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Abstract

Dental pulp cells are able to differentiate into odontoblasts and to form dentin when stimulat-
ed by external irritation. Growth factors such as platelet-derived growth factor (PDGF),
insulin-like growth factor (IGF), and transforming growth factor-g (TGF-8) as well as bone
morphogenetic proteins (BMPs) have been implicated in the regulation of the wound healing of
pulp i vitro, but the effects of these growth factors on the function of dental pulp fibroblasts
in vitro still remain to be established. ' \

This study examined the effects of the best characterized growth factors in mesenchymal
cells, PDGF-BB and IGF-I on cell proliferation, cell differentiation, chemotactic activity and
the gene expression of other growth factors, such as BMP-1~5 and TGF-81 in rat pulp
fibroblasts i vitro.

The results are as follows.

1. Both PDGF-BB and IGF-I significantly stimulated cell proliferation and chemotactic
activity in rat pulp fibroblasts i wvitro, and more pronounced effects were observed in
PDGF-BB.

2. Mitogenic doses of PDGF-BB inhibited the alkaline phosphatase (ALP) activity, significant-
ly, while mitogenic doses of IGF-I did not have significant effect on ALP.
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3. Short term treatment with mitogenic doses of IGF-I increased mRNA levels of BMP-4 and

TGF-41 in a dose-dependent manner, while long term treatment did not result in sizg.rniﬁcant~
effects on the mRNA levels of BMPs and TGF-£1.
4, There were no significant effects on the gene expression of BMP-1~5 and TGF-1, when

the cells were treated with PDGF-BB.

These results indicate that both PDGF-BB and IGF-I are mitogenic to rat dental pulp

fibroblasts, but that they act in different manners to regulate the function of the dental pulp.

Key words : Pulp fibroblasts, Platelet-derived growth factor (PDGF), Insulin-like growth factor

(IGF), Transforming growth factor-g1(TGF-81), Bone morphogenetic proteins

(BMPs)
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&, &2 AFTCAKFRICHEES 1 v £V R T 4
A7 TYWitk, 7V —vR_RyFREEL, EE
WHR1/3MOWHEDO A EZHWE I NIz ) —
v —IZ TR HL, HilgncHwY% Goh
o MG BE AL 1k Cazrt Mgt R & % 2
Dulbecco’s phosphate buffered saline (BAF
PBS(-) ; HA®ZE)hT, +octiit, RE
ANV 2T I mm*OKE Sy 7z, M
) U 72 B BEAH % 12100mm tissue culture dish
(EWHT) ATIL%4RAEFME (Flow) 86
Dulbecco’s modiffied Eagle’s medium (WA
DMEM ; GIBCO/BRL) iZ#Hi&EAl (=) ~
G (BHIE®EE) 100 IU/ml, ¥ > ¥ <4 v v
(Sigma) 50ug/ml, 77 ¥ F V' (7Y X b—
W-RA¥Y—R7 74 7)) 3 uM/ml) ZEML
7z b DEAWERE, HEEHE» S outgrowth L
TerifE 2 AR OEBICHER L 729, BERAER
BEE3TC, EE100%, 5 %C0,-95% =K DIREE
T, MilEOMMRICIZPBS (-) trypsin
(Flow) £EDTA (Flow) ##%0.01%8 X U
0.04%&HF 372D %AW, confluentiZZ L
TZRERT L ¢ 4 OFRFETHAREEEL 72, [k
W7y MEEREE & D B kARSI & 5
BELarybo—nELTHW:, BfilEE b2
FERI T 3~ 5 B oMl AL 72,

2. #EESEREHERR D HER
SrEERIREDY, seEEMIRL E L CORMEEZE L T
WL LEPEFANDL D, BRENEBIE L £
FHREETo 72,
1) JERBSRIBIE
(1) frtEZESAMERC & 2818
SR> oK 2 8/, REEMEER> S out-
growth U 7z ¥CHE R 2 A AHZE SRR SR\ L D 8]
21729
(2) EEAEFEMSEC L 2HE
A 3 FUE OMifE DB ENBIE 2 EERE

FEBHFHCLVIToT, T2bE, MEZRHA
24BF[E#2 (#950%  confluent), medium%* PBS
(=) T—HE¥%E, E#EKarnovsky D [E E B
(pH7.4, 2% parafotrmaldehyde, 2.5%
glutaraldehyde) T 2 B[R EEE 21T > /2o 8
EOLRLY VRN X Y AR, 7Y
T4 ANVKA P FT4¥— (HCP-2, HIL)
WCHFRREZRE2ITY, =4 a—HH81 4~
I—F =2 kY EX100—200A DL EE % 1T
v, HIHSGEERE FEMEE (S —650) 1 &
LRBEE 2T 129,
(3) FZEEE FEMER I L 5 MidEEEE D
B
#150%confluent DR E DML % Z /N — K Y
ARV TED, #LL LEORBEREE T,
PBS (-) & THifE % P, ZFEKarnovsky D
BlER Iz CL2BFMIREE U7z, ARER CHiRE,
29%A4 A Sy ART | RISEE 2L, 2%
Eefe ™ 7 T a v 7 % 1T, Epon 8121
a7, LKBEEVFHI e b—AK
HIZAFAT7HEETAYEYFFAT7%H
Vv, EEUIEFRERL 2, BEYIF IS S
B 7o L VEBRO_ERBEEL, E@E
R FEEMSE (HIIH —800) I X VEREH/REL
729,
2) HALFRIRE
SEEME S EBEHEORBO—DTh s E
Alkaline phosphatasefiftt (LA FALP#EM) %
BLTWE0EM%3, p-nitrophenyl phos-
phate (LA FpNPP ; Sigma) ##E & L /zassay
WKEDHEIELR®, ThbbR2REDT v
b BEHEAIAE B 5 Vo % B R AR HE S A8 conflu-
ent \Z % U 72 ¥ 55 T96well-dish iZ M FE X 5 X
103/ well % #5688, LEoii4AIMBE RIS 2K
T24B5RRE 2 U 721, PBS(-) T—[EI¥E#, PBS
(=) ®5l, Hwelllz10041000.1%Triton-X
(BERALS) 20, &well, £ 1 5 fEpipet-
ting LMifg 2 aJEb U7z, MIGALPIEMS B L O
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M EBEDOFHENIC 3R Z 40410 D Fvrassay
21To72,

MO &2 13 Wiechelman 529D FkICH U
ML, B8, ZZTCHWEZ1URERTI
SN 1 uMOpNPP R IIASME S ¥ 2 BERE
2 L2, MMALPYEM IS O & CEEL
LEH L7,

3. MMAREIEICRITTE

PDGF-BB (recombinant Human PDGF
-BB: RZ brT 4 vFrY M) BXLUIGF
-1 (recombinant Human IGF-1; vV > 27 a vy
M) 2%, T v b eeBEESRARKESF R O M
W RIZ T8 %, BEKEMEC 0 ~100ng/ml
D #iPH Tmitochondrial dehydrogenase % $51&
& LU HifEsgiassay® i X D #ER-. T b b
96well-dishiz fHFIHL 3 X 103/ well % #EfEH, L&
PUAA M B INET BRI C24RFREE L 70 1%,
0.2%BSAE&HBEDMEM I R H#, & & 12 24R5RT5E
#L 7%, ZDHPDGF-BBEIGF-1%2ZhZh
BEKEE CHEM S o 245 H 55 # 1,
medium % ¥%5[, XTT (Sigma) WEEZHRML
72X oI 4 IFRIEER, BNEE~ A 707
V— Y —%—(295)I2T492nm THIE L 72,

4. MIASMEICRIFTTRE
96well-dish iz %k 5 X 103/ well % #%#H, L
SOPAERB L CIMIEARINE R I T 24 E
L7z, 0.2%BSAEGHEDMEMICRH, X512
24BFfEIREE L 7oy Z D% PDGF-BB L IGF-1%
ZhZ BB U, 48R HEER S ¥ 72
%, EEROFETHEALPEREE2ED L,

5. 1eELtE (MERRBEERE) CRITTRE

PDGF-BBE & VIGF-18 7 v b thf fH iR
HEEFHRE O LR I R T E R, R4 T
YFrroN—DFEREEIGHL b EEAE
assaylZ X VR L7279,

TRbBXRZ MU TavF Y UHE
Biocoat Cell Culture InsertsTX> 7L >®
pore size?38.0mD b DEH W, F ¥ 2 /N—=F
F L DEE DOPDGF-BB® % WIZIGF-1D
A0720.2%BSAEZEDMEM, gk
5 X10°/mIDOHINIREEIE &= A, 120FFIEEE L
720 0% T8 7 — VIEHIC 3053 R LR % [F
ELTR, 74 vy —2BE@BEL, 7 4 VY —
ORI TEICAE UM %20.4% h Yoy
TR & D Jeth, KM T20065K T
B, 1065 %2 7 > 57 AGRCHIREECRSHEIL
720

6. BMP-1~5 5 UIZTGF-8 1 dmRNA®D

BEFERCRITTHE

RIZEEETIX, PDGF-BBXE &£ U'IGF-1D
YRR O & U CRiIcifa s bic Rz 3 228
BB, TOXAI=ALEHLLIZT
3 HN CHESRMREOMuIcEE L5 2 55
¥ ¥ % b 5 BMP- 1 ~ 5 %-97 & (812 TGF
L1273 OMRNADBELEF R CEZ ¥
B, BERENES X CRHEIKEFEE ICRT-PCR
B3N X D IREE U7z, Total RNAD B IE Acid
guanidium-thiocyanate-phenol-chloroform
N L VATV, HEEERFE (Life Techno-
logies Co.) & Y cDNAIZconvert& €7z,
BMP-1, 3, 4, 5 @primer Z0gose 53D
T WA I TERLL 72, TGF-4 1 ®primer
1ZClone Techtt#dD~ 7 A TGF-8 1 Oprimer
»Hwiz, £7-BMP-2 @Oprimerit, ¥ v X
BMP- 2 ®DNA sequence?® b & 12, HEICE
FFUPERLL 72, B4 Dsequence B & U'PCR pro-
duct sizeldTable 1 12737,

1l

1. freetniz

X HERE & SRR DB B EME 1E, Student®
tREC L VFHIE L 72, &3, fafRsRs30.0514
TOHGERHEBEDD L LI
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Table 1

PCR primers

Primer

Sequence (5’to 3’onentation)

Product size (dp)

Human BMP-1(3’)
Human BMP-1(5)

Mouse BMP-2(3?)
Mouse BMP-2(5)

Human BMP-3(3%)
Human BMP-3(5")

Human BMP-4(3?)
Human BMP-4(5)

Human BMP-5(3)
Human BMP-5(5)

TCACAGCTGCACTTGTAGCTGCC 286
TTGAGATTGAGCGCCACGACAGC

TCTCCCACTGACTTGTGTTC 289
GTGCGCACGTTCCATCAACT

TCAAATGAGTTCTTTGCCAGGTTATC 330
CGCCAGGAGATACCTCAAGGTAGA

GCTGAAGTCCACATAGAGCGAGTG 346
ACTGGTCCACCACAATGTGACACG

CCGAGATAACTGTATGCGACGAG 305
GGAGACAATCATGTTCACTCCAG

Rat TGF-g1(3) CACGATCATGTTGGACAACTGCTCC 298
Rat TGF-g1(5) CTTCAGCTCCACAGAGAAGAACTGC
I # R

1. HEFMNEBE
1) ftHESEMEE W Lk 8%

PR X BEEENDO S AR D 2 WIRE
BxzEL, SMOBRESFHROREERLT
Wiz (Fig. 1),

2) EENETHEMS I L 288

[ERRICHRA 3 AR E oMl b BZFMEEMN D%
AR EEL, MEBERHEaROBERZ R L
Twiz (Fig. 2),

3) EAERE TEEMEIC & 2 TS OE
£

ERME THEMEC X 2 BETHARIRED
MRZIE, /MR, S har RY T REOHEA
INREVHBR LS FEZLTEBY, BHEOHE
WHBR SN, SHEHRT I SRE SR AR
DFBRERE 21T IZ—E L 72 T EE S A R 0 % it
ZTW3 I RStz (Fig. 3).

2, &bVt

MR 3IREDZ v + B HEA L P&
HICB 1 T35.6+1.2 (mU, /mg protein) TH
D, 7v M KEHBEREEFMEROAL PEY

Fig. 1

Phase-contrast microscopic appearance of
primary rat pulp fibroblasts showing
osteoblast-like polygonal cell-shape.

25.8+3.2 (£ U,/mg protein) & Et#E L 1,000
HEUEDOBWERR LT,
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Scanning electron micrograph of rat pulp
fibroblasts from passage 3 also showing
polygonal cell-shape

DA EDOFRERER « EALENRED &, S
Bk, tREEHSEERMEZEMEE L ToRME 2tz
TwieFzoh, DBOERICH L L
L7z,

3. HEREECRETTRE

PDGF-BB¥ & VIGF-1#3, 7 v b ik
RHESEHIR O M TE « RIF TR B R et L
770

PDGF-BB&, 10~100ng/ml T & B (K 714
12, HEMEEZD - TT v bR EF
OMMfaREsE % BECRIB L 72 (Fig. 4), &#
B IX50~100ng/mITH D, a> b a— e oD
HTH#I320% O BETER ER R 2" L Tz, [FEIBRIC
IGF-TIZ B EARIEM I 7 v b i SRR HE
feoffiasEE = BB ICHE L7z (Fig. 4). &

I, fii PDGF-BBEIGF-1237 v b sEBEHSRARMESFMI BT 3 &

%

Fig. 3 Transmission electron micrograph of
rat pulp cells from passage 3.

400

*P< 0.001

200 A (n=10)

XTT PROLIFERATION ASSAY ( % Cont)

0= T T T T T y T T 1
0 20 40 60 80 100 120

PDGF-BB (ng/ml)

Fig. 4 PDGF-BB stimulates cell proliferation of rat
dental pulp fibroblasts in vitro
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Fig. 5 IGF-I stimulates cell proliferation of rat

dental pulp fibroblasts in vitro

HEEIX10~100ng/mITH Y, 2> bo -k
DL THIL30% DIEFEEEZN R 2R L7z (Fig.
5)o

4, HMBSMEICRITTHE

Fig. 6 2783 & 9 I PDGF-BBi%, 10~100
ng/mITHEWCALPEEZMHI L 7z ($950% =
Yhrua— i), 2t LIGF-ITIE, BB
BROSNEBENHDD, b T »ICALPHER %
A ELEAPFED 5N (J110%a > ra—)v
), A< &b ALPHEMSE 2 13 2 881358

4 l T
1591 I EIF |
13.0 A
1104 *P< 0.001

(n=6)

w0
o
1

N
o
i

PDGF-BB

ALP SPECIFIC ACTIVITY ( mU / mg protein )

o
o

T

T ™ T T 1
0 20 40 60 80 100 120

(ng/ml)
Fig. 6 PDGF-BB but not IGF-I inhibits ALP activ-
ity in rat dental pulp fibroblasts iz vitro

Honkhrolz, 2o DR SPDGF-BB
Fin vitrolZ BW T 7 v b sEH AR
OIS MH T 2ERABH 5 Z LRE N
720

5. fbEtE (MRREERE) CRITTHE

PDGF-BB& & C'IGF-Ti&, &< O Hl i H5
B UMLicER2 5 2 2 EEE (1ng/ml)
»oEEE (100ng/ml) DL WEH CEEKT

*
a 120 A ]
o
& PDGF-BB
5 100 o
=
o IGF-1
I 50 -
9o
T ***P<0.01
>~ 60 {%* *%|
W P<0.005
= *P<0.001
)
O 40 4
Lk
o o
&
ol 20 o
=
>
£
0 T T T T T T M 1
o 20 40 60 80 100 120
(ng/ml)

Fig. 7 Chemotactic response of the rat dental pulp
fibroblasts toward PDGF-BB or IGF-1

Migrated rat dental pulp fibroblasts by
PDGF-BB

Left panel : PDGF-BB (Ong/ml)

Right panel : PDGF-BB (100ng/ml)

Fig. 8
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M bEE AT 2B R CHE L 72 (Fig. 7) 25,
FIEDOREIIPDGF-BBO AN ETHITH 5
fEE BN R S 7z, Fig. 8 KPDGF-BBD 2 > b
o — )V (0ng/ml) B X CEHEE TIEH (100ng/
ml) EXLEOT7 4 VY —EEMEO Loy
TN =R EIRT,

6. BMP-1~5 & 5UIZTGF-8 1 ®mRNAD

BEFRR

R EDFEERY S, PDGF-BBE & IGF-1D
ROt & LT, Friciileaibic k22
WBOHBHT I, TDOAH =X LRSI
T2 HW CHERMlOMbic e gEr 52
TW3ERT, ¥42b5BMP-1~57%256 0
IZTGF-81 OmRNADEBEFHERICE 2 5%
BRIRET Uz, Table 2 137 v b REEHARME
FEHIFE Dbasal conditioniz B 5 BMP-1~5
7% 5 M2 TGF-8 1 ®mRNADEBLTHE %R
T 7 v EBEH RS MIfd DObasal  condi-
tioni BT, BMP-1, 2, 4BXUTGF-g8
1 TmRNADBLRTFHESAD Shlc, L L
25 5BMP- 3, 5BV ITmRNADEMLTH
Hix, B oshiehroiz, Fig. 9 1ZERRER
DIGF-13BMP- 4 OmRNADEBLEFFHIRIC K
T EEEZALDDT, 15603 1CB VT
10~100ng/mlDIGF-TiZ EEE A EF % I BMP- 4
OmRNADFEE & BN &7z, FEfki210~100
ng/mlDIGF- I i3 TGF-81 ®mRNADEEF
FE P BRERFECHEME ¥ (Fig.10),.

L LAEHS, 0o DIGF-IORHR 12

Fig. 9 Short-term treatment with mitogenic con-
centrations of IGF-I increases levels of
BMP-4 mRNA in a dose dependent manner
in rat dental pulp fibroblasts in vitro.
(A : 15 min, B: 60 min)

Fig. 10

Short-term treatment with mitogenic con-
centrations of IGF-I increases levels of
TGFB-1 mRNA in a dose dependent man-
ner in rat dental pulp fibroblasts in vitro.
(A : 15 min, B: 60 min)

Table 2 Expression of BMPs and TGF-£1 mRNA in cultured rat pulp cells under

the basal condition

Primer BMP-1 BMP-2

+ +

BMP-3

BMP4  BMP-5 TGF-51

+ - +

Products were detected by 35 cycles of PCR
+ ; expression of mRNA
— ; products were not expression of mRNA
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Table 3 Summary of short term effect of IGF-I on gene expression of

BMPs and TGF-81 mRNA

IGF-I(ng/ml) 0 1 10 50

100 (15 or 60min)

BMP-1 + + + + + (15 or 60min)

BMP-2 + + + + + (15 or 60min)

BMP-3 — — - - - (15 or 60min)
BMP-4 + ++ +++ +++ +++ (15min)
+ ++ + + +++ ++ (60min)

BMP-5 - - - — - (15 or 60min)
TGF-41 + + +4+ +++ + (15min)
+ ++ ++ +4+4+ ++ (60min)

+ ; products were detected by 35 cycles of PCR
+ + ; products were detected by 30 cycles of PCR
+++ ; products were detected by 25 cycles of PCR

Table 4 Summary of long term effect of IGF-I on gene expression of BMPs

and TGF-81 mRNA

IGF-I(ng/ml) 0 1 10 50 100 (12 or 24h)
BMP-1 + + + + + (12 or 24h)
BMP-2 + + + + + (12 or 24h)
BMP-3 - — — — + (12 or 24h)
BMP-4 + -+ + + + (12 or 24h)
BMP-5 - - - — — (12 or 24h)
TGF-81 + + + + + (12 or 24h)

+ ; products were detected by 35 cycles of PCR
+ + ; products were detected by 30 cycles of PCR
+ + + ; products were detected by 25 cycles of PCR

M8 & C24FFE O REEERICB L TIERD S
nixdrolz, £l OMOAFIIKIZTTHE
B L CIIERFHE, EREE b ICRCHIRIIED
s>z (Table3, 4),

PDGF-BBIZ B8\ TliE, IGF-ITRE®» 5z
£ 5 7%BMP-4 7% & 'IZTGF- 1 ®mRNA®D
BLEFRACKRIZIHED 50X ZOMORT
CRIZTHEIR, Boonizdrolz,

IV % £

1. Zv M EEHRRHEFEROBEICOVLT

BEREAERR I 13, ROCHIERMNE, RS
fd, BIRFIFMMEL & ORFFMIT~DMbEE
2HEYT LAl E 20 o ORKHMEMIETH 5 R
FEFMRE Mz, BMMEANKERS <2 o
77 —YREVEFEET B, REGHMEEEL
reHE, EF IR TL 2HlORERS X, RF

A DV 5 0 2 2 SHLERFE 12 W 5 [HEE R
fasz D EBEMIEEFEZ SN TBD9, Zh
5 % B HRARMET MG & WA TV 5379,
BRBE S AR MEEE L D I & U TR REZEAGIC
b BRI b BEME L 2% < OERUE S
INTWL 319, BRERENENS L LT, Z/AE
2R, BHEEs» COEE/NE, T
VEBE, IMaYFUT7REOHIFNEBERRE
LI EBETONTBY, Zhs 3l
MM B MRS IER BB G B L U5
WHHEETHL Z L BRLTWE, K TSH
B3Nz Z v b IR b IERRERIC 2O
X R EE T AMEBSIELAETHY, |k
BRRARE, IMEANRMREAROEREERT DI
BurEBgasnkholel Eh o, HREREMICHE
Bl SRR IR O Rt % i 2 7o MEfEEE T H %
LEZ o, BEME L OE(LEREDIE &
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LT1) BOMlEALPEEEZEL, LrdZ
DTAVYALTERTHS LY, 2) Vita-
min D &FHICAL PIEEN ERE T2 2 LY,

3) BIFRER RV E 2 KIG USIFENCAMP LV
NvEEREEL Y, 4) BIBEBWEA
B, $hbbA AT A HNY > bone sialo-
protein, A AT A A7 F R EEFUWT S Z
£9, 5)8HT bcollagenid Type IBNETH %
Z e, 6)invitroCRIKILREEZ B T 5192
L ENEToND, HEDE Z AHEEHKHR
MESFMRE & B 2 &0 o 2 FE L LT
dentin sialoprotein’s ¥ DRFEREEHDFH
HOEJERANRD L PROBEELFREEZ
55293, ZNIXEEEHSREESFIE O 531k
BRI ko THREVWERFE S LY, L TEND
ROFERZHDLIFVE VL, KFRTER
FERFAEAORBIMET L Tvuiws’, Hilk
BREER L AN A 1 B HERHAR 1 FRE & L7 ERGLT
HY, BIHIEEREE O KA O AREME S
BN En»s, zOMEKEL AL PHEED» S,

SIBEIIE 2 ek & D e & T D B SRR

MR DR 2 H 3 2l & L CRBUCHE
T5IkEl7z,

2. PDGF-BB& L UIGF-15°5 v | tE3E KR

MEFHBICRITTHELCOVLT

PDGF-BB L IGF-1iZ & b i ZER M D1
KW HBHEATELTTTRAS L TWY
B3 ZDEFOFRBEI N F Ik D E
WdH %, PDGF-BB & IGF-TiE—fi i B #E
Mz a0 -MERMCBLWTEREN TV
23, IGF-IDS R E RV E >, BIERER KL E
TA MYy EORGWFRVENILEL
T, £ LTHTOIGF-1DEEME £ D, MK
EEREZBL CaFwcmy, xVvEOEFEMRAO
mediator & U C/RATCTIER T % DIz L3739,
PDGF-BBIZ i R )V E > Dmediator &£ L TD
BENTHE I N TRV, BF, EIEREETIR

HIZBWT, BMPsHfi# Ddentin bridge D
BEIEET 2EABH 5 2 L BHES Y, ¥
U W ERREBIEA R ERE & U COuReE»EE
ENTW3,PDGF-BBH X IGF-1i & & iZin
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Figure. 11 A proposed model about the effect of
IGF-1 in normal rat dental pulp fibro-
blasts.
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