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Abstract:

Neural stem cells can self-renew, differentiate into neurons and glial cells in a specific environment, and re-

store dopaminergic neuron damage in Parkinson’s disease (PD) through the mechanisms such as secreting neurotrophic fac-

tors, regulating neuroinflammation, and enhancing neuronal plasticity. Currently, dopamine replacement therapy is the

main treatment method for PD, but it cannot delay the progression of PD or achieve radical treatment. Stem cells have shown

a good prospect in the treatment of PD, among which neural stem cells have attracted more and more attention. Although

neural stem cell transplantation has achieved a certain effect in the treatment of PD, its clinical application is still limited

by various conditions. This article reviews the research advances in neural stem cell gene modification in the treatment of

PD, so as to explore the key regulatory mechanisms of neural stem cells in the treatment of PD
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IR v B 2H 23 R N2 R G T 440 B, sk 28 R I v Bk 26
EAVE 2RI AT M NI R R IN N S R AN S AT
FE 2] PD B 1Y RS BERFSEA 10 AR K TE DI BERE B 5
A ER SRR AN Z M BCIRIR , BARE BOIRAE 2 1 (dopa-
mine, DA) B, B B 22 M PDAEAR> . S A BFE R,
SRS A G T i 41 200 2 44 PD B, ANMHIZ 3]
iR B R 2 B R A 18 4F, AT 4 HI 2 I HEZ5 ) 10
AELL R R RS R IR 2 L i S RS A At
TR IR ARFEALG BT BORAR 55 Uk RE 48 S
B ask BE A 4 i DR R B Sk o iy S 3 o R — R
(14 3z 2y B A5, DT VR 6 v M 2 4 A B A 1 1o H B o
BECS ST ARG b I 4 2L 3RAT A PR ELE A RR AL
XA T AT BRI R A I AT SR R T AR T2
H (human embryonic stem cells, hESCs) H F-H 58 % 6 ,
AR R B PR T4 . A hESCs BE B8 7E 1451 TG
BR RSB, IEAR B 400 BT AT 20 2 R v g 7
15 PD R BB RS, iR T 40 B A% A S SOIR S 4346 A 1L
PRI TT, B & A ik 20% 1 2 BRI 20T, X
S RG b RS R 24 BRI RIS T 4 A
VE R AL AL AB VG Y7 A5 BN AT (H R IRIE R AT 1 1E
P Ie) R X —WF5E . MeAh, BT IRIG T AR OR B T
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W, LR S AR A 14 G2 HIE I S 7 17 Lt G i
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TE—SEfIF 58 1 IF QM AR R 3 AR L e o 20
T 4] PD (835 R ZOIRAAH , ASAE SR &8 L2 B e R i
fEIRYFRCR R NiE R 2 DR T4 i (human in-
duced pluripotent stem cells, hiPSCs) N R ]
(neural stem cell, NSC) N I ALK I, FFRik4
Tl 5 7 Oct3/4 . Sox2 (K14 Fll e-Mye , 7] 75 5 A i 2T 4
AN AT KR hiPSCs ™M X SE I AT A 3 A
R AL fiE L5 hESCs AL 24 hiPSCs B AH £ 6- 2
Z BT 1 PD K BUBAL b hiPSCs ZE N 7k h 2 1
e 2600, 8 W PDAZ shAT ok, BLIEAPRIE I, R
RZHUhiPSCs B3 M AT Ak T 18 3 10 5 sk 7 18
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PRI 2L rf A S50 TR 2 720 AR B0 A A XU, S 35 0 v o (L e
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F18 RIS 38 o 1%
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K, O B2 T AR S wn i &ooir . Bl

.69.
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% 505 K2R A 6 I F (nuclear receptor related
factor 1, Nurrl)J2& FHIR i B0 22 /4 HH IR A% 52 1A 8 S I 1) e
R T AR LI, BORTR Nurrl 7ERAG 10.5 d RIFE
G JE A 2 3k, I LA 2 38 T AR ik 2 2 1 e i A 0
PRJT X Nurrl BA A 2 v il 2 BB M 280 R B Y
BT KRB R, Nurl X ZEEHZITTRT .
A AN BEAE RSB A HE AR T 7E RS/ B Nure ] ]
Ja KB, P 2 TR BE AT 2 0 R B B . B, Nurrd
BE R A (4 o 22 T A S ) 1) 22 L e p 22T oA . A AOE
T2 R MR R A (AD-NURR D 41514 Nurrl JE[H &
i AR HE Nurel 2 IR 5 . AHIEREAETR YT 6- 72 2 A5
(1 PD K B, AT 4 B ] 75 A 8 T A A 1) B 220040
o #E—25B, Nurel B RUE A (14 40 25 T A 53 f i) 22
B e B 1 260 FL A A 2 L e 26T TR . R gR
7R, Nurrl BEDIE A m] i F i 28 T 4t 1) 22 12 e fh 285t
SETT 7304
2.1.2  UTX A5 9 R IR 1546 12 3G 78 Fo 54 o 69 4
A EMERE P T S A R — R Ak
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TE B 57 B el AR e, 2 48 1 YRR il R 2 PP R A il
Xt A 2 T 0 B A R R B O, X
A I 35 3f e 5% 19 1Y JIK 5 & ) 91 (ubiquitously transcribed
tetratricopeptide repeat on chromosome X, UTX)TERT 2
FIKH H3K2Tme3 £ I IEAL G, BA e (0 R 5 DI RE , #¢
UEA AR i e R R F R R AR E] P UTX 58
AR P EUH3K2T £ WAL AR Kl k. UTXAE 10 55 (0
A I B 2K 7 Bl 1R 15K 7 [R5 3K A (gene of phosphate and
tension homology deleted on chromsome ten, PTEN) J& 3
b WAL H3K27me3 , i3 PTEN (932357 142 40
MITERS A AERE ST SRS R W, PTEN 76 #f
S RGP AR PR A N 3 B LA R 2 TT I oy
b LA AT PR PTEN £E 80 261 40 g rh e 5
P B R K s /D A0 B T O AR i G A Ry KRR ) 1
2= Domanskyi SEBURIESE R R, MOA% P PTEN e FLUE
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PD By &L 2 —. 76 PD/INRA Y | 2% B PTEN 3[R
Bk 23l 2 1 R e 2 ) R

A WFFEAUESE , UTX AT LA 2L 7ZE PTEN i 2) + | H3K27
= HIRAR IR K, T AR UTX S , PTEN 75 RNA FI8& 15 K
bk B EREAK . UTX Gl 3 PTEN-AKT-mTOR
T R R 22 R F L A WESE I i Western blotting K5 il
H3K27me3 7K, & FLAE UTX B A% 0 F , H3K27me3 4
KRN . [RIBAT BFSE R, BERR UTX, 7 3 5 4 28 40
JRLE B D LA 22 Sy B RIR 205346 . IR PTEN fk
R AUl A PR T, A 40 AR 5 R A Ah RE D B L T UTX
FEPRI G AT PTEN 23K BEAIK, DA (8 200 At 14 58 Fn 73k R
FyHanE o DRI, B R UTX ik KR AT A R 22 2
it s 5 A oAk
2.2 #HETHERENKEER
2.2.1 RNA#® N6 ¥ A FSAedt AR EZH  HH
N6 H LR A &M (m6A ) | IZ A7 7E T mRNA 1, Iy B 3
HEBMAEEA 3 Mettl3) M P BB BFEEA 14
(Mettl14) 5 — BAAE AL, Mett]3 Fl Mettl 14 12 i m6A F 5
RS A A0 o SR R AR AR R U], meA
TR 0 2L P A Ao 2 T 0 R R e R R AR A Y
FEAE, mOA 61 T 1 A 28 T 4N Y R AR
AW 5T 4GE R AE /D BB B rf g B b2 T 40 M Y
Mettl 14, 5| B Pt 25 T~ 40 i 384 78 05 S gk 2> . R K RNA A9
m6A F BRI AE 1 28T 4 it 19 3% 55 vh & 45 S aE A
1R
2.2.2 IRJR 4RI AEAY 22 I B T AF 3G 5 A AL 8
o DAERFIE R AN R 7 R B S R 4 AL ] 5
Wi B 22 20 R A AR S A7 3858 K b . I RFGE R IH  IR
oA B VR M #4208 57 BT (glial cell derived neurotrophic
factor, GDNF) X} #1 & 40 MU A7 15 38 58 M o3k A 4% T B2
YEF™ . GDNF J& i Lin 25 DA B 5 41 i Bk B49 1) 4%
PE8% 3% 3 v oy B Al AL 3R AT 1) — PP A 2B R T, I DU
GDNF % 5 AR wig A S PR ET, 9 s B N GDNF 5E A .
GDNF 3Z 1A J& 2 iU 50, B 52 A B 22 I T A et
ZARG ) & GDNF F 5 Z K o (GFRa) 4%, GFRa f1 75 2
/4 F, B GFRal ~ 4. ¥ GFRal.GFRa2 X GDNF E
BRI, GFRa fEREFMEHIZE A CGDNF Z 5
B R0 Ret BERR L , BEIR 1L A4 Ret S0 T6 H: R U7 10 22 24 i
AL L MAPK P13 ¥4 , 30— RV Nk 12
(B L DT 2 75 GDNF FE A 48 35 7 19 A BT g
GDNF i 1 PI-3K 15 5 & 12 {8 i 2 1 i pf 48 o6 2B K
s34k

P TN AL HE S A AETE S0E TR S bR 2%
RIS AR L 5 Bl G S5 400 A 3 1) 8 i S5 17 LA % I,
ORI AL R0 . GDNF 7] 4 5 b 28 7T 4= K 404k i
RIS X 2 B R Re ph 2o oA R SR8 % 32

R RPORER OB AR . S T BIH GDNF 3 [ & 1
Xof A 28 40 B A4 S ), A BIE 9 3 T A S A GDNF 2 R &
T 5 B R 28 A0 R WS X PD R BB TR IR Y AR L 45
SRR, i 3k GDNF AL /N RUIE 647 R 244 IH S i3t
Wi s [0 41 78 7 P U S0 356 0 4, 136 1] GDINF 56 R 54
Sob (A 25 T 20 3 WA 1 GDINF A1 376 B il 400 B A0 2 1) &
ELRE e 28 T oAb, H) 55 28 i — SRR R R AE Y 2 1
Rt 2 Te i i — D30T  IEM G ou A K b A S
filIE B P RO
2.2.3 BERBRANEELRGHGNZETmEE PD [
R IR F2AL B (tyrosine hydroylase, TH) /& H TH 3& [ 4 i
(), fE AL 2 L TR - L I 2 R % A8 Ol DA iR R ORI 2R
(ZE) R, PD & B TEUR I £ DRt &40 &
Bz, SRR SORIAR DA BB S, TH IS MR R 9%
RPRFRABESE DA 5 ik 78 v Y PR SR g, 00975 5 TH R52k
o ek R DA YT A 4 AR A A, Sy — T, A
MRS D 78 TH, B BESE I DA & . A WF5E #¥ad ik
TH A3 28 1 20 B A A 4 #7956 K BRBOIR IR Y, gt 28
T4 MR A A S X R, RS 22 T 4 L AS 4B A J5 TH
B 2 X B . DA Al 3. 4- — B K Z R (3, 4-
dihydroxyphenylacetic acid, DOPAC) & & A84k , TH 2 [H &
MR AT AR R 2 > A I, TH 78 SRR P 1Y) 26 18 1
I, BCIRKR DA FTDOPAC & B3 Ak, al s 1
21 M58, TH 26 15 K367 M0 42 AR
2.2.4 A ¥ FiEi Wat/B-i& 2R E 915 5 1@ % kAT 3t Ab
ZFmiee % Clteib 2o IR PERZ T 40 A
FEAE 1 A 28 1 240 0 1) i s #0032 JR) L IR PR B8 i 52 i), A e
JEAHE R KT R KRN AR AR E
SR RN TR i 28 A ) T AR 2R W R, LB UE B G A
22T 4 M3 5l AR 2200 o Ak B AR AT, R R A R
Ji 2 EL JHe R A 28 6 N 22 4 2 35 2R 1A 5 T, 5 LX) v g 4+
2o A M BE TE A A3 A VAR AL AN B Wne/B—-
EAEAEESERRBERNZ ORI A
Ko ERKFREARKMEFMLITWZIK 1a N IRERAK, 75
R RS EEEEAEH . ©NE I X/a g8 iR
R, AR, 2 U B, 2 5 ek Ak
A GCAZFRNESY . AR fE A KRBT EE
JleRE P 22T, GSK-3 B IR A3 I, OF H B- &M 1 &
gl 0 N (T 2 i OB T R T N A (i
M F A K 2 T AR NSCs 1920 it 5 391 A 4 i 41k
A TS I B AT B3 BE A orfh. AAFGR R, YA K
FINAFNSCs A= K K5 FRIL 0T, 40 S HH A G2/M Y & 43
o3, O BAE K Z I BAR R T NSCs RO RS, NI,
R ZEWIES Z O Zouh B IRLIER Ak
3 EE

1 28T 4 LA SR 3 A T A M, BT S B /0N
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