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Abstract

Objective: To evaluate the differential expression profile of exosomal circular RNA (circRNA) in
patients with acute viral myocarditis (AVMC) and to reveal its potential biological function. Me-
thods: From July 2021 to March 2023, the peripheral blood of 9 patients clinically diagnosed with
AVMC and 9 healthy controls (HC) were collected in the Affiliated Hospital of Qingdao University.
CircRNA expression in exosomes was detected by high throughput RNA sequencing. We performed
GO and KEGG functional analyses to predict the potential molecules, biological functions, and
associated signaling pathways in exosomal circRNA. We selected three differentially expressed
circRNAs in exosomes and performed quantitative real time polymerase chain reaction (qRT-PCR)
to verify the sequencing results. Results: circRNA with differential expression was screened with P
< 0.05 and Fold Change absolute value > 2 as truncation values. In this study, 84 differentially ex-
pressed circRNAs were found in exosomes, of which 83 were down-regulated and 1 was up-regulated.
GO and KEGG analysis showed that differentially expressed circRNA may be related to ATPase ac-
tivity, GTPase binding, lysosomal membrane, microtubules and protein processing in endoplasmic
reticulum. PCR results showed that hsa_circ_0001546 was down-regulated in AVMC patients, which
is consistent with the sequencing results. Conclusion: The differentially expressed hsa_circ_0001546
may be potential diagnostic markers for AVMC. Differentially expressed circRNAs may have cer-
tain biological functions in AVMC and be involved in the pathogenesis of AVMC.
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1. 518

O LS 2 HH 2 PR R SR RO LIRE, TR EEIR Gy, o 85 B 51 I D LR B8 SRR BRI O
M#(VMC) [1]. VMC 2 S800 /158, DR, B2 OIEMRTTAIZET[2] [3]. A1, fEarekis
%, AFE GO E A OHEE(ECG). OMNERILIR G (MR A OB B, KR AU A R
[4] [5] [6]. Lo HLIER 2SO LR () S AnitE, H T X ORI E, NG PR B8 32 20 PR BRHI[7].
R, )5 BAR R — R v AR s R TE RO LR 2 W Tk

SN J LT 1T B BT SR 230, S8 I [ A 2 AR ] SR TS BLAR £ 40~160 nm (1948 fil /M 326,
M ERELE 2 R A A% IR 2, W mRNA. miRNA. IncRNA. circRNA 25[8] [9]. AMbAE & T & Fh
R, T BEAXZEM, ShbRdr) RNA 7] Lz RNA BEREfE[8]. 2 AT 7%, circRNA 7 VMC
T B 22 R MRIA[10], (HHES BRI MR H B B R e 22, TR SIS RALLL]. U B B AR
18, ANREA ROV ERI[12] [13]. SAT,  H Al AN AR (A il oy B IR T s
I, A 5T B AR FEAMNIAMA circRNA 3T AVMC (2 B 8 b A Th g .
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2. 5k
2.1 NERARBEARIRE

T 2021 4 7 H & 2023 4 3 HAET by K& LR kAR 9 4] AVMC 835 A1 A bR A, [R] R 4R 9 4]
X AR AS . BT AVMC Sl B2 2% 2013 AERRN O IR 22 DL R IZ T [14] . FERRARAELD R . iR
SRk PR . Bk BB E AL O IUE . Se RO BB R R s R O g s AR
B R BB B B MBIV IT I AVMC B3 . BT >18 % [ s 34T b IR sh ks S s RS ik CT LAFE
Bt CoF RS . i BEX TR AR IS AN ) 5 AVMC BB LRSI G IR % . AVMC B3 IFEA(S B %
G RFFAE W FE 1. AFALE B REM BRI HZE RS : QYFY WZLL 27489)#tiE, &A1 E# B
HERKEBHMIGRE. REMFE(0~15 ml)Z EDTA HistE .

Table 1. The basic information of AVMC patients
#F 1L AVMC BEERER

di's R MEED BEAER SR CoHLE IR q=|
1 47 '8 N o7 R . Ol Q Ik 19.585
2 40 % LN R SO, T PEE 3.275
3 15 5% At B W ) ST Bt 8.063
4 17 5% Af Y-& N PN ST Bidfimr, FEtkbLahidis 4.822
5 15 E A R g ELcWSIpuRE 0.283
6 16 5 el R MR SZE. TS RO A RS AL T BH 0.320
7 27 5% A Z . HEEL Mk ST BUEAK 1.864
8 33 5 A R TR ESERIVsIpusL Y 0.810
9 19 ES A R OhE k# SO BT 0.937

2.2. NiMES B

TEACEMT, il 3 580 ML Hh 43 55 HAMIA . 5 50K IEE 4000 g 2500 15 min JEUc4E B .
SR JEH IR 10,000 g 2540 30 min. fie o B AMIAATE 100,000 g 8 B L 70 mine Hx 5 AN TEBERR £h 2%
MELK(PBS)H &, 100,000 g &0 70 min, EFRAIEMEM W . M Qiagen 5 Gk HUaM ik
) RNA.

2.3. RNA R

FEMUAF AR RNA BEARTUKIZIA, BEAT iR, FEORUESRIUAT RNA WREERI 20 S TS OL T, (8
FHI P4 novaseq PE150 X #MA A H 1) circRNA #HA7I1 7. FIH R 1S limma 8 1A 5 017 R 4k
¥ H—1k, DL Fold Change Z5%HE KT 2. P{H < 0.05 fEA#MWHE, ¥IEHieE AVMC H B 2 554k
FiL HA G 3 L) circRNA,

2.4. ThEEST#R

GO. KEGG & &4 H71H T Pl 22 5 1 2615 1 CircRNA [T 75 2E W3- Thie ) T 5 5 (S 2@ i, @it
R i 5 B9 clusterProfiler 31T 2 &R/ BRS 36 M\ T X6 22 S MR IA Y SE R 34T 0 HT o
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Figure 1. The heat map of exosomal circRNA
1. SMbA circRNA 4 [E]

2.5. PCR 1§

NTIRIEMFEE R, AL T 34 TR circRNA X} 9 X FEA#E{T T qRT-PCR J6iE5L%: . cDNA
()4 A8 FH Vazyme HiScript 11 cDNA Synthesis i 4% 5% iX5f1/&A & . qRT-PCR X SYBR Green Premix Pro
Tag HS gPCR Kit ;7| & (Accurate Biotechnology, [ #ird). B-actin {E NI SMAA circRNA E&E A
AR 27T VR e A R IA R, BT ISR AT T =K. circRNA BI#)F 51403 2 FioR.

Table 2. The primer sequence for qRT-PCR
%z 2. qQRT-PCR L3 5|9i&t

CircRNA Forward (5’-3’) reverse (5°-3”)
MEF2C-AS CCTTTGGGGGAAGACAGAAGA CCTTGGATACTGGATGATGCCA
CCDC180 TGGGCAAACTCCGCTACTC GGTCAAACCACTTCTCAAGGTG
FAM114A2 ATGTCATCGAGAAGGCAGAGAC TGCTTCAGTTAGCAGTGGAGTC

B-actin CTCAGGAGGAGCAATGATCT GACCTGTACGCCAACACAGT

26. GIIHFERZE

% SPSS26.0 F Xt BERLHEAT 34T, THEBURIIE £ FrMEEFOR, PHALILLECRA t s
TR BRI R 7R, P A <0.05 MAZER AA S E L.
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3. &R
3.1. 9MidME cirRNA BIERMRE

K HH =l & 5 AVMC B3 I HC H % 4 (e AT 0. B (] DA B 2) o, 4
F] S A circRNA FEE 1B Z 5. LA P < 0.05 F1 Fold Change ZaxiHl > 2 Jyllfs FHE ik HA 22 1tk R34 1
circRNA. = JLimi i 1 A B AT 83 AN R I M AMASK IR 1) circRNA. 55 3 o 7 1 M3 Al 10 4
A E TSN circRNA,

i * CircRNA up:1
0 _| ; circRNA down:83
—~ 9 i
(0] A i
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1.3 rmmmms s B R RTINS
o - \\\ -

log2(Fold change)
Figure 2. The volcano plot of exosomal circRNA

2. S circRNA K LLE

Table 3. Top ten circrnas with down-regulated and up-regulated differences in exosome expression profiles of AVMC patients
% 3. AVMC BEINBEFIATEHZ AT H A _EIFZERE9 circRNA

CircRNA Gene symbol p-value log2 (Fold Change) xRk
hsa_circ:172247533-172251541 FNDC3B 0.002213 3.57629 i
hsa_circ:88905209-88965915 MEF2C-AS1 1.53E-06 —5.95436 T
hsa_circ:97347314-97350555 CCDC180 2.32E-07 —5.64943 T
hsa_circ:52412811-52414587 PHF7 1.43E-06 —5.12198 A
hsa_circ:154033791-154034967 FAM114A2 0.000835 —4.81906 T
hsa_circ:151116338-151127984 MED12L 0.003994 —4.18639 T
hsa_circ:13579451-13584225 SIRTS5 0.005669 —4.02466 A
hsa_circ:10390332-10391731 MARCHF6 0.000262 —3.81578 T
hsa_circ:108652272-108654410 CORO1C 0.037624 -3.76311 T
hsa_circ:190900564-190924593 GLS 0.001395 —3.46358 T
hsa_circ:156694020-156696025 TIPARP 0.004527 —3.37749 T
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3.2. ThEES#R

BTATNH GO Fil KEGG &4/ Mok Tl A is A b 22 5 3RIK 1) circRNA VETE A 22 ThRE. GO 7 Hir
AFEMIL S D FINREA YRR = A4 . B R, SEEE RSN GO &k H e “ L

R
“YRBERIRT o RS> TIIRETTI,  “ATP BEESL”
2k H . FR, KEGG g “ sk 8 H i 17

KEGG 4% H .
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Figure 3. The GO analysis of circRNA in exosomes

[& 3. 5h3ihA circRNA GO 9 #h
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Statistics of Pathway Enrichment
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Figure 4. The KEGG analysis of circRNA in exosomes
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4. 71ig

FRAE WHO X0 HUE 7328, DL E SOOI RS PR [14]. O LS B B 33 L 5L,
AR A0 S5 ik BLO IR OFRE, EA TR SO IR SE[15]. SR, SZPRTEI
AR TH, OULRFSEARXS AL, 18 9] 724 5 A USRI RGP o2 W74 [4] [5] [6]. BhAh,
AVMC FIRFEHLEI AR 76 418 B o ASHIF 7015 UGHE BA L3 A4 circRNA 78 AVMC H () 22 57 1k 3 Rl
FEDIRE .

AVMC izl B PRV, & —FhHERR 2 W[16]. AVMC 52tk mb RNk & 4E . FEG I oL
o R . O R S ARG PRAFAE o X EE BT AT SRR . I EAE, DS EA . DIREES
SO, ST B Q PE RS O L EIAR [2] [3]. 4RMG, ALGEHIE W T B AR RS e 1k s s
[ 52 BIBR A B2 L HER, cMRI &N — M4, LRIRIZK Rt QUL R0 KB FISRBER]
TH. 8/, BT cMRI A E . ERIVEZ, JIGR N2 2R HI[17] [18]. LB ATI 8 2
AVMC iZ Wi & bRk, (AT H ARG RBUS, FIGRSHSZ BICRIREI[7]. HATiE Y] %2348 —
B AVMC 2 Enbr 59 .

CircRNA Sl it j 7] B 2 (back-splicing) WL 7= A= 1, B RNA ) 3 st Fl 57 BBzl it e 4 &
TERAREE#I[19] [20]. AT circHIPK?2 J8 it 47 14 % Fff miR-485-5p i ATG101 [f13RiL, MM
P AR T, IO [21]. 75— EE R, circRNA 590 [ B2 [R50 R CLg i1
FIESEZ, Y. Grace Chen Z54RIE T IR L %8 RIG-1 Xt circRNA FIVRBIBGE T e RGN, FFAIESLiE gy
AMJEPE circRNA 20 3G 5m T i # B AL I Ry E I [22] . BATIORE AR BT, AVMC B A HC X2
(] 714 circRNA FIFRIBTEAAIE B3 2 R IRATTESNMAR RIL T 84 N~ E A B35 72 71 circRNA,
14 B, 83T ZHIA B AR S B 85 B 5 s U E &R BT R 907110 (NF90/110) A% Hin Hh 5 50
CircRNA 7K~V F#AK[23], AT T 45 R 5 2 AV & 1 o IX e BAG 72 MR IA ) circRNA Al R 2 AVMC
BIER W AR &R, AW EA gt — D9 KA E T PCR %I,

WKL, IMIE T circRNA FEC L5 8 T AFE 22 51 3R [10]. AT, UEES circRNA ZEJEFA 2 A
FREM, REDWAZELREG 7 ff o ANAARTE O MU U5 S T A A KR . AMIMA I I ) A HE R
FUS. BB RNA, 760 MR A R PR SR . TN R AR T 0U5) 1 J2 5 Bl B 1) R4
TEF, AR AEAERT circRNA AHRTRRE o 6L, SMAMA R RUFIAEVIAIZ M, A2l B VEYH i 70 o
HNIMAR T VZAFHE T S AR, Qi MR SRVBUCRIG (8] 53 25 circRNA AHLL, #MiAfA circRNA
F&E TIRARERRE, BT RERARIIMESE, X — AR TR i — P IR .

ok, AL GO Fl KEGG & 4273 K Tl 41l A v 22 S PR IA 1Y) cireRNA IRV TE AP0 T g
BHERLZM&EH AR ATP liiGs). GTP Me4i&. WEEAREL. fiE . WBRME AN T.

zE LRTIR, FATRIWE 4SS G UGIE I T 1AM A circRNA 78 AVMC B35 HC Z A7 E 2 F %
ik, FTREEAEBTERIZMINE . thah, XECHMMARIE circRNA FRERA —EMAEYF IR, 257
AVMC [ RIF N SRTTT, ABFFEARE— & W RBRE . FRATYISHEN T M AMBR circRNA [ EAEY)
Lifg, SMusAE circRNA 7£ AVMC 1 IHER I HLEI A Fr gt — B 09T . AHIFFE IR0 HY 1) 22 S PR K 1 A1 ik
& circRNA 1§ PCR SZI8 3 T3 — D KHIE .

5. &g

Z 521K 1) hsa_circ_0001546 1] Es& AVMC (RIS TE 2R E4); 2 3 MR IK 1) circRNA 7£ AVMC
HBH—EAEYIThAE, WEES S AVMC 1 RIE L] .
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R PTA 2 5HE N SR SR, BB B R T

E&WE

ARG FE 1 5K SRR i B H (82172574), 11K H AR AL 4 1 _E I H (ZR2020MHO016) A

W AR o R 22 2B W A0 O RPN (Y IKT202171) 3 ¢
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