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2, Rutherford =% 422 collagen matrix s,

Sigurdsson 5% autologous blood and poly
( D,L-lactide-co-glycolide) micropaticle(PLGA)
, Yamazaki=®-2 calcium sulfateE A3}
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94 vehlclei/ﬂ /\].8.7}’_:1\4 o] o]l:xlé :q-zl‘_}
A i AP A7)l ol Biste

o] o

Ag gk A 14+ ']é hanks balanced
salt solution(HBSS)*Z 33] A &3t #E3}
= 845 AASGS AL T 1/3F9] A
AFAUN 24 #15 bladeZ AN FHste] AA
Stk 73 25mme] vl FFHAlA] 20% fetal
bovine serum(FBS)*, 100unit/ml penicillin, 100
mg/ml streptomycin, 0.5mg/ml amphotericin-B*
7} Z3%H e-minimal essential medium/(a-
MEM)"E ¥ 37C, 10045, 5% CO2 &
%0l A vl kel
]
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(2) calcium sulfate 2N H=

24 well ¥SFH Aol calcium sulfate™ S 1mm
FAZE 7FE 10% FBS7F &8¥ 2-MEM 2
nE H7kste] 37Ce gLolA 3U7F B

& calcium sulfate AJHANAHEE EIHA U
2 BEFES AAS fste 3712 A
ssict

(3) PDGF-BB2| H|Z=
A Z3]ALe] A Ao Wt 10mM acetic acid

504 ol 95% 0] A9 <% 9 recombinant

*: Gibco/BRL Technologies Inc.,, US.A.
*#: Capset®, Lifecore biomedical CO., US.A.

*#%: Recombinant human PDGF-BB homodimer, Genzyme., U.S.A.

#: Infred CO2 Incubator®, Forma Scientific Inc,, US.A.
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PDGF-BB*** 3642 La)3le] 3427 &
15ng/m 52 AZF AR
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(1) Alslz M

a-MEMO| A v ekst A EFS IRFOE
33, calcium sulfateE 2o vjokdt M TS

calcium sulfatew*© 2, calcium sulfate]
PDGFE FY3&lo] vjckst AEFES calcium
sulfate+ PDGF# 2. 2, e-MEMol| PDGF&
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—

=Al =X

(2) M= -0 95t MZSAE £
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SHE a-MEM wj &k 2004 &
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acetic acid7}
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PDGF # 15ng/nl %< PDGF-BBE
%9 2004 E, PDGF
%9 PDGF- BBE FYs3gt

AFdst Fdx
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«-MEM ¥ %tqﬂ 2004 &
SRR
HHO}; 101 20] 3 _—?‘_ HHOquAIO]]/“] HHO]:o}]
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ok 1, 24, 39 & ZHzh g Al A i
oFN S A At NEE 10% FBS7F T4 a-
MEM 100u & 7}2+e] welldl] 71X At

A2l L33t 3-(4,5-dimethythiazole
-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT)"™ & 1500 S 2zt welld] A7} &
AAN 7 M EN S AAEA T Al Zuf ek
T kS A AT 1254 ¢ dimethyl
Sulfoxide (DMSO)* A7betd P44
A T AEE 96 well

9 welld] 504 & H7Fsho
EE T ELISA reader®*## =&
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formazanZ2 g S £3]A17]
Hlj &7 Al o]
Hi FHAIE 2
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oTo
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i oFat T, v ket & Al E7t HH ok”}‘] u}
oo eAE BaE AHE stols owjor
ML A ASIL calcium sulfate—rf_LJ»]- calcium
sulfate + PDGFol A= transwellS A %] 5}
calcium sulfateE 1mmE transwellv}etol] 7k
% calcium sulfates*< calcium sulfate’} 2+
3 A44 Y9EE a-MEM 2n 2
sulfate+PDGF# o A = 15ng/m F & °
PDGFE FY3g a-MEM wj g 2nE AF
A5ty hEF+I PDGF#S calcium sulfate

$EANA P AR Fel F9Q

, calcium

# #: Model CK-2, Olympus Co., Japan.
## #: Model ETY-96, Toyo instrument Inc, Japan.
#EEE . Sigma Chemical Co, US.A.
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27 sholA] wjakatelch
49 19, 29 58 F A% A

A S A A AR 10% 57 FHE
a-MEM 1004 & 7}z}He] welle] A 7FA Z ot
A Ed5FE Lo § 3-4.5-dimethythiazole-
2-yl)--2,5-diphenyl tetrazolium bromide
(MTT)"&d 15002 7} wello] H7}st &

A 7E Fot Al S AA ST Al Eul ek
5wt e AAST 12549 dimethyl

sk =

Sulfoxide (DMSO)™™ &
formazandd S SAZ & MEL 96 wel
w g Aol ZHzhe] wello] 504 S H7}bsko
HUHAIE 2 EE F ELISA reader¥##=2
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(4) Immunoblotting assayO|
s &3
MESF AN Y =9
Well«] Hj QF Al o] H]E%
2O ERay Ayro
0}01]*1 Hj ettt
e 19, 2%, 39 F 7wk Al A
vkl S A A3k 10mM Tris-Hel, 100mM
Nacl, ImM PMSF, 1%NP-40, 02%SDS7} #
7b8 TBS bufferd} 4o]4 A= EajA7]
ACoA 1A17HE<F 12000rpmel] Al ﬂwﬂ-asy
¥ Bradford3 0.2 A skl
AMEE 96 well WFHAI 2t well'd 1ug®]
goat anti-collagen type I 3AOE Z3 &

g&71o A sFE<et wYg F phosphate
buffered saline-Tween(PBS-T)® 200u 2 1A]
7} blockingd tH& 33 A HET 1 2000

o2 3]A43l goat anti—collagen type I SHA|

Al 1@ 100082 38 A g horseradish
peroxidase conjugated anti-mouse 1gGOE 14]
7+ WS A7l o 33 AFsAY. O-
phenylenediamine(OPD)*™& bufferd] 4
208 E9oF =9 F(o] W light blocking®] 2
2) EF57] Ao H:0:5 ol 535t
Aol A 2025t ¥HAIZ] The 2M HeSOs
50mE FH7bete] WhES HAAIZ|AL ELISA
reader¥##2 & 490nmE TIALE A3}

AT

(5) SHEM

Zhtol QoA BAE HEFH Wy og
Kruskal-Wallis testE A3l tEHuE
Tukey's studentized range test® A|3J3}GL
H EE AFA POSE FY3 FTEloE
71k

. o514t
1. MEZs Mo offt MESAE 5H

calcium sulfatew*#} calcium sulfate+PDGF
oA 190 Z+z; 463+147, 4931180, 2
o 437+£150, 540+326, 34| 577+1.82,
687110622 Yelgon tixsdAME 149
o 590247, 29ell 550£2.13, 3¥ell 653+
2112 YeEh} calcium sulfates=# calcium
sulfate+PDGF-2 W23 H| WA 1, 2, 39
of #edUe Akol7b I, PDGF<-ol A
1o 660£1.73, 2¥e 803+2742 Vet
calcium sulfatev=ol] HS|A 1€ 3} 2] F9
A Zpol7b AATHEPL0.05) (% 1)(1E 1).

o M

2 A 7F Bre A 7T 33 A H st 23 8 2. MTT assayol| 2|5t MZZAE £F
® : Chemicon International Inc., US.A.

® : Atlas Chemical Industries Inc, US.A

© : Amersham International Plc, England.
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X 1 Effect of calcium sulfate on the proliferation of periodontal ligament cells by cell counting in calcium extracts(Mean+

S.D) x10*
incubation time day 1 day 2 day 3
group
Control 590+247 550£2.13 6.53+211
Calcium Sulfate 463+1.47 437£1.50 5771182
Calcium Sulfate + PDGF 493+1.80 :| 5.40£3.26 ] 6.87+1.06
PDGF 6.60+1.73 8.03+£2.74 * 8.33+352
- N=12

- Signficant at P<0.05

+ Statistical analysis carry out among groups against incubation time by Kruskal-Wallis test and Tukey's

studentized range test
* between calcium sulfate and PDGF.

102
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010

O
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S |
o
2 0
=< I calcium
5 — sulfate
o)
s | | o

calcium

= M B sulfate+
[
o 0

m | | [ PDGF

O

0ol

day 1

2l 1 Effect of calcium sulfate on the proliferation of periodontal ligament cells by

Cell number(Mean+S.D) x 10

LEHS

(1) calcium sulfate 24 0|2

calcium sulfatex*#} calcium sulfate+PDGF
oA 1ol Z+zt 0694032, 0794035, 2
o] 0.53%0.16, 0.89+0.32, 3¥el| 051+0.17,
07610342 YElGon M= 199
1164049, 29 037016, 0.73+034Z e}t
U} calcium sulfates 3} calcium sulfate+PDGF
T2 2T v 1, 2 38 frodsle
ZFol7F A3 PDGF#2 2499l 0814018, 3

day 2

790

day 3

cell counting in calcium sulfate extracts

Q)

Aol 090+037Z e} calcium sulfated-ol
Hlal A 23 39l Fo4d U= ZFel7h AN
3l calcium sulfate+PDGF-% calcium sulfate
ol Bls) 29l el Aolzh AT
(P€0.05) (% 2)(Z1¥ 2).

(2) transwellg 0|2
calcium sulfatex*#} calcium sulfate+PDGF
& 199 ZFZF 0301005, 029+0.04, 29



I 2 Effect of calcium sulfate on the proliferation of periodontal ligament cells by MTT assay in calcium sulfate

extracts(Mean+S.D)
incubation time day 1 day 2 day 3

group

Control 1.16+049 037+0.16 0.73+£0.34

Calcium Sulfate 0.69£0.32 0.53%0.16 :| 051%+017

Calcium Sulfate+PDGF 0.79£0.35 0.89+0.32 :| 0.76+0.34 :|

PDGF 098+0.46 0.81+0.18 090+037 ™
N=12

Signficant at P<0.05
Statistical analysis carry out among groups against incubation time by Kruskal-Wallis test and Tukey's
studentized range test.

* between calcium sulfate and calcium sulfate + PPGF ** between calcium sulfate and PDGF
16 ——
14 T
1.2 — M control
..2‘ —_
=y _ | _
s mil T ‘J? M calcium
'c'_; 0.8 [ T e sulfate
S
S 06 - 1 | O calcium
- € sulfate+
04 - — PDGF
02 | | [ PDGF
0
day 1 day 2 day 3

2 2 Effect of calcium sulfate on the proliferation of periodontal ligament cells by MTT assay in calcium sulfate extracts

E 3 Effect of calcium sulfate on the proliferation of periodontal ligament cells by MTT assay in transwell(Mean=S.D)

incubation time day 1 day 2 day 3
group
Control .[[046£021 —. 0.68+0.24 0.82+0.16
Calcium Sulfate 0.30%0.05 056£0.22 0.49+0.32
Calcium Sulfate + PDGF 0.2940.04 0554025 045+027
PDGF e —044£0,09 — 0594028 081+0.14
N=12

Signficant at P<0.05
Statistical analysis carry out among groups against incubation time by Kruskal-Wallis test and Tukey's
studentized range test.

* between calcium sulfate and control ** between calcium sulfate+PDGF and control

*#% petween calcium sulfate and PDGF *HEE between calcium sulfate+ PDGF and PDGF
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optical density

004

002,

day 1

day 2 day 3

M control

M calcium
sulfate

[ calcium
sulfate+
PDGF

(] PDGF

2l 3 Effect of calcium sulfate on the proliferation of periodontal ligament cells by MTT assay in transwell

I 4 Effect of calcium sulfate on collagen synthesis by immunoblotting assay in calcium sulfate extracts

incubation time

day 1 day 2 day 3
group
Control 0.380 0.594 0.359
Calcium Sulfate 0.133 0.186 0.271
Calcium Sulfate + PDGF 0.363 0.172 0.236
PDGF 0.523 0.788 0.591
1
O
0o. ___
M control
O
>
‘@ o M calcium
3 ] sulfate
o
.§ o4 [ calcium
S sulfate+
002 ] PDGF
O
day 1 day 2 day 3

2 4 Effect of calcium sulfate on collagen synthesis by immunoblotting assay in calcium sulfate extracts.

0564022, 0554025, 3] 049+032, 045+
0272 YVEhtow tZ+3% PDGFEE 199

792

Zbzb 0464021, 0444009, 29| 0.68+0.24,
0594028, 3¥e 082+0.16, 081+0.142 '}+E}



Y calcium sulfated#} calcium sulfate + PDGF
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Zpol 7 UAl Ethal Halsl]
A7 X3 = o] polypeptideA] 4]
AEZFAGe Fog 9T @I
o
A2 F PDGF7} AFZ2AA Al

=

=

gL ste AFAHAEZS] FAl
dh=Hl, Matsuda’s2* PDGF7} A+
3 SAGRRE FHAH

Oates5332 PDGF-AA, BB7} AFeltjAlE
o SlejAl DNAFAS FHZsota 397,
Rutherford 5502 IGF-1, dexamethasone®}
T AT o AFAiA Zo 4] DNAGHI
S X307 BAIES

PDGF+ 30KDa¢ ##%S 7Fd x4
G AT A wFol A (AA, BB) & ©]F 9]
A (AB) 37FA FElE EA)sted, Al EZute]
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Zo] AFAY A Zo] PDGF- AABBE F¢

3lo] BE DNATAS Z7IAAOZH ofd
FE&77F B EAgTE A B

ojFell A E wW AFAhA
PDGF®] 88 $47%5 ¢

X7} AlEdh
-3t

&ol

PDGF-BB7} X5t Al 2d] HEe 334
S Helgy 75T 4 glo] B AFoAE
o]Ale] AXLES AR el PDGF-BBE

AFAEE AHESFAT
st AR FEAA
FoAhHEZo| PDGF FYA 0.1~15ng/nl
oA DNAZA o] Z7tatgitta B 338 Blom
S41)9 A, F Y XFUhA £l PDGF +
AA 0.lng/ml ETF 10ng/m FoIA] 389
DNA%L’H?J 57}7]_ 01311:].'7 El%}
Matsuda=329] A3, AFFo|A] 10ng/ml 5
Al H gkl MEF o] ATy H g
Bartold 57 9] A, AFEOlA] 20ng/nl Fof Al
AFAHA oA T AFTHEY A2
59y B¢ Dennisong™?e A
T, Abgel A PDGF FoA F=71 S7Hol
w2t DNAGA 5°l 7k AL 10ng/ml 7F &
Agolgly B3 Oatess®e ATE 27
2 3l 15ng/m 2 TEE E Ao AL
st T

A A ARG EE M Al5e AES
AA e} "He AAE THAEZ AETA
HB7P7E o] FojA ok BtEE Aol AREH 7]
A7A in vitrool A 5-E in vivoZtA ThgA A
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-Abstracts-

The effects of a combination of calcium sulfate and platelet-derived
growth factor on periodontal ligament cells in vitro

Jun-Seong Kim*, Seong-Ho Choi*, Yun-Jung Yu*™*, Jung-Kiu Chai*,
Chong-Kwan Kim*, Kyoo-Sung Cho*,
Department of Periodontology, College of Dentistry, Yonsei University
Research Institute for Periodontal Regeneration™
Department of Oral Biology, College of Dentistry, Yonsei University™*

It was well known that calcium sulfate was biocompatible, resorbed rapidly in the body, had
potential as a good barrier membrane, Platelet-derived growth factor(PDGF) was one of
polypeptide growth factor that had been reported as a biological mediator which regulates
activities of wound healing process including the cell proliferation, migration and metabolism.

The purpose of this study was to evaluate the effects of a combination of calcium sulfate and
PDGF on periodontal ligament cells in vitro to use as a regeneration promoting agent of
periodontal tissue. Human periodontal ligament cells were prepared from the premolar tooth
extracted for the orthodontic treatment. Cells were cultured in a-MEM contained with 20% FBS,
at the 37°C, 100% of humidity, 5% Co2 incubator, Cells were inoculated and cultured into 96 well
culture plate with 1 X 10%cells/well of e-MEM for 1 day.

After discarding the medium, those cells were cultured in e-MEM contained with 10% FBS
alone(control group), in calcium sulfate(calcium sulfate group), in calcium sulfate treated with
15ng/ml of PDGF-BB(calcium sulfate+PDGF group), in @-MEM contained with 10% FBS
treated with 15ng/ml of PDGF-BB(PDGF group) for 1, 2, 3 day respectively. And then each
group was characterized by examining of the cell counting, MTT assay, collagen synthesis,

The results were as follows,

1. In the analysis of cell proliferation by cell counting, both calcium sulfate group and calcium
sulfate plus PDGFEF group showed no stastically significant difference compared to control
group, but there was stastically significant difference between PDGF group and calcium
sulfate group at 1, 2 day(P<0.05).

2. In the analysis of cell proliferation by MTT assay in calcium sulfate extracts, both calcium
sulfate group and calcium sulfate plus PDGFEF group showed no stastically significant
difference compared to control group, but there was stastically significant difference between
PDGF group and calcium sulfate group at 2, 3 day, and between calcium sulfate plus

803



PDGF group and calcium sulfate group at 2 day(P<0.05).

3. In the analysis of cell proliferation by MTT assay in transwell, both control group and
PDGF group showed stastically significant difference compared to both calcium sulfate group
and calcium sulfate plus PDGFEF group at 1 day, but there was no stastically significant
difference compared to both calcium sulfate group and calcium sulfate plus PDGFEF group at
2, 3 day(P<0.05).

4. In the analysis of collagen synthesis by immunoblotting assay in calcium sulfate extracts,
high level was detected on calcium sulfate group at 3 day, on calcium sulfate plus PDGF

group at 1 day, on PDGF group at 2 day.

On the basis of these results, calcium sulfate was biocompatible on the periodontal ligament
cells and might have potential possibility as a vehicle of PDGF in the periodontal tissue

regeneration,

Key words: calcium sulfate, platelet-derived growth factor(PDGF) biocompatible, vehicle,

periodontal tissue regeneration.
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