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Nerve and Bone Regeneration using Tissue Engineered Scaffold

and Adult Stem Cell

Mi Hee Cho

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

In chapter 2, Bone marrow stromal cells (BMSCs) were harvested from
the femurs and tibias of adult female Fischer rat. The ability of the PLGA with
BMSCs to be integrated and to promote nerve regeneration in the transected
rat spinal cord was investigated. Fischer rat received an implant consisting of
the BMSCs suspended in the PLGA in the gap (T8 ~ T9) created by the spinal
cord resection. For histological evaluation, the implants were removed after 4
and 8 weeks. Thin sections were cut from paraffin embedded tissue and
histological sections were stained H&E, NSE and NF staining. Motor functional
outcome measurements using the Basso—Beattie—Bresnehan (BBB) score
performed weekly to 8 weeks post—injury. It was observed that the effects of
the PLGA with BMSCs on neuroinduction (Group III, scaffold, cell, cytokine) are
stronger that PLGA without BMSCs (Group II, scaffold) and blank model (Group
I ). In chapter 3, Temperature sensitive MPEG—PCL diblock copolymer in this
work could utilize as a potential carrier of BDNF for nerve regeneration.
Methoxy poly(ethylene glycol) (MPEG)—b—poly(e—caprolactone) (PCL) diblock
copolymer was synthesized by ring—opening of e—caprolactone (¢e—CL) in the
presence of a monomer activator with the terminal alcohol of MPEG as an
initiator. The temperature sensitive behavior of the prepared MPEG—PCL diblock

copolymer solution was examined. The polymer solution formed translucent sol



at the room temperature. As the temperature increased from room temperature,
the sol became gel. Brain—derived neurotrophic factor (BDNF) loaded MPEG—PCL
diblock copolymer solution was prepared to examine the release behavior of
BDNF. The release of BDNF in MPEG—PCL gel showed the prolonged release
profile for 21 days. In chapter 4, To screen for small molecules inducers of
neuronal differentiation, rat bone marrow mesenchymal stem cells isolated from
adult female Fischer rat were used. Neuronal differentiation were analyzed with
immunohistochemistry staining of Tujl, immunofluorescence staining of NSE and
CNPase. In addition, we confirmed that gene expression of neuronal specific
marker such as Tujl and NSE by RT—PCR. It has been shown that rBMSCs can
differentiate into neuron and oligodendrocyte in vitro by small molecules as
KR63240 and KR63244.

The last chapter, we describe the manufacture and characterization of
in situ—forming chitosan gels containing chitosan and GP, and their ability to
offer a suitable scaffold for rBMSCs in vitro and in vivo. Finally, we injected
rBMSC—containing chitosan gel and evaluated its incorporation into surrounding

tissues without the addition of exogenous biological factors.
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Table 1—2. Absorbable biomedical materials used for tissue engineering.

Natural Polymer Example

Natural Polymer Fibrin, collagen, gelatin, hyaluronate,
Matrige1®

Synthetic Polymer polyglycolide (PGA),

glycolide-lactide copolymer (PLGA),

polylactides (PLA; PLLA and PDLLA),

ethylene —oxide block copolymers with

PLA or propylene oxide chains

Inorganic Material tricalcium phosphate, calcium carbonate,

non-sintered hydroxyapatite
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Figure 1—1. Tissue Engineering of Concept
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Scaffolds
( collagen,

bone mineral,
synthetics )

Regeneration
of tissue/organs

Signaling
molecules
( growth factors,
morphogens,

Figure 1—2. Tissue engineering generally combines three key elements;

Cells
( osteoblasts,
chondrocytes,

stem cells )

cells, scaffolds, and signaling molecules (growth factor). By
combining these elements, tissue regeneration can be

accomplished.
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neurotrophic factor (BDNF)E AF&3l3oH, E3loF S Eo]zx oz Hhy
st @A Q] neurofilament (NF)E o] &3 WHsHA A HE 5

St RS FHFOEAM ABAEY F3tef Ao thgh A7 JPH
9}]\@?3,24

Fol ARG LEA FAQ (Ferol= Jetos) FFFAE A
gokel BLUYEIAZE HED F AZS 24394 AAANES P9

AARAZL Za4o) BAl AAEE e 4BS FuE AR sel FFA

Aol A 75 AL FHT
2.2 A5 € U

22-1. EFFAE/IAZY £ 2 <&

2O g EFFAES7IAES oln F Iz WHE o] 835
2 2w st d o). Fischer # (inbred, female)2] HE RS ddsle] 18
Aol A o] vt PBS F&o] & FAZIE AREStY 2 ~ 3 mle] IFE
AHsAT. ol wFAoZ 2 #f FAst 50% HZF (Percoll, Sigma
Chem. Co., USA) HZIFH]-& Aol 3] FelrA HF T3 4o]|A &
E5 AT ol YAEYVIZ 500 gollA 25 E3F A4AEY st HE
T 5 ¥ TAE T Y 8 TR AR volaz Ius
o]-gste] AMEZFRHE HElste] wjFd o R TA] A5t 1000 rpmelA]
10 B3F 9% 9t 45 qs AAS A 2 MEE 20% FHE

l



% (FBS, Gibco BRL, USA) 2 &AA (10 U/ml ¢+=#| 2} 4l B, Gibco BRL)
£ A7}3 Dulbecco's modified eagle medium (DMEM, Gibco BRL)¢l
10°~10" M Z/are] =2 WY Zehad] v Fstgeh MYd A EE 3
doll A mjFd S wAsII o™ 7~9 Ao FFHA AhuF AT

poly (L—lactide—co—glycolide) (ZtE}o]=—co—=8]Ee}ol=) FZFA o o]
itk a5 18 &4%8 FFd (FEolE—co-=dZFeol=) 5T <

= 8)= Bi=5l OF I+ At 9L &2

Ay dEs 112 £ vEAZ v A 540738 42 °

A HFY T FAY IJRE A A 29 255 AAS A5 W

o] T8 — T9 F9E AAsIAH. ol A7t EZHA F=F A4S +

A7 Fedith Al =W vlolAR JH9E ol&st ASs X4

28A AASL FFE 5 mm, 3 mm, 1 mm ¥ @< Cutting Ho|E &
As] A
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2.2—4. & ¥ #

A7t AuEoe] A4S &4 e e dhwiale] nirlEo] zhy
g Fojst BErt Bastt 94 £ Foe AR Ao A W
02 &7|3 viEe wEIA fFAY L wilste oA Pgom
st 8 FAT F T 9790 FHAS QAT FYsged 3
dhalo] wiulE 7] mEe] Qg meo] wjAdo] o)A BS Agel F

o APHERE 1 ¢ 2 3] =5 AAN FAUH

8 Hrl= £+ % 1Fvlt; Basso, Beattie @ Bresnahan

(BBB) 2301E Fa H713tk>* H37F Ao 58S F4A717] 94
Tdo] dasit. Hst= ey FEHAR T AP F HdAM &

scale (Table 2—1 ¥ Figure 2—7)%&

3 B HrkAE #9 A

o ¢AY B DE B B 45, B59) oYY 5 VI F

2.2—6. 383 Hr}

Hematoxylin and eosin (H&E) @42 714 7|24 dAo=z
AE2) Fof FolHor P4o] FH= hematoxylind A2 HAo] =
T eosing ©] &3 FMHOR I} AxHo Hds HGd 5 U &
F EFFASIIAET AAARANA AFAER ZSEJ=AE G5t

7] 95t A AMZA Eolxdozm WHEE wulAQl Neurofilament

of

(NF; SCYTEK, USA) ¢} Neuron—Specific Enolase (NSE; Serotec, UK)S &
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et AZE Stol=d 1 2 FAS FLoA 2 A7 Bk A}
Rew, vpo]e®lo]l At 2 A FAES 20 BF Ak, A7)l o}
HlY — vlo] ¥l — H{EAtHA (Immunotech, France) & A 7}sto] thA] A+
Lo A 30 EZF Aol st A& s 3 3—amino—9—ethylcarbazole
(AEC) &4 (Immunotech) & Eojxg] H Moz JMo] H=X5 F
g Fer AFAT. £ A= AAAE ol AT Fojdll Al E s}
2o J4s BwHEsty] Hal AAlskAnh

2.3 23 9 33

2.3—1. o]A A=Y AZ
B AT 13742 ARk AR 18 FAHZRE 7
o) FF A oA QUA| 0] 4] & e F1 WS PLGAE ©]&-3}
AAAE o] AHESAT T o) I
A+d BDNFE s o34 PLGA @42 Ax E4
2-19 Jei At 90 K& PLGAZE 0.5 ml MCol &sjAlA —20 C
AN WA F dLPAE AA AL THRFE BEF39 180
m, 250 m FAME AbEst AAAVNE A Ao, (Figure
o BDNFe9 &S PLGA 0.1 gol 200 ng &2 3t AxH
S dAe 1 69 HIEE sonicators AE3te] E3AT. &5

[e2]
3 d5UAE AYEZE=Cd AHM AAAE Az FH AA A

lo
1>
i
n{u

o
oX,
hines
>
X
e

o2
filo
o

2—-3) 1

FAAZN F FEAZ AA AP ALSIAT. AxE &
M-S 39135l7] Y3 scanning electron microscope (SEM)<S

Aol gAeo deg L vAFRE FESYY. (Figure 2—-2)
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2R SAANEE St Wqssty a4l NFeF NSES Aldstd
WA AR E] FolHoz Wwdst= NF d4S HAAI Ay 49 7
ol FEHoZ EA @Ao] TEEHAY. NSE | Neuron®l] @4o] #
Aoz Hol A7 e AAo] dojttha Atz drt

-
gso] £48 FFUAL AYstag A7E AYHGT. AAANL AL
# gARE AR AFH (Feol=-co—2eFetol=) FETA
g At B34 A4S BEAh AEAN FHUASNAZE |
Jurg-2 Ao7)x) U= Fischer Ae] HEF 5on 22 2 wjgstg
om, BRUGEINAEE FEAS (FBOlE-co-Zel 2ol =) FFTA
o stEats] A8 3744 1§ A 4Ee AYstdth 2F 1L T8
- T9 7AA H4E A3 AAR 2U, 2§ 0= H52 AA%L (I8
o|E-co-2BeolE) FERAVEL AYT v, 223 1§ Me 7
58 AARL (Fepo|E—co-FYBetol2) FEFAG 44AH 17

al
G AAEIIAES AYE 2Folt & F At A 9 Bejsa

b B B | = -1 [SRNe} [e] —

ofel A & M2 of 11 3 == Avdge] #4845 Bilou, yrA
T A2 4 A oz A9 wAde] AT ol= AAAL} HEE 9]
A3k gl Aol AYEHIL, 7lwel AEE Aer AT F A% =



A& Foltt. 3 PLGAR A x£3 AAAE o] &3t FFA73A
3 AT} Ay Folw, AAAF ¢1x1¢l BDNFe] AA= o]
FAT Az JFS Fdstr] Azt AE F3 Vles 4¥
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Rat # Date: DPO: Score: L R
: A P ) g Predominant
| Limb Mavement Trunk g Plac:nh:enl Stepping ¢ | Toe | Paw Postion .
) it ¢ | Clear. | Initial |, LS
Hip | Knee | Ankie [ Position & Plantar PL._ | Dorsal | Plantar| £ Contact| " OF) | ciobiny | T
¥ e W0 W i
L R|L R|L R| Side | Prop | , |Sweep Supp. | Supp. L RILRfelL RIL RILR
¢ @@ #|@ 2|L R|L R|omg|L R|L R|L R|® @|& @)@ j@ga | ||| | Up
O 0|0 O0|0|0O0
5 5[5 5|8 5 Parallel 4 Ef EPE E
Mid F FIF"F'| F [ F™
B+ EEE E|E E High G C|€@ C|C |4k C Bl PER: P Down
Comments:
; ; (&-Never 0%, O-Ox ==50%, F-Frequent 51-84%, C-Ci 95-100%) *Clearance <=5%
(@-No.. S-Slight, E-Extensive Movement) (--Internal Retation, E-Exteral Rotation, P-Paraliel) rD.snepswt.‘HL *“Toe Drags=4/HL

Table 2—1. The scoring sheet with categories and attributes that

accompanies the BBB Locomotor Rating Scale. The left,

middle, and right portions of the sheet represent the early,

intermediate,

and late phases of recovery, respectively

(DPO, days postop; L,left; R, right; plantar Pl., plantar

placementor paw; toe clearance during swing W/O supp.,

without support; W supp., with support).
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- Ice Particle Leaching Method

Liquid nitrogen tank

Figure 2—1. Schematic diagram illustrating of fabrication process of PLGA

scaffolds by Ice—Particle Leaching Method

_26_



(e) (f)

Figure 2—2. SEM microphotographs of PLGA scaffolds. (a) cross (X40),
(b) side (<40), (c) surface (>40), and (d) cross (<100), (e)
side (X100), (f) surface (X100)
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u Median pore diameter

Incremental instusion (mL/g)

i
o
[ 1
o
]
[ |
/i/i/
i\ .
<

T T T T
0 100 200 300 400

Median pore diameter (um)
Weight of | Weight of | Ice particle : Median pore
) ! | Porosity |
PLGA ice particle size %) diameter
(&) (&) (fam) (eem)
1 9 180 J~250 90.1 81

Figure 2—3. Pore size distribution of Scaffold made by Ice—Particle

Leaching Method
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) 3 mm Model (d) 1 mm Model

Figure 2—4. The Picture of Surgery and Transected Spinal Cord
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8 G3:1mm —
G3:3mm ___
6 - G3:5mm __
?I.olo‘ G2:5mm —
2 4
o i
g 4 - :
2 : A
£ 1. Bladder bursting ;
@ ! Gl:5mm —
g 2. Ulcer
-E 2 -
<«
0 1 1 1 1 ] ] 1
0 1 2 3 4 5 6 7 8

Post-operation Time (Weeks)

Figure 2—5. Survival of spinal cord transected rat after post—operation:

G1 (blank model), G2 (scaffold), and G3 (scaffold, cell,

growth factor)
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) G3-3 Model (6 weeks)

(b) G3-3 Model (8 weeks)

(Continue)
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(c) G3-1 Model (4 weeks)

Figure 2—6. Time—lapse photographs of movement by representation
member of the (a) G3=38 Model (6 weeks) and (b) G3—3
Model (6 weeks), (c) G3—1 Model (4 weeks)
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21

18 1

15 1

—

Openfield Score

Postoperative Time (Weeks)

Basso-Beattie-Bresnehan score in recovering on
behavioral performance after spinal code injure ( *P<0.05)

Figure 2—7. Basso—Beattie—Bresnehan score in recovering on behavioral
performance after spinal cord injury (P*<0.05 compared with

control).
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I—
/F\ 3 e Model 16 week r
# ’ 1 mm Model § week
/‘\ 3 1 Model 12 week

/? BN 3 oo Model § week

/ﬁ“\.\ f 3 m Model 4 week

(@) 3 mm Model (b) T mm Model

Figure 2—8. Gross anatomy of spinal cord (a) 3 mm Model, (b) 1 mm

Model. The spinal cord was exposed by removal of the

spine.
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x 40

(b) Lesion Tissue

Figure 2—9. Histological evaluation of spinal cord transection after 8

weeks postoperation: (a) Normal Cord and (b) Lesion Cord
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Al 3% =784 MPEG-PCL 3ol=24d
aE AP AA BDNFE A3}

3.1. o] &3 "} 7F

LTS A FlolERAL ZAANBE X ADAS FEHDA
2" A dE AFgo] A Yk 1B} slojlezAL fU] £ujE
AFEEEA] Fa & AdA 2x Wl o5, 3] F LERZd

J
T8 F e BHS 7HAAL 3o AA HAE nEAZA M & A

e AT gk BAZA 9ol AgHT Y A AFH 1R

ofE AEA B ZHFT Fofol A A AAAE AT v

© Za3dtdd AW 20 I GFS ABE o] & AT A3 Yk B
Z g gglol= (PLA), ZEZE|Z8ol= (PGA), SEelolt FE|Z o=
ST ¢A (PLGA), 18 Eej7tZz2 e E (PCL) E8d=H AE 9
wAEA AL 549 AAATAY "ol e dEA B gt 98
Hopo] Ao S&51 k. Zeoay ALY HENAY nEA

=

op
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ToANE &% 784

kel

AC—] o)

A%

Lol

brain derived neurotrophic factor (BDNF), nerve growth factor (NGF)
2] i neurotrophin—3 (NT-3)7} QAth'® BDNF&= 32174 A ¢ 4] NGF ®.th

2 74 ¥ MPEG-PCL



3.2. A5 ¥ =y

32-1 A1 H As

HEA] ZgoddZ8Z (MPEG, Mn=750 g/mole), 7}1Z2&E
(e=CL), Zgslo]=gto]l= (Cally), 2w 2 =&°]= (CaCly), 1 M HCIEL:0
< aldrich2 %8 FAHAT. JlZz2gEL Zgslolsao]=stdA 67
To 25X AY BASFAL, 4 A XA (molecular sieve, Junsei
chemical Co., Ltd., Japan)ol A ¥4 BAsIe] F A o2t AL} o
gdZ=Zgto]= (CHCly, MC, Jin Chem. Pharm. Co. Ltd., Korea)= 143
o2 AgFaael= (CaCly, Aldrich, St. Louis, MO, USA) <} Z¢3to] =g}
ol=sloll A AAV|F tollA BAFHJH. ¥ F R JHAE A
) AF (hexane, Junsei chemical Co., Ltd., Japan)® 2223} B2} 2R 9]

hS AT GPCEAY oledoE AgHR 222X EF  (CHCL,

e

d

Fisher Scientific Korea Ltd., Korea)2 =5 HPLC 53& AM&3tH L,
GPC 49 xFA 824 Z22E# (Showa Denko, Japan)S AF&-3}%
o 2d wuwld oES YFEAQ FITC/E A9E & 83 457A
(FITC—BSA, Aldrich, Milwankee, WI, USA)& A&-3lH a1, A AAZAAZ
BDNF (brain—derived neurotrophic factor) = A&ttt sfo|=2A 3} <oF
o &S 9% 5902 AT 8 (PBS, pH 7.4)& AHE3A

.
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3.2—2 MPEG-PCLY %A

MPEG-PCL £& FZ &A= 9&FA A3 WAUSS A3t
MPEG®] OH71E /WAAZ &t 7tz zerEe] NEFdS Tt FAst
Atk MPEG—PCL ##+& 3,150 g/mole?] &5 A (HG-24)2] &4 ¢
st o 22 348 AASHATE MAIAIRJ] MPEG 1.5 g (2 mmol) %
EF49 80 mL& AZRH 250 mL & Eg239 ¥ d 25 EFS
AH&3Ee] 130 CollA 5 AIZE B¢t 38 /3G T/
T AAs AA7]F st MPEGE A2 (25 C)o=
g FAlE 7tZ2E 4.5 mL (39.4 mmol)Z FAE o]
ke gui2 A W FAE MC 30 mLS 2L oe = 2uzA 1
HCIEt,08 4 mL FHYst 24 A Eet A2olA] WA A FAch. ¥k
F ¥H3ES 800 mLe] ke AA3F] weojrmgHA AAAF T MCe
FHRES 59 AFTIZ AE ¥ 3 SHVIE F3td &9E AAs)

AL stell A AEAIZH

o

w

2-3 8% 3FYA 54 B

Fo] BEAEe R 7|EAEQ 0.03 wt%e] ElEZHHE AT
(TMS)E 233t CDCl; (Merck, Germany)Z& £vl2 ] 'H NMR (Bruker
300, 500 MHz, USA)E Esto] &4t MPEG-PCL &5 &5 444
A Y 2R 2] S8 st F 7He] Z9 (Shodex K—802 and
Shodex Asahipak GF—510, Japan)< 7}Z GPC (Shodex RI-71 detector,
Japan) & AME3l9th. ZFAIEZ Z2HAS o8l 2T AYF F
o)A g FEEFXES o]&35td 0.6 mL/minY FE5CF 40 ColA £
Attt &4 Ho] 259 S4& fsted MPEG-PCLY =% w&
drRel d4s #EE7] Sste miold 712 WHE ol &t S/

Kl
A
N

=z
Mz
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FE o] &3te] 4 mL Hlo] @A 3~20 wtnd] FEE ZtE EFILEAE

~
80 Colld &3l & ddg L&A EAS 9fall 4 ColA 15 A3E<t

)
Ll
%)
ofo
ofr
ol
£
(@)
c
e
o
ﬂ
(@)
c
N
N,
N}
ﬁ
olN
N
=~
fru

3.2—4 3fol=2A 9 g #F
FgAgel s FHE TEAY £-4 FeE BB} Astel, A

28 & 2 A Fo9 ¥4 784S A3 AdrH F5 4F F 52

3.2—5 @A %@ BDNF= §73 dlol==249 A|x
MPEG—PCL 22 FZ5FA4S 5 mL Hio]Lox PBS gh=A&

320 wth FEE BAIA £ 4T F 5

2F A7 &A@ FITC-BSA %+ BDNF$}F E2]7 £33t 37 C 3

2ZoAM A FAAANAT

ol
i
oift
2

N
(@)
=2
x
=X
e

SRS

3.2—6 dlol=2 A2 RE FITC-BSAY AA 9 W& 43¥
MPEG—PCL 3lo]=2 48 E3F FITC-BSAY WEAFS 2AHsLY)

A3t FL3 o= AFL 3 MY ARsS ZHhe] Ao 4
PBS ¢¢&d& Yo % 37 CE FAHE F2XoA 100 rpme £E=&
2 AZEEAC 1 mLe] RAAEE A, T

¥ 829 wES FUh FITC-BSA &S 137 98 Ant
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WS zpersle] 33 E337) (F—4500, Hitachi, Tokyo, Japan)E& ©]-83}o

71 490 nm, %= 520 nm9 ZAHA A P E 53l HAFRAS

3.2—7 3ol =2 A Z R E BDNFY A 9 =43

BDNF 9] W& ATS XA 918te] Zzbe] Ao 3 mLo] PBS
AFHE P2 F 37 CE FAHE F2xd 4 FITC-BSA BEAFH &
dstA AES AFFAT. AFG AFEE BA7A] —4 CTollx B3}
Fow BAMHoRE FAAFHAFAAAL (ELISA)E A3t &4
A g d WS uAstE BDNFo| &4 3¢9 BDNFE Z3HA

7 % njolaz THolEolA BARE S A7 F 450 nme] HFL XA}

w
w
=
=
J
(=
D
)
@
Irr,
|

E5FFTHAY T4
=S4 G5 AGAE MPEG-PCL 3lol=248 §A57] 9
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Figure 3—1. Chemical scheme for polymerization of MPEG—PCL diblock
copolymer (HG—24).
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Figure 3—2. '"H NMR spectrum of MPEG—PCL diblock copolymer (HG—24)
in CDCls.
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Figure 3—3. Sol—gel—sol transition curve of MPEG—PCL diblock copolymer
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Figure 3—4. Viscosity versus temperature curve for MPEG—PCL diblock
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Figure 3—5. AFM images of HG—24 hydrogels in (A) sol state and (B) gel

state.
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Figure 3—6. Image of (A) sol at room temperature (B) gel at body
temperature, and (C) hydrogel solution at room

temperature.
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Figure 3—7. Release behavior of FITC—BSA in the HG—24 20 wt% gel at
37 oC for 20 days.
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42-1. FFFAES7IARTY £ € W&

Fischer 9 5/ FS7IAEZ= S504 AFASHoH 1)
okl o g 2u] 3FAFAUTE o] FFE 50% HEF (Percoll, Sigma, Chem.
Co., USA) HRAFu]&Hel 3] FtAIA HF F3 4olA ¥EF o}

At o]= YAEZYIIE 500 gollA 2587 94 st AEF F o
ZF F5 AEXSY EF o7 FEIYGSH vpolag IS o] &5t A

FSUS FYst] vigAo® v F A5t 1000 rpmoll A 1023 A4
28tk 45 AL AAsA AEE 10°~10" AE/cm29] TE2 ¥
ZetaFo] wigstgdnh. AlxES] Hjde Dulbecco's modified Eagle
medium (DMEM; Gibco BRL, USA)ell 20% -l €% (FBS; Gibco BRL) %
FAA (10 U/mL AY4d G &Y= 10ug/mL FZE A B; Gibeo
BRL)& AME-3FTH vl gE Al2s 399 shd A ujdd g wA o

9o 3H A A vt Bl H AlEe F3HY E7Axe &9
3 B W EXS 3olsl7] 95t CD449) CD45 AE o] &3t &
M E B3 7)(Beckman—Coulter, USA)E E3s}o] &elstot.

4.2-2. AEA g9 FH
S7IAEY A3 Axst fFEed AHEE A sFES =
stAT P o 2 RE AFHEE KR632403% KR632445 AM-831 © W (Figure
—1), ¥4 dxToE A AESE FEse EEE & 49 dEH=
ZH(RA, retnoin acid)<& ©]-&3stAd . A4 SFELS AAS 3l 2174 A
23t fxo HFHo =9 10 uME Ao, HEHs 42 2 uM
o] TE=E ARE AT

4.2-3. AEA IFE AXZ5A HUl
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A A EAERE Y MESAFS HUhsr] 918t MTT assay S
A ettt 24 wellel 3X10* /well®] rBMSCE #F&la &% F<t AlE
g RAA7 F b-FGF 10 ng/ml& $73 vl ¥ o2 wA3}al overnight
Stk 1Y F 749 S3HES At 149, 494 MTT AoFS A
she] AA17F Q1w ol T wjFlS A ASta DMSOZ AAE ¥ErpdS
=& ELISA (590 nm)& 0.D%S A3t

om AAMNERZ B3E FE3H7] 93 AXE=2 DMEMe 20% $e1E3

F} 10 ng/mle] A7 -dHotHE AR (b—FGF, basic fibroblast
growth factor, Sigma Chem. Co.)E #H7Z}sle] o] vjFA oz 24A17F vk
AT AFAEE F=st7]l S8 THEES HUletA %2 DMEMO
10 uMe] KR63240, KR632445 # 7}sF B Fl © =2 w A sl 5A17F 1€
2 49 o HPsgt. SANRTOEE 10% $HIEHS EFI
DMEM ®j¢dlls Ao HHEToz= @S XA g2
DMEMoel 2 uMe| dlEl= 4k 233 vj oS Aesid. AGAxE=
3t Axe] REREAE #FE7] fot] A4 dAnAS AHEste] #F

st

4.2-5 AZAEX Sol8 7R ¢d &<
=5d BEEVIAEY] A AEIFE GAsr] sk
7 Eol& 2] neuron—specific enolase (NSE)
o] W3S FeolstEtt. RNAS] E2  RNeasy Mini Kit (QIAGEN
Korea,Ltd.) & AH&3tRom of7t2 2 A A7) G HE o83t FH%



o] By Wi=E o3 T |ab work ZEIHE ALL3FHY intensityE: =
At At
42-6. HIMESSFH A

HAM 238 Aol 5 AMEolvt EAlst= FolAd ©

(Sigma, 1:100)2} neuron—specific enolase (NSE; Serotec, UK, 1:20) T 2
A3ty Ao R #AFsiAk. EFFUETIMET ABAER
ool HEE ' Eol=E 4 % HEELHSIOlERE 20 3¢
IAGAZ F, AE U Hisgaih s AAs] 96k 3% HitsSAE
2 Astdt L F 1 & FAE 4 ColA 16 A3t T A3
o 2 2 &4 rat anti—mouse Alexa Fluor®594 (Invitrogen, 1:1000)&
F2ol A 3AIZF A et vlAEFe. & DAPI (Sigma)E 308 g 3 &

33 v 74 (Olympus IX81, Olympus, Japan)S Fste] HdE #EAsHA T

filo

o1

4.3 A3 & 33

4.3-1. EFFHAESIIAEZY £

wed S71M 27 2FodAM fralE SAE E7IAELS F49l8)

71918k FAE #2715 S5t CD44st CD 459 2@S #EsIAT
Figure 4-201A4 B A3} o] 39 714129 wp#Q1 CD44<] &

S FAeHA, TERAE wAQl CD459) wdEos FEE AEe
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TE EVIHAEL S FdskAiAH

4.3-2. AEA SFEY AXEA F7t
A2 FES AE xS Frod A 2
T HAS 95t SEY v 54 ¥rt 9 449 FEo AESA
H7HE #ste] MTT assayE AAISHA T ¢4 Figure 4—39 KR63240¢]
Bz 22 W3} Figure 4—49] KR632409] %8 MTT assay 2%
€ EUZE 10 pMo v&7t A4 Axs fx9 HHY FEIS FRIs)
Atk AHE = AESA Hrt A7 Ik wjdde] Hoe ofihe
AEZEAE AR QAT FAANEES RAF H£3 HEFZAS Hole
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Figure 4—2. Characterization of rBMSC (a) CD44 (b) CD45
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Figure 4-3. Morphologlcal change of rrBMSC by concentratlon (a) control
(b) 1 uM (c) 10 uM (d) 100 uM KR63240 (magnification is
X100)
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Figure 4—4. rBMSC viability of KR63240 measured by MTT
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Figure 4—5. rBMSC viability for neuronal induction factor measured by

MTT assay
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(b)

Figure 4—6. Inverted micr_oscope pictures o_f neuronal differentiation of
rBMSC (a) control (b) RA (c¢) KR63240 (d) KR63244
(Magnification is X100)
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Figure 4—7. Expression of NSE mRNA as a standard of B—actin by
RT—PCR method at 1 and 4 days
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(a) (b)

(c) (d

Figure 4—8. NSE staining of differentiated rBMSC (a) control (b) RA (¢)
KR63240 (d) KR63244 (magnification is X100)
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(a) (b)

(c) (d)

Figure 4—9. CNPase stainin of differentiated rBMSC (a) control (b) RA (¢)
KR63240 (d) KR63244 (magnification is X100)
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Figure 5—1. Schematic image of chitosan gel formation in the presence
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Figure 5—2. Viscosity versus temperature curves for chitosan solution

containing different concentrations of GP (0—30 wt%)

_84_



(a) (b)

Figure 5—3. Images of a chitosan solution containing 20 wt% GP in (a)

the liquid state at 25 C and (b) the gel state at 37 C
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Figure 5—4. SEM micrographs showing the morphology of rBMSCs seeded
on chitosan gel surfaces after (a) only gels (b)1 day and (c,

d) 7 days (Magnification is (a), (b) and (¢) X 500, and (d)

1500)
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Figure 5—5. rBMSC viability measured by WST—1 assay. Cells grown on
a plain culture plate were used as the control. Statistical
analysis was performed using one way—ANOVA with

Bonferroni's multiple comparison (#p<0.001, **p<0.01)
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Figure 5—6. In situ chitosan gel formation, (a) subcutaneous injection of
chitosan solution prepared at 20 wt% GP, (b) the formed

gel, and (c) the gel following removal from a rat after 28

days.
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Figure 5—7. SEM micrographs of chitosan gel removed from a rat after
14 days. Magnification is (a) X100, (b) X800, and (c¢) X1000.

Scale bars represent (a) 500, (b) and (¢) 50 um
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(a) (b)

Figure 5-8. H&E stainning 'i'r_ngg-ge of gﬁiaééﬁ"gel.__(a) only chitosan (b)

chitoga’dxwith F
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50 um

50 um

Figure 5—9. Triple immunofluorescent detection of rBMSCs seeded on
chitosan gel at 28 days using fluorescent microscopy of
cells labeled with (a) PKH—67 (green), (b) anti—BrdU(red), (c)
DAPI (blue). The merged view is shown in (d).
(Magnification is X100)
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(a)

Figure 5—10. Von Kossa staining image of chitosan gels (a) only chitosan
(b) chitosan with rBMSC and DBM (Magnification is X200)
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