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Current progress for the mechanism of activation of endogenous neural stem

cells after spinal cord injury
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A i 451 03 (spinal cord injury,SCI) A& — Fi & J& 35 5%
PEPOI | 3 B 3 BUA BE N 2 1 T 2R 22T e T, H R
WA — R AR IRl LA SCL, PR & R gt
BRI T A — S BA 4346 P28 T80 RE 1 PN T 1 il 4 4
Ml (endogenous neural stem cells, ENSCs), #IH#& #f
ENSCs >k 842 SCI H AR AL, {HZ ik ENSCs %t
S A B FEEARR S 3 T 1 WO BILR R T R TR AR
HREFARE I AN AL REA PR, BRI, W58 UAF 1 L 3l )
i ENSCs (92K U5 (ENSCs i30S AL S JL34 Tl | iE %
FOT AL B A AL X 5 4 3t S 0 SCT M 52 Aofy
PR X, BEH R SClJG ENSCs BTG M FALH 2Rk 4 F

1 HiRHE RS H K ENSCs

VEARRAT WS R B, T UAE LS dh & R el
figi % BE AU = 45 BT X (subventricular zone,SVZ) FliE & 145
R UKL T 2 (subgranular zone,SGZ) 776 & K &
ENSCs , 5 i % 5 DR 595 38 7 78 ENSCsPl, /2 B
BT, S A i Ak T 1k IR AR, 7E A2 3 SCIAF S
Jo, “H R RAS Y ENSCs H4 B0 A 3 A i 2 4
it R O 2, SRR A2 A A IR E LR AL R, X — R
EHER ARZATHRFSEH D, A BE R0 HE N
4 LA ENSCs W0 I8 58 M2 o3k

2 SCI J5 ENSCs RI#iEE =

SCI J& ,ENSCs W% 2 211 2 I Z s, L ansh 5t
B GBSk AR 4 o A KR T 7 ENSCs 19
Bk AR S EE M ENSCs 7] 40 W 22 A & 781,
T4 A K PR LA I Y 2 IR 2 TR, R AR 30 AN
AR iR N AT RR W N AR T
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(vascular endothelial growth factor, VEGF)P #fi £/ & A
F (nerve growth factor, NGF )" fis 14 5l 2F 4 240 A AE < A+
(basic fibroblast growth factor,bFGF)!'™ i I 4 #f 28 78 7%
F (brain—derived neurotrophic factor, BDNF)!24§ | {]
T F 5 TE S HOE AL T RS 1Y ENSCs, 2 5 4
fRE, XK A I E S A R, S 5 2 A
AR WG K % Ligand-specific TR RS Z kSRS
O PR AL A P Sl b & 8 A2 K TS Ak 5 | T i
15538 WS, A0 Noteh {7 53 % Wt 1% 518 # | [hh/Glil
15518 % 5
2.1 VEGF

VEGF & 1989 4F 3¢ [ #F 52 & Tischer %P4 BLIF iy 44
B — Bl A IR 7 J8 T il /AR I M A G TR G0, LA A
HAPERL, 5350 VEGF-A \VEGF-B VEGF-C \VEGF-D
VEGF-E flJit 4= K 1+ (placental growth factor,PGF).
VEGF 25 M 22 & i A v Al 2 1) 26 RS, IF T 52 iy
NN L R AN TRR VAR A I A= DU L M R S b I
VEGF & P 28 R Ge b )iz &3k, I #f ENSCs 91
BH, IF [ M 2Ty 0 404, SCLJR 3 IIR  VEGF &5 &t
AL D B 2 A IR A L i 5 ENSCs 35T b M,
T35 AR AP 0 2 1 DI fiE .

VEGF M H & %5 6 2 R i i 3Z 7K (high affinity tyro-
sine kinase receptors, VEGFRs) 7£ #ft £ 41 Jfl A= 4 1 4 5 11
AR R AR S, FEIE S R VEGF-A I
B A A SO A -, B ENSCs J8] i 8 A= A, il
ENSCs H4 78 734k, 840 #f 26 a] S PO Han 551750 33 5% 4
P JE DR RR R 19 5 15 R B, VEGF 3 3 VEGF-C/VEGFR3 15
53 O A L AME S 98 19 R (extracellular signal-reg-
ulated kinase , ERK) F1 2 13 /i B (protein kinase B,PKB,
AR Akt) , fH # AR S ENSCs 34k R 0E IR 2SI 4 1k
Sy 2 M AN (neural progenitor cells,NPC) ,
2.2 bFGF

bFGF J& A 4E A Ma A= K I+ 211 (fibroblast growth
factors, FGFs) 2 i i i) — b1, 2 ifi 2L 8l ¥ F AR g — Ff
(g8 ok SRR 7N i = S Cl K= TR N (Y =l =1
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I 6 S AR 0O JF 0l A2 SCT J 38 i #7G ENSCs L ik 2> i
O IR A o o A 2 B 2 A K A Dy R AR 4B 405 ol 2 48
S8, A7 2 F 3235 DEGE 1 i 28 20 a R% Rk v A ol 22
45 0 KRR N, WS B T AE A BE X bFGF fig 9% fid i2F
ENSCs Az & 705 431k Ay B s 28 550,

bFGF HLA5 75 2 il 1 2 VR FMEC 35 0 7 22 1A i ol 27 1
155 2 R0 Ty 5% AR SR AT 2 AN A K PR T 1 B SZ R (fibroblast
growth factor receptors, FGFRs), fIk3% 1 1 52 (R Fx /E i 12
HEENZ (heparan sulfate proteoglycans, HSPG) ™1,
bRGF % 45 A ) 2 %0 % 36 B2 58 3k Ho 40 B jE - 1Y) FGFRs, {H
[F) i 5 MM T HSPG AT . AR iR 4228 . bFGF 38 it
HSPG 454 3] FGFRs I, 35% FGFRs 19 B 2 IR I 1 105 1,
5 BAT Sre S ik P 0 AR X (SH2) A9 B 1 T2
G IR A B R S MR AR R R AL B S
TRAR DT AR A ) 2 A P, Kang S0 SLLE SCI B,
bFGF £ #3% ENSCs , {3 F 38 47 I 434k 1 > 58 Jie o 41 40 i
TN RN Rz I b/ 5 e Jo AN B A Rk AR e 8 T R K
A TR 0@ R SCI /N BUK K 7 5 bRGE & 31,
bFGF 7£ SCI J5 #40 ENSCs, @ik H 3 5 43 1k LU 4 +532 3h
Mz e R I H bFGE o] LL3E 2 2 iF ENSCs 548 sl 4
T 1] (AR AR FE /N B2 3 2 ae B ks | (0 SCik 4k
T bFGF 5 DR 5 TG 56 5 28 E il 7 FHPY, 3 ml B
JE T bFGF FEM N1 — A d5 A R0k B2, 18 3o e f
W BE{H ,bFGF 4 %+ ENSCs AN #e A/ FH sl M /5 A, {1k
W B Rt — g
2.3 BDNF

BDNF /& Rohrer 55125 1982 41 MR i 43 5 K 1) —
TR A P, A A i A U A R, O R A A T K
ARG, W S B, A5 PRRGEH
ENSCs 43 i B — 2tk | 2 Ak &R 58 AN TR S0 0 e Sz 4y
28 SR AT o s i A K & E A B
AR R,

BDNF 14 5= 2 Ty e 32 14 02 i 98 i ] Tk 4 55 119 1% 24
W% 75 R A2 UK Tk B2, 8 592 36 45 5 © IR 5, SCL R 8l
Y& P BDNF M H 22 & TrkB mRNA 23k & 3% 88 e,
Geng “F2ME KB LS A 02 B 15 3l i ELISA 320 15 4
BET M BDNF A9 3817 3k & A TR0 (fi )5 24~48h) , 3
Ji BE R RS R R, RIS 28d KA & EH K F .
Khan 4¢P % 4 BDNF 1 Ifil 21 & A & #—1 (heme oxyge-
nase—1 ,HO-1) 4[] 78 5% + 40 I 73 5 & SCT M5 R A& Py
3 5t 2K 1 ED B2 56 (Western blot) e Db gL o 1 2%
VEOr 85 07 i, RILSE S0 AL s ) ) T e & ok s, 6
T BBB P14, X LEWFSE A1) SCI /5 BDNF ik i)
BrbEsi i, R W BDNF 25 7 SCIL b ad #2 , HAE b
il % P8 N B 405 )5 BDNF 005 e {5 5 30 % , 23k EN-
SCs 48 434k, A Z HL 4L 21, {H Mortazavi 5P 80K
NGF e [5 75 41 #F A B 7] 78 BT T 48 i, 96h )5 & B NGF
fEET M AL P 3k, 0 BDNF 4 &k uk 2>, 1)

ENSCs WY #IG 3858 & 531k 5 BDNF AFEAEM M KL,
BDNF 7 SCI J&i J& 75 2 5 i 1% ENSCs i85 ff E— £ 0F5¢

3 SCI J5 ENSCs HJ# i& #l #l

H A i 55 1A 24 ,SCI 5 ENSCs A9 38035 AL 1 32 22 15
Sl R UL, 2R S K AE SCI 525 ENSCs ¥R 1Y
W, AR AE 3 B S | R ENSCs 0T 5 19 58 2 Ak iR
(7] F Ao 22 2 L, 3k b 20 0 AT AN IR ) B R B o
Wnt {55 8 ¥ 7] 98 22 ENSCs 4316 U 3+ 246 2 1 D) fig
P 28 70, Noteh {5 5 38 #\ Thh/Glil {5 5 3 A4 3 55 1) 1A
fif ENSCs 436 BUKe BT 40 L, R 3 SCI FB A8 I B g+,
SCLJ , Unff 36 42 £ 5 380 8% B 453- B0 19 ENSCs 1) 5 T4
ZYIREMK Z 1 77 10 434k S BT B T ENSCs B8 & SCI
1 G HE
3.1 Wntf55E

Wnt 1 fRUEE FE K integrationl (intl ) 71 2 B2 2 g G ##1
P wingless (wg) P 4~ 1) A BT 2R B L 40 il Py {5 5 5% 5
FEH 4 408 M B-E F I 1 (B-catenin) i #1 polarity
T | Ca+ 8% LA R IR T 27 R A A 1] FOAS X BR 28 M 53 24 1
i, HoP Wnt/B—catenin i i 78 {¢ JE i 248 2 b 4 E
HEWA O, BT, B0 3 S Wnt/B-
catenin [ {55 538 B 1) ENSCs [0 # 28 78 43 4k 1 Lb 1] 25
B3 T, A Wnt/B—catenin 3 B {5 5 30 B B WS
ANBEIE I B 2 I0 19 43 Ak 38 2 5 BUOR M 4 /N, Wt 5 5
3 A DL BT 1

Wntl 5 [ 7E ENSCs (9 1 301 38 58 45 Ak v ke 4 oy i 2
P 8 4 A RO, HE TE B 21 20 Wnt {7 53 I Ak T 1k 1Y
R, Wnt-1 AW FRIK, 12 SCLAY KB, Wntl
HFES G 1d TFia 3k, 3d K58m0 2 AL TF R T
%, H Wntl % 5 Nestin 9263k BA5 A &2 (r.=0.893, P<
0.05), 5 M [F] B ENSCs th A& A= HF 4 19 i | R &t 1 58 | 1 5
W — R HN AR, XA REJE R T SCL S, 38 Wi T th ik
B Wnt—1 1] DURE AL T & PR S 1 Wne {5 5 38 B8 T S
AT 1k 19 ENSCs, f2 3 H S8, Wt {5 5l #% 5 SCI
J& ENSCs HY 58 52 ARG,

3.2 Notch {5 %

Notch {5538 # F % i Notch Az 14 | BLiA  CSL & 1 A1
R AL A R B AR Oy A <SR B
Notch 52 7R FIC & 22 35 T A S A0 40 I I |, 24 34~ 20 it I5C
RFB TG, w2 5 4B A0 ML 18 A9 Notch 52 &
454 W Notch 15 5 30 #% | AT BH 11 418 3% 1 48 it 1) [+) —
J7 1 434k . BT 58 1A Noteh 15 53 # #il ENSCs 1] 2>
5 I BT 440 Jf K A 2 0 T 1) 43 Ak AR G 1) R TR iR TS 44 i
b B4 WEE R Noteh AN 7] 52 R 78 B4R /N BB 4 R 56
NSC A2 55 Rl 5 A Bt v 393 3805 [7] 19 7 €2, Noteh 1 76 42
ENSCs $it . F 3838 X A iF ENSCs [nl #2050 16 b &
# & Z AE I Notch2 Notch3 7 # & ik &5 T ENSCs
(qENSCs) i 2 ik & THE LR AT ENSCs (aENSCs ) 19 2=
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ik, KU HAER NSC i BRA . [IBY Notch3 i 7E 4
010 = 5 4 IR X NSC A X S 1k S S5 o v R 4 T B
I 19 56 T+ Notchd #4E FAH CHR B IR AR D A T8 T
HE— BT

Notch {5 5 i #% #5520 UL [&] 21, Notch—Hes {5 5 i #% /&
Notch 2 & ¥ /E A BB 12, Hes1 215 5 6 )5 sh )5
M R BERESE N 2 — ) o Ak B nl DU iF ENSCs 3458 , IF
G4l BTV e 0T AR e T 43 A i 28 e K /b 9 5 T A L 1Y)
Bk ] WOFRE, Y Hesl (922 35 U6k 55 15, J0Iw) DL 2 3
ENSCs [i] #f1 220073, 53 5h A7 BF 5297 B, Q2R 48 /)
R XA 28 22 G P Noteh {7 53 9% 114 O 8 4% 5% [ F RBP-
VRSV LSBT, SR DX 0 A 2 T A O A A1 B R A 2 8K 1
HOE W SR, LI SRR T RBP—) A 19 Notch 155 il
A0 H ENSCs 1] NPC 434k
3.3 Thh/Glil {5 73 %

Thh/Glil i 32 %2 J& i1 Indian Hedgehog (Thh) Bt 4 |
5 I8 52 VR 25 1 Pre FI Smo 25 11 2H WG 52 A ) LA % e i R
T Gli S LA, Gli # AR5 K- 0T I8 4%, e s )R
A 78, Thh FE 2 Hedgehog (Hh)3 A~ [l EE P 2 — | )&
— g B RS R B TR SR A — R A IR A

Thh/Gli1 15 538 [ 3 5238 2 40 i B8 1 (v 25 55 32 {4 e
J % 1 (patched , PTC) F1°F- ¥ 2 '] (smoothened , SMO ) > i
U PHR e St I 1 Gl S5 1Y % ), BT 48 IR I /0 58 i
J5T 440 JH0 AL 20 B TR A IR B 00 (% IS AR 40 B & AT Thh-
b K5 WG K B IR 4R 22 T8 A% 11 A BT AR 20 i 1) 0 28 T
R 2 5 Jgg Jo 240 L 2 b 2 T 5 1 ) R 225 O 0 L e g A Ok
SERE, [ B AR B FE SCI S, R UK A Thh
mRNA 5 Glil mRNA 745 8 19 &k 2l T e, I BLAE
PGS H5 7 ROk B e /MBS 5 I B W 2 R o
A X ENSCs I8 70 AL B ATC 1 23 M7, % 3 Thh/Glil i % AT
g2y T8 SCI J7 ENSCs In] 2 I 4 fa i Ak . X — &R 51
WF 724 W], SCI )i ENSCs 1] 8 i3 Thh/Glil i A2 B IR
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Bl 1 Wnt 55 il A X ]

20N, 5 b 2 Ty R S Ak TR R A AT (R AL AT
HE—BWIE

4 RE

SCL /M &R I — A 20 iy i A2, B AT
i IR 136G 97 SCI W Jr i EZ R A G E  FARME MR
s R B2 LY AU E X B 2 TR KR RBOR B A TR
W6 A5 T 40 I RS A R R ABIE 5T Bk B 22 1 B2 55 TAE 5 IR I
TR AR IRYT SCL, H i T2 Bk Koz kA 2 HE
S SN S B ER 2R A D DAL A BRI 2 S A O R R T
TG IR SCL iR YT . Pal 5550% B ENSCs 1 ATE 35 4M
b AR AT AL R SRS % 05 A Hi 22 A RN A RO A
T LR A L ENSCs U IRYT SCL IR0 | 2 ix
AWk —,

AR ENSCs 1 LUA OO IR e Z AR AR | HE5
L AR L] A6 [ R AR SR A 1V 22 0 o R i . SCLR
ENSCs 23 4346 g i 28 50 | 158 32 3 X8, 42 3 it 22 T e Ak
B, X ORI, H ENSCs kU I R, Bk
ENSCs Ay % 45 I 240 it , 17 5 30 41 8 Ay = 457 06 440 it O i A
TP T A T 20 R e g A A N G i R 2
JC (cerebrospinal fluid—contacting neuron,CSF—CNs) , Il #
AR BT S CRE MBS i ENSCs B JEC Ay 0] i 248 it A5 75
BE— PR E  ENSCs TG WL H BT AR 2 B AR E IR,
PO 5 e 38 H A LR T 32 A 2Lk A2 45 B
TR SR A AR I AT & S0 IR 448 it o 28 P v,
AE & FERUICAE T 190, {EL G P~ 46 985 91 240 0 P 22 ST 1Y L
Bl LA 2 e WA IR, R — L. K
F A5 53 B 2 I ENSCs T e Ak B H BT 2k
— AR PR WRIE ST A [ S s AR K 2
[] 11 B3 ) T 45 5 3 B 5 A K PR 22 ) A B 1) 1 E i
N VE R T AR SR AWETE, DU I R IR YT SCI Al R
EX

e — —
B o
-—
o =
- -
fr— I'l e - -
Il.. - 1"-,
[ R T i\
| E |
i .
R l_"
. o
(2] S

B 2 Notch {5 5 i A 2 (& Hel



282

ot [E R 2L A 2019 4E5E 20 5 3 1Y)

Chinese Journal of Spine and Spinal Cord,2019,Vo0l.29 ,No.3

5
1.

10.

11.

12.

13.

14.

15.

2% Xk
Silva NA, Sousa N, Reis RL, et al. From basics to clinical: a
comprehensive review on spinal cord injury[]]. Prog Neurobiol,

2014, 114: 25-57.

. Liu Y, Tan B, Wang L, et al. Endogenous neural stem cells

in central canal of adult rats acquired limited ability to dif-
ferentiate into neurons following mild spinal cord injury[J]. Int

J Clin Exp Pathol, 2015, 8(4): 3835-3842.

. Chaker Z, Codega P, Doetsch F. A mosaic world: puzzles re-

vealed by adult neural stem cell heterogeneity[J]. Wiley In-

terdiscip Rev Dev Biol, 2016, 5(6): 640-658.

. Chhabra HS, Sarda K. Clinical translation of stem cell based

interventions for spinal cord injury: are we there yet[J]. Adv

Drug Deliv Rev, 2017, 120: 41-49.

. Matsui TK, Mori E. Microglia support neural stem cell main-

tenance and growth[J]. Biochem Biophys Res Commun, 2018,
503(3): 1880-1884.

. Zhang L, Han X, Cheng X, et al. Denervated hippocampus

provides a favorable microenvironment for neuronal differentia-
tion of endogenous neural stem cells [J]. Neural Regen Res,

2016, 11(4): 597-603.

. Kumamaru H, Kadoya K, Adler AF, et al. Generation and

post—injury integration of human spinal cord neural stem cells

[J]. Nat Methods, 2018, 15(9): 723-731.

W, RSER. T AR AR R TR B 15 i WE ST (D). R

HHAG B E, 2018, 28(5): 474-480.

. Tischer E, Gospodarowicz D, Mitchell R, et al. Vascular en-

dothelial growth factor: a new member of the platelet—de-

rived growth factor gene family [J]. Biochem Biophys Res
Commun, 1989, 165(3): 1198-1206.
Genrikhs EE, Voronkov DN, Kapkaeva MR, The

et al.
delayed protective effect of GK-2, a dipeptide mimetic of
nerve growth factor, in a model of rat traumatic brain injury
[J]. Brain Res Bull, 2018, 140: 148-153.

Hu F, Sun B, Xu P, et al. MiR-218 induces neuronal dif-
ferentiation of ASCs in a temporally sequential manner with
fibroblast growth factor by regulation of the Wnt sSignaling
pathway[J]. Sci Rep, 2017, 7: 39427.

Foltran RB, Diaz SL. BDNF isoforms: a round trip ticket
between neurogenesis and serotonin[J]. J Neurochem, 2016,
138(2): 204-221.

Lindholm T, Risling M, Carlstedt T, et al. Expression of
VEGF,
human primary sensory neurons after a dorsal root injury [J].
Front Neurol, 2017, 8: 49.
Cabezas R, Baez—Jurado E,

semaphorins, neuropilins, and tenascins in rat and

Hidalgo—Lanussa O, et al.
Growth factors and neuroglobin in astrocyte protection a-
gainst neurodegeneration and oxidative stress[J]. Mol Neuro-
biol, 2018, [Epub ahead of print].

Muratori L, Gnavi S, Fregnan F, et al. Evaluation of vascu-

lar endothelial growth factor (VEGF)

and its family member

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

expression after peripheral nerve regeneration and denerva-
tion[J]. Anat Rec(Hoboken), 2018, 301(10): 1646-1656

Le BB, Barallobre MJ, Homman-Ludiye J, et al. VEGF-C is
a trophic factor for neural progenitors in the vertebrate
embryonic brain[J]. Nat Neurosci, 2006, 9(3): 340-348.

Han J, Calvo CF, Kang TH, et al. Vascular endothelial
growth factor receptor 3 controls neural stem cell activation

in mice and humans[J]. Cell Rep, 2015, 10(7): 1158-1172.

. Zhao YZ, Lin M, Lin Q, et al. Intranasal delivery of bFGF

with nanoliposomes enhances in vivo neuroprotection and
neural injury recovery in a rodent stroke model[J]. J Control
Release, 2016, 224: 165-175.
SRR, HERCE, Wi, 4F. bFGE i il M Nogo—A 15 %
U AV ) I BOR B R[] P E AR i 50 TR
YreEd, 2017, (7): 681-686.
Zhang JJ, Zhu ]JJ, Hu YB, et al. Transplantation of bFGF-
expressing neural stem cells promotes cell migration and
functional recovery in rat brain after transient ischemic
stroke[J]. Oncotarget, 2017, 8(60): 102067-102077.
Ye Q, Wu Y, Wu J, et al. Neural stem cells expressing
bFGFE reduce brain damage and restore sensorimotor function
after neonatal hypoxia—ischemia [J]. Cell Physiol Biochem,
2018, 45(1): 108-118.
Wang ZG, Wang Y, Huang Y, et al. bFGF regulates au-
tophagy and ubiquitinated protein accumulation induced by
myocardial ischemia/reperfusion via the activation of the
PI3K/Akt/mTOR pathway[]]. Sci Rep, 2015, 5: 9287.
Kang W, Balordi F, Su N, et al. Astrocyte activation is sup-
pressed in both normal and injured brain by FGF signaling
[J]. Proc Natl Acad Sci U S A, 2014, 111(29): E2987-2995.
AR, T BRE LT 2 A A K D AR R A R A
Bl R 22 T A0 M S )], T E U AR IS, 2016,
20(23): 3476-3483.
Furusho M, Roulois AJ, Franklin RJ, et al. Fibroblast growth
factor signaling in oligodendrocyte —lineage cells facilitates
recovery of chronically demyelinated lesions but is redundant
in acute lesions[J]. Glia, 2015, 63(10): 1714-1728.
Zhao H, Alam A, San CY, et al. Molecular mechanisms of
brain—derived neurotrophic factor in neuro—protection: re-
cent developments[J]. Brain Res, 2017, 1665: 1-21.
Li X, Wu Q, Xie C, et al. Blocking of BDNF-TrkB signal-
ing inhibits the promotion effect of neurological function re-
covery after treadmill training in rats with spinal cord injury
[J]. Spinal Cord, 2019, 57(1): 65-74.
Zhang H, Li D, Zhang Y, et al. Knockdown of IncRNA
BDNF-AS suppresses neuronal cell apoptosis via downregu-
lating miR -130b -5p target gene PRDMS in acute spinal
cord injury[J]. RNA Biol, 2018, 15(8): 1071-1080.
Geng SJ, Liao FF, Dang WH, et al. Contribution of the
spinal cord BDNF to the development of neuropathic pain

by activation of the NR2B —containing NMDA receptors in



o[ A A A2 7 2019 4E4E 29 455 3 1)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.3

283

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

rats with spinal nerve ligation[J]. Exp Neurol, 2010, 222(2):
256-266.

Khan IU, Yoon Y, Kim A, et al. Improved healing after the
Co —transplantation of HO -1 and BDNF over expressed
mesenchymal stem cells in the subacute spinal cord injury
of dogs[J]. Cell Transplant, 2018, 27(7): 1140-1153.

Mortazavi Y, Sheikhsaran F, Khamisipour GK, et al. The
evaluation of nerve growth factor over expression on neural
lineage specific genes in human mesenchymal stem cells [J].
Cell J, 2016, 18(2): 189-196.

Shin DC, Ha KY, Kim YH, et al. Induction of endogenous
neural stem cells by extracorporeal shock waves after spinal
cord injury[J]. Spine(Phila Pa 1976), 2018, 43(4): E200-
E207.

Onishi K, Hollis E; Zou Y. Axon guidance and injury—
lessons from Wnts and Wnt signaling[J]. Curr Opin Neurobi-
ol, 2014, 27: 232-240.

Chung AY, Kim S, Kim E, et al. Indian hedgehog B func-
tion is required for the specification of oligodendrocyte pro-
genitor cells in the zebrafish CNS[J]. J Neurosci, 2013, 33
(d): 1728-1733.

Engler A, Rolando C, Giachino C, et al. Notch2 signaling

maintains NSC quiescence in the murine ventricular —

subventricular zone[]J]. Cell Rep, 2018, 22(4): 992-1002.
Lu Y, Xie S, Zhang W, et al. Twal/Gid8 is a B-catenin
nuclear retention factor in Wnt signaling and colorectal
tumorigenesis[J]. Cell Res, 2017, 27(12): 1422-1440.

Liu QS, Li SR, Li K, et al. Ellagic acid improves endoge-
nous neural stem cells proliferation and neurorestoration
through Wnt/B—catenin signaling in vivo and in vitro[J]. Mol
Nutr Food Res, 2017, 61(3): doi: 10.1002/mnfr.201600587.
Epub 2016 Dec 2.

Wang L, Liu Y, Li S, et al. Wnt signaling pathway partici-
pates in valproic acid —induced neuronal differentiation of
neural stem cells[J]. Int J Clin Exp Pathol, 2015, 8(1): 578-
585.

. Marchetti B. Wnt/B—catenin signaling pathway governs a full

program for dopaminergic neuron survival, neurorescue and
regeneration in the MPTP mouse model of Parkinson’s dis-
ease[J]. Int J] Mol Sci, 2018, 19(12): pii: E3743.

Rk, WHEI, WA, . Wnt £5 5 50 B X JE 0 28 140
JHAE 5t a1 ik A5 403 T 3 B 0 AR B R (. T I B o 4R
2014, 16(4): 245-247+250.

B R RRUE BB S5 PR B 2 T A0 i 1 A o R
Wni—1 FRIKHYSEEBEIET]. #E 7 R R2E, 2000.

Kim J, Han D, Byun SH, et al. Ttyhl regulates embryonic
neural stem cell properties by enhancing the Notch signaling
pathway[J]. EMBO Rep, 2018, 19(11). pii: e45472.

Chen CY, Liao W, Lou YL,

signaling facilitates the

et al. Inhibition of Notch
differentiation of human —induced

Mol Cell

pluripotent stem cells into neural stem cells [J].

44.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

Biochem, 2014, 395(1-2): 291-298.
Kanski R, van Strien ME, van Tijn P, et al. A star is born:
new insights into the mechanism of astrogenesis[J]. Cell Mol
Life Sci, 2014, 71(3): 433-447.

Kawai H, Kawaguchi D, Kuebrich BD, et al. Area—specific
regulation of quiescent neural stem cells by notch3 in the
adult mouse subependymal zone[J]. J Neurosci, 2017, 37(49):
11867-11880.

Ables JL, Breunig JJ, Eisch AJ, et al. Notch just develop-
ment: Notch signalling in the adult brain[J]. Nat Rev Neu-
rosci, 2011, 12(5): 269-283.

Gao F, Zhang YF, Zhang ZP, et al. miR-342-5p regulates
Neural stem cell proliferation and differentiation downstream
to Notch signaling in mice[]J]. Stem Cell Reports, 2017, 8(4):
1032-1045.

Zong JC, Mosca MJ, Involvement of

cell -

Degen RM, et al.

Indian hedgehog signaling in  mesenchymal stem
augmented rotator cuff tendon repair in an athymic rat
model[J]. J Shoulder Elbow Surg, 2017, 26(4): 580-588.
Purcell P, Joo BW, Hu JK, et al. Temporomandibular joint
formation requires two distinct hedgehog—dependent steps [J].
Proc Natl Acad Sci U S A, 2009, 106(43): 18297-18302.
AR3C. Thi/Glil 38 i F I B2k A 45 17 I P 54 o 22+ 20
TS S 58 G Al B0 VR 5 B 125 T U AT S ()], R T R 2k
%, 2013.

Tk, MY, XV, &5, SorEH BE i i IR R 1R 7 ik
JE[T]. P EA AR, 2018, 28(4): 368-373.

Pal R, Venkataramana NK, Bansal A, et al. Ex vivo—ex-
panded autologous bone marrow—derived mesenchymal stromal
cells in human spinal cord injury/paraplegia: a pilot clinical
study[J]. Cytotherapy, 2009, 11(7): 897-911.

Shah PT, Stratton JA, Stykel MG, et al. Single—cell tran-
scriptomics and fate mapping of ependymal cells reveals an
absence of neural stem cell function[]J]. Cell, 2018, 173(4):
1045-1057.
Kitna V, Seve J, Gombalova Z, et al. Enigmatic cere-
brospinal fluid—contacting neurons arise even after the termi-
nation of neurogenesis in the rat spinal cord during embry-
onic development and retain their immature-like characteris-
tics until adulthood[J]. Acta Histochem, 2014, 116(1): 278-
285.

Orts—Del’Immagine A, Trouslard J, Airault C, et al. Postnatal
maturation of mouse medullo—spinal cerebrospinal fluid—con-
tacting neurons|J]. Neuroscience, 2017, 343: 39-54.

Wang Y, Kong QJ, Sun JC,

silencing of the CTGF gene suppresses the formation of glial

et al. Lentivirus—mediated
scar lissue in a rat model of spinal cord injury[J]. Spine J,
2018, 18(1): 164-172.

(Wi B .2018-12-19  REAMEH H 11.2019-01-25)
(AXmit PRE)





