gz @ Vol. 35, No. 2, 2005

AdenovirusOfl 201/ Y= BMP-271f
NZEQIOIN 2| 2210 DN = FY

Y- wey’ . oy YHY' - MYR: -
o8- 7' orar’. YEW - FoN’

tMgnerm Nmoep NiE ey,
2MSoierm MY FNARAT M

. MN& 2ol 7k Aw guks] Algsn glen]! Y =3
a1 Fod TR (Bone  Morphogenic
AFAgRo T 013 X|FFA] A Holdie] Protein, BMP)¢| SfEsds ol8st A5 4
ZF03%F olo] W] FA HE THAY) EAEE E AFzA Al tigk Qb el RlsgE 9l
aksiA| B8 xFEAse) Kas 2ade) x| 9 o} P mEgewnelge TR superfamily®]
T o ARBE BHow gtk o F4E flajed ofEo R Az oA ddFoh} FxAS sl
e D AMAALE, Apgels AT 2 B LS 3l FopE Wk ohje} IRIMEE W
AR A7t AEH oz AFEEA ghow, F B AR wekde) S ficshs Alom &
Al ZAFEAEY AP, SEE R e 5 A et MlEejeagela] ek otjel 7] slef
& AFzAe] Aol AMgsk ek el v ol Y ¢ Z5Al rhBMP -27F 2iet
& 7|A1ZIQ) Hige] 739 xpzale] Al gle] 71 A HE-9]9) JIZH*M Fo XgaHe 7 Yeo]
3 Ao AfEn, AFAlfEAdee] WY HaFom™ Sigurdsson ‘331” rhBMPZ o}¢
22,39 FAEE 5ol ARl gauio] el ¥ BHH IE M@A 51722 Qg Zol7kA] AAIEl
oAl A TS EISE HAAR] AR W oop e} wholal 7k E}E =Rz 0] A A
AgkE|ar glom kg X|Fale] AR Bal oﬂ; AaEiei y_mm ok ol2lel= BMP7F
=4 e glek ZAGA o) S0t JBTE F9)9] A%
A gaje AFese] X85S gfEl] AFEAA TAER MR el FaE ela debsst &
Aol Polals AESe] ZAw) BElS fushs A0 AL A¥A o Aggo] By v qlep

= o7 PDGF-BB. IGF, TGP S| Aaelxt T2} ofelst Autsels Bpala Qdon Hg

* o] eli= AR Awelg )7 AT el A Rk Ak
WMAARF - Fold, AleA] R A% 28 AguiEa A Hdeh sy, $EEE: 110-768
E-mail @ icrhyu@snu.ac.kr

511



e ol Bugx] gt auky
& ARl So7ba whEA) FalEo],
A KA BiE HojE 4 glor WA
/‘F%‘SVM]% AR Fego] Ak olefel
5517] $sle] AAlellr] A& ¢y
S 5 Sl Adet wipiAe] Al
Hosh, @A AqtolaL b= ofe] HE
oA ex vivo gene therapy®ll 7)%3F -fdade
Hol & oigle] & 5= kBB ex vivo gene
therapy= ol AEE B2l Wl 3 dafe &
WAS Hlohs Fepuls WERL) vlole]s wiE s
63%23_;@}/\]7:] a5k T1401] ]/\10}0;] }\}_9_6‘1— 2= 0101

Ashe 7910 aG TR FFY 5 glom, B

=
o —‘%?]_O]

oo

on fractures)ol‘/‘r -r7HL 7éd*’wd*(cmruofamal
defects) 2] A8 2] A<z} FolilA] thsiA) A
T3 Aol s Qe

AT 2| L] whokz ]qu
Aeks AgrA e R Aols
o] gkt A, e

1 %APOM

Ao el Quk 3 x)FolME= ﬂ%@ =
L ZolER W3 Qe tleke ol A

B2 HIH0IA glon, ZopAlEe] EAdel X33}
24 Ao A7) ehisl Fao) B34S Hola,
BMP-2, TGF-B, IGF 72 A=zl tis]

OL_

]_OO

& Bk Ao geiA T ofef@ ¢
TANEE BMP-27F 2510 EE SHER] &
3= OE;M AFrdgto R g Sx4 Al &
AAFERE, 2 Aol Ao
A XF) Yo AFRIAELS]
ex vivo gene therapy?l 7Fs/ds golur] 915}
QAN BMP-27F #PREE s ¢ & 2
BMP-27}F A51chAle] Ml¥Re] F3lo]
T G Yokdm, AL olale 9J5l] Eaf
FolojilsEe) BMP-2¢]

A5
&
A

]

AR AN A 8lEA] 2]

512

I & A 9y
1. Recombinant adenovirus M|z
PCRE o]&slo] &
2 pShuttle vectorell 498l et E.coli

oA 2z=gE pShuttle vectorE ZZAF7 & &2

Bl\/[P—2 gene sequence®
Z )71

L8

23] Adeno-X viral DNAY| A8k} a1z
¥l viral DNAE E.coliolr Z#A)17] 3 Lipo-

fectamin(Invitrogen, USA)-S ol&sle] HEK
293 cellell ZHAAIA BMP-2 7} 2&E)= viruss
Azt vizzAe] WO R repoter gene®l
lacZ gene©] = virusE AZsI}. Axg
virust AREAIZHA] -80TColl Bakskic).

2. NN ZHIYY

W20-17 mouse normal cell line(ATCC,
USA)-& Bl\/[P—Zoﬂ B]—_Q_o].o:] oﬂ7]/\4 OA}QL_A
e A F e TR AxgtE BMP-2
gene®] Y B S VPPI st} ARgard
th AR FEFAETFC] MGB3 MEE ahat A|E
T 2ol 4] o} jom, %xﬂzoﬂﬂsﬂ BMP-29]

4AQ I 2 B4E rlslr) Skl ARSE)
AR/ EE Aot B Xaigdo)
sto] gt FAks o AT

Aol Aeisict. Al 2 del] Fae Argat
of 4] 9l Xl AAsaL, Al oy
H At SAnE Aaslka, WAg e
Are] 3 Felel YRk AFRAIE FYlow
Fstod et thg 60mm AESFGAl] 1127
HAAIA 1% antibiotic-antimycotic £ (Invi-
togen, USA) % 10% FBS(Invitrogen, USA)7}
71 DMEM (Invitrogen, USA)S o]-&s}o] A
Fujs AjEslglom, 39 7Aoo ujckls W
gl FHA 5 AldizbA] wijekste] ARSEIITE. wiok

N

SEE

ﬁoﬁr\__“ﬁ?_‘—{

= O
o=

Az



Al FEE 100%, &5 31CE R8P 95%
o] F719k 5%°] COE A% FwsIsith. A152Uth
A= AlzgiE BMP-29] 3, 24 9 ZeblA]
A Al MEFeE HEsk=t] AHSH

3. NIZLf BMP-2 RTNt =¢

Z¥ztel MEE F_3) 3719 cell culture plate
o HFek thy & A v 2 wEkerh Al
BMP-2 gene virus®} Lac-7Z gene
virusE 747+9] welldll F7Fskar 4A17F B2t vjek
a3t 4rRE F we] wiAE FHrtslal Hag
A7V Bekslsi o, fAARE BRI dEE
04z ARfh AlES HiYFsks MRS 1% anti-
biotic-antimycotic 8 % 10% FBS7} #7182
DMEMS A8, oA S 100%, &%
E 37CE RABA 95%9] E71¢) 5%9] COE
A& &3

od AT

4. BMP-2 RTINS U FTf

ke

= 12 well plateol well 2 1x10° A|EZ HF
b vhed BMP-2 348 AEuE =9AA
o AR EYAIRI o HiAE Holi] ARE
A =20CellA] Bkt A =9)EA
% Ao viA[E HolbA tizatow AMEElith
AEE HiYkele 8l 1% antibioticantimy-
cotic &4 B 10% FBS7} #71d DMEM& AHE-
SI¢aL, HlA] F% 100%, %= 37CE 7A
sPEA 95%2] F719F 5%<] COE Al 3315
t}, Fohkr XAl BMP-2 Immunoassay kit
(R&D systems, USA)E ©]&sto] BMP-2 gene

o wRgwe B

ol

5. UPIEl BMP-2 geneQ QY ®}

vjoks]l W20-17THZE 12well platedl] well %

1x10° AEE HEsla thed BMP-2 f4E
Az S9AATE AP BUE o vl
& HoA] ARGAIEA] -20TCollM Haksislct 3
A7} EUEA] 9 AFEL] HiR[E RopA o,
2 AREsinh AEE sjdkehs wiAlE 1% anti-
biotic-antimycotic &< % 10% FBS7} 7
DMEME AFE3191aL, BildA] v 100%, 25
= 37CE FA1BIHA 95%2] 3719} 5%2 COE
A& Felsinh 2 BMP-2 gened] 48 9
7¥l7] 9181 12 well platedll well & W20-17
AR, IZFe] ZHFAET] MG63 AIE H A7
IS 2k} 1x10° 5 HFalar thad sl
AzE conditioned media® H7Fsle] 39 ot
kel - G714 ksl aae] EXE SAsI8
71 Shlksl &he] EAS Sl flale] Y
S AAsIL AFEE HBSS(Invitrogen, USA) =
H A]F 2 Trypsin-EDTA(Invitrogen, USA)
AZS dlold dildelsio Axs 2t &
olZl MEE Zeut Ik & ehlREelel] s
52 % 0.1 M glycine(Sigma USA), 0.1% Tri-
ton X-100(Sigma, USA), 0.15M p-nictrophe-
nylphosphate(Sigma, USA)¢] qkg-o1S- H7}alo]
30+t &t 37TolA whEAFTE whge] #d &
0.IN NaOH 89& #7kslo] whe-& w331 405mm
M FEEE SAsITE 71 dAksh e &
J& Hal®l p-nitrophenol®] <oz LjEhJSITH
A7V AR B4 S sk W s
ol g3lo] Ao FhWALtS Proteinassay kit
(Bio-Rad, USA)E ol8allM S7dai3d

12 o8

f o

>

o

6. BMP—2 TR =QIE N|ZFEQICHN|
IO WIS BMP-2 NIZQ| &
4 9l 220 0N Y

1) NEEI= =Y

AFRAA|ZAA e BMP-2 72F Al
o Zel vAs Q4% WPl sl MIT
(methyl thiazol-2-Y1-2,5-diphenyl tetrazo-

513



lim bromide, Sigma, USA) AlgS Algfslsic)
S5AH vkl AFAUMEZE 96well plated]] well
F 5x10° 7= gEsha e BMP-2 42}9}
Lac-7Z S A¥UzE Exzen ol 4
O, FRAE EYAITIA B T tiE

ARESISITE AP B & 7 1Y, 7Y
oF vljeksk & MTT -89 50uE 7+ welloll &7Fst
31 37Tl aidsldrt. 4A17F 3 MTT 8242 Al
Askal formazon Z4S 83117171 £ DMSO
Z} 50u Arkslednk AAS molv] s
plateE # E% % Microplate Readr(Thermo
Max, Molecular Devices, USA) = 540nmellA] &
ket viA= 1% an-
10% FBSe] 7k
FEE 100%, &%

3719 5%°] COs

nai

U

O
pul

kel
T

=

=

HEE SAKIY A2E
tibiotic-antimycotic -8,
DMEMZ ARSIIaL, #i9A]
© 31CE Frxlahar 95%9

A= —r_:L~ o
A T8t

2) Gy QINIRf 24 2y Tf
gl |4 spkaE BMP-27F S8l o
A= GEkE Wrkelr] fleted A7 kel Bae
< 5785lth. 5A wiekE AFIUAIE
12 well plate] well & I ZE
1x10° 2 HFela thed BMP-2 RARe}
Lac-Z F448 AlEvz =517 eH olF H¥
o8, FHAE BN B TE tiETeR
ARSI A B T 1, 7Y st mi
ok 3 ghlMe] whio® |y izt E4e] &
e St AEE wieRs iR 1% anti-
biotic-antimycotic &4, 10% FBSe| #7kd
DMEM (Invitrogen, USA)& AHE8ISAIL, A
& 100%, 255 37CE f=8A 95%9]

3719} 5%2) COE A% Easlith

o

%)
mlm

z2¥z¥

A2l /

N

3) MRREE H S

A FEATIA A BFEE] BMP-2 gene©] A3
o] A4 Aol gk ke dolry] I8l A5
OIHMIES 24 well plated] well 7 ZH2F 1x10s

514

= HES Ued BMP-2 329 Lac-Z
AE AFEUE E9x3 e ol HAyiteR
EA7IA] R RS HiRTOE ARSI
o ? ﬂ}% 95% ollekeolA
2 o kﬂﬂﬁ]—

(pH4 3)& 7} welloll H7}
15—} ok o SRR AR
AEE st HiA)=

4 10% FBS,

[o]
H

[e}
‘IT

§l§}7ﬂ 45 #
IA antibiotic-antimycotic
10mM  sodium J3-glycerolphosphate(Sigma,
USA), 50ug/mé ascorbic acid(Sigma, USA),
50nM dexamethasone(Sigma, USA)e] %7}
DM- EMS AR88aL, vk 100%, =
5 37 CE s 95%9 F719F 5% CO,
A EH8i

o
23 /\i

Eal asi =N
= s

=
=

7. SANNNOIN BMP—-2 gene '&P
|/ W NI HE AN

ZEFAX A A Caleitek, Germany)oll Torxﬁ} %
A HEE F2AA BMP-2 fxle] wdoi s
alzisict. FepAAAE 0.540.59] 2712 x}g
ARG 1x10°¢) AFQIHEE HEsisink A

& A o 2.5pfud] BMP-2 S734F &=
Lac7Z F73#5 MEzZ =770 443 Fof 4
de viE ek T Bk sk BMP-
2 Faze] wEs Arksh] el 7Y ¥ wiRiE
FolA] uixjeolld BMP-2 Immunoassay kit o]-&
gl BMP-2¢] A EE ERI8INI: Lac-Z9] &

=21l o= T
FolBE 3ol ¢)3le] F-galactosidase stain-

ing kit(Sigma, USA)E ol83to] STpiixIx]| Al
B2 X2 A5}

of %cw

ML S 9JEle] 7d 3 A} olale Z
FGARAANE 2.5% glutaraldehyde & OsOsE
AR F Tl uet €8 Al gold

< X
particle & I8 & FAPAAEN A (Jeol, Japan)
o2 AERYs A



14000 Il Transduced cells

[ INon-transduced cells

lr*‘l—“!.r——zﬁ
2 3

Figure 1. BMP-2 gene2| W, lane 1:W20-17 H|
I lane 2:NFEQICHNIZE, |ane 3: MGB3 NIZE, * Y

el NZO| TIZRFOf HIO| RAOH =S (p<0.01)

12000 +

10000

8000 -

6000 +

800
600
400
200

O -

(lw/Bd)z-dNg psialoeg

8. SNy 2o
AFol A dojrl 2= one-way ANOVASH A}
% Al Duncan #< A135151

. Ay

1. BMP-2 gene &S Wt

AENZ =95 BMP-2 gened]
BRI l8ke] W20-17, AT,
1o BMP-2 #4842 Z=9A1Z1 % immuno-
assay kitE AF&sle] BMP-29] 2siuks 74|
Aot A2y BMP-2 FA4PT S99 Z7e] B
2 tjzetol] vls] BMP-27} frelstA
AHSE A Figure 1).

o}xg

mlo

_>:,

he=

R

A

—1
AELE =

2. 2PIEl BMP—2 gene2| ¥ J/I

HlEly BMP-29] S-S
ol ] 98le] conditioned media® W20-17
1 MGE3 AFES vkt 3 A
5} G40 A4S ST

Figure 2. Conditioned mediaZ2 7H]
QMDY BMAO| Y,
2Nz
Zo| OImFO0| HIO| RFADIH =2
CHE NIZSO0| iGN 20 =3

515

(uiw/Bn/sjown)dN-d pases|ay

0.30

IlTransduced cells
Non~-transduced cellg

0.25 4

0,20 4

0.15

0.10

0,05

0.00- 1 2 3

2 o7y
lane 1:W20-17 NIE, lane
CICINZE, lane 3:MGBE3 NIZE, * WY N
(p<0.05), #
(p<0.05)

BMP-271 &% conditioned mediadlA wioke
W20-17 AIRE, ZFAAE, MG63 A2 Z5FollA
2ol ¥HE017 conditioned mediaollA] i
A B ol =& 9 Akt a4 &
& HolFtHFigure 2).

[e]
o=

3. BMP—2 KT =QE AIZEQIN|
20| YUAE BMP-2TF NIZS| 5
A A 29 OnlE Y

13y BMP-2 geneo] Al
H@7rel] ffstel MIT
(methyl thiazol-2-YL-2,5-diphenyl tetrazo-
lim bromide, Sigma, USA) A&& A3k
el 3. 1Al T es =43 A3 BMP-2
TR 299+, Lac7Z AP 299 o oY

B U5 FREE Holen, TdelM i Al

=2



S

S e prra

el
jul
o ] "
-1 _ . 7oy %4 ':1_':;
B 15- = c __K
o | T o8
2 z
2 1.0 r
F g 06
o 8
;‘ T -~ @ 0.04
- | [ =4
8 0.5 3
S o 0.02
3 o
0.0 2 0.00" * T
8 T T =1 .
: > 3 1 2 3

Figure 3. BMP-2 Nt =QIE A|ZE0ICfjn ol Figure 4. BMP-2 RTN} =R NZEQICHNZ=
NZRYE, |ane 1:W20-17 NIZ, lane 2:7%ZFQ! o ATy QIR BARY. [ane 1:BMP-2 |RTH
OiNIZE, lane 3:MG63 NI=, *» 140 HIOf =IOt it =7, lane 2:lac-Z |0t =RIF, lane 3:

H 3718 (p<0.05) O3, » 140 Hio A0 571 (p<0.05)

2) Sy QI =2 Y Ft 3) MRRrHEOl Fr

AFRI AN A FpEE BMP-27F Al2e] & AFliA| el ShE BMP-27} Al2e] 7
sl vl QIS W] flste] 9714 Qitst A Aol R QS dokrr] Skl FAwy
o] 245 1Y, 7 Fofl St 19l ¥ 149 51t vidt - alizarin red SE 45}
BMP-2 727t =99 7, Lac7Z F+4d27 &4 of Ad%3e] Aes WEF A3 BMP-2 firt
o, e B H]%@l e HogEglont 7 7F =9 TellM AlY w8 M3lst Z2d s w
o Aelli= BMP-2 +iabh B o] He 7 oF3len, LacZ AP SUE oot thatd
woll Hlsf 4% ”‘JJJ} relebAl =A Vel e, HIseh obdel AMsjst Ad gAs Holeslon,
Lac-Z A7 =9 v dlzr 7k §484 BMP-2 F27}F =dl wol] vlal mhg- shA] vhet

e A e Aok vehgA] @tk B 2E wek(Figure 5).
wf Blaell M Al o 25 1dol] Hs) Tl a4
AE7F el Sl Figure 4).

Figure 5. BMP-2 |STINIT =9 H NZFEQICHMEO| MRor HE HY. lane
1:BMP-2 Tt =17, lane 2:lac-Z 8N =QI2, lane 3:HiER

516



9000+

w
o
o
o

B
[=l=L=]
{r

(lw/6d)z—dWE pelaidag
3
3 b1

1 2 3

Figure 6. SFUNNNO| £4rE XZ=QICH N 20
Mo BMP-2 gene2l &P, lane 1:BMP-2 {7t
E=QIF, lane 2:Lac-Z |UNt =QIF, lane 3:Li&
=2, * BMP-2 RTINIQ| W3HO| Ci=30f| Hi% {<
OfHl =T YE (p<0.05)

S

2

4. FRWNNNO| SAE NZsQICINZ
OS] BMP—2 RTHM} 1ot J}

TP 228 AEE AR o)2lsl] flgh %
AAZ FeplleR TREolR Collatapes AEE19]
vl ARA FAR frRRaEea whe]
UHS 2RIS7] $81] Collatapedl] o)A
ARl o] BMP-29] eks SRIsIsIc) Colla-
tapedll -2 X|FIoAE BMP-2 - &

Al o

LacZ §74P)F =9 &

1 A7)

Al freleb A =l wet
wollAle iz} A 1|

Figure 7. S=Fil NNNO| 2808 BMP-2 |TNI=RIN|Z

FHNE RIS NZEQITINE, (B) IR, 300X

517

5. BMP—2 |®TINF =QE NZQICiN]|
EO| S ANNNOIMS ZENTHNTA
O3y oy

FU
BN
X

o]_ﬂﬂﬁ yjrul—z‘ﬂE]E

Aol F-2rgl Axef wx)e=

o] Collatapeo] ]2

TS AE g2 E=9r17] & Alxe] e Ws)

& FARAER S o] 83le] Basisirt. BMP
=]

_2 Trx]x]_7}_ s 0]

~—1-= I

N rir
TN g
rfO

=

)

i

=

ws]

>

[N}

iuf
=
b
i)
(e]
E
:
>,
]
lo
r
)
of
it
do 1
>
S’,ﬂ
nt)

A SeRlA R Ao & Rk AL g 5
HFigure 7).
5 AYA] el ©
ato] A2 LacZ fAxke] 2448 silelr) ¢
o] Collatapeol] XIFANAHEE 0|28}, Lac7
%Xﬁ}f?- RS NEl ?— B-galactosidase2] &R
Asle] slols . A4k plateol]A viokE X
EH/HLJJr Collatapeoﬂ Hakg XFRIgME 2

it —{}J mlr
ro

£

I B-galactosidase®] 23S w4 U9
tHFigure 8).

G

QUCHNIZS] ZENFHIIAD| HTY T (A) BMP-2



Figure 8. =M M MNNI0] £41E BMP-2 |STINI=RINE

KENE EQIE NEQUTIMIE, (B) HZEE, 300X

V. 33 A O

e AFEAAeNA Ta
AFRANNEE BMP-27F HEAF s
BMP-2¢] 1kl o = &g, A o]

SR A Aol F2RE 2RI ARl A
BMP-29] #&loifg SRislih. # Al A
MP-2 gene virust mouse normal cell
line§l W20-17 MlZolA A os WUgs &

A 4 gleleh, WEE vl gHow g
afe A Sla] sistel Wyl BMP-27 ¥

il
HHOO]:GM oﬂﬂﬂ o) A}g]_ 2

& % BN[P 27} AAA o
L RRA

3 conditioned mediacllx] W20-17 A3,
A, MG63 Al
o] e s Aw J)r

[ SRR =4

25

2 2hgs)al

7} A FERIe A A
7] 95te] A2E BMP-2 gene virus® 2]% el
A3 2z BMP-27F 2EEE ¥R
Uy BMP- 27} ]ZO]EHAﬂiQ]
A 71 st &
5163*30] BMP-2 #+#A}7}
E]7] & ol vjsf =7 Ught}
FRIA S *@XﬂLHOﬂ 0]*‘6}7] 915t
Collatapeols] BMP-2 7} A4 o= o] &
Z] o3tel A)H virus ol &Jste] KX Al

_>.:
i ~.
%%

ﬁi
L =

[y
A

ok T

.

e
)

o

0o
it

rl

_d
)

518

QITHNIES] ZEATHNIAD[HT 2H (A) BMP-2

o] gy WHalE #237] 28t Immunoassay
FAPARER 73S AN
1A Al A BMP-2¢]
b dslom FAbAAER A

o iR B HIS
HolFan giglom, é’ﬂPﬂXV\]ZﬂOﬂ s

o _
9) &5 gl 4= QUi WSt repoter F#

Lac-7Z 5AA7F =d€ w4 plateol~] vl
SIthMI ¥} collatapeo] -2 2|50
|3 =504 B-galactosidased] 'HEE €
T Ao, LacZ a2 =dEA] &2 kol
AE B-galactosidase’} HAEA] L data
not shown).

25Agto 2 QlEle] 45 X|FRA)e] Aol A
AU EE PHoelt}, thekgl Fo] Alxs
olFoll AFRIUMEE X|cte) wobaln} A FZAL
ololl HABPHA Wekd -fefa Lt S%WLE
sjat 4= lrkm BaEolx| s )Irk Seo ol
oA B A5 EHHL_OHH E7ME
STRO-1, CDl46 &= T AL
mentoblast-like cells

i

ovg@a Eza

ol

A~
T

o
m

=]
_'_/<

R o

_4—1_1

N
R R T

O
)

7%

g
F
ot

riq r_Q

[‘.1

rO rO

9] JZ]
o, ce-

collagen

Syl

adipocytes,

forming cell % ¥8kgS ERlsiitt. BMP= U
kgl 7|3he] widdol] fojdt ¥ oohue}l FHo] Wy
AN Fae 3kg s Y 2 s1He
AR ar QAT A A ol B T4
FYPS sk Ao wuEde



BMPel| &3 o]2A g T4 2348 BMPY
Bhe-5= Wk )M E (pluripotent stem cells)
v} progenitor Al So= MdE AdAlY] 2=
o] dzolut S&Ael el itk B 4= 3l
5}46’4& o].;dy].x] BMPd|| 9heals RE
Pk, 27] AgtellA BMPell Wh3-st
= Y e /H]E‘% o Al IRAE, 2
Tz Zoz ould 015}41 ~49)
Az Aol gloel
ey Qow, Az
ke glo) Az
& AHA ) o] A4S, aEla dekEst 24
g BaE wp rp.
eut olejgh QIXES A AEA] w wal )
ol At ARyt deshy deAe] dijte s
M] %x{x}x{rﬂ—m—mg /\§7l—6‘]— 2 o]g], %ﬁx}xd%t\g

& Bag Hslo) oldsle] AR 4 glo] Yot

}_z]Eo]

3
2,
o
o
%
1o,
>4

do
b
b
T
id
1o
o
s
i
sl
ue
mﬂ

d

LI

71 o %%% *}F olal ZAe|Ale] Halrt golskar
BjFo] 2 v Alarolojof itk mEEk wmoE A

Al A WS slo] Hshe
AL o]FoiHol sh, wSlE Akl ofs
g chalzle) Ba)y) fdgksiA 2 4= glojof &
PV B Aol xF2E] AelM Fad
oAgks whgshe 1‘0 hA o BMP-27} 323
HEE fHxb 23§ AFARl AEAQ
BMP-25 3+ 4 & A ol AFduaE
A 7F g BMP-29] AJH02 Zop 2= &
A wghlo] A A7 gl el 2 vhe
A& dohidr] fJsle] AFE AlalaEld
AAN XFQIthMIES] BMP-2 gened He
AZA ] AR HAE AR AFRIAIE

2

(

of ARzA Fehi A AH8TPsE 9l
T % Gl o) APAs 5L o goud]

]/\1 /\17014__& BMP- 27]_ J+ @Q"E‘ i]‘?‘?_]
EH‘ﬂ TS A ol o]alsle] xFEAANAY| w]x]
2

© 992 ST W} ov, Suwe BAP-
7 AR AF3h 714 R mAks e
H

He B7HAR) A Bag Ao 7
v. 3E

1. 2 A7l A=k BMP-2 4%} virus + <t
HAHom BMP-25 WaAlZion, W20-174
. MG63 AIZ, AFRIAEZENA FAEZ
o] #3315 vEhll= ALPase 248 71170
2. BMP-2 #7127} 2805 251 M= QA A]
oF BMP-2E& waAFon], A|apalel|AlA

L ]

HEsl= BMP-20 9J8iA ALPase] 2o
713

3. BMP-2 42} =945l AFRItAlEE= A7)
AlelAlM L= BMP-20] ofste] A5
el x| igkom, Halddds MR

4. BMP-2 APt = Al ohAl
AE| Al o] AEox e F e s B
Frzion, SARAIA 2 5]
2lsiid

to 2L

- =
g

4l

ﬁ&
=

P

=
=

g%
&ON

OHJE

1.0
AT

i

V. B2y

—t

. Moskow BS, Karsh F, Stein SD. Histolo-
gical assessment of autogenous bone
graft. Acase report and critical evalua-
tion. J Periodontol. 1979 Jun:50(6):291
-300.

2. Bulstra s Experiences in human delayed
non-unions using OP-1(BMP-7). Proceed-
ings, First Kuropean Conference on Bone
Morphogenic Proteins. Abstract 62

3. Carraro JJ, Sznajder N, Alonso CA.

Intraoral cancellous bone autografts in

the treatment of infrabony pockets. J



Clin Periodontol. 1976 May:3(2):104-9.

4. Garraway R, Young WG, Daley T, Harb-
row D, Bartold PM. An assessment of the
osteoinductive potential of commercial de-
mineralized freeze-dried bone in the mur-
ine thigh muscle implantation model. J
Periodontol. 1998 Dec;69(12): 1325-36.

5. Zybutz MD, Laurell L, Rapoport DA,
Persson GR. Treatment of intrabony de-
fects with resorbable materials, non-
resorbable materials and flap debride-
ment. J Clin Periodontol. 2000 Mar;27

(3):169-78.

6. Takata T.Oral wound healing concepts in
periodontology. Curr Opin Periodontol.
1994;119-27.

7. Becker W, Becker BE. Treatment of
mandibular 3-wall intrabony defects by
flap debridement and expanded polytetra-
fluoroethylene barrier membranes. Long-
term evaluation of 32 treated patients. J
Periodontol. 1993:64:1138-44 .

8. Warrer K, Caton JG, Reid T. A pro-
spective multicenter study evaluating pe-
riodontal regeneration for Class II furca-
tion invasions and intrabony defects after
treatment with a bioabsorbable barrier
membrane: 1-year results. J Periodontol.
1996:67:641-9.

9. Becker W, Lynch SE, Lekholm U et al. A
comparison of ePTFE membranes alone or
in combination with platelet-derived grow-
th factors and insulin-like growth factor-I
or demineralized freeze-dried bone in pro-
moting bone formation around immediate
extraction socket implants. J Periodontol.
1992:63:929-40.

10. Eickholz P, Kim TS, Steinbrenner H et

520

11.

12.

13.

14.

15.

16.

17.

18

al., Tissue regeneration with bicabsor-
bable barriersiintrabony defects and
class II furcations. J Periodontol. 2000:
71:999-1008.

Oates TW, Rouse CA, Cochran DL.,
Mitogenic effects of growth factors on hu-
man periodontal ligament cells in vitro. J
Periodontol. 1993 Feb:64(2):142-8.

Piche JE, Graves DT. Study of the
growth factor requirements of human
bone derived cells: a comparison with
human fibroblasts. Bone. 1989:10(2):
131-8.

Dennison DK, Vallone DR, Pinero G,
Rittman B, Caffesse RG. Differential ef-
fect of TGF-beta 1 and PDGF on pro-
liferation of periodontal ligament cells
and gingival fibroblasts. J Periodontol.
1994 Jul;65(7):641-8.

Wozney JM. The potential role of bone
morphogenetic proteins in periodontal
reconstruction. J Periodontol. 1995:66:
506-10.

Cochran DL, Wozney JM. Biological medi-
ators for periodontal regeneration. Perio-
dontol 2000. 1999;19:40-58.

King GN, King N, Cruchley AT, Wozney
JM, Hughes FJ. Recombinant human
bone morphogenetic protein-2 promotes
wound healing in rat periodontal fenes-
tration defects. J Dent Res. 1997:76:
1460-70.

Kuboki Y, Sasaki M, Saito A, Takita H,
Kato H. Regeneration of periodontal lig-
ament and cementum by BMP-applied
tissue engineering. Eur J Oral Sci.1998:
106:197-203.

. Ripamonti U, Reddi AH. Tissue engineer—



19.

20.

21.

22.

23.

ing, morphogenesis., and regeneration of
the periodontal tissues by bone morpho-
genetic proteins. Crit Rev Oral Biol Med.
1997;8:154-63.

Higuchi T, Kinoshita A, Takahashi K,
Oda S, Ishikawa I. Bone regeneration
by recombinant human bone morphoge-
netic protein-2 in rat mandibular de-
fects. An experimental model of defect
filling. J Periodontol. 1999;70:1026-31.

Kobayashi M, Takiguchi T. Suzuki R, et
al., Recombinant human bone morphoge-
netic protein—2 stimulates osteoblastic
differentiation in cells isolated from hu-
man periodontal ligament. J Dent Res.
1999:78:1624-33.

Sigurdsson TJ, Lee MB, Kubota K et al.,
Periodontal repair in dogs: recombinant
human bone morphogenetic protein-2
significantly enhances periodontal rege-
neration. J Periodontol. 1995:66:131 -8.
Barboza EP, Duarte Sorensen RG, Riedel
GE, Ridge augmentation following im-
plantation of recombinant human mor—
phogenetic protein-2 in Periodontol. 2000
171:488-96.

Howell TH, Fiorellini J, Jones A et al., A
feasibility study evaluating rhBMP-2/
absorbable collagen sponge device for lo-
cal alveolar ridgepreservation or aug-

mentation. Int J Periodontics Restorative

. Dent. 1997:17:124-39

4.

Terheyden H, Jepsen S, Moller B, Tucker
MM, Rueger DC. Sinus floor augmenta-
tion with simultaneous placement of den-
tal implants using a combination of de-
proteinized bone xenografts and recombi-

nant human osteogenic protein-1. A his—

521

25.

26.

21.

28.

29.

30.

31.

32.

tometric study in miniature pigs. Clin
Oral Implants Res. 1999;10:510-21

Winn SR, Hu Y. Sfeir C, Hollinger JO.
Gene therapy approaches for modulating
bone regeneration. Adv Drug Deliv Rev.
2000 Aug 20:42(1-2):121-38.
Crombleholme TM. Adenoviral-mediated
gene transfer in wound healing. Wound
Repair Regen. 2000 Nov-Dec:8(6):460-72.
Franceschi RT, Wang D, Krebsbach PH,
Rutherford RB. Gene therapy for bone
formation: in vitro and in vivo osteo-
genic activity of an adenovirus express-—
ing BMP7. J Cell Biochem. 2000 Jun
6:78(3):476-86.

Baum BJ, Kok M, Tran SD, Yamano S.
The impact of gene therapy on dentistry:
a revisiting after six years. J Am Dent
Assoc. 2002 Jan:133(1):35-44.
Anusaksathien O, Giannobile WV. Grow-
th factor delivery to re-engineer perio-
dontal tissues. Curr Pharm Biotechnol.
2002 Jun:3(2):129-39.

Lieberman JR, Daluiski A, Stevenson S et
al., The effect of regional gene therapy
with bone morphogenetic protein- 2-pro—
ducing bone-marrow cells on the repair of
segmental femoral defects in rats. J Bone
Joint Surg Am. 1999 Jul:81(7):905-17.
Krebsbach PH, Gu K, Franceschi RT, Ru-
theford RB. Gene therapy-directed osteo-
genesis: BMP-T-transduced human fibro-
Hum Gene
Ther. 2000 May 20:11(8):1201-10.
Baltzer AW, Lattermann C. Whalen JD

et al., Genetic enhancement of fracture

blasts form bone in vivo.

repair. healing of an experimental seg-

mental defect by adenoviral transfer of



33.

34.

35.

36.

37.

38.

39.

40.

the BMP-2 gene. Gene Ther. 2000 May:
7(9):734-9.

Bartold PM, McCulloch CA, Narayanan
AS, Pitaru S. Tissue engineering: a new
paradigm for periodontal regeneration
based on molecular and cell biology.
Periodontol 2000. 2000 Oct;:24:253-69.
Pitaru S, Pritzki A, Bar-Kana I et al.,
Bone morphogenetic protein 2 induces
the expression of cementum attachment
protein in human periodontal ligament
clones. Connect Tissue Res. 2002:43
(2-3):257-64.

Shimono M, Ishikawa T, Ishikawa H et
al., Regulatory mechanisms of perio-
dontal regeneration. Microsc Res Tech.
2003 Apr 1:60(5):491-502.

Lekic P, Rojas J, Birek C, Tenenbaum
H, McCulloch CA. Phenotypic compar-
ison of periodontal ligament cells in vivo
and in vitre. J Periodontal Res. 2001
Apr:36(2):71-9.

Ouyang H, McCauley LK, Berry JE et
al., Response of immortalized murine
cementoblasts/periodontal ligament cells
to parathyroid hormone and parathyroid
hormone-related protein in vitro. Arch
Oral Biol. 2000 Apr:45(4):293-303.
Ohno S, Doi T, Fujimoto K et al., RGD-
CAP (betaig-h3) exerts a negative regu-
latory function on mineralization in the
human periodontal ligament. J Dent
Res. 2002:81(12):822-5.

Han X, Amar S. IGF-1 signaling enhances
cell survival in periodontal ligament fi-
broblasts vs. gingival fibroblasts. J Dent
Res. 2003 Jun:82(6):454-9.

Marcopoulou CE, Vavouraki HN, Dereka

522

41.

42.

43.

45.

46.

47.

48.

XE, Vrotsos IA. Proliferative effect of
growth factors TGF-betal, PDGF-BB and
rthBMP-2 on human gingival fibroblasts
and periodontal ligament cells. J Int
Acad Periodontol. 2003 Jul:5(3):63-70.
Zhao M, Berry JE, Somerman MJ. Bone
morphogenetic protein-2 inhibits differ-
entiation and mineralization of cemento-
blasts in vitro. J Dent Res. 2003 Jan:82
(1):23-17.

Seo BM, Miura M., Gronthos S et al.,
Investigation of multipotent postnatal
stem cells from human periodontal liga-
ment.

Hogan BL.Bone morphogenetic proteins
in development. Curr Opin Genet Dev.
1996 Aug;6(4):432-8.

. Reddi AH. Regulation of cartilage and

bone differentiation by bone morphoge-
netic proteins. Curr Opin Cell Biol.
1992 Oct;4(5):850-5.

Kingsley DM. What do BMPs do in mam-
mals? Clues from the mouse short- ear
mutation. Trends Genet. 1994 Jan: 10(1)
116-21.

Duprez DM, Coltey M, Amthor H, Bric-
kell PM, Tickle C. Bone morphogenetic
protein-2 (BMP-2) inhibits muscle de-
velopment and promotes cartilage for-
mation in chick limb bud cultures. Dev
Biol. 1996 Mar 15:174(2):448-52.
Kawasaki K, Aihara M, Honmo J et al.,
Effects of recombinant human bone mor-
phogenetic protein-2 on differentiation of
cells isolated from human bone, muscle,
and skin. Bone. 1998 Sep:23(3):223 -31.
Takiguchi T, Kobayashi M, Suzuki R et
al., Recombinant human bone morphoge-



netic protein-2 stimulates osteoblast dif~
ferentiation and suppresses matrix met-
alloproteinase-1 production in human
bone cells isolated from mandibulae. J
Periodontal Res. 1998 Nov:33(8):476-85.

49. Cheifetz S, Li TW, McCulloch CA, Sam-

path K Sodek J. Influence of osteogenic
protein-1(OP-1:BMP-7) and transform-
ing growth factor-beta 1 on bone for-
mation in vitro. Connect Tissue Res.

1996:35(1-4):71-8.

523

50

b1

.Ye X, Rivera VM, Zoltick P, Cerasoli IF
Jr, et al., Regulated delivery of ther-
apeutic proteins after in vivo somatic
cell gene transfer. Science. 1999 Jan 1:
283(5398) :88-91.

. Krebsbach PH, Gu K, Franceschi RT,
Rutherford RB. Gene therapy-directed
osteogenesis: BMP-7-transduced human
fibroblasts form bone in vivo. Hum
Gene Ther. 2000 May 20:11(8):1201-10.



—Abstract-

Osteogenic activity of an adenovirus expressing
BMP—-2 on Human Periodontal Ligament cells

Kyoung-Hwa Kim' - Yoon-Jeong Park® - Sang-Cheul Lee' - Tae-il Kim' - Yang-Jo Seol'
Yong-Moo Lee' - Young Ku' - Soo-Boo Han' - Chong-Pyoung Chung1 « In-Chul Rhyul

1Der_)artment of Periodontology, School of Dentistry, Seoul National University
2Departmer1t of Craniomaxillofacial Reconstructive Science,

School of Dentistry, Seoul National University

The regeneration of lost periodontal tissue is a major goal of therapy. Periodontal ligament
cell(PDL) is a specialized connective tissue that connects cementum and alveolar bone to
maintain and support teeth in situ and preserve tissue homoeostasis. Bone morphogenetic pro-
teins(BMPs) have shown much potential in the reconstruction of the periodontum by stimulate
new bone and new cementum formation. Limitiations of BMP administration to periodontal le-
sions is high dose delivery, BMP transient biological activity, and low bioavailability of factors
at the wound site. Gene delivery method can be alternative treatment strategy to deliver
BMPs to periodontal tissue. The purpose of this study is to investigate efficiency of BMP-2
gene delivery with cell-based therapy using PDL cells.

PDL cell were transduced with adenoviruses encoding either BMP-2 or Lac-7 gene. To eval-
uate osteogenic activity of expressed BMP-2 on PDL cells, we investigated secreted BMP-2,
cellular activity, ALPase, produced mineralized nodules. To evaluate collagen scaffold as car-
rier for transduced cell delivery, we examined morphology and secreted BMP-2 of transducd
PDL cells on it.

BMP-2 transducd PDL cells produced higher levels of BMP-2, ALPase, mineralized nodules
than non transduced cells. Cellular activity of transduced cells was showed similar activity to
non transduced cells. Transduce cells attached on collagen scaffold secreted BMP-2 at 7day
and was showed similar morphology to non transduced cells.

These results demonstrated that transduced PDL cells produced biologically active BMP-2

and collagen scaffold could be carrier of transducd cells.

Key words : BMP-2, Adenovirus, PDL cell, gene delivery, collagen scaffold
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