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Background: Diabetic nephropathy (DN) is a serious microvascular complication of diabetes that may lead to chronic renal failure
and end-stage renal disease. Circular RNAs (circRNAs) play important roles in DN progression. However, the action of circRNA ADP
ribosylation factor 3 (circ_Arf3) in high glucose (HG)-induced change is still unclear.

Methods: Mouse mesangial cells (MCs) were treated with 30 mM HG as a DN cell model in vitro. Quantitative real-time polymerase chain
reaction (QRT-PCR) was employed to examine the expression levels of circ Arf3, microRNA (miR)-452-5p and muscleblind like splicing
regulator 1 (Mbnl1). The proliferation of HG-treated MCs was assessed using 5 Ethynyl 2’ deoxyuridine (EdU) and cell counting kit-8 (CCK-8)
assays, and the levels of proliferation and fibrosis-related proteins and Mbnl1 were detected by Western blot. Dual-luciferase reporter and RNA
pull-down assays were utilized to determine the relationship between miR-452-5p and circ_Arf3 or Mbnl1.

Results: Our results discovered that circ_Arf3 and Mbnll were lowly expressed in HG-treated MCs, while miR-452-5p expression
was up-regulated. Moreover, circ_Arf3 was mainly located in the cytoplasm and had a ring-like stable structure. Functional assays
demonstrated that overexpression of circ_ Arf3 prevented cell proliferation and fibrous formation in HG-treated MCs. Circ_Arf3 could
sponge miR-452-5p, and the effect of circ_Arf3 overexpression was reversed by enhanced expression of miR-452-5p. Mbnll was
a direct target of miR-452-5p. Knockdown of Mbnl1 abolished the suppressive effects of miR-452-5p inhibitor on proliferation and
fibrosis-related protein expression in HG-treated MCs. Moreover, circ_Arf3 regulated Mbnll through miR-452-5p.

Conclusion: Overexpression of circ_Arf3 prevents cell proliferation and fibrous formation in HG-treated MCs by regulating the
expression of Mbnll via miR-452-5p.
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Introduction
Diabetic nephropathy (DN) is a serious glomerular complication caused by diabetes.' DN is the dominant causative agent
of end-stage renal disease globally, and approximately 40% of people with diabetes may develop end-stage kidney
disease.”” In the clinical setting, the main pathological features of DN are proteinuria, mesangial cells (MCs) hyperpla-
sia, extracellular matrix (ECM) accumulation and renal fibrosis and so on.* It is well known that tethered cells and foot
cell dysfunction are closely involved in DN development.® A previous study showed that MCs exposed to a high glucose
(HG) environment could cause abnormal expression of fibroin and cytokines, which in turn affected the initiation and
progression of renal fibrosis.® Therefore, it is highly important to investigate the potential targets and mechanisms of
MCs under HG treatment for the therapy and prevention of DN.

Circular RNAs (circRNAs) are new endogenous RNAs with covalently closed loops formed by reverse splicing of pre-
mRNAs.” MicroRNAs (miRNAs) are a set of small non-coding RNAs of roughly 20 nucleotides negatively, which control the
expression of downstream genes.®’ Some circRNAs contain miRNA response elements (MREs) and can reduce miRNA activity
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by functioning as miRNA sponges.'® Importantly, circRNAs repress the activity of certain miRNAs to exert critical functions in
the development and progression of human diseases, including DN.'"'? As reported by Wang et al, circ_0037128 expression is
up-regulated in HG-treated MCs, and circ_0037128 is involved in regulating DN progression by sponging miR-17-3p to adjust
the expression level of AKT serine/threonine kinase 3 (AKT3)."* Circ_0003928 regulates HG-induced HK-2 cell viability loss
and apoptosis by sponging miR-151-3p.'* Circ_0080425 is aberrantly expressed in DN, and circ_0080425 modulates cell
proliferation and fibrosis by targeting miR-24-3p."> Circ_0000064 has also been shown to promote MC proliferation and
exacerbate fibrosis by targeting miR-143 in DN.'® Conversely, circ_010383 is underexpressed in DN, and increased expression
of circ_010383 exerts an inhibitory effect on proteinuria and renal fibrosis through operating as a miR-135a sponge.'’
MiRNAs have been identified to serve crucial regulatory functions in the pathogenesis of various human diseases, including
DN.'® As an example, miR-337 can contribute to DN progression by causing podocyte injury.' Silencing of miR-133b and miR-
199b reduces renal fibrosis induced by TGF-B1 through the modulation of sirtuin 1, thereby participating in DN progress.”’ Of
interest, miR-452-5p, a frequently dysregulated miRNA in various disorders,”'** can participate in the modulation of HG-induced
levels of immune and antioxidant factors in HK-2 cells.” In our preliminary survey for the circRNAs targeted miR-452-5p using
online program starbase, we found four circRNAs: circRNA ADP ribosylation factor 3 (circ_Arf3), circRNA nuclear FMR1
interacting protein 2 (circ_Nufip2), circRNA ataxin 2 (circ_Atxn2), and circRNA myosin heavy chain 9 (circ Myh9) that are

24,25

closely associated with human disease, and our data showed that only circ_Arf3 is aberrantly expressed in HG-treated MCs

(Supplementary Figure 1). Circ_Arf3 (also called circ_0000650 based on the circRNA ID) is formed by the exonic circularization

of Arf3 pre-mRNA. Intriguingly, Gao et al reported that circ_Arf3 was implicated in the pathogenesis of osteosarcoma (OS),
where it is expressed at high levels in OS tissues and cells.”> Zhou et al uncovered the implication of circ_Arf3 in the pathogenesis
of chronic hepatitis B through the miR-6873-3p/TGFp2 cascade.”® However, the action of circ_Arf3 in HG-induced changes in
MCs is still unclear. Furthermore, no studies proved the relationship between circ Arf3 and miR-452-5p in DN pathogenesis.

Based on these reasons, we herein investigated the effect and underlying mechanism of circ_Arf3 in HG-induced
mouse MC proliferation and expression of fibrosis-related proteins, with the hope that such research might provide novel
insights for the implications of circRNAs in the causal mechanisms of DN development and progress.

Methods

Cell Lines and Cell Transfection

Mouse mesangial cells (MCs) were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA) and
propagated in Dulbecco’s modified Eagle’s medium (DMEM, Thermo Fisher Scientific, Waltham, MA, USA) containing
10% fetal bovine serum (FBS; Genetimes, Shanghai, China) in an incubator at 37°C, 5% CO, volume fraction and 97%
humidity. For HG stimulation, cells were treated with 30 mM glucose (Genetimes) for 24 h. The cells grown in normal
glucose (5.5 mM) were defined as the control group.

Mouse MCs were seeded in 6-well plates and then were transfected using Lipofectamine 3000 (Promega, Madison,
WI, USA). pcDNA3.1(+)-based circ_Arf3 overexpression vector (circ_Arf3) and its pcDNA control (vector), miR-452-
S5p mimic (miR-452-5p) and its control (miR-NC), miR-452-5p inhibitor (anti-miR-452-5p) and its control (anti-miR-
NC), and the small interfering RNA (siRNA) of Mbnll (si-Mbnll) and matched control (si-NC) were synthesized by
RiboBio Ltd. (Guangzhou). After 6 h of transfection, the medium was replaced by fresh growth media, and the
transfection efficiency was verified by qRT-PCR after 24 h transfection.

Quantitative Real-Time Polymerase Chain Reaction (qQRT-PCR) and circRNA

Localization

Extraction of total RNA from cultured mouse MCs was performed using Trizol Reagent (Invitrogen, Carlsbad, CA,
USA), and high quality of RNA (0D260/280=1.8-2.1) was used for complementary DNA (cDNA) synthesis. For
circ_Arf3, Arf3, and Mbnll analyses, reverse transcription of RNA to cDNA was done using the PrimeScript Reverse
Transcription Reagent Kit (TaKaRa, Beijing, China), and diluted cDNA was amplified by qRT-PCR using SYBR Green
Kit (TaKaRa) with specific primers. For miR-452-5p analysis, the miScript Reverse Transcription Kit and miScript
SYBR Green PCR Kit were used as recommended by the manufacturer (Qiagen, Hilden, Germany). The 2~ 2" method
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Table | Primer Sequences Used for PCR

Name Primers (5'-3')

Circ_Arf3 (mmu_circ_0000650) Forward GCCTCGTTCACTCGCTCCC
Reverse GCTTTCCCCCTTTTTCTGC

Arf3 Forward AGACACTACTTCCAGAACACCCA
Reverse CAGCCAGTCCAAGCCTTCATACA

Mmu-miR-452-5p Forward AGTGTTTGCAGAGGAA
Reverse CTCAACTGGTGTCGTGGA

GAPDH Forward GGCATCTTGGGCTACACTGAGGA
Reverse GGTGGGTGGTCCAGGGTTTCTTA

Ué Forward CTCGCTTCGGCAGCACATATACT
Reverse ACGCTTCACGAATTTGCGTGTC

Mbnl| Forward TGTAGAGAGTTTCAAAGGGGGAC
Reverse TGTGTTTTTAAGTGTGGGGGTGG

was taken to calculate the relative expression of the target RNAs. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
or U6 snRNA was served as an internal reference, and the forward and reverse primers are displayed in Table 1.

For circRNA localization, nuclear and cytoplasmic RNA of mouse MCs were firstly isolated and extracted using NE-
PER Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher Scientific). Afterward, the expression of circ_Arf3 in
nuclear and cytoplasmic RNA was measured using qRT-PCR.

Ribonuclease R (RNase R) Degradation and Actinomycin D Treatment Assays

To authenticate the circular structure of circ_Arf3, total RNA from MCs (10 pg) was incubated with or without 30 U of
RNase R (Tiangen Biochemical Technology, Beijing, China) for 15 min at 37°C, and the levels of circ_Arf3 and linear
Arf3 mRNA were measured by gqRT-PCR. For actinomycin D treatment, cells were cultured with or without 2 ug/mL
actinomycin D (Sigma-Aldrich, St. Louis, MO, USA) for 0, 8, 16 and 24 h. Then, cells were harvested, and qRT-PCR
was performed to detect the levels of circ_ Arf3 and linear Arf3 mRNA.

5-Ethynyl-2'-Deoxyuridine (EDU) Assay

After transfection, MCs were seeded into 96-well plates at a density of 2x10° cells per well and exposed to HG for 24
h. The percentage of positive cells was detected by the EdU incorporation assay kit (RiboBio). Briefly, treated MCs were
incubated with EdU solution and stained with 1x Apollo567. Afterward, the cells were then stained using DAPI.
Photographs were taken and analyzed under a fluorescence microscope (Nikon, Japan).

Cell Counting Kit-8 Assay (CCK-8)

Untransfected or transfected MCs (2x10° cells per well) were plated into 96-well plates. The cells were then treated with
or without HG for 24 h, followed by the addition of 10 uL. CCK-8 reagent (Thermo Fisher Scientific) per well. After 2
h incubation, the absorbance of the cells in each well was measured using a microplate reader (Thermo Fisher Scientific)
at 450 nm. The number of the viable cells was proportional to the absorbance.

Western Blot Assay

Total protein was extracted by Radioimmunoprecipitation lysate protein extraction reagent (RIPA, Thermo Fisher
Scientific) containing phenylmethylsulfonyl fluoride (PMSF). Determination of protein concentration was carried out
using bicinchoninic acid (BCA) Protein Assay Kit (Beyotime, Shanghai, China). The 10% SDS polyacrylamide gel
electrophoresis (SDS-PAGE) was employed to separate the proteins, and then the proteins were transferred onto
polyvinylidene difluoride (PVDF, Millipore, Billerica, MA, USA) membranes. The membranes were probed with
primary antibodies overnight at 4°C and then incubated with the secondary antibody at 37°C. Signals were developed
using the enhanced electrochemiluminescence (ECL) method and the grey values of the bands were analyzed using
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Quantity One 4.6.2 software. All the antibodies were gained from Abcam (Cambridge, MA, USA), including anti-
proliferating cell nuclear antigen (anti-PCNA, 1:1000, ab92552, Abcam), anti-alpha smooth muscle actin (anti-o-SMA,
1:1000, ab108424, Abcam), anti-collagen I (anti-Col I, 1:1000, ab34710, Abcam), anti-fibronectin (anti-FN, 1:1000,
ab174833, Abcam), anti-Col IV (1:400, ab6586, Abcam), anti-GAPDH (1:2500, ab9485, Abcam), anti-Mbnl1 (1:1000,
ab108519, Abcam), and goat Anti-Rabbit IgG coupled horseradish peroxidase (HRP) (1:2000, ab6721 Abcam).

Dual-Luciferase Reporter Assay

The fragments of circ_Arf3 and Mbnl1 3’untranslated region (3’UTR) harboring the wild-type or mutant-type miR-452-
5p binding sequence were ligated into the psiCHECK-2 vector (Promega) to produce wild-type luciferase vectors for
circ_ Arf3 and Mbnll (circ_ Arf3-WT and Mbnl1-WT) and mutant luciferase vectors (circ_ Arf3-MUT and Mbnl1-MUT),
respectively. MCs were cultured in 6-well plates and transfected with the luciferase reporter (200 ng) and either miR-452-
5p mimic (30 nM) or miR-NC mimic using Lipofectamine 3000. Forty-eight hours later, the luciferase activity was
detected by Dual-Luciferase Reporter Assay Kit (GeneCopoeia, Rockville, MD, USA). Renilla luciferase activity was
normalized to firefly activity.

RNA Pull-Down Assay

Lysates of mouse MCs extracted in RIPA buffer were incubated with biotinylated RNA probes including Bio-circ_Arf3-
WT, Bio-circ_ Arf3-MUT, Bio-Mbnl1-WT, Bio-Mbnl1-MUT or control Bio-NC (all from Abiocenter, Beijing, China) at
4°C for 4 h before adding M-280 streptavidin magnetic beads (Invitrogen) for 4 h. Beads were harvested and washed five
times. Bead-bound RNA was purified by TRIzol, and the expression of miR-452-5p was detected by qRT-PCR.

Statistical Analysis

SPSS.22.0 software (IBM, SPSS, Chicago, IL, USA) was used for statistical analysis. The data were expressed as mean +
standard deviation, and the comparison between 2 groups was done by independent samples ¢-test, while the comparison in
multiple groups was done by one-way or two-way analysis of variance (ANOVA). P <0.05 was deemed statistically significant.

Results

Circ_Arf3 Was Down-Regulated in MCs Treated with HG

MCs were treated with 30mM HG for 24 h followed by qRT-PCR to examine the expression of circ_Arf3. The results
presented that the expression of circ_Arf3 in HG-treated MCs was distinctly lower than that in the control group
(Figure 1A). To further explore circ Arf3, its subcellular localization was examined. The findings of the nucleus/
cytoplasm separation assay indicated that most circ_ Arf3 was expressed in the nucleus (Figure 1B). RNase
R degradation and actinomycin D treatment assays were performed to monitor the structural stability of circ Arf3.
From the outcomes, we concluded that the half-life of circ_Arf3 after actinomycin D treatment was up to 24 h, whereas
the half-life of its linear control Arf3 mRNA was only 8 h (Figure 1C). Furthermore, Figure 1D illustrated that Arf3
mRNA expression was reduced after RNase R treatment, while circ_ Arf3 expression remained almost unchanged after
RNase R treatment. The results for RNase R and actinomycin D assays showed that circ_Arf3 had a stable ring structure
compared to linear mRNA.

Circ_Arf3 Overexpression Reduced HG-Induced Proliferation and Increase of

Fibrosis-Related Proteins in Mouse MCs

The transfection efficiency of circ_Arf3 overexpression plasmid was investigated by qRT-PCR, which demonstrated that
circ_Arf3 expression was significantly up-regulated by circ_Arf3 overexpression plasmid transfection, and the Afr3
mRNA level was not affected by circ_Arf3 overexpression plasmid (Figure 2A). Subsequently, EdU assays for cell
proliferation displayed a substantially higher number of EdU-positive cells in the HG-treated group as compared to the
control group, while transfection of circ Arf3 in HG-treated MCs reversed this promotion (Figure 2B). Similarly, HG
enhanced cell viability of MCs, while the transfection of circ_Arf3 resumed the HG-induced cell viability (Figure 2C).
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Figure | Circ_Arf3 down-regulation in MCs treated with HG. (A) qRT-PCR was employed to examine the expression of circ_Arf3 in MCs treated with HG or normal
control. (B) As shown in nuclear RNA fractionation and cytoplasmic experiments, circ_Arf3 was mainly found in the cytoplasm of HG-treated MCs. (C) RNase
R degradation was used to detect the stability of circ_Arf3. (D) Actinomycin D treatment assay was used to detect the stability of circ_Arf3. *P<0.05.
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Figure 2 Circ_Arf3 overexpression reduced HG-induced proliferation and increase of fibrosis-related proteins in mouse MCs. (A) The transfection efficiency of circ_Arf3
overexpression plasmid or control vector was investigated by qRT-PCR assay. (B—E) MCs were transfected with or without circ_Arf3 overexpression plasmid or control
vector and then treated with HG or normal control. (B) EDU proliferation assay was performed to determine cells proliferation. (C) CCK-8 was used to detect cell viability.
(D) The expression level of PCNA was determined by Western blot. (E) The expressions of DN fibrosis-related proteins a-SMA, Col I, FN and Col IV were detected by
Western blot. *P<0.05.

The Western blot results suggested that HG increased the protein expression of PCNA versus the control group and the
addition of circ_Arf3 in HG-treated MCs decreased the protein level of PCNA in comparison with the HG + vector group
(Figure 2D). To investigate the effect of circ Arf3 on fibrosis, we examined the expression of DN fibrosis-related
proteins a-SMA, Col I, FN and Col IV using Western blot. The results showed that the protein levels of a-SMA, Col I,
FN and Col IV were elevated in MCs with HG treatment, and this enhancement was eliminated by transfection with
circ_Arf3 overexpression plasmid (Figure 2E). Overall, overexpression of circ_Arf3 reduced HG-induced proliferation
and fibrosis-related protein expression in mouse MCs.

Circ_Arf3 Targeted miR-452-5p

Online software starbase predicted that miR-452-5p was a potential target of circ_ Arf3. The binding sites between miR-452-5p
and circ_Arf3 are shown in Figure 3A. The correlation between miR-452-5p and circ_Arf3 was confirmed by dual-luciferase
reporter assay, which showed that the luciferase activity of the wild-type circ_Arf3 reporter plasmid was attenuated by
transfection of miR-452-5p mimic; when the predicted target sequence was mutated, little reduction was found in the presence
of miR-452-5p mimic (Figure 3B). The RNA pull-down assay further validated that miR-452-5p was enriched by Bio-circ_Arf3,
suggesting that miR-452-5p might direct bind to circ Arf3 (Figure 3C). Moreover, miR-452-5p was down-regulated by
circ_Arf3 overexpression (Figure 3D). Also, miR-452-5p expression was up-regulated by HG treatment in MCs (Figure 3E).
Overall, these data suggested that the miR-452-5p was targeted by circ_Arf3.
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Figure 3 Circ_Arf3 targeted regulating miR-452-5p. (A) The complementary sequences between miR-452-5p and circ_Arf3 were shown. (B) Dual-luciferase reporter
assays were performed to confirm the association between miR-452-5p and circ_Arf3. (C) The relationship between miR-452-5p and circ_Arf3 was verified by RNA pull-
down assay. (D) qRT-PCR was carried out to measure the effect of circ_Arf3 on miR-452-5p expression. (E) qRT-PCR was carried out to measure the effect of HG
treatment on miR-452-5p expression. *P<0.05.

Abbreviation: n.s., non-significant.

MiR-452-5p Overexpression Reversed the Effect of circ_Arf3 Up-Regulation on

HG-Induced MC Proliferation and Fibrosis-Related Protein Expression

The transfection efficiency of miR-452-5p mimic was examined using qRT-PCR assay, which showed that transfection with
circ_Arf3 overexpression plasmid reduced miR-452-5p level, while co-transfection with miR-452-5p mimic abated circ Arf3
overexpression-driven miR-452-5p inhibition (Figure 4A). Cell proliferation and viability were tested by the EQU and CCK-8
assays, respectively. The results showed that the inhibitory effects of circ Arf3 up-regulation on HG-induced MC proliferation
and viability were eliminated by miR-452-5p restoration (Figure 4B and C). Moreover, miR-452-5p restoration abolished
circ_Arf3 up-regulation-imposed PCNA expression inhibition in HG-treated MCs (Figure 4D). Additionally, the protein levels of
a-SMA, Col I, FN and Col IV were increased in HG-treated MCs, and transfection with circ_Arf3 suppressed the expression of
the above proteins, while co-transfection of miR-452-5p and circ_Arf3 reversed the inhibitory effect induced by circ Arf3 in
HG-treated MCs (Figure 4E). The above data indicated that increased expression of miR-452-5p reversed the effects of Arf3
overexpression on cell proliferation and fibrosis-related protein expression in HG-treated MCs.

MiR-452-5p Directly Targeted Mbnl|
StarBase 3.0 predicted the target binding of Mbnll to miR-452-5p, and Figure SA showed the complementary sequence.

Subsequently, dual-luciferase reporter assay displayed that co-transfection of miR-452-5p and Mbnl1-WT significantly reduced
luciferase activity, whereas the luciferase activity in cells co-transfected with miR-452-5p and Mbnl1-MUT was unaltered
(Figure 5B). Similarly, the relationship between Mbnll and miR-452-5p was further authenticated in the RNA pull-down assay
(Figure 5C). Afterward, qRT-PCR showed that transfection of miR-452-5p increased the expression of miR-452-5p, while
transfection of anti-miR-452-5p decreased the expression of miR-452-5p (Figure 5D). In addition, miR-452-5p restrained Mbnl1
mRNA expression, while anti-miR-452-5p facilitated the expression of Mbnll (Figure 5E and F). We also found the low
expression of Mbnll in HG-treated cells by qRT-PCR and Western blot (Figure 5G and H). Moreover, overexpression of
circ_Arf3 elevated the mRNA and protein expression of Mbnl1, and this enhancement was abrogated by increased expression of
miR-452-5p (Figure 51 and J). In short, miR-452-5p could target and regulate Mbnl1.
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Figure 4 MiR-452-5p reversed the effect of circ_Arf3 up-regulation. (A) The expression of miR-452-5p was examined using qRT-PCR assay in MCs transfected with
circ_Arf3 overexpression plasmid, control vector, circ_Arf3 overexpression plasmid+miR-NC mimic or circ_Arf3 overexpression plasmid+miR-452-5p mimic. (B-E) MCs
were transfected with or without circ_Arf3 overexpression plasmid, control vector, circ_Arf3 overexpression plasmid+miR-NC mimic or circ_Arf3 overexpression plasmid
+miR-452-5p mimic and then treated with HG or normal control. (B) EDU proliferation assay was performed to determine cell proliferation. (C) CCK-8 was used to detect
cell viability. (D) The expression level of PCNA was determined by Western blot. (E) The expressions of DN fibrosis-related proteins a-SMA, Col |, FN and Col IV were
detected by Western blot. *P<0.05.
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Figure 5 MiR-452-5p targeted Mbnl 1. (A) The complementary sequences between miR-452-5p and Mbnl| were shown. (B) Dual-luciferase reporter assays were performed
to confirm the association between miR-452-5p and Mbnll. (C) The relationship between miR-452-5p and Mbnll was verified by RNA pull-down assay. (D) qRT-PCR was
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carried out to measure the expression level of Mbnll in different treatments. (G and H) The expression of Mbnll in HG-treated cells was determined by qRT-PCR and
Western blot. (I and J) The expression of Mbnll was determined with transfection of circ_Arf3 or circ_Arf3 and miR-452-5p by qRT-PCR and Western blot. *P<0.05.
Abbreviation: n.s., non-significant.
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qRT-PCR and Western blot were conducted to investigate the expression of Mbnll. The results showed that anti-miR
-452-5p promoted the mRNA and protein expression of Mbnll, while co-transfection with si-Mbnll abated this
promotion (Figure 6A and B). EAU and CCK-8 results exhibited that the addition of anti-miR-452-5p in HG-treated
MCs repressed cell proliferation and viability, which was reversed by si-Mbnl1 (Figure 6C and D). Furthermore, Western
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Figure 6 The miR-452-5p/Mbnl| axis regulated HG-induced proliferation and fibrosis-related protein expression in mouse MCs. (A and B) The expression levels of Mbnl|
mRNA and protein were detected by qRT-PCR and Western blot in MCs transfected with anti-miR-NC, anti-miR-452-5p, anti-miR-452-5p+si-NC or anti-miR-452-5p+si-
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normal control.(C) EDU proliferation assay was performed to determine cell proliferation. (D) CCK-8 was used to detect cell viability. (E) The expression level of PCNA
was determined by Western blot. (F) The expressions of DN fibrosis-related proteins a-SMA, Col I, FN and Col IV were detected by Western blot. *P<0.05.

2112 rees Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

blot revealed that co-transfection of si-Mbnl1 and anti-miR-452-5p in HG-treated MCs reinstated the inhibitory effect of
anti-miR-452-5p on the expression of PCNA, a-SMA, Col I, FN and Col IV proteins (Figure 6E and F). Additionally,
increased expression of Mbnll by an expression plasmid suppressed cell proliferation and viability, reduced PCNA
expression, as well as downregulated the levels of a-SMA, Col I, FN and Col IV proteins (Supplementary Figure 2).

Hence, we concluded that miR-452-5p down-regulation attenuated HG-induced MC proliferation and fibrosis-related
protein expression by up-regulating Mbnl1.

Discussion

The competing endogenous RNA (ceRNA) networks may link the function of protein-coding mRNA to non-coding
RNAs, and studies have highlighted that ceRNA crosstalk through shared miRNAs has been linked to a variety of human
diseases, including DN.27-28 Here, we showed, for the first time, that circ_Arf3 acted as a ceRNA to regulate Mbnll
expression by sponging miR-452-5p, thereby regulating HG-induced proliferation and fibrosis-related protein expression
in mouse MCs.

Many circRNAs have established important roles in the pathogenesis of DN.?° For instance, circ LARP4 was down-
regulated in DN cell models, and overexpression of circ LARP4 restrained cell proliferation rates and contributed to
apoptosis.’® Peng et al reported that circ_010383 was expressed at low levels in DN, which supported renal fibrosis in
DN.*! Circ_Arf3, a relatively unexplored circRNA, has been reported to contribute to OS progression through the miR-
1299/cyclin-dependent kinase 6 (CDK6) axis.”> However, no reports showed whether circ_Arf3 is involved in the
pathogenesis of DN. Using HG-induced in vitro DN cell model, we first identified that circ_Arf3 expression was down-
regulated in HG-induced MCs. Through functional analyses, we uncovered that overexpression of circ_Arf3 reduced
HG-induced proliferation and fibrosis-related protein expression in mouse MCs. Additionally, in line with reported other
circRNAs,*>* circ_Arf3 was validated to have a higher tolerance to exonuclease and actinomycin D. Subcellular
fractionation assay showed the main cytoplasmic localization of circ_Arf3 in MCs, providing a possibility that
circ_Arf3 might bind and target miRNAs, which are known to be present in the cytoplasm in the RNA-silencing
complex (RISC).>*

Further, we first identified that circ Arf3 targeted miR-452-5p by binding to miR-452-5p. MiR-452-5p has been
identified as a strong oncogenic driver in colorectal cancer and hepatocellular carcinoma, where it is present at high
levels.>>>® Conversely, miR-452-5p is down-regulated in human prostate cancer.’’” Moreover, miR-452-5p works as
a modulator of pancreatic endocrine dysfunction in diabetic Zucker rats.*® Importantly, miR-452-5p reduction protects
HK-2 renal tubular cells against HG-induced pyroptosis and oxidative stress, implying the potential role of miR-452-5p
in DN pathogenesis.”® Our findings first uncovered that circ_Arf3 repressed HG-induced proliferation and fibrosis-related
protein expression in mouse MCs by targeting miR-452-5p. Xie et al demonstrated that long non-coding RNA (IncRNA)
GASS exerts an inhibitory influence in HG-induced oxidative stress, inflammation and pyroptosis in renal tubular cells by
sponging miR-452-5p.%

Mbnll is a crucial RNA-binding protein, and the importance of Mbnll in human pathologic processes has become
increasingly clear in recent years. For instance, it has been demonstrated that Mbnll exerts an important function in
leukemia and non-small cell lung cancer.’*** Moreover, Mbnll participates in myocardial remodeling induced by
isoproterenol.*! Importantly, Mbnl1 is underexpressed in senescent renal tubular epithelial cells and is able to participate
in the cell senescence in DN through the modulation of miR-130a-3p/STAT3 cascade, suggesting its role as a promising
therapeutic agent for DN treatment.** In this paper, we first ascertained that Mbnll was a direct miR-452-5p target. Our
results also demonstrated that Mbnll expression was down-regulated in HG-treated MCs, and knockdown of Mbnll
reversed the impact of miR-452-5p inhibitor on HG-induced cell proliferation and fibrosis-related protein expression.
Similarly, Yao et al reported that miR-654-3p regulated the downstream gene mitogen-activated protein kinase 6
(MAPKG6) to affect podocyte damage in DN.** More importantly, we first pointed to the ceRNA activity of circ_Arf3
to regulate Mbnll expression through miR-452-5p.

Such experiments are limited at present by the lack of in vivo investigation using DN animal models. Future work
will be performed to determine the novel circ Arf3/miR-452-5p/Mbnll ceRNA crosstalk as a potential target for DN
therapy using in vivo DN animal models. Because circ_Arf3 is a relatively unidentified circRNA, not much information
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Figure 7 Schematic of the circ_Arf3/miR-452-5p/Mbnl| axis in regulating HG-induced dysregulation in MCs. In HG-treated MCs, circ_Arf3 was down-regulated and miR-
452-5p was overexpressed, and thus Mbnll was underexpressed, thereby contributing to DN progression.

is available in public databases about its expression and role in DN patients. A future challenge will be to determine
circ_Arf3 expression in serum samples and kidney tissues of DN patients to elucidate whether abnormal expression of
circ_Arf3 is associated with DN progression.

In conclusion, we presented that circ_Arf3 positively modulated Mbnll by functioning as a ceRNA for miR-452-5p,
thereby affecting HG-induced cell proliferation and fibrosis-related protein expression in mouse MCs (Figure 7).
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