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to biock phosphorylation of tyrosune residues by occupying the ATP binding site of the Abl

tyrosine kinases Bcr-Abl, c-Abl, v-Abl and Abl-related gene (ARG) as well as platelet-derived
growth factor receptors (PDGF) alpha and beta and the receptor for human stem cell factor
(SCF) c-kit. Based on numerous studies with chronic myeloid leukemia (CML), including
studies with patients in early chronic phase (CP), accelerated phase (AP) and myeloid blast
crisis (BC), Imatinib is considered the new gold standard of treatment for chronic myeloid
leukemia. Additionally, Imatinib induces sustained responses in individuals with gastro-
intestinal stromal tumors (GIST), a tumor entity with constitutive activation of c-kit and in
patients with myeloproliferative diseases and rearrangements in the PDGF-R-beta gene on
chromosome 5q33.
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nce, in a first enbodi nent, the present
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administering to the animal at least one hypusination inhibitor in a quantity which is
therapeutically effective against leukemia, in which method said compounds can also be

present in the form of their pharmaceutically acceptable salts.

In a second embodiment, the present invention relates to the use of at least one
hypusination inhibitor for the manufacture of a drug useful for treating a warm-blooded

animal having leukemia, particularly Imatinib-resistant leukemia.

In a third embodiment, the present invention relates to a method of treating a warm-blooded

animal having leukemia, particularly Imatinib-resistant leukemia, comprising administering to
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proliferative di sease.
The term “proliferative disease” includes malignant and non-malignant proliferative diseases,

e.g. atherosclerosis, carcinomas and leukemia, tumors, thrombosis, psoriasis, restenosis,

sclerodermitis and fibrosis.

The term “tumor” as used herein includes, but is not limited to breast cancer, melanoma,
epidermoid cancer, cancer of the colon and generally the Gl tract, GIST, lung cancer, in
particular small-cell lung cancer, and non-small-cell lung cancer, head and neck cancer,
genitourinary cancer, e.g. cervical, uterine, ovarian, testicles, prostate or bladder cancer,;

Hodgkin’s disease or Kaposi's sarcoma. It is contemplated that the combinations of the
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The team “arcombinedgugparationt’ cashesedrhesie deﬁﬂe&%@edelma@ of parts” in the

1S5 ter nt

sens i AE BlimiELR Tophelle) T ol ELdBNEABEON aRRSRE T
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of parts. Very preferably, the time intervals are chosen such that the effect on the treated
disease in the combined use of the parts is larger than the effect which would be obtained by
use of only any one of the combination partners (a) and (b). The ratio of the total amounts of
the combination partner (a) to the combination partner (b) to be administered in the
combined preparation can be varied, e.g. in order to cope with the needs of a patient sub-
population to be treated or the needs of the single patient which different needs can be due
to the particular disease, age, sex, body weight, etc. of the patients. Preferably, there is at
least one beneficial effect, e.g., a mutual enhancing of the effect of the combination partners
(a) and (b), in particular a synergism, e.g. a more than additive effect, additional
advantageous effects, less side effects, a combined therapeutic effect in a non-effective
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The term "hypusination inhibitor" defines a reagent, drug or chemical which is able to
decrease the formation of hypusine in vitro or in vivo. Hypusine is a unique amino acid
formed by a posttransiational modification of a lysine residue in eukaryotic initiation faction
5A (elF-5A) and is a critical for cell survival and proliferation (see, for example, Chen et al,,
J. Chin. Chem. Soc., Vol. 46, No. 5, 1999). Recently, data indicate that cell proliferation may
be inhibited in cells in vitro by exposure to chelating molecules such as ciclopirox,
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includeb eprpeynssiscaren it Pog rbleuare s/ giRogS, WE §76385 ana us

Patentscs 269804 Srd 68061750 £§E savulinded 8/5axpianys 1 atl-riazdles.get
deoxyhypusi ne hydroxyl ase, a net al oenzyne necessary

for hypusine formation (Clenment, et al. Int. J. Cancer

Swtab%g%sﬁ%ﬂoﬂ-mh?d?t@(s"ﬁlsd’fﬁlémaé bUthRSISotTRifeB Mo, tRbiethatinsIbEE AN

e readily identified using standard_screen

hypusingtign 8¢ s1hiiting thaaetivity of enzyMes nesgesank for Pﬂﬁ'%ﬁ’fmatw" e.g.,
deoxysﬁé BArPHON'- @@aﬁ/ﬁﬂd’ﬂﬁnfﬁ@ﬂé’dtéh@(ﬁc-?%é@bbe Jéﬁﬁson etal., J.

usine formtio i n cont

Bacterigégu 187:4fo. AP 31 B11) WK 4EhEY PBGENO SROTHRLT e Epse and

mclopnr@fﬁrhcg!jéf)érd%ﬁﬁﬁér Wilch NnRilEde @ RieMetiydaligrBee of the
Inhibitor, or in the presence of varying anounts of

inhibitor. In this way, not only can useful inhibitors
Ina préf@rrédj&m)bélh%ﬁt oft}Hé invBRtiPthe MyBadiritieh ifiibigH fsf‘cua@bwox or 6-

bitor can be determined in vitro for fu

cycloh%bi hydyoxnd-metayl-2ElAnpiridnope . §&Pmﬂﬂfba’}$w19§[ ﬁ!’féfﬂu"%ﬁ‘i known to

one of éﬂl'i“ntthé QHS(st@é &of éfﬁ@lé\re&;?a ane 8hd Skinkt AIRD, Ihihe). @ekmatoll 2003
I nC are
Sept; 42 Suppl 1: 3-9) and wndelC%ommerrncmlly avallable (e.g. Sigma, Taufkirchen,

Germany).

in another preferred embodiment, the hypusination inhibitor is 4-[3,5-bis(2-hydroxyphenyl)-
[1,2,4]triazol-1-yl]benzoic acid. The compound and its preparation is described, e.g., in us
6,465,504 B1. The drug can be applied, e.g., as described in US 6,465,504 B1 or
W02004/035026.



ci cl opi rox, deoxyspergualin, interferon al pha,
def eroxam ne, deferiprone as well as additiona
W@ o0up0ss3eEs bel onging to the famly of hydr oxyppeT/EPIves014439
( see, e.g., Mycoses 1997; 40:243-247) as well as
ot her conpounds with activity-as iron chelators. The
|atter includes conpounds disclosed in PCT
publ i cati ons WO 03/039541, WO 97/49395 and US Patents
. - ti
The Sri&e o heftiy@adHte et B oS, HbREor rade names may bo
taken fiamghe getyakediton ofdheislendasdcompendism “TheiMesek ingex’taR frasm
dataﬁ%@%, & BhpBhtsMRHEBALIEG XS WP JuiBfiohBE TRE kbitedpbnding
of ehzynmes necessary for -hypusine formation, e.g.,
conters dhejepfds hereby incarrprated by refakenca., 7- di ani nohept ane
(GC-7; see e.g., Jansson et al., J. Bacteriology 182:
No. 4, 1158-1 161) which act by bl ocking .
A condimaiiery which sempyiseshi@s &l-{SdAd4-mathyhpinegazingaethyl)-benzoylamido]-2-

et RSB0 Bl B4 Rar RS Ao,
which $heuatineirigoedients ats presentdn eaddl aase e forg-or in the form of a

- - r - - - .
prarRAL ARSI ey U Y s 3l AU o b Ppccsptai
carrigmwilldret re{leseed, to hereinatienps @ CQMBINATAON OB AHEINVIFNTIANRDepending

o 48 R R BRGR TRl oo

Tauf ki rchen, Germany). In another preferred

The ﬁ@%ﬁé‘ﬁfg*%ﬁ%&&% mgﬁg+|@ﬁuhehaieé5&% ié Rultifactorial. Under certain
circungtancas. tdrugsrwith qiffweppmz%ar&sra%p%ectiwn-@ayd@mmmn% dloweyer, just
consR ARG SRSt Shershfgh s A 0y B nacassay
lead &) ABELIBAIPNB WithradWegeILE3HER6. The structure of the

active agents identified by code nos., generic or

trade names may be taken fromthe actual edition of .
The uthiity ofttbe itwetiandopthedieatmentiof praliferativerdisgases pudhy amtpukemia is

dem%%‘g?fégzﬁf ghﬁgitﬂit)ﬁ_ﬁ%g'acﬁwbmﬁﬂ@ﬂté@FﬁillE ING/ leN@?\é\‘)t” d

e correspondl ng content ther _e_o 1S
synetgistichly torrause celiutas ¢ylotoxicy ene indace Apeptasis.rnectinaiwbhe data

. . i . I t . I » . . . I . e » t . f K
nciofBPRat 353, pgr stomias bt Sehypply s e gepeigels of k562
and htie6R ye|ish drey tgmidingtnmf cictbpirpx angimatmitishavsearsynergisie gffgct on
both @él{dl&%ﬁot%&%eqﬁd@%ﬁ anagogws@ ih %ese'c‘élléﬂhNS Eu&??ynergistic effect
active'rngredients are present in each case in free
is obseyved wrBirrAti-hegdtivertllof0 gontrol cells. Based on these data and since a
number of hypusination inhibitors are clinically approved drugs with acceptable toxicity
profiles, our results have important implications for the design of novel synergistic treatment
strategies for patients with Bcr-Abl-positive leukemias and potentially for other Imatinib-

responsive diseases.

A further benefit is that lower doses of the active ingredients of the COMBINATION OF THE
INVENTION can be used, for example, that the dosages need not only often be smalier but
are also applied less frequently, or can be used in order to diminish the incidence of side-

effects. This is in accordance with the desires and requirements of the patients to be treated.



pharmaceutically acceptable salt and optionally at
| east one pharmaceutically acceptable carrier, wll be
w0 edosnssseb t 0 herei nafter as a COVBI NATI ON OF TREI/EP2004/014439
I NVENTI ON. Dependi ng on the structure of the
hypusi nation inhibitor, a sal®- form may be inpossible.
The nature of proliferative diseases |like solid tunor
di seases is multifactorial. Under certain
Thls@u?FdJQ&iltWéQI@léracﬂbH BSnobabsbcititéd @it BlsiriRe tnéas8En @fiverse effects
ion may be conbi ned. However, just considering any
potepti@tbi nat i on of drugs having di fferent node of action
does not necessarily lead to conbinations with
advant ageous effects. The utility of the invention for

It canhe shewhpinsstablishagrtest medely aRkindasticylas hasg dest gaodels described
herellr?ME?MMQI l\ﬂ@‘@ﬂ%lf ‘FHEqN}/EXITi@IQ n?Y el {96dOM 4 MBre effectlve delay

NTION to act synergistically t
of pr@ac@@oa@r Freata?e%yf @p&klfetfattvy disease famearedie fravaffests dbserved with

the sARFE 'cf)r‘nﬁl%{lé/n pdMHer e Tq‘@tp’érédhddkﬂl% Wthb"b%ﬁnr@ﬁt &t B fﬂg} énabled to

agent ci cl operX|n| bits cel vi abi | yandln uces

selegtoislayanitest mudsi fo pive the We@EPﬂoée arach%ere@ﬁﬁerrfa@nmeeftherapeutic
|nd|c%'tl8rll§£ﬁor EBheﬁEiQI defgetd. The pﬁgmoﬁ;g&»nsétmtﬁbﬂ & COMBINATRON OF THE

[ular cytotoxicity and i'nduction of apoptosis

INVEMTIQh\ég@ycf@r eXxaMMNg. ba deneristalediis g Qlinigalisiedy qrdn giasd p(Rgedure as

essénﬂal%e Abedks8ihbis. HL- 60 control cells. Based on
hese dc'ata and since a nunber of hypusination
| nhibitors are clinically approved drugs wth
Swt:?cﬁ& @Iﬂﬁé@%ﬁdk@’@r&'f&b’e)@hﬂﬁé lopen 14Mel nériRfddbmiZaaYose escalation

I nportant 1 nplications for the design of novel
studieg e pafiests with advangedh profiferativegiiseases Sushstusipscap;in particular prove

the s%érg%% opmélafcweemg@am he cONNATIOREIOF TRE mvmmor\x The

I'mat’l ni bresponsi vé di seases. A further benefit is
benefisigbefferis e Pfﬁ“quﬁfé/ediﬁqaé‘és FeyPe determised direeily through the restults of

thes@gﬁkégﬂ:l gﬂh%g%tHMWBgrwﬁﬁﬂlcﬁ%ré@rﬂm 5s0§uc%)?@%e$son skilled

t he dosages need often be snmall er but
in thg jegt. Sueostagies ﬁ"@d'nl Resticufar, esepu@bi@ facorgpare i affectinéa menotherapy

usm? [r@gctllié)lng}eglems%hcfé"@dl\ﬁm NAGTSIG O TISE AGGENFRIN.- Pryé'raqoly the

S In acc ance Wt desires and requirenents of

combiRatigncrarieat @) isedpinisteesiwith arfied dogp pad Hgdlose pithe combination
partr’.xé?‘( 9@§da9§?ec% ?ntf‘me MSAGIARAa 8K ﬂ%s?ge% MdREdI IR ‘érpﬁét%?red

verse cts potential. It can be shown
embedlmm pithe @tqdaseaqm?élegt r&ﬁ@ve?%\dqblmdps%@fathe Wm@eafe%\sﬁaﬂner (a).

@ﬁ%%@ %St?éétm@ﬁit QRR! detdrhiteddn SEAMRINMIY, €Y. %eﬂfgor 24 weeks by

be used 1n a nore effective del ay
radiologic evaluation of the tumors every 6 weeks.

Alternatively, a placebo-controlled, double blind study can be used in order to prove the
benefits of the COMBINATION OF THE INVENTION mentioned herein.

The COMBINATION OF THE INVENTION can also be applied in combination with surgical
intervention, mild prolonged whole body hyperthermia and/or irradiation therapy.

The COMBINATION OF THE INVENTION can be a combined preparation or a pharma-

ceutical composition.



of progression or treatnent of a proliferative di sease
conpared to the effects observed with the single
weombjossso on partners. The person skilled in tPET/EP2004/014439

pertinent art is fully enabled to select a rel evant
test nodel to prove the herefnbefore and hereinafter
mentioned therapeutic indications and benefi ci al
ef fects. The pharmacol ogi cal activity of a COvVBI NATI ON

It is oA oB]éEwé\MENE ikPnIBY to Frevid€ ¥ pRBHRacctcHl esmpsasiiat €spiksing a

a clinical study or in a _test procedure as essentiall
quantityswhich SdoiRty @eﬁ%%etl&?a"y SHP%(S@@&‘E‘M fﬁP@ifer%ttvﬁd'%ésaf:emp”s'"g

the CONBIRAGTON ©F PRENMNVEREIONAR tHig dePbifsh, tHOSEbination partners (a)
escal ation studies in patients with advanced

and (p} ean beeadpinisiered Lgsthes, ong after thsor@gﬁaraﬁglxp@rqqe&gnaqlned unit

i8fphd. TRe URG B SR Yobm Phayt 4160 be a fi
dosaf¥ ffh & HELRYEUBERLE TR iodet fafTSs. Thel Al U8R R Yofim ey dibo be a fixed

combinatigRol i f erati ve di seases can be deternined di rect |y
t hrough the results of these studies or by changes in

t he study design which are known as such to a perso
The pharmpesytical compositiens fag éwaﬂt@ad&nlﬁtﬁémnmtfmquaﬂﬁt@n partners (a)

and ( Bﬁéﬁoa#alr ﬁletaﬂinﬁﬁigﬁgtfcﬁn ih RGixeh tcsﬁté%@gén aenydy%gsreﬁw dbrhPkitions

e active Ingredients and

compriRigaIaTIeart WorcMBinalipy PaRhers darANcHil iasAoTingita die ipygntiog can be
prepaﬁ‘gﬁr]r{‘é fafh&kndivhped sé 'aﬁ@ dreiPsse antbld¥er Qﬁ’t@%l ofuch B8 oral or rectal,

nbi nat1 on gart ner is escalated until the Maxi num
and mréerat@umw atipn ﬁogn@r@a@ﬁe(warmﬁlcwdsﬁ @ﬂ@w%)dméws@am@m

compﬂé ngféeméﬂaaguucaﬁ@%d@@é ‘a%hntrcﬁ%?|e‘é§§orﬂ§%ﬂa¥mgec§8§cﬁfy ddtife

ination partner (a). The efficacy of the treaf ment
comb@moaéaa@qr@mﬁe@dn FemBinatiprsyitiuprasor rB0rg. phagnaeguticallyscceptable

carrlegé éé’ﬁ@&ﬁly@ﬁltéﬁg'f&l é?ﬂérﬁl c?r‘{:%'réiﬁér‘apébdm:aﬂdhe tunmors every

Al'ternatively, a placebo-controlled, double
bI|nd study can be used in order to prove the benefits

Nove%réatrnd%c\glﬂxgll %Eogﬂo@: cJHTEn' M}/ %@' f‘f@ﬂtabeurleﬂ) ‘%% %bBut 100 %,

can al so be appli
preferaplyisorn iahatt ?&n%vtp ahoglﬁog%c@ﬂ the ﬁpwwagfed@nts ﬁhawaceuﬂcal

prepﬁatgngggqﬂ%%ﬂ fa mms@% q%térg_%@ érp%rﬂ%e%s\l é%@ﬁﬂ@t@hb@gre for

exampignBiosedn whikgreeae fermsosuch gshrliogaceaiad tabigts, tablets, capsules or
suppGABRES Iahl $iHHdrmbRe &R0 a%’sl #Gidt WRiiQted Stherwidey 8dsk @fe bR pared in a

provi de a pharnaceutl c conposition conprising a
manngq Kpewn per sghfasexarmpiedlyrimeansidf epayrntional anikipg «grppeatings sugar-

coatirtf) Wiediling dPiyebhiishg blotesslisS R ARELE AEMELIStB Ihat the unit content of a
combination partner contained in an individual dose of each dosage form need not in itself
constitute an effective amount since the necessary effective amount can be reached by

administration of a plurality of dosage units.

In particular, a therapeutically effective amount of each of the combination partners of the
COMBINATION OF THE INVENTION may be administered simultaneously or sequentially
and in any order, and the components may be administered separately or as a fixed
combination. For example, the method of delay of progression or treatment of a proliferative
disease according to the invention may comprise (i) administration of the combination
partner (a) in free or pharmaceutically acceptable salt form and (ii) administration of a
combination partner (b) in free or pharmaceutically acceptable salt form, simultaneously or



the COVBI NATION OF THE I NVENTION. In this conposition,
the conbination partners (a) and (b) can be
wa@ebvsnssster ed t oget her, one after the other orpPCT/EP2004/014439
separately in one conbined unit dosage formor in two
separate unit dosage forns.- Thhe unit dosage form may
al so be a fixed conbinati on. The pharnaceuti cal
conpositions for separate adm nistration of the
sequ%ﬁ@lk%gﬁ)p&dglarﬁ fofHtS ftr(é?ipé}ﬁgal(y@ﬁe@% ArRburit§ Ei)referably in
istration 1'n a fixed mbi nation, i.e. single
syneggistisallyceifecumpmounts ong. in Safiy desaags serrespaading jpthe amounts
descHBUPhIBh. Phe RIS Sorhiiihaitharibrs GIROCOMBINATIGNIOF THE
I'nvention can be prepared in manner known Per se and
INVENTHONmswdesadminislesed sapagately naédlffe@m Kmgg dgring thgrcourse of therapy
or cof Sﬁﬁ'éﬂﬂg i b |dg61 ?Elhgqé%onﬁ)ﬂ{gtlphﬁ rrt F%érﬁlo@m@ﬂeﬁn adm:nlstermg
P l'o i nc I ng man, rising
also eheananasees ttelusy oéfafpe@ﬂrugeofmmhmaimnmartn@rd at stéert in vivo to the
comBRAIHAEANGOLL AlchY TRE Instefit FOBRIAAL H%Pefefertb%%r rAkRoc s
I nation nor e arnmaceuti ca
emblalclﬂe padlabcteragams# efrsimukanseus ar alsereatingatﬂa@nemiranéﬁh%te&m
"adm(?r(lstgﬁﬁsqa'?g i infdp eie%aé FBRhnég&"el pharmaceuti cal

tions con anpl e, fromabout 10 %to
An emmB oismmtl@iw@ﬁmnmt@nfqoum hetrofinst administratieibefiUd-{BH-¢4-methyl-
[ I
plper%EInB I?ﬁeet i oh%rﬁog??{) QEJ‘]i tZﬁﬂétﬁypl gﬁ%}@ﬁ}%gﬁﬁrg&ﬁ L @g@?@ﬁ?gp@ﬁ‘é until a
resistaging to thertberapyisaabserved, foloweadhycthe radaninristration of & habusiggtion

|nh|bft8'rtgﬁen adioAn cﬁﬂﬁgﬁ%t&&ﬂﬁi‘rtt ﬁnétﬁ\m ets, tablets, capsules

or suppositories er nor e anpoules I f not
i ndi cated ot herwi se, these are prepared in a manner

The %‘nﬁlé)}w% ?Ségalgg%eé oﬁ?‘ué'&Bhﬁm‘%&‘orY‘F&ﬂfmgI& §W¥§mﬂhQ%MBINATION

sugar coat ofvin
OF THEOINWEN AONgmay msﬁse@lqu omghiel paﬁté,cuwpp@@pmdaqr rRheamaceutical

comﬁdgﬁioH?n]i\Pl gt ﬁgﬂn&afe SRS RRh e RBNRG! bgﬂgires@asﬂtﬂergevemy
an 1 ndi vl dual dose o each osage form nee ot In

of thé temditfoncheing freaied Tawsahe eiosagaareanrwntheﬁQMBINMBON OF THE
INVEE@%SE@?%XIE@E% ﬁ’nc%)#c\é?da%}gg% ac\%?iepeoég%ggrgf?ﬁc#@ﬁgg thF route of
admipiatrafiaruaral the sernah en@pematnccfamdtrpn@f fhecnatieat. Artwaiciaof clipigian or

Veterﬁ—%{'}éﬁﬁ %M%I 8% mgélll} er e SlgltlITHlet aneo e”@%je%a%t% a%nt of the

singlg eqhimngraﬁieytsaawlraui tamyeventl epuntanor arkest mmogr@ﬁs of #heycondition.
Optirpﬁ p‘?gali&jl &tﬁhﬁ%nﬁ%ﬂ{:&{tﬁlﬁ% f th@sacﬂvé f.néf?e%ients within the range that
yields efficacy without toxicity requires a regimen based on the kinetics of the active
ingredients' availability to target sites. As many hypusination inhibitors have previously
known therapeutic usefulness in other indications (e.g., antifungals, iron chelators) effective
and safe dosage ranges may easily be determined by one of skill in the art and without
undue experimentation with regard to the indication disclosed herein.

N-{5-[4-(4-methyl-piperazino-methyl)-benzoylamido]-2-methylphenyl}-4-(3-pyridyl)-2-
pyrimidine-amine monomesylate, is preferably administered to a human in a dosage in the
range of about 2.5 to 850 mg/day, more preferably 5 to 600 mg/day and most preferably 20
to 300 mg/day. Unless stated otherwise herein, the compound is preferably administered

from one to four times per day, more preferably once daily.



conbi nati on. For exanple, the nethod of delay of

progression or treatnment of a proliferative disease
W@ewsnsiay to the invention may conprise (i) PCT/EP2004/014439

adm ni stration of the conbination partner (a) in free

or pharnaceutical ® acceptablld-salt formand (ii)

adm nistration of a conbination partner (b) in free or

pharmaceuti cal » acceptable salt form sinultaneously

orsequentially in any order, in jointly

t herapeutically effective anDunts pref er abl

Furtheymeregihetaressnt V‘Vé'ﬁfrc@oqqn\?é‘séﬁﬂf‘lﬂw*ﬂ%ﬁ ofia GOMENALIGN OF THE
|NVEﬂﬁ$@&$§r e rd@%?%@ﬁ Rebslop dr RRafnaHilek & p%ﬁ&aﬂ.@e&séa%wnra to the

i ndi vi du mauon@&ﬁtnemo
use o@a QfPMBINN'EQN OR TetnINYENT pétherpé@pagétm%&eémd'a@ment for the
68 8iort bRy & drBBeall § therapy or
dela)fgdgrdg rgge]str%ct)rf [ nt’g?@t‘:dg cfsroreS| ngl igeé:)scgrrbl nation forms.
Furthernore, the termadm nistering al so enconpasses

prefeg% Qﬁ@paﬁ.fe@at%%%yﬂ ,sqéu@nsasrfmam%'reas@ﬁf lbdmik wumors

ert in vivo to the conbination partner as such
The instant invention is therefore to be under st ood a

MoreﬁYé?"mEg)‘?é%t f?'nlvjentﬁ)‘r‘lcd?o%@éﬂ ﬁﬂﬁferéél'ﬁébﬁa'ﬂé%r@fn ga

treat ment and erm "adm ni stering" is

COMBEINAHONOEY N{El\é‘ﬁ@b& g:pgegﬁey wnty.\mséwgmﬂséowlmultaneous separate
or sei@éml‘éméealhel%@mn%é[ié?g 'oFBro?FBéEQnQﬁ tr@afnhdr bf a proliferative disease.

mnistration of met hyl pi per azi no-
met hyl ) - benzoyl am do] - 2- et hyl phenyl } - 4- (3- pyri dyl ) - 2-

The fBDéJngﬁ% ééé‘tﬁﬂ@?\!lﬂ?tr%@ttﬁé infertoR LR dtové, rlﬁjt E@ﬁ&PNoWéver

he adm nistration of
intendigthiedimitihe sAOREN®Hi the tFUﬁnQC&M@ @ngMebel e beneﬂeléheﬁews& ?fdhe

coMMINATIORBOERiHE |NT}EQ\|ﬁb§§(E% gC{Hér%?ﬁu Rfm Coﬁygﬁ*"é%g sHéeeffects

conbi nat1 on artners
synergisgic memeuﬂ@raffﬁ@twWmtlyer@ép@rﬁage’@mgnthmd heegin), ean a!rso be

deterw cONASAERE Wﬁ%s&!ﬂ@ bdrSbh SERIGAN Bk pérgﬁent art. The

a n1n|strat|on e con t1on beln tre
synernglséic therapautip effect may Esreckamplen bp @emgnstr@tad tma chirfigad stuglpier in a

test p%’ﬁ%%ct fa Rl ond 6 &ﬂYﬁM\é“%AO'\' OF THE I NVENTION i s

I'n accordance with a variety of factors
including the route of adm nistration and the renal

Itis cgﬁ@nﬁ?ﬁ@a bt HaNA dn@Bn eésén'as @Fé Rtrot f ﬁn[(?&:f/ﬁ)'tﬁg Brticular

I niFclan or veterinarian 0 nary S
methedgiedy, pratecals, @nd eeamatsm@%bedo@ thage afal yaty Jiis ataoutatbe
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nter or arrest™t progress o con ( .
embocpmmbnmw lsun@hmtqmda@m hml‘t g ssope @ﬁtheap:resﬂmt owveptian in any way.
active ingredients within the range that

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, the preferred methods,
devices and materials are now described. All publications mentioned herein are
incorporated by reference for the purpose of describing and disclosing the materials and
methodologies that are reported in the publication which might be used in connection with

the invention.



yields efficacy wthout toxicity requires a reginen

based on the kinetics of the active ingredients'
w@yashsdsed ity to target sites. As many hypusi nECT/BP2004/014439

i nhi bitors have previously known therapeutic

useful ness in other indicatitths (e.g., antifungals,

iron chelators) effective and safe dosage ranges may

easily be determ ned by one of skill in the art and

wi t hout undue experinmentation with regard to the

i ndi cation disclosed herein.
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yridyl)-2- pyrimdine-am ne
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prefera

most ef erab

sambuok pbaki BBueosoe s b ntem e hets ecanidtion, Cold
0058 fromone to four

Ser |nesHgg?kﬁggﬁgﬁg$§Q%%%ggﬁggHékgﬁ?ngalIy Furt her nor e,
the present invention pertains to the use of a
COMVBI NATI ON OF THE | NVENTION for the del ay of
progression or treatnment of a proliferative di sease
and to the use of a COVBI NATI ON OF THE | NVENTI ON f or
the preparation of a nedi canent for the del ay of
progression or treatnent of a proliferative di sease.
Preferably, the proliferative disease is |eukem a,
| matini b-resi stant | eukem a or tunors. Moreover, the
present invention provides a commercial package
conpri sing a COVBI NATI ON OF THE | NVENTI ON, together
with instructions for sinultaneous, separate or
sequential use thereof in the delay of progression or
treatnent of a proliferative disease. The foll ow ng
Exanples illustrate the invention described above, but
are not, however, intended to limt the scope of the
invention in any way. The beneficial effects of the
COVBI NATI ON OF THE I NVENTION (i.e. good therapeutic
margin, |less side effects, synergistic therapeutic
ef fect and ot her advantages nenti oned herein), can
al so be determ ned by other test nodels known as such
to the person skilled in the pertinent art. The
synergi stic therapeutic effect, nay for exanple, be
denonstrated in a clinical study or in a test
procedure famliar to one of skill in the art. It is
contenpl ated that the invention described herein is
not limted to the particul ar



nmet hodol ogy, protocols, and reagents described as
these may vary. It is also to be understood that the
wo e0osiossskdgy used herein is for the purpose of PCT/EP2004/014439
descri bing particular enbodi nents only, and is not
intended to linmit the scope-®¥-the present invention
in any way. Unless defined otherwi se, all technical
and scientific terns used herein have the sane
nmeani ngs as commonly understood by one of ordinary
skill in the art to which_this invention bel ongs.
Al t hough any met hods and EXAMPLESs sinilar or
Mat&Glis WaldMdthb@s hose described herein can be used in
the practice or testing of the present invention, the
preferred nmethods, devices and materials are now
Reag ribed. All publ i cations nentioned herein are
ncorporated by reference for the purpose of
A statikssottition of) ireatihid{(190hg/gilYig ptdfparardab)ediissdl\sngm'cé compound in
r e pyblication .. .
DM%WQQ?HE%@%OM@ délbﬁc c-@%n &@f{? emtr%}ﬁnn c# gjlmé:tﬁyl stlfoxide in the
mediariy tassitieam 0.n%pead had no geﬁett&)rgheselhgrowtw mhtbiton,in freemyresent study.

o5y SN PR AU LR G Ar 800, PAS fpmpgrve m

vitro @xperemgoitai ned in, for exarrpl e, Current Protocols in
Mol ecul ar Biology, Volunmes I, Il, and Ill, 1997 (F. M
Ausubel ed.); Sanbrook et al., 1989, Ml ecul ar
Cl oning: A Laboratory Manual, Second Edition, Cold

%_"sp_llu_mtgmn_lmgLaboratory Pr ess Col d Spring Har bor,

Mat erial s and ods: Reagents A sto
K562 55 a6 OBRMERh PEMZAG GigfP ok (oS0 ddapB dnes were kndly provided

by Dﬂlaﬁﬂh%gﬂﬂ)lﬁ%ﬁ Cefmav)Bth cQWﬁgs@Qcﬁﬂuréa wﬁRﬁMﬂ@J(ﬁﬁﬂedlum

final concentration o i met

(GibeqrBRbxnMEropen. e ceataning 40 r’/@f@galpﬁ'&ﬁer@m@i&sarﬁéwﬁ%rew Berlin,

Gerrfdry§.Cthedells BR: inBldate MVERCIMBiHANidifY htthdsPRerBMVE®S% CO, in air.
study. Cclopirox (Sigma, Taufkirchen, Germany) is

freshly dissolved in PBS (10 ng/m) for the in vitro

Cell RSRLARIBRStEIN &ﬁhbmiaﬂ.émre techni ques K562 cells were
obtai ned from DSMZ (Bi el ef el d, Germany). HL-60 |ines

Protejj pamRles @re,isplatagdi fered 1ByK@2 cefif which Vieidasi Hf8rug of protein.
c:ensCﬁé WRBY In sd#ASIB bbfb!, fdIbRES b tenthtigbtsRs: 12008 gNbr 4 fthlites. The

medi’'um
protein concentration in the supernatant is determined according to the method of Bradford

(Bradford, M., Anal. Biochem. 72, 248 (1976)).

Two-dimensional (2D) gel electrophoresis

Isoelectric focusing is performed as previously described (Gorg et al.. Electrophoresis 21,
1037-1053 (2000)). Samples are applied to IPG strips (pH 4-7, 18 cm, Amersham
Biosciences) by in gel rehydration. Following isoelectric focussing on Multiphor ||
(Pharmacia, Sweden), IPG strips are equilibrated for 2 x 15 min in 6 M urea, 4 % SDS, 50
mM Tris-HCI, pH 8.8, containing either 1% DTT for the first or 4.8 % iodoacteamide for the
second period of equilibration. Strips are placed on vertical SDS-PAGE gels and overlayed
with 0.6 % agarose. SDS-PAGE is carried out in Amersham Biosciences IsoDalt system
using gels of 1.5 mm thickness and an acrylamide concentration of 15% T, 2.5 % C. 2D
gels are stained over-night with colloidal Coomassie, followed by destaining for 1 day.



(G bco-BRL, Invitrogen, UK) containing 10 %fetal calf
serum (FCS) (Biochrom KG Berlin, Germany). The cells
wae@sisssabat ed at 370C in a hum dified at mosphBCEEPZDH014439

5% C32 in air. Cell lysis and protein solubilization

Protein sanples are isol at %d from 107 K562 cells which

yi el ded 1000 ng of protei'r?. Cells are lysed in sanple

buffer, followed by centrifugation at 12000 g for 5

m nutes. The protein concentration in the supernatant

ISB dg;er(rjri ml?/ld according to the nethod of Bradford

r.adf oy d, , Anal . Biochem 72, 248 (1976)).

Massség\g}_r%lp sional (2D) gel el ectrophoresi(s |SZ))e| ectric
In-gel dig@StitH iB Peiforpsr 4ssravidusip desceibed (Shyvatiesly etald P(a@: f/agt Acad.

T
excised ial‘sdglz ﬁiﬁéf@ﬁdspb& with _wmboréq{m/uyifiww‘ﬁmn andFoith @fnapetonitrile/water.
i c focussin '
o o oSk bt BSFehl PSHRE BB e
sample.gli' t‘ié'{ ﬁ?t?u%f_lr_ﬁlygn?&ﬁs f@e?McfE{difBanH?e, geb hhalrix8withc o%tfainticragid and
% or 9% | '
with S0 RS CUBRIP TP, TOG TP 415 RISt N AR Goiet ) agboed

vac con@Bntrabt. ingat pRHSaAGHtHRbFipa 01 &ZmTim Jikipere | Bedfolsl, MA, USA),
agar ose. SDS-P s carried

siuotsEnig 6epoIeson & 519k P SRR PR I OBRTEaGlC 0gpoelulose and

analyzetza mgm;; géﬁeﬁ%ﬂ CM;?_FDI&TRDE’ bz dpectometert (Baikieo Datibnid. Bremen,

i e o S50 A R s PP il

positiveSiBR FdflcRtiBH Mdé Bt gehccticgstiig vaitags op2s kW ane delaged-pulsed ion
previ ously descri bed &tfaﬁ\/(:hefﬂko et . al Prng

extractiog.;RqUEREE verifigation g 4ry Agments h%pm@gg )byWI ﬁ%elér}?@gpray
tandemnglslésf %A;rlae@thrb@em ?ﬁ Bmylbilﬁq)h&éd‘ruW@b&h@gcﬂlaeamematidnrtmm-ohﬁight
mass sheaticaeT DA UFE" bR FVRE TSI RETIE ECEL AN R USA
equippésl:([i @ﬁh?g nB_F}gﬂthé!ectP&BFd}_ﬂbtﬁi?atGﬂrsﬂsam) Pusfieaicliqdots @rematied in a
nanocledk8ceel WP HOMREIS=GO5 PSPATE. ZReTNCa G LY 25gggn ot mass
spectra®r8 bBRiitdd byedoiohandiicedaletal of Seected pracirsorives. Jbeliesirument is

~and concentrated in a speed vac concentrator. After
calibratgd exterea@lyi on with Zzi pTi ps (C18-ZipTip, MIlipore,

Bedf ord, MA, USA), aliquots are deposited on a spot of

Databa8é BBAcR¥A(NCHINA YA eadtidanagroeiradatdbatie) aacpdrianined esiagdhe

MASCOT software from Matrix Science (Perkins et al., Electrophoresis 20, 3551-3567
(1999)) with carboxymethylation of cysteine and methionine oxidations as variable

modifications (probability value p<0.05).

Western blotting

For protein extraction, cells are homogenized in lysis buffer containing 50 mM Tris-HCI, pH
7.5, 150 mM NaCl, 1% NP-40, 0,25% Na-desoxycholate, 5 mM EDTA, 1 mM NaF, 25 mM
NasVO, and 0,1 mM PMSF on ice. The lysates are left on ice for 10 min and cellular debris is
pelleted at 14000 rpm for 20 min at 4°C. The supernatant is frozen at -80°C. The protein
concentration of the lysate is determined with the BCA Protein Assay Kit (Pierce, Rockford,
USA).



anal yzed with a Reflex Il MALD - TOF mass spectroneter

(Bruker Daltonic, Brenen, CGermany) equi pped with an N2
w@3nsnm3k@aser. Al nmeasurenents are perforned PCT/EP®04/014439

positive-ion reflection node at an accel erating

vol tage of 23 kV and del ayedSpul sed i on extraction.

Sequence verification of tryptic fragnents is

performed by nanoel ectrospray tandem nmass spectronetry

prote% @0 u)fi;‘;’éiedsébb\?éiédiBPHES% sbegoee aﬁ@ §8hs&Feéd Ofito nitrocellulose
tinme-o ht mass spectroneter TAR Pul

memBgaPR? UEINGRAS ST AL TIPSk SyRiem. At Boo6ng fn TES TWEEAR% wiv BSA

for 1€ GHérRBRAeMbicindubaedth IpAtiapy iboay Bllﬂé’d inOTBS-TWe8AY5% wiv BSA.
source. Purified aliquots are |oaded in a

Following dasimasy aafsb@ﬂwrw@s# Nincin, (R -CRI- Attrrwashing, giembranes are
mcub%ﬂe‘a foP 'iwzelthgeihWboﬁﬁ@’eté@%ﬁbmaﬂﬁ-@%aﬂ?%ﬁmﬁo@r& rabbit anti-mouse

obtai ned b I'l'i si on-1nduced deca sel ect

Ig (1/69@99) digted |"bﬁ§S'Tﬁl°é W/n 8SAu ARk W?%"“'!Qalﬂ?eo‘?'maé‘eed chemiluminescence
kit (ARErSHAARPhirmdeRi B8RSR Lﬁ@@dt? @&&N@Blsﬁéhzeﬁﬁé‘ séﬂid@@aa”ﬂtlbody

protei n dat abase) are perforned using the

software from Matrlx Sci ence (Perkins et aI
Mnﬁggg);rophorey s 20, 3551-3567 (1999)) wth

car boxymet hyl ati on of é/rwtel ne and net hi oni ne

K652 ridctdl:- 66 ﬁgIISaafe\péat%@!ceg gll flatckationed nisrayinapiates (Pecton
chklxﬁnuﬁe%%e%)@ f%ﬁ?)eétr’i Hlapt éé\gl\n}éﬁrln Pécpﬁledf rihel? rfespectlve media.

ext ractlon ar e OnD eni zed in ySIS
Ce"smp@mﬂuhgteg@orra‘a frbefgrermatmwoﬁo § UMz cigapige(0 tor84 uM) or the

comtﬁ%‘tué@gf %4@ Oégaarg%%eéd' Sf‘lﬂbr%taﬁng %omnﬁgtﬂ—cﬁns 1 mM NaF, 25

on 1Ce. Th ysates are |eft
All anglysee aref performegimtriglicatese I/’{ﬁGT &4 apdA® haurssthgaiable egllsdn each well

are aéégg{%g (t%rgﬁélfrﬁfgh%% FrhRsfatm 4Q%5- d-|_|13Sth*?l‘t:fﬁﬁ’id1 %Iy?)fﬁ SJd%ﬁeﬁﬁ?él%zohum

rotein concentrati on ysa e 1S
bromigiet (W) indel auriie faremasan(Twenptynan maﬁr M Haellvua@/ dd, 19-24 (1989),
r | ar I
Ao uf nticafhr Ko 18, P50 798l 2 SRR 0 ot 19 fgnth Tt
solutios iiaddelddn Bach Welll Aften as ificobatiopgtesiod oA theursiat 3¢k rihe purple

31V Mot et TEOAFS38) Syl S o

1:1, ;beMSa)ahmghqimnmweymalmtm Beddarkr Eheuahsdrbavtce olitnersamples is measured
on arf iy fRLinked iy R uga?ggy@[%%' dd@F g&ﬁ'{a?e%hfl\ﬁmdom at 570
nm. Kim/dusemmcblelahammp fos hmatinitp astbe point of ICso is analyzed by the median-
effect method ( Chou et al, Eur. J. Biochem. 118, 207-216 (1981), Chou et al., Adv. Enzyme
Regul. 22, 27-55 (1984) ) using the Calcusyn Software (Biosoft, Cambridge, UK). The ICs, is
defined as the concentration of drug that produces 50% cell growth inhibition and
corresponds to the affected fraction (F, value) of 0.5.

Apoptosis

K562 and HL-60 (2 x 10° cells per well) are cultured in 24-well tissue plates under the
conditions described above. After 24 h of pre-incubation, cells are incubated in 0.15 yM
Imatinib and at increasing concentrations of ciclopirox (0 to 81 pM ) and sampled at 24 to 48
hours before the fraction of apoptotic cells are measured by flow cytometry according to
Nicoletti et al. (Nicoletti et al., J. Immunol. Methods 139, 271-279 (1991)).



g (1/10000) diluted in TBS-T/5% w v BSA. After

washi ng, the enhanced chem | um nescence kit (Amersham
webasossse@ Bi ot ech UK Ldt.) is used to visual i 2€T/EPm®04/014439

secondary anti body. MIT Assay K652 and HL-60 cells are

plated into 96-well flat-bottomed microtiter plates

(Becton Di cki nson, Heidel berg, Germany) at 1.5 104

cells/well in 150 m of their respective nedia. Cells

Bne@f RuBEitrd 5%“@@& l9§|n%ﬁeli§ |H%fr®¥)8to'nf€q§/§|§‘bﬁfér(?1 %%oaluﬁMntrate

I cl opi r ox rﬂgﬁ nmbi nati on of
0.1%7 g9 Yl BO AR AIPAR0ICH T Bl ARG T bATSLSHEPERWaSHY BnAFed by fow
t
cytofBFY K0 U Gl PRERR SR B AT podpfid B e eDheidied as
apoptttmg Floa.mmmmgtn(: gnalysis afeoperformed on a FACScalibur (Becton Dickinson)
usnn%C@ﬂLgU@WsTsmoml'e 2-yl)-2,5-di phenyl tetrazol i um
into a purple formazan (Twentyman et
al., Br. J. Haematol. 71, 19-24 (1989), Arnould et
al ., Amtlcancer Res. 10, 145-154 (1990)). Therefore,
10 M of a 10 ng/mM MIT solution is added in each
well. After an incubation period of 2 hours at 37C,
the purple formazan is rel eased by adding |lysis buffer
(15% sodi um dodecyl sulfate [SDS] in DVF/ H20 1:1, pH
4.5) and shaki ng overnight in the dark. The absorbance
of the sanples is neasured on an enzyme-|inked
i mmunosor bent assay (ELISA) pl ate reader (Dynatech
MR7000) at 570 nm The dose-effect relationship for
Imatinib at the point of IC50 is analyzed by the
nmedi anef fect nethod ( Chou et al, Eur. J. Bi ochem
115, 207-216 (1981), Chou et al., Adv. Enzynme Regul
22, 27-55 (1984) ) using the Cal cusyn Software
(Bi osoft, Canbridge, UK). The 1C50 is defined as the
concentration of drug that produces 50% cell growh
i nhibition and corresponds to the affected fraction (F
val ue) of 0.5. Apoptosis K562 and HL-60 (2 x 105 cells
per well) are cultured in 24-well tissue plates under
the conditions described above. After 24 h of
pre-incubation, cells are incubated in 0.15 nM
| matinib and at increasing concentrations of
ciclopirox (0 to 81 mM) and sanpled at 24 to 48 hours
before the fraction of apoptotic cells are nmeasured by
flow cytonetry according to



Ni coletti et al. (Nicoletti et al., J. Inmunol.
Met hods 139, 271-279 (1991)).Briefly, nuclei are
w@empasse by | ysing cells in a hypotonic |ysi spomEP®04/014439

(1% sodiumcitrate, 0.1% Trition X-100, 50 ng
propi di um i odi de per m) and’subsequently anal yzed by
flow cytonetry. Nuclei to the left of the 2N peak
cont ai ni ng hypodi pl oi d DNA are consi dered as
apoptotic. Flow cytonetrigy kwsis are perforned on a
FACScal i bur (Becton Di ck_i'ﬁ's%si ng CELLQUEST
anal ysis software ial Arotei ! Protein
Expressi on The delineation of the intracellular
signal Il ing cascades induced by the Bcr-Abl tyrosine

The #é¢linastion efghe indnatallutar sigpatigoicgscadesindycestby e Ber-Abl tyrosine

SR DB Do PO by o pisce
chrommlsclnrpé GDH)F;:FJ_siliivé fe&rkemnta'sa:n the ptasent @éqmpt&;ﬁielcmffer_enﬁah protein
T N T

Imatinib id etterfor 248nd 48 hourdiidetsimoined.. gel anal ysi s of
proteins from Bcr-Abl-positive K562 cells is perforned
to produce a protein profile from K562 cells incubated
Two-dinmdnsiomdl gel ehalysis 4f pioteinstivdraBor-vbt-pedityef KE622¢1H supesformed to
t L, . 00, i . -
oo}l S et I0BTSRS LRl Rl SRR Glnd SR lr i
for 24-hgurif. iA tetal di MfsIPrptein 88 sepaidtethbyl2-degel efestropmatesis using an
. , or o i L o i .
1 GUTHR PRIy REPIEL Vipicint! B2 bR S8l frsion) anc
protefinsr arh eisuslizad adtheollaidal conmiagsi/APBiticMBr prodeiESpetvBfdvEhosen for
e [ & ah| i .
oGRS RRer00, A BALDARY 4RRS RS bR RRL0, bl Bfbressea
controhf{daanetstoain).s one can detect nineteen differentially
expressed proteins, seven of which are over-expressed
under Imatinib treatnent, whereas twelve are found to
By cdrepatative areiysisadf debateOnteysusamiied tedecefis obeecarsdetheitnimatesn

< reproduci bl ect t t. rs e
aiofe RS Gl r oL BT S o A8 REFebTeft ok linthf
treattentys/hefeaditWélee are foahd txipr eéssn-taguldiedh @ilecahdidate proteins that are
reproldﬂgimyI Je'tecc éd &rbo%{ 25) 58& 48'W3urs in three independent experiments are

considered significant in terms of differential expression.

Example 2
Identification of Proteins

Using a proteomics approach to analyze Imatinib-induced differential protein expression
associated with Ber-Abl signalling in K562 cells, proteins are found to be differentially

regulated. Once identified they can be classified due to their known biological function.

Identification of candidate proteins is performed via peptide mass-fingerprinting and peptide
sequencing using MASCOT search tool and NCBI nr database as described above.



Usi ng a proteom cs approach to anal yze

I matini b-i nduced differential protein expression
was®enssated with Ber-Abl signalling in K562 cebd BEP2004/014439

proteins are found to be differentially regul at ed.

Once identified they can be-d8assified due to their

known bi ol ogi cal function. Identification of candi date

proteins is perforned via peptide mass-fingerprinting

and peptide sequencing usi ng MASCOT search tool and

NCBI nr database as descri bed above. | munobl ots of ,
Immeisplletsed selepied sepreaentaiévenrotelisrase alse perfapneskinfasderde cppfirm the
resuts g?fh ;‘é&f bremehl?gc S%U;%rfeﬁar@fi irt |P§s Bufferd @g?al a%u'nts of protein

extracts are prepare InTysis equal anmoun
wergseparatedion We%e pokperyiamidigeln ang tre%fprﬂas}/ tenirpeativlose @resﬂbranes
Deteac;ﬂgn a—'?r?%u% eﬁ‘setdqo%' %ur‘ecc%leéréﬁee Mgﬁrﬂgﬁt in Qfﬂa%%g '(c%}a not

0 a- Gbutin 3 s Use ensure conpar abl'e protel
showantent in all |anes (data not shown). The results

indicate that of the proteins analyzed and identified,

seven could be linked to cell cycle regulation and
The pexllts fireticete that oftthe podteins evalpzant and identified dseventcheald be linked to cell
ovol Fbloh 30 Skl BB S EE SRR R Byt ot ool
adhesigroand eytgsketetal torganpratior, twe pmterns play!a/r@ﬂa rnrmuabianmpor’t/export two
prot%’ﬁ%)g(’eel0 ﬁ\éér esg 'gt%rthlﬂﬁ %ﬁé@g&ﬁgmé%g)o%bé g Rr ct VrPOfQ{vQ%{her proteins
is strﬂfunpmvtm cOhadowntegulatd, proterbe, patrtivelan rrritgrekn eWrﬁA the only known

euk {ac{ ;%/ §¢elg"cth5{ '8%§1'V%ﬁé‘pp®éf’é]§ﬂr| os?]étr\éﬁél%gﬁggr{r%tron became %he focus of

ﬂnﬁbusmhes.studres. Exanpl e 3 el F5A and Synergrstrc
Effects of Imatinib and Ciclopirox Wile the
underl ying nmechani sns of action are poorly understood,
it has been suggested that the activity of
Interferon-al pha and Ara-g and, of her drugs that are
currently being used for E%%—P#%%tnent of CML may
i nvol ve ielFB0and SPneraidtitoErfédts lof mathibednido@iclopirox
Hypusi nation i s i nduced stepw se by two nechani sns. In
a first step, catalyzed by the enzyne

wmeeﬁémh&é}wﬁrgnﬁe&rémshm acHEPAEPHRHS LRdersidba iTRSH @éeessuggested
Ddependent transfer of4-am nobut

that F']Fs@qﬁ'é'tlf %fslf‘&%@%P'PPﬁ Sl FdlpYrgs faka pr/?&“y being used

for t5d REatHRAESREIRE mMdyanvsiid wmRibitioh &F Rypusinatién aNelFBAVOIl ves
t he hydroxyl ation of the side chain of

Hypusination is induced stepwise by two mechanisms. In a first step, catalyzed by the
enzyme deoxyhypusine-synthase, deoxyhypusine intermediates are formed by NAD-
dependent transfer of 4-aminobutyl to lysine residues of the elF5a precursor. The second
step generates the active form of elF5a and involves the hydroxylation of the side chain of
the deoxyhypusine intermediates by a second enzyme called deoxyhypusine hydroxylase.

elF5a seems to be essential for proliferation of cells, since disruption of hypusine synthesis
leads to cell cycle arrest. The minor human isoform, elF5a2, has been suspected to be an
oncogene. It is speculated that elF5a facilitates transport and/or translation of specific
mRNAs. Thus, Ber-Abl induced upregulation of elF5a could potentially play a role in the



t he deoxyhypusi ne internedi ates by a second enzyne

cal | ed deoxyhypusi ne hydroxyl ase. el F5a seens to be
weswensssal for proliferation of cells, since dPGT/EP10DO04439

of hypusi ne synthesis | eads to cel | cycle arrest. The

m nor human isoform el F5a2; 'Has been suspected to be

an oncogene. It is speculated that el Fba facilitates

transport and/or translation of specific nRNAs. Thus,

|ncr§é‘§ted/k{élllulia1‘1ﬂ@ﬁfleﬁbt|uﬁro§§?ﬂv@d iro?chroutbl pbsithee I@Okdr?iias Similarly, inhibition of
otentl a a.role | EIn ase u
oAb s P o B bR b ive Ret B DR oL P 5o eaRReNPs

Simlarly, inhibition of Bcr- AbI coul d exert its
anti-proliferative effect via inhibition of el F5a
expressliglt In order to test, this

hesis, we o
I Ofgeg s oL R UPRIEE He e aYF T Batet et AOLNRL gl uneraistic effects
coulintfeEd‘étéctéd)b* lﬁeélﬁ\gfftrﬁml stnfwét lbGiesmhia Elllsamh APusPasor inkgbitors and
euemac s W usi nation | ors a
imalifies SRPCAse B EekFed BoGRIE Il HRnbeWRon Imatini and
CiCISPITOR ol IBEH-AGI Sdsithe tkb6ReieWe BY meB®iiring] delidBicytbtokieiBi drXapgtiptosis .
cr-Abl positive K562 cells by nmeasuring cellular

cytotoxicity and apoptosis . Using a tetrazolium based
Usingld ted@asaiim B@séﬂﬂﬁm‘ labsBd werquahtifigdrdrbwint ineibitiom infKE62 cells after 24

cells after re to ciclopiragx
h of @ EPRIr oGPPI GRS RS TASaP AT Atag & Phhdgeos in the
K56528fs sl Aiso ﬁi’@cr&ihﬁ-‘hebé‘tw@%bé@ beu%ega& | defts WerdSPeated With ciclopirox or

e cells were treate i rox or | matini
'maF'HE@é@é"eﬁ‘é'”e&HE%%WPH?“%?%%H‘%W? olﬁg%,\ge Is pecEs treaief oW @;e?eo 33, 1.3,
9, 27r8?1a;§lﬂ(i:|dl’bp‘irbx and/Br 830. oi o 837, &1126 3381 orrMoquhrﬁ&irwaL 60 cells

and/ or 8 8 }Vil % 3'1\/\13
werg ffa@tﬁﬁmth G0 200" 8 P indi 4 tieRPERN %md(w% P 3839 27581 UM
Imafhib27, 81 mMciclopirox and/or 0, 0.33, 1, 3, 9, 27,

81l mMInmatinib. Wiereas an anti-proliferative effect -

was detected with ciclopirox alone, data indicate that

WhérB8s &8 BRii-prlifepativeiefletBivadddteatBd with GicRipirbR lone! data mdlcate that the
|gn|f|cantl synergistic on cellu| ar t ot oxi cjt

comgnation, pf mlp iard qialepiroxayare sugpﬂc%rgmqyag%lstlﬁ gn cellulgr cytotoxicity in

Bcr%ﬂﬁféﬁlv&tN%Z%ﬂsﬁCm dbhirBst! H@E)L irdfls tRPSTR DN RS Vﬁéim\fhhﬁﬁs bb@erved
Bcr- Abl negati ve eloid ema cell [ine HL60

whep rﬂé%ﬁérd/\% fleﬁa%’t RY ?'9@%““55"588‘?" iR HLSOaS Hrated Wil b°th drugs as
Ber-ABl-hgativs eiLmBY cedté Tvaed Ast eméctehlbsl tRi8 EBMBation - REAME|drs

are representative of at |east i ndependent
represgiuativeh eklepdfat 'ﬁd%”d@ﬁbwr'mﬁﬂ%%@l not §WN)| so
measured after 24 h by flow cytometric evaluation of
podi pl oi d nucl ei as described i n above Met hods
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as described in above Methods. In these experiments, K562 and HL-60 cells were treated
with ciclopirox at increasing concentration (0 to 81 uMor with 0.15 pM Imatinib and ciclopirox
at increasing concentration (0 to 81 uM). Data indicate that Imatinib sensitizes Ber-Abl-
positive K562 cells but not Ber-Abl negative HL-60 cells to ciclopirox-induced apoptosis.

Results are representative of at least 3 independent experiments (data not shown).

Our findings support the central role of elF5A for cell cycle control in Ber-Abl-positive
leukemias and points to this protein as being a potential new target for future therapies.
Interestingly, among the substances known to inhibit hypusination, deferoxamine (iron

overload agent) and ciclopirox (topically used anti-fungal) are clinically approved drugs with



with ciclopirox at increasing concentration (0 to 81
mvor with 0.15 nM I matinib and cicl opirox at
WO namsesssemg concentration (0 to 81 nmV). Data i PCI/EP1084/014439
that I matinib sensitizes Bcr-Abl positive K562 cells
but not Bcr-Abl negative H-&D-cells to
ci cl opi rox-induced apoptosis. Results are
representative of at |east 3 independent experinents
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nteresti ng e substances known to inh
leukerpisgsaswel @motheeﬁleemtuﬂes rreated wWith dmptilt agent) and
ciclopirox (topically used anti-fungal) are clinically
approved drugs w than acceptable toxicity profile.
Thus, based on the results reported herein, it is
contenpl ated that clinical treatnent strategies
conbi ni ng hypusi nation inhibitors wth/w thout
| matinib could be used to reduce the devel opnent of
clinical resistance to Imatinib in Bcr-Abl positive
| eukem as, as well as other disease entities treated
with Imatinib.Wat is clained is: 1. A nethod of
treating a warm bl ooded ani mal having a proliferative
di sease conprising adm nistering to the animl a
conbi nati on which conprises (a)
N-{5-[4-(4- et hyl pi per azi no-
net hyl ) - benzoyl am do] - 2- net hyl phenyl }-4- (3- pyridyl) - 2-
pyrim di ne-am ne and (b) at | east one hypusination
inhibitor, in a quantity which is jointly
therapeutically effective against a proliferative
di sease and in which the conpounds can al so be present
in the formof their pharmaceutical ™ acceptable salts.
2. The method according to claim1, wherein the
proliferative disease is | eukenm a or
I matini b-resi stant | eukema. 3. A nmethod of treating a
war m bl ooded ani mal having | eukem a, particularly an
I matini bresistant | eukem a, conprising adm ni stering
to the animal at | east one hypusination inhibitor, in
a quantity which is therapeutically effective agai nst
| eukem a and in which the conmpounds can al so be
present in the formof their pharmaceutically
acceptable salts. 4. A conbination which conprises (a)
N-{5-[4- (4-net hyl - pi perazi no- net hyl ) - benzoyl am do] -



2- met hyl phenyl } - 4- (3-pyridyl)-2-pyri m di ne-am ne and
(b) at |east one hypusination inhibitor, wherein the
w@edoswss3engr edi ents are present in each case i PCT/ER®04/014439
formor in the formof a pharmaceutically acceptabl e
salt, and optionally at |ea@f-one pharnmaceutically
acceptable carrier; for sinultaneous, separate or
sequential use. 5. Conbination according to claim4
WhatR&lifiBgide conpound (a) is used in the formof its
— nononet hanesul fonate salt. 6. Conbination according to
claim4 or 5, whichis a corrbl ned preparation or a
phar maceuti cal conposition. Rharma eut i
Aemﬁff@g.qf FreRtindoRyRImbiRgdad au'aml PEYNGAiPER] ?rgt'\fed? I$f3s§ comprising

daRmniseany toohk lavingfl bashibifutias thcomw.g@é (dN- gw(a methyl-
di sease of a conbi nati on acco aim
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preparation of a nedicament for the delay of

progression or treatnment of a proliferative di sease.

2. ﬂa@ mé#h&d Qéco?dlﬁ@ FEDEIBRT 1 OheRSiR M prdtifet Riva iseas€isQéukemia or
claims 8 to 9, wherein the proliferative disease is

lmewwsgﬁtmﬂwk@m'%. b-resistant |eukemia. 11. Use of at
| east one hypusination inhibitor for the preparation

of a nedicanent for the delay of progression or
3. Amethohohirealing 2WRERDIOdBE ?E"mﬁj haying leikemian PatiFidansam fpatinib-

reSsthRNE dendia. coh%ﬁlsﬁlb a%ﬁmﬁl?t@ﬁﬁg B RY PRSI0 Rk CShe hypusination
i nhi bitor for the de | ay progressi on or treatnent of

inhikitesrin 8, augatity “Elﬂhdﬁ F"}PFW?PA%'PﬂlY@ﬁﬁé%‘{es‘%%‘ﬂSt |lesk®migi and in which
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according to any one of clainms 1 to 1

sgéhbi nation partners (a) and (b) are adninistered in
synergistically effective ambunts. 14. A commercia
package conprising a conbination according to an

4. poﬁo%b'@ﬁ'tﬁ’ﬁ wn%comprtssgé@)mm @hmpﬁlg[-p|g@rtazlaﬁgnqtaylybenzoylamldo]-
Zﬁhgﬂﬁbkﬁ&%ﬁ}%@ -BRERANBLS rPfidiREARHAE A (bY 2BlebbedRHypldination
inhibitor, wherein the active ingredients are present in each case in free form or in the
form of a pharmaceutically acceptable salt, and optionally at least one pharmaceutically

acceptable carrier; for simultaneous, separate or sequential use.

5. Combination according to claim 4 wherein the compound (a) is used in the form of its

monomethanesulfonate salt.

6. Combination according to claim 4 or 5, which is a combined preparation or a

pharmaceutical composition.

7. A pharmaceutical composition comprising a quantity which is jointly therapeutically
effective against a proliferative disease of a combination according to claim 4 or 5 and

at least one pharmaceutically acceptable carrier.



del ay of progression or treatnment of a proliferative
di sease. 15. A nethod, a conbination, a conposition, a

waeeomsssse@l package or a use according to any PCEEP{004/014439

10.

11.

12.

13.

14.

13.

16.

17.

clainms 1 to 14, in wherein the hypusination inhibitor
is selected fromthe group -é@nsisting of deferoxam ne,
ci cl opi rox, deoxyspergualin, deferiprone and GC-7. 16.
A net hod, a conbi nation, a conmposition, a comrerci al
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i n wherein the hypusination inhibitor is

w-t[egtrseraiucé @zarolﬁwm&@mﬁw )-[1
,2,4]triazol -1-yl]benzoic acid. 17. A nethod, a

conblnatlon a conposition, a conmerci al package or
\seofa eqspbinatipnt ascaidingiaanyfong 0h Fiainsi4 to7 fof the ﬁrem@t'en of a

hB&i A BMSLNAE IR Ry I BFYrd Xior & tdafrh@tidt proliferative disease.

Use of a combination according to any one of claims 8 to 9, wherein the proliferative

disease is leukemia or Imatinib-resistant leukemia.

Use of at least one hypusination inhibitor for the preparation of a medicament for the
delay of progression or treatment of leukemia, particularly Imatinib-resistant leukemia.

Use of at least one hypusination inhibitor for the delay of progression or treatment of

leukemia, particularly Imatinib-resistant leukemia.

A method, a combination, a composition or a use according to any one of claims 1 to 10,
in which the combination partners (a) and (b) are administered in synergistically effective

amounts.

A commercial package comprising a combination according to any one of claims 4 to 7,
together with instructions for simultaneous, separate or sequential use thereof in the

delay of progression or treatment of a proliferative disease.

A method, a combination, a composition, a commercial package or a use according to
any one of claims 1 to 14, in wherein the hypusination inhibitor is selected from the

group consisting of deferoxamine, ciclopirox, deoxyspergualin, deferiprone and GC-7.

A method, a combination, a composition, a commercial package or a use according to
any one of claims 1 to 14, in wherein the hypusination inhibitor is 4-[3,5-bis(2-

hydroxyphenyl)-[1,2,4]triazol-1-yl]benzoic acid.

A method, a combination, a composition, a commercial package or a use according to

any one of claims 1 to 14, in wherein the hypusination inhibitor is ciclopirox.



