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HACIIEA: 5000 AOFREHEEGEEN AT 2, b MERHRGORRKROZ  ITHFHROAR—
ThHU ., SERREMEREZ R T 2560 LIXLIEA DD, 209 bt 29 HEF Tl
Z D% OiEBNFS L OV ASRERE RN 10%FEE L2372\ (Yoon et al., 2007; Harrop et al., 2011),
BRI etk CIIFRITHERIR A~ L =7 R OB 2 JFIK & U TR ORIEZ RO D, FF
(IR SRR RAROHERI A~V =7 (TR O BU5 CTHlIZ < B 5 RETH D, TeERREIIN
A VRESRTEDNHR LT HERIR A~V = TIEBN S, —RAZRIGIRIE T 2 /MO A L T HH
REMIEHEDMG DL D DIX BO%FEE TH D (Tamura et al., 2012), =D K HIZAFEF L UMREF 1
I CIFBUEDIRFRE CTIIEHE DS R REE R DEE L, BT RIBFREDENEH L 72> T
W5,

FRHEGORRBIIRE < ZHDIZ0T bivd, FHEIAN DI 5 & FHICWBIRIEEN AT, 2
AUT—UABE L FHTIN D, —RIBEIC K- THIE SN2 TRRBIT UARE & FHT L, RIECHIRSE .
EDAEBIBIGD Z & % &9 (Burda et al., 2014), FEARMIZIZRFIIUT HENEONEHE & KT 2
73, FHEHERG TARRSHAR ORGP TS K OWERERY IS 2 5 2 ZOBDATEIZ SR A Z 7
TR CTHERREETH D, SRR 0T D 0MED A THREHPI 3 M 95 RO
HHITH Y | T bORETE B E T, —IPEMHOIERITER O REZRE L, RSN
TR EIRR OFHESE A B & T2, B0 IREEZ RO 5203, SHEFIOIRIFRIZ L > T kE
GOWRERIRT 2 Z & T, BHIITHEREIESG D Z E03H D, Lk - THRHMEEGOH
TEMHO A 2 —7 Y & LTebOnE < B S/ (Bains and Hall,, 2012; Harvey et
al,, 2015), A F /LT L F=Ym it Mo LUBREFHEETRIE L T2 H < b & 2 2
HREDIHRIECTH D, TATTEMRERMROEALIHZ AR SN D 2, ZOFBIECO N Ta
TP RI/ONTWRY, ZOM, ZHETIZH DD LBIRENBRINTE D, Bi7e%)
REDPHER SN TV DIRIEIET 2V O3 IR Th - 72 (Bains and Hall., 2012),

UL 22 20 - CHRHEEGIN T DIFITBIRCHEAR Uiz, B BEHkHZER ML (bone
marrow-derived mesenchymal stem cell: BMSC) &7 < 2B ZDIHER MBI, BRIOMEH 4

MERFT Dfila s LGRS LTV e, 20, BMSC I bRELZ AT 5 Z LA LTS, &



HIZdH 5P HRAFERDOFFAEZET Z & 23 STz, BMSC (3 RER G T 2 18RI BISH
AL, 2000 2T v METVE VTR 35U T OTRFENR IO Tty Sz, LUk,
ZEDIERERFZER J ORIIRRAFZE N S S Qv s, BMSC BHREO % 7249013 BMSC 2385
AL CHRERAIR S b 5 2 & TR Z 72 b L TWNDH EEBX LTV e, L LB LT
BMSC TN CTIHAT 5 Z &, X512 BMSC D58 FiE OG- THIRFRIEN S LN D Z L3
5 SIUCLLKR,. BMSC 2NEFIRE 7257 9 2 ClERTONRT 7 74 U REETHL LN HE
ANEBTIRED Z L LpoT, 20X 512 BMSC OFBEEEITRT 2RI HRI3% &~ DRFZEIC
Lo CGEH &N, ZOVERMFEAIA LN SN TELN, BRNICERBEO SMEISHT S
TIFEKARRMEN & 5, BMSC 135 #iflin 2 kb Z R o35 2 & TS LT A
ThOHM, BHERIT NSO REOFGTLIMHEL TV, T It~ X5
(CHRER G S T T RIBES TS D RNSIRIR MG 0 2 E L 72 573 BMSC 47
ZRBUTHE S TRAEICHS 2 72013 e < b - Th 2MES 5 2 & L7 0 | IGROBIA
PENTLE S, &2 CTHAITEHHKHZMAZ (bone marrow-derived mononuclear cell:
BM-MNC) (2% H L7z, BM-MNC (3% 04 O ) B A ET 2 B ORI TH 0 | il
ARILERIS K OERZERCR M 2 By - ZFEOMIIIEEN T 5, (Yoshihara et al., 2007), BM-MNC
(IRFEDOMIDZ BRI 2R TITZ2W e, BRI Z TR, FTEDR AR & - TR
TE 5, ZOX 7K D BM-MNC I3RIE L7224 H THRBMEAFTRE TH » FhEEEOM, At
FEDILMIRZE & W o TR OBMEINERISH SN T & 72, BM-MNC OFRIHEEIZT 215
FRNFIT 2001 AEICHID THA S, TRUABEHLT A b— 280, MAEHTE & W o T IR RS
SN TW% (Yoshihara et al., 2007; Guo et al., 2012), & 52 BM-MNC O#fikfashH4 X
ONEHENSREC BRI BMSC & [RIFEE TH D Z EBH LM SN TV (Urdzikova et al., 2006),
AR T DIRFIFATIE B DR E D N BIEN, FERT 2 oM 52 Ltk » T
EBIANBAT L, BISREHORE, Z L COBRIEOW RN T, #1213 BMSC (3Z% 1
{RIEI L CIRIRSIRZ 7o 6T 2 DM BTV 20T & U T sHx -+

(hepatocyte growth factor: HGF) /357 A4 L &N L THT2H S5 Z EDFEIICI ST X



iz (Baietal, 2012), LUk, BMSC BEfREL Y &, (KR THEEZ: HGF B 5FREDSHTT- 7204
FEL LCTIEREND Z L LR | BRISANEIR SN TS, —J7 BM-MNC DRz R
BMSC & RBRICHERT-0/37 7 T4 N2> ThIe b EN5 EEZ BTN B, ZOFE
FFTEDE ZA TR SV TOROWDDBBUR TH 5, AMFETIZ BM-MNC O IRFDREA
REB LOBHZOEERICER L, fEHIFZIALNNCT 52 L £ L TE DO TR b7
(ZHANW2, K VRRIECRVRAZRIBRIEDBFE & HRITIIZE 2 T 72, 2 BRI UHE 3 & T
12 BM-MNC OIRFRAUTEIES 2 LB X BN OFTRA A Y U —= ZRNCHT LT, 54 =TI

TEFIRFORE . £ L CH b B Tl I RIED AR E A fifT LT,



o
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2-1 /T

HhfiH K EEZEK (bone marrow-derived mononuclear cell: BM-MNC) # skl IF a5
INZ T, ODAEZE, TR MIS JOMMEEZE & W o 7ok 2 22 BRI W CIE T A2 HE L, &
FTHGER & U S 5 2 & THIMkT A 229 (Hess et al., 2002; Fujii et al., 2004; Iwase et al,
2005; Yoshihara et al., 2007), & U4, FrEME HROME NS 7 0 2291 7 1) > 12
LYW SR OB Z AT D Z & A SN S, FARRSRIEB O FAE IR C g ETAE
OBEEMENTEE STV % (Muramastu et al., 2012), BM-MNC (2 L 5 /&8 AR Esh R 3k
BINT-0D/37 7 74 AL > THESNDHFOMIZ, BM-MNC 2SR C M &S 2 ARk 3
DN M ET DREFOFAENRE SN TN D, BIZIE, T v MBS LU 7 ZADDFHIFE, sz,
B LU P E 7 LTI L 7= BM-MNC 23 A8 PRI 4335 2 L 3B B sz ST
% (Hess et al., 2002; Fujii et al., 2004; Iwase et al., 2005), 1% T, BFEZEET /L TlE, B LI-
BM-MNC 738 R Z T2 2 & B3R ST % (Fujita et al., 2010), & EGHIREIL A D JE
PAICRPE L, MROSE, & DLEL IO A M IA »OEAIZ L > TESEICEET 5
(Ribatti et al., 2011; Quaegebeur et al., 2010), Z® X 512 BM-MNC 3ff « OFHEA OMfEic
ST 20T < MEREERIIZ b L, METAEZET 2 & CRIERICHIEFAICT S LT
W5 EEZHBNTWS, EEEIE BM-MNC & U CHEETMITBI LB A DA 53, ARy
(S EEEAEEE Ui ERERGII b3 D lEEE2 A5, Lovb T4 Offifd~D 53 bEhRE
FREIZ K> TR > TR Y | HEEGHER R NRERIZ & > THRilaoO@Em S RE ST D 2
ERHERS D, B, BREINO 2 A kB A (green fluorescent protein: GFP) (g
L7oF A T~ U R & W0 T, INFE 2 T80E S5 LIRZASTIC GFP Btk i Btiaas st
L. AR T 2 Z 3 6z ST (Kokovay et al.,2006), — 7B R4 L
T EIIEEME NI, REFIMEET L TIE, 2o ORI MRS, BIELOMERECF
Bk~ 27 v 7 7 =g L, EHEZ(EET 2 (Davidoff et al., 2001; Okuno et al., 2011),
ZAUD OB L TR, FREEE CIIE L7 BM-MNC 23R /b L7e\n 2 & 238

SN SN TOD A, MERRAIE~D /3 LREITAFI STl & I BT RS S o3 S S



TR, AETIET v MEREEEE T WSk 2 BM-MNC (2 8 2 I HT AR OBT 281 6 7

IZ 57201, fMilnZz GFP Th7 v¥27 L. BM-MNC OBt ORINRETRE 2 fiftr L7,



2-2 KERE ik

2-2-1 fEREW & FRT A

B2 ED Sprague—Dawley (SD) 7~ b (215-250g, 10 ####, Tokyo Laboratory Animal
Science, Tokyo, Japan) 14 VEIZEREEHAEE % i L 7=, EGFP Bitt:0> BM-MNC 286 L. 3. 7.
14, BRO 21 ARICZER L, SEHBE PRI HE L7z, Bhiiald 4 IEofkE SD-Tg
(CAG-enhanced green fluorescent protein; CAG-EGFP) 7 v~ bk (380-400 g, 10 ###5, Japan
SLC, Shizuoka, Japan) 7>HE44 L, 1 VEHEHF L7 BM-MNC 13 3 & 5 3 4 IEOFBEHEETE
TNTy MIBH LTz, £2TO7 v MI=R 26°C, 12:12 RHHOBREEL CHE Liz, AREDHF
JET HABREA MR ERFOBMMIHE BRI L > TER Iz (Code: 26S-7), T~ T DI

W3 HARERIE AR 2R OB IR A BT A ANZhE> TR - Tz,

2-2-2  BM-MNC D%

BREAIN B EOHE NS TR N CHBELTZ, 370 b, R —X0EM Lo RiRE B &
OIS B I 2 TR L, 10ml OAPREHOKCERiEEZ 77 v 2 Lic, RP—F v MIA V7
VT (Pfizer, NY, USA) OIEFEMI K-> TLEHK LT, T v MIEW A Y 70T AZGRA > 7
AT L, MR ES K ONMMEIEDNTFERITE DI 2 & Zfifid Uiz, [N U 7= B BEHIRaR TFLEE 100
pm DOFA 1Ay a (Coming, NY, USA)%if L Tl L7z, BM-MNC (L EO#HE - T,
HREAIRUIE ) & 538 L7 (Iwase etal., 2004), 37205, ‘HHiAIIZHE 10ml 1% 5ml OLLH 1.077g/ml
DLLEHR (Lymphoprep: AXIS-SHIELD, Dundee, UK)IZIEERL g L, 800g T 20 i Lo L
7o 0%, SLEIROE_EIZIFET 2 BAZIE %2 23G SB #HZ Tl I[AIIX L, serum-free Dulbecco’s
modified eagle medium (DMEM, Sigma, MO, USA) % HWCHAR L7=, m008E% (800g, 547) 15
SAT-H~SL v F % BM-MNC & L7z, SD-Tg (CAG-EGFP) 7 v h7»6458 L72 BM-MNC |
EGFP Gtz R3 78, BAEROMIEE N L —R 9 57 OICHAEEROMZE 78 CIA< EH ST

W5, BAERIZIZ BM-MNC % R U S 7 0—Y5th L AfFR OS% L ETH D Z L aiEd Lz, T



HEFEBROFEE . BM-MNC 130K MR T b a W VEFEREZ R 2 L b DB DB E TORM.

KB TRAF LT,

2-2-3 it & BM-MNC O 4#

R RV E X —/L (40 mg/kg i.p, Kyoritsu Seiyaku, Tokyo, Japan) ZFW T SD Z v b
(R B U, 5 10 MOHEOHES 2 008k LAl 2 @5 H L7z, @EOWME 0> TR G %
i L7= (Leeetal, 1999), 3 72bh, HhiZFHEH L7=7 v b % weight-drop & (NYU Spinal Cord
Contusion System Impactor; New York University, NY, USA) (Z[EE L., FHEE LIcE Y L=
f£2.5mm, ES10gO v F& 12.5mm OF SH B F ST, HEE% . BM-MNC (3 x 106 cells
in 10 pl of serum-free DMEM) [3/\3 /L b U 2% VT 2 ST CHREFNL B SES R
MO L, MlROFH 2B < To 128 M2 2801 L T2RB A 2 43 fMER: L7, et R S Raia i o
HEPe G U, e 5-40% i Efjids J OV & itk LBARI L 7=, fivaiids J ORI 3HTAA (cefmetazole
sodium, 25 mg/kg, Nipro, Osaka, Japan) 353 UEHAI (butorphanol tartrate, 0.5 mg/kg, Meiji
Seika Pharma, Tokyo, Japan) % 2 F45- L7z, #itkid7 v M &EERSBE L, FEtEk L08R
BROWEE, FE, K, JIREE. BLOZNALITERE LIz REBOElE b > T RaRA

rE L7,

2-2-4  HRRROALER L SRk L

NI BNLT T e R TR DRI E 2 M 572012 T v MaA Y 7T 2 Al
WCHRIRRI A I LTz, 7 > MEEIRA Y 70T AR v 7 AR TTRIZE L, Mk MR L7z Z
&% 2 LA R LT, 7 FOOALEN BABRRIEIK 100ml 2385k S ¥ 7k, 4% /X730 A
77t K (Nakarai, Tokyo, Japan) /0.1 M U L figfiEEiik (Wako, Osaka, Japan) 100ml % &
S CHGR LRI R E 2 93kt L 7o, 5T 02 S A THHA 1.6em OR S THRM L, =i
i & R CIEEHE 2 W CRIEE 2 12 B SN L7z, EER ., ARIOFBEIER o ICALEE L7z,

T LHFEREDT=HOIZ 30% A7 r— A2 1 HIA, E#iL,. O.C.T compound (& T L7z,



FFkIZ 7 74 A A% >~ b (SM2010R; Leica, Hessen, Germany) % T 10 um (I L7=,
PR X TR e S THEIE LTz, 725, 5%V XMiE (Dako, Glostrup, Denmark)% 30 43 fE]4L
LU COERRISE 7 0y 7 Ui, —IRPURZBEE LTz, — kUK 1ZLL T ofikz v
(¥ U AE 7 a—F VPR : GFP [1:300; Wako, Osaka, Japan], Rat endothelial cell antigen-1: RECA-1
[1:200; Bio-Rad, CA, USA]. & %\ Z CD163 [1:200; Santa Cruz Biotechnology, TX, USA]; 7 ¥ X4
77— VA : glial fibrillary acidic protein: GFAP [1:500; Dako, Glostrup, Denmark], Ionized calcium
binding adapter molecule-1: Iba-1 [Wako; 1:500; Wako, Osaka, Japan], Neuro-glial protein-2: NG-2 [1:100;
Millipore, Darmstadt, German], # %\ /3 von Willebrand factor: vVWF [1:200; Abcam, Cambridgeshire,
UK])e —IRPURITLL T OHtiA%E V7= (DyLight-405 conjugated goat anti-rabbit antibody [1:500; Jackson
ImmunoResearch, PA, USA], Alexa Fluor 488-conjugated goat anti-mouse [1:500; Molecular Probes, OR,
USA]. &5 NI Alexa Fluor 568-conjugated goat anti-rabbit antibodies [1:500; Molecular Probes, OR,
USAJ). 15 1% DAPI-Fluoromount-G (SouthemBiotech, AL, USA) TE A L., #etaz Li-, —IkPilk
|Z DyLight 405 #EkdbifA % V235613 DAPI %5 % 724 Fluoromount-G (SouthernBiotech, AL, USA)

TEALE, Bfkar ho— 32 =L m U FETER- L,

2-2-5 it L7z BM-MNC O#Ffh

Fohi L 7= BM-MNC OF Sy NI ERERGIIEA~D M LR Z AT 5 72012, RECA-1 5\ %
vWF (lEN ), NG2 (E A, Tba-l(v7n7y—/X7mr 27U 7), CD163M2~2/ 177
—VIMERFE~ 7 17 7—) BELOGFAP (7 R hutA ) ORBIMEZBM 3, 7, 14, X
OV 21 BRI L7, BIAIE 100 pm B FIC SHAER L, ENENOEE LN T 7 LI
3 %% [high power field (HPF), &5F 9 tHEREIR L7z, Hufs L7zmife4a JivC, EGFP Btk
BM-MNC (2351} 2 Fi 4 OHURI AT DB AFHE Lz, Ui R L — —BisE (Carl
Zeiss, Oberkochen, Germany) % F\\CH#IZZ L. Image J 1.48v software (NIH, MD, USA) %

UNTHRHT LTz,

10



2-2-6  #int
F— 2 TERVERER L O BT, Paired ttest & W THEEHWER L7-, P 0.05 Kiiix
Lo THBEDY & LT, 2 TOHHT —# 1% SPSS version 16.0 IBM, NY, USA) % fCHEHT

L means + standard errors of the mean (SEMs) TR L7-,

11



2-3 fhH

2-3-1 HEFHE~DOBHE% O BM-MNC (EGFP BRI o JF1EZE1k
Al 3 H%. EGFP MRG0 2B S ey (K 1A), B 7 BRI LT
(2 1B), B4 14 B2, EGFP I Z < b3 bz (X 10), Bl 21 H&IiTses
[ L7z (B0 1D), B4 3 H%. EGFP Bl I EICEMEA 2 L, HEHRNICI T D RE
RO LN o7 (K 1E), — 5B 7 AL, —H EGFP BEMIR B IS L 020
JEFR O MAE P RTE L, #iEE A 2 L. (K 1F), & EFRIZRTET 2 EGFP Bl z-stack
GREAR G DT R i %85t Tl L, RGO Y COUMET 2 5 & VT 3 otk L7-(X
1G), ZOfER, MEFRPRTET 5% < O EGFP BPElidm &R o2 L (K16 AR,
MRz 2R L T\ D Z ERH BN o7z (K 1G; R, EGFP BMiilalc X o855 %%
T HIMEOEIRIE, BAL S 2D T ARBICHTT 6.012.8% 25 35.4+12.7% ICHEICHMNLT:
(% 1H; p<0.01; 95% CI: 13.4-45.5), M EFIHEAT L7z EGFP MMl 0BI &3, B3 225 7

HELICHNT T 1.42+2.2% 7225 15.612.2% ICHEITHEMLT (p<0.01; 95% CI: 8.34-20.1),

2-3-2 BM-MNC 73857 % A5 OFHE

GOSN T EGFP Bitsila s 887 20 Mg 0% < 13 GFAP B/ (7 A ke
A N OXZFfEFR-THz ([ 24), |EEPHTILZ U A— A5 TT A hadhA SO
OB, [FFALTHT A bt A S OERFAEDRNLE DB S v, EGFP PRI =
D &5 7 MBI SRR HEE 3 287235389 bz (1 2B-D), EGFP ISl o8 211 5 MmAg
DI, GFAP BT A h et A M X5 3FFE K> TWOImEOFIE 1L 33.844.1%., GFAP 15
PET 2 ket MK D HFFE ST QO X 18.3+6.8%72 > 7= (X 2E), EGFP BaEHifE D5z
BrEbi N mED > 5, GFAP BPET A hathA MK DR Ko TV ziE OFIGIE 28.2
+0.1%. GFAP (51T A bt MI XK 5325210 Tz iE 13 24.710.1% 72> 72, 7 A hnr

A FPOXFFOFEOEGIZBW T, AEAIZRO LN ->T2, GFAP 2%} L Ttz RT

12



EGFP G/ 3580 bhianoTz,

2-3-3 MAEJEFIZJRET D BM-MNC OHUs T

Bl 7 BIZRBWTC, I AMICRET % EGFP BB SRE 2HUR & L7 25, %
<iF Thal (w7 u77—/3 2707 Y7 ICBEEZR LT (86.625.1%; X 3A-C), Tba-1 Btk
EGFP [ 0— I35 oMz 2 LTz, 22 v 27U THOZHROB ) Lz
FfEZEEZ DO, WhwbH T I 774 NERERT ARA NEEL 2T HMldE80 b o7,
F-—HILCD163 M2~/ n 77— | MEFRA~2 17 7—) IChtkE R Lz (15.624.0%
X 3D-F), b TO¥Tdr-7-4% EGFP BHElaE NG2 (0.8+0.8%; [ 3G-1) 3L XRECA-1
(0.410.4%; 4 3J-L) (ZFE4 < L, RECA-1 e o> — 5 3y ML S A et s oo —Eh A Ak L
TV, Bfli~—H—|2%9 % EGFP BMsilac e @ FFs L ORVEIC 30T 2 MRiE, K sM IC
7R L7z, Iba-1 (g 2 BRI 2 E U (86.65.1%) IRV THIE (64.7+3.0%) LV &y Vil
ZR LTEH, FEAIS DR (p=0.051; 95% CI: —0.7-43.0), CD163 (2% 2 phPERidim
BB (15.614.0%) IZBWTHE B8.7£24%) XY bAEICHEEE R LT (p<0.05; 95% CI:
0.40-13.4), NG2 (ZxI¥ 2 5ERiTmEHME (0.840.8%) IZBWCHE (0.5£0.5%) LV &EE

TR LTE BT D b RhoT,
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24 B

REOHTEOFER, SEOFHIEISIC R L2 BM-MNC 1384 3 B %225 7 B#OMICmE
JEFRCREAT L. —ReIC A RECBEE T 5 2 & SRTICA B0 & 2o T, EI-HREHRIS ClIMEsE,
DpAEZE, Fo KOV & o 7o R & 720 | B L7 BM-MNC (38 B0 i & N
(b LN Z LA B L Zp o T, IEREICHSE LTz BM-MNC 0% < [d Iba-1 & %\ CD163
ICBEA R L2 & R REICS 7 a2 ) T TIRNW I b~ u 7y —UThH L EZD
iz, BEHRIEET VA W CII BB AA e D Bk -~ 7 1 7 7 — ORI SiEE L
MEFAEEFHET D ENALNTEIN TS (Okuno et al., 2011), ZDZ L2265 BM-MNC H
ke~ a7y —RMENE & O EVERIC L > TBM-MNCBASRIAIC I 2 &8 AR 2B
B LTS ATREMEMHER S vz,

BM-MNC |7 A b a4 ~OFRENER LT MR SRS Dm0 ST,
FRARARRE R Z BT 2 I AE BT AE DBS, tip cell 12 X D58 A2 521 CHrEME ) sprouting L, ED% 7T
A bwtA FOSFF T, MMM 2 855) % (Obermeier et al., 2013), L7273-> T
EEHICBIT 57 A bt A NOIFRIEE LB I AENE Th o Z & E2Rgd 5, MMAT,
R IE3EFT 57 2 b a Yo b OHINIEIC X - Tl RERE I AiE L 7= % T 5 5 mTHet: b
E % 5is (Abbott et al., 2002; Willis et al., 2011), AHMFEIZIHBWT, BM-MNC fHk~7 2> 7
—UDEEET D MED ED LD RFHE AR OO FEICIHHNNTT 5 2 LIXTERD 212D, i
FERIRRA IR BFEINE & 2 WL IR ERERIM 0 L 72 i T 2 & B 2 bz,

MAFEFICJHTET 5 BM-MNC O—fili~ 27 v 77— ~——CD163 I[CtEa R Lz, ~7
177 —VIIEEOV T HA THPFEEL, BICRIENE~ 7 77— (ML & ARMERIZB G5
HvrnaZy—y (MO SNS (David and Kroner., 2011), M2 ~ 7 17 7 — I idfk~ 72k
RNT&#EEL, MkEE%Z1ET (David and Kroner., 2011), AFEIZIUCIMEBEZHEE L=
BM-MNC T332 b7z CD163 ITHHREERM D M2 v~/ 17 7 —Y O~ —H—Th ) M2
~/na7y—VOHRTHD M2~ 7 17 7 —UIZBW TR ERELT 5, T4, 114, -10, B X

N TGF BAFRIC L > THMARE L2 M2 ~7/ 07 7 —V 2 FHREET VT v MCEIRR S L7-

14



FER, A XANEEAL e L. TNF o OFEAERRIR KOV IL-10 OFEAZ I LIhiRIERR, #
{SREIR O N L ONEEMSRED SR E b7 b T Z E RO E o572 Maetal, 2015), 20
Z &5 BM-MNC BR#EAICB O T, BM-MNC B3k M2 ~7 27 7 —URHRIEERZ M L
THRFIRE T2 6 LTV B AR HESR STz,

CD163 [ Il e 2 MEE~ 7 n 77— D~—A— L LTHHMbIL, ~ETrEY
AHR LT H—E U CTHRET S (Kim et al., 2006), CD163 (37 h 7oty « ~E/ 0t
> (Hp-Hb) HABROERICL>T, BEDFEINDL Z EHE SN TS (Mendes et al.,
2009), ZDZ Lnb, AWFZETRO S EEFICRfET 2 BM-MNC (2317 % CD163 Of
BB FAIE, Hp-Hb EEKROERIZL > THIER Z SN rEEELE 2 Divie, i
PRICEIT D CD163 D Mg HBH~ 7 v 7 7 — ISk e © 7= 59— 05 ¢, HiFE
AR COX-2 DOFHLAI L CHEHFAOIIEIC G T 2 TR "2 ST (Serrats et al,
2010), L7243>C BM-MNC Hi3k CD163 ik~ 2 17 7 — U MBEEFHEC & > TREEICA L

THLHMNE I DEPLNITLHIZOIIE, SORDTEPLETHD EEZ BN,

15



2-5 /M

7 v MFRHEESET /U3 5 BM-MNC 2 X 2 & BN RO 2 B 5 2T 572012,
Bt L 7= BM-MNC OFBEHy M E RS~ EAEE B SN Uiz, FE5, AP, JERH
fuB X R hatha e osTofifa~OMlE I < T Th-o7-—JF, BM-MNC ko~
177 — URMAEREIHEE T 5 & O FHERIVEEINI DL 2o, BRIk~ v T 7 — U138
ARSI L, AP & ORI AR X » CE LR BET 5 Z LA SN TN D Z &
5 BM-MNC BHFRIEICIBN T, FREROWTFIC L > Ty 7 v 7 7 —URMEFAEREL T D

AREMEMER S U7,
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L 01 & I M

1. Fate of transplanted bone marrow-derived mononuclear cells expressing EGFP. (A-D),
Survivability of transplanted BM-MNC at the injured spinal cord. Scale bars = 500 um.

(A, B), EGFP “cells are observed at the transplantation site 3 and 7 days post injury (DPI). (C,
D), EGFP " cells drastically decrease in number at 14 DPI and completely disappear at 21 DPL
(E-H), Localization of transplanted BM-MNC. Scale bars = 200 pm. (E), EGFP " cells are
mainly distributed in the parenchyma of the injured spinal cord 3 DPly. (F), A number of EGFP
*cells surround blood vessels 7 DPI. (G), Z-stack reconstruction of tissues boxed in F.
Perivascular EGFP™ cells wrap around blood vessels (white arrowheads), and extend cell
processes (black arrowheads). (H), The fraction of blood vessels populated with EGFP " cells is
significantly higher at 7 DPI than at 3 DPL. *, p <0.05.
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cells it

Vicrovessels I\l‘l.‘lll;'f.\_‘li ["} [Cel I
— — [ (] Lad
Wb = W = h =

R _

2 Characteristic of microvissels populated with transplanted BM-MNC at 7 DPI. Scale bars
=50 pm.

(A), Microvessels at the injured area. Most of the vessels lose interactions with astrocytes, and
part of them are populated with EGFP " cells. (B), Microvessels at the border area surrounding
injured area. Normal and abnormal vessels losing interactions with astrocytes are intermixed.
(C), High magnification image of B. EGFP " cells selectively migrate to vessels that have lost
interactions of astrocytes. (D), High magnification image of B. Normal vessels with the
interaction of astrocyte are not populated by EGFP " cells. Scale bars= 50 um. (E), The rates of
microvessels populated with EGFP " cells. The rate is higher in abnormal vessels lost the

interaction of astrocyte than normal vessels.
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100 T Perivascular

30 [ parenchymal

60

cactivity of EGFP*

*

0 O -

Iba-1 CDI63 NG2

cells located in two areas (%)
=

3. Expression of markers in bone marrow-derived mononuclear cells (EGFP™) 7 DPI. Scale
bars = 15 um.

(A—C), Immunoreactivity of Iba-1 in EGFP *cells localized perivascular area. (A), A number of
EGFP " cells express Iba-1 (B). (C), Merged image of EGFP, Iba-1, and RECA-1 suggests
perivascular localization of macrophages originating from BM-MNCs. (D-F),
Immunoreactivity of CD163 in EGFP " cells localized perivascular area. (D), An EGFPcell
expresses CD163 (E). (F), Merged image of EGFP, CD163, and von Willebrand factor
indicates perivascular localization of macrophages derived from BM-MNCs. (G-I),
Immunoreactivity of NG2 in EGFP " cells localized perivascular area. (G) An EGFP “cell
expresses NG-2 (H). (I), Merged image of EGFP, NG-2, and von Willebrand factor shows a
pericyte originating from BM-MNC (white arrow) and expressing NG-2. (J-L),
Immunoreactivity of RECA-1 in EGFPcells. (J), An EGFP “cell expresses RECA-1 (K). (L),
Merged image of EGFP and RECA-1 shows an endothelial cell originating from BM-MNC and
incorporated into vessel wall. (M), Fraction of perivascular and parenchymal EGFP " cells
expressing Iba-1, CD163, and NG-2. Perivascular EGFP " cells express Iba-1 and CD163 more
frequently than parenchymal ones. Significant difference is only found in the rate of CD163

expression. *, p < 0.05.
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31 /F

% < ORMSRERREICI\ T, Z OIEFEDRI ISR L DRERN 7085 7 54 ik
SThlband, ZOXIREFE AT, FHimkMERBMIE (bone marrow-derived
mesenchymal stem cell: BMSC) 3% D5 HIEDR G- THIBRAIRE 7269 2 LB HMNT
SN2 & TEMMITIRE LTz, S OITIEH, ZRMWIEE T /U TRl RFZE R X
FFAmAREEsEA 7 (hepatocyte growth factor: HGF) /37 7 F 4 L %4 U CHBiR#ENREE L7
592 LM Si7e (Miyazawa et al., 2011), HGF OS24 c-Met |3BE5% OFHEICISN T,
eI, AN, 5 L OVRRIRIBMINRIC € upregulate S, E DT 7 U K - CTHIMUAE,
gt J5 X ONMEAMBE T R #E 2 #il 35 (Kitamura et al., 2007), L7255 T HGF/c-Met
signaling (IFREFEERRICB VTR RIARY —7 v FE L CTERESND Z & oz, BEitif
SeHi%ER (bone marrow-derived mononuclear cell: BM-MNC) % BMSC & [Al£§Z HGF &7
AR RRRFEEARE AT HZ LB, EDO/NRT 7 T4 L > TRFEIRE B-H LT
% LEZ BIVTO D BFEMZR BT X0 IS STV W O3 BLR T 5 (Kamihata et al,
2001; Smiler et al., 2010),, “HHEHIZDOI 2k EEEEN (green fluorescent protein: GFP) |ZiE
L7eX AT~ 0 2% FHWEWE TR, A LAS PR MAE 2 HE S 5 & MO iz 54
HR2SHEE U, B EAIaESEA - (fibroblast growth factor: FGF), ifi/& PN HEA ¥ (vascular
endothelial growth factor: VEGF), 35X OMERAE(WIEMEA T (monocyte chemotactic protein-1:
MCP-1) & W o 7zl R 72 EAT 5 Z LB BN STz (Ziegelhoeffer et al., 2004), ZilH D
RT3, HGF & RERCHRERMIMI I L CTHLT R b —3 287 & o AR 2 A
THZENMOLNTEY (Ma et al., 2007; Madrigal et al., 2009), FHEEIZIHVTH BM-MNC
MERRORRRFZ A L, RGN E 726 L CW D TREMESHER Shiz, £ 2 TR
Tl GFP F 7 AY==v 7 SD 7 h XV L7z GFP Bt BM-MNC % 2 fiEdE
FIT v NOBEFHICHERBR L, oS R 5 BM-MNC O4776ER X

ORI EEARE 2 AT L7,
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32 ML

3-2-1 {HEAE & EERT A

fdEE 72D Sprague-Dawley (SD) 7~ b+ (215-250g, 10 i, Tokyo Laboratory Animal
Science, Tokyo, Japan) 26 VEIZFF I TR 2 i L 7=, BHERIOMITO7=012 6 ILOFBERET
7 V7 v MZ EGFP B BM-MNC Z#4i L. EGFP [Pt BM-MNC #f & U7=, i 3 pT
Ol SD-Tg (CAG-enhanced green fluorescent protein; EGFP) 7 v b (380-400 g, 10 i,
Japan SLC, Shizuoka, Japan) 7>HE4 L, 1 P8 HE4F L7 BM-MNC i3 2 lLOFEEEET L
7 v MIBH LTz, 1GOOI 20 IEOFRHEEET /L7 ~ % BM-MNC Bt &
USRS Z 20 10 DB L7z, BhliildiE 5 ILokE SD 7~ k (380-400 g, 10 i,
Tokyo Laboratory Animal Science, Tokyo, Japan) 7>&E4F L, 1 PEA S5+ L7z BM-MNC I3 2
VEDFREHBISET VT v MBI LT, MERLL7- 3BED T v MIBAE 3 B LT BRI %
HREL . SRR LTI LT, &2 To T v MEEER 26°C, 12:12 K ORE W CfFE
UTe, AREOBIEIL A ARBREAMBIERFZOBYEHREE S L > TR Sz (Code: 26S7).
TN TOEREY L A ABREAME PR FOMEREEIZ L > THREI NI A R T4 1

ST,

3-2-2 BM-MNC D45

BM-MNC 135 2 # & R CFEE AW TOEE L7z, 3~ To BM-MNC [3#4Er11Z EGFP B

MThDZ &2 Lz,

3-2-3 FhliElEs & BM-MNC O4E

FHEHEE & BM-MNC OB 2 32 & [/ UFEE AV,

22



3-2-4  AAMOILER & Gk L

NTRNVLT AT E R O UBIERE E & i3 2720127 v MA Y T T oz ]
WTERRRIRZ HE LTz, 7 v MIBARA Y 7T L8R v 7 AOHW TR L, kMR L2
& & 25U EfER LTz, 7 v FOELENLAFREIK 100m] 2185 S 7214, 4% /3T AL
77 & K (Nakarai, Tokyo, Japan) / 0.1 M U Uik (Wako, Osaka, Japan) 100ml % 3%
S CHGR LRI AR E 2 93kt L 7o, 5T OA S A THHA 1.6em OR S THRM L, =i
i & R CIEREHE 2 W CRIEE 2 12 B SN L7z, EER ., ARIOF IR IlCALBE L7z,
T LHFEREDT-HOIZ 30% A7 r— A2 1 HIA, E#iL, 0.C.T compound (& T L7z,
FFkIX 7 74 A A% >~ b (SM2010R; Leica, Hessen, Germany) % W C 10um (I L7=, —
07, FEMIOFREI T 7 0 AL, 271 b—2 (CM1850; Leica, Hessen, Germany) % fi\»
T3um TG LTe, T 7 4 ARIEHEIECE > Tre bRy - =42 (HE) B XU
W=7 7 A7 — (LFB) Ytz el LTz, SO LAt il LOVZ 7 4 8
Jr & AW TEIEICHE - THi L7, 7725, 5% Y FXIMiE (Dako, Glostrup, Denmark) % 30 47 [H] W
LIRSS A2 7 0y 0 7 LTk, U A—IKRPUA [HUR : GFP (1:300; Wako, Osaka, Japan),
VEGF (1:200; Santa Cruz Biotechnology, TX, USA) 3 JX TN CNPase (1:300; Dako, Glostrup, Denmark)]
HDHNE T X —BUA [glial fibrillary acidic protein (GFAP; 1:500; Dako, Glostrup, Denmark),
cleaved-caspase-3 (1:100; Cell Signaling Technology, MA, USA), HGF (1:50; Santa Cruz Biotechnology, TX,
USA), MCP-1 (1:500; Abcam, Cambridgeshire, UK), 33 T} von Willebrand factor (vWF; prediluted;
Nichirei Bioscience, Tokyo, Japan) | % 4 CC—HiA > F =~—k L7z, PBS T3PS LI-%, —IK
PUA [Alexa Fluor 488-conjugated goat anti-mouse (1:500; Molecular Probes, OR, USA) & 5\ \E Alexa
Fluor 568-conjugated goat anti-rabbit antibodies (1:500; Molecular Probes, OR, USA) ] % 2 C 30 43f#]1
V¥ aX— |k L7z, YIH1d DAPI 2% T» VECTASHIELD Mounting Medium (Vector Laboratories, CA,
USA) TEAL B EZ LTz, EtEay bae—Ud—&kFUADI U 12 mouse IgG; negative control
(Dako, Glostrup, Denmark) & %V 3 rabbit Ig fraction negative control (Dako, Glostrup, Denmark)z A >~

Fa—h L7,
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325 Fhi L7z BM-MNC OFF & {EREh ORI

BM-MNC O4EA7HER L ORI T AR Z T 572012, EGFP BEfialcis i 5
cleaved-caspase-3, HGF, MCP-1, 330" VEGF OBMMEABAL 3 5L 7 BB LT,
GIRIT 100 p m BEIT 3AAER L . N ZN OGNS T o # LT 3 #i¥f[high power field
(HPF), &t 9 BR8N L=, B L7-Mifg % VT, EGFP B3P BM-MNC (2351) HFf 4 OHUR
(ZXTT D MERGE R 2 B L 7o IBREDROMNT O 012, Bl 3 BL N 7 A%ICBIT S
BM-MNC Ffd L OXIREED cleaved-caspase-3 FEiflikids L OV CNPase 2134 100 um I8
(CHVERL L 72 8 Mol F & IV CH LTz, EOREICHEW T cleaved-caspase-3 B X7 BE
BEFLTC B THLE L Y b EEEICBE SN D 2 LA S T D (McEwen et al.,
2005), > TAMGT ClIRFHliRE A #5510 [epicenter zone (EZ): 0-1000 mm from the
epicenter] 3 L O DJEJEE[marginal zone (MZ): 1000-2000 mm from the epicenter] @ 2 H
2 53 17 TR L 72, CNPase [EMEsRIZLL FOFHE AU X - THH L7z [CNPasenegative
area/total spinal cord area (4000-mm range in the cranial and caudal directions)], 3=THOYI
X ApoTome (Carl Zeiss, Oberkochen, Germany) % V> C#1%2 L. Image J 1.48v software (NIH,

MD, USA) % T L 7=,

3-2-6 HENHERERAM

BRGEBHEEZFMT 2720, 7y FEHMBEGET LVOLLOICHBE S
Basso-Beattie-Bresnahan (BBB) Locomotor Rating Scale % fi\ /= (Basso et al., 1995), = MDif
ERERERTAFEAR JNRBAEG, EEAEN. o L OVRARBIEI O rldi: & 5 VIR OMEIED S 22 B
DEEFERE L~/ SN TN D00 FERRE-21: 1EF), JEEBEREI TN O 22558 £ TR
[#845 1-3 H% (n =10 per group), 47 (n =5 per group)] FFliL7=, 81 H %O IHTE
24 h BTV, ZOt% 24 REEEZAHIE L7z, 2R ENORED T > MISZ L7z Z ADFHEEIZ X

2T 4 5yTlaH L7z,
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3-2-7 gl

TS TIERMERIER L O, Student’s ttest & 5\ & Mann-Whitney U-test (2T
HEFHENT L 7=, CNPase Rzt (BLBiH) D L# D729 I Student’s ttest % 7z,
Cleaved-caspase-3 Pk D Ll D 72912 Student’s ttest &5\ % Mann-Whitney U-test
ZRWz, P M 0.05 LLTZ2boTHEEDY & LTz, 2TOREH—4#1% SPSS version 16.0

(IBM, NY, USA) % H\\TH#T L means + standard errors of the mean (SEMs) T/rL7-,
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3-3 ik

3-3-1 Ml L7= BM-MNC O4A5fE

EGFP 23819 5 %4H L7z BM-MNC (3, FERRALZ TS JE P BE M IR 2 K9 15380
biviz, FHFM~OUEHF K OFRADT M ~DIRIETRED HivZzho 7, EGFP Gl 7880
BV BRI ZEEE T AR\ TG 3 H#£13.2880 + 151 um, 7 H 413 2593 + 303 pm TH Y |
B BRSO BT, —) EGFP BMEa OAaE LI IAE 3 H1% (683 + 83 cells/mm?)
B T B (395 + 64 cellsymm’) (27 TRUMET 23857 (1 1A,B), —H#50D> EGFP Bt i 3k%
BIUOHIRREOW A bA 2 L, cleaved-caspase-3 I[ZEE R L7z, Bl 3 HE XN 7 HZIZHBIT S
cleaved-caspase-3 DIGEFRIZZNZIL 1.90+0.873% (X 1C-F) BLN3.07+£1.49% (X 1F) 72-7=,
Bl 3 725 7 B BIZHHERDEIN L2 G B2 IR b Neh o To, SefEfiflf b 3380 L CTuZgn
W3, FHE 3 Atk E Tl TERE b OBEMEERD B N/C b 595 MR iae U o s <Bk
FRHIAE £ C2AE72 EGFP (M BRI BIZR S a7z, — il 7 BRI R ) 2]
ERITWHAR L. ZE77 LT\ 5 EGFP BEMIRm 2 < 13 b KA & A9 380 DA Offi

2o THERk S LT,

3-3-2 il L 7= BM-MNC DOpffR T-RERE

Bk L7- BM-MNC (2 HGF, MCP-1, 3 X (N VEGF [tttz 2 L= (X 2A-J), BM-MNC
(23517 5 HGF . MCP-1, 3 L O'VEGF ORAE 3 H 1% DRI 18.2% + 3.77% . 13.3% + 3.74% .
BEUN9.52% +2.84% Th -7z, Bl 7T HEROBMESRIT 22.8% + 1.13%. 5.22% + 1.89%, LIV
8.8% + 3.32% T o7z, MREKFRIDEMRIZABAI R -T225, B 3 BLTNT AR,

HGF OBt b -7 (2 2K),

3-3-3 BM-MNC BAEIC X D183

PRI RIS LOBE A b —HIERE L OMEA T RO bz (X 3A-D), HEHRKIC
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FBUVTENE LT A E OkE T L OMMLITINZ . 23D SIEMILOIRME TR BTz, RIEAM
RIS 3 BRI RITAFPERIC K o> Tk S 4L, #8157 B TITEL LTy o r 7 7 —VIE
EN Tz (KBE), v 7 1 7 7 — VIR IERE L OB E 2 8 & U I EEmE o—HiX LFB
Yot |2 BT Z R LT (K 3F), MFBAER L= 0BG, 72 & 2TV o Bk~ 7
17 7 — UL LA AMROBRIFBIE I NIRRT, BIEHICBT 5~ 17 7 — U OiRNE
X BM-MNC #f & SHEEORIZZA 33D biveno7z B 3 Hi% © 91.60 + 14.24 cells vs.
87.87 + 21.96 cells/HPF; P=0.890], 7 H#% (175.33 + 14.42 cells vs. 195.64 + 23.96 cells/ HPF; P
= 0.488) ZHLTILxHERE vs. BM-MNC #f], CNPase [aPEfalg A Biftid 5\ FiR(LI & Ex L2
DOFEEAFAT LT & Z A, RIREECIIRT R LU A b —EIESR L ONEA T ThEEdH 50
I bRl A 78 7o, —J7 BM-MNC B CIIESR I K ONEMAIZI1T DilEdH 2 VTR LB E—5C
Lo biianotz (%3G, H, and K), ikido 2\ 31 kil e fiEds KOV BM-MNC R &
BT 3 705 T BZIZHNT CHRSS KO IR L7223, BM-MNC #2317 521 kidkt
WHREIR Cdho 72 (X317, and K), ifids 2\ Tk Ll 2 e Rk L= & 2 A, Bl 3 B Cldxt
FRREC 24.44% + 2.09% T > 7= DIk LT, BM-MNC £ Tl 14.62% + 2.69%7-~>7- (P=0.011;
3G, H, and K), F7=, B 7 A 1% CTITHHREET 89.94% + 6.23% T > 7-DIxt LT, BM-MNC
BECIE 20.90% + 2.42%72~>7- (P=0.011; [X 3L J, and K), 774 b—3 APifilEhS 2§l 5 720
(2 EZ B X OMZ (X D281 % cleaved-caspase-3 (2% 92 St HEZ7HE L7 & 2 A, [FIFURICE
P2 B9 2 e e RS OV BM-MNC B 5 OO EL L8 (MZ) 128V T Eisl
FEIZRD BT, B 3 A0 BM-MNC 51T 5 cleaved-caspase-3 Btk d EZ B X O
MZ R L © A B LW ZEZ (1.58 +0.84 cells vs. 4.51 +2.17 cells/HPF; P = 0.005; Fig.
5A,C,and ), MZ (6.22 + 1.34 cells vs. 10.2 £ 1.94 cells/HPF; P=0.009; [X 5B, D, and )], —/i#4l 7 H

BBV TUIAEZEDRD IR 714 5]),

3-3-4 RIBCEBIERERTM

XHERERS OV BM-MNC BRZBIT 282 TOT v MIBHE 24 K% D BBB 22737 LN Th
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STz, EEREREOSEE T BBB A 27 O RIS LUV BM-MNC B BRI CB1ER X
., B3 At £ TE0 FHRIIFERE CThH -2, Lo LEHL 3 H AL BM-MNC #? BBB A
ITVIHRREL U b EO ERRAIR L, B T BRRICA B A% i897:(18.4+0.24 vs. 11.8 £ 0.58; P

=0.035; X 6),
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34 BE
AFETIEIBM-MNC % GFP C k7 v ¥ 73 % 2 & CRMNcBT 2 FREFEEB % OMInAAF
HER L OMERFPEAREZ A 5202 Lz, BM-MNC [Z5MUMEN S&E La, e
BOBMMEAEET S8, B 3 BRICITER/ICHELTLE) ZEBHEIN TN
(Yoshihara et al., 2007), —75. AWFZE TN L7 FREFEEGIETITNE 7 A2 THBEEMIZEK
ORI A R LT, 2D Lo h | FRIFEE B SR TR 2RI e 2 LT, M
DTN e TIETHD LB Z O, Bl L= BM-MNC 38 3 H% 5 7 BSOS TR
(b Uiz, B LTJRIR S LT, B REROFEAICAE > CHBIRMA~BAT LI- ATRENE, ‘B~
X U HIEBESHESE S AT —ER ORI ZEZ S L OSHIIE D kT Ak, cleaved-caspase-3
O E R LTZZ b, D7l & BRI ANR—BIRFEET R b= AR LTS &

Z bl
BM-MNC (3#8E38#6I2 35V T HGF, MCP-1, 3 XU VEGF 2t iEAT D Z L3 Hh
&7polz, FHZHGF Z B3 2MlanBIE23E <. Bl L7z BM-MNC O 17 76 23%53 i)
\Z HGF %#pE4AT D Z 0BTt 202 &b BM-MNC Bk 3B EERC HGF
ZRFGNCHSAT 2 O X TRIIRFIETH D EEZ bV, HGF 13~ v ANTFZ, B, Bk
O ZEAEME R VAE T T UV THL T A b— U A& LTRSS R 2 © 72 B9 2 L3
HEENTVWS (Kosai et al., 1998; Sun et al., 2002; Mizuno et al., 2005), L5 DHFSE) 5 HGF
(TR c-Met & FH T 240D & & W IR 2IRBENEN I Sh T 5, ERERICH
T e-Met (32 TOMRSRMIUZ W THRBLPHER STV 52, HGF (TR O IEFEPEHERH I
BAGET . BEORIEIC - THIADFEIND, WRED HGF [ ZEITTEHE KRB L -
TEASNDD, MBIREO LAIIBRTH Y . FHTEEM Tl e Met OFEEIX LT HGF @
MM TIERWIRREICH D (Kitamura et al,, 2007), & D Z L i3AaMHic HGF 2&5452 LT
FARRRFEN RS DNFZEN D LI L TH D (Kitamura et al,, 2011), 7> T, BM-MNC BAE#
EIRZIRRBIZH D HGF G325 2 & TIHRFERIRZ b 726 LTV D rIREM MBS STz, A

72 CIE HGF ofiiic, BM-MNC (23517 5 MCP-1 3 LN VEGF OREAZER LT-, b DR
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[KIF-5° BM-MNC BAEFREDOIEFRNRIZ L OREERS G- L T D D7y ABFETIEIA SN TE 72
S7T=H IRPE VEGF <° MCP-1 OEEMCER CORAERIT 3 15 4 ARE T IR E 2D
ZEMMBILTVWS (Skold et al., 2005; Pineau et al., 2010), > TZHDO Y7 a4 LTHE
LITIRIRITH > THREN TH D LR SN

AHFFECIE BM-MNC #AEHZ 5\ C cleaved-caspase-3 BAMEAIIE O3 MBS 3 H % OEE .0
SO OJERIFES CRIRE L U A RIS T 5 Z LB E o7z, TR h— AT X Ak
SRV REHREE 1 ERLL FSORT 2 2 & 70 <FRICRET 5 (Liuetal, 1997; Casella et al., 2008),
Caspase-3 |17 R h—Y AL 7 FAO TR THE, Fas S TNFa e EOTNF 77 I U —=°3 b=
Y RUT AR LRI > THEM LS4, DNA OWT b 27555 %, it > C caspased @ cleavage (I%
PEAD) M SN Z ik, ZRODOT AT FIADATNEL L2 b, HDHVNET R h—v 2
S 7 F VDB N FTRENE 2 e 35, RECIIEEMAT £ THOMNIT 2 2 LT T&E Do
7eis, A7a< &b —EE BM-MNC (2 X DR RF O, FrZFEBIRDE D> T2 HGF OREA Sy
Wo, [RISZZARD L 7 AR LZ I LT D ATREMEAHERR ST,

T ETO BM-MNC BAEFRIED SPEFFREREH 03 210 R B 28T, BEI
BV THIRZAMEDIIH S5 Z LB LM SN TN DD, ARFZEC K - THRAZ2BBEIHZIAR b
BB L e oTe, FREBIGIZ U 2 R A SR R B (— R BT & 2 AR~ T — T — 25
Oftt, BRI LD Ca A A OBFFHAC L > THAEL 5, 16> T BM-MNC BAfRIE bSO
il %I U CHIER RSN R 2 726 LTV A HTREME D& 2 bz, REIZBW GHEENEREOSGEITE
T 7 BIRICHERR Sz, EEMEREDIEHE D L 5 P Lo TH 72 b STV A DO H T
TERDST2S, BM-MNC 2846 L7z 2 & CHISR DS AR UIMHRRIR O FHESFE Sz 2 &
& 2 \NT YRGB L DN O IEF AT E S T, MR O BB RS
[BIfE L7z EsHEgR &gz,

RECTIIBAAILD k7 > ¥ 7 Of-olc, HFRAH &% EGFP-Tag SD rat & SD 7
v METORFEMEBEZ1T 72, SD 7 v MIEAR TIERWoOMEBHEIC L > THEMES 5

WERPEDIEESOS A S L2 FIREMANR G STz, Ln L, RIS ZRRT 2 U v SBRDEE
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BEIETE~ 7 v 77—V % GFP MO B &ITHER S oTo 2 & & BITHRRIRED

RPHHINIZZ LB EOZEIREN TH -T2 L EX BN,
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3-5 /IME

BM-MNC BAEFRIEO GBS HRE O 2 /ERT 2 91 52N 2729012, BM-MNC 04
frhe, AR TIEAERE, 36 L ONBFRMEZ M Uiz, #Ed. BM-MNC IZREEALIC 18 L
Y%, HGF, VEGF, BLUMCP-1 &\ o 72N 1Ak EAE L, BIETRICHTT R |
— 3 RN L ORI A b7 DT 2 e LN E A ole, D2 D, BM-MNC il
T TREFRECRA 262 9 A THORFIETH L EFEA DI, £/, BM-MNC 12X %
SV RER G T DI RIL Z O ORRIR -, FRIRBIROE N -7 HGF 0377 F 4

NZESTHIEb SN D TREMEDMER STz,
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1. Immunohistochemical evaluation of transplanted BM-MNC (EGFP" cells) in a rat model
of acute spinal cord injury.

(A, B), Survivability of transplanted EGFP" cells. Scale bar = 1000 2 m. (A), Transplanted
EGFP" cells (green) are observed at the epicenter of the injury site, with a high cell density
spread in the cranial and caudal directions over the injury area. (B), The number of cells has
decreased at 7 days post injury (DPI). GFAP (red) is merged to clarify the lesion site in A and B.
Scale bar = 1 mm. (C—F) Activation of caspase-3 in transplanted EGFP" cells. (C), A few
EGFP" cells immunoreact with cleaved-caspase-3 (red; D). Scale bar = 10 um. (E), A merged
image of C and D. An EGFP" cell shows co-localization with cleaved-caspase-3 at 3 DPL
EGFP" cells were selected from the center of the lesion area, as shown in a white square of A.

(F), The rates of cleaved-caspase-3 immunoreactivity in EGFP" cells can be observed at the two

time points.
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2. Production of growth factors by transplanted BM-MNC at 3 DPIL.

(A), The produced growth factors were investigated in the transplanted BM-MNCs located in
the central area, as demarcated by the white square. Scale bar = 500 um. (B), EGFP" cells
immunoreact with HGF (C). Scale bar = 10 pm. (D), A merged image showing co-localization
of EGFP and HGF at 3 DPI. EGFP" cells strongly express HGF, as indicated with white
arrowheads. (E), EGFP" cells immunoreact with MCP-1 (F). (G), A merged image showing
co-localization of EGFP and MCP-1 at 3 DPI The black arrowheads indicate cells expressing
MCP-1. (H), EGFP" cells immunoreact with VEGF (I). (J), A merged image showing
co-localization of EGFP and VEGF at 3 DPI. The white arrow indicates a cell expressing
VEGF. (K), The percentage of EGFP" cells immunopositive for different growth factors at 3
and 7 DPI. HGF is highly expressed at both 3 and 7 DPI. Furthermore, some of the cells also
express MCP-1 and VEGF.
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3. Therapeutic effects of BM-MNC.

(A-D), Histopathological changes in the control and BM-MNC-transplanted groups at 3 and 7
days after spinal cord injury. HE stain. Scale bar = 1 mm. (A, B), The spared tissue area is
obviously larger in the control group than in the BM-MNC-transplanted group at 3 DPL. (C, D),
Expansion of the spared area is obviously suppressed in the BM-MNC-transplanted group at 7
DPI. (E), A high-magnification image of the spared area stained with HE in the control group at
3 DPL Infiltration of macrophages and hemorrhage are observed. Scale bar = 20 um. (F),
Evaluation of scavenged substance by macrophage. Degenerated myelin stained with LFB is
scavenged by infiltrating macrophages in the control group at 3 DPI. Scale bar = 20 um. (G-J),
Evaluation of demyelinated area. (G, H), The CNPase-negative area is obviously larger in the
control group than in the BM-MNC-transplanted group at 3 DPIL (I, J), Expansion of
CNPase-negative area is obviously suppressed in the BM-MNC-transplanted group at 7 DPL
Scale bar = 1 mm. The demyelinated area is shown by the white dotted line. (K), Comparison of
demyelinated area between control and BM-MNC group. The demyelinated area is significantly
smaller in the BM-MNC-transplanted group than in the control group at 3 and 7 DPI (*P <
0.05).
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4. The definition of epicenter and marginal zones in a rat model of acute spinal cord injury.
The epicenter zone (EZ) is defined as the area of injury in the gray matter within 1.0 mm from
the injury epicenter. The marginal zone (MZ) is defined as the gray matter area 1.0-2.0 mm

away from the injury epicenter.
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5. Anti-apoptotic effect of BM-MNC.

(A-H), Immunoreactivity of cleaved-caspase-3 in the Epicenter zone (EZ) and Marginal zone
(MZ) of control and BM-MNC-transplanted groups at 3 and 7 days after spinal cord injury. EZ
(A) and MZ (B) in the control group at 3 DPL Scale bar = 50 ym. EZ (C) and MZ (D) in the
BM-MNC-transplanted group at 3 DPIL. EZ (E) and MZ (F) in the control group at 7 DPL. EZ
(G) and MZ (H) in the BM-MNC-transplanted group at 7 DPI. A high-magnification image of a
cleaved-caspase-3 immunopositive cell marked with a white square is shown in A. The
immunoreacted cells are shown by white arrowheads in A and C. (I), Comparison of cleaved
caspase-positive cells between control and BM-MNC group. Number of cleaved-caspase-3
immunopositive cells is significantly higher in EZ and MZ in the control group than in EZ and
MZ in the BM-MNC-transplanted group at 3 DPI (*P < 0.05). There is no significant difference
at 7 DPL.
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6. Evaluation of hindlimb function with BBB scores in the control and
BM-MNC-transplanted groups at 3 and 7 days after spinal cord injury. The BBB score at 7 DPI
is significantly higher for the BM-MNC-transplanted group than for the control group (*P <
0.05).

38



4 2=

BM-MNC (2 X5 HGF O/87 7 5 A %t U= Mpiiiafeagsh i

39



41 INF

TRHRECIMHRE O AP TIFRIEA b L ACEIEFRIRAEIC K > T, MmN CiEIme%
& (Reactive oxygen species: ROS) OFEANFHEZNS (Xu et al., 2005; Bains and Hall., 2012),
ROS IZX Far RUTIC Lo TEAINDAD, MBI LI ERiIcE a2 b0 %
(Neirinckx et al., 2014), FMHBA b L RIZ K > THIINIZEIMIZ Ca A A 2NiAT 5 &, ROS D
—TETH LDV ERR SV D, BRI RSO 28 0 IR U, @R KOs O @
b Raxs 7 Uk EART % (Bains and Hall,, 2012), ABAVEIZ K EIZETRE L7- ROS I3#HiaIC
i AP LIER % B2 EHRAOIRERZ VB AL L, *7 v — v At A 7HE 5
(Fiersetal., 1999), £72ROS X b= KU THF b7 m—2Ah cRT R b—3 ZABEK 1Dk
AR L, I AAS—BIRAEET R b= 22355325 (Fiers et al, 1999), 2D X 5 2R D,
FRAREGOBREO M TIIA T LT L F=y a v ahhd & Uiz, Bz i bt vl b
T\ % (Bains and Hall., 2012), BM-MNC BAERIEIF RGN I0 N CHRFEZ 0] L
BESEROILRE MR DR DD, LorL, ZOFMRBEHII I STy, Fexld
55 2 RV OB L7 B B H %M. (bone marrow-derived mononuclear cell: BM-MNC) ¢
UWHFRIERESEIK T (hepatocyte growth factor: HGF) FEAEREZ B 5252 L7, HGF i3 RAS-related
C3 botulinus toxin substrate-1 (Rac-1) OVEM:2 2 THIKIA ROS OFEAZ BRI L, HIFSESH
RE BT LTI AR SN TS (Ozaki et al, 2003), Z0OZ &5 5 BM-MNC Bk
HGF ©O/R7 27 F A %4 Lic ROS OEAMIHIC X o THEAIIARENIR A2 b 7o & 3 mTREMEAHE
B3N, TOMRGBUIEESWT, AR TIIMHEHIIET L Th 5 7 v MetaflilaiEtk (PC12) #H
T BM-MNC (Z & DA e Rag 2 SR OB 4 fifhit L7,

77, BB T 2 EERIBRS —F v b & LT, M SOt AR o F A e
BIRDZET bLD, BM-MNC [T R A b 7o 69 2 EREEOMTEZ L VLN S
ITETM, MR AT 2208, RO AR RISt 3~ 2 ZhRITMRHT S AU TR0,
A ETIZ, BM-MNC (38R (RSB RRER OREARE, € U ORI R 2 sl (i

TEERN RS ST % (Coulson-Tomas et al., 2008; Zaverucha-do-Valle et al., 2014), A%
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TiE, BM-MNC OFFEHBE R 285 P AEN S 2 B N3 2 72018, BRIARH SN R B i

el 2 FV A T HRAIRE S L COS M RIEERIR 2 b 7o 69700 8 9 I fifif LT,
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42 MPELE TG

4-2-1 PC12 a8 & AifuLEL

PC12 HFARIE RIKEN cell bank X WA L7z, PC12 #lifii% 10cm dish (C#EFE L, Dalbeco’ s
modified eagle medium (DMEM; Sigma) |2 10% horse serum (Gibco) .5% fetal bovine serum (Sigma)
FBEO 1% antibiotics—antimycotics (Gibco) ZEINL7-EMIT, 5% C02 |, 37CONNEEREE F T
TiaE L7z, MRS EEAS 80-90%IZ1E L7 Z & s L. 0.05w/v% kU 72 2~0.53mmol/1 EDTA « 4Na
TR (Wako) THEREA I, 5X 10%cells/cm® ORI G L7z,  PCI2 MIAILT R h— 255
SR DMEM (Sigma) (2 1% horse serum (Gibco). 0.5% fetal bovine serum (Sigma), F5LTN 1%
antibiotics—antimycotics (Gibco) ZHINL7ARIMIERTHINC & - T 24 W58 L7z, PC12 Ml
6 & D\ ML 96wel 71— MMHETE L 7=, Ml A 24 FERTESEE L7-#% . BM-MNC 5538 [iE (1 X 10°cells,
5X10°cells, 1X10%ells /ml) &DWNIR AR X HGF (HADIETEE, #IRE 100ng/ml 55
VN 500ng/ml) ZRAINL 72, HGF/c-Met signaling BHFED 7212 BM-MNC 5548 FJ5IZ c-Met BHEH
SU11274 (Wako) Z &R 1 u M TN L7, MlasE 3 k=L b (Wako) Z &R 5004 M C
RUPET 2% 2 & TRRE Lo, Mk =L MIRRSRIRRE 2358 U IR O pEAE B 2 M S, Bel-2
FBLOBelxl ORBLZIIHITHZ L TTHR M=V ABLORY 0 — Y AZFHET 5, MR

{70 R OAFRZR U CHEEE LT, Btise IR b =L MR D 21T o 72,

4-2-2 AT v N HORACRIME B el oo 38 & BM-MNC & OHtRqH%

FRART > N SN R AR X Brewer & Torricelli DA 2N D, ZD DM E
Z Nz CHf L7z (Brewer and Torricelli., 2007), fhD3EER (26S-7; 26S-8) TLHFE LT ffilk 7
> I (SD, K, 10 JHlm) OKRMEEZWE T TR L, A ZAHZ AW TR Z 72 RITBRE LT,
£& 1mm LPURISHAKT U7z, M7 U 7/ SRR S0 iR [6ml HibernateA-Ca (Gibeo), 0.2% Papain
(Worthington), 0.5m MGlutamax (Gibco)l % Fi\ YT 30°CC 30 /AR L, FEEER L7=, Sl

ZHSEOTHL Lizv ) a iRy hE2HWTC, E LA 45 BT 10 LARL, &5
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(253 LTz, 9 1 Sy RIRERR AR 2 i L. 6 & (81X L 7=, Optiprep (1.320g/ml) % HibernateA
(Gibco) / B27 (Invitrogen) T4 BFEOREICAINL, ZNHZEHET 5 2 & CHEARZ/ER LT,
PSR AP CRilfiR U 7R 7 -~ D RIMEE 2 Rk L 7= FLEEIRIC EE L 800g, 22°CC 15 43l L7z,
B, B EIZDIVIZED 5 5 Ml A 5 A TWDiE FEND 2 B X033 HOE AL
LTz, BEARGRAZBRET 5729012, HibernateA/B27 23, 200g T 2 4yt Uiz, TR
NeurobasalA / B27 TH#f# L. Poly-D-Lysin T=— h L7=#/3—2 Y v~ (Mastunami) (2 2
X 104 cells/em2 DOHIFEE THERE L 7=, H/3—2 U v 71T 12well 7 L— P CREE L, 40HfE 24 B
W%, HEEEO7-9124% well ~cell culture insert (Corning)Z#fiAL7=, Z DA P — ~IFEL
well HHUCBIFEDOMIN Z WA AR 72 U CHE538+ 5 2 L 2 ATEICT 5, A ¥ — h iz
BM-MNC (1X105, 1X108) &%\ NI HGF (¥ 100, 500nM) Z¥RMNL., 72 Kzl c 28k h

JRfR 2R LTz,

4-2-3 BM-MNC D55 & i548 EIEO/ERK

BM-MNC |3t 5EER (26S-7; 26S-8) TLHFH L7127 v MHE#S L7z, BM-MNC (HKiiig
Btz T 1X10°%el 1s, 5X10°%cells, DU MNE 1X 10%ells /ml OFFSEEEIZAF L, 3emdish
Z T 24 ISR U7e, SPRRIMIIN 2 5 £ I Lic, Basth., HIEZEILALA0. 2 um D

AT VT VS —T3E LT BURINC B3 BIE&1R70, H5#& Bifl3-80°C Tullistrir L7z,

4-2-4 MR EATFREOfEHT

PC12 Hifi AR EEHIZ 5X 10%cells/cm® DABIEREE CREE L. 96 well 7'L— kT 24 IffHikTE
L7z, Mz 4-2-1 TRl L7z J7E TR L 721%., 4% well IZ cell counting kit-8 (Dojin) % 10 419D
WMLz, A »FaX—2—NT2RHROKES /%, v /e 7 L— ) —%— T450 nm

DO 2] IE LTz,

4-2-5 TR b= A0
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PC12 MR I 5 HLT 5 X 10 el 1s/en” DMK TRAE L, 6 well 7" L— kT 24 TR L
7o AlfEZ 4-2-1 TRoBR L7 HETHER L7212, 0.05w~v% kY 72 2-0.53mmol / 1 EDTA - 4Na &
i (Wako)Z FA\V TRl A i L 7=, #fu% PBS 3L\ Binding buffer CTYEF#%. Human-Annexin
V-FITC % Sul WINLUERT 10 54 v F 23—k L7z, Annexin V FEfifEix FACS (BD

FACSCaliber; BD Bioscience) % F\CHH L7z,

426 VTARZLTUYT AT

PC12 M KM IFEE T 5X 10%cells/om® ORFZIREE CHRE L, 6 well 7' L— kT 24 BT L
770 M 2 4-2-1 TRl L7z 515 CRUER U 7=1%, PBS T2 R L7=,  #lfRi X protease inhibitor cocktail
(Cell signaling) % FHV N T L 12000g C 10 43z 0 L7c, 0%, FiEZ[FIU L DC protein assay kit
(Bio-Rad) ZHW\WTH RV EREZWE LTz, #2737 BEMIRIZ 150mM Dithiothreitol, 6%
sodium dodecyl sulphate, 187.5mM Tris-HCL pH 6.8, 30% Glycerol, 33 JTF 0.03% Bromophenol blue %
WINL,95°CC 5 i Ui, JuB L7= % N7 'E 13 10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) CT&E4WKE) L. polyvinylidene difluoride (PVDF) & (Atto) (Z#E: 7=,
Z R B HEES UTe PVDF B3R RS Z MR DTl 7 v v F 2 7543E (Ez Block Chemi;
Atto) % 45 73fEEEIRCTA > % 23— b L7z, Tris buffered saline-tween 20 (TBST) C 2 [AI¥Eif#%, —
THiEE LT~ AE ) 7 a0 —FUHUA [c-Met (1:500; Santa crus). GAPDH (1:1000, Abcam)] &%\
TR Y 7 v —FUFUK [phospho-Met (1:50; IBL), HGF (1:50; IBL), Bcl-2 (1:500; Abcam), Bcl-x1
(1:500; Cell signaling), Bax (1:1000; Abcam) % 4°CC 18 Kffti]f > F =~— K L7z, TBST M\ T
PVDF [ii% 3 [FPEE%. —R$PTIAR L L C Horseradish peroxidase (HRP) 1Y XHI~ T A H D\ T
B ¥ 1gG (1:5000) % =R C 30 /i~ SH7-, TBST CPVDF &% 3 [APE4#%. ECL prime western
blotting detection reagent (GE) % H T HRP A F8fh S H7-, FE SH7- PVDF &3 LAS 500 (GE) %
FAWTHRSE Uz, 73 RREFREE X Image] software 1.48v % W THEAT L p-Met © U VR L~UL

1% p-Met /Met TEH L7,
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4-2-7 Reactive oxygen species A B DT

PC12 M LM IE I 5X 10%cells/cm’ ORI CRRE L. 96 well 7 L— kT 24 BT
L7z, i 4-2-1 TRtk L7=J7157C 90 0Bl L7=t%, 4 well & wash buffer C 1 [F¥E4 L7z,
% well [ZHIREE 25 1 M IZF%E L 7= Dichlorodihydrofluorescein diacetate (DCFDA) Z¥siNL, 37°CT
45 53fA ¥ 22—k L7z, 4 well % wash buffer T 1 [IEF L7k, v~ 7 a7 L—h)—X—

Z AN T Ex485nm / Em535nm 0DH% YEHREE 2 7HE L=,

4-2-8 SRl b

A=A 7 ETHAHE LTz PC12 fliflads L OUKIME B AR AR I8 LB 21T > 7%, PBS
T2 BB E Uiz, MIlaIE 4% 37 AV AT AT | RE W TER T 10 /REE Uiz, ML 5%
Y F1fyE (Dako, Glostrup, Denmark) % 30 /3fEUEE U CIRF RN E T 1 v X0 7 Liztk, —IK
Pik L LT YFRY 7 n—F/LHUA microtube associated protein-2 (MAP-2; 1 : 200; Abcam)
% 4CTWiA »Fa— L7, PBS T3 M4 L7ctk, —IKHUE Alexa Fluor 488 15k 41
79 ¥ IgG (1:500; Molecular Probes) %=£iRC 30 70ffA ¥ aX— K Liz, B3—R Y v 7%
DAPI-Fluoromount-G (SouthernBiotech) THEfA L, B4 taa Lz, [afE= s he—d—Rkbuko
4>V IZ rabbit Ig fraction negative control (Dako) %A L% =~— k L7z, KIMEE RGO

ZEiEf R Rl Image] software 1.48v % IV NTHEAT L 7=,

4-2-9 fiEt

ERHEE 2 BERIOHHROYGA . /7T I ONEBIEDORRED ., Student ¢ test b5\
Mann-Whiteney U test 5% 32t L7z, 3 BELLEOEEOLATE, —JtldE o HTis L ONERME
DOffEH. Turky-Kramer 1£& %5\ 3 Steel-Dwass {£4 920 L7z, PAE 130.05 LLT4H->T I
BAEbY ] L L, 2TOHET —#1X SPSS version 16.0 IBM) % A\ Tfi#HT L means =+

standard errors of the mean (SEMs) TR L 7=,
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4-3 FEH

4-3-1 BM-MNC ¢ PC12 HifialZ 532 Mfa Rt sh st

PC12 A A3 b=y MEESRFMEZIR T Lz (K 1A), k=90 MEE 0uM (2
B DHAFRE 100 &5 &, 100 M, 200uM, 300 M, 400 M |, BLU500uM I
B DML ZNEN 111.42.8%, 100.1£3.9%, 72.6=1.6%., 47.450.6%, :3L130.5
+0.4% CTd Y 300, 400, 33LV500 u M CTRALE 3 L CHEICIK T Lz (Zheh p=0.001, p
=0.00005, 35X p=0.00001), LARED IR 1T =70 MEREE 500 1 M 2 L 72, BM-MNC
B2 BIEDS PC12 MIIROMETE M Z G- 2 D828 2 i~ S 7-0i2, PC12 Mild it = L h DAL
72 LT BM-MNC 5538 FIEE% Uiz, AU 24 BRE OIRIEOAFER1T 197.3+4.8% Th - 7=
DIZKE L, BM-MNC £548 FIEER A N2 7255613 204.5655.7% CTh 0 | AEZETZERD HiLeho
7= (2 1B), BM-MNC OZE e 2 [/7E9 % 7212 BM-MNC OfIla#E% 0, 1X10°%cells, 5X
105cells, 51X 106cells / ml [ZR%E UAIIAARGERD R 2 ik U7, #5R, ZNEnoBlic L5
HRAEATERIAERBAS 12 BFEIT. Tl 79.6 2.7, 74.8£2.7, 84.511.9, 33X 1N 93+4.2%, 18 5
%1 41.1+2.2, 35.5+2.2, 44.4+2.1, BELV 55.6-2.7%, 24 K% Tl 28.5+1.7, 25.7+1.8,
34.712.3, BELW47.916.7% Th-7= (X 1C), 2 TOMHTIEH (12,183 LT 24h) 1T T 1
X 106cells / ml D}5# B COLA BB EFRD FAPMBIZE ST (12h; p=0.024, 18h;
p=0.003, 35X 24h; p=0.024), LAEOIERITHADELEE 1X 106cells / ml OE5FE g4 HV Nz,
xES L UOVBM-MNC #5728 FIFAERIC L D AR R d c-Met BHEAI SU11274 DIREE O M T
ITZNEN 22.3+3.9%F L T055.617.5%, 0.1 uM TlE34.6+1.5%F5 K10 47.678.4%, 1p M T
1T 22.6+£3.9%F LT 31.9+7.2%, 10uM TiE 34F1.8%FB LN 4.3+22% Th-7= (X 1D),
BM-MNC 5528 BiE OMIRENFIIPLERNRE 1 MB L0 M THEIE T L (FhvEh
p=0.033 KT p=10.00004), SU11274 DY 10 u M TIIRIROAELFRIC & 58 % KIT L1280,

DI D FEERIT SU11274 OFERE 1 0 M TERi LT~
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4-3-2 BM-MNC |2 & % PC12 #Hfaod c-Met @ U (L
BM-MNC 3548 IiE1EROEE © HGF 238l T2 Z & ZfEd Lz (K 2A), st IO
BM-MNC 55#& FIERWPRIZ LD cMet U UL L~ UERBRBRIARHZ W TERER 0.5250.15
BLU0.51+0.13 ThH-oTo, MWPEBRLG 15 /3132 4E4 0.4810.14 KT 0.75+0.06, ALFEGH
£ 30 321X TN 0.8620.86 33 LUV 1.11+0.06, JLEEBRLA 90 /3141324 0.860.36 33 &
O1.124+0.23 THY . Bh 15 5305 90 7041205 T BM-MNC K53 EiEENC X > T c-Met @
U UL L~ VLR ER LT, 7Bk 90 43712 BM-MNC 5238 Biglc SU11274 % 1 M N
2LV UEL~ 1T 0661012 TR F L7z (2B, C), b OfiEdT#ER S BM-MNC
W HGF %377 74 LTS AR RIB S 728, HGF BRI L BM-MNC #54% -
T O R4 el U=, %, BM-MNC 552 %, HGF100ng/ml, 35 X0 HGF500ng/ml
ORIFEFRIZTZN LR 39.7E1.7%, 56.3+4.2%, 39.4+2.3%, BLI 46.8+2.3%Th b,
BM-MNC £57% i3 L O'HGF500ng/ml OAFRZ &> THEICHIIA TR FH325 2 L A3
Eniz (BN p=0.0009, p=0.016; [XI2D), HGF 100ng/ml Tl & /2 Ml R IS5

NipinoT=1=, VIO FER T HGF #EE 500ng/ml THEfE L7-,

4-3-3 BM-MNC (2 & % PC12 Ml 32507 A h—3 A%h R

PC12 #li Annexin V BHERIZHIBEETIE 68.5+3.5% T 727, BM-MNC 55#% by e
TIX42.13.0% L AEITE T Lz (p = 0.042; [X3A, B), BM-MNC 553 iz SU11274 &
Ni3% & Annexin V B3R 72.9+5.9% & BM-MNC 5538 EiE RO & il Uiy
L7= (p=0.002), xRz SU11274 ZRINL7=& 25, Annexin V iR 84.8+4.8% & xR K
Db ER LTAEBEAEIT o7, PC12 fIEIZRT 5 Annexin V (5PESEIE HGF BYADERZ X
STH 43219.8% L HEICILT L7z (p = 0.0004), ERERIZ2Z b 72 Bi%d D WV Dl
Pt Ui A R LU AR b= ARERHI L2 L 25, TR b— Y AR AR Ml
EIA IR CIE 67.920.7% T - 727, BM-MNC 5738 FEUELCIE 34.0+9.5% & (K Mm%

~L7= (X 3C, D), BM-MNC 52 FiEIZ L 2205803 SU11274 77/E FC 58.1+7.2% & A=K
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T U7z, %HRIC SUL11274 ZHIN U722, TR b —3 AEREA R TEIGIL 62.7£1.0% TH D . 1k
T Uk b h o 7=, PC12 #lialc381T 5 Annexin V Gii4ER1T HGF BEAROAWRIZ - T

t 42.815.5% &K FHEM 2R LT,

4-3-4 BM-MNC (T X % PC12 #ifaiZx4" % Reactive oxygen species FEAANHIZNE LOT R b
— 3 AR LT R~ D R

PC12 M 331F 2 ROS FEAAHX BT Tl 8.6 £0.4% CTdh - 7273, BM-MNC £i4% RiFiL
BT 23+03% L AEICIK T L (p = 0.048 X 4A), BM-MNC 5% FiFIZ & 231X
SUL1274 f#/E F T 3.0£0.3% & AEICIE T L7z (p=0.042), %HRIC SU11274 ZIRINLIZ & 25,
ROS FEAFIRT T 3.550.4% & 2372 o 72, PC12 MlZH1F 5 ROS FEAEAHIEI% HGF H
RO L > T 2.24202% E AEITIE F L (p=0.023), Bel-2, Belxl, 3 X0 Bax OFH%f
FEBEARNT LT & Z AR CIEE2h 1.0£0.1, 0.9£0.2, 8LV 1.0£0.1 THoTz, —H.
BM-MNC K538 Fi§OQUELTIEZ 21 1.3£0.9, 1.520.7,5 X100 1.2+0.2, HGF O TIE 1.2
+0.2,0.7+0.1,8 L0 1.2+0.5 TH Y | xR L Y Bel-2 ORI DTN L7 L3 GBE3S

bheho7-(X 4B, O,

4-3-5 BM-MNC (T L ARS8t (et sh 5t

SSBIELTRAR T b BRI R ARl MAP-2 (TR 2R LT, A5 BIEAL IHmIa) & 0
ZERMRIIA DNIRD o T2hy, 3 BIARITIE—HED MAP-2 [GHrRsfife  dou TR D 22l {7
RSz (B15A), Kr#E 3 HIZIZIUW T, KIMECE ARSI ORISRl oo I 245U ) T 15.9
+1.9um 725727 BM-MNC M/ 1X 106 cells/ml & D355 TIE 28.8£5.3um EAEICE
<HEL7 (p=0.007; X 5B), BM-MNC #fifia#EE 1 X 105 cells/m] TIHfH/ER 14.6+3.2um &,
KHHREE X U TR B2 2205 Db o 7o HGF BT 1T AR 28 R % 100ng/ml T 26.2
+5.1um, 500ng/ml TiE 19.4+2.1 um &FHTOMBIEESREMESR SNV AEZEIS LR

Moo, KIMBCE ARSI Z 31T 2 R 28k 2 i3 2 @ OB & 13 FRERC BV T 21.4+5.83%
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725 7= 73 BM-MNC HIfREEE 1 X 106 cells/ml & D538 Tl 34.4+5.4% & HEAME RIS 2, S 7= 08
HEEAIGELNR)->72(X 5C), BM-MNC AR 1< 105 cells/m] TixfifE=R 24.5+3.7% TH
0. MEEIZFF L ThH o7, HGF B FIT HE=T 100ng/ml T 26.4%5.3%, 500ng/ml

TlX21.6+4.3%TH O R E OFEEITIE LN -7,
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4-4 BE

BM-MNC D858 BigIZrRsHin-t 7 /0 PC12 Ml REL T2 HGF OZFK, cMet % U U1
fEL. ROS FEAREZBD»IEHZ EBNHLNERST, 2O DIRIT c-Met [HFEANFE Tk
W S, [RIFHCRIISEITHIZNE HIK T Lz, AFEORER. D BM-MNC (Z & 20l
ROV &b —E8E HGF /35 7 54 12X »> T HGF/e-Met signaling Z7&M(E L, ROS
FEABA KT ESEDLZETHELINTNA I ERH LN a7, RETHEM LI-HEARET
PC12 MO EAFREIC BN RV BIETH Y . PC12 fiC LD HGF OA— L7 74 » DOF 2T
o THLIKOTNThDLEEZ LN, B R&EZ LIZ, HGF ZDZ < < OMERT-, #ilx
IXFGF.PDGF,EGF. 5 X WNGF-113ROS OFEAZFHET 5 Z L35 ST % (Sundaresan
et al., 1995; Bae et al., 1997; Meng et al., 2008), BM-MNC % 2 & ORfER 12 EAET 5 & it
SNTWH2 (Leblond et al., 2009), AMFORERA G, HGF D/3F7 7 T A %4 L TRERIT
IXROS FEARZIR T S5 Z LNFRETH D & B 2 Bz, Fh s CIIEEE%IZIZ ROS DFE
AERFHE SN 2,3 HUNIZIGRT 5, L7z23 > T BM-MNC Bkl 3854 2 B ANICBET 5
ZETROBENEIR SIS LB X DT,

HGF I3 PISK-Akt pathway %1 L C Rac-1 OIEM(LA#IHI L, ROS FEAREA X 5 Z &1
Z. Bel'2 BX O Belxl OFBEFHFE LT R b—2 2&244 5 Z LB TS (Ozaki et al.,
2003; Funakoshi et al., 2011), ARETCIET A h— 2B 37 OFHEIE BM-MNC £
FiE®H 5 NT HGF O Z 1T T HEAbN B BV > T, FEIZRZIRITIARTH 575, ROS D
PEAIIRNC Lo TT AR M=V AR &N 2 & T, Bel2 77 U —DORBAZFHET D507 78 K
— VAT FNASDATIME T LTDDh LILRu,

BM-MNC i3 1 X 106 cells / m] AJiOMIBREREE Cl3A Bl iz 7 b Shenolz, 2
FUE TBM-MNC DS lafGERh Rz & 7o 3729012 EORREE OIS M3 T ST 27
IO TZ7S AREEDRATIC I > TGRS\ A L 2 295 2 L S & 7> 72, BM-MNC O
FRARISI T DR RIEMITE, 7 B P, 5 4 IE. B L ORG-S ®E S C& iz

73 (Inoue et al., 2003; Yoshihara et al., 2007; Tamura et al., 2015). &MEEIC BT 5 N ER R
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s =0y b ETL5EIR BEHNA~OMIIAE IR OBLE O EFREFETE H D WITERE 7 EE T
JE~DEENEE L EE 2 BT,

BM-MNC [ 3UARD RIRE a0 SR 2 et S ¥ 5 Z L3 b L 7> 7228 HGF O
PR CIXFRR DI HER T & 72 o 7o, HGF 13T ARA OMSAR-OAFE AR 2ok L CllizR D
HRAEHET S Z LA STV 5728 (Maina et al., 1998; David et al., 2008; Tonges et al.,
2011), FARO AR 5 U CIERNEE A © 7222 ATREMED R S vfz, BM-MNC (it
FRICIBWTNGE D/RT 7 T4 U LTSRS 2 7267 Z L AHE STV
(Zaverucha-do Valle et al., 2011; Sarkar et al., 2013) FARIFREHIIEIZ S L C b [FEKC NGF 20

INT T T A AL o TR IMRIEEN R Z 725 LT D alieti i S,

51



4-5 /NME

BM-MNC O @MEBFHEREG T DEMEF 20 529 2729512, in vitro (28T
BM-MNC O#FAII RN R OB 2 bt L 7=, M2 T, BM-MNC 23R SRR oo
L TR BRIREN R 2 S 72 D370 E ) DA L7z, #ik. BM-MNC (X HGF O35 27 J A~
LT ROS FEAEZMIHIL, MBRENRE 7o b T 2 LB E o7z, F72, BM-MNC
VAN B AR 0 U COSEEMBRERN IR 2 b 7o O Z LRGN E o7, 2D ED
5. BM-MNC #HhhgikiL ROS OpEESERE 72 HmE OFRERE 5 2N W TR
ANTHDEZR BT, EToARTHAREAI 3 2 28R RIEES R 2T & EBIT
B SR R S B S fRBRE R DPFEARED I SV TN D Z & BIBMHIOIRIRIZ L A2 Th 5 AlEE

PEDRI ST,
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Control

; ' [ ] BM-MNCCM 3™
" o=
* —
I | al —|
)

100 200 300 400 500 0 6 15 24 (hr)

viability (%96)

Cell viability (

Ce

120
100
80
60
40
20
0

oCl, (UM

~ — Control . "
C o SR BMAMNC CM (1x10%m) D i
10( + BM-MNC CM (5%10%ml) 100 ¢ * % xx

BM-MNC CM (10x10%/ml) :_';

ontrol )

80

60

40

20

Cells viability (% of ¢

1 Influence of CoCI2, BM-MNC conditioned media (CM), and SU11274 on PC12 cells.

(A), Influence of CoCI2 treatment for 24 h on PC12 cells. Cell viability is significantly
decreased in final concentration of CoCl, exceeds 300uM compared with negative control. (B),
Influence of BM-MNC CM to proliferation activity of PC 12 cells. BM-MNC CM does not
affect to proliferation activity of PC12. (C), Influence of BM-MNC CM on survivability of
PC12 cells. Cell viability of PC12 is increased with increasing the number of BM-MNC. Cell
viability of PC12 cells is significantly increased with the treatment of BM-MNC CM
(10x10°/ml). (D), Influence of SU11274 treatment for 24 h on the cell protective effect of
BM-MNC CM. Protective effect of BM-MNC CM is diminished with increasing concentration
of SU11274. Cell viability of PC12 treated with BM-MNC CM is significantly decreased in
final concentration of SU11274 exceeds 1uM. Significant difference between control and
BM-MNC CM is disappeared in the presence of SU11274 at any concentration. *: p < 0.05, *
*: p<0.01 vs. Control.
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A B Control BM-MNC CM (1+10%ml)

HGI . p-c-Met™1#
1
GAPDH NS o c-Met —— | ———— — —
Time (hr) 0 6 12 24 GAPDH . ——— - — —
T'ime (min) 0 15 30 9 0 15 30 90 9
SULI274 (1uM) +
E Conuol 100
C B BM-MNC CM D =
N BM-MNC CM+SU11274 F
":_' | < ; * %
q 260 *
2 -
. 1 ;'_:, h
v £ 40
o 18 ‘S
= 05 i =2 20
[ O
~ o
1]
0 o ( . T
0 15 30 90 (min) Cot l»l_f*.“”)l»l.\ll 2 el | + + +
BM-MNC CM (1=106/ml) + +
SUTI274(1uM) - +

HGF (ng/ml) 100 500
2 Influence of c-Met phosphorylation on cell protective effect of BM-MNC CM.
(A), HGF productivity of BM-MNC. BM-MNC expresses HGF in low serum medium. (B, C),
c-Met phosphorylation by BM-MNC CM. Western blot shows phosphorylation of c-Met kinase
upon addition of BM-MNC CM. The level of phosphorylation increases with assay time and
peaks at 3090 minutes, whereas the level is decreased in presence of SU11274. The level of
c-Met phosphorylation of control is low compared with BM-MN CM treatment. (D), Influence
of HGF treatment for 18 h on cell viability of PC12 cells. Cell viability of PC12 treated with
HGF increases to the same extent of BM-MNC CM. *: p <0.05 versus positive control, **:
p < 0.01 versus positive control, positive control plus SU11274, and BM-MNC CM plus

SU11274.
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Positive control

Negative control Positive control +SU11274 B
100
3 2 80
15 *
' -
= 40
x
BM-MNC CM BM-MNC CM £,
+SU11274 HG < i
0
CoCl,(300uM) £ O R e
BM-MNC CM (1=106/ml) ko
SUTI274(1uM) + +
HGF (500ng/ml) +
N
r g
Annexin V
Positive.control ¢ 100
+SU11474 & -
. 5 80
= T:
3 60 T
T 40 T )
= |
g 20
BM-MN(C CM ‘ & .
+SU11374‘ [ 38
CoCl, (500uM) + + + + +
BM-MNC CM (1x106/ml) T T
SUTI274(1uM) + +
HGF (500ng/ml) +

3 Anti-apoptotic effect of BM-MNC CM and HGF.

(A, B), Flowcytometric analysis of apoptosis 18 h after the treatments. Flowcytemetry shows a
significant decrease of Annexin V-positive cells upon addition of BM-MNC CM or HGF.
Annexin V-positive cells are increased in presence of SU11274. (C, D), Morphological analysis
of apoptosis 18 h after the treatments. The rate of cells fragmented nucleus or cytoplasm is
decreased when treated with BM-MNC CM or HGF. Significant differences are not found. *: p
< 0.05 versus positive control, positive control plus SU11274, and BM-MNC CM plus
SU11274. Scale bar = 50 1 m.
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4 Bel-2 - -

Bel-XL A S S N B
Bax - - -

Garor M S

+ -
+ -

ROS production
= bt (-]
L
+ o+

CoCl12 (300uM) + + CoCl2 (500uM) 2 + + + +
BM-MNCs CM(1=10%ml) + BM-MNC CM (1=10%ml) + -+
SUTI274 (1uM) + + SUTI274 (1uM) "+ =+
HGF (500nM) - HGF (500nM) +
— Bel-2
(: 2.5 D Bel-xl
L TN
2
=
z
5 15
: )
205
0
CoCl12 (500uM) + o B B o
BM-MNC CM (1=10%ml)
SUL1274 (1uM) +
HGF (500nM) T

4 Influence of BM-MNC CM and HGF on ROS production and Bcl-2 family protein
expression in PC 12 cells.

(A), Influence of BM-MNC CM and HGF treatment for 1.5 h on ROS production in PC12 cells.
ROS production is significantly decreased upon addition of BM-MNC CM or HGF. The effect
of BM-MNC CM is diminished in the presence of SU11274. (B, C), Influence of BM-MNC
CM and HGF treatment for 18 h on Bcl-2 family protein expression in PC12 cells. The
expression level of Bel-2 family protein does not changed by any treatments. *: p < 0.05 versus

positive control.

56



A Control BM-MNC (1=107) BM-MNC (1x10%) HGF (100ng /ml) HGF (500ng / ml)

th (um)

grow

Neuriite outg
Neurite bearing cells rate (%)

BM-MNC (*105ml) BM-MNC (*105ml) | 10
HGF (ng/ml) 100 500 HGF (ng/ml) 100 S00

*
)
| 10

5 BM-MNC regulate neurite outgrowth of adult cortical neuron.

(A), Immunohistochemical evaluation of adult cortical neurons co-cultured with BM-MNC or
treated with HGF for 72 h. Part of the neurons extend their cell processes. (B), Morphometric
analysis of neurite outgrowth. BM-MNC, but not HGF promote neurite outgrowth of cortical
neuron. The length of neurite is significantly long when co-cultured with BM-MNC. (C),
Morphometric analysis of neurite bearing cell rate. The rate of neurite bearing neuron is
increased co-cultured with BM-MNC. Significant difference is not found. *: p < 0.05 versus no
treatment and BM-MNC (1x10°/ml). Scale bar = 50 1z m.
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SRR O 2 BM-MNC % X OVHGF OFRIRE K 515
(L DIRREN RO i
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51 /INF

TR, RREAERRIE A 2T 2R S B HRIS OTRIRIE & U TR R TR GHRIED R AU
e ST\, HIIR RS Tl D 7= DI R 2 RS 2 BN H DS, R TR
HCHIUTEDORED e  FRFE CIRIRZ B CTE 5, 2D K 5 RBLED bR R 7 GRREI3F
(R EOIAEZE & o T RBORMEINERA~OICHIR S T D, ZivE TR
FREESxT L C glia-derived neurotrophic factor (GDNF)<° neurotrophin (NT) -3 &\ 7= fifi%
J:3%R7-° FGF, EGF, IGF, 3L VEGF &\ o 7=kt B IEIE A AT 2 R ER 7250 &
. WWEFEDIREZ BT Z LR LNIINTE L (Harvey et al., 2015), ZALHDOERFDOH
WEA IS % LT, ERREFE A3 SN T 5 2 LIFERETH B ANERREORINIE ) 2 7=
BIE, Hx OIRIRIEZ I L, K VIRFEIROEWFELZ BT 52 L b aE Lo TnD, Zi
F CITHIfaE L8 2V NIRRT R L OIRFR R O I TG BT E 723, MluAERE & iR
K GFREDOFITIR S 1 D Z L0372 h o T, MlBAER L O R RO HIZTEhIcRE
TR S Y | W 2 ik 5 2 & CHEYIZRIRRIEDBR AIREIC 2 5 LB X HID, 5 4 EORG
B BB SEEEZER (bone marrow-derived mononuclear cell: BM-MNC) (3 #llia 5+
(hepatocyte growth factor: HGF) D/3X5 7 Z A AZ X > TEEIRE L7269 2 L, £ L THGF
IXBM-MNC & [RIFEEE O R A 7o O T 2 ERHE B 2ol 2D Z L5 HGF
% BM-MNC Ot 0 1595 2 & T, S BRI ETRRNEDME D5 rTRerE SR X
Nz, HGF #&59EIT, osmic pump (2 K DRk 515 L B FEANC XD GTENHRE S
TW% (Kitamura et al., 2007; Kitamura et al., 2011), Osmic pomp (Z & % < H I FE~DOF#HE
B EIE BRI RHAZIR DOBLE DERIRISHA~OHIFE S £ - TV D08, ZOFHETITEMIK
JEREGL DR D o RIS FIZ K DHHRTEI B AR ROB R TR G- RHIIR e EORENET 5,
ZOFNORERE L LT, MO RIR T4 5HRE IR PR GIESHE SN TE 22, HGF
Ze KA G925 & T~ O L OMLEIHBEMF TO 7 v 7 & 2 & THHARREA~DOHEER)
FEDRIFFIMER< 725 (Panet al., 2006), & Z TARE CTIIEN=RMIC HGF ZHETHICIHGT 5720

(CHRESRE B GIE 2T L. £ O %2 BM-MNC BElE & Ei L7222y BT L7z,
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52 BPREE ik

5-2-1 fERE & FERT A v

BEEE 72 M Sprague-Dawley (SD) 7 » k (360-400g, 10 i##n, Tokyo Laboratory
Animal Science, Tokyo, Japan) 15 VCICHFRfEMEEG 2 i L7z, HEGEEZICTFHEZIC
BM-MNC & %\ X HGF Z A L, 28 H#%IC 2488 Lz, BAEMIIE 5 lEO”ESD 7 v b
(240-260g, 10 #EfiH, Japan SLC, Shizuoka, Japan) 7 bk Lz, £TD T v IR
26°C, 12:12 KO EY CTHE Lz, AREDOHIIEE A ARBRELME LR FEOEY IR
ZEARICE o TKR STz (Code: 26S-8), T~ TOEBREMIL HAERE A MmEFRKFED

FMEREZBIZ L > THRIESINIZTA R T4 IfE> TR -T2,

5-2-2  BM-MNC D45Ef

BM-MNC (3% 2 %= & [/ UFEE O TOBEL 72,

5-2-3 FFHEEE & BM-MNC B8 X OHGF 0 #5345

FHBREILE 2 BMEF CHEEZAWE, BEOTEES B, BESESMEET L4
ek 9 %7212 NYU impactor O v FOE S %, 12.5mm 725 50.0mm (2 L7,
BM-MNC ORI 2 B LA U FEEZ AW, oA 2 HGF fHGF; H ARSI T
%) 13 600ng/ml IZFHFE L, 101 (B G-I 6bng) & FREEE &G Lz, #5813 HGF &
GFEANETHE ShEEEREZ2EIC L, 2o TiiEL2 5 %% 3 HAlc HGF
BETE2HFICEAL, HGFBEZED TR 2 & THEDRMEON D Z ENH LM
ENTWD, Z0 L &0 HGF $NEILK 8.5ng/AFdt 1g TR 13.4cm (ZHY) TH Y,
ZO®E% invivo IZBIT D AMEE Lz, AL T T 2 FREHEE T 7 VTR EFES K

2cm TH LT OANEITA 1.2ng TH L3 HEIDOHDTZ0 5 fFICHEE L éng 25 L7z,
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G IFEITH 2 EOMIBAE & [ CFiEZ W22 B4 DMEM 7> 6 AR KIZ 28 5

L7,

5-2-4  Magnetic resonance imaging (MRI) I X O" Diffusion tensor imaging (DTI)
FHEBSE D 3, 7, 14, 28 A&, 7 v M~y byrE X —)L (30mglkg, ip) Z VT
JkEE % fiti L. 3 Tesla MRI scanner (Signa; GE) % T T2 s 3 L OV DTI & R L
77o WREEZ i U727 » MIMEMZ T knee coil (Z[EE L7-, T2 58iHH 81X Sagital 8 LN
Axial 8% LI F OS5 THrs L7, [repetition time: 2600ms, echo time: 120ms, thickness:
1.5mm, space: 0, field of view: 8, acquisition matrix: 320X 224, NEX: 10], DTI /% Axial
B &2 LI FOSMTiRE L7z, [b value: 1000s/mm?2, repetition time: 3500ms, echo time:
90ms, thickness: 2.4mm, space: 0, field of view: 10, acquisition matrix: 64 X 64, NEX: 10],
DTI ®»F— % 5% FuncTool (GE) % M\ T fractional anisotropy (FA) map #{Esk L. &
B9 12 E L 7= Region of interest WIZEB T 5 ¥ FAMEEZHEH Lz, 77 A4/~ T v

& 7 i1 FuncTool (GE) # W TER L. FAfEZ AR L7,

5-2-5 Ak & L E AL
MRk ORI X ORIE MR LI 2 BER U FREEZ AW, FTEEZ2 5 2 72%

MLAAETL 0 & L, £ 25 DTI @ slice JE L [F U725 & 912 2.4mm D 53EilZ 1T TRE
filfi U7z, —BUE 1 ZLA FOFURZ W= [ 7 A%F /7 v —F LUK : Neurofilament (1:200;
Wako), Rat endothelial cell antigen-1: RECA-1 (1:200; BIO-RAD); 7% X4V 7 o —JF Lk
[glial fibrillary acidic protein: GFAP (1:500; Dako), Microtube associated protein-2 (MAP-2;
1:200; Abcam)], —RHUAKIZLL N OHUA % V72 [Alexa Fluor 488-conjugated goat anti-mouse
(1:500; Molecular Probes, OR, USA), Alexa Fluor 568-conjugated goat anti-rabbit antibodies

(1:500; Molecular Probes, OR, USA) ], 8]} 1% DAPI-Fluoromount-G (SouthernBiotech, AL, USA)
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TEALE, Btkay ha— WL 2 2= L2 W U HETIER L,

5-2-6 EBENEREER
EEIERE X5 2 3 & [AERIC BBB score % f VTRl L 72, BBB score (3 & #i1R5% 3.7,

14, 21, B L 28 HLITHEN L7,

527 et

SRELLI D T2 012 —Tehd B 0 B W% . Turky-Kramer %3 % M T Steel-Dwass {5 % 5
fi L7z, DTI FAH & S b FOMBEMEZ A NS T H7olz, B 7 Y SRR A
K7z, P 130.05 U FE2b-oTHEEDHY & Lz, £ TOHMET —#1% SPSS version

16.0 IBM) %\ T#E#T L means + standard errors of the mean (SEMs) T-= L7,
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5-3 Rk

5-3-1 T2 MFREEICI T 2 HIEFHORIFZAL

T2 FRFHE G ORI 2 M 1 1R LTz, 815 6 BefEl# oo T2 shaimEf ik, HEH.o
R PHTe X O ICHREMEORREE O @ fE SRS BIE S, 815 3 ARICITFEER S R LT,
15 7 BRIITETORICE W TR SHEEAE /N L7od, BERIC BV THIRR A 2203 722 5>
o7 514 B TR TORIZ RV T s i iE /I L7223 HGF Bk L O'BM-MNC
BECTIT R W BEFICHE/ N LTz, #8115 14 HE2ND 28 HZRIZNT TR, R TOREICIB N T

R 2 2L 358D bR o T2,

5-3-2  DTIZH T 2 BEFHOREIZ(L

DTI ORI A K 2 127 LTz, BEIC L > TEME L fEiIE FA map (280 T
B EBO)ZRELE (K 24), #EE 3 BLOT7 HETIE, 2TOREICB W THERERZ .0
I FAEOK FABIE Sz, HGF BB LUV BM-MNC £ FA T REE L D b EE %
MEFFT 2EMB A O WToOMERICE N THLAEEEFSE N> 72 (X 2B,C),
%14 B TGO LY EM 2.4mm (281F 5 HGF #5 L ' BM-MNC #£® FA i (%
AL 0.313£0.019 3B LT 0.37420.018) 1%, xIHREED FA i (0.237£0.001) XLV &
fEZ R Uiz, FEZExRES X0 BM-MNC BREICB W TR biviz(p = 0.014; X 2D),
F7-. BM 9.6mm 1Z8B1F 5 HGF BfH L O BM-MNC B FA 5 (Z1£4 0.453+0.028
FBEO0.433£0.009) 1%, xHHEEED FA i (0.340+0.028) L W A EICHEZ =~ LTz (%
hZ1p=0.0128L0p = 0.014), 28 H% TITHHEGHL LY ZH 2.4mm (2B 5
HGF #£3 X O BM-MNC #® FA i (224 0.255+0.011 36 K70 0.30310.017)1%, *f
FRHED FAfE (0.205+0.010) LY bAREICEMEEZ R L (ZhEhp = 00128 KU p =

0.006; X 2E), F7-RM 7.2mm (23T %5 HGF #£E L U BM-MNC B FA i (FnFh
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0.388+0.026 35 X 10 0.407£0.011) 1%, X fREED FA {5 (0.306+0.041) X v @fii & 7~ L7273

HEZILZ BM-MNC BB X OSREEEOM O A TRD bz (p=0.015),

5-3-3  SIEAHRRL T X D IR I OB

215 28 RRIZ B W THRIZMMLFANTHRRER ~ — I — e s 2 5 U7z, RG2S, e
#. HGF #£. X0 BM-MNC ##2TOFEICB W THEE L (Omm)iciid 5 MAP2 O
JSHEIZ DT LR b e o 72 (K 8A), LA LIAM 2.4mm O BEREWfEI% T3 HGF
D MAP2 BMEsEiR (1769349+252802 1 m2) 35 L TY BM-MNC D> MAP2 [
(1994314 4343178 u m2) |3 LD G PEGEIL (4610021118496 1 m2) KV & HEIZIAN
o7z (ENnZFh p=00158L0p=0.029)., F7=. BM 4.8mm OFRBHHEHIKIZINT
1% BM-MNC Bt MAP2 B E1 (3869308 == 509638 1 m2) |kt FR B o> B 44 ff 45k
(2668607284188 u m2) L VW L HEIZIA -7z (p=0.014; [X] 3B), Z DI OFHAEN 5
BICBWTHEEIGONRD >0, 1ZET X TOREHEKIZI VT BM-MNC ##5 &
U'HGF B> MAP2 Bt EE g doc FREE L 0 & RS iR STV DM A iz, £ 72,
BM-MNC B e HGF BEOBGMESE K 0 b IR HER S LTV D m2s J BTz,
Neurofilament O SSPEL ¥ 3C (2R L7z, #EH L (Omm) (2351F % Neurofilament [
PESEIR I HGF £ (50817635466 1 m2) 35 L O'BM-MNC £ (581859+51995 1 m2) (25
WO RREE (338047128473 pm?2) LV b A EICIEN-oT2 (ENEN p=0.048 LV p=
0.033; [X] 3D), 815+ LIk TR H D Neurofilament B5 I DO #h 52 X [ AR & e v |
B 5D INCEEFT LTz, BEF L (Omm) LA O T RERERTHEIR CI3A B 2I3R0 6
IR o T2 ANFIET R CORBTEIRIC 3 T BM-MNC #£35 X ' HGF £ ¢ Neurofilament
BRI FREE L 0 b RIS HERF S LW A S AL D iz, £72, BM-MNC B Rtk
FIRIT HGF BEOGMEFIR KL U b & BIZIRIDHERF STV A A A BTz, GFAP DX

JoElE X 8E TR LT, £ < OB iR iEE I3 T BM-MNC ££¥ X O HGF £ GFAP
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B PSR 3o R L 0 b RIS HERF STV DM A A O TR BEIZG bR o Tz,
F72. BM-MNC OBt HGF FEOGPEREI LV & & BIZIRE 2 #ER L TV S 7
BHROLNED, FRRICEBEZEIG O oTz, BETR MBI 2 MEREFMHLZE
5. GFAP B TRENDIBEEHEE TIXETORICE N T I D EOMmMENHA S 5
ETholz, L LIBEHEKE B ERDERICER U CBlgT 5 & M 23 dsE e c 8l
ganz (X 4A), FFEKICBWTIE, £ TORTLE OBENED 5z, BM-MNC
BT RB L O HGF BE L Wi L Tl b B IS BB S he (K 4A), B0 (Omm)
OFMEWIZH T 2 MEHE T BM-MNC BB\ TR bmEELZ R LS, AEEIISGD
n7ainoi (17056 = 23.6 vessels/mm?, 175.3 = 9.6 vessels/mm2, 197.7 = 8.9

vessels/mm?2; =N ZE k., HGF, BM-MNC ZDJH),

5-3-4  1RIBOEBNRE AN

FREC RS BB AE ORI ZE LI 5 1R LTz, #THRRE, HGF B, 3 X ' BM-MNC
FECRITDETOT v MIHEE 24 Fif% O BBB 2278 0 TREMELZ R LT\, #
B3 HE L2 TORED score (TR BT 0 THEZFTR O N0 >72 (0.2 £ 0.2,0.0 =
0.0, 0.1 = 0.1; ZnFhxE, HGF, BM-MNC BEDJE), 847 HZICHBW T, SRR
IZ BBB score 2355742 0 Tho7=DZxf LT, HGF #3 X O BM-MNC i EH L., &
FHMZ RO (0.4 £ 0.2, 09 £ 0.2, 1.4 = 0.4 TNEhAHE, HGF, BM-MNC
BEDIE) AEZITRO LN h-oTz, #HE 14 BRICBOW T, T XTORICEIT 5 BBB
score O FHRDBIEI NN, AEZEIT o7 (24 £ 06,34 £ 08,32 £ 0.8 £
ZhxtiE, HGF, BM-MNC #DJH), HGF 3 X0 BM-MNC #3821 B (3.4 = 1.0,
4.3 £ 0.5, 4.7 = 0.9 ThZNAME, HGF, BM-MNC #OIE&B L1028 A% (4.5 *
1.3, 5.3 £ 0.5, 6.1 + 0.4; T LxE, HGF, BM-MNC #DJE) (23T 6t fRE

LR L TEV BBB score Z# 2 L7, AEETRD N o 7=,
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5-3-5 DTI FA fii &ty ik b7 D+ B

#H15 28 A% DTI FA fH & Sk b oMM A AT L7z, f5%. FA fEIX
Nurofilament F5PEREL & FHBIMEZ R L7 (R = 0.529, p = 0.004E-05), 7=, FA X
MAP2 (R = 0.432, p = 0.002E-03) & GFAP(R = 0.501, p = 0.009E—05) Rk & & FH

Bt~ LT=,
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5-4 BE

ARETIT HGF i ZE H B & 5O F % BM-MNC Bk & g L7z 235 DTI IS
Ko TREFHIICFET L 72 & 2 A, HGF #5-#£3% L O BM-MNC BHfL, #5528 IO
4BBIIERT > Y VB O FAER R LY b ABICEEEZ R T Z RO E R o7z,
F 7o, SEMBME AT OFE R, HGF 5B OMRMIaG, R L 07 2 ha¥ 4 k
P PEREII I R L W S A EICIANWZ E B 5L 22 o728 BM-MNC BAlfR L & g
D EEDMBIIREHN Th o7, FEMZRMERMT LM L TR0 BB E %I BRI
5L 7= HGF 2 G CRIMABIE M2 KT+ 2 L 1E3B 212 W, (8o THESMEIZ#E
5. U7 HGF »SflifasE7n & ORI 2 9] U 72 /s B 2 ICER S D RIEF O R MR
(CHREET 2 ZRIBEREIE Sz b o s STz, HGF HE 5 0 %) F1% BM-MNC &
g2 LW EBRB B E ool ZOHM L LT, BM-MNC I HGF LSt o %%
DR T 255w T 5 2 & TRERTOERPAHMENICHE SN TV D AR E 2 by
7co £72 HGF IZ X % e-Met ¥ 7 F )V DIEVEALITHEIE G- TIEA -+ T BEDIREZ 726
F I OIWITELEE D 2 VIR IR GO MLER D H & E 2 b,

HGF (3 < bl E B AR & UCERE S 4v, M4 NG &F U CHigE, iFdE, B X
OEBER R AT 2 2 B RE SN T 572 (Bussolino et al., 1992), HGF i 5284 H
[l G- IR & BT AR EN RITRO b o 7o, FEHEEGEMEY I EHmEr 507
FALR D AR 2 PR T D MU NBREE S TE AL S 4L, MR EPEFFE S < <72 D (McDonough
and Martines-Cerderio, 2012), #%1¥. Notchl T &% 1 EE CRMICHEHEN LS L,
MAEFAL L OMREAEZAEST 2 Z 86T % (Liu et al., 2006; McDonough
and Martines-Cerderio, 2012), FF#iEE BRI 5 151%, ABIEMED B 5% —REI9IZ L fE
AL, ZREEI Ay — RORFE2 BN ET 2553 THL, WEHEE

@ OMBEFEOH I FHMAGEMEICBS W TIRETH L LEX 6T,
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ARF IR R OMHTIZ DTL 2 iz, ZNETHL Or0BEICEBNTT v b
BEHEEE 7 L DI R ORI DT AR 4T & 7223, XTI Ttesla 2L B MR %
W fi#r Td D 3 tesla MR Z HIW /2 IR R ORI AN FE 381 60 TOHE T 5
(Zhang et al., 2009; Kelly et al., 2014), 7 tesla ® MRI |3 3 tesla |2 b~ THI 2.3 (2 D1E 5
MEHEZFED, RRGBEORENFIREZENH AR TIX I BN T LIBEE L TR
VW, ABFZETIL 3 tesla MR % W THR S L7- DTI O A fPE 2 57024 5 72912, DTI
O FA i & ik b7 & OFBINME & i L7z, #5 %, FA fii% Neurofilament, MAP2, ¥
L O GFAP WtEfesk & FHBIMEZ "3 2 L3 B2k 7e o572, TTesla MR IZ K - TH37= FA
il CITHE G O W RO FEIER b 58~ — & —neurofilament & FHB 259 2 & VG &
NTCTW5 2 (Kozlowski et al., 2008), 3Tesla MR % T 57 FA fE T MEFAOE

LR LIZRHli A FIRECTH 5 L B A b,
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5-5 /M

HGF i E A& 5E O BB HEE IS 2B R R EZW LT 572012, 7
v NEMBET T VICKT 2 1REZEE BM-MNC BREFRIEIC X 205 & ek U 7e 23 B fig
Bri7z, M. HGF il 928 B a5 TR o i 36 KONk A2 Pk 2 mifil 42 2 &
W B L Te o727 BM-MNC BAERE & i d 5 & 2 ORITRERNTH 2 Z L35
melpoile, WWRAIREZ b OT0IZiE, ERTFHERBIOME TIEIAR 0 THY . Fifk

7N LB TH D LB X BT,
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Control HGE BM-MNCs

1. T2 weighted images of injured spinal cord received saline (control), HGF, or
BM-MNC.

Focal area of spinal cord shows low-intensity at 6 hours after injury. High-intensity
signal expands around focal area at 3 days post injury (DPI) and thereafter diminishes at
7 DPI. An apparent difference is not found between groups. The area of high-intensity
signal continuously diminishes from 7 to 14 DPI. However, the diminished
high-intensity area seems smaller in HGF and BM-MNC group than control. The
high-intensity area nearly unchanged from 14 to 28 DPI in all groups. Yellow arrows

indicate injured site.
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2. FA value of injured spinal cord received saline (control), HGF, or BM-MNC.

(A), Images of FA mapping of injured spinal cord at 28 DPI. (B), FA value of ROI at 3
DPI. A decrease of FA value is observed mainly around injured site. Significant
difference is not observed between the groups. (C), FA value of ROI at 7 DPL.The area
decreased FA value is widely spread in all the groups. (D), FA value of ROI at 14 DPI.
A further decrease of FA value is observed. However, FA values at the segment of
posterior 2.4 and 9.6mm from injured site are significantly large in HGF and BM-MNC
groups than control. (E), FA value of ROI at 28 DPI. FA value is continuously
decreased in all the groups. However, FA values at the segment of posterior 2.4, 7.2,
and 9.6mm from injured site are significantly large in HGF and BM-MNC groups than

control. *: p <0.05 versus control.
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3. Histopathological changes in the control, HGF, and BM-MNC groups at
28 DPL.
(A, B) Immunoreactivity of MAP2 in spinal cord cross-section. MAP2

BM-MNC

96 (mm)
e—

immunoreacted area is significantly large in HGF and BM-MNC groups than
control at anterior 2.4mm and posterior 4.8mm from injured epicenter. (C, D)
Immunoreactivity of Neurofilament in spinal cord cross-section.
Neurofilament immunoreacted area is significantly large in HGF and
BM-MNC groups than control at injured epicenter. (E, F) Immunoreactivity
of GFAP in spinal cord cross-section. GFAP immunoreacted area is larger in
HGF and BM-MNC groups than control at injured epicenter, posterior
2.4mm from injured epicenter, and posterior 4.8mm from injured epicenter.
Significant dofferences are not found. *: p < 0.05 versus control. Scale bar = 2000

um
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4. Histopathological changes in the control, HGF, and BM-MNC groups at 28 DPI.
(A), Immunohistochemical detection of blood vessels. Blood vessels imunoreacted
with RECA-1 are frequently observed at the area surrounding spared tissue identified as
GFAP-negative. (B), Comparison of vessel density at the injured epicenter. The vessel
density in BM-MNC group is higher than others. However significant difference is not
found. GFAP: Scale bar = 500 u m, RECA-1: Scale bar = 500 u m. White dotted lines

indicate a contour of cavity.
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5. Evaluation of hindlimb function with BBB scores in the control, HGF, and
BM-MNC group. The BBB scores of HGF and BM-MNC are gradually increased after
3 DPI. The BBB score at 7 DPI is higher for the HGF and BM-MNC group than for the
control group. The BBB score of control group is gradually increased after 7 DPI. The
BBB score at 28 DPI is higher for the HGF and BM-MNC group than for the control

group. However significant differences are not found.
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6. Correlation between FA value and immunoreactivity of neuronal markers in the
injured spinal cord at 28 DPI. (A), Correlation between FA value and immunoreactivity
of Neurofilament.
Neurofilament. (B), Correlation between FA value and immunoreactivity of MAP2. FA
value significantly correlate with immunoreactivity of MAP2. (C), Correlation between

FA value and immunoreactivity of GFAP. FA value significantly correlate with
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FREEZ ICERERIENSE LN D00 E 5 L QOL 2T 2 7-OICHEERHETH D,
A XX aOEE, ARG 2 WIIABRHIERICE > THRERIENSE LN Z ENZ VI E
FEFI TIXEIEZ G ONT QOL DR T2 & 72§, FMBEO TRALLA T L HELRERD—
DITERNMARINEZ T OND, ZHUFZ OBTEOF—5 v FTh 5 _kBEIHEER
BHICHETT 5720 Th D, FHiM KHEZE (bone marrow-derived mononuclear cell:
BM-MNC) (3F G SMEHNCR T ATREZRME— O BAEMIIL Y — A TH Y | FLT7 AR F—v R
RBIOMEFH LN RZ -6 2 LlE STV 5, BM-MNC DR 5% BMSC
ERERICERTFDONRT 7 T4 2o THebINDEBEXLNTWDIN, TOREMR
BFIEA5DL ZATFITHH I TRV, MEABHERIEIIZONRIEANEEZV D
El, ERFEZH LT 52 TH =5y FRBRIZR Y . BEH O 6202 5
eI END, ELFEBEREMETFLRRAMICRD Z L TS LITHRIBRIEDRIIC
DRNDEEZLND, AFFETIE BM-MNC Ok E K 7 OREARERS X OBH% O M E
AR ~D I ERBIZE B L, fEHEFZH LT 528, 2L TEOBMBETH O E

FAICHEE SNz, KRR EECRhEA 7216 T OB & B IR 21T - 7=,

%2 B, GBI D BM-MNC O i & #aHiin ~o 3L HE

BN TR SRS T 5 LR IIClEE LN, U A b B B i SE b
~rm 7y =Yoo EEBIRA~SE LIEFAEICREET 52 ERB NIRRT
W5, [AEEIZ LT BM-MNC BSBAEERNL T E D X 5 /M EBHEZ R3O DN T, il
FHIEC T M€ 7 L CRgAT S 7o R, 2 BRI L, 8 B4 & i L <
WD ZEBHLMNCENT, —HEBBEICE W TIBM%Z O BM-MNC % I fif T L
7oA 372 <  BM-MNC 28 8D L5 I fliflaBiie 2 R3O nIE & A EB 6T STV,
A, FrAEMER RO T 22 A7) RO BRAZRET S 2 LRI S, X

MRERICBW T EFAELEET S Z EOEIENFHRB SN WD, F 2 BTIET v
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NEREHEEE T VST 5 BM-MNC O & H AMEED R OT 2 52T 5729012,
BM-MNC % fktas % H (green fluorescent protein: GFP) Tk Z v &> 7 L, FHifk/
1R I ~ D43 EREZ BT B 22 L7z, #if R, BM-MNC Hk~ 27 1 7 7 — D3 — R
MAEFFEICREL, —HERE~ 7 e 77—~ —7—CD163 IZHlhE~T 2 L L
meElgol, MENEBIONRY YA Db bHRONTERITL DTN Tholz, M
BEEFIIH NS T RNA Y7 17 7y — D IXME N & O EERIZ X - TIE
EERRET D Z LG Sh T D, FHEGICKT 2 BM-MNC BAHEETH RIS
BM-MNC fik~ 7 v 77— VMmN & O AEEIC X > Tl BB IcBE 5

LTV 5 Al RetE s HEH S 7z,

%3 H. HIGFHIICR T 5 BM-MNC ORE KPR
HHMRIEFRICEHORERFEEEEZAT L ZEAALNTSHTWD, B

DHTGFP #RBT 5% A 7~ 7 AN LA DLAHZE 2 R S8 5 &5 RiAia 2 B 55
fLicilEE L, fx ORERTFEZELT L2 EnMEINT, RAROBRRILIH LD LEBTE
TMCBWTHER SN TR Y . BHMIIIRER DT 7 T A A2 Ko THB 2R
BEEBRICEHE LTS EEXLNTND, ZOZ EnbEHME ERE L THERS N
% BM-MNC & RRICHRER T 0/8T 7 T4 A2 X > THRFESDR G725 LTV 5 ATREMEN
LR ENTz, 5 3 ETIT BM-MNC 2B CTLEDOREAFL, ED XD RlER %
PEAE L TWDDONEITT 5 BT, BM-MNC 2 GFP Tho7 v 7 L, 7 v MEHHA
HET VI LTz, 5. BM-MNC 384 7 B %123V T HHEE T .OEIC IV TR
IR, B 3 D 7T HRZRIZ)DT TIE L, — I3 caspase-3 IZBMEAE 2 L
Tu /=, BM-MNC [ZiF#fasssEA - (hepatocyte growth factor: HGF), L% PN iz H il Al
T BLOHEKEMMER -1 LW ol RRFICHBMEZ R L, 220 TH HGF OFBLRD K

IZEWZ ERH B E 7257, BM-MNC I X 2GR R 2t LR, 15 3 I
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BT BM-MNC BHaRE Tl, iEMER caspase-3 DAL A BT L Tz, K&
DRFFREOFER, BoAfi L7z BM-MNC 23072 < & b 1 EBHEETNICHE £ Y HGF £k & L
EHRERTZEALTVDZERH LN E R, BMEMOBERHIT HGF 0% &K
c-Met OFBLEIZXF LT, WEM HGF OFEA BN D TIRWZ ERmbnTnd, 202
&b BM-MNC |35 EIRREIC & 2 HGF Z Ak i3 % 2 & T HGF/c-Met signaling
ZIEM LS, LT R P =Y AR E Vo B EDIRZ LT O LTV D ARERE X b

776

% 4%, BM-MNC |2 L% HGF O35 7 5 A 2 %4 LI b8l P s 5 S

HGF (3184, Mlufri#EZ b L T2H 0P 2 AMEREL AT HMERFE L THH
NTnbd, TRETICHELE, BRe, BXOSEREBLIEE o725 bW D REBET L
THBEDRDPHER SN TV D, 852 HGF (X Rac-1 O RTEMAL 2 L-1EVEREFEFE (reactive
oxygen species : ROS) FEAIHIX Bel-2 DR BLFHEIZ X - CHIfUSEZ 58 /Il &2 2 &
DI SN TS, T3 3 BOFEE) S BM-MNC 02 #H EEI T 557 A
=Y 2 FIE HGF ORXT7 7 74 L5 THEEH I TND D TIE AW &G L7z,
Z I THE 4 ECIIMHRMRET L TH DT v MEGMEMuE (PC12) (TH{k= v b
THfIFE A FHE L, BM-MNC |2 L 2 it iatRiE 2 R o2 HGF 07 7 74 VB &
OROS FEAIZHE R LCTHNT L=, F53. BM-MNC X HGF /X7 7 Z 1 2 X > T PC12
AfLD c-Met &V 2L L. ROS EAL UM L AEICIEITHZ EBHLMNE RS
72 ROS FEAEE R L O ED B c-Met LUEAIFE T CTHBEICIE T Lz, AEOK
775 BM-MNC (3472 < & & —#51% HGF/c-Met signaling % /1 L C ROS % % MM 5E 2 41
BILTWD EEZ SN, AETHA L-HLEREE T PC12 I D A fFHEIC BB 22
RETHY, PCI12HMIIICE D HGF OA— 7 T4 L ORBETH->THIT< LT M THD

LEZ LN, FHHEETITHEEE®IZIZ ROS OFEANFE I 2-3 HUWNIZILHET 5,
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L7278 > T BM-MNC BAEFEIEITRER 2 ALURICBIET 2 2 & T b m VOl ko &

PEFELNDEEZ BN,

%5 %, SMEMEFHAEEICxT 2 BM-MNC £ X O HGF OB S8 £ 51512 X H15% 2
D g
4 EORE RN 5 BM-MNC OfifafRE R0 72 &b —FITHGF DT 7 5 A

AL THELEIND ZERHLMNL ST, 2D EHH HGF 2 BM-MNC Ofthb 1 (2

DMHFEMBEGI IR T2 LT, FA%EH D 0IEE DICRMITIRES RIS L D T6E
PERHERI S L7z, HGF X TICHFMBEICH L TUSH S, A7 =T Mk 5 < IR T
Fit G B L OEG FEANC LI DR GENBRIN TV D, ARG TIEE HICHEN>F
N7 FEOF A BRI, HGF 2 FHMEZICHEI®R G L, £ OREIHR%Z BM-MNC il
Wi & L7228 DRT L7z, #6R. HGF & 5-8Edk L O BM-MNC BRERElE, 15 14 B
L Y28 HIRIZHLHLT >/ V{8 @ Fractional anisotropy 2% REE L © L A EICHE %
RTZEBA N E R0, FTo, 1 28 A1RICK T L ML FROfRNT D5 R HGF
B GREOMRAIIR, BRI LU X hat A MEYESEBIIHIREE L D B A EIDAS, M
kRN R RS S 722 BM-MNC BAERRIE & i+ 2 & 2 DR RITIREN TH - 72,
AREOFERN D HGF FFHEFE B & 51532 R G IC kT U CEBMRED R Z b 72
59725, BM-MNC & T 5 & 2 OMPITERNZ LR LN E o7, HGF Bk 5%
TiX BM-MNC & FRBREOMEIG OB E L CUIRMN 2R ENLETH
STEFREME, & D WITEBOMERF ORGP UETH S T2 AR ENRB X b AR

FRETIIBH SN TE RS T2720, SR OFFEHEL L,

ftimm & L C. BM-MNC I[ZHEEHAL T HGF 2 £k & T 54« OfRINF2EA L, D

< &b —HIE HGF OB K c-Met © U gtz L CROS FEAZ B SELZ LITL»
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THRFEZMEIT 2 2 AR E NIz, £72, invivo ([T LT OFEE, HGF Hnl#
FiEDN AL BM-MNC BAERRE L T2 L 50 Z RN b M E o 7ohy | MfkIRFER)
RITHLREFRD N2 L OETRIBFRIEO A REEN R~E S 172, £72 BM-MNC H
kv m 7y —VFE R TIE D 5 BPBAER IS IS T 5 &V O R B 2 B
LIZEBLMMNERST, ZTOX D M ENINEREZHEET L LNMbENTND
ZEmB . BM-MNC Bk~ 7 v 7 7 — P& & oMM EERIC X Y BM-MNC %
RESERIE D A BT AR ICRE 5 L TV D ATREME R HEER ST, A% S DICEEMICEIT 25 2

& THAEF A OMIHL, S OICARRIRRIEORIEIZER L Z LR/ s D,
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A

AWTEEED DD THRE, THifELTHE £ Lo, AARBRELMBZRFERENF
FEEEOMEE R, RE RGN, JHAASRMEEIR. B X OUFREEIRICHR EHH L
BT ET, ERHERT FoAA A £ U TR 2524 U TTH 72 [FIR SR BRI A 24
EOWHIBHERSR, FIRFERERIFHEOE TIEEMEER., SBALERR, BIUFEK
SFER B R PR 3 OO A NGRS TR TR L BT E T, Fa. BT RS R
Y E LT Y ARFZONDKREANE LR, ENEFERE ¥ —0O/NgEsL i+
WHFER. 36 & OV H ABREE A A L2 A BRI U BRSSP BE A DA —RIZJE < 4L

FLEFET,
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