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) ¢k98.& Dulbecco's modified Eagle medium
(GibcoAl, W], ©]8} DMEME B71)& AMS-3HT,
fetal bovine serum (GibcoA}l, B, 0]} FBSE ¥
D& AR FIAR FIRIALeH, 2 9 uypsin,
bovine serum albumin ()3} BSAE F7]), ascorbic
acid, dimethyl sulfoxide, highly purified bacterial
collagenase type VII, sodium paranitrophenyl-2-
phosphate, paranitrophenol, nonident F-40 (0]%
SigmaA}, ¥]5) & AHESITE 18]3L [methyl-H]
thymidine(6,7 Ci/mmole){New England NuclearA},
u)=), 1{53H] proline (12.4 Ci/mmol)(New England
NuclearA}, u]=), $-42} 2238 PDGF-BB, TGF- 8
1(GenzymeAt, B15)& AH-SHEH.
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200U/mi penicillin (344 ¢F, §=)3% 200 #ml strep-
tomycin (B0} ¢}, g)0] H7He DMEME A7)
A2 F)Egt 23Ae RN x24Ty
& wiAEkA XFEAURA T AHE) Adte A A
ATAFEY o AP A E TFekaL A A R 1/3 79
& 293 F ALATFAE EASS AR 3
FAHTE EAS XolE FAHMAIR 33 AHG F
ATE7t 1735799 AFAUE FHo2 AF3le
A TR 35mm v Al 24 BEAD F
10% FBS$} 100U/ml penicillin, 100 gg/ml strepto-
mycin®] ¥38 DMEME €31 37°C, 100%%%, 5%
CO2 F71&3M 471 (Sanyort, d&)ANA vl FatR
o} AFANAE7} 2AHH 2RE FA5 o o
Z o] A F 0,05% trypsin/0.02% EDTAE ©]
351 NEE FEA1Z] F 100mm AEHFHAIE
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1) TGF- 813t PDGF-BB SA|E0T

TGF- 813} PDGF-BB7} AFQIUNAE 5259 v
A= 48ke PHithymidineo] DNA W2 HA| == &
TS24 #aBth AFJAWAEE 1x10° cells/ml
o] FA| 24-well culture plates(CorningA}, Bl=)ol ¥
3 3Y7E wiokske] &< AN HAl
t} I F N ¥ A S A AT MEZFE phosphate
buffered saline(o]3} PBSE T7))0 2 2 A& F
0.4% FBSO] & DMEMO. & A 8}ed 24417k T A
TF7NE AAAD F 0.1% FBSS 14Ci/ml
BHIthymidine7} $4¥ DMEMY) 1 32 10ng/ml
PDGE-BB, 1ng/ml PDGF-BB$} 1ng/ml TGF- 81,
1ng/ml PDGF-BB%} Sng/ml TGF- 81, 10ng/ml
PDGF-BB$} 1ng/ml TGF- 81, 10ng/ml PDGF-BB$}
Sng/ml TGF-B1& Fog & AT 23
TGE- 8.3} PDGF-BBE #7}5H4] @& +& Uiz
0.2 &) 24AJ7HET v 3T



A EH) okl AT MEZL PBSE ML T
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4°Coll A 2027 R8T 1% 5% TCAR 23] Al
A3}l 3 ethanol 1mlE Ho] AT A-LdA ARA]
7ot DNAWE AYEA] 42 PAMES o] Ui,
FH)E A E =4 500 #12] 2% Na:COs7} & 0,1N
NaOHE ¥o] AlX& ¢443] =<1 F Sml scintilla-
tion cocktail?} 43¢] DNAZ HE WHASS £-
counter2 &A431¢tt 24" 3L CPM(counter
per minute) 2. 2 ¥ 7|3}t

2) TGF- 81 TIA2| BT

TGF- 81 A ] v M= AX T8 2477
FBAXNZ TR TGF- /rg T3 4 F 244)3L
Hj S PBSE T A& 1 4Ci/ml BPHlthymi-
dine, 0,1% FBS, PDGF-BB7} & DMEMC. 2 A3}
I 247t FRE u e ohe Ao TYg e
DNAYHI & S43Hch
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1) TGF- 511 PDGF-BB SA|£0F#

AFAWAEE Z2F 24-well culture plates
(ComingA}, B]=h)d]| 3} wellF 1 X 105X & HE3}
3 10% FBS7} 34-¥ 1ml DMEMoA LA ER7}
2 wW7hA] 393t it F vkl HEd PBSE
A28 ThE 50 #g/ml ascorbic acid®} 0,1% FBS©]
A7l DMEMC 2 w&3kal 1 Y 10ng/ml PDGF-
BB, 1ng/ml PDGF-BB$} Ing/ml TGF-£1, 1ng/ml
PDGF-BB9} Sng/ml TGF- 81, 10ng/ml PDGF-BB$}
1ng/ml TGF- 41, 10ng/ml PDGF-BB$} 5ng/ml TGF- 8
1§ F 43§ 3 2 4Ci PHlproline S 3718k 24A)71o)
BA4e & AANE 2N AY n9d %S
Peterkofsky 9} Diegelmann® ol wig} the-=
2o] &A3} o}, PDGF-BB, TGF-81& £oJ3t #&

A% 0 31 PDGF-BB, TGF-$1& £4314] &
L g YRToz Y

2} welld]| 5x collagenase buffer(0,25M Tris,
0,025M CaCl29} 0.0125M N-ethylmaleimide ¥,
pH 7.4)& 250 #1 371813 24-well culture plates&
e Aol L 3027 229 B7|E AEoke
FHAIZ) F 1ml¥ 8+ microfuge bed] ¥
50% TCA/SmM proline 300 #1& H7}5t ¥ 2 &%
3ke] 0°CollA] SEZE W] 3 1000 x gof|A] 58-7F
ARzt FEAE WE]al 5% TCA/ImM proline 2.
2 33| A Hg § A™ES 0.2N NaOH¢l| g3 A]7)
% 1M HEPES buffer(pH 7.2)& A7}ste] 31417
% 5x collagenase buffer 100 4& H7}3tgch

Microfuge tubedl] Zt §-4-& ¥ko. B o] e
¥ 29d FE SA8] Y3 microfuge tube
o 15U collagenase’} g5-¥ collagenase bufferg
1501 U8 FRNY TS 247 AT
microfuge tubedl|= 15U collagenase7} $H-514) ¢
+ collagenase bufferZ 15 ul 33k 37°Col|A] 90
H7F v et the coligenase@ S ARIA|17]7] 9
&) 0°CE YZHA)7)aL 2 wubed 50% TCA/2.5% tan-
nic acidE 47}k 4°C o &) 3087k B[54

WP FAFE R3] AME collagenase
7} 34 € microfuge tubeE 1000x gol| A 587+ 9
A F A3 A3} 5% TCA/ImM proline & 2 A &3} 4]
2] B8 counting vialdl] B} 10ml scintillation cock-
tail& €9 liquid scintillation counter (Packard A},
H) R S8 AN SA3I T

SN AFE Z24317] Y3AE collagenaser}
I =A) g& microfuge tubeE 1000 X gl A 527¢
A F 4FAE W22 5% TCA/ImM proline©. 2
AH & AAES 0.2N NaOHE N0 2 £3)A|A
counting vial®l] &o} 3719 ¥y o 2 WAMsS =
At diF 3o gk wdAeA L) A3
Hl &2 the-o] F2]9)) oA ste] AXbalirisd,

dpm in collagen x 100

percent of collagen =

(dpm in noncollagenous protein) X 5.4+dpm in collagen

* dpm : disintegration per minute
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2) TGF- £1 4 A 2440t TAR] Bl

TGF- 1 AR Tl A2} DA el ol
T4 3Y ¥ 1, Sng/ml TGF-Ar& FYU3k 4 E 24
A|ZE vi k¥ PBSE 5 AF3ta 1, 10ng/ml
PDGF-BB, 2 #Ci/ml [*H}-proline, 0.1% FBS7} &
DMEM® & WAS}FIL 24A17F F3F vl 43 v 919}
Y e g FuAn IUAFYTE 4
aig

. 9%
1, A|Z=QICHA|Z 2| DNA EHaisoll Cist =at
1) TGF- 413t PDGF-BB SAIE 0122 DNABHs
AFAAE ]| TGF- 413} PDGF-BBE A%<

319 W DNA 959 adhe dzdd vjs) &
€ 7oA F7HE FFE HH.o 9 1ng/ml PDGF-

BB FoJito] H)& 10ng/ml PDGF-BB § &7 dj| A
Z7} opFo] ¥9kal PDGF-BB ©ER-oB T} TGE-
B L2 A DNA §4%0] 2719 S U
ERS12.7 Sng/ml TGF-£13}+ 10ng/ml PDGF-BBE:
AgTMET & F7 FFE B Sng/ml
TGF-f1& $¢J$10 2] PDGF-BB THEF-o{F o] 1|
8 1ng/ml PDGF-BB FAIF-AT X & oF 1,64,
10ng/ml PDGF-BB FA|F-of ol A= ¢F 1,38 A=
DNA $HA%50] 714 P& B Yt Table 1),

2) TGF- 1 4 A[t Gl 244170t TIA2] BITS] DNA
s

TGE- 81 4R34} 24213t A A 2] Wi FT P F-3]
Ing/ml PDGF-BB £47& #9)8t ZE 7oA o
2T 13 $7He P& B2 Ing/ml PDGF-
BB $o§¢] ]3] 10ng/ml PDGF-BB §&]F 4 4]
Z7} 9pte] B ¥49k3 PDGF-BB 9% oFH T}
TGF- 81 AA ) F A DNA §Hd%0] Z7He e
Uehl e ™ sng/ml TGF-A1 A2 ¥ 10ng/ml
PDGF-BB RN ET £& 57} &4E BN

Table 1, The combination effect of TGF- 81+ and PDGF-BB and the effect of TGF- #1 preincubation for 4 or 24
hours on DNA synthetic activity in human periodontal ligament cells{cpom x 10 /well),

TGF- Ai(ng/ml)
PDGF-BB(ng/ml) 0 1 5
0 4,9%0.6
Com, 1 7.6£0.2 7.7+1.9* 12.4t+1.9*
10 18.0+0.1* 22,324 25.4%1,4
0 41%11
4Hrs 1 3.1£0,7 6.1+0.4* 10,9+2.1*
10 6.8%1.6 19.1£1.4% 27.6£3 8"
7.01.2
24Hrs 1 6.3%11,4* 19.0+0.9" 24.1%1,2*
10 19.8+1,9* 39.3E2,5% 422+42"

Twenty-four well culture plates were seeded with 1x10° cells per well in Dulbecco's modified Fagle medium containing 10% fetal
bovine serum, After incubation for 3 days, the medium was replaced with Dulbecco's modified Eagle medium supplemented with
0,4% fetal bovine serum incubated for 24 hours, TGF- 81 and PDGF-BB were added to the quiescent cells, and the quiescent cells
were treated with TGF-£81 at ing/ml or 5ng/ml concentration for 4 hours or 24 hours prior to a incubation with PDGF-BB, one ¢#
Ci3H] thymidine were labeled for the last 24h of culture, The values are expressed as mean and $.D, of three determination,

* : Significantly different from control value (P { 0.05)
* : Significantly different from control value (P  0.01)



t}. 5ng/ml TGF- S1& 4417+ A=) 2]$he. 24 PDGE-
BB ©HE5-olF 4] ¥]3] 1ng/ml PDGF-BB F&JF4
A& oF 3,54, 10ng/ml PDGF-BB F-ojZol| A= ¢F
48] F% DNA 3H3%0] $71E g Byen,
Sng/ml TGF-B1& 2447t A A 2)3te 24 PDGF-BB
@557 H)3} 1Ing/ml PDGF-BB T4+
F 3 8Hl, 10ng/ml PDGF-BB S-&jo]| A= of 2u)
= DNA §9%°¢] $7H Fde BrKTable 1,
Figure 1, 2).
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1) TGF- 813t PDGF-BB BAIENZC| ZHUWZ &}
8F

KA A TGF-B13} PDGF-BBS FAIF4]
S ) TN FAR] A= 2T v
BE TIA F7HE Fde B2 Ing/ml PDGF-
BB F4F ¢ ]3] 10ng/ml PDGE-BB 5o 4
37t Fdol ° A YET PDGF-BB ©55-of
THT} TGF-B1 FAIF 2ol A F8d FA3o]
371 FFE Jehfii e, izl vls 1ng/ml
PDGF-BB 5-&J¢| A= TGF- 1 F0] A Feh A o]
%] F7Ho] vkl ot 10ng/ml PDGF-
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Figure 1, The effects of TGF- 31 preincubation on DNA synthetic activity in cells stimulated with 1 ng/ml PDGF-
BB. P1: 1ng/ml PDGF, P10 : 10ng/ml PDGF, T1 : 1ng/ml TGF- 81, T5 : 5ng/ml TGF- 81,
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Figure 2, The effects of TGF- 21 preincubation on DNA synthetic activity in cells stimulated with 10 ng/ml
PDGF-BB, P1: 1ng/ml PDGF, P10 : 10ng/ml PDGF, T1 : 1ng/ml TGF- 51, T5 : 5ng/m| TGF- 51,



Table 2, The combination effect of TGF- 81 and PDGF-BB and the effect of TGF- £1 preincubation for 4 or 24
hours on total protein synthesis in human periodontal ligament cells(dpm x 102 /well),

TGF- #1(ng/ml)
PDGF-BB(ng/ml) 0 1 5
0 28.210,5
com, 1 30.4%0.7 36,819 36,517
10 39.4+35 42 4+1.0™ 46812 3"
17.8+2.0
4Hrs 1 247+3.7 25,717 325149
10 31,243 2% 31,9+19* 44 11+0.8"
18,34 4
24Hrs 1 20,620 37.9%52= 45,7£1.2*
10 263+21* 442109 67.41T4.9"

Twenty four-well culture plates were seeded with 1x105 cells per well in Dulbecco's modified Eagle medium containing 10% fetal

bovine serum, After 3 days, Dulbecco's modified Eagle medium containing 0,4% fetal bovine serum, 50# g/ml ascorbic acid and 2 ¢
Ci[3H] proline and the indicated amounts of TFG- 8 1 and PDGF-BB combined incubation was added, and the quiescent cells were
treated with TGF- £ 1at Ing/ml or 5ng/ml concentration for 4 hours or 24 hours prior to a incubation with PDGF-BB, Total protein
systhesis were measured as materials and methods, Each value represents the mean and S D, of three determinations,

* : Significantly different from control value (P  0,05)

** : Significantly different from control value (P { 0,01)
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Figure 3, The effect of TGF-£1 and PDGF-BB in combination on collagenous, noncollagenous protein synthe-
sis, and percent of collagen in human periodontal ligament cells, Twenty four-well culture plates were
seeded with 1x10° cells per well in Dulbecco's modified Eagle medium containing 10% fetal bovine
serum_ After 3 days, Dulbecco's modified Eagle medium containing 0.1% fetal bovine serum, 50 #
g/ml ascorbic acid and 2 #Ci[3H] proline and the indicated amounts of TFG-£1 and PDGF-BB com-
bined incubation was added, Collagenous, noncollagenous protein synthesis, and percent of collagen
were measured as materials and methods, Each value represents the mean and S D, of three determi-
nations, P1 : 1ng/ml PDGF, P10 : 10ng/ml PDGF, T1 : 1ng/ml TGF-$1, T5 : 5ng/ml TGF- 81,

* : significantly different from control value ( p  0.05)

* : significantly different from control value ( p {0.01 ), @ : significantly different from P10 group (p { 0.05)
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Figure 4, The effect of TGF- 81 preincubation for 4 hours on collagenous, noncollagenous protein synthesis, and
percent of collagen in human periodontal ligament cells stimulated with 1, 10ng/ml PDGF-BB, Twenty
four well culture plates were seeded with 1x10° cells per well in Dulbecco's modified Eagle medium
containing 10% fetal bovine serum, After 3 days, The quiescent cells were treated with TGF-A at
1ng/ml or 5ng/ml concentration for 4 hours or 24 hours prior to a incubation with PDGF-BB,
Dulbecco's modified Eagle medium containing 0,1% fetal bovine serum, 50 «g/ml ascorbic acid and
2 «Ci[3H] proline was added, Collagenous, noncollagenous protein synthesis, and percent of collagen
were measured as materials and methods, Each value represents the mean and S, D, of three determi-
nations, P1 : 1ng/ml PDGF, P10 : 10ng/mi PDGF, T1 : 1ng/mi TGF- 81, T5 : 5ng/ml TGF- 84,

* : significantly different from control value ( p 0,05 ), ** : significantly different from control value ( p {0,01)

+ : significantly different from P1 group ( p  0.05), - + : significantly different from P1 group ( p {0.01)

@ : significantly different from P10 group (p (0.05)

BB R E EETFIA TGF-£18] T 9&
2o 2 izl vls) Sl d e SVt 4
& B YTHTable 2),

2) TGF- 31 4 2 24A[1t TA2] Bixto] SHH
S
gzl vls] BE TN F7HE FE B
™ 1ng/ml PDGF-BB <] H|3}| 10ng/ml PDGF-
BB Fojtell M F7F ol o E8kal TGF-f1 A
2] ¥ gTo] PDGF-BB © 55 oot ol d §
Aol F7He e ERARITE 3 TGE-B1 24
A A 7] v o] TGF-B1 443 A 8] v g
off vla] S FARe] ATt o ¥4 debst
THTable 2).

3. AIF QI S| sapiElat Bl Rled HEE B
Y50 gt =1t

1) TGF- 311} PDGF-BB SAIE0Z9| W@z} )
RN HElE Blads
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Figure 5. The effect of TGF- 81 preincubation for 24 hours on collagenous, noncollagenous protein synthesis,
and percent of collagen in human periodontal ligament cells stimulated with 1, 10ng/m! PDGF-BB,
Twenty four-well culture plates were seeded with 1x10° cells per well in Dulbecco's modified Eagle
medium containing 10% fetal bovine serum, After 3 days, The quiescent celis were treated with TGF-8
1 at 1ng/mi or 5ng/mi concentration for 4 hours or 24 hours prior to a incubation with PDGF-BB,
Dulbecco's modified Eagle medium containing 0,1% fetal bovine serum, 50 ug/mi ascorbic acid and
2 ¢Gi[3H] proline was added, Collagenous, noncollagenous protein synthesis, and percent of colla-
gen were measured as materials and methods, Each value represents the mean and S.D, of three
determinations. P1: 1ng/mi PDGF, P10 : 10ng/mi PDGF, T1 : 1ng/ml TGF- 81, T5 : Sng/ml TGF- 41,

* : significantly different from control value ( p { 0,05 ), ** : significantly different from control value (p (0,01 )

- * significantly different from P1 group ( p {0.05), - - : significantly different from P1 group (p (0,01)

@ : significantly different from P1 group ( p € 0.05 ), @@ : significantly different from P10 group (p (0.01)
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-Abstract-

The Effect of TGF- 81 on Cellular Activity of Periodontal
Ligament Cells activated by PDGF-BB

Sang-Churl Baek, Jin-Woo Park, Jo-Young Suh

Department of Periodontology, College of Dentistry Kyungpook National University

The purposes of this study is to evaluate the combination effects of TGF- 81 and PDGF-BB on the periodontal
ligament cells to use as a regeneration promoting agent of periodontal tissue, Human periodontal ligament
cells were prepared from the first premolar tooth extracted for the orthodontic treatment and were cultured in
DMEM/10% FBS at the 37°C, 5% COz incubator, Authors measured the DNA synthesis, total protein, collagen
and noncollagenous protein synthesis according to the concentration of TGF- 81, (1, Sng/ml) and PDGF-BB (1,
10 ng/ml) in combination, To explore further this delayed effect of TGF- 81, we preincubated human periodon-
tal ligament cells with TGF- £ for 4 or 24 hours before PDGF-BB stimulation,

The results were as follows:

The DNA synthetic activity was increased dose dependently by TGF-£1, PDGF-BB, The combination of
TGF-B1 and PDGF-BB consistently enhanced the DNA synthetic activity to PDGF-BB alone, The ability of
TGF- 81 to enhance DNA synthetic activity in PDGF-BB treated periodontal ligament cells was dose dependent,
The maximum mitogenic effect was at the Sng/ml of TGF-#1 and 10ng/ml of PDGF-BB, Preincubation of cells
with TGF- 1 resulted in significantly greater response to PDGF-BB at all TGF- 1 concentration studied, and
may be useful for clinical application in periodontal regenerative procedures, The total protein, collagen and
noncollagen synthesis was increased dose pendently by TGF-£1, PDGF-BB, The % of collagen was slightly
decresed according to the concentration of TGF- $1, PDGF-BB, The effect of TGF- 81, PDGF-BB were not spe-
cific for collagen synthesis since it also increased noncollagenous protein synthesis,

This study demonstrates that PDGF-BB is major mitogens for human periodontal ligament cells in vitro, and
supports a role for TGF- 1 as a regulation of the mitogenic and total protein formation to PDGF-BB in these
cells,
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