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The effects of m°A modification on differentiation of neural stem cells
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Abstract: Neural stem cells are pluripotent cells in the central nervous system that have the ability of self-renewal
and can differentiate into mature brain cells. Transplantation of neural stem cells for the treatment of
neurodegenerative diseases is a new trend, which has been proved to restore the neural function of diseased animals.
N°-methyladenosine (m°A) occurs at the sixth nitrogen atom of adenylate in RNA molecule. m°A methyltransferases
(Writers) and demethylases (Erasers) can reversibly regulate the level of m°A methylation of RNA molecules, while
m°A methylation binding proteins (Readers) can recognize the modification of m°’A on RNA and affect biological
processes such as RNA degradation, stability and translation. Studies have shown that m°A modification is abundant
in the nervous system, and its level changes with the growth of age and the progress of disease. The difference in
the expression of m°A related enzymes caused the change of m°A modification level. Some nerve related factors are
regulated by m°A modification, which affects the differentiation of neural stem cells and the function of nervous
system without changing the base sequence. This article reviews the regulation of m°A modification on the
differentiation of neural stem cells, and further prospects the impact of m*A modification on the development of
nervous system and the treatment of neurodegenerative diseases.
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TEFCENI R, RNA 7 F 2 8L (5 B AL 18 0
M, RNA BHfiff RNA [Zhae s R 2 k. 24
Jy 1k, MODOMICS ¥4 e & & s T £ # RNA
o7 EARER) 163 Mg 7 30, A3 tRNA. rRNA
A mRNA, DL & Fp 2R 8 1 9E 4 65 RNA. F s,
m°A B & B AE Y mRNA F 8 W& 5
AW m°A BHSAT 2, . B ORE. LA
UG R BH A, THAEMASA RS EFEE .
VF 2 S PRAT Qg p 2> 2L TS R RS )
AR FE S ARG 3 R 7E N 2K () RNA H77E m°A Fx
0, TR/ AAEE, 5 A2 10 2 WL 55 2R 1R
SEUN K= A e B AT e R B mPA B4
APHRASE . AR EEVIME, AL
I mOA & S HAH B FEANE & 1 P
DA R HetH 8 R G B Bexd 404k 7 T S HEAT T
BEIR, DAHIAN meA AB1H 1 M FER AR U4 T4
SRR, e 2B AT MR IR )T SRt —

6 LA
1 m°Af&ifh

m°A 1A T 3L 3 RRACH (Hf R A A/
G, HN A/C/U) I, fEZ B3 e iR X
(3'UTR) P & 4 ™. 1955 4F, m°A 1&1fi & S fE4H
B DNA gl & B, Bl 5 e BERE . 95 25 AR L 30
ik RIS P, 1974 4E, 7 Novikoff IFE 41,
XK E] T mRNA B m°A &1 3T Ak,

WL R

ZCCHC4

METTL3
METTL14

RBM15/RBM15B

KIAA1429
ZC3H13
CBLL1

B m°A HILELREEE . & HSMUBRIZ DRI, Xt
T RNA m°A &8 (0T 70 #78 dE. AAUAE mRNA
71, miRNA. IncRNA. circRNA 25/ 4 T RNA H1
BRI T m A MBI A7 7. RNA 4> F L1745 1
m°A &, 52 F m°A F LR RS R 2 A I
Ko TR, TR A S E AR,
AR RNA MBTY). s, faEte. #HEss
AW AR VO 1),

2 m°AREHEBEHE TS LA

2.1 mAREEES

m’A B - NEAY, EEAREH R
TR BERE R 1 3 (methyltransferase-like 3, METTL3),
METTLI14. B £F41HS% 1- 454 8 A (Wilms’ tumor
l-associating protein, WTAP) &5, i 1k, m°A & /i (1)
JEHL. Bokar 25 ™ - 1994 45 ¥ Yt H a4k & H
REEY, FFELHH 7 HFEEHRS T —A
METTL3 %3 ¥ A —4> METTL14 4> T & T — DA
PRI S AT Sl — 3Rk, B #E T 1 28 MTase
KA, FEE N m°A FRER RO O, T
FIfEAL m°A (TR, 10 A A T M A . 7657
R AR R, METTL3 & LA S- Jig # F A & IR
(S-adenosylmethionine, SAM) &y FF & {i 4 f {4 {4 T
%, 7 METTL14 J& RNA JEY), & 1 5 A1 4 i
[ METTL3 MR T 06 5 10 P oA AW 45r
f13% WTAP. KIAA1429 ( ##K Virilizer). ZC3H13,

T 3

% AL RS

1 m°Af&IHHEXEEXTRNA _ Em° A& 1R
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CBLLI ( t#x Hakai), ZCCHC4., RBM15 1 RBM15B
LEAOMMASYRESHERBERE AW A ML
AR, WIAPE W BB E G 5 —1 T
£, 5 METTL3 HEEMEAER, /1'% METTL3-
METTL14-WTAP & & W1 BE £ AL, M 7F
HARBR R IE R A AL 1 WEFE R, B —f
FhEE G AT R 5 METTL3 8f METTL14 454, #%0
BEVZ AN E B FEEE BT RNA 1) ALY
B ZC3H13 fpif% 8 WTAP. Virilizer Al Hakai #
BRMF, Aree T ZC3HI3 A B & H B E AR
B AR “4npEs” ) LC Xk, P ZC3HI13-
WTAP-Virilizer-Hakai & &Y% & % P A, MW
P meA B M. WTAP 24 T A RIS &
Y, ATREE METTL3-METTL14-WTAP & &4 A
ZC3H13-WTAP-Virilizer-Hakai 5 & ¥ M 82 4 1,
M W B 55 46 B A% BT 55, 5 H 4k . ZCCHC4
T AT 28S rRNA DK #B /> mRNA F AL 2,
RBM15 #1 RBM15B 1 1] DL 43 55 H 34k & & ) 2
RNA $55E 00, ENMEERAIE S U sE L.
XL PR m°A HILE IR SR Z, WREEE
Hopt i) F LB RS B4R mOA BRI AL, B R
. FLdr, METTL3 (140 1] 7] STM2457 &2 ¥ %
B S5 A8 R AR (AML) i ", =
FEAPZ o3 Ak 57 55 AR S TP i R LR o mCA T Y
T R IANTZ IR RV TT Pt 1 V5 AE I SR
22 m°AREEBESHETEES T

mA BUE AL KA b S B E, 7
T RFME RAEFRE R k3555 BRI IREE
o NT T m°A £ R A b AR ThRE,
Wang 25 5 2 M B R (cKO) T /0N BRUVE it b 22 T
YA ) METTL14, IR m°A 181 K %
. XFIERAHIEE 145 REVNR B SO R B, mi iR
METTLI4 [F)/NER % R R RE T, M JZ 52 B R
T TYN B AR s 2D, TG0 A A IR T B
PR ER IR ST R /N 5 #P 220 i3 A 66 ) 0 S0855
M TTAM (Tujl) B2, fAAERRATZMGEIIL S .
WLHIE, METTLI4 [F)sk I Al1G A5 S HA B 1B
i AR B AR, WY T 4 B # i CBP A
P300 mRNA fJfaE . Yoon 25 P [ RER 2 T #H4
T4 5 57 1t B METTLI4 [F)/NER, R I/ B
AJE SR, R R E BRI B4 (Pax6)
S AAHAN G (Tbr2) #74E, {H Stab2 b 24 oAl
ST AL (S100B) BH R d />, i Z M4 oAl
B2 A R BIAEIR 5 Mk m°A JKF TR, U2 5%

T2 i 4 5 0 b 8 AR R 2 B A E mOA B 1 D 43
F, 1 Pax6. Sox2. Tbr2. Neurog2. Neurodl /I
Neurod2 %5, . mRNA AR/, Bribz 4b, —ik
5 40 it AR % R B AR B mOA Bt LT
Z %, i Cdk9. Cch/Cyclin H f1 Cdkn1C/p57, i
3 METTL14 cKO /NP4 EAE K, S-G,-M 1
FER K. AU/ 2, METTLI4 @b
PIRTRM T (— P ARIE R Z e T4 AT A
(28 BN ) P 4 T 200 i ) A5 /s ) 400 o ) B
Re F— 7, RGN 55— METTL3
RS, m°A KPR, R 41 45 EL AR,
5 METTL14 cKO /MR R — 5. WF 7K,
P 5 RGAE /DR METTLS J5, 1HHE %
R EMF RS R RKEAR, K4
AT o s B 2 25 L U

m°A LB RE I U 5 A A 42 T 4T (aNSCs)
(A TE A RIE . A5 ER Sie = KB, aNSCs H
METTL3 3[R 8l 2 A1 453 40 28 40 1% 28 v Jise S5 240 g
8%, I A SR P IR BT 2E A 2 T A B U
Xu & " % WLk 2 METTL3 8%, METTLI4 ) 554K ##
STHM, MR AERZERAD, SR
WL o A ot AE AR TS TR R I METTLS J5,
BE &t AP S A BRI B G, PRAE AR SRR
HELAT A U IR RS A T4 e 2 ]
48 R LK 1.

3 mAXREENHE TS LR

3.1 mlAXBREE

PEBR m°A &1 ) 25 3 L 6 65 g 1 2 5 R
REAI DR H (fat mass and obesity-related protein, FTO)
1 AIKB [FlEEH 5 (AIkB homolog 5, ALKBH5), #J
LB kA m°A B ISE & L, PiE)E T
a-KG M I B AKB . m°A 2 F k4L
fif 1 & A RNA B m°A &4 (0 aT 3 e R4 T
iEHE . 2011 4, 55—k RNA % F3EI0AEY FTO #ik
Mo FTO FEMARAN 5 AF T AT LU AL 2 B mRNA 1)
m°A &1, Ff H FTO #4352 A TR B % 4R
15 FTO RN R, SR m°A JKP 2252,
LF HOR 3 & m°A BE AR mRNA 1) — A4 7 45 BY,
2018 4F, o] )| g% 5256 =% FTO #E4T 1 Hr I fidise,
AT R IAE R Z B At 7 T 48 t% A (1) FTO
AL m°A )2 34k, YT Y FTO "l A+ &
m’A F1 m°*Am )2 4L B2, FTO ikl LLZ:F4 t(RNA
R m'A HEME, 5—Fh m°A ZH LAY ALKBHS
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AT R R B B, e mT DATE AR A Ak pi i
1k % B #% RNA (£ Z & mRNA) L 1) m°A & 1.
FTO % m’A 1 m°Am 4 25 H AL B A AL AR T, 1T
ALKBHS % m°A 724 5205

Btz 4h, FEEEE m°A BTG, FTO 40
il ) B — AN RE R AR (MA)PY,
FARFRBE TR P DS KATED . a4 5
FB23. FB23-2, CS1 1 CS2 C\7t A I 1597 H A
i ¥, 2021 45, ALKBHS #7145 1 YR g 0E
BIAL &9 2-[(1- 2 4 -2- AR -2- K 258 )] 4R A
&P A-{[( W -2- ) FJE ] A }-1,2- TR
Bt -3,6- B P LE AR A E I 0 ) 5 I 4 i 4 A
FIRBRFURE, X ELAPHRIE A R YR IT A T R
BN TS, AR R G P B 5 A £F
2 .
32 mAEXHENESHAETARS L

25 AL B FTO 78 B0 22 0 v 2 1 s Rk
IARAS , 222 3 S 06 =l ok MY FTO BRI /N R
RIGEARNEAIL, FTO 9 G300 B A 5
B, WA, B X AEIRER . N E N X
W NG R AR N P RN B T IR
(5] RN i =2 1 DX AR 4 22 T4 B B i B b, IR E
iz e I E PN R EAS % EAY TN O )|
Wb, WRKERZFERE, HE TR
B 7. FTO J:Ribk 5, /NS H 45 1) m°A
/K P . RNA-seq 5 MeRIP-seq 43 #1 & B, #%
m°A B ) 2 5 R DR v AR S A B . 1B
F R 22 70 K 6 S5 AH ¢ 1) JE % B . FTO AT R i i
BDNF i 7 PI3K-Akt i R iR E M & KA. N T
i FTO S i 28 20 Mo R0 e S P so i), 28 2 b 3
SEAG E KA TR T A R R R BR FTO
/NSRS R BLREER FTO %8 3 8 4 1 35 1 42 T 40 g
[RIGEE RE JI R AL N & eI RE . (H R KR
E, AT YRR R FTO 2{F & u s
T AR T () P R A2 S F B S B SR i b, 4
ML RAEMEE P HURIBE T ER, kR FTO
22 1 Stat3 8 E%H Y SCHE DR+ Pdgfra 1T Socs5 mRNA
) m°A BT, B RIEKT, P R
3] Stat3 BEER AL, T IR 4% #4840 A (1 33 B A A
S at. HA, EEEMHRE G, TEelH T
FTO /K1 [ B, 38 084k (1) m°A K7, ki 2%
SFRIEN mOA BRI G5 T R4 48T 40 B (1 o
205040 B, ST ALKBHS [WFF0 R EL, 7EBVE %
PR, ALKBHS 3 PRI B /0 BRI A4S K AR /)8 i J2

FURN, AT IR 225 ZRRS A A R
BEWZ, /N R 2 T I BRI kb, T
AL A SR A2 A, I BE A TR o 48 i
BHIREF4E ARG 2, mA B K. Fohis
JANFR&E R F B RNA A% 4 2L, Widi i 7 2440
JHE R Mphosph9. i B4 FE [K] Opal FIGUE 40 i &
LR Z3BE D Wdpep 55, AR BT ) FE EESE N
2 i) 40 B & 3 (1 3 K] Ddx11. Cenbl A1 Cbx1 [f)
mRNA 7K f ALK R B s Sig s Ae
FHFEA, fn Cacna2d3. Notch3 1 Jam3 ff) mRNA
K%, M Sle6a20a. DIk1. Slc2a4 F1 Ascl2 ] mRNA
AR U, 2 F LGRS S R T 4R e Z TR
WEXRINE 1,

4 mARELEAEANMETHEBY L

S

41 mAREWKEAER

RNA E7ELER m°A B AR B 45 & 8 H iR
Sl PR AN . m°A B S ER R
£, F% YT521-B [7 J§ 45 ¥ 3 & 11 & I (YTHDF1,
YTHDF2. YTHDF3. YTHDCIl. YTHDC2). # A
) — iR 8 HNRNP % (645 HNRNPA2BI ,
HNRNPC). EB EHEALE KN F24 5 EAXKE
(IGF2BP1. IGF2BP2. IGF2BP3) %, ‘Efl1FEZ M
RNA L/ m°A 755, 37 RNA ffaett. 8
PEAIETYISE TR, 7F 2012 4, YTHDE2 #1 YTHDF3
R RIS moA 454, X RRE A DULEE R
YTH 25tk 4 B B AL s b5 A i A
—Fh YTH 453k &, 45 YTHDC1. YTHDC2,
YTHDF1, t#iF 3 A % RNA L m°A &1 1)
ft /7. YTHDF1. YTHDF2 il YTHDF3 7 -4 it Jii
t1, YTHDCI1 #1 YTHDC2 W A7 T4 o k%, Al
H I I R AR ST I YTH 45 44 35k 45 & 5% mRNA,
R E RNA AN H iz . YTHDF1 2 515 %& A
Jo R PR A6 PR - EIF3 (Y E 547 EIF3C ) mRNA |
(¥ m°A f7 55, DL m°A ) )5 3 5k EIF3C & A
#E BY. YTHDF2 it 4% CCR4 431, '8 m°A
B mRNA 1R 5, th2 5 m°A K & H
J5 B0 PR 2 B, YTHDF3 3 [6] YTHDF1 50 2 4
m°A ] mRNA [{#1%, Jifid YTHDF2 520 RNA
B fig B, X L 42 08 K W] YTHDF1~3 X 40 g Jig
mRNA (R E EZERH, —FEEEA
A 1A 77 s 45 RNA FIAEY%47 4. YTHDCI
B HE S AR T pre-mRNA BY 2 K 12K i 7 mRNA
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BIHE, A mRNA 1455 1X38 5, YTHDC2
REME IR SR L IR OB R AR B, B BERE A3F mRNA
gt Y. A RIEAI YTHDC2 BE951H 5] mRNA
HS'UTR [X 38 m°A £7 25, 75 A 520 mRNA /K 7
ORI = TV E

HNRNPA2B1 5% m°A 51 ff) miRNA Fi {4
ghf, Rt miRNA FTR RIS ME ST 3E, m 3 n
T, AT 5E mRNA B AR I faose v ™, m°A
H7E RNA [)JsR4 4, 520 HNRNPC 5 RNA (145
&, T mRNA FI854% &% mRNA 35 9,
IGF2BPs I 5l m°A & 1fi i) RNA, 520 H A2 5 v A
B AR ™), Prrc2a & — Rl X 0 m°A AL 45
HEA, AEEIRR m°A B GRE 453K, If
T RNA ffase i .
42 mARELWEAERSHETHEBI L

m°A FIIEALLE A R A F R 4 T 40
tbo Klungland 5256 % #9 ## | YTHDF2 J AR5 1)
ANEL RIS B RG F BB R B AFAE R, B
[ 2 SR W B AR, Tim A i 229 34 he 1% B,
S HOL AN A A B B 5 AP T A R B A
JIE, PETC T, MR ERRE. SRE
B N BE, JF BARE T4 ot B s & e 15 S
SE Ak ST I8 D IV B R S T RRURK 5 R T AR SR
DA 4n JAK-STAT i % ) 100 ] 1% 2 [A] (F1rt2 1 PtPrd)
mRNA _F ) m°A &1 KT BEAK, {615 35 I8 B4 A 1)
MREHIUER Y BT R R, NRARRE
# HNRNPA2B1 ] RNA J SR 2R KT 5 T R
NBRINER, AR AT BE 4 ) AN R R IR R A,
MR AR 54 7 Ea b mEE, BN
NIRRT ™. Wu 25 ¥ BF 5 Nestin-Cre
T Prec2a A YERCER N RO B, /N BRI A
Prrc2a FIFE I E R SEUNRR B IEIR . MR T FF.
106 J5R B G = ROR K 4 W . BRI
BRI R A 2 e B R B B AR, (BN R X
A B 4 98 LU AN A SR 25 k> . Prrc2a 1
PG 434k 20 5 FT AT L 1 A ds e,
/U 5 158 J5 400 R T A T R P R A, ARt D R IR
PRI, RS A EASHAE TRz
A R IR 1,

5 REEMRE

m’A 7E RNA & i b 3£ FF I &, 0F 70 k.
METTL3-METTL14-WTAP J& B B #5511
O gy, ORI I R L R B C R L, MM

WA HA B 3L 5 FE B IE fF R4 . FTO 7540 f #%
H 4 5 mRNA 2 310, 76 41 B 5 b 4 m°A Fl
m’Am #RA S, (EMREER K450 FTO K 5E it

B2 m°A Rl m°Am B A B . HIEL S A
HEFERE Z, AFBE BT R R TR,
[ 0 0 ] B R AEAS R DhRE, AR ZhRe
A LA R & B R R SRR . AR S
EHEFEMN 4 FFH RNA, RIEEFEMDIGE, 2
73 BE PR A — LR 145 S e ?

B m°A fiE A I R MeRIP-seq (14 i,
mA ERE T HR B IS T B KD . mCA (BT TE
HLWERIRE . TARMER S, PEIBIT
PEFEIR « E R AR R A R R AR
mA B R 2 A, R AR I R RIA K
RAEE AN, E &R AL F 48 D83k
BTTZN . m°A (BRI, Sa—
A m°A &K 7 Al mRNA 7K P28 4k, (545
PRI . XL DR IS T — 2 n] W 1 Rk
B, P97 m°A BRI, BEE TS
RGBT HLE] . mCA B AT DL s & 40
Hortk, HELmIE L R FRIRIE . 1 m°A 38
TR 26 AP 2 A A 3E B i AR T A i o fh, T
IF1] A2 [7) 36 P 48 TGO A2 B T B IO 240 i 7S B 2 R I It
MR A0 TE 2 . mCA FERP LG M v iE vk AT ]
Wy E BB, JFHA LR RH T FEL
5 R A K. MEIBITYERIRAA LS & U
R A T RE B2, 8238 4% meA B
AT ot & TT, (B ge IR AT I
PR RIEIT P it — LG O H By, AR IR A 75 B —
BRI BN RIE I & —ANEBR S, R
mCA ELE K 1S 5] DX ST 44 20 40 B () S ) Ak
FrB. #E kB KSR AT MR o 2 R R IE
WL, #E B meA B S A T4 LR R,
AMEBETE A K B2 Hah & 40 o0 1k 10 3%
12, W EEAEE EK P48 R VR 9T # SR AT M 1
FERE W0 H BT O YR mOA B AR R A
ER O RIE, BEEHARKERIRRE, BEAMME
Fgz &k 1) m°A 299 FF RAMY Be i sh i 208 4T
PEBIR I AL, B8 AT I IR b e Ad B RS HE VR T
BE SN, AR BN IZIARE], HA X m°A fIfE
FNURIEEM . CREW T, A B Nt R AR
JRIRIT S HE T S I BRI AR
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