P

HINENE BLE

LRI : Vol. 37, No. 4, 2007

Ol BMPTHENS =MYR4FEN

Yy, INY, NFE, YYY, VYY, ERY, N5, 45, Ny

AN Aoer nE

40l 2 ol 9,.1-‘5 A9, TR SIS A
AP} AL SIEL S CIBE Rt N

J’ 3=
52 AW SN2 (Bone Morphogenetic
Protein BMP)-% o] 83l YslA}; = L FA
2 ol e ol AFHT U
1971 Urlst)oﬂ ola] el LW o] ulalz

ZJol] 01215t 739 o]l o)z ol B FAo] U
oM RS PESHT Zuhols T Al Fleiske

EX childo] Qlckil sl om ol5 Z Al thalAl
(Bone Morphogenetic protein; BMP)olekal W3}
At} 1980W BMP7} 4M Guanidine HC1¢) oJ3) 2L
zA o gHE £& 7FsdltHs AMdo] Takaoka” o]
ofs) BTEwA BMPS Al SIeF TRl A

=7} ool torst Aol o8] BMPY)

AT ESS Aty PUEA

#z0] ZRsa Atk AAE BMPE sl
EAo] @l6f] Osteogenin, Osteogenic protein,
Osteoinducing factor 2.2 HHIZQIOL} 1988
¥ Wozney” 5ol 2J3) BMPO] {414} 27} B3]
AJA =A ook E2R &%9/d%0R BMPRE
Talsis o] el Qloy, @A7HA| BMP-19A -15
7HA] 155579 BMP7}F H8A Qlew, BMP-1< Al
QIgt o} BMP+ ofu|ieqte] HijHol Q1o TGF-4
9} 30~40%2] AFgAlL Hols, T709] cystein 27|
£ AY= 5% olFAE ol FaL §lo) TGF-super—
family9] YUOE e BMPY| Fd 7j5e
= 2 g8l olad IS 7M7), 417,
FA7|2 R, ol ulEeRigAlRe] sielE
A olF W F4), FHATAERS £33}, AEAlE
of ulcjs, el A, A7)l Ml 24
2 I AR XEIFE A 2TIAATAR Y
Bk BMPE Z2 ol B4 A7
g3l Aom ofAAm . BENE b
BMPE &7] $fallxle HIARE AB3leha A2jet o

*WAARL - 2SS MEEEHA| AR AEE 134 AAciEka A REk X)EapskaiAl, (120-752)

(AR © shchoi726@yume, yonsei, ac_kr)
* o] =L 20055 RIS |E

0} Ajglo sasishTe] X2 Wop 434

&L0)(R13-2003-013-02001-0).



o] B20| 278}

o= BMPZ} %2 WA Yo AL AT
AgE] 3lon, & ket g AER, O & &
2 AR TGF-4 (460ug/ke), IGF-1(85ug/kg),
IGF-1I{1260ug/kg) ol vIsl] Sn|zke= EXjsl7|

Rolth, 2FBHEel WoR 2% BMPS] T
WS HEIm Qlont, o oz eHle] ofzigel
ojs) BAlsiEA] ZokL Tk Sk ERHE @
e 2 B9 BUPE ol4jRelz Here
4 Qlojopsitt 181}, rh—BMP(recombinant hu—
man Bone Morphogenetic Protein)= 84 E3
o= FgRol] A5 HRu growl 1 &l
7t Zaglng’ pMPY| AE Ztisksly] $JEiA
L e g 5, AR So| Fasih 6
Ao, BMPS HEAl] #8471 3 FP4S st
2919] SEE Uoh] S5 Alo] 1~800ug
oA vlZH, WA, & AAF FolA AF=Et
T 3%2 HAY BMP % rh-BMPE AfelA
A SAbElo] A mEl, BMP7F EA A
Zds] 288 = 9I=F BMPE AAfs| 18 A
202 WA 4 Qe WRAIZE ) o
£ AdA|(carrier) e} 3hH, HIA|(carrier):= BMP
o} Agto] Hua1, AN E3t FSafof st

A Bo) oj2ol @A Erslo] 2415
U 23} A3}E o} 4 Gl Ho] BaHolt o
AH AGAE 27 U8 bone matrix

Absorbable Collagen Sponge(ACS)™**  fibrin seal —
ant synthetic polymers {poly(glycolic acid—co
lactic) acid®, A ~Tricalcium Phosphate(8
~TCP) ™ 5-& B2 A7E0] A=, UikEe
2 ACSE F1lo] fAlEls Zefollie of¢- EvbA
Q1 ZgAond, TABRE 8ol R3] §F
gof| ot AP fsiEls Aurt ZeE 5= 9)
om, g —~TCP= o] oJa gA| AsH=R] Gh=
A3 2o, F5v7t A|aso] AdE 34
Aol A3 xalsiget 2tol= Fibrin—
Fibronectin Sealing System(FFSS)i} FFSS/f
—TCPE BMPS| AYA|= ARSSE abaQl A

3 O
s

LA
O

O

=

734

o] RuEQty? Aol uE ZFA]
L g 1) WAENR YA AERE 34
A BT 9) AAMN NRZAERE
HAJete] xExA} 2)22e] Ay B 3) w
KolAl o)A ZTEAIY TP So) o]RojFr)
2 Q7L F71A) BMPeH BelE =RES vige
2 BMPY HZAES AT wlwelky, &9
BMP HEHE Zohx 1A} i},

. AYH
1. EYET D)

2 A7o)E ANkl METRRIAI AT

g =5 2 1998~20073 Alole] BMP HEAo| &
AE =2 FJAEIE, AFENE Zst] 98

Medlineol|A] 1998~2007¢ AlololA] “"Bone Morpho—

genetic Protein”, “carrier”, “defect model"& 7
Malo] =Fa 3l ofefjel e =4S TIA A
20l ALg3IAT,

1) 2 =

(1) FE3h 2 mdofi Aol XIsE A

(2) AdAll BMPE A&AI7] A

(3) ZFASTHY AgduE 71Xl A

ANATL AAdgtalofA A1 == F T 11
9] E=g"HT o) AL o] F WMEAT
AsFmdolA BMPHEA|S] 85 J1akkt Ao 7
Ho ek, UHA] 42 242} AJoA 23e A+
7} 29, A|EofA ARk Zlo] 13, 18]l o]adE
P4 A =70] 18 YA o] T 2 =&
o] BMP—2, WHZ| 582 BMP-4& XA A&
AlZiL}, Medline A & 493H9] =Fo] Q)83
o] Folx FFIE ZEEH Eelof| BMPLF HEA|
E AMERE 9HO =70 AMEIQY. WAFlE 2
&R wdox XgPH Ao| F sHoaL, Y
SAES Bojlx ZsE Zof 1Holir WA 2

e

Ho
L



&% oy yeie s %, 6ve) =R ANt
5 XFEH o) HES ERojolt, i) 23
o B MTIS ALE wdo)y BUPY| il
g mgtor}, zAAIAS Apt glof a5

712 Shick BMP AeRle) AT Aulmsly] 9
B, PR} WI, BEslE AR nug A}
g widol AR THY HE S sl

2. WNSWE AR NEERY

SR Criginal Bone

N New Bone = n

[ 1Biomaterials = h

. Fatty Masrow + Fibrovascular
Tissae/Marrow = m

Defect Closure (%) = (a-b) / g x 100
Mew Boe Arca=n+b+m
Bone Density (%) =n/{(n+h+m)x 106

1) Fis 2259 HiMZEHdefect closure, % )

m  BEE AASN Kot Fole AR
o] Az

% AR Folo)N At Sole Azl 2
o1F W R AN F4ol2 e ¥ 1008
B 2

2) FiE BEFQ| MNYSTH
(new bone formation, mn)
o|AlE HAWoll A AAE AT AEkEE,

3) =2=(bone density, %)

AT RIS AWBI Qs Aedux
AL P FAR Y F 1002 F3 3
AT AT Theat o] o] el
() BMpe] 0] w2 3

(2) BMPQ] ‘s 2 &}
3) AYA| F5ol| n}& vt

735

. 3
1. BMPY EF0| OE 21y

Hyun 57¢] 0] wRl sovkele] Wik o
o2 3lo] 8mm YFPALEE A B 7 10ueA 3
SO LE=0] 0.025mg/md rhBMP—2/ACS, thBMP—4/
ACS, rhBMP-7/ACSS Agalgtt 2, 8550 A
Spsigs], 2%} 3ol BMPY] FE0] TR
A2l didll(defect closure), ARYEHALTH new
bone area), ='W (bone density)r EARCE
ok A7) g¥Skal, ok ZF BMPIolA 2, 8%
k] AIZHef wE ARl =olzt USiE

2. BUWPY sx0| ME 21y

=2 o
T

5 zkz}

Pang 140tje]  WAE 1)
rhBMP—4/ ACS(0.25mg/ml). 2) rhBMP—4/ACS(0.5
mg/mf), 3) rhBMP-4/8 —-TCP(0.25mg/mf), 4)
rhBMP—4/8 —TCP (0.5mg/nf), 5) ACS, 6) B—TCP.,
7) sham surgery controlt-C.& Lo 20m}2|& Al
Bl 2, 85 4 F LS ugh=d, AN
¥ BMPE} Fleof| mE FA ol Ajol7t YISIHt

3. BMPY| TIEN|0 ME 21

1) rmBMP—40i1/Y THENOf E 24
Han S79] Aol 30m2)e} wiAT/E Akt
7} Agdpdolsi=T], ©| % FESS(fibrin—fibronectin
sealing system)<-2C} rhBMP—4/FFSS Foj|A Ze

w0l S 3 AR 282 FaiE 5 it
Ahn %18)_8_ %__ 1001]]_344 HH}\-1_E_—'- A'ltﬂ O].o%

rhBMP —42] HZAZ ACSe} § ~-TCPE AME51S
T} AR 2FHT} 85RoflA] AA|AQ] ZA Ao W
oo AHYAR ACSE A3 42 p —TCPO] H]
3 o] EAM R SolshE wokth

Jung S8 AR B -TCPE A}gslo] B
~TCP2] F7lof uke} xjoj7} Q=A] dotHith g



~TCPE] 27|+ 50~150im B2 150~500um Z7]7}
ARGEIET, AAF SR g ~-TCPY] =7]o) uwhet
=) Aol= vk Tk

2) rhBMP—20]|/Y TMEN(0) MZE 21

Hong

=ho FFSS9l FFSS/B —~TCPE rhBMP—2

o) MYAZ AFEFT, o) Frsse] Haby A4S
8310 § ~TCPE} Aol Q43 Fej gis7] 4

CH= Aol 2RIgH Aojtk ZEXO2 rhBMP-2/
FFSS/B ~TCPE ARE3E wo] thE ol 7 %

< ZAWYe] QAT Lee

I

—22) o

) -

rhBMP-22] g

A2 MBCPE AMI3}9T. rhBMP-2/MBCPZ0| ©
3] MBCPRhe ARERE #HET ZF 25, 854 &
Al ZFA4S Hok

Pk os o AL AASIA| RS Fsham
surgery)ol|4] A& 47 Hong 59 FolA

Table 1. Published articles relating to effect of BMP/Carriers on formation in rat calvarial defects

2weeks | Bweeks ﬂ
sham surgery 13.9+36 | 15.6+7.3 |89.6+t12.3| 92.6+4.9
ACS control 226193 1269+104| 12.8+3.0 | 86,3119
£ —TCP alone 20.8+7.2 [25.3+10.8|27.9+10.5| 36.9+9.4
Pang et al 2004
rhBMP—4/ACS(0.025mg/ml) 96.9+71 | 99.6+1.2 |502+12.21 91.11+6.8
JOP 2005
rhBMP—4/ACS(0,05mg/ml) 100.0-£0.0(100.0£0.0150,6+19.8 | 909+5.1
rhBMP-4/8 —TCP(0,025mg/ml) 98 4450 1951+10.1(593+14.1|65,5X11.8
rhBMP—4/8 ~TCP(0,05mg/ml) 93.21+12.6 |100.0£0.0|57.0x12.7 | 73.0+12.9
rhBMP—2/ACS 31+11 | 42+1.2 | 98.0+00 | 99.4+0.0 | 54,.4+11.3| 82.0+4,3
Hyun et al 2005
rhBMP—-4/ACS 32+16 | 43+06 | 8.9+01 | 97.84+0.0 |53.9+10,7| 80.7£3.5
JOP 2005
rhBMP-7/ACS 32106 | 43+11 | 93.1+0.2 | 98.2+0.0 | 60,7+11.1 | 81,2+5.9
sham surgery 02+01 | 00401 | 11,7129 | 13,7%£4.6
FFSS 04+02 | 2.3+0.7 |38.1+26.4168.9+30.0
Hong et al 2006
_ . FFSS/8 —TCP 14+12 | 21403 {559+254(86.2+10.5
Biomaterials 2006
rhBMP—-2/FFSS 26+06 | 34+05 | 8944117 954+£8.1
rhBMP-2/FFSS/3 —TCP 2.8+14 1 53+21 1 914+87 1969125
sham surgery 02401 | 04101 | 12.1+3.9¢ | 13,5+4.6 | 97.8+3.2 | 94.0+3.3
Han et al 2005 -
FFSS control 0.4+03 | 2.3%0,7 139.6+2691668+308) 6,730 | 47.11£0.2
JOP 2005
rhBMP—4/FFSS 21+05 | 34+05 [93.1+153 |94 0+13.4|39.1£10.6| 72,5+£6.3
sham surgery 02+01 ] 0.3+01 [ 14.1+52 | 15.1+8.0
8 —TCP(50—150um) 07402 | 0.84+04 | 12.3+4.1 |19.6+15.9
Jung et al 2006
B —TCP(150—500um) 09+03 | 1.0+0.3 | 18.3+12.31 31.9+11.5
JOP 2006
rhBMP—4/8 —TCP(50—150um) 41+14 | 45407 [91.4+160| 945407 | 61,24+10.2170,3£15.9
rhBMP—4/3 ~TCP(150—500um) 4606 | 4707 | 96.0+x4.6 | 100£0.0 | 63.9+6.0 | 67.1%4.9
Lee et al 2007 MBCP 1.1+06 | 3.0£0.9
KAP 2007 rhBMP-2/MBCP 3.0£0.9 | 55+2.2
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The Analysis of Bone regenerative effect with carriers
of bone morphogenetic protein in rat calvarial defects

Sung—Won Jung, Jee Hee Jung, Gyung—Joon Chae, Ui—Won Jung, Chang—Sung Kim,
Kyoo—Sung Cho, Jung—Kiu Chai, Chong—Kwan Kim, Seong—Ho Choi

Department of periodontology, Research institute for periodontal Regeneration,
College of Dentistry, Yonsei University

Bone morphogenetic proteins have been shown to possess significant osteoinSductive potential, but
in order to take advantage of this effect for tissue engineering, carrier systems are essential,
Successful carrier systems must enable vascular and cellular invasion, allowing BMP to act as a dif -
ferentiation factor, The carrier should be reproducible, non—immunogenic, moldable, and space—pro—
viding, to define the contours of the resulting bone, The purpose of this study was to review avail—
able literature, in comparing various carriers of BMP on rat calvarial defect model, The following

conclusions were deduced.

1, Bone regeneration of ACS/BMP, 8 —TCP/BMP, FFSS/BMP, FFSS/f —TCP/BMP, MBCP/BMP group
were significantly greater than the control groups,

2. Bone density in the ACS/BMP group was greater than that in § —TCP, FFSS, FFSS/f —TCP car—
rier group,

3. Bone regeneration in FFSS/BMP group was less than in ACS/BMP, § —-TCP/BMP, MBCP/BMP
group, However, New bone area of FFSS/f —TCP/BMP carrier group were more greater than
that of FFSS/BMP group,

ACS, g —TCP, FFSS, FFSS/g —TCP, MBCP were used for carrier of BMP, However, an ideal carrier
which was reproducible, non—immunogenic, moldable, and space—providing did not exist, Therefore,

further investigation are required in developing a new carrier system,

Key words . Bone morphogenetic protein, carrier, rat calvarial defect model
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