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Abstract

Mesenchymal stem cells (MSCs) possess self-renewal capacity, exhibit multiple differentiation po-
tentials, and demonstrate key characteristics such as a secretory role, lesion-site migration, and
immunomodulatory potential, rendering them strong candidates for neurodegenerative disease
therapy. Numerous studies have demonstrated that MSCs can be effectively stimulated to differen-
tiate into neurons. While positive results have been observed in studies directly transplanting prim-
itive, undifferentiated MSCs into animal models of neurodegenerative disease, evidence suggests
that preconditioning MSCs through tissue engineering techniques to induce neuronal differentia-
tion can significantly enhance their therapeutic effects. Various strategies, such as chemical sub-
stances, growth factors, co-culture with neural cells, gene transfection, and miRNA, can induce the
neural differentiation of MSCs. Among these, small molecules derived from chemical substances are
particularly effective, as they efficiently and rapidly induce the neural differentiation of MSCs, ei-
ther alone or in combination. This review aims to analyze advancements in the use of small mole-
cules to promote MSC differentiation into neural cells, providing insights into their potential appli-
cations in MSC-based therapies for clinical neurodegenerative diseases.
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2. MERITHRRS B FE R T4 A

PR IBAT PRSI 2 A0 22 R G M 3 22 T 32 300 — R PP I GERR[10], AP AIRAT PR O HE 12
PR TTIL VIR HT e 2k, PP IR AT VRS PTAR B8 32 B IR AE . AP AR M IR A 40 A B 32 03 1 e
BT 2K11], R EAIERT R K HFERIF (Alzheimer Disease, AD). 1< #%J7 (Parkinson’s Disease, PD). L%
45N 2 A A0 E (Amyotrophic Lateral Sclerosis, ALS). ¥ &5 (Huntington’s Disease, HD)%[12], H &4k
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PREEIRAT 1 B Y AT R R A BRI 77 1R TT R T % o
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S e NN T AR TT 77 R IR TS IR ¥, HAL S Bl 2R AT PR AP 4 R G AL 1) T e
P A PRI SRR (R e J1[21] o ABLE] 785 40 VR 7 IR AT PR AR JOB i 0 250 2 DA T AR : Ak
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Alexanian 25 A\ {ii /N7 SB431542 (SB)LL & Dorsomorphin (DM)X 8] 78 i 40 st AT & i &,
XA SMAD S5 AR < 8 [ H ) 57 AT 8 0 H10E 2 /nodal/ TGF-g {5 5 il #% LA F A 7 i T4 B i ek 22
IF) 70 40[26]. 1EE SRR =2 G, AHECAR AR A 1A] 78 5T T4 M, SI6 20 1) 78 o0 40 i o 2 Fh i 22 0 A 58
FERFRIAIE . fE8E PLEE, 2] 95% MR B A MATuSE, HRNAMMERGHETTES, (BUE
TR S HIRIE

t/N PR F 0 R Inodal/ TGF-4 F1 BMP {5 5% S 42 I S E HMHIAE FH AT 5 8] 70 i 20
Morp P R A . BRI Pax 6 F sk E 71 Sox1 BIZIAHE M & NF 200 F1 - 8 E 1 RIA . 1%
5 p38. Erk1/2. PI3K Fil Akt 5545 FHIBIEAE IS, ONFES DI XCE M 40 e 2 90 Erk. PIK Al
Akt FIBERR G 3% . Madhu S8 NTEA AT AR A= R 7 B4 0 {8 F SB431542 LA /%2 Dorsomorphin
KRN AR N S5 U B IR T 2230 1) 78 00 T 4B M i A 22 1) 4040 [27] . FE3E 14 RSP, #H& kR
HEWELEE A (Nestin) FAZ7EE—DAESE T FH0HI AL EE A0 % 5 T #h &R 8, il 85%H1 /1
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ST 5 A FE I 1) 78 53 T A X A 28 AR E A Y SRR

Park %5 A\l BMP {55 53l % (1) = F 1 751 SB431542. noggin A1 LDN193289 4b P £ 3% AT bFGF
SRR 78 R T40 M [28], £57% 8 KJG 472 EGF I bFGF [f55 773 & e Ji 55 7= L 85 9% 7 K. RT-
gPCR F3#r o, HAUI/IN:F TR 78 5 T4 MRAR LG, 72/ 73 FARAE N ESFRIG 1R 78 o1 T2 i b &l
WIRIEACY- B E RN AN M2 ] NCAM., Nestin Al Ki67 {9 5 141 g L 451 43 51 85.4% . 92.9%
H176.8%. 400 ¥ F AL PRI B, AR TOrE AR e Dt 51 & 1 BRI . — S i ik HH R AR A R
NP R R AR N B A, RIS SR 40 rhksr I 38 15 R SRl LA, 3R DX e 2 s s 2R
BRI AR P 2%

Hu 55 A FH ROCK S| 551172 &7 Hh /R (Fasudil) A\ bFGF oA B2 - i 3 25 HA /IS BRUPR) 1 B 1) 78 5
TG, /NG5 5 T 1) 78 5T A0 P I LS T 25 22 AR A [29] o 18] 78 )57 40 i A HAR T Wi e i I T SRt 4 I
TR 26 IF 5 HoAthgr o Bk . S5 HRZHAHLL, X Eepp 22 e i e 242 JohRic 4 Nestin A1 NF-M {5
AV (/KT B30 00% 5% 6 5 B M 57 » NF-M L NSE 1 Nestin (-5 BH 12 2 43 514 69.35%.76.52%
1 78.95%. Wnt/-catenin J& i #I I 71(XAV 939) ] & 73tV 7 Mo /K () 7 A E Y, $oRidep st /R (2 it o
A AT e H T 0T 1 %R

Heng 25X /N Tl 414 (5 R « CHIR99021. Repsox. Forskolin. SP600125. GO6983. Y-27632
F1 Dorsomorphin)>K{ig it 74 88 T4 s (DPSCs)~ RIS FL kT4 I (SCAPs) A1 7 R 8] 78 5 41 i (GMSCs) I #
213 A6[30]. K PIE R TR ZIFATMA TS, SRRy 14 K. AR AL, H/AN
TAOIR T = Fha R B E 52 3 T H B R 21 RIS BN . SRAE X RAML, N7
Ab TR A =P A B AL LRk B AT s AR SV RIE Bl S5, Fluo-4 AM 8538 &l E BoR,
NGy T b R ) R A (FIFO) WA 4R 28 5 T AR AL BE X FEAH, R B/ 737 7] LA 5 DPSCs. SCAPs Fl GMSCs
R IRIE L, BARKRIIGRTT R /7

ARICEAGS T H WA A 7 B AR 5] A /N o T, LR L.

Table 1. Common small molecules for neural induce of mesenchymal stem cells
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4. BY4E

INGFIFEREOTE, R RAM. A8, fethlr. A etmsSig. e Ny
J5R AT AR HE R (7 SR I8 6 18] 78 57 T 4R B AR 2 1 A A, IR AR R N B /NSy TN SB431542 J
Dorsomorphin, IXFF/NorFH35 8 SMAD ZGAH <8 5], Beig it SMAD & H g1k, M
T4 TGF-B 175 5 (5 R 5 5%, £ e a3 1) 78 JoR 120 B Ao 22 5 434 o (B TS [ R YR Py 1) 78 SR T4 e
AN FAAUE IR AR, 1w BT Al S Bt 8ok = 5 (HH NS fE kg oy
TV AT A0 VAR AL 1Ry ), AT Dlod i ik — P (1 S0 TR SMAD SR DG B A RIR Ny
T, BE 2 A T AR ) 78 o 248 A PR 4 42 1) 234 o

H HI7E G T [0) 70 o3 T 4H L d 28 [l oA it ek, ARIBEFCRH T ARG S TR, A RAICRA /N
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X AR T R SRR AT 7 i — PR AL .

TR 3 AR T A0 B SOIRANAL . it 40 M SN [RGB B, X/ T 55 S TR 72
T4 AR 28 1) 2 A0 T AR B BE AT ST IE AN BB RN

Xt TR AT AR IR R IGTT B il 2 NIEZM A 3%, HEW UL — S REE L ZRm IR
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T I BRI 72 R T PR VA 7 I B SR LAl . I — RPN R, KA ] N m 8om 22 4
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