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N6-methyladenosine modification and its roles in
pulmonary hypertension*
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Abstract: N6-methyladenosine modification is one of the most prevalent forms of RNA methylation, which
plays an important role in various pathophysiological processes and is closely associated with the onset and
progression of numerous diseases. It is primarily regulated by methyltransferase, demethylase and m6A-binding
protein. Pulmonary hypertension is a common chronic respiratory disease with a high morbidity. Pulmonary vascular
remodeling is the main pathological feature of the disease. However, its underlying pathogenesis remains
incompletely understood, and there is currently a lack of curative treatment options. An increasing body of evidence
indicates that N6-methyladenosine modification, as a continuously dynamic regulatory mechanism, can influence the
expression of specific genes and pathophysiological processes involved in pulmonary hypertension, thereby
contributing to its onset and progression. Investigating the molecular mechanisms of N6-methyladenosine
modification and its associated proteins in pulmonary hypertension may provide novel insights and potential
therapeutic targets for the treatment of this disease.
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I A B AU B K R AR S, SRR
foffrigmma oEILE, RATELHOER
Fpprs, i S Sl bk s Fe s 2 AR 4k i PR A
BURHLEIE PH 23y 528, R[EZE ALY PH A 45 3L [A]
9 2 2L B A7 R, G035 PO IR b IS JRE i)
SIKWLAL il SN £T 4 A RN S A7 i AR T . 2 A
MMIZ 5 BB O, I AR P L
HL . SMBERLETAEANNE . SAEARAE . PH AT LIk Sy
K, WALk K T AR, R R R,
H#fEA R, S8 HAixE PH BTG T A] DL &
AR T PR AR A A A, EORREVR A, B
KIS 2, WAL HETX T PH &R L
U EEAE PR BE Y O 2 RS T e, (HH A
PRALT A VE Y, R, TE4F b T PH Y A0
AL XoF 0 7 B ARV 7 R R O

WAERZ TR  (ribonucleic acid, RNA) &4 /E S~ Wi
FL 3l Wy 2 WL 35t A% VA 95 00 TR ARG Sy, TEAS R
B PR R A AR BRI . RNA AT DL A >
100 7l A [ B 2 46, b Ne— U JE i 47 (N6-
methyladenosine, m6A ) /i J& f5 3= & Fl fe 5 3 71 1L
P mOA B e —Fh S A RS R, T
i WL RS W 25 HY R T R mOA 25 5 R
T, — BB 5 K W1 mOA 3 13 JH T mRNA R R A
e B B AR, 252 EYE R,
KV moA W] Z 5 Mg . RAE . ARSHESE L O
L4579 5 g 2, m6A (19 31y 25 T 336 9 1 X PH A9
R DR SR 3K R AR F o AR AR SR, 225 PH IR
AL R ARSCEER T m6A B FE PH AR A
BLl, 3 H oy FARAE . A=W 2F D RE SO XS PH Y

%ﬁu[ﬁ‘lo
1 meA&IHEARAMRRINEE

m6A & 25 RNA IR 1155 6 £ U5+ 1y H 4k
B, & FL A mRNA a5 WA 2 5 A P93
&M, 290 B H RNA B 1) 97.4%" . m6A ]2
FEFEFAES S RNA . A5/ RNA (microRNA,
miRNA) . £ %% 9F g% 7% RNA (long noncoding RNA,
IncRNA) F1 3£ ik RNA  (circular RNA, circRNA) .,
m6A FUEIE £ B LA AE 3 - ERIFIX . &KLY
T-WE, LA K —3HEFE RRACH i N 3K 40 T N
(R=A/G, H=A/C/U). m6A &1 J& 5 25 Al 300 (164
FESE S IS AW . LW LR . m6A 2

HEAT.

HIL R Bl 5 ) A T P SRR (i
S-MRHHmERR) P EERE ZERNA B, JfF 1k
JA RNA A H B ALK o O 3 B 46 H LG RS I A 3
(methy]transferase like 3, METTL3) . W IE4E RS MR 14
(methyltransferase like 14, METTL14) . Wilms i 988 1
M E A (Wilms'
WTAP) . RNA Z54 57 8 H 15, 2 m6A HH AL
BER WA . BEE CCCH Z5 M (0 & & 11 13
45, METTL3., METTL14 & H 3L 8% il &2 & W %
DA, METTL3AE A AEALIE PR 5L, 17 5080 1
IR - ) S AS 31 SZ AR AR 756 6 1 1 /U T
. i METTL14 5 METTL3 J¥ i 3% 52 057 /9 53 95 — 5
i, EEHRFTE mRNAL S, JFhBhH BN, #
JEE W AR I RN 48 5 METTL3 B L5 B2 Bl 1% v 7 i e
O HEME M, WATP & 5 W %, AL &S A
METTL3-METTL14 — 5K IF75 3 H ] K Y148 55 JoE
P HAth Y L B Tl (0 D RE A 5 E— 2D IR R

ZH AL A L BR RNA B SEAMER, 54
5 MG W B AR BE AR G 8L - (fat mass and obesity—
associbted protein, FTO) F1 o — i 13 — & H #5114 XU
E B B[R JEY) 5 (alkB homolog 5, ALKBHS5) . iX
R it 3 A AN R 3 A2 AR RIVE o FTO E 223 i
S mOA A AR E 1) ] 77 ) N6 56 Y 3 iR 15
N6- Ik JE AR, B AR AR O R OBR .
ALKBHS EL#2 DA m6A F LAk iR IEE R4 v 2 i FE LT

m6A 25 G 8 AT DURE SRR m6A 7 5, F
PR YTH 25 8 LA L, w43 2 KT
[0 K % : YTHDF1/2/3 i1 YTHDC1/2. YTHDC1 F
25 mRNA NI 1 5535, 25 mRNA 57 4%
(PR FE T YTHDC2 38 43 35 51 m6A & 4 5 i mRNA
(Fa E YEFN B . YTHDF2 3 3o 3% #6712 51 m6A Jf
Jn 33 mRNA 9 [% f#% . YTHDF1. YTHDF3 {2 ¥ m6A
B mRNA (9 BE . BT C 80 A9 HoA LA meA 25
AEA, WS ERFEAEKHE T2 mRNAZASEA U
2/3. HKEE R R F 3 RSO R OB A% B 1 A2/BL
( heterogeneous A2/B1,
HNRNP A2/B1) W50 mRNA 198545 . Bk, fae
P R

2 m6AfZiffE PH REIBTNE R
m6A {5 i 2 & WL 18t 1 2 16 i 1) T 5 2 )R o

tumor l-associating protein,

nuclear  ribonucleoprotein
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TEVE 22 A= ik RGN 1 A AL v e 43 d e
JEOT T U SR R . HE Y AR T
iR IR KM 2T R B RIS R R SR
P LA AR 3R L L 2B 24 s 1 A AN
W, AR 2T C 4R W] m6A B £ PH 1)
R R R AR ], HLAS R ) m6A I A
1 PH A FAE
2.1 m6A RERERE PH IR R

m6A F L 55 B Tl VE Jy mOA &1 1 5 A £ il 1
w2 ) Jili 3l ik S 3 WL 40 B (pulmonary artery smooth
muscle cells, PASMCs) W358 . 128 . 124238 PH
M RA . K. A WIS R AR FE Ve i 2 ik = TR
(idiopathic pulmonary hypertension, IPAH) &3~ J& Ifil
H U m6A KT, HAE IR 5 PH R BRUBEAY
ERESAUAE B /M A K T BB S PASMCs 1,
METTL3 il YTHDF 1353523 m, ELFF 25 m6A 1] fig
S 55 A0 MG AR . PR T AH DG B R L (B RPS27A
Smad3., TP53. Foxd3) HyH FEAL/KF-, £ 5 IPAH
S AR A AR SNBE ST 2 % B METTL3 mRNA #1
BASH L, BT METTL3 o] J 55 PASMCs 3
SEANAEAEY . RO AE PH Hh METTL3 %35 THe,
M m6A 7K F-, {2 PHAY LKA . KJE. {HXU S
T AR 5 AR 2 10 PHOR BB R th iF R 9,
A S BT S BCPH, X T DURFSE R AR . PH YK
AL AT RE S T METTL3 A FFLR IR A T
PH AH G HE P B mOA KF- o 50 % B 178 - M — i3
i BV METTL3 K-, (e dEmE R R -2/ R -2,
6- TR 3 ( 6—phosphofructo—2—kinase/fructose—2,6
bisphosphatase 3, PFKFB3) mRNA m6A H JE A4k 7K,
fie i PFKFB3 45 1 2 ik, e 28 g 2F ~F- I L 240 Mo 3
B . ERERE M. EAZ BRI N T 2 (eukaryotic
initiation factor 2, elF2) J&—2K FIH = Bk C&E
M, Mo, B yIERA, HielF2a EHFL )
20 0 ARG IR N Y SCBE R T, SR R I elF2au
R E A5 S R PAH I 4 B A ol %5 R R E
B VE R, METTL3. WTAP fl YTHDF1 nf {2 iF
mRNA ) m6A &1, 1 elF2o fi 3 PAH fili i & &
T W TR T RN K 5K R W IR 4 (phosphatase and
tensin homologue, PTEN) 11 5% 1F & 40 Mo 64 4k £5 917
Sk IR A P F, PTEN 7 Sk 42 il 2 2Rk 40175
(1 PASMCs H 3R IKFEAR , 0B PTEN AT fi #E A8 7] 3
(4 PH 3 Ji& o 7EB %015 (19 PASMCs ' YTHDF2 & 3

F+#5, YTHDF2 i & 1 5] METTL3 4 5 [ m6A & 1fii
() PTEN mRNA, {&# PTEN mRNA 9 F%fi# . PTEN
F4) 88V 318 1o 93T PI3K/ Akt 15 5 38 5 3 PASMCs 1
JERATY , ZE B METTL3/YTHDF2/PTEN % £ Bt 4815 5
(1 PH & 4% & 2L /E ™. 418 (W 3L 3 R il
SETD2 {1k 41 % 14 H3 | 36 {37 i 4 1k i = H1 3L 4k
ZHOU Z5PUIE 57 e BRAE B 4075 5 19 PH /S Bl PASMCs
o' SETD2 1 METTL14 % ik Ft & , 1fii PASMCs
SETD2 fY #t = 1 [% ik METTL14 3 ik 7K °F F1 m6A
RNA HEARIKF, DR AP/ R A 52 460175 5 19 PHL.
YAO P9 K LA B 40175 3 1 PH Fl PASMCs T,
BERVELEBIREEESM A (myeloid ecotropic viral
integration site 1, MEIS1) 5 T . 1 o £ &
MEIST 1] 33 %% 5 %2015 5 PASMCs 4 38 5 F1 i 55
P28 MEIS1 A S it sh k98 2 5 PH, H e 646 2%
{4~ MEIS1 i# i METTL14/MEIS1/p21 {5 5 18 %175 3
PASMCs 3455 FliE % .

ZE B A, m6A WL F47il Jt HO® METTL3 A
METTL14 7E PH "h A Fh i, il m6A KV T, &
i) PASMCs 3558 . &%, =5 PH LR, HIER
[F] By Sl A A 2 e A AN T] Y 2R R
2.2 m6AXRENEEEPHPRNMARHAR

AR KEKRIER E A (Monocrotaline, MCT)
P51 PAH R BRI fili2H 24 FTO Al ALKBHS
(BRI, FTO ik T AT BEAE mRNA m6A &1
il E SR, IR RE . MR . R ikE
K F-B KEZ B 40 M AN 5 32 (A0 A
FHAL I MR AT A A K I {5 S8 2 5 PHI A
AP XU P AR 5 0 PH R BT ZH 2L b
PLFTO Fik FH, w2350 FTO 38 i 0 7 i 1 &R
D1 (4 G1/S H A M IE 8 15 ) m6A iy =,
IR Cyclin D1 FRCEYE, 5140 00 B W R A,
UG TE, TS5 PH KA

LR £, moA B RE S5 PH &
AL kR, AHBEI AR BARE(E S B
W AN, AR — 2P A gY .

2.3 MEALEEBREPHHHHRER

HAT, XFPH P m6A 454 8 H i F 58 EZ g
F YTHDC1 Al YTHDF1/2, ZHENG %™ fiff 58 %
PR AI Bl AEUIF 5 10 it 20 K P9 K 4B D (pulmonary artery
endothelial cell, PAEC) #l Sugen it % PH /)s FURE BY v
YTHDC1 %3k F##, YTHDCI 5 41 2K 11 %% 2 50 40 )
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PAEC 3454 ; YTHDC1 ¥ ] ) 22 55 4 3 ik 3 R 76 1l
AR N AR RS WA BT U g T 4
etrrhEdE, WA NF-kBl, Faxd3 Al S5 T
YTHDC1 J8#% . 4 10 — Fh R 5 4 i st 1~ 1
EX, &5 7 MA M PH
hypertension, HPH) 3 B A= BRIE & o 7E S 5A5 T 11
PAEC 1 #f 5% & ¥ YTHDC1 4> 5 9 m6A i 5 T
FENDRR (LncRNA FOXF1-AS1, — F K 4% 35 2 i)
T, HEmE B A LR S IX
B RNA-DNA = AK I8 Bk 461 5 25+ DNA &
b, A o B4R A S 0 PARC R TP g iF Y
&P YTHDF1 38 15 LA m6A M5 1) 7 2 3 5tk 2B (0 200
PUIR R D1 B, {2 F PASMCs 1 5 F1 3¢ U 4%
Pl LIU 4P F 58 % B METTL14 #1 YTHDF2 7E
PAH " 235 715 s YTHDF2 32 51 m6A &4 1) GRB-2
& # sk 8 3 (GRB-2 related adaptor protein,
GRAP) mRNA (GRAP /& GRB-2#H Xk E 1, H
i 235 8 i 40 ] Ras/Exk {5 530 1, 6 RSN 1K
i 30 PAH PASMCs [ 34 5E FR 28R 1), JF4E
iF GRAP mRNA [ B ff , 30 GRAP RiBFEIL,
P PASMCs Ay 384 5 T 7% Al PH & '€ . HU S5 78 /N R
PH 15 A vh F 58 & #, 7€ PH 19 & e i & p
YTHDF2 £ [ 3 35 1 i 38 o 42 iF il 21 2 i S B 1
(heme oxygenase 1, Hmox1) mRNA [ fi#, JiniE T
PASMCs 114 530 15 I 200 B 6 Ak AN S g A, 2 i PH
R RE, AMSCRI, 7EMCT %S0 PH KR
BRI, HNRNPA2B1 &3k 7K V- T+ 5 . HNRNPA2BI
%) #0855 R 7E PASMC 19 JUL 1) 40 1t 434 R 1l 480 % & R
B E L. AN, T R S T Foxd2/3 Al
NF-«kB 7] 2 55 HNRNPA2B1 (1#%, HNRNPA2BI
A JE 4% PASMCs 3 5 Fil R T 46 A% | {2 i0F PH & ™,
SU SECUHIF 5 3 B AE Bk 420155 T 1) PAH K BRI 4141
circRNA [ m6A F= i 1 Ak . I0Ah, TEBE A1
T, m6A 5 K F 50 circRNA-miRNA-mRNA 3t
FRML, FE Foxo., Wnt 550 BB, R A&
I cireXpo6 Fl circTmte3 ) m6A 7K V-5 PH A #H 5 1: .

g5 L PTR, m6A 4545 85 11 AT g 38 1 5 e 48
HEHE R T A AR G IE B 43 mRNA B cireRNA 2
H5PHM AR kKIE.

BESRE

PH & — i DL PRI IR R Go i, i &

(hypoxic pulmonary

3

MEE R &, PUREZ, B Z G0 7
o m6OA B & I i UL RNA H IR A& 1, 2 3)
SR, FEELPEEERESY. £
LA moA 25 5 B 1T, S/ LM EZH
m6A B T & . H TS R B m6A J
AT 2 1 3 EE a2 UE PASMCS/PAEC 345 . P
To . RIESFE5 S S0 HEE, Mo e i
PHIE . H HHI m6A 7E PH 1y AF 5% J2 Al X 45 7
[, 843 m6A T B AR ORI R, BLR
{55 38 B A B A, LR 4 i A AL 2 2 2R
YE B hod, sz BRI SCRmuE. A
(I 5% % B m6A 32 % /E PASMCs/PAEC B % . 7=
R EEAME L (0 m6A &M A HAth PH i) & 97 HL il
HRPER R AT, AR — . ROk IE
FEAAL TG PR mOA #H G 8 1 7E PH () R ik 28 1k
I EERE S A Bl B SR . & B SRR A0 el R R
FEANERILZS S PHIEM, L&k m6A 454G E A
Al 43 PH H m6A F SLAL (35 P AL . H 70 oF
RKREZNHY LK, S Im IR0 . T By
m6A K IEIGIT PH B AT REVEt i A ARG, A fFiE—
ST . B AR moA K H A 56 1Y 45 5 1 BT
BIRIT PHING 4 . AR, KUY, iz
S LA

S

4

% X ko
[1] XIA Y, ZHANG Y Y, HUANG J, et al. N6-methyladenosine
modifications in pulmonary hypertension[J]. Pharmacology, 2023,
108(6): 497-503.

[2] DAI Z Y, ZHU M M, PENG Y, et al. Endothelial and smooth
muscle cell interaction via FoxM1 signaling mediates vascular
remodeling and pulmonary hypertension[J]. Am J Respir Crit Care
Med, 2018, 198(6): 788-802.

HUMBERT M, GUIGNABERT C, BONNET 8§, et al. Pathology
and pathobiology of pulmonary hypertension: state of the art and
research perspectives[J]. Eur Respir J, 2019, 53(1): 1801887.
BERGHAUSEN E M, JANSSEN W, VANTLER M, et al
Disrupted PI3K subunit pll0a signaling protects against

(3]

(4]

pulmonary hypertension and reverses established disease in
rodents[J]. J Clin Invest, 2021, 131(19): e136939.
[5] DESROSIERS R, FRIDERICI K, ROTTMAN F. Identification of
methylated nucleosides in messenger RNA from Novikoff
hepatoma cells[J]. Proc Natl Acad Sci U S A, 1974, 71(10): 3971-
397s.
[6] YUEY N, LIU J Z, HE C. RNA N6-methyladenosine methylation

in post-transcriptional gene expression regulation[J]. Genes Dev,

2015, 29(13): 1343-1355.

47 -



EBREAE

4135 %

[7]

[8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ENGEL M, EGGERT C, KAPLICK P M, et al. The role of m6A/
m-RNA methylation in stress response regulation[J]. Neuron,
2018, 99(2): 389-403.¢9.
DENG L J, DENG W Q, FAN S R, et al. m6A modification:
recent advances, anticancer
beyond[J]. Mol Cancer, 2022, 21(1): 52.
HE P C, HE C. m6A RNA methylation: from mechanisms to
therapeutic potential[J]. EMBO J, 2021, 40(3): €105977.
WANG P, DOXTADER K A, NAM Y. Structural basis for
cooperative of Mettl3 Mettl14
methyltransferases[J]. Mol Cell, 2016, 63(2): 306-317.
PING X L, SUN B F, WANG L, et al. Mammalian WTAP is a
regulatory of the RNA N6-methyladenosine
methyltransferase[J]. Cell Res, 2014, 24(2): 177-189.
FU Y, JIA G F, PANG X Q, et al. FTO-mediated formation of
N6-hydroxymethyladenosine
mammalian RNA[J]. Nat Commun, 2013, 4: 1798.

ZHENG G Q, DAHL J A, NIU Y M, et al. ALKBHS is a

targeted drug discovery and

function and

subunit

and  N6-formyladenosine  in

mammalian RNA demethylase that impacts RNA metabolism
and mouse fertility[J]. Mol Cell, 2013, 49(1): 18-29.

XU Z J, LV B B, QIN Y, et al. Emerging roles and mechanism of
m6A methylation in cardiometabolic diseases[J]. Cells, 2022,
11(7): 1101.

HUANG T, ZENG Y H, YANG Y, et al. Comprehensive analysis
of m6A methylomes in arterial
hypertension[J]. Epigenetics, 2023, 18(1): 2242225.

WAL, BT, %8 . METTL3-mG6A s A2 40 i il 31 k- 9 1)L
RSP SEIR BT FE ). BRI EE2F, 2021, 32(8): 953-956.

XU S S, XU X F, ZHANG Z M, et al. The role of RNA m6A

idiopathic  pulmonary

methylation in the regulation of postnatal hypoxia-induced
pulmonary hypertension[J]. Respir Res, 2021, 22(1): 121.

CEE L 17R-0E T _E JH METTL3 {i2 f PFKFB3 mRNA H 34k
PR IE MCT 1755 1 il 30 Jik o Hs 2 Je O BLARI BT [D. )90 )M
FERIREE, 2020.

S PE . mRNA [ moA &1 _ 7 elF2a 7617 H & 08175 5 1 Il
Sy Ik i PR S 17 7 AL T % VBB (D). 5 PH - R AR 2
2022.

QIN Y H, QIAO Y, LI L Q, et al. The m6A methyltransferase
METTL3 promotes hypoxic pulmonary arterial hypertension[J].
Life Sci, 2021, 274: 119366.

ZHOU X L, HUANG F J, L1 Y, et al. SEDT2/METTL14-
mediated m6A methylation awakening contributes to hypoxia-
induced pulmonary arterial hypertension in  mice[J].
Aging (Albany NY), 2021, 13(5): 7538-7548.

YAO M Z, GE X Y, LIU T, et al. MEIS1 regulated proliferation

48

[23]

[24]

(25]

[26]

[27]

[28]

[29]

(30]

(31]

and migration of pulmonary artery smooth muscle cells in
hypoxia-induced pulmonary hypertension[J]. Life Sci, 2020,
255:117822.

ZENG Y H, HUANG T, ZUO WY, et al. Integrated analysis of
m6A mRNA methylation in rats with monocrotaline-induced
pulmonary arterial hypertension[J]. Aging (Albany NY), 2021,
13(14): 18238-18256.

XU J, YIN D, ZHANG W J, et al. The role and mechanism of
FTO in pulmonary vessels[J]. Biotechnol Genet Eng Rev, 2023:
1-16.

ZHENG H, WU D, CHEN X Y, et al. Endothelial
downregulation of nuclear m6A reader YTHDC! promotes
pulmonary vascular remodeling in sugen hypoxia model of
pulmonary hypertension[J]. Heliyon, 2024, 10(3): ¢24963.
WANG X Y, LI Q, HE S'Y, et al. LncRNA FENDRR with m6A
RNA methylation regulates hypoxia-induced pulmonary artery
endothelial pyroptosis by mediating DRP1 DNA
methylation[J]. Mol Med, 2022, 28(1): 126.

HU L, WANG J, HUANG H J, et al. YTHDF1 regulates
through translational of
MAGEDI[J]. Am J Respir Crit Care Med, 2021, 203(9): 1158-
1172.

LIU P F, ZHANG A K, DING Z, et al. m6A modification-

cell

pulmonary hypertension control

mediated GRAP regulates vascular remodeling in hypoxic
pulmonary hypertension[J]. Am J Respir Cell Mol Biol, 2022,
67(5): 574-588.

HU L, YUY F, SHEN Y Y, et al. Ythdf2 promotes pulmonary
by

and

hypertension suppressing ~ HmoxI-dependent  anti-

inflammatory antioxidant ~ function in  alveolar
macrophages[J]. Redox Biol, 2023, 61: 102638.

ZHENG H, HUA J, LI H P, et al. Comprehensive analysis of the
expression of N6-methyladenosine RNA methylation regulators
in pulmonary artery hypertension[J]. Front Genet, 2022, 13:
974740.

SU H, WANG G W, WU L F, et al. Transcriptome-wide map of
moOA circRNAs identified in a rat model of hypoxia mediated
pulmonary hypertension[J]. BMC Genomics, 2020, 21(1): 39.

CER} 4itit)

ARSI AR XIENL, B/, Sk, 45 . N6- BRI i L

LR Tt 2l bk 25 v ) BIF 5 2 S (], b AR B o 2k

2025,

35(14): 44-48.
Cite this article as: LIU X Y, XUE X L, HU Y T, et al. N6-

methyladenosine

modification and its roles in pulmonary

hypertension[J]. China Journal of Modern Medicine, 2025, 35(14):
44-43.



