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R&D Systems
Human Bone morphogenetic protein—2(Met
1-Arg 282) Human Bone morphogenetic
protein—4(Ser 293 — Arg 408)

. Phosphate
Buffered Saline(PBS) Bovine Serum
Albumin ,

-20
200000

(1) 0000000 (Rat Calvaria Cell, RCV)
0oo
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100g (Sprague Dawley. SD)
Pentobarbital Sodium(Tokyo Industrial
Chem., Japan) 70%

1 x 1mm
Fungizone Penicillin Steptomycin
Dulbeco's Maodified Eagle's Medium(DMEM,
Gibco, U.S.A)
20% Fetal Bovine Serum(FBS, Gibco,
U.S.A) 100 /ml Penicillin 100 /ml
Streptomycin DMEM

37 100%, 5% CO2

(Vision Scientific Co., Korea)

2 10%
FBS 100 /ml Penicillin 100 /ml
Strptomycin DMEM 3

(2 0000O00O0OO(Rat Periodontal
Ligament cell, RPDL)O O O

100g 5 0.4% b—amino—

propionitrile 5

Pentobarbital Sodium

Set

Culture dish plate 20% FBS
DMEM 1 Fungizone 100 /ml
Penicillin 100 /ml Strptomycin
DMEM 2

10% FBS DMEM 100 /ml
Penicillin 100 /ml Streptomycin
DMEM 3



3.0000

()00 000000

6well (Corning Co., USA)
5-8 1x 10%/ml
24 . 24
BMP- 2/4 iml 25ng, 100ng,
250ng
1,2,3,5,7

Phosphate Buffered Saline(PBS) 3
0.05% Trypsin/0.02%
EDTA(Gibco, USA)

Trypan Blue
(Olympus Co., Japan)

(Haemacytometer)

(0000000

Trypsin
6well tissue culture
plates(Corning Co., USA) well  1x
104
BMP-2/4
, nodule medium 1ml
25ng, 100ng, 250ng BMP-2/4

2,57 PBS
3 Lysis (0.02%
Nonodent F—40) 0.5ml 30
(Ultrsonic Dismembrator Model—
300, Fisher Co., USA) 200

Protein assay kit  (BIO—RAD,
U.S.A) 5ml Vortex Mixer(Vision

Scientific Co., Korea)
UV-VIS Spectrophotometer(Shimatsu Co.,
Japan) 595nm

(3) Alkaline phosphatase 000 OO

Trypsin
6well tissue culture plates
well  1x 104

BMP-2/4
nodule medi—
um 1ml  25ng, 100ng, 250ng BMP-2/4
2,57
PBS 3 Iml
Lysis 30
300 2ml

15 Wather bath(Vision
Scientific Co., Korea)
2ml Vortex Mixer

UV-VIS Spectrophotometer 500nm
alkaline phosphatase
(40000000
6—well
tissue culture plates well  1x10°
BMP—-2/4
BMP-2/4
Iml 100ng BMP-2/4
1 BMP-2/4
14 BMP-2/4
7 ,14
PBS 10% Neutral for—
malin solution 30 2
Hematoxylin solution 10
20



Eosin solution 1 30

4.00 00

unpaird Student's t—test

n. oo go
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BMP-2/4

Iml 25, 100, 250 ng/mi
1,2,3,57
(Table 1, Fig. 1, Table 2,
Fig. 2).
3
5 , 25 ng/ml
3 , 100 ng/ml
250 ng/ml 2
(p<0.05).
3
5
, 100ng/ml
3 , 25ng/ml 250 ng/ml
5
(p<0.05).

Table 1. Proliferation of rat calvaria cell with bone morphogenetic protein—2/4(cell No.: 1x
104/ml).(meant SD. n=3).

Days 1 2 3 5 7
control 0.900+ 0.125 2.250+ 1.068 2500+ 1.192 5.250+ 1.681%# 7.858+ 1.488#
25ng/ml 1.208+ 0.144*  2.375+ 0.695 3.000+ 0.250# 5375+ 1.500%  10.750% 2.645*
100ng/ml 1.250+ 0.330 2.750+ 0.572# 3.750+ 0.695# 6.208+ 1.880%  11.250+ 1.750%
250ng/ml 1.750+ 0.661 4.125+ 0.976% 4.250+ 1.089* 7500+ 1.536%  12.000+ 2.222#
*significantly different from the control on dose—dependent manner, p<0.05
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Fig. 1. Proliferation of rat calvaria cell with
bone morphogenetic protein—2/4(cell
No.: 1x 104/ml). (meanz SD. n=3)
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Fig. 2. Proliferation of rat periodontal ligament
cell with bone morphogenetic protein—
2/4(cell No.: 1x 104/ml). (meanz SD.



Table 2. Proliferation of rat periodontal ligament cell with bone morphogenetic protein—2/4(cell

No.: 1x 10*/ml).(meant SD. n=3).

Days 1 2 3 5 7

control 0.708+ 0.190 1.708+ 0.629 3.208+ 1.214 4375+ 0450%  16.666+ 1.880%
25ng/ml 1.000+ 0.433 1.044+ 0.301 1.801+ 0.581 4291+ 0.563#  19.208+ 7.269%
100ng/ml 1416+ 0.314* 1916+ 0.438 4.000+ 0.875# 4583+ 0.629* 19.500+ 11.103
250ng/ml 1583+ 0.288*  2.000% 0.753 3.208+ 1.134 5,000+ 1.205%  21.916+ 4.947#

*significantly different from the control on dose—dependent manner, p<0.05
#significantly different from the 1st. day on time—dependent manner, p<0.05

Table 3. Protein determination of rat calvaria cells treated with bone morphogenetic protein—
2/4(meant SD. n=3).

Days 2 5 7

control 0.491+ 0.041 0.512+ 0.067 0.602+ 0.010#
25ng/ml 0.497+ 0.041 0.521+ 0.058 0.665+ 0.016**
100ng/ml 0.501+ 0.039 0.593+ 0.094 0.697+ 0.026**
250ng/mi 0.516+ 0.049 0.592+ 0.089 0.712+ 0.019**

*significantly different from the control on dose—dependent manner, p<0.05

Table 4. Protein determination of rat periodontal ligament cells treated with bone morphogenetic

protein—2/4(meant SD. n=3).

Days 2 5 7

control 0.526+ 0.027 0.556+ 0.035 0.873+ 0.006*
25ng/ml 0.506+ 0.049 0.549+ 0.015 0.909+ 0.007*#
100ng/ml 0.537+ 0.018 0.559+ 0.019 1.029+ 0.015*#
250ng/ml 0.532+ 0.031 0.586+ 0.046 1.086+ 0.008*#

*significantly different from the control on dose—dependent manner, p<0.05
#significantly different from the 1st. day on time—dependent manner, p<0.05
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Fig. 3. Protein determination of rat calvaria
cells treated with bone morphogenetic
protein—2/4(meant SD, n=3).

EMIP-254 cone.ing/ml)

Fig. 4. Protein determination of rat periodontal
ligament cells treated with bone mor—
phogenetic protein—2/4(meanzt SD,
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Table 5. Alkaline phosphatese activity of rat calvaria cells treated with bone morphogenetic pro—
tein—2/4(meanz SD. n=3).

Days 2 5 7

control 0.065+ 0.004 0.137+ 0.044 0.202+ 0.019*
25ng/ml 0.074+ 0.011 0.150+ 0.050 0.256+ 0.028*
100ng/ml 0.082+ 0.007* 0.197+ 0.066 0.337+ 0.046**
250ng/ml 0.086+ 0.002 0.234+ 0.094 0.446+ 0.069*#

*significantly different from the control on dose—dependent manner, p<0.05

Table 6. Alkaline phosphatese activity of rat periodontal ligament cells treated bone morpho—
genetic protein—2/4(mean+ SD. n=3).

Days 2 5 7

control 0.076+ 0.002 0.097+ 0.006* 0.420+ 0.022#
25ng/ml 0.069+ 0.001* 0.089+ 0.005* 0.565+ 0.007*#
100ng/ml 0.083+ 0.006 0.197+ 0.014*# 0.583+ 0.004*#
250ng/ml 0.077+ 0.006 0.202+ 0.005*# 0.725+ 0.010*#

*significantly different from the control on dose—dependent manner, p<0.05
#significantly different from the 1st. day on time—dependent manner, p<0.05
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Fig. 5. Alkaline phosphatese activity of rat cal— Fig. 6. Alkaline phosphatese activity of rat
varia cells treated with bone morpho— periodontal ligament cells treated with
genetic protein—2/4(meant SD, n=3). bone morphogenetic protein—2/4(mean

4). 5
7 :
2.00000 (p<0.05).
7
BMP-2/4 (p<0.05).
Iml 25, 100, 250 ng/mi
2,57 3. Alkaline phosphatase [0 [0 [J

(Table 3, Fig. 3, Table 4, Fig.
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3 1
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5 55)_
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12 18
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BCA protein assay
alkaline phosphatase

5
7 1
7 100ng/ml 250ng/ml
5 1
5 100ng/ml
250ng/ml
, 7

alkaline phosphatase
Chaudhari  (1997)3"

-2 21.5 ng/ml
alkaline phosphatase
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(1991)49 -2
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El alkaline phosphatase
, Thies  (1992)29
-2

1 /ml W-20-17 stromal
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osteoblastic fibroblast
3132 Melcher  (1986)39
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Figure 1. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 7 days culture
without BMP—2/4 application(x 40).
Confluence state of Monolayer of RPDL populations on 7 days after culture without
any remakable phenomenon on cell.
Figure 2. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 14 days culture
without BMP—2/4 application(x 40).
RPDL cell showed more density than one week before but there is no polarity.
Figure 3. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 7 days culture with
1 day application of BMP—2/4 on culture medium(x 40).
Confluence state of polarity Monolayer of RPDL cell were divided with 2 different
density by aggregation on 7 days after culture(dot line).
Figure 4. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 14 days culture with
day application of BMP—2/4 on culture medium(x 40).
Highly aggregated and stained cells were observed in the center of culture dish
partly( ).
Figure 5. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 7 days culture with
total application of BMP—2/4 on culture medium during experiment period(x 40).
The number of high stained and aggregated cell were more than other group().
Figure 6. Photomicrographs of Rat Periodontal ligament cell(RPDL) on 14 days culture with
total application of BMP—2/4 on culture medium during experiment period(x 40).
Wide spreaded high stained and aggregated cell were found in this slide( ).
There were some vacancy area between aggregated cell which had multidirected
polarity( ).
Figure 7. Photomicrographs of Rat calvaria cell(RCV) on 7 days culture without BMP—-2/4
application(x 40).
Slight cell aggregation and polarity of Monolayer of RCV were revealed.(*)
Figure 8. Photomicrographs of Rat calvaria cell(RCV) on 14 days culture without BMP—-2/4
application(x 40).
Remarkable RCV aggregation divided 2 different density and stain by
aggregation(dot line). All the cell showed more poalrity to specipic direction.
Figure 9. Photomicrographs of Rat calvaria cell(RCV) on 7 days culture with first 1 day
application of BMP—2/4 on culture medium.(x 40)
Cultured RCV showed more remarkable aggregation, and high stained phenomenon
which made 2 distinguished area.(dot line)
The shape of cell poalrity to specipic direction were more obvious.
Figure 10. Photomicrographs of Rat calvaria cell(RCV) on 14 days culture with first 1 day
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application of BMP—-2/4 on

culture medium.(x 40)
Distinguished 2 area(dot line)
with high stained and aggregated
cell were observed more
remarkable( ). There were
many vacancy area between
aggregated cell which had multi—
directed polarity( ).

Figure 11. Photomicrographs of Rat cal—

varia cell(RCV) on 7 days cul—
ture with total application of
BMP—2/4 on culture medium
during experiment period(x
40).
The portion of cell aggregated
area extended more widely
compared with other groups(dot
line), and more large vacancy
area prominent( ).

Figure 12. Photomicrographs of Rat cal—

varia cell(RCV) on 14 days
culture with total application of
BMP—2/4 on culture medium
during experiment period.(x
40)
Large portion of vacancy area
were prominent( ), and
aggregated cell were severe
stained in partly( ).
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—Abstract—

A Study of the Effects of Bone
Morphogenetic Protein
on the Characteristics of Rat
Periodontal Ligament and
Calvaria Cells

Jin—Keun Choi, Man—Sup Lee, Young—
Hyuk Kwon, Yeek Herr
Department of Periodontology, Division of
Dentistry, Graduate school, Kyung—Hee
University

Bone morphogenetic protein—2/4 (BMP—
2/4) are members of Transforming Growth
Factor—b (TGF—b) superfamily and they
may differentiate the osteoprogenitor cell
and induce formation of cartilage and bone
in vivo.

This study was performed to investigate
the effects of bone morphogenetic protein—
2/4 on the characteristics of rat periodontal
ligament cells(RPDL) and rat calvaria
cells(RCV). In the control group, the cells
were cultured alone with Dulbeco's
Modified Eagle's Medium contained with
20% fetal bovine serum, 100 /ml penicillin,
100 /ml streptomycin. In the experimental
groups, recombinant human bone morpho—
genetic protein—2/4 (25ng, 100ng,
250ng/ml) were added into the above cul—
ture condition. And then each group was
characterized by examing the cell prolifer—
ation at 1, 2, 3, 5, 7th day, the amount of



total protein synthesis and alkaline phos— RCV showed more rapid cell reaction

phatase activity at 2, 5, 7th day. And also, than control group. More sensivitve
the calcified nodule was examed. cell reaction of RCV were observed
than RPDL in this experiment.
The results were as follows ; From the above results, we could con—
1. Both RCV and RPDL cells in both clude that BMP—2/4 influenced the induc—
control and experimental groups pro— tion, proliferation and differentiation of bone
liferated during the entire experimen— forming cells

tal period, but there is no stastically
significant difference according to the
BMP—2/4 concentration.

2. Amount of total protein synthesis
of both cells in both groups was
steadily increased until 5th day, but all
experimental groups were significantly
different from the control group at 7th
day.

3. Alkaline phosphatase activity of
both cells in both groups was
increased during the entire experiment
period. In RCV cells, the experimental
group treated with 100ng/ml and
250ng/ml BMP—2/4 were significantly
different from the control group at 7th
day. In RPDL cells, the experimental
group treated with 100ng/ml and
250ng/ml BMP—2/4 were significantly
different from the control group at 5th
day, and all experimental groups were
significantly different from the control
group at 7th day.

4. In the both of the cultured Rat
Periodontal ligament and calvaria cell
treated with BMP—-2/4 to compared
with control group, it revealed more
rapid cell polarization, cell aggregation
and hyperchromatic stained on HE
agent, and even though only 1 day
treated with BMP—2/4 both RPDL and

785



