WD 2012/ 128689PCT/ SE2012/ 000034 1 TREATMENT OF SCLI D TUMOURS FlI ELD OF THE
| NVENTI ON 5The present invention relates to a treatnent of a solid tunour,
in partiowmbani2azebissseni nated solid tunour, in a person aCisek@Edomp3cancer
and to a nmeans for such treatnent. BACKGROUND OF THE | NVENTI ON 10 New and
effective anticancer drugs need to be devel oped for patients that suffer
from di ssefg WEN'F@?%LIDW@RS”Q drugs for solid tunours is associated
wi th specific problens due to conpl ex biophysical and metabolic conditions
in 3-D tunmpur tissue which may be difficult to mmc in experinental in
Vitro systespn Ji AR INVENTJON! M ted 15di ffusion of nutrients is known to

| ead to qui escence and resistance to conventional anticancer agents and
radi ati on therapy. Furthernore, anticancer drugs nust be able to penetrate

i nto t‘é”“"'r'fhegﬁés%ﬂﬁhb’émoﬁ RI4te GAMRBAt of 8lsbik t@ﬁqo@roaﬁlpammacsntratu ons. Some
drugs that a l'i ni cal use for the treatnent sol i rs show poor

penet r at i sisseminategt-olid tWRAYF, iIMaHeBen amt%bm%am%@ngmea mearﬁ.' %8sons for
their li mfteea'ﬁln ficacy (1). 20Multicel lul ar spheroids (MS) m m ¢ human
solid tum)urs etter t han 2-D nonol ayer cultures (2-4), and many clinically
used drugs show |l imted potency on cancer cells grown as MCS (5, 6).

Ther ef or e, g MGG ROEBND IR BHE FWERHAONan nonol ayer cul tures for screening
drugs active on solid tunours. 25Cell death is often subdivided into three

types 16f cell death apoptosis (type |), autophagic cell death (type Il)
and necr og %A{ Bfech \}elgntlcﬂgpflrg 4 Beddto MR HeddiSistd 9o h&'\t@ﬁ\bl (fifer feom of

caspases. agy 1 s an evolutionarily conseryve
degr adat i mssmlﬂa@?éaﬂpﬁe@e\@@ﬁ'ﬂﬂ ‘HPgﬁ)bef‘é'Pﬁ‘é‘“%ﬂ's@éW{fg@av&' pe‘éﬁcganel | es.

The for m"i;' c?d"erﬁé d o BRPRRL DUMFsitat afd FRtdbokd@n&adrerin S1D tumolr testephagy .
Aut ophagosone tormati on 30requires activation of cl ﬂss [ 1]

phosphat i awighrosy Ipe)mfflgulkior@g@c inrepergnental in vilsp arstrsi NoXRANIIBIERi tin-1i ke

CO“J ugat i %ﬁfu'ébéﬁto‘?ﬂﬁ uén‘}é% bR %o @a&'tﬁ&é’s)ceﬁae)and%mgrmwcmemmms cell's
during conditions o% nutrient deprivation, and cells undergﬂ #i t05|s when
9

aut ophagy anticanegi agen@canégadw)on tW?BY\é: LBReTRRre. pRHCATGE Srugp My have
al so been p%%%t%%o% iy m‘é‘%ﬂéth REeder cORA fokie rasmﬁtmmap&ma nhi bi tion
(11). 6 CE2015/ 000034 2 SUMMVARY OF THE | NVENT]
drugs that are in cllnlcal use for the treatment of solid tumours show poor pene rationinto
3-D tumour masses, which may be one of the reasons for their limited efficacy (1.
20  Multicellular spheroids (MCS) mimic human solid tumours better than 2-D monolayer
cultures (2-4), and many clinically used drugs show limited potency on cancer cells
grown as MCS (5, 6). Therefore, MCS are better suited than monolayer cultures for

screening drugs active on solid tumours.

25  Cell death is often subdivided into three types of cell death: apoptosis (type ),
autophagic cell death (type 1I) and necrosis (type IIf). Apoptosis is mediated by the
activation of caspases. Autophagy is an evolutionarily conserved mechanism for
degradation of long-lived cellular proteins and damaged cell organelles. The formation of
autophagosomes is a main characteristic of autophagy. Autophagosome formation

30 requires activation of class Il phosphatidylinositol-3-kinase and is also dependent of two
ubiquitin-like conjugation systems (Atg-Atg12 and Atg8) (7). Autophagy protects cells
during conditions of nutrient deprivation, and cells undergo apoptosis when autophagy is
inhibited (8-10). Morphological features of autophagy have also been observed during
cell death under conditions of caspase inhibition (11).
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According to the invention is disclosed the use of a cell perneable iron
chelator, optionally in conbination with an autophagy inhibiting agent, for
treati ng wo=ol@dsesancer 5tunour in a person. Accordi ng POTISE0IPHE®SNt
invention is disclosed the use of a 2

N (1-pyridi ne-2-yl nethylidene)-N(9H 1, 3,4, 9-tetraaza-fl uoren-2-y1l)-hydrazi
ne or a phYMMMARY QEITHE INVENPIGN| e salt thereof of the general formula I,
wherein Ris Hor nmethyl, RLis Hor C- 104 alkyl, R2is Hor Cl-C4 alkyl
for treating a solid tunmour in a person affected by cancer. 1 15In this
appl i cat i disconding te thepouentiorait digelosediihefuse B aellpeirbedbiit iAdeeiatop | Ncl ude any
phar maceut,s . S| , t or, conpl.ex or prodrug thereof. It is
parti cul ardlpggr{pdr”g{‘n Zdréb{ebggb%r \%@ ?rba'bt8prr‘?§))'ﬁ13])'<l?'t'qgt£fe@’ {9F g?aé'f‘g 83Tt h of R
Rl to Be remewlinapeisenis preferred for RlL to be methyl, in particular
6-methyl or 8-nethyl. In preferred conpounds of the invention
N-(1-pyridine-2-yl-nethylidene)-N(9H 1, 3, 4, 9-

t et r aaza- Acewdieg {@thg pleshytdn@ntioreisidiscRigbs thetust oth B 1-hpidirRusyl- 25RR1R2

nmet hyl 8- i 2005 T - methyl H 2012/ 128689PCT/ SE2012/ 000034 3
6- met hyl H 8- %’%ﬁ%h 1@%’%#%%@ ﬂf%reﬂ' Y Et¥era7og °é§8§?ff“38‘?“§'9ﬂ3 i nvention
t he conpodfReprisle g8 thasend ohihefgenenal farrhula i wherein R is H or methyl, R' is H or C;-

10  C,alkyl, R*is H or C,-C, alkyl for treating a solid tumour in a person affected by cancer.

R
N-—-'N\ N—==
N
| [ TN
R —N o
N
H

15 In this application, the compound of general formula | is intended to include any
pharmaceutically suitable salt or complex or prodrug thereof.

Itis particularly preferred for R to be methyl. It is preferred for both of R, R" to be methy!.
20  Itis preferred for R' to be methyl, in particular 6-methyl or 8-methyl.

in preferred compounds of the invention N-(1-pyridine-2-yl-methylidene)-N-(QH-1,3,4,9-
tetraaza-fluoren-2-yl)-hydrazine is substituted as follows:

25 R R’ R?
methyl 8-methyl H
methyl H H

methyl 6-methyl H



5which R1L is C1-C4 al kyl may be additionally substituted by Cl1-C4 al kyl at
one of positions 6, 7 or 8 of the tetraazafl ourenyl noiety not substituted
by W Acowodnrgi2gessa preferred aspect of the invention PETSES@RoOs®E a
pharmaceutical conposition conprising3a conpound of the invention and a
pharmaceutical carrier. The 10pharmaceuti cal conposition of the invention
can be ac'LE'l ni Ster%%é}}{ anyy suitable route, such perorally or parenterally.
Suitable carriers conp i se d| met hyl sul f oxi de and aqueous nedi a, such as
m xt ur es Honpri si Bgnethytet h@H; sul f oxi de and water. Preferred fluid carriers
are those capabl e of dissolving the conpound of the invention. O her
preferred fluid carriers, in particular aqueous carriers, are those

conpri si Wgcdsrhfagammpmjmbdﬁspedﬂ@f thei imieetidri the compdund@f t}’le(mee?rélrfg@wla‘ ldfm such

anot nér SRS T SRRk R R BndlyfofiedofLE] aBTR SR pRERPET 10020 g

a solid Ga‘noes ofﬁheaetpzazm‘murenalcnqneuysnh@bammm|b$Rér| ng to t he person a

phar macol ogi cal | y 20ef fective dose of a conpound of the invention or a
pharmaceutical |y acceptable salt thereof. The pharnmacol ogically effective
dose is Peedrdingltd y pederiadi aspest efitheomqeniiceid disglosdde paamagestied i cal conposition

of the 'nvraﬁﬁltg& pprllnﬁa%gf@f))%%el k%mbﬁ‘éeorbﬁé?mhéetﬁcé?% frieP¢hgrEabl e iron

chel at or I'ng e 1nventors believe the
ant i 1caneearneicketich! aimpokition oftpe inventah cahee iadwisistareshbyt anyiseitanigwdteon it s

on- el g BPRELLL G S B8 b shasagugonect o
conpoundmetiiat kech aswemturessomipsision Idmnﬂtlayﬂ sifpxide apdiwaieh £gsfersesl fhid GAMeg agent .

Rsheet © BRiingd GRARLA LRSI I-BohBEMa bind ARG prorlhrell I O 1 1 o

aspect i 8¢ use an au agent an a cel |
per meabl eamemnmqhﬁlcﬂtaoaquamusoarbensaanedlnpsercotripeslmgtbapmamundfOf thesol i d tunour.

| SO sk s MR SLRds 16RO ThBlcak Tk 6, e drie yAtg-ODhagy

er nea |ronc ator In a close tenporal
rel atlonsdnaqter such as at the sane tinme or within a period 350f up to one
day and even one week. The autophagy inhibiting agent and the cell
perneabl e iron chelator can be admnistered in formof a pharnaceutical
conposi t AcsordiitRarkiet BAS ERGEPEE 20 e/ ioEpais gisclosed a method of treating a

solid cancer in a person, comprising administering to the person a pharmacologicaily
20 effective dose of a compound of the invention or a pharmaceutically acceptable salt
thereof. The pharmacologically effective dose is preferably administered comprised by

the pharmaceutical composition of the invention.

The compound of the invention is a cell permeable iron chelator. While not wishing to
25  bound by theory, the inventors believe the anti-cancer effect of the compound of the

invention to be based on its iron-chelating properties.

According to a particularly preferred aspect of the invention the anti-tumour efficacy of an
iron chelator, such the compound of the invention, is enhanced by an autophagy

30 inhibiting agent. A preferred autophagy inhibiting agent is chloroguine. In view of this
aspect is disclosed the use an autophagy inhibiting agent and a cell permeable iron
chelator in combination in the treatment of a solid tumour. With "in combination" is
understood the administration of the autophagy inhibiting agent and the cell permeable
iron chelator in a close temporal relationship, such as at the same time or within a period

35  of up to one day and even one week. The autophagy inhibiting agent and the cell

permeable iron chelator can be administered in form of a pharmaceutical composition



conprising themor in formof separate pharnmaceutical conpositions. If

adm nistered in formof a pharmaceutical conposition, the conbination
conpri seswe 2pirans@eeuti cal | y acceptable carrier. 5In thecrseiiadiosn of the
aut ophagy inhibiting agent and the cell perneable iron chelator, the cell
perneable iron chelator is preferably selected fromN-(1-pyridine-2-yl-

net hyl i denedmptisirHhdm 3r th,fOmt 6ftsre?§f%?e 6Ha§?£@e@ﬁﬁ]X&%d)ogmgﬁfﬁfa'aﬁnrﬁ{ter@? i herein

phar maceut | cal | g cceptable salt there eneral fornu

Ris H or t?érf‘r‘?{/ PaREaRgUtical gqmppesitian, ¢he eombjnation cemprisesis Phaymaceidically t unour i n
a person ahdoeptablé dayrieeancer. It is particularly 10preferred for Rto be
methyl. It is preferred for both of RR RL to be nethyl. It is preferred for
Rl to be in particular 6-nmethyl or 8-nethyl. Preferred iron chelating
conpounsls lafthd bembifatienof B8 alifipn nl'uBn ]
N-(1-pyri dlhne E?\% nmet hy Ildeng tlﬁd‘gg&ﬁ’gpdtt@?&%{ﬁd}gﬁﬁﬁ%f@ﬁchﬁzlaﬁs hydr az
ine of theN{5§ P‘&Pb'PHP%ﬁ'PeAatP“S réb'hselgcts&_frmll\b(émywm@a -vBl so by

met hy| 8- membttlikdens)t N 9H-ar3l 4/o- ﬁ@&ﬁfﬂgﬁz}P%gd@gﬁéw##@Frﬁ&%b pref orted

met hyl 6- met hyl Hor ef err ed H6- met hyl Hpr ef e
CH3 25CB21°FER!E ErsafWSF?OEWéP%G?W?@a'éﬁwwnwberﬁtmR Iﬁéleormﬁtfaycbﬁm RasiHM with the

aut ophagy ¢rdy dikyt, Ifdi\greaﬂ 4 s@lfd thr'ﬂ@ur'nmé FoRafrbaed Bid@nest eF:
def er |1Q)r on n&l s elbalgglnr 0X. %@128689PCT/ SESOlZT s%ﬁ%@@y
préferre for R to be methyl. It is preferred for both of R, R' to be methyl. It is preferred

for R to be in particular 6-methyl or 8-methyl.

Preferred iron chelating compounds of the invention for use in the combination comprise
N-(1-pyridine-2-yl-methylidene)-N-(9H-1,3,4,9-tetraaza-fluoren-2-yl)-hydrazine of the
15 general formula I, wherein is

R R R? Identified also by
methyl 8-methyl H particularly preferred CB21
20  methyl H H preferred
methyl 6-methyl H preferred
H 6-methyl H preferred
H 8-methyi methyl preferred
N—N
/ \>/NH
—N
N
H
CH,
25 CB21

Further iron chelating compounds for use in combination with the autophagy inhibiting

agent of the invention include deferoxamine, deferiprone, and deferasirox.



In the conbination of the autophagy inhibiting agent and the cell perneable
iron chelator, the autophagy inhibiting agent is preferably selected from
chl or oquiwe.2oxhess9pr ef erred aut ophagy i nhi biting agent $CTSEPII2H€034

hydr oxychl or oqui ne, 3-net hyl adeni ne, &adenosi ne, bafilomycin A

5-am no-4-i m dazol e carboxam de ri boside, wortmannin, and vinibl asti ne.

Further autophagy inhibitors for use in the inv Cfﬁjl on agg% %ﬁgatg t he
general fivthewombination of thevaytpphagy iNhiingAeant and i H PEIMFERESSN ichis

I ncor por @ﬁeeﬂit%ﬁfaﬁi/ l?)th)fm!j %P@ﬁt@é‘ﬁr@fermfégléﬂtéwfdn@cmé}@q@ﬁe?Slehiﬁr preﬂareadt ion is

al so di scl ose of treating a solid tunour _in a £fected by

cancer, @h@ph@ﬁm@iﬁb'&wﬂ§l ey PageYrrenvehiprguing SREYAY agetdsi

phar micolggﬂbrﬁ%ﬁ %1 ed-ERmblAitidReR @fodkBRide ebsida ormaodin, aint ejpibegiing. nhi bi t i ng
agent and 15cell perneable iron chelator of the invention in a close

t enpobal rel ationship, such as at the sane tinme or within one day or one
week. Ad%ﬂht?taruﬂ;ph?gﬂ/ IHﬁMto%fows@thé Wivafeh@rd bdecof tirugsneassfopaulefit er al  or

per - or al orm of 'separat e pharnmaceutical conbinations, one conprising
the autophagy inhibitor and a pharnaceutically acceptable carrier, for

i nstance di net hyl SL&LfO)ﬁk de, or in a single pharnmaceutical conbi nati on when
20admi ni stered at th&\game ,2Lime, conprising a pharmaceutically acceptable
carrier such as di ngthy quOX| de. According to a still further preferred
aspect of the ijnvention i's disclosed a method of treating a solid cancer in
a person, RBQnp | pgn@dm nistering to the person the 25conbination of

aut ophagy i nfj ng agent and cell perneable iron chelator in

phar macol ogi d ef fggtive dose, either sinultaneously or in a close
timely relmationshi py”such as wjthin an hour or a day or a week.

Adm nistration is preferably in formof the pharnaceutical conposition(s)

di scl osed above, and by the parenteral or peroral or other suitable route.
WO 2012/ ) QBreW Byl refecde described in
nor eqéet éﬁ?‘ggegﬁmégéﬂﬂ’é‘%%9%3%5@8%%%% red eylrrbodl ments illustrated
in a drawi ng conprising a nunber of figures. SHORT DESCRI PTI ON OF THE

FI GURES icgdrgmgaghlelb%s%ﬁttlﬁ\?enrt BRis! dlsoVdi¥PosRatal nvéthal dhtresifdd b soid fulour head- neck

carci nona

in a person affected by cancer, the method comprising administering to said person a
pharmacologically effective dose of the combination of autophagy inhibiting agent and

15  cell permeable iron chelator of the invention in a close temporal relationship, such as at
the same time or within one day or one week. Administration may be by any suitable
route, such as parenteral or per-oral in form of separate pharmaceutical combinations,
one comprising the autophagy inhibitor and a pharmaceutically acceptable carrier, for
instance dimethyl sulfoxide, or in a single pharmaceutical combination when

20  administered at the same time, comprising a pharmaceutically acceptable carrier such as

dimethyl sulfoxide.

According to a still further preferred aspect of the invention is disclosed a method of
treating a solid cancer in a person, comprising administering to the person the

25  combination of autophagy inhibiting agent and cell permeable iron chelator in
pharmacologically effective dose, either simultaneously or in a close timely relationship,
such as within an hour or a day or a week. Administration is preferably in form of the
pharmaceutical composition(s) disclosed above, and by the parenteral or peroral or other
suitable route.
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xenografts. SCID m ce carrying FaDu tunours were treated with ng/ kg of CB21
and tunour volune was cal cul ated. 10Figs. 2a-2h illustrate the cytotoxicity
of N-(1-pyoi2dimesasyl - et hyl i dene)-N-(9H 1, 314, 9- PCT/SE2012/000034
tetraaza-8- met hyl -fl uoren-2-yl)-hydragine (in the following identified as
"CB21") to HCT116 MCS and the therapeutic w ndow of the cytotoxic effect
Fig. 2a: Morphol ogy and caspase-3 induction in MCS treated w t.h

HCT116 MTBemyeatian wilknew be Sesaibedinmsoridetail by paferersetto arbmogLd P e e angl ng to

dr ug- fre%%gfﬁwﬁn%trg%ﬁqﬁg%M}@Iq%ﬁ@ng,g? atMeer o W?@(e§,ect| oned and stai ned

for active caspase- genrc outgrowth of cells treated wth
the indicated corrpounds Fig. 2c: Proliferation of nonol ayer HCT116 cells

|nthep %%R l1s were seeded at 7,000 cells/well
in 96 vveI @ggéand ?reate W 1 5§66 and 12.5 pM CB21. Fig. 2d: EdU

(5-ethynyl-2 '- deoxyuridi ne) incorporation into nonolayer HCT116 cells 24

hours af 'if:‘?d; I130'0“ thlgélra‘?é fle W"t‘uﬁ@&ﬁ i of@%ﬂ1%n%b@ HeB@HBK @etifoara 30 ni nut es

with Ed xed an ana yzed rrayScan. Fig. 2e: tification of EdU
si gnal | metdyeaftsx PEID rrmmasrwogvﬁamntumcgirs were treagd with mqgffaoq%ﬁgﬂ ngon of

nmonol ayeg hT |Siatdy the presence or absence of CB21. Cells were
seeded at W%%BEEM%%V% \aél?jn 96 well plates and treated with 3, 6 and 12.5

pM CB21. Fig. 2g: CB21 does not affect the viability of confluent hTERTRPELl

cel | gpegfwgszg%\e ﬁstﬁa‘?@ﬁi\%%y%&é(bt)ogﬁ\l - %r%wylwyhma -Ni(pHAB 4@l | plates in

t he e"or absence of hol o I}C{‘T 16 and
hTERTRPEfetraaka-8-radthyHfluerep@sliriydtaging (\@l\w@eﬁqwmsﬁdae"ﬂeeés Mistrate that

CB21 is qutlﬁ/yCé %h l’t\ﬁéré’&e%c wiii8w oPfhe c%ﬂfx@%fféaCHQ diah g1drghoR@y he

Connectivity ase. cel | reated with

6 pM CB2and nasmeeﬁnmam‘enétc%tﬁe%%e%b%?t&PEH@MQ%@ETG tr&?ted?ch 116 cells;
right Hﬁ(& ﬁ%’HuIYI g ob lfﬁltolt_t@d%y cﬁﬁn%fyd %Qirllg% ¥r¥eolﬂfsd|b'lﬁ:—5$dﬁmﬁ6ﬂ ihaubhti@at ed wi t h

differe iron c HCT116 cells treat ed with 7
conpasindMGE weressectinned aed staetedtf@cﬁctlt‘ﬁ easpase-iFig. 2R Llonagsnic putgrouih

ggflgftl'z‘s’ggé FS (#}%E&Bﬁg? gigbc%?g oGRIEPPENSS Pralifer RI3H &F mgnmvnﬁbu I | ty. WO

4a- Af |IIustratett] fion of
aut ophagyellsyin CBIresande ot aksente @frp*%a'ﬂe Caliowere sepqpd a4 400065 'ﬁt‘tﬁrtﬁﬁfﬁ
monol ay e, o kit idafdSiiios 8hntiq2% [VCEE2 Trig ot Calh@-étmyngral- an addi t i onal

hour's |n rug-free dium Fi

treat ed de¢>ty9Hdwe)hn@ﬁpqmqnb@éWQ@WGBHCT:?1(53 3%24 hor‘&'ﬁﬁfféf 8‘#] @CB\Z and

P RRHIE MESixedCdrkildhalyged b Geart.r eat ed for
6 hogé E: gbgﬁelg&é%%%étﬁ%@gmﬁésur Pﬂ%r IIgr ot ei FEQ\XA%J gfg)g%??ac? ed and

subj ect efigt aev@eﬁr@flftﬁtlﬁ'ﬂ ot Edih sippaliinsthe experimept show {2 and LC3-11

protein By .%&Jon'dtrﬁme@twﬁfemmevré&mmﬁeae@ncser hissenéd @ CBR¢: Cdlinduct i on of
LC3-1 and L

erent iron el at or r ed with VLX50
(50 pM) ; WK sqedsd ,al;z( 0pGeelishel inseh tgelgalgﬁeﬁ aad ?%%Wm 3 W8I 12"s5
CB21. Fig. 2g: CB21 does not affect the viability of confluent hTERTRPE1 cells. Cells

25 were seeded at 7,000 or 70,000 per well in 96 well plates in the presence or absence of
CB21. Fig. 2h: Morphology of HCT116 and hTERTRPE1 cells after exposure to 6 uM
cB21.

Figs. 3a-3e illustrate that CB21 is a potent iron chelator. Fig. 3a: Scores according to
30 the Connectivity Map (Cmap) database. Fig. 3b: Viability of cells treated with 6 uM CB21

in the presence or absence of iron chloride. Left: HCT116 cells; right HCT116 p53-/-

cells. Fig. 3c: Viability of HCT116 cells treated with different iron chelators.

Fig. 3d: Viability of HCT116 cells treated with 7 compounds with structures related to

CB21. Fig. 3e: CB21 is the most effective of a series of related compounds in reducing

35  MCS viability.



10ci cl opi roxol am ne (15 pM, CB21 (5 pM, rapanycin (0.1 pM, NVP-BEZ235

(0.2 pM. Fig. 4f: Morphol ogy of peripheral and core cells visualized by

el ect ron woensiee@y. MCS were treated for 6 hours w th @®CpNESA2/0e0064

i ncubated further in drug-free nediunvfor the times indicated and

secti oned. Note t he appearance of swollen mtochondria at 24 hours of CB21
i nhi bition of CB21-induced

treat nent. i ”g:%?? thIII strate that
aut ophagy | ﬁﬁre@a es! € 'dBﬂQflaPSPphWygby G2 apetphesirerosnsiaigier cel | s
\éve[e trea'([j Eid. 44: Mr@MGB&bn@éWrHCTﬁ@GBMS%XB’&eGIWG gmldsszam hd&y?mﬁs oot od
et erm ne nmonol ayer _cells were transfecte
with si RNAZ %é(% ﬁﬁﬂjﬁ‘" &P @Bﬁt'? Sfugsffwd"ﬂtf:& 4§4Stﬂ'8i'}9§f €B21-s were
20t r eat ed tvéatéd &IIQMItEBRbnﬁbbdy i cRtFRfl 4cRhdlctiofof L@@fuahemngar@gw& pg/)él |
S S

inhibits f tion itive vesicles in l-treate
wer e fls)s(EOB% '”é‘?%o%é‘ﬁr 3y ﬁ? CIA 1@rCelip wgre treatadipni hors il andtsen ndi cat ed.
Fig. 5d: Bactuuamwamrrermmu@mrmsemédm a?rwtémbfé&e@tdw%@m %Zéqmﬁgl I's were

S were

treated w [ or il amycin A and I
phot ogr apHgé B‘MH‘gB ﬂ@@gf A 'cg% ﬁ(ﬁ)mtﬁp gy BT IncApnaiaygLanddVeicr eases the
gyt cl\)/lt cc):glz (iIHT)E(SQ/JTRPEB(@?ﬁ. Fig 487G cBy€ bf 1a3H- taHde_clatﬂ]gHdeWer@rﬂhrbﬁ cH&4t6rst 1 eag eg with
ar roliferation was nonitored by
calocul ati o(’fllq?)f’ve(% rﬁﬁ@“’@ﬂ%ﬁ%&%#ﬁ r_&%erag oX (@ﬁ)ﬂ‘ b d66rPeMnGd¢&H4ls ¢ he
cyt ot dRi cicicjopirbxdBBRihe (15 mmsceah (3IpR), rgﬁnhycw (leuM)tNVFWBEZE}Sﬂ(@ glwed usi ng
| evel s of aci hosphat ase

the acid se test t hat ba roun

activity &ggs%gﬁ@oéﬁh\f’ Wi pﬁ@hf@gamfsoregplf ualizeg By SPHVWU“'I‘?E?SWP&H&@ Scel I s

3g( geggrz (illvdey% trédie for prhobmiwith eune C20 2B IIBatbd mﬁﬁérwm@f@é me@amber thk| ustrate
t hat indu Y, L,a response. ; ne ex ressmn
brof i 161 NG SGTear b e HElF Y apoa onrs giamolbn e O ALOENaRl ¢ e
repr esent af CB21 oéatgentes associ ated wth hypoxia, p53 networks and mtosis
is sh . 35Fig. 6b: Analysis of p53 and HIF-la by western blotting. HCT116

cells™were treated with 6 pM CB21 for the tinmes indicated. Fig. 6c:
| nduct i onFigh. 5a-51 F-IIILBt-raIé(wimiirﬂhl'bltdjhld@BZGﬁBucM@%Qéﬂtﬁ&@%@ﬁﬁEZOlZ/ 000034

8 reporter Ind ctlo of BNI P3 CB21 in HCT116 and
hTERT- RPE_CLytS%’f"CE‘/ ‘Lﬁ 5 g’i%ﬁqﬁ aé{SWF 61‘”"-‘5‘?\11@&9%‘6%55 L8231 prdler €894 - i nduced
cel | deat B-MAlaAd d&i wminlm;swmaemfmwéfmueaomt#g Sb Fm%rm nigNoRgerelicont r ol
si RNA and th 6. frter 24 h |I|t was det erm ned
after 48 W%rﬁftg E‘:’C%\?AS “f'tﬁé'é@g’ %ﬁfcﬁ yLen tg%{g@% Af,tqr&é OYyrs C?'Jf W8 ustrat e
t hat TB2ltreaediwits 6.060B2 b4 inticated. FigBchBafomydaRA (16 Q1) iftsits Efnagdn #n gl ucose
transport; 21 e onsuppt.i o Fig. 7c. CB21 reduces
hypoxi a iR Tibgsﬂvg%ﬁaga ﬂéﬁ%@f:‘ﬁ%ﬁ%ge%'&é’ﬁr %ﬁpaé‘”? ﬁ@i”@gf%&céﬁaer
drug treatment at the times indicated. Fig. 5d: Bafilomycin A increases the cytotoxicity of
CB21. Cells were treated with 6 uM CB21 and/or 10 uM bafilomycin A and cells were
photographed at the times Indicated. Fig. 5e: Chloroquine increases the cytotoxicity of
25 CB21 in monolayer culture. HCT116 cells were treated with 6 uM CB21 and/or 10 uM
chloroquine. Cell proliferation was monitored by calculation of culture confluency.
Fig. 5f: Chloroquine increases the cytotoxicity of CB21 in MCS culture. Cell viability was
determined using the acid phosphatase test. Note that background levels of acid
phosphatase activity was observed in HCT116 MCS cultures containing no viable cells
30  (generally ~30%), probably due to enzyme trapping.

Figs. 6a-6e lllustrate that CB21 induces a p53 and hypoxia response. Fig. 6a: Gene
expression profile induced by CB21 were analyzed by Affymetrix microarrays and the
representation of genes associated with hypoxia, p53 networks and mitosis is shown.
35  Fig. 6b: Analysis of p53 and HIF-1a by western blotting. HCT116 cells were treated with
6 pM CB21 for the times indicated. Fig. 6¢: Induction of a HIF-1a-promoter driver GFP



10pr ocessed for pinonidazol e i munohi stochem stry. Note that CB21 reduces
the area staining positive for pinonidazole adducts (< 10mm Hg 02). Fig.
7d: CB21 wohnitwigssphosphoryl ati on of 4EBP1. HCT116 cel | eCmsEo1R/06m@Bed Wt h
CB21 for the times indicated and prot&in extracts were processed for
western blotting. Reduction in 4EBP1 phosphoryl ati on and induction of AKT

phosphoryl I as. - 21

cyt ot oxi ci '?é 5# Oﬂgr wginﬁeg;e ngéﬁ?&%%af g’#'gﬁ\%ﬁ%gﬁ JE)H% gﬁ‘%ﬁ&gﬁ%ﬂ%y of
HCT116 MCScelist EBig. fa1¢nbek-dawn ofiBNIR2 dpesrse affect mazabsiema;eoﬂegh ueOBHI6f or 24
hours. Fig . weretr ed Wit f

concentr at F%I%ls% eéé"%%témﬁﬂ{ %%@éetgghl a?rr?oﬂthO'B% 61%86@8{%‘1‘1 6%’(11%m The
| evel s of 262é@‘tﬁagéhcwea\ae!dhtb(%sda&rrdmé@aﬂtﬂrmedom usigg W3GaclAyihobsaatdse ELI SA.
Fig. 8cg 6 nonol ayer cells were treated as in Fig. 8b. Viability was

determ ned using the acid phosphatase assay. DESCRI PTI ON OF PREFERRED
EMBCDI MENTS 25 Materials and Methods Conpounds of the invention were

bt d f b t t hod
Gesor | bed RERerY Htale PA A po RS Yo n o B BRS ToR B e ey ™ O
non- i nvent ¢vgueasditfansaart Bigs7b: TR2 10edqmes bdgyenedsuthpSa0 Figedc: iOBZE)IVBO A final
trat f | t | t

Gener at | on*areayuBoteln ACELIEARCS SREREE ACS FIe (e HURADTY vere

mai nt al(heoprbwsﬁediwpmdﬂwamddurﬁmenbhmmhenfsl@(’/blétetmt CB2d fedaegsune aea37C in 5%
Cco2. 35 t ly d i bed
rethod ( 12458 pBFRIbEmHTHEE ARl < Brt o fle) Bl 1€ BAGTHHY was added

t o each walhospiforylation-ofRERP 1 Mmﬁﬂeﬂgﬁéﬁgﬁ@iﬁdfﬂamﬂ MBS indiedted] 96 wel |
P2 oo i § bR IRASs LORLrURLL of Gsih A ReARBT g 4EupY™ 7O PL T2

to acquire a‘convex curvat ure. my) were

pl aced i n phephooyiationsaindfndeatidn quMSthartoepl'mrﬂatmntshdidkEbé naled.f r om t ouchi ng t he
medi a.;cThe plates were then inverted in order to allowthe cells to
sedinent to the liquid/air interface and 5i ncubated in gentle shaking.
After 24 Ifgs. Pardabdiustoate that CBR & ceetoweiteis eahanoae by glocaserstm}anorlFi rst excess

nmedi a was V) j sti.cine s acers pl at es
were i ncut%%ereég @grlp nﬁlo@(g H(%‘H@?\/@gggénﬁ bBl' h\t: tPresSKF ee?r afﬁer??&f s of drug
tr eat nent ,gluﬂpsﬂ)fowashwedﬂgt&b Hﬁé'mﬁjmpuoleymdimre tneaiecb\mttc@fﬁéremtl on of 0.1%

to extr athorﬁr Omgtgfr‘mag?lf ngw &@s@ 8%%?% o‘?‘@ﬂ:cgsoe-f}ee metiim, %t ?evelalof rel eased to

t he rredl um
caspase-cleaved K18 was determmed using M30 CytoDeath ELISA. Fig. 8c: HCT116

monolayer cells were treated as in Fig. 8b. Viability was determined using the acid
phosphatase assay.

DESCRIPTION OF PREFERRED EMBODIMENTS
25

Materials and Methods

Compounds of the invention were obtained from compound libraries. They can be
prepared according to methods described in the literature, such as in WO 02/089809, or

30 by their non-inventive modifications. The compounds were dissolved in DMSO. A final
concentration of 0.5% DMSO was reached in cell cultures.

Cell culture, generation of MCS and screening. HCT116 colon carcinoma cells were

maintained in McCoy’s 5A modified medium/10% fetal calf serum at 37 °C in 5% CO..
35 MCS were prepared using a modification of our previously described method (12). A celi

suspension containing 10,000 cells (200 pl) was added to each well of poly-HEMA



10 cl eaved keratin-18 (K18-Asp396) was determ ned using 25 nL

medi um extract using the MBO CytoDeath ELI SA assay (a variant of the

MBO- Apoptweeneei2sgs9ELI SA (13) devel oped for in-vitro useCrTREXIZAABY

Bromma, Sweden)). Viability neas@renents were perforned by the acid
phosphat ase (APH) net hod 15described by Friedrich et al. (14). Background
activity was_,s racted. hTERT- RPE1 cells e obtained . fro nt ech

Labor at or i 88?@?[{1/%%"19@?%%\% E” ,w@g_weﬁq-m_owﬁgqr@/ag ing ﬁﬂﬁ%{ﬁ?qagpﬁ*ﬁun&n

retinal epimdu@d toakquireld cdnvédesurfasé cat/atatey PRXIMIRSpackrf (Bram) veleqraedde rever se
transcriptgse (hTERT). Evaluation of . synt hesjs. The il cence

ni cr oscope " & $° rﬁ?@@ﬁ%tgﬁ@gﬁ{tﬁ%%%’ 'E%Ehﬁﬁ%(?c{']a' 5%?5@[?%?’6? PA, USA)
was used ItFwetrlerh\ﬁertaﬂheorEdlﬂobMWDﬂhB@éw%tFQG?inBﬁft@m@ llﬂlg'rdl'vair:imerfa]b ahdst c?)lrrpolunds
HCT116 cel ls re. seegded into, 96- . plates (PerkinEl nmer |nc., esl ey,
Vi Usal bR ndnls ehao oy A Tnn LBl bl wre B a1 o 24
h or Wth Festiextesstadtia whs ref@led byespiratidroartetlergastigin€lspaders. ThéplbtebiCS assay
(C10354, Invitrogepn,, M) ecul ar Probes |nc A) agcor di 0

tmnu ac ur SPrenRRSIe 804 S oPoe itentiony s 25 Ralra 34 Betfheht NERS
ArrayScan wasladdeal ty tredcultUneagetiunies £ caregtiratiofl of 01 %aaekirdct caspesecasaved channel ,

i it fi WLt 0X obj.ecti din,. h I t. 1000
col 15 wor oRAMEPOMSS i Bithe o drbirdeessd £ Py fEfdn s b e
measur egl. Resvddtkeratinel SYKOBASEEDERWES agterniihed wging 25dep mediemiextagesingtret s, each

perfornmed | upl | cat | 1s gnd _sh a n_. SD | 0ai ca
Pesays. ncpCulireal oy R e R eiagt i p Ml ABarorTool BT AN HeBaL.
fixed i n pferafatrorased@eyide ABdByMA Sa@demtbedded i n paraffin and secti oned.
Each sanpl e contained 32 MCS (MCS fromeach 96 well plate were pooled into
3 groups). The sections were deparaffinized wth xylene, rehydrated and

m cr owav edviahitily nidasoredentsovdra perdoromed yitighacidvphdsphdtasertARidrinethed pri mary

(vt ont voraaryeuuiTRarehe s G haeker i S5 ey 9842859 anciar o

avi di n- bi oti nper oxi dase conpl ex techni que (Vector Laboratories, Burlingane,
CA, USA). KXERT-RPEH 2N Wle OVB&RiIneE fioAT ORAtewh L ibdMayriss, Molrasiretieaxghi n.  Ant i body

M B-1 (agai nucl ear proljiferation-associated antigen Ki67) was
obt ai ned ﬁ?ﬂ%ﬁ‘hﬁgﬁ&%'ﬁ‘"@ﬁ%hmnl "pEnal ?‘?'E‘ﬁ C%{ﬁﬁe@laiﬁtgsly eéorﬁs)ﬁ tion of
1: 150; anthlpesytepgRirateireatdd transcmaass®TBRMWAS obt ai ned from Phar m ngen and

used at a dilution of 1:50. Western blotting. Cell extract proteins were
resolved by Iris-Acetate PAGE gels (lnvitrogen, Carl sbad, and

t r ansf er r davaiatian af BN pyithsars JBREURIPFIENE? MIEOTRRACRY2YPSRR: steffhe

e [ﬂ;r ﬁzlggs (GRNEMicE mgb,ﬁtﬁduﬂgnﬁmi WOK) vvu'Astd”seahltﬁ Bét@rﬁiir%%_du\mﬁdﬁ@ﬁat_ﬂ{h??émr&u bﬂ edt
W -conj ugat e antl -ra nNer sna ] OSCl enc s | al ront,
00 or 1 AR b Eeepounds HoT 16 Wel TR Eh e A BRI i co
(Pi erce Bijpt.enenadi®gmA, Boakhed @it td bitachawer tlgitgCélie wakidabadt witheTB2Y for

instr i ans. . L
STrUCt OfIS: or with vehicle control. Cells were stained using Click-IT EdU HCS assay (C10354,

Invitrogen, Molecular Probes Inc, OR, USA) according to the manufacturer's instructions.

25 Processed plates were loaded in the ArrayScan and analyzed. Images were acquired for
each fluorescence channel, using suitable filters with 10X objective and in each well at
least 1000 cells were analyzed. Average total intensity in the BdU channel was
measured. Results are shown as average of two independent experiments, each
performed in duplicate wells and shown as mean + SD.

30
Immunological assays. MCS produced by the hanging drop method in 96 well plates
were fixed in paraformaldehyde, dehydrated, embedded in paraffin and sectioned. Each
sample contained 32 MCS (MCS from each 96 well plate were pooled into 3 groups).
The sections were deparaffinized with xylene, rehydrated and microwaved, and then

35 incubated overnight with the monoclonal primary antibodies diluted in 1%



15Connectivity Map. The Connectivity Map (CVAP) (www. broad. mt.edu/ cmap)
build 02 contains genone-w de expression data for 1300 conpounds (6100

i nst anceswoincdzsisng replicates, different doses and celpCTISER@2)N000The
original protocol using MCF-7 breast Wancer cells as described by Lanb et
al (15) was followed. Cells were plated in 6-well plates at a density of
0.4 x 106 cells per well and left to attach for 24 h, followed by
20exposur éveightiyg bovine\EREP B IMID ANNEEElizEly shandard3vd-biggRcent rat i on of

10 pM or perx\REe ebreplePRERMR U 6 RRL BRNYSAS he cells were
washed W|th I)D(BS Tor?% Rmmm%s@gré? Iéarb?frétﬁr;%SanR&? m ni p)ﬁ ep kit (Q agen,

Chat Swor t [FOUCIATS{aiNiag At PREPTMES Mt MaYRT S hasgiates i ANkady M BAGG s e

expr essi Opu@Ba prsliféralidrSasibeistel BRGNS WaR MBI IBR IRhinodcPSAY I ays
according to the GeneChi p Expression Analysis Techni cal Manual 25(Rev. 5,

Af f ynebr i Marseille, Fraape an@%ﬂa?t adiytionra i 1§81t antinesly aGainpraACtERSARE WIRS5

(A Tymet I BthindBrofBKarnAMBE ST Mbd ALIdASdndf 14pUg treated vs. vehicle
control cells were calculated to generate lists of regul ated genes. Filter

criteria were present call for all genes in the treated cell line and an
expressi opyeztmn Qfoft/anCéltextrSQ%otéiQQ wafdiek bR/ byePrRIRERtOPACRIgEIS. For CVAP
conpati bility reasons only probes present on HG UL33A 30were used. To

retrieve HnYitegesdCaiivas. aﬁdéfanﬁﬁ%redlenwow\m'&ﬁae giflyide VPRt ed genes

(. e. 19" ORRbrdr Tﬁ@ﬁ@mﬁ%@@%% H&Etﬁté&%ﬁéﬁ%ﬁwhm&rﬂxbb&]@s WebFecpdid conpar ed
with the 6100 instances in CVAP dat abase. gen consunption

I\/basur enelfcuksteqd W%’bﬁﬁﬁtqoﬁﬁg%ﬁg aplEFatbit %%%SW@S@PW%‘H% tie ChalfeRfcci nate (5
int h@lé&o?ﬁ%“P@roQﬁagé)éc‘ﬁOlWas( devdldbed B?babeﬁshgbfél yyet pich PPisdk each) and

TI\/PD 0. + ascorbate mV) were used as mtochondrial substrates. WO
2012/ 1286@'9%'1‘7’@%@82?'6@90’ haaqcpraimhirgeanufactyrers instyefidRSconcent rati on were
nonitored with an oxygen el ectrode (Hansatech Instrunents, Norfolk, UK) and
anal yzed with the raphPl us software (Hansatech |nstrunents, Nor f ol K,

R B at onpcti WA 1 BonTE iy Mo G AR B BEGRA T SH CHPEIRE of 1 M
atractyl ogdrttfins YdHofT2- \}aa@e- e¥idn @dth for 1304 @orﬁaauﬁ&dmmtf.hﬁanc%sTha@dmgent of

nouse xenografts. Wen 116 tupours in SCID mce had grown to a size of
200 mBt HEPliraes, diffeent ‘i’ﬂséﬁﬁé‘éicﬁu e sk 0 8rging pmo&ﬁﬂ“'strlg%& -7 repst neasur ed

daily. canc@%v?bgdéscniréueb pémwm m)walaeollowu@mlngwfaﬂe @@m eapapt osi s and
reduces viability of Tr eat ment of for 6 h foll owed by

i ncubat i Oqiat]eglatggerwlty ﬁf %Fe&doﬁﬁsu,s ﬁ’ﬁéd‘ﬁ]ﬁf‘?@ﬁ%@f&‘ ifef zﬂ’ésfocli?w%drﬂ | er size

Wi th gentda bs@r@@@ﬂsgbechs@eao:(délcg NSTB4786PRRAPME-oInteMEtbiidn P A0 RISoimDdest
conpar ed to ortantl}/ trea 15hours with

CoaE T e SANEREOLTE ABYSED Afler SingTealpeTihg Colsere Wrshed aith SBSo Tet

RNA was prepared using RNeasy miniprep kit (Qiagen, Chatsworth, CA,). Starting from
two micrograms of total RNA, gene expression analysis was performed using Genome
U133 Plus 2.0 Arrays according to the GeneChip Expression Analysis Technical Manual

25  (Rev. 5, Affymetrix Inc., Santa Clara, CA). Raw data was normalized with MAS5
(Affymetrix) and gene expression ratios for drug treated vs. vehicle control cells were
calculated to generate lists of regulated genes. Filter criteria were present call for all
genes in the treated cell line and an expression cut-off of at least 100 arbitrary
expression units. For CMAP compatibility reasons only probes present on HG U133A

30 were used. To retrieve a ranked compound list the 40 most up and down regulated
genes (i.e. probes) for each compound were uploaded into the CMAP and compared
with the 6100 instances in the CMAP database.

Oxygen consumption. Measurement of respiration was performed as described (16).
35  Succinate (5 mM) in the presence of rotenone (2 mM), malate+pyruvate (5 mM each)
and TMPD (0.5 mM) + ascorbate (1 mM) were used as mitochondrial substrates.



cl onogenicity was stronger than that observed for cisplatin, irinotecan and
doxorubicin (despite the use of concentrations of 5 - 10 pM > 10-fold the
| C50 of twe=eixsgounds in nonol ayer cul tures). Treat mreRrCTOE20m001084 er
HCT116 cells with CB21 resulted in a ®light increase in cell nunbers
between 0 to 24 h, followed by loss of cells (Fig. 2c). 20Exam nation of
5-et hynyl- 2" deoxyur| di ne incorporation (EdU) in CB2l-treated cells showed
that DNA s?%%&'@thﬁ/&gy%nrﬁ@g@er@éﬁm\@@rélnyor@tbrtedg/alﬂ ad oxtgen glestsedes (Fig. 2d,

2e). CB21 msagwingwurﬁérﬁtwdrm OR) S driayyBE Wit tth%x @% ﬁma@wft@é@pressor

gene had been di srupted as on cel expr essing w

response ofiansdigsh '&fi‘ir %ﬁ‘thtﬂ?ﬁfﬁ'keﬁﬂ Papalyf4 r@mmagon(lmﬁﬁwmqrneted ingthe di f f er ed
from that @bsHETbH6 1patdchiosHey bR M ADBSHRRRE Bbhges ar rested, bt

cell nunmbers were not reduced (Fig. 20. TERT- RPE1l cells were plated
at higt density (70,000 cells/well), essentl ally no cell |oss was observed

af ter trear@y%n%ﬁmo@%n%& v@%@% tMJr@.hes@?@m.% ma%gqvmsato CB21
bet ween HCT116 and hTERT I's shown I n EXAMPLE 2. The

conpound c¥Ze 9200 Farihe HVPel‘@r%'Wqu Wity dreani e, ﬁ“ﬁ@ﬁn%éﬂzamﬁsur%d@éner ate
hypot heses regardi ng the nmechani sm of action of CB21, the Connectivity Map
(Cvap) (15 a conpendi um of gene expression signatures from drug-treated
cell line LR delire Oﬂ'i'bo%’ﬁ‘éﬂfd@%/ﬁVﬁ”t@éH@d‘é’Qﬁ?@é’&S’éﬁ”éI’Q(@P?Seﬂa%@'y ¥B21 were
nost sjgm Ims.to 35t hose of cicl opiroxol am ne (CPX), an antinycotic agent
with iron chelating capacity (17) (Fig. 3a). To test whether the cytotoxic
activity of CB21 was dependent on iron depletion, WO

2012/ 1286 89&4eheSEAMES Qﬂ@@% i elr{f‘arb\ﬁéu Wlh&lﬁ)amswragmq dry-feiddurs el | s

prior to the addition of CB21. lron chloride was found to totally abrogate
the ef f ecteteEmMCEf gmalls size wish isenlipl IACRE 06 nesErsisd Figxpr)eSasrage-3t p53 as on
HCT116 celidduchdithss hbeed@é&ngae@tmwmgdnn%m:?dreaﬁJé?@oﬁ\nés ol i ferative

activity of CB21 npared with that of other known iron chelators. CB21
was fdand hPWstY\éthrﬁﬁ?é rﬁék‘@ﬁ'tthq ﬁﬁ'ﬂf’g@E%ﬁbto detdFiaAty). die desrerssinr oxol ani ne,

def er Oxamcléﬁoéé:rh ?/\A%)s«troﬁéérlt’r?atnl{ﬁﬁ o@géﬂvwdfcrsslbtﬁqt lrlﬁ&%@é%d"&%&&uﬁéﬁm ned by
use of a nunber of structural rel at ed compounds 3e). These

studi es skipraie V‘ﬁ&tseeéﬂ“%téa“f’ﬂ%dn%stmé‘f\’f éc@r@@”‘@d QfﬁheﬁerPOB’@?lFf‘dﬁonol ayer
and MCS 1QciHbhdiaRs culkrédyPhEatthent bfansiey A To16 denéi‘witHWB@‘F leQftddneyces a

Wi despread aut ophagi ¢ response. 15The anti-tunourigenic activity of iron

chel at or sSi9t thereasain gﬁ"atuﬂ}bﬁﬁlhequoo ford hifeliowsd Q)’floﬁfﬁ B salsdFigotd)de

r educhaseExafindiicof Methiityi-pi- &éomrwineqa&drpmmd E&J)aﬁ o1 4rdSbd eSS contain
nostly non- prol | feratin cel | s. The findi n'gﬁh i nducti on of ca/totom c

effects off hg 't"ﬁéy PeYE Yatiest cortately Rhisosted at adiopedigd2d. 2ek

nmechani snmtgp1 was@qualqrema/es:hwdusemera tlﬁ@bﬁB ﬂﬁlb@?dshppryés%\ﬂ?éné Hb‘arbﬁsﬁ ion of
CB21-treated cells reveal ed that_ﬁ%gék ilne mul ti 20l arg

cyt opl asnfigrupied 35 ¥sceiIpFEpPressg wt @S%"t”é? ﬂféﬁ‘”ﬁag'iz?? \'?W?” with an
ant i body é@thmlélrcéllsJ(thERTaWICcteﬂﬁ)&dffe?ré@fremﬁhét of H-l@'hﬁGCo@ﬂ’d rrhégkohﬁﬁaf,

suggesting that the € iated with stalnlng was
obserg%d @Fs?ﬁ"’"ﬁ "‘éar?)c/?r(ﬁége sﬁf 'g%&‘m%‘ffszf?r%”‘( rf?‘ﬁgefﬁ%i/g ZMP%Hh 'Bi{Tot anal ysi s
showed t hRPE{ kel waretplaiéd HEighldensbn@ompercelishdly edbenbally no cell loss was

observed after treatment with CB21 (Fig. 2g). This difference in response to CB21

between HCT116 and hTERT-RPE1 cells is shown in Fig. 2h.

30 EXAMPLE 2. The compound of the invention is a cell permeable iron chelator.

To generate hypotheses regarding the mechanism of action of CB21, the Connectivity
Map (CMap) (15), a compendium of gene expression signatures from drug-treated cell
lines, was used. The changes in gene expression elicited by CB21 were most similar to
35  those of ciclopiroxolamine (CPX), an antimycotic agent with iron chelating capacity (17)
(Fig. 3a). To test whether the cytotoxic activity of CB21 was dependent on iron depletion,



CB21 induced a strong increase in the levels of both LC3-1 and LC3-11 (Fig.
4c). LC3-11 25(the PE-conjugated formof LC3) is a protein marker regarded
to be noswonreiZ¥iakisy associ ated with aut ophagosones (19) PCILGB2dik/obm@s€l s wer e
strongly induced by CB21 also in HCTIR6 MCS (Fig. 4c). CB21 al so induced
LC3-11 in hTERT-RPELl cells, but the level of induction was nuch weaker
conpared to HCT116 cells (Fig. 4d). This result shows that the extent of
CB21- i ndueedhiatidowasayded ts HET at&sells privrte theyadditiox pECRA Y &er chyeride@s30conmpound
in these two cell types CT1l1 | i
concentraﬁ?qngﬁg?oé?”y(ﬁ%&gg}eéﬁ? eﬁ}?cgﬁfzg#ef(gre‘rgg)’%tﬁ%ﬁ% r-IIJVWI§ Eﬁﬁf&'ﬁg%‘% LC3-1 and
LC3- 11 waspiiaeoniddT116 @lis whersttampabgenstnanioaen disrapted.C3 i nducti on was a
general effect of iron chelators (Fig. 4e). Induction of LC3-1 and -11 by
35iron chelators was nuch stronger conpared to that observed after

t r eat BENITheiaht-praiifasative activity oNVER2 BEZ2&5nganed wittdtbat df othebkiosrvied at 24 h, weak
i nduction _at, 6 ny MO 2012/ 128689P 0 ; For exam nation of
whet her éggito&%ﬂéva%oqnﬁi%%%m&q ?cgi;ré{r cc\él‘ﬁ)gsgs%q%é?%g i nner core cells of
the MCS, chiGpiasldvitte wefezoxarne Eib. Bo)k Btr@Bare-dcbyity Gelationalinherre gxeMinft ubat ed
for different tine perj | S [ : ' el ectron

i croscog’)y/.usfgiﬁgurolge i°£?*EUZC“‘\R/%'VJE@E?é’e@ﬁ@&B'?%qE@?{39’ gsgme?ﬁgtug?tésm h after

t r eat Nnentshwedthati@B21 Wad thbinyost effest eenernpduad inirodh @anﬁa’!qg'\é§§ed MCS was the
early appearance of enlarged and swollen mtochondria (Fig. 41). Mbst

i rrporlf)antcf‘k)fre?*rassi ve vacuol i zation occurred in a tine-dependent manner not
only in cells in the MCS periphery but also in the center of the MCS (Fig.

41). It ed _t hat ' OB uRony&si cl es in the
cells of Wﬁj’g’? C(?@P%’én@%@?%@ﬁ%@?% ELe’ ?%gi stan{) tdg apoptosi s, and
t hat thi sesh@response was associated with loss of viability of these cells.
EXAMPLE 4. Bl ocki ng aut ophagy or aut ophagosone-|ysosone fusion enhances

cell death by the conpound of the invention. 15Autophagy is generally
consitgder qtie matihenaurigemiv actalty ofsmponsiatarsisgenesty atbhdpd iogibiiRR ey al so be a

mechani sm of pr ramrg?c |, 420 : 3\ hects of
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CB21 induced a strong increase in the levels of both LC3-1 and LC3-ll (Fig. 4c). LC3:lI

25  (the PE-conjugated form of LC3) is a protein marker regarded to be most reliably

associated with autophagosomes (19). LC3-Il levels were strongly induced by CB21 also

in HCT116 MCS (Fig. 4c). CB21 also induced LC3-Il in hTERT-RPE1 cells, but the level

of induction was much weaker compared to HCT116 cells (Fig. 4d). This result shows

that the extent of CB21-induced autophagy correlates to the cytotoxic effect of the

30 compound in these two cell types.

HCT116 cells were treated with cytotoxic concentrations of different iron chelators for 24
h. Induction of LC3-l and LC3-Il was observed in all instances, showing that LC3
induction was a general effect of iron chelators (Fig. 4e). Induction of LC3-I and -Il by

35  iron chelators was much stronger compared to that observed after treatment with
rapamycin or NVP-BEZ235 (no induction observed at 24 h, weak induction at 6 h).
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of BNIP3 protein in HCT116 cells (Fig. 6d). BN P3 expression was, however,
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20  in almost complete knock-down of the expression of this protein. Beclin/Atg6 knock-down
reduced the viability of HCT116 cells by ~50%; viability was further reduced by CB21
toxicity (Fig. 5b). Examination of the effect of Bafilomycin A, an antibiotic that prevents
fusions of autophagosomes and lysosomes, demonstrated that Bafilomycin A
suppresses the appearance of large cytoplasmic LC3-ll positive vesicles in HCT116 cells
25  (Fig. 5¢). Whereas bafilomycin A induced cytotoxicity at ~72 hours, the combination of
bafilomycin A and CB21 cytotoxicity was observed earlier (~ 48 hours) (Fig. 5d). These
findings show that inhibition of autophagy potentiates the cytotoxic effect of the
compound of the invention, and that the large vesicles observed in CB21 treated cells
are caused by the fusion of autophagosomes and lysosomes.
30
Chloroquine (CQ) is a lysosomotropic agent widely used to inhibit the maturation of
autophagosomes into degradative autolysosomes (22). CQ has no effect on its own on
the proliferation of HCT116 cells. The combination of CQ and CB21 resulted in a strong
potentiation of cell death on monolayer HCT116 cells (Fig. 5e). Examination of
35  cytotoxicity to MCS of the combination of CQ and CB21 revealed an effect potentiated in
comparison with the effect of either CQ or CB21 on MCS (Fig. 5f).
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autophagy. Knock-down of BNIP3 using siRNA did not decrease induction of LC3-1l and
15  cell death by CB21 (Fig. 6e).

EXAMPLE 6. The compound of the invention inhibits oxygen consumption and

decreases mTOR activity.

20 The results described above suggest that autophagy is induced as an attempt to rescue
cells from toxic insuits induced by CB21. Since a number of key proteins involved in
cellular energy metabolism contain Fe-S complexes (25), the present inventors
hypothesized that iron chelation by CB21 might lead to disturbances in cell metabolism
that would trigger autophagy. To evaluate this hypothesis the effect of CB21 on

25  intracellular levels of ATP was examined. However, no decrease of interceliular ATP
levels at concentrations that induce autophagy could be observed nor could an induction
of the phosphorylation of AMPK (AMP-activated protein kinase) be detected (not shown).
Next, a possible affectation of glucose transport by CB21 was followed by flow cytometry
using the fluorescent d-glucose analog 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-amino]-2-

30 deoxy-d-glucose (2-NBDG). As shown in Fig. 7a, a ~ 25 % increase in 2-NBDG uptake

was observed in CB21-treated cells.

Examination of the effect of CB21 on cellular oxygen consumption revealed that in
HCT116 monolayer cultures, V3 (state 3) and Vu (uncoupled) respiration did significantly
35 decrease (p < 0.05) after 6 hours of CB21 treatment (Fig. 7b). To examine whether

respiration in tumour cells in the MCS is affected by CB21 an indirect approach was
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79.9 4.3
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used. It is known that inhibition of mitochondrial respiration leads to increased tissue
oxygen tension, which can be visualized as decreased pimonidazole staining (26). It was
found indeed that the area of sectioned MCS staining positive with pimonidazole was
~50% of control in CB21-treated MCSs (Fig 6C; Table). The effect was observed after 3
5 hours of drug exposure and persisted at 24 hours (Fig. 7¢). As a control, HCT116
monolayer cultures were treated with the mitochondrial uncoupling agent
carbonylcyanide-3-chlorophenylhydrazone, CCCP, known to increase oxygen
consumption. As expected, MCS treated with CCCP displayed a larger of area of

pimonidazole staining (Fig. 7c; Table).

10
Table. Quantification of pimonidazole staining of spheroids
Sample Conc. Time/h Pimonidazole positive area (%) S.D.
15 Control 63 13.0
cB21 6.25 uM 3 31.8 4.0
Rapamycin 10 nM 5 42.2 52
CCCP 10 uM 6 79.9 4.3

20 The mammalian target of rapamycin (mTOR) is a serinefthreonine kinase regulating cell
growth in response to nutrient status. It is well established that metabolic stress affects
the activity of the mTOR pathway (27). The mTOR pathway regulates mitochondrial
oxygen consumption and oxidative capacity (28, 29). In order to determine whether the
decreased oxygen consumption observed after CB21 treatment was associated with

25 mTOR inhibition, phosphorylation of the mTOR substrate 4EBP1 was examined. As
shown in Fig. 7D, 4EBP1 phosphorylation ié inhibited by CB21. The decrease in
phosphorylation is associated with an increased AKT-phosphorylation. Inhibition of
mTORC1 is known to release a negative feedback loop involving, resuiting in strong Akt
activation (30). To test whether mTOR inhibition would reduce oxygen consumption,

30 HCT116 MCS was treated with rapamycin (a specific pharmacological inhibitor of mTOR-
raptor complex formation) and stained sections with pimonidazole. A reduction of
pimonidazole staining was observed, although not as strong as with CB21 (Fig. 7c;

Table 1).

35 These findings prompted examination of whether direct inhibition of mTOR does lead to
similar effects as by CB21. For these experiments was used the dual PI3K/mTOR
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HCT116 monolayer cells to CB21. This was indeed the case: glucose starvation
decreased cell viability and increased apoptosis by CB21. These findings are likely to at
least partly explain the sensitivity of central core cells to CB21.

25
EXAMPLE 8. Anti-tumour activity of the compound of the invention

The in-vivo anti-tumour activity by CB21 was examined in the HCT116 model. Tumours
were allowed tb grow to a size of ~ 0.2 mL and then treated with CB21. A clear anti-

30 tumour effect of the compound CB21 was observed (Fig. 1).
A number of iron chelators have been developed that exhibit anti-tumour activity,
including Triapine (35), Tachpyr (36) and Trensox (37). Iron is important for many
metabolic reactions, including the formation of deoxyribonucleotides from ribonucleotides
by ribonuclectide reductase (38). In the absence of Fe, cells cannot progress from the

35 G1to the S phase of the cell cycle, explaining the anti-proliferative action of CB21 on
both HCT116 and hTERT-RPE1 cells observed. Since iron chelators are principally
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i nduct i onineredsezddpeddsrich obylu€dsa ¥or ATP production, similarly to what has been
reported for rapamycin (42). This proposition seems to be confirmed by the observation
that the population of cells present in the MCS core showed signs of constitutive ER
stress (Grp78 positive), a condition probably induced by hypoxia and limited glucose
30 supply. Glucose starvation of MCS induced cell death of the core cells, consistent with
the concept that survival of this cell population is dependent on glucose. The increased
dependence of glucose observed after treatment with CB21 is very likely contributing to
cell death of the population of core cells. Apoptosis did not appear to be the main
mechanism of cell death by CB21, as evidenced by weak caspase-3 induction compared
35 to the strong induction of caspase-3 in peripheral cells (not shown). Conditions of poor

cellular energy status may lead to resistance to apoptosis (also explaining the resistance
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perneabl e iron chelator, optionally in conbination with an autophagy
inhibiting agent, for treating a solid cancer tunour in a person. 2. The
use of claim1l, wherein the cell perneable iron chelator is
N- (1-pyridine-2-ylnmethylidene)-N(9H 1, 3,4,9-tetraaza-fl uoren-2-yl)-hydrazi
ne or a pharmaceutically acceptable salt or conplex or prodrug thereof of
the general formula I, wherein Ris Hor nethyl, RLis Hor C1-C4 alkyl, R2
is Hor CL-C4 al kyl.



3. The use of claim2, wherein Ris nethyl. 154. The use of claim2 or 3,
wherein both of R Rl are nethyl. 5. The use of claim2 or 3, wherein RL is
met hyl , iwoparxizgasvar 6-net hyl or 8-nmethyl. 6. The use eCTSE2012100003her ei n
20 R isFe isR2 is nethyl 8-net hyl H or22net hyl HH, or 25net hyl 6- net hyl H; or
6-nmethyl H or, in particular, 8-nmethylCH3 WD 2012/128689PCT/ SE2012/ 000034
23 7. The use of claim1, wherein the cell perneable iron chelator is

sel ect ed droimshe group consisting of deferoxam ne, deferiprone,
deferasirox. 8. The use of any of clains 1 to 7, wherein the autophagy
inhibiting agent is chloroquine. 5 9. The use of any of clainms 1 to 7,
wher ei n ttheJsauf apbiiggrmeabletiioh lchgatag@ptlonaﬁy meﬂombmembnfwvmrﬁrtawéonﬁa@up

conS|st|n of hydr hl.or oqg lade adenosi ne, bafilonycin
, 5- am"%tbb'tﬂ‘gl %eaﬁi‘ivs%éa%%%%aﬁ?%f&&%%‘if%%m t t manni n, vini bl asti ne.

1010 sPhar maceut i cal corrp05| tion conpri si ng or consi sti ng of the cell

perneable iron c cl ai . Jeecqutical ly
sui t abl e 2c&b§ F%arg} q \yﬁ%re@gﬁ?)@llqerrgﬁ:ﬁa? i (g‘lelr%to?%dN g {'t1 ona Eﬁl y conprising’
t he aut owdeﬁdym(%-ng 4aagtemazsaffluo+@+2¥ylﬁhy:lm291e ot B phamacautigetthod of

treating sol.id cancer tunour n t ng to the
per son aaﬁ?ﬁéﬁt%%ﬁqbﬁl%gf’f 0{:8’??8'&9 t@gﬁ%ﬁ&eﬁ%ﬁﬁé@%@%“@%@ﬁ%? lf!?}r'e

conposi t inthydfR'as BioNCIT, alfkyll B? is2D4B8C:-B, alkythod of treating a solid cancer
turmulB in a person, conprising separate

3. The use of claim 2, wherein R is methyl.
15 4. The use of claim 2 or 3, wherein both of R, R are methyl.
5 The use of claim 2 or 3, wherein R' is methyl, in particular 6-methyl or 8-methyl.

6. The use of claim 1, wherein

20
Ris R'is R%is
methyl 8-methyl H; or
methyl H H; or
25  methyl 6-methyl H; or
H 6-methyl H; or, in particular,

H 8-methyl CH,



adm nistration to the person of pharnmacol ogically cancer-conbatting
effective doses of the cell perneable iron chelator of any of clains 2 to 7
and t he awbaptraggespnhi biting agent of claim8 or 9 in aPCGERIRINDEY
rel ati onship, such as wthin an hour 8r a day or a week. 25 14. The net hod

of claim 13, wherein the doses are conprised by separate pharmaceuti cal

eut cally suitable carriers
conposi ti Opﬁ'he ugg) ofI cl almgl Rnerelmatﬁe cel permeg/ble iron chelator is selected from the group

consisting of deferoxamine, deferiprone, deferasirox.
8. The use of any of claims 1 to 7, wherein the autophagy inhibiting agent is chloroquine.

9. The use of any of claims 1 to 7, wherein the autophagy inhibiting agent is selected
from the group consisting of hydroxychloroquine, 3-methyladenine, adenosine,
bafilomycin A1, 5-amino-4-imidazole carboxamide riboside, wortmannin, viniblastine.

10 10. Pharmaceutical composition comprising or consisting of the cell permeable iron

chelator of any of claims 2 to 7 and a pharmaceutically suitable carrier.

11. The composition of claim 10, additionally comprising the autophagy inhibiting agent

of claim 8 or 9.

15
12. A method of treating a solid cancer tumour in a person, comprising administering to

the person a pharmacologically cancer-combatting effective dose of the composition of

claim 10 or 11.

20  13. A method of treating a solid cancer tumour in a person, comprising separate
administration to the person of pharmacologically cancer-combatting effective doses of
the cell permeable iron chelator of any of claims 2 to 7 and the autophagy inhibiting
agent of claim 8 or 9 in a close timely relationship, such as within an hour or a day or a
week.

25
14. The method of claim 13, wherein the doses are comprised by separate

pharmaceutical compositions comprising pharmaceutically suitable carriers.



