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wlae] XFQuIMEE Matsuda 509 wh
of &8t EEEdet zob WA AW 5Y wetb
0.4% B-aminopropionitrile(Sigma Chemical
Co., US.A) F&4& AT 2PEE
pentobarbital sodium 30mg/kgs 574 W AR

of viEAZl - Aot &, 95 Al 1 diAE EAE)
Ak A 129 5 2ok o] S Alsle] Al
A8 U 35mm iAol EA] EAAA 1%
antibiotic-antimycotic solution(Penicillin-Stre-
ptomycin, GibcoBRL, U.S.A.)°] %718 DMEM
HiAE o8l AEE uigkeision], 39 HHo=
HiGReS ks oIt Agell= Achuied 5-7A)

2. HIQTHA| U BMP-79 H&

Recombinant human bone morphogenetic
protein-7(rhBMP-7)2 Dr. Higgins(State Uni-
versity of New York, School of Medicine,
Buffalo) 25 Algsdokct thBMP-72 six]e] =
o] stock solution®.2 FR[SIHIL viRlel] -85
S o HF w=7F 2424 10, 25, 50, 100ng/mée]
Z &9kt rhBMP-7S A8311] &2
&, AP Y w50 rhBMP-7& 483
o= 3k

k1

.

o

3. NZEI= YNt

Alchulek 5-7AIche] wix) XU MEE 0.25%
trypsin~EDTA(GibcoBRL, U.S.A.) Solog =
glalo] 2l & welld 1 x 10*712] NEZ57} =)
slo] 96 well plateol] &S 3= vislsic). A7}
oF 70%452] WAl =E=|E ) 2% FBS7F 2
g DMEM(GibcoBRL, U.S.A.) nijkeio= wsh
Slal 3EEee] rhBMP-72 71Tt vk 1¢
o} 39 Foll MIT 2rEE Al8aIdct 24 wellol
A ujdets AAs AR 23] AF F
Non—Radioactive Cell Proliferation Assay kit
(Promega, U.S.A.)E o838t AZAL] AAhE
3-(4,5-dimethyl-thiazole-2-y1)-2. 5-diphenyl
tetrazolium bromide 8 50 H7¥ekal 41K
L vkt ¥hE-S FAXTI7] flated 7]
20109} 10% SDSE #7Fst 3 ELISA plate read-
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er(Microplate manager BloRad UsA= v
F 490nmellxe) FHAEE Z4s8Isith sdEe
rhBMP-7¢] tgh MEEE Hrhe gl gk
wEg A

F7Vd St e &4 2% £78E Matsuda
5'00) npgoll Fale] ATy WA AF QoA
ZZ wjokst F 12 well dishell well? 1x10° cell
< ETeldith. 24k ¥ el w0 rhBMP-T&
2gstaL 3U} 5URt widErt. wiAlE AATE

1% TritonX-10022 AZE g8lA7]a =59l=
AR 0.4mM Tris HCL 2mM MgCl, 4
mM p-nitrophenol phosphate”} -8 58
50/ well& 71t & 3087 BEAIZ|aL, 150142
IN NaOHE 718l ®b&-S FA17] & Ralld
pnitrophenolS 405nmellA spectrophotometer
= HA s

5 M2or WE Fy9 59
Aglsh 22 Bl e chBMP-79) % %

olr 7] ¢ale] WA XFRITIMIEE 12 well plate
o 1x10° 7] MEZE HA B3 3 10% FBS,

Cell Viability after 24—hour exposure of BMP-7
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Optimas image-processing program(Media cy-
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Figure 1. MTT assay for primary rat periodontal ligament cell viability with BMP-7(ng/mé). A: Cell viability

after 24 hour exposure with BMP-7. B: Cell viability after 72 hour exposure with BMP-7. * :
significant difference from the control group(p<0.01).
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Figure 2. Representive /n vitro mineralization data obtained from 14-day cultures of primary rat
periodontal ligament cells. +: indicates significant difference from the control(p<0.01).
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(p<0.01, Figure 1).

3% Fol]| MTT #AME Aldlalain. vl
MP-7 =% 200ng/ml o]l A

Bgart ettt

Q
[e]

=2,
]
=

vg)

r o2

¢

3ol x-S 331 Ulal, rhBMP-7 &% 10
100ng/miellAlE 320~415 UR rhBMP-7 %% 50
ng/mée} 100ng/meol|A] izl wlal & 24

7F FréefstAl A YR Table 1, p<0.05).

HjoF 59 9 @A EE diietS 513 USa
rthBMP-7 = 10~100ng/méel| A= 575~865 U
2 HE oA ulek 3ol vlst] w4 ALv)
Z7Veodty. BMP-7 %% 50~100ng/mi7H4] o
woll vjs) g4 BAwIE fFolebd]l EA VR
(p<0.05, Table 1).

3. Mejop HE Yy

WA} X0 Al Aglel A P8 x|
A wljekslar vl%F 1495} 2199 alizarin red S
Aasla M3)sl 24 84 HEs S 3

Table 1. Alkaline phosphatase activity(U/105 cells) of rat periodontal ligament cells treated

with BMP-7
Incubation periods
BMP(ng/mt )
3 day 5 day
0 331 + 98 513 + 60
10 320 + 38 575 + 43
25 365 + 31 628 = 53
50 415 + 55* 790 + 66*
100 413 + 64" 865 + 91*

*

¢ indicates significant difference compared to the control(BMP 0 ng/ml)(p<0.05).
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HjoF 14l vizate] A3ls Ade] wHe foll= FH g Ayl Fasklel Az
15%, BMP-7 10ng/m& 18.4%. 25ng/mé< BMP-7& A, 7l €150] 59 ofe] Agrdd
24.3%., 50 ng/mée 47.6%. 100 ng/mée 62.7% Al 98 21522 AAo] BTN o TS

2 th BMP-7 50ng/mé} 100ng/mtg Foldt o HEA] o} AFxA] A -85t BHE )
oM izt of 3~4ulf v =2A| A3]s}t Ado] B ek oleid Anle] ol AdERT}
GAE AN p<0.01, Figure 2). A8E A Hd 9 A8y FGe] ol <)dk
HoR A7k 4 QAN AeH 7 BMPs9] A
Iv. 0 & o] AFRI Mol mjAE F3e] Aol J& A
o FAHE, e " BMPse] MEgE
g xFx2] Rl A2 AREAE, A oMe] d7s = vlitshe AFAEY FEAIL
FRIAE, 18 FRAES} F2 gelaet” 2 o offola] kM ofe] ol ot
o] SRl AIFR A& A2 23 %) 2524 Aol TRFF IS shs AFAGAE
e A Erek Ak o o]RolR|aL o thBMP -7& 2831938 ] 2)F<ltiAxd <]
FEAZA oS Af= AL FRAoR 3t PATHe ARl BEsisinh
BETh ey &) Al ojek i wle) BMP-7& Folalals u] X x]5=ld] M2
2e Zge A ATz g5o] 7hssh A 55 W7kl S8l MTT ArkE A8
208 oo uhe} A|F ARSlel] kAl AR} ST MTT AARE Holgle Mre] S2lojig
FHHEY il 55 ARl AFIdMEE Mz=3S S o) 72 go] AMSEL e 9
sFlorA AFxae] WS F2THEE HoR MY 5 AY AlAe A5 grEles
A77F A&E A Q) S 7ML Y AE ] RESERele] E44S
FHFEY dde Fo] Falalye] 7AIAR FAslo] Mxe] AEoIRE AHPHow FHsh=
gl Bz wsl W eRehd 2 23t FARY Whgelet, diilde] 23Sk Al
AAEA AT T el welsi EKY) o)F- HEZrgjole] Bra FARRRo) olslo] ko)
& o] PYA = TR MITEQ o)Fel A T84 MTT tetrazoliumo] AFFA-S 2= nl5=&
8|3 AFEAN S} FHA|EL] B85 HZAAM /de] MTT formazan©o& 2156, MTT for-
B e et e mazan® S3%E 490nmellA FHoi7k =7) wi
Urist'Ve 238184 gulde a2y of o] sgelld SHH FEEe AFEs] dhl
5 A=l ARl Zaplabd, S48l AH sk MEEe] 8 Ridsh g w7
3 olrlZe] AF; Bl Fofgitta slith. FE d s B AE o] T AaE 1
&4 thlE e BMP-1S Alelslars ot Y Hog o 5 9l
2=

I AIES 2 TGR-Be ARk] TGF-B 9] Foiis 2
superfamilyZ 75" 1 5 BMP-2, BMP-4 gIE dolur] 9l BMP-7

10~200ng/mé&
ela BMP-T0) S S2o] stk wrke  Folgh wuh A vjopelut Folg thze] A
3 Qrk Y BMP-29F BMP-4% wbe smold  Bluslginh o Aw) Aok 195 32 BMP-7
953 BYA B XA o] Wel ¥R 10~100ng/nd Foldh 7} vlzatolAe] Fu
oo FpEAuL AR ulgh AWsE  Bb fojdk Aolrh gl Ao Ueptort BMP
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-7 =% 200ng/miold= tiZgol vl A|3Z EAdo]
FolaAl 78l (p<0.01, Figure 1). BMP7F
Ao F2] 9l Edel] wXjE JEke #EkEl o] A
oAM= B AT fARE AFE Basislied],
Anusaksathien¥} Giannovile™-& BMPE ¢17}e]
AT z] Z2lol FEFe RIXIA] edtriaL sisd
31, Taira 57¢ ITIME 10 ng/ml HEe
BMP+= 4 ez} FriaAe] Sz 400w
U} ke vlx|x] ekl i) ulElA - HE
JAE Mol ke wAA 8% 10~100ng/
m, FEE Melslo] BMP-790 213 Wix] X|51chA]
o) M3gte] Jaks wELiith

BMP-7& AERAELE E3et 24 AX &2
TEAETL EEAMERS] 8o FE Frh ofs

R0l ATES TRAMYE 2l Aol e
B4 HARE & 71 ikEelas Es, A3
3 24 g4, w2 M, osteopontin/osteonec—
tin, osteocalcin 5] AxL71H Fded s 34
FTH ATl FRAEEe) R
AFRA|ZoN FRAMTE Fal 7)o A 18 n
Ad, A7 ks aie] Aate] FrkEC L
°]% bone sialoprotein, osteopontin &< Al
71 o) SIEla FERAM L] Fet ARk
osteocalcin®] Z7IscE® xFIEE ARk
AZ} FEAE FAF REFS 7 =], M2
Fo £k o8] 74 cytokineselv}t hor-
mone®l] &J5le] Mo BAJo] Wikl = Qlr}

>

& AT
Aqellr @71 bR Es e diEatl
131 2 =27 ¥ o s oEAH 0 Fiet
Ar}. wo] wle WsE #% Ald BMP-7 50
ng/mé# 100ng/me F=olA] vzl vl frelgh
AolE BYITHp<0.05, Table 1). ©] Ao
BMP -7 5% 2.5~80ng/meilA] ZRAES] 7]
A ksl Ea o] T oA o A v
W= Asahina $%¢] w9} BMP-7 100ng/mé

o

N tizEHT o 2o 84S BH Yeh Y
o} Baieb FARE
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7182o] B 38} S Uehls $8% X
o} A Aze) oA AFE IFNEE
o2 3 Notoya 5] o] ojaha uj
o o]FRE A3lsl Ado] PAHThL B sk
=l o] AgelMT wiok 14U F A3]g) AAIPA
< st WY 1495 BMP-7 10ng/més
25ng/ml FEE FoIgt oM Ul felgh
ol AW o o A LS n9low
BMP-7 50ng/mé® 100ng/m¢ FE5 F-oI8k v
A izl vjs) M3l 24 g4 wAEe] of
3~4uf v ZA JERATHp<0.01, Figure 2). ™
A FABRAHELE ez BMP-7 Fodol 23k 4
3)g} A4 PR RS Li 579 dAeM=
100ng/me FwollA thz=rol wlsl <F 3w Z71d
A4 g Huslel 92 Ao Ao} fAksl
o} webA o] dte] Ank= uitite] XFin Al
FA} A 1R 9Fe A9olls FRAES} FARH
EAS 28 MAE= RIER] oA AdsAg,
BMP-7 AFFAlolE SRAES} FARE A T8 whe
Al E3lEle] FF3Ad0] FXEE ARt
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v.d B

o] 9% recombinant human bone mor-
phogenetic protein-7(rhBMP-7)o] X5 A&t
9] ZAARE ZAXZITR= AR 3o Ak
2FFA Al 7P Qs AR XFEe]
i Al BMP-7& 28sl9s uf Aol vlx|+=
FES dopiarat siict

WA Z)FRIn) Aol BMP-7 ¥k 10, 25, 50,
100, 200ng/més AHgsta wid 147 349
MTT ZIAEE Aldslsitt. &= BMP-7 5% 10, 25,
50, 100ng/ml& X521t A3 @gsb_ 33
50] & oﬂ7]xq o]A].T,__BHMﬂ Z5l9] o
i 149

5 10ng/mé~100ng/mE WAl X
Folty Aol A4S o 1913} 32
ZaT A AR Bglou BE
200ng/nt SVIANE AE B4o] felah
22819Hp<0.01).

2. Wi 3243} 5dell BMP-T& ?ﬂ?ﬁi Eandl
D713 Qi TR B B dieel B
8l L APEH EaL e At&t& <7t

3lei=d BMP-7

oA ozl

=UHp<0.05).
3. }H§]§]_ 7:17(4 fS:]/\']___

FE 50ng/mést 100ng/mé
HlE &4 SA=7F f2J8H

=73t A3} BMP
= 50ng/ml % 100ng/meol A thz }

3o 3~4n)e] o] B A3)3} Ade HAE

GHp<0.01).

olde] Al BMP-7& A |51t Az
B3] ERAZ AR E3E fiesle] A
3zle Sshks Aos vepten, A5dg 9
gk Xz ZAE5-o] Ao BMP-79] 44 &8
o] 7Fealejet AP

295

Vi, o2y

. Melcher AH. On the repair potential of

periodontal tissue. J Periodontol 1976:
47:256-260.

. Iglhaut J, Aukhil I, Simpson DM, John-

ston MC, Kock G. Progenitor cell ki-
netics during tissue regeneration in ex-

perimental periodontal wounds. J Perio-
dont Res 23:107-117.

. McCulloch CAG. Progenitor cell popula-

tions in periodontal ligament of mice.
Anat rec 1985:211:258-262.

. Gould TRL, Melcher AH, Brunette DM.

Migration and division of progenitor cell
populations in the periodontal ligament
after wounding. J Periodont Res 1980;
15:20-42.

. HerrY, Matsuda M, Lin WL, Genco RJ,

Cho MI. The origin of fibroblast and
their role in the early stages of hori-
zontal furcation defects healing in the
beagle dogs. J Periodontol 1995;66:716
-730.

. McCulloch CAG, Bordin S. Role of fi-

broblast subpopulations in periodontal
physiology and pathology. J Periodont
Res 1991:26:144-154.

. Mellonig JT, Bowers GM, Bright RW,

Lawlence JJ. Clinical evaluation of
freeze—dried bone allografts in periodon-
tal osseous defects. J Periodontol 1976;

47:125-131

. Pitaru S, Tal H, Soldinger M, Noff M.

Collagen membranes prevent apical mi-
gration of epithelium and support new
connective tissue attachment during pe-

riodontal wound healing in dogs. J Pe-



10.

11.

12.

13.

14.

15.

16.

riodontal Res 1989:24:247-253.
Ripamonti U, Reddish AH. Perio- dontal
regeneration: potential role of bone
morphogenic proteins. J Periodont Res
1994:29:225-235.

Matsuda N, Kumar M, Ramakrishnan
PR, Lin WL, Genco RJ, Cho MI. Evi-
dence for upregulation of epidermal g-
rowth factors on rat periodontal liga-
ment fibroblastic cells associated with
stabilization of phenotype in vitro. Arch
Oral Biol. 1993:38:559-569.

Urist MR. Bone formation by auto-
induc- tion. Science 1965:150:893-899.
Lee MB. Bone morphogenic proteins:
background and implications for oral re-
construction. A review. J Clin Perio-
dontel 1997;24:355-365.

Wozney JM, Rosen V. Bone morphogenic
proteins and Bone morphogenic protein
in bone formation and
Rel Res 1998:

gene family
repair. Clin Ortho
346:26-37.

Thies RS, Bauduy M, Ashton BA, Kurt-
zberg L, Wozney JM, Rosen V. Recom-
binant human bone morphogenic pro-—
tein-2 induces osteoblastic differentia-
tion in W-20-17 stromal cell. Endocri-
nology 1992:130:1318-1324.

Kim DJ, Moon SH, Kim H, Kwon UH,
Park MS, Han KJ, Hahn SB, Lee HM.
Bone morphogenetic protein—2 facilitates
expression of chondrogenic, not osteo-
genic, phenotype of human interverte-
bral disc cells. Spine. 2003:28:2679-
2684,

Sigurdsson TJ, King N, Cruchley AT,

Wozneyy JM, Hughes FJ Wikesjo UM.

17.

18.

19.

20.

21.

22.

296

Periodontal repair in dogs: recombinant
human bone morphogenetic protein—2
significantly enhances periodontal rege-
neration. J Periodontol 1995:66:131-
138.

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:
1460-1470.

Wikesjo UM, Guglielmoni P, Promsudthi
A, Cho KS, Trombelli L, Selvig KA, Jin
L, Wozney JM. Periodontal repair in
dogs:effect of rhBMP-2 concentration on
regeneration of alveclar bone and perio-
dontal attachment. J Clin Perio- dontol.
1999:26:392-400.

Wikesjo UM, Xiropaidis AV, Thomson
RC, Cook AD, Selvig KA, Hardwick WR.
Periodontal repair in dogs:rhBMP -2
significantly enhances bone formation
under provisions for guided tissue rege—
neration. J Clin Periodontol. 2003:30:
705-714,.

Giannobile WV, Ryan S, Shih MS, Su
DL, Kaplan PL, Chan TC. Recombinant
human osteogenic protein-1(OP-1) stim-
ulates periodontal wound healing in
class III furcation defects. J Perio-
dontol. 1998:69:129-137.

Rajshankar D, McCulloch CA, Te- nen-
baum HC, Lekic PC. Osteogenic in-
hibition by rat periodontal ligament
cells: modulation of bone morphogenic
protein~7 activity in vivo. Cell Tissue
Res. 1998:294:475-483.

King GN, Cochran DL. Factors that



23.

24.

25.

26.

217.

28.

modulate the effects of bone morphoge-
netic protein-induced periodontal re-
generation: a critical review. J Perio-
dontol. 2002:73:925-36.

Chen TL, Shen WJ, Kraemer FB.Hu-
man BMP-7/OP-1 induces the growth
and differentiation of adipocytes and os-
teoblasts in bone marrow stromal cell
cultures. J Cell Biochem. 2001:82:187-
199.

Mosmann T. Rapid colorimetric assay
for cellular growth and survival: appli-
cation to proliferation and cytotoxicity
assays. J Immunol Methods 1983:65:55
—63.

Anusaksathien O, WV.
Growth factor delivery to re-engineer

Giannobile

periodontal tissues. Curr Pharmaceut
Biotechn. 2002:3:129-139.

Taira M, Nakao H, Takahashi J, Araki
Y. Effects of two growth factors and de-
xamethasone on the proliferation of rat
bone marrow stromal cells and osteo-
blastic MC3T3-E1 cells. J Oral Reha-
bilitation. 2003;30:697-701.

Roach HI. Why does bone matrix con-
tain non-collagenous proteins? The pos-
sible roles of osteocalcin, osteonectin,
osteopontin and bone sialoprotein in
bone mineralization and resorption. Cell
Biol Int 1994:18:617-628.

Franceschi RT. The developmental con-

trol of osteoblast—specific gene expres-

29.

30.

31.

32.

33.

297

sion: Role of specific transcription fac-
tors and the extracellular matrix envi-
ronment. Crit Rev Oral Biol Med 1999:
10:40-57.

Asahina I, Sampath TK, Hauschka PV,
Human osteogenic protein-1 induces
chondroblastic, osteoblastic, and/or adi-
pocytic differentiation of clonal murine
target cells. Exp Cell Res 1996:222:38~
47,

Yeh LC, Adamo ML, Olson MS, Lee JC.
Osteogenic protein-1 and insulin- like
growth factor I synergistically stimulate
rat osteoblastic cell differentiation and
proliferation. Endocrinology. 1997: 138:
4181-4190.

Notoya K, Tsukuda R, Yoshida K, Take-
tomi S. Stimulatory effect of ipriflavone
on formation of bone-like tissue in rat
bone marrow stromal cell culture. Cal-
cif Tissue Int 1992:51:516-20.

Notoya K. Yoshida K, Tsukuda R, Take-
tomi S. Effect of ipriflavone on expres—
sion of markers characteristic of the os-
teoblast phenotype in rat bone marrow
stromal cell culture. J Bone Miner Res
1994:9:395-400.

Li WS, Cheifetz S, McCulloch CAG,
Sampath K, Sodek J. Effects of osteo-
genic protein—-1 on bone matrix protein
expression by fetal rat calvarial cell are
differentiation stage specific. J Cell
Phy- siol 1996:169:115-125.



—-Abstract-
Effect of BMP—7 on the rat periodontal ligament cell
Kyung-Hee Kim - Young-Jun Kim * Hyun-Ju Chung

Department of Periodontology, Dental Science Research Institute

Chonnam National University

Bone morphogenetic protein-7(BMP-7), a member of the transforming growth factor
superfamily, stimulates osteoblast differentiation and bone formation. There are lots of
evidences supporting a direct participation of periodontal ligament(PDL) cells on periodontal
tissue regeneration. The purpose of this study was to evaluate the effect of recombinant
human(rh) BMP-7 on primary rat PDL cells in vitro, with special focus on the ability of
bone formation. The PDL cells were cultured with thBMP-7 at the concentration of 0, 10,
25, 50, 100 and 200ng/m¢ for MTT assay. We evaluated the alkaline phosphatase activity at
3 and 5 days of incubation and the ability to produce mineralized nodules of rat PDL cells at
14 days of cell culture in concentration of 0, 10, 25, 50 and 100ng/m{.

The cell activity was not reduced in cells treated with BMP-7 at 10~100ng/m{, whereas
the cell activity was reduced in the concentration of 200ng/m¢ than the control at day 1 and
3(p<0.01).

At 3 and 5 day, alkaline phosphatase activity was significantly increased in cells treated
with BMP-7 at 50ng/m¢{ and 100ng/mé(p<0.05). The area of mineralized bone nodule was
greater in cells treated with BMP-7 at 50 and 100 ng/m¢ than the control(p<0.01).

These results suggest that rhBMP-7 stimulate rat PDL cells to differentiate toward

osteoblast phenotype and secretion of the extracellutar matrix of rat PDL cells.

Key words : rat periodontal ligament cells, BMP-7, alkaline phosphatase, mineralized nodule
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