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cell development, body immunity, learning and cognition and other important physiological
functions. m°A modification is one of the most abundant post-transcriptional modifications
widely existing in mRNA, regulating the metabolic activities of RNA and affecting gene
expression. m°A modified homeostasis is critical for the development and maintenance of the
nervous system. In recent years, m’A modification has been found in neurodegenerative diseases,
mental diseases and brain tumors. This review summarizes the role of m°A methylation
modification in the development, function and related diseases of the central nervous system in
recent years, providing potential clinical therapeutic targets for neurological diseases.

Keywords: N°-methyladenosine (m°A); central nervous system; neurodevelopment; central nervous

system (CNS) diseases
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Figure 1 m°A RNA methylation modification process (modified from references [30-31]).
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Figure 2 METTL3-mediated m°A modification regulates long-term memory consolidation
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Table 1 Role of m°A modification in central nervous system diseases
Disease m°A related proteins  Expression changes Effect References
Parkinson’s disease Mettl14 l Specific knockout of Mettl14 gene in D1R and D2R  [44]
cells resulted in abnormal striatum function
FTO 1 Decreased m®A level induced NMDA 1 expression and [45]
the apoptosis of dopaminergic neurons
ALKBHS5 - ALKBHS may be a potential risk gene for [46]
Parkinson’s disease
Alzheimer’s disease Mettl3 1 Mettl3 was highly expressed in AD mice, while [47]
FTO l demethylase FTO expression was decreased. The
abnormal m°A-modified genes are involved in
presynaptic membrane, postsynaptic membrane and
synaptic growth
Mettl3 l Mettl3 expression is down-regulated in the [48]
hippocampal of AD patients. The decreased
methylation levels are associated with decreased AD
protein levels, which may be a factor in the
development of AD
Multiple sclerosis ~ Mettl14 l Specific knockout of Mettl14 gene in oligodendrocyte [43]
lineage results in oligodendrocyte depletion and
hypomyelination in the central nervous system
Prrc2a l Specific knockout of Prrc2a gene in neural stem cells [29]
or oligodendrocyte lineage cells resulted in significant
myelin reduction, shortened lifespan, motor and
cognitive impairment in mice
Major depressive ~ FTO l FTO deficiency resulted in anxiety and [49]
disorder depressive behaviors
glioblastoma Mettl3 l The expression of Mettl3 or Mettl14 in GSCs was [50]
Mettl14 l down-regulated, which reduced m*A mRNA level and
promoted the growth and self-renewal of GSCs
Mettl3 l In U251 cells, m®A level was reduced , resultingin ~ [51]
FTO 1 increased cell migration and proliferation
ALKBHS 1 ALKBHS expression was significantly increased in ~ [52]

GSCs
ALKBHS can promote GSCs tumogenesis by
regulating FOXM1 expression

1: Up-regulated; |: Down-regulated; —: Unknown.
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BT BETE 2 Dk RE P 2T M T R
PEHI™), Qiu %7€ PD B3 R R HLARE 4 A
2l 5% BK WF 5% (genome-wide association studies,
GWAS) I 58 m°A B 4% 41 R 22 25 1k 137 o5 40 #r
(m®A-single nucleotide polymorphisms, m°A-
SNPs) Y i 72 D e 728 5, 38 i 3% 38 B IR
{37 15, 43 #IT (expression quantitative trait locus,
eQTL) il 22 57 Bk [K 3R 35 73 My i — 2D i eV e 1Y
m°A-SNPs, %&¥ ALKBHS ] fE /&A% Fik i
FEfE R SR moA BiFE PD h B R E
FERITERT, B RTPLEOEA IS . IRABFIE N
ZIE AR, LA B R ATTINEXS PD BN,
PR IX — I G J7 18]
3.2 m°A &I 5 /R EE

BORBZ BIBFFE R, S T IX #2250 Y)
REATE S AETE, mCA KSR E X IE 3 B K
AT REIE R 2, mCA MG FATE T M40
D RE AR PR B B E ERE . BRI
2R % (Alzheimer’s disease, AD)J&—Fiii KA
By, JEAT TR M A RGBT RN, 2k
LRI AL I IR b 32 BRI R M Y
AR Kacie Bk, MR- MIERE, &
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PRI 1 L FURRAE Ay G e SR 22 4, Mg 2F
Y g4It HACAZ A S 2ot K £ RS ]
IR PRI BRI AW b ie B 2 Fh——hid
PERERRAL I ICE A DG 1 Tau FIA0ISMGE Ky #F
FH AR BEHRULIEPY, Bk AD KIRHLEHIIFA
WA, BREREIN,, RAHZEE AD &K
i — A ek R . fRal i —TIEIY R
HIEH® C57 /NEALL, AD #A/NR (APP/PS]
MU FE /N ) AETE mCA R IR L %058
AT v P R RN AD BEAL/N BRI IE 3 /)N
FH RNA B m°A HI3EAEKE o Tk Fh 4
B s AD BRL/IN R R SR S5 X mOA
FALKFETHE . [, AD /N mCA F SRR
R Mettl3 1935 THE, KW ARG FTO BYKiA
Ao 1 mOA B H R F T, S
55 i I | 5 fish J RN 5 i A 4 OGBS TR
I, XU m°A TTRE#SE 25 T AD, HH
TRHLE s D BE I ARTERENT i 5 b — TR 5T 2%
W1, 16 AD BH IS YR HE X b Mettl3 %
KW, I B R REAKFRERS AD K
HIFEAR A 55, X AT e AD & 2B By— A R I8,
2 F CEAAER K ESR X TR K AD Bl
TEHFE AN [ B 00 A4 8 B Be i) A [R) g 1301 o
3358 BH /N A il A 2K A i v B Ak o 4 A7
25, Bz 4h, Reitz 2Kk FTO LA
WEF 1. 2803 e w5 AD AK, 5
BERW, AD FBIH FTO MYk I 5 K,
JFH FTO MIN & F 2 R PAAAE AL 7 1Y
ST,
3.3 mlA IS E A MHEN

Z KPR fk (multiple sclerosis, MS)&—Ff
FRHK 1 228 2R 50 0 B B R A 420 3 A A ) 1
RIE . BIRT R AR NG, (HEET
385 I\ A S BT AP R R B SR IR A 2 Al [
F LR S BOX BRI & AR MS [
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FEOEELHG At 2 R G0 I MO L I R
B R, SRR, 25, HF
ZMB 2N AT RE S I AT A . 2 5
WEACAE R BRAR S, FERZHURE T, 2R
WEALAE B 5 B kMo B8 R, 24 85%1 MS
BE & K& -5 B (relapsing-remitting MS,
RRMS), EPWIREAMEIGINIES MG, 28 & H
52 RIS Z D 24 h, K2 50%01) RRMS H
FERCATE 10 E AR Ik bE MS, AT
3530 TA Sk 22 % PR R AR E AN (N 2 — i R E PR
Wi, R B TR P R
Gikaiy DR AR A B ik, —3igy
M, /Do 2 AN & R AERE S mCA
SR SR . 78 5 B 2 40 i v R
SR Mettl14 2 5 300 58 e o 41 i g o /b
Frb pf 28 R G AR BE A 1 . RSP SEBR TR,

PRSP RIRR Mettl 14 23 5800 58 I SR A 40 i
T 32 P /0 5 52 o 240 L A AR R I, I b 5%
2 ST A 48 L R /0 5 JG S5 4 D 7o) 2 Sk 2 3R 5K S
o Mettl14 2S5 RNA 5555 A1) 0 87 %

I HAR SR Mettl14 S30ER R RSE 450 1

— T

Hypothalamus
CRH,AVP &
Pifuitg.ry gland

ACTH, POMC

Adrenal gland _— % + Enhance

o/
{

Glucocorticoid ==

~ Early life stress

=== Weaken

S, BRI AR R I/ R AT A R
RSt H P BRILZAN, BT & BTE R 2T 40
Jf B8 2 5% BT 1 AR A B b R S R R D B
PRRC2a 0] 38/ S & W8R8 . 5
i 1B PRI RAFIBERY, X UL PRRC2a
2 55 /0 5 ¢ I 4 T 1A% 400 0 35 2 0 /0 5% Jise I 24
L iz P g 20
3.4 miA iR SEHER

B AR AE (major depressive disorder,
MDD) & —F i N 255 5, HARRE 215 %%
y% . DGR , ™ BT RE 2 4
B AR = AZE L . MDD G R 2 22 &R 1
A WA B AIL AT L A e ok b i %) B A 7
T, PR AE R A 35%, 1 KIREE
K2, an LI ERE | AR A B N (early life
stress, ELS)-5 5 B HVARAE AY 2855 KU [R] A 25 U]
X, A, BMBENTFSH5TX 5
WG & FEBERROY R 3 Mg T HE B —
SE T B DNA W4 15 BELS e R,
DNA Wit 41755 ELS # G 3 5k R 2k
R AR . R - R R (HPA axis) .

AKT CAMK ERK

Neurogenesis, neuroplasticity

3 5 DNA RMELREFHEXE ELS X E SR EHHE

Figure 3  Early life stress-induced alterations of depressive-related paths due to epigenetic modification
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5-F2 AR (S-HT)a& 42 . i P8 4 35 5% K F (brain-
derived neurotrophic factor, BDNF)i&4%, iX 3 5%
BRNAYS MDD XRZ%Y ., BRikzZ 4,
B 53 5 R 4R TR AR R A% 9 i TP 7 T AR A
W97 % B RNA 25 A0 FTO J2& 5 M AR ST AH

KEENZ—, FTO = 2 5 HAEIE IR
AT AW ZETA R R, AL B

SEE TR T A S B 0 N RE G T .
HIUTIR, FTO [A] B ids 2 — i 5 AT Jh A O 1) gk
R, iz E R SRR, Rivera %
SYHT T 2 442 {5 E EEHNARAE 3 R 809 71X R
HIE R B2 REA T FTO JEIM ) 88 /1 SNPs, iX
—RIEH], FTO WHES S T 1% 45 B fd AAE B
Z R SEER AV ZEALI Y, [, FEAE FARIE B
TR T AR EAREIIARAE B A S 1 B R
WEPRIF | 60095 S B AR
3.5 m°A 1815 5 i BhiE

KEBESE R, meA XF 2R i 1 & A4k
FEREE, EPRMAERGE T, ML EE
& I R DL AR VE b g o L b R B R 2 U
(glioblastoma, GBM) & 2 # i 51, o T A i e
B 50%. GBM M 1V YL frmt ] LA
14.6 ™ H, A AFEE R 12-15 1,
HA 3%-5%MBE AfFm KT 3 40, K
JoT B 4 R R U TR A R B B A i, EL A%
SERUME 2 22 A T R A 22y S
AT BFSE I, mRNA m°A 7K YR e v 4
T 20 B Jed 1 4 (glioma stem cells, GSCs)
AR . AR H A kR R CE S, TER
Hh GSCs H L Mettl3 B Mettl14 355, &
X mRNA 1 m°A JKFIffEiE GSCs A KA
3 T8 BT A mOA AR (m°A-seq)
KB, Mettl3/Mettl14 AYHLR S BUR B SR A
mA B EREMYAE, Hh s ADAM 19 X—
SRR N, FR ORI GSCs 1Y A 3R T E T A,
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2019 4F Li %05 7 10 XF GBM FIIE #4141,
WF5E & GBM 41 m°A /KFEH B T 1E %
HA @1t qPCR 505 ik GBM 4141 m°A
I B R JE R AT BE S Mettl3 ik /KRR,
FTO FKikix LTh. BFFE A L8 9855 AR g
4 R U251 41HEH B Mettl3 F1 FTO /K845
mA KT BRI, AR, 7E U251
A Mettl3 % 18 FTO JER ik, &
ik m®A K, 5S040 M AT B R G AE ) G 2
5o XL mCA FE IR AT AN TR U251 41
WrE T A EEEM . I AR A SR LB,
TEMRAN moA KRR, JHT-dnp i . TR
5% N 5K H TUNEL 3K U251 41 i 3 121
B, IFRRIN G K Mettl3 B9 U251 40 i
HSP90 /K F, Z5HFEIH m°A i I HSPYO
I 8 42 A0 O T A T S W) G RS 1 44 A X
i GBM BIRIT AL TR A BT A,
2018 AF K = B 5 ] IR AR K
Pl ALKBHS 25 GSCs ny3sd 2., #os s
ALKBHS5 #iA/KF7E GSCs W @ 1, ik
HMFIAN ALKBHS SREG X GSC I A A=
FHMHVER . RN, ALKBHS5 7£ GSCs FijLEk
28 GO/GL WA L B N, S AR G2/M
WA B> . ZETRFSE S kB, St
T FOXMI FKikIghnssfg#t GSC nyHgss 1 [ 7
BB, 1 ALKBHS W AT 3 1 4+ FOXM1 3%
IR TE SR AR BE GSCs U PP,

ZE LTk, meA BIRTE X 2 R G
TREAFIER, =5 MPLH 0 AL
Fl. AREERNRE, MS5HILHARE, ANFH
) A BT K B0 A0 235 SR I S A7 AE 0, X
W] m°A B AR AR SR B S b . H AT s & B
BRIEHE -SRI DLE, 5 m°A BififE
HOR M 48 R BRI AE AL, T
DU AT R AR, 4 Bl T3641]
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RS THAG AT HBAL L

4 ReE5R%

Bl BRI &R, BOR B2 B9 R
mA B RTE . S SR MA YR M
Pgw o HATE A m°A J& mRNA i F & /1
Wi, SMERGEMNET . THe LSRN &
HERIBEAFEYIR R, m°A CEHHEHS 500G
A A E M2 & E , M NSCs B3 5E 53 1L 2
BUAE P 2 AT RE AU 2 1E . X ST RE Rl AR
B 7R 2 e R e Jo 1 240 JH e A s e R o
XYL, mCA 8 7 R & S ER B Y B .

HATi s 2 £ G ok 5 R, B
BAF S5 B 28 00 B R A i & Bk R P mCA &
HEFNIIRE HRIFAER .. Jf H HATE R
w, m°A BHEPRMZRERE . DR
KB KA IR L s —> By fy 2 5 Hi
R FEF SR PR 2 R G L . ThiE R HAH G
G5 m°A B RN, BT mA B~
XX T2 RS kT . DIaE A
KHIRAEER, BRI m°A 1 3 AR5 22 E] Y
HAEX FHMRMERGE LT . UIRe MAH LB
R % SRR IE 2 9 o R4 m®A 19 3 ARl B
Z I EAE DT A i e, U HAE IR R
FS 545 O B 2 8] ) BAE 7 R R AR e
AR, KRR R T AL . ARANTHES M
mA B ATFIRIT A RPN XEEA
B FRATIEX P2 R A F . TIRE A
K A A B

BEEINHIIIR A, RATES K m°A RE
Heo XFPEIMABAEZ AT : (1) RNA FpE
ML SR ZH, JFH RNA AR
SPE. (2) RNA B SoE i 244, X et
B[Rl B UMK T RFSE mOA W RXER R, A
DA s v T S R 9 4 20 25 T A [ 5 G 2
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AL, T LL b R A 56, VFBERE Bh3RA TN
XA RERR, RIS RGN E
IR Ik
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