15

nizen siniiuamagynaia Aasduanuieduouas 99.0 usz 99.9 ud Gy dums
aﬂm'uaﬁm'am‘naefa"s"nm:gnLi’ianmam‘hum‘:"ﬁmmmﬁuﬁnﬁummuﬁ'mi’u 2000 W1
Tuluan¥ Lflaﬁﬂ'nmwi'mﬁ'm'fagaﬁ'ls'h'mmﬁmﬂzﬁﬁ'wmnﬁuﬁﬁ anzdiduaadiniee
WennanuiuRvasnsdunmedn  Fonsvaimsdunaeanlumsudimafu
i'nu'mvnnﬁ’iﬁ‘uns:gnﬁaaané’aaﬁuﬂu;'m‘hmtnsjuamﬁuﬁnaﬂ'uL‘l"on'rsl.ﬁuﬁ'm'm'lu

A‘. ol . L]
wasnduilaTuuTenaoafaauaziTad mesangial 78910 #unma 1Usfiu Rho GTPase

uas p21 2 2

== - - -9 A’Id [] - o 8 L 7]
anuiwAvvasrdunaedniidaisadaionizen muIngniusdsasam
o = -~ [
Taua Gaduasuianmst (by product) Tadlawles)l HMG-CoA reductase IMNWANTINARDI-
] d' » A w - [ e - o
wudialam s lawanaadudu 50, 100 waz 500 lulasluaiiunumsdunaadu
. v W « a I3 C W - & ' Y [
finnadutu 2 lulasluand Sunnsadvaassasnizgniiunniuatniitsdagme |
and lwvacinmslaamnunlaiuaiNpiabadon ‘l:.ii'lqmﬂuﬁﬁ'lumnﬁun?ama’wwmvmﬁ
gionszgn uFad AR a U R I aIE ITu A AR RIS REwmMIna lnnmsadela
- a - o X A e a . . ,
InRAeTas wisminaanndiifntundadaulaivau (intermediate substance) luszning
L Lo J o » L .- -
mMIgFIlAaaIAaTaA 1TW GGPP Las FPP @afl l[eNananua1tniau
o - = ol Y as o a [ . e
c-myc uaz c-fos iufianRoalusfiu (transcription factor) AiLREITDINUNITULIGN
vaawad - lavlumimeassszaudsadfiidnas wuhunasfai"nLa‘r’u'luﬁgnm:sj‘u'lﬁ‘ﬁmi
aFullsfiu c-myc mansoh Wilsadfagluszuzwne (quiescent) LIgIzzMILLIGT ua:
NTIATN c-myc aLINILRUS (constitutive expression) mmmns:vj’u'lﬁ'vnaﬁlﬁanwuﬂaﬁ‘:
32 [ ™) s G - «
faszaglunmizunaen growth factor = Tan c-mye szdugivituadosluafiu Max 1iiu

ngulufiusnaiu (heterodimer) uazluduriu E-box DNA element waslusluines (promoter)



16

- o - e Y . e, 334 |,
20 INUMABITDINUNITULIGIVBIDAS L% ornithine decarboxylase uaz Cdc25A §2u
= = [ - . & : [V .
TU3#iu c-fos simsadiaRuswIvntun Lﬁal.-naﬁ'gnm:qumu growth factors 11w
. - - oaod e = Y - £ w
transforming growth factor-f3 2@0ua qmmuJumsm:qumnwuﬁ'\muwnaaﬂanizﬂn
. d. o -l [ -r 35 [ el ol ] -
Tnus:wnmL'naa‘aﬂom:gnummum'a srwuinzdulilsfiu cfos sxganining law o
-y e - - [ A . - - - |
fos vziusifuiliadsalusfiu c-myc iundulusfinv Ap-1 lunszgunmsasa cyclin D1
o - el e - ' - ' 3N ;o w w .
Wwldsawnvialvmsuiasadiniauainizo: G1 'lﬂzp:u: s 7 udilairadasanizandg

R - r =l o 35

ORI WAILUNINTUONLTRS URSIZUZNIIANATNAUATARUNTY T2AU c-fos IAARY

PINTouafindIuringeiu amsdd AITNIRDNANBIHRVD I TTUMHLAAUATEOUAINY
Wadu 10, 100, 250 uax 500 wiluluand davzduoiidneiivasaIiu c-fos uaz c-myc
'lul.*naa'af'nn's:qn Tasganuutun 1000 uaz 2000 wiluluarfaan (Natlastunatne
wasniiatuiiasonannuiiuiwredas  TInaa NNz Wa 83T Northern blot UWARY
Wiawin sduonaeduiinaluniiaaszauariiduaiinassin cfos Jouas 17, 25, 18
WAS 32 MNRIOLU  WRzATzAUAMUITUTUADIAU FsTusnaaduinaaaszauaiiduom
83U c-myc Javar 32, 17, 20 war 22 awde WanFvufisununguniunu

‘lﬁ‘ﬁms:numuna'uaqm-s-iu'namﬁu'lumniwnaa‘ai"mnszgn'lun‘rm‘f'uj-s:u:nﬁ
aFaunInd nMuuanTas uaNITANATNaRRIIDAUNI Tﬂuns:ej’umm'}"lﬂﬂsﬁuﬁtﬁuﬁ-z

. . 437 d = - -
(BMP : bone morphogenetic protein) Tuiluans growth factor mwn'lmnnm:gn I\:H
v - - v A v - w i
mmmn::qumsm’nm:gnmac'Ia'lmuamamu'lwamht NITRUNIINGI alkaline
. . 3839 <& -

phosphatase enzyme, vascular endothelial growth factor LAz osteocalcin lwasiunuia

‘. oo z ; d ) - L) el z . - [ ")
yanldnnmimassinish Faanriwndumawfndusmafuiwaussduassasaing

nazqn Sioniultldnassunmaaiuinadusimainimnesrauasizauiinntoalls



17

fiu c-fos Uaz c-myc ALALITaINUMTIARNIIUIULTRA u.eiLiaL°naﬁai’nom:qn'lﬁ'n‘:"ﬁj-::n:nw .
FIaunIindmousniTasuasnIanasnangIafiunied
.~ P g > - e . - - . w £ - u

mnmaqmuamwn'lmmnum awa:;ﬂ‘lm'rmwuﬂmmuuuauummsmummu

LHRN ua:na'lmnaemﬁmwamﬁu'lum:iﬁ'uﬁ'an’mﬁm‘nmmmaé’ai”nm:gn onafialas
d = & . T . - - & o
drumimnunlawadaiiiuasaiaulunmisiilaamaaian uaz/mIansEULINIAI
-l ¥ N o sl it -' - J [ > A o [ ol

TU3@u c-myc uaz c-fos udadalsi@nIfnsRu@uiaIaszauafiduwetivauazluséiin
283 c-myc Uaz c-fos Tuwaarinzanfimareudsesiunamdiuuivasunlaua

ARDAIRHRVDITITTU AR udaTzaulyUsdu Ras uaz Rho anatanlwimitlanalnuassns

- - et 8 1 et b J‘
TUINFLA ﬂu.luﬂ'l‘i JUHINTTUUIAIUAN VIRARI ngnm nuu



18

LlananIavae

1. Jepsen S, Eberhard J, Herrera D, Needleman |. A systematic review of guided tissue
regeneration for periodontal furcation defects. What is the effect of guided tissue
regenearation compared with surgical t;ebridement in the treatmeant of furcation defecis?
J Clin Periodontol. 2002;29 Suppl 3:103-16.

2. Stein GS, Lian JB. Molecular mechanisms mediating proliferation/differentiation
interrelationships during progressive development of the osteoblast phenotype. Endocr
Rev. 1993;14:424-42.

3. Bauer DC. HMG CoA reductase inhibitors and the skeleton; a comprehensive review.
Osteoporos Int. 2003 Jun;14(4):273-82.

4. Mundy G, Garrett R, Harris S, Chan J, Chen D, Rossini G, Boyce B, Zhao M, Gutierrez
G. Stimulation of bone formation in vitro and in rodents by statins. Science. 1999
:286:1946-9.

5. Rejnmark L, Buus NH, Vestergaard P, Andreasen F, Larsen ML, Mosekilde L. Statins
decrease bone turnover in postmenopausal women: a cross-sectional study. Eur J Clin
Invest. 2002;32:581-9.

6. Oxlund H, Dalstra M, Andreassen TT. Statin given perorally to adult rats increases

cancellous bone mass and compressive strength. Calcif Tissue Int. 2001;69:299-304.



7.

10.

11.

12.

13.

19

Chan MH, Mak TW, Chiu RW, Chow CC, Chan IH, Lam CW. Simvastatin increases
serum osteocalcin concentration in patients treated for hypercholesterolaemia. J Clin
Endocrinol Melab. 2001;86:4556-9.

Herrington DM, Potvin Klein K. Statins, hormones, and women: benefits and
drawbacks for atherosclerosis and osl-eoporosis. Curr Atheroscler Rep. 2001;3:35-42.
LaCroix AZ, Cauley JA, Pettinger M, Hsia J, Bauer DC, McGowan J, Chen Z, Lewis
CE. McNeeley SG, Passaro MD, Jackson RD. Statin use, clinical fracture, and bone
densily in postmenopausal women: results from the Women's Health Initiative
Obsearvational Study. Ann Intern Med. 2003;139:97-104.

Sirola J, Sirola J, Honkanen R, Kroger H, Jurvelin JS, Maenpaa P, Saarikoski S.
Relation of statin use and bone loss: a prospective population-based cohort study in
early postmenopausal women. Ostecporos Int. 2002;13:537-41.

Staal A, Frith JC, French MH, Swartz J, Gungor T, Harrity TW, Tamasi J, Rogers MJ,
Feyen JH. The ability of statins to inhibit bone resorption is directly related to their
inhibitory effect on HMG-CoA reductase activity. J Bone Miner Res. 2003.18:88-96.

Wada Y, Nakamura Y, Koshiyama H. Lack of positive correlation between statin use
and bone mineral density in Japanese subjects with type 2 diabetes. Arch Intern Med.
2000;160:2865.

Nuckolls GH, Kane A, Shum L, Slavkin HC. Lovastatin promotes cartilage growth but

inhibits endochondral ossification of the cranial base in organ culture. J Bone Miner Res

2000; 15:S1; S426.



14.

15.

16.

17.

18.

19.

20

Uchida M, Shima M., Shimoaka T., Fujieda A., Obara K., et al. Regulation of Matrix
metalloproteinase (MMPs) and tissue inhibitors of metalloproteinases (TIMPs} by bone

resorptive factors in osteoblastic cells. Journal of Cellular Physiology. 2000, 185: 207- |

214.

Wong G.L. and Cohn D.V. Target cells in bone for parathormone and calcitonin aré
different enrichment for each cell type by sequential digestion of mouse calvaria and
selective adhesion to polymeric surface. 1975, PNAS. 72: 3167-71.

Aronow M.A., Gerstenfeld L.C., Owen T.A., Tassinari M.S., Stein G.S. and Lian J.B.
Factors that promote progressive development of the osteoblast phenotype in cultured
fetal rat calvaria cells. 1990, Journal of Cellular Physiology 143: 213-21.

Lisignoli G, Remiddi G, Cattini L, Cocchini B, Zini N, Fini M, Grassi F, Piacentini A,
Facchini A. An elevated number of differentiated osteoblast colonies can be obtained
from rat bone marrow stromal cells using a gradient isolation procedure. Connect
Tissue Res. 2001;42:49-58.

Freshney RI. Culture of animal cells : A mannual of basic technique. 3“’ edition. New
York: Wiley-Liss, Inc.; 1994,

Abraham L.A. and Mackie EJ. Modulation of osteoblast-like cell behavior by activation

of protease-activated receptor-1. Journal of Bone and Mineral Research. 1999,

14:1320-29.



20.

21.

22.

23.

24.

25.

26.

21

Dell'Era P., Mohammadi M., Presta M. Different tyrosine autophosphorylation
requirement in fibroblast growth factor receptor-1 mediate urokinase-type plasminogen
activator induction and mitogenesis. Molecular Biology of the Cell. 1999, 10: 23-33.
Mohi M.G., Arai K., Watanabe S. Activation and functional analysis of Janus kinase2 in

BAJF3 cells using the coumermycin/gyrase B system. Molecular Biology of the Cell.
1998, 9: 3299-308.

Fenton JW 2nd, Jeske WP, Catalfamo JL, Brezniak DV, Moon DG, Shen GX. Statin
drugs and dietary isoprenoids downregulate protein prenylation in signal transduction
and are antithrombotic and prothrombolytic agents. Biochemistry (Mosc). 2002;67:85-

91.

Goldstein JL, Brown MS. Regulation of the mevalonate pathway. Nature. 1990,343
(6257):425-30.

Scita, Giorgio, Tenca, Pierluigi, Frittoli, Emanuela, Tocchetti, Arianna, Innocenti,
Metello, Giardina, Giuseppina, Di Fiore, Pier Paolo. Signaling from Ras to Rac and
beyond: not just a matter of GEFs. EMBO J. 2000;19: 2393-2398.

Alley MC, Scudiero DA, Manks A, Hursey ML, Czerwinski MJ, Fine DL, Abbott BJ,
Mayo JG, Shoemaker RH, Boyd MR. Feasibility of drug screening with panels of human
tumor cell lines using a microculture tetrazolium assay. Cancer Res. 1988;48:589-601.
Fakan S. High-resolution autoradiography as a tool for the localization of nucleic acid

synthesis and distribution in the mammalian cell nucleus. J Microsc. 1976;106:159-71.



27.

28.

29.

30.

31.

32.

33.

35.

Porter KE, Naik J, Turner NA, Dickinson T, Thompson MM, London NJ. Simvastatin
inhibits human saphenous vein neointima formation via inhibition of smooth muscle cell
proliferation and migration. J Vasc Surg. 2002;36:150-7.

Danesh FR, Sadeghi MM, Amro N, Philips C, Zeng L. Lin S, Sahai A, Kanwar YS.
Hydroxy-3-methylglutaryl CoA reduct;se inhibitors prevent high glucose-induced
proliferation of mesangial cells via modulation of Rho GTPase/ p21 signaling pathway:
Implications for diabetic nephropathy. Proc Natl Acad Sci U S A. 2002;99:8301-5.
Bouchard C, Stalier P, Eilers M. Control of cell proliferation by Myc. Trends Cell Biol.
1998;8:202-6.

Nasi S, Ciarapica R, Jucker R, Rosati J, Soucek L. Making decisions through Myc.
FEBS Lett. 2001;490:153-62.

Jochum W, Passegue E, Wagner EF. AP-1 in mouse development and tumorigenesis,
Oncogene. 2001;20:2401-12.

Henriksson M, Luscher B..Proteins of the Myc network: essential regulators of cell
growth and differentiation. Adv Cancer Res. 1996,68:109-82.

Bello-Fernandez C, Packham G, Cleveland JL. The ornithine decarboxylase gene is a

transcriptional target of c-Myc. Proc Natl Acad Sci U S A. 1993;90:7804-8.

. Galaktionov K, Chen X, Beach D. Cdc25 cell-cycle phosphatase as a target of c-myc.

Nature. 1996 ;382:511-7.

Karsenty G. The genetic transformation of bone biology. Genes Dev. 1999;13:3037-51.



36.

37.

38.

39.

23

McCabe LR, Banerjee C, Kundu R, Harrison RJ, Dobner PR, Stein JL, Lian JB, Stein
GS. Developmental expression and activities of specific fos and jun proteins are
functionally related to osteoblast maturation: role of Fra-2 and Jun D during
differentiation. Endocrinclogy. 1996;137:4398-408.

Sugiyama M, Kodama T, Konishi K, Abe K, Asami S, Oikawa S. Compactin and
simvastatin, but not pravastatin, induce bone morphogenetic protein-2 in human
osteosarcoma celis. Biochem Biophys Res Commun. 2000;271:688-92.

Maeda T, Kawane T, Horiuchi N. Statins augment vascular endothelial growth factor
expression in osteoblastic cells via inhibition of protein prenylation. Endocrinology. 2003 |
Feb;144(2):681-92.

Maeda T, Matsunuma A, Kawane T, Horiuchi N. Simvastatin promotes osteoblast

differentiation and mineralization in MC3T3-E1 cells. Biochem Biophys Res Commun,

2001 ;280:874-7.



24

Effect of simvastatin on the toxicity of rat calvaria cells via MTT assay
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Effect of simvastatin on the toxicity of rat bone marrow stromal cells

via MTT assay
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Effect of simvastatin on the proliferation of rat calvaria cells

The percentage of [ H] thymidine incorporation

compared with the control group
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The toxicity of simvastatin in primary bone marrow stromal cells

was rebound by mevalonate
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Mevalonate does not affect the primary bone marrow stromal cells proliferation
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Effect of simvastatin on the steady state of c-fos mRNA of primary calvaria
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Effect of simvastatin on the steady state of c-myc mRNA of primary calvaria

N 10 100 250 500 nM

Z o apes s S

c-myc

gt

!

t

. |

= r— Pr
I

& .:_ 5 : L _'. .
AT e
K . e
et ate oy

ge of c-myc in the experimental
o

LY S

30y g W

centa

zroup compared with the control group

G Nl e i

10 100 250 500
Simvastatin (nM)

The pet

R 7. mavasandunsmeandesduanilamaiie Su c-mye lugadaiunizgnivunainn:Inanfsszvaswunsniiia
4 a v a [ a = v v A o P

\a a3 Northern blot IaRDNMARBLM LA IBIMAAAum WA iUl fwuadiuea 24 2l
nnWusmsdaniiwuiavazassrdunrfiduaimianesiu cmye lundunaravisuifouiunguaiun

nantmasadusasayluzUresinaiy * audoiuwnangm



Output 31nlA3e mﬁﬁ'ufﬂé’%’unumn ana.
L L) B [ " J L _—
1. nuulddundade s auananudldannnisdnmen Tumadszguiziniuasiowe
P v L ¥ [ 3 8 -nl' b o -l " o
KaNWITIIuAUNNEmanT AT 6 JmTadisdlwil faunany 2546
“o W =V e o - - . d e = [V
2. nizauldihdayafld snAudnlunmssewisn Advances Oral Biology Saillwinizau

Uiggnin-tan luadiai3as “ Statin : Present and Future application



