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Non-coding RNAs in viral myocarditis

Jie Hu, Yangyang Zhu, Qiong Yuan, Dan Yan, Chaozhi Li, Hengzhong Guo, and Lili Lu
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Abstract:  Viral myocarditis (VMC) is a disease characterized by inflammation of myocardial cells caused by viral infection.
Since the pathogenesis mechanism of VMC has not been fully elucidated, the diagnosis and treatment of this disease remains
extremely challenging. Non-coding RNAs (ncRNAs) are a class of RNAs that do not encode proteins. An increasing number of
studies have shown that ncRNAs are involved in regulating the occurrence and development of VMC, thus providing potential
new targets for the treatment and diagnosis of VMC. This review summarizes the possible roles of ncRNAs in the pathogenesis
and diagnosis of VMC revealed recently.
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9% 57 TN SFARFE SRR 5 (FR e s et T
REFFELAAAE, BUE iR T B S BT E M B &
BN S RAE S, RS B0 T
s e AR, IF AT RE S R R AT IR M O WL 2
O FE; WA EE SRR OIR, BiE T
PRI, BT B, XTI RO LR &N
BUL . 2 WA TT TSy b

JE %15 RNAs (Non-coding RNAs, ncRNAs)
SEARARLE A HAS RHIE R I BT DI BERY RNAs, £
54 ™/ RNA (Micro RNA, miRNA). K4 3E 4
i RNA (Long non-coding RNA, IncRNA) FlFRAR
RNA (Circular RNA, circRNA) %M. ncRNAs &
B e B, RMTBEE I IRA . ANTZ
W & B neRNA 22 541k . 3458 . A
AT DA KBt S RN SRS AB M G R - 4l 4l
1, ncRNAs AP ONIA T, A bk s
IE S 55 Z2 PO L85 B8 14 A 2 SRt Rt B, i
HADHFFEF BT, ncRNAs 1ER TR & 1 EH0
B TEBEEIEN . BT R s O NR T,
o B 0T Co JLAR A ) 42 A VE P o B 75 O UL
W e A R T Ko w5 MUK i 2R e Al BLAE TR IZ
PRI R AR SRS T B OCEZEMEMN, Kk,
A SO E 3R 341 BEXT AN RIS Y ) neRNAS TE%
BRI O ILAR ARAIL I o 0 BIF T e R A T 2504 .

1 miRNAs 5 VMC

mMiRNAs J&—28K 2y 20-25 % IR Y H Bk
RNA 7F, ‘B0 Ll id S EER mRNA EiE45 G
R RS I IR () 2R3, 7E 2P B A B AR ke oG
BEE . 76 VMC 1, fRZ miRNAs # WL 5| /778
ZERFEIR, AU, BT ABIXLE miRNAs 4>
AT L P LA R T R T R e s
Wi PR e ) 3t RSk B2 i VMIC B R
1.1 miRNAs @ iEECALARATSS
VMC

£ VMC kA 5k RS, DU T
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EFECOIGEEERENZ —, A2 miRNAs
43 AT Gk R AR O LA AR R T L UL 4
i, Zhang %% B miR-222 ZEAT R4 B 41
3 1 (Coxsackievirus B3, CVB3) /&) Balb/c
/INE e HOC2 20 i Hh e A 7K i 2 T 5 A AT TR
FEAG i, e M IRPEREEREG-5K 18 1 (Phosphatase
and tensin homolog, PTEN) %1 mRNA /# 3'%3F
B % X (3'-untranslated region, 3'-UTR) f#7E
MiR-222 Z5& v s, T miR-222 Hk5 ml L3R &
PTEN IRk, XIERTE VMC KAt i,
miR-222 A U@L 0] PTEN & (A A9 2k ok fd it
O LA T, I/ NELC R . Jiang 217
CVB3 Ja e iy A K RO LA L HIESE. miR-34a
ik BRI SIRT1-p53 AR e k.0 VL2 i o4
T2, InEOIE . Al —L% miRNAs 53F
T 308 e Ul A0 B T R B LR R . Ee
Li 2558 % B miR-1/133 mimics A1 i i
BPSEE L Kend2/Kenj2 il Bel-2 (92835 K /0
VMC /NG LA I A R T, DA sk 8 /0N B0 93
15, Gfpaiik. He ML miR-21 ] LU
CVB3 AN T ZEAAT] A AT IAB ST ok i
HF miR-21 7 VMC /pELO LR ek, i ik
— RN IARSIMIESY , AT A B miR-21 S i
) HE VT MAP2KS3 1) 3'-UTR 541 MAP2K3/P38
A 2257 250G AL & 1S (Mitogen-activated
protein kinase, MAPK) 55 %, J#/> CVB3 J&
YT 51 Hela 20 /N R0 LA T, 2 5]
TRy o ER . T H A #E a3 0 miR-21
3 F B OB AR BN RS, ASUAT DA LA
JEJE T e, 0T DL 3 RGO LA 2 Y B
VB L B ITUESY 22 B miR-21 b0 LAY AR 48 4 F —
J7 R T 7OV T, o5 — T Al fg
S0 Ao A T B A L DR O AL R A
BEG A S P 3 4R miR-21 A W ks dE e O
LA IE YT 38 A T RE
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1.2 miRNAs B iFECMMRERERNSS
VMC

FIEF VMC BABURR ARG, 2
O NEH A P IR AR, KA py R+ R
SEAME S S TP R E SRR, AR 1%
IR O LA ML S RE SOV AR G mRNAS 73
F. Zhang ZEMIBESY & BAE VMC S LRSS i
AIRINE] miR-146b/155 FKikFt i, L K /R ARAH
FAE AT ABA] 4 B miR-146b/155 7K F- 5 3 5 4
T 4ifig (T regulatory cell, Treg) Fr4rhay FIA-2-17
(Interleukin-17, 1L-17) | IL-21 e R A FEIEH,
M5 IL-10. ¥4k A4= K+ B (Transforming growth
factor beta, TGF-B) SEHRNFLEI L. XK
MiR-146b/155 A] g 38 1o I 45 48 11 A 1) 77 £E 5
VMC W &4E %%, Tong %012 CVvB3 L1
HOc2 4 i A2 1 v W0 2% 21 miR-15 (4 2 1k WA &8 3,
LAY miR-15 (Y FRIB AN HIE , A2 G40 i
AT T b, S g A N R APE D] T IL-1B IL-6
AIL-18 1™ ARl b s TN miR-15 J2&id i
FLEER I PR H] NLRXL 9235 . % NLRP3 &
PAMASE e E VMC & 8. £ CVB3 iEF 1)
VMC 1, IG5 40 LR Ak X I 400 L2 1 P 4
SRR F TR M . 1 Gou 2T
FEH R B miR-223 A i ik 4 ) 1 Pknox1 FE[H
R E MR M1 B[ M2 BUEEAL, /b 0E
IR, MG MO WUAAE 3 TR A A T8 i 78
VMC /) U AL Hh o 635 miR-223 SR Z ik VMC /)
B ONUAAE , g O DI RE . PR R AR R
Toll #:53Z4& 3 (Toll-like receptor 3, TLR3) fEH3%Z
537 AT 455 AP JsUA dsSRNA, SR 51565 i
NN ¥ Z KM C & 1 6 (TNF  receptor
associated factor 6, TRAF6) 4 F ¥4 1% NF-«xB i i
B K 1E Fei MRS P 2 B, CVB3
YL A i P miR-146a 1Y R IA B E RN, H
miR-146a A3 8 [ A0 TLR3 M2 TRAF6, 3L
HRHWT NF-«B i, EBEE s O IR e
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JULAH M S8 S o X $27 miR-146a 7E CVB3 J&
5 ER VMC Haf g — AN IEME IR N R
Zhang %1% B (@ HELFEAMIEL, VMC EULEISH
JAl i miR-381 7K V- i 2 REAIR, T 48 AE A1 fI0 4
fit;-2 (Cyclooxygenase-2, COX-2) )ik THE .
i e — BT T A B, miR-381 ] 5 A K/
) COX-2 JE[H 3-UTR X B #4454, T COX-2
MIFRIEAE, W NLRAE . FEXT 2k O LR B3
SN A miIRNAs B4 72347 19— i F 5 0 4
B, B ML SNBAR) miR-30a/181d YK - i
FE T RELE, 7E CVB3 SR (14 4 M Sz /)N B 7
HHL R A . SN miR-30a/181d J&:# i B
454y SOCS3 KN (1 3'-UTR X a3k 38 45 H R e
FIRAE RN T2k, SO NI RAE RN . E—2
S SLIRLE R, A miR-30a/181d YA 7 Al
30 A5 R /N R A7 S R DO S o A g 4R R
miR-30a/181d AMUA Wh VMC 3 Fi2Wibn &9
VS RE, I AT REBLA 25 W0IA T I HEAR
1.3 miRNA BE#FESEEH S5 vMC

Br T LRPIREAESS, miRNAs i A] 5@ o 1
HLEZ 53] VMC Kl e, Hunsgm s 2
il B R 2 600 U200 M 1) 0V Rt e 3
VMC & B = — . 75 Germano Z: My w5y vh
$EH, CVB3 A5G|z Yu 4 i 43 I 2 A 0 7 1Y 2
M, XSG AN R A R 1 S, P
Bl 87 e K p BOCEDB 1 A T oA T
X LRI B miRNAS i 3RIA1E O, & B miR-590-5p
My FIEK- B E TS, T H miR-590-5p A i i
SPRY1 & Al 1 T4 T, {2k CVB3 & il
BRI s B kR BLAh, FERTTH 4R Y He
AR BESE P LS Y 78 CVB3 Ik 1 Hela 46 g
Hid 2RE miR-21 Al ] MAPK 8 #: Sk sk >
CVB3 K& il -

Wit BT R 1) RIATAM, R
) miRNAs 4338 i A ¥ HA B R Tz 2 5 3
VMC 11 kA J & S, X 0 1) & g e 1) 1E 1]
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#1 £5VMC &ZHEHH A miRNAs
Table 1 The role of miRNAs in the pathogenesis of VMC

miRNAs Models Expression Target genes Pathogenic mechanisms  References
miR-222 Balb/c mice, H9c2 cell Upregulated PTEN Pro-apoptosis [7]
miR-34a Neonatal Sprague-Dawley rat Upregulated SIRT1-p53 Pro-apoptosis [8]
miR-1/133 Balb/c mice Downregulated Kcnd2, Kenj2, Bcl2  Anti-apoptosis [9]
miR-21 Hela cell, Balb/c mice Upregulated MAP2K3 Anti-apoptosis/anti-CVB3 [10]
reproduction
miR-146b/155 Human Upregulated Pro-inflammation [11]
miR-15 H9c2 cell Upregulated NLRX1 Pro-inflammation [12]
miR-223 Balb/c mice Downregulated Pknox1 Anti-inflammation [13]
miR-146a Hela cell Upregulated TLR3, TRAF6 Anti-inflammation [14]
miR-381 Human, Balb/c mice Downregulated COX-2 Anti-inflammation [15]
miR-30a/181d Human, Balb/c mice, Hela cell Upregulated SOCS3 Pro-inflammation [16]
miR-590-5p  Hela cell, HL-1 cell Upregulated SPRY1 Anti-apoptosis/promoting [17]

CVB3 reproduction

RPN, X — i ERTRIE H miRNAs
STV NGR VMC IR 4 25 WL bR K12 Wtk
Oy TR S P BE o

2 LncRNA 5 vMC

[A---2/3 (Interleukin enhancer-binding factor 2/3,
ILF-2/3) E&WHEL S, A% miR-192- 11 41 i
2 1 ZRHM EEEE (Interleukin-1 receptor-
associated kinase, IRAK1) &IE/EAPA, F20] Inc
AK085865 /i i INcRNA-ZE [ J5i-miRNA-mMRNA
X—VERPLEAE VMC M EA SR E.,

VMC &4 J5 B o i 25 A IE Z — 2 O ILER

LncRNA 2 —KKERT 200 MZIFRH
RNA JE51 , %A & (1T 4 is 0 5eM (H & IncRNA

A SR K B 7 57 i KSR 4 R TR ) 2Rk I
hfE, a5 DNA. RNA LIKE M B EAEH
TEAR Z2 1 Wy 3 A v R S eV P T i L i
EHS IncRNA (AN E L . FPa 3 202 2%
LEREA X F . BAR IncRNA AT i 3 2 Fh L il 34
PRI R A, (BETERBY BT VMC 14 & A= ML
HIF9E FEEAEFLE IncRNA-MmiIRNA-mRNA %l 78
Xue 2P R 53 g4 IneMEG3 3 1 miR223-
TRAF6-NF-xB ili i 45 B 05 41 i i b S 2 i S 1
%5 VMC 89 &4 . T IncMEG3 i35 1] i %
G figt /N0 LR SE o X IncAK 085865 (1)1t 5% 45
R R, fE Zhang P F 5T bk TR
INcAK085865 H] i & E Mg 4 Ml Ak fk, H
AK085865 ' f1/NELXT CVB3 i F 1) VMC 175
TR G R, BRI, AR, (H)E
INCAKO085865 i i 5 (1 41 il /v 35 [ 745 &

http://journals.im.ac.cn/cjbcn

Yk, FeHERTE VMC IR, OB SR E00 N
A B WLE i, FEmaL IR SR, FE Zhang
A2 kg P L /E VMC KB IncRNA ROR
Al B c-myc FERIFRIA, e dEO0E £ 4E 41 g
PS5 AN A3 Ak, (R ESASE Y BRLAY I3 1L-6 )2 TGF-B
IR T, i — 25 i O LR JE I £ HE AL RE T .
AR Balb/c /Nl VMC AR 7Y v X 52 )
INCTUGL ZRik/K V-3 LA, 5 it R s ) 2
VMC /N WLE T 1IN, (O BhRE TR . it A
SR SE R, RATRIAHE T CVB3 Al it
INCTUG1-miR26a 275 4l fET:, fEif /N
VMC I EESRIE.

3 CircRNA 5 vMC

CircRNA J& — JE M1 45 3 AR 45 1 79 A 4 15
RNA, fEidid 5 miRNA SR E T EAR IR
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TR N RL, S 5RNUAR Z 19 E 5k
FEE R R P i TSR, TEAU Rk
RS, circRNA HAG B Z R8s i AE b
S FESTH S 1252 AE circRNA /R FIHL
il rh 5T e 22 B “HEAR LA, BRI circRNA s i
454 miIRNA 231, f#ER miRNA SF HHEIE K gy
VR R, DT 75 50 35 PR A R ik KO- T . T
22 circRNA 7] LLiiid circRNA-miRNA-mRNA
1 IS 5 B0 A B 1 & AL R 2830 R
H VMC 5 circRNA FCRIAISE b, (HIE i
A — W F 2 RO ALR B F 1Y circRNA ik
TEA T B 9T 45 SRR, circRNA B i) 18 1 8
HLA R K- 53] VMC 372 B e s0mii 58
e, B EATEREL T 3 A R ORI ILLK 3
2 R R A A1 ) I b R A LAY S RNA E AT
CircRNAE F /AT, 25 5 & BULTE 53 635 1~ CircRNAS
S FHA 3 173 MER KM DR FEA R R IE
P k25 o TR R A 22 R KA R 4y
CircRNAs 73 Fi#E4T T GO 4r#r, Myl ix st
circRNAs 73 7 H1 miRNA K mRNA A91EFH M 4 ,

LRI, KERSY circRNASs 2 F7EShfig_F 5Lk
RAE R R APE RN B VIFG, XK circRNA
AR AT fi 38 28 I8 95 HUAR i RO K2 5 30 LR
) % R R e

4 R

Wi XF T 3 4 ncRNAs 7 VMC & i HLi A1
RMPFE AT AN LS, FRATH EF] miRNAs H
F R, WL IncRNAs il circRNAs
B, miRNAs FIVEFBLEIIFIE s R A
L LRI, 45 IncRNAs #il circRNAs i 5¢ i 52
KZEEHFE IncRNAs (circRNAs)-miRNAs-mRNA
WA XREESK, kS VMC WS
JP R A — R |, miRNAs 43T ROE#ok 5k
B ., Ak, B X miRNAs SHEERF ST 1Y A iR
A, AR EN miRNAs 2 T/ B 25936

% : 010-64807509

YR AR A A R 2 n) R fE g e, Hop i 2
SR A 28 B R ORI (), 25 i 3] 4
KZE miRNAs 15311 A 0 35 A 2188 B R 5
PE, AR 2 aner {244 v 2R S b AR 10 i
RUN 2 i SRR 28— AN T 5% ) 2 AT
i miRNA & £k & #E WA T RO, B3R
miRNA £ SR A A 24, 50 [ — 4~
FER AT 24 miRNAs 20 TR, XAtk S 80
£ miRNA J5 A MRCR TR S HUHA —3, X
A RETR EFIE A AT RAR N 2B A 9% ) B2 . it
A, TEBLHY Bl B A KL R Sl S RE 1
T, BEEERRE A — 8L ncRNAs i A 5] vMC
MW SR IR T TP IR AR AR AR S R R AN
% & F] ncRNAs HH G 98 7 3 4F ok & Jig 1 43 il
W, AEZERIE) ncRNAS J3 76 A [H) Al 5 s 4 U
& A RE BELNREERN, XWREREATZ
WFIE AU AE e BRI gE 25 (0], A B 34
RARBEAWRADIZ, FHE VMC 2iR% )
FHSEM CHEYE neRNAS 431, JINPRIEREERS 5T
] o7 FH A S8 AR R R B, AT LS BEXE VMC
BE RIS RS UEIRIT S MER IR T L A
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