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In agreement with the HDAC/HAT activity equilibrium in cancer, HDAC inhibitors
have been shown to induce cell-cycle arrest, terminal differentiation and/or apoptosis

35  in a broad spectrum of human tumor cell lines ir vitro, to inhibit angiogenesis and to
exhibit in vivo antitumor activity in human xenograft models in nude mice.



e.g., by retinoids, estrogens, androgens, et cetera, resulting in
gene expression and differentiation. Another key exanple is the
HDAC1- dependent sil encing of the cyclindependent kinase inhibitor
p21"M P). The crucial role of p21"fl'aPl induction in the
15antiproliferative effects of HDAC i nhibitors was denonstrated by
studies showng a 6- fold increase in registance to the HDAC
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HDACS6, a member of class-IIb, has received attention due to its identification as a

35  Hsp90 deacetylase. The HDAC inhibitors LAQ824 and LBH589 have been
demonstrated to induce the deacetylation of Hsp90 while trapoxin and sodium butyrate
do not. Hsp90 deactylase results in degradation of Hsp90 associated pro-survival and



25 Over the years, it has becone evident that HDACs do not only play
a key role in carcinogenesis, but also in a nunber of non-nmalignant
differentiation processes. This is nost apparent for the class-lla 4,
5, 7 and 9. For exanple, HDAC7 has been suggested to play a critical
role in the thymc maturation of T-cells, while HDAC4 has been 30
inplicated in the regul ation of chondrocyte hypertrophy and

endochondral bone,fornma oncer f
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HDACs in muscle differentiation. HDACs 4, 5, 7 and 9 all suppress the differentiation
of myocytes (muscle cells) as a consequence of being transcriptional co-repressors of
myocyte enhancer factor 2 (MEFZ2).
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100t herwi se damaged proteins thereby activating the m tochondri al

pat hway of apoptosis, for exanple via Bax- or reactive oxygen species
dependent nechani sns. Bortezom b causes the sequestration of

ubi qui tin-conjugated proteins into structures terned aggresones.
Aggresones seemto participate in a cytoprotective response that 15is
activated in response to proteasone inhijgition perhaps by shuttling
ubiquitylated_proteins to | ysosones for deg%gdatlon
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2006; 66: (7) 3773-3781). Another HDAC inhibitor LAQ24 al so
denonstrate FPRIRGIET beblisBabds]80Septcditer 2B discstdaniaipghiartid the (I nal

of Bi ol ogi cal. m 2005; 280: (29) 26729-26734). 25 The
synergistic g&éﬁ@b&%@m and LA@B24 with bortezopi b have been

related to their HDAC6 inhibitory actjvilgron Ti s a further need
to increase the inhibitory efficacy oiTﬁr ot egSowre i nhi bitors agai nst

30tunmor gromh and also to Io)\g;;ﬁ dosages of such agents to reduce the
potential of adverse toxic side effects to the patient. At the nonent

robust data of correlation of the®degree of acetylation with tunor
response i s RO 280610150 eubl@hed b 2 Febrphry 2806 deseasbhds yher epaoativo] foimeulation

non- i ot ape. oo Rr i O8eE PR RIC G L B P ate MERSPERARIE, ¢

or conbi nations conprising said HDAC inhibitors will be crucial to
their future. -6- It isgn object of the invention tg® provide HDAC
i ﬁh?Yi nhi bi t or and

i nhi bitors and therapeutijc i na ns of a roteaso
HDAC i nhi bitors of theNyp de}eﬁN@b@ —CCH e h robust and
characteristic acetyl attfon cts—¥nhi bition of both ¢l s\ -1 and
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grow h, and | ess undesired side effects. According to the invention
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The potential for HDAC inhibitor therapy however goes beyond single agent use. The
molecular pathways affected by HDAC inhibitors make it a promising candidate for
20  combinatorial studies.

There is a need for inhibitors with combined effects on class-1 and class-1Ib HDACs
that can offer clinical advantages considering efficacy and/or toxicity. either alone or in
combinations with other therapeutic agents,

25

. Also proteasome inhibition represents an important recently developed strategy in

cancer therapy. The proteasome is a multi-enzyme complex present in all cells which
play a role in degradation of proteins involved in regulation of the cell cycle. A number
of key regulatory proteins, including p53, cyclins and the cyclin-dependent kinase

30 p21w"f leiplare temporally degraded during the cell cycle by the ubiquitin-proteasome
pathway. The ordered degradation of these proteins is required for the cell to progress
through the cell cycle and to undergo mitosis. Furthermore, the ubiquitin-proteasome
pathway is required for transcriptional regulation.



| nteresting conpounds are those conmpounds of fornula (1) wherein R4
I's fluor. More interesting conmpounds are those conpounds of
formula (1) wherein R4 is in the 4 20or the 7 position of the indole.
Preferred conpounds of fornmula (1) are compound No.1 a, conpound
No. 30 and conpound No. 39 corresponding to the nunbering as indicated
in WO 2006/ 010750. HO NNF H N a NN W10 HO O C2HF302; Conpound
1 a C2HF302 (1:1); conpound 30 NO F C2ﬁF302 (1:1); conpound 39
-7-
EP788360, EP1312609, EP1627880, US 6066730 and US 6083903 discloses peptide
boronic ester and acid compounds useful as proteasome inhibitors, One of the
compounds N-pyrazinecarbonyl-L-phenylalanine-L-leucineboronic acid {(PS-341, now
5  known as bortezomib or Velcade (Millenium)) has antitumor activity in human tumor
xenograft models and has received approval for the treatment of patients having
relapsed refractory multiple myeloma, and is presently undergoing clinical trials in
additional indications, including additional haematological cancers as well as solid
tumors. Bortezomib induces cell death by causing a buildup of misfolded and
10 otherwise damaged proteins thereby activating the mitochondrial pathway of apoptosis,

for example via Bax- or reactive oxygen species dependent mechanisms.

Bortezomib causes the sequestration of ubiquitin-conjugated proteins into structures
termed aggresomes. Aggresomes seem to participate in a cytoprotective response that

15 is activated in response to proteasome inhibition perhaps by shuttling ubiquitylated
proteins to lysosomes for degradation.

Bortezomib-induced aggresome formation could be disrupted using the HDAC
inhibitor SAHA (suberoylanilide hydroxamic acid). SAHA also demonstrates
20  synergistic effects on apoptosis in vitro and in an orthotopic pancreatic cancer
| xenograft model in vivo (Cancer Research 2006; 66: (7) 3773-3781).

Another HDAC inhibitor LAQS824 also demonstrate synergistic levels of cell death

with bortezomib (Journal of Biological Chemistry 2005; 280: (29) 26729-26734).
25

The synergistid éffect of SAHA and LAQ824 with bortezomib have been related to

their HDACG inhibitory activity.

There is a further need to increase the inhibitory efficacy of proteasome inhibitors against
30  tumor growth and also to lower dosages of such agents to reduce the potential of adverse
toxic side effects to the patient.

At the moment robust data of correlation of the degree of acetylation with tumor
response is not available. Quick, simple and easily reproducible methods of quantifying

35  the degree of acetylation of histone and non-histone substrates caused by the below
described HDAC inhibitors or combinations comprising said HDAC inhibitors will be
crucial to their future.



O her preferred conpound of formula (1) are the conpounds wherein R4
is hydrogen. 5 The nost preferred conpound is conmpound No. |la
(1NJ26481585) or a pharmaceutically acceptable addition salt thereof
10 Lines drawn into the bicyclic ring systens from substituents

i ndicate that the bonds may be attached to any of the suitable ring
atons of the bicyclic ring system As used in the foregoing
definitions and hereinafter, halo is generic to fluoro, chloro,
15bronmo and i odo. As used herein, the terns "histone deacetyl ase" and
"HDAC" are i ntBndedjetotef iavertion &nyrovide HIA @inhibilolsyand thepdpeytiesonibi@ftions

remove acetyl .aroups from.t.he E:gm £ QU f .lysine.residues.at
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i ncl udi ng sHL, HbRGs, dieditadeBus iHibite iR aghih® Mdecel RASHE Sand 45 BAISIRAC
proteins or ggpe roducts, include, but are not limted to, HDAC 1,
HDAC- 2, HDAC¥CliB®&- 4, HDAC-5, HDAC-6, HDAC-7, HDAC-8, HDAG 9,
HDAC- 10 and HDAC-11. The hi stone deacetyl ase can al so be derived
froma prot 020akrdhle buRbiRkertioR AidSre wEiRoiE! MorbifkiRRG A BAAEKYhE R ibitor

inhibitor"” or "in tqQr..of histope etylase” is used'to identify
a conpound, iR @HRAC infibitor of E¥mpliBr acting with a histone
deacetyl agse and inhibiting its activity, nore particularly its
enzymatic activity. Inhibitiqng histone 30deacetyl ase_enzyfmatic
activity means reducing?éhe bi&dNy O hi st one defceKyl ase to
renove an acetyl group a iSPGﬂH or yan er teVn.%ybstrate.
Preferably, such inhibitidh is cif i .e. thei_hi/Stone deacetyl ase
i nhi bitor reduces the ability of a histone deacetyﬂ&se to renove an
acetyl group froma histone or another protein substrate at a
concentration that is | ower than the concentration of .the inhibitor

that is 35required to produce s ot her , rel ated hi.ol ogi cal .
e L e it R A P achl o S MR B R ity
cl ass-1 and dbassicIotmsHbAES, wherelhi nhi biti on of class-1 and cl ass-Hb
HDACs" is used to identifg conpounds whi ch reduce the enzymatic

Y

activity 6f Bbtihsdecqddian hydippen aragol y nenber (HDAC 1-3 or 8) 5 and a
class fib HDAC fam |y nmenber (HDAC 6 or 10) at a concentration that

is |lower tha he.concentration of the inhi:hito al i.s Jseguired to
oy otuce i nhIPtrSEERTERHAR 4P ol cohPubdibeHehSl (l\horkh REFGHIGCY 1O
class-Ha or at a concentration that is |ower than the concentration

of the inhi bijgle ihBRbtidgScot@BUhdsREe hEscdiofPufRlsion Rirkiula (ORvieis RIS inter
rel ated biolo |caJ effec%. 10,As used herein, the terns "proteasone"
and "ubi ofdi t i P GPBLIHROTREIPANE-( UPS) " are intended to refer to any

one of the structures and functions of all conponents in the UPS
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c) the El ubiquitin-activating enzynmes; fie. El, E | sum ELNEDDS,
Eil SG@5 and the |ike, 20d) subunits of the El ubiquitin-activating
enzynes; fe. APPBP1, UBA3, SAEl, SAE2 and the Ili ke, e) the E2
ubi qui tin-conjugating enzynmes; f.e. UBC9, UBCl2, UBC8 and the |ike,
f) the E3 ubiquitin ligases; fe. RINGfinger E3s, sinple R NG finger
E3s, cullin-based RING finger E3s, RBX1-4LRBX2-dependent E3s,

HECT- domai n 25E3s, U-box E3s, and the Ii ke, g) the SCF
(SKPI -Cull'inl -F-box) E3 ubiquitin Iigase conplex, le. SCF5ICP2,
scFB- TRCP, scFFBW and the |i ke, h) the cullins, fe. CUL1, CULZ2,

CUL3, CuL4, and t | ] i F i 1 L8, P,

B- TRCP pr ot (ca:ilér%gfrl i %f%) | ﬁfsld %%%“H%%t(‘??‘i?& ?%@hgéﬁ%g&%%%gsfsr@{ééém
speci fic adaptors, fe. BTB proteins, SOCS-box proteins, DDB1/2, VHL
and the | kke ThémdshgreRired aHHIERd id dompoaaPaenis and the like, 1) the
netaIIO|sopepbbg§&ﬁ 11, a subunit of the proteasone |lid, that de-
ubiquitilates &? ts prior to their destruction, and the |iKke,
35m the netall oi sopepti dase CSN5, a subunit of the COP9-signal osone
conpl ex, that is responsible for rennvgﬁ%/Nqug;izgn1culIins, and t he
like, -9- n) the activation step, | ubi n-activating
enzyme, in which the Ub/Up firsk mes adenyl ated on its
C-terminal glycine residue and thgn beconEgupolrd™Ngéd as a thiol ester,
again at its C-term nus. 0)..the transf.er of the Ub/Up from
2281 "ubi qui ¢ R BT ORT R eavssaiaRle fgitpRRat BRERECL « - conj ugat | ng
enzynme, p@¥ ubiquitin-conjugate recognition, q) transfer and bi ndi ng
of the subst gt -drPiid thd bR it syReth BoR sAbLRRANEndibake R 86 bbdl

renoval , or s) substrate degradation. .10 The rm " pyoteasone

i bi tor . aftPY AP Gt SDTOf IR GEINE TS PO T BRI SEPRIR i s used
to identify a conmpound, which is capable of interacting with one of

t he normal , t , . iV 8 i e
UPS and i nh %St‘?ﬁ‘SQ‘fP9y°3§%°%@f‘%e§‘?‘ﬁ‘ﬁ§§ R IR R8P e FRERERSlcRo ook
fHR fHYOYPS enzymatic activity

activitysin

As used herein, the terms “histone deacetylase” and “HDAC” are intended to refer to
any one of a family of enzymes that remove acetyl groups from the g-amino groups of
lysine residues at the N-terminus of a histone. Unless otherwise indicated by context,
20  the term ‘“histone” is meant to refer to any histone protein, including H1, H2A, H2B,
H3, H4, and H5, from any species. Human HDAC proteins or gene products, include,
but are not limited to, HDAC-1, HDAC-2, HDAC-3,
HDAC-4, HDAC-5, HDAC-6, HDAC-7, HDAC-8, HDAC-9, HDAC-10 and
HDAC-11. The histone deacetylase can also be derived from a protozoal or fungal
25 source.

The term “histone deacetylase inhibitor” or “inhibitor of histone deacetylase” is used to
identify a compound, which is capable of interacting with a histone deacetylase and
inhibiting its activity, more particularly its enzymatic activity. Inhibiting histone

30  deacetylase enzymatic activity means reducing the ability of a histone deacetylase to
remove an acetyl group from a histone or another protein substrate. Preferably, such
inhibition is specific, i.e. the histone deacetylase inhibitor reduces the ability of a
histone deacetylase to remove an acetyl group from a histone or another protein
substrate at a concentration that is lower than the concentration of the inhibitor that is

35  required to produce some other, unrelated biological effect.



15 nmeans reducing the ability of a UPS conponent to performits
activity. Preferably, such inhibition is specific; i.e. the

prot easone inhibitor reduces the activity of a conponent of the UPS
at a concentration that is |ower than the concentration of the
inhibitor that is required to produce some other, unrel ated

bi ol ogi cal effect Inhibitors of the actiyity of a UPS conponent

i ncludes, but are not limted to: 20a) inhibitors of Ub or Up
adenyl ati on by bl ocki ng access of Ub/U p to the adenylate site or by
Ib! ECki B)g gpcaslait@fn ‘M?’A?Hﬂ}ibiicjtﬁmimb&nﬁ%@@}iﬁﬁy orl\lgu@rltdna)claadnldb HIA _cS;;

i ke, i STURL 0K S. O e jnterac ,1.he 0 -CO .
ey ) nter ot peapRichor | aIaE D BGy i Breaih oo b RERu e
substrat e 25irefuse theteneymadiomaii vityorf bothen d@ssd HIFSC Caomifyt membe(HRAL31-3 or 8)
RING 11 ngar B eer 1 ADATCMA bt (RDAC 10 HiopeafalOMalis T

i utli ) [ \ y . Qi.ndi
N ter ni nus 051@53 C%ﬁrﬂ?ﬁ@ Pf) fbs,mhﬁ?tor ﬂlﬂb&smﬁwr@? b HS?‘S‘{CHHH‘F%%“?‘} dher
conpl ex, 30e)claases iof HOALL tnzymessuchtaee.g. dissSlalus it atomserttativinthat o il epusr thian

| i gases, f e. : i j-ahl hj ARk Ot d
its corrponentﬂé O%&D%%trnt’?}ggérln@@hlbgtgf%1 ]Lz; gé r%lak&p{%%rﬁ%%@lﬁ@zﬁgﬂgﬁ%g{]he
like, g) i nhirﬂ?@gp@lﬁcal T'fgecﬁbi quitin/Up removal such as inhibitors
of the 3apetall oi sopeptidases RPN11 and CSN5, or h) nodifying the

pol yubi qui ti ' .0, i ' d Like — -10- Th »
phar maceut i car}} Sﬁgéia@%égt%g%gﬁ %@%ré{agsé)%l@t f’%‘bn%sb é‘iuflﬂgj‘ B ter%r(gmnff' fygﬁeénd(u#s) are
her ei nabove artended snreferdo amngneiod thershructires prch@petiong pf 311 eprpnopents in the

non-tgf(i c ac}[ﬂasaidﬁib%i@mds?qiut m{g(abmn?w @hl t heI conppundﬁ of formula (1)
are able to form e, .Co. s of.far a (. i

properties can b® %8}%?)8?@38?}13@&&?%%%@%3@5%8%‘? X@Qﬂ}ﬁ %%m&aci d
S5addi tionssalts byl3Gleandthes kg d base formwi th an appropriate acid.

Appropriate aci dg) @ngRiih iRnohes, IBXATNA; olgnma&ﬁﬁ!cﬁaiagm@-ﬁk&h as
hydrohal i ¢ acids, e..q.,.hydraochl ori,c._at fliay robrom c acid; sulfuric;
nitric; phosphori cp‘ﬁgﬁb“ﬂ'ﬁ@n&?w anditheikenr organi ¢ acids such as, .for
exanpl e, aceti c, cthe Ell ubiquiinetciivatingreomamsi fe. EASIEOYIcEYE®, ERYT ad
pyruvic, oxalic, ng9fLc, succinic (i.e. butanedioic acid), naleic,
fumaric, malic, rtaric,. Citri 10net hanesul f oni c, et hanesul fani_c

ta . G, .l 1 '
benzenesdPf oni ¢, IpsubBritF e ) gpwitinagivpaling ezyasy ifeyAPRBP1, UBA3, SAE],
p- am no-salicyl i c, SAGpendthanitet he |i ke aci ds. The conpounds of

orml e (1) 1) Shubssss g ohooBegte b gactey B5coemCr okl U8 e
formwith a 15sufttBbEerbiagisiniligasss; fenBRYardingerdBsesimplediIbisi-finges Ebnse
salt fornms conpri seyllifi-bascé RANB-fnger E3s, RBX1-/RBX2-dependent E3s, HECT-domain
25 E3s, U-box E3s, and the like, .
g) the SCF (SKP1-Cullinl-F-box) E3 ubiquitin ligase complex, f.e. SCF5?,
SCFP ™ SCF™Y and the like,
h) the cullins, f.e. CUL1, CUL2, CUL3, CUL4,CULS and the like,
1) the F-box proteins f.e. SKP2, B-TRCP proteins, FBW proteins and the like,
30 j) other substrate specific adaptors, f.e. BTB proteins, SOCS-box proteins,
DDB1/2, VHL and the like,
k) the proteasome, its components and the like,
1) the metalloisopeptidase RPN11, a subunit of the proteasome lid, that de-
ubiquitilates UPS targets prior to their destruction, and the like,
35 m) the metalloisopeptidase CSNS5, a subunit of the COPQ-Signansome complex,

that is responsible for removing NEDDS from cullins, and the like,



the ammonium salts, the alkali and earth al kaline netal salts, e.g.
the lithium sodium potassium magnesium calciumsalts and the
like, salts with organic bases, e.g. the benzathi ne,

N- net hyl - D- gl ucam ne, hydrabam ne salts, and salts with am no acids
such as, for exanple, arginine, lysine and the like. 20 The terns
acid or base addition salt also conprisegthe hydrates and the sol vent
addition fornms whjch the conpounds of fornulae (I) are able to form
Exanpl es of such®} Beastivafien gopy bygyirubistin-agtivating ewewse.dnwhididhe VRdllp
25 The term st er eoGhebedddich ¥ddn§rarearonGts R ciBinall gl gRDRLBESarnd( théredbihae
(1) as used herei nglgf Or €4 glgff nf?g al J %OE%% e. conpounds nade up of
the sane atons bon aagfig)fta 0% a§31&u Ace 6t™B8hds but havi ng

di fferent three- @) #etsnderall thet Uh/tinifren alili uhiquitireagtivatinganayoesingdbl e,

whi ch t hesconpoundgpighitihQbfdbARgEhlyi@y possess. Unl ess otherw se
mentioned or indi fﬁ_} ed, th hem cal . designation of a conpound

. the c
30enconpasses t h®) WHP-SORpeals ecoutian, | o st er eocheni cal |y i someri c
fornms whi ch sai dqrioastunand bnging 0§ e sebstr@ziudhiquitict eomplexey tlemrot@asoma] |
di ast ereoners angy g mﬁ."ﬁgge&s of the basic nolecular structure of
chem cally isoneric fornms of the conpounds

sai d conmpound. Al ere
of formulae (1) BH“ESW#F‘%EFQQW‘B%m.or in adm xture with each other are
i ntended 1bo be .enbraced within the scope of 35the present invention.
-11- Some of Q AL armyla: (k) [ ' o L5
tautoneric fcﬁh %ﬁ@sﬁgﬁ%gﬁﬁhﬁ{@h%& h n?l%]%m&mypﬁh?é?@?@ﬁ?pzﬁfécsg?%gﬁlt%\mtlﬁe :
above for mul asete idonti§raieamnogng avhieicis Geraglogf tnieractingavitiansof ge noaal,
]pr eselnt i(n;/emtté@m-hyﬁW&ﬂW&TowgfeﬁﬁrleE@ﬂ@&ﬁlﬂp&ﬂeﬁt’s,in t}iaejml liﬁ}ﬁbiﬁﬁg)umdg | of
orrmula (I) is.neant to in al so .t he.phar maceut. a e
acid or base ag%l‘ﬁl t?ltgﬁe psaétfctug?r}gﬁtg ‘4 )ﬁnast Cé'(rgté"gg"s %‘%rltlugg ?ggﬁ%%mﬂﬁg E(RIIV%Y
parti cul df| y mnans wvaieg the ebiditysefireUR hennenanest 16 perfaumdtsiagtivity: Breferaldy, such
Wit _hI t Ble i ?V@ﬂ{ﬂ?\i/‘ﬁﬂn ﬂs@b&iﬂé}ﬁkﬁﬁ@ﬂﬂo&ascﬁ%fgﬁ%ﬁm ﬂ@du\l/o‘é? ﬁa@dwgﬂdﬁlalcﬁmgonent
avail able fro ni um upder e trade name Vel cade npy. be, .
prepared for ogh’ﬁr%-llSggéi‘scoﬂﬁgﬁ?tfob’ethgi‘%fogﬁr?g‘é%g@,coﬁgmf 2 S'?e 'E%%ltor that is
1627880, US 6am8%d® mnduceSor66 8B Bnstatdybigpgice stfey. mhbitoged thetdgtivigt of.
15The pr esent, (iptV&MdoRBht HhcRiel, Hubh8 Siof BnQNBI nations according to the
invention for use | n tmedical therapy for ex l.,e for inhibhiting the
growt h of?°t unor E)E'PH'Q?“"S 0%%@{3]?% Yiafion by, blp n%‘l‘cé’ﬁssrogpﬁ@g R 8t he
use of conbi nati onsdeaglatesite ogby blotkieg dcvesntfiAGRP; forimhtigh Gparcallbeantigf
a pharmaceutical compgsiikion for inhibiting the growth of tunor
20cel I's. The present invertion also relates to a nethod of inhibiting
the growth of tuBbfisp@farsolthe Biggmian osthsiFsr BirfoamlexorifyFaes
adm ni st eri ng t oc}inensplejsaditheinteaicti&Cbétweerthosutistraé amd the Bibstaki on

e 1ol he s lcu 6y ; )
method 197 i nhi bi t PRrRB emA b s BVER YR i BuRidpdes @
transformed cel |'s, intsracignibaiveee pdhigheviberatadand VO Mebiba RINE-finger E3) f.e.

conbi nati on accor dhi@ng Gbyﬂahﬁlidfwmmm-m%r[ﬁy BRdingt6 WeN @fmERk bSps3)
refers to cell grov%th%ﬁﬁ?epen ent of nornmal regul atory nechani snms

(e.g. loss of cont¥ bition). This includes the 30inhibition of
t unour growt h bothintirmgtstd of thy/Ex hgese ngnpleowt h arrest, terni nal

di fferenthati on engifRkiMPREfuASs df MbsEABLR thE@iltin ARMed, l@i?.isﬁrgt‘rﬁ&é ahd tRY

i nhibiting mgrati Pg i nvasi on and survival of "tunor ce
neovascul ari zati on™% tunors.
f) inhibitors of the proteasome and its components f.e. bortezomib, carfilzomib,

NPI-0052, Bsc2118 and the like,
g2) inhibitors of the ubiquitin/Ulp removal such as inhibitors of the
s metalloisopeptidases RPN11 and CSNS5, or
' h) modifying the polyubiquitin chain f.e. ubistatins and the like.



This invention also provides a nethod for inhibiting tunor growth by
adm ni stering an 35effective anmount of a conbination according to the
present invention, to a subject, e.g. a mammal (and nore particularly
a human) in need of such treatnent. In particular, this invention
provi des a nmethod for inhibiting the growh of tunors by the -12-
adm ni stration of an effective anount of;4.he conbination according to
the present ipvention. The present invention_is particularly

appl i cabl e t ol herbamassticaliy acseptablp a¢id additoresale ay meniioned biseindhoye are
tunors of | yrdut tb doinpeieghe thetapedivdll ¢ adtivepbadxdsididaddetivnealt forma tuhich

nyel ogenous | 1 ' I LC | 1 C el.l

| eukem a, ac uﬁé&%oggd%ﬁlﬁigg%g?&ﬂ%%hgg é(‘%@rpoﬁ?c Ogtﬂ%gﬁ/a (II)OM%C}?
| eukeni a, chrhgne basifmsPpirtics| cen ke paryertedhin shaicphayredcenticalle edceptalle peidb| ast
crisis, Byr Hddﬂiti;ialn Is?aﬂémsafeaﬁng"@aldwé @Honmd {H04HPa ppilfl@ﬁatﬁ'ﬁ@ih! A@Q}lobﬁhte R6ids
cancer, snmall-cell l.ung cancer, non-. in s anm, n

prost ate cancefPUiy é(gse%mgﬁlﬁtlgpfggwa agidy %ﬂﬁ&%]?%dé?%ﬁgﬁ%{ﬁ% Ie@snﬁﬁocmror
tunors whi ch hydyobpamicatid vl fedc;intcicyphosphiout and the tike adidsyot engatio acids such
rebenshyl ST AL BO iAo B TR prce
Lor at oear ci nOHELS TG BReAb oA T SIS DUBAPG AT B e
(e.g. kerat oasethdnesuifosic, etharstmdfonta beaizaoayelfomy artyluemsalifondeyaycliohmdder
carci nona an hder Gar: G : L Sta] tion al so provides a
met hod for t%g %vrhg% %glnntocsg @gg, e Ollélérr{éﬁgillﬂgé;at\é?dé’ | eukeni a, acute

nmyel ogenous | eukem a, acute pronyel ocytic | eukem a, acute nyel oid
| eukem a, acurte compomds of foraulee (T) ahichhapdaidic pobeties Mapbenlverted in their

| oukeni & ohr.ani . o \ . e
cri'si s, Bur kimpraePRal s e BB e SHbP S T Sl St B il 2”0
ef f ect i velSanpyiiebloerzanippsingrganig baser Spereptiziobamiselt fosms edmpriseniar example,

to a subj ect ,th€arBmoriufesaRE the(Nai JB eeHPAKAlInG uhetdl Isyltsde, BURBIhivn) sBEEE,
of such treatrTF Thi s i.nventi.on a1I SQ

nti' agnesi alts ﬁf]eolvli de?tsa 'E[l\?t od gors § hqhe
treatment of RIY TelrEleEm tHrBRS S TERnCIon s YA G s 65
henat opoi et i denzaing NomethyhBrahiadminenbydyebaming salis,agd salisivgtheaming atidsesuch
251 ynphobl astdsCrol gtiHIe, argififid! YysiRShd HiRMkeacut e nyel ogenous | eukem a,
drug resistant acute pronyel ocytic |eukem a,” drug resistant acute
nyel oi d |8ukeni a, dr ug resistant acute nonocytic | eukem a, drug
resi stant | yripiederms adiduwg basesidditiam sal tdiscorwnpriBe the hlydiates khtha soldent gddition

resistant Chrf@ﬂﬁ&wﬁﬁﬁlh%icgmgﬁiﬁgﬁfﬁmﬁwg) ESbRL AT %x?r%ﬁhfés BY &leR Fims

, resistant”" Burlcitt's
resi stant nuld§ pBYEmishHAf €8 S‘allfr]d istering an effective anount
of a histone deactylase inhibitor of formula (1), either alone or in
conmbi nati.Qn W [ARLBI j mal
(and mor Epartiect RhebBaRARy LBRLRL ks of Efbohlt A hmmfrel) g2 R
present i nverherdnpefaze,ssfingsall papsible spyppquadpmads v ¢fife sameatqmnionded b ug
resi stant multhé e s&q@nmhbdg@f But Pavihg Gifferint thoeerdinbasidRl shietugdByvhich
resistant to t i.nhi bi.t or even 35par iy r.t
troatmont of Do eraly Stk BeerurorE viaraiR o SR aiE ik
"drug resi st atherwisemiopliencrhpeingirated; the Fhatideal dasignatiomof a ¢amgouad t o
nul ti pl e 38y el QEHnpRsds ThARixtir® o PR REIbIRIPeodhéifitalBEk&RIrRIofROIIER Said
group of thalidom dg, dexametgla one, revli m d 1goxorubl cin,
vincristine, CJ¥P %ﬂ%%ﬁ?s&e,alﬁa}%’f%ﬂ%’tf@ﬂ A hhal an, defibrotide,
predni sone, dhsstanenmersam/oripeirtioostsatf theiasic mod ¢catar smhﬁeeﬁﬁalqon@ound.
L1 1 depsin, BARORRIST ey FRMER HmCePibchtpaiat BP ARl e ?@E@hﬁ%’m
ABT- 737 or RABHDEr inpdmixtareyithpach otherare ei{ﬂa&eiemb’éa%;@fﬁt Welhe sopg.of
i ncl udes 3sel apspdset invedttoact ory nmul tiple nyel oma. oWth the term
"drug resistant” is neant a condition which denonstrates intrinsic

| eukemia in blast crisis i oma and drug




resi stance or acquired resistance. Wth "intrinsic resistance"” is
meant the characteristic expression profile in cancer cells of key
genes in relevant pathways, including but not limted to apoptosis,
cell progression and DNA repair, which contributes to the nore rapid
grow h ability of cancerous cells when conpared to their nornal
counterparts. 15Wth "acquired resistancg. is nmeant a nmultifactorial

phenonmenon ocgurri in tunpr formatjon and pr.ogression that_ can

"t | uence. t he CBUiLEs SPPRpURE of Govemte (WLFmgaloe,SXisti (Gi toieTicdgpms. Such
resi st ance ndyrnpealthoeglt ot seplisith indieatbdin thersbove hrmak dveiintendéd oibei t ed
to, alterati QRG,kdy vAf t .drug accunul ati on,
alteration of ?ﬁtracéﬁ?g%gégﬁfﬁgw |§%@?§ﬁ%?%%, reduced drug-target
interaction, increased detoxification response, cell- 20cycle

der egul at ison,WhéeveasethddnaipedhENan I"epgioindssotdommadud el naReab dldwle
response. Sey f 1.0k hani uhSsiomulitan Ly _and/ or
my i nteract eche ShrReians aTpaR LY SEE AR IF N BeafPEY
can be due tdoWtnetic or epigenetic events or to the presence of
oncoviral proteins. Acquired resistance can occur to individual drugs
but can al so ,occur re broadly to many.different drugs w . .
Gitreront cndnpalipBBLERREER Pioleatdtd TR fon BT arearERa ik Bedpyeption
Thi s fornPof iseategemibe Boitezoval Isedmmerdialtjraygilabbsfromn didlennitih ender the trade

her apout ¢ o icate 4t hilho AR RECTRPIOR W5dibol 2 BOSRIO mours
T aat ot hor By Bt o 2a DATRE R 0B oA SR o s s el Bons

i nvention beftimretp. during or after irradiation of the tunour for '
treati ng cancer; b) treating arthropathi es and ost eopat hol ogi cal
conditions such as rheumatoid 35arthritis, osteoarthritis, juvenile,
arthritids gode presentyaiention asasrelairsde pombipations poprding todhgdnygdipp dor use in
spondylitis andiayttepy forlexphsle dnihlibitag deysowth-ofdmadt)eellsahi bi ti ng
smooth nuscle cell proliferation including-vascular proliferative

di sorders, atherosclerosis and restenosis; d) treating inflanmatory
condi ti ons arlde@esserdinventien alsaiskates e tease of combinations asspriingdo theimientien
di sease, al | €5:9h€ plepariidd & a {hadhdcemtval dbRFositibs 8RIGIbIEAN eSO tufnor
5asthwa,zARD% E;Behcets di sease, transplant rejection, uticaria,
allergic 8ern§¥rtis, al opeci a areata, sclerodernma, exanthem, eczens,
dermat onyositis, acne, diabetes, system c |upus erythematosis,

Kawasaki s diTheasfent idlehiid Rsc5ielaBis S h rettRIRP R Eg BY Sidwih bf BmeSédls in
and chroni ¢ bronchit.i.s;

. e) treating endbneirijosis, . uterine
fibroids, dy@riHEPSBpst W&Ecé‘rcioﬂ“é’”B‘%sé‘gﬁ‘i“Hﬂ“ O RSBl gptive aiount of a
hypei pl asi a; coinbinatat dcagrdgubd she ivemtiah.ar i sati on i ncl udi ng
vascul opathy affecting retinal and choroidal vessels; g) treating a
cardi ac dysfunction;,

cond &1 one s B iR rhenpiaies SRepY T RIPBES thg Abhormal gromth of gl
renal dysf undidaling transformed cells, by administering an effective amount of a combination
according to the invention. Abnormal growth of cells refers to cell growth independent
of normal regulatory mechanisms (e.g. loss of contact inhibition). This includes the
30 inhibition of tumour growth both directly by causing growth arrest, terminal
differentiation and/or apoptosis of cancer cells, and indirectly, by inhibiting migration,
invasion and survival of tumor cells or neovascularization of tumors.

This invention also provides a method for inhibiting tumor growth by administering an

35  effective amount of a combination according to the present invention, to a subject, e.g.
a mammal (and more particularly a human) in need of such treatment. In particular,
this invention provides a method for inhibiting the growth of tumors by the



j) suppressing endocrine disorders; k) inhibiting dysfunction of

gl uconeogenesi s; 1) treating a neuropathol ogy for exanple

Par ki nson' s di sease or a neuropat hol ogy 20that results in a cognitive
di sorder, for exanple, Al zheiner's disease or polyglutamne rel ated
neuronal diseases; m treating psychiatric disorders for exanple

schi zophreni a, bipol ar disorder, depr ess_'h?n, anxi ety and psychosi s;

n) inhibiting a neuronuscul ar pathol og or_exanpl e, _anyl otrophic

| ateral 25sciadmbupteationpf gy effgctingameng af/ thegerabinaionacesping 1o tp PrGseHt i ng
ot her pat hol ]Eimantismndlbtp't@aﬂ iz&féﬁ@@bﬂs@aﬁi@ulﬁﬂﬁaﬁp‘mﬁﬁlg h)ﬁh@@éiﬁl!ﬁbl!lt&ﬁi ng
expression o e, e [ - L) .in it :
adi pogenesi s;pa%rg%{r&edg{l %gh%%gﬁggﬁepgg???gﬁfg%3@6%%%??%3 ég ?—%‘#\c? & p?{ﬂ)éastlc
present i nvereuksmialpeks myelosenens ebksmiachsytemryeyklesyiitlenkemismsuteonyalaié
as a nedi gi n@ed&mie htutefohbistib Sdkethiadl yipAGmA, At dRid © telPleulf idLthebnid )

wi th conbined_a t.wﬁlui(%m% n class- | aﬂ%‘fc' a -1;I b'Hl?ﬁCﬁ%ﬁ't er al one
or in combi ndbieLgid ffuemE, Yroie AVEind rltemin Poplest poys RIS IUPRTR ¢ of
a nedi canent nhwfiple megtonrg nememal-celoneg ohcehenabeelldungrancaesh-Hodgkin's
condi ti ons. 1ydBhondd) Hitlanbihs, RO&ME Binck) ¥RAY koMo Indd) S RH1Rbr
HDAC i nhi bi tor, of for mﬁlcgré)alﬁ) W t,F, anﬁ%$eg act i Vlitﬁ%{egn cl ass- | _alﬂd
class- || b HDRBET tumary @hichmaycbedphibited 1peHide, Bt asgnot dighte! oy thapiddellieylare
of a nediloaneatcet,onyddiysplasiatsprehivmo{MBEY thendry vpmeisnaptmat ofiginKegi a,
5acute nyel o ke, ] e i u

ryel of d | eukar ol bRl RN B hopa W oS Bomes

| eukeni a, chrPsRiEE R Abithe akmﬁé @atopqIRtHAMAS) nkidney; cranomas AYaEY FHCIBPmAL

crisis, Burl dGilddderscataimguhodia epiidrmallchiciomanyel oma. 10The presents
invention al so discloses the use of a HDAC i nhibitor of formula (1)
wi th conbined activity on class-1 and class-IIb HDACs, either alone

or in conbi nathisoRyentign alsh eravides o asthoddoighe feavmanteod sane mphoblagic
treatment of [elikggnid, Qé‘dt@h\?ﬂbgérjéﬁpreﬁkerﬁﬂ,%ut%%r@ﬂ}e]dt@fic1&1Hérﬁi@,chch&,myeloid
henmat opoi et i ge unor s ugém ﬁrrcpcﬁo’eed | 'Pelfyl%e €. g.c dru rﬁgl slgant c%tce
|'ymphobl ast i dKERT Apde maPHYLs Isbkapia, BHEhoPE hipared eribirak FuineiRmic
drug resi st amyel@diukemisr dwynt owploidletkenieintiast ciisiy Buwkittstipmphaaand
Teai st ant I yriaole ol iy e MG bt AOhAdcabllie

sis y TE, u S|'S i u , u .
o1 St ant0ch BRIt ag BBt (ot Abieet i el (i g SR hy R B in
| eukem a i n heebof soch geamentr ug resi stant Burkitt's | ynphoma and drug

resistant rmultiple myelonma. 20 The present invention further
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30  myeloma, by administering an effective amount of a histone deactylase inhibitor of

formula (I), either alone or in combination with a protecasome inhibitor, to a subject,
e.g. a mammal (and more particularly a human) in need of such treatment. The present
invention is particularly applicable to the treatment of drug resistant multiple myeloma,
more particular to multiple myeloma resistant to proteasome inhibitors, even more

35  particular to the treatment of bortezomib resistant multiple myeloma.
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ankylosing spondylitis and systemic lupus erythematosus;
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35 on class-I and class-IIb HDACsS, either alone or in combination with a proteasome
inhibitor, for the manufacture of a medicament for treating one or more of the above
mentioned conditions.



More in particular, the invention relates to a nethod for the
characterisation of a HDAC inhibitor of formula (1) either alone or
in conbination with a proteasone inhibitor, conprising the

determ nation in a sanple of the anount of ‘a) induction of
acetylation of histone 3, induction of acetylation of histone 4, or
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administration and the respective dosage amounts and regimes for each component of
the combination will depend on the particular proteasome inhibitor and the HDAC
inhibitor being administered, the route of administration of the combination, the

35  particular tumor being treated and the particular host being treated. The optimum
method and order of administration and the dosage amounts and regime can be readily
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i nduced pr ot enasr m8te phaftdaceutical carriers. To prepare pharmaceutical compositions for use
30  in accordance with the invention, an effective amount of a particular compound, in
base or acid addition salt form, as the active ingredient is combined in intimate
admixture with a pharmaceutically acceptable carrier, which carrter may take a wide
variety of forms depending on the form of preparation desired for administration.
These pharmaceutical compositions are desirably in unitary dosage form suitable,
35  preferably, for administration orally, rectally, percutaneously, or by parenteral
injection. For example, in preparing the compositions in oral dosage form, any of the
usual pharmaceutical media may be employed, such as, for example, water, glycols,
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the course of treatment. The sub-doses may be formulated as unit dosage forms, for

example, in each case containing independently 0.01 to 500 mg, for example 0.1 to

200 mg and in particular 1 to 100 mg of each active ingredient per unit dosage form.
35 .

The term “the induction of acetylation of histones or other proteins” means the

induction of the acetylation status of HDAC substrates such as but not limited to



P21lwarl ' ci Pl is repressed as a consequence of histone acetyl ati on,
and plays a key role in the induction of cell cycle arrest in
response to HDAC inhibitors (see exanple A.3.). In order to assess
the inhibition of HDAC 6, and the relative potency of the conmpounds
25for HDAC 1 versus HDAC 6, the acetylation of its substrate tubulin,
and the induction of Hsp 70 which is thggconsequence of Hsp 90
acetyl ation, was nonitored (see exa A. cl ass-|

Spec T 1ci Ly dnonsecsy bistaned BePEet enbhelke onBA RSN ek
30 Exanpl e Ahlaatshb hrbietns Odlg, HspldDAGd thegikgy M | nruno- preci pitated from

A2780 I1s E HD, tLvIt HDACL ted
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t he i ndi cat edesdDACyicfiatth suchras bulrmt Wiinitkd to iB&fcBrf af &ksyT0, iraluetiancb p21 and

fragment @f ke pepti de (50.000 cpm

[ bi oti n-(6-am nohexanoi c)d y-Al a-(acetyl [31Thys-Arg-Hi s- Arg-Lys- Val -
NH21( Amer sham Phar naci a Bi ot ech, Piscataway, NJ). HDAC activity was

assessed - 2ZFhenmastion agp rektads e mefholrfecthacletradergatonpd 2 HERAQ inldbitur ef

cxoreoeet 2 EEEATlEsBpleL ey B R EIE pmor e
R306465 3. 31 detgrmimattorrin asgmplegof the amount of induction of acetylation of histones or
10 other proteins, or of the induction of proteins functionally regulated by said acetylation.
More in particular, the invention relates to a method for the characterisation of a
HDAC inhibitor of formula (I} either alone or in combination with a proteasome
inhibitor, comprising the determination in a sample of the amount of
a) induction of acetylation of histone 3, induction of acetylation of histone 4, or
15 induction of p21 and
b) induction of acetylation of alpha-tubulin, induction of acetylation of Hsp 90,
or induction of Hsp 70.
Most particular the invention relates to the above method, wherein the concentration
needed to obtain induction under a) is in the same range as the concentration to obtain
20  induction under b).

The determination in a sample of the amount of induction of acetylation of histones or

other proteins or of the induction of proteins functionally regulated by said acetylation

may encompass the identification of patients that respond to a treatment and thus may
25  have a beneficial effect for the treatment of human cancer.

The determination in a sample of the amount of induction of acetylation of histones or
other proteins or of the induction of proteins functionally regulated by said acetylation
may encompass monitoring efficacy of a treatment in patients and thus may have a

30  beneficial effect for the treatment of human cancer.

The determination in a sample of the amount of induction of acetylation of histones or

other proteins or of the induction of proteins functionally regulated by said acetylation

may encompass predicting therapeutic responses to a treatment and thus may have a
35  beneficial effect for the treatment of human cancer.
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0.05 LBH 589 0.23 0.06 5 Exanple A.2: inhibition of
reconbi nant enzynme For the inhibition of human

reconbi nant HDAC 8, the HDAC 8 Col orinetric/Flourinmetric Activity .
Assay/ Drug Di scovery Kit (Bionol, Cat. nr. AK-508) was used. Results
are expressed as average 1050 values (nM SD for three 10i ndependent

experinments.
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with a proteasome inhibitor, wherein the induction of hyperacetylation of histones or
other proteins or the induction of proteins functionally regulated by said acetylation has
a beneficial effect for the treatment of human cancer.

The sample may be derived from cells which have been treated with said HDAC
inhibitor or said combination. The sample may also be derived from tissuve affected by
a disorder and/or from individuals treated with a HDAC inhibitor of formula (I) or a
combination of a proteasome inhibitor and a HDAC inhibitor of formula (I)

The cells may be culture cells which have been contacted with said HDAC inhibitor or
said combination. Said inhibitor or said combination can be added to the growth
medium of the cells.

The cells may also be derived from a tissue and/or from an individual that was treated
with said inhibitor or said combination,

Preferably, the method of characterization comprises only steps which are carried out
in vitro. Therefore, according to this embodiment the step of obtaining the tissue
material from the human or animal body is not encompassed by the present invention.

The cells are usuvally processed to be in a condition which is suitable for the method
employed, for determining the induction of acetylation of histones or other proteins or
the induction of proteins functionally regulated by said acetylation. Processing may
include homogenization, extraction, fixation, washing and/or permeabilisation.- The
way of processing largely depends on the method used for the determination of the
induction of acetylation of histones or other proteins or the induction of proteins
functionally regulated by said acetylation. The sample may be derived from a biopsy of
the patent. The biopsy may be further treated to yield a sample which is in a condition
suitable for the method used for determining the induction of acetylation of histones or
other proteins or the induction of proteins functionally regulated by said acetylation.

The amount of acetylation of proteins or the amount of induced protein may be
determined by use of an antibody.

~ As used herein, the term “antibody” designates an immunoglobulin or a derivative

thereof having the same binding specificity. The antibody used according to the



283 29 Example A.3: Acetylation of cellular HDAC 1 substrates and

I nduction of p2lwan'ci Pi 15 Human A2780 ovarian carcinoma cells were
I ncubated wth 0, 1, 3, 10, 30, 100, 300, 1000 and 3000 nM of the
conpounds for 24h. Total cell |ysates were prepared and anal ysed by
SDS- PAGE. Level s of acetylated H3 and H4 histones, total |evel of H3
proteins and | evels p2lwan' 41 protein weje detected 20 using rabbit
pol ycl onal and mpuse nmpnocl onal antibodies fol | owed by enhanced
chenol uni nes ereweeoq may he ymonedionshantibedserranagntibedstderiseddorner egmeprisad in a
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06-299 and O tot | eve ¢ q%? .@gote n maeid tec%ed - 24-
with anti bod.é ) By epesns The st e 3Rt BleRgF Sy ve pfoaynpy
protei n was oegmcirathyiet(fend)syntbetitebsprodesed Tr ansduct i on Laboratori es
(Cat. nr.;C24420) . Appropriate diIutions of antibodies wer e

I ncubated for_eith 1-2 e or Qver ni 4C. In
order to cont‘i’aterigiottaaaatﬂieda ¥ cﬁbﬁ'@t vetln%aéa ﬁ&eli?liif
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when i nducti @ of acetyl ation of histone FB and FM and |nduct|on of

p2rall' 1Pl is observed JNJ 26481585 10 R306465 100 SAHA 3000 LAQ 824
10

Immunohistochemistry may be used after fixation and permeabilisation of tissue
15  material, e.g. slices of solid tumors, the antibody is then incubated with the sample, and
following one or more washing steps the bound antibody is detected.

The amount of the induction of acetylation of histones or other proteins or the

induction of proteins functionally regulated by said acetylation may be determined by
20  ELISA. A variety of formats of the ELISA can be envisaged. In one format, the

antibody is immobilized on a solid phase such as a microtiter plate, followed by

blocking of aspecific binding sites and incubation with the sample. In another format,

the sample is first contacted with the solid phase to immeobilize the acetylated and/or

induced proteins contained in the sample. After blocking and optionally washing, the
25  antibody is contacted with the immobilized sample.

The amount of the induction of acetylation of histones or other proteins or the
induction of proteins functionally regulated by said acetylation may be determined by
flow cytometry. Cells, e.g. cell culture cells or blood cells or cells from bone marrow,
30 are fixed and permeabilised to allow the antibody to reach the acetylated and/or
induced proteins. After optional washing and blocking steps the antibody is contacted
with the cells. Flow cytometry is then performed in accordance with procedures known
in the art in order to determine cells having antibody bound to the acetylated and/or
induced proteins.
35
To determine whether a HDAC inhibitor or a combination of a proteasome-inhibitor
and a HDAC inhibitor of formula (I) has his activity, one may determine the amount of



LBH- 589 10 Exanple A 4. Acetylation of Tubulin and the induction of
Hsp 70 15 Human A2780 ovarian carcinoma cells were incubated with O,
1, 3, 10, 30, 100, 300, 1000 and 3000 nM of the conmpounds for 24h.
Total cell lysates were prepared and anal ysed by SDS- PAGE. Level s of
total and acetylated tubulin were detected using antibodies from
Sigma. clones DMLA (Cat. nr. 20 T9026).@md 6- 1118 (Cat. nr. T6793)
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100 LAQ 824 BDAMHhB#Or @0 combination of a proteasome inhibitor and a HDAC inhibitor of
formula (1) has his activity, one may determine inhibition of cell proliferation.

In the case of patients, the sample is derived from a patient which has been treated with
the HDAC inhibitor of formula (I) or the combination of a proteasome inhibitor and a

15  HDAC inhibor of formula (I). The reference sample is derived from another patient
suffering from the same disorder who has not been treated with said HDAC inhibitor or
said combination or from a healthy individual. The tissue from which the reference
sample is derived corresponds to the tissue from which the sample is derived. For
example, if the sample is derived from tumor tissue from a breast cancer patient the

20  reference sample is also derived from tumor tissue from a breast cancer patient or from
breast tissue from a healthy individual. It may also be envisaged that the sample and
the reference sample are derived from the same individual. In this case, the tissue, from
which the reference sample is derived was obtained from the individual prior to or after
treatment of the individual with said HDAC inhibitor or said combination. Preferably,

25  the tissue is obtained prior to the treatment to exclude possible after-effects of the
inhibitor treatment after discontinuation of the treatment.



Exanple B: Inhibition of human hematol ogi cal tunor cell proliferation
S5Eval uation of anti-proliferative activity of INJ 26481585 in a pannel
of human hemat ol ogi cal tunor cell |ines was outsourced at Oncodesign
(Dijon, France). Tunor cells were grown as cell suspension in the
correspondi ng appropriate culture nediumat 37C in a humdified 5%
CQX2 incubator. Mycoplasma-free tunor celi s were seeded in 96-wel |
flat-bottommcrotitration plates and |ncubated at 37C for 24 hr in
culture 10 nedium containing 10% FCS. Tunor cells were then exposed
to vehicle (¢Qpdddntal@hrti NCreasi ng concentrations of JNJ 26481585 (5

different co g3 tratllons*l) Bartezom b (5 different concentrations*),
or conbinati&a—gw%%:—“&ﬁ various ratio. Cells were then
i ncubated for an additional 72 hr. The cytotoxic activity of the
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Mean SD CCRFzSEMY @&p{ﬁ.ﬁ,léx@hobl astic |eukemia 11.93 7.18 Jurkat clone
E6-1 Acute | ynphoblastic |eukema 9.22 1.78

It was further investigated whether R306465 modulates the acetylation status of HDAC
" 1 substrates Histone 3 (H3) and Histone 4 (H4). Also the induction of cyclin dependent
20 kinase inhibitor p21™“P! jn A2780 ovarian carcinoma cells was investigated.
P21**<P! 5 repressed as a consequence of histone acetylation, and plays a key role in
the induction of cell cycle arrest in response to HDAC inhibitors (see example A.3.).

In order to assess the inhibition of HDAC 6, and the relative potency of the compounds

25  for HDAC 1 versus HDAC 6, the acetylation of its substrate tubulin, and the induction of
Hsp 70, which is the consequence of Hsp 90 acetylation, was monitored (see example
A4d).

Example A: class-1 specificity and acetylation effects of the compounds of formula (I)
30 '
Example A.1: inhibition of HDAC 1 enzyme immuno-precipitated from A2780 cells

For HDAC]1 activity assays, HDAC1 was immunoprecipitated from A2780 cell lysates
and incubated with a concentration curve of the indicated HIDAC inhibitor, and with a
35 [’H]acetyl-labeled fragment of H4 peptide (50.000 cpm)
[biotin-(6-aminohexanoic)Gly-Ala-(acetyl[’H]Lys-Arg-His-Arg-Lys-Val-
NH;](Amersham Pharmacia Biotech, Piscataway, NJ). HDAC activity was assessed



KG 1 Acute nyel ogenous | eukem a 13.39 10.48 MOLT-4 Acute

| ynphobl astic | eukem a 42. 96 56.25 SUP-B15 Acute | ynphobl astic

| eukem a 1.13 HL-60 Acute pronyel ocytic | eukem a 24.28 10.72

OCl - AML2 Acute nyeloid | eukemia 19.56 13.93 THP-1 Acute nonocytic
| eukem a 50. 65 22,84 EHEB Chronic B cell |eukem a

-23-
measuring release of free acetyl groups. Results are expressed as average ICsq values +
SD for three independent experiments.

HDAC 1 inhibition 1CsginnM
INJ 26481585 0.16 + 0.02
R306465 . 3.31+0.78
SAHA 73 + 26
LAQ-824 0.29 £ 0.05
LBH-589 0.23 £ 0.06

5  Example A.2: inhibition of HDAC 8 human recombinant enzyme

For the inhibition of human recombinant HDAC 8, the HDAC 8
Colorimetric/Flourimetric Activity Assay/Drug Discovery Kit (Biomol; Cat. nr. AK-
508) was used. Results are expressed as average ICsg values (nM) = SD for three

10 independent experiments. Assays were performed in duplicate and the standard error of
the 1Cso was calculated using Graphpad Prism (Graphpad Software).

HDAC 8 inhibition ICsgin nM
JNJ 26481585 34+ 41
R306465 23+ 17
SAHA 370 + 314
LAQ-824 3723
LBH-589 283 £29

Example A.3: Acetylation of cellular HDAC 1 substrates and induction of p21**-!

15
Human A2780 ovarian carcinoma cells were incubated with 0, 1, 3, 10, 30, 100, 300,
1000 and 3000 nM of the compounds for 24h.
Total cell lysates were prepared and analysed by SDS-PAGE. Levels of acetylated H3
and H4 histones, total level of H3 proteins and levels p21**™"“?! protein were detected
20  using rabbit polyclonal and mouse monoclonal antibodies, followed by enhanced
chemoluminescence (ECL) detection.
Levels of acetylated H3 and H4 were detected with antibodies from Upstate

Biotechnology (Cat. nr. 06-299 and 06-866), total level of H3 proteins was detected



165.81 128.15 BV-173 Chronic B cell leukem a 4.54 4.28 K-562 Chronic
nyel oid | eukem a 15.91 8.29 KCL-22 Chronic nyeloid |l eukema 7.71 5.14
LAMA- 84 Chronic nyeloid | eukema in blast crisis 30.40 19.93 U 937
Lynphoma 23. 67 10.14 Daudi Burkitt's |ynphoma 9.08 1.27

24-
with antibodies from Abcam (Cat. nr. ab1791) and level of p21"*™*?! protein was
detected with antibodies from Transduction Laboratories (Cat. nr. C24420) .
Appropriate dilutions of antibodies were incubated for either 1-2 h at room temperature
or overnight at 4°C. In order to control for equal loading, blots were stripped and re- -
5  probed with mouse monoclonal anti-actin IgM (Ab-1, Oncogene Research Products).
in order to control the efficiency of extraction of nuclear proteins blots were stripped
and re-probed with and with anti-lamin B1 (Zymed; Cat. nr. 33.2000). Protein-antibody
complexes were then visualized by chemiluminescence (Pierce Chemical Co) or
fluorescence (Odyssey) according to the manufacturer’s instructions. The experiments
10  were performed three times.

concentration (nM) when induction of
acetylation of histone H3 and H4 and
induction of p21™*°?! is observed

JNJ 26481585 10
R306465 100
SAHA 3000

LAQ-824 10

LBH-589 10

Example A.4. Acetylation of Tubulin and the induction of Hsp 70

15 ‘
Human A2780 ovarian carcinoma cells were incubated with 0, 1, 3, 10, 30, 100, 300,
1000 and 3000 nM of the compounds for 24h.
Total cell lysates were prepared and analysed by SDS-PAGE. Levels of total and
acetylated tubulin were detected using antibodies from Sigma: clones DM1A (Cat. nr.

20  T9026) and 6-11 1B (Cat. nr. T6793) . Hsp 70 protein was detected with an antibody

~ from Stressgen (Cat. nr. SPA-810), followed by ECL detection. Appropriate dilutions

of antibodies were incubated for either 1-2 h at room temperature or overnight at 4°C.
In order to control for equal loading, blots were stripped and re-probed with mouse
monoclonal anti-actin IgM (Ab-1, Oncogene Research Products). In order to controi

25 the efficiency of extraction of nuclear proteins blots were stripped and re-probed with
and with anti-lamin B1(Zymed; Cat. nr. 33.2000). Protein-antibody complexes were
then visualized by chemiluminescence (Pierce Chemical Co) or fluorescence (Odyssey)
according to the manufacturer’s instructions. The experiments were performed three
times.



Namal wa Burkitt's |ynphoma 4.65 4.32 Raji Burkitt's |ynphoma 26. 34
16. 11 Ranos Burkitt's |ynphoma 4.66 2.82 ARH 77 Myel oma 40. 42 24. 32
RPM 8226 Myelona 6.41 5.44 -27- Exanple B.2.: Inhibition of human
hemat ol ogi cal tunor cell proliferation by Bortezom b. Tabl e F. 2:
Results are expressed as the nean | C40 value (i.e., concentration,
expressed 5in nM required to reach 40%_#hi bition of cel
proliferation) SD, determ ned from 3 independent reliable

experi nments.

concentration (nM) when start of
induction of acetylation of tubulin and
induction of Hsp 70 is observed

JNJ 26481585 ' 30
R306465 1000
SAHA 100
LAQ-824 : 30
LBH-589 30

Example B: Inhibition of human hematological tumor cell proliferation

5  Evaluation of anti-proliferative activity of INJ 26481585 in a pannel of human
hematological tumor cell lines was outsourced at Oncodesign (Dijon, France). Tumor
cells were grown as cell suspension in the corresponding appropriate culture medium at
37°C in a humidified 5% CO; incubator. Mycoplasma-free tumor cells were seeded in
96-well flat-bottom microtitration plates and incubated at 37°C for 24 hr in culture

10 medium containing 10% FCS. Tumor cells were then exposed to vehicle (control) or
increasing concentrations of JNJ 26481585 (5 different concentrations*), Bortezomib
(5 different concentrations*), or combination of both drugs at various ratio. Cells were
then incubated for an additional 72 hr. The cytotoxic activity of the compound(s) was
revealed by standard MTS assay by measurement of absorbency at 490 nm. The

15  compound interactions (synergy, additivity or antagonism) was calculated by multiple
drug effect analysis and was performed by the median equation principle according to
the methodology described by Chou & Talalay [CHOU et al. (1984) Adv. Enzyme
Regul. 22: 27-55; CHOU et al. (1991) in Encyclopaedia of human Biology. Academic
Press. 2: 371-379; CHOU et al. (1991) in Synergism and antagonism in chemotherapy.,

20 Academic Press: 61-102; CHOU et al. (1994) J. Natl. Cancer Inst. 86: 1517-1524]

*: based on pre-determination of anti-proliferative activity of each drug used as single
agent, concentrations were chosen not to exceed 50% inhibition in each of the selected
cell lines.

25

" Example B.1.: Inhibition of human hematological tumor cell proliferation by JNJ
26481585.



Cell line Type Mean SD CCRF- CEM Acut e | ynphobl astic | eukem a 4. 40
0.84 Jurkat clone E6-1 Acute |ynphoblastic | eukema 5.63 2.68 KG1
Acut e nyel ogenous | eukem a 3.36 0.83 MOLT-4 Acute |ynphoblastic

| eukemi a 12.14 12.91 SUP-B15 Acute |ynphobl astic | eukema 2.40 HL-60
Acut e pronyel ocytic | eukem a

-26- ,
Table F.1: Results are expressed as the mean ICqo value (i.e., concentration, expressed
in nM, required to reach 40% inhibition of cell proliferation) & SD, determined from 3
independent reliable experiments.

5
Cell line Type Mean - 8D
|CCRF-CEM Acute lymphoblastic leukemia 11.93 7.18
Jurkat clone E6-1 Acute lymphoblastic leukemia 9.22 1.78
KG-1 Acute myelogenous leukemia 13.39 1048
|MOLT-4 Acute lymphoblastic leukemia - 42.96 56.25
SUP-B15 Acute lymphoblastic leukemia 1.13
|HL-60 Acute promyelocylic leukemia 24.28 10.72
OCHAML2 Acute myeloid leukemia | 19.56 13.93
THP-1 ’ Acute monocylic leukemia 50.65 22,84
EHEB Chronic B cell leukemia 165.81 128,15
BV-173 Chronic B cell leukemia 4.54 4.28
K-562 Chronic myeloid leukemia 15.91 8.29
KCL-22 Chronic myeloid leukemia 7.71 514
LAMA-84 Chronic myeloid leukemia in blast crisis 3040 19.93
*U-QB? Lymphoma 23.67 10.14
Daudi Burkitt's lymphoma 9.08 1.27
Namalwa Burkitt's lymphoma 4.65 432
Raiji Burkitt's lymphoma 26.34 16.11
Ramos Burkili's lymphoma 4,66 2.82
ARH-77 Myeloma 40.42 24.32
RPMI 8226 Myeloma 6.41 5.44




13.38 1.99 OCl - AML2 Acute nyeloid | eukemia 11.64 11.61 THP-1 Acute
nonocytic | eukema 5.83 0.94 EHEB Chronic B cell |eukema 6.02 0.34
BV-173 Chronic B cell |eukema 2.77 0.20 K-562 Chronic nyeloid

| eukem a 12.83 4.11 KCL-22 Chronic nyeloid |l eukema 1.74 1.56
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Example B.2.: Inhibition of human hematological tumor cell proliferation by
Bortezomib.

Table F.2: Results are expressed as the mean 1C4 value (i.e., concentration, expressed
5  innM, required to reach 40% inhibition of cell proliferation) + SD, determined from 3
independent reliable experiments.

fCellline . Type Mean SD

CCRF-CEM Acute lymphoblastic leukemia 4.40 0.84
Jurkat clone E6-1 |Acute lymphoblastic leukemia 5.63 2.68
KG-1 Acute myelogenous leukemia 3.36 0.83
|MOLT-4 Acute lymphoblastic [eukemia 12.14 12.91
SUP-B15 Acute lymphoblastic leukemia 2.40
HL-60 Acute promyelocytic leukemia 13.38 - 1.99
|oci-AML2 Acute myeloid leukemia | 1164 11.61
THP-1 Acute monocytic leukemia 5.83 0.94
EHEB Chronic B cell leukemia 6.02 0.34
BV-173 Chronic B cell leukemia 2.77 0.20
K-562 Chronic myeloid leukemia : 12.83 4.11
KCL-22 Chronic myeloid leukemia | 1.74 ~ 1.56
LAMA-84 Chronic myeloid leukemia in blast crisis 2.61 0.46
U-937 Lymphoma 5.68 1.07
Daudi _ Burkitt's lymphoma 2.68 0.54
Namalwa Burkitt's lymphoma 4.48 1.00
Raji Burkitt's lymphoma 5.20 0.69
Ramos Burkitt's lymphoma 1.83 0.10
ARH-77 Myeloma 7.21 222
RPMI 8226 Myeloma 4.23 0.99

10

15



LAMA- 84 Chronic nyeloid | eukemia in blast crisis 2.61 0.46 U 937
Lynphorma 5. 68 1. 07 Daudi Burkitt's |ynphoma 2.68 0.54 Namal wa
Burkitt's | ynphoma 4.48 1.00 Raji Burkitt's |ynphoma 5.-20 0. 69 Ranos
Burkitt's |lynphoma 1.83 0.10 ARH 77 Myel oma

- -28-
Example B.3: Inhibition of human hematological tumor cell proliferation by JNJ
26481585 in combination with Bortezomib. -

Table 3: Results are expressed as the mean Combination Index (CI + SD) of median
5 CI values in each individual studies (3 independent reliable experiments) and

calculated from each individual combination ratio. CI lower than 0.9 indicates

‘Synergy’ (grey) and CI between 0.91 and 1.09 indicates ‘Additivity’ (white).

Mean SD
CCRF-CEM 0.10
Jurkat 0.15
KG-1 0.26
MOLT-4 0.17
SUP-B15 0.03
HL-60 0.24
OCI-AML2 0.12
THP-1 0.25
EHEB 0.11
BV-173 0.05
K-562 0.25
KCL-22 0.26
LAMA-84 0.27
U-937 0.06
Daudi 0.18
Namalwa 0.08
Raji 0.08
Ramos 0.36
ARH-77 0.34
RPMI 8226 0.06




7.21 2.22 RPM 8226 Myeloma 4.23 0.99 10 15 -28- Exanple B.3:

I nhi bition of human hematol ogi cal tunmor cell proliferation by JNJ
26481585 in conbination with Bortezom b. Table 3: Results are
expressed as the mean Combination Index2P€l SD) of median 5 Ci

val ues in each individual studies (3 independent reliable
experinments) and cal cul ated from each individual conbination ratio.

Cl | ower thalaiths9 i ndicates 'Synergy' (grey) and CI between 0.91 and
1.09 indicates "Additivity' (white). -29- Cainms 1. A conbination of
a proteasone inhibitor, wherein said proteasone inhibitor is
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the pharmaceutically acceptable acid or base addition salts and the

stereochemically 1someric forms thereof.

10
2. A combination as claimed in claim 1 in the form of a pharmaceutical composition
comprising bortezomib and compound No. 1a together with one or more

pharmaceutical carriers.
15 3. A combination as claimed in claim 2 for simultaneous, separate or sequential use,
4. A combination as claimed in any of claims 1 to 3 for use in medical therapy.

5. Use of a combination as claimed in any of ¢laims 1 or 2 for the manufacture of a

20 medicament for inhibiting the growth of tumor cells.

6. Use of a histone deacetylase inhibitor in combination with a proteasome
inhibitor, for the manufacture of a medicament for the treatment of acute
lymphoblastic leukemia, acute myelogenous leukemia, acute promyelocytic leukemia,
25  acute myeloid leukemia, acute monocytic leukemia, lymphoma, chronic B cell
leukemia, chronic myeloid leukemia, chronic myeloid leukemia in blast crisis,
Burkitt's lymphoma and multiple myeloma wherein said histone deactylase inhibitor is

compound No. la

|

Compound No la
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10 2. A conbination as clainmed in claiml in the formof a
pharmaceuti cal conposition conprising bortezom b and conpound No. |a
together with one or nore pharmaceutical carriers. 153. A conbination
as claimed in claim2 for sinmultaneous, separate or sequential use.

4. A conbination as clained in any of clsgins 1 to 3 for use in

medi cal therapy. 5. Use of a conbination as clainmed in any of
clainms 1 or 2 figspHan@aceativilBcdcdeaté acid 00 bR sdan®ntsaltOind thdi bi ting
the growt h of tyﬁrnorhcel l@“-{. 6. .U§e of , a (gf}’stone deacetyl ase inhibitor
in combi nati on W GRSARY BITSHE YARIBTESY . for the manufacture of a
redi cament faﬁ&&h%%jﬁEa‘?&‘@%“r‘é&tsm%iﬁ?@%&i{éﬁ%‘%&?&k@ﬁ'C | eukem a, acute
nmyel ogenous Teukem'a, acute pronyelocytic eukem a, 25acute nyeloid

| eukem a, acute nonocytic | eukem a, |ynphoma, chronic B cell

| eukem a, chronic nyeloid | eukem a, chronic _nyeloid | eukem a in bl ast
crisis, Burkit{Ussap glapnehin daim Grivherein seidwpedistracniieios treatgwentiofdryg sesistant

deact yl ase i nhiaBiite GynpobRIP RREMMNOdruk résistklﬁ“ihht%@x%ﬁ(?éﬁameﬁ&n{iﬁg drug
-30- the pharnmaceuticall acc%)t at’.grie acid or base ‘additio ﬁ Itks an%
the stereocheni&4iHY 2FUg flCkRBi% O RGN EP s Y e deukemis, drug

prot easonme i nhirdidtan atie bainbegarieikenhid,. dris ezsne lyanphethal druglredistart chronic
wher ei n said ”@(’:e}iﬂgﬁ(@m1 Sdl'Il fes}s A E:hr}er%: s felc(%lll k'él%%ﬂi %}'uanll SiS Cllljttc%ronic
| ynphobl astic 'eukem a, drug®resistant acute nye ogeﬁou@ FRTRem &
drug redf st ant meslaie lqukenadhbdast £risis, edrivg ndsistant Bugkitt'e ynspleoma acludreg
myel oi d | eukem.g;se i UeifiQs hefiia acut e nonocytic | eukem a, drug
d

resistant | ynphoma, drug resistant chronic B cell |eukem a, drug
resi stant chronic nyeloid | eukem a, drug resistant chronic 10mnyel oid

I eu_kerri ain 8bU§<$§s @QAifeldSn cRiHE6 66S 7 Shafdin E«’audi hie_tltc'aﬁleht)&mnﬁaﬂ oflr ug
resistant nult e as, clained in clainse 6 and 7

le myel oma. 8.
wherei n said 5??:@%%68’?%‘?8?“1?9 SOOI of bortezomi b resi st ant

mul ti pl @snyel oma. 15



