Moreover, circRNAs acted as
the major regulators in the biological behaviors of human
cancers, such as cell multiplication, metastasis and apop-
tosis [25]. Accumulating evidence revealed that circRNAs
could modulate the sensitivity to irradiation treatment in
various cancers [26, 27]. A recent research reported that
circ_0008500 was a apparently upregulated circRNA in
breast cancer [23]. However, the impacts of circ_0008500 on
the biological behaviors and radiosensitivity in breast cancer
have not been investigated. In our research, we demonstrated
that circ_0008500 regulated the sensitivity to radiation treat-
ment and development in breast cancer through the miR-
758-3p/PFN?2 axis.
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«Fig. 7 MiR-758-3p inhibited cell proliferation and accelerated cell
apoptosis by regulating PFN2 in breast cancer cells. (A) The pro-
tein expression of PFN2 was detected by western blot in MCFE-7
and MDA-MB-468 cells transfected with pc-NC or pc-PFN2. (B-G)
MCF-7 and MDA-MB-468 cells were transfected with miRNA NC,
miR-758-3p mimic, miR-758-3p mimic+pc-NC, or miR-758-3p
mimic +pc-PFN2. (B) CCK-8 assay was used to measure cell via-
bility. (C and D) Cell proliferation was measured by EdU (C) and
colony formation (D) assays. (E) Flow cytometry was employed to
determine cell apoptosis. (F and G) The protein expression of BAX
and BCL2 was assessed by western blot. *P <0.05. Three inde-
pendent experiments were performed. Student’s ¢ test and one-way
ANOVA followed by Tukey’s test were used to determine statistical
significance

Previous researches displayed that the aberrantly
expressed circRNAs played major roles in the development
of various malignancies, including breast cancer [28, 29]. It
was reported that the radioresistance of human malignancies
could be modulated by circRNAs, such as hsa_0009035 [30],
circRNA Cyclin B2 [31], and circ_0086720 [16]. A recent
study showed that exosome-transmitted circ_IFT80 boosted
the radioresistance and tumorigenesis in colorectal cancer by
increasing MSI1 expression via sponging miR-296-5p [32].
Circ_0001313, a remarkably increased circRNA in radio-
resistant colon cancer, repressed the radiosensitivity in colon
cancer through regulating the expression of tumor inhibitor
miR-338-3p [33]. Moreover, a few circRNAs were proved
to modulate breast cancer development, like hsa_0053063
[34], hsa_circ_0072995 [35], hsa_circ_0008039 [36]. Here,
the role of circ_0008500 in modulating the development
and radiosensitivity in breast cancer was revealed. Our data
suggested that circ_0008500 was markedly upregulated in
breast cancer tissues and cells, consistent with the previ-
ous results [23]. Furthermore, we observed that radiation
treatment decreased circ_0008500 level in breast cancer.
However, the regulatory mechanism of irradiation-mediated
circ_0008500 downregulation is unclear. We speculated that
irradiation might inhibit the transcription of genes or regu-
late the expression of the upstream factors, thereby reducing
the level of circ_0008500. Moreover, our study demonstrated
that circ_0008500 knockdown inhibited cell multiplication
and accelerated cell apoptosis and radiosensitivity in breast
cancer. Additionally, our results presented that knockdown
of circ_0008500 elevated radiation-induced inhibitory
impact on tumor growth in vivo. These findings explained
that circ_0008500 functioned as a promoter in breast cancer
development and knockdown of circ_0008500 improved the
sensitivity to radiation treatment in breast cancer.

CircRNAs exerted action through different ways, like act-
ing as the competing endogenous RNAs for miRNAs [37]. In
the present research, circBank predicted the potential com-
plementary sites between miR-758-3p and circ_0008500,

and the correlation between them was demonstrated. MiR-
758-3p was verified as an inhibitor in some human cancers,
such as cervical cancer and ovarian cancer [38, 39]. By tar-
geting NOTCH2, cell metastasis and the proliferative abil-
ity were dramatically restrained by miR-758-3p in bladder
cancer cells [40]. In clear cell renal cell carcinoma, a recent
study disclosed that miR-758-3p predicted the great prog-
nosis and suppressed cell growth and metastasis [41]. MiR-
758-3p, as a downstream gene of IncRNA DANCR, was
lowly expressed and weakened cell autophagy and apoptosis
in breast cancer [42]. Consistently, we also found that miR-
758-3p was decreased in breast cancer, and circ_0008500
directly interacted with miR-758-3p, thereby modulating its
expression. In addition, circ_0008500 knockdown caused
inhibition impact on cell proliferation and promotion impact
on cell apoptosis and radiosensitivity by upregulating miR-
758-3p in vitro.

Accumulating evidence indicated that miRNAs degrade
the expression of the target mRNA through directly binding
to the mRNA 3’UTR, thereby exerting actions [43]. PFN2,
a actin-binding protein, is a member of profilins that par-
ticipate in regulating cytoskeletal dynamics [44]. Recent
evidence revealed that PFN2 functioned as the potential
prognosis biomarker and therapeutic target in several can-
cers, including breast cancer [45, 46]. Due to the oncogenic
property of PFN2 in a variety of cancers, including osteo-
sarcoma as well as head and neck squamous cell carcinoma
[47, 48], PFN2 might be a potential downstream effector
of miR-758-3p function. Our data showed that miR-758-3p
was verified to target PFN2, and PFN2 was a vital media-
tor of miR-758-3p function in breast cancer cells. Former
literature suggested that overexpression of PFN2 promoted
cell proliferation, epithelial-to-mesenchymal transition and
metastasis in triple negative breast cancer cells in vitro and
showed stronger tumorigenicity in vivo [49]. PFN2, as a
downstream target of miR-223-3p, was proved to aggravate
the radioresistance and progression of breast cancer through
enhancing glycolysis [50]. Furthermore, a previous study
showed PFN2 was related to the radiosensitivity in NCI-
60 cells [51]. In this research, we observed that PFN2 was
elevated in breast cancer. In addition, miR-758-3p played
the suppressive role in the development of breast cancer by
targeting PFN2.

To summarize, our findings verified the upregulation
of circ_0008500 and PFN2, as well as the downregula-
tion of miR-758-3p in breast cancer, and demonstrated that
circ_0008500 knockdown downregulated PFN2 by target-
ing miR-758-3p to enhance breast cancer radiosensitivity
and inhibit breast cancer development, indicating that the
circ_0008500/miR-758-3p/axis regulatory pathway might
contribute to improve the therapy methods of breast cancer.
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«Fig. 8 Circ_0008500 knockdown inhibited tumor growth and ele-
vated radiosensitivity in breast cancer in vivo. (A-F) The mice were
injected with 1x10° stably modified (circ_0008500 knockdown) or
control (sh-NC) MCF-7 cells and divided into four groups: sh-NC
group, sh-circ_0008500 group, sh-NC+radiation group, and sh-
circ_0008500 +radiation group. (A and B) Tumor volume (A) and
weight (B) were detected. (C and D) The expression of circ_0008500
(C) and miR-758-3p (D) was measured using RT-qPCR. (E-F) The
mRNA and protein expression of PFN2 was determined by RT-qPCR
and western blot, respectively. (G) Expressed PFN2 in tumor tis-
sues from mice was examined by IHC assay, and the scale bar was
100 pm. *P <0.05. Three independent experiments were performed.
One-way ANOVA followed by Tukey’s test was used to determine
statistical significance
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