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GENES TECHNI CAL FI ELD This invention relates to nmethods and nat efi !
identifying genes involved in 5 phenotypes such as cancer genesis, cancer
progressi on, cancer naintenance, netastasis, and cell survival. BACKGROUND.
The i npagl, @fy:&qncer on our society cannot be under st gt §f,c0d,3,/ddi tion, to
10 conpound matters, the incidence of some cancers is increasing. For :
exanpl e, the i nci dence of nel anoma as a cancer type is rising at a rate
second only to lung cancer in wonen (see Rigel et al., J Ain. Acad. Derin.

35:1012, 1996). Thi qpefiryING £oHeeENeeTERYZINE diBgks that, in contrast

to nost solid tunor types, nelanoma affects a much younger populatlon

nmet ast asi zes early in the course of disease, and fails to respond to
current 15 therapeutic reglnen§E %@d} pp Mol ecul ar and Cel I ul ar Bi ol ogy
for Mel anoma, Austin, R G Lan Despite the |long history of
clinical and riBsciaretiontdaestts mthpém@matewhrfd@demﬁdeg strahgivalyediancer ,

surpri si “% BXOtB' dstshéh els%al P%fsﬁ%)gﬂﬁ%erha?%a\/?@?té o i3 n‘?é}:%u!eex%?t%ﬁ?' L

genesi’s, ssion, or ex é case of
nelanona,mﬂ@m&bmhmmgh nany genes have been |an|cated in the genesis of
this disease, only the 1NK4a and RAS genes have been shown to be true

etiologic lesions in a formal (Chin et al., Genes Devel.

11: 2822, 1997). Moreover, advan?@gﬁhgﬁagﬁgﬁcy, which is anong the nost
daunti ng condi Tlie@lﬁlﬁacaofictahm oham seaéty tanet baedeesedt &n idddiophenot ypi c

endpo @t of naqi §53|V§Fgen ic lesions that gffect EP@ oncogene and
t umor *'25 %ﬂﬁﬁF@'@B‘”@ e™P Qme PRUSPTR RS T AU S e U PGP a condition,

t hlelr ef or eincifiénte dfﬁl_élaﬁonlﬁ £50102h 40 BPe el meﬂrata)seamdhnﬁ@ 10 Lirg. caszaﬁmfe mut ati ons
Wi represent ratiaonal  therapeut t e treatnent cancer
SUMVARY Wﬁnﬁl@ﬁﬁgﬁqégﬁfcpgmrﬁgglhvgn%$gﬂa ﬁ%@?d Esﬂﬁ?%ﬁﬁ§mﬁ?nﬁﬁentlfylng
cancer (f@rhdcexedith Qontskt th ot sglid el BP@IRklanbtNgifechl OBicRABundsf east ,
colorectal, |]iver, pancreatlc brain, 2 8 SEP 2005 WD 021079419

PCT/ US02/ 97 #80% @xtasiagipencabindhs cse of Sraesfe iy IocaPonkiodHEsE 1 hyr o d,
bl adder , ©s9pHEECRImend BRI N cular and Cellular Biology for Melanoma, Austin,

R. G. Landes, 1993).

Desgpite the long history of clinical and research efforts directed towards
understanding cancer, surprisingly little is known about the genetic lesions responsible for
its genesis, progression, and clinical behavior. For example, in the case of melanoma, -

20  although many genes have been implicated in the genesis of this disease, only the INK4a
and RAS genes have been shown to be frue efiolo gic lesions in a foumnal genetic sense
(Chin ef al., Genes Devel, 11:2822, 1997). MOIGOVBI‘, advanced malignancy, which is
among the most daunting conditions a clinician can face, represents the phenotypic
endpoint of many successive genetic lesions thal affect many oncogene and tumor

25 - suppressor gene pathways. Lesions that lead to such a condition, therefore, may differ -
from those required fo maintain it. These mutations will represent rational therapeutic

targets in the treatment of cancer.

SUMMARY
In a first aspect, the invention provides methods of identifying cancer (for -

30 example, skin (e.g., melanoma), lung, prostate, breast, colorectal, liver, pancreatic, braix,




(e.g., leukema ), or lynphatic cancer)-related genes. These nethods
involve (a3 maintaining cells in which tun-lorigenicity is dependent
upon. the expression of an inducible oncogen under conditions i@ 8viPcHibs
expression of the. oncogene is not induced; 5 (b) introducing into the
cells a nygl@k®mspci d nol ecule that integrates into thepgepouars:f the
cells, and thereby tags the loci at which it integrates; (c) identifying
cells in which tuzriorigenicity has been induced by integration of the
nucleic acid nolecule; and (d) identifying genes that have been tagged by

t he i nt egr@étRdlal)dedrh Giask Gl kidhey, 8SrEanGale) Sbiagehl gRAR®IogIAL The cel | s
used in these nethods (e. i heligl cells, engothelial cells, or skin

1 (e.g., epi |
cel |'s such®&s FEFHRLEYYEE at’(?éﬁ“ﬁefhéfﬂé*ﬂeg%‘wﬁu?%ﬁq BHIPEEE Y EHAEr s t hem

suscept i bl Iﬁaih@m%tmihg\%ml%&laﬁgeﬁeﬁy 2X8RES Lk@dﬁ thd\ 8 68i6n 6f alel anocyt es,
the cells can_include a nutation in the |NK4a/ ARF gene (e.g., the cells

can be hetigfesiigensesase wisheandgvosinfdrchexpiesgionaf ARPngesrae puchidestl. The

| NK4a/ ARF @ene o aRERIRS e W PALYRERI A5 ecul 'irg}?%t(% ﬁ{bd%%a{ogmﬁbﬁut ation in

the 1NK4a/’ARF gene can disrupt expression ofag 6 K4’ )' ", or both
p16JIN ' 4a thaerils] ad therahy tadeiihe lopmat wiheh iclcgmtasan) idemiiaing colisieivhipht at i ons
such as My atLons.d Radile: BTN 98Dl Riod of b R GEAd S roRRuPSETEN ' - or
PTEN -) or nﬁgﬁtﬁgn? i%“?ﬁe Rgﬁgé%% ?Q?g., t%e qé?f% anﬁgéﬁng/\ or
Rb-/-). Fudtmigring gdnes thaihhve heamtageadrity dbainggpted ondéin atid arvleshlegp carctions (e. g.
t he cellslgﬁ%d%gmgull for pl6 4a, pl9, and 20 Rb). The oncogene in these
met hods can be “any domi nant oncogene, for exanple, activated ras.

Al ternidti vel y, The tallvoscdsuihpseassionds gepscphaliabells sedhthelhabedlnt@gkiat ed nucl ei c-
aci-d nol ecul,e._can include.a retroviral..v or.. for exanpl.e, .the Ml oney
retrovir uscali Wﬁﬁ% 1?1“%1?1}?8%%%)? nil%lfl &)et ?Jlrl%%tfl ?%Igtir%ﬁtltéﬂdf}sbyenll Shutség)lrng eitéon ~of the
nucl ei ¢ acdindonghetyl Bor exanide $ethe 260 vEhtiadsytes thehell dethdndudeedyutiom exanpl e,

by injecti.n I ont ai ni _ in rated nucleic acid nolecule into a
non-hunanlﬁgﬁﬂgﬁﬁfgﬁégéw &%bﬁgéégéﬁﬁgﬁgﬁ?F%E?ﬁﬁrﬁ%@oz#§ﬁﬁ§%Eifor devel opnent
of a tunprNKAbHM@FRatd mnektion). alleoNK1a@ar gassayodes tvarmplfeptidee, [d6HeY  assays

descri hed herekix can., be .enpl.oyed he cell.s used in th ktfods of the
invenﬁsonE%gﬁﬁkohfﬁwﬁﬂﬁﬁﬁngﬁﬂﬁ%ﬁ%ﬁggégﬁgal@ﬁmgf%Pgﬁ¥mﬁgﬁﬂ§§aﬁple, t hey can
i ncl ude (@)9°&, o bah peXPfass b c dmsdditions the cudls udi cegtairmothemeutatens odi ng a

et acvel 16 ARECLI o LhEncetor L1, ooty bol st
mutations in the Rb gene (e.g., the cells can be Rb™ or Rb™). Further, the cells can
contain any combination of mutations (¢.g., the cells can be null for plGINK4a, pl9m , and
20 Rb). The oncogene in these methods can be any dominant oncogene, for example,
activated ras, Alternatively, a tumor suppressor gene can be used. The infegxated nucleic:
acid molecule can include a retroviral vector, for example, the Moleoney retrovirus
(MulLV).
Induction of tumorigenicity by integration of the nucleic acid molecule in these
25  methods can be determined, for example, by injecting a cell containing an integrated
nucleic acid molecule into a non-human mammal (e.g., a mouse) and monitoring the
mammal for development of a tumor Altcxﬁatively, a soft agar assay or any of the other
assays described herein can be employed.
" The cells used in the methods of the invention can contain any inducible gene
30  system. Forexample, they can include (a) a first expression construct including a gene

encoding a tetracycline transactivator (henceforth denoting both standard teﬁaoycﬁne-



OFF and reverse tetracycline-ON versions) operably linked to a

ti ssue-specific pronoter (e.g., in the case of nelanoma, a tyrosi e
pronoter), and (b) a second expression construct including an oncﬁggHE2M5
operably linked to a pronoter that is regulated by the tetracycline
transact iwghos,089d t etracycline. (or a tetracycline anﬁ&?@%%mgﬂph as 5
doxycycline). Tetracycline anal ogues are conpounds that function in a
manner simlar to tetracycline when used in a tetracycline regulatory
system descri bed herein. The first and second expression constructs can be
stably i ntggral edelsBidrabRendORNRHLNO opbhBlydRkibto a BhIe@bRAtd MBhyer t he first
and second expression constructs can be contained within a single

expr essi ofe-&owdhe tiet ofhelenony, & yehingse natrageataad (Dmsecif &Xyesivies. 10 In

anot her aspRthe iAdiEuh WAL LR. B SR AIREAG:S B il RollRgnt e ef fect of a

candi date cancer-related gene on tunorigenicity. i's method enpl oys an
i nduci bl e tetiagyissBinsactypior e ietrrgyclisa(rrlséetrapyiine guptqee such e

tetracyel ipezbased AysLemessen S0 TR ARE N0 hab Y O o 2)
pr oduci ng ggm??gﬁgégﬁgegg%n-.u%ﬁ%gﬁgﬁﬁgF Fgﬂﬁxﬂﬁgﬁﬁnnggﬁ co%%%?ﬁing cells

I n which (dttpexcling when expimesisiraicloe neulatey systent daseribeg hereigedge igt ancodi ng a
reverse talrasys '@#‘J‘Sﬁ&ﬁﬁé&&&h}é@&*ﬁ%y?@%ﬁ?& i}ém' ‘{hgg&ofngs &I QRter, such as
any tisslue or ce ype-speci fic prondter (e.g.; a tyrosinaSe pronoter in
t he case dfitemetiviyo te; firstand Re2ndaxpresdi@r constructsiven basmtapfed vetharmaygdles; an MMV
or WAP pronot er %n §%%1@§§§ é% .pre%attc Jlsngﬁg/or cancers; a Villin or
FABP prombtier 1% “PRe e add o2t &8 R A C&EFY 8% d/ or  cancers; a RIP
pronotlér in thmmater opequamcineatincpbeties aovtths] foateldigabd ¢ffsprafmot er in the 20
case of keratjnocytes; a.Probasin pronpter.in the case of ostatic

epi thel i uRPOK RaaYSeR T imR B BrisrBraeD) i h e Geaea ol eRededhF e andl or
cancers; axphydipgisygeniat @itk B eexanhplSfdepropitebastdsyba dasibedf neurons;

and an ‘Al pha sin pronoter in the case of, cardiac cells) or -any general
romorer GG i REUREFRGHELE ot X CRRAFHS B Er) SR @ o cecond
expr essi omotey) stitaiging cantiaivhichg) & st eqndsidatastadncatziniel aved gene operably

IinkegéZS to.a pr.onoter th@t IS regulated gﬁgégfwreverse tegrac fline

transact i VYPOPEAT T LFREENT Hsacigplonorep AP IRUP YA 25 exanpl e,

doxyc?/c! | b&hie oDl tﬁia&s@bc}éﬁg plog@feateqd a}tﬂbﬁnéshgrongﬁ@_ @1}{@3 C@B@fﬁlla])amﬁil@@ef ving the
mnmal 1N presence and apsence o0 t tl’_ I ne or anal gogue

t her eof ) Fg{&%@tﬁ_’é’”&%ﬁéﬁl 1558 WW@F&&H&‘&W& rmﬁ’?%ép@%% ¢ S Phimor ¢ hat

[ f] af ]1: )ecb;%gst gmlstdﬁwOpE@sam@ﬁfimh oﬁpﬁBbﬂpﬁH@Ee_rﬁﬂ\@e tat bﬁﬁl}é@ﬂlh}anaeu(s @ﬁd/&nﬁl ogue

t hereo U testln SO can ehc rrea O 1IN cells €. g., unan
LT o ] st R ot D B e AR e ar S e EBRERE o endownd

Wi t h RONDEsyeNkeatBRPAES; b Prddysii REmPleEHARCE s@8F pEbt2 QfheWon 02041 9

PCT/ US02/ Q9710 o
o G%A promoter in the case of CNS cells and/or cancers; a Tyrosine Hydroxylase or S100

promoter in the case of neurons; and an Alpha myosin promoter in the case of cardiac
cells) or any general promoter (e.g., the cytomegalovirus (CMV) promoter), and (ii) a
second expressfon construct containing the candidate cancer-related gene operably linked
25 toa pr0m0ter that is regulated by the reverse tetracycline transactivator and tetracycline
(or a tetracycline analogue, for example, doxycycliﬁe), are stably integrated into the
genome, and (b) observing the mammal in the pfesence and absence of the tetracycline
(or analogue thereof) for the development, méintenance, or progression of a tumor thatis
affected by the presence or absence of the tetracycline (or analogue thereof). o
30 Such testing also can be carried'. out in cells (e.g., buman cells) that are engiheersd

1o contain an inducible oncogene and endowed with tumorigenic capacity by the presence



of an appropriate conbi nati on of oncogenes, tunor suppressor genes, and/or
tel omerase. The candidate cancer-related gene used in these methpgsrgamsbe
one that is identified using the nethods described herein, A so, this and
ot her nmethods of the invention can enploy any induci bl e oncogene system
(e.g., ommbagedson the nletallothionien pronoter 5 arcramkeesbioogen
receptor fusion) in place of that described above. In a further aspect, the
invention provides a cell containing (a) a first expression construct
contai ning a gene encoding a reverse tetracycline transactivator operably

| i nked t @fan kpBsiiRte@bndelation yRcsRes) thintr pppeBbegenes, ahd/ar tsleenask. expr essi on

construct including an aqncogene operably |linked to a pranoter. that is
regul at ed 8§ W%%?%“é‘gﬁté‘%gﬁﬁﬁéﬁdﬁﬁﬂ e etﬂf*oéliﬁ_§§"e qq}’éi&f& 1 lg%%fgﬁdet racycline
(or a tet f@ﬁ:?fillel e AL ROVE 18KEH AlSo, 1 OXMCWIGH iRebds éMEle (1€9ntidn car’ €L rovi r al
vector. The first_and second expression constructs and the retroviral

- vector ar EMREARY dupPlgreresee YEES (¢ Beongditsdonihometaliqthionisn BBEEr aspect ,

t he i ngentdr af eRlo@i et flsicAN SORLHe 6f tha R R BUBbvERMBI  (e.g., a nouse,
rat, or rabbit aving stably integrated into the genone of its cells (a)

a first 15 exp?[ré%@rﬁhﬁ aERYE theUB Yo oSG call gunenieR & dithY eapipEiper se

tetracycl icBgstrubf BRARET! av$§195nco@iﬁ§ﬁ?é%l¥e letrethel iPimdaclilASUeapgGinkdc, cell
type-specific, or general pronoter, (b) a Second expression _construct
i ncl udi ng taadame pokelldyresnechc premgtes db) gepend perratsiop cppsikeidnghyling anpr onpt er

that isr %qeég(@%(fype%lfme& U8 ok AL A G DPLY HRASRGL kAl

tetracycline {or "a tetracycline anal ogu ycycline). The _
candi dat e tieasrcevaiar ehditeacyghnre(ovsietadyplilR@nalpgus snet dscdxyeaplings aohe) that i s.

identifie I t j - her el I - r r.aspect, the
| vont | on RGBS TRAN0H WG SPRMAR By M ol BB B EPE
conpound isibpristegnated iigo Ge genrcaztthawgglicancer (e.g., skin(e.g.; ~ mel anom),

| ung, prostate r I : L iy ' sticul ar,
ovari am - ut er FHaBREkped O o ek PREE SRk Enar i L0

henat ol ogingcaise, (8, q rabbitpheverg stibly iotegi2iBd Injarbh gericgneadifis eel)s.(a)BHirst met hod -

i nvol ves L0k stering . .he tr NLC.Non- . escri bed
her ei \rlllga %gﬁ?g%lggtcgnégﬁgntﬁ%%%%g%%éﬁ ngg%%%k%bwfg ]%%%eﬁrg?}le}g?e ngmgrconpound on
t unor devebapiigiitkedimi iteramcdic, il tpregecess bogenen] prhaoterdmmedeconfhe

i nvention _provides several.advant.ages. For anpl e, . ..cancer nodels and
ot hods of e SR GG B0 AR ANE el B0 BRI BioeblpRANG R, M0 ° ¢
i denti fi catdneneraied is38gulatd idaihe omersd tetraggline genestitabmatand tehredyclone (b parti cul ar

712 o SRt R RER LRI b AP GRS 0 T
20  -this method can be one that is identified using the methods described herein.
Inyeta fm“ther_aspem; the invention provides a method of determining the
efficacy of a candidate compound in preveuting or treating cancer (e.g., skin (e.g.,
melanoma), lung, prostate, Bfeast, colorectal, liver, pancreatic, brain, testicular, ovarian,
uterine, cervical, kidney, thyroid, bladder, esophageal, hematological (e.g., leukemia), or
25 lymphatic cancer). This method involves administeriﬂg to the transgenic non-human
- mammal described herein a candidate compound and observing the effect of the
compound on tumor development, maintenance, or progression in the mammal.
The invention provides several advantages. For example, the cancer models and
methods of gene pathway dissection of the invention enable the identification and

30 validation of tumor genes that function in particular stages of disease, in specific

pathways, for example, genes required for tumor development, maintenance, progression,



WO 02/ 079419 PCT/US02/ 09710 and/or netastasis in vivo. This is very

i nportant, because advanced nalignancy represents the phenotypic ez[ﬁﬁ%? ﬂle
of many successive genetic |esions that affect many oncogene and t _
suppressor gene pathways, and lesions-that lead to such a condition may
differ fremobhese required to maintain it. Thus, for examplRe@pproaches
that focus 5 on genes .and pat hways invol ved in tunor mnai ntenance, rather
than initial tunor developnent, may | ead to the devel opnent of better
anti-cancer therapies and diagnostics for advanced di sease. Alternatively,
genes t hatan@bemedendid fiv8d. abisReleAginpiraltViedaistadvaide nflipemepf cancer can be
used in the discovery of therapies and di agnostics rel q}%&@ to. prevention
or early CHHPIBIS ISPIERE@asedrqiol FXimaa STREFVa SPEEE ;S CRe P IRFERt TEN features a
nmet hod of onéeiehd fnd tiBloPuBRABRE geh€bab®s)s, SEN&iond DRt BRI BadcH Nednufies (a)
providing cells in which tunprigenicity is dependent upon _expression of an
oncogene; P84 RoaibRseTga e toapingin jh dErs-deharepsnritiehes et {4585 cel 1's  do

not expresgs gbhe agﬂg&g@g%;in%h@ds;ﬁhﬁn%ra@imgmicu,%bﬂﬁm iGith@Rot he oncogene is
introducing into the cells a nucleic acid nolecul e that

expressed, c : :

i n? egrat esfﬁevq(%@zz)p%enéyd@dd deyelopmentye belbqrasti-crneer BEpriesrgidrgnesies | oci at

whi ch the jauglgleg aside %E&&%k&x%é&%%ﬁé%%ﬁé&erﬁiﬁkd ad UGG @ cell in
as uced by

whi ch tunorigenicity een | ( integration of the nucleic acid
mol ecul e; iniAeHion(ad paticgiessn bt yied dn thadisetveryodeeearias ehddisghagbssecladngiene t hat has

been taggedcitbleadeldnQforGdl.py the integrated nucleic acid nolecule.
The cell s%of eiz%n ca?ll%’acont zflfnglaasrfut ation in the | NNl K4a/ Arf gene. The

~oncogéfie can b& snggher Fupect; the ingrdive Garoespueiteddeotadantifving eutceTelgnd contai n a
retroviral,.yechan, Seaus IE ﬁﬂéj"% e L St &d) can
. - Pgere; .m éﬁﬁﬁs a V. RULRAWEG 4 §depettdeft ol
i ncl ude i r%t roducing a ce % 1S’ucc.a fin step (c .ﬁ%}r_\%{t&a n_gn- ﬁ[u n manmal
and roni t crimgianhe amamegede; frhmaneiehpihredts voferaonditinms whgtesph¢ dyllscan _
i ncl Ude. a d? ?1]:){ exPHaAL ﬂjg%ﬁ&éen ftg’llé gﬂ{%rb'eﬂ %rcfc!l}ggmc Iﬁk@n e Lahéo(gglféf ig %Zprgsgéh; contai n:
(a) a firs expressi on construct Ccofprisi-ng a gene encodi'ng “a reverse
t et racycl i(pentredansg oo thatels adbicloperiirotedulerike dhtegates nfoshugnomesed | _
type- SReCif] LD ONBLeL. ol & BSNeLaly BLOTDLEL 0d. LR), @ secand expressi on
construct ‘conpri’si né’ thre ‘oncogene opera Fy I"I'nke 0 a %rro er that is
regul at ed ideptiffre a @lilén gbich etragigyctitynes becansdctd habegradindoftbe madyie!| i ne or a
tetracycli ogue. ngrjnt'efir_t nd_second r ion constructs
are stabl 3?&? rrlrtlogég%r%!'ft %1 F)n Sgtffﬁlélg’ agséﬁ3 &G I?I%% ‘%%F’I asggn%g])éﬁhag g‘?\%nt her aspect,
t he i nventadgged by eollas (§) byitehoidgeted nadeit adiy innbpedle.clnceils pEkatad gene. The
et hod | neLHAgS o licRH HRASE R, MAHEDnd 05 185! TrlGiGRRRE @i ned by:
20 nucleic acid molecule can contain a retroviral vector sequence. The cells can be
melanocytes. Step (d) can include introducing a cell produced in step (¢) into & non-
human mammal and monitoring the mammial for development of a turnor. Step (d) can
include a soft agar assay of tumorigenicity. The cells of () can contain: (a) a first
expression construct comprising a gene encoding a reverse tetracycline transactivator
25 operably linked to a tissue- or cell type-specific promoter or a general promoter; and (b)
a second expression construet comprising the oncogene operably Linked to 2 promoter that
is regulated by the reverse tetracycline transactivator and tetracycline or a tetracycline
analogue; wherein the first and second expression constructs are siably integrated into the
genome of the cells. ' _

30 In another aspect, the invention features a method of identifying a cancer-related

gene. The method includes (a) providing cells, wherein the cells were obtained by:._ DO



2 8 SEP 2005 WO 02/ 079419 PCT/ US02/ 09710 altering the genone of a tunor

cell such that at |east one oncogene required for the tunorigenicity of
the tunmor cell is not expressed or (ii) altering the genone of a t@ﬁdﬁpd@%
such that at |east one tunor suppressor gene that prevents the

t unor i genwoiotyroofe the tunor cell is expressed; (b) inpendsmiongointo the
cells a nucleic acid nolecule that 5 integrates into the genones of the
cells, thereby tagging the loci at which the nucleic acid nolecule
integrates; (c) identifying a cell in which tunorigenicity has been induced
by int egrate'nmgnhefgenoh’r& dftacnlned)rcz:eﬁeaioﬂ thmhteeasicea,e oamgm@ed)eqmcbdrﬁmxitheyi ng, as the
cancer-relgted g‘ 08, + 8. gene %hatthascb tag N L he Ce %f (c) by the

i nt egr at ed HUCERIES SEG TRETSET ISt TRESSY FF eane ?ﬁ%n t unmor '

cell. The @&ilsheabit aokkest oNCRGRNQPPREEODERE HBL pﬁ«hﬁtsahe tuemsipenicly)y odtie t unor
suppressor ne._can be NK4 /Arf ene. The nucl ejc aci.d_ npl ecul e can be
aretrovir Oﬂ‘ée&ltlﬁ)?’*pseéﬁ%e@éémo ‘f‘%) 1%“3““3??11&1‘?5‘6%‘“4 ﬁ’f’fﬁ detEhg a cel |
produces i Rtcela®P idi®he gbﬂﬁn@es%fﬂl@,@emuﬂﬁ&@bm thaNudi ABHiEohs ﬁlg:leﬁrhﬂnmm’rm for
devel opnent of a tunor. e.a soft agar. assa

t uror i geni BPFGHe 1}3FP6’taFf’ér(°h§15‘§thm§F°?1Hé vrhrﬁhéﬁr%%e%&%lﬁr gn pd Wéfirérzsd of

identifyi nﬁteglag@meftﬁ@ﬁ@re@@acmnoﬁéﬂ@aﬁﬂ ﬁ?{&eﬂ%ﬂgta‘élﬂ%caﬁ_&%ﬂﬁé&‘%e'and udes
- (a) prOV|d|ng cells in glven enot i s dependent UEgn
wherein

expr essi onB<yf hat kpsfeen fe@ed rrarihﬁﬁ rqﬂ(ﬁ@yrlrren%ra‘reé npsieie ACiE BRIFPEF O
the cells @RoNQI 8XBE £BSNINEMELREA, ThR 1GEI dns ofeRbRI dh BYrdk NEROAVQER Phenot ype
when the gene is expressed; (c) introducing into the cells of (b) a
nucl ei &0 acin§ il SERIresseIasEe canbe ap PR AT e (The ngdsionsd mefecylpeandy | s,
thereby t aegxgir&grai J{?&tdr Q&iueﬁ’cte M&k%} c%clﬂ&@lluﬁbdﬁc a@el?ﬁro@@ée@?x‘r’étﬁ; it egrat es;
(d) identifying a T n wh the gi ven pheno been i'nduced by
i ntegrati oA G@fnoﬂ@nﬁ@@lﬁ@r@l a@@%@ﬂ%@? wamgpagfof éﬁ)"eioﬁ@ﬁ@fr ofyrepr- as the gene
rel ated togt Céyﬁgﬂmegngﬁgg¥g§mygﬁgﬁggwigﬁ§ has been tagged in the cell of
(d) by the i'n egrated nucl efc acid nol'ecule. The given phenotype can be
t unor i geni ci ty Atefier abedt pf e pyerion desivaes axecthagrof idealifying g Sepy elitdd ey . The
nucl ei g5 at g&ﬂhﬁ 25 Anot her .
~ aspect on% égﬁﬁventloﬁﬂggggﬂéggngéﬁ%ﬁ% ﬁ&h%aﬁﬁgﬁﬁ?ﬁgﬁﬁggyﬁggﬁgjreIated to

a gi ven pHeAweydsat upphexpretsivgd! p aeicudipwaintnipe tbe pdis mydw ebidtionpher ei n t he
cel |'s vier & 0hh ale Rl diior é)fg}es?‘ihtsgéﬂc%e LR e%ﬁ%%th@f iAn pELLGBXOLG! L1 Ng the
gi ven phenot ype suc one gene re e given
phenot ype thagmeis fermrseés(e)cﬁniwﬂwme geethe celiyrof (1) |a)nudPIP@P1|drmg>1€Ctlhéh@enorre of a
cell exhi . Lessor gene
30 that pravER P B e LR e e o B R B G ci o
into t¥e cedewlednisersieai(d) idemifngotaign hich Hmtziventrbepostnediag bsenindheedgenonmes of

the cells gyhﬁt@ﬁgﬁb A9 ﬂﬁglefcryéidl do(iécuf%f and (d) identifying, as the gene related to-the
given phenotype, a gene that has been tagged in the cell of (d) by the integrated nucleic '

acid molecule. The given phenotype can be tumorigenicity, the ability to metastasize, or
'cieﬂ survivability. The nucleic acid molecule can contain a retroviral vector sequence.

25 Another aspect of the invention features a method of identifving a gene related to
a given phenotype. The method includes (a) providing cells, wherein the cells were
obtained by: (i} altering the genome of a cell exhibiting the given phenotype such that at
least one gene required for the given phenetype- is not expressed in the céll, or (ii) altering
the genofne of a cell exhibiting the given phenotype such that at least one suppressor gene

30  that prevents the phenotype is expressed in the cell; (b) introducing into the cells a nucleic

acid molecule that integrates into the genomes of the cells thereby tagging the loci at



6 2 8 SEP 2005 WD 02/ 079419 PCT/ US02/ 09710 whi ch the nucleic acid nol ecul e
integrates; (c) identifying a cell in which the phenotype has be%ﬂ%g ﬁﬁ?d
by integration. of the nucleic acid nolecule; and (d) identifing

gene related to the given phenotype, a gene that has been tagged in the
cel'l of (wpdwykPe integrated nucleic acid nolecul e. Fogugxe30 phenot ype
can be tunorigenicity, the ability 5 to netastasize, or cell survivability.
The nucleic acid nolecule can contain a retroviral vector sequence.

Anot her aspect of the invention features a nethod of identifying a
cancer-relamﬁﬂﬁmgﬁdaca&hﬁmhﬁﬁh@ﬂa@ﬂﬁiQﬂ&ﬁm&@ﬁgpﬁﬂﬂhﬁhﬂghdmmhamhnmmhich

metastasis, of the.cells. s . ndent . u XPpLEess .gene. (b)

mai nt ai ni ngERE 18@“%{33{1‘#%51’““8‘0%3? R ﬁ%)%ég?’ell '%1‘1 %ﬁ“ﬂ éb)eélﬁ%s]“ 205 ot expr ess
t he gene, whergied fohie gi&lnh:&eﬂmjllﬁ_si gt ARt Mis bl tageiabe beliviee) bytthe gene is
expressed; . i.ntroducin  cells a nucleic acid .nol ecu that

It eqr at es MR HHECGENGREE 5T TER G GaeR TG Bb PR GY A HRETBE!  a

which the pusdSkBiza6k cbinRhebliRy, TRUREEREEE mdddhlelcaebdrtdiy b R@rodirgel |

which the ability to metastasi ze has been i nduced by integration of the
nucl ei ¢ acY&HBt®eIFe; and (e) identifying, as a cancer-related gene, a 15

gene that has begmet agaRdf b idvBidmetdured a fethoddr i@l £emadadiarycl eic acid
nol ecul e. Another aspect of the invention features a nmethod of identifying

a cancer - r 85t &t mgbyanclydrs (HerRddng sip tgwdch stagssaldhaGlie sl 1 s, wherein
the cells ygeicahish BgrkshYn ofd %ene by BEihAGids e GAPONRY Sndioeeherehi bi ti ng
the ability to netastasize such that at |east one R@re required for the
abi i t1P t othgseetissio agl srarepsdhgne.onbhsres the gellsgpetysiasize Hithis g HYUEHBnome of 20

a cell ~exhjpi &ﬂqueﬁphﬁsea%j fnﬁb(dutcﬁlgqﬁh ﬁl%tc@ﬁs! ZRcRERI DAL M mhGasEaRpe
suppressor_gene that prevents the ability to metastasize is expressed in

the cell; Pthe gee itiepelln thsreblydaggii|tiee 1gcl ahwhicl the naelels apg medeils t hat
i nt egrates t i oci at
i oo ¢ he nsBlefhel OUBRAGIPR s LA i LIRUERKL AONA siREa O8] 21
whi ch t he ngggafipy ¢f theonlsicepsidansoloels and (skidentifyiag @e d cinper-relaagragns. én of t he
nucl ei g aC%éﬂeﬂﬂPﬂxa@‘B!:ﬁnQa @é‘gltﬁéceﬁ (d)%?%él{ﬁé%t%dg@é&l& ReaRNGCRE: rel ated gene,

a gene that has been tagge I n t e ce he 1 ntegrated nucleic
aci d nol ecul e. ‘3ot aspesh piithe Srvarfepndeniapt aigetto fl@%ﬁilﬁﬁ/@?ﬁélp%ﬁeweﬁl be.

2{32?:@ nt f %éﬂg ’gﬁ%gmeztﬁﬁ ih QWM ) A8l Alik e SOt ine QBis W€ oBLAN BES; and the
altering the genome of a cell exhibiting the ability to metastasize such that at least one

gene required for the ability to metastasize is not expressed, or (ii) altering the genome of
20 a cell exhibiting the abi'lity to metastasize suoh that at least one suppressor gene that -
prévents the ability to metastasize is expressedlin the cell; (b) introducing into the cells a
rmucleic acid molecule that integrates into the genomes of the cells, thereby tagging the
loci at which the nucleic acid molecule intégrates; (c) identifying a cell in which the
~ ability to metastasize has been induced by integration of the nucleic acid molecule; and
25  (d) identifying, as the cancer-related gene, a gene that has been tagged in the cell of (c) by
the integfated nucleic acid molecule.
Other features and advantages of the invention will be apparent from the

following detailed description, the drawings, and the claims.



WO 02/ 079419 PCT/ US02/ 09710 DESCRI PTION OF THE DRAWNGS Fig. | is a
schematic representation of the 9p21 |ocus in humans. Fig. 2 is ay9
schematic. representation of the Tet-regulated system 5 Fig. 3A i% QEP- 1005
phot om cr ograph showi ng the regression of prinmary cutaneous nmnelanoma in
doxycycl iwgulseabed Tyr/ Tet-Ras Inlcdal Arf /- mce (nupdrdi@boedh p 1 6Y 4a
and pl9ARr) after w thdrawal of doxycycline in. drinking water. Fig. 3B is
a graphical representation of the neasurenent of tunor size in a
Tyr/ Tet - RAS | nk4ai Arf/- nouse (null for both pl 6Kaa and pl 9" ) during
doxycycline 10 induction and withdrawal. Fig. 4 is a photom crograph of
early passage primary human unbilical vein endothelial cells (HUVEC) in
co-culture with Tyr/ Tet-Ras | nkdal Arf-/- netanonma cells (null for both
pl6", K4a and pI 9) in the HEMM‘QON@F E‘IBEIEBRA\NHNGSoxycyCI ine. EGM2 fully
suppl enent ed fi % 2;{%20/ FCS, = f‘%‘ ]%q h 2% FCS; EBM 2+0% 15 FCS
= serumfree b S RS E YRS a&“’%ﬁ PO P?Lﬁ}n 11‘“1'“}'—:'IEJVEC cells is found in

medi a shared V\Fﬁgm Isbliendat i@les@tﬂlhﬁOMeEane@méd@@txmeycl ine. Fig. 5is a
phot om.crograph of, R545 cel | s. ﬁiect i P.retrovirus ig. 6is a

W
phot onf cr ogr aph&sHoWi it O@tht“?\gé?ﬂlll ?‘HPEg?‘?é{fj%fgﬁs@l(?fp%?f‘vciﬁﬁ?eéﬁ? ation. Lanes
1 and 2 | nkbebedin do&ﬁl@cﬁne—trddfw M &Tdeds IrQ(@afElrig/ micel (Bulbfopheth e eogr aph

showi ng tha ,@{e‘ al . | nfe ed R545, | i nes will generate dernal
tunors in " arc% gé?"@fﬁyc B‘?(S‘i'c@ PR&AFon: Tunor #11 (see Table
1), g measuring ﬁg431$ma>g1@>h&a1&zp&esfeﬁ@ﬁ@d\dﬂhé hés@eined of finlcs s1zﬂﬁ|_-af doxygycl i ne |
i nducti on ttom measurin Mhbaa ni nf ected parenta
R545  cel F?%W%fﬁém%@ 1301"1’8%1@ 4€Pthlét|)c R PP

f1 ow ehar ingh@font-i@waneihic identification of genes capable of
conpl ementing RAS activation in nmelanonma. Fig. 9 is a _schematic

represent at i on 84 ’ISP@hOtﬁ@fW%?aﬂfyd}aSSéng%Y g¥manyeRiehyeiy - t agged

sequences enddiieliBakMHUVED)Th Sa&diture WigTy AR & lRkaciiemahdigoaxpend nent al
flowchart faor the inRit.al racterization and 30 pri OFI%I@%%I on of

cha
MILV- t ar g8Pador e RiGui v APRAI | bigithqimgseyce g absgnasebdoyehelipp §419
PCTI US02/ &8¢ kQpplemented media; EBM-2-+2% FCS = basal media with 2% FCS; EBM-2+0%

15 FCS = serum-free basal media. Erhanced survivability of HUVEC cells is found in
' media shared with tumor cells in the presence of doxycycline.
Fig. 5 is a photomicrograph of R545 cells infected with GFP retrovirus.
Fig. 6 is a photomicrograph showing Southem blot analysis of MulV integration.
© Lanes 1 and 2 = Infected; Lane 3 = Uninfected. o
20 Fig. 7 is a photomicrograph showiny that parental uninfected R345 cell lines will
generate dermal tumors in SCID mice maintained on doxycycline. Top: Tomor #11 (sce
Table 1), measﬁring 0.4 cnt x 0.4 om from MulLV infected cells, OFF doxycycline
induction; Bottom: Tumor measuring 1.2 cm x 1.3 cm from uninfected parental R545
cells on doxycycline.
25 Fig. 8 is a schematic experimental flow-chart for the genetic identification of
genes capable of complementing RAS activation in melanoma.
Fig. 9 is a schematic represéntation of IPCR methedology for cloning of
provirally-tagged sequences. B = BamHI; S = SacllL
Fig. 10 is a schematic experimental flow-chart for the initial characterization and

30  prioritization of MuLV -targeted ras-equivalent Joci (REL).



Fig. 11 is a schematic experinmental flowchart for the functional :
characterization of REL with the goal of identifying prinme candi dates for
detail pd in vivo anal ysis. DETAI LED DESCRI PTI ON The invention prov8dé&g 2005
met hods of using in vivo and in vitro nodel systerns. to 5 identify and
characteﬁwgeughggs that are involved in tunor devel opngityg - {it enance,

pr ogr essi on, /or metastasis. The nethods of the invention are focused
around the use of cells that require the activation (or inactivation) of a
gene for the cells to beconme tarnorigenic . As is discussed farther

herein, t hese P%' I8is ﬁ%&wﬁﬁh@&ﬁﬂeﬂﬁ@ftﬁ@o%h&@ for@Refuheil dnbl charadter@satioone
rrutatlon rom bei n&f}turmrlgenlc .. A nucleic acid nolecule (e.g., a 10

retrovi raIOf *@ecf*%\rﬂ}e gosl phidedidearimareadittes Gedrbmsd in yro pbel cel | s, and
those cells that becone tunorigenic because of the integration are

eval uated Rutber . The cells r twnorigenicity by, for
exanpl e, inplantation into Hi%ém%ﬁgﬁsgléﬁl rad e nousQ  and

noni toring t heTedinb@kich BroviddEthb@iolBdih®R vivblandh: vilrdRloafltsagereabl gi ves rise
to a tunor, the insertion site in theéi enone._ of the cell is 15
w48

char acter ideaty(Ead gharagisyize ggfes Bigeae mip) ihgpords veloppentrpaidesene or genes

that have heeRsioAGhdNALedsHQ! TheaethbialfedinthiBot fe FhRsdNS@ME RAse Genes t hat
are |dent|f|ed inthis mnDer are candjidates for involvenent in tunor

" devel opneffce 1ﬁ§1&h{eew%e ac"ﬁﬁ‘éﬂjlr(é"s@i“ﬁﬁa“oah%ﬁaoﬁfem rathestesiodecomsd can be

furthcr E\ﬁ%d&%ﬁ@ hBis ARLAEA I RdRleinS ¥ 4A s @8 HeSndeStd fed-hengi-n. The
nmet hods of the invention also enploy inducible animal nodels of cancer as

20 syst enmsef Ot REAESy DHETIOTE PEeDVBPYgeniFh & RSt #UEPPBAUBI S 2 cancer - pro- ne

ani ni ab hageidiNEeiod id 1%5&%&%&!111%‘@%&0%5 EPﬂBEsreQEilé Bl hb& fHPRATRLMRE Of a
dom nant acting oncogene, for _exanp grow dés an in vivo niodel in

whi ch one“eia?ﬁlgﬂleﬁb?@tlﬁe&ﬁéhf’tiﬁagm%@rﬁq‘W@@@e &xtheessi on of the oncoge-ne in

fully formed t f and tunor
Vabi 1 Ty I n s G e e L e e o 1

vitro canewmabiéls. anodemapebimd regnionngthe animplfortimes ormatngs Fagshen such an
oncogene g, lalﬁt%c F?@@‘B althm&r ﬂneh@&ﬁ&?ﬁf&'xﬁlﬁ%rg%no%‘ﬁ §1Ghs defi 1 0f 1), these cell

l i nes represent cl ona popul at i ons avi ng genone s that have
sust ailed cegrictariged (§eoc dy Seaupneg| andrad) todentily anvcaepe oberaes fhabhaype been

fully-trangforaed ma%ﬁvaqaiz'dm%e iRdeRof: GIﬁésﬂa‘Ba%ﬁé’éMﬁQ& focis Qlfam‘ieg%%e ¢l onal

30 popul ations, havin NONes hat are "one ro eing fully
t ransfor ne@d(dateefor igyo msem mdm@@wmm@nn@wmwmgmé/oc apabl e of

tumori genl g a A PRIEGARP ERidaa Y MAha) A1 G838l 8 Gksclia @A or | oss of

The methods of the invention also employ inducible animal models of cancer as
20 systems for cancer gene discovery. The construction of a cancer-prone animal harboring
a regulatory switch controlﬁng the expression of a dominant acting oncogene, for
example, provides an in vive model in which one can demonstrate that continued
expression of the oncogene in fully formed tumors is required for maintaining
fumorigenicity and tumor viability. In addition, such a model facilitates the establishment .
25  of in vitro cancer cell line model systems that similarly require expression of such
| oncogenes for tumorigenicity and tumor maintenance. Thus, when such an oncogene is
not expressed (1.e., the regulatory switch is off}), these cell lines represent clonal
populations of cells having genomes that have sustained all the necessary alierations,
except one, for a fully-transformed or malignant state. Taking advantage of these clonal

30 p.opulations, having genomes that are “one hit” away from being fully transformed (i.e.,



Ruction nutations arising as consequences of insertions (e.g., proviral
insertions) that can bypass dependency on the switchable oneogenig |gﬁl on.
Genes that are activated or inactivated by such insertional nutag ﬂneS A5
can be identified by cloning and sequencing 5 of insertion-tagged genomc

- sequenceswoWamdhi s "one-hit"'" Manmmal i an Second Site pSupgnessor (MSS)
screen, all candidate genes will likely be functioning either in the sane
pat hway, downstream or upstream of the sw tchable oncogene, or in a
parallel pathway, with a simlar function, Thus, the "one-fait"-MSS
screen of ¢abﬂalei m/tembmhgmlcnphnd mmht;tnm:icb Mvol) aqmiadaﬂﬁbmtﬁof *gacimblilom off genes that

function i ific pa dicts "e chani sns
U a par 1 BrtsR RS Rt Bl eaties phRniay B G T BRSABR sPEE R

resist ancebypmtdapmﬂmybmﬂﬁrswgé}&)ﬂetdﬂadgeman@ﬁh Gfaﬁeslﬂﬁuﬂumabhemdmogene Any
dom nant act.i.n 0 s aragle,in.t r. devel ppnent.

mai nt enancg? “6%8‘8? %ugf éiﬁ??ﬁif‘g‘rag%flﬁg% |I§e’1nﬁe¥go Olg%albdce) SHEREEn t he

i nvent ison. offiertiogxarpd @no@x[’&sﬁ@&ﬂ&ﬁ SWiththa SoleGER M iantdRdNN, er b- B2,
TGH) 3, RhaC, VEGFQ}% Sé H S and A 1@1@ éwgelr actjvated fornms can
be used. ATPHCEREERS didgis gengs wikg 1 & UBEP G RS B ei n, the
RAS oncogesgie ¢awle ddsifreli ot:h;errsaﬁhﬂdfe s@ﬁtcﬁa’ﬂ% onkdPé8a i Bk paANeL can generate
tumor cell lines derived fromtunor-p mutant m ce haV| ng a regul ated

swit ch corR¥BTay; Vs esipiadenginnof hug, @1‘6 Wdﬁfc” MexS s5E5e0 REBE S1ETHRARY  known or

novel pat gy Siows edpEidedtPoatiiil of gles RS inionlib D 6l OR phﬁ%’a?rb%t fikat confer a
desired 20 phenotype either in Viva or in vitro (for exanp enhanced

t unor i 'Geni REPESSs (oA BRPERFDS virpeelle! redays. ﬁﬁp}ht%waﬁc@mwyawﬂbglfey
notility/ %@%lk&ﬁ%bxﬁaﬁ@ﬁr%@%mhﬁ 1Y ilb@) thﬁlﬂtax%btr{@émdﬁcﬁlﬂ@&&c‘agmﬁr netastasis in
vivo), and then identify specific candi dates that function in these

pat hways by MaSSy dymEsel scirRimmeasees theaplaysferlede Mmos fewlpmi t ro and

val i dat ed fhfnitReice, %%ﬁ?esﬁ@i@%hd/bﬂné’théfﬁxs@ﬁ vz‘?zb@a[n%@%!s‘éd ih t}&e%ﬁé?ﬁén P The met hods
and materials provided herein can be used to | entlf}\F/ cancer-rel ated genes

f r om hunarf*@eplesonceespcsexelngsl ROTRe BT EER ¥ asabelt, §ETBHehCeV BRI ase
cat al y&i ¢ g SMOUMAS gﬁt@@)mﬂ%&ﬁ%@@h‘?@tfb% Mh B@u&%A@QQﬁ&%@mﬁﬁlge siman

virus 40 large and snal T oncoprotei'n and an oncogenic al | el e of H-ras)

- can | ead te@deﬁwéeqcrxbeﬂrﬁ%ﬂhegémmncthe@mﬁeqﬂmme cagfbe pigrdna theuefaris épibe hel i al and
fibrobl ast,galibs étdabn %.%a@é mBPééﬂﬁﬁm AORLS A4 A She BRak 3D - Thus,

human tunor cells can be created by introducing thi's conbination. vm'th t he
except i on eliag arpeRiaGdisyitelennagidiag cxmession ghe iawinait petaepagqssie fengg. |

tet-regul aL,ed) or %Ppa&lgvags, BerolERbr 23991531 YOs 9240484 1 REHHSRRA 984h04

20 phenotype either in vivo or in vitro (for example, enhanced tumorigenicity in an explant

mode], tumor maintenance in a host, motility/angicgenic potency in vifro, or tumor -
invasion or metastasis in vivo), and then identify specific candidates that function in these
pathways by MaSS. These candidates can then be tested in vitro and validated in the

same model in vivo as therapeutic targets.

25 The methods and materials provided herein can be used fo identify cancer-related
genes from human cells. For example, ectopic expression of the telomerase cat-élﬁic
subunit (h"TERT) in combination with two oncogenes (the simian virus 40 large and small
T oncoprotein and an oncogenic allele of H-ras) can lead to direct tumorigelﬁ'c conversion |
of normal human epithélial and fibroblast cells (Hahn et al. Nature, 400(6743):464-8,

30 1999). Thus, human tumor cells can be created by introducing this combination with the

exception that H-RAS is expressed under an inducible vector (e.g., tet-regulated). Once

10



turriorigenic conversion occurs, RAS expression can be switched off.

Swi tching off RAS. can render the hurran trenor cells non-t}unorigehd SER 2005
thus creating human cells that are "one-hit" away from being tummorigeiic.
Wth such cells, a MaSS screen can be perforned to identify genes

equi val enwoweoRAS. 5. In addit | on, fully-established teowuseabiis (e.g.,
mouse or human tunor cells) can be somatically altered to inactivate a
dom nant acting oncogene (e.g., RAS) so that a cell that is "one-hit" away
fromtunorigenicity is created. For exanple, the activated lii-ras genes
in human dmimige@b;rceiwmiw gelds, RAhegrssiohcansbeBribcledandt] Swvilcllng pifAan be

di srupted by h JLeconblnat i o Shi rasawa et
al., Sci ence¥ %r{g '%818%@‘9%%9%1%] eﬁ%()&%?&c I g‘é‘ﬁa@g%?ﬁa%o gene '
expr essi orfosahitbevaydopnpinsihadrigasi Ngitlotue cellst ald8F doreetdanlls such as

ri bozynrre | at tivation Toi cunaga et al., Br. J. Cancer,
83(6): 833" %8?146}%%&%“ ‘%%al"(“ia% gon et al., PNAS, 99(3):1443- 1448,
2002) . sOnce thén md}nt[ce;sﬁlﬂlpmsteﬁhsm tonGOgRIe. [y anise eqmjntaedmﬁmroens;nmi geni.city
has been.reduced, the cells.c d.in a MaSS Sc ify
cancer-r eIbgtgglaa%c@]r%?tﬁ%%gﬂ?@ ah B’&na&ﬁ%"uﬁﬁ%?‘)gﬁ?e (e 5p g{%%gé%lgﬁ% ﬂn can be
used to i dentd foye-faNesay igﬁlvmm{mhggm@nf:eéatécelm eﬂaﬂ@;heml&ta;cg%ecsmsﬂas as '
angi ogenesi s_or netas asis. For anp : e.ne nd materia
o vt ded REPSIn BB TS SIS <UD Rrg S PRLCE 9P 61 CobRhiehs | o
pot ent i aI byPemolvgous econtovstioR bakta@btdelpaiiert Eakasaaneal., Sedics, Briefly,
activat I re n,of cert epes can potently -enhance the _
net asf;al ti 6&%?@%)%’?&% i%?o?; orgatieRg V@ﬁﬁﬁfgeﬁ?@@fm‘f pes* g&?ﬁ%&&ﬁﬁ es of such
flom nant | ms@gbtﬂca:gst@ﬁl@ﬁsmms tlfiak nbcsz@inesﬁaamﬁat@dahdwnw&mqg& TioREdagsler, W: t hout
imtation over C t a
‘Nat ure, é(@?g’ﬁﬂﬂgg“zg{r,(%) g'%()%%oo&?/@@égb@é? g‘i@ﬂf‘g@’égﬁ"g }’ &ﬁ‘g’ Sﬁ%ﬁﬁ‘} br east

cancer cel1l4$8 ,0B01) 008 cthe BkpressidRbf anMedogend g&% ZreﬁforaQQ&)gemalmjdha-EG:O

ovcrerexpresmg in human breast cancer cell es Tob| n et al
U

Oncogene, PSF(TEfuctdgbaeflls sapgsyused ‘11ﬁ1\i[4$§§éle?§t(’s’§§‘lt ‘"‘m%i*r €4 2e%Feen can be

desi gned to idens infsﬁﬁoﬂﬂ-ﬁilatlﬂa%ajb pEMERY Serbiiahn b8 $eMEtntiR genek unctl onal
equi val ence to. these chan es that are required for Hr;pét asta

pot enti al EOWHEB%HWG@¥B 2hg Estsué]é??caé‘ﬁmé@}"'l“s PT REETEYF- r@ﬁ’@’ip er ed to

exhi bi t T@ BeHeRAaRterialsBioaTbdhdrén 6aPRNIsk foyidenﬁ? Senéaatk@n@econpl i shed by
obtaining rtTA an whose | ung see bility is

d Tet-TGH |1
dependent- nlﬁrf"‘s)faﬂﬂﬁ?:t?]ilt@iuw H‘F’G('E‘glo"gi?’ﬁ?é@%‘i Efﬁef@?hca@@rﬂggy%jg Y:ne

adm ni st r abiRRen/Mt A$tdlibofeaRAR biret YanGRARNDE @S 8QSEEheRitat IYoREHAING t he
cells to bhe tested into a tail vein fqollowed by exam ning lung tissue for

evi dertfe  &f VaIRS Pgs s¢ll tﬁaes $omo e)@l@@g o B15h dominatily acting genes and théir

relevant cell systems include, without limitation, RhoC overexpression in B16 melanoma-
cells (Claik et al., Nature, 406(6795):53’2-5, 2000), VEGF-C overexpression in hurnan
breast cancer cells (Skobe et al., Nat. Med., 7(2): 192-8; 2001), and TGFP overexpression
in humean breast cancer cell lines (Tobin et al., Oncogene, 21(1):108-18, 2002). In these

25  systems, a MaSS screen can be designed to identify mutational events that represent the
functional equivalence to these key changes that are required for metasiatic potential. For
example, a breast cancer cell line can be engineered to exhibit TGFB-dependent
metastatic capability. ‘This can be accomplished by obtaining riTA and Tet-TGFp cells
whose lung seeding capability is dependent on induction of TGFB expression via

30 doxycycline administration. Metastatic capability can be assessed by injecting the cells to

be tested into a tail vein followed by examining lung tissue for evidence of tumor seeding.

11



WO 02/ 079419 PCT/ US02/ 09710 tunorigeni c conversi on occurs, RAS expression
can be switched off. Switching off RAS can render the hurran trenor, cel |
non-tunorigenic, thus creating human cells that are "one-hit" avva>23f$E£ 005
being tumorigeic. Wth such cells, a MaSS screen can be perfornmed to

i dentify yenagesEqui valent to RAS. 5. In addition, full¥ycesiabtnshed tunor
cells (e.g., nouse or human tunor cells) can be somatically altered to
inactivate a dom nant acting oncogene (e.g., RAS) so that a cell that is
"one-hit" away fromtunorigenici tgdl s created. For exanple, the activated

i

lii-ras ddisgbipiainggesihe eXlhit EGFBilpsptcntmpsipticragalilighbasclipedi e and 1- 1 CT
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has been Ge b _ i dentify
cancer-r ela%?lgagg %ggﬁ%ag%&%% 314%‘2“@?% oﬁg&gﬁ c%og?ms ‘g@ e%ﬁgle%lér ein can be
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provi ded herern can e used enes et astatic
pot enti al sum@sadalmne@d fdrd"\GHﬁe;tvarskmssmn pmlﬁriﬂanaﬁeatmmtmdlhkrsm Briefly,

acti vat.i on/ ove Ssi 0 ertal enes .can ot e nhanc he
net asfltgtl c pot %G’J@Pa\? sbeg em%oca? eal}(??’ﬁfl %s of such
dom nant | yloa«cﬁncﬁgoagmmgs f{ﬁltdamlbie,lthose p&h@mmﬁvobzeﬂ |1n my&bcﬂmm i ncl ude, WI t hout

i mitat

Nt o B B SRR R R e B R R B LR B o<y s
cancer ce |db€el<(pﬁteﬁ0 bi@olﬁbsma liissue Mifferenliithn, cell (a&l)esibﬁZBHA 2044 ynd @h dycTéEF O
overexpr essi on

t cancer cel i Tobi n Oncogene, |
21(1) - 205 THEI Ot SRE. fGal 8 S0y Bt iErinapt RAGEORE eI des) gned 1 0
i dent ilby mull sigraia) cyekeftssertthval eﬁpﬁe@ﬁ@ﬁ@&&rtetuhﬁimkfembh @sn(aﬂ)nﬁ@umlvgl ence to
t hese key changes .t hat e.requir for t ast t|c tential. For exanple,
o casy” CEBRRT auniom Rt niat el o s B R R D SRS deendent
met ast at i exeapag e that erbhb m@gimbﬂa aaé ety o hedaloyerd bIBINBOY cid HA and
Tet - TGFj F‘%&b?‘?ﬁl whose | ung seedi ng capability is dependent on induction of

n

TGFJl exp via 30 doxycycline adm ni'stration. Metastatic capability
can be assesseskdiy, Nﬂpe&klda@ntidﬂﬁoﬁﬁlbdnﬁﬁft)for Qewﬂeaid&dmlmmoaltﬁral I ve| n

foll O%d WHh%)r(aanl ntl ﬁ?ﬁ“ 1Lr0n1 he cu ﬁ%%e%%rleaﬁg {O%Spq g do com ete dea%heefd tfx

culture. Transduction and expression of an expressmn construct encoding a constitntively -
active EGF receptor (EGFR) mutant confers growth and survival in the absence EGF.
Thus, NSCs are “one-hit” (e.g., EGF supplementation or induction of EGFR activation)
away from a dominant phenotype (e.g., proliferation and survival). The MaS$ screen

25  methods and materials described herein can be used to identify EGF/EGFR-equivalent
genetic elements. For example, NSC cultures can be engineered to (1) express 1tTA and
tet-EGF or activated EGFR alleles and (2) show growth in the absence of EGF and
presence of doxycycline. These cultures can be genetically manipulated ﬂuough a variety
of standard approaches including, without limitation, proviral insertional mutageness,

30 genetic suppression elements, and cDNA comp_lemeﬁtation. These cultures can be

removed from dmybycline. After removal of doxycycline, all cells will cease



2 8 SEP 2005 WD 02/ 079419 PCT/ US02/ 09710 proliferating and undergo
apopt osi s except for those cells that have acquired an. 78 SEP 2005
EG-/ EGFR- equi val ent genetic el enment (activated or inactivated by the
genetic manipul ation) that confers cell growh and survival in an EGF or
EGFR indep@mﬂmwmwwhnner. In other Words, cells that surgrvszmelié harbor one
or nore genetic events that 5 second-site suppress the |oss of EG-/ EGFR
pat hway activation. The identification and pharmacol ogi cal mani pul ati on of
such identified genes can enhance the growh and survival of NSCs and thus
i nprove tmmﬂﬁbn@mm¢®mn@ﬁcn@hwe@aQGQﬁﬁmﬂhﬁbeﬂhmh@hapmegﬁmﬂanenhance t he
expan5|onE%gq% ¢$§%ﬁ§ﬂm9%dp QQQLﬁ (QH%L'&mﬁﬁﬁ%hQ??Mdi;then i nprove

and Tec

the repair ver e se’t jury or degenerative
condi t i onsnasiciutite) the co::éelebﬁrlmrow@lsaﬁdl bmlualen a;cEGEenE@FRAdld@pﬁler s di sease,

mul tiple sclerosi and, ot her.s enes_t hat u peur ona

di fferent |n§tnfl%hié?1tae TR ¢ ﬂ}%ﬁmﬁée W@@rﬂ%c’f ?Igdjr ey %‘cﬁleifl?]eveﬁé%ﬁods and

mat eri &l s smoﬁﬂ-lsﬂ@ﬂlpﬁtefs&hﬂossldlﬁﬂeﬂ*"/ﬁ@ﬁ pﬁsﬁ@tmbmx&hezd Tiridédttifiostion andlSCs  can be
i nduced to dlffq E%late i n V|tr eur ons @éﬁ dra i ng, EGF and
exposi ng FRETRETEC Hmﬁ?gﬁﬁm'éF? PER L% ™ These neurons
are 15 depﬁﬂdﬁn’ﬁfNﬂmmnBﬂ}NEmi;@dSvetﬂh‘eepdtendalfoffeﬂebﬁsbca:tdnmﬁcarbﬁapﬁssroyi val . Thus,

t he MaSS screen. nethods (ﬁﬁgk@ rovi.ded ei an.be used to
dent 11y BUNBCBUGFUE S e SLL s et B ee: Tt Sacgu BRRATRATS can be
engi neer eathel OpLxRH e&BvdrN oG QNS idhk edriiss (ﬁfmjuﬁ?e)hiﬂégteﬁﬁ@hfe doagitiofisssuey their

recept Tet -reqgul at ed in their ur ons derived from
t hese Lni ﬁﬁ?%g%%lr‘(aﬁcﬁléﬂu%aé“’m&f’?t%é’&%%l{”i‘f’éﬁéﬁeﬁsﬁt%ﬂ e fﬁgswng i t hdr anal 20

and doxycycl I nElk@%i%@Sg,Hﬁe@ ik ma@cedl%ﬁﬁﬂaiﬂe%nmdnlana BirfivaTcab BEiRXPEQSST on of
BDNF. These resulting neuronal cells can_then _be genetic panipul ated via,

for exanplPdre Preaipthods andimatarls nspated hgichy efdss welbgstabbrigd conpfbtidient at i on.

After thergeneli S HBREPU| b @atelil Girro Gib hé{{r@ﬁ 1§ ihBRwieBYEe:d rom
doxycycline. After renmpval of doxycycline, l@h neurons that harbor

integrati BFPo8Re Hecelsia brain-fariyad %EL‘EB‘QPOJWI&QP Heseee s he able to 25

Surviye. THes8ent BIREERF RR1RY @Rt EiatbnlnE Burb®alC TARE thef V1AM dchRnSUr Vi Vi ng.
cell s by standar nol ecul ar techni ques. The nget hods and material s provi ded

her ei n caHlBB’@dﬁ%dﬁ@ctWaiSd’éQﬂ‘iefinﬁ%‘rfé% b5 wgd fideptify RODEronalerEepst a cel |

survi val . phrdzam Dé edhbdeicR8inRls BN b ElaleRARCEAL] Bakaldaddslcs or the npuse
beta TC6-F7 cell line are dependent upon NG=_si gnal ing for survival in

cul ture 3PCBEINFIEFOBEr BPT recERioip & &) Trgrepuland: m 58 PPuroRGR HAY it s
recept or S dergRA AQm(lek mﬁs)naﬁlagl t11&71§e LENTER)ed 135 QeBXRRITStwiRheha cells

wher e NGF i s produced and secreted in a
- and doxycycline exposure since doxycycline will turn on the expression of BDNF. These

resulting neuronal cells cafi ther be genetic manipulated via, for example, proviral
insertional mutagenesis or cDNA complementation. After the genetic manipulation, the
cultures can be removed from doxycycline. After removal of doxycyeline, only neurons
that harbor integration events that activate BDNF-equivalent genes will be able to

25  survive. Those integration events can then be cloned from the surviving cells by standard
molecular techniques.

The methods and materials provided herein can be used to identify genes involved
in pancreatic beta cell survival. Primary cultures of purified pancreatic beta cells or the
mouse beta TC6-F7 cell line are dependent upon NGF signaling for survival in culture

30 (Perucci ef al., Diaberologia, 44:1281, 2001). NGF and its receptors, gpi40 (Trk-A) and

.p75 (NTR), are expressed in beta cells where NGF is produced and secreted in a

13



13 . 28 SEP 2005 WD 02/079419 PCT/ US02/ 09710 biol ogically acti ve form
Exposure of these cultures to a neutralizing monocl onal anti- H@ ﬂﬁﬁ
i nduces apoptosis of beta cells in a transcription/translation i ndg@ 5
mariner that is nmediated by pgl40 (Trk-A). Thus, beta cells that are.

"one- hi t "wONGF94pat hway activations) away from survi vakcoesrzhbeae produced
and used in a MaSS screen to 5 identify NG--equival ent genetic el enents
that second site suppress the requirement for NG production. For exanple,
t he mouse beta TCF-F7 cell line can be engineered to express rtTA and

i nduci bl e biaimgmﬂ@factdmrfbmarﬁxpnmgmf ithege TrlkzeA toz nanklisenmendbidealenfie. g. ,
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negative for

en be.ge ca nman | at ed a,
o P e RHEDr o s <ii b enaer SRPEk fri s TRy ot ed v
el enentss, iduntiBNAF-cQitpdl@igeateat bl@lﬁentsﬁﬂﬁtfkemﬂbmli@pﬁﬁk theltehtifeBfencn be

i ncubat ed h doxccllnetoturn ant ne atlveformsthat
Lt e K Pt o e B0 2B B e LRt ea it (or  ones
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nanner . é‘fp LHLé]f -ARrpdsengeditk-) ehatiseasy N dtet ﬁl?%*e%ss@ )\ﬁﬂhﬁt PR | s that

har bor OBES&E cém.r@eétdb&lgﬁaaaﬁalt me &W% ¥ it PRkbREEd MAbLycsaaR M SiitBut
suppression. | esions, for G- equi val ent hits. Saone of these may

ex
i ncl ud8 sigivaiomef Bedoega é‘ég ’f”‘3 we- Tekt, sichgelian then b gakaelhat  engage
Trk-A, or nfagfp@}atengﬁm%%%ﬁpw J@zﬂwm@%ﬁ&mﬂt H@stlsh@@éﬁe s%gle%ﬁﬁdar d

techni ques can then be ap |ed to identif enes activated or

i nact i vat &§misyis, & GENA fagpp. eiﬁélhﬂ@mpumﬁéﬁ‘tl %5 o2 g oRebetedivgPal i ng i n
beta cel | 9085816 MuBEoRESE ARk NEM USToRGs BBl ind¥eEa @Fm@@t A1 Bes A

anti bodies i'n"the culture nedia. ternatively, neutralization and

i nduci bl e "igulcao apAPlesncIsert AT BN SREPTIB YT RINEHNF coentRe idogenous NGF

gene Qk 2g; 1-55&1véteg%9%e%@geﬁc@ﬁa%&@héﬁéxf‘tﬁat%nféﬁ%ﬁls.ﬂgwhlrln%HN'G‘FdUC' ble allele of
t he knocked out gene. St andard knock-out and knock-in technologles can be

used. In fHeemdensuanert Freotheiciopdsoerlls it WO cis|esaE wilbbe eréls Hetihab®an per i t
~the contigpegd n?é%@ Bﬁ‘?%iétfbﬂ e%ntﬁ‘tﬁé‘t a@tﬁz%%@o%% Sitd pregk@ozﬁg:m s0QPc:aRgd herefore

permt survival ese cultures. The identi enes can be  used to
enhance b&E-¢aivelenthilsl Somaplthegima inciudy Slgﬁ%ilﬂlgéwamteé of e AHsP! ant at i on

g.rpgf ?g;{ Ieger?gﬁgr#-ggﬁldgﬁfap&gégeaﬁg LATBE &Fd &H’rﬁmgjntct mnh-@ﬂc%%ﬂc%ﬁ@yﬁ many

20 Standard teclmlques can then be applisd to identify the genes activated or inactivated by

such integration events.
Neutralizing NGF signaling in beta cells also can be accomplished using anti-

NG¥F or anti-Trk-A antibodies in the cultiwre media. Alternatively, neutralization and
inducible regulation can be accomplished by knocking out the endogenous NGF gene or

25  Trk-A gene and introducing or knocking-in an inducible allele of the knocked out gene.
Standard knock-out and khook—in technologies can be used. In these cases, the addition
of doxycycline to the media can permit the continued expression of key components in
the NGF loop and therefore permit survival of these cultures. The identified genes_ can be
used to enhance beta islet cells survival during, for example, transplantation procedures.

30 The methods and materials of the invention have many applications. For example,

the methods can be used ini screening methods for identifying cancer therapeutics (e.g., .
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t he nethods can be used in screening nethods for identifying cancer

t herapeutics (e.g., .14 28 SEP 2005 WO 02/ 079419 PCT/ US02109710 78 SEP 2005
ant agoni st s/ agoni sts). In these nethods, determ nation of
regressi on/ enhancenent of .tunor size in an inducible ani ml nodel of
cancer i rwbheeprwsence of a test conmpound can be useded¢wugedenid fy such

ant agoni sts/agonists. Simlarly, the effect of a test conpound on. the

| evel of oncogene nRNA, protein, or activity in the tunor cell lines of the
invention 5 can be used to identify the candi date as an agoni st or

ant agoni stanfagessiesauwtanbh thisgsetl®ds, damchi3Bpn of eastsion/enhmeabitiof t y to

corpare t S gxf sfigecit Ogndgci nlg§timca ggr:?etll] ﬂld cg'%,%,- En ﬁé jt)rﬁgeen?egonfett:e?q,%gﬁﬁ_ o \Mm]E ching of f

t he i nducibr'e oncgg ne i I's"'system al'T ows en i'cation o

sur r ogat e benmekiendentifyaticlemegpriediginisre Sofilddyethe kffert ofk tesespposd dio t he
conmpound. i_nvention sed . .n .t he.functiona

Th hods of t.h .al.sp can b
val | dat | or bR SRARER BT GEREE: Trionyifah e R R PR o R e
encodi g piah at byed 1Sideftde the cheltdipd B8 agomish bgatgdsenistHpe defdweall [Fygs. 24 det ai | ed
expression profile.of g expressi.on.n .tunmors undergoing regression or
regrowt h caﬁ‘ﬁ 3%& ftﬁﬂﬁ ttfeoa%ﬁg%Wt OWa‘ieﬁlbeseé}efté’éf‘ %F%COWPPHDCFW%?EQF%‘?%@%&IT%M to -
tum)[) | _r’raihrﬁé&@ﬂaﬁiﬂgeffﬂ%egmﬁﬂﬁﬂddn@dﬁ’gméﬁimﬁ ;;jzmmlowfs fIRXdrRiSis hia oﬁpﬁlﬁfdghtes in o
establ i she umrs uring regression/re-energence in vivo) versus purifie
cul tured f%m%ﬂggPt¥%PF@dleﬁf%%ﬁﬁ@?ﬂdﬁp@ﬁﬁgﬁﬁig@ﬁwﬁﬁge free of host cells)
can be carri ed T4 nethbld dr@aRE@Son Al daR bY 1A iVBE BilkStidrhl VARG HEHEPT €SSi on
profiles can_be used tq identify host-derived factors K or tunor cel

changd® brigudifitte Epetinveyedinaansss for fFEmde AtHcs BRiRERE PugHYe fHake expr essi on

profiling,re&pmp @RARkYSpeef-R8NS dgeilddtgplsRnrdRYbBESE efbrésdn gel | i ne.
i nducti on can be_conducted, enpl oying a range of techniques. These
t echni que PR IREEPEE FHESSPn 08 IegFoveD prhs $85950 1B R PHR cel |

cul ture), .pldishia@ioiiahodh SRk ce. ih Q8 ERH, SomPRMNESE Sipr&ivh lofianal ysi s of
gene expressjion (SAGE), and cDNA and/or oligonucleotide _mcroarray

anal ysi s Gfitablished Brami s rmeraRes e egragsy v oheesdusfirhplEredandi dat e

factong anrgmbhdend i inefticR XRE BRSI L0 T8h: 681sF &R RSl Al iffbBy@f eat er
detail using RNA in situ hybridizatjon and ininunohistochemstiy (M. 25

These dat 4" Bréva WEsu$ ifdrhetPresHonprofilss e be apadip ien@lyheslr derestt f2@ipidst or t unor

cell') is themeeHl 88nok bRXNPLES6H®P keHb@RidotNEbARGH! 6 SHARPOI Nt
host -derived factors nay prove nbre useful, given the nore static nature

of this copariaveRtilingl QiPTREcRsesHEns Ferng BRETGERE ARgeelt Bifar t nent .
Finally, beyensth &086RYRELSSIONSE MalET techbiqhed. FRSS QMG hQ ind@Rl Oi t this
in vivo systemto assess the consequences of antibody neutralization, as
wel | 20  ‘theuse of suppression subtraction (in cell culture), differential display, proteamic
analysis, serial analysis of gene expression (SAGE), and cDINA and/or oligonucleotide
microarray analysis on, for example, membranes or glass.
Once desirable candidate factors are identified, expression kinetics can be studied
m greater detail using RNA in situ hybridization and immunohistochemistry (MC).
25  These data provide information on which celtular compartment (host or tumor cell} is the
source of expression, From a therapeutic standpoint, host-derived factors may prove
more useful, given the more static nature of this compartment relative to the ever-
changing tumor compartment. Finally; bevond these expression studies, it is possible to
exploit this in vivo sysiem to assess the consequences of antibody neutralizatibn, as well

30  as to determine the impact of constitutive expression (mouse or human cDNA}) on the celi
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30 as to deternine the inpact of constitutive expression (nouse or human
cDNA) on the cell 15 2 8 SEP 2005 WO 02/ 079419 PCT/ US02/ 09710 |ines of the
invention in tunorigenesis and nai ntenance in the presence or absenE&SEﬁZ&H
i nducer. The invention also provides a cell culture systen1for t he

identi ficalyi9Q49fs tunor- derived angi ogenic factors. g of the
tunors cells generated using the, nmethods 5 descrlbed ereln to cul ture,

as well as their capacity to survive in serumfree conditions, facilitates
cell -based functional assays in which secreted factors relevant to cel

survival 1aLeqd tﬂ@ﬁt‘i&{tioﬁ% mﬁ‘d{]%é"&‘é is alﬁ)ﬁﬁgn?t %81 rééeh&g)r %Qé%n&%f used to

identify. angiogenic factor ogues, honol ogy with known
factors suedncets proliferin. The invention | S descrl bed furt her bel ow usi ng,

as an exanpl e, ﬁl@?}éf%}?ﬁ?ﬂl}%so ro%?%eé £t llac%}fﬁje 5 enli ﬁ)gltﬂeqq.éi%ﬁgﬁ‘i%ntof ﬁﬁ'&}g-em C NDUse

possessi ng activa nase- driwven tet-ON) and
_reporter (ﬁatzedl%@)ag@mrafasﬁgmnédammmhéﬂierﬂtﬁn@a/cmgemm&tbd udpgrgmetbds (nult -~ for

bot h PI6' 4a,. a P19AU: see F hods f.or identif enes t hat
ore i ol VSR EER s g saphal v R el s ot ooy gous
for an | NkdalinttRbcligenal fitiitahal @ﬂs&j‘zd’i&twhﬂﬂﬁéﬁﬁb@fabﬁbishe@ﬁzﬁlt td\ﬂéﬂaularndl P19 ' are
referred to gs %Sdl kd4al A-f +/ - ani qﬁ 4¥ 4 %g’ |§ or cells
honozy goud™§ B 4 T REECH R E™ ?gﬁni S tha gt raﬁfﬁ’togmﬂ aﬁ “P161 NK4a and
PﬁQ‘ T ;’slﬂlemlbﬁ}fg&ést mged ?m@lﬁr ohkselody fwith kﬁmﬂlﬁb‘i&sa}jch BekdiFerid t i Is not ed t hat
this Tyr/ Tet ] nk4a 1S meant on t.0 be ex ar For
exanplg, in ad ?FWWﬁFﬁﬁﬁéﬁﬁﬁﬁiéﬁ% Oﬁﬁﬁﬂﬁﬁﬁ”ﬂﬁx% eﬂﬁ%@ﬁ@?gﬁ ca% be used
to i flemt i ft@tragsacmeg-éégﬁmt@ddm ﬂr@sg?aﬂ?c Iﬁéu@@ﬁosﬁ@sﬂ% acti'vario$ {Tatdsfase @vegr essi oln_,
maj nt enance, or nmet astasi s) of an er e 0 c exanpl g,
genes t hat®'&r8 TG vad )r?né)feﬁ@i*er (E%)%‘f‘é)é‘i%%ﬁ%e% 05%“‘\/@%‘ ﬂgAsRﬁ ]ﬂﬁg pr ggt ate,
breast, cok&dpfihalnull foVgin P EARELEAPIE, l@éeﬁﬂzﬂ 1) ﬂ@éﬂxbcﬁ%ﬁﬁem@ﬁﬁgl an,
uterlne cervical, kidney, thyroid, bl adde esgophageal enatologlcal

(e.g., |edRRstly areéwaﬂ\regéﬁbtﬁamt%og@%eef ?elaa%%gf“%m%@r% cellsRteRgysRant i f i ed.

Si mi | arly fortRgNkeyARPlBnd ek Wn R be@ts%o&ﬁ%%’?%d P@A%e&eebfeyeﬂtt@aa to
regulate induction of .oncogene, 25 expression. a nunber of other

i nduciBl e l¥§retiefid- wamgs or wlis pafeanma g ‘Eﬁ]ﬂséomﬂ%@&‘llslfé’tﬁf&ﬁl‘*’é/ﬁmﬁr%ﬁ%t er or an

estrogen LeERRLWa d1sﬁs?ts%ﬂhlPl@Igmaﬁ&fmpm%}@reﬁ[@m&ﬂﬁ(@DQf --G@ihaloFPES, can
simlarly be used he invention, and are we|l known in the art. Al so,

the exanpflis deserpbiat belouledse OS2y PeseTpi drsgrirealy e ¥ lRHvent | on

al so i ncl ugdesahiR, inbRGite] N adiiChe RREOGSHOhvétitiRnL RUBRIESSOr gene) in
t hese net hods, as well as genes
1dent1fy genes involved in any stage (e.g., initiation, progression, maintenance, or

20 metastasts) of any other type of cancer. For example, genes that are invoived in other
skin cancers, as well as lung, prostate, breast, colorectal, liver, pancreatic, brain, .
testicular, ovarian, uterine, cervical, kidney, thyroid, bladder, esophageal, hematological
(e.g., leukemia), and lymphatic cancers, among othefs, can be identified. Similarly, the
example below employs a té-tracyclinebased system to regulate induction of oncogehe

25 - expression. Any of a number of other inducible systems (e.g., systems based on a
metallothionien promoter or an estrogen receptor), as well as appropriate promoters and
cell types, can similarly be used in the invention, and are well known in the art. Also, the
example described below employs the ras oncogene, but the invention also includes the
use of anry other oncogene or (tumor suppressor gene) in these methods, as well as genes

30  that are identified using the methods of the invention.
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30 that are identified using the nethods of the invention. 16 2 8 SEP 2905

Wa 021079419 PCT/ CUS02/ 09710 Building a nmouse nodel of nel anoma Despy dﬂ?
cl ear association of 1NK4al ARF nutations and. nel anoma predi sposi t| on I'n
humans, I nk4al Arf null mice (null for pl. 6r~xaa and pl9 Rr; [lukd4al. Arf

| - mi ce)wtabhoh@ devel op nel anomas. It is well known EE?ﬁJséz%gﬁGts are
resistant to nelanoma 5 devel opnent. This resistance Iikely relates in part

to species-specific differences in the nelanocyte microenvironment. In
humans, -nost nel anomas, arise within the epidermal mcro environment as in

situ | esi @gld;@mgﬂlnﬁdeggm@mnmse Progression towards the vertical
growt h phase (1.€",” downward 1nvasion into the derms) is thought to '

require addit Detwit thyetear peoditioncd A RN B aHERS 6 mMeanomas ur vi val

advant age Slé:lg@t]dl'Eﬁﬁmi]lQnS ﬁﬂt@BﬁEﬁﬂuM%m ﬁﬁlﬂﬁﬁ [@m‘*@“m@@? Mhew deri ves
support. f observation t ermal " el ano | s do not readily
survi ve anﬂw@rf@hpfdewéqmnwﬁmn%r dnspelaloed thay reslents agersigint tamelpearayi r onnent
(Nesbi t; et Ong S £ adult mce
resi de in dteﬁéé()pcrinee?m s%gl%%] 'S é%ngg?h\}%%?i{# f?e?lpg&rrﬁl %5?&?98&?&%&:%{358%1\;}1'3\/61' / grow 1i
sti nmul at omyelsalogmemg:rmwmmnmm r ipdutnens; wast medenompg ilrisarmﬂilrrauhs frodamatl on

t hreshol d _j g prOV|d|ng an
addi ti onalmlgrr?glglr%men%g% & Slé&%smlnﬁm ra@%‘fﬁf V% J{Ee pfoﬂ%% %%de'?he oncogeni c
stinmul us tvlaaical\@mvuh @blast (irestdowasadcviavien ®th m&r(ﬂ:b) E&ﬂtﬁuﬁg@o redtHiRASVV20 was

expressed i.n.nme cyt.es w oSl na rormt er and an '
upst r eam eﬁﬁlgﬁ}?gegeng?yﬂj&?ﬁatm{jtﬁ'ﬁts@aye‘iw% asur\%ﬁﬁﬁd%an 51113%5 1994). Against an
20 | nkgal Asrippbmvé:)‘ateklgﬁlmum mn@ﬁﬁvacﬂmmmpmmuﬁ oEdreomEst ener ged at a

very low i nce and | at enc

S oni 1 cafpRgr Resaeell o oh o e BE R B Rsa et oot botn
Ihr Acdal Ar fdedl Bh@Senvicfinices gmditt 7018 yOHCOQBJed&]?m 1899, lsgmge mﬂmida’yﬁﬁéﬂ}ﬁ\r f f
eterozygotes sustal ne cansl st ent ss of t t | nk4a/ Ar
al'lele. tﬁ ‘Flﬁfewéﬁie &F%RZ%FAFIF °9n°elﬁa§’%3§?td’dﬂfﬂpqe P’foawg‘@?é%%@“ﬁ]hl mal s

devel oped saﬁula@@omgr&mm Gitddan ats: HRlaneREsmMibh théspbldpetehlance after a
short | at supra we showed that RAS

h
acti vapi OS{}%%WIC@GBBE‘? ]%‘E%twsﬁjﬁldlbﬁwﬂi%ﬁgfan 3&@;? ui@ﬂwe@ﬁ SUPYY o accel erate -

t he genesugm@)fmpie hRNeBRes- A%k bioog&liditinalustiBat BB fByaRificdRIES P53 gene
remai ned | a g)d type configuration in these nouse nel anomas (Chin et
al ., 1997, a) Thus, the genetic profile of these nel anonas

recapi tul at es H-RASY?C was expressed in melanocytes with the aid of the tyrosinase promoter

and an upstream enhancer element (Ganss e al., Embo J. 13:3083, 1994). Against an

20  Inkda/Arf+/+ background, spontaneous cutaneons melanomas emerged at a very low .
incidence and with a long latency (Chin et al., supra). Significantly, these rare
melanomas showed spontaneous deletion of both Ink4a/Arf alleles. Correspondingly,
melanomas arising in Ink4a/Arf beterozygotes sustained a consistent loss of the wild type
Ink4a/Axf allele. Finally, on an Inkda/Arf-/- background, transgenic animals developed

25  spontaneous cutaneous melanomas with high penetrance after a short latency (Chin et al.,
1997, supra). Thus, we showed that RAS activation can cooperate with Ink4a/Arf
deficiency in vivo to accelerate the genesis of melanoma. Lastly, similar to human
melanoma, the p53 gene remained in a wild type configuration in these mouse melanomas
(Chi'n et al., 1997, supra), Thus, the genetic profile of these melanomas recapitulates

30  some of the classical genetic features observed in human melanoma, namely activation of
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30 some of the classical genetic features observed in human nel anonma,
nanely activation of 17 28 SEP 2005 WD 021079419 PCT/ US02/ 09710 the RAS

pat hway, deletion of the Ink4al Arf tumor suppressor, and the absenc M
p53 nutation. Role of activated RAS in nel anoma nmai ntenance 5 To study t
rol e of tly acting oncogene; such as activate

fully- fo?wgg tu%@rs a conditional H RASV120 transgenlgcﬁﬁggwéugiIizing.

the tetracycline- regylatpry system was established (Fig. 2). The need to

assess oncogene function in fully-established tunors arises fromthe fact

that advangegl, b el ft, .gE many

successi ve geng??%&%gggéﬁgﬁ?ﬁggﬁg%%gﬁHﬁmrB@ﬁﬁ&%ﬁ%%&g%%ﬂ%nd 1§Igegulat|on of

~many oncogsngicand tunor suppressor gene pathways. Hence, it is not clear

whet her a particular cancer-initiating | esion remains relevant to tunor

mai nt enance and, if so, what that role may be. Particularly inportant is

t he conceRol¢ hiatctiosted BASthemelaaoneiniaakénancer ol es of an inciting oncogenic
procesdes s atgrBgLREeTE ik e B quR et ot ieb i Sy R hese.

Is ssuea X i%liwﬁiﬁggg m;fgdg %unem@mwmy?f%mneg@mmfm ﬁThlzan the tf’ﬂr?@chﬂblalt | . t OIAc %i .
ci. - [ ecifica a tet-regul ate

t r ansgeni ¢° §¥S¥§%?W$§? Eg%@fgg% d@ﬁéﬁﬁﬁpaﬁ?ﬁépc g@@@@@ﬁ“ﬁoth acti vat or
f) TyL -rt TA%jfull‘:},f;dstdbﬁﬁzh)éﬂ b%iotrs( Jﬁfsﬁ(}aﬁ R)'Al\lgtfﬁoam%gﬁﬂ@ﬁ:e@ﬂahglh@ct : ylﬂaislga!lnﬁrtﬁe /- :
ackgroun i g . Actjvate expressjon_in i s nodel can be

regul at ed PBWW&O%@‘ PHYFEHFRIG LR C (fsiopkihagmRat &P thefWgEeR 82%r i n vi vo,
respeabi Veddhlatln &Rk @bogdhe and ¥ USHEQE): géﬁépatmg)ﬂemr@g\f@megfhese mce

devel oped spontanegus cutaneous nel anomas in a strictly
doxycycl i H&ethspepraimer fsrapitiafngdesionremans rpkyan o @mor Bwrrgﬁnﬁwe and, if

doxycycli @@m{aeaqhﬁdlew@lblet’ax%ﬁm ﬂﬁiﬁ&@d:ﬁfsfmdcnmeﬁﬁhaﬁd}@%@me “acquired”
doxycycline-induced. tunors shared a f features of the constitutive

(6]
Tyr - RAS | FRgMfaAdFcitug Oﬁags%}?ézon ﬁﬁﬂ%be*e@bﬁlﬁm@thogrm%@macn@t?ﬁ #) |

Speci fi calghie s&dﬂ%yocags@s%@@ﬁgg B8 PR iBRAkd SquekiRHRE! T8 adcﬁléss@fe@e Rihahly
vascul ar tunors upon %ISIO | ogi cal exam nation, exhibited a spindle

nor phdp og@%ﬂ%’?ﬁiﬁﬁﬂ?@@tﬂ?@ Frgings Ie‘é‘i‘f@ﬁfﬂcpﬁﬂfé A6 SFiobyp-A- FgAE: 1996)
| munor eaghk whiidd ! Spdefianyeatd Ye_igﬁﬁjce@ M@ﬂaﬁsg%ﬁ@ %oﬁlg&ﬁmmemas) was

tyrosi nase-rel at ed protern-. honson et a I nvest. Dermato
90( 4) : 4595@@9@8@%@@@8&6%@ aqi;w IrzﬁTékwéwrérn(Tahﬂasaémsmey onwen t hese

doxycycli pe-hreai.ed b-EM{éo-ESE (ﬁé@l)l RkdAlARAY exP{e‘Z!;s‘%ﬁm nRRakioRd A% or - 30
mul tiple independent primary nmelanomas, were w thdrawn from doxycycline
regulated by doxycycline in media or in drmkmg water in vitro or in vivo, respectively

20  (Chin ef al., Nature 400:468, 1999). Moreover, these rice developed spontaneous
cutaneous melanomas in a strictly doxycycline—dependent manner, i.e., melanomas arose
only in doxycjrcline—treated Tyr/Tet-RAS Ink4a/Arf-/~mice. These doxycycline-induced
tumors shared all of the features of the constitutive Tyr-RAS Ink4a/Arf-/- melanoma -
model (Chin e7 al., 1997, supra). Specifically, they presented as amelanotic, invasive,

25  and highly vascular tumors which, upon histological examination, exhibited a spindle
morphology with anaplastic and pleiomorphic cytology, strong immunoreactivity to the
early melanocyte-specific marker tyrosinase-related protein-1 (TRP-1) (Thomson et al., J.
Invest. Dermatol. 90(4):459, 1988), and robust H-RASY!?¢ expression and activity.

When these doxycycline-treated Tyr/Tet-RAS Inkda/Arf-/- mice, bearing one or

30 multiple independent primary melanomas, were withdrawn from doxycycline

administration, established melanomas (0.5 to 1.5 cm in diameter) rapidly regressed to
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adm ni stration, established nelanomas (0.5 to 1.5 cmin dianeter) rapidly
regressed to 18 7 8 SEP 2885 WD 02/ 079419 PCT/ US02/ 09710 barely detectabl e
or undetectabl e masses (Figs. 3A and 3B), with only residual scattegeygp 7105
tumor foci being detectable on mcroscopic exam nation within 10-14 days.

I n other enoval of activated RAS in an establ noma

resul ted Wr@ng%i}g' regression. Mreover, this regressi %ﬁ%’g%ﬁ?g was
acconpani ed by activation of 5 apoptosis in both tunor cell and .
host - deri ved endot helial cell corrpartrrents (Chin et aL, 1999, supra). This
finding est I| an essent in

t WNOT i geanSaSel? d%ec%%le ortunﬁ%rctab!lem?sse% élgigs %A £8%P¥%§1 é@A %m@l% %:daggl% role for
act i vat ed tuR&Soci heimgsisstablrionrdrasbpit eummmtleh Mniiumlérla;(ﬁays)ds ogssential for
t unor growth and h 0 RA% C Jnk4 [ mel anoma cel |
lines are S¢FPEemsy “'ﬁ"‘é%"e eér%lfmfles bhtsﬂ#t?rl? genier tﬁc{lﬁﬁ‘énﬁoelndent

Tyr/ Tet - RASgrbs&kx&all\Arréoﬂer thiietegroim peelets wdsnesmwenied beadtiveitbnfofom pri mary

mel anonas i n_dax) | | ne- suppl t ed.nmedi.a Th se cel | xpressed H -
RAS12C. MRS BT G SR PO Ry A oty p e mspla e anner

Al t hough 1994, 5ughiayl Tigt fhap@estabBihgMinf dseauiibll iy letibienctivatsd RAS ng@mth properties
of these cells, continued expression of H RASvlI2G was_required for

t unor i geni E‘F?ngn?ﬁl%WUH UG ARG SR RP LA FUeeited R 1915 Bt %ptlﬁ?te Sv12G in
tunor mai [h eRenEee heaR@shdricEiBinteyactiSid REAIBN € UEn@orARE BRd horhddp@sit.i on of these
cells yielded tunors in SCID mce treated with c%xycycl ine with 100%
efficiency, while those mce not receiving doxycycline remained tunor-free

af ter manyR 20k $n1ofy A23SH ML duR el Bk R ordltly RAQAGhenBbiftB6R. ) -
Simlarly, anchorage-Tndependent growth, a surrogate for tunorigenicity,
is also déﬂ@ﬁﬂéﬂi‘_‘“%h RAS activation. Therefore, this nodel provides a

no- backgr ound m%f;&ﬂemymhmg mqwﬁffqhmtﬂ%mg@&ﬁqme@na@ bgivef fog0OMP! enenti ng
the functions of activated RAS in tum)rl(genem s and tunor mai ntenance. In
addi ti on, PriFerfyeplenusasdt dpaRrinasrigeenied Badiat These cdllines omsepssdtiver y

stabl e, 25, 4MGKeNRSGRSS Litd £RityG8h biSey cwyﬁz d@ﬁéﬂ&él%ﬂgna AlBhlE jcancer gene
di scovery system This unique system provi des a nunber of unprecedented
oppor thini tdierotfspact Henifieratly i wwfrp @w“@f rropgaeser! theas epdls.sontiged i cul arly t hose

'3 mportant ek HesSdATR - HRKMPCHANC 3D for BRSILHERY 1n 43! SHAGH QRSiskiee bel ow).

with a role of H-RASY**% in tumor maintenance. Specifically, subcutaneous or dermal
injection of these cells yielded tumors in SCID mice treated with doxycycline with 100%
efficiency, while those mice not receiving doxycycline remained tumor-free after many

20 months of observation (Chin et al., 1999, supra). Similarly, anchorage-independent o
growth, a surrogate for turmorigenicity, is also dependent on RAS activation. Therefore,
this model provides a no-background system in which to search for genes capable of
complementing the functions of activated RAS in tumorigenesis and tumor maintenance.

In addition, the genomes of Ink4a/Arf deficient fumor cells remain very stable,

25  unlike p53 deﬁcient cells, thus providing a stable cancer gene discovery systeni._ This
unique system provides a number of unprecedented opportunities for the identification of
cancer targets, particularly those important for tumor maintenance and host-tumor

interactions (see below).
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28 SEP 2005 W 02/079419 PCT/ US02/ 09710 Tet-RAS trenor cells support
endothelial cell-survival in vitro To explore the role of H RASV1Z E@
tunmor angi ogei nesis, we have determ ned that enforced expression of é@@
in SCID explant tunors does not rescue endothelial cell apoptosis, nor
reverse t sor/orsgr essi on upon doxycycline wthdrawal amdroengenuent 5
down-regul ati on of H RASVI 2G therefore providing in vivo evidence that the
role of H RASV12G in tunor mai ntenance extends beyond regul ati on of VEGF
expressi on. The flndlngs of Ioss of host derived endot helial cel
viability il el FURAGHY ¢ eliah rpialifmviignor cel | s suggest t hat

H RASV12G expr essly gmé% L ﬁ@rsme el aﬂlgfglg Robiflsis dye RnADGNAGRRILC state

t hat supports tunor an I ogenesi s, state colTapses once 10

H RASV12G a){pucet@apmﬂswrsoﬂ\ﬂi‘@léuh D et&ylamtémmraﬂoe@ﬁlott@mc ymdoﬂméal cglbnsi st ent
with this wn- b y that

RAS- expr es sp%%% ITOI re%rsg\ﬁunof feg e“%ﬁ%l ad nﬁo’@’rc %‘%ﬁgg B@P%%F@ﬁ%ﬁd# act @ ngc apabl e of
enhanci fig dmalbwlgulmyono:ff HpRAREFS) theafara pro@nl:hgtzh etvp avideeb st nrdeniif f r ee

conditi ons gG W%%{%aei\%%@ge' gz%gg(%é% 3/:#\11 ?Xg{egsg% terl zed the
ki netics a he i u ®vivo 15 and
indetro, gmﬂn@aﬁ&mhﬁﬁMﬁd?ﬁv?Nmﬂemaedé@%wﬂﬂﬁﬁupﬁﬂnﬂnmeﬁQEEHEtunnr cellg
and host- derived. endot ia W5 VO this.s m provi des
The means PEIFELEVERS Gltugerbtru oy ette B st B o ot ng”a
ang oghnest e e on T "““‘%"é:“%%ﬁg‘e’n%%iﬁ‘?““m@ﬁ‘ﬁe}“""@be’sﬁ?‘ﬁ ors (e. g
polypeg?idg§L% cheé@%ﬁ"ﬁﬁsgﬁ@ﬁéﬁgﬂiﬁHW?t ﬁ??ﬁ@@?mtﬁﬁﬁm 1éndothella
cel | vi abi hypoyhesiSuhehatiRitbad Sy GaRrb BY.OME: astaii RA@gex@i’Hﬁﬂiﬂﬁblla@:lmaca l's

(e.g., primary human endothelial cel]s) | ader ditions erein the
endot hel | afls BIFe Feel RS %ct?fé(-:@éélaf){/ﬂ S B RS Y3l e,

endot hel i abndof@hd] Sels@Nscp@n Gt baiaatbnb (Fig. ayrm&ﬁﬁg d@&ﬂﬂé&ﬂewﬂﬁhavéf ter addi ng
a test compound (or. a. collection of test conp %%C produced by

RAS- expr esSIAGCHEAIERHRE R MAPIEROERIC CORBIHRICEHTE %@1"1“’51‘3&?16*111%“ mvivo

doxycyed i ngrdth; @@ e hivd pheidddasidefdedsy iefactidibethee @ huk @ ckit@nd @pdot hel i al

cell cultures, the endothelial cells can be nonitored for the ability to

survive, (FEpHyotheleheslsg v 5T SihBEITEPTI S TiaReane & Gita¥Ehel i al cel |

viability., %éne Yicahieiitifors HROVEEINRMiLIRE £ thnith-Shdlidsve l8RENGRARSHNDS and
col l ections of test conmpounds can be obtained froanAS-expreSS|ng mel anona

cel | cuItU@%md§%8%WﬁéﬂﬁhWﬁ&%Fﬁﬁ?dﬂgﬁﬁon protein 30 purification techniques
(e.g., affinityng h{v%ﬁ}h%v%&@meﬂm&@fm ENATPLE facRrSlgt, l}bﬁgfpelﬁlﬁ&eﬁlﬂ@ésant can be

obtalned ggp the p g pe tldes wi thin_the supernatant can
eted polypeptl es) that enhance endothehal cell viability. Such methods can mvolve
culturing endothelial cells (e.g., primary human endothelial cells) under conditions
wherein the endothelial cells lack factors necessary for survival. For examﬁie, endothelial
cells can be cultured in'serum-free conditions. After adding a test cormpound (or a
collection of test conipounds)' produced by RAS-expressing melanoma cells (e.g.,
25  melanoma cells from doxycycline-treated Tyr/Tet-Ras ink4a/Arf-/- mice) to the

. endothelial cell cultures, the endothelial cells can be monitored for the ability to survive,
thereby identifving test compounds that enharnce endothelial cell viability, Cell viability
can be monitored visvally. Test compounds and collections of test compounds can be
obtained from RAS-expressing melanoma cell culture supernatant using common protein

30 purification techniques (e.g., affinity chromatography). For example, a culture

- supernatant can be obtained, and the polypeptides within the supernatant can be
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20 2 8 SEP 2005 WD 02/ 079419 PCT/ US02/ 09710 fractionated to obtain pools of
secreted pol ypeptides. Positive controls can include co- culturing the
endothelial cells with Tyr/Tet-Ras Inkd4a/Arf-t- nelatroin.a cell<§ BEpt pygs
presence of doxycycline, while negative controls can include co-culturing
the endothelial cells with Tyr/Tet-Ras | nk4al Ai /- nelanoma cells in the
absence oV?dd%y¢Vcline, 5 Jdentifieation of RAS equi vaFERTS2881 Pro viral
rnrrtagenesis, a nmethod of cancer gene discovery Slowtransformng
retroviruses can randonmy integrate into the nouse genone and accel erate

t he devel nt .aof tunmors w fhout being.gncqgeni c thenselves., They do 10
S0 by occaBrB Yo REPTPAPH e eaH RSBSOS ToF BT SBREBGENETRe T cos
conar nonl yepltahigy tHe tndathelidl @elfsuitht TyoiT e DR assin ksl /- shigpioassells gelme, in both

cases leading to_tunor . develo nt. Viral jnsertions .haye been.used as
A 2 b o L R e MU ST it S

| ynl phoni aendgeh Fy{ Bediaginka/ 8t /amelanca Ik @l the BkeR30f dd:88¢klinevan Lohui zen
et al., Cell 65:737 1991; Haupt et al., Cell 65(5):753, 1991; Gl bert et
al., J2 15 Virol. 67:2083, 1993), but also in breast tumors induced by the
nmouse mamMy@akMifidiieh of RBkUguive®S6ciet al ., 1982, supra), the latter pointing
to the utiTtty of tThis approach for nonlynphoid cancers. A recent study
used such BIAVEYprEEETeTS PERiodI) CVEEnE P fisePhedist  nunber of candi date
cancer genes i 'Sl(%«—h‘%hﬁlmngr?&fo@ﬂ@seﬁr@gl%doﬁly Blegdthe imoBOBouRURrde Using a
met hod based on inverse PCR of g£QV|ral enom ¢ sequences, several hundred
20 i nt egr & arrelsratele deielOPERE 08 o E bR beiteeicogaiq(thmetven| Theyrggo, .
supra)iy TQo @0 obdikRnallyd@NRARAEES dnbloftnBll b QUERH o SRQUSHEIAE, data anal ysis,
and the rapidly expandi ng sequence database and refined geénetic map of the
mouse wer éissspingitheencting pt piimeheippseior epfieeinibotistases dadiggitd B as conmon

| ntear at i QByctbddichy "PEA sEHBAd e Hloned!IBhdos 51 Wui® OBssdthEgr AL on si tes.
har bori ng oncogenes such as H Ras and gengé_lnp icated I n the 25

devel opnesenasf mpiglygp deukenie ey mpbeied meyels @edigian Pt dvilrlaroli Hedot 1984 si t es

| ncl uded a0y kAAUNGORNRSSNOL 19 CHLONS Y. LINKRS 159, {odh nafigenesis, as wel

9f 1
as several unknown genes. Mbpst enco raglng was ‘the 1dentification of
"singllé" iMie @7 20BBAII b sleo indprasisemprsdrduptdby thpmmeusemmanireay Bimcgct i on -int o

oci _encodioaty.anschi ki, A, LRGkOkR: phASE e PROSIAL A0S nBd

transmenbrane receptors, pfausible I1nks to esta
pat hways. n80yGiphed. candeet Amsowmhsiohcesgé awb anepreodch érrapillvadenidy 2 sasyet s f or

single hi tnﬁmb!zli0f%%fﬁ?c%escaﬂ&?&en{epﬁsaqeukenﬁa—prone model (Li er al., 1999, supra).

Using a method based on inverse PCR of proviral genomic sequences, several hundired

20  integration sites were cloned and characterized (Li et al., 1999, supra). To do this,
advances in high-throughput sequencing, data analysis, and the rapidly expanding
sequence database and refined genetic map of the mouse were exploited. All of the Joci
previously classified as common integration sites were identified, as well as new common
integration sites harboring oncogenes such as H-Ras and genes implicated in the |

25 development of tuanors in other model systems. Proviral insertion sites included many
known genes not previeusly linked to tumorigenesis, as well as several unknown genes.
Most encouraging was the identification of “single” integrations -those represented only
orice in the colléction -inte loci encoding transcription factors, kinases, phosphatases, and
transmembrane receptors, each with plausible links to established cancer pathways.

30  Given that known oncogenes were identified as targets for single hits, it appears that these

screéens have not yet reached saturation. In summary, these screens revealed many new
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screens have not yet reached saturation. In sumary, these screens reveal ed
many new 21 28 SEP 2005 WD 021079419 PCT/ US02/ 09710 i ntegration si %E%QQ%S '
indicated a nultitude of candidate oncogenes that are now i n need”of™ **
val i dation. Hence, it is now necessary to ascertain whether these genes are

truly invQhy 4N di sease. and, if so, to determ ne theit.t. i ons and
whet her tﬁgygg}%bl i nked to known cancer pathways. Suc EJ{)@%%Q%% es can be

studied in. an in vivo cancer nodel, which has 5 been provided by, for
exanpl e, the nel anoma-prone nouse nodels of the present invention. Thus,

the screenj g% HQMs, AL QWAL B¥ndiD 8 RLEIRLbnd RURR L RGN 1DR:488d O

validate and characterize these and any other candi date oncogenes,
Doxycycl i rialifasispoHgiopeit islonmsnessaeiol asceriain dethenthewst asdossye ey Eoivedis in
vitro 10 4 dis§asg§%§gsg,ecg dPt%ﬁx%thheiPﬁﬁXt'iJn@ d DRGRL eg?dée@%%%hs was used
for identifylng conplenmenting genes (also reférred to herein as "ras
equi val entcaherpdtingays! REH Dropertiheamigpticiedhin bk ivgew aapesm nelléli whighbaspr ovi r al

i nf ection h | iS e _ - [Arf-1I-

mel anorrsg cbg%lfésl oﬁ%%@%?%g%%ne@e,t%&%} @?ﬂﬁhﬂ%%ievﬁ%%ﬁéégﬁ%lﬁggé 5&)%55:‘1]&@@%' e of

bei ng i nf entestorbyhustthosrcrgensyg nktlods provifleddly thepteont soerttmnnimiy wedd6P ( gr een
15 fl uoresg r,otein) . e _in, the,pBABE .hackbone was construct ed.

GFP- pBABEsvag(?]até%m &éarag%réz%ﬁ ?egﬁg?deaﬁl?' Io)ilh%f (‘fag%lg?tgg TETHr o Pheoni x packagi ng
cells. Forty-eight hours after transfection, the viral supernatant was

harvest ed.,, Exponential | y grpw n 0Xx cl.ine-responsive .mel anoma R545
cell's wer eaoﬂ%‘fgéig’feérﬁswlf%e ?zﬁ%n@gcqﬂgﬁ%wquegteﬁgwet ‘ﬁ’"f‘fﬁﬁ’r‘gggThi rty-six hours
| at er , 10 nf ect edhsGeddsaibar hereX prdiifed thserSbiy mintA kel &ae amdd f2Qdenift:ascope to
det erm ne ri efii ci ency of infection, About 20%.o0f tZe.,,ce‘_L]%gL, Xpr essed
det act abl AU SR TOE Fords (ABTHENTRH Jerody o7 QR LS oI TEL Gr o read | y
i nfected bihe af@bdcBhidgdSupodicfidial hypvirdRbdectios bf e eapeibal.i T @Ry by MILV
retrovirus.in vj S ]g term ned ]g Sout her,n 8I ot .anaJ ysig using a
MuLV- spec isrfﬁ’?@l ett%%é&kg?/éﬁ /e n§5"’f‘ﬁ8@a et %"éberaéqu%?ﬁéo TS Y st ﬁ’ﬁ’h #6m the
expect ed kagh@r@yede STRMd WastERSEr N ediovidd vREEeSibrRRliye 4 PP @s&@Aat | ng many
different jntegration events i 1E' gi s non-sel ected po #ZE [ of cells
(Fig. 185) . fg’ﬁle %ét RERIBIN) 8PS ”\’/\%e@’% . &ilg’omf{%ﬁ(?@e%léﬂ E’@‘gi'%nf ected OFF- Dox
mel anoma GRlsingis Gt d-QERhil i@k R cldintcS@ebhifpe@aping BEL Forty-eight hours

after transfection, the viral supernatant was harvested. Exponentially growing

doxyeycline-responsive melanoma R545 cells were infected with the GEFP retrovirus for

12 hows. Thirty-six houfs later, infected cells were examined uging a ﬂuore_scent
20 rhicroscope to determine the efficiency of infection. About 20% of the cells expressed

detectable levels of GFP proteins (Fig. 5). Thus, these cells are readily infected by

retrovirus. Stmilarly, R545 cells can be infected by MuL'V retrovirus in vitro as

determined by Southern blot analysis using a MuL V-specific U3LTR probe. Since

integrations of MuL'V are random, the expected background smear was observed,

25  presumably representing many different integration events in this non-selected population
of cells (Fig. 6).
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activation of HRAS Qur results showed that SCID mice injected with

MuLV-i nfected OFF-Dox nelanoma cells could formtunors in vivo wthout

i nduction with doxycycline. 5 Specifically, we followed a total of 8 367 e
injected with 1x106 MuLV-infected OFF- Dox cells at two sites. Wthin 2
weeks, 18wouknonfied0 (45% sites injected with MILV- infeeiyeshmabl s

devel oped neasurable tunors (see Fig. 7; Table 1). Many of these tunors
presented with a clinical appearance and behavior that was different from
that of the RAS-driven parental cells induced on doxycycline. For exanple,
as i s showinlLW ifrfegted OFE-10x fnlaRBnpab eBlsahn Minfuath-eth RSAbGelwitldupe gener at ed
dermal tunmors in SCID mce maintained on doxycycline. Tunors typically do

not ul cer AEYfinqf H are beyond 1.5 to 2 cmin dianeter. In contrast,

in one tunor thﬁire@m&rsﬁ@\dedhﬁaMB n&td i@fecte@ @B MulIV-affeMaOFr-Dok ect ed OFF- Dox
R545 cells, ulceration ppar ent even t. hough tlp_lﬁ turmr only neasured

0.4 x 0.4 Bekmopieeiecyl dt\qgmﬂuaf%‘ﬁﬂ’?oé"tﬂi}w PSSR REAYE nf ect ed OFF 15

Dox nelsancipReigiedilyswy fflothed 4160041 3F 20imite mjmdpﬂﬂﬂ&mom@mtm&a@@wﬁl n this
experinment_it was 45%, facilitating cloning of provirally

sequences %egﬂﬁﬂaﬁ@ﬁt Wiyt APEds: ]égrﬂfft of 4t Vet wagctednvigE M “Ip‘?bw rally

activated 1%&%@%111@9%?0133& n@ébﬁlﬁ'iﬂe%in%&% (sfeQFth’T%l% lt) h8fan eV @LRREH:M thin m ce
at sites injected with i nfected cel Post=-inj ection Tunor size

(cn) 8 Daysaentphyslze clgwé am@ar%n@@nsé bejgvigr &1&107\@ dgféezﬁré fpm g 2x0. 3

gg’é 288‘220@%% dﬁ&e%%gleétap&llgﬁfﬁu&d%g d%x%égml 20- e%a:ﬁﬁ}%lg %QS é)ho)San @% zf )(; (])_043 y

0.3 L 9>0the poesal xuigfepgd 8545 celiding gelzerfaedskmﬂz@esom @ngze Anz@gltamed
PCT/ US02/ Q%?d%gyéygl%e T)ﬁmgrs]tQpﬁalE?Qo 19 veeXatOuidis they are beyond 1.5 to 2 cm in

diameter. In contrast, in one tumor that emerged 10 days after injection of MuLV-

infected OFF-Dox R545 cells, ulceration was apparent even though the tumeor only
measured 0.4 x 0.4 cm. The results ﬁbm this study showed that MuL'V-infected OFF-
15 Dox melanoma cells yield tumors in a high percentage of cases (in this experiment it was
| 45%), facilitating cloning of provirally tagged sequences and subsequent isolation and

characterization of provirally activated genes.

‘Table 1. Tumor sizes for tumms that developed within mlce at sites injected with MulLV-
20 infected cells,

F Ne. Fost-injection Tumor size (cm)
8 Days 12 Days 20 Days
1 0x0 0% 0 03x02
2 02%02 02%0.3 02%03
3 0%0 >0x0 | 03x023
i S0x0 | 01x01 02% 0.1
5 0.2x 0.2 03x03 04x%04
6 "30x0 04%05 04%05
7 05x04 | 05x04 0.6%0.5
g 01x01 02x01 03x0.3
9 >0x0 08%02 08x03
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110.3 x 0.20.2x 0.20.4x0.4 120.1x0.20.1 x0.10.3x0.4 130x00.2 x 0.30.3x0.4

140. 1x0. 10. 3x0. 30. 4x0. 3 1500. 3x0.30.3 x 0.3 160.2x0.30.3 x 0.30. 5x
x 0. 20, 3x0. 30. 1x0. 2 180x00. 1x0. 10. 1x0.2 Cenetic identification of

capabl e of conpl enenting RAS activation in tunor

mai Nt enangg ¢6588sF1 9_ 8) Proviral
is a nethod of cancer

her ei n,

gene

i nsertional
5 di scovery that

wel | -suited for use in cancer-prone nouse nodel s.

(e.g., nel

is part

| nsertional
elicits a tunorigenic phenotype either through the activated

oncogenes or, |esg gamonly,gyka it nejdg3Rapii on pPfgEumey sufpressor genes.
Since proviral integration is a relafively _ d "marks" the
site of genomic |ntlédgratilond-3kf2has|ef@rged as a gﬁﬁﬁeisysten1for t he

i dentification of rtagcer EFy o€ FOGRLOy T raltagytpgapprijoach has led to
the identificatiop of many| néw oncogenes “and tunpr —Suppresgor genes. An
abbrevi ated list | ndBudes [Pintx0Bm ) GﬂbdQ3PaII, @Bd O ail {in the case of
t he Eu- Myc | ynpho H—Mort—Tre2—Met-sl—Evi5, and Hoxa9 in
the case of the BXHZ nyel gi d” 8denm a g; &in Slbnqgk?éhtly, t hi s approach
in one experinenf, lisdentiffiedoall ptegsousty cat ad.egueed | eykenogeni ¢ genes
in the system i n15-additi-optomany—unknewn—¢ — 1., 1999,
supra). Simlar strat’egies Hgieﬁﬁeen Qﬁﬁ“ﬁied us @X V fgr breast cancer
genes (Nusse et al . 171982, supxal. P hawe.3 sho! @ﬁéb;prlnmry nouse

mel anocytes and astrocytes are susceptible to MILV infection,

denonstrating that tiRis mat hod®Pogy | sOAddbt abl d t®! poiZdmary |non- I ynphoi d
cell types. The Iasr‘porn TrrustTates the fact that this tnvention is
applicable to any cancer 20 type, using any |ndUC|bIe gene that is

i nvol ved Genetieidientifi¢ation nbganes cabable of enmpible bt aetive orng in a

dox-regul
of EGFR-e

L &4 e R 525205

9535 Serve as a systen1for
ves to be inportant for the 24 28 SEP

O/ e

anomnm)

nmut agenesi-gys@psdgscri bed

icularly
nmut agenesi s
expressi on of

t he di scovery

2005 WO 02/ 079Hmgir ﬁwem@ﬂmg%ﬁﬁsﬁaﬁsrﬂﬁmmf o, is ginetbd aBtorm genchen
adapt i Hg Hﬂ@é&%r)ﬁ%g 1§_ p&rﬂmﬁﬂ yt\*fgllesuﬁ&fpfo} Egeqﬁ E&l@&-}ﬁ%%é’ﬁsé E'lodels.

Insertional nyutagenesis elicits a tumorigenic phenotype either through the activated

expression of oncogenes or, less commonly, via the disruption of funmor suppressor genes.

Since proviral integration is a relatively random process and “marks” the site of genomic

integration, it has emerged as a prime system for the identification of cancer genes. The

10

proviral tagging approach has led to the identification of many new oncogenes and tumor

suppresse_r genes. An abbreviated list includes Pim}, Bmii , Gfil, Pall, and Fratl in the

case of the Ep-Mye lymphoma system, and Nil, Mrvil, Tre2, Meisl, Evi5, and Hoxa® in

the case of the BXH2 myeloid leukemia system. Significantly, this approach, in one

experiment, identified all previously catalogued leukemogehic genes in the system, in

15

addition to many unimown genes (Li ef al., 1999, supra). Similar strategies have been

employed using MMTV for breast cancer genes (Nusse et al., 1982, supra). We have

shown that primary mouse melanocytes and astrocytes are susceptible to MuLV infection,

' demonstrating that this methodology is adaptable to primary non-lymphoid cell types.

The last point illustrates the fact that this invention is applicable to any cancer

20

type, using any inducible gene that is involved in tumor maintenance. For exampie,

glioblastomas arising in a dox-regulated EGFR oncogene mouse can serve as a system for

the discovery of BGFR-equivalert genes. If EGFR proves to be important for the
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MULV will yield tunors in SCID m ce when the provirus. activates a-gene
equivalent to EGFR 5 MLV Infection The proviral nutagenesis agidr $fPctfls
was used in our mnelanonma system as follows. Briefly, the OFF-Dox nel anoma
cell line described above was seeded in culture without doxycycline

suppl enen the exponentially growth phase, the .

nmel anona gvglopd%\‘/lv{e}?e infected wwth freshly packaged MiL v/%{fsogeﬁé(- '
Forty-eight hours 10 after infection, 1-3x106 cells (depending on specific

cell lines). were counted from i ndependent ly infected plates and injected
intraderin Vaak i, ch nouse
recei ved t%&?&ﬂ%&:?}%%gﬂl% ?’%ﬂ ad%fﬂﬁ ? ﬂésc’f %e}r@%ﬁql%%ﬂvt\%]e%é%pgn g%tn ecti ons,

one on eackubVarmil yiel@ommpuslin 33113] Dicaivhen e povireg asbvaes amganh GQLhmleI?@‘a’ne nunber
of wuni nfec]g E%O:F Dox cells that were sinmlarly passaged in culture for the
15 sarre | eng of time. Al mice were naintained in an uninduced state _
(i.e., OFF doxycycline, on regular drinking water) and followed closely’
for the de ]lL nt of dermal tunors. In one study, we observed an about
45%turr%r ) %2’[’ “Gff"rate off doxycycline from MiLV-i nfected nel anona
cells. In or der%q;mﬂakmeémsﬁa@pﬁh&mS usezirlﬁemm&am&hi@stenwsafgmi s and .

integrati t sis.can b unt i | f new
genes/ | omﬁrdﬁflﬁ ﬁ‘?gﬁgﬁ eém’(%’la&%f Cf‘f Cé‘ﬁ%‘f%?e ?P%Wg?fzégfﬁgb ]E'JOé ow, we
oblser ved M??ﬁﬂﬁﬂlﬁ}%ﬁlgglémt Dﬂﬁhgftﬁé exp@ﬁémﬁigz@@wmlpgm ﬂléSHKDMIDM;I nf fect edd
mel anoma cells wi o t unor i on serve ni nf ecte
control cePfanomscel ﬁ\fﬁrﬁgi’lf feﬂ%@s{gﬁg@wawgeg#\g@r‘?m%ﬁf f‘?lggﬁgﬁlf es 25 Fig.
8 is aidl Omhﬁlfécu@ilﬂbbﬁm%gllﬁﬁmﬁ@hg%@Béiﬁ& batlire@nvde camtddifeech out to
characterize the prﬁgw ral] integration e Taki ng advant of the fact
%”8'%}31“@& 2 v

that RAS-iH# cCGhplelss apipicaEd e HIPIELGRO &l Ve¥knar bor i ng

MILV-acti v@h Sd@ﬁ%gg&%ﬁnods@te&ﬁéﬂw@ cB6hseItlcaiBt deBRedfroth igo Vi T al
integration sites can begin with Southern blot analysis for an overall

i nt egr at i oRdsFrRoRY iafectips.\gae pa egsh flgpk. LpnBplalRimicoPelFdregkdict o be

i mpor t ant saﬁe%&nﬂﬁfﬁﬁx%eaecg@@tmgceus@zs:altw@ae@gmaﬁ éﬁmg&a BRdeaenRews and the
transgene), Raf, MEK, K/ ERK, and P13K. In addition, several growth

factor® arF&mR"ﬁ’Qé’fhloﬁﬁmPcéPéﬁcﬁ Viere mapitaipe SEPABIEINGYS W87 0F9#FY PCT/ US02/ 09710
nel anoma deyel a@m{éeéﬁ re%ﬂﬁ REKAS 8RS fdi‘l%lvle@b]ﬂs%ly 00 the @ RIR IR0t HEOR,
bFGF/ FGFR, _ an MET. EcCoRI-, Sacll - BammHI - di gest ed DNA deri ved
from expl d}ﬁmql teg In one study, we observed an about 45% tum01 formation rate off

doxycycline from Mul.V-infected melanoma cells. In order to approach saturation

screen, proviral mutagenesis and integration site analysis can be continued until the

20 harvest of new genes/loci diminishes (see below). In another study described below, we
- observed 100% tumor formation rate off doxycycline from MuLV-infected melanoma

cells with 0% tumor formation being observed from uninfected control cells,

Preliminary Asséessment of Proviral Infegration Sites

25 Fig. 8 is a flowchart outlining several steps that can be carried out to characterize
the proviral integration sites. Taking advantage of the fact that RAS-independent tumors
represent clonal expansion of cells harboring MuL V-activated oncogenes, initial
characterization of the viral integration sites can begin with Southern blot analysis for an
overal integration profile, as well as for an analysis of genes known to be important In

30  RTK-RAS signaling, including RAS (both endogenous and the transgene), Raf, MEK,
MAPR/ERK, and PI3K. In addition, several growth factbrs and RTKs implicated in
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can assayed for pol ynorphisns i.n these genes. That such pol ynor phi sns have
been generated by proviral integration can be confirmed by conpar 'mﬁ
genom ¢ analysis of 5 the parental uninfected culture and/ or by segﬂ9| | 4405
hybridi zation with a MiLV-specific U3 LTR probe. If a tunor scores
positive Wwori2geags previously inplicated in. nel anona pé@@ﬁﬁhbﬁ@, further
nol ecul ar work-up of this tunor can be suspended and the gene "fast- :
tracked" for nore detailed functional studies (see below). Such hits help
point to those growh factors and RTKs with possi bl e physi ol ogi cal

r el evance nighariekdeod@ngenas bs asstssdDinvlbdiog, forfeatmplaMEER VAFGFGUEF R roVi r al

integrati I o anoma- | el evant i, ,a e detailed nolecular
anal ysi s gg#/gé%ﬂ%ﬂf ﬁ“ﬁega@g %@r??ﬁeiﬁiaéﬁfs%%gﬁ% de&l"%ﬁ‘%‘?@ 851?% %ﬁ‘@ "B ovi r al
Tagged Seguensssd (R bO)yniphishe iP ey deads, Im&t%gﬂﬁfidlﬁﬁmpﬂuhzﬁ§havéfb%@f Sout hern
bl ot .anal yses, nDIecuI?r anal yses can_co &;nue W th clonlnq 5 proviral
tagged segRHERLOY PYYR fqt%%maoﬁg&ttlr?ewpﬁﬁf&a A CPBRAEESENOF & se PCR

(I PCR) 5 ste84yal amnfebed haae f@for bﬁg@u@ﬁan%ﬁmzﬁﬁnwﬁmuvesgmﬁb Fig. 9,
anal ysis of each integration site can entail cloning of twg PTS, each

f1 anki ng tU@eL%EWb%eTrﬁ B oY SHEESIIOSIBEAIOF BB PURKIENALY Wallﬂéétad PURBREMAS di gest ed

W th rest ihedakion f@iﬂ?e)/ﬂ@%cﬁlworﬁ-'ﬂfj ef‘ﬂﬁsh'hrﬁoﬁclaﬁb@§@1ydnﬂét§and(tﬁe bne “BaH  and
Sacll), the PTS are contained on |inearized fragnments that are tagged 20

with adj adepediirnoespdsdied éme@awbﬂ%@s (seprhelew)- f$1§§ RERRYD Bpiet dbBE r cul ari zed,
and -bot h Rl &k O TRl it ﬁ@sﬂé big ﬁ%?x@ld@&%k&ﬁléﬁﬁ&@&é&b&ﬁ frimer sets

directed outward from the viral L he restriction site. The
resul 88nt vipEpciomers ithagipy tishintspEot s mepons raavabloci afote
subcl oned 4049 A %Il%u %ﬂ%ﬁ%%@?{nﬁﬁmepﬁﬁwc@e@@g%d primers, the PTS can

t hen be sequence directionally by a high-through sequencing facility.

Sacll. can 25 be used to fragnment the genon-Ac DNA, as thi.s enzyne has been
shown pre 1| er f gene
g i L e

sequence |nforﬁ@ﬁn%mﬂme@ﬂﬁﬁn@Yﬂ@awﬂW@hemah@ﬁg@nemﬂmﬁg@mbcbnmﬁéfnunber of
I ntegpati ?Hwﬁjalttg e&%ﬂ%@ %’tr?) hﬁn@ﬁig%é’iﬂ{e tl&ﬁnbe?erﬂerlﬁée‘?é’e%i}lgfcﬁf' ng m)r €

t han one festriction en ease eave
In this 36rgesyean bousd i bypesct Aadtovilmbdimig.i S nabisisral eethvintegrationt hese

ML BcCeLEl b Sfhall UIRES pe IO EARBAE PR vaRER bR AduaRg, T umor can
PCT/ US02/ 9% Moindues thinears i digestzy wih reseicton engeradsThaimut \Balh fie prdvous  PTS (two
for each 9{)%/ ﬁ@@\%ﬁgrﬁabgylgb'r@gm@mga§& br?fﬁ%&%ﬁ%%ﬁﬁ:@ﬁ@ﬁm% hgach tunor can

be cl oned
20 with adjacent MuLV-specific sequences. These fragments are re-circularized, and bot};

PTS are PCR-amplified using nested provirus-specific primer sets directed outward from
the viral LTR and the restriction site. The resultant amplicons, ranging in size from 500
bp to 14 kb, can be subcloned into a T/A cloning vector. Using standard primers, the PTS
can then be sequenced bi-directionally by a high-through sequencing facility. Sacll can
25 be used to fragment the genomic DNA, as this enzyme has been shown previously to be
over-represented in the CpG islands of gene promoters. Thus, sequencing of Sacll-
digested PTS more likely yields sequence information residing near relevant gene targets.
The number of integration sites amenable to IPCR cloning can be ncreased by using
mofe than one restriction endonuclease (e.g., BamHI) to cleave the tumor DNA), In this
30" case, to maximally exiract information carried within these Mul.V-accelerated tumors,

the genomic DNA of each Mul.V-induced tumor can be fragmented with two (or more)
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sequenci ng of the cloned PTS can then be perforned. 5 Database search and
BAG filter screeni ng Dat abase searches can be perforned with genom c
sequences of the MILV- tagged PTS to identify nearby candi date REL Zdedfsim
as well as to obtain chronosomal |ocalization information. For those with
no hits in the database, BAC |ibrary screening and cloning can be carried
out. 1t i&9IHEIGHant to note that proviral integrationPEEVSHOEUP 10 at sone
di stance fromthe gene. Therefore, sone of these no-database hits may stil
be near genes that have already been identified in other tunors. Thus, to
streamine BAC library screenin e i ng- ef f,or replica BAC
filters coft &Wflﬁﬂzygféie'%f éanﬁr@&%@’ﬁﬂﬂﬁ’f@#ﬁ%@ﬁ%’&ﬁh C(ftéﬁégmO I%E ‘For EGFR,
Met , agdf bﬁﬁﬁﬁ%ﬁﬁ%s@@tmﬁlﬁ aafcﬁﬁmm][rﬂfinﬁefbﬁﬁqed BE IR ig. Ohend B@R-e}@ﬁ@ﬂhct is
assaye or ridizatjon to t ilter. negative 15. signal warrants

cl oni ng aﬁﬁm§éaﬁ%ﬂ%@ﬁ@?mﬂﬁﬁi%§@8%§8§FFﬁ&@ﬁgignal obvi ates further anal ysis.
Hybridi zation to many cl ones suggests the presence of repetitive elenents-
and may. necessitate the production of a uni que probe. BAC cl ones
idehtiﬁﬁedDﬁ9m¥fﬂ?éﬁ”@@ﬂ%@ﬁﬁﬁ@“ﬁ?””ﬁ%eding detai |l ed sequence anal ysis can

be subject to nRRAMDSREREICADe I RvithdRGhe ReREnced BEmBMaN VL hr oughput
sequencinng, to identify at |east one exon. 20_:Initial haraeterization and

prioritizaf#esnh P IVAEVLY areyet @adifits REL gencriag well ppto qitein elsemenarhet er i zat i on
of these REL;G8REMGHMNBE- P&t Bh AbhitdiR tRIdaRbhkl ZRCTHNGS icARBs
characterization efforts. Wth each sequenced REL gene, the foIFomnng st eps
can be tak@®fcloping canbeatsadsd ot it s grpesiasida pell ted proviflripgElPSaOREUhonl ogy

rel ati gnshj Bfne AR R3S MA LRl I8PO¥ QARNEhicSe M-SHANCEnis Iy EAGE | dentify
notifs that enable the classification of putative proteins’into

f unct i onaltey geagsairamey galsedysbepwidgutified iowhe tiragss-oFsIs, orskiprsHisaBdhe
receptors qibﬁ(%?sébbgﬁfgfaﬂ&kéqﬁﬁncﬁ@%fﬁﬁéﬁ gEa %Rg%ﬁéé}s%%ﬂtainfﬂglm&mfo mosomel

| ocalization ~stu s to cover t nown hot spots I n human cancers;

(iii) expriessingly wevdl log (of BASH &nE(IRgMes acdhkPDarese gwicdtstelni ne whet her
th : t. . ' e €., d
ey are TRANLALAL BYIRALNALES Ba3a 0 1 L ANSARRS BXRIES W M & d06s 2

regul atory oop ‘exi st between e candidate 272 2005 W
02/ 079419 shEA) WSGRisCBTLQ sgé rauentticRASR)a positive {iznd] obiistanfuriedr andyrs mut at i onal
studi es t %ﬁﬁg%ﬁ&' i lﬁ’éﬁ?k}%ﬁefs sfné};ﬁs’fs fy H%E‘eni?é Bﬁ%#é?ﬁvé SeA¥SE SAYhAt ed 1N
nel anona a erirvative ce es. .biroin formatics
" necessitate the production of a unique probe. BAC clones identified by filter screening as
needing detailed sequence analysis can be subject to random shearing, shotgon .

subcloning, and high-throughput sequencing, to identify at least one exon.

Tnitial sharacterization and prioritization of MuLV-targeted REL (sce Fig, 10)

Limited characterization of these REL genes can be carried outf to prioritize
functional characterization efforts. With each sequenced REL gene, the following steps
can be taken: (i) database mining io search for informative ORF homology relationships
25 across alarge phylogenetic distance, in order identify motifs that enable the classification
of putative proteins into functionally relevant groups (e.g., growth factors, transmembrane
réceptors, RAS superfamily, and adaptor molecules), (i) chromosomal localization
studies to uncover links to known hot spets in human cancers; (i) .expression studies of
melanoma gene candidates to determine whether they are modulated by activated RAS

30  transgene expression (i.e., does a regulatory feedback loop exist between the candidate
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5 Wth conplete or partial candi date REL gene sequences in hand, the entire
dat abase can be used to search for honology relationships with genquoﬂy 2005
known function. Honol ogy searches canbe conducted across a | arge

phyl ogenetic distance to nmaximze the intonation yield on potential
functi on wadypatspway pl acement of the REL genes. Suchpeffi@sds7@an t hus

|l ead directly to the identification and/or classification of REL gene 10
products. For exanple, a portion of these gene products may be conponents
of the RTK- RAS pat hway. Al though many RTKs have been inplicated in the

pat hogenesjese afid RAE‘P)aenﬁm hm{:ﬁymaammﬁﬁmc@elrwmmada hytenrdh wilethedhe
Identificggm g g{fic RT % this enetic ﬁgween al l ows honing in on
t hose gen ﬂﬁ EIERRFAY ™ PHERMRSn RRVPRYRE anal yses descri bed
herein. O course this screen all ows S|n1Iar handl i ng of any putative 15
oncogene, in_any .cancer type. In cases in which a link to a known gene
cannot be Big@faiiehed, notif mappi ng i nformation may still prove to be

val uablse. For eWﬁﬂ%rﬁple&B?par@iﬂc&{d?dﬁm e tédueneharmel ahd shite of RAS
super-fam |y nenbers (e.g., the Switch domain 1) (reviewed in Ml unbres at
al.. Fr ontqaébgsqqan B‘i"é?@?cé?%‘é‘% fog: hamlogwa%lynsélﬂﬁsmzbsgee%ﬁpf kppwyBpetiqne -

| mpor t ance; @1 }R%Ltmflé%rcaﬁ HOSRANEO acAlR@h lé?g%ﬁﬂlyl%gﬁﬁlu& bﬁstahée 18 nfilin@td Ve REL
gene 20 product | abel ed as a pioneer protern (i has no honol ogy

to anyt hi rige nfortigon Yigld ab agieytial Gpeanand aph Ry PRoemaR Qfdh?)RE% &e¥Scan be
facilitat %qlcf?)éﬂ@z‘ﬂsaéa}{ b3 160k alr fgfrté@ﬁe '1&%th1€5(9:§615 éﬁ%ﬂn cfa?ﬁﬁ%&ﬂﬂpﬁﬂﬂ%ne

| ocal i zation and expression stddies are described below. 25
Chronﬁ%bnﬁﬁmt@éaﬁbt%ﬁﬂmhfihwbwm@Bhﬁbg@@@ﬁﬁwﬂaﬂmﬁheG@nﬁﬁ@mPEﬁmgBﬁgs can be

an i nport gt F%ﬁ{v&%%@mu@{ h&g) Mﬁ?ﬁ Wﬁeeﬂ 1mgfm%{éﬁ§n L%r aﬁ%%&'eéz?&'f functi onal

characteriza rirng gene is known, if

t he "I ocustielpropvedew batsedean gwag@mah@teﬁohﬂ@p@ﬁcaﬁw piisresific BAKe by thit hen -
cloning a i | joritized. In
30"t unor & RCRREUNLobof GRELEREREN Gy ol nPELRRGLI 100

chr ormsorrwhalﬂfmiaﬂcrﬂz@ﬂthemm oPf eubserthissovinradlbwe sitrelgr bandbmsoftahaputalies -readily

detl vad 11000 AL A0RRalll: frof BFRek B00nV, Al (7 %%a%r BGld HR04r09710

|nfornat|on ter i's nentlone many tunors harbor
mul tiple edlabl@ﬁls@moétlf evpritg infiregiiat hangill p8pede bé wlﬁalbgp Hohexapwjeottiet y  of

it eqr at i G AR s SR0Rhiq BRASAER. R BRNRY QPR EMRARER,
| ocal i ze tbecewsinnMegretdf oh, Sptéss piBitrcienge ASS7119a8) afd seaa fi de
| elevate the importance of a REL for subsequent analyses. Finally, if a putative REL gene
20 product is labeled as a vioneer protein (i.e., it has no homology to anything in the
database), determination of how to proceed can be facilitated by analysis of information
derived from chromosomal localization and expression studies, which are described

bhelow.

25 Chromosomal Localization
Chromosomal localization of the REL genes can be an important factor in
prioritization of clones for detailed functional characterization. Also, in cases in which a
- neighboring gene is known, if the “locus™ proves to be a cytogenetic hotspot in human
cancer, then cloning and sequencing of the corresponding BAC could be prioritized, In
30  tumors in which we have an obvious pathogenic hit (e.g., Met), the chromosomal

localization of other proviral integrations that are readily derived from database



5 di sease genes. In nost cases, sequence database anal yses provide the
chronmosomal . localization of a REL candidate, In all -other cases, nmapping
of the REL candidates can be carried out. Here, the JAX interspedilfit€ 2005
backcross mappi ng service can be used. Alternatively, radiation hybrid
(RH) panelw) hatszare wel | suited for PCR-based mappi ngpgf/ukdlgfoel0 nunbers
of clones can be used. The RH map enabl es prediction of syntenic regions in
humans. However, the need for efforts such as RH mapping will dimnish
greatly as the database provides conplete sequences of the nouse and human

genones. ' ExprasiinQAn Peald@meanab ¥ShéntidRd dsbvagmaly 1REbsgRfer Asltplepr obe,
Nort hern bl ot anal ysis can be carried out not only _to reve‘?é t he expected

si ze of a %ieatfsiclerptt intesuationy- setiBealiyr be Patorikt ofiprovaRkPts RO O NgE t | vat ed”
pattern ofef%RhesskoBuldhod-phitbdedicinte8h@insVeo HRe, 3t RALERABIndGUILEYE. Al a
mninmum a prinme candidate gene is expressed at nuch higher |evels in the
MULV- i nduc¥dhesrmeguenchylasidiatiesemppen aHemaen cass i grnce Bist@F bew idet ypes under
anal ysiss) ,diQhsd deflest  @anscri pt size 20 may have changed. In addition to
verifying tunor-specific activation of the REL gene, its _ regulatory

rel ationship tdoRAS @es e caeisipbesg anaysee proyida fhephropiesernd docriatigene

over expr essi ' t Wiit.h j b.QMA: i RAE
Pr e S, Qe &5&%@. mﬁsdn\#ﬂwgggﬁ% e GGhd NAE LORIdARS AP Jaﬂfe@%uﬁy RAE

pul | -down assays, o0 et her ycline-induced activation of the
t r ansgene e, dbslAh ontergrpfie bakanssahapplva serpine ta4ndhiglvagd. REterggdivdy. can be

det er m ned, 4: A t LS SHE F %1%’:' te..RElL gene can be
assayed fgerldlgtg%lr S’rgllr@g?lﬁ n %l%ﬁtg%a?{iwafﬂ%&g? ?%%Cg@% E)éarm ig%‘)(?%aag%Lant tunors
har vesit®ed nuhibers oOnlodenege eclsied el lwritH atap vizables peedictioreoisgntatis regidne in

doxycycl i i , , ik :

Mor eover, %%n‘é@? rr%6 &%%gﬁgﬁb%%%gts $%§%R%¢nﬁ%%g\kﬁ ﬁldnex Féi?eta H§(§%{)L{€§gegul ation
with RAS ekfsbesgrondes bdmpgete peggeiicat dithe hasd bathonepgpnoendsst s, an upstream
regul ator of RAS, possibly a novel RTK, 30 may al so exhibit inverse
co-regulation. Finally, one has to bear in mnd that proviral 29 2 8 SEP

2005 WO 0ZIxpréevsib9 pkta: da@pi09710 i ntegration can |ead to inactivation of

tunor ;suppress .%en t hus | eg%}ﬂg t |tered transcri B, nsoit%ﬁ (truncated

0
non- f unct i onal psf‘n &1° 76 &ﬂbepleglg% ﬁl.}’rm\gz'ﬁaﬁrbeescg‘fngﬁ of°candi dat e REL

genes i n hurnmealdanceectqiaire ofa bavAthipt) mpdsd @nkrifyahg dreehibitodn tabvaprd8sent

method i nvol vesdetenm natl.on. of (et el 4 Ds hurRn  0rhol 0g,0f a REL gene
i's dysreg&}ﬁa 84" PR AUTAR Cander® e e 5 el dho . ? - '
candidate gene is expressed at much higher levels in the Mul.V-induced, RAS-

ndependent melanomas {or other cancer cell types under analysis), or its transcript size
20 may have changed. In addition to verifying tumor-specific activation of the REL gene, its
regulatory relaticnship to RAS can be assessed. Specifically, whether REL gene _
overexpression correlates with RAS/MAPK acijvation, as monttored by RAF pull-down
assays, or whether doxycycline-induced activation of the RAS transgene alters the
expression of that particular REL gene, can be determined. To address the latter issue,
25  the candidate REL gene can be assayed for hybridization to total RNA from SCID mouse
explant tumors harvested while ON doxycycline and at various time points after
doxycycline was withdrawn (e.g., 6, 12, 24, 36, 48, and 72 hours). Moreover, a prime
candidate downstream of RAS wiil exhibit co-regulation with RAS expression. Ifa
regulatoxy- feedback loop exists, an upstream regnlator of RAS, possibly a novel RTK,

30  may also exhibit inverse co-regulation. Finally, one has io bear in mind that proviral
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Again, a simlar approach can be used for other cancer maintenance genes,
invirtually any cancer type, and such nethods are included in thelf SEP 2005
invention. A first approach to this determ nation takes advantage of the
ability to mne 10 available electronic databases on nel anocytes and

mel anoma f@rsxhaenti ficati on of candi date REL genes, feerexamphe, searching
SACE data on human nel anocytes and nelanoma cell lines, generated in a
study by the. Vogel stein/KiDzler group (Vel cul escu et al., Science
2186(5444): 1491, 1999). In this study, 3.5 iYdllion human transcripts from
19 nor malinepdtiei seasado ina&Butor dfp@sor sefEestitgbyReliud Bidihdieiatierek pr essi on

| evel s. For 15  nel anocytic Lineage,. ACE |ibraries on nornial hurnan.

mel anocyt é??scé]ﬁamieogl@ﬁ%d “IOFMEIP‘%EQB%“%LP%%S PRISHE cel | |ines were

anal yzed. These data represent a valuable Yesource for identification of
candi date REL that may be over-expressed in human nelanomas. Simlarly,
expr essi on@fé’l"ﬁf’f)ﬂéﬁc ﬁ’%%ﬁﬁ@sﬁ’s"wflmé@’ﬂf’% Cancel types have been
publ i shed in recaRhoNSRESHidnBMIcEWR drekdht PeAIAMBlveRbotermNRiN 6f viRMREI Cs 1, 20
Suppl: 10- 14, 1999). In addition v) published data, public/N H fanded

dat abases Bxian origplen b3 RER epre iodysiapuigied Abbewan apficen SK8At BPHROBAGE
libraries Ao dRMHbiFeIE B T RESHPEherCANELhBinRAshcB bkl ah vERAREY Ol . These
databases are avail abl'e, at the U S. govenu-nent's tional Center for

Bi ot echnol By yaucertpeand Bih mydpdsre wclpgedgn theripentgr | d W de Wb at

ncbi . ndm ni h. gQVAREHQAREL BNhid Q8L R oINS Tage 2P 1A aBBEAD GhiAPPT 0ach

i nvol ves expression Screening in_ human tunor tissues g% '

i mmunoY stageinble elaciranip gatafhasqa malpng¢stas any belagomafor ddenbhicatipseiue arrays. This
can tap inLouikbhREE SRU - Cﬁ? Ui %gl&gaﬁgych as the
Massachusetts %E?E%@%iﬁﬁﬁ %@%ﬁ%l}l@%%ﬁg %"gw"t Eg{eﬁg n Mel anoma Tunor
Bank, whi arelmosment liyescgmerated ¢o 2 shednbyshanpdgststeat/Kinglea sonm §Veltydashu ¢invasi ve
and netastatig).. 71, [ : nd exam ne
its expr es@i’ %Cglérigf/“%’gﬁaﬁgﬁﬁglbf%?) gﬁgﬁ{/ﬁ@%\g}&ugfégﬁgﬁn@gﬁgﬁg e @g}gof | HC or
RNA i n si tnampdlahy disssof tissugrippes sestdndpeedus thygr ¢ipssssien kvelayFareCl U- 101Dgy. 30
2 8 SER 2 : | l-egy is a
techn iEf(;%u e Q?eﬁan\\/%ﬁt%ﬁ%%%% %%ﬂ%g%?éég%é%% }%l(l)%? #‘ %%)aﬁgé%?% h&%gg r%\% ent i onal

pat hol ogy lijtasiss o hingreesmélmeoears call Huep weternehyzsl. Mhesalata rhpregniedsiwblet unor

sanpl es (%Lsgﬁﬁggﬁoz%@&tiﬁgéﬁgn o an%ﬁatgkf‘ziﬁ{a?%%g%%?%y&ﬁ‘%e&)ﬁhﬁﬁlﬁenEd in one

setting, sane anti1body or n's zat1 on probe. Thus,
hundr eds afelmpers.nBndlarly, eprres®n tpradges 5n acdanoads spedhas etheofaneltgeona subt ypes

and ot her @GRl p&MBEe%’ in ge%gntl} ark Saqév!reﬁ iR EBE&R%%L, Nature Genetics 1,
20 Suppl:10-14, 1999). In addition io published data, public/NIH-funded databases exist,
such as the CGAP database, which contains SAGE libraries for many different types of

cancers and normal controls. These databases are available at the 11.S. govermment’s
National Center for Biotechnology Information web site (e.g., the World Wide Web at-
nebindm.nib.gov/ncigap/ or nebinih.gov/SAGE).

25 A second approach involves expression screeming in human tumor tissues by
immunohistochemistry or RNA in sizu hybridization on ﬁssue arrays. This can tap into
the epormous resources provided by tumer banks such as the Massachusefis General
Hospital Tumor Bank (e.g., the Human Melanoma Tumor Bank, which presently contains
many samples of melanomas, both invasive and inetastatic). Thus, we first order the

30  human ortholog EST and examine its expression by Northern blot analysis. We can also

make use of IHC or RNA in sity analysis of tumor sections using tissue array technology.
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by tissue array for expression of candidate REL genes. This t.ype of screen
can be perforned with tissues fromany cancer type, obtained from any
repositories, private/comercial or public. Selection of various RE} sp Z{}GE
candi dates for the functional studies can be based on the 10 profile of
the. REL ¢ jned in the above-described character eps

Funct i onaﬁﬂg% 82}4?5 are described bel ow. MaSS Screen |d%?&]§%dﬁgandl date
RELs whose activation by MILV insertion resulted in RAS-independent
tunorigenicity OFF doxycyclin e 15 Doxycycline-responsi ve RAS-dependent

mel anoma cellg gy &chnoi%éf’@ Lo %‘ﬁc}ﬁ@% wﬁE}P[ﬂOFM&éJs%pBéée'ﬁ&&ﬂé{e&% /- animls
were mai ntained in cultdre wthout doxycycline pl enent ‘and infected

wi t h freshtsavpiohalgedolvey slassishidesds an St Erelbis nmnml refls pEugPT i nf ect ed

cel I's, wheg, pabee,itf Ml Bt BHD an QUL QY defip At S mear s
representlngﬁ?agﬁqﬁé’\%}nﬂt@e a%élogr?fkég ﬁ'g'%zr‘clcl)lvblreruljsées‘,3 ?nn?ﬂc?teﬁeggelnorre

For ty- ei ghsankrowtibod2@r wfstteﬂlybrrdi@@pm pmbe Thne dundredg-of pfesinend, tQFEseBmg cel | s -

were i tion was
wth ool ot Prafinekh S o R Aptale o By et S RHa e B0 B8 D e
were inj ecb}BdSSwF&lTay(fmer(pmks,lmﬂﬂ cﬁﬁﬁc@tmmomﬂq él?imsaulpwﬂshremmi:amfbect ed nelanoma
cell s passa tur for animals were -
observed |1D|8$ ﬂ‘a%éésﬁu%s&%@%@y(cgwﬁl ,yp%ﬁ%ea%@g%y@? ?’Jﬁ?’gg %Wnﬁ’égul ar drinking
wat er) . W pivate/codfmefcialee shlic100% of the animals injected with MiLV-infected

cell s devel ope sur.abl.e 40. t . In ast, none
of the aninal sd§ ﬂeg Oéfaa’{)\?]{sﬁ%gh ?8%?% ”Hgg’lnfnéongg “f‘ C)‘“?ibeflﬂaﬁo %ntliicona st ent
with olr ppmﬁiecnfmedtﬁegeuabbtmned inatie dbbresdesated vlaahacmzattmﬂ seponma cel | s

remai ned sirictl endent .u RAS activation for tunorigenicity. Tunors
ener ged ﬁ X?B‘f?r?ée ?ﬁgﬂﬁe%q@/ PInfected cells were ha vested and 30

genom c DNA extracted for cloning of the provi raI -integration sites by

. nd. .S d.subj ected I PCR as

descri bed ERIAY aaisLL i BE2P09770 bands

wer e obsermdlt@ﬁh&&&-ilﬂ@@@ﬁ@ﬂd gua@ﬁ&lﬁd)li‘?mycﬁmﬁb band represented a

clonal ,_provir integration s whi ch i res tlvaeor

inactiVate a R OXtyWCE’g ?eéﬁonflﬁfégég ~deRgufient 8’8??9@9?:?? 6 ¥ n]g%%gﬁ?féﬁ :

( RAS- i ndepeael dyt/Tett RADInk G AI0} dninal esendiRbikdianaare wtheut u@qlc?cnmd, _

Cenuences SRS arysBc i oonp o P LSS Bl g corc o
infected cells, when probed with MulLV 3° UTR probe, revealed anticipated smears

representing randomt 1nt5grat10n of the proviruses into the genome. Forty-eight hours

20 aiter infection, 1x10% MuLV-infected OFF-Dox cells were injected at twp sites into.a 4-6
61d SCID mouse. Each injection was with cells from an independently infected plate. A
total of 20 SCID mice were injected. For control, 20 SCID were injected with uninfected
melanoma cells passaged in culture for the same period of time. All animals were
observed in un-induced stated (e.g., OFF doxycycline on regular drinking water). Within

25 4 weeks, 100% of the animals injected with MuLV-infected cells developed measurable
tumors (40 tumors in total). In contrast, none of the animals injected with uninfected
cells developed tumors, consistent with our previous observation that these derivative
melanoma cells remained strictly dependent upon RAS activation for tumerigenicity.

Tumors emerged OFF doxycycline from MuL'V-infected cells were harvested and

30 - genomic DNA extracted for cloning of the proviral-integration sites by IPCR. DNAs

were digested with both BamHI and Sacll and subjected IPCR as described herein. IPCR
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yi el ded i nformative sequences. Fromthese 500 sequences, BLAST search in
both private and public genone databases reveal ed hits for about B0%Fp 2005
These sequences identified a total of 57 integration sites (Table 2),

of which are comon (e.g., occurred in at least two tunors). These common
I nt egrati owmktaw are distributed anong different 10 cheowemenas, thus
ruling out the trivial possibility that provirus has activated the Tet- RAS
transgene or the endogenous RAS | oci. |Indeed, a nunber of these have direct
links to cancer-rel evant pathways, such as GIPase activating protein

RAS-r el at édnds \GBEPbsErvel nftbr thesepmdtrzinpstedHBER| Heeh dodudprestytedmelobadt ent
transform ng.grow h_factor .bet. 4S .G vV this i.s_n . LQn screen,
it is |i_ké?%”%?{é’#%géﬁl@émrségr;e‘ﬁhh@ﬁsa 15%‘%::?9 r%gffcglvﬁ? f’i”‘i%“’?%%?%?e‘ﬁ?é A o ret
events. Togki besycydiheselephatient (it aS-idependsmpeinhongeneity dEnse IR0RabandMASS scr een
functions to i%lte%t I f.uzé_._ngveé1 ‘%nd nown genes whi ch can second-site suppress
the | oss ofSRESCKETTEFTGRT PRIFITHST AP REEI on. Table 2. Sequences

i denti fsi ed vi a Atset §d8IBCR elvpehintegRa6Sieqierced wira agded, aadetorespiency

Chr onosone. Nunther (n-49 LMD2BI Ankyrin | at ed Fe onol Q@ ue|] AK005944

Ut ot ves I RSB 8 SERPREE | BTt o0 SIS Rop bR S L ks e eRssia @ ML3AL
E_TFI | D- - gga%i gﬁiﬂwl\%%ozrg%{ir%m&es ievaaléta}ﬁ@if@teibaﬁt&%&%b&s‘é@f&cdsiic&iilgﬂ@iAﬁgg183 .

i st one ase, activati protein rel ated . -

AK005574 peiekaf; éntEWBWQ%\G%éB?%ﬁé B 78 CORPERE £ SRt -i“&ﬁﬁﬁﬁ@ét-

Am nopept itf8%$@nes) Athpsel ddhdioati@Ratfod a2 dikBddicss@Eid®eht 67 kDa protein
LMD9A2nascent pol ypepti de-associ at ed conpl ex al pha 6.10 of e tide | AKOLO636
put at i \e IE%TPQ’BFOII”GSX o AEs oyt @ﬁﬁﬁ&ahmlglgw et erains e potivad divabte 614

RAS transgene or the endogenous RAS loci. Indeed, a number of these have direct links
to cancer-relevant pathways, such as GTPase activating protein RAS-related;
CDEP/Ezrin-like protein;, EGF-like domain 6; and latent transforming growth factor beta
48, Given this is not a saturation screen, it is likely that the remaining 38 single hits

15 represent bona fide REL events. Together, these data provide compelling evidence that
MaSS8 screen functions to identify novel and known genes which can second-site suppress

the loss of RAS activation in tumor formation.

Table 2. Sequences identified via the MaSS screen.

[Accession ' . _ Frequency ‘
Number Celera gene name {n=40) ;Chromosome
ILMO2B1__|Ankyrin related FemtA homologue/ (AKDD5944) putative] 37 _ 17
LM18B5__ {Trenscription factor/Transketolase-PKC-delta 35 14
QLM13A1F [TFID--Tslp (thymic stromal lymphopoietin/? 25 18
LM256C4  [Histone H2B/ Histone 3 20 13
GTPase activating protein Ras related - '
QLMEAZF [(AF183183)/(AKD05574) putative 18 5
LM30D6 _ |?/gag polyprotein 17 2
~ {?Methionine Aminopeptidase 2 (or) initiation factor2 '
LM15B8  jassociated 67 kDa protein 15 11
nascentpolypeptide-associated complex aipha
LMO2AZ  polypeptide / {AKO10636) putative 5] 10
(XM_049059) hypothetica! protein /T17401 probable
LM15B11  |voltage-activated cation channel 6 14
LM15B7  iDeli Majorsplice variant 5
LM32A4 - JORF/unknown 4
LM28AB  |gag polyproteind unknown 3
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volta e-activated cation channel
LM32A40135/ unknown4 LMR8AGa o!

r ot ei ni

LML5B7Del |

Maj ors lice variant5
unknown3 32 28 SEP 2005 WO DRAPF9e19 .

PCT/ US02/ 09710 LM29D7protein ki nase C unknown3 LM)3B2CDEPI ezrin-1i ke
protei n2 LMD2A2NADH deh ydro g enase Fe-82.2 LM32A2Ri ken cDNA gene2
QLMD2AL: PR I4® chl ori del i j nknown. 2 LM22B1SRP RNA 3' RAHEVSOPEYIh enz ne2

QLMAAI Runknown/ Ned d4 WV domai n 52 LM22Dl6actin bi ndi ng honol oguel

11626

.proteinl LMB4C20612746 gene/ unknownl LNMB7BS8, Cd -49 proteinl LM)5D1

.BG~-|i ke domain_ 61 _unknownl. M1 DZelon action factor 7 -gamal--1 6B7GDP
di ss i nhi profginkenasaty \IBPDE GRI P1-gl ut_repealt pfotein |1 LMOD17hi gh
mobi l'ity BEREninfifPyading gh pobi i /. hQAT41 | M2B6hypot het i ¢al
prot ei n ALYEE857INADNRSDShypetdfeti2cal rotein FLJI 32871 LM 31
A2hypot hetirgab! |BREr cONMteeae ase LM27DAKI AAI 326 protei g/ hypotheticall | atent
t ransf or nj o Puddhunf @ptierunbeiva. 4S1 LMB7B1OKI AA124M4 esec|rel atedl) .
LMB2DBny oitzpsheagrr aRainndpoldiepiirde 91 LML102NAQ - 1|2
QLM4ATR [unknown/ Nedd4 WwW domain 5 | 2
LM22D16 |actin binding homologue 1
_ 11626 protein 1
LM34C2  ICB12746 genef unknown 1
LM37B8.  |CGI-49 protein 1.
LMOSD1  [EGF-like domain 6/ unknown 4
LM21D7 _ lelongaction factor 1 gamma 1
LM36B7  |GDP diss inhibitor 3/ unknown 1
LM32D6 _ IGRLP1- glut repest protein 1 K
LM29D17  Ihigh mobility group prbtein 1
LMZ7A1  high mobility HOAT4 1
LM0286  |thypothetical protein FLJ11857 1.
LM28D8  (hypothetical protein FLJ13287 1
LM31A2  |hypothetical/ ORF- integrase 1
LM27D4  KIAA1326 protein/ hypothetical 1
latent transforming growth facter beta 45 1
LM37B10 [KIAA1244 (sec related) 4
LM32D8  Imyosin heavy chain polypeptide 8 1
LMH1D2  INAC-1 1
LM30D11  ineurexin Il 1
LM26D6  jnuclear factor kappal Riken cDNA 1
; '_ olfactory receptorf ORF-integrase 1
LM37D7 _ |olfactory receptor 17/ olfattor receptor 1
p21a/408S ribosomal protein 1
Ppic! PR zine finger protein 6 1
LM31A3  putative 1
LM30B6  |putative/ hypothetical FLJ13287 1
LMOBB2  |putative/ rho associated knase 1
LM13B5 _|putative/ RNA binding protein 10 1
LM32A6 - |putativel putative 1
LVM1AS  IREV1lymphoid nuclear protein 1
Rplida 808 ribosomal protein 1
L MO2B2-. scavenger receptor/protease 1
LM33D5. _lsynapiojanin 2 1
unknown/hypo‘thetmal 1
LM25D%  junknown/ aldh3a2 alcohol dehydrog_nase 1
LMZ9B8  junknown/ G3P dehydrogenase 1
LM28D8 - luriknown / Ku70 ' 1
unnamed protein/ immunoglobulin 1
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LMBODI | neurexin 111 LM25DGhucl ear factor kappa/ Ri ken cDNAl ol factory rece
tort ORF-inte rasel LM37Drol factory receptor 171 ol factor receptor7gOda/ AfS
ri bosomal proteinl Picl PR zinc finger protein 6 LMB1A3putative

LMBOB6ut at i ve/ hypot hetical FLJ132971 LMD6B3utative/ rho associ ated

ki nase. 1 WMiZBB%U? ati ve/ RNA bindin protein 101 LMB2A6UNATISNE®7Put ati vel

LM I ASREV1I1I m hoid nuclear proteinl R II 3a 608 ri bosomal proteinl

LMD2132. scavenger receptor/protease LM33D5.:s. na tojanin 21

unknown/ hEpOt hetl cal 1 LI\/125D9unknown/ al dh3a2 al cohol deh dro enasel

LM29139un abehpryseyization sRED pepayfandertifyingnrix ed protein/
i mmuno | ogg{ang&l,ﬁ,’;vozmgl SEed 021079419 PCT/ USOZ/ 09710 Functi onal
characteriza identifying prinme candidates for

detailed in VI W@théhmﬂgr@ﬁsat(oge@écanﬁglatem appestromsethe geed fofvedlitthén of

candi dat e \REbeA£65: § YAk GeNes doli dtidddrliielely mAPLROARRNGer ol €5 i
melanomag ateutlrraey hel’r anismof 5 action.
Wth sbd nawnREﬁﬂ@em@nmmwm adidecewsessitting ghastrtarietian iwat goes  t hose
genes witf.fhe nq&%fgraﬁ’ 1{1‘9? o%mkéepkaﬁqgene NCEA i PAUAQAG NES P B0

particul ar “canc & ursued using, as an it ral

appr oach, meg bk poskdlurieg, ka se thitsd an@rmh cell cihife-sedistodieon 10 To performin

vitro functional analysis, cDNA clones having the full-length ORFs can be.
used. Such full-length cDNAs can be generated using MR-based nethod. To
cDNA production
10 To pexform in vitro functional analysis, cDNA clones having the full-length ORFs

can be used. Such full-length cDNAs can be generated using PCR-based method. To
accornplish this, the 5' and 3' RACE PCR methodology (Clonetech system) can be
utilized, which is a well-established technique that has been.used extenstvely. The source
of the mRNA can be the specific SCID explani tumor bearing proviral activation and up-
15 regulation of the particular gene to be cloned. Enowledge of the genomic sequence of the
REL gene from either the database or our BAC sequencing efforts can facilitate primer

selection.

Stable retroviral transduction into parental OFF-doxycycline melanoma cell lines and

20 primary melanocyte cultures .

Once a full-length ORF is isolated for an REL candidate, it can be subcloned into

a retroviral backbone containing the gene cassette that is flanked by LoxP sites.
Retrovirus is produced using the 2937 packaging cell line, and the re’crovii'al supernatant
is used to infect parental OFF-Dox melanoma cells or other primary non-transformed

25 cells (such as melanocytes or astrocytes) for functional studies. The establishment of
stably transduced cell lines is achieved by purosyein selection. Following selection, it is
demonstrated that the transduced REL gene is expressed at high levels. Alternatively,
ORFs can be cloned into other expression constructs and introduced into such cells by
transfection.
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acconmplish this, the 5 and 3" RACE PCR net hodol ogy (C onetech system can
be utilized, which is a well-established techni que that has been used
extensively. The source of the nRNA can be the specific SLID exﬂ&ﬁﬁszS
tunmor bearing proviral activation and up 15 regul ation of the particular
gene to beootioned. Know edge of the genom c sequence ofcthiszoRith gene from
ei ther the database or our BAC sequencing efforts can facilitate priner
selection. Stable.retroviral transduction into parental OFF-doxycyclirze
mel anoma cell lines and 20 primary nzel arzocyte cultures Once a

f ul | - | engtUkaBREerizetidnsiRFtleckpfassingmeREbme saiifirdat e, it can be subel oned into
aretroviral b on 0 ey : - C . is flanked by LoxP
sites. Retrov%%gguwgm%?g%ﬁ%E%Qgg%ﬁgmgﬁgﬁﬁggéﬁggéﬁo%ﬁ%%mcelI line, and the
retrovi r akhsageizaddrantmuliisle leveld, ihduding polifepaore muatvaDeRaiBosm, mel anona cel |.s

or other primary non-transforned 25 cel such as ,nel anoevyt es or ,
astrocyt e%’m]g%‘?l - %%Cﬁ%%gﬁ RS AN ‘ssr.’deﬂlﬁ'élrzl%s% 5%1 8 ar%lebnetp e(?)}?)mlsdt‘g%ft%t ransduced
cel | | Bnegpatkstabohirenydded)yORRDamydl lines et eelt dsorith FBL-antdugedsalteet,i on, it is

denonstrated that,t t ransduced. REL ne 1s.€ at _high levels.
Al'ter nat i VA W&%’—lg%éé?fwbgéoncligﬁ'éng ulceﬁl?i gletg?%%rthe:%]r?ﬁ%ﬁ’e%%shs ructs and

i nt r oducetmpdartaat @uabl 16 edcksail whethérahsieatddphenddhedd dde B SERXPARSEIND

02/ 079419 L VUS02/0971Q Characteri.zation of REL-expressin | anoma cel
Cines - RER REE 2 T EE S B G- BB TG AT Ein 1hE CEhB] ecteq ¢ o
char act er kzahip@ihe@ By &hﬁste!npﬁ@lsfeeﬁé@i &a rﬁjrmhsa a;sﬂ% d‘éﬁﬂiaicf, Q'(Elﬁimieﬁ By FAC!‘JS.Vid}/a| ,
mgration, immrtalization, and anchorage-j ndependence; ese studies can
be perfor fEHHeHFnCE Fath ts prpreash 4 ool GRFES dﬁ%’@ﬂ’)%a QI ‘Dbfﬁ‘%)é*] cleﬁ‘f'i nes, as

vel | as Wejhtrighde 16:Pa08atERa 0/ a1E46NE Thusb SordFoGEPOMG EFe-RKghal on. Cre

i nduced del etion_of the REL QEF,serve as an .  inmportant control to
ascertain® FeedhPrepieSryE mﬁﬁéﬁgﬁiéﬁmﬂ§Pﬁﬁ%m¥@t@%@?®@¥ﬁ¥ession of a
REL gene, ufic@ivBed if theubovoiegrisdd Ratyak, diRathREhe 8XR ®$SIaA6n bRINOVIHeUS. This
can be acconplished by transient transfectjion of a Cre-G-P fusion

const r uct 2555 YsetieghsyciEredesa erllegic deepRiGtSHEe with this approach in cell
cul tune has shown that 100% of GFP+ cells experience |oxP
reconbi nati on/ del eti on. Thus, by sorting for GFP- and GFP+ cells, we can
det er mi ne Prefifeystise pad Seomeati buti on of REL gene expression to the phenotypes

Growth of REL-expressing melanoma cells anid controls is examined in media

cohtaining 10%, 2.5%, and 0.5% serum. Growth curves over 10 to 14 day periods can be
analyzed by cell counts on days 0, 1, 3, 5, 7,9, 11, and 13. Quantitative measure of S

20 - phaseprogression can be determined by BrdlJ incorporation. These two assays provide

. both static and dynamic views of the proliferative history of these cells. -For example, if

the REL-expressing culture has a higher S phase percentage than the Cre-excised control,
as measured by BrdU incorporation, and yet their growth curves are overlapping, this
suggests that, although REL-expression leads to increased S phase progression, there

25  must be increased death, resulting in Sin;ilar growth curves. To determine the rate of
apoptosis in low and high serum conditions, Annexin V staining by FACS can be
performed. Alternatively, cells can be seeded in chamber slides and fixed in methanol:

acetone for TUNEL staining.
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uncovered in the above-described analyses, all within the sane popul ation
of cells. The assays used to characterize these cells are descri bzﬁl SEEI m/gy
15 .Proliferation and Survival G owh of REL-expressing nmelanona c d
controls is examned in nmedia containing 101/0, 2.5% and 0.5% serum

G owth cu r 10 to 14 day periods can be analyz counts on
days O, 1ﬁ¥)%',§!0%\4ﬁ7 9, 11, and 13. Quantitative measurgél](:)fpM%MZ%(IJ phase
progression can be determ ned by BrdU i ncorporation. These two assays
provide both static and dynamic views of the proliferative history of
these cel hngie fih, exanple, if the REL-expressing culture has a higher S
phase percenta e than the Cre-excised control, as .neasured by BrdU
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there 25 nust be I1'ncrease ath, resulting in simlar ow h curves. To
det er ni ne cokiely @hiniaf ef chpBptisei Biopkys) Rew CGond. ROGAS 54PN dowsllyithons, Annexin

v Stal Bl NGo Rt LAGP. lbREis AR bk BB oAEALARMIRY o £8GIELAR e Seeded 1N

chanmber slides and I nomet ace staining 35 2 8
SEP 2005 Wepd %0 79sk48d R(fﬂi/-filUS(ilQéﬂl@H iﬁpeﬂsdog! atcﬁlhﬂose'ﬁoetdbhmnhrm fieet her REL

or for med 't S haRETe HEG P R st for SRR B RS B TIRNS “Concrol s
(Shim zu etmcabhe,m Bii%:ﬁe?ﬁtwat cﬁ;pwmrsREﬁters@mrmen @ﬁﬂed?fﬁked 8B Blthali ef | y, t he
5 | owner |l wi th 60 e t 0%or . 5%
FCS, andwt% Btoneu egral tli“’ﬁy S?Léla%gd{/\fﬁﬂm %ﬁg?g#lﬂmefm%re enwg\ggséﬁn"sl on. A

cel | ullfse aateheties lﬁmhrdamm bd deteined midrdvedpidaliy e Thpliet Betyweearbet he two
chanbers. T e ch?rrbe ) ﬁilg k Q{ ﬁi%%“\%ahum dified atnosphere of 5% CO2 at

371C for EHGHFS For g shed, fixed with nethanol: acetone,
and stal ned with crystal violet. The nunber of cells that mgrate into the
filter 10.and r ach its lower side can be determ ned mcroscopically.
Tr|pI|cate t¢®n be performed for each cell line and its controls.

| ortal i zat i OR js lilelyl tRatIREK Bdxyprdshiad OREDoR xR1z8684 Bllis Gile iDesaseetaneima cel | s

have i.ncreased ease rtalization. Thus, .a | owdensity_seeding
assay lg an rﬂlgoﬁggatlogs%&u%arlc}vgggwéy o8 g%las‘\fs%/rcan e used as a surrogate assay for

immortalization potential. In this assay, 2500 cells are seeded per well in a 6 well plate.
Cells with high potential for immortalization are able te grow to form visible colonies in
14 days. The number of emerging colonies can be used as a quantitative measure for the
imumortalization potential of those cells. . ’ |
20
Anchorage independence
Since a given REL is likely to be an oncogene capable of promoting melanoma
genesis with and witheut other eoeperating mutations, REL-expressing melanoma cells
are likely to exhibit anchorage-independent growth. Since anchorage independence is a
25  strong predictor for tuinorigenicity in SCID expianté, soft-agar assays cen be performed.
In soft-agar, 10,000 cells are seeded per well in a 6-well plate. Colony formation is
monitored daily by microseopic inspection. Cell clusters of greater than 0.5 mm m size
are counted as a colony.. The number of colonies is a quantitative marker for the
- tumorigenic potential of the cells,
30 '
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immortalization potential. In this assay, 2500 cells are seeded per well in
a 6 well plate. Cells with high potential for imortalization arg % o
growto formvisible colonies in 14 days. The nunber of energing colonies
can be used as a quantitative nmeasure for the inmmortalization potential of
those cel P9.029048nchor age i ndependence Since a given RECTAUSIA®KEly to be an
oncogene capabl e of pronoting nel anoina genesis with and w t hout ot her _
cooperating nutations, REL-expressing nelanoma cells are likely to exhibit
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the tunrorigenic a consequence of REL over expression,
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- potenti aI) 01%31be rused to S}ﬁgﬁs&eﬁx Srrcgnt Sélaﬂon Vi ttggbtf 1111@0 |o‘,ir%<310}1 studi es
" can al so b8 pesr?%pr%acrjy??}l n%l expr B85S n ry ‘Aén- SForred cel |'s
(in this casethedlmiénsaf DL dandidkitsaam mdnhcblnermtecmn ofacmdldnnt:srferfhumtl ons of
t he REL candldates nd al.d in.the sel.ectian dldatesf r the in vivo
genetic vali’d&fF6n Vah%ﬁ“’%'apaﬁcad’ebe%%og}?%qu %@i’mﬁlﬁ tyfné%eﬂlﬁ?l%l %rbﬁﬂsgenem s
and gelte tidfgetirgrtgaholagy.t echnol ogy.

Characterization of REL-expressing primary melanocytes
Growth kinetics, growth factor dependence, survival potential, migration
behavior, and immortalization can be assessed in primary melanocyte cultures. These
20 assays can be perfdnned as is 'de.scribed above for REL-transduced OFF-Dox melanoma
cells.. Similar to smdies in-pafental Off-doxycyéline melanoma cells, an important control
is examination of transduced cultures with and without Cre-induced deletion of the REL
ORF. However, it is difficult to perform such studies in primary melanocyte cultures,
given their low transfection efficiency. In other words, delivery of Cre recombinase _zﬁay
25  betoo inefficient to achievée Cre-induced deletion of the REL ORF to perfohn the control
. experiment.
As an alternative, the avian retrovifal receptor (t’V A) system developed by Hareld
Varnyus (reviewed in Fisher ef al., Oncogene 18(38):5253, 1999) can be employed.
Specifically, transgenic mice bearing a tyrosinase-tVA cassette can be generated. These
30  transgenic mice express the avian retroviral re.céptors in their melanocytes, Thus, primary

cultures of these melanocytes can be infected with RCAS virus expressing Cre~ -
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Characterization of REL--expressing prinmary inelanocytes G owth kinetics,
grow h factor dependence, survival potential, mgration bhehavior
and.inmortalization can be assessed in primary rel anocyte cul turedd Sfﬂe@@
20 assays can be perfonned as is descri bed above for REL-tra.nsduced

OFF- Dox n#lodasfdicel 1s.:. Simlar to studies in parentatvCszogokycycl i ne
nmel anoma cells, an inportant control s exam nation of transduced cul tures
with and without Cre-induced deletion of the RE, L ORF. However, it is
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the REL ORF to performthe control experiment. As an alternative, the

avi an r et neierexperirernissieanribed abmye.ist inferinmpattdhiedS Biyusaptsans SarGhts

(revi emdd@@ﬁaﬁr et al., Oncogene 18(38):5253,. 1999). can be enpl oyed.
Specifically, transgenic mce bearing a tyrosinase-tVA cassette can be
generated. These 30 transgenic nmice express the avian retrow ral receptors
in thel r nehaRReylESon B eankld Pk, p ¢ UlhMlRR e Oln flICRE1 b ANGRY €5 can be
i nfected ; 9419

PCT/ USEK 2 109¥%1ES reconbl nase. These prinmary nel anocyt es are first infected

with retr pVi ru e&%ﬁl[r 835 g)%%n%ﬂonaﬁgtlndx ’cel?%lﬁ'tgxe@gx@ S%F]ﬁe Eign%: ttlf‘ed for stable

transduction. Transduced I'itnes are su perinents descri bed
above, af tneechimfe of dctinn vf & mﬁmsmrmbmomlhms@mml%mme -& R al one.

Mec hari'OS meQ{LreggrErli }qugﬁle ﬁ}fﬁ?‘g % &g&teg mRFLocb o lgrg‘sb\!vftﬁ 91! \P}I p? ve‘;clg%nex pression
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nel anocyt ﬁgﬁ’?"ﬂﬂ(}%éc%agﬂj cfl e\}\ﬂ Iiimten A Sgﬁ%eﬁts%%%.as %ﬁgf%ciﬂ T5e %?ﬁ’ “bat t erns
of gene actunit@tana lmmeapcptﬁueinummdatxﬁthte pe3 ﬂ@exh.’aﬂu' @RASdepetdean.  For

exanpl e, activation of cel es est a role as a cell cycle
Fequl at or PR Rhety Bh Ut ARRTRTE 1o st OR TR Hte6P RS B3 dependent
or FA35 depfmmdﬁ;mkmcpmehpmnmyy mewmo bte@seﬁﬂﬁmgnﬁenaﬁn@@m@mmm srofilenfoaddi ti on,
thelnforqgtl base cgfnﬁ?t%d 15f omthis g i erlrrent may prove to
be ' usef ul S EPGEF E)ae %P’é‘ﬁ%f’ BT Ofséﬂs (o] Gd fmi?EL gene, and

facilitate the triage of primary tunors as descri bed above.

In vivo validation of candidate REL genes via transgenesis

Compellmg REL gene candidates based on initial and functional characterization,
20 as described hersim, can be assayed for their melanome-genic potentlal invive. Of
cours_e, the various steps from eloning and sequencing of the PTS to characterization of
the candidate genes described above are applicable for other tumor maintenance genes, in
other cancer types, i.e., genes discovered in the melanoma system can be assayed for their
ability to generate or maintain cancer in other cell types. Similarly, genes discovered in
25  other cancer systems can be tested in the melanoma system or other cancer systems For
example, REL genes can be selected for in vivo vahdatlon and in vivo transgenesm and
characterization efforts can be initiated subsequently. Briefly, melanocyte-specific
expression of the REL gene can be achieved by use of the tyrosinase promoter and
enhancer elements, designated Tyr-REL. The capacity of Tyr-REL transgenes to have

30 impact on melanocyte growth and survival and to affect the malignant transformation of
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in vivo validation of candidate REL genes via transgenesis Conpelling REL
gene candi dates based on initial and functional characterization, Zng P’ifﬂﬂﬁ
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' thereby reducing time, effort, and cage costs.

20 | |
Verification of transgene expression in vivo

In addition to documentation of transgene integration and determination of copy
numbers by Southérn_ blot analysi_s,' it can be confirmed that the REL tanscript is
produced in the targeted cell type (e.g., melanocyte's) by RNA in situ hybricization. -

25  Ribovectors can be constructed that contain average insert sizes of ~300 bp and are
judged to be fiee of repetitive elements by Northern blot aﬁ_alysis.- In vitro transcription
using a 3' promoter can be used to generate the necessary anti-sense RNA probe for
hybridization to the tissue section, and controls can be the sense transcript. Both digoxen-

- labeled and radio-labeled ribroprobes camn be used, The advantage of using the digoxen-

30 - labeled in sity hybridization is speed, while 'ls_ensitivity of radidiabele‘diﬁbiopfobes is

much better. Specifically, the transgenic and non-transgenic littermates can be biopsied
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t hereby reducing time, effort, and cage costs. 20 Verification of transb
ene expression in vivo In addition to docunentation of trans gene :
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in situ hybridization. Consecutive sections are stained for H&E to eval uate
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experiments described below for constitutive Tyr-REL transgenics can be performed

similarly in the inducible Tyr/TetO-REL transgenic animals.
20 .
. Functional characterization of REL in pf’e—_nmffé;mﬁt'melrmocyfes in vitro _
To determine the function of an REL gene in non-transformed sells, the biological
cdrisequences- of its bvér-eipressiﬁn it pre-malignant melanocytes can be examined in -
' primary murine melanocyte 6ﬁ1tuxes. Specifically, newborn mice are sacrificed and skin
25+ harvested. After sterilization, the épidermis is separated from the -dennié to .évoid- _

" contamination by dermal fibroblasts. The epidermal layer is then mechanically disrupted,
minced, and plated onto a feeder cell iayer consisting of mitomycin-treated, growth~
arrested XB2 keratinocytes. After about 2 weeks, with sub-culturing, pure melanccyte

| cultures can be established. With this technique, pﬁmary cultures can be generated from

30 - litters produced by, for example, (REL+, Ink4a/Arf+/-) x (REL-, Ink4a/Arf+/—) crosses to

obtain melanocytes of all genotypes. Once these primary cultures are established, they
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experinments described bel ow foor constitutive Tyr-REL transgenics can be
performed simlarly in the inducible Tyr/ TetO RFL transgenic aninals. 20
Functional characterization ol REL in pre-nrrrlignant rnelanocytes B8 S¢PtB
To determine the function of an REL gene in non-transformed cells, the

bi ol ogi ca¥o8u¥8HHuences of its over-expression in pre-PERVIGREM

nmel anocytes can be examined in primary nurine nmel anocyte cul tures.
Specifically, newborn mce are sacrificed and skin 25 harvested. After

sterilization, the epiderm s is separated fromthe derm s to avoid
cont ani natcPpe BIeaEd Feassayp Brcigspd oy aragterzedhiiae Vibasuryixgle gration raf

mechani ¢ alnln}ﬁoﬂhlﬂaﬂtr%{}ﬁgpeméy e@Qi%anMrﬁlh atGHaiR o, %nﬁe I eRARE RO th chiRyer

consi sting of t reat ed arrested XB2 keratinocytes. After
about 2 weekesssing mthctgtwﬁhtmpa‘@mﬁﬂlas pernehorel eriwdipe premebive snessensan be

o PPt of Sohordbtdtal By B SENY LB (RYE S, SR RaERR af o From

| nk4a/ Ar f ﬂﬁgm)ent,qd@@é@s%ﬁ@, mdtar‘awm amst)eltr&%ﬁé(wplegntﬁ cellf pf Ipbfrodsfpesnd Once t hese

primry cg‘gl%;gy(j@?/%‘g%g | i shed, .they 40 2 8 SEP 2005 WO 0 210 7 94 1 9
Su

PCT/ US02/ can . Jected to assays designed to characterize their
growth,” survival, mgrati on and immortalization properties, as described

herein. | ({jd th '}n ed RAS i.n cells possessing intact
nortali tyrtgél AT ah P s ‘!gielff%é e i T e premat ur e senescence,

senescence can Mmmnmm fi¢velopdhediyn Apr EEI) bragygerid ik tefolldwabpednlnoer
AR s SR A R e e E s

- Char act er iozatiieode mfryms nnaﬁhgaﬁdnﬁmllﬁHUB&Schgfbund)/@nlﬂébaﬁmd ﬁmmllloprrent in

b opsi 65 FANTRELETBNS ety SRR I uRaTR P BVEh&r Pl PORsT oS of T
occui i encmaﬂalgna'ﬁyremaﬁ&nﬁ eaﬂ;&gémmnam Oecd dinfeMB dp@ﬁdﬁgﬂtomnﬂ)enm@e, be perforned
0 order ceigrbi gy ER Rimish Gntbepedimie P SRR Crce” ™M
clini ¢al | yhappatzetin, ﬁsthJlMl’e&aEﬁﬁlﬁ@ﬁ of &)ﬂdinss (@f\aalbelm) iThesesianirehlle bi opsi es can
QAR R e R e R e A

ant i - TRP1 asd BE@ANJgsteﬁxﬁﬁg foe b apd eiyitee Fortlnbdref REL Bilﬁés.sfoﬁl’caﬂ be/@cumeieed TUNEL- f or

apopt osi sy, a0 FECAM BLAT Bl 081! oY RREYLAL U Care TALLASL DRSSy exPression

RAS, tumor lysates can be analyzed for activated RAS activity, by IP-Westem for RAF-
- 20 binding RAS. Moreover, loci known to be involved in tumor promotion and suppression

can be examined, including p53 and PTEN, .

‘ Genomzc clzamcterzzatmrz of REL—mduced melanomas.
As an additional level of validation, the global genomic alterahons incurred in
25 RAS—mduced melanomas can be examined by comiparative genonuc hybridization (CGH)

in order to 1dent1fy.syntemc regions of changes that have been implicated in hum__an
melanomas, Our preﬁminaly'analysis of 27 mouse 1_11élanomas arisen in both the
coﬁstitu_tive and inducible melanoma models on both Tnkda/Arf-/- and P33 mutant
backgrounds'revealcd frequent gains of chromosomes 8, 11, and 15, all containing

30 regions -syhtcnic to _tho’se known to be amplified in human melanomas. For example,

chtomosome 11 contains BGFR, a RTK known to be over-expressed in human
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by Northern blot analysis. In addition, for REL genes that are thought to
be upstream of RAS, tunor |ysates can be anal yzed for actlvated75§§&ﬁg
activity, by IF-Western for RAF-. 20 binding RAS. Moreover, |oci %
be invalved in tunor pronotion and suppression can be exanined, including
p53 and P¥BMz/Beryonzi c characterization of REL-inducedP@nHmammnms. As an
additional |evel of validation, the global genomc alterations incurred in
.25 RAS -induced nel anomas can be exami ned by conparative genoinic

hybridi zation(CGH) in order to identify syntenic regions of changes that
have been neiphdneat Od gbie, hwﬂaﬂcmﬂﬁmamﬁm&&deme@neﬁ@aﬁaﬁﬁyhamﬂ&vsis of 27
nouse nelﬁnonas arisen Hﬂ the 16ONS %ve a i nduci bl e nel anoma
model s on “BOH FRIEHLARs 7g°118 i PESIRRRS 8 He*5EV &4l ed frequent
gai ns of 'chiunines 6PEGES, Thbdk suaifd chbactalze chofbainl Q@n?aﬂi]fo%@hm syntenic to

those known to be anplified in | anoma For | e, onosone 1
| cont ai ndPEIEERD fagl%)ﬁéyﬂﬁ?}m %185683318% ﬁ“&?ﬁﬁ%ﬁ%‘aﬁ% ?ﬁﬁg%ﬁ thf‘lpf‘?g SEP 2005
WO 0216794 gehialid bRRRAR9 FIMEBLIana MRsors & lﬂ%ﬂfhﬁaré\d‘@tthﬁ lof RASAhaRES
inplicated in acral  |entigenous melanomas in

t unan @5§ﬁ%g§rnnre, t he :
genomi ¢ al"RdRTRase Icieﬁmiéfsemmﬁa alEHRE PEABRRY eaAT EOR "ed by CGH. These
st udi es cﬁﬁﬁﬁ@@erlze chronosomal gain and loss in REL- induced i"r regions
syntenic to those altered in human nel anomas. Mreover; the profile of
genomi c alterations in REL-induced tunmors can be conpared to that. of
RAS- i nduc%ole@iﬁbﬂﬂ&%rzz&ﬁbrﬂ FRUL dohe GOMPRRY b BhPLrPREnsFHSRAPANY I NY
activation of the RAS pathway. Nblecul ar characterization of REL gene in
non- trQnsﬂ#WM&ﬂ%ﬁi%ﬂW?ansforned 10 niel anacytes in vitro Primary tunors
~ can be adapt ed P&ﬂm%hnbf&rc%l E@aﬁﬁé@{?ﬁ dumeq@éétabmma hans.rfopleéﬂéﬁﬁaaP al

studi-es, in order to further characterize the mechani sm.of action of the
REL gene pR@sch.ordertyfughes chastcerize the nrEhenibelection ditha RiglaLsne21q9deet- can be’

assessed {mg, waﬂﬁnéttmm Qditutar 10001 HGRGES bt Eh@e%&itth‘éh&&stﬁd Holgy RAS- MAPK “and

P 13-K pathmays Such I es can be In 15 wt eneration of rabbit
. anti-REL afluspeqsdhe @m@ @f\ﬂm RABMAPK mﬁﬁiéfli pohwste fech sudgsepmbedior REL in

both pie- makj @;Q@éﬂera%ﬁoﬂ%m anty nﬁh@é}gcgﬁg%%vﬁzg@re%ﬁmggﬁﬁts&&n be

exam ned with respect to cell cycle on or exanpl e, dal Arf-J-i+ and
| nk4al Arf s#almb&@rzgﬁéumb@th PRcR{liganit end mﬁhgnh@t WWW@JWI@%my can be

eval uat ed pyP¥yamined with respect to cell cycle on, for exansple, Ink4a/Arf+/+ and Ink4a/Arf-/-
back gmunds Activation of the RAS MEK-MAPK/ERK pathway can be evaluated by
employmg the kinase assay for MAPK activity.

20 Ultimately, the results ilat are obtained from these transgenic models can be
intégrated with the bioinformatic data dérived as described Eerein. This can helpto
delineate the RAS signaling pathway in the process of MOﬁgenesis,-spebiﬁcally
melanoma genesis. The results can also help in assessing the functional and genetic
relationship between components of this pathway, and whether global expression patterns

25 can pinpoin't its activation or inaétivation. The same approach can be applied to other
signaling pathways in systeras in which other inducible cancer-relevant signaling
molecules are vsed. | ' - |

The present invention has been described by reference to specific exa_mpl.es of
modes for the practice of the invention. It will be appreciated by those of skill in the art

30 that, in light of the present disclosure, numerous modifications and changes can be made

to the particular embodiments exemplified without departing from the intended scope of .

42



enpl oyi ng the kinase. assay for MAPK activity. 20 ' . Utimtely, the
results that are obtained. fromthese transgeni o nodel s can be i itfe$rratgp
with the bioinformatic data derived as described herein. This can help to
‘delineate the RAS signaling pathway in the process of tunorigenesis,

speci f i caWV20Mgl%anoma genesis. The results can al so hetHUsmIHIEessi ng the _
functional and genetic “relationship between conponents of this pathway,
and whet her gl obal expression patterns 25 can pinpoint its activation or

i nactivation. The sane approach can be applied to other signa3ing pathways
i n syst enshd ipvaspRhAB eRdmqdetralans e 1@%@@ Peeipelpdadtwilin g is¢arg of W8l ecul es
are used. d&{aéﬁ:t i nvention has been described by reference to specific
exanpl es o nod or the practice of the invention. It will be

appr eci at ed byAﬂlfwbbcabﬁnSsmtdlﬂts, inq pefeat applicatigs mépdipned herdip ghbewsky t he present
di scl osur :ﬂgg 0 the
partlcula?ug g%% F%B%Q%%p 1#?@%“@???%%?Qgﬁ%§%9?ﬁg 1%%2?? e intended
scope &f 2pbitagorSEReMOWPaippt PRllOTeUVE spEThdadp andipdivBiualleindisgtedtoitsn. Al

such nodi ended to be included within the scope of the
appended c El}alm!rsémafya}'r'c“\E%P‘%cat|ons patents, and patent appllcatlons '

ment i oned hereDﬁmammb@hmehynewﬂbnﬂpﬂbﬁﬁadgdwnmeference in their entirety to
the same extent as if each individual 5 publication, patent, or patent
application was specifically and individually indicated to -be incorporated
by reference. O her enbodiments are within the followng clains. 43 Z 8 SEP
2005 WHAT IS CLAIMED IS: 1. An in vitro nethod of identifying a
cancer-rel ated gene, said nmethod conprising: (a) providing cells in which
~-tunorigenicity is dependent upon the expression of an oncogene, wherein
said cells are tunorigenic when said oncogene is expressed; (b) introducing
into said cells a nucleic acid nolecule; (c) identifying a resulting cel
which is tunorigenic even when said oncogene is not expressed; and (d)
identifying, as said cancer-related gene, a gene whose product has an

I ncreased or decreased
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activity in said resulting cell as a result of introduction of the nucleic
acid nmolecule. 2. The nethod of claim 1, wherein said nucleic aC|d nol ecul e
conprises a retroviral sequence, and said cancer-rel ated gene ild SR 2005
endogenous gene whose product has an increased or decreased activity in
said resulting cell as a result of integration of said retroviral sequence
into tﬁngp A@hﬁ pakd resulting cell. 3. The nethod of claim1, wherein
said nuclelc acid nolecul e conprises a genetic suppressor elenent |inked
operably to a pronoter, and said cancer-rel ated gene is an endogenous gene
whose ; pro C as a result
of int roduc%]?}gn mgtggcg&rlgeﬁgfﬁ%lcgaaschalﬁ%%%ast%dr]geﬁ?le’gd El%ﬁl%bl%#%ﬂsgn%ét hod of claim
1, wherein (e}aprdwdmg kellsdn whicl wrprigoudity icdapprdestawomthe Bipiedsionlobah aygegeabl y t o

a prO’Rgﬁe?%sa?({‘galg%'g%ﬁ&@%%w%%s%vdﬁo c%%ﬂglse &sggne that corresponds to said

Sarg oncogene is an inducible
oncogene. 6(b) iiredureizhad sod cadls anneldic acdhmoletuie;sai d oncogene is an endogenous

Cendered i rsbERTIOTRG PR Gh SR o PRETIChER ArSRHEREARNS BRRENEL |

of clanh 1, wherein said oncogene is actlvated ras. 9. The nethod of claim
1, wherein |l s se a nutation t renders

suscept | bl et CERTURGAT it e G4 5o L Mo el B Red Mireead m o,
wher ei avtigig id sai textltiogcadllss b resainoinidaiyeivoud tHeMddeit Acifl nggoaele. 11. The net hod

of claim9, wherein the cells of (a) are honbzygous for said nutation. 12.
The nmethod of claiml, wherein the cells of (a) are transforned

mel anozyt esThelr’ﬂethoTlhé clait hothemin s(aidaiul:rllefc aciiineieile comprises & strovichd sﬁqhélycb mgd step
conpri s 3 ar. assa en|C| t hod 9 alm 1,
wher oi teafie” Sre R 37 PR 40 hpA Bl ot e B RRE) S B o
const rsactresmiimpreeld asragresultgp€ integenion df sagl ratrdvirhik sequeatd ine the gonsac bi sasitrenultiaper abl y
Iinkedeho a tissue- or cell type-specific pronoter or a general pronoter;
and (63 a second expression construct conprising said oncogene operably
linked to a pronoter that is regulated by said tetracycline transactivator
and tefracyglin cy cli nal o od of claim14
therei 1 oa) e uther B Lotk s uRBR P BielR soamtet aieys Serfde

pr onot @émenililkeifbﬁermﬁ foetbrahoter, sddmili4ancetielaaddresais an éngbgamoycdehr@h@nal ogue i s
doxycy

roéuctehas a decreased activity in said resulting cell as a result of infroduction of said genetic suppressor

element.

4, The method of claim 1, wherein said nucleic acid molecule comprises a cDNA linked operably to

a promoter, and said cancer-related gene is a gene that corresponds to said cDNA.

5. The method of claim 1, wherein said oncogene ie an inducible oncogene.

6. The method of claim 1, wherein said oncogene is an endogenous oncogene.

7. The method of claim 6, wherein said endogenous oncogene is rendered inactive by null mutation
or by RNA interference. ‘

8. The method of claim 1, wherein said oncogene is activated ras.

9. The method of claim 1, wherein the cells of (a) comprise a mutation that renders them susceptible

to tumorigenicity.
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17. A cell conprising (a) a first expression construct conprising a gene
encoding a tetracycline transactivator operably linked to a tissgestpoliis
cell type-specific pronoter or a general pronoter, (b) a second expression
construct conprising an oncogene operably linked to a pronoter that is

regul ated by said tetracycline transactivator and tetracycline or a

tet r acyel | nge AA9HGainR dnth 8 FXRGRRIH S, OHELELE NG APEIeCt ed from the
group consisting o retroviral sequence, a genetic suppr € el ement,

and a eDNA, wherein, if said exogenous nucleic acid is absent, said ceI

'St ugr i e, G oM3E B SR, URER £ @R EREGLAB T IAN nfu%eﬁlgemc when
sai d oncogeneﬁrs not expresse%’ql%acecﬁ0 rein s ?%’ 3 result of

i ntroduction of said exogenous nucleic acid, is tunDrlgenlc even when said
oncoggpe i spy e 1l ), | M@ﬁ in saidcell is a
tunor cell. ?8‘ t@ﬁg{:@%ﬁﬂgg:ér%?léﬂ%ﬁ@ﬁ(\meér%%ﬁﬁgg% tertro{l:fleral sequence is a
Nbloney nurlne | eukem a virus sequence. 45 2 6 SEP 2005 20. An in vitro

met hod [ i.d cmet hod
corpr 131 ng:ThE etoN 0B Haih LSRG fth A el crehehok AR O hp B AR OLCE et
upon ewpeTEssicitn of a glven gene wherein said cells display sald gi ven
phenot ype when said given gene is expressed; (b) introducing into said
cells a nucleic acid nolecule; (c) identifying a resulting cell which

di spl d¢s sdihd ngihpé nf ghienio tpeineedniskié pells apmiprifeyimntsgemanet s not expr essed;
and (d) idepti I fel . ene
whose pr odE f&& e SS%?‘r? gl?seh-gcetgglgﬁrrlsrm%ea?eggg{ggdlggé I v?‘lfyy\éﬁl%nt%g gﬁ'&@‘g“?{"ggﬂ‘ft?’? Iﬂg

cel | diskal tp emﬂut:- wfeell type-sebeicic pomotd ot hgenaakpreinctenendl  nol ecul e 21. The
met hod of I
retroviraIqgkdﬁgﬁggmﬂmgﬁgCmmﬁﬁhgm%%%ugl 9%5&%“w":%&8ﬁ$%%ﬂ§ &no &%3”%% an
endogecmirgeddysad wiaselips tohsativiiasnd retragyclieas e detacyclideankgsed activity in
said resulting cell as a result of integration of said retroviral seguence
into the genone of said resulting cell. 22. The nmethod of claim 20,

wher eild. saiThe mgthod bfclaioi d, whireio sdié tisoepr cdlagpeaspgafiepionotuBprigssosse el enent
Ilnked qurany to a pronoter, and said gene related to said given
phenotype I's an endogenous gene whose product has a decreased activity in
said resulting cell as a result of introduction of said genetic suppressor

el e 2t BT ISR AL ublh Bif RO Sho3 8 faBYglfhe 201 d ol ecule

17. A cell comprising (a) a first expression construct comprising a gene encoding a tetracycline
transactivator operably linked to a tissue- or cell type-specific promoter or a general promoter, (b) a
second expression construct comprising an oncogene operably linked to a promoter that is regulated by
said tetracycline {ransactivator and tetracycline or a tetracycline analogue, and (c) an exogenous nucleic
acid selected from the group consisting of a retroviral sequence, a genetic suppressor element, and a
cDNA,

wherein, if said exogenous nucleic acid is absent, said cell is tumorigenic when said oncogene is
expressed and not tumorigenic when said oncogene is not expressed, and,

wherein said cell, as a result of infroduction of said exogenous nucleic acid, is tumorigenic even

when said oncogene is not expressed.

18. The cell of claim 17, wherein said cell is a tumor cell.
19. The cell of claim 17, wherein said retroviral sequence is a Moloney murine leukemia virus
sequence.
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to a pronoter, and said gene related to said given phenotype is a gene that
corresponds to said eDNA. 24. The nmethod of claim 20, wherein saig ggrg\g/en
phenotype is tunorigenicity or the ability to netastasize. 25. T é t288d
of claim 20, wherein said given phenotype is cell survivability. 26. The
met hod of claim 20, wherein said given phenotype is the ability to induce

angi 0gfyIes i An in%tro method of identifying a gene related to a given phenotype, said method comprising:

(a) providing cells in which a given phenotype is dependent upon expression of a given gene,
wherein said cells display said given phenotype when said given gene is expressed,

(b) introducing into said cells a nucleic acid molecule;

(c) identifying a resulting cell which displays said given phenotype even when said given gene is
not expressed, and

(d} identifying, as said gene related to said given phenotype, a gene whose product has an
increased or decreased activity in said resulting cell as a result of introduction of the nucleic acid

molecule.

21. The method of claim 20, wherein said nucleic acid molecule comprises a retroviral sequence, and
said gene related to said given phenotype is an endogenous gene whose product has an increased or
decreased activity in said resulting cell as a result of integration of said retroviral sequence into the

genome of said resulting cell.

22. The method of claim 20, wherein said nucleic acid molecule comprises a genetic
suppressor element linked operably to a promoter, and said gene related to said given phenotype is an
endogenous gene whose product has a decreased activity in said resulting cell as a result of introduction

of said genetic suppressor element.

23. The method of claim 20, wherein said nucleic acid molecule comprises a cDNA linked operably

to a promoter, and said gene related to said given phenotype is a gene that corresponds to said cDNA.

24, The method of claim 20, wherein said given phenotype is tumorigenicity or the ability to

metastasize.
25. The method of claim 20, wherein said given phenotype is cell survivability.
26. The method of claim 20, wherein said given phenotype is the ability to induce angiogenesis.
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