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Circular RNA_0000326 accelerates breast cancer development via modulation 
of the miR-9-3p/YAP1 axis 
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Circular RNA (circ)_0000326 has been reported in bladder cancer and cervical cancer and is concerned to be involved 
with the development of cancerous cells. Whereas, there have been no reports concentrating on the influences of circ_0000326 
in breast cancer (BC). Therefore, the latent modulatory mechanisms of circ_0000326 in BC are researched. circ_0000326 
expression in BC tissues and correlative cells was evaluated via RT-qPCR, and the relevance between circ_0000326 expres-
sion and overall survival and the clinicopathological feature was also investigated. After a series of transfection, the effects 
of circ_0000326, microRNA-9-3p (miR-9-3p), and Yes-associated protein 1 (YAP1) in BC cell growth, invasion, and 
stemness were studied by CCK-8, flow cytometry, Transwell, and sphere-forming assays. The binding sites and correlation 
of circ_0000326, miR-9-3p, and YAP1 were certified via starBase website, luciferase reporter assay, and Pearson’s χ2 test. The 
in vivo experiment was evaluated by establishing a subcutaneous tumorigenesis model. High-expressed circ_0000326 in BC 
tissues and cells was discovered, which was connected with an undesirable prognosis. Silencing of circ_0000326 visibly inhib-
ited MCF-7 and BT549 cell growth, invasion, stemness, meanwhile declining the protein levels of SRY-related high-mobility 
group box gene 2 (SOX2) and octamer binding transcription factor 4 (OCT4). miR-9-3p was a sponger of circ_0000326, 
which was negatively regulated by circ_0000326. Moreover, YAP1 was confirmed as a target gene of miR-9-3p. circ_0000326 
affected BC cell behaviors via mediating miR-9-3p and YAP1. Furthermore, circ_0000326 silencing prohibited tumor growth 
of BC in vivo. The research uncovered that circ_0000326 facilitated BC development via mediating the miR-9-3p/YAP1 axis. 
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The incidence of breast cancer (BC) has ranked first among 
female malignant tumors, which remains increasing year by 
year and the onset age of BC is getting younger [1]. Recently, 
the diagnostic level of early discovery and treatment of BC 
has gradually improved, which has reduced the mortality 
of BC to a certain extent [2]. The clinical treatments of BC 
involved surgical tactics, radiotherapy, chemotherapy, and 
traditional Chinese medicine (TCM) adjuvant therapy [3, 4]. 
Whereas, the characteristics of high recurrence, high metas-
tasis, and drug resistance of BC are still urgent problems to 
be solved. Molecular-targeted therapy has become one of the 
hottest areas of various cancers [5, 6]. Therefore, an in-depth 
study of the mechanism of BC at the molecular level may 
provide effective targets for remedying and controlling the 
recurrence of BC.

Circular RNA (circRNA) is a class of covalently closed 
endogenous non-coding RNA, which possesses organization 
specificity and high structural stability, and is able to absorb 
up to 120 microRNAs (miRNAs) as competitive endogenous 
RNA [7, 8]. It has been proved that circRNA not only has 
a variety of biological functions but also can regulate gene 
expression at multiple levels [9]. In the research domain of 
BC, hsa_circ_0001982 exhibited the stimulative function in 
BC cell carcinogenesis via sponging miR-143 [10]. Meng et 
al. bore out the suppressive effect of circCCDC85A in BC 
progression that was mediated by miR-550a-5p and MOB 
kinase activator 1A (MOB1A) [11]. circ_0000326, a circRNA 
worth of attention, is transcribed from chromosome 11: 65, 
272,490-65,272,586, and has been investigated in multiple 
cancers, including bladder cancer and cervical cancer [12, 
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13]. These studies disclosed that anomalously expressed 
circ_0000326 was linked to cancer cells’ growth, migration, 
and invasion. However, the influence of circ_0000326 in BC 
is still unclear.

At the functional level, the cancer-related miRNAs 
can interact with circRNAs to influence the function of 
downstream target genes and play a vital role in the regula-
tion of the occurrence and development of cancers [14, 15]. 
The effect of miRNAs in BC has been diffusely reported, 
such as miR-205 [16], miR-204-5p [17], and miR-106a [18], 
which all participate in regulating the malignant pheno-
types of BC. miR-9-3p is a significant member of miRNAs, 
and up-expressed miR-9-3p has been certified to accelerate 
cell growth of medullary thyroid carcinoma via targeting 
bladder cancer-associated protein (BLCAP) [19]. Moreover, 
Wang et al. affirmed that miR-9-3p prohibited the biolog-
ical functions of gemcitabine (GEM)-treated BC cells by 
targeting metadherin (MTDH) [20]. Yes-associated protein 
1 (YAP1) is a downstream mediator of the Hippo pathway, 
which is also believed to be an oncogene responsible for 
diversiform human cancers [21, 22]. However, whether there 
exists the targeted relation between miR-9-3p and YAP1 and 
the joint regulation of the circ_0000326 functions in BC is 
worth embedded exploration.

Therefore, we launched a series of experiments to study the 
possible mechanism of the circ_0000326-miR-9-3p-YAP1 
axis in BC. The abnormal expression, mutual relation, and 
the effects on biological behaviors of these three factors in 
BC were determined. The research might provide a basis and 
clue for early diagnosis and targeted therapy of BC.

Patients and methods

BC tissues. The 68 BC patients (age range from 30 to 75 
years old) involved in the research were from the 305 Hospital 
of People’s Liberation Army (PLA No.305 Hospital), where 
the clinicopathological data were collected and BC tissues 
and peritumoral tissues from the above patients were gained. 
All participants signed informed consent forms, personally. 
These obtained tissues were fleetly frozen and deposited at 
–80 °C. All experimentation abode by the Declaration of 
Helsinki and was approved by the Ethics Committee of PLA 
No. 305 Hospital (2020-KYL-013) on March 16, 2020. In the 
following research, expressions of circ_0000326, miR-9-3p, 
and YAP1 in 68 pairs of BC tissues and peritumoral tissues 
were evaluated.

BC cell lines. The experimental BC cells (T47D, MCF-7, 
BT549, MDA-MB-231) and normal breast epithelial 
MCF-10A cells were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). RPMI-1640 
medium (#10453001), brought from HyClone (UT, USA), 
was utilized for the cultivation of the above cells. After 
supplementation with 10% fetal bovine serum (FBS) (Gibco 
(Waltham, MA, USA), cells were cultured in an incubator at 
37 °C with a volume fraction of 5% CO2.

BC cell transfections. The vectors used in cell transfection 
such as small hairpin RNA (shRNA) targeting circ_0000326 
(shRNA#1, shRNA#2, and shRNA#3) and the suited negative 
control (sh-NC), miR-9-3p mimic, miR-9-3p inhibitor 
and matched blank vectors (miR-NC and NC inhibitor), 
pcDNA3.1-YAP1 and pcDNA3.1 controlled vectors were 
designed and obtained from Dharmacon (Lafayette, CO, 
USA). The 2.5×105 cells/well MCF-7 and BT549 cells were 
plated into a 6-well plate, and cultivated for 5 h at 37 °C with 
5% CO2. Subsequently, the cell transfection experiment was 
started by a feat of Lipofectamine 3000 reagent purchased 
from Sigma-Aldrich (St. Louis, MO, USA). After 48 h, trans-
fected cells were gathered and used for the next experiments. 
The sequences of sh-circ_0000326 were presented as follows: 
5’-GAG GTG AGT TCC CAG AGA A-3’ (shRNA#1), 5’-CCG 
GAG CTT GGA ACA GAC T-3’ (shRNA#2), 5’-CCT TTG 
CCG GAG CTT GGA A-3’ (shRNA#3). The sequence of 
negative control was shown as 5’-AAG TCG GGT CAA GAG 
AAG C-3’ (sh-NC). 

Cell viability. MCF-7 and BT549 cells were transfected 
and grouped on the basis of the above methods, and the cell 
suspension of each group was prepared. Relying on the speci-
fication of Cell Counting Kit-8 (CCK-8, Absin, Shanghai, 
China), 100 μl of the cell suspension was replenished into the 
96-well plates, along with 10 μl CCK-8 solution added at the 
time points of 24 h, 48 h, and 72 h. After the incubation, the 
absorbance was measured at 450 nm in a microplate reader 
(REAGEN, Shenzhen, China).

Cell apoptosis. After transfection with the above-
mentioned experimental vectors, the culture medium was 
dislodged, the transfected cells were then washed three times 
with PBS (Sigma-Aldrich), and 100 μl of the cell suspension 
was added into a 5 ml centrifuge tube. Subsequently, PI and 
FITC Annexin V (BD Pharmingen, San Diego, CA, USA) 
with 5 μl each were mixed and added into cells and incubated 
for 15 min in a dark environment. 400 μl 1× Binding Buffer 
was supplemented and then placed in a dark room for 15 
min. Flow cytometry (Guava Technologies, CA, USA) was 
performed for the determination of the apoptotic rates of BC 
cells.

Cell invasion. TranswellTM assay (Coster, Wuhan, China) 
was carried out for the assessment of BC cell invasion. The 
melted Matrigel was evenly spread on the bottom layer of 
the Transwell™ chamber. After the transfection, a DMEM 
medium without FBS was applied for the cultivation of 
experimental cells for 24 h, which were then fixed with 40 g/l 
paraformaldehyde (Solarbio, Beijing, China) for 20 min at 
room temperature. After 1 g/l crystal violet staining for 15 
min, five different visual fields were selected for observation 
and the experimental cells were counted under a microscope 
(Nikon), the invading cells were stained purple color.

Sphere-forming assay. MCF-7 and BT549 cells were 
counted by flow cytometry and then placed on ultra-
low adhesion 96-well plates. After transfection with 
sh-circ_0000326 and sh-NC, 100 μl F12 pelletizing medium 
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was appended into each well of the culture plates, and cells 
were static cultured for 14 d. Thereafter, the pellet diameter 
of each group was observed under an inverted microscope 
(Nikon, Tokyo, Japan).

Bioinformatics analysis. The circ_0000326 expression 
profile GSE182471 data were acquired from the Gene Expres-
sion Omnibus (GEO) database (http://www.ncbi.nlm.nih.
gov/geo). The predicted binding sites of circ_0000326 and 
miR-9-3p, and certified whether YAP1 was a downstream 
target gene of miR-9-3p relying on Target Scan (http://www.
targetscan.org/vert_71/).

Luciferase reporter assay. The circ_0000326 or YAP1 wild-
type (circ_0000326-WT or YAP1-WT) and circ_0000326 or 
YAP1 mutant-type (circ_0000326-MUT or YAP1-MUT) 
sequences with the predicted binding sites of miR-9-3p 
were inserted into the luciferase reporter vectors, which 
were obtained from PerkinElmer (PerkinElmer, Waltham, 
MA, USA). Afterward, miR-9-3p mimic or miR-NC was 
co-transfected with aforesaid luciferase reporters by using 
LipofectamineTM 3000 (Sigma-Aldrich). Forty-eight hours 
later, the luciferase activities were detected with the help of a 
Dual Luciferase Assay (#DL101-01, Vazyme, Nanjing, China). 
The sequences of circ_0000326-WT and circ_0000326-MUT 
were shown as 5’-UAU UGA AUA GAU UUC AGC UUU 
AU-3’ and 5’-UAU UGA AUA GUA GAC UCG AAA UU-3’. 
The sequences of YAP1-WT and YAP1-MUT were: 5’-UAU 
AUC AGC AGA UUA GCU UUA G-3’ and 5’-UAA AAG 
ACC AGA UAU CGA AAU G-3’. The sequence of miR-9-3p 
mimic was (sense): 5’-AUA AAG CUA GAU AAC CGA 
AAG U-3’, (anti-sense): 5’-ACU UUC GGU UAU CUA GCU 
UUA U-3’. The sequence of miR-NC was shown as 5’-UUU 
GUA CUA CAC AAA AGU ACU G-3’.

RNase R treatment. The stability of circ_0000326 was 
verified via RNase R assay. The detached RNA from MCF-7 
and BT549 cells was divided into two groups. RNase R 
(Geneseed, Guangzhou, China) was utilized to treat the 
above-isolated RNA (10 μg) at the density of 3 U/mg for 30 
min at 37 °C. The non-treated group was regarded as a blank 
control. Expression of circ_0000326 was determined via 
RT-qPCR, subsequently.

RT-qPCR. MCF-7 and BT549 cells at the logarithmic 
growth stage were taken from each group, and the cell 
suspension was prepared after digestion with 5 g/l trypsin 
(Sigma-Aldrich). The total RNA from BC cells or transfected 
cells was isolated by utilizing RNA Isolation Kit (Qiagen, 
Duesseldorf, Germany). According to the PrimeScript 
Reverse Transcriptase Kit (Qiagen), RNA was reversely 
transcribed into cDNA. RT-qPCR was carried out relying on 
the PrimeScriptTMRT reagent kit (Takara, Dalian China). The 
reactive condition of the PCR cycle system was showcased 
as follows: 95 °C for 10 min, 95 °C for 15 s, 72 °C for 15 s, for 
a total of 30 cycles. The relative expression of circ_0000326, 
miR-9-3p, and YAP1 was evaluated via the 2−∆∆Ct method. 
The reference of circ_0000326 and YAP1 was β-actin and U6 
served as an internal reference of miR-9-3p. The sequences 

of circ_0000326 were Forward: 5’-GCT TTA TGC TGG 
AGT AAC TG-3’, Reverse: 5’-TAC AAA GTC AGA TCA 
GTT ATG G-3’; miR-9-3p sequences were Forward: 5’-AAG 
TGT CGT ATC CAG TGC AA-3’, Reverse: 5’-TAT CCA 
GTG CGT GCG TGT C-3’; YAP1 sequences were Forward, 
5’-AGA ACA ATG ACG ACC AAT AGC TC-3’, Reverse, 
5’-GTC GAT GGC TAG TCG TAG CAT CGAT-3’. β-actin 
sequences were Forward, 5’-CCC ATC TAT GAG GGT TAC 
GC-3’, Reverse, 5’-TTT AAT GTC ACG CAC GAT TTC-3’. 
U6 sequences were Forward: 5’-GCT TCG GCA GCA CAT 
ATA CTA AAA T-3’, Reverse: 5’-CGC TTC ACG AAT TTG 
CGT GTC AT-3’.

Western blot. After washing with ice-cold PBS, the total 
protein samples from transfected BC cells were extracted 
by the RIPA lysis buffer (Yeasen Biotechnology, Shanghai, 
China). After centrifugation, the supernatants were gathered 
and the concentrations of protein were assessed by the BCA 
kit (Beyotime, Shanghai, China). Following SDS-PAGE 
and membrane transfer, the membrane was sealed with 
the blocking buffer containing 50 g/l skim milk powder 
for 1 h. Thereafter, PVDF membranes were incubated 
overnight at 4 °C in a shaker with anti-SOX4 (#ab70598, 
1:1000, Abcam), anti-OCT4 (#ab184665, 1:2000, Abcam), 
anti-YAP1 (#ab52771, 1:5000, Abcam), and anti-β-actin 
(#ab6276, 1:5000, Abcam). After lavation, the HRP-labeled 
goat anti-mouse IgG antibody (#ab205719, 1:2000, Abcam), 
or HRP-labeled goat anti-rabbit IgG antibody (#ab6721, 1: 
2000, Abcam) were added and incubated for 1 h at ambient 
temperature. By using the BeyoECL Plus Kit (Beyotime), the 
protein blots were viewed.

RNA pull-down and RNA immunoprecipitation (RIP) 
assays. Based on the previous research [23], circ_0000326 
biotin probe (bio-circ_0000326) and matched negative 
control (bio-NC) were gained from Genepharma (Shanghai, 
China). MCF-7 and BT549 cells were disposed of with 1% 
formaldehyde and scraped in 1 ml lysis buffer. After sonica-
tion and centrifugation, the supernatant was collected and 
cultivated with Dynabeads M-280 Streptavidin (Thermo-
fisher, MA, USA) coating with bio-circ_0000326 or bio-NC 
probe. miR-9-3p enrichment was tested by RT-qPCR.

For the RIP experiment, the Magna RIP kit (Millipore, 
Billerica, MA, USA) was utilized. In line with the product 
instructions, MCF-7 and BT549 cells were dissolved with 
RIP buffer and then incubated with magnetic beads coated 
with anti-Ago2 (ab156870, 1:50, Abcam, Cambridge, UK) 
or anti-IgG (ab218472, 1:20, Abcam) at 4 °C overnight. 
The enrichment of circ_0000326 or miR-9-3p was likewise 
measured by RT-qPCR.

Subcutaneous tumorigenesis assay in vivo. The twelve 
BALB/c nude mice (4–5 weeks) were obtained from Beijing 
Vital River Laboratory Animal Technology Co., Ltd. (Beijing, 
China), and were fed under conventional conditions. After 
transfection with sh-circ_0000326 and sh-NC, 1×107 BT549 
cells were subcutaneously injected into experimental nude 
mice. After this, the tumor volume and mice weight were 
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and BT549 cells were selected for the following research 
due to that the circ_0000326 expression was higher in these 
two groups than in the other groups. The circular structure 
of circ_0000326 was then detected via RNase R treatment. 
RT-qPCR analytical results uncovered that circ_0000326 
was not degraded by RNase R in MCF-7 and BT549 cells 
(Figure 1F). Collectively, high-expressed circ_0000326 might 
influence the progression of BC and is related to the undesir-
able prognosis.

circ_0000326 silencing restrains the proliferative, 
invasive, and stemness abilities of BC cells. Next, the 
plasmids of sh-circ_0000326#1, #2, and #3 were transfected 
into MCF-7 and BT549 cell lines, and we discovered that the 
circ_0000326 expression was obviously down-regulated after 
transfection with the above plasmids (p<0.05 and p<0.01). 

measured every 7 d and sustained for five weeks. After 
completing the statistics, mice were euthanized, and the 
tumors isolated from mice were photographed and weighed. 
After preparing paraffin tumor tissue sections, the immuno-
histochemical (IHC) staining and TUNEL staining were 
performed, following the operating steps referred in the 
foregoing reports [24, 25]. All correlative animal experi-
ments were supported by the Animal Ethics Committee of 
PLA No.305 Hospital.

Statistical analysis. Statistical analysis was executed 
depending on Prism 6.0 software (GraphPad Software Inc., 
CA, USA) with three repetitions. The experimental data 
were exhibited as mean ± standard deviation (SD). The 
overall survival rates were evaluated by applying Kaplan-
Meier (KM)-plotter method. Pearson’s χ2 test was used for 
detecting the relevance of circ_0000326, miR-9-3p, and 
YAP1. Comparisons with multi-groups were analyzed by 
one-way analysis of variance (ANOVA) following Tukey’s 
post hoc test. A statistically significant result was marked as 
p<0.05.

Results

circ_0000326 is up-expressed in BC, which is linked 
to the undesirable prognosis. To research the influences of 
circ_0000326 in BC, the 68 pairs of BC tissues and peritu-
moral tissues were gathered, and circ_0000326 expression 
was assessed by RT-qPCR. In comparison with pericarci-
noma tissue, the circ_0000326 expression was distinctly 
enhanced in BC tissues (p<0.01, Figure 1A). Consistent 
with the RT-qPCR consequence, GSE182471 data from the 
GEO analytical results also discovered the highly expressed 
circ_0000326 in BC tissues (p<0.01, Figure 1B). Additionally, 
the circ_0000326 expression in BC patients > 50 years old was 
clearly higher than that in BC patients < 50 years old (p<0.01, 
Figure 1C). Furthermore, 68 cases of BC tissues were equally 
divided into two groups, as the high-expressed circ_0000326 
(n=34) and low-expressed circ_0000326 (n=34), then the 
relevance between circ_0000326 expression and overall 
survival of BC patients was investigated. As displayed in 
Figure 1D, high-expressed circ_0000326 was linked to a 
shorter survival time hinting at a poor prognosis, whereas 
low-expressed circ_0000326 was related to a longer survival 
time, indicating a favorable prognosis (p<0.05). Moreover, 
the pertinence between circ_0000326 expression and clinico-
pathological data of BC patients was assessed. Results uncov-
ered that high-expressed circ_0000326 was closely related 
to age, TNM grade and stage, differentiation, lymph node 
metastasis, BC molecular type (PR) and molecular subtype 
[triple-negative breast cancer (TNBC) and non-TNBC] 
(p<0.05), but not correlated with menopausal status and size 
of BC patients (Table 1). Furthermore, we discovered that 
the expression of circ_0000326 in T47D, MCF-7, BT549, 
and MDA-MB-231 cells was all elevated compared with 
that in MCF-10A cells (p<0.05, p<0.01, Figure 1E). MCF-7 

Table 1. Correlation between circ_0000326 expression and the clinico- Correlation between circ_0000326 expression and the clinico-Correlation between circ_0000326 expression and the clinico- circ_0000326 expression and the clinico- expression and the clinico-
pathological features of 68 breast cancer patients.

Characteristic All 
cases

circ_0000326 expression
p-value

High (n=34) Low (n=34)
Age (years) 0.225

<50 35 15 20
≥50 33 19 14

Menopause 0.807
Yes 31 16 15
No 37 18 19

Tumour size (cm) 0.331
<2 36 16 20
≥2 32 18 14

Lymph node metastasis 0.027*
Positive 39 24 15
Negative 29 10 19

TNM grade 0.015*
I+II 38 14 24
III 30 20 10

Differentiation 0.024*
Well and Moderate 25 8 17
Poor 43 26 17

TNM stage 0.002**
I 31 9 22
II–III 37 25 12

ER 0.625
Negative 38 20 18
Positive 30 14 16

PR 0.004**
Negative 32 22 10
Positive 36 12 24

HER2 0.123
Negative 55 30 25
Positive 13 4 9

Molecular subtype 0.020*
TNBC 26 18 8
Non-TNBC 40 16 26

A chi-square test was used for comparing groups between low and high 
circ_0000326 expression. *p<0.05, **p<0.01.
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Moreover, sh-circ_0000326#1 transfection triggered the 
lowest circ_0000326 expression in MCF-7 and BT549 cells 
and was utilized for the subsequent experiment and marked 
as sh-circ_0000326 (Figure 2A). Upon the knockdown of 
circ_0000326 expression, cell viability and invasive ability 
were significantly prohibited, while the apoptotic rate 
was notably enhanced in MCF-7 and BT549 cells (p<0.01, 
Figure 2B–2D). The tumorigenesis results disclosed that the 
silencing of circ_0000326 obviously reduced the sphere-
formation efficiency in MCF-7 and BT549 cells (p<0.01, 
Figure 2E). Concurrently, SOX2 and OCT4 protein levels 
were detected via western blot and were signally decreased 
by the circ_0000326 knockdown in MCF-7 and BT549 
cells (p<0.01, Figure 2F). These findings manifested that 
circ_0000326 seemingly joined in the regulation of BC cells’ 
swart phenotype.

circ_0000326 directly binds miR-9-3p. It has come to 
light that circRNAs could affect miRNA expression through 

the sponge function. Herein, the binding site between 
circ_0000326 and miR-9-3p is presented in Figure 3A, 
which was ascertained by the starBase database software. 
For further certifying the pertinence of circ_0000326 and 
miR-9-3p, related vectors of miR-9-3p-mimic and miR-NC 
were applied for transfection into MCF-7 and BT549 cells, 
and then the luciferase reporter assay was carried out. 
After transfection, the up-expressed miR-9-3p exhibited in 
miR-9-3p-mimic-transfected cells, indicating the successful 
transfection (p<0.01, Figure 3B). Moreover, miR-9-3p over-
expression markedly decreased the luciferase activity of 
circ_0000326-WT vector as relative to the miR-NC (p<0.01), 
but circ_0000326-MUT vector was unchanged in both 
MCF-7 and BT549 cells (Figure 3C and 3D).

Following, the RNA pull-down assay disclosed that 
miR-9-3p enrichment was signally elevated in the 
bio-circ_0000326 group (p<0.01, Figure 3E). Moreover, 
co-immunoprecipitation results further uncovered the 

Figure 1. circ_0000326 was high-expressed in BC. (A) circ_0000326 expression in 68 pairs of BC tissues and para-carcinoma tissues was evaluated by 
RT-qPCR as well as (B) analyzed by GSE182471 from GEO data. (C) RT-qPCR was used to examine circ_0000326 expression in BC patients with age 
>50 years old (n=33) and age <50 years old (n=35). (D) Kaplan-Meier survival analysis was applied to determine the overall survival rate of BC patients 
with high-expressed circ_0000326 and low-expressed circ_0000326. (E) circ_0000326 expression in BC cell lines (T47D, MCF-7, BT549, and MDA-
MB-231) and in normal breast epithelial MCF-10A cells was assessed by RT-qPCR. (F) RNase R was utilized to treat the isolated RNA from MCF-7 
and BT549 cells, then circ_0000326 expression was examined via RT-qPCR. *p<0.05 vs. the MCF-10A cells group, **p<0.01 vs. NC or MCF-10A cells 
or the Mock group.
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potential relevance between circ_0000326 and miR-9-3p, 
which demonstrated that circ_0000326 and miR-9-3p were 
both enriched in the Anti-Ago2 group compared with that in 
the Anti-IgG group (p<0.01, Figure 3F), hinting the interac-
tion with circ_0000326 and miR-9-3p in BC cells. Besides, 

we discovered that miR-9-3p expression was obviously 
declined in 68 pairs of BC tissues (p<0.01, Figure 3G), and 
low-expressed miR-9-3p was accompanied by an undesirable 
prognosis (p<0.05, Figure 3H). The clinicopathological infor-
mation illustrated that miR-9-3p expression was implicated 

Figure 2. circ_0000326 accelerated the proliferation, invasion, and stemness of BC cells. After transfection with sh-circ_0000326 and sh-NC vectors, 
(A) the level of transfection in MCF-7 and BT549 cells was evaluated by RT-qPCR. Cell (B) viability, (C) apoptosis, (D) invasion, and (E) oncogenesis 
were researched via CCK-8, flow cytometry, Transwell, and sphere-formation assays, respectively. (F) Western blot assay was carried out for examining 
SOX2 and OCT4 protein levels. *p<0.05 and **p<0.01 vs. the sh-NC group.
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with the TNM stage and lymph node metastasis (p<0.05, 
Table 2). Relevance analysis discovered that miR-9-3p was 
negatively correlated with circ_0000326 (p<0.001, Figure 
3I), moreover, it was up-regulated in sh-circ_0000326-trans-
fected BC cells (p<0.01, Figure 3J). Summarily, circ_0000326 
could sponge miR-9-3p in BC cells.

miR-9-3p negatively mediates the YAP1 protein level. 
The online database was used to survey the regulatory 
mechanism of miR-9-3p in BC cells. YAP1 was predicated as 
a downstream targeted gene of miR-9-3p, which binding site 
is displayed in Figure 4A. The luciferase activity of YAP1-WT 
showcased in Figure 4B was notably reduced in miR-9-3p-
mimic-transfected cells (p<0.01). However, there was no 
evident imparity in the YAP1-MUT group. Western blot 
experiment revealed that the overexpression of miR-9-3p 
triggered an obviously reduced tendency of YAP1 protein 
level in MCF-7 and BT549 cells (p<0.01, Figure 4C). For 
further evaluation of the relationship between miR-9-3p 
and YAP1, the miR-9-3p inhibitor vector was utilized to 
transfect into MCF-7 and BT549 cells in order to decrease 
miR-9-3p expression. The successful transfection is exhib-
ited in Figure 4D (p<0.01). YAP1 protein level was clearly 
lowered by circ_0000326 silencing (p<0.01), while the result 

Figure 3. circ_0000326 bound with miR-9-3p. (A) The binding sites between circ_0000326 and miR-9-3p were forecasted by the starBase website. After 
miR-9-3p-mimic and miR-NC vectors transfection, (B) the transfection efficiency was examined via RT-qPCR. (C and D) The luciferase reporter assay 
was performed to further certify the prediction in MCF-7 and BT549 cells. (E) RNA pull-down and (F) co-immunoprecipitation assays were utilized to 
investigate the potential relevance between circ_0000326 and miR-9-3p. (G) Relative miR-9-3p expression in 68 pairs of BC tissues and para-carcinoma 
tissues was studied using RT-qPCR. (H) The overall survival rates of BC patients with high-expressed miR-9-3p and low-expressed miR-9-3p were as-
sessed via Kaplan-Meier survival analysis. (I) The correlation between circ_0000326 and miR-9-3p was detected using Pearson’s χ2 test. (J) miR-9-3p 
expression in sh-circ_0000326 and sh-NC transfected cells was studied by RT-qPCR. **p<0.01 vs. miR-NC, Bio-NC, anti-IgG, or sh-NC.

Table 2. Correlation between miR-9-3p expression and the clinicopatho-2. Correlation between miR-9-3p expression and the clinicopatho-. Correlation between miR-9-3p expression and the clinicopatho- Correlation between miR-9-3p expression and the clinicopatho-Correlation between miR-9-3p expression and the clinicopatho- miR-9-3p expression and the clinicopatho- expression and the clinicopatho-
logical features of 68 breast cancer patients.

Characteristic All 
cases

miR-9-3p expression
p-value

High (n=34) Low (n=34)
Age (years) 0.089

<50 35 21 14
≥50 33 13 20

Menopause 0.465
Yes 31 14 17
No 37 20 17

Tumour size (cm) 0.627
<2 36 19 17
≥2 32 15 17

Lymph node metastasis 0.007**
Positive 39 14 25
Negative 29 20 9

TNM grade 0.006**
I+II 38 26 12
III 30 8 22

Differentiation 0.451
Well and Moderate 25 11 14
Poor 43 23 20

A chi-square test was used for comparing groups between low and high 
miR-9-3p expression. **p <0.01.
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was reversed following the transfection of miR-9-3p inhib-
itor (p<0.05, Figure 4E). Subsequently, the up-expressed 
YAP1 was exhibited in 68 BC tissues (p<0.01, Figure 4F), 
which was related to a poor prognosis (p<0.05, Figure 4G) 
and likewise correlated with the TNM stage and lymph node 
metastasis (p<0.05, Table 3). Correlation analysis showcased 
that YAP1 was negatively associated with miR-9-3p expres-
sion, but was positively linked with circ_0000326 expression 
(p<0.001, Figure 4H and 4I). The above data demonstrated 
that YAP1 might be a target gene of miR-9-3p, which is 
negatively regulated by miR-9-3p in BC cells. 

circ_0000326 promotes the malignant progression 
of BC cells by modulating the miR-9-3p/YAP1 axis. To 
uncover the function of YAP1, the overexpressed vector of 
YAP1 was transfected into BC cells. We noticed that YAP1 
overexpression significantly elevated YAP1 protein level in 
MCF-7 and BT549 cells (p<0.01, Figure 5A). After a series 
of transfection, BC cell growth and invasion were further 
evaluated. The results disclosed that circ_0000326 silencing 
induced inhibitory or accelerative functions in cell viability, 

invasion, and apoptosis were obviously overturned in BC 
cells after co-transfection with miR-9-3p inhibitor or YAP1 
overexpressing vectors (p<0.05, p<0.01, Figures  5B–5D). 
Similarly, the depressed levels of SOX2 and OCT4 triggered 
by circ_0000326 silencing were also reversed by miR-9-3p 
inhibition or YAP1 overexpression in BC cells (p<0.05, p<0.01, 
Figure 5E). These results unearthed that miR-9-3p/YAP1 axis 
might join in regulating the influence of circ_0000326 in the 
malignant progression of BC cells.

circ_0000326 silencing restrains tumor growth of BC in 
vivo. For deeper certification of the effect of circ_0000326 in 
BC, the subcutaneous tumorigenesis experiment in nude mice 
was performed. As emerged in Figures 6A–6D, circ_0000326 
silencing dramatically astricted tumor growth, restrained 
tumor volume, and lowered tumor weight (p<0.01), whereas 
did not make an impact on mice weight. IHC detective results 
revealed that protein levels of YAP1, SOX2, and OCT4 were 
all limited by circ_0000326 silencing (p<0.01, Figure 6E). 
Beyond that, the TUNEL staining assay results showcased that 
the positive-TUNEL cells in the sh-circ_0000326-transfected 

Figure 4. YAP1 was a target mRNA of miR-9-3p. (A) The starBase website was utilized to predict the binding sites between miR-9-3p and YAP1. (B) 
The luciferase activities of YAP1-WT and YAP1-MUT in miR-9-3p-mimic and miR-NC transfected cells were explored by the luciferase reporter assay. 
(C) The protein level of YAP1 in miR-9-3p-mimic and miR-NC transfected cells was determined by western blot. (D) After transfection with miR-9-3p 
inhibitor and NC inhibitor, the level of transfection was assessed by RT-qPCR. (E) After co-transfection with sh-circ_0000326 and miR-9-3p inhibitor, 
protein levels of YAP1 in MCF-7 and BT549 cells were examined by western blot. (F) YAP1 expression in 68 pairs of BC tissues and para-carcinoma 
tissues was researched by RT-qPCR. (G) The overall survival rates of BC patients with high-expressed YAP1 and low-expressed YAP1 were detected 
via Kaplan-Meier survival analysis. (H and I) The correlation among circ_0000326, miR-9-3p, and YAP1 was detected by Pearson’s χ2 test. **p<0.01 vs. 
miR-NC, NC inhibitor, or NC tissues; #p<0.05 vs. sh-circ_0000326.
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Figure 5 circ_0000326 mediated the malignant progression by the miR-9-3p/YAP1 axis. (A) After transfection with overexpressed YAP1 and corre-
sponding control vectors, protein levels of YAP1 were determined by western blot. After co-transfection with sh-circ_0000326 and miR-9-3p inhibitor 
or YAP1 overexpressed vector, (B) OD450 value of cell viability, (C) cell apoptosis, and (D) cell invasion were studied by CCK-8, flow cytometry, and 
Transwell methods. (E) Protein levels of SOX2 and OCT4 were examined by western blot assay. **p<0.01 vs. the sh-NC group, #p<0.05, ##p<0.01 vs. 
sh-circ_0000326.
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group were obviously increased relative to that in the sh-NC-
transfected group (p<0.01, Figure 6F). Finally, circ_0000326, 
miR-9-3p, and YAP1 expressions in subcutaneous tumor 
tissues of BT549 cells were detected by RT-qPCR. Results 
displayed that down-regulated circ_0000326 enhanced 
the miR-9-3p expression but reduced the YAP1 expression 
(p<0.01, Figure 6G). All these consequences made clear that 
the silencing of circ_0000326 could inhibit tumor growth of 
BC in vivo.

Discussion

From miRNAs, lncRNAs, to circRNAs, the complex 
biological functions of non-coding RNA (ncRNA) are 
increasingly being studied in tumors and are considered as 
molecular markers for tumor diagnosis and prognosis assess-
ment [26]. As an emerging regulatory molecule, circRNA 
is involved in BC proliferation, invasion, metastasis, and 
chemotherapeutic resistance [27, 28]. Nonetheless, the 
functions of circ_0000326 in BC have not been explored yet. 
In the current research, the up-expressed circ_0000326 was 
discovered in BC tissues and cells, which was implicated with 
a poor prognosis. Moreover, the silencing of circ_0000326 
suppressed malignant behaviors of BC cells via mediating 
the miR-9-3p/YAP1 expression. Furthermore, the inhibi-
tory influence of circ_0000326 was also explained in tumor 
growth of BC in vivo.

With the deepening of research, the significant position 
of circRNAs in various kinds of cancers has been highlighted 
[29]. As a vital circRNA, circ_0000326 has been probed in 

the cancer field [30]. The up-regulated circ_0000326 in 
lung adenocarcinoma was reported by Xu et al. [31] and 
was certified to be connected with the pathological staging 
of the tumor. Likewise, we also noticed that circ_0000326 
expression was enhanced in BC tissues and cells, and was 
closely related to the TNM stage, lymph node metastasis, 
and differentiation. The evidences for promoting cancer of 
circ_0000326 have been confirmed by Chen et al. [12] and 
Wang et al. [13]. Concretely, circ_0000326 facilitated bladder 
cancer and cervical cancer cells’ proliferation, migration, 
and invasion. Herein, circ_0000326 similarly accelerated cell 
growth (proliferation and apoptosis), invasion, and stemness 
in MCF-7 and BT549 cells, which was certified to serve as a 
tumor promoter of BC.

CircRNA is able to sponge miRNA, prohibiting the 
activity of miRNA, thus affecting the regulation of miRNA 
on downstream proto-oncogenes or tumor suppressor genes, 
meanwhile influencing the biological behaviors of cancer 
cells, including proliferation, apoptosis, and metastasis [32, 
33]. On the basis of the bioinformatics analysis, we discov-
ered that circ_0000326 could interact with miR-9-3p, which 
was further verified by the luciferase reporter assay. A recent 
research showcased that circVMA21 mediated the miR-9-3p/
SMG1 inflammation axis to improve sepsis-related acute 
kidney injury [34]. Also, circPLEKHM3 played a tumor 
suppressor in ovarian cancer by mediating miR-9 expres-
sion [35]. Moreover, Higashi et al. showcased that miR-9-3p 
prohibited hepatocellular carcinoma (HCC) cells’ prolifera-
tive and invasive abilities by targeting the PDZ-binding motif 
(TAZ) [36]. Besides, miR-9-3p affected BC cell behaviors by 
targeting the β1 integrin gene (ITGB1) and regulating MEK 
inhibition [37]. But, whether circ_0000326 showcased the 
stimulative effect on BC progression via regulating miR-9-3p 
is still not a concern. Moreover, it is worth exploring whether 
there exists a gene-targeted relationship with miR-9-3p to 
participate in modulating the effect of circ_0000326 on 
BC cells. Herein, the study uncovered that miR-9-3p could 
directly sponge circ_0000326, moreover, which negatively 
regulated YAP1 expression. The findings hinted that 
miR-9-3p targeted YAP1 to influence the malignant pheno-
types of BC triggered by circ_0000326.

As a crucial effector of the Hippo signal pathway, YAP1 
is qualified for regulating cell proliferation and tumorigen-
esis [38]. The function as an oncogene of YAP1 has been 
broadly ascertained in a nice bit of cancer forms, including 
BC [39, 40]. Research from Wang et al. attested that YAP1 
was involved in facilitating the tumorigenesis of BC induced 
by circ_0005273 [41]. Additionally, circ_0023404 exhib-
ited an oncogenic function in cervical cancer by mediating 
the miR-136/YAP pathway [42]. Beyond that, circ-HIPK3 
regulated YAP1 expression to accelerate the progression 
of oral squamous cell carcinoma by sponging miR-381-3p 
[43]. These studies hinted that the circRNA-miRNA-mRNA 
axis exhibited momentous function in tumor development. 
In this research, we discovered that circ_0000326 sponged 

Table 3. Correlation between YAP1 expression and the clinicopathological 
features of 68 breast cancer patients.
Characteristic All 

cases
YAP1 expression

p-value
High (n=34) Low (n=34)

Age (years) 0.808
<50 35 17 18
≥50 33 17 16

Menopause 0.223
Yes 31 18 13
No 37 16 21

Tumour size (cm) 0.145
<2 36 21 15
≥2 32 13 19

Lymph node metastasis 0.0001***
Positive 39 28 11
Negative 29 6 23

TNM grade 0.003**
I+II 38 13 25
III 30 21 9

Differentiation 0.078
Well and Moderate 25 9 16
Poor 43 25 18

A chi-square test was used for comparing groups between low and high 
YAP1 expression. **p<0.01, ***p<0.001.
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Figure 6 circ_0000326 promoted tumor growth of BC in vivo. After transfection with sh-circ_0000326 and sh-NC in BT549 cells, the animal model of 
the subcutaneous tumorigenesis was constructed. (A) The tumor size, (B) tumor volume, (C) mice weight, and (D) tumor weight were measured. (E) 
Relative protein levels of YAP1, SOX2, and OCT4 were studied by the IHC assay. (F) Apoptosis rates in sh-circ_0000326 and sh-NC transfected BT549 
cells were detected by TUNEL staining. (G) Relative RNA expressions of circ_0000326, miR-9-3p, and YAP1 were determined by RT-qPCR. **p<0.01 
vs. the sh-NC group.
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miR-9-3p to modulate the endogenous expression of YAP1, 
thus influencing BC progression in vitro and in vivo.

Conclusion. To sum up, the research furnished evidence 
that circ_0000326 accelerated the progression of BC through 
sponging miR-9-3p and regulating YAP1 expression. The 
circ_0000326-miR-9-3p-YAP1 axis might be important for 
early screening of BC, providing endless potential for the 
development of BC biomarker and therapeutic strategies. 
circ_0000326 is expected to be a novel target for accurate 
diagnosis and treatment of BC. However, the effect of 
circ_0000326 focusing on BC cells’ metastasis and related 
signaling pathway is still defective. Following, the study will 
expand clinical samples to further explore the mechanism of 
circ_0000326 in BC.
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