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Abstract
Background  Many studies have shown that abnormal circular RNA (circRNA) expression is associated with the malignant 
progression of breast cancer (BC), but the role of circ_0000732 in BC progression remains unclear.
Methods  The expression of circ_0000732, microRNA (miR)-1253 and collagen XI alpha 1 (COL11A1) was measured by 
quantitative real-time PCR. Cell proliferation, migration, invasion and stemness were assessed by cell counting kit 8 assay, 
Edu assay, transwell assay and sphere formation assay. Western blot analysis was used to determine protein expression. 
Dual-luciferase reporter assay was performed to assess the interaction between miR-1253 and circ_0000732 or COL11A1. 
The effect of circ_0000732 on BC tumor growth was confirmed by animal experiments.
Results  Circ_0000732 was overexpressed in BC tissues and cells, and its knockdown suppressed BC cell proliferation, metas-
tasis and stemness. MiR-1253 could be sponged by circ_0000732, and anti-miR-1253 overturned the effects of circ_0000732 
knockdown on BC cell progression. COL11A1 was targeted by miR-1253, and miR-1253 inhibited BC cell progression by 
targeting COL11A1. Circ_0000732 could sponge miR-1253 to upregulate COL11A1. Also, interference of circ_0000732 
decreased BC tumor growth by miR-1253/COL11A1 pathway.
Conclusion  Our data showed that circ_0000732 might be a potential target for BC treatment, which could enhance BC 
malignant phenotype through miR-1253/COL11A1 axis.
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Introduction

Breast cancer (BC) is a malignant tumor that occurs in breast 
epithelium or ductal epithelium, which has caused serious 
harm to women’s health (Wormann 2017; Lovelace et al. 
2019; Katsura et al. 2022). At present, it is believed that 
endocrine factors and genetic factors are the main causes of 
BC, and some gene mutations will increase the risk of BC 
(Litton et al. 2019; Gandhi and Das 2019). Targeted thera-
peutic drugs prepared for specific genes have achieved good 

results in the treatment of BC, such as docetaxel and trastu-
zumab (Nagini 2017; Bartsch 2020). Therefore, elucidating 
the effective targets that affect BC progression may provide 
theoretical basis for the development of new BC molecular 
targeted therapeutic drugs.

Circular RNA (circRNA) is a non-coding RNA (ncRNA) 
with circular structure formed by back-splicing in a non-clas-
sical splicing manner (Patop et al. 2019; Salzman 2016). As 
a new favorite in the field of ncRNA research, the important 
role of circRNA in human diseases has been clarified (Wang 
et al. 2022). CircRNA has extremely high stability, which 
provides advantages for it to become a potential therapeutic 
target for human diseases, especially cancer (Lei et al. 2019; 
Li et al. 2020). At present, many circRNAs have been found 
to participate in the regulation of BC progression. For exam-
ple, circ_0061825 enhanced proliferation and metastasis in 
BC cells through upregulating TFF1 by sponging miR-326 
(Pan et al. 2020). Also, the high expression of circ_0072995 
in BC had been confirmed to promote cell proliferation and 
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anaerobic glycolysis via the regulation of miR-149-5p/
SHMT2 pathway (Qi et al. 2020). Additionally, circZNF609 
was discovered to be a BC treatment biomarker, which could 
facilitate BC cell malignant phenotype through miR-145-5p/
p70S6K1 (Wang et al. 2018). A past study screened the dif-
ferentially expressed circRNA in BC tissues and normal tis-
sue using human circRNA microarray, and pointed out that 
circ_0000732 was a significantly overexpressed circRNA in 
BC tissues (Liang et al. 2017). A recent study showed that 
circ_0000732 knockdown suppressed triple-negative BC 
cell proliferation and metastasis (Chen et al. 2022). There-
fore, circ_0000732 might be an important regulator for BC 
progression, and its more functions and mechanisms in BC 
process deserve further exploration.

CircRNA can competitively bind to microRNA (miRNA) 
through miRNA response elements, thus removing the nega-
tive regulation of miRNA on target genes (Xiong et al. 2018; 
Dori and Bicciato 2019). In BC-related studies, miR-1253 
had been discovered to be under-expressed in BC tissues, 
and it could hinder proliferation and metastasis in BC cells 
(Ding et al. 2021). COL11A1, a member of the fibrocol-
lagen family, has recently been found to play an essential 
role in tumor progression (Vazquez-Villa et al. 2015; Zheng 
et al. 2021). COL11A1 has been confirmed to be a novel 
biomarker for BC prognosis and treatment (Shi et al. 2022; 
Luo et al. 2022). It was reported that COL11A1 accelerated 
BC cell proliferation and metastasis (Wang et al. 2020). Not 
only that, high COL11A1 expression in BC had been found 
to facilitate BC cell proliferation and reduce apoptosis (Gu 
et al. 2019). Here, we found that circ_0000732 had bind-
ing sites with miR-1253, and miR-1253 could COL11A1. 
Therefore, we proposed and confirmed the hypothesis that 
circ_0000732 regulated BC process through miR-1253/
COL11A1 axis.

Materials and methods

Tissues samples

This study was approved by the Ethics Committee of Peo-
ple’s Hospital of Yangxin County. A total of 60 BC patients 
were recruited at People’s Hospital of Yangxin County. BC 
tumor tissues and adjacent normal tissues were obtained and 
stored at − 80 °C until use. Informed consent was obtained 
from all patients.

Cell culture and transfection

Human BC cells (MCF-7 and MDA-MB-231) and nor-
mal breast epithelial cells (MCF-10A) (ATCC, Manassas, 
VA, USA) were cultured in RPMI-1640 medium (Gibco, 
Grand Island, NY, USA) containing 10% FBS (Gibco) and 

1% Penicillin/Streptomycin (Sangon, Shanghai, China) at 
37 °C in 5% CO2. Cell transfection could be carried out 
by Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA). 
Circ_0000732 small interfering RNA (si-circ_0000732) or 
lentivirus short hairpin RNA (sh-circ_0000732), miR-1253 
mimic or inhibitor (anti-miR-1253), pcDNA COL11A1 
overexpression vector (pcDNA-COL11A1), and their con-
trols were constructed by Ribobio (Guangzhou, China).

Quantitative real‑time PCR (qRT‑PCR)

Total RNA was isolated by TRIzol reagent (Invitrogen), 
and cDNA was obtained by PrimeScript RT Reagent kit 
(Takara, Dalian, China). The synthesized cRNA was used 
for qRT-PCR with SYBR Premix Ex Taq (Takara) in PCR 
system. Primer sequences were listed in Table 1. The β-actin 
or U6 was used as internal control and the relative expres-
sion was calculated by 2–ΔΔCt method. In subcellular locali-
zation analysis, the nuclear RNA and cytoplasm RNA of 
BC cells were isolated by PARIS Kit (Invitrogen). Then, 
circ_0000732 expression in BC cell nuclear and cytoplasm 
was detected.

Cell counting kit 8 (CCK8) assay

After transfection, BC cells were harvested and re-seeded 
in 96-well plates. After culturing at indicated time periods, 
CCK8 solution (Beyotime, Shanghai, China) was added 
into each well and cultured for 4 h. Optical density (OD) 
value was analyzed by microplate reader at a wavelength 
of 450 nm.

Edu assay

Edu Cell Proliferation Kit (Sangon) was used in accordance 
with the kit instructions. Briefly, transfected BC cells were 
seeded into 24-well plates. The cells were stained with Edu 
solution, fixed with paraformaldehyde, treated with Triton 

Table 1   Primer sequences used for qRT-PCR

Name Primers (5′-3′)

hsa_circ_0000732 Forward GGG​CCA​CTG​ATG​ACT​CCT​TC
Reverse CTG​CAG​CTT​CAT​CCT​GGA​CA

COL11A1 Forward GGT​GAT​CCC​AAG​GCA​GCA​TA
Reverse AGC​CAC​TGT​CCT​CAT​CTT​CT

miR-1253 Forward GTA​TGA​GAG​AGA​AGA​AGA​TCAG​
Reverse CTC​AAC​TGG​TGT​CGT​GGA​G

β-actin Forward CTC​CAT​CCT​GGC​CTC​GCT​GT
Reverse GCT​GTC​ACC​TTC​ACC​GTT​CC

U6 Forward CTC​GCT​TCG​GCA​GCACA​
Reverse AAC​GCT​TCA​CGA​ATT​TGC​GT
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X-100, and then hatched with DAPI solution. The fluores-
cence signal was captured under the fluorescence micro-
scope, and relative Edu positive (Edu+) cells were counted.

Transwell assay

BC cells suspended with serum-free medium were plated 
into the upper of 24-well transwell chamber (Corning Inc., 
Corning, NY, USA) coated with or without Matrigel (for 
invasion and migration, respectively). The lower chambers 
were filled with complete medium. After 24 h, the migrated 
and invaded cells were fixed with paraformaldehyde and 
stained with crystal violet. Cell images were observed under 
a microscope (200 ×), and the number of cells was counted 
in 5 fields randomly.

Western blot (WB) analysis

Total protein was extracted by RIPA lysis buffer (Beyotime). 
After resolved by SDS-PAGE gel, proteins were transferred 
to PVDF membrane followed by blocked with skimmed-
milk. Membrane was hatched with primary antibody and 
secondary antibody one by one, and then the protein blot 
was visualized using BeyoECL Moon (Beyotime). The 
antibodies (Abcam, Cambridge, MA, USA) were listed as 
below: anti-E-cadherin (1:5,000, ab40772), anti-N-cadherin 
(1:1,000, ab18203), anti-Vimentin (1:1,000, ab45939), 
anti-OCT4 (1:1,000, ab19857), anti-NANOG (1:2,000, 
ab109250), anti-CD133 (1:1,000, ab19898), anti-COL11A1 
(1:500, ab64883), anti-β-actin (1:1,000, ab8227) and Goat 
Anti-Rabbit IgG (1:50,000, ab205718).

Sphere formation assay

In accordance with a previous study (Fang et al. 2021), BC 
cells were harvested and re-seeded into ultra-low attachment 
6-well plates (4 × 103 cells/well) with serum-free medium 
containing 20 ng/mL EGF, 1:50 B27, and 10 ng/mL bFGF. 
10 days later, the sphere state was observed under a micro-
scope (100 ×), and the number of spheres (> 100 μm) was 
counted to calculate sphere formation efficiency.

Dual‑luciferase reporter assay

Starbase3.0 software and Targerscan software were 
used to predict the binding sites between miR-1253 and 
circ_0000732 or COL11A1 3’UTR. As the previous study 
described (Ding et al. 2022), the circ_0000732-WT/MUT 
vectors and COL11A1 3’UTR-WT/MUT vectors were gen-
erated using pmirGLO vectors. The vectors were transfected 
with miR-1253 mimic/miR-NC into BC cells using Lipo-
fectamine 3000. 48 h later, Dual-luciferase Reporter Gene 

Assay Kit (Beyotime) was used for analyzing relative lucif-
erase activity.

Mice xenograft models

As the previous study described (Ding et al. 2022), BALB/c 
nude mice (n = 5/group; Vital River, Beijing, China) were 
subcutaneously injected with MCF-7 cells (2 × 106) stably 
transfected with sh-NC or sh-circ_0000732. Every 7 days, 
tumor volume was calculated until 35 days. After the mice 
were sacrificed, the tumor tissues were weighted. Then, the 
tumor tissue was used to prepare paraffin sections for Ki67 
immunohistochemical (IHC) staining. Animal experiments 
were approved by the Animal Ethics Committee of People’s 
Hospital of Yangxin County.

Statistical analysis

Results were denoted as the mean ± SD. All experiments 
were performed in triplicate, with each independent experi-
ment set 3 times to generate an average value. GraphPad 
Prism 7.0 software was used for statistical analysis. Differ-
ences between groups were analyzed by Student’s t-test or 
ANOVA. Pearson correlation analysis was used to analyze 
the linear correlation. P < 0.05 was considered as statisti-
cally significant.

Results

The high expression of circ_0000732 was found 
in BC tissues and cells

First, we revealed the expression of circ_0000732 in BC 
tissues and cells to speculate the role of circ_0000732 in 
BC process. Through measuring circ_0000732 expression 
in BC tumor tissues and adjacent normal tissues, we dis-
covered that circ_0000732 was remarkably upregulated in 
BC tumor tissues (Fig. 1A). Also, circ_0000732 expression 
was higher in BC cells (MCF7 and MDA-MB-231) than in 
MCF-10A cells (Fig. 1B). The results of subcellular locali-
zation analysis suggested that circ_0000732 was mainly 
distributed in the cytoplasm of BC cells (Fig. 1C, D). This 
suggested that circ_0000732 might be mainly involved in 
post-transcriptional regulation.

Interference of circ_0000732 suppressed BC cell 
proliferation, metastasis and stemness

Given the high expression of cc, we speculated that 
circ_0000732 might facilitate BC progression. To confirm 
circ_0000732 roles in BC cell progression, si-circ_0000732 
was transfected into MCF7 and MDA-MB-231 cells to 
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silence circ_0000732 expression (Fig. 2A). As presented 
in Fig. 2B–D, circ_0000732 knockdown repressed BC cell 
viability and Edu+ cells, confirming that circ_0000732 pro-
moted BC cell proliferation. Also, circ_0000732 silencing 

could restrain the number of migrated and invaded cells, 
decrease the N-cadherin and Vimentin protein expres-
sion, while increase the E-cadherin protein expression 
(Fig. 2E–G). These confirmed that circ_0000732 enhanced 

Fig. 1   The expression of 
circ_0000732 in BC tissues 
and cells. A The circ_0000732 
expression in BC tumor tissues 
and adjacent normal tissues 
was measured by qRT-PCR. B 
QRT-PCR was used to detect 
circ_0000732 expression in BC 
cells and MCF-10A cells. C, D 
Subcellular localization analysis 
was used to determine the 
distribution of circ_0000732 in 
BC cell cytoplasm and nuclear. 
*P < 0.05

Fig. 2   Effects of si-circ_0000732 on BC cell progression. BC cells 
were transfected with si-NC or si-circ_0000732. A The circ_0000732 
expression was detected by qRT-PCR. CCK8 assay (B, C), Edu assay 
(D) and transwell assay (E, F) were used to measure cell prolifera-
tion, migration and invasion. G The protein expression of N-cadherin, 

Vimentin and E-cadherin was examined by WB analysis. H Sphere 
formation assay was performed to assess cell stemness. I The protein 
expression of OCT4, NANOG and CD133 was tested by WB analy-
sis. *P < 0.05
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BC cell metastasis. Furthermore, silenced circ_0000732 also 
inhibited the sphere formation efficiency of BC cells and 
reduced the protein expression of cancer stem cell markers 
(OCT4, NANOG and CD133) (Fig. 2H, I), revealing that 
circ_0000732 facilitated BC cell stemness.

MiR‑1253 could interact with circ_0000732

To further uncover the potential molecular mechanisms by 
which circ_0000732 regulated BC progression, we per-
formed bioinformatics analysis. The Starbase3.0 software 
was used to predict the targeted miRNA for circ_0000732, 
and miR-1253 was found to be complementary to 
circ_0000732 (Fig. 3A). MiR-1253 mimic was confirmed 
to promote miR-1253 expression in BC cells (Fig. 3B). 
After miR-1253 mimic and the circ_0000732-WT/MUT 
reporter vectors were co-transfected into BC cells, we dis-
covered that miR-1253 mimic reduced the luciferase activ-
ity of circ_0000732-WT vector, confirming the interaction 
between circ_0000732 and miR-1253 (Fig. 3C, D). The 
results of Fig. 3E showed that circ_0000732 knockdown 
markedly increased miR-1253 expression. In addition, 

miR-1253 expression was discovered to be lower in BC 
tumor tissues and cells than that in adjacent normal tissues 
and MCF-10A cells, respectively (Fig. 3F, G).

Circ_0000732 regulated BC cell proliferation, 
metastasis and stemness by miR‑1253

In view of the above results, we speculated that circ_0000732 
might target miR-1253 to mediate BC progression. To deter-
mine whether miR-1253 participated in the regulation of 
circ_0000732 on BC progression, we performed the rescue 
experiments. The anti-miR-1253 indeed reduced miR-1253 
expression in BC cells (Fig. 4A). In BC cells co-transfected 
with si-circ_0000732 and anti-miR-1253, we confirmed that 
the inhibitory effects of si-circ_0000732 on BC cell viability, 
Edu+ cells, and the numbers of migrated and invaded cells 
were revoked by miR-1253 inhibitor (Fig. 4B–F). Besides, 
the decreased N-cadherin and Vimentin protein expression, 
and the increased E-cadherin protein expression induced by 
si-circ_0000732 also were reversed by miR-1253 inhibitor 
(Fig. 4G). As shown in Fig. 4H, I , anti-miR-1253 also abol-
ished the suppressive effect of si-circ_0000732 on BC cell 

Fig. 3   MiR-1253 could interact with circ_0000732. A The sequences 
of circ_0000732-WT/MUT vectors were shown. B The transfection 
efficiency of miR-1253 mimic was measured by qRT-PCR. C, D 
Dual-luciferase reporter assay was used to assess RNA interaction. E 
MiR-1253 expression was determined by qRT-PCR in BC cells trans-

fected with si-NC or si-circ_0000732. F The miR-1253 expression 
was examined by qRT-PCR in BC tumor tissues and adjacent normal 
tissues. G QRT-PCR was used to measure miR-1253 expression in 
BC cells and MCF-10A cells. *P < 0.05
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sphere formation efficiency and the protein expression of 
OCT4, NANOG and CD133.

COL11A1 was targeted by miR‑1253

In order to reveal the downstream target of miR-1253, bio-
informatics analysis was performed. We used Targetscan 
and GEPIA software to jointly predict the target genes 
of miR-1253, and found that COL11A1 was the target of 
miR-1253 (Fig. 5A). In the GEPIA software, we confirmed 
that COL11A1 had increased expression in BC tumor 

tissues compared to normal tissues (Fig. 5B). According 
to the binding sites between COL11A1 and miR-1253, 
we constructed the COL11A1 3’UTR-WT/MUT vectors 
(Fig. 5C). We found that the luciferase activity driven by 
the COL11A1 3’UTR-WT vector could be reduced by 
miR-1253 mimic (Fig. 5D, E). In BC cells transfected with 
miR-1253 mimic or inhibitor, COL11A1 mRNA and pro-
tein expression was decreased and increased, respectively 
(Fig. 5F, G). Additionally, we discovered that COL11A1 
was highly expressed in BC tumor tissues and cells at the 
mRNA and protein levels (Fig. 5H–K).

Fig. 4   Effects of si-circ_0000732 and anti-miR-1253 on BC cell 
progression. A The transfection efficiency of anti-miR-1253 was 
assessed by qRT-PCR. B–I BC cells were transfected with si-
circ_0000732 or anti-miR-1253. Cell proliferation, migration and 
invasion were determined by CCK8 assay (B, C), Edu assay (D) and 

transwell assay (E, F). G WB analysis was performed to measure the 
protein expression of N-cadherin, Vimentin and E-cadherin. H Cell 
stemness was evaluated by sphere formation assay. I The protein 
expression of OCT4, NANOG and CD133 was analyzed using WB 
analysis. *P < 0.05
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Fig. 5   COL11A1 was targeted by miR-1253. A Targetscan and 
GEPIA software was used to jointly predict the target genes of 
miR-1253. B COL11A1 expression in BC tumor tissues and nor-
mal tissues was analyzed by GEPIA software. C The sequences of 
COL11A1 3’UTR-WT/MUT vectors were presented. D, E Dual-
luciferase reporter assay was performed to evaluate RNA interaction. 
F, G The mRNA and protein expression of COL11A1 was deter-

mined by qRT-PCR and WB analysis in BC cells transfected with 
anti-miR-1253 or miR-1253 mimic. (H, I) The COL11A1 mRNA 
and protein expression was examined by qRT-PCR and WB analysis 
in BC tumor tissues and adjacent normal tissues. (J, K) QRT-PCR 
and WB analysis were used to measure COL11A1 mRNA and protein 
expression in BC cells and MCF-10A cells. *P < 0.05
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MiR‑1253 inhibited BC cell progression via targeting 
COL11A1

In view of the above results, we speculated that miR-1253 
might target COL11A1 to regulate BC progression. The fol-
lowing experiments were used to confirm that miR-1253 
targeted COL11A1 to regulate BC progression. The pcDNA-
COL11A1 was found to enhance the mRNA and protein 
expression of COL11A1 in BC cells (Fig. 6A, B). Then, 
miR-1253 mimic and pcDNA-COL11A1 were co-trans-
fected into BC cells. The results revealed that miR-1253 
overexpression inhibited BC cell viability, Edu+ cells, the 
numbers of migrated and invaded cells, while these effects 
were overturned by COL11A1 overexpression (Fig. 6C–G). 
Also, miR-1253 mimic reduced the protein expression of 
N-cadherin and Vimentin, while promoted the protein 

expression of E-cadherin. However, this effect also was 
reversed by pcDNA-COL11A1 (Fig. 6H). In addition, over-
expressed COL11A1 revoked the inhibition of miR-1253 
mimic on BC cell sphere formation efficiency and the pro-
tein expression of OCT4, NANOG and CD133 (Fig. 6I, J).

Circ_0000732 regulated COL11A1 via sponging 
miR‑1253

The above results confirmed that circ_0000732 sponged miR-
1253, and miR-1253 targeted COL11A1. Therefore, we specu-
lated that circ_0000732 might regulate miR-1253 to mediate 
COL11A1 expression. Circ_0000732 knockdown significantly 
decreased COL11A1 mRNA and protein expression, and this 
effect could be reversed by miR-1253 inhibitor (Fig. 7A, B). 
In BC tumor tissues, we found that miR-1253 expression 

Fig. 6   Effects of miR-1253 and COL11A1 on BC cell progression. 
A, B The transfection efficiency of pcDNA-COL11A1 was assessed 
by qRT-PCR and WB analysis. C–J BC cells were transfected with 
miR-1253 mimic or pcDNA-COL11A1. CCK8 assay (C, D), Edu 
assay (E) and transwell assay (F, G) were utilized for measuring cell 

proliferation, migration and invasion. H The protein expression of 
N-cadherin, Vimentin and E-cadherin was analyzed by WB analysis. 
I Sphere formation assay was performed to measure cell stemness. J 
WB analysis was performed to determine the protein expression of 
OCT4, NANOG and CD133. *P < 0.05



Molecular & Cellular Toxicology	

1 3

was negatively correlated with circ_0000732 and COL11A1 
expression, and circ_0000732 expression was positively cor-
related with COL11A1 expression (Fig. 7C–E). These results 
confirmed that circ_0000732 sponged miR-1253 to positively 
regulate COL11A1.

Circ_0000732 knockdown reduced BC 
tumorigenesis

To further confirm our conclusions, we conducted in vivo 
experiments. In animal experiments, we found that the tumor 
volume and weight were decreased after circ_0000732 knock-
down compared to the control group (Fig. 8A, B). In the tumor 
tissues of the sh-circ_0000732 group, circ_0000732 expres-
sion was indeed reduced (Fig. 8C). Also, miR-1253 expression 
was increased, while COL11A1 mRNA and protein expres-
sion was inhibited in the tumor tissues of the sh-circ_0000732 
group (Fig. 8D–F). Moreover, IHC staining was used to detect 
the Ki67 positive cell rate in the tumor tissues of each group, 
and the results showed that the Ki67 positive cell rate also was 
repressed by circ_0000732 knockdown (Fig. 8G).

Discussion

CircRNA has been proven to regulate the functions of 
many molecules, thereby regulating the physiological 
and pathological activities of cells (Patop and Kadener 

2018; Kristensen et al. 2018). In this, we investigated the 
function of circ_0000732 in BC progression. Through 
qRT-PCR, we confirmed that circ_0000732 had elevated 
expression in BC, which was consistent with the reported 
study (Liang et al. 2017; Chen et al. 2022). In loss-of-
function experiments, silenced circ_0000732 restrained 
BC cell proliferation, metastasis and stemness, as well as 
suppressed BC tumor growth. These results confirmed the 
role of circ_0000732 in promoting the malignant pheno-
type of BC, revealing that circ_0000732 might be a poten-
tial therapeutic target for BC.

Further analysis suggested that circ_0000732 sponged 
miR-1253. MiR-1253 is a key miRNA regulating the malig-
nant progression of tumors. A recent study suggested that 
miR-1253 functioned an anti-tumor role in colon cancer, 
which could reduce cell growth and metastasis (Yang and 
Zhang 2021). Studies had indicated that miR-1253 had an 
inhibition on osteosarcoma cell proliferation and invasion 
(Huang et al. 2018). Also, miR-1253 was found to suppress 
medulloblastoma cell cycle and proliferation to inhibit tumor 
progression (Kanchan et  al. 2020). Similar to previous 
results (Ding et al. 2021), our data confirmed the low miR-
1253 expression in BC, and demonstrated that miR-1253 
restrained BC cell proliferation, metastasis and stemness. 
These data verified that miR-1253 acted a tumor suppressor 
role in BC. Also, we revealed that circ_0000732 targeted 
miR-1253 to decrease miR-1253 expression, thereby pro-
moting BC cell progression.

Fig. 7   Circ_0000732 regulated COL11A1 via sponging miR-1253. 
A, B The COL11A1 mRNA and protein expression was determined 
by qRT-PCR and WB analysis in BC cells transfected with si-

circ_0000732 or anti-miR-1253. C, E Pearson correlation analysis 
was used to assess the correlations among circ_0000732, miR-1253 
and COL11A1 expression in BC tumor tissues. *P < 0.05
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COL11A1 is thought to be a proto-oncogene that pro-
motes cancer progression, such as lung cancer (Tu et al. 
2021), colorectal cancer (Chen et  al. 2020) and ovar-
ian cancer (Wu et al. 2014). COL11A1 was considered 
to be an independent prognostic factor for breast ductal 
carcinoma in  situ (Toss et  al. 2019). Consistent with 
previous study (Wang et al. 2020; Gu et al. 2019), we 
confirmed that COL11A1 was overexpressed in BC tis-
sues and cells. Besides, we pointed out that COL11A1 
could be targeted by miR-1253. Functional experiments 
indicated that miR-1253 targeted COL11A1 to suppress 
its expression and then to inhibit BC cell proliferation, 
metastasis and stemness. Additionally, our data suggested 
that circ_0000732 knockdown reduced COL11A1 expres-
sion by sponging miR-1253, confirming the existence of 
circ_0000732/miR-1253/COL11A1 pathway.

To sum up, our research pointed to a new circRNA that 
regulated BC malignant behaviors. Our results showed that 
circ_0000732 promoted BC proliferation, metastasis and 
stemness, which was mainly achieved by targeting miR-
1253 to mediate COL11A1 expression. According to our 
test results, we believed that clinically targeted inhibition 
of circ_0000732 might be an effective way to treat BC.
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Fig. 8   Circ_0000732 knockdown reduced BC tumorigenesis. MCF7 
cells transfected with sh-NC or sh-circ_0000732 were injected into 
cells. Tumor volume (A) and tumor weight (B) were detected. C, D 
The expression of circ_0000732 and miR-1253 in the mice tumor tis-

sues was measured by qRT-PCR. E, F The COL11A1 mRNA and 
protein expression in the mice tumor tissues was assessed by qRT-
PCR and WB analysis. G IHC staining was performed to assess Ki67 
positive cell rate in the mice tumor tissues. *P < 0.05
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