Received: 31 May 2021 Accepted: 5 July 2021

DOI: 10.1111/1759-7714.14085

ORIGINAL ARTICLE WILEY
Circ_0000520 contributes to triple-negative breast cancer
progression through mediating the miR-1296/ZFX axis

Yong Zhou | GuoxiMa | ShijunPeng | MinTuo | Yinmouli | Xianxiong Qin |

Qiang Yu | Sijie Kuang |

Department of Breast Surgery, The Central
Hospital of Enshi Tujia and Miao Autonomous
Prefecture, Enshi City, China

Correspondence

Jing Li, Department of Breast Surgery, The Central
Hospital of Enshi Tujia and Miao Autonomous
Prefecture, No.158 Wuyang Avenue, Enshi
445000, Hubei Province, China.

Email: ailxs841221@126.com

INTRODUCTION

Hong Cheng | JingLi

Abstract

Background: Triple-negative breast cancer (TNBC) is the most aggressive subtype of
breast cancer with a high incidence of local recurrence and metastasis. Circular RNAs
(circRNAs) are implicated in the pathomechanism of TNBC. Here, we investigated
the function of circ_0000520 in TNBC and its associated mechanism.

Methods: Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
and Western blot assay were used to measure RNA and protein expression. Cell
proliferation was analyzed by cell counting kit-8 (CCK8) assay, flow cytometry
and colony formation assay. Cell apoptosis was assessed by flow cytometry. Cell
migration ability was analyzed by transwell migration and wound healing assays.
Transwell invasion assay was conducted to analyze the invasion ability. Dual-
luciferase reporter assay, RNA immunoprecipitation (RIP) assay, and RNA-
pulldown assay were performed to verify the interaction between microRNA-1296
(miR-1296) and circ_0000520 or zinc finger protein X-linked (ZFX). Xenograft
mice model was established to analyze the role of circ_0000520 in xenograft tumor
growth in vivo.

Results: Circ_0000520 expression was upregulated in TNBC tissues and cell lines.
Circ_0000520 knockdown suppressed the proliferation, migration, and invasion
whereas induced the apoptosis of TNBC cells. miR-1296 was verified as a target of
circ_0000520, and circ_0000520 silencing-mediated suppressive effects on the malig-
nant potential of TNBC cells were partly overturned by miR-1296 knockdown.
miR-1296 interacted with the 3’ untranslated region (3'UTR) of ZFX, and ZFX over-
expression partly reversed miR-1296 overexpression-mediated effects in TNBC cells.
Circ_0000520 absence reduced ZFX expression by upregulating miR-1296 in TNBC
cells. Circ_0000520 silencing suppressed xenograft tumor growth in vivo.
Conclusions: Circ_0000520 contributed to TNBC development by binding to miR-
1296 to induce ZFX expression.
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globally." Triple-negative breast cancer (TNBC) is fea-
tured by the absence of estrogen receptor (ER), human

Breast cancer is a common cancer among women, and is  epidermal growth factor receptor 2 (HER2/neu), and pro-
one of the leading causes of cancer-related death gesterone receptor (PR).> The therapeutic methods for
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TNBC include surgery, chemotherapy, radiotherapy, and
immunotherapy.” Nevertheless, the prognosis of TNBC
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patients at an advanced stage is still poor due to the high
incidence of local recurrence and metastasis. Therefore,
identifying novel targets is necessary for developing novel
effective treatment strategies.

Circular RNAs (circRNAs) are featured by covalently
linked terminals, high stability, abundant expression,
and tissue-specific expression pattern, rendering them
ideal biomarkers for the diagnosis, prognosis, and treat-
ment of human diseases.*® CircRNAs have emerged as
crucial regulators in many cancers.”” For instance,
circ_001783 has been previously reported to be highly
expressed in breast cancer tissues and cell lines, contrib-
uting to breast cancer development by serving as a
molecular sponge for miR-200c-3p.® A previous study
reported that circ_0000520 level was decreased in gastric
cancer, and circ_0000520 was found to be a potential
biomarker for gastric cancer.’ Circ_0000520 expression
was increased in TNBC tissues compared with nontumor
tissues according to the dataset of GSE101124."° How-
ever, the function of circ_0000520 in TNBC remains to
be revealed.

CircRNAs play important regulatory roles in cancer
initiation and progression through the networks of the
competing endogenous RNAs (ceRNAs) to sponge target
microRNAs (miRNAs) via base-pairing and modulate the
downstream messenger RNAs (mRNAs) at the post-
transcriptional level.'"'? The abnormal expression of
miRNAs has been associated with the progression of many
cancers.'? For example, miR-25-3p has been determined
to facilitate the proliferation of TNBC cells through reduc-
ing BTG2 levels.'"* Through bioinformatic prediction,
miR-1296 has been found to be a potential target of
circ_0000520. miR-1296 has been reported to suppress the
proliferation of TNBC cells through targeting CCND1."
Nevertheless, the working mechanism of miR-1296 in
TNBC and its associated relationship with circ_0000520
are still largely unclear.

miRNAs can repress the translation or induce the degra-
dation of target mRNAs through directly binding to them."®
Through bioinformatic analysis, it was found that the 3’
untranslated region (3'UTR) of zinc finger protein X-linked
(ZFX) possessed the complementary sites with miR-1296.
ZFX has been determined to play an oncogenic role in pan-
creatic cancer,'” gastric cancer,'® renal carcinoma,'® and
TNBC.* Han et al. demonstrated that CCAT1 contributed to
the progression of TNBC through upregulating ZFX,* indi-
cating the protumor role of ZFX in TNBC. Here, the signal
regulatory network of ZFX in TNBC progression was
investigated.

We first analyzed the expression pattern of
circ_0000520 and found that circ_0000520 expression
was markedly upregulated in TNBC tissues and cell lines.
Loss-of-function experiments were conducted to analyze
the biological function of circ_0000520 in TNBC cells.
The working mechanism of circ_0000520 in TNBC pro-
gression was then explored through bioinformatic predic-
tion and rescue experiments.

METHODS
Bioinformatic analysis

CircRNA expression profile in TNBC tissues (1 = 4) and nor-
mal mammary gland tissue specimens (n = 3) was down-
loaded from the GSE101124 dataset. Circ_0000520/miRNAs
interactions and miR-1296/mRNAs interactions were predicted
by the Circinteractome database (https://circinteractome.irp.
nia.nih.gov/) and StarBase database (http:/starbase.sysu.edu.
cn) on the basis of complementary sites.

Clinical samples

Fifty pairs of TNBC tissues and nontumor tissues from TNBC
patients were collected in The Central Hospital of Enshi Tujia
and Miao Autonomous Prefecture during surgical re-
section between February 2012 and July 2013. The protocol
was authorized by the Ethics Committee of The Central Hospi-
tal of Enshi Tujia and Miao Autonomous Prefecture. Informed
consent was provided by each participant before surgical resec-
tion. None of the patients had received chemotherapy or radio-
therapy before surgery. These patients were followed for
five years to generate a survival rate curve. The expression of
circ_0000520, miR-1296 and ZFX was examined by
reverse transcription quantitative polymerase chain reac-
tion (RT-qPCR). The correlation between clinicopathological
characteristics (from medical records) of TNBC patients and
circ_0000520 expression level is shown in Table 1.

Hematoxylin-eosin (HE) staining

HE staining of TNBC tissue and adjacent normal tissue was
performed according to the procedures of a previous
study,”’ and sections were visualized by a light microscopy
with a magnification of 100 x.

Cell lines

MCF-10A (human normal mammary cell line), MDA-MB-
231 and BT549 were purchased from the Chinese Academy
of Sciences Committee on Type Culture Collection Cell
Bank (Shanghai, China). All cell lines were grown in
Dulbecco’s modified Eagle medium (DMEM, Gibco) added
with 10% heat-inactivated fetal bovine serum (FBS, Gibco)
and 1% penicillin-streptomycin (Gibco) in a humidified
atmosphere with 5% CO, at 37°C.

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

Total RNA samples were extracted from tissues and cells with
the TRIzol reagent (Invitrogen). Complementary DNA (cDNA)
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TABLE 1 Correlation between clinicopathological characteristics of
triple negative breast cancer (TNBC) patients and circ_0000520 expression
level

circ_0000520

Characteristics High (n = 25) Low (n = 25) p-value

Age (years)
=50 13 11 0.571
<50 12 14

Menopause
Yes 16 13 0.390
No 9 12

TNM stage
I+1I 10 21 0.001*
I+ 1v 15 4

Tumor size
<2.0 cm 10 18 0.023*
>2.0 cm 15 7

Lymph node metastasis
Positive 17 5 0.001*
Negative 8 20

Note: TNM stage, tumor-node-metastasis stage; *p < 0.05, statistically significant.

of circ_0000520 and ZFX was synthesized from 1 pg of RNA
using the Bio-Rad iScript kit (Bio-Rad), and PCR was carried
out with iQSYBR Green SuperMix (Bio-Rad) using cDNA as
template DNA. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was acted as the internal control for circ_0000520 or
ZFX mRNA. To measure the abundance of miR-1296, cDNA
was obtained using one step miRNA RT Kit (Haigene) followed
by PCR reaction using TagMan MicroRNA assay kit (Applied
Biosystems). U6 served as the internal control for miR-1296.
The relative levels of circ_0000520, miR-1296 and ZFX were
analyzed using the 274" method. Primer sequences are listed
in Table 2.

Cell transfection

Three small interfering RNAs targeting circ_0000520 (si-
circ_0000520#1, si-circ_0000520#2 and si-circ_0000520#3),
siRNA negative control (si-NC), short hairpin RNA against
circ_0000520 (sh-circ_0000520) along with sh-NC were
synthesized from Ribobio. miR-1296 mimic (miR-1296),
miR-NC, miR-1296 inhibitor (anti-miR-1296) and anti-
miR-NC were also obtained from Ribobio. pcDNA-ZFX and
pcDNA were purchased from GenePharma. TNBC cells
were transfected using Lipofectamine 3000 (Invitrogen), and
the transfection efficiency was assessed via RT-qPCR.

Cell counting kit-8 (CCK8) assay

A total of 10 ul CCK8 reagent (Dojindo Molecular Technol-
ogies) was incubated with TNBC cells for 2 h at 0, 24, 48 or

72 h after transfection. The absorbance value at 450 nm
wavelength was examined.

Flow cytometry

Flow cytometry was used for the detection of cell cycle pro-
gression and cell apoptosis.

TNBC cells were fixed in 70% cold ethanol solution
overnight to analyze cell cycle progression. RNA content
was removed using 10 pM RNase (Solarbio). DNA
content was labeled by propidium iodide (PI; Solarbio) for
20 min. The percentages of TNBC cells in G0/G1, S or
G2/M phase were analyzed by flow cytometer.

To analyze the apoptosis of TNBC cells, after transfec-
tion for 72 h, adherent TNBC cells along with nonadherent
TNBC cells were harvested and resuspended using 400 pl
binding buffer (BD Biosciences). Annexin V-fluorescein iso-
thiocyanate (FITC; BD Biosciences) and PI (BD Biosciences)
were simultaneously added into the reaction system to mark
the phosphatidylserine and DNA content. The percentage of
apoptotic TNBC cells (FITC"/PI™' ") was analyzed by the
flow cytometer.

Colony formation assay

Transfected TNBC cells were suspended in culture media at
a low concentration, and cell suspension was added into
6-well plates at a density of 200 cells per well. These cells
were routinely cultured for two weeks to form visible colo-
nies. The colonies were fixed followed by staining using
crystal violet (Sangon Biotech).

Transwell assays

The upper chambers (Costar) were coated (transwell invasion
assay) or uncoated (transwell migration assay) with Matrigel
(Sigma). A total of 100 pl cell suspension (serum-free medium)
was added into the coated or uncoated upper chambers, and
600 pl culture medium plus 10% FBS (chemotactic factor) were
added to the lower chambers. After 24-h incubation, TNBC
cells which remained on the upper surface of the membrane
were removed, and the invaded or migrated TNBC cells were
fixed and counted. Magnification time: 100 x .

Wound healing assay

Transfected TNBC cells continued to be cultured until the
confluence reached about 90%. A wound was generated
using a 200 pl pipette tip to scratch the cell monolayer. Cell
debris was removed through washing three times with phos-
phate buffered saline (PBS). Cells were cultured for 24 h,
and the scratch images were obtained with an inverted
microscope (40 %, Olympus).
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TABLE 2 Primers in RT-qPCR assay

Gene Species Direction Sequence (5'-3')
circ_ Human Forward GGGAAGGTCTGAGACTAGGG
0000520 Reverse  GGACATGGGAGTGGAGTGAC
miR-1296 Human Forward TTGTTAGGGCCCTGGCTC
Reverse CAGTGCAGGGTCCGAGGTAT
ZFX Human Forward GGCAGTCCACAGCAAGAAC
Reverse TTGGTATCCGAGAAAG
TCAGAAG
GAPDH Human Forward TATGATGACATCAAGAA
GGTGGT
Reverse TGTAGCCAAATTCGTTGTCATAC
U6 Human Forward GCTTCGGCAGCACATA
TACTAAAAT
Reverse CGCTTCACGAATTTG
CGTGTCAT

Dual-luciferase reporter assay

Dual-luciferase reporter assay was performed to verify the
interaction between miR-1296 and circ_0000520 or ZFX in
TNBC cells.

The fragment of circ_0000520 or ZFX 3'UTR harbor-
ing the wild-type binding sites with miR-1296 was ampli-
fied and cloned to pmiRGLO vector (Promega), termed as
circ_0000520-WT or ZFX 3'UTR-WT. The partial
sequence of circ_0000520 or ZFX 3’ untranslated region
(3'UTR) containing the mutant type binding sites with
miR-1296 was also cloned to pmiRGLO vector (Promega)
to obtain circ_0000520-MUT or ZFX 3'UTR-MUT. The
luciferase plasmids (50 ng) were transfected into TNBC
cells with miR-NC or miR-1296 (20 nM) for 24 h. Lucif-
erase activities (Firefly and Renilla) in different groups
were detected with dual-luciferase reporter assay system
(Promega).

RNA immunoprecipitation (RIP) assay

Magnetic beads were incubated with Argonaute-2 (Ago2)
antibody (Anti-Ago2; Abcam) or immunoglobulin G (IgG)
antibody (Anti-IgG; Abcam). After disrupting with RIP lysis
buffer (Millipore) plus RNase inhibitor (Millipore), cell
lysates were divided into two equal parts and incubated with
the precoated magnetic beads. RT-qPCR was implemented
to detect the expression of circ_0000520, miR-1296 and
ZFX mRNA.

RNA-pulldown assay

miR-1296 was biotinylated to generate Bio-miR-1296. Bio-
NC was used as the control. Cell lysate was incubated with

Bio-NC or Bio-miR-1296. The expression of circ_0000520
was detected by RT-qPCR.

Western blot assay

TNBC cells were disrupted in radioimmunoprecipitation
assay (RIPA) buffer (Beyotime). A total of 25 pg of protein
samples were loaded onto sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) gel at 100 V for
120 min followed by electrotransfer onto polyvinylidene
fluoride (PVDF) membrane (Millipore). The membrane was
blocked using 5% skimmed milk for 1 h prior to incubation
with primary antibodies at 4°C overnight. The primary anti-
bodies included anti-ZFX (ab246858; Abcam) and anti-
GAPDH (ab8245; Abcam). The membrane was then probed
with horseradish peroxidase (HRP)-conjugated secondary
antibody (Abcam). The protein bands were measured with
the an enhanced chemiluminescence kit (GE Healthcare).

Xenograft tumor assay

Animal experiments were performed with the authorization
of the Animal Research Committee of The Central Hospital
of Enshi Tujia and Miao Autonomous Prefecture. BALB/c
nude mice (Orient Bio Inc) were arbitrarily divided into two
groups (n = 7). The stable circ_0000520 silencing MDA-
MB-231 cell line was built using sh-circ_0000520. An
MDA-MB-231 cell line stably transfected with sh-NC was
used as the control. MDA-MB-231 cells suspended in 200 pl
PBS were subcutaneously inoculated into the back of mice.
After inoculation for seven days, the tumor length and width
were detected weekly, and the tumor volume was calculated
by the formula of length x width® x n/6. Tumors were
excised and weighed at 35 days after inoculation. RT-qPCR
was implemented to detect the expression of circ_0000520,
miR-1296 and ZFX mRNA, while the protein expression of
ZFX was examined by Western blot assay.

Statistical analysis

The results are displayed as mean =+ standard deviation
(SD). Data were analyzed for the normality using the
D’Agostino-Pearson omnibus normality test and homogene-
ity of variances using the Levene test. For normally distrib-
uted data with equal variance, the comparison in two groups
or multiple groups was assessed using Student’s t-test or
one-way analysis of variance (ANOVA) followed by Tukey’s
test. Linear correlation relationship was analyzed using Spe-
arman’s correlation coefficient. Kaplan—Meier plot survival
curve was analyzed using log-rank test. The correlation
between clinicopathological characteristics of TNBC patients
and circ_0000520 expression level was analyzed by y* test.
Statistical analysis was conducted using the Prism 7.0
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(GraphPad Software). p < 0.05 was identified to be statisti-
cally significant.

RESULTS

Circ_0000520 absence suppresses the
proliferation, migration, and invasion and
induces the apoptosis of TNBC cells

The top 10 most up- and downregulated circRNAs in TNBC
tissue specimens (n = 4) compared with normal mammary
gland tissue specimens (n = 3) according to GSE101124
dataset were shown in Figure 1(a). It was found that
circ_0000520 was significantly upregulated in TNBC tissues
compared with normal tissues (Figure 1(b)). Circ_0000520 is
a short circRNA with 123 bp that generated from the exonl
of RPPHI gene (Figure 1(c)). The back-splicing sites (AG-
GG) and mature sequence of circ_0000520 are also shown in
Figure 1(c). We collected 50 TNBC tissue samples and
corresponding adjacent normal tissues for pathological diag-
nosis and RT-qPCR analysis. As shown in Figure 1(d), repre-
sentative images of HE staining are displayed. Circ_0000520
expression was significantly upregulated in TNBC tissues
compared with adjacent normal tissues (Figure 1(e)). TNBC
patients were divided into high and low expression groups
with a median value of circ_0000520 expression as the cutoff.
The Kaplan-Meier survival curve revealed that TNBC
patients with high expression of circ_0000520 were associated
with shorter survival time (Figure 1(f)). These results demon-
strated that high expression circ_0000520 might be an unfa-
vorable indicator for TNBC patients.

We measured the expression of circ_0000520 in human
normal mammary epithelial cell line MCF-10A and two
TNBC cell lines (MDA-MB-231 and BT549) via RT-qPCR.
As shown in Figure 1(g), Circ_0000520 was upregulated in
TNBC cell lines compared with MCF-10A cell lines. Three
small interfering RNAs targeting the back-splicing sites of
circ_0000520 were designed to specifically silence
circ_0000520 in TNBC cells. Prior to functional experi-
ments, we assessed the knockdown efficiencies of three
siRNAs in TNBC cells. Circ_0000520 expression was signifi-
cantly reduced in all three groups, especially in the
si-circ_0000520#2 group (Figure 1(h)). Therefore, si-
circ_0000520#2 was chosen for functional experiments. We
analyzed the proliferation of TNBC cells by CCK8 assay,
flow cytometry, and colony formation assay. The prolifera-
tion of TNBC cells was suppressed by the silence of
circ_0000520 (Figure 1(i) and (j)). Flow cytometry showed
that circ_0000520 knockdown arrested cell cycle progression
at G1/S transition (Figure 1(k) and (1)). The number of colo-
nies was reduced in the si-circ_0000520#2 group (Figure 1
(m)), demonstrating that circ_0000520 silencing suppressed
the proliferation of TNBC cells. Furthermore, circ_0000520
silencing induced the apoptosis of TNBC cells (Figure 1(n)).
We also analyzed the influences of circ_0000520 interfer-
ence on the migration and invasion of TNBC cells via
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transwell and wound healing assays. Transwell assays rev-
ealed that the numbers of migrated and invaded TNBC cells
were both reduced in circ_0000520-silenced group com-
pared with the si-NC group (Figure 1(o0) and (p)). Wound
healing assay revealed that circ_0000520 absence markedly
reduced the rate of wound closure (Figure 1(q)), suggesting
that circ_0000520 knockdown restrained the migration abil-
ity of TNBC cells. Overall, circ_0000520 knockdown
suppressed the proliferation, migration, and invasion and
induced the apoptosis of TNBC cells.

miR-1296 is a target of circ_0000520 in
TNBC cells

CircRNAs can regulate cell biological behaviors by acting as
miRNA sponges.'' To further explore the working mechanism
of circ_0000520, we conducted bioinformatic analysis using
the Circinteractome database to seek the interacted miRNAs of
circ_0000520. The putative binding sites between miR-1296
and circ_0000520 were shown in Figure 2(a). High over-
expression efficiency of miR-1296 mimic was confirmed by
RT-gPCR (Figure 2(b)). Subsequently, we performed dual-
luciferase reporter, RIP and RNA-pulldown assays to verify the
target relationship between miR-1296 and circ_0000520. miR-
1296 overexpression markedly reduced the luciferase activity of
wild-type luciferase plasmid (circ_0000520-WT) rather than
mutant plasmid (circ_0000520-MUT) (Figure 2(c) and (d)),
suggesting that circ_0000520 interacted with miR-1296 via the
putative sequence. As shown in Figure 2(e) and (f),
circ_0000520 and miR-1296 were both enriched in Anti-Ago2
group compared with the Anti-IgG group, suggesting a spatial
interaction between circ_0000520 and miR-1296 in RNA-
induced silencing complex (RISC). Circ_0000520 was pulled
down when using Bio-miR-1296 rather than Bio-NC (Figure 2
(g)), suggesting that miR-1296 bound to circ_0000520 in
TNBC  cells. Circ_0000520 knockdown  significantly
upregulated miR-1296 expression in TNBC cells (Figure 2(h)).
As shown in Figures 2(i) and (j), miR-1296 expression was
notably reduced in TNBC tissues and cell lines compared with
normal tissues and MCF-10A cell line. Overall, these results
indicated that circ_0000520 negatively regulated miR-1296
level by directly binding to it in TNBC cells.

To investigate whether circ_0000520 regulated the bio-
logical behaviors of TNBC cells by sponging miR-1296, we
cotransfected TNBC cells with si-NC, si-circ_0000520#2,
si-circ_0000520#2 + anti-miR-NC, or si-circ_0000520#2
+ anti-miR-1296 to conduct rescue experiments. The
silencing efficiency of anti-miR-1296 was analyzed via RT-
qPCR. The transfection of anti-miR-1296 notably
decreased the expression of miR-1296 (Figure 2(k)),
suggesting that anti-miR-1296 was effective in silencing
miR-1296 in TNBC cells. miR-1296 interference largely
overturned si-circ_0000520-mediated suppressive effect on
the proliferation of TNBC cells (Figure 2(1) and (m)).
Circ_0000520 knockdown-induced cell cycle arrest in
TNBC cells was partly alleviated by anti-miR-1296
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FIGURE 1 Circ_0000520 absence
suppresses the proliferation, migration, and
invasion and induces the apoptosis of TNBC
cells. (a) The top 10 most upregulated and
downregulated circRNAs in TNBC tissue
specimens (n = 4) compared with normal
mammary gland tissue specimens (n = 3)
were displayed in the heatmap. (b) The
expression of circ_0000520 in TNBC tissues
(n = 4) and normal tissues (n = 3) according
to the data of GSE101124 was shown.

(¢) Circ_0000520 was generated from the
back-splicing of exonl in RPPHI gene, and
its mature sequence was shown. (d) The
representative images of HE staining in
adjacent normal tissue and TNBC tissue were
shown. (e) RT-qPCR was implemented to
measure the expression of circ_0000520 in
TNBC tissue samples (n = 50) and adjacent
normal tissue samples (n = 50). (f) The
5-year survival rate of TNBC patients with
high expression or low expression of
circ_0000520 was analyzed by log-rank test.
(g) Circ_0000520 level in MCF-10A and two
TNBC cell lines (MDA-MB-231 and BT549)
was examined by RT-qPCR.

(h) Circ_0000520 expression in MDA-MB-
231 or BT549 cells transfected with si-
circ_00005204#1, si-circ_0000520%#2, si-
circ_0000520#3 or si-NC was analyzed by
RT-qPCR. (i-n) MDA-MB-231 or BT549
cells were transfected with si-circ_0000520#2
or si-NC. (i and j) Cell proliferation was
assessed by CCK8 assay. (k and 1) TNBC cells
in different phases of cell cycle (G0/G1, S and
G2/M) were identified using flow cytometry.
(m) The number of visible colonies of TNBC
cells with circ_0000520 silencing or not was
analyzed by colony formation assay. (n) Flow
cytometry was used to assess the apoptosis
rate in si-circ_0000520#2 transfected group
or si-NC group. (0o-q) MDA-MB-231 and
BT549 cells were transfected with si-NC or
si-circ_0000520#2. (o and p) The migration
ability and invasion capacity in TNBC cells
were evaluated using transwell assays.

(Q) Cell migration ability was assessed by
wound healing assay. *p < 0.05
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FIGURE 2 miR-1296 is a target of circ_0000520 in TNBC cells. (a) Circ_0000520-miRNAs interactions were explored using Circinteractome
bioinformatics online database. miR-1296 was predicted as a candidate molecular target of circ_0000520, and the putative binding sites between miR-1296
and circ_0000520 were shown. (b) miR-1296 expression in TNBC cells transfected with miR-NC or miR-1296 was detected by RT-qPCR. (¢ and d) Dual-
luciferase reporter assay was conducted to test the target interaction between miR-1296 and circ_0000520 in TNBC cells. Luciferase activity was examined in
TNBC cells co-transfected with miR-NC or miR-1296 and circ_0000520-WT or circ_0000520-MUT. (e and f) RIP assay was utilized to evaluate the binding
relationship between miR-1296 and circ_0000520 in TNBC cells. (g) RNA-pulldown assay was performed to test if miR-1296 bound to circ_0000520 in
TNBC cells. (h) The regulatory relationship between miR-1296 and circ_0000520 was analyzed by RT-qPCR. (i) miR-1296 expression in TNBC tissues

(n = 50) and adjacent normal tissues was analyzed using RT-qPCR. (j) miR-1296 abundance was measured in MCF-10A, MDA-MB-231 and BT549 cells by
RT-qPCR. (k) The transfection efficiency of anti-miR-1296 was evaluated by RT-qPCR. (I-u) MDA-MB-231 and BT549 cells were transfected with the
following four groups: Si-NC, si-circ_0000520#2, si-circ_0000520#2 + anti-miR-NC or si-circ_0000520#2 + anti-miR-1296. (1 and m) CCK8 assay was
carried out to analyze the proliferation capacity of TNBC cells. (n and o) The percentage of TNBC cells in G0/G1, S or G2/M phase was analyzed by flow
cytometry. (p) Colony formation assay was conducted to measure the colony formation ability of TNBC cells. (q) Apoptotic TNBC cells in early stage and
late stage were distinguished from normal or necrotic TNBC cells by flow cytometry, and the apoptosis rate was counted. (r and s) The migration and
invasion capacities were measured by transwell assays. (t and u) Wound healing assay was carried out to analyze the migration ability of TNBC

cells. *p < 0.05
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(Figure 2(n) and (0)). The colony formation ability was
partly recovered in si-circ_0000520#2 and anti-miR-1296
co-transfected group (Figure 2(p)). miR-1296 knockdown
attenuated circ_0000520 absence-induced apoptosis in
TNBC cells (Figure 2(q)). Circ_0000520 silencing-induced
suppressive effects on the migration and invasion of TNBC
cells were partly counteracted by anti-miR-1296 (Figure 2
(r) and (s)). Wound healing assay showed that anti-miR-
1296 partly regained the migration ability in circ_
0000520-silenced TNBC cells (Figure 2(t) and (u)). These
findings demonstrated that circ_0000520 silencing
suppressed the malignant behaviors of TNBC cells partly
by upregulating miR-1296.

miR-1296 binds to the 3’UTR of ZFX mRNA in
TNBC cells

miRNAs can suppress the translation or induce the degra-
dation of target mRNAs by binding to their 3'UTR."® ZFX
was predicted as a possible target of miR-1296 via StarBase

database (Figure 3(a)). Luciferase activity was markedly
reduced in ZFX 3’'UTR-WT group when cotransfected with
miR-1296 rather than miR-NC, and the transfection of
miR-NC or miR-1296 had no significant influence in the
luciferase activity of ZFX 3'UTR-MUT group (Figure 3
(b) and (c)), suggesting that miR-1296 interacted with ZFX
3'UTR via the putative binding sites. RIP assay showed that
ZFX bound to miR-1296 in RISC (Figure 3(d) and (e)).
The results of dual-luciferase reporter assay and RIP assay
together demonstrated that ZFX was a target of miR-1296
in TNBC cells. We overexpressed or silenced miR-1296
with miR-1296 mimic or anti-miR-1296 to test the regula-
tory relationship between miR-1296 and ZFX in TNBC
cells. As shown in Figure 3(f) and (g), miR-1296 over-
expression significantly reduced ZFX mRNA and protein
expression, whereas miR-1296 silencing markedly
upregulated ZFX mRNA and protein levels in TNBC cells.
ZFX mRNA and protein expression was notably
upregulated in TNBC tissues compared with adjacent non-
tumor tissues (Figure 3(h) and (i)). ZFX mRNA and pro-
tein levels were also elevated in MDA-MB-231 and BT549
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FIGURE 3 miR-1296 binds to the 3'UTR of ZFX mRNA in TNBC cells. (a) StarBase bioinformatics online database was used to predict miR-

1296-mRNA interactions. The putative target sites between ZFX and miR-1296 were listed, and the mutant binding sites with miR-1296 in ZFX were also
listed. (b and ¢) Dual-luciferase reporter assay was implemented to explore if the 3’'UTR of ZFX interacted with miR-1296 via its “GCCCUA” sequence.

(d and e) RIP assay was conducted to test the interaction between miR-1296 and ZFX mRNA in TNBC cells. (f and g) The mRNA and protein expression of
ZFX in TNBC cells transfected with miR-NC, miR-1296, anti-miR-NC or anti-miR-1296 was examined by RT-qPCR and Westen blot assay. (h and i) The
mRNA and protein abundance of ZFX in TNBC tissues and normal tissues was measured by RT-qPCR and Westen blot assay. (j and k) RT-qPCR and
Western blot assay were conducted to analyze the mRNA and protein expression of ZFX in TNBC cell lines and MCF-10A cell line. *p < 0.05
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FIGURE 4 miR-1296 overexpression suppresses the malignant potential of TNBC cells partly by downregulating ZFX level. (a and b) The mRNA and
protein expression of ZFX in TNBC cells transfected with pcDNA or pcDNA-ZFX was measured by RT-qPCR and Western blot assay. (c-k) TNBC cells
were transfected with miR-NC, miR-1296, miR-1296 + pcDNA or miR-1296 + pcDNA-ZFX. (c and d) CCK8 assay was utilized to assess the proliferation
ability in four groups. (e and f) Cell cycle progression was evaluated by flow cytometry. (g) Colony formation ability was evaluated by colony formation assay.
(h) The apoptosis rate in four groups was analyzed by flow cytometry. (i and j) Transwell assays were performed to analyze the migration and invasion
abilities of TNBC cells. (k) The migration ability of TNBC cells was analyzed by wound healing assay. *p < 0.05

cell lines compared with MCF-10A cell line (Figure 3
(j) and (k)). Taken together, ZFX was a molecular target of
miR-1296, and ZFX was negatively regulated by miR-1296
in TNBC cells.

miR-1296 overexpression suppresses the
malignant potential of TNBC cells partly by
downregulating ZFX level

The transfection efficiency of pcDNA-ZFX was high,
evidenced by the increased mRNA and protein levels of
ZFX in TNBC cells transfected with pcDNA-ZFX
(Figure 4(a) and (b)). In order to explore whether miR-
1296 functioned by targeting ZFX, we performed rescue
experiments through transfecting miR-1296 alone or
together with pcDNA-ZFX into TNBC cells. miR-1296
overexpression suppressed the proliferation, migration,
and invasion and promoted apoptosis of TNBC cells
(Figure 4(c)-(k)), which further confirmed that miR-1296
acted as a tumor suppressor in TNBC. The addition of
pcDNA-ZFX largely recovered the proliferation ability of
TNBC cells (Figure 4(c)-(g)). miR-1296 overexpression-
induced apoptosis was largely attenuated in miR-1296

and pcDNA-ZFX cotransfected group (Figure 4(h)).
According to the transwell assay results, miR-1296-mediated
suppressive effects on the migration and invasion of TNBC
cells were both attenuated by the addition of pcDNA-ZFX
(Figure 4(i) and (j)). Wound healing assay verified that ZFX
overexpression partly restored the migration ability in miR-
1296-overexpressed TNBC cells (Figure 4(k)). These results
demonstrated that miR-1296 suppressed the progression of
TNBC partly through downregulating ZFX in vitro.

ZFX regulated by circ_0000520/miR-1296 axis
in TNBC cells

MDA-MB-231 and BT549 cells were transfected with si-NC,
si-circ_0000520#2, si-circ_0000520#2 + anti-miR-NC, or si-
circ_0000520#2 + anti-miR-1296. The mRNA and protein
expression of ZFX was examined via RT-qPCR and Western
blot assay. Circ_0000520 interference notably decreased
ZFX mRNA and protein expression, and the addition of
anti-miR-1296 partly regained the mRNA and protein levels
of ZFX in TNBC cells (Figure 5(a) and (b)). Spearman’s cor-
relation coefficient was used to analyze the linear relation-
ship among circ_0000520, miR-1296, and ZFX in TNBC
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circ_0000520, miR-1296 and ZFX mRNA and protein in tumor tissues. *p < 0.05

cells. miR-1296 expression was negatively correlated with
the expression of circ_0000520 or ZFX mRNA (Figure 5
(c) and (d)), whereas there was a positive linear correla-
tion between the expression of circ_0000520 and ZFX
(Figure 5(e)). Accordingly, we concluded that
circ_0000520 sponged miR-1296 to enhance ZFX expres-
sion in TNBC cells.

Circ_0000520 knockdown suppresses xenograft
tumor growth in vivo

Given the results that circ_0000520 promoted the malignant
behaviors of TNBC cells in vitro, we then explored the role of
circ_0000520 on the growth of xenograft tumors in vivo.
MDA-MB-231 cell line stably transfected with sh-NC or sh-
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circ_0000520 was established to conduct xenograft tumor assay.
Circ_0000520 silencing notably suppressed tumor growth
(Figure 6(a) and (b)). The expression of circ_0000520 and ZFX
mRNA and protein was reduced in tumor tissues in sh-
circ_0000520 group compared with sh-NC group (Figure 6
(¢) and (d)). In addition, miR-1296 expression was up-
regulated in tumor tissues in sh-circ_0000520 group compared
with sh-NC group (Figure 6(c)). Taken together, circ_0000520
absence inhibited xenograft tumor growth in vivo.

DISCUSSION

Accumulating evidence pointed out that circRNAs were
widely dysregulated in human cancers.**>*> Due to the sta-
ble circular structure, circRNAs are ideal biomarkers for
human cancers.*** Nevertheless, little is known about the
roles and functions of circRNAs in TNBC. Circ-ITCH was
downregulated in TNBC, and circ-ITCH restrained the pro-
liferation and motility of TNBC cells by sponging miR-214
and miR-17.* Circ-UBAP2 was upregulated in TNBC, and
circ-UBAP2 contributed to TNBC progression through reg-
ulating miR-661/MTAL1 signaling.”® On the basis of the data
of GSE101124, circ_0000520 was upregulated in TNBC.
Consistent with the above results, we found that
circ_0000520 level was elevated in TNBC tissues compared
with adjacent nontumor tissues. Loss of function experi-
ments revealed that circ_0000520 silencing suppressed the
proliferation and motility and induced the apoptosis of
TNBC cells.

CircRNAs regulate the expression of downstream
mRNAs through sponging miRNAs, which is also known as
competing endogenous RNA (ceRNA) mechanism.””*® For
instance, circ-BPTF facilitated the development and recur-
rence of bladder cancer through upregulating RAB27A via
sponging miR-31-5p.*” To gain a better understanding of
the working mechanism of circ_0000520 in TNBC, the
Circinteractome bioinformatics database was used to seek
the candidate miRNA targets of circ_0000520. Among the
candidate miRNA targets of circ_0000520, miR-1296 was
chosen for further analysis due to its tumor suppressor role
in many malignancies.'">****> For example, miR-1296
suppressed the motility and epithelial-mesenchymal transi-
tion of hepatocellular carcinoma cells.*> Phan et al. found
that miR-1296 hampered the proliferation of TNBC cells by
downregulating CCND1."> The target interaction between
circ_0000520 and miR-1296 in TNBC cells was subse-
quently confirmed. miR-1296 was negatively regulated by
circ_0000520 in TNBC cells, and miR-1296 expression was
notably reduced in TNBC tissues and cell lines.
Circ_0000520 absence-induced influences are largely over-
turned by the addition of anti-miR-1296 in TNBC cells,
suggesting that circ_0000520 promoted the malignant
behaviors of TNBC cells partly by sponging miR-1296.

ZFX promoted the proliferation and motility of pan-
creatic cancer cells through regulating MAPK signaling.'”
ZFX silencing restrained the proliferation and triggered

the apoptosis of renal carcinoma cells.'”” ZFX promoted
the proliferation and elevated the drug resistance of
chronic myeloid leukemia cells to imatinib.>> As for
TNBC, CCAT1 contributed to the development of TNBC
through upregulating ZFX via acting as a sponge of miR-
218,%° indicating the oncogenic role of ZFX in TNBC.
ZFX was identified as a target of miR-1296. Furthermore,
miR-1296 overexpression-mediated suppressive effects on
the malignant behaviors of TNBC cells were largely
counteracted by the introduction of pcDNA-ZFX, indicat-
ing that miR-1296 suppressed the malignant behaviors of
TNBC cells partly by downregulating ZFX. Circ_0000520
can positively regulate ZFX expression by sponging miR-
1296 in TNBC cells. We also analyzed the linear relation-
ship among the expression of circ_0000520, miR-1296
and ZFX in TNBC tissues. miR-1296 expression was
inversely correlated with the expression of circ_0000520
or ZFX, and there was a positive correlation between the
expression of circ_0000520 and ZFX.

Lastly, we assessed the role of circ_0000520 in the xeno-
graft tumor growth in vivo. Circ_0000520 interference sig-
nificantly suppressed xenograft tumor growth via miR-1296/
ZFX axis in vivo. More in vivo experiments need to be con-
ducted to explore the role of circ_0000520 in TNBC tumor
metastasis.

In summary, our study found that circ_0000520 pro-
moted the proliferation, migration and invasion and
suppressed the apoptosis of TNBC cells through targeting
miR-1296/ZFX axis, providing new potential targets for
TNBC treatment.
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