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Fig 1. RANKL-induced Ca” oscillations in a time course in RAW264.7

cells.
Fig 2. Analysis of RANKL-induced Ca®" oscillations frequency.

Fig 3. Generation of AlF; -induced Ca®" oscillations in RAW264.7

cells.
Fig 4. Analysis of AlF; —-induced Ca®" oscillations frequency.

Fig 5. Expression and localization of NFATcl by RANKL stimulation.

Fig 6. NFATcl expression by RANKL stimulation.

Fig 7. Expression and localization of NFATcl by AlFs stimulation
without RANKL.

Fig 8. Differentitation into osteoclast-like cells by RANKL stimulation
in a time-dependent manner.

Fig 9. Differentitation into osteoclast-like cells by AlFs stimulation.

Fig 10. Effects of AIFs on MAPK pathways in RAW264.7 cells.
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Fato] dFUe Zuas=s FAAA

WE A4 A "k, RANKL (receptor activator of NF-kB ligand), tumor

necrosis factor a 59 MoEJINES AFAHEZEE IIFAXE EIFE FLE3)
RANKL A3+ AFA¥EY TRAF6E Al 2o 2 NFkB, c—fos, JNK, 22 12 ERK
o e gEdst AsALErAS G-I = Aes A du. HZ AFAHE

Yo A RANKLZ E334<

tjo

F A AT BE BEe T4 WE} B3

Hon, Z4 A& 7F NFATcl (nuclear factor of activated T celDe A4S *

Aoz HAEH B vrdl wegel Bt BHAsALe AX F
A28, AR AL AAdAGEde] Eu), v gy, awln 25F 53 2
S & gAY #osn, gzAx B PAAE Zais 9A e

dge Fdsty v a2l gGFAE B33 Ao ZH 43+ phospholipase

MZAE ATAEFS RAW264.7 A EoA  Zg dye?l fura2e FFA=E A
U e ER Fstd SAsdon, G-aus &438h7] 918k aluminium
fluoride (AlF,)E AH&3tth NFATcle 2d 3 4 =5 NFATcl A5 &
ato] Hgue ) WP FA NP o gl al, RANKLA g Alxu 2
A v Al ERKeF JNKe] &4 =& A 7toie] met &<l

gZAE dFAe] RANKL A5 §lo] AlF;, (100nM AICl;, 5mM NaF)e] # g

o

wto 2 RANKLY 93k E3ygdo wAgd 4= A= Z-g oscillations’} A4

slstleh. B3k o FEA Za Al =i

o
lof
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resistant acidic phosphatase Mo tfa] AFH w2
o B3It o]FAHdS & & Ay, 9 HF T
E ke due olsg & ) ;

=

W s gddstet 7
A oo ERKeF INK A& d" AAE @48 & + d&g gAsrt
ool Ayt 7]Fe] ¢4 RANKL A& dg Az 9o G & A
271 &

ZAE et #els

3l A

=

g+ @ 5ZA ¥, RANKL, G alpha subunit, aluminum fluoride, Ca”’
oscillations, NFATcl
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Autr og MEE AE 7+ 92 (communication)S £ A, E3lste=d Ax
Fo Ase AsAGAAgs oy B3-S 53 5oldd AxX wes ol
=z

FAEE x93 FAESe AE 7 AZAYE (cell-cell signaling)

rlo
1=

sdTAERRE O3 geEAdxrze Z3E deglv (Khosla, 2001,

Kobayashi &, 2001). IZA ¥ &3] AFHQ ANsAY 2 ZFMEZE

B #H]5+= RANKL (receptor activator of NF-xB ligand)¥} M-CSF
(macrophage colony stimulating factor)o]th. M-CSFE ZZA| X 93] Hu| 5

W BZATAE Z GFAE] AE NEES ATsta, RANKLS & &5, 99
7 Fol o] wdEE TNF Ade dFo= RFAE Beapgor szd+
AlEZ ] RANK FE&A e AFgozn #3E AAste AsE ddsA @
(Takayanagi &, 2005). =774 3%lA RANKL 2 &= A4 %d TRAF6&
71" o2 NF-kB, c-fos, JNK, ERK, 78 i PI3KS} #< tpds 2sdd7]4
S 4N AeR 28A At (Boyle 5, 2003, Ha &, 2003).

A A AAHoE FEAxe Bt #A-dEH] dFHAAL Jde AFES
RANKLo] s}#A ¢t Agtale] TRAF6, JNK, 282 NF-kB 714 o]o] A& 4l

sAE 7 gk Aol JFE L Ak o= RANKLe] dAFAxet Afd &
FE 2443 kol o] oA = Vol Yy o] HAARRIATE ¥ i E Eo7t
&g FAA Sl 2dg olF F, st T (2423 o] F e A=

dH A AA @k o, H 23 TV olF AEW Zd sk F714 Ws
(#4¥  oscillation), & ZHEAZ7F #FFEHJow, ZHEAZ7F calcineurine

(Ca”/calmoduline &4 &<14kst &) o]at A& A LA NFATel (nuclear
factor of activated T celD? &4 S ZHGgozN HFTZHS £33 A #Hog
o] #a A} (Takayanagi &, 2002, 2005, Koga &, 2004). L& d SFAE 23
el A NFATcle] 233 f4de Zaids dd 3 obye TRAF6S c-Fos
AR 43S w3 vt} (Takayanagi 5, 2005). 334 % NFATcl 54
= A7 % FH-S S NFATcl AAS dALE S7HA171H, o9l AP-13% 3t
7l TRAP (tartrate-resistant acid phosphatase), ZAEW &, g

al
cathepsin K 59 FIZHxE 5o §AX9 TS & v} (Boyle &, 2003). &
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NFAT AgAsAAe A5 Ad 24 AFXY AFdFolee F2 T2
U AA Ad B4 &) Z7tEed, 2719 AXEY Zgoled f1x 4d A

A3k o, slpuele] wul, S85%, AF4RA A9, 3 g% 59 BF

AA W wsS =AY (Berridge 5, 2003). AlEY Zgole sxEE 7| AAH
Al A Az Fe & 1/10,0008 =2 v FrEoR FAHTI} fF AEsr A

t} (Takayanagi 5, 2002, 2005, Koga %, 2004). o w ZAHEANsS+= ZF
oscillationo] g} ZE3 dg 2 e, ol MAEYW 24 x99 =719 7
27 MR EE Ao, ditd oz HZEAHMEAA HEY e =29 T

= AEXEW Zxu9 AFAA A2XA (endoplasmic reticulum, ER)IA Y Zw #d9

S} Ao HERE Zaadded os, Axd ZEe Haes Zdeds dNEd

b
e

A ek 248 EZ (sarco/endoplasmic Ca®” ATPase, SERCA), Al ¥Eu} Zh¢%
(plasma membrane Ca’ ATPase, PMCA) #< Zr# Hxo 9t} (Kiselyov
S, 2003, Shin &, 2003). whebA FzAE Eshgel ] gEE Z4 oscillation
ZaAs gdiEe A&l o8 vehd Aol

adEd ghEE A Ed A Z4 oscillatione G- AA &4 (G-protein
coupled receptor, GPCR)9 &A3tel wHI #HHS Hdu It (Kiselyov 5,
2003). GPCRel S 2oy AAAGEAIN} 2 R Asrt AFsA =4
2] - &A38 g Gq subunit® phopholipase CB (PLCR)E A=3dte] A Zdte] &4
3= phophatidyl-inositol-triphosphate (PIP2)E 7}<%33l< 1, 4, 5-triinositol
phosphate (IPy)E AU Z A7 S7kE [Py Alxd ZaAdaiz <

H 2z A 1Py & (IPsR)e] ZufFiinsg WMeAA Axdre L
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2 ZAA . tieo] EREYE Z4 e AEvd E48E Ca’-release
activated Ca’channel®] AEEE WMEAA AT L ZHS AXTYE
FAAINES ) (Kiselyov &, 2003). o9k o] AlEy F7he Zgolee #
FHZ AAAY. olgd Ve o AMEH Za s Uk AAUF wkE
W ZHg oscillationo] YWERUEH, o= Az FA H &3, #H AR,

AZAE, NAAE & HEY A BE EohdA 8% AsdE FHoR o

FEZAE AFAEgel= Fd4 FE&A, ZAED FEA4, ddlz=s FE&4
59 98 FH<Y GPCRsol &A1 dvt (Gorn &, 1995, Purdue 5, 2002,
Marians 5, 2002). 2&Jt} o} & 72 GPCRs9 &A437F A xzo E3E F
B g de A "EiAdE g A . g Az E33d A A
I ZHEEEE 272 4 91+ phospholipase Cy9 @437} RANKL¥ <7
Hol A= AAntel 4 A As ®oltk (Koga &, 2004). old # AFdA=
AlF, 2 G-99S SHANAS o FFAELR] RIE FET & = A9 o
o e ZENEE X3 AXY AsdY AAe NFATcle &4 9 @4, 3

FALRS AT 23 JEE dolnug FAh
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1. 43 A=

RAW?264.7 A X (mouse, monocyte cell-line)= American Type Culture
Collection (ATCC, Manassas, VA, USA)l A G389, Receptor Activator of
NF-kB Ligand (RANKL)2 KOMA Biotech. Inc. (Seoul, Korea)oll A < 31t}
A agd d23 DMEM #1%] 2 FBS# GIBCO/BRL (Grand Island, NY)el
A Y3k, Tartrate-Resistant Acid Phosphatase (TRAP) staining kit<}
aluminium fluoride (AlF4 )& Sigma Chemical Co., Ltd (St. Louis, MO A T
39 o, Anti-ERK, anti-phospho-ERK, anti-JNK, anti-phospho-JNK+= Cell
Signaling Technology (Beverly, MA, USA)dA TYX3FF M, anti-NFATcl,
anti-NFkB+ Santa Cruz Biotechnology, Inc. (CA, USA)dA F+43AT).
Fura-2/AM3} Pluonic F-1272 Molecular probe (Eugene, OR, USA)o A +<1 3}

fe:]
A

2. 2% W

7b A E w g

RAW?264.7 A XE 5% CO2¢ 95% air/t AEHo2 AFHJAE 37°C

incubatordll A 10% FBS< 1% antibiotics® ¥3t3t32 d+= DMEM HjA| &2 Hj ¥k

sttt FAE = A wiA= 3L & WY wAsA e, AE A wE Al

o= EDTA-Trypsin (0.25%)2 A}-& 3.



!

I

b AX Wl 2w 559
A3 39 A 35 mm ME FHAA FHdE F cover-slip (22 x 22)& &8 =&
H, Mg A F 5 x 10709 AEE ®5F g9t e ¥ RANKL ¥ AIF, 9
2o FES AY @ H, TRFE 24, 48, 72, 14443 o] Fo miA AA F PSS
(physiological salt solution, 140mM NaCl, 5mM KCIl, ImM MgCl,, ImM CaCl,,
10mM HEPES, 10mM glucose, pH7.4, 310mOsm)ol Fura-2/AM< 5mM¢9 5%
2 ALeAM 4023 AE el FA4 & 340nmek 380nme| F o dFOo R A E
W Fura-2/AMS @43 AZA 2w, 510nme 3goz Zus F43A F
A

Fomue 48 B ge 4 7 Aggald Tod ge AN

(Ratio = Fas/Faso)
MEZHE Yoe F42 du 4o F oA = CCD (Photon Technology
International Inc, Lawrencevile, N)7H &t 2 ZAHstgon 2% & 3 FA 30 &

F FAHAT (Shin 5, 2003).

=

3t #5 % TRAP 94

He

g, HEAEze

RAW?264.7 Al ZE 48 well plated] welld 1 x 109 42 3 3 5 3571 A

i

v o] % RANKLZ aluminium fluorideE & 3t th o] F9 AE v

Hel 7] | A 54 PP or A EQUh 244 3F, 484 3F, 724 3F, 6
of At H, gIxMERe E3E &<t 918 TRAP d4& A3t
TRAP (dZAxe A dWz) e Leukocyte Acid Phosphate Assay Kit
(Sigma Chemical Co., Ltd St. Louis, MO)el Al +<43&te] AL &3

EREEE TR
RAW264.7 A& 60mm &< W EHA #+F g 5 53 RANKL (50ng
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/mDE At P3p= A kEt v EFS ATk Lysis buffer (20 mM Tris, pH7.4,
250 mM NaCl, 2 mM EDTA, pH 80, 0.1% Triton-X100, 0.01 mg/ml aprotinin,
0.005 mg/ml leupeptin, 04 mM PMSF, and 4 mM NaVO4)E ©]&3l9
RAW264.7 AlEZH5E AA dds A EdE Sl F=3A0. Well & 50 -
100mg®] & dulds A7|dsHE AH&38te] 8% SDS-page geloll Al =L7]E =
el dv. 2EA e o9 o

olsAZ Y& 6% skim milkE AF&3Fe] blocking@ A& A% ¥, NFATcl

il

S nitrocellulose membraneo] H7]H o2

(1:1000), total-ERK (1:1000), phospho-ERK (1:1000), total-JNK (1:1000),
phospho-JNK (1:1000), 28] 312 NF-kb p65 (1:1000)¢] &A= o] &3t blotting s}t
11
4 el

[e]
7} o "l

o

)
4

il

EER R

=

g ow ol% HRP-conjugated ©]z A

_l%

chemiluminescence (ECL, Amersham Pharmacia Biotech)S AF-&3la] o

Hd AEE EA3H Tt (Shin &, 2003).

oWl gd 9

RAW264.7 Al E poly-L-lysine Z® Hold& ¢F2 Fald (22 x 22)9 e &
F 3t 5 &9 RANKL (50ng /ml) 3 aluminium fluorideE #2l8tal L3l A

7HE<t m &t 4% PFA (paraformaldehyde)S 20%3F A gldle] N ES 124
A7l o] & 0.2% Triton X-1005 5% 7F A3 Hh. o] & 5% goat serum®| & <]
= blocking solution (0.1% gelatin, 1% BSA, 0.01% Na azide)S 30&3F A g
31 mouse anti-NFATclS Al X g sta] AE WH e NFATclS %A 3
t}. o]oJ A Alexa 488-labeled anti-mouse IgG antibody (Molecular Probe), ©] %}

gAs 2o 1 FFS B=gozM ME U NFATcl9 localizations <1314

t} (Shin %, 2003).
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. 2 =

1. G- &Ado] & AX ATAY AXY ZH5 s&= 7H
= %

AT AEA A RANKLS #3E5 AFAE 7M1 $23 Axteltt (Katagiri
S, 2002). RANKLS 9#9 235 Ag34de 59 PLC-yE A3 A7),
old] wzlt AHNX F W Zg sEE W3 AJ|Y calcineurines A 3A 7], 1
g1 A2 o7 NFATclolgdts AA} 92 SASAA BZAE 23l 37
FAE AAAE Aoz d#HA 9dvd (Takayanagi 5, 2002, 2005, Koga %,
2004). o] #HAA Z4 ¥ RANKL A Al AFA2E i A oscillation®]
g 24 yely =), oscillation =9 X mpegt Axd  Zg &4 o
NAEe] Sd-=2849 A= AAAAAAA drh & AAA AlF, A" A

AE W Z5 9h&S n sy 98] RANKL 54 Z4% oscillations WA <

>

olR 1A Y (Fig. 1, 2). RAW264.7 A > RANKLE 50ng/mle] 5=2 A
Yk § 24A17F, 4A8AIZE, T2A1%E, 64 A UEtY = Ze vES SASA =T, Al
Xl Za sxe WMste A AEd F4% Fura-2 38 959 340nmst
380nmol A o] A% w&R AT (ratio, 340/380).

Fig 1. diZ&wel A A5 Axe] RANKLS AHgshA e 499 RANKLS A
gl 3§ g2 AbstE Ax W 2 sk Wsh 32 A &gkt RANKL
A F 24N ol FHE A AE RN 2 s SUFSE ATt wEs)
£ Zr4r oscillation©] #=H e RANKL g 3 724 77hA #5540 6
8 Tl E AE W ZE oscillatione #HFE A A 2k kth, RANKL #
] & 24ANZHEE 62 Alolel AlE W Zrg oscillation ¥1X+ Fig. 294 ¢ 7o)

<4 A

2

RANKLE AHA3A FS dx=vdA 2+1.09 /308 (n=>10), 24A3HA
14.142.17 3)/30%, 48X 7Foll Al 19.4+1.74 3]/30% (n=>10), 72X ztell A 11.2+1.33 3]



/30% (n=10), 28] 694 1.1+0.44 2+1.09 3]/30% (n=9) oAt} o]4e Ao
A RANKL A2 § 48A17ke] Aut& wel ZH oscillatione] 7Hd 23] dojut
= AL #9897 wWE olF RANKL g AFFE = giE 484137
skt

%< RANKL# e #3F F% Az glo] G-vwe] ddvtor Ax o Z
!

O

# s=7F WeteA, ®

)

W37l RANKLE Y E 2Ast+= 24 oscillation®

¥

1
SR = W WG, G-9wS 243838ty 98] AlF, 2 RAW264.7 A EE A
A=, AlFs = AX Y2 Eo7F 584 AH<9 GDP-Ga subunitel 2 3gsk
W GDP-Ga subunit2 GTP<el 43 glolx &g He 54< 2t

(Sternweis®t Gilman, 1982, Wittinghofer, 1997). A7 AlEE AlF, 7t 2 23+

il

¥ RANKL #%=4 Z% oscillation®] 7Hg &k 4847+ of

To Was 4. A3+ Axd AR, HX FAE Z¥F oscillationo] #H3
H A ko, Fig. 3eA <t 2ol 4843kt dl RANKL F%4 Z4 oscillation?
FAFSE 245 oscillation©] WA 4841 Hl el AR, ol €18 4 oscillation<
20.5+2.17 3]/30% (n=5)2.ZA] Fig. 29] RANKL®] 93 Z<¢ oscillationd 234

sst BANH o Fegol 9ee FAHD



Contro

1.0

.

; g

307 3

2 2

& 4
.

RANKL 24hrs

1.0
09!
X
08
0.8
07
0.7
o
0.5
05!
0.5

VM LUV UL A M L L

200 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (sec)

200 0 200 400 600 800 1600 1200 1400 1600 1300 2000
Time (sec)

RANKL 48hrs RANKL 72hrs RANKL 6days

1.0 e e

o0 0.9- 0.9
a8 0 f & 0.8
§ 0.8- | g g
g 0
2 g 0s H
8 oe ] & o6

UL 0s

05 VY RO WA e ol LS WY W e

, 0.4 o:5 N e T LY )

o0 ® 20 400 60 @o 1900 1300 1400 1800 1800 2000 200 700 4bo oo 800 1000 1300 1400 1800 1800 2000 200 6 200 4bo obo o0 1000 1300 1400 1800 1800 2000

Time (sec)

Time (sec)

Time (sec)

Fig 1. RANKL-induced Ca® oscillations in a time course in RAW?264.7

cells

Fura 2 ratio (340/380) was measured as an intracellular Ca’ concentration

after 24hours RANKL stimulation (50ng/ml). RANKL-induced Ca”" oscillations

were observed in RAWZ264.7 cells from about 24hours to 72hours, and at 6

days, Ca”" oscillations did not occurred. The tracing was the representative of

9 to 10 independent experiments.
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Fig 2. Analysis of RANKL-induced Ca®" oscillations frequency
The frequency of RANKL-induced Ca”" oscillations was analyzed in RAW?264.7
cells. At 48hours, RANKL-induced Ca” oscillations showed a maximal

frequency. Analysis was performed with 9 to 10 independent experiments.
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Fig 3. Generation of AlF4; —induced Ca®" oscillations in RAW264.7 cells
After 48hours with RANKL and AlF; stimulation (100nM AICls and 5mM
NaF), Ca” oscillations were observed in RAW264.7 cells. The tracing was the

representative of 5 independent experiments.



Osc. Freguency (peaks/30min)

RANKL Auminum fluoride

Fig 4. Analysis of AlF; -induced Ca®" oscillations frequency

At 48hours, the frequency of AlF; -induced Ca® oscillations were analyzed
compared to RANKL-induced Ca® oscillations in RAW264.7 cells. Analysis

was performed with 5 independent experiments.



2. G @9 &XHdo] NFATcle &4 x¢ 23 vA&= 4F

NFATcle HAAF A2 4 RANKLe] <9t 38 74 FolA &3 £715 44

A= Tas

gl

18

gS sl Aoz LA v (Takayanagi 5, 2002, 2005, Koga
S, 2004). o] W NFATcle]l &-dstse] sy os=m Ao dA &5 93|
NFATcl w3 zeo] utg gko] =7l¥lt} (Takayanagi 5, 2002). wpabA Fig. 39 A
dFE G- &g o d ZAEAlE7t NFATcele] =] o3 od 4
WA 7= AE 548 B slo] s,

NFATclel €4 % 9 Ax  &d 4s S437] flste] "gnreias v d
F FAHE AN WA NFATcl &AE ol &3t AX U NFATcl ©@9
o] 91AE mAsY AxA e EA L I e EA & Fgeladnh 9
91X = DAPI 44S B3] st} Fig. 59 djziol A RANKLES A& 3
A Gde A9y Az FooF ARyl e dEFAF AE A el NFATcl
g do] <ol mulEga F Y= AL gle ASs & F o AdT. 1Yy
RANKL A& & 24A]3F ol & 55 3g x3ate] HA Aoz NFATcle & o]
S7ret9 en, o= RANKL Az F 72A274A4] A &Aooz FAHAT (Fig. 5,
n=4). ©|+= Fig. 69 NFATcle WHYSHE A= & + Ad=d dfxatd
H13] NFATclel &3 o] 24A1 08 T2A 7k A] @A 3] F7hshs & AR
(Fig. 6, n=3). AlF, A3 Al NFATcl A& o] &3t AlZ U NFATcl o9
S A A7, A F 4847 o] FHEH NFATcle ZdA Lol S7tshd, o) uy
§7F &A= At (Fig. 7, n=4).

&

% NFATcle &



Control RANKL 1hr RANKL 24hrs RANKL 48hrs RANKL 72hrs

Fig 5. Expression and localization of NFATcl by RANKL stimulation

Expression and localization of NFATcl by RANKL stimulation in RAW?264.7
cells were observed in a time-dependent manner. NFATcl was labeled by
mADb against NFATcl following by FITC and nucleus was labelled by DAPI

The immuno-labelling was the representative of 4 independent experiments.



Control 24hrs 48hrs ¥2hrs Bdavs

Blot: mAb MFEFATCc1

Fig 6. NFATcl expression by RANKL stimulation

Expression level of NFATcl was investigated by RANKL stimulation on
RAWZ264.7 cells. Up-regulation of NFATcl was observed after 24hours when
Ca”" oscillations occurred . The immuno-blotting was the representative of 3

independent experiments.



Control AlF, 1hr AlF,” 24hrs AlF, 48hrs AlF,~ 72hrs

4

4

Fig 7. Expression and localization of NFATcl by AIlFs stimulation
without RANKL

Expression and localization of NFATcl in RAW?264.7 cells were observed by
AlF, stimulation without RANKL. After 24hours AlF; stimulation, NFATcl
was mainly localized in nucleus. The immuno-labelling was the representative

of 4 independent experiments.



3.G 99 Fdom AF FTHMER Hg

m |

AFAEANA gGFHEZ B87} o] F A v, cathepsin K, TRAP (tartrate
resistant acidic phosphatase) 53 #2 % T/ @ o] FIFAE Y FA
Eoldog HHHRY} (Byole &, 2003). L & TRAP @9 dZAx=ze i
ste] F5-5 gRlstes 7o ® A8H &=, TRAP @9 o FZAX o ig
HE wo] Aw E3 wrld g3 stEAEd AR W] ol AlF, %
RANKL A2 2] ued= TRAP ¥4e Alxs ##edith. RANKL A F
24A H5-EH TRAP Ao 4 d8S Hole g AxEe #FHAoH 69
BastA W Fig. 8AAAT <A w&E Koz tIlAEso #EHJY
(n=4). AlF, & Agsta 4823 wjell TRAP 94<& A 23 RANKLO|A <
FAFSE TRAP A9 @ Alx o] #5HA (Fig. 9, n=4).



Control RANKL 24hrs

K -,m

Fig 8. Differentitation into osteoclast-like cells by RANKL stimulation in
a time-dependent manner

After 24hours RANKL stimulation, TRAP assay was performed. Note that
TRAP positive single cells were observed until six days after RANKL
treatment and at 6 days differentiated cells showed darker and formed larger
multi-nucleated cells. The TRAP-positive cells were the representative of 4

independent experiments.



Control

Fig 9. Differentitation into osteoclast-like cells by AlF, stimulation

After 48hours AlF, stimulation, TRAP positive cells which were almost same

with RANKL stimulated cells were observed. The TRAP-positive cells were

the representative of 4 independent experiments.



m (0
o
lo
it
i‘E
Z
o>
w
=

>4
l"_u
é
1o
m (0
oX
X

4. G @9

AlFy ¢ Ao 3 AE Wl Z4 oscillation® A3 NFATcle 2437}
24X 7k o] 5o WAlEl it Fig. 3-4¢F Fig. 79 d3te ZH4A3 99 vg 2

b #oEe] e vhsdel Stk weEkAd lEe] el RANKL A 2lel <&
% MAPKS AzAG HAZE AHHJY. ERKS INK=
2 F Ui ddEA Foagde atst gow <l &

%7
g3t He s

I

2o
iV

i

o

MAPK 2z

e zt= l_E'_Ag o]

At} (Gohda &, 2005). RANKLY AlF, & Ao AHg3k F,
g3t % t(otal-ERK, phospho-ERK,

A

Al ER OAE W dmEds 5,

ot

g AA FH wstE g

A

Gl
=

total-JNK, ~22] 3 phospho-JNK %9 7t
&kl th. Fig. 10614 RANKL A& Alel+ phospho-ERK$F phospho-JNK7F # €]
S 1A A THE skt el ol Xl Wi, AlF, & A AlEeA =
phospho-ERK®| 4 AHg F 2417 o] FHE A&HH oz A7t ool H
T wsdAl 64 WA &35 HAvk =3 phospho-JNKE RANKL A & A
0 25 =2 2/ 2 F4S e

o



Aluminum fluoride RANMNKL
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p—ERK

Total-ERK

p—JNK

Total-JNK

Fig 10. Effects of AIF4+ on MAPK pathways in RAW264.7 cells
After treatment with RANKL and AlIFs on RAW264.7 cells, ERK and JNK
were immunoblotted with specific Abs against ERK, p—ERK, JNK and p-JNK

in a time-dependent manner.
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Abstract

Involvement of G protein Activation

in Osteoclastogenesis

Jong Tae Kim, D.D.S., M.S.D.

Department of Dental Science

The Graduate School, Yonsel University

( Directed by Professor Byung Jai Choi, D.D.S., Ph.D. )

To obtain consistency of Ca”" level in blood plasma, differentiated osteoclast
reabsorbs Ca®  from bone and remodels bone structure. RANKL (receptor
activator of NF-kB ligand), tumor necrois factor a and other cytokines induce
osteoclastogenesis from pre-osteoclast. RANKL signal is known as an activator
of TRAF6 in preosteoclast, which leads to activate NFxkB, c-fos, JNK, ERK
and other mechanism of signal transductions. In a recent study, intracelullar
concentration of Ca” ([Ca®]) oscillations are observed during the
osteoclastogenesis from pre-osteoclasts by RANKL, and NFATcl (nuclear
factor of activated T cell) activation, affected by calcium signaling, is proven
as an important factor at the final stage of osteoclastogenesis. The Ca”
signaling is involved in proliferation, differentiation, gene transcription, secretion
of neurotransmitter, memory, learning, muscular contraction, and most of all
osteoclastogenesis. During the osteoclastogenesis, even though phospholipase C
¥ is well known activator of Ca”’ signaling, G protein-mediated Ca” signaling

is not that well known. This research shows when G protein was activated



whether osteoclastogeneis occurred.

In RAW264.7, a pre-osteoclast cell line, we measured intensity of fluorescent
regarding as a concentration of Ca%, and use aluminum fluoride (AlF,) to
activate G protein. We conformed both expression and activity of NFATcl by
western blot and immunofluorescence using NFATcl antibody, and observed
activation of ERK and JNK in which are mediations of signaling in cell.
Without stimulation of RANKL, Ca®' oscillations occurred in pre—-osteoclasts
by AlFs, and we conformed osteoclastogenesis by staining of tartrate
resistantacidic phosphatase of these precursors. We observed NFATcl
movement in nucleus and increase of expression of NFATcl, an activator of
the final osteoclastogenesis. It is proven that NFATcl activates G protein
signaling, calcium signaling, ERK and JNK signaling.

In addition to previous study, RANKL signal pathway, in this research G

protein signaling also affects osteoclastogenesis.

Key Words : Osteoclast, RANKL, G alpha subunit, aluminum fluoride, Ca”

oscillations, NFATcl
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