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Fig.1 The development of neuronal and glial cells in the central nervous system
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FRIRW B JFZE  (doublecortin, DCX) A A Al 24 it
G0 H A, GOtz FA A B LA T 2 Y GFP
Ngn2-IRES-GFP &%, Ascl1-IRES-GFP ) VSV-G i 1%
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Y oK I fiE 5 A 3R 1 28 oT D) e MR A bR R
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Sy BRI RIE R BRI, ik Rk Ngn2 Al i |
PWTEM 1 (T-box brain 1, Tbrl) FHSAHRARGER
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transcription factor 1 beta, Lmxlb) =% 32 K AH &
F 1 (nuclear receptor related factor 1, Nurrl),
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BRI, RS Y AR IR AP IRE T R 2 A e
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WoE T EE Y, G A kA OCHZRS
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Y5 AD BRI R 3T BT I JoT A B e Ak R Dy
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Z2i0FF NeuroD1 [ HI 1 5 22 95 i 5 AU 5 1l IR 5% 1k
(R D)o FXTMEITE R FEM PR 2 RGP
i, BRI A BAEE FH AAV ZE S i i A A B
5ty Bz B S T i #38 NeuroD 1, i IHs 2 IE
JWE J5T 240 L2 o AR R A 20T B 4 A o AL SR B A
(Huntington’ s disease, HD) HH /N FRSCHKR A4
SCPE T[] i 6 38 NeuroD 1 1 DIx2 K5 A2 1 i Jo 41
ML s A ph ot 7y FEFFRERA . T (stab
wound lesion) /N FRR AL HEH A vh SEEE T o Rk
NeuroD1 ¥ [6] i} i %35 NeuroD1 Fl1 DIx2, #f 2 I
AL A R RE TR, IR A A
FREE IR S X DU 28 o0t BE 4 Ay 2R AR [
AR A R R 1, R AR T AR Pyas
BT NeuroD1 33 R 3K 1) 152 5 240 Jfd - 1 28 50 5% oAk 1)
P28 P A RS RIT 7, s i A5 A K B ) v
ik DX 118 B2 T e o 4 D 57 2 3 A SR ol 2 ) e 2
JG, AR TR AR, A METR P Y
IRITHE R T A BB 20 X B I e Jo 24 it ke 15 7Y
VR TR (glioblastoma, GBM), FRINZ
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oAb VGIUT3 WA 2 R R 2800, I BT RE20
WLgeE A T R AL TR R T RE B
RS A I T i) 1 3k NeuroD1 #2490
BIC R i flaris , S 80E tk hpp gociyal
fett, DLRGK —TFBeAeim R HH i B RV FE T
Seo SRMATH, 1 323K NeuroD1 5 5 2 P i S 4
Mu-Fh 2 TC G A AL T REYEAZ B T B S T2 b HE .
TEPH M ST R PG e B2 rhu O sk R SL BN, T
SR SRR BRI, AR 15 RIB I 9O HR
WL (U0 GFP 8 mCherry) 1F R H & 8 £ M &
JCRIR, IEARREAE WL R S ARiE . AAV T
e L AT RE AR KB EE 4], T3 NeuroD1 J¥ 4%
T DR AR AT (R ] 57 1 FH A2 Bl —
FRIT R EH, SEEOCHAE ) 75 %R
ik 2 [FEF T AAV, S8 EES R, B
5 I RE SRR AE IR A A g onrh, AR I R 4
IR R A o kAR ST B 1A BA A
I RIBEILFEZMTFBAEN, “Hoa bt gon”
RIS RIB I JCk B W 2 10 %55 NeuroD1 9 B IE I
JT AL, TR R R T A A AR Y SR R 2R T
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Table 1 Results of neuroregenerative therapy based on overexpression of NeuroD1 in disease models
F1 ETFidRiENeuroD1IHHE B AT A ERFEE R E R
LY it PR R AP EAIRES BRRSE ThRecsg
IR (5~12HD FIRE BUlPE% AAV NeuroD1 Cre % JZGFAP' M. NeuN. MAP2%FFHME. HA S FAWKE, BEER
G~5AH, PRI ) FLEXRGIRES  HERBRAM WS, AR 441, BEH N MR %,
baRi) g6, Ho B HON R AR LR, EAT S

B (9~21%, HEME)  HRifE2  AAV NeuroDI1 Cre
th M) FLEXZA% 7 s fir
I
SIEWSE  AAV Cre FLEXRSE
B U SERSE RIS, R
id % ixNeuroD15
DIx2
HHE#/  AAV NeuroDI Cre
Jil5 81 FLEX RGeS A4 52 A
5t

IR Q5D

N Q4D

W xLhee

BZJZGAFP [ NeuN. MAP2ZE[IE, HA BEBRAN, RFDK
PRSI BTN TR 5% A B A 28 T

JoE 20 i 55 /N i R BE P
GABAFREMZ T

SURTEGFAP' &2 NeuN'. R IR PERIFHEE B AN 4%, Jar i
IR B4

g6, HAF—LLL FNGABA 4, RS AN 580K
BEP A2t (medium  RZFE4E, KGEIZ3IhEEIF
spiny neurons, MSN) FEK A Ay

HEETS FAIGFAPT NeuNZEPHME. A& M4 LIk
BEERRAE SMEfEmsen, R&ohne

Wk, g R N TIX3 45
RIRRERZTT

KB (190~240 @) i B AAV NeuroDIZAKE ¥ CAIX  NeuNZE[HYE. E&INEEENE WA AN M, b7
oRERiny GFAP" BB M4 TT, HH80% NGABA &7t E 4, FEACEIN M &
i) REMh 22T TES A, MEAT N,

TR %

THIOT BT 5E , R0 A BAGE o 5 S A I 7 (RNA-
sequencing) 2B & Bl NeuroD1 7£ £ JE Ji it 40 Jit
[l # 2T A R b R AR R R iy Ik s g, Ot
fili A T PRGHE A B S A 2R AR AR B RIS ABAT TR XL
HF ISR T EIE R A (i RiA 8
WAL ) F LA ph 2 on i AR, IR R
NeuroD1 7EAN [ X HiF5 S 4% AR A [R) 26 8 i
PZETG, FRREIE T 333835 NeuroD1 AT L5 R 2 JE
JWE JoT 44t L i) ot 28 T 3 AR I A Y RN BRI
SRS AR A A BE BT Rs BLIEE Jon 40 4 o
e th oo ZRal il N, 4G a  AAVIF
A 2 2 4 ) T oM 28 it U 55 T AN L A
b. Fe AL LGOS 1 0] BN R AR  B
c. NeuroD1 FKik it A JE DL 5w Ik tdTomato ARl i AL TE
JUE S5 A4 M Py e AR BEL T A 2 B, R A A A
7215 NeuroD 11753 5P 2 5 240 A [] #ih 28 70 53 AkaX
—FBRINA AR J), {H NeuroD1 i £k
B 7550 BT I T 20 B[] b 28 T 43 AR ) [l TS 7R
T, H NeuroD1 QiMa] 4T B I 2 ot 4t - o 28 0 2%
AR 3T LTI AR W B B R 25, BN L AAV
MREE . WL SRR T RE 2 R Y I R
4= [0, NeuroD1 IFE 2§ H.1E W HI T It IRATS 24 18 FH
H¥.

AT IR 2Tt e AHOCHE Sk IF - |

PR T SRmG, Ik SR B 7R AR
S UM IR 2 3 At R b H AR TR TR Y SR
PR S TR AR M 220 IR RN
H g8 2 QT I e S R 7 R 2 W E IX 4 G A
(recombinant polypyrimidine tract binding protein,
Ptbp) . Ptbp J& — K Z M iR (ribonucleic acid,
RNA) REIEXLEGHEA, TEWIL3Y b
Ptbp1~3 =/~ b . A Ptbpl 7EN L S W BR#h 22
TUAMY R ZEH B R R ok, RENS IRy n] 25 5Y
. {5 RNA (messenger RNA, mRNA) #i¥5
mRNA T2 PSS, AT 4E 7 A 28 0 B8 P 32 240 1
PR~ B e, 400 o A 1 o 2 o3 Ak R Al
wic R, Ptbp 1 2 UL 4k A L% o3t A 2ot i 5E
HAZR 24 B, FIH/NAEIERNA (short hairpin
RNA, shRNA) 7£ 2P B4 i b ik Ptbpl,
RERS R L AL DRt pl 2200, JFRTFE PD/NVER
BRI g S 7 AR BT O A DI RERY DA REMI AT . H Al
AR IRE | KL BCRIAZ BRI R
DA REMIZETTHR , W42 PD /N U EY 132 3 2
RERRLAG 20, FEZAR/N UL 5E L T B2 T RO
I RERE A .l 1] CRISPR-CasRx £ SE ¢
Miiller Ji 5 41 i 1 119 Pebp 1 J5E PR i, -t g ik B 7
SERE N A0 1) LA O 5% e e o 240 ML e A5 734
PRI AR ST, TR RS AR, TR
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D B3 3 1 /N BRABE R R B8 A A2 T e D g o
TXLEAIF 5 A I ST A0 % oAk p e oo PR At TR R
. FBHURE, b PD M A 28R AT g
BT ELFT S AR T RS

BFXTEPtbpl, 17 22 AT BAIIN e SCER R 7 B F o o
PR 3o @R Ptbp 1 175 5 B R G JoT 4 it i 43 Ak i AT
AE. TEWIRNTE R /U J2 iz ] CRISPR-CasRx i
A7 RCOR T, A LI 2] P IR Ptbp 1 28 3k & 1 BH f [
%, A 7RIS FRAB BRI LS 2] i JoT 4 i 2 o1k A
PATCHI LG 5 i sShRNA #EA7 R, Bok
NI E P 5 Ptop1 s, (B AU 23 R AR L 2
U e J5T 40 B % 53 Ak R #h 2890 5 3l 3 CRISPR-
CasRx 5, siRNA #ii il Ptbp1 #B 03245 Miiller i J5 40
JH Bt A A SRy P DX B 22 AR L s R e o A
TS ARG R R il 4 shRNA Al S5 1 R
(antisense oligonucleotide, ASO) I Ptbpl 3] TG
AR PD AR EDIRAS T, B BRI 240 it 4%
¥ 5146 DA R 4TI/ Rz sh s 7
FHIB AL 1% 2 B LA I i ARG B, LS
LA e 7 VA AT Pibp L fBR ,  [RIRE A e WL 1) #E
I 52 Miiller i Jon A B Bl B2 J2 . SRR BRI e Joa 448
Mt fp 2T e oAk Y A - B 4 I KA Seth
Blackshaw 32N Ry, ZHIMFFE SR oM 28 21 i 2k
BN B AR PR A PD /N BRI AT PR B R RE 2
SIS B F GFAP 7E N PR 28 0 9 S v TR B
7E Ptbp 1 (4B AL RN T8 . BE%F Ptbpl (11473
TEARSE, S EES S, {H Ptbpl ZEMRIG A B 1Y
SUR L SR U TP R U o f e U Ve s e S N I R
FH 100, T R Ptbp 1 1755 B TR B 5 40 L[] 1 22 7T
Feor b B —E iy Ie AT, IS S rho S
& BN E A A B R EAR T SR

2 IMNRRBRE-tRETTES UK R

R BRI Ao 2, H S # oo i
ZHNEZE R, (EHP A RE S R B 7
FRECTT , /INE T AR B2 0 A FE R A PP I 22 R 5
R SRR, FHAERE ) Haremok, B
e rb PR AT PR PO A B A S REAS 5
DRt BSOS FIHEHE 0 S8k, /NI A M A I B
BN AR/ NG DRV R A RIERT, B
RELEMG BILIR S T — @ PR E L adaed D/ N T 4 5 |
AL B SR AT 11T 5 fiff HHAX o 228 2R L ) LA
P, SEPAFA# A PR DG 1T/ S, X
HIR M B A b o ot 2 s i REUEAT T HFFE A

Wit

20194F, JUM K2# Nakashima [1 A 5230 T 38 1ot
P20 B 76 /NI 5T 41 i P i 65K NeuroD1,  7E&RSb
TR NEB L5 T /N BN B 5 4 B e Ak ol 363
Tujl 5 MAP2ab S # ZOhREY), A P& ToHALE
Pk H 5 AR 28 50 3 N 3 58 0% — S pp o
(E2). LRI T, VGIUTT A
RIRREM 2T 5 2 75%, GADG67 () GABA fig##
20 ) 25% . #E4rF)Z T, NeuroD1 i
FEIRREEIE L 1T 4B 18 5 DNA HEEKF
T o LA 1 18 2 4 22 0 % SIS Sertl 5 Meis3
PR SR R, P38 3 7 S A i) Mafb 55 Ly11 Pl
/NI ST A0 M S B A S BE R, s/ N S 20 AR 1 )
TR, X BT B AR T /N 5 4 a5 434k
HZICHIRTRE, R R A S Y Ik
AT RS, BARENIGRNE S
B

SRIMA UL AR, /NS 5 4 At Pz 2 i
., HRIG TR o e A R AH 20 o fk A
Mot )E T2 SMIRZ S R, i RGs o1k
A SN BT R B R 2K, NI
i N B A 1) pR 2 T AL B T AT Y
% NeuroD 1 76 PN 6 AL 5 IR T FE 4 22 AR 2
i A RGs b i 2 vh 2 5 e e g i iviz
FEARFTBTE/ M A T A B R R b, T LA
R RTA—E A M LI MNZTE R A Az
DESE B R UE e . 2021 45, A3 588 i3 R
FITE 20 AR B R & B, i F S % 7 0 0k
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Abstract Cellular conversion is a process of genetic reprogramming by various methods to induce the direct
transformation of one type of cell into another without going through other intermediate states. Neuronal loss is a
common pathological process in a variety of neurological disorders, including Parkinson’s disease, Alzheimer’s
disease, and stroke. Neuronal loss is usually irreversible and causes motor, sensory, and psychiatric symptoms.
Since the human central nervous system has limited capacity for neuronal regeneration, therapeutic strategies that
use glial cells (astrocytes, microglia, and oligodendrocyte precursor cells) to transdifferentiate into functional
neurons in situ of neuronal loss and integrate them into neural networks have received much attention. In recent
years, successful conversion of glia-to-neuron by manipulating the gene expression of key transcription factors in
neuronal fate determination in glial cells has been discovered. Nevertheless, there is still some controversy about
the scientific validity of some research technologies, the rationality of judgment criteria, and the self-consistency
between experimental results and conclusions. This article reviews the discovery and development of glia-to-
neuron conversion and takes astrocytes, microglia, and oligodendrocyte progenitor cells as examples to
summarize the important findings of glia-to-neuron conversion with discussion and perspective.
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