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2 (bone growth factor) & o|&3he= Alolth. A
Ae A xe] ST B3l Fa3 47 24
Zt(local regulator) 24 2H-gdcka gl Sl
t} 59 thal Al Z (macrophage) & X33} thoFgh Al £
ENAA o)A Ao rse] A, FHH e E9
g 4go)l &= PDGF(platelet derived growth factor),
TGF-A(transforming growth factor - beta), IGF-
1(insulin like growth factor-1), ECGF (epidermal
cell growth factor)5-9] theet 4F et sicka &
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zago] 3 g BHE Yo ATSY
S8 FPAIYE A, 53] 234 F] F 9
A 58e PAITE AL S QZE 20 84
T QR Ee) HuSe AJAPATNE Fot dag
w28 xe] 2YY PR AT e AT YA
T AAR dadeHd Pl 248 238 T
B gl AvA o2 Agale 7o Hg A7
obz gl AAolnt.

ol B d1e] BEXE PausEdahye A%

8450 2IAEFY G4 WA e TS

gt Zo|Ath. E71F0lA ol BHEE AFL4L
ol PDGF, TGF-8, IGF-1, bFGFe] A2HAF 84
(recombinant growth factor) 2t A4 2459

34 (neutralizing antibody)Z o] &3] 4ot
o] 2FM XY F&AH FAd 7| e FTFS ¥
23T, 2EA Y] AFasd g LEAA
(autocrine), ¥2+=2 3 (paracrine) A& H71317]
dealM aRs2dRe Z2HuA (conditioned
medium, CM) & 7594 82855847 v
B AAR 48 AE] EateEdgy
Z78 A A A5 = A& Western blot 42 &
A AR nA Tt obge daRnEEHEA

Z24uA) 4 JF 8Bl o A xe] W3}
o7& B A3

off

I. Mg % ay
1. MZsi(cell culture)

AtEel 2EH X3 (osteoblast cell line) &
American Type Culture Collection (CRL-11372,
ATCC, Manassas, USA) 3|At| A 24 3tx(Fig. 1),
10%2] oA gotx] A (fetal bovine serum:
FBS: Gibco, Carlsbad, CA, USA)°] ¥£% ¥
Dulbecco s Modified Eagle Medium: Nutrient
Mixture F-12 (DMEM/F12: GibCo, Carlsbad, CA,
USA)el & zAulkZ et~ = (Tissue culture flask
75cm?, SARSTEDT, Newton, USA)olA] 7154 th.
ATCCoA AT FUAGA HUFE protocol U2
2.5mM L-glutamine(Sigma, St.Louis, MO, USA),
15mM HEPES (Gibco, Carlsbad, CA, USA),

176

0.5mM soidum pyruvate(Sigma, St.Louis, MO,
USA), 1.2g/L sodium bicarbonate (Sig-ma,
St.Louis, MO, USA), 0.3mg/mL G418 (Gent-
amycin, Invitrogen, Carlsbad, CA, USA)E %
Aol FrlstH o 5% COzstelAl 34°C, 100%% %=
o 2e] fAE e Al g7l (Multi Gas COz in-
cubator, ASTEC, Fukuoka, Japan)°llA] w43t
HFig. 2).

AR5 Y AZE Yt 56mLe &-51A
ol citrate phosphate dextrose adenine (CPDA)7}
£ A& FY (blood collection bag)ell (Fig. 3) 41
A A7 AEA P WS AH AP F
400mLe] APFMUYE WHEAT oA & A2A
IEC central GP8R centrifuge (IEC, International
Equipment Company, Needham Heights, MA,
USA)E o] &8l (Fig. 4) 2500rpm(1400g) 2.2
1087 YAERE Aldste Ad45S Y&
o (blood separation stand)E ©]-g-3t Flaf WA
o AP Feld 3 vUniA] 38 LA
3000rpm(2010g) 2.2 1587+ 5 Wa) Q41822 4]
gated 50mL 7hge) adsEdgS Ad. 4
2 eI HE -70C 2A Y 57] (deep

freezer)oll B#AEH T} Ao A3 TH(Fig.

o,
o
o
N
=
b
3%
o
B
ek
B
CE‘
off
N
o
o
2
>
ir

3. EAEEEEHEol THHX(9f M=
ZZAEZFE 100mm?e] Al Ze] FG Al (cell cul~
ture dish: Falcon, Becton Dickinson, USA)ll 80
~90% 2 FlA Wj7hA] v Fet & ojdFolA E
o] E3sx] o2 5ml DMEM iz 2 wAl|ste]
48A1 7t Bt A ZujErlate] A A st
100ul/mLe] 2HeE84E vddd Frtstd
o 2N AR FAAFEEA AZE =2A2
T, ] o> Folr] Aol EFHIUA B2 Sml



°] DMEM ®iA| 2 wAste] 24417F F<t v 7] s}
o & # wWgNE 29 Fig. 6).

4. NIEEEEM(cell attachment assay)

Ao AMEEE AZE 10% " $olA|
Z3¥ DMEM/F12 wix]ol| A 719k Al E
A& 9l 10% & $okA] dHo] EFEA
DMEM #IA17F 231 96 well culture plate
(Falcon, Becton Dickinson, USA)dl| Z2EAEFE
2X10%ell/mLe] $E2 0.1mL ¥ 255 &t}
B2F 3 AP g2 s sl ddTade
2R 55EPE bu/mle] FEE, FeLe
g dolr 7] 98l bng/mLe] TEE A A
28449409 TGF-B(R&D systems, Inc.,
Minneapolis, MN, USA), PDGF(Amgen, Thousand
QOaks, CA, USA), IGF-1(Amgen, Thousand
Oaks, CA, USA), bFGF (R&D systmes, Inc.,
Minneapolis, MN, USA) & 2+ H71statt. &, 8
2RE2ER 3 2TAZFEZRE fFEHe
o] 312 By §5ted Z23MAZE Sul/mLE
T2 Hrkste] FAjE T txdde daus
S A2etA] %2 oA FolA| Ao T3
2o FA ¢lE A (serum free media)E A 7138}
ATt 34T, 5% COe. 100% =2 70| A5
A Zr k7)ol A 241759t A ZE A 2|8 F phos-
phate buffer saline (PBS)2 23] A3 53l #2
2] F& AZE AAS o] &, 0.05% Trypsin-
0.025M EDTA &< 100uLE 78t 34°CelA
1087F vkl & MTT assayE Al3iste] E4=%
7] (sphectrophotometer, GeneSeclil, Hitachi,
Japan)& ©]%&, 540nme] FFEE =3t

2

5. MZZAI2 M (cell proliferation assay)

ZEAZFE 2X 10 cells/mLY FE2 96 well
culture plated]] £33 & 10% o7l $olx] 3ol
F3t¥ DMEM/F12 vlA] & o] &3l AIZE 34T,
5% COz, 100% w=2] 7o) 4A =& AZuYd
7ol A vkttt X 3 - 6A17E0] AUt Al
74 Wi FH A ol tzte] o]l Grofx] HHo] X

177

3572 & DMEMe 2 wAlste] 12417 5 vf
griolA wjeksiaitt. o] & AF T Sul/mL
Fro 423558 2AwA, Sng/mL 9 ¥
%& PDGF, TGF-8, IGF-1, bFGFE 22} 271t
Fom AT wjek F 1Y, 29, 3%, 40| At &
24z} MTT assayE Al 3Rt MTT #4412 e =2
CellTiter 96® AQueoss One Solution Reagent
(Promega, Madison WI. USA)& A&ttt 49
Hj Aol MTT #411285 72} 20ul.& A7kt 34
T, 5% COz, 100% H=7F FR 5€ wlg7]olA 2
A ZFEek wiok3lk 3 490nmollM &) §EEE E3S

B71E o]83te] SH st

6. Immunoblotting H& 0|88 MM
o 8 (Western blot analysis)

100mm? M #jeF Ao ZZFAHEFE 2x10°
cell/mL &) =2 B5 A%/t 80~90%= ZRhal
A o} Folx] BHo| gle DMEM A2 mg
& F2 241 7te] At F APl EaReHY
Axh 272MAE 242 10ul/miA #7b) Fch
24 A|Z+E wjokall S 2olr] Bradfort < o] 83 ©
WA w2 233l 7 2 FEo|A Centricon YM-3
(Millipore, Billerica, Mass, USA)E |83l 10ug
o] gl A S 3 v 6% SDS-PAGE #4714
%3k & nitrocellulose paper(Hybond-C, Amersham
Pharmacia Biotech, USA)°l 60mAR sHHF B<t
S iAol &4 v-2 5% non-fat dry milk
with 1% Tween-tris-buffered saline (TBST)Z
37 ZHECt 4Tl A blocking g & 1584 23] TBST
2 AFsig Ade] e 1A FA= IGF-1,
bFGF¢! 7%= Sigma-aldrich (Sigma, St.Louis,
MO, USA), PDGFE BD bioscience (Becton
Dickinson, Franklin Lake, NJ, USA)2%¥ +4,
747} 1:2500, 1:10002.2 343}k nitrocellulose
membraned} 12A12F £k WREAIFT 2aH A&
anti mouse lg-G antibody(Sigma, St. Louis, MO,
USA)E 1:500022 gAste 1A17HE< d2elA
LA F 42 524 TBSTZ 33 AMAE ¥
cherniluminescent substrate (ECL kit, Amersham,
USA) & AM&-3le] HRPS 24 & 4313t
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rte58Y 9 AN 4487t 1)
T 9%E gotrnx AR AHEE Azy 9%
29| FEAYAE ol gl WaFde #EA
A ZHFE F20] WstE fFds] A8 A
e 2R o2 ittt AE
dAE ¥ ¥& &, TGFH, PDGF,
IGF-1, bFGFe] 3131 & 742} 1/100% )48}
10ug/mLe] TR ¥& wog Asta dzae
2 84 gle wixlg d%atdnh. 2tz d3d 49
T 2T A AFT A ZRAREAT SAE
A3 2o oz APsAnt.

8. MlZHE IR

AEZFASE FEep] AsiA 2 3849 Al
EE9 soiol=g ARstd BT (x200)2
o},

9.

Table [& 2t A&7 AlE 2
Fro g HodF 3 9 dansasgy
ujj=],

S

o

5.
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A,

ofh

=l

N, ol

z=
Az F 249 TGF-B, bFGF, IGF-11

A izl vjs) BANCE 94 A ALEH
o) Z7HET. 53 BAREEATA 20

e

TAA 7 B2 AR S deston

T 2l A AolE g AT 43R
SalA BEE &E FoAE IGF-194 7H & Fasrpt &
259},
Table I. The effect of PRP, PRP-CM, growth fac-
tors on the cell attachment(n=5)
OD SD % . cell attachment assay
(540nm) (E-02) control i —_—
control 0.0694 0.47 100.00 . I I
PRP 0.0897*  0.47 129.28 £ — M
PRP-CM  0.0865" 0.21 124.75 S I O O i
TGF-8 0.0773* 0.41 111.42 i ul N s N :
bFGF 0.0741* 0.49 106.82 ol L L
PDGF 0.0719 0.43 103.64
IGF-1 0.0794* 0.46 114.50 ]
Fig. 6. The effect of PRP, PRP-CM, growth fac-

(n: number of experiments. O.D.: mean absorbance
at 540nm, control: serum free DMEM, PRP:
5ul/mL, PRP-CM: 5ul/mL, TGF-8: 5ng/mL,
bFGF: 5ng/mL, PDGF: 5ng/mL, IGF-1: 5ng/mL,
*: p€0.05, t-test, significant difference com-
pared to control group)

tors on the cell attachment.



%Qx(}ur ZAA], Az A
3o 9% W3S HolFa
S oﬂ/q A7}l m}a} grol St 3¢
Ao 32 Bolth 4 AasE IS B
B W3lo}l vlRTIA 2 M E22) OME d
2y An AR 2N 7P =L 3o =
#2HUL F7H F= vesin A8
o AZSHE 7R IGF-1
<= 7S W7 7P 8 dE
Table 1= 24 23271819
340l A2 Bo| T/
vl Aotk RE FoA B
e A EZ2 9] P} B

3 30 fo
)
b o -
rint
>
i)
FLI

rulo o

w
ﬂJSZ
2,
o

2J5t Western blotE A

Yowe2g3 2o Adai EXg
£ 218t Western blot2 HHE Fig. 82 2o En} of
ol gl T A g bFGEF] 4441 16kd,
PDGFe EA&l 27-30kd, IGF-19 £l
7 5kdF-ol Al Gahe oA HED w7} BEHY
=3

cell proliferation assay

0.8000
T 07000
S 05000
2
S 05000
2 0.4000

©

£ (.3000

Q

2 0.2000

® 0.1000
0.0000

Fig. 7. The effect of PRP, PRP-CM, growth fac-
tors on the cell proliferation(Q.D.).
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4. MEQa0| FaEHof ot MEEE s}

Hazel ZHPAE A8 el WE F
BEE Table & HAZET Frusr3d4ed
He 23RS Fals e ARl vl 33
FAE Foig 4UT DR SAHCE §IY4
e FALAE G 2R TN E AA
Al ZraE BYA T TGFB, IGF-1¢] F33F
ANT o4 e FAZLTE UeRde) abIGF-1
& (P=0.094)0.05, PRP)Z} ab-TGF-+

(p=0.0960.05, CM)ell A= F-27HAge] AA o
Z2d &l S94 e A7t §1E A=A 7
s3tgen e ab IGF-19A A stk

5. MEeA ZstEHol ofst MESA b Ji}
Fig. 99} 10& *3”9/\4 3l A& T3
S U £xoltt. 4
3 HEoX FHPAE F
9 W AAAA AEZNTFL 22 B8
S7HERA T S ¥R g2 ol HsiME
H\i’&’l} Zol 9lo} AA T A7) Vepgr)

Table V& z} Agw7te] 54 £42 8 Alx
Z2] Wzle) Ajojzt 714 2 3dAle) FREFE v

m ool o

Table II. Cell proliferation on 3rd day(n=5)
0.D. %

3S.D.

(490nm) control
control 0.2846 2.33E-02 100.00
PRP 0.7424*  9.44E-03 260.85
PRP-CM  0.7301* 7.78E-02 256.53
TGF-p 0.6123* 7.03E-02 215.14
bFGF 0.5961* 9.49E-02 209.41
PDGF 0.4568*  7.00E-02 160.50
IGF-1 0.6721*  7.96E-02 236.12

(n: number of experiments, O.D.: mean absorbance
at 490nm, control: serum free DMEM, PRP:
5ul/mL, PRP-CM: 5ul/mL, TGF-8: 5ng/mL,
bFGF: 5ng/mlL, PDGF: 5ng/mL, IGF-1: 5ng/mL,
*: p€0.01, t-test, significant difference com-
pared to control group)



Table III. The effect of neutralizing antibody on the cell attachment(n=3)

PRP PRP-CM
D.(540nm) S.D. % control D.(540nm) 3.D. % control
no ab 0.2661 * 1.33E-02 208.37 0.2492 * 1.51E-02 195.18
ab-TGF-# 0.1781** 5.70E-03 139.49 0.1619* 4.30E-03 126.83
ab-bFGF 0.2019*°¢ 1.87E-02 158.13 0.2001 *  2.22E-02 157.06
ab-PDGF 0.2264* * 4.00E-03 177.32 0.1924 * 1.33E-03 150.71
ab-IGF-1 0.1489* 1.38E-02 116.63 0.1612* 7 8.89E-03 126.26
control 0.1277* 1.23E-02 100.00 0.1277* 1.23E-02 100.00

(n: number of experiments, O.D.: mean absorbance at 540nm. control: serum free DMEM, PRP: 5ul/mL,
PRP-CM: b5ul/mL, ab-TGF-8: 10ug/mL, ab-bFGF: 10ug/mL, ab-PDGF: 10ug/mL, ab-IGF-1:

10ug/mL. *: p{0.05, t-test, significant difference compared to no ab group,

ference compared to control group)

“: p(0.05, significant dif-

cell proliferation inhibition assay (PRP)

0.8

—~ 0.7

£ 06

o + control
o

= 05 -=-PRP

2 0 - ab-TGF-
< - ab-bFGF
S o3 —— ab-PDGF
02 ~e-ab-IGF-1
el

cell proliferation inhibition assay (PRP-CM)

o o
BN~

o
Y

- contro!

= oo

absorbance(490nm)
o o 5 o o

o -

Fig. 9. The effect of neutralizing antibody on
the cell proliferation(PRP, 0.D.).

£ 1 fl K
BN not 2 ok
4x 2 o o

u)
ox
o3l
ko
(o] W

rlo

=

o

o
tok
Rk
o

N
1o

180

Fig. 10. The effect of neutralizing antibody on
the cell proliferation(PRP-CM, 0.D.).
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Table IV, The effect of neutralizing antibody on the cell proliferation(3rd day, n=3)

PRP PRP-CM

0.D.(490nm) 3.D. % control 0.D.(490nm) S.D. % control
no-ab 0.742 * 9.44E-03 260.85 0.730 ¢ 7.718E-02 256.53
ab-TGF-8 0.521* ¢ 8.35E-02 182.92 0.509* ¢ 7.36E-02 178.70
ab-bFGF 0.531* ¢ 7.94E-02 186.47 0.499* * 1.17E-01 175.36
ab-PDGF 0.630* 7 7.78E-02 221.25 0.590* 7 7.30E-02 207.37
ab-IGF-1 0.464** 4 88E-02 162.86 0.476** 8.95E-02 167.18
control 0.285* 2.33E-02 100.00 0.285* 2.33E-02 100.00

(n: number of experiments, O.D.: mean absorbance at 490nm, control: serum free DMEM, PRP: 5ul/mL,
PRP-CM: 5ul/mL, ab-TGF-#: 10ug/mL, ab-bFGF: 10ug/mL, ab-PDGF: 10ug/mL, ab-IGF-1:
10ug/mL, *: p<0.05, t-test, significant difference compared to no ab group, *: p<{0.05. significant dif-
ference compared to control group)

cell proliferation inhibition assay (3rd day)

% control

no-ab ab-TGF-p  ab-bFGF  ab-PDGF  ab-IGF-1

0PRP
B PRP-CM|

control

Fig. 11. The effect of neutralizing antibody on

the cell proliferation(3rd day).

QEAE AR PZIBE B9 243 X
I e ANDA 7l e 2eT) Aol 2
o QEAES} Brjole] W Al 4R
B3¢ e 95 QSAES AYar] g
g7 gL Ao T LS ol
ol ol A&HE A FAEE FEB. 15
o Y 3 gBzd ¥ 22Ad £48 7
o3 249 EFFAN e mAH 5ol
ZAE ZRd FHET 5L Yoo B
QEVE TAo] FHHES s AR 7)

181

gl Aok Page] Fzo]
triphosphate, serotonin 5}
| Qe dAEe] Y& 53 3

o)
=
s

)

o]} adenosine
< dH Sy

T
4 g A E71AEA g e gt o] 7]
Sol9low HZole idto] x

E
=)
o2
o o
I
e
>

T ARAE & Qe ARRASS BuETE 3
=]
=

-1, =

A2 2EAY, getad WHE SeilA AaRse
T 2AMARAM A4S FYdy. SEERY
AFHGANE AFeLEL P99 4L 9
M FzagE oA B olEA FHE 448
a5 P4 U FNEAAEL doAFEE
e EAE AR HgAed #IE 2AE
AA . 59 Az F_LEE &, 1 H714)
M FREFAE ERee ARTe 4w Sd%
< B2 43 825S 7Y ol8E 5 7 o
woll 4884 F37te] Bk ZAQl Ao o3
o2 ST de 7 A 200 o) A%
S&E 7o 38 3 adolddlw i



L dp@grozny
< 7} e} 1wine

EESEE L BD iovo 1%47@ WSt 59

] o S

ol o Yz
3wt BA 9 ool & sEe YARTEY
3] 2871700 talA gohas] sl A=
o AEZRFAYE B WaBsaue 22
AZol dg FEE Lol YEBEEET el

A 4 2o AES 9F
JPREL A% F %&w*ﬂin
Aol F57] ApE|olo} &
HHasE e BAZ setap) 9

(o]
A
Lk
g

“.4

0.

g 2
7
So B8 2Asolof a1
FH] Wl Hag sl =9

i3
kD
N
=

22l Aol
1EHH GAHRS 23 adsEdge T
g BaE 22 gt} Slater$2 Alge] 4w
2AANE 2FA T #7118t PH)thymidine®
b HIEZA TS ATujkdd s E3) ¥
t}. PH)thymidineS BjA]o]] Fo3 F 6L o]
ZZAES] F5FE vusided 4w
| & Fol3l 7% 10% FBSE T3 =
ulaja] 23.581e F7h7F YERRTE 50 Ll
A7 “ﬂ%“’?‘* g BalM 4L 2IAEZY FAE
238 A3k AEZo FAQE] v &L 2T

(i

o

EH-IOH‘EFJEMOH‘Q L L)
—J{)l'r-\i-?h—l}-ﬂ)l
% i&

182

2 Aol AR T FA 9 Apoj= 0%15<H°ﬂ SHH o]
otk Hudgct. o|d ZME
AA7F 222 Al 234 7]
FABRME $A4& A3 ST F
olgla Ftl. Kawase 52< 4aAEHE
Hrlste A9 /a7 83 fle WA
71& WzTge g2A XTIz d8E %
2 & (pseudopodia) & 7H 21 £349 A E uf
a, A1E wdde] AT AxrIARe]
g EAA)e 98 dvta Bk 0¥ A
garone dge Havezagzel A4Raid
oo} g7 m2a G XFx2H e A F
TS Eoa Budd, o9 2 AFHEL ¢

j;_\,

el
=l
offt
it
ikt
ne
rulo
offl
=°.‘=
n
&
A,
}2
rEL
i)
b3
e
off
My gl

i ox M
M ol o mx
. lo
% ot
b1
A
M
=
o]
.,
ua
o
off
g_l_"
>

—n oRm

ATk, l%lu

o | HHZl'E— H“o}ﬂl El‘ﬂ dodsE8%ol
A o] F2ol BaidAd v]R FEFE LA

__4

O

IN

Z
G -i
o

oAl gt
fo 4

1 019“."
o
PN
;
t

l

,d
ox

2 71-$A

i f
1=
i
lo
i
o of
N W c%

o

Px
s m}:]
X
e
N
)
=
D)
=

i Ho

=

_1
2
ol

L0

3
0,
13
>,
oA
e F
M,
il
o
Mr
us)

M
o
o
X,
2

il

QM g
3
for gm0 to

2 e
by

S T S
I

ot
8 &
=
of o
S
o
¥

o
oko An
o (%
2
ﬂﬁ;‘- P]tl]‘
b
off N
o =
ﬂ.lﬁll [s209)
o) f'i
= b
) Wa
Sy

ofk
tjo
)
N

o rif
D)
Gl

o,

B o 4 s
- m;go
o ko o X, |

1o
it
oL
o
=)
W
of
o
filo
=
3



AT FoX e TGF-A} IGF-161M 9 F71ed
1 Bsken F 7 ole BAZLE Aole A
A2 (p=0.252)0.05) IGF-17°] © e A
28 712 Gk, AFEZHEA (Table 1, Fig. 7)ellA
& 2d5E5E8ATY 2AuAFAN 2ZA T
S0l AA3] ZUHEA. AZFYFLALERE 9
Al AEZAE ol A SRS 1 FolA
T IGF-170] AlY B AES2AE /b 22
7} SN daeEdgey A Ee
‘%PWO] H] 28 8 ohg} 1 ghell SlojAM = o]

23t} ol AREEE U EAlsle 234
E«l 45 2Aste dido] A YoM =

o}

Zo] M]3 oko @ ZAFTHE AL BT =
ZZALe] A dTE F DA 23T}

Al @A AEuigte g 1O AT FHAZE
A% 853 A9 2718 fim 3}% Zo|t} Fig. 8
9] Western blot £4& o|&

FEEE 2huA = oﬂﬂm Wz e
bFGF |, IGF-1, PDGFE Yehlle W7}t 22 =9
FAE 72 eyt ole £ 4d Tl EAs

€ guldo] 2o AL gugtt. 5, oo A4
FeAE FAA A A58 2na
A e st FA 2 AFe] =
A3 ¢ A 2EARL P eLE AR
g Agaase 20uA 9] A &

Z2ZA 9 F4& A dut. o
=) z_-_/q]gq qAe 4o gk S EAY, dalad
A7t AAA 4T 2700 AEY BHL Hoz

-

3, &

n_Hln

_A}Bt_

3

J

©:

FA% % 9A B 47HE,
AZE HYLLEE UROR Fol@ P9 3
59 Aol YA T AW 2ZA Lo P

2/\1‘4 17}_7}_ 01011},})\].1;]_ o]—}(]u]- -1 ;‘7]—\11‘,4 Q/\
B8R 27 vlARAE BPE ol
ERGAQ A 3 HAoz 2FAF FAHo
ZAHA o AFoaENY o

A assEE4s 2auAe Zuph Jepd
RS GEFY 2ARUAE A AT 2
ZARNAA olF 1 5 dNT. AERAE
A

Aol A (Table I 842858 A E ¢
A e A a5 (108.4%) 0 talA
ab-IGF-1& FoI3 2 9F 91.7%, ab-TGFH+ <
68.8%7}, ab-bFGFT-& < 50.2%, ab-PDGFT

183

31.1%9 ZAE 7HASAT FagrtgdA s o
#HEAFIA e Fhch. SAEA M= (Table IV,
Fig. 9, 10) A& ¥4 &L AdF F713F
(160.85%)°l Bl&] ab-IGF-1& 3713t ASde
ek 97.9%, ab-TGF-f& & 78.3%, ab-bFGF&
oF 74.4%, ab-PDGFe < 39.6%2] S22 714
g BEAT FHEE o 2R E P =
AR AN E o]} H| g A E R F2l9] 7
&7F AFFHAT. o]d AREL Y4dF
ZBAE 40 g3t Gako] AHoz o
of ofsirnt 292 gom YFeLE] A3

ox My

280 ey Zaph aREvhe A dET
& Aol AR BE8asEE %ﬂé‘oﬂ

2 go] B EA /A E A
PDGF, TGF-8, IGF-1& d4 o} 37 oﬂ
HA Y ST bFGFE 2 A XA 8
Hu gthe AL SEFHAT ol R %A
Hell EA3tche FAE ot 3| & AF oA
¥ Western blot2 S8j4 452873 24
A& bFGF7F 2= 1 I em, AFx5a g &
A EA A bFGFo] et 38 Y& o A
2 gl N 234 vt #EE o) ¥
& o] 2 Pavtel HYol bFGF7} 248
—t— Ve BAREEE A e 84E0
MEZ st bFGFE 4, ERsies 23
< 7Fed S A4E £ ot old HslAe o
?7} 29% St}
FE£E7 Ww&J s Uz ge
o2l Fe4E F /M Be goE &
PDGF, TGF-8<] *gg?fw B}l i 2
otk Marx5'02 8892] #rldAA de
R FAE o83t JAe A7) &
o] PDGF, TGF-A7} 5&5 0} 922 & 4= 9]
P7h ol AWM E o] BFLAE ]8T
T FEAEe] B3 2 A 15
& 2t OkudaS e d40d%2Y
o] TGF-B, PDGFe ¥5& Z45t1 AYE5H4
7k A¥ TGF-P A& &)
879 AEsE €49 A dEsidn
Bustch, sk & A Zu) °JE % S E
PDGF, TGF-8 2t} IGF-19] ¥4
AEEA I o St &4—% & 7 AU

}

i R R
e =

gk rlo —'\1 i

ol pot
o m

],

_OL

i m A b

30 30 o pgh R 2 ¢n
o\_?_,l"}
A

;Erw

=
o}-r ru]o L

b o @
ox
ru%_l

e



#) 2ol c}

-

L

!

3|
1

€

.

[}

R

a7 4o Axe] Yeysh v

3

Al Qe 2
RSl A3 7k M EE7] 9

=
[e]

A IGF-1

]
=4

A

1

Els

H)a

=2

=

3}

<R

!

ol
T

L E
Fo| 2l o

s
Z}-
n)
=<

B

2334 2 o) &8 A A E ab-IGF-1

%laoz laemtﬂaiﬂ N B ART T T o T OHOE R T o W

A X = . 0 9 ﬂ_U_LI — = T T MU N
A.._x,mﬂ.ﬂ_nurﬂx.uh_myoo]q‘mﬂ Z%AT‘:VEMMMWMMM_%A:_HMMWLM@MEWM‘W‘EA%% ,ﬂrﬁﬁ_ﬁﬂ_ﬂ:_f
T I s o om oo e xS X =l O T ey om0 Y olp
ST 4T TS o Eﬂasﬂwo%%aean%neﬂwr@u%wamdﬂr W o
Bo_omg DR gy ke ERT s pow o sl g o g g
ETaEcrelad ghinakrl yr T45aTaged SEIRG
M R T e W O R m ooy 0 ol B gy n e i e
sEERGhe ol FUGAATERY OAZLER Y e B82
s dlﬂao”ﬂ - Mﬂ“ Ead% " Ay ol ATdhEe];o m_._._;m.,_ U ;tﬂxoromm\_ Nro_woume dnn_rﬂ BN
sl ez TANE beTabwsl AHBdTEISEe ST L BLEN
prRTTERAD g, TorRge gt uarPlResola dVd o
ﬂofﬂm_ma;a&,ﬁholon% .ithﬂoviwmﬂm%za%,m.ﬂo@.7W|,;omﬂo€ 4 ?%&M.ﬂ
RS TR PP mem SR TR o wHY I
gEX N AL T Pragemas o smdntel o dirgr T
Eﬂ;lﬂ,ﬂrcaﬂ:% W = TR Yo Enmozo,;oom w oo X .@:remﬂﬂoq
T p T RAFE P TTRaamT T LW g mTd S =
BT ET IR0 P wﬁ%ﬂ%QWM%ﬂﬂmmgﬁmwﬁﬁ% W%MM%
" ﬂm\z : ol T O x oNro.)ioﬂA ~ of = A = 5
mﬁmﬁa%ﬂﬂﬂgﬁ%aaﬂmm NEMUH%%EL_:OM%ﬂmJWLMWMOH%%% xw,mmaawawa
p&ﬁﬂfr%ﬂﬂ%ﬂ%ﬂﬂn%ﬁw&%E%arwaﬂ%zﬂ@ﬁ%ﬁ@%ﬂ%ﬂn%mg%iﬁf
Mor M TUr M A T TR T AR REHT TR AT RS NN KT W R
W g AT R TN TT T WO PBE WFRTEHALHTE F S
I D e AR e v IR R RO S S o [

e K .ﬂ,lﬂﬁo_u ™ Ny gr Hdﬂﬂo,lp\l = N @] o k o o ~
e I i A S B O I AR e« T T R T
TRYEE Ty L x f R bz s b b g B g T4l T
bPrdled KR OR R R AR G iR ey h Thod
A I SN T S I R U B TR N o I A
T g E R TR Ry P r R TR 8 ey 2 2T
g = 10° o ! [ LL1111 N ! (el B = 3
ol s P SRR R o R R NG I T
2 o S ol 40u_x1_tlx_.u7Lzum.uz._x‘_t7Amﬂlxnwko. RCICL o o
H.;T.i ;a.immuimﬂ o <7 ﬂu.&ﬂhﬂﬁmo1iaﬂfr‘_1|n}oo mﬂa_]zﬁu %_d,.ro
otiwiﬂhﬁimﬂﬂﬂﬂulﬂL%ﬂLur__l._MTmﬁﬂH\Eoﬂoﬂmﬂmﬂ.,uﬂnnti%uw‘_urotﬂduwwiodﬂ ﬁo.ﬂ%ﬁo
%Mgmbtau_m%éae_ﬁ&_‘mﬂaﬂwo_bﬂ;gfraHﬂ%ﬂm%%@r7ﬂ;rgi%_ﬂ T o M
m,mg_ﬂmﬁo :iME..kl‘olwdl ) ﬂﬁuc_eﬂﬂ‘wachﬂﬂﬂﬂﬁ|Mﬂﬂ|Eot..kl%AA\_m “_Jmu}‘_ﬂx_
T s ER Ry g LT s AT AR F L m RSP BT
ﬂkﬁ%ﬂwz%g%W#ME%aﬂﬂwamﬂ%m@EgmwmwMW% o
oToﬂoﬂuﬂﬂgaqvﬂu‘wa_’Twﬂﬂa._z_oﬂﬂﬂulcﬂ_mal_./lwhoﬂ._” n_/u,.ro.ﬂ‘%l,m,hﬂ_. Ot_.zal
T R B RSl S RS S e I AR B R
a,_ﬂMoﬂao#a%pA&mﬂon_mb7ﬁEogaoaxmﬂﬂﬂ,@do,www.LQO.*ﬂa‘ud\mﬂﬂWﬂﬂE@l%ﬂaiwaﬂaﬂaﬂoﬂbUm,o_.,mo
CHGE: oI RN QA A" e e B e o B B R i
X T HTTRDLDPT PTOHITPFTETRTFIE o < 42 = i

184



ol 10 2 odle W aft fR o 5%

Do

‘E‘ = ] f= =1 b | @
B2UYE WA A8 A 4712 2709 o
WE 7 AL mA FAGeEA A7)

v.Z2 &

aRsE5Ydol A FE SX8ve Ao
2 A5 BAA dEAt). oY AfTe
davhlle] AZahEd 23 ALNH dFEe
TT gAATd T3 U} ool B =EL
2BEEEPl YA TEHE TINE F de
2 A WAE BFeAET 2 Aol A
Rolghes 7 & AFstn x| IS F4
AL EY GAaNFEEYY 24 Yy
AHAAE Lol ua AYHJ L -3 2o
T4E 42 F AU

Yads58 49 Z2H0uR7F Z3A X5l v]A
T 9L YaWT52A T v e

A EFFZEN AN BaneEdd, 230A, A
Z3A 229 TGF-B, IGF-1, bFGFo| iz
ol Hla 24 (p<0.05) A ZZFAEF A
IR /PR AZSHENME E4
HE2d%, 23R, A3 g 2490 TGRS,

IGF-1, bFGF, PDGFo] tiZ7l vl3] #24
(p€0.01) A ZZAEF] AEZHE F7H
Atk AXTHAFLAE FollME IGF-10] AX
2k} F2e) 71 G gl .

A2 S5ERY ARG e 4Fead
IGF-1, bFGF, PDGF7} 2@ ¥ ch.

CRALA ZHIAE daeEE AT 2AR
o %% % ab-TGFB, ab-IGF-1294 9
3 (p<0.05) A B2AAE YA, ab-
TGF-8, ab-IGF-1, ab-PDGF, ab-bFGFT 2%
A 94 (p0.05)UA FAHAE YRR
o A ER2} F2) o) AL ab-IGF-17olA]

gk
B>
¢

al

o

M otlo oz

)
b
i

M wd 2 b ox

do

B2 2ol A o] W el= v 7ol v AA g

Aol & BT}

ol o] AzldA aAEHEAL i oA
AR AEe] AFazte] Ao 2IAFEY A
Ao id 3 cEFY, g3y FHE o] L3}

& 2700 AZBAL Sygtoss 23
AN A2 o= B o] 25

[e}
g 240 24 @e 2o JTAEE AR
=

%

. Albrektsson T, Branemark PI, Hanson

HA, Lindstrom J. Osseointegrated titanium
implants. Acta Orthop Scand 1981:52:155-
7.

. Wittbjer J, Rohlin M, Thorngren KG.

Bone formation in demineralized bone
transplants treated with biosynthetic hu-
man growth hormone. Scan J Plast Reconstr
Surg 1983:17:109-18.

. Zilch H, Noffke B. Beeinflusst der

Fibrinkleber die Knonchenneobildung.
Unfallheikunde 1981:84:363.

. Park JB, Young SO, Kenner GH. Dental

implant fixation by electrically mediated
process. Biomater Med Devices Artif Organ
1978:6:291.

. Canalis E,McCarthy T,Centrella M. Growth

factors and the regulation of bone
remodeling. J Clin Invest 1988;81:277-81.

. SN, Bostrom MPG, Lane JM. Bone growth

factors. Orthop Clin North Am 2000;
31:375-87.

. Weibrich G, Kleis WKG, Hafner G. Growth

factor levels in the platelet-rich plasma
produced by 2 different methods : Curasan-
type PRP kit versus PCCS PRP system. Int
J Oral Maxillofac Implants 2002:17:184~
90.



10.

11.

12.

13.

14.

15.

16.

. Marx RE. Platelet-rich plasma : A source

of multiple autologous growth factors for
bone grafts. In: Lynch SE, Genco RJ,
Marx RE,eds. Tissue engineering: appli-
cation in maxillofacial surgery and peri-
odontics. Chicago: Quintessence. 1999:71-
82.

Marx RE. Platelet-rich plasma(PRP):
what is PRP and what is not PRP?
Implant dentistry 2001:10:225-28.
Marx RE, Carlson ER, Eichstaedt RM,
Schimmele SR, Strauss JE, Georgeff
KR. Platelet-rich plasma : growth factor
enhancement for bone grafts. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod
1998:85:638-46.

Anitua E. Plasma rich in growth factors:
Preliminary results of use in the preparation
of future sites for implants. Int J Oral
Maxillofac Implants 1999:14:529-35.
Rosenberg ES, Torosian J. Sinus grafting
using platelet-rich plasma - initial case
presentation. Pract Periodont Aesthet
Dent 2000;12:843-50.

de Obarrio JJ, Aratz-Dutari JI, Chamb-
erlain TM, Croston A. The use of autolo-
gous growth factors in periodontal surgi-
cal therapy: platelet gel biotechnology - case
reports Int J Periodontics Rest- orative Dent
2000:20:487-97.

Carlson NE, Roach RB. Platelet-rich plas-
ma: clinical applications in dentistry. J
Am Dent Assoc 2002;133:1383-86.
Maiorana C, Sommariva L, Brivio P,
Sigurta D, Santoro F. Maxillary sinus
augmentation with anorganic bovine
bone(Bio-Oss) and autologous platelet-rich
plasma: preliminary clinical and histologic
evaluations. Int J Periodontics Restorative
Dent 2003:23:227-35.

Babbush CA, Kevy SV, Jacobson MS. An

186

17.

18.

19.

20.

21.

22.

23.

in vitro and in vivo evaluation of autolo-
gous platelet concentrate in oral recon-
struction. Implant Dent 2003;12:24-34.
Whitman DH, Berry RL, Green DM.
Platelet gel: an autologous alternative
to fibrin glue with application in oral and
maxillofacial surgery. J Oral Maxillofac
Surg 1997;55:1294-99.

Schmitz JP, Hollinger JO. The biology
of platelet-rich plasma. J Oral Maxillofac
Surg 2001;59:1119-21.

Slater M, Patava J, Kingham K, Mason
RS. Involvement of platelets in stimu-
lating osteogenic activity. J Orthop Res
1995; 13:655-63.

Kawase T, Okuda K, Wolff LF, Yoshie H.
Platelet-rich plasma-derived fibrin clot
formation stimulates collagen synthesis in
periodontal ligament and osteoblastic
cells in vitro. J Periodontol 2003:74:858-
64.

Okuda K, Kawase T, Momose M, Murata
M, Saito Y, Suzuki H et al. Platelet-rich
plasma contains high levels of platelet-de-
rived growth factor and transforming
growth factor-f and modulates the prolif-
eration of periodontally related cells in
vitro. J Periodontol 2003:74:849-57.
Pfeilschifter J, Oechsner M, Naumann
A, Gronwald RGK, Minne HW, Ziegler R.
Stimulation of bone matrix apposition in
vitro by local growth factor: A comparison
between insulin-like growth factor-1.
platelet-derived growth factor, and trans-

forming growth factor #. Endocrinology

1990:127:69-75.

Weibrich G, Kleis WKG, Hafner G, Hitzler
WE, Wagner W. Comparison of platelet,
leukocyte and growth factor levels in
point-of-care platelet-enriched plasma,
prepared using a modified Curasan kit, with



24.

preparations received from a local blood
bank. Clin Oral Impl Res 2003;14:357-62.
Weibrich G, Kleis WKG, Hafner G, Hitzler
WE. Growth factor levels in platelet-rich
plasma and correlations with donor age, sex,
and platelet count. J Cranio-Maxillofac

- Surg. 2002:30:97-102.

25.

Centrella M, McCarthy TL, Canalis E.
Platelet-derived growth factor enhances
deoxyribonucleic acid and collagen synthesis
in osteoblast-enriched cultures from fetal
rat parietal bone. Endocrinology 1989:

26.

27.

125:13-9.

Moursi AM, Winnard PL, Winnard AV,
Rubenstrunk JM, Mooney MP. Fibroblast
growth factor 2 induces increased cal-
varial osteoblast proliferation and cra-
nial suture fusion. Cleft Palate-Craniofacial
Journal. 2002:39:487-96.

Holtrop ME. Light and electron microscopic
structure of bone—forming cells. In:Hall BK,
editior. The osteoblast and osteocyte.
Bone, vol. 1. Caldwell(NJ):Telford Press:
1990. p.1-39.

Reprint request to:

Yung-Soo Kim, D.D.S., M.S.D., Ph.D.
Dept. of Prosthodontics, College of Dentistry, Seoul National University
28-1 yeongun-dong, chongno-gu, 110-749, Seoul, Korea

yungskim@snu.ac.kr

187



Fig. 1. Osteoblast cell line

Fig. 3. Blood collection bag Fig. 4. IEC central GP8R centrifuge

Fig. 5. Platelet Rich Plasma
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Fig. 11. Light microscope for cell morphology.

(A) control: the cells were flattened and elongated with a few cellular processes.

(B) PRP, (C) PRP-CM, (D) bFGF, (E) IGF-1, (F) PDGF, (G) TGF-B: the cells appeared as sph-
erical, plump cells with well developed cellular processes. Especially, the cells in PRP and PRP-
CM had more prominent developed features than recombinant growth factor groups.
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ABSTRACT

THE EFFECT OF GROWTH FACTORS IN PLATELET-RICH PLASMA
ON THE ACTIVITY OF OSTEOBLAST CELL LINE

Tae-Wook Jung, D.D.S., M.S.D., Yung-Soo Kim, D.D.S.,M.S.D.,Ph.D.,M.S¢.(0.S.U.)
Chang-Whe Kim, D.D.S., M.S.D., Ph.D., Kyung-Soo Jang, D.D.S., M.S.D., Ph.D.,
Young-Jun Lim, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Seoul National University

Statement of problem: Platelet-rich plasma(PRP) is well known to be very effective
method to stimulate and accelerate the healing of bone and soft tissue. However, there are few
reports which deal with the mechanisms of the PRP on the activation of the osteoblasts.

Purpose: This study was aimed to investigate the effect of growth factors in PRP on the activ-
ity of osteoblasts.

Material and method: To evaluate the effect on human, human osteoblast cell line was cul-
tured. PRP was extracted from the blood of a healthy volunteer. Using the recombinant growth
factors of PDGF, TGF-, IGF-1, bFGF which are mainly found at bone matrix and their neutralizing
antibody, the effect of PRP on the attachment and proliferation of osteoblasts was evaluated. To
evaluate the autocrine and paracrine effects, conditioned media(CM) of PRP was made and com-~
pared with PRP. By the western blot analysis, the expression of growth factors in PRP, CM was
examined. Cell morphology was compared by the light microscope.

Results:

1) The effects of CM on osteoblast were similar to the effects of PRP.

2) PRP, CM, recombinant TGF-#, bFGF, IGF-1 showed significantly higher cellular attachment
than control(p<0.05) in the cell attachment assay. In the cell proliferation assay, PRP, CM,
recombinant TGF-8, IGF-1, bFGF , PDGF increased significantly cell proliferation(p<0.01).
Among the recombinant growth factors, IGF-1 showed the highest cellular attachment and
proliferation.

3) In the western blot assay, bFGF, IGF-1, PDGF were equally expressed in PRP and CM.

4) The attachment of osteoblast cell decreased significantly after the addition of neutralizing anti-
body against TGF3, IGF-1(p<0.05). In the cell proliferation assay, the addition of neutralizing
antibody against TGF-8, bFGF, PDGF, IGF-1 decreased significantly the cellular prolifer-
ation(p¢0.05). The amount of decreasing in the cell attachment and proliferation is the high~
est in ab-IGF-1.
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5) The cells in control group were flattened and elongated with a few cellular processes in the
a light microscope. But, the cells appeared as spherical, plump cells with well developed cel-
lular processes in experimental groups. The cells in PRP and CM had more prominent devel-
oped features than recombinant growth factor groups.

Conclusions: These findings imply that PRP maximize the cellular activity in early healing

period using the synergistic effect, autocrine, paracrine effects of growth factors and increase the
rate and degree of bone formation.

Key words : Platelet-rich plasma, Conditioned medium, Growth factors, Autocrine, Paracrine

191



