|  Apoptosis-Inducing Factor (AIF) and Applications thereof Field of the
invention 5 The present invention relates to a nethod for the treatnent of
cancer conprising inhibiting or reducing the activity of the
apopt osi s-inducing factor (AIF) in the cancer cells, resulting in the
suppression of the transforned phenotype and/or sensitisation of the
cancer cells to apoptosis. The invention also relates to a nethod of
screening or identification of drug candidates for 10 the inhibition or
reduction of the AIF activity in cancer cells. Background of the invention
A singl e X-chronosone-1inked mamual i an gene aif encodes a protein called
apoptosi s inducing factor (AIF), which is localised in the mtochondrial
15 nmenbrane (Lipton and Bossy-Wtzel, Cell, 111(2):147-50, Cctober 2002;
Hansen and Nagl ey, b : | ; i nger and
Kroemer, Nature 5 ¥%EFI %3 8 ,F ?\ 'Cé&g%t B? —, FEBS Letters,
Vol . 476, No.3, 7 July 2000). The nucleic acid and am no acid sequence of
AlF is described by Susin et al., Nature 397: 441- 446 (1999). AlF am no
acid 20 sequences are well conserved (e. g. > 95% between m ce and humans.

Mature Al F i%.e} fIf voprgt in of 57 kDa that shares significant honol ogy
wth prokar yé%—g—g—ggﬁ—gg-—g@hct ases, in particular NADH dependent ferredoxin
reduct ases from both bacteria and archaebacteria and al so, with plant
nonodehydr oascor bat e reductases (Lorenzo, H K, et al., Cell Death
Differ., 25 GheSpfestht ih08%on Volsgss apdahuigod\ for i el GeEEm&RY of abfitabeen
described in WD 00/31254. 2 It is well established in the literature that
in many type§oBwrigienihibiing er reduging the @ctivtwptitheyarepioptsosddcing HacterF i s
rel eased fro & M0 ' n ran t it
partici pates YC%\Frf}’p'rng}rrlﬂFDet .‘Q’%g&%‘r E%}lsac%s?gg@g mdgﬁ%ﬁ?@ﬁt&%&ﬁggﬁﬁéﬁgﬂﬂ%éﬁSusi n
et al., NatupbenB9pe ahtilorigsitlEadon of daa canedr @dlls, toNatoptasis.Vite irdBBtion

S49- 554, ZOO%isoqe? as tgta %léthod] of cs:grl'elenll'o’rligol)i’ ’|de1n?i§|£§t)lc§n of drug candidates for

10  the inhibition or reduction of the AIF activity in cancer cells.

Background of the invention

A single X-chromosome-linked mammalian gene aif encodes a protein called
apoptosis inducing factor (AIF), which is localised in the mitochondrial

15 membrane (Lipton and Bossy-Wetzel, Cell, 111(2):147-50, October 2002;
Hansen and Nagley, Sci. STKE, 193, page 31, July 2003; Penninger and
Kroemer, Nature Cell Biology, 5, 97-99, 2003; Daugas et al., FEBS Letters,
Vol.476, No.3, 7 July 2000). The nucleic acid and amino acid sequence of AlIF
is described by Susin et al., Nature 397: 441- 446 (1999). AIF amino acid

20 sequences are well conserved (e. g. > 95%) between mice and humans.
Mature AIF is a flavoprotein of 57 kDa that shares significant homology with
prokaryotic oxido-reductases, in particular NADH-dependent ferredoxin
reductases from both bacteria and archaebacteria and also, with plant
monodehydroascorbate reductases (Lorenzo, H. K., et al., Cell Death Differ.,

25 6: 516-24, 1999). Mouse and human AlF isoforms have also been described
in WO 00/31254.



507-517, Aug 2002). The aif gene was knocked out in nouse ES cells, but the
| oss of this gene was lethal, as the aif gene disrupts the first wave of
nor phogenetic 10 progranmed cell death during early nouse enbryo

devel opnment, at the pluricellular stage, shortly after the differentiation
of ectoderm and endoderm Accordingly, only a limted anal ysis of knockout
cells derived fromthe dead enbryo was possible (Joza et al., as above).
Evi dence was presented that AIF is requi2zred for the early cavitation of

t he nouse enbryo due possibly to a 15 failure of programred cell death
needed to scul pt the cavity. Mreover, AIF knockout cells were nore
resistant to serumstarvation than wild type cells. Thus, the limted

resul ts of thes WRISESHBRIRIN ﬂfeeht%%"tﬁfesﬂféi'tm%é@/ NFFes &Uﬁféfnhrﬁﬁhéw céffs an
apopt osi s inducing factor (Joza et al., above 0 “The Al F honol ogue, WAH 1

in the worm ibduet@danndrrgo bpepiosisothre BIF l@@lmse@l apethenmpiiochansirial @ serve

fhe nuo eus THSBRIERLD o AGbRhs BRI eRBIRABER brosladihy aeiastiRees '
horol ogue of d@ﬁ&mmln@aﬁe@rﬁreakdmm@@m eXalaacaere \wig 4at -446,,19806i e@zee
298, 1587-1592, 2002). Overall, evi dence 25 suggests t i

mammal s, Al Fekaht Nabiree Yol.od HucPEp O onRD Hegf%ﬁlﬁ{t ebal., dn@eﬂlﬂ'ékoéf 655(3)

contri but es r%j&lng of the cell in apoptosis. Wien AF is
present in tﬁ %Ht?bgHg rli)) it probably does not «contribute to cell

death. 3 The crystal structures of both the nouse and human AlF reveal two
i npor t ant i on Mate et al.., t. Struct. Bigl., Vol. 9, 446, 2002,
A Dari - Pedr o] R vHbaPORsRSSKnCoHeY Put & MPUES S el ot 998t dNiseens oo

for DNA fra@@%”ie"%ﬁélor‘as %ep‘ét/ﬁ?e\ﬁ% o pisndh& ofirst t Ravaner th6rpHRgeREtis hows
hormol ogy 5 to a bacterial NADH endent ferredoxin reductase that is

simlar t® tp@grwmq/meullcdgahbt dunn@r@rbemmm@mm| gestlopmenhest the
et onel ¢ Befbhider S34B) npflhi o HeBoDARY hclBBan i angrac, 2o

to formthe Accordingly, only a limited analysis of knockout cells derived from the dead

embryo was possible (Joza et al., as above). Evidence was presented that

AIF is required for the early cavitation of the mouse embryo due possibly to a

15 failure of programmed cell death needed to sculpt the cavity. Moreover, AlF

knockdut cells were more resistant to serum starvation than wild type cells.

Thus, the limited results of the mouse knockout are consistent with AlF

functioning as an apoptosis inducing factor (Joza et al., above).

20 The AIF homologue, WAH-1 in the worm C. elegans has been shown by
genetic experiments to also serve as an apoptosis inducing factor during
development. WAH-1 translocates to the nucleus in combination with a DNA
endonuclease CPS-6, the worm homologue of endonuclease G in mammals
(Xiaochen Wang et al., Science, 298, 1587-1592, 2002). Overall, evidence

25 suggests that in worms and mammals, AIF contributes to nuclear DNA ‘
degradation, and therefore, contributes to the dismantling of the cell in
apoptosis. When AIF is present in the mitochondrion, it probably does not

contribute to cell death.



superoxi de free radical (Joza et al., above; Mramar et al., J. Biol. Chem
276, 10 16391-16398, 2001). Superoxide in turn would be converted to
hydrogen peroxide (H202) in cells. The NADH oxi dase and DNA fragmenting
activities of AIF are conpletely independent, suggesting that the NADH

oxi dase function of AIF is not connected to apoptosis. 15 Many tunour
cells have significantly elevated | evels of ROS (superoxide and H202 are

i ndi cated as "reactive oxygen species" oB "R0OS') conpared to normal
untransformed cells (Szatrowski and Nathan, Cancer Res. 51, 794, 1991),
and there is a large body of evidence that this increase in ROS is

required for the pronotion and/or nmaintenance of the transforned state (Suh

20 |
200? aSukhngr\:l/él g%/sg@;a}tru?ur%;of %%%theﬁﬁf&%}%/glaﬁlﬁ tﬂlorgan W?g?%lﬂ t@559rp55t§ﬁt

5:203 Ogrzxttreglm (\Baiecnt al.2Nat. svas:t Biels; VOk Shetd 26446, 120Q /lean I'RﬁdFOJ
|
rodi at e ool | NORHRBHAETY anbporialy SRR e O fers ple o [Rlliythyot - DROZ car

over expr essi ﬁ@gﬁhfsn’édii%n%a fsutam@rmrchmn@iag &itNo¥Ad (tlﬁ@tséé@wd‘r@ﬂowg %omkﬂ@@j PNAS
98, 5550, 2001; PNAS 99, 715 2002) On the ot her hand, superOX| de may

play a rdl g ima bacirgrbNARHwiensndaal feresdmde redustase dhat imakvilat i &hq n
certain
o egﬁké}gon%gd:lﬁ%nﬁﬁgﬁgrerr‘?)gﬁgtgégue rbw eﬁfi}nl'té:‘s iy Gubdtrel Iﬁ%ggenous

| evel s of super | ower expression o
enzynme 30 Mh&§33ysaAsle actngeandiABHpeidasealer o>(|d‘emde|cta§es acédptingpa2ctraed 1;

Cancer 4 Res. 63, 1297, 2003: d. . 34, 325, 2001;. PNAS 90, 3113,
1993; Mol ~ e’}‘Aéfzﬂs ané ?@ﬁgrg'g@?&‘e”kFESH“ Faé O&@%%NA 8993 )%ﬁd
Kiein J. et glneroReUfée rdhal (3675 3’? 4., ab%v%gﬂlﬂrarhé\détcﬁt . Bigit CHeRt. qarged

| evel s of Al F expr ession are corre ated with oxidative stress caused by
progressie 1639t46888j 20R05- Superoxitied g mulmm eagverted ttarhydrogen

Coi s, - RowevEROisTome kel SRETVADH GHods and YRIA rebibling ARy HRgRE,
and thus, undgr gee dBRIPISEISINdEPENHERC BEGESStRIy st tied NADIG toxedesse function

of AIF is not connected to apoptosis.

15 Many tumour cells have significantly elevated levels of ROS (superoxide and
H,O, are indicated as “reactive oxygen species” or “ROS”) compared to
normal untransformed cells (Szatrowski and Nathan, Cancer Res. 51, 794,
1991), and there is a large body of evidence that this increase in ROS is
required for the promotion and/or maintenance of the transformed state (Suh

20 et al., Nature 401, 79-82, 1999; Arnold et al., PNAS 98, 5550-5555, 2001;
Sukhdev S. Brar et al., Am. J. Physiol. Cell Physiol. 285, C353, 2003; Cerutti
PA, Science 227, 375, 1985; Dreher D & Junod AF, Eur. J. Cancer 32A, 30,
1996; Oberley TD, Am. J. Pathol. 160, 403, 2002). H,O» can mediate cell
growth, transformation and angiogenesis caused by overexpression of the

25 mitogenic oxidase Nox1 (Nature 401, 79, 1999; PNAS 98, 5550, 2001; PNAS
99, 715, 2002). On the other hand, superoxide may play a role in
transformation or maintenance of the malignant state in certain models of
carcinogenesis. Some tumour cells have higher endogenous levels of
superoxide, which may be due to their lower expression of the enzyme

30 MnSOD, a scavenger of superoxide. (Cancer Res. 61, 6082, 2001; Cancer



10 and aberrant cell cycle re-entry are critically intertwined in
termnally differentiated neurons, and their correlation with decreased
Al F expression |evels provides a potential nolecul ar mechani sm by which
free radical damage |eads to neuronal death and, ultimately, to the

devel opnment of |ate- onset neurodegenerative disorders. 15 The role of AF
and its nechani smof action in inducing apoptosis is far to be clear.
Because apoptosis and its regulations pldy a critical role in the

mai nt enance of cellular and tissue honeostasis, there is the need for
further investigations and to understand the role of AIF in apoptosis in
order to 20 devel op new applications useful in the cancer therapy. Summary

of the invenRe@Ne3Z>159nt 2603 RrdelREd VRES - $5130H, i Z0tRd PRy gislam 1ahabod! F

i nduces apoptosis, the present inventors have surprisingly found that in
some cells ANDléawpK§§§EE 2, a3ht20083. Accordingly, the present invention is
addressed to this new nechanismof action of AIF and to its applications.

5 According to one aspect, the invention provides a nethod for the

treatment of KI&@DJ@&Pe;C(lUSFZ(m(ﬂOZZ&BMDIénd’lﬁle?lﬁ J egdutl, gatubes 449,1367-B74f
apopt osi s-inducing factor (AIF) resulting in suppression of mal |8nant
phenot yped r 80@¢.singirate thﬁhﬁ?ﬁ%ﬁ‘@? leyelsr @Al SXBIRSSIGN iBf§ Gorretain é’f/'“'bel |'s

to apoptosis IHQ%E r8§'sg %}@W%ﬁ@’e%si@ ﬂﬁ@% ?Ja%% R, ﬁd@edoﬁarﬁgg%a le of

| oss of tunDrlgen|C| he 1nvention 1s cC
sensi ti zi ng hberotnlseam etdrru:,atireelresm!ﬂahs siress deads do ter enschatihled el pomiesi s.

The treated can er ref lﬁ a manmal c g ? t&eanal nouse ?
hunan cancer '’ at ‘@Eaﬂﬁy@néf Fe&nteihtiieefrl CHICi GHGF ¢ i on
or 10 redUCbrcm'rerafe élnE fmg %%BBFQ%)’S%pb?@sl@'Tr@@%cé%@@@%ﬂ@ﬁdaf\@/gfrégsthe
mal i gnancy, 1ncrease the sensi tivit cancer cells to apoptosis and/or

i nduce &popaodi ebeirsntotadn, CY@ieea@t-eﬂify |arag ceitie@lyn oniertwioeyier teemipally her
cancer cel| differentiated neurons, and their correlation with decreased AIF expression
levels provides a potential molecular mechanism by which free radical
damage leads to neuronal death and, ultimately, to the development of late-
onset neurodegenerative disorders.
15
The role of AIF and its mechanism of action in inducing apoptosis is far to be
clear. Because apoptosis and its regulations play a critical role in the
maintenance of cellular and tissue homeostasis, there is the need for further
investigations and to understand the role of AIF in apoptosis in order to

20 develop new applications useful in the cancer therapy.

Summary of the invention

25  Contrary to the well-established knowledge that AIF induces apoptosis, the
present inventors have surprisingly found that in some cells AlF suppresses

apoptosis.

Accordingly, the present invention is addressed to this new mechanism of

action of AIF and to its applications.



line suitable and within the scope of the nethod of the invention can be

used. In particular, the cancer cells are froma continuous (imortal)
manmal i an 15 cell line. For exanple, the continuous (imuortal) mamalian
cell lineis DLD-1 and/or HCT-1 16. It has been found that the inhibition

or reduction of the activity of AIF is capable of increasing the
sensitivity of the treated cancer cells to sonme drug, conpounds and
substances. Accordingly, the invention rélates to a nethod 20 wherein the
i nhibition or reduction of activity of AIF is capable of increasing the
sensitivity of the treated cancer cells to cytotoxic substances conprising
et oposi de, trichostatin A canptothecin, t-butyl hydrogen peroxi de and/or

H202 Accor di RgcdrBird et A1 adse@Cthe hiEntidhVSidlvides 4 RIhES fdrotha theitest wher ei n
the 25 inhibition~or reduction of activity of AlIF reduces the

i ntracel | ul acangsicesmpasingninhigfitirROSr nedupiagt theulaghvityt wé apemtesis-inghicag

res. part oulliary AL, aBbulhG ngiiesbng ot Migtan BhBhofpe FEvHbungt on
can be carri grlighsn®), tihefealsad véersitivityi of varder. celldctoagbpsis, ihbectiopt bbd of

the invention conprises in vivo or in vitro admnistering to_cancer cells
a conpound i ARPRIPEIANAIPr alsaPadial AecaBpliele igpsAf tumorigenicityckwithema o
anot her aspe 3 : i IRE Qi i { ng

t he expressi @ﬂ%@*?ﬁ@%&@ﬁ@é&sﬁ%&t E%ﬁ%?%n%gﬁ%ggpd&&%ganf:%reBél?ssFd
particul ar, Osg ortstlessiinducetbbpyptogisor repressing the expression of the aif
gene and/or aif nRNA. Accordingly, the nethod conprises admnistering to
or transfecﬁ_hnq t he cancer. cel Ifs \g’b;th a nucllei C aci'gl constrlJct conpri sing
a nucl ei ¢ 107 3EPAIEY SEUFE" Bi REATRIGEH @ HYBITER! TaNGeT of PhEX AP Sy RRISEEY or

ai f nRNA or hgman da@ickt. s hhefhitatVecezimgdleicf caatér WRbRGN R irfibition or
conplenentary or substantially conplenentary to the aif gene and/or aif

mMRNA or t® afgsiictiponof hdiFednay FeiPPresainiiee melignant cPeerotiee d rAvereeultke i s an
gm: ggzgg Ez\lﬁﬁg Qﬂérﬁ’éyaWERggltﬁechjer?siti\ﬂ}eof%%lcg Ee R PEESH! fhdTEinB N
apoptosis, is colon, breast or lung carcinoma. However, any other cancer cell
line suitable and within the scope of the method of the invention can be used.
In particular, the cancer cells are from a continuous (immortal) mammalian
15 cellline. For example, the continuous (immortal) mammalian cell line is DLD-1

and/or HCT-1186.

It has been found that the inhibition or reduction of the activity of AlF is
capable of increasing the sensitivity of the treated cancer cells to some drug,
compounds and substances. Accordingly, the invention relates to a method

20  wherein the inhibition or reduction of activity of AIF is capable of increasing
the sensitivity of the treated cancer cells to cytotoxic substances comprising
etoposide, trichostatin A, camptothecin, t-butyl hydrogen peroxide and/or
H20,.

According to another aspect, the invention relates to a method wherein the
25  inhibition or reduction of activity of AIF reduces the intracellular concentration
of ROS. In particular, the inhibition or reduction of activity of AlF reduces the

intracellular concentration of ROS, particularly superoxide and/or H2O».



15 (sRNA), double strand RNA (dsRNA), double strand DNA (dsRNA), double
strand hybrid RNA/DNA (RNA/DNA), small interfering RNA (si RNA) and/or

ri bozymes. The nucl eic acid construct can be any suitable vector, phage,
pl asm d, or nucleic acid fragnent conprising the nucleic acid nolecul e.
There is no limt in the size of the nucleic acid construct and the
nucl eic acid 20 nolecule. In particular, the nucleic acid nolecule is
18-30, 18-25, or 19-23 nucleotides. In particular, the nucleic acid

nol ecule is introduced into a construct or vector. The nucleic acid

nol ecul e may be conpl enentary or hybridise to a nucleic acid nolecule
havi ng the sequence of SEQID NGO 1 or SEQ ID NO 3 or a fragnent thereof

(the sequencege SR&ENLE HOtHe Qﬁ\ﬁbn‘%@ éhn Ide Rd&¥rizdr ept @RABE iMd/ivd@r TRUgGRoaNd

human ai f gene, respectivel yzj particul ar, the nucleic acid nolecul e of
18-30 nucl eohpesdingly the ane h@lde@f ithe invegtienceormprpeerianyiOy obr inwitih

hybri di ses tgdﬂwstéﬁf@ ?(5”08?10&5%]!5 a 'ggrﬂoou% u’?flr:rgtlhg Meauf’hpa[hér gvﬁ{;{)ecul es

t hereof. More in par i nventiron- provides nuc c aci
whi ch are coAafH.enentary to the aif gene and 7 have the sequence of SEQ I D
NG 13 and/or SEQ ID NO 15, or conplenentary to the aif nRNA and have the

f 14 and/or SEQ | D . {] th |
oot chul BECug & Hhg i oeSiasd M5 QsiTod Sosmrisns, NkHIIEe HGRYERT oi ng
the SEQ ID %reswg Q?_(ﬁé@ss%r? o Yhé ahf geﬁ@renbb&n‘@% AlYondlcpadef i the

inhibition of aif . The nucleic acid noleculesS nay be introduced into
a construct padicolaraby édtiliting, delagiagtargepeassinchthevexressioomirthe ¢if ggnea east

oromoter 1 or R 701 JHBRAS FCLRaRal: A Mol o MhEiEs cad Firretg 870 7

vivo to the gghéfesling ﬂffeecaqﬁiér cBINWI @ﬁuMéEraiﬁ@ceﬁst?m colprisiiaseiidies the
si RNA nol ecul es, which npl enentary to the MRNA, thereb |nh|b|t|ng

the AIF Htti wﬂynoleAu@oblap'm 9" hwf@lagaéetth@fafft %ﬂ@ ApdfariahmRNA s to a
i nhi bi tion, H?ﬁl@ﬁ&ﬁ%‘ré&pﬁ'ﬁ ﬂlﬂrﬂalc Aeichie I&&fl% |§‘30@'§}i?rn¥nt%' YR st E%ﬂé@g\n

FurthernDre tec ogy can al e us 0 prepare nock
cel I s by i nhcdmplengerthey &xtiveeaigemeodnd/or aif mMRNA or to a portion thereof. For
example, the nucleic acid molecule is an antisense DNA and/or RNA
molecule. The nucleic acid molecule may be an antisense single strand RNA
15  (sRNA), double strand RNA (dsRNA), double strand DNA (dsDNA), double
strand hybrid RNA/DNA (RNA/DNA), small interfering RNA (siRNA) and/or
ribozymes. The nucleic acid construct can be any suitable vector, phage,
plasmid, or nucleic acid fragment comprising the nucleic acid molecule. There
is no limit in the size of the nucleic acid construct and the nucleic acid
20 molecule. In particular, the nucleic acid molecule is 18-30, 18-25, or 19-23
nucleotides. In particular, the nucleic acid molecule is introduced into a
construct or vector. The nucleic acid molecule may be complementary or
hybridise to a nucleic acid molecule having the sequence of SEQ ID NO:1 or
SEQ ID NO:3 or a fragment thereof (the sequences SEQ ID NO:1 and SEQ
25 1D NO:3 representing the mouse and human aif gene, respectively). In
particular, the nucleic acid molecule of 18-30 nucleotides may be a nucleotide
sequence complementary or which hybridises to any region of SEQ ID NO:1
or SEQ ID NO:3 or a fragment thereof. More in particular, the invention

provides nucleic acid molecules which are complementary to the aif gene and



15 the all nRNA. Accordingly, the invention also provides aif knockdown
cells, prepared in particular by siRNA technol ogy, for exanple by

adm nistering the construct and/or vector as above conprising the double
strand targeting sequence SEQ ID NOCS: 13 and 15. The cell can be any al
knockdown cell, for exanple, a mammal carcinonma cell, like a lung, breast
and/or colon aif cell, 20 for exanple, the SWI80 cell |ine, but not
limted to these cell types. According t@ a further aspect, the invention
relates to a nethod for the treatnent of cancer conprising reducing the
intracel lular concentration of ROS of the cancer cells. ROS is superoxide
and/or H202. The reduction of intracellular concentration of superoxide

and/ or H202 haye&afeersdfldneemf SEMeID! INOMF hangBprBeSsi M KfoA8l | ghant
phenot ype, reversion of malignanc i ncreased sensitivity of the cancer

cells to apoperoplesemianoio the étfdﬁ\éll\lﬁrl ang have ther sequenae: ef SEQ pArNOe ar
the reductl OQp(ﬁ’(gﬁ?@d ?E??\](#%fifn 8%&@%} tﬂ%'n%le% acRHRE el c?ﬂ;%sgﬁg 02 In

cancer cells es apoptosl s. consequence uction

of int racle: | SEa@y |m<r1]>uosnt1Baénobn?OEnsLaﬁRNio\xmmpﬂsmgﬁ?écSE@a@ZNo&e 14r &ad 3?
cancer cells may show a partial, or. complete | oss of _ _tunori enl ty and/ or
a reductidn 16 arasugable {‘)Prrtﬁ? éRNﬂ'etthv@:'ﬁgy dor Riesiphibitio ched

conpri si ng rﬁﬁ'&l&fcr‘%scﬁ %|é B8 hy Hb%tr%ﬁ%fcﬁé'd&'ﬁsﬂ ct ér‘rl‘PSF gk raﬂ{j/ or

H202 in cancer cel m ni st'ering scavengers udi ng nganese
super oxi de dpanmumethemmompnees e*slesist bnasiouBld< DB A wgbtloglse encal

(E CAIHI6C SNnREN TR %gﬁpé'égdhﬁgfﬁ N)'};S( @%F%%%ﬁg@g?ﬁ %{aﬁ'\%T 2-Pyp

por phyrins pysmbeqd adiﬁnrflét@?éd Gal Ditrec e . v%etétfnéctc@n@) ImeordéntRmabout
the Mh-SOD m netics and 10 manganese porphyrins is shown in Table 1. The

cancer ctl | spekypnesese r et ethleel palér transgribe® dhei nsiRNfo. mMoleclgicemwhieh | s
g§¥t| gﬁl g?m?#'gg%ﬁcet?ﬂ{es Ocot on éﬁ?@ﬁﬂ@ﬁatwgga%q@ﬂﬁgr tﬁ%ﬂg‘%aﬁgﬂér ceI I S
are from a pescérdingdysor(d aBpedtadf)thednvaitioanisare lintibitien, Belayexargpressidrie
of AIF carried out by siRNA technology. Furthermore, the RNAIi technology
can also be used to prepare knockdown cells by inhibiting the expression of
15 the aif mRNA. Accordingly, the invention also provides aif knockdown cells,
prepared in particular by siRNA technology, for example by administering the
construct and/or vector as above comprising the double strand targeting
sequence SEQ ID NOS:13 and 15. The cell can be any aif knockdown cell, for
example, a mammal carcinoma cell, like a lung, breast and/or colon aif cell,

20 for example, the SW480 cell line, but not limited to these cell types.

According to a further aspect, the invention relates to a method for the
treatment of cancer comprising reducing the intracellular concentration of
ROS of the cancer cells. ROS is superoxide and/or H2O,. The reduction of
intracellular concentration of superoxide and/or H,O, in cancer cells may
25 result in the suppression of malignant phenotype, reversion of malignancy,
increased sensitivity of the cancer cells to apoptosis and/or a reduction in the
growth rate. In particular, the reduction of intracellular concentration of
superoxide and/or H;O, in cancer cells induces apoptosis. Further, as a

consequence of the reduction of intracellular concentration of superoxide



15 continuous (immortal) mammalian cell line is DLD-1, HCT-116 or SW80.
According to a further aspect, the invention provides an isolated cell,
wherein the apoptosis-inducing factor (AIF) activity has been inhibited,
del ayed or reduced and wherein the cell shows suppression of nalignant
phenotype, reversion of malignancy, increased sensitivity of cancer cells
to apoptosis 20 and/or a reduction in the growh rate. The cell may be a
manmal cell, |ike nouse or human cell. Bn particular it nay be a col on,
breast or lung carcinoma cell. However, the carcinoma cells are not
limted to colon, breast and lung. Any other carcinoma cells suitable for
the purposes of the invention my be used. This cell may show an increased

sensitivity $0y/80PBOJr #h@StreHRARAUNER c8ls RiaySsHA anNsAsial 85 coMPldteNness apove.
Exanpl es of carcinonma cells treated according to the invention are

HCT- 116, DLDumaiiggn®itgsend/phea i nedustion on, thedg@rewthoratee pflegs sheentism @lge ai f

e ont s oncd aRes. orETE B hoRiE YeSFienBald TSl fehdarARRCRLI T

t he expressi Quiperbxidef amddV-HIB B tancaracélisc by aadmipysteiif\R O 8 CHenlepgirs
Accordi ng to anot her aspect, the inventjion provides an 1sol ated apoptosis-
i nduci ng ¥ acheluding Manganassusuppigxisie idirsawasan(NenXQRbmaimnetos, SUHRrasS n t he

> knockout apgiok KEARIINYINICCaid S B SEPPEEABRBSO! pBRIH\IRRNLS RRENAL YPe,
reversion of malignancy, Increased sensitivity“to apoBt si's, and/or a
reduction i NMnTMPYR of@aHs81MnNgPindtN-ReP i e(Giis HekQlahdeNgle | MnTH2-Rybckout

cells may be, prepar ccording to standard technol o for exanple,
by, knock! ng. 6 HsaRUTaNS) GOl Xk ) BBtanT e SREIMATSONOVRS Rir b R
cel | may be ?Qlﬂ%&%)ﬁfdﬁh’é‘ B6uéth fal NI 186 ANB QA YthBSMNDGDEREIFheliegVand The
knockout and/or knockdown cell may be a mammal cell, |ike a nouse or human

cel | . 1 nl0 pamangahese potphyess lis skown gollable breast or | ung carcinoma cell .
However, the knockout and/or knockdown cells according to the invention

are not 11 M {fd chfcer s A 6BYRAGREENOARRIESHE Br viCBYTIN BERcSAREIOAR ce!

show ng the sane racterrstics o e carci noma cel 0 e invention
in show ng ipermasesal cancer cells. For example, mouse or human cancer cells. In

particular, the cancer is colon carcinoma. In particular, the cancer cells are
from a continuous (immortal) mammalian cell line. For example, the
15  continuous (immortal) mammalian cell line is DLD-1, HCT-116 or SW4380.

According to a further aspect, the invention provides an isolated cell, wherein
the apoptosis-inducing factor (AIF) activity has been inhibited, delayed or
reduced and wherein the cell shows suppression of malignant phenotype,
reversion of malignancy, increased sensitivity of cancer cells to apoptosis
20 and/or a reduction in the growth rate. The cell may be a mammal cell, like
mouse or human cell. In particular it may be a colon, breast or lung carcinoma
cell. However, the carcinoma cells are not limited to colon, breast and lung.
Any other carcinoma cells suitable for the purposes of the invention may be
used. This cell may show an increased sensitivity to some drugs, compounds
25 or substances, as mentioned above. Examples of carcinoma cells treated
according to the invention are HCT-116, DLD-1 and SW480. The inhibition,
delay or repression of the aif gene encoding the AIF polypeptide may be

carried out using the construct as mentioned above. For example, by



sensitivity to sone drugs, ability of suppressing the malignant phenotype,
reversing the malignancy, increasing the sensitivity of cancer cells to
apoptosi s, inducing apoptosis, and/or a reduction in the growh rate, my
al so be used and are within the scope of the present invention. 20 The
knockout and/or knockdown cell of the invention shows an increased
sensitivity to sone drugs, conpounds and substances. Accordingly, the

i nvention provides one or nore knockout &nd/or knockdown cells, in
particul ar knockout and/or knockdown cancer cells |ike colon, breast and
lung carcinoma cells, wherein the inhibition of AIF is capabl e of
increasing the 25 sensitivity of the treated cells to cytotoxic substances,

i ncl udi ng DNhjgiH, f MERGingO R OrpEssih@! theX @RBledsictt AP0 dARNAT phest af i n A,
canptot hecin, t- butyl hydrogen peroxide and/or H202. 10 The knockout
and/ or knockpanieules) by siRNA trahnolagyacel | ul ar concentrati ons of super oxi de

and/ or H202 |l ower than the wild type cell. The knockout and/or knockdown

cel | shows SHBB@?\?;@{ a;ﬁfotﬁ@"é heop%ﬂgmgm@agsraﬂ 196d"R r'é;gaéecy,

i ncreased sensi cancer ceI 0SI s and/ or uction in
the growth r ﬂﬂdelcm@‘tb;ztomS(An‘ib)rkdookout agd/exknpd:l&jovancaﬂcﬁndmaa:btbuWhamM tre

k kd di t th t 6, DLD-1
and or S 8OKOGkRLR AaAIRS CEaR P (Iad: SheSesPPTEREIOR M SR PBENaBEea use
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c
i nvention, ereln the 1 knockout cells are1nplanted in an animal, for
t he pur posesinthedgrogth eatei, sgmpanetl to thir wild $ypeceell. nihe FlmCI@Jdéﬁﬁll%maycbe t he

pur pose of bein ed as atlv ol |n

et bentng.  ARPHEFSLRGGR cind LNy, SR hosRimnipitie! B 2P e gho S,

i mpl ant ed ontHheifagen@lby Ih@mcn@gdsus:mé@dmbmbho&mcmbomo@@bwm@@m el ove
breast, and lung cell or cell |I1ne. For ai f_knockout cell Iines

HCT- 116, 1®L Dprepased usinddhadNpt @an@@gy@@daﬁmﬁgﬂ @fap\fehér hentraskeehard(R" be
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particular, the cell is a colon, breast or lung carcinoma cell. However, the
knockout and/or knockdown cells according to the invention are not limited to
the indicated carcinoma cells. Any other carcinoma cell showing the same
15 characteristics of the carcinoma cells of the invention in showing increased
sensitivity to some drugs, ability of suppressing the malignant phenotype,
reversing the malignancy, increasing the sensitivity of cancer cells to
apoptosis, inducing apoptosis, and/or a reduction in the growth rate, may also

be used and are within the scope of the present invention.

20 The knockout and/or knockdown cell of the invention shows an increased
sensitivity to some drugs, compounds and substances. Accordingly, the
invention provides one or more knockout and/or knockdown cells, in particular
knockout and/or knockdown cancer cells like colon, breast and lung
carcinoma cells, wherein the inhibition of AlF is capable of increasing the

25 sensitivity of the treated cells to cytotoxic substances, including DNA
modifying compounds, for example, etoposide, trichostatin A, camptothecin, t-

butyl hydrogen peroxide and/or H2Oa.



carcinoma cell showing the characteristics of any carcinoma cell or cel
line according to the invention nmay be inplanted. Accordingly, the

i nvention 20 provides a non-human ani mal nodel, which is inplanted with the
knockout cells made according to any enbodi nent of the present invention
for the purpose of drug screening and/or drug testing. In particular, the
ani mal nodel of the invention nay be used as negative control in order to
screen, test or discover drugs which mai0 show suppressi on of mali gnant
phenotype, 25 reversion of malignancy, increased sensitivity of cancer
cells to apoptosis, and/or a reduction in the growh rate. The ani nal

nodel of the invention may be a nammal, for exanple a nouse or rat. 11

Accor di ng t oTRERhBEKoRHIRYSr kﬁdt‘kdeMQféﬂl' A8y BROWI if@acalumt durtehbtisss 8eni ng
and/or identifying a candi date dru E‘tﬁbl e of inhibiting or reducing the

activity of &W@&ﬁﬁ@ﬁdﬁ@ﬂdz%'w wijd typeceglleer cel|'s conprising: (a)
adm nistering a drug candidate to cancer cells, and (b) determning the

abi 1ty > of rhiekfiie B! Rndddoli e %homd%ﬁ%%.&ctdfv'nw. hanfancer

cells. The fur her conprise e ability~o
drug candi dapbendtype nmvierslonrofrmdh@mn@wlraneased gensiticihnoéicanedt seltotd he
reduced or inhi b| ted ALF actiyi ty%g%‘ t he eI | according to any enbodi nent

of the preseRPORIATEANYN.ar Fai! qgrog\ﬁ {@%r aspect, the invention

relates to a method for screening 10 and/or identifying a candi date drug

capabl e of i ok M- l%mhgdés@rﬁ;slet BR aifkhdOKOLY sPld/@PRISEREbGM EdteRofth
factor (AIF) in cancer cells conprisin adm ni steri n%a dr ug

candi dat e toC@lhadeﬂGItpéhemnGl@W n@@tge MQ]])-ﬂéﬁt ReDabiandioy VMf’r8@he dr ug
candi date to reduce the intracellular concentration of RCS. For exanple,

the method cg (5 gtfﬁﬁﬂbpbgﬁeéthﬁéﬁ‘m {léfn ?ro&g sd Y g@nﬁfggﬁc?ck%étto

reduce the intrace ar concenfration o r oxr de an conpar ed
to the wild caltsemmiel acéandiriteto thélenmhbtiodf tpr«m;mrtnaeemtmh oomgrain e t he
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cell of anyag@eedBNscRlentteE FOV@&Xahf)le, for the purpose of being used as
negative control for drug testing and/or drug screening. Any knockout cells
prepared according to the invention may be implanted on the animal. In
particular, aif knockout carcinoma colon, breast, and lung cell or cell line. For
15 example, aif knockout cell lines HCT-116, DLD-1, and/or SW480 prepared
according to the invention can be used. However, the knockout cells to be
implanted on the animal is not limited to the exemplified knockout cell. Any
carcinoma cell showing the characteristics of any carcinoma cell or cell line
according to the invention may be implanted. Accordingly, the invention
20  provides a non-human animal model, which is implanted with the knockout
cells made according to any embodiment of the present invention for the
purpose of drug screening and/or drug testing. In particular, the animal model
of the invention may be used as negative control in order to screen, test or
discover drugs which may show suppression of malignant phenotype,
25 reversion of malignancy, increased sensitivity of cancer cells to apoptosis,
and/or a reduction in the growth rate. The animal model of the invention may

be a mammal, for example a mouse or rat.



20 According to a further aspect, the invention relates to a nethod for
screening and/or identifying a candidate drug capable of inhibiting or
reducing the activity of apoptosis-inducing factor (AIF) in cancer cells
conprising: (a) admnistering a drug candidate to cancer cells, and (b)
determning the ability of the drug candidate to suppress the malignant
phenotype, reverse the 25 malignancy and/or increase the sensitivity of
cancer cells to apoptosis. The nethod n#ly further conprise (c) conparing
the ability of the drug candidate to suppress the malignant phenotype,
reduce the growth rate, reverse the nmalignancy, increase the sensitivity
of cancer cells to apoptosis to the level of 12 suppression, reversion

and/ or i ncr easestdfRNE bhvihey Rbetf)ans ehlertibnaphvidesbethe®al fof stRfning
i nvention. According to another aspect, the invention relates to a nethod

for screeni ngnd/ahddentifyidenei egndigate s cppebled ofignbiiiing @rofedugifigbtha ng or
reduci ng the ACLE VJ o IeSal f\ng. f Fl~dRSRRAC cells
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det er mi ni ng admirdsteling\a defy ¢tdhrelidatedo candededits, taadi (bYl deterathing dse ability

According to ot her aspect, the jnyention re es..to a nmethod for
Screeni ng’ ARG drie enAAlR (A AR datispud e 2546Ne ToeaNART BPES Eer
reduci ng theme%%@ﬁxdwfugﬂh_eﬁcoﬁgr%b%g%omb@% r’cHe‘Zﬁc{?ﬂthof(tﬁé Brud RahaRees

cells conprising: (a) admnistering drug candi e'to cancer cells, and
(b) det er mi ntonighitfiteoratsiduiceyAl Fodctivite inl cagceracelisdattbetreduoed eagwhibitas AlF

sensitivity of .the_treated cancer. cells to, cytotaxic substances, including
oA modi 1yt nge RGeS Pefaidiis dy Subfupishier B Prtsat LPRRTG
canpt ot hecin, t-butyl hydrogen peroxide and/or 15 H202 According to a

particul ar agpesting tieardtheetaspett, tie imlicngos askditskate aabethiodedr sotdeniidie
step (b) are conpared.in the step to a ne?ati ve control represented by
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administering a drug candidate to cancer cells, and (b) determining the ability
of the drug candidate to reduce the intracellular concentration of ROS. For
example, the method comprises determining the ability of the drug candidate
15  to reduce the intracellular concentration of superoxide and/or H,O,, compared
to the wild type cell. Further, the method may comprise (¢) comparing the
ability of the drug candidate to reduce the intracellular concentration of
superoxide and/or H,O, to the reduced intracellular concentration of the cell of

any embodiment of the invention.

20  According to a further aspect, the invention relates to a method for screening
and/or identifying a candidate drug capable of inhibiting or reducing the
activity of apoptosis-inducing factor (AIF) in cancer cells comprising: (a)
administering a drug candidate to cancer cells, and (b) determining the ability
of the drug candidate to suppress the malignant phenotype, reverse the

25 malignancy and/or increase the sensitivity of cancer cells to apoptosis. The
method may further comprise (c) comparing the ability of the drug candidate
to suppress the malignant phenotype, reduce the growth rate, reverse the

malignancy, increase the sensitivity of cancer cells to apoptosis to the level of



ai f knockout cells or the cells treated according to the invention
i npl anted on a non-human ani mal nodel for drug screening, as nentioned

above. The all knockout cell inplanted on the animal nay be col on, breast
and/or lung carcinoma cell or cell line. For example, all knockout HCT-1
16, DLD-1 and/or 25 SWA80 cell(s) or cell line(s). The non-human ani mal

nodel nmay be a manmal, for exanple a nouse or rat. According to a further
aspect, the invention provides a pharmac®uti cal conposition conprising one
or nore of the conpound used for inhibiting AIF 13 in vitro or in vivo.
For exanple, the invention provides a pharnmaceutical conposition
conprising at |east one of ROS scavengers includi ng Magnanese super oxi de

di smut ase (%h&&@gsuahrr%\/éﬁsmwcgn@/ér EHKre?as(e@alsahgmbmoartﬁe E@K éf84any
manganese por phyrins such as MTMPYP ( C44H36CI 5SMIN8) ", 2- PyP

( CA4H36C15Mhemipod umemet-of vy vestiarc6Cl SMNG) (al | exarrpl es of manganese
por phyrins provided are from Cal bi ochemy. The pharmaceutical conposition

optional |y cauprisesifa (?l‘ﬁ H{:t’ g}?é ‘rﬁz&nﬁﬁﬁ?@lta fo 5’?% oﬁ%r sChdei

and/or carrier, or “a mx eré e |nven I on provide
phar maceut i cahd/oon‘ﬁe!sﬂlfylngn acoalpdldatmgirwg calﬂbleaaﬁtlnbrbenngjcdrerecduamgd the

nol ecul e for inhibi n he ai nd/ al.f nmRNA cording to an
Tbodt mord oty phbpptae-Midyolid fadar RFE i npeR s Compdstags 18
phar maceut i C%m%ﬁé@ﬂﬁ%%@fbrgc@éﬁﬂléétbqg c’é\hcéﬁ@éﬂs na (B?'G!b?érﬁnﬁﬁb%e %ili‘%ﬁm e
conpl ementary or whic dise to a nucleic acid | ecul e having th

sequence of SEIDeIdDuglmmdtﬁiat@EQnUDCN@papthISi fragrrent t hereof (the 15
sequences SEQ ID NO'1 and SEQ I D NO 3 representing the nmouse and human aif

Qonpy i ses o RaeTaG 6. AaBet aSHPE iad YeBHOn TREGH: IC8 mERERARrSoRbning
conpl ement ar yndfor ilestifyimgbai dasdidate a!rlmgl(?da‘pableimfdlnmﬂlte@m i‘m\ucir@ thee
sequence of SEQ ID NO 1 or fra ment thel\lreof I.n

particul &, ?ﬁ@"tﬁhﬁf WS'%wdl{%?ﬁaNgﬁ?tPf o(r‘i\ c)or‘n"i!)r(?"%\é@r e ﬁeﬁ%‘f“pﬂﬁ'@gndé? eic
acid nol ecuéﬁm‘fmét%ﬁnb% SRIPLETRIAR Y deickPBeld, fande®s dRBtnfiangithe bafyence

of
of the drug candidate to increase the sensitivity of the treated cancer cells to
cytotoxic substances, including DNA modifying compounds, for example,
etoposide, trichostatin A, camptothecin, t-butyl hydrogen peroxide and/or

15 H20..

According to a particular aspect, the effects of the drug candidate obtained
with the step (b) are compared in the step (c) to a negative control
represented by aif knockout and/or knockdown cells or on cells treated
according to any embodiment of the invention for reducing the activity of AlF.
20  According to a more particular aspect, the negative control is represented by
aif knockout cells or the cells treated according to the invention implanted on
a non-human animal model for drug screening, as mentioned above. The aif
knockout cell implanted on the animal may be colon, breast and/or lung
carcinoma cell or cell line. For example, aif knockout HCT-116, DLD-1 and/or
25 SW480 cell(s) or cell lineg(s). The non-human animal model may be a

mammal, for example a mouse or rat.

According to a further aspect, the invention provides a pharmaceutical

composition comprising one or more of the compound used for inhibiting AIF



SEQ I D NCS: 13, and 15, and SEQ I D NCS: 14 and 16. Accordingly, the invention
also relates to the use of at |east one nucleic acid nolecule of the
invention for the preparation of a pharmaceutical conposition 25 for use
in therapy. The conposition is for inhibiting or reducing the activity of
AlF and/or for inhibiting, delaying or repressing the expression of aif
gene or aif nRNA. More in particular, the use is for suppressing malignant
phenot ype, reversion of malignancy, inctE®asing sensitivity of cancer cells
to apoptosis, induction of apoptosis, partial or conplete | oss of
tunorigenicity, sensitizing 14 the treated cancer cells to drug or
stress-induced apoptosis, and/or a reduction in the growh rate. According

to a furtherinagR@chr ih NAvd NFBRAtd:@msIE] Wﬁ@ﬁn\k%t@np?tdwdgs @ebharmassiicksi Ng:
afirst cell; and a second cell, wherein the first cell and the second 5

cel | are i sogempesition comprigingaat legetraneapicRQSgnaveraesdnalyding Maenaresent

Pl torescent  GielobR dibitar®Sun SOBLEERIE SHOE sadrv el (e Renbiae
eni ssi on speEUKUN34; whangdreseheporpleying cstich mrrmnwnv;@ gEheHi Mg odes a

second fluorescent praotein having a second ab ctr m and a
second e ssMod M- %&pﬁﬁﬁpc§m W@ﬁ_ 31331%?8 %@8 )éﬁ SXarhiRp
absorption specty ot PW cabroRduH orgkhe st nd ssi on
spectra are Jr%fe(;t |%%%®(:SEI pfgrbtl t’ ar thagbfl P’étm an%ggg)ccgﬁgﬂabsﬁgptl on
spectra are plumnha:lmmtlcalal cammbosihlen foptﬂnwyld mmmesemsspbarmmmca”)ar e

t ident I £ d I'1s, f
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knockout and/or knockdown aif carcinoma cell according to the invention.

Any car ci nomgyRRér, tRé |ﬁ@éﬁtndhaardwessaobharmac@aféal%dmposm@ﬁ @dms@sht and
| ung cancer cells. For exanple, the pair of cells are HCT-116, DLD-1 cells

or SW8010 Thieast pee wﬁﬂel@e@%dn@legweef%émnlbltlagoth@ #E geng d/ehgdeRRNAom t he
group consi S&&&g ﬂrgogﬂ(; %99 é@pﬁow %ﬁ”éf 4 ROEREBR: 14 %ﬂarﬂé&fgr, etﬁ%emgfan{ i@t ein,

bl ue fluoresc uor escent prote| , uorescent
protein. prowdes a pharmaceutical composition comprising at least one nuclelc acid

molecule complementary or which hybridise to a nucleic acid molecule having
the sequence of SEQ ID NO:1 or SEQ ID NO:3 or a fragment thereof (the

15 sequences SEQ ID NO:1 and SEQ ID NO:3 representing the mouse and
human aif gene, respectively). In particular, the pharmaceutical composition
comprises a nucleic acid molecule is 18-30, 18-25, or 19-23 nucleotides,
complementary or which hybridise to a nucleic acid molecule having the
sequence of SEQ ID NO:1 or SEQ ID NO:3 or a fragment thereof. In

20 particular, the pharmaceutical composition comprises at least one nucleic acid
molecule which is complementary to the aif gene and has the sequence of
SEQ ID NOS:13, and 15, and SEQ ID NOS:14 and 16.

Accordingly, the invention also relates to the use of at least one nucleic acid
molecule of the invention for the preparation of a pharmaceutical composition
25  for use in therapy. The composition is for inhibiting or reducing the activity of
AIF and/or for inhibiting, delaying or repressing the expression of aif gene or
aif mMRNA. More in particular, the use is for suppressing malignant phenotype,
reversion of malignancy, increasing sensitivity of cancer cells to apoptosis,

induction of apoptosis, partial or complete loss of tumorigenicity, sensitizing



According to a further aspect, the invention provides a nethod of nmaking a
pair of cells, conprising the steps of: genetically nodifying a first cel
to make 25 an aif knockout and/or knockdown cell, which is isogenic with a
second cell but for a the aif gene; transfecting the first cell with a
first gene that encodes a first fluorescent protein having a first
absorption spectrumand a first em ssion spectrunm and transfecting the
second cell with a second gene that encotkes a second fluorescent protein
havi ng a second absorption spectrumand a 15 second em ssion spectrum
wherein either the first and second absorption spectra are not identical
and/or the first and second em ssion spectra are not identical. In

particul ar, ?{ée tidaied  Bibed C6ART tE0GRAGPr OBrsRERHLBe@T SpdiRtbsisdedtd/6ala and
wherein the tirst and second en ssion spectra are not identical. The first

5 cel |l accor didugtiom in the gnowdlenatenet hod i s a knockout and/or knockdown ai f
cancer cell prepared according to the invention. In particular, the cancer

cells are f .contigu [ al nﬁlvéﬂ-' n | ne. r | e,
the conti nuégg&r?;n%ét él ﬁ”ﬁrwae(r'ﬁmggﬁéﬁtﬁt ct)éfal I n{e'b'i?sreﬁﬁ'ﬂi%—gllfd %Qélzl&oﬁrég%%.
10 Accor di ngcépasiaghe firgtsieticind Bhsecondeellj whewin talfist aelimahd dide sécond
identifying a test conpound as sel e:’g:

) ) tivel ffectin acqene ?{ I nt er est
(whi ch i s> theelhiare igeeri)ic dput; 1og %&;ﬁ*’e%r‘%ngfpff& giene_(%{pqg RS rfpr UQﬁ?éfef’ﬁe
steps of: CUbldiEhnfingrdin i firR ) %Sﬁgi?réeg%' dena' it Bhboddiea firdtShuofiltbenecond
cells are isogenic but for the all ene and a gene encoding a fluorescent
prot ei n, whepmitaint havihgratfirselabstfptioconppeatresn aarfd esfirgjeemissin spachdss a

first fluorescent. protein having a first absorption spectru nd a first
eni ssi on speWﬁfe[ﬁﬁ‘ Q%%ﬁeﬁ?{é‘i]g?ﬂl] Cgﬂ‘@r@%ﬁ@n%enec aﬁ %88%‘?? ge?cgng]é@‘(?ﬁ%m&@he
that encodespatsiaC ading EOrRReARt aBEGItbA sPadrile AndeeOnrdcang OBRTissit
spectrum and a second em ssi on spectrum erein either the first and

second ab®or ppé@rurspand maeseis aitberi therfirsicand aaepnst absorplien fspestra ahe Ndkcond
em ssi on spectr [ rdent i caly js I LS : ond,cells
T s R R T S
af fecting thpagiculgetife fifstidral exeores abeorptiontspiettraf atchrogidentibalr ate tid  t he
first cell is not altered with respect to thé: qro rf’;\t? of the secgnd
cell . first and second emission spectra are not identical. The first and second cells
may be mammalian cells, for example, human, mouse or rat cells. In
15 particular, the first cell is a knockout and/or knockdown aif carcinoma cell
according to the invention. Any carcinoma pair of cell can be used, in
particular, colon, breast and lung cancer cells. For example, the pair of cells
are HCT-116, DLD-1 cells or SW480. The first and second fluorescent
proteins may be chosen from the group consisting of green fluorescent
20 protein, red fluorescent protein, blue fluorescent protein, yellow fluorescent

protein, and cyan fluorescent protein.

According to a further aspect, the invention provides a method of making a
pair of cells, comprising the steps of: genetically modifying a first cell to make
25  an aif knockout and/or knockdown cell, which is isogenic with a second cell
but for a the aif gene; transfecting the first cell with a first gene that encodes a
first fluorescent protein having a first absorption spectrum and a first emission
spectrum; and transfecting the second cell with a second gene that encodes a

second fluorescent protein having a second absorption spectrum and a



Alternatively, criteria for conparison are whether the test conpound may 25
cause in the cancer cell suppression of nalignant phenotype, reversion of
mal i gnancy, increased sensitivity of the cancer cells to apoptosis and/or

i nduction to apoptosis. The first cell according to the present nethod is a
knockout and/or knockdown aif cancer cell prepared according to the

i nvention. The first and second cells may be co-cultured. In particular, an
16 equal nunber of the first and secondlxells may be cultured. In
particular, the first and second absorption spectra are not identical and
the first and second em ssion spectra are not identical. Mre in
particular, the fluorescent proteins may be detected using fluorescence

M croscopy tg@mRieemisHioMdpectlf, WwhéehPefth8g the fisstPand iseidbAd sbediplich t he
fluorescent proteins are detected using high-throughput fluorescence
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suppr essi on Qefm%r%eﬂgﬂégéréa%do?&ipﬁ%‘?ﬁe‘irﬁ\f’enti?ﬁ.nﬁfhbéﬁﬁhﬁbér,%et&%ctaf gafied
cancer cells, shows suppression of “malignant 15 phenotype, reversion of
mal i gnancy, amcfeases dontinseuns i(timiotrtal)omamemekan «elll kne.t boamxanudé s theand/ or

i nduces apoptosis. Accordingl t he. i nvention _proyi nme or
screeni ng ca?%tm%%mngﬂégﬁﬁ?maﬁ'an i'APdY Qill:ﬁé ﬁ@%ﬁ%f’ﬁ%ﬂg&iel s a
conpound for reducing and/or inhibiting AIF and/or ROS, or inhibiting the

aif gene and/or aif nRNA, and determ ning whether inhibition or reduction
20 of activity of AIF and/or reduction of ROS is capable of increasing the

sensi tiviQy Afceming focaneiher appest, H18 inyentionprowides g prethedRf identiindghant
phenot ype, ¢ i I Sl : i 1 J il Sk tdMi of
cancer cell sPeté?) apo%cﬁ}cf)]g gho%rllg t'c\f;éwi hgggt?}%aaggﬁ% ﬁ?‘?@%ﬁm@g qthoﬂ‘)téhéé”vw | d
type cel |l s agdheyocitsrpapadsiom proteihl (ANF ecemprdsiag dbe ditepgs 0b cutturiegtzotiisirent

of and second cell, wherein the first-and second cells are isogenic but for the aif
gene and a gene encoding a fluorescent protein, wherein the first cell

15 comprises a first gene that encodes a first fluorescent protein having a first
absorption spectrum and a first emission spectrum, and wherein the second

cell comprises a second gene that encodes a second fluorescent protein
having a second absorption spectrum and a second emission spectrum,
wherein either the first and second absorption spectra are not identical and/or

20 the first and second emission spectra are not identical; contacting the first and
second cells with a test compound; and identifying the test compound as
selectively affecting the aif gene or its expression protein if the growth rate of

the first cell is not altered with respect to the growth rate of the second cell.
Alternatively, criteria for comparison are whether the test compound may

25 cause in the cancer cell suppression of malignant phenotype, reversion of
malignancy, increased sensitivity of the cancer cells to apoptosis and/or
induction to apoptosis. The first cell according to the present method is a
knockout and/or knockdown aif cancer cell prepared according to the

- invention. The first and second cells may be co-cultured. In particular, an



25 the invention as negative control. Brief description of the figures
Figure 1. Design of replacenent bipartite targeting vectors for aif gene 17
Figure 2A: PCR Anal ysis of Gene Targeting in HCT-116a' f-1y subcl ones

Figure 2B: Gene targeting of aif gene Figure 3: Gowth curve for HCT-116
(Figure 3A) and DLD-1 (Figure 3B) <cell lines. 103 cells were cultured for
4 days. At each tinme point, 5 cells were treated with MI'S/ PES sol ution
(Promega Cell Titer Proliferation Assay)l&or 1 hr. Col our reaction

absor bance was neasured at 485nm Fold increase in cell nunber was
measur ed usi ng ODTf/ODTO. Figure 4A-C. Morphol ogi cal changes in HCT-116
knockout clones. Knockout 10 clones detach and appear as aggregates when

cultures ar egque HUNMWEIUSH the TbE ai@detdid Bells ﬁ‘iégsbé)@ﬁﬂu@@nm BaRkYIaM tHeout
changi ng nedi a Figure 4D-E WId-type (W) BL12 cl one enlarged from

Fi gure 4A aniirst nggeeond absepioni &moya ars matddenrtioshapd the first and second

Oyt ot oxvei ty MGy Copecit ol fagitehfial HorE pEMERRE (e fUliEsCity frofeins

hydr ogen per%%ilbﬁ dét@utelf;%gtﬁg&éluoﬁsgmsédmngbscbmgﬁ@ aswsexgdﬁvth rate.
acti nonycl n ant | oXor uni n an trichost atin pectl vel y.
20 Fi gur & 7M@cor@v@dpoa<pﬁvlca&®@mnﬁ %eﬂuprqug PIRIEIRS QAR %?ﬁéﬁrﬁa

LY ol GRS Ao toBHES SPBEHGLoapT! BPANAS, g1t Hawiﬁ 5N HAgsRY! de.

actinonycin or u r espect . Figure 8A-D

Syt ox/ Hoechsothst airitenid a@elﬂdscaéaqbdMNtma@calm dieopesiddd he4ﬂ?rst Zhdhssgori gur e

A Soft aga‘rrluc?rggggrﬁ E)Portem may %ell 'ecpeds from the group consisting of green
fluorescent protein, red fluorescent protein, blue fluorescent protein, yellow

10  fluorescent protein, and cyan fluorescent protein.

According to another aspect, the invention provides a method for screening
carcinoma cells wherein the suppression of AlF and/or ROS increases the
sensitivity of the treated cancer cells, shows suppression of malignant
15 phenotype, reversion of malignancy, increases the sensitivity of cancer cells
to apoptosis, and/or induces apoptosis. Accordingly, the invention provides a
method for screening carcinoma cells comprising administering to carcinoma
cells a compound for reducing and/or inhibiting AlF and/or ROS, or inhibiting
the aif gene and/or aif mRNA, and determining whether inhibition or reduction
20 of activity of AIF and/or reduction of ROS is capable of increasing the
sensitivity of the treated cancer cells, showing suppression of malignant
phenotype, causing reversion of malignancy, increasing the sensitivity of
cancer cells to apoptosis, and/or inducing apoptosis, compared to the wild
type cells and/or compared to a cell prepared according to any embodiment of

25 the invention as negative control.

Brief description of the figures

Figure 1: Design of replacement bipartite targeting vectors for aif gene



Fi gure 9B: Col ony assays for DLD-1 cell lines Figure 10A: Soft agar assays
for HCT-116 cell lines Figure 105: Col ony assays for HCT-116 cell lines 30
Figure 11A: In vivo tunour formation of DLD-1 cell lines (5th week) 18
Figure 11 B: In vivo tunour formation of DLD-1 cell lines (8th week)

Figure 12: In vivo tunour growh of HCT-1 16 cell lines Figure 13: In vivo
tunour formation of DLD-1 cell lines Figure 14: Proposed Al F NADH Oxi dase
Activity (NADH Oxi dase Activity of 5 mitochondrial AIF, Mramar D et. al.,
JBC 276: 16391, 2001) Figure 15: Intracellular Superoxide Levels in Cell
lines Figure 16: Nitroblue tetrazoliumreduction assay for intracellular
superoxide levels. Cells were incubated with 2nM NBT for 30 m nutes all ow

formazan f or pibi@RAL NepCRYARSlYsIdT Gl PHgetidg W K@T-1180Agqidirice was

read at 650nm~ Fi gure 17: Aconi tase Assay. Superoxide inhibits aconitase
hydrat ase atigute £B; Acenettargetingof @iftden@as neasured by measuring NADPH

o7t o0, Ul 8 b BORT BT RO SR SR, .

Rel ative sup e |l evel's USI %g acotT hase per oxi de
aconi tase hydrat ase actélviifies. 10c @rllé asge aulturd forWagaysrgasaaohcirhy poirdsur i ng

the rate of NADPH formatjon durin ciitrate jsonerizatign to isocjtrate at
340nm Reﬁ. ative super o‘k@'lfewer%\?'@agew&" @ﬁr%ﬁ%%dsgyt'gﬁht{% FAIREgR ¢! é‘lter
increase in aconitase pagidpstiby A& ?'féﬂleﬂﬂr.t@&o rlégétlo% ngor%aﬂ%' iss &

percentage of the 20 wt control celfs. Figure 19: Intracellular ROS Levels
in cell lines DLD-1 anohelaSUrettl GatFi4fionen.2(FolCatralrease aiot icsllt ynumbeyelwad i nes.

Probus) - Floure 21 TrERSPUEH BHBONIBT oel | 5 wi th AlF- GFP (Fi gure 21A
is 25 +pEGFRgRs4ALOUMRrBAdoliRal-ChdnddsPh HCT-116 knockout clones. Knockout

10 clones detach and appear as aggregates when cultures are
continuously cultured for 5-7 days post-confluency without
changing media.

Figure 4D-E: Wild-type (WT) and BL12 clone enlarged from Figure 4A and
Figure 4B respectively.
15  Figure 5A-D: Anchorage-independent culture of HCT-116 aif mutants
Figure 6A-J: Cytotoxicity assays for HCT-116 cells using campthothecin, t-
butyl hydrogen peroxide, staurosporine, etoposide, hydrogen
peroxide, actinomycin, TRAIL, anti-FAS, doxorubicin and
trichostatin A respectively.

20 Figure 7A-I: Cytotoxity assays for DLD-1 cells using campthothecin, t-butyl
hydrogen peroxide, staurosporine, etoposide, hydrogen
peroxide, actinomycin, TRAIL, anti-FAS and doxorubicin
respectively.

Figure 8A-D: Sytox/Hoechst Stain of Cells exposed to 60 4 M etoposide (48

25 hrs)
Figure 9A:  Soft agar assays for DLD-1 cell lines
Figure 9B:  Colony assays for DLD-1 cell lines
Figure 10A: Soft agar assays for HCT-116 cell lines
Figure 10B: Colony assays for HCT-116 cell lines
30  Figure 11A: In vivo tumour formation of DLD-1 cell lines (5" week)



Figure 22: Foci formation in NIH3T3 cells transformed by AlF-G-P Figure 23:
Foci formation in NIH3T3 cells transforned by AIF-GFP. This figure shows a
magnified field of Figure 22 (+AIF-G-P). Foci formation in pre-neoplastic
NI H3T3 cells is an indicator of 30 transformation. 19 Figure 24:
Cytotoxicity assays for SW80 cells using etoposide (Figure 24A), t-butyl
hydr ogen peroxi de (Figure 24B) and hydrogen peroxide (Figure 24C). Figure
25A. Soft agar assays for SWI80 cell ling 5 Figure 25B: Col ony assays for
SWI80 cell lines Detailed description of the invention The present
invention relates to a new nechani smof action and to new 10 applications
of the apoptosis-inducing factor (AIF). The apoptosis-inducing factor (AlF)

i s a protei NFglrd o1 BPERL Vit tiah6edRmBYoh BEDLE-1 carnges (8'Piveakpnd _
Bossy-Wet zel , Cell, 111(2):147-50, Cctober 2002; Hansen and Nagl ey, Sci.

STKE, 193, phigerel2: Julnyvigobanowesiemiyef Hald116 crll Ge@er, Nature Cel|
Bi ol ogy, 5, Q@U?eg’l&zooﬁ’fviﬁlgﬂﬂngﬂ%rﬁggor%?ﬁgﬁlﬂzaﬁ1ine52785’ 2004) . The

nucl ei ¢ aci d sequence of se and human ait genes and the am no acid
sequence of Figereodr esproptised AMFASADBVEXIDase Actibity ENABH OridatSusitinityof al . |

Nat ure 397: 441- 446 (1999))., The sequences a 0 en.r rted in
WO 03/ 089465. For ease”ﬂpcééﬂq{éﬁaﬁsﬁmg mqrﬁ?e?tz@?aygcggj@é“'é)\%ﬂglogqgequences
descri bed bngufé 158t RhracBli@aPSBerARA LkIL h EBFInagquence |istings of

p Inp u SEQID NO 1

the present application. In parti ar, Is the nouse aif gene
nucl eoti de sBiguemd6; SHrabhe@trazoligmt feduniiors asgayfadimntracellatar supemidee;

SEQID NGO 3 is the human, ai ene nucl.eotid X d SEQ ID NO 4
is the human AlF ani no@g‘sd Cf?@%dﬂé‘?@é’.‘c%%g-e‘? E’E‘P?ﬁerﬂ@e’gé%ﬁ%gaé’i“% e@ﬁ)w
described in WO 00/ 312f#marhn Armdtipal @idrs Ideserviteds50% DMASTI Bl 3Has
well as further AIF isoforns or variants known in the art or AIF isoforns

or varialts whi ch haveARserbgaen Wass'€adat&§OPBY. are within the
Figure 17:  Aconitase Assay. Superoxide inhibits aconitase hydratase

activity. Aconitase activity was measured by measuring NADPH
formation during citrate isomerization to isocitrate at 340nm.
Figure 18: Relative superoxide levels using acotinase assay. Superoxide
15 inhibits aconitase hydratase activity. Aconitase activity was
measured by measuring the rate of NADPH formation during
citrate isomerization to isocitrate at 340nm. Relative superoxide
levels were computed by subtracting the increase in aconitase
activity relative to the wt cells and shown as a percentage of the
20 wt control cells.
Figure 19:  Intracellular ROS Levels in cell lines DLD-1 and HCT-116
Figure 20:  Catalase activity in cell lines. Assay was performed using the
Amplex Red Catalase assay kit (Molecular Probes).
Figure 21:  Transfection of NIH3T3 cells with AIF-GFP (Figure 21A is
25 +pEGFP and Figure 21B is +AlIF-GFP)
Figure 22:  Foci formation in NIH3T3 cells transformed by AIF-GFP
Figure 23:  Foci formation in NIH3T3 cells transformed by AIF-GFP. This
figure shows a magnified field of Figure 22 (+AlF-GFP). Foci
formation in pre-neoplastic NIH3T3 cells is an indicator of

30 transformation.



scope of the present invention. 20 In order to investigate the function(s)
of AIF in apoptosis and in cancer, the present inventors have prepared aif

knockout and/or knockdown cell lines. In particular, the cancer cells are
froma continuous (imortal) manmmalian cell |ine. The present inventors
enpl oyed human col on carcinoma cell lines, nore 5 in particular the cell

lines DLD-1 and HCT-116 (Source = HCT-116 from Anerican Type Culture
Col l ection (ATCC) ref. no. CCL-247; DLD-19from ATCC ref. no. CCL-221;
DLD-1 reference, Shirasawa et al, Science 260, 85, 1993; HCT-116
reference, Bunz et al, Science, 282, 1497, 1998 (and references therein)).
The cells obtained from ATCC were the wild-type cells. 10 However, the

present i nvepiguesnoks nes/tdtom‘tf%sfsaymbprswaeel&Qléaugmbl etdpdRRie ﬁ@Mrecell
| ine suitablefor the purpose of the present invention can also be used.

For exanple, breast ca bbutyhrtydt@gﬁreme@@ndeliﬁwye B4B) nand |hyigiregsn t o
these cell types. The gl%%&:o%}%/é) q)knockdown cell can be prepared

according to any techn he art. In particular, the DLD-1 cell

line 15 and FiyeréRF5AL18ottaigar besayior|S¥W 48D byll kmecki ng out by honol ogous
reconbi nation (Sedivy et al., Science, 283, 9a, 1999; Sedivy and Dutri aux,
Trends Gehet F'9U1%25§8 CP@U)a%%Sf@'ﬁW@Q 0&"I“”§§ne in both these cell Iines
(Figure 1 and Figure 2A-B). Knockout and/or knockdown SWA80 cells or cell
lines are also within the scope of the present invention. 20 The aif
knockout HCT-116 and DLD-1 cells were surprisingly nore sensitive to three

cancer drugs t.lo odsi de, .trichostatin A and canptothecin) and to two
oxi di si ng aggéﬁg—a(jéﬁm&gﬂ%&%e jelle e xi de and H202) conpared to the
parental cells harbouring AIF. 25 all knockout HCT-116 and DLD-1 cells grew

slightly slonwge prasant fiRiehtivh! blatby e & NEW ehedidrfisthnoNaBabRYAid &!lrdaw e
(Figures 3A and 3B), did not reach confluence w thout sone clunping

(Figure 4, apelicalieys phiheaperfogisdaduging factor (AIF).

The apoptosis-inducing factor (AlF) is a protein or polypeptide encoded by the
aif gene (Lipton and Bossy-Wetzel, Cell, 111(2):147-50, October 2002;
Hansen and Nagley, Sci. STKE, 193, page 31, July 2003; Penninger and
15 Kroemer, Nature Cell Biology, 5, 97-99, 2003; Cregan et al, Oncogene 23,
2785, 2004). The nucleic acid sequence of the mouse and human aif genes
and the amino acid sequence of the corresponding AlFs have been
characterised (Susin et al., Nature 397: 441- 446 (1999)). These sequences
have also been reported in WO 03/089465. For ease of comprehension, the
20 aif gene and AlF sequences described by Susin et al. are also reported in the
sequence listings of the present application. In particular, SEQ ID NO: 1 is the
mouse aif gene nucleotide sequence; SEQ ID NO: 2 is the mouse AlF amino
acid sequence; SEQ ID NO: 3 is the human aif gene nucleotide sequence;
and SEQ ID NO: 4 is the human AIF amino acid sequence. AlF isoforms
25 have also been described in WO 00/31254. The AlF isoforms described in
WO 00/31254 as well as further AIF isoforms or variants known in the art or
AlF isoforms or variants which have not been discovered yet are within the

scope of the present invention.



suspensi.on (anchorage-i ndependent) culture. all knockout cells either
failed to 21 formmulticellular spheroids (MCS) in suspension (DLD-1) or
the formation of MCS was nuch del ayed (HCT-116) as seen in Figures 5A-D.
aif knockout DLD-1 cells conpletely failed to grow in soft agar (Figures
9A-B), while aif knockout HCT-116 cells grew very poorly in soft agar
(Figure 10A-B). These 5 results inply a severe loss of tunorigenicity of
DLD-1 cells, and a strong partial |oss 2 tunorigenicity and/or a
reduction in the growh rate of HCT-116 cells. In order to investigate
nore conprehensively whet her AlF-negative cells had |ost tunour form ng
potential, the inventors examned the ability of wld- type and aif

knockout cel InSofdr fteliRvdstigats shd furidien(ds APuseapdsissis il RebBRdabtne
DLD-1 aif knockout cells had al nost con‘gl etely lost their ability to grow

sulb?:ut aneousPiesgst Kwenters inayarpreparechaié n@@hqnﬁla@d/mwgéownmucbneﬂm
Fi 13.
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s or arrs carci nonma cells
in vivo, cols. sﬁmpre\s'ehhurwenmraIemmdyacahmmanaj‘oldroearoﬂ*fomda@etlmaeg,fmbmsd

phenotype in, 15 vjt the re Table 2) o i ned_can be
f ound under Wh@a”@%[?érf%ﬁ?m écﬁ—@fﬁ aﬂ% %‘ﬂég P%‘nt"zqs%d@@a from
demonst ' al esahfidtcaft T ﬁ&téulﬂfreaéoll c) I /2RT Byt ity bag! BIp4 fighead of

"Apoptosis In Ing Factor™) in co rC|n I'i hes, al t hough
t he mechani sA8C4l eefunol €8IL- 2211| BLBehrefas—:tm:ev\Bhirapama|etrai,d8cesuet2§0085

apoptosi s st i f knogkout .enbryos and | mar, yoni
cells in whi iﬁéiv#@ﬂgg %ta[ﬁr??en W ¢ Hal A f—;'elngeprgdaggﬁ%{%’t ﬁg@% g et
al ., above) . rdfefdndgs dhé‘ﬂe'r_n)f}ippﬁélrcéllé @bt?eﬁﬁéd lﬂbm Amcgwéreqa@tWW-weF@‘ﬂ
production in two colon cancer |ines. The enhanced sensitivity of the AlF

25 negat 1&e Hawsyer,dbel @reﬁgnhwﬁnagnssm liemited ts solon eanetnang eedi lingsof
Al F- negat Vﬁngeéénsnr{@%uﬂé'&gt@ﬁehégg.gﬁ #é)%flgﬂ? Eggrﬁe%)%ﬁ‘cﬁ% Re@gé' gie and/

or H202 as onsequence 0 i gure
findings of uked. Furesemiplenbedsdicanbaver Ringegapicep el ines) batppbt iraitedto i n

col on cancer{he%% cell types. The knockout and/or knockdown cell can be prepared
according to any technology known in the art. In particular, the DLD-1 cell line
15 and the HCT-116 have been prepared by knocking out by homologous
recombination (Sedivy et al., Science, 283, 9a, 1999; Sedivy and Dutriaux,
Trends Genet., 15, 88, 1999) the X-linked aif gene in both these cell lines
(Figure 1 and Figure 2A-B). Knockout and/or knockdown SW480 cells or cell

lines are also within the scope of the present invention.

20
The aif knockout HCT-116 and DLD-1 cells were surprisingly more sensitive
to three cancer drugs (etoposide, trichostatin A and camptothecin) and to two
oxidising agents (t-butyl hydrogen peroxide and HO;) compared to the
parental cells harbouring AlF.

25

aif knockout HCT-116 and DLD-1 cells grew slightly slower than their wild-
type counterparts in monolayer culture (Figures 3A and 3B), did not reach
confluence without some clumping (Figure 4), and they failed to grow in

suspension (anchorage-independent) culture. aif knockout cells either failed to



Accordingly, inhibiting or reducing the activity of AIF in colon carcinom
cells, for exanple by selective inhibition of AIF, is understood to have
the sane effect as knocking out the gene, that is, suppressing the
mal i gnant phenotype and sensitizing the tunmour cells to apoptosis.
Suppression of the transforned 5 state |leading to the reversion of
mal i gnancy may in itself be sufficient to elimnate the cancer. Therefore,
inhibitors of AIF are anticipated to rep2esent a conpletely novel approach
to col on cancer therapy. According to a first aspect, the present invention
provides a nmethod for the 10 treatment of cancer conprising inhibiting or
reducing the activity of AIF. The nethod therefore conprises adm nistering

in vivo or iy ilRickfulaRBERErOE {mcs]) mirsug@errs%mgym ProrstHeSbAASHon of
i nhibiting or reducing the aCtIVE@? The 1nhibi'tion or reduction of

the activit yM§IS jas owehbdelayed i( TouﬂSh@a,cﬁe@hn@ thumﬁy SAshli tadbkrockout

technol ogy. KAPAY |k e At bieh PRI ARk if A55t SOAL RGeS SR Shudy

selectively I'n hg't QEdt iSPE tlng I'S herein

under st ood kmmnmﬂtat@lls@ewowgl pvorlyubsoar@@m(mbbmaﬁ-mj Thégyy or
interacting with the AIF and inhibiting, reduci n or substantl ally

i nhi bitiny ofesuliadmpiy & AeVerscioss efy tuppongenicityypt | gellspyang @cﬂ"‘?@ t he
Al F d
or daegr a%ﬂgl Als§- of%h'\%?g%\?féﬂg%ﬂcans%%du%tigﬁrggﬁgﬁo H&?'E EoPhicTH @i ting

or reducing e activit e se e drugs,
conpounds andelmltn;bajmée lwm@aiambr&ecomptermnsb/@ty waethmMNFmegadeelcewB or

synt hesi sed. l,es of such in eneral NADH oxi e inhibit

Sch ae. o nlied o U TRt BRPBlarR e Xema Ths hilleof widS

p- chl or omer cHipPBRAYAS uirfdwame c(enél\fBS)ormeﬂnoﬁfsr ﬂenh@gnuééel ABLEOMEdelt hese
types of drugs npounds or substances will be 5 described | ater. The

reduct i ok or %Smﬂrbﬁibll/oﬁl-aﬂ a@dft knackpubeells ha<tahn@$’ts@rbléletﬂiy é@&’iéhelb)ﬂbilhﬁy Vi vo

or inwvitro SI r t ai f
gene encod: ILORNES MRt Y b Ge BLETRURGsS AR, BRBIER BediCHes -
met hod 30 whii¢h céusr@rew&mly vahbpboimg, Tiielcai g seen rie Higwes ol A-Be 1@x@tessi on
of the aif 23 ene encoding AlF, As a particular exanple, the invention
provi des a h'glaps loss of AlIF curtails or impairs the growth of colon carcinoma cells in
vivo, consistent with several indicators of loss of the transformed phenotype in
15 vitro. A summary of the results (Table 2) obtained can be found under the

experimental section.

Thus, the experimental data demonstrates that AlF acts as an “Apoptosis
Inhibiting Factor” (instead of “Apoptosis Inducing Factor”) in colon carcinoma
20  cell lines, although the mechanisms are unclear. This contrasts with published
results of apoptosis studies in mouse aif knockout embryos and primary
embryonic cells in which evidence was presented that AlF is pro-apoptotic
(Joza et al., above). Further, AIF appears to contribute significantly to ROS
production in two colon cancer lines. The enhanced sensitivity of the AlF-
25 negative tumour cells to apoptosis and the loss of tumorigenicity of AlF-
negative cells may due to a reduction in intracellular superoxide and/ or H>0,
as a consequence of the loss of AIF (Figure 19). Thus, the findings of the

present inventors have a major potential application in colon cancer.



whi ch conprises inhibiting, delaying or repressing the expression of aif
MRNA. Accordi ngly, the nmethod conprises adnmnistering to or transfecting in
vivo or in vitro the cancer cells with a nucleic acid construct conpri sing
a 5 nucleic acid nolecule binding or hybridising to the aif gene and/or aif
MRNA or to a portion thereof. The nucleic acid nolecule is conplenentary
or substantially conplenentary to the aif gene and/or aif nRNA or to a
portion thereof. Accordingly, the preseZ® invention extends to the
preparation of antisense 10 nucleotides and ribozynes that nay be used to
interfere with the expression of the AIF proteins at the transl ati onal

| evel . This approach involves antisense nucleic acid nolecul es and

ri bozymes t opAbt@eindly,ansibaingst rebiusingrBeidcticityTBNAIF iretdIBR capdinomakedng, t hat
MRNA with an antisense nucleic acid or cleaving it with a ribozyne. 15

Anti sense nufsirep@napiedey aelectivg ihibiiRn efofBs Up dedengioodrie Bavpithersamay to

at least a p

262: 40- 46 (18@%#; rcusn%“ggﬁtlut];h %ﬂ%%@gﬁ}e&%@ﬁié@@ﬂ%éﬂ %ﬁﬁ‘yp‘? n

t he cgl LI t Ihenyd lsgbmhﬁmg&?bdumbat cel\ty apoptosisg Sappressicansi theathdresfoiongd e 20
stranded nol ec ere antj sense nucleic acids, effere.with the
expressi oh oft a?@ﬁ@@ql-rﬁgotop Epvyersien @@H@?@n@f‘chm IR ji if ée rﬁk&"‘é%‘f‘ﬁ s and
ol ecul et hafmlkahs kik eantd. Therdbfe, bl GTARCARNaMdibatlE tB3Eblcher | ¥
efficient, since ey are easy to synthesise and are |iK ?y to pose fewer

probl ens t ha commietelynnd et abproadhdn dolanr cahasirtioerabgm i nto Al F peptide 25
produci ng cells. Antisense nmethods have been used to inhibit the expression

f t Sek 1988
e 6ae 15 Betdialng 10 auipt oSBact R GRSTRIL TayaR IR TRYBe s cecthat bt T The

abi | | ty {® spesimémadfl carftef@¥t &Aﬂbernhﬁlﬂ% Br Fodimsle th A R) é‘FNFesTI‘\é‘ a
manner sonmewhat anal ogous to restriction endonucl eases.” Ri bozynes were
di scover ed fmathadhtherefore comprises administering in vivo or in vitro to cancer cells a
drug, compound or substance inhibiting or reducing the activity of AIF. The
inhibition or reduction of the activity of AlF can be carried out according to any
suitable technology known in the art. For example, the treatment comprises
15  selectively inhibiting the AlF. For “selectively inhibiting” it is herein understood
to mean any drug, compound or substance capable of binding or interacting
with the AIF and inhibiting, reducing or substantially inhibiting or reducing the
activity of AlF. For example, By blocking the AIF or degrading AlF. Drugs,
compounds or substances capable of inhibiting or reducing the activity of AIF
20 can be selected among the drugs, compounds and substances known in the
art or can be newly discovered or synthesised. Examples of such include
general NADH oxidase inhibitors, such as Quinacrine; Diphenyleneiodonium
chloride (DPI); Diamide; p-chloromercuryphenylsulfonate (pCMPS). The
screening, selection of these types of drugs, compounds or substances will be

25 described later.

The reduction or inhibition of activity of AIF can also be obtained by in vivo or
in vitro inhibiting, delaying or repressing the expression of the aif gene
encoding the AIF polypeptide. Accordingly, the invention provides a method

30 which comprises inhibiting, delaying or repressing the expression of the aif



observation that certain nRNAs have the ability to excise their own
introns. 5 By nodi fying the nucl eoti de sequence of these RNAs, researchers
have been able to engi neer nol ecul es that recogni ze specific nucleotide
sequences in an RNA nolecule and cleave it (Cech, J. Am Med. Assoc.,

260: 3030- 3034, 1988). Because they are sequence-specific, only nRNAs with
particul ar sequences are inactivated, 10 For exanple, the nucleic acid
nol ecul e is an anti sense DNA and/ or RNA 23wl ecul e. The nucleic acid

nol ecul e nay be an antisense single strand RNA (sRNA), double strand RNA
(dsRNA), double strand DNA (dsDNA), double strand hybrid RNA/ DNA
(RNA/DNA), small interfering RNA (si RNA) and/or 15 ribozynmes. The nucleic

acid constr U?éne?éﬁc&ﬁn@WF?Nstaabér‘ﬁcm%?bﬁémplﬂ]&_gé,invd@itiéﬁrﬁrgvidés RUflehad aci d
fragment or The |ike conprising the nucleic acid nolecule. There is no
limt to thewBichecempriges ninbikding, adelayivgnst rigpressing tthe AxRiessionaef dif

nol ecule. In i j i d._nul i - ides, in
20 part | cul AR 7Bt TR gedibl o8B it Grehe BLANANGEEMA LTS, o,
exarrEI e 19;@30 m:Ciheﬂtrbdﬂfﬁ. géﬁxé@ ¢ellsp\aﬁhia3lm:ua_re,ic ek UU“ftﬁmlwﬂmm @cﬁl e
may be conpl enentary or ybridise to a nucleic acid nol ecul e havi t he
sequence df REReicRighmalegile bipgingprrybrigising o the g & a/eb el mﬁ%A
par ti cul ar . {1, Wichstibn Afibdo B o 2Rid SnBReulld 13 bor oA iy 24r 23
nucl eoti des may be 'a nucl eoti de sequence conplenmentary or I ch hybridi ses
to any regi osulmdtargizQyl dr@ententarySBEQheif dene andforaaif mENAMI toha meotign
wherein in tthe cg[{se of the MRNA the Uin SEQ IDNO 1 and SEQID NO 3 is
i ndi cated astM®%he isol ated nucleic acid 25 nolecul e may al so be that
conplementary to or which hybridises with any AIF isoformor variant known

in the art. Kecorgip! e bReeht desmtioheskteRdyVE B8/ PRphPaibr( bErRitisense

incorporated by reference). Mre in particular, the invention provides
nucl ei ¢ Hti dnugleelidaseanduiiverymes thahimeyhamtseq te fteHereamith the expression

of the AIF proteins at the translational level. This approach involves antisense
nucleic acid molecules and ribozymes to block translation of a specific mRNA,
either by masking that mRNA with an antisense nucleic acid or cleaving it with
a ribozyme.

15
Antisense nucleic acids are DNA or RNA molecules that are complementary
to at least a portion of a specific mMRNA molecule (Weintraub, Sci. Am.,
262:40-46 (1990); Marcus-Sekura, Anal. Biochem., 172:289-295, 1988). In
the cell, they hybridise to that mRNA, forming an untranslatable double-

20 stranded molecule. Therefore, antisense nucleic acids interfere with the
expression of MRNA into protein. Oligomers of about fifteen nucleotides and
molecules that hybridise to the AUG initiation codon will be particularly
efficient, since they are easy to synthesise and are likely to pose fewer
problems than larger molecules when introducing them into AIF peptide-

25  producing cells. Antisense methods have been used to inhibit the expression
of many genes in vitro [(Marcus-Sekura, 1988 supra; Hambor et al., J. Exp.
Med., 168:1237-1245 (1988)).



5 gene and have the sequence of SEQ ID NO 13 and/or SEQ ID NO 15, or
conplenentary to the aif nRNA and have the sequence of SEQ ID NGO 14 and/or
SEQ ID NO 16. In particular, targeting nucleic acid nolecules conprising

t he sequences of SEQ ID NOS: 13 and 15, and si RNA conprising the sequences
of SEQ ID NOCS: 14 and 16 are suitable for the sRNAI 10 technol ogy for the
inhibition of aif NMRNA. The nucleic acid nolecules may be introduced into
a construct and/or a vector, conprising 2 pronoter for RNA pol ynerase, and
adm nistered in vitro or in vivo to the cell. The RNA pol ynerase of the
cell transcribes the si RNA nol ecul es conplenentary to the aif nRNA
thereby inhibiting the AIF activity. According to one aspect, the 15

i nvention prRWEOMes Q@WN%oléaaégrposg@wh%%@pét&imm Sp&WfeaNg! dleBYASE
pronoter and nucleic acid nol ecul es having the sequence of SEQ [D NO 13

and SEQ I D npihpg.siragieﬁtna@dﬁdtﬁwé, mRGCURS 8t @l @ensemsemawitpttanelegeifeifte  of
SEQ I D NO 14 ], i nj i 0\
Q RWA %‘Ef\?.d&@n’\'%drfd%af;fy}{e%ggge%B‘P’%frggéj %Fé nH%ES{/%%d' hofht i OF

invivo to the ce ccor € iso nuclei ¢ "acl d nol ecul e may be
20 an anti sepbseribforatitdtocertaih mRNAsuhave e abiigntd excise thaeiglosvrsintmg. RNA

(SsRNA), double strand RNA (dsRNA), double stran ds , doub] e

strand hybdri BY rmodineg tfm\ms%ﬁse\tng SoqHanGerATdneeR %@Qﬂés?%m h%‘ﬁ%@ﬂ
ri bozynmes. | -oyird ligatl (SnndybE icdhs@bl & e
i d ol scul B 5 SrGUREanOBCAE Ral Bofipt shERt riiciechaBielERet ML,
si ngl e- st r anB&tA froolecole anthecleans di (Cedh,dJ.mBieciMed. cdssoann2@d:3030130840t her

nucl eic acid ecyl e under the appropriate.conditio f tenperature and
ot on- T oni GBS rERGUSS CReiEoREHRIRRGRBITC, W BTTURS B hrytciler
Laboratory MaayadnceSQire imidtivaged. Har bour Laboratory Press, 2001). The
conditions of tenperature and ionic 26 strength determ ne the "stringency"

of the h¥bridisation. Hybridisation requires the two nucleic acids to
contain conpl enentary sequences. Depending on the stringency of the

Stri ngenoy. £ bO" TR o BN ECie e aRcHl B 3aE et Eond PARRIOR R
molecule. The nucleic acid molecule may be an antisense single strand RNA

(sRNA), double strand RNA (dsRNA), double strand DNA (dsDNA), double

strand hybrid RNA/DNA (RNA/DNA), small interfering RNA (siRNA) and/or

15 ribozymes. The nucleic acid construct can be any suitable vector, phage,

plasmid, a nucleic acid fragment or the like comprising the nucleic acid

molecule.

There is no limit to the size of the nucleic acid construct and the nucleic acid
molecule. In particular, the nucleic acid molecule is 15-40 nucleotides, in
20 particular 18-30 nucleotides, more in particular 18-25 nucleotides, for example

19-23 nucleotides.

More in particular, the nucleic acid molecule may be complementary or
hybridise to a nucleic acid molecule having the sequence of SEQ ID NO: 1 or
SEQ ID NO: 3 or a fragment thereof. In particular, the nucleic acid molecule of
25  15-40, 18-30, 18-25 or 21-23 nucleotides may be a nucleotide sequence
complementary or which hybridises to any region of SEQ ID NO: 1 or SEQ ID
NO: 3 or a fragment thereof, wherein in the case of the mRNA the U in SEQ
ID NO: 1 and SEQ ID NO: 3 is indicafed as T. The isolated nucleic acid



5 the nucleic acids and the degree of conplenentation, variables well known
in the art. The greater the degree of simlarity or honol ogy between two
nucl eoti de sequences, the greater the value of Tmfor hybrids of nucleic
acids having those sequences. The relative stability (corresponding to

hi gher Tm of nucleic acid hybridisation decreases in the follow ng order:
RNA: RNA, 10 DNA: RNA, DNA: DNA. For hybrids of greater than 100 nucl eoti des
in length, equations for calculating Tnhave been derived (Sanbrook and
Russell, 2001, as above). For hybridisation with shorter nucleic acids,
i.e. oligonucleotides, the position of m smatches becones nore inportant,
and the length of the oligonucleotide determnes its specificity (Sanbrook

and 15 Russepolect®dmayeiis@Bevat cdthpleficaly & drvmioh MybraBES Wil arfy AIF

hybri di sable nucleic acid is at |east about 10 nucl eotides; nore
preferably aisofasaspr assiant keownul & iadle S;omesaMpleeftBesmidescrileed dnghi® i s at
| east about t} e ] Lcu a :

i nhi bition, é@ﬁogéqgggrQ%?é@si”gﬁ&pé%é%‘?r%"gd'%ﬁﬁ%%fbwrﬁeﬁgﬁféeﬂ%‘?'ag the

i nt er f er enceinBiAti¢rs pRINVed rotisiz agy mddiulesindvid¢le apn cemplamémahotythesaifel |

known and_  consists of a process in i C d I stra RNA)
i nduces the $8R8 @aﬁs@evepﬁb%ﬁﬁqueeﬁ %é?@ﬁ%%ﬁﬂgm%bgﬁg r@l@éi?%t e RNA
can be ini tléér%@e%{erﬁéﬂp&s Be GH hRNA AWV fiid F&guéﬂ %egm §ELNOM LT
endogenous expression. "According to the 25 exenplified enbodi nent, DNA
targeting segodceSEQspéLi NOc16.01n t particulair bitaigetingohutleic ahdid nRMeclies

sel ected and _prepared _according t .t.echnpl.ag f exanmpl e, the
PNA L ar get 1 ngeRBRe0E a8 SEAUSARE A SROTBRES R g8k A RNAE g
(http:// ww. giebisequented eshBED NMDs NCSRMAahtnder aks nduitablEhgor B §RKGEt i ng
sequences may be inserted into a construct and/or vector and 30 used to

transf ect0 t hiecbaaloay feethe mhikiion of pRERRNA. Vhermicsic iggid, madecutere Mawbe 7
hoATer 255 ShyHBoR bl 30ALEDA0E | G6E GHBNSTEN BondRr AL
RNA-i nduced polyartassg endphéministeRdS0n (Bavsbeiin eivoalo ,th200all.aTheaRind et
al ., 2001) \Agcinl(f/rmefrggec E)i‘t %Scélptrgr?s%?ljb%g%]es stF?T\rlR%olecu egecsotrrqrﬂgrtnie% arg/itcr)] tl%ehe
aif mRNA, thereby inhibiting the AIF activity. According to one aspect, the
15 invention provides a construct and/or vector comprising a RNA polymerase
promoter and nucleic acid molecules having the sequence of SEQ ID NO:13
and SEQ ID NO:15. In alternative, RNA molecules comprising the sequence
of SEQ ID NO:14 and SEQ ID NO:16, are prepared and administered in vitro
or in vivo to the cell. Accordingly, the isolated nucleic acid molecule may be
20 an antisense DNA and/or RNA molecule. For example, a single strand RNA
(sRNA), double strand RNA (dsRNA), double strand DNA (dsDNA), double
strand hybrid RNA/DNA (RNA/DNA), small interfering RNA (siRNA) and/or

ribozymes.

A nucleic acid molecule is "hybridisable" to another nucleic acid molecule (in
25 the present case, the aif gene or aif mRNA), when a single-stranded form of
the nucleic acid molecule can anneal to the other nucleic acid molecule under
the appropriate conditions of temperature and solution ionic strength
(Sambrook and Russell, Molecular Cloning, A Laboratory Manual, Cold Spring
Harbour Laboratory Press, 2001). The conditions of temperature and ionic



5 present case in the aif nmRNA destruction). In mammalian systens, the
sequence-specific RNAI effect has been observed by the introduction of

si RNAs either via transfection or endogenous expression of 19-23 base
transcri pts capable of form ng dupl exes, or via expression of short hairpin
RNAs. The si RNA expression constructs and/or vectors may be constructed 10
according to any nethod known in the art, for exanple by chem cal

synthesis, in vitro transcription, by d2gestion of |ong dsRNA by an RNase
1l famly enzynme (e.g. Dicer, RNase Ill), by expression in cells froman
si RNA expression plasmd or viral vector, and expression in cells froma
PCR- derived si RNA expression cassette. The construct is directly

transfected bt"r‘é@gtﬂafljd’if@ﬂméitﬁ@"ﬁﬁhbén%@%ﬂhé RYbfidisAtitie tHyWitRlis RoRNeggiren of
SiRNAs. A further description regar |n‘§ the si RNA technol ogy can be

obt ai ned f or thexgpnicleicafidRoertaly camplpmeatary segreneeh igrsdirmpon ¥76
2004 or fro | I : LR i od
accordi ng trorét{”ﬁgeﬁﬁggﬁﬁ%ﬁ%@é%@é%‘%&@#%@%&ﬁ%e%@sarseﬁ?q%[h%e'ﬂ% be

used for theappropeiate sfringbacy feskytridising mucic adide desperels erethes (ebath be
manmal cancef cells, for eﬁgnﬁ)le nouse or hunman. The cancer can be col on,

breast ami/ of"d WdeiCAYIhBAA NeHREGRS O caBrlemriaticn vAEaRIes Welt kKNOWR ifed  t o
col on, breasiAngil OThd UnGafdt’ S UBHrE '6fssirﬁﬁk}fit§a&5?(oln?&bg¥(2$r%we§ﬁe§k? 25

sharing the characteristics of thecolon carcinona cells n the
present i nvenutleotidenetgencesd therpeeataribervatie b8 Tmelpr bebfideof aucleitt dcidous

(imortal) nal i,an cell |ine._For exa .cancer breast and | cel
i nes. | Fol cRANPR A Oscedueices; ES relBliBlaBig B o SpR R L e id) SF
conpri si ng i ADEIBIC iR OfiybrRIHoNOHeRfeateki W t theOfolving NEFRAS ERNARNA,
sensitivity of 30 the treated cancer cells to cytotoxiC substances,
i ncl udi n&0 DNRNfRINAi IIATINAc Fopdiyhidds of areaigadpare 108t msiratisies inrleagibst at i n
A, canptot hegin,, t-budty r Qg Xl t he
wild type ce%h%@t'%cscﬁrdkﬁlﬁpw'hgaﬁﬁ] @%ggeéé%‘eﬁég&%egagﬁb?%gg? ﬁéli ﬁfgu%%ut he
met hod of th200hveamd i abows)d $oar ihydridishtiors ansthef flemrterc amuddeic usitls, ori.et he
f the i tjon. A i ngl th
purpose o oﬁ}gc;nrb\é?enotfd%g, thé: %%Esﬁljorr]lgofy r’nismgtches becomes more important, and
the length of the oligonucleotide determines its specificity (Sambrook and
15 Russell, 2001, as above). Preferably a minimum length for a hybridisable
nucleic acid is at least about 10 nucleotides; more preferably at least about 15

nucleotides; most preferably the length is at least about 18 nucleotides.

According to a particular aspect, the inhibition, delay or repression is carried
20  out by the silencing interference RNA (siRNA) technology. RNA interference
technology is well known and consists of a process in which a double
stranded RNA (dsRNA) induces the postranscriptional degradation of
homologous transcripts. RNAi can be initiated by exposing cells to dsRNA
either via transfection or endogenous expression. According to the
25 exemplified embodiment, DNA targeting sequences, specific for the inhibition
of the aif MRNA, are selected and prepared according to standard technology,
for example, the DNA targeting sequence are generated using Ambion siRNA
target finder (http://www.ambion.com/techlib/misc/siRNA_finder.html). The
DNA targeting sequences may be inserted into a construct and/or vector and

30 used to transfect the cancer cell or cell lines in vitro or in vivo. The RNA



5 present invention also provides a nethod for screening cancer cells
suitable in the nethod of the present invention conprising treating the
cells to inhibit or reduce AIF and treating the cells with at |east one
cytotoxi c substance selected fromthe group consisting of etoposide,
trichostatin A canptothecin, t-butyl hydrogen peroxide and/or H2Q2, and
conparing the results with 10 appropriate control cells (treated knockout
and/ or knockdown cells or untreated wil&7type AlF-containing cells). A
further step includes conparing the obtained results with those obtai ned
usi ng col on carcinoma. The cancer cells treated according to the nethod of
the invention conprising the inhibition or reduction of activity of AF
results in sygpPrRFasebIotha kil difamdcribds PlREBIRNARS, carfMehfdraryoto MR i gpancy,
increased sensitivity of cancer cells to apoptosis, induction of apoptosis,
a partial or mﬁf%mt‘c@ a Gegment thereel JeapeistiiNAafemoe complexdtiovm as thae

grow h rate. pl V, c e i zing
the treated cancer celﬁnsngﬁbgﬁgﬂdﬂéxgp rléegs(%g}%g@e% ae{p?ét%qla H%Hﬁgﬁ}ﬁb{

pr esent di nveal., orzsom)awmném[mhﬂonmwsr;orgabgdus\hﬁtgmr RNRe destraoiien qin ﬂ]!eF | ed
to a reduction in intracel] ul ar ased on the in vitrg activity of AIF
as a super oRi&seNh&Rseatn ﬁéeewéy%%f?ﬁmemr lpeMaMmaTaN sHGHTPcH | y

el evat ed | eve é@eﬁcel{%ncﬁﬁjm,@?“eﬁ%cﬁwés gé%ﬁ'%%se 3edhd Qnﬂﬁ&%ﬁon of

unt r ansf or ned here is a large eV| dence t hi s
increase in EBbAs ean\nedtransfechm mroendognnowr egpwsloum of of9-2ddbase

mai nt enance f t he transu) m,req éﬁza ro CI% Res.
51, 794, 199Yan¥(ptsy capaple, ol Rﬁ?'ﬂged Fes Pr !@9§Xprﬁﬁﬁ'8PdOfR§h Q‘a"@ﬂ al .
PNAS 98, 555@N200He é‘RNﬁ@xp@éssncﬁi con$thies %ﬂd/o?%ct&@%ayﬁf@bo@tr@te&t
al., Am J. Physiol. Cell Physiol. 285, C353, 2003; Wydert C.

Mol . Cah@er agepsdingto mmeﬁmknmdbtr@taralfor ExampRaly chewmical wathegrs, 401,

19992020 Bl EOEREI Sy Bt B s UL S el o,
J. Cancer 32hryri@, (€l§9®icéheRNepgeTDl), AN ekpréXidiolin &6l AR, a@0SIRNA H202
can mediate expression plasmid or viral vector, and expression in cells from a PCR-
derived siRNA expression cassette. The construct is directly transfected into
15 mammalian cells resulting in functional expression of siRNAs. A further
description regarding the siRNA technology can be obtained for example from
Reynolds et al Nature Biotechnology 22, 326, 2004 or from the Ambion web

page (http://www.ambion.com).

20  The method according to the invention can be applied on cancer cells suitable
to be used for the purpose of the present invention. The cancer cells can be
mammal cancer cells, for example mouse or human. The cancer can be
colon, breast and/or lung carcinoma. However, the cancer cells are not limited
to colon, breast and/or lung carcinoma cells. Any cancer cell showing or

25 sharing the characteristics of the colon carcinoma cells exemplified in the
present invention can be used. The cancer cells may be from a continuous
(immortal) mammalian cell line. For example, cancer breast and lung cell
lines. For example, HCT-116, DLD-1 and/or SW480. The present method
comprising inhibition or reduction of activity of AIF increases the sensitivity of

30 the treated cancer cells to cytotoxic substances, including DNA modifying



cell growth, transformati on and angi ogenesi s caused by overexpressi on of
the mtogenic oxidase Noxl (Suh Y. et. al., Nature 401, 79, 1999; Arnold
RS. et. al., PNAS 98, 5550, 2001; Arbiser et al., PNAS 99, 715, 2002). On
the other 10 hand, superoxide nmay play a role in the transformation or

mai nt enance of the nalignant state in certain nodels of carcinogenesis.
Sonme tunour cells have higher endogenous | evels of superoxide, which may
be due to their |ower expression of the2&nzyne MhSOD, a scavenger of
superoxi de (Zhao et. al., Cancer Res. 61, 6082, 2001; Cullen et. al.,
Cancer Res. 63, 1297, 2003; 15 Church SL et. al., PNAS 90, 3113, 1993;
Weydert C. et. al., Ml. Cancer Ther. 2, 361, 2003). Qher than

i t ochondr i agomBeRhdt fNekimPly, eetb‘bbmd%Olthéﬁésthn RS tBhechXPl-pitypd as
follows. In addition to the prototype NADPH oxi dase of 0 phag o%tes

(Babi or BM lyregemperoxidenangér. Hae, campapebin thqwédéyn%ca"s‘gr&mo ngl¥m | y

of oxidases Ln ?%u‘#‘%f c%ﬁsttped%{i: agﬁ@‘f#ﬁﬁi {bgth’é%éthdﬁo&‘fzth%@tpn ﬁh%\%@t

Duox1l & 2 that represen I C sources of

al., TIBS 25the4§£9ne éﬁ@@t cdvkeusetVbatng Hirpuse UGthelinBeNtiad, A&Qﬂdm@@(}ﬂ')e
Anot her oxi doreductase wth the tentlal to regul ate 25 superoxi de |I
NADPH: qun%on@r%ﬁPHWQHUE'ﬂ&é@ ngs afRethrd;for S%(F@r”@?&ﬁ@@%"égc? ’ﬁ’é’ e

cancers, and; i t ncer
Reo. 63, 5518 T5¢ATR0H oI BRI Iflehbh CORRRRITY PoatidthediiBio it of=
280, C659, 26ftlce AH-T'ramis trdatioggthe tcellabwith tat teasi mne axytotmkit:hsmtb&éanm&mour

PRAS 00, - 305881e56827om FhE 4Pk SBER Gl CREISPORte: 5L Re SDAIANESH,

however, veryhughkhy dlrégéﬁ dpéF@QTdba%hdlld? *ﬁ@@g@héecbﬂ?@bnhg EHd rfesyitd Uoerr's,
t he enrzrégr/ratlc sources an targsgts of superoxi de and H202 are unknown;

t here e bappieerigte n@ﬁr%oﬁﬂ s(tregtads kpckeyhyand/aat knackdawas Gels npy
ontror ooz Va8t ine e BRERANG, oY R BRfer B gclRles BRI

cells (Figurte dlﬂaih&):l reihltssmth th@ssolsﬁadmid wgindp celonadagcinoma.

The cancer cells treated according to the method of the invention comprising
the inhibition or reduction of activity of AlF results in suppression of malignant

15 phenotype, reversion of malignancy, increased sensitivity of cancer cells to
apoptosis, induction of apoptosis, a partial or complete loss of tumorigenicity
and/or a reduction in the growth rate.

Further, the method of the invention is capable of sensitizing the treated

cancer cells to drug or stress-induced apoptosis.

20 The present inventors have further investigated whether the absence of AlF
led to a reduction in intracellular ROS based on the in vitro activity of AIF as a

superoxide-generating enzyme.

Many tumour cells have significantly elevated levels of ROS (superoxide and
25  H,0, compared to normal untransformed cells, and there is a large body of
evidence that this increase in ROS is required for the promotion, progression
of and/or maintenance of the transformed state (Szatrowski and Nathan.
Cancer Res. 51, 794, 1991; Suh Y. et. al. Nature 401, 79, 1999; Armold RS.



for AIF in superoxide and H202 generation, and is the first such
denonstration in living cells. 10 The rel ationship between RCS | evel s and
tunorigenicity was exam ned. Lower |evels of superoxide and H202 correl ate
wi th absent or nuch reduced tunour growh in mce, as well as with the
absent or nuch reduced gromh of DLD-1 and HCT-1 16 cells in soft agar.
Thus, in conclusion, ROS (both 15 superoxi de and H202) produced by the
action of AF appears to influence the 2%norigenicity of DLD-1 and HCT-116
cells, but the nolecular targets of ROS are unknown. Accordingly, the

met hod according to the present invention for the treatnment 20 of cancer
conprising inhibiting or reducing the activity of AIF results in a

reduction of of kg IPNAS®B, I5850r 200 PANEissetobl. RERASI9Y he15200@F; B@klss.s I n

particular, the inhibition of the activity of AIF reduces the intracellular

concentr at i ofit- &, dupet-dXhusiol akrgll d?hwﬂm228%r@35?ecﬂﬂ§)t3i: Wheydert Rt ehcdll, INGOlar

producti on of qupesl de 9dbabslROZAH UIUPeRL8'RAENSEL INES. SR UGRNRRe; oe! ! S
0 25 apopt0si S, According’fo ahothér “aspect, the present Trvention

provi des a nEhhoa@t brCarver Res 8t 16082,020@ 3 Ciaurcie etpl,iRNIAg, 8edsiti3)g 93¢

intracel lul ar. concentrati on of of the cancer cells. IS superoxide
and/ or H2D2. p?ﬁgt'ré'gut%ﬂe@ﬁeo?ﬂ’i%%a%ﬁ? lﬂr& ef:ﬁ)né‘e ROt N):ﬁﬁr SJU[S\'@{%.QI. de
and/ or H202 BHACSHCRIgE Db léémfoﬁAm.u.e%mou fecs,fzﬁ)e,?Qéeéfﬁigog%%awmeaiawnam

phenot ype, reversion of malignancy, increased 'sensitivit t he cancer
cel | s t o apopelogiasythatidnsiorraatieuaodiangiagenehis caypisedtlly ovatrexpreasiparafitioal ar |

the reduction.of intracellul ar o ntratipn, of upgr gxi.de ,and/ H202 in

cancer cel | s”]'ﬁ?@ﬁ@@soﬂﬁ%iﬁ E@?‘g(%féﬁffh%tr ,aiaglaﬁ"g @n?@qaéhgép‘m&g ﬁ%s' &

reduction of gj NPNASEDS Ub5E0, CRUTEIE bkt @b aff PRNZEDOXT ¢S, 2601/ On t0sthet he

treated cancer cells may show a partial or cor’%l ete loss of tunori genl city
g

and/ or al@ edbard.csneioxide naavRtay @ sele.in e treRgienmpden ar seaiptep@nge$f dheret hod
conpristng r ﬁ%‘ﬁﬁhglgt étgf‘e |nn5éﬁéiﬁlrhb'éé15 of carcinogenesis. Some tumour cells have

higher endogenous levels of superoxide, which may be due to their lower
expression of the enzyme MnSOD, a scavenger of superoxide (Zhao et. al.,
Cancer Res. 61, 6082, 2001; Cullen et. al.,, Cancer Res. 63, 1297, 2003;

15 Church SL et. al., PNAS 90, 3113, 1993; Weydert C. et. al., Mol. Cancer Ther.
2, 361, 2003).

Other than mitochondrial respiration (Figure 14), sources of ROS can be
explained as follows. In addition to the prototype NADPH oxidase of
20 phagocytes (Babior BM, Curr. Opin. Immunol. 16, 42, 2004), there is a
growing family of oxidases in addition to AlF including Nox1, Nox2, Nox3,
Nox4, Noxb, Duox1 & 2 that could represent enzymatic sources of ROS
(Lambeth JD et. al., TIBS 25, 459, 2000; Bokoch GM and Knaus UG, TIBS
28, 502, 2003). Another oxidoreductase with the potential to regulate
25 superoxide is NADPH:quinone oxidoreductase (NQO1), which is
overexpressed in some cancers, and has been implicated in carcinogenesis
(Cullen et. al., Cancer Res. 63, 5513, 2003; Brar S. S. et. al., Am. J. Physiol.
Cell Physiol. 280, C659, 2001), perhaps through its ability to interact with the
tumour suppresser p53 (Asher G et. al., PNAS 98, 1188, 2001; Asher G. et.
30 al., PNAS 99, 3099, 2002). The link between NQO1 and carcinogenesis is,



concentration of superoxide and/or H202 in cancer cells by adm nistering
ROS 10 scavengers including Mi-SOD mnetics such as EUK-8 (Cl6H14CI MiN2Q2)
(Cal bi ochem) and EUK-134 (Sharpe M A and others, 2002, Bi ochem cal

Soci ety, page 98); manganese porphyrins such as MiTMPyP (C44H36CI 5MNG) ,
MTM 2- PyP (C44H36C 5MING), MnTE- 2- PyP  ( C44H36CI 5MING) (exanpl es of the
manganese por phyrins obtained from 15 Cal bi ochem). The structural

i nformati on about the Mi-SOD minetics andd nanganese porphyrins is shown in
Table 1. 20 25 32 Table 1: Structural Information about M-SOD mnetics
and manganese porphyrins Commercial Chem cal Ml ecul ar Wi ght Reference
Nane Nane/ Structure ,~..Brandier C et al. EUK-8 Ifrnl d 374.7 J. Vasc.

Res. C X 0hdWR&Ver, $é Qeak=h idhbyAant to Mco@‘i@éﬁﬁaﬂn glimary fldfodrd4eheor -
2002 Bi ochem J. 6:97-107 X = [1)tetrakis(1- | zbi cka E. et

al . thwam@gmatuww@neﬁrand targets. @f &moxnéﬁn@r@i Hoplerdrgctnigiavis thees |
59: 634 \el@! Ma%,rgaesgne gﬁﬁ‘ldﬁ'y%cn'd?@@é'.l e |l., tetrakis(Nnethyl- 2002, Mt hods

5 Using assays that measures mainly superoxide or mainly H,O,, the present
inventors found that superoxide and/or H>O, levels were significantly lower in
both DLD-1 and HCT-116 cells (Figures 15-18). This is consistent with a role
for AIF in superoxide and H,O, generation, and is the first such demonstration
in living cells.

10
The relationship between ROS levels and tumorigenicity was examined.
Lower levels of superoxide and H,O, correlate with absent or much reduced
tumour growth in mice, as well as with the absent or much reduced growth of
DLD-1 and HCT-116 cells in soft agar. Thus, in conclusion, ROS (both

15  superoxide and H»O,) produced by the action of AlF appears to influence the
tumorigenicity of DLD-1 and HCT-116 cells, but the molecular targets of ROS
are unknown.

Accordingly, the method according to the present invention for the treatment
20  of cancer comprising inhibiting or reducing the activity of AlF results in a
reduction of the intracellular production of ROS in the cancer cells. In
particular, the inhibition of the activity of AIF reduces the intracellular
concentration of superoxide and/or H.O,. The reduction of intracellular
production of superoxide and/or H,O; induces or sensitises the cancer cells to

25 apoptosis.

According to another aspect, the present invention provides a method for the
treatment of cancer comprising reducing the intracellular concentration of
ROS of the cancer cells. ROS is superoxide and/or H,O,. The reduction of

intracellular concentration of superoxide and/or H;O, in cancer cells may



MTM 2- PyP 2- 909.0 Enzynol. pyridyl)porphyrin 349:223 pentachl oride
Mh(I'l1)meso- Batinic-Haberle I., tetrakis(Nethyl-2- 2002, Methods MhTE 2
PyP pyridyl) porphyrin 965.1 Enzynol. pentachloride 349:223 The cancer
cells may be treated either in vitro or in vivo. The cancer cells may 5 be
manmal cancer cells. For exanple, nouse or human cancer cells. In
particular, the cancer is colon carcinoma. 33 According to another aspect,
the invention provides an isol ated apoptdki s- inducing factor (AIF)
knockout and/or knockdown carcinoma cell, wherein the knockout and/or
knockdown cel |l shows suppression of malignant phenotype, reversion of

mal i gnancy and/or increased sensitivity of cancer cells to 5 apoptosis

conmpared to ida@ltvinl thet .\Xm?)r@‘ébibn Jﬁmahgﬁ@ﬂﬁoyﬁem}/ﬁé, FERerdien RifeRali¢thney,
according to any standard technol ogy, for exanple, by knocking out the aif

gene by honpinsiRAsSdrsansithyityaf itios Carerygelioip apeptosisr@pdirsy rashicipe pratha

Dy il caksriciels n cpeplcsiomgydirsnrasbicie
aprosst on of o EAR ARNRRPURR, 1AY relet it R SR BoMdifeltP, of by 10

adm ni st er i nguperoridst andfor adsDorin vearicer aatispindates dpuptessisiuCachsr, SEQ4d D
NCS: 13 and 15, or b adng' r\%steri&g thg ,SGQUﬁE‘%S SEQ I D NO 14 and 16 The
cel | may be SOMaMENCeeP the irRduction, of dniac nCeRFNtrationy af SUPGIaxide ¢ he
cell is a co j,n . / I t he
hvent; on shons Canzost e uedled oatr 3R A SOV o hakBp Bl B8 eede and
subst ances. meeiganigtyyand/aea reductioniiothe grawtbsatee one ore nore knockout
and/ or knockdown cells, in particular knockout and/or knockdown cancer

Ce 1 e CPh8 RS S AnBafE bORERSEE et PR o
cell's to cyt obmeentratiohsif snpesoxidurand/sr RgOstimpastdtaells by administering ROS
10  scavengers including Mn-SOD mimetics such as EUK-8 (C1sH14CIMNnN,O5)
(Calbiochem) and EUK-134 (Sharpe M.A. and others, 2002, Biochemical
Society, page 98); manganese porphyrins such as MnTMPyP
(C44H36ClsMnNg), MnTM-2-PyP (C44H36CIsMnNGg), MnTE-2-PyP
(C44H36ClsMnNg) (examples of the manganese porphyrins obtained from
15 Calbiochem). The structural information about the Mn-SOD mimetics and

manganese porphyrins is shown in Table 1.

20

25



20 trichostatin A, canptothecin,
conpared to the wild type cell.
an intracellular concentration
A non-limting exanple of the

t-butyl hydrogen peroxi de and/or H202,

The knockout and/or knockdown cell may show
of peroxide |ower than the wild type cell
knockout and/or knockdown cells according to

the invention includes elf 25 knockout and/or
knockdown cel |

and/ or SWAS8
34 The aif

known in the state of the art by a skilled person.
knockdown cel |

prepared by

0. In particula
knockdown cel |

si RNA. The kn

r, the

knockdown DLD-1, HCT-1 16
is aif knockdown in SW8O0.

of SWI80 is p32pared by any standard techni que

ockout and/ or

In particular,
shows suppressi on of

it

is

mal i gnant 5 phenotype, reversion of malignancy and/or increased
sensitivity phbRaNCSfructifiall Infodniitii 8566t MCSODI hilthdtisPand mhavegarmsdeect |
the inventiopg ifes a use for the knockout cells nade according to the

nmet hod of the preésent invention, wherein the knockout cells are inplanted
in an ani maf; Imhe%idUr DOSESCREMSEaI0 T esting 10 _and/ of drug_screeni ng.
For exanpl e fto:r%,\]g;g?pur pOis en&rhe Beiuaturas e Valeculas Y¥eiobt | conRefgrenee dr up
testing and/or drug screening. Any knockqut cells prepared according o
the inventipn may be inplanted on the anijmal. In partic¢ular, aif Knockout
carci noma cplon, breast, and lung cell or] cell line. Foin exanple, al/f
knockout ce|l lines HCT-116, DLD- and/ ar SWI80 prepared 15 according|to
the inventipn can be used. : nockout cells td3rbadier fplehat.ed on
the animal |s noEUK-Bited i ed kBo6ékout cel |J. \asc. Rear,ci poma
cell showi ng the characteri arcinoma cell or c&d7,Bym®
according tp the invention ed. Accordingly, the invention
provi des a pon-human ani nal g{j %I ch ijs inplanted wi th the knockout | 20
cells made pccording to any enb nt ofl the present invention for the
pur pose of grug-screeni-ng-and/or—drugtegting—nparticular—theaninpl
nodel of the invention nay be used as nggative control |[in order to scfeen,
test or :
Martyne A
m Sharpe et al.,
EUK-134 ) - 2002, Biochem.
J., 366:97-107
X =0CH3;
Mn(llUtotrakls(1- Izbicka E. et al.,
MnTMPyP . y . 909.0 1999, Cancer
pyridyl)porphyrin R _
. es., 59:634
pentachloride
Mn(lll)meso- -~
tetrakis(N-methyl- nggg '-IMae?ﬁggsl"
MnTM-2-PyP 2- 909.0 E '
, , nzymol.
pyridyl)porphyrin 349293
pentachloride :
Mn(lll)meso- Batinic-Haberle .,
tetrakis(N-ethyl-2- 2002, Methods
MnTE-2-PyP pyridyl)porphyrin 965.1 Enzymol.
pentachloride 349:223

The cancer cells may be treated either in vitro or in vivo. The cancer cells may

be mammal cancer cells. For example, mouse or human cancer cells. in

particular, the cancer is colon carcinoma.



di scover drugs which may show suppression of malignant phenotype,

reversion of malignancy, increased sensitivity of cancer cells to
apoptosis, 25 and/or a reduction in the growh rate. The ani nal nodel of
the invention may be a mammal, for exanple a nouse or rat. Further, the
non- human ani mal nodel may al so be inplanted with a knockdown cell nmade
according to any enbodi nent of the present invention. 35 The invention
further provides a use of the knockout c&|s prepared by any nethod of the
present invention. The knockout cells are inplanted in a non- hunman ani nal
for the purpose of drug testing and/or drug screening. In particular, as
negative control. This is carried out by any suitable nethod 5 known in the

art. For exanptsdingstcs RAvhdrnasiitict atheeinveati®t prbvidedadri ighlatBi ohesositogy,
2001, 19:940-945 (herein incorporated as reference) or described Torrance

et al., in ViodogingZzeR? (AHarkaskpricanglor kneekdsyvn eatcécsne ell, wheraibthehuman

animal may b fL.or I r e P i al are
fested by adiukeREAT " HosRdamR oy RiorrEss of raAT et ar PhiSPRe
reis:JI ts wt hrefjvb%imogkonalig]ﬁriﬁy andani mkeaaediels?hmﬁmw@fd Cawbéllh dqﬂelgtcou;
cells prepared according to the invention Non-limtin exanples o i
knockout el RRORIPSISIgEMPArEd4a dhewilgitype celhcldis: ooyt Cgliﬁemaiy RiSPEF %l so
provi des an i d i 1 t e i ogikout
cells of theéﬁgﬁnﬁk}tg?%nsh%g%@rgﬁtg ?mﬂgggbfgt?t%h]ﬁ"e?)ﬁggbgfﬁn?héemitﬁ\eeﬁ,t(i on
conpri ses tregané by lwanelegous eétambimation.oKnockdowri celts nmypalssibegprepared

adm nistering to . the cancer cells a dru a onpound or ,a sybst.ance or
Select s vel y FRATENES A8 Gy stay treriiaddy; & aranmig, hagIFHES  Bihpound
or subst anceeif@wbiohroft i aiftmRNA By RRRI @sf @ssdrived Merenh patibodr,Mgy be
used. 20 Accordingly, the invention is also addressed to the screening

and/ or 1Henadminigierioa afcopatidstdand/onmegtor eunpidsindshersenuescancesQclbabl e
toinhibit ~Qind.eauss "1B,eﬁﬁg)&'é’drﬁil}ﬁhsg%rier@j&fgé&&?érﬁdeggsé& B'NGI8Cshg 18! €PS

to generate and ‘assay suUc can
The cell may be a mammal cell, like a mouse or human cell. In particular, the

cell is a colon carcinoma cell.

The knockout and/or knockdown cell of the invention shows an increased

15 sensitivity to some drugs, compounds and substances. Accordingly, the
invention relates to one ore more knockout and/or knockdown cells, in
particular knockout and/or knockdown cancer cells like colon, breast and/or
lung carcinoma cells, wherein the inhibition of AIF is capable of increasing the
sensitivity of the treated cells to cytotoxic substances comprising etoposide,

20 trichostatin A, camptothecin, t-butyl hydrogen peroxide and/or H,O,
compared to the wild type cell.

The knockout and/or knockdown cell may show an intracellular concentration
of peroxide lower than the wild type cell. A non-limiting example of the
knockout and/or knockdown cells according to the invention includes aif

25  knockout and/or knockdown DLD-1, HCT-116 and/or SW480. In particular, the
knockdown cell is aif knockdown in SW480.



conpound or substance conprises: the purification of reconbi nant Al F and

25 an in vitro assay for NADH oxi dase activity; screen for or design a
selective inhibitor of AIF, assay the candi date drug, conpound or substance
for its ability to induce apoptosis of colon carcinoma cells, block the
formation of 36 tunour cell colonies in soft agar, and inhibit the growth
of colon carcinoma cells. The crystal structure of the AlF pol ypeptide has
been described in WO 5 03/089465 (herei®incorporated by reference).
Accordi ngly, the design of a candidate drug, conpound or substance can be
done by following the instructions and information disclosed in WO

03/ 089465 and further selecting or identifying a candidate drug, conpound
or subst anceTgap#PkRobkddWmBeNdoPSWASRG ipieparetinbPdny standassttesitiqud F
domain, or wth a portion of AIF, and 10 capable of inhibiting or reducing
t he bi ol ogi clknowain the statg oithe arAdy & shilles! persant Ly pavdieulas,gkist prepaeedde\ug,
conpound or g#9®&ance candi date can be selected from known drugs,
conpounds and substances. Accordingly, the invention provides a nethod for
screening and/or identifying a candidate 15 drug capable of inhibiting or
reduci ng t heThet knotkoubf anghmpt &roskdawducieally shawtsorsupprédsijon nofc analemnaoel | s
conpri si ng: Eﬁ% @Fninisterjng F dru% candi date.to cancer .%:e.kls,f and §b)
det er mi nihg NOIPE fSVESFIonhel MalignanyiY Y {nereaRahsENdHVIRe @l CENCal F
activity in gancefassibsis. The method may further conprise (c) conparing

the ability of the drug candidate to inhibit or reduce AIF activity in
cancer cells 20 to the reduced or inhibited AIF activity of the cel

accor di ng t oAgagrdinchioai fether espedte the dvention mrevidesm upe dof Henkneakodhot her
aspect, the jpvent] [ - d i / ' i fying
a candi date E?%bﬂ%%%28F§$@$%f%%ﬁB?Hﬁﬁgggnaig%B?@%%%ﬁHgg?wgﬂﬂa@@?ﬁﬁf3ﬁ%f
apopt osi s- i nénockout foadis care (iApfanted inaanc anincall lfer thenpuipsiseg: of(@rug2esting
adninistering a dr&%gcandidate o cancer cells, and (b) determning the

abi lity 1of BRE/OHrdyoc SRS FO @iyt Y TR rEBPS&I & PEBIGC &9EF 8% on of
ROS. For  exgaphRe tBRUOELNALS BRI 8RR IRLE Str88hihge ARR kidokott defie drug

candi dat e
prepared according to the invention may be implanted on the animal. In

particular, aif knockout carcinoma colon, breast, and lung cell or cell line. For
example, aif knockout cell lines HCT-116, DLD-1, and/or SW480 prepared
15 according to the invention can be used. However, the knockout cells to be
implanted on the animal is not limited to the exemplified knockout cell. Any
carcinoma cell showing the characteristics of any carcinoma cell or cell line
according to the invention may be implanted. Accordingly, the invention
provides a non-human animal model which is implanted with the knockout
20 cells made according to any embodiment of the present invention for the
purpose of drug screening and/or drug testing. In particular, the animal model
of the invention may be used as negative control in order to screen, test or
discover drugs which may show suppression of malignant phenotype,
reversion of malignancy, increased sensitivity of cancer cells to apoptosis,
25 and/or a reduction in the growth rate. The animal model of the invention may
be a mammal, for example a mouse or rat. Further, the non-human animal
model may also be implanted with a knockdown cell made according to any

embodiment of the present invention.



to reduce the intracellular concentration of superoxide and/or H202.
Further, the nmethod nmay conprise (c) conparing the ability of the drug
candidate to 37 reduce the intracellular concentration of superoxide

and/ or H202 to the reduced intracellular concentration of the cell of any
enbodi nent of the invention. According to a further aspect, the invention
relates to a nethod for screening 5 and/or identifying a candi date drug
capabl e of inhibiting or reducing the a8%ivity of apoptosis-inducing
factor (AIF) in cancer cells conprising: (a) admnistering a drug

candi date to cancer cells, and (b) determning the ability of the drug
candi date to suppress the malignant phenotype, reverse the nmalignancy

and/ or i ncre@re ihventRANfrthiey igryvides GROSEof aRé | hocRo@PedlisOpigpardd &ylényret hod
may further conprise (c) corrparln% the ability of the drug candidate to
P

suppr ess t hemeiiodyrhifie prasest ypeentipay &heknoskowets!ignalieciniadiedr ini hopBase
th i tivj f t OS] | of | on,
SN 1 ke a6 ke APOR B0k i 0, B

reversi on an i ncreased sen he ce a t of the

i nvention. lpaicalardesogndégatasotdreroladecis chiried bueblyi any rseitables niethed
met hod for screeni.ng

and/ identifying a candi date dr capabl e of
bt bi t1 g oRNOGALIB: S e FO5CPRTRIG, B SRR 081 LOTRRR g’ PhlorNgHIF) i n
cancer cel | SBRQQMHO?%W 208), Asloh _Q%Gr(hé‘r%%rﬁ eiﬁewo%ee' %gt PefePerf@)CEF

cells, and (b) determining the ability ‘o drug candi date to 1 hduce

apopt osi s. 20eg@eddiTyransearait labr iasp¥or ,03/02763% eferein irdasperated by
nmet hod for screenin and/or, identifying a ,candidate drug capaple o

"ohi b1 i ng ol FENGERnE AR nikDFy iyl el 5 Bor SRt ng A RBROR BAPE) i n
cancer cel | snrRBr PotdMdial dRlgs afMidetsd BY iddniBistiring Hnditsld3bRcéOcsIRNGRT
cells, and (b) determning the ability of the drug candi date to increases

t he sensiQi vifep eamparng theatasylts avietheciknackovbeells efyarimatineodal hap

conprising e 0%l ri S i , Ci = I It

per oxi de and oﬁ 3\1%9(0& cccgpgi kgéédgeé\ Sggﬁaﬁzﬁ gl‘ra a@%e?ﬂve@ﬁhé e@%gélﬂgﬁﬁ(}? t he

drug candi datraraplesi ofedif knockout cells are HCT-116 and/or DLD-1. Accordingly, the
invention also provides an animal model implanted with at least one of the aif

knockout cells of the invention.

15 As mentioned above the method of the invention comprises treating cancer
cells in vivo or in vitro comprising administering to the cancer cells a drug, a
compound or a substance or selectively inhibiting or reducing the activity of
AlF. Any drug, compound or substance known in the art and suitable for the

present method may be used.

20  Accordingly, the invention is also addressed to the screening and/or
identification of candidate drugs, compounds or substances capable to inhibit

or reduce the activity of AlF.

According to one aspect, steps to generate and assay such a candidate drug,
compound or substance comprises: the purification of recombinant AIF and
25 an in vitro assay for NADH oxidase activity; screen for or design a selective
inhibitor of AIF; assay the candidate drug, compound or substance for its
ability to induce apoptosis of colon carcinoma cells, block the formation of



with the step (b) are conpared in the step (c) to a negative control 38
represented by aif knockout cells or on cells treated according to any
enbodi ment of the invention for reducing the activity of AIF. According to
a nore particular aspect, the negative control is represented by aif '
knockout cells or the cells treated according to the invention inplanted
on a non-human 5 ani mal nodel for drug screening, as nentioned above. The

ai f knockout cell inplanted on the anin® may be col on, breast and/or |ung
carcinoma cell or cell line. For exanmple, aif knock out HCT-116, DLD-1
and/or SW80 cell(s) or <cell line(s). The non-human ani mal nodel nmay be a

mammal , for exanple a nouse or rat. 10 The invention further provides a

phar naceut i CRIMGANBSIB coloBRsCIPNBHTt igAE A inHIbIE kifd ¢réwindofrebRAUE S cRonidne
i nvention. The pharmaceutical conposition is wuseful for inhibiting,

del ayi ng or ¢@l[fressing the expression of aif gene and/or aif mRNA or for
inhibiting or reducing the biological activity of AIF. Mdre in particular,
t he pharnaceutical conposition is useful for treating cancer, for 15

exanpl e col oMheacrysiab nstructureany tiod hRlIF pahgpeptidei hadlbeenn deberibveet odNg t he

invention, Accordingly, a pharnmaceutical conposition conprising.a drug,
compound. or DSRBSHEA Beesn InraParabh DI PRICE). ASGIEA (e SHaog i
activity of iHStaWidt-dh N p r Nhal ty d ,
conpound or %@%?itﬁcg?%nC%Qﬁg?ﬁgeﬁregg,u%e eoc%t gaﬁo?eigee‘ﬁ?i!??ggng\gmgeiﬁi bed
20 above. | ninstuciiend and infoemative disclosegdrio W Be@3/a88465 madduttheabelecting

conposition _conptlsing at |east one nucleic acid, nol ecul e conplepentary or
which- hybr i F SENHtyIg d cang| s drig oMRRHNE HagH AT 6% CRRARIS RE RSN 1
NO 1 or SEQédEtih@\ﬁit}ﬁ)_fAlﬁ, feﬂd@ﬁ?lﬂbnéh@lﬁ@&nfaﬁﬁ]%ﬁ@ﬁtheécﬁ&ti&%fl PIF‘\,Qﬂd and
SEQ ID NG 3 representing the nouse and human all gene, respectively). In

25 parti £l afapaiie ohHivbiERS of reddcinghsddploging! aslifityidfedFa nucl ei ¢ aci d

nol ecule is 18-30, 18-25, or 19-23 nucl eotides, conplenentary or which
hybridise to a nucleic acid nolecul e having the sequence of SEQ ID NO 1 or
SEQID NO3 or a fragnment thereof. In particular, the pharnmaceutical
conposi ti on Acogrdirge$o a further aspect, the drug, compound or substance candidate

can be selected from known drugs, compounds and substances. Accordingly,
the invention provides a method for screening and/or identifying a candidate

15 drug capable of inhibiting or reducing the activity of apoptosis-inducing factor
(AlIF) in cancer cells comprising: (a) administering a drug candidate to cancer
cells, and (b) determining the ability of the drug candidate to inhibit or reduce
AlF activity in cancer cells. The method may further comprise (c) comparing
the ability of the drug candidate to inhibit or reduce AIF activity in cancer cells

20 to the reduced or inhibited AIF activity of the cell according to any
embodiment of the present invention.

According to another aspect, the invention relates to a method for screening
and/or identifying a candidate drug capable of inhibiting and/or reducing the
activity of apoptosis-inducing factor (AIF) in cancer cells comprising: (a)
25 administering a drug candidate to cancer cells, and (b) determining the ability
of the drug candidate to reduce the intracellular concentration of ROS. For
example, the method comprises determining the ability of the drug candidate
to reduce the intracellular concentration of superoxide and/or H,O,. Further,

the method may comprise (c) comparing the ability of the drug candidate to



39 at least one nucleic acid nolecule which is conplenentary to the aif
gene and have the sequence of SEQ ID NOS: 13, 14, 15 and/or 16. The
invention also relates to the use of the nucleic acid nolecule of the 5
invention for the preparation of a pharmaceutical conposition for use in

t herapy. The conposition is for inhibiting or reducing the activity of AF
and/or for inhibiting, delaying or repressing the expression of aif gene
or aif MRNA. More in particular, the us& is for suppressing malignant
phenotype, reversion of malignancy, increased sensitivity of cancer cells
to apoptosis, induction of 10 apoptosis, partial or conplete | oss of
tunorigenicity and/or sensitizing the treated cancer cells to drug or

st ress- i nducediusRoHeP ShaceNumrhebnésietionolof t igHdroxigat bRf/or SHaOEbhask of
adm nistering a drug according to any enbodi nent of the g‘;esent i nvention

to a non- huni@dugad nitracellula senesatratioic &f thedcelb afhany sembediment ofr & ed
ani mal as anin@?hi for drug 15 testing and/or screening. The ani mal nodel
may be a manmal, T0r exanple a rat or nouse. Tissue culture cell-based
screening for anti-cancer drugs has been used for decades. However, a
per si st ent pAotbrdimgnict & fisrtivdr asgldct,lthe énverticaeneiaigs ko esmethodt foe snegeamirgy of

e Sont 8L SEAE RGN S ek BB henlehy o
cel | types " s et ORISR TREST ANEF)I RN IARCEY dak é‘drﬁbh@ihégr(gz 4o

not exhibit growh properties conparable to those of the tunors. ' these
and ot her readmitdsteringiasdiiof ¢garslidatetto cascer eglise anwddbhdetarminidg dlge akiliéy

et HHES 3956 L Bl e A SO b o BB e
devel oped bymaligh#gicanéfor ahcreasddhdespsitibrg of tanBeP3L02 T6 3Rdoptsdk. The
corresponding US patent application No. US 2003/0069256, both of them

herei n_ i Htor peiadmayyfurther epeteisp. (chgomparie dhaghildy £ the diey casgidete t he
invention refalies Lo thePMaligfintiflendtype, reverse the malignancy and/or increase

the sensitivity of cancer cells to apoptosis to the level of suppression,
reversion and/or increased sensitivity of the cell of any embodiment of the

invention.

15 According to another aspect, the invention relates to a method for screening
and/or identifying a candidate drug capable of inhibiting or reducing the
activity of apoptosis-inducing factor (AIF) in cancer cells comprising: (a)
administering a drug candidate to cancer cells, and (b) determining the ability

of the drug candidate to induce apoptosis.

20  According to another aspect, the invention relates to a method for screening
and/or identifying a candidate drug capable of inhibiting or reducing the
activity of apoptosis-inducing factor (AlIF) in cancer cells comprising: (a)
administering a drug candidate to cancer cells, and (b) determining the ability
of the drug candidate to increases the sensitivity of the treated cancer cells to

25 cytotoxic substances comprising etoposide, trichostatin A, camptothecin, t-

butyl hydrogen peroxide and/or H;Ox.

According to a particular aspect, the effects of the drug candidate obtained

with the step (b) are compared in the step (¢) to a negative control



conprising: a first cell; and a second cell, wherein the first cell and the
second cell are isogenic but for: a aif gene and a gene encodi ng a
fluorescent protein; wherein the first cell conprises a gene that encodes
a first fluorescent protein 5 having a first absorption spectrumand a
first em ssion spectrum wherein the second cell conprises a gene that
encodes a second fluorescent protein having a second absorption spectrum
and a second emni ssion spectrum and whe3&in either: the first and second
absorption spectra are not identical; and/or the first and second em ssion
spectra are not identical. In particular, 10 the first and second
absorption spectra are not identical and the first and second em ssion

spectra are pofreddtsdi bl aif IhoeROLT €dligror bhe cemapsated! hscartimg td ommya
continuous (imortal) mammalian cell line. In particular, the “continuous

(imortal) nembafinentcef| thelinwention for meducingtoe agtivityl 06 AlFtheAacerding to a

"I sogenic e e g‘elﬂﬁ:}ﬁ:

genone, V\her'zl?)rrlét d|1’$r§ SB&# th%%ﬁéﬁ‘(%%&b@ﬁ (%’L%Pré?ﬁe se?@gg ce Por t he

\fmseﬂcehof té@lsacbr’fthgemﬂﬁ tri'aaltéfmet:coru_h@ tbetgmuia\mglennmpédrﬁed ioncd udﬁ&lumarel Ih in
ich the actiyv t he ai ene.i s reduce ul ar, the

first cell @& ée'l%‘ﬁbék‘&;ﬁ E QA %@@RM@ENN oTh%ﬁ’ PrBﬁ solt ed

wi th the aifi,RoEKAH tﬁég%ﬁﬁalkmgykﬁ@woﬁeb}e SRRdIPENg e ERERE BRI i an

tunor cells that can be naintained In a c ture can be transfected and

used to genecdalt inea F(If&é)danvple,haiébemlf ot ijeiet 16 RILD-drand/onSWAkceli(ssor and
second cells cells, for anpl human, use or_rat

col Lo I pardl Lntay T Bopitiny afimelShofl SRRy i, AUBRT mplaR g rexeap e
knockdown capgiugemrael | according to the invention. Any carcinoma pair of
cell can be used, in particular, colon, breast and lung cancer cells. For
exanpl e, the_pair of cells are HCT-116, DLD-1 cells or SW80. The first and
second flmorégéérhverﬁmtfénmhgr PEQVides @h%@rmaqe@ﬂp@lh@orgpeﬁﬁoecﬁ%nrytslngg thg 41
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aif mRNA or for inhibiting or reducing the biological activity of AIF. More in

particular, the pharmaceutical composition is useful for treating cancer, for

15 example colon carcinoma, or any other cancer suitable in the method of the

invention. Accordingly, a pharmaceutical composition comprising a drug,

compound, or substance capable of inhibiting or reducing the biological

activity of AIF is within the scope of the present invention. The drug,

compound or substance can be screened, selected or identified as described

20 above. In particular, the invention provides a pharmaceutical composition

comprising at least one nucleic acid molecule complementary or which

hybridise to a nucleic acid molecule having the sequence of SEQ ID NO:1 or

SEQ ID NO:3 or a fragment thereof (the sequences SEQ ID NO:1 and SEQ

ID NO:3 representing the mouse and human aif gene, respectively). In

25  particular, the pharmaceutical composition comprises a nucleic acid molecule

is 18-30, 18-25, or 19-23 nucleotides, complementary or which hybridise to a

nucleic acid molecule having the sequence of SEQ ID NO:1 or SEQ ID NO:3

or a fragment thereof. In particular, the pharmaceutical composition comprises



5 pair of cells, conprising the steps of: genetically nodifying a first

cell to make an aif knockout and/or knockdown cell, which is isogenic with
a second cell but for a the aif gene; transfecting the first cell with a
first gene that encodes a first fluorescent protein having a first
absorption spectrumand a first em ssion spectrum and transfecting the
second cell with a second gene that encodes a 10 second fluorescent protein
havi ng a second absorption spectrum and 3 second em ssion spectrum
wherein either the first and second absorption spectra are not identi cal
and/or the first and second em ssion spectra are not identical. In
particular, the first and second absorption spectra are not identical and

wherein the B re%fst@ﬁ@naél%ﬁlﬁém@%élébl@l@ PR i orApRmitafyd®thb Gt genEhgnd i 1 st
15 cell accordl ng to the present nethod is an alif knocKout and/ or knockdown

cancer cell sequaneedd g QADiNMeS; Adett.i YnandeedBdi ng to anot her
aspect, the |nvent| on provides a nethod of identifying a test conpound as
selectively affecting a gene of interest (which is the aif 20 gene) or its
expression protein (AIF) conprising the steps of: culturing a first and
second cell, wherein the first and second cells are isogenic but for the

ai f gene andhe igeeetiematsti nglates taidhesmsendf phetreickeic vawid enalechie bf itise ceI I

conprises_a first gene fhat encodes first fluo cent tein havin
(st absor BUEBHOL JBEPEPIREEIT CLr SHECTRGHOLSA CEnIRDSERG RRer i1t he
second 25 celersO\TPrHe 88mposEiBANS fEaRRIbitAaloraRaneiRg the TREARHf AHOARSBENT
protein having a second absorption spectrum and a second €eni ssion

spectrum  whdrieniRiting; sletaying: of represaing the cxpiesaieid ppaifgenspercail sRNA. not

contact i ng-t NTFi1? PERIGHA ol Bite SE AR AE PalBRERE B BhchyBl i BRI o

i dentifying bhedligahneninoeaded sedbitivity etbaneérycarsft@capdmotsnbemuf:n@er@e or
its expression grotel nif the growth rate of 42 the first cell is

al tered W thaPeRipsts: Rastialhar geawRiter lgse O tumeriganigiyaapdiar. sen@'ttzméfﬂ@vel Y,
criteria fory r%QfHaaéén%%?c% §%¢§§Wsﬁé§§ ihGSleLopRAEd, My cause in the

cancer cell suppression nant phenotype, reversion of malignancy,
i ncreased sensitivity of the cancer cells to apoptosis, induction to
Another aspect of the invention is a method of administering a drug according

to any embodiment of the present invention to a non-human animal to
suppress cancer and to the use of that treated animal as an animal for drug
15 testing and/or screening. The animal model may be a mammal, for example a

rat or mouse.

Tissue culture cell-based screening for anti-cancer drugs has been used for
decades. However, a persistent problem with such cell-based screening lies
in the nature of the control cells. Many compounds are toxic to cancer cells,
20  but most are also toxic to all growing cells. Normal cells corresponding to the
cell types represented by common tumors are generally not available or do
not exhibit growth properties comparable to those of the tumors. For these
and other reasons, it is difficult to determine whether the drugs are targeting
tumor-specific molecules. Many strategies have been employed to overcome
25 this problem. A particular general methodology has been developed by
Torrance et al.,, and described in WO 03/027632 (and corresponding US
patent application No. US 2003/0069256, both of them herein incorporated by

reference).



5 apoptosis, and/or a reduction in the growmh rate. The first cel

according to the present nethod is a knockout and/or knockdown aif cancer
cell prepared according to the invention. The first and second cells may
be co-cultured. In particular, an equal nunber of the first and second
cells may be cultured. In particular, the first and second absorption
spectra are not identical and the 10 first and second em ssion spectra are
not identical. More in particular, the #0uorescent proteins nay be
detected using fluorescence mcroscopy to assess growh rate. According to
a particular exanple, the fluorescent proteins are detected using

hi gh-t hroughput fl uorescence spectroscopy to assess growh rate. However,

other criterjpgcaliigdbcat asths! ewp ks hventidh His@s Theafpaiptofaidisecond
fluorescent protein may be selected fromthe group consisti nghof green

f1 uorescent PPHPESIAY: pdigstiaallopad @esrcopsieli wherginghe firshoeb epdribe seeenrd n,
| fl - i d o ' i 1af
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fluorescent protein_that hay, been nodified to alter .the absgrbance and
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111: 229- 33, A8 thdarét and BRebAE keAssidA dPetrabirel not RidnEedi: fn phPRRarM tel i
& Spector, Nature Biotechnol., 15:961, 43 1997; Heim et al., Nature
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The term "isogenic," as it is used here, refers to the cell's own endogenous

15 genome, wherein the first cell is distinguished by the second cell for the
absence of the aif gene. Further, the term isogenic also includes a cell in
which the activity of the aif gene is reduced by RNAI. In particular, the first cell
is an aif knockout and/or knockdown cell or animal implanted with the aif
knockout and/or knockdown cell. Any type of cancer mammalian tumor cells

20  that can be maintained in a culture can be transfected and used to generate a
cell with specific genetic alterations.

The first and second cells may be mammalian cells, for example, human,
mouse or rat cells. In particular, the first cell is an aif knockout and/or
25  knockdown carcinoma cell according to the invention. Any carcinoma pair of
cell can be used, in particular, colon, breast and lung cancer cells. For
example, the pair of cells are HCT-116, DLD-1 cells or SW480. The first and

second fluorescent proteins may be chosen from the group consisting of



protein (390 nm absorption/510 nm em ssion) (O ontech Living Col ors. RTM
User Manual, August 2000). The gene nay be integrated in the genone, or
nore preferably, on an 10 expression vector. Any expression vector
encodi ng a protein capable of detection by fluorescence spectroscopy is
contenpl ated. Useful fluorescent protein vectors include, but are not
limted to pGFPt pz-cnmv and pGFPsph- cmv (Packard Instrument Co.) as well as
pGFP, pEGFP, pEBFP, pEYFP, PpECFP, and p#REGFP (Cl onetech Laboratori es,
Inc.). Expression vectors 15 may be further nodified to include selectable
mar kers, such as antibiotic resistance genes. Preferably progeny of a
single transfection will exhibit wuniformfluorescent protein expression.

An appropri agree?X PUGRESCONt YAStERY redoMictesGerit ofas CBRR Hu6te8BBAL Brdtéih, t he
transcription and translation of the inserted coding sequence in a given

cel | type. Meliyadugieseantproteial ankavahilpereseentiysieinkilled in the art can
be used to construct expression vectors containing sequences encodi ng
fluorescent proteins and appropriate transcriptional and translational
control el emdotsrdirfgutd at fecther aspecirtee inlesitionbEdyidiesra exethpt egf makiBgrdr ook
et al., | ecul ar, oning: .A Laboratory Mnual, 2d,. ed., .Cold Sprin

Har bor Labor BE6A) Cgh%s“so, Qfﬂﬁ'@ggﬂﬁ?’ SI—‘érg%'?‘%'oﬁgyN.‘Gﬁ'f,y”@gé',mta‘-‘rﬁysfpﬁnﬂ ubel
et al., CurrgAtaiPked@Rt andlorMHRKEbAh EIOMAGN is KRBBNIY Wi £sS08iRd cifw
York, N Y., 1989. Depending upon the vector @;}/st_em and host utilized, any
nunber of sububiere theaikgengsttiansfeatingtthafisstael ovith afiggtgeane, thahencatiasp

cystens. pr oo arbR ek bR R Y & e Mt e A 5 PGSO €
preferabl e. dpactrdrarand transfalcting siesl sexgricessli with 4%ecdydigie thanehcodisesl to

express fluorescent proteins in mammalian host cells. A For exanple, if an
adenovi r U$ i §ecRl Tluorescesk Jpretain ohavieg t drseconduaRs@PtioBnsRRBIEN f Bdrascent

Compl ex compt oy HESph Lokt eI ol 1P TS BhHSircrel St
| nsertion i nspectcmaessenidieaticl] ara/oEer firgt and sEcohe emissibn spectra are not
identical. In particular, the first and second absorption spectra are not identical

and wherein the first and second emission spectra are not identical. The first.

15  cell according to the present method is an aif knockout and/or knockdown

cancer cell prepared according to the invention.

According to another aspect, the invention provides a method of identifying a
test compound as selectively affecting a gene of interest (which is the aif
20 gene) or its expression protein (AlF) comprising the steps of: culturing a first
and second cell, wherein the first and second cells are isogenic but for the aif
gene and a gene encoding a fluorescent protein, wherein the first cell
comprises a first gene that encodes a first fluorescent protein having a first
absorption spectrum and a first emission spectrum, and wherein the second
25 cell comprises a second gene that encodes a second fluorescent protein
having a second absorption spectrum and a second emission spectrum,
wherein either the first and second absorption spectra are not identical and/or
the first and second emission spectra are not identical; contacting the first and
second cells with a test compound; and identifying the test compound as
30 selectively affecting the aif gene or its expression protein if the growth rate of



genone can be used to obtain a viable virus which is capable of expressing
fluorescent proteins in infected cells (Logan & Shenk, Proc. Natl. Acad.
Sci., 81:3655-3659, 1984. Any nethod known in the art for detecting a
fluorescent protein is 10 contenplated. The detection nethod may be,

t hough need not be, quantitative. Fluorescent proteins can be detected by
flow cytonetry and fluorinetic assays. Preferably, fluorescent proteins
are detected using fluorescence mcroscédy or high throughput fluorescence
spectroscopy. More preferably, relative gromh of the cells is followed in
real time using 15 fluorescence spectroscopy. Cells can be co-cultured or
cultured separately. When cells are co-cultured, each cell preferably

contai ns a ditfd frserkll fid wot e/t wih abshést tEQhé??b\MH fdte ofdBkesddond. cdihe
fl uorescent pr ot ei ns shoul d have absorption and/or em ssion 20 spectra that
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i dentical _or emssion e at . are not ident oth. Preferably,
the 25 fllor @B%tﬁ?'sp?ea&f e%l“FPO'P\Qﬂ/ eegomdh r%ﬁsgﬁﬁtfir%trp a%?ir%'ggé‘ﬁt@epegtra
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have non- overl apping absorption and em ssion spectra. | s that are
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contact 5 with the test conmpound and after contact with the test conpound.
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known i n theassass agowth rate. Accordlng to a particular example, the quorescent

proteins are detected using high-throughput fluorescence spectroscopy to

assess growth rate. However, other criteria as indicated below may also be

15 used. The first and second fluorescent protein may be selected from the

group consisting of green fluorescent protein, red fluorescent protein, blue

fluorescent protein, yellow fluorescent protein, and cyan fluorescent protein.

The pair of cells of the invention can be cultivated in a single vessel, or a
20 divided vessel, including, without limitation, a cell culture dish or flask, a multi-

well cell culture plate.

The isogenic cells described above can contain a gene that encodes a
fluorescent protein. The following have been described in WO 03/027632
25 (herein incorporated by reference). All proteins capable of detection by
fluorescence techniques are contemplated, including variants of known
fluorescent proteins such as mutants of green fluorescent protein that have
been modified to alter the absorbance and emission spectra of the protein
(see, e.g. Prasher et al, Gene, 111:229-33, 1992; Chalfie, Photochem.
30 Photobiol., 62:651-6, 1995; Miteli & Spector, Nature Biotechnol., 15:961,



di scussed above. A test conpound nmay be supplied in any appropriate carrier
10 or solvent and nay be added to the cell culture by any neans known in
the art. Suitable solvents include, but are not limted to, aqueous
solvents and DMSO. The growth rate of each cell in the pair of cells is
then nmonitored in the presence of the test conpound. The concentration of
test conmpound used wll vary w dely depending on the conpound and the
conditions of the assay. 15 Qther criter4d which can be used for conparison
with reference to the cancer <cells within the scope of the present
invention are whether the test conpound nmay cause in the cancer cel
suppressi on of malignant phenotype, reversion of malignancy, increased

sensitivity ooz, heemr@teal ,Chiuse 137388834 0$095; Cobiuciet @n, TréndPBRichehs,
and/or a reduction in the growth rate. 20 Test corrpounds can be
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to, biological raries, spatially addressable parallel solid phase or

sol ution pha@@erwkmuakﬁ@@uségﬂ@th|c | i brary methods requiring

deconvol ution, the "one-bead 30 one-conpound” |ibrary nethod, and synthetic
l'ibrary methods using affinity 46 chromatography sel ection. The bi ol ogical

library approashgérse triygy s livtedrtdd fiar thed@leyibaid, i ste mdrer préfesblyvhoh eart he
ot her four approaches are applicable to polypeptide, non-peptide oli oner
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R L e T
oncogeni c protein vectors include, but are not limited to pGFPtpz-cmv and pGFPsph-
cmv (Packard Instrument Co.) as well as pGFP, pEGFP, pEBFP, pEYFP,
pECFP, and pd2EGFP (Clonetech Laboratories, Inc.). Expression vectors
15 may be further modified to include selectable markers, such as antibiotic
resistance genes. Preferably progeny of a single transfection will exhibit
uniform fluorescent protein expression. An appropriate expression vector
contains the necessary elements for the transcription and translation of the
inserted coding sequence in a given cell type. Methods which are well known
20 to those skilled in the art can be used to construct expression vectors
containing sequences encoding fluorescent proteins and appropriate
transcriptional and translational control elements. Such techniques are
described, for example, in Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2d. ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
25 N.Y., 1989, and in Ausubel et al., Current Protocols in Molecular Biology,
John Wiley & Sons, New York, N.Y., 1989. Depending upon the vector system
and host utilized, any number of suitable transcription and translation
elements, including constitutive and inducible promoters, can be used. In
mammalian cell systems, promoters from mammalian genes or from

30 mammalian viruses are preferable. A number of viral-based expression



mutations. More particularly, cells that are isogenic except for the aif
gene may be contacted with a test conpound and the relative growh rates
of the 10 cells determ ned. To identify a test conpound as selectively
affecting expression of a gene of interest a pair of cells nay be
individually cultured or co-cultured in a single vessel using any
appropriate cell growth nediumand any appropriate growh vessel
Preferably, cells are co-cultured to al |94 precise internal calibration of
each drug assay, elimnating a variety of errors 15 encountered when
screening cell pairs that are maintained in separate plates. Using high

t hr oughput screening, many discrete test conpounds can be tested in

parall el so sémbarBeheUsde s ebrebs SliofrpaALP@Seifgih hRantmibhih Yostsedlieened.
The nost wi dely established techniques utilize 96-wel] mcrotiter 20

plates. The @l P¥a@PIQHE 2 URAAILE ip|uReEsat AR EXPTEFSIPBGRGIYT, £OGHPNGRE unres
that range fhodp; @ tf%o?@%e‘?ﬁ!t- SdrBte]‘?ﬁ’sd' CLAN B tigst afnﬁ& ARMadeRdlrirent s,
r otics, plate and p

materials, pipettors, ro washer s, ate readers are
commer ci al | ytransaiptiabltenstationt commeleX6emmblisingr timet lateXpremotar amd dripantitde
used as are nvenient. 2

A di t t.h , the i ti.
b ovi dos . miEPRBH SPBHoaGe cBTPHEN Bl PorpBRaoaal < hitd Bp ook SSEF ifl on of
Al'F and/ or ReEhbmer&ases UsBE toSstitaint 4 Vidble 9frus RhidH RRESSaIa T Expe&dding
shows suppression of nmalignant phenotype, reversion of nali ﬁnanc ,

i ncreases t hBugregsent protgingfin dxpeted eadisl (bogan o Shpbist BE1cs Nathdiaad. iStluces

apopt osi s. Ag‘f%'é%%%é@ 1%@2 i nvention provides a 47 nethod for screening
carcinoma cell's conpri7sing adm nistering to carcinona cells a conpound for

reduci ng and/or inhibiting AlF and/or RCS, or inhibiting the aif gene
and/or aif nRNA naetbodekeownniimgthshedrhefori dbtdetingoa diuoresbent i proteiof is

activity of AlF and/or reduction of ROS is capable of increasing the 5
sensitiviQy B?nt_?mﬂ@tﬁgat gaecgﬁg%qt'oe_elm§t,h°§h _ ¥|gL§upt6‘Pé'9§i &seds %}?_él !%ﬁnant
phenotype, CayshiitativeVedrstedt (BldigaBRYbe! AtEERR BY AdiP c%@&%bﬁrwérﬁd’ of
cancer cells to apoptosis, 1nducing apoptosis, and/or”a reducing the growh
fluorimetic assays. Preferably, fluorescent proteins are detected using
fluorescence microscopy or high throughput fluorescence spectroscopy. More
preferably, relative growth of the cells is followed in real time using

15 fluorescence spectroscopy.

Cells can be co-cultured or cultured separately. When cells are co-cultured,
each cell preferably contains a different fluorescent protein. To facilitate

~ detection, the fluorescent proteins should have absorption and/or emission
20 spectra that allow the proteins to be distinguishable in the detection method
selected. It should be possible to either selectively excite the fluorescent
protein or to selectively detect the emission of the fluorescent protein. The
fluorescent proteins should either have absorption spectra that are not
identical or emission spectra that are not identical or both. Preferably, the

25 fluorescent proteins will have either absorption or emission spectra that are
non-overlapping. More preferably, the fluorescent proteins will have non-

overlapping absorption and emission spectra.



rate, conpared to the wild type cells and/or conpared to a cell prepared
according to any enbodi nent of the invention as negative control. 10 Having
now general ly described the invention, the same will be nore readily

under stood t hrough reference to the foll ow ng exanpl es which are provided
by way of illustration, and are not intended to be |imting of the present

i nvention. 15 Exanples Exanple 1 Inactivation of aif gene by honol ogous
reconbi nation 20 Gene targeting in dipl o™ male cell |ines HCT-116 and
DLD-1 via honol ogous reconbi nati on have been descri bed (Wal dman et. al.,
Nature 381, 713-716, 1996; Shirasawa et. al., Science, 260:85-88, 1993).
The present inventors wutilised this strategy to nodify the single X-1inked

| ocus of theCell$ tigainerebisogedizpbxkdtpt tbe titke siifogeried andr @rgyrey that amcvees af s
(Sedi vy and Dutrl aux, 1999) in 25 construction of the tar %etl ng vector.

Briefly, PCRIHFFERCRIOIRA N heoissrgio w&paﬁeﬁbgem@aw6$ qz&Bhe @béi%t% 2kB
regi on downsgreamAl, &an t?ﬂ?‘l;?é’rﬁ% OF8nte % hfeuSelR a réaCCE ﬁﬂa@t {f28A were

cloned into pGEM T vect or onega) . was rep grorrym n gene
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bi partite W&Mﬁoﬁﬂ@'tﬁaﬁﬂﬁiés‘ ncﬁteha@abe tﬁé'drowﬂrpl%te M%élﬁﬁst c@@@él)atl\ﬁ@fﬁo the

utilised. The conventi onal gr onoter-trap vector descri bed above was

di gested wi t fedand gell Saidantided assselegtively aﬁgctmmthesg@natﬁ)mieé@&tr Ggewth

gene. The veetir® LA hd ArliiaBOR R SERT R Royh"fy W UL 170,

DLD-1 cells dnsausé@bab@mmawsonombugd Bhay Radupplieel mPamseppmymtamdraéﬂv
960pF) . Transf ect ed ceI S CEJQ at 03 cells/well 10 in 96-vwel |
pl ates aHi s@f gelvert fRd R esa n’é’d‘ih@n? 'B?‘thrﬁd?)/s@w 8gansnignown in the

art. Suitable solvents include, but are not limited to, aqueous solvents and
DMSO. The growth rate of each cell in the pair of cells is then monitored in
the presence of the test compound. The concentration of test compound used
will vary widely depending on the compound and the conditions of the assay.

15  Other criteria which can be used for comparison with reference to the cancer
cells within the scope of the present invention are whether the test compound
may cause in the cancer cell suppression of malignant phenotype, reversion
of malignancy, increased sensitivity of the cancer cells to apoptosis, induction
to apoptosis, and/or a reduction in the growth rate.

20
Test compounds can be pharmacologic agents already known in the art or
can be compounds previously unknown to have any pharmacological activity.
The compounds can be naturally occurring or designed in the laboratory.
They can be isolated from microorganisms, animals, or plants, and can be

25 produced recombinantly, or synthesized by chemical methods known in the
art. If desired, test compounds can be obtained using any of the numerous
combinatorial library methods known in the art, including but not limited to,
biological libraries, spatially addressable parallel solid phase or solution phase
libraries, synthetic library methods requiring deconvolution, the "one-bead

30 one-compound” library method, and synthetic library methods using affinity



0.3mg/ M Hygromycin (C ontech) for 2-3 weeks. 96-well plates were screened
for individual clone which were isolated and anal yzed by PCR anal ysis of
genom ¢ DNA using priners, 15 PgAFA: 5' TTGGGTGGGAAAGAGCCGGECAACTGGTAAAAG 3
(SEQ 1D 5) Hyg-Rev: 5 AGATTCTTCGCCCTCCGAGAGCTGCATCAGGT 3'. (SEQ I D 6)

Candi date aif -/Y (the m nus sign denotes loss of single aif allele, y
denotes Y chronosone) clones were confirned by additional PCR anal ysis for
the loss 20 of 900 bp wild type junctiofs: Priner A
GAGTCTGCGTAATGTGCGTGTGAAGAGAGACTGG (SEQ ID 7)  Prinmer B:
TTGCCTGGAATGGGTCAGTCACCTGGGAG (SEQ ID 8) 25 To further validate gene
targeting of aif gene, we anal yzed clones using RT PCR by preparing

ol i go-dT pri omdnedibéraphyrsetéaions Tasdiclogicyk kistary adapro@i‘ams '||fyim;e8($8r
primers for AlF and GAPDH. AFRTA: 5' OOGICGCCGAAATGITCCGGT (SEQ I D

9) 30 AFRTBPOlgPRpisedibratiassTwhds TtherotherTéty” aprr@ohes16ie zﬁppll@@ﬂ to

"0 1) G onBe Reb e BRI PRGD. o SR RIS EE WSS, on

via 5 West er Bebllam,dhatiogsicsr DsugnPeantli2: 5; 198Fycl onal anti body (N1,
1: 2000) (LED Biosciences) as seen in Figure 2B. Mrphol ogi cal Assessnent

of A/F knmockout cell lines Cells in attached culture were regularly checked
nor phol ogi cafrbyt é’érﬂﬁﬁbmméﬁbé%&ééﬁd fBrah e SRy to%mhéﬁg{@wﬁ% oP cafisessed
for norphol ogi cal anges when cultured at different conditions;

sub- conf | uenPossassinduenefiaed plrewn ccgerrle@énc@teram@,egnclngm OREOgRIiC
cont i nuoust yMHF R AT BaRbsRRE SBlis MaCHE RBLR, pfHER, B the diadie

medi a (Fi gur mad)be Mbhtam Withadai t@sﬂmm@dfban@lth@meléﬁsa)growth rates of the

10 cells determined. To identify a test compound as selectively affecting

expression of a gene of interest a pair of cells may be individually cultured or

co-cultured in a single vessel using any appropriate cell growth medium and

any appropriate growth vessel. Preferably, cells are co-cultured to allow

precise internal calibration of each drug assay, eliminating a variety of errors

15 encountered when screening cell pairs that are maintained in separate plates.

Using high throughput screening, many discrete test compounds can be
tested in parallel so that l[arge numbers of test compounds can be quickly
screened. The most widely established techniques utilize 96-well microtiter

20 plates. The wells of the microtiter plates typically require assay volumes that
range from 50 to 500 pl. In addition to the plates, many instruments, materials,
pipettors, robotics, plate washers, and plate readers are commercially
available to fit the 96-well format.” Other formats can be used as are
convenient.

25
According to another aspect, the invention provides a method for screening
carcinoma cells wherein the suppression of AIF and/or ROS increases the
sensitivity of the treated cancer cells, shows suppression of malignant
phenotype, reversion of malignancy, increases the sensitivity of cancer cells

30 to apbptosis, and/or induces apoptosis. Accordingly, the invention provides a



Trypsini zed cells were resuspended in supplenmented McCoy's 5A nedia at 20
104 cells/mM and plated on top of solidified nedium containing 1% nobl e
agar. Spheroids were allowed to formfor 48 hours and phot ographed usi ng
Ni kon Cool pix 995 digital camera attached to a Zeiss Axiovert 25CFL

m croscope, see Figures 5A-D. 25 Cell Gowth and Cytotoxicity Assays 5x103
cells were plated in 96-well plates and exposed to different

concentrations of drugs; etoposide, canpthothecin, staurosporine,

doxorubi cin, actinomycin D and trichostatin A, oxidative stress agents
t-butyl hydrogen peroxide and hydrogen peroxide; and apoptosis inducers
TRAIL 50 (Biogen) and anti-FAS (Roche). The cytotoxicity results obtained

can be seen pighdd @i soréénidgaiicihbeaiar €elié/cdmprisgthd Sdniinteriguivatadinoaia 4
days at 37C at 5% CO2. Survival was neasured by processing cells wth

MI'S/ PES sol ug¢lsna copramegafocaeducing @éndfar gnhipitingt Albnand/ea3O$ opr inhitdiing
measur enment i} S 4&5@1 ;
fraction of fﬁ?t %’ggtgé%%ggﬁﬁgﬁ &?o“?’&'c@fﬂbag%m , Wg%ﬂgegﬁﬁgibae@:&plﬁgy gt(ljp r]and
processed w oh aeli@hPES AT wriddor redwtipn24f fROShsurcapéble 4f dagieasipgl the

i d i lative to day 1.. Th | t
bt nes S <sRRD it e et eS8 ookt A iobCarebap For il o
cells: To debﬁéﬁot?ﬁﬁjl%%giﬁgcR%Je?si@ﬁséf’ ﬁﬁé;@naﬁagswc?eaéiﬁéltﬁe\ﬂ@ér@siﬁ«n@i bed

with cell inperneable Sytox G een (Ml ecul ar Probes) and cell perneable,

Hoechst  33342ngesicpita)tograptesisa indueied apgptasis, ndBonpgedicihgrthemrawtiut es

by ~condenselr'Bi G HELRLE MG dPERIS Lan 8P Bbfingedf dor & RlnetbEldy ' °°
under a Fl uacesdece anycsrnbodiptant & ttssindshivreas ndg&iike comirdli gure 8A-D, Al F

knockout cell lines are nore sensitive to the cytotoxic 20 drug, etoposide
the wild t

(60pM 48 hr and under go tosis readily conpared to, pe

CorPa anth v Bbyoct el B3 Rbed theravarich: Wt S Wilkhs otgaeacty
understood through reference to the following examples which are provided
by way of illustration, and are not intended to be limiting of the present

invention.

15
Examples

Example 1

Inactivation of aif gene by homologous recombination

20  Gene targeting in diploid male cell lines HCT-116 and DLD-1 via homologous
recombination have been described (Waldman et. al., Nature 381, 713-716,
1996; Shirasawa et. al., Science, 260:85-88, 1993). The present inventors
utilised this strategy to modify the single X-linked locus of the aif gene by
adapting the design for promoter-trap vectors (Sedivy and Dutriaux, 1999) in

25  construction of the targeting vector. Briefly, PCR amplification of a 0.6kB
region upstream of Exon 1 and 5.2kB region downstream of Exon 1 from the
aif locus of HCT-116 genomic DNA were cloned into pGEM-T vector
(Promega). Exon1 was replaced by Hygromycin gene (with polyadenylation

signal) exactly at the start codon of aif gene (Figure 1).



25 Cells were trypsinized and re-suspended in McCoy's 5A medi um

suppl enented with 10% fetal bovine serum 100 units/m penicillin and 100ug
/m streptonycin and 0.3% noble agar (Difco); 103 cells per well were
plated in six-well plates containing solidified mediumw th 1% nobl e agar.
Plates were incubated at 37Cin 5% CO2 and fed with nedia every 5 days.
After 14-21 30 days, cells were incubated with 1ng/m MIT (Sigma) for 1
hour and i mages 51 generated using a scHhner and processed using Adobe
Phot oshop (Figure 9A-B and Figure 10A-B). Tunorigenesis in athymc mce 5
Cells (5 x 106) were subcutaneously injected into the flanks of 4-5 weeks
old athym c nude mce (and incubated for 3 weeks in an SPF environnent.
The results are shown in Figures 11A-B, 12 and 13. Tunburs were excised,

wei ghed and di nensi ons nmeasured using calipers. Tunour volune (c was

det er m ned bYo figithgy rﬁﬁécgtbaﬁb@wnficﬁq%mt@nai hygrmmyciptesistapticionasedug it h and
b 10 is the 1 e | Z:ant: o - oL at hym ude
mce were ué@gq?@roq%e%%% E‘%ﬁrﬁlﬁlﬁ%{éﬁ’n%mwg@gl nenctfds,(‘]%%g%'?h?'délf aé?/\lgre
represent ed Hy5,t 445N 20 Yewas alsedi NMHalboavantidrat| profnotSutrapr yeaior

DLD w15 0, 4uebog8tovs 1 Biassied Wi Blusbopashiond ! (Jeed Epgland ™ °
004320 032149 rosfdf ooy ATeORu I QodkdR: whhCHMkiahpiy ALRSH, 8261

held310
4,32 HCTvct 15 0.94560. 4532 3. 65 B€12 15 0.12450. 0356 CL8 15
0. 23650. 0521the. rBncated Aeshigease Absayectors were gel purified and transfected at

1,ug/106 HCT-116 or DLD-1 cells via electroporation using Bio-Rad Gene
Pulser system (250v, 960uF). Transfected cells were plated at 10° cells/well
10 in 96-well plates and selected in McCoy’'s 5A medium (Bio-Industries) and
0.3mg/ml Hygromycin (Clontech) for 2-3 weeks. 96-well plates were
screened for individual clone which were isolated and analyzed by PCR

analysis of genomic DNA using primers,

15 PgAFA: 5TTGGGTGGGAAAGAGCCGGCAACTGGTAAAAG-3' (SEQID 5)
Hyg-Rev: 5AGATTCTTCGCCCTCCGAGAGCTGCATCAGGT 3'. (SEQ ID 6)

Candidate aif ¥ (the minus sign denotes loss of single aif allele, y denotes Y
chromosome) clones were confirmed by additional PCR analysis for the loss

20  of 900 bp wild type junctions:

Primer A: GAGTCTGCGTAATGTGCGTGTGAAGAGAGACTGG (SEQID 7)
Primer B: TTGCCTGGAATGGGTCAGTCACCTGGGAG (SEQID 8)

25  To further validate gene targeting of aif gene, we analyzed clones using RT-
PCR by preparing oligo-dT primed cDNA from clones and analyzed with
mRNA specific PCR primers for AlIF and GAPDH:

AFRTA: 5CGGTCGCCGAAATGTTCCGGTGTGGAG3’ (SEQ ID 9)
30 AFRTB: 5ACGCGGCCTTTTTCTGTTTCTGTTCTGG3 (SEQ D 10)




Super oxi de measurenent using aconitase assay was adapted from Gardner et
al ., Superoxide radical and iron nodul ate aconitase activity in mamralian
cells, J. Biol Chem 270:13399-405, 1995. The protocol followed for this
assay 20 was that as described in Gardner et al. Briefly, 106 cells were

| ysed using M PER (Pierce) solution and protein concentration neasured
using BioRad Protein Assay Sol ution. 30 protein sanples were incubated
with 50mMM 52 Tris-Cl (pH 7.4), 0.6 nM MW 2, 20 mM NADP+, 250 nM sodi um
citrate (pH 7.0) and 11-1 isocitrate dehydrogenase (Signma) in a 200 |
reaction volume. Aconitase activity was quantified by nmeasuring the rate
of NADPH formation during citrate isonerization to isocitrate at 340nm
usLng TECAN @P@:tﬁ’@%ﬁldA'é_GAé'ﬂiCM@UAﬂ@G@ﬁ_er oxi dle | evel s \QGECI:I@T}DM) Iefj by
subtracting t incr e in nitase jvity relative to the wt cells
and shown as%m:régﬁa%%TGpﬁgGm%@§§é control cell |indSEQH:TEEsUItS
are shown in the formof a graph in Figure 17. 10 Lucigenin Assay

Luci geni n based chem | um nescence neasurenent of intracellul ar superoxide
has been des€idornesd neghtiveerior datf BRMENkens analBaedrfoxiptoteami expréssien néa ur al

i nhi bitor_of FAS- nmedi at ed, cel | .death, J. 15:216-25 996

brotocor 35 VETRE BioD SBENER peRd e B Brivdenatartiaom B 3aalBER 1 06
cells were BysRibrices#88 sbeATPFiRIre@8.ng sol ution (Sigma) and pelleted at
12,000xg. Together wth supernatant, 100 | 850 M Lucigenin (Sigm) was

i nmedi ately added and chem | um nescence neasured for 20s using a Turner

Lum nonet er. #\@ﬁ%@éﬁpﬁﬁ:ﬁﬂﬁlg%%@ﬂ‘r&fﬁ?ﬁlk%o?:kc?ut rflﬂ§§ed as a fraction of wld

20 type cont I nes. esults are shown In Figure 15. N troblue
Tetrazolium GLi ay.Cells (5x10 re incubated with 2 NBT for
30 1 nut es aLohy oh kB TR, sk P0G SPirtseR O BhaA D G MRS W
50% DVMBOtd McBk¥rbst Misesdupice O werdarb SsddzErarTdr neddhblogiciliRpaayese

| evel s are shown as a fraction of the wild type cell lines (J. |munol.
Met hods 82: 18heniggiiured at different conditions; sub-confluent, confluent and post-

confluence.

Interestingly, the AIF knockout cell lines detach and appear as aggregates
when cultures are continuously cultured for 5-7 days post-confluency without

15 changing media (Figure 4).

Multicellular Spheroid Formation Assay

Trypsinized cells were resuspended in supplemented McCoy’s 5A media at
20 10* cells/ml and plated on top of solidified medium containing 1% noble agar.
Spheroids were allowed to form for 48 hours and photographed using Nikon
Coolpix 995 digital camera attached to a Zeiss Axiovert 25CFL microscope,

see Figures 5A-D.

25  Cell Growth and Cytotoxicity Assays

5x10° cells were plated in 96-well plates and exposed to different
concentrations of drugs; etoposide, campthothecin, staurosporine,
doxorubicin, actinomycin D and trichostatin A; oxidative stress agents t-butyl

hydrogen peroxide and hydrogen peroxide; and apoptosis inducers TRAIL



The results are shown in Figure 16. 53 Catalase Activity Catal ase activity
was assayed using Anpl ex Red Catal ase assay kit (Mol ecul ar Probes) as per
t he manufacturer's protocol. The results obtained are shown in Figure 20.
One of the observations in Harlequin nouse nodel 5 (decreased AlF
expression by 80%, is a significant increase in catalase activity which
was hypot hesi zed to be the decreased scavengi ng of superoxide |eading to

i ncreased intracellular hydrogen peroxidelin primary neuronal cells. In
contrast, our studies show that when AIF is dimnished in colon cancer cel
10 lines, catalase activity is reduced and this correlates with the | ower

| evel s of superoxide in the knockout cell lines. This is further supported

by idn vidt ro (Bisgewsarte anthHA; &(R@@é)hghetdmt@ﬁbiw rdyuﬁélldtﬁaigéd /g_bﬁ be %%en

oxi doreductase_actiyity is_. superoxide. ramar et al., J. Bio]. em
276. 16391. Boogyre éé‘%%&l':@%rg%&}-iccﬁléri’&@rﬁ neubgted for 46ays gt 571’9‘?@&;5%
Intracel lul a azces S r Loe i L4 h tNTREES ;

(Mol ecul ar PFobés)g,ﬁbv?gélcwéi%sﬁ]oe%iggﬁdergpt %O%%%ﬁﬁé %&Q\N&I*l V\/ereDé?(I%%%ned to
5 nmV DCFH- DA(RiomegenCed npiteraProliferation 1A$say) ,foarid hanal ypzesuteyndritond 2@ior

cytonetry_using.Becton Di cki n FACScan nachi ne d .anal yzed usin

Cel | Quest” pr Begar% IR (48 G‘Paé“%?ggpr@aﬂ% @é{’r‘?ﬁ?earﬂ? éeafrl')?c@(’}r ?{Hagﬁﬁﬁ@ﬁfc@f
vector (C onFge h%;li\gmm, 308 ceps Wire (aedl AN Brotiecbs6@ WPIMTEIPES dlutichp
frame with GFP ¢ were routinely transfected into 2x106 cells using

Fugene 6 (RoBWRYY 44 Widtoecs it dapdehpldibemasenyas onanastieches PRringreases
| nstructions elé‘t%/e[‘@;tidaijoi’.oﬂ’ie‘ Pés%'ﬂgfo%?éihtﬁ?%ag%ﬂﬁ@g%ﬁ@{%@§'A’Jé;.zed and GFP

positive cel [s o) ut using Becton ht'age SE Cel |
Sorting System Sorted cells were cultured for another 24-48 hours prior to

?ﬁuc?ZZ?ﬁ ' g%x?m%%tcﬁ stg}nszlorrbgglt)z[o% o%];/s:G:P 's shown in figure 21A

To detect apoptotic cells post-drug exposure, cells were stained with cell
impermeable Sytox Green (Molecular Probes) and cell permeable, Hoechst
33342 (Sigma) dyes at a concentration of 500ug/ml for 10 minutes at 37°C
15 (http://www.probes.com/handbook). Apoptotic cells are identified by

condensed blue nuclei while necrotic cells stain green when viewed under a

Fluorescence microscope, Zeiss Axiovert 25CFL.

In Figure 8A-D, AIF knockout cell lines are more sensitive to the cytotoxic
20 drug, etoposide (60uM, 48 hrs) and undergo apoptosis readily compared to

the wild type cells and vector control cell lines.

Colony Formation in Soft Agar

25 Cells were trypsinized and re-suspended in McCoy's 5A medium
supplemented with 10% fetal bovine serum, 100 units/ml penicillin and 100ug
/ml streptomycin and 0.3% noble agar (Difco); 10° cells per well were plated in
six-well plates containing solidified medium with 1% noble agar. Plates were
incubated at 37°C in 5% CO; and fed with media every 5 days. After 14-21
30 days, cells were incubated with 1mg/ml MTT (Sigma) for 1 hour and images



/[cytoplasmc) and that of AIF-GFP (mtochondrial/ cytoplasmc) is shown in
figure 21 B. 5 Foci Formation in NIH3T3 cells To denonstrate the
transform ng properties of AIF, NIH3T3; a pre-neoplastic cell |ine, was
transfected with AlF-GFP constructs and cell sorted as described above.
Cells were continuously cultured for 3-6 weeks and 10 nonitored for foci
formation. Foci formation shows |ack of contact inhibition, one of the
indi cators of transformed cells (figuresSP2 and 23). NIH3T3 cells were
transforned by AIF-GFP after 6 weeks of incubation (figures 22 and 23).
However, conpared to Noxl (a m togenic oxidase) (Nature 401, 79, 1999),
whi ch transform NIH3T3 cells in 2-3 weeks, the transform ng potential of
Al F 15 is sigenératsthuking esscan@et lasidt praseésedreding AtlobEFPiadtosteod @Figaes t o
form any focéﬁaéfiatﬁr,e 22,?. anple 2 20 A/F Knockdown via si RNA in SW80
col on car ci nene 88Y 494 Re QéAX'Egri ment was conducted to determ ne whet her

knockdown of AIF via siRNA nethod in another colon carcinoma cell |ine
(SWA80) could replicate the observations in AlF knockout colon carcinona
cell lines, AaMorigenasid ir2Btipinmic micgar get sequences of SEQ I D NO. 13 and SEQ

I D NO 15 were generated using Anbion 5i RNA target finder

s shown'> 30Calm S0 X WETd Bl ERb ek Bl Pidthpons' R4S HEBRE By 5o
A5: 5 GITCCHBAA\GAAEHRIde Gind(iBEGbatBdNEr BS)eeks EpahISPF SewireneenbWIRY D1:

5" CTGGTATCCGATCAGAGAG 3' (_SEg, | D NGO 17)B These DNA sequences were |nserted
in pSilenceresUiispgie sRAWNOI) Flgskes 11A-B, 12 and 13. Tumours were excised,

weighed and dimensions measured using calipers. Tumour volume (cm?®) was
determined by using the standard formula a® x b/2, where a is the width and b
10 is the length of the horizontal tumour perimeter. 10-15 athymic nude mice
were used for each cell line in two experiments, and the data were

represented by the mean value as seen in Table 2.

Table 2: Summary of tumour size in DLD and HCT cell lines

Cell line Sample No. Weight (g) Volume (cm®)
DLD wt 15 0.5356+0.2355 3.23
DLD vct 10 0.4356+0.3210 2.35
DAF5 15 0.0432+0.0321 0.210
DAF24 15 0.0356+0.0125 0.132
HCTwt 15 1.24554+0.3261 4.32
HCTvct 15 0.9456+0.4532 3.65
BL12 15 0.1245+0.0356 0.31
CL8 15 0.2365+0.0521 0.25

15
Aconitase Assay

Superoxide measurement using aconitase assay was adapted from Gardner
et al., Superoxide radical and iron modulate aconitase activity in mammalian
cells, J. Biol Chem, 270:13399-405, 1995. The protocol followed for this assay
20  was that as described in Gardner et al. Briefly, 10° cells were lysed using M-
PER (Pierce) solution and protein concentration measured using BioRad

Protein Assay Solution. 30 ug protein samples were incubated with 50mM



using the protocol provided by the manufacturer conprising. Constructed 10
vectors conprising at | east one of the DNA sequences SEQ I D NO 13 and 15,
and a pronoter for RNA pol ynerase were transfected into SW80 cell s using
Fugene Reagent (Roche) and selected with 3ng/m Hygronycin (C ontech) for
2-3 weeks. 15 Once transfected into the SW80 cells, siRNA conplenentary to
the aif nRNA were expressed by the cell RNA pol ynerase. The expressed

Ssi RNA conprised the sequence: 5 GCCGUABIIGGCAUCAGUCA 3' (SEQ I D NO 14),
and 5 GUUCCUCAAGACAAGECEC 3" (SEQ ID NO 16). 20 Cd ones were isol ated and
eval uated for AIF |evels of expression using Wstern blot analysis with
anti-AlF polyclonal antibody (N1, 1:2000) (QED Biosciences). Cones

exhi bi ti ng gresG(pHhAA),50% Mt uGIo0 mMINADPOL 250 mMesiianaditraed(p-or
col ony for ma%éﬁ in soft agar and |ncrea3£e(g sensitivity to 25 cytotoxic

n
agents: et op6 dd hYdisBgER SraYT@gennAse (SIS ing drdfheh regsdippxydemneThe
cel | growth apgnieydeh Nutg'\ké(s aﬁﬁﬁ’b{f@ed By rﬂ\é‘ééurﬁg ﬁwBeraffﬁbP@éADﬁHer%éﬁ’cgk' n
soft agar were carrie i n'the sanme’ nanner ds

two target séqm&*&sateﬂs@ﬁ@ntﬁlndﬂoto 1333c3tmte%Q84mhm|Gusiﬁg (Téi(dANcmncrreplptmdl ng

RNA SEQ I D SE 6 f i t Al F
lepr essi oh. &A€L R%&ﬁg? é&%@&l\lﬂ% Véls\)%%tn g&?’*‘@ﬁ%ﬁr%@?%@@ j‘é‘gﬁg?é’é(irea§%uence
of SEQ | D NOnlgcatgkserache® rékaie ﬂ&tr{eqm béliﬁ‘éﬁ@%ﬁ@ﬂn%sf §¢ﬁérderhx%5 of the

adm ni stration of RNA sequences SEQ | D NO 14 and/or SEQ | reduced
Al F expr eSS| wild Bprétr@héﬂ” §oos cBh@ae@dt& are Reownvigdhei foemtgfpa grmh is. As
a control Efgg%e Nge line D1, which contained an ineffective target
sequence ( SE 17), was also isolated. 10 Cytotoxicity assays showed

i ncreased senS|t|V|ty to etoposide and oxidative stress inducers; hydrogen
per oxi de and t - but gldr ogen peroxide in cell lines

Luc:/gen% As
Lucigenin based chemiluminescence measurement of intracellular superoxide
has been described (Clement and Stamenkovic, Superoxide anion is a natural
inhibitor of FAS-mediated cell death, EMBO J, 15:216-25, 1996). The protocol
15 in the above mentioned reference was followed. Briefly, 2x10° cells were
lysed in 400 pl ATP releasing solution (Sigma) and pelleted at 12,000xg.
Together with supernatant, 100 ul 850 HM Lucigenin (Sigma) was immediately
added and chemiluminescence measured for 20s using a Turner
Luminometer. Relative superoxide levels are expressed as a fraction of wild

20  type control cell lines. The results are shown in Figure 15.
Nitroblue Tetrazolium Reduction Assay

Cells (5x10%) were incubated with 2 mM NBT for 30 minutes at 37°C at 5%
25 COy 'to allow formazan formation then lysed with 50% DMSO/1M KOH.

Absorbance was read at 650nm and relative superoxide levels are shown as

a fraction of the wild type cell lines (J. Immunol. Methods 82:161, 1985.).

The results are shown in Figure 16.



denonstrating reduced AlF expression (cell lines C3 and A5) but the sane
was not observed in the control cell line D1, as seen in Figures 24A-C 15
The anchorage i ndependent grow h assay in soft agar al so showed significant
reduction in colony formation for the AlIF knockdown cell lines (Figures
25A- B). This experinment denonstrated that the inhibition of A F expression
via siRNA 20 in another colon cancer cell line (SWM80) can reiterate the
phenotype observed in the AIF knockout ®®l!| |ines of HCT-116 and DLD-1. 57
SEQUENCE LI STI NG <110> Agency for Science, Technol ogy and Research <120>
Apopt osi s-1duci ng Factor (AIF) and Applications thereof <130> SP6173 <160>
17 <170> Patentln version 3.2 <210> 1 <211> 1932 <212> DNA <213> Mus
muscul us <2C@talsPAetiilyS <222> (52)..(1890) <223> Myuse

apopt osi s-i nducting factor Al FAccession Number: AF100927 <300> <301>

Susin, S. A et al. <302> Ml ecul ar characterizatio f m.tochondrial
apopt osi 5| nHAEIGEP dQHIr WaS0BSSRUEAr SING QNP7 Red3ftagsgg assay kit

(Molecular Probes) as per the manufacturer's protocol. The results obtained
are shown in Figure 20. One of the observations in Harlequin mouse model
5 (decreased AIF expression by 80%), is a significant increase in catalase
activity which was hypothesized to be the decreased scavenging of
superoxide leading to increased intracellular hydrogen peroxide in primary

neuronal cells.

In contrast, our studies show that when AIF is diminished in colon cancer cell

10 lines, catalase activity is reduced and this correlates with the lower levels of
superoxide in the knockout cell lines. This is further supported by in vitro
assays demonstrating that the major product of AIF oxidoreductase activity is
superoxide. (Miramar et al., J. Biol. Chem. 276. 16391. 2001).

15  Flow cytometric analysis of intracellular ROS

Intracellular ROS levels were determined by staining with DCFH-DA
(Molecular Probes), which is oxidized to DCF by ROS. Cells were exposed to
5 mM DCFH-DA at room temperature for 1 hour, and analyzed by flow

20 cytometry using Becton Dickinson FACScan machine and analyzed using
CellQuest program (Figure 19).

Transfection and Cell Sorting

PEGFP-C1 vector (Clontech) alone and vector containing aif coding region in
25 frame with GFP cDNA were routinely transfected into 2x10° cells using
Fugene 6 (Roche) ftransfection reagent according to manufacturer's
instructions. 48 hours post-transfection cells were trypsinized and GFP
positive cells sorted out using Becton Dickinson FACSVantage SE Cell
Sorting System. Sorted cells were cultured for another 24-48 hours prior to



<306> 441-446 <307> 1999-02-04 <400> 1 tgcgtggaag gaaaaggaag gagcgggagc
ttccgaggag tgatcgccga a atg ttc 57 Mt Phe 1 cgg tgt gga ggc ctg gag ggt

get
Phe
aaa
Adn
cta
Au
ggc
Lys
gga
Al a
tac
Asn
aga
Al a
cca
Ser

ttc
Lys
cag
Arg
gaa
Leu
aaa
Met
got
Ay
aat
du
gcc
Ile
agt
H s

aag
Adn
agg
Asn
ctc
Gn
atg
Asp
gat
Al a
gaa
Arg
att
Al a
cac

10

15

20

25

30

cag aaa ctg gtg ccc ttg 105 Arg Cys Ay Ay Leu Ala Ay Al a
Lys Leu Val Pro Leu 5 10 15 gtg cgg acg gtg tac gtc cag agg ccg
aac cgg ctt cca 153 Val Arg Thr Val Tyr Val G@n Arg Pro Lys
Arg Leu Pro 20 25 30 ggc aac ttg ttc cag caa tgg cgt gtt cct
cag atg gca 201 dy Asn LeuSPhe Gn @n Trp Arg Val Pro Leu
Met Ala 35 40 45 50 aga caa atg gat agc tct ggt tca tca ggg
gat sat tct 249 Arg Gn Met Ala Ser Ser Ay Ser Ser Ay Qy
Asn Ser 55 60 65 gtg tta gtc ctt att gtg ggc tta tca aca ata

esgaysatTr%eéxpé/@tde@gtrM@hohaﬁ GFe ¥akhé&vi ikefigrer 2TAr(nLtieald Y
Tyr 70 75 tac aaa act ata aaa gaa gac caa aaa_aga

Egép@@ijﬂ@zl@ndm@tnfr AlFySFPh(mitpehangsiaty wtwelaswrﬁ iByghoayry imy r

V@u 8%1 0O 95 atg gga tta gga ctg too cca gaa gag aaa cag aga
gcc "Met Ay Leu Ay Leu Ser Pro Gu Qu Lys Gn Arg Arg

100 105 110 tcc got aca gag gga ggc tca gtt cot cag atc agg gca
Foti FGeratibinan TWH3A3uwceBsy Ay Ser Val Pro An Ile Arg Ala Pro

To demonstrate the transforming properties of AlF, NIH3T3; a pre-neoplastic
cell line, was transfected with AIF-GFP constructs and cell sorted as
described above. Cells were continuously cultured for 3-6 weeks and
monitored for foci formation. Foci formation shows lack of contact inhibition,
one of the indicators of transformed cells (figures 22 and 23). NIH3T3 cells
were transformed by AIF-GFP after 6 weeks of incubation (figures 22 and 23).
However, compared to Nox1 (a mitogenic oxidase) (Nature 401, 79, 1999),
which transform NIH3T3 cells in 2-3 weeks, the transforming potential of AlF
is significantly less. Cells transformed with GFP alone failed to form any foci
(figure 22).

Example 2

AlIF Knockdown via siRNA in SW480 colon carcinoma cells

The experiment was conducted to determine whether knockdown of AIF via
siRNA method in another colon carcinoma cell line (SW480) could replicate
the observations in AIF knockout colon carcinoma cell lines, HCT-116 and
DLD-1. Target sequences of SEQ ID NO: 13 and SEQ ID NO:15 were
generated using Ambion siRNA target finder

(http://www.ambion.com/techlib/misc/siRNA_finder.html). The sequences are

as shown:

SW480 C3:
5 GCCGTACTGGCATCAGTCA 3 (SEQ ID NO:13)



115
gca
Al a
gta
Ser
gaa
Leu
cag
180
681
200
gtc
215
gtg
230
gca
245
873
265

tg att ggt gga ggg act got got ttt gca
le Ay Ay Gy Thr Ala Ala Phe Ala Al a
ot cgg gat cot ggg gcc agg gtc ctg att

Arg Ser Ile Arg Ala Arg Asp Pro Gy Ala Arg Val Leu Ile Val

tg cca tac atg cgs cot cot ctt tca aaa

Gn Asp Pro Qu Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys Qu
175 tgg ttt tca gat gat cca Sat gtc aca aag aca ctg caa ttc aga
Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu A n Phe Arg Gn
190 tgg sat gga aaa gag aga ago ata tat ttc cag cca cot tot ttc tat

|l e Tyr Phe G n Pro Pro Ser Phe Tyr 195

210 gtc tct get cag gac ctg cot sat att gag aac ggt ggt gtg got
Ser Ala G n Asp Leu Pro Asn Ile Qu Asn Gy Ay Val Al a Val
225 S¥48Qbb: ggg aaa aag gta gta cat ctg gat gta aga ggc aac atg

(BRI £\ St N Ao Oy e 1t o

t-act gaa aag tgc ttg att

Lys Leu Asn Asp Ay Ser An Ile Thr Phe Qu Lys Cys Leu Ile Ala

120 125 130 gtc cct ttc ctg c
gcc 489 Val Pro Phe Leu Leu
135 140 145 aga tcc atc cgg ¢
tot 537

150 155 160 gaa gac cot gaa cC
ttg 585

165 170

633

185

Trp Asn Ay Lys Qu Arg Ser |
205

729 Val

220

777 Leugs

235 240 5§§a ct

825

250 255 ac C ac C

Thr o yCanyonapdgnsary 4 OF
Val Lys Ser Arg Thr Thr Leu P

10

15

20

25

a agt ctg tct gcc atc gat agg got gga gca
eu Ser Ala lle Asp Arg Ala Ay Ala 260

270 gag gt oTewr At CRper GABA ﬁG@t(StE[@I@IQH)%?g att gga gat ttt aga 921
e

e Arg Lys | Asp Phe Arg

These DNA sequences were inserted in pSilencer 2.1-hyg (Ambion) vector
using the protocol provided by the manufacturer comprising. Constructed
vectors comprising at least one of the DNA sequences SEQ ID NO:13 and 15,
and a promoter for RNA polymerase were transfected into SW480 cells using
Fugene Reagent (Roche) and selected with 3mg/ml Hygromycin (Clontech)
for 2-3 weeks.

Once transfected into the SW480 cells, siRNA complementary to the aif
MRNA were expressed by the cell RNA polymerase. The expressed siRNA
comprised the sequence:

5 GCCGUACUGGCAUCAGUCA 3’ (SEQ ID NO:14), and

5 GUUCCUCAAGACAAGGCGC 3 (SEQ ID NO:16).

Clones were isolated and evaluated for AIF levels of expression using
Western blot analysis with anti-AlF polyclonal antibody (N-1, 1:2000) (QED
Biosciences). Clones exhibiting greater than 50% reduction in AIF protein
were analyzed for colony formation in soft agar and increased sensitivity to
cytotoxic agents: etoposide, hydrogen peroxide and t-butyl hydrogen
peroxide. The cell growth and cytotoxicity assays, as well as the colony
formation in soft agar were carried out in the same manner as in the Example
1.



275 280 285 290 gcc ttg gag aag atc tot cgg gag gtc aag tca att aca gtt
atc ggc 969 Ala Leu Qu Lys Ile Ser Arg Au Val Lys Ser Ile Thr Vval Ile
Gy 295 300 305 59 ggg ggc ttc ctt ggg agt gag ctg gcc tgt get ctt ggc aga
aag tct 1017 dy Gy Phe Leu Ay Ser Gu Leu Ala Cys Ala Leu Gy Arg Lys
Ser 310 315 320 caa gcc tcg ggc ata gaa gtg atc cag ctg ttc cot gag aaa
gga sat 1065 dn AlaSer Gy Ile Qu Val Ile An Leu Phe Pro Qu Lys Ay
Asn 325 330 335 atg ggg aag atc ctt cct 8a tac ctc agc aac tgg acc atg gaa
aaa 1113 Met Ay Lys Ile Leu Pro An Tyr Leu Ser Asn Trp Thr Met G u Lys
340 345 350 gtc aaa cga gag gga gtg aaa gtg atg ccc sat gca att gta caa tca
1161 Val Lys Arg Qu dy Val Lys Val Met Pro Asn Ala Ile Val @ n Ser 355

360 365 370 Taé&ttwadaargkt eﬁ@és Q¥CSEAY Ibt RO €3 aHrld &EQCY N@%g ndda
agg 1209 Val Gy Val Ser é Arg Leu Leu Ile Lys Leu Arg
c

L

375 380 385 C%@S@@I%@B&Ag‘é@ de hQi1gt gn@c§E§étngtf\50g(% &lgalf@ag Xcc
t 1257 L | Vi As
ggo 305 400yﬁ1h edCi\llft %greggiBg;hﬁgéc r%ngféctemmtﬁ‘laavec%r &%BhﬁHg%é’tg @t ASN
ggt 1305 Vabe@&ndeemf 2EQ Iy dCthB a(ﬂoYorGSEQ_mJI\G msl(betrAspfesmrd ds@ctl?hlw GI y

405 410 415 c.ttc ¢ at _gca g, t ggtg

1353 Q> paTRSoTAch TNA eedlianeds PR O HE Setnoien SAQ Tor NdibTa20

1‘331430 gca B cBaAIB X PESSib 9 By rh6rel RanFRI% ot RREd td hdSW SR WA Iy 592
cells. As a control vector, cell line D1, which contained an ineffective target

sequence (SEQ ID NO:17), was also isolated.

10  Cytotoxicity assays showed increased sensitivity to etoposide and oxidative
stress inducers; hydrogen peroxide and t-butyl hydrogen peroxide in cell lines
demonstrating reduced AIF expression (cell lines C3 and A5) but the same
was not observed in the control cell line D1, as seen in Figures 24A-C.

15 The anchorage independent growth assay in soft agar also showed significant
reduction in colony formation for the AIF knockdown cell lines (Figures 25A-
B).

This experiment demonstrated that the inhibition of AlF expression via siRNA
20 in another colon cancer cell line (SW480) can reiterate the phenotype
observed in the AIF knockout cell lines of HCT-116 and DLD-1.



Al a
450
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aac
Met
agt

agt
Leu
aaa
Ser
gag
du
cot

gtc
I'le
gtc
Phe

Gy Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gy Arg Arg Arg 435 440 445
gta gag cat cat gat cat get gtt gtg agt gga aga ctg get gga gaa 1449

du
atg
Thr
gat
Leu
ttg
Pro
tct
Ala ¥
aca
Thr
gca
Val

atc
Phe
ttt

Asn

Hs Hs Asp His Al a Val
act gga gcc get
Gly Ala Ala Lys
ttg ggt cct gat
Gy Pro Asp Val
ccc aca gtt ggt

Gy Tyr

Val

Gty

Ser Ay Arg Leu Ala G
aag cca tac tgg cat cag tca
Pro Tyr Trp His G n Ser
gtc ggc tat gaa’get att ggt

83' | ET%@)’ Leu
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Met
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THo>G apoBtos iSe L a@ iyig ThactEk y (ATFE shbgrRen 8 ivnb 16h<526F 525 530 agt
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G%PSe‘f’P‘S@FEI Ala Ser Au
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Lifost agateherA9g9rgRs aan
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<400> 1

atc
I'le
gaa
Ay

gtt
Val

agg
Lys

aca
Thr

ggg
Au
gtg
Val

aag
Ile

tgcgtggaag gaaaaggaag gagcgggagce ttccgaggag

ctg
Leu

gcg
Ala

ggt
Gly

cgg tgt
Arg Cys

gga
Gly

ggc
Gly

tac
Tyr

gtc
Val

gtg
Val

gtg
Val

cgg
Arg
20

acg
Thr

cag
Gln
25

ttc
Phe

caa
Gln
40

aac
Asn

ttg
Leu

tgg
Trp

ggc
Gly
35

cag
Gln

tct
Ser

caa
Gln

aga
Arg

atg
Met

gct
Ala

agc
Ser
55

ggt
Gly

tta
Leu

ctt
Leu
70

att
Ile

gtc
Val

gtg
val

gtg
val

ggc
Gly

gct
Ala
10

agg
Arg

cgt
Arg

tca
Ser

tta
Leu

tte
Phe

aag
Lys

aaa
Lys

ccg
Pro

cet
Pro

gtt
Val

tca
Ser

999
Gly
60

tca
Ser
75

aca
Thr

cag
Gln

cag
Gln

cta
Leu
45

gge
Gly

ata
Ile

att cct ccc
I'le

Pro Pro
gac tac
Tyr Gy
ggg att
Il e Val
att aag
Lys Asp
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tgatcgccga a atg ttc

aaa
Lys

ctg
Leu
15

aac
Asn

agg
Arg
30

cte
Leu

gaa
Glu

aaa
Lys

atg
Met

gct
Ala

gga
Gly

y
ttc

Trp
gtg
Asp
gac
500

atg
Phe
ctg
Val

caa
Asp
gag

agc
Ser
ggc
Lys
gtg
Leu
gac
Ay

gcc
Al a
aaa
Ay
cta
Trp

ggt
580

d u 455 460 465
tgg 1497 Asn
470 475 480

gat 1545 Ser
485 490 495 agt
1593 Ser Ser
505 510 aac cca

1641 Asn Pro Lys

1689 60 Ser
535 540 545

ggt 1737 Pro
550 555 560

tgg 1785 Val
565 570 575 aac
1833 Asn Val
585 590
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Molecular characterization of mitochondrial apoptosis-inducing

57

Met Phe

1
gtg ccc ttg 105
Val Pro Leu
cgg ctt cca 153
Arg Leu Pro
cag atg gca 201
Gln Met Ala

50

gat aat tct 249
Asp Asn Ser

65
ggt gca tat 297
Gly Ala Tyr
80



gag caa cat gaa gat ctc aat gaa gta got aaa ctc ttc aac att cat 1881 Qu
Gn Hs GQu Asp Leu Asn Qu Val Ala Lys Leu Phe Asn Ile H's 595 600 605 610
gaa gat tga atcccaatcg tggaatacac aagcactttt ccatccctgg cg 1932 du Asp
<210> 2 <211> 612 <212> PRT <213> Mus nusculus <400> 2 Met Phe Arg Cys
Gy Gy Leu Ala Ay Ala Phe Lys Gn Lys Leu Val 1 5 10 15 Pro Leu Val Arg
Thr Val Tyr Val Gn Arg Pro Lys Gn ArgS%sn Arg 20 25 30 Leu Pro Ay Asn
Leu Phe Gn AGn Trp Arg Val Pro Leu Qu Leu Gn 35 40 45 Met Ala Arg G n
Met Al a el add ¥crSeka Sela %é’ &k YodeY 82dVRLa ASR 220 g2 ?%q #sn Sery ¥al Leu
Val Leu hi® t¥aliyd ynd e Seis a1 akbeoid Yydlaas Ghy adiboll ik 60 Ala Tyr Ala
Tyr Lys Thr Ilessdys Qu Asp G nshys Arg Tyr Asn & u 85 90 95 Arg Val Met
Gy Leu Ay Leu Ser Pro Gu Gu Lys Gn Arg Arg Ala 100 105 110 61 Ile

Al a Ser AFa 9PArtt@ g§9@FI@SF Ser 9val 999 p2adCAd |99 A¢y 9AF 2HPr 6°c15 1263125

Ser His Vaf ¥ Bhel L &G LT E\Eg yeE AT NAPARaSPhe'A a 130 135
140 Al a Alal,&log Ser Ile Arg a Arg Asp Pro dlf Ala Arg Val Leu lle

tcc get aca gag gga gge teca gtt cct cag atc agg gca cca agt cac 441
Ser Ala Thr Glu Gly Gly Ser Val Pro Gln Ile Arg Ala Pro Ser His
115 120 125 130
gte cet tte ctg ctg att ggt gga ggg act gct get ttt gca gca gcc 489
Val Pro Phe Leu Leu Ile Gly Gly Gly Thr Ala Ala Phe Ala Ala Ala
135 140 145
aga tcc atc cgg gct cgg gat cct ggg gcc agg gtc ctg att gta tct 537
Arg Ser Ile Arg Ala Arg Asp Pro Gly Ala Arg Val Leu Ile Val Ser
150 155 160
gaa gac cct gaa ctg cca tac atg cga cct cct ctt tca aaa gaa ttg 585
Glu Asp Pro Glu Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys Glu Leu
165 170 175
tgg ttt tca gat gat cca aat gtc aca aag aca ctg caa ttc aga cag 633
Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Gln Phe Arg Gln
180 185 190
tgg aat gga aaa gag aga agc ata tat ttc cag cca cct tct tte tat 681
Trp Asn Gly Lys Glu Arg Ser Ile Tyr Phe Gln Pro Pro Ser Phe Tyr
195 200 205 210
gtc tct get cag gac ctg cct aat att gag aac ggt ggt gtg gect gtc 729
Val Ser Ala Gln Asp Leu Pro Asn Ile Glu Asn Gly Gly Val Ala Val
215 220 225
ctc act ggg aaa aag gta gta cat ctg gat gta aga ggc aac atg gtg 777
Leu Thr Gly Lys Lys Val Val His Leu Asp Val Arg Gly Asn Met Val
230 235 240
aaa ctt aat gat ggc tect cag att acc ttt gaa aag tgc ttg att gca 825
Lys Leu Asn Asp Gly Ser Gln Ile Thr Phe Glu Lys Cys Leu Ile Ala
245 250 255
acg gga ggc act cca aga agt ctg tct gecc atc gat agg gct gga gca 873
Thr Gly Gly Thr Pro Arg Ser Leu Ser Ala Ile Asp Arg Ala Gly Ala
260 265 270
gag gtg aag agt aga aca aca ctt ttc agg aag att gga gat ttt aga 921
Glu Val Lys Ser Arg Thr Thr Leu Phe Arg Lys Ile Gly Asp Phe Arg
275 280 285 290
gcc ttg gag aag atc tet cgg gag gtc aag tca att aca gtt atc ggc 969

Ala Leu Glu Lys Ile Ser Arg Glu Val Lys Ser Ile Thr Val Ile Gly
295 300 305



145
Ser
Leu
Adn
du
Leu
Adn
Arg

Lys
Phe
dn
Asn
Au
365
375

150
Lys
Gn
Pro
Asn
Asp
Ile
Ser
Thr
I'le
Leu
Al a
Met
Lys
Adn
380

155 160 Val Ser Gu Asp Pro Qu Leu Pro Tyr Met Arg Pro Pro Leu
165 170 175 du Leu Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr
Phe 180 185 190 Arg G n Trp Asn Ay Lys Gu Arg Ser Ile Tyr Phe
Pro Ser 195 200 205 Phe Tyr Val Ser Ala A n Asp Leu Pro Asn Ile
Ay dy Val 210 215 220 Ala Val Leu Thr Ay Lys Lys Val Val H's
Val Arg Ay Asn 225 230 235 24 Met Val Lys Leu Asn Asp Ay Ser
& el Led g&@&f 22052 5t cltlte 8gd Mag@ o Gy 1By Pro
%Jgge enAl Bod égiz%é%e Z’;1a2 Yr&l@aGdr Val Lys Ser
Thr Leu PheicArg Lys Ile Gly_uAs 275 280 8520Phe Arg Ala Leu Gu

Ser Arg Qu Val Lys Ser Ile Thr Val 290 295 300 Ile dy Ay Qy
Gy gSertegl ged eba Alsa Oy aAF epalgeetGtyc Arcg 98082832348 320 10k§s Ser
&6t Aé‘SPyseFfI el @il VM Yile I&F PlpelrPRes PG @IULK?5G132€SYB30 335 62 dy

Ay Lys*le Leu Pro G n* 9/r Leu Ser Asn ¥tp Thr Met 340 345 350
y@g& égsaﬁ gl:chgt Cac% 54 t ct\éaL.ng%E.c Fi):rgg éfcn agalal ga val §§ 360
Alryd Yievaku S8 &1y T Yl Seil @l 1104 .81 ysﬂld%?—ys p 370

340 345 350
gtc aaa cga gag gga gtg aaa gtg atg ccc aat gca att gta caa tca 1161
Val Lys Arg Glu Gly Val Lys Val Met Pro Asn Ala Ile Val Gln Ser
355 360 365 370
gtt gga gtc agce ggt ggc agg tta ctec att aag ctg aaa gat gga agg 1209
Val Gly Val Ser Gly Gly Arg Leu Leu Ile Lys Leu Lys Asp Gly Arg

375 380 385
aag gta gaa act gac cac ata gtg aca gct gtg ggc cta gag ccc aat 1257
Lys Val Glu Thr Asp His Ile Val Thr Ala Val Gly Leu Glu Pro Asn
390 395 400
gtt gag ttg gcc aag act ggc gga ctg gaa ata gat tcec gat ttt ggt 1305
Val Glu Leu Ala Lys Thr Gly Gly Leu Glu Ile Asp Ser Asp Phe Gly
405 410 415

ggc ttc cgg gta aat gca gaa ctc caa gca cgt tct aac atc tgg gtg 1353
Gly Phe Arg Val Asn Ala Glu Leu Gln Ala Arg Ser Asn Ile Trp Val

420 425 430
gca ggg gat gct geca tge tte tat gat ata aag ttg ggt cga agg cga 1401
Ala Gly Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gly Arg Arg Arg
435 440 445 450
gta gag cat cat gat cat gct gtt gtg agt gga aga ctg gct gga gaa 1449
Val Glu His His Asp His Ala Val Val Ser Gly Arg Leu Ala Gly Glu

455 460 465
aac atg act gga gcc gct aag cca tac tgg cat cag tca atg ttc tgg 1497
Asn Met Thr Gly Ala Ala Lys Pro Tyr Trp His Gln Ser Met Phe Trp
470 475 480
agt gat ttg ggt cct gat gtc ggec tat gaa gct att ggt ctg gtg gat 1545
Ser Asp Leu Gly Pro Asp Val Gly Tyr Glu Ala Ile Gly Leu Val Asp
485 490 495

agt agt ttg ccc aca gtt ggt gtt ttt geca aaa gca act gca caa gac 1593
Ser Ser Leu Pro Thr Val Gly Val Phe Ala Lys Ala Thr Ala Gln Asp

500 505 510
aac cca aaa tct gecc aca gag cag tca gga act ggt atec cgt teg gag 1641
Asn Pro Lys Ser Ala Thr Glu Gln Ser Gly Thr Gly Ile Arg Ser Glu
515 520 525 530

agt gag aca gag tca gaa gct teg gaa atc aca att cct ccc age gcec 1689



Arg Lys Val Gu Thr Asp His Ile Val Thr Ala Val Gy Leu Au 385 390
400 Pro Asn Val Qu Leu Ala Lys Thr Ay Ay Leu Qu Ile Asp Ser Asp
410 415 Phe Ay Ay Phe Arg Val Asn Ala Qu Leu G n Ala Arg Ser Asn
420 425 430 Trp Val Ala Ay Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu
Arg 435 440 445 Arg Arg Val Gu H|s Hs Asp Hs Ala Val VvVal Ser Gy
Leu Ala 450 455 460 dy du Asn vet? Thr Gy Ala Ala Lys Pro Tyr Trp
G N Ser Melmy 468, 410 AL5,ABQe, Rhg TrrSern@spd e, Ger B0 Asp Val Gy
Gu Alalle Ay Lews485 4 Vado Asp Ser Ser LeusPro Thr Val Gy
Phe Ala Lys Ala Thr Ala 500 505 510 G n Asp Asn Pro Lys Ser Ala Thr
G n Ser g& ywtFheceGeyg Idte #rtg gtbldmab@y §2H gaBeradpac Ser @&t Thri7&ru Ser
Al a Ber A& Vo] BroTRER |Vag Pro VPE F183@1 5 35U B340 TySeFlAIlgsPfy Ala Val Pro
Val Pro Val Gy du Asp Tyr55é|y 545 550 5536‘?560 63 Lys Ay Val

Phe Tyr eu Arg Asg L AX ¥ E65 570 575 Trp
c a t ac Cctc g g9 cta
gt st E RIS R el il o 1 535 380 as
Gu @n H s U Asp Leu Ala LyS ﬁ,u Phe Asn 595 600 605
Hs Gu Asp
aac gtc ttt aac cga atg cca att gca agg aag atc att aag gac ggt 1833

Asn Val Phe Asn Arg Met Pro Ile Ala Arg Lys Ile Ile Lys Asp Gly
580 585 590

gag caa cat gaa gat ctc aat gaa gta gct aaa ctc ttc aac att cat 1881
Glu Gln His Glu Asp Leu Asn Glu Val Ala Lys Leu Phe Asn Ile His
595 600 605 610

gaa gat tga atcccaatcg tggaatacac aagcactttt ccatccctgg cg 1932
Glu Asp

<210> 2

<211l> 612

<212> PRT

<213> Mus musculus

<400> 2
Met Phe Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys Gln Lys Leu Val

1 5 10 15

Pro Leu Val Arg Thr Val Tyr Val Gln Arg Pro Lys Gln Arg Asn Arg
20 25 30

Leu Pro Gly Asn Leu Phe Gln Gln Trp Arg Val Pro Leu Glu Leu Gln
35 40 45

Met Ala Arg Gln Met Ala Ser Ser Gly Ser Ser Gly Gly Lys Met Asp
50 55 60

Asn Ser Val Leu Val Leu Ile Val Gly Leu Ser Thr Ile Gly Ala Gly
65 70 75 80

Ala Tyr Ala Tyr Lys Thr Ile Lys Glu Asp Gln Lys Arg Tyr Asn Glu
85 90 95

Arg Val Met Gly Leu Gly Leu Ser Pro Glu Glu Lys Gln Arg Arg Ala
100 105 110
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1 gga ggc ctg gcg gcg ggt get ttg aag cag aag ctg gtg ccc ttg gtg 102 dy

Ay Leu
acc gtg
Val Cys
ttc cag
A@n Arg
agc tot
Ser Gy
gtg ggc
Gy Leu
gag gac
Asp G u
cca gaa
Gu Gn
gaa gtt
Val Pro
ggt gga
Gy Ay
cot ggg

Ala Ala Gy Ala Leu Lys An Lys Leu Val Pro Leu Val 5 10 15 20 cgg
tgc gtc cga agc ccg agg cag agg aac cgg ctc cca ggc 150 64 Arg Thr
Val Arg Ser Pro Arg @ n Arg Asn Arg Leu Pro Gy 25 30 35 aac ttg
cga tgg cat gtt cot cta gaa ctc_cag atg aca aga 198 Asn Leu Phe
Trp H's Val Pro Leu Qu Leu A n®Met Thr Arg 40 45 50 caa atg get
ggt gca tca ggg ggc aaa atc gat sat tct gtg 246 dAn Met Ala Ser
A2 rSeTved ¥1yCLys s LAE pAS m1ASHSeEu Vk £ 60, 6hictiia gtc ctt att
tta tca acacgta gga get ggtssgcc tat gcc 2943séou Val Leu Ile Val

Ser Thr Val Ay Ala Ay Ala Tyr Ala 70 75 80 tac aag act atg aaa
gaa aaa aga tac sat gaa aga att tca 342 Tyr Lys Thr. Met Lys Qu

s DAf a?y?YsAéﬁg(ﬁlﬁ YgVF é“YSeYa%gegé’r%As‘:EDéla gd§ Yt'a ggg ctg aca
cag aad Cag aaa aag gcc 89 tta tct 390 ?ﬁy’Leu Gy Leu Thr Pro
Lys Gn Lys Lys Ala Ala Leu Ser 105 110 115 get tca gaa gga gag
60t sEAX03612H1 Wl 662 cBPtargate by 438 LA AedlsQdp Ay Au Gu

A n3fAsp Lys Ala Pro Ser Hi's Val 120 1% 130 cot ttc ctg cta att
ggc aca got get ttt get gca gcc aga 486 Pro Phe Leu Leu Ile Ay
Thr Ala Ala Phe Ala Ala Ala Arg 135 140 145 tcc atc cgg get cgg gat
gg%c Aé@&'y@t \é_a]cf?.éuﬂé];tg @deHfL@tllga\é_a]L:)%‘Jgg Ala val Gly Leu Glu

400

Pro Asn Val Glu Leu Ala Lys Thr Gly Gly Leu Glu Ile Asp Ser Asp
405 410 415

Phe Gly Gly Phe Arg Val Asn Ala Glu Leu Gln Ala Arg Ser Asn Ile
420 425 430

Trp Val Ala Gly Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gly Arg
435 440 445

Arg Arg Val Glu His His Asp His Ala Val Val Ser Gly Arg Leu Ala
450 455 460

Gly Glu Asn Met Thr Gly Ala Ala Lys Pro Tyr Trp His Gln Ser Met
465 470 475 480

Phe Trp Ser Asp Leu Gly Pro Asp Val Gly Tyr Glu Ala Ile Gly Leu
485 490 495

Val Asp Ser Ser Leu Pro Thr Val Gly Val Phe Ala Lys Ala Thr Ala
500 505 510

Gln Asp Asn Pro Lys Ser Ala Thr Glu Gln Ser Gly Thr Gly Ile Arg
515 520 525

Ser Glu Ser Glu Thr Glu Ser Glu Ala Ser Glu Ile Thr Ile Pro Pro
530 535 540

Ser Ala Pro Ala Val Pro Glmn Val Pro Val Glu Gly Glu Asp Tyr Gly
545 550 555 560



aag

ggc
Ser
ggt
Thr
aag
Ser
gag
Lys

Arg Ala Arg Asp Pro Gy Ala Arg Val Leu Ile Val Ser du 150

gag ctg cog tac atg cga cot cct ctt tca aaa gaa ctg t

gg 582

Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys G u Leu Trp 165 170

gat gac cca sat gtc aca aag aca ctg cga ttc aaa cag t

gg 630

Asp Pro Asn Val Thr Lys Thr Leu Arg Phe Lys G n Trp 185 190
aaa gag aga agc ata tat ttc cag@:ca cot tct ttc tat gtc 678
Gu AL Or5ek1d 18 Tir. BIe (G Br 8, PR01 Sl Phe oTyrinyal,200 205
cag gac ctg cefscat att gag sat,g@gt ggt gtg gotsgtc ctc 726
Asp Leu Pro Hs Ile Au Asn Ay Gy Val Ala Val Leu 215 220
aag gta gta cag ctg gat gtg aga gac aac atg gtg aaa 774 Thr
Vel Tval A@ Fal dbe Asye Vad MAF PrAsplAdha Mg Med ILysTti23ByL35 240

tot caa ata®%cc tat gaa aag®°®3gc ttg att gca®dBa 822

Leu Asn

Gnlle Thr Tyr Qu Lys Cys Leu Ile Ala Thr 65 245 250 255

08,,89L Ci9, & c, At : ca.gag B70
B W oien Ta- o W B W 8 B R B08E 270
agt aga aca acg ctt ttc aga aag att gga gac ttt aga agc 918
Arg Thr Thr Leu Phe Arg Lys Ile Gy Asp Phe Arg Ser 280 285

dbdg HABtCGlucasrgg gaa gtc aaa tca att acg att atc ggt ggg 966
Ile®3&r Arg Qu Val Lys Ser Ile Thr Ile Ile Ay @y 295 300

<210> 3

<211> 1906

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (43)..(1884)

<223> Human apoptosis-inducting factor AIFAccession Number: AF100928

<300>
<301> Susin et al.

<302> Molecular characterization of mitochondrial apoptosis-inducing

factor
<303> Nature
<304> 397
<305> 6718
<306> 441-446
<307> 1999-02-04

<300>
<301> Susin, S.A. et al.

<302> Molecular characterization of mitochondrial apoptosis-inducing

factor
<303> Nature
<304> 397
<305> 6718
<306> 441-446
<307> 1999-02-04

<400> 3

agaggaaagg gaaggaggag gtcccgaata gecggtcgecg aa atg tte cgg tgt
Met Phe Arg Cys
1

gga ggc ctg gcg gcg ggt gct ttg aag cag aag ctg gtg ccc ttg gtg
Gly Gly Leu Ala Ala Gly Ala Leu Lys Gln Lys Leu Val Pro Leu Val
5 10 15 20

cgg acc gtg tge gte cga agc ccg agg cag agg aac cgg ctc cca ggc

54

102

150

155 160
Asp
175 180
Phe
195
Asn
210
Ser
225 act
Ay
ctt sat
Asp
260
Ay
275
Val
290
Leu
305



ggc ttc ctt ggt agc gaa ctg gcc tgt get ctt ggc aga aag get cga 1014 dy
Phe Lou Gy Ser Qu Leu Ala Cys Ala Leu Gly Arg Lys Ala Arg 310 315 320 gcc
ttg ggc aca gaa gtg att caa ctc ttc ccc gag aaa gga sat atg 1062 Ala Leu
Gy Thr u Val Ile @n Leu Phe Pro Gu Lys Gy Asn Met 325 330 335 340
gga aag atc ctc ccc gaa tac ctc agc aac_tgg acc atg gaa aaa gtc 1110 Qy
Lys Ile Leu Pro Au Tyr Leu Ser Asn Tr p64Thr Met Glu Lys Val 345 350 355
aga cga t C tt 1158 Ar
N au g ard e fal tel B AR e B AR %60 365 370 °
gga gtc agc agt ggc aag tta ctt atc aag ctg aaa gac ggc agg aag 1206 dy
Val Ser Ser t@h)ttiysad edaltey tdte gkyscdieutd gsa Asp @y aky rebysg375 3808385 gt a
gaa act @=ic Lencthat @lgPys gir et Vgigpr@gbeu(:ﬁ@u eecMshatThgt 2r91254 Val du
Thr Asp His Ile Vat®Ala Ala Val dy*>eu Gu Pro Asn®%al 390 395 400 gag ttg

gcc aag act gc £tg.gaa ata ac tc pans % AduLeu Al
bye Thr Gy fyter g R Rp ekl Al dy Aol a0
cgg gta eat gCasgag cta caa gcagggc fct aac atc gggg gtg gca 1350 Phe Arg
Val Asn Ala Gu Leu G n Ala Arg Ser Asn Ile Trp Val Ala 425 430 435 gga
gat get gea gtgcetrt ettt acggaic ata taagedat gcaggga agy @@y acggagt accl398 28y Asp
Al a Al a GBys VRhelelyF1Adpl |¢ly Lys Seeurh@ yalAGdy Arlg Ay AValTya48l445 450 gag
cac cat gat 7€ac get gtt gtg a{:)t gga aga ttg g9(9t gga gaa sat 1446 Gdu His
Hs Asp H| S Al a Val Val Ser él Arg Leu a¥ Gu 455 460 4@%

ga tac a 2

aag act atg aaa gag gaa“~aaa aga gaa aga att tc
Tyr Lys Thr Met Lys Glu Asp Glu Lys Arg Tyr Asn Glu Arg Ile Ser

85 90 95 100
ggg tta ggg ctg aca cca gaa cag aaa cag aaa aag gcc gcg tta tct 390
Gly Leu Gly Leu Thr Pro Glu Gln Lys Gln Lys Lys Ala Ala Leu Ser
105 110 115
gct tca gaa gga gag gaa gtt cct caa gac aag gcg cca agt cat gtt 438
Ala Ser Glu Gly Glu Glu Val Pro Gln Asp Lys Ala Pro Ser His Val
120 125 130
cct ttc ctg cta att ggt gga ggc aca gct gct ttt gct gca gcc aga 486
Pro Phe Leu Leu Ile Gly Gly Gly Thr Ala Ala Phe Ala Ala Ala Arg
135 140 145
tece atc cgg get cgg gat cct ggg gec agg gta ctg att gta tet gaa 534
Ser Ile Arg Ala Arg Asp Pro Gly Ala Arg Val Leu Ile Val Ser Glu
150 155 160
gat cct gag ctg ccg tac atg cga cct cct ctt tca aaa gaa ctg tgg 582
Asp Pro Glu Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys Glu Leu Trp
165 170 175 180
ttt tca gat gac cca aat gtc aca aag aca ctg cga ttc aaa cag tgg 630
Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Arg Phe Lys Gln Trp
185 190 195
aat gga aaa gag aga agc ata tat ttc cag cca cct tct tte tat gte 678
Asn Gly Lys Glu Arg Ser Ile Tyr Phe Gln Pro Pro Ser Phe Tyr Val
200 205 210
tct gect cag gac ctg cct cat att gag aat ggt ggt gtg gct gtec cte 726
Ser Ala Gln Asp Leu Pro His Tle Glu Asn Gly Gly Val Ala Val Leu
215 220 225
act ggg aag aag gta gta cag ctg gat gtg aga gac aac atg gtg aaa 774
Thr Gly Lys Lys Val Val Gln Leu Asp Val Arg Asp Asn Met Val Lys
230 235 240
ctt aat gat ggc tct caa ata acc tat gaa aag tgc ttg att gca aca 822

Leu Asn Asp Gly Ser Gln Ile Thr Tyr Glu Lys Cys Leu Ile Ala Thr



atg act gga get get aag ccg tac tgg cat cag tca atg ttc tgg agt 1494 Met
Thr Ay Ala Ala Lys Pro Tyr Trp Hs A n Ser Met Phe Trp Ser 470 475 480 66
gat ttg ggc ccc gat gtt ggc tat gaa get att ggt ctt gtg gac agt 1542 Asp
Leu Gy Pro Asp Val Ay Tyr Gu Ala lle Ay Leu Val Asp Ser 485 490 495 500
agt ttg ccc aca gtt ggt gtt ttt gca aaa_gca act gca caa gac aac 1590 Ser
Leu Pro Thr Val dy Val Phe Ala Lys Ala~Thr Ala G n Asp Asn 505 510 515

ccc aaa tgd gcc aca gag cag tca gga act ggtsatc cga tca gags@agt 1638 Pro
Lys Ser Ala Thr Au Gn Ser Gy Thr Ay Ile Arg Ser Gu Ser 520 525 530

gag aca g&ydptcacgagecgegatea gaa tattigachtidbht G €&C g8gGcACGaL0g 1@86 (G u
Thr G u Skr GGy uUrhdl Br&érg Gar Léwe SEhrallal gldPrep Prrg Ser GIThralPr 1635 540 545 gca
gtt cca cag get ccc gt2é5cag ggg gag gaé70c ac ggc aaa ggt27§tc 1734 Al a Val

Pro G@n @ % g@ § gtg @ Val g%SO%CSSS SGgHatc ttc
tac ctc C..da 7 Ile e Tyr
Leu Arg is ? ¥ %g%trg % %i P?? v g% “'575 580 atc
ttt aac cga atg cca ata gca agg aag atc att aag gac ggt gag 1830 Ile Phe
Asn Arg bej dRymaadg ectAlcaa Al bys gk eadal ecd wst Asp &ty a6k Wdh855H90 5356 cag
cat gaa get GGtclyaallg@®ar i@ gL Vaddact et tite dke ald Itatclygaalyll878 Gn H's
G u Asp Leu Asr®@ u Val Al a Lys3Péu Phe Asn Ile H3 du 600 605 610 gac
tga agccccaca ctggaattggc as 1906 Asp

gge tt gaa ctg gcc tgt get ctt gge aga aag gct cga 1014
Gly Phe Leu Gly Ser Glu Leu Ala Cys Ala Leu Gly Arg Lys Ala Arg
310 315 320
gcc ttg ggc aca gaa gtg att caa cte tte ccc gag aaa gga aat atg 1062
Ala Leu Gly Thr Glu Val Ile Gln Leu Phe Pro Glu Lys Gly Asn Met
325 330 335 340
gga aag atc ctc ccc gaa tac ctc age aac tgg acc atg gaa aaa gtc 1110
Gly Lys Ile Leu Pro Glu Tyr Leu Ser Asn Trp Thr Met Glu Lys Val
345 350 355
aga cga gag ggg gtt aag gtg atg ccc aat gct att gtg caa tcc gtt 1158
Arg Arg Glu Gly Val Lys Val Met Pro Asn Ala Ile Val Gln Ser Val
360 365 370
gga gtc agc agt ggc aag tta ctt atc aag ctg aaa gac ggc agg aag 1206
Gly Val Ser Ser Gly Lys Leu Leu Ile Lys Leu Lys Asp Gly Arg Lys
375 380 385
gta gaa act gac cac ata gtg gca gct gtg ggc ctg gag cce aat gtt 1254
Val Glu Thr Asp His Ile Val Ala Ala Val Gly Leu Glu Pro Asn Val
390 395 400
gag ttg gcc aag act ggt ggc ctg gaa ata gac tca gat ttt ggt ggc 1302
Glu Leu Ala Lys Thr Gly Gly Leu Glu Ile Asp Ser Asp Phe Gly Gly
405 410 415 420
tte cgg gta aat gca gag cta caa gca cge tet aac atc tgg gtg gca 1350
Phe Arg Val Asn Ala Glu Leu Gln Ala Arg Ser Asn Ile Trp Val Ala
425 430 435
gga gat gct gca tgce ttec tac gat ata aag ttg gga agg agg cgg gta 1398
Gly Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gly Arg Arg Arg Val
440 445 450
gag cac cat gat cac gct gtt gtg agt gga aga ttg gct gga gaa aat 1446
@Glu His His Asp His Ala Val Val Ser Gly Arg Leu Ala Gly Glu Asn
455 460 465
atg act gga gct gect aag ccg tac tgg cat cag tca atg ttc tgg agt 1494

Met Thr Gly Ala Ala Lys Pro Tyr Trp His Gln Ser Met Phe Trp Sex
470 475 480



<210> 4 <211> 613 <212> PRT <213> Hono sapiens <400> 4 Net Phe Arg Cys
Gy Ay Leu Ala Ala Ay Ala Leu Lys @n Lys Leu 1 5 10 15 Val Pro Leu Val
Arg Thr Val Cys Val Arg Ser Pro Arg Gn Arg Asn 20 25 30 Arg Leu Pro Ay
Asn Leu Phe G n Arg Trp His Val Pro Leu Qu Leu 35 40 45 67 dn Met Thr
Arg Gn Met Ala Ser Ser Ay Ala Ser Gly Ay Lys Ile 50 55 60 Asp Asn Ser
Val Leu Val Leu Ile Val Qy Leu Ser Thr *¥ai Gy Ala 65 70 75 80 dy A a
Tyr Ala Tyr Lys Thr Met Lys Qu Asp Glu Lys Arg Tyr Asn 85 90 95 du Arg
Il'e Ser siny t|E§Ug9@ ych@utTg}trt &@ t&F Uyl Go st G &S gbY SaclOQ 105 510 Al a

Al a Leu 1AL az1Serraep G W ¢ weiah1Proe @1g ASPvhy sl ger 115 120 125
Pro Ser |4-I3$ Val Pro Phe L{ﬁsv Leu Ile Ay Geysdy Thr Ala Al =zodhe 130 135 140
Ala Ala Ala Arg Ser Ile Arg Ala Arg Asp Pro Ay Ala Arg Val Leu 145 150
155 160 29% &t9a1°°Sef? @Fh E7éypg‘|3'r GEE PR PFD TRfr INeCAAIG PR Pro 1586 Ser
165 170 95 etyFocir lsgﬂ.;l Gy pvﬁhgh%ez?laﬁ\gﬁg AdD Pro’is ﬁl%@SpTﬁ?n Lys Thr Leu
Arg 180 185 190

cce aaa tct gec aca gag cag tca gga act ggt atc cga tca gag agt 1638
Pro Lys Ser Ala Thr Glu Gln Ser Gly Thr Gly Ile Arg Ser Glu Ser
520 525 530

gag aca gag tcc gag gcc tca gaa att act att cct ccc age acc ccg 1686
Glu Thr Glu Ser Glu Ala Ser Glu Ile Thr Ile Pro Pro Ser Thr Pro
535 540 545

gca gtt cca cag gct ccc gtec cag ggg gag gac tac gge aaa ggt gtc 1734
Ala Val Pro Gln Ala Pro Val Gln Gly Glu Asp Tyr Gly Lys Gly Val
550 555 560

atc ttc tac ctc agg gac aaa gtg gtc gtg ggg att gtg cta tgg aac 1782
Ile Phe Tyr Leu Arg Asp Lys Val Val Val Gly Ile Val Leu Trp Asn
565 570 575 580

atc ttt aac cga atg cca ata geca agg aag atc att aag gac ggt gag 1830
Ile Phe Asn Arg Met Pro Ile Ala Arg Lys Ile Ile Lys Asp Gly Glu
585 590 595

cag cat gaa gat ctc aat gaa gta gcc aaa cta ttec aac att cat gaa 1878
Gln His Glu Asp Leu Asn Glu Val Ala Lys Leu Phe Asn Ile His Glu
600 605 610

gac tga agccccacag tggaattgge aa 1906
Asp

<210> 4

<211l> 613

<212> PRT

<213> Homo sapiens

<400> 4
Met Phe Arg Cys Gly Gly Leu Ala Ala Gly Ala Leu Lys Gln Lys Leu

1 5 10 15

Val Pro Leu Val Arg Thr Val Cys Val Arg Ser Pro Arg Gln Arg Asn
20 25 30

Arg Leu Pro Gly Asn Leu Phe Gln Arg Trp His Val Pro Leu Glu Leu
35 40 45



Phe Lys G n Trp Asn Ay Lys Qu Arg Ser Ile Tyr Phe G n Pro Pro 195 200
205 Ser Phe Tyr Val Ser Ala G n Asp Leu Pro Hs Ile Au Asn Ay dy 210
215 220 Val Ala Val Leu Thr Ay Lys Lys Val Val G n Leu Asp Val Arg Asp
225 230 235 240 Asn Met Val Lys Leu Asn Asp Ay Ser @Gn Ile Thr Tyr Qu
Lys Cys 245 250 255 Leu lle Ala Thr Gy Gy Thr Pro Arg Ser Leu Ser Ala
Ile Asp Arg 260 265 270 Ala Ay Ala d [ Val Lys Ser Arg Thr Thr Leu Phe
Arg Lys bl B85, 280 285 sesohe: Ahg. SRL éﬁ}lcg yLysidle Ser Arg du
Val Lys Sersble Thr = 290 2955300 Ile Il'e Ayody Ay Phe Leu Ay Ser GQu
Leu Ala Cys Ala Leu Gy 305 310 315 320 Arg Lys Ala Arg Ala Leu Ay Thr
GQu Vval Ile @n Leu Phe Pro Qu 325 330 335 Lys Ay Asn Met Ay Lys Ile
Leu Pro &wiAFyroereVpiSépu Asn Teyp IThrVal3gly 39% s380TwelValddyLy s Val Arg Arg
Gu dy %Al Lys val Met P Asn Ala Ile 355 360 365 Val n Ser val Gy
Val Ser Ser Gy Lys Leu Leu Ile Lys Leu Lys 370 375 380 Asp Ay Arg Lys
Val GQu i I 95,400 du Pro
ron val G A2 B Egr\ﬁ?is %@M&%ﬁeﬁoﬁéﬁﬁ%“ % é%ﬁ%% 410 415 Asp
Phe Gy Gly PheArg Val Asn Ala Gu Leu A n Ala Arg Ser Asn

Glu Arg Ile Ser Gly Leu Gly Leu Thr Pro Glu Gln Lys Gln Lys Lys
100 105 110

Ala Ala Leu Ser Ala Ser Glu Gly Glu Glu Val Pro Gln Asp Lys Ala
115 120 125

Pro Ser His Val Pro Phe Leu Leu Ile Gly Gly Gly Thr Ala Ala Phe
130 135 140

Ala Ala Ala Arg Ser Ile Arg Ala Arg Asp Pro Gly Ala Arg Val Leu
145 150 . 155 160

Ile Val Ser Glu Asp Pro Glu Leu Pro Tyr Met Arg Pro Pro Leu Ser
165 170 175

Lys Glu Leu Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Arg
180 185 190

Phe Lys Gln Trp Asn Gly Lys Glu Arg Ser Ile Tyr Phe Gln Pro Pro
195 200 205

Ser Phe Tyr Val Ser Ala Gln Asp Leu Pro His Ile Glu Asn Gly Gly
210 215 220

Val Ala Val Leu Thr Gly Lys Lys Val Val Gln Leu Asp Val Arg Asp
225 230 235 240

Asn Met Val Lys Leu Asn Asp Gly Ser Gln Ile Thr Tyr Glu Lys Cys
245 250 255

Leu Ile Ala Thr Gly Gly Thr Pro Arg Ser Leu Ser Ala Ile Asp Arg
260 265 270

Ala Gly Ala Glu Val Lys Ser Arg Thr Thr Leu Phe Arg Lys Ile Gly



420 425 430 Ile Trp Val Ala Ay Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gy
435 440 445 Arg Arg Arg Val Qu His Hi's Asp H's Ala Val VvVal Ser Ay Arg
Leu 450 455 460 Ala Gy GQu Asn Met Thr Ay Ala Ala Lys Pro Tyr Trp Hi s
G@n Ser 465 470 475 480 Met Phe Trp Ser Asp Leu Ay Pro Asp Val Ay Tyr
Qu Ala lle Gy 485 490 495 Leu Val Asp Ser Ser Leu Pro Thr Vval dy Val
Phe Ala Lys Ala Thr 500 505 510 69 A& A n Asp Asn Pro Lys Ser Ala Thr
GQu dn Ser Ay, Thr Ay Ile 515,540 525 Arg Ser,ldu Ser Gu Thr A u Ser
Au Ala Ser Glu I'le Thr 1le Pro 530 535 540 Pro Ser Thr Pro Ala Val Pro
Gn Ala Pro Val An Ay Gu Asp Tyr 545 550 555 560 dy Lys Ay Vval Ile
Phe Tyr beu pAe prASperd ysu\Vah Mad 1Valsed yrd beu 565 GrE0sbrSileVelr Leu Trp Asn
Ile Phe Asn2Aapg Met Pro Ile A Arg Lys Ile [3%¢ 580 585 590 Lys Asp Ay
Gu @n Hs Au Asp Leu Asn Gu Val Ala Lys Leu Phe 595 600 605 Asn Ile

Hs Gu Afé) §e Gly<(§]:.l' Gly Phe LLe:|'u> G% Serzégu L%lgzg’ Aﬂ tIi.efui (S:iyal Sequence

305 310 315 320

Arg Lys Ala Arg Ala Leu Gly Thr Glu Val Ile Gln Leu Phe Pro Glu
325 330 335

Lys Gly Asn Met Gly Lys Ile Leu Pro Glu Tyr Leu Ser Asn Trp Thr
340 345 350

Met Glu Lys Val Arg Arg Glu Gly Val Lys Val Met Pro Asn Ala Ile
355 360 365

Val Gln Ser Val Gly Val Ser Ser Gly Lys Leu Leu Ile Lys Leu Lys
370 375 380

Asp Gly Arg Lys Val Glu Thr Asp His Ile Val Ala Ala Val Gly Leu
385 390 395 400

Glu Pro Asn Val Glu Leu Ala Lys Thr Gly Gly Leu Glu Ile Asp Ser
405 410 415

Asp Phe Gly Gly Phe Arg Val Asn Ala Glu Leu Gln Ala Arg Ser Asn
420 425 430

Ile Trp Val Ala Gly Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gly
435 440 445

Arg Arg Arg Val Glu His His Asp His Ala Val Val Ser Gly Arg Leu
450 455 460

Ala Gly Glu Asn Met Thr Gly Ala Ala Lys Pro Tyr Trp His Gln Ser
465 470 475 480

Met Phe Trp Ser Asp Leu Gly Pro Asp Val Gly Tyr Glu Ala Ile Gly
485 490 495

Leu Val Asp Ser Ser Leu Pro Thr Val Gly Val Phe Ala Lys Ala Thr
500 505 510



<220> <223> Primer PgAFA <400> 5 ttgggtggga aagagccggc aactggtaaa ag 32
<210> 6 <211> 32 <212> DNA <213> Artificial Sequence <220> <223> Pri ner
Hyg- Rev <400> 6 agattcttcg ccctccgaga gctgcatcag gt 32 <210> 7 <211> 34
<212> DNA 70 <213> Artificial Sequence <220> <223> Primer A <400> 7
gagtct gcgt aatgtgcgtg tgaagagaga ctgg 3% <210> 8 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Prinmer®B <400> 8 ttgcctggaa tgggtcagtc
acctgggag 29 <210> 9

Ala Gln Asp Asn Pro Lys Ser Ala Thr Glu Gln Ser Gly Thr Gly Ile
515 520 525

Arg Ser Glu Ser Glu Thr Glu Ser Glu Ala Ser Glu Ile Thr Ile Pro
530 535 540

Pro Ser Thr Pro Ala Val Pro Gln Ala Pro Val Gln Gly Glu Asp Tyr
545 550 555 560

Gly Lys Gly Val Ile Phe Tyr Leu Arg Asp Lys Val Val Vval Gly Ile
565 570 575

Val Leu Trp Asn Ile Phe Asn Arg Met Pro Ile Ala Arg Lys Ile Ile
580 585 590

Lys Asp Gly Glu Gln His Glu Asp Leu Asn Glu Val Ala Lys Leu Phe
595 600 605

Asn Ile His Glu Asp

610
<210> 5
<211l> 32
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer PgAFA

<400> 5

ttgggtggga aagagccggc aactggtaaa ag 32
<210> 6

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Hyg-Rev

<400> 6

agattctteg ccctccgaga gctgcatcag gt 32
<210> 7

<211> 34

<212> DNA



<211> 27 <212> DNA <213> Artificial Sequence <220> <223> nRNA specific
PCR priners for AlIF (AFRTA) <400> 9 cggtcgccga aatgttccgg tgtggag 27
<210> 10 <211> 28 <212> DNA <213> Artificial Sequence <220> <223> nmRNA
specific PCR primer for AIF (AFRTB) <400> 10 acgcggcctt tttctgtttc
tgttctgg 28 <210> 11 <211> 22 <212> <213> Artificial Sequence <220>
<223> nMRNA specific prinmer for GAPDH ( A) <400> 11 ccaatatgat tccacccatg
gc 22 71.>/210%th2isi2h1ze2Rncs212> DNA <213> Artificial Sequence <220>
<223> nRNA specific priner for GAPDH ( GPDB)

<220>

<223> Primer A

<400> 7

gagtctgegt aatgtgegtg tgaagagaga ctgg 34
<210> 8

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer B

<400> 8

ttgcctggaa tgggtcagtc acctgggag 29
<210> 9

<211l> 27

<212> DNA

<213> Artificial Seqguence

<220>
<223> mRNA specific PCR primers for AIF (AFRTA)

<400> 9

cggtegeecga aatgttceccgg tgtggag 27
<210> 10

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> mRNA specific PCR primer for AIF (AFRTB)

<400> 10

acgcggcctt tttcectgttte tgttectgg 28
<210> 11

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> mRNA specific primer for GAPDH (GPDA)

<400> 11
ccaatatgat tccacccatg gc 22



<400> 12 ttctccatgg tggtgaagac 20
Artificial Sequence
gccgtactgg catcagtca 19
Sequence
caucaguca 19 <210> 15 <211> 19
<223> Target Sequence SWI80 A5

<210> 13 <211> 19
<220> <223> Target sequence SW80 C3
<210> 14 <211> 19
<220> <223> Target Sequence SW80 C3
<212>
<400> 1

<212> DNA <213>
<400> 13
<212> RNA <213> Artificial
<400> 14 gccguacugg

<213> Artificial Sequence <220>
gttcctcaag acaaggcgc 19 <210> 16
Sequence

<211> 19_,12123» RNA <213> Artificia
<211l> 20
<212> DNA
<213> Artificial Seguence
<220>
<223> mRNA specific primer for GAPDH (GPDB)

<400> 12
ttctecatgg tggtgaagac

<210> 13
<211> 19
<212> DNA
<213> Artificial Sequence
<220>
. <223> Target sequence SW480 C3

<400> 13
gcecgtactgg catcagtca

<210> 14

<211> 19

<212> RNA

<213> Artificial Sequence
<220>

<223> Target Sequence SW480 C3

<400> 14
gececguacugg caucaguca

<210> 15

<211> 19

<212> DNA

<213> Artificial Sequence
<220>

<223> Target Sequence SW480 A5

<400> 15
gttcctcaag acaaggcgce

<210> 16

<211> 19

<212> RNA

<213> Artificial Sequence
<220>

<223> Target Sequence SW480 A5

<400> 16

20

19

19

19



<220> <223> Target Sequence SWA80 A5 <400> 16 72 guuccucaag acaaggcgc 19
<210> 17 <211> 19 <212> DNA <213> Artificial Sequence <220> <223> Contr ol
Sequence SWI80 D1 <400> 17 ctggtatccg atcagagag 19 LLOYD WSE 73 d ai ns:
1. Use of a conpound inhibiting or reducing the activity of AIF in the
preparation of a nedi canent for the tre%rrent of cancer, wherein the 5
treatnent conprises inhibiting or reducihg the activity of apoptosis-
i nduci nggfactdag( Mddggede The use of claim 1, wherein the treatment,
conprises selectively inhibiting the AIF. 3. The use of claim1l, wherein
the inhibition or reduction of the activity of 10 A] IF induces or
sensitiseslozanter cells and/or tunours to apoptosis. 4. The use of clains
1- 3, wher#&lt the cancer is colon carcinoma. 5. The use of clains 1-4,
wherein the*t rBdtpent increases the sensitivity of the treated cancer
cel l's to & @yt oto%x ¢ *¢ubst'SRES conprising at |east one DNA nodifying
compound.,4a 6. The use of claim5, wherein the cytotoxic substance is
sel ect ed<3130m ¢diR roOrRYRecRNBI Sl Bg Of : et oposide, trichostatin A,
canpt ot hecin, t-butyl

<400> 17

ctggtatccg atcagagag 19



hydr ogen peroxi de and H202. 7. The use of clains 1-6, wherein the cancer
cells are froma continuous nmammualian cell line, the cell |ine conprising,
DCD-1 and/ or HTC-116. 20 8. The use of clainms 1-7, wherein the inhibition
or reduction of activity of AIF reduces the intracellul ar cooxemsgti on of
RCS. 9. The use of claim1 to 8, wherein the inhibition or reduction of
activity of AIF reduces the intracellulas concentration of superoxide
and/ or H2Q2. 10. The use of clains 8 or 9, wherein the reduction of
intracellular 25 concentration of ROS i nduces or sensitizes the cancer
cells to apoptosis. LLOYD WSE 74 11. The use of clains 1-10, wherein the
inhibition opfieduction of activity of AlF results in the suppression of
mal i gnant phenotype, reversion of nalignancy and/or increased sensitivity
of cancer cells to apoptosis. 12. The use of clains 1-11, wherein the

treatment enhantdes dha sengidundi inhilsifing Sorc FANRING &hé SadtiitgPePYIBi B tHe3. The
use of clainms 1-12, wherein the treatnent conprises inhibiting, delaying

or repressing t PRI Sf ¢h regdieameny forgthee treptroentngf caaCE, Whersiny et i de.
14. The use of ' 1- I ©inthi r i enhi biting, 10
del ayi nnggr r ep?%gisn?%é tC %@pgé’gge@gmﬁnﬁbgf&aﬁd%ﬁ%gg HA\?\E'?S(?EI %‘%QAJB&'Q
apopt osi s- i nducindgcingdactor (AIfj) knockout carcinona cell, wherein the
knockout cell shows suppression of nalignant phenotype, . reversion of

Comared o Tho! I BE AR, ARGl e yRuidBhnSiesse Ser A BRETG e

cell is inplantée AIF.a non- human aninmal nodel. 17. A non-human ani nal
nodel , wherein the aninmal nodel is inplanted with the cell of claim15.
18. An isol ed_l_cel |, erein the apoptosis-inducing factor (Al Fz. activity
has . The use of claim 1, wherein the inhibition or reduction of the activity of

10 AlF induces or sensitises cancer cells and/or tumours to apoptosis.
4. The use of claims 1-3, wherein the cancer is colon carcinoma.

5. The use of claims 1-4, wherein the treatment increases the sensitivity of
the treated cancer cells to a cytotoxic substance comprising at least one

DNA modifying compound.

15 6. The use of claim 5, wherein the cytotoxic substance is selected from the
group consisting of. etoposide, trichostatin A, camptothecin, t-butyl

hydrogen peroxide and H;0..

7. The use of claims 1-6, wherein the cancer cells are from a continuous

mammalian cell line, the cell line comprising, DCD-1 and/or HTC-116.

20 8. The use of claims 1-7, wherein the inhibition or reduction of activity of AlF

reduces the intracellular concentration of ROS.

9. The use of claim 1 to 8, wherein the inhibition or reduction of activity of

AlF reduces the intracellular concentration of superoxide and/or H,0,.

10. The use of claims 8 or 9, wherein the reduction of intracellular

25 concentration of ROS induces or sensitizes the cancer cells to apoptosis.



20 been inhibited, delayed or reduced and wherein the cell shows
suppression of malignant phenotype, reversion of malignancy and/or

i ncreased sensitivity of cancer cells to apoptosis. 19. The cell of claim
18, wherein the cell is a manmmal cell, human cell and/or collbBYDA&YISE noma
cell. LLOYD WSE 75 20. The cell of clains 18 or 19, wherein the cell
shows an increased sensitivity to cytotexic substances conprising DNA
nodi fying conpounds. 21. The cell of claim20, wherein the cytotoxic
substance is selected fromthe 5 group consisting of: etoposide,
trichostatin A canptothecin t-butyl hydr ogen peroxi de and/or H202. 22.

Th Il of i i.c.acid nol ecu tar
Cocart nrnn LhmaBb® & valliEr A0 eI i iiRfiof S iedidicn abhageviisl o5
The cell of cl aAl® r&8ul®d, |nCtl‘re)l’suppl‘@smnc@h&héh@iarﬂnﬁﬁ@ﬁot‘jﬁét PEVSISIBAr of i ng

a DNA nucl ei c aci risi a nol ecul e having the sequence of SEQ ID
NO: 13 and/ or SE@a?gng&PngndlgﬂwCéew W%H@V&i@aﬁﬁ%ﬁﬁﬁ'@r’fo apoptogie cel | of

claims 19-23, wherein the cell is inplanted in a non-human ani mal nodel.
15 25. A nonthumpa L@eldfvd|a|msd¢l1n WheFh hé BiRafhbnBén the sk HBM@@{/SF’ W th
the cell of clains 21-23. 26. A nethod for screening an entifying a

candi dat & drug @%imlcéuéﬁo apapiosisti ng or reducing the actl VI ty of
apopt osi s-inducing factor (AIF) in cancer cells conprising the steps of.

20 d t : t .
20 120, 79m ML £he et o U RN B 0 oS, oAl 7
cancer cells; odelayingdor eepressingtthacdpression of tice réif géhe rnebdigSheoAlF

polypeptide.

14. The use of claims 1-13, wherein the treatment comprises inhibiting,
10 delaying or repressing the expression of aif mRNA.

15. An isolated apoptosis-inducing factor (AIF) knockout carcinoma cell,
wherein the knockout cell shows suppression of malignant phenotype,
reversion of malignancy and/or increased sensitivity of cancer cells to
apoptosis compared to the wild type cell.

15 16. The cell of claim 15, wherein the cell is implanted in a non-human animal

model.

17. A non-human animal model, wherein the animal model is implanted with
the cell of claim 15.

18. An isolated cell, wherein the apoptosis-inducing factor (AIF) activity has
20 been inhibited, delayed or reduced and wherein the cell shows
suppression of malignant phenotype, reversion of malignancy and/or

increased sensitivity of cancer cells to apoptosis.

19. The cell of claim 18, wherein the cell is a mammal cell, human cell and/or

colon carcinoma cell.



- reduce the intracellular concentration of superoxide and/or H202; or
LLOYD WSE 76 suppress the malignant phenotype, reverse the malignancy
and/or increase sensitivity of cancer cells to apoptosis; of qypjyrguce
apoptosis or determning the ability of the drug candidate to § I NCr ease
the sensitivity of the treated cancer cells to cytotoxic substances
conprising etoposide, trichostatin A, capgptothecin, t-butyl hydrogen

per oxi de and/ or H202 27. An isol ated nucleic acid nol ecule conprising 15-40
nucl eoti des conplenentary or which hybridise to the aif gene or aif nRNA
or 10 fragnment thereof, wherein the nucleic acid is for use in the
treatment of,ncC e . ~iERe 1 $8I I i e ce of claim?27,
which is con% 'em%t gerlglztﬁo?[gﬂﬁ%r?%)i @Ieg%wwﬁét :rg tﬁ%f g%lgnsg]%g\f% %nf '?@R&%@dvi ng
the sequence of s&ifivilyD MD: dytotoxBEQsLBstfres, aympridinggnBNA t mesdififing
wherein in case of the, 15 nRNAthe Uin SEQID NGO 1 and SEQID NGO 3 is
i ndi cated as T.CPGPOYRAS| 5ol at ed nucl eic acid mol ecul e according to clainms
27 or 28, wherein the nucleic acid nolecule conprises a nucleotide

sequence of ZEQrh® celNaf bimn20,avh&refd 1He ANebtbRicdlittandse RUBK QLR MM Yhd 0 the

aff gene or to a portion thereof or the 'nucleic acid nolecule conprises a
nucl eoti de 20 s@QuenEeNsRlingQofDetgnosandichosEitin 14D Nempothaking ht-butyl
conpl ementary t i portion thereof. 30. A construct

and/ or vector c%@ggﬁ%r%ﬂ%&gﬁg@@' acid conprising a nolecul e having

t he sequence of SEQ ID NGO 13 and/or SEQ I D NO 15, and a RNA pol ynerase
pronot er, wh22.eThet leelinuefl eclainasi d 8, eomhereirs fleew nRbleitseacid t meldaudat nent
of cancer. LLOY(Q)n%Fe%ﬂer?tgry to aif mMRNA comprises a sequence of SEQ ID NO:14 or

SEQ ID NO:16.

10  23. The cell of claims 18-21, comprising a construct and/or vector comprising
a DNA nucleic acid comprising a molecule having the sequence of SEQ
ID NO:13 and/or SEQ ID NO:15, and a RNA polymerase promoter.

24. The cell of claims 19-23, wherein the cell is implanted in a non-human

animal model.

15  25. A non-human animal model, wherein the animal model is implanted with

the cell of claims 21-23.

26. A method for screening and/or identifying a candidate drug capable of
inhibiting or reducing the activity of apoptosis-inducing factor (AIF) in

cancer cells comprising the steps of:
20 (a) administering a drug candidate to cancer cells, and
(b) determining the ability of the drug candidate to
- inhibit or reduce AIF activity in cancer cell§; or
- reduce the intracellular concentration of ROS; or

- reduce the intracellular concentration of superoxide and/or H,O5; or



31. A pharnmaceutical conposition conprising the nucleic acid nol ecul e of
clainms 27-29, the construct and/or vector of claim30. 32. Use of the
nucleic acid nolecule of clains 27 -29 for the preparation of a

phar maceutical conposition for use in therapy. 5 33. The uselld¥YkWiitm 32,
wherein the conposition is for inhibiting or reducing the activity of AlF.
34. The use of clainms 32-33, wherein theygise is for suppressing nalignant
phenot ype, reversion of malignancy, increased sensitivity of cancer cells
to apoptosis, induction of apoptosis, partial or conplete | oss of 10
tunorigenicity and/or sensitizing the treated cancer cells to drug or

stress- induced apopiQ8ks-the malignant phenotype, reverse the malignancy and/or

increase sensitivity of cancer cells to apoptosis;
or

- induce apoptosis or determining the ability of the drug candidate to
5 increase the sensitivity of the treated cancer cells to cytotoxic
substances comprising etoposide, trichostatin A, camptothecin, t-butyl

hydrogen peroxide and/or H20,.

27. An isolated nucleic acid molecule comprising 15-40 nucleotides
complementary or which hybridise to the aif gene or aif mRNA or
10 fragment thereof, wherein the nucleic acid is for use in the treatment of

cancer.

28. The isolated nucleic acid sequence of claim 27, which is complementary
or hybridises with the aif gene or aif mMRNA having the sequence of SEQ
ID NO: 1 or SEQ ID NO: 3, or a fragment thereof, wherein in case of the
15 mRNA the U in SEQ ID NO: 1 and SEQ ID NO: 3 is indicated as T.

29. The isolated nucleic acid molecule according to claims 27 or 28, wherein

the nucleic acid molecule comprises a nucleotide sequence of SEQ ID

NO:13 and/or SEQ ID NO:15 which is complementary to the aif gene or to

a portion thereof or the nucleic acid molecule comprises a nucleotide

20 sequence of SEQ ID NO:14 and/or SEQ ID NO:16, which is
complementary to the aif mMRNA or to a portion thereof.

30. A construct and/or vector comprising a DNA nucleic acid comprising a
molecule having the sequence of SEQ ID NO:13 and/or SEQ ID NO:15,
and a RNA polymerase promoter, wherein the nucleic acid molecule is for

25 use in the treatment of cancer.



10

31.

32.

33.

34.

LLOYD WISE

7

A pharmaceutical composition comprising the nucleic acid molecule of

claims 27-29, the construct and/or vector of claim 30.

Use of the nucleic acid molecule of claims 27 -29 for the preparation of a

pharmaceutical composition for use in therapy.

The use of claim 32, wherein the composition is for inhibiting or reducing
the activity of AlF.

The use of claims 32-33, wherein the use is for suppressing malignant
phenotype, reversion of malignancy, increased sensitivity of cancer cells
to apoptosis, induction of apoptosis, partial or complete loss of
tumorigenicity and/or sensitizing the treated cancer cells to drug or stress-

induced apoptosis.





