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A7 1
IPA WGF PAAE-Z2Y AF AAGN-CSH)E FaAZEcRAM Iddes &4" 249 A4E g4
A A A
AT 2

A2l o)A,

A7) GM-CSF+ GFAP(glial fibriallary acidic protein) H+= CSPGs(chondroitin sulfate proteoglycans) =
of g de] e AFgoan &4E AARAAA AAotug FEe] FHS JAGtE A EHoR I
E4E 249 AE A JAA.

F7] 48 ABRALe HgzAo HExAy g TN 229 AL 5o e 4" 249 A
= g oAA
AT 5

= 3h el 3lofA,

TR N A E-F2Y A AAGM-CSF) o, fFraAdwe] dads A 94, £= AAA,
E= AGAE Ziehe 449 249 AE F4 dAA.

71 ZA9 Fel= 23 (membrane), 2=EA 3 (sponge), =L (powder), EE A (ge) A&
e 240 2E 94 oA

A
o
o
fl
o
rir

A7] @A= PGA(polyglycolic acid), PLGA[poly(lactic co-glycolic acid)], ZF&al(collagen), A=l
(gellatin) ¥ FEHA(fibrin)o2 FAH FoZHE AHE Aok shte] ARz P 3 5=
St &4 A9 AJE FA oAA.

ATE 9

A1 WA A5 F o= g ol 9lojA,
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A3 10

44 MET A E-F2Y A= IAH-CSF) & FradiEo=A] F3sk= GFAP

e
)

13 A3 A.

HHA HE T A E-F2Y A5 AAHG-CSF) S FRAL =AM Eoshs CSPas o] w2 AsfA).

48 AARANA Bt Aoty FE(scar)d AL AAFHE AL BHOE s (SPGs =of W
A

g Al Al

£ 249 4E FH2 RS B4 #9 Ao2A, nrk PASAE AF Sl ¥ &4
A Eu

H
T =
BoRe FRAQA A £l wAs: Aoty FE(scar)e] WAL oA

TAFeR, B WUy FFRAUAA EFA &35 HAste dE(scar)e] Bl #osh= GFAP(glial
fibriallary acidic protein) %/X¥ CSPGs(chondroitin sulfate proteoglycans) o] vz o] &S # 3

sk Bl wgk Aeoln.

4
Lo
L)
ox
o2
i,
BN
>
rlo

QA TEo] A ola A &4 (traumatic injury) $-ol 7]

wey miAREI JA AAES Edlele B dAE BAS0] FFRAAAY &4 G &4
Aol YAS Walste] AAAESA AN (cavitation)® oA AE A (glial scar formation)S Yo7|E= Ao=R

& dth (Sandvig A, Berry M, Barrett LB, Butt A, Logan A. Myelin-, reactive glia-, and scarderived
CNS axon growth inhibitors: expression, receptor signaling, and correlation with axon regeneration.
Glia 2004;46:225-251). 53], SFAGAL 3 42 A4 AAAES dov|a, &4 F A3 =49

p= T
FARIAS Fo] WA, o]F WA olx} o &4 B9V} Hol: WA g Ay,

o3 FFAAAY A &4y ##Esle] GFAP(glial fibrillary acidic protein)E @ddt= AAA(EIR)
MEZE v A3 FAEEY, A MEE GFAPS] 2 £35S S7MAA 4" SAGEIR) 2 AAdotu A
&3} FE (2, AAFAA B)E PA 3o}

T3, FFEAAAY A &4 NG2, FEZH(neurocan) % EA3ZH(phosphacan) 3} 22 CSPGs(Chondroitin
sulfate proteoglycans)7} & AL FEom wdzxdE o AAotud A-E(glial scar)s T84 €t
(Fitch MT, Doller C, Combs CK, Landreth GE, Silver J. Cellular and molecular mechanisms of glial
scarring and progressive cavitation: in vivo and in vitro analysis of inflammation-induced secondary
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injury after CNS trauma. J Neurosci 1999;19:8182-8198; Jones LL, Margolis RU, Tuszynski MH. The
chondroitin sulfate proteoglycans neurocan, brevican, phosphacan, and versican are differentially
regulated following spinal cord injury. Exp Neurol 2003;182:399-411).

olggt Aoty E(Glial scars)e AAEZAY A 2L 759 I5E WIste T8 80o= a

ATE. ol T A AHolwA FEL &YW AARAY JF AATA e AEA EE, dF Eo AoE

ol @ AlA R (neurotrophic factors)e] m3S Walsls Aoz AdeEAd Qo). S, CSPGse
) A

N

7}—1_ =

2o NAAFS W(Perineuronal nets; PNNs)o|A A2 7}4A (synaptic plasticity)S ®afels ga+S 3
= o

L2 = B el | e & = FME7] AlAY(axonal
regeneration)®l ﬂﬂﬁi A4e AFste Aoz A4ETL Yo, 95 & o5 93l CSPGse] Fo] wjaz
S8 2P azobn] a2 (glycosaminoglycan) AMEE T =24 FEEo|EyolAl ABC
(chondroitinase ABC, ChABC)E fFolsle] CSPGs R AlAolnld AEo] FAS Walsta AlAs = Aol AEd
v}7} 9tk(Silver J, Miller JH. Regeneration beyond the glial scar. Nat Rev Neurosci 2004;5:146-156).

o
&l
o

3, CSPGs o] 9ol HaA mAd A ¥ (degenerating myelin debris)o] FFAIZAA £A4 o]F AE
EME7] 88 Adste Aoz dex] drl (Raisman G. Myelin inhibitors: does NO mean GO? Nat Rev
Neurosci 2004;5:157-161). webx, AAotuA A& 43 HPAd ndd 24 i1 &49 344 5
AEZ719] AR A 2dd)do] He AAAS] Ble] E 4 ).

Aaols Ba fEeld AZelwy A4S FAol wolshs (SPGs Fo HA BuAS ol ya, oleie EH
wude] W 2dsAY wdE B4 wude B48 52 2dsks AQcluy 4E 34 o4 Fus
4 RaA S A7 s AP Yo,

rJ
= 9
ol
2L
rir
[*p}
[es]
=
=
.
)

ol TEEte] B WA FFRAAA EAA EFEH TAsE S (scar)] Aol
fibriallary acidic protein) %/X¥ CSPGs(chondroitin sulfate proteoglycans) o] wralz o] &S # 3
st B4 gig] gAskglth

o Ay, HPA wdy g E-F2Y A= 2AAH(granulocyte macrophage-colony stimulating factor:;
o]3}, "GM-CSF"#} 3¥h)7} GFAP(glial fibriallary acidic protein) 9/%E+ CSPGs(chondroitin sulfate
proteoglycans) o] Tl A& At ZAS IQlsivt. wek, o] GM-CSF= CSPGs 59 wds
AAstaL, ol2M Hedh viel 22 E4EH A4 QS welele AAotuA AEe IS dAE AS
1353

M-CSF= dnkd oz 238 Alo]E7F(hematopoietic cytokine) &2 elx] dar, A ey AW deolA
thorst AABE 7T #Bodete Ao dex] Yvh(Armitage JO. Emerging applications of recombinant
human granulocyte-macrophage colony stimulating factor. Blood 1998;92:4491-4508; Franzen R, Bouhy D,
Schoenen J. Nervous system injury: focus on the inflammatory cytokine 'granulocyte-macrophage colony
stimulating factor'. Neurosci Lett 2004;361:76-78). X3+, GM-CSF&= 217 %21 A(neurotrophic factor)®
A 7158, Al @uol A A7 A A FE (neural progenitor cells; NPCs)9] 5218 #x3l3it},

A8A SHA, GM-CSF= ZERAGA E40 537t e Aow on oA l=dl, HAAE 3 Schwann
AXE g4 3lele] vAR 22 5HE A AEHSaada A, Reichert F, Rotshenker S. Granulocyte macrophage
colony stimulating factor produced in lesioned peripheral nerves induces the up-regulation of cell
surface expression of MAC-2 by macrophages and Schwann cells. J Cell Biol 1996;133:159-167; Ousman SS,
David S. MIP-la, MCP-1, GM-CSF, and TNF-a control the immune cell response that mediate rapid
phagocytosis of myelin from the adult mouse spinal cord. J Neurosci 2001;21:4649-4656; Hughes P,
Perry VH. The role of macrophages in degeneration and regeneration in the peripheral nervous system.
In: Degeneration and regeneration in the nervous system (Saunders NR, Dziegielewska KM, eds) 2000;pp
263-283. Chichester, UK: Harwood Academic].

R, GM-CSFi= vAlobuAl E(microglia)E &Aststo] HFM=7] ABS fr=stal, vdl ko] Azhg
W BDNF(brain-derived neurotrophic factor) wH|& &3] &4H TFANAAE 7oz 3| HA7= Ao

2 4#A dtH(David S, Ousman SS. Recruiting the immune response to promote axon regeneration in the
injured spinal cord. Neuroscientist 2002;8:33-41; Schermer C, Humpel C. Granulocyte-macrophage colony-
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stimulating factor activates microglia in rat cortex organotypic brain slices. Neurosci Lett
2002;328:180-184; Bouhy D, Malgrange B, Multon S, Poirrier AL, Scholtes F, Schoenen J, Franzen R.
Delayed GM-CSF treatment stimulates axonal regeneration and functional recovery in paraplegic rats via
an increased BDNF expression by endogenous macrophages. FASEB J 2006;20:493-502).

HZol= HES HFEAH(SCI) EdolA GM-CSFe] E7FFAMA] (intraperitoneal injection; IP) 713t 71554
3] Eo] fF==(Ha Y, Kim YS, Cho JM, Yoon SH, Park SR, Yoon DH, Kim EY, Park HC. Role of granulocyte
macrophage colony stimulating factor in preventing apoptosis and imporving functional outcome in
experimental spinal cord contusion injury. J Neurosurg Spine 2004;2:55-61), A7} =4 o3} AdsE <
AN E HgEade] FEEHE Zlo] #AFHATHPark HC, Shim YS, Ha Y, Yoon SH, Park SR, Choi BH,
Park HS. Treatment of spinal cord injury patients with bone marrow cell transplantation and GM-CSF
treatment. Tissue Eng 2005;11:913-922; Yoon SH, Shim YS, Park YH, Chung JK, Nam JH, Kim MO, Park HC,
Park SR, Min BH, Kim EY, Choi BH, Park H, Ha Y. Complete spinal cord injury treatment using autologous
bone marrow cell transplantation and bone marrow stimulation with granulocyte macrophage—colony
stimulating factor: Phase I/II clinical trial. Stem Cells 2007;25:2066-2073).

F7t=, dES] HeEd F gAlzA 2AE(Gelfoam)s ©]& o}oq GM-CSF& < Wz Folshd, HeEd AR
ol #EHI, G-CSF %7] Fol= HES HFEA § 3¢ ojdel A4RS 3 F-AxArE &4S e

] G71H o2 2-3F Fo PFH VeI ES Hole o] iy vrb vh(Huang X, Choi JK, Park SR,
Ha Y, Park H, Yoon SH, Park HC, Park JO, Choi BH. GM-CSF inhibits apoptosis of neural cells via
regulating the expression of apoptosis-related proteins. Neurosci Res 2007;58:50-57).

ol¢} sl YT TEES A10-07409725 0] GM-CSFE FraAdRo® disis A4Ed48 X5
AAIE ] Qlovt, o= AABAES AFAIES Alste] AAERE Ams= AS AL e B AlAokul
J It} o

A AE AT o= Qe AlFxA o A 2 753 e H% 5ol el E FEstL AR k. gl
A7) gistil=s 5553 A|10-07409725 %= GM-CSFell ¢t GFAP % /XE&= CSPGs o] ©uld 2 As|e} 417 o}
g AE PA Al dsiMe 13 AASt L AA &

wek, wIZFNEF TR A2004/0120925A15.0 = FAAF AE EH]ES [L-12, GM-CSF & A st A AA
E4S Amske W sl JiAEEaL oy, o] IA] FAE Axe fx, T4, A3 AFIEIAY
i) fo B3 Av AfAska S Bolt,

=, ZYoll= GM-CSF7} A M EL] MEAFE A BDNF(brain derived neurotrophic factor) 59 £H|E =
Hete 71ed #dd AL MASa o), GM-CSFoll 9lgh GFAP % /% CSPGs o] vl ke Aol 217
olwA FE A A maol dsiM = MASIAY dAsE vz i

| &obs 7IsEoklM s G-CSF7F A8E4 353} ddsto] J&siA oWd 7s<
ol AEaL frae %ﬂﬂﬁ% e Wewn NF4EY Ass AT AEE A
=) ko)

-
R = = =
29 2 A8E A% AGFEEE el A aHa dvkal & ¢ gl

K

2 e AEek niel e Ve Qe H-55ke] ¢hEd RAo2A, &EA4E 249 FE PGS AdAGE B
A, B3 HF &Aooy o &4 22 FFRAAA EA EFFS 0 HASk e & (scar)d S AASH=
EAE HstEd 2 53] 9l

B} A & 3 SFAEA S4A S5 BAske Aot FE(scar)d FAdo| ol
GFAP(glial fibriallary acidic protein) /%= CSPGs(chondroitin sulfate proteoglycans) o] ¢z o]
I AAE Asshed 1 H40] .

ok, 2 e GM-CSFE Fradweo® d-fdlc GFAP 2/ CSPGs o] whild wha AsA, ol& Egsie
M7otud FE P AAA, aga YolriA e olE EFEE '?—%’dﬂﬁ] &4 ARA 2AHAES AFsied
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24 oA Aﬂowﬁ AE g S AARA, B
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e
GAR o2 A EZ3FsT),

ke

o] gAA e oA, 7] GM-CSF
CSPGs(chondroitin sulfate proteoglycans) =
A B0 AL AA e AL EFow 3},

GFAP(glial fibriallary acidic protein) %/HE+=
94 uhsqo x1onsLoi)yq _,_ALQ A]%]ZX]o]]/ﬂ A?(—)]o]_ﬂ

L

9
(o
1=
i

gl A gl QoA 7] EdE ABRAE HeAoly HxAn ZE T 24 As 5
Hom Fht,
o] g dAA e ol 7] 4 AAdxAe A 249D gl

N o

& B A ddAdel oA, A7) &g
A E-F2Y A5 AAHG-CSE) o}, fradiel de

3| A7) HAle] el 9 (membrane), ~E A (sponge), 2 (powder), Et A (ge)Y 4 AT, &=
3k, 7] g3+ PGA(polyglycolic acid), PLGA[poly(lactic co-glycolic acid)], ZF&F#A(collagen), Azt
(gellatin) ¥ I HYU(fibrin)o2 FA4H TOZHE Ads Hojx shie] Aoz FA44d 4 v, uigy
712 7] FAle AR Al o= AF(Gelfoam)?l Zo] vl s},

A

7] Ao

g EAeRE, 47 AE 34 oAdE AAFIRAY £dE 240 FaTdEE A

=
wek, X wweo]  (GFAP(glial fibriallary acidic protein) %H/E+= CSPGs(chondroitin sulfate

proteoglycans) Fo @wld @& AsiAl= FHAd NI QANE-F2Y A5 AAGN-CSH)E FadiLoe=
A E3F3ie,

rr

o
ll
ro

KeN
=

o

Eoutg ol & A A g 9lojA, A7) GFAP(glial fibriallary acidic protein) Z/%* CSPGs(chondroitin
sulfate proteoglycans) Fo] ©@ilde =4y AAzAqA] BAst= A otwA AFE(scar)e] Aol FHofs)
= A& 5o i,

sk o], & Wyl GM-CSFE Fadwows Idsts &4d x4 FE 3 dAAE &
e 240 e S AR 58], ¥ W] &dd 250 A G4 gAAE Aot e 34
AAAZA, HF Bt o 33 e FFAPA EFA EFE B FE(scar)e] FHE& A
gt

lo
‘HU

14 ol GM-CSFE fFraditoza] xdsts AAoluAd A& A AAAE FF:A4A &84
AR 9jo] WSl Al ol & (scar)e] Aol Tolsl= GFAP(glial fibriallary acidic protein) 2/
L= (CSPGs(chondroitin sulfate proteoglycans) o] Tuldeo] WS- A gto = &4dw Adx2dA 2

ot & S AT F Aok

L, 2 o] GN-CSFE fFadiozA st AAdotuwdy 4E A JAAl= GFAP Z/EE CSPGs =]
WA Bde Asgon E4E APEAelA Agelid BE FHS dAlstel FHHoRE E4E AF
242 AYsn 1 715 FRAAG

Z7hm, ¥ W@l QHCSFE FEARORA IS AZelud 3E @4 dAAE AFEY T Agoluy
FE) FHS AASe] PrIe] WAZAY ARG woFT HAEY) T2 BAYS FIAAG

TA B8] ¢

A=, B #HYS A A Z= AAlde] wet 2w e dwsit. 2wyl 1] AAde=
oS ks i E H o]
g <] }‘“ﬂﬂ Avg 2 AR ZEH °©
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AAld 1-1. HpEA YE mdo] Fi

FEAYE dstdstn oy APTEHPsd g8 ke FolE TERAA
o] 280-300g¢! 8FHE A 2Zgt1 =2 HE(Sprague-Dawley rats; SD HE)E AEt

AR A7) AL, H S A A (laninectomy) 2 T8 $1X]-T10 $1x]ol A S35}t

ol Al Y= At
W (ketamine) &

3 A} (vascular clip)(Biemer—Clip, Aesculap, Tuttlingen, Germany)® 15%%F 49 T9 9%
(0.2~0.25N9] A QFe) ol A 45 JRTh. AF tiE (sham group)S 3 FApo] Qfulx
ok krt.

AN 1-2. H5ERE HE| QI-CSFe] Fol

GU-CSF (A@R1=r debnie oiba]l 2] L6 gt sy 79h)E AAld 1-1914 F=xld A Aed
HEol FofstAt.

=, A= M-CSFE 20pg/nLe] sz YE| HFF 4(Paﬂ%,m%5wwl Tg gARD AE(Gelfoam)
(A" AgE; Pfizer, inc., NY, USA)S o]&3le] &A% o 2AH ZO];}OﬂD} 2 == A (GM-CSF7T =]
= A &= YE)S &40 71eF & PBS(phosphate buffered saline)E H4FAISIATEH. AMSE HAETS 4F
2= (Sham),  HGFE4T(SCT), GM-CSF A 2] -5 7FFAH(SCI+GM-CSF/IP) % GM-CSF A 2] -2 & (SCI+GM-
CSF/Gelfoam) & & v}iFo] R3S}

371 & 1ol 7 Agre g HES] A7 Z1AEY d=vl, AA HES = 72vkglelry. 1Ea, 4F o)
Z(Sham), #H5EAT(SCIHPBS), GM-CSF A 2] -57F=AF(SCIH+GM-CSF/1P) 2 GM-CSF 2]+~ & (SCI+GM-
CSF/Gelfoam)& Ztz} 370¢] ME=Z Yo}, H/E(Hematoxylin/eosin) M (=3|n}EA /0 QA A1) = GFAP
[HC(immunohistochemistry) 4], t}& EE IHC(immunohistochemistry) #241, Zgla ¢l~¥ 5% EAS &

Y.

x1
gz%ﬁ% o2 RLE HC d=8 Ex
e e (3d. 1 & 4wk) (3d, 1 & 4wk)
Sham 3 3 3
SCI+PBS 13 9 9
SCI +
GM-CSF/IP 13 2 9
SCI+ )
GM-CSF/Gelfoam 15 2 2
A3 =72) 48 12 12

AAld] 1-3. FulEA /A S (Hematoxvlin/eosin BA)

AN 120045} ol A
stel 4% AfE B9 B

iil [-
ol
Q
(¢}
-
=
[y
(/J
O
.’:S
_h
i
09:
[«0
ol
B9
o>
JZL'
_l>i
rlo
iy
¥
e
0%
d

. = A
olu]x]= olu|x] J 273 (Image J program) (Wayne Rasband, National Institutes of Health, USA)<&
o &4 §9e A7) S-S 98 AgET. FaR, E4E WAL 8- (gray matters) o] X 7?’5:}1}
o] WA (white matters)o] ¥ JHol oz AH UL

_YE__P:;

AAd 1-4, W2 3}5H4 (Immunohistochemical) -4
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Ao 1-30| A e} o] FH|E HG xZ o] AHELS 77t A oR (M&H) ol gk whe-2= GdSE
A (1:200; Chemicon Inc., Temecula, CA, USA), GAP43°] o3t wm}g-~ ot A (1:200; Chemicon Int.),
GFAPOl tha+ wh9-2~ @AFE A (1:1000; Chemicon Inc.), NGl thdt vh$-x ©dFE FHA|(1:1000;
Upstate, New York, USA), w2Ztoll o3t vl$-= @S2 A(1:1000; Chemicon Inc.) P X2upzhe] ok
vlg-2 A FE A (1:1000; Chemicon Inc.)Z A 2]3te] 4TollA] Bl Ql5FH]| o] A3} L)

a9 v, A7 AAES "9AEE d=(Texas Red) ok Aol 2o -mhg-2 Az A4 143 &<

Atulo]ldstgiet. Fgolm A 7F HolA 27 ¥ @AW ORC 1024; Bio-Rad, CA, USA)3tellA] ZALE]

ojm| A9 FFALEE olux] J 1.36 ZZ 1 (Image J 1.36 program)< ©]&3te] £ F9le] T3 goozy
3]

AN 1-5. g2 BEEY 2H

AAld 1-20] A9} o] He® SD HEES ek vpHZ AL, AP AAGFE o] &5te] A dF
3 #iF(perfusion)E FHsIATt. 28|al, HFEAd FddA] smm Aol Hyx4S AASH
g

g FERe Fulsha 29 BRYS Fdst

GFAPl i3t =}~ 1 3FA(1:1000; Chemicon Inc.), NG2o th3t mp-$-2 1xF 3+#(1:1000; Upstate, New
York, USA), Jr=Eztoll thdt mp$-= 12 3A(1:1000; Chemicon Inc.), XE23gho] thdt mp9-x 12 34|
(1:1000; Chemicon Inc.) % HWEl-HE] th3k w}9-2 12 &A(1:2000, Sigma, St. Louis, MO, USA)E =¥
EXEE A 1A FA =M ARy, FaFdol-d S A tobAl( Horseradish peroxidase)7b 3 &-vh-
2 ¥= F-E7] &A(Santa Cruz Biotechnology, Santa Cruz, CA, USA)E 22t A 2A ARE-akiT).

A% Whs-S 3= 49, ECL Al2=®l(enhanced chemiluminescence system) Amersham Biosciences, Piscataway,
NJ, USA)& ol-gste] Ajhitgel A5 7hrlsteqitt.

o

o

]
AA 1-6, & H2E EF g4 A (Luxol fast blue staining)

A 1-30| A9} o] FR|E HgxZA AHEA FHdS AAZ &
SN (ScyTek Laboratories, Logan, Utah, USA)S. & 56ColA A} <l5fHo| s}
&

=4
, A7) AExRA AAEL FE JIERUY0E M0 F 30% Bk, 70% o€ 4= 30x% 9 £xpdo=m 9l
2|

T -1

Fujol sttt 18 o8, A7) HExz AHAEL I 4 vlol 98l (cresyl violet) Mo 2 40% 7F tiH|d
Mo B, 95% " or=EE 5E7F QIFH|o)AS T 100% LEZ 587 ©@5AAY. HEAoZ AV AXE
(e}

o

& 5wt AdReR G F FAA vl vk Este] dvjdew wEsit

i

AAld 2-1. GM-CSFo| %7] A o3t &Il WA A g9l

AAd 1-20014 A mle} o] FHIE AF tIFTH(Sham), H¢Ed A 2] =74 AH(SCI+GM-
CSF/IP) 2 GM-CSF 2] 72 & (SCI+GM-CSF/Gelfoam) ol tjdt dulEad /o oal dMS H5&4)
FH 2 3FA ) FEF . AF 2T (Sham) Q] dntEA A/ oA AMo] hrFoRM ALE

M
=
w2
«
Z
D
T
()]
w2
=]

Al 1-3014 v wpel g2 e AR /o 24l

13

2
o
)
(i)

o

i3
i)

[@p)

N

w
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