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Signal Transduction in the Osteoblast Cells
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Abstract — Recently, cellular signal transduction mechanisms are greatly understood. However, bone cell signaling
is not completely characterized. Interestingly, bone cells synthesize a number of growth factors such as IGF-I PDGE,
IGF-M etc., suggesting these growth factors play important roles in bone cell signaling. In the present study, potential
roles of nitric oxide (NO) and protein kinases in osteoblast signal transduction are proposed.
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M E

FEAE UF 718, 1/3¢] H71EAR FA ]
93, AAR= FZ Calcium Phosphateo] X, FAlx F=
collagen®] FAFolc}t, FZ22]ol| FFAM|E (Osteoblast),
SbFAE (Osteoclast), ZHE (Osteocytes)yso] F334] 1
resoption®l] AL v}, o)F F-E AAsk=d AAH
Q] dEg s Zlo] 2FM|Feltt. o] AX= AAEE
F2| Fel YR8, T 3Ael W23 collagen fibers
S A Pulghd =gk o] HEe] ¥l neutral,
alkaline phosphataseg-¢] o] HES}IL §lo, oS« 2]3}
o] PO, /Ca™7} A& Heo] W] calcificationol] Feddlc}.
o2fgl AME-E FFA 2] 47t whosd we] zjAde] whe]
Z AL, T3 AR 9 O 4 e vl

AAE w2 FPAAE FWTIe 2] B3 E F

< f=gro] ¥R T 9ok (Verharr et al, 1995). <
7% GH (growth hormon). IGF-I (insulin like growth
factor I), TGF-beta (transforming growth factor beta)
o TIME FAE EX13e] we] RS FxlFE
Aaelatoltl (Kassem er al, 1994). Io}EZe)| |88}
7} 9l Estrogen® =E MEe] F4& S3gd
(Vetharr et al., 1994). =3t 4F F55 IAlel 745 W
7F G4 FARE AE EFel 2F MEY F4E oA
= 71 (Chavassiux er al., 1993)¥=} ol xele] 3]
o wWel AgE Holx PHEHOTE 2T M) F4

*To whom correspondence should be addressed.

o] Zrasle]l A71 9wl (Pfeilschifter er al, 1993;
Kato et al, 1995). Cushing’s syndromeZtRlellr F71€
glucocorticoid hormonee|+} #H2a] X3 A Fosl=
glucocorticoid hormone®™ ZFAM X0 4L AA|sle] F
358 88} (Hughes-Fulford et al., 1992).
Fx29 4, 26, 12 3, SAEL AN
59 ek A4S sl $skd, 2IAE (osteo-
blast) &} ZFEFAE (osteoclast)?] EAAHl 71%50] HpE
el Hghg &} (Matsumoto 1995). =F HZE2 713 &
g 7152 ME 7435 organic matrix®] A4 #¥)
olm, o]E A mat A ELNz} Wl (osseous fluid)
Apolo] Aafale o)Foe Fedsh we] F717)1 AHEe
B 71A4E (matrix vesicle)d] AJAJel £isled wir]A
2] ZE=kg (mineralization)o| = °3&-E ®]A. Steroid
hormones, PTH (parathyroid hormone), glucocorticoids,
growth factors (FGF, TGF-beta) Z}%- cytokines (e.g.,
IL-1, IL-6, interferon-1y-2 TFMEZ ATFsle] A
X5 FAElE wNAES BRI8T (Kaji er al., 1993;
Ohba et al, 1994; Dedhar 1989: Yukihiro et al,
1994). HF AlZ= 2714E A3 19 o £84
ol S MR Slok. F owle] el Ajlsle] Alxel
F71A Atelo] E3F-2b (sealed space)T A3}
Proton pumpE EFdH= endosomeo] Mol Q1H3}o] =)
ke M EZA9R o] F3ted AT gy FEHETe
2 protorrg ©|FAIRLZH pHE 7oA 42 A7
o]z A pHe ™9 minerald EsA|ZICk 28|32 2
Eile F712E EHAT7] S8t FZAFE acid
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phosphataseZ F8]31c}. o]of] Hrl3le] FZMZ= matrix
fragment® A]ZL 02 Fpsle] AEAY| &R 5=
vacuolesl| A Bl Hc}

HERIXIY 25t MEMSHE

Bone celld Tk ofF-3-o] HEe] F4e Fast o
g sl whAlEA] ZHE growth factorS3} Zef] AR
8l 484 (receptor)Ee] &A1 (Kahn er al., 1993).
EujEAE E7]12 (bone matrix) & HFHFY growth
factorE FEF 3] FHES] 7)gol FFE F2 9. T
oA WAEIT ¢ growth factorgEA] TGF-B (trans-
forming growth Ffactor ), insulin-like growth factor I
(IGE-I), IGF-1I, bone morphogenic proteins, platelet-
derived growth factors (PDGF), interleukin-1, inter-
leukin-62} colony-stimulating factor 52 & < 3ot
(Takeuch and Matsumoto, 1994). ©]& growth factors
o] F ol EANG-L, FH|E )50 o]59 Y] F
2312 733 AAF ol o8} 22 growth factors
o] 2 7I%s& Falslr] S8 A 2 Protein Kinaseel] 2]
g AW i AEe] ¢lAabel vkgo] FHoA |t} (Cohen
1992).

Az A 2 Baelx <38E v|R]= insuling E3
g o) FEe] AARIA} (growth factor)?] 4lZAE7|H-&
2} AR 48AE Fole] o] Fo 2t o]F A4l
Al 879 FEH FAL pEAAAZ) A ESE
A1, & tyrosine kinase activity® 7} Zlo|wh.  AlE=}h
o EAIsE s4A AAlabl Zet siAEE 8
A T tyrosine kinase A2 F7MAFIA =, Wzl
A A FHe] EAB}= target proteinE9] tyrosine pho-
sphorylations S71A71A] &}, o] e HAAES NxA
el Ex3H= «&#2] protein serine/threonine kinases
(MAP Kinase, S6 Kinase, Casein Kinase I =2zl
PI3-Kinase) 3 A= 9l (Moodie ef al., 1993). ©]
E AR A B AEd Rz dgEel 43k
A}l Tlker AR5 transcription® ZA3}A H}.
Ak TR N EATe] iNEE EAA 71H-e o
sAe ofF] dHAA] Yz Aol HTY Bl &3}
W o] AARIAe] 2&] 4 712 DNA A =hzlFe
phosphorylation AJEN7} S7FEII AAIEIL glet. L o
24 CREB (cAMP response element-binding protein),
AP-1 (c-Jun, c-Fos 123 Fos-related protein) 53 7
2 HARRIA}L (transcription factor)S 54 v (Hunter
and Karin, 1992; Farley et al, 1994; Kim and Kahn
1993). DNA 2% w3l 723 Transcription factor
2] 471423 protein phosphorylation (%Hif-]<]
A3}y uhs-o] 7H F838F 71HCE AAFHAL Qe o
FAAL wede] f3ke vX= w2 o 3EE Er ME

e i

237} olAbgo] protein kinase?] EAlS F7IA|7)= ARG
2 Bakslal gt} Glycogen synthase kinase 3, casein
kinase II, protein kinase C L83 MAP kinase S-2
c-Jun®] B8 #2]e)| serine phosphorylation® £7}A)71,
ANH 02 o Jun®] DNA AF transcription®] FAJ-S
A, ¢-Fos T3t transcription B¢l FE8sictr A
A= 2] H2]7} protein kinase A, protein kinase C,
Fos kinase, LB X cdc2 kinaseel] 2|8 <143} v}
0] EAE Insulin -FAR1IAR] IGF-1 2 c-Jung ¥3s)
MLl ZAste oz w9  tyrosine phos-
phorylations £7HMA )71tk ARdle] #3i&lcl (Oemer et
al., 1991),
TEM=e MeTE

ML, ZHE B AA Ee) 22 Qg FAA)
oA qlewe] 282 e gAsle] Al 23 7
A}, Q53] 849 B-subunit®] intrinsic tyrosine
kinase Ao 23] B-subunit?] MF-E (juxtamembrane
region, T FH 2] YxxxYY motif, carboxy Zeh)e]
tyrosineZ| 2] <lAbEl7} et} IRS (insulin receptor
substrate)-1-2 ¢l&# ] 2]8] tyrosine 712} ¢lAkE} Yo
v olgde] AEel] o3-S w|X)d Slo] F9% ¥t
< 3} o] F AlsADA = p70 S6 Kinase , PI3-
kinase, MAP kinase 5°] Fojdl= Ao odax g},
o] PlI3-kinase?] #AJ&}: <lade] 28l gle] E4A
ol AeF 4=A 9lvhOkada er al, 1994). °]& PI3
kinase?] A A] =z 23t fA1A} W] A=
EE FHol FHiaHE AL Bd ¢ £ a4
(Cheatham, et al., 1994).

1AL A7 TFY APARES )] FA Lo
715 3kg Fv. M FEE transforming growth
factor-B(TGF-B), insulin-like growth factor-I (IGF-D),
IGF-II, bone morphogenetic protein (BMP), platelet
derived growth factor (PDGF) £2] AAFQlA}2} inter-
leukin-1, Interleukin-62} 22 cytokiness, 2H|Zo]E &
2 E (steroid hormones), FA3A4Al FE - (parathyroid
hormone), #4132 F2E (glucocorticoidyge] ZAEsled
ZZA L 7%e] ¢3E u|ATKNg er al, 1983
Nicolas et al., 1990; Fang er al, 1992; Kaji et al,
1997). o|Ee| A&sp= 714 Z7] w2e 3T AAE
73Rl gl A7) ghe] o]FoiR I gl

Hetl DO #A3¥<ql 1, 25-dihydroxyvitamin Dy
(L25[OH], D)= ZFAH| 29} Hhgste] A 712 A== A
xo A 5o < S v A dA dAZ
(millisecond to minutes)s]] £ AYwizrA Ca?t
channel& #43A1A Ca¥e] HZW F4& =X
(Caffrey and Farach- Carson, 1989), ¢1%|Z =} sphin-
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golipid®] turnoverg Fr=sled ME AR Foll Ak
3Rl Ca¥ % WESle] AFEY Ca?te] BEF AlgA7T
(Le Mellay er al, 1997), Ca?* 9)&A] 25424 S +
ot A B A7 Folle 22T Ba|E= oy
el osteopontin®] IAks} AEIS WA SHAHEL pH
46914 pH 512 WEAZI. o]d HEH oJ8] kinasest
phosphataseso] o8l ZOF AT} (Safran et al.,
1994). =}x|2}e.2 [, 25 (OH), Dy} H5gAo] 2as)
of 714 ghlzle) osteopontin? osteocalcin®] AAS- &
Hg} (Pike, 1991; Darwish and DeLuca, 1993; Nor-
man and Collins, 1996).

A 2R 4Ae) Ajele] gAY FE
WA 7IE GTP7 248" 6 oEsl Ab Eatga)e]
adenylate cyclase® B4 StA1Z1e}. FA #H= adenylate
cyclasets ATPZHE] cAMPE A3}, cAMP: protein
kinase A (cAMP-dependent Protein Kinase)Z 7§32
MAP kinase®] EA3}% A5t} (Howe and Marshall,
1994; Faure et al, 1994; Cresp er al., 1994;. Mark
and Livert, 1995). $1¢] HA4e of&] ZFAEANH=
alkaline phosphatase®] &Ade] Zr4slal Febdl §44Jo| 2+
238k 5o Wt defduh(Davis, 1993).

Epidermal growth factor(EGF)-} IGE-I& 72 Al=kel
Ao ZEMEL F27) A 4L F23%d (Zhang,
et al, 1999). °|F°] ZFHEL &4 AF F
tyrosine kinaseel] £]5] 7RA|E= A EAD7 |- M= MAP
kinaser .83 9L 3= 7oz o8] ¢t o] 59
Zh8-2 MAP kinase® 34 5}2]7)%= MAP kinase kinase
(MEK)] A€ AAlAql PDOIB0SIE A A[she] zhisdrh
(Canalis, 1983; Webster er al, 1994). ZR|EA X, ZZ4
Fo M= ol&d 42849} glucose transporter”} L= g0
™ <lgRlel] o]sle] MAP kinase®] BAdo] Ml=at, A FA,
AxeeM F7FEe A 2FE AZAD 7)F) e
o] F838F JIL Fo] AAF I} (Kim er al., 1997)

1 Slellx ofm]eAkel o}Br2 EFAFal MC3T3-
El AZeM IGF-19] M4k 714713, Sk 4%
AFS3P  alkaline phosphatase®] BA4S Z7lA7)vin B
=31 glvH(Chevalley et al, 1998). Skeletal alkaline
phosphatasex osteoblast cells®] plasma membranes]]
proteoglycan-inositol linkages] 28] ZAgt=]s] gl o] &
4~% bone formatione]] ZHAHe] H&E-S iy d=jz) 3]
21t bone cellel| X A&k Pzlerael 7R3} A Eepes
FE feEE A ok deA glx] ke Abgleloh
(Farley er al., 1991). #72] A7) 2)8Pd nitric oxide
synthase (NOSY7} A ZelA L= NOSel| &3] 1L
E°1A nitric oxide (NO)7} bone metabolismel] =838+
Aehg ge] AAFHZ 9} (Bvans and Ralston. 1996).

EE NOE wha HAE APEE)A bone lossE 2Pkt
o] AIAHLZA NO7} osteoblaste] 7]l Abgsl oFgke-
vl X2 g)fre] AAIEIL lv} (igarashi et al, 1994).
Nitric oxide2| =&

NO® AA olel A Fow 4e)d dge s
7] A =FFE 7k (inorganic free radical gas)EA] ¢ -
N=09] #ateloz wEc)h 198749 AN L2 HE
NOZ A EzZ d=EZ (transcellular signa)E T4 5
ek Ze] ezl F olA7kA W HealEe] os)
NOS| AAM Hge] AFHAR L olv}. TAFE] AME
oA NO¢| 32 NOS(EC 1.14.13.39; NOS)l| 2]
o] Folzlth. NOS+E 125-155 kDa2) endothelial NOS
(eNOS, type III NOS), neuronal (nNOS, type I NOS),
inducible (iNOS, type II NOS) M|7}A] isoform2 2. 1%
“HKnowles and Moncada, 1994; Ralston er al., 1994).
eNOS+ vascular endothelial cell*l A acetylcholineel] =
+3te] NOE AJAlste] 99 smooth muscle cellel <3
FE FAL, NOSE 9ol glutamates] TH-&3led
NOE AAe. eNOSE nNOS= Ca? calmodulinel]
o)EAolw] ME M LAFA EA5ke] constitutive
NOSE #5757 %= g} INOSE macrophaged|A] cyto-
kinesell *-85led NOAAME fr=sled faizle] e A
Al AT d=A gl 919 A7k NOS
isoformZ- $lol] AFE HMEZET opz} ©hE M Eo %
EA st A X - AEZL AEAG] Hefsl= Aoz o
#HA gl

wefA NOY A& T o FEIR 9ot Fx
Ao Mz B A Ex wErix 2 dA %] eNOS,
nNOS 2 cytokinesel] 2J#l === iNOSe| 2ls) NO7}
AAEe], FAEY 7)5g FAs e Wi d8L g
whal ejx 9le}l (Helfrich MH er al, 1997). In vitro
A8 A g3lw EL ¥R NOE EFAE
(osteoblast)®| 43} B35 AA)sA 7, w2 %22 NO
= 23]# osteoblast?] 7152 ASEERY dv} (Raltson
et al., 1994; Riancho er al, 1995). In vitro A
Z7F NOE paracrine factor®. 2H-4-8le] 4] F o)A
bone resorptions W5l bone lossZ ZETRT AJZHE
t (Lowik er al, 1994). In viveel M= INOSS] A==
AAAlel aminoguanidined Feiahal AAAFE<Q] SES] A
F EFe 7147} dolulal(Rsukahara ef al., 1996),
a7h 2AE #He AfelE F &ale] Fr)slivk(Kasten
et al, 1994). NO #|-FA}e] nitroglycering2 W32 A%&
EF glycocorticoid® ¥ & £4& wolg= Edr)
ek =3 FHelA NOS 2449] AAAlAI] L-NAMENNG-
nitro-L- arginine methyl ester)s} iNOSE A=A SA|#)
ol aminoguanidine®] ¥l EE w]Est A3}, L-NAME
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£ F939E el FeAd wHEsb dglev
aminoguanidines FoI3}9-& dol = 729 FdolM Z
Aol 20971 gL itk wdEbA INOSe| £13)
A" NO7F FAETE 2438k W remodelingel] °3%F
& AT XTI (Tumer, 1997).

whe| 2] o}2] endotoxin®] vt cytokineS-2 A Eu) o] A
iNOS AL Z7HAA NO A4S A538ke] AlEel| oI
fralg 2 el oA ol e dFol o
ez wle] oebH TSHMENM LPSS} cytokineel 23
=% INOSE qle®ldl 23t Ewr} 4b5e] Adgda) &
Ho| QIvkT T} (Bedard et al, 1997). L-NAME (NOS
inhibitor)E o]-&8}e] NOSE A5} cytokine?] ©]
s AHAAIHAAE o ez g JdeHL L6
myocytesel] 0.6 uM FoJA] NO AL #4217 &3}
7} glch(Bedard and Marette, 1998). s}=]2k ¢]& leH
9] Eah= AlZe A3t BolAe] glo] 7HEIME INOS
o ebfat F3E w|R|A| REl gk

g =

T oJgte] P74 EEE 7] o] AR w
2} age-related diseases?] |87} £ AlEA EA7 HI
o}, FoHE5 (osteoporosis)ye mglEoA] £3¥] AEIT

, HEE 24, A5 59 28d9e] HI gl =
-1 7% 198539 FehEFel 23t o] 1309Hd 0]
WAk, oldd 709 EElY] =Ry} AEHRG =
o] Fu-dF ARA AAE vid 20% olAke] AL
F AR Tl A AR 1999bﬂ50ﬂ 40044 = A]
A ez Huey 91‘:} o] A FFaFo| AF
ko2 w7A7], =3}, Aot “r713‘ Ml 7153k, 5
AR, FAlEd ZEEe] Folel 2sled AR 7}
E3 A& A9 HH7] F estrogen?] Feolvt o
x2)%9] 7% estrogen®] TV} FlEEe) ‘ﬂ]ﬂ o

Bl AREFHARE FEZ2| o T“—}% “ﬂ—v‘c’ﬂ ol E
2 & S gl WbHe] SFET gloh #Rt opEl Wy
grfe] o TA RF2 e ’\‘:17—]"‘“] HFE 9l
o, f=vE Ale] 70%4 = AFASS 7T gle
w400 o] F A Figle] Hw, kel o7 A,

ADAPAN FZ2A AR dk 2o} Z3Al o F

o] 8=l glvt. wietd, FM|F] ALy S A

3 Tl & AZ X8A AAEg 8 deEql
A o)t 5150

03".. O.,N_. oA

l&ﬂ.

HAlel 2

B AFe HARAY RA R SR TBAY BT

(HMP-98-M-0026) Z|el]l £]3le] o]Fo] 7| ZFr}e)
o Fghioh

e
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