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Abstract
Background: Breast cancer (BC) is a common cancer in women worldwide.
Emerging evidence has indicated that circular RNA hsa-circ_0007255
(circ_0007255) is a prognostic mediator in BC progression. However, the func-
tional role of circ_0007255 needs to be determined.
Methods: The expression of circ_0007255, microRNA (miR)-335-5p, and
SIX Homeobox 2 (SIX2) was evaluated using quantitative real-time polymer-
ase chain reaction (qRT-PCR) or western blot assay. Actinomycin D and
RNase R treatment was performed to analyze the stability of circ_0007255.
Additionally, Seahorse extracellular flux, colony formation and transwell ana-
lyses were carried out to detect oxygen consumption ratio (OCR), colony
formation and cell mobility, respectively. The interaction between miR-
335-5p and circ_0007255 or SIX2 was confirmed via dual-luciferase reporter
assay. A xenograft tumor model was established to explore the role of
circ_0007255 in vivo.
Results: Circ_0007255 and SIX2 were overexpressed, but miR-335-5p was
diminished in BC tissues and cells. Circ_0007255 absence inhibited oxygen
consumption, colony formation, cell migration and invasion, and these effects
were particularly abrogated via miR-335-5p upregulation in BC cells. More-
over, SIX2 deficiency eliminated the promotion effects of miR-335-5p inhibi-
tor on oxygen consumption, colony formation, and cell mobility in BC cells.
Importantly, circ_0007255 inhibited tumor growth in vivo. Mechanically,
circ_0007255 was a sponge of miR-335-5p to regulate SIX2 expression in BC
progression.
Conclusion: Circ_0007255 functioned as a novel oncogene in the progression of
BC by regulating miR-335-5p/SIX2 axis, and might be a promising biomarker for
BC treatment.

Key points
Significant findings of the study: Levels of circ_0007255 and SIX2 were
upregulated, but miR-335-5p was diminished in BC tissues and cells.
Circ_0007255 was an oncogene in BC development and exerted its function
via miR-335-5p/SIX2 axis in BC. Tumor growth was reduced by circ_0007255
absence.
What this study adds: Circ_0007255 functioned as a novel oncogene in the pro-
gression of BC by regulating miR-335-5p/SIX2 axis, and might be a promising
biomarker for BC treatment.
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Introduction

Breast cancer (BC) is the most common cancer in women
with the second highest mortality worldwide.1 According
to the definition, BC can be classified into multiple sub-
types, and the most general type is deemed as hormone
receptor (HR) positive.2 The occurrence of BC is related to
numerous factors, such as age, overweight status, physical
inactivity, and radiation exposure.3 Over the past decades,
estrogen signaling acted as a master function in the onset
and progression of HR-positive BC,4,5 and available anti-
hormone therapy was regarded as the standard treatment.
However, curative molecular-targeted treatments of any
type have been reported to be unsatisfactory.6,7 Thus, it is
necessary to search for novel therapeutic targets for the
treatment of BC patients.
Circular RNAs (circRNAs) are a class of non-coding

RNAs (ncRNAs) with covalently closed-loop characteris-
tics.8 They have been verified to derive from pre-mRNA
transcripts.9 Over the past decades, with the continuous
development of high throughput sequencing, multiple cir-
cRNAs have been discovered and identified in mammalian
cells.10–12 Emerging findings have indicated that circRNAs
are associated with the regulation of gene transcription,
suggesting that circRNAs play vital roles in diverse dis-
eases, including cancers. Specifically, in the study by Chen
et al. hsa_circRNA_000479 (circEPSTI1) modulated cell
proliferation and apoptosis of triple-negative breast cancer
by sponging microRNA (miRNA/miR)-4753 and miR-
6809.13 Hsa_circ_0008717 (circABCB10) triggered aggres-
sive progression of breast cancer by targeting miR-1271 in
the study by Liang et al.14 In addition, hsa_circ_0007255
(circ_0007255, also known as circKIF4A) has been
reported to be a sponge of miR-375 in the initiation and
process of triple-negative breast cancer.15 Nevertheless, fur-
ther work is needed in this regard.
Previous studies have indicated that the identified cir-

cRNAs harbor multiple common fragments for miRNAs,
thereby acting as competitive inhibitors and miRNAs spon-
ges.16 Earlier records showed that a circRNA contained
diverse miRNA-binding sites and was sufficiently excavated
in the cytoplasm.17 In addition, the relationship between the
ectopic expression of miRNAs and the pathogenesis of multi-
ple cancers has been researched.18,19 MiR-335 has been con-
firmed to serve as a master suppressor in BC.20 Also, miR-
335-5p, an aberrantly expressed miRNA, could be a major
monitor in the progression of gastric cancer.21 However, there
is little knowledge of the molecular mechanism by which
miR-335-5p regulates biological development. In several stud-
ies, MiRNAs have been reported to bind to the 30-
untranslated region (3’-UTR) of the target mRNA, thereby
leading to translational reduction or mRNA degradation.22,23

SIX Homeobox 2 (SIX2) contributed to cell metastasis of

BC,24 and we hypothesized that SIX2 was a direct target of
miR-335-5p in tumorigenesis in BC.
In this study, we explored the expression of

circ_0007255, miR-335-5p, and SIX2 in BC tissues and cell
lines. In addition, we investigated the potential regulatory
mechanism among them in BC progression.

Methods

Clinical specimens

BC patients (n = 50) and healthy volunteers (n = 48) were
recruited from East Hospital, Xiamen University. Serum
from BC patients and healthy individuals was collected.
For tissue collections, the BC tissues (n = 50) and peri-
tumor samples (n = 50) were obtained from BC patients.
All available tissues and serum wasmaintained in −80�C
until use. Written informed consents were given by the
enrolled patients and volunteers, and our study was ratified
by the Ethics Committee of the East Hospital, Xiamen
University.

Cell culture

BC cell lines (T47D, MCF-7, MB231, and MB468) and
normal human breast epithelial cells (MCF-10A) were pur-
chased from Be Na collection (Beijing, China). T47D and
MCF-10 cells grown in Roswell Park Memorial Institute-
1640 (RPMI-1640; Gibco, Carlsbad, CA, USA). MCF-7 and
MB231 cells were maintained in Dulbecco’s modified eagle
medium (DMEM; Gibco). Leibovitz’s L-15 (Thermo Fisher
Scientific, Rockford, IL, USA) was employed to incubate
MB468 cells. Ten percent fetal bovine serum (FBS; Gibco)
was added to the medium. MB468 cells were incubated at
37�C with moist air and the same conditions with the
addition of 5% CO2 was used to culture the other cell lines
at 37�C.

Cell transfection

To knockdown circ_0007255, small interfering RNA
(siRNA) or short hairpin (shRNA) targeting the back-
splice junction sites of circ_0007255 (si-circ_0007255 or
sh-circ_0007255), and siRNA and shRNA were scrambled
(si-NC and sh-NC) and synthesized by Geneseed
(Guangzhou, China). In addition, siRNA against SIX2 (si-
SIX2) was also constructed. To overexpress circ_0007255,
the full-length cDNA of circ_0007255 was cloned into a
basic vector (pLCDH-ciR, Geneseed), and the blank con-
trol was similarly formed. With regard to miR-335-5p, the
mimic (miR-335-5p) and inhibitor (anti-miR-335-5p), as
well as their controls (miR-NC and anti-miR-NC) were
obtained from GenePharma (Shanghai, China). Cell
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transfection was implemented using Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) as per the protocols.
ShRNA was used to create stably transfected cells via
lentivirus-mediation.

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

Total RNA was extracted from tissues and cells using Tri-
zol reagent (Invitrogen). The PARIS Kit (Thermo Fisher
Scientific) was applied to isolate the nuclear and cytoplas-
mic fractions according to the manufacturer’s protocol.
After that, the complementary DNA (cDNA) was synthe-
sized using PrimeScript RT Reagent Kit (Takara, Dalian,
China), and real-time polymerase chain reaction was
administrated on a Quantstudio DX system (Applied Bio-
systems, Foster City, CA, USA) after mixing with cDNA
and the reagent of TB Green Premix Ex Taq II (Takara).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH; for
circ_0007255, SIX2, and KIF4A) and U6 (for miR-335-5p)
served as the internal controls. Relative levels were calcu-
lated via the 2−ΔΔCt method. Primer information was
listed: Circ_0007255 (Forward: 50-GTATTAATATTA
ACCGAGG-30, Reverse: 50-GTTATAGATCCAGGCAG
GGT-30); miR-335-5p (Forward: 50-GTCAAGAGCA
ATAACGAAAAATG-30, Reverse: 50-GAGGTCAGGAGC
AATAATGAA-30); SIX2 (Forward: 50-AAGGCACACT
ACATCGAGGC-30, Reverse: 50-CACGCTGCGACTCTTT
TCC-30); KIF4A (Forward: 50-TACTGCGGTGGAG
CAAGAAG-30, Reverse: 50-CATCTGCGCTTGACGGA
GAG-30); GAPDH (Forward: 50-ACTCCTCCACCTTT
GACGC-30, Reverse: 50-GCTGTAGCCAAATTCGTTGTC-
30). U6 (Forward: 50-CTCGCTTCGGCAGCACA-30, Reverse:
50-AACGCTTCACGAATTTGCGT-30).

Actinomycin D and RNase R treatment

For circ_0007255 stability assay, actinomycin D (2 mg/mL;
Sigma, St. Louis, MO, USA) or dimethyl sulfoxide (DMSO;
Sigma) was added to constrain transcription. Total RNA
(2 μg) was incubated with RNase R (Epicenter Technolo-
gies, Madison, WI, USA). After that, the reactive solution
from RNase R treatment was purified using the RNeasy
MinElute Cleaning Kit (Qiagen, Valencia, CA, USA). Next,
the corresponding levels were determined using qRT-PCR.

Seahorse extracellular flux analysis

For oxygen consumption, 2 × 104 cells were plated and cul-
tured for 24 hours. Next, oxygen consumption ratio (OCR)
was measured adopting the Seahorse XF24 analyzer25

(Seahorse Bioscience, Santa Clara, CA, USA) under
corresponding conditions, including basic condition and

supplement of ATP synthase inhibitor (oligomycin), the mito-
chondrial uncoupler (carbonyl cyanide 4-(trifluoromethoxy)
phenylhydrazone; FCCP) and the complex I+II inhibitors
(rotenone+antimycin A) following the manuals. All the chem-
ical reagents were obtained from Sigma.

Colony formation

Cells were trypsinized and plated into a 6 cm dish and cul-
tured for two weeks. The medium was replaced every
five days, and formed colonies were stained with crystal
violet after methanol fixation. Only colonies with over
50 numbers of cells were available. Each assay was carried
out in triplicate.

Transwell assay

For cell invasion assay, transwell inserts (8 μm pore-size,
Corning Costar, Corning, NY, USA) precoated with Mat-
rigel in the upper chamber (Corning) were employed. After
transfection for 24 hours, MB231 and MB468 cells with
serum-free media (200 μL) were seeded in the upper cham-
ber. At the same time, 600 μL medium was added to the
lower chamber. Cells on the lower surface of the mem-
brane were then stained and photographed. The cell migra-
tion assay procedure was similar to the protocol of cell
invasion except that the upper chamber was not precoated
with Matrigel.

Dual-luciferase reporter assay

The wild-type sequences of circ_0007255 and the 3’-UTR
of SIX2 containing the binding sites of miR-335-5p were
subcloned into the basic vector (pmirGLO; Promega, Mad-
ison, WI, USA), thereby generating WT-CIRC_0007255
and WT-SIX2, respectively. Similarly, the mutant
sequences were also designed and inserted into the
pmirGLO vector, and the constructed plasmids named
MUT-CIRC_0007255 and MUT-SIX2. Briefly, the above
reporters were cotransfected with miR-335-5p or miR-NC
into MB231 and MB468 cells, respectively. The cells were
lysed at 48 hours post-transfection, and dual-luciferase
assay system kit (Promega) was used to measure the lucif-
erase activity.

Western blot assay

As previously described,26 proteins were segregated on the
sodium dodecyl sulfate-polyacrylamide gels (10%) and then
transfected onto polyvinylidene fluoride membranes
(PVDF; Millipore, Bedford, MA, USA). The primary anti-
bodies (Abcam, Cambridge, MA, USA), including SIX2
(ab111827, 1:6000) and GAPDH (ab8245, 1:7500), were
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employed to incubate with the membranes, and then rela-
tive secondary antibodies were supplemented after washing
with tris-buffered saline Tween-20 (TBST; Solarbio, Bei-
jing, China). Finally, the protein levels were assessed utiliz-
ing an enhanced chemiluminescence reagent (Millipore).

Xenograft tumor model

A total of 10 female nude mice (n = 5/group, 4–6 weeks
old) were purchased from Vital River Laboratory Animal
Technology (Beijing, China) and then divided randomly
into two groups. This in vivo experiment was approved by
the Institutional Animal Care and Use Committee of East
Hospital, Xiamen University. Stably transfected MB231
cells (sh-circ_0007255 or sh-NC) were subcutaneously
injected into one side of the posterior flank. Tumor size
(length and width) was measured every seven days for a
total of five times. The tumor volume was calculated as fol-
lows: volume = length×width2 × 0.5. After five weeks, the
mice were sacrificed, and the subcutaneous tumors were
excised and weighed.

Statistical analysis

The data from each test were demonstrated as the
mean � standard deviation (SD). Student’s t-test or one-
way analysis of variance with Tukey’s test was recruited to
perform the statistical analysis. P < 0.05 indicated statistical
significance.

Results

Level of circ_0007255 was upregulated in
BC serum, tissues and cell lines

To investigate the biological role of circ_0007255 in BC,
circ_0007255 expression was measured by qRT-PCR in
serum (n = 50) from BC patients (n = 50) and healthy vol-
unteers (n = 48). We found that circ_0007255 was
upregulated in BC patients’ serum in comparison to that in
the matched controls (Fig 1a). Relative operating character-
istic curves (ROC) and the area under the ROC curves
(AUC) were applied to investigate the profile of
circ_0007255 in BC. From all subjects, the ROC curves
exhibited apparent separation between BC tissues and the
healthy donators, with an AUC of 0.7748 for circ_0007255
(Fig 1b). Moreover, high expression of circ_0007255 was
observed in BC tissues and cell lines compared with the
corresponding controls (Fig 1c,d). The ectopic expression
of circ_0007255 might be a promising marker for BC
therapy.

Circ_0007255 existed in cytoplasm with
stable characteristics

As referenced in the circBank database (http://www.circbank.
cn), circ_0007255 is derived from the kinesin family member
4A (KIF4A). To research the structure of circ_0007255, tran-
scription assay was performed using random primers or oligo
(dT)18 primers, and our data suggested that circ_0007255 was
almost undetectable when Oligo (dT)18 primers were used,
confirming that circ_0007255 was a circRNA with circular
structure (Fig 2a). Meanwhile, qRT-PCR analysis of nuclear
and cytoplasmic RNAs demonstrated that circ_0007255
existed predominantly in the cytoplasm in MB231 and MB468
cells (Fig 2b). Furthermore, we explored the characteristic of
circ_0007255 via RNase R and Actinomycin D treatment.
Results from qRT-PCR confirmed that circ_0007255 was resis-
tant to RNase R digestion in vitro (Fig 2c). Also, the half-life
of circ_0007255 transcript exceeded 24 hours, but that of the
KIF4A mRNA was less than 12 hours, suggesting that the
circ_0007255 was stable in MB231 and MB468 cells (Fig 2d).
Collectively, these results indicated that circ_0007255 had a
stable closed-loop structure without poly-A tail, and generally
resided in cytoplasm.

Knockdown of circ_0007255 diminished
cell growth and metastasis in BC cells

Next, we explored the functional role of circ_0007255 in BC
progression. After transfection with si-circ_0007255, the level
of circ_0007255 was downregulated in MB231 and MB468
cells (Fig 3a). Functional assays were subsequently performed.
As shown in Figure 3b, OCR analysis demonstrated that oxy-
gen consumption was inhibited in circ_0007255-silenced BC
cells. Next, colony formation analysis verified that circ_0007255
deficiency decreased the capacity of colony formation in BC
cells (Fig 3c). Moreover, a significant inhibition of cell mobility
(cell migration and invasion) was observed in MB231 and
MB468 cells (Fig 3d,e). These findings suggested that
circ_0007255 might play an oncogenic role in BC progression.

Circ_0007255 was a sponge of miR-335-5p

As shown in Fig 4a, Interactome software predicted that miR-
335-5p was a candidate target of circ_0007255. The relation-
ship between miR-335-5p and circ_0007255 was then deter-
mined. Briefly, luciferase reporters (WT-circ_0007255 and
MUT-circ_0007255) were cotransfected with miR-335-5p or
miR-NC, and we found that miR-335-5p decreased the lucifer-
ase activity in both MB231 and MB468 cells transfected with
wild-type reporter (WT-circ_0007255) (Fig 4b). For miR-
335-5p analysis, the low expression of miR-335-5p was
observed in BC tissues and cells in comparison with
corresponding controls (Fig 4c,d). To determine the regulatory
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mechanism between miR-335-5p and circ_0007255, the effi-
ciency of circ_0007255 vector was confirmed. qRT-PCR analy-
sis indicated that circ_0007255 showed a successful efficiency
in BC cells (Fig 4e). Moreover, si-circ_0007255 or
circ_0007255 was transfected into MB231 and MB468 cells,
and the level of miR-335-5p was inversely regulated by
circ_0007255 in vitro (Fig 4f). Taken together, circ_0007255
directly targeted miR-335-5p.

Circ_0025202 regulated cell behavior via
miR-335-5p in BC cells

Owing to the interaction between miR-335-5p and
circ_0007255, rescue assays were carried out to uncover
the regulatory mechanism of circ-0007255 in BC. MB231

and MB468 cells were transfected with miR-NC, miR-
335-5p, miR-335-5p+vector or miR-335-5p+circ-0007255.
QRT-PCR analysis indicated that miR-335-5p was remark-
ably upregulated by miR-335-5p overexpression, and
circ_0007255 could repress the promotion effect of miR-
335-5p mimic on miR-335-5p expression in BC cells
(Fig 5a). Also, circ_0007255 overexpression could reverse
the inhibition effect of miR-335-5p upregulation on oxygen
consumption in MB231 and MB468 cells (Fig 5b). More-
over, the number of colonies was diminished by miR-
335-5p overexpression, while circ_0007255 upregulation
reversed the inhibition effect of miR-335-5p overexpression
(Fig 5c). In addition, circ_0007255 blocked the inhibitory
effects of miR-335-5p overexpression on cell migration and
invasion in BC cells (Fig 5d,e). The evidence proved that

Figure 2 Circ_0007255 existed in cytoplasm with stable characteristics. (a) Back-splice junction was detected in cDNA synthesized using random
primers but not Oligo dT(18) primed RNA. MB231 ( ) random primers and ( ) oligo (dT)18 primers. MB468 ( ) random primers and ( ) oligo
(dT)18 primers. (b) QRT-PCR assay was performed to analyze the levels of circ_0007255, GAPDH, and U6 in the cytoplasm and nucleus in MB231
and MB468 cells. MB231 ( ) cytoplasm and ( ) nuclear. MB468 ( ) cytoplasm and ( ) nuclear. (c and d) The levels of circ_0025202 and GAPDH
expression in BC cells were reckoned after treating with RNase R or Actinomycin D. Data are presented as mean � SD of three independent tests.
*P < 0.05. (c) MB231 ( ) RNase R− and ( ) RNase R+. MB468 ( ) RNase R− and ( ) RNase R+. (d) MB231 ( ) circ_0007255 and ( )
mKIF4A. MB468 ( ) circ_0007255 and ( ) mKIF4A.

Figure 1 The level of circ_0007255 was upregulated in BC serum, tissues and cell lines. (a) QRT-PCR assay was used to detect the level of
circ_0007255 in breast cancer serum (n = 50) and healthy controls (n = 48). (b) ROC curve in which breast cancer serum (n = 50) was compared with
matched healthy serum (n = 48). (c and d) Circ_0007255 expression was significantly overexpressed in breast cancer tissues and cells compared with
relative controls. The data are presented as mean � SD of three independent experiments. *P < 0.05.
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circ_0007255 exerted its effects by targeting miR-335-5p in
BC cells.

SIX2 was a direct target of miR-335-5p

As depicted in Fig 6a, StarBase software predicted that
there were complementary binding sites between miR-
335-5p and SIX2. Next, dual-luciferase reporter assay was
performed, and the results implied that miR-335-5p could
reduce the luciferase activity of the wild-type reporter in
BC cells, but had no effect on the mutant reporter system
(Fig 6b). High mRNA and protein expression levels of
SIX2 were observed in BC tissues and cell lines in com-
parison to the matched controls (Fig 6c–f). Meanwhile,
anti-miR-335-5p could markedly inhibit the level of miR-
335-5p in MB231 and MB468 cells (Fig 6g). The molecular
mechanism between miR-335-5p and SIX2 was then

identified. As described in Fig 6h,i, miR-335-5p mimic
decreased the level of SIX2, whereas miR-335-5p inhibitor
promoted the level of SIX2 in vitro. Overall, SIX2 was
directly targeted by miR-335-5p.

MiR-335-5p axis regulated the progression
of BC by targeting SIX2

As mentioned above, we next investigated the functional
mechanism between miR-335-5p and SIX2. The mRNA
and protein expression levels of SIX2 were decreased in BC
cells transfected with si-SIX2, and miR-335-5p inhibitor
reversed the repressive effect of si-SIX2 on the level of
SIX2 (Fig 7a,b). The inhibitory effects of SIX2 knockdown
on OCR were reversed by miR-335-5p overexpression
(Fig 7c). Simultaneously, the number of colonies was nota-
bly weakened in SIX2 deficient BC cells, and miR-335-5p

Figure 3 Knockdown of circ_0007255 diminished cell growth and metastasis in BC cells. (a) QRT-PCR analysis of circ_0007255 in MB231 and
MB468 cells with si-circ_0007255 and si-NC transfection was shown. (b) Oxygen consumption ratio was analyzed by Seahorse extracellular flux ana-
lyzer in BC cells transfected with si-circ_0007255 and its control. MB231 ( ) si-NC and ( ) si-circ_0007255. MB468 ( ) si-NC and ( ) si-
circ_0007255. (c) Colony formation was shown in MB231 and MB468 cells under circ_0007255 absence. (d and e) The effect of circ_0007255 defi-
ciency on cell migration and invasion in vitro was shown. Data are presented as mean � SD of three different experiments. *P < 0.05.
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inhibitor blocked this effect of SIX2 deletion in vitro
(Fig 7d). Also, cell migration and invasion were distinctly
impeded by deficiency of SIX2, which were blocked by

miR-335-5p inhibitor in MB231 and MB468 cells (Fig 7e,f).
Moreover, the results confirmed that circ_0007255
increased on the level of SIX2 by targeting miE-335-5p in

Figure 5 Circ_0025202 regulated cell behaviors via miR-335-5p in BC cells. MiR-NC, miR-335-5p, miR-335-5p+vector, or miR-335-5p+circ_0007255 was
transfected into MB231 and MB468 cells. (a) Relative level of miR-335-5p was measured in vitro. ( ) miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector
and ( ) miR-335-5p+circ_0007255 (b) Oxygen consumption ratio was determined in MB231 and MB468 cells at indicated time after treatment with
Oligomycin, FCCP, or Antimycin/Rotenone. MB231 ( ) miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector and ( ) miR-335-5p+circ_0007255.
MB468 ( ) miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector and ( ) miR-335-5p+circ_0007255. (c) The effect of miR-335-5p and circ_0007225
on colony formation in BC cells was detected. ( ) miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector and ( ) miR-335-5p+circ_0007255. (d and e)
Transwell assay was employed to examine the ability of cell migration and invasion in MB231 and MB460 cells. Data are presented as mean � SD, and each
experiment was repeated three times. *P < 0.05. (d) ( ) miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector and ( ) miR-335-5p+circ_0007255. (e) ( )
miR-NC, ( ) miR-335-5p, ( ) miR-335-5p+vector and ( ) miR-335-5p+circ_0007255

Figure 4 Circ_0007255 was a sponge of miR-335-5p. (a) The predictive binding sites between circ_0007255 and miR-335-5p were presented. (b) The lucif-
erase activities of WT-circ_0007255 and MUT-circ_0007255 in MB231 and MB468 cells were evaluated after transfection with miR-335-5p. MB231 ( ) miR-
NC and ( ) miR-335-5p. MB468 ( ) miR-NC and ( ) miR-335-5p. (c and d) QRT-PCR assay was conducted to assess the relative level of miR-335-5p in BC
specimens and cells in comparison to the matched controls. (e) The overexpressed efficiency of circ_0007255 was assessed in BC cells. ( ) Vector and ( )
circ_0007255. (f) Relative level of miR-335-5p was determined in MB231 and MB468 cells under circ_0007255 or si-circ_0007255 transfection. Data are
expressed as mean � SD of three independent experiments. *P < 0.05. ( ) Vector and ( ) circ_0007255. ( ) si-NC and ( ) si-circ_0007255.
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BC cells (Fig 8a,b). All tdata clarified that circ_0007255/
miR-335-5p axis participated in the aggressive progression
by modulating SIX2 in BC.

The absence of circ_0007255 inhibited
xenograft tumor growth

We then investigated the biological role of circ_0007255
in vivo. Stably transfected MB231 cells (lentivirus-mediated
sh-circ_0007255 or sh-NC) were injected into female nude
mice, and tumor volume and weight recorded. We found
that tumor volume and weight were inhibited in sh-
circ_0007255 group (Fig 9a,b). Moreover, circ_0007255
deletion induced the decrease of circ_0007255 and increase
of miR-335-5p in excised tumors (Fig 9c,d). The level of
SIX2 was also analyzed, and qRT-PCR and western blot
analyses indicated that the mRNA and protein levels of
SIX2 were forcefully hindered in circ_0007255-silenced
specimens (Fig 9e,f). In summary, circ_0007255 might be
an oncogene in tumor growth in BC.

Discussion

A growing number of circRNAs have to date been identified
using bioinformatics analysis and high-throughput sequenc-
ing. In addition, circRNAs have also been reported to be a
type of promising biomarker.27 Currently, circRNAs have
attracted more attention as they have been reported to alter
the aggressive phenotypes of different human cancers.28–30 For
example, circ_ciRS-7-a facilitated cell-cycle, and might be a
promising biomarker in colorectal cancer.28 However, the role
of circRNAs in BC still requires further investigation.
In this study, we focused on a novel identified circRNA,

circ_0007255, in carcinogenesis of BC. Circ_0007255,
derived from chrX: 69549254-69553539, was upregulated
in BC tissues and cell lines. Next, the characteristic of
circ_0007255 was determined and we found that
circ_0007255 with closed-loop structure, was primarily
located in the cytoplasm and resisted the degradation of
RNase R. A previous study showed that circ_0007255 acted
as the main monitor to modulate the progression of BC.15

We then analyzed the function role of circ_0007255 in BC

Figure 6 SIX2 was a direct target of miR-335-5p. (a) The complementary sequences between miR-335-5p and SIX2 were predicted by StarBase.
(b) Dual-luciferase reporter assay was conducted to test the luciferase activity of WT-SIX2 and MUT-SIX2 reporters in MB231 and MB468 cells with miR-
335-5p or miR-NC transfection. MB231 ( ) miR-NC and ( ) miR-335-5p. MB468 ( ) miR-NC and ( ) miR-335-5p. (c–f) The mRNA and protein
expression of SIX2 in BC tissues and cells was determined. (g) Knockdown efficiency of anti-miR-335-5p was identified using qRT-PCR assay. ( ) Anti-
miR-NC and ( ) anti-miR-335-5p. (h and i) The effect of miR-335-5p or anti-miR-335-5p transfection on the level of SIX was analyzed in BC cells. All
data are presented as mean � SD, and each test was repeated three times. *P < 0.05. (h) ( ) miR-NC, ( ) miR-335-5p, ( ) anti-miR-NC and ( )
anti-miR-335-5p. (i) ( ) miR-NC, ( ) miR-335-5p, ( ) anti-miR-NC and ( ) anti-miR-335-5p.
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Figure 7 MiR-335-5p regulated the progression of BC by targeting SIX2. Si-NC, si-SIX2, si-SIX2+miR-NC, or si-SIX2+miR-335-5p was transfected into
MB231 and MB468 cells, respectively. (a and b) Relative level of SIX2 in MB231 and MB468 cells transfected with SIX2 and miR-335-5p is presented.
(c) Oxygen consumption ratio was detected by Seahorse extracellular flux analysis in BC cells. MB231 ( ) si-NC, ( ) si-SIX2, ( ) si-SIX2+anti-
miR-NC and ( ) si-SIX2+anti-miR-335-5p. MB468 ( ) si-NC, ( ) si-SIX2, ( ) si-SIX2+anti-miR-NC and ( ) si-SIX2+anti-miR-335-5p. (d)
The capacity of colony formation was exhibited in MB231 and MB468 cells. (e and f) The effect of SIX2 and circ_0007245 on cell migration and
invasion was assayed in BC cells. Data are presented as mean � SD of three independent assays. *P < 0.05.

Figure 8 Circ_0007255 regulated SIX2 expression by sponging miR-335-5p. MB231 and MB468 cells were transfected with vector, circ_0007255,
circ_0007255+miR-NC, or circ_0007255+miR-335-5p, respectively. (a and b) The mRNA and protein levels of SIX2 are shown. Three independent
experiments were conducted, and the data were expressed as mean � SD. *P < 0.05. (a) ( ) Vector, ( ) circ_0007255, ( ) circ_0007255+miR-NC
and ( ) circ_0007255+miR-335-5p. (b) ( ) Vector, ( ) circ_0007255, ( ) circ_0007255+miR-NC and ( ) circ_0007255+miR-335-5p
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and aimed to explore the molecular mechanism of
circ_0007255 in BC. In our study, high expression of
circ_0007255 was observed in BC serum, tissues, and cell
lines compared with the matched controls, suggesting that
circ_0007255 might be an oncogenic regulator in BC. To
confirm this hypothesis, si-circ_0007255 and its scramble
were designed and constructed. We then found that cell
growth and metastasis were significantly inhibited by
circ_0007255 deletion in BC cells, as shown by the repres-
sion of oxygen consumption, colony formation, cell migra-
tion, and invasion. Similarly, the deficiency of
circ_0007255 led to the repression of the tumor growth
in vivo.
Accumulating records confirm that circRNAs, a type of

endogenous ncRNAs, are the competitive endogenous
RNAs (ceRNAs) and sponges of miRNAs.16,27,31 For exam-
ple, circ_0007874 (circMTO1) could prevent tumor growth
in hepatocellular carcinoma by inhibiting miR-9.32 Further-
more, previous reports have suggested that the cytoplasmic
localization of circRNAs was strictly implicated in miRNA
sponging.33 In the present research, the possible targets of
circ_0007255 were predicted by Interactome software, and
the results indicated that miR-335-5p was a target of circ-
0007255. Also, the interaction between miR-335-5p and
circ_0007255 was confirmed by dual-luciferase reporter
assay. A previous study reported that low expression of
miR-335-5p was a common profile in human BC.34 MiR-
335 was found to diminish cell viability, mobility, and pro-
mote apoptosis in BC cells.35 Currently, a significant low
level of miR-335-5p was found in BC tissues and cells,
implying that miR-335-5p served as a tumor suppressor in
BC. In our study, the aggressive progression, including cell
oxygen consumption, colony formation, and mobility, was
strongly weakened by miR-335-5p overexpression in BC

cells. Also, the regulatory effect of circ_0007255 on cell
behaviors was partially eliminated after cotransfection with
miR-335-5p in vitro. All the data revealed that
circ_0007255 exerted its oncogenic role via repressing
miR-335-5p in BC progression.
Accumulating evidence has demonstrated that miRNAs

exerted their roles via repression or deregulation of
targeted mRNA.36 We then aimed to determine the target
genes of miR-335-5p. Results from StarBase prediction
confirmed that SIX2 was a potential candidate gene of
miR-335-5p. As a potent oncogene, SIX2 has previously
been demonstrated to accelerate tumorigenesis through

Figure 9 The absence of circ_0007255 inhibited tumor growth. (a and b) The data of tumor volume and weight were recorded and graphed. ( )
sh-NC and ( ) sh-circ_0007255. (c–e) QRT-PCR assay was used to detect the levels of circ_0007255, miR-335-5p, and XIS2 in excised tumors. (f) Rela-
tive level of SIX2 was analyzed and exhibited. Three independent experiments were conducted, and the data were expressed as mean � SD. *P < 0.05.

Figure 10 The mechanism schematic model by circ_0007255/miR-
335-5p/SIX2 in BC. Circ_0007255 regulated the number of colonies,
migrated and invaded BC cells, as well as glycolysis via targeting miR-
335-5p/SIX2 axis.
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regulating the proliferation of tumor cells.37 Similarly, the
higher expression of SIX2 was validated in BC tissues and
cells relative to the corresponding controls. Moreover, the
absence of SIX2 declined cellular aggression, also abrogated
miR-335-5p inhibitor-mediated inhibition effects on cell
growth and metastasis in BC cells and the level of SIX2
was coregulated by the circ_0007255/miR-335-5p axis
in vitro.
In conclusion, circ_0007255 and SIX2 were upregulated,

whereas miR-335-5p was decreased in BC tissues and cells.
Circ_0007255 regulated cell behaviors, including oxygen
consumption, colony formation, cell migration, and inva-
sion by miR-335-5p/SIX2 axis. Hence, circ_0007255 might
serve as a novel diagnostic and prognostic biomarker for
the therapy of BC (Fig 10).
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