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Abstract

Accumulating studies have recently shown that long noncoding RNAs (IncRNAs) are involved in the

initiation and progression of myocardial fibrosis,a common histological characteristic of heart conditions and
prominent global health issues. LncRNAs are prominently served as regulatory molecules via interaction with
DNA,RNA and proteins in transcriptional and post-transcriptional processes. They can change morphological
structure and biochemical metabolism of cardiac cells and regulate homeostasis of the cardiac extracellular

matrix. Therefore,IncRNAs show great potential as diagnostic and prognostic biomarkers and therapeutic targets

for anti-fibrotic treatment.
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Figure 1 Mechanisms of IncRNA-DNA direct interactions
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1.2 IncRNAs% RNA A8 Z4F A

SEN T 40 M 9 IncRNAs 7] 5 RNA & 2F B
B9 A EAE FH L b 26 RNA % 40 4% /N RNAs
(microRNAs/miRNAs) fl mRNAs. IncRNAs £ 2
1t X 4 R PR S5 RNA BAE (& 2 firs )
(1) IncRNAs 5 miRNAs L3635 | & 5L 1F 1) )8 %
KF; (2)FE R miRNAs [ “WE4R”7 , FHLAT miRNAs 5
mRNAs 254, 1T 3% mRNAs (97K F 5 (3) 5
miRNAs 35 FHPEZ5E S mRNA, H11] miRNAs % mRNA

HyEEE ; (4)7E% A miRNA 19255, 5 mRNAs B
ED/ e

M IncRNAs 5 miRNAs 3£ 350}, IncRNAs
Al BEAE A miRNAs 1Y Hij 78 & 448 /5 F (4an &1 2-A fir
78 ) o Morgoulis %5 & B H19 1] £ A miR-675-3p
I miR-675-5p B HTA o 78 £F 4 Ak AH S350, ]
DL OB H19, F 8 miR-675 F ik, M B AR AL
BRAR 1 BE A ILES B KT, 0 LS IR N RORE
FERL/N B ECM TR

24 IncRNAs 77 7E miRNAs i & 7o /4 (MRE) B,
2 38 328 k25 T X 1 O XA A v A R B AR Y
miRNAs (4N1& 2-B i) . B, K28 5.0 04
HEAL A S IncRN As LAV 4R A5 R 7R A . X 2%
IncRNAs FZ%F miRNAs EAG W0 514EH , 9 & 1
Y& F A Bt 2 XU 19 o 1 41, Malat1 (metastasis
associated lung adenocarcinoma transcript 1) ff A
miR-181a 4% , 7F Argonaute 2 1E H F JE i N TT
AT AY, T M miR-181a 19 K ; 24 miR-181a 33
PR, 2 T8 Malat] AR AR SR, ] —
2% IncRNA AJ e 91 & A~ 1E — 1~ MRE (41 [&] 2-B, fiF
78, XA R 2 [A] — 2% IncRNA 7] RE [a] I 5% i AN
W] /9 g 38 A2 fb o & £ A9 MIAT (myocardial
infarction associated transcript) ] W Ka) miR-150-5p,
18 miR-150-5p A #E mRNA P300, {f ANP BNP 7K
SEE S, I T LA IE (CMs) FUAE R 24
1 B ) MIAT W% Bff miR-24 B, [ 8 miR-24 (1) 48 5
Furin, B30 TGF-B1 {5 51 % , 3458 CFs 1Y
BEFERE ST, NS T ECM LA™, 5 LRI, AN TR
A IncRN As 1, 7] B 38 2 W AN [A] A9 miRN A #2 [w] [A]
— > mRNA (QNE2-B, 7R ) o BR T L3R MIAT/
miR-24/Furin mRNA HLiil Z #1 , Malat1 1% AJ 38 525 1%
Fff miR-145 ¥ 5] Furin mRNA "
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3'UTR X, fff IncRNAs 5 mRNAs £ 1F [i] 8 5 5% 5
(& 2-C FF 78 ) o Yuan 252V & B PXN-AS & i
Paxillin & [A JE % 56100 A A9 2 X IncRNA, & 45
exond [{J PXN-AS 5 miR-24 #B 7] 5 PXN mRNA
3'UTR 454, I, miRNA-24 5 Paxillin mRNA 4%
G5, 3 PXN mRNA B f# , 10 PXN-AS A DL{R 4
PXN mRNA A8 A

LncRNAs B T i i IncRNA-miRNA-mRNA %
[ 4229445 mRNA Z #b |3 78 IncRNAs AR T
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Sfrp2 AR E P KT, AT 52 M UL £F 24 41 i
ML YG5E A R
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TE 5 —Fh i FE 2L, B IncRNAs 7] E40 A% h 5
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PERPY S R A PR O WLEF 2 AL 1 s
FAT A, R, 76 %5 A 9C IncRNAs Y 3E 4T Zh g1
WFFERT, T NZ T 2 %R
1.3 IncRNAs 5 %& & v 48 Z.4E )

LncRNAs 5 8 15 A A BAE R 2200 4
Tl (& 3 778 )2 s (1) IneRNAs 1/ M43 7, 5
RNA 254 5 11 RBPs A H. 254, BHWT % 8 11 5 403
LAY AH EAE 5 (2)IneRNAs 7B N3850 1, S5 1E
EALE D SR E A E SN T2y
515 (3)IncRNAsE N H5 2250, S s DL )&
H R AE AL IR 85 1 2 &9 ; (4)IncRNAs
VERFG B, 5 8 RS 6 I wlo2s T4 i e o7
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Figure 2 Mechanisms of IncRNA-RNA direct interactions

.

33 TUG1, DCRF, PVT1,
— X RMRP
29

m'G Cytoplasm  Extracelluar
2 Malatl, MIAT
AAAAA
D
>
m'G il TII

CHREF, Fendrr, GASS, H19, B,
KCNQIotl, LncRNA-
00654, MIAT, N379519,

PCFL, PFL, RNF7, SRAI,

B,

Protein/
Complex

= miRNA Vesicles

A:LncRNAs can be co-expressed with miRNAs;B:LncRNAs can sponge one (B;) or more (B,) miRNAs;C:LncRNAs and miRNAs can competitively

bind to mRNA;D:LncRNAs can bind mRNA independently of miRNAs

BEL BT 25 11 5 -5 L0 BR 40 7 B9 AH BLAE T, I8 s 56
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SR F AT S5 S N T R B SRS MR .
IncRNA Meg3 (maternally expressed 3) 5 #% ¥ 5% [H
T P53 HAELS A S PS3 4SS Mmp-2 R 80 1, 1l
Mmp-2 % SE0E . 5 —J7 1, IncRNAs 255 5 5%
R, o AT I B2 S R P B SRV E . 4 H19
KW F YB-1JE L E &K, 015 YB-1 45 &
Collal JE BT, EBR T YB-1 X} Collal Hys 5 4mH
YER™ . Ah, p-SMAD2/3 55 SMAD4 JE i 1 52 5
Y AT A Ry — A RRIR 0 7 S R 1 R 2 S G 1
H o Zheng ZEBI R 3B IncRNAs Crnde (colorectal
neoplasia differentially expressed) E. 45 SMAD 45 &
JC (SBE) , 5 Acta2 W) )3 2 7 X 55 P45 &
SMAD3, Hi Al Acta2 155 55 .

LncRNAs {EH 48 500+, 51 5 R UAB 4 A ¢
MIRBERZ S VSR TR0 7 50, IR 45 i 1R 4%
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BRI AL 45 ) E B2 1, IncRNAs ANRIL
(CDKN2B antisense RNA 1) A P55 PRC1 W 3 (7, 2%
HE R AR 1 7(CBXT) 454, 5548 PRC1E AL T P16/
INK41 F% ], 5% i 5E A Y H3K27me3, Tt Bk
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YEH , 524 SUV39h1 £ MyoD 5 H L R (1 25 5 7

AL FECH3K9me3 , T S R S

LncRNAs 1E NS5489 SO, N 4% o0 T oe
TPt L5 (I 3-C TR ) o iX 28 IncRNAs
BB R AN S R R AR 1 BT Y R IR K (H
23 BELAG B R A 1 S R AR R A LA . T
i, IncRNAs 1 AT 2 DNA FIVER 1509 B 22 , 1R
F#E 1 DNA motifs, (45 &I SR H iR 1 &
£ hnRNPL 4 35 P12 Wi i PRC2 AR T 2
PRI Y

LncRNAs 538 F 45 5 )5, il BE 2 52 i £ 1
JoT B4 SIE 2 B A (4 &1 3-D i 7% )2 . Micheletti
B B IneRNA Wisper (Wisp2 super-enhancer-
associated RNA) 1] 3 5 45 & TIAR & [ £ 1f TIAR
O AAZ B, 38 5 TIAR 25 -5 5 DU 1t 2 L il
Plod2 mRNA fAH B I B L ik, 42 2 0 L EF
“efb

2 IncRNAs7E/DALA X R E Y FThEE

2.1 IncRNAs i@ i 4% 4m JLAT A %5 we S LT 440

O E R ZFh 40 2 5 £F gL R, 2 ALEG
HHEFE A ECM 25 A0 R ET 2 40 it A58 3 52 43 h [
S 5L gL A 0 B A0 A 40 bk B 4
JiL o0 AL R o A A0 B S AR S O ILER
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Figure 3 Mechanisms of IncRNA-protein direct interactions
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teins to specific loci for chromatin modification;C:LncRNAs may play scaffold on forming ribonucleoprotein complexes;D:LncRNAs may influence pro-

teins trafficking
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AL LA B CCMs ) R A 00 JUE 19 S 5 4 G, -4 e
TIABR G0 WESZ BB, CMs 2 K AT 8 45
AR AR AL AR A B DY P TR
A 2% . LneRNAs 1] 3 & miRNA 1 ] F
P300""*" | PCDH17" | KDM3A"" 25 ) 2% CMs [ %
A5 NI 2F 4e A & 2 o A, IncRNAs 36 7]
DLE 85 CMs B TR BT 2 i £ e Ak iE fE > B
GE A O L R XU 2537 BE R 2465 7 R/R
B R BOA S Z R8T UM, RSP IR L CMs i
A7 7K B B B 4041 4 Ak 52 58, = 7K P B9 IneRNA
ANRIL i@ & PRC1 (CBX7)/CDKN2A (p16/INK41)
S5 R e-Jun 2 5 v A 1R Ak, 00T 1) R 3
B -43 KF BEIR T CMs 1 [] B 728 422, o ekt 2T 4
R . S0 LA A2 P i), 23 B R FE R (R 5
TG 51 R B TR I 25, A 928 A D S 4R \{ﬁﬂﬁ,j(gﬂ’ﬂ
PRAE T AN 73Kk I3, 51 K s BN 9 0
FNE . LncRNAs A 3 £ MyD88 Hl NF-kB**/ 45
17 5 308 1 5 O UL 240 L 5 | %) 50 B g, 4%t
F LR A JE A VE

O R TA] J5T v s 5 TN B A0 L - o LA i 5
MAFARAEIERY N B -] B Ak (EndMT ) J& 46 N J¢
YA 2R 25 B R ) B AT 2 20 AR B A R A R

EndMT [ 575 16 A0 2 N B 40 5 200 WLET 44 1Y
Ll Z —"" . Melanie 55" iff 5% & Bl miR-21 /&
EndMT /1175 5: 4, 1M IncRNA GAS5 A 2 miR-
21 B M 4™ [Nt GASS A 3 3 miR-21 #9 7fl
EndMT, 8380 AR 2ifl . BRI A0, Li %67k 8
5 7K1 Maltal 7] P84 Bel-2 Fl Bax F 7K -, 36 558
B IV 3 LA B A 335 1 L 0 R 1 2R R R R B
I AR
TEH A FLRBL R, AT 4E 40 (CFs) &b T 2,
NS Y| B 1 VA BN 1 A S AR
CFs BP0 e A 0 LR ET 4k 40 i (MFs ), I 5] 95 722
AL RS , SEAT O VB S o 24 3 SE 200 20 i i 2
PTG AN BE R, 22 0B WLk R R 2T 4 AR
LncRNAs AJ J##5 CFs B3G5 > TR 56405
B Hop AN AR TR 5 RE O A C A AR
r?'@éﬁflﬂﬁﬁﬁi , H 22 L {5 538 BEAK T caspase
o M YGE/IMA NLRP3 ##7% caspase 17, caspase 1
w8y Y19 K D(GSDMD) , 51 & 1 #£ GSDMD N
Ui A F B R AE M . IneRNA KCNQlotl
(KCNQ1 opposite strand/antisense transcript 1) 28
miR-214-3p/caspase-1 il 1 5% caspase-1 X GSDMD
N 3 i 85 VIR FH L 1755 CFs T ik (28, B N 45
Y, bk M EE T, 5, caspase 1 AT 55 1)
pro-1L-1B Fl pro-1L-18, A 24 Y TIL-18 F1 1L-18 b
RAE R . GASS A LU 55 CFs H caspase 1,
NLRP3.IL-1B B /KF il LPS 5 5y CFs 217
171 45 T2AR DG 1 DNMT1 R 5 , L a] 40 i) GASS



51 55 6 W

ZR/NRE, 45 R EE AR SAD RN As 750 LEF4EAE b 193 53 10k i 651

JE 27 DX Y SRR L B GASS ZKF- T it
A B A —ZERRER )73 WA TR IncRNAs , B {1175 41 Bl
() 32 i L A 26 A R AR T 03X 36 IneRNAs 1111
PR T AN B 52 EAM . Kenneweg 5514
J% B neatl (nuclear paraspeckle assembly transcript
1) KBRAFAE T CMs 5 CFs 28 i 4 v, 4830
CMs ;=2 3155128 2 CFs. neat] 76 PR 40 g 2 A v
EAEAE P, 75 CMs 32 4875 5 B 2a
PR MTE CFs 1152 P53 842 . neatl X CFs Al CMs
1 AEAF RS AT /D1, H neat] AT RAZZff O LS
AR IS 7 TR

2.2 IncRNAs i it i % 2m it o1 3 R 2R3 % v o L
Y4t

ECM 7.0 JIE 48 JE A48 5 58 1 4548 S e FA:
15 o b KRR TR E R O ECM 24K
A G TR G fifp 52 - AR S L (R LIRS T 1Y
CFs [i] MFs 9 AL R v, 23 70 W K58 1Y ECM, 1
AL ECM 2o B T B, iF I hn = AF 4 Ak R
LncRNAs AT 55 4 g 0 FE Jot 4 26 s o , 6465 it
JEE L 2 5T 2R 1 (matrix proteins ) Fl 2 5T 20 f 2R
1 (matricellular proteins )",

02 S5 2 A Sy G AR) 2 BT, 43 SR 1 A i A
AL YE e It . FEF RO E T, 2R A 2R
o |21 05T B e SR P w8 e X I R ST S A
LT 2L, 25 g e 2 A 2 202 [ AU A I
RIS 124 Rk AR5 AT & 9K & AT o
P IR R A IncRNAs . MMP-2 J2& 3 i 42 @ 2R
1 il 5 R G0 (MIMLPs ) (14 B S 288 ok L, T R i 2T
e (COL T . COLID) FIAELF 4k iz it (COLIV ) 1
PR I 2 AT BIFSE & R B, GASS AT 5 b i
PTEN 17K P-4 i) MMP-2 () 235, 5 MMP-2 &
G AT 107 Meg3 7] 1F [m] 845 MMP-2"4E T
ECM,

Sl AR Y L R O A R (FN) 2
ECM A9 F % i 4> . Malatl/neat2""” | n384640 .
n385786.n380433 ., n410105"** 4% IncRNAs Xf FN 47
PR, BRU A U IR Y ECM iy F g 2R L. B
A0 AR 1 50 ILEF AR AR I £ 22 CCN K
TR /NS B 1 (TSPs) G545 o 70 56 5 41 i
A1 CON M ZEHE L 5L 1, CCN2/CTGE & ECM
REBRIKMIEGEMEN . CTCF7ELF 4 k.0

s A, A RIE 7R H19™ IncR-30245""
Fendrr (FOXF1 adjacent non-coding developmental
regulatory RNA)P"Y 5 CTGF £ 1F 1] 3¢ & , v M
IncRNAs 7] fE il it CTGF 2 5 4F e fb gt . Hop
TSP-1 J& TGF-B F # 7% 7 , 0 /& IncRNA RNF7
(homo sapiens ring finger protein 7) 1Y B % 1/F F #0
o PRI ER RNF7 AT LA 200 30 i TSP-1 f 7K
-, 08 N E R RIS RO LA 4R

3 IncRNAs 7D ALEF 4L R RIZET=

BEE IncRNAs AH A T2 A WA, IncRNAs 7
PI T DI RERAE H 5838 . 4 Jk 4 SCHR A 5%
I, IncRNAs B FR 2251 (SNPs) 5.0 ML
Joa KU A7 OG5 S E— 2B I F S &K B, 5 mRNA
B miRNA [ 2535 M L, IncRNAs [ 3 34 1% fE
B b, U000 B O O P AS TR IR 2, HL LA 1B Ry
s KBS S TR 2 W TS bR 2 BRI RR Y
WERE™ . IncRNAs NMUE N TN , if iz
Bl O S D o | N < R 22 AR R U
IncRNAs [ 5 5t , 35 Bl s 19 30012 Wy Je 1000 oF
5", Zhou %73l 3 27 i # TAE ROC #h 2k AUC
3T, LG H MIAT 7K P R] R yRE b 3500 HCM 95
e A R BRSPS, AT LA A A P R
IncRNAs % it , AAEAR 281 Wil iy 75 =X 100 47
ik kit LR,

P45 IncRNAs Y 7K A — i BB b 22 .0 L
44k, I Ine RN As FTVE R 5 A 1 (0 I e A7
PR, 384 M Ik 7E SiIRNA Y R SRR IR
gapmeR'* shRNA"?' CRISPR/Cas9"?" i Fik*'4%
FARFBEA F L 1F 2 IncRNAs R TE IR ITAE -
FESh PR e AS RN GG, Flin, AR T IEH
APEHLAB AT EE T L >R siRNA 80 A% AT R
RV MALATL, B84 &t & B J5 ATl ik A4t
W, B0 B T R RE . SR, BT A BE 4k B HAR
) MALATT siRNA 3% 2 ST 2 1) 4% 338 A Jo 1
MR, X 25 G PR R ok T iR s, (515 — 421
&, B8 T IncRNAs A< 5 1] IVE R 25919697, A 1Y
255 AT 38 5 T 9 Inc RN As B 357K T R FEI 7Rk
W 2 B0 25 4 O B m o] Bl (PTXO) 22 751 2 0 ot
T 9 K B AK B IncRNA-00654 & & , il iof
IncRNA-00654 /miR-133/SOX5 2% fi# i 1l 7% 1



652 ‘? @ B # X # 2 #& Journal of China Pharmaceutical University 2020,51(6) :646 - 654

51 4%

(A0 IEA5L457 , T O WL -kt 20 i e
4 BEERE

LncRNAs = %3 i3 5 DNA  RNA 8 85 [ 5 ()
FHE AR P89 O WLEF A0 AH DG L R i 2255, 52 )
O EAT AT A M ECM 355, /KL T IncRNAs 7£ .0
ALEF A EAE TP B . (H i T IncRNAs [ 3£
IR ECRERR , Inc RN As E LUTE 1A Y SC A 2L T g
e 5 R, K2 IncRNAs 760 WLEF 4k Ak b i1 D) R
WA R AER AN . HAR , IncRNAs 1 13 51 A4 <7
25, I R AT SR B R AR 1) IncRN As F5 47 A2
[ PR MRS, X R G A B 2 I 9l ok T Pk R
Ak, IncRNAs Y IR#E DI REE 2%  LE 28U LT L &
FEP TR B9 & IncRNAs A B | 742 IncRNAs %&
PRI JAE I () e S A7 R ol DNA JTi4 . PRLE , dfE A i
Y 1 % {7 IncRNAs 4v 5 /9 )8 #2 5 F2 ok oF 44
IncRNAs BVRI7 AR

UTAE K, B DL RNA Sh LRI BTG YT 7 i K e
T, TG IR ml A% g AT, B AT I AR
B o H A I 0 40 B ok R A L
LF AL A A B ST AL F A X JS o LncRNAs 1
Shy FH PR 21 B S R L ), RER A R iR AT )
REFAF , ELFT & 9009 IncRNAs Bt 00 78 2 ) 38
. PRI, A SR RE % L) IncRNAs S I 5 T R 2459
S R BT A bR A L AT DL RO ILER AR Y
YR A N AR

2 % X W

[1] Berk BC, Fujiwara K, Lehoux S. ECM remodeling in hyperten-
sive heart disease[ ] ]. J Clin Invest,2007,117(3) : 568-575.

[2] Travers JG, Kamal FA, Robbins J, et al. Cardiac fibrosis: the
fibroblast awakens[J]. Circ Res,2016,118(6) : 1021-1040.

[3] Gyongyssi M, Winkler J, Ramos I, et al. Myocardial fibrosis :
biomedical research from bench to bedside [J]. Eur J Heart
Fail ,2017,19(2) : 177-191.

[4] Wang K, Liu F, Zhou LY, et al. The long noncoding RNA
CHRF regulates cardiac hypertrophy by targeting miR-489(J ].
Circ Res,2014,114(9) : 1377-1388.

[5] WuH,Yang L, Chen LL. The diversity of long noncoding RNAs
and their generalion[.]]. Trends Genet,2017,33(8) :540-552.

[6] YuDM,Guo W, Lei W,et al. Advances of IncRNA in immune
cells and autoimmune diseases|J]. J China Pharm Univ (*F
HARFFIR),2017,48(3):371-376.

[7]  Yao RW, Wang Y, Chen LL. Cellular functions of long noncod-

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ing RNAs[J]. Nat Cell Biol,2019,21(5) :542-551.
Ruiz-Orera J, Messeguer X, Subirana JA et al. Long non-coding
RNAs as a source of new peptides[ ] . Elife,2014,3:e03523.
Chen YG, Satpathy AT, Chang HY. Gene regulation in the
immune system by long noncoding RNAs [J]. Nat Immunol,
2017,18(9) :962-972.

Martianov 1, Ramadass A, Serra Barros A, et al. Repression of
the human dihydrofolate reductase gene by a non-coding inter-
fering transcript[ﬂ . Nature ,2007 ,445(7128) : 666—670.

Kopp F, Mendell JT. Functional classification and experimental
dissection of long noncoding RNAs[J]. Cell,2018,172(3):393
—-407.

Engreitz JM, Haines JE, Perez EM, et al. Local regulation of
gene expression by IncRNA promoters, transcription and splic-
ing[J]. Nature,2016,539(7629) : 452-455.

Cao F, Li Z, Ding WM, et al. LncRNA PVT1 regulates atrial
fibrosis via miR-128-3p-SP,-TGF-B1-Smad axis in atrial fibril-
lation[J ]. Mol Med ,2019,25(1) 7.

Jin K, Wang S, Zhang Y, et al. Long non-coding RNA PVTI1
interacts with MYC and its downstream molecules to synergisti-
cally promote tumorigenesis [J]. Cell Mol Life Sci, 2019, 76
(21):4275-4289.

Huang Y. The novel regulatory role of IncRNA-miRNA-mRNA
axis in cardiovascular diseases[J]. J Cell Mol Med, 2018, 22
(12):5768-5775.

Morgoulis D, Berenstein P, Cazacu S, et al. sPIF promotes myo-
blast differentiation and utrophin expression while inhibiting
fibrosis in Duchenne muscular dystrophy via the H19/miR-675/
let-7 and miR-21 pathways [J]. Cell Death Dis, 2019,
10(2):82.

Li D, Zhang CL, Li J, et al. Long non-coding RNA MALATI
promotes cardiac remodeling in hypertensive rats by inhibiting
the transcription of MyoD [J]. Aging, 2019, 11 (20) : 8792 -
8809.

Li Z, Liu Y, Guo X, et al. Long noncoding RNA myocardial
infarction-associated transcript is associated with the microR-
NA-150-5p/P300 pathway in cardiac hypertrophy [J . Int J Mol
Med,2018,42(3) :1265-1272.

Qu X,Du Y, Shu Y, et al. MIAT is a pro-fibrotic long non-cod-
ing RNA governing cardiac fibrosis in post-infarct myocardium
[J]. Sci Rep,2017,7:42657.

Huang S, Zhang L, Song J, et al. Long noncoding RNA
MALATI mediates cardiac fibrosis in experimental postinfarct
myocardium mice model [J1. J Cell Physiol, 2019, 234 (3) :
2997-3006.

Yuan JH, Liu XN, Wang TT, et al. The MBNL3 splicing factor
promotes hepatocellular carcinoma by increasing PXN expres-
sion through the alternative splicing of IncRNA-PXN-AS1[]J].
Nat Cell Biol ,2017,19(7) : 820-832.

Guo M, Liu TY, Zhang SJ, et al. RASSF|-AS1, an antisense



51 EHE oM

ZR/NRE, 45 R EE AR SAD RN As 750 LEF4EAE b 193 53 10k i

653

(23]

[25]

[37]

IncRNA of RASSF1A, inhibits the translation of RASSFIA to
exacerbate cardiac fibrosis in mice[J]. Cell Biol Int,2019,43
(10):1163-1173.

Hao K,Lei W, Wu H, et al. LncRNA-Safe contributes to cardiac
fibrosis through Safe-Sfrp2-HuR complex in mouse myocardial
infarction[ J |. Theranostics,2019,9(24) : 7282-7297.

Yu Y, Nangia-Makker P, Farhana L, et al. A novel mechanism
of IncRNA and miRNA interaction: CCAT2 regulates miR-145
expression by suppressing its maturation process in colon
cancer cells[ ] |. Mol Cancer,2017,16(1):155.

Hosseini E, Bagheri-Hosseinabadi Z, de Toma 1, et al. The
importance of long non-coding RNAs in neuropsychiatric
disorders[J |. Mol Aspects Med ,2019,70:127-140.

Piccoli MT, Gupta SK, Viereck J, et al. Inhibition of the cardiac
fibroblast-enriched IncRNA Meg3 prevents cardiac fibrosis and
diastolic dysfunction[]]. Cire Res,2017,121(5) :575-583.
Choong OK, Chen CY, Zhang J, et al. Hypoxia-induced H19/
YB-1 cascade modulates cardiac remodeling after infarction
[J]. Theranostics ,2019,9(22) : 6550-6567.

Zheng D, Zhang Y, Hu Y, et al. Long noncoding RNA Crnde
attenuates cardiac fibrosis via Smad3-Crnde negative feedback
in diabetic cardiomyopathy [J]. Febs J,2019,286(9) : 1645—
1655.

Kumar A, Thomas SK, Wong KC, et al. Mechanical activation of
noncoding-RNA-mediated regulation of disease-associated
phenotypes in human cardiomyocytes [J]. Nat Biomed Eng,
2019,3(2):137-146.

Mathy NW, Chen XM. Long non-coding RNAs (IncRNAs) and
their transcriptional control of inflammatory responses (1.7
Biol Chem,2017,292(30) : 12375-12382.

Dykes IM, Emanueli C. Transcriptional and post-transcriptional
gene regulation by long non-coding RNA [J]. Genomics Pro-
teomics Bioinformatics,2017,15(3) :177-186.

Willingham AT, Orth AP, Batalov S, et al. A strategy for probing
the function of noncoding RNAs finds a repressor of NFAT[J].
Science,2005,309(5740) : 1570-1573.

Rudi M, Isabelle P, Brian J, et al. The long noncoding RNA
Wisper controls cardiac fibrosis and remodeling[J] . Sei Transl
Med ,2017,9(395) :eaai9118.

Kong P, Christia P, Frangogiannis NG. The pathogenesis of car-
diac fibrosis[ ] ]. Cell Mol Life Sci,2014,71(4) : 549-574.

Feng Y, Xu W, Zhang W, et al. LncRNA DCRF regulates car-
diomyocyte autophagy by targeting miR-551b-5p in diabetic
cardiomyopathy[ J ]. Theranostics,2019,9(15) :4558-4566.

Liu Y, Wang T, Zhang M, et al. Down-regulation of myocardial
infarction associated transcript 1 improves myocardial isch-
emia-reperfusion injury in aged diabetic rats by inhibition of
activation of NF-kB signaling pathway[ ] ]. Chem Biol Interact,
2019,300:111-122.

Zhang BF, Jiang H, Chen J, et al. LncRNA H19 ameliorates

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

myocardial infarction-induced myocardial injury and maladap-
tive cardiac remodelling by regulating KDM3A[J]. J Cell Mol
Med,2020,24(1):1099-115.

Congrains A, Kamide K, Ohishi M, et al. ANRIL: molecular
mechanisms and implications in human health [T]. Int J Mol
Sei,2013,14(1) :1278-1292.

Prabhu SD, Frangogiannis NG. The biological basis for cardiac
repair after myocardial infarction : from inflammation to fibrosis
[J]. Circ Res,2016,119(1) :91-112.

Hulshoff MS, Xu X, Krenning G, et al. Epigenetic regulation of
endothelial-to-mesenchymal transition in chronic heart disease :
histone modifications, DNA methylation, and noncoding RNAs
[T1. Arterioscler Thromb Vasc Biol,2018,38(9) : 1986-1996.
Tao H,Zhang JG,Qin RH, et al. LncRNA GASS5 controls cardiac
fibroblast activation and fibrosis by targeting miR-21 via PTEN/
MMP-2 signaling pathway|[ J ]. Toxicology,2017,386:11-18.
Yang Z, Jiang S, Shang J, et al. LncRNA: Shedding light on
mechanisms and opportunities in fibrosis and aging[J]. Ageing
Res Rev,2019,52:17-31.

She Q, Shi P, Xu SS, et al. DNMT1 methylation of LncRNA
GASS leads to cardiac fibroblast pyroptosis via affecting
NLRP3 axis| J |. Inflammation,2020,43(3) : 1065-1076.

Man SM, Karki R, Kanneganti TD. Molecular mechanisms and
functions of pyroptosis, inflammatory caspases and inflamma-
somes in infectious diseases [ J]. Immunol Rev,2017,277(1) :
61-75.

Yang F, Qin Y, Lv J, et al. Silencing long non-coding RNA
Kenglotl alleviates pyroptosis and fibrosis in diabetic cardio-
my()pathy[.”. Cell Death Dis,2018,9(10) : 1000.

Kenneweg F, Bang C, Xiao K, et al. Long noncoding RNA-
enriched vesicles secreted by hypoxic cardiomyocytes drive
cardiac fibrosis[J |. Mol Ther Nucleic Acids ,2019,18:363-374.
Lan TH, Huang XQ, Tan HM. Vascular fibrosis in atherosclero-
sis[J]. Cardiovase Pathol ,2013,22(5) :401-407.

Huang ZP, Ding Y, Chen J, et al. Long non-coding RNAs link
extracellular matrix gene expression to ischemic cardiomyopa-
thy[J]. Cardiovasc Res,2016,112(2) : 543-554.

Huang ZW, Tian LH, Yang B, et al. Long noncoding RNA H19
acts as a competing endogenous RNA to mediate CTGF expres-
sion by sponging miR-455 in cardiac fibrosis [J]. DNA Cell
Biol ,2017,36(9) : 759-766.

Zhuang Y, Li T, Zhuang Y, et al. Involvement of IncR-30245 in
myocardial infarction-induced cardiac fibrosis through peroxi-
some proliferator-activated receptor- y -mediated connective
tissue growth factor signalling pathway [J]. Can J Cardiol,
2019,35(4) :480-489.

Gong L, Zhu L, Yang T. Fendrr involves in the pathogenesis of
cardiac fibrosis via regulating miR-106b/SMAD3 axis[J]. Bio-
chem Biophys Res Commun,2020,524(1):169-177.

Ouyang F, Liu X, Liu G, et al. Long non-coding RNA RNF, pro-



654 ‘*’ @ B # X # 224l Journal of China Pharmaceutical University 2020,51(6) :646 - 654

51 4%

motes the cardiac fibrosis in rat model via miR-543/THBS, axis
and TGFB1 activation[J]. Aging (Albany NY),2020,12(1):
996-1010.

[53] Lo Sardo V, Chubukov P, Ferguson W, et al. Unveiling the role
of the most impactful cardiovascular risk locus through haplo-
type editing[ J . Cell,2018,175(7) : 1796-1810.

[54] Liu L, Zhang QW, Nong C, et al. Research progress of IncRNA
regulating signal transduction pathway in liver diseases[A]. J
China Pharm Univ (' B 254 X % 5 4) ,2020,51(3) : 277
-286.

[55] Lucas T, Bonauer A, Dimmeler S. RNA therapeutics in cardio-
vascular disease[ J |. Circ Res,2018,123(2) :205-220.

[56] Gezer U, Ozgiir E, Cetinkaya M, et al. Long non-coding RNAs

with low expression levels in cells are enriched in secreted

exosomes[J . Cell Biol Int,2014,38(9) :1076-1079.

[57] Zhou J,Zhou Y, Wang CX. LncRNA-MIAT regulates fibrosis in
hypertrophic cardiomyopathy (HCM) by mediating the expres-
sion of miR-29a-3p[J]. J Cell Biochem,2019,120(5) : 7265—
7275.

[58] Puthanveetil P, Gutschner T, Lorenzen J. MALAT1 : a therapeu-
tic candidate for a broad spectrum of vascular and cardiorenal
complications|[ ] ]. Hypertens Res,2020,43(5) :372-379.

[59] Matboli M, Habib EK, Hussein Mohamed R, et al. Pentoxifyl-
line alleviated cardiac injury via modulating the cardiac expres-
sion of IncRNA-00654-miR-133a-SOXS mRNA in the rat model
of ischemia-reperfusion[ ] ]. Biomed Pharmacother,2020, 124
109842.

R AR T A R AR T
3k /)N 20 B i 2
1. MET#HI#HFIFBER

25 24 FK : Capmatinib (5% e ,INC280)

A 87

FDA it #ERF ] : 202045 H 6 H

TENCTE 3R HEHE MET S0 27 14 BRIR 248 (1 e A 1
A /N0 A9 (NSCLC) /8 4, (3 — 2R IR 9T (WG ) IR
ISR 3Z BT (298 B+
2. RET HIHIFIZE/RIHE B

25 44 % - Selpercatinib (LOX0-292, ZE/R %2 )

TR ALK

FDA b ERT ] : 20204F 5 H 8 H

TERIE : (1) R FE B RET Filt 4 BE 4 /1 41 i f
i (NSCLC) B4 5 (2)212 % B iR A & B ME ol &8 & Pk RET
AR T HUIR AR BERE S (MTC) A9 B A FIDLRL B, 5 ik
TTEBIRYT; (3)Fik=12 % H AT W 25 £ 4 RET
Tl A BH P FRCBR B8 B AT RDLAF S T 2 R TT Ot
LS e L A 9 M (A SR 5 G, T
) .

2020 4F B0 AR A IX—4F N Ah LT AR 25 R S BOIRAS . A B AMER IR SRS AE I S B B ) B S L (2
S [ FDA X T35 25 00 5 A St 22 22 BT 32 B0 R, SR S e , 0 SN IBT o TEJR AR BIAE 8 2 2 I e o
MG RENT 28 (0B NAHE , 7ELL ISR 20, FDA TSR W AR M 0 TRBAE ;R &, IR — V55 TR g = it B T 42

SRR PR AR ) B 2p AR AR AR AR 2 2 ISR 16 FDA B 19 K% S5 [ (5] SR AE I 5 e A9 245 il AR AL A5 8., S R G R0 i A
SRR ARAE A R 0] 25497 , 25 R R MR IE 15O o 20204F , FDA JEHEHE T3 SOFR Tk B35 1 H R SRR |, Ja i

3. FU4FER T

iM% FR : Tecentriq (FIHFFER FRPT)

TR B IR

FDA it R[] : 202045 H 18 H

I UE : — 2R IT AR % B PR AR /DN A i g
(NSCLC) 14 1l AF S5 5, 33 6 J8 35 19 g B = PD-L1 3%
ik (PD-L1250% ) , %A EGFR % ALK FE [F 5845 .
4. mmER

i) 24 K : Alunbrig (A %5 JE , brigatinib )

AR R i A 2

FDA R[] : 202045 A 22 H

T8 JWIE « 56 PRI ALK BH A R 5% B% 14 S /N 40 it i 98
(NSCLC) /8 & M — 2897
5. Nivolumab+Ipilimumab

2 % %K : Nivolumab/Ipilimumab

eI SUE S T

FDA HtLyfERT ] : 202045 H 26 H

T VIR : T —2 697 EGFR/ALK B3 NSCLC
(AE/NAH PR A9 ) R

(FRRR  FEREHIF L ERE KTVAM)




