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Hsa_circ_0072765 knockdown inhibits

proliferation, activation and migration in

transforming growth factor-beta (TGF-B)-induced hepatic
stellate cells (HSCs) by the miR-197-3p/TRPV3 axis
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Summary. Background. Circular RNAs (circRNAs)
participate in the progression of diverse human diseases.
However, the effects of circRNAs on liver fibrosis are
limited. In this study, we aimed to investigate the
functions of hsa_circ_0072765 in liver fibrosis.

Methods. Transforming growth factor-beta (TGF-p)-
treated hepatic stellate cells (HSCs) were used as the cell
model of liver fibrosis. Quantitative real-time
polymerase chain reaction (qRT-PCR) or western blot
was performed to determine the expression of
hsa_circ_0072765, microRNA-197-3p (miR-197-3p)
and transient receptor potential cation channel subfamily
V member 3 (TRPV3). 5’-ethynyl-2’-deoxyuridine
(EdU) assay, flow cytometry analysis and wound-
healing assay were conducted to evaluate cell
proliferation, cell cycle and migration. HSC activation
was assessed by determining the expression of alpha-
smooth muscle actin (a-SMA) and type I collagen alpha
1 (Col1A1l). Dual-luciferase reporter assay and RNA
immunoprecipitation (RIP) were manipulated to analyze
the relationship of hsa circ 0072765, miR-197-3p and
TRPV3. The exosome morphology was observed under
transmission electron microscopy (TEM).

Results. Hsa _circ_0072765 level was increased in
TGF-B-induced HSCs. Hsa circ_ 0072765 knockdown
inhibited cell proliferation, cell cycle, activation and
migration in TGF-B-induced HSCs. Hsa circ_0072765
sponged miR-197-3p and negatively regulated miR-197-
3p expression. MiR-197-3p inhibition reversed the
effects of hsa circ_0072765 knockdown on TGF--
induced HSC proliferation, cell cycle, activation and
migration. In addition, TRPV3 was the target gene of
miR-197-3p and miR-197-3p overexpression inhibited
TGF-B-treated HSC proliferation, cell cycle, activation
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and migration by targeting TRPV3. Besides, we found
that exosomal hsa circ_0072765 was increased in TGF-
B-treated HSCs.

Conclusion. Hsa circ_0072765 promoted the
progression of TGF-B-treated HSCs by decoying miR-
197-3p and upregulating TRPV3

Key words: HSCs, TGF-B, hsa_circ_0072765, miR-
197-3p, TRPV3

Introduction

Liver fibrosis is not an independent disease, but is
associated with liver diseases of various sources such as
hepatitis virus infection, alcohol abuse, or non-alcoholic
steatohepatitis (Lu et al., 2003; Hernandez-Gea and
Friedman, 2011). Liver fibrosis is an indispensable part
in the progression of chronic liver disease. If not treated
in time, a large number of fibrous tissue hyperplasia will
occur in the liver, and then the liver fibrosis will develop
into cirrhosis, which ultimately poses a serious threat to
the life and health of patients (Luersen et al., 2015;
Barnett, 2018). Hepatic stellate cells (HSCs) are usually
stationary and have irregular characteristics (Matsuda et
al., 2018). Under conditions of external stimulation and
liver injury, HSCs can be activated and transformed into
myofibroblast-like cells, which play an important role in
the process of liver fibrosis (Friedman, 2008). However,
the activation mechanism of HSCs is still unclear and
needs to be further explored.

The non-coding RNAs (ncRNAs), such as
microRNAs (miRNAs) and circular RNAs (circRNAsS),
have been reported to be involved in the development of
diverse human diseases (Esteller, 2011; Beermann et al.,
2016). CircRNAs possess covalently closed loop
structures and can serve as miRNA sponges to regulate
target gene expression (Salzman, 2016; Chen et al.,
2019). CircRNAs have been testified to be related to
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liver diseases (Zeng et al., 2021). For example,
circUBAP2 promoted the malignancy of hepatocellular
carcinoma (HCC) (Yu et al., 2021). Hsa circ_0008537
aggravated the carcinogenesis of liver cancer via the
miR-153-3p/MCL1 axis and miR-153-3p/Snaill axis
(Yang et al., 2021). Hsa_circ_0072765 is located at chr5:
68471223-68471364 and is formed by CCNBI gene. A
previous study had shown that hsa circ_0072765 was
aberrantly increased in fibrotic liver tissues (Liu et al.,
2019). However, the exact roles of hsa_circ 0072765 in
liver fibrosis development are unclear.

MiRNAs are small ncRNAs that are related to
human disorders, including liver fibrosis (Vishnoi and
Rani, 2017). For instance, miR-195-3p contributed to
liver fibrosis and HSC activation by interacting with
PTEN (Wang et al., 2021). MiR-571 facilitated HSC
proliferation and migration and inhibited apoptosis by
altering the Notch3 pathway (Cong et al., 2021).
Previous studies have reported that miR-197-3p was
abnormally expressed in chronic hepatitis C patients and
primary biliary cirrhosis patients (Ninomiya et al., 2013;
Cabral et al. 2020). However, the relation between miR-
197-3p and liver fibrosis is barely known.

Here, we selected hsa_circ_ 0072765 as the object to
reveal its role in the process of liver fibrosis. In this
study, the cell model of liver fibrosis was established by
treating HSCs with transforming growth factor-beta
(TGF-B). Then the functions and mechanisms of
hsa circ_0072765 in TGF-B-induced HSC progression
were explored.

Materials and methods
Cell culture and treatment

The HSCs (LX2 cells) were purchased from Procell
(Wuhan, China) and cultured at 37°C in DMEM
(Procell) supplemented with 10% FBS (Procell) and 1%
penicillin/streptomycin (Procell) in an atmosphere
containing 5% CO.,,.

Hepatic stelfate cell line LX2 was used for
generating the model for liver fibrosis using TGF-B1.
For TGF-B1 treatment, LX2 cells were treated with 5
ng/mL or 10 ng/mL TGF-B1 (Solarbio, Beijing, China)
for 24h. To induce the cell model of liver fibrosis, LX2
cells were stimulated with 5 ng/mL TGF-$1 for 24h.

Quantitative real-time polymerase chain reaction (QRT-
PCR)

Total RNA was extracted from LX2 cells via the
usage of TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). The RNAs were then reversely transcribed into
cDNAs using the M-MLV (Promega, Madison, WI,
USA) for circRNAs and mRNAs or TagMan MiRNA
Reverse Transcriptase Reagent (Vazyme, Nanjing,
China) for miRNAs. Subsequently, the qRT-PCR was
executed using AceQ Universal SYBR qPCR Master
Mix (Vazyme). The results were calculated with the

2-AACt method. GAPDH and U6 served as the internal
controls. The primers are exhibited in Table 1.

Subcellular fraction analysis

This assay was used to explore the distribution of
hsa circ_0072765 in the nuclear and cytoplasmic
fractions of LX2 cells. The PARIS Kit (Life
Technologies, Grand Island, NY, USA) was used to
separate the nuclear and cytoplasmic fractions from LX2
cells according to the manufacturers’ instructions. 18S
rRNA and U6 were utilized as the controls for
cytoplasmic transcript and nuclear transcript,
respectively.

RNase R assay

RNase R assay was used to confirm the resistance of
hsa_circ_0072765 on RNase R. Total RNA in LX2 cells
was treated with or without RNase R (1 U/mg; Epicenter
Biotechnologies, Madison, WI, USA) for 20 min and
then subjected to qRT-PCR for hsa_circ_0072765 and
CCNBI expression levels.

Actinomycin D assay

Actinomycin D assay was used to explore the
stability of hsa circ_0072765. LX2 cells were exposed
to Actinomycin D (Sigma-Aldrich, St. Louis, MO, USA)
for Oh, 4h, 8h, 12h and 24h. Then qRT-PCR was
executed to determine the expression of
hsa_circ_0072765 and CCNB1 in LX2 cells.

Cell transfection
The small interfering RNA  against
hsa circ_0072765 (si-hsa_circ_0072765#1, si-

hsa circ_0072765#2, si-hsa_circ_0072765#3) and
related negative control si-NC, hsa circ_0072765

Table 1. Primers sequences used for gRT-PCR.

Name Primers for PCR (5-3’)
hsa_circ_0072765 Forward GCAGCAGGAGCTTTTTGCTT
Reverse GCACCATGTCATAGTCCAACA
CCNBH1 Forward TGCAGCACCTGGCTAAGAAT
Reverse TAGCATGCTTCGATGTGGCA
miR-197-3p Forward GCCGAGTTCACCACCTTCTC
Reverse CTCAACTGGTGTCGTGGAG
TRPV3 Forward CCTCGGATCTGCAGTCCATC
Reverse ACCCCGCGTATAGTAGAGCA
GAPDH Forward GACAGTCAGCCGCATCTTCT
Reverse GCGCCCAATACGACCAAATC
U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT
18S rRNA Forward CAGCCACCCGAGATTGAGCA
Reverse TAGTAGCGACGGGCGGTGTG
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overexpression vector (hsa_circ_0072765) and its
negative control (circ-NC), miR-197-3p mimic and
inhibitor (miR-197-3p and anti-miR-197-3p) and their
negative controls (NC and anti-NC), TRPV3
overexpression vector (TRPV3) and control vector
(vector) were all provided by GenePharma (Shanghai,
China). The cell transfection was conducted by using
Lipofectamine 2000 (Invitrogen).

5-ethynyl-2’-deoxyuridine (EdU) assay

To determine LX2 cell proliferation ability, the EdU
detection reagent (Ribibio, Guangzhou, China) was
employed. Briefly, LX2 cells cultured in 24-well plates
were incubated with EdU for 2h. The cells were
immobilized with 4% paraformaldehyde (Sigma-
Aldrich), washed with PBS, permeabilized with 0.5%
Triton-X-100 (Sigma-Aldrich) and then stained with
DAPI (Sigma-Aldrich). The images were observed
under a fluorescence microscope (Olympus, Tokyo,
Japan) and EdU-positive cells were analyzed.

Flow cytometry analysis

Cell cycle was analyzed using flow cytometry. The
LX2 cells were collected, rinsed in PBS and fixed with
4% paraformaldehyde (Sigma-Aldrich). Next, the cells
were suspended and stained with propidium iodide (PI;
Vazyme) for 20 min in the dark. The cell cycle
distribution was analyzed by flow cytometry (BD
Biosciences, San Jose, CA, USA).

Western blot assay

LX2 cells were lysed in RIPA buffer (Beyotime,
Shanghai, China) to obtain the proteins. The proteins
were separated through 10% SDS-PAGE gel and blotted
onto PVDF membranes. The membranes were then
blocked in 5% skim milk for 2h, incubated with primary
antibodies overnight and secondary antibody for 2h. The
protein bands were visualized by the ECL system
(Beyotime). The primary antibodies Cyclin D1 (bs-
0623R), cyclin-dependent kinase 4 (CDK4; bs-0633R),
alpha-smooth muscle actin (a-SMA; bs-10196R), type I
collagen alpha 1 (Coll1ATl; bs-10423R) and GAPDH (bs-
0755R) and secondary antibody (bs-40295G-HRP) were
purchased from Bioss (Beijing, China). The primary
antibody against TRPV3 (ab231150) was purchased
from Abcam (Cambridge, MA, USA).

Wound-healing assay

To evaluate cell migration ability, wound-healing
assay was performed. LX2 cells were seeded into 12-
well plates. After 24h, the scratch was created using a
pipette tip. The scratch width was recorded at Oh and
24h. Imagel software was used for the calculation of the
area. Wound healing rate was determined according to
the following equation: [(the wound area at Oh - the
wound area at 24h)/the wound area at Oh] x100%.

Dual-luciferase reporter assay

This assay was used to confirm the interaction
between miR-197-3p and hsa_circ_0072765 or TRPV3.
The sequences of wild-type (WT) hsa_circ_0072765 or
TRPV3 3’UTR containing the binding sites of miR-197-
3p were generated and introduced into pmirGLO
(Promega), establishing hsa circ_0072765-wt and
TRPV3-wt. However, hsa _circ_0072765-mut and
TRPV3-mut were constructed by mutating the binding
sites. The generated vectors were transfected into LX2
cells together with miR-197-3p/NC. 48h later, the
luciferase intensity was examined by dual-luciferase
reporter assay reagent (Promega).

RNA immunoprecipitation (RIP) assay

RIP assay was performed to further reveal the
interaction between between miR-197-3p and
hsa_circ_0072765 or TRPV3. The Magna RIPTM RNA
Binding Protein Immunoprecipitation reagent (Millipore,
Bedford, MA, USA) was employed for RIP assay. In
short, LX2 cells were lysed in RIP buffer and cell lysis
was incubated with the magnetic beads conjugated with
antibody IgG or Ago2. The immunoprecipitated RNA
expression was determined.

Exosome isolation and identification

LX2 cells were centrifuged for 10 min at 300xg, the
cell supernatants were collected. Then the exosomes
were obtained after a series of centrifugations. Briefly,
cell medium was centrifuged for 10 min at 2,000g, then
for 30 min at 10,000 g to remove any cell debris. Next,
the supernatant underwent another centrifugation at
140,000g for 2h to collect the precipitate. The exosomes
were suspended in PBS and preserved at -80°C. The
morphology of exosomes was observed under
transmission electron microscopy (TEM).

To identify the exosomes, the exosome markers CD9
(ab223052; Abcam) and CD63 (ab134045; Abcam) were
measured via western blot.

Statistical analysis

All data were obtained from three independent
experiments. Data analysis was conducted through
GraphPad Prism 7. The data were presented as mean = SD.
Student’s z-test or one-way ANOVA was utilized for
difference analysis. P<0.05 was considered as significant.

Results

Hsa_circ_0072765 level was increased in TGF-£31-
induced HSCs

LX2 cells were treated with different concentrations
of TGF-B1 (0, 5 and 10 ng/mL) for 24h. The results of
qRT-PCR showed that hsa circ_0072765 level was
increased in TGF-B1-treated LX2 cells (Fig. 1A).
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Moreover, our results showed that hsa circ_ 0072765
was mainly enriched in the cytoplasm of LX2 cells
rather than the nucleus (Fig. 1B). RNase R assay showed
that hsa_circ_0072765 level was not affected by RNase
R treatment, but CCNB1 mRNA level was markedly
reduced after RNase R treatment (Fig. 1C). Actinomycin
D assay indicated that the half-life of hsa circ_ 0072765
was longer than CCNB1 in LX2 cells after Actinomycin
D treatment (Fig. 1D). All these results indicated that
hsa_circ_0072765 was more stable than linear CCNBI,
and it was overexpressed in TGF-B1-treated HSCs.

Hsa_circ_0072765 knockdown inhibited the proliferation,
cell cycle, activation and migration in TGF-B1-treated
HSCs

To explore the functions of hsa circ_0072765, we
constructed si-hsa circ_0072765#1, si-hsa circ_
0072765#2 and si-hsa_circ_0072765#3 and transfected
them into LX2 cells to knock down hsa circ 0072765
expression. The results of qRT-PCR assay showed that
si-hsa_circ_0072765#1, si-hsa_circ_0072765#2 or si-
hsa circ 0072765#3 transfection significantly reduced
hsa_circ_ 0072765 expression LX2 cells compared to si-
NC transfected cells (Fig. 2A). LX2 cells with si-
hsa_circ_0072765#1 transfection and 5 ng/mL TGF-p1
treatment were utilized for further experiments. EdU

assay showed that hsa circ_0072765 knockdown
repressed the proliferation of TGF-f1-treated LX2 cells
in comparison with si-NC control group (Fig. 2B). Flow
cytometry analysis showed that hsa circ_0072765
interference inhibited cell cycle process in TGF-p1-
activated LX2 cells (Fig. 2C). Moreover, we determined
the levels of cell cycle-associated proteins (Cyclin D1
and CDK4) in TGF-B1-treated LX2 cells after si-
hsa _circ_0072765#1 transfection. The results exhibited
that hsa circ_0072765 silencing notably reduced the
protein levels of Cyclin D1 and CDK4 in TGF-p1-
activated LX2 cells (Fig. 2D). Besides, the levels of
HSC activation-related markers (including a-SMA and
CollAl) were measured by western blot. It was found
that hsa_circ_0072765 deficiency decreased the protein
levels of a-SMA and CollAl in TGF-B1-stimulated LX2
cells, indicating the inhibition of HSC activation after
hsa circ_ 0072765 deficiency (Fig. 2E). Wound-healing
assay indicated that hsa circ_0072765 deficiency
restrained the migration of TGF-f1-stimulated LX2 cells
(Fig. 2F). Taken together, hsa_circ_0072765 knockdown
inhibited TGF-B1-treated HSC proliferation, activation
and migration.

Hsa_circ_0072765 directly targeted miR-197-3p

By searching circinteractome (https://circ
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Fig. 2. Effects of hsa_circ_0072765
knockdown on TGF-B1-treated HSCs.
A. After LX2 cells were transfected
with si-NC, si-hsa_circ_0072765#1,

. si-hsa_circ_0072765#2 or si-hsa_
circ_0072765#3, the expression of
hsa_circ_0072765 was determined by
gqRT-PCR. B-F. LX2 cells were
transfected with si-NC or si-
hsa_circ_0072765#1 and then
stimulated with 5 ng/mL TGF-B1 for

A 24h. B, C. The proliferation and cell
cycle of LX2 cells were evaluated by
EdU assay and flow cytometry
analysis. D, E. The protein levels of
Cyclin D1, CDK4, a-SMA and Col1A1
in LX2 cells were measured through
western blot. F. The migration of LX2
cells was evaluated by wound-healing
assay. *P<0.05.
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interactome.nia.nih.gov/api/v2/mirnasearch?circular
_rna_query=hsa_circ_0072765&mirna_query=hsa-miR-
197&submit=miRNA+Target+Search), miR-197-3p was
found to contain the complementary sequences of
hsa circ_ 0072765 (Fig. 3A). Then the relation between
hsa_circ_0072765 and miR-197-3p was further
investigated. As indicated by dual-luciferase reporter
assay, miR-197-3p overexpression led to the reduction of
hsa circ_0072765-wt luciferase activity in LX2 cells,
but did not affect hsa circ_0072765-mut luciferase
activity (Fig. 3B). RIP assay showed that the levels of
hsa circ 0072765 and miR-197-3p were enriched by
Anti-Ago2 RIP compared to Anti-IgG control group
(Fig. 3C). These results further demonstrated the
combination between hsa_circ_0072765 and miR-197-
3p. As shown in Fig. 3D, the transfection of
hsa_circ_0072765 overexpression vector resulted in the
upregulation of hsa circ 0072765 in LX2 cells. Of note,
hsa circ_0072765 overexpression decreased miR-197-
3p expression in LX2 cells, while hsa circ_ 0072765
knockdown increased miR-197-3p expression in LX2
cells (Fig. 3E). Collectively, hsa circ 0072765
negatively regulated miR-197-3p by targeting miR-197-
3p.

MiR-197-3p inhibition reversed the effects of
hsa_circ_0072765 knockdown on TGF-B1-treated HSC
proliferation, cell cycle, activation and migration

Compared to control LX2 cells, miR-197-3p level
was weakly expressed in TGF-B1-stimulated LX2 cells
(Fig. 4A). As presented in Fig. 4B, anti-miR-197-3p
transfection reduced miR-197-3p expression in LX2
cells. To explore the relation between hsa circ_0072765

A hsa_circ_0072765-wt (5' ... 3')

miR-197-3p (3' ... 5)

and miR-197-3p in TGF-B1-stimulated LX2 cell
progression, TGF-B1-stimulated LX2 cells were
transfected with si-NC, si-hsa circ_0072765#1, si-
hsa_circ_0072765#1+anti-NC or si-hsa_circ_
0072765#1+anti-miR-197-3p. qRT-PCR assay showed
that the upregulation of miR-197-3p in TGF-B1-treated
LX2 cells mediated by hsa circ_0072765 knockdown
was rescued after anti-miR-197-3p transfection (Fig.
4C). As illustrated by EdU assay and flow cytometry
analysis, hsa_circ 0072765 knockdown repressed cell
proliferation and cell cycle process in TGF-B1-
stimulated LX2 cells, whereas miR-197-3p inhibition
abrogated the effects (Fig. 4D,E). Silencing of
hsa circ 0072765 reduced Cyclin D1 and CDK4 levels
in TGF-B1-treated LX2 cells, while miR-197-3p
downregulation ameliorated the effects (Fig. 4F). The
effects of hsa_circ_0072765 silencing on the mRNA and
protein levels of HSC activation markers (a-SMA and
Col1A1) were also abated by decreasing miR-197-3p
(Fig. 4G,H). Besides, hsa circ_0072765 interference
repressed the migration of TGF-B1-treated LX2 cells,
while miR-197-3p inhibition weakened the impact (Fig.
41). To summarize, hsa_circ_0072765 regulated TGF-
Bl-induced HSC cell proliferation, cell cycle, activation
and migration by targeting miR-197-3p.

TRPV3 was the target gene of miR-197-3p

Subsequently, the potential target gene of miR-197-
3p was investigated. As analyzed by targetscan
(http://www.targetscan.org/cgi-bin/targetscan/
vert_71/view_gene.cgi?rs=ENST00000301365.4&taxid
=9606&members=miR-197-3p&showcnc=1&shownc=1
&showne nc=1&showncfl=1&subset=1), TRPV3 was

GAAAAUUCUGGAUAA--UGGUGAAU

CGACCCACCUCUUCCACCACUU

hsa_circ_0072765-mut (5' ... 3') GAAAAUUCUGGAUAA--ACCACUUU

B, C
2 207 mne + 251 M AntiigG
8 I miR-197-3p 2 M Anti-Ago?
© 1.5 £ 20
o ‘5
o = 15
g 1.0 o
E g 10
=
5 00 © o
14 5
o a0
7 “ﬂj 3
oS! S o
o
Rt (O~ 2.
[ o o'
‘(\6")’ ‘\ga/

O

°
>
2 &z
0 4 ]
@ 2
~ * 2 3 *
[N o b
g i
| 52
L2 = .
5, z —
b 1
21 o
é 0 E [}
L S € © 4 O
4 o Qg'\ 6\‘0‘ “Q‘l'l X% 1,’:‘6
d\‘c" \';\(0/ i 0/“
e B o
A\ g

&

Fig. 3. MiR-197-3p was targeted by hsa_circ_0072765. A. Hsa_circ_0072765 contained miR-197-3p binding sites. B, C. The association between
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eration, cell cycle, activation and migration in TGF-B1-induced HSC cells by sponging miR-

197-3p. A. The expression of miR-197-3p in TGF-B1-treated LX2 cells was determined by qRT-PCR. B. The expression of miR-197-3p in anti-NC or
anti-miR-197-3p transfected LX2 cells was determined by qRT-PCR. C-H. TGF-B1-treated LX2 cells were transfected with si-NC, si-
hsa_circ_0072765#1, si-hsa_circ_0072765#1+anti-NC or si-hsa_circ_0072765#1+anti-miR-197-3p. C. MiR-197-3p expression in LX2 cells was
detected by qRT-PCR. D, E. The proliferation and cell cycle of LX2 cells were examined by EdU assay and flow cytometry analysis, respectively.
F. The protein levels of Cyclin D1 and CDK4 were determined by western blot. G, H. The mRNA and protein levels of a-SMA and Col1A1 in LX2 cells
were measured by gRT-PCR and western blot. I. The migration of LX2 cells was evaluated by wound-healing assay. *P<0.05.
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the target gene of miR-197-3p (Fig. 5A). Dual-luciferase
reporter assay showed that the luciferase activity of
TRPV3-wt was reduced after co-transfection with miR-
197-3p in LX2 cells, but the luciferase activity of
TRPV3-mut was not affected (Fig. 5B). RIP assay
results showed that the enrichments of miR-197-3p and
TRPV3 were increased in the Anti-Ago2 group
compared to Anti-IgG control group, further confirming
the interaction between TRPV3 and miR-197-3p (Fig.
5C). As presented in Fig. 5D, miR-197-3p mimic
transfection increased miR-197-3p expression in LX2
cells. Overexpression of hsa_circ_0072765 promoted
TRPV3 protein level in LX2 cells, while miR-197-3p
mimic transfection ameliorated the effect (Fig. 5E).
Furthermore, hsa_circ_ 0072765 knockdown decreased
TRPV3 protein level in LX2 cells, while miR-197-3p
inhibition reversed the effect (Fig. 5F). All these results
suggested that hsa circ_0072765 positively modulated
TRPV3 expression by targeting miR-197-3p.

MiR-197-3p overexpression inhibited cell proliferation,
cell cycle, activation and migration in TGF-B1-activated
LX2 cells by targeting TRPV3

As shown in Figure 6A, TRPV3 protein level in
LX2 cells was induced by TGF-B1 treatment. After
transfected with TRPV3 overexpression vector into LX2
cells, TRPV3 protein level was markedly increased (Fig.
6B). Next, whether miR-197-3p could regulate TGF-B1-
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induced LX2 cell progression was investigated. The
results in Figure 6C showed that miR-197-3p
overexpression decreased TRPV3 protein level in TGF-
B1-treated LX2 cells, whereas the effect was rescued by
transfecting TRPV3 overexpression vector. EAU assay
and flow cytometry analysis indicated that miR-197-3p
overexpression restrained cell proliferation and arrested
cell cycle in TGF-B1-treated LX2 cells, but the effects
were abated by upregulating TRPV3 (Fig. 6D.E). MiR-
197-3p overexpression decreased the protein levels of
Cyclin D1 and CDKG6, as well as the mRNA and protein
levels of a-SMA and CollA1l in TGF-B1-treated LX2
cells, while TRPV2 elevation rescued the effects (Fig.
6F-H). In addition, wound-healing assay indicated that
miR-197-3p overexpression suppressed the migration of
TGF-B1-treated LX2 cells, while the effect was
overturned by elevating TRPV3 (Fig. 61). Taken
together, miR-197-3p overexpression repressed TGF-B1-
treated LX2 cell progression by targeting TRPV3.

Exosomal hsa_circ_0072765 was increased in TGF-B1-
treated LX2 cells

The exosomes were extracted from LX2 cells with
or without (control) TGF-B1 treatment. The exosomes
showed the typical cup-shaped vesicles (Fig. 7A).
Moreover, the exosome markers CD9 and CD63 could
be detected in the exosomes isolated from TGF-f1-
treated LX2 cells and control cells (Fig. 7B).
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Fig. 5. MiR-197-3p interacted with TRPV3. A. TRPV3 contained miR-197-3p binding sites. B, C. The relationship between miR-197-3p and TRPV3 was
analyzed by dual-luciferase reporter assay and RIP assay. D. The expression of miR-197-3p in LX2 cells transfected with NC or miR-197-3p was
determined by gRT-PCR. E, F. After LX2 cells were transfected with circ-NC, hsa_circ_0072765, hsa_circ_0072765+NC, hsa_circ_0072765+miR-197-
3p, si-NC, si-hsa_circ_0072765#1, si-hsa_circ_0072765#1+anti-NC or si-hsa_circ_0072765#1+anti-miR-197-3p, the protein level of TRPV3 in LX2

cells was measured via western blot. *P<0.05.
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Fig. 6. MiR-197-3p overexpression restrained TGF-B1-activated LX2 cell proliferation, cell cycle, activation and migration by targeting TRPV3. A. The
protein of TRPV3 in TGF-B1-treated LX2 cells was measured by western blot. B. The protein level of TRPV3 in LX2 cells transfected with vector or
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protein levels of a-SMA and Col1A1 in LX2 cells were examined by qRT-PCR and western blot. I. The migration of LX2 cells was evaluated by wound-
healing assay. *P<0.05
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Hsa circ 0072765 level was increased in the exosomes
derived from TGF-B1-treated LX2 cells (Fig. 7C). Then,
LX2 cells were incubated with TGF-B1-treated LX2
cell-derived exosomes and we found that
hsa circ_0072765 level was increased after the
incubation (Fig. 7D). Furthermore, the treatment of
exosome inhibitor GW4869 reduced hsa circ_ 0072765
level in TGF-B1-treated LX2 cells (Fig. 7E).

Discussion

Liver fibrosis is a dynamic, highly debilitating
pathology caused by continuous wound healing during
chronic liver injury. HSCs play a vital role in liver
fibrosis because of their ability to produce fibrotic
proteins, such as 0-SMA and CoL1A1 (Hernandez-Gea
and Friedman, 2011; Parola and Pinzani, 2019). During
HSC activation, the pro-fibrogenic cytokine TGF-B1 was
released and contributed to liver fibrosis (Fouts et al.,
2012; Yu et al., 2019). Thus, we treated HSCs with TGF-
B1 to mimic liver fibrosis cell model in vitro. According
to our results, we believe that hsa circ 0072765
knockdown may be an effective measure to alleviate
liver fibrosis. Our data indicated that targeting the
hsa circ_0072765/miR-197-3p/TRPV3 regulatory axis
may provide new ideas for the treatment of liver fibrosis.

Recently, circRNAs have been reported to play
crucial roles in liver fibrosis. CircCMOT]1 repressed the
activation of HSCs by altering miR-181b-5p and PTEN
(Jin et al., 2020). Hsa circ_0004018 was weakly
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expressed in liver fibrogenesis and restrained HSC
proliferation and activation by enhancing miR-660-3p-
dependent TEP1 expression (Li et al., 2020). Though
several circRNAs have been identified in liver fibrosis
development, the functions of hsa circ_0072765 are still
unclear. Herein, hsa_circ_0072765 was elevated in TGF-
Bl-activated HSCs. Silencing of hsa circ_0072765
suppressed cell proliferation, cell cycle and migration in
TGF-B1-treated HSCs. Moreover, we determined the
levels of fibrogenic proteins a-SMA and CollAl in
TGF-B1-activated HSCs. Our results showed that
hsa circ 0072765 interference reduced the levels of a-
SMA and CollAl, indicating the inhibition of HSC
activation.

Subsequently, hsa circ_ 0072765 was demonstrated
to decoy miR-197-3p to alter miR-197-3p expression.
MiR-197-3p served as an essential regulator in multiple
diseases, such as kawasaki disease (Liu et al., 2021),
cervical cancer (Gu et al., 2021) and prostate cancer
(Huang et al., 2020). In this study, we elucidated the
roles of miR-197-3p in TGF-B1-treated HSC
progression. As a result, miR-197-3p enhancement
reduced TGF-B1-activated HSC proliferation, activation
and migration. Moreover, hsa circ_ 0072765 modulated
TGF-B1-treated HSC progression inhibiting miR-197-3p
expression.

MiRNAs can regulate target gene expression by
binding to the 3’UTR of target mRNAs (Jansson and
Lund, 2012; Tafrihi and Hasheminasab, 2019). Herein,
TRPV3 was discovered to be the target gene of miR-
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Fig. 7. High expression of hsa_circ_0072765 in TGF-
B1-treated LX2 cell-derived exosomes. A. The
morphology of exosomes was observed using TEM.
B. The levels of CD9 and CD63 were examined by
western blot. C. The expression of hsa_circ_0072765
in the exosomes isolated from TGF-B1-treated LX2
cells and control cells was detected by gRT-PCR. D.
LX2 cells were incubated with TGF-B1-treated LX2
cell-derived exosomes and then hsa_circ_0072765
expression was detected. E. The expression of
hsa_circ_0072765 in TGF-B1-treated LX2 cells treated
with or without GW4869 was determined by gRT-PCR.
*P<0.05.
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197-3p. TRPV3 belongs to the TRP superfamily and has
been demonstrated to exacerbate the development of
liver fibrosis (Yan et al., 2021). We found that TRPV3
expression was increased in HSCs after TGF-B1
stimulation. In addition, TRPV3 overexpression
promoted miR-197-3p-mediated cell proliferation,
activation and migration in TGF-B1-stimulated HSC:s.

Exosomes are small extracellular vesicles and are
involved in intercellular communication by secreting
lipids, IncRNAs, circRNAs, miRNAs and proteins
(Santos et al., 2016; Sun et al., 2016).

In summary, hsa circ 0072765 contributed to cell
proliferation, activation and migration in TGF-B1-
induced HSCs by elevating TRPV3 through decoying
miR-197-3p. The study might provide a reference for the
therapy of fibrosis. However, the results still needed to
be verified through in vivo experiments.
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