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1. AB3A £3 FHd E71AXY Fv]

1) 2% WA (Sprague—Dawley rat; Japan SLC, Inc. Hamamatsu,
Japan) & QFEHALSE & diE =, Axe HEd & 259 AWS AAsH
1 HF2 media (Dulbecco’ s phosphate—buffered saline (DPBS;
Welgene, Daegu, Korea) + 2% (v/v) heat—inactivated fetal bovine
serum (FBS; Welgene)) 3 mlE tE= B=9 iz F2lo T8t
o TFY AEE BT

2) EQl M3EZE 50ml conical tubedl X231 A3EZ resuspensionA|Z]l %
HF2 media® 50ml7}A] 2§<- & 1200rpm, 43%-7F 44 &3t}

3) Pelletel] RBC lysis buffer (Sigma—Aldrich, St. Louis, MO) 10ml& #
7hskar 2ol 102 7+ A%t

4) 10% 9, HF2 media® 50ml7F4] A< 5 1200rpm, 4min Y48 &
Az W3 o dE MSC media 10mlE pelletS resuspensiondl] <t}
5) 4)9¢ solutione 70um meshE o]&a|A filtering ¥ 1200rpm, 4min =
YAEE & cellE MSC media bmlE resuspension a1 408 F%= 34
3+ o} cell counting S}

6) 100mm culture dishel labeling 3t3. 1% gelatin(Sigma—Aldrich, St.
Louis, MO) 3mlE 1-2%3F Ag] § §45 Wl 9ml MSC media 37}
F d3 F 1x107/100mm dishZ A EE seeding =T},

7) 70~80% confluency % wlF ¥ (day 10~14) At 6ty

8) Al wjek passage 5° neurogenic differentiations ] sr}e!,

9) WA 0.1 mM 2-mercaptoethanol (Gibco Invitrogen)+ 2%

p

12 -":lx_s -1 1ii L



dimethylsulfoxide (DMSO; Sigma-Aldrich)S ©]&3}o] 5A]7F E<t
pre—inductions A] g gttt

10) ©]% Neuronal induction medium (High glucose Dulbecco's

modified Eagle's Medium (HG-DMEM) + 10% heat—inactivated FBS,

10 1g/L basic fibroblast growth factor (b—FGF; R&D Systems, Inc.,
Minneapolis, MN) + 10 lg/LL human epidermal growth factor (R&D
Systems, Inc.) + 1 mM dibutyrylcyclic AMP (Sigma—-Aldrich) + 0.5
mM  isobutylmethylxanthine  (Sigma—-Aldrich))°.2 74 &<t
neuronal differentiationg A] 3 gtc}

11) ©]2] Aol CFDA SE cell tracer (Thermo Fisher scientific, MA,
USA)E o]&ste] AEE  trackingste] 200,000 /20ulo®  ®HEo]

Hamilton syringe®] ©o]21& A ¥XE x|t}

2. B

o)

T HF &4 2l ETAXE o]y

D Ee AdREY A 58 Addddsty = Ad 9143
(Institutional Animal care and use committee IACUC)) 9] &l ¥
L AR E Sl

2) BEeA HAbe 45 Westd Al w47 5 Rbs 2els S8l 49

slele] 8ol 1059 97 Aol 27 bt H5 &4 wAg 0§

T~

= = - 2=~ A~
sto] T35 A4 &4 2d

mlo

=Sl

3) ketamine¥ xylazine®. 2 E7} nlHE A)8)st & A3} vgld o g

o
ri
=
&
ri
Ho
o
i)

AE3% & cefazolin A3 ¥ midline incisionS

13 Al==TH !
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AP FEE uEHSE & Hg A FeEsto] &4 2194 (epicenter) ©f

o

A 79l lem blocks W= A 3tsk(homogenate) ¥ ofg] A
Z1 8513t

2) MMP 42 % ¥4 1% ¥ Hx

A7 &4 F 1T " EVAIEY IHV]HAE Bt e A Sl
MMPE] W3sts glstr] & E71Ax AF & MMP-1, 2, 3,7, 8,9
9] W3E Real-time polymerase chain reaction = 2Q13}3it}.
RNeasy Mini Kit (Qiagen, Hilden, Germany) < ©]&3}o] &4% 24
N mRNAE F=3}3 ReverTra Ace qPCR RT Master Mix with
gDNA remover kit (Toyobo, Osaka, Japan) & ©]£3}9] cDNAE &4
3+% 37 THUNDERBIRD SYBR qPCR Mix (Toyobo) under the 7500
Real—time PCR system (Applied Biosystems) < o] &3lo] E4 4=}
5 ottt Al¥HA| (primer) =  Primer3  software
(Whitehead Institute/MIT Center for Genome Research) & ©]-8-3}9
GenBank for ratelA] ¢cDNA @714 E& dolA A48k tH(Table 1)

3) AllEFtel B4 B8 FA4 =

of\

HEE- v

ELISA
AMAA R Y 71X 54 ol mlA= FEFe gQls)
Q& interleukin (IL)—1e, IL—10, C—X-C motif chemokine

(CXCL)—-2, CXCL-10, Tumor growth factor(TGF)— /A, Tumor

15 M 2-th ¢



necrosis factor(TNF)—a, STAT3 and nuclear factor— x B(NF—
£#B)e W3S ELISAE olgste] E7IAHAE A&y dxzds
Hlwskglek,  &48  Hold d#as o] protease inhibitor
cocktailell +4H]3}%] FineTest (Wuhan Fine Biological Technology
Co., Ltd., Wuhan, Hubei, China) *l|lA] F*v} s+ ELISA kits (IL—1 e, IL—
10, CXCL-2, CXCL-10, TGF=p3, TNF—a, STAT3, NF-«B) &
Epoch microplates reader (BioTek Instruments, Inc., Winooski, VT,
USA) oA =latalvt

Western blot

A5 ggel FRE oJASE wFe /WO 2ed NF- (B W3

i

glatr] 98kl AT AVl E71MAFE ARaH gzl dal
Western bloto 2 p65 <14Fs} (phosphorylation) d =& #4313t &
ArEl 2o A A8 kAl S RIPA lysis buffer$} a protease inhibitor
cocktail® H|sF] 10% SDS—polyacrylamide gelsolA <% &3St}
weld @A 0.45- p¢m nitrocellulose transfer membranes©] 4]
electroblot 3F33l 5% skim milk in Tris—buffered saline
supplemented with 0.1% Tween 20 (TBST) bufferol]4 1A%} block
sttt 283 1:1000 diluted anti— NF— ¢ B p65 and anti—p— NF-—
kB p65 (Ser536) primary antibodies for 24hE 4C= probed}3it}.
Al 2 1087 A2 ¥ polyclonal anti—rabbit HRP—conjugated
secondary antibody® A4 1AIZF F<k vk ¥ Pierce ECL

Western Blot substrate. Band densitometry 9} Image J software

16 A L- LH ¢
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2) 8% ketamine, xylazine® = wi3slo] WA o] HH5 Q&
sty A4S F3l 0.1M PBSE #F F 0.1 M PBS £ 4%
paraformaldehyde (PFA), pH 7.4%2 1 ASIA{Y. T3 dA&S Zal Z
TE epicenter Yol = 1cm Z&EhA4 0.1 M PBS £ 49% PFA, pH

7.4% 17gskal o]% 0.1 M PBS &9 30% sucrose &4 &3l 2

o

]

=

e
off

4

M

HE F F OCT §912 F3 FAsharh

2) E7NIAE A5l wE W& Jrol vbE A F9] AlEe] Wstes

A4 £ F 79 7 289U AT (sagitta) 2 TS T F
Mo &efol=g Meste] Sk e 548 ¢8) GFAPE

) 2~ =
Ak He £y

o
X,
kel
1o
a
kel
rr
oX,
o
X,
el
o
e
rlo

Glial fibrillary
acidic protein (GFAP: 1:200; Abcam)E %3l|, AW A 3E (microglial
celD)/t]2] M ¥ (macrophage)< ionized calcium—binding adapter
molecule 1(IbA 1:200; Abcam)< ©]&3dto] ¥FE QI F-912] A252
H3lE =451 3E7] olwAlE  (Oligodendroglial precursor cell;

OPC)& Neural/glial antigen 2(NG2; 1:500, Millipore) Z Esto] AlA¢

17 -":I:-. : 'k:i' 1_-]i
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0 =2 (axial section) A& 3
neurofilament A& F3 RAdd WNAES 3x7]sto] Cavalieri WH=
o] g-3lo] &4 YA (epicenter) A My ZE, wy]ZEo 2 100um? 3+
Ao 72 SAslo] AR oz AA Folsle g WA A Md B
4) AA¥s Fad E7IAIES AE B3k DAPIE Agsta
Alexa Fluor 488% @@ =stdar olo #3= AAAzZ=
NeuN (1:500, Millipore), 3]&7]o}nAl¥E+= NG2(1:500, Millipore), A3
A A= GFAP(1:200, Abcam) £} ©]xF&kAlli= Chicken Anti—rabbit IgG
antibodies Alexa Fluor 594(1:150, Molecular probe)E ©]&3}o
confocal microscopy (Olympus FLUOVIEW - FV300) & o]gslo] =43}

St

5. AT £4

= Addye= 7y 2FA1AE §3F 22 (SEM; standard error of

o

the mean) ® XA 1L TAI8H4 #4242 unpaired student t—test&

olgsto] BASATE. AERE L FA] PTH MLTHe BHS

-

Duncan’ s method, Bonferroni post hoc test ANOVA A& o] &3
o] p <0.05% 7lFo=® A4 FAAS HASsth(StatView 5.0;

SAS institute, Cary, NC. USA).
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Table 1. Oligonucleotide primers and PCR cycling conditions.

Primer sequence Temper

GenBank Size ~ ature

Genes number Sense (5>3) Anti-sense (5°>37) (bp) (T)
GAPDH  NM_017008.4 ggacctcatggcctacatgg cccctectgttgttatgggg 179 60
MMP-1 NM 001134530 cttccccaaatcecatccage ttgagctcagettetggeatg 160 60
MMP-2 BC074013 ggcecgtacaatcttcactgea agcacctttctttgggcacaa 182 60
MMP-3 NM 133523 tacggctgtgtgctcatccta getteectgteatcttcagee 197 60
MMP-7 L24374 ttagttgggggactgcagaca tectcaccatcegtecagtac 169 60
MMP-8 NM 022221 tggaccttcagacaaccctgt tcaactgttctcagetgggga 159 60
MMP-9 NM 031055 tcattcttcagtgccggaage ggacacatagtgggaggagcet 183 60

]
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Figure 1. The effects of MSCs on MMPs in acute SCI. After SCI induction with
or without MSC transplantation, the spine homogenates were isolated at Dayl to
Day7 in the SCI for real-time qRT-PCR. The mRNA level of (A) MMP-1, (B)
MMP-2, (C) MMP-3, (D) MMP-7, (E) MMP-8 and (F) MMP-9 was detected in
indicated time point after SCIL The relative expression was calculated with 274"
method and normalized with GADPH. Only MMP-2 was increased in MSC-
treated SCI rat with statically significance at Dayl after SCI (D+1). Data are
presented as the mean =SD of three animals. “p<0.05 compared in each group. D;

Day.
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Figure 2. MMP levels in MSC. The MSC from our protocol has increased MMP-2
production compared to other MMPs with statistically significance. ‘p<0.05 for

significant difference among each MMP gene expression in MSC
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Figure 3. The effects of MSCs on STAT3 related to astrogliosis in acute SCI.
The activation of STAT3 was detected by ELISA analysis. The value was
calculated along with regression analysis of standard curve. MSC treatment
induces MMP2 expression and STAT3 activation in SCI rat. Data are presented as
the mean +£SD. D; Day. STAT3 was evaluated for acute astrogliosis at 1* day (D+1),
3 day (D+3) and 7" day (D+7) after SCI. STAT3 had an increased tendency in
injured spinal cord with MSC transplantation at first day after SCI. STAT3 was

checked at three rats each.
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Figure 4. The effects of MSCs on cytokines related to astrogliosis in acute SCI.
After SCI induction with or without MSC transplantation, the spine homogenates
were isolated at day of first (D+1), third (D+3) and seventh (D+7) after SCI (n=3).
The expression of cytokine/chemokine including (A) IL-1a, (B) IL-10, (C) CXCL-
2, (D) CXCL-10, (E) TNF-a, and (F) TGF-p was evaluated for acute astrogliosis
using ELISA analysis. Each value was calculated along with regression analysis of
corresponding standard curve. MSC ftreatment decreased the level of
cytokine/chemokine in SCI rat. “p<0.05 for MSC-SCI compared with SCI at

indicated time point. D; Day.
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Figure 5. The effects of MSCs on NF-kB pathway in acute SCI. After SCI
induction with or without MSC transplantation, the spine homogenates were
isolated at Dayl to Day7 in the SCI after MSC transplantation for western blot
analysis and ELISA assay to detect neuron-inflammatory pathway through
activation of NF-xB p65 (p-NF-«kB, 65-kDa). (A) ELISA confirmed the activation
of NF-xB according to manufacturer’s instruction. The value was calculated along
with regression analysis of standard curve. MSC treatment decreased the activation
of NF-xB in SCI rat. (B) Western blot analysis determined the phosphorylation of
NF-kB p65 at Serin 536 residue. Total NF-xkB and B-actin were used for loading
control. the phosphorylation level of the inflammatory transcriptional factor NF-xB
p65 at Ser536 of spinal cord was slightly decreased at 1-, 3- and 7 d after injury.
(C) The representative bands showed the ratio of p-NF-kB p65 to total NF- kB.
Data are presented as the mean +SD “p<0.05 for MSC-SCI compared with SCI at

indicated time point. D; Day.
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Figure 6. Analysis of GFAP-positive astrogliosis with MSC treatment at acute
severe SCI (A) The astrogliosis was described using represent 2 images of each
groups (n=3). The extent of astrogliosis was measured by bright-filed microscopy
with Glial fibrillary acidic protein (GFAP)-positive staining in mid sagittal section
of SCI at 1 week(wk) and 4 wk. (B) The dotted line for area occupied by glial scar
in (A) was shown as stereological quantification by image J. Data are presented as
the mean £SD. The area of acute astrogliosis was increased by MSC treatment in
SCI at 1wk, but it was decreased in chronic astrogliosis at 4wk. = p<0.01compared
with SCI at each group. **p<0.001 compared with at 1wk and 4wk in MSC-SCI

group. D; Day.
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Figure 7. Time course of behavioral recovery with MSC treatment in acute
severe SCI. For the comparison of behavioral outcome, twenty-five female SD rats
were anesthetized and exposed to severe SCI using the clipping compression
technique. Nine rats were performed SCI(SCI) and eight rats were performed SCI
with infusion of MSC culture medium (MSC-CM-SCI) for control. MSC were
infused at eight rats (MSC-SCI). (A-C) Functional outcome was analyzed serially
with the Basso Beattie and Bresnahan (BBB) scale at postoperative one day and
weekly for four weeks. (D) From 21days after SCI, the rats with MSC treated
group had better behavioral outcome with statistically significance than of SCI
group. (E) This effect showed obvious differences between groups at D28. "p<0.05

for MSC-CM-SCI or MSC-SCI vs. SCI. D; Day.
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Figure 8. Increased spared white mater with MSC treatment at 28™ day after
SCI. At 4 weeks after SCI, histological outcome was determined by their relative
mean percentage of spared white tissue by the Cavalieri method. The axial slide
was selected every 100um from epicenter to rostral and caudal direction with
Hematoxylin & eosin and neurofilament staining. (A) The mean area of spared
white mater in tissue was expressed as proportional area (percentage, %). MSC
treated SCI rat had more spared white matter at the lesion epicenter compared with
SCI rats. “p<0.05 compared with SCI group. (B) The illustrated three-dimensional
reconstructed images were shown with representative two axial sliced caudal and

epicenter of injured spinal cord in SCI only(left) and MSC treated rat(Right).
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Figure 9. Confocal microscopy image of CFDA-SE tracked MSC at 28" day
after SCI. The survived MSC were visualized by confocal microscopy at 28days
after transplantation. Yellow circle means survived NP-MSC was visualized by

DAPI (blue) positive cells co-localized with CFDA-SE (green) with high resolution.



ABSTRACT

A study on recovery of acute severe
spinal cord injury of rat using neuronal

differentiated mesenchymal stem cell

Choonghyo Kim
Department of Medicine
Medicine (Department of Brain and Cognitive sciences) Major
The Graduate School

Seoul National University

Introduction

Treatment with mesenchymal stem cells (MSC) in spinal cord injury (SCI) has
been highlighted as therapeutic candidate for SCI. Although astrogliosis is a major
phenomenon after SCI, the role of MSC on astrogliosis is still controversial. In this
study, we determined whether acute transplantation of MSC improves the outcome

of SCI through modulating astrogliosis.
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Methods

Bone marrow derived rat MSCs were induced neural differentiation and
transplanted at acute severe SCI rats. Matrix metalloproteinase (MMP) and neuro-
inflammatory pathway were analyzed for acute astrogliosis at 1, 3 and 7 d after SCI
in RT-PCR, ELISA and western blot analysis. Functional outcome was assessed
serially at postoperative 1 d and weekly for 4 weeks. Histopathologic analysis was
undertaken at 7 and 28 d following injury in immunohistochemistry.

Results

In RT-PCR analysis, mRNA levels of MMP2 was significantly increased in MSC
transplanted rats at 1™ day after SCI. Transplantation of MSCs increased tendency
of STAT3 at 1% day after SCI, while decreased other cytokines in acute SCI.
Especially NF-kB was decreased at 7" day after SCI and phosphorylation of p65
by NF-kB pathway was slightly decreased at acute SCI by MSC treatment. In
immunohistochemistry, MSC transplantation increased acute astrogliosis whereas
attenuated scar formation with increased sparing white matter of spinal cord lesions.
In BBB locomotor scale, the rats of MSC treated group exhibited improvement of
functional recovery.

Conclusion

Transplantation of MSC reduces the inflammatory reaction and modulates
astrogliosis via MMP2/STAT3 pathway leading to improve functional recovery

after SCI in rats.

Key words: Injury spinal cord, Mesenchymal stem cell, Gliosis, scar

Student number:2008-30559

48 M 2]



	서론
	대상 및 방법
	1. 신경계 분화 중배엽 줄기세포의 준비 
	2. 급성 중증 척수 손상 모델에 줄기 세포 이식
	3. 줄기세포 치료가 급성 교증에 미치는 영향 분석
	4. 병리 검사를 통한 척수 손상의 회복 분석
	5. 통계학적 분석

	결과
	1. 척수 손상 1일 MMP-2의 증가
	2. 급성기 사이토카인의 변화
	3. 급성 교증의 증가와 만성 반흔의 감소
	4. 신경학적 회복과 백질의 보전 
	5. 급성기 이식으로 감소된 줄기세포 생존율 

	고찰
	결론
	참고문헌
	Abstract
	표 목차
	[Table 1] Oligonucleotide primers and PCR cycling conditions

	LIST OF FIGURES 
	[Figure 1] The effects of MSCs on MMPs in acute SCI
	[Figure 2] The MMPs levels of MSC
	[Figure 3] The effects of MSCs on STAT3 related to astrogliosis in acute SCI
	[Figure 4] The effects of MSCs on cytokines related to astrogliosis in acute SCI
	[Figure 5] The effects of MSCs on NF-κB pathway in acute SCI
	[Figure 6] Analysis of GFAP-positive astrogliosis with MSC treatment at acute SCI
	[Figure 7] Time course of behavioral recovery with MSC transplantation at acute severe SCI of rats
	[Figure 8] Increased spared white mater with acute MSC treatment at 28th day after SCI
	[Figure 9] Confocal microscopy image of CDFA-SE tracked MSC at 28th day after SCI 



<startpage>2
서론 8
대상 및 방법 12
 1. 신경계 분화 중배엽 줄기세포의 준비  12
 2. 급성 중증 척수 손상 모델에 줄기 세포 이식 13
 3. 줄기세포 치료가 급성 교증에 미치는 영향 분석 14
 4. 병리 검사를 통한 척수 손상의 회복 분석 17
 5. 통계학적 분석 18
결과 19
 1. 척수 손상 1일 MMP-2의 증가 19
 2. 급성기 사이토카인의 변화 19
 3. 급성 교증의 증가와 만성 반흔의 감소 20
 4. 신경학적 회복과 백질의 보전  21
 5. 급성기 이식으로 감소된 줄기세포 생존율  21
고찰 23
결론 32
참고문헌 33
Abstract 47
표 목차 37
 [Table 1] Oligonucleotide primers and PCR cycling conditions 37
LIST OF FIGURES  38
 [Figure 1] The effects of MSCs on MMPs in acute SCI 38
 [Figure 2] The MMPs levels of MSC 39
 [Figure 3] The effects of MSCs on STAT3 related to astrogliosis in acute SCI 40
 [Figure 4] The effects of MSCs on cytokines related to astrogliosis in acute SCI 41
 [Figure 5] The effects of MSCs on NF-κB pathway in acute SCI 42
 [Figure 6] Analysis of GFAP-positive astrogliosis with MSC treatment at acute SCI 43
 [Figure 7] Time course of behavioral recovery with MSC transplantation at acute severe SCI of rats 44
 [Figure 8] Increased spared white mater with acute MSC treatment at 28th day after SCI 45
 [Figure 9] Confocal microscopy image of CDFA-SE tracked MSC at 28th day after SCI  46
</body>

