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I. As % 44

1. Poly—-(L)-lactic-co-glycolic acid (PLGA) A XA A2}

PLGA H3A1= 71€9 & Faste] A% skgloH. PLGA A
A A 9] lactide®} glycolide peak H|]i:= 1H-NMR (MERCURY plus
400 MHz, Varian Inc., Palo Aloto, CA, USA)E o]-&3}4] (75:25)7}
HE=5 3t PLGA HAe] #A-%2 515 HPLC pump, 717
plus auto sampler ¥ 419 differential refractormeter (Waters CO.
Milford, MA, USA)®Z A% gas permeation chromatography
system= ©]-&3dto] AR o, SAHE EAFS F 120,0000]
1aL, polydipersity index (PDD) gte] 1.33°]0th. PLGA A A A=
polymer®}t salte] H[7} 1:157F ¥H== E¢sto] A3 (salt
leaching) WHS olgdte] A#stt. 5 wt% PLGA €95
chloroformel &3} A7 % 9438 YEF (300-500 m)7} E3aA
. A& 6 mm, ¥°] 3 mm< teflon 3| polymer/salt W=
A9 Wk o] F WS FYPOZHEH AAT & FHT 2¢T

T4 Ax

Hgste] dg HY%, AFHow 2-39 B

=

=4 14 Alx+= 37/0E€ ¥ New Zealand white rabbite] &
A E=EE Fste] S ded WHoR g I AEE
g vk skt 3000 U9l &9 (heparin)o] dFd FAL7]

o] g3slo] 7IE9] & A& (posterior iliac crest)ollA F4E 2-

Hm

il

W

ml 5<13+ t}. Dulbecco’s Modified Eagle’s medium—-low glucose

-6-



(DMEM-LG, GIBCO BRL, Grand Island, NY, USA)E =9 &<
Fu 2 F7hete]l 500 xgollA 5F A4l 2 skelal, =5 ul Al
TE HAAAA pelletS WHEQUT. AE=AS AA 3 5 DMEM-LG
o $-8] &% (FBS, fetal bovine serum, GIBCO BRL, Grand Island,
NY, USA) 10% (v/v), 100 units/ml penicillin G % 0.1 mg/ml
streptomycin®] F7Fg 7] wike} 10 mlz 7 W oAlH g $
T-75 cm® AXE wjF Fet=ae] &5 AR oH, 4943 37C, 5%
COy 7oA wigste] =+ A AXE FEE #

St wpdto] FAEA] > MEES AA ekglar, vpdol] F-3H
" o= 1t AMEs 39 7 kT

90% ol’Fo] A W At wiks A@sid. EeE =4 (H4
AEE 24 w7t AEES FAAZoH, BE dde 27

W} AER A asheln.

!

3. PLGA A A A& o] &3 3xk Y 2 dA=AHx 3}
Ws Had PLGA A A A= dlF 244
skl XFAFEfAl A 3AIZE E<QF Hitsllal, phosphate buffered
saline (PBS)® 3zt Al &tttk o] 10% FBS DMEM-LG &9
of nWksle] YEH I Felom AME o]a A 308 o] 37TA
bathing A|Z}stgith. Zet==0l F &

trypsin—EDTA (0.5 mg/ml)< ©]&3to] ZepaFolA &
%, 500 x g 5¥3F AAEE te] Al

I dgag gs
PLGA A A Ao 2x10° cells/scaffold® #=H]E YE3 PLGA A A

e
2
ﬂ
(@)
R
=
(@]

o

-
=X
=2
R
rE

#il %

Al A4 F9 (static seeding)stRar, MEZF A XA F-2 2
= 37T, 5% COy g7 4A17F &<k 24 well flask ©l A4

e
v A ZAT}, o] % AF3F AE H3 =2 98] 10 ng/ml TGF-B;



(R & D system Inc, Minneapolis, MN, USA) % 30 pg/ml ascorbic
acid’t #7h€ DMEM-LG wj<els #7bstlal, &3t 3= 9
gl 100 RPM uHb7]ell A v s FASIth 7HE &3 thA|

ol A5t7] %t =4 A A E/AAA EHEEAE 21€7F in vitro ol

Fe bl A AT BB AAS] Astel, AF AxY 53

A G4 BES G FF EA MWL o] §ste] stk
21997ke] A= £33 71k Sk 94 A total RNAS &3}
gog

sto] FEskalal, B FEAE AMEst] FE U9 total
Falitt. F=F% total RNAE Omniscript kit (Qiagen,
Valencia, CA, USA)< ©]-&3to] 37T oA 90+ WAl § 95T
o 4] 5%+ HEZAlA ¢DNA (clonal DNA)E A|#eklom, o] 9
3] wF=o]Z cDNA 2 ul aliquote] 10 pM2] sense primer2} 10 pM
9] antisense primerE A 7}s}al, PCR buffer, 0.2M dinucleoside
triphosphate mixture, 1.5 mM MgCly, 0.5 M primer % 1 U Taq
DNA polymerase (Qiagen) &% &4 Bate] 50 ul 84S o=
T 25-40 cycle® TZAZ Y. Primerv #EASAHYE &
A Al 28 wYPA, aggrecan gene bankol| A% F7IMEE F
of Al#star 7bzke) whg A& Ak (2 DOV FFE #%

A= 1.5% agarose gelol A ethidium bromide® G2 3}o] image



analyzer=® A3l om ZF A ovftd GAPDH e ALE %

A7 E fAA BAFS pEAoR e

£ 1 93X TFaL S0l A ASAE £8F F3A primer

Size . Access
Gene (bp) Primer Sequence No.
Collagen sense 5’-GCACCCATGGACATTGGAGGG-3’
366 S83370
Type I antisense  5’-GACACGGAGTAGCACCATCG -3’
sense 5’-GAGGAGATGGAGGGTGAGGTCTTT-3’
Aggrecan 313 L38480

antisense  5’-CTTCGCCTGTGTAGCAGCTG-3’

sense 5’-ATCACTGCCACCCAGAAGAC-3’
GAPDH 444 123961
antisense 5’-ATGAG TCCACCACCCTGTT-3’

(bp: base pair)

5. A2 AE 58 AAF (Viability test)

A=t w3 M 71 Sk AAAN Z5 A AlE AE Y
HAALE 9l5he], methylthizoletetrazolium (MTT) 419 & AF&-3}S1
o AAAE 94 7|2 (AE:6mm, F7 2mm, 95IFE A=

Bk

1 AEE AA A LE=A HFEA AL, 4A7F FF AE T
el 37C, 5% COz9 A lA widatdlrt. A=s3t &3} i~
(150 pb/welDell 357+ H¢AS wjFsiglon, v

st5 S74433lth. TGF-Bs7F Alejd mj i<
TGF-Bsoll & AE AL 58 ®stE vlasilnt. vjekdo] =
EgdAlA mAE AA FF F 2L g 160 s 7t st
ZF7F2 MTT €9 (0.5 mg/ml) 100 wE #H7}sted 37T, 5% CO.9]
oA AAZE FRF REEAIZT o] F wjFels LA AA

ru1o

3t M¥E W formazanS =°]7] 98 200 0 dimethyl sulfoxide



)
=

W formazan<

hya
fn

beaeh, Al

d7}3

=

(DMSO, Sigma) £S5 7 welldl

1

gl o TR o) = TN L T T o = oL o
< = 0 Nr mommO %me Eﬁ B o ar
. == ) == (@) (@) - 3 —_
o wE M EERE s g
% = < A B H oy o = ,ﬁ_ o e
) S o oy T2 Mo B oo Alge Xoot o T
%0 > A - o <A S & = 0
i 2 OREN® LBy 4R R f
R ™ O#E _!ﬂ_ w HE TS BR = Lm.o © o
up g sy o 7 CECA S w o~y 9
o & o0 0 S HoE2 O W s e 2£ = o
— o o.lﬂ wj.L ) E | \_Ir m“._- 0 D)
el S X5 Y w om o™ wm g, B
lojz mm > T g X W 50 <0 1 = 0
_ o0 S — [l . b Q
TF C Iy ZggeTiEEE
of i} > o = SoI ©
oo A %W Mﬁ "R W = _%_M T o N < MM B m -
= = — 0 ST >~ T
=¥ F gEBsrta iRl
= B g O % S 4 N o o 3
S T Bl w ° = © O W o o= o g ®
- Nr ! s = o) R BR B
m o XH Mﬁ X | o g ~ Wﬂ ER s W.m_u ‘ﬂ %
o ; oF —~ r R
= F KT L 2 Eonwy BT
Lo ,AE I3 — D SR = _zrl — o
o Hr s X = W © - = S _,ME %o \M}ﬂ o 3
= @ AT IO R~ S SR P 5w =
— S <3 g o X —_ so &
~ = = E G B o S 0 C S -
<5 & =X s 2T R LTy g
= ~ A - CH 3 oo
U = =
ook w L E BT g dTE TR
B ~ la” N H_T._ o i~ \l__/lL ‘BA ﬁ dl )
B B oF & a & 3 < o T ow ol
5~ Bl wy s Toe A oe
W %= of T T Z = ® ¥ % d A S

U

9|

[¢)

tol &

°©

I ml& A&

[e)

100 w& 4335kl 1 ml

10,000 x g =71o= 10 &+

e}
T

1ol g

. ©]
S
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At on EFE fMel chondroitin 4-sulfate (Biocolor) &)
_]

o thgRel e s 29 Ade

7. FAF A2 A
A A A o] mAl Fx 2 1]
ato] A et T FEAAZ/AAA HEFAE 35 dw &
st A2 5 PBS &Aoo = Al ¥ ZPEA AlHEAH. o] % H3HA

%A% 3% glutaraldehyde©] 39 PBS ®o] do] 4T

AlZE B3t EFAE ngsgit PBS 4902 1y S48 ¢
A8 AH A F 50%, 70%, 95% % 100% ethanol &9l =%}
Aoz HE7F ;q,ﬂo].oq =2 o}oﬂr/} %%iﬂ Zz4e =74 7
% 9 gold sputter—coatingS Al83te] FAF #n A (scanning

electron microscope, SEM, s-800, HITACHI, Tokyo, Japan)o. &

8. 7IE &£@Ad = HAANE/AAA EF3HA] o] 4

New Zealand white rabbit (3+0.5 kg body weight)
T AN E/AAA HEFAE oA aitt #kE = 30
=

9] ketamine®} 5 mg/kg b.w. €39 xylazines

cFetlon, e F vuFHY A% 27 &% Ay 8¥S <
Fate] AT e IS5 E we IFE AT F &
MES oS50z A7 dEZe £/0= 1% (patellofemoral
groove)S w=EAAY. S 1 A= 6mm, 2°] 3mme 9

al
F vg EoE A85

ik

T EAE/A

fibrin glue (Tissel® kit, Baxter,
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Vienna, Austria)& ©]&3slo] F-dA= A& F9of o235,

THoZ olad 1A IHAFS Gl & AE FAS B

SR e 12413k A FAE 13 AlYsigley, =
A

Bolol AL AFEA & AFSACHA A MBS AHEA &F

ZEI._% Hohﬂ-# = © H =1 gl
ME AE gzT GrEDH NRAA 2 BE W wE0 A7

i
>,
of
e
%
w
=y
[eS)
8
(@)
o}
D
=
&
=
=)
=
BN
BN
>
o
=)
AC)
ol
X
o
i’,ﬁ
32
iV
&
&

£ 2. 49 FR) BE AY AN 27

Group Description Total cases
TGF-B; pretreated bMSCs/Scaffold
I . 6 cases
composite
11 bMSCs/Scaffold composite only 6 cases
11 Sham operation 6 cases
v Defect only 6 cases

(TGF: Transforming growth factor, bMSCs: bone marrow stromal cells)

O
[-40
i
o
of
ox,
N
=~

T §F 125 7FEE CO; chamberol A QFeAL AjZlom, &
E34d 95 AEete] o2 H-9E #Ee itk Brun 2 Moran®]
d= 94 e H7F HAFRE ol&ste] AAE A= edge
integration, surface roughness, defect fill 2 A A= NZ-S

Aste] wmTNE g gad oig @el e 8xolth

-12 -



10. st #HAF (Indentation test)ol] 2]k AA A= AHeH EA]
=4
AABE AzZeo] AHstd W7} (biomechanical evaluation)S 3}

o 3] A} (indentation test)E A]8Y3sFAtE. &< HA= 7159
e "ol wel ®] 3ty (nondestructive in situ) WO R
ST otgAl A7l VMERREH dEE 999588 HF
10% protease inhibitor (Sigma)”} A 7}¥ PBS &do] Y1
AL A7bA -80TColA Bty A2 Al A& Micro

e
o

off
o
)

n%
o

Indentation System (IA|Eu)E AFE3IAT. HARE €4 WY
Z7dH (displacement control mode)E AF&3t] dAS HP S F
7] & 7Fsi A= load (gf) B stress (MPa)E SAste] =9
Young A& Alteilth. gokshd, EHlE dEE dHFE A
F97F S22 Fetem: Fo w4 & A3 A w2 A A=Y

&3 == 55 WAl $18ke] protease inhibitor (10%)7F 3+

d PBS&Row AF 7 ¢ E7HFAT 0.5 mm 9 &

et

7S 1A AAAo FAA]Z)ar, 1 step 30 m, loading time 0.1
19+ Al7] (relaxation time) 90% mode®
150 gm zlo)7bA] 5 5¥e] A&A A4S Tl v TheiA =
stress (MPa)E S43slth. 542 7 step & 27 200% &<t
Al loadd W3t F 5 A
715l 2
BFE olgtem Adn. HFTHoR Z+ dAvH ALkd
stress (MPa)E ©o]&3to] &A= (HE 8L, v %ol Hayes
ol osl At F2ol] ojsto] tpgd Wgm fiketo] oA

Sl g HFA2] Young AT (E9E AFEsHITH.

o hE4

8
=)
<
=
5
N
N
e
ol
N
—~ |
o

¢

<
ﬂ!H
o
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7}

o} #H] (Poisson’s ratio), a

S0ty

1

R

TAHAA L

hyA
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i

= I
T -

= ATl A
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E
=

}

P,

°©

stol Ak

0.200.2 A3
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=
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e

b5
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N
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i)

Tor
B

Heamtoxylin and

-
T

AA171a0 & 23] 38} (decalcifica-

al

01
xylene &3} 4 o]

=i}
=

<=x}4] alcohol

slideE A 2Fa} <t}
5-6 mm FAR &xpdo w2 Ze AFH slide

(formalin, Sigma) &9

Eosin (Sigma)

KN
-

—_
file)

He A

o3 Al
=

| Safranin-O (Sigma)
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II & (ICN Biomedial Inc., Costa Mesa, CA, USA)E 1:500 &.&

(AEC)& Fofste] 10 #1F whgA1
sor Wi fuE 9ol @ngo

FA Hel= 9 Y dxTe AY A& o183}

measures analysis of variance WO 2 EA4 A7 39t A= €3,
Z2A8td A7 2 Young AT one way analysis of variance®
FAAE e, p ol 0.050]80 A9 SAHoE [Fo A

ow BRI
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m. 2 3

. A=3F 7)7F Bot AAAN ME AEE
PLGA XA A Y= AE AETE AA 357709 AdA wjeF 7|17

e mlF SASAT. A AA A A 15 A2 $ 1243
o] Fof XX Ao AEE AME =2 %7 AXAY AE AEFE

s

S A~
T T
F3Fe] 100%% 71+ #FUtt. 35779 v 7|z He AlE A

a7} §le ACR Uehgtt (p=0.8160). ARHH O E7ld] HEs
AW AZE o] o4 A B W /17 Bk R A

% of Viable Cell
@
S

0 week 1 week 2 week 3 week
Culture Weeks

a9 1. NE AEE MTT N8 A TGF-83 A8 =5 A AZ/AA A £
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Abstract

Evaluation of articular cartilage regeneration using
chondrogenic bone marrow stromal cells with a bioabsorbable

scaffold in vivo

Seung Hwan Han

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Soo Bong Hahn)

Focal Cartilage defects frequently occur in secondary to trauma
or to the idiopathic condition such as osteochondritis dissecans.
Cartilage has a limited capacity to heal and the treatment of
cartilage defects remains a challenge. Recently the newly
developed treatment modality using various cell and scaffold has
shown the great progress to regenerate the hyaline cartilage. In
this aspect, we designed new cartilage regeneration method using
bone marrow stromal cells (bMSCs) and poly lactic-co—glycolic
acid (PLGA) scaffold composites pretreated of TGF-3 and the
properties of regenerated -cartilage by this method were
investigated comparing with the non TGF-B3; treated

bMSCs/PLGA composites in rabbit model.
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We prepared bMSCs/PLGA scaffold composites and pre-treated
this with TGF-B3 for 3 weeks prior to transplantation. Then,
composites were transplanted to the osteochondral defect in
rabbit knee. After 12 weeks post—-transplantation, 5 of the 6
rabbits in which TGF- B3 pretreated bMSCs/PLGA scaffold
composites were transplanted have shown cartilaginous
regeneration. In gross morphology, regenerated cartilage showed
smooth, flush, transparent features. In indentation test, this had ca.
80% of Young's modulus of normal articular cartilage. Histological
examination demonstrated hyaline like cartilage structures with
glycosaminoglycan and type II collagen expression. Histological
scores were not statistically different to the normal articular
cartilage. These results showed improvement of cartilage
regeneration comparing with the non pretreated bMSCs/PLGA
scaffold composite transplanted group.

Thus, we have successfully regenerated improved hyaline-like
cartilage and determined the feasibility of treating damaged
articular cartilage using bMSCs/PLGA scaffold composite
pretreated of TGF-3. Also, we suggest this treatment modality as

another concept of cartilage tissue engineering.

Key  Words: bone marrow stromal cell, poly

lactic-co—-glycolic acid, cartilage, tissue engineering
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