COVPCSI TI ONS AND METHODS FOR TREATI NG NEOPLASTI C
DI SEASES Background of the Invention Field of the
wo nwensiconn [ 0001] The present invention rel at eBCT/0S1008043668
fields of chem stry and nedicine. Mre particularly,
the present invention relates to the treatnent of
neopl asti ¢ di seases, such as cancer. Description of
the Related Art [0002] Cancer is a |leading cause of
death in the United States. Despite significant
efforts to find nem1approaches for treating cancer,

b S AT S B s HR AR IR GOk asTi piskases

conbi nation. Surgery and radiation therapy, however ,
are general | y usef ul Backtgyoudndroftlei Invantidef i ned types of
cancer, and. are of limted use for treating patients

Fgld pf the Inventiona o (i sease. Chenot herapy is the nethod

that [dggy1peneiRl h¥seHs §fvehtidnNreldi@ald e RAY 8NTcReisti? and medicine.
netastatlc cancer or diffuse cancers such as

Maalperticalrly.Ahe ipcasert inveahen redatespy thareaiment efencgplastic diseases, such
ather peutlc benefit, it often fails to result in cure

of“FHe di sease due to the patient's cancer cells
Deeaplion9f e Hetdt@hArtt 0 t he chenot her apeuti c agent

[ 0003] Therefore, a need exists for additi

chemtf®9&} ap&inrEds ¢ lsading gause ghdsath mAh%Hﬂtffdr%ttﬁig RRespis pignificant
eff%ta? % Hd %qﬁa};}%odcﬂgé Yor dHalind OMRSL 'tQ@E}ﬁﬁﬁry ﬁf@ﬁg@ﬁ'ﬂ &ptions remain
and conpanies to identify new, potentially useful
sgiigeryp themapeuty andandiation therdpyr eicakloagents comb)mmlqn Thergery and
ful devel opnent o

rif(ﬁ?tnglr E%r‘a% WEYeT, aIf %neé%l yr %sie%ui fn t%r rfnﬂ%/ %4 ned fispo\f cancer, and

atdVOh lihaed ast @bl bsdhipg @tletteaﬁmlssdﬁhnmd Id(seasas @Remotherapy is the
ef fective therapeutic strateg y The di peptide boronjc

methad thatalp (ggrapéalyotpsp@i Hhireating pa 163kt wHh mqtlas&mcfancer or diffuse cancers
L 0L BRSSO ¢ AR i o e
résuticini mme ofhhe ZI&Saq@rtheemsmﬁa)atlsntamaacmn@ﬂs rbecoming resistant to the
th& hate ATP) - dependent rmulticatal ytic protease
?P A8 %cel | ul ar protein degradati on.
Pr ot mg[ral TRMHEaE hewd &istdmios faadieleshl @herediB@SShtics to treat cancer.

proteins proceeds by recogni ti on of polyubiquitinated
A continuing effort is being made by individual investigators, academia and companies to

identify new, potentially useful chemotherapeutic and anti-microbial agents.

[0004] The successful development of Bortezomib /PS-341 therapy for treatment
of relapsed/refractory multiple myeloma (MM) has established proteasome inhibition as an
effective therapeutic strategy. The dipeptide boronic acid analogue Bortezomib is a potent,
highly selective, and reversible proteasome inhibitor which targets the 26S proteasome
complex and inhibits its function. The 26S proteasome is an adenosine triphosphate (ATP)—
dependent multicatalytic protease mediating intracellular protein degradation. Proteasomal
degradation of misfolded or damaged proteins proceeds by recognition of polyubiquitinated
proteins by the 19S regulatory subunit of the 26S protease, and subsequent hydrolysis to
small polypeptides. Bortezomib primarily inhibits chymotryptic, without altering tryptic or

caspase-like, proteasome activity. Besides inhibiting NF-kB, Bortezomib has pleiotropic
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proteins by the 19S regul atory subunit of the 26S

protease, and subsequent hydrolysis to smal
w@ologpepté des. Bortezom b primarily inhibits PCT/US2005/043668
chynmotryptic, without altering tryptic or

caspase-li ke, proteasone activity. Besides inhibiting

NF- kB, Bortezom b has pleiotropiceffects on MM bi ol ogy

by targeting: 1) cell-cycle regulatory proteins; 2)

UPR pat hway via nodul ating transcriptional activity of
effeats oa ¥l biobbigh ertangetiregt il p pelf-exsicoregMatonk pioianaii; 3y UPR pathway via
B et SRR ST RS, ABRRLBEIFLYBNR. o binin
pRetiRVaYSBPI13; bptphymretdratéas hfoptaAIDE2; 94)Tw1-’atl€§b)lr atedhanisms; 5)
extrinsic (caspase-8 nedi ated) cell| death cascades.
clyseied f stread-TogpONER MREGHS Byida Bty HEIsic (gRsPajgT) cHediptedlyand extrinsic

({;:%E)z?s% @o&gﬁlhéh) @eqpﬁéa% c&:sc ddegneg» n%ﬁcalfye lBhongng activates JNK, which

sec
taggeirs/atlmbhcnfdnalasmmas G@Mm); feleuse mif t aytdvbroare-@ (€ydo-c) and second

fol | oned b actiyati.on of cas
el aiiah YRR, B Comah (SR, A TG RgR Pogrosol. followed by
ab@vdtivh P CEpARSy ahd %gé/sege ENoWHRE MHoaHint@iket iiedcQuidErediBtance has
t her api es to overcome Bortezonib resistance at
aﬂne@b/e n ghgerved: yandf thetkear moctherpias [OOBTTOTER Bogispamb rgpistance at
Ehe present invention is a nmethod of treating a
Phe eoprastlc di sease, conprising admnistering to a
patient inflicted w tBubternnefdpt hstatondi Sease a
conpound of formula (1) or a pharnmaceutically . .
2Rl o Lo SBF gt dRs Bi5SEHEPEBROn (15 e AP eoplastic
d%(sehé Bhpetiag ddnamstchfy QBOMR)aﬁ&ﬂSinﬁidtélﬂ wath tleUQédpdBiic disease a
chl ofine, brom ne or iodine, d wherein the
comppiinakfi fornatils G hera p@nsmetwﬂy b¢ceisp11able selé ppradies theseodt
| east one ot her chenot herapeutic agent. [0007] Another
aspect of the present inyéntiop is a nmethod of
treating a neoplastic dif{ co r|3|ng
admnistering to a patie rNct/ed®Wi th t he
neopl asti c di sease a conmpound of ffornmulg (1) or a
pharmaceutically acceptable saﬁt\\r pygdrug t her eof
wherein Xis selected fromthe/groyp cpnsisting of
fluorine, chlorine, broni®e i odine, in conbination
with at | east one additional thé?apeutlc agent .
[ 0008] Anot her aspect of the Nt i nvention is a
phar maceuti cal conposition, canmprising a conmpound of
formula (I) or a pharmaceuticaN y acceptable salt or
prodrug

@M
[0006] wherein X is selected from the group consisting of fluorine, chlorine,
bromine or iodine, and wherein the neoplastic disease is susceptible to resistance to at least
one other chemotherapeutic agent.
[0007] Another aspect of the present invention is a method of treating a neoplastic
disease, comprising administering to a patient inflicted with the neoplastic disease a

compound of formula (I) or a pharmaceutically acceptable salt or prodrug thereof wherein X
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thereof, wherein X is selected fromthe group

consi sting of fluorine, chlorine, brom ne or iodine,
wa@nacatocieast one addi ti onal chenot her apeuti ¢ BQUEOE2005/043668

[ 0009] Anot her aspect of the present invention is a

met hod of treating a neoplastic disease, conprising

admnistering to a patient inflicted with the

neopl asti ¢ di sease a synergi stic conbi nati on of at

| east two proteosone inhibitors. Brief Description of

it fedecRddwinn g Fro@1OhsiFingUUEElubring, [chioringtbeeming l9F bidinepin eombination

C trypsinzl.ik caspase-).i ke,  and trypsin-like
“ﬁ&‘yoé\tngeﬁ%ﬁﬁ ag%ltl?%?p?e&o RRURBHERY vt hr ocyt es- der i ved
205 jprooBEas ARy adfRbt of085 Bresédd Gdvehtibn (SURPhaZmaceutical composition,
illustrates the in vivo chyrmtrxpsi n-like activity of
cNPPLigns2 s of [fomy (B wurEhgmdepitictlly agfgptable’salt or prodrug
r adlagr ' t t {4 4 pl ;
SRR L0 P AL PR AR Mo B e o
i@tind, endatdedst actaddiniond] chAetadtherd@imbiy Apon8L3VS at 370C.

E ?(e):-l (%qqgi %&E o@egg:{ﬂegtt@t]ifqﬂgw%gﬁ_%8%%08?#&%1%@% %I" greearting a neoplastic
disegdebabin Qsiﬁgtﬁanﬁﬁﬁk§ﬁﬁ% AbXBlpateat AR withCUBEn&lastic disease a
illustrates cell viability of various nultiple nyel oma
sgrergistiG qeadbinatien oeef 16dst toi melceswimednkibd®s of NPI - 0052

for 24h. [0015] FI GRE idd
fragnentation assayﬂ;—O‘fD—%g% ol 3t 8 i3 reatment with

NPI - QadB] of MAVURE I Slladotases nstdbition mf pdymetrysin-[ik) adpase-like, and

FIGURE 6 illustrates fragnentation ass of

UBHBTIEE IREOtSASPRE ACHEEE ik PUmpL AIYNPYBBSISTIoTY Bom aroiesome, by NPI-
opkg omal cells obtained frompatients. [0017] FIGURE 7
illTustrates MIT assay of MM |S cell viability after
treaf0fdil WHGURE 2 dogatesrthawiiochymetrppsés Bheactiity of NPI-0052 in
absence of IL-6 or IG--1. [0018] FIGURE 8 illustrates

"% effect of NPI-0052 on VEGF-induced migration of

M [@1ep! | FIGOREIR EpduRihe aiitbladflgfaph esbtiihel aftéreatatinf MM.1S

NPI - 0052 on Bcl 2- over expressin , ) _ .
multiple myeloma (MM) cells with NPI-0052 %7 nM) and incubating protein extracts with
AdaY(**I)Ahx;L;VS at 37°C.

[0013] FIGURE 4 depicts immunoblots obtained after treating MM.1S cells with

NPI-0052 and then incubating with Dansyl-Ahx3L3VS.

[0014] FIGURE S5SA illustrates cell viability of various multiple myeloma cell
lines treated with indicated doses of NPI-0052 for 24h.

[0015] FIGURE 5B illustrates DNA fragmentation assays of apoptosis after
treatment with NPI-0052 of MM cells obtained from patients.

[0016] FIGURE 6 illustrates DNA fragmentation assays of apoptosis after
treatment with NPI-0052 of bone marrow stromal cells obtained from patients.

[0017] FIGURE 7 illustrates MTT assay of MM.1S cell viability after treatment
with NPI-0052 or Dex in the presence or absence of IL-6 or IGF-I.

[0018] FIGURE 8 illustrates the effect of NPI-0052 on VEGF-induced migration
of MM. 1S cells.



MM 1S cell viability. [0020] FIGURES 10A and 10B
depict the effect of NPI-0052 on tunor growh when
wa@eivsnéster ed orally to mce. [0021] Fl GURE 1Q&CT/US2005/043668
illustrates the effect of NPI-0052 on survival when
adm nistered orally to mce. [0022] FIGURE 10D
illustrates the effect of NPI-0052 on body wei ght when
adm nistered orally to mce. [0023] FIGURE 1CE
illustrates tissue sections of inoculation sites from
NPI {0009p2- tHI6BREd 9aitlistcaest thel efface atf PRI, of (BZ2Apverexpressing
FI GURE 10F conpares the effect of NPI-0052 and
MMo &AM %¥n t umor growth when administered i.v. to

m C?oozbg025£]IG6R@§Rﬁ)A1%a ¢OBTRIBHiESthe Refe@f §fEGPT-0F52 on tumor growth

NPI - 0052 and Bortezom b on survival when admi nistered
whienwdmingstered erally 00®8F. FI GURE H A il lustrates the effect

's e FGDRE 06 A kRl RBED B R B gL when
adilidisieded 8taBls té Meceef f ect of NPI-0052 on superoxi de
generation in MM 1S cells stained wth

por W28 o 4y O Bt s R, oif UL B oS GRdy ycight when

adgl‘ﬁﬁét%ﬁo#a phleot s of mtochondrial and cytosolic
protein tractions obtained fromMM |S cells treated

wi t ({H0a28)] - 00BGURE 02 ]illt@dREisqueDsatepisc b§ inogwiaherbsissfrom NPI-

cytosolic oteins. obtained fromMM 1S cells
Oogi'érﬁ%/ts‘ga'?/d GO r‘?ag‘@'sr?‘c%nd anal yzed with anti-caspase-9
Abs (00239 30] FIBUREREOH L dmsheRi thd SffédiaB NPR00S S aif Bortezomib on tumor
cytosolic proteins obtained fromMM IS cells treated

groWthwhepledogsgeraddv-dnaliszed with anti-caspase-8 Abs.
o0l ST R PSR 5, S ML S g o
suBpabivbsh sdrhiyisboedi. PARRicend caspase- 3 cl eavage assays.

[0026] FIGURE 11A illustrates the effect of NPI-0052 on mitochondrial
membrane potential in MM. 1S cells incubated with CMXRos.

[0027] FIGURE 11B illustrates the effect of NPI-0052 on superoxide generation
in MM.18S cells stained with membrane permeable dye dihydroethidium (HE).

[0028] FIGURE 11C depicts immunoblots of mitochondrial and cytosolic protein
fractions obtained from MM. 1S cells treated with NPI-0052.

[0029] FIGURE 11D depicts immunoblots of cytosolic proteins obtained from
MM. 18 cells treated with NPI-0052 and analyzed with anti-caspase-9 Abs.

[0030] FIGURE 11E depicts immunoblots of cytosolic proteins obtained from
MM.18 cells treated with NPI-0052 and analyzed with anti-caspase-8 Abs.

[0031] FIGURE 11F depicts immunoblots of MM.1S or MM.IR MM cells
treated with NPI-0052 and assessed for apoptosis by both PARP and caspase-3 cleavage
assays.

[0032) FIGURE 12A illustrates MM.1S cell viability after treatment with NPI-
0052 or Bortezomib in the presence or absence of caspase-3, caspase-8, or caspase-9

inhibitor.



[0032] FIGURE 12A illustrates MM IS cell viability

after treatnment with NPI- 0052 or Bortezom b in the
WELm®sease or absence of caspase-3, caspase- 8, BIT/US2005/043668

caspase-9 inhibitor.[0033] FIGURE 12B illustrates MM

IS cell viability for cells transfected with vector

al one, DN caspase-8, and DN caspase-9 after treatnent

wi th NPI-0052 or Bortezom b. [0034] FIGURE 12C depicts

i mmunobl ot s of cytosolic extracts from DN-caspase- 8

and [0:0@3@: asPAGHRE 2B rbistetee MMMS ¢l &i@biliSy tforecelle drangfedied with

R R A LAL LN

y r angfueat et 8@1&t§1nﬂﬁﬁrﬁ;‘bldtsf ﬁaiyfﬂ's‘ﬁlﬁc Mttabts from DN-caspase-
NPI -005 or Bortezom b. Ef?[rOOSG FI GURE 12E depicts

8 anﬁﬂm@m@eeﬁ gansficted MM Gelif trpatest with d@smeafta@%nefqr@ﬁﬁlw MoAb.
o7 IR SHEASEE T sl R aRERTL ) Rk prrano

traabfettedBoetls thet&fdal‘mdﬂb P60 MH052 Gf)B&]tethﬁJRE 12 F
|IIustrates cell viability of use_enbr

fi briBH6hst SFIOMEHS 2k denids immpnobiqts, af mitpg “fl'g}%é’rﬂaﬂ?m extracts from
MREE] 08T Biirdakdagikic QHichted E&RERFH 1O bR eiRe NPFJO@S*?_ j)r Bortezomib and

concentrations of NPI-0052 or Bortezom b
anply QIR tH Siti- Biouert angit s 69 Adbi | | ty of nor mal | ynphocyt es

Egg[&%ﬂ Plgl?fg}]g%/ I%E’I B%?%erse& lB\élra ] Zyo r(#" rb}r.%u%ggfglg]ryonic fibroblasts
(Nﬁ@%@lli%th lelthirt watl@gpeVd deiStedeBhx \(kitdekldut)y tréed eith sndicated

transfected with vector alone or Bcl-2 after treatnent
copganfrapgms o OF'3-0852 eBartezemibh. [ 0040] Fl GURE 14B depi cts

| mmy g&ﬁll] ot Sl}fl@&ﬂ@’ﬁ??lms{r&te?& Flﬁ%l St AdrRd Mﬁ%gﬁtesoﬂ’rom five healthy

Bel - ansfected MM S treated wth
doaorsBeatee mathi ibdic{t@Debbl erfila@GyREf NP1H0D P List Barteesmael |

e X R TS R T

veidk a18RS6r B“claomegzr@mnentmmﬁtmbs@%s%h@idnqa of the
Pref erred Enmbodi msntJOO42 In one enbodi nent, a
€

congdBdN acklSHBRIhd4B slepistsimmaunphlptsi of gyiqseliele¥tracsy fremevector- or
B(ﬁil-tga%iﬁ:c eg @&jl\/lh%rc%hptreal(técp w%ﬁf’ 06%2%%0?3%2(%!11‘5” I ne,

ment, Xis
chl qo#41¢. I RIGURE 15 111ustrates cell viability of MM.1S and MM.1R MM cells

treated with indicated concentration of NPI-0052, Bortezomib, or NPI-0052 + Bortezomib.



one enbodi nent, the conpound of formula (1) has

stereochem stry according to formula (I1): (H) The
w@eoopoensds of fornmula (11) where X=C is al so re¢BUS®AS/043668

to herein as NPI-0052. Conmpounds according to formul ae

(1) or (Il') may be derived fromfernentation of

Sal i nospora, a marine gram positive

actinonmycete.[0043] In sone enbodi nents, prodrugs,

met abol i tes, stereoisoners, and pharnaceutlcally

accept abl e s&DMmk@ﬂ)sb* ‘ H

pr O\éljé?ﬁ‘le?a f oé‘f (g]sf’gerﬁq%dgﬁgng?ﬂ%jqe a?grcg%g]g) @a (Rt% provided for

kagdg@ﬁgagmg&Hg in vivo. Prodrugs are often useful
because, in sone situations, they may be easier to

adm ni ster than the parep yg. They nay, for
i nstance, be bi oavail abl
whereas the parent is no e _pr pdiog may al so have
i mproved solubility in phakeg iti
over the parent drug. An exany_e,
of a prodrug would be a conmpgound

across a cell nenbrane where wate
detrinmental to nobility but! ich then is
net abolically hydrolyzed to the carboxylic acid, the
active entity, once inside the cell where
water-solubility is beneficial) A further exanple of a
prodrug m ght be a short peptifde (pol yam noacid)
bonded to an acid group mherexthe peptide is-
nmet abol i zed to reveal the active noiety. Conventiona
procedures for the selection anﬂ)preparation of
sui tabl e prodrug erivatives ar escri be

whstarpray bf Resés gogRe. Braine faoaipbals fie BRARSER- o is chlorine. I

orl%l S6dFhent, k08 mpothll 6hfokSiull €1 BRY stéreEPERNHa8hrifBE & formula (11):
y reference in its entirety. [0045] The term

erivatives of the

conpounds di scl osed heéreyn torngd by the addition of

hydr ol yzed under physi o ondi ti ons. Exanpl es of
pro-drug ester groups incluffe plvoy xynmet hyl ,

acet oxynet hyl, phthalidyl, An and met hoxynmet hyl ,
as well as other such s krown[ in the art,
including a (5-R-2-oxo-1, 3- -4- yl)nethyl group.
O her exanples of pro drﬂ@ Fstér groups can be found
in, for exanple, T. Hi guchi and V. Stella, in
"Pro-drugs as

X

1y
The compound of formula (II) where X=Cl is also referred to herein as NPI-0052.
Compounds according to formulae (I) or (II) may be derived from fermentation of

Salinospora, a marine gram-positive actinomycete.



Novel Delivery Systens", Vol. 14, A.C. S. Synposium
Series, Anerican Chem cal Society (1975); and
w0 Bioenevses si bl e Carriers in Drug Design: TheorBRCEHDS2005/043668
Application", edited by E. B. Roche, Perganon Press:
New York, 14-21 (1987) (providing exanples of esters
useful as prodrugs for conpounds containing carboxyl
groups). Each of the above-nentioned references is
herein incorporated by reference in their entirety.
[ 00451104MEt afbol sires c:ﬁquimemanpmmdgs, dh@tﬁlbolé@d tsearedigpmers, and
+nc ud tive eC|es hat are re .
W%e&}gal f oar?ce&ﬂ; lt& S ucﬁ)gg)o\nh({g icﬁoge her 18 gqr gﬁowded for use as
débctib&her R4 7] V%ere t he conpounds dlsclosed herei n
have at | east one chiral center, they may exist as a
racelfdl or AnSprediaat rdprere an |agens ihal i§ cpRVeRiSE drfotthe parent drug in

vt@hl Prod s a§ o%%%s@ﬂﬁbé@a&e“fn%nfe@ﬁﬁﬁﬁ%s eﬂ'lﬁ' ﬂl?}éi)éjgaggr tdadminister
t er

e Ssco resent invention. Furt
thah tllid'n&rmt yisitgal They mafyoforrmsfame bhéicavariableriyorafadministration whereas

di scl osed her exi st ol ynor phs. h . .
0Pty Bneotar 41F ETTHEA B dRe BB e OB kdn Phamaceutical
cHhFSRYns bMand pabat drily. a8l btdnile, vithoBt thitdth®, 60MPOURESVould be a

of the present invention may form sol vates with water
cgmpaind viyely @taégl)mgpreé GFrAD AStT (HBniPEodsed Y Enfagilitaty Erpnsmittal across a

caf : {&htan s 8{] éﬁalﬂ%ﬁgolétlﬁh p%%%&? PtIE)C 91on11%¢ Bt SSRBE then is

I hventi on. har naceu
nﬁmbebctaﬂiblhgdm&lzéd td tt eabokPicacRiakite aaflvaemmymmumdmstdha]ne cell where
does nhot. cause n|f| ant irri atlon t 0 ni s
Wtatﬁr-w@ﬁfty 5 beneBieiRh sty e ﬁ8£§ 8 mgur*@égg a Higrt peptide

(PIRhReR) Radddvio é/n aagi %%@P%ﬁérb Qe Plptldaas GRTRRYAGH td Feveal the
some enbodi nents, the sa is an aC|J)a ddition salt of

agtive rncaﬁwo Giedventinggl mm@nrp&:@r tl@ébhesti@aamdméemrﬁlan Réespitgple prodrug
drr?va v n %esc%gp gr ex\MnE) 1%%’1% Hcﬁ ﬁﬁndgaard, Elsevier,
Hydr'o r

Ic acl c acl
1!788j,rxoﬂnbl®m Hereh§ Ind:))rpowécf hHrdtlﬁ bﬁiﬁdf&end&hﬁ it entaetyd,
phothorlc acid and the liKke. Pharnaceutlcal salts can
al sol%d5lopt ditk &Hmbj?mr%%lé €57y T S PEIRE Y & Qf fhegpmpounds disclosed

h%&aﬁhﬁe@%y Ghs Q&(ﬂtl@f’ o@!aﬁypgllagévgrap bt QRRL Cor6&HsRRXYArk hydrolyzed

or sulfonitT acids, for exanple acetic, succinic,
uhdee physjologitdl conditersatixemples of pro; dr%@tﬁr lgraips metdt: ipnogloxymethyl,

than S n etha ni c t ol ugnsul on C
SEPORHRL oG, FHAPD AR PRk fneBal & VERE HhELuED exgups known
irs flet Ht, GRudhS 0 (PR- D—bkél-lllBedioit}lerf 23Dhiethgl @rowp npﬂiw dxathplbs of pro-

a base to forma salt such as an ammoni um sal t, an
dygyester sravPaLcans B found ipHorgxamnle df- (Hewhi and ¥t Sicllpyim "Pro-drugs as

NOHIt Delmﬁgémﬁs"‘ eyERnk hA'qeg aéyn%lsﬁlm §H‘Pcl§ AsheRcHALREHT Society

or a nm S|umsat a sa
(1975); and "Blorever51ble Carriers in Drug De31gn Theory and Application”, edited by E. B.

Roche, Pergamon Press: New York, 14-21 (1987) (providing examples of esters useful as
prodrugs for compounds containing carboxyl groups). Each of the above-mentioned
references is herein incorporated by reference in their entirety.

[0046] Metabolites of the compounds disclosed herein include active species that

are produced upon introduction of the compounds into the biological milieu.



organi ¢ bases such as di cycl ohexyl am ne,
N- et hyl - D- gl ucam ne, tris(hydroxynet hyl) net hyl am ne,
wERe0&bemldkyl am ne, cycl ohexyl am ne, tri et hanol BaM/n82005/043668
et hyl enedi am ne, and salts with am no acids such as
arginine, lysine, and the like. [0049] If the
manuf acture of pharnmaceutical formulations involves
intimate m xi ng of the pharnmaceutical excipients and
the active ingredient inits salt form then it may be
deS| l|0a4b1]e t th:seethp h@mmmémdusdaftedéﬂﬁtenrphaefmaslem pahcharabeenter, they
méy( C?IXIFS)I %sn% race &:5%] asl %{abacﬁg%rggl enl%)u n?ttéad %{leﬁeall such isomers and
mEAIRO th ks ﬁiieSﬁ.‘dh‘itE:Gdn hersedpe of @t ﬂaeseuﬁﬁdemb@neurtheamore some of the
conmbi nation wi th other conp ounds di scl osed herein,
crysfalkigerhoranst o then eAPQRES af« digelpeedolienen mayefiy aécnqlsoaorphs Such
p(glgﬁ?%ngaéﬁﬁaha@ R FHRS %&ﬁ{e'npﬁfjthg%'ie%érﬁ ih QDR Trhsdcwnmsome of
al ogen atom "™ as used hereln, nmeans any one of
the awimps tiads| & ﬂntmmemf inyeitionmmay Girmt hevaves withii veatdiab. Iee horﬂrateS) or
the El ements ne, bromn r
cqaPh R WY o Y SRS FTEGIebaf R° sPBpaFfeafor the present
inv&@fa] The term "ester” refers to a chem cal nviety
with formula -(R)n-COOR , where Rand R are
i ndel;984ﬁ;lent e @éneebaéalawuaﬁalkyrﬁéce@fa@kp%aa a8 ¢ fgpliot @ compound
: e
i 130 ol UELS AL b Lo 8 S8 DAY (b JARIEH 1 DERHARNA and docs
ndti mb@gemrth@hl)o ogamnatiactivity @ndh piopefdienpf the chDP&HBId. An sdmmiethdddiments,

the (s ﬁsc Qrﬁlgm@% éjlﬁggﬁ \%}gp}g"chtﬁhcg%%owcf a‘?l@i’@%%eggéaﬁ) agﬁst Tavqbe obtained by

re§&kn%°at &QnﬁoﬁﬂmthQn&QzﬁH@a&M'cﬁﬁé Retiréaliglakil (e g hydrochloric acid or
cycloal kyl het eroaryl (bonded thrggg rin

elisomic 2oid), ﬁég@w(ﬁld yrP aeid( phaspleatictasibanshthg likien g'harmaceutical
a%rcgl? Ql)so b@%gtamg rbg %C d m‘)?ﬁlg&l]‘ %tlﬁgi}:glggﬂﬁyacﬁesu@ﬁ] as aliphatic or

aci d
aroDlec ldhrbof])fhct dites@foeﬁezmidsl foregsxample, adetigr byinfco ﬂara:’tm,gmahc tartaric,
rodru [ 0054 hydr o or.car

ci a.%ﬁccghw H&O&%lﬁpma{fﬁ*@? Biopife eﬁleé%gﬁ?m? nl?/é‘ﬂ ‘Ivﬁhlf%‘h flicylic or

néphitRldnfdusidnie racfamP@tblfma%gutchhﬁltp E%ﬁM@&tﬁﬂéﬁ BPREdthis@ compound
groups to be used to achieve this end are known to

withedesegp feii & pali such hsaarafrmmamdm@ah aneadiehli] ryet@iesahwnld a§ gysodium or

ref erence soufc eene. and. Wi t cti
a @tassmm salt, @ af;(ralllec eggilsg sgr das galcujrg or a a]%n ST Xzﬁt a salt of
orpaMis, Nelyasééor K, siNY, 1999 mmd;/bloh&yﬂdmﬁﬂé,por aNadethﬁrI}Hgmcamme,

trils?hyldlt'oiyrggtthlylr)r%te%ylamine, C,-C; alkylamine, cyclohexylamine, triethanolamine,
ethylenediamine, and salts with amino acids such as arginine, lysine, and the like.

[0049] If the manufacture of pharmaceutical formulations involves intimate
mixing of the pharmaceutical excipients and the active ingredient in its salt form, then it may
be desirable to use pharmaceutical excipients which are non-basic, that is, either acidic or
neutral excipients.

[0050] In-various embodiments, the compounds disclosed herein can be used

alone, in combination with other compounds disclosed herein, or in combination with one or

more other agents active in the therapeutic areas described herein.



[0055] The terns "purified," "substantially purified,"

and "isol ated" as used herein refer to conpounds
waolc@ehawsed herein being free of other, dissimPaEr/us2005/043668

conmpounds wi th which the conpounds of the invention

are normal ly associated in their natural state, so

that the conpounds of the invention conprise at |east

0.5% 1% 5% 10% or 20% and nost preferably at

| east 50% or 75% of the mass, by weight, of a given

san’pll0@51ll\/bt hbel serof “hahme@ @G’%] apgisete herpiot mgeesdamyonchef the radio-
st?tﬂﬁng 12 {;@ﬁ%ﬂygg rhﬁr I‘I(OdlC ?aeolé: %F@k‘? uﬁ%m%tlts g ngtllu%n('n!: chlorine,

bx@aﬁmsemhmls ew i ﬂﬁ@&&@ﬁe clﬁll@hhelbdlm@srefehed contrast,
Bortezom b has been shown to inhibit only

chyn®0%3)psi Abe fgem “sptet esSEmie ademisa 9’01%%(‘-}’ it feapdp g(R)--COOR’,
where 3 o) BRGfe inopndli)scliefeg Mt oo ofdy EChsRAfls BRI, chcloatiol
anyh dmtepmndt(bmdeé rtimionglby ringfoarbenk end het¢raliayclen tiomded, thrqugh a ring
g furtdhel\r@ nst rated that conpounds of formula (1)
1B apd yyheret 8% " dechani sm of action t han bortezoni b.
Fur t jpes3y0r € AntQfid0 P Rehiedl thaedwith fotnhula NGYFESO)NHR’ or -(R),-

}ﬁ‘& tosis invarious nmultiple nmyeloma cell |ines
HEEOW} Mgerepand &y’ arg mdercgdendly splestadndtonn i risowpesrgisisiingeof alkyl,

Pt e RIS B AIACh oo T, ngRicveic onded
tlﬁ@r@;mmtg @’fbcfnmramdlv&ete @lssoi hdAo edudfptnm bsarsammogeld or a peptide
nes obtained fro man mJItl | e at.ients
ke AP BB IrOr Db BT B GT, DPR A S8 PO
Dexafmgégasoﬁ%y ARAKE, Q?@Fﬂxg; oPB&bENR sidOfHafle on The!Sembdifids of the
conpound of fornmula s effective against MMcells
pltemt inyentiqneesinsheagsterifigd or h@mdlﬁme nﬁhfh proggshesi andageifie groups to be

égﬂgﬁ]\gebl%%x%%gagﬁ\gg Et% FY?)I)S‘ 0TSk ﬁ'up llfoqbr%?nd can readily be found in

refﬁétﬁjédblﬁtgésysuch as GRne Bib Wuese Bt‘qtecavéré}tdﬂ!pd 0 Organeasyntigsia, 3" Ed.,
neopl astic disease that is s eptible to.resi stance

Il R11eY & 8805 VR YPRbDh b4 B B S EReraled hBTedt PBdnrety.

CONPfo54)N9 @HEI &Rt efurt@dr O“sﬁbﬁﬁﬁxaﬂ?tpunﬁH@h #d Ssolated” as used
human, a compound of formula (1) or  a pharmaceutically

hqcmep&am eorspdundodisgoedrhseeiebeiog ftehof edfer, dysimilar compounds with
wh{cﬁ% Strfgrg}% %n%lsggf ﬁlgl rr?r\]zaeﬁllc% o?re%l tn?)gnﬁﬂ&t‘ a@?{gﬁj‘e{?&y Tl theif %g’cﬂ}a‘l state, so that
thehRipbiedsaqTetié iiveAg@Ntortisk ke 1qast 0694 190630, MOYs, re 20P4, and most
in significant aneliaqration of synptons of the

preEsslnaitleast 3" R éeo of fhedpase bé(ﬁ’ﬁf‘(‘ﬁht rPé AtedveRisamelet he
MAeRAL gstiiL disease is a characterized by a tunor,
—resrstance to at

[0056] As demonstrated by the examples presented herein, the compound of

formula (I) inhibits chymotrypsin-like, trypsin-like, and caspase-like proteasome activities.
In contrast, Bortezomib has been shown to inhibit only chymotrypsin-like proteasome
activity. See Goldberg, A. L. & Rock, K. (2002) Nat Med 8, 338-40 and Adams, J. (2004)
Nat Rev Cancer 4, 349-60; both of which are incorporated herein by reference in their
entirety. It is further demonstrated that compounds of formula (I) have a different mechanism

of action than bortezomib. Furthermore, the compound of formula (I) induces apoptosis in



| east one chenot herapeutic agent” neans that
adm ni stration of the chenotherapeutic agent does not
WO e®alsosrer appreci abl e inhibition of the growtbkCDiUS1I008043668
tunmor or reduction in the size of the tunor.
"Resi stance to at |east one chenot herapeutic agent”
can al so nean that when the agent is exposed to
resistant tunor cells, no appreciable apoptosis is
i nduced. By "susceptible to" resistance to at | east
vayives ohutiyde hgerpeautelldingg arvluding birsnatdiamitedt thabexameethasone-sensitive

MREZS: BEiiesbsioe e G Ui Raduie - 5P on o ofagesind Dororubicin-

rebi@@hSbanee JReBompAAtTdodslTa NaRb idfub@amptdsiRen cell lines obtained
chenot herapeutic agent. [0058] The exanpl es herein

framdwinmpa rrowspleandomp wtlmuhﬂﬂsre&m%@‘fﬁmn&ﬂ%wly PRRE fherapies with

Igﬂ%@&ggq I’s.othf;? l%egﬁgnotha%n A &%—h;{ouﬂ@%{ RShsla (1) is

effdnivaiagdiest &dM peltsothbi mat registanti ttohotBar themottiepPB8ic34dentso including

achi eve apgptosjs. usin each agent than
et R A O N N A e A Sl
redugpsg t hActRingly! ¥ @Ak ehBEdiARN b Snethdld¥ ﬁﬂe%d’ﬁ Yeoplastic disease
these results denmpnstrate that a synergistic result
thetiy strsepsibl@iorresistinge Aeiat 1pass pre ¢hegothgespenticrageririg provided comprising
.ot ea ' r S | .
S A e B
adzcoprhble ahlt @ prodthex eftél thereofl . (Hiy ‘Irtsiht@se ab R0 ldasteone chemotherapeutic
denpnstrat ed that conbi nati.on of h%e conp

agegh nifismepyt thatedminsabion of feghsme {aBF‘ttHraggﬁtefﬂtt@e patient does not

re@ﬁlp\ﬁhdﬁgﬁﬁcﬁgdérﬁélﬁ%tﬁ)ﬁlf 8 tsymPnRAGF tthy eneoplabtid HiseBANt In some
that the conbination of two or nore agents yield a Cl

erammmtmheteytheql@mla&tro diyeese iGla phayackssizetbbe enfumed, “r¢sgitance to at

le]aglc{rg cEémotXe ! het%tugalgéjnt -éanlegrllsa%gtma?"r{‘ &%ﬁ%ﬁo%gﬁg%&%%pa eutlc agent

ddddnbf 1@);12( ﬁl%))ieélaﬂ)s 2hibivibe bLthé Rydwthnflthe B)ovdraeddseon in the size of
doses of drug and drug 2 that have x effec

thgdwos; ﬁ‘%ﬁ%p%&?.abwasma cheRgtherapryli pgans” cangt E%Orfaeaadlgwhen the

% ¢ 4§ L&g&se@”ﬁé AUslihng thief c@l"l’svend hgpRainBe Xaﬁ%fafo@i%t isWiRlced. By
059] Accordingly, in one enbodinent, a

“suectehoueltg” pmsxmrstedofanrleast eaiei dhgmathemppites ageot, dit deasant that the

o P S G- 3, BB AR Byt pecnt o v
d&xRIpRELFaRE upbrap&Sedaddniiioh /d% @ thei cRbth&tht@p&utic Agént.may
be conbi ned I ncl ude pepti de boronate proteasone

i nhi B088r s, Thestidrlen hgeHy also sleproagsatinghat rrmppPiRgissof formula (1)
whaf cGﬁlegg p\tvftlg %oﬂ@%)tnﬁgsﬁ’lrgrger B RikRT SoopfsROM- MM LdIRI Thus, a

exanpl e a pept
compound of formula (I) may be administered in combination with Borfezomib/PS-341 to

achieve apoptosis using lower doses of each agent than if the agents were administered
separately, thus reducing the toxicity of the agents. Surprisingly, these results demonstrate
that a synergistic result may be obtained by administering two different proteasome
inhibitors. By “synergistic,” it is meant that the combination of two or more agents yield a
combination index (CI) < 1.0. It has also been demonstrated that combination of the

compound of formula (I) with non-proteasome inhibitor agents provide an additive effect. By
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boronate proteasone inhibitor is bortezomb. A
non-limting exanple of a peptide al dehyde proteasone
WO ndvshsteos is Mz 132, Non-limting exanpl es of PCT/US2005/043668
non- pepti de proteasone inhibitors include onuralide
and the conpound of formula (1). In one enbodi nent, at
| east one of the proteasone inhibitors is a conpound
of formula (I) or bortezom b. By administration in
“conbi nation,” it is nmeant that the two or nore agents
“addifivbg if isumehni that the cpmbmemﬂ sf tyoowrduenc agentayictdve Ct appsoximately

eaélaﬂﬁﬂngt rdl %eﬁie%ﬁlgmgﬁ,b S%Wte Yﬁ%e éz;llglyoéln gl%}? Imlede according to
the dBilew Qarqﬁﬁhosll ol FameUBkylL. +| (“D)W(“BX)SUBWDWDW(MB NDx)2”, where

adm nistration in combi nation 1s acconplished

(Bt (G FRObaGBRES Ol AN S ) oL a0 hoF i et when used in
c&ﬁ‘cﬁﬁzﬁ%‘h %ﬁ’@ﬂ) 2 O&D)I)E E%ea € 4bSesF %rl?gdfnalm %grzetﬂat have the same x

sequenti I ment the agents
mﬁanwhmsmwdawnehrough t he same route, such as orally.

t hr g@ﬁ%ﬂm f glg’gtd{ 8}39 eeg]??gﬁrr%:it 22{1gne nm ;)SrE)\?iraee(F for treating a
n&‘)(gmsﬁé &E&E@Qorgﬁrﬁhﬂg\’adﬂﬁﬂst@ﬂ%ﬁﬁf orifér0 %rcﬁéﬁ@brﬂb SIhe¥i®es in synergistic

.Vv. I n one advantageous enbodi nent, the
cmnﬁWokN@@tlm@n@fexmeleﬁvuf dassefopb pa@eaﬁ@@eamhlbltors that may be

connéf ﬁéaar};clhﬁll ! e\PIE gg Cl{)%?og?tet %rg%?ggmel hrlfor ?ﬁ? Mehycﬁ proteasome

I's pr Ing a neop |seas
inbibiifors| ahdoageptidesproteasogneainbhipound obn- flmltmgl exafriple bfia peptide
conbi nati on MA anot.her ch nntherﬁgeutic agen

. In.
Qe R HRR N R SOIREF S o RobiTE] B P8 Em g dha pegtide aldehyde

pREXHTRL hARBIRG, 1sd@/1@-rlg@' CiNOn-1Rfitih§) adxa hP1¥s At nbﬁ‘-p@tﬁﬁle proteasome
enbodlnent t he ot her chenot herapeutic agent is

mhnbmtmemclpdm@a@bd@andwﬁp lspmpeunsl affomrulp 6.t Eyend anquhment at least

onee odj L eyt [ n
o SRR BRI S U LSO TRORERETS) B b B
adrhiisaakibnt mo%ahbmhtanvt in & gy thac thageator n{o@@fgbhts Irmayslﬁrfeund in the
enbodi nents, the neopl astic disease %reate

paticat ﬁ@ew&a%eaabawhenaw%é"%e cggrdlesss af gdeB gor % %‘%efgft actually

adrfiflfsflred. Slﬂr&lg%bohl?ﬂéh? MhBageR¥ Akd ﬁﬂmﬁ@fé@&lrmmuﬁeﬁl'é@ﬁsly In one such
cancer, bl adder Cancer prOSt ate cancer, colon cancer,

embatimbntc achnmrstramrorm@hnbmwgrls atqmgﬂl@laﬂdder comlympgdhqaagents in a

mggla ﬁlg{}gg g :rlg qa%tg gl%ielg Ceaa%%tg [ Iarr%el a@\rénﬁr(rl:l t%raeg%gc{dentlally In one

erﬂ'ﬁdcﬁﬂﬁ&ﬂ&he agaitsodre adtﬁﬂﬁ’st&écﬁtlﬁo@h the Bdmatoutg ENGIM& @18t €l another
cancer. |In one enbodinment, the neoplastic

CNS)
elﬂb(gblaglg itke FE¢RL tare;,p@mw%a;r%ﬁhropg]larqﬁgg@t roqugs, such as one being
acgf?lm%?‘édt 6r9n5$ and another being administered i.v. In one advantageous embodiment,

the pharmacokinetics of the two or more agents are substantially the same.

[0060] In one embodiment, a method is provided for treating a neoplastic disease
comprising administering a compound of formula (I) in combination with another
chemotherapeutic agent. In one embodiment, the other chemotherapeutic agent is
dexamethasone, doxorubicin, or thalidomide. In one embodiment, the other

chemotherapeutic agent is another proteasome inhibitor such as bortezomib. In one
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[0062] In another aspect, the present disclosure
relates to a pharmaceutical conposition conprising
w@psvalcogi cal | y acceptabl e surface active agertBUS2005/043668
carriers, diluents, excipients, snpothing agents,
suspensi on agents, filmform ng substances, and
coating assistants, or a conbination thereof; and a
compound or conbi nation discl osed herein. Acceptable
carriers or diluents for therapeutic use are well
ermfbodiment, na t;ihempdnaut'rcab eompesationafst proyiigd athet dersbinghedsompound of
n's Pharnmaceutical Sciences,

forfffig{I%aEHHB tfh%?é‘ﬁ?‘q‘@ﬂ@n}“%‘ﬁ?tﬁ&m%“"a At on, PA (1990),

whi ¢hog1p | NG RERAE ERbEImBEE &heinddyl k&S GE@BE Gedtéd byt sy of the methods
entirety. Preservatives, stabilizers, dyes,

abeyema bt gancen wiseigA fog bpash aNeETh gar%fg@fntl%lkelam oygi@n [caegr, uretal
C C |

callt, B S bt M BRAUTHC GO Fordl URAT, Sl Ffer, lung

caﬂeehy timophyhan miltplacingelomy, pencasitie dcanserpriysercamder,v kslney cancer,

In addition, .antioxidants and suspendin ents
cngiathe FReFa i S ERDBRRTIT. CERTEOREY STRAY gpbl TeROLS sysiem

(CcNgh Eaeed 1Blbh®bAbEmBACOBAbSplasBO distI€ i 4 IBltFRYmRLorHs ed

as surface active agents; sucrose, glucose, |actose,

Pmummmwumb€mgm%UMLzed cellul ose, mannitol, Iight
anh S S| ngsi
oMUY, LGP RS, AL AR, R0 4 e

co&@bﬁtlbkﬂb@ﬁplb@mb@suﬁ@gﬁaﬂlmaﬁéﬁpdib(b&l&'tbﬁﬁﬁb&we%bms Lmimers diluents,
hydr ogen phosphat e, caIC|un1carbo?§g%§nx ceIIquse
CXGIREPNTSh EMOPNETAG e HSRAISIGR A8RRL i g gHHesRRses, and coating

asSiLERAL 2L ﬁléoﬂ{b%atlbﬁrtgggﬁd afdla @G}QpJuIBQ drl &fmBTBMioREdiI®Ed herein.

as smoot hi ng agents; coconut oil, olive oil, sesame
Amettablp eanmuqts @i dlluemsﬁa thargpebtic useeate a»@llskmlg]ﬁe S therphatpeaeetical art,
tat ht h
orfart ST SE0 65 s R a0 SRRt Aoty 1o Ea. Mack

Publigiiifig COl, EARbMYH 208, erhiaht 1b atoyordted hapialtyreferedse i its entirety.
derivative of pol yvi nyl may be used_as suspensi on
PrecgBHHEes, Bt B hobFOITEEFE, dreRecessflaoripa e Al thejgre may be

prgaﬁed inktﬁ @Xmﬁgeﬂéﬁdc ositeRe et Qy[hnﬂﬂ@ b &iuhOR83datd RScorbic acid

term “phar maceuti cal nposition” refers to a mxture
andfestarsad proydratybmzcio r:rbudnmel beraddéd aﬁq)mmadseSd ils eddiierd antioxidants

ot B P LS 2l SETRETEH Sy HE By, s st
alfpBgid hieeHaRs a%dnthélllﬂ&frﬂﬁy 08 wéd hheuﬁm‘pmnd aga*ntansucrose glucose,
or gani sm NUItlpIe techni ques of adm nistering.a

lagfeypp otigai.e£1ystIlIZAd t rdulese, PRERIER Aight ARhydiees [Slifpice gmagnesium
ah‘i]ﬁfnaf%r %a emn?lc %sﬂi@@tgoﬁflglm aPear Iﬂferhgl aluffithint Oﬂh&a@é calcium
m ni stration. arnaceutlc ositions can al so
cabi®natef addied dxyd roeﬂmhzitngcai@mpohmﬂgem phosphaoy, gakviun ararboxymethyl
cellulose, and the like may be used as excipients; magnesium stearate, talc, hardened oil and
the like may be used as smoothing agents; coconut oil, olive oil, sesame oil, peanut oil, soya
may be used as suspension agents or lubricants; cellulose acetate phthalate as a derivative of
a carbohydrate such as cellulose or sugar, or methylacetate-methacrylate copolymer as a

derivative of polyvinyl may be used as suspension agents; and plasticizers such as ester

phthalates and the like may be used as suspension agents.

-12-



organi ¢ acids such as hydrochloric acid, hydrobromc

acid, sulfuric acid, nitric acid, phosphoric acid,
woretohvaevesall f oni ¢ aci d, et hanesul fonic acid, PCT/US2005/043668

p-tol uenesul fonic acid, salicylic acid and the |ike.

[0064] The term"carrier" defines a chem cal conpound

that facilitates the incorporation of a conpound into

cells or tissues. For exanple dinethyl sulfoxide

(DMSO) is a comonly utilized carrier as it

f aci[0068ht esThehernufthakeacedticabeoynposigian cfaompomidse ofit gompound

the cells qr tissues,.of ap, organism., [0065] The term
or <GpIgHE oheprRRSE HiocE] hersﬁlpm}ﬁo%h%fgﬁw]@al PomRgFRly, such as
dilhbas oM Larridt S SPhy §hbiaeice RO YREp&itidnN ERIIRSEs agmiaéttatids of the

stabilize the biologically active form' of the o
compppBuindn ogzaniss. dMybiple/isehniquep of sdspinigtesing arcpyrguigyegist in the art
. . e . n 1:0: A j .. .
infbid PGl B Rk, gl DECAGAARN YopHBE daminisasion.
Phhimatewicabcdnysiiahi canoalsh bé asinad bhteimgdongeoundsi witle inorganic or

buffer salts can control the of a solutign.at |ow. . .
orERBifc it EoriS. MATBEr aan R ey S e e scid,
phBifRbARGLGA! memhhediEdhiOhcid GRINBRURHic dfH0BabILINBuFTidhcid, salicylic

“physi ol ogi cally acceptabl e" defines a carrier or

acgiandélpetlikehat does not abrogate the biol ogical activity

and Q{Lﬁgger .ti“h%s te?rfn t‘cg?net%’o %%H%ggcih%g-ng%l c-gnxg).ound that, facilitates the

pha# utical conpositions ri herern can be
in@hpariticht Eradnippusd muredlispatisees. Parexsmpleatimethyl sulfoxide (DMSO)

. pharmaceut i cal] conpositions ere_th are mxed with .
is 8 GPIPEIBPlY UtikiEsq @rder g ltef%clltﬁfeéﬁ@(@}%ke PEERRY Ggaye foppounds info the

cell Q5L 0Py §fdnigdm ni stration of the conpounds of the
I nstant application may be found in "Rem ngton's

Pharf®@Seut i Bel terSe ‘dheats defindsatheiRish] ¢asimongdChlutedSasyader, that will

. PA, th edition,. 1990. [0068] itable.rout of.
iy i e BT iy b pe SRSt Pt e BB Rl frmof e
colrpB&ITUS QIS Atissdl Al iaabuffeddd doNitRaE iafeakitiladdiagi Slue@s ii0fhe art. One
parenteral delivery, including intranuscular,

coguistit ByrdouTerqdntolgipsnis (PRoSRhA BIHEERd) falipg bPefuet{t Binaics the salt
coﬁ&itig\f?sJ l)f ﬂ&mbﬁ%[o%hheﬁﬂ!:e bgfffreé-‘aits |34 TeBN et t:ilb‘i}ﬁ 8Ff a solution at low

iIntraperitoneal, intranasal, or Intraocular
cohcgneretianewsbuffngl dibiepoaretisoedified thobiok gadhaativey ef @domppund.

sust ai ned contrqll.ed rel ease sa forns,. :

ol aElsaE e RaRa BERTE BApGh Cpfipy o diluent thatdocs
not EROSASHEBIolddie hetdliithAne beptiied sRAS ppounpat ches, and

the Tike, for prolonged and/or tined, pulsed

admile96 r atTlmp}@ﬂng:ew@H@{r@?qﬁthﬁ desgxiked herein can be administered to

a human patient per se, or in pharmaceutical compositions where they are mixed with
suitable carriers or excipient(s). Techniques for formulation and administration of the
compounds of the instant application may be found in “Remington’s Pharmaceutical
Sciences,” Mack Publishing Co., Easton, PA, 18th edition, 1990.

[0068] Suitable routes of administration may, for example, include oral, rectal,
transmucosal, topical, or intestinal administration; parenteral delivery, including
intramuscular, subcutaneous, intravenous, intramedullary injections, as well as intrathecal,

direct intraventricular, intraperitoneal, intranasal, or intraocular injections. The compounds
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[ 0069] The pharmaceutical conpositions of the present
i nvention may be manufactured in a manner that is
w0 e@ebéockaown, e.g., by means of conventional PCRUSIING043668
di ssol ving, granul ati ng, dragee-naking, |evigating,
emul si fying, encapsul ating, entrapping or tabletting
processes. [0070] Pharnmaceutical conpositions for use
in accordance with the present invention thus nmay be
fornmul ated in conventi onal manner using one or nore
cqphylsé bt @dngmstérgd G septindgl & catollet sﬁlea@wéﬁsagc rﬁgrms including depot

{ d tt
SRR SRS B TR R Lo GeeROSARHRL o e

like €6t REIBRIRGRWLE Gakd, YulsEd @cﬂﬁlﬁusfr@tﬁdﬁ.dt atpmlmehﬁme@ ﬂﬁeﬂdent
upon the route of admi ni stration chosen. Any of  the

vel | [0Rp%wn The hptiaguissuticahrGomppsitions @f ethei pieast smi‘fﬁ‘WOBemay be

S S: 0Q .
SRR PRy, BSOS, 8 EREL gl i
dlbs‘qlﬁﬁg egﬁdueﬂ;atiﬁlg,rmb@epnzﬂqmg ériganing, emuodsifyingn elcapsulatimg, entrapping or
agk her as |iquid solutions or suspensions, solid forms
LY sol uti on or suspension in liquid prior to

i Nj epoy@N, PharBRc&MUAISEQRSositods 8Pl Be aXCidbRBicE Mith, the present
for exanple, water, saline, dextrose, mannitol,

inveiticastbus ey be firmulatadin sprvensenal menes usiagane ot e Rivpiglogically
a c% %Q:alorrelr dedmp t(g(%l (%nl&e (f HJx‘?lgaq{eE I\)\91nch facﬂl(ijzﬁg‘ é’r’o%gsﬁng of the
% % rgmac é)U tain

Injec | Ca conposi tions may
adfivél Odimpd“ﬁihdfl ir%o ptfep;[rémiﬁrﬂ xihichadaxiibe |ua¢d)/p}&u’ﬂ$cteamﬁs ., Psapehformulation

as wetting a ents H bufferln ents d the |ike.
ispHpERdsRH WA i Jouh RDATBITSHRN PR | Aak gidre BETkapET techniques,

cdifilrs! g te%ipf‘eﬁ’t’s ﬁ%}nl&% wed Qb Uhittle aBH %eﬁnd&sﬁﬁldufn' 88, art; e.g.,
or physiological saline buffer. If desired, absorption

Remimegtan’ nbhapmeqsatical Soprceg.fabpvexanpl e, |1 posomes) may
be u{dpzmedén&c(t)%)p“ gzglorbet ;rn?:ﬁazre Cos@énv@%{n ngf %&rrr?st Ie? er as liquid

pene pr e to arrrer perireat e

sdTRYorR ®r e §snions, Relid @t |saitdbdd for[ OMiEi3h oPh&fpﬁﬁ;ﬁ&mﬁn Oqllud prior to
formul ati ons for parenteral, adm nistration, % , by
inRsIQR, PpeempsinGr SUHRtIF BRSNS TRSio fxampley yaker, saline, dextrose,

AR YR é%l, e tﬁ’lﬂsalglfl ﬁh ?o(ﬁlﬁfl' arﬁ&@&%@fﬁ% h'yﬁ‘rochlonde and the like.
f Ie Ad t he

wat er’so orm It onal Y, Ssuspensi ons of

Irm@tldivien,c dmbssired] s theamy;jco@bler plpmme@buagal appropitiont enayi tontain minor
awgﬁ% Ptggr}t%g? Eg)glﬁ%rgtnstsﬂgﬁt%%est %ucheasl \!vﬁf) ggh Iaéelngs ﬁl ?f(l}‘]%g géents and
the like. Physiologically compatible buffers include, but are not limited to, Hanks’s solution,
Ringer’s solution, or physiological saline buffer. If desired, absorption enhancing
preparations (for example, liposomes), may be utilized.

[0072] For transmucosal administration, penetrants appropriate to the barrier to be
permeated may be used in the formulation.

[0073] Pharmaceutical formulations for parenteral administration, e.g., by bolus
injection or continuous infusion, include aqueous solutions of the active compounds in water-
soluble form. Additionally, suspensions of the active compounds may be prepared as

appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include fatty

oils such as sesame oil, or other organic oils such as soybean, grapefruit or almond oils, or
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oils such as sesane oil, or other organic oils such as

soybean, grapefruit or alnond oils, orsynthetic fatty
wa@eiodoaster s, such as ethyl oleate or triglycerdTes2000043668

| i posonmes. Aqueous injection suspensions nmay contain

subst ances which increase the viscosity of the

suspensi on, such as sodi um car boxynet hyl cell ul ose,

sorbitol, or dextran. Optionally, the suspension may

al so contain suitable stabilizers or agents that
syithetice fatty dchik eters.upichi asyetf! alpase oo ripglierdisles, ooralinosemesor Aqueous
e aR For i Steln SRR LBl EE AP LRV B e suspension,
suftpaagaiifiardatboRy@ethyl cellampguogtstodrori dextrant.t iOp#iosaly, the suspension

containers, with an added preservative. The .
MYGH§IFONEaIbELablg ytaphieers %@?HWS&P%“C&@S%@@ SeHRilisHY the compounds to
all§Ql|JUlt the B?egglratigﬂ'}}# ﬁ?lﬂ?%oﬁc@nt?zltéd’ soRltioRSUBR I MRAE fr $ffection may be

and may contaln formul atory agents such as suspendi ng,
preseatid lin mnihdosapel faym, digs pe pmpogjesagemtBultiAlose pomaingrs| with an added

the activye ingredient be, i owder forn1fqr. .
PresSARTS Ul Pt RO HOL A 1K e S ionenglor, silygipns,pr emulsions
in PUIOEL RhdoRS WeBIcRE, aREhiyecdittn hbEAdtbryFagen® alich as suspending,

adm ni stration, the conpounds can be formnul at ed )
stabgligingl 3ndisy Henetsing aggnts h A ligsratiyely chppeliyrdeifient may be in powder
oI TEEHH L b, SRGADLPILE SR ALAL gl B, b0

i Nv4oaidpn tkorbeall edminisabiéch, abe tcabipetsls qinl bes fordndayele ssadily by

capsul es, liquids, gel.s, syrups lurri suspensi.ons .
comhiniam e i, CompugR ay gAY Acs ARl sRTED 5 dnonn in the
artt  SRhedrricFN &{aBRCABY LbEAdunds 8P Beah{@iidn k®be @irluladiiCasGablets, pills,

be obtai ned by conbining the active conpounds with

dragsks, dapandss pliainds, gelptiyorpal slyirigh.isHerengjors andsthe dikpgfor oral ingestion
byg:!a )éltatué’n‘t:”to %@dﬁ%&%c eﬁﬁ‘%r&gceﬁjggal rBr%gagHéfgjlrl? fé‘cgg&gp Hé e?’%ﬁ ﬁJ bBtained by

ﬁg sui tabl'e auxiliaries, ' , 10 0
cotmbdiigt shonctiveageapamde swittSublidlexeipexci @itensldy ariedingm resulting

particuylar, fillers such as sugars, .including |actose .
i G0 ParIE B M SR, S RS SU e B PG desired,
to DHfath @6lets R drLXAPREE, SURbR @xSibRAGAre, W BAtic A2 KiAs shdhCA sugars,
starch, potato starch, gelatin, gumtragacanth, nethyl

ingeding lagtose, shordseo wypprigyorreertiipl; celulpsg pysparationg puph as, for example,
car boxynet .hy| cel L ul ose d p [ r [

oL BT  SBL 8 M0 POLYYL LAY LRL, 830851, ey

ceBuloke, as hjdiexyprcpyindthyicelulpse| yviodidm py¢arodxythetiglcetigase, and/or
or alginic acid or a salt thereof such as sodiu

poRyviRTSlidegea o) of elesizale ASHURATRHNE Sorh 188N PRBfged. such as the

EIN bt $€ or GRAGE NHeldabes sSit YRreof such di
B3N RIROVTA LA AR or SRR LU et e s sodum

algjuate.aDakgee cotealacs providyd wnthl supighle odatiden e Forcthishpppise gesincentrated
sug%: %ﬁl}ltgoﬁlg ’enq;y gc!: Y$& , ’whaxlcr:hd/m%ry g})itlto%g“yug(])n ailircl) Xgiugne 'ara 1ac(,: ang,r polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses. For this purpose, concentrated sugar solutions may be used, which may

optionally contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol,
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and suitable organic solvents or solvent m xtures.

Dyestuffs or pignents may be added to the tablets or
waolc@geerseoat i ngs for identification or to chareCt/Es1088043668

di fferent conbi nati ons of active conpound doses. For

this purpose, concentrated sugar sol utions may be

used, which nmay optionally contain gumarabic, talc,

pol yvi nyl pyrrolidone, carbopol gel, polyethylene

gl ycol ,and/or titanium di oxi de, |acquer solutions, and
and/or tigbiuen dipgjen; lacqiol soduitoss,and seitaplsnergarix salr@ds or solvent mixtures.

RIS bR ISP R G e R O Sy o o

chathtb@icatitrereMmudidatationsofattivaompeudgeed nd doses.
[ 0075] Pharmaceutical preparations which can be use

or all®475] nc|m@n¢m'stwa¥ Preparapens whiche@n Rsf ussd| erelly, mCélsde push-fit
ca%%%les n?a%ﬁsb? tE:Iam?e '\981 ﬁa&sﬁm %?edn@agﬁllé)sf tg&% @1‘ %aetﬂlngldaa plasticizer,

ast | C|ze suc cer or sorb
sughush glycérol apsaubesl cﬁihle pwsmtfm captiles eant cangain riye @chiveningredients in

ad Igngxtgr?eguﬁhg eer s\é\/lﬁ}g?sb]{alct:olifg hn@gﬁggc Szhsl(ﬁ%grtglgess,te é(,BdZorg{;jbncants sucqx as talc
Shirk @‘te%fa%aﬁxﬂf Rpashily OHiIRAA. | bh soFt edplsliles @RS activ® compounds
t capsul es, the active conmpounds y be di ssol ved
B

maryrbesiy@p ﬁ@eﬁsqsne@ieqi {ragylitablp ﬂlquvriﬁéucls@ﬁcfﬁ eily, Yigwid parafian, or liquid
| | | :
ro s ACELLL B B8k U ARl a2, XAk gy o o

adinfrfisteatiah steoahind b &tdoaetglemunshle lﬂ&rctubiEadminﬂtrsmges suitabl e
For hucca

for such adm ni st I on 007
admil#78} r athiosucqaha %ﬁ&aé% it 1@%@%@3& may fiakerthe forpy of tablets
or icﬁ@ﬁﬁ% Sorluld QZIRRES=nfiaTHafiegd I n conventional manner.
For adm ni strati on by inhal ation, the conpounds

f or [Wé] ac dor ddmgnstmtmm by prhekéion, thmV@npcptmds &oreuse according to the
presprré} §1évetn§ %1% Cfn}veﬁ]len g%}{vn{etg grgthfea(r: ms otfo an agrogcé s%?a%/ i)resentaéfon from
prodbitrized h@adll:Se o0f aa n81b111izé\b| @ithr Q]l&ﬁ| usantof @. Quitable propellant, e.g.,

di chl orodi f | uoronet hane, trichl orofl uoronet hane
dichicrpdiBrerpmethars, l}e%%@ﬂaweme@a?%&*héqre%rra@l%?e%%nﬁe?arbon dioxide

or gﬂfe; 5{9 able 33s - InI t‘ﬂe Eﬂ% of Q??esgfnz@d REERT Hiel (ﬂ)@%e%h%g bet cﬂ:?ermmed

osage uni be determ ned by providing a val ve
bydedvidieg aa/ahEtterCEUVcammntmed@awsuﬂ e@amnlds ead tzrtrdigesofbfeg gelatin

e. d. el.atin for e in a i nsufflator ma
o, AR omeitifioh drod o Rab Blec ol Nl ac B ik of the
compBurid sndiatsaitdge POVAEE badeateh HULdosasr ktaghose or star ch

[0078] Further disclosed herein are various

phal®8kut ifusther: displosadt hespia ame |Verigyfokprmaceuiigal compositions well
knB\Qﬁlr IBHQEé“;&h%ﬁh cj:@ﬁtlicaf Ofit USESustd @hat! ﬂﬁlldﬂgeldtﬁt)&ﬂﬁc ullnﬁﬁnasal and

I ntranasal
intraauricular dehvery Suitable penetrants for these uses are generally known in the art.

Pharmaceutical compositions for intraocular delivery include aqueous ophthalmic solutions
of the active compounds in water-soluble form, such as eyedrops, or in gellan gum (Shedden
et al., Clin. Ther., 23(3):440-50 (2001)) or hydrogels (Mayer et al., Ophthalmologica,
210(2):101-3  (1996)); ophthalmic ointments; ophthalmic suspensions, such as
microparticulates, drug-containing small polymeric particles that are suspended in a liquid

carrier medium (Joshi, A., J Ocul. Pharmacol., 10(1):29-45 (1994)), lipid-soluble
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intraauricul ar delivery. Suitable penetrants for these
uses are generally known in the art. Pharnmaceutica
W@ ouposicté ons for intraocul ar delivery incl udep@UE®OS043668
opht hal m ¢ sol utions of the active conpounds in
wat er - sol ubl e form such as eyedrops, or in gellan gum
(Shedden et al., CHn. Ther., 23(3):440-50 (2001)) or
hydrogel s (Mayer et al., Ophthal nol ogi c® 210(2): 101-3
(1996)); ophthal mc ointnments; ophthal m ¢ suspensi ons,
fosmditions (Ailor ctpdr,tﬂ’r@al &lias Biadr @g& cbkﬁ’/&ﬂnﬁwgl%ﬁﬁl jand microspheres

(l\/g)g:i%tle?‘ ’ﬁ‘ﬁvﬁz'a"{f f)j@sh()tlh(ggﬁ%j Qrdie%earlérs rrﬁAglo(ffl tﬁleuabove mentioned

refé%lcas 28 HacdhOQ4N) hereinpibg- Sd)'érHlliﬂeeﬁrorthuk a&ﬂtﬁiﬁﬁes( Ai S‘ﬁcEt suitable
Pro Ain. Biol. Res., 312:447-58 (1989) and
phmn@cggkgﬁgfoggul@pm}scpéﬁmost ofsai ang [pre fegaply fgle(uﬂ?ted 1(0&(3 gierile, isotonic
angi %%?fgx)e)i fora{lgm t&%@ ofn%ﬁ?r f’ﬁam&éutl@jl cBﬁ‘nﬁosmo ti(j)r 1ntranasal delv1ery
above-nentioned references, are | ncorporat ed herein
mzr}eﬁkﬁo encdedd drdpheind smaysr eﬂteneprepmd: Ho surntilalel @@ many rCSpects nasal
armaceutical fornul ati ons arg rmstt. ofggn anld ' Remington'
sel PRy Qa9 JPAAIAT S o DRILE BP0 fs SDAREIOsein Remington's
pHAHhdehd] fsefensdsahbini kY., angkcridiiokihg ENAERRGEURA C@b90), which is
conposi tions for intranasal del vi er%l may al so i ncl ude
P

inghrAsated Hareipbuyeferenaeen israpetednd ov lfﬁS’IWé‘t'@ thesersitlipd in the art,
sul’tgosip ??%%lalﬁgﬁégresfﬁé‘sg ghétp %gd %‘?tgﬁ%@gﬁ&ogﬁ' a eg%ﬂzrl])ﬁﬁergﬁ to maintain a

lary action. ed In gton's
pHé’:IgﬁrSKﬁaue 615, aad n&(:s't efieesnd psdferallg. incliviec kntﬁubfqgmlm@ervatlves and
.,. Easto S |nco orate

Pyl A R EnagisePUt o RBY [oF WG e nclude
su%%hélbl%dan'drblﬂtﬂﬁnt@%r’ tofitd] Pl Btid P @r] CBMnAMSoRRET for such aural

often and preferably isotonic, slightly buffered to
fomlm@ﬁ liflcé%lcmal)@ﬁmlf;a@ V&e. 5, and nost often and

pr e c t r. e

app oprl at o lger %Joglgps uﬂ@k fnq% gigsgbtleg%g?{r’l‘lgéﬁ t{qgé%l cson%gltlons such as
supgusitoriat sromeenfion endniasaaygy, iconthimingdeinvergiopali suppokiiery bases such as

suspen5| ons and ointnments for topical application in

copppbuttsr or aphEMeddiSyvent s for such aural fornul ations

i nclipgp) 9! ylﬁ%rdtift‘loﬁqg HBfoRhulati B GRlcribbe %Q{Hﬂg’l';mﬁié cUﬁl}Sounds may
al so be formulated 1n rectal conpositi ons such

als_ouppobnnmlateésamra dq:toemremmt@nerrﬁslch éog acuwtfarrmlatgms may be

ad%glﬁ\ét?r%tai ¥ elmpZa&EaQ oP Oé-o r(rﬁ/ex%%ﬁp EZﬂJ f:tlxt(a)rﬁeo%l g?ﬁroqntpa%&s%lar?y) or by

infrahisdliat inpREosleThus, Be @xahsly] thelsdripounbe may bp Gatfifisatddryith suitable
al so be .fornul ated as a_depot preparatjon. Such Iolg , .

po&)@qr}qg)rfh@@mhtﬁlq mgerlﬁlﬁ);f%éx%{m{,p A$ an @p@amgyn an acceptable oil) or ion

exhﬁgﬁ:g@%ﬁ&' gﬁa@ﬁug?&@fﬁﬂie@ieﬁ%’gwg FeQYBbY, X a sparingly soluble salt.

I nt ramuscu
[0081] For hydrophoblc compounds, a suitable pharmaceutical carrier may be a

cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic
polymer, and an aqueous phase. A comfnon cosolvent system used is the VPD co-solvent
system, which is a solution of 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant
Polysorbate 80™, and 65% w/v polyethylene glycol 300, made up to volume in absolute
ethanol. Naturally, the proportions of a co-solvent system may be varied considerably

without destroying its solubility and toxicity characteristics. Furthermore, the identity of the
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i ntramuscul ar injection. Thus, for exanple, the

conpounds may be fornulated with suitable polyneric or
whyawopisobi c materials (for exanpl e as an enul BEDOS1005/043668

an acceptable oil) or ion exchange resins, or as

sparingly soluble derivatives, for exanple, as a

sparingly soluble salt. [0081] For hydrophobic

conmpounds, a suitable pharmaceutical carrier nay be a

cosol vent system conpri si ng benzyl al cohol, a nonpol ar
cosukvémoqoamoneras way de -vaiiet ifol exaowigaeiher ot ymcéqity rgmgolamsurfactants

s BT Bieoant Py ISORPAR SR BrSHRh ER AT vy etveot may
be DRRZY otﬂérC&B@dmpa&%eV\ﬁdlyrﬁérs trheyy RPRAPO Iparye&yreﬁ@@tﬁam e.g., polyvinyl

Pol sor bat e 80(tm, and 65% w v pol yethyl ene gl ycol
pysolidongpand qylrﬁrwgawr@ﬁhysmhéabi@bn@y éu@t‘Wéﬁwﬁ?F deww ally,

t he ort S t e I bedm ical

congﬁfé&(2 FablAl{%’II]r?alt est%l)lyl g }lg%égks gGIrEEy r%f‘égng aceutica
compmmistryaw Ibareaqﬂceyedst Lipssonfegrandeermdsiens tleewield dmbvh yexamples of

.heco- vent co o be, vari for exanp

R R T L e aﬁggalﬁavgﬁ%c RBlsis sueh as
d1ﬂ1&§§l§1ﬁﬁ)xﬁfe B@ﬁ%&%l&@@t Hﬁhou@ﬁ@tsﬁdﬂﬁ%{t'tﬂ@ c8dt 2 ddater toxicity.

ol yet hyl ene gl ycol be vari ed er bi oconpati bl e
Afgwl%nﬁy,sthmmpewdédea}p @glgmdeh%nggpwgpme@r@ease system, such as

v I n

RGN, BGE | OGRS huflne e gpeac e
VaNohe rsﬁailhe&fe}ﬁasd)hh&maﬁehdv\i elfegn w&blmhisd fand dnq dved)lphmiw"rr: by those

phar.maceut i cal nds be e
sk 1B10F SrfonSUHHBCGEIF % FEHEB Xl oReehgie ) 5%“1031 nature,
rel¥£Rihd @@mﬁ’cfun@@‘f(fr' L1 HoksNHRRENOE dsksUUSepch@ihg dhthe chemical
organi ¢ sol vents such as di met hyl sul f oxi de ‘al so nmay be
napmphrsl/hd bicddegited gghiligs efthe fhesapentirercagest. additignal gtrategies for protein
smkquanm}%%%ﬁdghﬁboﬁally' t he compounds may be delivered

arned-r el ease system such as

s em[@oB3[reabd gent¥Binten@&E todbe aohintstdiydl inpbelhilalypolay e riministered
contalnlng t he thera&eutlc agent Vari ous
usglgéfcémee‘ Pell kaQun frathess off Ogdlﬂatvékﬁb@ﬁheg%t abPY SHEWwle fHch agents

e Wai)sum%t@ﬁp(;shgl%? S h‘llofegulbé"p;e@&t@ﬁ bin aqueous solution at the

ust al ned-rel ease capsul es may, depending on their
tingeh efrilipasonmea farmation ereeas:erppreeedcmohmdsudow igtefigw WheKiposomal
De end on t.he chem

collBaf e B SIeE A LR ) rS PR FREP Py ealtBbbSomes fus

wifte@ganémbrasksd] ire Qﬁ&henﬂ@t Riali&gécﬁﬁt(f tRE c@ll Ojt@f,blﬁlsm The liposome may be
stabilization nag $g§ [ 0083] Agents intended
coptgd puitha dlriispiestresibe ankbPedyce hfu |ha9qoyleﬁafyﬂlbla€ kaRates & apdbgpken up

sellég't'l\”é%re ft%@'ak 8 2dr 1 n{ﬁl%ﬂﬁ%el %n{ah?]?rﬁro‘ﬁfloﬁ% gﬁgﬁﬁ%%(ﬁéﬂuws may be

art. or e such age
directly administered intracellularly.

[0084] Additional therapeutic or diagnostic agents may be incorporated into the
pharmaceutical compositions. Alternatively or additionally, pharmaceutical compositions

may be combined with other compositions that contain other therapeutic or diagnostic agents.

Methods of Administration
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may be encapsul ated into |iposones. Al nol ecul es
present in an aqueous solution at the tine of |iposone
WO oooRéGeon are i ncorporated into the agueous i PECBUSINS/043668
The |iposomal contents are both protected fromthe
external mcro-environnment and, because |iposones fuse
with cell nmenbranes, are efficiently delivered into
the cell cytoplasm The |iposone may be coated with a
ti ssue-specific antibody. The |iposonmes will be
t ar ¢eassyl t oltenshntpakeds prﬂ@eha@cmtloabquwlttdne napySher asgninistered to

therTB%ée(()h |b§|£n§;§%%tggg1!?%g%sq@n lgwl%ﬂé g? b1I § o?rnge?hods of admuinistration

indlide, andrigUbatielsy - (a) LHRBAE b fHoﬁgta|orilhpﬁtHW@y!;l; i WhiOli administration
di agnost I'c agents may be incorporated into the
inqiprdes nadoainisirelEan doeprselc: et gMnulss FREAYY Spoor other such forms;
I I ITBCELK | 0
OMAREIRL KB EEH, R SETRRRLH Ry,
mttdmenlapemﬂramsabrordna@uusulalc wairradminiMeativodsclodes admmlstratlon as an
Adm ni stration[ Q085 T e corrtg i ds or p(par nmaceutica 1
AGREHD ST BNS el Wi Yt '8F &6° ©°6 2 Re™ ParPéMt s“Bf/’OSétﬂV Save,
oirftHleh@ Bl @ndTBRBS (c) mlhﬂsﬁhwnngla EMAIRGIE SsubtutiibiadS inthperitoneally,
adm ni stration include, anong others, (a)
intzanenonsly riatarovscplaBlg Mtedamalint Wiageitally @facapsularly, intraspinally,
t t
A5G O, WASLAS AT R P By R sty s
by(injecaotnidirealyr @t ihenretdiroo ughliavomenrag., bﬁtd&mylﬂ’l}ﬁa]mflloas as well as
rectal, va |naI raurethral, intrao
(o T AR OB P11 SESUIER GRS B LRSS s 5 bringing the
cowshmh@ﬁ%ﬂioatlﬁtatcbmaaﬁtharvueg%@ws suspensi on, an
oily preparation or the like or as a dri spray
supdois6] or yPhagaaqgtgtlcam GOMPeRitiQs t witabhle k r (gc}mlmstratlon include
comlrl)f)s1g%rgstr\i{/l?f:trelr:1 egla]\c/ 1Ve 1n {e?%ﬁ% MW coﬁ{épn%ﬁt ?Qﬁ %g%rxleffe?tlve to achieve its

infeRdddasigparal IThe thdﬂiﬁe&ﬁ&aﬂlyteﬂled:tw,e amrtiuhaﬁﬁths whmpbiynds dlsclosed herein
intraspinally |ntrasternall or. the |ike,

requifed b Ariopimy! derend@pyhe (e dpditinirstion B s an] including

huSHAGD b%ﬁlgb)’reét@dl eQﬁd Qhe Clih‘_'yé%&h' Yhatddtdrf3cs’ %Patlhe 0§pe@1ﬁ5 dirfifhal under
area, e.qg. depot i'nplantation; as well as (e

coaddwramlcst rBite dme topbcallogd taschtve mswffﬁpt ibat wilpgepend on such

fa%tﬂré qs veé%t?t] 8}?1[ cm%tfrre%t A 31 aflt90r11t zwd oqgernigct{)I Sslﬁlghmtlr[ 3%318?&1 in the

mdétiéd BRE @Al k&&aknigd NP §peaﬁ8alliyuattl$dai1ﬁuﬁ@ﬂly effective amount means an
adm ni stration include conpositions where the active _.
amaygh eb FempIngredicetbyst 19 RIYEE rRligHal i aTReliofate YIRtamg @t disease or

pr@??% BeGulvival bPihg @%ﬁ gctt ﬁgﬁ)g g%ﬁed TB@teltnlﬁﬁﬁtﬁﬂ%' tﬁé’l’%éﬁtlcally effective

ctive anount ounds di scl osed. herein
amount is well within the capability of those skilled in the art, especially in light of the

detailed disclosure provided herein.

[0087] As will be readily apparent to one skilled in the art, the useful in vivo
dosage to be administered and the particular mode of administration will vary depending
upon the age, weight and mammalian species treated, the particular compounds employed,
and the specific use for which these compounds are employed. The determination of

effective dosage levels, that is the dosage levels necessary to achieve the desired result, can
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required as a dose will depend on the route of
adm ni stration, the type of animal, including human,
wheiongetsreat ed, and the physi cal characteri stipSI/U§200$1€43668
speci fic ani mal under consideration. The dose can be
tailored to achieve a desired effect, but wll depend
on such factors as weight, diet, concurrent nedication
and other factors which those skilled in the nedica
arts will recognize. Mre specifically, a
betdnemadsbied yadreyskidtefl e thewaet usmguavtineadagnagnlogivalmethods. Typically,
conpaund effective.to.prevent, alleviate or aneliorat
nigBIGE opiriennger SrReT HE Srthe e Roferdos BTyt Wit dosage
level BERE tindd@iseDuitand eehire@Rtfedtt Batidved. HMltetnatively, acceptable in vitro
therapeutically effective amount is well within the

studigs b be B3pdde citpidish vl oses an reies ofredminigpdion &f thy cpppositions
ot e A SRR, |

t he [@088] t He wosehuthan mnimalostabesageplictibes adnpotesiakrpeaducts are

and the particul ar de .of , adm ni strati i .
couand 4 §18heo s?wele\zeg% ,Wl%aoéf}ﬁﬁ bgljﬁlg d%%ﬁ#gﬁ] PI\g‘H téep%eg}rr%%effect is no
lohdef adtedied b SRRk tside Wridkts ARARREN OEheRITRARWERS): rafdtCbrbdiy, depending

specific use for which these conpounds are enpl oyed.
upph ¢hecidesisedifiients o the thefapeedq ipdicaténgia gbyrieally| dosages apayj by between
e .qo I S fgye '
S PRISREAG, nd S5I SRR, bt PSR Sy Ry sous 10
midsighan/k@ ind N0 phgkgrewdly ogeiglatl dtehotisely Tggshgeal gy be based and

u clinical. applications of pr.oduc re c nced
P o b PR 1 el BB R B Ploge S TP AR
| d Uitlel lexddperoft@siatiefl RLfceet damimshitRYednd dosage for the

Al ternatively, acceptable in vitro studi es can be used
phaunaseutih] icethpessiedng| ofdtheepresent] invsatiers cert badetionéns by ath¢ grdividual
of. the_conposjtjons.identified by.the prgsent t o
ei§ieh) nc PR Po el et ol SsoPRBERE] bodfy T i “The
PhafifacBlogial Babis et THetdpeuts?, vafieH is taicb 9 i ogiordial Bddtin dly reference in

_products are commenced at higher dosage .|levels, wth
itsqefiiaghe WEh rgriéraar ggSEdcaie iGh- tihe- dési Fydcallys der dgsg rapge of the
cohBYGEn AinR¥EL! B'thAPNRASEN B #RnPIIREY S 181 GRPRBAL of #iGatient’s
dosage may range broadly, depending upon the desired
bodf frecghs Eimdldashge mhebapewmgicont ndh sertes o fwagpingoeel diyen in the course
fdosa es may be betwe nt9q§ut 90 nﬁcro ranikg and 10% R
'HEFIG BYG Y Wi g HE Pe?adr%%f rAHPEI L W SRTREG LY T fuman dosages for
coffipe B kenaRtblthedgokg 10ehomstiogtition Ahé presatt iivv@hion will use
dosages may be based and cal cul ated upon the surface
theseeamef dosass.peft dasages that i demsen oWyl Phaad W0 et preferably

beitvoeeh *&Bo@lrz*s% z[rgioﬁ%]c’{o Jfe @%ﬁﬁfshéﬁ@%%@%z WRHE Go Bliman dosage is

adm nistration an osage tor
established, as will be the case for newly-discovered pharmaceutical compounds, a suitable

human dosage can be inferred from EDsg or IDsp values, or other appropriate values derived
from in vitro or in vivo studies, as qualified by toxicity studies and efficacy studies in
animals.

[0090] It should be noted that the attending physician would know how to and
when to terminate, interrupt, or adjust administration due to toxicity or organ dysfunctions.

Conversely, the attending physician would also know to adjust treatment to higher levels if

220-



phar maceuti cal conpositions of the present invention
can be chosen by the individual physician in view of
w0 b@epetisrent ' s condition. (See e.g., Fingl et edT/UIDEHV43668
in "The Pharmacol ogi cal Basis of Therapeutics", which
IS hereby incorporated herein by reference inits
entirety, with particular reference to Ch. 1, p. 1).
Typically, the dose range of the conposition
adm nistered to the patient can be fromabout 0.5 to
thelconmcarlgtdsgonsé wére Pt ddenudts (bwdlydmgu tghtCItyﬂ'hedeao@algmtude of an

e _one or_a .ser
iR Banerotie o SRRy R o WS TS P pyerv of
theP&dnldRidh to b8 tichisd aRE estheharte oh hkilﬂllﬁls&@l&ﬂg €Bhd @Werity of the condition
conpounds have been established for at |east sone
maypfodicrarenie, teraalypied.dnPaitivetrndend prpgnostitseyajuaiemstings. Further,
tar { 0 :
R e e R gy o L B RO B 1 gEF Ry weght. and
respheseastthd indshduch] Ipamemn dopagem Wgragbhotohthatadisaesdgpdois may be
established, as will be the case for new y-di scovered
%ﬁﬁ‘ﬁﬁ&@ﬂ?P@gp"gbnpounds a suitabl e human dosage can
be ijgos| r edhifHoaph EHeRa@rdobdde Wil Bk Wermidkd 6h RA&Kug-by-drug basis, in
appropriate values derived fromin vitro or in vivo
mast geleassonzs senerlizationg mgardiogites dgsage wam bs mede. efthe dady dosage
L., t
re%%‘l?lg h)g%ﬂ 581{131 glgrﬁ%ll rtlle&tlo ui%%ek rlt;(;(_)r Vﬁ:?ﬂ'ﬂ% ’t i ogﬁl gf lg«!t]@gen d‘?mg and
200@ g of @dich, activd ﬁgfedﬁtht, paferaldy betveadhimgiasd 6@ mgne gLfetotZOO mg. In
toxicity or organ sfuncglons Conver sel
othe? (<SHRAR R P T BHAYPSE | OGO Wi (DBt
ingrEGatt TR BEtween Di0INRE adP VR By frtBRLEI Hebb&ealo. 1 EMGS@ mg
were not adequate (precluding toxicity). The nltud
40ahg e nnrvasss 04 pdwingogtion pf 2 PRaTTRIeHERSHE ra}t:ce@fabterﬁélt dosages may
be c%léu %ﬁ éﬁI of‘ﬁeré:bgi %:ﬁlts\r,\/{éllglteén&%g%lc?\% t{l]le cgrgpgs?t;((ﬁ{ %Mmﬂ‘flstered 1to4
tmadzlnpdalc&w AllteAtivel ehes eMﬁpcbsitym@foftthe mmdmt inty beadminddtered by
exanpl e, be eval uat ed part, by_st ndard nost i
CORYAHOHITHIBHENREE GHHON, F{?F"Eﬂ’é)‘ at 4 4pse Bheg aﬂbvedggfﬁ%g%t 933000 me
pet H%qu?@ @1l Bé" Unlde@to8@ vyahdse At “sﬁ’flldﬂnriﬁe taﬁ hh@ertﬁglemmﬁf?&ié it may be
wei‘ght, and response 0f the individual patient.
NegIseryy mmmm disl @nmpoundradiscliissd herswdn aibwetSﬁ’aa} eb@eeds@d:ven far

I?iose of each active

eg lto

ex!deg:g; ga VF:?SE ec{ngeltfeC Ie dogi Ce)(%z?nl ng‘l?rfjitc]r? ogel'tl% tlvel)g &gresswely treat

paffRGlarl¢ a5@Sssive AR age 108 Iir(:fbdtlbﬁi I Ihrk‘énfe&:g&ibdini@tst e ddﬁ@&@t&is will be
can be nade. The daily dosage reglnen for an adult
adppirtteiprep 4p1 éwnﬂ%yséomeUSesbafﬁwe or £xangplg| fopygwecfor more, or for

mdHfih¥i§Ba- 1 M and

[0092] Dosage amount and interval may be adjusted individually to provide
plasma levels of the active moiety which are sufficient to maintain the modulating effects, or
minimal effective concentration (MEC). The MEC will vary for each compound but can be
estimated from in vitro data. Dosages necessary to achieve the MEC will depend on
individual characteristics and route of administration. However, HPLC assays or bioassays

can be used to determine plasma concentrations.
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2000 ng of each active ingredient, preferably between
Ing and 500 ng, e.g. 5 to 200 ng. In other
weniedémsent S, an i ntravenous, subcut aneous, OrPCT/US2005/043668
i ntramuscul ar dose of each active ingredient of
between 0.01 ng and 100 ng, preferably between 0.1 ny
and 60 ng, e.g. 1 to 40 ng is used. In cases of
adm ni stration of a pharmaceutically acceptable salt,
dosages may be calculated as the free base. In sone
enb W93k Nt Nostdeancoatsasi also e idstepdined byneMEL valug Gompositions

times per .da Al ternatively.the conpesiti,on f 1he
shqul B DAL OB AATTSY S B BRI JE s Bove e MEC for
101908 FUBHOMSE, PréfbraBiyRtwdeh 80 80BN nddst Bre€@sy BEweAr30-90%.

active ingredient up to 1000 ng per day. As will| be .

undé108¢bod Ity yeazen o dogat @mlf}lftrﬁ“ﬁnt%ée&ﬁ%‘,’e ppfakss rthgjeffective local

! : ; P A
coniéghtgﬁ}ohgygﬁg: stfT%)é}é g& HIGGERE A Madnh @UBLMEELr the

oun herein in ambunts that exceed, or
eve[DODs] exXiheathounthe cabpustist atneidistepeded B, L€ cowlees hgdependent on

rapge in order to _effectively and aggressjve freat
D RPIE R T gt B BB 1 LM e e SFer by Doy ghdstopyihe manner of
adSHBra8 P Ad G Snent HEHLE PRARIBIEIMAiLIan b admi ni st er ed
for a period of continuous therapy, for exanple for a .
week0096] norGomponndsodiseiosed Higram coeRe valuaiod 2pr elbisagyeand toxicity
anmpunt and i.nterval y ' L.odi Vi t
R P  FE S R A G A Ut B ot s
of s fonfioaids, siearigiceitfh Bhérhiealnmeiatial inag befektablished by determining in

mnimal effective concentration (MEC),. The cwll
vitgpeoyicity fovedte edhisutih Bhe e G TBl G51 lin. The |

res}/jitg bPsiALAIPIRPIRT NERARS A YoxiQtydh Rh&yes, ki ANEhahhik, or more
epend on individual characteristics and route of

spavifdatly,dtumans. oflterhigivelye the (4RI efparicylap porpairds man apipal model,

dtgd ' ' S
o3, s SRR 88 S A B v e

effiAbHEE a SRIQRQEICHPOndSHD U eshiblidddiubing t@ked radsgigedanethods, such
regi men which maintains plasma | evel s above the MEC
as filp IO oglL RNER MQdeis; opPeme alitie! BEtlie dFozgos affee models
ex{gpﬁ)tr néh @Je?}bLIXSSQﬁ{C‘Uﬁ$BOI§Qﬁ893{?1g b0 llinkifdG8 28l fcardiovascular
ocal adm nistration or selective uptake, the
disefisfepatd wegiohpmahuzodysfmttiant | Hmilefly, taheepthblegpnimsgl medelsymay be used

© SRS tTGHO Lot RrSCE BRI 108 5o diiRbe Wiy HRHNudnpot! 1

deRfninBerHdiy,eht skigledrtisheabede gaileiy huljAe bf shevsrt ghthoose an
the severity of the affliction, the manner of

apgr@m‘iﬁp thdg]t, ideye, aq&fhrop];?eofj q@a@rﬁgfﬂtiog,f anpﬁéglmeeg)g EP WGy &uman clinical
triﬁp&rch' 4L used to determine the efficacy of a compound in humans.

[0097] The compositions may, if desired, be presented in a pack or dispenser
device which may contain one or more unit dosage forms containing the active ingredient.
The pack may for example comprise metal or plastic foil, such as a blister pack. The pack or
dispenser device may be accompanied by instructions for administration. The pack or
dispenser may also be accompanied with a notice associated with the container in form
prescribed by a governmental agency regulating the manufacture, use, or sale of

pharmaceuticals, which notice is reflective of approval by the agency of the form of the drug
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[ 0096] Conpounds di scl osed herein can be eval uated for

efficacy and toxicity using known nethods. For
weExanp6ms76 t he t oxi col ogy of a particul ar conmpoREMUSINS/043668

of a subset of the conpounds, sharing certain chem cal

noi eties, may be established by determining in vitro

toxicity towards a cell line, such as a mammalian, and

preferably human, cell line. The results of such

studies are often predictive of toxicity in animals,
forshmharasr NetaTiedry admnnlﬁtaﬁlensp%@hfnoctla¢ | for emamplas may be the labeling
o S e " e S PR SR GEIREY 5 v

profRbKBY¥&t. NEBymRRitidas eomipngn ustongpokndw the tihedson 'f(helulated in a
efficacy of a particul ar conpound maybe establi sh
copytive BRaymRedipa CHEHT 18y 2l ik @a@arﬁéuelﬁceélsmﬁﬁ %PP'PPB“G container,

andBbORE For t%m omqﬁ(iléatecpé'onmﬁ%n clinical trials.
Recogni zed 1n vitro nodels exist for nearly every
class of condition, including but not limted to
cancer, cardiovascular di 3 nd various i mrune
dysfunction. Simlarly, gggggga%Se ani mal nodel s nay

ExkB@plSedGteraPraletieh ef fi cacy of chemcals to treat
such conditions. Wen selecting a nodel to determn ne

ef f 10098),, (Gell swltynecgnd; resgents. c&}?xw@nsgwed MMy gl Dex-resistant
MI§It gé Guffant 12?\/1 %chm iResCRRAS %bﬁﬂle@pﬁ’&ngE akgy (ﬁpq@sen RS/hwestern

rout e nistration, and regine. cour se,
Urmansaty, Chicagos 8ll). tSek Mc&llca’nAaIPSklabe Véauert 0., rlieitkfer M. &eRosen, S. T.

RS 5 RSB o R 9B T v, .

Gupla, B SHRINE EN., FGVIE@& MNP CHCHIBYmER R di. 'PEIAE KO WEIES EYMNIéinshi, N.
dosage forns contaj ni ng the active ingr. edient. The

& padrrsemyK f ©r (28QanBloed d8pp? i8IP4mbethl oforhigh g5t méorp@tiared herein by
ref?rrlé)ﬁl #3hér prldréc% &@%26 ZH(? DBQ&Jﬁblg{n (@0§P§ir@nl§%:ﬁts éﬁg cells were

e acco instructions for
obifhived fecek Dor \Adll&pebshxm (MyffialCaocd & cnee onpama éidl). vmll%6amd OPM2

notice associated with t cont | ne
MGl e Sttt B i At SRS, Ch g Rl Fiigny (Reckvile, MD).
ThEBRHAGEME celififes DU £8! €171059, DhAGIAGSS! MBA MBI CMIA PaCa-2,

notice is reflective of approval by the agen%%cof t he

NGIgH 2820 0¥ GaRch KNSE- 1 henda RCor Worst rur¢hagedy from A (Manassas, VA).
M]]@[ggle 1rst%ésrvg/%r|5?n%v§1§ E{P tllé%s gefd%r su%é%ﬁ%k%&j ling 161,/6 htetl]t nactivated
fetdidiovirieSdefah i(BBS ¥, d00 pmasfﬁﬂ ippticOlin, dr00ggy/mb Stré}imﬁnﬁmpr@de&‘imM L-

duct t t . .
o S A R eGP e P e prcr
thR B TRAGSLE SRk arR@hdsb&E (DRRY, damataethen@d@aa@ or BO36REh. | MIM cells
an appropriate container, | abel ed for treatnent of

wead pimmfeiidciagre gaieov dpnd warrow samples by CD138 positive selection method using
CD138 (Syndecan-1) Micro Beads and the Auto MACS magnetic cell sorter (Miltenyi Biotec

Inc., Auburn, CA). See Chauhan, D., Catley, L., Hideshima, T., Li, G., Leblanc, R., Gupta,
D., Sattler, M., Richardson, P., Schlossman, R. L., Podar, K., Weller, E., Munshi, N. &
Anderson, K. C. (2002) Blood 100, 2187-94; which is incorporated herein by reference in its

entirety. Normal human skin fibroblasts CCD-27sk were obtained from ATCC and grown in
DMEM supplemented with 10% heat inactivated FBS, 100 units/ml penicillin, 100 pg/ml
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EXAMPLES Exanple 1 - General Procedures [0098] Cell
culture and reagents. Dex-sensitive MM IS and

wmeosnawrct ant MM | R human MM cel | |ines wer epObUSINE03668
fromDr. Steven Rosen (Northwestern University,
Chicago, IL). See Mdalli, P. A, Pillay, S., Winer,

D., Leikin, R & Rosen, S. T. (1992) Blood 79, 213-22

and Chauhan, D., Catley, L., H deshima, T., Li, G,

Lebl anc, R, CGupta, D., Sattler, M, Ri char dson P.
Stf@tﬁ(htms&nﬁrmMF\L ghltamlpédiaiﬂ 1 M smélurrepyruﬁate I\@ﬁi§hwefe Nreaged with

vl S OF s S0 Bl BE e G S el eBpceuicats, nc
Saf DidgoeC ), BBEMm&B 26 DeR (SipPox onthdrriim'l @o( Sokpuis,adD3t ant
( Dox- 40? cells were obtained fromDr. Ill?mDaIto
( Mof499PT Carfcedl; viehilifepnd pRAPLesis assays. RiIpS Avpssed by 3-
§ \SI h
(4, §%H1(&tb%]fh% F‘@ 8)9' P?H%’ggrg}ﬁt\?frﬁ&ﬁhﬁl 930@"@}\3" EM?EWE&%E:R% rIntematwnal
Inac,eTemgguteg SCHY agsh’s, a¢¢'ﬁrcﬁ@g tq unwattfacthg\gomswmm@ (Redhe Molecular

B EASHPRRATRS PYEaceAged G i 251 £ ls By 7.

Li, 06 QWRblafic, REMGupth G #0) m@dral\/ﬁ uRﬁbhﬁﬂaﬁﬂ; @d S/Uhld@srﬁﬁ?/olhﬁﬁl Podar, K.,
i nactivated fetal-bovine serum ts/m

uni
WelleniToi Munshi, M%%?rﬁ?n & lceﬁ()@?@/éloﬁd 1Q‘P>c?1§71%4 which i incorporated
hell‘eg'{ ngjg}e%c? 1&eleﬁtﬁ?t¥)er @elfl rﬁé&h’} be‘te%ﬂl)@tﬁq&fxﬁlg@ was utilized to
patients relapsing after e prior therapies
quamitdtedeally deethanast Ipers onanufddexdyrs nedtpliadren (Rodiel iAppiredieSciences,
I cgr Bortﬁ\ﬁ)om b. MMcells were purl fied from patient
ngreolafMow sanpl es by CD138 positive sel ection nethod

ExdsbR® CldB, 66y pdeasiinddctiMtgsigaBeads and the Auto MACS
magnetic cell sorter (MItenyi Biotec Inc., Auburn,

CA) 10188 CHAwtrapmomypsinchikq agfivity o of thg 4@% ﬂ?rcﬁgasorpe wq_lmeasured as

depibefSRICR T MAULA: s DR g0 poiipfio 55 oo sos and

ngﬁtca&, Bnsleivtlormick, C. A( 2@@12)0 Bl dﬁﬂiu,mo Adain8,7F. ¥4 Ellwitt, €hJ. (2000)
reference.in its nt

i s_incorporated herein
CHREHAR TR RPN O H g PRI buRin Rtk iy digie entirty
pufiiedhihsCe c%(eo(‘ﬂ‘;i‘lvb@ 260EMts1domE NG WREIn¥A FBMBINIE Atlymouth
i nactivated FBS, 100 units/m penicillin, 100
Mertingd BAr dipe shyaotrypsia-lie caspasatikaiand tepsin-dikemetiei aghvities of the

yr.uvat e. I I PHSp_ i
208 ERb e v LB MR LB SR VOP VG A B AME @pon Biochem,
Catriseidge) M Rh aidBee URRcAMS, (Hadleem BausciBhe@gKingCGA)Prussia, PA) as peptide

Bortezom b or Dex (Sigma Chem cal Co,, St. Louis, l)l
substrates, respectively. Fluorescenice of the cleaved peptide substrate was meastred using a

Fluoroskan Ascent 96-well microplate reader (Thermo Electron, Waltham, MA). The ECs
values were calculated by Prism (GraphPad Software) using a sigmoidal dose-response,
variable slope model. The ECs values were defined as the drug concentration at which 50%
of the maximal relative fluorescence is inhibited. The results, plotted in Figure 1, indicated
that the compounf of formula (II) (X=Cl) inhibits all three proteasome activities, albeit at
different concentrations.

Example 3 — Analysis of ex vivo 208 proteasome activity in whole blood cells in mice (single

1.v. or oral administration)
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[0099] Cell viability and apoptosis assays. Cel
viability was assessed by 3-
w@ 4008/106iemet hyl t hi ozol - 2-yl) -2, 5-di phenyl t et r azedT/U82005/043668
brom de (MIT; Chemicon International Inc., Temecul a,
CA) assay, according to manufacturer's instructions
(Roche Mbl ecul ar Bi ochem cal s, Indianapolis, IN), and
as described in Chauhan, D., Catley, L., Hideshina
T., Li, G, Leblanc, R, Gupta, D., Sattler,
Ri chi¥d@Hon, TP diregtiin| dtesmving, Whether. the Peemound of Kﬂétlﬂlllér(ﬂ) (X=CI)

& Ander s 02
i SAE e ey Wt B esung i bERARLY T8 G sy gpsoived n
100% DS O agd Yeria@g dllute atith SDeselatol CErbhEbﬂ@SHBI 115$pd1@ﬁhy]ene glycol 660
utilized to quantitate cel

ath, as_per . 0
L rebWdFa0laprae: §A|Sﬁs§hﬁ%fm08n§AS riRifHBE Al sencseirdiongy, 2% DMSO.
Th@%}ﬂa@QQﬁthﬁ’coh bied Ef@mobmz) and 889%! (590 F&%@r}@m?sme Swiss-
activity assay | 0100] The chynotrypsin-like activity
Webstehmic2 O8vppatgeas A2 fgsmnraasiaight) wee drested aBeldemBioPATH, Inc.

(Egug%ege(ll@s\tvhg \/grg/obusggg@ngﬁtgmg r?& Rffcéﬁtplégfbé %%969 étravenously or orally at
a oG TBEKO mL/kA. OnPiggdup 6f afimalsCvadl uniyeated b2 B6&ablidh .a Baseline of
Elliott, P, J . (2000) din Chem 46, 673-83; both of
PWﬁaEQﬁ“f‘a?Cé‘V}tthF‘Baf@t“éléFs REpAdNIB 3t difceomingupgydhg animals were
Y. d
SONLASH USSRV AL PR oo cls ve
cdVizeteil by ceAfugdtie, chayinult wiyip EBS; dridkiegzen as plas ee lforkdetamahation of ex

| ik t t t f .th OS proteaso
i PERGRRREF A vt P AR or M 2B Rl b PR blood
cdil opBeMystRehat deermilyy uand tlﬁ h&Rs%té WDEW AMC. Relative

Bi osci ence, King of Prussia, as peptide
Flygtsseneallags (Riddpeere m@ra}ﬂzedﬂvw e ptriRcaycentrpiiony effheepll lysates.
Tﬁcgg(segn?r%beéw?ﬁﬁt {C%mﬁ}(l: }3’% g?@g’l?g% 196?’ ks[}%o@n Ill é%égefir( @ith the horizontal
banatepleamtinyRhe a'megE@stﬁ)vmyal l}BaSelmererre&IntsuﬂﬂtEQS lpyotEérsbmm activity

oA YRS E) 50, 5 ALl 0SEC SRS 1 i,

indRe: Mailic CORBEUHIr Gt foRRuIRAYID) V‘Qﬁlfl) &Q%l@fch%&rﬁ?ﬁulﬂ&l activity of 20S
relative fluorescence is bited. The results,

profegtanesy in vhiiecilieas gells |urq @uct@aft dependeat manperc dmpeuaitiyofhese findings
esfta%;ilg?r' t(l!: tgmﬁg%&nglg (?1'}31% ?Ié(ﬁ{nhg%tg a%rﬁé &%@ﬂg‘?n Vivo.
Efanapip |46— Beterrﬁmalhqgsoﬁtrlgfzered( altd:rmﬁbr@GEDﬁftéHs&Ias @bvity in MM cells (in

activity in whole blood cells in mce (single
vitro) y ( 9

[0102] Determination of whether the compound of formula II (X=Cl) affects the
proteasome activity in multiple myeloma cells in vitro was made using a competition
experiment with AdaY'?’lahx;L3VS. In this assay, sites that are not targeted by the
compound of formula II (X=CI) are labeled by AdaY(”SI)AhX3L3VS and visualized by
autoradiography, while sites that are targeted by the compound of formula IT (X=Cl) can not
be seen on the autoradiogram. MM.1S MM cells were incubated with the compound of
formula (II) (X=CI) (7 nM) for 30 mins, 1h, 3h, or 6h, and cell lysis was performed with glass

. beads. 60 ug of protein extracts was incubated for 2h with the iodinated proteasome inhibitor
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i.v. or oral admnistration )[0101] To directly
det erm ne whet her the conpound of formula (I11) (X=C)
w0 mibbé0s36 pr ot easone activity in vivo, the conmpoLuskood/ 43668
formula (11) (X=A) was dissolved in 100% DVMSO and
serially diluted with 5% Solutol (Solutol(r) HS 15;
pol yet hyl ene gl ycol 660 12- hydroxystearate, BASF,
Shreveport, LA) yielding a final concentration of 2%
O. The vehicle control consisted of 2% DVSO and 98%
as’ b Bbxalib BB (at 7151 Byoteinmmerasities slenatsd thyr bailieg in fedyeng sample

bu r uh igio 25 ?5‘9%0 ]Agﬁl %lw&{ep& \z}lgtr%%agu g?atphy As can be

se@ﬁﬁcﬁ@hfeaf& | @8 Deafs the) EMﬂﬁwﬁdhepfdﬁ&r‘somélhsr averdlysleys ibeled by
orqld%&at a volunme of 10 ni/kg. roup of animals

Ada§ " Hihekit eSdint tepated ol ham C(alt@égﬁ'élsr vest that he Sas Yipenit mediates
the &1%1\6 in- N%Q%t%l Féjste S%ngg es‘?ﬁ'ﬁ% {111% %g&gﬁd&%&f g(g_)rgfuli‘ae(ﬂ) (X=CI)
bins tth dllie-ﬂM fhipusigritéralgy munxixingr the cPankegsinkiideeachbviopth MM.1S cells.

cells were col |l ected centrifugation, washe it
Mppay er.aFRatmeg 26 MMnlsdff'ﬁ.ve@ W cORBD UK B G G 21 desreased the

hi
B34 EPRORE, BRI TR AT LG b ot o
nodﬁmamm1ned using the peptide substrate suc-LLVY- AMC.
Fluoresen € Unlts .

vn% proteasone activity of the individual nice IS
shown in Figure 2 with the horizontal bar representing

t he @03} agdravive eteymingage of rréotﬁ@sn@s@‘rﬁtvstym@ segucted “using a
coBp TS PIBAEA! 1Y SUSATYBA N, Wk aRAg P aIEELan aci

préteasbindisahumits. hahlstdnleblmmpmamd aafandyd Bllifdnam(del l)exéﬁ(ﬂ]ﬂlf)pten that can
inhibits chynmotrypsin-like actjvity o oS roteas
4 Betictaptiabn am

S
be; isuzadebsh IBEN VMRS 1Hing appodicy ag ety MMCIS cels

wérmeétw%wthet&%ﬁ)%uﬁd B@If&gﬁulaeai)ﬁﬁt&@? (¥ B&%) RS0 mins, 1h, or 3h,

conpound i s oral active and inhibits pr ot easone
folbotddviby yhl lncuhav«m \@hairpdl\é DipnsylBdtxeks¥hat BoiE. ofCells were lysed by

oSBT G838 A BRI 8 e

196 NPy e 11O0 ed W IMid cdtri fu¥a{dn)to aérﬁcﬁ@trﬁerm@ndoﬂr@hems am&el and cell
activity in multiple nmyeloma cells in vitro was

debrsy. n§O0ag OfpEQtPini exiraeixyyay peparatednpy HZA&raﬁDﬁzls&@Ex@L?,ﬁvgowed by
Immungtgiun aifs?%/%}nsﬁlﬁoz;ﬁlqngﬁggé{l%sg?ggl)f zt[)ngfégd(tl)?g%%g%blt, Molecular
Prdl%’é) aRhKSkaMEsiapetoxidadeadougled goyt anti-rabbit secondary antibody (Southern
Biotech). Blots were developed by enhanced chemiluminescence (Western Lightning,
Perkin-Elmer). As can be seen in Figure 4, treatment of MM. 1S cells with the compound of
formula (II) (X=Cl) decreases the dansylAhx;L,VS-labeling of the (-5 subunits.
Furthermore, the compound also decreased the dansylAhx;L;VS-labeling of the -1 and (3-2
subunits, albeit at higher concentrations: 1 nM and 20 nM, respectively. In contrast,
treatment of MM. 1S cells with even higher doses of Bortezomib does not inhibit the {3-2
subunits (data not shown). Taken together, these findings demonstrate the ability of the

compound of formula (IT) (X=ClI) to inhibit all three proteasome activities in MM cells.
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aut or adi ography, while sites that are targeted by the
conpound of formula Il (X=C) can not be seen on the
wa@ioenedrogram MM IS MM cel | s were i ncubat edp@i/us2od$1e43668
compound of formula (I1) (X=C) (7 nM for 30 m ns,
I'h, 3h, or 6h, and cell lysis was perfornmed with gl ass
beads. 60 ng of protein extracts was incubated for 2h
with the iodinated proteasone inhibitorAdaY
125] ahx3L3VS at 370C Proteins were then denatured by
Aniplei g B 0 ANy i e buffer and separat ed on a
S- P. we, u
Can?«ﬁoﬁ een@ﬁiﬁ 'bfdqué a?t h%s%ye%da é? g?ﬂ el?ll%/?/ltpi%%?l 2-y1)-2,5
dlﬂH&ﬁyllEHtI@i(ﬂﬁlﬁﬁmiﬁ)mlﬂe r'(‘MIhEdtblerﬁlems Iﬂta’aahcmdl e . Aiiéﬁ(écula CA) assay,
1251 ) Ahx 3L3VS in treated eII tha contr ol e Ildc.. .
ac@r%& to manufapureys SnSgHgmqﬁ %\g :llrhlélochemlca s, Indianapolis, IN),
an&lay'agstchﬁaﬂnnChz#dﬁgn ast cmé ?’L tﬁl&&ﬁm‘ieﬁsﬂl 1iS GSUgsest, *.Natpia, D,
he conpound ornul a bi’nds to the b-5
Sasthrb,uMIR1¢HaeisebyPLrﬂ¢hbsmanghb d?WlﬁlDtKprﬁlr}ﬁrJ iBkeMunshi, N. &

Ay %s:(_%,:l%yc V@Pwtlﬂ%ods ]ooﬁngLiff _}Vhlﬁ(\??;/ 1§]Eﬂco¥pré>§a ¢ erem %y chnce in its

end@@y e@8Ediabiliey 4fed @lehth@nOdf Mhelsb(.i )glmbtrreilaant MM.IR (-0 ) RPMI-
ptic-activity) and the b- 1 subunits (caspase-|i

822@ (%), twow:sﬁnarermtanéﬁev\ﬁ? (-4¥aBM2 BO-), ped HPoR e |°6‘|‘§ with the
coglfgf)ﬁﬂ’d r?tqg i V ;[) (%?yﬁp? H 9 iRls g@@%’ﬁgué@‘& VRé lté Sre MMan +S.D

n vivo determ~nation o
frooi EHreaimdepenaait iexpdriynens PcotdOs tred 3uer alhcdl ktrmsfpetA dasefdependent

ex eri nment WIthDa vl - AhX VS, whi ch | ent
o Gereara m ey BT b BeUAEbRES RS G ganee 26 nb)

i nhifgigspr ceat aiaﬁlfhtyavﬁ@@%was&@ieﬁ%}ﬁﬁﬁﬂﬁ‘edhﬁéfﬁﬂlowM cells. Freshly
hapten hat can be 'visualized by inmmunoblotting using

iscdated bmmr@sllta@smmmet MM patieaipirelapying fyfter wultinlspaed therapiey meluding

%/%a %162(10 mdn‘_ti]]el (f%mnR W t?ffa]t lo\f/ %&/Ar%oﬁlg%(ﬁ%%m(ﬂ II) (X=CI)

(10vinM) £or 7l dnd g1l zedityr zﬁioﬁMSsﬁhs%E@ﬁn FGalrt $Bywgafitans ggbptosis was
obgg@éq%%gﬁ?ﬁ%gzg]&a hrgergsgr%é gowm ms . Nﬁmia%@%ﬂas)ob&)f; S£2) Plotted
va;Lf%g LWRE nf¥n 2 I Br tripRiBitE bzfrﬁ’;g@st | pottEnt d)e WQ)\f@ ﬂﬁﬁgf% @nined were

ractions, nuclei, and cell debris. protein
refza(cttcvradb M@zsreﬂlaﬂataeﬁ, o 12)a5%tSD$I@ﬁ@Etaglélt0 ﬂh@lldqnmé@l and Dex

o THRPL 510861 USROG ortoss

in Mwls&nadérghwe Qh@¥dsasetocoudntidng aad Baﬁe,mmab}turaples and 2) ICsg of
secondary anti body (Southern Biotech). Blots were
thejeqrapaypé o\ MeseHarcuidhie HeRnReIABRETEtiPe st er n

E)!alng)lpé ’f“— Bect on Bone Marrow Stromal Cell (BMSCs) viability

[0106] MM cells predominantly localize in the bone marrow microenvironment
and their interaction with BMSCs induces production of cytokines which mediate growth of
MM cells, as well as protect against drug-induced apoptosis. See Anderson, K. C. (2003)
Cancer 97, 796-801; which is incorporated herein by reference in its entirety. Therefore, the
effect of the compound of formula (II) (X=Cl) on five patient MM-derived BMSCs was
determined. As seen in Figure 6, treatment of BMSCs (Patient#1-5) with the compound of

formula (II) (X=Cl) (20 nM) for 24h does not induce apoptosis in these cells, as evidenced by

27.



Perkin-Elnmer). As can be seen in Figure 4, treatnent
of MM | S cells with the conpound of fornmula (I1)
W@ 200ehgocdecr eases t he dansyl Ahx 3L3VS- | abel i ngpof/us1ves/ 043668
b-5 subunits. Furthernore, the conpound al so decreased
t he dansyl Ahx 3L3VS-|abeling of the b- 1 and b-2
subunits, albeit at higher concentrations: 1 nMand 20
. nM respectively. In contrast, treatnent of MM IS
cells with even hi gher doses of Bortezon b does not
DN A hfirggintentaien rs@ays uanm\tescc(rxﬂt@l ahown is h@vmt)?mail'aR@rpl for the assay.

L e BT T S

sathB Qi e isC FEOUNE A€ fniewt +ISBSTrém tﬂi@l’icﬁ@shﬁpExaﬂmé ﬁ)rﬁ‘pound triggered
Effect on MMcell viability [0104] Cell via
a gg@@g@édlwz :fol(i)l INCTEAS ¢ ngtwpsogf)purzﬁe}ﬂ §CI%13§ posmve) patlent MM

ceﬁjé PRIy L LG ?\Zgl%leét 8t bﬁ@éﬂn%uﬁ%ﬂ_ forGRIRTIG PR=CI) acts dlrectly on MM

I nt ernati ona Tenmecul a, CA) assay, according t
ceﬂsahutfrmttBMSEEﬁ S i nst ructions (Roche Mol ecul ar

1nd6..la EILd an,dI r%gcgmf)mant human

msluﬁbllﬂtgﬁrovﬂh fac@#ﬂt(ﬂlJGﬂI) anﬁaipbbt@ﬁcs M, Ri Char dSOﬂ P.,
Schl ossman, R L., Podar Veller, E. |, nshl

N.
Andé@]g)ah K%dh@sm(l QQW qgilbgdﬁms 12(1@73 §46 awj”I@ﬁ ¢ sgcretlon from
Bl\i/}lgég f&ﬁ{cﬁt q 5}1% QE%I.'QXS E}%f g# %%f'l I(S)ﬂ\){ Ec%l_lf, ’nlgdtrﬁgcy pr(g@(!té against

t er t nent
chBeautherapy. SS&Iﬁ{arﬂM J.J Radleod; ., GRRMeva 32 Zhafg,R., Barlogie, B., Xiao, H.

Doxor ubj h0 (oY oy
s iy b y1oahr Ploog P TRE BomtoGhingR. Por Kithias) - Ogata, .,
Urbsiiih) Mf OFeoB48 'lﬁbeoHSM &, DWW @ WiRedbh, IRESU1H$7 Blood 89,

are nean + S.D'fromthree | ndependent exper| ment s I(
220-2065hoth oEWBwh@re mrorpereter! heferely) refosenge de thgirsafitsént Thus, whether

o 5L HERT 85, S5 LA 8 B e

(X\#C@bﬂvdsl dviilu@s. diMasSasBessedreated puthi the e@knpxainki e)lﬁiforM\dlla (I (X=C))
ells. Freshly isolated tunor cells fromni

7 paMh @R e r&}ﬂé farf4hs indhe prgsanrpard Fssnse of ﬁléfﬁaépﬁlggﬂg/ml) or thIGF
! Al la SSays. S seen in
(sb Hgat Aodif] Rgzﬂﬁéelﬁ BALL ﬁ‘%%@t% ﬂ?a Etg hﬂ?i@d%(%ﬁ% o™

ed wt e compoun
Flgm/;z 7f the rastianaget] vaaballity zed 477 of 2. a‘hoqfteom&meﬂswsbdm ¢0|mpound alone;

LN, S P P RO P, EReRPERL e B 5

theoc@‘gﬁ)unﬂqlz}hIGﬂIQPEed 293l M@&aﬁlrvﬂlbtlhﬁ WIE3N ++2 3% Sfter treatment with
triplicate sanples. Inportantly, 4 of 9 patients

D@mgi Rel Sviesr Bor Dek rradllop P £- %ras éztsmlbect prfpsidedaWelcexon rank-
su&nﬁéértgnﬁésu%%.ﬁ én C-]t:élglag Hﬂ&e ég{f'e%lt F%{a%n ggtg gqﬁ%sgn dldll}gs suggest
theftQ’felithéraIL(dS Inpr (I(XF(EI l)lodknﬂ]lﬁcams MM)pd:tosnysof the compound of formula (II)
(X=C)). In contrast and as in other studies, both IL-6 and IGF-I block Dex-induced decreased
MM.1S cell viability. See Chauhan, D., Hideshima, T. & Anderson, K. C. (2003) Int J
Hematol 78, 114-20 and Mitsiades, C. S., Mitsiades, N., Poulaki, V., Schlossman, R.,
Akiyama, M., Chauhan, D., Hideshima, T., Treon, S. P., Munshi, N. C., Richardson, P. G. &

Anderson, K. C. (2002) Oncogene 21, 5673-83; both of which are incorporated herein by

reference in their entirety. Thus, the data suggests that the compound of formula (II) (X=CI)
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in MMcells sensitive and resistant to conventi onal
and Bortezom b therapies; and 2) 1C50 of the conpound

wo ooocbddecel | s is within the nanonol ar concent re¢T/U82005/043668
Exanple 7 - Effect on Bone Marrow Stromal Cell (BMSCs)
viability [0106] MMcells predom nantly |ocalize in
t he bone marrow m croenvironnent and their interaction
wi th BMSCs i nduces production of cytokines which
nmedi ate growh of MMcells, as well as protect against
odcmgm'esnt]m(g;dwﬁnpa]@tmgﬁegtivesé‘&cﬁmdesﬁjmd KGF-Con (MBIO&)1s, and indicate

h ted h '
N MG X T —
h"i\%\l/f s&omPrRvad f ferdsutridute! fo) cl(p)fca@ c}leﬂﬁreﬁlist\éﬁcep ahd Qlféhtment failure,

deri ved BMSCs was determ n een in Figure

cpvrled wﬁhﬁheowbllmvstﬁleepﬂapwﬁtomforsyulwﬂt) ﬁXrﬁB te BifperuMA! @ﬁ“ apoptosis
etlg{ étlekgnc§ )S'fq[)6 QEQGWYD SJ 'éstztﬁgt e%rerkand I'xlﬁjalﬂlcgvercome drug

apop hese ce |dence
résﬂsazgfdfem’( piticars vagisalyanded NIM. vi¥ze domdtsomls, Muﬁ/mDeck)uams G., Baxevanis,

oWkt dovamathd (17D oy gietiai Yhepl-Geeyhtn (Beopore
h%mp@@gryﬂcgm i dffi€etpame experinents. Results are nean

+ SDfromtriplicate sanEI es. The conpound triggered a
ctiopQrageular gndgt elr@bg@ag@gg@_é\&EGF)\mduc fmigration of MM

c@ff{i fied (CD138 positi ve) patient MMV cell's. These
Tesults suggest that the conmpound of formula (I1)
(X=C0108¢t s ViEGEAE lejevated NM the lbose nidtown aticrB&BGe nment and triggers

Exanple 8 - Effect of reconhi nant n.interleukin-6.
MIBRIPD.65TONHY 3PS @BHBETMAHE ThYCS ﬁs&e? OP?rkg JFadmky?h[} Yin, B K,
NAGHRA, IR. ©F Rafdfer ML, &fitha qp%ﬁ%&,gﬁgG{qQ;qgl chslhgs] 9% Afnderson, K.

MM cel I's to BMSCs i nduces GF-1 secretion
G. I(Zﬁﬁ?-BWB@d Cheini2d, T36- Sdnwywh egintapersted hercipr yiveferante ivts entirety.

’Iﬁé Sl'}]ethe:j al S E%CP ?ul%?ﬁ%@?%ce@ gl?eq]?.\/’%%r@ﬁ%ﬁ%?e%%i’graﬁon of MM
cBad {V@Qé@lua&d, VE@P ,mdticec&mEgiStﬁcﬁi Was ekamn(ehgﬁlﬂ)e ﬁleﬁtﬁhde 8éabsence of

3063-70 and Chauhan, , Khar banda, S.
thy eegppavad (for 16adh, Qsl migon s ssaypd amffseané prwwl&ly in Podar,

I@nflﬁr %Oﬁ} d§v1e§ F. (ElglgeZl)c sﬁlé%o,dSa gery v eé&@sﬁlqut r'Llﬁf}?.rK., Gupta, D.,

whi ch”aré incorporate rein rence’in t
Shinha,ret Chaubaush., Mistddes, G.hRaje SNoRichatdsha,|P.idaindersen, K. C. (2001)

0 Sj cel.ls indu conmpound of .
RO SR R RS RS, PR SRcEl POy s shown i
i L@atsedlevw&atpohm of @dmmwm)qkémy ﬁgﬁlﬁcz{dﬂly)(P(%ve(ds) dedreases VEGF-

n or Dex (0.5 M) for 24h, int resence and

indysedh sugrgfion REMM. 18 1M gl )Tl@p(se rfﬁlpi@gs indicate that the compound may

negatively regulate both homing of MM cells to the bone marrow and their egress into the

peripheral blood.

Example 10 — Effect on Bcl2-mediated protective effects

[0109] Bcl2 confers resistance to conventional therapies in cancer cells, including
MM. See Cory, S. & Adams, J. M. (2002) Nat Rev Cancer 2, 647-56 and Gazitt, Y., Fey, V.,
Thomas, C. & Alvarez, R. (1998) Int J Oncol 13, 397-405; both of which are incorporated
herein by reference in their entirety. Bcl2 can modestly attenuate Bortezomib-induced

apoptosis. Thus, whether ectopic expression of Bcl2 in MM. 1S cells affects responsiveness
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(50 ng/m). At 24h cells were harvested and viability

anal yzed by MIT assays. As seen in Figure 7, the
woremsaeneeel | viability was 47 + 2. 3% after treetTES1005/043668

with the compound alone; 51.2 3.2%w th the conpound

+ rhlL-6 (P = 0.26, WIlcoxon test), and 50.3% + 2. 0%

with the conpound + rhiG--1 (P = 0.28). Median

viability was 5 1 + 2. 1% after treatnment with Dex and

92 + 5. 5% for Dex + rhlL-6 (P = 0.05, as determ ned by
to dreecogipdant] ¥ fooowle 1l @A Livyag @@iu)atedRééMl kSscedlp averpetiably transfected

t hree | n e
w58l G RLFRRDAET: BRI fTORRP LA 08 s
se@Cini Rigiry 90the Eb‘lﬁp@.ﬁlﬂmﬁ orchutaf (1) OXa@il) aighifichnt{ydeClehses kell viability of
contrast and as in Zé:her @éudl eg, both IL-6 and | G-- L
Bahi-ganstesisd. MMrlie salltifle mebd (segeRedpnt NYLET H?net cless, the
conpBufd AR, 150 1. lﬂﬁdﬁﬁééﬁadea{ﬁ inSBAESATRRed ells Qompared to empty
003) Int J Hematol 78, 114-20 and Mtsiades, C. S.,
veMot srawsd@md MM. 1$>cgglﬂsakResuws areQu¢anas § Peof, thike md&locl}ﬂanfaexmﬂments

ik R e et BT MRy opsre B B Rl o
EX@RHROEINEn Do RBlGatidh3in nRinb ndhordiddeh are i ncor por at ed
herein by reference in their entirety. Thus, the data
sugd@kk0d” t hair-vrask-olb ﬁfb‘d‘a HEmgRe ﬁ%f?qmtabe(&etrbwe -xid (BNX) mice were

f f
e e
anima hgtndissrsvend camduct:cd iaoordiﬂgetoc orqbﬂwisd apmavedeky dhaiAmmal Ethics
MM cel | s.. . Repor th hi gh .serum |l evel s
Cammitier it the (Bmarahes an%eﬁg[ﬂﬁﬁlétgl st anceEn S‘fﬁy%da? ihpfor signs of
tokidit). U rm&aL Ble€din C%Viv&ab dohe valérl dreyth&la LRy cRMPAtAAE itMalation, and

formula (1) (X= to induce MM cell apoptosis even
anjmalg Merpae BerdeydfO1 pspBytiongrlo det £ i1t Wae aptidIM activity of
oESTRRARY P RERATE Y, 19 SESSLPRCE Bald Sl in

fldaxemanks)’ RPMI masrfmml odlls iM 108 Mbofi RPMI;1640 nﬁéﬂﬁﬂGW‘an tumors
J Haemat ol 92, 420-422; which is incorporated. heh
begyme @pcarurhie ﬁnweu\tf%fee%%flgl?eé‘tv UreImERS| EOPSEHPYINg Jhe compound of

YRS Heliofle @rows hy. 1{¥ br t1e8HRY =7
fOm g?g?? ?Q)tM\/I cegl Igs(gl[ O\J?% | S Sﬁgvrat ed in groups (=7
rebxivieg ﬂwr\rehwlemprdy 0 Omig trcﬁmngmwaan‘»dmled pfierethe dmeglfrmqnbﬁf measurable

tu%rgf). \’MFEé df?alréd(o :gﬂ'ng/ &1 eal53 %@gm ggwlershoraﬁy ’?w Po d ar éek %vflal caliper

médshiefRnts Tof, pepgdndicalar @mmé&i@tv@are [Qone Ehéay hamer da.y t& calculate tumor
Anderson, K C. (2002) J Biol Chetn 277, 7875-81
Voo husing thecfrlowing: Eamul: dH By(shestest dispsterid M(éongest diameter).

Aﬁimaisr\%r)é 'sacrificed if the tumor was > 2 cm or necrotic. For tumor growth studies, 7 -
mice were used in each group.

[0111] As seen in Figures 10A-C, treatment of tumor bearing mice with the
compound of formula (II) (X=Cl), but not with vehicle alone, significantly inhibits MM
tumor growth and prolongs survival of these mice. All mice in the control group developed
progressive tumors, whereas complete regression of tumors were observed in 70% of treated
mice. The mouse on the upper panel of Figure 10B received oral doses of vehicle alone,

whereas the mouse on'the lower panel received the compound of formula (II) (X=CI) (0.25
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Thus, whether the conpound of forrmula (11) (X=Q)

alters VEGF-induced mgration of MM cells was
werabnetsed. VEG- i nduced migrati on was exanm nepCT/IS100&043668

presence or absence of the conmpound (7 or 10 nM. Cell

m grati on was assayed as descri bed previously in

Podar, K., Tai, Y. T., Davies, F. E., Lentzsch, S.,

Sattler, M, H deshinma, T., Lin, B. K Qupta, D.,

Shi ma, Y. Chauhan, D., M t si ades
m%&‘)haﬂm% lﬁlﬁt p@eIS&nAhgilé? J8R, arK. en]@fge(l@oﬁlc)f %L@é%ﬁeQBS plasmacytomas
gr(?vt/mggg t h:élglil-l SksI A \?\l}r]ep %;c%}:egungraglv&ts é@afuggeg rf%ﬁgqhéf Birst day of
treh@iat ludil (dehth; (nX:eQ/e)re sdcgificdd wheit thyir (dihot di)arﬁ)&érs texchelas em or they

VEGFi nduced migration of MM 1S MM ce]l s. Tg\{ase
begamegmegbunch dFigitee [9har  MAECRShp¥uABTRIQFICAk ehtavipaglychanges were
obE&géd Al n helh Movdas Qf ﬁMtrﬁ@r{tl S 1R tHRASNBNIBST B compound

and their egress into the peripheral blood. Exanple 10
admlrEﬁéledtwemﬂ wB| Blerntadi bt micepmathewst ¢widened peeeighf BBIMice in both
unEg&ﬁ%%e}nd éqa grr(?eursg)lc\?%g Iqceht v%%zgv\ége%gl"[%n%gﬁ g%egr&g aéve@?n jlg mice body
wd‘;@ht@m&)mlﬂaplgﬁﬁwoﬁancer 2, 647-56 and Gazitt, Y.,

Fey ., Thomas, C. & Alvarez, R (1998) Int J Onco

13, [‘?s@?l 405ANFAHh abﬂawp@rﬁhQWle‘chﬁc%?%e‘tf HEpas; iy BV’ of the

= G

co E’%ﬁ%”@o?g@%{ c‘gﬁ ﬁ:ﬁeﬁl e g%rteol?lﬁl%nﬁfjﬁﬁﬁtwﬁ hlstologlc analysis
peefotmqm on @k rigsslation csﬁteBccblﬁ'lrrmdl\tMa dlﬁpp,@lrdnse affﬁdurrsa cells in the

r esSponsj yeness oun f = .
coigetEl 3} PO (N TE" SERTS Yot vsfad s fibe dOFeiph and righ
paké1t, hreﬁcekﬁvqunsirnégstda@nﬂmnmwa@dccfnq;“ouam fie bﬁilllycu&ﬁvd Mnhibits MM

cell viability using an MIT assay. As seen in Figure
tugor grawtheig vpoupi mplomwmlaal(l ) (X—CI ) significantly
EAGHIERASE8 o Gifhihy i &Y inQfivB { LES'MVI IS
Nongo1isl essTo t:hlapmert‘p@mmdzvormbmeyi of Ghet cdmportdl e forpelal (II) and

death_in Bcl 2-transfected cells co
BB, the et Borah SV RS BT Sv EREBTEY il HBbgpusd gfformula
a®fxtaneg. 1'5”91%9(%”@9)"& @éﬁgidnﬂ’ﬁr(tl@ mg/kgsiey.f kwidé W@a‘ékly Both agents
suggest that the conpound can overcone Bcl 2- nedi at ed
sigmifataptdy resiicedtha mpher progresmqnn(p\ﬁ 081 kond pratanged susvivgl (prie0.0137)
t unor. 0110] Si x-week-old triple immune
(F@élfescl()g%{“?%e(%ge nude-xid (BNX) mice were obtained from
Exaniiterd QMe%mmfs rR&ﬁa&mg@hﬂMM abeviel opnent Cent er
(Frederi ck, ani mal. studies were c%mducte

accd?Hidhg tMIta«flwe%P@y AFPHEA &RfC ) 2RIREP SN G ORIpFIRg Stress. See
Bossy-Wetzel, E. & Green, D. R. (1999) Mutat Res 434, 243-51 and Chauhan, D. &

Anderson, K. C. (2003) Apoptosis 8, 337-43; both of which are incorporated herein by

reference in their entirety. Serum starved MM.1S cells were treated with the compound of
formula (II) (X=C1) (7 nM) for 12h and incubated with CMXRos for the last 20 min; stained
with lipophilic cationic dye CMXRos (Mitotracker Red) (Molecular Probes, Eugene, OR) in
phosphate-buffered saline (PBS) for 20 mins at 37°C; and analyzed by flow cytometry to
assay for alterations in A¥m (mitochondrial membrane potential). Superoxide (Oz)

production was measured by staining cells with membrane permeable dye dihydroethidium
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Conm ttee of the Dana-Farber Cancer Institute. Mce

were observed daily for signs of toxicity. Term nal
whbmedsmwg was done under anesthesia using i sof POLIUSAVES/043668

i nhal ati on, and animals were sacrificed by CO2

asphyxi ation. To determne the in vivo anti-MV

activity of the conmpound of formula (Il) (X=C), 2 1
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only. Drug treatnent was started after the devel opnen
degrrasgp A . yidsneed hyran uméase@ Dgmbey. of CMERRynegative 9@118 (P %0.005, n
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AoTIAESe i iRsPle EreDARGRITIEE (RSPESC AT CRIPAY | ety C., Fang, M.,
thY'mi'i Va8 Wang, KM2000€&T P42, 83-40%hd WD, ﬂﬁ@éﬁ.ﬁ% Kim, C., Yang, J.,

di'es, 7 mce were used in each graoup
Jemeenson,nR F&glipms X. OR96) Cell 86t h¢b7ht57ob0@1mfmhlﬁeap ulmgrnﬂr@ed herein
bWir%h t he Fon%?. qd of formula (1) (X=CA), but not with
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contr ol @(gr oug@devel oped progressive tunors,
formpp (15t &F drilcairaseraniochendsiabpaese eper: defr@%f‘é)r and smac
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(lo&f%gﬂué ! %ﬁd%‘)éé r“ﬂgﬂéo el %?2’%‘{?{)2&3?5;(‘?8 salg]u%ty 0{” mitochondrial

exﬁb@§§§ﬁﬁéﬁh@l"ﬁ%§te&r1@wlﬁ§ IQé]eeIsE‘ ef hhtgﬁionﬁﬂlﬁ@b@t@%entd}ﬁotmnﬁ @yto-c and
Survival was evaluated fromthe first dag t r eat nent

SmuastDIABIEhinducepctizatipey of aasrasesty erti-hn¥MRerells parppreated with the

BB PR 0, P21 SRR RO o

proveiheraoticerweel s@aﬁmedafyt 19!5"/1 ZIDseRAGE ahd tuidwdcdbn Ilmm'ﬁh@blottmg with
concentrations, of t o) i ster ed

oGP Bt EHG (R FHBHL A0 AR FUHIE g loading of

pr&kRS ahd pbﬁtyhomtte%h@l%l Effh@tl&fse &led WO URoWepSb&E Wah @dti-tubulin
every we The average changes in the m ce bod

(loxesic gmhtap@egh@mh aptirHspérabsy Gower left panel), respectively. Blots are

representative of three independent experiments.

[0117] MM.1S cells were treated with the compound of formula (II) (X=Cl) (7
nM) for 24h and harvested; cytosolic proteins were separated by 12.5% SDS-PAGE and
analyzed by immunoblotting with anti-caspase-8 Abs and anti-caspase-9 Abs. As seen in
Figure 11D, treatment of MM.1S cells with the compound of formula (II) (X=Cl) induces
proteolytic cleavage of caspase-9. Moreover, the compound also activates caspase-8 (Figure
11E). Both caspase-9 (mitochondria-dependent) and caspase-8 (mitochondria-independent)

are known to proteolytically cleave and activate a common downstream effector capsase-3,
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[0112] Analysis at day 300 showed no recurrence of
tunor in 57% of the conmpound of formula (I11)

W@ 2606logocte eat ed mice (Figure 10C). In additi onpCT/US2005/043668
hi st ol ogi ¢ anal ysis perfornmed on the inocul ation sites
confirmed the di sappearance of plasma cells in the
conpound of formula (I1) (X=C)- versus
vehicle-treated mce (Figure 10E, left and right
panel s, respectively). These data show that the
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PAE@E gH:Jrngs/lil hﬁm&ﬁ%‘bgt)angl sﬁlgf ﬁ/ ]bﬁtés \Vasg)egm?ﬂ' LREQRIBPARP (upper
pasclg ror fand aaghaye-3 e(bhmd:antias Ahmﬁ“rL' pn@gams Silbrer(gwh' and. 'OF) denotes

cl@&% Rr o ongﬁgls%gtrévﬁu%@be& ﬁé{ﬁ'}'s tﬁ%t%37 bl gg%ﬁ% %%:I) ?}QQCI) triggers

caspfabd- ybﬁd/PI\ﬁ@l:Pevad( gh&ndF)a play a crltl cal role in
apoptosi s induction during stress. See Bossy- Wt zel ,

E. 801d8ben, Inmungblof poggsis ws aerfranedqgying za@bcsh%atﬁdcytochrome ¢,

a 0
SR oo AR e tAOHM ARRRIERI B 1. Lo, MO)
PA(IEI?,EH@BQ,&)riB“axt(BB Bloecntnce @lhymu%nu farsDage cOAMVBIotSwvere developed

ce|lls re treated mmorw of f a (Il)
bR T ORI EARC B b LA E R 15 Bihde. { or
Exafip1d ASt M2Ohdmishic diferdndedo WikatelliapOibdid dinsaddd t@“bbﬁeﬁ))‘lﬁb

Ros (Mtotracker Red) (Mol ecular Probes, Eug

OR) [9HI9phos¥ivht e colli Vetedrpated | Wit the pREPORRSF OQfPfWiuhls(Uét(X Cl) or
370C. . and..an Y, Yin
B TR PSRl o e SR D lph B b, caspase-
infHbp@r ARTDem(kPdr ) capaoeiB thlbnor\l\@VﬁEABluAqﬂﬂlhryombmylkbﬂoge z-VAD-
cells wth_nenbrane per nea e dye oet hi di um( HE
fireyr Ap fieen) B §18uTs1 34} aspagfsd r{ﬁsh"&@ Ia?rﬂqsqq Bﬁﬁsz*éo%@et%%pound of
fofhHR(BF ?ﬁn@l[) %%B'Ejdﬁé%mf%elﬁﬁﬁéea'aﬁgpt@ﬂﬁl Y@sﬁ'ltsb?{refr{l&iﬂ + SD of four
cytonmetry 15] seen in Figures HA B, the
1ndﬁpn1ptmhd(p@ﬁmf3m5 i <. Q(]4|) ) BQoxk@le)ofd:em@ta& el t@‘arﬁlgmﬁcant decrease in

vj denced I ncr eas T Cl |ve
ce@ eqefitgn tflﬁgeée%bb cortlnpoua of Iég W orodue & o0 4) whereas

inhiBitivylof t&spaseld (ﬁﬂy R@ﬂbﬂatel%/ lﬂbcﬂ(eﬂﬁed’iea'secﬁﬁa&"ﬂlt}t WWOMM. 1S cells triggered

i ndependent o L )
by the compound. In contrast, Bortezomib-induced decrease in viability of MM.1S cells 1s

equally blocked in the presence of either caspase-8 or caspase-9 inhibitor (P < 0.005).
Together, these data suggest that caspase-8 and caspase-9 activation equally contribute during
Bortezomib-triggered cell death, whereas apoptosis trigerred by the compound of formula (II)
(X=Cl) proceeds primarily via caspase-8 signaling pathway.

[0120] These biochemical data were confirmed by genetic studies using
dominant-negative (DN) strategies. MM.1S cells were also transiently transfected using Cell
line Nucleofecto kit V, according to the manufacturer’s instructions (Amaxa Biosystems,

Germany), with vector alone, DN-caspase-8, DN-caspase-9, or DN-FADD and cotransfected
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experinments. Alterations in DYmare associated wth
rel ease of mtochondrial proteins cytoc and Snac to
W0 twe/og0cosol , thereby triggering caspase 9 andPCT/US2005/043668
caspase-3. See Du, C, Fang, M, Li, Y., Li, L &
Wang, X. (2000) Cell 102, 33-42 and Liu, X , Naekyung
Kim C, Yang, J., Jemmerson, R & Wang, X. (1996)
Cell 86, 147-157; both of which are incorporated
herein by reference in their entiret [0116] As seen
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(Xsmh)emdlmedldMM pa:ﬂ_eh])opmsss 1sA$rﬂommanﬁyolméd)atecéqnyabaspase 8 and (2)

| oadi f proteins and of ,mtochondrial .
BarRgupPORicel PFETE TapEs B L rad b e sclvation.
ant '[012‘1FU| 110 WdsOnBit Jdtﬁﬁﬁneﬁa%étheraﬂﬂnlﬂﬂéﬂ olfisRBUpAREmM signaling
| ower [eft panel), respectively. Blots are

patheyay dhas eads ity easpasethacsiwationrifrisdbnteseone e tsrrompound of formula

o BEEH oMl LG AFALER ol CEpPRTRRHFS o

pattydfab® Hezﬂhlﬂdlﬁ:ﬁ@ signah@p &om@kmeaﬂﬁﬁCb))/thiﬁasﬁ%l‘ﬂaﬁpﬁ’ﬁ\%gagement of

d analy b nobl otti wi th anti-cas se-
i Geditr EiabsrdoRpstcgs s Bn Teitlifty i aRpRbic processing and
auiora@cﬁtaﬂ?ﬁ‘tof HProMMpade.Cedih& Whthhnt %n@@ﬁmpgﬂ%lﬂfuli QITek2Cl) and

(rr) (x=d) |nduces proteol ytic cl eavage of caspase-9.
Bavtsrei érlggetr hiespessripeatinerical 816 reletof YADEsdwmgshis vant in MM cells was

evglﬁ%t%l gmg%Né%%]B %&%Eﬁ%eofg FA g/?tn w{lﬂ)ﬁ%l? s@%ﬂ%c%&lﬁ% gttenuated

mto ra-1 ndepen
coppoteD by tfotalla )(IIEl(K&@E) iatdeted cdytot@ticitya c@rﬁm‘f&h to the empty vector-
3,resulting in

trag?fvég%@ﬁ&%g@ M L0 “Hebiq 459y BRI csklsovergls 76% =

5. B2 3ifb1e WaliC TSN IFAESIS. pfgﬁ&c%a E@lrselpn< o3y ef F%&QQQDD.n DN-FADD
Its entirety. Thus, MV IR MM'c wer e
decreased compound of formula (1D (X Cl) mduced caspase-8 activation; however, minimal

caspase-8 activation was still noted (data not shown), which may be due to upstream
activators of caspase-8 other than FADD. Importantly, treatment of DN-FADD-transfected
MM.1S cells with Bortezomib resulted in only a 16% increase in survival compared to
vector-transfected cells (39% + 2.4% viable cells in vector-transfected cells versus 55% =
4.1% viable cells in DN-FADD-transfected cells; p < 0.05) (Figure 12D). These data, coupled

with caspase-8 or caspase-9 inhibition studies, suggest that the compound of formula (II)
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treated with the conpound of formula (1) (X=C) (7
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wanbcpewspase- 3 cl eavage assays. Total protei n PGEES®S5/043668

wer e subj ected to SDSPAGE anal ysis. | mrunobl ot
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K &h €58 NC ge Plav@h) Re ACETHIMpPS@E KA BE E&rJSﬁﬁll bi Eapavid, EHD(EMQ)) Mol Cell
caszelase i nhibitor (IETD-fnk) or caspase-3 inhibitor

Bipl22y4P20 3i-besipot Vhish sieeneoypaceied hereinyyaforarky in their salerty. Thus,

T e
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4), whereas inhibition of caspase-9 o
of rf@muleaﬂﬁl(%—ﬁll)dems Hdler € amecigpsglin Bak yevie WIVllltqc@f@éllal Blots are
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AL PSR bl AR Bty Bpepi i
sighefidagt dcsuranlaadd yf Bxaa ketchondtihe presence of either
caspase-8 or caspase-9 | nhjbitor

Togdfhel,  tMeuw apbrepnds dhyedlest(MEF Sk%gp{%&@ -GyRgy Bax or knock-outs

w&GBBBASEwWHh A LSRN of M'uiay(ll? W% 1) B BSrth¥ntiB Jor 48h and analyzed
Bortezom b-triggered cel ereas apoptosis

fot c¢lh@iabibitly by Mhé &smouﬁdse@fl if d?lmt d2FJ thg qoyapohid of formula (II)

(XF gl quﬂ%ds rtlglc%g ofh | a 2 \%SSr X C%oﬁi( g)egf%%rlgx\éageletlon of Bax

cog&l‘b‘i‘ilgﬁﬁsiriﬂ (iid:smadds Itcn Bod%hﬁanﬂ{eﬁlﬂgaird: vitzaff BNBD of three independent
strat egi es. ells were alsqg transiently
experipats &R g OL%SI) ng Tclj@pq data show the differential requirément of Bax during

apoptosis induced by the compound of formula (II) (X=CI) and Bortezomib and suggest
distinct mechanism of action of these agents.

Example 15 — Differential effects on normal lymphocytes as compared to bortezomib

[0124] Bortezomib therapy is associated with toxicity in patients. Thus, the
effects of the compound of formula (I) (X=Cl) and Bortezomib on normal cells was
compared. Lymphocytes from five healthy donors were treated with various concentrations
(0-20 nM) of the compound of formula (II) (X=CI) or Bortezomib (0-20 nM) for 72h and

analyzed for cytotoxicity by an MTT assay. As seen in Figure 13, the compound of formula
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l'ine Nucl eofecto kit V, according to the
manuf acturer's instructions (Amaxa Bi osystens,
wa@oonmensyg Wi th vector al one, DN caspase-8, PCT/US2005/043668
DN- caspase-9, or DN FADD and cotransfectedwi th vector
contai ning green fluorescence protein (G-P) al one.
Fol |l ow ng transfections, GFP-positive cells were
selected by flow cytonetry, treated with the conpound
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acficity matoirasal. lylﬁqﬁﬂxﬂzjz]es btd vids fibeblastetasraisoregamueeét Beth the compound

ition o pstrea t hat | eads.
ot el e 300 YRR e AR BRBL AR5 Ak s
ceﬁé’%odm%f @ EMPMhR of Fdrhula j( =QI) oBBIOHEZMMNb RriggbR® 99% or 59 =
Fas- associ ated death domain (FADD) protein is an
11f’/wptdnblanm of Fhymefrypsierlie areteasenme | ash Vi, gagiestingly (data not shown).
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ers, such as resu tlng
cyfotedi€inl i h@rrrm Oﬁﬂﬂ&lcytgs an dedua¢d Shyinvaypsonliled proteasome activity in

.S bot h th d.of f |
R AQe e SEHeR OF PGEER CQDRSR-Braey 3t (G 1030 for the
con)%uﬁcPlo? f?)fnnElAD@BN%Xi@ID% {7 snMay et BbReAYMi® &1 SnM@Salso inhibited

eval uated usin Bl ockade of FADD with FADD
prsuemnfelaca“t}l(ylatamvmhganbd conpound of formula (I1)

d [ -ﬂ ,. c)t(I I tﬁ 1200 aég;geség%gﬂﬁd %EESI ¥s % g)pared to

borfzotBibt or transf ected cells versus 76% 5 1% VI abl e
“cells in DN-FADD-transfected cells; < thgc
120)101261; FA@D"%&P%%S% Bebrﬁfawﬂ&%fth? &P%HOB“)(‘H pmction “of Bol-2,
h&?% k) ﬁtgt%?: ERRDASE 8 AQLda¥Rk 9MctiDANRY e Bol-Malto @nfers d
t )Qascé ct on was stil all%ﬁot egl(data ngt sii hown) , o e
reSMGmnd'e 111ra§lncblecedim,sn¢lwdmg)MMeaguthprowdes partial protection against Bortezomib-

induced killing. Therefore, whether ectopic expression of Bcl-2 in MM.1S cells affects the
ability of the compound of formula (II) or Bortezomib to trigger cytotoxicity and
postmitochondrial apoptotic signaling in MM cells was evaluated. Overexpression of Bel-2
promoted a modest increase in viability of cells treated with both agents: for the compound of
formula (I) (X=Cl), 50% =+ 2.6% viability in Bcl-2-transfected cells versus 39% = 1.5%
viability in vector-transfected cells (p < 0.05); and for Bortezomib, 61% =+ 2.9% viability in
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activators of caspase-8 other than FADD. Inportantly,

treatment of DN FADD-transfected MM IS cells with
w®eoobeawns b resulted in only a 16% i ncrease i NPGUUS1008043668

conpared to vector-transfected cells (39% 2.4%viable

cells in vector-transfected cells versus 55% 4.1%

viable cells in DN-FADD-transfected cells; p < 0.05)
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seen in Figure 12E, the conpound of formula
0(0,051;1 )ic mi@re@sml bemtee anitlfM%ygemcﬁogalde 19310, ) Iaad/@logezomlb was
anzlaq zeeg euﬁglg A §oq>r &éarm ana n¥SlS wﬁh r‘(&;g]{:u e{l%gﬁl \(_/)reséOOf ar}1 Eﬁl%(seoft, Ferguson,
MOi @@ €Tambaidgd, gn()f IDﬁQ‘froﬁC@dﬂlWﬁkﬁhﬂyQ@sa@f(NﬁHX weie expressed és fraction

m t ochondri a. Mouse enbryoni c fibrobl ast

of £EWS Vil sRPYVE- {‘fﬁ?@dgﬁﬁ)dp q{%gﬁat%y@{s%wgre@peg aqega Vyhp fpalcuSyn
p'i(%ﬁarﬁ QMUJ‘Qp&f thE @rhml’ l’[%la(alyl nhethdf Qc))rdgfg tg%é ﬁﬁl@%& JQQEUOH ‘Cl=

anal yzed for cell “viability assays.
(Eéléﬁ)n)h ﬂf@@/r(@X)IZZF (DDME)%GDIT)&M”QMH&W @H)Il aincll(D)2 are the doses of

et B R LA 2l bk OR Bl 2l 901 B 02 are

debegiffdnGanknd &ap StthaaRvé theBamt &zt dwhdiasud mnar WHERAI = 1, this
+ SD of three independent experinents (P < 0.

cqRAion TeRenis Ak anpeviomfigbeingrag arfde@mcwémmwref@ﬁs@ CI values of
<dH6 ifticate synergism. A combination index (CI) of < 1.0 was obtained for Bortezomib +

NPI-0052, indicating synergism. Moreover, maximal anti-MM activity was observed when
given concomitantly, rather than other treatment schedules. Low doses of combined
compound of formula (II) (X=Cl) and Bortezomib does not significantly affect viability of
normal PBMNCs (data not shown). Combination therapy with Bortezomib and the
compound of formula (II) (X=CI) therefore may: 1) allow use of sub-toxic concentrations of
each agent; 2) delay or prevent development of drug-resistance; and 3) permit escalating

synergistic doses of these agents to increase the apoptotic threshold.
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apoptosi s i nduced by the conpound of formula (11)
(X=C) and Bortezom b and suggest distinct nechani sm
wmtooaoéticon of these agents. Exanple 15 - Diff epenusmbs/043668
effects on normal |ynphocytes as conpared to
bortezom b [0124] Bortezom b therapy is associated
Wth toxicity in patients. Thus, the effects of the
compound of formula (I1) (X=C) and Bortezom b on
normal cells was conpared. Lynphocytes fromfive
WHeadl ISIGL AIMEID §S:were treated with vari ous

concentrati on 0-20 n f .the compound of formula

(1o Bathod o enBiast 5980 SRTPRIPE 1h and

anal yzed ,§amigengtt®Xipatiént ikfictad with EhescdlastiAGiscasea compound of
Figure 13, the conpound of formula(ll) (X=C) does not

si gierhiudam(il orya pheEnassaicatly accepipip valf orgirodug thefeof:

| ynphocytes (P = 0.27 fromJd-T trend test), even at

hi gher doses (20 nM. Re are the nmean + SD of

t hree i ndependent experi 'Hcggtrast, Bortezom b
significantly decreases . i/Lrty of |ynphocytes

even at | ower concentrati orfs -10 nM O note, 1C50

of patient MMcells is reached-atl cogfentrations of

t he compound of fornula (X=@) [that have no

ef fect on normal |ynphocytesy whareas | C50 of

Bortezomi b for MMcells trj 50% decrease in

viability of normal |ynphocyt/es. |Together, these data
suggest that the conpound of \formula (I1) (X=C) has

sel ective anti-MM activity; and particularly, it is

| ess toxic to normal cells thgn Bortezom b. [0125]

Whet her the conmpound of formulfa (I1) or Bortezom b

alters proteasone activity inxnormal |ynphocytes and

skin fibroblasts was al so exam pned. Both the conpound

of formula (I1) (X=d) and Bor{ﬁzonib significantly

i nhi bi t eqyhRfeit RaS MIBtACKdrY illeYerbip ddneiSenLe fhiforing LhiMnef bromine
the conpound of formula (11) (X=C) or Bortezom b

tri pgédes, 986 or 59 11% i nhibition of

Chynot rypsin:li - : LMk M, T Lvel

(data nonueibul b Se BB ARRER sCabkglbleo (RHRARE L & iactone other
of fchemvtherapdultiy agefeCl ) did not trigger significant

cytotoxicity in nornal Iénﬁgocgtes, it reduced

Chyotlhg pthediof i 1 oV RIEB M SBMDSty in these cel | s.

Sim | gl WetifddeH IBRL 1, WheROK MR cofrpbhrdd/ Sikfofrhila eI Mas ke stducture of
the 1C50 for the conmpound of formula (11) (X=A) (317

formma (): Bortezomi b (15 nM al so inhibited proteasone
activity (data not shown).
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Exanple 16 - Differential effects on
Bcl - 2- overexpressing MM cells as conpared to
wheonseasnd b [ 0126] During apopt osi s Bax neut r abdmZes20031€43668
antiapoptotic function of Bcl-2, thereby facilitating
the cyto-c rel ease and.caspase-9 activation. Bcl-2
al so confers drug resistance in cancer cells,
i ncluding MM and provides partial protection agai nst
Bort ezom bi nduced killing. Therefore, whether ectopic
expression of Bcl-2 i IS cells affects the
ability of the conpouhd orrmula (I1) or Bortezom b
to trigger cytotoxici o ochondri al
apoptotic signaling in £ was eval uat ed.
Over expression of Bcl-2 prqyntéd a dest increase in
viability of cells treated/w h agents: for the
0% 2.6%viability
in Bcl-2-transfected cel |l s\versumo39% 1.5%viability
=< 0.05); and for
Bortezom b, 61% 2.9% vi ab{l i i nBcl - 2-transfected
cells versus 40% 2.1%viabjlity in vector-transfected
cells (p < 0.05) (Figure 14A). The increased survival
of Bcl-2 transfectants in re¢sponse to Bortezom b was
greater (21% than that in response to the conpound of
formula (11) (X=C) ( 11% Xp < 0.04; n = 3) (Figure
14A). Moreover, Bortezom b tamggered significant
caspase-9 cleavage in control vector-transfected
cel4-s Thopiedipdios clain keuheyein thedisopledi dissaseds RWeer ease
by e i r i - D p | s ..
coritr A0k IR ol 4 hertm AR R ReckR) o tigtroup consising of
bregsaspase- Srolnegviageniis odankmahhoer,afieat tcentehyblBdder ancer, prostate

over expression (Figure 14B). These fj ndi ngs oget her .
cany Fol e g el gl S GUREE LAt B SAPIORG, multipl
myBbRY] G8RrdME CcaRER! BCer OMmcagAidiely JAREdre2ibchnd Ratet, h&in cancer,

conpound of formula (11). Exanple 17 - Conbination
melaperaa, @anginma] anbrgin as cengralnerypuspystgie (GBS) qapesat ment  of

MM | c Y | &sting of
(115 B Bl Ehlda s B, pagl gl ffrtbains

multipthl agsloginesigiestal caginowtah prosfaiebedrciooma, Resast tagermicarcinoma, non-
mean + SD of three independent ex erhﬁents (P <

smajl gsiyng eArngmY, GRA AR PYATAR ST HEEME JhIC R &gent s  or nul a

(117, eHenodd cBRh 6EFRTER tieanah & a\/éﬁﬁi%)lésrhﬁgoma.
|sobologran1analé3|s with "Cal cuSyn" software p+rogram

( Bi ®sdht mefodglisim | MOaeid tiGambentdgehurk).. Data from
cel é the %{elt}{otdyof%?a%%)ﬁ, (’ngrQn e Bﬁlelem%%ﬁ%?a%el‘?t?c zié’eﬁlf:ig 's88:ted from

the group consisting of dexamethasone, doxorubicin, and thalidomide.

of
a

_ ,_,.l_o

10. The method of claim 1, wherein the other chemotherapeutic agent is a proteosome
inhibitor.

11. The method of claim 10, wherein the other chemotherapeutic agent is bortezomib.

12. A method of treating a neoplastic disease, comprising administering to a patient
inflicted with the neoplastic disease a compound of formula (I) or a pharmaceutically

acceptable salt or prodrug thereof:
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of cells with gromh affected (FA) in drug-treated

versus untreated cells. The Cal cuSyn programis based
wa pme/osdses Chou- Tal al ay net hod accordi ng to t hePCT/US2005/043668

followi ng equation: "Cl = (D) 1/(Dx)I + (D)2/(Dx)2 +

(DI (D)2/(Dx)I (Dx)2", where (DI and (D)2 are the

doses of drug 1 and drug 2 that have x effect when

used in conbination; and (Dx)l and (Dx)2 are the doses

of drug 1 and drug 2 that have the sanme x effect when

used al one. Wen Cl = 1, NS equation represents the

conservation isobol ogra ndi gates additive

effects. Cl values of <|1. di ¢ate+ synergi sm A

conmbi nation index (Cl) o . s obt ai ned for

Bortezom b + NPI-0052, indicaﬁinq syngfgi sm Moreover,

maxi mal anti-MM activity was /0D when gi ven

conconmtantly, rather t treat ment schedul es.

Low doses of conbi ned conpouhd of—arnula (11) (X=C)

and Bortezom b does not si icantly affect viability

of normal PBMNCs (data not s omn;. Conbi nati on therapy

with Bortezom b and the conpound of fornmula (11)

(X=C') therefore may: 1) allow use of sub-toxic

concentrations of each agent; /2) delay or prevent

devel opnent of drug-resistancé; and 3) permt

escal ati ng synergistic doses bf these agents to

i ncrease the apoptotic thresholg. WHAT IS CLAI MED | S:

1. A nmethod of treating a neoplastic disease, _ .

conpyhiessimek isaspiackrdsiren thgy stayparopsistingnel flpgrinee cllgripg, thomine or

t he .neopl ' ' ~ a

phar e i A5 RaRQE NI chigirdiehld sl

(1) 130M7&E aiethod of slagell Z2otteckid Kasthlenegr oup consi sting of

fluorine, chloripe, hromne or iodine, . and rein the

neo B¢ st sBan 18 BB oS pe BByt AR feightonre of
forh§@g1D;0ne ot her chenot herapeutic agent. 2. The nethod

of claiml1, wherein Xis chlorine. 3 . The nethod of

claim1, wherein the d of formula (I) has the

structure of formula 4, The nethod of claim

1, wherein the neoplag{ic H S cancer.

O

ZT

H 'y

T

X

Y

15. The method of claim 12, wherein the neoplastic disease is cancer.

16. The method of claim 15, wherein the cancer is selected from the group consisting
of breast cancer, sarcoma, leukemia, ovarian cancer, uretal cancer, bladder cancer, prostate

cancer, colon cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple
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5. The nmethod of claim4, wherein the cancer is

sel ected fromthe group consisting of breast cancer,
WG 20060676 | eukem a, ovarian cancer, uretal caneer/US2005/043668

bl adder cancer, prostate cancer, colon cancer, rectal

cancer, stomach cancer, |lung cancer, |ynphona,

mul ti ple nyel oma, pancreatic cancer, |iver cancer,

ki dney cancer, endocrine cancer, skin cancer,

mel anorma, angi oma, and brain or central nervous system
myelNB) macesic. chcerTHoenstimed lofingl einve’, endbarinei cantdre skin cancer,

ancer is selected fro he group c i.sting of

Mo e R PO BT L P S SRS 8 at e
car g7 NHBBmeths £ aptlaiad €6) GAREGH BRMRANnc MSeldtdd fEth khel &8@ consisting
carci noma, and an ovarian carci noma or nelanoma. 7.

of Thtiple hyeldnef calprgital @rcipgiag. gnostate gargiapmay brpast gdenocarcinoma, non-

| L I : Ghahmn 1, wherein
sl icbh R UL RIE apd arboalifP e b B oPnefibihdl o 1
wherl &i Thetth@hat dfetaimhidnwhéreinapecintg iagenttiplsmsebmet ed

fromthe grou nsi sti of dexanet hasone,
doxé?dﬂFEgﬁgﬂﬁﬂ%%¥W&§rHB%Fﬂéhe%ﬁ@nWﬁé Hefthod of claim
1, vher Rethbe BPtchgh chHaMide RO chad@Rrapcitid agent is selected
proteosone inhibitor. 11. The nethod of claim 10,

frophibe gravptepesiving of denevdrepacagraerubicingedthajigomide.
b.or E?zﬂ{y I‘Qéthét?(bf d?éiﬁelbhgfﬂerglfn thd S@b/ cﬁkgmﬁrh&%?&ln%%érﬁ is a proteosome
di s€ase, conprising admnistering to a patrlent

intibifdri cted with the neopl astic di sease a conpound of
formula (1), 0 har maceut i cal cceptabl e salt  or :
by odtuihemabehe s naratn b vodSeReReaPrisrepta bortezomib,

gr oyp, pRMRsd 1R 1] WakkRghe SIMAAHIR is J%&glsﬁ@. or
iodine, in conbination with at | east one additi ona

che@bt Thermghed ¢fclamdat whargin tiheomhanaiiod ivdddetivai m 12,

wher,ei is chlarine, .14. The.nethod of claim 12,
whor i A pfiuhiediled chhBociddh, IREIRLNOD OF B AL ot ure
of for mul Acdmhpound (Elffforkiula {Iner agihbochcodticallantvepidble salt or prodrug

wherein the neoplastic disease is cancer.
thereof:

H
pOH
0

—~ 11

—O

7

@
wherein X is selected from the group consisting of fluorine, chlorine, bromine or
iodine; and

at least one additional chemotherapeutic agent.
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16. The nethod of claim 15, wherein the cancer is
sel ected fromthe group consisting of breast cancer,

WG 206060676 | eukemrmi a, ovarian cancer, uretal caneer/Us2005/043668
bl adder cancer, prostate cancer, colon cancer, rectal
cancer, stonach cancer, lung cancer, |ynphona,
mul ti pl enyel oma, pancreatic cancer, |iver cancer,
ki dney cancer, endocrine cancer, skin cancer,
mel anorma, angi oma, and brain or central nervous system
( CNB). Thapereposition.of Thim Adt westeinX igchlorina 6, wher ei n' t he
wrﬁgpl S S%'f)% 1}6 C(I)ff rlegr ec? awg%:rglrﬁgth%o&%p%tuh@g)fotformula (I) has the

mnﬁﬁﬁ@bmﬁﬂﬁmabmﬁast adenocarC|nona nonsnall cel |l lung
carci noma, and an ovarian carcinoma or nelanoma. 18.
The nmethod of claim 1% ein the cancer is a
mul tiple nyel oma. 19.|The thod of claim12, wherein
the patient is a huma 2 hod of claim 12,
wherein the other cheno érap tic agent is selected
fromthe group consisting off_déxa asone,
doxor ubi cin, and thalidom de. =%The net hod of claim
12, wherein the other thenapdutic agent is a
proteosone i nhi bitor. 22. £ d of claim 21,
wherein the other chemotM&rfpedtic agent is
bortezoni b. 23. The nethod{of claim 12, wherein the
conmbi nation is synergistic.\24. The nethod of claim
12, wherein the conbination)is additive. 25. A
phar maceuti cal conposition, f[conprising: a conpound of
formula (1) or a pharnmaceutjcally acceptable salt or
prodrug thereof: (I) wherein X is selected fromthe
group consi sting of fluorineIDchIorine brom ne or

ag e#ﬁl e[% Cor?ﬂ(ém&o&%s&g ?gh ao?re R ﬁ]hei%c tﬂe%ﬁ%’?g ﬁR'fi aigerﬁ is selected

froﬁhh@gmm;eco&%tmgr bedeanpsioht, Aoxrubicinghnd tBAlidonties.ei n t he

ound of formula SI) has the structure of fornula
| 9. T@H)composmon of claim 25, wherein the other chemotherapeutic agent is a

proteosome inhibitor.

30. The composition of claim 29, wherein the other chemotherapeutic agent is
bortezomib.

31. A method of treating a neoplastic disease, comprising administering to a patient
inflicted with the neoplastic disease a synergistic combination of at least two proteosome
inhibitors.

32. The method of claim 31, wherein the neoplastic disease is cancer.

33. The method of claim 32, wherein the cancer is selected from the group consisting
of breast cancer, sarcoma, leukemia, ovarian cancer, uretal cancer, bladder cancer, prostate
cancer, colon cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple
myeloma, pancreatic cancer, liver cancer, kidney cancer, endocrine cancer, skin cancer,

melanoma, angioma, and brain or central nervous system (CNS) cancer.
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28. The conposition of claim25, wherein the other

chenot herapeutic agent is selected fromthe group
wa@onsoaisialg of dexamnet hasone, doxor ubi ci n, andpCT/US2005/043668

thal i dom de. 29. The conposition of claim25, wherein

t he ot her chenot herapeutic agent is a proteosone

inhibitor. 30. The conposition of claim 29, wherein

t he other chenotherapeutic agent is bortezom b. 31. A

nmet hod of treating a neoplastic disease, conprising

adniTst erdting dfelampdt wberein the canseed seliectad filom the group consisting

of PSR FAia RSP P I SBTRERE BN, B Brivom.non
sm&ll @lMilearhi@ihgi dhdtafevaeapaasiont dirseamema s cancer .
33. The nethod of claim 32, wherein the cancer is
sel Bt tlbe nfethehof Blaing phuheedm diesengsy isgrmpltipledpyelivieer |
sar GOMRe ol S Rim Y A leiin BRMGEENt it RlRdn, CANCET,
bl adder cancer, prostate cancer, colon cancer, rectal
cant®The shahet bf clano ], wherein etfesr oned girieoprateosome inhibitors is
mul t.pl e nyel oma ncreatic capcer,..liver cancger
selqéiddnlim oA CEPUP SHBEOPS X COMFRTD 4 the chfpgyd of Formula (0 or a
phAiRhaNAERLy BEPLBIBsalt dPFro@fu@itReredf: central nervous system
" (CNS) cancer.34. The nethod of claim 33, wherein the
cancer is selected fromthe g oup consisting of
nmul ti pl e nyel oma, col org ¢ar chnoma, prostate
carci noma, breast adenodg oe, / poasmal | cell | ung
carci noma, and an ovari an~eaf ci Ng or nel anoma. 35.
.The nmethod of claim 34, whereln tihe caficer is a
mul ti pl e nyel oma. 36. The meyhod aim 31, wherein
the patient is a human. —JThe nethpd of claim31
wherein at | east one of the osoPre i nhibitors is
sel ected fromthe group cofsi gting of bortezonm b and
t he conpound of fornula (1) qr a pharmaceutically
acceptable salt or prodrug thereof: (1) wherein X is
selected fromthe group consisting of fluorine,
chl orine, brom ne or iodine.

@
wherein X is selected from the group consisting of fluorine, chlorine, bromine or

1odine.
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