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Research advances in role of m°A methylation modification in hematological malignancies

ZHU Yu-qgian, WU Ling-yun

Department of Hematology, Shanghai Sixth People's Hospital, Shanghai Jiao Tong University, Shanghai 200233, China

[Abstract] N'-methyladenosine (m°A) has been identified as the most common epigenetic modification of eukaryote mRNA. It can not only mediate
multiple processes of RNA metabolism such as RNA splicing, translation and decay under the catalytic regulation of m*A-related enzymes, but also
affect the development of bone marrow hematopoiesis by regulating the self-renewal, proliferation and differentiation of pluripotent stem cells in the
hematopoietic microenvironment of bone marrow. In recent years, many studies have reported that m’A methylation modification plays an important
role in the development and progression of hematological malignancies. Targeting inhibition of m*A-related factors contributes to increase the sensitivity

of patients with hematological malignancies to therapeutic drugs. This review describes the biological characteristics and hematopoietic regulation

mechanisms of m°’A methylation modification, and its role in the pathogenesis of hematological malignancies.
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&0, HEE OB, Yo E 2 RNA FHL5%,
Bi, DAN- HJERH (N'-methyladenosine, m°A) {&1fi %
BRI R 7 AR, B AR R
FHK T bR FW I 1% el B AT S, 5 DNA HUE{LAH
Eh, m'A ARSI T 7E A Sl A8 BES 791 45 1 T A ke
DRl 23K 10 2 S e VA o G0 4F- SRt 4 i il e m°A 7 R
W% e, B £ BT & B0 m°A K HoAH ¢ R -3l 1o 1A
T E i I A ST R 2 RE T AN B FE BT, WS 4
b, 2H5EHMENEF. FLrme ™ &M, m'A &
S 5K R GG MEME R RS R B YIMOE . A0t
m°A AL A ARl . 3 M T RELA R L TE if
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1 m°A REBTHN ENSIIE

1.1 m°A WO i R 5%

m°A SR TR S 6 (R B L&, A
FL %A mRNA & DL —Fp i 5 20, m'A HEL &
T J71Z 43 A T mRNA Fi19E 25 ih RNA (non-coding RNA,
ncRNA) 1, fF mRNA 87 % ff /b RNA (microRNA,
miRNA) AT kE . KiEdE4ui% RNA (long non-coding
RNA, IncRNA) 4y 51 4% % 401 il % £ Fh RNA {1 A i
b R EEEA ", m'A BT 1974 SEE R AN i
mRNA Fil R B, BSEIRE/NGR, WeRESE 2 FhE
HB ARSI, AR IhREDS Al tE . R 223, Rk
FABEL AT . m°A FIEAAE A ) A8 7T B I L
b fE, mRNA (E4nf gt (writer) BV m'A RS B fi
R &AM, X R /EHDE (eraser) Bl m'A
IR LERAY AL T s e, B R {ERY) mRNA REGS b
DA (reader) I m’A &5 & (RG], m'A HE AL
i L RS ERE 3 (methyltransferase like 3, METTL3)
METTL14 }z Wilms' [i&E 1 #Hx&E (Wilms' tumor 1-
associating protein, WTAP) ZE4] I B & & ¥, £
18t m°A B ik i of #2 &, METTL14 5 METTL3 J& i
SR REMICEN, JHE WTAP AU 5 T 454
mRNA |, P m'A &1k 1z &4 07 m'A X
F 1 Bl ) o 50 2 B 4 I T = ARSI A 5% (fat mass
and obesity associated, FTO) &K F1 a- fiil /% — H2 {& i1
M4 B ALKB [R] I % [ 5 (o-ketoglutarate-dependent
dioxygenase alkB homolog 5, ALKBH5) *?, &5 DNA
HE TR AR, m'A HJE 4605 B 15 25 W A6 fb il oot 1A 42
mRNA J751] m°A F A& 1 1) 3h 4578 10 ok 52 0 4 5% 5 1
W iR kT, m'A LA E E I A YTH 85 4 3
B A SR K RN S 5 R B B 2 (heterogeneous
nuclear ribonucleoprotein, HNRNP) """ Hr | i ais
YTHDF (YTH domain family protein) #1 YTHDC (YTH
domain containing) 1t 2 4~E &Y, YTHDF v BY ) 25 & &
A 4> Bl & YTHDF1, YTHDF2 f1 YTHDF3, i YTHDC
WA EE & % 3 25 YTHDCL F1 YTHDC2, m°A 254 & H
TR R ) mRNA R AZEA B A= Ty Re,  filan
YTHDF1 = SER20 m°A. i b5 D] 1 8 1 20 DA AR i 26 1
JE AR, T YTHDF2 Wil S48 56 [ mRNA [ B fig LA
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4 mRNA A& ME " I iR R an it R # sk, A
Fif, m'A fEHER R A ThRE M AW e 4 B B,
m’A FfE il METTL16, KIAA1429 ZE ARk E ",
AL m° A F A B T 0 3h S TR L R HB e i A 2 Th
REMRARELA T R ZR 23 ]

1.2 m°A HOLR &G LR &

m°A {5 A AR B PR IR, TR i
e m'A P AR mRNA ) m°A H &1 5 20 A
T2 20+, 3'dE#II% X (3-untranslated regions, 3'-
UTRs) DA ACHME 7 X8, H m'A [J#%.0)55h RRACH
fR=pF5 (REHH ARG, HlH A A, CHU) ",
7541, 92% ~ 96% fy m°A & 1fi X 3 fiE §% 5 miRNA Jx
] AR, 275 miRNA #] LLd it 5 mRNA J7 51 Bk B 4
% 518 mRNA [y m°A & i (15 % 2& "7, miRNA & F
A — AR 18 ~ 24 AN B IR B AE S i BBk /N 5y
T RNA, HAEJE PN 35 W e s Jm 4% vh m] R 45 00 B 1
Mo BCEA A miRNA 7] 3@ i 5 Argonaute 2 [ (Argonaute
protein, AGO) JEK RNA iE ST E &1 (RNA-induced
silencing complexes, RISCs), 5|5 RISCs i i i #& O
#h15 miRNA H A R JEPE 0 HE mRNA 254, SR A
mRNA. 14 [ fiff 55 9 13 52 B i 400 1) P8 A A AR O S IR A 3%
B NS B LA R, R R R 2 S A e
Yof i B 4% . miRNA /Y i 2475 2 miRNA #if i 4 1)
fig Dicer (J&F RNase M%) M5 ", Chen % " i
1 f£ HeLa Zi Jig 7 i {IK Dicer UL FAR miRNA 197k F 5 %
B, m'A B &K R TR, Wil %Kik Dicer b
P miRNA ZKCER3E N T m°A e &, A7EiZidfEd
METTL3, FTO, ALKBHS [FRiKAKF-¥ARZ 5200, dhifi
271 Dicer Al it #20 miRNA f194E 57 mRNA iy m°A
ET7K

2 m°A RELE NS REMRE

2.1 m°A WORAR MG IR T / #1051k

& 1fi T / $H 40 g (hematopoietic stem/progenitor cells,
HSPCs) & —2RBA KM B FREHFE Do (LERER £ 6
T4HiE, HSPCs 4y b Hi A B 24 i 416 B0 4 6 2 Fitk 2 70
KK, BIEEIRL RGN, Z0R4000, P RAMELIE
AN, FEHETHEAME. BB AR
5408 (natural killer cell, NK cell, NK #4ffig) ", ¥Li#&
o Ik e e 4 TIRMG & & R, LR 2 A R, —
B M AR B T AR R A | Guta ik B St (5
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A3 ff HSPCs sy L2 PS8 A: S, ¥4 S BUMIR R S8
AR R ™, B HESh M) HSPCs B AL I (hemogenic
endothelial, HE) gifin&t Nz - & 1M4%{L (endothelial-to-
hematopoietic transition, EHT) it #2 7= /4 ®", Zhang % **
FEBE B e 1 M3 e PR 2R & B, m°A w[idid YTHDEF2
I notchla mRNA [REME, 520 EHT i #2rh HE 4af
(Rl 2235 1 Ty 45 HSPCs 14y fhid #2 s BT oR e & B,
mettl3 fife e wT i it BAAIK notchla mRNA [f) m°A AL (&1
AR A EHT of £, Mofi PELAG HSPCs By A g, tR4h,
TERIE Metrl3 (/NS R B2 26780 ™, Bk FoE
PR, m'A LR ER 5 HE 45 R 26 ik AP i 45
FUIRAE,

2.2 m°A FPORSAR M U PR A0 ) T AL 53

B G 7] 7¢ T 40 i (bone marrow mesenchymal stem
cells, BMSCs) &AL B AR T HSPCs 95— T
e, HABREH KL Mo LiEEe, "IEARNIE TS
oA CE e, BE aiR. IR TG ANAE S 2 M- il
HERAINE ™, Yao % “BFREL I, METTL3 L) m°A HJE(L
fi gt Pk 75 2 IE T BMSCs B Janus @ 1 (Janus kinase 1,
JAKY) 9 3%k, i YTHDF2 W @ i i 15 JAKT 5
mRNA {52 % P 52 i JAKL 93Kk 7K °F5 R IHi% 0T JE 5
H, P& BMSCs H JAKT KK mRNA (1) m°A Kk F-a] @it
A% Janus Bl 1/ 155 4% 5 B i iG R+ S/ICCAAT )3
1/ s 745 &4 % 19 B (Janus kinase 1/signal transducer
and activator of transcription 5/the promoter of CCAAT/
enhancer binding proteinf}, JAK1/STAT5/C/EBPB) (& 5 &
g 3k BMSCs [ [ig 5 4 i 57 ft.. BMSCs & i Ifil il 35 45
i 2R A, 2 5B ROE LAOAE R,
R I A BNy 2 it I PR - ig 3k HSPCs (1 F 583
W5 Kot B E i R AP, e n i B A
£ HSPCs {GPERIRE S, T2 S 4EFRHLAA IE W A& I DhRE .
1 Wu % " Mg HE Merl3 36 TR BRI /N BB R, /N
B BLE R AN RE AR S BE RS, 4891 Mer3 431
m’A FUE AL A& T 72 A 17 BMSCs 43 fLid Bt b & 45 17— fE
s EMFER KB, FARSEIRER / WARSE IR R 2 ik -1
(parathyroid hormone/parathyroid hormone receptor-1, PTH/
PTHIR) & m°A {y N5 S@ i, H Men3 & Je (AL
Pk B0 PTHIR 263k, 4kifi 2 B m°A wl5d i i85
PTH/PTHIR {5 545200 BMSCs (B AIBR o (it 2.

2.3 m°A WAL R A o i A
20 e o 2 e 26 R 40 TR AR IR AE R SR fF T i e
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Jihs 2 e e T AR R, i T 0k 2 RE T 40
(induced pluripotent stem cells, iPSCs) M A& $5 4 41 i 4£
I N )\ R EE A H: 54 T- 4 (octamer-binding transcription
factor 4, Octd). SRY & R, & 1 2 (SYR-box 2, Sox2).
v-mye & 2% B i 4 1 98 6 5 N 26 DR R &R 1 (v-mye
avian myelocytomatosis viral oncogene homolog, c-Myc)
K Kruppel ££[KF 4 (Kruppel-like factor 4, Klf4) H 4 Fb
5, #EHEARIE T4 (embryonic stem
cell, ESC) HHAFMIZNNE ™", Chen % "' WEsxii R, fE%KIA
4 PP ZBEMEIR T Octd, Sox2. c-Mye I Kif4 13/NE ARG B
ST 4k 41 2 (mouse embryonic fibroblast, MEF) ik % ik
Metl3 "I {f m’A JKCF-ThEr, H Menl3 i %5k i) MEF 41 g
H1 OCT4, SOX2, NANOG [RIVFHEER H £ ReE R F-RikH
. X FRR mA AT R AN N £ Re M I R KR
M {1 2E 04 40 o 2 A Oh 2 RE T 4. o-MYC R IE &
I 20 A 1 I 40 B 3SR 5 ot SR T
METTL3 75 7 3@ 1 3 /il c-Mye 3£ [Hl mRNA [ m°A &7k
A A RS AR c-MYC & (A & T, b min
AR (I IE 3t IR ARARRY B FERT, AT ALE ik i
T EoEER

3 m°A FRE 1S T 5 M % 02 T 1t b 7

3.1 m°A WUEAR e S PERE R Ao i 1
AEEEA I A MY (acute myeloid leukemia, AML)
J&— PP ELA 5 B S U HSPCs 38 o e 1k 3 A AU 6 2
g, e oA LI N At i A, s 4 i
DA BT 5R . SE0H A o T2 BN R T2 52 40k Ry
fiE, fEAfErh I RIS BOE R E Al b . B 1ok
¥ b, AML R AE0E “ L ikdT & R ", m'A 4
S KA AT SR IE Nk, (bR S 2k =,
FEid ok nsE AML 4iiE Ry B 35 B 6E 0 £ AML 3k g b &
HEEEEM., Vo & " W5k M, METTL3 {£ AML 44 g
R R RS, RS m'A PR L& IE i AML 401
WaEE. dlgnie s fe, fE AML R EBOEE R TR
METTL3 FE RN ] i T & [ 3546 B (phosphate protein
kinase B, PKB/AKT) HJ#ff2{L/K-F%F AML 404y fb
T PRT, oA 0 i iR R T e SR s TRl
BF5E38 % B, m°A &5l d i 42 % AML 4R v e-MYC,
B 21 g jbk (2988 -2 (B-cell lymphoma/leukemia-2, BCL2) &
FEE 10 SGe ki i RERR Rk 0 & A RJEY  (phosphatase
and tensin homology deleted on chromosome ten, PTEN)

| mRNA FIE I ARCE KIS0, il it — 25 B W]
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METTL3 w] 1§ A i Z 01k g o 80 R 7, Il IR IB T
HABBENZZNE. METTL14 ) m'A B ERE &
Y — E S 4y, Weng 25 " BF 5L R W], METTLI4 {E
AML AR £ @ 2eh, "l /S m'A B &1 PE
W 1E B AR AR o 1. (R EE MG I, A5 A R
5 AML [y & S pL i v 25 & 4 55 8 1E . LA METTL3 5
METTL14 SR &M m°A 5 K1 58 wT fg A& ML 2 2 b
TR AERER R, X AHIERISITIREE TR 5,

3.2 m°A WUEAR R e B 0 2 e £ Al b e £ 1

Bk R 48 & 1F (myelodysplastic syndrome,
MDS) & U E S Ml & & 56, mASE ML &
AP JE L A0 L B8 D Ay R AE B e B R, H A
B IR A I T RS s AR S B i R A e
HE5E 43, ifi t MDS SR E- 4 1 41ie & & S &
B AE MDS FLEN 2B g oy (R B Rg Fnot AT, H
FE PRI b JE I S 20 M e B HE R T . E AT AT
i IN Ay, MDS BYR 5 R JRE 2 A R i 20
15, HFE R 5 52058 1% 8 TR e A2 iy Ak [R] 1 FH T 5 1
MDS [ G ¥, Hrh S HE T 2k kT A8 AT R
RN MDS B R 36 I 28 A A A 0% s Ak DR e 6 I, fiE
155 i M AN ER AR s s e 3 . BRAERFZE ™ KW,
RNA 8740k Zmtith A& K] o] ReVE 4 TG B 26 K 2 5 MDS #Y
KSR R, 8 AR B o8 R RN B 42 7 4
M, SRR R 2P AR SRS, i ss e i 2 iRy
AR TRE, (HIZA A 1k 5 RNA 55875 % MDS
HIRREIHLAEI AN 48, YTHDCL Ef A, mldal 5
AT mRNA 858K 1/ 5 mRNA [y gid 2 ™, xf
BT ] B 85 42 8 fE MDS S i She s i EH . Bb,
N METTL3 3& R 512 1 m°A &1 7k S BAK wT o 2% wif
& mRNA % £ {4 55 33 (alternative splicing, AS) #5 5X;,
it e BB T p53 5 5 m s AN A T odg 1,
B, FREERE DU m°A FUEE L&+ MDS &
WAL R A EEE L.

BT m A {1 B RE S DA ThRe, A T 4k R R
W I R B AR, R LIRS M 32
B, B HE G I ) R A 5 S T S B R SR K
He o BB AR LE A (inherited bone marrow failure
syndromes, IBMFS) J& —2H S P ot 1% P e, DLE
W I Bh e uR . e Rk B A R ] A 1 e i3 e g AL
B v o 3 W e R AFRAE ™, AR L AT R4 (Fanconi
anemia, FA), & RMEM{L AR (dyskeratosis congenita,
DC). #-A7 K421l (Diamond-Blackfan anemia, DBA)

http://xuebao.shsmu.edu.cn
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FEF- # — K 42 A fiF (Shwachman-Diamond syndrome,
SDS) %, M.t FA i 1 T DNA (& & LB B, i
DC M| & H v fiL B B 512, 38 35 A sk 17 2 TR ok A
Ik J& 4 MDS [y i [a], IBMFS #YIfiL i & S99 28 R B A
G MIh e . 2 MANE SR Zanigmlb, xR
IBMF'S 55 45 & >k I 18 & £ 66 T 40k . m°A J 3
FH O A - m] G o B 3 5 B 6 S I R 2 5 IBMFS /Y
RS kg, BIC0 ) E LG i — 2D R
i A

3.3 m°A HUEAR 5 i 808 PE R IR Y

M 2 GG I & A5 K R 2 BRI RE ST
Fe, BT MR BAR, B RB AR R e
R, BEEETEAR, BHReHT (UT) 7
M 25 % HE AR, A8 MLVR e S8 Xk v B R AR IR 2
—, MR 2 R AR A P wT 12 e RT3, T
PEFET .2 & -1 (programmed death-1, PD-1) {E A RyEs
AR T Tk anie, B pkE4nie, NK 4iigfn%
P 40l 2R0E, SAMRIA T BT, BFHEsETR
& -1 (programmed death ligand-1, PD-L1) & PD-1 f§ &=
SRR, TR A AR TN Z A 2 AL A BB b g
P L% . BI4F PD-1/PD-L1 A s i S R YT O R T 2 il
AR, L BEIET PD-1/PD-L1 {5 5 & 2 vl B AL IR Y
GPEANEILR A, BESRDUMR s & Y. KHIE LY,
41 DNA H L2/ (DNA methyltransferase, DNMT) ]
ill 350 b G fth i3 5 LI, BHoar )z IR R, B
7 0 B R OR1Z 2 Fh 25 it U AML 5 MDS i3
PD-1. PD-LI {2357k F-4r 5 AML 5 MDS [iif 5, Mifi
&7~ PD-1/PD-L1 41l 51 w] $i& v 6 2 201 Mg A 25 % 25 R
F A 25 I Rk . Han %5 7 (4R35 H5 ) YehdfT (i b 70
(Ythdfl") /INGUAHAS T 81 A 00 /N Bl 2 B0 HH B 588 R g
FEWE, MPHWT PD-L1 JRAIEHE YehdfT™ /NEEIBUIE 42
g & RRL, 7R T m A AH < & [ A il 351 5 G o
P HIDE A 5 FHAE ALK 2 G e B TR TT i LA T R A L
JHRTS .

Li % " iE 58 % W, FTO £ AML 2 % 500 {1
AR Ay 25 FRH A A 3l i P AIE A T 7K R AML
HY % A, FE 4 X 4 PR (all-trans-retinoic acid,
ATRA) %5 T 0 5% s B 1] 1F 5 & 40 i 4> fb, Huang
% VRIS o, FTO M5 /5 ¢ 51 W] 2. 25 40 il AML 41
JeL s 5 g 2 AML 4ifie s (e Fnga s, P i S 4 il FTO
B RCAIEIT AML B SR NG, 5o, &FX m'A 3L
% Wi 5¢ # 2 4> METTL3 5 METTL14 /Y 88 m1 V897, A
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BY T2 v LR 2R 8 3 PR 98 05 1 9T 245 4 1) i e ik, BELBBY
METTL3 {7y 1 $ il 551156 A FMS- A ik 20 IR 0 7 3
(FMS-like tyrosine kinase 3, FLT3) Fi 5 b7 £ % i & 5
(isocitrate dehydrogenase, IDH) 2 FftZ4Mikil7] v] GE 218
IT 6 2 B R — Rl 7 s $81R METTL14 (15/h5y
i L ) 5 e R O RN oA I - S | RS e 0R R
FrRORME ™, BAT, SEERE DT AR (allogeneic
hematopoietic stem cell transplantation, allo-HSCT) & £ F
L 7% 2 25 3V R 1 A 38R 9T J5 2 ™, 1B allo-HSCT £k
TEPERE — R NARTT I RIE, Hrh R biE 19 (graft
versus host disease, GVHD) J& allo-HSCT & 2 iy = % jf:
KIE, TResleBEIEE R T2, AR AR
7™ Bor, BMSCs £&Pif GVHD f4%4)57%, H BMSCs
BRAEIMT 40 (hematopoietic stem cells, HSCs) HJfEHE
AR B S KA. Bk, BT mCA B 44
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