CN 43-1262/R " [E Sl ik lifb 244 & 2025 4F55 33 455 2 169

ASCHI: B84, X8, 2% B 45 IneRNA S-S0 ceRNA T893 ) 244 76 3l TR KL RE A AH OGP B2 D RERREAS P A B SE itk FE [ ]
= Bk AE AL %A, 2025, 33(2) : 169-177. DOI: 10.20039/j. cnki. 1007-3949. 2025. 02. 011.

[XEHES]  1007-3949(2025)33-02-0169-09 « XHERERIAR -

IncRNA 1519 ceRNA 8 $5 ¥ 2% 1F 2 b sk RERE A6 A 5%
W 1z B fig b s v i oF 53 0 g

e, W8, EH, FEF, £X£', DEE
. PEPERAFRELERS LFRAFL P, LT 100091 ;2. HM T+ FAE RS E A4 3z 4 310009 ;
3T FEHRFEREFREILER, LT 100029;4. F B P EFA 3% H K ERREA L P, 6T 100091

[ E] ANEADREALZHRBAERI(A) R AL R —ARBERE, 28 T BA K GERIH T 4 5 is
As RAEFOMA, EF R ARMAFEFTARRGR TR T AR ZRARIKE A LSRRG 5 FHH, #F
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[ABSTRACT] Endothelial dysfunction is a pivotal contributor to atherosclerosis ( As) pathogenesis. A comprehensive
understanding of the mechanisms of endothelial dysfunction would provide novel insights into effective treatment of As.
Recent advances in genome and transcripome technology have enabled researchers to further explore the molecular mecha-
nisms of endothelial dysfunction. It has been found that the regulatory network of competitive endogenous RNA ( ceRNA)
mediated by long non-coding RNA (IncRNA) plays a key role in endothelial dysfunction. IncRNA acts as a “molecular
sponge” for microRNA (miRNA) to block the post-transcriptional repression of miRNA on downsiream target gene messen-
ger RNA (mRNA) by binding to miRNA, thereby regulating the function and phenotypic conversion of endothelial cell
(EC) IncRNA-miRNA-mRNA interactions are widely involved in play an essential role EC inflammatory responses, apopto-
sis, autophagy, angiogenesis, and endothelial-mesenchymal transition (EndMT).  Which suggests that it may be a poten-
tial therapeutic targets for As.
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J2 40 ( endothelial cell, EC) # " . EC i i B
I A58 5K I A WS 46 PR, A 0045 R 59 A A O
VERT o &Rl 8, 2 v RE (86 5 0L | &y 1004 0 59 1)
N AR AT RE B EC S5 A8 T R A [ R B 1Y
Pifh, X0 As IS K RIS — 20, TR, PR IN B
[ B 45 1 5 B TR As (A S B G L

K %5 9 %% % RNA (long non-coding RNA,
IncRNA ) J2 AP PN 55 e 2 5 19— 289455 RNA,
B e el ok 8 B, RO BT ) B9IR YT R A
AR FEAE HE IS IR, Bk B 22 1) 4E K B In-
cRNA A 7R WL AL 5 5% TG % J5 7K b 48 ik
DRI 23K, 76 4 AE 3R B o A8 b % #8224
P WS &I, IncRNA 71225 As WAL &
B, S5IEEHLEAI, IncRNA 75 As P E 227 £
K XN EATTE As B EHLT rh4 #0E 20 A
@, IncRNA 827 R RNA (microRNA , miR-
NA) By “ 4> F 407, i K f5 ff RNA ( messenger
RNA,mRNA) %57 miRNA (¥ 55 J5 30l 98755 P
IIRERR AT A & RO ELE AR UL, T3] IncRNA
AT As PIGIT HA R KRS, A SCEE IncRNA/
miRNA/mRNA {5538 FE7E As N B D Rg R A b iy 4
FHHEATERR IR HAIRY T IR B 5 ol APk

1 AREINERRS As

LS P B2 2 A1 i 20 SURIR 38 2R 48 22 8] i A= 2
S5 PEVA S I AR A | I 5K ) | il IR ) BE AN 4
FE IR T7 I R FEAZ AR . EC 1Y% S0 A
SEREMEXT R M E AR ES EXREZ, S5
iE | E IS et TSR 2RSS R EC 45 5 D) fig
i, FECEC 2AE RN P T A W ORI B
BN K2 -[8] Ji %% 46 ( endothelial-mesenchymal transi-
tion, EndMT) , X $855 BIMUIEAE As 19 &R AL e
HEFEMY,

16 As B ], EC R4 S 30z b o> 7 a1k A
i TR e v w85 3 1 e N o N )
5 EC FMIFm NI T 2R, SA% 4l s bk B g
A 0 200 A e A 2 O 5 A R T IR 0 MY, A
S As BEHLG EBTRLA S R IURE AN A AE R T4
it EC JA T, SEMIREIR N B Bt B ) S8 B v, S BN B
i, 51 % As, FEAIAT R EC Bt E A A
AU T AT A A E P 1 2230, X 2L 41 i 41
E IR0 o 20 (R TRAE As &R AL & AR BE L
FUERVERT . STRT-RR, AW —F [ R A
BILH , o fire S 5 100 200 PR 1K 2, A 2 4T & 1Y) 2 11 o
M Z WA ANEES . EC HWEA A TG, I

LB IR T GERFNRAE R, T As H R RO
TR, T EC A WEZBUNE As'™

e As M, —SE R 2R NBRARL AR FI 3T 1)
IV U A 175 S BB A= 148 TE BT EndMT,
FEBEHORFEE S BEHOLC DX A B R AR 1
Baom, s TR R, B AE T (hypoxia-
inducible factor, HIF) FiA34 i, 78 HIF JliE B
W 210 e % il B o < i A 1 I B R i IS S RN 440 i
ANFET s EC 43U IS N B2 A2 K R F- ( vascular endo-
thelial growth factor, VEGF) , Jill ¢ 3458 i 8 | {2
M A0 SR, B A I A AN B A s
WL EC Z R Be 58 33X SR A Y B A I A
SRR R VE M M 4 693 s, I As 1)
HERE, MAh, XA A A S 2L 4 i N
Wl B 2 Sy — Oy, B AE Rk
SR 57 87 VIS 3 25 R, 7] 355 EndMT, EC
KAL) Re i 25 6L, 2 90 40 Jf (5] 55 9% 3% 4%
HIMEIR 3E % BE 7 A 38 5 DA K 20 Bf A0 3 T 8 1 R
RACERY 4R 5, EC 28 25 5 1Y A BTRFAE , 48 15 1]
JAFAE X AL A0 A e A K T Y 2 T 4 B
T (6] I 2 R RO P I T S 350 T 21 4E Btk
ARVEFE RN T HORRRE MR R R U 5 EE
W31 & H EC T A L TE UM EndMT 72 B 3 As
rhy e EE A,

2 ZHMRIE RNA BEM%K

NRFEH A H1 25 70% ) DNA 8 5% 5% i RNA,
M A 2% B9 RNA B BRI 1R RNA g
B K — 3 7 & JF %% #% RNA ( non-coding RNA,
ncRNA) | BLFE 48 5% RNA | W41~ /)N RNA ('small nu-
cleolar RNA ,snoRNA ) 1 miRNA , L1 X 5% RNA, &
IncRNA F1FRIR RNA ( circular RNA |, circRNA) , B
e 3 R R G R, R R £ B I 4 2%
ncRNA 75 20 i it £ 9y 3 R v 3 3 26 G B £ (5, 91
JHPEA B B DNA I IEfL AL s 460 Rk,
ncRNA JiH 2 IncRNA 1 miRNA , PR H VLR 19 4 1)
VSRR Z )2 R,

IncRNA J& — 2K K B M i 200 % 1 1R 1)
RNA, IEHIT#E A by 2 56 R % SR < B s | B AT AT
HWEhRE | B AIFSE R IncRNA HAT T fiE
HOT E NN P B E Y 19 175 DNIBTE
B EAG A W2 D RE B IncRNALS) Bl 25 BIF 9% 10 1%
AL EBFZ IncRNA 55 045 22 Flog g 10 & A
K, miRNA E—KKER 18 ~24 MR A
5% ncRNA #3355 mRNA (19 3'-AF #1135 X 54T 51
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S, AEMERNEE, S5 RERE",
2011 4, Salmena L 257 5 R H T2 4+ N TR RNA
( competitive endogenous RNA , ceRNA) i), $5 tH &
FEE miRNA £55 07 211 RNA A8 2 miRNA J&2
I (miRNA response element, MRE) gl A Rl —
miRNA  SEIUAE 53¢ J5 JE DI IR 4%, 7873 IncRNA 1A
5 mRNA #H [ 9 MRE, © ] 86 5% 4+ 1t b 25 &
miRNA , MM #ER miRNA XF mRNA f#0 s

3 IncRNA T 58 ceRNA AIEMEKE RN K
hEERERE R RER

A N B RERT As 25 A5 B A 2 A 56 — 18 By
2, EC RAE AT H W BB A AT A EndMT
SRR ML N B DI RERRLET 2 As R A R R C
. LLF ASK AR T IncRNA/miRNA/mRNA {5 5
T AR N I RE S P IR
3.1 ECRERM

As LU AE A B2 SR AE D R AIE . A AL AR 8

F85 H (oxidized low density lipoprotein, ox-LDL) 75

T EC JAE SV A2 As W BLUR AR Y B, AT
FER IR IncRNA A5 ceRNA 148 0 26 763X — 1o 72
R EEEAERI (B 1), Opa fHEAEHE N 5-)e X
RNAT1 ( opa-interacting protein 5 antisense RNA 1,
OIP5-AS1) J&—Fl IncRNA , LA Fx R IR T4 Opa #H
HAEF®H H 5 (opa-interacting protein 5, OIP5 ) &
MR 7], 7 As BB LR 2R3k Rt 1k
HhazEh, ox-LDL J13 A M bk N Kz 48 B (human
umbilical vein endothelial cell, HUVEC) £¥i% 5 OIP5-
AS1 FiA Tt , OTP5-AS1 3 i # [i] miR-135a-5p |-
¥ Kriippel #£F 5 ( Kriippel-like factor 5, KLF5 ) fi¢
EEC JAE W, Zheng %52 %3 OIP5-AS1 7E
ox-LDL i3 ) HUVEC th3&ik 34, I X fp b4
SEFRAR M, OIP5-AST i it 5 miR-98-5p 454
W AT F8 R 4 & A box-1 ( high-mobility group
protein box-1, HMGB1 ) i3 ik , #E 1 ¥ Toll #4572
& 4 (toll-like receptor 4, TLR4 ) /#%[HF kB ( nuclear
factor kB ,NF-kB) {5 518 # , 25 ox-LDL %5311 EC
RAEF

filidis 5 7% A0 ¢ %% 2 X 1 ( melastasis-associated
lung adenocarcinoma transcript 1, MALAT1 ) Jj2& — Ff
IncRNA , 5] 78 il 98 1 5% 8% rh R B2 L Bl (i iF
FERW  MALATI 7E AT 5E BLO 80/ B PRk b
A IETEN K D RERE RS T R FEAE T . Wang %61
J B MALATL 38 [A] 4% 198 miR-181b HY#LIE A fig
JI 248 L 32 436 R G 13 I B8 R 2 1 &L (thymocyte se-

lection-associated high mobility group box, TOX) )&
KW 22 24 )5 A B PO ( mitogen-activated pro-
tein kinase, MAPK) 15518 I R 12 3 ox-LDL 4b FH 11
HUVEC A9 S A AR, SR, HARAT ST &
T H5Z AT JE A5 5, MALATI 38 i3 miR-155/4
WHRFEESESIHEF 1 ('suppressor of cytokine
signaling 1,SOCS1) 155 18 #&AH] Janus J 8 (Janus
kinase, JAK ) /{5 5 1% 3 N2 % 5 B0 A2 19 ( signal
transducer and activator of transcription, STAT) {5518
e T BC RAE™ . Ik, MALAT1 7E EC &
i SO H A 5 2 i — 2D B BT R BRI

I AN LIRS AR 5 5 FE ] 1 (plasmacytoma variant
translocation 1,PVT1) J&—F T 52 54 {0k 8424
X35 b A L PRI E] IneRNA 34 DX —A4~ 7 D 14
S8 Ty A, 5 2R R 1 R AR O BOR
BEFEA B, PVTL 5 As B0 & JEA K, Quan 551
AN 200 15609 £ 200 24 4 e X R A8 Al
FHZAHE M PVTL 7K 458 7R PVTL 125 O
I R IV s 338, HOK O 5 Gensini PR AHG,
JERCIN 56 0 0 1 FE K R . Guo 45 &2 BLTE ox-
LDL %%/ HUVEC RAESIUiH , THR Y PVTI i@ it
6 miR-153-3p HYMEELR , [0 ) A= K IR 32 R 2
A H 2 (growth factor receptor binding protein 2,
GRB2) HAME 5 97 i 1/2 (extracellular signal-
regulated kinase 1/2, ERK1/2) Fll p38 15 5 i %, 12
#F ox-LDL ZLF EC 28 5E AL N, 1 N DT8R
PVTL AIJd/> As ZNERIR) As BEHR BB BT RN | R AE Al
SALRI L™, BEAh, IncRNA HI19 7E As Fl ox-LDL
ALERR) HUVEC s B3 388t H19 T let-7, AT
o B R R ok, R E EC 1Y R E A1 AR 1k
IR G

INK4 v/ 55 [z SCAE %% % RNA ( antisense non-
coding RNA in the INK4 locus, ANRIL) J& —#f In-
cRNA 7 T AZEGe ik op21 X, 7876 06 &
SEE Uo7 /N B AR e gd 3Rk 2% e N Se IR 3l ik v
2 2 (human coronary artery endothelial cell, HCAEC)
3k %35 ANRIL J@ 5 W miR-181Db 1 5% NF-kB
(kKT HE AR 3 9 0E BT I R >

545 IncRNA #3758 miRNA {950 T 45, 311
#il EC RAE K M, Lu % & B IncRNA /N1
RNA 75 F 3K 1 (small nucleolar RNA host gene 1,
SNHG1) 7E ox-LDL 53 () HUVEC 1 2K /K - &
ik, it Fe ik i 78 2 miR-556-5p (1“7 T4,
i G EHWEH o i2 (G protein subunit a i2,
GNAI2) Fil Poly (rC) %5458 1 (poly rC binding pro-
tein 1,PCBP1) (I35, - EC %#5Z ox-LDL 5 T
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RIE i o Lin 5 LI FIHHY IncRNA MKI6TIP-
i@t let-7e 455, W A T «B MK T B
(inhibitor of nuclear factor k B B,IkBB) AYZ ik, #1]
EC RAENE , BR ox-LDL &b, 89 Y1 R 7 i 48 2 5
i EC DIRES H T3 As MG R, Lu 5 Bk
T —FP sy U] N ) U IneRNA AF131217. 1, JF
WER T AR 22 3 5 0 7 T 38 3 i R miR-128-3p
X KLF4 23k (9 40 4 2% 7, & 4% EC $T & AEH
(£1),
3.2 ECAT

AP T RN K TR R IR B RN, S
3 AsE7AE . PEHIE , IncRNA 7E ox-LDL % 511 EC
P ORAEIVERT (B 1) BN, OIPS-AST B T
HA 9 5% i AE F A1, 8 7T LLiE 5 miR-135a-5p/
KLF5 {5518 % Fl miR-98-5p/ HMGBI1 {55 518 AL iF
EC P12 55— K B, LH I OIPS5-AS1
TR IR BE miR-320a 336 46 2 AR A AL RUIC
FENRE HZ K 1 (lectin-like oxidized low-density lipo-
protein receptor-1, LOX-1) &3k, M fE #F ox-LDL
R EC T, 5 0IP5-AS1 26481, IncRNA X
ToiE MR L SR AR (X inactive-specific transcript,
XIST) W Al5E it 255 24> miRNA, P82 21> mRNA,
TE ox-LDL Y531 EC A T-Hh MR, ALl L, EC
2% ox-LDL il 5 , XIST 235 194, XIST 18 i W% Fff
miR-320"" miR-204-5p"**) Fl miR-98-5p"*" , 434l I
WRZATERZE A B R AL 35, 2 ( nucleotide-binding ol-
igomerization domain 2,NOD2) \ TLR4 F1%E I AH 5 1l
W H A (pregnancy associated plasma protein-A,
PAPP-A) B335, U WIAEFEAH 5 5% S AR ( myocardial
infarction-associated transcript, MIAT) J&—#f IncRNA ,
PRI B O U SE AR DG T A3 4% . MIAT 75 A
FD R b B SRR, 50 I BRI B R AT
5% Toraih %57 K BUIEE L HEE 1O SME I MIAT
FIRKIE R R Y 12 4, HUVEC 7E ox-LDL
UG  MIAT ik THE , 5 miR-214-3p 455 158
Caspase-1 [JF35 , #E ML HE EC T, MPLER MIAT
DA o) 2 B R T2 5y — Tl ST 5 3R
MIAT i1 miR-206/Ras #5¢ 8 H Rab-22A ( Ras-re-
lated protein Rab-22A RAB22A) {5 S %55 ox-
LDL %S4 HUVEC 1=, B L& IncRNA b, 18
A7 Hifth 263552 1Y IncRNA 25 ox-LDL i T 19 EC
T, A FE AL S TAE 2 1 SRS RNA ( differentiation-
antagonizing non-protein coding RNA, DANCR)"*) /f:
£ 0 R S JE 5 ((growth  arrest-specific 5,
GASS) ™ AR b8 3 A 1 (taurine-upregulated
gene 1,TUGI) LR BRHEE N 1 R SEA 1 (zine

finger E-box binding homeobox 1-antisense 1, ZEBI-
AS1) ) PVTI® HI9P & (% 1)

AR AE AL 2 B EC T2, 55 As 1Y
K&, —2 IncRNA CHIE 2 5 &R RIETS S
HAHMEE T, 140, Huang %50 & ¥ HUVEC &7
BHRUS , MALATL &35 B, I3 5T miR-361-3p/
4t i R 155 e 4 i - 3 ( suppressor of cytokine
signaling 3, SOCS3) {5 7 i & £ ¥F = B 15 = 10
HUVEC JH1, Chen %"/ &3 HUVEC £ (441l 4
% 1B (interleukin-18,IL-18) AT & -y AU B )5,
—SA AL A A B 2 LA 3 (nitric oxide synthase 2
pseudogene 3,NOS2P3) £k I, i i 5 miR-939-
Sp4ih, FHBEENG SR - AL A A
(inducible nitric oxide synthase,iNOS ) Fl1 48 SR FE K
F a(tumor necrosis factor-o, TNF-a ) B35, {2 3E R
i R F15 51 HUVEC JA T,

75 —2E IncRNA Gl ] EC T4 As 1%
JE . ¥E SR 1 (nuclear enriched abundant tran-
seript 1, NEATL ) J&—Fh7E 40 ML A% N F 5 R IK 1Y In-
cRNA, e W18 & B eT 4 T 4t MO A% rh i i/ IMAR 2854
S5/MEFEAER It 2 585 %/ ME R A 2
A, IR BF 58 % B, NEATL 78 56 O 9 M & Al
ApoE /NI As BEHRH ERIA IR, HaxX Fh F R AR
] ApoE™ /INEUMY As™TH L (RSN SEE T IR
NEAT1 7] 8 5 42 5 HCAEC FYTEIE SRAE J7, B AR
HCAEC fYR T35 T H R8T {2 3 HCAEC #9714
T2, BEAIE HCAEC W77 1% R, HLH I, NEATI 4
i miR-140-3p B4 i MAPK1 (335, L4h,
NEAT! i i miR-638/# R H M BR i 8 1 ( phospho-
glycerate kinase 1,PGKI) gl miR—lSld—Sp/éHﬂH@}%,ﬁ;ﬂ
BB PR AR 55 B 40 1) 7] 3 ( cyclin-dependent kinase in-
hibitor 3, CDKN3) {5 5 il H £ 4" EC H25%Z ox-LDL Al
SN B T I T WL R 4 D RNA3
(retinal non-coding RNA3 , RNCR3 ) & 1 YK 78 AL ¢4 it
KB PRI —F IncRNA |, HAfF 978 06 o5 24k
FRTERLE R G B R AR RN T RE (H AR SR A 9E 3R
] RNCR3 7EHAB A=) 7 bt & #E4/E . Shan
A0 A ApoE” /N F Bk As BEH T RNCR3
Foik L BRI SINE As, ER R RS SE
Sorh, m Ik RNCR3 i 38 F+ 45 & miR-185-5p T
18 KLF2 193RIk A23E EC 5 £k, TN EC /974
T2 [AlAE, TONSL-AST J2:— 7 HA7 405 8 741 ]
() IncRNA |, & 38 5 765 2 W BfF miR-197 , W] 4% B 3 4T
M-8 [ b 40 Mk 29 2 (B-cell lymphoma 2,
BCL2) (i 3K5"  MAh, SNHGL i 3k i i 7 24
miR-556-5p [« 5314”19 GNAI2 #1 PCBP1 1y
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Fik, Wil ox-LDL i SR AIMI g T,
3.3 EC BEE

EC HWgid o B (k98 T 5 B FAAE RV AE As
AR E T, T EC H M2 AN As'™Y BT
C &P 3 Fi IncRNA AI 475 ox-LDL Hll Y EC H
Mg, Bl MALATL b A KIHF B2 H B A 1
(transforming growth factor B2-overlapping transcript
1,TGFB2-OT1) F1 GASS (1), #1335 MALATI i
1454 miR-216a-5p B Beclin-1 ik, £ EC H
I 5 SR, BEAES MALATL #] T EC (9 A mE™, TG-
FB2-OT1 2k i F %% 1k 4 K A F B2 ( transforming
growth factor B2, TGFB2) Y 3'-AE &I X | 1t %

ik TGFB2-OT1 i i 5 miR3960, miR4488 il
miR4459 45 G e i 2 Wk R & B 1 ( ceramide syn-
thase 1, CERS1 )  n-Z Bt 3t 5% #2 filf 8 #£ 8 1 ( N-
acetyltransferase 8-like, NATSL) . H Wi #H <& H 13
(autophagy-related protein 13, ATG13) Fl La #% 4 #%
FE B ZK % L 5 1 (La ribonucleoprotein  domain
family member 1, LARP1) % H W #H 5¢ 8 H 19
B AL ox-LDL HI#4 EC, GASS ik il al i)
il I, T REAE GASS B IK AT A it A W, ML L
GASS5 il id 454 miR-26a 42T (5 -S-38 i% , 7l 20
ML mES ()

IncRNAs miRNAs mRNAs
* ANRIL DANCR * miR-214-3p + miR-148b NF-x B TLR4
* OIP5-AS1 GAS5 * miR-206 *  miR-590-5p KLF5 PAPPA
* PVT1 TUG1 * miR-320a « miR-153-3p HMGB1 COX20
* H19 ZEB1-AS1 » miR-135a-5p + let-7 periostin TXNIP
* MALAT1 PVTA * miR-98-5p « miR-361-3p GRB2 IGF2
* MIAT H19 + miR-320 *  miR-939-5p TOX HDAC9
* XIST GAS5 » miR-204-5p + miR-181b Caspase-1 SOCS3
* NOS2P3 » miR-214-5p « miR-26a RAB22A iNOS
« miR-194-3p e LOX-1 TNF-
« NOD2

(o o [o]

Normal

Increased apoptosis
Increased inflammation

T

Endothelial injury

Inhibited autophagy

1. IncRNA/miRNA/mRNA 5 8## 5 5 EC 5
Figure 1. IncRNA/miRNA/mRNA signaling pathway in EC injury

3.4 ECHIFEMERNK

S EC TR AR 225 | Ao BRI AR 14
TERUAE As BELAY AL K FIBEHOR TR E & #5 C Hi A
Mo ik, ~ S5 PP HE T IncRNA I+ 7
ceRNA ML TE As B A I8 W b i 7R H (1A
2) . Rosano 2341 VEGF #Il#4 EC 4 IncRNA 3
BT, A B LINCO2802 K ik 2 57 3, MR K/
LINC02802 i it 55 miR-486-5p 4% & >k I 5 & 3
B 3 (mastermind-like 3, MAML3) , 7E EC 1 & 442
BrA MAETE MU . B A AL B AE 1-52 L RNAL
(lysine oxidase like 1-antisense RNA1, LOXLI-AS1)
L B miR-590-5p /v 5 /9 KLF6/VEGF 5 5 18
B MEHE ox-LDL 1755 187 A= 1B R L T
2% 3k 5% 5 A (highly upregulated in liver cancer,
HULC) & %A 500 M FR Y IncRNA , 7E Z PP iE

T B A I TR s TRk . HULC it 5 miR-
124 454 BHLIT miR-124 X6 40 i P 71 1% 7 51 1
(myeloid cell leukemia sequence 1, MCL-1) FJ 5% it |
PRHERT AR AT T, LINC00926 J2— Fih 1] i iy
IncRNA, 76 1§ & & 1F 7 5 £, i Rk W
LINC00926 i iif miR-3194-5p #5745 JAK1/STAT3 {5
S TR AR A R 2 19 HUVEC tlisk] T EC Y3
e AT B RN R A5 B Y R B
IncRNA/miRNA/mRNA {5 5 i % 5 5 i B 87 4=
MATE R I8 3 BTE As ShH B & )5 T 195U A
PR, DA, 75 22 88 24K P WF 98 R B HIE IncRNA I8 45
RIZEAE As BEHR B8 A A5 T 1 O VE A
3.5 EndMT

IncRNA 7t EndMT Hr 94 2 2875 4 Fhp i v
REN T T Z B, QnbE PR 9 L I s 22 | B 41 4k
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LINCO2802 LOXLI-ASI HULC LINC00926
T T T L
miR-486-5p miR-590-5p miR-124 miR-3194-5p
MAML3 KLF6 MCL-1 JAK1

! ! l !

Angiogenesis @

B 2. IncRNA/miRNA/mRNA £S5 E¥E S5
EC FiEMERK
Figure 2. IncRNA/miRNA/mRNA signaling pathway

in neoangiogenesis of EC

AV R ili £F 4 4k, 0o . ox-LDL 52 As B 1& [ BUw K
%, 7% % EndMT, ox-LDL 4t ¥ HUVEC % &
IncRNA ZFAS1 %3k b, ZFASI i i 35 S M 245 &
miR-150-5p, | ¥ Notch3 2 ik, {& #£ EndMT'®',
LINC00657 1E As . 1 ox-LDL Ab ¥ i) HUVEC 4f
fh gk EH, R LINC00657 3 i miR-30c¢-5p/
Wnt7b/B-catenin {5 5 18 #% # il EC EndMT',
IncRNA H19 7£ ox-LDL 3% % /) EC EndMT H X5
ik, BUE H19 @it 5 miR-148b-3p AHE AR, T4
E74 #£H T 5(E74-like factor 5,ELF5) {£ #F EndMT,
M H19 3 #3598 55 EndMT') ) IncRNA/miRNA/
mRNA {5530 B 7E A ox-LDL 55 EndMT H 43
EAER O ot (A TG ZEAER P E— 20 B AL,

4 RFKBESHEK

IncRNA /311 ceRNA P81 M 45 7 As #1564
Fe DI RERE A rh A& 4% SR I, 42754 IneRNA E R
As TEAEBIRITHE SR TTATHY . B, Pilong 2517 1%
T —M9KkE S, WA BA% 3% 5 X IncRNA
AABRO7017145.1 B9/b T3 RNA ( small interfering
RNA,siRNA) , 7£ 1 P #0552 56 v #4532 30 X JIE
% EC PR 1EH . FIH siRNA 259 2 LS
TR 25 W) AL 0] IncRNA B R TR B 25 ) , if 3%
IREEEAIR IncRNA |, AT REA BUATT As, 24HT, RNA ¥

AT AR B 2 U T — 2k, Inclisiran J&—F
A0 ) JEF W T 2R 1 A I G R T Z 9 ((proprotein
convertase subtilisin/kexin type 9, PCSK9 ) ¥ XX %
siRNA , & — s 780 [ AT A1 235 BE Al 2 11 JIH 31 B2 ( low-
density lipoprotein cholesterol, LDL-C) B Z5 %), & #%
5 [ RN 24 A B Ry e FH TR 7 S S L
Inclisiran ELATKRCPE RN 254 B 63, #ESh T RNA
YR

SR RNA 2590 AR R AR T i i & R (H
IncRNA/miRNA/mRNA 15 538 JAE R As WFE 36
FEH AT SR AN 2 — 2Pk %, (1) ncRNA 5 mRNA
ZEHEEAER T E 2%, IncRNA/miRNA/mRNA
{5 55 B 5 2 R A X 4% 1 — B, AR LB I
IncRNA /E 5 miRNA ) “ 4> FiF M7, ¥ H 5
mRNA 335, IncRNA 3 52 HoAth 4 F B & %
HIEE, e A ES SIS M4 IncRNA
B DIRE T 832 it (H 2 EmAE s T
XD fE 4 E AR A ST MERE . (2) R4 IncRNA/
miRNA/mRNA {5538 B 7F P Jz ) fig e 1 v iy 8 4
YEHAS 2] T 50k, H K 7 IncRNA 4K P B 52 4T
AEFRIIBE . 40 IncRNA 7654 45 T8 1 H 1)
YERBLEM AT TARSMIFSE , A UEE As BEH 5T
A TE AR EAR AL DR, R A As Sl
HpE— 2 BF5E IncRNA/miRNA/mRNA 15 5 18 #% it
EC DIREEALAIRE/E A, 46 EC T A ME B
MAETE LS EndMT 25771, (3) FIH] IncRNA £
RPN 25 550R 25 48 3l 7 224 X T F R i R i e &2
KEE, W5, BT CTEE F Y IncRNA 1438 84,
DL S AR TEAE 20 b i A PR R, DL KT g
RYESWENE | i mEy AR I

HATHI5CHE 2 B IncRNA /519 ceRNA 845
WIZ& SRR As A FI S IRITRERE . SR, T T
fif IncRNA 7E 14 P I8 P K2 D R B i rh A /R FH L AL
T 00138 DA S it S 56 [ 16 A 17 FH R 4k, I 75 257 As
SRR RS T S, A, R4S RNA 259
T AT I & B B, (HH 2 2 AT AN BN i
RoE 4,

% 1. LncRNA/miRNA/mRNA {5 S8R 7E AS 10X M B ThRERE 5 A 16
Table 1. The role of IncRNA/miRNA/mRNA signaling pathway in endothelial dysfunction associated with AS

IncRNA miRNA mRNA BUNL 22 Sk
AF131217.1 miR-128-3p KLF4 ] EC RAE SR [31]
ANRIL miR-181h NF-«B it EC RAE I [28]
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2k

IncRNA miRNA mRNA 54 2 R
DANCR miR-214-5p COX20 fest BC 1= [40]
GAS5 miR-194-3p I miR-26a TXNIP fEHE EC T, 90 EC AW [41,54]
H19 let-7, miR-148b-3p Periostin,, ELF5 {E7E EC SAE SBT3 EndMT [27,66]
HULC miR-124 MCL-1 {R# EC HT A ST 1, [57]
LINC00657  miR-30¢-5p Wnt7b {23 EndMT [60]
LINC00926 ~ miR-3194-5p JAK1 M BC #i4E 18T L [58]
LINC02802  miR-486-5p MAML3 R EC BT AE AT 1 [55]
LOXL1-AS1  miR-590-5p KLF6 {2 EC HA: 4T 1 [56]
MIAT miR-214-3p Fl miR-206 Caspase-1 Fl RAB22A {23 EC T [38-39]
MKI67IP-3  let-7e kBB ] EC ARAE SR [30]
NEATI miR-140-3p, mik-638 fi MAPK1,PGK1 Fl CDKN3 ] EC J§T= [47-49]

miR-181d-5p
NOS2P3 miR-939-5p iNOS Fll TNF-a fe st EC 1= [46]
OIP5-AS1 Ef{;gis p.miR-98-5p fl ) s JHMGB1 R LOX-1 i HE BC 48%E K A T [19,20,32]
PVTI miR-153-3p GRB2 fEit EC RAE RN AT [25]
RNCR3 miR-185-5p KLF2 i EC T [50]
SNHGI1 miR-556-5p GNAI2 il PCBPI fEit EC RAE RN AT [29]
TGFB2-OT1  miR3960,miR4488 ,miR4459 CERSI,NATSL,ATGI3  {Eif EC W [53]
TONSL-AS1  miR-197 BCIL2 ik EC YT [51]
TUGI miR-148b IGF2 it EC P81 [42]
XIST miR-320, miR-204-5p o NOD2,TLR4 Hl PAPPA  {Zif EC JHT- [33-35]

miR-98-5p
ZEBI-ASI  miR-590-5p HDAC9 {23k EC TS [43]
ZFAS1 miR-150-5p Notch3 {23 EndMT [65]
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