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Fig. 6 #BiihEHERF il

A, B:BBB locomotor scale [ =15 i¥{ffi, A:G-CSF #£0> % M WBEGEI X 17 % 6 WM O#EiE T X%
BEICHA~A EICSE LTz, B 5251k 6 M OB AT 9.7£0.3 A THo7DITH L. G-CSF #F
12.8+0.9 Ji Td-7= (A, B:open circle: X 8, closed circle: G-CSF #f, ANOVA p<0.05,
post-hoc :p<0.05, **:p<0.01). C:#i7f% 10 i# ¢ Inclined plane test TO Al TH 2 A
31.744.4 STHHDIZH LT, G-CSF #EA3 50.042.7 s L4745~ L7 (open column : %1%
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LA F AT wiB) & (BRI E LR ST ERR)
S EF7E M

<7 AR R E T 7 L iox T AR ER D o = — §18(H 7 (Granulocyte colony-stimulating

factor: G-CSF) DiEFh R LT 0BT

RS FEAFEIER AT REEA REED FEE KREE SR Lk

E&

FALRFRH . \LGHEE FRAFRFEPFRE IR e R
SR . KIHEE FRAFEKFEPRE P b o B kbl
EFFES . FEE TRKFEF M BRI VT — o B

RS In Vive EBRLL T, = U ATFRA 27 L 2AF, IEFH T LBOKfF=—o20
BT HRP— L AL TV S=a—ar 2R HL ZORELBRMLT=. 7 G-CSF Lt/ ¥—
(G-CSFR) DAF{ERFERRLT=. In Vito EEREL T, w0 A/ MaBR Rl 4, Va3 mgztn 7R
b= A% FHHEL, G-CSF O T Hb—AMERBLUE DT F o2&t LTz, fHEL T, G-CSF
ITRERHENO =2 — o2 ZRfFEE —2—ur DT Rb— XA S8, Zhid G-CSFR %47
Lo 7o EHER & 2 Bivo, G-CSF (XARHH {5 % 0 phFR iR JEA- M 5 2 & C iR 290
ML FERERIMARMEL 7= L E 2 6Nz, G-CSF L APEMA iR S O MIE L D A et DL E AL

i,

A. TFZEEM

BV, M - FLE O Th X AR R L
HEHAERE - BHEL L-TVALELLNTE,
TP TR ORI R BITE
DIEWETIX BN D ATF LT L F =V o K ikl
o BT AT HER B 0T B 8 - U e
FT—a Rl It LD iR E O REPE, &S
NI EA R KRICIE AT 21 2804 =T
THIRE TRV, FTEILRVAFALT L=y
B G LA G HHERMMO RGP AF LT L=
DY REOLEOEEEBRT L8 LA BT,
B e AEMAF R IE RO ISR NV D L e
TUD, ZOMAR X0 AR (5 1 - PR e 2 1
M#EL 8+ ORF- 0PI, ZLOHE

BREN TV,

&2 4G BR o= — K 1 (G-CSF)i
20-kDa DFEZ 232 ChY | MERFHORAIE D
WD ThD, IH4H, G-CSF DZEHETF MZE
VDR (R ] A3 5 S 417=(Schibiz, Stroke
2003), F7=, G-CSF £ 512 L RIAL AR bz
i F &7 i i H R HSC) AP = A5 L, A
BRI LIV HEL RS TVS
(Corti, Exp Neurol 2002). Zi oD Tlafefiic
ML ToREHTA A, FiF OB ST
BV TLEOMBMRMIERM BT CE, 28
FHO@E LIS AR SRR b AR il b oo HSC
HER LA R b T A2 L BN S
Lbi, G-CSF # 512 CHIREL AH i vp (= Hh B
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FEAET P ERT AR MBI ® (AW LR G IR )
SHRBF R R

Shiz HSC AAFF i O EHLBERICH 5 L5+
REtEASMIfF NS, bihvbiuk, G-CSF 12l
Bl il B kAR A AR oA A
L, FomEBRRES FW D BGE T A LA
L,

Arlalbivbiud H 9 G-CSF O~ A%
U T DIGMER RAFIEL | FOBIFARE
THZETHD.

B. Wik
a. In vitro £

AT—9H® BALB/IC =wA L0 /NEERIER
==—nr1 (Cerebellar Glanule Neuron, CGN) %
SHEL. 7 H TS, Y AYTBE (100pM, 6
BEf]) ZHE=—=—or (CON) (SRS L4
K% (THRE—2R2) BRZH, ZhEERMF FIZT,
Wi ma—n N R AR T RES
Live/Dead Double Staining Kit (MBL) (ZTHF{fiL
(i
b. In vitro TOG—CSF®#%hH-L functional
block

KB LT-CONIZLA T O & MHio THIRRZEA =

THEEE LT,

1. G-CSF B (G-CSF100ng/ml) vs Control ¥
(0.9%%£%) :G-CSF BHZIZZ/ 23IfE
(100uM) & 851 G-CSF100ng/ml Z #5101,
Control BEIZIZ 0.9%4 f4-d Bl | miRE
OHERITE A B EE

2. G-CSFR fufkniLiE -~/ 43 f. G-CSF

#SiN 30 4YAiTiC G-CSFR Hi&FRML7=BEL
G-CSFR FLEHUEOIHNIZ 0.9% 4 2[R
WML B L

3. AG490 (JAK2 inhibitor) il 4L 7/ /438,

G-CSF #1030 47 iii= AG490 Z-HML7=REL
AG490 D70z 0.9% 4 % FHkiFmL7=
FiE37d oo 4

4. Wortmaninn (PI-3 kinase inhibitor)if 2L ;27

ML G-CSF I 30 47111 Z Wortmaninn
FINL7=#% L Wortmaninn 74012 0.9%4
e[ R U 7= B4 b
JAK2: janus kinese family @7 4bd | -5, PI-3
kinase; 7R 77 F UNA S h—NEN BT
DHEER
c. Invitro TOY 7 FLVOEL

CGNIZ G-CSF100ng/ml Z ML=t D IO E
1D %E (kA Western blotting %% B TR ZEL 7=,

1. i&HE(k STAT3 (pSTAT3)DZ (kL  (STAT3: {%
W T HD | o S ALY B
(pSTAT3) (Z7e%h)

2. Bel-2 Wk (Bel-2: R HTHE—
YAEAD 1D )

d. Invivo B

BALB/C <72 (2 8-10w) % M\ T Farooque &
O F iETAHE B 5T T L (T8 L~<L, 20g, 5
min . Farooque, 2001) Z{Emk, G-CSF #fizld
G-CSF (200pg/kg/day) 5 H [H#E# 5-L | Control
BEIZIE vehicle @4 (1% M7 7)) %
BELT:,

1. P B EEHE T {ff - Motor Function Scale
(Farooque, 2001 )& VTR il # O& 2/ v—
7 810 e G B e A L L 7
2. FRRF 0T - 32 {856k 24 W), 3 B, 6 WOFF
iR & fERKL . 2— A. Cresyl-violet #:f2 (=
TR 60 M M IR T L=
a—o (BE30umLl k) O¥E AT AL, HiF
ZHEELZ, 2—B. REHREF %A Neu-N
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AR AT R B (BRI R A LR S T2 )
srif e

(Neuronal Neuclei; =a2—n o/ 0~v—7H—:
CHEMICON), Caspase-3-active (775 h— - A#fif
Uy~ —7#1—:Genzyme / Techne)Z i\ VT2 Y2
Z{TLY, Neu-N / caspase-3-active —_ SRl %
B b, EREE LT,
e. G-CSF &K (G-CSFR)DAFLE

AR RIZHITD G-CSFR DIFTELGEW +5728
{ZHFCON, E® v A5 2 T

1. S 4 8k (k U 4 : Neu-N, G-CSFR (G-CSF
receptor )~ —7%—, Santa cruz)(= T " A A1T
V1, Neu-N /G-CSFR 2B fa i h A e e L
o

2. RT-PCR (2T G-CSFR mRNA D {F{EA e L
7=, Forward primer: (5*-GTACTCTTGTCC
ACTACCTGT-3") reverse primer:(5-CAAGA
TACAAGGACCCCCAA-3")

C. BHFERSR
a, b, In vitro COG—CSFOZEL functional
block

FIEITRE (100pM, 6 WEH]) B8 akiR il st
(THRb—R) T G-CSF OEhEIL. FRFIc# 5.
L7=G—CSFlc Lo TTRh— A& Z L o iR
HIOBAHATEIS M L= (Fig. 1),

HUR, PR FEIZLD functional block TG —
CSFRHLUKIZLE-TG —CSFO TR —A{E
MM FE N7, £/, JAK2 inhibitor Té#h%
AG490, PI1-3 kinase inhibitor Td % Wortmaninn |~
£57C G-CSF DHLT K b— 2 AER A Sy BiL
Hah (Fig. 2),

c. Invitro TOIYF N0

CGNIZ G-CSF ZifML=# v 7+ 24T

i* pSTAT3 7% G-CSF iM% 15min # Z0HML .

1,2h TE—2ieafz, T HR—L ARATHS
Bel-2 i3 30min % L0HIML,6 FRiHlFey /= (Fig.3) .
d. Invivo B

1. R BhBRAE T ff: G-CSF BEO % BOH B
HEITZ {14 5 LLFE . Control Bf(ZEE~47 ik
#L7= (p<0.05) (Figd)., =5 6 MO GT
Control $EOFEI£L1E 2.9 #1010 # B 45 70 lh
%) | G-CSFRETIZ 4.0 S MR A DV TAT»
E7HalfE, L LT ETEARVY) Thoaiz,

2. FLEEEMIFA : 2 — A. Cresyl-violet Befs |2
AR 186308 1 % | - HU B IR PR c B L e =
2—n (EfE30pmeL ) D%t G-CSF B FH
27.5 {#l, Control B¥IE°FH) 4.6 fH THY, HHEIZ
G-CSF BT =a—o AR FEL TUV- (Figs).
2—B. Neu-N / caspase-3-active D2 J & Hli (L
S TIRZ 240, BROELLDY A L=t
—RAIZFBWTHG — CSFRET — B Ao 2
A B LT (p<0.05) (FigB, 7).
¢. G-CSF & (G-CSFR)DFFIE

LR ik (L U s IERTRRG, K ECGNIZ
HV T Neu-N/ G-CSFR 2T B A B¢ Mfa X177
Liz, D&V =a—uor EIZG—CSFRBMEETS
ZEHGEA S (Fig8), /2 2. RT-PCR (2 THIE
WATRIPY, 6T ECGNMIZ G-CSFR mRNA
PFEET DA GEAE N (Fig9) -

D. %%

PR R I 35015 G-CSF ORI -3 5
#5 2L Tid 2003 #7(- Schabitz X7 VA3 MR
B PEPE LT DR R A L o MR
A T DR ARG LTS, 2hi
Schibitz I+ 2005 #1= G-CSF (17 v b Kfi=a—n
AZEUNVT STAT3 ZIEHE(EL LT Rb— 2B A
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ITEF W AR M & (ERBNER(LRSEFR)
SHATUFERIS

Td% Bel-XL &t 7iRb—2 2% B L,
F7- G-CSF (IR {LIEM 2555 | IS 7 L
TOMEIFAEERELE LV IBIFIConTLE
HLTWS,

LAl 4 DEBREY . Invive EFAIENT
G-CSF BTk At =a—nr O 7 Hb— 258
WL | In vitro DFT T G-CSF 137 V23
AR AR SE A 45, &hIC G-CSF #§ T
ZEH ow OREFHN O =2 —o AR IFL,
G-CSF #Cid %Ak HED[EIH A1 Control BEIZHE~
THEIZWEL-, 2%V G-CSF Yi=a—ard7
Rh— AZAM L ARSI - E B0
2o X5 TG — CSFIT AT RSO HMEEL
A REtEA RS, FOBFIZ oW TIEG
~CSFAi=a—ny OG—CSFRIZEALT
JAK2/STAT #,P1-3 kinase O3 7/} L%l T, #i
TiRh— A% 17CérD Bel-2 @ up-regulation /335
0, ma—nrO TR = AR o RERE N E
Z5i7= (Fig.10),

E. &6

L. G-CSF Xl % B =5==—n> 07
Rb—L 2%k L FFR S B0 S TR A
T REN D E B

2. #OBIFIL G-CSF =a—u> |- G-CSFR
L L, JAK2-STAT3-PI-3 kinase D&/}
L C. Bel-2 % up-regulate L, ==—a> O 7R
h— A% DB EZLNI

3. G-CSF (L atE Wi f o i g L 2% o
HEPED BD

[ % 3CiK]
1. Schiibitz WR, Kollmar R, Schwaninger M,

Juettler E, Bardutzky J, Schélzke N, Sommer C,
Schwab S, Neuroprotective effect of
Granulocyte Colony-Stimulating factor after
focal celrebral ischemia, Stroke. 2003 34:
745-51. 2003.

2. Schneider A, Kruger C, Steigleder T, Weber D,
Pitzer C, Laage R, Aronowski J, Maurer MH,
Gassler N, Mier W, Hasselblatt M, Kollmar R,
Schwab S, Sommer C, Bach A, Kuhn HG,
Schabitz, The hematopoietic factor G-CSF is a
neuronal ligand that counteracts programmed
cell death and drives neurogenesis. J, Clin

Invest. 115: 2083-98. 2005.

F. fREEfcpias
2L

G Wrases

MRCFER

L PHIREE (BT ERE, Bk RN, BeinsEd,
EHABEDN, KFTIE, \LFEE, TREE
~ 7 AFFREHR L C 351 AR ER = o = —
[A] - (Granulocyte colony-stimulating
factor: G-CSF) DisHh . BAFRERELE 18:
162-163, 2005,

=RE

. WHRE, EffEIEHE S\ MA, RrEl,
K, RTELE, (URFIER, STREY%:
77 ZFFBER (5 241 T D MR ER = o =— Y
[X (Granulocyte colony-stimulating
factor: G-CSF) DTEHEZHR. 5 39 (8] H AFr il
MEEEEs HAE PR 164 118560
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rR it AE R

I

e, [EFMIERE, B, dkE A, MEETS WA Pk 17 11H11-12

A BN, KETIEE, (LT EE, sTRHY. !

L LR SRS RIS B D e d 2 H. SR8 EERED HE - Rk
B |- AT BT x5 BRiEkoo=- KEFZE I ST AR S T RGO ER S
| X 1~ colony-stimulating factor (G-CSF)@ eI

e L2 OIER BT, H40E] H AT

Control
®G-CSF

Dead Cells %

Fig.l 7V # - BPHEAEMRLE (7 Rh— ) $

A: Control #f B: G-CSF #f. G—CSFIc k> TT7 R A& B LR OEG A BICHP LI

7y (%:p<0, 05, Bars: £S5, E. )
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Fig.2 Hifk, #PHEIEIZLS functional block Bk

A: G-CSFR |ZLH 7 N F 3 MR H MR SE (7R b— ) BOE{L, G-CSFR (L2 TG—CSFOHT
Rh— AERIBLE ST, B: AG490 (JAK2 inhibiton)iZ L%/ V& 3 Bl EapEMlila € (7R h— - 2)
LOEA, AGAY0 [ZL5T G-CSF OF 7R h—2AEH A4/ IZPR . C: Wortmaninn (PI-3 kinase
inhibitor) (ZXAZ 438 EAERMKIE (7R h— ) #0021k, Wortmaninn (= L->T% G-CSF D
TiRb— ZEHD 7 A PR, (3%:p<0. 01, *:p<0. 05 Bars: 4+S. E. )

Bel-2 w e R & ™

G-CSF n.c. 15min30mn 1h 2h 4h 6h
B
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Syl

Fig.3 Invitro TOI 7 FNVOEAL (pSTAT3, Bel-2)
CGNI|Z G-CSF A #ML7%%, pSTAT3 [XHMN# 15min # LVHIML, 12k TE—2Ef-7, LT R0 R
H 3 TéHD Bel-2 1L 30min & EDHINL6 il vz,

S5 r N UK Motor function scale
o (Farooque)
=4 | 1: ¥ IzkE
5 3. BEsM=HL
2 4-BEEDO-
2 = = Control ATwd(FH#E)
= -~ G-CSF | B:REEDULV:
% ATv7 (EikEE)
g1 r 6 WEHEMNTRE
S 1284
E n 1 1 1 1 1 L 1 ]

Id 3d 1w 2w 3w 4w Sw 6w
Time after injury

Fig.4 In vivo B 1. #BORBHHAE i

G-CSF Bt MO BB 1 12 (5 #% 5 LARE |, Control BRIZH A E ok d L=, S0k 6 OB ET
Control BED V#4311 2.9 si(EN# DA Fe B X) | G-CSF BETIL 4.0 (TR EEZ DV TAT v~
THAMGE, LTy Tt (%:p<0. 05, Bars: S, E, )
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G MR A RS (R IR AT T R)
SHIIRTE 5

=ll
En
25
EIG
£, [ cantrol
Em W G-CSF
% 8 .—‘r.'.'
Z 0 [.._.

Fig.5Invive 8 2. #ERFAFEM : 2— A el M &I THENICRF L= —or 0¥
A,D:normal control, B,E: Control £, C,F: G-CSF Bf, A, B,C:x40f%, D,EF: x200{%, ££30umLL i
e Mz, A OFERI EE30pmLL &Y, fiMAIZEFE T 5l =x—o2 b5, F TRHLH
[ZHETFL TV D23 2V, G-CSF I 15 27.5 {8, Control #EIL -4 4.6 i THY, 4 1 I- G-CSF RET
H=a—nr BRAEL T 77), (%:p<0. 05, Bars: 5. E. | A @ bar=1000um, D7 bar = 100 um)
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Fig.6 Invivo B 2. #H#F 54 :2— B. Neu-N / caspase-3-active2 U F ML 2 Y6 (ZH#24
FffHl) A,B,C: Control B, D,EF: G-CSF ¥, A,D: Neu-N 45, B,E: caspase-3-active %4, C: A,B @ merge
&, F: D,E @ merge {%. G-CSF BFTld2 e A PN 25 Control BEIZ e ~<Trbdeuy, EATES B E A i

n

#5371, (bar= 50 pm)

1 Control

M G-CSF

Number of Neu-N / caspase- 3 -active
double positive cells

24h 3d

Time after injury

HH



I A Sl S A e

Fig.7 Invivo 5B 2. MEE"EAVRHi : 2— B. Neu-N / caspase-3-active2 B M # fa
252485, 30 OFBLDHA LI —RIZBVTHG — CSFRET ~ RO I KIS LT

aj, Ol

LG, (3%:p<0. 05, Bars: £S. E. )

Fig.8 G-CSF 7K (G-CSFR)DIFEIE 1. MR ERE
HA LR, F.GH: 453 CON O aR{b r i,

A, B, C, D, E: IE# <0 AR HiskEro) oy

E: C,D 7 merge {#.

A,B: x40, C,D,E,F,GH: x400fi%, A,C,F: Neu-N 44 B,D,G: caspase-3-active {4

H: F,G ¢ merge {&. IE# . H8CGNELIZ Neu-N / G-CSFR 281 Y 5 it =i
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100b
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Fig.9 G-CSF 2%k (G-CSFR)DTETE 2. RT-PCR
A: IE# TR RT-PCR, 56Tbplo S FAME(E, G-CSFR mRNA HE&E 2 L%, B: HHECGNO D
RT-PCR, 567bpiZ7 3 FAMELE, G-CSFR mRNA L& 25115

Z ~ —1—0>/

Fig.10 F#ifiiflc 156G —CSFOEHBF
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FRBRROTITICIT 5 KR

HEsE
REE KL MLy A bvs BAEEA E22) A= AR
Someya Y, Koda Transplantation of J Neurosurg |9 600-610, 2008
M, Dezawa M, bone marrow stromal Spine
Kadota T, cell-derived Schwann
Hashimoto M, cell reduces cystic
Kamada T, Nishio |cavity, promotes
Y, Kadota R, axonal
Mannoji C, regeneration/sparing
Miyashita T, and functional
Okawa A, recovery after
Yoshinaga K, contusion injury of
Yamazaki M adult rat spinal cord
Koda M, Someya Brain-derived Neurosci Lett [444 143-147 2008
Y, Nishio Y, neurotrophic factor
Kadota R, suppresses anoikis—
Mannoji C, induced death of
Miyashita T, Schwann cells
Okawa A, Murata
A, Yamazaki M
Nishio Y, Koda |Deletion of Acta 7 321-328 2009
M, Hashimoto M, |macrophage migration |Neuropathol
Kamada T, inhibitory factor
Koshizuka S, attenuates neuronal
Yoshinaga K, death and promotes
Onodera S, functional recovery
Nishihira ], after compression—
Okawa A, induced spinal cord
Yamazaki M injury in mice
Sakakibara R, Urinary retention Intern Med 47 655-657 2008
Yamazaki M, without tetraparesis
Mannouiji C, as a sequel to
Yamaguchi C, spontaneous spinal
Uchiyama T, Ito |epidural hematoma
T, Liu Z,
Yamamoto T, Awa
Y, Yamanishi T,
Hattori T
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Mannoji C, Paraparesis caused by |Spine 23 E911-E913 |[2008
Yamazaki M, rib exostosis in a

Kamegaya M, child with Down

Saisu T, Minami |syndrome: a case

S, Takahashi K report

Mochizuki M, Cervical Myelopathy J Neurosurg |10 122-128 2009
Aiba A, in Patients with Spine

Hashimoto M, Ossification of the

Fujiyoshi T, Posterior

Yamazaki M Longitudinal Ligament

Matsumoto M, Surgical results and |Spine 33 1034-1041 | 2008

Chiba K, Toyama
Y, Takeshita K,
Seichi A,
Nakamura K,
Arimizu J,
Fujibayashi §,
Hirabayashi S,
Hirano T,
Iwasaki M,
Kaneoka K,
Kawaguchi Y,
1jiri K, Maeda
T, Matsuyama Y,
Mikami Y,
Murakami H,
Nagashima H,
Nagata K,
Nakahara S,
Nohara Y, Oka §,
Sakamoto K,
Saruhashi Y,
Sasao Y, Shimizu
K, Taguchi T,
Takahashi M,
Tanaka Y, Tani
T, Tokuhashi Y,
Uchida K,
Yamamoto K,
Yamazaki M,
Yokoyama T,
Yoshida M,
Nishiwaki Y

related factors for
ossification of
posterior
longitudinal 1igament
of the thoracic
spine: a multi-
institutional
retrospective study
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Aramomi M, Anterior pedicle Acta 150 572-582 2008
Masaki M, screw fixation for Neurochir
Koshizuka S, multilevel cervical (Wien)
Kadota R, Okawa |corpectomy and spinal
A, Koda M, fusion: technical
Yamazaki M note
Ogasawara A, Molecular basis for Bone 43 832-839 2008
Nakajimal A, affected cartilage
Nakajimal F, formation and bone
Goto K, Yamazaki |union in fracture
M healing of the
streptozotocin-
induced diabetic rat
Fujiyoshi T, A new concept for Spine 33 E990-E993 | 2008
Yamazaki M, making decisions
Kawabe |, Endo |regarding the
T. Furuya T, surgical approach for
Koda M, Okawa A, |cervical ossification
Takahashi K, of the posterior
Konishi H longitudinal
ligament: the K-line
Yamazaki M, Infection-related Spine 33 E156-E160 [2008
Someya Y, atlantoaxial
Aramomi M, subluxation (Grisel
Masaki Y, Okawa |syndrome) in an adult
A, Koda M with Down syndrome
Yamazaki M. Abnormal course of Neuroradiolog |50 485-490 2008
Okawa A, the vertebral artery |y
Hashimoto M, at the
Aiba A, Someya craniovertebral
Y, Koda M Jjunction in patients
with Down syndrome
visualized by 3-
dimensional CT
angiography
Ataka H, Tanno Posterior Euro Spine J |18 69-76 2009

T, Yamazaki M

instrumented fusion
without neural
decompression for
incomplete
neurological deficits
following vertebral
collapse in the
osteoporotic
thoracolumbar spine
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Yamazaki M. Cl dome—1like J Clin 16 99-103 2009
Okawa A, Mannoji | laminotomy and Neurosci
C, Kadota R, posterior Cl-C2
Miyashita T, polyaxial screw-rod
Koda M fixation for a
patient with cervical
myelopathy due to
retro-odontoid
pseudotumor:
technical note
Miyashita T, Wnt-Ryk signaling J Neurotrauma| (in press)
Yamazaki M, mediates axon growth
Yamashita T inhibition and limits
functional recovery
alter spinal cord
injury
Yamazaki M, Surgical simulation Acta (in press)
Okawa A, Kadota |of circumferential Neurochir
R, Mannoji C, osteotomy and
Miyashita T, correction of
Koda M cervico-thoracie
kyphoscoliosis for an
irreducible old C6-7
fracture dislocation.
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Reduction of cystic cavity, promotion of axonal regeneration
and sparing, and functional recovery with transplanted bone
marrow stromal cell-derived Schwann cells after contusion
injury to the adult rat spinal cord

Laboratory investigation
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Object. The authors previously reported that Schwann cells (SCs) could be derived from bone marrow stromal
cells (BMSCs) in vitro and that they promoted axonal regeneration of completely transected rat spinal cords in vivo.
The wim of the present study is to evaluate the efficacy of transplanied BMSC-derived SCs (BMSC-SCs) in a rat
model of spinal cord contusion, which is relevant to clinical spinal cord injury.

Methods. Bone marrow stromal cells were cultured as plastic-adherent cells from the bone marrow of GFP-
transgenic rats. The BMSC-SCs were derived from BMSCs in vitro with sequential treatment using beta-mercap-
toethanol, all-rrans-retinoic acid, forskolin, basic fibroblast growth factor, platelet derived-growth factor, and he-
regulin. Schwann cells were cultured from the sciatic nerve of neonatal, GFP-transgenic rats. Immunocytochemical
analysis and the reverse transcriptase—polymerase chain reaction were performed to characterize the BMSC-SCs,
For transplantation, contusions with the New York University impactor were delivered at T-9 in 10- to 11-week-old
male Wistar rats. Four groups of rats received injections at the injury site 7 days postinjury: the first received BMSC-
SCs and matrigel, a second received peripheral SCs and matrigel, u third group received BMSCs and matrigel, and
a fourth group received matrigel alone. Histological and immunohistochemical studies, electron microscopy, and
functional assessments were performed to evaluate the therapeutic effects of BMSC-SC transplantation.

Results. Immunohistochemical analysis and reverse transcriptase-polymerase chain reaction revealed that
BMSC-SCs have characteristics similar to SCs not only in their morphological characteristics but also in their im-
munocytochemical phenotype and genotype. Histological examination revealed that the area of the cystic cavity was
significantly reduced in the BMSC-SC and SC groups compared with the control rats. Immunohistochemical analysis
showed that transplanted BMSCs, BMSC-SCs, and SCs all maintained their original phenotypes. The BMSC-SC and
SC groups had a larger number of tyrosine hydroxilase-positive fibers than the control group, and the BMSC-SC
group had more serotonin-positive fibers than the BMSC or control group. The BMSC-SC group showed signifi-
cantly better hindlimb functional recovery than in the BMSC and control group. Electron microscopy revealed that
transplanted BMSC-SCs existed in association with the host axons.

Conclusions. Based on their findings, the authors concluded that BMSC-SC transplantation reduces the size of
the cystic cavity, promotes axonal regeneration and sparing, results in hindlimb functional recovery, and can be a
useful tool for spinal cord injury as a substitute for SCs. (DOI: 10.3171/5P1.2008.9.08135)

Key Worps  *  bone marrow stromal cell  +  cell transplantation =

hindlimb function + Schwanncell + spinal cord injury

malian spinal cord cannol regenerate. Recent ad-
vances in stem cell research have enabled us to repair
injured spinal cords by means of various kinds of cell
therapies, including the use of embryonic stem cells,”
fetal neural stem cells,” and adult neural stem cells.”
Major obstacles to the use of these cells in clinical trials

IT has been widely believed that a lesioned adult mam-
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Abbreviations used in this paper: ANOVA = analysis of variance;
BBB = Basso, Beattie, Bresnahan; BDA = biotinylated dextrin
amine; BMSC = bone marrow stromal cell; BMSC-SC = BMSC-
derived Schwann cell; FBS = fetal bovine serum; HSC =
hematopoietic stem cell; MEM = minimum essential medium;
PBS = phosphate-buffered saline; RT-PCR = reverse transcriptase—
polymerase chain reaction; SC = Schwann cell: SCI = spinal cord
injury; SEM = standard error of the mean.
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