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A B S T R A C T   

Circular RNAs (circRNAs) are a novel type of endogenous non-coding RNAs (ncRNA). Many 
studies showed that circRNAs played different biological functions in triple-negative breast 
cancer (TNBC). However, the potential molecular mechanism of circRNAs in TNBC still remains 
to be investigated. In this study, circAR-E2E4 was defined as a novel circRNA involved in TNBC 
progression, derived from and regulated by androgen receptor (AR). CCK-8 assay showed circAR- 
E2E4 regulated TNBC cell proliferation. Potential binding miRNAs of circAR-E2E4 were predicted 
and miR-665 was identified to have a great prognosis value. Three databases were employed to 
predict target genes of miR-665, and STAT3 was regarded as the most potential downstream 
genes analyzed by protein-protein interaction (PPI), hub gene screening, correlation analysis, and 
survival analysis. Finally, knockdown of circAR-E2E4 led to the decrease of STAT3 expression. 
Collectively, the regulatory network circAR-E2E4-miR-665-STAT3 axis we constructed was 
associated with TNBC progression, providing a promising diagnostic, prognostic, and therapeutic 
target in future treatment for TNBC.   

1. Introduction 

Circular RNAs (circRNAs) are a class of non-coding RNAs (ncRNAs) with covalently closed loops, and without both a 5′ cap or a 3’ 
poly-A tail. CircRNAs are more stable than linear RNAs, and not easily degraded by exonuclease [1]. CircRNAs have multiple 
microRNA (miRNA) binding sites and perform the function of miRNA sponge, which can relieve the inhibition of miRNA on target 
genes and then regulate target genes at the transcriptional level, affecting the progression of the tumor [2]. Besides, circRNAs are 
expressed widely in tissues and various body fluids. The copy number of certain circRNA is much higher in single cells than their 
parental genes because circRNAs are transcribed continuously. CircRNAs are abundant, stable, and have higher detection sensitivity, 
so they are ideal differential diagnostic markers for diseases and are expected to be used for diagnoses [1, 3]. CircRNAs are likely to 
affect diseases [4], so it is potential for circRNAs to serve as candidate diagnostic, prognostic, and therapeutic targets. 

Breast cancer (BRCA) has a serious impact on the life and health of patients around the world. The current differential diagnosis of 
BRCA is usually based on the expression of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor re
ceptor 2 (HER2), and ki67 in BRCA tissues after puncture or surgery. They are classified into luminal A, luminal B, triple-negative, and 
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HER2-positive subtypes [5, 6]. However, triple-negative breast cancer (TNBC) lacks effective therapeutic targets. The rapid growth of 
the tumor, poor prognosis, and relatively high incidence rate of recurrence and metastasis all make it essential to find a novel mo
lecular target and regulatory network to overcome TNBC [7]. Androgen receptor (AR) plays an important role in the development of 
BRCA [8]. Compared to ER and PR, AR is expressed most widely in BRCA, especially in about 70%–90% of TNBC [9, 10, 11]. The safety 
and efficacy of AR antagonists are confirmed by numerous studies and some preclinical trials in TNBC are evaluating [12, 13, 14], and 
AR may be a potential target for the treatment of TNBC. 

Several circRNAs were proved to be related to different subtypes and the progression of BRCA [15]. The expression of circRNAs in 
ER-positive BRCA tissues was correlated with factors affecting BRCA proliferation [16, 17]. CircDCUN1D4 affects the progression of 
TNBC through Wnt/β-catenin signaling pathway, and is a potential marker for TNBC [18]. Li et al. found a novel circRNA named 
circ-HER2 generated from HER2 gene, which encoded HER2-103 protein and promoted EGFR/HER3 interaction and activation in parts 
of TNBC [19]. All the evidence suggested that circRNAs are associated with the development of BRCA, especially TNBC, and can be 
used to indicate the progression of it, nevertheless, the regulatory network remains poor. 

In this study, we detected a novel circRNA (circAR-E2E4) generated from AR gene, and found it correlated with AR in BRCA. Thus, 
this circRNA was selected for further research. Knockdown of circAR-E2E4 inhibited cell proliferation of TNBC, and RNA pull-down 
assay as well as qRT-PCR assay showed circAR-E2E4 sponged miR-665 and miR-671-5p. Next, we constructed a potential circRNA/ 
miRNA/mRNA axis regulatory network in TNBC through a serious bioinformatics and experimental analysis. These findings may 
provide evidence that this regulatory network plays an important role in seeking potential diagnostic and therapeutic targets in TNBC. 

2. Materials and methods 

2.1. Cell culture and transfection 

Human VCap, SK-BR-3, ZR-75-1 cells were cultured in RPMI-1640 medium (Sigma-Aldrich, USA) supplemented with 10% Fetal 
Bovine Serum (FBS) (Gemini, USA). Human MDA-MB-468, MCF-7 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
(Sigma-Aldrich, USA) supplemented with 10% FBS. Human MDA-MB-231 cells were cultured in Leibovitz’s L-15 medium (BioSharp, 
China) supplemented with 10% FBS. Human MDA-MB-361 cells were cultured in Leibovitz’s L-15 medium supplemented with 20% 
FBS. VCap, SK-BR-3, ZR-75-1, MDA-MB-468, and MCF-7 cells were grown at 37 ◦C in a 5% CO2 atmosphere. MDA-MB-231 and MDA- 
MB-361 cells were grown at 37 ◦C. siRNA transfection was carried out using Lipofectamine RNAiMAX Reagent (Life Technologies, 
USA). 

2.2. RNA extraction, RT-PCR, qRT-PCR, and PCR 

Total RNA was isolated using Trizol reagent according to the manufacturer’s protocol. The RNA was then reverse transcribed to 
cDNAs using the Goldenstar™ RT6 cDNA Synthesis Kit (Tsingke, China) and subjected to qPCR and PCR analysis. qRT-PCR was 
performed using the 2×T5 Fast qPCR Mix (SYBR Green I, Tsingke, China) and a CFX Connect Real-Time PCR detection system (BIO- 
RAD, USA), according to the manufacturer’s instructions. Hairpin-it™ miRNAs qPCR Quantitation Kit (GenePharma, China) was used 
to define the expression of miRNAs. The expression of mRNA and circRNA was normalized by GAPDH, and U6 was used as an internal 
control for miRNA expression normalization. The relative quantity of mRNA, circRNA, and miRNA expression was calculated using the 
2− ΔΔCt method. Primer sequences are provided in Table S1. 

2.3. CCK-8 assay 

Cell proliferation rate was evaluated by CCK-8 assay (BioSharp, China). Cells (at a density of 3×103) were placed into 96-well plates 
and transfected 48 h before CCK-8 solution (10μL) was added. The absorbance at 450 nm was detected in SpectraMax iD5 multi-mode 
microplate reader after incubation at 37 ◦C for 1 h. 

2.4. RNA pull-down assay 

The biotinylated probes were designed to be the same sequence as miR-665 and miR-671-5p, while the oligo probe was taken as a 
control. Approximately 1 × 107 cells were harvested and lysed. Probes (Youkang, China) were incubated with Dynabeads™ MyOne™ 
Streptavidin C1 (Invitrogen, USA) respectively at room temperature for 30 min to generate probe-coated beads. The cell lysates were 
incubated with probe-coated beads at 4 ◦C overnight. The beads were washed and the bound RNA in the pull-down materials were 
extracted using Trizol reagent and analyzed by qRT-PCR assay. 

2.5. Animal experiment 

Eight SCID mice were divided equally into two groups. 1×106 VCap cells were subcutaneously injected into the nude mice. Mice 
were castrated when tumor volumes were about 50–100 mm3 under sterile conditions. When the tumor volume of the model control 
group reached 1000 mm3, all the mice were killed and the tumors were collected for further experiments. 
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Figure 1. Identification for the role of AR in BRCA. (A) The volcano plot of differentially expressed genes between BRCA and normal tissues. (B) The expression of AR, ER, ERBB2, and ERBB3 in BRCA. 
(C) Different isoforms of AR and their expression levels in different stages. (D) AR expression in pathological stages for BRCA and TNBC patients. (E) Overall survival curve for BRCA patients with high or 
low AR expression. (F) Overall survival curve for TNBC patients with high or low AR expression. 
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Figure 2. circAR-E2E4 is regulated by AR and expresses higher in TNBC. (A) The structure of four circAR isoforms. (B) qRT-PCR analysis was performed to determine circRNAs expression in BRCA cells. 
(C) qRT-PCR analysis was performed to determine circRNAs expression in BRCA cells treated with siAR. (D) qRT-PCR analysis was performed to determine mRNA and circRNAs expression in two groups 
of mice tumors. (E) qRT-PCR analysis was performed to determine mRNA and circRNAs expression in VCap cells treated with siAR. Each value is the mean ± SEM of 3 independent experiments. *p <
0.05, **p < 0.01, ***p < 0.001. 
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Figure 3. circAR-E2E4 knockdown inhibits TNBC cell proliferation and is a sponge of miR-665 and miR-671-5p. (A) Gel image of circAR-E2E4 (141bp) amplified from the total RNA untreated or treated 
by RNase R and its sequence of back-splicing sites. For the original non-adjusted image of gel, refer to supplementary figure S1. (B) qRT-PCR analysis was performed to determine circAR-E2E4 and AR 
expression in TNBC cells treated with si-circAR-E2E4. (C) CCK-8 assay indicated that knockdown of circAR-E2E4 inhibited cell proliferation in MDA-MB-231 and MDA-MB-468 TNBC cells. (D) Venn 
diagrams showing the number of potential binding miRNAs of circAR-E2E4. (E) Potential binding sites of circAR-E2E4 and miR-665, miR-671-5p. (F) qRT-PCR analysis was performed to determine the 
binding levels of circAR-E2E4 binding with miR-probe. (G) qRT-PCR analysis was performed to determine miR-665 and miR-671-5p expression in TNBC cells treated with si-circAR-E2E4. Each value is 
the mean ± SEM of 3 independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001. 
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2.6. Western blotting 

Cells were collected and lysed 48 h after transfection to extract total proteins. The cells were lysed in RIPA buffer (150 mM NaCl, 
1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris, pH 8.0) using a Bioruptor sonicator. Proteins were separated via 
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to polyvinylidene fluoride membranes, blocked for 1 h in 
TBS containing 0.1% Tween 20 surfactant and 5% (wt/vol) nonfat milk with rocking at room temperature, and then incubated 
overnight at 4 ◦C with the following primary antibodies: anti-STAT3 rabbit monoclonal antibody (1: 1000) (CST), and anti-GAPDH 
polyclonal antibody produced in rabbit (1: 5000) (Sigma-Aldrich). The secondary antibodies used were goat anti-rabbit (H + L) 
HRP (Dawen Biotec). 

2.7. Bioinformatics analysis 

GEPIA 2 database [20] was performed to obtain differential genes, expression levels of mRNA, gene isoform details, gene overall 
survival. The databases Targetscan [21], and Circinteractome [22] were used to predict binding miRNAs of circRNA. StarBase database 
[23] was employed to analyze co-expression for RNA-RNA. Kaplan-Meier plotter database [24] was utilized to evaluate the prognostic 
values of miRNAs. The databases MiRMAP [25], MiRWalk [26], and Targetscan were conducted to predict potential target genes of 
miRNAs. STRING database was introduced to analyze the protein-protein interaction (PPI) network, enrichment of target genes of 
miRNAs. Gene Ontology (GO) functional annotation, and KEGG pathway enrichment were analyzed by g:Profiler [27]. Cytoscape 
software was used to calculate hub genes. The information and details of samples was all obtained from TCGA database, and the 
bioinformatics analyses were carried out using R. 

2.8. Statistical analysis 

GraphPad Prism 8 (GraphPad Software, La Jolla, CA, USA) was used for statistical analyses. The nested t-test and student’s t-test 
were used whenever appropriate. Variance was assessed by calculating the standard error of the mean in each group. P-values less than 
0.05 were considered statistically significant. 

3. Results 

3.1. Selection of the potential gene in BRCA 

To find some potential regulatory genes associated with BRCA, differential genes expression profile in BRCA was analyzed by 
GEPIA 2. As shown in Figure 1A, hormone receptors AR and ER (ESR1), growth factor receptors HER2 (ERBB2) and HER3 (ERBB3) as 
well were all significantly up-regulated (log2FC > 1) in BRCA tissues when compared with normal tissues. The expression of four 
receptors in BRCA tissues was significantly higher than that in normal tissues (Figure 1B). AR can be transcribed into different types of 
isoforms in BRCA, and isoform AR-001 contains domains of androgen receptor, hormone receptor, and zinc finger completely 
(Figure 1C). Expression distribution of AR-001 was also shown in Figure 1C. AR expression is involved in BRCA and TNBC progression, 
and the expression of AR existed in different pathological stages (Figure 1D). Survival analysis presented that AR upregulation was 
correlated with poor survival rates in BRCA (Figure 1E). Overall survival curve also showed that high AR expression was associated 
with poor clinical outcomes in patients with TNBC (Figure 1F). In general, AR plays an essential role in BRCA, especially in TNBC. 

3.2. CircAR-E2E4 is regulated by AR in TNBC 

Previous research identified many circRNAs generated from AR, and circARs may serve as surrogate circulating biomarkers for AR 
expression [28]. CircARC1 was proved to be regulated by AR, and affected the progression of both prostate cancer and bladder cancer 
[29]. To define circARs expression in BRCA, different subtypes of BRCA cells were used. Figure 2A showed the detailed structure of 
circARs (circAR-E2, circAR-E2E3, circAR-E3, circAR-E2E4). Though AR was expressed in 6 BRCA cells, circAR-E2E4 was the only 
circAR expressed in MDA-MB-231 and MDA-MB-468 TNBC cells, and circAR-E2E4 could be detected easier than AR in TNBC cells 
(Figure 2B). Then AR was knocked down in BRCA cells, finding that knockdown of AR reduced all four circARs expression, including 
circAR-E2E4 (Figure 2C). AR was expressed highly in prostate cancer, so VCap cells were used to confirm the relationship between AR 
and circARs in vivo and in vitro. The VCap tumors shrank to some extent after castration, but relapsed a week later, forming 
castration-resistant prostate cancer (CRPC). The expression of AR and related circARs was examined in subcutaneous prostate cancer 
transplantation. Not only AR, but also circARs were upregulated in CRPC tumors when compared with normal tumors (Figure 2D). AR 
was also knockdown in VCap cells to investigate the relationship between AR and circARs, finding that circARs decreased together 
with AR (Figure 2E). Thus, circAR-E2E4 was regulated by AR, and may replace AR to be a candidate biomarker in TNBC. 

3.3. circAR-E2E4 regulates TNBC progression, and sponges miR-665 and miR-671-5p 

CircAR-E2E4 was derived from exon 2–4 of AR gene (Figure 2A). Total RNA was treated by RNase R and divergent primers were 
used for PCR, and Sanger sequencing for PCR products proved the predicted circular junction of circAR-E2E4 (Figure 3A). CircAR-E2E4 
expression was downregulated by using siRNA (si-circ-1: CAAGGCCUUGCCUGUUUGGTT, si-circ-2: CUUGCCUGUUUGGAGACUGTT) 
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Figure 4. Analysis of expressions and prognostic values for mi-665 and miR-671-5p and their target genes. (A) The expression of miR-665 and miR-671-5p in different subtypes of BRCA samples and 
normal samples compared with TNBC patient samples. (B) The prognostic values of miR-665 and miR-671-5p in different subtypes of BRCA. (C) Venn diagrams showing the number of potential target 
genes of miR-665. (D) The PPI analysis for target genes of miR-665. (E) The GO biological process items for target genes of miR-665. (F) The GO molecular function items for target genes of miR-665. (G) 
The GO cellular component items for target genes of miR-665. (H)The KEGG pathways for target genes of miR-665. 
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Figure 5. CircAR-E2E4-miR-665-STAT3 is a potential axis in TNBC. (A) The expression correlation of miR-665 with STAT3 in TNBC. (B) The mRNA expression level of STAT3 in different types of BRCA. 
(C) Overall survival curve for BRCA (left) and TNBC (right) patients with high or low STAT3 expression. (D) qRT-PCR analysis was performed to determine STAT3 expression levels in TNBC cells treated 
with si-circAR-E2E4. (E) Representative western blots of STAT3 and GAPDH expression in MDA-MB-231 and MDA-MB-468 TNBC cells treated with si-circAR-E2E4. Numbers represent gray intensity 
analysis of STAT3/GAPDH. For the original non-adjusted images of blots and total protein, refer to supplementary figure S2. (F) qRT-PCR analysis was performed to determine p53 and Cyclin-D1 
expression in TNBC cells treated with si-circAR-E2E4. (G) The expression correlation of AR with STAT3 in BRCA. Each value is the mean ± SEM of 3 independent experiments. *p < 0.05, **p <
0.01, ***p < 0.001. 
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which had no effects on AR expression to explore its biological functions in TNBC (Figure 3B). The results showed that circAR-E2E4 
downregulation significantly inhibited cell proliferation through CCK8 assay in MDA-MB-231 and MDA-MB-468 TNBC cells 
(Figure 3C). Most of circRNAs can act as miRNA sponges [30]. Thus, the databases targetscan and circinteractome were utilized to 
predict potential binding miRNAs of circAR-E2E4. MiR-665 and miR-671-5p were commonly predicted by 2 databases, and they were 
selected for the following investigation, considered as candidate miRNAs (Figure 3D). The sequence of circAR-E2E4 was found to have 
potential binding sites of miR-665 and miR-671-5p (Figure 3E). To further verify the binding of circAR-E2E4 with miR-665 and 
miR-671-5p, we performed a miRNA pull-down assay with biotin-labeled miRNA probes, and enrichment of circAR-E2E4 was detected 
by qRT-PCR in the miRNA probe group compared with the control probe (Figure 3F). The knockdown of circAR-E2E4 promoted the 
expression of miR-665 and miR-671-5p in TNBC cells (Figure 3G). Our results indicated that knockdown of circAR-E2E4 restrained 
TNBC cell proliferation, and this biological function may be performed through sponging miR-665 and miR-671-5p. 

3.4. Analysis of miR-665 and miR-671-5p and their target genes in TNBC 

To further research biological functions of miR-665 and miR-671-5p in BRCA and TNBC, the expression of miRNAs and prognostic 
values of them were accessed. The expression of miR-665 and miR-671-5p was analyzed, we found that miR-665 was downregulated 
while miR-671-5p was upregulated significantly in TNBC compared with normal tissues (Figure 4A). Subsequently, the prognostic 
values of these 2 miRNAs were analyzed via Kaplan-Meier plotter (Figure 4B). As a result, miR-665 was downregulated in TNBC 
significantly, and upregulation of miR-665 was correlated with positive survival time of TNBC patients. Then we analyzed target genes 
of miR-665 using 3 databases including miRMAP, miRWalk, and targetscan, and 342 target genes were predicted (Figure 4C). PPI 
network analysis was performed by STRING database to help us better understand the interaction relationship of 342 target genes. The 
top 10 hub genes (STAT3, KDR, SHH, PDGFRB, CD34, TGFBR1, FGFR1, TGFB3, SHC1, TGFBR2) were shown in Figure 4D. Further
more, GO functional annotation for 342 target genes of miR-665 was conducted. In the biological process (BP) category, enriched items 
contained tube development, circulatory system development, and regulation of developmental process (Figure 4E); in the cellular 
component (CC) category, enriched items included cytoplasmic vesicle, intracellular vesicle, and intracellular membrane-bounded 
organelle (Figure 4F); in the molecular function (MF) category, enriched item comprised growth factor binding (Figure 4G). Then, 
KEGG pathway enrichment analysis illustrated that MAPK signaling pathway, FoxO signaling pathway, and Hippo signaling pathway 
were top enriched pathways (Figure 4H). Collectively, bioinformatics analysis indicated that miR-665 and its target genes can be 
downstream regulatory pairs of circAR-E2E4. 

3.5. CircAR-E2E4-miR-665-STAT3 is a potential regulatory network in TNBC 

Signal transducer and activator of transcription 3 (STAT3) was reported to be an oncogene in many cancers, including BRCA and 
TNBC [31, 32]. miR-665 was proved to bind with 3’ UTR of STAT3, which was a direct target gene of miR-665. miR-665 inhibited the 
expression and activation of STAT3 [33]. As shown in Figure 5A, miR-665-STAT3 pairs presented a negative co-expression relationship 
significantly in TNBC. The expression level of STAT3 mRNA was not changed significantly in TNBC samples compared with normal 
samples (Figure 5B). However, overall survival analysis determined that high expression level of STAT3 in TNBC had a positive 
relationship with poor survival rate (Figure 5C). Knockdown of circAR-E2E4 reduced STAT3 expression in MDA-MB-231 and 
MDA-MB-468 TNBC cells (Figure 5D). We also found that knockdown of circAR-E2E4 inhibited the protein expression of STAT3 in 
TNBC cells (Figure 5E). STAT3 is a DNA-binding transcription factor. The broad influence STAT3 has on cellular function can be 
attributed to the numerous gene targets. STAT3 can indirectly regulate genes by mediating expression of other transcription factors or 
physical association with other transcription factors to enhance or suppress their function in gene regulation [34]. STAT3 could 
directly associate with one of promoter sites (− 128 bp) to suppress p53 gene expression, and active form of STAT3 could induce cyclin 
D1. The expression of p53 and cyclin-D1 was used to further confirm the effects of circAR-E2E4 on STAT3 (Figure 5F). RNA-RNA 
co-expression in BRCA showed that AR had a positive correlation with STAT3 (Figure 5G). Therefore, such effects suggested 
circAR-E2E4 may have the potential to act as a diagnostic and therapeutic target, and AR-circAR-E2E4-miR-665-STAT3 axis can be a 
potential novel regulatory network in TNBC. 

4. Discussion 

Although many studies indicated the important role of AR in TNBC [8, 9, 10, 11], potential regulatory networks related to AR in 
TNBC have not been completely uncovered. So, the detailed molecular regulatory network needs further investigation for improving 
the diagnosis and therapy of patients with TNBC. 

In this study, bioinformatics analysis including differential expression analysis, stage analysis, and overall survival analysis showed 
that the key role of AR in BRCA, as well in TNBC. These data indicated that further investigation on AR may be reliable. Then we used 
animal and cell experiments to reveal the relationship between AR and circARs. Interestingly, we found knockdown of AR reduced the 
expression of circARs in VCap cells and BRCA cells, and circAR-E2E4 was the only circAR expressed in TNBC cells. Thus, the biological 
function of circAR-E2E4 in TNBC cell proliferation was confirmed by CCK-8 assay. 

circRNAs were reported to be full of miRNA binding sites, and sponge miRNAs to get rid of their inhibition on target genes [1]. 
Many recent studies revealed circRNAs could regulate the progression of TNBC by different biological functions, such as sponging 
miRNAs [18, 19]. Therefore, potential binding miRNAs were predicted by 2 databases, namely, targetscan and circinteractome. RNA 
pull-down assay was employed to confirm that circAR-E2E4 could bind with miR-665 and miR-671-5p. Using expression analysis and 
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survival analysis, miR-665 was indicated to have better prognosis value in TNBC. Previous study revealed that miR-665 targeted 
nuclear receptor subfamily 4 group A member 3 (NR4A3) and regulated the progression of BRCA [35]. Therefore, 3 databases were 
used to predict target genes of miR-665, and these genes were used for further PPI analysis, GO and KEGG analysis. 

STAT3 was calculated to be the best hub gene, which was an oncogene and researched to affect BRCA development [31, 32]. In 
TNBC, miR-665 had a negative expression relationship with STAT3. Also, expression and survival analysis confirmed that high STAT3 
expression led to poor survival rate in TNBC. At the end, the evidence of knockdown of circAR-E2E4 cutting down STAT3 expression, 
affecting downstream genes of STAT3, and AR having a positive expression relationship with STAT3 also made this study more solid. 

Much further research can be studied continuously. CircRNAs are enriched and stable in exosomes [36]. Nowadays, neoadjuvant 
chemotherapy for breast cancer is an important means to alleviate or cure breast cancer. If noninvasive molecular testing is used to 
monitor and guide neoadjuvant chemotherapy, the efficacy of neoadjuvant chemotherapy can be improved to prolong the survival 
time of patients. If circAR-E2E4 exists in body fluid, it can be a potential candidate biomarker to help us learn more about TNBC 
progression. 

In conclusion, we elucidated a novel regulatory network circAR-E2E4-miR-665-STAT3 axis in TNBC using a series of bioinformatics 
analysis and some experiments. AR knockdown could lead to circAR-E2E4 decrease. CircAR-E2E4 inhibited TNBC cell progression by 
sponging miR-665, and then reduced the expression of STAT3. This regulatory network may contribute to the development of effective 
therapeutic targets for treating TNBC. However, the current findings need to be further confirmed by clinical trials in the future. 

5. Conclusions 

Molecular functional roles in treating TNBC have not been revealed completely. In this study, we provided a novel insight into the 
roles circRNAs played in TNBC progression. Overall, AR was found to be a key acceptor in TNBC and regulate circAR-E2E4 expression. 
Knockdown of circAR-E2E4 inhibited cell proliferation of TNBC. Then, potential binding miRNAs were predicted, and the prognostic 
value of miR-665 stood out. Finally, miR-665 targeting genes were analyzed by bioinformatics, and it regulated STAT3 expression 
negatively. Indeed, circAR-E2E4 may control the balance in circAR-E2E4-miR-665-STAT3 axis, and inhibition of circAR-E2E4 may 
promote the treatment of TNBC. Therefore, this study highlights the importance of circAR-E2E4-miR-665-STAT3 regulatory network, 
and circAR-E2E4 has the potential to be a promising diagnostic, prognostic, and therapeutic target in TNBC. 
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