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— Abstract

THE EFFECT OF SODIUM FLUORIDE ON
THE PHYSIOLOGICAL ROLE OF OSTEOBLASTIC CELL

Dae-Eop Kim, D.D.S., M.S.D.

Department of Pediatric Dentistry, Dental Research Institute, College of Dentistry, Wonkwang University

The clinical use of fluoride with a well known osteogenic action in osteoporotic patients
is rational, because this condition is characterized by impaired bone formation. However, its
anabolic effect has not been demonstrated well iz vitro. The purpose of this study was to
investigate the effects of sodium fluoridé on the physiological role of osteoblastic cell,
Osteoblastic cells were isolated from fetal rat calvaria.

The results were as follows :

1. Mineralized nodules were shown in osteoblastic cell cultures, which had been maintained
in the presence of ascorbic acid and P-glycerophosphate up to 21 days. When cultures
were treated with pulses of 48 hr duration before apparent mineralization was occurring,
2-fold increased in their number was detected.

2. Alkaline phosphatase activity of osteoblastic cells was inhibited by sodium fluoride in dose-
dependent manner.

3. The effect of sodium fluoride on the osteoblastic cell proliferation was measured by the
incorporation of [*H]-thymidine into DNA, As a result, sodium fluoride at 1~100sM in-
creased the [*H]-thymidine incorporation into DNA in a dose dependent manner,

4, The signaling mechanism activated by sodium fluoride dose-dependently enhanced the
tyrosine phosphorylation of the adaptor molecule Shc®™ and their association with

Grb2, one of earlier events in a MAP kinase activation pathway cascade used by a sig-
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nificant subset of G protein-coupled receptors.
5. The phosphorylation of CREB(cAMP response element binding protein)was inhibited by

the sodium fluoride in MC3T3E1 cells,

In conclusion, the results of this study suggested that the mitogenic effect of the sodi-
um fluoride in MC3T3E]1 cell was stimulated in a dose-dependent manner and suggested

“an important role for the interaction between Shc and Grb2”

tion of osteoblasts,

in controlling the prolifera-
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olE 7 NEEY 75§ AT At o Hgo) glgo] HE, 0|24 X33} #A o of
¥k AEREPEOl AL TP 1 F Peck W ATL ST FHAT
E90] collagenaseE 0| L3 AL FAxE whY O ZZAES B Ad&EAAMYAAN [, I#
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A 3HA1 71, B3N EF (Sodium fluoride) Eo]A)
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715 @4l st ExYEH ) 7o) gy
A FRA L, JacquesEE SAZNN 4R}
7b FE&A AFHE o] AFAE o] FA 3}
(dimerization) &} 2}7] 214+ autophosphorylation) &
S TEAY tyrosyl kinaseZ A 3A)7) 2, o]
¥ rasGAP, Raf, MEK kinase 5°] 9#9] 2143}
H3E F3 DNA §A3 AEZ49] #Ho7 o
AAE ZoZ HISFAY. T3 EiE= AT
oA 23 phosphotyrosyl protein phosphatase
(PTPP) & &4& A AIA cellular tyrosyl phos-
phorylation®] S7HE Y ZME 548 AFsA §
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o] &1} (dephosphorylation) & JAA|FIEZ
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P4 AE FHEAE FHe= EFL fluoroa-
lumino complex(AlFx) 2 B& 8 o m? o] AlFxS)
protein tyrosine phosphorylation<- G-protein-coupled
receptorg® FMA A3 FHe Aoz <y
thrombinell A Webube Ao} fA18H9, tyrosine
kinase receptor® 84335 msulin-ike growth fac-
tors e hE ASR 48A Atk o) A+
= E47F 84 A E M G-protein-dependent
tyrosine phosphorylations- 8432 4 &S A
AR 3 At G-protein-coupled receptor”}t
MAP kinaseE SA3HA7]E 717 8409 A
9 F5 wat k=, MAP kinase 84 3}=
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pertussis toxin-sensitive insensitive G-protein
o W72 Yok AL protein kinase C(PKC) 3
£ Ras-dependentd}A] dojdti= B I7F Qop®,
G-protein coupled receptor(GPCR)ZH&A o] 23t
Ras-dependent MAP kinase®] BA3}+= She
adaptor protein®] tyrosine 91A3}e] Z7}9} & o)
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2 Ad7E 93 AEEE, 35mm dish, 24 well
multi dish= Nunc(Delta, Denmark), alpha modified
essential medium(e-MEM) €, trypsin-EDTA+<
Flow Laboratories (ICN Biochemicals Inc, Costa
Mesa, CA, USA)E, fetal calf serum(FCS)E
GIBCO(Life Technologies Ltd, Paisley, UK.)& A}
2319t} sodium fluoride, aluminium chloride,
0.05% TCA, 50pg/ml ascorbic acid, 10mM2] B-
glycerophosphate, bovine serum albumin®}, p-ni-
trophenylphosphatex= Sigma(St. Louis, USA)E,
[3H]-thymidine® Amersham(Little Chalfont,
Buckinghamshire) &, B3} anti-phosphotyrosine(an-
ti-Tyr(P)), anti-Shc, anti-p-CREB-& Upstate
Biotechnology (Lake Placid, NY) 2] A& A}&-3}%
2, anti-Grb29} 22} AbE Santa Cruz(Santa
Cruz, CA)E AHE3EATH

2. AT uhgy

) SAE 28 2 g

e Al 1995 o] WA (Sprague-Dawley rats) EjA}
FANAE BAAo 2 AZ3 UL 01% collage-
nase, 005% trypsin® 05mM EDTAZ TAE &
289E Ad&H0 2 M3l ZIAEFE ¥
sttt 3 ZFMAEL S 10% fetal bovine
serum®] F7F minimum essential medium .2 1
FU7 primary cultureg A3 3H%.2.7 (Fig. 1),
culture¥ trypsin-EDTAE X sl A EES &
g & g A A Hemocytometer) 0 & A X4
ZA3dt] 05~1X10° cells/35mm dish7} HEZ

3 c}— AEE dish FH FHAIZ vt
FET B%, 5T JE XA $B%Y F
% 5%° CO-& Fg3ttt
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EIJUEFY 2373 A g §J+~ ey
317] $18te] 3Bmm dishell 2IAEFS B8
Fx2 A ¥4 FE) Astd 2L
7% 15% FBS, 50ug/ml®] ascorbic acid®} 10mM
9] B-glycerophosphate”} 3718 ae-MEMO. 2, A3
9 A5 A9 wikde] 10M FE EIhHE
S A7k & 4 ARRFESE vhesial AlAE o)

Ao WA ] atmf 2197 “H°k3}°ﬂ‘:]'
‘E% 10‘—:] o %’é‘ E-—E—?——_}
in situ® von Kossa G4& Al
&3t oPdukd- Uehlls A9 & 1000 &
thated A4 sk oH(Fig. 2).
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WSAI7] & gAe] Zgo 93l VA2 RY B
&, 3% p-nitrophenol®] =E& spectropho-

o]&-3le] nAYEFo 7N ZH3 T
bovine-serum albumin(fraction V)& %
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S}3L serum-free MEMO| A 24A17F Bl k3. A1 A
serum-free MEM X+ 1~100eM E3IYEF
A7re Wik o2 waksto] 244)7) vl ket
o W F71F ek R 447 EQb 5uCie) [3H]-
thymidine(specific activity, 25Ci/mmol)& 37},
i F & 5% ice-cod TCAR MEZE 2AAZ) o}
= 43 AH85 AANE YL 05M NaOHE &3
8le] 1 radiocactivity 2 liquid scintillation counter
(Beckman, LS 5000 TA)Z Z43le] DNAGA &
< FE3AY.
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HY PAS HEHEE Triton X-100 extraction
buffer(EB buffer, 1% Triton X-100, 10mM Tris,
pH 76, 50mM NaCl, 01% BSA, 1mM PMSF, 1%
aprotinin, 5mM EDTA, 50mM NaF, 01% 2-
mercaptoethanol, 54M phenylarsine oxide, 100pM
vanadate) 2 *2]3}9] lysateS THE Z 12,000pm,
4CAA 3087F YR e st A E Ffogt
< Gtk o1E ME HRd) EX gL A
X171 A8 zhzke] A g Frbete] Aol A
2A17HE9F ¥ X171 Fo)) pansorbin solutiong ©)
&eto] FA-FY EEA (immune complex) S
HAANZY ZAE W R EB buffer® 3
A A Hste] HlEe)d uhe-g AAsy WA A
o EFATE 254 9] 1X Laminin buffer® 8
BAIZIZL 98TC el 5RF T8, WAAAA
SDS-PAGEE A8} &%t}
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6) A71%9% ¥ Immunoblotting

HY A-A = 10% 15%2] acrylamide,
0193% bisacrylamide gel® SDS-PAGE 3}ed gel
o] TR emi-dry electrotransfer system(Ellard
Inc,, Seattle, WA)S AFE-3l nitrocellulose mem-
brane(lmAh/cm®) ol €71 ¥ blocking solu-
tion(10mM Tris-HCl, pH 75, 150mM NaCl, 5%
powdered milk) & 2 1A]7Hg < 4291 A blocking
AZTh HIEol 4 FgAnuke-S blocking 3 3 13}
A Z anti-PY, anti-She, anti-Grb2& A4 &
F0 F9A 24)7H5<t v-SAIZA T NC membrane
& AHLA(10mM Trs-HCL pH 75, 150mM
NaCD) 2.2 39 M&AZo) enhanced chemilumi-
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nescence(ECL, Amersham Co, Arlington Heights,
IL)9HS-S $JaiM= Aol A 1A 7HE9} horseradish
peroxidase-conjugated ¢} YA 3 odlorimetric
WA S 915 M= alkaline phosphatase-conjugated 2
b A o WSAIAN WA AT Shed Grb22)
protein phosphorylation %A #23F T8 Shedt
Grb2e] e re] Wt s B §)3hy
01M glycine(pH 25) 2.2 A-&oA 30REL AlH
3td NC membranes reprobingdt Fo| ThA]
anti-She3} anti-Grb2 A& Y3 immunoblotting
S AAE & ECLoY colorimetric ¥PE o7 24
stolt). Blote] B4 H L= densitometry(300A
computing densitometer; Molecular Dynamics,
Sunnyvale, CA, USA)E 24359t}
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1. E3HES0| RSN EZ0IM M35 ZE §
ool ojxl= g

2147+ 7] i kst A
stod ZIEHELES A
e XgS @
ascorhic acid®} 10mMe} B-glycerophosphateE 3HA|
A7eted ekt A4 wiok oF 74 FRE AHo)
FAEAL 2197 MFs 25 v -] ¥

A& AR S o8
B2 A3} AEE2
M EZE 50pg/ml9)

(o4

Aol M3]8tE7] old A7IQ1 0, 7, 14 LA <
ZEAEFE AZE 10M BSHEFO T 4847
ot Agjsta 219 & #AS A dAE A
33 A= dixTol vg) < 2v) A% fo)st
A FrFetdTh A w717 21952 wjekalel 10
M ESPVEFZ 10eM 9 3HYF) 5 (aluminium
chioride)& 718 FoME tizTl vl&) ta =
7¥etR ot Fofst ApolE HolA = egtrh(Fig, 3).
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14-16
Dass of NaF exposure
Fig. 3. Effect of continuous or pulsed exposure of

fetal rat osteoblastic cells to 10uM NaF on
mineralized bone nodule formation. Fetal rat
calvarial cells were cultured in the presence
of 50ug/ml ascorbic acid and values are

Py - N N

o [° o o

o (=3 o (=
T

o
(=

No.of Mineralized Nodule

i

Controt

means = SE. of 4 samples.
* Significantly different from contral,
P (005

Table. 1. The effect of sodium fluoride on the al-
kaline phosphatase activity in cultures of
fetal rat osteoblastic cells.

Group Alkaline phosphatase activity
(nmol substrate cleaved/hr/mg protein)
Control 5341 £ 196
NaF 1M 5091 + 210
10pM 4,032 £ 89*
100pM 3442 + 109*

Values are means £ SE. of 4 samples.
* Significantly different from control, P { 0.05

3. B3LIEE0| [*H]-thymidine incorporationO|
0jx= A
%ﬂ‘/}_‘f—%c’] ZEMELY S wX = Fg

ZEA S DNA F4LE 1, 10,
100aM 9] EE}‘/} 9 =7 S7Hl et o
Z7o vlste] FlatA F7hetAcH(Fig. 4).

0

4. BELIEROQ| Shcl} Grb2o| CHHEI

CHHXIEto| BiSi0]| O|X|= st

BIIUEF ZIAE FHo B3 A&
3|

7437 98t Shedt Grb29e] Q1AtEE A

olrts}

-

640

250

['H] Thymidine incorporation (% cont)

10 100

0 Control 1

NaF (¢« M)

Fig. 4. Fluoride at micromolar doses stimulates [*H]-
thymidine incorporation into DNA in os-
teoblastic cells. [*H]-thymidine incorporation
was shown as a percentage of the control
value. Results were shown as the mean
SE. of 4 samples,

* Significantly different from control,
P {005

Aok 10, 100#M, 1, 10mMe] E3WEFF 10aM
o] 45t FrFgE MY e-PyE im-
munoblottingS A|38t A3, B3hIEFS =57}
Z7hstel wet Shest Grb2e] A48} S71sks
tH(Fig. 5, 6).

Shet Grb2 ztzte] Tl kst Hde %}@

3led anti-She A ¢} anti-Grb2 A ZE im-
munoblotting$t 23, EGEF FE7F Sl
W} Shedll 83 Grb2e] %3 Grb2ell AjH
o} 9l Shcel %ol Z73MAtHFig. 7, 8).

£0| CREBZ} phospho-CREB t&40]|

gﬂb}ia o] CREB(cAMP response element
binding protein) # phospho-CREB 230l ©]z]+=
QG #@3t7| )8l 5uM 9] forskolinF 1004M,
ImM, 10mM¢] B3h1EFFH 10aM] F3HL-Fr|
52 F493 £ anti-CREB#} anti-phospho-CREB
© 2 immunoblottingS AA| St FHzd A,
CREBS] @ddl& 3] gle
CREB9] 2% E3MEFS]
upe} ZHask A vH(Fig. 9).

Y phospho-
FE7F S7H
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Anti-PY Immunoblot

52—

Pre-im a-She IP
P

Stimulation NaF (60min.)

NS 1M 1006M 1mM  10mM
1 2 3 4 5 6

Fig. 5. The influence of sodium fluoride on phosphorylation of the Shc,

Anti-PY Immunoblot

7 8 9 10 11 12
Pre-im a-Grb2 IP
1P ]
NaF (60min.)

Stimulation

NS  10eM  100#M  ImM  10mM
7 8 9 10 11 12

Fig. 6. The influence of sodium fluoride on phosphorylation of the Grb2,

Anti-She Immunoblot

66—
1 2 34 5 6 7 g8 9 10 11 12
Pre-im a-She 1P Pre-im a-Grb2 IP
1P P )
NaF(60min.) NaF (60min.)
NS 10#M 100eM 1mM 10mM NS 10esM 100#M 1mM 10mM
1 2 3. 4 5 6 7 8 9 10 11 12

Fig. 7. The influence of sodium fluoride on the quantitative change of protein She.
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Anti-Grb2 Immunoblot

24—

1 23456 7 8 9 10 1112

Pre-im a-She [P Pre-im a-Grb2 IP
1P ) P )
NaF(60min.) NaF (60min.)
NS 10#M 100#M 1mM 10mM NS 10«sM 100&M 1mM 10mM
1 2 3 4 5 6 7 3 9 10 11 12

Fig. 8. The influence of sodium fluoride on the quantitative change of protein Grb2.

p~CREB Immunoblot

43—

1 2 3 4 5
1. control 2. forskotin(5pM ) 3. forskolin + NaF 1004M
4, forskolin + NaF 1mM 5. forskolin + NaF 10mM

Fig. 9. The influence of sodium fluoride on the p-CREB formation.

Iv. S8 3 10t AAx27E FA74 oz Mol Ut} melA
e ZAXEES o83l muml X XS

24 At A3 AFE FA F2EY ) FAasE e dds ddgel ARdEY o
B F(organ culture) WS o] &3le] @ol X5 X249 AL FE71Ee 49 oy A3
o] o TRAL TAET Y= A E7} uje e FAIXS TR 715l g AR 54
Fal7] Wizl 54 tAAAHE AEFFANM A A& F J2H, ascorbic acdE 7129 WREES
TF3h7] et = Al Eujok vbHo] dg=zlola) A A8 QU collagen®] FAAAAHF collagen
ZH}, ol wel ZFHNEES By 99 ot triple helix®] 442 F A5 = hydroxyproline
¥ Wol AIREHI 9JOom o]F collagenase9} 4 collagen¥-AF7He] cross-link @ AJ ol F4% 9l
Trypsin-EDTAE ©] &3 dA&asxeiye = hydroxylysine®] 4k} Aol B2 cofactor
A B 5 7H g A H 2 o o E 2830 2H colagen@ gl BAdE HoE
-’ﬁﬁ’\ﬂﬂ’\l THAE BAR ZFHNEFOZ deld vk B inoiwo)| Al A3 8HA] organic
FHE N, Vo SAEZY 2345 B3 phosphate®] o #g BIE glom®,
*‘?4 S MEY gELT Y 0|47 Z8W in- Bindermang” & invirpdl| A 9] A 3] 8kAle] A3k
oculation”, ZFA| EF0] So]3l& diffusion cham- 529 phosphate’} HQ3tchy AT B-glyc-
ber®] E70 o]y 5 o7 71X AAY A3 erophosphate 3 7}g1©] ascorbic acid¥He 37}k
ol Aol gloy A AU T3 HigFet 73 2 A2 AR F Aoy A
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teogenic) I X2 AZAIZITHY. T},
progenitor A|XFE AXINA SHAY S 33k
Ao dHA glon, ojgs F YL %
Eo) F3tETE I XY SAOE A%
2 14387 Y, Chamber™ = cAMP analogue
¢l DBcAMP®} cAMP phosphodiesterase inhibitor
9l isobutyl methylxanthineel] ¢]3ted ZZA| E A
9714 <AHE S § A (alkaline phosphotase, ALP)
7t Vst Radte 2EA 2 9714 <
AR AL F7te] cAMP7Y #o3ES AAMS
v Atk E4w FHA AE vty A1y o
AF AAY F7HE F53921, Dandona$? &
AR AN ESFUIEF FAA] U osteocalcin®
2o A 9714 JQAESEA SR

7He vYeitiy R

i,
T

¢

o
m
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2
4 Hy > & ofy

AT GFYS YA YSIEF

A QS 9P i, A2 §

O JFE FE AOE Lol gov, oy
I

AA TZN T} 7HAE T v EEA ]

=] =
| AN FSAEG FTHAT 5] TaAH
= Ze® Byl ok,

2 AFdME 2FMELS 50ug/mle] ascor-
bic acid®} 10mM$] f-glycerophosphate7} d 71 Hj
dee] AP E TP TVt R AR
7 10M FES BIEFS AEste 21

A7) M EA, 27 et A3)g Ad g
e & zol7t iRy B2 A-o| 433}y
o] AIZI 0, 7, 1447 9 ZZA ]| 484
5t ESUEF 10aM2 AT e 79 2199 o)

3

BN ox (N e

643

2 ALFE 23 A
& oF 2] AT F7HEHA THFig. 3). ol B4t
M3 238e S7HA RS FVHIIE A
o7 AAET ZZAEZLY E7A QAL
A A0 mAE B4y 9 #Ad] Y3

ZIAELY BIHEE
she] 7UZF wikAl A1
AR om, ol

ZIAE Z24 grog FEA FAse Al
o &3kA k. 1, 10, 100uM ¢} EPHE
9 [*H]-thymidineg incorporation A1Z1 A3}, &
FJUEFY FLvt SR et 2EAEY S
o) A HE= AL FAT F YAHFig 4). &,
olg] B 7oA mitogen-activated proten(MAP) ki-
nase?t M EAA-E ZA 3= nuclear transcription
factor®] Q4tsh 9 EA3E FAFol HeAeH,
intrinsic tyrosine kinase activity® H.°]+ tyrosine-
kinase(RTK) receptor®] Ao} G-protein-cou-
pled receptor(GPCR) &) AF=2.2 MAP kinase® &
Azt A F Aol €48 A Ut} ©] RTK-me-
diated mitogenic A %.F tyrosine-phosphorylated re-
ceptor, She, Grb29t Sos7+e] AT At-EAA HZ 5
™ o] 24 Ras-dependent MAP kinase@/J3tE ©]
oA A AT, B3l heterotrimeric G protein®] B
Ysubunit(GBY) + Ras-dependant MAP kinase ac-
tivationg ZAFAT &3 714 WA A
2 Aejoltt, ¥k, Tim$*-2 Ras-dependent
MAP kinase AN GBymi7 2] Shc?] tyrosine
phosphorylation®] 7F¢ HA Aoyl o]oj A
Grb2, Sos & RasE e = Ao HLEE MAP ki-
nase $A O 2 ojojRtty B g v} 3ok She
c-fos®] SH 992 probeZ 3 Al#Y cDNA Ii-
brary screenings 53t coning¥ 2™ E7F A
710wk pd6, ps2, p66 M 7HA R EFETh She
& 3zAF PTB(phosphotyrosine binding domain)

1_‘_
T
KB
=

29 collagen FAFY S (CH), Za¥ SH2 495
7+ 910w Sheol AXo Fd ABAMY F8

7158 Grb2e] SH2 Qdeizte) Aaate 9 ole] u}
£ Ras pathway®] @43t Avka & 4 U,
Ras pathway S SA3MI71E B T2 ZARE ras
pathwayE 4 3}A171= insulin, EGF, PDGH,
NGF, antigen, interleukin2, 3, 5, & calcium §9l <]



J Korean Acad Pediatr Dent 25(3) 1998

3 Shc9] tyrosine phosphorylation® &= el sk v
IE E 7 Utk SheHo AJEALOZ ras path-
wayE BAFAIE Grb2E AMES ratol] A
cloning =112 170¢] SH2 493} 27019 SH3 9
gL 7Y 9gon RE AN HFACH Grh2
vhill 28 IS A) 71 ALY microinkection ¥ 0 2 A
EHE Yol F& 7% AEY JAASY A4
S FEE $AE 5= Qo DNAEA 7} A
ZE = Aol HAHAT T3 Grb29] antisense
DNAE HZUE Yo]FH DNARA 7} 4|5 ¥
MEE 247l AFE o] BN o3 4

il

T Gorh MEL AR 228 7)5L @ 7}
4G AN AR, Al £l 3
22 lgand7k AZ] Gk S4Ash AT
del NE A2 AL Sohel A AR B

7 dojun, 213 Ae AAo FostE
Ao F72 o])\].gh,]. 1:}1_311 -thaz )\L_Q_xulo =
sto] A3l o] A3 AY Gl AA A AT
AL 27EE 718 @) ZE SH2(sre homolo-
gy domain 2), SH3, PTB{phosphotyrosine binding
domain) %% ¥ proline rich® o] 9o SH29
2 phosphotyrosine2 9148}, SH3%Y & pro-
line richg &5 AA e Jv) Gl Ao AgH3ic
EAES 2 e AlE Ag ©
B459Y HRoRe wat SH2
SH3 9495 23 U+ Src9 tyrosine kinase

] A= 35\_%‘3% ZAZ °'7<] ol by
A5 2291 adaptor?)
o] FollA AMEZF2
co-protein 2] ‘”5‘—?} Grb2e] A1sA
=4 N f{ A3, SH39 9% 53 Sos9te)
FeAEo]l TS FASAY Grh2e o] A3
Fotd SosE MEHOE TojEo|y AE
374 529 ras pathway S A 31714 At
B H Ao A= MC3T3EL XM X FAA E )]
A E49] mitogenicd 28-S UERE EA9 flu-
oroalumino complexE A3} 98te] Qg2
o5 (10eM) % ESUEF(10aM, 100sM, 1mM,
10mM) & A2lstdg o EQ’L]’EEO &7t
7Fetell whek Shest Grb29] ¢latslr) Z7hre:
3R o™, Shcd] ASE QA Grb2 RFHA
< g2l BIUEF -4 A 2ol sk FA g

g
e ol =
O
oL
=
N,
1
er
=
m&

ol
ol
uy
=)
{0
ofrt
_°.
L
_ﬂ

off N oft
t o ko K
N

=
C
> ]

o ok
rxr
O

* e ol

644

T Shedt Grb29] 4 ag02 A AT -
AN THFig. 5, 6, 7, 8).

T3l B AFE She, Grb29}F Sos ¥ Ras, Rafo}
3 Aeo] BUEFY ZFAE F4 714
= o B8] © AL E AIEEY Susa®
& MC3T3ELl A XA E3IEE(10mM) o] Al

o

Euboll EA) 8l adenylate cyclaseE A 344 7)
= B2 forskolin(5aM) HBE Q13led 271 A
XY cAMPFEE A48 Z2AHES Bag

1} gtk MEWoA 2748 cAMPE cAMP-de-
pendent protein kinase(PKA)E 3N 7 &
A&le PKAQ catalytic subunits 3 2he =33}
o] cAMP response element binding protein(CREB)
o A%t CREBS QUAMSIAIA thargt Az &
¢ WSS Hol= AlR dEA Utk E A9
A+ CREB# CREBY| Ql4ts}el] E3UEF (100
M, 1mM, 10mM)¢] &35 #23% 23}, CREB
o WHloll= JEE WA &= WA forskolinA}
o] 93] =719 phospho-CREBS] Wdo| 7hA
s B 4 AU (Fig 9)
2 dder Eﬁ}‘/}?—%«}

ZEAE =49 71
3

A REGH ) 28 CB_—TL—E 2 4%, =9
ZTAE OYOR AW T DY AT Al
£g0 g % Qo8 Ard

V.3 g

E HAYE %39 ascorbic acid$} organic phos-
phate7} H7HE WMGRLE ZFAEE wis
A7) EJUEFS T3 F Mg 223

o
o, %7]” QNHES a4 BHEE
[*H]-thymidine incorporationg %-&}eq
ZA VA= BSEFY G&FS ol B
EIJEF Foo wE Shed Grb2e] QlAr3} o
43 Shedt Grbz @A) ¢A Wale FEEN
o, ol&¥ cAMP response element binding
protein(p-CREB) ] 214tald] v)2]& BIVEF
o Qe #ET v}, g 22 AHE A9k



TollM 53 A4 ¥

ol WA= °§%¥-§— A5 vk 0,7, 14 49
ZEAEL NEE 10eM EFHEFOE 484
7 &< Asae frﬂ, 2199 W & 8
A€ M3 A dzTol vig) of 29 A
E FosHA F7 st A THP0.05).

2. BYUEFO] ZZAHEFANA G714 Qi)
E’\ Aol mAE JIFS B uL, B3y

9 Tt S wek 4714 olatis)
a4 AR §98 FAS HAT(PO05).

3. EFUEFo| ZFHEZY ZHd nAE 4
S A vl 2ZA| X9 DNA AL gz
o Hlg] ESNEFY 7t S5l mat
T2 8HAl Z7FsE A TtHP0.05).

4, E3I}EF O] Shedt Grb2o] vl olats}
e deke] Wl nA= AgkS AFe ul &
FUHEF w7t S7Hee] @) Shest Grb2
o] Qlatslrt iﬂﬂ“t}

5. B3l }EFo| CREBY ¢14Hse] x|
2 vl CREB] 280+ &3]
phospho-CREB <) Hw‘ﬂ ZFe BEFY
7b F74skel wre} 7AE

o3

F

1

WA

AEHOE B ATE sl Ty o] 2FA
o) FAd 718y BEYEF] o2 a3A
S 2 AF3HASE dSs¥eH T3 2FAE
9] £ A4 F23% Shed} Grb2 Alole] A&
A A A4S 738 4+ Utk

236

1. Wong GL, Cohn DV : Separation of parathy-
roid hormone and calcitoninsensitive cells from
non-responsive bone cells, Nature 252:713-715,
1974,

2. Wong GL : Characterization of subpopulations
of OC and OB bone cells obtained by sedi-
mentation at unit gravity. Calcif Tissue Int
34:67-75, 1982,

3. Peck WA, Birge SJ, Fedak SA : Bone cells :
Biochemical and biclogical studies after enzymatic
isolation, Science 146:1476-1477, 1964,

4, Rao LG, Ng B, Brunette DM, Heersche JN :

645

10.

11,

12,

13.

14

. Pharoah MJ, Heersche JN :

. Briancon D, Meunier PJ

CHEHAOFX| B8HE| K| 25(3) 1998

Parathyroid hormone and prostaglandin El-re-
sponse in a selected population of bone cells af-
ter repeated subculture and storage at -80C.
Endocrinology 100:1233-1241, 1977.

CQIFR, AR, AER WA TR AES
o 2RAFA BE A7 DB ERA

12:105-114, 1984.

1,25-Dihydroxy vi-
tamin D3 causes an increase in the number of
osteoclastlike cells in cat bone marrow cultures,
Calcif Tissue Int 37:276-281, 1985,

. Bellows CG, Aubin JE, Heersche JN, Antosz

ME : Mineralized bone nodules formed 2 vifro
from enzymatically released rat calvaria cell pop-
ulations. Calcif Tissue Int 38:143-154, 1986,

. Moskalewski S, Boonekamp PM, Scherft JP :

Bone formation by isolated calvarial osteoblasts
light
microscopic observations. Am J Anat 167:249-
263, 1983.

in synergeneic and allogenic transplants :

The treatment of os-
teoporosis with fluoride calcium and vitamin D,
Orthop Clin North Am 12:629-648, 1981.

Fluoride
increases tyrosine kinase activity in osteoblast-
like cells : regulatory role for the stimulation of
cell proliferation and Pi transport across the plas-

Burgener D, Bonpur JP, Caverzasio J :

ma membrane, J Bone and Mineral Research
10:164-171, 1995,

Farley JR, Wergedal JE, Baylink DJ : Fluoride
directly stimulates proliferation and alkaline
phosphotase activity of bone-forming cells,
Science 222:330-332, 1983.

Bellows CG, Heersche JN, Aubin JE : The ef-
fects of fluoride on osteoblast progenitors # vir-
0. J Bone Miner Res 5(Suppl. 1):5101-5105,
1990.

Okuda A, Kanehsia J, Heershe JN : The ef-
fects of sodium fluoride on the resorptive activity
of isolated osteolast, J Bone Miner Res 5(Suppl,
1) :S115-5120, 1990,

Hellsing E, Hammarstrom L : The effects of



J Korean Acad Pediatr Dent 25(3) 1998

15,

16,

17,

18,

19.

20,

21,

22,

23.

pregnancy and fluoride on orthodontic tooth
movements in rats, Eur J Orthod 13:223-230,
1991.

Rich C, Ensinck J @ Effect of sodium fluoride
on calcium metabolism of human beings, Nature
191:184-187, 1961.

Susa M, Standke GJ, Jeschkle M, Rohner D, :
Fluoroaluminate induces pertussis toxin-sensitive
protein phosphorylation : Differences in MC3T3-
E1 osteoblastic and NIH3T3 fibroblastic cells,
Biochem Biophys Res Commun 235:680-684,
1997.

Chan MM, Rucker RB, Riggins RS : Effects of
fluoride and ethane-1-hydroxy-1, 1-diphos-
phate on bone metabolism in the growing
chick., J Nutr 106:802-811, 1976.

Bovine G, Meunier PJ : Fluoride and bone :
The
metabolic and molecular basis of acquired dis-
ease, Bailliere Tindal 1803-1823, 1990.
Pouyssegur J, Seuwen K : Transmembrane re-

toxicological and therapeutic aspect

ceptors and intracellular pathways that control
cell proliferation, Annu Rev Physiol 54:195-210,
1992.

Lau KH, Farley JR, Freedman TK, Baylink DJ

1 A proposed mechanism of the mitogenic ac-

tion of fluoride on bone cells : Inhibition of the
activity of an osteoblastic acid phosphatase.
Metabolism 38(9) :858-868, 1989,

Lau KH, Wu LW, Yoon HK, Baylink DJ :
Inhibition of phosphotyrosine dephosphorylation
(P-tyr) leads to increased P-tyr phosphorylation
of MAP kinase (MAPK), MAPK activity, and
human bone proliferation, Bone 16(Suppl) :96S,
abstract 58, 1995.

Caverzasio J, Imai T, Ammann P et al :
Aluminium potentiates the effect of fluoride on
tyrosine phosphorylation and osteoblast replica-
tion #witrw and bone mass m oo, J Bone Miner
Res 11:46-55, 1996,

Post GR, Brown JH : G protein-coupled re-
ceptors and signalling pathways regulating

646

24,

26.

27.

28,

29.

30.

3L

32

34.

growth responses. FASEB J 10:741-749, 1996,
Van Biesen T, Hawes BE, Luttrell DK et al
Receptor-tyrosine-kinase- and Gpy-mediated
MAP kinase activation by a common signalling
pathway, Nature 376:781-784, 1995.

. Pawson T : Protein modules and signaling net-

works, Nature 373: 573-580, 1995.

Sasacka T, Rose DW, Jhun BH et al
Evidence for a functional role of Shc proteins in
mitogenic signaling induced by insulin, insuline-
like growth factor-1, and epidermal growth fac-
tor. J Biol Chem 269, 13689-13694, 1994,
Lundy MW, Stauffer M, Wergedal JE et al. :
Histomorphometric analysis of iliac crest bone
biopsies in placebo-treated versus fluoride-treat-
ed subjects. Osteoporosis Int 5:115-129, 1995,
Nijweide PJ, van Iperen-van Gent AS,
Kawilarang-de Hass EW et al. : Bone forma-
tion and calcification by isolated osteoblastlike
cells. J Cell Biol 93:318-323, 1982,

Raisz LG, Dietrich JW, Canalis EM : Factors
influencing bone formation in organ culture. Isr
J Med Sci 12:108-114, 1976,

Binderman I, Greene RM, Pennypacker JP
Calcification of differenatiating skeletal mes-
enchyme iz vitro. Science 206:222-225, 1979,
Parson V, Mitchell CJ, Reeve J, Hesp R : The
use of sodium fluoride, vitamin D and calcium
supplement in the treatment of patients with
axial osteoporosis, Calcif Tissue Res 22:S236-240,
1977.

Hall BK : Sodium fluoride as an inhibitor of os-
teogenesis from embryonic mesenchyme 7 vitro,
Bone 8:111-116, 1987.

. Chamber TJ : The pathobiology of the osteo-

clast. J Clin Pathol 38:241-252, 1985,
Dandona P, Coumar A, Gill DS et al
Sodium fluoride stimulates osteocalcin in normal
subjects. Clin Endocrinol 29:437-441, 1988.

. Faure M, Voyno-Yasenetskaya TA, Boume HR

: c-AMP and Bysubunits of heterotrimeric G
proteins stimulate the mitogen-activated protein



CHet~O0bX| 2Sts| x| 25(3) 1998

proteins stimulate the mitogen-activated protein ) Geer P : Integrin-mediated signal transduction
kinase in COS-7 cells, J Biol Chem 269:7851- linked to Ras pathway by GRB2 binding to fo-
7854, 1994, cal adhesion kinase, Nature 372:786-791, 1994.
36. Ito A, Satoh T, Kaziro Y, Itoh H : G protein 38. Buddy L, Egan SE, Rodriguez Viciana P et al,
beta gamma subunit activates Ras, Raf, and * A complex of Grb2 adaptor protein, Sos ex-
MAP kinase in HEK293 cells. FEBS Lett change factor, and a 36-kDa membrane bound

. 368:183-187, 1995, tyrosine phosphoprotein is implicated in Ras ac-
37. Schlaepfer DD, Hanks SK, Hunter T, van der tivation in T cells. J Biol Chem 269:9019-9023,

647



J Korean Acad Pediatr Dent 25(3) 1998

AR

Fig. 1. Spindle shaped osteoblastic cells were Filg. 2. In situ von Kossa stain after 21 days cultur
shown after primary culture. Von Kossa-positive nodules were shown as
black structures( x100).
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