SABP

BIOCHIMICA
POLONICA

Vol. 69, No 4/2022
767-772
https://doi.org/10.18388/abp.2020_6021

Regular paper

Circ_FOXO3 regulates KLF6 through sponge adsorption of
miR-122-5p to repress H,0,-induced HBVSMC proliferation,
thus promoting IA development in vitro model
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Purpose: The phenotypic transformation of human brain
vascular smooth muscle cells (HBVSMC) is widely in-
volved in the appearance and progression of intracranial
aneurysms (lA). Aneurysm (IA) Circular RNA circ_FOXO3
functions pivotally in vascular diseases and tumors, but
its regulatory role as well as its molecular mechanism
in IA is still uncertain. This research was to explore how
circ_FOX03 works and its mechanism in vitro model of
HBVSMC IA induced by H,0,. Methods: Thirty-eight pa-
tients with IA and their normal tissues were clinically col-
lected. Examination of endothelin-1, vascular hematoma
factor, circ_FOXO3, microRNA (miR)-122-5p and KLF6
and the correlation of circ_ FOXO3 with clinical case in-
formation were ensured. Establishment of an in vitro 1A
model was through HBVSMC induced by H,0, and trans-
fection with circ_FOX03, miR-122-5p and KLF6 related
plasmids was to figure out their roles in cell growth.
The relationship among circ_ FOX03, miR-122-5p with
KLF6 was detected. Results: Up-regulated circ_ FOXO3
and KLF6 and reduced miR-122-5p were in IA tissues;
Circ_FOXO03 was associated with smoking history, Hunt-
Hess grading and endothelial injury degree. Repressive
circ_FOXO03 or KLF6 and strengthening miR-122-5p facili-
tated H,0,-induced proliferation and repressed HBVSMC
apoptosis, while elevation of circ_FOXO3 or depressive
miR-122-5p was opposite. circ_ FOXO3 bound to miR-
122-5p, whose target was KLF6, which participated in
controlling IA by mediating the circ_FOX03/miR-122-5p
axis. Conclusion: In summary, the findings suggest that
circ_FOXO3 suppresses H,0,-induced proliferation of
HBVSMC but promotes apoptosis via modulation of miR-
122-5p/KLF6 axis. Targeted therapy of circ._ FOXO3/miR-
122-5p/KLF6 axis is supposed to be a promising treat-
ment approach for IA patients.
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INTRODUCTION

Intracranial aneurysm (IA) is a serious cerebral vas-
cular degeneration that often leads to fatal vessel rup-
ture and subarachnoid hemorrhage (Maumus-Robert ez
al., 2020) . Despite decades of research, effective treat-

ments for IA are still limited (Etminan ez a/, 2016). The
molecular basis for the formation and rupture of IA is
complex and the dysfunction of vascular smooth muscle
cells (VSMC) is related to the pathogenesis of IA (Man-
delbaum e/ al, 2013; Frosen et al, 2018). VSMC apop-
tosis can lead to vascular wall degradation, thus induc-
ing the occurrence and rupture of IA (Liu ez af/, 2019).
Therefore, exploring the mechanisms of proliferation and
apoptosis of VSMC is helpful to find a new way to treat
IA. Circular RNAs (circRNAs) are noncoding RNAs
(ncRNAs) formed by covalently closed loops that ate
widely expressed in human cells (Salzman e/ a/, 2012).
In recent years, with the wide application of RNA se-
quencing technology, it has been found that many exon
transcripts can accept nonlinear reverse splicing or gene
rearrangement to form circRNAs (Chen ez 4/, 2015). Cir-
cRNAs have been reported to be involved in the regu-
lation of vascular smooth muscle cell processes in IA.
For example, decreased expression of circ_0020397 in
IA may reduce VSMC proliferation by increasing miR-
138 expression and decreasing KDR expression (Wang ez
al,, 2019). The cross-head box citcRNA O3 (circ-Foxo3,
hsa_circ_0006404), encoded by the human FOXO3
gene, is one of the most studied circRNAs and acts as
a sponge for potential microRNAs (miRNAs). A study
has clarified FOXO3 is involved in the regulation of
many vascular diseases. For example, miR-30c-5p re-
presses NLRP3 inflammasome-mediated endothelial cell
apoptosis in atherosclerosis by down-regulating FOXO3
(Li et al, 2018). MiR-629 regulates hypoxic pulmonary
vascular remodeling by targeting FOXO3 and PERP
(Zhao et al., 2019). However, citc_ FOXO3 in IA has not
been fully studied. In recent years, research on IA has
also focused on the regulation of miRNAs, which are
endogenous 23 nt ncRNAs and negatively regulate gene
expression. MiRNAs exert post-transcriptional functions
mainly by directly binding to complementary messen-
ger RNA and repressing the expression of target genes
(Lewis et al, 2005; Lynam-Lennon e a/, 2009; Bartel ef
al,, 2009). Dystregulation of miRNA is associated with a
variety of diseases, and more and more evidence indi-
cates that miRNAs play a momentous role in vascular
diseases. For example, miR-4735-3p regulates the pheno-
typic regulation of VSMC by targeting HIF-1-mediated
IA autophagy (Gao e/ al., 2019). The down-regulation of
MiR-29b induces the phenotypic regulation of VSMC,
and its importance in the formation and progression
of TA rupture is manifested (Sun e# al, 2017), etc. Few
studies have been conducted on miR-122-5p, and the ac-
tion mechanism of miR-122-5p in IA needs to be fur-
ther explored. The study confirmed that circ_ FOXO3
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repressed H,O,-induced proliferation and accelerated
apoptosis of human cerebrovascular smooth muscle cells
(HBVSMC). Further mechanistic studies manifested this
role of circ_FOXO3 was realized by regulating the miR-
122-5p/KLF6 axis, confirming the novel mechanism of
circ_FOXO3 in TA process.

MATERIALS AND METHODS

Research objects

Thirty-eight IA patients (the IA group) with imaging
diagnosis and neurosurgical clippings from the Suzhou
Hospital of Anhui Medical University, Department of
Neurosurgery, Suzhou Hospital of Anhui Medical Uni-
versity were selected as experimental subjects. Mean-
while, temporal polar temporal cortical artery tissue was
removed from 38 patients (the control group) with tem-
poral lobe epilepsy caused by amygdala and hippocampal
sclerosis and was normal arterial tissue with postopera-
tive histopathological examination. No obvious differ-
ence was presented in gender with age in the IA and the
control. Venous blood (2 tubes) was taken from all sub-
jects on an empty stomach simultaneously in the morn-
ing prior to surgery. The approval of the research was
obtained through the Institutional Review Committee of
the Suzhou Hospital of Anhui Medical University, fol-
lowing the principles of zhe Declaration of Helsinki. Written
informed consent was obtained from the participants in
the investigation.

Enzyme-linked immunosorbent assay (ELISA)

The examination of serum-related indicators was per-
formed using an ELISA kit (NanJing JianCheng Institute
of Bioengineering, Nanjing, China). After centrifugation
of the blood samples, the examination of endothelin-1
(ET-1) and vascular hematoma factor (vWF) was based
on the kit instructions.

Cell culture

HBVSMC (Cat. No. CP-H116) were purchased from
Procell (Wuhan, China) and grown in a humidified incu-
bator (Roewe Instrument Co., Ltd. Shanghai, China) at
37°C with 5% CO,. Dulbecco’s modified eagle medium
containing 10% fetal bovine serum (FBS), 100 mg/L
gentamicin and 2 mmol/L glutamine were applied. To
establish IA 7z vitro (Shi et al., 2019; Zhao et al.,2018),
cells were incubated with 0, 30, 90, or 180 uM H,O,
(Sigma, St. Louis, MO, USA) for 6 h.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

Culture medium consisting of 10% serum was adopt-
ed for the preparation of a single cell suspension; The
5X%103% cells per well were seeded in a 96-well plate. After
separate transfection of cells with circ_FOXO3 and NC
for 0, 24, and 48 h, incubation was carried out with 10
uL per well 5 mg/ml MTT. After removing the supet-
natant, cells were added with 100 ul. dimethyl sulfoxide
(DMSO, Beyotime, Shanghai, China) was present. Fi-
nally, the detection of the absorbance value was carried
out using a microplate reader (Thermo Labsystems) with
wavelength of 570 nm.

Cell colony assay

The application of cells in logarithmic growth phase
was for the preparation of a dispersed single cell sus-
pension and the culture in a six-well plate medium was
with 10% FBS. After removing the culture medium and
transfection of the cells with citc_ FOXO3 and NC, the
culture medium was replaced with a new one and con-
tinued culture was conducted. Finally, after discarding
the supernatant, the suspension was fixed with 4% para-
formaldehyde and then stained with 0.1% crystal violet
to count colonies.

Real-time polymerase chain reaction (Rt-PCR)

The application of Trizol RNAiso (Takara) was for
the extraction of total cellular RNA, and Thermo Nano
Drop 2000 was used to detect the concentration and pu-
rity of total RNA, and Agilent-2100 sulfate polyacryla-
mide gel electrophoresis was applied to detect the integ-
rity of total RNA. RNA was retrotranscribed to cDNA
using the M-MLV reverse transcriptase kit (Thermo
Fisher Scientific), and the final adoption of the quantita-
tive real-time PCR kit was for fluorescence quantification
(Takara, Japan). Primers were constructed and synthe-
sized via Beijing Kinco. The adoption of GAPDH and
U6 was performed as internal controls. Primer sequences
were manifested in the following:

Circ_FOXO3:

e Forward primer: 5-GGCCTCATCTCAAA-
GCTGG-3,

* Reverse primer: 5-CTTGCCCGTGCCTTCATT-3

MiR-122-5p:

e Forward primer: 5>~ACACTCCAGCTGGGAA-3,

* Reverse primer: 5>-GTGCAGGGTCCGAGGT-3’.

KLFé6:

e Forward
CGACC-3,

* Reverse  primer:
CTGG-3.

GAPDH:

e Forward
GTG-3,

* Reverse
GAGC-3.

ueé:

e Forward primer: 5-CTCGCTTCGGCAGCACA-3’,

* Reverse primer: 5-AACGCTTCACGAATTT-
GCGT-3.

5-GGCCAAGTTTACCTC-

primer:

5-TAAGGCTTTTCTCCTTCC-

primer:  5-TTCTTTTGCGTCGCCAG-

5-GGAGGGAGAGAACAGT-

primer:

Luciferase report assay

The subclone of the circ. FOXO3 sequence or the
3untranslated region (UTR) fragment of KLLF'6 contain-
ing the forecast binding site of miR-122-5p was included
in the pmirglol-Luciferase target expression vector. Af-
ter construction of the wild-type carriers circ_ FOXO3
(pmirglol — circ_FOXO3-WT) and wild-type carriers
KLF63 3UTR (pmirglo-KLF63 3’'UTR-WT) carriers,
and plasmids pmirglo- KLF63 3UTR-MUT or pmir-
GLO-circ_FOXO3- MUT, HBVSMC transfection was
with KLLF6 or circ_ FOXO3 WT, MUT vectors, and
miR-122-5p mimic or its NC for detection of luciferase
activity via the dual luciferase Assay Kit (Promega, Madi-
son, WI, USA).
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RNA-pull down

For verification of the binding of miR-122-5p with
circ_FOXO3, the assay was conducted. After the design
of 3 biotin-labeled miRNA sequences (Bio-miR-122-
5p-WT, -MUT, Bio-miR-NC, GenePharma, Shanghai,
China), transfection was with biotinylated oligonucleo-
tides and then specific lysate products (Ambion, Austin,
Texas, USA). After incubation of the dissolved products
with m-280 plates, RNase-free streptomycin beads and
yeast tRNA (from o), the wash was with a cold solution,
low- and high-salt buffer. The antagonistic miR-122-5p
probe was as NC. After Trizol extracted total RNA, de-
tection of circ_FOXO3 enrichment was by Rt-PCR.

RNA immunoprecipitation (RIP) assay

A Magna RIPTM RNA-binding protein immunopre-
cipitation kit (Sigma) was used for RIP analysis. Briefly,
HBVSMC lysates were incubated with magnetic beads
coated with anti-Ago2 or anti- immunoglobulin G. The
measurement of KLF6 and miR-122-5p enriched in the
beads was done by Rt-PCR.

Western blot

The cell protein extraction was carried out using ra-
dio-immunoprecipitation assay lysis buffer consisting of
1 mM phenylmethylsulfonyl fluoridenone with the ap-
propriate volume. Subsequently, the application of bicin-
choninic acid (Beyotime) was applied to draw a standard
curve to determine protein concentration. The protein
separation was performed through 10% polyacrylamide
gel, electroblotting was performed onto a polyvinylidene
fluoride membrane, and then block with 5% skim milk
powder was implemented. After incubation with primary
antibody, secondary antibody labeled with horseradish
peroxidase (1:10000; ab6721; Abcam), final conduction
of the strong chemiluminescence method was for quanti-
fication (ChemiDoc-It415 Imager, upland), and Image ]
software was applied for quantitative analysis. Primary
antibody KLF6 (1:1000; sc-365633; Santa Cruz Biotech-
nology) was conducted.
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Figure 1. Elevated circ_ FOXO3 and KLF6, and reduced miR-122-
5p are manifested in IA tissue

(A/B) ELISA to detect ET-1 and vWF in serum from patients with IA
and temporal lobe epilepsy. (C-F) Rt-PCR and Western blot to de-
termine circ_FOXO3, miR-122-5p and KLF6 in IA and normal arte-
rial tissues; n=38. The expression of the measurement data was as
the means + standard. The independent sample t-test was applied
for comparison between groups.

Statistical analysis

The adoption of SPSS 22.0 was for statistical analy-
sis of the data and the expression of the results was by
mean * standard deviation. Conduction of sample com-
parison between two groups and multiple groups was
done by independent sample t test as well as ANOVA
analysis of variance. For P<0.05, differences was consid-
ered as statistically significant.

RESULTS

Strengthening circ FOX03 and KLF6 and reduced
miR-122-5p are testified in IA tissue

Detection of factors in IA and the control manifested
the elevation of ET-1, vWF, circ_FOXO3, and KLF6,
and the repression of miR-122-5p in IA (Fig. 1A-F).

Table 1. Relation of circ_FOXO3 expression with the clinicopathologic features in IA patients

Clinicopathological data n Circ_FOX03 P
Reduced (n=25) Elevated (n=13)

Age (years) 0.694

50 or less 10 6 4

More than 50 28 20

Gender 0.307

Male 18 10 8

Female 20 15 5

Hunt-Hess grade 0.005

I/ 24 20 4

/v 14 5

Degree of endothelial damage 0.028

0-2 13 5 8

3-4 25 20 5

Smoking history 0.024

Smoking 27 21 6

Non-smoking 11 4 7
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Figure 2. Repressive circ_FOXO3 can reduce H202-induced HB-
VSMC damage

(A) MTT detection of cell proliferation of HBVSMC stimulated or
not stimulated with different doses of H,0,. (B) Rt-PCR detection
of the abundance of circ_FOXO3 in HBVSMC treated with differ-
ent doses of H,0,. (C) Transfection of circ_FOXO3 elevation/reduc-
tion vector; (D, E) MTT method and detection by plate cloning
of HBVSMC cell proliferation after regulation of circ_FOXO3. (F)
Flow cytometry detection of HBVSMC apoptosis after regulation
of circ_FOXO3. N=3. The expression of the measurement data was
as the means * standard . *vs. control, P<0.05; + vs. H,0, + vector,
P<0.05.

Hunt-Hess grade and degree of endothelial injury with
smoking history were implicated in circ_ FOXO3 in IA
tissue

Based on the mean expression of circ_ FOXO3, the as-
signment of the patients was made to reduced and ele-
vated groups. Analysis of the relationship of circ_ FOXO3
expression with the clinicopathological characteristics of
TA patients affirmed that Hunt-Hess grade, endothelial
injury degree with smoking history were involved in circ_
FOXO3 (P<0.05), while age, sex with operation method
had no correlation with circ_ FOXO3 expression.

Repressive circ_FOXO3 attenuates H,0,-induced
HBVSMC damage

For analysis of the patticipation of circ. FOXO3 in IA,
HBVSMC were applied to establish the H,O,-induced
cell model. As manifested in Fig. 2A, H,O, stimulation
apparently reduced cell proliferation dose-dependently,
suggesting that the z vifro model was successfully estab-
lished. Furthermore, it was found that the abundance of
circ. FOXO3 in HBVSMC was obviously elevated after
H,0, treatment (Fig. 2C). For further exploration of the
character of circ_ FOXO3 in the H,O, induction model,
the introduction of HBVSMC was with transfection vec-
tors ot elevation/depression vectors of citc_ FOXO3 be-
fore H,O, stimulation (Fig. 2D). It was clarified that re-
pressive circ_FOXO3 alleviated H,O,-induced cell prolif-
eration reduction (Fig. 2E, I) and H,0,-induced apoptosis
of HBVSMC (Fig. 2G), while strengthening circ_ FOXO3
was the opposite. Briefly, knockout circ_ FOXO3 reduces
H,0O,-induced HBVSMC damage.

MiR-122-5p combines with circ_FOXO03

Via online analysis software was predicted the spe-
cific binding region of circ_ FOXO3 with miR-122-5p

circ_FOX03 Target: 5' gucACACUAUGGUAACCAGACACUCCa 3'
(RN (IR NRRRRY
miRiz26p MIRNA : 3' guuUGUGGUAACA---G--UGUGAGGu 5'
B c = Bio-miR-NC D = H,0;+Vector
= miR-NC mm Bio-miR-122-5p-WT mm H,;0;+circ_FOXO3
= miR122-5p . Bio-miR-122-5p-MUT < mm H,0y+sicirc_FOXO3
.5 5. 225 .
P<0.05

P<0.05

Relative luciferase activity

Enrichment level of circ_FOXO:
Relative miR-122-5p expressi

Figure 3. MiR-122-5p binds to circ_FOXO3

(A) Prediction of the bioinformatics website of binding sites of the
circ_FOXO3 and miR-122-5p. (B) Verification of the dual luciferase
reporter assay of the regulatory relationship between circ_FOXO3
and miR-122-5p. (C) Verification of the RNA pulldown assay of the
binding relationship between circ_FOX03 and miR-122-5p. (D)
gPCR detection of miR-122-5p expression after regulating circ_
FOX03. N=3, and the measurement data were expressed as the
means + standard deviation. + vs. H,0, + vector, P<0.05.

(Fig. 3A). The impairment of luciferase activity in the
circ_FOXO3-WT + miR-122-5p mimic was clarified.
However, no apparent difference in luciferase activity
was observed in the circ_ FOXO3-MUT + miR-122-5p
mimic, indicating that miR-122-5p specifically binds to
circ_FOXO3 (Fig. 3B). The results affirmed that »s Bio-
miR-NC, the enrichment of circ_FOXO3 in Bio-miR-
122-5p-WT was strengthened and not clearly different
in Bio-miR-122-5p-MUT (Fig. 3C). Moreover, detec-
tion of miR-122-5p was conducted in the H,O,-induced
cell model after the regulation of circ_ FOXO3. It was
found that up-regulation of circ_ FOXO3 reduced miR-
122-5p, while the decrease in circ_FOXO3 was contrast
(Fig. 3D).

MiR-122-5p mitigates H,0,-induced HBVSMC damage

For the study of the miR-122-5p characters in HBVS-
MC damage, NC, miR-122-5p, and in-miR-122-5p were
transfected before exposure to H,O, exposure (Fig. 4A).
A series of assays testified that elevated miR-122-5p fa-
cilitated H,O,-induced cell proliferation (Fig. 4B, C) and
decreased apoptosis (Fig. 4D), while reduced miR-122-5p
was opposite. In the short term, miR-122-5p is available
to attenuate H,O,-induced HBVSMC damage.

- 0N
- H0#mIRAZ2:5p
HOp#inmiRA22:5p

& 2 oz

Rolative miR-122-5p expression

= H0,NC
- H0+mIRA22:5p

"

Figure 4. MiR-122-5p attenuates H202-induced HBVSMC dam-
age

(A) The abundance of miR-122-5p detected in HBVSMC transfect-
ed with elevated/reduced miR-122-5p vectors. (B-C) MTT or plate
cloning detection of HBVSMC cell proliferation transfected with
miR-122-5p elevated/reduced vector. (D) Flow cytometry detec-
tion of apoptosis of HBVSMC transfected with miR-122-5p elevat-
ed/reduced vector. N=3. The expression of the measurement data
was as the means mean + standard . + vs H,0,+ NC, P<0.05.
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Figure 5. KLF6 is a target of miR-122-5p and mediates the circ_
FOX03/miR-122-5p axis

(A) The starBase to predict the binding sequence of miR-122-5p
to KLF6. (B) After transfection of miR-NC or miR-122-5p, the lucif-
erase activity of the KLF6-WT and KLF6-MUT vectors detected in
HBVSMC. (C) The enrichment of KLF6 and miR-122-5p detected af-
ter Ago2 RIP. (D-E) Detection of KLF6 in HBVSMC transfected with
miR-NC, miR-122-5p mimic, and miR-122-5p. (F) gPCR detection
of transfection efficiency. (G-H) MTT or plate cloning detection of
HBVSMC cell proliferation. (I) Flow cytometry detection of apopto-
sis of HBVSMC. N=3. The expression of the measurement data was
as the means + standard . * vs H,0, + sh-NC, P<0.05; # vs H,0, +
circ_FOX03 + sh-NC, P<0.05.

2

Apoptosis rate (%)
s

MiR-122-5p targets KLF6 that mediates the modulation
of the circ FOX03/miR-122-5p axis

For further exploration of the regulatory network
of miR-122-5p, the analysis of miR-122-5p’s molecu-
lar targets was carried out through starBase. KLFG6 is
a latent target, and the targeting of miR-122-5p on
KLF6 was affirmed in Fig. 5A. For confirmation of
this association, the construction of KLF6-WT and
-MUT carriers was manifested. MiR-122-5p mimic re-
sulted in an apparent reduction in luciferase activity in
KLF6-WT, with no influence on the activity of KLF6-
MUT (Fig. 5B). The enrichment of a large amount of
KLF6 and miR-122-5p was manifested in the AgO,-
based complex (Fig. 5C). Furthermore, the determi-
nation of the impacts of miR-122-5p on KLF6 was
made in HBVSMC introduced with miR-NC, miR-
122-5p mimic and in-miR-122-5p. Elevated miR-122-
5p apparently decreased KILF6, but the knockdown
one was the opposite (Fig. 5D, E). Transfection of
the depressive KLIF6 vector and the circ_FOXO3 +
sh-KLF6 vector was carried out in the H,O,-induced
HBVSMC model, and validation was carried out by
qPCR (Fig. 5F). In the experiment (Fig. 5G-I) that
sh-KLF6 cleatly facilitated cell proliferation activity,
reduced the rate of apoptosis, and effectively reversed
inhibition of cell proliferation and the promotion of
apoptosis via elevated circ_FOXO3. Shortly, KLF6
mediates citc_FOXO3/miR-122-5p axis to regulate
H,O,-induced HBVSMC damage.

DISCUSSION

IA, named cerebral aneurysm, is a severe cerebrovas-
cular disease resulting from weakness of the cerebral vein
or artery wall (Wang ez al, 2019; Jin et al, 2019). As neu-
roimaging technology develops and noninvasive screen-
ing methods emerge, such as craniocerebral angiography
(CTA) and magnetic resonance angiography (MRA), el-
evated unruptured IA has been detected. Once IA rup-
tures, it will make for subarachnoid hemorrhage (SAH),
with a surprising fatality rate (Kalaria ez a/, 2002; Li ez
al., 2013). Except for surgical cutting or interventional
embolization, there is no effective medical treatment. As
a new-type gene expression regulator, citcRNA has also
been confirmed to function pivotally in many diseases.
A previous study has confirmed that endogenous com-
petitive RNA networks related to citcRNA are involved
in TA development (Qin ez al, 2021), while functional
polymorphisms in miRNA gene promoter regions have
been documented to be associated with IA risk (Sima
et al, 2017). In this research, clinical data showed that
circ_ FOXO3 and KLF6 were up-regulated and miR-122-
5p was down-regulated in IA tissues, and circ_ FOXO3
expression was associated with Hunt-Hess grade, degree
of endothelial injury, and smoking history.

As a vital cell type forming medium in intracranial ar-
teries, smooth muscle cells are crucial in the formation
and rupture of IA (Starke e¢f al, 2014). With reference
to previous studies (Wang e al,, 2018), citcRNAs are as-
sociated with VSMC dysfunction and the presence of IA
(Huang e al., 2019). Circ_FOXO3 is a promising cancer-
related biomarker (Yang et al, 2021), in bladder cancer
(Li et al, 2020) and squamous cell carcinoma of the es-
ophagus (Xing e al, 2020). In this study, transfection of
elevated or reduced circ_FOXO3 vectors into the H,O,-
stimulated HBVSMC model found that suppressive circ_
FOXO3 could promote H,O,-induced HBVSMC cell
proliferation and inhibit apoptosis, while overexpressed
circ_FOXO3 could do the opposite. It was suggested
that knockdown circ_ FOXO3 can attenuate H202-in-
duced HBVSMC damage.

Next, the regulatory mechanism downstream of circ_
FOXO3 was explored. The binding site of circ_ FOXO3
with miR-122-5p was predicted through bioinformat-
ics websites, which was verified. Previous studies mani-
fested that miR-122-5p was involved in the regulation of
various cells, such as breast cancer (Huang ez a/, 2021),
cervical cancer (Gao et al, 2021), etc. It was confirmed
in the study the proliferation-promoting and antiapop-
totic effects of miR-122-5p in HBVSMC introduced
with H,O,, while the reduction of miR-122-5p was the
contrary. The above experiments confirmed that circ_
FOXO3 aggravated H,0,-induced HBVSMC damage by
repressing miR-122-5p.

Next, further exploration was carried out at the down-
stream target of miR-122-5p. KLLF6, a member of the
specific protein 1/Krupel-like transcription factor family
(Spl/KLF), is otiginally cloned from white blood cells.
KLF6 is obviously increased in VSMC of diabetic pa-
tients and in VSMC treated with high glucose (Zhou
et al, 2020). In the results, KLLF6 was recognized as a
functional target of miR-122-5p. Furthermore, curbed
KLF6 apparently increased cell proliferation and reduced
apoptosis. Furthermore, by cotransfection of KLF6 with
circ_FOXO3, repressive KLLF6 reversed the up-regulated
damage of circ_FOXO3 to H,O,-treated HBVSMCs,
suggesting that KLF6 is involved in mediating circ_
FOXO3.
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In summary, the study found that citrc. FOXO3 can
facilitate the proliferation and induce H,O,-induced HB-
VSMC apoptosis, which was achieved by regulating miR-
122-5p with KLF6 targeting. Later animal models of IA
will be applied for further 7z vivo analysis.
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