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Summary Chronic total occlusion(CTO) has become one of the hotspots in interventional treatment of coro-
nary artery disease. We look for sensitive and specific peripheral blood biomarkers for the early screening of high-
risk CTO population. which will help the prediction and treatment of the disease. Recent studies have shown that
long non-coding RNA(IncRNA) is considered to be an important regulator of cardiovascular risk factors and cell
function, so it may be one of the important indicators for the diagnosis and prognostic assessment of CTO. This

article reviews the relationship between IncRNA and the development of CTO, as well as the potential application
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value of IncRNA in CTO.
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K IncRNA 7E CTO Hy 7E 09 i M (B 2E 17 2538 .
1 IncRNA BHHE 5 Th 8k

PAE ST 38 B K E T 200 A% FBR A9 ncRNA
FR R IncRNA, 24 K1k, K Z 5 IncRNA 4B /2
RNA BAEW A r . HIk IneRNA B —4
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ncRNA; ®#58 T RNA,

FE1: 2% %A N IncRNA 2 ICIHIREf % . B H
HIXT IncRNA 9 B 5% 2 B . & A7 A 1 47 T 40 i #%
M. IncRNA — J7 1 i F G £ 5005 1 i 51 A FF
T 5 R 2L A7 i A 8T T o) 5 R 3k, o — T i
AT DAAE R I 2 s IR - 5 B R 2 308 5 X 15
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2 IncRNA 5ECIOX4E4XEMXE
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Figure 1 Schematic diagram of IncRNA involve in

pathological changes of CTO

2.1 IncRNA 5 g ikt £ 6 1t

B ik o B 1 4k Catherosclerosis, AS) J& 1 £ fi
R 2R SRR R 77 A i 48 M 48 RE B I . s B ok
A4 DA B 20 R 4T 5 L P B B T AR L /D A R
T 4 0L 385 B Tt L 4 R it 21 4 1) 4= 28 R B
PR oKk 40 0 T . R AS o e R
AT DA R B k3 CTO ek ik 5E B g £ Ao, by J5 &2
I 4 3 i AR e S5 ) KR A

BEFE I 98 A L Z FP IncRNAs 0] #7558 Jz 40
LT RE B o LA M B fE . IncRNA il i 98 5% 5%
¥ 1 (metastasis-associated lung adenocarcinoma
transcript 1, MALAT1) /&5 — A~ 8 % %€ 5 fili 4 A1
I IncRNA , FEAE A 45 016 it 457 14 P9 R 40 g

B kil it — DA oE Kk BUAE @ B 5 0 N T
#e ik N Bz 40 M8 Chuman umbilical vein endothelium
celLHUVEC) H MALAT1 ik [, ifif HUVEC
FEBE MALATL 233l NF-«B {5538 i 14 805 . i
i HUVEC g9 =, Jf H MALATI 5 NF-
B AHEAE AW H T NF-«B 9 DNA 25435 1,
IR ARG 5 48 P 4 L DXL 355 P o SR 38 I o
(tumor necrosis factor, TNFa) #ll H 40 i 4 Z-6
(interleukin-6.1L-6)""" | Zhang %" 7 4 1k %4 fI%
25 N8 5 M (oxidized low-density lipoprotein, ox-
LDL) 4§/ HUVEC #28 fr kR 3 IneRNA A H A
FEMA 5 XHi 5t 1(opa-interacting protein 5 an-
tisense transcript 1, OIP5-AS1) L) 4y ¥ 45 31 4
miR-320a JEH /N ox-LDL 21k 1 F3k. 42 % HU-
VEC BYAF 16 R AL UE LDL A9 B, e & m s 1
AS [ J& T B BR OIP5-AS1 H A5 #5219 3% .
Bian 251 & PR BE IncRNA DNA i 475 #4076 19 4k
I % RNA (noncoding RNA activated by DNA
damage, NORAD) fi [N 7 4l ifs GO/G1 45 ¥t . ik
3% HUVEC %% K, #F — 2D F5 k )
NORAD H & il i+ NF-«xB Fl p53-p21 {5 5 i #40
#H ASTE L. Liu M HEST & B IncRNA INK4 ff
M L AESR S RNA (antisense noncoding RNA in
the INK4 locus, ANRIL) & #2355 1L-10 184 40
J s A EE T 1A A AR DR R TS O T X 7 A 2 I
B AN I RE R bR S Y . ANRIL 3 ad #4544 K I+
B %MK 1 (transforming growth factor-freceptor 1,
TGF-BR1)/Smad i #% M il miR-let-7b #15 HU-
VEC HIRE ., M N B A0 MIAE R AS ik Ji it A v i) S fil
4 i, LT BE G e AR T S M AS B E L R R T
A LR B — S i B SR A R M T In-
cRNA TEWN B DR IE 1 b iy F 24 H] iy H 24
i HUVEC #AI . Wang 251V B 58 % B In-
cRNA X :3k4& % H C2-AS1 (Forkhead box protein
C2-AS1,FOXC2-ASD 1 Sy P4 I ¥ 26 40 i) miR-
1253 FIAFFH I F i FOXF1 56K &3k, 4 57 18
LR BE I FL PR T Qi SEYY R B O R A
F IncRNA Jif 8 58 58 I 5 A 5 M HNRNPL AH
Fe A P8 T M IncRNA (TNF-related and HNRN-
Pl-related immunoregulatory IncRNA., THRIL)
FE S Gensini P73 52 1E A G, 3 30 0F 5 #l K 2
FEULWIE PR h THRIL & &2 0% & i, 7] 530092
CTO 3%, WEFEHLH % B THIRL Al GE ] miR-
125b JF b 94 2 40 M br 35 & 5 AS ) i
JUOT, i ok R HE I THRIL 0 0 50 7T 68 2 6 97
CTO WTEF B, BH L. IncRNA 3 258 5 I 42 14 J
41 B =1 8 LAE L R B RE RZ el AS i R, i i a) L
FELE CTO K&,
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2.2 IncRNA 5454k

— IR A 1294 5] CTO H & ) A #F 55 v &
W CTO & 3 3h Bk 45 4k Carterial calcification, AC)
BE A BK 19.9%, W AC(HR1.61,95% CI ;
1.07~2.42,P=0.023) 2 &4 (=65 % )CTO
E L e o N AT = = A S (VA TR L S I
AC B J B 3L RE 2 1L % F 18 UL 40 B (vascular
smooth muscle cell, VSMOC) 0] 5B 40 ifs 43046, Fo4F
fE S 8 R 0 35 3R 35, W runt A OCHE SR 2
(runt-related transcription factor 2, Runx2) Fl g
B H 2(BMP-2)1s7

PRBFSE & B3R 43 IncRNAs % AC 2 B8 3 1E
. W :IncRNA ES3.IncRNA HI19 1 IncRNA #%
17/ RNA f5 £ A 29 (small nucleolar host gene
29,SNHG29), IncRNA ES3 B ##ll #] miR-34c-
Sp #eik. JF 5 T UE B ok I 40 -2 T
(Bcl-2 modifying factor, BMF) ik in#E VSMC )
AL, Liu %7 H B8R ER 5 5 19 VSMC #51k
TR, T O 5E O A M 5% g R i KGR IncRNA
H19 7] 53 p38.pdd/42 ¥, 1Mj p38.pdd/42 JE#%
Z4 R 75 4k 25 M 3 B (mitogen-activated protein ki-
nase. MAPK) i A9 SCHE R 1, it — A58 R B0 .
IncRNA H19 i i MAPK il % 4% Runx2 & I
MR Ik, A T H I BE R R 5 5 1 VSMC 54k
Huang %™ % ¥ IncRNA SNHG29 T 42 4
miR-200b-3p KK H W F «-Klotho/ B £F 4 4= K
FZ R 1/ WA kA K HF 23 (a-Klotho/fibroblast
growth factor receptor/fibroblast growth factor,
a-Klotho/FGFR1/FGF23) il #$ {2 #F VSMC 451k,

F b, — 2 IncRNAs X AC 2 21 31 ] 1F A .
. IncRNA #1504k JE 9 19 RNA Canti-differentia-
tion non-coding RNA,ANCR) . IncRNA A K {5
Fi 5 R A 5 (growth arrest-specific transcript 5,
GAS5) IncRNA [R] 5 5 78 6 35 PR e 53t Js SCHE A (1)
RNA (HOX transcript antisense RNA, HO-
TAIR)., ANCR & — 4~ — iy 855 Bk & X In-
cRNA, ANCR il 3 F# ik Runx2 .BMP-2 Fil45 {45
WE L T VSMC [a) 5 20 i 43 4k
M54k, 5 R e, ANCR A @ 3 FiH LC3 A
Wi B 11 5 Ay Rk, R WL vl o |3 W AR 0
VSMC [a] B #4534k AT HEZE AC 19 & J . Chang
AEPURESY R W IneRNA GASS i 45 46 W Bt miR-
26b-5p 34 fin [ 5 14 B W2 BifF-5K J) B (1 (phosphatase
and tensin homolog. PTEN) £ ik, ¥ 28 VSMC ¥
W A 85 4L, LneRNA HOTAIR 2 —ff K
2.2 kb BAEZR S RNA, e 97 8% & B 77 HOX 3t
(=KL TTREEYIBAR R R, # -2
5% & 3 HOTAIR 1 il i B % B CALP. Runx2
M Bglap) ik, I H HOTAIR 3@ i 1 ] Wnt/

B-Catenin {5 % 38 410 il B 4] 78 53 T 40 M 04 B &
SR, DL ERESE S CTO &9 AC #2447 3w
BT RE. BB BRI S .CTO &3+ AC BIH &
PEWFIE a2, 5 i — 2D BRI LN AE L .
2.3 IncRNA 5474i4k

O LG EF 4 40 8 (cardiac fibroblasts, CFs) &
O JILEF 484K (myocardial fibrosis, MF) i3 72 i 35 %
5%, 6157 8 75 40 M 4b 3£ R (extracellular ma-
trix, ECM) & BRI . CTO BE O ALK
WAL T ORI 5 AL 9 CFs 458 4316 R 43 b i 4
B LB 2T 4 20 B, DA TGS 200 AILAH B ) ECM
U, i ECM (2 B8 U0 B AT 388 Jonnocs LA 5, fiff 0>
DR BAk 52 ma O B AL T, SR 0 7 S il LG R R
B E L fE R R & SR, Hir CTO A9 MF B
RPN AN VG R L B = A3 3B IR 9T 7 % S IncRNA
FIAIESE A MF JFRE T — > %87 (A 458

IncRNA £ 5 MF W+, — 5 528 IncR-
NAs #3155 CFs #8458 & 431k, T I MF #Y
HEFE . IncRNA GASS J& 4% il 4 i 34 58 f kB 19 &
BT 7 MF A8V HBE 19 CFs W GASS 335
A . i GASS FAR AT ok CFs R3S A 151k . E—
R EIMAE MF A8 ST EALE
R 4 fiff 1 (Caspase 1) Nod F£3Z &% 1 3(Nod-
like receptor protein 3,NLRP3) fil DNA H R 5454
it 1(DNA methyl transferase 1, DNMT1) )ik
B, W GASS BRIk . IncRNA GAS5 1)
DNMT1 H AL TR 7] T 30 CFs 98 12 3 3#00% NL-
RP3 #EH . A2 HE MF2Y |, IncRNA H19 fii T A
8 11 5 Y (0 A s b X BR R T L & B BT E 0 A B
FAM T H K 2 — 7E O IURE BE /N BB 7R o
H19 i3 2k M H miR-22-3p, 3 EIHHIE R K H5 5
Pk 2 H BBl 3A (lysine K-specific demethylase 3A,
KDM3A) (1 3 35 T 98 2 /0 BL 20 v 0 WL 3 IS
MF, {25 0k 2000 WUASE BE T AR, 238 O IE T RE . % e
siH19 9 CFs #, KDM3A i mRNA F175 (1% ik
Pyt ] L 3 00 0 ATk 2 KDMBA k™,
Wang %00 78 /)N UG WA ZE B A v % B, miR-34-
5p &1/ RNA 15 F 3 [H 7 (Small Nucleolar
RNA Host Gene 7,SNHG7) iy # 5, ifif ROCK1 &
miR-34-5p #IL K, ROCK1 1y F M #E T CFs i
a5 KAk, IncRNA SNHG7 DL 48 4% 7 W% Bt
miR-34-5p . {2 # ROCK1 mRNA ik, filni# MF,
52 M, SNHG7 Ui B v] 98 28 it Ji 2 1 DL AR OF ek
HONETIRE . EBTE R E S 000 ) 3 v /N R R
1, IncRNA KCNQ1 E S A 1(KCNQI over-
lapping transcripts KCNQ1OT1) /KT, Hid £
k43 = R R4 (fused in sarcoma, FUS) & 47K F
AR O ILAH L T, TR BR KCNQLOTL & 3 %
X7 FUS A K, 8] B B ARG o7 502 38 /0 B i
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JEUTBUR MF, It , KCNQLOTL/FUS {5 5 il #
fEEC LA B T K MF ik et |

5 — 5. AL IncRNAs 8 of 1 ECM g9 1
FL MR MF & J& ., Zhang 261 78 F 55 B IR 9%
B 955 B & B L IneRNA J e &) & A 5 9 2 (cancer
susceptibility candidate 2, CASC2) i i miR-
133b/ 33k HE P1(forkhead box P1.FOXP1) il #11l
HlEm S S AR M (human glomerular me-
sangial cells, HGMC) 4 58 , ECM 1 2 f1 % 1k hf
B HUCEE, Li %07 HGMC #5878 o % B In-
cRNA 4t Jf1 J&] 199 25 (1 48R 0 8 Bl 4 1 770 2B e X
RNA 1(cyclin-dependent kinase inhibitor 2B anti-
sense RNA 1,CDKN2B-ASD) it % 15 24 il miR-
424-5p F ik, KW T W T BRI R A A2 BUiK
(high mobility group AT hook 2, HMGA2) ik,
AR ECM LR . 1 @B CDKN2B-AS1 #]
R MmE ECM M R, AT W, IncRNA 7] 8
B CTO BRI SR BUS MM e br . (2 B
I G R B A IRE, A HFEBE L5 CTO HiEM
KL RAM ST,

2.4 IncRNA 5 &4

CTO B H IR 3 k2 K 2 Bk 74 39 i SR
A T B A OE R B BE ) T TR A A A 8
i QLY | a1 = O 1 = W= o A W I R NS
W 200 LR e AR P B 8RE G B R N, T BTG M
A A B I, R TR Y AR RE B RE K XS A2 0
WLF= A AR, 5300 WUAE A6 T 1 ME-
BE g R E N JE CTO BERIRIT 55 £ %8
PR,

Liang 255 Hy g A 20 L40 Chuman cardio-
myocytes, HCM) k& / & & (Hypoxia/Reoxygen-
ation, H/R) # %, & 8 H/R i F /) HCM
TNF-a . IL-6  IL-18 % % 5E A+ = 2 3k, HAL 6 2
IncRNA 5 % F2 I8 757 #) (regulator of reprogram-
ming, ROR) i & #)1 ] miR-124-3p 3 15 1M 1§ 58 &
PR Kk, AR M ECER ROR A 38 miR-
124-3p PURAE I AE T . A WF5E K BT, IncRNA
ZNFX1 /2 ¥ RNA1 (ZNFX1 antisense RNA 1,
ZFASDTE ox-LDL 5 5 B A% 20 A6 20 v, Jid 3%
IKFERERE N T TNF-o IL-6 IL-18 &4 P 1, X
Al g ZFASL i 45 W it miR-654-3p, 3 b8 F iiF
ADAMIO F1 RAB22A 45 3 B, {2 i 4 1 B+ 1
. IneRNA E @ B8 8 1 1 BB 3 1 (zine
finger E-box binding homeobox 1 gene-antisense
1,ZEB1-ASD) J& ox-LDL ¥ 5 19 P iz 40 Jia 451 49 A
FT- MR SF. Hua 55 Z M ox-LDL S 1
B 40 A 0 b E ZEB1-AST {2 #F &0 I K A
i . ZEB1-ASL AJ i 45 46 W Bl miR-942 JF 1
PH & i B K% R H B(high mobility group box 1,

HMGB1D) #1555 ox-LDL % % 400 ) . BEAE
R R, IncRNA 7] LU 3 22 Fh gk 72 306 R IE
INE o T BRI AF G 0 W 5 S 0 H R HE EE EAE L )
SAE R FETRIZE CTO 297 H i 18 5 1l & UL, 5 B i
P FEALHNTFE 18 D AT SR A SIS S I3
2.5 IncRNA 5/ i &

CTO H il 32 76 FF i 2 57 5 47 3% 0 L% U Al
Ko WFFE R IAE S 2 P ZE R AR B ik b . B B R 47
A S it T BE Bl oA A ZEEB 2 Y i A SRR, B
HAWKE S, AFE CTO #3051tk 3h bk 52 7%
FE AR R 22 5, R AT 09 0 S 406 B AT AR o0 JIL Sk 1
DX I Y I BF 2, B3 CTO 5 A LB =

BEAE A 2B AE IncRNA U #1108 A= iy i
R T E KTk, Xu %0 B9 R B IncRNA B
E S 3 (maternally expressed gene 3,
MEG3) J& Ifil 4 24 o 0 8 2 0 45 50 7, i & A
MEG3 5 45 A6 W (i miR-147 " 9 41 g 18] 6 B 43 7
1 Cintercellular adhesion molecule, ICAM-1) [ 3
TR o T A A AL A PN R A R O AR K L R R R A
REJT. Pt MEG3 A] B8 i 9 4558 A48 1M 48 A Y
B A, e 5 Y IR g A TS B RNA-D
(leukemia-induced noncoding activator RNA-1,
LUNARD) j& — F % Notch 5 5 8 ¥ 19 57 7= ¥
ICAM ) IncRNA. #F58& W] LUNART A LAREHY
S P AR K22 R-1 B 3R5E ,  se A O i A
Az B A e I A S R, Lu VTR B CTO &
#H LUNARI 530l 48 A& s B 4240 ¢ A h LU-
NART /K- 5 56 R 3l bk ) 3 % & 7 & & Rentrop
SR BOE M E, Zhang DY BB 5 R W] In-
cRNA # 1=/ RNA 15 £ 3 A 1 (small nucleolar
host gene, SNHG1) i & miR-196b/MAPK6 g =
T A S I A R PR AP N B AN, ST IE E— 2D
WESE T MAPKG6 J& miR-196a FY I fi #0 3E [H , 1iif
MAPKG6 fig # 18 A= 5L, ZE 45 VSMC 19 A4 BDIR S
HTF LR 45 R, X2 IneRNAs AR L2 R
CTO M3y & B R B DL s A8 i ™ SRR B, i A
YA E S # AV A AR HE CTO M 32 A9 & 7 o 13X 8 X I
USUIY EL =0
3 FHEERE

H AT IncRNA FE 0 148 5205 A= W0 b i 0 19
WFSE 1 Ak T 4R F B B 22 T0UESCHE >k R T 2 1K 40 il B
YL HIRLEA IncRNA 78 CTO NG
PR AR IE A 45 20 Dk ok A e B A Ak L0 WLET H 4k L R S
PR 7Bl o A= il 4 45 BIF 5 50 19 BB =z H i
S E AT IncRNA A I 1) 4 5 B B 72 058 A D 2
i - IncRNA 7E CTO W22 912 W iR 7 M FilJs 5 1
B4 7 FH i S 3 2 A (A I
S % 3Lk
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Summary Many epidemiological studies have shown that the risk of atrial fibrillation(AF) in patients with

malignant tumor is higher than that in the general population. Compared with the traditional pathogenesis of AF,

AF with malignant tumor has some special mechanisms related to tumor environment and treatment. Because ma-

lignant tumor will increase the risk of thromboembolism and bleeding., it is difficult to balance the risk of embol-

ism and bleeding in such patients. How to deal with AF patients with malignant tumor has become a hot issue in

Oncocardiology. This article mainly discusses the epidemiology. pathogenesis and treatment of malignant tumor

associated AF.
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