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Abstract

BACKGROUND: With the continuous advancement of medical technology, stem cell therapy has been used to treat a variety of diseases, including amyotrophic

lateral sclerosis.

OBJECTIVE: To review the research progress of stem cell therapy for amyotrophic lateral sclerosis, and prospect the development trend of this field.
METHODS: PubMed, China National Knowledge Infrastructure (CNKI), and WanFang Data were searched for articles published from 1995 to 2024 using the key
words “amyotrophic lateral sclerosis, mesenchymal stem cells, neural stem/progenitor cells, pluripotent stem cells.” A total of more than 1 700 articles were

retrieved, and 58 articles were finally included in this review.

RESULTS AND CONCLUSION: Amyotrophic lateral sclerosis is a neurodegenerative disease that affects lower motor neurons in the brainstem and spinal cord
and upper motor neurons in the motor cortex. The related research of stem cells in the treatment of amyotrophic lateral sclerosis has become a research
hotspot. In this review, we summarize the application of different types of stem cells in amyotrophic lateral sclerosis research, including mesenchymal stem
cells, neural stem progenitor cells, and induced pluripotent stem cells, and evaluate the key points of preclinical research such as stem cell source, cell volume,
stem cell modification methods, and drug delivery routes, which lays the foundation for the future application of stem cell therapy.

Key words: amyotrophic lateral sclerosis; mesenchymal stem cell; neural stem/progenitor cell; induced pluripotent stem cell; neurodegenerative disease

Funding: National Natural Science Foundation of China, No. 82271403 (to LXG); National Natural Science Foundation of China, No. 82272171 (to YZY); Beijing

Natural Science Foundation, No. 7222004 (to DHM)

How to cite this article: ZHAO W, Bl YL, FU XY, DUAN HM, YANG ZY, LI XG. Stem cell therapy for amyotrophic lateral sclerosis: cell source, number, modification,
and administration route. Zhongguo Zuzhi Gongcheng Yanjiu. 2025,;29(19):4083-4090.

0 5|= Introduction
LZE 42 )& 72 4L J% (amyotrophic lateral sclerosis, ALS)
m*ﬁﬁ ZiRAT MR, AR AT fe 460 T3R5 F)
ézm&&#])iﬁi W EapE vz M, Ak ALS HF
%ﬁL%MOﬁA,k%%ﬁAQHOﬁA;Emi
%%%zymﬁkwk
ALS B 6916 KA A Z ZALE RE MM AT £55: d=
LEGHHZE LR, WHERIAAERFREE, e TEHHE
AZE, WANARAE R GIE, X EREINETH
VIR S, SR AL AR A K R B A S A e AR R I A L
WaERAH B M, T RIAT LA G ALS, BEHFRAH L
et B L% B sb T, ALS 8916 RS £ 2481 T 5L
Bt Rried, BiLAALTZOREREZEEN
K, RHERTT A EALT ALS 69T £ IR 54
ﬂﬁ‘AB%i%m%mﬁ*#,iwﬁ R LN
AERAREA X, BMNCLRLTHARE 2X30 24, &
%;@KéﬁhN%g%ﬁﬁgﬂvwmwmﬁmmmm
(ALS15). CHMP2B(ALS17)®. SQSTM1(FTD-ALS3)”; @ RNA
A%, A8 % 2 B FUS(ALS6)™®'. 43 kD 49 TAR DNA 4 &% &
(TDP43)(ALS10)®", hnRNPA1(ALS20) #= C90rf72(FTD-ALS1)™
QLR 4540 5% 2L B CHCHD10(FTD-ALS2)™ @ 4k 2 15 #y

Fatm o B 42 3h /) A8 % L B ALS2. TUBA4A(ALS22). KIFSA
(ALS25); O KEAdEmie i T vk smfR A thA0 K A [ 4%
| #AYZAFAYZIIT ( EFRIRA e, v R oo An

N AP 22 I B R ) 18] AR B AR R ¢4 5% 3R JOPTN (ALS12),
TBK1(FTD-ALS4)“Z Bl
B T ALS 69 & AL Rl Hom it A2 § 2, 104F
H AR AR 2GS TR B AT ARl Rk ey 2
WS AR A J5 Ao A1) G, ARIA J5 AT 38 33 L BAL S AE
A EEFEHDEE ™M, ALk EHXEIRRP R LA
Wﬁﬁ%mméiﬁﬁm,“%L%A5$%34ﬂiﬁ
B, A2 eh06 77 R B, B RALHRIE KRG E R,
Fimfis 7 § Ad T mie R T @miest A e i
AT AR, EAPZ R GRS ﬁ&i&ﬂ%\w
ZAURYP . BAFFRDY, IFELTAANE LG Ta
fass AL, QIER AR T, LT /awie. H3
W% a8 T A0l ALS 3677 T AT R R, RAE AT T aele

4084

6 AL AR W @Rt 4G ) B AR AL IR, Rt AR

W %(‘0

1 BRF1753E Data and methods

11 BRSRIR

1.1.1 kAR EE &

%\ °

—AE4 e 2024 F 1 A SATAS

1.1.2 kLA 199551 A £ 2024 51 A .
113 i HAEE FIIIEE: T HHIEEFP E W
X ¥4E & PubMed 4538 & .

1.1.4 #% %19

¥k 8 A

WM kdE . LRGN LR, )
AR TFwmpe, waF/amil, %5k

FHETFmi; EL

amyotrophic lateral sclerosis, mesenchymal

stem cells, neural stem/progenitor cells, pluripotent stem

cells,
1.1.5 #& LakEA
FEAURT B8 52 B,

I . BARE AR . e KK Ee

1.1.6 #& Rk b IR A& R LR 1,

e ] a0 DU 1 B8R

PubMed % #fE 7E

#1 LA R [ 44 / K5 /
]

#2 (A FE T F2HM [ 44 / DR HER] / 42 ]
#3PHET / AHANN (R4 / SR / 4
%)

#4 RS T (R4 / R / 7

#1 amyotrophic lateral sclerosis[Title/Key
words/Abstract]

#2 mesenchymal stem cells [Title/Key
words/Abstract]

#3 neural stem/progenitor cells [Title/Key
words/Abstract]

) #4 pluripotent stem cells [Title/ Key
#5 #1 AND #2 words/Abstract]
#6 #1 AND #3 #5 #1 AND #2
#7 #1 AND #4 #6 #1 AND #3
#7 #1 AND #4
B 1 | BRERRRRE
1.1.7 %k Lakg @@Lt A mBsk, 2% 1700
REBXK, RO 7 HHIEEATE 4R 259 B LK, &k
B PubMed #36 % 1441 & X #k.
u I NAEE @%A%@Eﬁ%%%xﬁAB“zﬁ%
, BB AL, Rab. BIEEH %xﬁ OF%:-3-F

%/ﬁ%%/IAB%Qﬁiﬁ

Ae8h T R ibiE

ﬁ%x&;®@%§%m%%%%/IA5¢ﬁﬁ%&



PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

A RENE, VABAZ S BT 64 k.

1.3 HEBRIRE OLFafs 5 ALS t 40 A0 £ A B4
KM E LK, QAR IK T AR A B> 7 E R
e Lk, @ LR KT REIE, KA R
8945 & 2R A 09 Ak,

14 BREE £4&3F| 1700 REAAKXLIK, L FHR
1642 &, SEFRZIN 58 &, 434 PubMed $48 & 84 3% L
Lk, kiR AAZILE 2.

19 {4l | T [F [ 4E Charcot 1 IR —FIFRCN “WLAIZESERE" Mg, I
ES SR AR UL 45 0 2R Bl A i S 5 AH B

20 4 | || BEEEEA Hughlings Jackson ik — 98 11X i, 304 Hir 4
El Jy “MZAg{LAE” (Lateral Sclerosis)

20 14 F[E =4k Robert spock 1A “ LM RBEAIE" , FERCN

> SR NIRAES PR I, LA O R AR iR T 3 2

A0 F4 PR b UL e 3 2 B 3 R
20 4 2 [E A fh 24 0 IS R (FDA) kv 1 R &1 (Riluzole) {E MAILZE
nemtd e et Ea R TR e T

ESTUSTRUEEY)

e E R T RO E L LS e ) 38 b B i AR
RRFARE, [HFE /R T4, &T / HHa R E
fil, 28 ST b SO R XA, YK R, TR 2m
2 T T 4 7 UL 40 0 2R A A0 733 1700 [ §ii ik, 13 F
MISCE, R R >y 1995-2024 4 AR SR 500 4% SCHik

{£ PubMed %5 #f £ UL “amyotrophic lateral
sclerosis, mesenchymal stem cells, neural \4
stem/progenitor cells, pluripotent stem i ot 4 s, HE
cells” SOy 2 Gk, MRCT T4 o4 5 0 £ 0 o A 0% 1
v 7 WUEE 4 0 3R WAL AE (¥ S0 &, R R BB K N 25 55 15T
I} By 1995-2024 4 ik, AU 58 i SCik

2 | EeERRIZE

2 458 Results
21 [EFAFEE AR T @ieT 1976 i KA ®
#9 Freidenstein 24 X & 3, 1992 4 £ & 44 Arnold Caplan
KWL L AN AR Fmie., W AR @bt —+%
feFamie, A FT@iRifLl, FAREHFSH
SR ), T VASC A IR B LR, de LK. ALBE. )
RS F M b TR AR T B A 2R3
RS A 2 Bk S, AR A ALS FAY 22 1R AT SR 9R
B AT, JLE 3,
2.1.1 B AJRT e e ALS ARIRA 692 B 18 AR T m e
T2 hmips s FE AT AS s U AR T
wmfeg I3 ALS AUEIAR R T AR AR, Bl AT R IG5 T AL
EEh: ORKMEM. @ELRE LR T @it A o sk r Ak
BTN BR A 2R mie ", RV R EE A
TR AERPAER P, Qb2 atkdr. B AR T e
B E o b Aotk R AT Y tm 0 A KB T oA BAL 3 2 T IR R 4a
JEL KRR 4w LR A 22 78 A B F R ARAY 2R 4 A P,

AR O KA R 8 7R T g 57 ALS, {274
SRR —, — B IA A 8 LR T e he B A BH 44 B
M, BRBARELHIMAIMK, RAHRELIE KRR
T mpe AL LA — 2 bk s P, (22 ke
B ARRETRERBHA D, B —RHFRIAAL GG
BIRAHAETARNEEZREZ—, FALNLHEE
QAEFENREST. LR ESE. ME T R4 (5 E4). A
KT eyt 5 ALk LA 4.

(1) #PRiEH: ZH EORERLA] . B G e
W& R BT & B G R FFRARIN, FRFMES AL
TR T 4w =T A7 23 ) o s B[ 64 AR, SF BLAB AR 49 18] &
JRF B AR 2 R T RAE T A2 R ER P,
HETIRAOAGAD P, AFEARFHARTAR @i

B TR T 1) 78 T4 e UL 44 0 R B PR PR i AR
FESEE R . 1Z BRI T 10 BN R G, Kb s
2009 4F | || BHERZ T MR TAMIGTT, 5350 5 BN T 2RI AT, 450
7R, B2 T BT AT () B R B S D RE RN A iy T
ApTGE

H AR} 58 Kazutoshi Tsuchiya 2432 (1] 78 141 A1 % 5 2 fig
IHIETT T 1 BT WL AR R AERE 1 B3P SR 3 . b D R
H 7 IR SE 2 N5 S Z RE T4, AR5 KX Lo i N 8
W, 53R BN BE NS E T

v

2009 4

HIABH#ER A Inoue /NLR IR Z5 ) I3 B (Bosutinib) £ i

FHAVRF L RE T A MATE R S 2 Tedh, R IR R A
| e b e R O RIS R L HR N B
LUR w7

PILJEY (Ropinirole) fz4/] e FH & [E 5 3 il 244 ] (Smithkline
Beecham Co.) JFR 1, FFIRITIHEARNM, (HH AR LK
[ 24 B fF 40 A D3 7E 2023-06-01 15 (Cell Stem Cell) HiTI k%
T MR TRILR Y TR L4602 E0E R 1/2a ik K
| T, XTI, B ICE S RS AR
NEBFE R AN, I H R P RER ek e 27.9 J o X T
GUbRE A VT JE IR T WL 48 0 22 A5 A0 E 77 THI 1) S F T 4 32 3]
ST, FETHRIEAT B MU PR TR DAiSE— 2D 98 T A 2%
[

[ Svendsen FHBAEMIZE T/ HLAIHLIATT IS4 N BEALTE O
FRELAL TS T BBt AT LRSI BRI R BRI 5 A 2
| AU, (A TR 2 72 T, JEAESD R s

UE T S IR SR (R E . SE4h, BDEIFRET 1/ 11 a )
IER RS, S T AR AR 22 4 MR, o2
AR AT A B T 4 /A

\
3 | ANEGM R SR 8] Ak 4R

% RFRIERN R AANFEG N AR T mle, RFEET
SOD1%%* /|~ R 44 5y R .

() WLzt BT AS TG RERE T 2RA L
SR, BPAYZ LR K FeAv R4, ) AR T e ie s
KR EF AT A ERMEBL, B LILR A ESE A
JR T RAGA A T e xt 3E 4% ALS R it B A 2% P,
KOOK % ¥ 3@ it % K LI 2 4 A fo kR 1) 707 T 4m i,
4] T iINOS/NO 1z 53, &7 R AE s Ek.

(3) Mifis T 24T ($5 M 24T ): ATl E@Ar 7 X,
B NEA A, MM EZA (R EA) AR T @i
B9 A RO Y B 24 T ik i il oo B 1 - A0 B R
JE RS P AL Y7, SIRONI 5 ™ BF R A 3L, BT W % KiE
A kR 18] F R T 4w T i it 3 K Aedd 2 4R 3 4
JA 3% SOD1%%* s R 4935 ZhAh 2 LIL T,

L, RRIAHERBERETAEIFTE, B7308%

4085



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

L EERPER
AR §

At

PRGN

APYESIMSCs

TUSRFNFRERIPER

®

X ESIMSCs

'S

4 | [EIFEFT 4R (MSCs) RREIAAIRIZIATT AL ZE 45 M R AE (L AEAIHL
HIE

AR, IR L BIRIES Y6 A d R BAY 2 4 F R
Ko T ALS A5 s IS ORI BT AR ER AR LR
Femfp @it R R RANE T AT P, 2T+ oA
PR, MUK ES 18 R T 40 048 45 B 2 B &A1 2 UL ) 48 5%
W ER IR Y, R 2B RE T ATEH 2 M)
AZAF, RBITAPZ T HRE TIE57 ALS 69 AL 2HiR 1R,
M F AT (BN ES ) R0 AR T @i s a4
Bk, TRERKEEETEHMNEARL, K@
Jads kP,

*1 | BRERTAEBALHFAILE

42y i
Jisk
FK KRR — R AT TR R B TSRt (FR AN AS 2575 ST R TE IS 1
VESF (K, BENE SOV IR 80T TN N R ) A B B, AT B A 15 78 5 T4
B B WHEEFRR TR NP RS, B HER
PRZTE AR R RCR 45 2577 50 TR A R A P 2SR
JULPAL ILPATAE S 1A 78 5 T4 ) A B P T LIRS Tk 7 20 i A A
S LA ZIA S, SRR 2R, 0Tz RS R
FEBT UM 52X IR KA E, % R AE AT REAN 0S5 2%
oAt fi HEALZR R CE RO, AT SE A 2K
MOl R AR
DT 0000 28 5 A0 ) S T AN S L I S AR — R R R A R
E=VE BRRE, EEGEANRE RS, BRSNS MERERE, XAy R
B RRRMZ RS, FIREE A M EAZ L KR AR, M ERST AR
S BIhZ G HiRe ZR

LA, Ay FE LAV ERRE LB RZBOKSE, R
B TRRAL B X E LA AR A LLEE 4 1)
FR T e e e VAR LR Y am e B T Ae ) R R AR AP IE ShAd
ZAAAPZ LR K, 74| SODI*H X R A B R sL 4 A
THE Y. A TR X, BALHILT S
KT EA 246945105 L.

4086

2.1.2 R AR Famife ALS ATUR A 691k KA L KE 00k
JRFTARFAERA T 1) % F 4a it is 97 ALS 697 /) BT AT,
AR T — s RAFR . AAREZIN, ALS E4 fRE A
J T 4 e Fe i B R R 18] FU R T 4w BT AR A0k 64 S, 5 R P A
A B e A R K B, ALS & kR I AR T i
BHAPRERA T 7 @mEA ks, FRIAERER
A SR R AL BRI ALS B R R R AR T e
FIXE ST RS, SHRTHEAX . BKALS
B GIRE R T e bg A 2R A A4, A2 G AR
JRT tmpesh 4 &35 S AR, B KIRH AR KA B
R AR T e SEATARIN Y B Fa#5 4. L & %)) KARUSSIS
B A B KR 25 R 24 R AR T amiess iR R T 1
Bk KR, B EIET 1-4 RN 4R AR T aie,
BFE3-6 /A, RANAZIRRAE, HLEHGIFNIT
A FFE K E. HE KM B CT#HATT T 806 KRR,
WET 2 RE LN ES B ARE R R 8 AR e
thzats, My 6 NARMREZERREMS, HAS Y
Ae PP A (ALSFRS-R) 7% 48 T ML Avik, SE9A 316 R
RISt kb, Z B RS AR AR T e ed S it
TT AR MRIEEF TR, BRI A R T @i
oA TR FJR T tm A A8 BT mie, B EA
TRAmLM 2T AR TARE, LIAZEALRT
e P g R A KR T, g A RERGELAERKET B
# R AT B 5 L miE s 32415 SOD1% /) .49
M E, KINABR T K08 R T amle, A8 2R T m
Jofe R ERS D RALAY, RIFEHVET, LE2.
A B RRT, BRE LR T @i z4 s R T LS
R TR B F o £k &, R ERICR A WAEA 25
2 2 0 —H AL ARAFHAER T SOD1%** s B AR A ALS 16 &
AT 25 OB ARR 89 T AT B3,

&2 | [BFERTAMENERNREERE NIRRT
P @REIN HITHETE WS

LA 7] KARUSSIS 72 I RIS 10, 45 #B7r A AT N R ks
H1BA & LA R T AL R85
AT 2 A T S TR 78
JF- 4

7E T Wilm AR sse 4
BT T 2 B TE
S 19 76 240 L

I KM FBA P X R A 8 1 7 T2 L A P
BT M A R A A K
FSE R ES Uy G S P L R T
SODI** /MR =, REfL &
FNRAEAEH, fRAPIgah LT

22 WHARTF /MR AYLET [ Anmiets A T RE RS B 4R
Lo, RBSAMNET. b TAZT /a4
KA, 1EFIR S AR AR B AR T ik,
LB B IR N RAEREE T 0EA.

221 AETF /LML ALS AR A 69 5 ) ALS 2 iE FhAd
ZICIRAT IR R, [E kAt RAE S)AP 2 UK A VT 49
BATHE TR BT, B AR 2 AR AR A 8 i A e AR AR,
T HIE AP B AT RINBNRE T, 2d TEFHHZ
AR S, AR EABEGFH
F, FREZE@OR R, BHRSHFRTARBFHF
22T [ LA S A E AP Z T, FFAAEE] ALS E



& ik

PEEATERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

FARR BATHRRIE T, 4o LEE 5 U LXK 2 F m i
K Ih & & A Oligo2 £ I, F % sonic hedgehog(Shh) %
W PG R T 1B B AT 2 A HASAHLE] SOD1%M s KAk,
SILT ALS A RIE RIERIER 7 d, A FH R F LK 20d.
{2 R R, R I EA RAEAT R T 32 R EAR B A
WK F IR E S ZE PP Z TR T SR8 KA
4935 BB IR IE T ACE R, AR R T LR T HAR06 7 916 .
g, ABAGAYZ T /A mIRiL et b h 2
IR e R AE6 7 &, ALS & midAzd, EH Ik
J tm b S 9 E 2B B Ad 42 U 69 1R AT R A AR HEAE
A, Lo BT R R BN B 0 2T IR 4m e AS AL E) ALS
DEAMF, THRRE D RZ ST, EE KRt
B, BB ZUER M, —RER AR FAKMR
A 228 4m A AR B SOD1%™" s RAR# S, o1 Z ARG |
A2 AR F P, Mk EAS DRES 18 A
Fa s 19 Bl e9iE3) 6k, JEU RIEL ALS /) Rk A 69
ERBERE, PHA LIRS, XELERERH, AHHK
ROPEAD 22 A0 fm S ARG m T JUAR A KB F 49 1Rk,
FH TESHMNE AT, 2 EEFED R, AR
RiBiLd g QA RKREFTEREZRNT DAY BATAHF K
£, AR, FREKTALHMY, RABRTHETF
wm i 7 Ok
222 BT /iRm0 ALS ARIR A 6906 FREEAL  EAVZ
F /AL fmpi by e REE4L 5 E, Svendsen B FAR T — & 7145
Feg TAE. % B RIS R o B 69 AAP 24848 0 (human nu-
cleus pulposus cells, hNPCs) AR #E4TH 38 1% F) 1% 9%
BEATIGA, AR L sb IR IR AR 22 % F B F (glial cell
line-derived neurotrophic factor, GDNF). & &, % H A4
hNPCs(GDNF) #44 %] SOD1%°** kX S Est, Xk miefeshdh
PR T K4 5% %11 B Y, 3% B PAitt— % 4% hNPCs (GDNF)
A ZE SOD1I® K A4, Xskmpnit it h T GFAP
9 2R e e, FHiEA% £ Jm &SRB K GDNF, #2327
IBREGATZARPAER; A2 AR S ARRBAT R L
RfVER, BT E RFREGAPZIAZE KRG EL
HEZF . AHIR 4449 hNPCs(GDNF) 2 &4 F 5
I 9 7% A% % B) PN 4m A0 AS AN A B 69 % 7R B2 P KRR
M, % I hNPCs(GDNF) T K #i 5 F X 75N A, &4
X GDNF, E R F|Arsg % ", B e, % B
hNPCs(GDNF) # 44 £ SOD1°** K R B & BB & i, RN
X e g 0 B) AR B 5 -1k h B IR 4 e 5t & 3A GDNF, 3E
Z T kmithk, BABATRRRE, 4T hNPCs(GDNF)
KR estk, BlERF @, ZAKRHEITT —R
I /1 aps RKRiX¥E, %—HFR7 (n=9) % T 10 K
P ME S, AASESTE 200 000 A48 e, E 2 2 000 000
ANl F =AFZ RG] (n=9) BANE 4% 500 000 /4@
e, ¥4t 5000000 ANdafit., 4EREZIN, S FEiE—K,
hNPCs(GDNF) =T 24Kk 1 £ 7& K ik 42 N A, Bk 2/
& 4 4k GDNF; A % iR # 3k B G A0 £ B 44
&, AR HBANE FRtaX P ERREMN, B 162 RE
SN AR ILHEF R KRR L. Z s KRR A 5 B ALS 49115
Rt ER T ER2AM. BEHTERSANHMABIES,

VA B AR AL A 4 6938 Sh AP 2 LR BB AR AR
5 AR

23 FEMZRETER FrisTartnddsa
B o4 B FHARP AR mILE B2 h % At T o
W, SAEBTIRT MG &AL, HFUE S 4T i
RAERTREN, KRS L, BBRT RAHFEE, A
HATF m AR R T E e 2R, xF ALS 89 AUBIE A
VETE S &S S AR

231 FFMSRT @K ASHHAFRTOER #F
M % 86T mBaAE ) ta IOAERL . ALS MBI AR T2 B )

BRAZ 49 ALS AT AR R 09 AR A R 4 T B aT A e 5
ALS AB K e R IR E, A2 b RAER 236 FAT 2486 K
EMEALS B9 RN (RAEMELTRENEESHRETR
B ). o TR TR EBA K 49 25 M T e B A M &
Fb, ALS e9BRG M RAIE, BLARS 5 RAHCH AR M
%, B, BEE BT e ALS ARB AT FTAURIAFR . 4
EA o sbZ, H50E S AT @0 LI T RATH IR R
ARt ER, ARARTHES RRGFFM 2GR

WIHAT RIS S A B EA, TRMH A
Minik. 4o B AT ALS & R LG AT R RIE AP 2
A A TOPA3 st W, ik A AR R 5 ALS &
H s REIA ETH R R — A LS. ARAR KA
TDP43 R 44 &4 R R FF1t % e F mdtAT RN 55 5
T IE Y 2 4", R IAY % b A /8 TDPA3 LT, M
HLX s AP 22049 TDPA3 A hE &k R R T X AKX E
F STMN2 9%k ™. %5 % TOPA3 JLik 5 ALS X 1Al 4%
AT AHRIETE R, A BT A B AL AR TDPA3 5 ALS 16
REINZIA G X % .

MEE S T ma AR S, AR
EARRGRELAARREFHS T @REANZ LT
Fl, XARRAET e R AT 25 M AF K AL AT R T )
RoP 84T, WAL Y A RE . RE)ALS &4 o T
BREEENREMmBEAREGERFEN, RbE LR
I ALS R —H L4, B BRI A, S ALS 6944
L
232 HFMLETmEAS BTG EA BT
HGW S T mA s B AT HALIN ALS 69 KR ALE], 21T
B AR &4 KRR B AT il 3692 S Ah 2 AR
MBIk, TRIALFGHHR, A ELY
ATV KIS0 2540 T I B, T Ao AT sk 2 A T s ik AF
VST R

F IR T A e R, SR A
1Rt Ah 22 2 R B F 64 &k PO, e s iH k. B AL
WA B Ao it B RS P, DRI T RAY 2
F g aa . R AR KR 45 % FUS 4= TDPA3 AAT X
T ih S0 5 o T AR BAT i, R ILi% B4 T AR
£ FUS A= TDPA3 X 2 8 Rk ALS AR A, £ X % 4
Kot ALS BERL o b e A BV R AP AR B B AR R LBk
FEFRBATT — AT, AF . LR K
W, RAI: EFARRFHT, FRRFALRA
Bk (% h IR RS A ) AL E R

4087



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

ik 76.9%( G AEF LA 14.3%);, EAH6AA R F A,
T 40 % X & 44 ALSFRS-R 3 Fash 5. & 3P 0 6 BE AP
AR REER, RN, FRRT G ZRMN
FH B LR AmVAERR

TR B R — P B R B BT R . B ATARKF
9 Inoue AN B H KRR EFH S T @SSO AHIE
AP A, FATHMiGk, ERRETHLEFGEY
¥ vA Src/c-Abl 18 34 A ¥ k7 BV 4B K MK Rl it
AT R AR R H SR S T miTAE DN E A
¥ 84 Src/c-Abl 3B 34, ¥T K AF RAFHYS T AR, AR
T Src/c-Abl B H) F AT . AR A, ZHW
EHEFHEZRET@RTEZNNEZTPIERT B4, K
VT AR & AR K SODL EZ A M5 E, R T &AR
HE 64 FGA T B, 4k R Bt KA TDP43 & % 2% C9orf72
FH YR AL L ALS AT X o9 Kkt ALS &4
S M B T IeAT AR AP 2L AT IR R E BT, &
Im o AiE FR 5, KA SODI%A s R AT A IR 3E,
FIERSTDROAEFH. MEERKETTHRNIE
JRREE, B R4 REREM 343t AT AR A, %
Fou, FEALE I MR, AIREE B RE ALS &
F Py tiedt ., BEZARTT, PFRAIERIEIT
J& 49 ALSFRS-R i1 7 6,35 it 3 A% 22 22 42445 £ ) 64 TN A
WA E ML, 45 R & I 100-400 mg ¢4 F| BB A,
300 mg & # w7 BAF, 697 RO A E AT vAE i ARUK
W oAbz v 2k KPR R 5. WL 3,

3 | B2 e THRARE A ZE A M ZRAE (L AE L4 075 o i) 2 AR

251 5 SV RE T AN BLE 25 W R o A N A LA I AR N
EA

DL UL RETAMREARB AP ILE BN ZERMER PILRP L L D2 %
JB¥ WARAEVRIT TP, RN SRR SR SR AR s, s 2 B
e R B8 o e DR L2 4 M SR BB E /B DO Re T R AR AR, ETE
IV 2 ALAE () 1
PRARTS h R B Hez
AR S
T3 DK B AN P S R T AR 105 e R I R AT
B ABEhMast, BN AR EASMEINIZEGRM fm), 8 i R
R IR . IR B R AL LB h R i BRI 1, e
BEMUZEGR M 2B AAE A M 2 TOAER RO AE A RN I PR R
71, A SODL /MBI SE K T AEAF I, E TR ST A
AF AR BEALAE TG T PR T BT BT 5077 1)

BB R RS AT @ R ARIT 89 2 ) T AR A
12 ALS FiZ ZhAP 2L RITH K R S A B E LR AT,
QIR FH N EZ T Z R F AL TUEE, B udefT B4F
WAL B F AR R BCR, MR B AP a3 AR,
R IR IRAE] . AR 3 240 G iR A 6 KA,

3 ELE Prospects

3.1 BHEBAEZIUSHARNAMAEFENRE B
H KRB ASATT T 2aleis 57 ALS 89T 584 . 78 57 AL
BT IERE, ANMATT AR T @itis T ALS d94F b, 1]
RIRF i it & A o F R 2R IE LA AAy BRI
YR, d ALS AR S At mEEidsz, BAAAIH RBAH, B
WELZHFHIANA S RESLTTRBAK, BALKT @
et % FrAE R HLELZE ALS 697657 P AEF A &30, {28 AR

4088

Fon o LA B E 0RO, BhE 2 E 2 6B A e
ATHATHAL, QIEHBALERIE . BAEME ., @I0E5HIRF.
1EFRE, THAH G DB Z EA 008 LR T @it s
RAREXRETER., AT [ Aol AP 2K & F IR A
A RR, EALSETT £ % 60A R L KFRAE TR,
12 B BTIEA TR R R A 2 F | A8 0 I 48 9% AL R #Ad
ZUKRES R, ot BB @R is 7 R R+
A&, {243E Svendsen CN H A FF R L AV Z T /40 4m
JoAL R ARIF Y MBI B, B FAHLE A E R K6y
AFbE, TR AR PG S oy AR a0 I AR A A A E ik
ARxEZH, LA EIFORFEH. RIeqEFHhE.
FEM LT @A LITAY BICHEE KRB TR
Fo B & SR HEF A, 2T AR T AD & 16 E Fh A 2
FAF IR R 2 LM P, Bk, FFH ST @i n e
ASARNE Hy bm IOAR R AT AR
32 ZERRNEBENFERMNE Z%REE7T 344 Famk
%97 ALS BRI, T T AR T amleig s ALS #9454
B, AT HEERITARE BRKBGRE, INEZHT
Bl ARG T AR, RERAIRIT T T @ieis 7
) RAEAR, detmf kR, KE. ST, AHRRA
AR G IR, A AR T Mg 57 ALSHRAE T AF R 75 ),
ALY B LIRS T S, b, XFELETHNEAR
L ERZGHNARIVK, HBEOEILFRRBELRE.
G RAGE— R BRI, 4o T @mitis g7 oK
RZAREF TR, THRILEDERBRITA &4 09657
BORL; sboh, s RIXIE 69 AL AL 3 oT 68 75 12 By PR
o ReEE N, KPR bl iiEdF it —
HHR.
3.3 IRAEFBXIRKAVEWN A% F @iy ALS 494F
FALA A — 2 P A FRh], 2[R & B R 69 R 3t 3 Fo BF
REGEN, HIEARRASH E L RBAE, R, &
FBYk G R E G T WIS T 4R A A A, A
RS AH ALS BE B RA LN H B foi &, BT LR
AT 25 A 69657 7 o, BRG TN AT A
805 97 Rk, B A ALS i FhAv 2 T EGRATH A B AT
TR KL, RABITHNRIEST A LI &R L&,
fa% B AR A RS B, domie ey RT4sdE. E5)
AR TN AR B AL, FPARAY R R G0 R A 4F
PEAEAF ALS MEVLE RS, BRI T 895 7T 462 ALS 7%
FOREBFT R, MEBL LS N AFRMNEZ L
BRIE T RELR R,

E&TEE: AL, BRI a8 f T gR SRR E SR
xf, M. R, fHafE, RAMAL ki, SE%, Hara,
FRA A TR B A,

FIEAR: XFeheIted Fol, ARAARLTRE LT R
HAEA AR,

FERSRENARBR: X 2 — B P AR, ARIE (KnifE F 4T 1)
“F 4 - T AR - AR KEF 4.0 L3, ESHIAGHALT,
AHFRAAIET bt B T RXA RSB, AEfY &, Bl AFE
FTR P . TR, N, i, 3790, k. BU4EEZ M, FH
Z TR, AR G NSRRI T AT AR R IR,

FRAREELE: X3 AT AR B 5 A F T IERARGE AL,



gk PEERTERAR @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
HARITE: XA THREETFTEGEF PR HEEN S (A4%EF  [15] YU CH, DAVIDSON S, HARAPAS CR, et al. TDP-43 Triggers Mitochondrial

BENIIREIEY (PRISMA $5 & ); S AT €23+ LR 2| 5 L DNA Release via mPTP to Activate cGAS/STING in ALS. Cell. 2020;

PRSI R R HAT 3R X F B REE;, LFLPFATHF 5 XRE F43, 183(3):636-649.e18.

FUTHSOAN XF M6 MTIAA R E . [16] OKANO H, MORIMOTO S. iPSC-based disease modeling and drug

discovery in cardinal neurodegenerative disorders. Cell Stem Cell.

4 =Emk References 2022;29(2):189-208.

[1]  CAMPISI L, CHIZARI S, HO JSY, et al. Clonally expanded CD8 T cells [17] WALD-ALTMAN S, PICHINUK E, KAKHLON O, et al. A differential
characterize amyotrophic lateral sclerosis-4. Nature. 2022;606(7916): autophagy-dependent response to DNA double-strand breaks in bone
945-952. marrow mesenchymal stem cells from sporadic ALS patients. Dis Model

[2]  ZONDLER L, MULLER K, KHALAJI' S, et al. Peripheral monocytes Mech. 2017;10(5):645-654.
are functionally altered and invade the CNS in ALS patients. Acta [18] SUNOHARAT, MORIZANE A, MATSUURA'S, et al. MicroRNA-Based
Neuropathol. 2016;132(3):391-411. Separation of Cortico-Fugal Projection Neuron-Like Cells Derived From

[3]  LIUX, HEJ, GAO FB, et al. The epidemiology and genetics of Embryonic Stem Cells. Front Neurosci. 2019;13:1141.

Amyotrophic lateral sclerosis in China. Brain Res. 2018;1693(Pt A): [19] BOILLEE S, YAMANAKA K, LOBSIGER CS, et al. Onset and progression
121-126. in inherited ALS determined by motor neurons and microglia. Science.

[4]  XUL CHENL, WANG S, et al. Incidence and prevalence of amyotrophic 2006;312(5778):1389-1392.
lateral sclerosis in urban China: a national population-based study. J [20]  GIUNTI D, MARINI C, PARODI B, et al. Role of miRNAs shuttled
Neurol Neurosurg Psychiatry. 2020;91(5):520-525. by mesenchymal stem cell-derived small extracellular vesicles in

[5]  TENDULKARS, HEGDE S, GARG L, et al. Caspar, an adapter for VAPB and modulating neuroinflammation. Sci Rep. 2021;11(1):1740.

TER94, modulates the progression of ALS8 by regulating IMD/NFkB- [21] MARCONI'S, BONACONSA M, SCAMBI |, et al. Systemic treatment
mediated glial inflammation in a Drosophila model of human disease. with adipose-derived mesenchymal stem cells ameliorates clinical
Hum Mol Genet. 2022;31(17):2857-2875. and pathological features in the amyotrophic lateral sclerosis murine

[6]  YAMAWAKI M, AKIBA M, MATSUMOTO N, et al. Defective neuronal model. Neuroscience. 2013;248:333-343,
and oligodendroglial differentiation by FTD3- and ALS17-associated (22] MAGOTA H, SASAKI M, KATAOKA-SASAKI Y, et al. Intravenous infusion of
lle29-to-Val mutation of CHMP2B. Mol Genet Metab Rep. 2019;19: mesenchymal stem cells delays disease progression in the SOD1G93A
100458. transgenic amyotrophic lateral sclerosis rat model. Brain Res. 2021;

[71  LIANG D, LIN WJ, REN M, et al. m6A reader YTHDC1 modulates 1757:147296.
autophagy by targeting SQSTM1 in diabetic skin. Autophagy. 2022; (23] CHIAROTTO GB, CARTAROZZI LP, PEREZ M, et al. Delayed onset,
18(6):1318-1337. immunomodulation, and lifespan improvement of SOD1G93A mice

[8]  ASSONI AF, GUERRERO EN, WARDENAAR R, et al. IFNy protects after intravenous injection of human mesenchymal stem cells derived
motor neurons from oxidative stress via enhanced global protein from adipose tissue. Brain Res Bull. 2022;186:153-164.
synthesis in FUS-associated amyotrophic lateral sclerosis. Brain Pathol. [24] KOOK MG, LEE S, SHIN N, et al. Repeated intramuscular
2024;34(1):e13206. transplantations of hUCB-MSCs improves motor function and

[9]  JIN'S, SUNZ, FANG X, et al. A patient carrying a heterozygous survival in the SOD1 G93A mice through activation of AMPK. Sci Rep.
p.Asn267Ser TARDBP missense mutation diagnosed as ALS and only 2020;10(1):1572.
involving lower motor neurons. Neurol Sci. 2023;44(2):777-782. [25] MAGOTA H, SASAKI M, KATAOKA-SASAKI Y, et al. Repeated infusion of

[10] MCCAULEY ME, O’'ROURKE JG, YANEZ A, et al. C90rf72 in myeloid cells mesenchymal stem cells maintain the condition to inhibit deteriorated
suppresses STING-induced inflammation. Nature. 2020;585(7823): motor function, leading to an extended lifespan in the SOD1G93A rat
96-101. model of amyotrophic lateral sclerosis. Mol Brain. 2021;14(1):76.

[11] SHAMMAS MK, HUANG X, WU BP, et al. OMA1 mediates local and [26] SUZUKI M, SVENDSEN CN. Ex Vivo Gene Therapy Using Human
global stress responses against protein misfolding in CHCHD10 Mesenchymal Stem Cells to Deliver Growth Factors in the Skeletal
mitochondrial myopathy. J Clin Invest. 2022;132(14):e157504. Muscle of a Familial ALS Rat Model. Methods Mol Biol. 2016;1382:

[12] YUANT, WANG T, ZHANG J, et al. Robust and Multifunctional 325-336.

Nanoparticles Assembled from Natural Polyphenols and Metformin [27]  GOTKINE M, CARACO Y, LERNER'Y, et al. Safety and efficacy of first-
for Efficient Spinal Cord Regeneration. ACS Nano. 2023;17(18): in-man intrathecal injection of human astrocytes (AstroRx®) in ALS
18562-18575. patients: phase I/lla clinical trial results. J Trans| Med. 2023;21(1):122.

[13] MURPHY S, SCHMITT-JOHN T, DOWLING P, et al. Proteomic profiling (28]  SIRONIF, VALLAROLA A, VIOLATTO MB, et al. Multiple
of the brain from the wobbler mouse model of amyotrophic lateral intracerebroventricular injections of human umbilical cord
sclerosis reveals elevated levels of the astrogliosis marker glial fibrillary mesenchymal stem cells delay motor neurons loss but not disease
acidic protein. Eur J Transl Myol. 2023;33(3):11555. progression of SOD1G93A mice. Stem Cell Res. 2017;25:166-178.

[14] ABEK, ITOYAMA Y, SOBUE G, et al. Confirmatory double-blind, parallel- ~ [29] IZRAEL M, SLUTSKY SG, ADMONI T, et al. Safety and efficacy of

group, placebo-controlled study of efficacy and safety of edaravone
(MCI-186) in amyotrophic lateral sclerosis patients. Amyotroph Lateral

Scler Frontotemporal Degener. 2014;15(7-8):610-617.

human embryonic stem cell-derived astrocytes following intrathecal
transplantation in SOD1G93A and NSG animal models. Stem Cell Res
Ther. 2018;9(1):152.

4089



@7 PELAR TR

www.CITER.com Chinese Journal of Tissue Engineering Research

= %

=g

[30] TERASHIMA T, KOBASHI S, WATANABE Y, et al. Enhancing the
Therapeutic Efficacy of Bone Marrow-Derived Mononuclear Cells with
Growth Factor-Expressing Mesenchymal Stem Cells for ALS in Mice.
iScience. 2020;23(11):101764.

[31] BOHACIAKOVA D, HRUSKA-PLOCHAN M, TSUNEMOTO R, et al. A
scalable solution for isolating human multipotent clinical-grade neural
stem cells from ES precursors. Stem Cell Res Ther. 2019;10(1):83.

[32] JAVORKOVA E, MATEJCKOVA N, ZAJICOVA A, et al. Immunomodulatory
Properties of Bone Marrow Mesenchymal Stem Cells from Patients with
Amyotrophic Lateral Sclerosis and Healthy Donors. J Neuroimmune
Pharmacol. 2019;14(2):215-225.

[33] YUN YC, JEONG SG, KIM SH, et al. Reduced sirtuin 1/adenosine
monophosphate-activated protein kinase in amyotrophic lateral
sclerosis patient-derived mesenchymal stem cells can be restored by
resveratrol. J Tissue Eng Regen Med. 2019;13(1):110-115.

[34] OHYS, KIM SH, CHO GW. Functional Restoration of Amyotrophic Lateral
Sclerosis Patient-Derived Mesenchymal Stromal Cells Through Inhibition
of DNA Methyltransferase. Cell Mol Neurobiol. 2016;36(4):613-620.

[35] PETROU P, KASSIS I, YAGHMOUR NE, et al. A phase Il clinical trial with
repeated intrathecal injections of autologous mesenchymal stem cells
in patients with amyotrophic lateral sclerosis. Front Biosci (Landmark
Ed). 2021;26(10):693-706.

[36] OH KW, MOON C, KIM HY, et al. Phase | trial of repeated intrathecal
autologous bone marrow-derived mesenchymal stromal cells in
amyotrophic lateral sclerosis. Stem Cells Transl Med. 2015;4(6):
590-597.

[37] RUEGSEGGER C, MAHARJAN N, GOSWAMI A, et al. Aberrant association
of misfolded SOD1 with Na(+)/K(+)ATPase-a3 impairs its activity and
contributes to motor neuron vulnerability in ALS. Acta Neuropathol.
2016;131(3):427-451.

[38] KIM HY, KIM H, OH KW, et al. Biological markers of mesenchymal stromal
cells as predictors of response to autologous stem cell transplantation
in patients with amyotrophic lateral sclerosis: an investigator-initiated
trial and in vivo study. Stem Cells. 2014;32(10):2724-2731.

[39] AN D, FUJIKI R, IANNITELLI DE, et al. Stem cell-derived cranial and spinal
motor neurons reveal proteostatic differences between ALS resistant
and sensitive motor neurons. Elife. 2019;8:e44423.

[40]  LEE HJ, KIM KS, AHN J, et al. Human motor neurons generated from
neural stem cells delay clinical onset and prolong life in ALS mouse
model. PLoS One. 2014;9(5):e97518.

[41] GUTTENPLAN KA, WEIGEL MK, ADLER DI, et al. Knockout of reactive
astrocyte activating factors slows disease progression in an ALS mouse
model. Nat Commun. 2020;11(1):3753.

[42] LEPORE AC, RAUCK B, DEJEA C, et al. Focal transplantation-based
astrocyte replacement is neuroprotective in a model of motor neuron
disease. Nat Neurosci. 2008;11(11):1294-1301.

[43] KNIPPENBERG S, RATH KJ, BOSELT S, et al. Intraspinal administration of
human spinal cord-derived neural progenitor cells in the G93A-SOD1
mouse model of ALS delays symptom progression, prolongs survival
and increases expression of endogenous neurotrophic factors. J Tissue
Eng Regen Med. 2017;11(3):751-764.

4090

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

KLEIN SM, BEHRSTOCK S, MCHUGH J, et al. GDNF delivery using
human neural progenitor cells in a rat model of ALS. Hum Gene Ther.
2005;16(4):509-521.

SUZUKI M, MCHUGH J, TORK C, et al. GDNF secreting human
neural progenitor cells protect dying motor neurons, but not their
projection to muscle, in a rat model of familial ALS. PLoS One.
2007;2(8):689.

GOWING G, SHELLEY B, STAGGENBORG K, et al. Glial cell line-derived
neurotrophic factor-secreting human neural progenitors show long-
term survival, maturation into astrocytes, and no tumor formation
following transplantation into the spinal cord of immunocompromised
rats. Neuroreport. 2014;25(6):367-372.

CHENNAMPALLY P, SAYED-ZAHID A, SOUNDARARAJAN P, et al. Author
Correction: A microfluidic approach to rescue ALS motor neuron
degeneration using rapamycin. Sci Rep. 2021;11(1):19743.

MELAMED Z, LOPEZ-ERAUSKIN J, BAUGHN MW, et al. Premature
polyadenylation-mediated loss of stathmin-2 is a hallmark of TDP-
43-dependent neurodegeneration. Nat Neurosci. 2019;22(2):
180-190.

GUERRA SAN JUAN I, NASH LA, SMITH KS, et al. Loss of mouse Stmn2
function causes motor neuropathy. Neuron. 2022;110(10):1671-1688.
eb.

IIDA M, MIYAZAKI |, TANAKA K, et al. Dopamine D2 receptor-mediated
antioxidant and neuroprotective effects of ropinirole, a dopamine
agonist. Brain Res. 1999;838(1-2):51-59.

TANAKA K, MIYAZAKI I, FUJITA N, et al. Molecular mechanism in
activation of glutathione system by ropinirole, a selective dopamine D2
agonist. Neurochem Res. 2001;26(1):31-36.

DU F, LI R, HUANG Y, et al. Dopamine D3 receptor-preferring agonists
induce neurotrophic effects on mesencephalic dopamine neurons. Eur
J Neurosci. 2005;22(10):2422-2430.

HOGLINGER GU, RIZK P, MURIEL MP, et al. Dopamine depletion
impairs precursor cell proliferation in Parkinson disease. Nat Neurosci.
2004,7(7):726-735.

FUJIMORI K, ISHIKAWA M, OTOMO A, et al. Modeling sporadic ALS in
iPSC-derived motor neurons identifies a potential therapeutic agent.
Nat Med. 2018;24(10):1579-1589.

IMAMURA K, IZUMI Y, WATANABE A, et al. The Src/c-Abl pathway is a
potential therapeutic target in amyotrophic lateral sclerosis. Sci Transl|
Med. 2017;9(391):eaaf3962.

GOTO K, IMAMURA K, KOMATSU K, et al. Simple Derivation of Spinal
Motor Neurons from ESCs/iPSCs Using Sendai Virus Vectors. Mol Ther
Methods Clin Dev. 2017;4:115-125.

COOK CN, WU Y, ODEH HM, et al. C90orf72 poly(GR) aggregation
induces TDP-43 proteinopathy. Sci Transl Med. 2020;12(559):
eabb3774.

ESHIMA J, O'CONNOR SA, MARSCHALL E, et al. Molecular subtypes of
ALS are associated with differences in patient prognosis. Nat Commun.
2023;14(1):95.

( FHATH4E: MZH, ZN, QY, ZM)



