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[Abstract] Dental pulp stem cells (DPSCs) are a type of adult stem cell with abundant sources, easy accessibility,
multipotent differentiation potential, and low immunogenicity. In recent years, they have attracted considerable attention
due to their promising applications in repairing neural tissue injuries. Under specific induction conditions, DPSCs can
directly differentiate into neuron-like cells and exert neuroprotective, immunomodulatory, anti-inflammatory, and anti-
apoptotic effects through the paracrine secretion of neurotrophic and immunomodulatory factors. DPSCs can also be
combined with biomaterial scaffolds such as hydrogels, chitosan, and polylactic acid, thereby enhancing neural differen-
tiation efficiency and regenerative outcomes. However, their clinical application in neural repair still faces challenges,

including poor microenvironmental adaptability, low differentiation efficiency and controllability, immune rejection, dif-
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ficulties in large-scale production and quality control, and a lack of standardized operational protocols. Future research
should focus on optimizing the adaptability of DPSCs to the injury microenvironment, improving their neural differentia-
tion efficiency, strengthening immune regulation to ensure the safety of allogeneic transplantation, establishing GMP-
compliant cell preparation and quality control systems, and developing standardized clinical procedures combined with
multicenter trials to validate efficacy, thereby promoting the efficient, safe, and reproducible clinical translation of
DPSCs in neural regeneration. This review summarizes the research progress on the neural differentiation of DPSCs,
with an emphasis on strategies and molecular mechanisms for promoting neural regeneration, the challenges in clinical
translation, and future development directions, aiming to provide a theoretical basis for research on the neural differen-
tiation of DPSCs.

[Key words] dental pulp stem cells; neuronal differentiation; neuron-like cells; paracrine effects; biomaterial
scaffolds; regenerative medicine; signaling pathways; clinical translation; immunomodulation
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5 [A] i), MSCs F1 DPSCs ¥ 48 3 3k CD45 (3 1fit 41
Jabric) . CD14 (B z/F mE 4 i bric) .CD19 (B 41
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) AL PR 0 DPSCs B Wk 35 1Y 22 1) 70 Ak
R, T 434k R P25 40 B L RS A0 B R DT A i % I
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class 1II, TUBB3) | #f £ %5 3% A T 32 & (p75 neuro-
trophin receptor, p75) M 48 22 8 1557 . X LR

Direct differentiation

(Y
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Growth facloh Paracrine e.fff%cts
_ ~ 7 —’ Neurotrophic effect
Scaffolds - - ] Immunomodulation
DPSCs
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&Mcgencration Angiogenesis

)
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2.1 FHTF e Ao A E L
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B e G IE S AT AE AR 228 G B8 ) BORITRICR ™ 270,
DPSCs /R Sl 22 175 5 J5 58 S A () o 2 ik il 1 7%
B B FRAN TR R T N SR T AL B OB
JA 22 3K 5 AORKG 41 Ak R . anER 1 PR,
Sy R4S T DPSCs BRI ZTT ) T %
2.1 FEREIEIREE 2B ] Neurobasal-A
Fer R IR AL, N5 T DPSCs ik #h 48 T Al e n i
Yy, A 55 B 2 20 i 25 B 4> F (neural cell adhesion
molecule, NCAM) . #f & 22 7 H -M (neurofilament-
M, NF-M) f it £ 22 % 4 -H (neurofilament-H, NF-
B 5 DMEM Al oMEM
£ DPSCs #2215 3 I BE Rl 15 F5 2k IZEE 2D
il o 3 A R K 22 B 9 8 1 G IV B SR
%, % #H ¥ & T Neurobasal , Neurobasal-A 2 DMEM/
F-12 25 F S i S 4 i Bl 22 3 Ak i ik il 8 5%
BEDT 04 il L B A3 B TC I B SR AL T LA
il DPSCs P 22335 28 J7 1] Qi J7 1] 434k , 35 5 ph
2Nl 21173 o R S [ 25 o8 | R 1 v R P
S E A R, BN & S W IR A3, T e I R
T, M AR T R R

PEUE B DPSCs A8 B ELA 38 @ i #h 22004k 71 . M
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Dental pulp stem cells (DPSCs) contribute to neural regeneration through
multiple mechanisms, including direct differentiation into functional neu-
rons, paracrine effects (including secretion of neurotrophic factors, anti-
inflammatory cytokines, anti-apoptotic and angiogenic factors), and syner-
gistic interactions with biomaterial scaffolds. These combined actions en-
hance the survival, integration, and functionality of regenerated neural

tissue
Figure 1 Mechanisms underlying neural regeneration
promoted by DPSCs
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KR a2 e, B27 2 —Fw T 4o
TC AL B 77 ) 22 kb FER L H Brewer %1%/ 1993
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TE N BTG FI D e dERe . B27 AT 400l B 25 6 o 24
FE K4 5, DR B PR 22 TC 57, B 1R AR T AR IR R
fild 5 & -5 2 E 1 -l (insulin-transferrin-selenium ,
ITS) J& 1979 4F Bottenstein %5/ ky 52 LG 1ML %5 1% 97
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Uiy e A7 300 B 3% B b 55 700 AT B3 W) G v B SR
SIS DPSCs 22 0L

213 AERKET MaESRHET LR E 2 E



OB & s B ia

20265E4 A #F34% F4H

+ 408 +  Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2026,Vol.34 No.4 https://www.kqjbfz.com
R AN B O I R OC Y S 05 5 0 SR
Table 1 ~ Summary of induction protocols for direct differentiation of DPSCs into neurons
Condition Specific conditions / components Main effects & results Related markers

Basic culture medium

Culture supplements

Growth factors

Small molecules

Surface coating

Neurosphere culture

Neurobasal-AP"!
DMEM®", o« MEMP®!

Serum-free medium (Neurobasal™!,

Neurobasal-A®"!, DMEM/F12/40-42))
N2|43]

B271

TS

FBSP
NGF + bFGF*!

EGF + bFGF 1

BDNF, NT-3, GDNF, BMP-2, BMP-
4, Shh*™*!

VpALY

RepsoxP!!

SB431542+dorsomorphin !

CHIR99021%!

Forskolin 1*%

Y-276325

ISX-9 B!

Poly-L-lysine (PLL)*"
Polyornithine (PLO), PLO+PN®7!
Type IV / Type I collagen, gelatin,
PLO/fibronectin, chitosan I*

No scaffold, non-adhesive culture
(DMEM/F12, Neurobasal, serum-
free medium)>*>!

Serum-free MesoCult + bFGF,
EGF, B27'%

Coating (PLL, PLO/fibronectin, fi-
bronectin/PLL) + EGF/bFGF: %

Neurosphere periphery vs center™!

Successfully induces neuronal differentiation

Previously used, now rarely used

Inhibits non-neuronal differentiation, increases neuronal differen-
tiation efficiency, with high repeatability and good clinical safety
Promotes axon growth and neuronal differentiation

Inhibits glial cell proliferation, increases neuron survival rate
Provides metabolic support, promotes simultaneous neuronal dif-
ferentiation and axon growth

Provides nutrition but affects controllability

Synergistically promotes neuronal cell differentiation, enhances
neuronal marker expression

Induces neural progenitor cell differentiation (Sox1, Pax6, NF-M)

Involved in neural development and regeneration

Regulates SOCS5, FGF21, JAK/STAT, MAPK pathways, pro-
motes early neural differentiation

Inhibits TGF-B pathway, improves motor function in Parkinson’s
mice

Inhibits dual pathways, enhances expression of Sox1, Pax6, and
NF200

Activates Wnt/B-catenin signaling, maintains stemness and prolif-
eration

Regulates cAMP-CREB1-JNK pathways, increases TUBB3, MAP-
2, NEUN expression

Activates AKT and PAK1 pathways, promotes axon growth
Promotes neuronal differentiation and neuronal marker expression
Induces motor neuron differentiation

Maintains proliferation, enhances TUBB3, Nestin expression

Enhances neuronal differentiation efficiency

Spontaneously forms neurospheres, survives >15 weeks, highly
expresses neuronal markers, can convert to neuron-like cells after
2 weeks

Promotes neurosphere formation

Enhances neurosphere formation and expression of neural pro-
genitor cell markers

Periphery: nestin, TUBB3, 04; center: not expressed

NCAM, NF-M, NF-H

Sox1, Pax6, NF-M

Sox1, Pax6, NF200

TUBB3, MAP-2,
NEUN

NeuN, Neurofilament
HB9, Islet-1

TUBB3, Nestin

CDH2, NF-M,
TUBB3, CD24,
HuC/D, p75

Nestin, TUBB3, 04

NCAM: neural cell adhesion molecule. NF-M: neurofilament-M. NF-H: neurofilament-H. DMEM: dulbecco’s modified eagle medium. « MEM: alpha mini-
mum essential medium. DMEM/F12: dulbecco’ s modified eagle medium/nutrient mixture F-12. N2: N2 supplement. B27: B27 Supplement. ITS: insulin-
transferrin-selenium. FBS: fetal bovine serum. NGF: nerve growth factor. bFGF: basic fibroblast growth factor. Sox1: sex-determining region y-box tran-
scription factor 1. Pax6: paired box 6. BDNF: brain-derived neurotrophic factor. NT-3: neurotrophin-3. GDNF: glial cell line-derived neurotrophic factor.
BMP-2: bone morphogenetic protein-2. BMP-4: bone morphogenetic protein-4. Shh: Sonic hedgehog. VPA: valproic acid. SOCSS5: suppressor of cytokine
signaling 5. FGF21: fibroblast growth factor 21. JAK/STAT: janus kinase/signal transducer and activator of transcription pathway. TGF-B: transforming
growth factor beta. NF200: neurofilament 200. cAMP-CREB1-JNK: cyclic adenosine monophosphate-cAMP response element-binding protein 1-c-Jun N-
terminal kinase. TUBB3: tubulin beta 3 class III. MAP-2: microtubule-associated protein 2. NEUN: neuronal nuclei. CDH2: cadherin-2. AKT: protein ki-
nase B. PAKI: p2l-activated kinase 1. ISX-9: isoxazole 9. MAPK: mitogen activated protein kinase. HB9: homeobox gene HB9. PN: poly-N-
isopropylacrylamide-co-butyl acrylate. HuC/D: human antigen C/D. p75: p75 neurotrophin receptor. bFGF: basic fibroblast growth factor. EGF: epidermal
growth factor. 04: 04 antibody. “-”: not specified or not reported
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4 ) F17%5 78 A F (sonic hedgehog, Shh) |, 7E #1242 R 4t
& FIFEAE S A vt 4 0 R A PR T
2 K A F (nerve growth factor, NGF ) 188 P 5
21 4 A K A F (basic fibroblast growth factor, bFGF )
PrIE) 2 32 DPSCs ) # 28 20 1) 704k, 1 5 A 284
P FIR O AR S PR A 2 A A L S
5 R T 4B A8 % (extracellular signal-regulated ki-
nase, ERK) f1 25 [ 14 B = =18 B% (protein kinase
B, AKT) B YJAH S e ah, 22 Bz 2K KT (epider-
mal growth factor, EGF)5 bFGF B& i R, 1 nl 75
S DPSCs b N AL AR, 3K SE 20 L) Sox1  Pax6
I NF-M S5 40 2245 SR bR S W 28 W RPAIE , HAE R
LT L) DPSCs MR X — RN JE A 235

2.1.4 oAb/ T BAT VIS AL UE 15 RO 89 /)N
o3 Al AR T OCHE S 8 B AT D DPSCs i 28
VB T R oo L LA B 50 Y
fi% (valproic acid, VPA )i 1 I 9 4 g X -5 55 100 il
F 5 (suppressor of cytokine signaling 5, SOCS5) #l1
Y £F 4 41 i A= K 7 21 (fibroblast growth factor
21, FGF21) . i JAK/STAT i #% 13 7% MAPK 2%
106 Sk fi2 1 g 4% () 7 J5 1 400 i 1 R B0 e 8 A0
Repsox o A A K ¥ - B (ransforming
growth factor-beta , TGF-B ) 155 53 % , ¥ il £F 4 41 fify
o 2 A A i 28 AEL A0 L, 2l s A 4 AR /D BB 3l D g
[ fEY . SB431542 i dorsomorphin X 17 ac-
tivin/nodal/TGF- B #1# J& & & A 2 11 15 5 i B
(bone morphogenetic protein signaling pathway,
BMP) , 3 5 # 28 TO R 57 VR 5% 51 [R5 Sox1 il Pax6 L
A 28 T0hR 25 4 NF200 mRNA (1335, [7] B o]
WP 22 T R TRy 0 R AL ) R R R
CHIR99021 3 2 # ] GSK-3 , i % Wnt/B-catenin {5
530 %, YR A2 T A A R A A B 0 T S
B fig 7117 . Forskolin i i #8 5 cAMP-CREB1-JNK
fii 538 % , b4 cAMP-CREB1 % 15 9 F i c-Jun &
FE K Ui 1B (c-Jun N-terminal kinase, JNK) ik, 3%
Tl 28 0 M 36 AR AR ) TUBB3 L 48 M 56 A 2
(microtubule-associated protein 2, MAP-2) | #l £ JC
%3t J5 (neuronal Nuclei, NeuN) i 3155, Rho #H

K B 58 1% (Rho-associated protein kinase
pathway, ROCK) #ijl ] 7 Y-27632 #] fi¢ i#f Racl/
NOX 1 K #i (% 1% £ 48 (reactive oxygen species, ROS)
A, TR AKT RN p21 SR 4 AR 1S 1
(p21-activated kinase 1, PAK1) {5518 i#% , i #Epf 2
FERA R REE BB IR /N 43 1SX-9 AT AR
HE B2 T A0 M 1) Bl 2 0T o AL, S SR B 2 AR AR W)
NeuN S 1 28 22 58 [ 223k 0,

2.1.5 RMWER)Z  TEW B DPSCs Y M 22 0 AL BIF 5T
Hh, SR H TR JZ VAT A0 R R 3G B RN SE 1] o0 AR Y
AN, B e A 28 43 AR R R D) e A 22 4
FETE T %0 DPSCs i 28 20 A6 15 5 50 56 36 6 A
R IR 2 (thermoplastic styrene, TPS) 1% 57 Il vf i#F
1o Gao %072 LUl A By N F TR 28 S &5 5
RO EER PR R -L- 5 S R 1 1Y A U R SRR
i (poly-L-ornithine — coated tissue culture polysty-
rene, PLO-TCPS) 3% 5 M , DA M R -L- S AR 5 & -N-
S TN 3 TR 05 Tk i - 79 0 12 T B (poly-L-ornithine and
poly-N-isopropylacrylamide-co-butyl —acrylate, PLO-
PN) £ 8 04 55 75 02, 249 7T 4 35 DPSCs #9552 38 58
TR T w8 B BR ALY DPSCs W] 915 5 iz
20, FIB 2 ICA AR IC Y (W HBY L Islet-
DR F T N A% - = BN il = = N
ZRGZTRILRGE B 5T BB R MR =
FH T B8 b 28 3 AR T

2.1.6 PHABRIEFR L MAEEKIEAE T A AR
AT AT A0 B TR AT N = 4 Bk
ARG, A3 52 40 A 1) AR B A FH R0 40 i &0 5 5 5F
TF B N R B, £ BE A TR SR O 4 5 A0 i R
PSR A2 B 3R AR A R R TR R R,
JH 35 3% £ 4135 DMEM/F12 . neurobasal & & MV JC Ifil.
TSR AL AETC MG H R, A DPSCs 1 [
RIE A M BRI A7 % At 15 8 Bk h 85 2 8
-2(cadherin-2, CDH2) .NF-M ,TUBB3.CD24 5§ #1 £
PRSI Bk T e 3R, ELRE IR 1] 3 o i 4
SRS REFR DPSCs T RS BRRATT AR LT 3 &
A R TR A i, N 28R & o B /D
(human neuronal protein C/D, HuC/D) #1 p75 5 FH
P HE T LW MesoCult [8] 8 5t 3 it 5% 332 55 v Jin
A bFGF | EGF J B27 3 wJ i 5 # 28 Bk OB i .
Karbanova 250 % 31, 441 22 Bk 4 [l 40 i < 15 nestin .
TUBB3 1 04 BT 44, 1M w0 20 Jf0 A 35 3K i 28 s 7
Yy, fe 7 D RS A R T 2 on AR S e
WHRZEHERBEAR RS EARZHEEN &
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R /R TR S, o rh EGF/bFGF Tk BT 76 2R
TR M T 3% AR A SR A T AR o 2 508 U4
SR AR M AR R R B REERIZHEA
WIZECA P2 IR SRS A 2B L
DPSCs # 28 7T 43 Ak 14 R4 32 0] L3 3o 46 ) i 22
JUAR W I R IR R I UE . H UL B I VA L4 1 A
BEDIE Y 0 qRT-PCR A I nestin S AHOC H 1 2
(microtubule-associated protein 2, MAP2) .TUBB3 #7l
e BT &F 4 1 P AR A (glial fibrillary acidic protein,
GFAP) S5 bR 5 W) Y 2357 o SR, B T DPSCs 2
U5 TP 20, ] DUAS 20975 5 18] A7 b 38 3k BE s 28
JUAR AW, PR I 5 A0 A b B A f57] 2l A 3
AEAS I A fE 0 O L S2SE 0 T M2 ) 434k o Arthur

ARG B 43 AL J5 1) DPSCs H A7 7 B JR AR i 1
(Na*) N, R WA MR S E w7 k. B
J5i , Gervois 287V ik Iy % 1 DPSCs #1 & 40 ik 5 & A
FKASERLALI Ak . SR, 124 A 1k, B oAt
5% 3 M 25 T 10 DPSCs 7] DL 7E 3L 55 3% 2 4 v
D7 Py Re v o il 42 fik , 22 W] H Aif DPSCs #2850 53
L WE SIEEREE R A
22 FoauktER

WFFE R B, DPSCs B A AL # ] BEA (2 B4
$ 52 A0S PR 22 T AN M, T UH BT 55 0 WA Ak
N, DPSCs 38 o i 28GR 47 VG g 0 Bt
B PUIR T B LA A R 5 55 73 WA BB 1 5 A 28 03
R . R 2B T DPSCs 55750 AE AL .

R2 AT AN S WAE B 326 A4

Table 2 Summary of paracrine mechanisms of DPSCs

Effect type Specific mechanism

Main role Related factors

Neuroprotective ef-  Secretes neurotrophic factors*7 72

fect

Immunomodulatory ~ Secretes anti-inflammatory cytokines to regulate immune re-

and anti- sponses! 74

inflammatory effect

Inhibits microglial activation and polarizes macrophages to-

ward anti-inflammatory M2 phenotype!”>7°!
Anti-apoptotic ef-  Upregulates anti-apoptotic proteins and downregulates pro-
fect apoptotic factors”’7®!

Increases endogenous survival factor Bel-2 and decreases

Bax to enhance cell Vial)ilitym'go]

Angiogenesis

tion'®!

Secretes angiogenic factors to promote blood vessel forma-

Promotes neurogenesis, neuronal NGF, BDNF, NT-3, GDNF
maintenance, and repair

Reduces inflammatory response, im- 1L-6, IL-10, TGF-B1, IL-1pB,
proves therapeutic efficacy in neu-  IFN-vy, IL-2, IL-12, TNF-a
rological diseases

Improves neural microenvironment, -

alleviate inflammation, and pro-

motes tissue regeneration

Protects neurons, reduces apoptosis ~ Bel-2, Bax, p53, Caspase-3,

VEGF, Fractalkine, GM-CSF

Improves cell survival rate -

Promotes endothelial cell migration ~ VEGF, PDGF-A, ANG-1
and angiogenesis, supports neural

regeneration

DPSCs: dental pulp stem cells. NGF: nerve growth factor. BDNF: brain-derived neurotrophic factor. NT-3: neurotrophin 3. GDNF: glial cell line-derived

neurotrophic factor. I1L-6, 1L-10, IL-1B, IL-2, IL-12: interleukin-6, interleukin-10, interleukin-1 beta, interleukin-2, interleukin-12. TGF-B1: transforming

growth factor beta 1. IFN-+y: interferon gamma. TNF-a: tumor necrosis factor alpha. Bel-2: b-cell lymphoma 2. Bax: bel-2-associated X protein. p53:

tumor protein p53. Caspase-3: cysteine-aspartic acid protease 3. VEGF: vascular endothelial growth factor. GM-CSF: granulocyte-macrophage colony-

stimulating factor. PDGF-A: platelet-derived growth factor subunit A. ANG-1: angiopoietin-1. M2: M2 phenotype (alternatively activated macrophages).

“-": not specified or not reported

221 MR VER] DPSCs 23l 48 F5 K 1,
ML L WAy e E b REREER.
DPSCs 43 i NGF .BDNF . NT-3 il GDNF {i¢ # %l 58 1
K0, DPSCs 1] ] # 48 1] 434k, S0P 05 T )5 T
73K NGF .BDNF 2 GDNF %54 278 32 55 1, FF e
HE 2955 T 5 DPSCs W4 5 , by Ji B i 22 460 43 8 it
A B KIIRTT AR Th Rk E Mg g
222 PP BLRAEH DPSCs 1Y 43 b 2H i
it Z B HL K P G T BT R AEH . DPSCs 2%

143 7% 3L (conditioned medium, CM) F1 41 g #p 2£ 3
(extracellular vesicle, EV) & & 3 & 09 5y 98 7
5, AT R B A B R A 2 B G T AL
IVEH] . DPSCs 73 WAL % 20 Jf K~ F1 40 L A R -6
(interleukin 6, 1L-6) .IL-10 7k KR+ B1 (trans-
forming growth factor beta 1, TGF-B1) , # il fi£ 52 41 ffd
FIL-1B . T4k Z -y (interferon y, IFN-y) .IL-2 . IL-
12 F1 988 R 3E K] 7 - o (tumor necrosis factor o, TNF-
o) I IR DPSCs 4 W 4 A 1 /)N e 5 440 g
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AR , i 1 1 e 40 T DA AR 42 G ML 3 B 38 450 4%
M2 AR A6 70, DPSCs i I 1 Kbt 9 AE H
U T AR OERET , DR JOAE T 1 SR H A, R
TSI AR 2B IR T T T T
2.2.3 BTV DPSCs 433 41 76 4 28 o3 Ak it
PRI B ENSUR AR, X EEEMEY
PAAT A T2 2 B 20 Btk 198 -2 (B-cell lymphoma 2,
Bel-2) MR e 9 7 [ Bel-2 #126 X & 1 (Bel-2-
associated X protein, Bax) .p53 Fll 2 Bt & ik K4 A
iR 2 11 i 3 (cysteine-aspartic acid protease 3, Cas-
pase-3) IR ARG ZE 077 . DPSCs 43 WAEH & A
B AR B R, anai A P B2 AR K B (vascular
endothelial growth factor, VEGF)™! ¥ 1k A+ Frac-
talkine ™ 1R 40 M - B Wi 20 A 4 VK ORI R T
(granulocyte-macrophage colony-stimulating factor,
GM-CSF)™*, iX 86 []] 7] LAFEAR 2288 T B UE M LR
H (Amyloid-beta peptide, AB) [ 2 ifd 5 P F1 41 H 4
T~ o DPSCs 73 2138 1o 03 P IR A A7 3% I3 7 Bel -2
A0 PR T8 5 I F Bax $2 S AU TG 0%, K
Rl A i 0 155 Y PP RS A 20 bFGE K DPSCs FY 7K 5
J5E AT 4] Bax 1 Caspase-3 25 [ iRl 1157,
224 IMAFAEM BT BDNF,NGF Al VEGF A]
L 3 DPSCs 5573 A FAIE 2E A g 40 e 3 % 0 1 A7
G AN R O | A S N
DPSCs 35 VEGF™ il /M AT A A 1K TR T-A A Y
(platelet-derived growth factor-AA, PDGF-AA)"™" FlI
I A Bl -1 (angiopoietin—l , ANG-1)848 1 45
AR DGR -, 30 T AR I B G 2, 7EM 4
S A AR, DPSCs 38 1 55 73 M HIL T 2 2 i F)
TE R, 38 560 SRy R IR I 8 IR R, R i A A 1 R
[F) IS Ay e 22 T IR A RERE S 4R ML T W B S5 15
SCRE, S5 T A AR 2 AL R o 2B Z R .
23 Tamien kS5 AMMH I RZAGHEAL
1A

TNART K DPSCs HE B A7 R4 b i 1% 3 0 28 32 451461
BZHBE I N T MR AR T 4o A Y
TP 85 2 1 20 A 5 1 2 40 403 10 S B T, e
B I B A SRR B TR DPSCs i ik 2 45 % X
It i B Mok, RARmE ST EWRE
Yy A S0 K BEI SRR E B2 B T SR
E T4 ) ok 22 7 1) 434K

K BEBE A B A P AR A T R R
AR M s S K i RE U8 I UL 2 A SURY SRR
P00 3L YK E 1L B I (gelatin methacryloyl

GelMA ) 7K B8 152 188 3 181 15 52 156 % 2 W) NS ) DT 1G5 6
SERCEH SR AR I R AR A7 B T 4E 4 DPSCs AUTE 25
FAR b 28 50 465" . Qian 551 FH 45 5 6 b 3
3D AT N AR % GelMA 5K , 12 25 $2 & T DPSCs
FR S [0 266 B 5 A0 R, G0 T M AR R AR KA
% £ M 43 (growth associated protein 43, GAP43) il
MAP2 3235 , I 78 K SR Bl 15 B b 4l ik 1 45
BEFAE . Luo %52k FH 10% GelMA 7K B¢ ik 5 bFGF
L2 DPSCs S FELT 4k /R L0 B 8 2 A A 1
A2 A A RIME T R LA B R 2R A
I BRI FY) e AT BRI FR AR O AR D e ko
B, 1 AT B i DPSCs 1Y #2853 4k

TR R Z R RIRZHE, A R
A ) R DR R RSB o R R U TR
oL RO T A B 2 AL S, O DPSCs i it
SCHFAIG]S . 2 bFGE 1Y 76 S0 SR TE K A 7l il
o W i B B G2 A8 B AR K R, B0 ERK R 5
i, 4% 5% DPSCs ' GFAP ., S100 41 45 & & 1 B
(S100 calcium binding protein B, S1008) il TUBB3
MRk, TR HE A 22 4040 . e R A G
T4 ML R 55 DPSCs 75 S 11 1 22 45 1 858 84 v i iF
T A BERE T A R IRIRE . TR
SCHRR LB SR BE A rp, ) 2 T ek P 4R Al
FhRN A, OF 5 AR B 5 ABGE i 25 R OR .

R LR (polylactic acid, PLA ) f&— 7 a] A= ¥ %
il 15 s o T, B R R AL iR B A AT R
P08 5 38 A 3D T ER i £ B AT I 1] P A Y
MZESTHR  E ] PLA SCARBEAY A 22 H 4L Bl 58 1
HEZT7 16], 5155 DPSCs 1y 45 5E 75 [ E Al 412 1 240 i
e M B S Al 5 52 AR R[] IS A8 3 B v
22 TC bR ) MAP2 9 351 . PLA SCH8 0 5 1
fhDhRER R (NS LR S Wi A &R ) B4, it —
AR T S e

HEFHXR (ARG FHESYSE) M
H VA 1 FE TG PRI S 4R A S P T
PR 28 GO 55 FIARE A 22 70 AL R OC B2, Seonwoo
SR T R I8 AR A1 BR 0 - 2R O N (reduced
graphene oxide-poly &-caprolactone, RGO-PCL) & &
i A S LN IR i | IR R T i
DPSCs I #l 42 434k, #£ 0.1%RGO ¥ J& F TUBB3 %
KW EIIN . Gao VMR T A MRS YR
T T B A AR B L D)5 5 DPSCs Ak 4
ZouREAN M, W BN AR R YR IA . XS
BEAAL FE AL 45 44 S A5, 3 38 2o v Al 27 5 5 I 4 4
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JOAT o, M s A 25 AR . R 3RS T T AR)T

55 AW RTRL SR 2 18] i B R A HIALA

|3 T UMY LS A YRR SR 2 1) B4 B [ AR A B

Table 3 Synergistic interaction mechanisms between stem cell therapy and biomaterial scaffolds

Scaffold type Mechanism

Main function Related markers

Hydrogel scaf-  Enhances expression of neural markers by tuning crosslinking

fold density to match the low stiffness of the spinal cord!®!

Loads and continuously releases growth factors®?

Chitosan scaf-  Good biodegradability, antibacterial property, and film-forming

fold ability; supports DPSCs migration and differentiation'®”!

Merges with stem cell factors'®”

PLA scaffold

ment *!

Composite con- Conductive scaffold modulates cell behavior via electrochemi-

ductive scaffold cal signals to promote neural differentiation®”!

RGO-PCL composite nanofiber scaffold promotes DPSCs neural

differentiation!

Directionally fabricated by 3D printing to mimic axon arrange-

Improves directed adhesion and survival of GAP43, MAP2
DPSCs

Repairs rat sciatic nerve injury

Slow release of BFGF promotes neural differen- ~ GFAP, S1003,

tiation of DPSCs and activates ERK signaling TUBB3
Promotes rabbit facial nerve regeneration

Guides DPSCs migration along specific direc- MAP2
tions and promotes cell polarity formation and

axon growth

Provides electrical activity support and enhances TUBB3
neural differentiation efficiency

Enhances neural induction TUBB3

DPSCs: dental pulp stem cells. PLA: polylactic acid. GAP43: growth associated protein 43. MAP2: microtubule-associated protein 2. BFGF: basic fibro-

blast growth factor. ERK: extracellular signal-regulated kinase. GFAP: glial fibrillary acidic protein. SI00B: S100 calcium binding protein . TUBB3: tu-

bulin beta 3 class III. RGO-PCL: reduced graphene oxide-poly e-caprolactone.-"

3 MNESRE

H i, DPSCs 76 0 2451 13 & & 1 It R A 52475 Ak
T B B, A TP AE S WA i ni L L
PR A AT 11 I 18 22 Pk 0. (D B0 38 35 38 o7 1 2% -
DPSCs 7EfR & &2 plt e 5 3 B, JL Ty i ] 78 A2 21 4
3N T R 55 () B A o X g BER ZS  3 RE i
20 B A A7 TG L E B RE 7 DL R oAk o i BR 1 T
AR RCRET S @ 4 A RCR R AT B 2 AR
DPSCs HLAT B8 1Y 4 28 43 A0 7, AR Gy &5 2% HL AR
E 1 5 A Ak Sk TR e 4 i AT — A Bk
%o B AT 2 A5 O IR AR RCRAR T i 2
F18) [ L, S DA J I PR 75 2R % D e HEJ )
JAE DPSCs HAT BAR A G328 J5i vk | (0 AE S iR R A v
501 fE 51 & G s HE R RN, 52 i PR N 19 %
Sk ] A7 AR S sE B, DR IR RS AT Y K
Ak R R G AL SC B ) B @R AL AR
PR R KUY 1 DPSCs LA 2 I R 7 R
{5 AF7E TR XE o 20 AL IR 22 [ 7 25 5 1 1T BB 52 M ¥
JP RO, I HOBUA 19 A 7= s v R o s AR R
AN, FEURIT SR —HH"" . OBZ s
WEAL AR R - H Al = 58— A9 e R 5 7F i 22 A0
FH I BRI IR IT 7 58, S BOR R 5 AR T 2
AR R R,

B X DL BRI, A SR F 58 AT L LR LA
6] 4f 3y DPSCs 78 #1261 4E h 1 I IR e 1k . D1k

: not specified or not reported

TR B 365 17 e 30 o 3 A 3R 1 AR W 3
2R L9 W 2577 45, 23 DPSCs (19 3 30 B3 3 1
S S N e i T R AN DA S Y -3
O QR T RCR R BT 7 %,
A T2 A /NGRS TR g e A R L
12 5 DPSCs F 481 2850 AL ORI R 4, DA T 20 A5 B
ZWIReE R . @R R S T ek
TIF 5 < 30 3 VA1 45 B 8 B N7 A P 4 5 400 ot 590 =0k 40
i A i DA e 2 O 1, R AR S e HE R RO, A R
S A A 1 2 A v AR I RICR T . @20 i ) &
5 R P AT A R AR 7 AR v A R
B 347 &, 6 E 98— 1 B 4 R R IR
DPSCs 19 e 05 38 AR E 1, DLIR 67 AR 19 7]
PR — B ORI IR T AR - e B
ALY I R A AR , 255 2 oo i RIS, 2 —
B UE DPSCs 1R 22 B A T A7 305 2 ek, 1S
JCRLH A R R
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