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a AAAN L A a2y, FFRABAN EAstE ABAE EVIAE
7

Wb oW A MEEL FFAZAUANA HALE BT 5 AE 59
S 23 VR s, 1 /1A BEs wHAA wgth 1 s

2, ot Y AsHoez Y E7]AH E(mesenchymal stem
celDoll tigh #TAlo] EZold &, olejd FES7IANEELS 287|509

%=, QA ¥ (tenocyte), A WA X (adipocyte), = A X (osteocyte), A AE

(chondrocyte), ¥ &4l ¥(smooth muscle cellD5 o= 3= F v

o

B R, o] DEFVIMEES AFAAES Bud F QoI
A7 FEel gojd 259 FsAHEel AFHR AFIP g
A~
2

=
=
Z 4 (bone marrow)= A Aoz HA FPEIAHEE A&

of

FolMd A2 AEES in vitrodl M A SAANE F da, MgEds =

oo A MG AZEN AuE BAAE 2A wE 5+ dA 9

1=
H
= =) o L = o 26,27 =)
= .]__A]_O],g;\___ HH, /\]76] 7]—0—0,] :Q]_‘i]__f_l o] o ,_/l: 9,)\9}4\]_4' 1:]]/\ ],7_1] /K-]X]

F AQNNE FFAZTES AR o] w: AFs HAFoA AFzd
(remyelination) & 23 4 9th® = o2 AP E, AAF 254



(microglia)t} A A E (astrocyte) 2 239 7S o 3945 xa

AN

o] Az A (striatum) o]l Y =] 4 (lateral ventricle)oll ©] 2 &S wj =, uj ok
H YEVNALEC HE o)Fste] YHALER EaaAdn

B oAFo =, Ao b AAZ7IMEE AFHSE], in vitrool

o~

A MR 5, 44 MEde we A9 gl Ao o 4ste] A
A7 fuel WE TS 2AFGT. B AT 944 HEge A

aHor AASVIAE FAH ATt d7E TAHVE 7T
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1. AZZHHAEIIMES| 2|2} HHY

Ao Fnkel A 11G FAH712 10 mle] &4 (bone marrow)E I #
Ak, 2 10 mlel F59S 10 ml9 Hank's balanced salt
solution(HBSS; Gibco, Invitrogen, NY, USA)=Z 3 A3 T ZF+=ZZ2 Y9
G355 Ficoll density gradient(Ficoll-Paque, Pharamcia, CA, USA)=Z
daEg skt 20 mle] AlmWel = oF 5 mlo Ficolle A=A 800
xg® 303 At Gy FF NS wolW = HBSSE 23] Al
stttk AEZES 3000rpmo = 5% YAlE gl ¥ Dulbeco’s Modified
Eagle’s Medium(DMEM; Gibco-BRL, Grand Island, NY, USA)el 10%
fetal bovine serum(FBS; Hyclone, Logan, Utah, USA)®} 1% penicillin
streptomycin (Gibco, Invitrogen, NY, USA)¢} #Zo] AUt AXES 25
cm’ o WjFE7I(T-25)e B F 37C, 5% CO» ol A vl kel o). 244]
ZFooFo HHFE AEsL AAGAT. H2=E AEELS phosphate
buffered saline(PBS)Z 23] Al A g & Zojdv UFMEES w7 93l
<594 AM=& DMEM wiA & F7bekdth. wjA<= 2 A o= A=
M FAL, AEES WEE71e 70-90% 5 AAste= 78t AlEEs

37°Col A 0.05% tripsin-EDTA®Z 587+ A3 &= A LSS 75em” Hl %

(o3

LI(T-752 tA & 713%F basic fibroblast growth factor bFGF (10
ng/ml, Sigma, St. Louis, MO, USA)7} Z7F¥ DMEM Hj#] o] t}A] 7]

Atk HAll 2ol AN SVIAEES 1094 S8kt



ke A E£ES PBSoll A 4% paraformaldehyde® L&A 713 4°Col
AR 1A FAR sAAAY. IRFAZRE U GEFEAAIA
(monoclanal antibody)E< AF&3F %t} anti-glial fibrillary acidic protein
(GFAP dilution 1:200; Sigma, St. Louis, MO, USA), mouse
anti-neurofilament protein (NF dilution 1:40: Dako, Denmark),
neuron-specific class III B-tubulin (Tujl dilution 1:400; Covance, CA,
USA), and Map-2 (dilution 1:200; Sigma, St. Louis, MO, USA). 1z &
Ao Fog HsiA, ¥F F A3 Cy3-conjugated IgG 22 & A (Jackson
Immuno Research, West Grove, PA, USA)E A 2oA 247 %A
(incubation) A Z t}. AL E & 4,6-diamidino-2-phenylindole (DAPI: Vector
Laboratories, Burlingame, CA, USA)® 33X A% % confocal microscope

(Zeiss, LSM 510, Stuttgart, Germany) o & 3+el &}

RE APgAL A2 1F7H & HAS =EF . Ad
FEL EFA 220-230 g9 % 3 F (Sprague-Dawley rat) 357tE] & o]
S5t AdFEEe s AFSHO Subg]H AMEslal Holop B 5

w8 R o AR 2Esh FEsb AARA 2AHR 1247
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(4) Climbing the inclined test board

Aests o7 2o 3. 605 o474 F S#@ety AAEE gy
G5 2. 30=olA 60%=7MA TS Vhsety WRM g E oo P
TSR 4% A5 13058 oY FHE X & A5 0, A8 FHE)
AL, AR mE G

¥ 1. Modified rat stroke motor score. & 4o 57| 5& H7

3] A rat stroke motor scoreE WA YL, 7 HE2EY HFE T4l

R

Test Score
0 1 2 3

Left forepaw:
slight movement

Left forepaw:
no movement

Symmetry of
movement

Left forepaw:
move slowly

Left forepaw:
move
symmetrically

Left forepaw:
slight movement
to outreach less
than 60°

Left forepaw:
no movement

Forelimb flexion
angle

Left forepaw:
move and
outreach between
60° and 120°

Left forepaw:
symmetrical
outreach to 180°

Climbing inclined

board climb up to 30

fail to climb

climb up to 60°

climb up to 90°

10 —



AL g9 32 vHoh () AT ®m=5), () gz
media(DMEM)"F o] 213t 2 &&= (n=15), (i) +&3 & A =7
MEE o] 23t A543 (n=15). FF IEAEE Hrlstr] YA, 322

FOET EEVIAENAS 2 4, 650 #HSU Do WI EEvleS H

4. AR EIIMZES 0|4

o]

1>
ek

A F=E7IMEES] QS HallA APs=odA o257
48A17F Aol 10 M2 5-bromodeoxyuridine(BrdU; Sigma, St. Louis, MO,
USA)E ¥ieF wiAo] @3 FX(abeDstA T AXES 37CoA 0.05%

trypsin-EDTAZ @ Fefsto], £2ld AEE52 PBSol AF-FAZAG. Al

EFfrde]  04% trypan  blue A HE A& Fo FFA LY
gkt siEE v A FA]

(hemocytometer) 2 Atolgls A EFE
(Hamilton microsyringe)ol] F2r® Hy A% v915(0.3mm O.D.)=E, 3 ul9
AEREGE (5 x 10" cells/uDE 4%l ZA 239 fi=ad (AP; £1.0
mm, ML; +1.1 mm, DV; 2.0 mm)ol FAFsIGtH Y 3). FE2 A Lol
2472 ARy sAAZ wj7b#] wjd cyclosporin A (10 mg/kg, ip.

Chong Kun Dang Pharm., Seoul, Korea)E %] 3&}¢]



Figure 19

Interaural 870 mx . . . Bregma -0.30 mm
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29 ¥y d 22(AP; +1.0 mm, ML; +1.1
AAMEG x 10" cells/u)E o] 2.
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et
ey

65739 A HALE mkxl Fed, APdFEES 25% urethane
(Sigma, St. Louis, MO, USA) in PBS® #F#3 ¥, 125 ml9 44
AW E B 5, 250 mle] WaE 4% paraformaldehyde (pH
PBS)Z #Fatdt. #o HE AAT 5, d2oA thaE7bA A2
A BN, HE2AES 30% sucrose PBSOl 4 CollAl 48417 &9
nff Al 21 %=, -20C29  OCTE3e A (optimal cutting temperature gel
compound; Tissue-Tek, Sakura Finetk, Torrance, CA, USA)Z T ZAA 7l
%, W " AYrA 7] (microtome) 2 35 yme FAIZ Aostd. 22U 9
BrdUE &<lat7] AaiA, daddss dA3%4 deo 37ColA 1A3F¢
2 N HCl= A4 A, BrdU9 ol d# S A, 545 ¥+ vE
AESo] AR GG, 92 FAes=zs et 22 G284 I

s AL-8-3F 9t BrdU-FITC (bromodeoxyuridine-fluorescein



isothiocynate, dilution 1:200; Serotec, Oxford, UK), neuronal nuclei
(NeuN, dilution 1:100; Chemicon, CA, USA), neuron-specific class III B
~tubulin (Tujl, dilution 1:400; Covance, CA, USA), Map-2 (dilution
1:200; Sigma, St. Louis, MO, USA)®} mouse anti-neurofilament protein
(NF, dilution 1:40; Dako, Denmark). ¥ x3&#o] #HE=S &, dBxAH
Cy3-conjugated IgG ©] =& A (Jackson Immunno Research, West Grove,
PA, USA)E Ao A 241 543 & confocal microscope (Zeiss, LSM

o

ol
32

510, Stuttgart, Germany)°o. 2 &<
6. XI2 A
FAEH BEALS 93] SPSS 9.0 (SPSS Inc., Chicago, IL, USA)S A}

f3t9 . 2+ 257y v uE e A analysis of variace (ANOVA)Z

Abgetd. 2t aF3te] A3 v E YsiA Kruskal-Wallis one-way

I

ANOVAS$®} Mann-Whitney U-test& AF&3t9 vt SATH FIF2 p

< 0.05%2 33T}
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1. BHE AZMZHHEIIMZES HEHAHM

O = e b o

AP E7IANEES 37T, 5% o|absteriol A wjekste], bFGF7F A+
Zt. GFAP (¥ 4-A; glial

o
by
Y
>
8

DMEMe®l A 7-1047F A A2 & 113
fibrillary acidic protein in astrocyte), Tujl (¥ 4-B; neuron specific
beta III isoform of tubulin), MAP-2 (¥ 4-C; microtubule associated
protein-2 confined to neuronal cell bodies and dendrites), NF (¥ 4-D;
neurofilament) ] 1%} A= Moz JAE Gt} A XL DAPIo 23
g oz 1Btl confocal microscopeAt ol Al Al Z AWl WA A
Al 2 EVles BED 5 A9t MAP-29 NFol A4l Alx<
H

7} GFAPSH Tujl 44 AZs Bos A4 #2H A



(A) GFAP, (B) Tujl,

13k confocal &m| 7 AFZI.
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X 200

a9 6. HEgRde HHWE hematoxylin-eosin(A:icontrol, Bicold injury
group), cresyl violet & A (C:control, D:cold injury group). ¥ 9 A7 A E
2 gasgsdd BT A AL Ewe FAde ARAMEAI 9

AL GFAEYG FXEE(vacuoles)o] Ao W74 &Aool FAHAS.

e gue BE dod, AALENAL4RDS B el A4
At AASE LEIAe] WAL WEIL G gl P A A
Fovlsd Axe AE B oY AR THA S AR =T
EE o)A FF 25, 45, 650 AldetATt MDA W=, Garcias

714 %k, symmetry movement, forelimb flexion angle, climbing score
Farow shglth.



2 T3 F935A4A F7FekAtt (control group: 4.03 + 2.1, grafted group;
6 8

8, *p<0.05). (" 7-A). ETF, o]

1
Bt
K-
o
rlr
s
1
[\
N
e
z
O,

MASTH e FoeA 5 7Fek 9 tHcontrol group: 4.2 + 0.46, grafted

group: 6.83 £ 0.74, =*p<0.05). (¥ 7-B). symmetry movement$}
forelimb flexion angle HF% o2 % 25 {FostAl F7FstH o,
o] 0

i

kd

climbing scoret & o] UATHEE 2).

8 r

*
16
14 | N
12 |
ONormal (n=5)
0 OTBI + media (n=15)
3 mTBI + hM SCs (n=15)
Pre-T iw 2w
i — — . i
*
ONormal (n=5)
OTBI + media (n=15)
mTBI + hM SCs (n=15)
R 4w

19 Fo| o4 F AA7Isel Wi (A) EASRAHAL

HEFRDS a7 A Fol, AxelA F 1,2, 4,6 Fol AAS AW
65M 7ol frelshAl 2 E

. (B) AR TA HA RS ddEErleTe P JEsARd

ol A Ab-& 8L %%71%@4“% NP S. Z/AE o)AF 2 4, 6FolA &

Frequency

oN b o o

[
o

Sum of neurologic score
O P N W x OO N 0 ©

A
‘0,
ri
)
ineh
N
N
;



F 2074 2w AR Ao wE deEEriews kel

HEFARLANA Agshs £E75AA S wEsdSs. ENAE o4

2,4, 657A FoetA A Aol &elE. (xp < 0.05).

Pre-model Model 1week after graft 2week after graft 4dweek after graft 6week after graft

Symmetry movement score

Normal(n=5) 3 3 3 3 3 3
Control(n=15) 3 1 1.1+£0.32 1.2+0.42 1.3+£0.48 1.4+0.52
hMSCs(n=15) 3 1 1 217+0.83" 2.42+051" 2584051

Forelimb flexion angle score

Normal(n=5) 3 3 3 3 3 3
Control(n=15) 3 1 1 1.3+0.48 15053 1.4+0.52
hMSCs(n=15) 3 1 1.08+0.28 254067 252067 0424067

Climb score

Normal(n=5) 3 3 3 3 3 3
Control(n=15) 3 1.3£0.48 1.5+0.52 1.7£0.48 1.8+0.63 1.7£0.67
hMSCs(n=15) 3 1.25+0.45 1.3+0.49 2.16+0.71 1.9+0.51 1.8+0.57
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Abstract

Effect of transplantation of human mesenchymal stem cells on the

neurological recovery of cold-induced brain injury model in rat

Han Sung Kim
Department of Medicine

The Graduate school, Yonsei University

(Directed by Professor Yong Gou Park)

The purpose of this study was to investigate the effect of the
human msenchymal stem cells (hMSCs) that were transplanted
steotaxically on behavioral change after traumatic cold brain injury
in adult rats. Cortical lesion (n=30) was induced by touching a metal
stamp, cooled with liquid nitrogen (-707C), to the dura over the
forelimb motor cortex of adult rats. The procedure produced a
localized lesion and the animals showed significant motor deficits of
the contralateral forepaw. The hMSCs were freshly isolated from
human iliac bone and cultured in tissue culture flasks with 10 ml
Dulbecco’s modified Eagle’s medium, 10% fetal bovine serum, 1%
penicillin streptomycin, and basic fibroblast growth factor. The
animals received hMSC grafts (3x10° hMSCs) 6 days after cold

lesion (n=15). All rats were sacrificed 6 weeks after cold injury, and



immunohistochemical staining was performed on brain sections to
identify donor hMSCs. Neurological evaluations were performed with
the forepaw adjusting step test and modified neurological score.
Treatment with 3x10° hMSCs improved the rat’s neurological
functions. The transplanted BrdU-prelabeled hMSCs were found
around injury site and expressed the neuronal cell markers (GFAP,
Tujl, MAP-2, NF).

These results suggest that hMSCs may be a potential therapeutic

tool for brain injuries.

Key Words : human mesenchymal stem cell, brain injury model, cold

injury, transplantation
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