
RESEARCH PAPER

Knockdown of circular RNA septin 9 inhibits the malignant progression of breast 
cancer by reducing the expression of solute carrier family 1 member 5 in a 
microRNA-149-5p-dependent manner
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ABSTRACT
Breast cancer (BC) is the most frequently diagnosed cancer in women. Increasing evidence 
suggests that circular RNA (circRNA) exerts critical functions in BC progression. However, the 
roles of circRNA septin 9 (circSEPT9) in BC development and the underneath mechanism remain 
largely unclear so far. In this work, the RNA levels of circSEPT9, microRNA-149-5p (miR-149-5p) and 
solute carrier family 1 member 5 (SLC1A5) were detected by quantitative real-time polymerase 
chain reaction. Western blot was performed to check protein expression. Glutamine uptake, cell 
proliferation and cell apoptosis were investigated by glutamine uptake, cell counting kit-8, cell 
colony formation, 5-Ethynyl-29-deoxyuridine, flow cytometry analysis or DNA content quantitation 
assay. The interactions of miR-149-5p with circSEPT9 and SLC1A5 were identified by a dual- 
luciferase reporter assay. Mouse model assay was carried out to analyze the effect of circSEPT9 
on tumor formation in vivo. Results showed that circSEPT9 and SLC1A5 expression were signifi-
cantly upregulated, while miR-149-5p was downregulated in BC tissues and cells as compared 
with paracancerous normal breast tissues and human normal breast cells. Knockdown of circSEPT9 
or SLC1A5 inhibited glutamine uptake and cell proliferation, but induced cell apoptosis in BC cells. 
SLC1A5 overexpression relieved circSEPT9 silencing-induced repression of BC cell malignancy. In 
mechanism, circSEPT9 regulated SLC1A5 expression by sponging miR-149-5p. In support, 
circSEPT9 knockdown led to delayed tumor tumorigenesis in vivo. In summary, these results 
indicates that circSEPT9 may act an oncogenic role in BC malignant progression by regulating 
miR-149-5p/SLC1A5 pathway, providing a novel mechanism responsible for BC development.
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Introduction

Accounting for almost 15% of cancer-caused 
deaths, breast cancer (BC) is the most frequent 
malignancy for women [1]. As evaluated, there 
were more than 2 million new BC patients and 
626,679 breast cancer deaths in 2018 globally [2]. 
Adjuvant therapy and hormonal therapy improve 
the clinical outcome of BC patients, but display 
severe side effects [3]. As a result, long-term sur-
vival rate remains urgent clinical problems. Thus, 
the sustained efforts to reveal the key regulators 
related to BC development are of great necessity 
for the increase of recovery rate.

Circular RNA (circRNA) is an endogenous non-
coding transcript that generally forms a single- 
stranded covalently circular structure by back- 
splicing or skipping event [4]. CircRNA has 

a variety of vital biological roles like regulator of 
gene transcription, sponge of microRNA (miRNA), 
protein scaffold, recruiter of specific protein and 
sponge of RNA binding protein [5]. Increasing evi-
dence has suggested the key roles of circRNA in 
carcinogenesis and cancer progression [6]. Besides, 
multiple circRNAs are dysregulated in BC progres-
sion and involved in the biological processes related 
to BC development, such as circ_001783 [7], 
circ_0003645 [8] and circ_103809 [9]. However, 
there are few data about the role of circRNA septin 
9 (circSEPT9) in BC malignant progression.

Disorders of cellular metabolism are regarded as 
hallmarks of cancer [10]. Glutamine is a versatile 
amino acid that is a basic metabolic resource involved 
in energy formation and regulatory pathways in 
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cancer cells [11]. As reported, the involvement of 
glutamine in aberrant bioenergetics promotes energy 
formation, survival, and growth, and inhibits produc-
tion of thioredoxin-interacting protein, which nega-
tively regulates glucose consumption [12]. Mounting 
studies indicate that glutamine metabolism is 
a potential target for the therapy of cancers [13]. 
Solute carrier family 1 member 5 (SLC1A5) belongs 
to the member of solute carrier 1 and is a glutamine 
transporter [14]. SLC1A5 is commonly highly 
expressed in cancer and can inhibit the biological 
behaviors of cancer cells by reducing glutamine 
uptake [15]. In particular, previous data have indi-
cated that SLC1A5 participates in breast cancer pro-
gression through regulation of glutamine uptake [16].

MiRNA is highly conserved noncoding RNA that 
can post-transcriptionally modulate gene expression 
through promoting their degradation or restraining 
their translation [17]. Abnormal expression of 
miRNA has been considered as a culprit of BC pro-
gression. For example, miR-146 introduction 
promoted BC cell growth through interaction with 
NME/NM23 nucleoside diphosphate kinase1 
(NM23-H1) in vitro [18]. MiR-16-5p downregulation 
enhanced the proliferation and migration of BC cells 
by increasing AKT serine/threonine kinase3 (AKT3) 
[19]. Another miRNA, miR-149-5p, commonly acts 
a tumor-repressing role, and its specific role has been 
reported in gastric cancer (GC) [20], colorectal cancer 
[21], ovarian cancer [22] and breast cancer [23].

Coincidently, as predicted by bioinformatics tools, 
circSEPT9 and 3ʹ-untranslated region (3ʹUTR) of 
SLC1A5 carried the binding sites of miR-149-5p. 
Based on the above contents, we hypothesize that 
circSEPT9 participates in the progression of BC 
through miR-149-5p/SLC1A5 pathway. However, 
these is no data about the mechanism of circSEPT9 
in BC progression. Thus, the study is designed to 
determine whether BC progression involves 
circSEPT9/miR-149-5p/SLC1A5 pathway, so as to 
provide therapeutic targets for BC.

Materials and methods

Clinical BC specimens

Under the approval from the Ethics Committee of 
The First People’s Hospital of Yunnan Province, 
sixty BC patients from The First People’s Hospital 

of Yunnan Province were recruited for the collec-
tion of BC tissues and matched healthy breast 
tissues. All participants provided the written 
informed consent before curative resection. The 
collected samples were kept at −80°C in a freezer.

Cell lines

Human normal breast cells (MCF-10A), BC cell lines 
(MDA-MB-231 and BT-549) and human embryonic 
kidney cells (293 T) were purchased from Procell 
(Wuhan, China). MCF-10A, BT-549 and 293 T 
cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM)/F12 (Gibco, Carlsbad, CA, USA), 
Roswell Park Memorial Institute-1640 (RPMI-1640; 
Gibco) and DMEM (Gibco), respectively, at 37°C in 
an incubator with 5% CO2. MDA-MB-231 cells were 
grown in Leibovitz’s L15 (Thermo Fisher, Waltham, 
MA, USA) at 37°C in an atmosphere of 100% air. 
The addition of serum, antibiotics, epidermal growth 
factor and insulin was performed according to the 
standard protocols.

Quantitative real-time polymerase chain reaction 
(qRT-PCR) and identification of circRNA stability

Actinomycin D treatment assay was executed using 
Actinomycin D (Rechemscience, Shang, China) for 
0, 8, 12 and 24 h. TransZol (TransGen, Beijing, 
China) was used to isolate RNA from BC tissues 
and cells. RNA quality was measured using 
NanoDrop-1000 apparatus (Thermo Fisher). A part 
of isolated RNA was employed for the incubation 
with RNase R (4 U/μg RNA; Geneseed, Guangzhou, 
China) in a 37°C incubator for 20 min. Reverse 
transcription of RNA was carried out using high- 
capacity cDNA synthesis kits (Thermo Fisher). 
SYBR Green Super Mix (Roche, Basel, Switzerland) 
was utilized to determine gene expression as 
instructed. RNA expression was normalized to U6 
or β-actin by the 2−∆∆Ct method. The primer 
sequences are presented in Table 1.

Cell transfection

The small hairpin RNAs against circSEPT9 (sh- 
circSEPT9, 5ʹ-GCCAGGAGGCCTTGAAAAGAT 
-3ʹ) and SLC1A5 (sh-SLC1A5, 5ʹ-TCAGCA 
GCCTTTCGCTCATACTCTA-3ʹ), miR-149-5p 
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mimic (5ʹ-UCUGGCUCCGUGUCUUCACUCCC 
-3ʹ), miR-149-5p inhibitor (5ʹ-GGGAGU 
GAAGACACGGAGCCAGA-3ʹ) and respective 
controls (sh-NC, sh-con, mimic NC and anti- 
miR-NC) were synthesized by Ribobio Co., Ltd. 
(Guangzhou, China). pcDNA 3.1 vector (pcDNA- 
NC) and full-length SLC1A5 were used to generate 
SLC1A5 overexpression plasmid (pcDNA- 
SLC1A5). Cell transfection was executed using 
FuGENE6 (Roche) following the user’s manual.

Glutamine uptake assay

The assay involving the detection of glutamine 
uptake was performed as shown previously [24]. 
In brief, the cells were digested using trypsin 
(Thermo Fisher) and suspended in glutamine- 
free media containing 3H-labeled glutamine 
(Perkin Elmer, Boston, MA, USA) lasting 5 min. 
Next, the cells were spun down and lysed using 
SDS/0.2 N natrium hydroxydatum solution. After 
neutralized with HCl, these samples were analyzed 
with a scintillation counter (Perkin Elmer).

Cell proliferation

For cell counting kit-8 (CCK-8) assay, MDA-MB-231 
and BT-549 cells were premixed with media and 
added into 96-well microplates (4000 cells per well). 
After treated with sh-circSEPT9, sh-NC, GPNA 
(1 mM), dimethyl sulfoxide (DMSO, control), sh- 
SLC1A5, sh-con, pcDNA-SLC1A5 and pcDNA-NC, 
the cells were cultured for 0, 24, 48 and 72 h. After 
that, CCK-8 kit (Beyotime, Shanghai, China) was 
used to analyze these cells as instructed. Finally, all 

samples (at a wavelength of 450 nm) were detected 
using a microplate reader (Thermo Fisher).

Cell colony formation assay was performed as 
shown previously [25], 500 cells were placed in 
each well of 6-well petri dishes, and cultured for 
14 days under the standard culture conditions. 
Next, the cells were fixed and stained using paraf-
ormaldehyde (Phygene, Fuzhou, China) and crys-
tal violet (Phygene), respectively. Cell proliferation 
was confirmed by assessing the number of positive 
colonies containing at least 50 cells.

For 5-Ethynyl-29-deoxyuridine (EDU) assay, BC 
cells were seeded in 6-well petri dishes and treated 
with test compounds for 48 h. Then, EDU-labeled 
medium was added into 96-well plates, and cells 
were cultured for 2 h, followed by analyzing using 
EDU labelling/detection kit (Ribobio) according to 
the standard protocol [26]. Results were determined 
by analyzing the percentage of EDU-positive cells 
from 5 random fields.

For DNA content quantitation assay, the cells 
with various treatments were harvested by centri-
fugation. After their concentrations were adjusted 
to 1 × 106/mL cells, the cells were fixed using 
ethanol (Millipore, Bradford, MA, USA). The 
cells were subjected to incubation with RNase 
A (Solarbio, Beijing, China) and propidium iodide 
(PI). At last, samples were analyzed using a flow 
cytometer (Thermo Fisher).

Cell apoptosis analysis

With respect to cell apoptosis, Annexin V-FITC 
apoptosis detection kit (Solarbio) was executed fol-
lowing the instruction of manufacture. In brief, BC 
cells were collected and diluted in Binding buffer. 
A mixture containing Annexin V-FITC and PI was 
used to incubate the cells. Finally, cell apoptosis was 
determined with a flow cytometer (Thermo Fisher).

Western blot analysis

Tissue and cell lysates were prepared according to 
the standard instructions [27] after the indicated 
treatments. After clearing by centrifugation, 
equivalent amounts of protein lysates, as deter-
mined by protein concentration determination kit 
(Solarbio), were loaded onto SurePAGE gels, 
blotted onto nitrocellulose membranes and 

Table 1. Primers sequences used for qRT-PCR.
Name Sequences (5ʹ-3ʹ)
circSEPT9 

(hsa_circ_0005320)
Forward CAGCCCAGCCCAGACCTT
Reverse CGACCTCCTCGACCTCAAAA

SEPT9 Forward AAGAAGTCTTACTCAGGAGGCA
Reverse GGAGTTGGGTGTCTCGACCT

miR-149-5p Forward GGCTCTGGCTCCGTGTCTT
Reverse CAGTGCAGGGTCCGAGGTATT

SLC1A5 Forward 
Reverse

CCACCCTCCCGGACCTAA 
GGTCTGCAGGAGGCTAGGTT

β-actin Forward CACCATTGGCAATGAGCGGTTC
Reverse AGGTCTTTGCGGATGTCCACGT

U6 Forward CTTCGGCAGCACATATACT
Reverse AAAATATGGAACGCTTCACG
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incubated with primary antibodies against prolif-
erating cell nuclear antigen (PCNA), BCL2- 
associated x protein (Bax), B-cell lymphoma-2 
(Bcl-2), SLC1A5 and β-actin. Finally, the signals 
were visualized by RapidStep ECL Reagent 
(Millipore). All antibodies were purchased from 
Thermo Fisher Scientific and used in a dilution 
of 1:1000. β-actin acted as a control gene reference.

Dual-luciferase reporter assay

The detailed methods were reported previously [28]. 
In brief, the binding sites of miR-149-5p with 
circSEPT9 and SLC1A5 were predicted through cir-
cbank (http://www.circbank.cn/index.html) or star-
base (http://starbase.sysu.edu.cn/agoClipRNA.php? 
source=mRNA) online database, and the wild-type 
(wt) and mutant (mut) circSEPT9 were synthesized 
by Geneseed Co., Ltd., which were later inserted into 
the pmirGLO plasmid (Miaoling, Wuhan, China) 
using T4 DNA Ligase (Roche). Similarly, the wild- 
type and mutant plasmids of SLC1A5 were generated, 
and termed as SLC1A5 3ʹUTR wt and SLC1A5 3ʹUTR 
mut. Then, the transfection of miR-149-5p mimic, 
mimic NC and the above reporter plasmids was per-
formed on the indicated BC cells using FuGENE6 
(Roche). The binding intensity was confirmed with 
a Dual-Lucy Assay Kit (Solarbio) following a 48-hour 
incubation.

Mouse model assay

Five-week-old BALB/C nude mice (N = 12) were 
bought from Charles River (Beijing, China), and 
fed in pathogen-free cabinets. Five million of 
MDA-MB-231 cells stably expressing sh- 
circSEPT9 or sh-NC were injected into separate 
sides of mice back. The volume of the primary 
tumors from MDA-MB-231 cells was measured 
every 1 week for 4 cycles based on the formula 
that length × width2 × 0.5. At the 28th day, all 
mice were euthanatized using xylazine (Seebio 
Biotech, Shanghai, China), followed by the collec-
tion of neoplasms. The harvested peritoneal 
nodules were stored in ultralow temperature free-
zer for further analysis of tumor weight and gene 
expression. The study was permitted by the 
Animal Care and Use Committee of The First 
People’s Hospital of Yunnan Province.

Immunohistochemistry (IHC) for nuclear 
proliferation marker (ki-67) and PCNA

As instructed [29], the neoplasms harvested in 
mouse model assay were cut into 4-μm thickness 
prior to embeddedness into paraffin. The sections 
were heated at 80°C to perform antigen retrieval. 
After blocking endogenous peroxidase activity 
with H2O2, the proteins were probed with the 
primary antibodies specific to ki-67 (1:1000; 
Thermo Fisher) and PCNA (1:500; Thermo 
Fisher). The subsequent steps were executed 
using the IHC assay kit (Phygene) as per guide-
book. Eventually, the slides were covered with 
coverslips for the capture of staining results.

Statistical analysis

The experimental statistics analysis was performed 
on GraphPad Prism and image J software. Student’s 
t-tests or Wilcoxon rank-sum test was involved in 
the comparison between the two groups, while ana-
lysis of variance was implicated in the disparities 
among three or more groups. Data were expressed 
as means ± standard deviations. The statistical sig-
nificance was considered when P value <0.05.

Results

The function of circSEPT9 in BC development 
remains largely unclear so far. According to bioin-
formatics predictions, we hypothesizes that 
circSEPT9 participates in the progression of BC 
through miR-149-5p/SLC1A5 pathway. The goal of 
the present study is to reveal the specific role of 
circSEPT9 in BC development and the inner 
mechanism. Our results showed that circSEPT9 
was overexpressed in BC tissues and cells, and its 
knockdown inhibited BC cell proliferation and glu-
tamine uptake but induced cell apoptosis. Further, 
we found that circSEPT9/miR-149-5p/SLC1A5 
pathway was responsible for BC development.

CircSEPT9 expression was significantly increased 
in BC tissues and cells

CircSEPT9 was located in chr17:75,398,140– 
75,398,785 and formed by exon 2 of SEPT9 gene 
(Figure 1a). The data from Figure 1b and c showed 
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that circSEPT9 was overexpressed in BC tissues and 
cell lines (MDA-MB-231 and BT-549) in compari-
son with adjacent normal breast tissues or human 
normal breast cell-line MCF-10A. Meanwhile, we 
found that circSEPT9 expression was significantly 
associated with tumor size, distant metastasis, 
tumor-node-metastasis (TNM) stage and HER-2 sta-
tus (Table S1). Besides, the study analyzed the stabi-
lity of circSEPT9 in both MDA-MB-231 and BT-549 
cells. As shown in Figure 1d, RNase R treatment 
significantly reduced the expression of linear 
SEPT9, but not circSEPT9 expression. Moreover, it 
was found using Actinomycin D that circSEPT9 had 
a longer half-life than linear SEPT9 (Figure 1e). 
Collectively, the above data demonstrates that 
circSEPT9 may be involved in BC progression.

CircSEPT9 knockdown inhibited glutamine 
uptake and cell proliferation, but induced cell 
apoptosis in MDA-MB-231 and BT-549 cells

Whether circSEPT9 participated in BC progression 
was first analyzed in vitro. As shown in Figure 2a, 
the small hairpin RNA targeting circSEPT9 (sh- 
circSEPT9) was effective in decreasing circSEPT9 
expression. Subsequently, circSEPT9 silencing 
inhibited glutamine uptake (Figure 2b). The optical 

density (OD) values and the number of positive 
colonies and EDU-positive cells were reduced after 
circSEPT9 knockdown (Figure 2c-E). Consistently, 
circSEPT9 deficiency induced cell apoptosis and cell 
cycle arrest at G0/G1 phase (figure 2f and G). In 
support, Western blot analysis testified the inhibi-
tory effects of circSEPT9 depletion on BC cell malig-
nancy. For instance, reduced expression of 
circSEPT9 led to decreases of PCNA and Bcl-2 
protein expression and an increase of Bax expres-
sion (Figure 2h). Thus, these findings demonstrates 
that circSEPT9 silencing represses the malignant 
behaviors of BC cells.

SLC1A5 inhibitors inhibited glutamine uptake 
and cell proliferation, but promoted cell 
apoptosis in MDA-MB-231 and BT-549 cells

Then, we continued to explore the effects of 
SLC1A5 on BC cell processes. To validate this, 
we inhibited SLC1A5 production using SLC1A5 
inhibitor (GPNA) and determined the consequen-
tial effects on glutamine uptake, cell proliferation 
and cell apoptosis in both MDA-MB-231 and BT- 
549 cells. Results first showed the high expression 
of SLC1A5 in BC tissues and cells, as compared 
with matched healthy breast tissues and MCF-10A 

Figure 1. Expression of circSEPT9 in BC tissues and cells. (a) The production of circSEPT9. (b and c) qRT-PCR was used to detect 
circSEPT9 expression in 60 pairs of BC and paracancerous healthy breast tissues, and MCF-10A, MDA-MB-231 and BT-549 cells. (d and 
e) The stability of circSEPT9 was confirmed by RNase R and Actinomycin D treatment assays. *P < 0.05.
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cells (Figure 3a-C). As presented in Figure 3d, 
glutamine consumption was inhibited after 
GPNA treatment. Comparatively, GPNA treat-
ment induced proliferation repression of MDA- 
MB-231 and BT-549 cells (Figure 3e-G). On the 

opposite, the apoptosis of MDA-MB-231 and BT- 
549 cells was promoted after GPNA treatment 
(Figure 3h). In support, GPNA induced cell arrest 
at G0/G1 phase (Figure 3i), which also indicated 
the repressing role of SLC1A5 knockdown in cell 

Figure 2. The effects of circSEPT9 knockdown on glutamine uptake, cell proliferation and cell apoptosis in MDA-MB-231 
and BT-549 cells. (a-h) Both MDA-MB-231 and BT-549 cells were transfected with sh-NC and sh-circSEPT9, respectively, and 
circSEPT9 expression was determined by qRT-PCR (a), glutamine uptake by glutamine uptake assay (b), cell proliferation by CCK-8, 
cell colony formation, EDU and DNA content quantitation assays (C, D, E and G), cell apoptosis by flow cytometry (f), and the protein 
expression of PCNA, Bax and Bcl-2 by Western blot (h). *P < 0.05.
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proliferation. Furthermore, it was confirmed using 
Western blot analysis that GPNA reduced the pro-
tein expression of PCNA and Bcl-2, but increased 
Bax expression (Figure 3j). Besides, the above 
results were verified in both MDA-MB-231 and 
BT-549 cells transfected with the small hairpin 
RNA targeting SLC1A5 (sh-SLC1A5). The high 
efficiency of SLC1A5 knockdown was displayed 

in Supplementary Figure A. Clearly, SLC1A5 silen-
cing inhibited glutamine uptake and cell prolifera-
tion, and induced cell apoptosis (Supplementary 
Figure B-G). The protein expression of PCNA and 
Bcl-2 was decreased, and Bax was increased after 
SLC1A5 knockdown (Supplementary Figure H). 
Collectively, SLC1A5 may act an oncogene in BC 
progression.

Figure 3. GPNA treatment inhibited MDA-MB-231 and BT-549 cell processes. (a-c) SLC1A5 expression at mRNA and protein 
level was detected by qRT-PCR and Western blot analysis, respectively, in BC tissues, paracancerous healthy breast tissues, MCF-10A 
cells, MDA-MB-231 cells and BT-549 cells. (d-j) Both MDA-MB-231 and BT-549 cells were treated with 1 mM GPNA, with the cells 
treated with DMSO acted as a control, and glutamine uptake was analyzed by glutamine uptake assay (d), cell proliferation by CCK-8, 
cell colony formation, EDU and DNA content quantitation assays (E, F, G and I), cell apoptosis by flow cytometry analysis (h), and the 
protein expression of PCNA, Bax and Bcl-2 by Western blot (j). *P < 0.05.
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CircSEPT9 regulated BC cell malignancy by 
interacting with SLC1A5

The study continued to analyze whether SLC1A5 
participated in the regulation of circSEPT9 in the 
malignant progression of BC cells. The overexpres-
sion efficiency of SLC1A5 was detected by 

Western blot, and the results were presented in 
Figure 4a. Then, reduced expression of circSEPT9 
inhibited SLC1A5 production, whereas the effect 
was attenuated after SLC1A5 overexpression 
(Figure 4b). The decreased glutamine uptake and 
cell proliferation caused by circSEPT9 depletion 
were relieved after increase of SLC1A5 expression 

Figure 4. The effects between circSEPT9 knockdown and SLC1A5 overexpression on BC cell malignancy. (a) Western blot 
analysis was employed to determine the efficiency of SLC1A5 overexpression in MDA-MB-231 and BT-549 cells. (b-i) Both MDA-MB 
-231 and BT-549 cells were transfected with sh-NC, sh-circSEPT9, sh-circSEPT9+ pcDNA-NC and sh-circSEPT9+ pcDNA-SLC1A5, 
respectively, and SLC1A5 protein expression was determined by Western blot (b), glutamine uptake by glutamine uptake assay (c), 
cell proliferation by CCK-8, cell colony formation, EDU and DNA content quantitation assays (D, E, F and H), cell apoptosis by flow 
cytometry (g), and the protein expression of PCNA, Bax and Bcl-2 by Western blot (i). *P < 0.05.
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(Figure 4c-F). As expected, circSEPT9 knock-
down-induced apoptosis and cell cycle arrest (at 
G0/G1 phase) of MDA-MB-231 and BT-549 cells 
were remitted by increased expression of SLC1A5 
(Figure 4g and H). Comparatively, enforced 
expression of SLC1A5 rescued circSEPT9 deple-
tion-induced PCNA and Bcl-2 expression inhibi-
tion and Bax expression promotion (Figure 4i). By 
the large, these data manifest that SLC1A5 is asso-
ciated with circSEPT9-mediated BC cell 
malignancy.

CircSEPT9 regulated SLC1A5 expression by 
binding to miR-149-5p

The miRNA interacted with both circSEPT9 and 
SLC1A5 was explored in this part. MiR-149-5p, 
a candidate, was found to be lowly expressed 

in BC tissues and cells (MDA-MB-231 and BT- 
549 cells), when compared with controls 
(Figure 5a and B). Additionally, the association 
between miR-149-5p and SLC1A5/circSEPT9 
expression in BC tissues was determined by 
Spearman correlation analysis. As revealed in 
Figure 5c and D, miR-149-5p expression was nega-
tively correlated with circSEPT9 and SLC1A5. 
Based on the above evidence, miR-149-5p was 
employed as a follow-up subject. The complemen-
tary sites of miR-149-5p with circSEPT9 and 
SLC1A5 were predicted by circbank and Starbase 
online databases, respectively, and presented in 
Figure 5e and F. Subsequently, the binding rela-
tionships were identified by a dual-luciferase 
reporter assay. As a result, we found that miR- 
149-5p introduction inhibited the luciferase activ-
ity of wild-type plasmids of circSEPT9 and 

Figure 5. CircSEPT9 regulated SLC1A5 expression through interaction with miR-149-5p. (a and b) MiR-149-5p expression was 
determined by qRT-PCR in 60 pairs of BC tissues, paracancerous healthy breast tissues, MCF-10A cells, MDA-MB-231 cells and BT-549 
cells. (c and d) The linear correlation of miR-149-5p and circSEPT9 or SLC1A5 was analyzed by Spearman correlation analysis in BC 
tissues. (e and f) The complementary sites of miR-149-5p with circSEPT9 and SLC1A5. (g and h) Dual-luciferase reporter assay was 
employed to determine the interaction of miR-149-5p with circSEPT9 and SLC1A5. (i) The efficiency of miR-149-5p knockdown was 
checked by qRT-PCR in MDA-MB-231 and BT-549 cells. (j) The effects between circSEPT9 knockdown and miR-149-5p depletion on 
SLC1A5 protein expression were revealed by Western blot. *P < 0.05.
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SLC1A5, but not the luciferase activity of the 
mutants (circSEPT9 mut and SLC1A5 3ʹUTR 
mut) (Figure 5g and H), which suggests that 
circSEPT9 acts as a miR-149-5p sponge, and 
miR-149-5p targeted SLC1A5. Furthermore, we 
silenced both circSEPT9 and miR-149-5p to deter-
mine the consequential effects on SLC1A5 protein 
expression. The efficiency of miR-149-5p deple-
tion was displayed in Figure 5i. As shown in 
Figure 5j, circSEPT9 knockdown reduced 
SLC1A5 expression, whereas the effect was 
remitted after decrease of miR-149-5p expression. 
Collectively, all data explain that circSEPT9 mod-
ulates SLC1A5 by interacting with miR-149-5p.

CircSEPT9 knockdown inhibited tumor 
tumorigenesis in vivo

The anti-cancer activities of circSEPT9 silencing 
in vitro were further testified by a mouse model 
assay. As shown in Figure 6a-C, circSEPT9 knock-
down led to reduced tumor volume and weight. 
Comparatively, circSEPT9 depletion decreased the 
expression of circSEPT9 and SLC1A5, and 
increased miR-149-5p expression in the primary 
tumors from MDA-MB-231 cells (Figure 6d and 
E). Additionally, the production of proliferation- 
related markers, ki-67 and PCNA, was checked by 
IHC assay in the forming subcutaneous tumors. 
As expected, circSEPT9 depletion reduced the 
positive expression rates of the two proteins in 
the forming tumors from sh-circSEPT9 group, as 
compared with the tumors from sh-NC groups 
(figure 6f). In a word, these data demonstrates 
the repressing effect of circSEPT9 knockdown on 
tumor tumorigenesis in vivo.

Discussion

Generally generated by head-to-tail splicing of 
mRNA, circRNA is a structurally stable transcript 
and its importance has been demonstrated in various 
types of cancers. Through high-throughput RNA 
sequencing, more circRNAs were discovered to be 
increased in BC, unlike the researches in GC that 
indicated more decreased circRNAs in expression 
than increased ones. In addition, some circRNAs 
have the potential as prognostic biomarkers for BC, 
such as circRNA epithelial stromal interaction 1 

(circEPSTI1) [30], circRNA polo like kinase 1 
(circPLK1) [31] and circRNA kinesin family mem-
ber 4A (circKIF4A) [32]. In the present study, we 
explored the role of circSEPT9 in BC progression, 
and found that circSEPT9 might act as a promoter 
in BC malignant progression. Further analysis sug-
gests that miR-149-5p and SLC1A5 are required for 
the regulation of circSEPT9 toward BC development.

More and more data reported that circRNA was 
clinically significant for the development of BC 
[33,34]. CircSEPT9, also named as circ_0005320, 
has been revealed to promote glioma cell malig-
nancy by targeting miR-432-5p [35]. In the work 
conducted by Ju et al., we found that circSEPT9 
was significantly upregulated in metastatic oral 
mucosal melanoma (OMM) tissues, and might 
function as a competing endogenous RNA to med-
iate metastatic property of OMM [36]. Besides, 
circSEPT9 silencing inhibited BC cell motility 
and promoted autophagy through binding to 
miR-637 [37]. Herein, we analyzed association 
between clinicopathological variables and 
circSEPT9 expression in BC patients, and found 
that circSEPT9 expression was significantly asso-
ciated with tumor size, distant metastasis, TNM 
stage and HER-2 status. We reported the high 
expression of circSEPT9 in BC cells. CircSEPT9 
knockdown led to inhibition of BC cell prolifera-
tion, formation of primary tumors from BC cells, 
and promotion of cell apoptosis, which was sup-
ported by the published data [37]. Besides, the 
study demonstrates that circSEPT9 depletion 
represses the malignant behaviors of BC cells by 
reducing glutamine uptake.

Some mechanisms regarding the regulation of 
SLC1A5 in BC progression have been well revealed. 
For example, SLC1A5 inhibitor repressed glutamine 
consumption, resulting in the inhibition of BC cell 
proliferation [16]. Glutamate dehydrogenase 
(GLUD1), an important enzyme in glutaminolysis, 
is associated with BC molecular subtypes [38], and 
recent study suggests that SLC1A5 may regulate 
GLUD1 expression in BC [39]. Besides, it was 
found that SLC1A5 was involved in the endocrine 
therapy failure in luminal BC, co-expressed with 
transaldolase 1 [40]. In this work, we found that 
the downregulation of SLC1A5 expression inhibited 
glutamine uptake, cell proliferation and induced cell 
apoptosis in BC cells in vitro using the inhibitor of 
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Figure 6. The effect of circSEPT9 silencing on tumor formation in vivo. (a-c) The effect of circSEPT9 knockdown on tumor 
formation. (d and e) CircSEPT9, miR-149-5p and SLC1A5 expression were determined by qRT-PCR or Western blot analysis in the 
primary tumors from sh-circSEPT9 and sh-NC groups. (f) The effects of circSEPT9 depletion on the production of ki-67 and PCNA were 
analyzed by IHC assay in the primary tumors from MDA-MB-231 cells. *P < 0.05.
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SLC1A5, GPNA, and the small hairpin RNA target-
ing SLC1A5. Importantly, the study revealed that 
SLC1A5 was negatively regulated by circSEPT9, 
and its introduction attenuated the effects of 
circSEPT9 silencing on BC cell malignancy, which 
indicates the association both circSEPT9 and 
SLC1A5 in BC cell malignancy.

A well-documented mechanism of circRNAs in 
regulating cancer progression involves its function 
as miRNA sponges, further protecting target mRNA. 
To analyze the mechanism responsible for the effects 
of both circSEPT9 and SLC1A5 on BC progression, 
we screened the miRNA able to bind to the two 
regulators. MiR-149-5p is a small miRNA that has 
been indicated as a tumor repressor in many malig-
nancies [41,42]. With respect to the mechanism of BC 
progression, circ_0072995 contributed to BC tumor-
igenesis by directing binding to miR-149-5p [43]. 
MiR-149-5p could be upregulated under propofol, 
and its depletion relieved propofol-induced effects 
in BC cells [44]. The above evidence supported miR- 
149-5p as a candidate of subsequent study. As pre-
dicted by online databases and identified by a dual- 
luciferase reporter assay, miR-149-5p bound to 
circSEPT9 and SLC1A5. Meanwhile, Western blot 
analysis displayed that circSEPT9 knockdown 
reduced SLC1A5 expression, which was attenuated 
after miR-149-5p depletion, suggesting that 
circSEPT9 regulates SLC1A5 through miR-149-5p.

The above results demonstrate that circSEPT9 
regulates BC cell malignancy through SLC1A5/ 
miR-149-5p pathway. Nevertheless, the present 
study lacks the data about the effects between 
miR-149-5p and circSEPT9/SLC1A5 on BC devel-
opment in vitro. Besides, there is no direct evi-
dence regarding the mechanism of SLC1A5 in 
regulating BC progression in the present study. 
We will design function experiments to address 
the above two issues in future.

Conclusion

Our data suggest that circSEPT9 may act as an 
oncogenic role in BC progression. The underlying 
mechanism is that circSEPT9 sponges miR-149-5p 
to stimulate SLC1A5 production, so as to increase 
glutamine uptake, thereby promoting proliferation 
and inhibiting apoptosis of BC cells. The novel 

findings make circSEPT9 an attractive candidate 
for the therapy of BC.
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