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Abstract: [ Objective] To investigate the effect of circ_0018478 on the fibrotic phenotype of cardiac fibroblasts and
the potential mechanism involved.[Methods] The expression of circ_0018478 and its host gene of HECT and RLD domain
containing E3 ubiquitin protein ligase 4 (HERC4) in the myocardium of patients with heart failure (HF) (n=28) and
healthy donors (n=18) was analyzed by real—time quantitative polymerase chain reaction (RT-qPCR) assay. The distribu-
tion of circ_0018478 was identified by fluorescence in situ hybridization (FISH) assay and RT-qPCR assay based on nu-
cleocytoplasmic RNA in human AC16 cardiomyocytes. Actinomycin D and RNase R exonuclease digestion were used to
test the stability of circ_0018478 in AC16 cells. RNA and protein expression of fibrosis—related genes was detected in
mouse cardiac fibroblasts (mCFs) with adenovirus—mediated over—expression of circ_0018478. EdU staining and transwell
migration assay were performed to detect the effects of circ_0018478 on mCFs proliferation and migration activities. The po-
tential circ_0018478—translated protein in mCFs was identified by mass spectrometry (MS) shot—gun assay. HERC4-193
was inhibited by small interfering RNA (siRNA), and the effect of HERC4—193 knock—down on the fibrotic phenotype of
mCFs with over—expression of circ_0018478 was studied. [Results] The expression of circ_0018478 was up-regulated in
the myocardium of HF patients, with no significant difference in its host gene of HERC4. The results of FISH and RT-qP-
CR assay showed that circ_0018478 was mainly in the cytoplasm of AC16 cardiomyocytes. The characteristic RNA stability
of circ_0018478 was verified by Actinomycin D and RNase R assay, respectively. The enforced expression of circ_
0018478 suppressed proliferation and migration of mCFs, and inhibited the expression of fibrosis—related genes in mCFs.
The results of MS shot—gun assay and Western blotting showed that circ_0018478 could translate protein HERC4-193.
Overexpression of the circ_0018478 and protein HERC4-193 could consistently inhibit the fibrotic phenotype of mCFs.
Knock-down of HERC4-193 could attenuate the inhibitory effect of circ_0018478 on fibrosis—related gene expression in
mCFs (P<0.05).[ Conclusions] Circ_0018478 inhibits the fibrotic phenotype of cardiac fibroblasts via translating HERC4—
193 protein.
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Table 1 The sequences of the PCR primers

Gene The primer sequence (5'—3") Product/bp
F: AGGAGGGGTGCGCAAAGAA

hsa_circ_0018478 228
R: TTACAGTAAAGGGGCTTTTCC
F: GCTGGAGGGTATGGTCAGTT

HERC4 202
R: TGTTGCTTGTTGAACCGGTT
F, CTGGTCCTGTTGGAAGTCGT

Collal 201
R, CAGATGCACCTGTTTCTCCA
F, CAATGTAAAGAAGTCTCTGAAG

Col3al 240
R, CAAACAGGGCCAATGTCCAC
F, CTGTGCTATGTCGCTCTGGA

Acta2 192
R, ATAGGTGGTTTCGTGGATGC
F: CAAGAAGGTGGTGAAGCAGG

GAPDH 200
R: CCACCCTGTTGCTGTAGCC

- F: GCTTCGGCAGCACATATACT -
R: ATCCTTGCGCAGGGGCCA

1 500) \HERC4 ( 1:2 000) il GAPDH (1:5 000) ,
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A: The volcano map shows the specific expression of circRNAs in patients with heart failure. The green and red dots indicate more than a 2 fold

change in circRNAs between the two samples for comparison. B: The expression of circ_0018478 and HERC4 in myocardium of healthy donors and pa-
tients with heart failure was detected according to RT-qPCR. circ_0018478:¢ = 5.630, " P<0.000 1 vs. healthy donors. C: Identification of HERC4 and
circ_0018478 by PCR assay; Lane 2, 4: PCR products of HERC4 amplified from human ¢cDNA and gDNA, respectively; Lane 3: PCR product of circ_

0018478 amplified from human ¢cDNA. D: Circ_0018478 sequence is derived from exon 8 to exon 19 of HERC4 gene, and the reverse splice sequence of

circ_0018478 was verified by Sanger sequencing. Data are shown as Mean+SD. n=18, 28 in B.
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Fig.1 Upregulation of circ_0018478 in the myocardium of patients with heart failure
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Distribution of circ_0018478 in cytoplasm of human cardiomyocyte AC16 by RNA FISH assay (A) and RT-qPCR assay (B), respectively. Scale bar
is 10 wm in A. C: Levels of circ_0018478 and HERC4 mRNA in AC16 cells subjected to Actinomycin D at the indicated time points. ¢ = 3.897, VP =
0.004 6 vs. HERC4 mRNA; ¢ = 4.660, >’P =0.001 6 vs. HERC4 mRNA; ¢ = 8.227, P <0.000 1 vs. HERC4 mRNA; ¢ = 14.31, VP <0.000 1 vs. HERC4
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Fig.2 Localization and stability experiment of circular RNA circ_0018478 in AC16 cardiomyocytes
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A: Expression of GFP in mCFs after infection by rAd—circ_0018478. Scale bar is 100 wm. B: Expression of Collal, Col3al, and Acta2 mRNA in

mCFs with overexpression of circ_0018478. Collal: ¢ = 3.336, Y P =0.028 9 vs. Vector; Col3al: ¢ = 5.193, 2P =0.006 5 vs. Vector; Acta2: t = 6.753,

Y P =0.002 5 vs. Vector. C: Protein expression of COL1A1, COL3A1, and a—SMA in mCFs with overexpression of circ_0018478. COL1A1: ¢t = 3.522 7,
VP =0.024 4 vs. Vector; COL3A1: ¢ = 4.823, > )P =0.008 5 vs. Vector; a=SMA: ¢ = 5.730, ° ) P =0.004 6 vs. Vector. D: Proliferaion of mouse mCFs by Edu

assay. ¢ = 3.235, VP =0.0318 vs. Vector. Scale bar is 50 wm. E: Migration of mouse mCFs by trans—well assay. ¢ = 3.472, ' P =0.025 5 vs. Vector. Data

are shown as Mean + SD. n=3. Scale bar is 100 pwm.
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Fig.3 Circ_0018478 inhibited the proliferation and migration of mCFs, and the expression of

fibrosis—related genes expression
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A: Circ_0018478 sequence, the potential IRES, ORF, and the predicted amino acid sequence of HERC4-193. The potential IRES and ORF is
shown in purple and green. B: Identification of HERC4-193 expression in mCFs with over—expression of circ_0018478 by silver staining and mass spec-
trometry shot—gun assay, respectively. C: Expression of HERC4-193 in mCFs with over—expression of circ_0018478 by Western blot assay.
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Fig. 4 Circ_0018478 could translate protein HERC4-193
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A: Expression of fibrosis—related genes in mCFs with over—expression of circ_0018478 and circ_0018478-193 ORF, respectively. COLIAI: F=
26.90, P=0.001 0, " P=0.001 2, ¥ P=0.001 4 vs. Vector; COL3A1: F=24.36, P=0.001 3, ¥ P=0.004 7, ¥ P=0.000 9 vs. Vector; a=SMA: F=9.505, P=
0.013 8, P=0.012 6, P=0.022 7 vs. Vector.B: Proliferaion of mouse CFs by EdU assay. F=13.88, P=0.005 6, " P=0.019 1, > P=0.003 9 vs. Vector.
Scale bar is 50 pwm. C: Migration of mouse CFs by transwell assay. F=9.593, P=0.0135, " P=0.027 4, ¥ P=0.011 1 vs. Vector. Scale bar is 100 wm. D:
Protein expression of COLIA1, COL3A1, and «=SMA in mCFs with overexpression of circ_0018478 and knock—down of HERC4-1930RF. COL1A1: F
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F=29.81, P=0.000 1, *P=0.000 2, ®P=0.001 5 vs. Vector+si-NC.HERC4-193: 1=3.928, P=0.017 1 vs. OE—circ_0018478+si-NC. Data are shown as
Mean + SD. n=3.
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Fig.5 Circ_0018478-translated HERC4-193 inhibited proliferation and migration of mCFs, and the expression of

fibrosis—related genes in mCFs
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