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Background: Circ_0004771 was demonstrated to mediate cell growth promotion and 
apoptosis suppression in breast cancer (BC). Herein, the precise functions and mechanism 
of circ_0004771 in the biological property of BC cells were investigated.
Methods: The expression of circ_0004771, microRNA (miR)-1253 and dimethylarginine 
dimethylaminohydrolase 1 (DDAH1) mRNA was analyzed using quantitative real-time 
polymerase chain reaction. The proliferation, apoptosis, migration, invasion, adhesion, 
Western blot and in vivo tumorigenesis assays were employed to evaluate the roles of 
circ_0004771 and DDAH1 in BC tumorigenesis. The interaction between miR-1253 and 
circ_0004771 or DDAH1 was validated by dual-luciferase reporter, pull-down and RNA 
immunoprecipitation (RIP) assay. Exosomes were isolated by Exoquick-TC® methods, and 
qualified using Nanosight™ technology and Western blot.
Results: Circ_0004771 or DDAH1 expression was elevated in BC, and silencing either of 
them suppressed cell malignant phenotypes, thus impeding BC progression. Importantly, 
circ_0004771 up-regulation attenuated the anticancer action of DDAH1-knockdown in BC. 
Additionally, we confirmed that circ_0004771 functioned as a sponge of miR-1253 to up- 
regulate DDAH1 expression. Moreover, xenograft assay exhibited that circ_0004771 knock-
down also hindered tumor growth in vivo via regulating DDAH1 and miR-1253. Besides 
that, it was found that circ_0004771 was packaged into exosomes isolated from the serum 
of BC.
Conclusion: Circ_0004771 accelerated cell carcinogenic phenotypes via up-regulating 
DDAH1 expression through absorbing miR-1253 in BC. Besides, circ_0004771 was pack-
aged into exosomes isolated from the serum of BC. All these findings suggested a promising 
molecular target for BC treatment.
Keywords: circ_0004771, miR-1253, DDAH1, breast cancer, exosome

Introduction
On a global scale, breast cancer (BC) is the most common malignancy in women, 
and its incidence and mortality rates are increased significantly.1 Although great 
improvements in the cancer research setting, breast cancer is still a major health 
threat for women.2,3 Hence, an investigation of the molecular mechanisms of this 
cancer is necessary to develop novel treatment strategies for patients with breast 
cancer.

Circular RNAs (circRNAs) are a subgroup of noncoding RNA transcripts 
highlighted by a ring structure that render them resistant to RNase R decay, so 
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they can be more stably present in tissues and cells.4 

CircRNAs are largely generated from exons, introns, or 
intergenic regions, and abundantly represented in eukar-
yotes with cell/tissue-specific expression patterns.5 

Additionally, increasing evidence indicates that 
circRNAs are involved in the occurrence and develop-
ment of malignant cancers via the modulation of cell 
crucial biological and pathological processes, like cell 
growth, metastasis, differentiation, chemoresistance and 
metabolism.6–8 Thus, circRNAs may be ideal candidates 
for the early detection, treatment and prognosis of can-
cers. Recently, the aberrant expression of some circRNAs 
has been found to be associated with the development and 
progression of breast cancer.9 Circ_0004771 is 
a functional circRNA, which was found to function as 
a sponge of microRNA (miRNA/miR)-339-5p to modu-
late CDC25A expression, and subsequently facilitated the 
proliferation and growth of esophageal squamous cell 
cancer.10 Importantly, Xie et al uncovered an elevation 
of circ_0004771 expression in breast cancer, which sti-
mulated cell growth and suppressed cell apoptosis in 
breast cancer.11 Thus, circ_0004771 might play vital 
roles in the progression of breast cancer. Nevertheless, 
the molecular mechanisms underlying circ_0004771 
action in the tumorigenesis of breast cancer remain vague.

Dimethylarginine dimethylaminohydrolase 1 
(DDAH1) is the critical enzyme that metabolizes asym-
metric dimethylarginine (ADMA) and N-monomethyl 
L-arginine (L-NMMA), inhibitors of endogenous nitric 
oxide synthase (NOS), and DDAH1 overexpression 
induces ADMA decrease, NO production increase and 
NOS activity,12,13 which has been exhibited to enhance 
angiogenesis of cancers accompanying by an increase in 
tumor growth and metastatic potential.14,15 DDAH1 was 
found to be elevated in many of types of cancers, such as 
gastric cancers,16 glioma17 and prostate cancer,18 and 
acted as an oncogene to promote cancer progression 
through enhancing cancer cell carcinogenic biological 
behaviors. Besides that, recent evidence reported that 
DDAH1 was also increased in breast cancer, and con-
versed ADMA to citrulline and promoted cell vasculo-
genic mimicry and migration.19,20 Thus, DDAH1 is 
a potential therapeutic target for breast cancer.

Herein, this study focused on investigating the role of 
circ_0004771 and DDAH1 in the malignant phenotypic 
changes of breast cancer cells, and explored the regulatory 
network between circ_0004771 and DDAH1 in breast 
cancer progression.

Materials and Methods
Clinical Samples
BC tissues and adjacent non-tumor tissues of 70 BC 
patients were collected from the surgical specimen 
archives of Jingmen No.1 People’s Hospital, and then 
stored in liquid nitrogen at −80°C. In the meanwhile, 
blood samples were collected from 29 BC patients and 
30 healthy controls. Following the centrifugation at 3000 
g for 10 min, the supernatant serum was obtained and then 
stored at −80°C until used. This study was conducted in 
accordance with the Declaration of Helsinki. All the pro-
cedures were permitted by the Ethics Committee of 
Jingmen No.1 People’s Hospital, and all enrolled indivi-
duals had provided written informed consent.

Cell Culture and Transfection
Human breast cancer cell lines (T47D and MB231) and 
MCF-10A cell lines purchased from Beijing Institute for 
Cancer Research Collection (Beijing, China) were grown 
in the Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 100 
U/mL penicillin, and 100 U/mL streptomycin (Gibco, 
Carlsbad, CA, USA) at 37°C in a 5% CO2 humidified 
atmosphere.

When the confluence reached to 60–70%, 50 nM of 
siRNA against circ_0004771 (si-circ#1, si-circ#2, si- 
circ#3), siRNA against DDAH1 (si-DDAH1#1, si- 
DDAH1#2, si-DDAH1#3) or a scramble siRNA (si-NC) 
(GenePharma, Shanghai, China), 100 ng of pcDNA3.1 
circ_0004771 overexpression vector (circ_0004771) or 
nontarget plasmid (vector) (Promega, Madison, WI, 
USA), or 50 nM of miR-1253 mimic or miR-1253 inhi-
bitor (miR-1253, anti-miR-1253) or their negative control 
(miR-NC, anti-NC) (GenePharma) were transfected into 
T47D and MB231 cells using Lipofectamine 3000 reagent 
obtained from Invitrogen (Carlsbad, CA, USA).

RNA Extraction and qRT-PCR
Whole-RNA extracts were conducted in certain cells and 
tissues using TRIzol reagent (Invitrogen). Then comple-
mentary DNA (cDNA) was generated from extracted RNA 
through a reverse transcription kit (TaKaRa, Tokyo, 
Japan), and the synthesized cDNA template was deter-
mined by SYBR-Green PCR kit (TaKaRa) on an ABI 
7500 Real-Time PCR system. The relative fold changes 
were normalized to glyceraldehyde 3-phosphate dehydro-
genase (GADPH) or U6 and detected using a 2−ΔΔCt 
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method. The primer in the present work was listed as 
follows: circ_0004771: F, 5ʹ-AGTTGCTCCAATGACAG 
AGTTACC-3ʹ and R, 5ʹ-CCTCCTTCAGTCAAGTGTGC 
ATC-3ʹ; DDAH1: F, 5ʹ-ACTCACTGTGCCTGATGACA 
-3ʹ and R, 5ʹ-TCCAGTTCAGACATGCTCA-3ʹ; GADPH: 
F 5ʹ-GTCAACGGATTTGGTCTGTATT-3ʹ and R 5ʹ- AG 
TCTTCTGGGTGGCAGTGAT-3ʹ; miR-1253: F, 5ʹ- GC 
TGTAACAGCGGCGGAACT-3ʹ and R, 5ʹ-ATCCGCAGG 
AGTGTCCGAGG-3ʹ; U6: F, 5ʹ-CTCGCTTCGGCAGCA 
CA −3ʹ and R, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ.

Western Blot
Whole protein was isolated from tissues and cells using 
RIPA buffer (Beyotime, Shanghai, China). Then approxi-
mately 30 μg of extracted protein was resolved on the 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and blotted onto the polyvinylidene difluor-
ide membranes (Millipore, Billerica, MA, USA). 
Afterwards, immunoblotting was conducted with the pri-
mary antibodies against DDAH1 (1:1000, ab2231), vimen-
tin (1:1000, ab92547,), E-cadherin (1:3000, ab15148), 
CD81 (1:5000, ab109201), TSG101 (1:5000, ab125011) 
and HRP-conjugated secondary antibody (1:300, ab9482), 
which were all obtained from Abcam (Cambridge, MA, 
USA). Protein bands were visualized with ECL chromo-
genic reagent (Millipore) and β-actin (1:1000, Cat # 4967, 
Cell Signaling Technology, Beverly, MA, USA) was used 
as an internal reference.

Cell Proliferation Assay
Transfected T47D and MB231 cells were seeded in 96- 
well plates and co-incubated with 10 μL cell counting kit-8 
(CCK-8) solution (Sigma-Aldrich, St. Louis, MO, USA) in 
a humidified incubator for 4 h at 37°C. Then cell prolif-
eration was analyzed via reading the optical density (OD) 
450 nm value.

Cell Apoptosis Analysis
After transfection, T47D and MB231 cells resuspended in 
binding buffer were doubled-stained with 10 μL of 
Annexin V-FITC and propidium iodide (Sigma-Aldrich). 
The apoptotic cells were determined by a FACScan flow 
cytometer.

Caspase3 Activity
A colorimetric assay kit (Sigma-Aldrich) was applied to 
detect caspase3 activity in T47D and MB231 cells refer-
ring to the recommendations of the manufacturer. Finally, 

a microplate reader was used to detect the absorbance at 
450 nm.

Cell Adhesion Assay
Following assigned transfection, T47D and MB231 cells 
(1×105) were collected and seeded into 96-well plates 
which were pre-coated with 1:3 diluted Matrigel 
(Corning Incorporated, Corning, NY, USA). 30 min later, 
the corresponding medium containing non-adhered cells 
was discarded, and the loosely adhered cells were removed 
through washing with PBS. Lastly, adherent cells were 
counted by a microscope (100×)

Transwell Assay
For the migration assay, 5×104 T47D and MB231 cells in 
serum-free medium were plated onto the upper chamber of 
Transwell insert (Corning Incorporated). For the invasion 
assay, the Transwell insert was pre-coated with Matrigel 
and 1×105 cells were seeded onto the top side of the coated 
insert. Then medium with FBS was used in the bottom 
chamber. Following incubation for 24 h, the lower surface 
of the filter was fixed and stained, and migratory and 
invasive cells were counted using a microscope in five 
random fields (100×).

Dual-Luciferase Reporter Assay
T47D and MB231 cells were placed on 6-well plates and 
then transfected with constructed luciferase reporters, 
pRL-TK-WT-circ_0004771/DDAH1 3ʹUTR, or pRL-TK- 
MUT-circ_0004771/DDAH1 3ʹUTR (Promega), and miR- 
1253 or miR-NC using Lipofectamine 3000 (Invitrogen). 
Luciferase activities were determined with the help of 
a dual-luciferase reporter assay kit (Promega).

Pull-Down Assay
Biotinylated-miR-1253 (Bio-miR-1253) and biotinylated- 
miR-NC (Bio-NC) (GenePharma) were transfected into 
sonicated T47D and MB231 cells. 48 h later, cells were 
collected and lysed, followed by mixing with streptavidin- 
coated magnetic beads. Finally, the biotin-coupled RNA 
complex was eluted, isolated and analyzed using qRT- 
PCR.

RNA Immunoprecipitation (RIP) Assay
T47D and MB231 cells were lysed using RIP buffer 
(Millipore), and then incubated with magnetic beads 
coated with human Anti-Ago2 (Millipore) or normal 
mouse Anti-IgG (Millipore). After incubation with 
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Proteinase K, the immunoprecipitated RNA was isolated 
and subjected to qRT-PCR analysis as described above.

Xenograft Experiments in vivo
The lentiviral particles expressing shRNA targeting 
circ_0004771 (sh-circ_0004771) or sh-NC were con-
structed by Invitrogen. Then M231 cells infected with sh- 
circ_0004771 or sh-NC were subcutaneously inoculated 
into each female BALB/c nude mouse (5-week-old, 
N=12) to establish tumor xenografts. Tumor size was 
measured and calculated every 4 days. At day 28, mice 
were euthanatized and tumors were excised for weight and 
subsequent molecular analyses. This animal study was 
approved by the Animal Ethics Committee of Jingmen 
No.1 People’s Hospital and undertaken according to NIH 
Guidelines for the Care and Use of Laboratory Animals.

Isolation and Quantification of Exosomes
Exosomes were exacted from serum samples with the help 
of the ExoQuick serum exosome precipitation solution (SBI, 
Mountain View, CA, USA) referring to the instructions of 
the manufacture. For the morphology of exosomes, purified 
exosomes were deposited onto the carbon-coated copper 
grid, labeled with 2% phosphotungstic acid solution for 1 
min, and then captured using a transmission electron micro-
scope (TEM). For the size and quantity of exosomes, exo-
somes were injected into the ZetaView PMX 110 (Particle 
Metrix, Meerbusch, Germany), and capture and analysis 
settings were manually set in accordance with the protocol 
of the manufacturer; then, data were analyzed using nano-
particle tracking analysis (NTA) software.

Statistical Analyses
GraphPad Prism 7 was used for statistical analysis and 
statistical significance was calculated by Student’s t-test 
(two groups) or one-way ANOVA (two groups above). 
The data were presented as the mean ± standard deviation 
(SD). Pearson correlation analysis was used to evaluate the 
correlation between two variables. P-value <0.05 sug-
gested statistically significant.

Results
The Expression of Circ_0004771 and 
DDAH1 is Elevated in BC
To analyze the functions of circ_0004771 and DDAH1 in BC 
oncogenic phenotypes, first, the expression of them in clin-
ical samples was detected. Results showed circ_0004771 

(Figure 1A) or DDAH1 (Figure 1B and C) expression was 
significantly elevated in BC tissues relative to the normal 
tissues, importantly, a positive correlation between their 
expression was observed (Figure 1D). Also, the level of 
circ_0004771 (Figure 1E) or DDAH1 (Figure 1F and G) 
in BC cells (T47D and MB231) was increased compared 
with MCF-10A nonmalignant breast epithelial cells. These 
results implied that abnormal circ_0004771 or DDAH1 
expression might be associated with the development of BC.

Knockdown of Circ_0004771 Suppresses 
Cell Oncogenic Phenotypes in BC
Next, the loss-of-function assay was performed using si- 
circ_0004771 plasmid in T47D and MB231 cells in vitro. 
As shown in Figure 2A and B, the expression of 
circ_0004771 was significantly reduced by the transfection 
of si-circ_0004771 (si-circ#1, si-circ#2, and si-circ#3) 
compared with si-NC in T47D and MB231 cells. si- 
circ#3 was selected for subsequent functional analyses 
due to the best interference efficiency. After that, func-
tional experiments were performed. Results of CCK-8 
assay and flow cytometry indicated that circ_0004771 
knockdown suppressed cell proliferation (Figure 2C), but 
induced cell apoptosis in T47D and MB231 cells (Figure 
2D). Moreover, the relative activity of caspase3 was 
enhanced in circ_0004771-down-regulated T47D and 
MB231 cells (Figure 2E), further suggesting 
circ_0004771 knockdown promoted apoptosis in BC. 
Besides that, cell adhesion assay showed that 
circ_0004771 knockdown attenuated cell adhesion ability 
(Figure 2F), and results of transwell assay exhibited that 
circ_0004771 decrease suppressed the migration and inva-
sion abilities of T47D and MB231 cells (Figure 2G and 
H). Meanwhile, Western blot analysis showed 
circ_0004771 knockdown increased the level of 
E-cadherin and decreased the level of vimentin in T47D 
and MB231 cells (Figure 2I), suggesting down-regulation 
of circ_0004771 repressed cell epithelial-to-mesenchymal 
transition (EMT) in BC. Taken together, silencing of 
circ_0004771 suppressed BC progression by inhibiting 
cell malignant phenotypes.

Circ_0004771 Regulates Cell Oncogenic 
Phenotypes in BC via DDAH1
The detailed functions of DDAH1 on BC progression 
were then investigated. The si-DDAH1 were synthesized 
and transfected into T47D and MB231 cells, as expected, 
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si-DDAH1, especially si-DDAH1#1, significantly 
reduced the expression of DDAH1 relative to the si-NC 
(Figure 3A). Thus, si-DDAH1#1 was selected for sub-
sequent functional analyses. By contrast with si-NC 
group, DDAH1 down-regulation markedly suppressed 
cell proliferation (Figure 3C), adhesion (Figure 3F), 
migration (Figure 3G), and invasion (Figure 3H) abil-
ities, but induced apoptosis (Figure 3D and E) in T47D 
and MB231 cells. Besides, DDAH1 knockdown also 
suppressed cell EMT, evidenced by the increase of 
E-cadherin and decrease of vimentin expression in 
T47D and MB231 cells (Figure 3I). Thus, DDAH1 
knockdown suppressed BC progression.

Considering the positive correlation between DDAH1 
and circ_0004771 expression in BC, whether circ_0004771 
regulated cell oncogenic phenotypes via DDAH1 was 
explored. First, T47D and MB231 cells were transfected 
with vector or circ_0004771, and circ_0004771 expression 

was found to be significantly elevated after circ_0004771 
transfection (Figure 3B). Next, si-DDAH1#1 was trans-
fected into circ_0004771-increased T47D and MB231 cells 
to perform rescue assay. We demonstrated that the regula-
tory effects of si-DDAH1#1 on T47D and MB231 cell 
proliferation, apoptosis, adhesion, migration, invasion and 
EMT were partially overturned by circ_0004771 overex-
pression (Figure 3C–I). Collectively, circ_0004771 
regulated BC progression via DDAH1.

Circ_0004771 is a Sponge of miR-1253
It has been documented that circRNAs can serve as 
miRNA sponges for miRNAs binding to modulate the 
depression of miRNA targets.21 Thus, we suspected that 
circ_0004771-mediated regulatory functions might operate 
through a sponge mechanism. Herein, through searching 
online databases (circinteractome), the potential target 
miRNA binding partners of circ_0004771 were identified, 

Figure 1 The expression of circ_0004771 and DDAH1 is elevated in BC. (A–C) qRT-PCR and Western blot analysis of circ_0004771 and DDAH1 expression in BC tissues 
and matched normal tissues. (D) Correlation analysis of circ_0004771 and DDAH1 expression in BC tissues. (E–G) qRT-PCR and Western blot analysis of circ_0004771 and 
DDAH1 expression in BC cells (T47D and MB231) and MCF-10A nonmalignant breast epithelial cells. *P<0.05.
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and we found that circ_0004771 harbored binding sites of 
miR-1253 (Figure 4A). Afterwards, results of dual- 
luciferase reporter assay showed that the luciferase activity 
was significantly declined in T47D and MB231 cells co- 
transfected with WT-circ_0004771 and miR-1253 (Figure 
4B). Pull-down assay suggested circ_0004771 was highly 
enriched by Bio-miR-1253 probe compared to negative 
control (Figure 4C). Moreover, RIP assay displayed that 
circ_0004771 and miR-1253 were highly enriched in the 
complex precipitated by Anti-Ago2 relative to nonspecific 
Anti-IgG (Figure 4D). These results confirmed that 
circ_0004771 acted as a sponge for miR-1253. 
Importantly, it was also proved that miR-1253 expression 
in T47D and MB231 cells was elevated by circ_0004771 
decrease, but was down-regulated by circ_0004771 
increase (Figure 4E). Together, we verified that 

circ_0004771 bound to miR-1253 and negatively regulated 
its expression in BC.

DDAH1 is a Target of miR-1253
Through searching the online databases (Targetscan), the puta-
tive binding sites of miR-1253 on DDAH1 were also identified 
(Figure 5A). Then the reduction of luciferase activity in T47D 
and MB231 cells co-transfected with WT-DDAH1 3ʹ UTR and 
miR-1253 validated the direct interaction between miR-1253 
and DDAH1 (Figure 5B). Subsequently, T47D and MB231 
cells were transfected with anti-NC or anti-miR-1253, qRT- 
PCR analysis showed miR-1253 expression was significantly 
decreased by anti-miR-1253 transfection as expected (Figure 
5C). Afterwards, Western blot analysis suggested that DDAH1 
expression was reduced by miR-1253 overexpression, but was 
elevated by miR-1253 down-regulation (Figure 5D). 

Figure 2 Knockdown of circ_0004771 suppresses cell oncogenic phenotypes in BC. T47D and MB231 cells were transfected with si-circ_0004771 (si-circ#1, si-circ#2, and 
si-circ#3) or si-NC. (A, B) qRT-PCR analysis of circ_0004771 expression in cells after transfection. (C) Cell proliferation analysis using CCK-8 assay. (D) Apoptosis analysis 
of cells using flow cytometry. (E) Detection of caspase3 activity in cells using a colorimetric assay kit. (F) Cell adhesion ability analysis using cell adhesion assay. (G, H) 
Analysis of cell migration and invasion with transwell assay. (I) Western blot analysis of E-cadherin and vimentin levels in cells. *P<0.05.
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Collectively, miR-1253 targetedly suppressed DDAH1 expres-
sion in BC cells.

Circ_0004771 Regulates DDAH1 
Expression via miR-1253
Given the association between miR-1253 and circ_0004771 
or DDAH1, we then studies whether circ_0004771 could 
regulate DDAH1 via miR-1253. As shown in Figure 6A 
and B, circ_0004771 knockdown decreased the level of 
DDAH1 in T47D and MB231 cells, while this reduction 
was rescued by the inhibition of miR-1253. Thus, we con-
cluded that circ_0004771 indirectly regulated DDAH1 
expression by acting as miR-1253 sponge.

Circ_0004771 Hinders BC Tumor 
Growth and EMT in vivo
The role of circ_0004771 in vivo was further analyzed. As 
shown in Figure 7A and B, circ_0004771 knockdown 

impeded tumor growth in vivo, evidenced by the smaller in 
size and weight of xenograft tumors in sh-circ_0004771 
groups. Besides, molecular analyses indicated that the levels 
of circ_0004771 and DDAH1 were decreased while miR- 
1253 level was increased in the tumors from sh-circ_0004771 
groups (Figure 7C–E). Furthermore, compared with sh-NC 
groups, E-cadherin expression was increased and vimentin 
expression was decreased in sh-circ_0004771 groups (Figure 
7E). Altogether, circ_0004771 knockdown hindered tumor 
growth and EMT in vivo via miR-1253/DDAH1 axis.

Circ_0004771 is Packaged into Exosomes 
Derived from the Serum of BC
Previous study has reported that circ_0004771 was up- 
regulated in exosomes derived from the serum of colorectal 
cancer (CRC) patients, and circulating exosomal circ- 
0004771 might act as a potential biomarker for early diag-
nosis of CRC.22 Thus, whether exosomal circ_0004771 was 

Figure 3 Circ_0004771 regulates cell oncogenic phenotypes in BC via DDAH1. (A) Western blot analysis of DDAH1 expression in cells transfected with si-DDAH1 (si- 
DDAH1#1, si-DDAH1#2, si-DDAH1#3) or si-NC. (B) qRT-PCR analysis of circ_0004771 expression in cells transfected with vector or circ_0004771. T47D and MB231 
cells were transfected with si-NC, si-DDAH1#1, si-DDAH1#1 + vector, or si-DDAH1#1 + circ_0004771. After transfection, (C) CCK-8 assay of cell proliferation analysis; 
(D) flow cytometry of cell apoptosis analysis; (E) analysis of caspase3 activity in cells using a colorimetric assay kit; (F) cell adhesion ability analysis using cell adhesion assay; 
(G, H) transwell assay of cell migration and invasion abilities analyses; (I) Western blot analysis of E-cadherin and vimentin levels in cells. *P<0.05.
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Figure 4 Circ_0004771 is a sponge of miR-1253. (A) The predicted binding sites of miR-1253 on circ_0004771 sequences. (B) Luciferase activity of T47D and MB231 cells 
co-transfected with the reporter plasmids and the indicated miRNAs was detected by dual-luciferase reporter assay. (C) qRT-PCR analysis of circ_0004771 expression in 
T47D and MB231 cells after Bio-miR-1253 pull-down assay. (D) qRT-PCR analysis of circ_0004771 and miR-1253 expression isolated from Ago2 and IgG immunoprecipitates 
derived from T47D and MB231 cells. (E) qRT-PCR analysis of miR-1253 expression in T47D and MB231 cells transfected with vector, circ_0004771, si-NC, or si-circ#3. 
*P<0.05.

Figure 5 DDAH1 is a target of miR-1253. (A) The putative binding sites between miR-1253 and DDAH1. (B) Luciferase activity of T47D and MB231 cells co-transfected 
with the reporter plasmids and the indicated miRNAs was detected by dual-luciferase reporter assay. (C) qRT-PCR analysis of miR-1253 expression in T47D and MB231 cells 
transfected with anti-NC or anti-miR-1253. (D) Western blot analysis of DDAH1 level in T47D and MB231 cells transfected with miR-NC, miR-1253, anti-NC, or anti-miR 
-1253. *P<0.05.
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detectable in the serum of BC was investigated. Exosomes 
from the serum of BC patients and healthy controls were 
extracted and characterized. The vesicles, where the arrows 
pointed, showed a round shape with double-layer membrane 
structure under a TEM (Figure 8A). The result of NTA 
suggested that the size distribution of exosomes was approxi-
mately 100 nm in diameter (Figure 8B); besides, Western 
blot analysis displayed that the exosomal markers CD81 and 
TSG101 were detectable in the exosomes-enriched fractions 
(Figure 8C). These results demonstrated that exosomes were 
isolated from serum successfully. Then the relative expres-
sion of circ_0004771 in serum exosomes was analyzed. 
Results showed that circ_0004771 expression was higher 
in serum exosomes from BC patients than that from healthy 
controls (Figure 8D). Overall, exosomal circ_0004771 was 

packaged into exosomes derived from BC serum and might 
be closely associated with the development of BC.

Discussion
With the improvement of RNA sequencing technologies and 
bioinformatics, thousands of endogenous circRNAs have 
been identified in mammalian cells, emerging evidence 
reveals that circRNAs have significant roles in the develop-
ment of diverse diseases, including atherosclerotic vascular 
disease risk,23 neurological disorders,24 and cancers.25 

In BC, multiple circRNAs were discovered to show aberrant 
expression, and functioned as diagnostic or therapeutic bio-
markers. For example, circANKS1B was significantly ele-
vated in BC, acted as an independent risk factor for the 
overall survival of BC patients, and facilitated BC metastasis 

Figure 6 Circ_0004771 regulates DDAH1 expression via miR-1253. (A, B) Western blot analysis of DDAH1 expression in T47D and MB231 cells transfected with si-NC, 
si-circ#3, si-circ#3 + anti-NC or si-circ#3 + anti-miR-1253. *P<0.05.

Figure 7 Circ_0004771 hinders BC tumor growth and EMT in vivo. (A, B) Measurement of the size and weight of xenograft tumors. (C, D) qRT-PCR analysis of 
circ_0004771 and miR-1253 levels in tumor masses from each group. (E) Western blot analysis of DDAH1, E-cadherin and vimentin protein levels in tumor masses. *P<0.05.
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and invasion.26 CircTADA2A-E5/E6 was decreased in BC, 
whose down-regulation was related to poor prognosis, and 
up-regulation of them suppressed cell malignant biological 
behaviors in BC.27 Thus, circRNAs may be useful targets for 
regulating BC progression by serving as oncogenic or 
tumor-suppressive genes. In this study, we found 
circ_0004771 was up-regulated in BC, and knockdown of 
circ_0004771 induced cell proliferation, adhesion, invasion, 
migration, EMT suppression and apoptosis promotion 
in vitro, and blocked tumor growth and EMT in vivo. 
Taken together, circ_0004771 worked as an oncogene to 
regulate BC progression.

Recently, DDAH1 exhibits aberrant expression in mul-
tiform types of cancer, including BC and functioned as an 
oncogenic gene to regulate the malignancies of 
cancers,16–18,20 suggesting the carcinogenic role of 
DDAH1 in cancer progression. In the present work, an 
elevation of DDAH1 expression was also detected in BC, 
and then, functional experiments indicated that silencing 
of DDAH1 inhibited cell malignant phenotypes in BC, 
thus impeding BC progression. What’s more, we found 
circ_0004771 expression was positively correlated with 
DDAH1 in BC, and circ_0004771 overexpression 
mediated the anticancer effects of DDAH1-decrease 
in BC cells. However, the regulatory network of them 
remains unclear.

CircRNAs have been reported to mediate gene expres-
sion at the transcriptional or post-transcriptional level by 
as miRNA sponges or binding to other molecules.21,28 

Therefore, whether circ_0004771-mediated regulatory 
functions were handled via a sponge mechanism was 
investigated. In this study, miR-1253 was validated to 
directly interact with circ_0004771 or DDAH1. Besides, 
circ_0004771 could indirectly regulate DDAH1 expres-
sion via serving as a miR-1253 sponge in vivo and 
in vitro. Thus, a circ_0004771/miR-1253/DDAH1 network 
in regulating BC progression was identified.

A recent study has discovered that circ_0004771 was 
highly expressed in exosomes derived from the serum of 
CRC patients, which have some diagnostic value for CRC.22 

Exosomes are a type of extracellular vesicles, which can be 
secreted by a variety of types of cells, including tumor 
cells.29 Exosomes have been found to mediate tumor com-
munication in cancer cells and extracellular microenviron-
ment through transferring and exchanging their cargo, such 
as lipids, protein, noncoding or coding RNAs, thus involving 
in regulating cancer tumorigenesis.29,30 In this study, we also 
discovered that circ_0004771 was packaged into exosomes 
derived from BC serum, while whether exosomal 
circ_0004771 was implicated in the modulation of BC pro-
gression is needed further explored.

In conclusion, these findings uncovered that 
circ_0004771 contributed to the induction of cell malignant 
phenotypes via elevating DDAH1 expression through 
absorbing miR-1253 in BC (Figure S1), besides that, it was 
also found circ_0004771 was packaged into exosomes iso-
lated from the serum of patients with BC. All these findings 
suggested a potential molecular target for BC therapy.
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