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EsER 38 T bone morphogenetic protein (BMP) HIROEEZEMIE. BMP I DEFLREEFABL T
MRBORERN CBELIBET DN EERT B ETHD. TOEHOERXRGIRESL T, BUEBMPDHE
FDREZ. BMP OBRIERORE S DRILOIXMORES BIF 5N 2. INSOFERITERESNNZL, ]
ELLANNTUVIEREBEICRODIENLBFAEENNCEY, 52, BIMaRDOEE REMDE
B SiHET BEUREGOBRERE ALRGNBERTOBREBHIE SEREUHERIEATIMEOR
®ZE, BEARRES TOBRLWSHBERRCHAOELIBETE 3.

Application of Bone Morphogenetic Protein (BMP)
in Regenerative Medicine of Bone.

Osaka City University Graduate School of Medicine, Department of Orthopaedic Surgery

Hidetomi Terai, Kunio Takaoka

Main purpose of bone morphogenetic protein (BMP) related research in clinical setting is the develop-
ment of new efficient techinologies to regenerate bone tissue effectively by utilizing BMP's osteoinductivity.
Problems to be solved for that purpose are the development of efficient career system for BMP and the ex-
ploitation of methods to promote efficacy of BMP's bone forming activity. These new technologies will en-
able orthopaedic surgeons to replace currently used autografts with BMP combined implants. Additionally,
they are also applicable for the acceleration of bone healing, treatment of non-union, spinal fusion, recon-
struction of bone defects after the resection of bone tumor or arthroplasty. Thus, these new technologies are
expected for the breakthrough in clinical applications of BMP.

i & U &2 BExHHE LTITDbN 30, £hid, BRE®
BEREBMEMNIL, BREEECFIGE T HEARFS TROIRNOTEHEBEREETSH

CRIEASIAFREREFTABEENAR VEE (Tov - 0TEA) VEE (kB (B
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FFH /S o-RUTFLFYa—)
(BT L UAHE)

28 (748) CLINICAL CALCIUM Vol16, No.5, 2006



Review BMP OEFBEEZ\OIGH

CHhoDRYT—RERTTYVRTHEH, F
BIEEICEEL, ALERA V750 VERICH
MERBEMTER LWL FH-MH S (B3),
Brid, ERARNEDOATETH B B-trical-
cium phosphate (8-TCP) R ) v — LA E&D
HAHEZ LWL, HHTILLBMP #HEE LTHNWT
W3%, 2o BMP/ £ <— /B-TCP #4&1&i3,
RY v —BHoREIImA T v 75 ELT
DEBEHPED I &, BRIV &, BR
EHEBFTE DL, ERNICEER XREBRIC
Lo TEHTRETH B 2 LM EDFHHEASMb - T
B, XOEEFRIGEIZEN BMP © AT & HEE
ThdENL B,

4 BMP/ R <— /B-TCP E&HEER
T, FHEZE P ARERIBEED, RtEXRE
BEY B EEABE UL EF VB AEERL, 20
BMP &L UTOMBEEEHEL TS (B4),

IBMP@%%@%&@EE

BMP OBEERIGHICB L TOREEDO U &2,
E FTHE BMP IZt g 2 IREHBENE NS 2 &
BHTFohd, 20hHickE b TREHED
BMP B &Y, REIEEICLHL0DE
IS IRBERICL 3700, BMP OBKEHAOER
KRB - T3, ZOMEREELLT, Bhiz
DDS OBFE D Eh i, BMP OBHEE M % H1F
THENEOHAPL, BMPAKERRBIZL 3
BMP AEDKRIZ MR ENEZ S T3,

BEOMERETE AR R LXF 5 —CLHE
ERVMFVTLU L, ' mYTFL)VY, Fno
2875 Vv E(PGE) ORFREDODVDEDOTH
5 EP4 07 I= X b (EP4A, ONO-4819), sul-

W vascular endothelial

fated polysaccharides
growth factor (VEGF)® 9 ATHER EN/ZH
HBEDONRTF FTHDH B2A2Y 13 £5 BMP O
FREELRROICBIETAERAEF > L)

EZXINTBY, FRAIZ, hsoEREBEKE

CLINICAL CALCIUM

(mg)
25 4

20 1

15 1

OZw

10

o 3 30 300
EP47 =R MREME (ug)
5 EP47PI=2A-0BIRIEENR

TOREFRMB{EETAERWCIORY IS D
VEQLETI~THIEPADBENT I =R+
(ONO-4819) #ERFERYICAM L, BERICRIZTHRAE
BRIFL7=. PLA-DX-PEG 30mg/rhBMP-2 5 ug ., EP4
TIAZR CRABKENICBMC (2L

PLA-DX-PEG: RUHLEE- /85 SAFH/ - RYTF
L >4 U a—jb, BMP : bone morphogenetic protein,
tBMP : & BRI T2 ES > FBMP, BMC : BiEER

CTEk10 &L W)

AT 5 &KX DHRN - RN EHEEOFSE
BABILAL B EEZELIOND, ChoDERE
BMP Z##tH3 5% Z Licdk - T, BMP o{EHEE1L
EERBRIERORENRSIAFTE S (B5),

BELFBACLBEE, @REBVERET
¥EE

BHEAEIDOTILL BMP OBKRGHAE WS H
TR3&EE, YVarveE+F v s BMP 2ROV A
r A EELSNZ, BMP #iEFE RV GEE
FIER TR eSS 29, L, &
BFEADDDORENPSEHERENRY ¥ —0D
R, FHBEENLELRRE LI B Y
DEETFREFEAERL L, BRINIEENS
<, EFXERCEEBERALIELIBEDLN S, Exvivo
TREORSLME LR THES ¥, BMP i<
o THREPEFHBICALFE L TBET S A
H®, Whw 3BT (tissue engineering) 12

Vol.16, No.5, 2006 29 (749)



$HEE - BMP OB & B

LTHHESTObh TR Y, HERMITIIERTEE
TH5%, Ldpl, ER{LoE»S5RS &, R#
PO IRERNE, BELSEERE CORELLTNILE
THERE T/, KM, BEMH, At Lo
HTEZLOFEIRSIN TS,

lsnur

AR TR~ OPFFEERE LI, BMPOE
BEEREANOIGRHIZ DTN, A SEBEEE
HELUCEBOMESETFTH S0, #ixTF
HMAMZIEY A M A 2 THB rhBMP 2B
EREEREFR, ERLOoE»SRIDETLLE
WMTHBEBLTD, ThiTk-> TEOIERIC
BEXEBESAE LD, REPAMEHEEE b
I, RIOCEBFBENTEELE-T, LOHEXD
BIEAFHAENER TE 2 2 E8HFTE 5,

X B

1) Boden SD, Kang J, Sandhu H, et al : Use of re-
combinant human bone morphogenetic protein-
2 to achieve posterolateral lumbar spine fusion
in humans:a prospective, randomized clinical pi-
lot trial : 2002 Volvo Award in clinical studies.
Spine 27 (23) : 2662-2673, 2002.

2) Govender S, Csimma C, Genant HK, et al : Re-
combinant human bone morphogenetic protein-
2 for treatment of open tibial fractures : a pro-
spective, controlled, randomized study of four
hundred and fifty patients. J Bone Joint Surg
Am 84-A (12) : 2123-2134, 2002.

3) Saito N, Okada 'T, Horiuchi H, et al : A biode-
gradable polymer as a cytokine delivery system
for inducing bone formation. Nat Biotechnol 19
(4) : 332-335, 2001.

4) Kato M, Toyoda H, Namikawa T, et al : Opti-
mized use of a biodegradable polymer as a car-
rier material for the local delivery of recombi-
nant human bone morphogenetic protein-2
(rhBMP-2). Biomaterials 27(9) : 2035-2041, 2006.

30 (750) CLINICAL CALCIUM

5) Matsushita N, Terai H, Okada T, et al ! A new
bone-inducing biodegradable porous beta-trical-
cium phosphate. J Biomed Mater Res A 70 : 450-
458, 2004.

6) Namikawa T, Terai H, Suzuki E, et al : Experi-
mental spinal fusion with recombinant human
bone morphogenetic protein-2 delivered by a
synthetic polymer and beta-tricalcium phos-
phate in a rabbit model. Spine 30(15) :1717-1722,
2005.

7) Yoneda M, Terai H, Imai Y, et al : Repair of an
intercalated long bone defect with a synthetic
biodegradable bone-inducing implant. Biomate-
rials 26 (25) : 5145-5152, 2005.

8) Suzuki A, Terai H, Toyoda H, et al: A biodegrad-
able delivery system for antibiotics and recombi-
nant human bone morphogenetic protein-2 @ A
potential treatment for infected bone defects. J
Orthop Res 24 (3) : 327-332, 2006.

9) Sugama R, Koike T, Imai Y, et al:Bone morpho-
genetic protein activities are enhanced by 3',5'-
cyclic adenosine monophosphate through sup-
pression of Smad6 expression in osteoprogeni-
tor cells. Bone 38 (2) : 206-214, 2006.

10) Toyoda H, Terai H, Sasaoka R, et al: Augmenta-
tion of bone morphogenetic protein-induced
bone mass by local delivery of a prostaglandin E
EP4 receptor agonist. Bone 37 (4) :555-562, 2005.

11) Takada T, Katagiri T, Ifuku M, et al : Sulfated
polysaccharides enhance the biological activities
of bone morphogenetic proteins. J Biol Chem
278 (44) : 43229-43235, 2003.

12) Huang YC, Kaigler D, Rice KG, et al : Combined
angiogenic and osteogenic factor delivery en-
hances bone marrow stromal cell-driven bone re-
generation. J Bone Miner Res 20 (5) : 848-857,
2005.

13) Lin X, Zamora PO, Albright S, et al : Multido-
main synthetic peptide B2A2 synergistically en-
hances BMP-2 in vitro. J Bone Miner Res 20(4) :
693-703, 2005.

14) Yang IH, Kim H, Kwon UH, et al : De novo os-

teogenesis from human ligamentum flavum

Vol.16, No.5, 2006



Review BMP OBBYEZA\ODIGHA

15)

by adenovirus-mediated bone morphogenetic
protein-2 gene transfer. Spine 30(24) :2749-2754,
2005.

Park J, Ries J, Gelse K, et al:Bone regeneration
in critical size defects by cell-mediated BMP-2
gene transfer . a comparison of adenoviral vec-
tors and liposomes. Gene Ther 10 (13) : 1089-

CLINICAL CALCIUM Vel16, No.5, 2006

16)

1098, 2003.

Kasten P, Luginbuhl R, van Griensven M, et al:
Comparison of human bone marrow stromal
cells seeded on calcium-deficient hydroxyapatite,
beta-tricalcium phosphate and demineralized
bone matrix. Biomaterials 24 (15) : 2593-2603,
2003.

31 (751)



BE FHEHERT RO0ES 2006

B BT 1 81T 5 FRTAET OB

TR WHE PN Bm O EF BR FH OFE O BEE AR

R K B £ SN #H

F41E F45 Hlk
2006 E4 H25 H 4T



bR R

FH FET

BHRENSHEERSHICBI D FRARRFOmR"
iy s

BE MR
mif R |

Evaluation of Prognostic Factors for Osteoporotic Vertebral Fractures

Tadao Tsujio, Hiroaki Nakamura, Masatoshi Hoshino, Hidetomi Terai, Kunio Takaoka

EREEHL 41 : 499~506, 2006
@Key words : osteoporosis (B #LERAE) , vertebral fracture (HE{A8#7), magnetic resonance imaging (LI 5)

ESHEOBEREMHABTINEOEREN BB S 2 2E8E, BTSN, BERFROMEI
DVWTHRET £ 1T o 7. BREE SRR D FBEHEA BT T, 44 5l 50 #EFEHR & L k. MRIORRIEEM
1260, 32 6T, SEHERIE, FH733RTHo . BREEB R, 2HERRE, FFsf, MRIO
T1, T2 BAKRKEE TOBEZLICOVWTT» 7. BRESABTTZH0OE, SEBEFHS2TEY
EG, MEBHBTHLNOBFG, #HAOHKERES, T1, T2 BAXKNG TEERICERERZ{LE
RYBIDZH 5 1.

The present study evaluated prognostic factors for osteoporotic vertebral fractures. Forty—four patients, 12
men and 32 women, with 50 osteoporotic vertebral fractures were enrolled in the study. The average patient
age at the time of injury was 73.3 years. Bony union was obtained in 38 cases, and pseudarthrosis was
observed in 12 cases. In each group, the cause of the fracture, the fracture level, and imaging characteristics
(including MR images) were evaluated. In the pseudoarthrosis group, the trauma that induced the fracture
tended to be much less severe than that in the bone—union group. The ratio of vertebral collapse was not a fac-
tor inducing non-union, but injury of the posterior wall of the body may be a factor causing non-union. Large
low-intensity changes both on T1- and T2-weighted images suggesting acute hematoma within the vertebral

body may be a predictor of pseudoarthrosis following osteoporotic vertebral fracture.
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BEEEHEIR O BT HER S 20T 2 B O i HEfE
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2, ZERIIC MR 2 EHE L T\wizds, ZE5
H7>5 MRI #8 £ TOHEIXFH 112 HT, 4
B 28 iz 1BEBIAICiThI T 7,

MRI T1 38 RIKETER DOHEERERBRICB T 2K
VEEESHIRIC T 3 ¥4 ZIC R To 7. (KHEEMHE
AR LT % D % #i4r7 partial type & L, HE
FEEICBD KA TOBREFIRICE W TIE,
IEFEHTOMBERMDIENDICE > TI SICHHE
ZfTo7:. EHREE ZN LD 2 R T4 RLFEDLH
IEFER I BT 2 R EEK 2 NIH image & v
THBEZEE L, EMEFESOEEISEHERDZE
{b & il U € 50% LA EDRERI % total type, 50% 3k
#i% subtotal type & L CHRETZ M2 7= (X 2).

X 5 T2 WARKREHRICE VT, HEffpR
TOMEEE, FEIRIC T4 A T aEETo
7o, MERICHEEZE{L %39 %\ N type, RHEEZE
Db D% Hitype & L7z BHEZ{EEDSZ D
Dz TR b O EJRFFICA S5 b DL
L, ZNZFHLP type, LW type & L7 (X 3). #E
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WXL, ABEEIEEE 50.6% & BEIC B W THEE
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HEMR DR BEIRE A3 Ie D> o 72 39 MR b O B
AT L7DIE 561 (12.8%) DA TH > 7208, &
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BEmREDOES
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T2 SERGRIC BT 2 2R, S & BB R4
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FFRDEHE TR W20, MOWEREZEE L 251
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B 7 6 208856
72 1%, Z¥E, Thi2 &9, MRITI
WG CEHEE L ERD 2 PMFE
FrCDIRD D AT T2 TR
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MR TR D S HEMR 2R ICER® 5 total type 2, Z 1LA3
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RN O LE R MBI TR IS, ZiUAHE
CHEERN O BRPEE SN FRT, BEfi~%
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