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Chapter1 &S

2RV A BEIE DREIR & 1G5

JRIMER, EMER, MR & Vo 7o i BRI 386 1 CoE f sl fie 2> & 5k L TR
BND, &M fER ARG & U o SRETEEAIGIZ 3 2L, BT 3R MER, 1
AR, BRRIERCHERIC /B L, BRI B M, THIlE, NK A &) BRIl
T 5, GMANELTE M) b MERARE AN 3 b D IBBEOWT NN TRENEL,
M RE IS D RETH D, LRMFHIEDT B MO &K LEIEZ & 5 TR E M
JAV RIS W CIEEME L CFHEM) . 7 v —PEICHET 5 ) L SRES TH

% (Figure 1-1),
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Figure 1-1 Hematopoietic differentiation.

ZRNEBREIED 40 BEATE ORIEIX EN T 60 mEf~70 MU ZWVEBETHY . HA
TIXER 10 TADHT VS ARIET D & SN T\ 5, REMEIEOR 1%, 1 masim
DRI 10%% b D & STV D EEME & SRTEIMEIC 5, 2R M BEE CIXE
FEABAD D FLH R PR AR 2 2R AN BN 2 TEEMAIE B M & 20k - s L7
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MlaCTh R EZEAT AN BRI T S22 IV E) 7 —F VB y 7a T
Y MEHR) ZEATDLEIICRD, TS K > THEEFOWEEFEERENE Z 5,
F 7oA BENEM I OMEFEIZ KV IEF G s mfl S v, i SO S EL D, SHIC
ZIRMEEMIEDIER TR OEZLVON, B Th D, BBENEMIR G LDl - B
flede U TR L L, B 3RMila 0k z sl 2 2 & TEMEZESEZ D | BR0m
HVET 2 b7 63 ZREEBEIEIC I T DB RITEEE Lo WA 2 &
OFEIZB T BRIV ELS, 8RO E I Quality of life (QOL) ZKR T4 2572
FT7<, FEET AT %2 20% A8 5 2 L bHiE ST % (Saad et al. 2007)

BURE AL CE BB RIEI LSRN HE LVRBETH V. QOL AMEFRF L7220 b RHAF %
BT 2 EMBREE S s, BiEEAOBE (A% LT 65 k) ([T RET
Wiz UM 2 & MM T AL 5, BHEIEE H OB 12T 40 FLL Licbhiz-
THEEEILETHSTZ AN T 770 TV =y B AlMA GEFETIER LT Y I 70
TV R FEOFENMEM NG, AMALICRD, TeT T Y —LHEATH LR LT
VITRANT 4 I T HEREHITHL LT R FRORYY FI R, EHITE
J 7 a—FABUKIERAICTH D0 Y Xv T XT Y A~ Tl Lk BRI
W LRSI K OROWEROEE, EFEMHOERMGEOND X 52k o7, L
LR BRIZIZERIINETH D | % < DB T H ~BFEHZITHEFET 2 (Richardson
etal. 2018), BHHEIEMILO 7 v T 7 Y — AFLEARCRETRETANI XT3 D MRS
BlbHE SN TERY ., B HBEREORBITIREORETH 2,

FIEIRZEIT T D FRIEE L TUEERNTIIE AR AR R — MdFlo Y L e v~
fi% & 721351 receptor activator for nuclear factor-xB ligand (RANKL) Hifk7 » A~ 7 23 H
SND, INODOFEANZ LY BEEFRS GRREIT. BREIKT 2 BEIEHR. &
JRA RIS 2 AMEHFAlT, FBEEE) OFEBLTIH] S I RIZITEEOE OBETH
B ER A AE L% (Rajeetal. 2018) Z &6 ZHMERHIIEICH T2 EFRAEICEHL TS
=— X E 72 STV,

BRI OIE, AfE, ARSI B DA v 7L

% MBI O RETE R (3 BENEAD N & B B0 N R BE O AR 23R < B G- L T
WD EBERUNR BRI BERVE MO B R e M, B R, BRI, AP
Faifaze & OMIEEC X 0 R S T D, B REIEHIIS OB B NREE N D A — 2 T
AENINRT T TA W ENTHA S IA REERF a2 LTy 7T IREIS




L0 B HEIEMA R L VAR A ST D & & BT, A IR OTEPE AR
EE I EmH 235 L, BRAEDIRAEFHLET 5,

HHEIE X B © 40 W3 5 tumor necrosis factor-o. (TNF-a) . transforming growth factor-
B (TGF-B). vascular endothelial growth factor (VEGF) 7¢ & CHEBEM/INREICFET 55
BEFEMIO 2 RIS 5, 2 OfE R, B HHEEMIEA 5 interleukin-6 (IL-6) . VEGF, stromal
cell-derived factor 1  (SDF-1). B cell activating factor belonging to the tumor necrosis factor
family (BAFF) 72 & D% A N4 VB3I ivd, £ L CEHBEMEORmICHEIT 5
Lt 7% —%41 L. nuclear factor-kappa B (NF-kB). Ras/ERK. janus kinase (JAK) /signal
transducer and activator of transcription-3 (STAT3) . Phosphoinositide 3-kinase (PI3K) /Akt
72 EOMRAN T 7TV BNEHAL S AU, BRRESTLTT AR = A ERR ER BB &N
%o IL-6 1L RMERIIEEE OMIFICHB W T EA L TR | FhilEMROIESE « AfF~
DRV G237 R"2 X415 (Hideshima et al. 2007, Saad et al. 2007, Lauta et al. 2003), IL-
6 HIBIC K VISEILT 53 77D 55 JAKSTAT ¥ 7 ik, BREEMIEIC 38T
TEHFHNTEMEL L TV D 2 3 8E ST Y (Yuetal 2009, Ferchiou etal. 2017), IL-
6 FIHIC X o B RiEHIILIEsE - AT 2EE RS T T AL ThHL EEXDBND, F
7o B BEREA D O K H ICAFET 5 lymphocyte function-associated antigen  (LFA-1). very
late antigen-4 (VLA-4) 72 E D851 & B #EHE MG O vascular cell adhesion
molecule-4 (VCAM-1), 7 1 7 a2 F > intercellular adhesion molecule-1 (ICAM-1)
MEDYH Y REDOFHEEITEY MEK/ERK, Src 72 EMEMEL S, MITAHEZH, 177 A
PV AEMZRRE L, A2 159 2 L B A 55 (Hideshima etal. 2007, &8
REfthL, 2014)

238 M BENE T 2 < FR O B 2B AR 1 3B BERE M A F >k DR MR - ds K OVE BEHE
fies & B REUNREE & O EAEINC XD BBRINOREICEES S LEX BN TWD, ilE M
N OIEMEAV I B Bl E A 2RI 35 8 S 2B M/ {kIKF RANKL &£ 0
BLYZRIKTHENTCTHD osteoprotegerin (OPG) & DAEFH DT o 212 L 0 G
SNDN, ZRMEFHIEOEF Tl RANKL ORBNTHEL, OPG OFHIMET LT
V% (Pearse et al. 2001), ¥ 72, macrophage inflammatory protein (MIP) -la 33 & O MIP-1B
DOPRELENTLHE L Tu5, (Hashimoto et al. 2004) ‘B HEEMILNELET D MIP-1a B L
MIP-1p 1. B BEREAIC I BL L T 5 VLA-4 ZiEMAL URVE L & D88 2 EtE4 5,
COEEFEICLY | HHEIELS S O MIP-1 OSNBKIEE HITTTH#ET 2 & & blo, kS h
7= MIP-1 2535 O B BRI = L SFEF L. RANKL 3255895, 20 X9



72 MIP-1,RANKL %41 U 728512 X 0 B SEIEA iR XA B iR D 731k « i &R 3 5,
VLA-4-VCAM-1 %413 5 B HEIEMAE & e OB E I8 5 2 7 WRZES RANK-
RANKL ¥ 7 F/UiZiE Sre ¥ —E 25 L T\5  (Figure 1-2),

BhtiER r\
NFB ?BK/AKT Ras/ERK o

JAK/ISTAT3 7

// Src O
TNF-a, TGF-B,

VEGF @-1 LFA-1, VLA4

VCAM-1

& — B

TR RIBEH AR

IL-6, VEGF, SDF-1a, BAFF

=t

Figure 1-2 Interaction of multiple myeloma cells in their bone marrow milieu.

JAK?2/Src % —PHHEHAI NS-018

NS-018 | H AFHL CTAIF S 4172 ATP B A D JAK2 ¥ F—EBHEHTH Y | BifEK
FENZ BV CEBERHEIE 2 x5 & L7= Phasel2 i{Bi% £l TH 5, JAK 77 2V —I|C
JB3 5 JAKI, JAK2, JAK3, tyrosine kinase 2 (Tyk2) ¥+ —ED 955, JAK2 ¥ —+E
BRI ACIET D & &bz, 7V Sre ¥ —EBIEER 2RO L0 ) R b
% (Nakaya et al. 2011, Nakaya et al. 2014)

JAK2 ¥ —R IR RT3 —EBThs, ZREATFo -8 L
FERIZF T —8 RAAL HICAC Y VB B3 KON ATP &S F/EL, A Y
CEBIZ R D S —BVEMEAFET L TV D, JAK2 1[I Y AR R F UZEERL ha
RIRTTF UZFRZI I LD LT O RZBFRICEZE L, A M A v 7Tzl
WICAGIET 5 EEE /R %5 2 B7- L, JAK-STAT £ 2/ L C I HIIE D B 50431k % 7
/95, JFRMEBRHEE CIZEL BICJAK2 % UV B 61T FEH DT X JBEO N
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UUNT7 2= VT T = NS EB S VT2 S ZEE R (JAK2V61TF) 23388 B, g
2LV JAK2 FF—EOMBINMEER I, YA MU A IEFE T TR —BIEMENER
MIZTTHE L T % (Nangalia et al. 2014) , = DIEH>, JFRME BEIRHEE B35 DK 20%~

30% T Calreticulin {5 -2 B3GR H A5 M3, Calreticulin 2 FLAfid Tid JAK-STAT #% 1%
PIEMAL L TWD Z ERMmE STV % (Araki et al. 2016, Chachoua et al. 2016), Z L
5O LML EHEIEZ 65 & L TIAK2 ¥ — B 2R & Lo FEER A $% <
B ST D 28, NS-018 1 X% D HfCTHE— JAK2 FF—¥ & E(2HR\ Sre - —V[HE
TERZ RO TH S, Sre FT—F b JAK2 ¥ —P L ARRICHEZARMF oo o x
FT—ETH D, Src FT—BEIBPAJFEMLET c-Sre & LTHELIL, < DOBRAITEBWN
TR L TBY . DADRESRCEBICEET 52 ENRBINTND,

AHEFED HHY

238 BENE L2 35U T IL-6/JAK/STAT > 7 ) VX B BB HEMI AR 0O B - A 1712 < B 5
LTWD B2 bID, £z, BREEM & B HiM R EE & OBE BRI OEE Y 7
F L Sre T —FE R L TWA Z Lo TV D, ABFZETIE JAK2 5 —F
PBRLEME B £ O Sre ¥ —EBREIEM % DR REORFEA 72 NS-018 D585 BE - %t
T LT EAFNE L CoF AL R LT,



Chapter2 IL-6/JAK2/STAT3 7 F /v
\Z%3 5 NS-018 DEH

2.1. /X

IL-6 IZREIRIIEVET A A D—>THY . THIK - BN & Vo 7= 50 Hifa
Roik M AR A (kL C BEAEAREE < MIIRSEOIHI 2 E SRS KR v L B N ~ME
R DB R0, ETomERMIRD S 6 flix Ol O EIC bGP S 2 &
DEHN TV D,

ZHRMEBIEIC IV T IL-6 1A BRI & 2552 2 LIS X 0 BBV E ML,
MR, AN S WS LD, SIS LI EBY | ZRMEEHIERE O MG T
(X IL-6 &2 LA LTV DZ ERHEINTEY, IL-6 (X HHIEMILOIETE - A7
HLTwWaEEZ26N5, BHEMEIT IL-6 ZREEZEILTRY, IL-6 #liKIc XY
JAK/STAT ¥ 7"} /L=° Ras/ERK ¥ 7 /L PI3K ¥ 7 FNVERERILEND, DO
JAK/STAT > 7" F /WL B #EIEAIRZ B W THEFEAIEM L L T s LG SN TE D |
IL-6 RIS K 5 B BEIEHAESE - AP ICB G T 2BERT 7T L ThDH B BND,

IL-6 52 ARIZ IL-6 DFEET D & IL-6 ST RIT gpl30 & > /37 LM @K Z A L,
JAK1/2 Z1EMEET 5, JAKI2 IZAC Y Vgfk e gpl30 DU U E{LZ1TV, Gpl30 DY
UIERALFR AR SH2 RN A A &4 LC STAT3 M iEG T %, STAT3 1 JAKIR 2K -» TV
VERE SN D & ZRAEATER L TERNICEAT L ARG 1 OB G 2 il i3 5, AG490,
pyridone 6, INCB16562, CYT387, AZDI1480 &\~ 7= JAK &) — B EHNT IL-6 K717
PEO B BEIEANIL S - ZEFZIHIT 5 2 EBRMEI R TWD, (De Vos et al. 2000,
Pedranzini et al. 2006, Lietal. 2010, Scutoetal. 2011, Monaghanetal. 2011) Z® X 9,
JAK FF—BHEACZ O Pty 7T OMERNIZREEMHERE AR THS &
EZONAHMN, BUERFEHKE L TEDIL TS L D170,

Z Z CTAFETITJAK2 ¥ —EEAITH D NS-018 D LFNMF HEIEM LI 545 1
FEINHIVER 2Bt L7z, £9° JAK2 ¥ —B DO N TH D STAT3 OV VERLICKT 5



NS-018 DAEM Z7Fl L7z, It MBI IST 5 IL-6 IRINIC & % STAT3 D U g
BB, 720V VERbicxd 5 NS-018 DIEH &Mt L7z, & L CEAMEHENEM
Rk 2 F T IL-6 FRINC X 5 STAT3 @ U b CHEVER 38 L VY Rk %95 NS-
018 DIEA A MG L 71, HFHIZ 332 NS-018 DIEH & MFt L7z,



2.2.1. HIRERDOBEE

Ba/F3 JAK2 V617F il (H ASHHIC TIREEL) | U266 #ifll (ATCC, >K[E) . RPMI 8226
Mk (JCRB, KfR). KMM-1 #ifd (JCRB, Kf). ARH-77 #ifd (DSMZ, KA ) iX
10% Fetal bovineserum (FBS) (Biowest, USA) % &¢e RPMI-1640 {5 (7~ 7T /L
KU »F xR0 B, PCM6 fifid (BRBF, Z&5%) 1% 10%FBS % & T8 McCoy’s 5A £%
# (7 =TNRY vy FTroNr ] B PT, 37C, 5%CO ST THFE L2,

2.2.2. ELISA &

- VA i AL g

M 10 {8 ACK Lysing Buffer (ThermoFisher, X[E) ZNNx. =L T 5 o
B9 5, il (300g, 5%, =) L7-#. Phosphatebuffered saline (PBS) (574 7
A7 R T2EEET S Z L TIEMAEE AT 5 T,

+ A R
PBS T 2 FIVEH L7cMfutk £721X e M B R AL Cell Extraction Buffer
(ThermoFisher, K[E) ZfN% vortex %, /K EIZ 30 3fiE L7z, £ D%z L (20000g,
104y, 4°C) Laifadhiting (Bid) zE L7z,

* ELISA
STAT3(Phospho)[pY705]Multispecies ELISA Kit (ThermoFisher, K[E) O 7w ks =/L(iZ
WL Tlro7~, 7L v B D Standard Diluent Buffer C 10 575K L CfEH L
7o



2.23. b MMRECH

fEE N GEMER. 48 BERIRT HIRIEART]) 205 0.1%~ U A0 BIE & VY TH
MA4T o7, EBRIZT T NV R ES) X ARG LT HEPRMRICET S
B FE &) (CH o 72 A ARF SRRSO NHFRICE D DR MBEEE BRI TRR I
T HF R eV L 7=,

2.2.4. Western blotting £

« e e i A

HIM A 45 PBS T 2 [RIPe14%. TREXIC Cell Lysis Buffer (10X Cell Lysis Buffer (CST
DX Ny, HL) AEMAKTI0MEARLEbO) EElz, K<EET L, KT
10 Sy FIF#E% . 20000g, 15 77, 4CTELT 5, EFAMakhtik s L ThIT %, DC
FarA T vEAFy b (BioRad, KE) ZHWTH /™7 E&EK%, SDS ALEE R
% (50 mM Tris-HCI1 (pH6.8), 2% SDS. 0.1% bromophenol blue, 10%2-A /L7517 F % /
—/b, 10% glycerol) ZZ &Lt 4 : 1 THRAML TI5C, 5 MR L, -80°C CHllAE{RTT L
77

- SDS AWK E)FS L U Immunoblotting

10% e-pagel Z JHAWTEIR T 1 FefE<KE) (20 mA/plate) L7z, VKEIER D7V %
HHMUD 100% A X/ —/LCEMAL L7- PVDF & (Merck Millipore, >K[E) (2, 110
mA T60 7 ey T4 7 Lic, 7ryT 4 7T, AL 5%BSA (774
T A7 FEB) /TBST (150 mM NaCl £ £ T8 0.1% Tween20 % & &¢ Tris-HCI (pH7.5) #%{E
) F721% 5% skim milk/TBST H1C 1 BEffi 7' 1 v %> 7 L7z, Z @ PVDF %, CanGet
Signal Solution] (TOYOBO. K[x) T2 fF3ICAN L7z 1 IRFTIAK (1 phospho-STAT3
PUAR (#9138S, CST ¥ v /3> HAD) . $ianti-STAT3 Uik (#9132 . CST V¥ /3, i
) &, 4ACTWEE LZ, ¥ H, TBST MW\ T 3 [m¥E# L7=, KIZ Can Get Signal
Solution2 (TOYOBO, KFx) T2 &$ik (horseradish peroxidase conjugated anti-mouse IgG
antibody (#NA931V) & 723 anti-rabbit IgG antibody (#NA934V), GE Healthcare Japan,
) AR L. =R T 1 RREOS S E72%. TBST 2 W T 3 B L7z, Hit\ > T o



PVDF % ECLadvance (GE ~JLAZ T V¥ 80 B LRI SET-06H, (L3Ft
% Chemidoc XRS+3 A7 A (BioRad, K[E) ZHWTHKRH L,

2.2.5. BT oA (MITT )

90 pL/well 3°2 96well 7 L-— b & T4 H 428 L7 #ii2i2 % L, Cell Counting kit-
8 (FMALZEARZEAT, HEA) % 10 pLiwell THRM L. 5%CO, BB F T 4 A > F 2
— L7, 7V — h U —#— (EnVision, PerkinElmer, K[E) (2T 450 nm O WL %
HIE L,

10



2.3 FER

2.3.1. Ba/F3 JAK2V617F HMRRERICKIT 5 VU v E{l

STAT3 (%95 NS-018 D{EH

JAK2V617F 28 B X E MR M BR S INE AR MR M B BEARAEIE & W o 7o 8P E g A
PR B LTI DFEFI TRO BN OHZERTHY | JAK2 FT—ED 617 FHHDOT
JBEDNY N T 2= VT T2 NIBBINTWD, ZOERIZE DA N A CIEAE
1EF T JAK2 ¥ T —BEFETTHEN?E Z 5, Ba/F3 JAK2V617F flifai% Ba/F3 Hifaic
JAK2V617F ZRAZE AL, JAK2 ¥+ —F¥ 2 VI L2 HEEEH L S - MlatkTh 5,
Ba/F3 JAK2V617F Mifiizd51) 5 U b STAT3 1Z%F9 % NS-018 OIEH =it L7z,
Ba/F3 JAK2V617F fllaAKIZ NS-018 % 0 721X 1 uM THIM L, 3 REM% AR ik
13721 . ELISAEIZTY Uk STAT3 ZllliE L7z, ZDOfEH. Ba/F3 JAK2V617F #l
JARRIZ BT Y “lR{k STAT3 1% NS-018 OFINC X v #il & #u7=  (Figure 2-1),

80
70 -

60 -

50 -

40 -

30 -

pSTAT3 (U/mL)

20 -

10 -

) —

NS-018 - 1 umol/L

Figure 2-1 Inhibition of p-STAT3 by NS-018 in Ba/F3 JAK2 V617F cells.
Ba/F3 JAK2 V617F cells were incubated with or without 1 uM NS-018 for 3 h. Cells were harvested
and lysed with cell lysis buffer and the lysates were analyzed for p-STAT3 by ELISA.

11



2.3.2. b b IL-6 BIEEOSHBE

b M MERHIAEIZ BT IL-6 WRANC L % STAT3 OIEMEAL (U U ER{L) 23R8 B D h,
F2E DY CEICKRTT D NS-018 DIE Z a4 2 H T, EPIRREEO KM
AT o7, BN TL-6 L, RIBRERT, ME MK & ORF 21T o7, HEF A BRIk
300 pL 7212 1 mL {Zxf L, IL-6 (Recombinant Human IL-6 (R&D Systems, XK[E)) %
30 ng/mL % 721F 100 ng/mL #A LT 15 08 £ 7213 1 RE SRR iR 2 1572, il
C ELISA i5&17Wy, U U ER(L STAT3 ZJIE L7z, ZOfER, IL-6 J#E£ (30ng/mL £ 7=
1% 100 ng/mL) . FPEEERT (15 /0 F 7203 1 BefE)) . M &E: (300 pL 721X 1 mL) OV
NDRIFIZIBNT S IL-6 DRI LY U b STAT3 OO b7z (Figure
2-2), MEE/NROEEE AV TR 272012, 1L-6 L% 30 ng/mL, FIFLEER] % 15
oy, ML RE% 300 pL D&M THRFT 5 2 & & Lz,

80 -+ i
70 -
60 -
~ 50
=
s E—
2 40 —
ﬁ _ —
=30 -
0
(=X
20 -
) o o BB |
- 15 ih 15 ih - 1h 15 ih
min min min
IL-6
30ng/mL 100ng/mL 30ng/mL 100ng/mL
1 mL whole blood 0.3 mL whole blood

Figure 2-2 Validation of ELISA assay conditions.
Whole blood samples (1 mL or 300uL) were incubated with or without IL-6 (30 ng/mL or 100 ng/mL)
for 15 min or 1h. Hemolyzed samples were lysed and the lysates were analyzed for p-STAT3 by ELISA.

foe\ N THEIE A R & 15 5 AT O VA IMALEE OB 2 fREt L7z, 1R 300 pL (2 IL-6 (30
ng/mL) ZUHIL T 15 51412 2.2.2. 0 FIEIZ BT MR T > 752179 b O E1TD

12



NLOEEY . MR 215 7-, %t C ELISA E417V, U U fig{k STAT3 % HIE
Lz, ZTORER, WIAER AT » 13T o712 b D LT R o T2 b DO THERIZ KX 7pE
72 <, BEI2WZ &7 (Figure 2-3),

70

60

w B ul
o o o

pSTAT3 (U/mL)

N
o

[
o

. [ ]

IL-6(-)  IL-6(+) | IL-6(-)  IL-6(+)

with hemolysis witout hemolysis

Figure 2-3 Validation of ELISA assay conditions.
Whole blood samples were incubated with or without 30 ng/m IL-6 for 15 min. Hemolyzed or not

hemolyzed samples were lysed and the lysates were analyzed for p-STAT3 by ELISA.

2.3.3 b MMERHIRRIZIBIT B IL-6/JAK2/STAT3 7

F X9 B NS-018 DFEA

b N MERHIRRIZE1T D IL-6 IINZ L % STAT3 @ U »E(kic k3% NS-018 DIEA %
BEtT 5 BT, 2 E TIQRO 5T UMb STAT3 ZHIE L=, s Ak
% 300 uL H1{Z NS-018 (0, 300, 1000, 3000 nM) 35 L TNIL-6 (0, 30 mg/mL) Z¥#AIL .
3 KA ¥ 2 — b LISl iR 2 7572, iV T ELISA iEZ21TV, U UMk
STAT3 Z#HIE L7z, TOREE, IL-6 OUHIC L 2 STAT3 @V »EE{kiX, NS-018 2LV
PRI IH STz, 72 1L-6 ORI 72V IRRED U (L STAT3 (2%t L T % NS-
018 I LR AFRIZHNHI L7 (Figure 2-4),

13



18

16

14

12

10

pSTAT3 (U/mL)

NS-018
1 3
(umol/L)
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Figure 2-4 Inhibition of p-STAT3 by NS-018.
Whole blood samples were treated with the indicated concentrations of NS-018 and incubated with
or without 30 ng/mL IL-6 for 3 h. Not hemolyzed samples were lysed and the lysates were analyzed
for p-STAT3 by ELISA.

2.3.4. ZRMEREEMEEKICBITS IL-6 HBINZ X5

JAK2/STAT3 < 7 F /VigtE b

WA B HEIEHIA 2 )T IL-6 OWRINIC L VW JAK2/STAT3 o 7 F /L OTEMEAL 3588 &
NDMRT 5728, PCM6, U266, RPMI 8226, KMM-1, ARH-77 (&3I4 E BEHEMIY
) ZRHWTLL T O 21To 7, ZFNENORIRNIZ IL-6 (Sng/mL) Z A1 L 5%CO,
BREE T C 2 KfE]A % o X — N U7 IS K % [RIUYX L, Western Blotting 7412 & 0
p-STAT3 3 L O STAT3 OFBLZ R L7, T OMR. 185913H 2572 5 Fe T Ok
TIL-6 IS L 0 U gl STAT3 OB MAHER 7= (Figure 2-5),
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IL-6 - IL-6 +

PCM6 U266 RPMI  KMM ARH PCM6 U266 RPMI KMM ARH
8226 -1 =77 8226 -1 =77

Blot:

---_— p-STAT3
-bhb bu—'dd STAT3

Figure 2-5 IL-6 increases phosphorylated STAT3 in multiple myeloma cell lines.
Myeloma cells were incubated with or without 5 ng/mL IL-6 for 2 h. The cells were harvested and
lysed and the lysates were analyzed for STAT3 and p-STAT3 by western blotting.

235, ZREEHEMBERIZEBIT S IL-

6/JAK2/STAT3 3 7 F M izxt3 5 NS-018 DIVEH

234128V T IL-6 DU X 0 BRZHEVY STAT3 @V U ER{LSFRD Hiv7- PCM6,
U266, RPMI 8226 % T, IL-6 (2 & Y {EMAL S 417z STAT3 (2595 NS-018 DfEH %
Bt L7z, MIfZiZ IL-6 (10ng/mL) Z¥shn L 2 BEf#% 12 NS-018 (0, 10, 30, 100, 300,
1000, 3000 nmol/L) Z¥AN L7z, 5%CO, Bl T T 30 43fH A v % =2 _— |k L7z Il
FHHE A B L, Western Blotting V£ 21TV, U (b STAT3 35 X O STAT3 DI Bl % fife

LT, FOFREHE. IL-6 BINTEIL7- U Ee{b STAT3 1%, NS-018 12 X 0 JEFEUAFHY
Wzl S 7z (Figure 2-6)
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Figure 2-6 Inhibition of STAT3 signaling by NS-018.
PCM6, U266, and RPMI 8226 cells were incubated with 10 ng/mL IL-6 for 2 h and then treated with
the indicated concentrations of NS-018 for 30 min. The cells were harvested and analyzed for
STAT3 and p-STAT3 by western blotting.

2.3.6. ZRMERIEMAREICIT S IL-6 KIFMHHR
HEGEIZ % 5 NS-018 DYEH

IL-6 |3 B ML & N BT & ORI ALERNC X 0 EHIE A & /W S du, B BRI AR
OMFEIZE G35 LB 26 TW\Wb, & 2 TPCM6, RPMI 8226 % FV T IL-6 (2 L V{2
95 L& 2 5N DRI D NS-018 OIEAZ M L7z, £9° PCM6 (2 IL-6

(10ng/mL) 3 L TANS-018 (0, 10, 30, 100, 300, 1000nmol/L) % ¥#sII L7z, 5%CO,
BRBE N T3 HEA % 2_X— b LIS MTT I CRIIEER 2 IE L, TOREE, IL-
6 DA L0 MFHEFHMERE L, NS-018 12 & - THREKRFAIIC IL-6 {KTFMEDOHFH M
il =z (Figure 2-7)
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Figure 2-7 Antiproliferative effect of NS-018 against PCM-6 activated by IL-6
PCMB6 cells were incubated with or without 10 ng/mL IL-6 and the indicated concentrations of NS-

018 for 3 days and cell viability was analyzed by MTT assay. Bars represent the mean = S.E.M. (n
=3).

XIZ RPMI 8226 (2 NS-018 (0, 156.25, 312.5, 625, 1250, 2500 nmol/L) 33X UNIL-6

(10ng/mL) ZHML7=, 5%CO B FCT3 HMA & a~X— bk L72%IC MTT 512 T
MR A IE Uz, & OFE R, TL-6 BSINC L 2 Mla s et E I 2378 H v T, £ 72 NS-
018 |2 X A HIER D HiZe - 7= (Figure 2-8),
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Figure 2-8 Antiproliferative effect of NS-018 against RPMI 8226.
RPMI 8226 cells were incubated with or without 10 ng/mL IL-6 and the indicated concentrations of

NS-018 for 3 days and cell viability was analyzed by MTT assay. Bars represent the mean =
S.E.M. (n=3).
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24. EBE

ARFE T IL-6 12 X 0 IEME(L S 37z JAK2/STAT3 & 7 F/uizxtd % JAK2 7 —ETH
FHINS-018 DAE &t L7z,

FPJAK2 FF—E 7 FOLMEFIZIUE LTV % Ba/F3 JAK2V617F #ifld 2 v
ZREHT L. NS-018 23 JAK2 ¥ F—E v 7LD it Th 5 U Bl STAT3 % #l
T 5T ENRINT, RICE MIEBERHIEZ W2 REHT K> T IL-6 BN L Y STAT3
DU UBRALNTTE L, £ DY VEEIZ NS-018 12 L » THIfl &b Z L3y -7z, IL
6 FEUMD U Wb STAT3 (ZxF LCH NS-018 (LI K AFAIZ I3~ DM 27~ L7z
N ZHUED & B SRS LT IL-6 (2K » T EF L7z U o Fe{k STAT3 2 L7-
LDOEEZBND,

WA FME A BEREHI AR 12 W T B [AIBRIZ IL-6 (2L D JAK2/STAT3 v 7 VD%
EDFBO B DD, F T2 OIEMHI L OVEMIIC K 2 Mg TEIC k325 NS-018
DM Z HFT LT,

TP LR HIEMIREIZIS O TIL-6 DIRINIZE Y STAT3 O VU LA TLHET 2 0
BEtLice 2 A, e 5 EAETOMKTY Uik STAT3 OISR S 4t7z, &
(2 IL-6 WINZ &0 U »fefb STAT3 A< A L7z 3 #k% VT NS-018 DZh R % fit
Liz& ZA L6250 EF LY gl STAT3 13 NS-018 12 L » THERAFAIZ I
ENDZENRENT, BZRICED D B 2 FEHEOBFHIEM K AT 3 BB T
A ZTo7c & 2 A, PCM6 TIE IL-6 OEAINT X 0 HFEIEHEDNFRD B L, £ DOHEFHIX
NS-018 (T ko TREKFHICIH END Z LN Eniz, ZNoOfEREIY, 25
P BEIEIZ U T NS-018 1% JAK2/STAT3 & 7 /Ll 24 L CRUNBRER 0 B 3 S 4
72 IL-6 IZ X 2 B HlEMa O AZ MG+ 5 &2 bbb, —J7 RPMI 8226 TlI£ b %
H IL-6 DRI X 0 HFEOEED TR B9, £ 72 NS-018 & £ DHYFH Z 11l L 727>
72. RPMI 8226 (% KRAS, p53. NIK 72 OB FEREZFFOMTH LD, &b
EINLOERICE VMM T NN =Y A 7 FARNEEEL TV
(Demchenko et al. 2010, Ikediobi et al. 2006) , IL-6 OEINZ LV U L fig{k, STAT3 @ F5H-
TR NN, b EN DD I - THRIREESE S 7 F VD3I T L7 R iE
IZdH Y, IL-6 DIINTE b7 HZHIHTTHEITRRD GRS ToD TR W E BT 5,
¥ V) RPMI 8226 (% IL-6 IR FEMEDHIfRL & B2 LD,
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LI EOFER X0 SR EBEIEMAIX IL-6 |2 X JAK2/STAT3 ¥ 7 F V&ML L,
IL-6 (RAFED B BERENIIG TIHIE TES 5 2 & £ LTE D IL-6 &7 7 B HEAE
fa D5 & NS-018 1ZHH 2 Z £ RN o Tz, IL-6 1L M EHIEIC T 2 EE /e
A " AA > THY, ZHRMEFRIERE O MG IL-6 BITFEOBIEEL L HI$2 2 &
MHE I THY (Bataille et al. 1989, Merico et al. 1993) . NS-018 X2 5B #lE B
DOHFTH L0 EMEOEVEGICE R Th 5 ATHEM R B 5.
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Chapter3 Src ¥ —BIZX3 5 NS-
018 DYEH

3.1. FX

NS-018 (3501172 ATP 5 A% JAK2 ¥ F—EHERTH D & & BT, c-Src FFH—F,
Fyn ¥+ —€, Yes ¥ F—EB L o7% Src 77 IV —Fr X —BIZx L THIE
LEMEAZEFSZ ENZNE TIZH > TWD (Nakaya et al. 2011), Src 7 7 X U —F
By =Bk, L, WEE, AT —~7e E 2L OERERIZB VTR
DB O BN TEY, BFOEBLRIMICEEL TS EEX 6N TVD, NS-018 1%
Src 77 IV —Fa X —EBDOHTHHRIC c-Src ¥ —EITk L TRV EEEH %
FFo T, cSrc lIBAFBIE T THY . £ DIEHLERIKTH D v-Src 131 ABIE T
LLTHLNTWD, ZNE TICEEEZHW in vitro ¥ —87 v B A RICX DB
IZX 0, NS-018 2358\ ¢-Src ¥ —8 (LLF, Sre ¥+ —E L 3%) BHEEHAZRESZ
NI Do TND M, ICso DML 2 AW MREHI T > TWheny, 72, F L
IWTORFHRA LA S E R 5TV,

ZZTARETIEETHRELZHANET vEARIZT NS-018 @ Src ¥ —EHFEIEM
(ICs0) ZHH L7z, WITIHE T L~ TO FRIFHEAEH O 225 NS-018 (2 X % Sre &
FT—BHEOIEAEF AN T D7D, RyX U Va1t o7, &%IC, Mz
VT NS-018 @ c-Src ¥+ —BFHEEM ZRGE LT,
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3.2. HiE

32.1. ¥F—E7 »k&A

NS-018 Z#iFEML7=A L7 R 7Y B> 2— k7L — K (DELFIA Microtitration strip
(Perkin Elmer) . >K[H) CHERIE (ATP, B4 F 4% Lyn FE (A% ; XEQ / EDE /
PEG /DYF /EWL/EPE (X:s-aminocaproic acid) . Genemed Synthesis £1:, k[E). MgCl)
Z20uL FOWIMUL, B L7Z, WIC Sre ¥ —BIRIK (DTS FHh Ao A S
J&E) Z 20 ul FOUM L THER L, 30°CT 1 BMRS S ¥, FUSICBIT DRI
ATP 25 uM. Lyn F5E 250 nM, MgCL 10mM, Src ¥ 7 —¥ 1nM TIT o7, KIS T,
7L — K% Wash /3 7 7 — (50 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.02 % Tween-20)
T4EEFL, 72 vyX 7y 77— (50 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.02 %
Tween-20, 0.1 % BSA) % 150 uL F 2L T, 30°C T30 M7 v v X 7 &2iT-72,
TayFx Ny 7 =2 RORE ., FUAEHE (50 mM Tris-HCI pH 7.5, 150 mM NaCl,
0.02 % Tween-20, 0.1 % BSA, 25 ng/ml HRP 5% PY20 #if& (BD Bioscience, K[H)) %
100 puL F2EML T, 30°CT 30 A > FaX—hL7i, FL—h% Wash Xy 77
—TA4BPEHE L, TMBIAEKR (7 ~T VR v F Vv 30 B % 100 ul 32800
LTHOIEHE, 0.1 MH,S04 % 100 ub TN L TS ZAF LS Te, Z0%~A
a7 L — kU —%&— (Multiskan FC . Thermo scientific., *K[E) (2T 450 nm DOW ¢
ZHIE L=,

322. FyX v BTN

fiRHTIX Maestro 9.2 (Schrodinger LLC, K[E) OF 7 4 /L h OHELHEAMEH L TR 2 72
572, Src FF—¥ DR T Protein Data Bank (ID, 3F6X)7> HEfS L 7=, Maestro
Protein Preparation #§GEIC KV 3F6X O X #AEIEIZKFIRF O E B DFN D 24 Tx
272 -7, Receptor Grid Generation &3 = —/ /L2 XLV 3F6X O EEHREZFFOL T
=70y FefEpkLic, Zovte 72 =271 v K& VT Glide & ¥ = — /L ® standard
precision E— NI LD N ¥ T 217> 72,
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3.23. MRKROEE

NIH3T3/v-Src #ifid (FURKRFERFHIEAT O R R A LV i T 72z,
KMS-12-BM #ifid (JCRB, KFK). KMS-28-PE #fid (JCRB, KFx) I% 10%FBS % & e
RPMI-1640 f5HiH T, 37°C, 5%CO, 5 T TH:# L 7=, RPMI 8226 #ifd, KMM-1 #fid,
U266 AlfEIE 2.2.1 DFIEITHE L THAR LT,

3.2.4. Western blotting 7%=

224.DIFIEIZHEL D, 1 IRPUAITHT phospho-Sre FLIA (#21018) . T Sre HiiA (#21098) |
PL phospho-FAK  (Focal adhesion kinase) Hif& (#3281S) 3L UL FAK Fifl (#3285S)
(Wb CST v N, HOR) 2 L7,

3.2.5. WEMRNT

FH R BR D EDso HEEVE — R - SAS 712 7T A - — | CRARZMH. 1998)
DO MTTEOET VA Z VT, HJIE LWL WO CTIERIE IR 8T 2470 1Cs0 fiff
PHETE UT-, SEMEHNT Y 7 i SAS version8.2 (SAS Institute) Z AV N7-,
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3.3. R

33.1. BERET oA REHVWE Sre FF—YIizxtd
% NS-018 DYEH

ARV RTVE Y a— b 96well 7' L— NI NS-018 & #&IEEA 0, 0.01, 0.03, 0.1,
0.3, 1. 3. 10, 30, 100, 300, 1000nM &7¢2 X HIZIRIML7I=DL, FFH—ET v &4
Z{TUN, NS-018 @ Src ¥+ —FEMEH (ICs) ZHH L7z, ZOREHE, NS-018 1L Src
¥+ —E% 12nM O ICso CIHE L 7= (Table 3-1),

Table 3-1 Inhibition of Src kinase activity
&4 Src 7 —PFEEM (ICs0, nM)
NS-018 12

3.3.2. Src ¥ —E& NS-018 D Ry Fv
420

A LoV TOS-RIFEEAEA O 505 NS-018 OBLEEAMTZH 5T 5729
Src ¥ —EEB LU JAK2 FF—TF L NS-018 DiEAHEN % ez L7z, NS-018 & Src &
=8 X B EEIE D in silico N & VT 21T > 7GR, NS-018 1% Sre ¥ —F
? activation loop ® DFG (Asp-Phe-Gly) EF— 7 HAIDOT I /& (Ala) EIgEL TV
7= (Figure 3-1B), —J JAK2 ¥ —FBIZBWTIXZDALEIX Gly TH Y., NS-018 &
JAK2 ¥ —BORAICB W CEHERT I /BELTHL Z ENREINTWD (25
Nakaya et al. 2011, 39 Nakaya et al. 2014) (Figure 3-1A), JAK2 ¥ —E€IZH1F % Gly X
Src ¥ —FBIZBIT D Ala DX HIT, TONMEDT I /BELXOTA ARNTREH/NE
W ENRTGIno T,
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A XERFEERIBISHET B RyFZ UM

Figure 3-1 NS-018 binds to Src kinase. (Docking models)
The backbone of JAK?2 is shown in green (A), the backbone of Src kinase in cyan (B), and the

surface of NS-018 in pink (both panels). For clarity, only the amino acid side chains of the DFG

motif are shown.

3.3.3. HIRIERICEBIT B Sre 7 FHVIZHT 5 NS-018
DYEH

HMIRLIZ 81T D Sre FF—E 7 F kT 5 NS-018 DIEH A BETT 27, v A
Jie VAR HE ZF MR NIH3T3 (2 c-Sre DIEMEERRIKTH D v-Sre B FIFEBL S w7z
NIH3T3/v-Sre M3 L O IV RE Ak RPMI 8226 4 iV 7z, NIH3T3/v-Src £7-
I% RPMI 8226 (Z NS-018 (0. 10, 100, 300, 1000 nmol/L) Z#MN L. 30 23 I HAEH
Hi#E Z 5] L, Western Blotting {51250 U 2L Sre 38 KUY Sre D3 HL, S 51T Sre &~
IO FRICEET D U VBl FAK, FAK OB EZMHR LT, TOME, WTho
HMIRIZ BT S U FR{E Sre 38 KTV 2{K FAK (3 NS-018 (2 L 0 R EEAKAFHIZ I L
7= (Figure 3-2),
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A B

NIH3T3/v-Src RPMI 8226

NS-018 = o 10 100 3001000 Blot: NS-018 544 159 3001000 Blot:
(nmol/L) (nmol/L)

—- p-Src — p-Src

———— | C -~ TC

B e pFAK .~ p-FAK

- - FAK --'-i FAK

Figure 3-2 NS-018 suppresses Src/FAK phosphorylation in NIH3T3/v-Srec cells.
(A)NIH3T3/v-Src and (B)RPMI 8226 cells were incubated with the indicated concentrations of NS-
018 for 30 min. Cells were harvested and lysed with cell lysis buffer and the lysates analyzed by

western blotting.

3.34. ZRMWEREMBERIZBITS Src V7
X195 NS-018 DYEF

SN B BRI AR KMM-1, U266, KMS-12-BM, KMS-28-PE (2351} % NS-018 @ Src
X —BIk T HEH ZME Lo, &MAERIC NS-018 (1 pmol/L) ZHINL. 30 4314
(AR R A B L, Western Blotting {5128 0 U U E&Mk Sre, Sre. VU »E2{k FAK 35
L OVFAK OFB AR LTz, ZOfER. AHWc 2 TOMIZIB W T NS-018 1285V &~
f2{t. Src DD MR H L, KMS-12-BM 35 L O KMS-28-PE Tl U »2{k FAK Ds/»
bR S 417z (Figure 3-3),
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KMS-12  KMS-28
KMM-1 U266 g -pE

NS'018 B|0t:
(1pmoly — v+ — + — + — F

: - p-Src
- - | s
TN RIS
- o FAK

Figure 3-3 NS-018 suppresses Src/FAK phosphorylation in multiple myeloma cells.

Myeloma cells were incubated with or without 1 umol/L NS-018 for 30 min. The cells were
harvested and lysed and the lysates analyzed for STAT3, p-STAT3, FAK and p-FAK by western
blotting.
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34, ER

INETIIERZ WX T —E7 v A28V T NS-018 2358 7J1C JAK2 FF—F
ZMHEST S (ICsff 0.72nmol/L) (Table3-2) & & HIZ, Src ¥ —EITxt LT H58EVE
EVERZRTZENMESI N TS (100 nM (281 HFHEZR 100.6%) (Nakaya et al.
2011), RETIXET 3.3.1.12BV T Src F T —BIZxT 5 ICso A 12nM TH D Z &0
SinoTlz, TAUX JAK2 LSO JAK 7 7 2 U —FF—F (JAKI, JAK3, TYK2) (Z%f
T HPEFEM & AT HIR < NS-018 235 /112 JAK2 ¥ F—E I LV Srec ¥ —EF
TERZF>Z LR Ehiz,

Table 3-2 Inhibition of JAK kinase family activity (Nakaya et al. 2011 £ Y 5] H)

X —EHEEH (ICs, nM)
L& 4
JAK1 JAK2 JAK3 TYK2
NS-018 33 0.72 39 22

RIZ NS-018 @ Sre F F—EHFEMEM AR LT L7z, NS-018 & JAK2 -
—BFES Lz XSRS ) D NS-018 2% ATP #E &I HE G35 72 91T activation
loop ® DFG £F— 7 ERFIOT I /R Gly THDH I ENEETLT L WD Z EN50->T
W5, NS-018 & Src ¥ —ED X BfEfMEE L O RNy ¥ ZJHTIZE D | Sre ¥ —F
& NS-018 OfEAHEIT JAK2 FF—1F & NS-018 OfEARRA L K< ELTH Y, JAK2 %
F—F D Gly [ZxeT DALEIZSH D Sre ¥ —E D Ala 73 NS-018 & OHAIEAICEE
THHZENRENT, Gly lTRbL/NSWT I /BTHY, AlalZ2 FHIT/HSWT R
JBTHHZ NG, ¥ —ED DFG EF—7HANZ Gly X Ala LW >72/hE N7
J BEFRIEDNIE L TWAH Z LS NS-018 L DOFEAICHEHETH S EELBND, LED
JAK2 & Src OftdbtEEA HWZBLIZ XV | JAK2 ¥ —F & Src ¥ —EIZk LT
NS-018 58/ OBIRA 2B EEH 2 FF 0Bl %2, T O/BARKXOBLANOHH T
770

B ITHIIE 2 FAW = FEHT K - T, NS-018 728 Sre 38 L O O FHIZHFET D FAK @
VU b ZEST 252 035000 . NS-018 2SHIfEIZ UV T Sre ¥ 7 VIIVER 2 F¢
DI ENRH LML ST, 7272 L, NIH3T3/v-Src #ifd i Src o 77 /L A3 E & IS IEME L
LCWHHIfETHH 7=, NS-018 @ Src ¥ 7 F/HER % 13- & V2 Z &8
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Hsk =23, R EBEEAIND 2 B O 72 BECIE Sre v 7 L iR LT 2 i A4T - T

WeWew, bbb e U UEELE Sre B e HERR L OB WRER E oo T,
AREIZEB T DME0 D, NS-018 & OF5AIZIE Sre ¥ —E€ D DFG £ F— 7 HATD

Ala NEETH Y, MIEIZB VL TH NS-018 I Src ¥ —BIHEEREZAT 52 L2150

Motz
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Chapterd FREEEITX4 5 NS-018 D
YEH

4.1. 3

B REIERIA T BEBR RN CHEE D T2 LGRS~ R U v 7 A BERVE AL &
B CEHBEMUNBREE L OFEAEN) LTW5, Z OGS T ERIEMN 2 5 RNICE D 5
BE 2 RT3 7200 Tl < L E B O A AECHEE O U, S BITITEERIE DS
BEREEZ R LT D,

BRI AFET D LFA-1 X° VLA-4 72 & O35 /3 1138 B E M i ICAM-
1 ° VCAM-1, 74 7ux7F &G L, BREMINO S 7T IUWnE2ihET 5,
Mgt~ U v 7 2Fxa T = v Ead—F LR RV (T T ax s F Uik,
TaTF TV A NORER STV D, Mifast~ b Y 7 A THIR A PR oM B IS A TR
R L. AERE OB RS, MBS L OIS s e & k& 7o MRS HE 2
I 5,

BB NE e & 5 BE RV AR d & OV BB AR G &M ash~ b U v 7 A ORE ITITHEE
3FA T 7Y (LFA-1 X° VLA-4 %) PO REEZ R LTnd, A7 7Y
Y OIEMAIC X > CTEEPES T —F (FAK ¥ —1) O Y397 nHC Y VIbEahs &
SH2 RAA %S LT Sre F T —ERHEAET D, K\ T Sre FF—E ) FAK OfooF
v UM (Y576 R°Y5TT) =V Vb L., T IWAREDT XS B —2 N TENY T
N—hEN5E L HIT, Paxillin 72 EDIENOEEIHER Y <0 Crk IZEA LT\ 51k
B pl30 Cas 2NV b inngd, ZORE., FREMLA T PBK X AKT. MAPK

(mitogen-activated protein kinase) /ERK (extracellular signal-regulated kinase) ., NF-kB 2~
TFNEDY T FIRENEEL U, MIEGE, 517 A b= ZER OFFEIC L0 FEH
Mt % #4532  (Mitra SK et al. 2006, Aoudfit F et al. 2012),

RETITEREMERE 1M a5 —47 0 707 mxrF 2 VCAM-1 & OFEH T
9% NS-018 DYEM ZMEt L7z, £72. £ DIEMN NS-018 D %2 JAK2 F F— B HE
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MIZEDHD) Sre F T —BHFEMCEILZbDONEH NI T 5720, Sre ¥ —F
PHER & F =78 LTV JAKL/2 % F— B EAI Ruxolitinib & Fig L7z,
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4.2. FHiE

4.2.1 RPMI 8226 MifaDEzE

221.OFEIZHET D,

42.2. VCAM-1 a2—F ¢ 7 7L — s DOERL

IR KA LT 1mg/mL & L7 thVCAM-1 (R&D systems, >K[E) % PBS T 100 f%
FifR U727, 96well plate (Z 40 uL TOWM L, 4CT—WeA > F =— K L7z, 3 [0 PBS
TYEH L7, 1%BSA/PBS % 40 uL "2 L 37°C T 1 B§fiA > F a_X—h L1z, &
HITPBS T2 EIEH L, VCAM-1 22— 1 > 7 L— K~ & L TERIZHEH L7,

4.2.3. HEEMREERIE

AU F 2= (LD 96well 7L — k% 100g, FEIR T2 piiiE LRI EEEZRE, &
VAT AT e RE 10ul T2 LEE Lz, £ D% PBS T2 [P, 0.05% Crystal
Violet/PBS % 100 pL & >% ML, RE T 1 KA v F 22—k L7z, # W TCTPBS T3
[AIPEF% . 100 ul @ Sorenson’s Buffer (30mM 7 =g F KU 7 A 0.06% HilE. 50%
T X ) —)V) &NZ. 147 shake L7214, 595 nm O 2 HIE LT,
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4.2.4. TREFENT

S L 7= MR E o T SAS version 9.1.3  (SAS institute) % VTR, ARAER S
L, KZIEWITOWNWTIEYERE 0 nmol/L 2 %FREAE S L C Dunnett ¥ E % Flii L 7~
fE R =R 5% A 2 A B & HE LTz,
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4.3. FER

43.1. SRMEFHEMAKRE [ BaF5—F L OfEIC
X195 NS-018 DYEA

ZRVEEBEEMIILE RPMI 8226 LSt~ b v 7 A TH L 1 Ma T —57 v ofks
\ZxF9 5 NS-018 OIEA % fiit L7=, RPMI 8226 ffifid & NS-018 /- ix ¥ F=7%7
I% Ruxolitinib (0, 10, 100, 1000, 10000 nmol/L) % 37°C. 5%CO,E&# T 30 /31 > %
aX— kL7, [HMa—7 ¢ 771 —k (Collagen Type I coated 96well plate (27
AT =T R W) IR LT, 37°C. 5%COBREET 1 Bl > F aX— kL 7=
%, HEEMREENE L, ZORE, NS-018 BLIOXYF=72Lh 1 RaF—>
v L AT % RPMI 8226 it ik B AFH9IZ A L7z, —75 Ruxolitinib TIiXZ DOfF
TR b2 ho 7 (Figure 4-1),
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Figure 4-1 Inhibition of cell adhesion to collagen type 1 by NS-018
RPMI 8226 cells were treated with the indicated concentrations of tyrosine kinase inhibitor for 30
min and then seeded on a 96-well plate coated with collagen type 1 and incubated for 1h. The
unattached cells were then gently washed off and the attached cells were stained with 0.05% crystal
violet. The dye was dissolved with 50% ethanol and the absorbance at 595 nm was measured. Bars
represent the mean + S.E.M. (n = 6). Statistical significance was determined by Dunnett’s test (¥,
P<0.05; **, P<0.01 vs. 0 nmol/L).

432. ZREFHEMARLE 7 4 T o X F L ORE
2% % NS-018 DEA

RPMI 8226 LH4E45455 17 4 7 0 X7 F L DFEAITHT % NS-018 DVEH At L7,
RPMI 8226 il & NS-018 % 721X & F =7 % 721Z Ruxolitinib (0, 10, 100, 1000, 10000
nmol/L) % 37°C, 5%COEREET30 0 A v FaX— N, 74 7axrsFra—7 1
7" 7"L— K (Fibronectin coated 96well plate (Corning, K[E)) |Z#fE L 7=, 37°C. 5%CO;
BREE T 1 WA 2 — | Lo, oS EaE L, £ ORIR, NS-018 X
OF Y F =T ITRERAFHINC 7 4 T ax 7 F o LG9 5 RPMI 8226 itk 28 L
7=. —77 Ruxolitinib TIIJA L7227 - 7= (Figure 4-2),
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Figure 4-2 Inhibition of cell adhesion to fibronectin by NS-018
RPMI 8226 cells were treated with the indicated concentrations of tyrosine kinase inhibitor for 30
min and then seeded on a 96-well plate coated with fibronectin and incubated for 1h. The unattached
cells were then gently washed off and the attached cells were stained with 0.05% crystal violet. The
dye was dissolved with 50% ethanol and the absorbance at 595 nm was measured. Bars represent the
mean = S.E.M. (n= 6). Statistical significance was determined by Dunnett’s test (¥, P<0.05; **,

P<0.01 vs. 0 nmol/L).

4.33. LRMEFEEMK L VCAM-1 OFEAIZXT 5

NS-018 DEH

RIZ RPMI 8226 L 275477 VCAM-1 OFEAIZxT 2 NS-018 DIEH A MGt L7z,
RPMI 8226 ffifid & NS-018 & 72 1% # ¥ F =7 & 7213 Ruxolitinib (0, 10, 100, 1000, 10000
nmol/L) % 37°C. 5%CO B T30 5 A > Fa~X— | L=, VCAM-1 22— 1>/
L7z 96well 7' L— MIFERE L 7=, 37°C. 5%COBRHE T 1 Kl A > % = ~— |k L7214,
A AENE Lz, ZO/E, NS-018 BIOFHF =71 L0 BEKRTFHIC
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VCAM-1 L fEE 3% RPMI 8226 #fRE E L=, Ruxolitinib TIiZZ DIERILFRD &
n7gm-7- (Figure 4-3),
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Figure 4-3 Inhibition of cell adhesion to VCAM-1 by NS-018
RPMI 8226 cells were treated with the indicated concentrations of tyrosine kinase inhibitor for 30
min and then seeded on a 96-well plate coated with VCAM-1 and incubated for 1h. The unattached
cells were then gently washed off and the attached cells were stained with 0.05% crystal violet. The
dye was dissolved with 50% ethanol and the absorbance at 595 nm was measured. Bars represent the
mean = S.E.M. (n= 6). Statistical significance was determined by Dunnett’s test (*, P<0.05; **,

P<0.01 vs. 0 nmol/L).
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4.4, BE

AREEZB W CTHREEMA & Mt~ R Y > 7 ZA0HE 53 & DA D NS-018 1T k-
THESND Z LNy oTo, AFERIENS-018 2VEBEIEMAL & fMiEst~ Y v 7 2%
L OVE BENEM N & BB E M OHE 2 T o E 2 b 22 L 2R L T\ 5, £,
Src ¥ —EHEAIZ Y F =712\ T [AERICH ML & Mifast~ B Y > 7 208z
HT & DA T AEEAPRO bz, —F., Sre ¥ T —EBHEEH L FT-7
WZ EDRBH BN E 2o TV D JAKL2 FF—BFHEH| Ruxolitinib  (Quintads-Cardama et al.
2010) CIIHEELEERNRD SN ho7=Z EvD | NS-018 O35 EER 1T Sre %
FT—EHEEMIC L2 bDEEXEND, BENFA T 7 ) D FHIC Sre ¥ —E
MEELTNDZ L b ZOEE XFFT 5,

238 M BRI G & BN BREE OHEF 1T EAMRTIVEICE D 5 Z LA S h T

(Hideshima et al. 2007) , ‘& SEMEMIIE N5 56 M Bl & 253 5 & B 6 B iz C NF-
KB > 7 FNVENEMAL L, IL-6 ZI1X U LT HHA M IA UBHEHIIL, S5 5F
BEIEAMI O BIREIRE . EAF. SEFIREIEIC SN D, BRI & NS O AH BLAE
MITHE D2 LT BE L LD E#ENRIER L | BB IR > TS DA
A E LT ZAEH Om FIZ LY | BRSO S 7 ) R EPHL T
NN —Y AT FOIERAE BT 59, NS-018 3% OEHEN/EM % Src ¥ —F
BLEMERIC L 0 il L, #0972 /EM % Chapter2 THET L7725 R OE Y JAK2 ¥ —
PHEERICEOIMEIT L2 L3 PHESN, fHOE»DZREEHEICERA TS L
EEZOLND,
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Chapter5 B MIZIZx4 5 NS-018 D
YEH

5.1. X

RV E IR SIS 2 B EMER AT CH Y | BRSO EIT O 0 BE D QOL
TRIEICIRT L, BEEMENHIR SN D, S DITHEITT 2 & @l v AMGESCHHETE
BEEWICKD2HFRRE R 2P L, Em TR EbIE 5,

B 2 3 IR A e ke oD 9 e DR -0 IR & A N BR B & AR BRI K
W OEE, SF W FEAFIC IS EB 0N TWAD, BERIBEHAZIX, macrophage-
colony stimulating factor (M-CSF) (2 & Y Bl EMa~ b 38 S5 & OMIfuR
|Z receptor activator of nuclear factor-kappaB (RANK) #%EBL4 5 L2125, £718R
IEHEVE & FE o A N A oA EREEWE 1, B REFV AR VER L, s e o
it s JEMEARIC M T dH % RANKL ORBLAZFHET 5, Al E#MialE RANKL 23881 L
7B R E MG & ORI AERIC XV sl E e~ &b L. TEME(E & 415, RANKL
OIERIE, BLVZRKTHD OPG IZ LV IHFIND, BENREL AT 2HBED
B BEIEAAT 235V T MIP-1a 38 K TOYMIP-18 D FEAEDNTTiE L T % (Hashimoto et al. 2004) ,
B HEIEHIIN 23 EEAE T D MIP-10 35 KON MIP-1B I X EBEIEMIE OB Y+ Th D VLA4 %
EVEAE L, B EMILO VCAM-1 & D5 25 5 Z £I12 &V | RANKL OFEE Ltk
X OPG DPEAMNIZ 5| & 24, ZRMEHEIESRE OB ERBRIL TIZ RANKL O%
BTLE L, OPG OFEBLME T LTV D Z & VA 41TV % (Pearse et al. 2001),

Src ¥ —E X RANKL ¥ 7 /oWt & 7 F L &4 L CTCERHHNZEIS L T 5 (Saad
etal. 2009, Wada et al. 2006, Almeida et al. 2005), Src {5 1% /K L7z~ 7 A TIIEE
MRS A E AN K D REAEREOIER Z 295, (Soriano et al. 1991, Lowe et al.
1993) F72 XV F =7 AZD0530 &\ > 7= Src FHLEHISAE ML 2L &2 J1l 9= 5
b WEMROERIWER ZIHIT 5 2 23S STV S (Vandyke et al. 2010,
Garcia-Gomez et al. 2012, de Vriesetal. 2009), Z 15D Z L6, Src ¥ 7 F VI3
NI BB 2 E 2 Rl LTV D LB X b b0, Z3ME IR 5 BRIt

39



T 5 HERE L L TR THEA S TWD Sre F T —BRLEFNIL ARV,

%+ Z CTARETIL Sre FF—TEHEMEH %2 © > NS-018 OE Mlam S kic k-4 5 1E
AB IO~ RAET V2 AW TESREMEHIEMEIC L 25/ 21EH 2 RE L
7=,
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5.2.1. HifansE

s ANHR e M ATSHENE (Lonza Inc., K[E) IR HEGHI (osteoclast precursor basal
medium (7 PPy R0 HURK)) BT, RAW264.7 fifld (DS 7 7 —~ /A A AT 4
J1v. KBR) 13 10%FBS % &2e DMEM (V7 <7 /0 RU v F Ty /30 0 JURL) H1T,
37°C. 5%CO, &M FTHE LT,

5.2.2. TRAP ¥+

g7 H BICHHZRRE, 4% TRV LAT AT E FEA PBS A, =IETI15%
M#fE L CHEE L7z, PBS T2 RIPEH#, EtOH : Acetone = 1 : 1 IRAIRZ %, 143
FiE U CHElR 2 Al¥E b L 7=, PBS "C 2 [AI%E{F L | Tartrate-Resistant Acid Phosphatase (TRAP)
/alkaline phosphatase (ALP) stainkit (FIOGHIEE, KFx) 4002 T 37°C T 15 /5 fM#HE L
Yt LTz, BEMSE FCEIZE L, RS PRO SN A% 3 UL EE T2 mrE e & A
7L, MfREcE FHEI L 72,

52.3. BT vEA (MTT )

225 DFIEIZHEL B,

5.2.4. &AW REH

- B ORE
CB-17SCID 7 A (C.B-17/Icr-scid/scidJcl, HAZ V77, BR) (X5 Hln, ME2EEA
L1 BB ORER, 6 B CHEH L7, SEIXEE 20~26C., B 35~75%. #ix% 15
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B LA _L/Rg ] L FRBAEFE] 8:00~20:00 DS T TIT o 72, 36 L OUKIZ B HICHERS E 7,
FEBRITT N TEYOEE R OE IR 2168 (W48 42 10 A 1 BiEMHESR 105 5, F
% 26 45 5 H 30 B IR (IS & D bz B AR SO0 B FEZBRICE T 5
FEPNFIRR IZHEW S S L 7=,

- RPMI 8226 SH'E BAEE T /AR
2 F VB BN HH Sk RPMIS226 Hif A 10% FBS % & e RPMI 1640 K5 THz38 L. 300g,
4°CC 3 4yfifiz el %, PBS CHH&E LT 1 x 10° cells/mL DMk E IR 2 FH L7,
~ U AIXRE % FEIZ SAS (Ver. 9.3, SAS Institute, K[E) % AW CEBIEIELLE (GL
BRYE) T3 REICEES T L. HIIRRIEIE 10 uL & A4 DS EEHNIOREDRE 2B E |
FAE L7z (27 Berlin et al. 2009) . 2 H 7> B E 7213 50 mg/kg D NS-018 5k % 1 H
28], 5 dEELERE TR ARG 21T o 7o, BHETIE 0.5% Methylcellulose Z IV 7z,

- EIEREEHAI

B G TR IR AT AN K0 225858 U, MR OISE 28R L7z, 5 OFEA
{Efds L OV Hematoxylin-Eosin (HE) Yefa, TRAP Y3tk XEttT 774 RAT 4 H
Y —F (KBk) IZZFE L7z, HE G iR Z BT & 7 A 7 (Olympus BX50,
Olympus FX380) THig L. b cligo—E= Y 7 NoOMigkmiEds L OvE miE 2 &t
BIL Tz, B mfE 2 Mk A ORI L2 E2 B & L Lz, £72 TRAP Al K s
7B R EoMEG LOEREOR S G L, Ml e gRunoOR S TRELE
il 2 VG LAk B At & L7z, M#HTICIE Laica Qwin V3 (Leica Microsystems, KA )
L7,

5.2.5. FREHEAT

HRE % F O T2 BV B AR B DR EHT B W T A I W CTERYEFE 0 nmol/L
ZXPRHE L L C Dunnett #E % £l L7z, B&2 AW 2REHIBW TR REIZOW TR
Sham #% & Vehicle %, Vehicle #f & NS-018 BEIZ & L T, F 72l Ml $kiZ 2 Tl Vehicle
¥ & NS-018 #FIZxt L T Student @ t FiiE 24T o 7o, W40 b HEEHIFNT I SAS version 9.1.3
ZROVTITV., fERRER 5% &2 A5 & e L,
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5.3. FEE

5.3.1 RREBEMRREZELIZRT D NS-018 DIEA

Sre F T —E R E ML OIEHAIC EE R ZE 2 Rl T LS RN S Sre ¥ —
BRHEEH %2 FF2 NS-018 23l B Hifa OTEMEALIHIE 238 % & T4 L . NS-018 Dk H
AIRTE MRS KT 2 VR & BRiE L 7,

b M A RTEGH AR ATEPE RANKL (66 ng/mL) & M-CSF (33 ng/mL) % #RAN
LrbEed & &b, NS-018 72134 ¥ F =7 % 7213 Ruxolitinib (0, 10, 100, 1000
nmol/L) A L7z, 37C, 5%CO. 558 F T 7 HI#A > % 2_X— h L7, TRAP %4
ATV TRAP B O RS AL B M 5 2 51 L 7=, £ OFER, NS-018 (% 100 nmol/L
Tl < BRI R O K 2 FL5E L, Ber-Abl/Sre F— ¥ ILEA X F =71 10
nmol/L TIERIT BB HIfL DT & HE LTz, —J7. 2IRAY JAK1/2 & —EBHEHA
Ruxolitinib |Z 1000 nmol/L 23\ T HE D L 5 AERITRE D b7 dy- 7= (Figure 5-1)

A
0 nmol/L 10 nmol/L 100 nmol/L 1000 nmol/L
i
NS-018
Dasatinib
Ruxolitinib
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Figure 5-1 Osteoclasts observed at various concentrations of tyrosine kinase inhibitors.
(A) Cells that had differentiated to osteoclasts were stained magenta by TRAP staining. The
images were photographed under phase-contrast microscopy. Original magnification x100 for all
panels.
(B) Cells staining magenta with TRAP staining assay and containing more than three nuclei were
counted as osteoclasts. Bars represent the mean + S.E.M. (n = 5). Statistical significance was
determined by Dunnett’s test (*, P < 0.05 vs. 0 nmol/L).

5.3.2. RAW264.7 HiaBEFHIZ %95 NS-018 DYEA

5.3.1 TRW BTz NS-018 O E M AR F VR 23 73 LI /E A Tl 72 < M ek
BENTH DRt 2 GEd 2 BT, v U A~ 7 v 7 7 — VERMIaik RAW264.7 #ilfia
DEFET » & A #1772, RAW264.7 fifidiT & MEE aiBR ML & FEEIZ RANKL (2 X -
TR B RIS ET 5 Z SN TV D, RAW264.7 HlEIC NS-018 £ 72134+
F =7 % 721% Ruxolitinib (0, 10, 30, 100, 300, 1000nmol/L) Z¥sM L. 3 HREA >
a2 _— |k L72f&IC MTT B TRlIE 2 E L7z, £ OfE%. NS-018, ¥ F =78 X
Y Ruxolitinib ®WF 32 L - T RAW264.7 MfaE O ERIZRES H e o7

(Figure 5-2),
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Figure 5-2 Antiproliferative effect of NS-018 against RAW264.7.
RAW264.7 cells incubated with the indicated concentrations of tyrosine kinase inhibitor for 3 days
and cell viability was analyzed by MTT assay. Bars represent the mean + S.E.M. (n = 3).
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5.3.3. RPMI 8226 MR EBHEETT NVICBITHFE

IZxH3 5 NS-018 DIEH

S5 BEE AL L 5 B AR 264 5 NS-018 OFEM % invivo THRFET 5729, %
SEVEE BERE AL RPMI 8226 & CB-17 SCID ~ 7 2 DJ&B NI EIEEAT HE T /LA {E
LT, ZOETNTIIBHE 4-6 B THMENROOND Z ERWE SN TN D,

(Diamond et al. 2009, Labrinidis et al. 2009) #h# 24 JL% 8 PL9°-D 3 FEIZ57(F, Sham f
XA K (REARE, f85) %, Vehicle, NS-018 #£iZ RPMI 8226 # 4l L 7=,
Fohll L7=3 H 2> HEEEE (Sham #f, Vehicle #) F 721X NS-018 (50 mg/kg, NS-018 #f) %
SR T B 2 R O&RE L, REBIMK THRZEZR ST, MR EZEI L
YA VE% . HE Yeta % T o 72, ZOMHBEICEN T~ ¥ 2 DKEFADLREEEITERD
SR o 7o, Sham B & He~_TC Vehicle B Tl K & < WAE L TV S RIMRA % <
LEINTZ LD, RPMIR226 Ml HENICIEAS L, I L7 Z LR TE T2, B
B|AEFH L7 & 2 A, Sham B & i L C Vehicle B THEIZHD LTV, NS-018 Bf
TIXRAD RO b -7 (Figure 5-3), BREUOBRIZE ISP T L E - 72 F1EEH
M HERAN LT,
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Figure 5-3 NS-018 treatment suppresses osteolysis in mice

with intratibial transplantation of RPMI 8226 cells.
Hematoxylin-eosin-stained tibial sections from Sham mice (left micrograph) and myeloma-bearing
mice (middle micrograph, vehicle-treated; right micrograph, treated with 50 mg/kg b.i.d. NS-018).
Arrows indicate trabecular bone. Original magnification x40. In the graph showing the trabecular
bone area as a percentage of the total tissue area, bars represent the mean + S.E.M. (Sham, n = 15;
vehicle or NS-018 treated, n =11). Statistical significance was assessed by Student’s t-test (**, P <

0.01 vs. Sham; #, P < 0.05 vs. vehicle-treated).
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5.3.4. RPMI 8226 MRREBHET NMITEIT BTEME
LB B S Z 045 NS-018 DEFA

RIZ Vehicle #f & NS-018 BEDSH U T TRAP Yeta %47 - 7=, IGVELAE Ml %
FHAIL . Vehicle B & NS-018 ffEZ Lhii L7z, £ D5, Vehicle #E T < 38 & L7 1E
{bflE AT NS-018 BECITAD L TWD Z ENH LM E 57 (Figure 5-4), £
BB T C L E o 72E I3t S BRak L=,

2.0 -

1.8

1.6 -

Vehicle 14 -

1.0 -

0.6 -
* %

No. of Osteoclasts / BS (/mm)

NS-018 04 -

0.2 -+

0.0 [ \
Vehicle NS-018

Figure 5-4 NS-018 treatment suppresses the number of osteoclasts in mice with intratibial

transplantation of RPMI-8226 cells.
TRAP-stained section of tibia from myeloma-bearing mice (left micrograph, vehicle-treated; right
micrograph, treated with 50 mg/kg b.i.d. NS-018). The arrow indicates a TRAP-stained osteoclast.
Original magnification x200. In the graph showing the numbers of osteoclasts per millimeter lining
the bone surface, bars represent the mean + S.E.M. (vehicle-treated, n =10; NS-018-treated, n = 9).

Statistical significance was assessed by Student’s t-test (**, P < 0.01 vs. vehicle-treated).
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54, BB

ARFETIL NS-018 23 E MR DRl b 2 3T 2 EH 2 F S BHh IV T3
P BRI IC X 2B R R 2 300+ 2 2 LR STz,

FF53.1 BT AMERER L V. NS-018 (ZAlrE e o sk 2 # i+ 2 1ER %
FFOZ LR ENTZ, 7B 532128\ T, MM EZR 5 A3 NS-018 [ LA H Ak M
xf URIRSEFEEAE 2 R > TWRWZ L AURE N7, 5.3.1.0#ERIE NS-018 23
BRI U CRIRE 2358 L TV D O Tl <. BEVHEZIIHI L T\ aD b o
EEADND, £TLIJAKIL2 F T —BHERTHY ., Sre FT—CBIHEFEMEZAL T
72 Ruxolitinib TIXEFASEIIHTERITRD e o7z Z &b NS-018 DIEHIE
Stc ¥ T —EBENTHLDOELEEXBND, 723, PHIIERAL NS-018 & bR TH¥F=
7 TC10 5L B o 7o, XY TF =7 OfEFR & Nz invitro 7 £ A SRIZEIT D Sre
X —EHEMEHIL ICsED 0.6 M & HiE ST\ (BRAR i, 2009), —77.
3.3.1IZHBV T NS-018 @ Src FF—EITHkT 2 ICsoffiZ 12 nM Th o7z, FEBRSENEN
7 U TRV BRI BT S 220 A3, 10 5L B & D F =7 D Sre FF— B FLEH
MERWNZ EDVRIBEND, Lo T, 53 LICBITFA2RFICBWTH X F =7 M50
flLizEBZ N5,

256 BEREHE AR C & 5 RPMI 8226 ffifidix MIP-1 <> TNFa, IL-18, RANKL &\ -
TR B METE ALY A R A 2 EAE L~ U ZADIEEHIZ RPMI 8226 2K 545 & |
FrRlfEZ 5] & 29 (Diamond et al. 2009, Labrinidis et al. 2009) , AHFFEIZHBWTH .
RPMI 8226 |2 & 2V E OB BRI TED B AL, ZOFEf#EIT NS-018 $:5-12 & - THl
Iz, EHIT, NS-018 F 51T K o THEMEALE M Jd Lz, —J7. 53342817
% HE B O R HEHANE L TOZR WA R E < TIRAE L TW Dl (RPMI 8226)
XA LWL 9 Thoto, 2, 2.3.6.08FHI IV T RPMI 8226 (2 %195 NS-
018 DFFEMHIEMITFR D B o TR & —FT %, Chapter2 TER L& B0,
RPMI 8226 HHfE DOHEFEIL IL-6 IZIHEIF TH LD B X BN, ZNHDZ L,
U AETVATET D NS-018 (& & 2B BARINHI1E R 1323 A ARIE O HE5E 2 i) L 72728
Tix7e < IEMEBI BRI OBAMERIZ L 2 b O LR i, Gk E R O
X 531N ORFHERD LBV Sre FF—EHFIC L DHE IO LRSI ER I X
% H D OIZ, Chapterd THiET L 7= NS-018 DAL EMEMIZ X Y NS-018 A3 RPMI 8226
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EWUINBREE & ORI EAER 24032 2 & T RPMI8226 > & 43 S 4V 2 Al B MU TE A
VA A BERDT SHENRIEAOEE LT o008 Liveu,

Heusschen H 1~ U A LRMEEIEMAL L ~ ¥ ZIZBM L7 E7 /MWIZHB W T Sre ¥
T—BHERY T 0 F =70 EmMEZE L7 Z & Z28E LTS (Heusschen et al.
2016), —J7. & FOZREIEEHEIEMNKEZ ~ 7 2B L T Sre &7 — B EA O
W2 R LIEDIEFABRE IO TTH D, 728, 2.3.6. 0T NS-018 12 & 2845l /E
MM bz b bR BIEMAOE PCM6 13, B E b IL-6 ITIKAF L TV 55
JATH D, IL-6 1Tk b &~ T ATRENDNR, PCM6 2~ T AIBIEL Th~ U A K
NTHIAET 2 Z AR W e~ 7 AT T AR - H R 72 o 72,

HORAFT ALY ZNTEWIEL BT O /NT A TR 3L T D, M E B
R i3 m B MR A B AREER O 4 Tid7a < | serecter frizzled-related protein-2 (SFRP-2) <2
Dickkopf-1 (DKK-1) 72 & OB IHFMALER FE2EAT HZ LICX 0| BFEMEOZL
IS5 2 & b4 o> TS (Tian et al. 2003, Oshima et al. 2005) , 258 #E T
TEWINATTHE L TW D —H THERIFIHI S TR Y . 2h b X0 FRHREREN
B ENDDTH S,

Sre F T —E N EMIE ORI EE R EZR 2R -T2 LT <mbnTns
ETEH Sre FF—EIHER DN EIFMBO b A RET D L VO HmERH Y | Src FF—
BIIE M2 T2 < BHFMIBOSMEICHEE L TV LIRS TIN5, Flxid
Src ¥ F—EHEAZ VF =713V 7 U F =T REERGMIE ) O F F R ~D55 b %
fEE3 5, (Leeetal 2010, Id Boufker et al. 2010, Yanget al. 2010) AAFFEIZISVTHE
HERRIZ X9 A VERNEARMRE 7253 NS-018 & Src ¥ H—EHEMEMICL Y, BIHFMIRSL
REERZ b OFREMEDN TR FITE 2 b D,
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Chapter6 DV I(Z

PLEDOFER DG JAK2 FF—E 3 LU Sre 7 —B [ EHI NS-018 115145 H ff
Rl TL-6 {RAFHED RS Z B9~ 5 & & bl B REIEMIL & U NRBE OB % & fLE
T2 ENminoTle, & HITHE M LINHITE 2 58 68 B0 235553 2 H iz
95 Z & AR &7z (Figure 6) . NS-018 1325 315 F M i oD M i 1 51k & [ELHE 4
HlDEHZREO L & b, BREMUNEREEICE < 2 & CREAFIRICIRE 2 F5-o i e A A
IZEZh CTH D AREMER H D, S HIZ, QOL K TOJRIA & 72 % B hfir & il 3 2 /EM %
Fo, BEEEROBELZMHTLEEZE2bND, TNHDI LG NS-018 AT
BEOIERZRT LW D | ZRMEEREERF KT 287272 2 87 b OFBIEER & 7
D155,

B BEREH AT

|

/sTATs
‘\\“ A ‘; ;”' \‘5
\JAK2 / &

==t

% 5 RuBEAH AR

Figure 6 Hypothesis

T 7Y —LWERIRNT Y I TETm T T Y — LOKREMRE ., MaEA S L 2D
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