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FALERSCE B

Autocrine and paracrine secretion of proliferation and differentiation cytokines by myeloma cells and bone

marrow stromal cells is involved in the pathology of multiple myeloma (MM). Osteoclast differentiation factors
induce aberrant osteoclast activation leading to osteolysis. Janus kinase 2 (JAK?2) and Src kinase play important
roles in the downstream effects of these proliferation and differentiation cytokines, such as interleukin-6 (IL-6)
and receptor activator of NF-kappaB ligand (RANKL). We have investigated the effect of NS-018, a JAK2/Src
kinase dual inhibitor, on the IL-6/JAK2 signaling pathway in myeloma cell lines and myeloma-induced
osteolysis. NS-018 suppressed the IL-6-induced phosphorylation of signal transducer and activator of
transcription 3 (STAT3) and the proliferation of myeloma cells in a dose-dependent manner. NS-018 inhibited
the adhesion of myeloma cells to cell-adhesion molecules. NS-018 also suppressed RANKL-induced osteoclast
formation in vitro. To confirm the anti-osteolytic activity of NS-018 in vivo, we administered NS-018 to the
mice model of MM-induced focal osteolysis. NS-018 suppressed the MM-induced osteolysis of trabecular bone
and osteoclast activation. These findings suggest that Src kinase inhibition is a potential new therapeutic
approach to MM complicated by osteolysis. NS-018 may have multiple therapeutic effects on the pathogenesis
of MM by blocking the JAK2/Src signaling pathway.

B - A

LM BEIE I E R L T 5 MK A TH Y | IWEMEE(LE R E 3 5, BRI I BENE
HIRE & B BER N R O AR EAER N B EEICBIE LTV 5, B BB B MR DA — R 7 T A v
FTNINTG T TA G SNT A DA o REE G F oI LTy 7T /REREIC K 0 | B Sl
THAEALFIRIEHGIME 2 G35 & & b, eE MR OGP L IEECE 2l o bl 2 355 L, il
rxblebd, A A OflE LT, interleukin-6 (IL-6) < receptor activator of NF-kappaB ligand

(RANKL) 23& V0, =D 7 F )VREEICIT Janus kinase 2 (JAK2) F§F—EX° Src ¥ —ENEE 2%
FlaRT- LT\, BHEIEE M O LRI ERIIEEE [ITERDFHREMA GRETIE T n T 7 Y —
LPHEARRLZREF & W o TEHTEERMEH S Tnsd, Lo UEKRE LTRRIFRETHY | £<
DEBETHET DO TR AN =X LOFAFIHD RO BTV D, NS-018 13 H AFHL TAIR S 4,
B REARHERE 2 3 SRR 2 FEhitE 1 > ATP BiA 0 JAK2 ¥ —EBHERTH 5, fhtho JAK 7
—BHEAIL B b | JAK2 ¥ —8 &2 Src X —B AWM HET D &0 5 FrE & Fio, AP T
NS-018 DL I EBENEIZ 6T 2 F7= 7oAl & L CoOH AL REE L7,

[HiE]
1. IL-6/JAK2/STAT3 7' F /L iZk9 % NS-018 DAFEH
EEL D ZFNEE BEIEA K 2 -V T, TL-6 OWINIZ & 5 signal transducer and activator of transcription
3 (STAT3) @V »Eg{bis LNV V(b STAT3 (Z%f7 5 NS-018 D1EH % Western blotting (W.B.) ik
ZRHWTHRG Lz, S 612, ZRMEEHIEMIEE PCM6 (2351 5 IL-6 O faEfa T EH J L OV D
JHIZ X% NS-018 DA 2 MTT A TR L 7=,



2. Src ¥ —EITk4 2% NS-018 DIEH

FIWELZHW =X —ET v A2 K-> TNS-018 @ Src FEIEH ZHF L 7=, IZ NS-018 & Src
¥ — XHEamEIED in silico Ky ¥ VT 2170, £ OREEHERZ NS-018 & JAK2 ¥+ —ED
FEEAR L ik L7z, & 512, NIH3T3/v-Sre #0238 B BEIE Mk 2 VW CHIRRIZ 3515 % Sre 7
—E 7T 5 NS-018 OfEH & W.B.iELZ W Tieaf L7z,

3. MRS (x4 % NS-018 DR

LM BEIEM UK RPMI 8226 % #2570 oMt~ R v 7 2 LTmbond 1 Mag—r 0%
77 4 7R F o ERITI VCAM-1 3a—TF 4 7 Sz b— NI L 72, NS-018 £ 721 Src
X F—EEAZ Y TF =7 £721% JAKY/2 FF— B EH Ruxolitinib Z RN L, —ERFfE# DOH & Ml
BoaE L,

4. FRE A5 NS-018 OEH]
b NMEE RIS A EFRER - A2 N2 . NS-018 72134 ¥ F =7 £ 721% Ruxolitinib Z#ML, 7
H 5528212 Tartrate-Resistant Acid Phosphatase (TRAP) Yo Z47V>, ALK B il fn £ 2 1 E
L7z WICEFIEEREEMILIC X 2 BRARICX3 2 NS-018 OfEH % in vivo THEET 572, RPMI
8226 H‘“”E"%ZﬁVWXiETﬂ/%{’E% L7c, BHEL7Z8 A5 5 AMER T 1 A 2 3] NS-018 (50 mg/kg)
EROEE Lz, BHEKTH, vV RAEEHEESITRE AL TEARZER L, Hematoxylin-Eosin
(HE) Hefods LU TRAP Qa2 ATV, i s L OVEME LR e k2 e L7z,
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1. IL-6/JAK2/STAT3 > 7"} MiZkt4 % NS-018 OEH

W= 2 TOZRMEBEIEMAER I W) T IL-6 OIRINIC X 0 U »ER{k STATS & EF-MRFEH STz,
Z DY VR STATS O F5-% NS-018 |3 KA L7z, PCM6 (2350 T IL-6 ORI L Vi
Rl 458 D TCHESGR O B AL, JUME L 72 M5 2 NS-018 |3 EE K AAr9 Iz il L 7=,

2. Src ¥ —B1Zxf7 5 NS-018 DIEH

R E W= —E T v A RICEV T NS-018 (% Srec ¥ —1F % 12nM @ ICsy THE L=, Kv
X THRNTIZ &5 T NS-018 1% Sre & —E ? activation loop ® DFG (Asp-Phe-Gly) & F— 7 [ERHI[D
T (Ala) ETEELTWASZ EBREN, JAR2 X —FIZBIF5 Gly DL oI, ZOMEDT
J BRI DT A XD/NSNWZ LR o Te, MlEHWZBEHZIB W T NS-018 12 L5 U Uk Sre 3
KX OZO TFICIFET 5V U ER{L FAK O] 25388 57,

3. MifuEEaE IZx4 5 NS-018 DIEH

WTNDOEEESFa—T 4 77 L— MIBWTH, #5725 RPMI 8226 #lfinfiis NS-018 B L%
BF =TI L > T L=, —F Sre ¥+ —VLEEH Z£#7- 72\ Ruxolitinib Tl D/ERIZRERD B
ot



4. flE Mzt 9 5 NS-018 DfEH

NS-018 3 L OF HF = 7 (I VIl B # R O TR A Bl L. — 75 Ruxolitinib TZ O/EMILIRD Hi7e
2o 72, RPMI 8226 iz IS Lz~ ¥ A CIRERE &8 A B L7zolzxf L, NS-018 #
HRECIRERE EORAITERD bR o Tz, £z NS-018 455 L7z~ 7 A T s #ifia s
RN ER o,

[Z%]

AIFFERER LD . JAK2/Sre &7 — B EAI NS-018 132 F M- BEIEANL 0 TL-6 & AFM: D M i s 5E A
P45 &L bIT, HHEALE & MU NREE OIS 2 HE T 5 Z & Do, S BITHUE IS L
HVE 2 £ BB REEMIL 2N T84 2 B @ig 2 3092 2 L 2R Sz, NS-018 (3% FE M Hb g o
MUt E 2 BRI H T D ER 2 R0 L & bIS, BRIV NRBEICE < 2 & TREAFRIS I 2 5o B BEAEAT
JUCHZ TH L FREMEDR H D, & BIC, QOLKTORIA & 70 2 F i 2 #Hl - 21EM 2 F>, 2 b
DT LB NS-018 (T —FITHBOEM L™ Lo LREFHMEEE T /2227 bo
HRIEAN L 720155, ARED LRI REEOF 127200 T 70 —F OR#ENY L7220 | 1GFREDBI
AHEE L, ZRIEFHIELEE O QOL B L OEMTPROM LSR5 2 L 2 ifF Lizu,



FEMARDOEE

AR, TERDEEL < FHRAR TH 2 ZHMEEREIEIT 2 BB REDORRE L B & L, 2%
PEEBEIE O RE I B MU NREE & O BEAEADRTRS BE LT\ 5, BRI 5 SR E L 5 5
WS4 5 Interleukin-6 (IL-6) FDH A NI A AKX VAN LE L, £72, BHHEEML & OREIC
&0 BEAIMPEZ G 2, S OITHAEMFERIC X 2E i OTEMGITEREEZ b7 b T 2 e nmbin T
Wb, ZiLHIZ Janus kinase (JAK2) FF—FE&721E Src ¥ —ENRHELTWAHZ EIZEHL,
JAK2/Src 7 —BILEAI NS-018 DA ML Liz, ZOfR, NS-018 (3F#lEMeZ T IL-
6 HIHIZ & 5 JAK2/signal transducer and activator of transcription-3 (STAT3) 27 /L&l L.
IL-6 (& A7 O MR 58 2 B L7=, F£7-. NS-018 iX Src/Focal adhesion kinase (FAK) 7 /L4l
TERIC K0 B REREMIG & B oy OS2 3l LTz, & 512, BRlfiF~ 7 ZE7 /WZHBV T, NS-018
VR AR A B 9 2 2 & O R A Bl L7,

LU EOWFFERGE L. NS-018 2SR ERENEIZ KT 2 8HEA & L CTAMThH L etz nd L e b
2, —HITEEOERZRT LW IFiTra B FaR L, S5 0REERBORNBNY e L
MR CE D, ZRMEEREEROERICER TELLBEIOND R TIHMETE 5720, FELZBRITA
A SCNME L (BIERR) I 2 &b LT,

LA



