| Apoptosis-Inducing Factor (AIF) and Applications thereof Field of the invention 5 The present
invention relates to a method for the treatment of cancer comprising inhibiting or reducing the activity
of the apoptosis-inducing factor (AIF) in the cancer cells, resulting in the suppression of the
transformed phenotype and/or sensitisation of the cancer cells to apoptosis. The invention also
relates to a method 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 single X-chromosome-linked
mammalian gene aif encodes a protein called apoptosif 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 AlF i desesik ‘ : 4\?33’(6%@ E 93f AIF amino acid 20 .
sequences are well co . amans. viature AlF 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 hum@iefd loishtomehiame also been described in WO 00/31254. 2 It is well established in
the literature that in many types of mammalian cells induced to undergo apoptosis, the AlF is released
from the mitochondria and translocates to the nucleus, where it participates in promoting a
non-caspase- d d le g ‘@u ' r 441 - 99 et al.,
Nature, Vol 110, Do BaAcgbor Etor, PRI I8 Tholffl e the Hedfient 8t Jafieér
comprising inhibiting or reducing the activity of the apoptosis-inducing factor

(AlF) in the cancer cells, resulting in the suppression of the transformed
phenotype and/or sensitisation of the cancer cells to apoptosis. The invention
also relates to a method 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 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 mouse ES cells, but the loss of this gene was
lethal, as the aif gene disrupts the first wave of morphogenetic 10 programmed cell death during early
mouse embryo development, at the pluricellular stage, shortly after the differentiation of ectoderm and
endoderm. 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, AIF knockout cells were more resistant to serum starvation than wild type cells. Thus, the
limited results of the mouse knockout are consistent with AIF 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 experimans {9.1150,081)E25 30 GRONBRAJRLAING RIS ads s RIERME VAN

translocates to the nucleus in combination with a DNA endonucle CPS-6, the worm homoﬁgue of

endonuclease GiduagshiRalIqRTIEOMRIPIVEIg BrafISieirteased e ths gutamrd dvend,
evidence 25 suggesiJhalait WAHBSARL IEWMAS it WEHRPHRLSS REMERAS Q%n_c@grﬁé@i_on, and

therefore, contributes to the dismantling of the cell in "apoptosis. When AIF is present in t

mitochondrion, ifgRaRANHVee et EsakdaNE (SEsinRiah, Blatwe cApftarditut et S % olpzme

mouse and bumgn AIF eyEAL e iMmpRItask Jesans (ipicebghn NataPIrycteRipBiol Set4p-446.
2002; Alzari Pedro, W003/089465). The first region represents a site required for DNA fragmentation

- a putative DNASKifdihG Hted Z89¢e second shows homology 5 to a bacterial NADH-dependent
ferredoxin reductase that is similar to the eukaryotic glutathione reductase family of enzymes. In

functional in-vitro_assays, AIF acts as an NADH oxidase or oxidoreductase, accepting electrons from
NADH, and trandfefrifl #R Wasokaanked8igetn tBipe the cells, but the loss of this gene

was lethal, as the aif gene disrupts the first wave of morphogenetic
10 programmed cell death during early mouse embryo development, at the
pluricellular stage, shortly after the differentiation of ectoderm and endoderm.
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.



superoxide free radical (Joza et al., above; Miramar et al., J. Biol. Chem. 276, 10 16391-16398, 2001).
Superoxide in turn would be converted to hydrogen peroxide (H202) in cells. The NADH oxidase and
DNA fragmenting activities of AIF are completely independent, suggesting that the NADH oxidase
function of AIF is not connected to apoptosis. 15 Many tumour cells have significantly elevated levels
of ROS (superoxide and H202 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 &Ju &}QF FH&td@%W&%ﬁZcﬁeWou]s%ggh(ﬁ)nﬁﬂ%TﬁFpr‘&e%ﬂQ@H‘%Hzﬁ%rﬂo&

2002). H202 can mediate cell’ growth, transformation and angiogenesis caused by overexpression of
the 25 mitogenidegiolrsdMatel ¢halurdNab1Stract 98Dl PNAG 98 49356480800RNABaE ¢d%),2002).
On the other haiy nBIRAS Iy ROIRGHAIOERARD of Meateragiareef thr megnant
state in certain models of carcinogenesis. Someé tumour cells have higher endogenous levels of

superoxide, whidragmgniatinre 16 theiatbed? MRphirdiog sitenars 2hmsespvhswsharaokidyer of

superoxide. §Capces Res 81, CREDANIGRISR! fbrREE3 aAa20 ka8 ReiReR He325
2001; PNAS 90, 3113, 1993; Mol. Cancer Ther. 2, 361, 2003). Klein Jeffrey (US 2003/0228581) and

Klein J. et al., N&ukarypts zigtathions ossiugiaseatfami @cria@aasydr dUnsHa rddiBiPare

correlated with gxidajivergiresscadssd RAPIURRRIYE BICiaisieiubtase indueadidamragdhs
neurons. In turn, the fesultant stress leads to the unscheduled cell cycle reentry of these cells.

However, neuroff®fatVédhterand cERBFEEEEhrBEProlfer BIEIERH AU OXYNEE gBPaiBPTbsiECThe
processes of OXigghNFRiERSfree radical (Joza et al., above; Miramar et al., J. Biol. Chem. 276,

10 16391-16398, 2001). Superoxide in turn would be converted to hydrogen
peroxide (H20,) in cells. The NADH oxidase and DNA fragmenting activities of
AIF are completely independent, suggesting that the NADH oxidase 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 terminally 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 AlIF 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 inyestigations 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 AlF induces apoptosis, the present
inventors have surprisingly found that in some cells AIF suppresses apoptosis. Accordingly, the

present Inventioisagderag? 19408 IHEREBAMEY At 26580 SHAME PRALD 86 2ppiigatians, o
According to one aspect, the invention provides a method for the treatment of cancer comprising
inhibiting or redUdielg @aneetiviiest 2pdple£8UBducing factor (AIF) resulting in suppression of
malignant phenotype, reversion of malignancy, increased sensitivity of cancer cells to apoptosis,

induction of 5 apoptosis and/or also a partial or complete loss of tumorigNenicity. Further, the method of

the invention is ¢8EHbeHTER iR AROHFEBRET LanskKieins 4o elraly, oNatEss-hiflice87apdptosis.
The treated gancegyis PiicIaRlYtAINYBEIBLEBHCRIyIET SXATRP IEx FROLSB 9T RUIBER RGP WAL 2

non-(imitative example of cancer wherein the inhibition or 10 reduction of AIF may suppress the
malignant phenmﬁgtmé@e%émamma@é%e 1RETEAKEMVIN P Salnecbicest §36"386 0 sis

and/or induce ap@RIBRS; IMCAIAR, BHRASESNIKNG cREda0BadSIW Ky ucARIISaNes Blble
reentry of these cells. However, neurons that re-enter the cell cycle cannot
proliferate and thus, undergo apoptosis. The processes of oxidative stress
10 and aberrant cell cycle re-entry are critically intertwined in terminally
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 method of the invention can be used. In particular, the cancer
cells are from a continuous (immortal) mammalian 15 cell line. For example, the continuous (immortal)
mammalian cell line is 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 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 I;Qe sensitivity of the treated cancer cells to
cytotoxic substances comprising etoposide, trichostatin A, camptothecin, t-butyl hydrogen peroxide
and/or H202 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

inhibiion or redctiag af actly n oAl ERdem i BrBlIas comRERLRien SRRy

superoxide and/or H202.76 The method of the invention can be carried out either in vivo or in vitro.
Accordingly, the GaBeesdcoMaRsistNe nibricdiirep eseefiging dhi deld/id@inarenirsieritsicinaells a

compound inhi b_@wr(r@ﬂ_i;cmmacs'wﬁwpégm %%Qi@%ﬁ%@ﬁb%@?%@%ﬁf&d
comprises inhibiting, delaying or repressing the expression of the aif gene encoding the AIF
polypeptide. In PRRUBORNCYy RGIOARRY RaBSIHY Y P& HaRERIGIRESeIDraBsIBIPSisthBdicBRe Ohnd/or

aif MRNA. Accordinghh<iReMEHIo8 SO BRI I ebY i@%@@bﬂf@ﬁféﬁ%@h@dﬂ@ FaRERr cells with a

nucleic acid construct comprising a nucleic 10 acid mo ecule_l:_)ir_ldinggor hybridising to the aif gene
and/or aif mRNATSE HolierinMention in<canakie atremviidng e ditpiemeanesosdifbieantially

complementary g}ggeoaigtggg@_iﬁ@glég@%fgﬂgﬂgggr 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 RNﬁle treated cancer is preferably a mammal cancer. For example, mouse or
human cancer. As a non-limitative example of cancer wherein the inhibition or
10 reduction of AIF may suppress the malignant phenotype, reverse the
malignancy, increase the sensitivity of cancer cells to apoptosis and/or induce
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-116.

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 (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 ID NO:3 representing the
mouse and human aif gene, respectively). In particular, the nucleic acid molecule of 18-30 nucleotides

may be a nucleofigle FREGHCS! CHEPIRBRRGHY UnVBIEEaMRLifIZes ORRY TRIMDPLLPER HerdlO:1 or

SEQ ID NO:3 or a fragment thereof. More in particular, the invention provides nucleic acid molecules
which are complRasenginght thecaifrifiednal 7 thrvie vratieuePrP dsSEMIDYNO: 28 dAdMIFSEQ ID

NO:15, or Com%mw@@f@tﬂﬁ@aheméuewéwsénﬁ&%wsn ArFEQUEhY Hd b ARRHPHPEQ ID
NO:16. In particular, the nucleic acid molecules comprising the SEQ ID NOS: 13 and 15, and siRNA

comprising the $80 ID NOS:, 14 and 5 16 are suitable for the SRNAi technology for the inhibition of aif
MRNA. The nucleic acid molecules may be introduced into a construct and/or a vector. In particular,

the vector comppisesaliensd ansotiosblaspai, tangetingtsed uimperiSEQiHRIbIfE3 aedaﬁﬁ@ &P NO:15,
and a promoter for RNA polymerase. The vector is administered ip vitr, vivo,to the cell(s). The
coll RA 10 ol ARIERS 8 COPPRTRELEL B S RA R AEC AL Tor B IERREREy 8 the aif
mRNA, thereby psﬂmﬁnimwmg/ﬁrhﬁIbﬁtngtyde‘?@:mgimgmpwes&@ehécéxbﬁewentmﬁwtiﬁatb# lgﬂ?lﬁdtion,
delay or repressmn of AIE ¢ nolo urthermore, th RNAI technology can
also be used to 8 %8Fe"‘wi| &/n dﬂﬂ@bi g Fﬂ%%%é:reSM ['6F s'a mlmstermg Q (%y
transfecting the cancer cells with a nucleic acid construct comprising a nucleic
10  acid molecule binding or hybridising to the aif gene and/or aif mRNA or to a
portion thereof. The nucleic acid molecule is complementary or substantially
complementary to the aif gene and/or aif mRNA 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 mMRNA. 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 all 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 H202. The reduction of intracellular concentration
of superoxide and/or H202 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 pariigulapdhespeghigtion offintsgegliviey coecetralipgn gl sypeyoxtge piaskips HZP2 in

cancer cells induces apoptosis. Further, as a consequence of the reduction of intracellular

concentration ofeupelesastanate/raHadniRtAvend dexsctre sparricsneiveEsartial NPebiplete
loss of tumorigeglicikya8E@Qn B 1§eLFHOMIRINGEAAMVIRLRIEIERSABNEMINBRIRS: BERMISIRTR ARethod

comprising reducin%the intracellular concentration of superoxide and/or H202 in cancer cells by
administering REOEQcHYMNGSs BirdiddirRy ortheHRbAe comersing thentkdRMCSO DY hantbtics

such as EUK-8 {Galbioe(irabie e EHE dRMANBIRRSS\ PRIPIYENSHIBRIO AT MRXA. The
(C44H36C15MnN8), MnTM-2-PyP (C44H36CI5MnN8), MnTE-2-PyP (C44H36CI5MnN8) (all

examples of maRY&Ifie @B PrESE s IIgY S reft cesl e R AR NTHEC ARG (REAMBFRELh about
the Mn-SOD mirpgtigs,iid tH0 (enerBeRpHRSERNNFIRSIS ShHabiibla R A. thRgetmicsegalnaaay be

treated either in vitro or in vivo. The cancer cells may be mammal cancer cells. For example, mouse

or human cancePESRdDNBaldcanst SFEUNNRLAGK GRERIBRIET TepRNEURGVIRE @St ditlls are
from a continuoug M tadmaTeeEan gellithe. berigxamaleidhthe cell(s). The cell RNA

10 polymerase of the cell transcribes the siRNA molecules, which
complementary to the aif mRNA, thereby inhibiting the AIF activity.
Accordingly, one aspect of the invention is the inhibition, delay or repression
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 SW480. According to a further
aspect, the invention provides an isolated cell, wherein the apoptosis-inducing factor (AlF) 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 repressigynf el Gra%BROAing e AEIRMEPBHIR MashEacar issbsiadhs

construct as mentioned above. For example, by 9 nhibiting, delaying or re_apressing the expression of

aif MRNA. Moret#mpeariirity bynsifom sataemisiizy. incéordiatPustantiirer §sednvertipneativh
provides an isolaiediARAPIDSIFa{RPHCIRSHAHGhE LA AR ENARI QMR SH a2 6l

wherein the 5 knockout and/or knockdown cell'shows suppression of malignant phenotype, reversion
of malignancy, iStiReeiscasiEiaty thQpdpteascandelis Rydaeimmisteridg FERVRIMRPAared to

the wild typg celj JnaiKBORNAHESRER 812198 dNARRREAGERIEING. SO0 aRFIRE saC TIPS for

example, by knocking out the aif gene by homologous recombination. The knockdown cell may be 10
prepared using tRERRAi(ealiefhigms irbftalel Abb¥. TMERGBEREAL PRIBRYKASCKEBGh B8R may be

a mammal cell, Mwe(egﬂqm@maw REsRALELPUTE ool is15,colRmm NI RasAT igr@rcinoma

cell. However, the knockout and/or knockdown cells according to the invention are not limited to the

indicated carcinéfratdwsfidsMpNetHal caxampies @IreRGEATS S RUPRYIBSRIRWESE RS JfeRe
carcinoma cells ebiBR ERGRYoNThShawiBaIRETRASAAation about the Mn-SOD mimetics and

10  manganese porphyrins is shown in Table 1.

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. 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 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 likg,colon, breast and lung carcinoma cells,
wherein the inhibition of AIF 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 H202. 10 The knockout and/or knockdown cell may

show intracellulgp o 5 SIPRERHE AR 202 IBuss e i iivRe SRS

knockout and/or knockd wn cell shows sup ession of malignant phenotype, reversion of malignancy,
increased sensitPafji@flasrer siRN teehapishsis and/or a reduction in the growth rate. Only as
non-limiting example, an all knockout and/or knockdown carcinoma cell according to the invention

may be HCT-1 l&c&i@n?gardi/@ﬁcﬁmé%%bpé@ponbﬂénm%ﬁtfuﬁfmb@mtaﬂﬂesm@édi@ppmwes a use

for the knockout_ cells made accor%l)] to the method of the‘gesent invention, w er n the

knockout cells afBdHMEhBERN &R C@Pfr%”ﬂ[ﬁb&&é’& Ty REHRGMehE S@B?gfgﬁmg For
example, fosthegigsass @r@mﬁ%ﬂcﬁﬁNﬁmlgﬁmt@U@fwgﬁQﬁiﬁ@ml Phugnetypening.

A knookout car LD e A Sl GRS AT, eoP RSP USA ACCLE ahaRHEi T mes
HCT-116, DLD-}n and/grwﬁﬁ’él@repmpdratwrm@gvimt;q;mmenn0’rhreambel<os¢d:dﬂs>wm5ebehe
Ko CkoUt Cells 10 e S A b Ay 2 09T TRERA SR EY: FCTBInSR By HhRstissy &Y
the alf gene by homologous recombination. The knockdown cell may be
10  prepared using the RNAI technology as indicated above. The knockout and/or
knockdown cell may be a mammal cell, like a mouse or human cell. In
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 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. 11 According to another aspect, the invention provides a method for
screening and/or identifying a candidate drug capable of inhibiting or reducing the activity of

apoptosis-inducingdacigrkAl HRPBRRALERISHATBBIISIG, o RdRiRisMing askveantidatsro

cancer cells, and (b) determlnln? the ability 5 of the drug candidate to inhibit or reduce AIF activity in
cancer cells. TheéUpfigeaanidfarhbCedrpeithar) tmpldibiereedbility of the drug candidate to

inhibit or reduce AIF activity in cancer cells to the reduced or inhibited AIF activity of the cell according

to any embodimgpkofihedrrseinayentianocheedislingeio anether aapeessiierinusmtinalighaies to a
method for screening 10 and/or identifyi %qa candidate,drléé;ﬂcapable ofjnhibitit: or redu%'l%? the
g | &

activity of apoptGLIENRBRGENJFHEISIYAIR) TR AN Vel OB AR FdiRE L VA Hh RE56G &

candidate tg cangsssteltss and /by) sleseimstivhdrilthebitwtiotste. drug candidate to reduce the
intracellular concentration of ROS. For example, the method comprises determining the ability of the
drug candidate r the intrac onge ' ' (ﬂ%}q( 0 ed to
the wild type ceﬂéB@rtﬁgw Cﬁ%enrﬁ’é?ﬁgld%%ﬁ@m%ﬁs%sﬁﬁ%%%@:%ﬁ@@eﬁ%\b| |ty8c§ﬁﬁe rrl?g{ggr%idate to
reduce the intracsllLéncooticenteatieniofesdipermdgdartd®@r 126 20b.thd attlios SWdECellular
concentration of the cell of any embodiment of the invention.

According to a further aspect, the invention provides a use for the knockout
cells made according to the method of the present invention, wherein the
10 knockout cells are implanted in an animal, for the purposes of drug testing
and/or drug screening. For example, 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 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 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 malighant phenotype, reduce the growth rate, reverse
the malignancy, increase the sensitivity of cancer cells to apoptosis to the level of 12 suppression,
reversion and/or increased sensitivity of the cell of any embodiment of the invention. According to
another aspect, the invention relates to a method for screening and/or identifying a candidate drug

capable of inhibiNpgRAfSY Y6 M EIReP Q%EJEEM HERRPEARISH VB EOSIPREMEY IFHFAGBERRI
comprising: (a) administering a drug candidate to cancer cells, and (bE determining the ability “of the

drug candidate tBNARICILHEHISs 3nSENURRIS0 HHEtheRRARIBCOhE [PFelgCiB% Hthod for
screening and/ osdﬂﬁwifﬂﬂ%gm@iga%dmgcaga@ﬁ phirhikiing REEedeEiRg daen iR ivity)of

apoptosis-inducing factor (AIF) in cancer cells comprising: (a? administering a drug candidate to

cancer cells, an@@)inEieingiALING asndidatere sansenrgligaeng (RerdamHBiRg e aRIBY the

treated canger cgfisfie aniefRdngrkiRceRhbHUiNGANE MAKiBEagiEPMPeHAESy fosirxantde,
etoposide, trichostatin A, camptothecin, t-butyl hydrogen peroxide and/or 15 H202 According to a

particular aspeciGBrEeRY JHHSH GRRRHBRIM: SHTRREAAHTIR ARl Of by dre8mBRAidat the step
(c) to a negativetgankplitrepregeiie Ay adtivioGlosh sl eelis askirvie geds PopMefRddeAlEd

accc_)rding to any embodimgnt of the invention for reducing,the activity of AIF. 20 According to a more
particular aspecBFHUNfdCIRAEtiBg R angphodiment of the present invention.
According to another aspect, the invention relates to a method for screening
10 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 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



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 all knockout cell implanted on the animal may be
colon, breast and/or lung carcinoma cell or cell line. For example, all knockout HCT-1 16, DLD-1
and/or 25 SW480 cell(s) or cell line(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 inhip&ting AIF 13 in vitro or in vivo. For example, the
invention provides a pharmaceutical composition comprising at least one of ROS scavengers
including Magnanese superoxide dismutase (Mn-SOD) mimetics such as EUK-8 (Calbiochem) and
EUK-134; manganese porphyrins such as MNTMPyP (C44H36CI5MnN8), 5 MnTM-2-PyP

(C44H36CLSMndiin Mid;&n2-RUlelSBAH30(HIBMNNGL L8 ¥ UBRSH 8 MFNIRBEIRPOBINYHYS

provided are from Calbiochem). The pharmaceutical composition optionally comprises a
pharmaceuticallgraed gt ibpitverfiloent, and/or carrier, or a mixture thereof. Further, the
invention provides a pharmaceutical composition comprising at 10 least one nucleic acid molecule for

inhibiting the aif geBeraindab AhotRAradsserding invanyieinkegiswets of thetiveibpscragranicular,

the invention provides a pharmaceutical composition comprjsing at least one nuclei¢ acid molecule
complementary BPWHF'CHC%;BHWEQ t8 acﬁ[]@gé%%c Yo ﬁ1?a\ﬂ JnHRILRg ahJE LR 1 NO:1 or
SEQ ID NO33 orgfiagmentdpefrosishiadichrslfastss @HS) | NSarcandceiQ dbniasinigpiagenting

the mouse and hyman aif gene, respectively). In particular, the ph ceutical.comppsition.
comprises a nucﬁ@%ﬁﬁﬂ%%@u?&‘f§ f@@gd%}egéj GER BC%E%(TB ,de%LtﬁHBIQIHEﬁBaW%?Wmch
hybridise to a nusieleatidgneeiedidatbauining apapeskts. 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 i&ccc%%%edqgné%rgtﬁ%mssg&?ﬂ‘?eafﬂqm&)W?e?%%eﬁcg %ethod for screening
and/or identifying a candidate drug capable of inhibiting or reducing the
10 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 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  H0,.

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 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 AlF
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, partiﬂl’ or complete loss of tumorigenicity, sensitizing
14 the treated cancer cells to drug or stress-induced apoptosis, and/or a reduction in the growth rate.
According to a further aspect, the invention relates to a pair of cells comprising: a first cell; and a
second cell, wherein the first cell and the second 5 cell are isogenic but for an all gene and a gene
encoding a fluorgscang PERtSIN CreiR e drabrell FRmERE I pReiBRLeacafesmRdis fivrescent
protein having a first absorption spectrum and a first emission spectrum; wherein the second cell
comprises a gerk®Mpesitiendeanpsisten @fieadra LRSS aavangarsdpshi issbpapangssctrum
and a second engiasionddbSERAAS S IMMIRIEIN FilRRH IS lEH sgﬁﬁm?@%%eﬂewmra are

not identical; and/or the first and second emission spectra are not identical. In_particular, the first and

second absorptibi/Kpdatta APERERNESRICRPERIYIHS fifsichindBse Wi MRYRiofCasblental i Nok
identical. The firmm_szep?(pjd @& | MRNRNRATRDge. (e, SHaTRmNUDREN NeQdafRIsrat cells.
|

In 15 particular, the first cell is a éﬁggg%t and or knockdown aigqgarcmoma cell according to the
invention. Any c8fcinBIRBIHIESE celPRERNYERBedPIAViSRiculdie colAMbre 5&RIRIRFNGY) cantBB cells.
For example, the pairRicetitfcatre smpddfioRL DoptRsllalgr J4HRRisERe fisst andsnseadtibemrescent

proteins may be chosen from the group consisting of green fluorescent 20 protein, red fluorescent

protein, blue fluse<eBIRPPREFPIRNo W) ProRiEe; ahd ByaiHEdReEeaht protein.

Further, the invention provides a pharmaceutical composition comprising at

10 least one nucleic acid molecule for inhibiting the aif gene and/or aif mMRNA
according to any embodiment of the invention. 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

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 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 15 second emiss1i n spectrum, wherein either the first and
second absorption spectra are not identical and/or the first and second emission 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 5 cell according to the present method is a

knockout and/oraogHeIRNn ?&5&@&1;9%%“ *BpiE af cordiuLinicia v apEpb Ak PaiReAr dhe

cancer cells are from a continuous mmortz% mammalian cell line. For example, the continuous
(immortal) mammeslizniieelnitkeigOMhIratecT-116 or SW480. 10 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 mhm?it&@xare@ﬁlﬁerprgggec&allﬁ)&omiﬁm thelstess @ aulpaingot fssisand
second cell, wherein the first and second cells are isogenic but for the all gene andggﬁgr;ene encoding a

fluorescent prot&RMPAEIRS: thiratSelkipng BsRFARELEkNGERID the: WSt GaYLR%iEER788ent

protein havigg adipt ;aESRIBHOMSINELraR ard Aifigssenisatdmspesisuahcutinghardindhsssenond cell
comprises a second gene that encodes a second fluorescent pr te'tn havin%%(ﬁec?d absorEEon

spectrum and a BERIGHY WhRISBHRBAESLAR! GRS SANIAE MEt SRGALD AT HESUIRIRIFEBECtra are
not identical andypsihthesfitataadiaecaiiskerissiDppertim asnd o idiesticahissiotacpectnentirst and

d cells with a test d; identifying the test d lectively affecting the all
gone or 15 ovpra A FrITEASHRE GBI BPTHEL B ALRaE JOTVE TGP B A Ll TRl growh

rate of the secongtételin having a second absorption spectrum and a second emission
10  spectrum; and wherein either: the first and second absorption spectra are not
identical; and/or the first and second emission spectra are not identical. In
“particular, the first and second absorption spectra are not identical and the
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 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 16 equal number of the first and second cells may be
cultured. In particular, the first and second absorption.spectra are not identical and the first and
second emission spectra are not identical. More in particular, the fluorescent proteins may be
detected using fluorescence microscopy to assess growth rate. 5 According to a particular example,
the fluorescent proteins are detected using high-throughput fluorescence spectroscopy to assess

growth rate. Howgxsh 4 OlhGisSISANG R IRMICAIGHPEIRVE MY A0 RRstSRY Taedirat aBdsipaend

fluorescent protein may be selected from the group consisting of green fluorescent protein, red
fluorescent protsipesiia drgonesdenniealeandjendie ficstiaorksesanpretsiasian AR fQint

protein. Accordinge{agaptier AsRetr RSN HAR BERUHESBIORINOH Wistsrasni dorRisiRszR cells

wherein the suppression of AIF and/or ROS increases the sensitivity of the treated cancer cells,

shows suppressififiorisipih e Tissh kb BRrONS RIFIRSIOHT SRERIBALS NALIES8EsTheT S8 Elity of
cancer cellss to RAPIRRIS @AY/ A6 MALCER3BAPIRRITMAF GErdNRhOIRSUN WRRIIER RARERESWEh ragthod for

screening carcinoma cells comprisinP administering to carcinoma cells a compound for reducing
i

and/or inhibiting GRRCEAGRIH ROBAISCIAGERIAINAHE Hreglaventirnolmpariaviar aite FaRARifRlSwhether
inhibition or redugiion.3Mhofaetvivnebadr ARFHerERrREAHAIRP T iIcaRable & ingsrasiay the

sensitivity of the treated cancer cells, showing suppression of malignant aphenotype causing reversion
of malignancy, ifSraliRuey sHdamestalldrameasiian eellding & ohbsis, Bk /“&r"iﬁﬂ&r‘@%ptosis,

compared to the wild type cells and/or compared to a cell prepared according to any embodiment of

10  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
gene) or its expression protein (AIF) 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

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 replacement
bipartite targeting vectors for aif gene 17 Figure 2A: PCR Analysis of Gene Targeting in HCT-116a'f-ly
subclones Figure 2B: Gene targeting of aif gene Figure 3: Growth curve for HCT-116 (Figure 3A) and
DLD-1 (Figure 3B) cell lines. 103 cells were cultured for 4 days. At each time point, 5 cells were
treated with MTS/PES solution (Promega Cell Titer Proliferation Assay) for 1 hr. Colour reaction
absorbance was measured at 485nm. Fold increase iqegell number was measured using
ODTf/ODTO. Figure 4A-C: Morphological changes in 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 g ABBEPRFHRIirLP SHAWE AP ARCHAIPYSs RARRRIASH! SefigA fiteT-116 aif
mutants Figure 6A-J: Cytotoxicity assays for HCT-116 cells using campthothecin, t- butyl hydrogen

peroxide, staurclisbrans sesehsirRLIMtiREaPpeteRIE aetifteniicd, amaie Akt Bad seoRdibicin
and trichostatinghfigsRerUpelird hFdaNGE idenki ey NIRALYIR vt dRIrDiHe- st ssi g rataiRthothecin,

t-butyl hydrogen peroxide, staurosporine, etoposide, hydrogen peroxide, actinomycin, TRAIL,

anti-FAS and doXEIbREN IRIEEERMVERINGI fIHETSACENSS 1BXFIOREPRY SRirReP eSS JENHethts-60 M
etoposide (48 2RJNSIFHGUS DartritRI@PIHNS tRE ALBrdsealipRSteins are detected using

high-throughput fluorescence spectroscopy to assess growth rate. However,
other criteria as indicated below may also be 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

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



Figure 9B: Colony assays for DLD-1 cell lines Figure 10A: Soft agar assays for HCT-116 cell lines
Figure 105: Colony assays for HCT-116 cell lines 30 Figure 11A: In vivo tumour formation of DLD-1
cell lines (5th week) 18 Figure 11 B: In vivo tumour formation of DLD-1 cell lines (8th week) Figure
12: In vivo tumour growth of HCT-1 16 cell lines Figure 13: In vivo tumour formation of DLD-1 cell lines
Figure 14: Proposed AIF NADH Oxidase Activity (NADH Oxidase Activity of 5 mitochondrial AlF,
Miramar D et. al., JBC 276:16391, 2001) Figure 15: Inlta}acellular Superoxide Levels in Cell lines
Figure 16: Nitroblue tetrazolium reduction assay for intracellular superoxide levels. Cells were
incubated with 2mM NBT for 30 minutes allow formazan formation then lysed with 50% DMSO/1 M
KOH. 10 Absorbance was read at 650nm. Figure 17: Aconitase Assay. Superoxide inhibits aconitase

hydratase aC“Viﬁ%@r‘éoﬁ}i‘?‘se PERINWRRBREERE P SARy g BAIRER U BHRMEYIring citrate

isomerization to isocitrate at 340nm. Figure 18: Relative Superoxide levels using acotinase assay.
Superoxide 15 inlaivies 2BonitErNey@raeiiesetivifgenconitase activity was measured by measuring

the rate of NADI formation eyrngh CliaR iRamea7eiien (Fisardraio Amf enm- Relagyessapgroxide

levels were computed by subtracting the inscrease in aconitase activity relative to the wt cells and
shown as a percentage of thec@t iResorifol @Ik Warri failtaradfac i drysRObaasieling efintnes

DLD-1 and KICT-116 Figure 2Qs(ia{pkreetAsidly igelinsPESSsuviRn e e Usi&p thrAmplex
Red Catalase assay kit (Molecular Probes). Figure 21: Transfection of NIH3T3 cells with AIF-GFP

(Figure 21Ais 25 +pEGFP afd®iffalionsigsaxiFesFpyr. Colour reaction absorbance was
measured at 485nm. Fold increase in cell number was

measured using OD1,/ODry.
Figure 4A-C: Morphological changes in 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 AIF-GFP Figure 23: Foci formation in
NIH3T3 cells transformed by AIF-GFP. This figure shows a magnified field of Figure 22 (+AIF-GFP).
Foci formation in pre-neoplastic NIH3T3 cells is an indicator of 30 transformation. 19 Figure 24:
Cytotoxicity assays for SW480 cells using etoposide (Figure 24A), t-butyl hydrogen peroxide (Figure
24B) and hydrogen peroxide (Figure 24C). Figure 25A: Soft agar assays for SW480 cell lines 5
Figure 25B: Colony assays for SW480 cell lines Detailgd description of the invention The present
invention relates to a new mechanism of action and to new 10 applications of the apoptosis-inducing
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 ZQﬂguPeemﬁ‘@g%axﬂ%l@Mﬁm&fm%l@éwgf%hﬁ@mme%%«%w: Cregan et al,

Oncogene 23, 2785, 2004). The nucleic acid sequence of the mouse and human aif genes and the

amino acid sequeikEeo] fhe cHirdipomey rarRVHERS bEeh-CHaredtdingsd (Susin et al., Nature 397:

441- 446 (1999)F;deseHLAURNGRS RYSLAIFSHPRABHRADIE]-H WDiA3LHB9465. For ease of
comprehension, the 20 aif gene and AIF sequences described by Susin et al. are also reported in the

sequence listing§ 18 Be! freseRTARRATRATIR. feridasses it NAR R idasss e GiviberE

nucleotide sequence; SEQ ID 3R EIRIMIESHIMETRNIN@t 25id JBAUEPEE S0P, BANND: 3 is the
human aif gene nucleotide sequence; and SEQ ID NO: 4 is the human AIF amino acid sequence. AIF

isoforms 25 havEiSIdE B&en dbdEasibaRSersiRKids LeYals KIERbIBRSs described in WO 00/31254
as well as furtheriglfrdspéorm@tositianistkidNai iR ationr 288aysRiPitBeeNAaaRIHWRIRIBave not

been discovered yet are Withi?et\t]e(als. Cells were incubated with 2mM NBT for 30 minutes allow
formazan formation then lysed with 50% DMSO/1M KOH.
10 Absorbance was read at 650nm.

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 from a continuous (immortal) mammalian cell line. The present inventors
employed human colon carcinoma cell lines, more 5 in particular the cell lines DLD-1 and HCT-116
(Source = HCT-116 from American Type Culture Collection (ATCC) ref. no. CCL-247; DLD-1 from
ATCC ref. no. CCL-221; DLD-1 reference, Shirasawa %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 invention is not limited to colon carcinoma cell
lines. Any cell line suitable for the purpose of the present invention can also be used. For example,

breast cancer ordypg.cancer gs| 8%@«:@'7”5@5%“?&%\/\% celldyREfhd Nadoskeutpieier

knockdown cell can be prepared according to any technology known in the art. In particular, the
DLD-1 cell line 15 and the HC34196 ErdNidybeayrpeparaemxidcliiigrout Bfbrashdngogen
recombination (Sedivy et al., %@F‘d}ﬁ@e?@ a2 rj@@? Sedivy and Dutriaux, Trends Genet., 15, 88,
1999) the X-linked all gene in both these cell lines éFi ure 1 and Figure 2A-B). Knockout and/or
knockdown SW480welidd:ceRofinegasrassys ith 9celkliBethe present invention. 20 The aif
knockout HGT-1¢(aRd3ED-Toeila Yess S A S\l D8 SRRsitive to three cancer drugs
(etoposide, trichostatin A and camptothecin) and to two oxidising agents (t-butyl hydrogen peroxide
and H202) compared to the parental cells harbouring AIF. 25 all 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
Detailed description of the invention

The present invention relates to a new mechanism of action and to new

10 applications of the apoptosis-inducing 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.



suspension (anchorage-independent) culture. all knockout cells either failed to 21 form multicellular
spheroids (MCS) in suspension (DLD-1) or the formation of MCS was much delayed (HCT-116) as
seen in Figures 5A-D. aif knockout DLD-1 cells completely 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 imply a
severe loss of tumorigenicity of DLD-1 cells, and a strong partial loss of tumorigenicity and/or a
reduction in the growth rate of HCT-116 cells. In ordet,fp investigate more comprehensively whether
AlF-negative cells had lost tumour forming potential, the inventors examined the ability of wild- type
and aif knockout cells to form tumours in the nude mouse model. 10 Remarkably, DLD-1 aif knockout
cells had almost completely lost their ability to grow subcutaneously as solid tumours in these

animals, whereag, tBeyHICE: i Selistg ey qnﬁcﬁsrg(gzoaﬂm s SABIESTS S iRl QS 1. 12

and 13. Thus, loss of AIF curtails or impairs the growth of colon carcinoma cells in vivo, consistent
with several indiB&eSEN6INYES IS thBarenRIGRARAPHEKBRPOH avdielokposkarmwancel tireedilts

(Table 2) obtaingg Ganiae, feindamds' dBrs BrReHgE HaSamIond tsnibRAXRREMmeRIM faa

demonstrates that AIE acts as an "Apoptosis Inhibiting Factor” (instead of "Apoptosis Inducing
Factor") in colonliB&rclishRie36mHd MR8 ISIDRIY B THEEHLARIRT GRECIRIRA LD eBNIREEs with

published resultgolaPRRIRGISIERIEER IMBOUSEBIA KaARKPHE EIREY QS 8NN IIMANC MY i cells in
which evidence was presented that AIF is g&o-appptotlc Joza et al., above). Further, AIF appears to

contribute signifitAMACRIROP S BHIEIBNGRIRIEBIIAE rfe 8OTHE Ehtttoe®5Bh it of the

AIF 25 negative aragiiéelisdocoortodis oo inedesert dumarasainlyeiAlIsdiauadivegels may due
to a reduction in intracellular superoxide and/ or H202 as a consequence of the loss of AIF (Figure

19). Thus, the fildiAgs &ttHe 13RS BIRASR0S Y Bl Rhjor PERGRial%splidktin il €8Rn(@BAcer. 22

references therein)). The cells obtained from ATCC were the wild-type cells.
10  However, the present invention is not limited to colon carcinoma cell lines.
Any cell line suitable for the purpose of the present invention can also be
used. For example, breast cancer or lung cancer cell lines, but not limited to
these 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 carcinoma cells, for example by selective
inhibition of AIF, is understood to have the same effect as knocking out the gene, that is, suppressing
the malignant phenotype and sensitizing the tumour cells to apoptosis. Suppression of the
transformed 5 state leading to the reversion of malignancy may in itself be sufficient to eliminate the
cancer. Therefore, inhibitors of AlF are anticipated to represent a completely novel approach to colon
cancer therapy. According to a first aspect, the presen invention provides a method for the 10
treatment of cancer comprising inhibiting or reducing the activity of AIF. The method therefore
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 AIF can be carried out

according (0 anycsh Al ARG 8 . SRHBKRMRFOIS. P BIIRRUGAANIAE 55

selectively inhibiting the AIF. For "selectively inhibiting" it is herein understood to mean any drug,

compound or subténdeasaputsb setayedgdEhtdifdiag seem tie higuses! ifvibitid or
substantially inhig o5 SREIRGHIBE KIS L ol O MBS PYFRRFEEDINBAIG Adlegrading

AIF. Drugs, compounds or substances capable of inhibiting or reducing the activity of AIF 20 can be

selected among ¥Re&RidisHEompdB el ssaWngan 8OO RY ol S Pt tREAR LM WE AR IY kRSCovered

or synthesisgd. FxQiBleHpfSUCRIVEHIG S A NORIZ RXIHRRA IDDIBIPrEcRChAg QUiRGTEE;
Diphenyleneiodonium chloride (DPI); Diamide; p-chloromercuryphenylsulfonate (b CMPS). The
screening, selech8Hiat PesetHEVHIERIGE ahssmhirdyctiansmire Supntherats absibet!fiter. The

reduction or inhigiieN pf sRiMR6QhME RRNAIRB REORBIRAZRYIVRIY Whethist WiIr el bitiRgeeipaying or
repressing the expression of the aif gene encoding the AIF polypeptide. Accordn?ﬁ%ﬁt the invention

provides a methBABIPRhEMESRrEehRReRLR NS Ry IrAEpesemi et B8 $rPbMe-aif 23
gene encoding A{iheAgmdPaificktiicR¥aMeBIShe ifveriianmevivides ataethede mouse model.

10  Remarkably, DLD-1 aif knockout cells had almost completely lost their ability
to grow subcutaneously as solid tumours in these animals, whereas the HCT-
116 cells grew only very poorly. This can be seen in Figures 11A-B, 12 and
13. Thus, loss of AlF 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.



which comprises inhibiting, delaying or repressing the expression of aif mRNA. Accordingly, the
method comprises administering to or transfecting in vivo or in vitro the cancer cells with a nucleic
acid construct comprising a 5 nucleic acid molecule binding or hybridising to the aif gene and/or aif
MRNA or to a portion thereof. The nucleic acid molecule is complementary or substantially
complementary to the aif gene and/or aif mMRNA or to a portion thereof. Accordingly, the present
invention extends to the preparation of antisense 10 nygleotides and ribozymes that may be used to
interfere with 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 mMRNA, either by
masking that mMRNA with an antisense nucleic acid or cleaving it with a ribozyme. 15 Antisense

nucleic acids ar%@&b?u%d?gﬁamsfﬁﬁgleﬁ FB@B@(@%@%WBFYAFP f# [&shacRRHRINR Bctrecific
MRNA molecule (Weintraub, Sci. Am:, 262:40-46 (1990); Marcus-Sekura, Anal. Biochem.,

172:289-295, 1998)ekpridecdy sRlgHMsiisIEaReRRAISIO SRS ANniPaRa@atIe FabRe 20

stranded moleclgraEhgEelorseianyENSh S YRS AciiSINRIFRR YR 18: RABIRFHAN SH&RBAAeinto
protein. Oligomers of about fifteen nucleotides and molecules that hybridise to the AUG initiation

codon will be pafftdiRERSIERREHICHROH SRR ARPRIQSAt eI @ RIoN Of kg, tra pfeemeder

problems than lasgge rl’l%@l‘ﬁﬁ’éeWﬂfé" teerssHBiNpTAIIHRALY PeRJidA R erodecingrfabnt Aptisense
methods have been used to inhibit the_expression of many g{zenes in vitro [(Marcus-Sekura, 1988

supra; Hambor &/ifpingte{be faagen s esafores irhibiars 0nAl Rk aidnatek inRRIRRSM s
possessing the apdiynisicRBEicadl Mipavachttec v eantantradpyA molecules in a manner

somewhat analogous to DNA restriction endonucleases. Ribozymes were discovered from the

According to a first aspect, the present invention provides a method for the
10 treatment of cancer comprising inhibiting or reducing the activity of AIF. The
method therefore 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 substantial[y 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 mRNASs have the ability to excise their own introns. 5 By modifying the
nucleotide sequence of these RNAs, researchers have been able to engineer molecules that
recognize specific nucleotide sequences in an RNA molecule and cleave it (Cech, J. Am. Med.
Assoc., 260:3030-3034, 1988). Because they are sequence-specific, only mRNAs with particular
sequences are inactivated, 10 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 (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

imit 10 the sze e HEKEIMBONORSEH BRSSP iiaififen it TROLRIER IRARIES R clelc

acid molecule is"15-40 nucleotides, in 20 particular 18-30 nucleotides, more in particular 18-25
nucleotides, for ¥kdghpleoTprisesu dvBdag, MislaYinpalicurRPressindciéie «RxPrasHenIoM & be

complementary giRRYDNAISIRAGH/CIRE ﬁ%ﬁqw'@&%@g%mm@g@% B $ERLIECNGY thor 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 nucleotidedva HB ¥itieciberiganerjuente Wik aameiisnasidverisHyst GREYHSESY fegion of
SEQ 1D NO3 1 op s &l cid i Bo1aRI Hergpfiddisseis méhgifsgzéﬂ@fam/m%#&ﬁhwb! in SEQ

ID NO: 1 and SEQ ID NO: 3 is indicated as T. The isolated nucleic acid 25 molecule may also be that
complementary & dPwAidteRimidibesanfin Bg AtclpisiamidomalesHigniswFamBRMeNEsr ample,

those _describe_dén%@ﬁ%%’&%ﬁ%ﬁh&r@rﬁm@iﬁg&wmfﬁwgﬁ MRIGANGPai G g6 tioR
invention prowd?hserrlgg{c(.alc acid molecules which are complementary to the aif

Accordingly, the present invention extends to the preparation of antisense

10  nucleotides and ribozymes that may be used to interfere with 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 complementary to the aif
MRNA and have the sequence of SEQ ID NO:14 and/or SEQ ID NO:16. In particular, targeting nucleic
acid molecules comprising the sequences of SEQ ID NOS: 13 and 15, and siRNA comprising the
sequences of SEQ ID NOS:14 and 16 are suitable for the sSRNAIi 10 technology for the inhibition of aif
MRNA. The nucleic acid molecules may be introduced into a construct and/or a vector, comprising a
promoter for RNA polymerase, and administered in vigg or in vivo to the cell. The RNA polymerase of
the cell transcribes the siRNA molecules complementary to the aif mMRNA, thereby inhibiting the AlIF
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 D NO:1S. |l erB¥ROReides coBBdsia g srsuaifg & SEERAID tand SEQ

ID NO:16, are prepared and administered in vitro ‘or in viv the cell. Accordingly, the isolated
nucleic acid moledige giaglpestrondednfONsBDIRAN 8IBrRNATNBlEQREREIE RMFNECH Silyle

strand RNA (SR, JRuIRBBANGRNALERRNA), dRiskie,Haec/Al¥A (dsbidaraipubismstinad hybrid
RNA/DNA (RNA/DNA), small interfering RNA (siRNA) and/or ribozymes. A nucleic acid molecule is

"hybridisable" toQffeR@tinnciaRt £eatai BN AR haxa B Rk £aRxqise dhYeRWHr BFANINA),
when a single-stEnaRAiQiRy ehdhuRlKdaifeasid RAI8S WE thRBARIGAL IG4BB AU IR Bsith

molecule under the appropriate conditions of temperature and solution ionic strength (Sambrook and

Russell, MolecuRPe ihfngineessariesHian dhabreemnizs s cifisBBGIeCHHSrafINaPRES IMAD1). The

conditions of tentg¢rathsiane doRis G lsHrNgthdeisimineAhe "meagensyo®f thedgbadisusn.
Hybridisation reqI the two nucleic acids to contain complementary sequences. Depending on the

uires €
stringency of the R diBafFHSRidhRYCIES RefkencEaReCIE pBaNORRNAS b pPaticttidhgency
for hybridising n4elgieaeists sleppads\ritdhe length of

10

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
(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 complementation, variables well known in the art. The greater
the degree of similarity or homology between two nucleotide sequences, the greater the value of Tm
for hybrids of nucleic acids having those sequences. The relative stability (corresponding to higher
Tm) of nucleic acid hybridisation decreases in the following order: RNA:RNA, 10 DNA:RNA,
DNA:DNA. For hybrids of greater than 100 nucleotides in length, equations for calculating Tm have
been derived (Sambrook and Russell, 2001, as aboveQ5 For hybridisation with shorter nucleic acids,
i.e. oligonucleotides, the position of mismatches 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 njjgiglifles, MostRBELIRMCHIRIRIMEME S SPLARRHI b AHRBCUAERT -2 2¢Fding to a

particular aspect, the inhibition, delag@or repression is carried 20 out by the silencing interference RNA
(SiRNA) technolégforn Rinvafiarikaowenhifoibgy atwEIPks@RmaIY dbASR S8 iBrRSEd_sQuhich a

double strandechtyAstisRNA) dreH e daroRRstEANSSyiPHoRAL e adAkipe oh hpmalegays franscripts.

RNAI can be initiated by exposing cells to dsRNA either via transfection or endogenous expression.

According to thelP4eEHEm pifNi et Busifie ACIHNRIRFY B YRiIER RISceIMpleRRRBMAR thRifion of

the all MRNA\, arg-selegied Rak PIRY BBHLRTHY R IINIRI: EEhiRgY s £ arrmpie; she PNA
targeting sequence are generated using Ambion siRNA target finder

(http:/Avww.ambfSiRiemeetan tastisiril RN Agh have dhe &R § s SGRHEE NRa Fbe

inserted into a capgikict spdionpeatap amd 3@ upaditutsrnsieridhasancercie!l asigelHivrgineytro or in
vivo. The RNA 27 polymerase of the cell transcribes the siRNAs corg%ementari to the aif mMRNA or

to a fragment th&RIBP RGNS RRALRIRSLESHHER KORn 1d 3nd RiuANLS G ESmplex or
RISC (Berstein ehal.s8g0drfsddammembeti . Nt uwhish fupchess snitshieegourdagRNRNA

destruct|on1 " thcgchnology for the inhibition of aif mMRNA. The nucleic acid molecules may be
introduced into a construct and/or a vector, comprising a promoter for RNA
polymerase, and administered in vitro. or in vivo to the cell. The RNA
polymerase of the cell transcribes the siRNA molecules complementary to the
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 MRNA destruction). In mammalian systems, the sequence-specific RNAI
effect has been observed by the introduction of SiRNAs either via transfection or endogenous
expression of 19-23 base transcripts capable of forming duplexes, or via expression of short hairpin
RNAs. The siRNA expression constructs and/or vectors may be constructed 10 according to any
method known in the art, for example by chemical synthesis, in vitro transcription, by digestion of long
dsRNA by an RNase Ill family enzyme (e.g. Dicer, RNase lll), by expression in cells from an siRNA
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 Reygolis abal Mty elokiREeIRgY 4Ptr2RyBRAR I TR ASHRON Wahiragge

(http://www.ambion.com). 20 The method according to the invention can bé applied on cancer cells
suitable to be u$e@ WPtREGhIHASK Biteeqale fPMARTGRIaNSEaHERCESH DERFHANGAMINE! cancer

cells, for examplgtyigiesR PoRYRARY I GISARSST PRshRAcReOBRIRRS BRYKY H41BT6REGHISMfhe

However, the cancer cells are not limited to colon, breast and/or lung carcinoma cells. Any cancer cell

showing or 25 sifRRgRABteriFRgensyciopMyRIgHRIg velrh RIS eRendsifuthetRN PR 8ént

invention cag bethsedcléie aarrehRalithaaxded erampingausichnmaitaldaarmrtianesh line.
For example, cancer breast and lung cell lines. For example, HCT-116, DLD-1 and/or SW480. The

present method BEniisid G IaRRRSarothed degsas rafc i 3t IR dl e RINGHAN P 30 the
treated cancer cqliglsoaneOtisHBsRNRRSyBatH MG DA IAYITEr A8 iMBRFURds efoaRIMPle,

etoposide, trichostatin A, camptothecin, t-butyl hlydrogen eroxide and/or H202, compared to the wild

type cells. Accordfydig tgﬂ?‘-’céﬁ@&?ﬁé%*t@&?é@é@é’@ré?ﬁ ifdyikerrretRa NG & mighebl BA@sharing
the same effect epiaiBR UsesifoR fieididERIe efdbriderntianthecesdbwiigthsrder: RNA:RNA,

10 DNA:RNA, DNA:DNA. For hybrids of greater than 100 nucleotides in length,
equations for calculating Tm have been derived (Sambrook and Russell,
2001, as above). For hybridisation with shorter nucleic acids, i.e.
oligonucleotides, the position of mismatches 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 method for screening cancer cells suitable in the method of the
present invention comprising treating the cells to inhibit or reduce AIF and treating the cells with at
least one cytotoxic substance selected from the group consisting of etoposide, trichostatin A,
camptothecin, t-butyl hydrogen peroxide and/or H202, and comparing the results with 10 appropriate
control cells (treated knockout and/or knockdown cells or untreated wild type AlF-containing cells). A
further step includes comparing the obtained results wjth those obtained using colon carcinoma. The
cancer cells treated according to the method of the invention comprising the inhibition or reduction of
activity of AIF 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 aggianarRANGioR-E theotRYHEdRIEs FHINQTRRA S ehiad BhiRa iaNeRgomis capable of

sensitizing the treated cancer cells to drug or stress-induced apoptosis. 20 The present inventors
have further invesfi¥fearinafeagnecabidaobf eseaitNA frefittiehaamplaxdnerasshsased on

the in vitro activig gAMb s SHRIFYYR FIRISEZyBE M4 MG ERiSavR-Ig Beanty

elevated levels of ROS (superoxide and 25 H202 compared to normal untransformed cells, and there

is a large body ofl-evi@Hoe WhiehnBIndierseith henlegedsirkigst tRiNArorestvictigndiBséién of

and/or maintenapegsehthedsansorRed sfataRPrRtGYstkidth NathamharaneRi R @§stdm$94n 991,
Suh'Y. et. al. Nature 401, 79, 1999:; Arnold RS. 29 et. al., PNAS 98, 5550, 2001; Arbiser et. al., PNAS

99, 715, 2002; BY&ALEREEssRACiiGn RNAL SifBCtRASPRESBI. Psenved 0y oile pERgkigtieneOfal., Mol.

Cancer Ther. 2, 3N R80BitKaNdesetrinEf8siBadoBishddgenaiis 48kpriSonZbroret ab Gaiger Res.
61, 6082, 2001; Church et al, PNAS, 90, 3113, 1993; 5 Cerutti PA, Science 227, 375, 1985; Dreher D

& Junod AF, Eutrangsiinta capablsy of Josminge HEpIeXesaRr IVip AXBrepsie S, 900/ Aiseid can

mediate RNAs. The siRNA expression constructs and/or vectors may be constructed
10 according to any method known in the art, for example by chemical synthesis,
in vitro transcription, by digestion of long dsRNA by an RNase Il family
enzyme (e.g. Dicer, RNase ,III), by expression in cells from an siRNA
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, transformation and angiogenesis caused by overexpression of the mitogenic oxidase
Nox1 (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 may play a role in the 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
MnSOD, a scavenger of superoxide (Zhao et. al., Canger 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.Immnol. 46k 2004 15 Ao RS OFRHEASRR AR R clilig Nox

Nox2, Nox3, Nox4, Nox5, Duox1 & 2 that could represent enzymatic sources of ROS '(Lambeth JD et.

al., TIBS 25, 4541y2000eB feseK dVRRAPK el 9emprisd 48 thewid dgyersrithefespididelictase
with the potentiah fo ieiRleceRSHREIRYIGR o MIMNg RE! HRINRER SXIEPIREURRSRION QR s yiRb 1S

overexpressed in some cancers, and has been implicated in carcinogenesis (Cullen et. al., Cancer
Res. 63, 5513, 2beFasner effest sambeaiied. ohikfoPumeserydis. ingentesAcertingbinkss

through its %biIi%ﬁesi@mrﬁtﬁiéﬁﬁaﬁhasw?w&é@mﬁém@%@smé@ . A ENASI38s Jifdfle 2001;
Asher G. et. 30 al., PNAS 99, 3099, 2002). The link between NQO1 and carcinogenesis is, 30

however, very widkaiethnbrREHaPreesghin REPGRMREISIRGHEFENHE et {gtipRiBileEs and

targets of supergxile-and if2@aqreraakng MRethesRs MAhDaoNseE TBABY SPieRte SUisstgresays
that measures mainly superoxide or mainly H202, the present inventors found that superoxide and/or

H202 levels werSRRiHRESAY DRSPURSABISEY S ¢iqeasitits HGROFERIN<Y FATRIONGSTY

consistent with i€/ hydrogen peroxide and/or H;O, and comparing the results with
10  appropriate control cells (treated knockout and/or knockdown cells or
untreated wild type AlF-containing cells). A further step includes comparing

the obtained results with those obtained using colon carcinoma.

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 demonstration in living cells. 10 The
relationship between ROS levels and tumorigenicity was examined. Lower levels of superoxide and
H202 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-1 16 cells in soft agar. Thus, in conclusion, ROS (both 15
superoxide and H202) produced by the action of AlIF appears to influence the tumorigenicity of DLD-1
and HCT-116 cells, but the molecular targets of ROS gge unknown. Accordingly, the method
according to the present invention for the treatment 20 of cancer comprising inhibiting or reducing the
activity of AIF results in a reduction of the intracellular production of ROS in the cancer cells. In
particular, the inhibition of the activity of AlF reduces the intracellular concentration of superoxide

and/or H202. Thg;requGHQ8f darapeiiyl|ain SOy Gt SUPCtoNials ard/e 5128k50mdpess S s

sensitises the cancer cells to 25 apoptosis. According to another aspect, the present invention

provides a meth&# Ry then trdalth¥piobt €aH 2R yeimprsigGrdadciteObeVifrustan ffardtoAbe Medtion of

ROS of the canceprghs TRES 55 Sercronists Regs '42AR- Frde RAHCENSI OMisyraee!ulsy cpgigentration
of superoxide and/or H202 in cancer cells may 31 result in the sugfressmn of mahgnantshenotype,

reversion of maliéhaAd}, aln&ranset Renshilit) I 2neQahcehEm &8 ahdpits, & rd888ion in
the growth sate. d RARIPARIS HEHRSIUtoNa 5Nt aBs UG ABRIS Ny aliefb AT ARIDENRXIde @Adi-H202 in

cancer cells induces a&gptosis. Further, as a 5 consequence of the reduction of intracellular

concentration of ¥&Pertkid@98n§BeIR03 BinbMedidtAthpled Bl tOma 9w Par HiedaiBlete loss
of tumorigenicityanglenaH erHRERIhAAY EnEiy eHa 6 anken By @ RERIERERIBIEHOHe
comprising reducing the intracellular
mitogenic oxidase Nox1 (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 may play a role in the 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 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 administering ROS 10 scavengers
including Mn-SOD mimetics such as EUK-8 (C16H14CIMnN202) (Calbiochem) and EUK-134 (Sharpe
M.A. and others, 2002, Biochemical Society, page 98); manganese porphyrins such as MNnTMPyP
(C44H36CI5MNnN6), MnTM-2-PyP (C44H36CISMnNG6), MNnTE-2-PyP (C44H36CI5MnNG6) (examples of
the manganese porphyrins obtained from 15 Calbiochem). The structural information about the
Mn-SOD mimetics and manganese porphyrins is showg in Table 1. 20 25 32 Table 1: Structural
Information about Mn-SOD mimetics and manganese porphyrins Commercial Chemical Molecular
Weight Reference Name Name/Structure ,~..Brandier C. et al., EUK-8 Ifrnl d 374.7 J. Vasc. Res., C
x q 1997, 34:49 X=H Martyne A M* Sharpe et al., EUK 1340 or - 2002, Biochem. J., 366:97-107 X =

OCH3 Mn(ll)tetipkirideiziekpire &t iMMBMeR P&fﬂ@&&gﬁf?@m&ﬁﬂ%%%?ft&ﬁaﬁ% the
pentachloride Res., 59:634 Mn(lll)meso- Batinic-Haberle 1., tetrakis(N-methyl- 2002, Methods
enzymatlc sources and targets of superOXIde and H,O, are unknown; there

may be one or many sources.

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



MnTM-2-PyP 2- 909.0 Enzymol. pyridyl)porphyrin 349:223 pentachloride Mn(lll)meso-
Batinic-Haberle 1., 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
5 be mammal cancer cells. For example, mouse or human cancer cells. In particular, the cancer is
colon carcinoma. 33 According to another aspect, the invention provides an isolated apoptosis-
inducing factor (AlF) knockout and/or knockdown carcigipma cell, wherein the knockout and/or
knockdown cell shows suppression of malignant phenotype, reversion of malignancy and/or increased
sensitivity of cancer cells to 5 apoptosis compared to the wild type cell. The knockout cells may be
prepared according to any standard technology, for example, by knocking out the aif gene by

homologous recpsahipatiome<aaskHovRel? MaKFsRDBRISPRISS ASROREY & AmyisiRadiard

technology, for example by inhibiting the expression of the aif MRNA by RNAI as described above. In

particular, by 101BeFa#fiSE 8RG MMM i rPrRNSEUSElls ARSRIPRInastguanatisian i theos:13
and 15, or by adgiiateringehasepranes Sk  RAitehdanst Lorabaiagl mdnkemHaimma! cell,

like a mouse or human cell. In particular, the cell is a colon carcinoma cell. The knockout and/or

knockdown cell SHRRIGHRRRRLADWRRa ifbreatesr LsieiatNaesoanrnpioaitigs Whitpodsdd and

substances sAccesHisEtyiciee IBFEHIONEaIatas A0 SNMALR-ENIBKRRHAMRARIT knagisiawasells, in
particular knockout and/or knockdown cancer cells like colon, breast and/or lung carcinoma cells,

wherein the inhiGiB{Pbf feeistls Jeemtesk ﬁ%@%@ﬁ@'%@%ﬁbﬁm@ Seftigl RIapRaterdrestSloxic
substances compjiabiiiheBRPiA_d/or a reduction in the growth rate.

The invention also provides a method comprising reducing the intracellular
conéentration of superoxide and/or H,O, in cancer cells 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, camptothecin, t-butyl hydrogen peroxide and/or H202, 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 elf 25 knockout and/or knockdown DLD-1, HCT-1 16 and/or SW480. In
particular, the knockdown cell is aif knockdown in SW480. 34 The aif knockdown cell of SW480 is
prepared by any standard technique known in the statg,of the art by a skilled person. In particular, it is
prepared by siRNA. The knockout and/or knockdown cell shows suppression of malignant 5
phenotype, reversion of malignancy and/or increased sensitivity of cancer cells to apoptosis.
According to a further aspect, the invention provides a use for the knockout cells made according to

the method of th?a‘H%S‘?mSﬂ%F‘éﬁHBI YHTerPHa S IO S6 B MimRiaREd i 30
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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.



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. 35 The invention further provides a use of the knockout cells prepared by any
method of the present invention. The knockout cells ar%implanted in a non- human animal, for the
purpose of drug testing and/or drug screening. In particular, as negative control. This is carried out by
any suitable method 5 known in the art. For example, as shown in Torrance C J et al., Nature
Biotechnology, 2001, 19:940-945 (herein incorporated as reference) or described Torrance et al., in

WO 03/027632 K&t Hile HP AR 2EEEE R - iRDEHIOR THHBRA A SBRR e QﬁB?fBQi@-L for

example a rat or mouse. Potential drugs are tested by administering them to cancer cells and 10 then

comparing the résdsingtfrgiendiitdineerus rasiaaknrssianwi satetnanit pbcwbered®srepared
according to theiRyeRyan aN@/sH KGR JBYHTEARSSALWE KiRaeiss il oI diigrahi § RosdeydeL D-1.

Accordingly, the invention also provides an animal model implanted with at least one of the aif
knockout cells of@METFHOBN RSN MBiaBanENtiBREPAbINERRESABRIIBbIVIRE Bl cPRRFFECAMIESES treating

cancer cellg in Viyo St/ KENGARRIISNthadminiissieailothe kABEREGERSRsTr Be GRBIRAEAC O &

substance or selectively inhibiting or reducing the activity of AIF. Any drug, compound or substance

known in the art3ffPEingoie RrYHetandaxhierbiiadwalrhexEPIe0 Ae g, i iheedflon is
also addressed i BErRERBIHBAL FelsiRBiiCAON K tsuIdieAS SEIESTEAMISSIMES Sepabstpnces

capable to inhibit or reduce the activity of AlF. According to one aspect, steps to generate and assay
suchacandidaté‘%‘?ﬂ@'ng to any standard technology, for example by inhibiting the

expression of the aif mMRNA by RNAI as described above. In particular, by
10 administering a construct and/or vector comprising the sequences SEQ D
NOS:13 and 15, or by administering the sequences SEQ ID NO:14 and 16.
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.



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 AlF; assay the candidate drug,
compound or substance for its ability to induce apoptosis of colon carcinoma cells, block the formation
of 36 tumour cell colonies in soft agar, and inhibit the growth of colon carcinoma cells. The crystal
structure of the AlIF polypeptide has been described in WO 5 03/089465 (herein incorporated by
reference). Accordingly, the design of a candidate drug, compound or substance can be done by
following the instructions and information disclosed in WO 03/089465 and further selecting or
identifying a candidate drug, compound or substance capable of binding or reacting with AlF, at least
one AIF domain, or with a portion of AlF, and 10 capable of inhibiting or reducing the biological activity

of AIF. According @ . TkABLRIBRAT Haf BHB\RRBHALNG-apsHRSBYCE RAMidRIS FaadmRRIected

from known drugs, compounds and substances. Accordingly, the invention provides a method for
screening and/o Tﬁéﬁ'ﬁfgﬂﬁb%%aﬁﬁii@l%'@elﬁrﬂhYgacabﬂﬁ%Rﬂrﬁﬂﬂb||t'|'hgaﬂl%'éﬁk|ﬁgstﬁé%ww
apoptosis-induciggrfagtor (AIF) 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 AIF activity in

bt o reduce P abARp oL EoRC SO ENE rEflcBdRM i RSP ATb iy SR BB
according t%%mﬁmb@pb&mm@mértﬁemeﬁenbl@%ﬁqn ahaordingréasadtisensitivitgt, shecamssition
relates to a method for screening and/or identifying a candidate drug capable of inhibiting and/or
reducing the acﬁ\%% 8? 3 8 8§?§ ‘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 condserading doROBrRer aspaghdhthdénventiod poavidiseadeseriiviniing tkecshiit of the
drug candidate cells made according to the method of the present invention, wherein the
knockout cells are implanted in an animal, for the purposes of drug testing
10 and/or drug screening. For example, for the purpose of being used as
negative control of 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
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 method may
comprise (c) comparing 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 embodiment of the
invention. According to a further aspect, the invention relates to a method for screening 5 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 dgig candidate to cancer cells, and (b)
determining the ability of the drug candidate to suppress the malignant phenotype, reverse the
malignancy and/or increase the sensitivity of cancer cells to apoptosis. The 10 method may further
comprise (c) comparing the ability of the drug candidate to suppress the malignant phenotype,

reverse the maligpangy,8REMY FISSSPriviesNs N4y 6f BR096IRbuIORRSNIPSatedByexR) Of

suppression, reversion and/or increased sens_itivitﬁ')f the cell of any embodiment of the ‘invention. 15

According to andtifdhedRicthenarprentiBly paiiess ta askeubralsearangrRlnpieridR iRy a
candidate drug qapaBie ahinhipiting anéegueRshragRYdYIeEaRg PRIt N duGH & EATiRG! Fhin

cancer cells comprising: (a) administering a drug_candidate to cancer cells, and Sb) determining the

ability of the drudPEEFHiRfat@30NRIAEN S SERER]s. Bl SaiHgdoM diYe PRY ek aRIS iMetRsh relates

to a methodsfor s¢reRAing al/aridealifkRaragtandisadasiing iranaptaidnaibifing o/ reflging the
activity of apoptaosis-inducing factor (AlIF) in cancer cells comprising: (a) administering a drug

candidate to caneAeENBOIRRY (b A8t rniRiR4 ¥ abifRerainndngrRIBATesta3S tdsfereases Pk
sensitivity of the derigBleeRTTEFERR 1025 S {OtRXIG\BObIBNTERASZRHE IREhetRRssisHdtdehosiatin A,
camptothecin, t- butyl hydrogen peroxide and/or H Q2. According to a particular aspect, the effects of

the drug candidd 6 ed he non-human animal may be a mammal, for example a rat or

mouse. Potential drugs are tested by administering them to cancer cells and

10  then comparing the results with the knockout cells or animal model implanted

with knockout cells prepared according to the invention. Non-limiting

examples of aif 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 compared in the step (c) to a negative control 38 represented by aif knockout
cells or on cells treated according to any embodiment of the invention for reducing the activity of AlF.
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 5 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 knock out HHCT-116, DLD-1 and/or SW480 cell(s) or cell
line(s). The non-human animal model may be a mammal, for example a mouse or rat. 10 The
invention further provides a pharmaceutical composition comprising the nucleic acid molecule of the
invention. The pharmaceutical composition is useful for inhibiting, delaying or repressing the

expression of aitgeRe ABE{PEAMHIRR A S5A0AYHMNPHING AhISHUAE HIBGAN MR LER AL RInfF- More

in particular, the pharmaceutical composition is useful for treating cancer, for 15 example colon
carcinoma, or arﬁﬁﬂﬁher 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 AlF is within the scope of the present invention. The druc?gﬁ%ompound or

substance can bEh§rebistal stieetdteoPladhriibaPalesmiisls 2tashdrenn dhed ReWiPention
provides a pharmeasadifet COIBRIAIIABRURREENS, Atdrasheas: m&%ﬁgggﬁ?mﬂemweﬁentwy

or which hybridise to a nucleic acid molecule having the sequence of D NO:1 or SEQ ID NO:3

or a fragment thEABHIARE sHHRN GEBEEND Rio SURRRREED CAT NS 3d@pfe htRYanig ol and

human all gene, jrrSRRGIBIAYINH RROPRTEGOIREI SRR BTN AVEN A0 SONBR SIHA TGP s AIRYICleic
acid molecule is 18-30, 18-25, or 19-23 nucleotides, complementary or which hybridise to a nucleic

acid molecule héRﬂWﬂ@alﬁaﬁegq}fjé@(g'TWN@TB‘P@@(?TE?‘NP@"%”B? S3Rapiert finriag a5
particular, the phaepasgUNGAl PAMPaSIlEESEBARIIASS domain, or with a portion of AIF, and

10  capable of inhibiting or reducing the biological activity of AlF.

According to 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 molecule which is complementary 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
molecule of the 5 invention for the preparation of a pharmaceutical composition 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, increaged sensitivity of cancer cells to apoptosis,
induction of 10 apoptosis, partial or complete loss of tumorigenicity and/or sensitizing the treated
cancer cells to drug or stress-induced apoptosis. 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 &gl e URrakBIRI A ASHRMMAIAS 8F %“Eiﬁ@bﬁ%é”%&ﬁﬁ?ﬂiz@gal /Bhe

screening. The animal model magé'be a mammal, for example a rat or mouse. Tissue culture
cell-based screeififdoRY dhtieepltdrbragacriBEen Wethercelcalicanyanvediragidrpétdéhe problem

with such cell-baggggrigening 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 t rs are generally not gvailable or do not exhipjt growth properties

comparable to tlﬁff's%g 'ﬂ%tﬁﬁﬁa 5ralﬁ%%‘é{j§h8 {S}}ﬁ%‘?ﬁ%g&&@% i?o%ﬂﬁ%ﬁ%t%ﬁ?ﬁﬁ%’%ﬂéther the

drugs are taggetingd/ommidiesfibgiily motemdasatd advigtretegibe hat ariabhisgnoyed teingetteme 25

this problem. A partic‘%lar Eenera metho ologér?as bee veloped bg{) T%%(rgance et al., and described
0

in WO 03/027633AMY BHrERRRIRRT D Ya dRsisyiidarion Ml BRC 8659859 of tHem
herein incorporagetininyistefargreelrudOcaAtidetantpteanbetiosiizs ped., (hedaterniometate aibility pair of
cells of the drug candidate to suppress the malignant phenotype, reverse the
malignancy and/or increase the sensitivity of cancer cells to apoptosis. The
10  method may further comprise (c) comparing the ability of the drug candidate
to suppress the malignant phenotype, 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



comprising: 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 encoding a fluorescent protein; wherein the first cell comprises a gene that
encodes a first fluorescent protein 5 having a first absorption spectrum and a first emission spectrum;
wherein the second cell comprises a gene that encodes a second fluorescent protein having a
second absorption spectrum and a second emission spectrum; and wherein either: the first and
second absorption spectra are not identical; and/or th§8first and second emission spectra are not
identical. In particular, 10 the first and second absorption spectra are not identical and the first and
second emission spectra are not identical. In particular, the cancer cells are from a continuous
(immortal) mammalian cell line. In particular, the continuous (immortal) mammalian cell line is DLD-1

and/or HCT-116, Thederiadisggenip. i ddsuSediReisr 'sferedsthpesia ouesRagerP U5

genome, wherein the first cell i$ distinguished by the second cell for the absence of the aif gene.

Further, the tern¢i8bgeimenisefitbr daeatian far iedasing heaidai it fgerfaceordingda By RNAI.
In particular, theqfigreCelriie@R b Haskan2RERItKROEARN s fepr Ssimidld niiylarerhwikdbe aif

knockout and/or knockdown cell. Any t)g)e of cancer mammalian tumor cells 20 that can be maintained

in a culture can Bel§ATieeeallsrieaied aseRidingtodhednVRTHiopdemtanier RN ABRIBHENE e first

and secondscellgApabmatRniBRlR G cBrifyaBp Mty AheE ThEkGeRRobkpakanar, the
first cell is an aif knockout and/or 25 knockdown carcinoma cell according to the invention. Any

carcinoma pair dRERANUES 90 fheqampatiRakbe aslemrieast RNy Mg &akeinema celk hple, the
pair of cells are E&)TiAd SFBLEXkArfplls @R @O0t mtand mepondhdRieswaBpretiry aray be

chosen from the group consisting of 41 green fluorescent protein, red fluorescent protein, blue
fluorescent prot&all YA fRFRRRMYARRIANIAE! TN FLBIRY R G PBsHN Ale dBF RGP SEr G ther
aspect, the invepgonsereyigas a method of making a

10  The invention further provides a pharmaceutical composition comprising the
nucleic acid molecule of the invention. The pharmaceutical composition is
useful for inhibiting, delaying or repressing the expi’ession of aif gene and/or
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, comprising the steps of: genetically modifying 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 spectrum and a first
emission spectrum; and transfecting the second cell with a second gene that encodes a 10 second
fluorescent protein having a second absorption spectrum and a second emission spectrum, wherein
either the first and second absorption spectra are not igentical and/or the first and second emission
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 anothpl ARl e 4k P HeTRKe VA RISIE QD RIRRPALIMAY o 1R SRHERNRMAS
selectively affecting a gene of interest (which is the aif 20 gene) or its expression protein (AlF)
comprising the skays drecBROHAGGEME Ko OHAG R, IrheteirrHofirtand 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 roteln havi o stﬂreotlon s&_ec uma asec |on ctrum
o vegtlon a o rea use |c a(c
wherein either the fir st and second absorp |on spectra are no |den |ca an or |rs second

emission spéctra’tranentlonlcfemtldarb qoetsrtignhefirst ahdrmeoeudaaillsomhcssmm cfnnpmmdnand
identifying the te ;{ﬁ(;fgwo#w o% %c_tlvehé %%mgﬁtbe[h go% (% Qf@s(s)pﬂlp te(%n if the

growth rate of 4 st cell is not alt ere respec e grow secon
Alternatively, critiemdrfbibiibrgpalédayirgeonnepnesshg ttiue mmmmﬂwémmmfcawcell

suppression of MalEngNtRNRAALIPEHEPYEEIS T SIHUARTGY HNIGRSRE SRORSIY I OfdberSricer cells

to apoptosis, induction to
of malignancy, increased sensitivity of cancer cells to apoptosis, induction of

10 apoptosis, partial or complete loss of tumorigenicity and/or sensitizing the

treated cancer cells to drug or stress-induced apoptosis.

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 growth rate. 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 equal number 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
emission spectra are not identical. More in particular, the fluorescent proteins may be detected using
fluorescence microscopy to assess growth rate. Acco%’ng to a particular example, the fluorescent
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 ﬂuwscw%%r%ei%’ el uESEE NHREC IR ARShCRILIIOT dS CentIpteip. chfjs pair of

cells of the invention can be cultivated in a single vessel, or a 20 divided vessel, including, without
limitation, a cell EQRPELNG arfitatred;ADAiavarery callurdhsraid thedisd geliendiibeseemped above

can contain a gegs|thas RiRIne Bullisreseanidnataiy dnsfrllewinuiaye h@SFbQééﬁfiPF‘é’céﬂwWo

03/027632 25 (herein incorporated by reference). All proteins capable of detection by fluorescence

techniques are CSRRSRIPIRESTTHCRRNSO THHISNS daanshal ehedenalibtbidosasren RIOtSHts of

green fluoresceripnpigia Hrat Bp¥BrHRAN Spedifies Braltgrihe apssshanep e amintierapardra of the
protein (see, e.g. Prasher et al, Gene, 111:229-33, 1992; Chalfie, Photochem. 30 Photobiol.,

62:651-6, 1995; MAEONE SPLFOMRERGR: BisebanbIat 8rsetessa §e9ondifll descenariien3:663-4,
1995; Cubitt, et #aviigrsls&iepbeansoriithOspectkBad drvampiap Al it RUSseSERIM PERIgINS

include green fluorescent protein (395 nm absorption/509 nm emission), yellow fluorescent protein

(530 nm absorptiRFse rAfehistien firddandreseend prbRaRPEgRNn SPaGHR e R oidrntiest nm
absorption/475 n{AEBHIAE TireN e miuESBENEE®Msion spectra are not identical. In particular,

10 the first and second absorption spectra are not identical and the first and
second emission spectra are not identical. In particular, the cancer cells are
from a continuous (immortal) mammalian cell line. In particular, the

continuous (immortal) mammalian cell line is DLD-1 and/or HCT-1186.

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 emission) (Clontech Living Colors.RTM. User Manual, August
2000). The gene may be integrated in the genome, or more preferably, on an 10 expression vector.
Any expression vector encoding a protein capable of detection by fluorescence spectroscopy is
contemplated. Useful fluorescent 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 vggtors 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 sdnich e swelhknauieic) tednagereisiisntinibiem! ‘bﬁ’uﬂebﬂd{ﬁ%‘%éerﬁopeﬁéﬁléﬁ,

expression vectors containing sequences encoding fluorescent proteins and appropria
transcriptional an§ PSR sacyRreteibABAtsy8udy eEeprRiNi ESIRiN 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 WiTESPEI8h L Relliiisik aSPECt 389, IDREiRingrapidiesna vertopd Ridhrking Aost

utilized, anysnunihgr f suifebiR HHpIRGHGHRB sfuby ISkt RIBMSISIHNeY difesceantivyiiva@nd
inducible promoters be used. In mammalian cell systems, promoters fromm mammalian genes or

, 6an [ .
from 30 mammaﬁana\’/ﬂigggkﬂét (FRELRLHRORKAMBer &k WirRichalSe P eaBris Hith 2 S§raBhS&hN be

used to express fupfesaehbifigisaintmasisoiia thesirselsll With exarepigeifcathatensyiies i used
sequences encodin rescent proteins can be ed into an adenovirus

as an expression, vector, flu ligated
transcription/trar?éﬁé?t%ﬁ%%?ﬁﬁl’%&%?}ﬁﬂ?i ﬂ‘é"l‘%ealﬁlrétp?g fétlloihﬁptﬁﬁté%%]'aeﬁofg?g@aﬂ@ﬂ?&
Insertion in a nogesstanialanldotr&risfegiviy théhsedomld cell with a second gene that encodes a

10 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. 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



genome 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 method known in the
art for detecting a fluorescent protein is 10 contemplated. The detection method may be, though need
not be, quantitative. Fluorescent proteins can be detected by flow cytometry and fluorimetic assays.
Preferably, fluorescent proteins are detected using fluorescence microscopy or high throughput
fluorescence spectroscopy. More preferably, relative glré)wth 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 igyhe;detesiion mathndrselamiededsiaul e Rassiieeitianselectirplvicite the

fluorescent protein or to selectively detect the emission of the fluorescent protein. The fluorescent
proteins should HREPREVRabSHEBTIaN fahccomRaEsarn: A waethal dherfsdiGeamaundiiagtre not

identical or both cBrferabiheheadadiu eear semipeaialis ¥ilkhannamies ISR BUEFSISIYR spectra

that are non-overlapping. Mare preferably, the fluorescent proteins will have non- overlappin

absorption and gRRNSYe i eased s ettty o1dbg AR csicepis ARt SRS e IRAHGIYR KR that
encodes a BuorepepidSEDIaHHLANDRUEHIA LR IBRHRAENROTMESTR thelakiityrétngrecHisally

affect the gene of interest. The cells are contacted with a test compound and the growth rates of the

cells are monitordF o BEHIRTdRtZ D AP e ARUL KRG YRSk SRESRIa oW 8RS Ted:

compound. A tegiceordipeLitd tthatslaasiont ahanaesthenareetratesifshadiysbeabrelativedo the
second cell is ider%gﬂed as selectively aff ctingtrﬁ g}gne of (ipterest. Growth can be monit(ged using
any fluorescenced ﬁWiﬁﬁ@Qn%W,nnlWé’ e fst e first and second cells may be cultured. In

particular, the first and second absorption spectra are not identical and the
10 first and second emission spectra are not identical. More in particular, the
fluorescent proteins may be detected using fluorescence microscopy to
assess growth rate. According to a particular example, the fluorescent
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,



discussed above. A test compound may be supplied in any appropriate carrier 10 or solvent and may
be added to the cell culture by any means known 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 cellgyithin 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-GjggaiBeEOBRAUNIOrEVIHE BEILN QY50 BdNR: 28Y RNATPa@OBIRRHaFHVIty. The

compounds can be naturally occurring or designed in the laboratory. They can be isolated from

microorganisms 28182 or 1§18ats Eardneiesnef2 s Yitabigc A4 PERARBINRFAEIBS SAIHESIZ8EEBY

chemical methogigdrwann sheteit (Hoke pie dUSSHARRBUM Hmcamiaishiaipstbusingorsycahthe
numerous combinatarial library methods known in the art, including but not limited to, biological

libraries, spatiallj"RIF62381 @M AIRIRSIRMARLOB) SBHRRIAMINACE THiiprereerl RICLR iy
methods reguirifg ezl gHstinhe 38nebapsorptRpATEMRR WkisHRIA) G e R0 fRiv S hetIC

library methods using, affinity 46 chromatography selection. The biological library approach is typically
used for polypepfR€bkan s'?Whﬁgﬁﬁéoaﬂﬂgpﬂdﬁ%&’@éﬁ?ﬂ%@a@@ﬁ%@&&é’ o r%p%%ﬁﬂ_év'
non-peptide oligoser Mamiadlixuglestpedbyaries of compounds. See Lam, Anticancer Drug Des.,
12:145, 1997. 5 Test compounds may be screened for the ability to slow the growth of cells
possessing defined, known genetic alterations, including oncogenic

The gene may be integrated in the genome, or more preferably, on an

10  expression vector. Any expression vector encoding a protein capable of
detection by fluorescence spectroscopy is contemplated. Useful fluorescent
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 patrticularly, cells that are isogenic except for the aif gene may be contacted with a
test compound and the relative 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 scggening cell pairs that are maintained in
separate plates. Using high throughput screening, many discrete test compounds can be tested in
parallel so that large 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 valygigmyiahr $ROGsEATOUX e 0Mmlo la R IBROtRiHECIR RS MR IRSYLERELS,

materials, pipettors, robotics, plate washers, and plate readers are commercially available to fit the
96-well format. Pl PHSBRIR dhifBeAGSAPYESdS URREAR AN2SXRERSHAAGVRCEotRBARSPERS the

invention providesedafidodifisraseaning repeaaomanfellparhaigitdiie shRPressiomabAdviang/or
ROS increases the sensitivity of the treated cancer cells, shows suppression of malignant phenotype,

reversion of mallARFRIP o ERORaHR s SRERIRY FORBREEING RS IS SO, and/dFiRRdtiG:s
apoptosis. AcColgisy, $agirRyYRIOMHSEBHE Tradt hINRIBeship] SErEIHIMECRES RATSF CRIES oparprising
administering to carcinoma cells a comgo nd for reducing and/or inhipiting AIF and/or ROS, or
inhibiting. the afRSIRME GRS BR HPAdACHRLIEEVIRRE, VRN TSP BRI B ErRTeSF iivity of
AIF and/or reduglimnresdaSpidesinsie inféacseassg e gaseB8sBindyiof Fredraattd saaceruslls,

oty of calder O R A d i, Inclucing apopiosis, andior a eduting he growth
Any method known in the art for detecting a fluorescent protein is

10 contemplated. The detection method may be, though need not be,
quantitative. Fluorescent proteins can be detected by flow cytometry and

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, compared to the wild type cells and/or compared to a cell prepared according to any
embodiment of the invention as negative control. 10 Having now generally described the invention, the
same will be more readily 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 recombinagign 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 amplificatianefbaR:f kerer e8iRfe ieSERSER IO IR PR lagena KehEc e Qrehai eiBRidsxgn 1 from
the aif locus of HCT-116 genomic DNA were cloned into pGEM-T vector (Prome%% Exonl was

replaced by HygfURIGSAEE Y @lGiR FayRRetpeddR SriREN dssapanpiensis ot akility dene

(Figure 1). 48 TepusthealrgdaEedbaskoguisl selpgEessef Marayciarnedoinateenastaus t@st
non-homologous recombination, the bipartite method (Jallepalli et. al, Cell 105, 445-457, 2001) was
utilised. The con%’ﬁ‘n‘?&lrﬁlgp?&%’f@rﬁ Eabe % QdE& BRI A6 VENUO G BrirRicrtasicl and

Pstl (New EnglansthBinlaligstestinponranzaeaftegenatate vaeiomavitbsvesiapeingd egiorsof the

t ted h . Th t | purified and t fected at 1 0/106 HCT-116 or DLD-1 cell
via electroporatiG B Ei T ALHRER I STIEans, O rpseby e Sy Eripelh etk eRPpiatea

at 103 cells/wellsérgn@6ewielispiatastifiod selamiritivdic@iigsing thedasndBio-tdusstieSranth
can be monitored using any fluorescence technique known in the art, as
discussed above. A test compound may be supplied in any appropriate carrier
10  or solvent and may be added to the cell culture by any means known 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/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' (SEQ ID 5) Hyg-Rev:
5’AGATTCTTCGCCCTCCGAGAGCTGCATCAGGT 3'. (SEQ ID 6) Candidate aif -/Y (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: Rgimer A:
GAGTCTGCGTAATGTGCGTGTGAAGAGAGACTGG (SEQ ID 7) Primer B:
TTGCCTGGAATGGGTCAGTCACCTGGGAG (SEQ ID 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 mjR fip S RIbmSHS ToiAdloBRtS 4B d4ch is typically used for
5'00GTCGCCGAAATGTTCCGGTGTGGAG3' (SE g|D9 BOk},AF @BZ ypicaty

5'ACGCGGCCTRIYRePiEs ThEatesT vl sthe pethey 19 ioapipaches are applicable to

S'CCAATATGATHREARC ATSHSRHIGERiJarhé), GPERalPrhdledtie Abfakdsst tonp&mds. (SEQ
ID 12) Clones nn%%ative for half MRNA were analyzed for %otein expression via 5 Western blot
(

analysis using amFRAIFPPLIPIYRANSRGIESYY (RES:: 19d48) (FBD Biosciences) as seen in Figure 2B.
Morphological Assessment of A/F knockout cell lines Cells in attached culture were regularly checked
morphologically yia phase- 10 contrast microscopy. Cells were also assessed for morphaological
changes when UTRrGaTAPHI ST EoER SRS ORI SRR R oW R I R s
Interestingly, thepdlsédssinkoutesihbaes tataeh angashear Ak Agiragatein cvaimoculbnesgyaitc

connuOuSl culied 06 & 1265 PSP BN AP J SRS e, et

may be contacted with a test compound and the relative 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



Trypsinized cells were resuspended in supplemented McCoy's 5A media at 20 104 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 5x103 cells were plated in
96-well plates and exposed to different concentrations of drugs; etoposide, campthothecin,
staurosporine, doxorubicin, actinomycin D and trichosfgtin 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 in Figure 6A-J and Figure 7A-1. Cells were incubated for
4 days at 37C at 5% CO2. Survival was measured by processing cells with MTS/PES solution

(Promega Cell TiirisQlisF Al BN REANA e aNS ABHBIRENLCAGRIR StERAGIRN AhepIbRRCe

485nm and expressed as a fraction of untreated cells. For cell growth, 103 cells were plated and

processed with E1S/PEOBHAHBA fVeRAdLingG ABE/RITEMRIRG AbI RN RIBORasHRRIHEE as OD
increases relatiygdQyfijehe HiRII6S BitsrARIANEShAra staaw MiRdighEase? nBib bR EPXadiRgRsst stain

for apoptotic cells; To detect apoptotic cells post-drug exposure, cells were stained with cell

impermeable SyRixaSHVAY (RfoRtuIANSBhdSMtiURIPeRRAbiE, FRRADIS: 2R4nereaRinsh)es at a
concentration of KMy fer kRdnireirshtcht{edkd bW /AnaWiRiOReD prSBEISNdBPGkIRARTOtIC

cells are identified by condensed blue nuclej while necrotic cells stain green when viewed under a

Fluorescence miAGSIHRE 7 ERYUSINEL FENSBIER OfnBRIGRABAYD INGFeRABK e SPIEY EYe Phore

sensitive to the edatricale dugpetressideialoiMg Hpbradsisd andleign apeptasistiendiyepmpared
to the wild type cells and vectOJ %ont ol ce_|l lines. Col?ny ngmation in S?It Agar
rate, compared to the wild type cells "and/or compared io”a cell prepared

according to any embodiment of the invention as negative control.

10  Having now generally described the invention, the same will be more readily
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 medium supplemented with 10% fetal
bovine serum, 100 units/ml penicillin and 100ug /ml streptomycin and 0.3% noble agar (Difco); 103
cells per well were plated in six-well plates containing solidified medium with 1% noble agar. Plates
were incubated at 37C in 5% CO2 and fed with media every 5 days. After 14-21 30 days, cells were
incubated with Img/ml MTT (Sigma) for 1 hour and images 51 generated using a scanner and
processed using Adobe Photoshop (Figure 9A-B and jdgure 10A-B). Tumorigenesis in athymic mice 5
Cells (5 x 106) were subcutaneously injected into the flanks of 4-5 weeks old athymic nude mice (and
incubated for 3 weeks in an SPF environment. The results are shown in Figures 11A-B, 12 and 13.
Tumours were excised, weighed and dimensions measured using calipers. Tumour volume (cm) was
determined by using the standard formula a2 x b12, 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, andQfE'dea BENC haekdindadbsalectineRf Wweoaysbsietistapicionesiiie o

Summary of tumK_gERdIdgbsarscbibiratidine e eliingitamRitble. \Waiepalodimgl croelpLD wt
15 0.53560.2355 3.23 DLD vct 10 0.43560.3210 2.35_DAF5 15 0.04320.0321 0.210 - DAF24 15
0.03560.0125 0.19> A40TIn25240943 02 d4lilisgd- HESCOIYRNE288b REIPAY5IrRR 1¥epir

0.12450.0356 0 3dséribBd a3 WEd lgested 1wifiCNIASE A and Pst1 (New England
Biolabs) restriction enzymes to generate vectors with overlapping regions of
the truncated hyg gene. The vectors 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)




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, 106 cells were lysed
using M- PER (Pierce) solution and protein concentration measured using BioRad Protein Assay
Solution. 30 g protein samples were incubated with 50mM 52 Tris-ClI (pH 7.4), 0.6 mM MnCI2, 20 mM
NADP+, 250 mM sodium citrate (pH 7.0) and 11-1 isogirate dehydrogenase (Sigma) in a 200 |
reaction volume. Aconitase activity was quantified by measuring the rate of NADPH formation during
citrate isomerization to isocitrate at 340nm using TECAN microplate 5 reader. Relative superoxide
levels was computed by subtracting the increased in aconitase activity relative to the wt cells and

shown as a percgipage sfgaaaiAhmaTrotAcetirsGd® results are shown ingrdqmmaf a graph
in Figure 17. 10 Lucigenin Assa Lucigenin based chemiluminescence measurement of intracellular

superoxide has BERIesEfSe ?%Tﬁé‘ﬁ%@ic, Superoxide anion is A$BRA thibitor of
FAS-mediated cell death, EMBO J, 15:216-25, 1996). The protocol 15 in the above mentioned

reference was followed. Briefly, 2x106 cel{s were lysed in 400 | ATP releasing solution (Sigma) and
pelleted at 12,0061 oRSREH oG ik AN L WS T A RDERE R PRIG o SRASSPRe liBtely
added and chemillistersdsioramasrisresinor 206-AFngayEloNer dotibdagniaier, Relatos gperoxide
levels are expressed as a fraction of wild_20 type_control cell lines. The results are shown in Figure
15. Nitroblue TetrA28HGRCR %ﬁ&?ﬂ&g}% i %x104) were incubated with 2 mM NBT for 30

minutes at 37C at 5% 25 CO2 to allow formazan formation then lysed with 50% DMSO/1 M KOH.

Absorbance was,read, at 650nm,and relativ xide levels are shown as a fraction of the wild type
R RIOHSEL A 8 it AP Knockst cafnds

cell lines (J. Im ,
Cells in attached culture were regularly checked morphologically via phase-
10  contrast microscopy. Cells were also assessed for morphological changes
when cultured 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 Catalase activity was assayed using Amplex
Red Catalase 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 AlF
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 whengfIF 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 AlF
oxidoreductase activity is superoxide. (Miramar et al., J. Biol. Chem. 276. 16391. 2001). 15 Flow
cytometric analygiigfdniraseliaiar RS (REassliuiaiRYRisvels vese eetssmingd by steinggwith
DCFH-DA (|\/|O|eCL|J:|ar ProbesJ, which is oxidized to DCF by ROS. Cells were exposed to 5 mM

DCFH-DA at rodfh EBHER Rureddd TR 4nd-dnall we sy inenbated iidetiavssit P Be®hWickinson
FACScan machig©and Suslvze dusinehdzeIEe B Piogessdinig uwelikowilransiemies assl ash Sorting

PEGFP-C1 vector (Clontech) al and vector containing ajf coding region in 25 frame with GFP
CDNA were routg TSl S SADEEBIETL AT gahd ool Es A SR b S5
according tsmansdetisreslssorblinciongs5Ath hantisagrbtessiastiamesinwere inpsigedand GFP

positive cells sorted ouf using,Be Dickinson FACSVantage SE Cell Sorti tem. Sorted cells
were cultured fo#egﬁ&#élgﬂ‘gﬁg’ hﬁﬁ?gﬁlfﬁ)y‘fﬁrgzp Qg%a\ﬁ?érﬂgéogﬁﬁ\@@%&' E&Mﬁﬁ?gﬁzgf eFHINshown
in figure 21A (nusledy 24 for hours for 4 days. Fold increase was measured as OD increases

relative to day 1. The results obtained are shown in Figures 3A-B.
10  Sytox- Hoescht stain for apopftotic cells:

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



/cytoplasmic) and that of AIF-GFP (mitochondrial/ cytoplasmic) is shown in figure 21 B. 5 Foci
Formation in NIH3T3 cells 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 10 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 irgubation (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 AlIF 15 is significantly less. Cells transformed with GFP alone
failed to form any foci (figure 22). Example 2 20 A/F Knockdown via sSiRNA in SW480 colon carcinoma

cells The experigené igsdcOBmerie bt ARteavie yrbedeelinaskip Wash & IPrdf sHBNArReifeod in

another colon caé inoma cell line 51%2\{%\[4 0) could replicate the observations in AIF knockout colon
carcinoma cell li §§ A4S G, -D-1. Target sequences of SEQ ID NO: 13 and SEQ ID NO:15
were generated using Ambion 5iRNA target finder

(http://mww.ambipn.com/techlib/misg/siRNA finder.html). The sequences are as shown: 30 SW480
C3: 5' GCCGTACTEEERATACTEREMSERD NO:13) 55 SW480 AS5: 5'
GTTCCTCAAGACAAGGCGC 3' (SEQ ID NO:15) 5 Control Sequence SW480 D1: 5'
CTGGTATCCGARIAGAGHS) VESE Quinitaned) SlycinieDiNd, siqubadisnke efidséresbkspSiencer

2.1-hyg (AmbIomy eI nude mice (and incubated for 3 weeks in an SPF environment. The
results are shown in Figures 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 comprising. Constructed 10 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. 15 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), gpd 5' GUUCCUCAAGACAAGGCGC 3' (SEQ
ID NO:16). 20 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 AlF protein were analyzed for colony formation in soft agar and increased

sensitivity to 25 gy(QICKiGRrIMS; etenanHftYLroiE mReIRXNBrandscoRiN RdoaeitPROXss- The
cell growth and cytotoxicity assays, as well as the colony formation in soft gar were carried out in the

same manner ad iMHROExHhFECH 3 qeRyRIRIERGEesEgEE0R S0 1 FRECHANMAIYWED) 1D

NO:15 (and cormsheifsiBtaRiN) wEQJEaN@dS By inaBsAHANRE G- asrficATIHITB R AIF
expression. Cells transfected with a vectgr comprising the target sequence_of SEQ ID NO:13 and/or
SEG 1 NO-15 (HUEDALERLE [FRAR) ) B o RRSTE B AR oS oL ITRESHA Sndior

SEQ ID NOsL6) repstisieRéibtiesassionity moetkstiar soimpiaawpaiedustiaethy/tirOiMdlddgea cells.

As a control vector, cell line D1, which contained an ineffective target sequence (SEQ ID NO:17), was
also isolated. 10'CHEBLRNY QQE};{%E@f %Eﬂ&&%&%@%ﬁﬂ% M@%&d@%@gﬁa‘ﬁ@ Stress

inducers; hydrogeitdptyiexiderensl teeltyinedroberesuinxidednsbeiings the form of a graph in
Figure 17.

10 Lucigenin Assay

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.



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 AlF knockdown cell lines (Figures
25A- B). This experiment demonstrated that the inhibition of AIF 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. 57 SEQUENCE LISTING <11034gency for Science, Technology and Research
<120> Apoptosis-lducing Factor (AIF) and Applications thereof <130> SP6173 <160> 17 <170>
Patentln version 3.2 <210> 1 <211> 1932 <212> DNA <213> Mus musculus <220> <221> CDS
<222> (52)..(1890) <223> Mouse apoptosis-inducting factor AIFAccession Number: AF100927 <300>
<301> Susin, S.8ak4/iabecARgvifylolecular characterization of mitochondrial apoptosis-inducing factor
<303> Nature <304> 397 <305> 6718

Catalase activity was assayed using Amplex Red Catalase 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 Met Phe 1 cgg tgt gga ggc ctg gag ggt get ttc aag cag aaa ctg gtg ccc ttg 105
Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys GIn Lys Leu Val Pro Leu 5 10 15 gtg cgg acg gtg tac gtc cag
agg ccg aaa cag agg aac cgg ctt cca 153 Val Arg Thr Val Tyr Val GIn Arg Pro Lys GIn Arg Asn Arg
Leu Pro 20 25 30 ggc aac ttg ttc cag caa tgg cgt gtt cct cta gaa ctc cag atg gca 201 Gly Asn Leu Phe
Gin GIn Trp Arg Val Pro Leu Glu Leu Gin Met Ala 35 4 /45 50 aga caa atg gat agc tct ggt tca tca ggg
ggc aaa atg gat sat tct 249 Arg GIln Met Ala Ser Ser Gly Ser Ser Gly Gly Lys Met Asp Asn Ser 55 60
65 gtg tta gtc ctt att gtg ggc tta tca aca ata gga got ggt gca tat 297 Val Leu Val Leu lle Val Gly Leu
Ser Thr lle Gly Ala Gly Ala Tyr 70 75 80 58 gcc tac aaa act ata aaa gaa gac caa aaa aga tac aat gaa

aga gig 345 Alaghualys The liedexselel AsRslmdy SRG AT BSEHEWNATY YgLR> 9923 Aleig9A tta gga
ctg too cca gaa a% aaa cag aga aqg cc att gcc 393 Met Gly Leu Gly Leu Ser Pro Glu Glu Lys GIn

Arg Arg Ala lle af58iah BREc et KaAEgRAR (aitechendrinlcsytariagigtiscehoawt dac 441
Ser Ala Thr Glu dyifelg f®r Val Pro Gin lle Arg Ala Pro Ser His

5  Foci Formation in NIH3T3 cells

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

10 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

15 is significantly less. Cells transformed with GFP alone failed to form any foci
(figure 22).

Example 2

20  AIF 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

25 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:

30 SW480 Ca:
5 GCCGTACTGGCATCAGTCA 3 (SEQ ID NO:13)



115120 125 130 gtc cct ttc ctg ctg att ggt gga ggg act got got ttt gca gca gcc 489 Val Pro Phe Leu
Leu lle Gly Gly Gly Thr Ala Ala Phe Ala Ala Ala 135 140 145 aga tcc atc cgg got cgg gat cot ggg gcc
agg gtc ctg att gta tot 537 Arg Ser lle Arg Ala Arg Asp Pro Gly Ala Arg Val Leu lle Val Ser 150 155
160 gaa gac cot gaa ctg cca tac atg cgs cot cot ctt tca aaa gaa ttg 585 Gin Asp Pro Glu Leu Pro Tyr
Met Arg Pro Pro Leu Ser Lys Glu Leu 165 170 175 tgg ttt tca gat gat cca sat gtc aca aag aca ctg caa
ttc aga cag 633 Trp Phe Ser Asp Asp Pro Asn Val Thr5 ys Thr Leu GIn Phe Arg GIn 180 185 190 tgg
sat gga aaa gag aga ago ata tat ttc cag cca cot tot ttc tat 681 Trp Asn Gly Lys Glu Arg Ser lle Tyr Phe
Gin Pro Pro Ser Phe Tyr 195 200 205 210 gtc tct get cag gac ctg cot sat att gag aac ggt ggt gtg got
gtc 729 Val Ser Ala GIn Asp Leu Pro Asn lle 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 sat gat ggc tct cag att acc ttt gaa aag tgc ttg att gca 825 Lys
Leu Asn Asp Glﬁg\é‘?f@lﬁ\ﬁé Thr Phe Glu Lys Cys Leu lle Ala 245 250 255 acg gga ggc act cca aga

agt ctg tct gcc atg g8t P Il ANe ACARGGEEEY COERNTechig er Leu Ser Ala lle 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 lle Gly Asp Phe Arg
5 Control Sequence SW480 D1:

5 CTGGTATCCGATCAGAGAG 3’ (SEQ ID NO:17)

These DNA sequences were inserted in pSilencer 2.1-hyg (Ambion) vector
using the protocol provided by the manufacturer comprising. Constructed

10 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.

15 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).

20
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

25 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 Glu Lys
lle Ser Arg Glu Val Lys Ser lle Thr Val lle Gly 295 300 305 59 ggg ggc ttc ctt ggg agt gag ctg gcc tgt
get ctt ggc aga aag tct 1017 Gly Gly Phe Leu Gly Ser Glu Leu Ala Cys Ala Leu Gly Arg Lys Ser 310
315 320 caa gcc tcg gge ata gaa gtg atc cag ctg ttc cot gag aaa gga sat 1065 GIn AlaSer Gly lle Glu
Val lle GIn Leu Phe Pro Glu Lys Gly Asn 325 330 335 atg ggg aag atc ctt cct caa tac ctc agc aac tgg
acc atg gaa aaa 1113 Met Gly Lys lle Leu Pro Gin TyrLeu Ser Asn Trp Thr Met Glu Lys 340 345 350
gtc aaa cga gag gga gtg aaa gtg atg ccc sat gca att gta caa tca 1161 Val Lys Arg Glu Gly Val Lys Val
Met Pro Asn Ala lle Val GIn Ser 355 360 365 370 gtt gga gtc agc ggt ggc agg tta ctc att aag ctg aaa
gat gga agg 1209 Val Gly Val Ser Gly Gly Arg Leu Leu lle Lys Leu Lys Asp Gly Arg 375 380 385 aag

gla gaa act gac G4 ARGIAGEUSLHBARECBUSEELINNERS (3L URY ALY ! REpfAisRd/al Thr
Ala Val Gly Leu Glu Pro Asn 390 39 cc gat ttt

i : 400 %éﬁ gfag tt%gcc aag act ggc gga ct& (%agla ata gat
ggt 1305 Val GIGUERFREAINGTRIRNA GRAEUIBIUNR:Adp 3t Aﬂ‘s h&GNQoHn19enificggEYtc cgg
gta aat gca gaa fABRBHANCELETEABHLAICEEAIhASR EINWRASAEG AtAMaIg e g Ala Arg

Ser Asn lle Trp Val 420 425 430 gca at get gca tgc ttc tat gat ata aag tt t cga agg cga 1401
P sequence of SE(% IDgI%%)913 %nd or SEQ ID NO:15 (or tr%ngfgc edgdire% y by

5 administration of RNA sequences SEQ ID NO:14 and/or SEQ ID NO:16)
reduced AlF expression by more than 50% compared to the SW480 wild type
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.



Ala Gly Asp Ala Ala Cys Phe Tyr Asp lle Lys Leu Gly Arg Arg Arg 435 440 445 450 gta gag cat cat gat
cat get gtt gtg agt gga aga ctg get 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 get aag cca tac tgg cat cag tca atg ttc tgg 1497 Asn Met
Thr G1y Ala Ala Lys Pro Tyr Trp His GIn Ser Met Phe Trp 470 475 480 agt gat ttg ggt cct gat gtc ggc
tat gaa get att ggt ctg gtg gat 1545 Ser Asp Leu Gly Byo Asp Val Gly Tyr Glu Ala lle Gly Leu Val Asp
485 490 495 agt agt ttg ccc aca gtt ggt gtt ttt gca aaa gca act gca caa gac 1593 Ser Ser Leu Pro Thr
Val Gly Val Phe Ala Lys Ala Thr Ala GIn Asp S00/BO55108d88Ccca aaa tct gcc aca gag cag tca gga act
ggt atc cgt Ecq(gagﬁl(iegfljé A;QrPégiLe%s Serrétlz r'll' %GluaGénRS%ggrghThr Gly lle Arg Ser Glu 515 520
525 530 ag%gag aca gaﬁ fca gaa gef?ég gaa atc aca At cet eec agc gcc 1689 60 Ser Glu Thr Glu Ser
Glu Ala SecGlosllerpbptlesPsoRie Sey Alad35 tirbdmcabgragicicas aag gieLot gt gaa ggg gag
gac tac ggc aaa ggt 1737 Pro Ala Val Pro GIn Val Pro Val Glu Gly Glu Asp Tyr Gly Lys Gly 550 555
560 gtc at€ M’ tac TteHGy gac aaa gtt gtg gtg ggg att gtg cta tgg 1785 Val lle Phe Tyr Leu Arg Asp
Lys Val Valyal Gly, lle Val Leu Trp 565 570 575 aac gtc ttt aac cga atg cca att gca agg aag atc att aag
gac ggt 1833 Asn Val Phe Asn Arg Met Pro lle Ala Arg Lys lle lle Lys Asp Gly 580 585 590

<170> PatentIn version 3.2

<210> 1
<211> 1932
<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (52)..(1890)

<223> Mouse apoptosis-inducting factor AIFAccession Number: AF100927

<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> 1

tgcgtggaag gaaaaggaag gagcgggagc ttccgaggag tgatcgccga a atg ttce 57
Met Phe
1

cgg tgt gga ggc ctg gcg ggt gct ttc aag cag aaa ctg gtg ccc ttg 105

Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys Gln Lys Leu Val Pro Leu

5 10 15
gtg cgg acg gtg tac gtc cag agg ccg aaa cag agg aac cgg ctt cca 153
Val Arg Thr Val Tyr Val Gln Arg Pro Lys Gln Arg Asn Arg Leu Pro
20 25 30

ggc aac ttg ttec cag caa tgg cgt gtt cct cta gaa ctc cag atg gca 201

Gly Asn Leu Phe Gln Gln Trp Arg Val Pro Leu Glu Leu Gln Met Ala

35 40 45 50

aga caa atg gct age tct ggt tca tca ggg gge aaa atg gat aat tct 249

Arg Gln Met Ala Ser Ser Gly Ser Ser Gly Gly Lys Met Asp Asn Ser

55 60 65
gtg tta gtc ctt att gtg ggc tta tca aca ata gga gct ggt gca tat 297

Val Leu Val Leu Ile Val Gly Leu Ser Thr Ile Gly Ala Gly Ala Tyr
70 75 80



gag caa cat gaa gat ctc aat gaa gta got aaa ctc ttc aac att cat 1881 Glu Gin His Glu Asp Leu Asn Glu
Val Ala Lys Leu Phe Asn lle His 595 600 605 610 gaa gat tga atcccaatcg tggaatacac aagcactttt
ccatccctgg cg 1932 Glu Asp <210> 2 <211> 612 <212> PRT <213> Mus musculus <400> 2 Met
Phe Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys Gin Lys Leu Val 1510 15 Pro Leu Val Arg Thr Val Tyr
Val Gin Arg Pro Lys Gin Arg Asn Arg 20 25 30 Leu Pyg Gly Asn Leu Phe Gin GIn Trp Arg Val Pro Leu
Glu Leu Gin 35 40 45 Met Ala Arg Gin Met Ala Ser Ser Gly Ser Ser Gly Gly Lys Met Asp 50 55 60
Asn Ser Val Leu Val Leu lle Val GIyaLeu Ser Thr lle Gly Ala G1ly 65 70 75 80 Ala Tyr Ala Tg/r Lys Thr
lle Lys Glu #sp ;G@ Egg @fg ‘@‘{I@A%ﬁsﬁ@?ié@g) o @g@ﬁv@i%ﬁg&ﬁélgﬂ_} ger Pro &1d Glu Lys
Gin Arg Arg Ala "10G105 110 61 Tle Ala Segg Ala Thr Glu Gly Gly Ser Val Pro Gln lle Arg Ala Pro 115
120 125 Ser His Val Pro Phe Leu Leu lle Gly Gly Gly Thr Ala Ala Phe Ala 130 135 140 Ala Ala Arg

Ser lle Arg #a Agg ASp Bﬁ?G’I‘}‘HAFaFArg"Va%_%wﬂ@ aaa cag aga aga gcc att goec 393
Met Gly Leu Gly Léu Ser Pro Glu Glu Lys Gln Arg Arg Ala Ile Ala
100 105 110
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



145 150 155 160 Val Ser Glu Asp Pro Glu Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys 165 170 175 Glu
Leu Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Gin Phe 180 185 190 Arg GIn Trp Asn Gly Lys
Glu Arg Ser lle Tyr Phe GIn Pro Pro Ser 195 200 205 Phe Tyr Val Ser Ala GIn Asp Leu Pro Asn lle
Glu Asn Gly Gly Val 210 215 220 Ala Val Leu Thr Gly Lys Lys Val Val His Leu Asp Val Arg Gly Asn
225 230 235 240 Met Val Lys Leu Asn Asp Gly Ser Gén lle Thr Phe Glu Lys Cys Leu 245 250 255 lle
Ala Thr Gly Gly Thr Pro Arg Ser Leu Ser Ala lle Asp Arg Ala 260 265 270 Gly Ala Glu Val Lys Ser Arg
Thr Thr LedPheBrty<HE GHF Ry 278 286 ZB5 Plie A Ak 1951F GRALY3IE Ser Arg’GHT Val Lys
Ser lle Thr 41 596 288 %QQ ﬁ%ydﬁﬁﬁ}élﬁﬁhéﬁeﬁyélféﬁ%%q}é’ugl% &/% R Leu Gly Arg 305
310 315 320 Lys Ser GIn Ala Ser Gly lle Glu Val lle GIn Leu Phe Pro G1u Lys 325 330 335 62 Gly
Asn Met Ghekysdée teu &0 &la BprletoSetAsadl grd hrtMeic340834536@9&ludrys Valilogs Arg Glu
Gly Val Ly$vareteio Ash Ala 8 vk B55 360 365 GRS eP aralPBly \ral Sy GRRGIy Arg Leu Leu lle
Lys Leu Lys Asp 370375 380 330 333

atg ggg aag atc ctt cct caa tac ctc agc aac tgg acc atg gaa aaa 1113
Met Gly Lys Ile Leu Pro Gln Tyr Leu Ser Asn Trp Thr Met Glu Lys
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 gca tgce 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 gca 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 gcc aca gag cag tca gga act ggt atc cgt tcg 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



Gly Arg Lys Val Glu Thr Asp His lle Val Thr Ala Val Gly Leu Glu 385 390 395 400 Pro Asn Val Glu
Leu Ala Lys Thr Gly Gly Leu Glu lle Asp Ser Asp 405 410 415 Phe Gly Gly Phe Arg Val Asn Ala Glu
Leu GIn Ala Arg Ser Asn lle 420 425 430 Trp Val Ala Gly Asp Ala Ala Cys Phe Tyr Asp lle 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 §ln Ser Met 465 470 475 480 Phe Trp Ser Asp
Leu Gly Pro Asp Val Gly Tyr Glu Ala lle Gly Leu 485 490 495 Val Asp Ser Ser Leu Pro Thr Val Gly Val
Phe Ala LySCAIEthriATa 580556551076 Hh 2&8p Ash Prd E)8 Séf AETRFGRFGI Ser Gly Thr Gly lle
Arg 515520 525 Ser Glu S Glu Thr Glu Ser Glu A1 Ser Glu lle Thr lle B3 Pro 530 535 540 Ser
Ala Pro Ala-¥alfReo &l Vel i, Vil Gt Glycely Aspdyisedy 9845:8505385:260H3 Lys GhyVal lle Phe
Tyr Leu ArgvasplleyyalalPval &al Ghl llexvay 6557 57 S3 e asprprAseVialiRisedAsn Arg Met Pro lle Ala
Arg Lys lle lle Lys 580 58% 590 Asp Gly Glu GkPHis Glu Asp Leu Asi?@lu Val Ala Lys Leu Phe Asn

595 600 60 Jlg HIS.GlUASP te agg gac aaa gtt gtg gtg ggg att gtg cta tgg 1785
Val Ile Phe Tyr Leu Arg Asp Lys Val Val Val Gly Ile Val Leu Trp

565 570 575

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
<211> 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



610 <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 mitochondria) 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 mitochondria) apoptosigsinducing factor <303> Nature <304> 397
<305> 6718 <306> 441-446 <307> 1999-02-04 <400> 3 agaggaaagg gaaggaggag gtcccgaata
gcggtcgcecg as atg ttc cgg tgt 54 Met Phe Arg Cys

Ile Ala Ser Ala Thr Glu Gly Gly Ser Val Pro Gln Ile Axrg Ala Pro
115 120 125

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

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

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

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

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

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

Ala val Leu Thr Gly Lys Lys Val Val His Leu Asp Val Arg Gly Asn
225 230 235 240

Met Val Lys Leu Asn Asp Gly Ser Gln Ile Thr Phe Glu Lys Cys Leu
245 250 255

Ile Ala Thr Gly Gly Thr Pro Arg Ser Leu Ser Ala Ile Asp Arg Ala
260 265 270

Gly Ala Glu Val Lys Ser Arg Thr Thr Leu Phe Arg Lys Ile Gly Asp
275 280 285

Phe Arg Ala Leu Glu Lys Ile Ser Arg Glu Val Lys Ser Ile Thr Val
290 295 300

Ile Gly Gly Gly Phe Leu Gly Ser Glu Leu Ala Cys Ala Leu Gly Arg
305 310 315 320

Lys Ser Gln Ala Ser Gly Ile Glu Val Ile Gln Leu Phe Pro Glu Lys
325 330 335



1 gga ggc ctg gcg gcg ggt get ttg aag cag aag ctg gtg ccc ttg gtg 102 Gly Gly Leu Ala Ala Gly Ala Leu
Lys GIn Lys Leu Val Pro Leu Val 5 10 15 20 cgg acc gtg tgc gtc cga agc ccg agg cag agg aac cgg ctc
cca ggc 150 64 Arg Thr Val Cys Val Arg Ser Pro Arg GIn Arg Asn Arg Leu Pro Gly 25 30 35 aac ttg
ttc cag cga tgg cat gtt cot cta gaa ctc cag atg aca aga 198 Asn Leu Phe GIn Arg Trp His Val Pro Leu
Glu Leu GIn Met Thr Arg 40 45 50 caa atg get agc tqyggt gca tca ggg ggc aaa atc gat sat tct gtg 246
GIn Met Ala Ser Ser Gly Ala Ser Gly Gly Lys lle Asp Asn Ser Val 55 60 65 tta gtc ctt att gtg ggc tta tca
aca gta gga get %gt cctat gcc 294 Lou Val Leu lle Val GIX Leu Ser Thr Val Gly Ala Gly Ala Tyr Ala 70
75 80 tac a%%a% atg-da i@ab’ygsag taashd gfyafﬁc 4t g4 4G4 atf ?c%?{%fh’fy tys Thr Met Lys Glu
Asp Glu Lys Arg Tyr Asn Glu Arg lle 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 Gin Lys Gin Lys Lys Ala Ala Leu Ser 105 110
115 get tcﬁlg’aélg‘;gélga@‘b%é’*ﬁﬂ Edt cakrgdeladlydg i agtcatgtt 498 Alg SérfGin Gly Glu Glu Val
Pro GIn Asp Lys Al Pto Ser His Val 120 125°130 cot tic ctg cta 3 5ggt gga ggc aca got get ttt get gca
gcc aga 486 Pro Phe Leu Leu lle Gly Gly Gly Thr Ala Ala Phe Ala Ala Ala Arg 135 140 145 tcc atc cgg

get cgg gattot 59y Yet &gy gtel clpattyia ol gam58 Leu Ile Lys Leu Lys Asp
370 375 380

Gly Arg Lys Val Glu Thr Asp His Ile Vval Thr Ala Val Gly Leu Glu
385 390 395 400

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



Ser lle Arg Ala Arg Asp Pro Gly Ala Arg Val Leu lle Val Ser Glu 150 155 160 gat cot gag ctg cog tac
atg cga cot 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 sat 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 GIn Trp 185 190 195 aat gga aaa gag aga agc ata
tat ttc cag cca cot tct ttc tat gtc 678 Asn Gly Lys Glu g4g Ser lle Tyr Phe GIn Pro Pro Ser Phe Tyr Val
200 205 210 tct get cag gac ctg cot cat att gag sat ggt ggt gtg got gtc ctc 726 Ser Ala GIn Asp Leu
Pro His lle B18 A%y &y GArVEIARYVal e i A 592 0-2257aét Yy baly Ghy dic gfa'cag ctg gat gtg aga
gac aac atg gtg aaa 774 ThrSéFy Lys Lys Val Val G Leu Asp Val Arg As Asn Met Val Lys 230 235
240 ctt sat gat ggc tot caa ata acc tat gaa aag tgc ttg att gca aca 822 Leu Asn Asp Gly Ser Gin lle Thr
Tyr Glu Lys.8&ysterHe Ala Tine63s245-350:258r2601 gga ggt-actigea Biga agt atgstct gec att gat agg
get gga gca gag B70 GI§yQly Thr Pro Arg Ser 1588 Ser Ala lle Asp ArgeA%a Gly Ala Glu 265 270 275
gtg aag agt aga aca acg ctt ttc aga aag att gga gac ttt aga agc 918 Val Lys Ser Arg Thr Thr Leu Phe

Arg Lys lle Gly Asp Bhe &7d Sek 28 283,200, tg.0a0 288 AthicA Y gaa eifaasica att acg att atc
ggt ggg 966 Leu Gladsys lle Ser Arg Glu Vaddys Ser lle Thr lle lleGly Gly 295 300 305

Ile His Glu Asp
610

<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> 441-44¢6

<307> 1999-02-04

<400> 3
agaggaaagg gaaggaggag gtcccgaata gecggtcgecg aa atg tte cgg tgt 54
Met Phe Arg Cys
1
gga ggc ctg gcg gcg ggt gct ttg aag cag aag ctg gtg ccc ttg gtg 102
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 150



ggc ttc ctt ggt agc gaa ctg gcc tgt get ctt ggc aga aag get cga 1014 Gly Phe Lou Gly Ser Glu Leu Ala
Cys Ala Leu G1y 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 Gly Thr Glu Val lle GIn Leu Phe Pro Glu Lys Gly Asn Met 325 330 335 340 gga
aag atc ctc ccc gaa tac ctc agc aac tgg acc atg gaa aaa gtc 1110 Gly Lys lle Leu Pro Glu Tyr Leu Ser
Asn Trp Thr Met G1u Lys Val 345 350 355 aga cga gag ggg gtt aag gtg atg ccc aat get att gtg caa tcc
gtt 1158 Arg Arg Glu Gly Val Lys Val Met Pro Asn Ala lle Val Gin Ser Val 360 365 370 gga gtc agc
agt ggc aad'ita B ate-haty ety Had BacHHCCaggPEdgCI 208" GRAFV A SeSeriER €35 Leu Leu lle Lys Leu
Lys Asp Gly Arg Lys 375 38 385 gta gaa act gac cat ata gtg gca get gtg ggc ctg gag ccc sat gtt 1254
Val Glu Thg Asp Hisdie LAy Alagdak&lyd«euGlu 8o Asn Viad 38Q 395,400 gaghttg gccaag act ggt
ggc ctg gaaataigacica gahthggtggcHi30XaGladeeticAlELysLéhr @ly Gy [ur Gleolle Asp Ser Asp Phe
Gly Gly 405 410 415 42@°ttc cgg gta eat gca g&§ cta caa gca egc tct a8c atc tgg gtg gca 1350 Phe
Arg Val Asn Ala Glu-euGln Alz Arg SerAsn % (Al Ala 425 430 435 ga gaf get gea,fge tic tac
gat ata aag:itg gda add a0y Gog Ha, 1398 &ly Asp Aly AlaCys-PheTysAspHeskys Leu Gly Arg Arg
Arg Val 440 445 45@sgag cac cat gat cac get gtt gtg agt gga aga ¢& got gga gaa sat 1446 Glu His His
Asp His Ala Val Val Ser G|¥ Arg Leu Ala Gly Glu Asn 455 460 465

tta gtc ctt att gtg ggc tta tca aca gta gga gct ggt gec tat gcec 294
Leu Val Leu Ile Val Gly Leu Ser Thr Val Gly Ala Gly Ala Tyr Ala

70 75 80
tac aag act atg aaa gag gac gaa aaa aga tac aat gaa aga att tca 342
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 Gly Ala Ala Lys Pro Tyr
Trp His GIn 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 Gly Pro Asp Val Gly Tyr Glu Ala lle Gly 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 Gly Val Phe Ala
Lys Ala Thr Ala Gin Asp Asn 505 510 515 ccc aaa tcgggcc aca gag cag tca gga act ggt atc cga tca gag
agt 1638 Pro Lys Ser Ala Thr Glu Gin Ser Gly Thr Gly lle Arg Ser Glu Ser 520 525 530 gag aca gag
tcc gag gecfa gaa att act att cct €88 agc acc cog 1686 ‘B Thr Glu Ser Glu Af& Ser Glu lle Thr lle
Pro Pro Seg Thi,Pro.535540 545 gea git.cea.cag g6l ¢eg g cad aag e éaa&ggc aag,ggt gtc
1734 Ala \AakPto,GCimAlaBradakeincly &lu Asp Tye Glyplyeds yﬁ%’; £5%560 atc ttc tac ctc agg
gac aaa gtg gtc gtg ggg att gipéta tgg aac 1782 lle2Phe Tyr Leu Arg Asp kys Val Val Val Gly lle Val
Leu Trp Asn 565 570 5t75 580 atctttaacc a atg cca ata gca agg aag atc att aag gac ggt 9ag 1830
le Phe AsAic SRl TR AT AL EySle T LEECARYGH TilE 5% 50D 508l gaa OAl cic aat
gaa gta gcc aaa cta ttc aggpatt cat gaa 1878 GupKlis Glu Asp Leu Asnélu Val Ala Lys Leu Phe Asn
lle His Glu 600 605 610 gac tga agccccacag tggaattggc as 1906 Asp

ttg gag aag att tca cgg gaa gtc aaa tca att acg att atc ggt ggg 966
Leu Glu Lys Ile Ser Arg Glu Val Lys Ser Ile Thr Ile Ile Gly Gly

295 300 305
ggc tte ctt ggt agce 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 gge 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 tte 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> Homo sapiens <400> 4 Net Phe Arg Cys Gly Gly Leu Ala Ala
Gly Ala Leu Lys GIn Lys Leu 15 10 15 Val Pro Leu Val Arg Thr Val Cys Val Arg Ser Pro Arg Gin Arg
Asn 20 25 30 Arg Leu Pro Gly Asn Leu Phe GIn Arg Trp His Val Pro Leu Glu Leu 3540 45 67 GIn
Met Thr Arg Gin Met Ala Ser Ser Gly Ala Ser G1y Gly Lys lle 50 55 60 Asp Asn Ser Val Leu Val Leu
lle Val Gly Leu Ser Thr Val Gly Ala 65 70 75 80 Gly &la Tyr Ala Tyr Lys Thr Met Lys Glu Asp G1u Lys
Arg Tyr Asn 85 90 95 Glu Arg lle Ser Gly Leu Gly Leu Thr Pro Glu GIn Lys Gin Lys Lys 100 105 110
Ala Ala Leu Ser Ala Ser Glu GI)EGIU Glu Val Pro GIn Asp Lys Ala 115 120 125 Pro Ser His Val Pro

Phe Lou Leff e GivaSly G55 TAF Al AR PUE 1 145 140 ARPEAILATGSEr 1 Arg Al Atg Asp Pro

Gly Ala Arg.yal Leu 145 150 155,360 Ile Val Ser Gin AgpsPro Glu Leu Pro TygMet Arg Pro Pro Leu

Ser 165170 175 Lys Glu Leu Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Arg 180 185 190
agt ttg ccc aca gtt ggt gtt ttt gca aaa gca act gca caa gac aac 1590
Ser Leu Pro Thr Val Gly Val Phe Ala Lys Ala Thr Ala Gln Asp Asn
505 510 515

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 GIn Trp Asn Gly Lys Glu Arg Ser lle Tyr Phe GIn Pro Pro 195 200 205 Ser Phe Tyr Val Ser
Ala Gin Asp Leu Pro His lle Glu Asn Gly Gly 210 215 220 Val Ala Val Leu Thr Gly Lys Lys Val Val GIn
Leu Asp Val Arg Asp 225 230 235 240 Asn Met Val Lys Leu Asn Asp Gly Ser Gin lle Thr Tyr Glu Lys
Cys 245 250 255 Leu lle Ala Thr Gly Gly Thr Pro Arg Ser Leu Ser Ala lle Asp Arg 260 265 270 Ala
Gly Ala Glu Val Lys Ser Arg Thr Thr Leu Phe Arg Lysgile Gly 68 275 280 285 Asp Phe Arg Ser Leu
Glu Lys lle Ser Arg Glu Val Lys Ser lle Thr 290 295 300 lle lle Gly Gly Gly Phe Leu Gly Ser Glu Leu
Ala Cys A& Y5y 8053 G 318'32 Larg tysSSAtaBeg Al 1568 Gy ThiGlYVdllife GIn Leu Phe Pro
Glu 325 330 335’ Lys Gly Asn Met GIy'Lys Ile Leu Pro Glu TSF Leu Ser Asn Trp Thr 340 345 350 Met
Glu Lys Val Arg Arg Glu Gly Val Lys Val Met Pro Asn Ala lle 355 360 365 Val GIn Ser Val Gly Val Ser
Ser Gly Lysdreadreipéte Uys Leu [Vs 370:375:3881 ASp GhuAsgd eV akGlaIvhrAsp His lle Val Ala
AlaVal Gly $®u 385 390 395 40076Iu Pro Asn Val Glu ’éu Ala Lys Thr Gly Gly¥2.eu Glu lle Asp Ser
405 410 415 Asp Phe Gly Gly PheArg Val Asn Ala Glu Leu GIn Ala Arg Ser Asn

Gly Ala Tyr Ala Tyr Lys Thr Met Lys Glu Asp Glu Lys Arg Tyr Asn
85 S0 S5

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 lle Trp Val Ala Gly Asp Ala Ala Cys Phe Tyr Asp lle 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 GIn Ser 465 470 475 480 Met Phe Trp Ser Asp Leu Gly Pro Asp Val Gly
Tyr Glu Ala lle Gly 485 490 495 Leu Val Asp Ser Ser Leu Pro Thr Val Gly Val Phe Ala Lys Ala Thr
500 505 510 69 Ala GIn Asp Asn Pro Lys Ser Ala ThggGlu Gin Ser Gly Thr Gly lle 515 520 525 Arg
Ser Glu Ser Glu Thr Glu Ser Glu Ala Ser Glu lle Thr lle Pro 530 535 540 Pro Ser Thr Pro Ala Val Pro
GlIn Ala Pro Val GInGh Glu Asp Tyr 545 550 555 560 Gly Lys Gi§°Val lle Phe Tyr Leu Arg Asp Lys
Val Val Val Gly lle 565 570 575 Val Leu Trp Asn lle Phe Asn Arg Met Pro lle Ala Arg Lys lle lle 580

585 590 Lys.AspGIy.GluGlInHis &l Asp keu Asp @iy YalAlalys s asePhe H595,600 605 Asn lle His
Glu Asp 610 <286>5 <211> 32 <212%sDNA <213> Artificiad ®equence

Ile Ile Gly Gly Gly Phe Leu Gly Ser Glu Leu Ala Cys Ala Leu Gly
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> Primer 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 gagtctgcgt aatgtgcgtg tgaagagaga ctgg 34 <210> 8 <211> 29 <212> DNA <213> Artificial
Sequence <220> <223> Primer 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> Atrtificial Sequence <220> <223> mRNA specific PCR primers for AlF
(AFRTA) <400> 9 cggtcgccga aatgttccgg tgtggag 27 <210> 10 <211> 28 <212> DNA <213> Artificial
Sequence <220> <223> mRNA specific PCR primer for AIF (AFRTB) <400> 10 acgcggcctt tttctgtttc
tgttctgg 28 <210> 11 <211> 22 <212> DNA <213> Atrtificial Sequence <220> <223> mRNA specific
primer for GAPDH (GPDA) <400> 11 ccaatatgat tccagccatg gc 22 71 <210> 12 <211> 20 <212>
DNA <213> Artificial Sequence <220> <223> mRNA specific primer for GAPDH (GPDB)

<213> Artificial Sequence

<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 <210> 13 <211> 19 <212> DNA <213> Artificial Sequence
<220> <223> Target sequence SW480 C3 <400> 13 gccgtactgg catcagtca 19 <210> 14 <211> 19
<212> RNA <213> Atrtificial Sequence <220> <223> Target Sequence SW480 C3 <400> 14
gccguacugg caucaguca 19 <210> 15 <211> 19 <212> DNA <213> Artificial Sequence <220> <223>
Target Sequence SW480 A5 <400> 15 gttcctcaag acgaggcgc 19 <210> 16 <211> 19 <212> RNA
<213> Artificial Sequence

<210> 12
<211l> 20
<212> DNA
<213> Artificial Seguence
<220>
<223> mRNA specific primer for GAPDH (GPDB)
<400> 12
ttctecatgg tggtgaagac 20
<210> 13
<211> 19
<212> DNA
<213> Artificial Sequence
<220>
. <223> Target sequence SW480 C3
<400> 13
gcecgtactgg catcagtca 19
<210> 14
<211> 19
<212> RNA
<213> Artificial Sequence
<220>
<223> Target Sequence SW480 C3
<400> 14
gececguacugg caucaguca 19
<210> 15
<211> 19
<212> DNA
<213> Artificial Sequence
<220>
<223> Target Sequence SW480 A5
<400> 15
gttcctcaag acaaggcgce 19
<210> 16
<211> 19
<212> RNA
<213> Artificial Sequence
<220>
<223> Target Sequence SW480 A5

<400>

16



<220> <223> Target Sequence SW480 A5 <400> 16 72 guuccucaag acaaggcgc 19 <210> 17
<211> 19 <212> DNA <213> Artificial Sequence <220> <223> Control Sequence SW480 D1 <400>
17 ctggtatccg atcagagag 19 MCSLLP 73 Claims: 1. Use of a compound inhibiting or reducing the
activity of AIF in the preparation of a medicament for the treatment of cancer, wherein the 5 treatment
comprises inhibiting or reducing the activity of apoptogis- inducing factor (AIF). 2. The use of claim 1,
wherein the treatment comprises selectively inhibiting the AIF. 3. The use of claim 1, wherein the
inhibition oP YEBTRIRAT oF TARZEEEVity of 10 AIF induces or sensitises cancer cells and/or tufburs to
apoptosis. 4. The use of claims 1-3, wherein the cancer is colon carcinoma. 5. The use of claims 1-4,
wherein the ifi@atment increases the sensitivity of the treated cancer cells to a cytotoxic substance
comprising<attfeastione DNA modifying compound. 15 6. The use of claim 5, wherein the cytotoxic
substance g sétecté® from the roup consisting of: etoposide, trichostatin A, camptothecin, t-buty!
<213> Artiaficial guence

<220>
<223> Control Sequence SW480 D1

<400> 17
ctggtatceg atcagagag 19



hydrogen peroxide and H202 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 AIF reduces the intracellular concentration of ROS. 9.
The use of claim 1 to 8, wherein the inhibition or reduction of activity of AIF reduces the intracellular
concentration of superoxide and/or H202 10. The use of claims 8 or 9, wherein the reduction of
intracellular 25 concentration of ROS induces or sensitizes the cancer cells to apoptosig-MESLLP 74
11. The use of claims 1-10, wherein the inhibition or reduction of activity of AIF results in the
suppression of malignant phenotype, reversion of matignancy and/or increased sensitivity of cancer
cells to apoptosis. 12. The use of claims 1-11, wherein the treatment enhances the sensitivity of 5
cancer cells to is. 13. The use of claims 1-12, wherein the treatment comprises inhibiting,
delaying or repressing the expression of the all gene encoding the AIF polypeptide. 14. The use of
claims 1-13, wherein the treatment comprises inhibiting, 10 delaying or repressing the expression of
aifmRNA. 15. Ah-isdigedcefpepeirpadoding Tauttg AF) resveikeat thercreiividycal, Alherairthige

knockout cell shows,suBRlERIN, 4 TARSRANATAVAR. FUBIEN CHMBUABBNCY AR fpfeased

sensitivity of cancer cells to apoptosis compared to the wild type cell. 15 16. The cell of claim 15,
wherein thédcell is infiglaimeainin conwiinesnanNRIiNgl alodeducma, toe-agidly arimapaiigeiswherein
the animal model is FHM@H? W{B}&Qﬁ_— ell of claim 15. 18. An isolated cell, wherein the
apoptosis-inducing factor (AlF) activity has

2. The use of claim 1, wherein the treatment comprises selectively inhibiting
the AlF.

3. The use of claim 1, wherein the inhibition or reduction of the activity of
10 AIF 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 H2O..

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
AIF reduces the intracellular concentration of superoxide and/or H20».

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 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. MCSLLP
75 20. The cell of claims 18 or 19, wherein the cell shows an increased sensitivity to cytotoxic
substances comprising DNA modifying compounds. 21. The cell of claim 20, wherein the cytotoxic
substance is selected from the 5 group consisting of: etoposide, trichostatin A, camptotjjggjppt-butyl
hydrogen peroxide and/or H202 22. The cell of claims 18-21, wherein the nucleic acid molecule
complementary to all MRNA comprises a sequence of7/3EQ 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 e reguRacerl SR {DIBQUAN MSERIRDIO SRR Ralvmptase

promoter. 24. The cell of claims _ where e cell'is implanted in a non-human animal model. 15
25. A non-human arfifal ieidis, hdéhsinstpriaBaigimeotienglignsiahtebeniaiypee deNesiingf 21-23.

26. A method for scrrﬂ%@,%glegﬁaqumg@ggeamgﬁmégrag%Igé?ﬂ‘seilrgr;é?}g%%)%r%r_educing the

activity of apoptosis-in ctor (AlF) In cancer cells comprising the st a) administering
a drug candidate to cancer cells, and (b) determining the ability of the drug candidate to - inhibit or

reduce AIF activiy ifl BatSS eEfRIBIS Teblicwisesitiiicirgaiiantentanshoiessnsftivity of

5 cancer cells to apoptosis.

13. The use of claims 1-12, wherein the treatment comprises inhibiting,
delaying or repressing the expression of the aif gene encoding the AlF
polypeptide.

14. The use of claims 1-13, wherein the treatment comprises inhibiting,
10 delaying or repressing the expression of aif mMRNA.

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 MCSLLP 76 suppress 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 H202 27. An isolated nucleic acid molecule comprising 15-40
nucleotides complementary or which hybridise to the aif gene or aif MRNA or 10 fragmggg 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 withsthe all gene or all MRNA 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 3l SIF IPLf Q3 dipicaedd To 29ufisizolpieckaclei agdaolfeis aggording
to claims 27 or 28, wherein the nucleic acid molecule comprises a nucleotide sequence 0 QID
NO:13 and/or SEQ BEN&Hiitywhich i¥RigiEmeststanees allapmprsing a Pdifion theddfying the
nucleic acid moleculg0 rﬁﬁs a nucleotide 20 sequence of SEQ ID NO:14 and/or SEQ ID NO:16,
which is complementarzg to the aif mRNA 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:15,24nd'8REEN phIGIREN R PYBRTSIBIINGHRAQIPE SHRMANGE I meleelad 43T th8 use in
the treatmesit of cangesuMCoRkiRting of: etoposide, trichostatin A, camptothecin, t-butyl

hydrogen peroxide and/or H2O».

22. The cell of claims 18-21, wherein the nucleic acid molecule
complementary 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 (AlF) 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 AlF activity in cancer cells; or
- reduce the intracellular concentration of ROS; or

- reduce the intracellular concentration of superoxide and/or H-O,; or



31. A pharmaceutical composition comprising the nucleic acid molecule of claims 27-29, the construct
and/or vector of claim 30. 32. Use of the nucleic acid molecule of claims 27 -29 for the preparation of a
pharmaceutical composition for use in therapy. 5 33. The use of claim 32, wherein the composition is
for inhibiting or reducing the activity of Al F. 34. 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 10 tumorigenicity and/or sgpsdizihg the
treated cancer cells to drug or stress- induced apoptosis.

76

- suppress 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 HO».

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 MRNA 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 mRNA 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.

MCSLLP

77

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.





