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Aoz 1 o] AFHoly F o] FARY FF T Tl o A=
71E9 A7} FolAeH oA ried SUAHES] DHE TH}IA 2T
g 7|HE ol &% AUt AX g olXed HIHY A7 IABHD o
A7F AL wjek o)4e Bx2RE AHAT AXe 4Fd G FHE T8k
NEY FAE FEFoEH oA Fag FET £ HMEE FE3I o
g dH9 23 gL 72V HES AR wgste A6l o] 4E=

ojtt. ol AEA WY FAL T3 FTEY 7o HAEE FRIoEHA A&
247 adax Fg glo]l A8 £ Ade FET A AT AlXEolHelm
2 HY ARge] AE gioe Wt 8% FHE AR JH. H2dA=

-

AP E F 9GS AXE 23-F2E F e F7 FL DA E(stem
cell)oll tizt #4lo] &3] FelAn Ut} o|F FHJLZREH FWUstE Wl
o}= 7] M E(embryonic stem cells)= EE ZAo=2 3 F It TE€E
ZFA 2 Qo] wlg K& A7 T 2ol H 5 oy ol &HH FAE
g 4 glol ol dhgdle AEE F gle AV A FH I
T AMg A ad AXE F3F F Ae S7AE EA7F FUAHAJL o]
£ o]&% @7 o] LS| o] Fo

_?_
A AT E FHIE EVIMAEE FIE ALE dEA oy o

B 249 DHHEE EAEE AR UHAH. o] BUIHEE F, A
=

=5, AYAE o2 £53F F s 0IdT 38 7HAL o] olE

U

-+

7+ 2HM E(bone marrow mesenchymal stem cells)2t 219 o]& At
g3y g ot A=V HA o] Fojxm QryiAINI2Ic o g 3

HollA B of 219 AIEE AA, AEZ5(iliac crest)ollAd HA F&5 v Yol



(embryonic stem cells)9} & &8 A7 18 globs HolA dis &
g A7 AEgAeln

Al T BAEE @l AL AsiMe AE HEE 23 =
A EFFAAA AXE 0 F s HEF AA A(scaffold)E ©] &3
£ Ao "o, AAAE AAHFAH] ook ot HEIL 2 F st

248 & A= 48L AT Qolokstm GARAM F5 AL 5 ofob

HAAZT L A9 ZF (hyaline cartilage)olgt &= Eo] XA O

0:
O:
s

of

T ZAN (tissue fluid)F wYA (collagen), 1¥3 @i}

(proteoglycans), ¥|Y&ZA @3 (noncollagenous proteins)a® & F=

F

43 B2 (structural macromolecules)® FAHETH dF AXE AAY 2-3%
S 23R E Y, YR M EQ 713 (extracellular matrix)o] HAFEHI}E ¢35

9E4 2 FF P}l F8¥ 99 W @W, BIARY A4

= 3 18,23 = 3 5 =
A E4E 5T + gtk =, @& AA TT¢E 2F &Y BF A
s R
U

©

FHY AL EH5AS 2 T AT AX o8] Af7} o] Folx
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s 3 4y

1. 234 = % A%

b 2ty 2HH X2l 22l ¥ HH

TolH =g ot ALFTU BAAA A7 FE2E AHEI] A 17 Aol

A spinal needleg ©]&3ld E2FE FY, FHIG. AHE 25€ EET

l

1g/L7} £ & Dulbecco's modified Eagle's medium (DMEM-LG, Gibco
BRL, Grand Island, NY, US.A)0l F& At 5 AXe #FES 944
=279l 1500 rpme2 10%3 Fo 434S #HUF Phosphate buffered
saline (PBS: 137mM NaCl, 2.7mM KCl, 4.3mM Na2HP0O4-7H20, KH2PO4,
pH 7.3) 22 33 A&¥g ¥ 10% +EHEH (fetal bovine serum), penicillin

(100U/ml, Gibco BRL) # steptomycin (100ug/ml, Gibco BRL)o] ¥3gd
DMEM-LG ®{Fdo} Eojd: 75cm” 22 g &7 5x107 749 MESF

o] =2 Yol 37T, 5% CO2 viF7o A viFS A|Z3lHTt. 49 %+

QL‘

E AZE WA e 1se Han oF 39 Ao 237 WYRL @

it Y TAE By P dA mEs AR olF 9A 3d 4
o2 wigdg wudsto] Wi &7] wpgo] JFSHAH 0.25% trypsin-EDTA
Ae)std HEE REst Ad wFsA.

B71E P2 FES G AEV oA IR HEE -70TAHAN B2

&)
o
o
o]
vs}
=0
>
ujn
w
\]
3
2
R
Hm



Lt HHE 2t 2ZHAIZOIA A2 2842 R
g THAEE 10% $EE A, penicillin 3} steptomycin®] X g
DMEM-LG ®¥jgdo] EoidE 6-well (10cm2) tissue culture plateo] 3 x
103 cells/cm2 9 T2 24A1F wigedx 2JAHE =T 39 TAET}
EodE 3 WY &7]d= 100nM dexamethasone (Sigma Chemical Co.,

St. Louis, MO, U.S.A), 10mM B-glycerophosphate(Sigma), 0.05mM L-

ascorbic acid-2-phosphate(Gibco BRL)Z T+ E 234 £T {A8 27}
BRI RTFoZE FYAH L FEFA e TF AT E94de &

G &7E EBY = &AL FUISHA ¥3 102 $HEF-DMEMHO R

A

WSt 39 BAoR g mBHY FYY FEFAE TYY HE

il
s
o

fAx Frhein 237 vl

(1) 22l Qs 2o §49 SHCO HUN =X

Z} wjz] o] vjFdg W1 PBSE M §F AFEo] 2 ukeS el
i &9 714 (2.5mM p-nitrophenyl phosphate)©}

g 2z A 23 524 71d 459d (50mM  glycine, 1mM

magnesium chloride, pH10.5) 1ml& 7}3ta] 37ColA 1587 ¥k A AT

158 & XA 4EHe Fo} %EMe] IN NaOH 1mlE 7}sld w22

THAZAT. $F AL ELISA plate reader (Bio-Rad, Melville, NY, USA)E

o] &3ld 405nmollA FFEE =AU



(2) el o 2o S =X 58 F M

{Ol

HI

Sigma kit #85F o]&3l 25ToA 1A+ B9 ATt ¥Lst=

o WA AT AZAAAG Wol =2HA GEZ dAon A=

of

H]o] 24 (deionized water)& A}-&3}t}.

(3) 2I1& Fo] HAH (von Kossa & AY)

o
1

MEE 10% formaldehydeZ 1Az} A T dAA 2% silver
nitrate &% (Sigma)2Z 103 BHSAIF T Hlo]|24ZE MHsn ¥ F

Mol 1523 =& shgich.

(4) Osteocalcin mRNA 24 (Northern blot hybridization)

1 x 10°709) 7+ ZFHEE 100cm? petri dishell £3F3% 3= A7)

o

k!

By BYY FE Pl Teh T 94 GETH d2Zo vl 270 )
Gt AETFH dE2FANA 0.25% trypsin~-EDTAZR AHgldleqd M8

o,

3k ¥ RNeasy Mini Kit (Qiagene, Hilden, Germany)& A}-&3+d total RNA

il

2839, 228" total RNAE spectrophotometer® 260nmoi| Al A=

S AAZ & FF (10pg)9 total RNAE 1% formaldehyde-agarose gelol

A A7) § 4A% % nylon membrane (Amersham, U.S.A)SE
transferdt3th. Transfer® nylon membraneg [a-**P]dCTP (Amersham,

U.S.A)ZE labelingd cDNA probeE A}g3led hybridization® A3},

—

hybridization® membraned X-ray filmo] 24417 %o ZFA7 X

10



osteocalcin mRNAE AHZstd AITH dx2FAY zolE ZASSTH
Osteocalcin®] mRNA ¥7]4 €& Genebank accession No. X041419] €7|
MEE 712Z 3] 500bp 27|19 cDNA probeE HAHA-FTEA Asfut-e
& o] &3t AxsHen AFF cDNA probex sequencinge F39 g7
AqEdg &t AlF¥® cDNAYE redi-Prime labeling kit (Amershan,
USA)E o]&3t9d [a-**P]dCTP (Amersham, U.S.A)Z labelings}

hybridization®] A}&3}<ch.

ch. AW 28 2ZtAIZS 0|4

AY FEEE AF 558 HE Z9H 3 WA (species: rats, strain:

o

Cr:NIH-RNU)E A}£3t9th. Ketamine (40mg/kg, Ketara , 534S &7
W FAElA vl G D RS ARt 2 ANE 7tele Hstz 2o 37

ER[T. 5 x5 x 3 mm 3719 Type [ collageno] TFd o349

o

calcium phosphate ceramic$l collagraft strip (Zimmer Orthopaedic,
Warsaw, IN, USA)E 7t TAXEY E/FE 2447 Fof 719 TAHE S
collagraft stripoll ¥ &A% Fuld s 239 F7ho 0|43t} Ex+

S2E Y TAREE o]43A &2 collagraftyhg ©]4] 815 o).

O MAW 2842 HIt

Collagraft stripg o] % 3,6, 9, 125 49 T JAst 43

ok ABF 3 collagraft stripe formalin® o] nAS T 197 &2 3347
=z

a1 paraffin £l 23 5pm FAZE Zet 23 £elol=g TEQITH

11



filo

AAL ¥ o 2 Hematoxylin ¥ Eosin (H-E) €43} toluidine blue-O |4

p

A
=

Algate] FAE FE2E Fo Hulde= #FEEA collagraft stripe] o

o2 AEY FF 9 2 2 A9 I AEE st M=) 4HE

13

& (newly-formed osteoid) A& B7] #3549 tetracyclin®Z labeling&

Al & g dujFdes wEsgit

. AlEEUH 22 842 7

F7HA] 3 widE AEEHA LT, o] cell aggregate pellet culture
9} alginate culture©]th. cell aggregate pellet culture® 93 2.5x10° 7}
o] NZE THs MEX FH4E 15ml Zdd &7 931 A7)
gol ARE 7hetgksl § pellet 4E& F sttt FHA A3 s g
alginate culture® 98l 2.4x10° A9 HEE Ze FEFS 80 uE 1.2 %
alginateol] ¥ FAIATH FAH cell aggregates 102mM calcium chloride &
Ag  AHEsld gel® T3 polymerization) A F 24-well
Polycarbonate Transwell plates (Costar, X|&6.5mm, pore Z7] 8.0um )l
FEste AU A2 FEE Al AT ¥4 e =2 DMEM-HG
(glucosed =, 4.5 g/L)°ll insulin (6.25 pg/ml), transferrin (6.25 ug/ml),
selenous acid (6.25 ng/ml), linoleic acid (5.35 pg/ml), bovine serum

albumin (1.25 mg/ml), transforming growth factor-beta (10ng/ml) %

o

dexamethasone (100nM)5 S #H7Is o] TR Zs vl AL o

12



3508, MPAe 29 AR WBH 677 HFHAT

Lt AIE 2 AZ8 4 Bt

AN 7v7 bl u}g}l aggregate pellets$} alginate beads& A F sl =328

3 A4, dgzAsgeda), 2 2AAESY A4S APsRc

(1) Aggregate peliet culture
AE7|A FAHL B 3 ZRASGHAALZ A metachromasiags 27|
$% toluidine blueGME Aoy HAaudH AIFNA E F Ae AE9

7148<Ql keratan sulfateoll the HH 22333 HALE AP

(2) Alginate culture
(7B Hematoxylin-Eosine %24
A HE 10 % neutral buffered formalinolA 24A17F ZH A7l & PBSZ
1A M A&t paraffing EolstAth 5um FAZ JE F ASAHX

gHoz HAsr] 93t Hematoxylin-Eosineg W& Alf3t3ict.

(4}) Safranin-O @A

WS
fth
b

Ao EAXMQ F3 @ iy (sulfated proteoglycan)g HE7]¢
3t safranin-O AL A3t £3] safranin-0 4L 3o A7}
chondroitin-sulfate &< keratan sulfate®} 23l 2 FMAE7 A7)

A W fixed charge density9} AH A B0l A= Aol Ut

13



(t}) Keratan sulfateoll th3r B 225 s EA

Miew AZoa B 4 Q& keratan sulfateo] thdh HE A o
Me  Algslgdny. AMA®E keratan sulfate o #HEE I HHE

deparaffinize A17]Z PBSE A3 F < 30wt 5% bovine serum-

albumin (BSA)E o] &3t} vlYAlA B] Sol3 &FAE blocking A1t EH

o

3023} 1 % pronase in 1% BSA & PBSZ A A X (predigestion)3til o
A] 3087+ chondroitinase ABC (0.1/ml in 0.1 M Tris—acetate, Seikagaku,
Japan)2 Kkeratan sulfate antibody7} MX 9] 7]do] # 28 F U=F &
% monoclonal antibody (OncogeneTM Research Products)& ©]&3l1

VECSTATIN ABC (Vector Laboratories)® & o] &3t HE X233

ol

A {Ab-Keratan Sulfate/Human, (5-D-4)(mo)(M), Affin-Biotin]& A] 33}
o},

314

() Al 28 Fhdd AfotHE 448U Al 3% F&A

BEAAESH AAEA AAE 4M-guanidine isothiocyanate lysis buffer
of #A3}s ¥ cesium trifluoroacetate density gradient® 3 942
£ AJgsled RNAE 233 F 9A T8aEL A4uts (RT-PCRICE ¢

ZEol A 28 Zetal 3} fibroblast growth factor receptor-3 (FGFR-3)

14



Ch. MAW 238488 R
Ay FE2ZE AF 457" 99 ZY ¢ (species’ mice, strain
BALD/c-nu/nu)E 223 th Ketamine (40 mg/kg, Ketara, #343)& =
A FAetn 5 ()l wR ANE Jtetd HatxAd F¥3E UEF F
722 dto] ojmE FxAFNE AAHRA FA FostEAM AEH HolM 1
A wjRFE TF FHAE-AAANE EFA (PLGAIE o3ttt Z& AX-
BAAE EgdAs ol 4F, 8F Fo H&EsH 10% normal buffered
formalinol 4] 113381 10% ethylenediamine tetraacetic acid (EDTA)l| A
3] ¥ paraffin Lot ZE A|He| i 5 uym
A A s A Ve dE 223 2 3

a3t

15
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2A AFe 271939 von Kossa @44 948 fxgh &N
= ode Mow s Fr)de Aol dRem I FHE M| Ko

]
o A2AS B F oy gxadME dA H= 2rhe) NS B

o2
=

ox
Lo rir

oo

(4) Osteocalcin mRNASl 24

Osteocalcin mRNA2] ¥&dS 7] 9/6o] Northern blot analysisE A} 33}
g ZEAS §ugt AFTAE osteocalcin®] Wl mRNAS] d o]
) z7ol] ¥Ee] Zrhetelth. Ad e relative density ratio= 14.1, &
o] relative density ratior 5.0°0 8 A @0 osteocalcin mRNA2] &g o]

oF 3uf & (1341
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Control oS

Osteocalcin

R-actin

2% 4. Osteocalcin mRNA®] t]3t Northern blot analysis 232 Z34L &
3 7 (0ol A thx=T (Controlell B8l osteocalcin mRNAS] Z&Ho] 737
L ERSE

Ch XUl = 84

strip®] ThEE EF A3 ded uids FE2 A4Ee BEMoz A
HiE 7149 348 2 At dzFdM e g3l AEs =54 %
dor TP BEE F gt (2¥ 5)

19



g 5. AAY ] o]A 675 AMFHT collagraft strip?] H-E &4
‘]

Toluidine blue O A A& o]A] 350 At A7 Fo)A] Fgt

Jaow AAEE A% Y-S AT 5 Adon 670)F TRAAE BT
o]
u

3

b

o AR dRTANLERE FHoR

(2% 6)

20



Aol o] A 65 AFHF collagraft strip®] toluidine blue &

18 6. A
Aow 71 FHMEE §A olAe F (B M= tFAteld F2A fMEE
FAe] 272 RYgo} YR (LEFH)> 49 24 Bk
2ol GAHE FI3IHE H7] s Alg3  tetracyclin®. &
labelinge Al3je 5 933 dn|F oz AAlsr Bk Ay AgTols =@
YL = & (osteoid)E BETE F AUG. (1€ 7)
o] 2] 60‘] iﬂ%

8 7. Tetracyclin labelingS
collagraft strip?] @3dv]4d Adoz ¥

& owEe e oo

21
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Jt. aggregate pellet culture Z 4
477V aggregate pellet cultureZ Al&slgon w7z Fk AE9

aggregate’t 22 9% &1 & FAHAH. (19 8)

18 8. Aggregate pellet cultureAl 8 4Fwo] XMoo= MO aggregate’} 4

RO SR ER

H-FE & A7 aggregate pelleto] ME7} @dstAl B3xskar At
zAa A AxL2 A3 toluidine blue @A pellet HWto] XAl T YstHA
zz2 Moz FAF o dAZ MEVF A= ol Axerd & o o

zo] A4HT A AT (1] 9)

22



1% 9. Aggregate pellet culture 45 A& toluidine blue
pellet AA7} FEMo g AdEE FA £dE BAth

w3} keratan sulfateo] Ul WzAstel AAY Aad dsoA 2
5] %= keratan sulfate’} F533HA] =99, (11 10)

)

18 10. Aggregate pellet culture 450 A| &3+ keratan sulfate x4 3}0
AMrAoz Aoy AFdA LAFE keratan sulfate?} F= Wl Rof A 7
A G A

}_

ol

23



L}. alginate culture Z it

(1) Hematoxylin—Eosine &M

(= By |

H-E @™ A7AA alginate beadsol A|¥7F #YatA ¥¥ok gt (1

21D

1% 11. Alginate culture 450l A]8% Hematoxylin-Eosine A Lo R A

w9 7] do] @A REFTL 3

Aae Agst Az} AU or ZeMon ad @AEHE £24E 29

24



2
1k
BN
)
=
i

2% 12. Alginate culture 459 A3t safranin O G &L=
A&l thil thdo] AypH oz FLMoz welrh

L R 4

-
'

(3) Keratan sulfate0fl CHgH HA L X Fat H A

Keratan sulfateo] e WA zA3st AP} AHow AZofA MHASHE

keratan sulfate’} EXshA] Mo g AT (19 13)

18 13. Alginate culture 459 A #3d keratan sulfateo] tigh Wz 30}
M 2702 keratan sulfateo] et A= Ao ZAS FFMow
(9%, gAz Agsta e A dz2TE 457 Gk



1000

700 Type Il collagen

525
400
300

200

1000

700

FGF-R3
Exon-9

525
400
300

200

Y 14, A 29 E2A mRNAoﬂ ok AHA FaA Ak 2A0Z 7+
A ES 2294 sk A= T@o] A o} alginate culture A3 159

F¥ol HH 350= v5 705‘} A Bddo. () Aot AAAa A 38
&4 (FGF-R3) mRNA®|l Wit GHAL Fas ddis Ldos wief 15
H3lo] H 35 tiS AatA m@ k(o)

26



a9 15 W9 Ay vk oj4sdd F Y AHAE-AA AR 53
(PLGA)E 459 A&

o AW d=2HA
Hod A3 ul$ A (species! mice, straini BALD/c—nu/nu)A Aol o] 234
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Abstract

Induction of osteogenesis and chondrogenesis
from cultured mesenchymal stem cells

and their marker expression

Kyung Soo Suk
Brain Korea 21 Project for Medical Sciences

The Graduate School, Yonsei University

(Directed by Professor Eung Shick Kang)

The purpose of this study was to induce osteogenesis and chondrogenesis from
culuted mesenchymal stem cell isolated from human bone marrow and to detect the
marker of osteogenesis and chondrogenesis to develop cell therapy method which may
replace the bone graft procedure or artificial joint replacement procedure. Mesenchymal
stem cell was isolated form human bone marrow and cultured. /n vitro and in vivo
induction of osteogenesis and chondrogenesis was performed. And histological,
immunohistochemical and molecular biological study was performed to confirm
osteogenesis and chondrogenesis. In vitro osteogenesis was confirmed by von-Kossa stain,
alkaline phosphatase stain, alkaline phosphatase activity, and Northern blot analysis for

osteocalcin mRNA. In vivo osteogenesis was evaluated by H-E stain, toluidine blue stain,
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and tetracycline labeling. In vitro chondrogenesis was performed using 3-dimensional
culture method including aggregate pellet culture and alginate culture. To confirm the
chondrogenesis, toluidine blue stain, safranin O stain, alcian blue stain,
immunohistocheminal stain for keratan sulfate, and reverse transcriptase polymerase

chain reaction for type 2 collagen and fibroblast growth factor receptor 3.

In vivo induction of chondrogenesis using PLGA scaffold and human mesenchymal
stem cell has never been tried.

Based on the results, osteogenesis and chondrogenesis could be induced from
cultured mesenchymal stem cell isolated from human bone marrow. Expression of
markers for osteogenesis or chondrogenesis was confirmed by histologic,

immunohistochemical, and molecular biologic method.

Key Words: Bone marrow, Chondrogenesis, Mesenchymal stem cell, Osteogenesis
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