c-imsiRFO L »FF—¥ VAL VL 2REHR
Thd, —F, RANKIZIXTRAFs {TNF receptor
associated factors) #%E& 9 5. TRAFs%® 4L
L FF i, S6IZJNK {(c-jun N-terminal
kinase), p38MAPK (p38 mitogen-activated
protein kinase) 35 & UFERK {extracellular signal
regulated kinase) % & ERLETSE. ZhbDd
FFADPEEMBOSELHET L, —F,
22T b AOBETEY, NF-xkBéc-Fos
REFHROSLICLEREERFTHL I LA
Ehi-w~1 Bk, NFATZ2 (nuclear factor of
activated T cells, NFATc1) &REB o
EEZESEEFTHL I LARESNLY, HEM
BoOSLE BT ANTIEERTOMRR, 5#
SHIBRIEMSThETHA).

M swsommas

BREEES TEMMZ, BB, REFEMR,
ArIEARRe, BRRFAERA L R kMM ERME L E
Btz (H2). BEEEZASTAIEFE LT,
PTHRXTZA bR v R EDKVEY ETGFS
(transforming growth factor #), FGF (fibroblast
growth factor), IGF (insulin-like growth factor),
BMP4 ¥4 4 b A4 vHHbhs, Fhonik
T, BMPREFAROStERIBNIIEET
2BFTH5. BMPREZHFULSELFEL,
BT BRI &N T 2 T VAR T A
LEZLNTWES, BMPEEY ¥ - AbF=F
F-FiEEE LD IRB IV IRZEEP SRS
Fu_BHhL#EE&T 5. BMPY YT VEREERT
Smadiz k h{EEXNh 5. BMPHEEZEEKIIEETS
&, Uy FERBES R T Smadl/5/85) Y BE
*ha, V) rE{snsSmadl/s/80E, FHEHR
Smad Tdh ASmadd ~NFUSEEEEEL, A
CEFTLENEBETIOEELRET L. —7F,
Smad6/7iZIMEEISmad T, I RHEEFIEELT
YA FEERERISmadn ) YELEAEETS. BMP
EIHI B Smad6 D RBEKET S, T0LHIT,
BMPitSmad> &+ D* /4 7% I T DHICHIE

LA LBRR R RET2HTCTHA.

Runx2id BFHEBOMUCLELEERFLLT
#Exhl. Runx2BfEFRE<Y2TEFARO
SLicBEENDHy, EXBREh2. 4, K
% - HRBOEREZEE Lt FdCleidocranial
dysplasiafEf% B, Runx2~7 uXRIEHEHRTH D
kAL T VWA € 19, BMPiZRunx2® B
&% L, SmadStiRunx2E BEFRALT, FFM
MoOMEEREETAZEFRESRLD 2, —F,
Runx2RiE= v X L h B-HEREROEFME~
oL HERTESD. £, BMPIZRunx2&
FHE I UEKENCEF RO L BHT AL
Fi65h3™, £, Osterixit, BMPHIEUIZ X
D EFHBEAT MM ER T AEERETL LTHR
AN, Osterix/ v 777 b7 ARHKEFERL
Runx2®RRICERIZ L VDS, Runx2/ v 777 b
27 ALEABRICEEARNECEELLV. —F,
Runx2./ v # 7% b= Ai30sterix b BRL 2.
200, FEMABOGIZBWT, Osterixid
Runz2® T CH L EFRFLEEL LR TNDD,

B, WntDOEEHFrizzled 2 12T DI IS
N&{EE$ ZLRP5 (ow density lipoprotein receptor-
related protein 5) OREBHIFHEBEEZLLT
ERRENW B, Z6I, EEERKERTRE
+TRIZEFE AT 5 EHMITITHA, LRP5E
FFEIZ17 3 VBEE (GI7IV) HRWAESIh Y,
cHDXI, WntdZF VL BEREANLTYS
rEZ bR, TOERTEEIAFINLT,

IV avesvry

Y iTPTH®1,25(0H) Da 235 L TERIE12
#agsk, MPOBER—HI—bAETS. £
7=, DPEBBHEELABY TR, BRI EEE
MERBIITLESNS, TnrHiE, FRREERK
PEZLTWEILRAILA TV, FRUIEER
BRitHBFLTwa 2B TiREd o BE,
OPGRIB7 I AZHWT, BRINE FHAMNEDLD
TRARIIHRF LT A LR ENT, OPGREE®
T AR, BRENELLAETHHEELREHER
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EEETLS. BREHIZT o725, OPGKEE
TTARFRROTEE E i, BEERLELLR
HELTwAZ EHHEAL /2, B, OPGRIB=Y
AcBnT, BEROERETHIMPOTLA Y ®
A7 ¥—EEREFATF AN YEIZEE=Y
AL O bafEb BEETT, OPGRIEA~Y A LBR
IEBBENE BIIAEL T2, FHRENE
BRI EL It EREIRBA TS, 22C, OPGK
BY 7 AIERIHETCHEERA T+ A7+ 57—
FEESL, FRELAMHLAL &, BRENED
< D tHEE L PR &R, OPGRIBwY RIS
EA7+2A7432— 25T 5EFREIELL
HElEh, FREENLE BREWCEE, BR
oWz, TEL T EFHROREL R
Al Ehi A7+ A7+ 57— MeEIZLY,
OPGRIETADMFO TN H VKRR T 7 & —F¥if
WEFRFFANT ELEEMICEHELS, Th
HOEBRERIT, BEEARL FIFNROBEIREE
KERLTwBIEETRTLOTHE, —A,
BMPRVL vy PORTEBREERL Y, BMPAHHET
HRIEEERIIOPGRIBT YA LEE~YY ADH
IEEMBED N7, ZomRBid, B
BERZRAFIIEE TR, B CHEETAETT
HAMEEERET LR, ThECtRERAEEYY
TTREFREDIVRBEFHEASALES O
TAVBITENTERY, TOIREALPERRE
BRINATE ICHMT 25, HEWITELIETY
HiwiHpYEDHLND, §HOMET, BLAS
HEOFTREOEPH LI NG,

BUETFV I IRBELTO
A HBE

AHEEDR, BFRREFERORZOBEND
LLImELELLNE, EAEOTHAMER, B
BIREBERRAEBIETLANEFY Y/ EZED
BOWERERYEFERECH L. RANICIZERED
BETABRREOET L) b REWDEEFRIT
5. ‘E‘ﬁéﬁﬁﬁTO—-l:, BMP/Runx2¥ ¥+ 1%
RPWnts Y+ VROERLETIEEL T 52D
Livew, —F, TAMa¥ Y RICEBTLIEE

oo SARFEAE

BREMHER, FRNEFRBRAILSITAELRY
EFV I IHEORCEREMEARETHE. &
BRI BHERETIX, RANKLOGBEHE| &4k
LEExbhA, SIEBLEDIIBVT, BRHFT
IL-1, IL-6, TNF-2 2 Y DERINEEET LA
M4 CYOEEREFBRD LR, ZhE5DY
A4 4 VY BEEHRORANKLOERZHET
2. —F, BEMBOBREOLER, BETEES
FAOBEELIRET 5. HMEEHBHEECRDON
BEREOREIR, ZOFRSHBBBICLIILE
Zohs, BREEROGSTFHREIBHIATLE
s, BFRIUMEIER, BRESLRABFICEIHTAS
EEFEEERIIAFENDIEPLETHA .

V] sbui

FVEFN X IIBHELBRROGAL IS
AREDRlEEND, FEOERIY, FRRES
EREHSFABEERELG V) v 7 ofM
OFRGTHELEELILND, TORET, BEHE
LEFMEOSLEBEEENTIRFLY T
PRAEBEAINTEL., SHEOBET, BARE
EEEPEEEINE I ENEFERL, BTABHE
DFFHEREORERIIZ, V27 vy EEOEWED
ERTHEREE VEF) VI BEEORWERERNS
HBEICE LA ENEFROBFEHTORIIIL AN
EETATHESS.
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Ki RANKL Hitk AMG 162 Ic X 3
‘B HEE DGR

Bl BEXZ NME EB

RANKL {receoptor activator of NF-xB) &, WBHEORLESRRT DY -1 N+ THD, Amgenitid
RANKL 23 D b RANKL HLlE AMG 162 Z{ERIL. BREESBECL TORKREBEEDHTNS. 48 A
ORBEOLEUEERSELED I~ IHB T, AMG 1I2BERTIRSES>T, BB (6 bAMLE) @
ERINOMEISsEg Dt FEEBOENEROBWEHESENE, &5k, ERETeTTHEED
M AERERELED I - IHRTRE. AMG 162 BETERSEL DT HAALACBRISENT S

cEFRENE.

A new treatment for osteoporosis using fully human monoclonal antibody
to RANKL, AMG 162

Department of Hard Tissue Research, Graduate School of Oral Science Course, Matsumoto Dental University

Naoyuki Takahashi, Hidehiro Ozawa

RANKL is an essential factor for osteoclastogenesis. Amgen research group has developed AMG 162, a
fully human monoclonal antibody to RANKL. The bone antiresorptive activity and safety of AMG 162 were
evaluated in 49 healthy postmenopausal women (Phase ] study). The effect of increasing amounts of AMG
162 on bone mineral density (BMD) was studied in 411 postmenopausal women with low BMD (Phase Il
study). A single subcutaneous dose of AMG 162 (1 mg/kg or 60 mg) suppressed bone resorption for more
than 6 month without critical side effects(Phase I study), and increased BMD within 1 month in postmeno-
pausal women (Phase Il study).

FLHE 20Y% A+ 4 »THh S, macrophage colony-
AR, BEEROSICSLERTRE 2 stimulating factor(L{F M-CSF &B&3) & recep-

" Naoyuki Takahashi #AEHAEFAZREALRBFOMLERE - &1
** Hidehiro Ozawa MEEHAZE / REEHARAFETHLREIIREEMNE - TEER

CLINICAL CALCIUM VoLI5, No.l. 2005
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55 WD AREHEORY

tor activator of NF- xB ligand (L F RANKL & B
TIERET VY, BT MR, HREIT M-CSF
2BHT L0 L, RANKL #BEMIcEHT
B, TRTOFRIRARETHHNELPYA L
HA i, BEMBO RANKLORBEHERLT
BRIR%{EET 5, RANKL i3, tumor necrosis
factor (L{TF TNF &B89) 773V —CRBT 2
HEBY AL AL THL, 600, BEFMEI,
RANKL 0¥ 34 2BH T, HEHBOTRAZH
Fl5 53w S 232 H osteoprotegerin (ELTF
OPG LBET) b EET 5, BHARETIE, HEE
faiz & 2RSS, BFMIIC L5 BEREER
TE2RHEREOETHELS, Tk, EXE
ZhA— FEEHZ OBEAREOEBREER, &
RRERHTIEEEHNICHAREN TN 3,
Amgentt i3, FHBEBHFE L L TOPG
(AMGN-0007) & & b iZ RANRL i2xt3 3224
k Mtk AMG 162 OfERUCERIG L 72, XKET,
AMGIBZE*HUVWIEEBERERELED ST
3970, HBgozEsRE L7 -X1H
BT, AMG B2 BRI TRIEHMICL-T, B
(s #HUL) 0 BERNO M MR T 2 2 &
MBRESHhAYY, 36K, 7—XITHBRTRE,
EEEMERMNSZZ LHREHLY,

I RANK/RANKL R I2 & B E HEZ B diEs
1998 £, B iasRE T s RS ERF
Bru—=—r&h, TNF773VUV—tEBT5
BESEY /2 ERANKLTH S &ML
eV, CORRILK Y, BRIEAEEE
O—WPGFUANTHEEINIIIE-12VY,
THLL, BEFARE, BEMEOSICSAL
20o0OWEFM-CSF L RANKL #RBH 4+ 52 &
T, REHEOERENFTI(E ). WEMHEE
BIERdmEIE, BiE-<Zs 07— URMIET, M-
CSF Z%&# & RANKL &% T& % receptor ac-
tivator of NF- kB(E{F RANK &BE §) 2 REL T

W3, BENRIEAR, BEREEEREETE
FimfasiERd 3 RANKL #2# L, MCSFo
GHETCHEERRIISMLT 5, 7, HPEEER
Fib RANK £ L TE D, RANKL IHEHM
foFREHEFET S, BERES I v D,

FIERERFNLE V(L TPTHERET), Tozxsy Y
SUF 4V E, A —OAF 110 E, TX
TOFRNELRA T BFHABICET3
RANKL 0 RHAELFHTH VY, BERENI &I,
HIFMIE, RANKLOF a4 ZEETH 5491
sy 7 HEOPG bEELSWTZVY, OPG
2 RANKL-RANK #fHE/Efi2HEL, ERIN%E
At 2, RANKL BfEF & RANK
FoORBeIANEIhENFER A, ThoR
Heo 2, SHIRBHABRIIERHENEREY
T, EBEUAEGERERELLYY, ChoOR
RE b, RANKL-RANK tHE/ER L, BEAl
DHLIZETS A T DS AL,

I RANKL OBiE &1 RANKL b2 34 AMG 162

RANKL i, 316807 3 /B o/ 2HBE
EREEREF>TINF 77 S U~ BT 541 b
A4 THBYY, Amgen#tid, t F RANKL
ICHT55%4E FEJ 7 o—F & AMG 162 %
{fEBL{ L7z AMG 162 © RANKL ~O#413, Kd
(BEEEH =3xX10"2M & ¥ {, RANKL-
RANK HE R £ BN BT 59 &%,
AMG 162 i3 TNF @, * TNF-related apoptosis-
inducing ligand (LT TRAIL & B8 3) S ElEho
TNF 77 3U—A VA A=A LEL, 2O
HMEAMGI2 2Lz 7 =X 1 EHBRET =~
X I HBEWKETIThT I,

l AMG 162 7 1 — X 1 H5l&&

AMG 162 2 e 7 = — X IR TR, 49 A
OHBEOBREREEMRIE, EORLELEFR
WADHEA st s h PV A AXT 7 N—7
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i1 RANKL HiHE AMG 162 C L 2 8B EDIEE

B IRER
{EEEF

891

M-CSFv

RSMIROEM &AL ISNY 2 RANKL & AMG 162 (D{EA

WEMERRATERIEARIY, BRBIREBETEFHRSRIRT S RANKL #8238 L.,
M-CSF OFE T THREMERRICHMET 5. £/, BBHENES RANK ZRIAL T
HY, RANKL ZIBEROBRIUEHEHET S, TRATORRRE{RLET SE
Fld, BFERO RANKL SEIRE BB T 5. RANKL ICHT 2REEME/ 40—
FHdk AMG 162 [3, RANKL [CHS& L, RANKL-RANK B E{EREHIHIT 3,

RANK : receptor activator of NF-xB

RANKL : receptor activater of NF- kB ligand
M-CSF : macrophage colony-stimulating factor

12524, AMG 162 (0.01 mg/kg, 0.03 mg/kg.
0.1 mg/kg, 0.3 mg/kg, 1.0 mg/kg. 3.0 mg/kg)
BrnR77eREx 1RETREL, BB ~=—-
71— & L TIRH NTX(N-telopeptide/creatinine),
1 NTX, M4 bone alkaline phosphatase(LLTF
BALP &B9) £ BHFHNICHIE L, & o4, IMiE
AN LEPTH 2HEL, UTOERER

@O AMG 16252k b, R NTX {EIEE30C
(12 BSRILIAD £ LTABRBFENET LI2(E2),
BREHRERIIEOTE, COETERR 6 AL
EoEELL, AP NTX $FEHBITET Lo

@ BALP(IEPMCET Lichi, 6 7 ALRRC
BELZ(E3),

@ miEH Ny 7 LiEE PTH N, BELED
FIREEh o,

® D AMG 162 BEER, &E&ERCED
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LS, 97 A#%4 30meg/kgeREFICE T
+ ng/ml B2 Z i, AMG 162 &, fHksh
Ao EMNPShER -2 (B4),
ChoDEREMS, AMG 162 O BRI G
BiRabH T, § PAULBRNEIHTE
B EMHERL, AMG 162 @ 3.0 mg/kg OB
E&ETH, 6 ZAROFRITHERIZ, B%
PTHEIZET L Fox—b (70 mg/ &, 10 mg/
B) o5 L biEbh-n (A5) £/, °O
Z7x:-XIRBTIR, AMG 125 &MEDR
WEBIACEZERLAZEZD 2 IFH, AMG
162 51 BET 2AEARED Shiih ot

l AMG 162 27 T — 1 58&
AMG 162 27 « — X T BN, EHEO
BRBIEC 411 ADMER O£ 3R

-
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SE AN D ABEHEDRES

e TS 2 (n=12)

04 -——— 0.3mgkg(n=6)
————— 1.0mgrkg(n=6)
e 30mgikg(n=7)
gz 04 2 AMG 162 BOigS# RS NTX EOERZL
é;l;. (D188
(%) PWADEBEOBRIEE THICHT, AMG 162
~50 (0.01 mgkg, 0.03 mgkg, 0.1 mg/kg. 0.3 mgkg. 1.0
motkg, 30 mgkg) HAWNETSERE 1 BERTREL,
BR 1 NTX(N-telopeptide/creatinine) Z R BB BIE L 7.
F=SRELEXTERLE (BHE = SE), 75¢F
—100 -1 T T T T T T T T T ,: 1
T 3 3 4 & & 3 & 3 A+, AMG 162_(0.3 mgkg. 1.0 mgkg, 3.0 mokg) 858
. DEROHETLLE.
e FS5HR (n=12)
— 0.01mg/kg{n=6)
— 0.03mgkg(n=86)
o= 01 mglkg(n=6)
404 -——— 0.3mgkg{n=6) I
----- 1.0mgkg(n=8) :I
20 — 30mgkg(n=7) | / 3 AMG 1628 D5 # MM P BALP (bone-
z A specific alkaline phosphatase) @#EEFE{L
% 1 (CI—-XA158)
% —20- 49 ADRFHOE RIS, AMG 162 (0.01 mgikg,
- 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1.0'mgrkg, 3.0 markg)
=401 HHNMITSEARZ 1 ARTRE L, 0 BALP £4E8
0. BICHELA. EERESE (001 mgks 0.03 mgkg,
- _ 0.1 mgkg) i 6 1 ALIEEBALP DREIELTOAEL,
0 1t 2 3 4 5 6 9 F—HRECEXTERLA (Fi9{E + SE).
AMG 1628 B S5 HRoME (B) (3T#R 3, 4L URT)

AMG 162 serum concentration (ng/mL)

—O— 0.01mgkg(n=6)
10 -1~ 0.03mgkg(n=6)

—~ 0. 1mgkg(n=6)
—v— D.3mgkg(n=6)
—— 1.0mgkg(n=6)
—0— 30mgkg{n=6)

B4 AMG162 OIS HIDMPREDOHERS
Cr-X1ER)

T—F1E6 ADRMERORELEOEERT (F

1014 r r v " - r s
0 1 2 3 a4 5 6 7 8 9 m4scp).
AMG 162 EHRSZORM(H) ’ (XBE3, 4LUNT)
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i RANKL 4 AMG 162 [2 & 35 HBIEDRE

50+

25+

0 T01 T
OOI/

Tl FOR— b?()\nfg":l\.rm

(20) Miceid
3

— 504

—754 Tl EQx—MOmg/8 \130

—100 T T
0.10 1.00

AMG 162 E15 58 (mg/kg)

001

723, AMG162%3 A7 AZ&iz 6mg, 14 mg,
0 mg, BLTFEAHIEIC I4mg, 60 mg, 100
mg, 210mg $3 RT3 REETEHREL 72,
EoiIC I HOBBREICE, TLyFox—-FT0
mg %8 1 %S L1, 12 7 BB EL BRI
HIEL, ROZEDEShEN -7z,

@ AMG 162 % 6 B 1 ERELBTHE,
BETREETERE—A—0 0 NTX #
MHELL, TLyFax—rHI)FEIEN
REL, 4mgBETIE2AHE, £hllfioBT
R4 A AMEELE (p <0.0001),

@EBEEER BEIFAUMICHEML 72,
AMG 162 TRTORSHIREEOHINITHE -
T#Z, RAA%ICBOTE#RT 4~ T%OHEM
ERL (VU Fox—bREBTIRS BOHE
me BRMERT2~4%HMLT,

@ T~NTOHTELE{RSNALEMERRH
{LEEET, TAMG12&EE|TIRE%. [T L
Foix— M58 TR 2%, 75 REE5EH]
TR4%BE >k, BH, AMG 162 icxd 5k
252 ADRBETHELL OO, ZTOEYEIZ
BREL, BEHPRCRERIb LD,

SEORERN S, HBRkoktoFREEME
BTy, 60mg® AMG 162 %6 7 HIZ 1
EEET30BROERNTHE LIV

CLINICAL CALCIUM VolL15, Nol, 2005

10.00

5 AMG162E BI85 6 DB & DR PNTX
Creatinine 8 (7 T —X 1 58

QADREEORYREICH L, AMG162 (0.01
mgkg, 0.03 mgkg, 0.1 mgkg, 0.3 mgkg, 1.0 mghkg, 3.0
mokg) H5WNITERE 1 BETRE 6 #ARRORD
NTX/Creatinine {ENZELEX TR L= (Fi9{E + SE). &
EQfH, T ROFR—F70mg#E1 EY, 5503
FL»EOx—b1OmgEEREEYY LTHLSNE
T—FeRLIE,

NTX : N-telopeptide/creatinine
“5chnitzer T, et al : Agng (Milano} 2 : 1-12, 2000.
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RANKL, TRAF, NFATc1, OSCAR, DAP12

FHERBRNEBERECUEL, BICHLVERBICEZIZONS. BR
WEBIHRBHEIL, BSFMEEAIERTIM-CSFELURANKLIZEY, v2
R77—2hoMbd 5. BF, BREMRERERELICRIRTA0SCARY
TREM-20 L OREREMAE, BFHRHD IR GHNAERAROMRE -
KRBTV A FEOBREFRALREBAOMUIIBERTHAD I EN RSN
fo. TNoDRBEEEHIE, TAMEF—T752B8T575 75 —9FFcRy
DAPI2EHRLTIILSE, ZOTFARATREMARSMLODF—T705—THD
NFATC1ZERLTD. CheFPITI—GFDITIV/ v 7o hI IR,
BEMROEREEICSIEELRETEREETD.

HBEE—H

M-CSF : macrophage-colony stimulating factor, RANKL : receptor activator of NF- « B ligand,
OSCAR : osteoclast-associated receptor, TREM-2 : triggering receptor expressed by myeloid
cells-2, ITAM : immunoreceptor tyrosine based activation motif, DAP12 : DNAX-activation
protein 12, FcR v : Fc receptor common y subunit, NFATc1 : nuclear factor of activated T cell
c1, TRAF : TNF receptor-associated factor, RANK : receptor activator of NF- x B, JNK : c-jun
N-terminal kinase, p38MAPK : p38 mitogen-activated protein kinase, ERK : extracellular
signal regulated kinase, VDR : vitamin D receptor, PTH : parathyroid hormone, PGEz :
prostaglandin Ez, PKA : protein kinase A, IL-6 : interleukin-8, IL-11 : interleukin-11, IL-1 :
interleukin-1, LPS : lipopolysaccharide, PKC : protein kinase C, TLR-4 : Toll-like receptor4,

PLC y : phospholipase Cy
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2) AEEE FRIGEZ, BIREL  REERORR L BErHE T REEY 1 Ly o«
> RS (LPS) DIERIENE. SR EE (T, £-14, B, 2002, pp.2482-2487
3) Koga T, Inoue K. Kim S ef al : Costimulatory signals mediated by the ITAM mouil cooperate
with RANKL for bone homeostasis. Narure 428 : 758-763, 2004
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Suppression of Osteoprotegerin Expression by Prostaglandin
E, Is Crucially Involved in Lipopolysaccharide-Induced
Osteoclast Formation®

Koji Suda,*' Nobuyuki Udagawa,’ Nobuaki Sato,* Masamichi Takami," Kanami Itoh,’
Je-Tae Woo," Naoyuki Takahashi,?® and Kazuo Nagai'

LPS is a potent stimulator of bone resorption in inflammatory diseases. The mechanism by which LPS induces osteoclastogenesis
was studied in cocultures of mouse osteoblasts and bone marrow cells. LPS stimulated osteoclast formation and PGE, production
in cocultures of mouse osteoblasts and bone marrow cells, and the stimulation was completely inhibited by NS398, a cyclooxy-
genase-2 inhibitor, Osteoblasts, but not bone marrow cells, produced PGE, in response to LPS. LPS-induced osteoclast formation
was also inhibited by osteoprotegerin {OPG), a decoy receptor of receptor activator of NF-kB ligand (RANKL), but not by
anti-mouse TNFR1 Ab or IL-1 receptor antagonist. LPS induced both stimulation of RANKL mRNA expression and inhibition
of OPG mRNA expression in osteoblasts. NS398 blocked LPS-induced down-regulation of OPG mRNA expression, but not
LPS-induced uvp-regulation ¢f RANKL mRNA expression, suggesting that down-regulation of OPG expression by PGE, is in-
volved in LPS-induced osteoclast formation in the cocultures. N$398 failed to inhibit LPS-induced osteoclastogenesis in cocultures
containing OPG knockout mouse-derived osteoblasts. IL-1 also stimulated PGE, production in osteoblasts and osteoclast forma-
tion in the cocultures, and the stimulation was inhibited by NS398. As seen with LPS, NS398 failed to inhibit IL-1-induced
osteoclast formation in cocultures with OPG-deficient ostecblasts. These results suggest that IL-1 as well as LPS stimulates
osteoclastogenesis through two parallel events: direct enhancement of RANKL expression and suppression of OPG expression,

which is mediated by PGE, production.

steoclasts are bone-resorbing multinucleated cells that

originate from hemopoietic progenitors of the mono-

cyte/macrophage lineage (1-4). Osteoblasts or bone
marrow stromal cells are involved in osteoclastogenesis through a
mechanism involving cell-to~cell contact with osteoclast progeni-
tors (4, 5). Studies of M-CSF-deficient op/op mice have shown that
M-CSF produced by osteobtlasts is an essential factor for osteoclas-
togenesis (6, 7). Receptor activator of NF-«B ligand (RANKL)®
(3) was also identified as another factor essential for osteoclasto-
genesis (8-11). RANKL is a member of the TNF-ligand family
that is expressed by osteobiasts/stromal cells as a membrane-as-
sociated factor. Osteoclast precursors express RANK, a receptor of
RANKL; recognize RANKL throngh cell-cell interaction; and dif-
ferentiate into osteoclasts in the presence of M-CSF (12, 13). Os-
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teoblasts/Stromal cells also produce a soluble decoy receptor for
RANKL, osteoprotegerin (CPG), which inhibits osteoclast forma-
tion in vive and in vitro by interrupting the interaction between
RANKL and RANK (14, 15).

In mouse cell cocultures, osteoclasts are formed in response to
bone-resorbing factors such as 1,25-dihydroxyvitamin D,
(1,25(0H),D,), parathyroid hormone (PTH), PGE,, and IL-11 (4).
Almost all of the bone-resorbing factors stimulate expression of
RANKL in osteoblasts/stromal cells (4). Three independent signals
have been proposed to induce RANKL expression in osteoblasts/
stromal cells: vitamin D receptor-mediated signals induced by
1,25(0H),D;, cAMP/protein kinase A (PKA)-mediated signals in-
duced by PTH or PGE,, and gpl30-mediated signals induced by
IL-11 (4). Among these signals, vitamin D receptor- and cAMP/
PKA-mediated signals suppress OPG expression in ostecblasts/
stromal cells. Recently, we reported that compounds that elevate
intracellular calcium, such as ionomycin, A23187, cyclopiazonic
acid, and thapsigargin, stimulated osteoclast formation in mouse
cocultures (16). Treatment of primary osteoblasts with those com-
pounds stimulated the expression of RANKL. Thus, the signal me-
diated by calcium and proteio kinase C (PKC) is proposed to be
another (fourth) signal that induces RANKL expression in osteo-
blasts/stromal cells.

Severe bone loss due to excessive bone resorption is observed in
inflammatory diseases such as periodontitis and osteomyelitis and
some types of arthritides (17). LPS, a major constituent of Gram-
negative bacteria, is proposed to be a potent stimulator of bone loss
in these inflammatory diseases (17-22). Recently, Toll-like recep-
tor 4 {TLR4) was identified as the signal-transducing receptor for
LPS (23, 24). The cytoplasmic signaling cascade of TLR4 is sim-
ilar to that of IL-1Rs. Both TLR4 and IL-1Rs use common sig-
naling meolecules such as myeloid differentiation factor 83 and
TNFR-associated factor 6 (25-29). Macrophages, lymphocytes,
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and osteoblasts/stromal cells express TLR4, and produce PGE,
and proinflammatory cytokines such as TNF-e and 1L-1 in re-
sponse to LPS (30, 31). These inflammatory factors also stimulate
osteoclastogenesis directly or indirectly (17-22, 32).

LPS stimulates PGE, production in the target cells through the
induction of mitogen-inducible cyclooxygenase 2 (COX2) expres-
sion (33). NS398, a nonsteroidal anti-inflammatory agent, specif-
ically inhibits COX2 without affecting COX1 activity {34). There-
fore, NS398 has been used as a tool to explore the role of PGE, in
pathological processes involving COX2 activity. PGE, exerts its
biological actions through binding to four specific membrane re-
ceptors (EP1, EP2, EP3, and EP4) (35). Sakuma et al. (20, 21}
reported that induction of osteoclast formation by LPS, TNF-q,
and IL-1 was barely observed in cell cultures prepared from EP4
knockout (EP4~'7) mice, and that urinary excretion of deoxypyr-
idinoline, a sensitive marker for bone resorption, was not increased
in EP4™'" mice injected with LPS. These results suggest that
PGE, is a key factor in the enhancement of osteoclastogenesis by
LPS in vivo and in vitro, However, it is still not known how PGE,
is involved in the induction of osteoclastogenesis by LPS.

In the present study, we examined the mechanism of the induc-
tion of osteoclast formation by LPS in cocultures of mouse osteo-
blasts and bone marrow ceils. We showed that LPS promoted os-
teoclastogenesis through two parallel events: one was direct
enhancement of RANKL expression, and the other was suppres-
sion of OPG production mediated by PGE, in osteoblasts. In ad-
dition, IL-1 stimulated osteoclast formation in the cocultures in a
manner similar to LPS.

Materials and Methods

Reagents and mice

LPS {Escherichia coli ©026:B6) and PGE, were purchased from Sigma-
Aldrich (St. Lounis, MO). N5358 was from Calbiochem (San Diego, CA).
Human rOPG and mouse rIL-18 were obtained from PeproTech (London,
U.K.). Mouse rTNF-a and mouse rIL-1 receptor antagonist {rIL-1ra) were
obtained from R&D Systems (Minneapolis, MN). Anti-mouse TNFR1 Ab
was obtained from Genzyme Diagnostics (Cambridge, MA). Six- to §-wk-
o0ld male and newbom ddY mice were obtained from Sankyo Laboratory
Animal Center (Tokyo, Japan). C57BL/6 (B6) mice and OPG-deficient
(OPG™") mice (C57BL/6 (B6)) were aobtained from Clear Japan Clea
(Tokyo, Japan). This study was reviewed and approved by the Showa Uni-
versity Animal Care and Use Committee.

Cell preparation and osteoclast formation assay

Primary osteoblasts were obtained from calvariae of newborn ddY mice,
C57BL/6 (B6) mice, and OPG ™'~ mice by the conventional method using
collagenase (36). Bone marrow cells were collected from femora and tibiae
of 6- to 9-wk-old male mice. Primary ostecblasts (1 X 10 cells) and bone
marrow cells (2 X 10° cells) were cocultured for 5 days in a-MEM con-
taining 10% FCS (CSL, Victoria, Australia) in 36-well tissue culture plates
{Coming, Comning, NY) (0.2 ml/well}. Cocultures were incubated in the
presence of LPS (0.001-10 upg/mil), PGE, (1 M), IL-18 (10 ng/ml), or
TNF-e (10 ng/ml) for the final 3 days. Some cocultures were pretreated
with N5398 (1 M), OPG (100 ng/ml), [L-1ra (10 pg/mi), and TNFR] Ab
(10 pg/ml) for 1 h before adding LPS, PGE,, IL-18, or TNF-a. Then
cocultures were fixed and stained for tartrate-resistant acid phosphatase
(TRAP; a marker enzyme of osteoclasts). TRAP-positive cells containing
>3 nuclei were counted as osteoclasts. The results obtained from a fypical
experiment of three independent experiments are expressed as the mean *
SD of four cultures.

Measurement of PGE, production

Primary osteoblasts (3 X 10% cells) and bone marrow cells (6 X 10* cells)
were cultured separately or in combination with er without LPS (1 pg/ml)
or IL-18 (10 ng/ml} in a-MEM containing 10% FCS in 48-well culture
plates (Coming). After the cultures were incubated for 6 h, the concentra-
tion of PGE; in the culture medium was detenmined using an enzyme
immunoassay (EIA; Cayman Chemicals, Ann Arbor, MI). The Ab showed
the following cross-reactivity determined by comparing the bond/free ra-

2505

tios with several eicosanoids: PGE,, 100%: PGE, cthanolamide, 100%:
PGE;, 43%: PGE,, 18.7%; 6-keto PGF,a. 1%; and 8-iso PGF,a, 0.25%.

Northern blot analysis

Primary ostecblasts {1 X 10® cells) were seeded in cell culture dishes (60
mm in diameter: Coming) and cultured in ¢-MEM containing 10% FCS for
3 days. After incubation in @-MEM containing 0.1% FCS for 3 h, the cells
were incubated with LPS (1 pg/ml) or IL-18 (10 ng/ml}. In some exper-
iments, ostecblasts were cocultured with bone marrow cells (2 X 107 cells)
in the presence of LPS (1 pg/ml) for 3 or 48 h. Some cultures were also
treated with NS398 (1 M) for 1 h before the addition of LPS. Total RNA
was isolated from cultures using TRIzol (Life Technologies, Grand Island,
NY). Northern blot analysis was performed using denaturing formalde-
hyde/agarose gels, as described (16). Double-stranded cDNA fragments
encoding mouse RANKL OPG and COX2 were kindly provided by H.
Yasuda (Snow Brand Milk Products, Tochigi, Japan). ¢cDNA probes
(RANKL, GPG, COX2, and B-tubulin) labeled with *2P were synthesized
using a cDNA labeling kit (Takara, Tokyo, Japan). The RANKL, OPG,
COX2, and B-tubulin probes were hybridized with membranes to which
total RNA isolated from osteoblasts had been transferred. The membranes
were exposed to Kodak BioMax MS flm (Rochester, NY) for 3-48 h.
Signals of RANKL, OPG, COX2, and B-tubulin mRNA were quantified
using a radioactive image analyzer (BAS2000:; Fuji Photo Film, Tokyo,
Japan). Signals of RANKL. OPG, and COX2 mRNAs were normalized
with the respective S-tubulin mRNA expression levels 1o calculate the
relative intensity.

Results
PGE, is required for osteoclast formation induced by LPS

LPS stimulated TRAP-positive osteoclast formation in cocultures
of primary osteoblasts and bone marrow cells in a dose-dependent
manner {Fig. 14). The maximal number of osteoclasts was ob-
served at 1 pg/ml of LPS. We then examined whether PGE; is
involved in the induction of osteoclast formation by LPS. LPS (1
pg/mi) as well as PGE, (1 M) induced TRAP-positive osteoclast
formation in the cocultures (Fig. 1, B and C). NS398 (1 uM), a
specific inhibitor of COX2, suppressed the induction of osteoclast
formation by LPS, but not by PGE, in the cocultures (Fig. 1, B and
(). Both LPS- and PGE,-induced osteoclast formation in the co-
cultures was strongly inhibited by simultaneous addition of OPG
{100 ng/ml) (Fig. 1, B and C). These results suggest that both PGE,
production and RANKL-RANK interaction are required for LPS-
induced osteotlast formation in the cocultures. We next examined
whether LPS induces osteoclastogenesis through IL-1 and TNF-a.
Recombinant IL-18 (10 ng/ml) and TNF-a (10 ng/ml) induced
osteoclastogenesis in the cocultures. IL-1ra (10 pg/ml) and anti-
mouse TNFRI Ab (10 pg/ml) strongly inhibited the osteoclast
formation induced by IL-18 and TNF-a, respectively. However,
neither IL-1ra nor TNFR1 Ab affected osteoclastogenesis induced
by LPS (Fig. 1D). These results suggest that PGE, is a critical
factor in LPS-induced osteoclastogenesis.

Osteoblasts mainly produce PGE, in response to LPS

We then measured the PGE, concentration in the conditioned me-
dium of cocultures incubated with or without LPS (1 ug/ml) for
6 h (Fig. 24). LPS significantly increased the PGE, concentration
in the culture mediurn (Fig. 24). The addition of NS398 (1 uM) to
the cocultures completely blocked the induction of PGE, produc-
tion by LPS in the cocultures {(Fig. 24). To determine the type of
cells that respond to LPS in the cocultures, osteoblasts and bone
marrow cells were cultured separately in the presence or absence
of LPS for 6 h (Fig. 2B). LPS stimulated PGE, production in the
cultures of osteoblasts, but not bone marrow cells. LPS-induced
PGE, production was strongly inhibited by the addition of NS398
(Fig. 25). Northern blot analysis showed that treatment of osteo-
blasts with LPS for 3 h stimulated the expression of COX2 mRNA
(Fig. 2C). These results suggest that osteoblasts in the cocultures
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FIGURE 1. Effects of NS398, OPG, IL-1ra, and
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produce PGE, in response to LPS via up-regulation of COX2
mRNA expression.

LFS regulates RANKL and OPG gene expression in osteoblasts

We next analyzed the effects of LPS on RANKL and OPG mRNA
expression levels in primary osteoblasts by Northern blot analysis
(Fig. 3). Treatment of the osteoblasts with LPS increased RANKL
mRNA expression with two peaks at 3 and 48 h. The expression of
RANKL mRNA after treatment with LPS was increased within
1 b, and was still higher than that of the control cultures even after
72 & (Fig. 34). The expression of OPG mRNA in osteoblasts was
also enhanced by the treatment with LPS for 3 h (Fig. 34). How-
ever, the expression of OPG mRNA in osteoblasts treated with
LPS for 48 or 72 h was decreased 1o a level lower than that of the
control culture (Fig. 34). NS398 (1 uM) had no effect on the level
of RANKL mRNA induced by LPS at 3 h {Fig. 3B). The LPS-
induced up-regulation of RANKL mRNA expression at 48 h was
slightly inhibited by the COX2 inhibitor, but the level of the
mRNA was much higher than that in the control cultures. In con-
trast, the LPS-induced down-regulation of OPG mRNA expression
in osteoblasts at 48 h after treatment with LPS was completely
blacked by the addition of NS398, although the OPG mRNA ex-
pression at 3 h was not affected by the COX2 inhibitor (Fig. 3.B).
The expression levels of RANKL and OPG mRNAs in bone mar-
row cells were Jower than those in primary osteoblasts, and were
unchanged even after treatment with NS398 for 3 or 48 h (data not
shown). These results suggest that PGE, produced by osteoblasts
plays an important role in the down-regulation of OPG expression,
but not the up-regulation of RANKL expression in osteoblasts
treated with LPS.

Suppression of OPG exbression is involved in induction of
osteaclast formation by LPS

We next examined how PGE, production is involved in LPS-in-
duced osteoclast formation using osteoblasts from OPG-deficient
(OPG™'~) mice. Primary osteoblasts prepared from OPG ™ mice

+L-1p +TNFa
T
b

were cocultured with bone marrow cells from wild-type mice in
the presence or absence of N§398, OPG, and/or LPS (Fig. 4). In
agreement with previously reported findings (37), TRAP-positive
osteoclasts were formed in cocultures containing OPG ™~ osteo-
blasts even in the absence of any stimulus (Fig. 4). The number of
osteoclasts was further increased in the LPS-treated cocultures
containing OPG™'~ osteoblasts, NS398 strongly suppressed the
spontaneous osteoclast formation in the control cocultures con-
taining OPG ™'~ osteoblasts. This suggests that endogenous
production of PGE, plays an important role in the osteoclast
formation in cocultures containing OPG ~'~ osteoblasts. NS398
slightly, but not completely, inhibited LPS-induced osteoclast
formation in cocultures containing OPG ™'~ osteoblasts (Fig. 4).
OPG completely suppressed osteoclast formation in the cocul-
tures treated or mot treated with LPS (Fig. 4). These results
suggest that the down-regulation of OPG expression by PGE, is
crucially invelved in the osteoclast formation induced by LPS
in the cocultures.

- g =

- - 3

IL-1 stimulates osteoclast formation in a manner similar to LPS

Because the signaling pathway of IL-1Rs is quite similar to that of
TLR4 (26-30), we finally examined whether IL-1 stimulates os-
teoclastogenesis in the cocultures in a manner similar to LPS.
IL-18 (10 ng/ml) induced osteoclast formation in the wild-type
cocultures, and the induction was inhibited by NS398 (1 M) and
OPG (100 ng/ml) (Fig. 54), IL-18 (10 ng/ml} also stimulated
PGE, production in osteoblasts, but not in bone marrow cells after
treatment for 6 h (Fig. 5B). Northern blot analysis showed that
1L-18 up-regulated COXZ mRNA expression in osteoblasts at 3 h
(Fig. 5C). IL-1B also stimulated RANKL imRNA expressionat 3 h
(data not shown). IL-1p8 stimulated osteoclast formation in the co-
cultures of OPG ~~ osteoblasts and wild-type bone marrow cells
(the control: 53 * 11, the mean = SD of four cultures) (Fig. 5D).
NS398 (1 pM) did not completely suppress LPS-induced oste-
oclast formation in the cocultures with OPG ~'~ osteoblasts, but
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FIGURE 2. LPS induces PGE, production and COX2 expression in os-
teoblasts. 4, Primary osteoblasts and bone marrow (BM) cells were cocul-
tured with LPS (1 pug/ml) in the presence or absence of NS398 (1 uM).
After the cultures were incubated for 6 h, the concentration of PGE, in the
culture supernatant was determined using EIA. Values are expressed as the
means = SD of quadruplicate cultures. B, Primary osteoblasts and bone
marrow cells were cultured separately with LPS (1 pg/ml} in the presence
or absence of N§398 (1 uM) for 6 h. The PGE, concentration in the culture
supemnatant was determined using E1A. Values are expressed as the means
+ SD of quadruplicate cultures. C, Primary osteoblasts were treated with
LPS (1 pg/ml) for 3 h. Total RNA was isolated from the osteoblasts, and
COX2 and B-tubulin mRNA expression was analyzed by Northern blot-
ting. Figures below the signals represent the intensity of the COX2 mRNA
signals relative to the B-tubulin mRNA signals.

OPG did (Fig. 5D). These results suggest that 1L-1 and LPS stim-
ulate osteoclast formation in the same manner in the cocultures.

Discussion
In vivo and in vitro experiments have shown that PGE, is crucially
involved in the induction of ¢steoclastic bone resorption by IL-1,
TNF-a, and LPS (20). EP4 subtype-mediated signaling has been
shown to be particularly important for the induction of bone re-
sorption by such inflammation-related factors as well as PGE,
(20). The present study showed that LPS stimulated COX2 ex-
pression and PGE;, production in osteoblasts, and N3398, a spe-
cific inhibitor of COX2, strongly blocked the LPS-induced oste-
oclast formation in cocultures containing wild-type osteoblasts
{Figs. 1 and 2). These results suggest that PGE, is somehow in-
volved in LPS-induced osteoclast formation in the cocultures
through PGE, receptors of EP4 subtype.

It was reported that LPS stimulated the expression of RANKL
mRNA in ostecblasts obtained from EP4~' mice, and that COX
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FIGURE 3. LPS regulates the expression of RANKL and OPG mRNAs
in osteoblasts. 4, Primary osteoblasts were treated with LPS (1 pg/ml) for
(72 h. Total RNA was isclated from the ostecblasts, and the expression
of RANKL, OPG, and B-tubulin mRNAs was analyzed by Northem biot-
ting. Figures below the signals represent the intensity of the RANKL and
OPG mRNA signals relative to the B-mbulin mRNA signals, B, Primary
asteoblasts were treated with LPS (1 ug/ml) for 3 or 48 h in the presence
of bone marrow cells. NS398 {1 uM) was also added to some cultures.
After incubation for the indicated periods, bone marrow cells were re-
moved by pipetting. Total RNA was isolated from osteoblasts, and the
expression of RANKL, OPG, and S-tubulin mRNAs was analyzed by
Northern blotting. Figures below the signals represent the intensity of the
RANKL and OPG mRNA signals relative to the B-tubulin mRNA signals.

inhibitors did not block this stimulation (21). In agreement with
this finding, NS398 failed to inhibit the induction of RANKL ex-
pression by LPS in osteoblasts (Fig. 3). These results suggest that
LPS induced RANKL expression in a manner that was indepen-
dent of PGE; production in osteoblasts. In contrast, the treatment
of osteoblasts in the cocultures with LPS together with NS398
blocked the down-regulation of OPG mRNA expression at 48 h
(Fig. 3). This suggests that suppression of OPG by PGE, is an
important event in osteoclast formation in the cocultures treated
with LPS. This notion was further supported by the finding that
LPS stimulated osteoclast formation even in the presence of
NS$398 in cocultures containing osteoblasts derived from OPG™/~
mice (Fig. 4). Thus, PGE; appears to play an important role as a
suppressor of OPG expression rather than an activator of RANKL
expression in LPS-induced osteoclast formation (Fig. 6). Recently,
Fu et al. (38) reported that the activation of CREB by PTH is
required for PTH-induced down-regulation of OPG expression.
This suggests that the cAMP-PKA signals play a role in PGE;-
induced suppression of OPG mRNA expression. Further study will
elucidate the detail mechanism of the down-regulation of OPG
expression by PGE,.

PGE, has been shown 1o induce RANKL mRNA expression in
osteoblasts (10). Suzawa et al. (39) reported that PGE,-induced
RANKL expression is mediated through the cAMP signaling path-
way. In our experiments, NS398 failed to inhibit RANKL expres-
sion in osteoblasts treated with LPS for as long as 48 h (Fig. 3).
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FIGURE 4. Effects of NS398 on LPS-induced osteoclast formation in
cocultures containing OPG™" mouse-derived osteoblasts. 4, Primary os-
teoblasts prepared from OPG™~ mice were cocultured with wild-type
bone marrow cells for 5 days. LPS {1 pg/ml) was added to the cocultures
with or without NS398 (1 uM) or OPG (100 ng/ml) for the final 3 days.
The cells were then fixed and stained for TRAP. Arrowheads indicate the
TRAP-positive osteoclasts. Bar, 200 pm. 8, TRAP-positive cells contain-
ing more than three nuclei were coumed as osteoclasts. Values are ex-
pressed as the means = SD of quadruplicate cultures.

This suggests that LPS induces RANKL expression by the mech-
anism independent of PGE, production. Kikuchi et al. (40) re-
ported that LPS induces RANKL through extracelular signal-reg-
ulated kinase (ERK) and PKC. We also confirmed that calcium/
PKC inhibitors, such as BAPTA-AM (an intracellular calcium
chelator) and Ro-32-0432 {a PKC inhibitor). and ERK inhibitor
PD98059 inhibited LPS-induced RANKL mRNA expression in
osteoblasts (K.S., unpublished observation). PD98059 failed to in-
hibit the induction of RANKL mRNA expression by PGE, and the
induction of osteoclast formation in cocultures treated with PGE,
(data not shown). These results suggest that LPS directly stimu-
lates RANKL expression through calcium/PKC signals, followed
by ERK signals in osteoblasts. It is unlikely that PGE,-induced
signals directly cross talk with LPS-induced signals in the induc-
tion of RANKL expression in osteoblasts.

The intracellular signaling pathway of TLR4 is quite similar to
that of 1L-1Rs (25-29). Like LPS, IL-1 stimulated COX2 mRNA
expression at 3 h and PGE, production at 6 h in osteoblast cultures
(Fig. 5). IL-18 also induced RANKL mRNA expression in osteo-
blasts, as previously reported (data not shown) (32). NS398 inhib-
ited JL-1-induced osteoclast formation strongly in cocultures con-
taining wild-type osteoblasts, but only partially in cocultures
containing OPG ™~ osteoblasts (Fig. 5). These results suggest that
PGE, produced by osteoblasts in response to IL-1 plays a similar
role to LPS in osteoclast formation through the suppression of
OPG expression (Fig. 6).

In cocultures containing OPG ™~ osteoblasts, osteoclasts were
formed even in the absence of any stimulus (Fig. 4). The sponta-
neous osteoclast formation was strongly inhibited by the addition
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A B
2 - 15°_V__Dstoobhsls EBM cells
T 2001 =
z £
-3 150 2%
100 { H
g 4 o
g =
0= 0-
L1p = + + o+ L1
+ = NS358 - L .
- o+
D
200 +IL-1f
COX2 150 T

Dstecclastsiwell
8

FIGURE 5. IL-l induces osteoclast formation in the cocultures in a
manner similar to LPS, 4, Mouse primary osteoblasts and bone marrow
(BM) cells were cocultured with IL-18 (10 ng/ml) in the presence ot ab-
sence of N§398 (1 puM) or OPG (100 ng/ml). TRAP-positive cells con-
taining more than three nuclei were counted as osteoclagts. Values are
expressed as the means * SD of quadruplicate cultures. B, Primary osteo-
blasts and bone marrow cells were cultured separately with IL-18 (10
ng/ml) in the presence or absence of NS398 (1 uM) for 6 h. The PGE,
concentration in the culture supernatant was determined using E1A. Values
are expressed as the means * SD of quadruplicate cultures. C, Primary
osteoblasts were treated with IL-18 (10 ng/ml) for 3 h, and then COX2 and
fB-tubulin mRMA expression was analyzed by Northern blotting. Figures
below the signals represent the intensity of the COX2 mRNA signals rel-
ative to the B-tubulin mRNA signals. D, Primary osteoblasts prepared from
OPG™~ mice and wild-type bone marrow cells were cocultured with
IL-18 (10 ng/ml) in the presence or absence of NS398 (1 uM) or OPG (100
ng/ml). TRAP-positive cells containing more than three nuclei were
counted as osteoclasts. Values are expressed as the means = SD of qua-
druplicate cultures.

of either OPG or NS398 (Fig. 4). These results suggest that
RANKL is involved in the spontanecus osteoclast formation, and
that PGE, constitutively produced in the cocultures stimulates
RANKL expression in osteoblasts. LPS and IL-18 further en-
hanced osteoclast formation in cocultures containing QPG ™~ os-
teoblasts (Fig. 4), suggesting that the up-regulation of RANKL
expression by LPS and IL-1 enhances the osteoclast formation.
The induction of csteoclast formation by LPS and IL-1 in cocul-
tures containing OPG ™~ osteoblasts was partialiy inhibited by the
addition of NS398. Therefore, PGE; induced by LPS and IL-1
appears to be invelved in RANKL expression in osteoblasts. Qur
results indicate that the full inhibition of LPS- and IL-1-induced
osteoclast formation by N3398 requires PGE,-dependent suppres-
sion of OPG production (Fig. 6).

The previous studies have shown that OPG production by os-
teoblasts is down-regulated by bone-resorbing factors such as
1,25(0H),D,, PTH, and PGE, (38, 41-44). Our results confirmed
the previous finding that osteoclasts spontaneously form in the
control cocultures containing OPG ™~ osteoblasts. The decrease in
OPG production by osteoblasts was a key event for the induction
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FIGURE 6. A possible mechanism of the induction of osteoclastogen-
esis by LPS and IL-1. LPS and IL-1 promote the differentiation of oste-
oclast precursors into osteoclasts through two parallel events in osteoblasts:
direct enhancement of RANKL expression, and suppressien of OPG pro-
duction mediated by PGE,. PGE, induced by L.PS and IL-1 also stimulates
RANKL expression. but the suppression of OPG production in osteoblasts
appears to be more important than the induction of RANKL expression in
osteoblasts for the stimulation of osteoclastogenesis, See text for details.

of osteoclastogenesis by LPS and IL-1. OPG™'~ mice exhibited
severe osteoporosis caused by enhanced osteoclast formation and
function (14, 15, 45, 46). These results suggest that OPG is a
physiological regulator of bone resorption, and that the balance
between RANKL and OPG expressions at bone is particularly im-
portant for the regulation of bone resorption in vive and in vitro.

We previously reported that LPS and IL-1 directly stimulated
the sarvival, fusion, and pit-forming activity of osteoclasts {47).
Those results together with the results shown in this study suggest
that LPS and JL-1 are involved in the stimulation of osteoclastic
bone resorption in several ways: LPS and IL-1 directly stimulate
osteoclast function, induce RANKL. expression in osteoblasts, and
suppress OPG expression through enhancement of PGE, produc-
tion. Further studies will be necessary to elucidate the precise
mechanism of the regulation of osteoclastic bone resorption in-
duced by these inflammatory factors.
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