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circ_0036176 and its host gene Myo9a were determined by real-time quantitative polymerase chain reaction (RT-qPCR)
assay in human myocardial tissue, including 22 healthy organ donors and 26 patients with heart failure (HF). A cell model
of angiotensin Il (Ang— I ) —induced fibrosis in human atrial fibroblasts (HAFs) was achieved. To test the typical ring
structure of circ_0036176, actinomycin D treatment and RNase R exonuclease digestion were performed. The expression of
fibrosis—related gene in HAFs with overexpression of circ_0036176 was detected at mRNA and protein level. To select
miRNAs that can effectively bind to circ_0036176, dual luciferase reporter gene assay and RNA antisense purification as-
say (RAP) were conducted, respectively. The neonatal mouse cardiac fibroblasts (mCFs) were used to study whether mir—
218-5p mediates the effect of circ_0036176 on myocardial fibrosis phenotype. [ Results] The expression of circ_0036176
was up-regulated in the myocardium of HF patients (P<<0.001), and the expression of circ_0036176 and the host gene
Myo9a was down—regulated in Ang— I —induced HAFs (P<0.01). In response to actinomycin D treatment and RNase R
exonuclease digestion, circ_0036176 was more stable than Myo9a mRNA. The expression of COL1A1, COL3A1, TGF-1
and ACTA2 was down-regulated in HAFs with overexpression of circ_0036176 (P<0.05). Results of dual luciferase re-
porter gene assay and RAP assay confirmed the interaction between miR-218-5p and circ_0036176. Overexpression of
miR-218-5p could promote the expression of fibrosis—related genes, and attenuate the inhibitory effect of circ_0036176
on cardiac fibrosis. [ Conclusions] Circ_0036176 is up-regulated in the myocardium of HF patients, and circ_0036176 in-

hibits the expression of fibrosis—related gene through sponging miR-218-5p in CFs.
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#1 PCR3|#FF!
Table. 1 The sequences of the primers for PCR

Product

Gene The primer sequence (5'—3")
(bp)

F, CTGGTCCTGTTGGAAGTCGT
Collal 201
R, CAGATGCACCTGTTTCTCCA

F, CAATGTAAAGAAGTCTCT-
Col3al GAAG 240
R, CAAACAGGGCCAATGTCCAC

F, CTGTGCTATGTCGCTCTGGA
Acta2 192
R, ATAGGTGGTTTCGTGGATGC

Tofbl F, TCACTGGAGTTGTACGGCAG &
R, CCGGTTCATGTCATGGATGG

F, GTGGTGACAAGGGTGAGACA
COLIAI 194
R, ACCGTTGAGTVVATCTTTGC

F, CTGGACCAAAGGTGATGCT
COL3AI 195
R, CTCCTGGTTTCCCACTTTCA

F, CTGCTGAGCGTGAGATTGTC
ACTA2 195
R, CGATGAAGGATGGCTGGAAC

F, TGGACATCAACGGGTTCACT
TGF-B1 210
R, TGCGGAAGTCAATGTACAGC

F, AGGAGCAAGTGAAGAT-
GAGAGA 234

Circ_

0036176
R, TTCAAAGCGTCGTCTTCCTC
F, TGGAGAGGACTACCGCTTC
MYO9A R, CCAGTTGGTGGTTATCATA- 329

CA

F, CAAGAAGGTGGTGAAGCAGG
GAPDH 200
R, CCACCCTGTTGCTGTAGCC
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ATTGCTATGACTCTGAGCCGTTATTTTACCAAGAAAATGGTTT

ATTGC TATG ACTC TG AGCCGIT TATTTTACCAAG AAAATGGTTT

A: Masson trichrome staining. Scale bar is 100 pm; ¢ = 6.639, 1) P =0.000 2 vs. Healthy controls. B: Expression of circ_0036176 and its host

gene Myo9a in myocardial tissue of healthy controls and heart failure patients by RT-qPCR assay. circ_0036176:¢ = 2.096, 1) P =0.042 6 vs. Healthy
controls. C: Expression of circ_0036176 and Myo9a mRNA in HAFs exposed to Ang— Il treatment. circ_0036176: ¢ = 5.458, 1) P =0.005 5 vs. Vehi-
cle; Myo9a mRNA: ¢ = 4.630, 2) P =0.009 8 vs. Vehicle. D: Identification of Myo9a and circ_0036176 by PCR assay; E: Sanger sequencing validat-

ed the back—splice junction sequences of circ_0036176. Data are shown as Mean=SD. n=5 in A, n=18, 28 in B, n=3 in C.
E1 Circ_0036176 7E:0F O ALA LR R IXIE N
Fig.1 Upregulation of circ_0036176 in the myocardium of patients with heart failure

0 & A4 IV H (P<0.055 E13B) . i — 21,
H FH Western—blot, & ¥ 11 3 3% cire_0036176 )5 ,
COLIA1.COL3A1.TGF-B1 Fl a—SMA ) 75 14 2 ik
[FIRESZ 3 140 (P<0.01; E3C).
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W) {5 B 2% FL I (https : //circinteractome. nia.
nih. gov/index. html; http://starbase. sysu. edu. en/star-
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ZAEAER miRNAs 25 500, IFEE#E 120 AL
15 2235 miRNAs, 43 24 : miR-7-5p . miR-99b—5p ,
miR-100-5p. miR-154-3p. miR-200b-3p. miR-
200c-3p. miR-218-5p. miR-330-3p. miR-429.
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487a=3p Fl miR-665 [H] 455 BE 1 19 22 53, FI H cire_
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AC16 40 Bl ' cire_0036176, 45 BL RNA £ ] circ_
0036176 4545 AR & miRNA /K F . RAP SZH & 3
circ_0036176 A] 7 &% b 45 75 miR-218-5p 1 miR-
665, M %5 & miR-218-5p & YA X B £ (P<0.001;
Kl4c),

F T B # miR-218-5p & /% & 51 'F cire_
0036176 &AM O LEF 2 Ak 2 8 A9 7 A, % miR—
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Distribution of circ_0036176 in nucleus or cytoplasm of AC16 by RT—qPCR assay (A) and RNA FISH assay (B), respectively. C: Circ_0036176
was detected by RT-qPCR and normalized to the value which was detected in the mock group. Myo9a mRNA: ¢ = 7.514, 1)P =0.001 7 vs. RNase R.
D: Levels of circ_0036176 and Myo9a mRNA in AC16 cells subjected to Actinomycin D at the indicated time points. t = 8.987, 1) P =0.0008 vs.
Myo9a mRNA; ¢ = 5.253, 2)P =0.006 3 vs. Myo9a mRNA; ¢ = 6.036, 3)P =0.003 8 vs. Myo9a mRNA. Data are shown as Mean+SD. n=3.
B2 Circ_00361767E AC16 /U AILZARA (953 75 & RNA R E K E
Fig. 2 Cellular distribution and RNA stability of circ_0036176 in AC16 cardiomyocytes
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A 27 2 AR DC SRR F R A T AR SCUE 32
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Fig.3 Circ_0036176 inhibited the expression of fibrosis—related genes in HAFs
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A': Bioinformatics prediction showed the potential binding sites of 12 miRNAs in circ_0036176; B: Identification of the interaction between circ_
0036176 and miRNAs by dual-luciferase reporter assay. F=7.164, P<0.000 1, 1) P=0.000 9 vs. group 2, 2) P=0.036 2 vs. group 2, 3) P=0.034 9 vs.
group 2, 4) P=0.004 8 vs. group 2, 5) P=0.035 1 vs. group 2. C: MiR-154-3p, miR-200b—-3p, miR-218-5p, miR-487a-3p and miR-665 were

pulled down from AC16 cell lysate by biotin-labeled circ_0036176 probe, and RT-qPCR was performed to detect the relative level of the concerned
miRNAs. F=19.59, P=0.000 1, 1) P =0.000 1 vs. miR-200b-3p, 2) P =0.021 7 vs. miR-200b—3p. D: Protein expression of COLIA1, COL3A1,
TGF-B1 and a—SMA in mCFs after transfection by miR-218-5p. COL1A1: ¢ = 15.98, 1)P <0.000 1 vs. Scramble; COL3A1: ¢ = 15.23, 2)P =0.000 1
vs. Scramble; TGF-B1: ¢ =9.177, 3)P =0.000 8 vs. Scramble; a—SMA: ¢ = 7.981, 4)P =0.001 3 vs. Scramble. E: MiR-218-5p reversed the inhibito-
1y effect of circ_0036176 on myocardial fibrosis—related gene expression. COL1A1: F=91.37, P<0.000 1, 1) P=0.002 vs. Scramble+Vector, 2) P <
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8) P <0.000 1 vs. Scramble+Vector, 9) P=0.006 6 vs. miR—218-5p mimic+Vector; a—SMA: F=75.96, P<0.000 1, 10) P<0.000 1 vs. Scramble+Vec-
tor, 11) P<0.006 6 vs. Scramble+Vector, 12) P=0.017 7 vs. miR-218—5p mimic+Vector; Data are shown as Mean + SD. n=3in B, D, E.
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Fig.4 Circ_0036176 inhibited fibrosis—related gene expression through sponging miR-218-5p in mCFs
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