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The role and mechanism of N°-methyladenosine modification in atherosclerosis
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[ ABSTRACT ] Atherosclerosis (As) is the pathological basis of various vascular diseases, which affects the function of

important organs.  Recent studies have found that N°-methyladenosine (m®A) modification plays a vital role in As.  This
paper summarizes the regulatory effects of m®A modification on vascular endothelial cell (VEC) injury, vascular smooth

muscle cell (VSMC) transformation, macrophage (Mg) differentiation, foam cell (FC) formation, pyroptosis, and lipid

regulation, and summarizes the regulation function of some m®A regulatory proteins in As.
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HHE WHO 23 #i ) 2000—2019 4F 4 ERBE T I
FRPEHIFASCEAE" T, 4Bk 3 AL HE4 B Y
SELL B RETE 1k ( atherosclerosis, As ) A B BE Al
AR AR C BT A XL, JEAESR DA As S B AR
PRI 259 RN T 8, 45 HB R i I [ R 3k R
FEN AP, JRRHE TA/EERBRE As
1y & AR, DR RS AR YT A . RNA Fh2s
B2 HHEAFEWEY¥TIRE, J& As BFIT I B ZHE
RRFG, NO-HI LR ( N6—methyladenosine ,m°A) &
T, B RNA RIS 25 75 A0 BUR 1 S &4, HoA
MEBESAAELIETF 3 -AERFEX A RTES
HF RRACH(R=G or A;H=A,Cor U) B KA T
X e, & B A ) mRNA f5c %08 1 38 1, 72 7E

vascular endothelial cell;

vascular smooth muscle cell;

THEIRMATARMZE RNA I, B m°A 5
TFHRAY 0. 1% ~0.4% ' fHHZ: 5505 e A 1y
B N R | I A S e AR PR i 3R WL 35k A%~ F
FERIRRTTZ 0 TR R B m® A B4 5 AR s 2 T
W, EEH meA P A (writers) | &
FHILFEFL il (erasers) (455 H (readers) 2 58 $5
AR R As SAHDCEM KA 5 m® A B ik As
ZRIFFAEDCHK . S0 Biope 78 £ 38 As R0 0 I8 N B2
A0 ( vascular endothelial cell, VEC) H m°®A & /i 1
ZNRBEH Y VEC  m° A 8 11 56 7 il
FEFE 14 ( methyltransferase-like protein 14, METTL14 )
HKETFE R 2 e Bk 455 1F (acute coronary syn-
drome , ACS) 3 ) 5 I 41 g ( macrophage , Mg ) P
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METTL3 % ik b8 &0k B AT % % R 3 1
(oxidized low density lipoprotein, ox-LDL) &b FH ) A
TR B ik - 1 L4 Bt ( smooth muscle cell, SMC) P
m® A B 7 B METTL3 J5 /N BUZ2 350 30 ik B
e /NS /NG IUSBE 1R A 4 TR I 220
FEFEOHE N m°A B2, S m®A P& A
A& FNAE AR SC B 9 (fat mass and obesity-associated
protein , FTO ) 7K FREAGARSES | AR SCXF m® A 184 15
As TP B f— i 204

1 m°A 5 VEC TheEkifF

VEC ZHRER 2 L5 28 i RRIE AR R 22—,
2 B AR As S BHLE 2 —, Bk AL A
F kB ( nuclear factor-kB, NF-kB) K H & & W1 As
HRL i 3k, NOX/ROS/NF-kB 5 5 it i B i
1%, ROS 7EANMIPHMER ) NEZHIRIMIY RAW 264.7
W, YTH Z5F3 % % 2 I F2 ( YTH N°-methyladenosine
RNA binding protein F2, YTHDF2 ) /K~FFt &, 1M i I
YTHDF2 J5 , 22 245 5005 25 F I ( mitogen-activated
protein kinase, MAPK) MAP2K4 il MAP4K4 | m°A
1B 3G 22, FoE PEBS i, ®HiE 3 £2 B NF-xB/
MAPK 38 %, f { 4 E I F B, ox-LDL 4b B
AN ERAZ A I IR 201D 1 P9 METTL3 38 22 3840
T PPARy 2303 HF 1o ( peroxisome prolilerator-ac-
tivated receptor y coactivator 1o, PGC-1a) mRNA L
m® A &M, 28 YTHDF2 U0 Ji5 Tk [ £, 41 a5 8
VIS LR R L A5 B RE 7, IR RS I = BEIR
Az IR 5 () I 2R 1A A ) IR BE 2 40, Y R g
T35 2 ROS BUE AT 1 4/ 3R 1B/6 (inter-
leukin-18/6,1L-18/6) W& YR ALK F o« (tumor nec-
rosis factor-at, TNF-a) F1 C-X-C J&JF a1k H 7 10 4l
MelE BB 4 1 (intercellular cell adhesion molecule-
1,ICAM-1) F I afb R A 1 B2 @ik
ST NE/NERN K 20 M (endothelial cell, EC) I
METTL14 3 £, 34 /i1 T mRNA a-klotho |2 m°A &
Wi, 410 ) R 3E, BUE VEC 1Bt S A0 1 3 RE g s
55110 TNF-o b 3 1% A5 8 ik 9 B 40 i (human
umbilical vein endothelial cell, HUVEC) § METTL14
W2 BN T e s N SURME R 1 O1 (forkhead box
protein 01, FOXO1) mRNA _F m°A &4, {2 {ii H: ¥
Ve 2 A R S 8T ICAM-1 AL 41 i 2%
[f43F 1 (vascular cell adhesion molecule-1, VCAM-1)
) mRNA 55 1 P B2 - A% AN B . ox-LDL
AbFA HUVEC P METTIL3 422 7 5 ZREAE K

T2 mRNA 4548 H 1 (insulin like growth factor 2
mRNA-binding protein 1, IGF2BP1) 1%k B T, 54 i
T Janus ## 2 (janus kinase 2, JAK2) /) mRNA I
m° A A, AR B, TR JAKD/ 55 7 S R S
P IR F- 3 (signal transducer and activator of transcrip-
tion 3,STAT3 ) i, {23}k HUVEC 35 iEB™ . As
At VEC P METTL14 #4223l i 59 1 pre-miR-19a {9
m° A AR 6 H N T miR-19a, i miR-19a i %
BRI As 4b VEC F3GFE AR ZRRE Ty ot . 2k
B (24 h) B HUVEC N ALKB [R5 4% 5 ( ALKB
homolog 5, ALKBH5 ) 14 2, B ik 1 1 22 Bt I I 1
( sphingosine kinase 1,SPHK1) #J mRNA [~ m°A
FEIARAEHBIE, B T BEAREILEE 3 3/ 2
fitt B ( phosphoinositide 3-kinase/protein kinase B,
PI3K/PKB) i 44 7 A= 14 N B2 B — S Ak R T 1) 1
WAL IKOF 45 R F 445 M8 P B PR i RE ), R
MR LT oW 1 fil & YTHDF2 %% 5%, YTHDF2 58 i
TR m A 75 AR 2 B-1(integrin B-1,1TGB-1)
() mRNA &g M, #0 i HUVEC W55 BE 77 S 00 199
MUl EC WA TR RFRAES . ox-LDL AL 3
A HUVEC ™ vir £ m®A 1 2¢ H 3L 54 B [ (vir like
m°’A methyltransferase associated, VIRMA/KIAA1429 )
2 B8N T Rho JIHKASHIIRIERE HV005 2 (Rho as-
sociated coiled-coil containing protein kinase 2, ROCK2)
) mRNA b m® A 4, A AR E 1, et FLRIE
ikl HUVEC $AER

EALN R As 1R I SR Z 1", VEC
N m® A KT, BEREEA S NF-kB {5 538 B
JinROS & A, 3 ik A Ak W 4, SR T A AR
PGC-la KV BRI AR W) A BB $ B4Rk
IR GV EE R KB TR NSNS RS A L At
J1, e iE L AR AR 1 a-klotho A ZKSF- 12 1 44 i 5
o HAZAMIA m® A JKSFTH R, YTHDE2 S R 4
Z 4R m® A K [RIEFK: MAP2K4 F1 MAP4K4 |
(1) m® A B HRVE Bk, BT NF-wB {5 53 i, Bl fie &
PR T~ A PN - B A A M R B, m® A KF T e
VEC i3 [6) 5£5 , [) I 14 0 P B - 200 B 2 e 2 F
As T,

2 m’A EMETFRNAMTREEN

HRAE A LN ) U SR As IR W]
H L % - WL4H MY ( vascular smooth muscle cell
VSMC ) MBS ST 4 2 708 SRy AN L ) 5 1L Wi
AR WD TR RE R R R T 2, O
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PN 20 T L T P £ BBUAF OC Y 32 1k, e B R AR S A
IR % B iR 25 1 2 1K 1 (lectin-like oxidized low-
density lipoprotein receptor-1, LOX-1) | i ¥4 iz &
CD36 , F W40 3 38 K 324K 1 (macrophage scavenger
receptor 1, MSR1) %%, FTO il i )i /> Kriippel ¥
F 5 (Kriippel-like factor 5, KLF5) i mRNA | m°A
e 6 LB, 16 S VSMC 14, METTL3 jf
AT KLF4 Fom® A BRI . KLF4 3
ok 5 I 5 5% R SE P LA S R 87 X
PEHETTH: CC(A/T-rich) 6GG ( CArG) , 4] VSMC
TR 26 R S e R A A 3Rk {2 i VSMC R Y
Ak, /MRIEA K T BB (platelet-derived growth
factor-BB, PDGF-BB) 4t L 1) VSMC 1 METTL3 3%
% ,PI3K 1) mRNA | m® A &4 22 2 4 H 8 1
il AT PI3K/PKB B HE VSMC R BIFLE

3 m°A 5 Mg thik

PR-EERAES S As BB B My
32 B[R AT AR AL Sy 22 Fh 2R B Hrp 5 585 AH
M2 B . 22 HLTE A M1 B AN AR M2
FF ik SMC  METTL3 3 2 31 T pri-miR-34a
b m® A B AR RO T AL 2 G A 8 X
FEH NI T8 miR-34a, miR-34a 38 3 0 0] L ERAE
BHIEATFHRT1 ('silent information regulator 1,SIRT1)
(¥) mRNA ff SIRT1 /KF-BEAR™, SIRT1 7K F- L9
AT LU I Mg [ M2 B A6 S mCA B AR AR
KLF4 /K520 1 KLF4 X515 5 56 S R 5% S 30m
[A-F 6 (signal transducer and activator of transcription
6,STAT6 ) P [E) 35/ Mg RS ZRR B 1 2 S 1k ) ity
R B8 B W) B4 0% 52 Ky ( peroxisome  proliferator-
activated receptor vy, PPARYy) W 321k, i Mg > Jf:
fiefll Mg #la) M2 Bfl, @ik METTL14 (38R 1k
¥ 88 ( myeloid differentiation factor 88, MYDSS) [
mRNA 3" JE B X N m® A & M s /0, JLRR s v
fI%,MYD88 7K R A%, p65 R 1k 32 21| 52 i 5 B —
AR p50/p65 AMZARFEAR, 1L-6 A= s b |, e fili i
ZWEVE S THP-1 BOAZ A 1) M2 B AL

4 m°A SRR

HIRANIE (foam cell, FC) N AF7E KI5 it , &
As BEH N AOAFAE A0, R BEHL RO 0 BN, BF
FEFEIH As BEHLPN FC 58 TR IUR . B -E g4

AT VSMC, J5 & i L) 75% ~ 819% 777 | SIRTI
WD T VSMC 38 I A R VSMC AR
JRAYRE J1, m®A & i i i R KLF4 [i] 4 F
PPARy /K-, 1 Mg 2 (3SR Co-idd 204k P g 44
HaTH W) 3% 0% 5% K y (protein kinase C a-peroxisome
proliferator-activated receptor v, PKCa-PPARY) {5 =
BRSO AR RS 5k CD36 AR, ox-LDL 4b
FHfY Mg H DEAD-box RNA fi# ji€ i 5 ( DAED-box
RNA helicase 5,DDX5)#Z  DDX5 5 METTL3 #HH.
YEFIf#E MSR1 1Y mRNA | m®A Mk, fae A Y
MSRI1 )21k, fEfl Mg 75 WERR B3 17 FC #1605
DAL BRI m® A 84 3 Z2 0] LIRE AR A AR VSMC %
J1 WD Mg iz R CD36 Fik i/ Mg H A Y
MSR1 FYEIR , 871 PG & 77 W i S A BE 1, B2 W FC
e,

5 m°A 54HpET

AMMEAETY R T IMAE R VEFREL, ST 40 Y
ST [B], SE A As T BN & i 1Y 8 2 B
m® A MM AT LA £ T AR DG 5% AR I ARUE 1, 5 )
MM AR TR, U As SRR, THRRMIRE T 1
(interferon regulatory factor 1, IRF1) AbHH ) Mg PN
METTL3 #£ #4017 circ-0029589 i m°A 1&1fi,
FEAER RNA £ e IR o R, 5 & T 32X Caspase-
1T, o A MR R R, BUA Mg T 3R
I 43R B HUVEC F/h R E 3 ik EC 1 METTL3 34
Z YEIN T pyrin 45H93 NOD A2 K ZK % 1 (NOD-
like receptors family pyrin domain containing 1,NLRP1)
mRNA _Ff) m® A B0, $25 mRNA B2 E PRI
B, N NLRP1 R /MAZH 2% | 376 Caspase-1,
SEECHET . m° A S5REN YTHDCL i K
S L FE A F1-X X RNA(FOXF1 adjacent non-
coding developmental regulatory RNA, FENDRR ) [%
fif, B msh 1A & 1 (dynamin 1 like, DNM1L) %%
T JEHEBREAE MBI IK EC #2721 YTHDCI
5ik%55 N 25545 5 AR 1 (nuclear paraspeckle assembly
transcript 1,NEAT1) &5 &2 ff NEAT1 [, B S
ZEEE Y KLF4 T NLRP3 %% 5%, Ik HU-
VEC FET=, Mg Je EC R T 7 B4 Jo) 5 4
PERIE, N As I RRAIE A 1F . m°A BT As
RGN 0 5 T i A bl 2 R 4 T 0 ELAE e g
RFEIH F Z AR HH 2 11 6 (TNF receptor associated
factor 6, TRAF6) AHIC Y Mg JH T [UNC-51 FEi%
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fiff 1 (UNC-51-like kinase 1, ULK1) #H 5 HUVEC
AT s AR K E 7 8 5t 11 (solute carrier
family 7 member 11,SLCTA11) FIEKFET- ] & 1 1
(ferroptosis suppressor protein 1, FSP1) A5 A SMC
BRBET-PS 2 ARAH HAE 5 19 3 (receptor-interacting
protein 3, RIP3) {3 SMC IRFEVEF T2 Mg
FENO SRR A AR AR T, BT m® A B T AR
SR 2 L ) 2% R 46 SRy e . R KR B SEAAIE m® A
T As A OGN A0 AMSE T 7 2RI T, A
ARG m® A EiXT As 3 R BB

6 mA S5ImAgAT

ABFFERW] m® A B 5 s A DG ety
Frogrn As B M 2 IR 25 1 (low density lipo-
protein, LDL) /K- 5 #RJE 1l m® A /K SF- B k564
ESEREARKET 2 mRNA 555 H 2 (insulin-like
growth factor 2 mRNA binding protein 2 ,IGF2BP2) 34
T # B H E (apolipoprotein E, ApoE ) mRNA #¢
1EFHEE R m® A B4, Fo g 3R IA 1T FTO /EFI

ARBC )5 0 v i K £ MR 3% Y /0N B0 UL 40 M P
CD36 1 R [ F 8 15 oo 4k 45 & B H 1 (sterol
regulatory element-binding protein 1, SREBP1) H}
mRNA 53k '8, H METTIL3 3 £ i FTO 3>
A m® A B4 T B 1 R A T i B 1 B
IR As BF AR K,

IMAg 25 16 5 m m®A 98 5 | R R s,
SREBP1 /& NLRP1 _E #3845 K 1| H NLRPI
SE /M S 5 40 A T AR U I I B 4 m® A
AR MR T A FE QM. AR AR
K 2L NLRPL e &3k, 1 BRUUE BAT, A I 4
NLRP1 3 ik J % 1% vl i B A Fl 8 K 41 2U4% =
PEST S BRI IR SR AR TS As FEB L
il om® A B4 5 5 8 T A9 56 R NLRP1 i 2 4%
G YIA S . BB AR 55 1, m® A &4 40 o] 38 2
PE¥E NLRP1 A9 7K F- 98 15 4 M £ Tk 78, ol BB 48 7
As KIRHLEIZ—

FETARTC, /N RNA m°A 18 B 25 LX) As
A2 IR 1,

#* 1. RNA m°A &1 F EEH I As HIR M
Table 1. The effect of changes in RNA m°A modification abundance on As

m A BEEH FREEARL A RNA mé A K ZhE R

METTL14 Hm a-klotho 4 VEC HTE AL BRE J1Ik 55, 25T As k4

METTL14 HEm FOXO1 | fEf B - TN B ANBEZEI, 505 As KB

METTL3 Ham JAK2 A ik VEC 3858 355, P 4F EC TIRESEHL , IELR As KR

METTL14 Hhn Pre-miR-19a o VEC H3ETE FIRZERE 11808  JESE As K&

ALKBH5 A SPHK1 T JEINYERF VEC BUERE T IRPLBIALE M, IELR As KR

YTHDF2 v ITGB1 A M4 HUVEC U FI VEC 3454 T8 [R286E 11, TE 5% As
KR

KIAA1429 B ROCK2 A i HUVEC E TR, 55K As

METTL3 A KLF4 T 5 CC(A/T-rich) 6GG( CArG) £5-& W8 /0 , AN REHN T VSMC 4
T 4 28 0 e S PR DR B 3858, A VSMC R HFE Ak Ui
BN FC, 3G As BEHAR E 1

METTL3 Hm PI3K i S PI3K/PKB 3l #% , {2 7 VSMC & B 55 4 | 38 Jin B B
N FC,FE{% As BEBLRE 2 M

METTL3 i pri-miR-34a A f w454 SIRTL, 2 VSMC 3% Wil M2 #i Ak, 148 N B2
RIEY 8L, B K As

METTL14 > MYD88 T 4] NF-xB 0 B30 Frak 09 1L-6 3k Rl M2 #i 4k, v b
BEHL N Mg B4 258 BEE

YTHDF1 B STAT3 FiH BE JAK2/STAT3 @ AR (4 Bk T 4l 17 433 1L-17 , 4
FERIESE I M1 AL, 155 Mg K R4 BRARBEH AR
EME

METTIL3 > MSR1 T FaqE A B MSR1 ik, 55 FCIER
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LR

m® A JHEEN FREEARE AH RNA mé A K 2

METTL3 Ham PGC-la M 22 YTHDF2 & H S I B AR, 300 Mo SRR & Bl BE
A, ATP W/ EC RIS 5B, 5K As

YTHDF2 Beili| MAP2K4 MAP4K4 T Pkl NF-xB/MAPK 38 B3OS |, 08070 Mg S 5E 1B, 1 5%
As K&

FTO Ham KLF5 T 755 VSMC BT RS , B0 VSMC I FC, 3 K BEH AR

METTL3 A pri-miR-146 i HEHNAY miR-146 485 F 98 TRAF6 mRNA , #1llii] Mg 1=, U8
/N As BEHLRE 2L RS

ALKBH5 A TRAF6 T W/ TRAF6 263k 4 Mg P81, U/ As BEBi 24 XU

METTL3 e circ-0029589 R circ-0029589 [ 53 Caspase-1 JT6 , Koim R 4E P F B,
Mg FET-HE L2 (EFEBREH N RAE &, BB Re e P

METTL3 Han NLRP1 i NLRP1 #3505 5 NLRP1 & M /K 20 58 | 7%
Caspase-1,EC fET-H £

METTL3 o pre-miR-20b i miR-20b 1 AR M ITER ULKI mRNA 387> HUVEC A W

METTL3 Byl SLC7A11 . FSP1 A % Fsh ik SMC ZAE T

METTI3/METTL14 &> P i

e W RIP3 T g vsc iR FERER

=

1 : pri-miRNA J& miRNA IRIRATI , 255 Y15 28 i pre-miRNA

T B 2

m® A i3 53 i ZEFL 3 mRNA | (A5
SEARGID 156 B LA 42 200 i 2 7R L 3 o 2 I
(1, FATTERXT LB B3 b Fi ol g i R R R AR
TR AR A M R R S DR I R AR As AT
EAFEF . e Sk & B m® A B4 R 55 2 Fl RNA
FReE Pk By b BRSO S B, Horh KL
TEZA As TP LY BEE B 7R T . m A (B 1 38 £
T KLF4 K fi# ks KLF4 % VSMC PN 4s 25 1 3k
FEIRAAMHRIVE T ] VSMC VAL [ m® A
&1 I8 SIRT1 2l VSMC %%, U 55 HoA W I o
e 1 i R 8 PPARy /K AR fH Mg [5] M1 # 1k
FEFEAR CD36 /K-, i SIRT1 {21 Mg [f] M2 H%
b, FBH m® A B W] BB T IR KLF4 (187K (] 42
HEFF VSMC URZEThfE, Ll As /i M2 B FC /5 Fb It
PO BESR S AE , T S BN FSE BES  IEZE As HE SR 1Y
YER . AHSR A L5075 KAk I R bR A 19 BF 5% 45 21
EUFE 2 #7 . KLF4 K32 m®A 875, H KLF4 845
Mg RS SSCAR A S S, KLF4 5 NLRP1
JERAFAETH Y &R, m® A B4 ] 25 4k, 7E 1M i V4
A5 3 A R B R, X As TE REIA YT A T
SCATDA#E— PR R . AR X m® A B 5
AL/ As BIEB A KR HLET, SN As BAH JCB 0% 1)
IR I RGNS LR

,pre-miRNA i — 25 57 Y] 5 48 U miRNA

FlEEMR AEZEHFEARAEEF R TR
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