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Recently, we reported that high extracellular calcium
increased receptor activator of nuclear factor-xB ligand
(RANKL) expression via p44/42 mitogen-activated protein
kinase (p44/42 MAPK) activation in mouse osteoblasts,
However, the mechanism for p44/42 MAPK activation by
high extracellular calcium is unclear. In this study, we
exanined the role of intracellular calcium increase in high
extracellular calcinm-induced RANKL induction and p44/
42 MAPK activation. Primary cultured mouse calvarial
osteoblasts were used. RANKL expression was highly induced
by 10 mM calcium treatment. Ionomyecin, a calcinm ionophore,
also increased RANKL expression and activated p44/42
MAPK. U0126, an inhibitor of MEK1/2, an upstream activator
of p44/42 MAPK, blocked the RANKL induction by both
high extracellular calcium and ionomycin. High extracellular
calcium increased the phosphorylation of proline-rich tyrosine
kinase 2 (Pyk2), one of the known upstream regulators of
p44/42 MAPK activation. Bisindolylmaleimide, an inhibitor
of protein kinase C, did not block RANKL induction and
p44/42 MAPK activation induced by high extracellular
calcium. 2-Aminoethoxydiphenyl borate, an inhibitor of
inositol 1,4,S-trisphosphate (IP3) receptor, blocked the
RANKL induction by high extracellular calcium. It also
partially suppressed the activation of Pyk2 and p44/42
MAPK. Cyclosporin A, an inhibiter of calcineurin, also
inhibited high calcium-induced RANKL expression in dose
dependent manner. However, cyclosporin A did not affect the
activation of Pyk2 and p44/42 MAPK by high extracellular
calcium treatment. These results suggest that 1) the increase
in intracellular calcium via IP3-mediated calcium release is
necessary for RANKL induction by high extracellular
calcium treatment, 2) Pyk2 activation, but not protein
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kinase C, following the increase in intracellular calcium
might be involved in p44/42 MAPK activation, and 3)
calcineurin-NFAT activation by the increase in intracellular
calcium is involved in RANKL induction by high extracellular
calcium treatment.
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A g e A A9 B 2399
EE57L Z3}E|o] o]Foixw] vkl hormones, cytokines,
growth factorsoll 98] =d=cH(Roodman, 1996). ZF
Az Bae} BAs FEAZS sFAT AFAE
7ke] ARA A zATAEe] o3 o] FolAkm d#A
olg(Suda 5, 1992), W2 ExlEo] TREAT AZE
o o} 24 ABL Wk At 2l B
Fr}. Receptor activator of nuclear factor-xB ligand
(RANKL)E EEAZY AlZutgwol Wds]o] slZAE
ArAZ e 849 RANKel Adsio] slFAE
o Ffol BAsHE FEdld, AT ATAZ ko]
macrophage-colony stimulating factor®t RANKLE A7}
s slEAlEs} AAdse] ¢=ix RANKLe|] EEA|ZS}
”].—'“—xﬂi HATAEZL ARAS] AE ATAL Feiw)
QA2 AHE3rh(Lacey 5, 1998; Yasuda 5, 1998).
RANKL# HFAZ ATAZlA shEAERe] F31E
222713, sEARY T4 LSS STHYIE &
2 A A AT Fkel YA AR of
AL §Jvh(Matsuzaki 5, 1998; Quinn &, 1998).
e AL W), A7 B, HAE4, A2EY 9
W3}, AZAL T ekt IS 245t Hofgich(Brown
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3} MacLeod, 2001), 53] FZAdr = FF57} A3
o gpEAlzel F24 Alely Z55=7) 40 mMrt
A% FoAH, FFALY FEAE 5 AZ7GS
Ak 71AE 7R Jleng ) wEs AZe] Zgol
Az 2AAEE e Ao AA=lw ¢lrk(Kameda
, 1998; Yamaguchi 5, 1998a). 5= A|Z&|Z4r0]
olZAZE E8lol] vlAs Aol whalxe o}F] Eilo]
wor, FEAZS} FFAEY Efhgel] LEE X
JFHre ABiF SEARY e} Folsk, o] o)
oA FEAZY RANKL 48 F717) #3isle e
2 A ch(Takami 5, 2000; Shin 5, 2003). =3l
Kim 5(20032)2 A7 FRAZo)H ¥ AL
o &3 RANKL ¥ ZF7loll= pdd/42 mitogen-activated
kinase(p44/42 MAPK)®| #4337} asicta sgict. &
o FRA|Zl| calcium ionophore® xz]dled AZWZ
F T=F Told pd4d/id2 MAPK ¢&8°o2 RANKL
o] 718k ¥ nEgiek(Kim 5, 2003b). =3 3
= AZZFE TRAZY AZWZES F7MIIE
RAeE oA Qlck(Tsai 5, 2004).

AZ A4S ARG AF A5E sl 48
2 93 calcium sensing receptor(CaSR)YE G protein-
coupled receptor(GPCR) superfamilyol] 430, H74akAl
AZE 23l cholgl AlZol] EAldHs Aow dulA
e (Brown?} MacLeod, 2001). $3H441 Al Fol] 24|
3 CaSR¥ 548k CaSRe] FEAXo| EA)sex)o)
sl o}z wgle] SlAt, 2Eldx st 2EE Al
Z9|Zgrol Rk FRAZ) Uk GPCRE 53 ubg
# AR Aeg ¥as|s lrh(Yamaguchi 5, 1998b;
Pi 5, 2000; Kim %, 2003a). GPCRE 53 pdd/42
MAPK #A43} 7142 ofd & w3A gAe gov,
Zelol= epidermal growth factor receptor(EGFR)2} 7
< receptor tyrosine kinase®| transactivation® %53l
pd4/42 MAPK7} #AslElo| wo] Rwglm loh(Wetzker
2} Bohmer, 2003). GPCRe] EGFR¥ transactivations)
< HAoll AEWNZF 571, proline-rich tyrosine kinase
2(Pyk2), protein kinase C(PKC), Src, $AsMlsz: S
o] ofgto] Bl wl Qloh(Wetzker2} Bshmer, 2003).
uebd] & dTolde Ex Aozl <3k RANKL
W9} pd4/42 MAPK Ajslel A Euiz4 Z7le Pyk2
Akl FoddleA] el mAl Fr,

®, of

H

MEME X Yy

A8 A s

ICR 8= AEZ (AR, gkl F9)siiet.
Dulbecco's modified Eagles medium(DMEM), fetal
bovine serum(FBS), crude collagenase, trypsin-EDTA%

& Gibco laboratories(Grand Island, NY, USA)lAl,
plastic tissue culture waress= Corning Inc. (Corning,
NY, USApPIA ]]8kirt. Reverse transcription-poly-
merase chain reaction (RT-PCR)| A% primere}
TaKaRa Taq'™ polymerase= TaKaRa (Otsu, Japan)el]
4}, easy-BLUE™Z iNtRON biotechnology (¢, thgk
ulEplla] F3kgich. U01262 Promega (Madison, WI,
USA)IA, PhosphoPlus pd4/42 MAPK Antibody Kite
Cell Signaling (Bevery, MA, USA)l4 -F9)3}gict,
Anti-human phospho-Pyk2 antibody= Calbiochem(La
Jolla, CA, USA)4|, anti-human Pyk2 antibody, 2-
aminoethoxydiphenyl borate(2-APB), ionomycin, cyclo-
sporin A, bisindolylmaleimidew Sigma-Aldrich Korea

RN LEIE S RIE ST P

TRAEY 1 Y %

FRAZE AF 23948 AFolM AT FATE
F23kL 0.1% crude collagenase, 0.05% trypsin o 0.5
mM EDTAZ FAE gl 108, 10%, 10E,
20, 204, 20% A A& ow FA Ao VI
TA TS Feleka, o]F FRAZS ¥AE /A AE
7} gk Ao okElAl IV-VIE-e] AlZEF ®mo} 10%
FBS7} ¥l DMEMellA wiokslolomy, o} Alehull ok
F 7 Aol ARg-slgict

RANKL RT-PCR

FEAZE 60 mm dishell 5x 107 4 EFslz ofL
Y 1% FBS7} ¢MF5l DMEMo.g uljokoll-§ uwldr F 51
5 A E4H(10 mM), ionomyein (1 uMy& 8417+ &
ob Azlstgler MEKI1/2 A48l U0126, PKC Al
A4l bisindolylmaleimide, 1P3 receptor <J#|#3l 2-
APB, calcineurin 241|213l cyclosporin A% A 2|8l 7
Folle ohE okEAe] KIZE d4e A17131e) wloksiolct.

wjoko] Ed AFEEHRE] easy-BLUE™E o]&310] total
RNAS H2l8glem, 1uge total RNAZHE U
superscript reverse transcriptase® ©]-8-3}o] ¢cDNAE 3}
ABEL, o] & 10%2] cDNAZ ol-83lo] 2U2 Takara
Taq, PCR buffer, 0.8 mM dNTP, 100 pMS| primer7}
E3he g 50 ulollAl PCRE A)3slslet. PCR 273}
primer] 942 Table 13} bt} PCRe] ¥k ¥ 10 uks
1.2% agarose gelollA] #7195 ki ethidium bromide
2 gAsle] PCR AkE 3lsisich.

p42/44 MAP kinase, Pyk29] Western blot 4]
FEAZE 60 mm dishell 5x 107 4 EF3ln o}e
¢ FBS7} dtslx 9% DMEMSE ujokelg wlim
18417} wiekslgich, = & U0126, bisindolylmaleimide,
2-APB, cyclosporin A F2& 1417} AAHXsAY 5}A]
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Table 1. Primer sequences and PCR condition

Gene

(product size) Primer sequence PCR condition
RANKL F:5'-ATCAGAAGACAGCACTCACT-3' 95°C, 30" ;45.5°C, 30"; 72°C, 1!
(750 bp) R:5'-ATCTAGGACATCCATGCTAATGITC-3' 30 cycles
f-actin F: 5-GGACTCCTATGGTGGGTGACGAGG-3' 95°C, 30" ; 58°C, 30" ; 72°C, 1'
(366 bp) R: 5'-GGGAGAGCATAGCCCTCGTAGAT-3' 23 cycles
GAPDH F: 5-ACCACAGTCCATGCCATCAC-3' 95°C, 30" ; 55°C, 30" ; 72°C, I'
(452 bp) R: 5-TCCACCACCCTGTTGCTGTA-3' 35 cycles

oly w¥w AELZHE(10 mMyS 5~30%-7F Azl
p44/42 MAPK ¥+ Pyk27} 2H4shelex] 2llalr] 9
8l Western blot w45 A|35}3lc}t. Phosphate-buffered
salineo]l F W4 AlAslaL 4|25 PBS-TDS lysis buffer
(0.01 M Na,HPO,, pH 7.2; 0.9% NaCl; 1% Triton x-
100; 0.5% sodium,deoxycholate; 0.1% sodium dodecyl
sulfate; 0.2% sodium azide; 0.04 pg/ml sodium fluoride)
oA lysisA|ZAet. 4°Coll4] 14,000 rpme 2 153 5k &
A152)8 & supernatant® ok BCA kite ©]-8-8)4
child F=2 24310k 20 pedl whA AEE 4~12%
sodium dodecyl sulfate-polyacrylamide gradient gelo]
A 7]od%5}3, PVDF membranee] electrotransfers}-oictt.

(A) U0 126 (B)
Ca’* (10mM) = + - ¥

RANKL |

p-actin

(€ ©)

ca,(10mM) = + - %

(E) (F)

Ca”’ (10mM} © ]

pa4/42

p44/42 MAPK, 24315 &8l phospho-p44/42 MAPK,
Pyk2o} 2HAJ3l=l &ejel phospho-Pyk2el wigh kel
2 o]&3le] immunoblottings A8t omd, npxRt o}
Aoll4]  Supersignal chemiluminescent substrate® 2]
F5-A17] & AAlsledAA=]al Las plus(Fuji Photo Film
Co. Ltd., Tokyo, Japan)ys o]-&slo] Ao 2lsoirt.

14

Al
=

o

21

FuAdZol 10 mM AZEYZFE AT A5 7S
o] ¥3(Kim 5, 2003a)pl49} o] RANKL #lo] =

uo126
10 30 0 5 10 30 {min)

Ca’,(10mM) 0 § 10 30 © &5 10 30(min}

p-pa4ia2 & - B

U0126
IM (1) 0 5 10 16 30 & (min)
p-pd4ia2
p44iaz | -

Fig. 1. High extracellular calcium and ionomycin increased RANKL expression via activation of p44/42 MAPK but not via protein kinase C
activation, (A, C. E) Mouse calvarial osteoblasts were exposed to 10 mM extracellular caleium or | pM ionomycin (IM) for 8 h in the pres-
ence or absence of 20 tM U0126 or | uM bisindolylmaleimide (Bis). Then RANKL expression levels were analyzed by semiquantitative RT-
PCR. (B, D, F) Osteoblasts were serum starved and exposed to 10 mM extracellular calcium or 1 uM IM for indicated times in the presence
or absence of 20 M U0126 or 1 uM Bis. Then the levels of phosphorylated and total p44/42 MAPK were examined by Western blot analy-

SIS.
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Al S7RE e, pad/a2 MAPKS] Sk feslolet
(Fig. 1A,B). ©]&]dF RANKL W3 F7l= MEKI1/2 ¢
Al V01269 #2|ste] pdd/a2 M/\PK B35S o
Aspad Aol kAs A=t Takami 5(2000y- o]
H IFx AlZe)Zre] A} AW A F7HPKC
Aol o3t Zlolela 7] wiiel, PKC A4l
bisindolylmaleimides- %718}l g A|Eo7ZHre] &
= AAsdch. 2#y PKC YAlAl= s A28
740l 9|8 RANKL "Wl pdd/s2 MAPK E-4)sjo)
< HWohE &E vAA GdeH(Fig. 1C,D). ALz
=717} RANKL WS -58=% #olslixl calcium
ionophore?! ionomycing A 2lslF 7% RANKL 23
o] A Fleigied, olzidt WE fEdv= U0I26
of o8 efA=|elch(Fig. 1E). %3k ionomycin'e pdd/42
MAPK A3} fresiolovt, age Al 2e4g-g A
2T 7T Svoll FNE AskE|Qdcrl 2 o] F 2RA
He oA Bl ksl ionomycin® 307A A <4-A
O % p44/42 MAPK 433} el 8elck(Fig. 1F).

(A) 2-APB (uV) 50 1 10 50
Ca’’, (10mM) - - + + I +
(B) _ _
Ca2*,(10mM) Smin 30min
2APB - ¢+ - + - +
p-p44/42‘ — \‘
p44]421 : }
(©)
Ca?*,(10mM) Smin 30min
2-APB - + - + - +
p-Pyk2 e o

Fig. 2. The increase in intracellular calcium via inositol 1.4,5-tris-
phosphate-mediated calcium release is involved in RANKL induc-
tion by high extracellular calcium. (A) Mouse calvarial osteoblasts
were exposed to 10 mM extracellular calcium for 8 h in the pres-
ence or absence of 1-50 uM 2-aminoethoxydiphenyl borate (2-
APB). Then RANKL expression levels were analyzed by semi-
quantitative RT-PCR. (B, C) Osteoblasts were serum starved and
exposed to 10 mM extracellular calcium for indicated times in the
presence or absence of 50 (M 2-APB. Then the levels of phospho-
rylated and total p44/42 MAPK(B) or Pyk2(C) were examined by
Western blot analysis.

LFE AlZo|Fgel AxgE /K7l A=
shelx] Qlan(Tsai 5, 2004), GPCRE 538l AlZuz47
o] F7kEl= #HE F shE IP3 +EAIE B3 A2
A Aol 4] Zhgre] fre]sle 7o) él-elul # glounw IP3
a8 oJAAIl 2-APBE Asle] 1 EIE WA
. 2-APBE iLF® AlE|Zgoll 93k RANKL ¥
F7HE FEOEH R AAsISIck(Fig. 2A). &3l 2-APB
T ALEE Al Ze| 7ol 28k pdd/42 MAPK szm@] %]
5 9% 7Z4AAZck(Fig. 2B). GPCRe] EGFRE-
transactivationsl= 2}l Pyk2 4317} dledsin, Al
FlZ 710l 23 Pyk2 AP fEEv AR
k22| 9o v & (Tahara %, 2001; Wetzkere} Bohmcr,
2003), iLFE AlEQ|74ra} 2-APB A7} Pyk2#HAls}
ol "l'kl-‘.e Je WAEoAct. pdd/d2 MAPKe} wlss)
Al 25z AlzejZer Mel § SEAl Pyk2 qlilsbl &
b1 em, 2-APBel €8] 2 A=l ZRAs gich(Fig.
20).

AlSEZ4r0] F71sh caleineurine] #H4d31=]o] nuclear

factor of activated T cells(NFAT)2| <lAl3}s- %38}

A cs A (ugimi 10 01 1 10
Ca?',(10mM)  ~ : ' . '
s e e Rt
®) Ca"l,(10mM) Smin 30min
CsA - ¥ } . +
p-p44/42 L , l
p44/42‘ - — ]
(C) ca’*,(10mM) Smin 30min
CSA - + } s ==
p-PykzL - ’

Pyk2 S~ — :—

Fig. 3. Activation of calcineurin by increase in intracellular cal-
cium is involved in RANKL induction by high extracellular cal-
cium. (A) Mouse calvarial osteoblasts were exposed to 10 mM
extracellular calcium for 8 h in the presence or absence of 0.1~10
pg/ml cyclosporin A (Cs A). Then RANKL expression levels were
analyzed by semiquantitative RT-PCR. (B, () Osteoblasts were
serum starved and exposed to 10 mM extracellular calcium for
indicated times in the presence or absence of 10 pg/ml Cs A. Then
the levels of phosphorylated and total p44/42 MAPK(B) or
Pyk2(C) were examined by Western blot analysis.
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o029 o)FE FAF o] AL VHE 24
Aoz oA 9o =2 (Hogan &, 2003), calcineurin
AAZ ZL31= cyclosporin AS 2|8l L 545
HaFsledet. Cyclosporin AR FEEZ R 5% A
F 4ol 98 RANKL ¥d& a7 dAlsigied, &
3l RANKLS] basal expression®= ZEAFcH(Fig. 3A).
a2 cyclosporin A pd4/42 MAPK, Pyk2e] 43t
ol WrhE IHE ulXA §sick(Fig. 3B,C).

12 e 2

¢

o #
ZrA 9} ALY wloke] 1EE ATgREE A
galgd o BEAZ Bl RS AkseA %
ol s}FA|Z B3t A= o] AHol FRAM| LA
RANKLY] o] F7pA]7122, RANKLe| ZF=E Al
Zogge Tz 24AEY F88 AR 2
& Aoz AN Egek(Takami 5, 2000; Shin 5, 2003).
TEAZAA RANKLS & S7M71e Alad=7
2 oA 1,25-(OH),vitaminD, -8#], cAMP/Protein
kinase A, gpl30-STAT3, AlZWZ5/PKC 59 4714
728 B571 5jo]9ich(Takahashi 5, 1999). 12} i
. Azelzo] 93k RANKL W2 pdd/42 MAPK
& oz od#A glor(Kim 5, 2003a), #= Nishida
S(2005)& 1,25-(OH),vitaminD,% dexamethasonex]2]]]
o]3} RANKL W&Z7171 p4d/42 MAPK &EFolafil
3o, FuAZolA RANKL 9 ZAAAC] pdd/a2
MAPK A3} Z83t 3 e 7lo g Azpgct
£ oltelliE 2FE AEgZgel 93t pdd/a2 MAPK
A5l 7S dofruxl F9irt. CaSRe Histe Al
Fol| 25z AZZEE A3 A+ phospholipase C
9} PKC SA32 Edl pdd/a2 MAPK EAstrt ol F
o]tk oA 9levkKifor 5, 2001; Sakwe &,
2004), £ Aoll4lE PKC A7} pdd/42 MAPK &
A3le} RANKL o] olfel g8k w|xx] it
olefdt Avhke AF TEAZelE CaSRe] HH=HA &
o thE calcium-sensing mechanismo| A& Aoz}
E Ad »ag A" Aoz PRSP 5, 2000;
Kim 5, 2003a). 1]% A7 FEAZo| CaSRe A=
A folx aFm AEZF e vk GPCRe
251 w3 {2 Aoz BaEdckPi 5, 2000).
GPCRE %3l p44/42 MAPKZ} BA8kEw 72z o=k
3l d#zd AZ= Gy, /phospholipase C-B/PKC/Raf
2o}, ZEole EGFRIY 22 receptor tyrosine
kinased] transactivatione] £93 722 ZL3lci= H
37} wrom] GPCRe| EGFRE- transactivation sl i
A B2 srott Pyk27t ARSI ok (Wetzker®t Bohmer,
2003). AHAGAZ 5= AZdFEE Azl

EGFR 24312 %3 pd4/42 MAPKZ} EAslste B
I(Yano &, 2004)s FEA| TN LFE A Z L4
93t pa4/42 MAPK A8 EGFR transactivations
S doid F s AlAelrt. ERF A2 ZoAA
Azdgego] S7iEH pyk2 <likshs E3] EGFRe &
Azl 25 B3] p4d/s2 MAPK A4S opr|dc)
= H3(Tahara 5, 2001)} EEAZAAN 714 A=
o 23k pad/42 MAPK A48+ FAJo] Pyk2 QlakSle
oJ8) wi7i=lcke 2.3 (Boutahar 5, 2004)2 v]§-o]% =
TRAZAME Pyk2 olakslr} pdd/a2 MAPK 243l
HE 4 s Aoz AT L dFellA calcium
ionophoreol] 234 p4d/d2 MAPK ZAIste} RANKL
ST} o] Roixn | wgw Aol 9§k RANKL
1 F7h7 2-APBell sl AL A" Ave, F5A)
ZollA aFE AT o3 RANKL 3 Tl
£ IP3E miFlE AlEd AALolA Zegel el o
3 AZWZE w2t TRl BedE AARRL $ict
23l aFxs ATLFS AP # pdd/42 MAPK
gAdsle}l FAlgE Al7)eel Pyk2 qlAR} Fobeielew,
2-APB AHzle| &3] Pyk2 <liksle}l pd4d/42 MAPK &
A7l FrAes AAEgenR wEE ATyl
o3l pdd/42 MAPK ZAglol Pyk/} #eid F G&
Aog AZETh 2.APBol 23t RANKL W A&
ol ]3] p4d/s2 MAPKY Pyk2 glakslel oigh oA
e AA velsker, 2 A7) Ve olE
shab] Wit A TS Es Alxelgde Az
o e Z7HE AlEugre] pad/42 MAPK A3} o]
9ol ok ePlol] 2H8-sled RANKL Hdlg 22% 7}
SR e AR A=

AENZEe] 2716l calmoduling} 731513 calcineurin
] phosphatase 242 ZAFA71L L 3159 NFATE
ehelAs A @ 2] o]Fs F3se o7 Ak
uke-S z2A4%cH(Hogan %, 2003). Calcineurin A<l
cyclosporin A7} Akgh F4712 A ZellA{ RANKLS] 4
< ok}t Sy 7ItkE vt glel(Hofbauer 5, 2001),
FFE AT 93 RANKL Lol cyclosporin
A7} RIAE I35 ASIEh. Cyclosporin Av 3%
= AE gl 93 RANKLY wd S712 A 3t
A8 A5t e], RANKL basal expression A==
Ajshgic, 18 Pyk2 Q14Ske} pad/a2 MAPK A}
ol WohE JAEANE ez Foket. o|#3t Ade
2-APBE 3= Axezgd I4 A=d A, pad/

42 MAPK A3he 240 20t AAE gz RANKL

WS Aol dAs gAlEedl 9ol calcineurin/NFAT
A3t Ak BEEE TFeAde] e Arbele A
k2 7=}, Calcineurin/NFAT 24317} pdd/42 MAPK
243k glol= RANKL #d= 7M1 & l=A o
sleiAl s oot U01268 AEjet 4% 1gx Az
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Zroll 213k RANKL Wdo] A9 A3 Asjsle A
28 Hot mejdt rledde A& Aoz Azdd. 2
9] B 5L 4318 p44/42 MAPKZ} AP-1 EA82
E51Av, NFATS <l4kslg E3), =+ NFAT tran-
scription activation complexol] p44/42 MAPK~} #3}s]
o] NFATe| 2|3t transcription activity® Z7}]7-% A
A5t ck(Sanna 5, 2005; Yang 5, 2005). @A)7t#]
RANKL promoteroll 4] NFAT L& AP-1 A% H9 &
Aol ek ¥uE giglem calcineuri/NFATS} pdd/42
MAPK7} RANKL #3g ojgA] 2Asl=A] dxjzs
AT T giAEL, B AFARR Hol o] TRz}l A
59FH 97 RANKL W3 zdo] Bojd Aoz A7
FH =t

ol AFE FHslH, FTEAR aFE AT
o A, Ax 25 xRl Do) falE e
AZNZE $=r} F7lslw, olF Fal] Pyk2 QlAkste)
p44/42 MAPK EA387} dofulaL, calcineurin/NFAT®]
FAstsle] RANKL o] F7lsled] 7]odd Aoz
A7HE| e},

#Ate 2

2 AT BARAR wrlegrleAgARe &8l
of3le] o] ol A9 (03-PJ1-PG3-20500-0013).
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