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Calcium concentration in the bone resorption lacunae is
high and isin themM concentration range. Both osteoblast
and osteoclast have calcium sensing receptor in the cell
surface, suggesting the regulatory role of high extracellular
calcium in bone metabolism. In vitro, high extracelular
calcium stimulated osteoclastogenesisin cocultur e of mouse
osteoblasts and bone marrow cells. Therefore we examined
the genes that were commonly regulated by both high
extracdlular calcium and 1,25(0OH),vitaminD; (VD3) by
using mouseoligo 11 K genechip. In the presence of 10 mM
[Ca’]eor 10nM VD3, mousecalvarial osteoblastsand bone
marrow cells were co-cultured for 4 days when tartrate
resissant acid phosphatase-positive multinucleated cells
sart to appear. Of 11,000 genes examined, the genes
commonly regulated both by high extracellular calcium and
by VD3 were as follows; 1) the expression of genes which
were osteoclast differentiation markers or were associated
with osteoclastogenesis were up-regulated both by high
extracdlular calcium and by VD3; trap, mmp9, car2, ctsk,
ckb, atp6b2, tm7sf4, rab7, 2) several chemokine and
chemokine receptor genessuch as sdf1, scya?, scybb, scya6,
scya8, scya9, and ccrl were up-regulated both by high
extracdlular calcium and by VD3, 3) the genes such as
mmplb, mmp3 and c¢3 which possibly stimulate bone
resorption by osteoclast, were commonly up-regulated, 4)
the gene such as clq and msr2 which were related with
macrophage function, were commonly down-regulated, 5)
the geneswhich possibly simulate osteoblast differentiation
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and/or mineralization of extracdlular matrix, were
commonly down-regulated; dc8al, admr, plod2, lox, fosh, 6)
the genes which possibly suppress osteoblast differentiation
and/or mineralization of extracelular matrix, were co-
mmonly up-regulated; s100a4, npr3, mme, 7) the genessuch
as calponin 1 and tgfbi which possibly suppress osteoblast
differentiation and/or mineralization of extracellular matrix,
were up-regulated by high extracdlular calcium but were
down-regulated by VD3. These results suggest that in
coculture condition, both high extracelular calcium and
VD3 commonly induce osteoclastogenesis but suppress
odeoblag differentiation/mineralization by regulating the
expression of related genes.

Keywords: high extracellular calcium, coculture of osteo-
blastsand bone marrow cells, osteoclast, oligo chip assay.
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E ATAEAA e o5l gt &4 RANK
] c-fms°]oH(Quinn %, 1998). E3l Z=FA|FollA] A4
+ osteoprotegerin® RANKLe] RANKel| 7Z3gtsl= A
AAA g AAFe g A RIS AAloke =
Holxtz #-&3cH(Quinn 5, 1998). Interleukin(IL)-1,
IL-11, IL-17, tumor necrosis factor-o(TNF-¢), trans
forming growth factor-f, prostaglandin E2, parathyroid
hormone, 17f-estradiol, dexamethasone, 1,25(0OH),vitamin
Dy(VDy) &3 A2 wekgh Faqlziel 324o] sk
3 E8Ee 2Ash, ofegt adellr] =FA 2] RANKL
7} osteoprotegerin®| W xHeo| IEEE ZoFE ¥
=ik (Suda 5, 1999; Hofbauer 5-, 2000).

Zpe AlE ], AR e, sheleA, A4
3, AZAL 5 ookt e 2dskedl Heddich(Brown
7} MacLeod, 2001). 53] &xF oA+ &7 %3
2w shEAlEel F=2A Alelo] Zrs=rt 40 MMt
Az FopAlH, shFAZ} 2FAE BT AZZFTE
A EAE 7L Qlerng, aEE AES| e
o] FAze] 2AHEL vepd oz AAFm g
(Kameda &, 1998, Yamaguchi &, 1998). i5% A%
o] I ZRAEE A, A A A
2 d#Hzx o (Godwingt Soltoff, 1997; Huang %,
2001), =FAE2] E3lol| mxl= Edfel] disix= &3t
= GAlAY A8 ik Baot lieH(Dvorak
%5, 2004; Yamauchi 5, 2005). %3} 355 A2 7H
o] IFAE Hilol| v|AE AL IFAE E3E F
=ob7] fIgk AlEzeleF =7el wheh b At R
Hof girh. A ATAE vkl Fm AEZoZF
= Azl VD3l o3 FEEE IEAE Est o
A=k (Sugimoto 5, 1993), XA e} FA T2 &
et s AZeZere wEoeE AT 9
A2 E3L Fokek o] IpAelA  2FA
RANKL W& 7Pt false Zle e xich(Takami
%, 2000; Shin 5, 2003). &3t aFs AlxejZge =
A2 AxWNZsE T 7119 pd/42 mitogen-
activated kinase®] #AJ3}E E3led RANKL s 3
77l Ao BuEHeH(Kim &, 2003; Tsa 5,
2004). °l#lqt RuEe 1FE AxeZgre] ZITAEL
T Al AT e We ARA 2dAES El
oAk 2o HedT AL APeARE FE Al
Zhgroll o3l Whalo] 2A=lw ARkl gt A7+ of
2w &gk Ao, wheba B <dqelie 23AlEe}
TTAEY] EdhlcellA EE AlErE AEek
AF-FAA] Hek oligo chip #4415 Aldsle] 1¥=
Al Zo)Zroll o7k ARl Wl 24 e doturlR
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ICR AJF= AERZ(&AR], dighl=h)elAd Fskadct.
Dulbecco's modified Eagles medium (DMEM), o-
minimum essentid medium(a-MEM), fetal bovine serum
(FBS), crude collagenase, trypsin-EDTA 5= Gibco
laboratories(Grand Idand, NY, USA)llA, plagtic tissue
culture wares= Corning Inc. (Corning, NY, USA)ell4]
T9lekedct. easy-BLUE™-2 iNtRON  biotechnology (4]
&, gl FEeen, tartrate resistant acid
phosphatase(TRAP) staining kit % 7]e} AR5 <&
Sigma(St. Louis, MO, USA)lA F318}r}.

ZZA L} FFAEL e Y wlok

ZTAZE 7] 93 AF 2-33= ICR AFelA A
T FAES 2Es 01% crude collagenase,
0.05% trypsin & 05mM EDTAZ 7A4% &gl
Al 108, 108, 108, 20, 207, 20% 4 qi&=ow
FaAEete] |~VIEe FAZTE EEdl, ol 2%
Azl As 7 Azt B Aoz A V-V
o AEE ®=ol 10% FBS/} 3% DMEMelA vl
oFstalom, ok Aol F 2+ Adde] ARgsioict.

AT 4675 AF AE U dEEE TR A
Z3}aL, penicillin-streptomycing %33+ Hank's balanced
sdt solution®-& 23] AlA F dxz2g AASRL =7HF-
5 2Eskrh. 22 gauge FAPE o]&sted 5mig] o-
MEME =75l Fsisle] FA2E F33kL, 0.83%
NH,Cl-10mM TrisHCI(pH 7.4Y% o|&sle] AETE A
Astger. = & 10%°] FBSF E9i9E a-MEMOE
ol AR F, AEFE Alsle] Edhledol ARSI

Mg

o

ZEFA XY FFAZY £

EAZ A A Belshr] S =TAlre} =
A ¥ 24 well tissue culture plated] 7+ well @ 1.5
x 10" ¢ 3x10°/H5 253 ¥ 10% FBS/} A7k o-
MEMOZ 2447} wijofsiiet. = & 10% FBS/} #7}
H o-MEMol| 5% AZoZ4s FEHE H7)she]
7947F wieksidet. vk F w29 wpe}h kNS mA|
sldet. a-MEMell Zgo] 1.8 mM 23k o] Q17| wlit
of aFE AEZF HelTole 1M CaCls ©]8s
o] wjofolu] ZprFES 5 7 mE 10mMME 2pe] F
ek wlicke] Bxt F IEAE AAEE Slslax)
TRAP A8 2|aslgdond, dlo] 3l o)At x3lE] TRAP
A A EE sEAlEE Agsdrt.

Oligo Chip 45 A1&5k7] #lsliA= 60 mm vl o4
Aol z=FA| £} FFAEES 247 1.5x10°, 3x10°celld/
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disvl H=% 535k, 10% FBS’} 371 o-MEM2
2 2427} wlioksldtt. L & 10% FBS} A71El o-MEM
o] 10mM AlZ&Z4r == 10nM VD 7k & 9}
A7 JAE) AR ARl 447kA] wljoksledct.
wjeke] Ext ¥ total cellular RNAS F%3k 100 ug
2] tota RNAE ©]-&3}e] Mouse Oligo 11K chip &
AEREA, Mg, digml=E)el AR-skct.

Mouse Oligo 11K chip %4

ohre] Rl ek sh] ffsl mREEAlAe] Mouse
Oligo 11K Chip o]-&3t3lem, AH&-5 chipe #4715
of uwle} 5% 599371 -F-2=e} Biologica Process %
Cellular Componenti % 3,003/ FARE 235k
ek, A2, WA A7 dle]HE wlatstr] 9
slo] th=7 mRNA 259} *‘fﬂ% mMRNA A& 2&%
2 77h YPEA T A vkSEle] TAEk, RNA &
=5 oligo chip Aol competltlve hybridizations}od
A& 7F mRNA wgeke] zpe]E 7] dlolEla #-A4 s}
it ARSE F47142 Cy39F Cysh Adel dUTP=,
Aol 7+ &8=E cDNAd FAE|9lor, 2L o]&
ste] oligo chip/kel 7 3=+ spotel]l 3% cDNA2|
sgnats ¢z, 3l softwarez 7t fxfe] wkdu] (mRNA
Fye o olF F3 WAAEE A wlaLskelct.

wEE ATl o7 SR BEL BRI
A3 AEEes AR g8 WA AzngF B
10 mM SZA L PAol v|H = &
% Zslaile}. o)l waEl wie} 3o (Shin 5, 2003)
L ARG A dlol 727 vltE W %
oz TRAPHY alizel Adel 27190l alel
soleh(Fig. 1). 10mM F=old shEAz A4 Hws}
7P el el Ak W B 918 10 mM
TEE AR sholed, Rk W AR v}
FAZ AFAEZI} TRAPFAY whAlzz %317} tlo)
A= TS ubEr] AR sk Al 442 A
slgiet. =k shEAE RelEa Evlel welE AR
U S vlasly| s EAlEe) 2EAre] £
BjoF A|AdloA] A2 AAS 7] =8 10
M VD3% Azsle] §44 Bg le}oﬂu} eSS
A AR = vehlcle“} zm tjz7o] v 10 mM
Az AslE 45 20 o) ﬂ-&fﬁOl S7H
A== 1874, 1/2 Olo}i ZraE FARRE 178190
=, 10nM VD3% AHZ3lE 7-Foll= tHxrol =ls) 2
vl o]} whdo] FrlEl AL 28VY, 12 o]skE FhA
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Fig. 1. Effect of high extracellular calcium on osteoclast formation.
Mouse calvarial osteoblasts and bone marrow cells were co-cul-
tured for 7 daysin the presence of varying concentrations of extra-
cdlular calcium. At the end of culture TRAP staining was per-
formed (A) and the number of TRAP-positive multinucleated cells
was counted and the stetistical analysiswas performed by student
t-test (B). Data represent mean + S.E. (N=4). *p<0.01, signifi-
cantly different from control ([C&’"]e 1.8 mM)

H A 290071 s gdet. oA whee] wskE
AR T as= AZZr AElel VD3 Al &
Aol Whgo] S7}, ZAAaE AL A2 79H, 42h 7t
A} (Table 1, 2). ‘“°P IFE AZgZE Aol 9
Al whele] F7kE gl et VD3 A 2ol «l?ﬂwt Eli|
o] Zkax AR} 200071 lglem, R aEE A
E9 7ol SliAe wae] A= AT VD3I 2
Al wele] Sk A 87t =Sl (Table 3).
Az} FAEe Eipltolr] aEm Azt
w3 VD3 Azlol| ofs wWaasro] wHIkE FHAE
Rlashols Wl = 7Rl FEARl Wl kel ERlE
ok F7EA AglelA mE wkRle] SokEE A T W
< 2 FEAlE 23 32 fARA AV Al
H3}5 =As= ez 4R Aol (Table 1, Fig.
2). ol 7 Az =¥ sEAze {3k Fxske 9
43t dAEE 7&40* or, TRAP A7z} Ak
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Table 1. The genes commonly up-regulated by both high extracellular calcium and VD3

gene expression ratio

Gene description G:;g b’\"’l‘gk [log,(treat/control)]
T ca’ VD3
similar to dna polymerase beta BC006681 55 22
eosinophil-associated ribonuclease 2 precursor AF238402 53 42
similar to hypothetical protein flj12644 BCO007165 49 4.1
gamma-aminobutyric acid areceptor gamma 1 subunit AF156490 4.8 4.7
cystetin7 NM_009977 47 46
matrix metallopeptidase 1b (interstitial collagenase, mmplb) NM_032007 44 4.6
cdna clone homolog to neuronal acetylcholine receptor protein, beta-3 chain precursor ~ AK017571 4.1 49
tartrate-resistant acid phosphatase (trap) S70805 40 4.6
growth factor receptor bound protein 10 NM_010345 39 27
protocadherin gamma subfamily b, 8 NM_033580 38 31
seminal vesicle secretion 3 NM_021363 38 38
zinc finger protein x-linked NM_011768 37 20
matrix metalloproteinase 9 (mmp9) NM_013599 35 54
membrane component, surface marker 1 NM_008536 35 22
eosinophil-associated ribonuclease 4 NM_017389 35 36
podocayxin-like NM_013723 34 34
pancreatic lipase related protein 1 NM_018874 34 26
sodium channd, voltage-gated, typeiv, alpha polypeptide NM_133199 3.3 35
nebulin U58108 32 20
cerebdlin 1 precursor protein NM_019626 29 26
matrix metalloproteinase 3 (mmp3) NM_010809 28 18
monaocytic adaptor NM_010815 28 26
5730511k23rik NM_019458 2.7 18
udp glycosyltransferase 2 family, polypeptide al NM_053184 26 25
carbonic anhydrase 2 (car2) NM_009801 24 44
transmembrane 7 superfamily member 4 (tm7sf4) AK154384 24 33
sidyltransferase 7 NM_012028 24 17
cathepsin k (ctsk) NM_007802 24 35
bbs2 AF342737 23 13
protein kinase, camp dependent, catalytic, apha NM_008854 23 14
solute carrier family 37 (glycerol-3-phosphate transporter), member 1 (dc37al) NM_020258 22 34
similar to ad-003 protein BC027220 22 14
excison repair 3 (ercc3) NM_133658 22 10
similar to riken cdna 0610007105 gene BC015275 22 3.6
metallothionein 3 NM_013603 21 26
glucocorticoid-induced leucine zipper NM_010286 21 11
sushi-repeat-containing protein, x-chromosome NM_016911 21 15
growth differentiation factor 9 NM_008110 20 20
membrane metallo endopeptidase (mme) NM_008604 20 15
dtdp-d-glucose 4,6-dehydratase (ec 4.2.1.46) AKO011555 18 17
small inducible cytokine b subfamily, member 5 (scybb5) NM_009141 18 23
stromd cell derived factor 1, isoform apha precursor (sdf 1) NM_021704 18 26
creatine kinase, brain (ckb) NM_021273 17 19
beta defensin containing protein data source AK016897 17 32

small inducible cytokine a9 (scya9) NM_011338 17 23
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Table 1. The genes commonly up-regulated by both high extracellular calcium and VD3 (continued)
ene expression ratio
Gene description Gf;g t;\]agk g[I092('[rIC(;zait/oontroI )]
o ca* VD3

inosital (myo)-1(or 4)-monophosphatase 1 NM_018864 17 12
Zx((éir ic;z)repair cross-complementing rodent repair deficiency, complementation group NM_015769 17 14
homolog to brush border 61.9 kda protein precursor AK019469 17 22
?tagsgg,ZT transporting, lysosomal (vacuolar proton pump), beta 56/58 kda, isoform 2 NM_007509 16 o4
small inducible cytokine a2 (scya2) NM_011333 16 12
small inducible cytokine a8 (scya8) NM_021443 15 49
interleukin 1 receptor antagonist NM_031167 15 20
fyve and coiled-coil domain containing 1 A 28065 15 11
metaxin 2 NM_016804 15 14
c-type lectin, superfamily member 10 NM_020001 15 21
synembryn NM_053194 15 10
tail fibroblast receptor for feline leukemiavirus subgroup ¢ AF239767 15 10
natriuretic peptide receptor 3 (npr3) NM_008728 15 15
granzymed NM_010372 14 25
casein kinaseii, apha 1 related sequence 4 NM_007788 14 15
mtsl protein (s100 calcium binding protein a4, s100a4) X16190 14 20
rab7, member ras oncogene family (rab7) NM_009005 14 11
pleckstrin homology-like domain, family A, member 1 NM_009344 14 17
t-cell death associated gene NM_009344 13 12
regulator of g-protein signaling 4 NM_009062 13 12
anaphase-promoting complex subunit 7 NM_019805 13 16
complement component c3 prepropeptide, last (c3) Jo0369 13 25
estrogen rel ated receptor, beta NM_011934 13 22
brp39 protein (chitinase 3-like 1) X93035 12 19
chemokine (c-c) receptor 1 (ccrl) NM_009912 12 18
small inducible cytokine a6 (scyab) NM_009139 12 38
nf-kb inhibitor, alpha (nfkbia) NM_010907 11 15
phosducin-like NM_026176 11 14
akinase anchor protein 4 NM_009651 11 19
alanyl (membrane) aminopeptidase NM_008486 11 16
vacciniarelated kinase 2 (vrk2) BC013520 11 10
kinesin family member 5a NM_008447 11 13
spermine synthase NM_009214 1.0 1.0
breast cancer anti-estrogen resistance 3 NM_013867 10 12

VD3] AelA] W FAAEs o 27 deldeh(TRAP
QAT AR eE). et 407 Wlop] TRAP
b SHAEA o e A)7lelng, HEAL 3}
A FAAL B GO0 0E 3 oAt U
oh 2w ALoA45 VDSE AU APl ol
W 2o} el SEAE 28154 SAAEE trap

(tartrate-resistant  acid  phosphatase),

mmp9  (matrix

metalloproteinase 9), car2 (carbonic anhydrase 2), ctsk
(cathepsin K), atp6b2 (vaculoar H* ATPase)’} 314l

(Fig. 2). oI5 olSlol= s}EAZ Hsjs} Aaid oz
Hole B 7A FAHAR] ckb, tm7sf4, rab7= ILE=

Al Zo)Zrat VD3| oal] whalo]

o =
T [e)

AVsigiet. v
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Table 2. The genes commonly down-regulated by both high extracdlular calcium and VD3

gene expression ratio

Gene description Gf\ncg ?\lagk [Iigz(treat/control)]

Ca VD3

protocadherin gamma subfamily b, 2 NM_033575 -6.3 -6.4
typeii phosphatidylinositol 4-kinase beta NM_028744 -54 -4.1
similar to fkbp-associated protein (glomulin) NM_133248 -51 -3.6
sodium/calcium exchanger NCX 1 (dc8al) AF409089 -4.7 -35
atp-binding cassette protein AF213383 -4.7 2.2
immunoglobulin light chain L 14555 -4.3 -2.3
mitogen activated protein kinase kinase 5 NM_011840 -39 -2.0
carbonic anhydrase 6 NM_009802 -36 -53
zinc finger protein zfp110 AF167317 -31 -2.3
laminin, alpha 1 NM_008480 -2.8 -31
cleft palate-related protein 1 AY 074887 -2.8 -1.9
receptor-activity modifying protein 2 NM_019444 -2.6 -14
loop tail associated protein NM_033509 -2.6 -1.7
2'-5' oligoadenylate synthetase-like 2 NM_011854 -25 -16
fk506 binding protein AF090334 -25 -2.3
cd2-associated proten NM_009847 -24 -25
ATP-binding cassette, sub-family C (CFTR/MRP), member 3 (abcc3) AK006128 -2.0 -1.3
proline rich membrane anchor 1 (primal) AY 043275 -1.9 -1.3
complement component 1, g subcomponent, alpha polypeptide (c10a) NM_007572 -1.9 -1.3
immunoglobulin scavenger receptor NM_030707 -1.8 -24
unc-5 homolog (c. elegans) 3 NM_009472 -1.8 -1.0
adrenomedullin receptor (admr) NM_007412 -1.7 -1.0
complement component 1, g subcomponent, beta polypeptide (c1qb) NM_009777 -1.7 -14
pancreas specific transcription factor, 1a NM_018809 -17 -11
apolipoprotein e (apoe) NM_009696 -1.6 -1.0
adenylosuccinate lyase NM_009634 -1.6 -1.6
m?;f Cr,el n?te?gbgaltrz g(m ?C?CC:II. r;ted, actin dependent regulator of chromatin, sub- NM_009211 15 1.2
similar to centaurin-apha2 protein BC027165 -15 -11
similar to hras-like suppressor 3 BC024581 -15 -2.3
neutrophil elastase AF082186 -15 -14
g protein-coupled receptor 34 NM_011823 -14 -15
apolipoprotein cii NM_009695 -1.3 -21
cortical thymocyte receptor (x. lagvis ctx) like NM_020518 -1.3 -1.0
urb ABO075019 -13 -19
interferon-induced protein with tetratricopeptide repeats 3 NM_010501 -1.3 -1.3
procollagen lysine, 2-oxoglutarate 5-dioxygenase 2 (plod2) NM_011961 -1.2 -14
tubby-like protein 3 NM_011657 -12 -1.0
myaosin binding protein ¢, cardiac NM_008653 -1.2 -1.0
hypocretin NM_010410 -11 -1.3
cathepsine NM_007799 -10 -12
fbj osteosarcoma oncogene b (fosh) NM_008036 -1.0 -1.0
lysyl oxidase (lox) NM_010728 -1.0 -1.7
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Table 3. The genes regulated in the opposite direction by high extracellular calcium and VD3

gene expression raio
Gene bank

Gene description oo, No. [l (;gz(treat/ control)]
Cd VD3
melanoma antigen, family a, 3 NM_020017 18 -1.1
sidic acid binding Ig-like lectin F (siglecb) AK087658 16 -1.6
synuclein, gamma (sncg) NM_011430 16 -0.8
epiregulin NM_007950 16 -1.2
chromodomain helicase dnabinding protein 1 NM_007690 15 -1.8
synuclein, apha(snca) NM_009221 15 -2.0
vacciniarelated kinase 1 NM_011705 15 -1.2
lysyl oxidase-like 3 (IoxI3) NM_013586 15 -1.5
regulator of g-protein signaling 1 NM_015811 15 -14
protein tyrosine phosphatase, receptor type, ¢ NM_011210 15 -11
rna binding motif protein 3 AKO010147 13 -2
proteoglycan 3 NM_021400 13 -17
immunoglobulin-associated apha NM_007655 13 -1.3
methyltransferase-like 3 NM_019721 12 -1.0
potassium voltage-gated channel, shaker-related subfamily, member 3 (kcna3) NM_008418 12 -14
caponin 1 NM_009922 11 -1.0
transforming growth factor, betainduced, 68 kda (tgfbi) NM_009369 10 -1.0
superoxide dismutase 3, extracellular NM_011435 10 -1.0
transforming growth factor, beta 3 (tgfb3) NM_009368 1.0 -1.0
syndecan 2 (sdc2) NM_008304 1.0 -1.6
pentaxin related gene (ptx3) NM_008987 -1.0 11
neurotoxin homologue X70920 -1.0 10
protein tyrosine phosphatase phi, insert-free variant u37467 -1.0 12
s100 calcium-binding protein a9 (calgranulin b) (s100a9) NM_009114 -11 14
extracellular proteinase inhibitor NM_007969 -1.3 20
transgl utaminase 3, e polypeptide (tgm?3) NM_009374 -1.3 12
neutrophilic granule protein NM_0086%4 -14 11
leukocyte cell-surface molecule (1y9) AF246701 -25 11

%] ckb(creatine kinase, brainy= o4 Fz s
creatine kinasez ## ¢low ?“loloﬂ/HL 31 A of| 4]
vehdA] gkot E3tAF 3R] HAH oAM= ckbe|
Zo] Zrldo] Husle}(Whyte 5, 1996) E545 =4
I AEAZE s TsAe AREkL glom, A A
SolAE BEAIE E3fPA oA ckbe] Wee] FrkE o]
X5 glch(Chang 5, 2004). &3k tm7sf4(transmembrane
7 superfamily member 4; DC-STAMP)= Z}&A| Zoll A
aL-a—q;J_‘: ,(-]]EEU]—E]—HHX]E _%]%01] OLE:] D]’(Kuklta =
2004). 1 ool whEw IpEAEA A Lol RANKLS
Ae|shd tm7sf4e] o] 543 S7kEw, Az A
TAZo| tm7sf4S PR ZFFA|ZAA 0] Z]E
3, o]9] W& Aslishd RANKLel ok kA A
e AR ERE tm7sf47) ZEAlE Estabe] I4A

o

e T Zlog AAE. sEA 2] F55 U5
= T3] fJsiA ruffled bordere] &Ade] I esh
]% I8l vedicular traffickinge] o]Foi#oF glc}t. Rab7
< late endosomedl] <13E small GTPaseo|™, Z}&A]
Zo|ME FEFF Sl ruffled borderol] H25+E 2oz
odeiA Qlct. Rab7e] Wl Aslsld shEAl2e] polari-
zation?} ruffled border=2] vesicle targetinge] A= o]
RS AAle Ao ¥¥A Siek(Zheo 5, 2001).
o]« rab7e] ruffled border formatiorel| Z83F =Zz}t
5 HEE AR, & dTolAE EE AlZel7t

w2 VDRI ofel o] 2 Sk ASE dEhd,
o}zl TRAP ¢}A] wlaldz AlelolA= u|g] rab7e] whad

o] F7k=laL &= Zo] Fel=edct. gk kena3(potassium
voltage-gated channel, shaker-related subfamily, member



60 Hyung-Keun Kim et al.

[ high calcium
m VD3

T

atp6b2 tm7sf4

Gene expression ratio
[logz(treat/control)]

trap mmp9 car2 ctsk ckb

Fig. 2. High extracellular calcium and VD3 increased the mRNA
expression levels of osteoclast differentiation related genes. Data
represent the average of the results from two independent Oligo
Chip andlyses. treat; 10 mM [C&’]eor 10 nM 1,25(0H),vitaminD,,
trap; tartrate-resistant acid phosphatase, mmp9; matrix metallopro-
teinase 9, car2; carbonic anhydrase 2, ctsk; cathepsin K, ckb;
creatine kinase brain, atp6b2; vacuolar proton pump, tm7sf4;
transmembrane 7 superfamily member 4

3= FFEA| Zol A= e == potassum channd® 3%
= Az Zpe] olslix= o] S718AIul, VD3 Az
of fJslixle 23|y Wile] Fhiske ZloE yEhdrt. o
23l A= kenad’l A|lZ-A|Ze)7)A AFALo A
2] ool gl Ca', H'e] A& ket Rwe) f
Apsh ZAzkg AzkEch(Komarova %5, 2001). g4 kena3
o] A7} A3k T #lZFox RANKL/OPG =&
S zhaAZlo] BaEl ul 9ok (Vaverde 5, 2004), £
AlzElol| A ZFA| XM= kena3’} RANKL/OPG
el wlg2Ae wlssel 28 el A= Sk .
B ATl EE AZZHret VD3R o8l o]
25 S7kEE -2} % chemokineZ} chemokine receptor
7} =H7kA] Z3kE]|gl o (Table 1, Fig. 3), oI5 % =
A 3 223 A=) Qe AeE dHA 9
£3] scya9(macrophage inflammatory protein-1 gamma,
MIP-1p)7 2 8413l corl= o] F7kde] 2ls
e, o] 52 FhEA|Zelld WdslE chemokine/chemo-
kine receptor 5 7P F83k 7oz oduA rk(Lean
5, 2002). }FAIEATA| Zoll RANKLE #2]5 MIP-
1ye] wde] =A| F7ism, =3 2 4-8xlal corle]
= Z7bEch(Oba 5, 2005). MIP-1y5 #7lsliaa
RANKLel o8t kA2 Este} A& S7H71= A
© 2 Yepdrl(Okamatsu 5, 2004). ©]2{3 X3 MIP-
1y/cerle] autocrine pathway@ IFEA|Z H3lo] =2kg-sh
e AlAkska Qlek, & oA EErhE chemokine® &
scya2(monocyte chemotactic protein 1, MCP-1)¢] &
o] F7FstdEdl, MCP-1:2 thIF recruitments -§-535

2

—~

6
@ high calcium

m VD3

idﬁﬂJJdd

sdf1 scya2 scyb5 scyab scya8 scya9 cerl

Gene expression ratio
[logz(treat/control)]
w

Fig. 3. High extracellular calcium and VD3 increased the mRNA
expression levels of several chemokine and cheomokine receptor
genes. Data represent the average of the results from two indepen-
dent Oligo Chip anayses. treat; 10mM [Ca’]e or 10nM 1,25
(OH),vitaminD,, sdfl; stroma cell derived factor 1, scya2;
monocyte chemotactic protein 1, scyb5; chemoking(C-X-C) ligand
5, scyab; chemoking(C-C) ligand 6, scya8; monocyte chemotactic
protein 2, scya9; macrophage inflammatory protein-1 gamma,
ccrl; chemoking(C-C) receptor 1

= chemokine®& ZFA| ZollA] Wasw FHzx Eal
MCP-1¢] WHlo] Z7jslrhe= B} dch(Graves 5,
1999). =+ Rio] wEw IFAE E3aA oA =
RANKLell ¢Jsll MCP-1¢] #sle] F7fshe, o5 A7}
veksb RANKLeY o8t shaA| 235 S35k 53
sEAzATAEY e FHEe Aeq el
(Kim %5, 2005). o}ZA2 53} Ao F9 A=}
% shel NFATc1e] Aol o3l spzAlZ 23b7} A3
2 ] MCP-1& #7lsld 3l¥e] Hrbs ®i(Kim 5,
2005)= MCP-1o] s}A|Z £3l21% 3 NFATcle] Ef
A FARE W= sEAE Z3lH ol Fa3t 9%
=+ TBEY T U AR 2 Lol wEe] Fb
%l chemokinec-Z sdf-1(stromal cell derived factor 1)
o] i}, A EATAZolE sif-1 248l cxcrd
7} vkedo] pro] =w, sdflell €]k chemotaxis2} collagen
invasions "i/HehE 285 sk AeE dEA gl
(Yu 5, 2004), sdf-15 bone marrow celloll %17} wuljok
gt A% AEEsNE FAAT RS Gle AR
X 15 o](Fukuoka 5, 2005), ZZA|Zol|A] Ho] whslo]
371 sdf-19] 752 oF2 wakskA] ot

ol8lo] Wy 77} IR oE Yehd FHA T gk
Ao} delss Aow odeid fxkE C3(complement
component c3)7} lgith(Table 1). o]2l8t A= VD37}
ZEA| 2o} F7|AA ZollA C39] WS T
3ol AT (Hong 5, 1991). ZFA|Zojl4] Hu)
H C3c w7, TRAP 4 shEAl 2ol g+ C3 +&
Ao Ajels Zer RIuFHCH(Sao 5, 1993). o|=




Genes Modulated by High Extracellular Ca* 61

o] myol wlzm, C3t TRAP o4 #EH% 5 o]
Be ol Fole AT wgkor, F4AE ol
C3% #7lshd M-CSF 9|&=ql AxFAs FA3}ha,
C3 A5 Azlshd shzAll 2] E3b7} At sf9d
th(Sato 5, 1993). o]zd Hyg m]|FolE o, IFE
Aol Zpat VD3 ofsl o] Sk C3m kA
F 2ah fmel Bl & S Aoz Az

Matrix metalloproteinase(MMP) &= MMP12} MMP3
o] Walo] ¥ EFe| Helo] ofal BT Z7}=lgicH(Table
1). MMPlb(matrix metaloproteinase 1b; interstitial
collagenasey= ZZA|ZollA APAE | spEA|Zeol| 23k
=55 FAske Zleg A ok Bl wEd,
MMP1b iAl= shEAlze] & Fate|uy AlzAEols
W oJ3kS m|A|A] erou} ulAlZel 238k actin ring &
A3} vacuolar H™ ATPase’} ruffled border? #-33h=
AL Aslslel FFFE AAIS oleq A EIE
RANKLel| oJ3) 3¥sx) F35h= Aoz Jepdeh(Holliday
=, 2003). ¢]23 Ha= MMP-1bi <13 =47l collagen
o] EA ol 23 FFTE FATE Al 3
MMP3(matrix metalloproteinase 3, stromelysin-1)=. =
A Z A EnlEm, edtrogene] 2 Z=FA| FollA
FAe] St THETe 27 E4Add defsha
(Breckon 5, 1999), IL-1, IL-60 &8+ F/HF F459
AtolE MMP A4 Aol i S5 Aol ofsl A
ek ®aE wh Qloh(Kusano 5, 1998). 1E{oz
ZZAEo} FFAEL] Bl E=AES] Zar
3} VD) Al sk SAlske A E ozt o
Soll o3l wdlo] $71%l MMP-1b2} MMP-3% 53 9}
A2 TFTsE VM d= #AT F e
Aog Azher,

aFEAlze] Ay VDI o slEAlze] E3hr)
SAs3 2o} AR AR wie] Sk b, 94
Azl 7% 2= clg(complement component 1, q
subcomponent)2} msr2(macrophage scavenger receptor)
AR Wdo] 5 7k ich(Table 2). =3k Siglec-
5(sidic acid binding immunoglobulin-like lectin 5)¢}
snca(apha-synuclein)= A Al Zojl4] WHEElE Aoz of
#HA 2l e} (Erickson-Miller 5, 2003; Tanji 5, 2002),
ol VD3I sl while] 7k v EmAlE
o] Zrol 2lsixe wale]l Skt (Table 3). o] A=
Az g 2AdEEs AR 2FAE sl 29
3}, Aol o™ q3e FYUR| = of] HlelA] gt

sAE E3tet #EE Vs "tk ARk W
o] tiF-E Le=AEe] Zgat VDI o 352
2 F7HEE oFe 2]l vk, SelaHl =FAE i3}
2 A3]ste} A FAAEE olF A o8 =F
AZ 3t 5 A3jspt s deker 2Adse A

@ high calcium
m\D3
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Fig. 4. Effect of high extracellular calcium and VD3 onthe mRNA
expression levels of several genes which are related to osteoblast
differentiation and mineraized nodule formation. Data represent
the average of the results from two independent Oligo Chip analy-
ses. treat; 10mM [Ca™']e or 10 M 1,25(0H),vitamin D3, calp;
caponin 1, tgfbi; transforming growth factor, betainduced, 68 kda,
apoe; apolipoprotein E, tgm3; transglutaminase 3, dc8al; solute
carier family 8, member 1, admr; adrenomedullin receptor, plod2;
procollagen lysine, 2-oxoglutarate 5-dioxygenase 2, lox; lysyl oxi-
dase, fosh; fhj osteosarcoma oncogene b, nrp3; natriuretic peptide
receptor 3

e Bolth(Fig. 4). olell siddel= Zle ¥x, %A fosb
(fbj osteosarcoma oncogene b)e] W&o] FFHoz 7t
£5+= Aeg Yepgdtl. FosBE AP-1 family member
9] 32 fosb transcriptse] alternative splicinge] A3}
2 AN detaFosBe} tiio] Al ol W
deltaFosBE 8|7l vhee AAZ 235 oA
shaL ojAl E7 3155 oF7|sh+ (Sabatakos 5, 2000), &=
3k 7|A1A ATl o3t 2FAE 23} fxol|= deltaFosB
7} Bedd Zlow HwayE wh 9lrh(Inoue 5, 2004).
24 foshe] WA= 2EAE H35 JAlsE 23
= el e Ak vk gk 2EAlEe] skt
AollA type | collagens] o] Aoz dojubs AL
H3}27)o] YEhA|ak, A4l insoluble collagen deposit
o] gkee] 2Ale AL E3} flell Uofudrt. o]zl collagen
S 9JsiAE collagen crosslink FA4Jo] Hash o]
FAel  #oIdl=  lox(lysyl oxidase)ZAd-S  AIsHH
abnormal collagen fibrilo] alsolzlE Aog ¥ uE9l
th(Hong &, 2004). =gk #Z ZFAE 23ke} 7|5&
Al ez dex TNF-a7} procollagen §H4dell=
gks w|AA o}, loxe] W IS FHEAA
collagen A 2-& JAlgc= 3 (Pischon 5, 2004)% ©|
FolE o loxz Z2TAEL E3ke} A3lst AAdYPAel T
83 98 whdek Hog YA}, Loxe] HEE Fr}
2 Aol oJal FEHow 74E Aog yelyti(Tale
2, Fig. 4). ©]¢} 21541 plod2(procollagen lysine, 2-
oxoglutarate 5-dioxygenase 2)= 353 °oz uldo] 7+
£=¥9edl, o= type | collagen telopeptide®] lysine
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residue2] hydroxylations ¥2# collagen cross-links-
PAsA sh, 1 73} collagen fibril 343 43] 3}
23 = vAe Aoz A Aot} Plod2e
3}l 2TA|ZoA Solxor ige] Frlsh (Uzawa
%, 1999), o] fr&izlell Edwe]7} A7 osteogenesis
imperfectae} -FAFE $4-5 YER= Bruck 5% °f
7k Aed odefx 9lek(HaVinh &, 2004). 254
o7 wglo] oAl mrhE fdxl dcBal(solute carrier
family 8, member 1; sodium/calcium exchanger, NCX1)
e A Zo|A osteciddl] AgE AlERte] whEEe, Al

Z U3 C&E ogenidz ] EAA A3|EE A=
Aoz oA ek (Sains 5, 2002).

aEEAze] Zgy VD o8 FEHos W)
br® moh2 §42kE admr (adrenomedullin receptor)
3} apoe(apolipoprotein E)7} itk (Table 2, Fig. 4).
Adrenomedullin>  calcitonin, calcitonin gene-related
peptide (CGRP)2} 2% homologys- 714l selzg =F
Aol FAE EA5 Ao Folshd YA FAE
= Hol wE 73pA]7Ich. 2T Zoll= adrenomedullin
I 2 FEAPL o HEEEE g4d 2AARE AR
g 7}54de] Slok(Cornishel Reld, 2001). Apolipoprotein
Ex AA=h dirlellA] Fegh oq3hs ddale, =3k W
o= =AZAEE A Zew d#HA Stk Apoli-
poprotein B ZZAIE wfofolls] A3l e W =
A Zol| A W] dAF| FrlEw] 2EA|ZL] vitamin
K uptakeoll °33Fs w]*] osteocalcin 52| carboxylation
& 243 Aoz oA rk(Schilling 5, 2005).
2TAE F3b o A3)st 24 fAA Wl oigh ¢
A Zel fARAl Z=2AIE E3lol|l negative regulator
2 2L 7FsAe] v Al LEmAlEe] g
VD3I o8l FEHor wie] S Ae® yehydrt
(Table 1, Fig. 4). S100A4= A|ZJ cacium binding
protein®. g ZA| ZollA] walsw, 43|57} 28=7] A
of 2 wo] #xJ3] 7hAFrh S100A4°] WS A
shH Z=FAE L3P} 27)o A= A3|sAd P4
= @AY Srkske Ao deh, 2EAdlE Eslel 4
3]3}e] negative regulatorz 2835l Ao HaE Q)
(Duarte 5, 2003). 3} S100A4% H7lsiFa] FwoE
Aoz A3|sAA PYAE Aslish, Alxzytoz Fu|se]
Huzlol S100A4} AlEellx #-83)7] Bl autocrine
T paracrine regulatorz 2-8-3hs A|ASHATH (Duarte
%, 1999). Npr3(natriuretic peptide receptor 3)= natri-
uretic peptide] clearance receptore|w, o] ~8Ajol| =
owo]7} ¢l 7% brain natriuretic peptide == C-
type natriuretic peptide(CNP)e] & x|e} FA8HA] &
7 RS oItk Aoz HaEdich(Jaubert 5,
1999). CNPo} = 4843l GC-BE ZZA|FolA] ]

ﬂ“

=, CNPE =ZAze] E3kel A3|3ks FAlsle Ao
2 o=} o]2igt A= CNPIGC-B Al=Elo] 234
29| autocrine =+ paracrine regulatorz 2§35k 7
A Akgke(Suda 5, 1996). =3 VD30Il 2Js] CNP2 ®
do] F7hde] ®adl vl lvk(Yanaka &, 1998). wheh
A E= AlZeZeet VD3 o3l whele] Sk Npr3
© CNPY| 285 Agtozs =xAlx F3} 3 A3
Stof] AAEAE YelE F s AR A7 ot
A AglollAl mF whde] FrkEl AR F skl
mme(membrane metallo endopeptidase; neprilysinye @
2] E¥3t= A% 39 zinc-metallopepetidase® Al
Az gz s Zleg odex glew, PTHrp,
PTH fragments, calcitonin, CGRP %5 t}e}3} osteogenic
peptides’} o] &49] 7|&o] =2 o]E locad bone
pepetide factors?] &As 24T F v AR ¥y
ch(Ruchon -5, 2000). FE3F &A% Fshuljokele] I
T8429] ascorbic acide integrin 9]<EF o2 o] FA49
LA AsrFle] Harsle], =AM Z F3label mme
o B e iy gt dElE 2t AAsRdek(Schmid
&, 2005). o|#&7] ZZA|lZe] 3}l negative regulatory
effects 2 T Qv TR Wele] aFw AlXo)Zr
7 VD3| 93l = Srbehd, ARHoR =TAE
3t A" FhsAe] Uee AXEE AFE A7
3k calponin 1, tgfbie LEEAIZE] Zro) osiAlE
o] F7kEv VD3I oA it E wele] Zhaw
Sich(Table 3, Fig. 4). o5 ZFA|%Z E3lo| negative
regulatorz 288k o7 ol AR Qlov g IFTAE
9] Zhgroll o8t W Fle 2EAE 23 AAlSe
Az epd Zez AyzbEch. Cadponin 1o] A=
A%+= bone morphogenetic protein 20 ¢sl| =% =
FA4E F7H1719, 2 AF ] embryonic mesenchymal
celloll bone morphogenetic protein 25 *2]shd A
3 s o FAHE Ae® A lel calponin 1
o] osteogenic programell negative roles WS A&
A|AbsaL Qloh(Yoshikawa 5, 1998). &3 tgfbi (trans
forming growth factor, beta induced, 68 kda; Sig-h3)=
Z2A|Zol|A] AAks]o] F7 Aol EASH= fibrillin-containing
microfibrilo]=], &=l 2FA L] E3HE JAI5H=
Aoz deFc(Thapa 5, 2005).
Tgm3(transglutaminase 3y LEF=A|Z9] Zrol 3|
A= whgoe] ZhsE VD3 ffsiAe iR W o]
Z71=l ek (Table 3, Fig. 4). Transglutaminases =4
FollA= W == (Heath &, 2001), ¢]5 Z=2A % AT
Al xzol| A7l Z2EAE E3k34]) ¢l#l] osteocalcin,
bone sidoprotein®] WH-S FEdhe ZoE HiE o
(Nurminskaya 5-, 2003), 3-5% AlEZ2)Z4l <8 tgm3
o W Asle 2TAE 3 AAlske AdE e

o
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FEAEL] Z4r j)r VD3 &3 the] SRSl
%"%X—L‘Li wgo] ZrlelAY 7k4d 7|Ae uldkslx]
K C LW I E TR
L £ deple Aos eA sess Az
ZHr 2712 B3 AFADR 28] olldt SR 24

of Hofd 7lsAlo] YT HAow AHZ}EJE}(Baran <, 1992;
Tsai 5, 2004). 22t F 7k A2 2% 3] 48
A5 &3 S5 ZAEUAe] glemg a% Eﬂ 28
= AR g glew oleldl Ads Fil EuE e
fAAEe] 249 Roz A7)

ol o] Aibs sEw AZeZere] 2FA T} FA)

2o Elgeld FEAR ABAL LU £
Ao Wbl FIMA7|AL, 2EAE E3HA SIS 3
Ao WEe wre B2 As)AR)e A4t :LEM
2 Aol AR Alzelof Alsule B Eabe
fFrEshe Alzule|ng A Z2FAZ F3pFA|IAR]
alkaline phosphatase, osteocalcin, bone sialoprotein -5
o] Wb Aol FElohAl A ket whehd 2 A
TollA =EAE 3t 9 A3jsAA A o= AR
o] Wl tigt nEmE Mo Tl =IAE
3} frEAlzmlel| g F8EAE HEelA 4t o
o aiste] VD3E UxpulolEl Akl 23AlZel AAI7E
2|5l chfal®] mRNA W& F7FA]7]3L osteocalcin
o wlE SVKIA 2EAE Eske EFAce AR
oA 9lork(Viereck 5, 2002), ¥ 1<l VD3
o ols) =EAEESA3SE AAlshe Wger A
A wele)] 2=}, Ao 2L} hA
Z g3l B vIAE 2 fA ABALE o
o7 zFAEe] 29HEE w4 ssAel el A7)
QAT glowt, & Qpol A8 =Rl 244
F7} go] EAGRER olF B3 2FTAE 2G|
Jehte AR 9E Aer 47

#Ate =

B QT MANAY w70 EAEAEA Aol
9Jslod o] FoiAl #9(03-PI1-PG3-20500-0013).
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