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[ABSTRACT] N°-methyladenosine (m°A) modification is one of the most abundant epitranscriptomic modifications in
eukaryotic mRNA, with dynamic and reversible properties.  This modification process is coordinated by methyltransferases,
demethylases, and related m®A binding proteins, which in turn affect mRNA metabolism and function.  Increasing evi-
dence has indicated that the m* A RNA modification plays an important role in the occurrence and development of athero-
sclerosis (As) and other related diseases.  This paper provide a comprehensive review of the relationship between m®A
RNA modification and As.  The entire manuscript summarizes the m*A RNA modification mechanism and its roles in As-
related cells including endothelial cells, macrophages, and smooth muscle cells, and discusses the association of m®A RNA
modification with risk factors of As such as high-fat diet, ischemia/hypoxia, oscillatory stress, and hypertension.  Finally,
this review summarizes researches on drug intervention targeting m* A RNA methylation to mitigate As.  These studies pro-
vide important references for exploring new targets for early diagnosis and treatment of As.
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Figure 1. Molecular composition and dynamic regulation of m*A
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sEA

2.1 HREHF—RENBIFNEES SRR

METTL3 J2& m° A &4 %) o B2 2 B 45 , 52 0 1A B
Y | A M AT LA AR D RE, 5 As Bk E
BRI, Z BRI EM (R 1), As
5N B A D RE ZE LB 0 A G, BFSE R BL AL
UK B IR 85 H (oxidized low density lipoprotein , ox-
LDL) #J 5] 38 A 5% & K 9 B2 40 Bl ( human umbilical
vein endothelial cell, HUVEC) #%1 i %%, [5] i & 3
JE METTL3 #9335 ; Mk METTL3 J& , L iR%0W %
] X SR RFEAKE T I mRNA 2555 M
1 (insulin-like growth factor 2 mRNA binding protein
1,IGF2BP1) 4 il JAK2/STAT3 fi5 5 % YIAH &
Jefbl H, METTL3 A1 METTL14 7 ox-LDL 5 5 )
HUVEC H i, H 2@ p65 19 m°A Eifi S
55 As R . FES K A 53 S 1 N B 4 i
Hh 4R35 I 0 23 SO TR B 240 TR A RE K B N,
M As HERE I METTL3 M rp & 48 ORI R
JEWA MR, Li %A METTL3 A& T m°A
A, AT IR A 4R 7 1O 0 5 O P B AR D As B
AN FEE R IR ApoE_/_/J\EE'BL As BRI ox-LDL 1555
() HUVEC ', METTL3 3 it 22 24 J5 1% 16 25 11 ¥ i
( mitogen-activated protein kinase, MAPK ) i % ¥ 75
JE[E s iz 2 1 e = -Dl v C1 BRI 1 1 (Nie-
mann-Pick type Cl like 1, NPCIL1) mRNA iy HR 3
b, 25 As R

TE As WA SRR b ELREAR A, B2 As F21Y
RITANME, LI As A4 M R AR 4 M ) 3220k
WS E MR AL TE As R i DG HE AR
Forp M1 Y AR O e R Y, nT AR BE As IO HERE,
1M M2 AV REAH M A BT R AL, I As ROERE AR
HAESH M1 B E A AL, 1 METTL3 £Ei%
S Y b 2 T, WSS R B, METTL3 38 i
m® A A& M BT 988 407 A2 % A 1 BT (Chepatoma-derived
growth factor, HDGF) , 55 fCi 8 m # , N2 i B
WA M1 AR ST R R, 7E ox-LDL
HIF) RAW264. 7 FLEEAR L, STATI mRNA T %
PB/K T 2 4 T Rk METTL3 A3 mCA 1&
iR AE SN, #87 METTL3 343 5 STATI {555
ek ox-LDL A5 S i R 5 22 M — 3, 1
Mett13"" Lyz2 " ApoE ™~ /I BRI G f& 055 41 Jfd v | i
BRAE & FE 5 M METTL3 40 il As iF J& 1 4 %E

FOwi e

15 As SERE -1 LA A A R B AL I M
FEEE RS 21 P4 B, B Y61 VA 400 L 7 53 b — A Sk, O
Z 5 As BEREFHEIRAIE R, DR TEm IR IR E
S /INEL As AT ox-LDL 5 519/ B 32 3 ik oF
T VLR P P 240 A7 o, METTL3 F 33K 1 3 O fif
As BEHL G 45, 107 B METTL3 7] LAy FIAR A2 As
PP, IEBR ] ox-LDL 755 19/)N B S ik-F-18 IL40 i
FRUEEAY . SXHRR METTL3 A S0 m® A &4 A {2
145 F W LAH Y ( vascular smooth muscle cell,
VSMC) iR B 54k, iE— D R BIF5E & 3L, METTL3
i3 miR-375-3p/3-Wi 2 LB AR 1 2 11 AR 1 (3-
phosphoinositide-dependent protein kinase-1, PDKI )
B As BFEHCERESS T .

Zi b RE A AR B E WL, G B A A48 i
g, JUH I METTL3 A3 i (e P9 Bz 20 | e 24 M
I RAE -1 WLA0 M ) SR B Ak 1 As B R
R RIE
2.2 EBBRB—EREUNESIAREREN

FTO J&—Fh 5 I8 B AH 5 I RES L BR mRNA |
m° A G, T I R AT 5T & 3, 7E As BEHR
H1FTO (3RIK IR, 278 FTO ZEFAE As 1R &
Py EEAR S TR R L W T S 9 UL
DIFE(F 1), 1€ ApoE™ /B As BRI ox-LDL 5
T RAW264. 7 g & B, FTO Ll B & ek />
ox-LDL 1755 (1) B W 40 e v JIEL [ Bt i 9 AR 2R, FTO T
PN EiRBLG: . HALH S FTO 35k AMP i fk
K H 4 ( AMP-activated protein kinase, AMPK) o I
LT CoA FR AT Y W R AL , A 5 JIE [ it % 5 2 1
ATP 254 & %532 1K Al ( ATP-binding cassette trans-
porter Al ,ABCA1) Fil ATP %454 &/ ia 1k G1 (ATP-
binding cassette transporter G1 ,ABCG1) [, {0
Il At ol o) i AT 5 . AT R R, (AR A/ Bl b ]
WMELH] FTO BT As Fith, iX — B R (G 2t — 0
58 e B4 AT T 1 (lipid uptake regulator
1, LURT) & — 7 BY g J52 AR J i 59 [R5 i o 3 59
[&I 1 I8 95 JC 1F 45 & % [ ( sterol-regulatory element
binding protein, SREBP ) mRNA Jill T_fi #F H:HT BL PR %
IR, R0 A P B AR R WO R B, AR B
o5 1E % Sh K4 4UM L, FTO I LURL 1Y 3R A 7 TE
Zm , A AR IP R IX B MG, Um IR
3% ApoE™" /NEL AT THP-1 Y5 % 0 410 g Sk #F 58 %)
2, KB FTO REW8 38 o fi {5 m®A B 1 & T 3
LURL (3R, T w3 20 i R 5 38 AR &% As i
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ARHEREN WRIE R L, R IK FTO BRI
AR M1 B AR M2 Ak s AR, s FTO T
REAB AL HE M1 Btk ELA R M2 #efe . 4&7R FTO idid
SN L A0 A WA, R PRSI AR T A,
FTO i n] i 98 4% CD36 #9335 , 41l 5 vk 20 i A
JU TR P 45 A AR 96 TS 200 L P A

ALKBHS5 &7 —Ff i 2 () RNA m°A 2% 1 564k
i, FLAE RNA AL A R 7 vh 445 VR
ALKBHS Fi# 2k 2538 TP B4 RNA AORSEE , AT
SRR TN BE . H T S AE Sz o 0 240 Jd o T2 45
it BB K RNA Ry 22 A AR 5% 98 5, B U,
ALKBHS5 F k2% sl 53 7 R I8 il XS As = RS20
RSN BIF 5 K B, N B 4N i B 4% 3F s T B
ALKBHS 7K~ J 7% 38 5 9 /0 i 28 B2 1 (sphin-
gosine kinase 1, SPHKI ) m®A & 1fii F1 T 7 P9 Jz 25—
F A AT (endothelial NO synthase, eNOS) /25 118
i B(protein kinase B,PKB) {5 5% 34 Bl T 452
MBI LI 0 P R 40 0 1A A B o BR TR
P e LA 5 A1, ALKBHS 38 W 9 4% Jif 98 SR 3 19
o (tumor necrosis factor-ac, TNF-o ) 518 79 41 g 452453 ,
ALK S AL SE B 20 Mk B8/ 11 M5 2 ( B-cell lym-
phoma leukemia-2,Bcl-2) BB A X s, —
SERFGEIL 7R , ALKBHS [ BT R 22 25 1 (single
nucleotide polymorphism, SNP) 5 As [ XU 77 75 —
SEBRFR, Hod ALKBHS 11 1510758476 2 254 54 IR
R As 1Y M AU AF DG, 3% 7R A8 4% 22 57 ]
BRI ALKBHS 5 As IUCR ™,

5 E TR, FTO A ALKBHS 125 RNA m°A &
WY 25 FSEA R, 75 As 19 2 A R ke v 4 o A
H, ZE R FRIA NI RE SO S BT B PR RIHE
2.3 EiEsR—RRI RELIEITRIEE S RIBREEREL

WU KA 1 9 W (40 YTHDFL , HNRNPC
AE)VEN RNA WP B4R, 55 RNA T4 R 3FE S
m° A B4 RNA BT R Ak, Xof & R 358 IR 11 5
AR (R 1) o Bk BT X L 5
As BZR IS FRER FRE R . BIANTE As B3 893 ik
YTHDF1 HYZR34 NN, Hod JERIA 2] As 89 RAE
FSEALRI L, BEAh, YTHDFL 36 8 3E B o] LA 45
i S AR L P B Ty BB 2R L AN S e A0 MBS L A
R4 G SR R A S A ST 2 AR ZE 5 5% pyrin Z5 44 S8l 2R
H ( nucleotide-binding oligomerization domain-like re-
ceptor family pyrin domain-containing protein, NLRP)
RAE/MATE As TCBPEAAE Y B 20 5 %, FR0 R
IR 07 AT 1 P B 40 NLRP1 [193%35, JF Hod
1B 4 YTHDFL Al YTHDF2 {2iF NLRP1 & 1 3%

TRAB i, A5 P9 B A A i N FE As HRE A
ox-LDL 5 F/#) VSMC "1, NLRP3 #HE/IMA I &
FBGHE T, WF58 & B METTLI4/YTHDF1 4f
WHEIZ R C UK f#BE LS (ubiquitin C-terminal hydro-
lase 15, UCHLS ) m® A f&Hfii, J5 & 41| T NLRP3 4¢4E
MERZ R AE T, TR HE As 1 58 JE A IfIL 45 B
2 RN e MRS 5 g S Ak e 1k 396 A
WG SZ A v HP0E T 1o (peroxlsome proliferator-
activated receptor-y coactivator-la, PGC-1a) £ X, B
XK YTHDF2 &1 PGC-1oe mRNA | ¥ 15 H %t |
/> PGC-1o FFZKF, NTTAE #E ox-LDL 755 (1) B
R i 5 A S L, Rl As™ N2 A0 i 7
(human cytomegalovirus, HCMV ) 4% 1] 175 S 1L 4 1N
AT, % As, FFE R HOMV SR 54 T
e m® A B L R TR 3 T A SRR B
B Ja] ¥ 38 & 1 ( mitochondrial calcium uniporter,
MCU) HIAb Tt 28, YTHDF3 52454 iFS N
AT R M dE A 2 D Rl R AR
O IE A B, S8 AT LADSUAR N e A AR T, 0
As, HAHLH 5IESFS RNA NEATI m°A &4/ 311
PR ANARART A %, 1 YTHDCL fE AR BI# K% T
FEVE M, HNRNPA2BL, /E Wi 28 7T DL 5
m® A B RNA 256, I3 RNA 1) 0 128 F RS
PR, HA R A E P AT LIS As YRR, itk
Hb, T R S B A N AR 5 (AR ey
SR BRIk N SCHRAE AR ST ) |, N B 40 7T 14 5
ERAB S AZ AL, 31X — i R AR LA PN I P
B4, 1M HNRNPA2BIL 8 75 4F W 4 miR-185 M
VSMC I A K 20 B i 5 %, 3 Bl A8 45005 )5 1048
PS4 PN B A sz 41

SR UG, mC A B i A OC Y 18 Y 2 G T 9
m° A B S As T3], KRR RIBIETE N #E— PR
FEIXBLABA 1) LR ) 2 DI RE , R WA [) 2 2N A4 Jf 26
Arb m® A B BRI AE £k | DU 5T 4 b 20 AR
As THPERT OF H SR RIR IR AL

3 YT m°A IBIRIEE As NTARERE
RRE

3.1 ZHYITH m° A BIRIELE As A RER

JE m® AMBHRXS As 20 B OF SRR 2L ©
A 25 HpiE A m® A B R LR T E R B IR As 1Y
HOE (£ 2) . 2y AR L 25 2 E A I AR
B 22 DK A DA%, =6 T I LA B 2y . s
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Table 1. m°A modification affects atherosclerosis by regulating related genes

S BN

%
e A 21 SR L MR z%
THIMZ FHU ik
Jifigs  METTL3 ox-LDL 10 mg/L HUVEC JAK2/STAT3 i #% PR 1 A A (8]
METTL14 ox-LDL 100 mL/L HUVEC p65 fE it A f i T [9]
METTL3  SEATHURSIZEGEN  0.524 dyn/cm? HUVEC Fl MAEC NLRP1 Fl KLF4 R HEJEAE SN [10]
TR YR ) 4544
FATR B RS 0.5%4 dyn/cm? HUVEC TSP-1/EGFR AN B IRERERE (1]
Jiti 4R35 i 3h
. MAPK j - 12
Bl _ Ao /I i g As L2
vy T % 50 png/L N THP-1 B4 40l HDGF fEHEE WA M1 B [14]
LA As
ox-LDL 40 mg/LL RAW264.7 B IE4NiE STATI {5 % FR B JERE ST [15]
ox-LDL — Ji 1 2 ERK PEHE As RIS AE [16]
=R _ /= 7N Ed
ke Aok AR miR-375-3p/PDK1 #i ikt VSMC 2RV AL [17]
ox-LDL 50 me/L ANEL BT L P i As BEH 51
EIIES
RS FTO ox-LDL 50 mg/L RAW264.7 E W41 PIRIN -
AMPK/ABCAI/ABCG] P TELTR AR [18]
- — ApoE ™" /N BLUEH As
ZFkAk LDL 50 mg/L il 100 mg/L A THP-1 ¥4 ' =
o > LURL &m%ﬂg%zmﬂﬂﬁu)ﬁ [19]
E IR — ApoE’/’ N B As
EEZ 1 — RAW264.7 B4 CD36 P E A L [20]
SE e NG T 25 A
ALKBH5 B2 100 pe/L HUVEC F1 A i & SPHK1 #iI AFFR SN S  [21]
P B 4 i eNOS/PKB 155 PAL B2 24 L A A A B
TNF-a 10 pe/L HUVEC Bel-2 i j# 100 240 L 0 [22]
BEigs  YTHDF1 Hl PAFRGESIEIGEM  0.5+4 dyn/cm? HUVEC Hl MAEC NLRP1 Fil KLF4 P S AE [10]
YTHDF2 AR BY IR J) 54
YTHDF1 mRRE — ApoE™ /IR UCHLS 1 NLRP3 Rk As (K4 HEH [24]
ox-LDL 25.50.100 mg/L  /MNRAEFK VSMC RRAE/IMA B E 28
YTHDF2 ox-LDL 20 mg/L N THP-1 Juiz 4 PGC-la fRBFLRIATIRE  [25]
WA 8
YTHDF3 HCMV — JEAR N E Bk Bz LR AR B[] PRk T [26]
g1l R
YTHDC1 — — NEAT1 ™~ /MR, NEATI R fET I As [27]
hnRNPA2BI1 PDGF-BB 20 pg/L SR KB VSMC A miR-185 WEMEBRGEN (28]
A

" FORTCEIREL . MAEC . /N STk B2 40 (‘mouse aorta endothelial cell) ; EGFR ; 3 J7 A= K Al S a2k (‘epidermal growth factor re-

ceptor) ; KLF4 ; Kriippel #£F ¥ 4 (Kriippel-like factor 4) ,

S R A PR AL As LIS R Y B A
i m®A B LG RS R METTL14 1 METTL3 f) %
ik HBRAZ A F kB (nuclear factor-«B,NF-kB) mRNA
) m® A A, 52 0 RS E M B 2L I B 4 i A%
KE , T 3508 As R . & 7 B ER AR IR

FEm T I YTHDF2 3870 SIRT3 mRNA A4 [ A,
N B AR YE T, 3G SR AR A RE T I s A N
T BILRLAR T 24, M 5 TR DR 0 A AP
HeER D R MU R 2 R A B
RS R E R EE, M A B i EK D3 )
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Pd s # i AMPK AY3E T 98 METTL3 , A ifi i)
MCU [ m® A B A AL JA T2, 0 As, LA PR 2
— IR =GR, A IR As TIRL, IRSMIESE
KL, (LSRR iE T RNA & F 3L AL ALKBHS X
B 84 B H B AE 25 H ( thioredoxin-interacting protein ,
TXNIP) mRNA (48 55, B 5 3598 T H m®A 92
A, T AR 1 LS E PE N R B K, B 4
1 0 W 5 3 0 R RE R AR R UL T R
( dihydroartemisinin, DHA ) PR K 4 {9 Ht 4 2 D) 2% i
BN, W Ah, B 5T R Bk B AP As iR
DHA #1i#il 1f1 & % 5K % 1T (angiotensin I , Ang I ) 755

[¥) VSMC SRR SAE , HALH S5 7] FTO/#%32
% 4 41 A B 53 3 (nuclear receptor subfamily 4
group A member 3, NR4A3) 5201 mRNA H 3&4b A
SR IRV JE R K 3 A 4L R LA gt iR IR
PER T Z KA & 8 1 6 (tumor necrosis factor
receptor-associated factor 6, TRAF6 ) /MAPK/NF-kB
i EE m®A DAY YTHDF2 28 it i§ £ 4 (lipopo-
lysaccharide, LPS) % 5 09 N 52 40 e % %, B iR
AsP T U 25 )R] LG S R T mC A A& AR
KRFFIFIB I m®A B, IR As 27K T8
R

R2. HYFH m° A SIGIELE As R R

Table 2. Research progress in drug intervention m°A modification to delay As

‘ Fi7r X ) S
2% il - BRIOE Bl e it
TR E FHir=
eI 8 gke S FRE  WIRIKE 124 ApoE™ /N METTL14 1 METTL3 EREAMEIEAE  [29]
A4 orkeg HEAE A5 NF-kB
1 mRNA m® A &/
HEHBHM 1.2 g/kg BfEHE  EIRAES 3.6 A 10 K#EZL  ApoE” /M YTHDF2 4511 N R A TR [30]
[l H.2.4 o/kg Mg BEMRMEEZR 155 IR AL T R SIRT3 mRNA m° A &4 E=RIATR
IS L 50 mg/ (kg + d)
HHER D3 100 nmol/L HCMV /& 2 h FACA TSIk METTL3 #1 YTHDF3 45 NR40MET:  [26]
PN Bz 4 it MCU mRNA mC® A &/
LA 2 — =Y — HUVEC ALKBH5 /& AT [31]
TXNIP mRNA m®A #1fi RAE
WEFHEZ 1,10 f120 wmol/L Ang Il 100 nmol/L VSMC FTO /5 NR4A3 mRNA  VSMC M5 [32]
m° A B 23 A
BB — EEZ — HUVEC YTDF2 45 HUVEC %  [33]
Wiz 2% MAPK mRNA m®A &/

T —" FR TR

3.2 YT m°A BIFIELE As WIARRE

m® A BUTE As B2 Wi RG YT Th B T 12 1 )
TS, m® A BT DLH Tt 5 As #HCHZEY)
bRy, WPk ml, 5 m® A MG HH 6 IR T
JRAE As S350 L YRRT 2 ZURE AR v e 3k K K AR A
Ak, AT T AT As o1 ™ 25 A5 B R R0 0 4 e
P mC A B AT VE BT As BT BIE T R
W, RNAH I Ak il A 2 B AR R 5T m®A
AR, T Bk 3% As SR BREIR TS, H
AL 2599900 m®A B LASEZE As (WF 527540 F k2
BB HO SIS T — S EE Rt R, K
] LA LA 5 TR AR 55 #E 1] m® A & 2E 2%
As BIFHICEEY, w00, 78 As i B IR T i G EE
4 m® A A8 il R 2 A8 T 1) ) R R AL, S
RFEE R 25T ORGSR I B T 7 K,

HE— 28R m® A MBITE As KB &b i BAR 73 1
B, T BT 3R A% m® A B TE As THI9PERT, OF
YT B AL B X R S, B A, R
i B AHAL B S W m® A B TEA 7] &
BT BB AR S T BAE 1, & BLIETE 9 i R AR &
Wy, 9 A ARG T SR R . R BEE X m°A
iS5 As SCRBYHEIRABISE, FATAT LI 22 380Ks 1k 2
IFTEAE R AL O I PR 52 B, I T S th SN 28 245
YIRS . Il PR 36 M 24 ) T R 1A R ok Y
H WIS TT )

4 HHIERRE

ZELFTIR  TEA Rl As 5728 2 Y I A5 400 i
m® A AR KPS0, 24 AR I A S A F Y
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EEAR T IR, JUHOE METTL3, SRk 1 BF
FUIE i, 5 1 PP R b Il R 25 P R A il 22 1) %) 4
PEH, DRSS AN e 3 AR08, DL K m° A 255
AR S UN m® A B HXT As 193 SR &
JEMPERT, BT, JATEAL TR T m°A &
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