C-19

Mechani s m, prevention, and treatment of |
bi sphosphonate-related osteonecrosis of th

FUNAYAMA HI ROMI

00359530

bi sphosphonate (BP) BPs ( NBF
BPs (non- NBP) NBPs
NBPs pLI-L-18 non- NBP

NBPs LPS , hon- NBP

Ni trogen-containing bisphosphonates (NBPs) are po
but they induce unexpected new side effect, osteonec
have been reported in patients treated with non-NBPs
an NBP into the earspuegnbhhdbduce28d at the injection
non- NBP | acked LtPhS sa uegfnfeenctts. t he NBP-induced i nfl amme

co-admini stnroant-iNeBnPt b f NBP aboli shes these augmentatio
2009 1,600, 000 480, pO00O0 2,080, 000
2010 1,600, 000 480, pO00O0 2,080, 000
3,200, 000 960, DOO 4,160, 000
2

bi sphosphonatfe (BP)



(BP )
( )
B P
(1) NBP non- NBP:
BP ( N
)
zol edronate ( Zol )
pami dronat e
alendronate ( Ale ),
NBP
BP ( nont
) clodronate ( Clo
( Eti )
(2) NBP
NB P
NB P
( Eedaoalal ci f Tis
1993 )
LPS (
LPS N
(3) Non-NBP NB P
Non- NBP ( Cl o Eti
( Nakamu
al Brit J Phhyamacol n
NBP
Clo
(4) BP-band:
BP
3 X
X
BP- ba
BP-band
BP BP
(5) NBP
Clo Al e
Al e
Clo Eti
NBP
(6) NBP :
i n vitro NBP

BP

FPP

synt hase
I PP 2wy T
NBP T o
NBP FPP synthase
(7) NBP non- NBP
NBP
Schenk (1986) NBP
BP Clo
NBP
( Pam ),
ri sedrZonat>ee RAISRIi 3 Pam
NBP
) etidronat e
Clo Eti
LPS
NBPs
sue I nt
(1)
) NBP
NBP
B P
NBP
)
ra M
b 2NBNBP
NBP
non- NBP NB P
LPS NBP
1 NBP
a n d
(3)
non- NBP
NBP
(Ahe Et i NBP
NBP
Eti NBP
N



(35)
NB P

B P

SNPs

NBPs

NBPs
NBPs
NBPs
LPS

non- NBP Cl o

NBP

,hon- NBP Cl o

SEVBRIRINEIERELD
*EQYVED P-0-P & P-C-P K BLOFHEN AR
+ & (hydroxyapatite) [Z3<ISHE & : P-C-P (X BREhZL — FR
“R1EL I R2
N ZFOBE K (NBPs) : {ERAHENHTHLY
N O7ELNEEE (non-NBPs): NBPs [ZHLA{EAATHLY

Bisphosphonates (BPs)

}, on N R, on
o PToH _, Ris sPoH

g R g
OH o oH * YL TOBRIIHEE
eny v BPs BA (B&U XE)TORRBE  #5RA S TS
5 ® Q.oH
Qon Q.0H QoH P
HO_P"OH Cl\ ,P~OH HO, /P~OH Y-S
X 1 c. PN\ on
HyC' PO c” RCOH AN Spcon YoH
oH SoH SoH @

Etidronate (1.0 %) Clodranate (33) Pamidronate (33)

KEAER 90 (77) IS (F44) JLTRoa(eY) B EATT—% 975
AL ZE IrHu0, KFOUE
Qon Q0H QoH
Ha, F-OH G, (7~ CL] NHO. /POH ) g—%ﬂ
§ poom £ on l\=/ ¥ rcon CP\’OH
I R
H o oOH QOH
(1,000) (3,300) (10,000) (10,000
Wi 97 RE, BOF-T—02(98)  JrUL742 04 (01) N, FRFTR 09
EATAF—IS b, TORRLE U5 UnIHKSE R I7 A
Ibandronate (10,000): B &
- = 9w
NBPs [C&AEFITD EIRFE RIS
RIZADEAD NBPs ST LDRIE - T RIS
Zol 2 mM
-

3 days 7 days

0 day
(no injection)

Test samples:

20 W% K FiEst

RIE: RHRBOEH TEHE
IRIE: RIESE THE

LPSE. coDb5:

[zo iZE 5B (FHM) IcgE - wRERST |

B5 (Westg

S
BALB

20 pl / ear

I LBEndogen , |

TNF,- al FN- vy
ELI SA kit
* SD

L

Bonferron
multiple-comparison t
S unpati tedt P O0. 05

Il nvitroge

(1) Zol

TNF-a IL-18 IL-1B IFN-y (pg/g)
0 500 1000 0 10000 20000 O 1000 2000 3000 O 25000 50000
So . " H N : )
E 1 & [ -
52 - [ - R
N, = - = DT e PR
3 days

20 (0,1,2,4mM) ————>  WEEBEHULTUE

* P <0.05, %k P<0.01, %k P <0.001 vs 0,

lL-18 B 1 L-1

v TNF- a
( 220 |
TNF-a IL-18 IL-18 IFN-y
500 6000 600 o
-
" o
"o 250 o ™ 3000 300 100000
a B
0123 5 7 612‘357 0123 5 7 0123 5 7
ot
s
S E 5 sk
©
&8
=L o
S~ 0 12 3 5 7
Time after Injection (day)
0,1,2,3.5,7days
Zol (1 mM) ——— > @EEEBHULTUE

* P <005, % P <001, %k P <0001 vs 0,

Zol (1 mM) 3

| B- 1

( 320 |
LPS

TNF-ot 1L-18 IL-1B IFN—y (pg/g)
0 300 600 0 5000 10000 O 4000 8000 O 5000 10000
sees = — b ——
Zos [§ — ] —_—
ZokLPs [— ::: i—l%! -
s s 58
3 days

LPS (0.2mg/ml) ~————> WEEEHULCAE
or
Zol (2 mM)
TRENOMASHETIT @ mixture % 20 microl/ear i.d
* P < 0,05, %k P< 0001 vs S¥S.
###P < 0,001 vs S+LPS.
$P<0.05, $38 P< 0,001 vs Zol+S.

LPS
| FyN-

Zol
cytokines
| LB- 1

C (420!
Clo

TNF-a(pg/g) IL-18 (pg/g) IL-18B (pg/g)

10000 0 500 1000 1500

0 100 200 300 O 5000
T T

S+s 5—1 ' ] ' 31 C
S +Zol — H —H
Zol + Clo = HH o L
£ vfr 3 days
Zol (2 mM) ———>  EEEERLCE
Clo (grmM)

TRETNOBAEHE T O mixture & 20 yl/ear i.d
* P < 0.05, ¥k P<0.001 vs Zol.



Zol Clo
I L-18 I L-1
1%?5
FHRF—VR
hE R
2RI~ Y PPt
ALRFO— LA RES 1o — S
FPP synthase HRBEGE aLRFE—L|
ik

BYAspy l

Transporter ? 7 d@ LPS IL-1/TNF/ IL-18EE4
Non-NBPs 1
(etidronate & clodronate) 2
x

n

BT S /BEN ST RAR—4— (AAATP)
[ Toll-like receptor 4(TLR4)

, NBPs

lLBp1I L-18 ,

NBPs

, Clo NBP

(1) LPS NBPs
(2) LPS
C3H/ Hel T
(3) NBPs FPP
(4) Clodronate NBPs
(5) Etidronate NBPs
(6) Statins NBPs
(7) NBPs not
LPS
NBPs
oM
N B |
NB P LPS
I L-1 I L-1
NBP
N B |
NBP
NBPs

Bi sphosphona

48(4), 2010, 495-504

Funayamaathg L, Asada Y, En

Takada H. Enhanced inducti
hi stamine-forming enzyme, |
decarboxylase, in mice pri me
or NOD2 Iigand in response
Toll -11i ke recepttemabg@goni st s
I mmu nli6ét(yd.) , 2010, 265-72.

Sato N, Oizumi T, Kinbara N
Funavanmatdo S, Matsuda K, Tak
Sugawara S, Endo Y. Promot i«
arthritis and allergy i n mi
ami noglycoglycerophosphol ipi

membr ane antigen specific to

fermenkEBMS .| mmunol Med Micr o

59(1), 2010, 33-41.

Oi zumi_ T, ,F uYnaanyaagnuac hH K,
H

Yokoyama M, Takahashi , Yal
Kuroishi T, Kumamoto H, Sas:
Kawamura H, Sugawara S, End

I nhibition of necrotic acti
nitrogen-containing bisphos|

L R4(NBPs) and their eliminatior

by etidronate (a non- NBP):
for possible utilization of
as a substitutio# @rabh for N
Maxil |l of ae8Swy,g.2010, 1043-5
Yamaguchi K, Oizpuymi T, Funa
Kawamura H, Sugawara S, End
Osteonecrosis of the jawbon
osteoporosis patients treat

" - NBiPSr 0gen-containing bisphos,

osteonecrosis reduction repl
with non- NBP (etidronate) an
J Oral Maxilloe8@é¢) Su2glo,
889-97.

Funayamaathg L, Sato T, Oht a
Asada Y, Yokochi T, Takada F
,F Endo Y. Phar macol ogi cal
characterization of anaphyl
shock responses induced i n |
mannan and | i poplonltysacchari
I mmunophar9ngalc3o/14), 2009,
1518-24.

Oi zumi T, Yamagugchi K, Funa
Kuroishi T, Kawamura H, Suga:

Y. Necrotic actions of

nitrogen-containing bisphos,|
(NBPs) and their inhibition
clodronate (a non-NBP) i n mi

potential for utilization of
as a combination Rlasuigc wi t h al
Clin PharmacolOZp%) co020009,

teS3g4.392.



mannan( MAN)

|l i popolysaccharide L|PS
16
2010 11 12-13
bi sphosphonajtes
I L-18
52
2010 9 20- 22
zol edronate
28 2010 7 21-23
) L P|S
Ni
48 2010
5 19-20
bi sphosphonates (NBPs)
LPS clodrjonat e
(non- NBP) 51
2009 9 9-101
bi sphosphonat e
47 20009
5 14-15
(1)
FUNAYAMA HI ROMI

(2)
(3)

00359530




