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Recent research progress into the role of long non-coding RNAs
in the molecular mechanism of pulmonary hypertension
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[ Abstract]  Pulmonary hypertension (PH) is a fatal disease characterized by pulmonary vascular remodeling,
ultimately leading to right heart failure and death. Current treatments for PH are suboptimal, with no substantial
improvement in overall survival among patients with advanced PH. Despite some progress in understanding the
pathogenesis of PH, further studies at the molecular level are needed to develop more effective treatments for PH.
Recent research has shown that long non-coding RNAs (IncRNAs) have an important regulatory function in the
pathophysiological process of PH, and may thus be potential disease biomarkers and therapeutic targets. In this paper,
we review recent progress in our understanding of the molecular mechanisms of IncRNAs in PH.
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fitfi 8l ik 55 & ( pulmonary hypertension, PH) J&
— ol LAt 46 90t o A REL g 5 I SR R Y
PR B BREE -G AR, B o 1 1O 1 i | e 2 R g
WA O BT, MR RATR ¥ 51T, PH
SEREIGRA 1% TR 65 % DL Ak
SRR EIL 10% IR BUS KA, 7™ 50 R
AR AT ST il s JkoSe 4 A I 4 E A 2 PH
%) g AR LR, H R AR PHIA
725 3 B A AR AR, AT IR N R
FEHURIZE B R EG -5 AR Rk
SERER S I T MELITR AL, PH PRI AL
SRTRAR  EB 50 B 2 X PH R TE 53 HL ] ke
Z UMWY H, WERABE PH 5 FHLH]
FHHTH A DR NG TR

1 IncRNA 5 PH

£ #% 4E % i RNA ( long non-coding RNAs,
IncRNA) & —25tH RNA A8 1 5% 5% 105 s A
KEERT 200 MEZHBREI RNA, 6 Z B I A9 T
DI TEAE | AN 25 A 26 1 5 AT 3 sk 3 00 38 A%
P e SR B SR 5 A miRNA P45 550 Rk
FEVERD IneRNA J73Z 4040 T AR L 2UR 2%
H,Z258EWNELEMARE, £ PH B3 f1 PH
SRR L IncRNA (523 263k, IT4F
ok, Mk 22 1 98 K B IncRNA ] LUAE Ay 5 %2
IR % 8 5 778 PH & AL & #5 1F
M, A5 N B - 8] 58 %% 46 ( endothelial-
mesenchymal transition, EndMT) | ZJi] fifd 8% 5 | 2] fifd
IERS AR T A SRR U I A AR
7', FHEDRIL AR K IncRNA 78 PH &R bl
il AR 2 A TERIR |
1.1 IncRNA £ 5 EndMT

EndMT J& N JZ 41 i ( endothelial cell, EC) &
%7 A ) AR R BRI Sk A TR ER | e 434k A T
FERFEA A R, EC A A N RS 2 B
/N PN B AR LG BT O = 1 S5 N B2 JE bR A )
)R T 38T 3 A M 1 o, DA T - 0 S i 4
FRLIS G A0 T T 7 5 48 2R 1) R A 0 il A ik
JEURE 1 7 AR FHURE . MONTEIRO 4
FH%{JCEJ&?—B (transforming growth factor-§8,
TGF-B) FIF 4 i/~ % - 1 (interleukin-1,1L-1) Zb ¥
JEA EC FFE47I)F, & B IncRNA MIR 503 HG

(ARSI EC 2207 EndMT [ 3E[FIRFAE, MIR
503 HG A B2 A G PEAE AT Sugen/ {4
(SU5416 combined with hypoxia, SuHx) /55 1) PH
AN BRSO Wl R A i, 3l kP PH ( pulmonary
artery hypertension, PAH) £ 3 19 ili 20 21 F0 1 % A=
Ky g rp A3 #ESE™ . MIR 503 HG 7E Sulx
INERL P A e 3R 8 5 ) S B bR A W AR IR D
X L5 K IncRNA MIR 503 HG AT RE/Z PH /)
—AMARIT R R 53 A — TR 5T % 3 i R IR AE I
F-—a( tumor necrosis factor-a, TNF-o0) 7] 153 AN £
Foft I P4 B2 200 L IncRNA H19 fY #35, H19 3
i 10-11 ¥ 25 H 1 (ten-eleven translocation-1,
TET1 ) A 14 8 W35 AL HLETEOS TGF-B {5 516 %
Hl EndMT , 3% —£5 R AR RR L i UBEAE /)N BT
TAILAE A B2 40 0 A BIIE S, 6 W] IncRNA H19/
TET1 42t TGF-B 555 55 EndMT ",
BAESI S —TE s B TN — R R 45 2R H19
TE R 25 T N 0 JBE P e 4 i rh 2 358
H19 i3k Smad JE UM 22 2 )57 A 2
VAT AN AME S U8 SN 12 i A BELAS ) 4 b
VS EndMT " 76 — 35040 A0 A% B2 il 26 1
(oxidized low density lipoprotein, ox-LDL) 75 5 Ifil
BN EndMT 95250, % B IncRNA i it
Jei il 7% AH O B S R 1 (\metastasis-associated lung
adenocarcinoma transcript 1, MALAT 1) 3k K
I, MALAT 1 i ad B8 B - 3% 363 A s
Wnt/B — % ¥ & [ ( Wnt/B-catenin ) i& 72 & 7
EndMT 3 2, 24 MALAT 1 & fik i 32 AT 37 4
Wnt/B-catenin 18 % F4 35016 M T ik 44 EndMT!
DA EHE R U] IncRNA 7] BB J2 EndMT ¥ £ (1) 3=
WIS AE A BT, A T RECA PH A Ybs & 9 FG
1.2 IncRNA =44 5E

Jiili 81 ik - ¥ WL ZH B2 ( pulmonary artery smooth
muscle cell, PASMC ) FI fili 3 Bk P Kz 40 B
( pulmonary artery endothelial cell, PAEC) 34 5 J&
PH (7% 5 %25 Bk 78 F91 By 44 A 5k B 48 5 m) A AL
FEAIK PH LT, BF5EK W], IncRNA 25 T PH
) 40 B 38 5 o B, QIN % & B IncRNA
AC068039. 4 TEAR A T 19 PASMC ik 194,
AC068039. 4 i it 5 miR-26a-5p 454, FEHHT
T HE L IR I B 32 44 HL A FBH 5 £~ 38 38 6 ( transient
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receptor potential canonical 6, TRPC 6) [ /L,
e it PASMC 34 58, 1% B IncRNA AC068039. 4/
miR-26a-5p/TRPC 6 i 7E (% 515 3 1) PASMC 3
BRI R S AR A R, 7RI AR K BB Y
AN PASMC ™7 IncRNA 2 452 45 S5 1k 2
K F 5 ( growth-arrest specific transcript 5, GAS
5) KI5 T I, GAS 5 1 — F s 4 4 P I M
RNA ( competing endogenous RNA ,ceRNA ) 5 miR-
23b-3p AH L AE ISk P8 45 KCNK 3 3 5 (1 3k,
GAS 5 UL R 35 8 98 T 15 % AR E SR F T A
PASMC A% F1iT %%, IncRNA GAS 5/miR-23b-
3p/KCNK 3 fliA] GES2 L 55 PASMC 34 58 Al T
BHLHZ—"" WANG 251 % 30 5 1 % i fiti
SR ZURN PASMC A1 LE, PAH S8 2 (1) Jili 31 ik Fn
PASMC ' IncRNA MALAT1 % ik 2% i,
MALAT 1 3 K &A% AT R AIK PASMC 1) 3 58, 1
MALAT 1 B 32 3% 35 W) 2% B HH AH 2 19 40 it 3 AL
AMILE 23 B B 7R IncRNA MALAT 1/ hsa-miR-
124-3p. 1/KLF 5 %l fE PASMC 4 %if v 2 & 2 AE
o B—TRF5E & P, IncRNA 24502 R LA 1
(taurine upregulated genel, TUG 1) ZE{K 4 AL BH/)N
SR Eh kA PAH 3 3% M, TUG 1 i@t
miR-328 fi¢ #F PASMC f 34 5 40 i # Bt B
(proliferating cell nuclear antigen, PCNA) ) 335,
PEE 2 B FE A A F 8T CARMAN 251
R PAH S EE ) PAEC 1 IncRNA X 4L @4
S 5 5% St R ( X-inactiveespecific transcript,
Xist) FIRI N, Xist FKiL/K V-5 PAEC ¥ FH fig
ZEAETE A M, ZHENG 2517 78 PH /MR
BT A Il 2 2N PAEC v & B YTH 4544 38 &
FI 1(—® RNA FIE LB E ) T, RS
T YTH S5 1 25 7 PAEC 58 AN
B Ui RERER A R G AT A ceRNA 4% & IHLiX —
1 AR fE L3 1T IncRNA Entr1-202 5 miR-125-3p
MHEAEH LAY, B AT UL, IncRNA & PASMC
F PAEC 3458 ) S5 228 15 R, S 5l i 4,
et PH 9 kA & &, W BEAE I PH W E IR YT
A
1.3 IncRNA F#E4ER

Y0 fL A F5 S 1R TRk AZ B AP A 1 3 i A
WA ARTE i R iz 2l H AT, VF 2 050 3 B 41 i
TF 5 IncRNA A ¢, HAN 25080 % 9 7E % 480 1%

P PASMC ' IncRNA i by 2 1 fi¢ 2 5 A 2
(cancer susceptibility candidate 2, CASC2) Fik
A i #IK CASC2 ATED miR-222 158 4+ 1 PN I
RNA, 75 PASMC H' miR-222 F B2k K 4
A FZE 05 A 52 5 (inhibitor of growth 5,ING5) HJ$
IR DT 55 R SR 5 7 19 PASMC 5 FIGE A%, L
By 11 EE S8R PH I AR, O3 AN BIE T B
IncRNA PAXIP 1-AS1 1 RAS [m] Y3 K 52 5 1 01
A (recombinant ras homolog gene family ,member A,
RhoA ) 7£ 8 [ A58 ( monocrotaline , MCT) 5 S 11 Kk
BRI 2H 2RI AL T P A 2Rk 1 B e 1 v PRI AR
TN PASMC rhe B 1 w40 S 06 R B
SIGAE TR PAXIP 1-AS 1 o SE4E 5 I 1
(E26 transformation specific-1, ETS 1) 1F [a] ## 7
WAS/WASL # HAE 3 H Z W 5 1 (WAS/
WASL interacting protein family member 1, WIPF
1), WIPF 1 35 RhoA BB 5 7K S A4 ik
R4 35 T 19 PASMC BT #%, X 2L 45 R B IR
IncRNA PAXIP 1-AS1 i#i it ETS 1/WIPF 1/RhoA
gk PASMC BSL#" . HAh, IncRNA INK4
i ey e L AE 4 6% RNA (antisense noncoding
RNA in the INK4 locus, ANRIL) 7F #4815 S 1) A
PASMC H i IK 2 3% NI, ANRIL (9T J8 52 i
T E I, T 2 0 PASMC M G,/G, BIHEA
G,/M+S ] MBS 1F R PASMC (iR,
IncRNA MALAT 1 7£ PH B3 I3 RIBCA 5 T 1
N PASMC 52 55263k, MALAT 1 J& miR-503 Ay
“Or U4 AT miR-503 PR R IE A Toll
FEZ K 4( Toll-like receptor 4, TLR 4) 1) ik ¢ i#F
PASMC [ 5 T #1 , DOU %5 {5 AR S b
B PASMC H PH S A9 LG T E] IncRNA
2l KR 5 4 26 % 5% AR 1 (nuclear paraspeckle
assembly transcript 1, NEAT 1) 35 /KT &, il
P UUER NEAT 1 /9 3% 35 AJ il i miR-34a-5p 4%
Kriippel #£[H ¥ 4 ( Kriippel-like factor 4, KLF4) [
TRk PH AUEE . 25 b, IncRNA 5@ i fig i
AEEH S5 PH A ERE,
1.4 IncRNA iF#Z= 20 E T

PASMC il PAEC X} T- BRI PH I 4
HIBIOCHE R 2R 2 — , H 4 3 B0 A 2 45
FIREFE . WFSE SR 7E PAH HR 2 10 Bl 4 23 R ik 4
A AN PASMC H', IncRNA Ang 362, miR-221 #0
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miR-222 [RIK W E M, Ang 362 |5 PASMC
H miR-221 Al miR-222 MR35, BTG A s R -
kB (nuclear transcription factor-kB, NF-kB) IER=R]
6, ffi PASMC P T8> ) YANG %PV ESE T
IncRNA A= i 12 [ 94 5E X 1 (taurine up-regulated
genel, Tug 1) 7 I % 1 il 3 Ik & H ( hypoxic
pulmonary hypertension, HPH ) /v [ A1 HPH-
PASMC 335, Tug 1 FTTERE T 5 miR-374 ¢
ZEA T TV SCGKHESE 1 C1 (forkhead box C1, Foxc
1) fZE35, NI 6 PASMC B34 58 FIT A%, IR
{2 PASMC M1, If38 38 Notch 15 538 B BH 1E
HPH 1 f# Jili IfiL 45 FE#4, IncRNA Tug 1/miR-374
c/Foxe 115 5%l vl VE Sk 2k F U8 55 Al 145 =5 F4) A9
HPH ¥ER AT SE S, eah, HP f835 il 3l fkofn
A BES B A PASMC ' IncRNA i 31 Jik /&5 J& 48
% Al ¥ ( pulmonary arterial hypertension related
factor, PAHRF) ik T 4, PAHRF £/ miR-23a-
3p M 4%, VLB PAHRF 7] | miR-23a-3p (1) 3
I8, AR JE MST 1 8 ()35 s> PASMC
P81, I, IncRNA PAHRF/miR-23a-3p/MST 1
i PH YAYT I — IS FERE A WAL, GONG
ZE0 % BRI T B K R 0 k20 21 i PASMC
H1 IncRNA CASC 2 IR RFAIC, i X4 il AR
KERIESE T CASC 2 #9 L& {2 0F PASMC A
72,18 CASC 2 {2 PASMC T BIHLEIA i —
F9E . L5 F A1, InecRNA 25 T PASMC 41 Jifd
AT B R X R PH 8943 FHLHI ANA Y7 e
MEAHEERZ X, HITFK IncRNA 7£ PAEC H
GO > (EARHE— 20 G TSR
1.5 IncRNA &MH KA MERE

I35 P 2B 6 7 JRA I LAk L 5 AR R0E
A8 (R A, LA 2 5 1 A A I R 45 4 0 T
(495 R AS Ak, J2 il B0 Ik s R Y 9 B AR AR 22—
IncRNA Z: 55845 9 K2 40 M| I 480 9 B2 A R+
miRNA 55429 3 1Y 3R 3500 I A8 - A A IR 45 AR
', FENG %" 3E52 T miR-382-3p Myt ik
AR E 18 M AR 2E M il 3 Bk 5 R ( chronic
thromboembolic pulmonary hypertension, CTEPH ) &
FRASEARY o g il ol 5 S 9, AR AE IR L i
WL &I CTEPH K BBl 2 21 F1 PASMC
WA PN 2 A2 K I (vascular endothelial growth
factor, VEGF ) i) mRNA & [ 335 K F & 3% F+

&M@ IneRNA GAS 5 193235 7K - 1 it 7]
miR-382-3p [k CTEPH K i Jifi 20 21 A1 PASMC
o VEGF BY#3% , 21 IncRNA GAS 5/miR-382-3p
2 5 T CrEPH Il & # 4 i3 B,
LEISEGANG 552 & SUAE LA 1 R5 & VE il 8l ik
JE B H I ZUR PAEC A IncRNA MANTIS ik
REARR, 1T U SR TE 5 T MANTIS F 908K A 41
il PAEC 1fil % A& B, MANTIS i id & &2 Brahma
FHFFE A -1 ( Brahma related gene-1,BRG 1) 5%
@R E R 5 Y F BAF 155 ( brg-1-associated
factor 155, BAF155) FAHH /E K32 5 BRG 1 1)
ATP Tl % ¥ fff RNA RA 0 1 456 2 R i
Do 5k A E P 5 He g XY HE B 18 (sex
determining region Y-box 18,S0X 18) .SMAD [A] i
#) 6 (SMAD family member 6, SMAD 6) Fl1X% B [
A LA 3 T8 5 B 1 ( chicken ovalbumin
upstream promoter transcription factor II , COUP-TF
11 ) 7% 57 DT 52 M PA) 12 248 6 7 P A ol ot
41, JOSIPOVIC %5 % B CTEPH £8 2 (¥ il fi 4%
FEAH IncRNA NONHSATO73641 F k8 i i,
LN B 0 Bk N 2 48 M2 ( human umbilical vein
endothelial cells, HUVEC ) 1F 41 g #5 #Y fiff 55 H: 5
PN B 40 M It A AR R A SOG4, X HUVEC #E 47
NONHSAT073641 @i fit/5 , &3 HUVEC 1% TE 1,
REJ) BEA, (B AR AL ®I Fr F — DR R, B,
IncRNA Z 5 7 PH Il 4 # A4 i £, nl il i
IncRNA 842 L6 A2 5K 22 i PHL,
1.6 IncRNA Z5&W

AL TR PH g 38 AR 32 PR OGS I
AR JFAR S MUE 2 R B TR A
SRR B IS 1Y 25 W) 53 5 s, A g i 2 Jik oy
B 20 f R0 S UL 20 M 0 3 B, 5 S PH O K
APV LD AR I AU T ST HPH R R 20
IR L) R AR N PAEC HE 57 4K 5 HPH
AL, & B IncRNA O LA B8 A1 K &% 5% A
('myocardial infarction association transcript, MIAT)
TER N FIARSN HPH AR rp 34 | 3 miR-29a-5p Al
¥+ E2 #H G F 2 (nuclear factor erythroid 2-
related factor 2, Nrf 2) 25 T, i3 @k MIAT
Al B Nef 2 82 JF AR R PR A
F ( reactive oxygen species, ROS) #1 N — &
( malondialdehyde , MDA ) B 3% P BEAK, 70l T 4
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BT PAEC WAL 3, P IE, IncRNA MIAT
AT fEE A AR AEVE T miR-29a-5p , 3 Nif 2 38
%, hnE HPH A8 B 200, NI HPH 1Y
K&, AN, IncRNA MALAT1 76 PAH 8 3% % 1
SAMEEIA S PASMC 3k DY s
SIS ZE SR R 8 MALAT1 7] & {I MDA F1 ROS
(438 AT D 2 SR Ak 7 38 N, HLAIL i AT RE
Notch {75 18 H #4006 52 9061 A 5 A RFR M
i ,IncRNA H19 78R AR AT 0 3 i 1) PAH i
Fh Ik R AE MCT FSh ks b 3R K R
R I B 25 5 ) — T 5,
fiff FH ARG 2% B8 1 2 135 5 0L A8 P 400 i ) i
BEEAS A 4T AT P TR RESESE T H19 33k L, 3
I H19 @A i 45 P iz 4 ROS FiT MDA 7K
R ARG , DT D 4 PR 7 A ) A R 8 2% 1
IncRNA 2= 5 7 PH /9 % b 1 3 o 72, 8 19
IncRNA ¥ 25/ PH Y 7E R HE 68 JH
1.7 IncRNA 256G RE
FEAEFRAS T, I 0 WS048 A st O 3 -
RZS, M G RE RAE SN A I, 5 7= A 45 Fh 9 E
PR FI4RC 1 H SR i K P iz A e, 5 35O T e e
i, LA &7 5K 9 0 R0 I 45 0 4 0 o 22 (] 1) Y- £
BEFT W, MO O S R R YT, YANG
AN LRSS T 8 3 IRl BT 48 - 1 (human
fetal lung fibroblast-1, HFL-1) 4}, £ 4l HPH [
JRERLRE, 5 W A 4L L, IncRNA HAS 2-AS 1
FES A AL HFL-1 20 i rp 235 & 8, 18] B,
TNF-a \IL-6 F1 1L-18 By FIEHIE N, 4 HAS 2-
AS 1 BfKJ5 , TNF-o \IL-6 F IL-1B 1335 7K - fifi
ZREA%, Pk, B4 25T IncRNA HAS 2-AS 1
{23 T HFL-1 20 M 2 hE I I, X o HPH, F§ 5] A&
HPH & F 4 & M il 27 4 AL B 4 T 98 A8 1 3R )7 e
Mo CAT 25 3T AR W {5 B 2 1 J7 2 0 8
PAH B E R ZERRIIEN, KX T FEEH
ERTE R A AH OC HH B% b, i — 20 F9 2 IncRNA-
miRNA-mRNA ceRNA % ¥ mRNA C-C itk
F3ZAK 7(C-C chemokine receptor type 7,CCR 7)
JHAHE T, A0 45 hsa-let-7 e-5 p A1 IncRNA /)\
%A~ RNA 15 E A 12 (small nucleolar RNA host
gene 12,SNHG 12) i€ & PAH n] BERYHE A, JF7E

PH /N B FT L PASMC 3k 47 14 44 4 52
55, 50 0E T SNHG 12 Al i 5 hsa-let-Te-5p 45 &
FEWTT CCR 7 Rk R ceRNA IEH, 25
PH i &R HLH, JIANG 4510 % Bl PAH £ 2 1L
5 A4S S A PASMC 1 IncRNA SRY £ %% %
K ¥ 2 BB SR A (SRY-box transcription factor 2
overlapping transcript, SOX 2-OT) ik i, @ o
ULER SOX 2-0OT ][Ik PASMC H 4 4iE A 1 1L-6
FTNF-o 1 7K Fl /N Z ZAH R AB i) 1 (small
ubiquitin-related modifier 1,SUMO 1) 7K~ T T 4
miR-455-3p AYFIE I 1 IAH S i 235 21 | ax s 45 21
FWIUTER SOX 2-0T A g £ #4757 miR-455-3p/
SUMO 1 %1t sk 55 sk 280175 5 19 9 AE I 0L, DT B
1R MG EEARN PAH #E 8 , #1i| IncRNA SOX 2-OT
ATBERLAY PAH AIRYTHE S, AL, IncRNA 25
T PERAEA I PH P, G ey 7 I Pt RIG YT
ST T BE SR AEZE PH FE R I T LE S0

2 BREERE

PH J&— Rt ot BB B 12 ok 1 S v i, 1
KGR RBCT A 5, B = A ROE T H i, B
e EW P AR &, &3 IncRNA 5 PH 11
KK JRBEYIM R, IncRNA X} PH ) EndMT .
YUARLGGE A0 MR AU T i A AR Ak
A AR 7 T ELAT PR VE T, 2 5 PH Al
EEMTEE, R PH MRYT AL TR B, BT,
BARIFFE L BE PH HE Fsh iRl vh 22 36581
IncRNA ANFEZDEL, H HA 27 IncRNA [ )6
FVEHIRE SR BIR AN SE (R 1) IR Z IncRNA 7E
PH " PE MG ANTE 2. H IncRNA 5T
FEAE R PASMC DA, 76 H A 40 i
PR RS AR TR/ AN IncRNA £ R 7697 #
ST ZATY R BRI R AT S, A3 IncRNA
TE PH 20 SE 50 M S il v g 7R — 22 IR YT
1 B T3P A28 Z [H] 384 IncRNA 4k
PRSP (] 80T 245 ) JF 2 A R A 97 iy Sk T
P, EL IncRNA 78 AS [] 41 it 26 R0 Fn 2 2R i &2
b3 5 DL S T IncRNA YA 97 4 JBd 8B 2500, I 18
L & AR NG PRATF 55 Hh (%) 107 T, (75 L PR 91 A 5640
BT # 2 RARE .
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IncRNA 7E PH H 9335 K D) fiE
Table 1 Expression of IncRNA in PH and their functions

K ARG RNA 1 PH Ik A EAE ) miRNA ite A5 /3
IncRNA Expression in PH Interacting miRNA Functions Target/Pathway
P B — [ 78 e Ak 1 (o)
H19 1 / EdMT TET 1
V\Jﬁ_l‘lﬂﬁﬁﬁ%/ﬂsT . 1]
MALAT 1 1 / EndMT Wnt/B-catenin
I :
AC068039. 4 i miR-26a-5p FHHE E'?E f TRPC 6!
Proliferation T
2
GAS 5 l miR-23b-3p iR . KCNK 31
Proliferation |
A
MALAT 1 1 hsa-miR-124-3p. 1 EHH,@ E'?ﬁ ! KLF 5
Proliferation T
0 MR B
TUG 1 1 miR-328-3p EHH@ 'ﬁja ! PCNA!™!
Proliferation T
R iT ,
CASC 2 | miR-222 HIEE | ING 511
Migration l
AT F
PAXIP 1-AS1 1 / H%]‘E ! ETS 1/WIPF 1/RhoA"!
Migration T
T
MALATI 1 miR-503 HALE 1 TLR 42!
Migration
MR
NEATI 1 miR-34a-5p ﬂ]ﬁ@g*ﬁ ! KLF4!2!
Migration T
AR T .
Ang 362 1 miR-221 ,miR-222 M r l NF-kB?*
Apoptosis |
AT :
Tug 1 1 miR-374 ¢ EHH@F]E ! Foxe 124
Apoptosis T
T
PAHRF ! miR-23a-3p MR T ! MST 11!
Apoptosis T
Py
GAS 5 ! miR-382-3p LB FEE | VEGF'?]
Angiogenesis !
pize
MANTIS } / m.E ﬂii ! BRG 1!
Angiogenesis T
& 3
MIAT 1 miR-29a-5p il Nif 21
Oxidative stress T
= NIz
MALATI 1 / %W_cﬂj«zﬁ ! Notch"*!
Oxidative stress T
SNHG 12 | hsa-let-Te-5p ML SRAE | CCR 71%
Inflammation |
e S
SOX 2-0T 1 miR-455-3p M RIE 1 SUMO 114

Inflammation T

AR o PP o3

Note. T, Up-regulation. | , Down-regulation.
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