#&= C-19

HPIREMBIEHRRRBEE

HRiEE £ 8H%E(C)
R ZTHAR : 2006 ~2008
8= :18591631

FRk2 14 3 H 31 BBE

WRRER (FIX) B FESOGBHHEEORALNEBREADHRR

WZeiERES () Molecular mechanisms of the metastasis of malignant bone tumors
and anti-metastasis therapy

MERERE
Z## FBE(MYOUI AKIRA)
KR KZEF IR R - 2R
MEEES:10263261

BRFER R OBEEE B A RO Ifiliifs | - R R - Tdbd NFxB 2 RKIEA LT /75
RT AAAY IRV A F KW NFETIE T 22 LI LB b2 R A 7o, il LR, ~2
77—V O BV RERO NFeB G2 EE 95202 7L 5 IEO i Ftk o
—RTHLATRENEARIRE N, HIF-1 REAT E¥ == b WRE R 2 i L7

AT
(A AL 1)
[ERESES RIEEESE =il
2006 42 1,500,000 0 1,500,000
2007 4 900,000 270,000 1,170,000
2008 4 900,000 270,000 1,170,000
I
I
i &t 3,300,000 540,000 3,840,000

FIFFE5y B« [ py 3K 27

FHf e D53 FL -l B A FSRERIR R B FL

F—U—F: OFEMEEELSE., @ik, OMNREL, @FERKN T @7 Rh— A

1. WFZEBRAR M RO 5

TR A FE N O PRI O R IC I R
W THREMAFT 61H 2 A6NH89107
STEZR, BRAEICRESNDIRFE MBS
S Gl — B s A B L 9D & Mid T
B L BUEA DRI FE A, WNZ
®KRDOTHBER T ChHLMERE T LG
WSO NEDLD THETHD, AWFTED F ik
HAR I, R MR B DR D 7y 11 A
ZHBINIL, D0 TR & LT R R A7
WL HDWITE R TIREIEIC LD TG -1h
WIEZMENL T HZEThD,
o~ 2B W IE M B2 T valosin-containing
protein (VCP) 78 NFxB OiEMHAbZ /L TT R
h— ARG A S UGS AR A2 %

WE L2 (Asai T, et al. VCP (p97)
regulates NFkappaB signaling pathway,
which 1s important for metastasis of
osteosarcoma cell line. Jpn J Cancer Res.
2002. 93(3):296-304.) . Z® VCP [T ZD#%D
HR R B RO ZE CE < 0Tl (F | Al T,
KIG. BE BN, FUIRIR R L) TP H LR
DIEAEL VIR Z R T HESTVD,

B AIECIL pb3 DA ENERITFIEL, P
NFxB & " hypoxia inducible factor (HIF)

“la ZIEMHALL TOD ATREME D D,

ZZ T, ph3 AL —NFrBIEFMHALIZL DT R h—
ARPIEO RS HIF-1a OIEMELO B AR
AR REIZ 5-2 DR BAIRAET D,

Fio, B RAEOEBILR O~ MEE R



ERANE R R 1 &t N e 2 Ay £ Y5
g |2t 9~ D8RR FBRIZ IV TH | B A B
Ol E G A A VAE =1 [ i R N N 15 LY R O
L 72 (Obata H, et al. Analysis of organ
selectivity in the metastatic behavior of
Dunn osteosarcoma. Clin Orthop. 2002.
(398):212-22.) , EHIZMfigR B E7= 13l L Rz
MR D¥EEE LI T B N IR oD s B A (e i
THRFBEENDL L, @RS A fEH
Ja 203 i Bl b B2 A e oD o A5 PN Rz S 1 B[R] 1
(VEGF) pEAZ R ET DR 20T 2528%
AWZL TS, BBAEHIlERR T2 ik gk
=y FF b B NR LR 238 A IE O ifidis
B RIFTHBLZ D AN =K DERRT 5,

2. WD HIEY

[1] NFxB OFREA] VT /TR OF P
Ly AN A -2 1Y )

~ 7 A REAIEEE Dunn 75 Fidler @ 5%
(ZTRLI B IR LM 13 TRMEICX
IR A TE AL, & D% ARMIIEE A ETD, R
RN—T HRORMPIRIEEL T 4 — /N —T 2
—IMREEIR I LA ThHZ LR R T
REN. BWERBIFEAEENZENRLLIL T
DN, FTDHIKG THDL VT I)TAR
parthenolide I NFxB O %5 AL EA]TH D
ZENEGIREITND, £2°C LMS ‘i A
fao BRI E T L& W C, B A s
BlZB1F5 NFrB O EIZ MRl VT /74
RO HNHIFIE L TOH LA ETLI,

[2] NFxB 2k 57 a4V X714 FRICk
28 WIE TR OBH

I 1272 A0aP S e IF IV AR =Y S DA > oA (= ey
TFIRBEDBHIES N TCVDERZEDHTT a4
TAXILAFR (T 21 ODN) &\ =B K st
DB FIRRIZOW TR L, T4
ODN (Tfiffa N CHE B FIZ/E L TEIn T
HBZZSE D, B B F7HBUL target
gene O_FFRICALE 55 FHE I 2 L 55
22 TRV, iR KF72° cis-element ZHE
BT HIETHERMEDS ERURRHENTTET D,
7 224 ODN /% 20 HE Hxtaii g 0 —BEEHX LA
FRTEOBRINIFICEWETIEER 7O

Decoy ODN strategy
a) Nomal state

4 Gctor

Gene Expression

@ ‘ Target Gene

b) Inhibition of gene activation by Decoy ODN

dranseription

’Fiétnr
dEnserption DECOY |
4 Factor DECOY

DECOY DECOY

m Target Gene

cis-element EEICECHIDNE £ TERY, IRER
F-HRAFRD DNA ED cis-element (ZfEE T 5
ZEEBAMICHE LIRS T OR B A ME 5
Do
NFxB (3RS, 558 |2 8 27 B A Rf
EEZLNTWADT, ZNEX—FyheL=T
24 ODN %\ CH PRI S 6] O Rl HE
PRI DWW TRETL T,

(3] 15 M LD~ 28 P EA . LMS
@ NFxB {E e dEh 5

Fx L, U RE ANER S LM8 24857
L. #HEE Dunn EDV T T 72 g fFGTHG,
NFxB Mt B B ThHHZ LA L)
\ZLT&E, 7' /T4 %= NFkB #iil
FEBRTIE LM8 R END 48 FRfi % 0 5B
BEHE CIIITE R NI R H R T 22800,
NFxB {HMHEALITEEE I EE ChHD
LEZ B, LM8 Wi AR 352840,
LMS i3t/ NREEHIZ A D E NFeB i&EI T
HESNDEVHEEROLE, ZOWRIZH T H1E
TR O FIZFREL T,

[4] HIF-1 [HEAI7EY 2= LM8 <7 AF
PR R R R L 29~ D A 200 S

IR B KN+ HIF-11X VEGF 72 & o1 8 5 A e
K F<° BCL-XxL 72 O 7 R b— 2l K 1%
TUBAE LU TR S, ORI B 5
LTW5EB LTS, KX HIF-1 [HEHA
ThHTEY == 0F, I, B IRE IR
FE 72 SNk PRSI R A STV,
AW TlE, T = =0 0VE BRI 5L
THHUEG R F CRr s ad 2 3 26 L
TWDERREILI,

3. WHED J5 ik

[1] NFkB OFER VT )T AR OF P I
B RIE T B O

LMS8 % C3H =T AIZEZ THEMTAZETHT
\ZARE RS | SOICHB A 7=, IR
Pefdith 4-5 W CHHERICLVIET 5, 2D
LMS &R EMia o B R 7 L% VT,
B ANENEICI1T 5 NFrB OFE 2L
72

NFxB 2MEH NS Ll T D LMS (248
A Ik B ZiR38 Bl ®IRAYIC NFxB (5%
FHEE L 7= fifiakk LM8mIkB A{ERLL 7=, Z D
fakkd B NI RIX NFB [HEARITH D/ VT
FA4R(PAR)Z VT LM8 DB EEICIITD
NFxB OZEIBLIUV LT TR DB
KL L TOH IOV TR L7, LMS8 #fijla
125t 52UV T JFARD in vitro COVERIZD
WT, NFkBDZF L T7RE UR—2—7Tv&A,
I N R AR IR s 5 IR 1 (VEGF) PEAE, 7Rk
— A HRBIEEERE IS TRETL 72, LMS Al
TIEIZED BRI E T VIZBW T, 7L T
74K (0.1pg — 1mg/kg/day . JEEEN) D T 5
B3 5- (S & [ BRI BRAR) 38 L ORI
5 (Bt 17 B HXVBAR) 2170, Biidsfs



(O THEAR AR ITHRE LT,
Treatment Protocols
* prophylactic Parthenolid >

* therapeutic

Parthenolide
Day 17

Day 0
LM8s.c.
inoculation

[2] NF&B (2T 5T a1 A)TXrL4F Rk
28 IR AR D PR
NFkB 7 =A% 20 Hikxkto “wE#HE AV
THY, NFkB #5 &Rz Ff->T\D, —J7, A
777 VT AL ERIC 20 ko 2 EHHAY
2 CTHDHH NFB OfE S REIIIFF 72720,
Design of Synthetic decoy ODN

» NFkB decoy ODN

5-CCTTGAA GGGATTTCCC TCC-3

GGAACTT CCCTAAAGGG AGG
» Scramble decoy ODN
5-TTGCCGT ACCTGACTTA GCC-3
AACGGCA TGGACTGAAT CGG

In vitro © LM8 ® WA NFkB & NFkB 7 =
AL DOFEEYEER EMSA % VTN, 77,
NFxB 7 =A% LM8 OJifiic -2 D5 B
FL77 In vivo Tt NFkB 7 21 O A TG
ETNVEAERL MR RO & && A7
FIZ DV TRRF L7,
[3] 15 EfifRIC kD~ 25 N EAE LMS
@ NFkB {E e ER) R
NFkB #&#2Ff > luciferase reporter
construct 2 LMS8 (ZE{x7E AL7- stable
transfectant (UL . LM8-NF/luc) Z1ERL L7,
LM8-NF/luc Z# g (it 17, Mo, )54 b
15, iz 2/ D cell line Toh 25 1T fifi
fo bRz Rk (MLE-12), flifg~2v>7 7 —v
AR (MH-S), 1% N AR (UVQ2) D
g BIEICT 24 R L, NFrB 5%
Luciferase assay (ZC. #MfukE%E% cell count
{ZC, apoptosis % annexin-V ¢ FACS (2 CH|
ELT, 72 NFkB O Fiiti#is 1 Chd VEGF,
MMP-2,9 R#EBEEELS O —D>ThD
Fibronectin OFEHUIZ>WTIEX RT-PCR 1:T
FEMT LT,
[4] HIF-1 [REAITEY == 0 LM8 ~7 2F
PRI A Ak L et 3 2 FrE g 2
LMS8 #ifiz 7Y == (0-50uM) DIFIE F ¢
&L, WST-8 assay (2T DML FEIZ%f
3520 5%, FACS 12T apoptosis (2% 5%h
Rai Iz, SHICV T AR TBIEET V& i
W, in vivo TOFHUEE SR I L O
HillZh Rl DWW THRRFE N Z 72,

Day25
Sacrifice

4. MR

[1] NFxB ORREH] VT ) TA RO P i
AR 2 JAE TR O st

LMS8 (2755 IxB Z 9038 BLEH IR 12

NFxB {&MHAFHEL 7= /ilafkk LMS8mIkB Tl
NFxB ® DNA GB35 L OMR G152 il
NTNWAHZEN EMSA 3L NFkB LAR—#—
T A TCHERI N, £7- LM8mIkB X
VEGF EARLK TFL TV, B T AR
WHEREE T ML DT, LM8mIxB il
1% LMS8 ([t ~ME s e 2 /R LTz,

)

< 30 7 &~ 10
= £

= &,

i 25 = 8 4
: :

£ 5 | <0001 |

s

2 15 1 E

E £

& | =]

g 10 s

£ e ,
S 5 g
r :

< 0 _mIkB LMS8 L _mIkB LMS

DNA #EARE. B 595, VEGF FEAZMHIL .

i LLLJ
EMSA

LM8 osteosarcoma colls:
Parthenolde reatment - 1 hr

VEGF¢s .y
VEGF,,,' ‘ B

0 02 2 20 200
Parthenolide (ug/ml)

IMarker 0 2 20 200

48 hr conditioned media
10 X concentrated
by centrifugation

[Marker 0 02 2
Parthenolide (ng/ml)
Apoptosis

20 200 VEGF  expression

Western blotting

0 02 2 2

RHENS T Ry— A2 LT,

— 7, v AREFIREICL DS RER RIS
BWTH LMSmIkB #ifiix LMS (2 ~E il
i neE R L, LM8 JBEEE IR VT T
AR I DIRFZBIMh T 2B CH ISR 03
Bl =Dy, BfER 48 KRG/ L
T )TAR O 5 &M LT85 AT s X
WS e otz w7 LM8 % &
ELT-# . REAOICIRRR A B L= o &
AR R OB Y TRHAIL 7L 24, B
HEERBEFICASNVT ) AR B 2BRIG T DL LT
Bt RIBEBHC IR 48 K CHE
WA S LT fia 23 s 352 3oz,
ZDZ LN NFrB 1% LMS8 O s AT
M AEL 0D i 1L 787 PR 75 TR £ 20 B Il R AR PN IR L
Than=—% T 5FECOERM CHEERE
BB H->TWDEEZLND, T2, 7 THEL
LTIEHL T Rh—3 A, VEGF PEAEHE/RE N
i
P2 AN = AN THHEHEIL TD,




8

8

=
o

proportlon area of tumer to lung (%)
proportion area of tumor te lung (%)

0
PBS 100ug 1mg
Parthenolide (kg / day)

PBS 0.01ug 0.1ug 1ug 100ug 1mg
Parthenolide (kg / day)

1.0
0.8+
L
& 0.6+
E —
E 0.4 — control
5 — Decoy ODN inhalation
?02-
- p=0.0011 N=6
0 T ‘ [ T ‘ T f T ‘ - T
10 20 30 days

S
E,,]00 =
E] ° —*— pPBS
2 g0 _ 5 045
T £ — honolid
é 2 04 -
£ 60 E ’ *
S
£ S o 035
E 40 £ i
. RS
20 el
E B 925
g LA g
< . . =
PBS After coadministration _§ 02
_A48hrs 2
Parthenolideafter 2 05—
tumor injection 4hrs 24 hrs 48 hrs

[2] NFkB (2%t 957 A4 VITXILAF R
Lo E W ERER R OB
(1) EMSA
LM8 Ozl
Fv 7= EMSA Tix
WIRM: NFkB &4
RL7= NFxB 7 =A
EDFEETHTEN
=Yl
(Lane2) .
(2) i H5E
NFxB FaA£/m13Ar7 7 VT a(% LM8
\ZRF o RTx 7 ar L, 24 FEfH#IC WST-1
assay #ffifT. NFkB 72/ % 7 A7 23
U T- AR T FE DS AT,
(3) TaAWANIRIFET /L
Y EBRETT N CTOT a5
Kleinerman HLOKGENEEGIET72bh, W
NI Z K0 EEER L T2~ A% SRS &<
JOICTEEIZEF D | ZDIREEA RS T FETHHA
T oM FLRIENICE 595, 7 a4
NIRIRET LV Cld C3H ~ 7 AR T2 LMS #
faZHEfEL | BEFEE H 0 0 SGE N 5217
-7, NFxkB 7 aA 5 TIE— HH720

lane

NFKB =

free NFxB =)
probe

s
=
EY
=
B
=
Y

=

o

1000pg @ NFxB 7 =21 % 25ul (ZfEL T
Be 5L, XtHREET PBS 2% 5-L7=, 1R BHAG
%25 H K s COREH U7z it Ikt FREECIT 2
151 C FitiRELRS, 2% T | CHR R/ NS HT IS 22 BGRO S
23 NFrB 7 A VR CIImE Eids 3
D7 MRS BT, ISR O
FERIE NFxB 7 aA & 58 CH BITED -
7o ETFHIMOMGTCTH NFrB 7 2A V5% T
ITAEFHIBNER L T,

[8] 1&E EMIRIC LD~ A E W IEME LMS8
@ NFxB G R R
NFxB &Ml O HIE To T,
fifififiats FIEICB VTR LM8 O
NFkB i a#{edE L 7=, MLE-12, MH-S,
UVQ2 OR:#% EIE 28T NF-rB IGEITE
STz, WOk OREE EIFIZBNT
HA E (2 LM8 @ Apoptosis [ZHHIS AL, Hll
B RS U7z, MLE-12, MH-S 0553 F
1% Tl VEGF, MMP-2, Fibronectin M3&3i
NITHEL 7=, LM8 & NFkB 51X
extravasation L, ffiff/NEREEICADE TT A
fifife B R, Fiifa~ a7 7 — b0
paracrine factor (Z&D{EME{EE 1, apoptosis
DI AL, MERRHESE % OY anglogenic factor
DIBPMEESINHZETHIB IR NMEES
HEEZ B, FifiEIZ LD NFxB jE A
YEAIE LM8 ifi#sf2123517 % seed and soil
theory 7 i D—oLE 2 b,

Effect of Lung organ Conditioned Medium
on NF-kB activity of Luc-LM8

Effects of Conditioned Media on NF-kB activation

lung CM liver (M kidney CM  spleen CM

Effects of Conditi Media on LM8 Apoptosis

Effects of Conditi

Media in LM8 Proli i
(=3, mean: +50) %)
<005 *p<0.01 s

*x
m I I I
o
MB MIEL2 WS

0
we2 ms  aEcH m Endothel

apoptotic cell
» 5
i
HEE



The CM of MH-S,MLE-12 enhanced
VEGF, Flt-1, Fibronectin and MMP-2 expression
(13

MHS  MLE-12 LM8
DMEM(-)

™ ™ o]
veera e —————
(VEGFR1)
ey el
mmve-o IS
e i s g SR

{Samples harvested after 24hrs treatment)

[4] HIF-1 fHERTE Y =20 LM8 <7 A F
PA I A AR L oot 3 2 B S @J%'%

T N%, FO M BEENEIC LMS i
DIEFEHNH] | Tn“i’%—“/x%%ﬁér%fw_o 20pM
VL ECTHEBICT Rb—Y ABE AR T,

2

——ap O0uM
—s&—ap 10uM
—&—ap20uM
—%—ap 30uM
—*—ap 50uM

o

Absorbance

o
o

o
=)
5

24h 48h 72h

*  P<0.05
**x  P<0.01

apoptosis (%)
&

Aplgemn (M)

VDA TBETT VCIIHE BZEITRVB, T
BV = R GRED I SRS O R AER CTH
DR AFRO T, Fio, MR, JRpTiE
5 CIEBE RIS R E e 22 BA RO o T3, fifi
MR CIIT Y == R B W T, FHIC
Em%@ﬁ)ﬂnﬁ%ﬂéhéﬁﬁ%mu&bm TEYr=

3. B AREMALE LMS8 Mo hE A aniEL .

THRM—= RAEFHELT7, in vivo DFEERIZIB W)
Th, AT O KA HHE| L, IliEs & |
T AMMERL,

fDFEIEE RIARIS, TEY == 3 F P E
LT%HH@%%%’&E@@?%_kﬁi’C%é&%K
bV,

2500 Subcutaneous Tumor Volume (mm?®)

2000 -
1500 f
E

1000 f

500 -

0 - - . . i L L
day7  dayl0 dayl4 dayl7 day21 day24 day28 day31  day33

—— DMSO —=— Apigenin

fh¥n?

7I:°‘“):|: VB

DMSOTR'%'_-ﬁ

5. BB FEHRLE
(W | MR 08 R OV SRR IE 4 1
1T FRR)

CdERERm 30 (RE 17 1)
1. HamadaK, Tomita Y, Inoue A, Fujimoto T,

Hashimoto N, Myoui A, Yoshikawa H,

Hatazawa J. Evaluation of chemotherapy
response in osteosarcoma with FDG-PET.
Ann Nucl Med. 2009 Jan;23(1):89-95. &
bl

2. Tamura D, Hiraga T, Myoui A, Yoshikawa
H, Yoneda T. Cadherin-11-mediated

interactions with bone marrow

stromal/osteoblastic cells support selective

colonization of breast cancer cells in bone.

Int J Oncol. 2008 Jul;33(1):17-24. #&¢
3. Kishida Y, Yoshikawa H, Myoui A.

Parthenolide, a natural inhibitor of nuclear
factor-kappab, inhibits lung colonization of
murine osteosarcoma cells. Clin Cancer Res.
2007 Jan 1;13(1):59-67. 25t

4. Sotobori T, Ueda T, Myoui A, Yoshioka K,
Nakasaki M, Yoshikawa H, Itoh K. Bone

morphogenetic protein-2 promotes the
haptotactic migration of murine osteoblastic
and osteosarcoma cells by enhancing
incorporation of integrin betal into lipid
rafts. Exp Cell Res. 2006 Nov
15;312(19):3927-38. e

5. Morita S, Oka Y, Tsuboi A, Kawakami M,
Maruno M, Izumoto S, Osaki T, Taguchi T,
Ueda T, Myoui A, Nishida S, Shirakata T,




Ohno S, Oji Y, Aozasa K, Hatazawa J,
Udaka K, Yoshikawa H, Yoshimine T,
Noguchi S, Kawase I, Nakatsuka S,
Sugiyama H, Sakamoto J. A phase I/ trial
ofa WT1 (Wilms' tumor gene) peptide
vaccine in patients with solid malignancy:
safety assessment based on the phase I data.
Jpn J Clin Oncol. 2006 Apr;36(4):231-6. %%
Gl

6. Sotobori T, Ueda T, Oji Y, Naka N, Araki
N, Myoui A, Sugiyama H, Yoshikawa H.
Prognostic significance of Wilms tumor
gene (WT1) mRNA expression in soft tissue
sarcoma. Cancer. 2006 May
15;106(10):2233-40. 5 7t

7.  Bowden ET, Onikoyi E, Slack R, Myoui A,
Yoneda T, Yamada KM, Mueller SC.
Co-localization of cortactin and
phosphotyrosine identifies active
invadopodia in human breast cancer cells.
Exp Cell Res. 2006 May 1;312(8):1240-53.
i

8. Hiraga T, Myoui A, Choi ME, Yoshikawa
H, and Yoneda T. Stimulation of
Cyclooxygenase-2 Expression by
Bone-Derived Transforming Growth
Factor-B Enhances Bone Metastases in
Breast Cancer. Cancer Res 2006; 66
(4):2067-2073. i

(%R GF1914)
1. Fujimoto T, Tomita T, Myoui A, Kakunaga
S, Kishida Y, Ueda T, Yoshikawa H.

NF-kappa B decoy inhalation as a treatment
for osteosarcoma metastasis to lung. 12th
Annual Meeting of the Connective Tissue

Oncology Society. Venice, Italy, Nov, 2006.

(PEZER PEME)
ok (Bt 1 14)

B R RIS HR A A 5
FIE A B 2 4
HREN 40 [fth 1 4
¥ErE 3815736 &
VR 1846 H 16 H
=N

6. WFZERE R

(DAFFEREHE

44t B (MYOUI AKIRA)

KPRz« = S5 b B e e » 28

s %5 : 10263261

QWFFE

)11 FH# (YOSHIKAWA HIDEKI)
RIRK TR FBE - =7 R W50 - %
e E %5 :60191558

W 23 (UEDA TAKAFUMI)

ES VAT 3 NI e S8 S
s 500324773

M # (TOMITA TETSUYA)

PN TNE Y N R e Y SR HE S
s %5 : 30283766

‘A fhz (HASHIMOTO NOBUYUKI)
PN TNE Y N R e YIS SR HE S
W5 %5 50324752

EH H17(TAMAI NORIYUKI)

PN TNESY N R e I SR HE S
s %5 60464244

(WF7et 1

kM 72 (YONEDA TOSHIYUKI)
KRR R - e 2R e R - 8%

PEA 4T (NISHIMURA RIKO)

PN TNy NES TN R 2 S AR E
P 5 (HIRAGA TORU)

KRR R - e i R - Bh 2
GHiEFn== (ITOH KAZUYUKI)
KBRIFSLRE NIR 2o &2 —RF AT - 5

i AfE AN (ARAKI NOBUHITO)
KBFFSERR NIR 2o 2 — ¥

& 2= (TOMITA YASUHIKO)
KIKFFSERE NIR o 2 — T 5

S5 H Gk (KISHIDA YUKI)

PN TNy NES TRl e IS S YU
AT A, B ke, AN &L PR AT
OB, EH R MARSES BRAERE, B A
=i, VM BR, BRI, 2 B
RKAKEN



