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1. BEEROXA A= L

BMP (bone morphogenetic protein : & £ K T ),
FGF (fibroblast growth factor : &  Hll fu 35 5 [K 7-) ,
IGF (insulin-like growth factor : 4 ¥ ¥ 2 U ¥ kRIGhE A
1) DY A b H A R PTH (parathyroid hormone : &l
FRIR L€ V) S E oM 2 G x &, 1410
=Y, A AT A IV (osteocalein), MGP (matrix
gla protein), * X2 T A K Y F  (osteopontin) ZDH
HEOREARZRET S, Th o OEBIVE L ARNDOI H
LS L) VIBLEEK ALY L) VB LIRS A Y
FERODBAREI NS, NA FaFo 7884 b
[Cay(PO,)(OH),]Y DEIEA IR LA D T & THIVE

O : BMP, FGF, IGF, PTH %

OO

BEKENZY (X1).

2. BIRIRDOA DX L

FBEENH HFEEEAR, ¥4 VD, PTH, PGE,,
IL-1, IL-6, TNF-« ¥ Mllle&imic oL s 2
NZNOZERITMER TS &, FFMileEmic RANKL
[receptor activator of NF-xB (nuclear factor-«B)
ligand : NF-x B V) # v FZEERGEHALE] BB T 5.
RANKL & ODF (osteoclast differentiation factor : ¥ &
Ml LR ) L afREhsd. —4T, BHMRERD
M-CSF (macrophage colony-stimulating factor : ¥ 7 °
77— au=—JFRRERT) A0 A e 2 2 7
B4 23 c-fms (M-CSF ZHMW) LHiHT52LI2k-T
RANK 278l L, Zh 2 Fllle&mic L Tw b
RANKL &8569 2 &, ea MR pi e g & & iS4
SO NF-xBIZBE T 5 & 7 F L RMBTUHE & h, ¥
FHREND GG E 5. 25 LRIRICEk > THfbL %
Ber A I A 475 (K 2). Zo@|fdiE, 95
B IR O SHEIE AR FICAE (3 5 C1T/HCO, F v » 1)L
75 Clm A D AA, WISHIIE ORI KREERIZ & -
TAkE TBLRELDER ST AZH & & 312, BN
ZHBClFrvrh&Tua by Ry THe H & Cl
WA X B, 23U & - TR IE g YE (pH=3
~4) 12D, BOEBKTONA Fafs 7824 b
(V) Vg, Ca*") MAMRYT 5. L7z Ca M idmiEiiao
WkixDORR A STV FH A b= 212X > TN R
SHMUIEEE 12 & 5 Na®/Ca®" ATPase (= & - T g
HANRIE NG, 12, 2 VNI ARREETH BV AT

— BMP, FGF, IGF, PTH SO% AR

<+ F3Fi

N

A : Hydroxyapatite [Ca;o(PO4)s(OH),]

@ : Typel collagen, . . A%
osteocalcin, MGP, . . A A
osteopontin % \ 1

FHEE

1 EHIC & 2 BROMEMA CCRk 4 % —8BZ) . FHEIZEHE T % BMP (bone morphogenetic
protein : HIZK K T), FGF (fibroblast growth factor : #AELFHINEIHENT), TGF-B (transforming
growth factors : JEEHEFERIEIN 1), IGF (insulin-like growth factor : 4 ¥ ¥ o V) VERIEHHAT-) HD
#+4 b+ 74 R PTH (parathyroid hormone : BIFIRER L T V) FIZFIFMIEOM X 2 70E <8, 1
BMas5 -7y, X AFXHI)I LY (osteocalein), MGP (matrix gla protein), * 2 57 4+ K v F ~

(osteopontin) FFDFARELA O FEE & EHE T 5.

INSDOHEBILEENA FaF v 782 4 b bk

[Cay(POL)s(OH),] DAIEAIIZUIT LGS T & THAEAIVER SN S,
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A v7rus 7 —ERGHRA MR TH S MMPY (matrix
metallo proteinase-9: ¥ s v Z A X407 asF7—+9)
X, BEEMIRRANO I DR, VY — AL, Wk
MEDIFIHA =Y 2Tk -TC, WINEIZHWEh
5. ZOXSICUTHIEE S Sy a5 (K 3).

PLED &5 I2EBIUEET LT A, Bl a iz
JEFOHEKIZ XD, Fd L 72gN gk 2K (€4
IV D, PTH, IL-1, PGE,, IL-6, TNF-a %) A% &%
WA E NS &, AL L, BRI S I
EXND., ZOME, B2 51MHIC Ca REREITHA S 1,
& CallENE T 5. BB OGEITENE & 7z K+ Dist
1Z%, PTHrP (parathyroid hormone-related peptide : il
FORIR AL E VB2 Vo8 2) LEh 5 PTH RO AEH]
BRd 2 Voo S 5 KEICEE XN B 20
LRt & [T ¢ Ca llUEZ AL 5.

BEBROFEERF

HEBIZBWTAL %5 Ca MEIE, BB~ —H7—D
—DE L THETH D2, —MITE Ca 72 TIIHHA
BB ENEN, ZDZ NS, & Ca AN EEZT IR
FEISBI G- LT3 2 1d3F 210K <, EEMEs & miEn &
B WV B AR X N7 A BV P E M & 2 DI TIE
IS LT3 EELLN TN,

1. BERICHT 2 ERE CEEHOEE

RPN HERS AR Z U2 EEiiad, ZhE S TidEk
INARZ LN, 2070, BEHilez S L TR
EIEHE S 2 Z L THADIEAR— 22 RL &S &F

B e T 50

5. @ik U7z &5, WE, Wafieiie 2 3D,
IL-1, IL-6, PGE,, TNF-a, PTH %235 Ml i
RANKL #XBlx €2 Z &2k, sk - BEL T <.

HEBEOLE, ZHICA TR L 725 E £ 23,
PTHrP, TNF- a, VEGF (vascular endothelial growth
factor : IS P B MINSE AR 1), TL-11 SFOBE M % 0%
YA & 2 1A MR ¢ 5. PTHeP i, 520
JafiE 112 RANKL 2@ fIC B & &, s i z oL -
B E &, TNF- o (SE, Bt Somie i,
HHEIK & (8 %Y. VEGF 1&, KL 7= BEiiac
BEERL, WHELL20, #aMlodfizsmnz0§
BAEMA & 57, —Ji RS, ThESE 23 EHd
MR NI N Ml &2 e 2 Z &k IL-11 %
PEAET 5. FEARINZIL-ILE, Tuxa 53000y
KRRy s atF vy —¥-2 (COX-2) DOFB%FHE
L, PGE, D/E AR RS E 5. BE L 25l
I11.-10, GM-CSF, MCP-1 (monocyte chemoattractant
v b HEGE(LWEPER ), M-CSF %4 2%
£212mD, ThizffvniiEshizvrorr -
PGE, ##FIZEAT 5. pEA S N7z PGE, 23 E ez
WHELT 2 Z L2k - T, 728 MRE LiIC RANKL
ERBEEEZZLIC&-T, HEMluE st - i &
. ZO&5I, NI 4 O BE Y E OPEE &
e L, ﬁ&mé‘ﬂiﬂ’jﬂ)%ﬁiééﬁﬁ‘fé RIS, Bl &
WYL U CEiRREHIC Z)”E”ﬂ)}zllléﬁl'éét‘% Ltk
n, Hi%%ﬂ]ﬂ’jﬁ—%%imﬁlﬁéﬁéw 12,

P b X512, WAL & = id i s B8 % 4 i

protein-1 :

M-CSF c-fms c—fms
‘ @ M-CSFE +
— \ c-fims
RANK—> B 2 -
B4V D3, I, IL6| 3535 M-CSF 77_“» Beikex
PGE,, TNF-o, PTH RANK—¥
22 ’ RANKL

<5 RrRankL—
FEHL
—_

el

2 CEIFMIIC & ARk, €4 IV D,

/

PTH, PGE, IL-1, IL-6, TNF-«

T A

SV I i 2

HKRLTWEZENZTNOZERICENT S &, FHMIE&MIZ RANKL [receptor activator of NF-« B

(nuclear factor- xB) ligand : NF-xB Y # ¥ I

ZHEWWEE LW E] »R8Y 5. F Mtk M-CSF

(macrophage-colony stimulation factor : ¥ 27 @ 7 7 — Y 2 v = —§ill¥IK ) A% HITE AT SHI e 2w 12 78 B

45 c-fms (M-CSF Z#&{k) & i

WML ) RBLL, FhaE e Ic B L T 5 RANKL & 548

UEERN

A9 3Z 12Xk 5 TRANK (receptor activator of NF-xB : NF-« B 2%

5L, BEMEANO LA
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BEGH LSy 5 —— SRS (O Fos 78354 N O |

X3 BEAlEc & 2 EI Gk 4 2 5% ). B Mo SMIEIRFE FiZ /7484 % C1I7/HCO,” F v ¥ %
L6 ClT B AR, TISHINVE ORBIKZERERIZ L > TER S H & L 612, HBINEIZSH 5 Cl™
Fy v Fa bRy Frs H & CUABIGENKI X5, ZHUS & > TIRINEIZIEYE (pH=3 ~ 4)
D, N FaERr 7oA b () UEE, Cath) MAMRT S, VAL 72 CalT IR AIIE O Bakig o £ifi
IV FHA b=V 22k TR X N, SMAIBLENE 12 & 3 Nat/Ca?" ATPase 12 & - THEE M~
ENb. VATAVTUT T —ERFREREFRTH S MMPI (matrix metallo proteinase-9 : ¥ 1) v &
Z2aa7arr—¥9) », HEMENERBEL, WRE,PSOZF IS4 b—v 2Tk T, BINEIC

SFWEND LT, WRE S oS R E D,

L, BEEIZ&HAH T % TGF-8 (transforming growth

factors : JEBURIREIAEIN T) % IGF Zi ¥ 5. TGF-

BAIHNIEIEMEIZB 53594 P4 U TH Y, JEEMIEE

TGF-B % IGF ZAIH L, XS ICHIl%#ED 3" (1K 4).

2. BEBEICOVT

BRI OEIANIZIE, DR LAZZ EREFEL LN TN

2

O BEREHICAMT 5 REZEREITT 2 A

@ S OBWMIZ L D EESEEE NS Z L2 X A

@ BEWBEHOFBRED R (52 5 @R S h b 111,
IL-6, TNF-a %) 12X %A

@ JIE & PE S TSRS & 05 F KOVt O BE i & fik
HURR I SO B ERE S h, REZ ARV E NS
ZEiZkBhiA

® BHEFIZBEBEAE U 2512 A LN 2 MRIEDE
- IRENC & AR A

® AW - REIZIDBEREALHKDECHHT
OrEHT) FIZ X BHA

2T, SR k> TRIESKE, WAPELSZ

LIZHHLTRNRS.

RN, JOEIC & D BHE & - R R A & i X

E (TurT—¥AE) 12k, MiFhn T X~
AV LA YREH SR, ALY s FVRICK
DTIVFUREEENS. TIVF VB, %EB KA
A¥B~vr07 7 —UBRRIERMICERL, EEINZT

FVFZUNTIVFZUBREKRLERAT S L,
TNF-a D% 4 M H 4 v EEETSY. X5icvsn
77— VREREHICEWTT 7YV F 2V B, A S FEH
TEHDT, F=F ¥ IIZLDAEEhTI0F=00D
R L EREATSH. Lz ->T, MREKICHEALET
FUFVIE, VTRV AP HICK D EEDRNE
CHiifE RV T— 2 LZRE) 2NTBMAEIEL S,

BRI 6 1%, TSI & SE»A: U, Lido
KT IR UNLRICEEINSEELZ LR T
3.

HisfE U =i, 2B S5 ORcH Iz B 5
T3 I aAmuE (1L-11, 1L-10, GM-CSF,
MCP-1, M-CSF, TNF-«, IL-1, PGE, %) OpEk %1
MEXHTWBZEEFANAL7E0 TH B, ZhbDEME
PEEE, BLMISRT & 9512, PGE, 28RNl s8¢ 5.

@® TL-11: COX-2 D¥BIA#FHE L, PGE, DA R %

DN



SEVEIEIE O HARFS IS K B O FEBURT & B X 2 b Al

eI A
Tl B 0 B T R e
o fms G
{Z RANKL
PTHrP FEI
v W PE A
M- CSF
JIEE I PGE,
l RANK v l
IL-10, GM-CSF FEH RANKL F& i ,
MCP-1, M-CSF c-fims COX-2 BN
M-CSF T
HE 955 0 i oD o)
TNF-a RANK X IL-11 A
TNF-o .y
IL-1 l / B 3R
IL-6 B AR AR R — b
ONMECSE | e 0 R R A | v b= ‘/@:ﬁ'

MCP-1 BEEND
M-CSF Qﬁk% TGF[':J IG%%%WZ.EH

COX-2 &
A ™ m 7 mEE

TNF-o, IL-1 &7 & FH'E (TGF-B, BMP, IGF,|FGF &%)
% NF-kB OHEHAL ] ﬁEZ B AR TS AL
A

\ 4
~ 7 nu7y— Uik > PG& T
[FFA7 o FiERER ———— > co);_z VEGF <
IL-11 <=

4 FHEBIZKT 52 EEL 2ORBSEOFER M. EEAEE PTHrP, 1L-10, GM-CSF, MCP-1, M-CSF,
VEGF, 1L-11 Z#@FlCEd X8, pEE Shiz PTHeP 3 i RANKL & 38l& ¢ 5. M-CSF 130 i
HISEMIIE I RANK 27881 & &, RANKL & RANK # /i L CEHFMIBE #5632, 20 X 0 i sl ai s iz o
At - RAPEAE T B, IL-11 13 COX-2 2R B & &, FIIL 72 COX-2 1% PGE, Z AR L, ez wm k4
5. F7z, IL-11 3SR L 0l S W2z iilaic K > TR EE S h, B S h7 PGE, IZ &k » TiEifile
I3 EHE O RANKL OB % (¢ 5. VEGF dm#Ema Ml z i tkft§ 5. 1L-10, GM-CSF, MCP-1, M-CSF
3voruryy—varlEiyE, vou7gy—IU2NTNF-a, IL-1, PGE, #7434 5. TNF-«, IL-1ZNF-«B
EWEMELL, COX-2ZD X X E KT OWEAEHEL, WEICFEA X85 2 L1k - Tz w4 5.
DL BRI & » THEEAIZIE B E e 2 St &8, Zhic k> TH ez B8 2 5 TGF-3, 1GF 235
Sh, TEEHIEO R & WML S 2 LS B 4 2 L &2 DRT. AR 253 - P RAIBIO ALY b=
AN, AR AIRIT 2 Z 82k - T, SRR E RN T AR R SN Tn5. 72, JEAT a4 FHH
FAESIE, DL EORIRIZ K R ENZpEA: S hz COX-2 2T 2728, BBICE T 2SR ERT &5 2
5N T 3. RANKL (receptor actlvator of NF-«B ligand : NF- ch VY P ZEREEEHE), RANK
(receptor activator of NF-xB : NF-«B 52 % & i 4 1t % B ), GM-CSF (granulocyte-macrophage colony
stimulating factor : JRER - v~/ 07 7 — Y av =—Hfil##lx 1), M-CSF (macrophage-colony stimulation factor :
~vsu7y—yaua=—jli#x7F), PTHrP (parathyroid hormone-related peptide : /S %4 7 4 KFIILEVH
Mg vs32), TNF-a (tumor necrosis factor-a @ JESHESERT), IGF (insulin-like growth factors : 4 ¥ ¥ =
V) VRREEGEIR 1), VEGF (vascular endothelial growth factor : ML N EHIBuRG5EAT-), TGF-B (transforming
growth factors : JEE i 958X 7), PGE, (prostaglandin E,: 712 2 % 25 » ¥ ¥V E,), MCP-1 (monocyte
chemoattractant protein-1: & b HEREILEMEAT), COX-2 (cyclooxygenase-2 : ¥ 7 a4 F 7+ —+-2), IL-
10,11 (interleukin-10,11: 4 ¥ & —a 4 ¥ -10,11).



8 fE B - OKEPRINE - A R -

@ IL-10, GM-CSF, MCP-1, M-CSF: w2 a7 7 —
UalEEXE, PGE, MBI EEXE S,

® TNF-«, I1.-1: 2707y —V%OKNTEER
T NF-«BZ&Z@EMiba® 5212k, TNF-a,
IL-1, COX-2"", IL-6, IL.-10, GM-CSF, MCP-1,
M-CSF S0 pEEMR#R DR &Y, KEIZFEE S
COX-2 % PGE, O L &t 5 5.

PLEo &5z, W\ENCEAR Sz PGE, (SEEMIZIC &
BRIEIZE > CTFEEINZZREDT 5V F =V EDORHY
BT A MIE AR T 225, Larn-T, B
T, EHEOERED STV = OFEEH B L
T30 EEZLNTS (K4).

EMIC L2 EERBEOCI POV

SO FEMRREICIE, L RAHDOL XA P LD Y,
Y AR ZF % — FEIFIRIEZR 7 a4 FHEHRIEEDIE S »
MRERTZERWME XN TNBE Y, 72 & Ca i
OXHEREE LTHibs #Ly b = v 8FIE ERIsR L
THIRLR S B LW Eh T 3™, DTS, EmICHs
%, EARARL— MAL JEZ T a4 FYEPSIERER 7
Ly b = VEFOHIFIZ DN TR B,

1. ERKRRFz— MBI

BRI U 220l o MRl 2 3Bk & FREh %
BEAER I TE D, WIkBEH R T a7 7 —-¥osn
WHZEDb > T 5. EHIREORIREIE, X /va v ik
TRAREINBZ T 7 LIV VRS S ZLr I =)L
U UBBIZK > T RasHED small G # VI8 R3T L =)L &
haZEeTkEns., ¥k 53— MEGANE, (RIS
HDAENE EEHRPIZHPDON, Fafy 7844 M
W LU, BEEAaic 0 A Zh, Mfai 2oy e o @ikko
Ty VEBEEKBERENE TS ZhCkD,
small G & VX7 DT LV Z AL PHHE S, BREHR
L, BEMlaomEsEHEh, 78 =Y ARFEESh
222 R U7 &5 BRI WS PEIS & 0 ST
AHE L, 2 AU RE W S 1z 11.-10, GM-CSF,
MCP-1, M-CSF i3~ a7 v — v &ili;: L, PGE, DpE
AEEBEMEED Z P BEBHORRERITO—DTH 5.
L7z 5T, EAKZRD— M EANIHEEHTaOREEOH)
IR 7 R b= ZOFHEIZ K 5 T PGE, O BEAERMI % ]
THIENL, BB L THRERTEZFLIONT
W3 (X4).

2. JERTOA NHERRESE

JEZ 7 a4 FEEHIIESRIZ, COX #FH# T 5 Z Lok
D PG DA AMET S, fdL 22k 512, Bk
12 PGE, DFEERBEb-TWBZ AR5, JEZAFa4 P
BRI IEBIRIC T L TR E R T EZE LN TS
(X 4).

3. ALY M RHA

AN b= BFENE, BEMIRD LY b = VRIS
WAELT, 7752 — 1y o 7 —¥ &ML T cAMP
AR S, ThnTasrA V- —¥ A 23
fbL T, BrgifeogiE~ogE cMbs 750 ) v
T EWIEE R, B0 BRI A WES 5%, fid L 7
k212, BEMBOWEEL,» S & 7256 &h b PGE, DL
BRGSO REETD—DTH B Z en 5, il
Ha D BN O PGE, OREAERIN 242 Z 12k
5. Lo, Ay b= v AN EEEMRICT L TR
ReRyeHions (X4). LiL, HF, BB
IS LT HIL Y b= VEIRIOARMESIEH X Tnkn e
WIS D B, ALY b= v BIEIO BRI %
HERIRICBIL T, SHRESICRFADBETH D LH L
53,

YIS

HERFLIAIE 7 DORASE BN T 1A T, ol
CETAEEE D Y ru— L <, FORBUEE
LALARPLEN L, Lo L, BEMBOEE, Zh
IZff 5 PGE, Ol &, FERaFEBURITIZ DWW TR 4 I fif
EhTETHD, UAFZAF5— MAEIOISIZAEL
4 RS L3 2B TSR L T2 R 427
FTEYSERMEHABETH D, Lzd->C, BRBSICE
2 IEAIMOREIE LT, HEkD WHO J5Ains AKIEHR
HBAEFIZEEE 67, Uk AF R — ML E B
AN ERE L T TN HETH 5.
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Pathogenesis of Pain Caused by Bone Metastasis from Malignancies and

Pain Relief by Drug Therapy

Rina KISHI, Tomohiro MIZUNO, Yukari WAKI, and Yukihiro NODA

Division of Clinical Science and Neuropsychopharmacology, Meijo University Graduate School of

Pharmaceutical Science,

Yagotoyama 150, Tenpaku-ku, Nagoya 468-8503, Japan

Abstract: As cancer is the current leading cause of death in Japan, to control the associated pain is important in
improvement of the quality of life (QOL) of patients. Recently, pain control by the use of opioids such as morphine
has been actively pursued in Japan. When started in the initial stage using appropriate therapeutics, pain control
has improved QOL of not only terminal stage but also overall cancer patients. However, patients need pain relief
from often uncontrollable pain, as well as mental care. Particularly, aggressive therapeutics are required for
pain caused by bone metastasis, which is generally difficult to control. Such metastasis results in reduced mobility
and markedly reduced activities of daily living (ADL) and the QOL of patients. Nevertheless, the pathogenesis of
pain caused by bone metastasis without osteoclasia (bone fracture) has not been elucidated. A current hypothesis
has proposed a pathogenesis involving the release of various hormones and cytokines from tumors, progression
of bone resorption, activation of macrophages and release of cytokines and/or prostaglandin E, (PGE,) from
activated macrophages, resulting from progression of bone metastasis. Bisphosphonates, therapeutic drugs for bone
metastasis pain, suppress the bone resorption-enhancing cycle, which involves tumor cells, osteoclasts, macrophages,
etc., by inhibiting osteoclast function, and thus suppress production of cytokines such as PGE,, thereby relieving
bone metastasis pain. It is important to further understand the physiological mechanism of bone metastasis and to

establish a therapy for bone metastasis pain.

Key words: bone metastasis, malignancy (cancer), pain, therapeutics



