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Current progress in stem cell therapy in spinal cord injury
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A 6 451 43 (spinal cord injury,SCI) A& H 8 I K - #%
N BT 1 R 3 R 2, il TR *T?*E’JV]J_*HIJJ D)
AR, BT AR BT TB, H 2001 4R Onlic S5
YT 814l B AR 7 el Co g DA | I 1 48 B A 3 97
AFHBASE RV T 2 I R R E AR
20 B A 2 AR R S R AR S IA R Y T AR Y
E EZERITE 3 A m: (1) THRAA A S 2
A8, TR 3R AR AR TR A8 40 L gV 1T 5 (2) 1 4t 6 40 0k ™
Az BT A& R, AT 40 549 0 A PR B 1 S S 5 (3) T
A AT A R 2 M TR A TR DL A A R R
DU A 2 SR R AN A VI S S R (Y e S
TUA I SRR T A0 MG T BN A R TR A R A i B
LTSS B9IR YT T B o 3T AR BEA T 40 A= 1 2 R e Al 12
SRS R AN W IR A SR T T 200 0 B R 93 AR RV A Y T
4 43 AE R B YT SCT 3k B Y AS W 338 1 ) B Pt i © 28 LA
A NBE H B RS Sy SCT ik 1 ae s . R T4
AR IT SCI & H i M 28 P25 B2 2 Je AT N FH i 5 936 97
TFBe, AFASIRI RN 28 4t J 1) A e vk e AR IR T R 45 5 L 2B
R I A S N 3X 26 T4 iR YT SCL I AF 58 3 8 253k
mr,

1 EFERTFHE

[8] 75 )i T 2 J}fd (mesenchymal stem cells,MSCs) i T
K RZE T AW FEAE ) | T AR ) R G g T R AR
Mo B TS 28 B T AR IR A I R T R I DK 92 B A 58 vh &
3275 DRAY AP - 40 0, WF 5T K BB E B R IR AR
JE 7 55 AL ZURT DASRAS KB Y MSCs®, S A5 A [R] 4 Uk Y
MSCs $§AiE i 5, {0 MSCs 7EIRIT 2 Fh b X 8 & &4t
(central nervous system,CNS) P i 58 Hh 2 ' S 3 A4 114
TR IR0, BFFEIE K MSCs B i 21) B /K 2% 1 3K TG
I R AR L 22 D P T A L R A R R A 1 2l
R b n] DUWLEE B S Wy S IR A B 1A AE T EDA
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IPRCRAL LB Nl E— 2D 0F 58k X R A &L iR Y
YEHI 5 MSCs BT RAE T S 835V 1 ph 2278 3R
Fe G A AR FE B UUAH OCT T, MSCs 19 A2 M13R 97 /R AL 32
FEAE T MSCs #F A 48 X T 38 2oF 585 4 W8 ¢ Rk 1) it
RV M D A A A B R B R A AR Y
TR AT B % | R 3 — 2 EWHQIHH@ZIHJE’JE)(% 1M 552 31
F BB T H AR RIS B, S X R T
B A 7 2 3 — L R ABTSY 1B H Hi MSCs f«ﬁr%rr
9 O 28 0 7 IR AR AT 1 1 AT
1.1 1) 70 T 40 i

HHER FE T4 (bone marrow mesenchymalstem
cells, BM-MSCs ) > I8 T 15 fiff , {5 AN /) 15 i 2% 1t 40 g
AEAE I B 24 AT AR P IR R A . B T A BM-
MSCs 45 5 M 1 bR ic 4 /2 CD29 .CD90 1 CD4412, e ) f
FER W BM-MSCs A7 %5 i 43 AL R RE , 7T 204k il 4
JEL AR AN AR AN DT 2 ST A A 3 T L
TER 755 55 0T 434k D A [ 30 T80 ot 448 5T R e o 248 i 03
W, Bt BM-MSCs A H A IGIT SCL L% AR (1) £ 1 41
JitL o I PR ET A SE B 5 1 W 14 28 R AR BM-MSCs, id
A RE ISR TR BM-MSCs %I SCI MGy 1E, BFo kI
Ve AL AT B4 | B A3 sl BT 10 R 780 0y 9 1) 4 A o, )
WH)IZ s Th se 5 3 T 3 A i1, BM-MSCs 4 7 i
H B R 0 A JEURE A S | Ok S P S B IV B
TR S AU 9 {H I PR i S %%WE’J?%H‘E%%%"”&E@
JEAL S RS, 1_7j‘7ll:m YO K # BM-MSCs {2 % i
BIVE AL 247 3 mi: ¥ %% BM-MSCs 7& SCI Ek%@ﬁa
JEIMARIVE T TS AR LS 300 4] 9 U0 200 e ) 484 7 0 93 A AR
A HUHE BM-MSCs 75 458 475 X RE 5 fi¢ {3 M1 75 1 06 4 i
] M2 Bk PR 5 53 A BM=-MSCs 7 A] LU T30 K o 1 78
Fr AT X B DT REAS (R 4 52 00 0 A 4 21 el — A0 i
P78, i BM-MSCs 73 WA 77 A2 18 37 o, H i R4
Z M2 I3 N AE K B F (vascular endothelial growth
factor, VEGF) . #l £ 4= &K Al F (nerve growth factor,NGF) .
JE ot U p 28E FR I F (glial cell—derived neurotrophic
factor, GDNF ) 1 fizi P P # 28 %5 57 [ F (brain derived neu-
rotrophic factor, BDNF) . B It 22 AP i A — 26 35 55 K 41 pof
ZE 3R F -3 (neurotrophin—-3,NT-3) , ML 4k A= K A+
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(fibroblast growth factor,FGF). 3} 4=+ K+ (epidermal
growth factor, EGF) 458 33 #6 [H - HLAF 32 45 8 % F1 42 JF #f
2598 B A 1 /R IO, i T 5k e R BM-MSCs ] 76 —
FE AR A 52 U BE 0 HE2E AN S D e Y s, R
XAk N AR, (H I E B A BM-MSCs 43 W 19 AR A
B, 20 3 0 52 A B 00 T A D RE A0 A0 AR 5 X SE TR
TRk, HHETHEE & @ E K BM-MSCs 75 2 Bl 4%
&, F NT-3 .GDNF .BDNF 45 #1285 F5 [N 7 5 N A 11
B HE B AT B AZ W1 IX, BE— A5 s 1 A 4 5 AR Rl 22 1)
HE M ALY, IR o 1 I DR AT 50 HIE 923X Rl IR 9T SR 22
AT HAR B2 E I, WA — L IR S BRI K B
BM-MSCs %A JC U] BARYF SR, #E— D00 ik ik 2%
U 48 T A T8 6t A 1) A PR % A D G RN LI, i A7
T LRI IR S T (e 381 3k 5 49 DX 1 A L B8 A () A
Wi A 52 S8 I B Ay ik B, — Uk 450405 3 6 3 SR R L AR A, 3
A 3 IR YT ROR Y 22 5 T I LRI I DR 552 i 5 ok
I B 11 7 2CHEA T AN IR RS AR I T PR
1.2 J5eas 1) 78 5T+ 40 i

Ji% 7 ) FE BT T 48 B2 (umbilical cord mesenchymal
stem cells, UC—MSCs ) 4& — F 2 Y F i 217 ol JB¥ 1. 19 MSCs,
IR  BE R LA B, 5 HAU AN T 40 M A LE Y 2
X AE T HAR S Ik . 1 206 R TG 98 R 3, # UC-
MSCs 4 3 52 i 14 Wt 145 25 SCT AR S Pk vy, wT BH 0 2k
LY T SCI 3 A DI RE B FE, UC-MSCs fiR Y7 HL IR
W F 2L Z MRS ARLE AR, W UC-MSCs 1
ZEFRAE A BURMEAE T B TR F AR 15 A B
036 AT ST K UC-MSCs 7= 11 41 il B A7 7=
FA F1 % -1 (interleukin—1,1L-1) . IL-10 ,neutrophil i
#H \NT-3 .BDNF \VEGF, B ' s 2F 4 /12 1< [H 7 (bFGF) |
T2 B35 E 43 T (neural cell adhesion molecule, NCAM)
SRR TEE e S S I R W R S B AN S B A
ki AR08 JE P T S BM-MSCs 1097 — 87, 2
441 5% UC-MSCs BAH IR YT SCI 14 4 1 FA 80P 1 SCik
HRIEARZ 2005 4 Kang 552 PR E UC-MSCs B 48 2
2PN 37 2 BE BB X MM 41d 5, B35 s
Bl FERSE D) g B 2k, 1 AR SR BE VT kK B UC-MSCs #18
IRYT SCI &L 4, 2013 4F Yao PG UC-MSCs i it #
PR B VR A R T AR B 25 B SCT B R, B H
FHAEFIREEEAEARE 12 DM ARRBENKE ., X
T UC-MSCs /97 SCI i, WA AR AR E I .
Zhu “FPVE K UC-MSCs T3 £ 28 #i] SCT & # H i 46t
X [ i &5 iz h DI RE U 25, & B UC-MSCs G897 o™ EA
R & A 15 18 25 1 0 2 D R A B A Rk, 12 1 A8
RS 1 A AE I S R F 5T — A R
UC-MSCs & 97 SCI y7 & vl fig 5 SCI B & Mk 7 %
F# 77 2 LA K UC-MSCs 114 20 Jf 76 R 55 2 Bl R A K
1.3 Ji s 1) 58 5+ 20 i

NE Wi FE T T 48 M2 (adipose mesenchymal stem cells,

A-MSCs ) 3K U8 F Fig 5 41 3, W7 L 388 28 41l Al R0 Wi s AR 4K B .
A-MSCs HY L 3AE T Wb & 55 A3/ A5 A0 2 Ak
O TG B, T A R FE A . A-MSCs ¥R 97 SCI 1i-4E 11
HLI £ T8 RE WA K ) #2285 J% X741 BDNF Al GDNF
R U Y o L Gl 2R AR BT T AR SRR X
LAz 2 VE T, A-MSCs 38 B A3 22315 3% 4 i 4316 0 g, B
LA g B 5 DR R TR R PR LR T
WUIE A 2 R | PN R A R ) 22 A AR L B 5 RE G 4
Jfasl, A 2 A Ak S BEAL IR T T B AE SCI VR 7E I 12 PR AE 1
F, BIA] RASE 2 5 ) 4 AR B /AN SETE SCI iR A2 SR BE 114
MMM, AR, A-MSCs 43 W)™ A 19 4 F AL TE
AR T AR AL BT G AN D R A e 9
A3 FB, XL SRR HE TR W M A S R 4 2R
A FRAIR A P 2 I A I L 200 i 1 36 R R T AR G
BRI, R T I SE IS S B Bk B 22 1Y i PR F 5T A
S BRAS LB bRl i A-MSCs B MK IRYT SCL, Kolar 454
K A—MSCs B A 3 2505 A B 52 30 10 KBS, T AW 46 31 i
TR IRE B0 2 380 00 ) AR Al P A A {EL A A B 1 2 T
A kIR BUHT D RE MR B, 4 o3 — AR ST R IE ™ f A-
MSCs B35 F A B0 H B8 52 B 3% A5 0 92 & 43,7 Ji s, 3
Y BRI REAS BV A T8 25 2 A 5 45 21 W , B AR TR AL
AR AR JZ R % 4 1 (laminin) 2 BRI A 568 |, 107 B SCI
HAR IR AL B A JE— LY, HE S S R AR LY 2
KimPIR) BF 72, flofs A-MSCs 1 55 21 20rE SCI A ) 55 1 Jiki
WMEE R 1 195 IBE 3 SR s | I B A AT )
YEHT, R 73— 20 5 A-MSCs 7E B AH #1719 47 15 58 AL TR
SRR R 2 HIT IR R ISR 80697 7 38 U — 889y
T5 A-MSCs B B H T8 1 SCI iRy, anisim 17p-
M ZBEA R 5 A-MSCs I3 WK I B K IN T, AL BCL-2
FPF G RR R T, RS TRRRE RED 2N
(chondrointin sulfate proteoglycans,CSPGs) i 51 £ i Ji
PRI B LR G IR YT 5 SETE A E S ) R & 5 T Y
TR 00T B A-MSCs B ARIR YT . B AT I I PR T A 5
R 43 i R 52 Bk B, A-MSCs B IR T7 & 4, JoAT
o] B A L
1.4 SR 58 5T 20 0

F R 7 BT 40 M2 (amniotic epithelial mesenchymal
stem cells, AE-MSCs) J& 3 Ui T 43 W R Jify 9 2 5 Fn =K
RGN N FEBRRI IR, ST ERRE NS
Bt FE BRI W05 AR AEAR S A M BRI 5, I AR R T
BF 58 7%, AE-MSCs S — FltH T #5245 B2 23R J7 SCI AR
AR MSCs, H 5 MSCs 2 ffREVE | R L i 7] LLAE S SCI
FRLE B 5 240 it AE-MSCs ] T8 B i34 2 T e
O 2R B 2 A f i hE BRI I A e ) AR R
BORE R S e PR AT — S ilm R T OF 5 A 3 A AR
AE-MSCs B4 if97 F 48 SCL LT i A &IE M, i Hig
3 SCI S AR AL Y JE AR Y, Bottai %5120 AE-MSCs #
FE B4 455 19 SCT AT B v 285 58k 90 sl W) ) Iz 8l ) g
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SR B S B A 2 A R R TE R A S ) 00 i D
T e O o 2 A ), ELE A 7 DX DR 50 A il A T
AT DX 28 1 0 N S 2 DR /0 Tl s, i BB 0 DX A
AR S AE-MSCs 7 A= ) 20 i K BT 2B AR K 4R
FSDIMIE, 4875 T AE-MSCs Ml ez b . AT DRS04
B, AE-MSCs BYFT 4 B2 ML 98 T /F AR 6 7 SCI AR ALK
B UIREW S LA AL, (3 AE-MSCs A5k 5 HY AL 58 1
FAJRIRST L F Al AE-MSCs #% 1 s Al i 7T Y 6 5 A 1
B AT A, B o Tk i 1 # Al BE Y9 AE-MSCs A2 14
IRE AR T EAE T . S AN AT IR SR f AE-MSCs
R R B M T8 B I 7 A 9 25 R Th AE-MSCs BB W5 321
IS A SO PE A A, £ B TR AE-MSCs A7 it
SCL &5 FZ &3S B B 43 e 3245 8 I A1 FORk B 2
T BI85 52 AR 22 T AR FIHLIR DD REAIR &2

2 FERRTF4RE

&G T 4H M (embryonic stem cells, ESCs) & — Fl i
BER A a iR, BT A RE P BB 416 LR Sl 0 A T 41 21
M, R AR B R W] LAAE S A S A1 i S5 £ i 4
R 2B, E M 1981 4F Evans Al Kaufman™' g
WA E R 37/ U ESCs Dok 7R 3T 20 4F3X J7 i 58 2 X
BT R LR, FEBEAE ESCs 15 0 &40 I Fi 3k KR
TR O AREZ R0, HE ESCs 19T AT 285
AT ST PR TT A4 Rl 2 0 18 52 A pp 2R A8 M . Hh
T ESCs J& —Fh 2 RetEdi i, 7T Lo fb R A 46 pf 28 o0 42 N
M T A 2R, PRt 2 H R A R AR AT 0 ] T
LU RGBT H A RGP IR T A I, C T ESCs
TR YT SCI 1y R 2 ) TGS 1o 43 Ak it 482 76 R S5 400 i ok
Ah 3T SCI 3 I 11433 46 240 Jfy ik 5 | I 205 JHC 43 W8 A8 % P A 1
P i — 2B K SR e 28U R R A SR YT
B4 H R, H T2 898 2 2l W] 6 750k ESCs B4l
EZI NI AN = O 8 i T BT U & K7 B B R
BLFE, W Harper 55 W7 1 H 40 %% 2 A1 A48 AT (sonic
hedgehog, SHH) 1 /5% ESCs 431t by iz 3 #h 280 , % 44 2]
i 54 DK B 1) 5 B v T B A S ) e REAE IR o Twad ST
FEAR R I, ¥ ESCs 175 S 4L i & T4 M, AR R4 B0 K 2
WSz WA BE D 25 AV Tz s D e A B W ke IR
T A UG R B A ESCs 1) 3l 4 5 1 Hh i 55 71l 28 £
AHXT LS8 . Yang SF#HIAE R IR PE ESCs 448 F1) 4 4632 5
P05 19 K B P, IS A 20 ifL BB 4% 43 Ak A B & 0T AT R
MK R sh Uine A 35 st . BRI 2 Ah b wF o d
ESCs 1E 0 3£ RfJ7 404k 5 A NT-3 #1 PDGF, FI-4% 41 1) %
ARG LT, &I ESCs 20k i 2250 1 e J1 DL A7 T
B W E R Y, A SO ESCs 436 R 20 58 Jie T 4 it
Sk TAL B 1 TR YT SCISY, B AT FE 2t SR £ SC s 1]
mh PR £ 3 A B 1 IR Y FR A B2 T GV T ESCs
JE ) 43 Ak /b 9 Jig o A4t it 7 A 1 S IR RS Th e s L 2
WFSE T A A ESCs I R I FH 15 37 AR -, 7 PR A8 3 7] 350

R e A IS AT T W & R Bk

3 METHR
2T 4 (neural stem cells, NSCs) 42 i T 1 &
RGEHA Z 0L Eae A IR EQRE S 10— R A, —

A3 A0 AE IR 0 i 5 XV B g SRR [T e e A L
NSCs JA 97 28 3 Ge 5 5 1 32 ML= L] DL 4k i 22
IC FHBE T 240 it >F A2 AR SCI A dife 2% 1) it 28 200 i B 43 i 2 5
Az R AR B 2 000 A U R R R 22 50k S TR
NSCs VA7 SCI 3l ¥ R A E ZEAE o 75 6 B 5% 6 A0 15 R4 B
FERM, A NSCs 2 32 3 ¥ 5 20 23] A RUE R B2
ABIKE , —J7 H #E A3 X 1) NSCs 4316 R i 28 70 Fl S I
S, AT DL QIR BB 1Y 32 50 4 DT T T A SR TS BR S
I3 — 5 M NSCs i Al D) 43 i oK & 19 4 2E < [ - [BDNF
CNTF .GDNF \NGF LA} g & 2 £ K I F  (insulin growth
factor—1,1GF—1) 55 |4 3 52 45 1) 1 28 TC A7 1 R A Y,
WATWF5EE% B NSCs B A 1936 97 1 1 I8 G 45 A 752 19 4
JH, 0VRT T 200 6 0 S W 00 6 400 ) 8 A4 M B 4  JHC I NSCs
1) 2 A FH & 08> CDA+T 20, FF8 /0N i S 20 it i A5
R A 45 B AR R NSCs 1897 SCI AT RE & 2 R R 1Y 45
GEH . 184 M Ik B 3R] NSCs B AR YT SCI A2 A X
A AR RS AT 2 T RE A RUGE R MUIR D BB AR SR I A7
e+,

4 FEESEETHAR

BRM L2 T4M (induced potential stem cells,
iPSCs) #EIA 4 ESCs 1Y A RO AC 40 ML U, & vl DL 3 7
20 5 A Yamanaka JIT i 1) 5% 5% R 552 290 448 iR # 2 F TTT
AT o HHTH R0 J7 8 2 0 B A 5 10 B DR e g | o
AN DRI e A N DL R e g AF T K, 5 ESCs A
L ,iPSCs P LA AR BB, A 48 JLIE 18 0 A 23 1 e ) At
JAE iPSCs Al ESCs #BA7 45 F I Al g~ e 3, ELIG ] A
B S T RE ™ AR SR B B IF 5T 2R UE B R A S A
iPSCs 97 SCI %A %M, # iPSCs ¥ 4 2 S e it
A it B P 22 0 B RS A B R R /D BB R AC 28 Y I R AR
POIRER R 3~5 Ji 5 T LA 202 AT Y 2 B B BE i B T
R BOA MR & A0 Salewski SECIRIF Y L B, 4
iPSCs U8 1 F Pl 22 S0 B A 3] W U7 285 3l 0 14 38 Rl 45 s 40 i
Pt rh Rl S s sh DI RE AR B AL S R H X
SERF AR T KBS AN PRTT AY iPSCs TR Y7 UEHE , {2 iPSCs
W PR VA 7 B AT 250 3 — 25 W1 afe

5 BERTHEM

5 B 1 40 B (spermatogonial stem cells,SSCs) J& A %Y
G D 20 B 1 — o I RIS B 08 P B AL A4 26 A i R 1 R
A B A IR AR RE Ty, R LA A bR R
380 A% Wy O A% 32 2 T AR T A ML 30 4R BB A T A 5 2 R %
b BE 2% 1 TR R, SSCs AN 12 15 48 3 30 B A ™ AR M
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TR D AR TEAE D R AE AT B A A L I
SMIFGE R B SSCs 43t 5 77 T 3145 22 5 1 1 2R IR I 1 4
Jitd, BLAT A3 A0 AL 223 3 4t i 0 e, SSCs 5 if IfI
P& 30 0 40 R A L E A A A RS T A TG AR B TR R JE S
IR I AN G 28 HE R L A5 A 0, Glaser S8 5% % B, AT /N
R LA SV T8 R T A1 (germ=line stem cells) 7 £R 5K 75
AR T UL 4y 6ol NSCs, XS4 28 5 iF— 25 i
A D) ReTE GABA  (y=2 4 T R , y—aminobutyric acid)
MZTT AR A TC 5-F% C A 47T LRI 5 448 it 3
—WFFE £ W] ,SSCs A MM ARG /L mwae. WG
Streckfuss—Bomeke %59 5% % Bl , /N Bl SSCs HE 9% %5 4- 1k
Sy HLA AR BRI RE 4 R [R5 76 7 il 8 7 R B 40 i, 36 46
FE NN SSCs #4346 S 1 28 TR 7 Bl 28 45 43 F b 28 4R AR
PEF G B2 T JEAE . Simon ZFOE5Y & L, F% SSCs B 4 3|
HEA R R R A B a8 ] DLW EE 3] SSCs e ki 5
LT EAIA [ AN, R IR % BE SSCs £ 41
LI 2 32 SN R LA BERE M, Lin 55 0 fF5¢ & 90K R
SSCs TEARSME SRl ™ A Z LU RE M £ 0T, Bl 300 4 4%
KL By J5 v B 0 o 3 2l M) D RE i B . Wang S5 OWIF 5 1E
SEHERY SSCs AT LA 5 WA 28 JTAE 20 L RN i 0 20 1, 3X
BT 8, SSCs A AL A ESCs Al NSCs FYRR AR . B 4K
H A WF 98 EAIESE SSCs 1T LA2r b il 4ot (R X 2L f)f
FEAEST AT HE M Z oty i e B 483 1 b H) 4% 431k NSCs
b IO B AT R I R Y AR 5 AR A S Sl O BT
/NI SSCs BLHE G 434k g DI REME 22 12 e b 28 ST RS B i3
I, oAbt B G ] ESCs 8¢ NSCs 2 i 4o #2071,
DAL I T 8 e AR R ke e PR I FH AU . H A ¢ SSCs BB Al IR
7 SCI I WF 5T I A e AR 2, IR 7 #P 4 rh 7 ph 22 1B A PR 9
WA A . A TR LAY JE Nazm Bojnordi 55 il (5T,
AT B SSCs 7T LA 3 A i A0 58 e BT 4l M, K HL RS A 3 G
T 3 %) R RUBE TR AT LWL B 8 0 B, $ 7R SSCs A
R S T RS T 0 8 A AR AR TT AL . H R SSCs
IRIT A Z R LB LT th e AL i & ARV T, it oK 3
Hooy WA B4 E

6 AR R T2 A

BRI T 40 M (adult endogenous stem cells,
AESCs) &L T AR M ARG i T4, e F R
ST B v R G A RIS IR RS 5 A Y R AR T 4
JE AR ELAT T 40 B A e S 3 0T X S A R AL TR
MRCHR A, — B 52 20400 0, Jox 2 A Jfd 10 3% 1k 38 58 7 A=
Ktk (19 J 5 240 ), Sabelstrom S PIRFF 5 i 333 46 44 ) 114
A AR AR TSR 201k oA BT e S5 4 6 1 20 5 Jie Jo 240 i,
— 25 T8 BSUBE SO IR A0 1 458 XA R S A, A AR
I3 FIE MRS 5 B BURIR T 1, AT % 36K 3 2L 41 L 75
L3 e R 1) A B A 5 X, T L I 3 0 B W 19 18 B )
AP, ok SE 4 Sy T8 AR P AN HLYA T A R A B TR R T
SR FHAAS 1 0 B B AR 1 T, T L {3 S Y 2

AR K FEAEN] . Nomura SFMBIFSE e B, T30S IR S 5 240 i
ARG S A MER ;w5 WS AN E, Chang
PR AIF FE RN Ay S bR e I 200 Y % A B 4% 035 SCI i AR 1)
R RHETE T TR bR e S5 40 T A0 410 ) Sk A0 A DT P R
T U AT RIS A DA T AN i B A R A
I, SLELEBE DI REK S, Su SR FH KL G RS 1 O
SOX2 5 A SZ $i 1) 3 1 I S5 4t it v O Iic A 2 2R B 2 T
fif A0 N SR (valproic acid, VPA) AT fiff F T 45 72 A # 48 oC
14 JHE KRB haea v B, HILEAT# SC
9 L ek R R G - A A R T W AE M R BT A AR
B, AR A O R B A R AR K BT AL 1
RIS 1, W AESCs 3697 SCI W T B s 48 W1 iy fE
B AR SRA — 72 N M R B P DR ot L i R g
IFAEVFZ 51, BT AESCs Ml e, oG IR IG 97 SCT
SRR DO = N (1 ik s R U S S I e P N e S
AESCs IIfi R I JHBIF 58 06 44 J2 — A

7T BRESRE

T2 M35 9T A BRI A3 AA k h RE K A s
T 22 R B T R B, SRl PR S AT AV 2
[, ESCs PR by ok 1 14 46 2L 0] 5L B % A I 114 B30 11 1) et
S5 IR T FCIR R BT 5 iPSCs SRR T A 1A D Y o 20 A2, 0T
SR VAT A LR, {FL AL A/ 5 R IR 5 A\ FG il R B P A 47 1
AR A2 A I ) B0 MSCs 8 A5 18 B4 130 HL R
JUZ A AR 8 A0 T A E A R R i A3 AR L L g
e i 22 P A PR O T R B A H (B T R T e
T HA W RE  TEIR YT SCI 20 Bk 2 ™ 5 A 48 V5 451 415 A J
T AER VR4 M ; AR PRI MSCs He A= 9 27 45 A S AR
[, %) F W9 SCI A7 B MSCs A SRAHE 4%

1T SCI o B A2 09 &2 A v [ gy 25 fe e, B p
B S8 AN A 1 SCI, P I 2838 B e 36 7 BOR | w4
MG SCI i 4 i BAR R B0 T 25 8, B4 & 18 1R T oK
W o AN TR B0 B9 SCI P 7E #5125 Ul 5 I o3 b A5 0, it
T 2 SR I B R BRI 2 e e T AE R IR R
SR S A AL A3 AR G 0 D FE B AR B 2 ST R A TE /D 5 I I A
i Sfe SR B 2 5 A AN [l B 2 T 2 ML A 367 4 T A R AR
(], AT B ) 97 28, b AT SCI A i B9 e LA
At 6 20 HE R PR R E — A5 B IR YT U7 %6 . AETZ BT LA
TR ST SCL BT 8 4 AR K, e IR b B0 AT 5¢ 42 52 B
AT SCI 5 Fe il B RS AR T 40 A X 3% o BR T LA E LA,
R W ZTARL 7 Y [ LI N A BT 5 — 26 T 440 g AT Rtk
BRI ST 2 BN AR S 96 5y 0 4 s A1 AL #1812 A A
(Rl SCI 4 B b 25 2R A0 A2 L BRI AL, (H 78 G 147 25
R R MG IT I B ANLER DA T35,
e 5 SCI 5 (5 14 IsF (1] 77 368 7 30 4 WO T 240 T 1 32 97 LA
FORITROCRAR T4y B BE T DL S B R AR B, 34
LR R T B4 o )5 TR R 3 T SR B BT AR S S S
SLEE GBETT RSN, S AN, AN R RERY E LT
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A HLA T RCR I e Al BRARAREE T 410 M 2 S g S8 I
W HUR F— S5 5 V6 T T3 58 A& I AR WU R RE (K B I
FOGIANRESE ) 2459 LA R A A ) 75 A A9 A0 1 (25 1 1R
2N A AN A0 A ) A o P TN TR SCI 491 LA K B e A
S, R IE & W £5-A 3097 Jr 58 4 7T BE S5 BUAT 2t 7 AL
RIRER PR A

8
1.

10

11.

13.

14.

S 3k
Orlic D, Kajstura J, Chimenti S, et al. Bone marrow cells
regenerate infracted myocardium [J]. Pediatr Transplant, 2003,

7(Suppl 3): 86-88.

. Lovell-Badge R. The future for stem cell research[J]. Nature,

2001, 414(6859): 88-91.

. Neves J, Sousa—Victor P, Jasper H. Rejuvenating strategies for

stem cell-based therapies in aging [J]. Cell Stem Cell, 2017,
20(2): 161-175.

Dang PN, Dwivedi N, Phillips LM, et al. Controlled dual
growth factor delivery from microparticles incorporated within

human  bone marrow —derived mesenchymal stem cell

enhanced  bone  tissue

Stem Cells Transl Med, 2016, 5

aggregates  for engineering  via
endochondral ossification[J].

(2): 206-217.

. Silva NA, Sousa N, Reis RL, et al. From basics to clinical: a

comprehensive review on spinal cord injury[J]. Prog Neurobiol,

2014, 114: 25-57.

. Vismara I, Papa S, Rossi F, et al. Current options for cell

therapy in spinal cord injury[J]. Trends Mol Med, 2017, 23
(9): 831-849.

. Dasari VR, Veeravalli KK, Dinh DH. Mesenchymal stem cells

in the treatment of spinal cord injuries: a review[J]. World J

Stem Cells, 2014, 6(2): 120-133.

. Irma V, Simonetta P, Filippo R, et al. Current options for

cell therapy in spinal cord injury [J]. Trends in Mol Med,

2017, 23(9): 831-849.

. Volkman R, Offen D. Concise review: mesenchymal stem cells

Stem Cells,

in neurodegenerative diseases[J].

1867-1880.

2017, 35(8):

Qu J, Zhang H. Roles of mesenchymal stem cells in spinal
cord injury[J]. Stem Cells Int, 2017, 2017: 5251313.

Honmou O, Houkin K, Matsunaga T, et al. Intravenous ad-
ministration of auto serum—expanded autologous mesenchymal

stem cells in stroke[]]. Brain, 2011, 134(Pt 6): 1790-1807.

. Lee RH, Kim B, Choi I, et al. Characterization and expres-

sion analysis of mesenchymal stem cells from human bone
marrow and adipose tissue[J]. Cell Physiol Biochem, 2004,
14(4-6): 311-324.

Cho SR, Kim YR, Kang HS, et al. Functional recovery after
the transplantation of neutrally differentiated mesenchymal
stem cells derived from bone marrow in a rat model of
spinal cord injury|J]. Cell Transplant, 2016, 25(7): 1423.

Luo H, Xu C, Liu Z, et al. Neural differentiation of bone

marrow mesenchymal stem cells with human brain —derived

18.

20.

21.

22.

23.

24.

25.

26.

neurotrophic  factor gene —modified in functionalized self —
assembling peptide hydrogel in vitro [J]. J Cell Biochem,
2017, Sep 19. [Epub ahead of print]

Tetzlaff W, Okon EB, Karimi—Abdolrezace S, et al. A
systematic review of cellular transplantation therapies for
spinal cord injury[J]. J Neurotrauma, 2011, 28(8): 1611-

1682.

. Osaka M, Honmou O, Murakami T, et al. Intravenous ad-

ministration of mesenchymal stem cells derived from bone
marrow after contusive spinal cord injury improves functional

outcome[J]. Brain Res, 2010, 1343: 226-235.

. Neirinckx V, Cantinieaux D, Coste C, et al. Concise review:

spinal cord injuries: how could adult mesenchymal and neu-
ral crest stem cells take up the challenge [J]. Stem Cells,
2014, 32(4): 829-843.

Nakajima H, Uchida K, Guerrero AR, et al. Transplantation
of mesenchymal stem cells promotes an alternative pathway
of macrophage activation and functional recovery after spinal

cord injury [J]. J Neurotrauma, 2012, 29(8): 1614-1625.

. Lin W, Li M, Li Y, et al. Bone marrow stromal cells pro-

mote neurite outgrowth of spinal motor neurons by means of

neurotrophic factors in vitro[J]. Neurol Sci, 2014, 35(3):
449-457.

Santos D, Gonzalez—Pérez F, Giudetti G, et al. Preferential
enhancement of sensory and motor axon regeneration by
combining extracellular matrix components with neurotrophic
factors[J]. Int J Mol Sci, 2016, 18(1): pii: E65.

Wang LJ, Zhang RP, Li JD. Transplantation of neurotrophin—
3—expressing bone mesenchymal stem cells improves recovery
in a rat model of spinal cord injury [J]. Acta Neurochir,
2014, 156(7): 1409-1418

Karamouzian S, Nematollahi—Mahani SN, Nakhaee N, et al.
Clinical safety and primary efficacy of bone marrow
mesenchymal cell transplantation in subacute spinal cord
injured patients[J]. Clin Neurol Neurosurg, 2012, 114(7):
935-939.

Dai G, Liu X, Zhang Z, et al. Transplantation of autologous
bone marrow mesenchymal stem cells in the treatment of
complete and chronic cervical spinal cord injury [J]. Brain
Res, 2013, 1533: 73-79.

Schira J, Gasis M, Estrada V, et al. Significant clinical,
neuropathological and behavioural recovery from acute spinal
cord trauma by transplantation of a well —defined somatic
stem cell from human umbilical cord blood[]J]. Brain, 2012,
135(Pt 2): 431-446

Caron I, Rossi F, Papa S, et al. A new three dimensional
biomimetic hydrogel to deliver factors secreted by human
mesenchymal  stem cells in cord

Biomaterials, 2016, 75: 135-147.
Kao CH, Chen SH, Chio CC, et al. Human umbilical cord

spinal injury  [J].

blood—derived CD34+ cells may attenuate spinal cord injury

by stimulating vascular endothelial and neurotrophic factors



o[ A A A2 7 2018 4E4R 28 4555 5 1)

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.5

479

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

39.

[J]. Shock, 2008, 29(1): 49-55.

Liu CB, Huang H, Sun P, et al. Human umbilical cord—
derived mesenchymal stromal cells improve left ventricular
function,

perfusion, and remodeling in a porcine model of

chronic myocardial ischemia [J]. Stem Cells Transl Med,
2016, 5(8): 1004-1013.

Park SE, Jung NY, Lee NK, et al. Distribution of human
umbilical cord blood—derived mesenchymal stem cells(hUCB—
MSCs)
Neurobiol Aging, 2016, 47: 192-200.

Kang KS, Kim SW, Oh YH, et al. A 37-year—old spinal

in canines after intracerebroventricular injection [J].

cord—injured female patient, transplanted of multipotent stem
cells from human UC blood, with improved sensory percep-
tion and mobility,

Cytotherapy, 2005, 7(4): 368-373.
Yao L, He C, Zhao Y, et al. Human umbilical cord blood

both functionally and morphologically [J].

stem cell transplantation for the treatment of chronic spinal
cord injury[J]. Neural Regen Res, 2013, 8(5): 397-403.

Zhu H, Poon W, Liu Y, et al. Phase [ -1l clinical trial
blood

assessing safety and efficacy of umbilical cord

mononuclear cell transplant therapy of chronic
spinal cord injury[J]. Cell Transpl, 2016, 25(11): 1925-1943.
Salgado AJ, Reis RL, Sousa NJ,

complete
et al. Adipose tissue
derived stem cells secretome: soluble factors and their roles
in regenerative medicine[J]. Curr Stem Cell Res Ther, 2010,
5(2): 103-110.

Kim Y, Jo SH, Kim WH, et al. Antioxidant and anti—
inflammatory effects of intravenously injected adipose derived
mesenchymal stem cells in dogs with acute spinal cord
injury[J]. Stem Cell Res Ther, 2015, 6: 229.

Kolar MK, Kingham PJ, Novikova LN, et al. The therapeutic
effects of human adipose —derived stem cells in cervical
spinal cord injury model[J]. Stem Cells Dev, 2014, 23(14):
1659-1674

Kokai LE, Marra K, Rubin JP. Adipose stem cells: biology
and clinical applications for tissue repair and regeneration

[J]. Transl Res, 2014, 163(4): 399-408.

. Kim Y, Lee SH, Kim WH, et al. Transplantation of adipose

derived mesenchymal stem cells for acute thoracolumbar disc
disease with no deep pain perception in dogs[J]. J Vet Sci,
2016, 17(1): 123-126.

Zhou J, Lu P, Ren H, et al. 17B-estradiol protects human
eyelid —derived adipose stem cells against cytotoxicity and
increases transplanted cell survival in spinal cord injury[J]. J

Cell Mol Med, 2014, 18(2): 326-343.

. Hyun J, Grova M, Nejadnik H, et al. Enhancing in vivo

survival of adipose —derived stromal cells through Bel -2
overexpression using a minicircle vector|]]. Stem Cells Transl
Med, 2013, 2(9): 690-702.

Lee SH, Kim Y, Rhew D, et al. Effect of the combination
of mesenchymal stromal cells and chondroitinase ABC on
2015, 17(10):

chronic spinal cord injury[J]. Cytotherapy,

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

S1.

52.

1374-1383.

Hur JW, Cho TH, Park DH, et al. Intrathecal transplantation
of autologous adipose —derived mesenchymal stem cells for
treating spinal cord injury: a human trial[J]. J Spinal Cord
Med, 2016, 39(6): 655-664.

Sanluis—Verdes A, Sanluis—Verdes N, Manso—Revilla MJ, et
al. Tissue engineering for neurodegenerative diseases using
human amniotic membrane and umbilical cord[]J]. Cell Tissue
Bank, 2017, 18(1): 1-15.

Bottai D, Scesa G, Cigognini D, et al. Third trimester NG2—
positive amniotic fluid cells are effective in improving repair
in spinal cord injury[J]. Exp Neurol, 2014, 254: 121-133.
Gao S, Ding J, Xiao HJ, et al. Anti-inflammatory and anti—
apoptotic  effect of combined treatment with methylpred-
nisolone and amniotic membrane mesenchymal stem cells af-

ter spinal cord injury in rats[J]. Neurochem Res, 2014, 39
(8): 1544-1552.

. Sankar V, Muthusamy R. Role of human amniotic epithelial

cell transplantation in spinal cord injury repair research [J].
Neurosci, 2003, 118(1): 11-17.

Evans MJ, Kaufman MH. Establishment in culture of pluri—

potential cells from mouse embryos[J]. Nature, 1981, 292
(5819): 154-156
Shroff G, Titus JD, Shroff R, et al. A review of the

emerging potential therapy for neurological disorders[J]. Am J
Stem Cells, 2017, 6(1): 1-12.

Harper JM, Krishnan C, Darman JS, et al. Axonal growth of
embryonic stem cell —derived motoneurons in vitro and in
motoneuron—injured adult rats[J]. Proc Natl Acad Sci U S A,
2004, 101(18): 7123-7128.

Iwai H, Shimada H, Nishimura S, et al. Allogeneic neural
stem/progenitor cells derived from embryonic stem cells
promote functional recovery after transplantation into injured
spinal cord of nonhuman primates [J]. Stem Cells Translat
Med, 2015, 4(7): 708-719.

Yang JR, Liao CH, Pang CY, et al. Transplantation of
porcine embryonic stem cells and their derived neuronal pro-
genitors in a spinal cord injury rat model [J]. Cytotherapy,
2013, 15(2): 201-208.

Johnson PJ, Tatara A, Shiu A, et al. Controlled release of
neurotrophin-3 and platelet—derived growth factor from fibrin
scaffolds containing neural progenitor cells enhances survival
and differentiation into neurons in a subacute model of SCI
[J]. Cell Transplant, 2010, 19(1): 89-101.

Kerr CL, Letzen BS, Hill CM, et al. Efficient differentiation
of human embryonic stem cells into oligodendrocyte progeni-
tors for application in a rat contusion model of spinal cord
injury [J]. Int J Neurosci, 2010, 120(4): 305-313.

Emgard M, Piao J, Aineskog H, et al. Neuroprotective effects
of human spinal cord —derived neural precursor cells after
transplantation to the injured spinal cord [J]. Exp Neurol,

2014, 253: 138-145.



480

ot [E R 2L R 2018 4EEE 28 55 5 1)

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.5

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Hawryluk GW, Mothe A, Wang J, et al. An in vivo
characterization of trophic factor production following neural
precursor cell or bone marrow stromal cell transplantation for
spinal cord injury [J]. Stem Cells Dev, 2012, 21(12): 2222-
2238.

Kadoya K, Lu P, Nguyen K, et al. Spinal cord reconstitution
with homologous neural grafts enables robust corticospinal
regeneration [J]. Nat Med, 2016, 22(5): 479-487.

Armstrong RJ, Hurelbrink CB, Tyers P, et al. The potential
for circuit reconstruction by expanded neural precursor cells
explored in a rat model of
Parkinson's disease [J]. Exp Neurol, 2002, 175(1): 98-111.

Giusto E, Donega M, Cossetti C,

through porcine xenografts
et al. Neuro—immune
interactions of neural stem cell transplants [J]. Exp Neurol,
2014, 260: 19-32.

Curtis E, Gabel BC, Marsala M, et al. 172 A Phase I,
Open-label, single—site, safety study of human spinal cord-
derived neural stem cell transplantation for the treatment of
chronic spinal cord injury [J]. Neurosurgery, 2016, 63(Suppl
1): 168-169.

Khazaei M, Ahuja CS, Fehlings MG. Induced pluripotent
stem cells for traumatic spinal cord injury[J]. Front Cell Dev
Biol, 2017, 4: 152.

Goulao M, Lepore AC. iPS cell transplantation for traumatic
spinal cord injury [J]. Curr Stem Cell Res Ther, 2016, 11
(4): 321-328.

Kawabata S, Takano M, Numasawa—Kuroiwa Y, et al. Grafted
human 1iPS cell —derived cells

oligodendrocyte  precursor

contribute to robust remyelination of demyelinated axons
after spinal cord injury[J]. Stem Cell Rep, 2016, 6(1): 1-8.
All AH, Gharibani P, Gupta S. et al. Early intervention for
spinal cord injury with human induced pluripotent stem cells
oligodendrocyte progenitors [J].  PLoS One, 2015, 10:
€0116933.

Salewski RP, Mitchell RA, Li L, et al. Transplantation of
induced pluripotent stem cell —derived neural stem cells
mediate functional recovery following thoracic spinal cord
injury through remyelination of axons [J]. Stem Cells Translat
Med, 2015 4(7): 743-754.

Kanatsu—Shinohara M, Shinohara T. Spermatogonial stem cell
self-renewal and development [J]. Annu Rev Cell Dev Biol,
2013, 29: 163-187.

Kossack N, Meneses J, Shefi S, et al. Isolation and charac-
terization of pluripotent human spermatogonial stem cell-de-

rived cells [J]. Stem Cells, 2009, 27(1): 138-149.
Glaser T, Opitz T, Kischlat T, et al. Adult germ line stem

cells as a source of functional neurons and glia [J]. Stem
Cells, 2008, 26(9): 2434-2443.
Streckfuss —-Bomeke K, Vlasov A, Hiilsmann S, et al.

Generation of functional neurons and glia from multipotent
adult mouse germ-line stem cells[J]. Stem Cell Res, 2009, 2
(2): 139-154.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Simon L, Ekman GC, Kostereva N, et al. Direct transdiffer-
entiation of stem/progenitor spermatogonia into reproductive
and nonreproductive tissues of all germ layers[J]. Stem Cells,
2009, 27(7): 1666-1675.

Liu T, Gong Z, Hou L. The induction of rat spermatogonial
stem cells into neuronal -like cells and behavioral recovery
following transplantation in a rat Parkinson’s disease model
[J]. Int J Mol Med, 2012, 29(2): 239-244.

Wang X, Chen T, Zhang Y, et al. Isolation and culture of
pig  spermatogonial  stem cells and their in  vitro
differentiation into neuron-like cells and adipocytes [J]. Int J
Mol Sci, 2015, 16(11): 26333-26346

Yang H, Liu Y, Hai YN, et al. Efficient conversion of
and functional
neurons via the PI3K/Akt

Mol Neurobiol, 2015, 52(3):

spermatogonial ~ stem cells to phenotypic

dopaminergic and
P21/Smurf2/Nolzl pathway[J].
1654-1669.
Yang H, Liu CC, Chen B, et al. Efficient generation of
functionally active spinal cord neurons from spermatogonial
stem cells[J]. Mol Neurobiol, 2017, 54(1): 788-803.
Nazm Bojnordi M, Movahedin M, Tirathi T, et al. Oligopro-
genitor cells derived from spermatogonia stem cells improve
remyelination in demyelination model [J]. Mol Biotechnol,
2014, 56(5): 387-393.
Sabelstrom H, Stenudd M, Frisén J, et al. Neural stem cells
in the adult spinal cord [J]. Exp Neurol, 2014, 260: 44-49.
Nomura H, Kim H, Mothe A, et al. Endogenous radial glial
cells support regenerating axons after spinal cord transaction
[J]. Neuroreport, 2010, 21(13): 871-876.
Panayiotou E, Malas S. Adult spinal cord ependymal layer: a
promising pool of quiescent stem cells to treat spinal cord
injury [J]. Front Physiol, 2013, 4: 340.
Chang YW, Goff LA, Li H, et al. Rapid induction of genes
associated with tissue protection and neural development in
contused adult spinal cord after radial glial cell transplanta-
tion [J]. J Neurotrauma, 2009, 26(7): 979-993.
Moreno—Manzano V, Rodriguez—Jiménez FJ, Garcia—Rosello
M, et al. Activated spinal cord ependymal stem cells rescue
neurological function [J]. Stem cells, 2009, 27(3): 733-743.
Chen G, Wernig M, Berninger B, et al. In Vivo reprogram-
ming for brain and spinal cord repair[]]. eNeuro, 2015, 2(5):
pii: ENEURO.0106-15.2015.
Su Z, Niu W, Liu ML, et al. In vivo conversion of astro-
cytes to neurons in the injured adult spinal cord [J]. Nat
Commun, 2014, 5: 3338.
Tsuji O, Miura K, Okada Y. Therapeutic potential of appro-
priately evaluated safe —induced pluripotent stem cells for
spinal cord injury[J]. Proc Natl Acad Sci U S A, 2010, 107
(28): 12704-12709.

(Wi B .2018-01-30 AR XKAME [ H 11 .2018-04-24)

(A sdt FARR)





