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FBS, 1% antibiotic-antimycotic solution, 50
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& A7sle] Zizte] rhBMP-T7 5 A3k Al
E 1.8ml tubedll S5 200 pe9] chloro-
forme 7ksle] RNAS 34171 § 4°C, 12,000
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3§ 500 pl isoprophyl alcohols Z7Fsle]
RNAE #%1417]1aL 4 T, 10,000 rpmeilA] 1083k

4 weEe] AL AR BeR F
RNA%= Tris-EDTA buffer 40 ptell 521 3
spectrophotometer® 1 & FAslolon] -7
0C Wgarel uyksiich

B3 whijde] A Algeiglon, Zizel
A 15 pel ANEE SDS-PAGE #7]ds3isict
Gel 7] nitrocellulose membranes]]
%713, membrane blocking solution(Cellsig-
naling Technology™, U.8.A)2& 1417} bloc-
king® F 1000:1°] ¥l&Z TTS buffer(Cell-
signaling Technology™, U.S.A)ell S]41& rab-
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PCR primers
Expected 7_ar
Primer pecte Sequence (5-3")
base pairs
GAPDH-sense (+) 418 CACCATGGAGAAGGCCGGGG
GAPDH-antisense (-) GACGGACACATTGGGGGTAG
COL I-sense (+) 250 TCTCCACTCTTCTAGGTTCCT
COL I-antisense (-) TTGGGTCATTTCCACATGC
BSP-sense (+) 1068 AACAATCCGTGCCACTCA
BSP-antisense (-) GGAGGGGGCTTCACTGAT
OCN-sense (+) 198 TCTGACAAACCTTCATGTCC
OCN-antisense (-) AAATAGTGATACCGTAGATGCG
PCR programs
94T 9T 60 T 2T 72T
GAPDH 1 min 1 T\in 2 min 1 min 10 min
25 Cycles
(75 9T 5 C 72T 72C
coL1 1 min 1 rlmn 2 min 1 rlmn 10 min
30 Cycles
94C 94 C 50 C 2T 72T
BSP 1 min 1 min 2 min 1 min 10 min
OCN L |
30 Cycles

Figure 1. Amplification primer sets and conditions used in polymerase chain reaction. GAPDH,

gly 3 ase:

OCN, osteocalcin.

COL I, type 1 collagen: BSP, bone sialoprotein; and
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ALP activity

25

BMP(ng/mL)

Figure 2. Alkaline phosphatase activity(U/105 cells) of rat perio—
dontal ligament cells treated with BMP-7(x: indicates significant

to the

m

0.05)).
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el 320.6-415.3 U BMP-7 % 50 ng/nt
<t 100 ng/meollA thzsoll Hls) ik egert
oJakA| %A LRtk Table 1, p(0.05). wek 581

o e 513.2 URT, A% BMP-T 55
10 ng/m~100 ng/mel A= 575.8-865.4 UZ &
E FolA wjd 3Rt F4 ETL Tk
t}. BMP-7 % 50 ng/mt~100 ng/m7H4| diz
ol WlE) ga S felsbl A etk
(p€0.05, Figure 2).
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324 FYmew A% 44

w1490l i) Aglsh A
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0]
& 15%, BMP-T 10 ng/nt& 18.4%, 25 ng/ml&
24.3%, 50 ng/mt 47.6%, 100 ng/nte: 62.7%
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P e

A dizrRct A3)s}t 2o wol
0.01, Figure 3).

BAERAHpC

3. 2714 @ mRNA &

WA AFERIGAEE 10 ng/mellA 100 ng/me7k
Zle] BMP-To] gl ufzlol] wix] 2j5=Qlepil s
TU3F i - RNAE 2lste] type I colla-
gen, osteocalcin, bone sialoprotein mRNA '
@ =& RT-PCR2 #8191tk Type 1 colla-
gen mRNA®] 55 BMP-70& AX|gh BE o
(10~100 ng/mt)ollA] 2.2~2.48) ©} B2 mRNA
o] Wglo] #h2HE9dh. Osteocalcin mRNALS oz
2ol Hlsle] BMP-7 %% 10 ng/méx}h 25 ng/ml
A2 A Z42E 129, 169 Sttt 50 ng/mt
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Figure 3. Representative in vitro mineralization data obtained from 14—day cultures of primary rat
periodontal ligament cells(+: indicates significant difference from the control(p<0.01)).

3+ 100 ng/mt2 Helelgke wis oF 2.5M4% 1
o] F7ksIict. Bone sialoprotein mRNA'Z
A tjzirel Hlsle] BMP-T % 10 ng/me} 25
ng/mellAE 27 13w, 1.8u) 7ksisiont 50
ng/mtst 100 ng/mz H3)
A Z71eIcH Figure 4).

4. AZNzAY v ud

BMP-7 100 ng/m¢& %3} phosphorylate
Smad 15,8 ©lde] W ARPER st

&8

0

10

25 MW 50 100 (ng/mi)

& wl Smad 1,58 protein 2= 15% FHE]
o] wAwy) AHEte] 30t 60 7Fg &
o] sehrt 1208 Folle 2 ido] Zhasiick
(Figure 5). 10~100 ng/m¢ ¥%=2] BMP-72 4
83jo] AR Z9olA= Smad 1.5.8 protein®]
e F o] eIt Figure 6).

BMP-7°] Smad-BMP pathway °]¢}e] th&
Aede ARg ASskeAg @kt p3g
MAP kinase T} #4143}, BMP-T& 2151
ol AlE) p38 MAP kinased] €4S 711717
239K Figure 7).

il ‘l ‘H

GBI BT BHb 20 B 100

Figure 4. RT-RCR analysis of glyceral-dehyde—3-phosphate dehydrogense(GAPDH), type |

OL-1), bone si

in(OCN) RNA

), and

in primary rat calvarial cells.
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Treatment periods

Kb 0 15

30 60 120 min

Figure 5. Western blot analysis of phosphorylated form of
Smad 1,5,8 antibody by varying the treatment periods (0,
15, 30, 60 and 120 min) with 100 ng/nl BMP-7.

Kb 0

-

BMP concentration (ng/mL)
10 25

100

S e

Figure 6. Western blot analysis of phosphorylated Smad
1,5,8 showing activation by dose—dependent manner(con—
trol, BMP-7 10, 25, 50, and 100 ng/ml).

Control IL-1b

MW

Phospho-p38

TNFa BMP-7

(1nM) (10 nM) (100 ng/mt)

! e am—— ‘L-
Figure 7. Western blot analysis of phosphorylated and un-
phosphorylated p38 MAP Kinase. p38 MAP Kinase is acti-

vated by IL-1B(lane 1; MW, 2; control, 3; IL-1B(1 nM), 4
TNFa(10 nM), 5: BMP-7(100 ng/nl)).
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tein, osteopontin 5] AES|7| A F4de] S
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7}% L]_ls 29) .

AFRIIE: 4 GRAES} SRAZ G} A
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oF ghegl AlEsl7)d Gadel] Al A Lok
71 Slsle] ofe] s=e] BMP-T& H7kska 797
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N
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Recombinant human bone morphogenetic
protein=7(thBMP-7) 25 Z&%we] 24 44
o fr&3 BHZ ks glovt BMP-Tel g
AF2A A ZAE AESHY FEelA det A
& =gtk oo ¥ 9= in vitro “3elA BMP
-70] WA AFAHAES] FRAE FARIERS]
28t 9 234 Tl viAle 9 wdlaa
aisick

WA AT AE M) 371 e S Aot
17] $lale] BMP-7 10, 25, 50, 100 ng/mt:2 Al
3ol Agshar 71 hbEeas: dmst 413
3} 714 e e ZAEl ek AFIuHE
ollMe] MEe)7)d EHlE okiy] Sjste] 2

@k
EAAESA Eolld] BMP Alexde Az =
A TGF-B pathway®} BMP-Smad pathway®

PR QuEoz BMP-72 BMP-Smad
pathw: 2=t BMP-70] AlxEue] EAjsh

= e 27he] EAIsh Adtelar o] Alerh AEd
2 AdEo] Smad 1,589 Qhleks fregitt
olF & AsHdARst AdHon g4
AEBHQ) WS VR Erk A R
FAIZIN R o] e As Al
ligand W@ ale] dojtonr xde) 7bsst
T A Pele] 24 Aol sFssif?. 2 9
FollMe v el BMP-TE #8819 o
Smad 1,5.8 @de] W&@LES Western blot
& %slo] sk 1 A9 Smad 1.5.88
BMP-7 A= 154 F4E] als]7] Alatsle] 60%
o 7k¢ & 2@} 1203 Follis 1 2]
2alglon sz #Ed ZfelME Smad
1589 wale Fw oAl Wdolgleh o=
BMP-7& XFehAlEe] 2881918 f whe ARk
ol Aze] 42871 Aslel BMP target fdxt
o) 24& Falo] Azl P Fohs g o
@t

BMP®] &3k BMP-Smad pathway 4% o}
12} mitogen activated protein kinases(MAP
kinases) 9k 72 th Zzel] ojsirw 2ddo] #
vk el g 7. MAP kinasel: @54 Ab
OJEFQle]) <3k GZukge] wipl nk ope} A
Qs e B0 sG] vl Fale] ML
o) 8} 9 ole} Pl fradxle] el goldit
Wang#*  Hirschberg®] 17914 mesangial
cells® BMP-70& 2=53191e o), p3ss EgeH
MAP kinase®] 4laxd ek Fasjriar 1m
7893, Hu 57} Nishihara €7 A%
o Peigd, el dsAEe] Rl p3s
MAP kinase®] @] #a=|girtar narsigict.
oj2jgh Aoz AN MEESS] FFH, il 48
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o] BMP-T7& AlEell 283}l collagen type |
(COLAI), bone sialoprotein(BSP) osteocalcin
(OCN) gene expression& RT-PCRE 53 #2
shglom AIE FEolM BMP-79) Alaad Az

o BAe e pae] tea pe

L7 Qb 94w 34 A, we
3%l BMP-7 %= 50 ng/nt o1l iz
ol wlE) &4 FEEIE fefahl w2l Vet
SHHpC0.05). i 5] RiE el A wiek
ERE I I i e ]
BMP-7 %% 50 ng/mt ool ozl
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~Abstract-

Effect of BMP—7 on osteoblastic differentiation
of rat periodontal ligament cells

Ho-Jae Lee' - Young-Jun Kim"* - Hyun-Ju Chung"’

"Dept. of Periodontology
“Dental Science Research institute, Chonnam National University

Periodontal therapy has dealt primarily with attempts at arresting progression of disease,
however, more recent techniques have focused on regenerating the periodontal ligament having
the capacity to regenerate the periodontium. Recombinant human bone morphogenetic
protein-7(rhBMP-7) can differentiate the osteoprogenitor cells and induce bone formation.

The purpose of this study was to evaluate the effect of BMP-7 on rat periodontal ligament
cells differentiation, in vitro. In the control group, cells was cultured with DMEM media. In
the experimental groups, cells were cultured with rhBMP-7 in concentration of 10, 25, 50 and
100 ng/mt. Each group was characterized by examining alkaline phosphatase activity at 3 and
5 days of culture and the ability to produce mineralized nodules of rat calvarial cells at 14
days of culture. Synthesis of type I collagen(COL-I), osteocalcin(OCN), and bone sialoprotein
(BSP) was evaluated by RT-PCR at 7 days of culture. Activation of Smad proteins and p38
MAP kinase was determined by western blot analysis of the cell lysates.

Alkaline phosphatase activity was significantly increased in the concentration of BMP-7 50
ng/ml and 100 ng/nt compared to the control(p¢0.05). The mineralized bone nodule formation
was greater with addition of 50 ng/m¢ and 100 ng/n¢ BMP-7 than the control(p¢0.01). In 7
days’ culture, the expressions of COL-1, BSP, and OCN was increased by BMP-7 in
concentration of 10 ng/mé~100 ng/mt. In western blot analysis, BMP-7 treated culture cells
expressed Smad 158 in dose-dependent manner, whereas BMP-7 did not activate
phosphorylated form of p38 MAP kinase.

These result suggested that BMP-7 stimulate rat periodontal ligament cells to differentiate
toward osteoblast phenotype and increase bone matrix production by activation of BMP-Smad
pathway.

Key words : rat periodontal ligament cell, BMP-7, BMP-Smad pathway
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