: 89:; <=>?@\e3emJonRXXY\ _z  Bo6xoTo/v Apoptosis-Inducing Factor (AlF) and
Appl | cations thereof Field of the invention 5 The present inventio S
to a nethod for the treatment of cancer conprising inhibiti ng Bm\ Eﬂ‘\&\ﬁm\mﬂ
the activity of the apoptosis-inducing factor (AIF) in the ca
resulting in the suppression of the transfornmed phenotype and/or *159159*
sensitisation of the cancer cells to apoptosis. The invention also rel ates
to a nethod of screening or identificatidn of drug candi dat GSWH mwmmm
i nhibition or reduction of the AIF activity in cancer cells. m f
the invention A single X-chronosone-linked manmal i an gene aif encRgps:-a
protein called apoptosis inducing factor (AIF), which is localised in the
m tochondria) 15 h3RanbLER cp:ré n@gt,ongqhér,eoill (2):147-50,
COct ober 2002; Ha gl ey, page uly 2003;

Penni nger and Kroener, Nature Cell B| ol ogy, 5, 97 99, 2003, Daugas et al .,
FEBS Letters, Vol.476, No.3, 7 July 2000). The nucleic acid and am no acid
sequence of AIF is described by Susin et al., Nature 397: 441- 446 (1999).
Al F am no acid 0f peguences are wel | conserved (e. g. > 95% between nice
and humans. flavoprotein of 57 kDa that shares significant
honol ogy with prokaryotic oxi do-reductases, in particul ar NADH dependent
ferredoxin reductases fromboth bacteria and archaebacteria and also, with
pl ant norodeygl 5;9@%6@!( aiehtiond vslbieto (4 omefiisd fot the, treatnaént, ofaddncBeat h
Differ., 25 6: 516-24, 1999). Muse and human Al F isof orns have al so been
descri bed |ncmwp0$1ngml5|mtmg or raducing e aetiityf theeapontosindndyging £261PE t hat

in many type c is
ol cased 11 o EhaT I eHBRs Fallss faRRER o ft BUEDARSRACH, dfk Dranclifid |
O oy iy gl o arvivyiva it e
et al., ure oza 5 et a

549- 554, 200alsodelaientea methodsof seneeniggopr 'deﬂgﬁqajyon gbdr@mand:\qgtefdeé)
The aif ney, S | oss of this gene
was Iethgf, as ﬁn%ﬂ&&&ﬁqgﬁgEdﬁ@9ﬂ%@gﬁfﬁ§ﬁ&ﬁ#rfcaﬁ#% 0 gm)rphogenetlc 10
programmed cell death during early nouse enbryo devel opnent, at the
pluricellula tj& af.ter the differentiation of ectoderm and
endoderm Acegetilgly 3 vention; ¢ o anal ysis of knockout cells derived
fromthe dead enbryo mas possi ble (Joza et al., as above). Evidence was

present ed thﬂtswﬁ”%EX%PFcﬁﬁHsérﬁé médtrh@mﬁmbn | hitleheddéd atpreteiReage@nbr yo
due possibly to ure of ranmmed cell death needed to scul pt the

cavity. Moreapeptosial ﬁwdumdactome(m )wavhichroise locedised aint the mitoahendrial
et P Rehe hBEne S ot bt AP L o558 e, ShokiE AR
factor (JozaHghséh -and2Ma¢fdy, 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
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 AIF isoforms have also been described

in WO 00/31254.



20 The Al F honol ogue, WAH-1 in the worm C. ei egans has been shown by
genetic experinents to also serve as an apoptosis inducing factor during
devel opment. WAH-1 transl ocates to the nucleus in conbination with a DNA
endonucl ease CPS-6, the worm honol ogue of endonucl ease G in nmamal s

(Xi aochen Wang et al., Science, 298, 1587-1592, 2002). Overall, evidence 25
suggests that in worns and manmal s, Al F contri butes to nucl ear DNA

degradation, and therefore, contributes 2o the dismantling of the cell in
apoptosis. Wien AIF is present in the mtochondrion, it probably does not
contribute to cell death. 3 The crystal structures of both the nouse and

human AlF reveal two inportant regions (Mate et al.) Nat. Struct. Biol.

Vol . 9, 442- stGweﬁoéQabI@h%ﬁr i tﬁ%ﬁl&@ atmot?’(a%%"l‘ﬁaﬁ')y ty?é% ot fnaimrhaghP Bells

represents a S|te require ra ment ati on utati ve DNA-Dbi ndi ng

site, and t hadsesdtuluntergo ahmpibmgytrﬁ AtF B fetezsedi fad)mNA@HMeqdmnm“tand
ferredoxin reductase that is S|ml kar otic gl utathione

reduct ase f afaNsjocates to thpgucleyss\y %‘iel 'BRQH'CI'W Bm&g‘% a NANFCaRPasess an
sy £s SaéHerenf ALERHP bskdoWr ERlsir 6t &1, Wl en%dr Q1 N1 9906 J0za
ar oxyg

transferri ng emto nolecu ormt e 'supéroxi de free' radi cal
(Joza et sal .et alhoMaturé) Vehed10:t540- 554,]20(B§I oCregament akyd, Cell Biebo 1586398,

2001 }. Supm%ﬁ ék9é§92 woul d be converted to hydrogen peroxi de (H202)

in ceIIs )-and DNA fragnmenting activities of AIF are

conpl etely independent, suggesting that the NADH oxi dase function of AIF is
not connected to apoptosis. 15 Many tunour cells have significantly

el evat ed | evEhs aiff gereswasukroakeddeutaindmeree ES eellsdbutathedloss of tbiscgene

(Sratroneki Wn Ribalares ol aste Qisth] tnd ohfsf Walk, B fbtchgenete,

body of gyi d&%@eamhﬂid Bl Sdé AT 6868y | sarlfOmdise’ e@ubryeddémopmenpranme on
and/ or mai ntenance of the transforned state (Suh 20 et al., Nature 401,

79-82, 1999: pIArlﬂelILdal'e$taGB. shontixaftes the glifferentiationoiactodarm @ng endagesm. et

227 315, 10R6coGhe Oy & TR e, o Ridcd s Belest rbfh P UEAET, o
D, Am J. PGMBWO wkeOpodéiBle RID83)et 4130 abover EwvidendeWasgpresehted that
transformation_ and angl ogenesi s caused by over exgr eSS| on qof the

mi t ogeni ¢ oxAlfaiserequired (apthe earpgavitationafdbe embrgxrade pggg%?y \AS 99,
715, 20024 . Q]UF%]S ﬁ%@'ﬁ ceﬁ ﬁ’ﬂe@ﬂefﬁ% é?:'uﬁ}ft eré?:ivﬁ}/' Mdreans! allrat i on
or mai nt enance gharnt

e in certaln el's of carci nogenesis.
Some tunour keddkdubetts thbamoemdegelmtuﬁo Isemﬂhstalfvaﬂopethamwiki typie céllsray be

due to their_|ower e essi on  of enz nme 30 WMhSOD, a_ scavengetr.,, of
super oxi de. (Cd$cthe ﬁ& dZIeS‘dtﬁ‘SQ QE@ oUge Knackoul, eg congiste g@’i‘“ Moa:

F Rad. R Th 2,
Cre Fac) PR 27 oA o Fide; (Lo dbbociapcer Ther, 2

419, 367-374, S 2002,.indicate that decr eased | evel s of AIF expr ession are
ROS. | ndudbd GhAAE PRMAe s WAHT I e Worhl 2217GAYS 1iPcbess Shelh by,
unschedul ed gghéti¢ ¥xbBriments 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.



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
termnally differentiated neurons, and their correlation wth decreased AlF
expression |evels provides a potential nolecular mechani smby which free
radi cal damage | eads to neuronal death and, ultinmately, to the devel opnent
of late onset neurodegenerative disorder8. 15 The role of AIF and its
nmechani smof 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

i nvestigati | Sl to
20" devel op nilly GRid SyARES cEBPu} R Blice Bhamad A SV to IRPRRERL e

i nventi on 25eGonsr @iatet et aheNat| Strectt Blidli, sVield Ok deai-4thy 20021t Alzar Redfaces

t is, th t i ) hav, i Si | ] [
A E suppr es BOBUERHES)S TheBiski dawion” TrdrespeBord PiermduiRd SOnaifBced
to this new fP%%rﬂéﬁfaﬁBtha ﬁt%‘ti_@@ mflAz_‘Nieriﬁg%it_éPaha e BBEOIPEhOWS homdlogy

According to e aspect, e invention provides a nethod for the treatnent
of cancer5 cdopai lsacterialnNARH-degendentetaradoyin heduciase ithgt i similar to the

phenot ype,  reerittn SBIRiOT TRALGESP e B S RATes Y yThstbbal 8RRk | o
t0 apopt 0si SagdahdUAIR 8BtsAs an AIDHWBidast 6 SidSlcsiactisRabEL@tINY eleoiphet e
| oss of tunorigénicity. Further, the nmethod of the invention is capabl e of

sensi ti zi ng frora tNARHedandntrensfesiing themir oy roelesulass oxygriucied fapBpthssi s.

The treated cancer. . referably a | . ca r r.exappl e or
human cancers_.‘uP,Q{O)éfdﬁgFé)q 'i'ar‘f‘fait?‘r]%?ea gﬁm@@f N’ﬁ%maeﬂr:&v%'ér‘lélﬁﬁélt ﬁggﬁﬁ?ﬁ ition
or 10 regct{igaonieddd, Y1) USIHEDNIdenih i goalt bieheomvertsd to ewelregen he
mal i gnancy, increase the sensitivi téDOf cancer cells to apoptosis_ .and/or

i nduce apopt perioxidei (k126%) imcellsr FhetNAPH exidaseard Rbik frapmeasiies actimyies oher
cancer ce L1 ;
I nvention ca}?l‘l%grigé@%ﬂtﬁlyﬁﬁg?%%&aﬁ E{J‘ﬁ%&%ﬁ@ﬁ?&gi gﬁ?ﬁé ﬂ;ﬁ %égr% fgﬁ@tlon

conti nuous (bMAIF isadot coBNBEeddo 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). H20, 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



15 cell line. For exanple, the continuous (immortal) mammualian cell line is
DLD-1 and/or HCT-116. 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, conpounds and substances. Accordingly, the
invention relates to a nethod 20 wherein the inhibition or reduction of
activity of AIF is capable of increasing the sensitivity of the treated
cancer cells to cytotoxic substances conprising etoposide, trichostatin A
canptot hecin, t-butyl hydrogen peroxide andl or H202. According to anot her
aspect, the invention relates to a nethod wherein the 25 inhibition or
reduction of activity of AF reduces the intracellular concentration of

RCS. 10 par lRedl @5, 13d1 00 Frbé WaRéS 4 14200 2000 1AFNAS 190, a1 14 Hopgduces
the intracell'Ul'ar 'concéniration o . particul arly super oxi de and

H202. 6 Thdoh&ameer dhet.lx 361y2008bn can be carried out either in VI vo or
in vitro. Accordingly, the nmethod of the invention conprises in vivo or in
vitro admnistering to cancer cells a conpound inhibiting or reducing the
activity of Klefry Jerfrd§e S"ZMB‘/GQZ%!’HBHE%daRWU et b, rmithﬁéi £UBE7874,

i nhi bi ting, ayl ng o repressing the expression of the aif gene encodlng
the AlF ol y2048,iiddicaten tlpntr decrebaed levels rmfi Aift exgresssiragregooelated rwidsi ng

Compr | Ses. adMARRECA o FRTRY bf Ragteetln N Rese RS AR g HindBhIE o .

aci d constr ugdureASPIA UMY theNktuftbAt Litedsildad®ltecthieeuhsehidiled cellydyddli si ng
to the aif gene and/or aif nmRNA or to a portion thereof. The nucleic acid

mol ecul e is feentyafethese calls. sawaven: newnops dbabre-eatarahe eell cyee fanngbne

ol ecul o 1 s megtote 8nd SRBRUBefsr BERbtosf I BBYsRaen O, UGB sBELT L
may be afp angaé eéﬁ@rréﬁtﬂ@eﬂ %Slblénde%ylfarés Bhl@dallydmnﬂehw"séd aind taﬁwnéﬂlys RNA) ,

doubl e strand DNA (dsDNA)) doubl e strand hybrid RNAI DNA ( RNA/ snmal |
interfering diflarqiiakedanesrenssrand H@ﬁﬁ/ﬁ@gebﬁﬁ@ WE'&IC@QEe%riQQJIM%r@W%ﬁSL'O%an be

oY U201 itgh! BhouBIPSE: pRERRAE oBbyBh Bhfah Y, SHIER 65 Rl "0

the nucleic re’i1s no e sI’ze of the nuclelc
aci d construgamagd leads Itwmbermaacdedtr?andpummdtely, to tipea deivelobengnt tdfidatecicl ei ¢

aci d ol ecul gnslest nle%rg egeln%raz\twe 8|sor ers
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 AIF suppresses

apoptosis.

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

action of AIF and to its applications.



nucl eotides. In particular, the nucleic acid nolecule is introduced into a
construct or vector. The nucleic acid nolecule may be conpl enentary or
hybri di se to a nucleic acid nol ecul e having the sequence of SEQ ID NO:1 or
SEQ ID NO: 3 or a fragnent thereof (the sequences SEQ ID NO:1 and SEQ 25 ID
NO: 3 representing the nouse and hunman aif gene, respectively). In
particular, the nucleic acid nolecule of 18-30 nucleotides may be a

nucl eoti de sequence conpl enentary or whi8h hybridises to any regi on of SEQ
ID NO:1 or SEQID NO:3 or a fragnment thereof. More in particular, the

i nvention provides nucleic acid nol ecul es which are conplenentary to the
aif gene and 7 have the sequence of SEQ ID NO: 13 and/or SEQ I D NO: 15, or
conpl enment ar ; i é@% : i ¥im d/ or
SEQ |1 D NO: 16%({0(';(1'{653??’8{% ar, tt’ﬁggrlluc e%o@rggﬁggﬁn?ggaﬁ%ﬁg?n%% SI néﬂ% ﬁg SEQ
| D NOS: 13 aamhcéb)commpurisindrNihibiingr osiraducing tBEQactvityOsf ,appptesisHiBiucigar e

suitable for, the i technalo for .the dnhi.bition. of aif nRNA.. Th

nucl ei ¢ aci (faﬁ‘?lre@\ﬁ:\tkeﬂﬁﬁn%éni RRSERRIBY qfnmll'gn%%tnBp?ﬁ%typﬁmﬁ?\(ﬁrs'gnv&ct or.
In particul i e Sy ittof! @ide tind @&tionnef
sequence SEghlallliéﬁl\hlg]:CYquﬁga%EQ Iélggﬁl\glz gSO,f and g%ﬁgﬁ%ﬁé?@;}g@?ﬁw pol ;I;‘rrer ase.
The vect &r iapoptiosisiantéorealso a partialcorocompleta losstaf tumerigenicity) Further, e | RNA

10 polynerase pof the, cell transcribes t si RNA mpl ecul es, which

corp enent arefiock fEtE InvRRKET i kaPaBl o afiAng thpareated ghFe pols to
Accor di ngly,qrag®rateesiin®icddgpdptysigt i on is the inhibition, delay or
repression of AlIF carried out by siRNA technol ogy. Furthernore, the RNAI

t echnol ogy can al so be used to prepare knockdown cells by inhibiting the
expr essi on ofhe tregiad sance?ﬂ:amreftzragla/da aAMal [FANCALG RN BXAMPISe MPYSRA Bks aj f
knockdown c | ar i [ lﬁg@n ; l e by
adm ni steri %drﬁﬁ%%c%gg%{ ?%c ﬂgﬂﬁ{r@#ﬁf&egxgﬁpg oa ov%ég\gﬁpgallreﬁg?hnegfnﬁ béﬁogglgﬁl e
strand t@r gefedogticreqofenkKIE B4y | Supieesd 3thandndlignahheplenidtypen rbeersay the f
knockdown cel |, for exanple, a manmal. carcinona cell, |like a |lung,  breast
and or col ormalignaniay iNcsbasethesaliRity afirenesselisio 4Pantasls ARGHOTIBHUGY m t e
to these cel i i hgny td tes
to & mothod TRAPBRE: is o, DrBst Or i tarBRbn e lovel iy B caief Eof

i ntracel | ul dinecsuitabie aatiwithinthdkeoms of the mettwet ofcthiel inveioB can bepsedxi de

and/ or H202. The . reduction of intracellul ar concentration pof. superoxide
and/ or H202 'innp%'ﬁ'ﬁl‘:'@?' I pgnq:,%[;/cg A E’f" PnCHEOHS r'gggqr%l) H%Dnﬁ‘g?ﬁéfhant

phenot ypg;, r&MEi. %r%}@ﬁﬁilé,&ﬂé%ﬁtinw@ BRFESHALAGENMrhYIidY cefl lihd’s DBDCET
cells to apoptosis and/or 'a reduction in the growh rate. In particular,
the reducti cand/dbr H&XT-4¢@! | ul ar concentrati on of superoxide and/or H202 in

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

cancor | oor | st BRBA TRUR: g R, MHBRIGH: bE Tedulich'Sf he dtiy (Teate i) o7
reduction i ncigebldopMdreasing thd kensitivienbf the trbatedpeandedeella torsbhweddrug,

conprising reducing the intracellular cgncentrati on of superoxide dl or
H202 in canceempeynds gpdasihstargas: iARFordirglyc g yeniion rﬁf%ﬁ%ud‘? Ry ”Wga%nese
super oxi dj . : ] i i

EUK. 134: 2 rany AL e (A ROR ol HRRIoNEA of BV o AT e CBRRIe P e Rr 59 by
( C44HssCl sMhig) sendifiity2ofPihe {rédtetiscaticeMaisy ¢ alytotexiarguibstansiesneorgprisisg

por phyrins provided are fro | bi ochep) . . The, structural infor.nation, about
Phe’ M- SCb hPiRposis. dHanabiSa R dedtBissiy  havl JReHidn iRProufBe afdiofne
cancer cells ns) be treated either in vitro or in vivo. The cancer cells
may be nannah cancer cells. For exanple, nouse or human cancer cells. In

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 AIF reduces the

intracellular concentration of ROS, particularly superoxide and/or H20x.



particular, the cancer is colon carcinoma. In particular, the cancer cells
are froma continuous (imortal) mammalian cell line. For exanple, the 15
continuous (immortal) mammualian cell line is DLD- 1, HCT-116 or SW80.
According to a further aspect, the invention provides an isolated cell,
wherein the apoptosis-inducing factor (AIF) activity has been inhibited,

del ayed or reduced and wherein the cell shows suppression of nalignant
phenotype, reversion of nalignancy, incréased sensitivity of cancer cells
to apoptosis 20 and/or a reduction in the growh rate. The cell may be a
mammal cell, |ike nmouse or human cell. In particular it may be a col on,
breast or lung carcinoma cell. However, the carcinoma cells are not limted
to colon, brepsiméndd! éthe AerbbACeart decbARER B8 loRndkiid I ok h Vite.

pur poses of the invention may be used. This cell nmay show an increased
sensi tivity Accosdimglylrihgs metbhogoohdbe2Bventienbsompress ias vivenor oineditibove.
Exanpl es of carcinona cells treated according. the inventipn are, HCT-116,
DD T and SASBNSIAE finpaneardts b paypann dpyieBob i sRUEHY BP AEnce
encodi ng t heal F pol ypeptide may be carried out using the construct as
menti oned above. For exanple, by 9 inhibiting, delaying or repressing the

expression of aif mRNA. More in particular, by si RNA technol ogy. According
to anot hér aA¢rardingt iee anathast asnechr the methegh qoseprigesd indikitiesfeieyigc Phg

knockout antPSrRE B aRPRisef I RO B e BPERAR tne MIERhboklls; 1n,

reversi on of paritulgnange inhibitheg edsiaging orsepressing the exmessishsof thedibgere
reduction in the growh rate, conpared to the wild type cell. The knockout

cel I's may beafsHepaifemRNAoARgINglYarihe smgtheg &omﬁﬁ§| aepinistgringxi@npl e, by

knocKki t j ' ' : .cel |
may be 30 prEpredia FRrtarer aRIRF WRER AU BEIER Baheflly oBffrlis dpice
knockout10andacid rkoleckldobindingl or hytyridising toehesdlif geé antidreaibmRNAerdo @uman

N ticular, t 11 | on, t I [ cell.
ol PErbaioh dharsoloTie muelsie AgEhialnd K Sorplemhanes ok S BRBE b o«
not |imted é&nn@@&édgﬁgf@t fif Eﬁrdénﬁoéﬁfd/téﬁgffstNN oPYOY pSAToR! hELIC Fbl

[
showi ng the sa acteristics o carcinoma cells of the I nvention
i n showi ng iexareplegdheemnsicleicsiacid t motenue dsugs, antiserisey RINAsapglass®NAY t he

[ t phenot ype, i th | i ncr.easi ng. t Wi Vit
o tonanr PRl Th ioiic deldiheléty RN e at BRERERIS Yoo S aBRIT ENA L Ve
growth rpje, g‘FW’A)?'&EJb‘R@ sHafd RRA eiszNM, houbid etrafd PENA! (dSTNRY, efcibie
i nvention. 20 The knockout andl or knockdown cell of the invention shows an

i ncreased sestsand iybsid t BNAJIRNAC (RYA/DNSkpamal sntetferingbBNn d8iIRNAdcavd/er ngl y,

the invention provid . A I j.n
par ti cul ar KeRAlRe ares dhdkis Rl et balare iy, REFIBASAG, dadel g

| ung carci nogﬁsﬁﬁdﬂcﬁ,nu@l@b@cm fragmenbcomprisingdhe Auklgis acidpablezutd. There
increasing the 25 sensitivity of the treated cells to cyfotoxic substances,

i ncl udi ng DN& Redimiki ingtheo siFsurfidhe f RiclRic aasid cconstiaich Arsk the MUARIS13RId n A,
canpt ot haei npdididey! InMYSRRARR, BRY AERR 38R Mbid&iPis 1818, 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 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



The knockout andl or knockdown cell may show intracel |l ul ar concentrati ons of
super oxi de andl or H202 | ower than the wild type cell. The knockout andl or
knockdown cel |l shows suppression of malignant phenotype, reversion of

mal i gnancy, increased sensitivity of cancer cells to 5 apoptosis and/or a
reduction in the growh rate. Only as non-limting exanple, an aif knockout
and/ or knockdown carci noma cell according to the invention nmay be HCT-116,
DLD-1 and/or SWA80. According to a furthér aspect, the invention provides a
use for the knockout cells made according to the nethod of the present

I nvention, wherein the 10 knockout cells are inplanted in an animal, for

t he purposes of drug testing and/or drug screening. For exanple, for the

purpose of hedag mae%e%%enegafdfvgmnmolw‘)% dinlof eSEQIIBNI®A 5T HO
screeni ng. Any knockout cells prepared according to the 1Invention rra%/4 be

i npl ant ed orcanweleeintarly. tol thepaif tBNAaand hiavekihecsequenser of BES 1BINOH

b t, d | ekl Iine. For, 15 e, alf . | i
T 116, DLMIOLREEL NG EE: 1 aefiual ang SERERR ofleon B s g Ne, . "o
used. HOWEV%EQt It NODC K9 WHndC 5! nd SIRIRAI dBhBIIAG thE SE@ INTE:, 18 &
limted to the exenplified knockout cell. Any carcinoma cell show ng the
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abi[ity 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 H>O,. The reduction of
intracellular concentration of superoxide and/or H2O. 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



5 of the drug candidate to inhibit or reduce AIF activity in cancer cells.
The nmethod may further conprise (c) conparing the ability 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 enbodi ment of the
present invention. According to another aspect, the invention relates to a
nmet hod for screening 10 and/or identifying a candi date drug capabl e of
inhibiting or reducing the activity of afoptosis-inducing factor (AIF) in
cancer cells conprising: (a) admnistering a drug candi date to cancer
cells, and (b) determning the ability of the drug candidate to reduce the
intracel lul ar concentration of ROS. For exanple, the nethod conprises

det er mi ni ng ér{b‘?oramd)%tt}‘\e‘)&eéta caneer eanyi t§ho145 ah?ar‘hﬁﬂ&ﬁ@oh‘b%te loss of
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20 and/or a reduction in the growth rate. The cell may be a mammal cell, like

12

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



20 According to a nore particular aspect, the negative control is
represented by aif knockout cells or the cells treated according to the
invention inplanted on a non-human ani nal nodel for drug screening, as

menti oned above. The aif knockout cell inplanted on the aninmal may be
colon, breast and/or lung carcinonma cell or cell line. For exanple, aif
knockout HCT-116, DLD-1 andlor 25 SWI80 cells) or cell line(s). The

non- human ani mal nodel may be a mammual, Por exanple a nouse or rat.
According to a further aspect, the invention provides a pharnmaceuti cal
conposi tion conprising one or nore of the conpound used for inhibiting AlF
13 in vitro or in vivo. For exanple, the invention provides a

phar maceut i Qﬁhlbﬁmgp%éléymgxgpwgrés% ghel eﬁﬁﬁesgm of HERNGY.EMISHES in
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(CA4HssC15MNINB), 5 MhTM 2- PyP (C44HssCl sMhNB), MhTE- 2- PyP ( C44HssCl sMhNB)
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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 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 H2Ox.



14 the treated cancer cells to drug or stress-induced apoptosis, and/or a
reduction in the gromh rate. According to a further aspect, the invention
relates to a pair of cells conprising: a first cell; and a second cell,
wherein the first cell and the second 5 cell are isogenic but for an aif
gene and a gene encoding a fluorescent protein; wherein the first cel
conprises a gene that encodes a first fluorescent protein having a first
absorption spectrumand a first em ssioMOspectrunt wherein the second cel
conprises a gene that encodes a second fluorescent protein having a second
absorption spectrum and a second em ssion 10 spectrum and wherein either:
the first and second absorption spectra are not identical; andlor the first
and second efjesgh@ikotp GRbIcH I@{o%ka&rva'déﬁ_r?ﬁé;f§howlimr§@é|m|§rtﬂcﬁ*fcenfraﬁoﬁs 66t and
second absorption spectra are not i1dentical and the first and second

em ssi on spestperoxide andtoriHy lowal tharhthefwitdstyparagllsecond cel I|'s may be
manmmal i an cells, for exanple, human, nouse or rat cells. In 15 particular,
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HCT- 116, DLD-1 cells or SW80. The first and second fluorescent proteins
may be closeapdaptesis @nd/ajraigsustioninsthengrowth gateen f1 uorescent 20 protein,
red fluorescent protein, blue fluorescent protein, yellow fluorescent
protein, an C eLn. o ' t he
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equal nunber 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 em ssion spectra are not identical. Mdre in particular, the
fluorescent proteins nay be detected using fluorescence mcroscopy to
assess growth rate. 5 According to a particul ar exanple, the fluorescent
proteins are detected using high-throughput fluorescence spectroscopy to
assess growth rate. However, other critefrlia as indicated bel ow may al so be
used. The first and second fluorescent protein may be selected fromthe
group consisting of green fluorescent protein, red fluorescent protein,

bl ue fluorescent protein, yellow 10 fluorescent protein, and cyan
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to a cell prepared according to any enbodi nent of 25 the invention as
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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



Figure 6A-J: Cytotoxicity assays for HCT-116 cells using canpthot hecin,
t butyl hydrogen peroxide, staurosporine, etoposide, hydrogen peroxide,
actinonycin, TRAIL, anti-FAS, doxorubicin and trichostatin A respectively.
20 Figure 7A-1: Cytotoxity assays for DLD-1 cells using canpthothecin,
t-butyl hydrogen peroxi de, staurosporine, etoposide, hydrogen peroxide,
actinonycin, TRAIL, anti-FAS and doxorubicin respectively. Figure 8A-D:
Syt ox/ Hoechst Stain of Cells exposed to B0 ~c M etoposide (48 25hrs) Fi gure

9A: Soft agar assays for DLD-1 cell |inesFigure 9B: Col ony assays for DLD- 1
cell linesFigure 10A: Soft agar assays for HCT-116 cell linesFigure
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Cyt ot oxi g4 tyHagsays for SWI80 cells using etoposide (Figure 24A), t-butyl
hydr ogen peroXi de (Figure 24B) and hydrogen peroxide (Figure 24C). Figure

25A: Soft agar assays for SWAB0 cell lines 5 Fi 8ure 25B: Col ony ass,ags for
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Invention relaf e d Qdh "@Y GRS KUMFAPR" ifGhk8ted Ycf 2o"&Wnegative 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 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 inhibiting AlF



10 applications of the apoptosis-inducing factor (AIF) The

apopt osi s-inducing factor (AIF) is a protein or polypeptide encoded by the
aif gene (Lipton and Bossy-Wtzel, Cell, 111 (2):147-50, Cctober 2002;
Hansen and Nagl ey, Sci. STKE, 193, page 31, July 2003; Penninger and 15
Kroenmer, Nature Cell Biology, 5, 97-99, 2003; Cregan et al, Oncogene 23,
2785, 2004). The nucleic acid sequence of the nouse and human aif genes and
the ami no acid sequence of the corresponti ng AlFs have been characterised
(Susin et al., Nature 397: 441- 446 (1999)). These sequences have al so been
reported in WD 03/089465. For ease of conprehension, the 20 aif gene and

Al F sequences described by Susin et al. are also reported in the seguence
listings of i hﬁtrerﬁrsq“rﬁ‘tVI@d)prP%éa%bld Ehé’%\ﬁérﬁléhabvovﬁﬁg laDph&tmacduticahe
mouse aif gene nucleotide sequence; SEQ | D NO I's the nouse AIF am no

aci d sequenmmﬁﬂﬂlomcmn&ngsattlmtmmmf I%OS syanengwl ipoiiding Maqnamm and

S S0 been deuperode HETEss ARSI Riafe BEY B KUK ICaBidFhefm AR
00/31254 as gkl frﬁ!éﬁdb?fesé' Bdrﬁwr%rms@h \é%“MﬁTMPVPOV‘('CMngUWﬁ%) or

AlF isoforns or variants whi ch have not been di scoveréed éht are withi'n the

scope of 5t heVpTlbamyR (GerrssGlMnNaRoMNT Eo2diP {GasttsClsMindia) dall Iexamptes i ons)

enockout " andior NAERRSRn EHISTIRCs PVRIGET Hre M 1BH 0/ CaBRERRIECTTE L

froma Contlmﬁﬁac(eumrt@bmpaﬁaml | Gytighelly |Gd”nﬁpr|s'835€ r ephaﬁrnacremmnys
enpl oyed human col on carcinonma cell |ines, nore in particular the cell

li nes DLD-1 ageepkable exeipiendudiluent, ardfonaartier, &hmmﬂu@awme Cul ture
Col |l ection (ATCC) ref. no. CCL-247; DLD-1 from ATCC ref. no. CCL-221; DLD-1

(et rence; Pt hydonSHiE, £ fhariakel cdfodion EEARIRIRE ot 2o

obt ai nedl(f r dernd{T6he Wweroteit fazzldvlnhalet:lylaefoc¢ﬂ1Hnb|t|n@(1hHoavégene amtﬂoplae‘anRNA

invention is not limted to colon carcmorra li nes P/ {u

sui tabl e f oragaeEdipgr 9038y #MPALIMENE enthe iRk 'PBn"&aDr?rg‘F"Q% eug‘gﬂn 18y
exanpl e, bre n w t hese
cell types. @e"%ﬁo%?hl??hg%g%ﬁknoc O(fgﬁwr{ gg e'e%?&eggse&kgggo%éc? ng to

any t echnol omplecutewcomplerhentary or whioghahyhiridigeato, a mheleﬁt@elm roelecule maving and

(Sedivy ot cihe Sagiansecol BEs T NoiDsE S BN S HadieR HeRaics, oo
15, 88, 99§eq<d%céslseb91bawb P BE@QDhNU‘SSt%P?@déntlhgnﬁﬁ; ffouger and and

Figure 2A-B nockout and/or knockdown SWA80 cells or céll lines are also
within the shm)ancﬂlf pebepraspedtivély) dntpasticulan theepharmageytivalueorppasitian and

(etoposi de. ETBHSEE B Mok A moiBGIRCH 16-30h 147850 of (e didibudoss
ﬁ, ; r ng >r/: ngydAlé?:}aglérthaw ¢¢ Whidh HRpENdise toas esudieict S¢id paoteduie Hesfing 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 mRNA. 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



ai f knockout HCT-116 and DLD-1 cells grew slightly slower than their

w | dt ype counterparts in nonolayer culture (Figures 3A and 3B), did not
reach confl uence w thout sone clunping (Figure 4), and they failed to grow
i n suspension (anchorage-independent) culture. aif knockout cells either
failed to 21 formnmulticellular spheroids (MCS) in suspension (DLD-1 ) or
the formati on of MCS was nmuch del ayed (HCT-116) as seen in Figures 5A-D.

ai f knockout DLD-1 cells conpletely fail®d to grow in soft agar (Figures
9A-B), while aif knockout HCT-116 cells grew very poorly in soft agar
(Figure 10A-B). These 5 results inply a severe |oss of tunorigenicity of
DLD-1 cells, and a strong partial loss of tunorigenicity andlor a reduction

in the growpar f 2 e NoPr LiRdi shbhétbSis™4rRi/or a
conpr ehensi \}Eﬁyﬁ.\%ﬁteétahe%aﬁiﬁﬁ‘%ggaﬁ \S/deru elofsﬁﬁeegﬁl gg?&fu ﬂ?‘ form ng
potential , treductioreimthegrowdnrated the ability of wild type and aif knockout

cells to formtunours in the nude nouse nodel. 10 Renmarkably, DLD-1 aif
knockout cel]s had al nost_c letely lpst.thej Wity tQ

subcut aneou§+‘§f’°z£ INgo 1§ datm%?sa?%eet{héﬁg QHP%‘?%%&%&% 9 %éaqﬂ& 9% cel i s
grew only Vedomp@ahdya fildticlICand Beet6RA cel, Wherdirethelfirdt Bell 4Rd anel séSondrhus)
|l oss of AIF curtailsS or inpairs the@égrowth of colon carcinoma cells in

vi vo, corsi ssalinaranisagenis il for ran gere and @sgepe eneoding i flyprasgent

h ' Vi . .
Pound under R RSO PERE) BombNGet 8 U angt livulp SP¥tFupRbcEAR O
denonst r at esprobsth WAVingd Sirsts absorpfion pémstitrun nivicoiat firy émisston’ speotstmad  of

"Apopt osi s I nducing Factor") in colon carcinoma 20 cell |ines, although the
mechani sns  awheigir freapecond celk epmprses avgans ihabeneeres Asasend flyeressspt osi s

Co St e ‘ . . Tl ePoPl 05! S
ovi dence wasPSrane haulhBr B Mo P BURHREH BbedtRint SHU ¥ONeEoRE! ofnicalbth! ©
Fulr ther, 10A Fsilﬁ?émw;SaTrF]d)mmehréin idugbﬂ théginfstfafmraeeizqndh abﬁlﬁgtzign @pectra a@ne inot t wo
col on cancer lines. The enhapced sensitivity of the negatiye .t unour
cell's to apoigeptical; apd/arHbe et apd serand GEYYﬁSéQQ ?pSFéﬁquen %tg@ﬁ?éc?;elrl‘s nay

Camscauenee BFUBHE) Be st L bbale MBERLA Spostel o poF Gentgarind o
present i nvefiisbard ls@cond emissionspeetraiare nmpidentigal. drne first ahdrsecand eells
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



22 Accordingly, inhibiting or reducing the activity of AIF in colon
carcinoma cells, for exanple by selective inhibition of AIF, is understood
to have the same effect as knocking out the gene, that is) suppressing the
mal i gnant phenotype and sensitizing the tunour cells to apoptosis.
Suppression of the transforned 5 state |eading to the reversion of
mal i gnancy may in itself be sufficient to elimnate the cancer. Therefore,
inhibitors of AIF are anticipated to repi®esent a conpletely novel approach
to col on cancer therapy. According to a first aspect, the present invention
provides a nmethod for the 10 treatnent of cancer conprising inhibiting or
reducing the activity of AIF. The nethod therefore conprises adm ni stering

in vivo or idychh r@mié%icﬁﬁ%ﬁ@étr@ﬁ', \whete BiherC B fiksidad sedbAd adlssdrption
inhibiting or reducing the activity of AIF. The inhibition or reduction of

t he acti vit yspefctral dfeasot identical andtordbe fisstandisegpndoemigsicuspastra aredphol ogy

known in the art. For exanpl he treat nent ' | y

i nhi bi ting t'fAENtGaE In 'GULIET'Z'E?%'(Fzﬁﬁdiﬁ?ﬁPﬂaﬁbﬁgﬁm@Sf@%%r%?r{‘eqiﬁ.é&e\e/fﬁ@?bod to
mean any dr Ughq GRBRSIHRHe FirstSaRP 58RI EARAIOE sPéctPa afé Aot Rlentishl Mietfirgg Wi th
the AIF and 1 nhibiting, reducing or substantially inhibiting or reducjing

the acti\fi t ycellf aggorgingrte thaapresent piethoddkishknorkoyt) and/er knegkdewn ngf Al F.

Drugs, conpounds_ar,sub ces .nhLpi ; cl

act vty of daees gel PREARACTRo ARG 1 InieHap, f b Blict ARGt B8Is
subst ances kareWioh d tentintiows (imanoktal) neiammadlist @edr k. oF os yexahegse s ek
Exanmpl es of such include general NADH oxi dase_i nhi bit r? sutévvfg

Qui nacri ne; @@niingays éiremedabinammaliapiced lipers PLOS o116 or 0.

p- chl or oner cur yphenyl sul fonate (pCMPS). The screening, selection of these
types of drugs, conpounds or substances w ||l be 25 described |ater. The
reduction or inhibition of activity of AIF can also be obtained by in vivo
or in vityo Aedorbing ooansthbaaspectpthe impertion prpvides axpethodi afridetifying ai f

met hod 30 whibsh CopTRAGeaY | SAREBnToduIt A S5 ol Blsrese ok e BRpfEsei on
of the aif gene) orits 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



23 gene encoding AIF. As a particul ar exanple, the invention provides a

nmet hod whi ch conprises inhibiting, delaying or repressing the expression of
aif mMRNA. Accordingly, the nethod conprises adm nistering to or
transfecting in vivo or in vitro the cancer cells with a nucleic acid
construct conprising a 5 nucleic acid nolecule binding or hybridising to
the aif gene and/or aif nmRNA or to a portion thereof. The nucleic acid

nol ecul e is conplenmentary or substantial1ey conpl enentary to the aif gene
and/or aif nRNA or to a portion thereof. Accordingly, the present invention
extends to the preparation of antisense 10 nucl eotides and ribozynes that
may be used to interfere with the expression of the AIF proteins at the

transl ati Onaéoﬁdaﬁf\ﬁﬁinbewf%hémt%sém Y6 Adlyi 156 BERuURAC It bartReld, the
nol ecul es and ri bozynes to block translation of a specific nRNA elther by

maski ng t hatfirstRatid secondiabaarptioprepectracdreinotadentical aod dheifingt and geeanch

ol ot arg/Mes1oR Shecy: e b, Rehica  WGre DopRiclT R fiatestrd Wbt 2o
Sci. Am, 2@%'a§10bé’deété8t%@h 'ugh'ﬁf ‘ﬂUére%%brlﬁii mﬁ?@éeop&é% hgs8ess1growaRorat8s)

1988). In the cell, they hybridise to MRNA, rmng an untransl| atable
doubl e 26 stAcoutdingrtol s pattisulariexasipie.dhe fivoresoest prateins aredsataeted ising er e

with the expr.ession of NA i nto_pr ' (o) o) fif

nucl eoti des %ﬂﬁ'%muggﬂ\" ”‘P’r‘?&?eﬂ%ﬁ%&é‘%@ tt%e;g%%siéﬂomﬁ%en "é%‘@%‘%’rw |

be parti cul agthgr @fitdrid @Bt indfdats® belny aag 66 \bd assdnThesfise amadsacend i kel y
to pose fewer problens than | arger nol ecul es when introducjing theminto AlF

peptide 25 plustessens peitein. may beerglectftt e thay 8raiie FonssHNg oof BFE¥I t t he
O3 Bep NygRSertteilrdd Bkl proveRt iR ek oIS BRI Cl o
possessig tiwredidrittorotein, Hpeiceyanciidrgscdrnt avetent.her si ngl e-stranded RNA
nol ecul es in a nmanner sonewhat anal ogous to
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
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 AIF and/or ROS, or inhibiting
the aif gene and/or aif mMRNA, 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



DNA restriction endonucl eases. Ri bozynes were discovered fromthe
observation that certain nRNAs have the ability to excise their own
introns. 5 By nodifying the nucl eoti de sequence of these RNAs, researchers
have been able to engi neer nol ecul es that recogni ze specific nucl eotide
sequences in an RNA nol ecule and cleave it (Cech, J. Am Med. Assoc.,

260: 3030- 3034, 1988). Because they are sequence-specific, only nRNAs with
particul ar sequences are inactivated. 1017 or exanple, the nucleic acid

nol ecul e is an anti sense DNA andl or RNA nol ecul e. The nucleic acid nol ecul e
may be an antisense single strand RNA (sRNA), double strand RNA (dsRNA),
doubl e strand DNA (dsDNA), double strand hybrid RNA/ DNA ( RNAI DNA), smal |
interferingﬁ?@r R é?%z-y aif-/ Sifgest ruct can
be any suitab ee\(/%Act E?C%nggﬂpslé%;gm éaﬁﬁﬂgggfy@;ghgsfrg%}r%#\t or the like
conpri sing tHigure2Bei cﬁanemlargatlegafetfgﬁnere isnolinmt to the size of the

| ei h no| I
ol i ¢ act Ol o Gowis GGva et BlFT-3b tFIRIrS G\ and Bua (bl s8] "
nucl eotides, nmore in padtijrfasl 303 E8HL Wehel GLRGIEINRE 4 days. @t%‘ﬁb’hq"ﬁ&p%ﬁ\t

nucl eotides. More in particular, the nucleic acid nol'ecul e may
conpl enendtary or hybr icglisewets ieated with MJiSAPRS| selutien KBWTHQQ@ I@'b&j@énce

of SEQID NO: 1 or SE t t he
nucl ei ¢ aci d nol ecul e%#Pﬁ%%gﬁsa?bfé%qnﬁggggg (?%qt ﬁg%ﬁ%gﬁ%ee%aﬁmy be
a nucl eotide sequence meaBlRIEHtargd85am. WHod Mebsash sigs defl aimbsergiveds of
SEQIDNO 1 or SEQID NO: 3 or a fragnent thereof, wherein in the case of

the nRNA the U in SEQ mpasiiediusingl OSEgf9BroNO 3 is indicated as T. The

i sol ated nuc u I t or
whi ch hybr i dr GuEe B MePhATRIEELCTERS, R HET2R16 RbaRUTRGHES jeeklt
exanpl e,1¢f hose descri bgldné® d&aE|dnB bppdal aer aggregawer wheat edltbses are
reference). Mire in partl cular, the invention provides nuc# ei c aci

nmol ecul es which are cdfffl tivenshr fu{tgrq%é‘ogu $-75 ﬁe pesticaniitencye Wittt nce

of SEQ I D NO: 13 and/ Orﬁ%ﬁﬁﬂkw , or conplenentary to the aif nRNA and
have t he sequence of )1 ‘and/ or SEQ ID NO:16. In particular,

targeting nuEigare4Bek dWildHgpel (YT c anpriBis1 2 gldriee enlpagedh dresn cﬁlglfBléQ4A[]am<[)S 13
and 15, and si RNA corrp I Si ng t he seqtéfnces of SEQ ID NCS: 14 and 16 are
suitable for the SRNAI 'QUret‘ BHR8PeHYeor the inhibition of aif MRNA. The

nucl ei ¢ gci de l§s 1 M&é@ﬁl Yq*@-psﬁr ¥ nifsiiter a vector,
conpri S|fr515§ a gﬂteﬁgfle[? ?or %%ie "ig(fjémarasecmdj’gdgf m ni stae?’ed Invitro or in
vivo to the Eigute 6Ahk GmtquCIWTBSSBﬁS for HET -1 6 |cells awsing i daespthpthesinRNA
nol ecul es conplenentary tp,the aif nRNA, there i nhi bi

activity. According tog'ﬂ)wg rﬁ@ﬁ%‘?ﬁn p[erq%x[dLg 'sfﬂ}gﬁgﬁ’%’wepr‘afﬂp@gﬁeae@@{g?? uct
andl or vector conpri si paroxidd)A feehymFtns e TRAIND! antidFAS Nudberdbieli dand

mol ecul es having the sequence of SEQ'ID NO: 13 and SEQ | 'D NO: 15. In

alternative, RNA nol ectiichkestedingh resnegtivel¥. sequence of SEQ | D NO: 14 and SEQ

pccor di ol y. FIOREE TRGF aRRRT aReaaCTef BP L ple wind BalfptibthBahy €681

and/ or RNA nol ecul e. Faydeyanp! peroxida, ngbtawmsmme'?l\lﬂe(wﬁbiﬁ)a dlmydrbgelst rand

RNA (dsRNA), double strand DNA (dsDNA), dauble stra 'o’g (ﬂ

(RNA/DNA), sl | i nt er PRI, RP@Q"'(‘?FNQK) alfdily  @And @ﬁesa" GéPE—Hb('P'%m d

nol ecul e is "hybridi sapés ec{l\()e'gnot her nucleic acid nolecule (in 25 the

present case, the aif gene or aif mRNA), when a single-stranded form of
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)



t he nucleic acid nolecul e can anneal to the other nucleic acid nol ecule
under the appropriate conditions of tenperature and solution ionic strength
(Sanbr ook and Russell, Ml ecular Coning, A Laboratory Manual, Cold Spring
Har bour Laboratory Press, 2001 ). The conditions of tenperature and ionic
26 strength determ ne the "stringency” of the hybridisation. Hybridisation
requires the two nucleic acids to contain conplenentary sequences.
Dependi ng on the stringency of the hybritd sation, m snmatches between bases
are possi ble. The appropriate stringency for hybridising nucleic acids
depends on the length of 5 the nucleic acids and the degree of

conpl enentati on, variables well known in the art. The greater the degree of
simlarity o g DOe. th reater the
el e of T e L B B e Ee. The

rel ative st dfguie 23 cdnrvci!s@npttrl!jtinurggl'owﬂm'Q{Eﬂ'llé?rT-ThéJ cell lingsl ei ¢ aci d

hybri di [ d i he faol | ow. ' N RNA, 10 DNA: RNA,
D%Ar I[)N:A\.Sa}::)?ﬂgyﬁi:g‘gsgli vb\gl%ﬁ{rﬁquftjﬁgﬁ\é\ﬁ%goﬁ@ﬁﬁébg?@lﬁg% n | ength, equations
for calcul atFiQGre_Tm:havPrd%%d%FiWRDH(&abléé)%tiemfi(ﬁmﬁe@kwage%ﬁvw of

above). For hybridisation with shorter nucleic acid

s, i.e.
ol i gonuclSeoti des, the miechonsgriabAlni MiramnanésebabodBS 3k 639 A004dnt , and
the length of. the, ol i gonucl eqtide er m it jficity (Sanmbrook and
15 Russel |, Oé'%'f 1§'s g‘ﬂﬁ'@&?ﬁ%ﬁg%’@g’%l‘{? Iaar%?%hwéﬁ{?ﬁﬁ%%t h for a hybridisable
nucl ei ¢ _aci drigGrep16: eanitrobfdtetdzoliugl redlictiss assay for iritedculialir superdxédst
about 15 nucl eotides; nost preferably the length is at |east about 18

|
nucl eoti des. Accor di ngevelsaCglls wesaiingubaiedwith 2mM NERfar 80gninutrs allover
repression is carried gf,aul, bYorfﬂ%‘ﬁPﬁ' ltﬁé??'lg%q '\{gﬁﬁf%%”gw%%wﬁ' )
nol ogy 1's ¢

technol ogy. RNA interference tec g nown  an onsists of a

process in whi ch a doulbsorbbneaded eBbd st @SBMY. | nduces t he
postranscriptional _degradati on of hompl ogous, transcripts. RNAI can be
initiated byFigdpbdTng DePMitaser ARSAYA §PP%@X'Q}? amlhl‘télﬁsf%ﬂ't@ﬁeorhyal’ﬁi%%nous
expression. According fo

e e . .
sequences, specific for M}tg fo‘ﬁ PW@% %&g al @h%y are L}srggg@%\ggg-land
prepared accordi ng to feraatiandutiagluitcdte dsoménzatimnatopisegitratecatt3dOnnar get i ng
sequence are_generated_using Anbi on . si RNA target finder .

(hCL o 1w BRI ABCONREENE BHRRTSEHE IRNAIS! FH/0S 208 RESe 3998V DRMPEIRILE | ng
sequences may be inser il i n itV CAEGhitaed a2Bvitns Oflad O
transfec? the cancer cfgiﬁfblfgr tag(e)ﬁlltgﬁ]ﬁ‘eysdﬂfﬂr?ssi ??ﬁvlg\r/ iII?] vli Vo. Thgﬁ%NAa 27
pol ynerase of the cel | measuead byemeabering fhegate 0| NAPRH fgrmationhdueng nRNA

or to a fragnent thereogf.. These si RNAs1 f.orma c k . as .
RNA-i nduced sil enci ng ¢ ﬁfﬁ @9"3)‘?"2@'3& ?é%‘?%&’%\en&g?‘l‘f{f"?; ﬂ%%wgas,utpgg%%d et
al ., 2001 ) which funcfevarswere tBmputePby subtartingNhe daéleadetinaitdnitasé he 5
present case in the aif nMRNA destruction). In mamualian systens, the

t
sequence- speci fi ¢ RNAj aetivityoelative todbe wdisels wad shpwmas arRereaniages toe
Si RNAs ejther via tran%gﬁmrﬁnce% endogenous expression of 19-23 base
transcri% s capabl e of g pl exes, or via expression of short hairpin

RNAs. The si Rijarexpr eshiteatelloias ROS Levalsdn cell Vires DLD-tmndidCdettd ruct ed 10
according to_any nmethod known in the ari for exanple bea_fg)hem cal,

synthesi s, i Fighre @8: t r casRIpsAcYMty iy cg | Jinesi Hrssay Wahged: FREILYSIag BRase
Si RNA_oxpr st on pl asnf ARIEX RedaGiase dsay kit (MALERR! PRUEICE 1< froma
PCRder i ved sFigife @1pr eSsansfectirs afft MIHIT@ cellss withc tAIFGEPr éeiguse t21@ndsect ed
‘o 25 +pEGFP and Figure 21B is +AlF-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.



15 manmalian cells resulting in functional expression of siRNAs. A further
description regarding the si RNA technol ogy can be obtained for exanple from
Reynol ds et al Nature Biotechnol ogy 22, 326, 2004 or fromthe Ambi on web
page (http://ww. anbi on.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 exanple
mouse or human. The cancer can be col on,1%reast andl or |ung carci noma.
However, the cancer cells are not limted to colon, breast and/or |ung
carcinoma cells. Any cancer cell showing or 25 sharing the characteristics
of the colon carcinoma cells exenplified in the present invention can be
used. The CH\§ e 24! | SCﬁBtbleﬁtyf SR IV WW%élbnﬂﬂhga&%p%ﬂ@a F@Greﬁe| |
| i ne. For exanple, cancer breast and lung cell lines or exa 116,
DLD-1 and/or SWA80. THa4A) dsuyl hydiegenc peroxide rfigurai B4B) cﬁﬂd)ﬂWﬂEQﬂﬁftl on
of activity of AIF inc tivity of 30 the treated cancer cells
- HETORER RS 2R moci 1 i

to cytotoxic substanc nodi fyi ng 28 conpounds, for
exanpl e, et qngaiedBEAL rsshaghrassh for:svmwm:ﬁrnast butyl hydrogen peroxide
and/ or H202, conpared to the wl e cells. Accordingly, any cancer cells
treated Accdriguiegai: tcﬁ@loﬁ‘étaﬁﬁa}'S)fOrt 480 ¢ehline® and sharing the same
ef fect can be used for the purpose of the invention. Accordingly, the 5
present invention also provides a nethod for screening cancer cells
suitable in the nmethod of the present invention conprising treating the
cells to inhibit or reduce AIF and treating the cells with at | east one
cytotoxic s Petaiied 6 piionsof t ‘mmc-tﬁngroup consi sting of etoposide,
trichostatin A canptotheC|n t-butyl hydrogen peroxi de andl or H202, and
conparing ! nd Greddrt W\/éﬂt&ﬁ)r@l%@éé’l%'ftn"evﬁ%ﬁﬁpé?ﬁ'61‘%&&6#%%‘3%&“?\%9\}(0‘“
S

and/ or knock untreated w contarning cel

further 1§t emppﬁcbhmi&othewop@|s-hmmm®fam (AMIsults with those obt ai ned
usi ng col on carci nona.

The apoptosis-inducing factor (AIF) 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 AIFs 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 AIF 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. AIF isoforms
25 have also been described in WO 00/31254. The AIF 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.



The cancer cells treated according to the nethod of the invention
conprising the inhibition or reduction of activity of AIF results in
suppressi on of malignant 15 phenotype, reversion of malignancy, increased
sensitivity of cancer cells to apoptosis, induction of apoptosis, a parti al
or conplete loss of tunorigenicity and/or a reduction in the growh rate.
Further, the nmethod of the invention is capable of sensitizing the treated
cancer cells to drug or stress-induced &fbptosis. 20 The present inventors
have further investigated whether the absence of AIF led to a reduction in
intracellular ROS based on the in vitro activity of AIF as a

super oxi de-generating enzyne. Many tunour cells have significantly el evated
| evel s of t I r

col 5. and thereor® BNeRRgar e e S e o g ank SRt/ IS
requi red forpresentgnventors have poeparedi aihkndckauntl Aod/ardinockdano eelflineseln
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Cell Physiol. 285, C353, 2003; Wydert C. et. al Cancer The

361, 2003 HKpneatiewlag the eelk lings DIEPo anneblCTz‘r164(@purQ@99 HQFddﬁefrom

P e e T oy e S N
1996; Qoer | eATCO, refmo.JCCP2WQIDLDAOreféf@Bce 28RARAsawid @2 af,2BcigReé 260, 66| |
growth, transformation and angi ogenesis caused by overexpression of the

i toglenl c ox19s eHdx116 Saferencer Bunz etnak upeienge, 2;855-’ 4906 18PRolandzs.
et. al., f&éncééﬁ%rg%@ﬂéfhé“ﬁ&'lss86ta?rfeoa{’ron} Ee X Wer mg wi O&BE cé, the

ot her 10 ha super oxi ay aro orma

mai nt enace ldéweber, rmdalpgeemt mlvehtiaon s @et lieitednad edlonofarcmorna eg riness .
Some tunour ceI |'s_have hj her endo?wnous Iﬁgvel s of superoxide, which nay be

due to thei rAMoRel lisgppeitalie fopthe sregent igranteySanalso be
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of oxidases in addition to Al F incl udl ng NoxI, Nox2,
Duox1l & 2 t hrecombinalione(Sediwnet eahzﬁmnqe 283 Qa5 YSQQQ@BQMaIaDdtIButﬂBUM.

|.) TIBS 2 0; d 02, 2
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(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 H;O;) 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



25 superoxi de i s NADPH: qui none oxi doreductase (NQ1 ), which is
overexpressed in sone cancers, and has been inplicated 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 tunour suppresser p53 (Asher Get. al., PNAS 98, 1188,
2001; Asher G et. 30 al., PNAS 99, 3099, 2002). The link between NQJ1 and
carci nogenesi s is, 30 however, very wedk. It is inportant to recognize
that in primary tunours, the enzymatic sources and targets of superoxide
and H202 are unknown; there may be one or many sources. 5 Using assays that
measures nmai nly superoxide or mainly H202, the present inventors found that
super oxi de afehafhukidBRulbE¥SherovRy MSBY M blisidtdion (DMBL1)idr thetfbrdbfibr ofind
HCT-116 cells (Figures 15-18). This is consistent wth 'a role for AIF in
super oxi de aMEHNEE Gwebrdelaved (HEd-146) ag seensin Eigsiesi SAoRs taifaknagkout
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present i nvegdlisom drder tidinviestigateenbre2CompretemsivelcwhpthesiAl§-rietatibe cellg or
reducing the activity of AIF results ip a reduction qf (ﬁ]gﬁ i ntracel |l ul ar
product i on ofaktestitiMonE ferpipg patential, trh%lnrygptqrglgxgmlng ¢ ARility of ¥ildot ¢ he

activity of fbb &fESF kridlRob"cEACab! FAAT 1GABGRANIK AhbCRUGS PBSE dfode,

and/ or H2Q2. e reduction of intrace ar production of superoxi
H202 i ndifcesRemaskatdy t DEBs1 walifeknomhoet celtsl had atmast ecpoplietaly dostAbeiorability t o

th t, th toi t . i.d t hod f t he t t
of cancer coRTOW FHPGEARRAUSY £R Solid dwiours i BeSe SRR, WhespSieddB o t he
cancer cellsq1eg)4 réWRﬁ{clj)MbﬁEPQH .Orhaki%%%-béfgeeﬁqﬁtmgm% PfABNtI2864 | ul ar

of su e andl or may

concentration er oxi 202 in cancer cell 31 result in

t he suppr essidnTtuis, hess ghalft cyrtailsoanipypainsdhe gsdwth of cotah icgreineya dellsirased
sensitivity of the cancger.cells to tosd,s, apgd/or a.eduction in the
arove h 1 at &, Vive GG with Sendre) BulierPinoidpes Al fectabared bhelabPait on o
super oxi ge aitbOIA 5BRnAr) GfRfheefestifts | (TabRADY obtARGPIcani Be found @ider ae @ 5
consequence of the reducfion of intracellular concentration of superoxide

andl or H202, exparirertat sectitdacer cells may show a partial or conplete |oss
of tunorigenicity and/or a reduction in the growh rate. The invention al so
provi des a nethod conprising reducing the intracellular concentration of

super oxi de amHG® the2@Rpémmentt efats eddromtratdsithats MF | ags RS ah0" Apptesiger s
i ncluding Mh-SOD minetics such as EUK-8 (C-6H14CI MnN2QR), ( Cal bi ocher}). and

EUK- 134 ( Shatebiting\Faghr” gpateas, of 6poptasis dniaing Fagiori)dn colgrh garamy
manganesg, po .
D PokgNAE Sy B MEDBYBCAN SRR abont e hBrenes
por phyri ns otdgsaiteedf tipoptobis Gidie®dhempusdhaif dnockoulr embrpd®rarat ipoimaxpout
the Mh-SOD m netics anﬂ , . , . .
embryonic cells in which evidence was presented that AlIF 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 H2O>
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.



manganese porphyrins is showmn in Table 1. 20 25 32 Table 1: Structural

| nformati on about WMh-SCOD m netics and nanganese por phyrins Commer ci al

Chem cal Mol ecul ar Wei ght Reference Nane Nanel Structure Brandier C. et al.,
EUK-8 ~ ~'~ ~, ~ 374.7 J. Vasc. Res., "'' 1997, 34:49 X=H _ Martyne A

EUK- 134 ~' - Sharpe et al., ~~~~" ~ 2002, Biochem J., 366:97-107 X = OCH3
WM(lll)tetrakis(1- |Izbicka E. et al., MiTMPyP pyridyl) porphyrin 909.0 1999,
Cancer pentachloride Res., 59:634 M(II132reso- Batinic-Haberle I.,

tetraki s(N-met hyl - 2002, Met hods MhTM 2-PyP 2- 909.0 Enzynol .

pyridyl ) porphyrin 349: 223 pentachl oride Mi(lI1)nmeso- Batinic-Haberle I.,
tetraki s(N-ethyl-2- 2002, Methods MTE-2-PyP pyridyl)porphyrin 965.1

Enzynol . pemmamgwwﬁ&ana%?v raaec.ﬁgrtﬁ@racﬁﬁw éfm.rbeo|bﬁ%fraﬁomatF&mrs in

vitro or in vivo cancer cel may 5 be rmanmal cancer cells.
exanpl e, nouoe exampleday selective dj'd1lbI§0nI0f A, tis cunderstood dochaie the saod on

car ci nona. n r.ovi des an
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cell, whereignd b@"némﬂﬁgwé t@Ael PEelleMeChssptosis eSth&e@mrﬁ@mthéqws%rnﬁéd

nallgnant phenot reversion of malignancy and I ncreased sensitivity

of cancepP cestate i/ ding to the reversion of malignancy may in itself be sufficient to
eliminate the cancer. Therefore, inhibitors of AIF are anticipated to represent

a completely novel approach to colon cancer therapy.

According to a first aspect, the present invention provides a method for the
10 treatment of cancer comprising inhibiting or reducing the activity of AlIF. 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 to any
suitable technology known in the art. For example, the treatment comprises
15 selectively inhibiting the AlF. For “selectively inhibiting” it is herein understood
to mean any drug, compound or substance capable of binding or interacting
with the AIF and inhibiting, reducing or substantially inhibiting or reducing the
activity of AIF. For example, by blocking the AIF or degrading AIF. Drugs,
compounds or substances capable of inhibiting or reducing the activity of AlF
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 AlIF polypeptide. Accordingly, the invention provides a method
30 which comprises inhibiting, delaying or repressing the expression of the aif



5 apoptosis conpared to the wild type cell. The knockout cells may be
prepared according to any standard technol ogy, for exanple, by knocking out
the aif gene by honol ogous reconbi nati on. Knockdown cells may al so be
prepared according to any standard technol ogy, for exanple by inhibiting
the expression of the aif nRNA by RNAI as described above. In particular,
by 10 adm nistering a construct and/or vector conprising the sequences SEQ
I D NOS: 13 and 15, or by administering th3 sequences SEQ I D NO: 14 and 16.

The cell may be a manmmal cell, |ike a nouse 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 sonme drugs, compounds
and subst an - I kout
(he . AJE YAs aSartiBYIBR Bkafple thé Gy drlioffoiies PhRtidPCkou
and/ or knocKdown cell's] 1In parD%%uP knochut and/ or kggékdomn cancer

cell s |ike owhioh, comptses anbibiting, ud@aylagconcnearwmg; th&he)(léﬂeﬁSDDeOf aif

I nhi bition of F | creasm the senlt Y f t etreated
coll s to oy BRA-Aaraal i iihsd SBRipEeb FERaRTg Ia ¥t RoabErid &
canpt ot heci nyjvd 0P Uh Witr iHEOSLel s Wieth @%@re,wae@ c6RSPFStesbrhpriding av | d
type cell. The knockout and/or knockdown cell may show an intracel |l ul ar

concent r 4t | Jrckgic @sidmaleculskinding 07 hylsidiging) ta mfeatfegane andfonarfi mRNAg

el udes. ai 19051 R aRttn BRRY, TRSREST: B mORElE S bofilplifridcht ' n
particul ar, dltstditildomplemidntary toi thekaibgéne wndior HGRINA o3 dtporiar
knockdown ceII of SWI80 is prepared by any standard techni que known in the

state of thethgr@ofpby a skilled person. In particular, it is prepared by
si RNA. The knockout and/or knockdown cell shows suppressi on of malignant 5

phenotype, 1 gueGingly, the BresBRRVEEBH’ Stehds t6 ARG praparatidn’ bf Yartbengscer

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 mMRNA,
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 mMRNA 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)].



cells to apoptosis. According to a further aspect, the invention provides a
use for the knockout cells nmade according to the nethod of the present

i nvention, wherein the knockout cells are inplanted in an animal, for the
pur poses of drug testing 10 and/or drug screening. For exanple) for the

pur pose of being used as negative control of drug testing and/or drug
screeni ng. Any knockout cells prepared according to the invention may be

i npl anted on the animal. In particular, 2 f knockout carcinoma col on,
breast, and lung cell or cell line. For exanple, aif knockout cell |ines
HCT- 116, DLD- 1, and/or SW80 prepared 15 according to the invention can be
used. However, the knockout cells to be inplanted on the animal is not
limted to tﬁi%oﬁgffﬁealértel RAUARRAEAHES qﬁ:lslses tﬁérébnﬂwta ?&dlfléﬂ“?“l@&/é he
characteristics of any carcinoma cell or celT line actcording to the

i nventi on megthee smglﬂ-atraeded RNArmoleguies thhe maneer somewhati analogousote human
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use of the Qeg%%gga(r‘agé r%pq?gg eare y any nethod of the present invention.

The knockout ed in a non human animal, for the purpose of
drug testg ng and/ or drug screening. In particular, as negatlve control .
This is carried out by any suitable nmethod 5 known in the art. For exanpl e,
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037027632 (hﬁfofédﬁllé ”zﬂé ?él@%cﬁymbfé{g’ﬁtéaﬁfé?) e %H%n'ﬁ@@nfé’ tleggtrgﬁﬂ RKpy be a
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nodel |nplante | east one of the aif knockout cells of the

i nvention. 1plasmident nudeu: aoisl dragmentedh dae diker Bemiprigiagt thm nusigie i acd
treating cancer ¢ s in vivo or in vitro conprising admnistering to the
cancer cells , a conpound or a substance or selectively inhibiting or
reducing the activity of

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 indicated as T. The isolated nucleic acid



Al F. Any drug, conpound or substance known in the art and suitable for the
present nethod may be used. 20 Accordingly, the invention is al so addressed
to the screening andlor identification of candi date drugs, conpounds or
substances capable to inhibit or reduce the activity of AIF. According to
one aspect, steps to generate and assay such a candi date drug, conpound or
subst ance conprises: the purification of reconbinant AIF and 25 an in vitro
assay for NADH oxi dase activity; screen 3%r or design a selective inhibitor
of AlF, assay the candi date drug, conpound or substance for its ability to
I nduce apoptosis of colon carcinoma cells, block the formation of 36
tunour cell colonies in soft agar, and inhibit the growh of colon

car ci noma P%bl‘écul@hﬁagra!’s‘-‘d Bé 1S4t dmhplementary 18 ofWhiel® hyBfdises ithashyosen
described in WO 5 031089465 (herein incorpdrated by réference).

Accor di ngl y)isefosndes vgriant kaowanioi thet artd Fog, exaonpleu those destracthde Wén be
done by fol | gw ynst.ructions and informatiaon di scl osed j.n WO

031 08ones. afDRETIARE GBTaih: s a=RAE A rSiBNGe Mareafe Serlickistosound
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domain, or with a portion of AIF, and 10 capable of inhibiting or reducing
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and/ or i dentarfd/omBSBQCADAINGI1S. 1in Obarﬂcmanabérgeﬂﬁgi Abcleld iauid omolewiiey ng
the activity of apoptosis-induci n%factor éAI ) in cancer_ cells conprising:
(a) admi ni steamprising tha,sequansesAfSEQ RS 13 @nds 15aa0d siINAsoBITisINGg t he
ability of t di t O RiH o redu t iVl [ cer
cells. The &E?hg%ﬁ@?upfﬁ%l?%gﬁpﬂﬂ%ﬁ%c?ﬁ%ongaéﬁnghﬁﬁg@am f”%(%/ %l?lq/tﬁﬂe
drug candi daeehnalogyfforohe inhibitetucfeaiARMA!L The hycleic asitcmolentldssmag Beo t he

of the.pr esdRFORURRERITIOR CAERBICH aMEH/0b AaR5tple ORUBERG & POTTHLEART BNA
relates to gdirhBRYEd, Cand CadiMidiEred 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 mMRNA), 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



and/or identifying a candidate drug capable of inhibiting and/ or reducing
the activity of apoptosis-inducing factor (AIF) in cancer cells conprising:
(a) 25 adm nistering a drug candidate to cancer cells, and (b) determ ning
the ability of the drug candidate to reduce the intracellular concentration
of ROS. For exanple, the nethod conprises determining the ability of the
drug candidate to reduce the intracellular concentration of superoxide
and/ or H202. Further, the nmethod rmay com@®ise (c) conparing the ability of
the drug candidate to 37 reduce the intracellular concentration of

super oxi de andl or H202 to the reduced intracellular concentration of the
cell of any enbodlnent of the |nvent|on According to a further aspect, the
i nvention r "
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t he drug Scartbedwcieic acidspandthe de@eﬁmﬁngmienpntatmpanablesav@bkmovm in

The Povel " ofthg, Bl o S8, fhel BBRes o ¥inflachE A5 hobiadh pRen: g °
cell of any rﬂj’dvé@lid@ééql.@‘ncbbethef‘g’r@étemﬁe vé@e“@fcnhcfbﬂﬂybmgﬂlaph@@élcaédwt

the invention relates to a nmethod for screeni na@and/ or identify

candi dat e drhigyingthasecsasuenaas.ol he rrjative stability rmelsaoadmgvtptfyghﬂr 19m) of

2 ni st or RSP a6 HRBriGaLop BeERRERE 6 11h8 KARRIAG GRior; BNARMAN
ability 1@f tDRACRNS, mwm@Aerohybmef gmbomaﬁw 180 nersutideBdntiongtnot her
aspect, the invention relates to_a method for screenl n an /or i den |fy| ng

a candi dat e %ﬁwloaapm@alemlatm.mt hae dreancdesved) epkvang Rassell,
apopt 0Si S- i Nsypy ”%fa{iﬁ&f Fg? hYbR&@856Sn ﬁ)nths sCrRﬁ%r %Ié:?eflc 3kids, i.e

adm ni stering a drug can to’cancer ce and ermnihg The
ability of tdligodualgotidesl tlm position rufrm&mtché\e b@eomem widrg infportaet,t areht ed
cancer cells, to 25

C e ot napblePatt A ke e s tps e e SR o o
particulgr agped, J008, &dd %Bb?e?fPltetF@faﬁgfsg ﬁﬁmﬁimqén@htﬁjéngqq rfdibatbhéa st ep

(b) are conpare inthé ste to a negative contr resented by
ai f knockoutnuaiéitaacit iscat least abaut d 8trectleticesdmoge poeferqblpabtaastraboutoﬁ t he

t f ' th tivi f ALF. A t I
acpect |t he SRS st porroroly ke Bhafl s atlgast aPoph b RuRIeRERRS or (he

cells treated according to the invention inplanted on a non- human 5 ani nmal
model for drug screening, as nmentioned above. The aif knockout cel

i npl ant ed onActurdingi teed Paiticubar aspent, theriahibiticm dlebay purepressionrismaried | or

ol 11 oy SO onilh, AR Rt Rl e RO s e )

nmouse or rattecﬁﬁollib? isnwedlt keowh uandiedorizisty i sfea prauessnic evHicitad double
conposition conpri sl ng the nucleic acid nolecule of the invention. The

phar maceut i c%iraflﬁﬂ%dg lal dﬂSRé\IA)sé'ﬂ@H‘Cqsortthmcﬁi"?Fﬁ@flptﬂ’é‘ﬁéyﬂﬂ@a&at@@pPéssi ng
e o coe et BARR A RGP chr Bty KRRy BT (R "0
conposi tion elthelse}ﬁall trbusfddueat iorg eralogenou$ oexpression. 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



15 exanpl e col on carcinoma, or any other cancer suitable in the nmethod of
the invention. Accordingly, a pharmaceutical conposition conprising a drug,
conpound, or substance capable of inhibiting or reducing the biol ogical
activity of AIF is within the scope of the present invention. The drug,
conpound or substance can be screened, selected or identified as described
20 above. In particular, the invention provides a pharmaceuti cal
conposition conprising at |east one nucl#ic acid nol ecul e conpl enentary or
whi ch hybridise to a nucleic acid nol ecul e having the sequence of SEQ ID
NO:1 or SEQ ID NO:3 or a fragnent thereof (the sequences SEQ ID NO:1 and
SEQ ID NO: 3 representing the nouse and human aif gene, respectively). In 25
particul ar, gdipmBRAeTRfHE 6l tFAERABAS IthE SIRNNY SRMFleMeptatyCtarthdl aif

nol ecul e is 18-30, 18-25, or 19-23 nucl eotides, conplenentary or which
hybri di se t ocnRNAior ta 8 fragraeniotheteafeThese alRNAe fayayactareplex keegn & H® 1 or

conpos: 11 on OAAPHUGETSndly oBitpted dr R (BHtn 4taf. BPBAHTESHINGR ot

conpl ement araa.,tmotyewicfh gemétionddinn d¢endl @Q&W@NA SEQth&idNO%'n ih'@ 14,
15 and/or 16. The invention also relates to the use of the nucleic acid

nol ecul e Sof RrEEEHt cA§RNN; Hie fafr MIRNA depliketiaron Iaf manpnaliamysterasl the

conposi tion d he h. [ fi hS A Lodihi th ng. or
Feduci ng  ne BB pRsleARRA afet FaFRer stRehBd By UK BrogOR! ot ng
t he expressigiRNgfs aithegeme teainsiebtionRiSA. efdugenoaspexpressionr of t1828skeases f or
suppressi ng nmal i gnant phenotype, reversion of malignancy, increased |,
sensitivity téﬂnsé%i'ﬁtsePaEéWIesO{g’rHB@@)t%'%%esi, Ui @Pressien @pﬁmr@)shaérpm
partial or e I IO H & r Lz ted
cancer cell gﬁ%gd?ﬁg sgsﬂéa? rgéé}s#%?wgu@d& %’tg%/)sp ﬂg/iog_ve ﬁd;r? h'éﬁgsr%%%é:riﬁ%ﬁ%ﬁe

i Pveﬂt i oY i sacconatihgdd anfy mdthoali Ietoa\{]ri imotha ai't,ligli axarnplei mgchemiozy spmthedisrent
of the present jnventiop.to non- hyman I ma suppress, cancer .and to
the use of t/RaYitrPr BERSEIRIR Y Q@%ﬁ%r@%"gf Qﬁﬁ&%é&’lg"t &'@ﬁﬁgﬁlafﬁjﬁ&
screening. T | malq MpRed MR taRr siRES -

Ti ssue cul tué;l‘gzy@ﬁ(ﬁ {Y-%bgdsed sri::%p(gﬁlgﬁgﬂpbr yan%(P[G{:Sg[?gg?ﬁ(%%s%%ng %@eﬂ used for
decades. Hovexpzessian pelasinid et vipalobéator, wand expréssien |inbeslsd froon eeCOR- | i es
0, the natur g, Rledt SRNE Bbflesish bassal M AR il hindBofel HiS

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



20 but nost are also toxic to all growing cells. Normal cells correspondi ng
to the cell types represented by conmon tunors are generally not avail able
or do not exhibit growth properties conparable to those of the tunors. For
these and other reasons, it is difficult to determ ne whether the drugs are
targeting tunor-specific nolecules. Many strategi es have been enployed to
overcone 25 this problem A particular general nethodol ogy has been

devel oped by Torrance et al., and descridfed in WO 031027632 (and
correspondi ng US patent application No. US 2003/0069256, both of them
herein incorporated by reference). 40 According to a further aspect, the
I nvention relates to a pair of cells conprising: a first cell; and a second

cell, \Ahereidbrﬁﬂs&rfdsr,%rceiémaiéglétbgo§ia@9rtﬁlcw@dtbt_wrk, icaAgRbiHecht t-halyl 2

aif gene and a gene encoding a fluorescent protein;, wherein the first cell
conpri ses a hysitegem peraxide aod/an HiQ:=s compataetacthe: witd dyps aelis. Hogordjnalyf i r st

Comr | sea o JoheAtRs celin fisaked b ARnBORELEETY BRIb o §Ee cona

absor pti on speGamdTefiast carcbs e8ed 61 Bl sUtpsse of tHelinveRtoMREcrdingiyt kg @ t he

first and second a.bsor&gl on spectra are not identical; and/or the first and
second eri sshreaertpisyention alsonprovidasnainaethod far seraening sancerocelisesyitabie and

o a1 onspdithd B bF ebeshlirefiibn SoineRiing Rt B RIS 3 FffFer
froma contiredave AlFmamd aleptingnhel icalts ogith dti le@ast lonepaytatoxi asubstarce
continuous (imortal) nmammalian cell lipne is PLD-1 and/or HCT-116., The term

"i sogeni c, " wRlestedifEom ae greuR congisting of tapesides tichosialin Angamwieibecing

N erain it heot R A o
Ibeence of 1yl Mdtoddtt fifbiads® afilyr £, 5380 Bdmbdfing HAtel@ls Wil | "7
whi ch t hie@ acapprophiatel domtrohi ellser{treated eciockdubyarMe¥ . kriotkdewni @ellar or t he

first cell is an aif knocko and/ or, knockdo ell or aninmal inplanted

W h the ai 1URTRRRS NI EEORIR RBCIaTnR GEFI. A ugiier, pernofickilscsoRRaiRd | an
tumor cel!s 8 ditdheBapsifs fiith Mdleditainbadding bUioR EtinBd. r anst ect ed and
used to generate a cell wth specific genetic alterations. The first and

second cells may be mammalian cells, for exanple, human,
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
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; Arnold RS.



nouse or rat cells. In particular, the first cell is an aif knockout andl or
25 knockdown carcinoma cell according to the invention. Any carcinoma pair
of cell can be used, in particular, colon, breast and | ung cancer cells.
For exanple, the pair of cells are HCT-116, DLD-1 cells or SW80. The first
and second fluorescent proteins may be chosen fromthe group consisting of
41 green fluorescent protein, red fluorescent protein, blue fluorescent
protein, yellow fluorescent protein, and%yan fluorescent protein.
According to a further aspect, the invention provides a nethod of nmaking a
5 pair of cells, conprising the steps of: genetically nodifying a first
cell to make an aif knockout and/or knockdown cell, which is isogenic with
a second celdt, But PNAS 98! B§5@1 20URRbider ANSAECPNAS 99714 2002 Hrar @.1 a
first gene that encodes a first quorescenksﬁioteln having a first

absor ption sgtest.r Am. anPhysiol.rGell Ehysiol. 3285 §e3i3; 2003aMbeydesh €t ettalndMalhe

second cell i cgn e . ese rotein
havi ng a sec%%%g%[ggiép?f gﬁgsg@%é%@i&gpgﬁiég%ﬂaiﬁgf;%‘%&Ls%fec ruﬂpg\%nerei n
ei ther the fZhsd efald CapreenReabs9! GO8DR0OMIEChurceEal INASED0, 3813, a9dBor t he
first and second em ssion spectra are not identical. In particular, the
first and sceomdti ifsoPpiened 22deck/ba 19886; ReheBPn&i dHN0h A, iET di fFanger fi r st
and second ) 5S4 e f464 N id j ' I din
o the. presortinitrsHer DteReg b Al JoCatichates, 68, 2hhshhos En mage © "
prepared accc&llp%rogrth,otrarhﬁongnwnf _3@@anfgiogenésisg:aweawd\@remassib? of kiee |

i nvention provides a nethod of identifying a test compound as ective

af fecting a Héngene gxidasecoxt WRHR N .ief: @thatweﬂ@1gé(52)158& ﬁf@ﬁ‘gﬁﬁ-e@si o%
protein (AlF cl_q(mi' epShik, t Bl A dese 1,
wherein the |i’r st gn@'é%c%ﬂ?@éf P‘Zblgéreefglloggﬁﬁ;y%%tﬂ%fﬁq(ﬁ% Qfﬁggﬁgggnd a
gene encidi nigard, fSuper@dde maypplalyes role ivhétheetransfoemétiors br cedihtenanpe iof ¢ise a

first t hat, des a first fl t t e ' first
absor pt1 on <HEUSNATh e B Gaiall aAels Ph RaEIRAEANGRS. SHTABREHFoPRLNER ond
25 cel | © o ePhigRER eﬁdég&ﬁ’&?s %J&s%%g%?&@&'@,%ﬁicﬁ%%%é'&%%%@ﬁ IB\W\%G' n

havi ng a seco absorption spectrumand a second em’ssion spectrum erein
ei ther the fexpressiod ofdberethzabeoMpSQD, 3 scavergarraf superoxidat (Hwo ehdl.or t he

first and segond ep ssign ct ar ot jdentjcal: gontagti t i rst
and second ¢ ?T‘%er\AFFﬁj gqt «@%chc#&;u ,Ipeé'n_ﬁl'i%en f’"f'?/?r_n ef’h% t’e1_ 7¢%&§und as
30 sel eciq vethumhi SIcket. ., PMASIGD, 3918, PI93; WeRddi €5 &t.ai)., MAI! €aRcér Thére
grow h rate of 42 the first cell is not altered with respect to the

growt h rate 2f36h20038¢ond cell. Alternatively, criteria for conparison are
whet her the test conmpound may cause in the cancer cell suppression of
mal i gnant phenot ype, reversion of malignancy, increased sensitivity of the

cancer cel | sotierafiit ffitozhohdfaiC Fdspitation YFaiLret 04), ssoudeel @f ROSEduatben in
the gromh rate. The first cell according to the present nethod is a

knockout andexplaikgdciagofpllans. dmredditien|fo gheparatetyrec APRY wxidase of
cqual niiber PHSdchs TBEPRE AN Coir, BRY IRfmERITH, 44 200M REle v Al "
the first angrowingfdniipsofr pxidases freadditionr & WdE indedirigc MloxanMNad@e Ndx3 i r st
and second elr\lﬁoig,i RI%XSSPEE():LEJX% %r% toatt ti:éju d trie(f:‘;ielzs'en"ybernezyimnat cag&i"%télsa(r)f Rt&f
(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,




fluorescent proteins nmay be detected using fluorescence m croscopy to
assess growh rate. According to a particular exanple, the fluorescent
proteins are detected using high-throughput fluorescence spectroscopy to
assess growth rate. However, other criteria as indicated bel ow may al so be
15 used. The first and second fluorescent protein may be selected fromthe
group consisting of green fluorescent protein, red fluorescent protein,

bl ue fluorescent protein, yellow fluores¥ent protein, and cyan fl uorescent
protein. The pair of cells of the invention can be cultivated in a single
vessel, or a 20 divided vessel) including, without limtation, a cel
culture dish or flask, a nulti well cell culture plate. The isogenic cells
described ahgygeverNv&9WahKk. 1 igﬁﬁg%&mtto%eegﬁﬁe%éﬂ OpRPaRNtuRO@seiHe The
foll ow ng have been déscribed in 031027632 25 (herein incorporated by
reference). enaymatist sources @nablasgets efesunaroydegnd Habkearecuninavet;Hhietgies

are cont enpl i.nc i varjants of known fluorescent proteins such as
nmut ant s of dﬁégﬂefqr{%&@@@ggtsog%et%ei n that have been nodified to alter the
absor bance and em ssion spectra of the protein (see, e.g. Prasher et al,

Gene, 111:229-33, 1992; Chalfie, Photochem 30 Photobiol., 62:651-6, 1995;
Mteli &5Spedsing assaysthaBmeasyrasomainly superoxide £8 maiaty Hebniheepresent

Beanpl es. of RERRRl P HEShbsrceConsinl HeRE eV SR warfiiea il amer 1Y orei o

(395 nm absasgthiDIDA0ENA HETH1986i sBlls, (Figriré®W5£18)0TRRCIE 'dongistétt With a3dlenm
absorption/ 590 nmem ssion), red fluorescent protein, cyan 5 fluorescent

protei n (43ForRMRisvpeoideans HaOegeaeiadian, and isthedirst sushedemensisationsi n
(390 nm abs%%@%%lgo nm em ssion) (C ontech Living Colors. RTM User

Manual , August 00) . The gene may be integrated in the genone, or nore
preferahbloy, on an 10 expression vector. Any expression vector encoding a

protein capapl e of detection by f rescence spectrosco i s cont enpl ated.
Useful fl uor erﬁ[at'aﬂéh@i Repw rbrééﬁ%}‘fq\t?ise,a%ﬁttuwegﬁe'@ﬁ%waﬁeaxqramed-
pG-Pt pz- cnv ad]g?rp p ’ I EGFP,
pEBFP, pEYFIJT p é%g%a%%ﬁéaggaé% I(;p g%ggﬁel_bg%gﬁg}: 8??%’1@'1 Wgéngég%ﬁd;sm on
vectors 15 nayndue growtthizy mics]iasi well as withcthedzbsent ec tnaddhe redudedrgrowthuoh  as
antibiotic resistanc ~ Preferabl rog of a single t fection
W11 exhi bi tOGRTT G HtabrdBe GRS dh vl ddeknr BUS: R cRIF R o5 e Both
expressi@n V&ijRbxiae drd H§O£)rtﬂ'059§é‘é bi'the %'cﬁﬁﬁ%‘f%li?cﬁppba?sl, lid nghbfméﬁgdgnd

transl ation of the inserted coding sequence In a given ce

whi ch are wetumadrigenicity®ftRlDogrd SIGT1140 delist b thetmelesulse targets 0HROS
construct expression vectors containing sequences encodi ng fl uorescent
proteins an gdﬂ} Mt e transcriptional and translational contro

el enents. Such techni ques are described, for exanple, in Sanbrook et al.,
Mol ecul ar C oning: A Laboratory Manual, 2d. ed., Cold Spring Harbor

Labor at ory Pheeasdinghy, dheppethgdiagoesding g the resardgoyvention faf thgdtasimest al . |

Current ot [N 1l ar Bl , e SONS, Y LY.,
To80.  Dependinge Tisincd ReEHeTo RIS 8 redoig MeCieigllr Al st dn 4

sui t abl e tr agatiion | o teadntraesikilat ippodiedtione bf SROSNd uithengancers tcetlsit irve and
i nduci bl e prompters, can be used. In manmalian cell systens, pronoters from

marmal i an gePRACYANT thymn inbibiiertfi He VaGtydysoh AP redeces the  tragelwar of
viral -based eX{UnRStiBR of %lperoxide and/or H;0,. The reduction of intracellular
production of superoxide and/or H2O. 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 H2O,. The reduction of
intracellular concentration of superoxide and/or H,O, in cancer cells may



systens can be used to express fluorescent proteins in mamalian host
cells. For exanple, if an adenovirus is used as an expression vector,
sequences encodi ng fluorescent proteins can be ligated into an adenovirus
transcription/translation conplex conprising the |ate pronoter and
tripartite 5 |leader sequence. Insertion in a non-essential E1 or E3 region
of the viral genone can be used to obtain a viable virus which is capable
of expressing fluorescent proteins in ind®tcted cells (Logan & Shenk, Proc.
Natl|. Acad. Sci., 81:3655-3659, 1984. Any nethod known in the art for
detecting a fluorescent protein is 10 contenpl ated. The detection nethod
may be, though need not be, quantitative. Fluorescent proteins can be
detected by Y, f li e Yonali cent
DI ot o1 1S ar c o any g SpreSin o FIIRANC pRETAGe, FEUBKIDA S mallonimics:

f | uor escenceinsreasedsensilivity b the pardarrcels o apeptasis; @ngiava redifctiohdndleg | s i s

cor cul tur eq 9500 (PR BbTlak JRE VRERREG RF LRI eibtantrai@B, ofer
preferably cQijetbrisieaafd/or eHgDs i | deiced cls iPHOESS TapoplodigciFurthat eas a

detection, the fluorescent proteins should have absorption andl or em ssion
20 spectria teRRseSUEDAE t ¢fethy deduction of atraceliularg apreriprationn of euIpgEdXde i on

i uor escent - BIoPLHiC3y it fededleabier Bt Todlh SOk £RpRE) oh St 8s bre
fl uorescent wnhrygenicifiend/braresedtion intieé grovethsatil d ei t her have absorption

spectra that are not identical or em ssion spectra that are not identical
or both. Preferably, the 25 fluorescent proteins wll have either

absorption of Ne Ahention §ﬁ§é‘c?r|°é('d(9r$a? @P@%HQWE?'PSpﬁ%i”QVH?eeifBFaé’PgFlébl 2
t he fluoresc =y 1 l: i i ; Ir$<Si on
cpectra < GENodii2tibh BF stibetoxid® EndieR S0 iFERhCK: IS YA AMISEnERTS ©
t hat encbilesscaviengers sratudingrMhe3@Dc mimbticsisadht as &lileén (€ bt ClMNOMIs f or

cont act ed vi (GIBBEBET o il G (BEd: Shn and cihers. (3 oFbehgisal
moni tor ed bosholae), o Bagent 88): Sriiridinele ! BSfaIAARBOUSHARNdag! t TR

with the test corfpo A test conpoun s not change the gro
rate of the (CabisGleVnNEk! at i MnT-2:ReP secofCutieéClsMaNglent i MrskE-2sPyP

selectively g{fegct] e gene of inpterest. Growth can bhe nonitor usi ng
any 11 Uor excreBselenNas SERBRRs: of e Hanoeh8st osHbyes CRBlaled: et
conpoundy yTay CambiseHaph). €Phé NstAturaP MfBRhaBoe dbvutithe Afh-SOD Fhinedticsagfd may
be added to the cell culture by any neans known in the art. Suitable

sol vents i ncmangangse parphynios i$ showadn febleaiueous sol vents and DVSO. The
gromh rate of each cell in the pair of cells is then nonitored in the
presence of the test conpound. The concentration of test conpound used wll
vary w dely depending on the conpound and the conditions of the assay. 15
QO her criteria which can be used for conparison with reference to the
cancer cells within the scope of the present invention are whether the test
conmpound may cause in the cancer cell suppression of malignant phenotype,
reversion of malignancy, increased sensitivity of the cancer cells to
apoptosiz i nduction to apoptosis, and/or a reduction in the growh rate.
20 Test %npounds can be pharnmacol ogi ¢ agents al ready known in the art or
can be compounds previously unknown to have any pharmacol ogi cal activity.
The conpounds can be naturally occurring or designed in the |aboratory.
They can be isolated fromm croorgani sns, aninmals, or plants, and can be 25
produced reconbi nantly, or synthesized by chem cal nethods known in the
art. If desired, test conmpounds can be obtained using any of the nunerous

conbinatorial |ibrary methods known in the art, including but not limted
to, biological libraries, spatially addressable parallel solid phase or

sol ution phase libraries, synthetic library nethods requiring

deconvol ution, the "one-bead 30 one-conpound” library nethod, and synthetic
library A®thods using affinity 46 chr omat ogr aphy sel ection. The

bi ol ogical library approach is typically used for polypeptide |ibraries)

whil e the other four approaches are applicable to pol ypeptide, non-peptide
ol igoner, or small nolecule libraries of conpounds. See Lan) Anticancer
Drug Des., 12:145, 1997. 5



Test conpounds may be screened for the ability to slow the gromh of cells
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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.



To further reduce background sel ection of hygromycin-resistant clones due

t o non- honol ogous reconbi nation, the bipartite nethod (Jallepalli et. al,
Cell 105, 445-457, 2001 ) was utilised. The conventional pronoter-trap
vector 5 described above was digested with Mu 1, Sacl | and Pstl (New

Engl and Bi ol abs) restriction enzynes to generate vectors with overl appi ng
regions of the truncated hyg gene. The vectors were gel purified and
transfected at 1,u g/1 06 HCT-116 or DL®3L cells via el ectroporation using
Bi 0- Rad Gene Pul ser system (250v, 960pF). Transfected cells were plated at
103 cells/well 10 in 96-well plates and selected in McCoy's 5A nedi um
(Bio-Industries) and 0.3ng/ M Hygronycin (dontech) for 2-3 weeks. 96-well
pl ates were g&ddP@iRgtto’ Ahothef adpdi! the! PRentidH Cdi‘o%@é@ arsmo@étea apsbtasis! yzed
by PCR anal yS| S of genom ¢ DNA usi ng Jarl rrers
' M witopMIFGRNaskewdt- and/ mzmya cell, wherein the

f’n- ﬁi@%ﬁ%”%@c@%ﬁi@%ﬁfshgﬁv?&%ép%?%%ﬁ%? oA Eef bheoaies

cl ones were Q8fsidresf Wal@ilﬁhbyoaﬁdj/ol’qﬁcﬁéweﬁsIs%nfsmvl hef lcapgerells 8O0 by
wld typejunctlons Prlrrer GAGTCTAATGTGCGTGT GAGAGACTGG (SEQ I D

7)I P(r]I i mer B:a & Theeknaasog§ cells mayrhg prepared
breparing ol ?cgcé?éfﬁlﬁtth“%ﬁf%%ﬁar@"t%ﬁq ons 08 Stz BEknlPlon8 GERAEREY
PCR priners e By W\chﬁﬁﬁ&lo@ TRl ElsE balt¥epaced ( SEQ
ID 9) 30 AF ITTTTCTGTTTCTGITCTGE3' (SEQ. I D 10) . 49 GPDA:

5' CCAATATGATa@@Mm@AT@G@BV stndared techpolgayg: for exemutaTlT@bidiipgAtle (SEQ
D 12) 9 onesxdiesdbn & ﬁ@ra#%mﬂg\tﬁé@r«fé@@é&%df oW, qh%d;sh meF espi on

via 5 Western anal ysi s usin cl ona ant|
1: 2000) I(OQEEthnmwsteBmgeaS):oastrlscaeand/or I@egtmeccﬂﬁané&bg pthelsn;quembeﬂs&lé@smant of

o phol ot oaNBB:13 a5 ca by AdmiistoRe s seinces, SEOWEY NG el SBscad
for mor phol ogjcaby frlka:}gs&% mgﬁﬂnsr%éwmgg afholsé B?'h%marFBé‘lij'lh'ﬁérr‘ﬁcular the

sub-confl uent, con post confluence. Interestingly,
knockout celd:ell isrzesoldetacdinamd caflipear as aggregat es when cul tures are
continuously cultured for 5-7 days post-confluency wthout 15 changi ng
medi a (Fi gur.F 4),. . . .
he ’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 AlF 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 HzOo,

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.



Mul ticel lular Spheroid Formati on Assay Trypsinized cells were resuspended
in supplenmented McCoy's 5A nedia at 20 104 cells/m and plated on top of
solidified mediumcontaining 1 % noble agar. Spheroids were allowed to form
for 48 hours and phot ographed usi ng N kon Cool pi x 995 digital canera
attached to a Zeiss Axiovert 25CFL m croscope, see Figures 5A-D. 25 Cel

G owmh and Cyfotoxicify Assays 5x103 cells were plated in 96-well plates
and exposed to different concentrations 3 drugs; etoposide, canpthothecin
st aurosporine, doxorubicin, actinonycin D and trichostatin A, oxidative
stress agents t-butyl hydrogen peroxide and hydrogen peroxide; and

apopt osi s i nducers TRAIL 50 (Biogen) and anti-FAS (Roche). The

cytotoxi ci t yrpe st kﬁoaéaowm%eucansmaﬁw prébdred UB\E i dtanderd itdeHrque | -

Cell's were incubated for 4 days at 37C at 5% C02. “Survival was measured by

processi ng daidven in thie state eitBesast by iacskillerr persga. Ioaparticulasrit Brrrepamdby on

Assay) for 1@&.& nmeasur enent of color 5 reaction absorbance 485nm and
‘ac

expressed as’! tion of untreated cells. For cell growth, 103 cells were

pl ated and processed with MIS/ PES sol ution every 24 for hours for 4 days.

Fol d i ncr easthavakndokatitr gaad/es kKhbdkaowensosll Ishbassi \sappression lof Thalignastl t s
obt ai ned are shown in Figures 3A-B. 10 Syfox- Hoescht stain for apoptotic

cel I's: T dephenotyppprayersioncdl galigaaney @ndirpinsreased: spnsitiviey of Gasicked
with cell i ox Green (Ml ecul ar Probes) and cell perneabl e,
Hoechst 3332@3%2[?3335&0?%%5 at a concentration of 500pg/m for 10 m nutes at
37C 15 (htt~p://wwv. probes. conf handbook). Apoptotic cells are identified by

condensed bl Aecardirigeto atfutthenaspedt| the: #iviestish grovijesenustrdor theckmeackontier a

Fl uor escence nj croscope, Zei iovert 25CFL. In Fi 8A-D,, Al F kout
ce:JI I?nes a?%lsnﬂﬁsges R<9 i"{QZ?Q gﬁé H'\ée{b?fjo? ecpﬁgs%itgag’ee’étf%o‘gh%@"( 5@%&4 0318

hrs) and “”dﬁﬁé?&koPF’Q:BIIQSJré if&gil?égitéd Fiﬁoéﬁf’ﬁhfh‘?aﬂ fort {2 Plrgdsby RSt &.@P' fesfng

vector control cell Tines. ny Formation in Soft” Agar 25 Cells were
t rypsi ni Wed amdfor edrsigs peregaihg. nFor @pmplaAforetharpwppse eofebeing wsed a9%
fetal bovine serum

039 nob ¢ 280418 paol SouRee e gL Andiar 10riE et Befat A KGRI ERF of o
SO 230 o) SR oy soar g b o

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.



30 days, cells were incubated with 1 ng/m MT (Sigma) for 1 hour and

| mages 51 generated using a scanner and processed usi ng Adobe Phot oshop
(Figure 9A-B and Figure 10A-B). Tunorigenesis in afhymic mce 5 Cells (5 x
106) were subcutaneously injected into the flanks of 4-5 weeks old athym c
nude m ce (and incubated for 3 weeks in an SPF environnent. The results are
shown in Figures 11A-B, 12 and 13. Tunours were exci sed, wei ghed and

di mensi ons neasured using calipers. Tunodfr volunme (cnB) was determ ned by
using the standard fornmula a2 x bl2, where a is the width and b 10 is the

| ength of the horizontal tunmour perineter. 10-15 athym c nude m ce were

used for each cell line in tw experinents, and the data were represented
by the mean md jfventioRSRRhEN pfARUEs & ué'@félth@iknﬁémWelBL%iég@éd byl &%y i n
DLD and HCT cell lines Cell IineSam|le No. Wi htVolunme c

wt 150. 53560. mettwael. ofstherpresent invention. The knockout cells are implanted in a non-
1 24550, 326 IR AL s orothes Hufiss0f Afd SRRl Aheyoh Bl Seteehidoin 36
0521~ 0. 25 l5arfie@ar,t asaneitioy BMRI.oXhideisTeasiedesenbyushynGuiable frissifodissay

was adapted from Gardner et al., Superoxide radical and jron npdul ate
aconi t asé acfnawn yn ithendftmkior Bxageles asjshaw|in drkaNcer & 138l diatuleos.

The pr ot ocol pibpldrlfly] 00811 \FERR8AR0 MR Ao BOrABACHL fételdhcEy dper e

al. Briefly, were 'l ysed usi ng rce)y solfution and protein
concent r at i odesvripedr ddrramiceg eBi aRadn PVvOei03/0RZ682 Sblerdin oinco3poratedriop ei n
sanpl es were i ncub%ﬂe&vﬁth 50mMM 52 Tris-C (rEH 7.4), 0.6 MM vnd 2, 20 nM
NADP+, 250 mefersare & P_QB'@U("E)W ?F‘U‘j‘ab’ﬁé)’lb%ai amrealafer G’éﬂﬂ)ﬂlreogé'ﬁh%
(Sigme) in gndffe PofehBal HRIYsVHe E8ted 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
AIF. 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



Aconitase activity was quantified by neasuring the rate of NADPH formation
during citrate isonerization to isocitrate at 340nm usi ng TECAN m cropl ate
5 reader. Rel ative superoxide | evels was conputed by subtracting the

i ncreased in aconitase activity relative to the w cells and shown as a
percentage of the wild type control cell lines. The results are shown in
the formof a graph in Figure 17. 10 Lucigenin Assay Luci genin based
chemi | um nescence neasurenent of intracedd ul ar superoxi de has been

descri bed (C enent and Stanenkovic, Superoxide anion is a natural inhibitor
of FAS-nedi ated cell death, EMBO J, 15:216-25, 1996). The protocol 15 in

t he above nentioned reference was followed. Briefly, 2x106 cells were |ysed

in 400 W AlBnictir @i dslofiesUhi suft GgheEd ﬁﬂ*ﬁbl?ﬁ'ﬂé ?F@Wthaéf édloRQEArdinohget her

Wi th supernatant, 100 ~.1 850 wM Llcigenin (Sigma) was | mmedi atel y added
and chem | umeilescence measured for 20s usi ng a Turner Lum noneter. Relative
superoxide |l evels are expressed as a fraction of wld 20 type control cell
lines. The results are shown in Figure 15. N troblue Tefrazolium Reduction

Assay Cel | s T Idigstalvetieicture UbR ties! ANt bol%'p@‘P‘thBThés)'be%ﬂ dedetiesd & \WCC at
5% 25 C02 to allow fornazan formati on then sed with 50% DVSO/ 1 M KOH.

Absor bande R&Y0884GD dhersivinsainarated Ay rﬁée@mse) o%:mdmwtbeacd@slgrhm as a

The 1 esul t s SHEIBLAMG eFRhound o5° ubstadiBiBah bRChGE T dohdling, W
activity wasinggétiors ard lrfornatiork diseldseatin\Viee03/68846 8 ahd(flivther sélactiy obes)
as per the manufacturer's protocol. The results obtained are shown in

Fi gure 20. cweld@ntlfwm @l‘a‘éé?’@éﬁ drg, ICRMRAUNER sHhatiARee frrahle o Pinding:ased
Al F expr essi r%%cﬁP(%I vitth A g |§%&“gﬁé SRR d !al%fr?ac?revdltﬂ Qgé@rjhaﬁeofaﬁ B Viid

whi ch was hypot ecreased scdven eroxi de leadi ng
to incr ela)sedcapabllaoéinlhtWMQ by reching thersialodizal aci;mtymfrAAFneur onal cells.

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
(AIF) in cancer cells comprising: (@) 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



In contrast, our studies show that when AIF is dimnished in colon cancer
cell 10 lines, catalase activity is reduced and this correlates with the

| ower | evels of superoxide in the knockout cell lines. This is further
supported by in vitro assays denonstrating that the major product of AF
oxi doreductase activity is superoxide. (Mramar et al., J. Biol. Chem 276.

16391. 2001 ). 15 Flow cytonetric analysis of intracellular ROS

Intracel lular ROS | evels were determ nedby staining with DCFH DA

(Mol ecul ar Probes), which is oxidized to DCF by ROS. Cells were exposed to
5 mM DCFH- DA at roomtenperature for 1 hour, and anal yzed by flow 20
cytonetry using Becton Di ckinson FACScan nmachi ne and anal yzed usi ng

Cel | Quest pralas e StrsceliBlar EHACEHtRRohO B A8Lihdrskitie SARIORIHRBSGHB- He

vector (C ontech) alone and vector containing aif coding region in 25 frane
with GFP cDNadueead intracélhdary conaenifatiore of itheocelkxdesams\lembqgim@tmfgm 6
(Roche) transfection reagent according to manufacturer's instructions. 48
hour s post-t'P&?l'gth&ti on cells were trypsinized and G-P positive cells
sorted out using Becton Di ckinson FACSVantage SE Cell Sorting System

Sorted cel | sAgsyraingUtot alfigthdraaspaetitherinvhtid8 relates teai metiod for sérexgthays.
The expected distribution of G-P is shown in figure 21 A (nuclear
I

/ cyt opl ashmi candAY identifyipg A sanghidatendrug irarableaiof ipYibinc S teductIgs ifn i n

figure 21 B._ 45 kocic E j: o 4 N S: T a ey
transform ngacg'rvggear)ft iagé BE‘#' AP‘dIL—J)Ia"ﬁI Fg)ﬁé[rgﬂll@ ;')nr &aﬁggg@% [ %‘%‘EP?‘”F. rgg? was
transfected avjlmrmis%ﬁn?BEdegrwrrdidate tarmdncet telsoanddbyisleteratiningabe abilite .
Cells were continuously cultured for 3-6 weeks and 10 nonitored for foci

]‘o(r]I mati on. Flcthe dva:sandidatewnty IS]{B!EWQ% thenmalignaphinhianobwe. dievetse the
{ranat or med DETGRHITLARERr (ftreast th Kefisiafy Bf acr bS] Srhiddis, "HiE

However , 1(conmetted ayNuxthet gomiprisgde) compadagehe (hdlityrof tHe Hrug SandRi®s |,
whi ch transform NI H3T§Vcel hs i%a?h-Boreeks t he tranai.f or m ng ﬁ})tenti al of
AF 15 i s si GriYnrrest e malignamphedotype, Levsrae 16 MalgaaRcY FRRET AETPERE ¢ o
form any focCjha( ki i . cE{G8rP 0 0 i gblﬁp 80
col on carci ﬁfgﬁagggﬁlgtﬁﬁg gxperi Elgalrllst2 téagﬁg@r?gﬁc'?dégﬁ?glégeefe@m ne I\}/;e/rh%gt@#elr
knockdown of rexersien ansi/GNacheasesd semsitivityt ok the: ol rofcany embadiment of ithe:
(SWI80) could replicate the observations in AlF knockout col on carci noma

cell lines, '¥89B and 25 DLD 1. Target sequences of SEQ ID NO 13 and SEQ
| D NO: 15 were

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 (AIF) 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 H20..

According to a particular aspect, the effects of the drug candidate obtained
with the step (b) are compared in the step (c) to a negative control



gener ated using Arbi on si RNA target finder

(http: /1 ww. anbi on. com techli bl msc/si RNA finder.htm ). The sequences are
as shown: 30 SWIB0 C3: 5 GCCGTACTGGCATCAGICA 3' (SEQ I D NO: 13) 55 SWA80
A5: 5 GITCCTCAAGACAAGGCGC 3' (SEQ ID NO:15) 5 Control Sequence SWA80 Di:

5" CTGGTATCCGATCAGAGAG 3' (SEQ I D NO:17) These DNA sequences were inserted
in pSilencer 2.1-hyg (Anbion) vector using the protocol provided by the
manuf act urer conprising. Constructed 10 3Bctors conprising at |east one of
t he DNA sequences SEQ ID NO: 13 and 15, and a pronoter for RNA polynerise
were transfected into SW80 cells using Fugene Reagent (Roche) and sel ected
with 3ng/m Hygromycin (Contech) for 2-3 weeks. 15 Once transfected into

the SWIB0 celhpesehitdd Vi UIP!IRBRROGY Yell® drhenachlisTRéata8T §ceoraings $6damy the
cell RNA polynerise. The expressed si RNA conprised the sequence: 5'

GCCGUACUGGCAtapatiarers of (tservantian: for reduging the @oticiyuch AtRACAoenting 30 § SEQ

| D NO: 16). 20 _Cl [ sol at d_f E.l |,

expr essi 2)n @p%%&ﬁ&uﬁrﬁgﬁ%@ &?Sﬂ?ggg'%\éﬁh*@ﬁ% r%?és%regclf%%gls k'gcﬁﬁlﬁo%dy
(N-1, 1: 2000ge|lc GrithBicens treatabaccdriged the mintioRdmplfée ont & ABnHAhan
reduction in AIF protein were anal yzed for colony formation in soft a?ar

) : y )
and i ncr dasednigghgadelifer,diug sereeping; @si wentienrd abevepble & knockpyheel
per oxi de an I | .d h |, hli ; tQxi gty
besays. _as aqatibd oL i AHRHRRTRY e Golopy Brsit anglict o utalibivRl 63 Bt )
the same mangellrlires Fon exbmpkaaipkeock out BEGTINS, IDKDHaagd/or S¥U4EM cell{spbr SEQ
ID NO 13 and SEQ ID_NO: 15 (and correspondi ng si RNA SEQ I D NO: 14 and SEQ I D
NO: 16) si gni8lcinf(s), Thennentenan anismglmeedelonay ke pimapunali Rt @@nplerd a
vect or corrprhagggo}p& target sequence of SEQ ID NO: 13 and/or SEQ I D NO: 15
(or transfected directly by 5 adm nistration of RNA sequences SEQ I D NO: 14
and/ or SEQ | D NO: 16)

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 aif gene and/or
aif mRNA or for inhibiting or reducing the biological activity of AlF. 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



reduced Al F expression by nore than 50% conpared to the SW80 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 i ncreased sensitivity to etoposide and oxidative stress inducers;
hydr ogen peroxi de and t-butyl hydrogen peroxide in cell lines denonstrating
reduced Al F expression (cell lines C3 and A5) but the sanme was not observed
in the control cell line D1, as seen in 3 gures 24A-C. 15 The anchorage

i ndependent growth assay in soft agar al so showed significant reduction in
colony formation for the Al F knockdown cell lines (Figures 25AB). This
experinent denonstrated that the inhibition of AIF expression via si RNA 20
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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 mRNA.
More in particular, the use is for suppressing malignant phenotype, reversion
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).
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WhRbrelthe first cell comprises a gene that encodes a first fluorescent protein

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 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. 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.

The term "isogenic," as it is used here, refers to the cell's own endogenous
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
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
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
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425 430 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
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Gy Val Phe Ala Lys Ala Thr Ala A n Asp 500 505 510 aac cca aaa tct
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Lys pL'aerHCtJIDIgre éAF\S gthal 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. 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,



595 600 605 610 gaa gat tga atcccaatcg tggaatacac aagcactttt ccatccctgg cg
1932 A u Aap <210> 2 <211> 612 <212> PRT <213> Mus nuacul us <400> 2 Met Phe
Arg Cys Ay Gy Leu Ala Ay Ala Phe Lys G n Lys Leu Val 1 5 10 15 Pro Leu
Val Arg Thr Val Tyr Val G n Arg Pro Lys G n Arg Asn Arg 20 25 30 Leu Pro
Gy Asn Leu Phe An @n Trp Arg Val Pro Leu Gu Leu A n 35 40 45 Met Ala
Arg An Met Ala Ser Ser Ay Ser Ser Ay Gy Lys Met Aap 50 55 60 Aan Ser
Val Leu Val Leu Ile Val Ay Leu Ser Thr 43e Ay Ala Ay 65 70 75 80 Ala Tyr
Ala Tyr Lys Thr Ile Lys Qu Asp Adn Lys Arg Tyr Asn Qu 85 90 95 Arg Val
Met Gy Leu Ay Leu Ser Pro Glu Gu Lys Adn Arg Arg Ala 100 105 110 61
Ile Ala Ser Ala Thr Qu Ay Gy Ser vVal Pro @n lle Arg Ala Pro 115 120 125

Ser Hi's Val fygy;Phéin st éleLNétlu?e @73 6§3¥4qg95”"(3utﬁhaeﬁa@ Riendd Bidepfend.35 140
Ala Ala Arg Ser Ile Arg dy Ala Arg Val Leullel45150155
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160 arg G n Hdfeset ol B BrhaRsaitfiorfboeriih eiibsity. EStbwtomiteibs 200
205 Phe Tyr pf@teuﬁqs3almn@bsoﬁpﬁw590 Ain® ofsiBsibhg redUflisBsant ;S?oYelNabyé’riLO 215
220 Ala Val Leu Thr gs Val Val His Leu Asp Val Ar 230

235 240 Net ﬂmretwtlpé@teﬂk(ﬂ mM@bsogetiondd 5 nnbemrﬁsmﬁearu fgluwéomen 245
250 255 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 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
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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
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
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
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
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.
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compound and the growth rates of the cells are monitored both before contact
5 with the test compound and after contact with the test compound. A test
compound that does not change the growth rate of the first cell relative to the
second cell is identified as selectively affecting the gene of interest. Growth
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
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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 apoptosis, and/or induces apoptosis. Accordingly, the invention provides a



gat ttg ggc ccc gat gtt ggc tat gaa get att ggt ctt gtg gac agt 1542 Asp
Leu Ay Pro Asp Val Ay Tyr Au Ala lle Ay Leu Val Asp Ser 485 490 495 500
agt ttg ccc aca gtt ggt gtt ttt gca aaa gca act gca caa gac aac 1590 Ser
Leu Pro Thr Val dy Val Phe Ala Lys Ala Thr Ala @ n Asp Asn 505 510 515
cccaaat ct gccacagagcagt caggaact ggt at ccgat cagagagt 1638Pr oLysSer Al aThr @ ud nSe
rd yThrd yll eArgSer A uSer 520525530gagacagagt ccgaggcct cagaaat t act att cct cccag
caccccgl686d uThr d uSer d uAl aSer d ul | eTHA | ePr oPr oSer Thr Pr 0535540545gcagt t ¢
cacagget cccgt ccagggggaggact acggcaaaggt gt c1734Al aval Prod nAl aP. roVval A nd y@
uAspTyr d yLysd yVal 550555560at ct t ct acct cagggacaaagt ggt cgt ggggat t gt gct at ggaa
cl17821 1 ePheTyr LeuAr gAspLysVal Val Val A ylI | eval LeuTr pAsn565570575580at cttt aacc

gaat gccaat agﬁéﬂf@ﬂa@g%b?@émﬁ@%ﬁﬁmhﬁmgwmﬁ@?%ﬂﬁ{ﬁhﬁrﬁ@%| SCmoOnt-ys! | e
Il eLysAspd yGI u585590595 cag cat gaa

aac
I'le
613
Al a
Val
Adn
Al a
Leu
Thr
Ay
Au
Leu

att
Hi s

Ay
Arg
Ar g
Ser
Ile
Met
Leu
Ay
Leu

gat ctc aat % (%p CC aaa cta ttc
cat qflla alge®paund Hpk redueing pndiern intihitiop (Al aRAS, erinhilriingrsn

520 LS ARG A 0B &S

Al a dfewctivity Of rAIEyan&:u fleduction 16f YRO'S Piso chpablgabf Ancreﬁbihgvﬂie Cys
Ser Pro, Arg g Asn 20 25 30 1906 Arg Leu Prog Gy, Asn Leu Phe
ﬁ@'t%ty the fttﬁq ¢anresscell§, showi %HPPF%%'O'Tth Nﬂ@'%ﬁﬁt Met

e e SR Gt & B EOETR 8 W .
Lys canceAsplissto dppptasis) Tryaduohsg apbptaBisand/or Arrgducing She giowtHeu

Thr Pro u Gn ys. 100 105 110 Ala Ala Leu Ser a Ser
d u a8 sRmpared 8 ﬁh%s‘%"cwl@%cﬁ"ﬁ_ﬁ‘ 9I0CIPNARG, taa OglsPrERAres o Phe

e &dobrdihy t5any Bibddiment 8f fRetintéMtiohas héFative 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).
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theOtrdbéatédOhyg gene The vectors were gel purified and transfected at
1 129/10° 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: 5’AGATTCTTCGCCCTCCGAGAGCTGCATCAGGT 3'. (SEQID 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 (SEQID7)
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
mRNA specific PCR primers for AIF and GAPDH:

AFRTA: 5’CGGTCGCCGAAATGTTCCGGTGTGGAG3’ (SEQ D 9)

30 AFRTB: 5ACGCGGCCTTTTTCTGTTTCTGTTCTGG3' (SEQ ID 10)
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595 600 605 Asn Ile Hs Qu Asp 610 <210> 5 <211> 32 c212> DNA <213>

Artificial SsPPRRGECCAATATEASPCOACCCARBEE3<400> 5 ttgggt gggrRQaAmIRPLCIgC
aactggtaaa ag c210> 6 <211> 32 <212> DNA <213> Artificial Sequence <220>

<223> Pri nerGRPB: REVTCECCA TG G TEAAGACSt ccgaga gcet gcat cadSEQ B212)

Clones negative for half mMRNA were analyzed for protein expression via
5 Western blot analysis using anti-AlF polyclonal antibody (N-1, 1:2000) (QED
Biosciences) as seen in Figure 2B.

Morphological Assessment of AIF knockout cell lines

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



32 <210> 7 <211> 34 c212> DNA 70 <213> Artificial Sequence <220> <223>
Primer A <400> 7 gagtctgcgt aatgtgcgtg tgaagagaga ctgg <210> 8 <211> 29
<212> DNA <213> Artificial Sequence <220> <223> Priner B <400> 8 ttgcctggaa
t gggt cagt ¢ acctgggag <210> 9 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> nmRNA specific PCR prinmers for AIF (AFRTA) <400> 9 cggtcgccga
aatgttccgg tgtggag <210> 10 <211> 28 <212> DNA <213> Artificial Sequence
<220> <223> nRNA specific PCR priner forSQA F (AFRTB) <400> 10 acgcggcctt
tttctgtttc tgttctgg

(Biogen) and anti-FAS (Roche). The cytotoxicity results obtained can be seen
in Figure 6A-J and Figure 7A-l. Cells were incubated for 4 days at 37°C at 5%
CO,. Survival was measured by processing cells with MTS/PES solution
(Promega Cell Titer Proliferation Assay) for 1 hour, measurement of color

5 reaction absorbance 485nm and expressed as a fraction of untreated cells.
For cell growth, 10? cells were plated and processed with MTS/PES solution
every 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 apoptotic 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



<210> 11 <211> 22 c212> DNA <213> Artificial Sequence <220> <223> nRNA
specific prinmer for GAPDH (GPDA) <400> 11 ccaatatgat tccacccatg gc 34 29 27
28 22 m <210> 12 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
MRNA specific prinmer for GAPDH (GPDB) <400> 12 ttctccatgg tggtgaagac c210>
13 <211> 19 <212> DNA <213> Artificial Sequence <220> <223> Target sequence
SWI80 C3 c400> 13 gccgtactgg catcagtca <210> 14 <211> 19 <212> RNA <213>
Artificial Sequence o1

generated using a scanner and processed using Adobe Photoshop (Figure
9A-B and Figure 10A-B).

Tumorigenesis in athymic mice

5 Cells (5 x 10°%) 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 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 () 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 1.2455+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 pg protein samples were incubated with 50mM



<220> <223> Target Sequence SWA80 C3 <400> 14 gccguacugg caucaguca <210> 15
<211> 19 <212> DNA <213> Artificial Sequence <220> <223> Target Sequence
SWI80 A5 <400> 15 gttcctcaag acaaggcgc <210> 16 <211> 19 <212> RNA <213>
Artificial Sequence <220> <223> Target Sequence SWI80 A5 <400> 16 20 19 19
19 72 guuccucaag acaaggcgc <210> 17 <211> 19 <212> DNA <213> Artificial
Sequence <220> <223> Control Sequence SWI80 D1 <400> 17 ctggtatccg

at cagagag 19 19 52

Tris-Cl (pH 7.4), 0.6 mM MnClz, 20 mM NADP*, 250 mM sodium citrate (pH
7.0) and 1U isocitrate dehydrogenase (Sigma) in a 200 ul 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 percentage of the
wild type control cell lines. The resuits are shown in 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 uM Lucigenin (Sigma) was immediately
added and chemiluminescence measured for 20s using a Turer
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 CO, 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.



73 Cains: 1. A nethod for the treatnent of cancer conprising inhibiting or
reduci ng the activity of apoptosis-inducing factor (AIF). 5 2. The nethod
of claim1, wherein the treatnment conprises selectively inhibiting the AlF.
3. The method of claiml1, wherein the inhibition or reduction of the
activity of AIF induces or sensitises the cancer cells and/or tunors to
apoptosis. 4. The nethod of clains 1-3, wherein the cancer is manmal

cancer. 10 5. The nethod of claim4, whéixin the manmmal cancer is nouse
cancer. 6. The nethod of claim4, wherein the cancer is human cancer. 7.
The nethod of clainms 1-6, wherein the cancer is colon carcinoma. 8. The

met hod of clains 1-7, wherein the treatnent conprises treating cancer cells
in vivo. 15 @ataldy® ABfNd of claims 1-7, wherein the treatnent conprises
treating cancer cells in vitro. 10.The nethod of clainms 1-9, wherein the

t r eat ment |ncreases the sensitivity of the treated cancer cells to a

cyt ot oxi ¢ subataiasse a@wﬁylwaﬁgaésav@hswsm@e miem edyiGajalesapaasay kb 11

The net hod o c
the oroup coMieRlil Plondtlias BBy ¥ ik Baatier T HRI AT Sb TeROAT RbRnad )
hydrogen perarél stowanéh FRflite 2102 Ofé of ke Imrb@emfauchglmﬂ-lériehun Wheuses mddbe
cancer cells are froma_ continyous manmalian cell |ine. )
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 AlF 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) transfection 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



74 13. The nmethod of clains 1-12 wherein the continuous mammalian cell |ine
conprises) DCD-1 and/or HTC- 116. 14. The nethod of clains 1-11, wherein the
i nhibition or reduction of activity of AIF reduces the intracellular
concentration of ROS. 5 15. The nethod of claim 14, wherein the inhibition
or reduction of activity of AIF reduces the intracellular concentration of
super oxi de and/ or H202. 16. The nethod of clains 14-15, wherein the
reduction of intracellular concentrati orfof ROS induces or sensitizes the
cancer cells to apoptosis. 17.The nethod of clainms 1-15, wherein the

I nhibition or reduction of activity of 10 AIF results in the suppression of
mal i gnant phenotype) reversion of malignancy and/or increased sensitivity

of cancer ceddsaybOTRBOBKISGtEd distribliforT®if GHPOK SAGWAEN Highfe mr(ﬁuaehhe

t r eat ment enhances the sensitivity of cancer cells to apoptosis. 19.The

met hod of cl/ayieplasmig) andethat @ftﬁ&% -GFRatnaitpahondeal/ coytodagmisy ia shown & 15
or conplete %ﬁ@équ tunorigenicity and/or a reduction in the growh rate.
20. The net ho aims 1-19, wherein the treatnment sensitises the treated
cancer cells to drug or stress-induced apoptosis. 21. The nethod of clains

1- 20, conpriphdIForimaliodIn NIHBT3Gells0 adm ni stering to cancer cells a
conpound inhibiting or reducing the activity of AIF. 20 22. The nethod of

claims 1-21, conprising inhibiting, delaying or repressing the expression
of the aif gEodeammnstiate theértranstorping pepeirties of AIF, 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 AIF

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 AlF 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)



23. The nethod of clains 1-22, conprising inhibiting, delaying or
repressing the expression of aif nRNA 75 24. The nethod of clains 22-23,
conprising adm nistering to or transfecting the cancer cells with a nucleic
acid construct conprising a nucleic acid nolecule binding or hybridising to
the aif gene and/or aif nRNA or to a portion thereof. 5 25. The nethod of
clains 22-24, wherein the nucleic acid nolecule is conplenentary to the aif
gene and/or aif nRNA or to a portion thed%®of. 26. The nethod of clains
22-25, wherein the nucleic acid nolecule is an anti sense DNA and/ or RNA

nmol ecul e. 27. The nmet hod of clains 22-26, wherein the nucleic acid nolecule
is an 10 antisense single strand RNA (sRNA), double strand RNA (dsRNA),
doubl e strand DNA (dsDNA), double strand hybrid RNAI DNA ( RNAI DNA), smal |
interfering RNA :siRNA) and/or ribozynmes. 28. The net hod of clainms 22-27,
wherein the A&t rand nucleic acid nol ecul e conprises one strand

substanti al | m w@ t I or aif MRNA or to a
portion ther%ﬁ? émégﬁﬁlsal(ﬁ%g?ﬂmagﬁ n the doubl e stranded
nucleic acid nolecule is dsRNA. 30. The nethod of clains 22-29, wherein the

nucleic acid nolecule is 18-30 nucleotides. 20 31. The nethod of clains
22-30, wier bantfeleSequanset$Wd80dellay or repression is carried by si RNA. 32.

coml orment ars, GF SRy B e SBT P SABAT RSB GG L) € having the sequence
of SEQIDNO 1 or SEQID NO 3 or a fragnent thereof.
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:186).

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.



76 33. The nmethod of claim 32, wherein the nucleic acid nolecule of 18-30
nucl eotides is a nucl eotide sequence conpl enentary or which hybridises to
any region of SEQID NO 1 or SEQID NO 3 or a fragnent thereof. 34. The
met hod of clainms 22-33, wherein the nucleic acid nolecule 5 conpl enentary
to the aif nmRNA conprises a sequence of SEQ ID NO: 14. 35. The net hod of
clains 22-33, wherein the nucleic acid nol ecule conplenentary to the aif
MRNA conpri ses a sequence of SEQ I D NO: 18 36. The net hod of clai ns 22- 33,
wherein the nucleic acid nolecule conplenentary to the aif nRNA has a
sequence of SEQ ID NO:14 or SEQ 10 I D NO:16. A nethod for the treatnent of
cancer conprising reducing the intracellular concentration of ROS in the

cancer cell Sl'he'ﬂonfbﬁ‘géﬁfsaadeﬁée@o?' SEA21IINOS OB REQAD NEHS

n
vitro or in vivo to a“cell a construct andlor a vector conprising gé@\lA
mol ecul e congarrespegdinon SIRNAC SkQdIhaMOntd t ard s8GQerDe NO: 16[)—:@|g-flmnt138

eat mont of MRNEd MEHERPSy TR BriBrRa ik AR sotpodngang fateebn |

level of ROSejfuenhbe of BEQINDCRD:13 39d/oFBEQEDRO: q>$ é@& ﬁrhﬁsﬁéted/@%&!yrbﬁ% s
super oxi de andl or H202. 40. The nethod of cl ains wherein

reducti o ofadrﬁwsélf?é'pﬂuﬂfaﬁ% OHGES a'iE@nWéfN@u'b’eraﬁbd/QfeSM/lBr N@OQ) in

al i gnancy. ARAPERS AIE FABLaHREL RNt fign 5% RBABAELIC e BRdr YR IRL, <

41. The met hagklief Agl ailcmﬂtrané@tor wtar ke Dhevtiieh uwohtfife@fan Meffeetld wrgbt
concentration of superoxide andl or H202 in cancer cells induces apopt osi s.

77 42. The netassgnse (BESQ H NEy14) W%@'ﬁ@l'?ﬂ"@‘ﬁé treated cancer cells show a

partial or conplete |oss of tunorigenicity and/or a reduction in growh

rate. 43. The method of clains 38-42, conprising reducing the intracellular
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 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.



concentration of superoxide and/or H202 in cancer cells by admnistering 5
a conpound selected fromthe group consisting of: I) MiSOD m netics havi ng
the structural forrmula: d ~ o x wherein a) both X are H b) both X are OCH3
; or ¢) Xis Hand OCH3; and I1) manganese porphyrins conprising WMTMPyP
(Mh(I'lT)tetrakis(1-Methyl 10 4-pyridyl)pgrphyrin Pentachl oride), MTM 2-PyP
(Mn(I'l'1) meso-tetraki s(N nethyl -2-pyridyl)porphyrin Pentachloride) and
MhTE- 2- PyP (M(111) mesot etraki s( Ns®iRibe 21B¥hicdy! ) por phyrin Pentachl oride).
44. The nethod of clains 38-43, wherein the cancer cells are treated in
Vitro or<iifsViagencyl o4 sciBacdieirbochadbgf lant es38rdd, wherein the cancer is
manmal cancer. 46. The nethod of claim45, wherein the cancer is nouse
cancer. <42oTheéprptdsdd-bducihaiFacidr (WMIBr @nAd Adpdicatrioes therpefiran cancer. 48.
The net hod of clains 38-47, wherein the cancer is colon carcinoma. 49. An

i sol at ed*'@Bopt¥ELtE i nduci ng factor (A F) knockout carcinonma cell, 20
wherein_hQ% kngckout cell shows suppression of nalignant phenotype,
reversi on of mal i gnancy andl or increased sensitivity of cancer cells to

apopt 0si §769Makesk toviRa w1 @G type cell. 78 50. The cell of claimA49,
wherein the cell is present in the formof cell culture. 51.The cell of
cl ai s 421950, wconpri sing knocking out the aif gene by honol ogous

reconbi neXiiten.1952. The cell of clainms 49-51, wherein the cell is manmal

cell. 5 832FhéNéel|l of claimb52, wherein the cell is rodent cell. 54. The
cel | of €1@PmM2, ™@Eetein the cell is human cell.

<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 dgagcgggagc ttccgaggag tgatcgccga a atg ttc 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 ttc 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 tect ggt tca tca ggg ggc 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 geca tat 297

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



55. The cell of clains 49-54, wherein the cell is colon carcinoma cell. 56.
The cell of clainms 49-55, wherein the knockout cell shows an increased
sensitivity to cytotoxic substances conprising DNA nodi fyi ng conpounds. 10
57. The cell of claimb56, wherein the cytotoxic substance is selected from
the group consisting of: etoposide, trichostatin A canptothecin, t-butyl
hydr ogen peroxi de andl or H202 conpar ed % the wild type cell. 58. The cell
of clains 49-57, wherein the knockout cell grows slower than the wild type
cell. 15Q9¢ad hgacgld 20f aegai-msgé@ -28, 285 £iACt e %eéligasg f knagkout of
a conti nmusylnmafuram&ﬂyla 1N RePlddn l@nadf o rryl T enl £0u vaine cell of
clainms 49-59, wserein the cell eonprises an intregellular concentration of
super oxi de andl or H202 |ower than the wild type cell. 61. The cell of

cl ai ns 486092 Wierglancthecknerk gae 28| ass RahPI8uPpPr 8313 89 20 nelPPgnant
phenot yp¥et FaY e8| Gy OFY ieFi Bitafty Hitdler SihdrdatedPiansiet fA ty of cancer
cells to ap@)ﬁ?oms 62. A ustof the cell of dlains 49- 61, wherein the cell
is i er| ctE rl\cg a4y !: JZ‘Bd@A atc ‘a 6 caTIaga Qgc cl ai QI'4§2
wher ei n &iyeg Glr{pégf Fis @epg’agl fmga@l?n&m%g e rets bigran ani'nel

nodel , V\:f\ﬁ_:}‘ﬁ‘l n the ani maliogodel is inplantgd with the cell19f clains 49-61.

65.The ani mal nodel of claim®64, wherein the animal is a non-human 5

manmmal . &6 Aot itsel efedrgatlt, gythepeigyst bet gpopicostiss igndusianged act or48pAl F)

activityvdlagrbebn berhibby tHd, CHelcdy e yoFhyr édacdd Bimd Awherlei Ala he cel | shows

suppr essi on of nal i gnaAk phenotype re%"r sion of maligndkcy and/ or

i ncreased senS|t|V| t&/ of cancer opt 03| s. 10 67. The cel | gf claim
g qgeg gg 53

06, viner S5 LhaEeLeS 85" ERogR! <t § SR 0T B

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 ttec 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 gct 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 tct 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 gcc 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
@lu Val Lys Ser Arg Thr Thr Leu Phe Arg Lys Ile Gly Asp Phe Arg
275 280 285 290
gce ttg gag aag atc tct 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



68. The cell of clains 66-67, wherein cell is mammal cell. 69. The cell of

claim68, wherein the cell is nouse cell. 70. The cell of claim®68, wherein
the cell is human cell. 71. The cell of clains 66-70, wherein the cell is
colon carcinoma cell. 15 72. The cell of clains 66-71, wherein the knockout

cel I shows an increased sensitivity to gytotoxic substances conprising DNA
nodi fyi ng conpounds. 73. The cell of claim 72, wherein the cytotoxic

subst ancgygl §osetetRdgdd QBL LAY BEPURCCORSHSE IRE Qe 284 QRGSELIe, trigghostatin
A, canpt@iyhen} Phe trdhutt sy driagesu pekoxisdflandh adlyHRE? 1.yd0sekd4. The cel | of
clainms 66-73, whermion the knockout 3eel | grows sl owee2d han the wild type
cell. 75. The cell of clainms 66-74, wherein the cell is aff knockout DLD 1
andl or HGF-99%6.tc9 VU 76 PRa €@ Rtofcag| tHInEt6Ec¥3aonwhes €ign ddfe cell065

conpr i se¥nahla ¥ &lel [ SLuchricéin Canilnt Bre Japetioniue RAudrdr H202 | ower
than the wild fﬁﬁe cell. 77.The’t®l| of clainms 66-76, conpri sing

i nhi bi ting, 4elaying ote EPr&SSLAY B RXRILIFL ULOL:S NEa8lds 98N §0C0di Ng
the AIF ﬁl g%%@&fdﬂe Be &ro ThMe €6} |Le9f8£xﬂém%g&h}7}4eé:%9?iy§i ng in ?bi ting,
del ayi ng ori3gepressing the exqsression of aif 3gRNA. 79. The cell of clains
66- 78, conprising adm nistering to or transfecting the cancer cells with a
nucl ei ¢ #Ei daxgastgagcygayds oraayetd tgcuTpratsigeg attnatd eae @i d nollétul e

bi ndi ng & hyhArdi Sliungly oot Wersavel denePrndtmAlai FlelPahidWYA 2/ to a portion

t her eof .3%80. The cel|l of cAF&inms 66-79, whef®in the nucleic B9 d nolecule is

gtt gga gtc agec ggt ggc agg tta ctc 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
agtt gag ttg gcc aag act ggc gga ctg gaa ata gat tcc 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 tgc 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
Agn 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 ggc 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 tecg gaa atc aca att cct cce age gec 1689



conplenentary to a portion of the aif gene and/or aif nRNA or to a portion
thereof. 81. The cell of clains 66-80, wherein the nucleic acid nolecule is
an antisense 15 DNA and/or RNA nol ecule. 82. The cell of clainms 66-81,
wherein the nucleic acid nolecule is an antisense single strand RNA (sRNA),
doubl e strand RNA (dsRNA), double strang DNA (dsDNA), double strand hybrid
RNA/ DNA (RNA/DNA), small interfering (si RNA) andl or ribozynmes. 20

83. The c&ld cof 16k aiBsb6-H2 aMheLeidiut he dpulthe §LIJ 8pd qucig ¢ acid

nol ecul e conprises onesstrand substantsal |y conplenentajg to the aif gene
andlor aif nmRNA or to a portion thereof. 84. The cell of claim83, wherein
t he doubtes stz amdectanuad @itc @i dttrmlaecade ghs gdsRNA gge 8ha8igt The web| of

cl ai ns 7®°8ala WherRionGih&agudceivel &indéyobtelise Ty &8y 3@sneld eot i des.

86. The cel |l of cIeﬁ%% 79- 85, mhereﬁﬁ5the nucl ei ¢ acPffO nol ecul e

conpl e tar tgc nRN% com rlses sequence of D NO:14 or. 5 SEQ ID
NO: 16. 8% %e e 6l %?n% 79°% v@ei‘rél: tr'fug% cd"a % nol¥déal e
conplenentary QSaI nﬁN& Ras g quence 0 l:SEQ I D NO: 16.
88. The cell of clainms 79- 85, conpr|S|ng a construct and/or vect or

conpri si&wg d6c atbDNAUEd eitg o dtEQRprisy gy atBvicuhe Jaavidg t heissequence
of SEQ 1£3nNQall PhamHnorrSHR: | Brd\N@1d S\laamy ayfRNAepuleyngs ase @gryonoter. 89. The
cell of clabf®® 79-88) wherei¥% he inhibition5%elay or repression is
carried out by S|RNA. 90. A use of the cell of clains 79-89, wherein the
cell is Ei‘%ﬁ?’pF pat rtq 3% ﬁ? 9ﬁ NGt AM FSF HGUERS At JHe useé®8t claim
89, Wner% é“ﬁo “hﬁﬁ%rt %nAsr?aF %Lﬁpﬁﬁﬁ PhenAEr T1§2H28 non- human

ani mal m)dr’el wherei n t he "ani nal m)del is Inplanted with t#e cel | of clains
66-89. 261293 TaE NQBLMNERN:GIaFRLITR aceétclceséec%% g Waer ein the ggeon- human
ani mal i&@uaag®n- human mammual . 94. A net hod for screenl ng andl or identifying
a candi date drug capable of inhibiting or reducing the activity of

apopt osi s-i nducing factor (Al F) in cancer cells conprising: (a)

adm ni stering 2a drug candi date to cancer

<210>
<211l> 612
<212> PRT

<213> Mus musculus
<400> 2
Met Phe Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys Gln Lys Leu Val

1 5 10 15

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

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

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

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

Ala Tyr Ala Tyr Lys Thr Ile Lys Glu Asp Gln Lys Arg Tyr Asn Glu
85 20 95

Arg Val Met Gly Leu Gly Leu Ser Pro Glu Glu Lys Gln Arg Arg Ala
100 105 110



82 cells, and (b) determining the ability of the drug candidate to inhibit
or reduce AIF activity in cancer cells. 95 The nethod of claim94, further
conprising (c) conparing the ability of the drug candidate to inhibit or
reduce AIF activity in cancer cells with the 5 reduced or inhibited AIF
activity of the cell of any one of clai 66-89. 96. A nethod for screening
andl or identifying a candidate drug capable of inhibiting or reducing the
activity of apoptosis-inducing factor (AIF) in cancer cells conprising: (a)
adm nistering a drug candidate to cancer cells, and (b) determ ning the
abi lity xfe hhe sdf ugacamdicdat@ vt 01y educenlt bes Hini 1iter ae£ a1l B¥o concent rati on
of ROS. 97. Theimet hod of claim 92d¢, conprising (1®s determining the ability
of the drug candidate to reduce the intracellular concentration of
superoxi de and/or H202. 98. The nethod of clainms 96-97, further conprising
(c) conpidi Bt VAL 251 PRE yeBriets HEnE Uty EbndPdat’e B6* FBEUE t he
i ntracel | ul &f° concentration bf super oxi de and/f8r H202 with the reduced
intracel lular concentration of the cell of any one of clains 66-89. 99. A
met hod for. acd eegi g and/xQ6 Adentd faphnsrActpndi dadLvel Ugucarabl e of
i nhi bititygg or reducing theoactivity of apaepsosis-inducing feactor (AIF) in
20 cancer cells conprising: (a) admnistering a drug candidate to cancer
cells, and (b) determning the ability of the drug candi date to suppress
t he mal i (plafer FRhenotry Pee Glevesuss @re yrnitdt grarfey Rirdlew Sesick¥fase sensitivity
of cancer cells to apéptosis. 100. Thettfet hod of clai md9, further
conprising (c) conparing the ability of 25 the drug candi date to suppress
the mal '&rhaﬂ% %?”ﬂ@’ BE: Ars§V£J Se:4 NGB gﬂ?’}% ANdLeL digcpgase sensitivity
Ts s Wth tjag 8

of cancer ce 0, @POopt os 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



| evel of suppression, reversion and/or increased sensitivity of the cell of
any one of clainms 66-89. 101. A nethod for screening andlor identifying a
candi date drug capabl e of inhibiting or reducing the activity of
apopt osi s-i nducing factor (AIF) in 5 cancer cells conprising: (a)

adm nistering a drug candi date to cancef, cells, and (b) determ ning the
ability of the drug candidate to i nduceapoptosis. 102. A nethod for
screening and/ or identifying a candi date drug capable of inhibiting or
reduci ngeilyhRsaGet V1Y LS 1ARORMOSES G1AOHE] Ny fsaet An A Fohri Metcancer cell's
conprising: (a) adsoni stering a drugscandi date to camecer cells, 10 and (b)
determning the ability of the drug candidate to increase the sensitivity
of the treated cancer cells to cytotoxic substances conprising etoposide,
tri chost® AYsAVag st BThédrnein Veltlyr YaldMegdwopioRirid-ian¥lor H202. 103.
An isol ated nucP@ic acid nol ecuP8 conprising 15-#F nucl eoti des 15

conpl enentary or which hybridise to the aif gene or aif nRNA or fragnent

t her eof . 4710 is0haf ed, b i sedyeneef ek al , which is
conpl ene%ltjna§§g g?@hdi/%?i (%Ili ?gsnéyﬁﬁ fﬁ%sai f genesger % fgérnglA%] %%\’ii ng the
sequence of SEQID NO 1 or SEQID NGO 3, or a fragnent thereof, 20 wherein
in case of the MRNA the Uin SEQID NGO 1 and SEQID NO 3 is indicated as
T. 105. Gherrgdivat'ed Ale|TircAsc Hs nigkeedall 8hpfAle| WISl 08118 which is

18- 30 nutieoti des. 106. P98 isol ated nucl éPT aci d nol ecul e clai ns

103- 105, which is 19-23 25 nucl eoti des. 84 107. The isolated nucleic acid
nmol ecul e_of _cl aj 103-1 erein,.the nucl ej.c id ol ecule is an

anti sensé& DRA ?ﬁ /B E{@@%‘%I ﬁisufrg? rbféfoﬁl'E'gu i%'slbll g]‘t:eegs Lﬁ(ﬁlgejﬁlscp acid nol ecul e
of clainms 103-107, wherein the nucleic acid nolecule is an antisense single
strand RNA (sRNA), double 5 strand RNA (dsRNA), double strand DNA (dsDNA),
doubl e strHeandy fybr ek BNAVANALLRNAA RNA) Lews BBL IAlaniey Berinyg RINA (Si RNA)

and/or ribozynmes. 49. The i sol at ect2sucl eic acid of 48bai m 108, wherein the
doubl e stranded

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 VvVal 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 Gln Val Pro Val Glu Gly Glu Asp Tyr Gly
545 550 555 560



nucl eic acid nolecule is dsRNA. 110. The isolated nucleic acid nolecule
according to clains 103-109, 10 wherein the nucleic acid nol ecule conprises
a nucl eoti de sequence of SEQ ID NO: 13 and/or SEQ ID NO: 15 which is
conplenmentary to the aif gene or to a portion thereof. 111. The isol ated
nucl eic acid nol ecul e of clains 103-109,, wherein the nucleic acid nol ecul e
has a nucl eotide acid sequence of SEQ VB NO: 13 15 andlor SEQ I D NO: 15 whi ch
is CO”D']WEEBi}arletﬂet BRe @it lgﬁlnﬁr&rAsFOLy% Ref t\ﬂaQnVatlh@i)eqfle Jah2. The isol ated
nucl ei ¢ aci d nol ecul esggccording to clag+s 103-109, whersesn the nucleic acid
nol ecul e conprises a nucl eoti de sequence of SEQ I D NO: 14 andl or SEQ I D
NO: 16, which is conplenentary to the aif 20 nRNA or to a portion thereof.
113. TheldusBimtPed YalcPe$ @sackuy Met &xal Bleoflz |Pankys103e F39, Lxsherei n t he
nucl ei ¢ aci d nol ectf% has a nucl eot38de aci d sequenc@&3df SEQ I D NO: 14 and/ or
SEQ I D NO: 16 which is conmplenentary to the aif nRNA or to a portion
t her eof . onstru nd/.or C risiLn PNA nucl ei ¢ acid
éj‘?}fnjgéu G]ﬁ 2 %\?’flng]%%%zléepﬁsﬁe%%eb% Agﬁa? b quf and/ or SEQ I D

NO: 15, and a RNA pol ynerase pronoter. 115. A pharnaceutlcal conposition
conprising the nucleic acid nolecule, 5 the construct andlor vector of
clai s 103 #i«l clhlp Use of the nucleic acid nolecule of clains 103-114 for
t he preparagion of a pharmaceutical conposition for use in therapy. 117.
The use of claim 116, wherein the conposition is for inhibiting or reducing
t he act|V|ty of AlF. 10 118. The use of claim 117, wherein the conposition
is for i Blt ﬁ del ayi ng or repressing the expression of aif gene and/or
aif rrRNA(21 i% e use of clains 116-118, wherein the use is for
suppr essiNng ., MBldgnNayiepienot ype, reversion of malignancy, increased
sensitivity of cancer cells to apoptosis, induction of apoptosis, partial
or conplete loss 15 of tunorigenicity and/or sensitizing the treated cancer
cell s to<zoug or stress-induced apoptosis.

<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
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<400> 3
agaggaaagg gaaggaggag gtcccgaata geggtcgccg aa atg ttc cgg tgt 54
Met Phe Arg Cys
1
gga ggc ctg gcg gog ggt get 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 agec ccg agg cag agg aac cgg ctc cca gge 150



120. A pair of cells conprising: a first cell; and a second cell, wherein
the first cell and the second cell are isogenic but for: an aif gene and a
gene encoding a fluorescent protein; wherein the first cell conprises a
gene that 20 encodes a first fluorescent protein having a first absorption
spectrumand a first em ssion spectrum_wherein the second cell conprises a
gene that encodes a second fluorescent protein having a second absorption
spectru n d,, eM,Ssi i i ., the first and
second %go%r?ivgﬁ@ge\éflr §§%r%qngf@%ébrggncg{%u§ﬁ§ﬁ&§rﬂ?ﬁgtggﬁlgt and 25 second
em ssion spectra are not identical. 86 121. The pair of cells of claim
120, whefaei ticd Rec fdagStgangg secogtk absortat gon cspecior at@raganada | denttbgal and
t he firsAsnaheh $eecild ayd FspohisspectPra ueChotleh damt MerlThr 152 The pair of
cells of clainms 120-121, wherein tHé cells are cont@&’ned 5 within the sane
undi vi ded r_;lcotgqt)ai Qer . :éch‘grg Iheﬁ%ﬂg{iﬁ 01;I C%| Igga %%grcsls ai %%Jﬁ%gétfzgz wh%[lgi n the
first antt’s I | S 2 Jh cel | s§”of

cl ai ms 1%— %ﬁ%gqﬁhc%grrel i tGﬁﬁn%llar gjr ?E&C@gco d C&@ESE ar eaéfl?umaanl cells. 10 125.
The pair of cel Ps of clains 120° 124, wherein the cells are cancer cells.
126. Theaktc @kt Caltl stHlgge! @amd2Bcavhier 8hd debeggtageercagedds ar e 29¢l ect ed
from t henegr oalp Le@NSlestVanN@19f Laa0kon, Thbreastlymdal eiygatamuracel | s. 127. The
pair of celbs of clainms 120-126, wherein thesgells are HCT-116 cells. 15
128. The pair of cells of clainms 120-126, wherein the cells are DLD- 1

cel | s. 1% aqhacpatd aie G8B| 0L 13RI DB P28, 93fhaFRiattt & fi r st4and
second fTHFoF¥sTBALMSST BY2iGHE 2fiPeCLeIwEt &P ﬁg‘brﬁsflh%l”g%%p[l&ofﬁ sting of green
f1 uor esceht protein, red fluorescent protéin, blue fluorescent protein,

yell ow flyopeseept e 80 o5y A LAOLESGERL oY QLSIdka 2 130. 380 et hod
of maki ncglyaw@lerlyof‘feuce SroCOIPELSIRG Eherpt aRs Ofx ageneli ead |y nodifying a
first cell to yield aisecond cell thatiies 1sogenic wthishe first cell but
for a single the aif gene; transfecting the first cell with a first gene

t hat encodesca derrgda bhacresgentchrabedar hayiarg ecd PEStCagbsYr pti ort38pect rum
and a fikkt Senicdyi @y Spedlvunl Bhel Trabigr &t iMg PrReS§edERdVEel | with a
second 25 gene that?%ncodes a second>f| uorescent pr&?%i n having a second

87

cet tte ctg cta att ggt gga ggec aca gct gect ttt gect gca gee aga 486
Pro Phe Leu Leu Ile Gly Gly Gly Thr Ala Ala Phe Ala Ala Ala Arg
135 140 145
tcec ate cgg get cgg gat cct ggg gec agg gta ctg att gta tct 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 ttec cag cca cct tet ttce tat gtc 678
Asn Gly Lys Glu Arg Ser Ile Tyr Phe Gln Pro Pro Ser Phe Tyr Val
200 205 210
tct gct cag gac ctg cct cat att gag aat ggt ggt gtg gct gtc ctc 726
Ser Ala Gln Asp Leu Pro His Ile 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



absorption spectrum and a second em ssion spectrum wherein either the
first and second absorption spectra are not identical andlor the first and
second em ssion spectra are not identical. 131. The nethod of claim 130,
wherein the first and second absorption 5 spectra are not identical and
wherein the first and second enission spectra are not identical. 132. The
met hod of clainms 130-131, wherein the first and second cells are mamual i an
cells. 133 The nethod ofysgl aim 130-132, whkerein the firstognd second cells
are 10 human cells. 134. The method of claim 133, wherein the human cells
ar e hunegyacamc ert celal sga k5. ctBhectmeichogktobatclagin®ctl 36a k34, gadher ei m7bhe
cancer c@lyl §lnaTbrskdoedtredelrioan She derolie demdirgtAlsgCoy Adel v breast and

| ung tunour cells. 1529486. The net hod $f° cl ai ns 130- 13%75wherein the first
and second cells are HCT-116 cells. 137. The nethod of clainms 130-135,

uner ei n ¥ife£H] A8F SIACR AR CLTS et o1 S 155 L SeAtiot hod “oF

i dentifying 4 testzs(gorrpoun as sel %gi Vel y~af &ct |pn99§ heZart 20 gene or its
expression protein conprising the steps of: culturing a first and second
cell, whedehly the {dtr $ta g socapd Lal t& ate dcgoganiaec yge §gy the sakf gene
and a gens: engagknmleasét UGbeSLENt] yet 88 IlsmrerTe tthe diyrsty cel | conpri ses
a first gene t1?& encodes a firseofluorescent pr¥%in having a first
absorption spectrumand a first em ssion spectrum and wherein the 25
second c¥9 LEOIMHEI I 2gC ﬁéoﬂ‘tﬁ gﬁﬁé:gtth%%t éEE 29 §8¢ f9or esiP¢fht 88
protein %]é'vipf@ LEU o AE" é‘oﬁi@' B 9pet arﬁ'ﬁ‘i‘a3 d A% &€t 2% si on spect rum
wherein ei tR&¥ the first and Second absorption spectra are not identical
and/ or t{‘f‘c g Yool SELU L0 S3L QR SPECLER gaaaeagsp ghdgrtLaal . copbacting
the firsiiAndy TAGORE 68k IvmIWM1d o@n tiRS! pLOBPOUNG; LN &1 dant hdyi ng 5 the test
conpoundsss sel ectively afsibecting the genesef interest or Bi® expression
products or downstream genes or proteins in its pathway if the gromh rate

of the fggshageltk ¢ got gwlat Baedtoiads azspegtaccoathoagranat tg at e Wl ot he
second c@}y 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 ccc 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
ttc cgg gta aat gca gag cta caa gca cgc tct aac atc tgg gtg gca 1350
Phe Arg Val Asn Ala Glu Leu Gln Ala Arg Ser Asn Ile Txp Val Ala
425 430 435
gga gat gct gca tgc ttec tac gat ata aag ttg gga agg agg cgg gta 1398
Gly Asp Ala Ala Cys Phe Tyr Asp Ile Lys Leu Gly Arg Arg Arg Val
440 445 450
gag cac cat gat cac gct gtt gtg agt gga aga ttg gct gga gaa aat 1446
Glu His His Asp His Ala Val Val Ser Gly Arg Leu Ala Gly Glu Asn .
455 460 465
atg act gga gct gect aag ccg tac tgg cat cag tca atg ttc tgg agt 1494

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



139. The nethod of claim 138, wherein the first and second cells are co 10
cultured. 140. The nethod of clains 138-139, wherein an equal nunber of the
first and second cells are cultured. 141. The nethod of clainms 138-140,
wherein the first and second absorption spectra are not identical and
wherein the first and second em ssion 1%6 spectra are not identical. 142.
The nmet hod of clainms 138-141, wherein the fluorescent proteins are detected
usi ng fluorescence mcroscopy to assess growh rate. 143. The net hod of
clai ms 138- 142 ggvheicebsk the ddlesestenictPhot /ighSci grglefaecifd Usimg:

hi gh- t hrgagpghputelf | rier aseencecspeet raaacapy 11 cAAgsess val gposdh rate. 144,
The net head of cl ai ns 138-4R43, wherein the4fsrst and seconds@el|ls are
manmal i an cells. 145. The nethod of clains 138-144, wherein the first and
second c&Y §thCECMAPAACE AIGSEOFLE fCackty §92 A5 1B CThdRetdods of >l ai ns
138- 145, S§th&feithot He g%i 15Yaf Elnder 1§ Ps? ™rgha 477 MBettet hod of claim
146, wherein the canc cel s are sel etted fromthe gr oup consi sting of

col on, breast,and JUNded YRULL ek Soaldd D6 HELN0 015Gl AidTs 1383347,
wher ein ﬁﬁrﬁ rs_t %&dﬁ@%%dcﬁglsla;g%emcﬁﬁh@ec d Ser T1 4§ir The net hod of
clains 138-147, whefeein the first ad second cells ase DLD-1 cells. 150.
The nmethod of clainms 138-149, wherein the first and second fl uorescent

prot ei n gaeaselseat et bromcchecgrey@tconsi Sttt mytofcqgraenck| aer escelfité

pr ot ei n, Credby |SdyrearcEht Profei FLu bllgeT™H déf S&eelio SEBtB NPT el | ow 10
fluorescent prcté&in, and cyan fP&®rescent protei > 151. An isol ated

apopt osi s-i nEuci ng fac'tcgrcc(:AI é:c) clénog%kd % ggrtcaicn aggleégt cere! n the
nockdowft TaET SHoGR SUpHESLLo8 A1 RL DAk e ghERp PGy Gyer si o ‘o
mal i gnancy gggll or 1 ncreased s@nsitivity of cajger cells to apoptosis
conpared to the wild type cell.

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 gca 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 ttc 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 tggaattggc 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



15 152. The cell of claim 151, wherein the cell is present in the form of
cell culture. 153. The cell of clains 151-152) wherein the cell is mamal
cell. 154. The cell of claim 153, wherein the cell is rodent cell. 155. The
cell of claim 153, wherein the cell is human cell. 20 156. The cell of
clainms 151-155, wherein the cell is col carcinoma cell. 157. The cell of
clainms 151-156, wherein the knockdown cell shows an increased sensitivity
to cytot@Xi fies RSt ARCESn GREPLIS5BH dAsiPdi { WeR I GoaPPURESTIe 90 158. The
cell of clakgn 157, wherein tie cytotoxic subsfpance is selected fromthe
group consisting of: etoposide, trichostatin A, canptothecin, t-butyl

hydr ogen peroxi de and/or H202 conpared to the wild type cell. 159. The cel
of cl ai nePLB4n B58, Vathéreivialt et Fhecledofy &€t ISeyrBws Val der25 t han the wild
type cel$3 160. The cell 8f clains 151-1537 wherein the cef? is aif
knockdown of a continuous mammalian cell line DLD- 1, HCT-116 and/or SW80.

161. The cl-al - el 1].c ri.se n
intracel?ﬁfé#aggﬁdgﬁﬁggf%%% é?pgﬁgg’Sxfgékgﬁéﬁgriﬁbgggffme%m?han the wild
type cell. 10 162. The cell of clainms 151-161, wherein the knockdown cel
shows suppression of malignant phenotype) reversion of nmalignancy and/or

i Ncr easeelisensgiltlevédry Gby leanckr Leel1hs Px» gpopilosiys GlHLysThes cel |l of cl ai ns
66- 71, wherein theldnockdown cell shéws an increasedilgensitivity to
cytotoxi c substances. 15 164. The cell of claim 163, wherein the cytotoxic
substance is_selected fraomthe group consistin . etoposide, trichostatin
A, canpt dthétd rﬁ:t‘?‘?fuf*g? ﬁ?ﬁd%‘b%‘ép@%‘o@%é’a%ﬁ& oﬁ %@.Lyf%fa The cel |l of
clainms 163-164,  wherein the knockdown cell grows slower than the wild type
cell. 20 166. The cell of clainms 163-165, wherein the cell is aif knockdown

DLD-1, Heds $d6 medvr pSYVABR. 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



167. The cell of claim 166, wherein the cell is aif knockdown SW80. 168.
The cell of clains 163-167, wherein the cell conprises an intracellular
concentration of superoxide and/or H202 | ower than the wild type cell. 91
169. The cell of clains 163-168, conprising inhibiting, delaying or
repressing the expression of the aif g @e encodi ng the AlF pol ypepti de.
170. The cell of clains 163-169, conprising inhibiting, delaying or
repressing the,expression of aifggRNA. 5 171. Thggcel | of claims 163-170,
conpri sing adm nistering to or transfecting the cancer cells with a nucleic
acid construct and/or vector conprising a nucleic acid nol ecul e binding or
hybri di Sispgpiie Atficsedi fewgene mdids sakfArgRBA Orltkysas@orifleoThrt her eof . 172.
The cell of2%ed ains 163-171, 3#%erein the nucl &cé acid nolecule is 10
conpl ementary to a portion of the aif gene and/or aif mRNA or to a portion
thereof._173. The cell_of clains 163-172, wherein t nucl c acid nol ecul e
is an anticseis S D& Yafty @Pe RrEX FbY S661 &Y %?‘glg‘li’h%’s gf‘? st Haims 163- 173,
wherein 1%e nucleic acid @l ecule is an 15 antisense si ngl e Strand RNA
(sRNA), double strand RNA (dsRNA), double strand DNA (dsDNA), double strand
hybrid RNY BNAAQRNAVDNA) Lesn@ly ThAtLl @i Bge A (& BNA)pranelwr ri bozymes.
175. The cell of claiass 163-174, whereizo t he doubl e straasad nucleic acid
nol ecul e conpri ses one strand substantially conplenentary to the aif 20
gene and/or aif nMRNA or to a portion thereof. 176. The cell of claim 175,
wher ei n IEWFeGéDO@BPeM%'—t Fhnded FeR CracF FBT &€l &5 §SUSIRRATR77. The cel |
of clainms 171-17fi34%herein the nuc@ic acid nol ecul3§°corrpl enentary to aif
MRNA conpri ses a sequence of SEQ ID NO: 14 25 and/or SEQ I D NO: 16.

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 CGly 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



92 178. The cell of clainms 171-176, wherein the nucleic acid nol ecul e
conplenentary to aif nmRNA has a sequence of SEQ ID NO: 14 and/or SEQ ID
NO: 18. 179. The cell of clains 171-176) conprising a construct and/or
vector 5 conprising a DNA nucleic acid conprising a nol ecule having the
sequence of SEQ ID NO: 13 and/or SEQ I D NO: 15, and a RNA pol ynerase
pronmoter. 180. The cell of clains 171-179, wherein the inhibition, delay or
repression is carried out by si RNA . A&ay. A&h3. A& L. AU % A{ vy. A{
.Ah. Ah. A&{r. Aly.Ah .Ah . Al A& .A{. A .A . A.AA AA.AY ALA.A . A
A A AAK Asﬁ\msnA&l?o A&y. Ao Ala Ahr. Mu Ain %rAG]I’y- Anf . Ay Ile
CACAAA LA A ASARY LA LA A L BAO A AU AA A #s AU AULA CAA LA

CACACA? AL AGU. A&{y. A&h. A9U. A9h. AQU . A&h. A9U. A&h A&UY. A&{ L. A&U

. A9h% A&h9. AShE. A&hE. A9h. A, A{ Y. As&; R4™ d

. df } xsn¥@_Z8] Cay e 8}%&%#%&5&&11&1&1 N cgéﬁclajjeca]‘ﬁal]léa?ﬂcca] ca] ca] ca] ca]
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e[ _dy}E"tBhxsmad ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca
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<210> 6

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Hyg-Rev

<400> 6
agattcttcg ccctccgaga getgeatcag gt 32

<210> 7
<211l> 34
<212> DNA
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5 2. The method of claim 1, wherein the treatment comprises selectively
inhibiting the AIF.

3. The method of claim 1, wherein the inhibition or reduction of the activity of
AlF induces or sensitises the cancer cells and/or tumors to apoptosis.

4. The method of claims 1-3, wherein the cancer is mammal cancer.

10 5. The method of claim 4, wherein the mammal cancer is mouse cancer.
6. The method of claim 4, wherein the cancer is human cancer.
7. The method of claims 1-6, wherein the cancer is colon carcinoma.

8. The method of claims 1-7, wherein the treatment comprises treating
cancer cells in vivo.

15 9. The method of claims 1-7, wherein the treatment comprises treating
cancer cells in vitro.

10.The method of claims 1-9, wherein the treatment increases the sensitivity
of the treated cancer cells to a cytotoxic substance comprising at least one
DNA modifying compound.

20 11. The method of claim 10, wherein the cytotoxic substance is selected from
the group consisting of: etoposide, trichostatin A, camptothecin, t-butyl
hydrogen peroxide and H;Ox.

12. The method of claims 1-11, wherein the cancer cells are from a

continuous mammalian cell line.
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AlF reduces the intracellular concentration of ROS.

5 15.The method of claim 14, wherein the inhibition or reduction of activity of
AlF reduces the intracellular concentration of superoxide and/or HO..

16.The method of claims 14-15, wherein the reduction of intracellular
concentration of ROS induces or sensitizes the cancer cells to apoptosis.

17.The method of claims 1-15, wherein the inhibition or reduction of activity of
10 AlIF results in the suppression of malignant phenotype, reversion of
malignancy and/or increased sensitivity of cancer cells to apoptosis.

18.The method of claims 1-17, wherein the treatment enhances the sensitivity
of cancer celis to apoptosis.

19.The method of claims 1-18, wherein the treated cancer cells show a partial
15 or complete loss of tumorigenicity and/or a reduction in the growth rate.

20.The method of claims 1-19, wherein the treatment sensitises the treated
cancer cells to drug or stress-induced apoptosis.

21.The method of claims 1-20, comprising in vivo or in vitro administering to
cancer cells a compound inhibiting or reducing the activity of AlF.

20 22.The method of claims 1-21, comprising inhibiting, delaying or repressing
the expression of the aif gene encoding the AIF polypeptide.

23.The method of claims 1-22, comprising inhibiting, delaying or repressing
the expression of aif mRNA.
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portion thereof.

5 25.The method of claims 22-24, wherein the nucleic acid molecule is

complementary to the aif gene and/or aif mRNA or to a portion thereof.

26.The method of claims 22-25, wherein the nucleic acid molecule is an
antisense DNA and/or RNA molecule.

27.The method of claims 22-26, wherein the nucleic acid molecule is an

10 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 ribozymes.

28.The method of claims 22-27, wherein the double strand nucleic acid
molecule comprises one strand substantially complementary to the aif
15 gene and/or aif mMRNA or to a portion thereof.

29.The method of claim 28, wherein the double stranded nucleic acid
molecule is dsRNA.

30.The method of claims 22-29, wherein the nucleic acid molecule is 18-30

nucleotides.

20 31.The method of claims 22-30, wherein the inhibition, delay or repression is
carried by siRNA.

32.The method of claims 22-31, wherein the nucleic acid molecule is
complementary or hybridises to a nucleic acid molecule having the
sequence of SEQ ID NO: 1 or SEQ ID NO: 3 or a fragment thereof.
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a cell a construct and/or a vector comprising a DNA molecule comprising a
nucleic acid having the sequence of SEQ ID NO:13 and/or SEQ ID NO:15,
15 and a RNA polymerase promoter.

38. A method for the treatment of cancer comprising reducing the intracellular
concentration level of ROS of the cancer cell.

39. The method of claim 38, wherein ROS is superoxide and/or H20x.

40.The method of claims 38-39, wherein the reduction of intracellular

20 concentration of superoxide and/or H;O2 in cancer cells, results in

suppression of malignant phenotype, reversion of malignancy and/or
increased sensitivity of the cancer cells to apoptosis.

41.The method of claims 38-40, wherein the reduction of intracellular
concentration of superoxide and/or H,0, in cancer cells induces apoptosis.
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tetrakis(N-ethyl-2-pyridyl)porphyrin Pentachloride).

44.The method of claims 38-43, wherein the cancer cells are treated in vitro

or in vivo.

15 45.The method of claims 38-44, wherein the cancer is mammal cancer.
46. The method of claim 45, wherein the cancer is mouse cancer.
47.The method of claim 45, wherein the cancer is human cancer.
48.The method of claims 38-47, wherein the cancer is colon carcinoma.

49.An isolated apoptosis-inducing factor (AIF) knockout carcinoma cell,

20 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.
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55.The cell of claims 49-54, wherein the cell is colon carcinoma cell.

56.The cell of claims 49-55, wherein the knockout cell shows an increased
sensitivity to cytotoxic substances comprising DNA modifying compounds.

10 57.The cell of claim 56, wherein the cytotoxic substance is selected from the
group consisting of: etoposide, trichostatin A, camptothecin, t-butyl
hydrogen peroxide and/or H,O, compared to the wild type cell.

58.The cell of claims 49-57, wherein the knockout cell grows slower than the
wild type cell.

15 59.The cell of claims 49-58, wherein the cell is aif knockout of a continuous

mammalian cell line DLD-1 and/or HTC-1186.

60.The cell of claims 49-59, wherein the cell comprises an intracellular
concentration of superoxide and/or H,O; lower than the wild type cell.

61.The cell of claims 49-60, wherein the knockout cell shows suppression of
20 malignant phenotype, reversion of malignancy and/or increased sensitivity

of cancer cells to apoptosis.

62.A use of the cell of claims 49-61, wherein the cell is implanted in a non-

human animal model.
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71.The cell of claims 66-70, wherein the cell is colon carcinoma cell.

15 72.The cell of claims 66-71, wherein the knockout cell shows an increased
sensitivity to cytotoxic substances comprising DNA modifying compounds.

73.The cell of claim 72, wherein the cytotoxic substance is selected from the
group consisting of: etoposide, trichostatin A, camptothecin, t-butyl
hydrogen peroxide and/or H>O..

20 74.The cell of claims 66-73, wherein the knockout cell grows slower than the

wild type cell.

75.The cell of claims 66-74, wherein the cell is aif knockout DLD-1 and/or
HCT-116.
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76.The cell of claims 66-75, wherein the cell comprises an intracellular
concentration of superoxide and/or H,O, lower than the wild type cell.

77.The cell of claims 66-76, comprising inhibiting, delaying or repressing the
expression of the aif gene encoding the AIF polypeptide.

5 78.The cell of claims 66-77, comprising inhibiting, delaying or repressing the
expression of aif mMRNA.

79.The cell of claims 66-78, comprising administering to or transfecting the
cancer cells with a nucleic acid construct and/or vector comprising a
nucleic acid molecule binding or hybridising to the aif gene and/or aif

10 mRNA or to a portion thereof.

80.The cell of claims 66-79, wherein the nucleic acid molecule is
complementary to a portion of the aif gene and/or aif mRNA or to a portion
thereof.

81.The cell of claims 66-80, wherein the nucleic acid molecule is an antisense
15 DNA and/or RNA molecule.

82.The cell of claims 66-81, wherein the nucleic acid molecule is 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 ribozymes.

20 83.The cell of claims 66-82, wherein the double strand nucleic acid molecule
comprises one strand substantially complementary to the aif gene and/or
aif mRNA or to a portion thereof.

84.The cell of claim 83, wherein the double stranded nucleic acid molecule is
dsRNA.
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129. The pair of cells of claims 120-128, wherein the first and second
fluorescent proteins are selected from the group consisting of green
fluorescent protein, red fluorescent protein, blue fluorescent protein, yellow

_ fluorescent protein, and cyan fluorescent protein.

20 130. A method of making a pair of cells, comprising the steps of: genetically
modifying a first cell to yield a second cell that is isogenic with the first cell
but for a single 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

25 gene that encodes a second fluorescent protein having a second
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spectra are not identical.

132. The method of claims 130-131, wherein the first and second cells are

mammalian cells.

133. The method of claim 130-132, wherein the first and second cells are

10 human cells.

134. The method of claim 133, wherein the human cells are human cancer

cells.

135. The method of claims 130-134, wherein the cancer cells are selected
from the group consisting of colon, breast and lung tumour cells.

15 136. The method of claims 130-135, wherein the first and second cells are
HCT-116 cells.

137. The method of claims 130-135, wherein the first and second cells are
DLD-1 cells.

138. A method of identifying a test compound as selectively affecting the aif

20 gene or its expression protein comprising the steps of: culturing a first and
second cell, wherein the first and second celis 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

25 second cell comprises a second gene that encodes a second fluorescent
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140. The method of claims 138-139, wherein an equal number of the first
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and second cells are cultured.

141. The method of claims 138-140, wherein the first and second absorption
spectra are not identical and wherein the first and second emission
15 spectra are not identical.

142. The method of claims 138-141, wherein the fluorescent proteins are
detected using fluorescence microscopy to assess growth rate.

143. The method of claims 138-142, wherein the fluorescent proteins are
detected using high-throughput fluorescence spectroscopy to assess
20 growth rate.

144. The method of claims 138-143, wherein the first and second cells are
mammalian cells.

145. The method of claims 138-144, wherein the first and second cells are

human, mouse or rat cells,

25 146. The methods of claims 138-145, wherein the cells are cancer cells.
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wherein the knockdown cell shows suppression of malignant phenotype,
reversion of malignancy and/or increased sensitivity of cancer cells to

apoptosis compared to the wild type cell.

15 152. The cell of claim 151, wherein the cell is present in the form of cell

culture.
153. The cell of claims 151-152, wherein the cell is mammal cell.
154. The cell of claim 153, wherein the cell is rodent cell.
155. The cell of claim 153, wherein the cell is human cell.
20 156. The cell of claims 151-155, wherein the cell is colon carcinoma cell.

157. The cell of claims 151-156, wherein the knockdown cell shows an
increased sensitivity to cytotoxic substances comprising DNA modifying

compounds.
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158. The cell of claim 157, wherein the cytotoxic substance is selected from
the group consisting of: etoposide, trichostatin A, camptothecin, t-butyl
hydrogen peroxide and/or H,O, compared to the wild type cell.

159. The cell of claims 151-158, wherein the knockdown cell grows slower
than the wild type cell.

160. The cell of claims 151-159, wherein the cell is aif knockdown of a
continuous mammalian cell line DLD-1, HCT-116 and/or SW480.

161. The cell of claims 151-160, wherein the cell comprises an intracellular
concentration of superoxide and/or H2O, lower than the wild type cell.

162. The cell of claims 151-161, wherein the knockdown cell shows
suppression of malignant phenotype, reversion of malignancy and/or
increased sensitivity of cancer cells to apoptosis.

163. The cell of claims 66-71, wherein the knockdown cell shows an

increased sensitivity to cytotoxic substances.

164. The cell of claim 163, wherein the cytotoxic substance is selected from
the group consisting of. etoposide, trichostatin A, camptothecin, t-butyl
hydrogen peroxide and/or H2O».

165. The cell of claims 163-164, wherein the knockdown cell grows slower
than the wild type cell.

166. The cell of claims 163-165, wherein the cell is aif knockdown DLD-1,
HCT-116 and/or SW480.

167. The cell of claim 166, wherein the cell is aif knockdown SW480.

168. The cell of claims 163-167, wherein the cell comprises an intracellular
concentration of superoxide and/or H,O; lower than the wild type cell.
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169. The cell of claims 163-168, comprising inhibiting, delaying or
repressing the expression of the aif gene encoding the AlF polypeptide.

170. The cell of claims 163-169, comprising inhibiting, delaying or
repressing the expression of aif mMRNA.

171. The cell of claims 163-170, comprising administering to or transfecting
the cancer cells with a nucleic acid construct and/or vector comprising a
nucleic acid molecule binding or hybridising to the aif gene and/or aif
mRNA or to a portion thereof.

172. The cell of claims 163-171, wherein the nucleic acid molecule is
complementary to a portion of the aif gene and/or aif mRNA or to a portion
thereof.

173. The cell of claims 163-172, wherein the nucleic acid molecule is an
antisense DNA and/or RNA molecule.

174. The cell of claims 163-173, wherein the nucleic acid molecule is 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 ribozymes.

175. The cell of claims 163-174, wherein the double strand nucleic acid
molecule comprises one strand substantially complementary to the aif
gene and/or aif mMRNA or to a portion thereof.

176. The cell of claim 175, wherein the double stranded nucleic acid
molecule is dsRNA.

177. The cell of claims 171-176, wherein the nucleic acid molecule
complementary to aif mRNA comprises a sequence of SEQ ID NO:14
and/or SEQ ID NO:16.



92

178. The cell of claims 171-176, wherein the nucleic acid molecule
complementary to aif mMRNA has a sequence of SEQ ID NO:14 and/or
SEQ ID NO:16.

179. The cell of claims 171-176, comprising a construct and/or vector
comprising a DNA nucleic acid comprising a molecule having the
sequence of SEQ [D NO:13 and/or SEQ ID NO:15, and a RNA
polymerase promoter.

180. The cell of claims 171-179, wherein the inhibition, delay or repression is
carried out by siRNA.



