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Background: Breast cancer (BC) is a highly heterogeneous malignant tumor that affects 
women’s health. Circular RNAs (circRNAs) are involved in tumor growth in many cancers. 
However, the role of hsa_circ_0101187 (circYY1) in BC is still unclear.
Methods: Expression of circYY1, microRNA (miR)-769-3p, and YY1 (Yin Yang 1) mRNA 
was tested by quantitative real-time polymerase chain reaction (qRT-PCR). Cell viability, 
colony formation, migration, and invasion were analyzed with MTT (3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide), colony formation, and transwell assays. Glucose 
uptake, lactate product, and ATP (adenosine triphosphate) content were detected with 
corresponding kits. Several protein levels were measured with Western blotting. The reg-
ulatory mechanisms of the circYY1, miR-769-3p, and YY1 were validated by RNA immu-
noprecipitation (RIP) assay, dual-luciferase reporter assay, and/or RNA pull-down assay. The 
role of circYY1 in BC was confirmed by xenograft assay.
Results: CircYY1 and YY1 were upregulated in BC, while miR-769-3p had an opposing 
result. Also, BC patients with high circYY1 expression had a poor prognosis. 
Downregulation of circYY1 decreased xenograft tumor growth in vivo. Both circYY1 
inhibition and miR-769-3p elevation constrained BC cell viability, colony formation, migra-
tion, invasion, and glycolysis in vitro. CircYY1 acted as a sponge for miR-769-3p, which 
targeted YY1. CircYY1 sponged miR-769-3p to modulate YY1 expression. Both miR-769- 
3p inhibition and YY1 upregulation antagonized circYY1 silencing-mediated influence on 
malignancy and glycolysis of BC cells.
Conclusion: CircYY1 promoted glycolysis and tumor growth via increasing YY1 expres-
sion through sponging miR-769-3p in BC, offering a promising therapeutic target and 
prognostic biomarker for BC.
Keywords: BC, circYY1, miR-769-3p, YY1, glycolysis

Introduction
Breast cancer (BC) is a common malignant tumor that affects woman’s health. It is 
a highly heterogeneous disease with different behaviors and responses to different 
treatment options.1,2 At present, the main treatment methods for BC patients 
include cytotoxic chemotherapy, targeted therapy, and endocrine therapy, which 
depend on the individual’s BC subtype.3 Moreover, some patients will develop 
a more aggressive model, which is resistant to most treatment strategies.4 Also, the 
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5-year survival rate of BC patients with distant metastasis 
is about 23.4%.5 Therefore, exploring the molecular 
mechanisms related to the development of BC is the first 
step to develop new measures to interfere with the pro-
gress of BC.

Circular RNAs (circRNAs), a unique family of RNAs 
with a covalently closed-loop structure, are derived from 
alternative splicing of pre-mRNAs. CircRNAs are mainly 
distributed in the cytoplasm and are related to many bio-
logical functions, especially post-transcriptional 
regulation.6 Recent studies have uncovered that the aber-
rant expression of circRNAs is associated with the patho-
genesis and progression of some diseases, especially in 
malignant tumors.7 For instance, circRNA circPRRC2A 
accelerated angiogenesis and metastasis through upregu-
lating TRPM3 via sponging miR-514a-5p and miR-6776- 
5p in renal cell cancer.8 Moreover, a string of studies have 
uncovered that circRNAs regulates  BC progression via 
sponging microRNAs (miRs). For example, circRNA 
circABCB10 accelerated BC advancement by absorbing 
miR-1271.9 CircRNA circRPPH1_015 upregulation 
impaired miR-326-mediated inhibitory influence on 
ELK1 expression, thereby accelerating the progression 
of BC.10 CircRNA circTADA2As could repress BC metas-
tasis and growth via sponging miR-203a-3p and down-
regulating SOCS3.11

YY1 (Yin Yang 1), a zinc finger protein, can activate or 
inactivate gene expression based on chromatin structure, 
promoter background, and interacting partners.12 Also, 
YY1 can modulate the transcriptional activation and sup-
pression of many genes related to cellular processes, 
including cell differentiation, division, apoptosis, survival, 
and autophagy.13 YY1 has been proved to be upregulated 
in diversiform tumors, including BC.14 Currently, 5 
circRNAs (hsa_circ_0033169, hsa_circ_0101187, hsa_-
circ_0033170, hsa_circ_0033171, and hsa_circ_0033172) 
have been discovered to be derived from the YY1 gene 
(circbase and circbank databases) (http://www.circbank.cn/ 
search.html?selectValue=YY1). However, the role and 
mechanism of circRNAs derived from the YY1 gene 
in BC progression are still unclear.

In this study, we discovered that hsa_circ_0101187 
(circYY1) expression was elevated in BC tissues and 
cells and associated with a poor prognosis of BC patients. 
Moreover, circYY1 inhibition reduced glycolysis and 
tumor growth through the miR-769-3p/YY1 axis in BC. 
This research offered a novel mechanism to understand the 
progression of BC.

Materials and Methods
Case Selection
Seventy BC tissues and matched neighboring normal tissues 
were obtained from BC patients who did not receive radio-
therapy, chemotherapy, or other anti-tumor therapies and 
underwent BC surgery at the First Affiliated Hospital of 
Guangxi Medical University. All registered BC patients had 
signed an informed consent. The research was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Guangxi Medical University and performed based on the 
ethical guidelines of Helsinki. The clinicopathological para-
meters of BC patients were displayed in Table 1.

Cell Culture
Normal breast epithelial cell line (MCF10A) and 5 BC cell 
lines (MCF7, BT549, MDA-MB-231, MDA-MB-468, and 
T47D) were bought from American Tissue Type Culture 
Collection (Manassas, VA, USA) and cultured in DMEM 
(Dulbecco’s Modified Eagle Medium) (Thermo Fisher 
Scientific, Waltham, MA, USA) (for MCF7, MDA-MB 
-231, and MDA-MB-468 cells) or Roswell RPMI (Park 
Memorial Institute)-1640 medium (Thermo Fisher 
Scientific) (for BT549 and T47D cells) supplemented with 

Table 1 Correlation Between circYY1 Expression and 
Clinicopathological Parameters of BC Patients

Characteristics Number circYY1 
Expression

P

High Low

35 35

Age (years) 0.632

<55 36 17 19
≥55 34 18 16

Tumor size (cm) 0.473
≤2 33 15 18

>2 37 20 17

TNM stage 0.030*

I+II 39 24 15

III 31 11 20

Lymph node metastasis 0.031*
Yes 33 12 21

No 37 23 14

Menopause 0.808

Yes 29 14 15

No 41 21 20

Note: *P < 0.05.
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10% FBS (fetal bovine serum) (Thermo Fisher Scientific) 
and 1% streptomycin/penicillin (Sigma, St Louis, MO, USA) 
in a humidified chamber at 37°C with 5% CO2.

Transient Transfection
Three small interference (si) RNA against circYY1 (si- 
circYY1#1, si-circYY1#2, and si-circYY1#3) and matched 
negative control (NC) (si-NC), miR-769-3p mimic (miR- 
769-3p), miR mimic control (miR-NC), miR-769-3p inhibitor 
(anti-miR-769-3p), and miR inhibitor control (anti-NC) were 
synthesized by Sangon Biotech (Shanghai, China). The 
pcDNA-YY1 (YY1) plasmids were established using the 
pcDNA vector (vector) (Addgene, Cambridge, MA, USA). 
Transient transfection was carried out using the 
Lipofectamine 3000 reagent (Thermo Fisher Scientific). The 
sequence of circYY1 was cloned into the pLCDH vector 
(Geenseed, Guangzhou, China) to establish the pLCDH- 
circYY1 plasmid.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
TRIzol™ Reagent (Thermo Fisher Scientific) was employed 
to extract total RNA from tissue samples and cultured cells. 
The Nanodrop 1000 spectrophotometer (Thermo Fisher 
Scientific) (A260/A280 nm) was used to evaluate the concen-
tration of extracted total RNA. Agarose gel (Biowest, Kansas, 
MO, USA) electrophoresis (1%) was carried out to analyze the 
integrity of extracted total RNA. The complementary DNA 
(cDNA) was produced using the SuperScript™ IV VILO™ 
Master Mix (Thermo Fisher Scientific) or Mir-X miRNA 
First-Strand Synthesis Kit (Takara, Dalian, China). The pro-
duced cDNA was used for qRT-PCR with the SYBR Premix 
Ex Taq II (Takara) on the Light Cycler 480 System (Roche, 
Basel, Switzerland). Relative expression was calculated by the 
2−ΔΔCt method and normalized to β-actin or U6 small nuclear 
RNA (U6). The sequences of the primers in this study were 
displayed in Table 2.

RNase R Treatment
The extracted total RNA (2 μg) was treated with RNase 
R (3U/ug, Epicentre Technologies, Madison, WI, USA) at 
37°C for 20 min, and DEPC-treated water (Sigma) was 
utilized as a control. Thereafter, qRT-PCR was utilized for 
the assessment of the levels of circYY1 and YY1 mRNA.

Cell Viability Analysis
Cell Proliferation Kit I (Roche) was applied to perform the 
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide (MTT) assay to determine the viability of BC 
cells. In short, the transfected BC cells (1 × 105 cells) were 
incubated in 96-well plates for 48 h. Then, MTT reagent 
(5 mg/mL, 10 μL) was added to each well and incubated 
for 4 h. Subsequently, the solubilization solution (100 μL) 
was used to dissolve formazan. The absorbance at 570 nm 
was measured with a Microplate Reader (Bio-Rad, 
Hercules, CA, USA).

Table 2 Primer Sequences for qRT-PCR

Genes Primer Sequences (5’-3’)

circYY1 Forward (F): 5’-TCAGATCCCAAACAACT 
GGCA-3’

Reverse (R): 5’-AGGAGGTGAGTTCTCTCCAA 
TGA-3’

hsa_circ_0033169 F: 5’-AATCCTAAAGAGGGCGAACGGG-3’

R: 5’-GCCTCCTTCCACACAAATACCA-3’

hsa_circ_0033170 F: 5’-CCCATGTAACAGAAAGGGCAACA-3’

R: 5’-CCAGTTGTTTGGGATCTGAGAGG-3’

hsa_circ_0033171 F: 5’-AGCAATCCTAAAGAATGAAGCCAAG 
-3’

R: 5’- CCGTGGGTGTGCAGATGTTT-3’

hsa_circ_0033172 F: 5’-ATCCTAAAGGGCTGCACAAAGA-3’

R: 5’-TGCCACATTCTGCACAGACG-3’

YY1 F: 5’-GGAGGAATACCTGGCATTGACC-3’

R: 5’-CCCTGAACATCTTTGTGCAGCC-3’

miR-769-3p F: 5’-GCGGCGGCTGGGATCTCCGGGGTC 
-3’

R: 5’-GTGCAGGGTCCGAGGT-3’

β-actin F: 5’-AAATCTGGCACCACACCTTC-3’

R: 5’-GGGGTGTTGAAGGTCTCAAA-3’

GAPDH F: 5’-GTCTCCTCTGACTTCAACAGCG-3’

R: 5’-ACCACCCTGTTGCTGTAGCCAA-3’

U6 F: 5’-GCTCGCTTCGGCAGCACA-3’

R: 5’-GAGGTATTCGCACCAGAGGA-3’
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Colony Formation Assay
In brief, the transfected BC cells (1 × 103 cells) were 
seeded into 12-well plates and incubated for 12 days. 
After washing with PBS (phosphate buffer saline) 
(Solarbio, Beijing, China), the cells were fixed with 4% 
paraformaldehyde (Sigma) and stained with 0.1% crystal 
violet (Sigma). The number of colonies (>50 cells) was 
counted using a Nikon Eclipse E600 microscope (Nikon 
Instruments, Melville, NY, USA).

Transwell Assay
The migration and invasion of BC cells were analyzed 
using a transwell chamber (8 μm, Costar, Cambridge, 
MA, USA). For migration assay, transfected BC cells 
(1×105 cells/chamber) in 200 μL medium containing 1% 
bovine serum albumin (Sigma) were inoculated to the 
apical chamber. Also, the medium (600 μL) containing 
10% FBS was added to the basolateral chamber. Unlike 
the migration experiment, the transwell chamber used in 
the invasion assay was pre-coated with matrigel (Costar). 
Twenty-four hour later, the migrating and invasive cells 
were fixed with 4% paraformaldehyde (Sigma). After 
staining with 0.1% crystal violet (Sigma), the cells were 
figured using a Nikon Eclipse E600 microscope (× 100, 
Nikon Instruments).

Measurement of Glucose Uptake, Lactate 
Production, and ATP (Adenosine 
Triphosphate) Content
The levels of glucose consumption and lactate production 
were evaluated with the Glucose Uptake Colorimetric 
Assay Kit (Sigma) and Lactate Assay Kit II (Sigma) in 
accordance with the manufacturer’s procedures. The con-
tent of ATP in intracellular was detected with ATP 
Detection Kit (Solarbio) based on the manufacturer’s 
instructions.

Western Blotting
After extraction with RIPA (Radio-Immunoprecipitation 
Assay) buffer (Sigma), the total protein was quantified 
with the QuantiPro™ BCA Assay Kit (Sigma). 
Subsequently, total protein was isolated by 12% sodium 
dodecyl sulfate-polyacrylamide gels and then transferred 
to polyvinylidene fluoride (PVDF) membranes (Millipore, 
Bedford, MA, USA). Thereafter, the membranes were 
sealed with 5% non-fat milk powder. After washing with 
TBST (Tris Buffered Saline Tween) (Thermo Fisher 

Scientific), the membranes were incubated with primary 
proteins, including anti-HK2 (hexokinase 2) (#22029- 
1-AP, 1:1000, Thermo Fisher Scientific), anti-LDHA 
(Lactate Dehydrogenase A) (#PA5-26531, 1:1000, 
Thermo Fisher Scientific), anti-YY1 (#PA5-29138, 
1:1000, Thermo Fisher Scientific), anti-PCNA 
(Proliferating Cell Nuclear Antigen) (#24036-1-AP, 
1:1000, Thermo Fisher Scientific), and anti-GAPDH (gly-
ceraldehyde-3-phosphate dehydrogenase) (#PA1-988, 
1:500, Thermo Fisher Scientific) antibodies. Then, the 
membranes were incubated with a goat anti-rabbit 
(#A27036, 1:4000, Thermo Fisher Scientific) IgG second-
ary antibody. The blots were detected by enhanced chemi-
luminescence (ECL) substrates (Thermo Fisher Scientific). 
GAPDH was deemed as a loading control.

Subcellular Fractionation Assay
Subcellular fractionation assay was carried out with 
a PARIS™ Kit (Ambion, Austin, TX, USA). BC cells (1 
× 104 cells) were suspended in fractionation buffer and 
incubated for 10 min. Then, the supernatant and the 
nuclear pellet were separated by centrifugation. After 
RNA extraction, the level of circYY1 in the cytoplasmic 
section and nuclear section was evaluated with qRT-PCR, 
and U6 and GAPDH were used as controls for nuclear 
RNA or cytoplasmic RNA.

RNA Immunoprecipitation (RIP) Assay
RIP assay was carried out with the Magna RIP kit (Millipore) 
in light of the manufacturer’s instructions. BC cells were 
lysed in lysis buffer and then incubated with immunopreci-
pitation buffer containing magnetic beads coated with AGO2 
antibody (#10686-1-AP, Thermo Fisher Scientific) or IgG 
antibody (#PP64B, Millipore), and IgG was used as 
a control. After RNA extraction, the level of circYY1 was 
detected by qRT-PCR.

Dual-Luciferase Reporter Assay
Bioinformatics prediction (circbank and circinteractome) 
was performed to predict miRs that possessed complemen-
tary sequences to circYY1. The binding sites between 
miR-769-3p and YY1 were predicted by the TargetScan 
database. The luciferase reporter vector carrying wild type 
(WT) circYY1 (circYY1-WT), mutant (MUT) circYY1 
(circYY1-MUT), YY1-3ʹUTR-WT, and YY1-3ʹUTR- 
MUT was established with the pMIR-REPORT vector 
(Applied Biosystems, Foster City, CA, USA), 
respectively. BC cells were co-transfected with 
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a luciferase reporter vector and miR-NC or miR-769-3p 
mimic using Lipofectamine 3000 reagent (Thermo Fisher 
Scientific). The luciferase activities were determined using 
a luciferase reporter assay kit (Promega) in a TD20/20 
Luminometer (Turner Biosystems, Sunnyvale, CA, USA).

RNA Pull-Down Assay
The miR-769-3p probe and Oligo probe were designed by 
BIOFAVOR Biotech (Wuhan, China). In brief, these 
probes were transfected into BC cells, respectively. 
Thereafter, these cell lysates were incubated with strepta-
vidin magnetic beads at 4°C for 4 h. Subsequently, the 
RNA in the complexes was extracted with TRIzol™ 
Reagent (Thermo Fisher Scientific). QRT-PCR was con-
ducted to evaluate the enrichment of circYY1 in 
extracted RNA.

Xenograft Assay
All experimental protocols had been ratified by the Animal 
Ethics Committee of the First Affiliated Hospital of 
Guangxi Medical University. The procedures of animal 
experiments were carried out in accordance with 
Laboratory animals-General requirements for animal 
experiment (GB/T 35823–2018) and Laboratory animal- 
Guideline for ethical review of animal welfare (GB/T 
35892–2018). Ten female BALB/c nude mice (4–6 
weeks) (Vital River Laboratory, Beijing, China) were ran-
domly divided into two groups and then injected with 
BT549 cells (1×107), which carried the lentivirus vector 
(pLKO.1) (Addgene) containing short hairpin (sh) RNA 
against circYY1 (sh-circYY1) or its negative control (sh- 
NC). Tumor volume was measured every 7 days and 
calculated in accordance with the following equation: 
Volume = (length ×width2)/2. Thirty-five days later, all 
mice were killed through cervical dislocation under 
Nembutal (50 mg/kg) treatment. The xenograft tumors in 
both groups were removed, weighed, and then stored at 
−80°C for subsequent analysis after the mice died (the 
heart stopped beating).

Statistical Analysis
All experiments (in vitro) were repeated 3 times, and the data 
were displayed as mean ± standard deviation. All statistical 
analyses were executed using the GraphPad Prism 8 
(GraphPad, San Diego, CA, USA). Differences between or 
above 2 groups were determined with the independent 
Student’s t test or one-way analysis of variance (ANOVA) 
with Turkey’s post hoc test. The differences between BC 

tissues and matched normal tissues were determined with 
a paired Student’s t test. The survival curves were plotted by 
Kaplan–Meier curves and the Log rank test. Pearson’s cor-
relation analysis was conducted for analysis of the correla-
tion among circYY1, miR-769-3p, and YY1. There was 
a statistically significant difference when P < 0.05.

Results
BC Patients with High circYY1 
Expression Had a Poor Prognosis
YY1 has been reported to play an important role 
in BC.15,16 In order to investigate the role of circRNA 
from the YY1 gene in BC, we first analyzed circbase and 
circbank databases and found that there were five 
circRNAs (hsa_circ_0033169, hsa_circ_0101187, hsa_-
circ_0033170, hsa_circ_0033171, and hsa_circ_0033172) 
from the YY1 gene. To screen for differentially expressed 
circRNAs, we employed qRT-PCR to detect the expression 
patterns of 5 circRNAs in 12 random BC tissues and 
matched normal tissues. The results presented that the 
expression of hsa_circ_0101187 and hsa_circ_0033171 
was apparently higher in BC tissues compared with 
matched normal tissues, especially hsa_circ_0101187 
(Figure 1A and B). CircYY1 (hsa_circ_0101187), located 
on chr14:100728640–100728803, is a 163 nt circRNA 
generated from the YY1 gene (exon2), as displayed in 
Figure 1C. To verify the differential expression of 
circYY1 in BC, we detected circYY1 expression in 70 
paired BC tissues and neighboring normal tissues. As 
exhibited in Figure 1D, circYY1 was highly expressed 
in BC tissues than that in the corresponding normal 
tissues. BC patients with high circYY1 expression were 
associated with TNM stage and lymph node metastasis 
(Table 1). Moreover, the prognosis of BC patients with 
high circYY1 expression was worse than that of BC 
patients with low circYY1 expression (Figure 1E). We 
also observed that circYY1 had a higher expression 
in BC cells (MCF7, BT549, MDA-MB-231, MDA-MB 
-468, and T47D) than that in MCF10A cells, particularly 
BT549 and MDA-MB-231 cells (Figure 1F). Furthermore, 
RNase R treatment was performed to validate the circular 
structure of circYY1 in BC cells. QRT-PCR showed that 
RNase R treatment overtly reduced the expression of YY1 
mRNA in total RNA of BT549 and MDA-MB-231 cells, 
but the expression of circYY1 was not affected (Figure 
1G). These findings indicated that circYY1 was upregu-
lated in BC and was associated with a poor prognosis.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1149

Dovepress                                                                                                                                                           Zhang et al

http://www.dovepress.com
http://www.dovepress.com


CircYY1 Facilitated BC Cell Malignancy 
and Glycolysis in vitro
To verify whether circYY1 affects the biological processes 
of BC cells, we designed three siRNAs against the back- 
spliced sequence of circYY1, as exhibited in Figure 2A. The 
results showed that circYY1 was observably downregulated in 
BT549 and MDA-MB-231 cells after transfection with si- 
circYY1#1, si-circYY1#2, or si-circYY1#3, and si- 
circYY1#1 was utilized for functional analysis (Figure 2B). 
MTT assay revealed that circYY1 downregulation remarkably 
reduced cell viability in BT549 and MDA-MB-231 cells 
(Figure 2C). Colony formation assay indicated that the inhibi-
tion of circYY1 decreased the number of colonies in BT549 
and MDA-MB-231 cells (Figure 2D). Transwell assay pre-
sented that the knockdown of circYY1 impaired the migration 
and invasion abilities of BT549 and MDA-MB-231 cells 
(Figure 2E and F). Furthermore, circYY1 silencing resulted 
in the decrease of glucose uptake, lactate production, and ATP 
release in BT549 and MDA-MB-231 cells, manifesting that 
circYY1 inhibition reduced the glycolysis of BT549 and 
MDA-MB-231 cells (Figure 2G–2I). Also, the protein levels 

of HK2 and LDHA in circYY1-silenced BT549 and MDA- 
MB-231 cells were downregulated (Figure 2J). We also 
explored the influence of circYY1 overexpression on malig-
nant behaviors and glycolysis of BC cells. The overexpression 
efficiency of pLCDH-circYY1 in BT549 and MDA-MB-231 
cells was exhibited in Supplementary Figure 1A. The results 
exhibited that circYY1 overexpression elevated cell viability, 
colony formation, migration, and invasion in BT549 and 
MDA-MB-231 cells (Supplementary Figure 1B-1E). As 
expected, circYY1 upregulation increased the levels of glu-
cose uptake, lactate production, and ATP release in BT549 and 
MDA-MB-231 cells (Supplementary Figure 1F-1H). In addi-
tion, there was an apparent upregulation in HK2 and LDHA 
protein levels in circYY1-elevated BT549 and MDA-MB-231 
cells (Supplementary Figure 1I). Collectively, these results 
indicated that circYY1 contributed to malignant behaviors 
and glycolysis of BC cells.

CircYY1 Served as a Sponge of miR-769- 
3p in BC Cells
To investigate the regulatory mechanism of circYY1 in BC, 
we first analyzed the subcellular location of circYY1 in 

Figure 1 The prognosis of BC patients with high circYY1 expression was poor. (A) A heat map showed the expression of 5 circRNAs (hsa_circ_0033169, 
hsa_circ_0101187, hsa_circ_0033170, hsa_circ_0033171, hsa_circ_0033172) in 12 randomly BC tissues and corresponding NC tissues. (B) QRT-PCR revealed the 
expression of these 5 circRNAs in 12 randomly BC tissues and corresponding neighboring NC tissues. (C) Schematic illustration showed that circYY1 (hsa_circ_0101187) 
was produced from the YY1 gene (exon 2). (D) QRT-PCR presented the expression of circYY1 in 70 paired BC tissues and neighboring normal tissues. (E) Kaplan-Meier 
curves and Log rank test revealed the survival time of BC patients with high circYY1 expression and low circYY1 expression. (F) Analysis of the expression of circYY1 in BC 
cells (MCF7, BT549, MDA-MB-231, MDA-MB-468, and T47D) and MCF10A cells by qRT-PCR. (G) After RNase R treatment, the expression of circYY1 and YY1 mRNA in 
total RNA of BT549 and MDA-MB-231 cells was detected with qRT-PCR. *P < 0.05, **P < 0.01, and ***P < 0.001.
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BT549 and MDA-MB-231 cells. The results showed that 
circYY1 was preferentially distributed in the cytoplasm of 
BT549 and MDA-MB-231 cells, illustrating that circYY1 
might act as a sponge for miRs (Figure 3A). RIP assay 
presented that circYY1 could be enriched in the anti-AGO2 
complex compared with the anti-IgG complex (Figure 3B). 
Moreover, we discovered that miR-769-3p possessed com-
plementary sequence to circYY1 using circbank and circin-
teractome databases (Figure 3C and D). Furthermore, miR- 
769-3p expression was elevated in BT549 and MDA-MB 
-231 cells transfected with miR-769-3p mimic compared to 

the control group (Figure 3E). Dual-luciferase reporter 
assay suggested that the forcing expression of miR-769-3p 
overtly repressed circYY1-WT luciferase reporter activity 
but not circYY1-MUT luciferase reporter activity (Figure 
3F). RNA pull-down assay exhibited that circYY1 was 
abundantly pulled down by the miR-769-3p probe in 
BT549 and MDA-MB-231 cells (Figure 3G). Also, miR- 
769-3p was prominently upregulated in BT549 and MDA- 
MB-231 cells after transfection with si-circYY1#1 (Figure 
3H). Together, these results indicated that circYY1 acted as 
a sponge for miR-769-3p in BC cells.

Figure 2 Influence of circYY1 inhibition on the malignancy and glycolysis of BC cells. (A) Schematic diagram showed 3 siRNAs targeting the back-spliced sequence of 
circYY1. (B) QRT-PCR verified the knockdown efficiency of circYY1 in BT549 and MDA-MB-231 cells. (C–F) Influence of circYY1 inhibition on viability, colony formation, 
migration, and invasion of BT549 and MDA-MB-231 cells was assessed by MTT assay (C), colony formation assay (D), or transwell assay (E and F). (G–I) Impacts of circYY1 
knockdown on glucose uptake, lactate production, and ATP release in BT549 and MDA-MB-231 cells were determined with corresponding kits. (J) Effects of circYY1 
silencing on the protein levels of HK2 and LDHA in BT549 and MDA-MB-231 cells were analyzed using Western blotting. **P < 0.01 and ***P < 0.001.
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miR-769-3p Overexpression Curbed the 
Malignancy and Glycolysis of BC Cells
To verify the function of miR-769-3p in BC, we tested 
the expression of miR-769-3p in BC tissues. As dis-
played in Figure 4A, miR-769-3p was conspicuously 
downregulated in BC cells relative to neighboring nor-
mal tissues. Pearson’s correlation analysis indicated 
that the expression of miR-769-3p and circYY1 had 

a negative correlation in BC tissues (Figure 4B). 
Consistently, miR-769-3p had a lower level in BC 
cells in contrast to MCF10A cells (Figure 4C). We 
also observed that miR-769-3p overexpression played 
an inhibitory impact on viability, colony formation, 
migration, and invasion of BT549 and MDA-MB-231 
cells (Figure 4D–G). In addition, miR-769-3p elevation 
reduced glucose uptake, lactate production, and ATP 

Figure 3 CircYY1 was verified as a sponge for miR-769-3p in BC cells. (A) Subcellular location assay revealed the distribution of circYY1 in BT549 and MDA-MB-231 cells. 
(B) QRT-PCR revealed the level of circYY1 in the anti-AGO2 and anti-IgG complexes. (C and D) The complementary sequence of miR-769-3p and circYY1 was predicted by 
the circbank and circinteractome databases. (E) After transfection with miR-NC or miR-769-3p mimic, the expression of miR-769-3p was measured by qRT-PCR. (F) The 
luciferase activities of the circYY1-WT and circYY1-MUT luciferase reporters in BT549 and MDA-MB-231 cells transfected with miR-NC or miR-769-3p mimic were 
determined by dual-luciferase reporter assay. (G) Whether circYY1 could be pulled down by the miR-769-3p or Oligo probe in BT549 and MDA-MB-231 cells was 
confirmed by qRT-PCR. (H) Expression of miR-769-3p in BT549 and MDA-MB-231 cells transfected with si-NC or si-circYY1 was evaluated by qRT-PCR. ***P < 0.001.
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release in BT549 and MDA-MB-231 cells (Figure 4I– 
J). Moreover, elevated miR-769-3p expression shor-
tened the protein levels of HK2 and LDHA in BT549 
and MDA-MB-231 cells (Figure 4K). Together, these 
findings indicated that miR-769-3p played 
a suppressive influence on the malignancy and glyco-
lysis of BC cells.

miR-769-3p Directly Targeted YY1 in BC 
Cells
To analyze the involvement among circYY1, miR-769- 
3p, and YY1 in BC, we evaluated the level of YY1 
mRNA in BC tissues. The results manifested that the 
levels of YY1 mRNA and protein were elevated in BC 
tissues (Figure 5A and B). Moreover, the expression of 

Figure 4 Effects of miR-769-3p overexpression on the malignancy and glycolysis of BC cells. (A) Expression pattern of miR-769-3p in BC tissues and neighboring normal 
tissues was validated by qRT-PCR. (B) Analysis of the correlation between miR-769-3p and circYY1 in BC tissues by Pearson’s correlation analysis. (C) Analysis of the 
expression of miR-769-3p in BC cells and MCF10A cells by qRT-PCR. (D–K) BT549 and MDA-MB-231 cells were transfected with miR-769-3p mimic and miR-NC. (D–G) 
The viability, colony formation, migration, and invasion of BT549 and MDA-MB-231 cells were analyzed by MTT assay (D), colony formation assay (E), or transwell assay 
(F and G). (H–J) Corresponding kits were used to analyze the levels of glucose uptake, lactate production, and ATP release in BT549 and MDA-MB-231 cells. (K) Western 
blotting presented the protein levels of HK2 and LDHA in BT549 and MDA-MB-231 cells. **P < 0.01 and ***P < 0.001.
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YY1 mRNA was positively correlated with circYY1 
and negatively correlated with miR-769-3p in BC tis-
sues (Figure 5C and D). Bioinformatics prediction 
(TargetScan) presented that YY1 might be 
a downstream target of miR-769-3p (Figure 5E). The 
elevation of miR-769-3p suppressed the luciferase 
activity of the YY1-3ʹUTR-WT luciferase reporter 
rather than the YY1-3ʹUTR-MUT luciferase reporter 
(Figure 5F). Also, YY1 could be pulled down by the 
miR-769-3p probe but not the Oligo probe (Figure 5G). 
Additionally, the protein level of YY1 in BT549 and 
MDA-MB-231 cells with increased miR-769-3p 
expression was conspicuously decreased (Figure 5H). 
Furthermore, there was an overt upregulation of YY1 
protein in BC cells (Figure 5I). Taken together, our 
findings suggested that YY1 was a target of miR-769- 
3p in BC cells.

CircYY1 Accelerated Cell Malignancy and 
Glycolysis in BC Cells by Upregulating 
YY1 via Sponging miR-769-3p
Considering that miR-769-3p targeted YY1 in BC cells, 
we further explored whether circYY1 regulated the bio-
logical processes of BC cells through the miR-769-3p/ 
YY1 axis. The transfection of anti-miR-769-3p reduced 
the expression of miR-769-3p in BT549 and MDA-MB 
-231 cells (Figure 6A). Moreover, miR-769-3p inhibitor 
partly reversed the downregulation of YY1 protein in si- 
circYY1#1-transfected BT549 and MDA-MB-231 cells 
(Figure 6B). The overexpression efficiency of YY1 in 
BT549 and MDA-MB-231 cells was confirmed by 
Western blotting (Figure 6C). Furthermore, the prohibi-
tive impact of circYY1 silencing on cell viability, col-
ony formation, migration, and invasion was partly 
countervailed by miR-769-3p inhibition or YY1 

Figure 5 YY1 served as a target for miR-769-3p in BC cells. (A and B) QRT-PCR and Western blotting were carried out to analyze the expression of YY1 mRNA and 
protein in BC tissues and neighboring normal tissues. (C and D) Correlation of YY1 mRNA and circYY1 or miR-769-3p expression in BC tissues was assessed by Pearson’s 
correlation analysis. (E) Prediction of the binding sites between miR-769-3p and YY1 by the TargetScan database. (F) Relative luciferase activities were investigated in BT549 
and MDA-MB-231 cells co-transfected with miR-769-3p mimic or miR-NC and YY1-3ʹUTR-WT luciferase reporter or YY1-3ʹUTR-MUT luciferase reporter. (G) RNA pull- 
down assay revealed the enrichment of YY1 mRNA in the miR-769-3p probe group and Oligo probe group. (H) Western blotting showed the protein level of YY1 in BT549 
and MDA-MB-231 cells transfected with miR-769-3p mimic or miR-NC. (I) Western blotting revealed the level of YY1 protein in BC cells. **P < 0.01 and ***P < 0.001.
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elevation (Figure 6D–G). Moreover, both miR-769-3p 
silencing and YY1 overexpression overturned the 
decrease of glucose uptake, lactate production, and 
ATP release in circYY1-repressed BT549 and MDA- 
MB-231 cells (Figure 6H–J). In addition, the downregu-
lation of HK2 and LDHA proteins in si-circYY1#1--
transfected BT549 and MDA-MB-231 cells were 
partially neutralized by miR-769-3p knockdown or 
YY1 upregulation (Figure 6K). The above results indi-
cated that circYY1 regulated malignancy and glycolysis 
of BC cells by the miR-769-3p/YY1 axis.

Knockdown of circYY1 Reduced 
Xenograft Tumor Growth in vivo
To confirm the biological function of circYY1 in BC, we 
performed xenograft experiments. The results exhibited that 
tumor volume and weight were smaller and lower in the sh- 
circYY1 group in comparison with the sh-NC group (Figure 
7A and B). Moreover, circYY1 expression was reduced while 
miR-769-3p expression was elevated in mice tumor tissues in 
the sh-circYY1 group (Figure 7C). The protein levels of 
YY1, PCNA, HK2, and LDHA also were decreased in 
mice tumor tissues in the sh-circYY1 group than that in the 

Figure 6 The circYY1/miR-769-3p/YY1 axis regulated the malignancy and glycolysis of BC cells. (A) QRT-PCR analysis of miR-769-3p expression in BT549 and MDA-MB 
-231 cells transfected with anti-miR-769-3p or anti-NC. (B) Western blotting analysis of YY1 protein level in BT549 and MDA-MB-231 cells transfected with si-NC, si- 
circYY1#1, or si-circYY1#1+anti-miR-769-3p. (C) The protein level of YY1 in BT549 and MDA-MB-231 cells transfected with vector or YY1 was analyzed with Western 
blotting. (D–K) BT549 and MDA-MB-231 cells were transfected with si-NC, si-circYY1#1, si-circYY1#1+anti-miR-769-3p, or si-circYY1#1+YY1. (D–G) The viability, colony 
formation, migration, and invasion of BT549 and MDA-MB-231 cells were determined by MTT assay (D), colony formation assay (E), or transwell assay (F and G). (H–J) The 
levels of glucose uptake, lactate production, and ATP release in BT549 and MDA-MB-231 cells were analyzed with a matching kit. (K) Assessment of HK2 and LDHA protein 
levels in BT549 and MDA-MB-231 cells by Western blotting. **P < 0.01 and ***P < 0.001.
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sh-NC group (Figure 7D). Together, these data indicated that 
circYY1 accelerated BC growth in vivo.

Discussion
CircRNAs have extremely high stability due to their 
unique structure. Studies had manifested that circRNAs 
exerted vital roles in human diseases and might serve as 
molecular biomarkers and targets for disease prognosis 
analysis and treatment.17,18 Here, we discovered that 
circYY1 had a higher expression in BC tissues and cells. 
Moreover, BC patients with high circYY1 expression had 
a poor prognosis, indicating that circYY1 might serve as 
a prognostic biomarker for BC patients. In addition, we 
discovered that circYY1 suppression reduced xenograft 
tumor growth in vivo and decreased BC cell proliferation, 
migration, and invasion in vitro. These findings indicated 
that circYY1 exerted a carcinogenic role in BC.

Glycolysis has been revealed as a hallmark of tumor 
progression in many cancers.19 The increase in glycolysis 
and glucose uptake can lead to the production of nucleo-
tides, proteins, and lipids, thereby promoting the division 
and proliferation of tumor cells.20,21 Herein, we discovered 
that circYY1 knockdown could decrease glucose uptake, 
lactate production, and ATP release in BC cells. Moreover, 
circYY1 inhibition reduced the protein levels of HK2 and 
LDHA in BC cells. HK2, a key mediator of aerobic 
glycolysis, can accelerate cancer cell survival and 

proliferation.22 LDHA is abnormally highly expressed in 
many cancers and promotes the glycolysis process by 
converting pyruvate to lactate.23 Accordingly, these results 
suggested that circYY1 inhibition could reduce the glyco-
lysis of BC cells.

Many studies have manifested that circRNAs can bind 
to miRs to modulate mRNAs expression, establishing 
a complex posttranscriptional regulatory network.24 For 
instance, Xie et al indicated that circRNA circBCRC-3 
played an inhibitory influence on BC progression by 
downregulating p27 via absorbing miR-182-5p.25 Herein, 
we observed that circYY1 was preferentially distributed in 
the cytoplasm of BC cells, suggesting that circYY1 might 
function as a sponge for miRs in BC cells. Moreover, we 
verified that circYY1 was a sponge of miR-769-3p in BC 
cells and miR-769-3p was lowly expressed in BC tissues 
and cells. The upregulation of miR-769-3p curbed the 
malignancy and glycolysis of BC cells. A previous study 
unmasked that miR-769-3p elevation could induce cell 
apoptosis and curbed cell proliferation in BC cells during 
re-oxygenation through downregulating NDRG1.26 These 
indicated that miR-769-3p exerted a repressive effect 
on BC progression. Moreover, Wang et al discovered that 
miR-769-3p blocked the Wnt/β-catenin pathway via tar-
geting ZEB2 in glioma cells, thereby repressing tumor 
growth.27 However, Ju et al revealed that miR-769-3p 

Figure 7 CircYY1 contributed to BC growth in vivo. (A) Tumor volumes in mice were measured every 7 days. (B) Tumor weight was measured 35 days after injection with 
BT549 cells carrying sh-circYY1 or sh-NC. (C) QRT-PCR analysis of circYY1 and miR-769-3p expression in mice tumor tissues in the sh-circYY1 group and sh-NC group. 
(D) Western blotting analysis of YY1, PCNA, HK2, and LDHA protein levels in mice tumor tissues in the sh-circYY1 group and sh-NC group. **P < 0.01 and ***P < 0.001.
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was a potential predictor of lung metastasis, which might 
be related to the specificity of cells and tissues.28

Subsequently, YY1 was validated as a target of miR- 
769-3p. Currently, the function of YY1 in BC is contro-
versial. It was reported that YY1-activated LINC00673 
accelerated cell growth through the MARK4/Hippo path-
way via absorbing miR-515-5p in BC.16 Also, the miR- 
5590-3p-YY1 feedback loop contributed to cell migration 
and proliferation in triple-negative BC cells.14 In addition, 
Lee et al unmasked that YY1 could elevate BRCA1 
expression and impeded the formation of BC.29 

Furthermore, YY1 overexpression resulted in a decrease 
of FEN1 expression in BC cells, thereby elevating the 
sensitization of BC cells to taxol or mitomycin C.30 

Herein, YY1 mRNA had a higher expression in BC tis-
sues. YY1 overexpression antagonized circYY1 silencing- 
mediated influence on the glycolysis and malignancy 
of BC cells. These results supported that YY1 acted as 
an oncogene in BC. Furthermore, we also found that 
circYY1 sponged miR-769-3p to regulate YY1 expression 
and miR-769-3p inhibitor reversed circYY1 downregula-
tion-mediated effect on the malignancy and glycolysis 
of BC cells. These results indicated that circYY1 regulated 
the malignancy and glycolysis of BC cells by absorbing 
miR-769-3p and modulating YY1 expression.

In sum, circYY1 exerted an oncogenic role in BC. 
Furthermore, the knockdown of circYY1 constrained gly-
colysis and tumor growth in BC through downregulating 
YY1 via sponging miR-769-3p. The study manifested that 
circYY1 was a potential prognostic biomarker and thera-
peutic target for BC.
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