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4% k& & (pulmonary hypertension, PH)-Z — Ff DL i i & 2 44 & %% B AR AE 4 I JR 45 A4, 3 Ji i 48 [ ) Ao
Jili 5 Bk R A 8, A A0 95 T S, T4 Ok, PHUL B E A4 8 o FALH A R B P RN, RNAF ZAAE Y AT 4
AR FARNARAE, POLEAPHAR T X EE LAV ER, a5 5 Mg FENaREAEN, HEH
MR A EEmE RE R EER. AR, KENAREA, PHAR T S AN L EARAGFELEFEHRAE
AR, BB E B KA. ZTARE R, RNAF XA B R B ER BT UM L AESERFNA L, (2
HHE 2T UALEEHERHIPHN A ERLEERMH AR, LT, AXZAAMRE TRNAF X, R EHRE
FEEPHARIFI N RFTAR:RE, ARLT ZHZ W BENEFIR, B2 64 Y PHLE F A 8y & % L% o

5 BCH B AR R R

el

Jili i1 [ (pulmonary hypertension, PH)J&—F 5 JL{H
o P RO A, AR T B AR IR B
BE, LA BRI I, EBR X PHEH Y &
SO TR F SRS, ORI T i
Bk 71 (mean pulmonary artery pressure, mPAP) KT
20 mmHg, FHAEA — RF0IG B 2 S 1E, AT
I A it i A RO I 4 R 38, e PHAR
FAHODENKR S ETER. IABBIRTTY, B &
AT O I AL

AR EA JE I PR IR 3N ) 228, PH
FE4H525: (1) shkPEPH(pulmonary arterial hyper-
tension, PAH); (2) Z&.UyEER A ICPH; (3) Al e A1/ak
{REITEPH; (4) A8 il R i ZE 1 PHAN/BHA I 20 ik
RHZEVERGE I 3PH; (5) J5RIR A/ a8l 22 P 25 T 3P H.

Jifi 54 fik v JE, i E A, RNAW H 4k, Rt E 452

PHA P2 2%, ARIZEBIRPHE A Fr AR, 1
] PR R I R B o RS T 5. et shlkPEPH(ER 1
FAE RN AT NP 2~50, BERZHON &
P; AHTEAOPRASERIPH(E 22, Ha 4 B M Al
I ERMZ BN SUEREIR, PHIG RAER G 45 55
P, Wi AR RMERNGER, 0125 V-4 LR A7 )
Ji. I, SHEETASWTREY), 1EPH T A 0
LS TS e

PHASRALHI S A%, LSS 1288 ik PH(PAH) A 41,
FOR S AR e 2 ol 05 20 R A0 A R 40, el
PN S LARL . 2T A 40 A AR i A 2 A A
MR DIRER I 25 KM E T, {2 HEPAH A
M g AN, BRETAIE L N R L PAH R AR
HREE EEAEAY. FRG, WK LA PAHIYIAY T 2
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P A

Yy AR ET X P R 2R G N B RS2 RS B
X4 Ak A (nitric oxide, NOI & i 7T A M &2 1 IR FR
TR (sGC) s s B R — IR A S(PDES) I, LUK
B X R 2 B 23 5 1 R 8 R R 2R sl E R 2 iR K TP
RN, SR, XL R LR R R R R, TG
IR BOS FEPAHRHE R, HANE T HABSS A ) PH
s A REAED, B, HPHILE B ALE], %
AFRGE I b 1o 2 A 2 A X i — 2 AL PHER IR
J7 KM, B PHAE 1) T R A 36 o i 38 G EE 2L

BEE XTPH Y TR W) SR ST AR BIR A, 42
BRI T F S RS 5l BB B e g R . Ui
B — EEPHINAF S, MR DNAH 4L 1&
Hi. HE BRI AERBRNAVEE, 304K 1
RNAH SLAb 1, s K i 224> FeW i 2 1 24 e
SCAEPHIW R A R JRIERE i B HEAE. ULoh, 41
RS H R PHBR I EEAME 2 —, A EARR T
FRGEE A B s s R A Rk el AR R, BIAR
I AR AU g AR T BN RS S A R 1L
¥, FEUEPHAY & A4 K. A BRIME, RNAF AL 510
G FEAE 2 PP P 0 & A & B vponT DUAH B R %,
HOARGE, (AR T F RS EPHAYIERE 425 YR 1
FH, FERMESE A A0 KB MR AL R T2 T
fERNAF 34k R i fe S PH AR AL = Z (1]
WHEMAE YR R, AR SCR Ge i Hos gt o ik e 1k
77 BRBEAIAG, LIV A PHAY A5 B L B 5E FHE )
TR R

1 RNAHILAL&E

Hil, HEZAEY e LB 1 70FRNAB,
H AP RNAR ILALEM 5 2T RNAZMI60% L I, 2
I BB RRNABHIZEAC, RNA ALK BUERNA
FH LR I5E% (adenosine,  A)FE F ZEHE RS il (Writers) Y f
AT Bl e VR 0 P L P A A2 A MR B 4, TINC-
FH L 204 (N®-methyladenosine, m°A)/E&RNA Jij 4
BRI 60 B F(N)_ LA H Ak, B RS E Y mRNA
FllncRNAs | 5 b5 T, 5 RNA B S4B 1
80%. FHEMFFEAIIRA, BHAZA 1R &I T HABFRNA
HILAL I, 45 S5-I A IE (m°C) . N'-HT LA 17
(m'A). N°2/-0- " HI R R TF (m°Am). N'-FIHE 5 FF
(m'G). 5-F% LA % 0E (hm C) R BR s g (9 257,
RNAH LA &—Fp sl S Bl i g i /2, ©he
05T 1 ul (R 3 MY RN AR BHIPE RN B4 55 A )2

AR, 72 M AR B A A A A (A

1.1 RFHAEE
1.1.1  N°- ¥ 3 5§ 3 (N°-methyladenosine, m°A)

m° A BB e A% W) mRNA b5 i Roh
&R, FESAELEEE T 3-UTRFIK NG
FIXEY, iz R I AL R (Writers) . 25 H AL
(Erasers) Flm° A5 11 (Readers) /i 5. m°AH 40 1&
MiZ87EMETTL3. METTL14% WritersI/EH F,
RNA | IR (A)AYZE 6N & A= LA 84, dkimipk
m° Al 22 H (Readers) TR B & 4% FUFIIAE, mRNA
B WA S By )4 1. WF9E 6 W, Wrriters T i {k
m° A&, TiiReadersH 'Y THDF 1 G5 AR #Em A
mRNAFH%, YTHDF2REGSHEm AB i mRNAKE &
P, M YTHDF3#] DL 5 YTHDFE 1 B [RIE #2555
5 mC A B EAL B ErasersRES 4 Rm A AL
RS 226, BRI m B S — AN B 25 IR it 72
1.1.2  N'-¥ # B % (N'-methyladenosine, m'A)

m" A A — Bl 3 7E7E T A% EWIRNA
rRNAFIMRNA I Al FIRNAKL S G184, m' ABHG &
FMETEHFL Y mRNA A G4 %05 71X . 78
HIFURNA, m' AR AETES. 14, 22, STHIS8IXS
AR, HhWEoE 2 12 R A AE 9IS’ & 1)
m' A BRI, m' AOREE IR AOHIUG4 i)
B L ANFa 52 i Watson-Crick #H EAEF, (15 U645
ASOMIZE 4y, MR IRNAM SRR S, FHEiAES:
tRNARYIERATT A,

.13 N°2.-0-= ¥ 8 B i 3 (N°,2'-O-dimethyla-
denosine, m*Am)

m AmEFETEM AR Y IERT b, 55 TRAIAR A4S
TSR P Ak, PR AR 2 H L F (27-0-CH3).
S5me ARG, m®AmEHEE LA T
mRNA 5'IEFE50 TR IR R IE [ MR %
W], m’Am/EFTO(fat mass and obesity-associated pro-
tein) (0 E EEAM ALY, JfREE LTI HIDCP2 A B MEVE
DL miRNAS S I mRN A R %K 42 5 mRN A F
e

1.2 lesng R L
1.2.1  5-H F£ 7% 5% (5-methylcytosine, m’C)

m’ CIE M B AR A7 7 T 2 FIRNA, ZERNAF
rRNA PR EREAFE, m°C RNAF AL B4
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NOL1/NOP2/SUNZE: M (NSUN) S 4 i it L S DN A F
FLEERS IR U DNM 244k, HATHORFFE R, m’CiE
MiRE4EFFMRNA . tRNALL M rRNAREGENE . 5%
! K SDNABVGEE"Y, JFE T &
B MR E g R E /R,

1.2.2  5-3% W 3 j 7% v (5-hydroxymethylcytosine,
hm’C)

FuZe \"R B, RNAH M’ C 5 DNA—#E, BT L)
PYTETHFE ML Hhm’C. MeRIP-seq4ti i 7R, TETHHR
6] T AL A5 IX B9m CIEH, PR IHZ 4 = B A TE T2
F1 G A 5 S AR (A B T RN 2 T IX . FgE e,
hi CAE A5 SR v g Bl A o,

1.3 N-HJE4k 51 (N"-methylguanine, m'G)

m’ GURSE AL T A A mRNARIS R, R4t
tRNASE BN IR EVE T 1. (RNAFmM G 34k
S W SLALEEMETTL 1A% B & 11 WDRA44H
. BR3¢, WDRATI/ENMETTL1FItRNA T
(1 3t

14 DRI

141 BEHFY)

BORTT (V)2 R a1k, 24 RNAH
LB, fErRNAFIRNAFBE N F 5,
PRARNA LS A%, Had PRI B R R E 5
AT fEAk, o DR E A% R (U) Ak 2 S5 4 e A el s,
B R BERE R IR, PR, YiEZS 518 Tipre
mRNAJNT. . $2 = mRNASSHE (45 1 LUK 5 B
AR EL AN P,

1.4.2  N'-¥ 318 % % (1-methylpseudouridine, m¥)

N - AR R A 2 — b 78 NS B AT P A i 4
BORFRTAEY), FKIRAFAET18S rRNAFIFZ A YA+
fItRNA . Andriesf1 A% B, FHN'-F {8 PR 42T
BRACRTY, MR TALE M BR TR, v AR AT i b
fRmRNAR S J5E, IF HAEH R mRNA R & F TR A
REI T TS 2 .

2 RNAHIALEE SPH

PH ) 5 B B o i/ N 48 B A, A pL )
o3k, IAER E NS — RIS TAELY], RNA
LA A PHAY A K i v e H F AT .

1700

2.1 m°A RNAHUEARIE S SPHA A

20204, WangZ A1 4638 iof cireRN A sk 520 2%
R, BEEBIPHA BUITTIZ 21 P circRN As £ A
m® AR K AR TR BUIIZH 4L, & Em AR I
circRNAsHA] LLi# i3 circRNA-miRNA-mRNA {5 PH %
ot P e R R 2% B Zhou2 NP1 31, SEDT2i
BN BT RATE 3T 90 il sl - LA (pulmonary - ar-
tery smooth muscle cells, PASMCs)F"METTL14# 2k
A Fm ABME D, SMPHAY R 4. RIS,
m°A RNA ST BE 2 5 PHARG B AR, (2 H
AOBL A A, FRATRFSE AT & B, 76 APAH. /]
F(SUS4 161418 M B4 (Su/Hx))PHT 21 21 K K FRUEF
T A IRMCT) i PHIT BB ZH S, m® A MK
F AL B EMETTL3 1 2 14 8 18 7K SF- 15 (8 25 14 .
AR, XudE AP R B, mOA L R A
METTL3. METTLI14F12: H EALEFFTO. ALKBHS7E
Tl 875 3 158 A SD K B P HRSE R4 il 28 21 v (1) 635 24 B
ETW. LGSR ER, m°A RNAHIEILIEMG 5PHT)
B R SREYIME, (BAEARF R PHES AR th el b &
BRI R BN [E I, mC ARG YR (1 R 3 Y
HARD)RE T REESAANIF.

PASMCsE AV AL JEPHIN A T PO BRSs. &
A B3 — 2B W58 & B, m°AY| % 1Y THDF17E
APAH. /NEPHlZ1 2 K K BUPHIT 2 ik 21 2L i) 2 3k
HRA S FIE, ELAE A P IRPASMCs Hh i & = 4 MW
Hi, PHZ&AF N AIPASMCsHY THDF 1 1) 2% ikt B i
5, X485 T YTHDF 1 hm  AMCHE 4 7 AR A 1
MAGED1 mRNABHPE, FEPASMCs R A AL, dh T/
SPHINR L, WIHH T m AMBHE IR B8 A 7EPHA Y
FURMEFBLEL. AR, Qin A&, 16K HPH
R, HIMETTL3 %1k 5 3 PASMCsH 5 AT 4 6
JIFRE, ARSI AP & BUZMETTL3 8 i {2 i
PTEN mRNAm AR IEAL B, 2K Y THDF2Hri
S B R S SPHINBERE. Zeng®5 \TWF5E & 31,
B4/ N PASMCsHTMETTL14FISETD2 4 F2ik 7KF- T
5, M SETD265k et FEMETTL 1413145 7K F- Him°A
RNA AR R IE. XuZe NPT 2 3, PHA R
PASMCs"FTORYZ IR [T+, 535040 i o 91 2 1
Cyclin D1 B K FFim A iK1 w5, ek
PASMCsHAF FNMAE T, 27 1, & HIARIRFTREE R
ESE T m® ARG K HAR B 8 1 247 LI S PASMCs



P A

T2 H5PHIY R A

SUCERE, PR 20T A8 25 ELAE PHM A 451473 S TR
Mt & 45 5 R AT AR AOVE . Wang5 AP vk 3,
TE BB AT 3k N K2 41 Bl (pulmonary  arterial en-
dothelial cells, PAECs)H1, m* A& 3% 1Y THDCI
A LA i i Inc RNA FENDRREZIHDRP 1/ 51 X )
H LAk, SRR N B2 4R B AR T DL R PHAY I A5 EE AL 3
Xt m° MBS 5 PAECS I 17 PHIR FLUERR 14 B HRAH,
{H2 X m° AEH7EPAECs H A A FIALAN i A Wit i
J5, Wang®F5R BN & 30, 7E K BPAECsHT, m°Af&Hfi
A B8 B METTL3 1) 3 2K Bl ke S (AR 1 s,
MEMETTL3 W] LB 5 06k 22 i 405 5 i PAE C s 1] 52 Jot
A AR, S Hrh AL R B, BARE S T KB PAECS
f BRI BYMETTL3 A] LLid i 386 TRPC6/Calcineurin/
NFATH #% 5 15 PAECs I 1L 4% FlR] 72 B % fk 2 5 PHIY
KA. FIRAFTE R, m°A RNA R EL it il L
P 1T PAECs 1Y B 2 55 PHI i BEA= B 7.

BRUCZ A0, Al il A 20 b A A TR SR E A it 2 5
PHAYIRG IR S, GaoZs A5 i LR WM B2 7 B ok
H 3[R R 3k 25 & 88 % (Gene  Expression Omnibus,
GEO) 1 IE# S A& it 21 ik v Fs (idiopathic pulmonary
arterial hypertension, IPAH) AREITZ1Z1Wm°A RNAH
SACB MRS EAT 00y, R IAEIPAHAHERTIZH Y
T3 22 m A RNAF LB DG 3R (1 Rk, A
A KEGG(Kyoto Encyclopedia of Genes and Genomes)ifi
e E TS DT VRS AR T 25 SR IR A m A A A
KA HMIPAH R WORME AR TERR &R . AT
B2 B W 4 R B, W S A P g
YTHDF2fig % 1 J#HO-1  mRNA R A2k I/
RIEFAMNIES SPH A E AR, Xft—FEL T
m°A RNABGZEPHE A S 4N A9 7R .

2.2 m'G RNAHHbIEHi 2 SPH L

Wang 25 AP I A M PHA U A it 40 20 hm G
RNA F IEAAB G IncRNASHEAT T 54 S22 4, 45
BRI, TEMEMEPHIBA U, IncRNAsHIm' GHIJEAL
KR LI, EREAETm'G IncXR_591973F1m'G
IncXR_5923987EPH A4 F B4 21 BH i 7. b,
Wit 2% 5 £km'G IncRNASHKEGGE 44T &3, T
JERIM'G  IncRNASTE I8 F- 4 L 4 i b A 4 T B
JHEVER. BES, WangZ5 NPYHIRLES 3 5 2505 00 b
GEO%4 i P 1E 4 AFIPAHME #2241 Hm’G RNAH!

FABB R T, KPR T 15Fh 22 R A3 S/
i, HFSE i I E T 2R m Gy T, IR
BCD4™ TN 4P TR M S S AR 5 m G
RNA H BEAR A DA G,

Zi |, RNAF AL BMi7EPHH FUBFIEE R ISTR A,
HEEEPEM ABi)H(F1). m°A RNAFIELE
Mt 8 32 21 S:PASMCs 1) 22 B335 2 5 PHA T B
AP AR, FEPAECSTAEZE AL A & 2 40 i vt
AHGHE, HXETm ABHIRCE F7EPH P A AR
MU A K I R 3 SCRY AR SEF T MK IR A /D it 00 ) A
ST AEYER AR AWETE, Hok B Z RNAF 3L
BIAHCE BRI, X TFRNAF LI EMAEPH
{1 S8 DR AT R A AT S ) E .

3 R

{15 i 2 FE (metabolic reprogramming, MR)JEF5 41
JiL At B R TR, 3 g ek AR A AR T AR a2 4 A
AR K AHLE], H s e T2 rh Y 5=k
HEREY BTARXT I, ARG e E 2 A . AR
1% S AR A T G, BRI S s A 2
HRER2).

3.1 AR SRR AR

BRI, IEF A0 A kA AR LR
ARICATP, 1717 Aol 40 3 0] 1] 308 Ao A T A A o R 8 2
BELASRASRE B, s AR 0 M B A, 3 wf S 3 4% Y Waar-
burgh, X SRR H B B o 4 S A A AR g
FEl. BEEDIFEIIRA, BER 0T, A
T G AR AR B b g LA A ) LA o v A7 A 2 T L)
Bl A

OB T S A T R AT ) P DR e 1 e
fifg 3t AR TP ) PR i, HC SR N e 22 Fof e o 1
BTlE, DA SRt b, SR OO
il 2. (HK 2) 9375 P T S 400 o A AW P A g iz 257
TR TR S W R 1 (PP 1) ) 946 P 32 B 2 Tl SR D -2/
JHE-2,6- — B2 B(PFKFB) Z MG i b1 s, Jd ki fke-
BEIR S HE =2 2,6- —BEIRSHE. 2,6- —Wia FM 2 PFK1
MR PG 7, BE PR B PFR- 1A MEAL T . 4l
PFK F B2 ] [ {1k A5 4 % fife 107 % fige il oo ot g 1)
PFKFB3# A BIAM e i e vh ik T, T HAENR 2
B R SR A HE Y L Fg 40 R I 200 i 55 2 ol 4 R 2 7Y
L R, SRR IAE S B I S5 Y &
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F 1 RNAFEBHFEPHH BIMEA
Table 1 The role of RNA methylation in pulmonary hypertension

RNAB Fik A (2R L) WHEDRE YERMS %S0
. . YTHDF Liiid 5 Arm A Y
YTHDF1 A A KEMiZhIKZHZE, PASMCs MAGEDI mRNAmiﬁ freey MAGEDI [24]
- g m° AR circRNA- circ Xpo6Ail
i BRI BLAIPHLR RUALEL miRNA-mRNA% circTmtc3 3]
. PASMCsHIHL A i 1) PH METTL3/Y THDF2/PTEN#{iE i
METTL3/YTHDF2 (5| R PASMCSHF PTEN [26]
- o 8 T SEDT2/METTL 14 /m A& i
SETD2/METTL14 i U Y /N ERPASMC s {R3EPASMCsHIB, FIPH - [23]
AN ¢ 6 4 b #a
m°A YTHDC 9 BRI HPAECS YTHDCLT i AP penorR 9]
. Y THDF 2385 e fitm A i)
. SwHx#EFHPH/NE. MCT U g
YTHDF2 i ; . S ’ Hmox 1 mRNAfE#E 4 AE A LI Hmox1 [33]
METTLI14/ i SwHx% FHYPH/N FUIZH 41, m°ABHFIGRAP mRNAE GRAP 36
YTHDF2 b BN B HPASMCs Y THDF2Y A S A (36]
METTL3: 2 {2 #F TRPC6/45
METTL3 [S815] TSR Y R BUPAECS MR B /NFATA5 538 B4k i -5 N TRPC6 [37]
J AHEEndMT
b CAGHE Yl
m'G i BRI PASMCs SSRICRNAsHIm GIEH, Wit IncRNAs [30]

TGF-B. WntHINfatif i

AR PR PB4 B L 45 A MR, A
rh B A B B B R LB A2 (PPP), A 1545 TG M 4R
(ROS)FL R IU/ER. T EA R 4 i (PKM) A 24 [] T fiff
PKMIFIPKM2. A28 00Ny, TE4IME & A & 4
Fimf, PKM2SBMWi L PKMI, (R fiiftiss T stz
R [0 R OB R IR M 22 R R AR, HE— s
SEMETREAR, k40 0 P 3 B S i SR RE B RN A
JEURH),

AL, A B A I T A R A A R s 1
ZIRI BRI SE. BRI 45 SRR, R 4n i
H, SLC2A1 45 A 45412 1 1 (GLUT 1) 354
B E R, A T PR A A K T,
T GLUT 39 % 38 5 %0 BT 40 e 64 Q5 3 g P2 5 255 4
SN BB, GLUTH i migeik, HHERIAK P50
F S A S,

3.2 MR S

20 B 1 A e X S MERERCRN ) B A B o A3
THARIIIR, 764 A NG 7R A1 o R i i 2 Fads £ 450 34
5. AERE AN AR, SEHNEPEN B IR MR 2 A
(CD36. FATP) K g iR 45 & & H(FABP) Rk 7% 7t
F CD36TE LTI K S AR v v B ik, A E

1702

T A K SGER AVE A, fHCDS™ T4 CD36f
T A IR 43 0 HE I P A e AR, SRt T,
FABP - ZL e R is i B 5 SR pfa e . WFFE kM,
FABP4# if /i T S0 S0 S N (e it i 4 ML iy e 7%, T
FABPS 5 NK A 14 g DA™, ERREBLT, MR
WTRR ) A B G i 32 B R AR RN D5 202, {HAEAR
WE AR, 4y TR A BT R S A 5
MG DR & LA, BRITRR G ) 2R & — R
H&EF (tricarboxylic acid cycle, TCA cycle)4: il i) £ k4
fitg A, PRI AR S5 5 A A8 6 2 Tk A I A G T 2
(ACSS2) & ATP-Fr IR 24t FiF(ACLY )T i 7his . 7
NEIWIER & BB, CBEATREAR LEF(ACC) N H R
fifg, HJE 32 F|AMPK (adenosine 5’-monophosphate
(AMP)-activated protein kinase)ifll f 1, Ha]ACC
T o e A 4B, A ST R R R
[V R G BEH(FASN) FI A A Tt 4 Tl (SCD 1) ZE AR R 5 L
b RYEE AR, KA EgmARRFRIA TR, A
AT LA A I 4 S8 i R A

N 7 R o G R o A A A ) S 1 i, KB A
FRAHHEA & LB (ACSL) . Akt B 4% A2 - 1(CPT1)
GFRIRH B TS, HPhCPT MR E AL PR, 43
NCPTIA. CPT2A. CPT3A=2KWA, CPTIA%M itk
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F2 ARALBRGEERBREEIRES S FER

Table 2 The main modulators and pathways involved in different types of metabolic reprogramming

B3| FE ST Eali) by SCik
EURRIAR2(HK2) HERAT SRR AT, (R AN [39.40]
BT A (PF1) ﬁﬁ%%&%ﬁﬁﬁﬁizﬁiﬁﬁﬂﬁﬁ%%HKJW%% [41]
p38 MAPKHIMKP- 13 i3 411 | PFKFB3, 1875 WL i hE /) R A [42]
fif K
BRI G2/ SR -2,6- W IRMG  HIW PEKEB3 RS 245 M40 11 1M 75 40 M XY BCR-ABLES 22 [43]
3(PFKFB3) TR ATV A1 790 A i 2452
y SR ) (=]
LR mTORC L HIF Lo | JAPFKFB3 123k, AT HURNRE R {2 i
VEAN A5
TR TR SR A - 2/ SR 2, 6- VRS, e A (B A B BB R IO R 1% (PPP), [45]
WA HE(PFKFB4) Pl s AU R
AT P T AR R 1) R i 2338 5 Cys(358)#IP I PR M2, fili i [46]
TR SLRE(PKM2) R A IR N R A
TR A I ), (R A AR B [47]
CD36 miR-2 13813 CD364 S HUHE R e 1 41 At i 38 5 [48]
FABP A-FABPiH i NFxB/miR-29bill B A #F IL6/STAT3 A5 5 7% F [49]
BT AR AL E(ACC) AMPKGHE BRI ACCH AN, (2 k2 s [50]
B iR £ i 2 e IV & E(FASN) FASNiE 5 AR L B AKT/ER KO 36 200 i 44 5 [51]
CPTI CPTI1ARYJE WIPETE AL REE I AZ A C I rh A ) & i, ¥ ) [52]
CPTI1AA-FIFAORLES 4 i I G 1/S Y5678

ACSLAH A Fre-Mycly ik, #E—iidc-Myc/SREBP 1344
ACSL4 TR 53]
P SLC1A5§ﬁiiﬁﬁ%’¢?§§§%§§%ﬁ%ﬁ@, TESERE A T G [54]

R g e T 1t A e e ] A

B H B LS (PHG D) PHGDH: 1 f CIf % ﬁ{ié@iﬁiiﬂﬁﬁkﬁﬁivd DR iSsigal [55]

Rz, A SRR A A T A5 S MR A G 5
AR i Terg 434k 1 ACSLAT] 38 ¢ c-Myc/SREBP1
X A TR A QI T A, (R AT 2R s e,
3.3 RUERRICHTEg

YE R AR AE A A s B, S SRR AR
WP e E T A rThee. AR AL N A 3
PO RWIRN: — TR G IR E T SRS A
VIR, o — 7 R A, R B A =R,
A W o-FER FNCOL AR ™). S AR A F e 2
REFES RN . 22 &R A E R A A B AR gt
o, Hh B G S mch F |, TR i R A 2
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Figure 1 (Color online) An overview of metabolic reprogramming in pulmonary vascular remodeling. Pulmonary hypertension leads to the activation
of various metabolic reprogramming modulators that can induce pulmonary vascular remodeling. Glucose is converted to pyruvate and lactate via
glycolysis. Pyruvate can be further converted to acetyl-CoA (acetyl coenzyme A) to enter the TCA (tricarboxylic acid) cycle. Fatty acids contribute to
the production of acetyl-CoA through B-oxidation. One-carbon metabolism, involving serine and glycine, supplies pyruvate. Glutamine undergoes
glutaminolysis to produce glutamate and a-ketoglutarate (0-KG), which fuel the TCA cycle. NO (Nitric oxide) is produced by eNOS (endothelial nitric
oxide synthase) in the lungs. Arginine is the substrate of eNOS and ARG (arginase). Mitochondrial ARG2 catalyzes arginine to ornithine, supplying
glutamate and o-KG

1704



Pk

1
: :
E Glucose .
J P i TGF-B
] : b
(G- . ]
1 1 1
1
oroseen—{prcees | | od Y
PFKFB3 i
Calpain 1 | GlucoSe-6P i p-mTOR
l i l HK1/2 i ¥
! - c-myc
| PEP i
F26P2 : . i
1
» T == " l PKM2/PKM1 fet—— AIRNPAT
v I LDH i

1
PFK-1 —>Lactate} «——— Pyruvate E

HIF2A |

Nucleus

\
PDGFB. FGF2|
CXCL12, IL1B|

Bl 2 (ROZSROR () PHIERR A 28 I A B 2 P 5 O s R

Figure 2 (Color online) Schematic diagram of the main pathways related to glucose metabolism in pulmonary hypertension
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Figure 3 (Color online) Cross-exploration of metabolic reprogramming and RNA methylation in pulmonary hypertension pathogenesis
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Pulmonary hypertension (PH) is a progressive disease characterized by pulmonary vascular remodeling, sustained elevated
pulmonary vascular resistance, and pulmonary arterial pressure, culminating in right heart failure and premature mortality.
Decades of research have yielded significant strides in comprehending the molecular mechanisms involved in pulmonary
vascular remodeling and PH, enabling the development of targeting drugs and clinical diagnosis optimization.
Nevertheless, PH remains a complicated clinical syndrome with non-specific manifestations. Meanwhile, the existing
drugs are not universally effective, being able to mitigate only clinical symptoms, but fail to preventing or reversing
pathological vascular remodeling progress. Hence, the identification of new diagnostic markers and intervention targets
remains paramount to diminish misdiagnosis and advance precision medicine.

Epigenetic modifications play a pivotal role in pulmonary vascular remodeling and PH pathogenesis. RNA methylation,
areversible chemical modification of RNA, has recently gained much attention from researchers, demonstrating significant
roles in the onset and progression of PH. This encompasses phenotypic switch of smooth muscle cells, dysfunction of
endothelial cells, and inflammatory responses of monocytes/macrophages. Gene ablation of RNA methylation modulators
in SuHx (SU5416+Hypoxia) mice shows reduced pulmonary vascular remodeling and improved hemodynamic parameters
in vivo. Meanwhile, inhibition of RNA methylation modulators also improves the proliferation of vascular cells and
activation of macrophages in vitro. In addition, numerous studies have underscored abnormal metabolic reprogramming as
a universal hallmark of PH, such as increased glucose uptake, glycolysis, fatty acid oxidation, and glutamate metabolism.
All these dysfunctions of metabolic reprogramming in various vascular and perivascular cells can exacerbate pulmonary
vascular remodeling. Of note, a large number of studies have shown that inhibition of metabolic reprogramming could also
reverse right heart dysfunction and vascular cell proliferation in vivo and in vitro. Thus, targeting the key modulators of
RNA methylation and (or) metabolic reprogramming might be an effective method in PH treatment.

With the rapid development of sequencing technology and further in-depth research on PH, increasing evidence has
indicated that RNA methylation modification and metabolic reprogramming could regulate each other and jointly
participate in various diseases. However, it remains unclear whether these processes synergistically promote the
progression of PH. To that end, this review systematically introduces the main types and functions related to RNA
methylation and metabolic reprogramming, comprehensively organizing recent advances in RNA methylation and
metabolic reprogramming in PH pathogenesis. Furthermore, we outline the potential association of RNA methylation and
metabolic reprogramming in synergistically regulating PH progression. We believe that a deeper understanding of the
metabolic and epigenetic mechanisms underlying PH will furnish crucial insights for designing new therapeutics and
advance our knowledge of PH pathogenesis.
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