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Summary : Fresh autogenous bone graft is generally considered to be the most
effective procedure for the repair of bone defects. However, there are some problems such
as donor site morbidity and limited quantities. For these reasons, extensive research on
bone substitutes has been done. Bone morphogenetic protein (BMP) induces differentiation
of mesenchymal-type cells into cartilage and bone even in xenogeneic extraskeletal sites.
However, an appropriate carrier is. thought to be required when applied clinically because
BMP alone does not induce large amounts of bone formation because of its rapid diffusion.

This preliminary report presents xenogeneic osteogenesis in mice using bone substi-
tutes which consisted of BMP and atelocollagen (AC) derived from bovine bones alone.

The bovine BMP was purified by utilizing extraction from the demineralized bone
matrix (DBM) with 4M guanidine/HCI, followed by differential precipitation, gel filtration
and heparin affinity chromatography. The finally obtained heparin-bound fraction (H-B)
consisted mainly of M, 22,000 and 18,500 components. Bone AC and pepsinized bone matrix
residue gelatin (BMG) were prepared from the guanidine/HCl-extracted DBM by pepsin
digestion and differential precipitation.. :

Intramuscular injection of the crude BMP with bone AC solution resulted in reproduc-
ible bone induction, and its increase was dose-dependent on the concentration of the AC
solution between 09 to 0.5%, followed by a plateau up to 1.09. However, intermuscular
implantation of H-B and bone AC resulted in bone formation only around the periphery of
the implant. Moreover, an implant of H-B and BMG induced only slight bone formation
resulting from possibly rapid diffusion of BMP. In contrast, an implant of H-B and a carrier
consisting of 20% AC and 80% BMG induced the largest deposits of bone formation, the
degree of which was superior to allogeneic DBM.

Injection of BMP and AC solution was the most reproducible bioassay system and
implantation method. An osteoinductive bone substitute derived entirely from unlimitedly
available bovine bones induced bone formation, even in xenogeneic species. The obtained
results suggest a possibility of clinical applications of xenogeneic bone substitutes combined
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with BMP in osseous reconstruction and augmentation.
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Crash bovine cortical bone
!
Defat in Chloroform/methanol (1 : 1), 25°C, 4h
!
Demineralize in 0.6N HCI, 4°C, 72h
!
Lyophilize (demineralized bone matrix)
!
Extract in 4M Gu+HCI containing
10mM N-ethylmaleimide, 4°C, 48h
v N
Supernatant
!
Dialyze against 7 volumes of water, 4°C
and centrifuge
7 N
Supernatant Precipitate
!
Lyophilize
(crude BMP : 0.5M Gu+HCl-insoluble fraction)
Fig. 1. Flow diagram of the procedure for separa-
tion of the crude BMP.
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1. FRREEEOES (Fig. D

BREROAAFORERA, TEE R Ok
HiGrBRE LS, BEERCHEEL, v1 v -ThR
BGERERD 2 AW I mmicirE L. Xig, 10
mM 7 24k + Y ¥ & (NaNy) Tl x+45 ik
WL, zrakiaexz,—1(1: 1EBAKER,
4 B CHiIEES, 0.6 N4 C, 72 KD CTHIRL
To. £0H%, BiA A vKTHOREEL, BRERLE
b DORERIKEEE L L.

2. BMP @& O#iH & X o

O BMP B4 o

HRREHE DD, Urist? boHKEIET T, 658
(EEOIMERY 7 =2 v ABKELT, Gu-HCI
EBET)(4°C, 24 BERD I TIEa 5 — 7 vk g v 2 Bhh
H L7 7c%, Protease inhibitor & LC, 10 mM N-
ethylmaleimide #¥sH0 L7z, fHEITIEGE L%, &=
S HEC40,000Xg, 4°C, 164D Lic. LT, LiEEBN
F 2 — 7 (SPECTRA/POR 1 MW cutoff 6,000-8,000,
SPECTORUM MEDICAL ##) %\ C, 7 & (4%
W) DA A v KEs UGB Lictk, EO4 80,000
Xg, 4°C, 30 M T HEIR L, i1 4 v KT
%, BREEE L D%, 0.5 M Gu-HCl REtE S i
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¥&8 BMP : crude BMP) & L7

@ Sephacryl S-200 iC X B ¥ 7= 757 4 —

0.5M Gu-HCl R #:E 4 150 mg % 4 M Gu-HC1/
50 mM tris-HEMREEK (pH 7.4) 5 ml CEHEL, R Ui
EW Iz CFE51L L 7o Sephacryl S-200 (HiLoad™26/60,
Pharmacia #8) Trrze< 2757 4 =T o7
WL 1.0ml/4, 280 nm & THRIEEFE A 4T\, 5.0
ml Fo5WM L. FHEE»D 5 BSESY, Thih
FPA A VKER L TEN L, B ELS B CE
INEe, BRISRZIR L 7.

O~V VYTT4=2F s =R T FTT 4 —

Sephacryl S-200 12 & - T4 L7 F 3(G) 100 mg %
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6 M R$E/0.15 M a4t b ¥V 7 & /50 mM tris-3EBeietE
W QH7. O THEMEL, &0L5H0,000xg, 1045)L
7o BiE%, B UEER ©F45{k L 7= Heparin-Sepharose
CL-6B # 5 &(2.6X10 cm, Pharmacia #:8D ¥ L,
W& Lics v 7B 6 MERE/0.TMELF LV ¥ a
/50 mM tris-HEEAIEEWR (pH 7. THEHE L. FEin
50 ml/fF T, 280 nm I TRKEF R Z1TL, 5ml $°o4
WLt BHEELD 2B, ThlhiBi1+
VKR L CEN Lctk, BSERL L.

3. AEIRA7Fras—rvoRBREIOTYY
HLFBEEREY 7 7 v el (Fig. 2)

HBIREFHEED 4 M Gu-HCl i BE L v, KR0S

Bovine guanidine/HCl-extracted bone matrix residue

Digest with 19 pepsin/0.1M acetic acid, 4°C, 48h

Filtrate through a glass filter

7/
Residue
l
Extract in 2M CaCl,, 4°C, 24h
!
Extract in 0.56M EDTA, 4°C, 24h
1
Extract in 8M LiCl, 4°C, 24h
1
Extract in distilled water
! 55°C, 24h
) Lyophilize
(Pepsinized bovine bone
" matrix residue gelatin)

N
Centrifuge, 40,000 X g, 4°C, 2h
/ N
Supernatant
|
Dialyze against 0.02M Na,HPO,

Residue

l 4°C, 48h
Centrifuge, 10,000 X g, 4°C, 30min
' N
Precipitate Supernatant

l

Redissolve in 0.1M acetic acid, 4°C
!

Centrifuge, 40,000X g, 4°C, 2h

/ N
Supernatant Precipitate

l

Dialyze against 0.02M Na,HPO,

! 4°C, 48h
Centrifuge, 10,000 X g, 4°C, 30min
/ N
Precipitate Supernatant

l
Redissolve and precipitate twice
! in the same way
Precipitate
1
Redissolve in 0.5M acetic acid, 4°C
|
Dialyze against deionized water
! 4°C, 48h
Lyophilize
(Bovine bone atelocollagen)

Fig. 2. Flow diagram of the procedure for preparation of the bovine bone
atelocollagen and pepsinized bovine bone matrix residue gelatin.
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DHBREC T v v EbEYAWT, #5187 7
raF—rvoml, BRYTok FRIKEEED 4
M Gu-HCI#HEE 10g it/ LT1%D7Tv v
(1:10,000, ¥ #5457 22)%E¥ 0.1 MERYIN,
_T v VE(LC, BRFEDL, IR, =R
(40,000xg, 2MEEDEFT o7, XIZ, EEX 20mM
VERAKE=F + YV v & (Na,HPO,) & L -CTE &1T
W, B R D4 (40,000 X g, 30 )i TEIR L A=
Zhk 0.1 MBI CHEBHFL, EOSHEG0,000xg,
2BERED L%, b bi0 & ARCEN, g, BRE
fE% 2 E#E DR L, B 0.5 M BRBRIC CHLERY % V5 1%
L, BiA A vKeTHEN( 4°C, 48 BERED L7ct, B
BLicborbFIRTSTeas—rvE L. i,
ST VEEO SRR EEERE Y 2 MLy 1>
v & (4°C, 2485/, 0.5M EDTA (4°C, 24 B:RD), 8
MEALY v 2 (4C, 24 DI THIHL, REBcEE
KGHC, 4 BEDIZTCESFvbLicd D, TV
ML EFEEREE S F v & L.

4. BMP {EM:#E

10mMERICAERCERLFRIH T T e
=7 vk 0.5 %Nz BKREL BMP ESXEREAL, 6
DR LD ddY = v A DRI 0.1 ml
ALtz o3, BMP E4 & LT, 4 M Gu-HCl 7J%#
BSX2mg, YArze< b 2574 — X THBEL -
B 500 ug, ~XV VT 74 =54 —2m< bS5
4 =X o THBEL7-ES 1 50 ug, L T2V br—
NELTHIMBET AT 3 v 2mg W BEA2, 38
BBIZBRL, 7TArh V) 7+rRA77 8 —¥EYE, Cad
B, RXKREE R L OHBFNET R CEBRERE LR
L. ZhZhOBRIILLTOR K T T o%. 97
AAY 74 A7 7 Z—EEEDCEL T, BHgoE
BRRE L, 2ml ® 0.15 M NaCl/3mM NaHCO,
BTk % 2 > 1 X (Ultra Turrax homogenizer) L,
BOHE(2,000Xg, 4°C, 15 )0 LB X EEREK &
LT, BRI 83mM p-=btm7==1) VER:50
mM MgCl, : 0.5 M Tris-$ERE®E ¥ - KB A=10:
10:1:25: 4 DEIATRAL, 37CTI50MA v+ =
~N— b L K, INKBLT +Y v 20FINC TR
BEEIEER, p-=br 7=/ —ADERE% 420 nm
CBFARHECTRE L. ik, BHE 1mg % 15
SREEBERGELTCIuM O p-= b v 7=/ — A%tk
BT AEERREY 1B (uit) & L, BEHEEE, Brad-
ford B2 TRIE L 7.

CagBVL, AECFARALIBREY 6 NERIZT
16 BEREIBLIR L, OBtk o B X b R FRESIEE

&

FERVCAEL .

BRX 8 EHEY, Softex CSM-2 #f\C, FEE 20
KVp, HEmSH S B TBE L.

RSB, 20 %A=Y Vv CREEL, K-
CX BRI (REIREE T 28) CHUR L ek, BIKITRE - T 4
pumDAT 7 4 VR ERERL, ~~ b Fo ) VemF Y
vREERTEL2b D TITo .

5. SDSAEV 727 Y17 3 FrVESKIKE

£ BMP B4 iz 2>\~ C Weber & Osborn!® 5 iz ¥
UCSDS KV 727 VA7 3 FFrABKKEEIT - 0.
10%DEYVTZ7IALT I FRATTHEARERL, REHT
1%SDS/25% 7 At m —A/100mM Y vEF b V¥
AR (pH 7.2)FT 100°C, 5 SImEgEs: 32, &
BE200V T4 5MEEKE L. BEEATLL T,
Pharmacia ##0ES FEEHEF + V) 7V —>a v
F v bEHW. EEHEIE, 0.1 % Coomassie blue
R-250/40 % » # 7 — /10 BEEERIZ T 30 HHILEL,
40 % » £ 7 — 1 /10 %BEERRIC THiE L.

6. BMP FRinE{UAH OrER 3 X OB EEER

BMP 3B E LB &Y, ¥7BMP DA O
T, BHFEEMEIMENEIRTWHEDT, HEEL
THEFIMTTras—rvEIUORT v v EEEE
BREYSF VRV L. ¥, BIAVGER
ISHE A TE 5 BMP OEABCOWTH R L .

OBMPW®RINEGIE7Fras— 7 VEROTR &
T DEEASER ‘

BMPESEE IR TS r a7 - vEKREESL,
BEAETHWAED 25 — ¥ VBROEHEEYRD 5
fediz, 0%, 0.25%, 0.5%, 0.75%, 1.0%D =23
=7 VHEIK E 2mg D 0.5 M Gu-HCl REHEES % F -
T, ddY =~ A0 EHHAMC 0. 1ml HEAL, 2:BED
BMP {EMARTE %17 - 7.

@BMPES, #BIM7Tras—rvBIOXS
VLA EREBEREY S 7V OEAHM OrER E 20
AR '

BMP &4 % 4 MGu-HCl H 5\ % 0.1% 1+ V) 7 45
r EEfR (Trifluoroacetic acid, LA'F, TFA &M
BLIH, #BIMT7Tras—rv 7Sy vilsd
BRERELFF=0:10, 1:9, 2:8 5:5 8:2
9:1,10: 0 DEIATEA LS DEINZT, 2 BERHEH
Lic. ToHOBHEOREFHEELE LT, BMP%#4M
Gu-HCl M Uiz b DL T V2 — AW & BTG D
2 0%V, ¥, BMP % 0.1 % TFA T
DU, 7Ta—ARBEE T O SRR T 5k
TRV, ToRBEM 1 E47% ) OBEEDKRE L 10 mg
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L1, BMP 4 & LCiX0.5M GusHCl INEEMEE S D
BEE4mg, ~Y VIERELCESOBE L 100 ug
FEHRM LI, 742 — AIREBEE T 10 &0 100 %= %
7 = (—20°C) RN % 1 e RIS L, S04 HEC10,000 X
g 4°C, 103 Lickh, BRAKTHH IS L, BiEEE
L. BRETIIEBHS = —7 (SPECTRA/POR 1
MW cutoff 6,000-8,000, SPECTUM MEDICAL #-%0)
T, BiA A v kiekt LCBH L, R0O5HA0,000

xXg, 4°C, 10 M) THhBH & EIN U5, BRISREL
7o,

LlbEo X 5 el L7475 BMP FinE R A % 6 U
DR 7ol ddY = ¥ 2 DKFRE A BEICBHE L e,
LT, 2, 3, 4:BHIECHHL, BMP EEEE & Rk
CT7AHY 7+ A7 72 —EiEE, CagE, RXEFR
B X OSSN R CRBEELRE L.

Fig. 3. Photomicrograph of a day-21 implant of allogeneic (mouse) deminer-
alized bone matrix. Endochondral ossification develops, and bone
ossicle (B) surrounds marrow tissue (M). (C) cartilage. (H-E, X40)

Fig. 4. Photomicrograph of a day-21 implant of xenogeneic (bovine)

demineralized bone matrix. There is no evidence of bone induction,
and the bone matrix particles (P) are surrounded by an inflammatory

cell infiltrate. (H-E, X40)
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1. BKEEBEOEFEE

EREBKEEE Y ddY ~ ¥ 2 D KRG B B E
LeHEiciy, 7B BCEEIR I, 14 B Bizidik
EREIY - TE#H# I, 21 B B BHEBRI TBR X
haEvd REREEELES RS bhie (Fig. 3). &
MR LT, FBKEEE Y ddY = v 2 O KBEIRG ARk

Fig. 5. Roentgenogram of a day-21 implant of the

CBEL T EFREC, REERECIN D 0% crude BMP (2mg) with 0.5% bovine bone
TEMEMRRE ZED bhic (Fig. 4. atelocollagen solution (0.1ml) by injection.

Fig. 6. Photomicrographs of an implant of the crude BMP with 0.5% bovine
bone atelocollagen solution by injection. Upper : Cartilage (C) is
converting into bone tissue (B) 14 days after injection. Lower : Bone
marrow (M) is surrounded by bone ossicles (B) 21 days after injection.
(H-E, x100)
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2. BMP pkg#l

@ BMP Dt

BEE1kg OBMPFEEET X D 196 g ORRETIEK
REFEEMEDOhI.. h%x4MGu-HCl THIEL, 7
EEORAF Vv KCTENTHAZLELL ST, 0.3gD

43K 25K 13.7K
1 i 1

0.4

0.2

Absorbance 280nm

FlseF2se—F3—reFire—F5—

L 1 1 1 1
% 30 40 50

Fraction Number
Fig. 7. Gel chromatogram of the 4M Gu-HCl-sol-
uble and 0.5M Gu-*HCl-insoluble fraction
(crude BMP) on a Sephacryl S-200 column
(2.6 X60cm). Standard proteins : ovalbumin
(43K), chymotrypsinogen A (25K), ribonu-
clease (13.7K).
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0.5M Gu-HCI NEMES M E b i, & DES 2mg
OS5RFFIBTTras—r vRERICREL, ddY
=7 ADEHMHHRCEA LI E 25, 21 HEBOBKXE
EECTIRERBIRD bh, BRENCS AEHRKE
B L AROAREEE(LRE I BE I hic (Fig. 5, 6).
Fi, TAHDY 72 A7 78 —ViEKE, CaeaRL bEE
BIKEEEBHEI Y SE»o7. LarL, 0.5M Gu-HCI
MBS S D 0.5 M GueHCI A1 %4 « KA MEE 4
3 X OUK AT BEMEE S 121X BMP EHEIZED bhicd o o
(Table 1).

@ Sephacryl S-200 2 X B 52 m=h 257 4 —

0.5 M Gu * HCI NEHEEI 4122\~ T Sephacryl S-200
CEBFArr< 7T 74 —%T\, BWHEER?S5
DOESH T (Fig. 7). Th b oS o BMP {E#
BWERT - kR, F3I(G) wEm\ W EFEEE RO h
7z (Table 1D. & F3(G) 12 0.5M Gu-HCI Ttk
150 mg 2B 2mgBbht. Lo, BEE]
kg DEFEFE LD 64mg D F3G) »EBhBZ L
th. tk, TOBESOBREFRHEORHE % —vnb
HERI L 7= F &1, 30,000 225 14,000 ©fTH b, SDS
RY T2 VAT 3 FFEALBRIKEN T, 5F& 35,000 2

Table 1. BMP activity (incidence of bone formation, alkaline phosphatase and calcium
content) of day-14 implants of DBM** and various fractions injected with 0.5%

atelocollagen solution

Incidence of

bone formation

Calcium content
ng/mg of tissue

Alkaline phosphatase
units/mg of protein

Mouse DBM*2 6/6
Bovine DBM*? 0/6
4M Gu-HCl-soluble**
0.5M Gu*HCl-insoluble 6/6
0.5M Gu*HCl-soluble 0/6
water-insoluble
water-soluble 0/6
Sephacryl S-200*°
F1(® 0/6
F2(G) 0/6
F3(& 6/6
F4(® 0/6
F5(&® 0/6
Heparin-Sepharose*®
Unbound (F1(H)) 0/6
Bound  (F2(H)) 6/6

4.10+0.25 37.52+3.48
0.610.02 2.15+0.07
5.68+0.59 46.01£2.08
ND*? ND
ND ND
ND ND
ND ND
5.28:0.25 46.31+2.33
ND ND
ND ND
ND ND
5.68+0.32 41.80+2.95

*1 DBM=demineralized bone matrix

Values are mean+SEM

*2 Implantation of 10mg of lyophilized mouse DBM
*3  Implantation of 10mg of lyophilized bovine DBM

*+ Injection of 2mg of each fraction
*s  Injection of 500ug of each fraction
*6  Injection of 50ug of each fraction
*7 ND=not detected
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Standard
D

94K

67K

43K

30K

20.1K

144K

Fig. 8. SDS polyacrylamide gel electrophorograms.

0.3

0.7M NaCl
1

o
S}
T

Absorbance 280nm
i
T

0 1 /\

Ce—F|— —F2-
1 1 1 L L/LL 1 | 1 L

2 4 6 8 1028 30 32 34 36
Fraction Number
Fig. 9. Heparin affinity chromatogram of the pro-
tein in the Sephacryl S-200 F3 fraction on a
Heparin-Sepharose CL-6B column (2.6X
10cm).

5 15,000 iZiofe - THA E R, 34,000, 22,000, 14,000
RS BV F@R» bt (Fig. 8).

@~V YT 74 =2F4 =< bSTFT74—

Sephacryl S-200 iz X - CTHHE L7 F3(G) wo\\T
ARV VYT T 4=T 4 —=2m= b TT7 4 =FT, =
et DB R 257 (Fig. 9). £hXho BMP &k
BERT - IkER, ~ Y vERELTWR F2(0D) ©
DHREHEFMIFED bt (Table 1. & o F2(H) ik

WO

A : crude BMP (0.5M
Gu+HCl-insoluble), B : F3(G) fraction, C : F2(H) fraction (Heparin
-Sephorose bound) consists mainly of M, 22,000 and 18,500 compo-
nents. D : bovine bone atelocollagen. Standard proteins : phosphor-
ylase b (94K), bovine serum albumin (67K), ovalbumin (43K), car-
bonic anhydrase (30K), soybean trypsin inhibitor (20:1K), «-lactal-
bumin (14.4K).

F3(G) 100 mg 225 Tmg B bht. Lich-C, BEE
lkg D4 FEBE LD 4.5mg 0 F2(H) »Ebh3Z &
Zis s, inds, TOESGDSDS RY) 727 I0T7 I VPN
BELXKE T, 5FE 22,000, 18,500 RS BV F
2E@» bt (Fig. 8).

3. HBIMTTFras—r VO

PR EFHEE D 4M Gu-HClHHBE 10g X b, <=7
BB THEE IR TS r a5 - v 0.52g M
bht. ThE2WwTSDSRHRY 727 IA7 3 FFrAE
KB ET o7& &5, FFER 100,000 3T al 64
L a2 SRR B 2 oA Y FEB bt (Fig. 8).

4. BMP ¥inEBH o BFEE

OBMP 4B IR 75 v a7 — 7 vEROEAL
CRTAEM2 T — 7 v BERBEEORFERICHT 558
&

a5 =y VEROSTHNE, 2 %E TIRFERATRET
BHoteh’, 0.1mlHw BMP B4 2mg LRA LikAE
T, W) BE 50D 1 %P EeTs s tncE
Ko leDT, 25— VEHEREEY 1% ET& L.

25— VERREN 0 %05 1% ETELTH,
FTRCEFEIIADON, TAHV 75277 R —EH
MM 0.75 % T — 27 EiRofcFhEd, CagRik=S
—rFVEBEREETH - (Fig. 10). £L T, BHRE
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Fig. 10. Influence of varying concentration of bone atelocollagen solution on BMP activity 14 days after

injection. Values are mean®SEM of six observations.

50 1

40-

301

201

Yield of bone tissue (mg)

10

0.25 0.5 0.75 10
Concentration of bone atelocollagen solution (%)

Fig. 11. Influence of varying concentration of bone atelocollagen solution on bone tissue yielding activity of
BMP 14 days after injection. Values are mean = SEM of six observations.

GEEOBERNL0.5%BETlia s — ¥ vEBREEKR  MHoBAKT 5 EHHELE

FHETHBED, 0.5BUETRBESS + —binote Heparin-Sepharose %% L 7=E 4% TdH %5 F2(H)

(Fig. 1.  MMENFTRICR TS 25— 7 VIEKEE  1320.1% TFA CRABEHTH - 725, 0.5M Gu-HCI R

DFE LI, FEORBKEEEIBES?RD bhi. BMES120.1% TFA I RERETH - 72D T, 4M
@BMP E4S, #BIE7Sr27—rv (AC) $X Gu-HCl i f## L 7.

ORF v ViEbGBFEEREY 55 v (BMG) DHES a) 0.5M Gu-HCl NESEEDHRINEEH
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oz &<, 0.5MGu-HCl RE®ES % 4F5 18
T7rra7—rUBERLBELEALLEEE, £
BFEXRDI, BHBEABETII6EDS5H 2L
AEFEIBDLNT, B O LETIIBEE 2BE
B BRI S T e,
GEIHT7TTeas—rvEiBEAHTIE, 605
b4 RCEFENRDOh, BEBEI ) L EFEHE
MM L. BATEE LT, BHEIV ST L2 —
MEBRED H B el R CTh -7 (Table 2). Ll,
WELETAH) 72A7 7 X —EERERI O Ca el
EHEARHEARD &l D BETH - e, BiEHIHAT
IRAER ORI DRI L AvETEE A D b, W
TR7Tras—rvRRRE T IEE - T (Fig.
12).

o

b) F2(H) ESwINEEH

F2DES L 4B IR 7T ras -y Y L OB
(AC: BMG=10: 0T, TX_XTEEFENED L,
BMP &S 0.5 M Gu-HCl REMES X b dEho e
Fhéd, MR RCREBCBEA O BB
BHENRD bhicied E ik oz (Table 3). HE&H
BT, 7 WBREL ) AERERREOST R
BMP {EME 2 & 2 - T2,

BMG & 0¥ &#(AC : BMG=0: 10012 %\ T,
AC L DA X b 3 BMP EH1Es - 72 (Fig. 13).
FLC, BFENETLTH ACO L 5 cAESK TR
, FEBLEHBELTWEDHRTH -7 (Fig. 14).

BMP n#Efk & LT AC & BMG & #B& LIBA 1,
AC:BMG=2 : 8TT7AHV 7+ A7 7% —EEN,

Table 2. BMP activity (incidence of bone formation, alkaline phosphatase and calcium
content) of day-14 implants of the crude BMP (4mg) and bovine bone atelocol-

lagen (AC) (10mg)

Incidence of

bone formation

Calcium content
ng/mg of tissue

Alkaline phosphatase
units/mg of protein

BMP (alone) 2/6
BMP+AC (injection)** 6/6
BMP+AC (alcohol)*? 4/6
BMP+AC (dialysis)*? 3/6

1.32£0.76 12.65+7.30
5.68+0.59 46.01+2.08
1.06+0.26 7.24%1.40
0.71%£0.14 6.75+£1.28

Values are mean+SEM

*1 Injection of crude BMP with 0.5% AC solution (0.1ml)
*2 Implantation of crude BMP and AC combined by alcohol precipitation
*3  Implantation of crude BMP and AC combined by dialysis

"
MG

i3 i t N 5 s K W
Fig. 12. Photomicrograph of a day-21 implant of the crude BMP (4mg) and bovine
bone atelocollagen (10mg) (AC: BMG=10":0). Bone (B) develops only
around the periphery of the implant. Bone atelocollagen (AC) has not be
resorbed in the center of the implant yet. (H-E, X40)
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Table 3. BMP activity (incidence of bone formation, alkaline phosphatase and calcium
content) of day-14 implants of the heparin-bound fraction (F2(H)) (100xg)
and bovine bone atelocollagen (AC) (10mg)

Incidence of Alkaline phosphatase Calcium content

bone formation units/mg of protein ug/mg of tissue
F2 (H) (alone) 3/6 2.00+0.81 19.57+8.02
F2 (H)+AC (njection)*! 6/6 5.68+0.32 41.80£2.95
F2 (H)+AC (alcohoD)*? 6/6 1.4740.14 10.97£0.91
F2 (H)+AC (yophilization)** 6/6 1.80%0.15 11.64+0.82

Values are mean+SEM
*1 Injection of F2(H) (50uxg) with 0.5% AC solution (0.1ml)
*2 Implantation of F2(H) and AC combined by alcohol precipitation
*3 Implantation of F2(H) and AC combined by lyophilization

6T

g3 4 40 2 g
o o o 3
£ C FEENT]
Q g c .0
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Q o g ©
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£ 5 24 20 S E
S8 S %
X g O X
< 3 Iv
I 0 T Ll T T T T T 0

0:10 1:9 2:8 55 8:2 9:1 10:0

ratio of AC : BMG

Fig. 13. BMP activity (incidence of bone formation, alkaline phosphatase and calcium content) of day-21 implants of
the F2(H) fraction (100¢g) and a carrier (10mg) consisting of various ratio of the bovine bone atelocollagen
(AC) and pepsinized bovine bone matrix residue gelatin (BMG). Values are mean = SEM of six observations.

Fig. 14. Photomicrograph of a day-21 implant of the F2(H) fraction (100xg) and
pepsinized bovine bone matrix residue gelatin (G) (10mg) (AC : BMG=0:
10). Small bony ossicle (B) develops among BMG particles. (H-E, X40)




(346) ®woOnW

CagBLbicHEEMEE D, AEPKE DO BMP &%
EEIZERTH -7 (Fig. 13). MEMBSACIIBIE 2 8
BT, BMG 2RI LHE I hWicEE D, BiER OLZT
PHBFEBERIh T (Fig. 15). LT, 4BBEK
i, BHESEE T EEBE o (Fig 16). X
BEETHEBENTREEMN TS X 5, AEBER

o

R B8 U7 (Fig. 17).

AC: BMG=5:5 D&M T, HiFEH AC DHOE
B X0 ABIER BRI, OBERDEEIRD S
haidndd, 3:BETHAHO BMG & AC IIHEI
X o TER, BRINZhSEEILE»- 7 (Fig. 18).

Fig. 15. Photomicrographs of a day-14 implant of the F2(H) fraction and
carrier (AC : BMG=2 : 8). Upper : Most of BMG particles are re-
placed by the cartilage (C), and cartilage is converting into the bone
tissue (B) at the periphery of the implant. (H-E, X40). Lower :
Higher magnification of the upper. (H-E, X100)
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Fig. 16. Photomicrographs of a day-28 implant of the F2(H) fraction and
carrier (AC : BMG=2 : 8). Upper : Bone marrow (M) is surrounded
by bone tissue (B). (H-E, X40). Lower : Higher magnification of
the upper. (H-E, X100) ’

Fig. 17. Roentgenograms of an implant of the F2(H) fraction and carrier (AC : BMG
=21 8). Left : day-14 implant. Right : day-28 implant.
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B O A O ® &

Fig. 18. Photomicrographs of a day-21 implant of the F2(H) fraction and

carrier (AC : BMG=5 :5). Upper : Thick layer of the bone tissue
(B) develops around the periphery of the implant. (G) Pepsinized

bovine bone matrix residue gelatin. (H-E, X40).

Lower . Higher

magnification of the upper. (H-E, X100)
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1. BMP o¥EH

1965 4F Urist13, REBKE CBEFERELHH T L&
HMEL, ZoERCEIDHIEDO2 VA2 BEBREEL T
BEE 2, ThEBBREF(xv-27) (Bone Mor-
phogenetic Protein : BMP) & %&-3iF7%. LaL, BMP

DFEALREEETH - fofed, FORBIITRHTH- 0.

1980 SR fER O B2, AMBERR 7 7 = o v EAWT, 5 v
F ORREZEE 2 S BMP Byl Lic s W oGS

L CEASE, BMP O8Iz ¢ A HELR AL o T, £
D, Urist'™® b D 6M JRFR I X pHitHE R #SE I hicl)
hED, Thbofiks vl & i BMP AR
BETHHIDI, BRCAEHEYELL. Lo,

Urist? 5%, £ 5ITeEEE & BRAEEEE ¢ BMP B2 &
Osteocalcin (Matrix Gla Protein) 7ML, %D,

NAFRFTTREALNRE 7= F5 74—, HH
7w= 2574 —1CCHTE18,500+500, A 4.9
@D BMP Z¥E8 U7z, Sampath? b3, =& 2 — AW
W, "RV VYT T4 =T 4 =R T TFTT 40—, ~A
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Fedo 784 VREFEZ7e<x b F574—, Frrm
= ST —, WHIr= 574 —RCEFEE
MHHT 55T 22,000 © Osteogenin FREE L, 1 ug
TEBELRDIEHRE L. Wang? b3, B14+v 2
v 574 —, BAA VIR ST T4 —, ~A

FeFo 7824 VREZv= S 57 40—, ~)V
T74=FT4—=2uw<xb 574 —, FArrm<bT7F
74—, BArvIrw< 574 —, HHIr=}
574 —KTC50ng CHEHELXETH5TE 30,000, &
ES 8.8 DEFHERNTF (bone inducing factor) #¥EHL
LizeBMELTWS, LT, Wozney' ¥ bidZ 04 FE
30,000 DEFHERT &4 FE& 30,000 (BMP-1), 18,000
(BMP-2A), 16,000 (BMP-3)D 3 oD KV X7+ Fic
out, BETF7r—=v 27 CEZ L, BMP-2A £ BMP
-3 1% TGF-8 #ic &, BMP-1 »WEHE K B
LELTWBERELTWSY, BHECHLTXELE
AP RRE L EBIR T 3.

AREBRTIE, 2 hHERTH S 0.5 M Gu-HCl TF
HES RGBT TR 2T - VERCEBL, TYAD
BRANCEA L BE TRl EFEIRD bhil)
hED, HRBCEA LBE 1, BMP 0Riik#%
i3 BRTHEE7Tras—rvEHALTLES
BEELINRDENL o, ThIBEOHE X, FIHF
BIFC X B RER X - THEME BMP 4 ##%
(Endogenous BMPase)” % % \ NI BHBEE % v < 7
(Osteogenesis Inhibitory Protein : OIP)®23& ¥4k X
NHEZERELLRD. Fi, Sela!? HIFKFEIL X - T
BKEEEOEFEFEE SN DEHR L LT, KEL X
ST 7+ 27 7 2 —EieEBNERLIh, B0
pHAMETT A ik, BRECEERT LAY 7
# A7 7 F—EEERIHI R L BT TS, L
oo T, BMPIEMRERE L L TR, ¥9Fva 7k
A3 B\ R R e PR E Aok
THAELID S, KEROISCFEFIRT7TTra T —
FYBRERACIHAREAEOT R, ThbDERIC
HEIhieL, FEClECHREORVWHETHS
LI, TEUETIRRCEZBFIAL DT, FER
[B77ras -y vBEREYAWEHHREAETHRE
BOBRTHD, HFOVLL-> COERAENRES R
Twa. ZLT, ZoRNEAY BMP 45#ERS L OEY
BREEE 2 v <7 B DB & &5 BMP Ofs#lic & 5 T
BERCZ L TH5. F3 Sephacryl-S200 iz X 7 L2
r< b7 74— THFE 30,000—14,000 DE LT
BHEEEEZRDOT, 5FE 38,000 TH5EWEHK
RHE & v <7 RS 3 5 2 LT E . Rz, Heparin-
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Sepharose L X B~V V7 74 =T 4 —7mr=<}t 7
5 7 4 — 12T BMP {&E#:E 4 1% Heparin-Sepharose i
FEEL, 0.7M NaCl ic CHH L. & oME i/ i s
REERT (PDGF) S@#FMRERT (FGF) i
LT B20, ZhbIIXEFEEEN VDT, BMP
DEETEREVWTRED, ZOEFTEENTLESLE
PEFRATHB. LhrL, ZhBLIEIREALVEVERED
EHMArE Y, REHBRETF (CDP), BFHEBEAF
(BDGF), BHEERT (SGR L& bk, BMP K
Lo THl &R Sh iR EEELOREFRLE DR
BEFAHLTCVBEEZELZDRTVAN. ~Y) VT 74
=54 —7m= 7574 —CEBR BMP EME
DK TAEETRRVWFR EDS, 10mMERL0.1%
TFA CFBEMETHHZ L3, SEOSEWBE Ar 7
7 4 A= X B RAEEIZ T BMP &4 F& 14,000 ©
Osteocalcin (Matrix Gla Protein) & #4835 Z &1
X o CBMP %K #EMI T Xz &\~ 5 Urist? b 0
BT sE, ~VVYT T4 =TF 4 — IR T
7 4 —ZBMP ORBHHECHFALFRTHS LE L
b, i, 2D L1XBMP ORBEERH LI EE -
el LEBRL, BMPHINERAM OEREZAZH L
7. '

F2(H) B4 SDS £V 727 V7 § ¥ ¥ VEKIKE)
12T T8 22,000 & 18,500 LD £ Vo< 7 BREMKIT
EATED, ThbEREHRO Sampath? b D#E L7
Osteogenin & Urist? b 04 Uiz BMP /¥4 % D
TRV EE LIS,

2. BMP &InERAM 0B FEE

BMP %&b 5\ ix&E L BERBEM 2B Wi
BIL T, 1889 4E 1T Senn®23E RIBOBE CBIKE %
IBRLIEE VS ORREITHB. TORTBEMITH
ZBIT B MEIXIT L A E T 7oy, 1965 FE I UristV 23
BKEC X 5 BHFEB L CHEL Uk, BFRAME
LT RBRE DT O EREBRIBE 200 i Kt
Y90 AT X d Lt ote. RERKE O
RISHABROSHEIRTWB TR ED, BFLERER
REREE R B WO, RAERKEORTHD,
CDZERARREEVTLRABEOERTH 7. Lic
Mo T, BIKISACIREETh B ABEAV T
mhiRWIhEDS, BED L 5 wEBETRD - THEHE
Bz 2o ) ORRR B H, HRCBAED B AR TIFEGEL
HOBFHRBMAZEL bR T VB DAFELARTETH 5.
O CREEREN I REFBIC S WL BEBEREYE
3% BMP #REETHY, LrbERERTHBEFED
BRET LItk -, AERKEU EOEFEREY
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BT A ERAMOBRBATRELE 2 bhi. 122, Bl
#HELTHWAHEL, REOEHLTHLHEL E
Bty BMP 0 & Tlik & B RBOBERICITER
T&¥, ¥/ BMP 0 R{iik#k o 729, RIF v BHFE LB
bhiso T, BMP 2B %I A3 % i delivery
system & LTk (carrier) NEELEPE > T
% EE L2 bR B, Urist?? 51X g-tricalcium phosphate
%, RS 3 SHEAI NeFo 7384 + %, hE®
HISHABAA P s 7L P BIOGEF I T
Tras—r vk, BEOSIBEREY, LovelPYb ik
polylactic acid (PLA) polymer %3k & L TEERAIB
RETolEh, BHFEHFEIRNLELLTRES, &
ARNDOBHEIELHE VRBD LI -7 b, PLA pol-
ymer 236 A BETHBRINInindrofch L5 HTL
B BWER TR h o o, F 2T, TR b AR
CEhIA7 4 7Y vEEEE LEEREYT> T, By
BREBEHELTWS. LrLl, A74 7Y VIEE
MTHBHid, ©hFLEEANTEILNEZ LIS,
Lictio T, BEEONEEMEE LTk, OEFEBFML?
BV, QEFTMETE BRI, QAFLELT,
RETHB, wERDFLh, Thbof&fhiiiicdd
DELTIE, 25 =7V ThbEHE 2. BMP oifkic
25— FvERWIHRE E L TiX, Sampath?b R
Wang? b RERKEEEREYAVWCERID BT
hED, BRTIABREIAFTRETHBD, Thd
ERAWThWEELbhSE. $2T, BE25-r VD
FELHERERMLTH S 27 — 7 VHFOWRICHALE
3% telopeptide ¥ =7~ vkt X hBEELALT T m
25—V, BYRIENGEEAERL, EEFEMET
BRTW5DT, FRKEEEEZX7vvEkTH L
Lo TBLbhB4FIRTTras—rvisSvyv
MERKEEEREYHEACHVRZ L E L. L
T, RREFEEREOCTEM L DIl THDIC
€5 F L.

OBEAER X 5 BMP 058
BMPES24FIRT7Tr =25 — ¥ VERIESL
THRREAT 55, EENcIHMETHEERRED
B\ BMP EHBREETH S 2 L EAME TR LY,
AHE: BMP {EMEEIC L % 53, BMP OfFKIGH
ELTRAYABE TRV EE L bR, KPR TIR
0.5%725 1.0 %OfH T RIFAEHFEELB ORI
Ehb, BERIGACELTCRERCI T2 -7 vig
EXBEERDLENTETHH L, FLEAKLTD
Bicw, FiieFEHRMICEREREDRESR,
bone augmentation 7z ¥ B BT TE 5 BEM: 2 RB

&

L.

@A X 5 BMP ot

HfEa 35— 7 vy BMP oECfAVEB®RE LT,
FEE7Trag =y Lglfll7sras -y
VOBBWIEIAREBIRT T e a5 -y v EOEEMN
I X B L) RIF Ie B B BE 3 5 ERIVIIE oS 1X
BHHFNES, ABFED BMP L4FIRT7Tr=2 5 —
yvEDEAEM TR, BHEFOUEROKC L EFE
BRERDLRT, R0 75r a7 — 7 vIRRI KT
Bo T, Lo, BREhFFITTr =

-7 =PV IEBRREDH 5T ES, RINGEL, BE

HAMTOEFELXHELCLE S EE2bhk. —F,
BMP & <=7 v BRIREEEREY S 5 v L0
AR T, BEAOEIULT T e a5 -7 v I DB
&b, BMP OfREEIRA DI iedie, BEHFEDH
HHEER DTz, F2T, Thb 2 o0EE&RHH
THZ LT

BMP i CM trw —RICHEE LTV EINTWD
Ui &b, Nathan® b i348 X » BEBHERT (CIF-A
and B) OE#l®RFD CM 2w — R CERE L-ES %,
FY T VBB EEERE L FERT TR 2 T —
FYLOREHRN I 1B LIBEALLES, A
BRKEEE L REOEFEELRD o T LHEL T 5.
AREB T, BMP B4 %\, HEE<7 > v L
KEXEBRELSFVEFRIWTTras—rvThH
BLENRRBETHHN, BEOEHALNS | 208
ERRD RF R EBERRD bR Ehb, IFLE
STFERTH - .

BMP & #kniE & BI L <, Sampath® 5 13 F#E
IR B HE®RE Y = 8 /7 — MVIEBRER T BMP B &8
&L, ¥ Wang? 513 BMP B4 % 0.1 % TFA 1518
L, MERKEEEREYINL, BREERCCEETS
LRI TUEBEMEDRICE LTV, RERE
Hike LR BT, AERKEEERERZB T
WBENRRBTRES, BMP ESBAKTNEEOSE
DEAELE LTE=% 7 —AIBED, £1 ¢, BMP HE
GHIKAIEHEOBEOE AL LTI 0.1% TFA % H
WIS IREAEATH B Z L RAKRTHIEH SR
fo. Thik, =% 7 — A IkEEE Tk, BMP B4 72Tk
, 77ra7 -y vHRARKCHBET5Z L8FRTDH
oo, L, BEES BMP 25 BMP E 4 & BRIk
BEeB LN, BIEID S BREFRERLECVER
ThHEE2bND. Eic, TFA R\ HiEw LT
13, TFA (ZERMTH 5 DB 2T ICHRETE C
EBHTENFIETH .
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Pl ks, RESHYI - CRERKEU ELOE
FEELHET 5 BMP GinERAM 2, BFEE L TE
REBTHHEBEORLLIERTE &\ 5 TR
BEATHY, BRISAOTREELTE TS0 THS.
5%, BEFIFNFHECTCBMP REBETE L&
LT%, BMP 2BREAT 53 BELANETH Y,
AR THELhBRISGEECEHATH B LE 2 5.

& £

1. FBRKEEE»HHM U 4 M Gu-HCl 7] 5.
0.5 M Gu-HCl REHEES THBR CIb 508, REF
BThBH~ v AOHHRATRERIKE L BAROBHER
#H LT\,

2. 0.5MGu-HCI R"REMES Iy V27 e< bS5 7
4 —THFE 30,000 55 14,000 OES 12 D% BMP 1E
HEELTEY, ZOES D Heparin-Sepharose %35
B4 FE 22,000 & 18,500 © & v 7 BRERS T
By, EREFEEND - .

3. BMPESHMGEIRT7TT e a5 —r vERD
BIRAREARER, B CTHEBRMO R\ BMP ESHREE
TH BT T L, FEBIMA bone augmentation 75 &
CHERIGHCE 2 EELFR L RHFREEYREL .

4. BMPEISGELFBEIM7Tras—»rvioEs
ME< v 2A0KBEHRBICEALLBEE, 77r=
5 — 5V DRINAGE = D ICBHE A O B 0 BT R
BRBRD BRI TH -7

5. BMP @& & <7+ v B LERKSEEBEY 5
FV EDEEME~ Y AOKBRHARICEALHE
1%, BMP DIKE A BRI\ 7 D I B TBLIEEFE L C
[P 8

6. BMPHE % Lk pEEEL LT, HiEH
BMP Ti37 V= — AJREBEED, £ L CHSRS BMP
T120.1% TFA Z AW HERREZEHATH - -

7. BMP k& LT AC: BMG=2 : 8 DEAH
MNEERKEU EOBFEELHEL, BAM L LTHEK
JGHOTERETRR LD THY, LrbEEEDOL
DOERLLEER E LT, ToHREThs.
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Eh& GRERS 01771775, 3 X O° 0377155008 8ic X -
fo.
BER2BDODEHR, ARROBEEE 2, AR
DEITEHIBO & peie T b TR L MR B - 1B
MR ECHERT OO OEHEL T, E-AKME5
o T AL B E B AIREE 1o b T RPABESRET
H EBECERBLET. bbby THREREES
REE LLBBHLMCE Rz L 27,
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