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A recent Pairwise meta-analysis confirmed that circular
RNA AGFG1 (circAGFG1) is abnormally highly expressed
in breast cancer (BC) and may be associated with death
risk. The purpose of this study was to elucidate the bi-
ological role of circAGFG1 in BC and to explore its po-
tential downstream molecular mechanisms. CircAGFG1,
miR-653-5p and YWHAE expression in BC tissues and
cells were analyzed by RT-qPCR or western blot. Gene
expression was regulated by transfection of plasmids or
oligonucleotides and the biological behaviors of BC cells
were analyzed by a series of assays. The ring structure of
circAGFG1 was analyzed by RNase R and actinomycin D
treatment. Dual luciferase reporter assay and RNA-pull
down were used to verify the targeting relationship of
circAGFG1 and downstream factors. A nude mouse xen-
ograft experiment was performed to verify the effect of
circAGFG1 on cancer cells in vivo. The results showed
that circAGFG1 and YWHAE were highly expressed in BC
while miR-653-5p was lowly expressed. Both circAGFG1
and YWHAE had a targeting relationship with miR-653-
5p. Knockdown of circAGFG1 inhibited BC cell prolifera-
tion, invasion, migration, and glycolysis. The inhibitory
effect of circAGFG1 knockdown on BC was reversed by
silencing miR-653-5p. The inhibitory effect of overex-
pression of miR-653-5p on malignant behaviors of BC
cells was reversed by overexpression of YWHAE. Knock-
down of circAGFG1 inhibited tumor growth in vivo. Tak-
en together, these data suggest that circAGFG1 acts as a
sponge for miR-653-5p to mediate YWHAE expression to
promote the malignant behaviors of BC.
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INTRODUCTION

Breast cancer (BC) is a malignant tumor in the mam-
mary gland epithelial tissue, which seriously threatens
the survival and health of women worldwide (Wang et
al., 2021). Surgery, endocrine therapy, chemotherapy, ra-
diotherapy and targeted therapy are applicable for BC
treatment to reduce the mortality rate (Li e al, 2021).
However, due to high recurrence and easy metastasis,
patients’ prognosis is still poor, and the mortality rate is
still high (Xie ef al, 2021). Hence, an in-depth study of

the latent molecular mechanisms of BC is crucial to pro-
vide new and effective therapeutic targets.

Circular RNAs (citcRNAs) are a cluster of closed
circular RNAs (Li ez al, 2019). A study has shown that
circRNAs are available to control gene expression and
the biological behavior of cancer cells (Wu ez al, 2019).
Meanwhile, multiple citcRNAs have been revealed to
take part in regulating BC progression (Zhang ef al.,
2021; Qi et al, 2021; Cui et al, 2021). CitcAGFG1 is a
novel citcRNA that has been confirmed to be elevated
in BC and may be implicated in the diagnosis and prog-
nosis of BC (Ma et al, 2021). However, it is unclear
whether circAGFG1 affects the biological behavior of
BC cells.

circRNAs can perform as competing endogenous
RNAs (ceRNAs) for mictoRNAs (miRNAs) to control
downstream targets (Chu e al, 2021). In the light of the
ceRNA theory, it predicted a miRNA (miR-653-5p) asso-
ciated with circAGFG1. Recently, miR-653-5p has been
tested to involve diversified cancers, such as non-small
cell lung cancer (Han e @/, 2019) and gastric cancer (Li
et al., 2021). However, it is necessary to further elucidate
other downstream target genes regulated by miR-653-5p
in BC.

YWHAE, also known as 14-3-3¢, is 2 member of the
YWHA protein family (Wu e/ a/., 2021). YWHAE which
is extensively expressed in most cancers is a transcription
factor [(Li ez al., 2021). Previous studies have shown that
YWHAE is elevated in BC and can motivate the pro-
liferation, metastasis and chemotherapy of BC cells, and
may become a latent therapeutic target for BC (Leal e
al., 2016; Cimino ef al., 2008; Park ez al., 2019).

This study hypothesized that circAGFG1 might indi-
rectly regulate YWHAE expression by adsorbing miR-
653-5p to participate in BC cell biological behaviors.
Our aim was to explore the biological function of cir-
cAGFG1 in BC and to elucidate its downstream under-
lying mechanisms.

MATERIALS AND METHODS

Clinical tissue specimens

From January 2018 to January 2020, BC tissues and
adjacent normal tissues (2-5 cm from the tumor) of
60 patients (aged 47.5%11.4 years) who underwent tu-
mor resection at The First Affiliated Hospital of Kun-
ming Medical University were harvested. All tissues were
stored at —80°C. Approval of this study was obtained
from the Ethics Committee of The First Affiliated Hos-
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pital of Kunming Medical University and written in-
formed consent was collected from all participants.

Cell culture and transfection

Normal human breast cells (MCF-10A) and human
BC cell lines (MDA-MB-231, MCF-7, SK-BR-3 and
MDA-MB-157) were bought from ATCC (VA, USA).
The cells were cultivated in Roswell Park Memorial In-
stitute-1640 (31800, Solarbio, China) containing 10% fe-
tal bovine serum at 37°C, and 5% CO,. MDA-MB-231
cells were chosen as an auxiliary study object because
they had the greatest difference in expression (Yang ef
al., 2019).

Specific short hairpin RNAs against circAGFG1, miR-
653-5p mimic/inhibitor, and cotresponding NCs were
gained from Genepharma (Shanghai, China). Lentivirus-
negative vector, YWHAE and circAGFG1 lentiviral over-
expression vectors were purchased from GeneCopoeia.
MDA-MB-231 and MDA-MB-157 cells were transferred
to a 6-well plate (1x105 cells/mL) and cultured for 24
h. Cell transfection was conducted using Lipofectamine®
2000 (Invitrogen, USA) (Gong et al, 2021). 48 h after
transfection, the transfection efficiency was evaluated by
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) and Western blot.

Ribonuclease R (RNase R) and actinomycin D

To test RNase R resistance, total RNA (2 pg) from
MDA-MB-231 cells was collected and incubated with 3
U/pg RNase-R (07250, Epicentre Technologies, USA)
at 37°C for 30 min. Actinomycin D experiment: MDA-
MB-231 cells wete treated with 2 mg/mlL actinomycin D
(129,935, Millipore, USA) to block transcription. Then,
cellular RNA was obtained to measure circAGFG1 and
AGFG1 expression by RT-qPCR.

Subcellular localization analysis

Cytoplasmic and nuclear RNAs of MDA-MB-231 cells
were isolated using the PARIS Kit (Invitrogen). Then,
circAGFGT1 in cytoplasmic RNA and nuclear RNA was
checked by RT-qPCR. U6 and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) were applied as nuclear
and cytoplasmic controls, respectively.

RT-qPCR

Total RNA was extracted from BC tissues and cells
using Trizol reagent (Invitrogen) PrimeScript RT rea-
gent kit (Takara, Tokyo, Japan) and miRNA First Strand
Synthesis kit (Takara, Japan) were employed for reverse
transcription of citcRNA/mRNA and miRNA, respec-
tively. RT-qPCR was performed with SYBR Green kit
(Thermo Fisher Scientific, MA, USA) and Mx3005P
QPCR system (Agilent Technologies, Santa Clara, CA,
USA). U6 and GAPDH were employed as internal con-
trols for miRNA and mRNA/citcRNA, respectively (Ma
et al., 2021). The primer sequences were manifested in
Table 1. The relative expression of genes was analyzed
by 2:84¢,

Western blot

Total protein from cells and tissues was extracted
with 500 pL radio-immunoprecipitation assay lysis buff-
er (Beyotime). An equal amount of protein (20 pg) was
separated by 8% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (Solarbio) and transferred to a poly-
vinylidene fluoride membrane (Invitrogen). After be-

Table 1. Primer sequence

Genes Primer sequence (5'-3")

F: 5-CCAGTTGTAGGTCGTTCTCAAG-3’
CircAGFG1

R: 5-TCACCCTGTGTGGTGGAT-3’

F: 5'-GCCGAGGTGTTGAAACAATC-3’
miR-653-5p

R: 5'- TGGTGTCGTGGAGTCG -3’

F: 5'-GGATACGCTGAGTGAAGAAAGC-3'
YWHAE

R: 5-TATTCTGCTCTTCACCGTCACC-3'

F: 5'-CTCGCTTCGGCAGCACA-3’
ué

R: 5'-AACGCTTCACGAATTTGCGT-3’

F: 5'-TCCCATCACCATCTTCCA-3’
GAPDH

R: 5'-CATCACGCCACAG CC-3

F, forward; R, reverse

ing blocked with 5% skim milk, the membrane was
incubated with primary antibodies YWHAB (8312, Cell
Signaling Technology, 1:1000), glucose transporter typel
(GLUT1; ab652, 1:1000), matrix metalloproteinase-9
(MMP9; ab38898, 1:1000), B cell lymphoma 2-associ-
ated X (Bax; ab32503, 1: 1000, all Abcam), and GAP-
DH (60004-1-Ig, 1:1000, Proteintech) overnight at 4°C.
Horseradish peroxidase-conjugated goat anti-rabbit sec-
ondary antibody immunoglobulin G (1:1000, ab181236,
Abcam) was added for incubation for 2 h. The signals
were visualized by an enhanced chemiluminescence kit
(34080, Thermo Fisher Scientific) and analyzed by Im-
age] software. Three biological replicates of the experi-
ment were performed.

Cell Counting Kit -8 (CCK-8)

MDA-MB-231 and MDA-MB-157 cells after trans-
fection were seeded in 96-well plates (1X10* cells/well).
At designated time points (0, 24, 48 h), 10 pl. CCK-8
reagent (Dojindo, Kumamoto, Japan) was added to each
well. Optical density values at 450 nm were recorded af-
ter 2 h on a microplate reader (PerkinElmer, USA).

Colony formation assay

MDA-MB-231 and MDA-MB-157 cells after transfec-
tion were seeded in 6-well plates for 14 d, fixed in 4%
paraformaldehyde (Beyotime), stained with 0.1% crystal
violet (Beyotime) for 2 h, and counted.

Flow cytometry

Apoptosis rates of transfected MDA-MB-231 and
MDA-MB-157 cells were analyzed by Annexin V-Flu-
orescein isothiocyanate (FITC) propidium iodide (PI)
apoptosis kit (BD Biosciences). Briefly, cells were resus-
pended in 1 X binding buffer (500 pl) and mixed with
5 pl Annexin V-FITC and 5 ul PI in the dark for 15
min. Finally, the percentage of apoptotic cells was evalu-
ated by a flow cytometer (FACS Calibur).

Transwell migration and invasion analysis

MDA-MB-231 and MDA-MB-157 cells were placed in
a serum-free medium at a density of 5X10* cells/well,
and the medium containing 10% fetal bovine serum (In-
vitrogen) was added to the bottom chamber. Then after
24 h, cells were fixed with methanol for 30 min, stained
with 0.1% crystal violet, and viewed in an inverted mi-
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croscope (Tycom, Switzerland, magnification X100). For
invasion assays, cells (1X10° cells/well) were placed in
the upper chamber (Costar) coated with a matrix (BD
Bioscience) (Wan e al., 2021).

Glycolysis test

MDA-MB-231 and MDA-MB-157 cells (1X105 cells/
well) after transfection were seeded in 12-well plates. Af-
ter 48 h of transfection, glucose consumption, and lac-
tate production, the ADP/ATP ratio were tested using a
glucose detection kit (Sigma-Aldrich), a lactate detection
kit (BioVision, Milpitas, CA, USA), and a carrier sensor
ADP/ATP ratio detecton kit (BioVision), respectively
(Xie et al., 2021).

The luciferase activity assay

MDA-MB-231 cells were plated on 6-well plates and
then co-transfected with the luciferase reporters pRL-
TK-CitcAGFG1/YWHAE-WT 3-UTR or pRL-TK-Cit-
cAGFG1/YWHAE-MUT 3-UTR (Promega), and miR-
653-5p mimic or mimic-NC using Lipofectamine®2000
(Invitrogen). After 48-h incubation, luciferase activity
was measured using a dual luciferase reporter gene kit

(Promega) (Wu ez al., 2021).

RNA-pull down assay

Biotin-labeled miR-653-5p (Bio-miR-653-5p) probe
and control probe (Bio-NC) were gained from Ribo-
Bio. After transfection with Bio-NC or Bio-miR-653-5p,
MDA-MB-231 cells were lysed after 48 h and incubated
with Dynabeads M-280 Streptavidin (Invitrogen) at 4°C
for 2 h. The RNA complexes on the beads were washed
and the enrichment of citcAGFG1 and YWHAE was
tested by RT-qPCR.

In vivo tumor growth assay

Twelve BALB/c male nude mice (5 weeks old, body
weight of 15-20 g) were purchased from Vital River

>
(9]

~ High expression of circAGFG1
* Low expression of circAGFG1

—_— 100

ST
-

P=0.0044

o N & o @

Normal Tissue Tumor Tissue [ 20 40 60
Time (months)

survival rate (%)
a =
g 3
Relative CircAGFG1 expression
camwaao
2,
3 B a
H

Relative CircAGFG1 expression

4’(‘
2,

':)i:o
%

N

o
m
m

-+ CircAGFG1
AGFG1 mRNA

=1 Cytoplasm

W Mock=I RNase R 50™ Nuclear

o
o

HH

=
o

°
o

Relative RNA expression
e
o

Relative RNA expression
e
o

°
P

.0-
CircAGFG1GAPDH U6

0 4 8 12 24
ActD incubation time (h)

CircAGFG1 AGFG1 mRNA

Figure 1. CircAGFG1 is elevated in BC

(A) RT-gPCR detection of circAGFG1 in normal and tumor tissues.
(B) Kaplan-Meier analysis of survival prognosis of BC patients. (C)
RT-gPCR detection of circAGFG1 expression in four BC cell lines
(MDA-MB-231, MCF-7, SK-BR-3, and MDA-MB-157) and normal
breast cell line (MCF-10A) (D/E) The ring structure of circAGFG1
was determined by RNase R and Act D methods. (F) The subcel-
lular localization of circAGFG1 in MDA-MB-231 cells. Measurement
data were clarified as mean + S.D. (N=3); *P<0.05.

(Beijing, China). MDA-MB-231 cells (5X106 cells/mouse)
with or without stable knockdown of citcAGFG1 wete
injected subcutaneously into each mouse (6 per group).
Tumor volume was calculated in the light of the formula
0.5xlengthXwidth? and measured every 3 d. After 23 d,
the mice were euthanized. Tumor tissues were excised
for further analysis. This study was permitted by the
Animal Research Committee of The First Affiliated Hos-
pital of Kunming Medical University (Ding e# al., 2021).

Immunohistochemistry (IHC) analysis

After being fixed in 10% formalin (Beyotime), the
tumor tissues were embedded in paraffin and dissected.
Primary antibodies Ki67 (ab15580, 1:5000, Abcam, Cam-
bridge, UK) and MMP9 (ab76003, 1:1000, Abcam) were

Table 2. The link of circAGFG1 and clinicopathological features of BC patients

Characteristic Cases CircAGFG1 expression

n=60 Reduction (n=30) Elevation (n=30) P
Age (years)
<50 27 12 15 0.512
=50 33 18 s
Tumor size
<2cm 35 19 16 0.0357*
=2cm 25 11 “w o
N
1/ 29 19 oo 0.0157*
/v 31 1 0
Lymph node metastasis
Negative 25 17 8 0.0076*
Positive 35 13 22
Distant metastasis
No 50 30 20 0.0257*
Yes 10 0 wo
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Figure 2. circAGAP1 regulates BC cell proliferation, invasion and
migration, glycolysis and apoptosis

sh-circAGFG1 was transfected into MDA-MB-231 and MDA-MB-157
cells. (A) RT-gPCR detection of circAGFG1 knockdown or overex-
pression transfection efficiency. (B/C) Cell proliferation activity
was tested by the CCK-8 method and colony formation assay. (D)
Cell apoptosis detected by flow cytometry. (G) Transwell assay to
measure cell migration and invasion. (F-H) glucose consumption,
lactate production, and cellular ATP/ADP ratio. |. Western blot de-
tection of GLUT1, Bax, and MMP9. Measurement data were clari-
fied as mean + S.D. (N=3); *P<0.05.

incubated at 4°C overnight, followed by the secondary
antibody (ab205718, 1:5000, Abcam) overnight. After
treatment with 3,3’-diaminobenzidine staining (Sangon
Biotech, Shanghai, China), the sections were counter-
stained with hematoxylin (Beyotime) and examined with
a fluorescence microscope (Leica, Wetzlar, Germany).

Statistical analysis

All experiments in this study were biologically rep-
licated at least three times. SPSS 21.0 (SPSS, Inc, Chi-
cago, IL, USA) statistical software was applied for
analysis of the data. After the Kolmogorov-Smirnov
test, the data were normally distributed and expressed
as mean * standard deviation (S.D.). The two-group
comparison was done by t-test, while the multiple-
group comparison was performed by one-way analy-
sis of variance (ANOVA) and Fisher’s least significant
difference #test (LSD-7). The chi-square test was used

Figure 3. CircAGFG1 acts as a sponge of miR-653-5p

(A) The binding sites between circAGFGT and miR-653-5p on the
starbase. (B) RT-qPCR detection of transfection efficiency of miR-
653-5p mimic. (C-D) Luciferase activity assay and RNA-pull down
assay to evaluate the interaction between circAGFGT and miR-
653-5p. (E-F) RT-gPCR to examine miR-653-5p in BC tissues and
cells. (G) Pearson correlation analysis to evaluate the correlation
between miR-653-5p and circAGFG1. (H) RT-gPCR detection of
miR-653-5p expression after transfection of sh-circAGFG1. Meas-
urement data were clarified as mean + S.D. (N=3); *P<0.05.

to analyze the correlation between circAGFG1 and
the clinicopathological data of patients and Kaplan-
Meier analysis to examine the relationship between
citcAGFGT1 and patients’ survival P<0.05 was consid-
ered statistically significant.

RESULTS

CircAGFGT1 is elevated in BC

Firstly, the circAGFG1 expression pattern in BC
was detected by RT-qPCR. CircAGFG1 expression
was higher in BC tissues compared with normal tis-
sues (Fig. 1A). The link between circAGFG1 and clin-
icopathological characteristics of BC patients was then
analyzed. The elevation of circAGFG1 was associated
with tumor-node-metastasis stage, tumor size, lymph
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age (Table 2). Kaplan-Meier survival analysis clarified
that the elevation of circAGFG1 was associated with
worse overall survival (Fig. 1B).

CircAGFG1 expression was higher in all BC cell
lines (MDA-MB-231, MCF-7, SK-BR-3, and MDA-
MB-157) than in normal cells (MCF-10A) (Fig. 1C).
Among them, MDA-MB-231 cells and MDA-MB-157
cells with the highest CircAGFG1 expression were se-
lected for follow-up experiments. The circular struc-
ture of circAGFG1 was confirmed by RNase R and
actinomycin D experiments, and it came out that
circAGFG1 was resistant to RNase R digestion and
was more stable than linear AGFG1 mRNA, and ac-
tinomycin D did not affect the stability of circAGFG1
(Fig. 1D, E). Furthermore, subcellular localization
analysis clarified that circAGFG1 was majorly distrib-
uted in the cytoplasm of MDA-MB-231 cells (Fig. 1F).

The above data suggest circAGFGT1 is stably elevat-
ed in BC and may take part in BC progression.

Repressing circAGFG1 restrains MDA-MB-231 cell
biological behaviors and glycolysis

To figure out circAGFG1’s biological function in BC,
citcAGFG1 was silenced in MDA-MB-231 and MDA-
MB-157 cells. CitcAGFG1 knockdown efficiency was
shown in TFig. 2A. CCK-8 and colony formation ex-
periments showed that the knockdown of circAGFG1
inhibited the proliferation ability of BC cells (Fig. 2B,
C). Flow cytometry showed that the knockdown of cit-
cAGFG1 promoted apoptosis in cells (Fig. 2D). Tran-
swell experiments demonstrated that the knockdown of
citcAGFG1 increased the migratory and invasive abili-
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Figure 5. YWHAE is a functional target of miR-653-5p in BC cells
(A) Binding sites of YWHAE with miR-653-5p. (B-C) The luciferase
activity assay and RNA-pull down assay to evaluate the interac-
tion between YWHAE and miR-653-5p. (D-E) mRNA expression
of YWHAE in BC tissues and adjacent normal tissues detected by
RT-gPCR and western blot. (F-G) YWHAE expression in four BC
cell lines (MDA-MB-231, MCF-7, SK-BR-3 and MDA-MB-157) and a
normal breast cell line (MCF-10A) detected by RT-gPCR and west-
ern blot. (H-I) The correlation among YWHAE, miR-653-5p, and
circAGFG1 evaluated by Pearson correlation analysis. (J) Western
blot detection of YWHAE expression after transfection of sh-Cir-
cAGFG1 or miR-653-5p mimic. Measurement data were clarified as
mean + S.D. (N=3); *P<0.05.

ties of cells (Fig. 2E). Most fast-growing malignant cells
have active glycolysis and gain more energy through
glycolysis (Zhang et al, 2022). Next, the effect of cir-
cAGFGT1 on glycolysis was explored. It was examined
that knockdown of circAGFG1 inhibited cellular glucose
consumption, lactate production and ATP/ADP ratio
(Fig. 2F-H). Western blot detected that knockdown of
circAGFG1 suppressed the protein expression of MMP9
and GLUT1 and promoted the protein expression of
Bax (Fig. 2I). The above data indicated that knockdown
of citcAGFGT1 refrains BC cell biological functions and
glycolysis.

CircAGFG1 performs as a sponge for miR-653-5p

circAGFG1 can target miRNAs to regulate BC pro-
gression (Qi e al, 2015), so a bioinformatics website
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Figure 6. Elevation of miR-653-5p restrains BC cell effect via tar-
geting YWHAE

miR-653-5p mimic and YWHAE overexpression vector were co-
transfected into MDA-MB-231 and MDA-MB-157 cells. (A-B) RT-
gPCR and Western blot examination of YWHAE in MDA-MB-231
cells. (C-D) Cell proliferation activity was detected by the CCK-8
method and colony formation assay. (E) Cell apoptosis rate tested
by flow cytometry. (F) Transwell detection of cell migration and
invasion. (G-I) Glucose consumption, lactate production, and cel-
lular ATP/ADP ratio. (J) Western blot detection of GLUT1, Bax, and
MMP9. Measurement data were clarified as mean + S.D. (N=3);
*P<0.05.

(https://starbase.sysu.edu.cn) was utilized to predict the
target miRNAs of circAGFG1. In Fig. 3A, miR-653-5p
had a targeted binding site for circAGFG1. miR-653-5p
mimic elevated miR-653-5p expression in MDA-MB-231
cells (Fig. 3B). Dual luciferase reporter gene test results
showed that miR-653-5p mimic restrained the luciferase
activity of citcAGFG1-WT, but not that of circAG-
FG1-MUT (Fig. 3C). RNA-pull down assay found that
miR-653-5p could specifically combine with circAGFG1
(Fig. 3D). Meanwhile, miR-653-5p expression was re-
duced in BC tissues and cells (Fig. 3E, F). Clinical cor-
relation analysis found that miR-653-5p was negatively
linked with citcAGFGT1 expression (Fig. 3G). RT-qPCR
found that depression of circAGFG1 enhanced miR-
653-5p expression in MDA-MB-231 cells (Fig. 3H).

All in all, miR-653-5p is regulated by circAGFGT1.

Repression of miR-653-5p reverses the effects of
silencing circAGFG1 on BC cells

To further study the role of CitcAGFG1 in regulat-
ing the expression of miR-653-5p in BC, rescue experi-
ments were executed. The promotion of miR-653-5p by
sh-CircAGFG1 was reversed by miR-653-5p inhibitor
(Fig. 4A). Colony formation and CCK-8 experiments
showed that miR-653-5p inhibitor eliminated the inhibi-
tion of sh-citcAGFG1 on cell proliferation (Fig. 4B, C).
Flow cytometry showed that the proapoptotic effect of
sh-citcAGFG1 was reversed by miR-653-5p inhibitor
(Fig. 4D). Transwell assay showed that sh-circAGFG1
inhibited cell invasion and migration, while miR-653-5p
inhibitor prevented this change (Fig. 4E). Detection of
glycolysis-related indicators showed that sh-circAGFG1
reduced glucose consumption, lactate production, and
ATP/ADP ratio, but this phenomenon was reversed by
miR-653-5p inhibitor (Fig. 4F-H). In addition, sh-cit-

Figure 7. Deletion of circAGFG1 restrains tumorigenesis in vivo
(A) Changes in tumor volume in mice. (B) The tumor weight of
mice was detected after 23 days. (C) RT-qPCR to test circAGFG1
and miR-653-5p in tumor tissues. (D) Western blot to test YWHAE
in tumor tissue. (E) Ki67 and MMP9 in tumor tissue detected by
IHC. Measurement data were clarified as mean + S.D. (n=6);
*P<0.05.

cAGFGT1 inhibited MMP9 and GLUT1 expression and
promoted Bax expression, while miR-653-5p inhibitor
blocked these protein changes (Fig. 41).

The above data suggest that citcAGFG1 affects BC
cell progression via targeting miR-653-5p.

YWHAE is a functional target of miR-653-5p in BC cells

Bioinformatics analysis on https://starbase.sysu.edu.cn
found the multiple complementary binding sites in miR-
653-5p and YWHAE (Fig. 5A). It turned out that miR-
653-5p mimic effectively suppressed the luciferase activ-
ity of YWHAE-WT 3’UTR (Fig. 5B). Verified by RNA-
pull down assay, YWHAE could specifically combine
with miR-653-5p (Fig. 5C). The elevation of YWHAE
expression was discovered in BC tissues and cells (Fig.
5D-G). Clinical correlation analysis found that YWHAE
expression was positively linked with cirtcAGFG1 expres-
sion and negatively associated with miR-653-5p expres-
sion (Fig. 5H, I). Furthermore, in MDA-MB-231 cells,
down-regulation of cirtcAGFGT1 or enhancement of miR-
653-5p reduced YWHAE expression (Fig. 5]).

The above data indicate that YWHAE is the down-
stream gene of miR-653-5p.

Elevation of miR-653-5p depresses BC cell effects via
targeting YWHAE

For further investigating the link between miR-653-5p
and YWHAE, a functional rescue experiment was pet-
formed. YWHAE expression was significantly increased
after transfection of the YWHAE overexpression vec-
tor, and the inhibitory effect of miR-653-5p mimic on
YWHAE was reversed by the YWHAE overexpression
vector (Fig. 6A, B). CCK-8 and colony formation expeti-
ments showed that the inhibitory effect of overexpres-
sion of miR-653-5p on cell proliferation was reversed by
overexpression of YWHAE (Fig. 6C, D). In addition, the
promoting effect of overexpression of miR-653-5p on ap-
optosis was reversed by overexpression of YWHAE (Fig.
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0E). Transwell experiments showed that overexpression
of miR-653-5p inhibited cell invasion and migration, but
overexpression of YWHAE prevented this phenomenon
(Fig. 6F). Commercial kit results showed that the inhibi-
tory effects of overexpression of miR-653-5p on cellular
glucose consumption, lactate production, and ATP/ADP
ratio were reversed by overexpression of YWHAE (Fig.
6G-I). Western blot showed that overexpression of miR-
653-5p inhibited the expression of MMP9, GLUT1 and
promoted the expression of Bax, and overexpression of
YWHAE reversed the changes of these proteins (Fig. 0]).

The above data suggest that miR-653-5p affects BC
cell progression by targeting YWHAE.

CircAGFG1 knockdown restrains tumor growth in vivo

To determine whether circAGFG1 silencing restrained
tumor growth 7z vive, sh-NC or sh-CircAGFG1-transfect-
ed MDA-MB-231 cells were implanted into nude mice.
sh-CitcAGFGT1 reduced the tumor volume and weight
of mice (Fig. 7A, B). Meanwhile, citcAGFG1 knock-
down suppressed citcAGFG1 and YWHAE expression
in tumor tissues, while elevated miR-653-5p expression
(Fig. 7C, D). IHC analysis illustrated that repression of
circAGFG1 repressed Ki67 and MMPY expression in tu-
mor tissues (Fig. 7E). All in all, it is suggested that cir-
cAGFG1 knockdown restrains BC tumor growth 7 wivo.

DISCUSSION

BC is an extremely familiar cancer worldwide and a mo-
mentous cause of death in women. Its high morbidity, high
recurrence rate and unpleasing prognosis are the main rea-
sons of patient death. Hence, in-depth studies of the mo-
lecular mechanisms of BC are urgently needed to confirm
effective targets for BC therapy. With the in-depth research
on regulatory mechanism in cancer, the study direction has
gradually shifted from coding RNA to ncRNAs. BC de-
velopment is complexly controlled by diversified ncRNAs,
including citcRNAs, and miRNAs (Liu ¢f @/, 2021). In the
research, it was discovered for the first time that circAG-
FG1 combined with miR-653-5p, which targeted YWHAE,
thereby facilitating MIDDA-MB-231 cell biological behaviors
and glycolysis 7 vitro and accelerating tumor growth i vivo.

CircAGFG1 has been confirmed to be elevated in
BC and may be implicated in BC patients’ diagnosis
and prognosis. A study has shown that circRNAs are
more stable in tissues and exosomes compared with tra-
ditional linear RNAs (He ez al, 2021). Likewise, in the
research, citcAGFG1 expression was elevated in BC,
was not easily degraded by RNase R and was abundantly
exhibited in the cytoplasm. In addition, this study also
found that citcAGFG1 elevation was associated with
poor pathological features and prognosis of BC pa-
tients. CircAGFG1 expression is enhanced in vatious
cancers like esophageal cancer (Fu e al, 2021), cervical
cancer, and triple-negative BC (Zhang ef al., 2021), and
repressing its expression can restrain the malignant pro-
gression of cancer. In the research, the knockdown of
circAGFG1 restrained BC cell biological behaviors and
glycolysis, and depressed tumor growth 7z vivo. This sug-
gests that citcAGFG1 may offer a therapeutic target for
BC. It has been reported that cells can secrete circRNAs
through exosomes to regulate tumor growth and metas-
tasis. As exampled, in BC, has_circ_0000615 is packaged
by exosomes and transported into the circulating blood
(Mashouri e al, 2019). Therefore, subsequent studies
need to detect BC cell exosomes to detect the role of
circAGFG1.

CircRNAs perform as ceRNAs to interact miRNAs.
Through bioinformatics analysis, it was found that Cir-
cAGFG1 can sponge various miRNAs. Among these
miRNAs, miR-653-5p was selected as citcAGFGT1’s
target in the research. Elevation of miR-653-5p re-
frains the proliferation and migration of melanoma (Liu
et al., 2020), together with the proliferation of cervical
cancer cells (Wu ez al, 2020). MiR-653-5p’s functions in
BC have been initially clarified, and this miRNA is lowly
expressed in BC and has anti-tumor effects. In the re-
search, miR-653-5p expression was inhibited in BC. Fur-
thermore, miR-653-5p inhibitor could partially suppress
the effects of citcAGFGT1 silencing on BC cells.

YWHAE acts as a transcription factor to activate or
depress the transcription of target genes. For example,
targeting YWHAE to activate apoptotic signaling can
suppress cutaneous squamous cell carcinoma (Holmes ez
al., 2021). Previous studies have shown that YWHAE is
elevated in BC and motivates the metastasis and chemo-
therapy of BC cells, and may become a latent therapeu-
tic target for BC. However, the mechanism by which
the citcAGFG1/miR-653-5p/YWHAE axis affects BC
has not been investigated. In the research, it was also
found that YWHAE expression was elevated in BC. In
addition, it was originally discovered that YWHAE was a
downstream gene of miR-653-5p. Meanwhile, YWHAE
can integrate multiple signaling pathways by interact-
ing with different proteins in cancer progression (Ou
et al., 2021). In addition, YWHAE-NUTM2 has been
reported to deregulate both v-raf-leukemia viral onco-
gene 1/v-Raf murine sarcoma viral oncogene homolog
B and Hippo pathways, resulting in elevation of cyclin
D1, which accelerates the progression of high-grade en-
dometrial stromal sarcoma. Therefore, it was speculated
that YWHAE might interact with NUTM2 protein to
integrate signaling pathways, and then participate in the
progression of BC, which needs to be further explored
in follow-up studies.

Notably, cirtcAGFG1 can affect MMP9, GLUT1, and
Bax expression in BC cells by targeting and regulating
the miR-653-5p/YWHAE axis. MMP9 can degrade ma-
trix proteins, destroy extracellular matrix, and promote
tumor cell invasion and metastasis (Augoff ez al., 2022).
In addition, high GLUT1 expression is associated with
metabolic reprogramming of tumor cells, including in-
creased glucose uptake, lactic acid production, and acidi-
fied microenvironment (Pezzuto e al., 2020). Bax activa-
tion can increase the permeability of the mitochondrial
outer membrane and release apoptosis signaling mol-
ecules such as cytochrome C in mitochondria, thus in-
ducing apoptosis (Edlich ef a4/, 2018). In this study, we
speculate that cirtcAGFG1’s function in promoting BC
cell invasion and migration is significantly related to the
increased expression of MMPY. In addition, circAGFG1
can increase the glycolytic capacity of BC cells by pro-
moting GLUT1 expression, which will provide powerful
energy for the proliferation and metastasis of BC cells.
The inhibitory effect of citcAGFG1 on Bax may reduce
the permeability of the mitochondrial membrane of BC
cells, thereby preventing the release of apoptosis signal-
ing molecules, which will help to reduce the apoptosis
rate of cancer cells.

However, this study is limited in that the effect of
citcAGFG1 in multiple models of each BC subtype re-
quires further investigation. In addition, the mechanism
of YWHAE regulating BC remains to be further ex-
plored. Future multicenter trials are required to illustrate
circAGFG1’s function in BC.
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CONCLUSION

Taken together, this study demonstrates that circAG-
FGT1 targeted regulation of YWHAE expression iz act-
ing as a sponge of miR-653-5p, thereby promoting BC
progression.  CitcAGFG1/miR-653-5p/YWHAE  axis
may offer as a latent therapeutic target for BC.
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