25-Jan-07 Title: Use of nurine genomc regions identified to be involved in
tunor devel opnent for the devel opnent of anti-cancer drugs and diagnosis of
cancer This application is a continuation-in-part of U S. Patent Appl2Lani@n
Serial No. 10/252,132 filed Septenber 19, 2002. FIELD OF THE | NVENTI ON 5
The present invention relates to nmurine genom c regions, identified by
retroviral insertional tagging of mice &s being involved in tunor

devel opnment, in particular |eukem a devel opnent, as well as hunan

honol ogues thdliglef,  Biad of enirie Bsrforeic YebRES i&@ﬂ%fﬁgdctorl?&ﬁ%%ﬁreﬁ% tHh%r ,
i dentification and devel gpnent of anti-cancer drugs, such as small nol ecul e

i nhi bitors, antibodi edevelppmeniios the dezelopmens of avhicantasdmpd aRMAliagnosis

i nterference (RNA) ng%g&%legs, that are effective in reducing or
elimnating the tunorirgénic effects of genetic transformations in these
genom c regions and/or elimnating the tunorjgenic effects of expression
products thereof. The invention further relates to these anti-cancer drugs
and to their Thieapplipaisemiscie contennaticvaiyepars of 8F.St Retent dgiplieationfSeciahdex , as

wel | as 15t0@7§§ | c&l .Conposhkti conprising one or nore of said
phar maceuticall g;ggﬁ%edgﬁ%})tf@%?ﬂéﬁhb%@@or the treatnent of cancer using
sai d pharmaceutical conpositions, in. particular to nethods of gene

therapy. In yet further aspects the invention relates to nucleic acids
derived from SHELIOE WHFgENBEI\HIﬁB@i ons involved in tunor devel opnent or

fragments thereof, ant i hodi es,. 20.rai sed against the expression pgroducts
of genes tFﬁ"e sequegglg I5f Ewl%ﬂelﬁﬂgon E%ﬁ%f;ﬁgé]au' R® §8P%m?ﬁﬁeﬂ‘fglsg§?8££](?art§'gi ons
or human honolregrdetral ieseesibnall dggidpldfemds a8 bedigeioRadiil $hmoh AesSBp ABHEON
products of genes affected by genetic transformations in said nurine

genomi ¢ regi onB pertigwlas deWempiladdnyelopmanteas welltas hunaan hemeflogwis dheteof, ei ¢
ccids, or a0t b eoage ASRRLIGIEEaN H2ind Mg lAROR Bl
290 o g e RO A s
10 antisense molecules and RNA interference (RNAi) molecules, that are effective
in reducing or eliminating the tumorigenic effects of genetic transformations in
these genomic regions and/or eliminating the tumorigenic effects of expression
products thereof. The invention further relates to these anti-cancer drugs and
to their use as pharmaceutical reagents for the treatment of cancer, as well as
15  to pharmaceutical compositions comprising one or more of séid pharmaceutical
reagents and to methods for the treatment of cancer using said pharmaceutical
compositions, in particular to methods of gene therapy. In yet further aspects,
the invention relates to nucleic acids derived from said murine genomic
" regions involved in tumor development or fragments thereof, to antibodies
20 raised against the expression products of genes the sequence of which is
comprised in said murine genomic regions or human homologues thereof, to
antibodies raised against the expression products of genes affected by genetic
transformations in said murine genomic regions or human homologues thereof,
to the use of said nucleic acids or antibodies as diagnostic reagents for the
25 diagnosis of cancer, as well as to diagnostic coﬁlpositions coﬁaprising one or

more of said diagnostic reagents and to methods for the diagnosis of cancer

using said diagnostic compositions.



After a quarter century of rapid advances, cancer research has generated a
rich and conpl ex body of know edge revealing cancer to be a 5 di sease

i nvol ving dynam ¢ changes in the genome. Cancer is thought to result fgam,g7
six essential alterations in cell physiology that collectively dictate
mal i gnant grow h: self-sufficiency in gromh signals, insensitivity to

grow h- inhibitory (anti-growth) signals, evasion of progranmed cell death
(apoptosis), Ilimtless replicative potentiap, sustained angi ogenesis, and
tissue invasion and 10 netastasis. In general, these essential alterations
are the result of nmutations in genes involved in the control of these

cel lul ar processes. These nutations include deletions, point nutations,

i nver si ons and b A4 i i result in either an aberrant
I evel , timng, %@%ﬂ&%ﬁ@ﬁ %ﬁﬁ;@%@n@&son of the encoded protein or a
change in function oAfitha feedednt@yUrehPid Jd\%%$§,|05ﬁ5élife Ogrchdheafl f ect

cell physiology either directly, or ‘indirectly, for exanple via signaling
cascades. The p&erdrbted & irkoh and ¢ateplek bydy efiksowledge pecrading dameet telsat i on

froma nornal Ll 1N Lignant, cell .i s, an essential prerequisite for
the 20 devel bpniiipest TvbAnd Bxar iy tuifess ip i BeddiRfduniesr Tt Biibht Sowesuf
the nost comonfibhegiaRisesntiflraltdiatibheat sEMphRfiole s ERAL éoiecﬁbgsr%&ss;@py.
Herein, the patient is treated with one or nore drugs that Unction as

i nhi bitors of cwulalignant growith saieudicendydnagrowth signals; shemisityvityko growtBi nce
cancer cells are,ammn he. fastest. growi ng.cells in the bo these cells 25
are severely af *“J%Fﬁ?i%b{?nt '%f%tg‘? F’@ga ; ﬁ&gs.m% XFet ?mﬁ'&?‘ﬁ%ﬁqyé%tgs(aﬁ‘?@o%lﬁ%o
affected which ﬁ_ﬁﬁﬂééssre}ihl@@ﬁvsl9§tetn%r1,csdsyained Bn¥Ri¥nS8Y ol AldR-iabh&6hnguch
as loss of fertility. Another commonly used therapy to treat cancer Is

radi ati on tHer appgtagtasisadi ot her apy. Radi ot herapy uses high energy rays to
damage cancer cells {30 resu

cycle arrest will ul'th#dt%er b g J%F%g%t}hgl %9%%@%%1%3%?% Hﬁf%ﬁlmg@giqﬁgteat Eel |
(apopt osi s). HopsneRrinvellved iR €heBbniesl df $hédetoellul 408h08s Sds AkbdanRERHns! N
‘addition, it is difficult to conpletely obliterate all tunor cells using
‘this therapy. |insbrdeadaletions; @ointemutatiansninversinns ded emylifivgtions. The
| mutations result in either an aberrant level, timing, and/or location of
15  expression of the encoded protein or a change in function of the encoded

protein. These alterations can affect cell physiology either directly, or

indirectly, for example via signaling cascades.

The possibilities to identify genes that promote the transition from a
normal cell into a malignant cell is an essential prerequisite for the

20 development of novel therapies for the treatment of cancer.

One of the most common therapies for the treatment of cancer is
chemotherapy. Herein, the patient is treated with one or more drugs that
function as inhibitors of cellular growth and are therefore intrinsically toxic.
Since cancer cells are among the fastest growing cells in the body, these cells

25  are severely affected by the applied drugs. However, normal cells are also
affected which results - besides toxicity - in very severe side-effects such as loss
of fertility.

Another commonly used therapy to treat cancer is radiation therapy or
radiotherapy. Radiotherapy uses high energy rays to damage cancer cells

30 resulting in the induction of cell cycle arrest. Cell cycle arrest will ultimately



net ast ases cannot be treated by radiotherapy. Moreover, irradiation can
cause 5 nutations in the cells surrounding the tunor which increases the
risk of devel oping new tunors. Conbinations of both cheno- and radi othgmapy
are also frequently used and a subsequent accunul ation of side-effects is
observed. The major di sadvantage of both therapies is that they do not

di scrim nate between nornmal and tunor cells. Furthernore, tunor cells have
10 the tendency to becone resistant to the t herapi es, especially to
chenot herapy. Therapies directed at tunor-specific targets would increase
the efficiency of the therapy due to i) a decrease in the chance of

devel opi ng dru@surtdﬁipi'bgfﬂiEmeﬂiCbﬂﬂeéﬁﬂ(#i)@?tds@}j Hbivkvéd, A%® ddtenddlcisaksed in
t hese tunor-specific 15 therapies are applied at much | ower concentrations

and iii) obseriweasligtedeandedamaged dnadditders dtiissdiffi@ilbro gormpletely obliterate all

af fected. The of - ific therapies is |limt by the, nunber. of
targets kn omt%%rn%gtst{l ED st gtﬂﬁé L3P ?’SQBP?’%%@Y’I ‘éﬁrﬁér‘?ﬁ}ﬁg‘ﬂ?g@f ang 3?‘5?%% and
di screte changefagtiisdstan86tbEEreatdichy 4HIbtHRRapE IMEBRvEH TBadEfidrS dfpééau‘é@r y
20 considerably. The di sease_type that they cause may however Stl?| e

cl assi fi ed 5 asmupatienmin theredsisyrionadsts thedumdrwhishdoersas¢s theatiskaosi ngl e

therapy exists; that |s effectiva in.all patients with a,certain type of
cancer. Phar meco 20,%‘{1 {:lg%at];%& ogﬁag%gg%éc}%) .ogboﬁ} ﬁ?eéflo'daerfdelf l?ﬁ%ﬁﬁaﬁ%g“e
genetic det er rdlgaflegubhili@ded @ndissedseuerlyistudiuldtich 6f S8AHeAESs FhbGENi C
25 di seases, and the identification of thedgenes i nvol ved therein should

allow for the di schempefdipadvaniagreeidathdhetawiescisdhapbiayt dohonew dr ugs.
Phar macogenomi ¢s_al so 1;e cgrgasses the (ﬁge of e%,i fj:c nedi cat i ons..accordi ng
to the genotyp S‘B’Fmﬂ%eg)f VasR Dorppkand, KIpar cells, Fugthermongtuimor; Gelis badtent

of the effig cii@BG¥n@Endy Ka’cuﬂl%-reaétaiﬂrto@Kese%hwe@,%géahwic&al di seases

are targeted by this novel pharnmaceutical approach. e can nane the
aut oi mune anchenfdtherspyory di seases, for exanpl e Addi son's Disease,

Al opeci a Areata, Ankyl osing.Spondylitis, Behcet's Disease, Chronic Fatigue
Syndrone, Crohn's Di'SE88%P ec%ﬁ‘?d(a% R}l@a%ﬁqe{:#@,ﬁaggqtﬁﬁoﬁm%a@s | Disease,
Di abetes and MgfitieRbsP ofHeHa®4Sy due to i) a decrease in the chance of developing drug

resistance, ii) a reduced toxicity since the drugs used in these tumor-specific

15 therapies are applied at much lower concentrations and iii) observed side-
" effects are reduced since only tumor cells are affected.

The use of tumor-specific therapies is limited by the number of targets
known. Since tumors may arise from a large number of different and discrete
changes in the genome, the genotype between tumor cells may vary

20 considerably. The disease type that they cause may however still be classified
as the same. This is one of the main reasons why not a single therapy exists
that is effective in all patients with a certain type of cancer.

Pharmacogenetics and pharmacogenomics aim at determining the
genetic determinants linked to diseases. Most of the disease are multigenic

95 diseases, and the identification of the genes involved therein should allow for
the discovery of new‘ta:rgets and the development of new drugs.
Pharmacogenomics also encompasses the use of specific medicatibns according

to the genotype of the patient. This should lead to a dramatic improvement of
the efficiency of the drugs.



B U ——

As stated, cancers are also believed to be nultigenic diseases. Sone
oncogenes (for exenple ras, c-nyc) and tunor suppressor genes (for exanple
p53) have previously been identified, as well as sone genetic narkerg%; r
predi sposition (for exanple the genes BRCAL and BRCA2 for breast canc F;?bqb
The identification of new genes involved in other kinds of cancer should
allow for a better information of the patient and the prevention of the
devel opnment of the disease itself, an inproved |life expectancy as already
observed with breast cancer (Schrag et al= 2000. JAVA 283: 617-24).

Know edge of the identity of genes involved in cancer devel opnent 15 ,

therefore greatly wWragi L . . rophyl agtic, therapeutic
and di agnostic mal\{lﬁgglsp %Oro?%{:e@%#?é%%%&%@éﬂ%@?&g&% X?‘ﬁe pg’#’é‘@‘[’ee"&l nes in
a certain tumproasipddmd tavaaherthehaitoieahgne ahd ihesaphAsrE aMBabS R the use
of specific anti-cin(fer drugs, for instance, drugs directed against the

prot ei ns encdd@mmly Addigenss Lispase, Aloperia dxpatay Andylgsing Spendditisn Bebeet'sof

genes invol ved:.| . g@gi e there is a cl.ear need for
t he identifi?g%slbgsnet’o ng‘%/cg?{mégege |rﬁ\%’\¢é§&¥€q%§%os§’ ?@C\%?@‘éﬁg‘?i& '0 be used
in the ded grinflanimatoryBecel Dizeadeh B alptesand WileipleStlasodifie genotype of a
certain tunor. In the research that _led to the present invention, a nunber

gf genomi cI 25 r edhoftatehcancersmre plsodbeligverd tq e multigenis diﬁ\?ﬁﬁﬁls-(ﬁ?m opnent
[ | . [ ' . ,_102: 1-18;
et al - 2GBROBGIE e Bl 1hENI0 FRRR0r AR e otk U padBEY T v 1o

i nfect nor malp53)dalvepravieusls Been idéditfied, Rberd]] ansorhb geMéticimarRbRdbat es into
t he genone thereby disrupting the | ocal ]gégani zation of the genonme. This

i ntegration irredisnasiionolerrraanple the seres BREALANGRREGAS forbreast cancerdnes,
depend! ng N FHLideRL AR AbH WP néw ks Avolvedin' thRE 1ddlfs ofichBer MUEDITRY T OF
g regdion, regulatory "région or a réegron nearby a

gene. |If a cefbt dlrtteddnporimtidnvedhe patishband dey ptepmeidh of thebeslomdent he
cell will acquire a selectjve advant aa,e to develop into a tunor as conpared
to cells in wHitbe difgageieslfi ayémprayefdife erpactancyeaenlspabhebssreedavithct ed. As
a result, all L1 b Of A+aH I, omthe cell affected in
a gene invol &ggg%én&tn\gen%kg%gégfég%ﬁgﬁpow (r?';lérzj’ry%q F hie‘f)'

Knowledge of the identity of genes involved in cancer development

15 therefore greatly facilitates the development of prophylactic, therapeutic and
diagnostic methods for this disease. Diagnosis of the affected genes in a certain
tumor type allows for the design of therapies comprising the use of specific
anti-cancer drugs, for instance, drugs directed against the proteins encoded by
these genes.

20 Presently, only a limited number of genes involved in tumor
development are known and there is a clear need for the identification of novel
genes involved in tumor development to be used in the design of tumor-specific
therapies and to define the genotype of a certain tumor.

In the research that led to the present invention, a number of genomic

25  regions were identified to be involved in tumor development by proviral
tagging. Proviral tagging (Berns. 1988. Arch Virol.102:1-18; Kim et al. 2003. J
Virol. 77:2056-62) is a method that uses a retrovirus to infect normal
vertebrate cells. After infection, the virus integrates into the genome thereby
disrupting the local organization of the genome. This integration is random

30 and affects the expression or function of genes, depending on the integration



same proviral integration. Through analysis of the region nearby the
retroviral integration site, the affected gene can be identified. Due to
the size of the genone and the total number of integration sites
investigated in the present 10 invention, a gene that is affected in25wen0y
nore i ndependent tunors investigated nust provide a sel ective advantage and
therefore contribute to tunor devel opnent. Such sites of integration are
designated as common integration sites (CIS). By using an inproved nethod
of proviral tagging the present inventors 515 were able to identify a |arge
nunber of murine genom c regions involved in the developnment of nyeloid

| eukemia in mce. Al such genom c regions conprised comon integration
sites of the siteraf¢ha yérus, evhaeh mayrfar nrbancs heein aveodingiregion, a regiddidrpsi de,

before or after. genom.c . u t hat..cQ for_kno or. putative murine
genes, or inrééiogu%kgn%%ﬂsxgg’teg%’éﬁﬁ%’ﬁe'&ggicgﬁ% g\‘RP?ﬁ?ﬁﬂY%‘iukg‘mﬁ‘Bﬁi ne genone.
Many of the mMsvelnisitdniatietR BiScelbwillgéduifda BYletiife a0VASEBE G LORIGI N Of a
comon integration site, have so far not been reported to be involved in

tunor devel offEne tumeyals comppaed tepellsdd wiich me gpprs mivwlvedii bmsot denti fi ed

in this nne e t fol l.owi ng:x Adamd {., AL462175.. 24a Edg3, .1 tgp,

Kenj 16, Kenk eV °RH9FT}&L%1§F£€%% ,‘A*SL%‘%S}‘itnB@éﬁ%@% & tinos gTigfat Mol
Ni nj 2, Nphsl fr&ethékell BERS{d in%@eﬂé"frfvﬁfdea,in%ﬁﬁl@@id@gel%aicliient%iﬂfcﬁ% {HeOt ei ns;
Apobec2, Btd, Cds2, C px, Ddxl9, Ddx2l, Dnnt2, Dgxl, ac7a, Lee pendi ng,

Myat |, nouse SasHop¥Ryieal dntegration Mhroughemelysiand the resionatearhy tld rejeordralg,
Pah, Pdil, Ppi Pr.psl ds nd Vars2 ., encodi.n en s;.Da nouse
honol ogue of 1B%§?ah§%2°,?te§:] Fﬁecgﬁ(g gcwekiza}n g%bcge&g%%?gqgftﬁggggzeﬁ%é? O Inpp4da
and | npp5b, egreetictndiesial Aedber dihbegrRtion stRd ivvssiAtA in theS¥aéht
encodi ng secreted factors; Akap 7, Api5, Arfrpl, Arhgapl4-pending, G sh2,

Dappl , Falfp6, inwaiien, Fgend thesrisafactediimtwo bemmre jndetmdent bwmors Lnmo6, Mil | |
nmouse honol ogue qf AKARI 3, .nmouse,_honpl ogue 0of Bl N2, se . honol,ogu f
CEZANNE, rrougﬂ"?r%}ﬁﬁ%gﬂi‘%u%fpr&ﬁﬁ?,a %@?@&GWP@&‘@{@W@% SOBEBRLE R ol ogue

of SLCI6AI 0, tieibraldvelipnediie Sath Slt6d 638 tedtRHSR ard deBioad el & corhitbfAS, nouse
honol ogue of TAF5L, nouse honol ogue of SNRNPBP, nouse honol ogue of ZNFS8,

Map 7, Mol dniageation siteg(CIedh9,
By using an improved method of proviral tagging the present inventors

15 were able to identify a large number of murine genomic regions involved in the
development of myeloid leukemia in mice. All such genomic regions comprised
common integration sites of the virus nucleic acid and such sites were either
found inside, before or after genomic sequences that coded for known or
putative murine genes, or in yet unknown but defined positions within the

20 murine genome. Many of the murine genomic regions, as defined by the
presence therein of a common integration site, have so far not been reported to
be involved in tumor development. Novel cancer related murine genomic
regions identified in this manner are the following: Adam 11, AI462175, Cd24a,
Edg3, Itgp, Kecnj16, Kenks, Kennd, Ltb, Ly108, Ly6i, mouse homologue of

95  EMILIN, Mrcl, Ninj2, Nphsl, Sema4b, Tm3sf2, and Tnfrsf17, encoding cell
surface proteins; Apobec2, Btd, Cds2, Clpx, Ddx19, Ddx21, Dnmt2, Dgxl,
Hdac7a, Lee-pending, Mgatl, mouse homologue of CILP, mouse homologue of
NOHG61, Nudel-pending, Pah, Pdil, Ppia, Prpsl, Ptgds, and Vars2, encoding
enzymes; Dagk4, mouse homologue of PSK, Nme2, Snfllk and Tyki, encoding

380 kinases; Duspl0, Inpp4a and Inpp5b, encoding phosphatases; 1116, Prg, and



Pki g, Prdx2, Pscdl, Psnbl, Psnel, Psne2, Rgll, R | pending, Saxl, Sic l1l4a2,
Slc7al, Slc7all, Swap 70, Txnip, and Ubl 3, encodi ng signaling proteins;
Aic3, 10 G11-13, nouse honol ogue of NOLSA, and Vdac2, encoding strygtysab
proteins; AM-pending, Ctbpl, Dernol, Ebf, Elf4, Ldbl, nouse honol ogue

of NRIDI, nouse honol ogue of ZER6, Rest, Tbp, Zfp238, Zfp287, and Zfp3l9,
encoding proteins involved in transcriptional regulation; Lrrc2, Satbl,

Sl fn4, and genomic regions with the following Celera identification codes
nCGL0290, 15 nCGlL0613, nCGl1234, nCGL113256 nCGL1355, nCGL1803, nCGl1817,
nCGl2566, nCGl2630, nCGL2824, nCGl3346, nCGl4143, nCGL4155, nCGl4342,

v0G1 7547, nORPPE 5o 9 ted B S o Pt b AR AR e G034,

MOGL850, NCGLRIASB Ddpp®) 8§58 6, PRbp8 G2 Hon diigC2a995, ﬁ%&%% 1403,
MC&1505, nmO&1529,  nO&1530, moG21803 2014, N 2045, 6%386,

nCa2258,  noBrwhy Midicmpmee homelugre v BLAARES zonse haoeilagys of R2,31005e

nMoG2543, EG3 729 040 0651,
MCG5068, o i 104@%%&? %@%% ?M,
M0G55023, 5 MOBEBOT 5mot$dheh %z us B8 554 10Maeasd hdmo QRS C 164 HRRe
NCGE6746, nCGH7132, nOGH7265, nCGH7617, nmCGh7827, 8254, nCGh8345,

MCG5900, moGBowslogusEdak/A N omsBe tmmalaueas A F iapoeszhomoioges of

101943, nOCEITANFHCRS R Rt PN AR Mok e Do, 7
MCG64382, nOPRAS Fo x2Sl 2 Psmb L BHREN  PsitePd REBD nl%ggg@ﬂq%? Sax KR 2/S,

nCG66776, nCEB6965, nCGr831, nCGr856, nDGE8424, 'nCA002, nCE@537, nCG9538,

MO791, o], SteeddaSwentBdhaup, ahbTs; engedingGapBEmE Moteiasifehied ar e

al so listed |y, Tabl Y, HE IONVENTEON A first obj.ect of

the presi DealiSodsecpftonds SEMRA g Ml MR ke o th 56

devel opment UBTMséndingt Obpde Detinodf EbLI B4 $HOE] hiotisé ReMmaligs of NRAD],
mouse homologue of ZERG6, Rest, Tbp, Zfp238, Zfp287, and Zfp319, encoding

proteins involved in transcriptional regulation; Lrrc2, Saibl, Slfn4, and

genomic regions with the following Celera identification codes mCG 10290,
15 mCG10613, mCG11234, mCG11325, mCG11355, mCG11803, mCG11817,
mCG12566, mCG12630, mCG12824, mCG13346, mCG14143, mCG14155,
mCG14342, mCG15141, mCG15321,, mCG16761, mCG16858, mCG17127,
mCG17140, mCG17142, mCG17547, mCG17569, mCG17751, mCG17799,
mCG17802, mCG17918, mCG18034,, mCG1850, mCG18663, mCG18737,
20 mCG20276, mCG20905, mCG20994, mCG21403, mCG21505, mCG21529,
mCG21530, mCG21803, mCG22014, mCG22045, mCG22386, mCG2258,
mCG22772, mCG23032, mCG23035, mCG23069, mCG23075, mCG23120,
mCG2543, mCG2824, mCG2947, mCG3038, mCG3729, mCG3760, mCG50409,
mCG50651, mCG5068, mCG5070, mCG51393, mCG52252, mCG52498,
25 mCG53009, mCGH3724, mCG55023, mCG55075, mCG55198, mCGH5265,
mCG55512, mCG56069, mCG56089, mCG56746, mCG57132, mCG57265,
mCG57617, mCG57827, mCG58254, mCG58345, mCG5900, mCG5905,
mCG59368, mCG59375, mCG59533, mCG59662, mCG59810, mCG59997,
mCG60526, mCG60833, mCG61221, mCG61661, mCG61897, mCG61907,
30 mCG61943, mCG62177, mCG62971, mCG63537, mCG63601, mCG64346,



object is, in the case of therapies for humans, achieved by using the human

10 honol ogues of the nurine genomc regions listed in Table 1 for the

devel opnent of inhibitors directed against the genes encoded or affecked,hy

these regions that are involved in tunor devel opnent and/or their expression
products and by using these inhibitors for the preparation of pharnaceuti cal
conpositions for the treatnent of cancer, preferably for the treatnent of 15
| eukem a. These muri ne genom c regions were di scovered by using an inproved

met hod of proviral tagging involving a nesfed PCR approach as a result of

whi ch the cloning step as conventionally perfornmed my now be omtted,

resulting in psted e } Liil catl Fur t he

i nproved 20 mﬁaltﬁg reélﬁ?gga?%ﬁga%gg%ir?p§§$§%% %ﬁ%@gﬁtpﬁtﬁ%ﬁi y

myel oi d | eukemGG6631%neCGEETES; MCG66963)an CLISILSROT 16, Yo QO8I 4evel oped
Also _the nethod supported the use of various rmurine

| oi d | euk

Fgﬁkce"m a S:Jr5%99\%’%CQ§537’%%5§3W97@§UM%9792,m@Gi%é&thﬁSSﬂﬁpn of
t | app t ' ially, | t.s_of i

Do ¢ r egi oL Q9P ad HEYeE8, TRaR NS ke S TR TR I eukcont o,

Thi s then &xpands the possibilities of finding additional nyeloid

| eukem a-rel at ed 8enes. Anot her i nmprovenent of the nethod of the present
i nvention for® R TEERLINYE ch}\énom' c regions involved in the

devel opnment of can‘ r I f.rurine leykem a,, resides in the puse of
an inmproved net hod"i Spt g@eg@&gﬁ?ﬁpﬁ? T tinﬁ‘feéﬁ}ogtlisgﬂ PIpyife nﬁge]g@nﬁﬁ]%‘éﬂlj:\%ﬁ-
Thi s nethod alsturhoy @wdspraet for HANiR 00 de 3o OFRIThH-sidElid iﬂe?lﬁﬁﬂegm‘]ﬁéocedure

i ncluding nested PCR which is conmbined wth a nucleic acid blotting
procedure, predieetds) ip theaase of therapies fohwmans dohieveddur esing thtbumsrhod of

t he i nvengjon ' titicat] om.c nLegi ipvol ved in the
devel opme% o?&%g}]o ergs égﬁ{pbr#lglgél%aéegp Irng r%@%sn%ﬁctegéﬁf%% ?1301’ ﬁ%& roviral

i nsertional niéagenashsobinhibisdbjdd@ite dapdidtThe Gehnbé 664ddea ot aifdcted W ect
with a tunmor inducing retrovirus. In a preferred enbodinment, said subject
is a nouse, ptheseragioys shaldaredgyelved infumprdsydlepmantised/or their px@Biessionouse

and sai d 1 etr ol ddts 450 5 Wl RS hibeded Y SR fophlrhilSn bFpharrthoodilAP"

compositions for the treatment of cancer, preferably for the treatment of

15 leukemia.

These murine genomic regions were discovered by using an improved
method of proviral tagging involving a nested PCR approach as a result of
which the cloning step as conventionally performed may now be omitted,
resulting in a speeded up process of gene identification. Further, the improved

20 method resulted in the identification of essentially only myeloid leukemia-
related genes since the mice essentially only developed myeloid leukemia. Also
the method supported the use of various murine leukemia viruses, which use
surprisingly resulted in the identification of partly overlapping but otherwise
essentially complementary sets of murine genomic regions involved in the

25 development of murine myeloid leukemia. This then expands the possibilities
of finding additional myeloid leukemia-related genes.

Another improvement of the method of the present invention for the
identification of genomic regions involved in the development of cancer,
preferably of murine leukemia, resides in the use of an improved method for

30 determining integration sites as being common. This method also involves a



10 Cas-BR-M nurine | eukem a virus (Cas-BR-M MuLV). The nethod of the

i nvention conprises a subsequent step of isolating chronbsomal DNA from
primary tunors developed in the infected subject, such as present in e.qg.
spleen, liver, thymus, and |ynph node tissue of mce with a virus-indilcét 7007
| eukem a. The nethod of the invention conprises a subsequent step of 15

di gesting said chronosonal DNA with a restriction enzyne capable of cutting
at | east once in the genone of said tunor8inducing retrovirus and at | east
once in the chronobsonal DNA of said subject. Preferably, said chronobsonal

DNA is digested %Nith .festriction enz . recognjzing restriction sites

| ocated at RABRH "&6‘%‘?1{6]1‘%%‘31% RIRf ‘Fﬁén‘élq&% meﬁgsig whichgacombingd wi | | be
. 20 Wi LRI At . . . . ) bly,

uni que 20 wi LR ati\R1de Qe BloBSHH FREEE ﬁ?xﬁgﬁra\f)y SSutHbif! %é ﬁﬁlestxga{j;?%er an' y

the restriction sites are separated such t region o Hbsomal
DNA of the sdbgexst2. fl anki ng the known viral sequence can be identified

based on the nucl epti de e nce of. saj d _chronpsonal DNA regjon, i.e. said
regi on conpri si ngﬁg‘e_%ﬁﬂpﬁ(ﬂ?gﬁ? Hh‘i?l%’@FlafJB]F thejdenhiisalon of seramigasgions al | ow
vt i onBconaraeed thHE fovelchrBh AtaReH cokiie PR A ot i RRRT '

i nvention conprises a subseq ting t to
ci rcul ar DNAretroviralheceitjorzaiphiifageaesis of afsubjeet, chmprrizdogridfectisdid agment
fl anki ng the kBO\Np vj.ral sequepce. In a .nethod of the_ present invention,
PCR anpl i fi c&PPISSt matha trmeg 1pdcing rebzovisisyln g preferred embrdiraent said 30 with
said circul at I fir ' . '

Subds 1ok Bfbudle PrctraB Bl oold 6y 55;31%?&& b BPRIRAN

25-Jan-07 9 repeat)-specific pri ormng a secon
PCR wi t h t he meusedamt saifl retriodiriis issGrafiRnnemetl. 4 teuleiniig virae@ntl 45 ghd/of

retrovirys (LTR) .- ecific priners. Follown he_step of anplifying the
chr onosorl Eﬁﬂlﬁ;@rﬁmmeéﬂk%@ﬂﬁﬁu& SRB\B%AH\@PLXD- flwm@ﬁh@, ofhe

nucl eoti de seguan i SNE i A
optionally via a g oﬁ{mn%qg%e%%%tqg pre%g%oytg‘%o%or%ﬂl&%% ?lreog%t
sequenci ng r gahagntuhbrs developed e ithginfedsd Bubjectwuil as@resmtpawarf ul and

specific anplificaf.ion procedur used. The determ ned nucl eotide_sequence
of said chroﬁBL*@H‘a VEINA Ymé‘ﬁn%%‘f E’inépsl% Rede BESYeRiIRIEIVIER agviges-isieed of  known

sequences i n1andehiad ThibdEMH6F ERSieBEBS loprises a subsequent step of

15  digesting said chromosomal DNA with a restriction enzyme capable of cutting

at least once in the genome of said tumor inducing retrovirus and at least once
in the chromosomal DNA of said subject. Preferably, said chromosoinal DNA is
digested with a restriction enzyme recognizing restriction sites located at
known positions within the virus LTR sequence but which will be unique

20 within the genomic sequence in each virus insertion. Preferably, the restriction
sites are separated such that a region of the chromosomal DNA of the subject
flanking the known viral sequence can be identified based on the nucleotide
sequence of said chromosomal DNA region, i.e. said region comprising a
sufficient number of contiguous nucleotides to allow comparison thereof with a

25 database of known sequences.

The method of the invention comprises a subsequent step of ligating the
digested DNA to circular DNA, followed by amplification of the chromosomal
DNA fragment flanking the known viral sequence. In a method of the present
invention, PCR amplification is carried out by performing a first PCR reaction

30 with said circular DNA using a first set of retrovirus (LTR; long terminal



genom c region wherein the retrovirus was integrated thereby indicating the
genom c region potentially involved in the devel opnent of cancer. |In order
to determ ne whether an integration site is a conmon integration site, the
met hod of the invention for the identification of genomic 15 regi ons5-Jan-07
I nvol ved in the devel opnent of cancer conprises a step of designing genomc
regi on-specific anplification priners, preferably in a nested format and
said priners being capable of hybridizing to the chronosomal DNA fragnent
fl anki ng the known viral sequence, the segfience of which fragnent was
determ ned as descri bed herei nabove and which fragnment represents a 20
genom c region conprisifg a vir i ntegration site. Then, RNA or DNA is

i sol at ed froﬂ%ﬂ?ﬁgﬁ?eﬁﬁ B H’Gﬁg’r ReEOTBHEE éntesond ngsted HfOR with the at i on

site and an apRldct 6RbAiAMTsP PO {:ﬁgﬁggﬁfﬁ]@ée/coﬁd@%fewe&&g%fghﬁz{r;gact ' on,

is performed with one or nore o C region-speci rs (al so
termed | ocus speeifid pdmersmers herein) and one or nore of the virus-specific

25 prinmers, prefer retrovirus, (LTRI-specific priners. Next, the
anplification pr o"g‘gi‘i/‘%m&r ei5teh plamp W@l%‘FIH’PmOe?O@@b@rM@TWH di zed

with a virgls- i ol ' LA [fi be.

Ampl i fi cat?onﬂgﬁgiéll?ct?se %@?ﬁ%ﬁg}jﬁ%@%@h@hﬁgﬁ‘ Eggﬁggég&gé%e§£§é@der ed to
represent convimonosvegd ANAfragmest is setdrminedioptidnmllgogia b denidE e, but

i ndicating the cller@[inﬁ regjon.invalved in the 30 devel opnent of cancer.
25-Jan-07 10PY&texadly Ry pepiorming a diyecheauentingfeantion the datisrbeing nesviblee
genom c regi ' i i nhibitors
directed agaﬁﬁ%ﬂoh%ﬁgpeﬁﬁr?cngd%ﬁ% %]ij%{%%ﬁ? %@%ngﬁ%nﬁe regi ons
and/ or their detepméssi nnclpotidrisdgiente bhsaxideherhosinadDNAf frifaept BstbBh

I nvention, the inhihitors are ti bodi es and/or., antibody derivatives
directed Hyai FRIRDFYS t@)?pﬁ%@i’ﬁ%%%ﬁ?@ewe%’éh‘é@eéﬁ%&fg@&‘fﬁﬁl‘? pebigerfoni ¢
regi ons or af : Wa ' | | & '

| Toted in Tabf SO pRpoaOTEtc the RREARIAC TR RTARRY BB B .
gene expr essi gamgmvdagion paeatialdy drvoh@dt ihehe elevelopmenst wbeamerand can be

conprised in a pharmaceuti cal] conposition. . Al so,.antibodies nay be targeted
ton}ont racel | ul aP, a]:!‘l Y eg&,@ gﬁﬁeawméw Bhps an integration site is a common )

integration site, the method of the invention for the identification of genomic

15 regions involved in the development of cancer comprises a step of designing

| genomic region-specific amplification primers, preferably in a nested format

and said primers being capable of hybridizing to the chromosomal DNA
fragment flanking the known viral sequence, the sequence of which fragment
was determined as described hereinabove and which fragment represents a

20 genomic region comprising a virus integration site. Then, RNA or DNA is
isolated from tumors to be analysed for the presence of a common integration
site and an amplification reaction, preferably a nested (RT-)PCR reaction, is
performed with one or more of the genomic region-specific primers (also
termed locus specific primers herein) and one or more of the virus-specific

25 primers, preferably retrovirus (LTR)-specific primers. Next, the amplification
products are blotted and the blot is separately hybridized with a virus-specific
probe and a genomic region-specific probe. Amplification products hybridizing
with both probes are considered to represent common integration sites, such
common integration sites indicating the genomic region involved in the

30 development of cancer.



products such as RNA's, polypeptides or enzynmes, in order to nodul ate the
activity of these products. Preferably, such antibodies are in the form of

i ntrabodi es, produced inside a cancer cell. In addition, antibodies mgyaha7
used 15 for deliverance of at |east one toxic compound |inked thereto to a
tunor cell. In a preferred enbodi nent of the present invention, the

inhibitor is a small nolecul e capable of nodul ating the activity or
interfering with the function of the prol@i n expression product of the
genes encoded by the genomic regions or affected by genetic transfornmations
in the genom c regqions involved 20 in tunor devel opnent as defined herein.
In addition, smal &t B aspest ob the priesent isuentienite yse the Inveinergemontic at | east

one |inked tqgx] . a di.ff.erent. |leyel 0

i nhi bition, (r%%’l%enugggg%ﬂ%sgg%ﬂb‘}gﬂﬁg{é58‘féoﬂeb‘?eé’<c?)ﬂopt”heé“p0rf6%ﬁi@ﬁ°6%X’&Pctﬁﬁtiot eins by
destroyi ng t hgaiddihé panscenddddd bf affetied byahbyegedRmR r@ﬁﬁﬁgﬁﬂdﬁw thbg genonic
regions or affected by genetic transformations in 25 the genom c regions.
This can be &ZRIGFIN PEPUHAES: sense drugs, ribozynes or by RNA interference
(RNAi ). By acting ' ' he _di.sea [ SS t hese drugs
prevent the pr oducljﬁitogtr%\%ﬁoog?%%é%gé@gg’gh%n%dﬁﬁ?%?%’%ﬁe%%%%Pﬁ%ﬁﬁ i nventi on

rel ates to anmmtibedis aidigsanishuly deivanives diseteRWadnst tA8 kP ARERN

ol i godeoxynucl e&q&dez, ri bozqggne;hagg%RNAi mol ecul eséﬁdiéepeigyted ag{;i nst the
25-Jan- 07 1PTrHeHEs OpBeRRictPa9¢ed R Uik HOPATRICIEGIOHA OT Giiea! gagepy genetic
transformati | 1.6 reqi J | b 1 or transcription
products t he?g%?éf&%éeﬁ@%ﬁlggg %er? O'ng{:/%@%l#é %“Stggﬁ%ﬂ‘c?ﬁe i‘?{‘]ﬁeerlap%létl‘aecr eased or
increased dumitibgdissrne foleistaprantiul Mahisblobie ekpltisbiohredadts lotaes yhen t he
expression 5 levels are el evated. However, the present invention also

provi des Por thegelipas membranepnitan brecomprisakinod Phavmpeattical gempositiended by
the genom c i ﬁp& | sfor i .1 n_the genom c
regi ons invo vg(g a%???"t(a EJer?D%IrngZ%ggr nee(% atrtl%%gilﬁ%ﬁi é% gﬁépfe%%%rl%sgseingn | evel s
are reduced. produdiasach a8 RNA'shsolpreptides o eaby@es Hharog tainodakpe gl known
or found to 10 increase the expression_|level of_genes, to inprove the
function of agtiEitEsERessProgpeig Brefermbly, supk aptibpdies gise s hetormeafi ore t he

expression Otinﬁ‘agg i %\r}fel{blsiﬁéﬁ iélsgge%wn\é%{‘ Xelf.%tﬁaiﬁoﬁ,ha%{tﬁpdd?ess ﬁf&y%%ei\lrs(e: e

reduced expréssion
156  for deliverance of at least one toxic compound linked thereto to a tumor cell.

In a preferred embodiment of the present invention, the inhibitor is a
small molecule capable of modulating the activity or interfering with the
function of the protein expression product of the genes encoded by the genomic
regions or affected by genetic transformations in the genomic regions involved

20 in tumor development as defined herein. In addition, small molecules can also
be used for deliverance of at least one linked toxic compound to a tumor cell.

On a different level of inhibition, nucleic acids can be used to block the
production of proteins by destroying the mRNA transcribed from respective
gene encoded by the genomic regions or affected by genetic transformations in

25 the genomic regions. This can be achieved by antisense drugs, ribozymes or by
RNA interference (RNAi). By acting at this early stage in the disease process,
these drugs prevent the production of a disease-causing protein. The present
invention relates to antisense drugs, such as antisense RNA and antisense

oligodeoxynucleotides, ribozymes and RNAi molecules, directed against the



or to restore the expression of a dysfunctional gene encoded by the genom c
15 regions or affected by genetic transfornmations in the genomc regions as
di scl osed herein include the replacement by gene therapy of the 25-Jan-07
dysfunctional or affected gene or its regulatory sequences that drive fhe
expression of said gene. The invention therefore relates further to gene
therapy, in which a dysfunctional gene of a subject encoded by the genomc
regions or affected by 20 genetic transforymations in the genonic regions as
listed in Table 1 or a human honol ogue thereof or a dysfunctional

regul atory sequence of a gene of a subject encoded by the genom c regions
or affected igpneeercoded bythefgenmaid mgionsortaifectalhy genetictransformatidhs ob osed

| i dinT 1 .a h . I h f is. I d.b f ' I
counter par t . (86 g SRR Uslolth SRR o iR Gronnia Al teh  viral

vect of  COMPI | $i O Thofeidds@ilevlRiTa @ind GUEHATS FRAIRISriflhBaldie | genome

of a subject's host ce which is a progenitor ce of the tunor cell-Iline

of the subj edurigdugner d4velppahentaNaturadlys frdubBorshast usedlwhémthe egirdsssarbj ect .

The invention also rel ate for of gene.therapy,, in which, the genes

encoded b tﬂeeveé%?l%erﬁelgv té%r Isﬁg"ee;?rﬁh? BE‘%‘@HEW%’EW glgo P:Foé’ﬁéel‘soff’ﬁat i gns in the

30 genoni c 1 eghRatiekd"StEHoddl thabkredsioh Idvel IR EeHOBREARA I}:%rg%qlt)ﬂﬁé eli.a.
es

used 25-Jan-07 12 for the design of dom nant-negative forms of t e genes
whi ch i nhi bi regioas of affectiedbyafenetie transforthations indhatgenpmid wgiaid inwpblvgdt hei r

directed expression, froma_ suitable.vector in a cancer cell. Another object
of the preseft VW\?’éII‘FI’%IﬂpIn@nfSnIIPegM emrw&%ﬁﬁwgﬁre#éﬁ?@osition for
the treat mentEahaf@6ein 5HBEAh LRGN B o BRIcA1 Bmbbend kABWRIdrF5end to
"enhancers", replacenment conpounds, vectors or host cells according to the

present iLfveimndrensesheexyiressien bayel efzgencesdgemprove bt funetionofredixprassiobhe
2dd ive |1 Kot oF AdsmE R APpr e, oraRoianG Py PRGSRIGR Ob e dGRGERRRRYe. 10 1 1

addition, itghgethe object of the present invention to provide a method for
treatnent of "subjects suffering fromcancer which nmethod conprises the

admi ni stration of Vetwespitabledberapiesto avenposs tadmced ezpregiiong levels hfa iganent i on
to patients |

BT e Do e SO LB R AREA e S SE e b
15 regions or affected by genetic transformations in the genomic regions as
disclosed herein include the replacement by gene therapy of the dysfunctional
or affected gene or its regulatory sequences that drive the expression of said
gene. The invention therefore relates further to gene therapy, in which a
dysfunctional gene of a subject encoded by the genomic regions or affected by
20 genetic transformations in the genomic regions as listed in Table 1 or a human
homologue thereof or a dysfunctional regulatory sequence of a gene of a subject
encoded by the genomic regions or affected by genetic transformations in the
genomic regions as disclosed listed in Table 1 or a human homologue thereof is
replaced by a functional counterpart, e.g. by stable integration of for instance a
25  lentiviral vector comprising a functional gene or regulatory sequence into the
genome of a subject's host cell which is a progenitor cell of the tumor cell-line
of the subject and grafting of said transfected host cell into said subject.
The invention also relates to forms of gene therapy, in which the genes
encoded by the genomic regions or affected by genetic transformations in the

30 genomic regions listed in Table 1 or a human homologue thereof are i.a. used



15 murine genom c regions or as disclosed herein as well as to human

honol ogues thereof or their gene expression products for the devel opnent of
reagents for the diagnosis of cancers. The invention also provides 2573307
di agnostic conpositions for diagnosing cancer, conprising the diagnostic
reagents such as specific nucleic acid probes 20 and/or specific antibodies
capabl e of specifically binding to the nmurine genom c regions as disclosed
herein as well as to human honol ogues thexrzof, to the transcription
products of genes encoded thereby and/or to the expression products of such

genes, respectively. Additionally, the g&esent invention relates to nethods
for di agnosi g@f‘chz st el dompinamgmgpative Eorresraf sheds gansishish dihigitddiei c

iti a7l ' I f d. t d enbodi t
of The. pr osent™ et BB il e Bhl:RBengrts BUBLENG BoiP AREEER PGP Cact 4

nor e pref er alfiom atsuliteddd vddlor By£Bamdireecllpr ef erably at | east 30 and nost
preferably all murine genom c regions selected 30 fromthe group consisting
of Adam |, Akap7, AmeHkprfbaect pf ke preserhinventipn is tepmyidoz phagmareygicat) i 3,

Cra, Derngl, : L 204 .S, |16, lprgl, Itgp,
ok, | 1 P2 hppeitipp it AtiRarg P ag B Hfis o oo ' b
Pdi |, Ptgd3, ifdgibitor&aeahandeey'adeplSterh&itcontpornds, vebtstisior Host Ble Tnfrsfl 7

and UWbl3listed in Table 1. Using these genes very advantageous expression 5
anal ysi s in aeerdingle heprpeantdnyentiones a phermaceuntioed reagaiitaysstve c net hods

or eukem s BpeotehRSOR L ABoR3A Aok ESRRHSGPIARRER! L BLSHNELY 1P

egroups of

AM.. Parti culhatdpgalple efdeitiesllike forhexanssle arcadsPF GinSera 0thifsr) of b wentsrvativé.he
present 10 invention_of at least_ 2, preferably at least 3, nore preferably

at least 14, and Hoaddiom &g oblect gthegresentiavepiden topravid naeaadni c
| adds 1 on 3 RS Fehhe LB nc i GhitePURE BXBId St ™ © T
transf or mat i @dsmihidt&ittdh éfahe Ploraadentivd) iceipbsitionmeebden® bd thdinvBRtidS to
devel oprment in tunor was hitherto unknown, use in aspects and enbodi nents
patients in need thereof in a therapeutically effective amount.
A further aspect of the present invention relates to the use of the
15 murine genomic regions or as disclosed herein as well as to human homologues
thereof or their gene expression products for the development of reagents for
the diagnosis of cancers.
The invention also provides diagnostic compositions for diagnosing
cancer, comprising the diagnostic reagents such as specific nucleic acid probes
20 and/or specific antibodies capable of specifically binding to the murine genomic
regions as disclosed herein as well as to human homologues thereof, to the
transcription products of genes encoded thereby and/or to the expression
products of such genes, respectively.
Additionally, the present invention relates to methods for diagnoéing
25  cancer, preferably leukemia, by using a diagnostic composition of the present
invention.
In preferred aspects and embodiments of the present invention use is
made of at least 2, preferably at least 4, more preferably at least 10, even more

preferably at least 80 and most preferably all murine genomic regions selected

30 from the group consisting of Adam11, Akap7, Arpgapl4 , Bomb, Cd24a, Cish2,



of the present invention nay al so be nmade of gene sequences known to be

i nvol ved in cancer devel opnent, such as for instance p53, Notch-1, Evi-l1,
NF1 (Evi-2), Lck-1, Pim1l, HoxA9 (Evi-6), Fli-1, Yyl, Pps, Ptpnl angsﬁgkgg.
20 DEFI NI TIONS The term "nuri ne genom c region” or "genom c region"” as us
herein indicates the site of integration of the nucleic acid of the virus
used in proviral tagging of (nmouse) genom c DNA. Such a viral integration
site is involved in devel opnent of cancemg when it is identified as a conmon
integration site and 25 may be | ocated inside a known or putative gene,

near by, e.g. before or after a known or putative gene such as in a

regul at ory sCiffekdied: fer.ddermeols EMILIIN, &j2048% rizainth Hoake florie dLpesiptgHn

i oot oo DeReRERkAIREIR reb wRH Theef nafRi7, M) S0 T1cpid, Past et gene,
or a region PHil, ReAYNRAL, ISATHSCHAE JITEAS Fiva70MI ,%‘%iﬂgga,gjg@@m%o

unknown. Genes conprised In such genonic regions or genes o an-07 14
whi ch the exprédBilgnlisted i Tablell Ysingdhese genes aaxf adveatthgesus expsessivrgenoni ¢
regi ons e believed to, be i \Ahﬁvd i.n er .devel ognent. as are the

nucl eot i ap gﬁélgsac&?e P:H'@T(Fg ‘ﬁ?f‘gnﬁém Rlaééen&ﬁ&nﬁf% agasssmithadoduct s
thereof. "ExpfRakbRila RGNS HSrioBd Q@eﬁlpéf%hﬁs@é‘éﬂéyaﬁ&ﬁre(ﬁsﬁé&%y P§
genom c region-rel ated gene” as used herein Is a gene I C Is ful or
partial ly cospdowndegulabediion the mBMNAreyel)eyionn onimdrkesppeifis enbgraupsefit i on or
a gene affec by transformations therein, i.e. in general; a gene which
function or ession is affected by a transformation in a nurine genomc

region of t hPamMﬁafw}?fe;&dTﬁ%a &fsB%in bRl aﬁ@hﬁboﬁﬁrﬂén&glﬁ%fﬁﬁé ?&éﬁehﬁ'di cat es

a eukaryotic cell, preferably an animal™ (including , hore preferably
a manmal 1&n Dwelentioniofiat lehish @, prefertbilynht kadt 8j mereprdétablynat lensgémndr cel |

thereof, which |s | e.. of bejppng infected or transfected by vector of the
i nventi on, ano\ﬁj‘l Pﬁﬁgfag’?&’ A gengs @tﬁ"ef ZHoUR Of KRR §PROIRIS TG BINS SPRsipRNE PES ent
invention. 1pq3hg ¢RRD OPL aMBCEId PAIX2 Tided U edplRer.ein refers to a cell or
cell-line, respectively, suitable for replication, propagation, and/or
production, of a Inadditiondd thhaewly fomnidaenomic regions and genes affected by

transformations in such regions andof which the involvement in the

156  development in tumor was hitherto unknown, use in aspects and embodiments
of the present invention may also be made of gene sequences known to be

involved in cancer development, such as for instance p53, Noich-1, Evi-1, NF1
(Evi-2), Lek-1, Pim-1, HoxA9 (Evi-6), Fli-1, Yy1, Pps, Pipnl and N-Myc.

20 DEFINITIONS
The term "murine genomic region" or "genomic region" as used herein

indicates the site of integration of the nucleic acid of the virus used in proviral
tagging of (mouse) genomic DNA. Such a viral integration site is involved in
development of cancer when it is identified as a common integration site and

25 may be located inside a known or putative gene, nearby, e.g. before or after a
known or putative gene such as in a regulatory sequence thereof, or in a yet
unknown but defined position within the (murine) genome. As such, a "murine
genomic region" herein indicates a gene, a putative gene, a region nearby a
gene or putative gene, or a region of the murine genome the function of which

30 is hitherto unknown. Genes comprised in such genomic regions or genes of



The term "host cell" as used herein generally indicates a cell used for the
expression of a viral genone, or propagation of a vector or virus and, in
the 20 context of the present invention, includes both the target ands .. o7
producer cell. The term"viral vector” refers to a nucleic acid cons ruct
conprising a viral genone capable of being transcribed in a host cell,

whi ch genone conprises sufficient viral genetic information to all ow
packagi ng of the viral RNA genone, in the4presence of packagi ng conponents,
into a viral particle 25 capable of infecting a target cell. Infection of
the target cel] includes reverse transcription and integration into the
target cel |l gehishdhe spressioniisabfecteddy ganetiodransfoutmativs insesh gehertier m

"i sol at ed i i . | €] i d that is f
of “the. nucl ogF e 2k beRERHE RIS iTERRR if cRHRR e bbate) L dhe suplRotids ( he
nat ural | y- ocCdsfbngsdERRIRegibng e rREdvdy &N {HeQURpMBGdh blodudtdfrygd. The

25-3lan-M7 15 termtherefore includes, for exanple, any reconbinant DNA
which is i ncor porB&peessipnopredueist may hapustein onBMAusly replicating

lasmid o into t i c DNA of Kk , kar.yate f Jch it
P ot bden der o ArE ReRofie xkia MR CERh B Hen TSR & eme gyt ra
a CDNA or a 5s@enpei patiallPbiinpFiseiBNA r@eIsahrii rE’SBanflth@ﬁ%ésjeﬁﬁi on

endonucl ease  di gestion) independent of other sequences. It also includes a
reconbi nant DRN#entign ehaigenpadiectstl hy trghsibrmgtioes thareiti, hg. fuigenerahalgene

pol ypepti de segu esS. used herei Ng " nucl eoti de".. "nucl eic _acid" or
ol Y Bonuct eott HER apcript e ERFGPolPh it Blfees P B A G SR bR PR OR PBugpe

ri bonucl eot i C@naﬁﬁyﬁ@’iohlafeﬂé fiflentidl. si ngl e-or doubl e-stranded form and

unl ess otherw se limted, enconpasses known anal ogues of natural nucl eotides

t hat hybrli0di ze t o Thecdlesinc"targed sel'hasiusadelgrein Bidi¢ates arukaryaticaielly occurri ng
nucl eoti des. In.s i fic enmbodi ts, th | ilynucl eqtide , nucleicg, acid"
or "oli gonuclpéCqurg@g’ ?(Paﬁfl%ngls(g‘bcgﬁ thé'dn@’ Rﬁgﬁ%rﬁg}ﬁﬁs?ﬁ Fhegbcan
form sequencepe} 4 ispediRlR PSRRI prdkeditor QI therddTewh@dhisdhpable
phosphodi ester "nucleic acid". Known and preferred anal ogues i ncl u%e

pol ymers of rmfbeibw infectedor brasisbspitbbovedtoneftherinwenttiod, piovlpb isthe
nucl of ¢ aci d eI e Mierisae oot o BT AR ARy el lBence hereot. o
15 The term "producer cell" as used herein refers to a cell or cell-line,
respectively, suitable for replication, propagation, and/or production, of a
vector of the invention.
The term "host cell" as used herein generally indicates a cell used for the
expression of a viral genome, or propagation of a vector or virus and, in the
20 context of the present invention, includes both the target and producer cell.
The term "viral vector" refers to a nucleic acid construct comprising a
viral genome capable of being transcribed in a host cell, which genome
comprises sufficient viral genetic information to allow packaging of the viral
RNA genome, in the presence of packaging components, into a viral particle
25  capable of infecting a target cell. Infection of the target cell includes reverse
transcription and integration into the target cell genome, where appropriate
for particular viruses.
The term "isolated nucleic acid sequence" means a nucleic acid sequence
that is free of the nucleotide sequences that flank the nucleic acid sequence in

30 the naturally-occurring genome of the organism from which it is derived. The



A codi ng sequence is "under the control" of regulatory sequences in a cel

20 when RNA pol ynerase transcribes the codi ng sequence into nRNA encoded by
t he codi ng sequence. The term "codi ng sequence" as defined herein is
sequence which is transcribed into nRNA and optionally translated into a
pol ypepti de when placed under the control regul atory sequences. The
boundari es of the coding 25 sequence are generally determ ned by a

transl ation start codon ATG at the 5' - telkdrinus and a transl ation stop codon
at the 3" -termnus. A coding sequence can include, but is not limted to,

RNA, DNA, c d r.ecanbj nant, nucl ei aci d seguenc The term
"regul at oryDgg’aBZE% aré; 1nclydes, foy eﬁ%‘?“@fem P TGt énhﬁq%ﬁ’}&%’ﬁﬁ)nent s which
are necessar \inQirparitad ieeP¥scthR inf X Eéb%heﬂmamgarggﬁgéﬂg éggs@gagogzntow

sequence. Each regul atory sequence nay be nativ ore € codi ng
sequence. Sudhe gegomit BNA sbapeoksegotene|cudtarydie from evhich it hasnatdbebn, a

| eader, a po]yadenylation sequence, a propeptide se e, ronoter, a
si gnal sequ%%’é’,eﬁa ol %@’r%ﬂ%@ﬁspﬁ?egﬁr?"%rq’r&ﬁg‘flﬁgg'gAta%;ﬁﬂi%ni Apka

regul atory 5 RaeHeN6LSDNACHHER et Predet &by FUHl of tatsictibRbhatlciand .
transl ational stop signals. The regulatory sequences nmay be provided with

| i nkers for tdigestiom eoflenhofdlecsayyenpecii also iedudésca reondiihast DNA
facilitating lj.gation of. t.he .requl atory seguenc ith the coding region of
the nucleic g%l?lgﬁé%%gr?é@ h&ﬂ‘_ﬁ)ﬁ e%oﬂé%‘gﬁﬁl?ﬁpﬁnwem@et%ﬂﬁ?nﬁsomt er" is
used herein for 'E&%@%H'He@@i%}l“ﬁ&?ﬂu&l&ﬁiﬂé“g'ﬂh&leiﬁﬁélg? Br %l%&%‘i’\llgﬁﬂti i a gene

cont ai ni ng DNA sequerices that provide for the inding o pol ynerase and
initiation ofin¢lndescafexsmicerto aRlcorytibenuwdaphizecesibarnelcotitrpolpnebint eitlotr

al ways, faqund.in the 5 . ngn-codj regions of genes...Th erm " packagi ng
ComponentD R g U bR TR LBk SIS aF BT Vst Htiads SRGpT:Bisess
encapsul at i 0Ny 418k eASH thtfalhutidovRles That KRrilli8e ¥d habloicRRidd il £5. The
ternms "nucl eoti de sequence honol ogy" or "sequence honol ogy” or "honol ogous

sequence" as maenerrmaian tdaadueallymecuprasenedeiddaso hokspepific bmbodamerttao or
more pol ynuc ltﬁg t'%)cﬂ3errsmclepc?tlitXe 'l,J prllgcﬁéiic %(315&" %%V&iéorﬁ%gﬁlogggucs:gn be substituted by
chemical substances that can form sequence-specific interactions similar as for
15  the natural phosphodiester "nucleic acid". Known and preferred analogues
include polymers of nucleotides with phosphorothioate or methylphosphonate
liaisons, or peptide nucleic acids. Unless otherwise indicated, a particular
nucleic acid sequence includes the complementary sequence thereof.

A coding sequence is "under the control" of regulatory sequences in a cell

20 when RNA polymerase transcribes the coding sequence into mRNA encoded by
the coding sequence.

The term "coding sequence" as defined herein is a sequence which is
transcribed into mRNA and optionally translated into a polypeptide when
placed under the control regulatory sequences. The boundaries of the coding

25 sequence are generally determined by a translation start codon ATG at the 5'-
terminus and a translation stop codon at the 3'-terminus. A coding sequence
can include, but is not limited to, RNA, DNA, ¢cDNA, and recombinant nucleic
acid sequences.

The term "regulatory sequences” is defined herein to include all

30 components which are necessary or advantageous for expression of a coding



20 sequences if the sequence of nucleotides in their sequences is the sane
when aligned for maxi mum correspondence. Sequence conpari son between two or
nmore pol ynucl eotides is generally performed by conparing portions of twe .07
sequences over a conparison window to identify and conpare |ocal regions of
sequence simlarity. The conparison window is generally fromabout 20 to 200
25 contiguous nucl eotides. The "percentage of sequence honol ogy" for

pol ynucl eoti des, such as 50, 60, 70, 80, 9Gg 95, 98, 99 or 100 percent
sequence honol ogy may be determ ned by conmparing two optinally aligned
sequences over a conparison w ndow, wherein the portion of the

pol ynucl eot i desegipnsadbach yegulrtordagsense mayi hedeativegr foneigude theldodingns or

ot compri se” s b SR RA Sl Bedrdeb e £ SO HaN b7 BARR of
the two sequengelyaddiifatioh&eRiuaae, A profephitd!sahfshddy a prohofit §leidHINg t he

nunber of positions at which the identical nucleic acid base occurs in both
sequences to ybeduencganiaibeansotipiian dérinapays At iaoninin(ush, theegntegotyhe nunber

of matched posjtions by the total numbey, of 5.positions in.the dow of
conpar i son;ganﬁ‘a(]'("](:e)nc cilb(feyfi‘ %OT?F r’raé’s‘{J r?nfﬁ}'lf%&ﬁ& @ngé’?%?ﬁagﬂ’éyp%%ent age
of sequence hogighay ThERbEHRkorY degReERE Wiy ﬁ@gm&&fwﬁtmmﬁé}lmf {on may be
conduct ed by conputerized inplenentations of known algorithnms, or by visual
i nspecti on. ReBufnoge af Bitredneng epreificrestaeticn sisenfagiitating|ligapion ofdbrience

alignment algorithns are. respectively,..the Basic.Local .10 i gnment Sear ch
Tool (BLAST) (iﬁgﬁ‘g%‘i‘?ﬂ’( ?edé?‘iﬁceg?”%{ %el‘ééﬁ’.g Ha.gl%?ﬁhéi‘ﬁ}?iem 3¢ :%8%?11% t schul ,
S.F. et at. 19&YcodN&g€£9bErpé§i;ideReS- 25: 3389-3402) and dustal W prograns

- both available on the Internet. Qther suitable prograns include GAP,

. BESTFI T an) FASTA i Fha iremwisroseden) icused hersisirtivtar-repegrizerb med@aing toc s

| , di , , . d h ' N
ToUbstant il | O R HER 3P B ecl spaRiting ARG RERBEHE Berb T s pr ot e

as two nucl ei chia@isk SERINANSSISmBaXde EhBinitiRE6E 6Mtraa8c9pticie PURERQFRbAGS' Of
~at least 40, preferably at |east 60, nore preferably at |east 80, even nore

preferably at #waeommonlysbut pohglvaysy iohadanithe &t non-geding gagions of genesr e
preferably at | castygte B0 RSl ShEABAYe ke 8Phu iR GRS are

15  necessary for encapsulation of nucleic acid of a virus into mature viral
particles.

The terms "nucleotide sequence homology" or "sequence homology" or
"homologous sequence" as used herein denote the presence of homology
between two or more polynucleotides. Polynucleotides have "homologous"

20  sequences if the sequence of nucleotides in their sequences is the same when
aligned for maximum correspondence. Sequence comparison between two or
more polynucleotides is generally performed by comparing portions of two
sequences over a comparison window to identify and compare local regions of
sequence similarity; The comparison window is generally from about 20 to 200

25  contiguous nucleotides. The "percentage of sequence homology" for
polynucleotides, such as 50, 60, 70, 80, 90, 95, 98, 99 or 100 percent sequence
homology may be determined by comparing two optimally aligned sequences
over a comparison window, wherein the portion of the polynucleotide sequence
in the comparison window may include additions or deletions (i.e. gaps) as

30 compared to the reference sequence (which does not comprise additions or



As used herein, the term "human honol ogue” should be interpreted as a hunman
(putative) gene having the sanme function as the (putative) gene identified
in nouse. A "human honol ogue” refers with respect to its respective 25ahtg
gene as described in the present invention to a human gene which 25 encodes
an am no acid sequence which shows nore than 45 % preferably nore than 60
% nore preferably nore than 70 % still nore preferably nore than 80 %
even nore preferably nore than 90 % and npst preferably nore than 95 %
identity with the am no acid sequence derived fromthe nmurine genes of the
invention and is in the case of an enzyne the am no acid sequence of a 30
pol ypepti de Wplesionshisnoptinalsdiemmaeniof she twe gemtancean Rliopergentageie enzyme

25-Jan-07 1 MUK N enes of the invention. A "hu h | ogue" of
a nurine ge %mﬁga%_?ig?’g%) dﬁgﬁr%blg% i ‘?tﬁ)@)sltboéﬁea}t VSEJCHZBF ﬁ@gﬁ%}?@?ei n
indicates a n@eERhEdHAGE BEcuM; i bBtH SRuBHPRT0I8E18 TRe Rt beWT8Ra@BBEL i cal |y
transforned, results in an aberrant function of a gene which is identical

in human andpssitionseb) Atvidinedthearwnber aftreatchedrpositions bydhe totisd nuateriobdi es”

refer to -nonocl.onal. tibodi es, multi.specifi,c ant,bodie syni, hetj

ot bodt cB ORGSR SRR Of iRl S Bl QuRPLEI e Pis RELES! 1 idoes
si ngl e-chain I i RaLOL 20 '
fragnents, d?’i}\&?]:c Fgg%ﬁﬁae%l d%g&uﬁ%@(lgbﬁd\}??bgbdtﬁgg% Fﬁig%%gfﬁgpl C (%gﬁﬁsqlgrdg :
ant i bodi es ( comwpatiserymay. be conddncted by eompistized implementodivne of Bhowhe

oar 1 cul ar | SRR BY Vit Bpare BT i o AR s e nmr B an
particul ar, | i [

nol ecul es anghdIGFYR@IN6eE hli¥nAeht WRopRhins s, @kpédtitelpghelBisidLoml ecul es,
i.e., nmolecules that contain an _antigen bind site 15 that

in

i munospd@i f Adigmimertdi Seagch dogl Wﬁﬁﬂ@ehdnﬁlgeqﬁ adnkifed- Mpl.Bighne
conprised in e denan.c o egh ONS, ar,af {ect ed, b engti r orpations in
t he ?_enom' czﬁgﬁlioir‘}gﬁlsf}gfesﬁ’g; ?égjlgé;? 1§u?fécgﬁﬁgf§gﬁﬁgiﬁa S{E’f I ieﬁ)sS of I t he
I'nventi on caglis mHe thilabl@bn thémt OtBes suifiablée ,» Class
(e.g., 119G, Iggz, Ilﬁﬂg I 8—24,al A{ill and IgA\II\‘; or _subclsas,ls of pi grrrr]fgnogl obulin
mol ecul e. 20inthede %ﬁ'ﬂﬂ%&iﬂenég&;ﬁ%mt@ isconaisGevetacsftwaze e having a
Lo i ens B aka S ld %Sl WhlifheBt oS85\ abt, HablSh o, LRgUr e

15 As used herein, the term “substantially homologous” for nucleic acid

sequences should be interpreted as two nucleic acid sequences having a
“percentage of sequence homology" of at least 40, preferably at least 60, more
preferably at least 80, even more preferably at least 90, still more preferably at
least 95, still more preferably at least 98, and most preferably at least 99

20 percent nucleotide sequence homology.

As used herein, the term “human homologue” should be interpreted as a
human (putative) gene having the same function as the (putative) gene
identified in mouse. A "human homologue" refers with respect to its respective
murine gene as described in the present invention to a human gene which

25 encodes an amino acid sequence which shows more than 45 %, preferably more
than 60 %, more preferably more than 70 %, still more preferably more than 80
%, even more preferably more than 90 % and most preferably more than 95 %
identity with the amino acid sequence derived from the murine genes of the
invention and is in the case of an enzyme the amino acid sequence of a

30 polypeptide which shows the same type of enzymatic activity as the enzyme



arrays preferably are ordered so that the | ocalization of each feature on
the surface is spotted. In preferred enbodi nents, an array can have a
density of at Ileast five hundred, at |east one thousand, at |east 10 25.jan-07
. thousand, at |east 100 25 thousand features per square cm The substrate can
~ be, nerely by way of exanple, glass, silicon, quartz, polyner, plastic or
nmetal and can have the thickness of a glass mcroscope slide or a glass
cover slip. Substrates that are transparem® to |ight are useful when the
- nmethod of perform ng an assay on the chip involves optical detection. As

' -used herein, the a%{jm al so referzl to a probe 30 array and the substrate to
Cwhich it is atPSeFRGMUINe ges b ke myenhiopafdhumpnehamologre'bof a myringhst r at e

can al so be a JmBhiiARGIIRIcotHeiROh) %fve??erﬂy 'a%’&eﬁh@d%@i niﬁgﬂggei[sr?nt’ the
density of features per square cmis conpfPsed between a few units to a few
dozens. " Mvdulgenonyt regicording the huhearpgesend thaty etiehaensticallytiasforaedst ood
5 as regulatin ontrol Ling, /Bl ockin I nhi bjting,. stimylating, enhancing,
activating, ml%{s'éﬁ? Hb?n@b’ﬁ t& ,&éo&‘%‘@cg?%WLWgﬂﬁW%}ca&%hﬁm%w ituting
sai d gene gxprggeéon or said route, in nore general ternms, intervening in

said gene expression or said route. "Subject" as used herein includes, but
is not limted to, Asuseddsarebyitha terids famtibatly” amd Famtilnglies rgfer ta human,

non- human pri mate, .noyse, ..pi,g, cow, goal, .cat, rabbjt, rat, guinea pig,
hanst er, hor sé{lom%@;ﬂ,ané@ég%& mu\lfltifﬂ?é?ﬁ%%wlb%%ﬁyﬁﬁml antihodies, RBRLEHa el |
i ncl udi ng, e. . i A/ T . . - bi

| ncl uding, €. Gtikbdi hURHIRL R AL Rheh e 3HiBofiSs Aiblbdnbfy fvs (R,

chi cken or duck) or a fish, and a non- -manmalian I nver ate.
THE Fl GURES Fisgmgle chairsantibodiphi Babrfepgmenty H(dbnfragmant, distilfde-BoRed Fvs

chr onosonal to determnpe co ity of .inverse PCR identified virus
i nt egr at [Tgrq S%V)ag_n é‘?élr"rdb%téfpfct?;gﬁ E‘gtl Pd%K’é‘F ,dnﬂﬁ’i%_rén%l_fi XIN, X2 and
X2N are desi gngdlirfidstodhdtRoidgest tHE ﬁwenfgiomw@ﬁﬁyiaﬁeénrq@ginﬂggdgggﬁ&h&%fas a

virus integration site by i1nverse PCR To anp om c
sequences and any ofdherbone Idmpartionia, andibodies afitheopiresshiinventiof ihdiade

I nt egrated praqvirus, Lfferent nesfed P ) ) .
g P Qmmunoglélb&m molecrhes an fmmu(r:llc?foglcally active portions of

immunoglobulin molecules, i.e., molecules that contain an antigen binding site

15 that immunospecifically binds to a polypeptide antigen encoded by a gene
comprised in the genomic regions or affected by genetic transformations in the
genomic regions listed in Table 1. The immunoglobulin molecules of the
invention can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g.,
IgG1, IgGe, IgGs, IgGy, IgAy and IgApg) or subclass of immunoglobulin molecule.

20 The term "oligonucleotide array" refers to a substrate having a two-
dimensional surface having at least two different features. Oligonucleotide
arrays preferably are ordered so that the localization of each feature on the
surface is spotted. In preferred embodiments, an array can have a density of at
least five hundred, at least one thousand, at least 10 thousand, at least 100

25 thousand features per square cm. The substrate can be, merely by way of
example, glass, silicon, quartz, polymer, plastic or metal and can have the
thickness of a glass microscope slide or a glass cover slip. Substrates that are
transparent to light are useful when the method of performing an assay on the
chip involves optical detection. As used herein, the term also refers to a probe

80 array and the substrate to which it is attached that form part of a wafer. The



were perforned. First, the prinmers XI and X2 were conbined with the Gaffi-
1.4 MULV LTR prinmers LI and L2. These products were anplified by a nested 25
PCR, using the priners XIN and X2N in conbination with L1IN and L2N. The
specificity of the anplified bands was checked using probes Pl and P2 2%nan-07
Sout hern bl ot analysis. Figure 2 illustrates the nethod of the present
invention for the identification of disease loci. |IPCR or RT-PCR was
performed on RNA or DNA 30 from cell Iing@ (DA and NFS), or CSL | eukeni as.
The resulting virus flanking 25-Jan-07 20*fragnments were subjected to
sequence analysis. LTR- and | ocus-specific priners were designed and used

in a nested P t * i - i = I by a
LTR- 2/ pri ner - @sﬁ%ﬁgﬁﬁgﬁlﬁ%ﬁe 3 s?ﬁ%‘big%ﬁo%;‘é@ Biﬁ&?éﬁgﬁ]@;ngg)%é :[R\gﬁ‘gCas Br-M

MILV-i nduced bmbkdiment, tRCRepsitydoidfestures peSspiare tempphongstsdiet#edn 2%ew
agarose gel and.s bs%%tég%t?lé blotted. Blots were first hybridized with
| ocus- speci fi B dBe ®®%posed to film and after stripping

rehybridi zed with ek b el | t as
the | ocus specifi cmgr obgl %Q?Fgﬁggg%Haé@eg?é%hg%%%%ﬁb\?e%ug%%iug’e?alé%&ld

posi tive, 3. easregmatingacampralng ilsclinginhiliting cotiabatitig, @inhiantiagr ati on site
10 (cVIS). Hybridization wth one priner only (lanes 4 and 7) are false
positives. | ﬁc%%ﬁﬁp%ﬂﬁ’é?ﬁ% %Mbs%mg’@ﬂ?r@%t%sﬁem%ng, ragENubstiEang | oned
and nucl eoti dgy; &pg)dE' LR 22K 1@?& OF THE
| NVENTI ON 15 %aéldcs)g%?}é?%gg&asi)oglve, %gﬁi&%ggﬁhg*&%%e I dentl t’;l%o %g@ ?‘rl\\i\(}ol ved
in cancer degehoexmetsigneashid fomté.l it at es the devel opnent of prophylactic,

therapeutic and djagnostic nmethods for this disease. The discovery of a
great nunber of a $Gnaf “ﬁ%&wgﬁwlﬁé?@gé%?n uh by Rt i ited dpvcadt oxgamEIn W

provi des {@r mqnﬁaag'iﬁduaﬁlgé%t_%a naRthd h@ﬁlhtﬁﬂﬁgﬁn?ﬁg, En%ugé,gn\&%,d@g{, Bt

prophyl actic, therapeutic and di agnosti c conpOsitions use réating
subj ect s suf f eati, ngpblit,aat cannea pig, hadishen deirseg nem¥egcsleepuspettieechonf havi ng

br of er 1 od. enbBHTHEHFEIEAES APOGCHEE FTBHALREIAg, ko SROBREREANER ot hods,
substances, COIREGIALWTh AWbHARS e HNADr ik 6r h HEANLHER AP the
mammalian invertebrate.
15
LEGEND TO THE FIGURES
Figure 1 js a graphic representation of a directed PCR on chromosomal
DNA to determine commonality of inverse PCR identified virus integration site
as described in Example 3. Herein, primers X1, X1N, X2 and X2N are designed
20 in a locus or genomic region that was identified as a virus integration site by
inverse PCR. To amplify flanking genomic sequences and to determine the
localization and orientation of the integrated provirus, 4 different nested PCRs
were performed. First, the primers X1 and X2 were combined with the Graffi-
1.4 MuL.V LTR primers L1 and L2. These products were amplified by a nested
25 PCR, using the primers X1N and X2N in combination with L1N and L2N. The
specificity of the amplified bands was checked using probes P1 and P2 in
Southern blot analysis.
Figure 2 illustrates the method of the present invention for the
identification of disease loci. IPCR or RT-PCR was performed on RNA or DNA
30 from cell lines (DA and NFS), or CSL leukemias. The resulting virus flanking



25 treatnent of |eukem a, even nore preferably for the treatnent of acute
nyel oid | eukema (AM.). Leukem a is a type of cancer that originates in the
bone marrow where the blood form ng cells (hematopoietic stemcells arfdJan-07
progenitor cells) in adults reside. Leukem a is an uncontrolled production
and accunul ati on of cancerous 30 blood cells that have usually partly or
conpletely lost their ability to develop 25-Jan-07 21 into differentiated
and functional blood cell types. Leukem as2@an be divided in clinically
distinct categories with largely different prognosis and requirenments for
the type of treatnent. Based on clinical and cytol ogical paraneters,

| eukem as ar e fgpgBents werpsuibjecsed tmsqqﬁenm)amaivmgﬂ@g& eydroas:spetifioni c
nyeloid 5 | eukem o ocVL,C 4l em ) e nyel oi d
Makemia (v aRe S efghalbh WePROT Shoskt P PRl e, B

cl i ni co- pat hol Ygiiaar-A PIUR, d60eHéd by @i!ER—ZYﬂiﬁﬁ@r-BYé&ﬁﬁ]iﬂ&aﬂicﬁﬂﬁﬁﬂ'FEgeﬁbﬁic
distinct and require different forns of treatment wth variable

aggr essi venes PNAdromempapeltal (asPrad MubVindnesd lenkemizs. GR produsts werhe
past two deca f fdo f - RNtk one
classificaﬁio%&%%?%gggé&aé%%%g&%ﬁ%gggéa%%%Lﬁﬁﬁgﬁ%%gﬁﬁgﬁﬁﬂgﬁvg3%%%@??@ and,

nmore recently,fisde hobidfedgeite locusppeéifiepesie CHridsexpebéd ERt, fiabakesul ted in
i nprovenents in treatnment selection and a better prediction of theTﬁrognosi S

and treat nent Steiﬁpf;r@fféw_bﬁdﬁﬁdi withprebriLRRS. Papde Ybﬁéizé@&With ’iheklt: ilis
rokcat ogor e apgHETERE PRUGE Bicte O URPE0 Lo . Hiond BRRPR! Gpllbted "ane "

further refingERie,is. WiteR dayryiagihisqshrticnlad ddilo @ virh irtb@ationsdight s in
t he pat hogeneti c_and_ pat hophysi ol ogi cal. ' nechani snms underlying this

het er ogeneli®t y C¥ISk Fomridizatéauwitheone nrimer paly2tanmsolaad Thard fales pasifivessour ce

of information_ for.the devel.qpnent..of new. api es_ai at _specifi

pat hogenet | ¢ e aRe it aNT s Beftive PEERRAES pRH BaBlalRERRofgs an
nor bi dity w t hyegabatddytoedonfiemeseciffétf;apeuti ¢ inpact, but also in the

devel opment of curative therapies for patients that are refractory to the

currently avail able treatnent options for |eukema. 25 Many of the genes

affected by rehpavsf 3 bRHRMPA o TARSRVERION

15 As outlined above, knowledge of the identity of genes involved in cancer
development greatly facilitates the development of prophylactic, therapeutic
and diagnostic methods for this disease. The discovery of a great number of
additional cancer genes and poteiitial cancer genes now provides for the tools
to detect and treat cancer and to provide for prophylactic, therapeutic and

20 diagnostic compositions useful for treating subjects suffering from cancer or
diagnosing subjects suspected of having the disease or even diagnosing the
severity or type of the disease.

In a preferred embodiment, the present invention is aimed at providing
methods, substances, compositions, and uses according to the invention for the

95 treatment of leukemia, even more preferably for the treatment of acute
myeloid leukemia (AML).

Leukemia is a type of cancer that originates in the bone marrow where
the blood forming cells (hematopoietic stem cells and progenitor cells) in adults
reside. Leukemia is an uncontrolled production and accumulation of cancerous

30 blood cells that have usually partly or completely lost their ability to develop



nore detail in the exanples bel ow, appeared to be related to signaling, sone
of which have already been |inked to human | eukem a. For instance; in case
of the Gaffi-1.4 MiLV, the Tie-1 gene, which encodes a tyrosine kinase
receptor that is normally expressed in'vascul ar endothelial cells ang.jan-07
hemat opoi etic 30 stemcells, is overexpressed in chronic nyeloid | eukem a
(CW). Inportantly, 25-Jan-07 22 high Tie-lI levels inversely correlate with
survival of CML patients in early chronic phase. Strongly increased | evels
of Tie-1 were also detected in bone marr2ww sanples from MDS

(Myel odyspl astic Syndrones) and AML patients. Notch-1 is another exanple of

a ClS associated._ wth humgn dj sease. .-The 5 human honmol ogue of the Notch
(Tan-1) gene &0 ﬁ’ﬂ?ﬁ?%e ﬁr’gfﬁ‘ﬁ%%b(’dt ‘F’%]nié’lpéé-a}e@‘ﬂwn%@ﬁ' cgy bg divided B)

whi ch resul t s t 1 : i ﬂpm@ - tic..neagpl asns.
Notch-1 is a%%)lk%b\ﬂﬂ Iy a({lg‘?%?ttecgarqgécﬁgeﬁ%l?{l é‘h%ﬁ rmus]éelﬁl ﬂy%%ﬂ%ﬁ% Eﬁéﬁﬁ%ﬁ%&%@r
data suggest fohtite Byiperafardatiieint Badedroal dlitdealand Gtslogieel pavehatess, i n myel oi d

| eukem a. Notably,. the integrations_in the Notch 10 gene predictably result
n the const leWkdTyiasHEe PRI Claesiing it HhiolloBang caiogarios: ohrge msdeid, whi ch

interfereg w %I‘C—N}I ] i i f | &ifion ) | }

nodel . Thés, léﬁé‘%e y g'g’;b glgg%lgq ﬁ%@%ﬁc\?@iﬁéﬁﬁ%ﬁ% %E@éﬁgﬁg e%‘ egﬂidégu%eﬁn%ri ne
genoni ¢ regi (AMBsantl acitedemhpheblestic lealkemia (ABL).t Tite tlisad-philmdddien of novel
15 routes of gi sease dev(gl# prent an? for a better, under stgn,di n gli n the
cooperative SEETHEBERGE %\ﬁ%‘?ﬂ@g’e?ﬁ }féﬁ‘ﬁ%@ﬁé%%tﬁ’fct aBf equire PRE cul ar of
| eukem a and i I aatn@qg i sease. The

i nplications f{)) ?ﬁéﬁ%?ﬁg?ﬁgiﬂ}eﬁgg E%g%)agérre gélﬂeﬁaérsg no F?‘%ﬁ?{e@% %%b&nuri ne

cancers. Manynabidibe andmewalignoni ¢ regions identified herein also 20 pl ay

an inportant role_in cancer devel opnepnt in hymans and ot her manmmal s.
Exanpl es 18f genesI® ‘%Pé?’étW%g‘%ﬂaé% g thﬁﬁégﬁ megt pf the apoyamentigeedi a are

Brol 10 a6S SldTBh BREEARMIoREN Safel o PhklHEROR. i SlecBbioarl' | 0
Si de et al ., rBhrecdcerdtly, R6léeTlA? gedS9B) aramiettire Thic peforeeseirhas-résylbéd ironen et

al. 25 Leuk Lynphoma, 11, 197-205, 1993; Setqguchi et. al., | Cell Biol, 9,
4515- 4522, 1o@gyvenpents intrpataent geleption an Eﬁxepraé@,ﬂos ,Of%l’@smpﬂiggo;

Mori shita and treatment responses of patients and has formed the basis for the

15 categorization of leukemia patients into good risk, standard risk and poor risk
categories. However, these categories are still heterogeneous and further
refinement is urgently required.

In addition, further insights in the pathogenetic and pathophysiological
mechanisms underlying this heterogeneity is urgently needed as it would -

20 provide an invaluable source of information for the development of new
therapies aimed at specific pathogenetic mechanisms. This will not only result
in reduced mortality and morbidity with equally efficient therapeutic impact,
but also in the development of curative therapies for patients that are
refractory to the currently available treatment options for leukemia.

25 Many of the genes affected by retroviral integration, as described in
more detail in the examples below, appeared to be related to signaling, some of
which have already been linked to human leukemia. For instance, in case of
the Graffi-1.4 MuLV, the Tie-1 gene, which encodes a tyrosine kinase receptor
that is normally expressed in vascular endothelial cells and hematopoietic

30 stem cells, is overexpressed in chronic myeloid leukemia (CML). Importantly,



Cell, 54, 831-840, 1988), Evi 6/Hoxa9 (Nakanmura et al., Nat Genet, 12,
154-158, 1996; Nakamura et al., Nat Cenet, 12, 149-153, 1996), Bcll/CyclinD
1 (de Boer et al., 1997 Ann Oncol, 8, 109-117; Silver & Buckler, J j4.0l,.07
60, 1156 30 1158,1986), Erg (Shim zu et al., Proc Natl Acad Sci USA, 90,
10280- 10284 25-Jan-07 23 1993; Valk et al., Nucleic Acids Res, 25,

4419- 4421, 1997) or spi-1/Pu.1 (Mieller BU et al., Blood 101(5): 2074,

2003). An overview of currently known nuppne cancer genes identified in
retroviral screens can be found on the internet address

http://genonme2. nciferf.gov/ RTCEAY . Likewi se, it is therefore 5 predicted
that a | ar ge ightiie-lofevelsényersely msrejatecyith edrvieakofiCML. patieity édedrly cancer

encodt ng. or oo Eaee. Sgngiw erdsed e Bl gobriavermeit fetecianbane
proteins, Kinaggfow SRR ND S M dy3plasid @yﬁa%meg[}r%WL %@&&gr i ption

regul ators and proteins critical_in 10 the process of s
apopt osi s. MiNoichtkis'amihentraygplead'a G/ associated withomsnantdeskase. Tee di sease

?rglniezn;ﬁii eg i@%ﬁfh%%oé?%@ed%@eﬁﬁ%ﬂkﬂ- gé(‘itlg ’iéln%‘éi .Vg ré‘.ltfggsﬂfsl(’sg’%%s?; :
Galiana C. etirahslocdtin RAITIqIACE4 HAVREA 18314 805 tratRatdd -

Oncogene 2: 15765 °3988%@5’%§‘3?%’2r D DA, LOIS A ,rLancet?&%ﬁogz%?gg?ﬁ:1009
15 11, 1995) . THmnpheblastiaghoplasir, Notebkbis pistited dstegpati®i site iRg@us@23- 237,

2003; Nishi T._ S . Ca t asi . 110 -310, 1991 C ki t
(Rubi n BP at 1g99%$§&e%§§ ?@F%?igg%iﬁ?%ﬂ?aigﬁ?@%%%#?%kem'1’1
(AML) is the 4IB§be ifRAVEDIn MYeWi@leukeutis. NbRBIETha ihidgstiddsSindhd NgtcRne of

the nost aggressive forns of |eukem a, which 20 is acutely life threatening
unl ess t réat egbnginrdigtalilzrestalt ki bl cafstiswiave fraradion offbbp driahcagedactivee AML

subt ype deterp ne varjous. ¢l i.ni cal. r t.ers I ncl udi age,,.and
| aboratory f ifﬁ‘qurpgﬁc}/tgg,rwhwgklgﬁgéerng fd'gﬁ'é ' ']?(i'é?e&r%g? ouﬂﬁﬁ%&rﬁgt&orﬁnem
cel |l transpl apeaarpeelliddde]l.f ol | ow the rem ssion induction by chenotherapy.

The 5 years overall and disease free survival rate of adult AML 25 is’
currently in the dfdey thd nggludgiectet eneolvemeniefitbagene sdqfiences onoruwing eci se

ARl INTENCRE TENE S AN NN TR
patients 15 routes of disease development and for a better understanding in the
cooperative action between genes in pathogenesis of cancer, in particular of
leukemia and thus for a better diagnosis and treatment of the disease.
The implications of the findings reported herein are not limited to
murine cancers. Many of the murine genomic regions identified herein also
20 play an important role in cancer development in humans and other mammals.
Examples of genes that are involved in mouse as well as human leukemia are
for instance the tumor suppressor gene Evi2/Nfl (Buchberg et al., Mol Cell
Biol, 10, 4658-4666, 1990; Shannon et al., N Engl J Med, 330, 597-601, 1994;
Side et al., Blood, 92, 267-722, 1998), or the oncogenes Nmyc-1 (Hirvonen et al.
25  Leuk Lymphoma, 11, 197-205, 19983; Setoguchi et al., Mol Cell Biol, 9, 4515-
4522, 1989), Evil (Morishita et al. Oncogene Res, 5, 221-231, 1990; Morishita
Cell, 54, 831-840, 1988), Evi6/Hoxa9 (Nakamura et al., Nat Genet, 12, 154-158,
1996; Nakamura et al., Nat Genet, 12, 149-153, 1996), Bcl1l/CyclinD1 (de Boer
et al., 1997 Ann Oncol, 8, 109-117; Silver & Buckler, J Virol, 60, 1156-
30 1158,1986), Erg (Shimizu et al., Proc Natl Acad Sci U S A, 90, 10280-10284



that can not be cured to date. The currently avail able | aboratory techni ques

allow for a prognostic classification, but this is still far fromoptimal.
Still, 25-Jan-07 24 nost patients cannot satisfactorily be risk-str%[fahgﬁ
and still a majority of patients are not cured by currently avail abl' é

treatment nodalities. The pathogenesis of |eukema is conplex. Before
becoming clinically overt, |leukemc cells have acquired nmultiple defects in
regul atory genes that 5 control normal blgpod cell production. In human

| eukemi a, until now only few of these genes have been identified, mainly by
virtue of the fact that these genes were located in critical chronosonal
regi ons i nvoll983 Yalksped NuxlahAcidssResp25,t4419s14212198MorfspinidPi.a human AML.

St udi , e Ul ; ; Troviral t ‘ng, h
Ji ol ded onl y HEPUEE BLI 6 icipbon 2B Ul S G e ok suPERGHAmEN ¢ ar get
genes per st whnindedndd LensOMRhIBEESS r0BOGralCice@ nd Bl hd AGNLA ¢ rt%eait least a

few hundred genes that can be involved in the pathogenesis of nurine
| eukeni a. Baswai@ruat dddeess / waiferdigo@RTEEH/. Tiikewisepids diereforaan

hemat opoi gti c_syst ag is for,.instance evident fr the fact that the
bi ol ogi ca ppﬁ%‘%??ﬁgghib?iﬁ?@ HERR ro‘ifk&?’@tgieee%?%g’éﬁkﬁ‘i)‘?%’éqmés HH’&’E"Pﬂ Phe
regul ators (bgaRh-AROERbfend iR WuhdRCiOfel. are largely simlar, it is very
likely that a substantial proportion of the genes (or their close famly

menbers) i npli cat Buitationpameirequdndly ahsecvad ial gemebencoding geowtnfactmrs,
devel opnment of h n, di seap}e. | n.order to substaptiate the cLai hat the
present |y di SEPBLIECHEFaCCDIaS R0 Other imerBbransPEAins, HnasasaRhy e§ we

i nvesti gat ed ;388 tkaSR3ubftoH IR MmN brantBRsBof 2818t 7E 280 p%Meiﬁ?éxEﬁcéﬁ’i ihh

internal tandem duplications in the gene encoding the tyrosine kinase
r ecept or 1§-L T8h¢ Ftor8sd afisurvinal ehd fapapiosis. MaultiplesGenlareih gartel” hayobeen

i S, |1 ith t(8: t | t t.i t
b ot (15 BopopptAttih GResmeuns FestbBRBld foxithe doBsiapiogihof #E BBy our abl e
ri sk categor pfifer tFpés éf%ﬁaﬁ%néﬁ@e@@gwgﬂ,néﬁ. R8s (:Bo%cmse%%& BlssEied; 19375t udy for

their potential involvement said 288 cases of hunman was perfornmed. The
st udy i ncl uddd,198%; deekkama faet ahsMol Caycindg tI4&86t9% 199hrean ¢d(ded ebeal.,

detected. 2 et e 187 cBAPLESS, 08 D BICE IS oL SLADILISARELY

15 11, 1995). NF-1 (McLaughlin ME, Jacks T, Methods Mol Biol. 222: 223-237,
2003; Nishi T, Saya H., Cancer Metastasis Rev. 10: 301-310, 1991) or C-kit
(Rubin BP et al, Cancer Res. 61 :8118-8121, 2001).

Acute myeloid leukemia (AML) is the most frequent form of acute

leukemia in adults and is one of the most aggressive forms of leukemia, which

20 is acutely life threatening unless treated with different kinds of chemotherapy.
Depending on the AML subtype determined by various clinical parameters,
including age, and laboratory findings, for instance cytogenetic features,
allogeneic stem cell transplantation might follow the remission induction by
chemotherapy. The 5 years overall and disease free survival rate of adult AML

25  is currently in the order of 35-40%. There is a strong need for a more precise
diagnosis of AML, which allows for better distinction between the prognostic
subtypes and for new therapeutic strategies for the large contingent of patients
that can not be cured to date. The currently available laboratory techniques

allow for a prognostic classification, but this is still far from optimal. Still,



30 immature (CD34+) subset, and 3) to what extent these genes m ght be
25-Jan-07 25 differentially expressed in the nost significant prognostic
subgroups of AML that are defined to date. The results of these 25-Jan-07
determ nations indicated that the genes as disclosed herein provide for
addi ti onal diagnostic power in detecting as well as in differentiating AM..
5 Although a | arge nunber of the nurine genomc regions as disclosed in the
present invention, i.e. in Table 1, encogg known genes, i.e. encode for
known murine genes, the relevance of these genes in the devel opnent of

myel oid | eukem a was not previously recognized. Furthernore, the remainder
of the nuri nBogepdieuis cagnehsatistgepribube pisk-soratifiadrardbstall apmejoritesf di scl osed

in the presept,.i ' 0 | nkn . uclei,c acid uences, i.e. do
not shom1anyﬂé?%ﬁ¥gﬁégﬁpCﬁ%@@%éé@”?%hggﬁg%ﬂggimatﬁﬁPSEH’ *fnown nuri ne
genes as avai | ablBhé pathiogendtis 6fl¢ullamnispmmaed Baorahdcomihg dinfelliat i ve gene
sequences. Nonet hel ess, the_invol venent of these nurine genomc regions in

the devel opne¥ert.deukgmpicaielis hayr agnairod suulbiplecdafacts inregulntorygenentivdtei ¢ aci d

b ugricielsihorR e s Faregingy _
s B e L e e R W

precl ude t heillest @bfled Rawd b&dn fdehtifie@f malriy hgNirue of ENEhcht A tHedd EEAs
Therefore, the nurine genomc regions as |isted in Table 1 may al'so play an
i nport ant r oWerq lecatgddacsitingd phepmoesomal zegions ssrolvedvingpecifigrabremotsmaa st
cancer, endogli e r @l stinal cancers naecol ogi c
cancers, hea ag%%c%%@ts @gﬁ@gﬁg{“ﬁ%mﬁg g';rlegg, 1ElI Iﬁ?ﬁh@% cuie%}( g%%sgs es,

nmyel omas, pefhivalvihg réRoeiesStagghiy, have gittddd onlp rekitid €aASfumlsaE©OMRsS, skin
cancers, testicular cancer, thyroid cancer and wurinary tract cancers. 25
The prestht retgesitaldnsertions aad targadeenas petstutlyy byukavs ronpthelesemadaces

sui table for e | ' . | enQm ¢ Jr-eqgi ons

di'scl osed | nbREIERE kit ket RAPRARISRTes A O BERIAATIEHET | ¢
and di agnost pgthogéhetisof marineXatakdtia. Badedgnaké istrong@eoaservaticebetwdsre t he
stage of the disease may be devel oped and may al so be 30 useful in tailoring
t he treat menthegnougfyand glvwwb@r&a@pmthws@a%@ﬁ ig foryiggignce evident from

the fact that the biological properties of the hematopoietic progenitor cells and

15  the regulators (hematopoietic growth factors) are largely similar, it is very
likely that a substantial proportion of the genes (or their close family
members) implicated in mouse leukemia, can also be involved in the
development of human disease.

In order to substantiate the claim that the presently disclosed genes

20 playan importaﬁt role in human leukemia we investigated 288 cases of human
AML. These consisted of AML cases with internal tandem duplications in the
gene encoding the tyrosine kinase receptor FLT3 (FLT3-ITD), which feature is
associated with a poor prognosis, as well as AML cases with a £(8;21)
translocation or patients with a t(15;17) translocation, which features fall

95  within the favourable risk categories. For 126 of the 237 genes as disclosed
herein, a study for their potential involvement said 288 cases of human AML
was performed. The study included the determinations of 1) whether the genes
could be detected, 2) whether the expression of the genes deviated significantly
from expression levels in normal human bone marrow cells, in particular the

30 immature (CD384+) subset, and 8) to what extent these genes might be



25-Jan-07 26 progression. For instance it is known that the t(15;17)

transl ocation results in a nmutation in the gene encoding a all-trans
retinoic acid (ATRA) receptor in differentiating blood cells and resyglg.ghn
an inpaired ATRA receptor activity, required for proper differentiation. As
aresult, differentiation of the cells is 5 inpaired |eading to | eukema. A
wel | accepted treatnent is currently the admnistration of high doses of
ATRA in order to allowthe cells to diffZFentiate. This denonstrates that
know edge of the nol ecul ar mechani sm of cancer nay provide inportant

i mplications far therapy. The nurine genom c regions, genes conprised

t herein and SKSBPAHY eXpregsed i ermoshaigaificant Pyranostic sybgroupandAMi r
encoded poly ' t f [ .0 _purine,.genqgmm c, r.egi ons
of the inveml?'lE %%é%?%efﬁ%fg]&&&g%r edie({‘s?%io% |éféﬁ%r§%]in8%8§é% %teﬁgh%fh% n
such net hods gekes ahdisclosedihbedih poovitle §anaklitiondaliggRodticgiow @ Nn leBsbinfes t hat
are ms- regqul atﬁﬁ can ]%ie used to treat or aneliorate cancer, tunor

progr essi on, 28574 Pplideretiating |1 growth, and the acconpanyi ng

physi cal gnd bi ol agineabh sBREd BSIBEF 9P . - ng_genomi c
regi ons provided herei%, acané be used tc?]gglnléltgi%gtmng%ﬁt ﬁ%‘?ﬁag%e m
pol ypepti de c¢herpoasent oment®af iib. findFable Aeeanodn knostceres, A tansedsfor

ri bozymes, anti bodi es, vaccin ani i gens, ,and i mune_system i nducers, for

exanpl e. ThusROVRDHFReSsnesheTrlegAnteotihese eenesonibeeuslonment ehgent s f or
di agnosi s, apgd -h8dME H};@g' | [, treatnment. In one aspect,

use i s provi (%g%l‘gif nuc eifac@ggi gg av(?l%]ﬂ g&gé%g(rifce of one or nore of the
cancer -rel at ed geResthasmoirs,dhhe yenh aivedesiof the mirird gerfouhicrkgiogs nvoleddinand

full-1ength human gene and, praqnoter regions. One such use is the 25

gener at i gh ofF WRIRE 8&95@]8?!5 &é&ﬁ?ﬁ%%é‘a PrasentEention sangEise pEIkpOEm i de
producti on. lnde:, sa?{g,m L G SN -l ength
gene encodegﬁlglne@géér%g%lgélg&édgﬁglh?'tglaﬁlgg?%ﬁﬁo t%%ﬁlglﬁgent |%ﬁioﬁg?/88£eé{llé eCIral%i fied
by 30 usi ngthaingniode kabgor muine genes b avaidabit if pbeetenodagfdavgieses @aadi ng

frames 25-Jan-07 . 27 . :
comprise i.a. putative gene sequences. Nonetheless, the involvement of these

murine genomic regions in the development of myeloid leukemia was
15  demonstrated for all nucleic acid sequences as listed in Table 1.

The finding that these murine genomic regions are involved in the
development of myeloid leukemia does not preclude their role in other forms of
leukemia or even other cancers. Therefore, the murine genomic regions as
listed in Table 1 may also play an important role in cancers such as bone

20  cancers, brain tumors, breast cancer, endocrine system cancers,
gastrointestinal cancers, gynaecologic cancers, head and neck cancers, lung
cancers, lymphomas, metastases, myelomas, pediatric cancers, penile cancer,
prostate cancer, sarcomas, skin cancers, testicular cancer, thyroid cancer and
urinary tract cancers.

25 The present invention provides in one aspect for nucleic acid sequences
suitable for therapeutic and/or diagnostic use.

Murine genomic regions disclosed in the present invention are useful for
developing therapeutic and diagnostic methods. For example, a diagnostic
assay to determine the stage of the disease may be developed and may also be

80 useful in tailoring the treatment of aggressive versus milder cancer or tumor



(ORFs) therein. Subsequently, full Iength cDNAs conprising the conplete or
partial coding sequences may be prepared synthetically and ligated into a
sui tabl e expression systemto yield a polynucleotide construct of thes_jin-07
invention. Appropriate polynucleotide constructs are purified using
standard 5 reconbi nant DNA techni ques as described in, for exanple, Sanbrook
et al., (1989) Mol ecular doning: A Laboratory Manual, 2nd ed. (Cold Spring
Har bor Press, Cold Spring Harbor, N.Y.).odhe pol ypepti des encoded by the
pol ynucl eoti des are expressed in any expression system including, for
exanpl e, bacterial, yeast, insect, anphibian and mammalian systens. Suitable
10 vectors amdoguessiorelpringtanceds iy kiewn thatdhs t(H¥g17) tienslbefion degalts in

e 0 SR B P R G PR B

al ., Nucl ei glifficied%iaBes b1odd8)s SidFatlts B a8 iB3fRireMATRAS ecBtor aDQvit
4,551,433, DeBoer et at, Proc. Natl. Acad. Sci. (USA) (1983) 80: 21-%‘5, and

Si ebenl i st etrequBedfor proper diffeggubiation. 2602 rédubt, differentisyisnarfhe neleimst

i ncl ude those described in Kinnen et al Pr oC. tl., Acad. i . (USA)
(1578) 75510380 ar g 19geing o e OAEaC Fon apcpgle tredBhcts SRipnely e’ 0 ol
Cel|. Biol. (H9$@istfatidARof Kghzddses oPATRAJN dBasH o alldve tRPEAs to 1985) 25: 141;
G eeson et al., J. Gen. Mcrobiol. (1986%{1“132:3459, 20 Roggenkanp at at,

Mol . Gen. Gerdaffereniiags)Tig degurmptipies tdat dnowletlge Rddhe nodéculay negdinisss: 1165;
De Louvencourt. et al.. J. Bacteriol., (1983). 154:737, Van den Berg et at,

Bi o/ Technol oé\?"?&%dﬁ‘a@ﬁ%’é&e ﬁﬁ%%rga%‘iﬂ%?gl}"%%‘m fothogenoni ol (1885)
25:141; Cregg et ghe miihe geabhic Figidns, gdftbnfrdtiGhekéi®-anddlol ides

4,837,148 and 4,929, 555; Beach and Nurse, Nature_ (1981) 300: 706; vi dow et
25 al ., @0rr encedas theralupss well:- asapnesant theigiencededapolypapiides adented by 1985)

10: 49, Ball ance (et al. Bi ochem Bi 0 s.. Re Conmun, (1988 - 284- 289;
Triburn et drstoumbions il AR0EEob BN o ch i M bon s egliepr <A
Sci. (USA) (1R8#hinSdiakhéotid Aekentchdefultindsul ResthoBBO J. (1985) 4. 475479;
EP O 244,234, and_ WD 91/00357, 25-Jan-07 28 Expression of heterol ogous
genes in insects Fardwezomadulaiion efgenes or Berajexnrasepprouhicts feat axe 74i8: 051,

Friesen et aly, {(rh98Pdan BEGRPH1RL A2 RbiiBREYLAYdEL Ymor progression,

15  hyperproliferative cell growth, and the accompanying physical and biological
manifestations. For example, the murine genomic regions provided herein, can
be used to construct nucleic acid and polypeptide compositions useful for
treatment, such as antisense, ribozymes, antibodies, vaccine antigens, and
immune system inducers, for example. Thus, the present invention relates to

20 methods and reagenis for diagnosis, and to methods aﬁd compositions for
treatment.

In one aspect, use is provided of nucleic acids having a sequence of one
or more of the cancer-related genes as disclosed herein to obtain full-length
¢DNA and full-length human gene and promoter regions. One such use is the

95  generation of the polypeptides encoded by the gene sequence.

Polypeptide production.
The polynucleotide, the corresponding cDNA, or the full-length gene
encoded in a murine genomic region of the invention may be identified by

30 using computer algorithms for the identification of open reading frames



Gene Expression” in: The Ml ecul ar Biology O Bacul oviruses (W Doerfler,
ed.), EP 0 127,839, EP 0 155,476, and Mlak et al., J. Gen. Virol. (1988)
69:765 5 776, Mller et al., Ann. Rev. Mcrobiol. (1988) 42:177, Carbongll o7
et al., Gene (1988) 73:409, Maeda et al., Nature (1985) 315:592-594,
Lebacq- Ver heyden et al., Mdl. Cell. Biol. (1988) 8:3129; Smth et al.,
Proc. Natl. Acad. Sci. (USA) (1985) 82:8404, Myajim et al., Gene (1987)
58:273; and Martin et al., DNA (1988) 7:99. Nunerous baculoviral strains
and variants and correspondi ng 10 perm ssive insect host cells from hosts
are described in Luckow et al., Bio/Technology (1988) 6:47-55, MIller et

al ., Generic (BRfi9ébeteny J@senvently, full lengh cAINAe demprisiiy the@ofiiletown
Publ i shi ng, 1986. . 277-279, and Maeda ef al., . Nature,. 85

15t 5o. 594, TRATRAPTERE SHER LS 5T 1 BEEaH nlitbiticalbhRATHiebbd o 1 | Ker o
al ., 15 EMBQud E8bsdis te@PEdRRBL s Sehtiak USA)
(1982)  79: 67Q7u;13abq8éésharjts gltm%?., Ehe d?élgésqg? uclEbfie cfiiruct ¥ 8o irention
4,399, 216. OtAmpropfiate pelyvudeotidernenstructe apy pafiod uaing standaid at ed as

descri bed _in Ham and l.lace, .Meth. Enz...(1979) 58:44 rnes and Sat o,
Aol B olnereorbggpt D Wenithedas Efrivtd of Byr sgiutple Splnek gel
4,927,762, 4. §680fiFBleciE:a00oRle! ASHAra YRy BAMOBnd 801 SEoRRly Hor FE
30, 985. Pol ynucl €oti de nol ecul es or parts thereof conprising thé murine
genomi ¢ regi cﬁ’ms&s,i&ﬂé($piringTHbrl@r;LI\bY.S)c’Bbmptilspept&d@ra@icnded by ph@pagat ed by
pl aci ng the no ecullgof}d% a vector. Viral and nan-viral ve ta%l%t re used,

i ncl udi ng pl e S 16 PERTSSFeY LAY G¥RECFTION SRRIATR: apci: e of cell in

25 whi ch propagajdlebdciedas ?é@.ﬂ Adct! BepRibiRA & dOh a R AR by 28m s (91t A 18
vectors are useful for anplifying and naking | arge anounts of the desired
DNA sequénceectirhend\host celts arecdesgtibethineUi rPadx Doe8. 66411780 cells in

ol 15T o whot ¢ ArRIEToL e n BERL Reh e SRR hA R DILERERT S el
wi thin the skihiur@f1978 256153 GolBM o% Ut NNUEEQN 7Y 38 B4, | Glld8el et al.,

comercial ly.” The pol ynucleotide is inserted 25-Jan-07 29 into a vector
typi cal |y by Neda® AfidORes.| (18§86)e3:4084 FME 98617962 Uch.RateNo. dddilr438 i on enzyne

Thserted by HTIESaL: EARONA Ao SPn (UFeb AT P BpeSSebee of™ O
15 al., Cell (1980) 20:269.
Expression systems in yeast include those described in Hinnen et al.,

Proc. Natl. Acad. Sci. (USA) (1978) 75:1929; Ito et al., J. Bacteriol. (1983)
153:163; Kurtz et al., Mol. Cell. Biol. (1986) 6:142; Kunze et al., J. Basic
Microbiol. (1985) 25:141; Gleeson et al., J. Gen. Microbiol. (1986) 132:3459,

20 Roggenkamp et al., Mol. Gen. Genet. (1986) 202:302) Das et al., J. Bacteriol.
(1984) 158:1165; De Louvencourt et al., J. Bacteriol. (1983) 154:737, Van den
Berg et al., Bio/Technology (1990) 8:135; Kunze et al., J. Basic Microbiol.
(1985) 25:141; Cregg et al., Mol. Cell. Biol. (1985) 5:3376, U.S. Pat. Nos.
4,837,148 and 4,929,555; Beach and Nurse, Nature (1981) 300:706; Davidow et

25 al., Curr. Genet. (1985) 10:380, Gaillardin et al., Curr. Genet. (1985) 10:49,
Ballance et al., Biochem. Biophys. Res. Commun. (1983) 112:284-289; Tilburn
et al., Gene (1983) 26:205-221, Yelton et al., Proc. Natl. Acad Sci. (USA) (1984)
81:1470-1474, Kelly and Hynes, EMBO J. (1985) 4:475479; EP 0 244,234, and

WO 91/00357.



I's acconplished by attaching regions of honology to the vector on the flanks
of 5 the desired nucl eoti de sequence. Regions of honol ogy are added by
ligation of oligonucleotides, or by polynmerase chain reaction using fg}ﬂ%&§
conprising both the region of homol ogy and a portion of the desired <>~
nucl eoti de sequence, for exanple. Polynucleotides are |inked to regulatory
sequences as appropriate to 10 obtain the desired expression properties.
These may include pronoters (attached ehﬁﬁer at the 5 end of the sense
strand or at the 3" end of the antisense strand), enhancers, term nators,
operators, repressors, and inducers. The pronoters may be regul ated or

consti tutive. |n Bapmssionfllicvarsligouspyndisin idesis abh@olidiisheq aenditiine | ¥

active pronot eiﬁsaﬁuc as tissue-specific_or 15 devel opnental stage-specific
@

pronoters. TH: Onietft% 0Pk, Hategen et all (19862 ["Ehe Régubsipneofdacudovimnst he

techni ques d [ e £ e YK 0. ve s., Any techniques known in
the art may %ﬁéé}%@?eﬁ%%hgm StM @ﬁgtﬁgf)g\lfgoﬁb@%g&gﬂogﬁ’@?s g\phbgegf%r opriate
host cells oed.)EBANI 2839, ER QUSBHUTE0 ah@ MIAIE 8f £, AN, VEXAIr (3.15?3‘88? B8:765-

pol ynucl eoti des or._nucleic 2Q acids of the invention, the resulting

replicated ndéPMallergil. An. ReypMierobiplilg8®i42: 477, (i rppuel etlel., Genen t hi n

t he scope of I-RV@at 1 p ct the. |l or,oyganis The
product is rgf(:d(;s?%F g@gyh@%gg%%rlb%@?‘g ee(lgé@ngsl%'ﬁ%a%fﬁf’t{aﬁ@rvﬂg‘gy t he
gene cor r espahdMol Gell. Bipb|(YI88)18: 3@t Sniictest dlf, iFade. Nhfl. A28 BepI@SRH)ON can be
regulated in the cell to which the gene is native. For exanple, an

h
endogenous g€S5)F28404) Miyairnp et abgUrne 6LP8F) 581978 ek Martin eteuDNAr y

sequence as gh ' Pat 641, 670, ."Protei n _ Production and
Protein Deli \E/hegr%g;5 959?81\{%%%%% ibgﬁ%ogﬁgl %fgaggcap gtvee{fl%a oFSREd A

Pol ypept 1@lesp&imibsive Gifsecd BoBipédilsFesih dloeth 20 desEBYIRMELAkeRdeRl Ypept i des
encoded in nurine_  genom c regions or affected thereby in any way are of

i nterest. FoPlekeshsodoey (1898) 48155 Millex eldalp Stensaist Brugineering betiovsali &l
ol ypept 1 desctile BIEL AR EronBHEPuBhing “Bohion RE7 700 BERATN B Hhduci ng an
I mune r espoNaeureQ(1985) 3d6H9aag4s of whol e

Mammalian expression is accomplished as described in Dijkema et al.,

15 EMBO J. (1985) 4:761, Gorman et al., Proc. Natl. Acad. Sci. (USA) (1982)
79:6777, Boshart et al., Cell (1985) 41:521 and U.S. Pat. No. 4,399,216. Other
features of mammalian expression are facilitated as described in Ham and
Wallace, Meth. Enz. (1979) 58:44, Barnes and Sato, Anal. Biochem. (1980)
102:255, U.S. Pat. Nos. 4,767,704, 4,657,866, 4,927,762, 4,560,655, WO

20 90/103430, WO 87/00195, and U.S. Pat. No. RE 30,985.

Polynucleotide molecules or parts thereof comprising the murine
genomic regions listed in Table 1 or comprised therein are propagated by
placing the molecule in a vector. Viral and non-viral vectors are used,
including plasmids. The choice of plasmid will depend on the type of cell in

25 which propagation is desired and the purpose of propagation. Certain vectors
are useful for amplifying and making large amounts of the desired DNA
sequence. Other vectors are suitable for expression in cells in culture. Still
other vectors are suitable for transfer and expression in cells in a whole animal
or person. The choice of appropriate vector is well within the skill of the art.

30 Many such vectors are available commercially. The polynucleotide is inserted



cells. Such antigens would conprise all or part of the extracellular region
of the nmenbrane-bound pol ypepti des. Because both secreted and
menbr ane- bound pol ypepti des conprise a fragnent of contiguous hydrophobic
am no acids, hydrophobicity predicting 10 algorithnms can be used to 25.Jan-07
identify such polypeptides. A signal sequence is usually encoded by both
secreted and nenbrane- bound pol ypeptide genes to direct a pol ypeptide to
the surface of the cell. The signal sequence usually conprises a stretch of
hydr ophobi ¢ residues. Such signal sequen@$ can fold into helical
structures. 15 Menbrane-bound pol ypeptides typically conprise at |east one

transnenbr ane. region that p esses a stretch of hydrophobic am no acids
that can t rantﬁs@q%WM?g@;Veme%ﬁ@fP%hwtmmw toriscleaesl exhibit a

dent 111 od by D SOt SEARARRKE S APTENR, MG R Y MRS IR opp &

Woods, Proc. biatdence Arsydbe SesertedI Hinoldgauk 3308 b{dA8kh) in ¥yb eTvpibNBt iHik | €,
J. Mol. Biol., 157:105- ég% ( 98%); and RA. OAR al gorithm Degli Esposti et
al ., Eur. J. B ychmplishedby astpehmmregiansof homplegyeto thervestrrom thedianksying

secreted d pEhEana : | | I the: e
pol ynucl eg?i des, %I st elg&fqﬁ&‘}%%f%ﬂf?ﬁgﬁﬁdégqﬁgstdef?lr?‘lhﬁbé{)ﬁ&;etf#(geéiswe({:tgo%ﬂ%uous
hydr ophobi ¢ aoligmwtéodiRleas er by pslynteraddhelsdn rédaivsl wding ppiehsrseptpdsngyi t h at

ically, 10; even nore typicall 12 conté%uous hydr ophobi c
iy

| east 8; nore typ Y, !

ami no aci ds ap%ﬁtg%?s‘ieﬁé’rne QPuplagy ane @ paxtigp of the, desired gl SefiABane
bound pol ypepgj cggmnmgrophobi c amino acids include 25-Jan-07 31 al ani ne,

gl ycine, histi gi ne, ‘I sol euci ne, |eucine, |ysine, nethionine, phenylalanine,
proline, threoni nePolynypleotibanard kinlosl tveregalidomaddquencesCGonsppropiiatetoof

Pol ypeptides of the Inventjon and Variants Thereof 5 The pol ypepti des usef ul
for the dee/a gbﬁmgh% eﬁl@%@fﬁﬁﬁlenpé%ﬁféﬁ% These majeinchyleepromatensd by t he

ruc s e sCasnaga dhaghshe o oMo BRge RN 3 S BE YOS FERC . Tt
of the degeneaatiyersk stiwend)eardidncers)dexmniatorspdparadiors, wplredsors, an1c'l inducers.
The promoters may be regulated or constitutive. In some situations it may be
desirable to use conditionally active promoters, such as tissue-specific or
15 developmental stage-specific promoters. These are linked to the desired
nucleotide sequence using the techniques described above for linkage to
vectors. Any technigues known in the art may be used.
When any of the above host cells, or other appropriate host cells or
organisms, are used to replicate and/or express the polynucleotides or nucleic
20  acids of the invention, the resulting replicated nucleic acid, RNA, expressed
protein or polypeptide, is within the scope of the invention as a product of the
host cell or organism. The product is recovered by any appropriate means
known in the art.
Once the gene corresponding to a polypeptide is identified, its
25  expression can be regulated in the cell to which the gene is native. For
example, an endogenous gene of a cell can be regulated by an exogenous

regulatory sequence as disclosed in U.S. Pat. No. 5,641,670, "Protein

Production and Protein Delivery."

30 Identification of Secreted and Membrane-Bound Polypeptides -



sequence to the disclosed nucl eotide sequences. Thus, the invention includes
10 within its scope isolated nucleic acids conprising a nucl eotide sequence
encoding a protein or polypeptide expressed by said isol ated nucl ei c 23ghgl07
havi ng the sequence of any one of the gene sequences listed in Table 1 or
havi ng a sequence substantially honol ogous thereto. Also within the scope of
the invention are variants; variants of polypeptides include nmutants, 15
fragments, and fusions. Mitants can incluyge am no acid substitutions,
additions or deletions. The am no acid substitutions can be conservative
amno acid substitutions or substitutions to elimnate non-essential am no

aci ds, such as tBow $ee:|reiadgm,daﬁsmfbaa1h@botsﬂldpol yoephidssditodb@in fiurfdd € or an
acetylatlon site,. or g‘&?%‘é foldln by substitution or deletion of
G

one or nore %%qreweg@elsroe YalpeaWoWaﬁé}S‘eQ@éilltVeﬁbrFoﬂ'mﬂm&

Conservative ans I
chargev L;dlregg%%sgﬁes?%gd?g%ﬁﬁ (o} '?1 ybeaéé% &%{?é@ég?@éﬂt uﬁg%%ﬁgﬁésﬁqﬁe gr:ci d

substi t ut ed. as lmodexamphe Membsane-havmahsolppdptizies drbaséfull faviongt@ictiugs ar e

conservat a, Val/llelleu, Aspld@u, Lys/Ar Asn/ d n, Ser/[Cys, Thr,
and 25 Ph /TY?)Marﬂf‘ﬁ%n‘b Meoduciag fn %rﬁwsﬁwlgé¥ diagnopis ofFtholpr i at e

codons to CEdH Sueh ahtReROWRIP &H#;ﬂge %Hro!l %thsof tHERkxtra w&&wlrgﬁfogmfb Itors

Srmal | nol ecul e i nhibitors are usual em cal entities at ca
obt ai ned by ﬁwmemhrgnefboahdqm&m)e@mdesl ng libr arl es of conpounds or by

25-Jan-07 32 des n|n g}arrpounds based qn th fure 8f the protein
encoded by a gene EH’\F |RpERy speret Hereirap ﬂ%m BP Y@FPV est‘l;fén@fl?%éture of

at |east a fpagapak o%onﬁgnfm@r}g;ﬁh dbic 4h Q&Hﬁ%ﬂt \SHIGEy Blﬂgdl&% Magneti ¢

Resonance or X-ray crystallograp Based on t cture a VII‘ ual
scr eeni n#0 of akgoribbusdsni ke Gsedetofidentify. sutheolypleptities corrpounds are

2ol yzod for thet R THHEPABFFedE FebelioAtcooRs B3 DU PRIPH A BOHIAR i vo.
Tihi bi tory. or e PO O o e o o, B ot 1 ¢
and ef fi cacysignat smmemoe menally oemprises a eiretod dfrhydiroghabic repidiesafpelopri at e
ani mal - nodel "Sg%s sequences can fold into helical structures.
15 Membrane-bound polypeptides typically comprise at least one
- transmembrane region that possesses a stretch of hydxjophobic amino acids
that can transverse the membrane. Some transmembrane regions also exhibit
a helical structure.
Hydrophobic fragments within a polypeptide can be identified by using
20 computer algorithms. Such algorithms include Hopp & Woods, Proc. Natl.
Acad. Sci. USA 78: 3824-3828 (1981); Kyte & Doolittle, J. Mol. Biol. 157:105-
132 (1982); and RAOAR algorithm, Degli Esposti et al., Eur. J. Biochem. 190:
207-219 (1990).
Another method of identifying secreted and membrane-bound
25 polypeptides is to translate the present polynucleotides, listed in Table 1, and
determine if at least 8 contiguous hydrophobic amino acids are present. Those
translated polypeptides with at least 8; more typically, 10; even more typically,

12 contiguous hydrophobic amino acids are considered to be either a putative

secreted or membrane bound polypeptide. Hydrophobic amino acids include



Differentially expressed genes that do not encode nmenbrane-bound proteins
are selected as targets for the devel opnent of small nolecule inhibitors.
To identify putative binding sites or pockets for snall nolecules on 2408 o7
surface of the target proteins, the three-dinensional structure of those 15
targets are determ ned by standard crystallization techniques (de Vos et al.
1988, Science 239:888-93; WIllians et al. 2001, Nat Struct Biol 8:838-42).
Addi ti onal nutational analysis may be perBornmed to confirmthe functional

i nportance of the identified binding sites. Subsequently, Cerius2 (Ml ecular
Simulations Inc., San Diego, CA USA) and Ludi/ACD (Accelrys Inc., San 20

Di ego, CA, USHpning glygine, histiding, iseleucinet leutineclysim, mptbforsng! | nol ecul e

l'i braries (Bohm -J Co i,ded Ml ec ign.6:61-78)., The conmpounds

identified a pe&yi%%%é’}e’ &rﬁﬁ%éﬁdéﬁﬁ%?n%%ee‘imﬁ@bﬁam%ﬁ%%w%ezed by

conbi natorial chem stry and screened for binding affinity to the targets as

well as for their inhibitory cgi)acities of the target protein's function by
€,

standard i n 2Goxgtryasionnef FalyRapies abthesinventiondeind i Vmiargs theraoft i onal

devel opne of nougl I .ol ecul exksting smald . nmol ecul e conpound
librari esrgar e scre neem%%téggstﬁsgglg%é% gy theLOPglé‘ﬂétrQ({-Jttgelfaé)ﬂ}%l]ﬁd'ﬁﬁ%%’ﬁﬁs_ Lead
conpounds i defiiddetthosd ncoted IS he Hucleotide Gy Sdrtek bF 86haM driptheivk 368&t toO
obtain information on how the bindi ng of the small nol ecul'e can be | nproved

(Zesl awska etasaflisclppgbherpinpTheae micldotide seqemces pan Biwde encodédby niuicledt ngs,

novel conpounds e ,desi 5-Jan-07 33..synthesized, teste and .

co- cryst gF | i Zaecadgﬁlha}tsﬁiB%Qﬁgggﬁ?eoc%egspg%aézg éélt}éé/g%lbe&éct@ © ?@rn@éaﬁ?fé(faq Mdunds
leading to t %(ﬁd@ﬁ@ PR is6lbscell ﬂilicﬁlébtﬁfefée?h_éﬂce@pm%',%e(iﬁveﬁtﬂﬁ: iRueREi on
that successfully inhibits the function of its target protein. Finally, the

toxicity ¥F twithewitpsoors islated nueleigsicids comnyiring aasudsadid® sequames ci al | y
avai l abl e servica.via S. Phar Seryi ces ntrea ehec,, .Canada) after
which it is s%fcggﬁ'egda Prr'\{@'qﬁﬁl 3%?%@%‘5%&@5%?@@’ W@&’%@g nuﬂeé%gggl eavi ng
catal yti c RNAsayihp BB ¥6@sdncalof alfNondef fedidd® sbQubRssaitéd th THBIRIT Konucl ease

activity. Ribozynes are specificall designed for a particular target, and
the target neladge armegnenemshstaniiapebemplogeucthereiod dlscswithimthke scheyf ar e

engi neered t o’ch%I kT %ré:{vNﬁi‘lggl?s? lrgﬁaﬂst o%b%%%%ip\t,iidg & Hc\llu(ienmutants,

15 fragments, and fusions. Mutants can include amino acid substitutions,

additions or deletions. The amino acid substitutions can be conservative amino
acid substitutions or substitutions to eliminate non-essential amino acids, such
as to alter a glycosylation site, a phosphorylation site or an acetylation site, or
to minimize misfolding by substitution or deletion of one or more cysteine

20 residues that are not necessary for function. Conservative amino acid
substitutions are those that preserve the general charge,
hydrophobicity/hydrophilicity, and/or steric bulk of the amino acid substituted.
For example, substitutions between the following groups are conservative:
Gly/Ala, Val/lle/Leu, Asp/Glu, Lys/Arg, Asn/Gln, Ser/Cys,Thr, and

25  Phe/Trp/Tyr. The genetic code can be used to select the appropriate codons to

construct the corresponding variants.

Small molecule inhibitors
Small molecule inhibitors are usually chemical entities that can be

30 obtained by screening of already existing libraries of compounds or by



t he background of cellular RNA. The cl eavage event renders the nmRNA

unst abl e and prevents protein expression. Inportantly, ribozynes can be used
15 to inhibit expression of a gene of unknown function for the purposx-fn-07
determning its function in an in vitro or in vivo context, by detecting the
phenotypic effect. One commonly used ribozynme notif is the hamrerhead, for
whi ch the substrate sequence requirenments are mninal. Design of the

hamrer head 20 ri bozyne is disclosed in Usgan et at, Current Opin. Struct.
Biol. (1996) 6:527- 533. Usnan al so di scusses the therapeutic uses of

ri bozymes. Ri bozynmes can also be prepared and used as described in Long et
al ., FASEB J.desigmng compgundsshasaskon iestrwdure of dotmotein poocdeddty &4ene

Perrotta et | d.6-4.7:1 O wang_ et Proc. Natl. Acad.
Sci. (USA) (i%gglﬁ@&ﬁ ?ﬁ%ﬁ%?%ﬁme% %‘”ﬁ%ﬂ%ﬂé&%ﬁ%"g‘lﬁﬁo‘?faﬁ% leasy ,aGfJf%gm??tb%EAyrre
cl eavage of Hh¥-protdihis detdesinédbyleither NuleaPMagdiic ResbidnélS X ¥Ry hods of
cl eavi ng RNA um&gbrl bozynes is described in US. Pat. No. 5,116, 742; and

net hods for idysiedesraphshBaspd entthis styucsnre, g isinakeercanimgddcompounds is U. S.

Pat. No. 225, 337 Koi et al. .. Nuclei Aci.d Res. (,1989)

17: 7059- 7 1.P"i@?oéf&??f;ﬁ}hc‘?nse%gg‘}J§°én]%aﬁuﬁrdisba<§% ﬁ%‘éﬁ?ﬁgﬁﬁéﬁﬂg Pﬁ&}fl%% Woher head
structure ar ecomlsiQaiRidchbedsiRy akQithewsafiet adhlyze N Hetr DhiBiEorFRHec2En Jan- 07
34 (1989) 17:7059-7071. Preparation and use of ribozynme fragnments in a

hai rpi n st r udemreteinéndeise engdn uso. Blhisstep sanhe mwnedted ukdl aetomprindsis Res .

oscr bed | n SR RORL e Ragr iy SRR, ek ot aio ORGPl , o

The hybri di zijpgtdxedtpprofile bhe offies weranest therdpeiticiis desed iR yiddcusiny epar ed
as a branched structure as described in Horn and Urdea, Nucleic Acids Res.

(1989) 17t0595mrBPpriFifcanimalanedel sysigms. of the ri bozymes nay al so be

chemcally alteredyi fam.l.iar t e.skilled.in t art,, and

chem cally synt hé#%@%ﬁ%%%éﬁga%%%%%&oﬂﬁéerfcggé %eng -el%olugﬁ _

ol i gonucl eot i gietdifls des balatiied e HaPENtE fadthleYlevBlopHRmt of hkatlsSmoleBuld t her apeutic

context, |iposome nediated delivery of ribozynes i n&rﬁgves cel | ul ar upt ake,
9

as descri bed inhibigivsi R idantyfy putstive binding eiseseon pqckewripr srgllimolpcules on
Ther apeut i ¢ a4d £URGLi 09Al SSNPT. o ARP AL Oin Bleibh AW PEARSES
15 targets are determined by standard crystallization techniques (de Vos et al.
1988, Science 239:888-93; Williams ef al. 2001, Nat Struct Biol 8:838-42).
Additional mutational analysis may be performed to confirm the fuhctional
importance of the identified binding sites. Subsequently, Cerius2 (Molecular
Simulations Inc., San Diego, CA, USA) and Ludi/ACD (Accelrys Inc., San
20 Diego, CA, USA) software is used for virtual screening of small molecule
libraries (Bohm. 1992 J Comp Aided Molec Design 6:61-78). The compounds
identified as potential binders by these programs are synthesized by
combinatorial chemistry and screened for binding affinity to the targets as well
as for their inhibitory capacities of the target protein’s function by standard in
95 vitro and in vivo assays. In addition to the rational development of novel small
molecules, existing small molecule compound libraries are screened using
these assays to generate lead compounds. Lead compounds identified are
subsequently co-crystallized with the target to obtain information on how the
binding of the small molecule can be improved (Zeslawska et al. 2000, J Mol
30 Biol 301:465-75). Based on these findings, novel compounds are designed,



begi nning with knowl edge of a portion of the codi ng sequence of the gene to
be 15 inhibited. Thus, for many genes, a nucleic acid sequence provides
adequat e sequence for constructing an effective ribozyme. A target cleavgges7
siteis selected in the target sequence, and a ribozyne is constructed
based on the 5° and 3' nucl eotide sequences that flank the cl eavage site.
Retroviral vectors are engineered to express nononeric and nultineric
hamrer head ri bozynmes 20 targeting the nRNA3of the target codi ng sequence.
These nononeric and nultineric ri bozymes are tested in vitro for an ability
to cleave the target _nRNA cell line is stably transduced wth the
retroviral ve%)fms%%‘ﬂ)rt@g@dn @ndtcﬁ'érysit%]él,??dréﬁns @némimtiom ama%:iSi mepeated

confirmed by ver SC as
chai n reacti 0%89(9 %&%ﬁﬂ%@ﬁgg gs%? nggglogxgr%ggﬁgahgl} ai&ﬁfg%‘{ F?% t he
target mRNA bjhesinwbntiodithat sucessfulle thltibite Bhofunedpr & ARgd prdtagase

mar kers or reduction of the gene product of the target nR%IA Ant i sense

25 Jan-07 35Fmallys he toxiety) alidhecomnoaadds ées@@cl: vgmestandaseasshysal |y bind to

ar r est " u{l) Dl\&gr ep?rtc{hqus{ %‘?\a@érbégg?rggecet i a%\@ﬁ HINA% %%gg%ﬂgﬁea%u&ec

transl atl on CAnhigparser whichnved Q@éé@%@ﬁﬁﬁmm@ﬁls@%@ﬂ sequence can
interfere with 5 expression of the corresponding gene. Antisense

pol ynucl eoti des are typically generated within the cell by expression from
anti sense congls i %% that contain the antisense strand as the transcribed
strand. Antisense polgynucl eotides will bind and/or interfere with the

translation of theTﬂaaisrc&éaxmgicagalﬁﬁ&\RNA&(rmazime@mﬂeSENAananyﬂ@s used 10
t her apeutl cally the inhibit the expression_of oncogenes. Antisense RNA or

ant i sensel®| i pessessiys aaAedbonncleqss retiz s Bitoprmps aze Apessfisallyedesignedfaramy

al so be prep At

Feonni ques. - BBEichly toESt, RRL AR b 3R nlesh e BE O ok cDEGATRUERBIET 1
the art. ODNsseyfuenselElhe3f arehaipitempl & deavd ASeRNA Fpte Sdith-dfecifivatiytifer ef ore
t he advant age .t hat t hey can rmre easi %@ent er the target cell._In order to
avoid their dt akgro clanvpge ALentrignsderiheyaRNA

unstable and prevents protem expression. Importantly, ribozymes can be used

15  to inhibit expression of a gene of unknown function for the purpose of
determining its function in an in vitro or in vivo context, by detecting the
phenotypic effect.

One commonly used ribozyme motif is the hammerhead, for which the
substrate sequence requirements are minimal. Design of the hammerhead

20 ribozyme is disclosed in Usman et al., Current Opin. Struct. Biol. (1996) 6:527-
533. Usman also discusses the therapeutic uses of ribozymes. Ribozymes can
also be prepared and used as described in Long et al., FASEB J. (1993) 7:25;
Symons, Ann. Rev. Biochem. (1992) 61:641; Perrotta et al., Biochem. (1992)
31:16-17; Ojwang et al., Proc. Natl. Acad. Sci. (USA) (1992) 89:10802-10806;

95 and U.S. Pat. No. 5,254,678. Ribozyme cleavage of HIV-I RNA is described in
U.S. Pat. No. 5,144,019; methods of cleaving RNA using ribozymes is described
in U.S. Pat. No. 5,116,742; and methods for increasing the specificity of
ribozymes are described in U.S. Pat. No. 5,225,337 and Koizumi et al., Nucleic
Acid Res. (1989) 17:7059-7071. Preparation and use of ribozyme fragments in a

30 hammerhead structure are also described by Koizumi et al., Nucleic Acids Res.



chemcally nodified. For targeting to the desired target cells, the

nol ecules may be linked to |ligands of receptors found on the target cells
or to antibodies directed against nolecules on the surface of the targej,, o7
cells. 20 Antisense therapy for a variety of cancers is in clinical phase
and has been discussed extensively in the literature. Reed revi ewed

anti sense therapy directed at the Bcl-2 gene in tunors; gene
transfer-nedi at ed overexpression of Bcl-294n tunor cell lines conferred
resi stance to many types of cancer drugs. Reed, J. C., N.C L. (1997)
89:988-990). The potential for clinical devel opnent 25 of antisense

i nhi bitors of (1989)i1¥:T08XWSTRPrbyaraeivecird ude oflVibozpid frapiefts il d/BairPRSi 9N
(1997) 12:359-371. Additional inportant antjsense targets include |eukem a
(Geurtz, A MStrushite axgraseribpd §y ShowgiraasbByrke; Norleigngids Resdo2)- r ef

ki nase (Moni a, . bbéﬂ’:' e ian 097) 12:.327-339):..and
protein Ki nase2 %Sglg)/bg'law e eg::{ﬁfﬁ’Jla%?%@%?&%o&n&%&gg&u?q%%zgc?f:egﬁ_ 326.
25-Jan- 07 36 Daubendidkeaed Kook iN. Batkdipundodi) B3@):2722and clini cal
experience _in antisense therapy, one skilled in the art_ can use selected

nucl ei ¢ acPds of tA&e hybgidizingregionoddhe ribpayme masnbe miodified apmayibes. 5 RNA|

RNAI refers t ynt.r [ } gggoo e to
specifically %g%%%eﬂ%efg#%r%ggisp on p%so(%géﬁbegfﬂghglé%teaggﬁgrsd%?ﬁbﬁﬁlef% a nul |
or  hyponor phiAridhReQt(¥989) FNEO5RERITIeS leitestir@ectuirs eﬁt}mmbmg&ﬁ@g @} adose and
an effector step. In the first step,_.input doubl e-stranded (ds) RNA is
processed 10 CREBIGALY @&Iieéén'vtﬁﬁscfémé]é%&fé’@@ skiflgddn thegrhand %mécalb’r
doubl e- st d T Al ' ' . | ex,
cal Ted the RPN ed oty all B el BN S e B BRI RARRECC T2 O

ef fect or d0ep deoivatises modifidd\bp nidiwdincaicauntity 0 A thedagsutichengsxtdpdRiace
t hrough base-pairin interactjions. RNAI nolecules are thus doubl e stranded
RNAs (dsRNAs) meiatetiglelivery, af yibpatreen iproves eadilagyupiakeess desraibed inf t he

t arget gene. ' At i | des i\@% gpl ementary to the genes
listed in Tab[ﬁgﬁkh%\l‘%&’g@l}r g%%\é#lgrgsg%?? 0 S%%%PESS t he expression of a gene
correspondi ng to TherapvutikesmbEfieetiofakbdehondabpplcativils-of rthosgiepbireeall gene

silencing or PTGS. | The only RNA npl ecul.es normally found in_the cytoplasm
of a cell arebeginning with knowledge of a portion of the codinig sequence of the gene to be

15 inhibited. Thus, for many genes, a nucleic acid sequence provides adequate
sequence for constructing an effective ribozyme. A target cleavage site is
selected in the target sequence, and a ribozyme is constructed based on the 5'
and 3' nucleotide sequences that flank the cleavage site. Retroviral vectors are
engineered to express monomeric and multimeric hammerhead ribozymes

20 targeting the mRNA of the target coding sequence. These monomeric and
multimeric ribozymes are tested in vitro for an ability to cleave the target
mRNA. A cell line is stably transduced with the retroviral vectors expressing
the ribozymes, and the transduction is confirmed by Northern blot analysis

| and reverse-transcription polymerase chain reaction (RT-PCR). The cells are

25 screened for inactivation of the target mRNA by such indicators as reduction of
expression of disease markers or reduction of the gene product of the target
mRNA. l

4

Antisense



20 nol ecul es of single-stranded nRNA. If the cell finds nol ecul es of doubl e-
stranded RNA, dsRNA, it uses an enzyne to cut theminto fragnments

containing in general 21-base pairs (about 2 turns of a double heliXx).25thg-07
two strands of each fragment then separate enough to expose the antisense
strand so that it can bind to the conplenentary sense sequence on a

nol ecul e of 25 NRNA. This triggers cutting the nRNA in that region thus
destroying its ability to be translated i® o a pol ypeptide. |ntroducing
dsRNA corresponding to a particular gene will knock out the cell's

2 chosen 1 1 mo.  ATigers Pl BARgan el AP DR RO

fragnents int GesulkRlg ini the!tbithat6R6f ﬁ@m@m@aﬁhm-mg @&égh@,@ﬁh%' d@eé%stby

reduced. However, a nore pernanent solution 25-Jan-0 I's provi
i ntroduci ng i f®NAgepbtdtiom rokexse dxztrscribtion or aressorger RMAFanslsjor.hesi ze a

dsRNA correspopdi.ng to the gene to be suppressed. RNAI nol ecul es ar
prepared by ne@%&fglsﬁé’f)ty%%%%@ﬁg?l@?}bgﬁlﬁcmglﬁeﬂ}l%’&c‘ﬁ‘i‘?‘nt erg?lie.wﬂtﬁ gener al
an isol ated nt&b@é@mp@ﬂm@gﬂ@gg@nﬁﬁg@@h@ ng a 5 nucl eotide sequence which
is substantially honol ogous to the sequence of at |east one of the nurine

genoni ¢ regions | i dtndtbense Falynuckeotides auei tybically gepetdted withihdheiceld byne or

e {1 R, el RGP R LAY Bl Lot Bl ees aRSTES), P

function as artrﬂ%ﬁcib@ﬁ's%ﬂd‘?Anﬂk@n@%@&ﬁuﬁééﬂ&eﬁm%ﬁ%d}& HRY S Witht he
order of between 10-250, preferably 10-100, nore preferably 20- 50

nucl eot i des i rthe érapstaticNgf theodoeraspesdiagen BNEf dsaich, axipserss auhy bomsed
reconbi na tO vectors in ,tr nsdliilge%%ghost cells,., henatopoietic stemcells
bei ng ver;l Sui't stapeufially o st ﬁieﬁﬁlfﬁsmﬂﬁé’ﬁf’flweﬂﬁga_ti ons Doni nant
negative mnutations Aift%eh@@RNA{ oﬁﬁﬂﬁﬁé&s@%ﬁ?_@&eo&%ﬁ@l@ﬁﬁ&@é Ritiseh& ODNi)! hat

are active as nultimers. A nutant polypeptide Wil interact wth wld-type
pol ypept i des (candwth bemseti@andtrhay alblbelreppaned ihaniro ayntreticaly or byaheans

e T A PBN  RROB e p e SRR, 8 el AL 20
gﬁ' g??‘gu fje | n"ﬂe'rémpﬁsiﬂw iR HES DD bt s AT {HARScoR e tEREiRidonaé RINWEasgICh
15 have therefore the advantage that they can more easily enter the target cell. In
- order to avoid their digestion by DNAse, ODNs and antisense RNAs may be
chemically modified. For targeting to the desired target cells, the molecules
may be linked to ligands of receptors found on the target cells or to antibodies
directed against molecules on the surface of the target cells.
20 Antisense therapy for a variety of cancers is in clinical phase and has
been discussed extensively in the literature. Reed reviewed antisense therapy
directed at the Bcl-2 gene in tumors; gene transfer-mediated overexpression of
Bcl-2 in tumor cell lines conferred resistance to many types of cancer drugs.
(Reed, J. C., N.C.L. (1997) 89:988-390). The potential for clinical development
25 of antisense inhibitors of ras is discussed by Cowsert, L. M., Anti-Cancer Drug
Design (1997) 12:359-371. Additional important antisense targets include
leukemia (Geurtz, A. M., Anti-Cancer Drug Design (1997) 12:341-358); human
C-ref kinase (Monia, B. P., Anti-Cancer Drug Design (1997) 12:327-339); and
protein kinase C (McGraw et al., Anti-Cancer Drug Design (1997) 12:315-326.



addition, fusion of different pol ypeptides of various |lengths to the
termnus of a protein can yield dom nant negative nmutants. GCeneral
strategies are available for making dom nant negative nutants. See  25.Jan-07
Her skowi t z, Nature (1987) 25 329:219-222. Such a technique can be used for
creating a loss of function nutation, which is useful for determ ning the
function of a protein. Detection probes and anplification priners

Pol ynucl eoti de probes and priners conprisigg at |east 8, preferably at 30

| east 10, nore preferably at |east 12 contiguous nucl eotides selected from
the 25-Jan-07 38 nucl eoti de sequence of a nurine genomic region listed in
Tabl e 1 or sel ect efivén the ettensive bedtgrdend diteratae oid danes] afpeeizhediby

transformations in saj,d nurine m ¢ regions or conpl enents thereof are
used for a varPEFRH meﬁﬁ?%é’sf’@ﬁﬁ%“uﬁﬁe %F%Hﬁ‘i’ F?IG%"{%BMC ¢ Agida st the
chronosones aRgvAgic 24 Qaﬂﬁon§1#,5t@ﬁﬁg[{1{grgﬁéht§c%vel s of these genes. The
nucl eoti de probes are | abeled, Tor exanple, wth a radi oactive,

fluorescent, biotinylated, or chem | um nescent |abel, and detected by well
known met h dsiﬁgropri ate for the particular |abel selected. Protocols for
hybri di zi né ndtebt i de probes to preparations of metaphase chronosones are

10 al so wel | known RNW{ feerdfth théimted @R ontT HOWRINEoMs! douBiPéth S d&l RNA to
specifically to nucleotide sequences in the chronosonme preparations which

are conpl emrespagifically targehthd trensariptiorpraduet offa géne, peoiltingAn prmidbot hat
hybri di zes specifically to a pol cl eotide shoul.d provi.de a detecttion
signal at le Ogljofp]i%l)fllei}?t PAVE #ﬁ%"ﬁ?’b{lﬁ@m‘? ﬁ‘é‘hmf?éalbé}?:‘ F’BHr?gep and an
hybri di zat i on cpfeetth 465h. 1B thb thRsO8HBE  inPat abﬂléQtfa%ﬂéQQEl@SRN%lhig leQtdseey probes

are used to detect expression of a gene corresponding 'to
pol ynucl edbi dentorauclentidepkwridei seqNemndelse Ihebd miay, bergRhiflei sr deygdae astxehded. The

Pybri di o1 ng t #U5F IR uEdBrEgUatedina{ phra cralet mued bt HifARadRa
hybri di zati on glignéidgRbnpa:eRIST) IRhRhHRE I §ledlebd Sl BADUPE SteBltoReREBS ST ON,
for exanple under a particular condition. Probes are also used to detect
products of ampRNAsdhat are bacogoizedbydbe guideaRNAsdheouginbasthenipingduct s of t he
reaction are qxperriac iiozn%(.j RNPAL rrrlgleg\rlf%ts)%rg qus double stranded RNAs (dsRNAs) that
15 are very potent in silencing the expression of the target gene. The invention
provides dsRNAs complementary to the genes listed in Table 1.
The ability of dsRNA to suppress the expressioﬁ of a gene corresponding
to its own sequence is also called post-transcriptional gene silencing or PTGS.
The only RNA molecules normally found in the cytoplasm of a cell are
20 molecules of single-stranded mRNA. If the cell finds molecules of double-
stranded RNA, dsRNA, it uses an enzyme to cut them into fragments
containing in general 21-base pairs (about 2 turns of a double helix). The two
strands of each fragment then separate enough to expose the antisense strand
so that it can bind to the complementary sense sequence on a molecule of
25 mRNA. This triggers cutting the mRNA in that region thus destroying its
ability to be translated into a polypeptide. Introducing dsRNA corresponding
to a particular gene will knock out the cell's endogenous expression of that
gene. This can be done in particular tissues at a chosen time. A possible

disadvantage of simply introducing dsRNA fragments into a cell is that gene

30 expression is only temporarily reduced. However, a more permanent solution



hybrids are detected. Probes are used for in situ hybridization to cells to
detect 25 expression or to perform chronosone painting. Probes can al so be
used in vivo for diagnostic detection of hybridizing sequences. Prolpssjaary
typically |labeled wth a fluorescent or |um nescent |abel. O her types of
detectabl e | abels may be used such as chronophores, radioactive isotopes,
and enzynes. Expression of specific nRNA can vary in different cell types
and can be 30 tissue specific. This varigtion of nRNA levels in different
cell types can be IL 25-Jan-07 39 exploited with nucleic acid probe assays
to determ ne di sease stages. For exanple, PCR, branched DNA probe assays,

or blotting teplwidpddsy ifttroéduwingintothé edlts RDNA pectoe shaudist @ntindlouyly
i dentical or co I,emen(isaél% to nuclejc acid sequences of nurine genonic
regi ons |ist 8AREhesEgR Breoptesy 240 the g Wybessunnapssedr mat i ons t herei n

d ' h a
can deternine the t@??%@g%%iagﬁﬁ?@gﬁgf’ég’%ﬁﬁ weﬁ%ﬁft@%@&}eﬁ%ﬁ e

pol ynucl eoti des o a nucleotid zation
assay are deskilldddd the dut.desgesieralain isolR€3d WAARICORIP Seipthcbeo@prieingsd ., U. S.
Pat. No. 5, 124,246, both incorporated herein by reference. The references
descri be 8n &slegtide seapencs Wb %w%w& B@P@OF%SBPFH? tha sesvensaalat

Al ter nati vel e &g ROLNITRLASE Ebile B! AeBRERarS 1300 DEln B St O

detecting sma anoun nucl®rc aci . as descri i'n s et

al ., Meth. Erfforaling 0hedF ) mdeSrdaeripddable.t& fofdat. pa¥eialls of &3l @subland U. S.
Pat. No. 4,683,202, all_incorporated herein ,b¥_ reference, Two priner 15
pol ynucl eot i gEendad (€YW) kpadiodethy; transcrptionyRyedush pf s8i¢ maBings and are

used 10 PriMRahis defat il tandtith B AHINATRYIRELC PHRARGHILLrSRRERGRAM L hi D

or 3 and 5' nucleic aci d sequences of nurine genomc regions |listed
in Tabl @01 afiaybe getlesontel of beidvday 10-250; fpeefordblerid-100c meore. préfeirelyR0-vel vy,

if the priners are 3' and 5" _to these nucleic acid sequences, they need not
hybri di ze 20 50cudipatidss Uélﬂ%n@bnpl enents. Yet, they may for instance al so

11 Lo, SOl B OB BB O

genom c regions |isté or o nes a y transtormations
therein. A theingdsicédhost qeilsyh@natpoitizatan cellpbemgofery augeblentheketioc aci ds

fromthe primers using the

15 - Dominant Negative Mutations

| Dominant negative mutations are readily generated for corresponding
proteins that are active as multimers. A mutant polypeptide will interact with
wild-type polypeptides (made from the other allele) and form a non-functional
multimer. Thus, a mutation is in a substrate-binding domain, a catalytic

90 domain, or a cellular localization domain. Preferably, the mutant polypeptide
will be overproduced. Point mutations are made that have such an effect. In
addition, fusion of different polypeptides of various lengths to the terminus of a
protein can yield dominant negative mutants. General strategies are available
for making dominant negative mutants. See Herskowitz, Nature (1987)

25  829:219-222. Such a technigue can be used for creating a loss of function

mutation, which is useful for determining the function of a protein.

Detection probes and amplification primers
Polynucleotide probes and primers comprising at least 8, preferably at

30 least 10, more preferably af least 12 contiguous nucleotides selected from the



original target nucleic acids as a tenplate. After a |l arge anount of target
25 nucleic acids is generated by the polynerase, it is detected by nethods
such as Southern blots. Wen using the Southern blot method, the | abekgds-07
probe will hybridize to a nucleic acid sequence of a marine genom c region
listed in Table 1 or of a gene affected by a transformation therein or

conpl enent. Furthernore, nRNA or cDNA can be detected by traditional
blotting 30 techniques described in Sanbrg®k et al., "Ml ecular doning: A
Laboratory 25-Jan-07 40 Manual " (New York, Cold Spring Harbor Laboratory,
1989). nRNA or cDNA generated from nRNA using a pol ynmerase enzyne can be
purified and nyéb@hd@éﬂqugmwgﬁ@énudme@Bnmphu&@@ﬂsﬁmﬁdénﬂhdﬂ@1@raehd&don t he

gel are then . blotied ontp,a_solid s ort...s as nitrocel l ul.ose.. The
2011 d suppor ¢ Heat shERuBRbAag o8 Ghane 3 BES Bt by Bndtoianaus 18 sdove. any
unhybri di zed p@iife geitic repitthstiRbRpEsmEMRILRERONArd HSed ARG RaidyQpe are
detected. Typically, the probe is |abeled with radioactivity. Additionally,

MRNA or cDNA panpésesdackutieg idgntificatign of bmaar chapmosomapland sletdymainies f or

i nstance fromtunor. . s nel..cDONA i s generated 10 therefrom by reverse
PCR The cEI\IAt{asnSSB’PfHS’Hi?Yee)}gngéﬁsgge%eiﬁ'i ncorporation of fluorescently

| abel ed nucl eot i deTapdRlHERlelJIEh& dredfBelkd, Y BXaMbEL itk althioaklipde array.
Expression |l evels are determned fromthe intensity of the fluorescent

si gnal obt ai néaofessant, heoténylateth ondhemilomiresserickabeb apdolesected by veall t he

. 15 Us f Pol I tid { ' Ant j bqdj h t,d ti
orovt des i n oNBORE L oS AR r et T s e Rt dapel selesfob dioreole i or |
di agnostic US@iybﬁlﬂgijéi%ﬁ%l'e%tiaﬁtp!r&%éit@i)réﬁtﬁlaﬁéﬁs BNirchashRe dhbdthoS@Redired -

specifically to 2 e expression products of the genes (partly) encoded in
t he nucl eild aelsy weldfnewnds the artirA nuclgefiderprobe ayjillomebrlidige epedificallyttioe 1 or

fo the gene pPoaiTeLEe seqEeieeRon Bhe imdome T Fr R e RPN At fon of their
targets by, fesmprandiigyy tothd'Bucledti®e Qiquehed & ths preb&rA prdbietihgnce, or by
bl ocki ng at | east one of the functional
hybridizes specifically to a polynucleotide should provide a detection signal at
least 5-, 10-, or 20-fold higher than the background hybridization provided
15  with other unrelated sequences.

Nucleotide probes are used to detect expression of a gene corresponding
to the polynucleotide. For example, in Northern blots, mRNA is separated
electrophoretically and contacted with a probe. A probe is detected as
hybridizing to an mRNA species of a particular size. The amount of

20 hybridization is quantitated to determine relative amounts of expression, for
example under a particular condition.

Probes are also used to detect products of amplification by polymerase
chain reaction. The products of the reaction are hybridized to the probe and
hybrids are detected. Probes are used for in situ hybridization to cells to detect

95 expression or to perform chromosome painting. Probes can also be used in vivo
for diagnostic detection of hybridizing sequences. Probes are typically labeled
with a fluorescent or luminescent label. Other types of detectable labels may
be used such as chromophores, radioactive isotopes, and enzymes.

Expression of specific mRNA can vary in different cell types and can be

30 tissue specific. This variation of mRNA levels in different cell types can be



25 domai ns of those proteins. As such, these antibodi es nmaybe used as

inhibitors of the function of the gene product. Such antibodies may for

i nstance be generated against functionally rel evant donai ns of the p?gyetg§
and subsequently screened for their ability to interfere with the ta gggl
function wusing standard techni ques and assays (see for instance

Schwart zberg, 2001, 30 Crit Rev Oncol Hematol 40:17-24; Herbst et al. Cancer
94:1593-611, 2002). 25-Jan-07 41 AIterna?'ver, anti-RNA anti bodi es may for
i nstance be useful in silencing nessengers of the tunor-rel ated genes of
the present invention. In another alternative, antibodies may al so be used

to influence dffoitetNGithonudlbic a'fcﬂii‘fafob%%rsgﬁls%pid@@éﬁﬁk|cblseafs@rsta{éé§FF&ﬁe by
bi ndi ng to nenbers of nal i n at hways in order to influence the

Si 5p
function of t%mdﬂgBGBd%p@mlﬁarﬂNArpmb@ Redays, erdildtting techeiquesottienng

alternative, therapeutic,antipadi esymay. car one_opr re ., toxi,c. conpounds
Chat exert i HENHCBARLR bR RE ALY el e orEuftmRay 14 SHclGie 52
bi ndi ng of t heqe@hEds Fin afihk ReAYMIdRIZRIR 1idted i TaBROS 6f RiH-BR$REkd by
anti bodies simlar to those above, preferably 10 those that are capabl e of

bi ndi ng t & t heassformations thetetuean defermiee Hherpreserice dreabspnessefidDINAvent i on
may be used, a hat , a rovi.ded .wi,th d ctable. | abels such as
fluorescent, PE#M@@B#FO ﬁ}e goéw%qlf%tg{]egﬁgttﬁ%%eg% " or der to allow the
detection of the gefsnPleddainucRotiRAbrdifioh sisagnes Hbscrad Ratics Af €
targeted to protei naceous targets present on the outer envelop of the cell,

such 15 as menthrREE WO0RO2626 god Prdsaeitad, UthPats Doob,18413480Uods for t he

(5y7igos ot drobgoseied N E AR08 TS iiied GenePBa i X BB R (e

present iyqyenddr@RyitRYublRotitle WyBridizabiomtssa@r i gi n i ncl udi ng birds and mammal s
(e.g., human, murine, donkey, sheep, 20 rabbit, goat, guinea pig, canel,

horse, or chi cken)Alt@netivelshithe Polyanenase bbaineBeagtion ¢ )msamtotbar meanshuman
el ude. ant i HOAABEoAAG AL ABOHRIS ¢ AEF IElonat dre deSeHRna PHHRGEI obul i n
and include agt iNgegH. g_ﬁlzsrﬁml.agggﬂf 15573 3581550) U.E[TFHﬂCIQJJ.Qif,JGQ%QQ.‘B;i HEUIR Pat,
(including, but not limted to, synthetic libraries of 25 i munogl obulin
sequences honb.o$668,202, 4llimeerpaoratetblyénebuby referansentwe)primer
15  polynucleotides nucleotides hybridize with the target nucleic acids and are
used to prime the reaction. The primers may be composed of sequence within
or 3' and 5' to the nucleic acid sequences of murine genomic regions listed in
Table 1 or of genes affected by transformations therein. Alternatively, if the
primers are 3' and 5' to these nucleic acid sequences, they need not hybridize
20 to them or the complements. Yet, they may for instance also hybridize to
sequences flanking the nucleic acid sequences of murine genomic regions listed
in Table 1 or of genes affected by transformations therein. A thermostable
polymerase creates copies of target nucleic acids from the primers using the
original target nucleic acids as a template. After a large amount of target
25 nucleic acids is generated by the polymerase, it is detected by methods such as
Southern blots. When using the Southern blot method, the labeled probe will
hybridize to a nucleic acid sequence of a murine genomic region listed in Table
1 or of a gene affected by a transformation therein or complement.

Furthermore, mRNA or cDNA can be detected by traditional blotting
30 techniques described in Sambrook et al., "Molecular Cloning: A Laboratory



or frommce that express antibodies from human genes. For sone uses,
including in vivo therapeutic or diagnostic use of antibodies in humans and
in vitro detection assays, it may be preferred to use human or chi Mef§-fn-07
anti bodi es. Conpletely human anti bodies are particularly 30 desirable for

t herapeutic treatnent of human subjects. Human anti bodi es can 25-Jan-07 42
be made by a variety of methods known in the art including phage display

met hods descri bed above using antibody |iHBfaries derived from human

i mmunogl obul i n sequences or synthetic sequences honol ogous to human

i mrunogl obul i n sequences. See also U S Patent Nos. 4,444,887 and 4 716, 111;
5 and PCT pubMaazel oiNewbods Qdd Springdlarhosdebgratery, g@ﬂ@hse@%w cDNA

W98/ 16654, e el r its
entirety.  THARRRSAp I RaA BERE0h Qe R SR EHES e on

i ncl ude deri vadplavetediiiahg gélecl s8tgo hoRekis. Tl nweﬂ;memastatwgem&é geéurent of
any type of m)l ecule to the antibody such that coval ent attachnent.

Addid ti onaI | y,bloHed ongo gesolid stppertasye isroselbmese Thrpsadid@tppertissi cal  ami no
i d
CISNEECIRT T S ey

human, when Nexfaheduplexes omtiainiag thelibebs pbe At dbtsdtat Tpically, the
anti gen- blndlng fragnent s t hereof haV|ng increased in vivo half-lives can
be gener at ed BEPbess {ahelad Witbsradindf#ivity- t hose of sk|II |n the art (see, e.g.,

used with the metf WOP%@%E%%%PW%%@%#%? AR LT e

design and comRNAGE bbrainéd for Shetghee fxﬁhﬁttﬁn@ﬂmseimdmd éDNasieigehethted Mar asco
et al, 1993, Proc Natl Acad Sci_90:7889- 20 7893, which_is .incorporated

herei n bylQ efihesefemiby raversenP CReThe cDNA wrquiionaliiabelad hydncorperatinn #fodi es
to be used w f;\&oﬁegﬁentBrV%%ue(a'}mcl?éonﬁe at%a%degttﬁgx%% la#h% hﬁphﬁ%ﬁ 't% are
a ody

i ntrabodi es. y ‘conpri se a portion an ant t hat
is capable Ofpﬂom}@@ﬂ@ﬁm@&bﬂlévblslﬁ'lemt@mmadlﬁ@@th@ﬁdenmejefﬁﬁl y does not

contain sequences coding for its secretion. a’%uch antibodies wil] bind its
antigen int raﬂ@ﬂ%?%l%nﬂlﬁb@m@e@ﬁb’é‘ﬁﬁhﬁa?ﬁne%’ﬁé Ing A IRERRRIIVERFEPS sikes an
si ngl e-chain the a(lrggv . For a review of sFv see

15

Use of Polynucleotides to Raise Antibodies
The present invention provides in one aspect for antibodies suitable for
therapeutic and/or diagnostic use.
Therapeutic antibodies include antibodies that can bind specifically to
20 the expression products of the genes (partly) encoded in the nucleic acid
sequences of murine genomic regions listed in Table 1 or of genes affected by
transformations in these regions. By binding directly to the gene products, the
antibodies may influence the function of their targets by, for example, in the
case of proteins, steric hindrance, or by blocking at least one of the functional
25 domains of those proteins. As such, these antibodies may be used as inhibitors
of the function of the gene product. Such antibodies may for instance be
generated against functionally relevant domains of the proteins and
subsequently screened for their ability to interfere with the target’s function
using standard techniques and assays (see for instance Schwartzberg, 2001,

30 Crit Rev Oncol Hematol 40:17-24; Herbst et al. Cancer 94:1593-611, 2002).



Pl uckt hun in The Pharmacol ogy of Mnocl onal Antibodies, vol. 113, Rosenburg
and Moore eds. Springer-Verlag, New York, pp. 269-315 (1994). In a further
enbodi ment, the intrabody preferably does not encode an operabl e secresgan07
30 sequence and thus remains within the cell (see generally Marasco, WA
1998, 25-Jan-07 43 "Intrabodi es: Basic Research and dinical Gene Therapy
Applications" Springer:New York). Generation of intrabodies is well-known
to the skilled artisan and is described fgr exanple in U S. Patent Nos.

6, 004, 940; 6,072,036; 5,965,371, 5 which are incorporated by reference in
their entireties herein. In one enbodi ment, intrabodies are expressed in the

cytopl asm | n ot heAlteemdiidilypats-RNA entibbdiab atdiyefor af &tahesbé ugefll {© vari ous
intracellular locations. In sych enbodi nents, specific |ocalization

sequences canSHEPCIRE MATEEETSOhEhe FHEPLFRIRted Berae obdie prepent @wentionifnect t he
intrabody to T t.] ] t I . .60 e

nmet hods of thgn?ﬁ%gr??tlegﬁggl?& %ggﬁi%e%tégfﬁ%pggﬁ% ggﬁgt%ﬂ%é}gcgﬁ%gg%a%n nmet hod
known in the #ndir targethimdissehlyhériinstahcaby biaithe$o nidhpatiof signalingby

chem cal synthesis or. preferably, by r&corr_bi nant expression techniques.
Monocl onal © anPRBYHRESII ef)éokfﬁé'}%i‘%@lh% negion ofitlie tazgetesk proseing or maelsit ques

known in the gkids! NEVUUAIREDEILIRRE REDAMPanlBRAE KA e ARML o PHARS

di spl ay technologies, or a conbinatioh t or exanp noclona

anti bodi es catodie cpnpoundsithisiexgrinthbiri effsaton ehdtirgeesr targbticilnBy Fheseoknown
in the art ang] tgu%}t, {g& exanple, in Harlow et at., Antibodies: A

Labor at ory mdipggt thegarerngeaatiedy theystat ory Press, 2nd ed. 1988);
Hanmerling, et 20 oo I i ! T- i S
563-681 (El sevi er, ka Qa,gﬂoi%ﬁgfﬂ(o gg%& nﬁ@%gﬁg%icrgga?ﬂég%hrogg%% A %fege rence

in their @0ti tldseettipt a¥deagablernt bindiraciooihalexprdssivadyrodastsustele kehied ¢f the not
limted to anti bodi es produced, through hybridoma technol ogy. The term
"nmonocl onal  aR¥§sBERVendiaR may e sed.anrd Bindyre Raevifed with detactmbimlakelsi ngl e

o one. 1! 1955, 8, BHSNEN Bl BHALP o PyBLANG AROTE RO BT
be used to nabletectioen ofitlhé hexk produkt. (Hrefepsklyanth idivavistio antibelicdert hose
disclosed in ¥awr9gg{;e1 1%41§5c;otgiggceous targets present on the outer envelop of the cell, such
15 as membrane bound target proteins. The use of antibodies for the diagnosis of
specific types of cancer is known to the skilled person (Syrigos et al. 1999,
Hybridoma 18:219-24).
The antibodies used in the present invention may be from any animal
origin including birds and mammals (e.g., human, murine, donkey, sheep,
20 rabbit, goat, guinea pig, camel, horse, or chicken). Preferably, the antibodies of
the invention are human or humanized monoclonal antibodies. As used herein,
“human” antibodies include antibodies having the amino acid sequence of a
human immunoglobulin and include antibodies isolated from human
immunoglobulin libraries (including, but not limited to, synthetic libraries of
25 immunoglobulin sequences homologous to human immunoglobulin sequences)
or from mice that express antibodies from human genes.
For some uses, including in vivo therapeutic or diagnostic use of
antibodies in humans and in viiro detection assays, it may be preferred to use

human or chimeric antibodies. Completely human antibodies are particularly

30 desirable for therapeutic treatment of human subjects. Human antibodies can



U S. Patent Nos. 5,580,717, 5,821,047, 5,571,698, 5,780,225, and 5, 969, 108;
each of which is incorporated herein by reference inits entirety. 25-Jan-07
44 As described in the above references, after phage sel ection, the ap3-idmeoy
codi ng regions fromthe phage can be isolated and used to generate whole
anti bodi es, including human anti bodi es, or any other desired antigen binding
fragment, and expressed in any desired host, including manmalian cells, 5
insect cells, plant cells, yeast, and bac#®ria, e.g., as described bel ow.
Techni ques to reconbi nantly produce Fah, Fab' and F(ab')2 fragnments can al so

b | d i t hods .k i h t. h . thaose dj scl g in PCT
e ermloyes e 1 TRt oy eung art sied s ese o seloai v P
869 and Bett e%e rog?tdesér?@&i a%‘deg][h‘rix?gegﬁﬁh&ﬂﬁ%xgagfe%tde?ﬁleﬁ #&h fhenges 10

i ncor por at ed by erence I1n th ntireties). I's al'so possible to

produce t her apadtunecglbbylinsefudncky Gy syphetit gddundes hghmokgouboshamanFor an
overvi ew of the technol Qgy for praoducing anti bodi es, see Lonberg and

h
Huszar ( 195, MFRERRRpbU Ranutncon SasAlgn ] S pttent Nopihi0a0aPed SUGRLEr t he
Lechnol g | og PpedsieUTE 6N edieR 708 sh a8 FRoBRAGES aRg! ant | bod es

and protocol s tor producing such antiboties, see, ' e.qg. cation No.
WO 98/ 24893, WiI98i16654i, rach pHwhichds liycorpdrat@hbereitby eeforénce ihdteamitiveeg.y. | n
addi ti on, conpani such, as. Medarex,. Inc. (Princetopn, .NJ), Abgenix, Inc.
(Freenont, CA) anﬁ&%ﬂ’%‘?‘i‘??% H&de‘img&@leé%‘ﬁ 8 Sog%dﬁéfn?l@b‘?“é\}‘il%e human
ant i bodi es di §ge¢ ' ct i I imlar
to that descrtliegg&ﬁ g’t?ggglw%g%or?%ﬁ]egh%g’} prescg?%lﬁﬂﬁggﬁcgglegﬁgggggé eeosfl

anti bodi es, dablecale tocheamtitmdgisagls thdtesoealent attachmenhetdditionally gfhie chai n of
an anti body o the,inventiop,or a portion thereof qr a single chain

ant i body t SREIYAHPEIRAS FPRIALR QOF PE &10T8 JRBIGAFSIR ATIRO 8RS pr essi on vect or

containing a polynaeelihdeniditheRRGRURS idntidR, BAY AIRAELUIENED DO EsEIRIRSS! On

of said vector in sul tabl e host ce or even in vivo.Once a polynuc
eoti de encodithg iaveatiién hasy extended helfdivea ihe@augmanall prferabipailrumdn,an

a1 body. or portLon el poL (REGLrSbl . UL MeL BeCesett e acontai i
obt ai ned, thepXeeLALs fiRrebBaviRhOHetdRR iRhidd BaIRBEL Oy hEBLAGHEST BRY be
15 techniques known to those of skill in the art (see, e.g., PCT Publication No. WO
97/34631).

In certain embodiments, antibodies to be used with the methods of the
invention are single-chain antibodies. The design and construction of a single-
chain antibody is described in Marasco et al, 1993, Proc Natl Acad Sci 90:7889-

20 7893, which is incorporated herein by reference in its entirety.

In certain embodiments, the antibodies to be used with the invention
bind to an intracellular epitope, i.e., are intrabodies. An intrabody comprises at
least a portion of an antibody that is capable of immunospecifically binding an
antigen and preferably does not contain sequences coding for its secretion.

925 Such antibodies will bind its antigen intracellularly. In one embodiment, the
intrabody comprises a single-chain Fv (“sFv”). For a review of sFv see
Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg
and Moore eds. Springer-Verlag, New York, pp. 269-315 (1994). In a further
embodiment, the intrabody preferably does not encode an operable secretory

30 sequence and thus remains within the cell (see generally Marasco, WA, 1998,



30 produced by reconbi nant DNA technol ogy using techni ques well known in the
25-Jan-07 45 art. Thus, nethods for preparing a protein by expressing a

pol ynucl eotide containing an antibody encodi ng nucl eoti de sequence ajfjn-07
descri bed herein. Methods which are well known to those skilled in the art
can be used to construct expression vectors containing antibody coding
sequences and 5 appropriate transcriptional and translational control
signals. These nmethods include, for exana%e, in vitro reconbi nant DNA
techni ques, synthetic techniques, and inVivo genetic reconbination. The
invention, thus, provides replicable vectors conprising a nucleotide
sequence encodinReh ARiAN BalR Wese ARIhEAH @Hﬂi‘cat 88né THEP R Redifdy or |ight
chain of an antibody, a heavy or 10 |li1ght chain variabl e gonaln of an

anti body or aSpuongeoNewh¥ewk)f, or a heavy or |ight chain CDR, operably

linked to a pronoter. Suych vectors..nmay i ude th n eoti de sequence

encodi ng t hepconstgﬁ?e’iai{j’ﬂ’cﬂfl #rai’ﬁ@e%#t‘i"g@'hﬁ?oﬁzﬂi t@@}}p@ﬂlﬁke@e@:’cm@p&q BCT

Publ i cati on V\gbs%g{b%ﬁwéx :EElePﬁibﬂI!S?%té}ﬁ R, %%&Wa,@%g@s%s@mm No.
nd t I e antli body

5,122, 464) a e vari abl e domain of t may be .15 cl6ned into
such a vech or which evepinessionatedfbyt teferentd incthesmentireties hendinr e | i ght  chai n,

or both the entire_ heav nd. 1i ght chai.ns. The expressi.on vector is
transferred to a hB%?necél“I%ogVn n{EFR0geS are CERTRTE &{%Wﬂ@sﬁ;ﬂé’?@?ﬁ ed

cells are tnepobihihEnd, e SRMMRANLMNS0caiZEN Y Aud ARIRAUER 18R] POdY
of the invention. us, the invention 20 1 ncludes host cells containing a
pol ynucl eot i dén enclodinbgdianerss; spxeific lodalizationisageerides ranbefattagphedtts thérer eof |
or a heavy or light chain thereqf, or,.portion, thereof, or.a . single chain
anti body of tﬁeﬁraﬁwﬁ&%polas@%?%&efw e Bltaabq%@tteraowgkﬁa?sloat%_t er. In
pretfer edygnbod! mephs ahefhohfis 165REEP bith fHle ABLRIIR of ehELARA Al DOd! es,

vectors encodi ng bot eavy an chalns may co-expressed in
t he host cel | fifagmentptlksebbearobe pielueed by eny nmethod kmowini im thewlré fard the as

detail ed bel ow. A variety, of host-expressjon vector systens na ufilized
to' express PHRthests; %@a%lb&é}eécm partigplarnby Pheraiced srntess 05@69@51?6% by
manmmal i an hosie&?ﬂﬂi&ﬁnﬁefﬂ@?ﬁgn%ch}fﬁ%@s? based expression systens 30 may be

utilized. In cases ere ‘an adenovirlus 1s used as an expression vector,
Monoclonal antibodies can be prepared using a wide variety of

15  techniques known in the art including the use of hybridoma, recombinant, and
phage display technologies, or a combination thereof. For example, monoclonal
antibodies can be produced using hybridoma technigues including those known
in the art and taught, for example, in Harlow et al., Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et

20 al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y.,
1981) (said references incorporated by reference in their entireties). The term
“monoclonal antibody” as used herein is not limited to antibodies produced
through hybridoma technology. The term “monoclonal antibody” refers to an
antibody that is derived from a single clone, including any eukaryotic,

95 prokaryotic, or phage clone, and not the method by which it is produced.

Examples of phage display methods that can be used to make the
antibodies of the present invention include those disclosed in W0O97/13844; and
U.S. Patent Nos. 5,580,717, 5,821,047, 5,571,698, 5,780,225, and 5,969,108;

each of which is incorporated herein by reference in its entirety.



25-Jan-07 46 the anti body codi ng sequence of interest may be |igated

adenovirus transcription/translation control conplex, e.g., the late
pronoter and tripartite |eader sequence. This chinmeric gene may then%?? 07
inserted in the adenovirus genone by in vitro or in vivo reconbinati®h:2®
Insertion in a non-essential region 5 of the viral genone (e.g., region E

or E3) wll result in a reconbinant virus that is viable and capabl e of
expressing the anti body nolecule in infecéfd hosts (e.g., see Logan &
Shenk, 1984, Proc. Natl. Acad. Sci. USA 81:355-359). Specific initiation
signals may also be required for efficient translation of inserted antibody

codi ng sequences. AEhRSEribéd Btk aﬁwblfelﬂléﬁt%sAamﬂﬁh&geaéen&&oé%&o&'ﬁ?% gd
e with

adj acent sequences. Furthernore, the initiation codon nust be In
the reading teding regiomsdreradhe phagoeimbe ﬁelﬁieﬂ:aadtlmedrtelgenerate aﬂmleat | on of

the ent Th trans| at | |
it ation cQugetieantrinRESRONY aeBaRed bt grn ot b tesind aiftierch
synthetic. Theneédt ahargyrake@xpasy dbafed bt bi%cﬁﬂﬁﬁé‘%?ﬂnﬁié]faﬁeceﬂgd usi on of

appropriate 15 transcription enhancer el enents, transcription term nators,
etc. (seed eimsect cglis, phant @tHSayeast wehaderiheds, as described/beldb3: 516- 544) |
Once an anti

been produce%ﬁ%%gﬁ u%ﬁ%?h? 18%3 ig’g‘?éggﬁt a@’hﬁﬁg%‘b‘fﬁﬁlﬁ% ftéhe é,é]t\é,%g}ll n has
known in the baretmﬁlayedauémfgllﬁ@ﬁhoa@kﬁéwﬁanltmm&béﬁ aﬂaséreis%fdéla&mlwr 20

exanpl e, by chronat ograpﬁ (e.g., ion exchange, affinit articularl
affinity for pubdicater No. VQra/psd4aMudliner gtadi, 1982, Bmé[‘eshmqu@s dB(ﬁ)]@ﬁéL-

chr omat ogr ap trlfu ti i.ffer or by any ot her

st andar d tec%écﬁ?@ Feli?fgaal L}l('é%§1 %??Cﬁf@fi(%ﬁlof@iig 198£S t he anti bodi es
of the poes%ﬁorpméubyﬁeﬁ&eﬁdﬁg@gﬁ%n&ﬂ@ﬁ@gf may be fused to heterol ogous
25 pol ypeptide seguences descri bed herein or otherwise known in the art to

facilitate purifi Eeisiadee passille 4o étpdalﬁé\?bel‘aa@‘@mdlmgsafgl G Ugdh&gMagect , t he
et on, o 2 e B e L R R RIS ol e 1o
t2 geJ Z ﬁPJO <7ect hAtibeeRs! frrEafberd Aad eﬁugza@mg@s Iy Re8. BRIMuRos L1 6198)0 T8y a
detailed discussion of the technology for producing human antibodies and
15 human monoclonal antibodies and protocols for producing such antibodies, see,
e.g., PCT publication No. WO 98/24893, which is incorporated by reference
herein in its entirety. In addition, companies such as Medarex, Inc. (Princeton,
NJ), Abgenix, Inc. (Freemont, CA) and Genpharm (San Jose, CA) can be
engaged to provide human antibodies directed against a selected antigen using
20  technology similar to that described above.
Recombinant expression used to produce the antibodies, derivatives or
analogs thereof (e.g., a heavy or light chain of an antibody of the invention or a
portion thereof or a single chain antibody of the invention), requires
construction of an expression vector containing a polynucleotide that encodes
25  the antibody and the expression of said vector in a suitable host cell or even in
vivo.Once a polynucl eotide encoding an antibody molecule or a heavy or light
chain of an antibody, or portion thereof (preferably, but not necessarily,
containing the heavy or light chain variable domain), of the invention has been

obtained, the vector for the production of the antibody molecule may be

380 produced by recombinant DNA technology using techniques well known in the



47 subject by any suitable route, preferably in the formof a pharnmaceuti cal
conposition adapted to such a route and in a dosage which is effective for
the intended treatnent. Therapeutically effective dosages of the antiR§gdh®g
required for decreasing the rate of progress of the disease or for
elimnating 5 the di sease condition can easily be determ ned by the skilled
person. Alternatively, antibodies may be produced by the subject itself by
using in vivo antibody production net hoddbogi es as descri bed above.
Suitably, the vector used for such in vivo production is a viral vector,
preferably a vir%% vector wth a target cell selectivity for specific
cancer cel | s. 28 ThHgr Bebheds fge pranariig a projeishy exmressing @ podpewdeotidee

i nvention proyd . [ . | ve .d ¢ he.

manuf act ur e O{dr%ﬁﬁﬁg%?%gﬁééiﬁb?o O;H g’r&aﬁ‘ggkiﬁ%&%\?‘éﬁ? rsgg{‘ér%%?a rgf%%sc%%qr% achi eve
t he sai d t her Kpthtdscwhichemte wdlhknown ¢atthesetskiltytpin desarthenad@risai 6 r ati on of
the nmedi canent in a dose sufficient toQ achieye the_ desired therapeutic

ef fect. The tFESITHSH CXRERPSIOBNRCIES CON@IiInE Babiwdy godimg senueresiand of t he

ant 1 bady. gccapofiatdihikribtiohl ddiPfraRSRBShal (MErdl BEML 0Pk AYdASS, 2

met hod of trea uman conprising t adm ni s I'on of an anti body
as defined abeheald, foreexdasmesid bt reatmbmaat BINA detthdqdes isyethetiter apeut i ¢
effect. The {herapeutic,effect be'.n% theigal I.evi,ﬁ;ipn or, p;@j\{l/gnt i on_ of
various typesteSPIBINCERREFE VRPEINSHC Befodhingfien-sthemypRtionntius, Provedest
cancer, endocyd j: | > ol ogi c
cancer s, “head Baae REoicRira cORGRicing BRSLI-OHM ERbIAE: HRARRL n (LIRGS

met ast ases, mpelandsof thednaentiion, camezanyor lighsé chbm afancantibadyg atlatagy oancer ,

sar conas, , skin cancers, testicul ar cancer., thyroilg_c ncer,, uripary tract
cancer s, Hor cliERf Ghak vamable doafiieh ELARAb 3t PORIPBHRBIPIT 4 BPRRLE of
solid tunors pih{PlBYHYDRCEILSLy AR toGPHRMotOF. EREH veclire Sh AL Grcldbahy

pancreas, liveF, testicle, uterus, bone, oral cavity an or opharynx ti ssue,
pref er abl e of nhdedidd sequenct easodingitle copstaitdemukditha antihbtly mdewde

| Ymphocyti o 1 BhkenkaBLAL plbtice W FUBLERG 13T ruBHcsBoS O Showdbend ™ ©
di agnostic ang 4 HefiaReN! §,13914629h@$he b ariRbI8 [dLRlh bt ¥8EdntiBody flal be
15 cloﬁed into such a vector for expression of the entire heavy, the entire light
chain, or both the entire heavy and light chains.

The expression vector is transferred to a host cell by conventional
techniques and the transfected cells are then cultured by conventional
techniques to produce an antibody of the invention. Thus, the invention

20 includes host cells containing a polynucleotide encoding an antibody of the
invention or fragments thereof, or a heavy or light chain thereof, or portion
thereof, or a single chain antibody of the invention, operably linked to a
heterologous promoter. In preferred embodiments for the expression of double-
chained antibodies, vectors encoding both the heavy and light chains may be

25  co-expressed in the host cell for expression of the entire immunoglobulin
molecule, as detailed below.

A variety of host-expression vector systems may be utilized to express
the antibody molecules of the invention (see above)

In mammalian host cells, a number of viral-based expression systems

30 may be utilized. In cases where an adenovirus is used as an expression vector,



A N A S et i

respective application for the targeting of kinases or phosphatases, which
are often coupled to receptor nolecules on the cell's surface. As such,
anti bodi es capable of binding to these receptor nol ecul es can exert 5§$HLO7
activity 5 nodul ating effect on the kinases or phosphatases by binding

the respective receptors. Al so transporter proteins may be targeted with
advantage for the sane reason that the antibodies wll be able to exert
their activity-nodulating effect when present extracellularly. The above
targets, together with signaling nnleculé@, represent preferred targets for
the anti body uses of the invention as 10 nore effective therapy and easier

di agnosis is | t i ' tyd ' P ly be
used for the h(?%:%t?d é%‘ip’ Vééﬁgﬁgé'eqafég% <|S’tf[1a?e}}\8/§tt%g%r%gtﬂléégg%fé%xgﬁge%wd} uct s,
preferably priehasdaiption/aasslasionaontdobcordpler) apnthé tite Pirombotearad fripsatise of
proteins or stryctural changes.therein. Proteip |evels _ma)ijﬁfo I nstance be
det er mi ned i nleadey sequerce lips ghimerig geng lnamh%mgéﬂwmgat c?d{‘?nPYlﬁiP%is by
for instance ' v ' 0f . nast ai . .

At ernat vol yEo i ¥l PEBHEA B Bt Pl 2Lt Bheioh AT €RoERNEATAty |

bl ot ti ng, Hmndofitheotirad geachedqk.ggyregion @l or B3) vgllcesilddala rebarabinast &ivtisng

m cr oscopy) y bhe ,u%ed i@ co er% with the anti_go | es. as descrigfﬁd herein
for the di agng¥itds srbinarerapable of exnmspsing dhgantiaodynmolpalom mdegied 8pest i des
to Construct @rfays rlhnld 29RAR! 166 ARCNAASAL e 18RRI BsA5dhy br i di si ng
to a nurine geffom c region of the présént invenfion as well as Sequences
and gene pr od8pdcifid ktiatibn istgrisdealy al§obe tefudred for officidie toanslntienoé of
cancer, tunor, progressjon, hyperproliferative, 25 gr h, and/or .. .
acconpanyi ng Beertedaakibody cofing searenags; & %!ncgbméfcﬂ-‘rq /40 wpitigtien

pol ynucl [ | r ' s fected
by 11 anst o i SASREEH el AEnd NARHORROR, iod £01iA0En 00n BERFRCH 0

det er mi ne t heploeuritkthe redding fieaiie af thpuddsired cdding stquerdectordnzard he
occurrence of cancer, tunor ﬁ;ogr ession, 30 hyper&r oljferati veé{gr owt h,
and/ or acconpaapslagioBiodftegrrtEre Hrsephfdrenexogsnauntranslagionahsontedisignalns, t he

level s of pol é’ﬁl&'ﬁhﬁﬁ%ﬂ%ﬁd&fk"éa‘?{ bee&cao{?fxﬁe&%f)é%%é, P66 Bfatth&F‘an& rs,fﬁﬁ#ttic
invention in a sanple are conpared to &7 evelrs TN a normal control of
Thg efficiency of expression may be enhanced by the inclusion of appropriate

15 transcription enhancer elements, transcription terminators, etc. (see, e.g.,
Bittner et al., 1987, Methods in Enzymol. 153:516-544).

Once an antibody molecule to be used with the methods of the invention
has been produced by recombinant expression, it may be purified by any
method known in the art for purification of an immunoglobulin molecule, for

20 example, by chromatography (e.g., ion exchange, affinity, particularly by
affinity for the specific antigen after Protein A, and sizing column
chromatography), centrifugation, differential solubility, or by any other
standard technique for the purification of proteins. Further, the antibodies of
the present invention or fragments thereof may be fused to heterologous

25  polypeptide sequences described herein or otherwise known in the art to
facilitate purification.

- As stated above, according to a further aspect, the invention provides an
antibody as defined above for use in therapy.

For therapeutic treatment, antibodies may be produced in vitro and

30 applied to the subject in need thereof. The antibodies may be administered to a



body tissues, cells, organs, or fluids. The normal control can include a
pool of «cells froma particular organ or tissue or tissues and/or cells
fromthroughout 5 the body. For such neasurenents either imunoassays2Jan-07
nucleic acid assays as known in the art can be used. Any observed

di fference between the sanple and normal control can indicate the
occurrence of disease or disorder. Typically, if the levels of the

pol ynucl eoti des and the encoded pol ypeptiges of the present invention are 10
hi gher than those found in the normal control, the results indicate the
occurrence of cancer, tunor progression, hyperproliferative growth, and/or
acconpanyi ng suibjded hiycaly suitelily siuta) preterablsinahi dorn of A phdditacomticadlne present
muri ne genom c regjons e useful to diagngse the severity as well as

t he occur r encOFOSHR apt?g o Fughy  go e snsin a dosage yehiph &% pifedtiveiflthe owt h,
and/ or aCCOMRARKIA B MAGC PheSlooRRXSH P Bl ARAILSELALINT anEBRgRYATEl €. 1 he

greater the erence serve us 't control of

t he expressi qunﬂ@dlf@ﬁ 6ecm‘eas*.1hg thersts of prgyresed the dissise og éorostitinagigigons or
affected b tra formati ons therellriy the g reat(ﬂ)kg Eaeverlty of the
di sorder, 156AFP £PLANRIOB 2R 6GH Pé’\?ﬁﬂ@n&% yipaskiledPessam nor nal

control are obser\gg mgﬁlv)él}u‘éhﬁ%&g? ﬁﬂUé:dﬁgttIﬁgQu@%taﬁé %ﬂgtl de

hi gh throughput technique fRAt can Ass: I"ar ge er o

sequences i n ia visaantibody prmiucaohmdthg&olcges he dusmbedsab@vdj &@n@lslm theand as a
tool to test for differential expression to determ ne f glon of _an
encoded pr ot eVestorzsepdpy & @oriveler uckipn g A yerad yeetee: preferpblycanyel tute a

speci fic enbodi pEithfa taargéjﬂ fetctlgfﬁ??%’?‘%ﬁr %]ﬁgfi&ﬂgl ng to the present

invention. To create arrays po ynuc i'gonucl eoti de probes are
spotted ¥nto a sUlsirefare dcoomlingvy aistidfarthoabspertthe invemiomproviboyhes of

Gt anded ol YW 0t PR T GRS Ry Or i [ BRI LShHR & Sy BRFEIe0e8 es
TR R R e e
pol ynucl eot i desatmiert! dogapriseseht ndminiztrabtieniohé etbdicament in a dose sufficient
to achieve the desired therapeutic effect. The treatment may comprise the
15 repeated administration of the antibody.

According to a still further aspect, the invention provides a method of
treatment of a human comprising the administration of an antibody as defined
above in a dose sufficient to achieve the desired therapeutic effect. The
therapeutic effect being the alleviation or prevention of various types of

20 cancers such as bone cancers, brain tumors, breast cancer, endocrine system
cancers, gastrointestinal cancers, gynaecologic cancers, head and neck cancers,
leukemia, lung cancers, lymphomas, metastases, myelomas, pediatric cancers,
penile cancer, prostate cancer, sarcomas, skin cancers, testicular cancer,
thyroid cancer, urinary tract cancers, more in particular the remission or

25  prevention of relapse of solid tumors of bladder, cervix, lung, colon, breast,
prostate, ovary, pancreas, liver, testicle, uterus, bone, oral cavity and
oropharynx tissue, preferable of leukemia, such as acute myeloid leukemia
(AML), acute lymphocytic leukemia (ALL), chronic myelogenous leukemia
(CML) and chronic lymphocytic leukemia (CLL), most preferably of AML.



substrates including glass, nitrocellul ose, etc. The probes can be bound to
the 5 substrate by either coval ent bonds or by non-specific interactions,
such as hydrophobic interactions. The sanple polynucleotides can be | abgledy
using radioactive |abels, fluorophors, etc. Techniques for constructing
arrays and nmet hods of using these arrays are described in EP No. 0 799 897,
PCT No. WD 97/29212; PCT No. WD 10 97/27317; EP No. 0 785 280; PCT No. WO
97/02357; U.S. Pat. No. 5,593,839; U S. Pat. No. 5,578,832; EP No. 0 728
520; U.S. Pat. No. 5,599,695, EP No. O 7% 016; U.S. Pat. No. 5,556, 752;
PCT No. WD 95/22058; and U.S. Pat. No. 5,631,734. Further, arrays can be

used to exam ne diffeLdBBhodhc &&@ﬂﬁeﬁﬁb&{’ci@ins X ést ﬁa%x%ﬁﬂaﬁ%&éﬁ 386t O

determ ne gene function.” For exanple, array nstant” pol ynucl eoti de
sequences of telpedtivel appligetionifer theghogedirpf kifhagpenephwbp ratases, which are

transformations therein can be used to determne if any of {he sequences

are differ ent&g‘?r} V‘E’i E%’éeéﬁp’i%ﬂé%ﬂh%?%ﬁli‘e %’@nﬁ gurfage. é&r’?&‘éﬁl %@F‘P&-‘eﬁ’r or

exanple. Hi | ' ' oeell, which is
9&;‘3’61& &51h et tﬁeﬁegéﬁg!rc %ql@ﬁ@céﬁrﬁ aEtivity:

not observed 20 in a correspon an I ndicate a cancer
speci fi ¢ @ ot modulafinfg effeeh bhdhe Exmses st phosphatgpyes byrtiiniingetot the respestive

provides a nethod to jdentif bnornal or | seased t{.ssuge in a human. The
expressi on of "e5eR{OES Qpr@gxﬁ\éﬂ%pﬁarq%néw ?)E%"igﬂegl WHM@F‘E{&% Tgégﬁ%

conpar ed bet V&R ?eatéohscpait; t@éﬁ%ﬁés 1 ﬁgaﬂﬁﬁbt%sie&ftheﬂe&&ﬂﬁ LpeauRdignd a

second, nornmal tissue o . The nornma issue 1s any tissue oOf the
hunman, especi efifdcy whenspretdait exdxaeHakrish &heuahone taeets)itogetheygwiih- sighalimgl gene
i ncl udi ng, but E{‘):tgllirﬁted to, *)Io d cell rain, thynus,  testis, heart,

prostate, pl aReKCHlessFNTEseNtiTE emq%nﬁaég%tﬁﬁétt atihody usgs of the myeptinR 28as .

and the mgosgl,.d éﬂé&ﬂre%ebf@{ gﬁ’& Q&ie@&h%ﬁﬁgfs gcié%.ibﬁ%h&’éﬂgr?“i on products

of nmurine genomc region-re d genes | ssues” are conpared by
any neans known i rThddiagnbstidamiibeligecmsutabdgbomsed drathedyualiiitiveaahde two
tissues is conpar.ed. the two fissues _as_is known

in the art. F@ﬂalélf@iiézﬁrﬁgl %’cﬁ“wgeo o0 RFIduct, PRy DERYPIREHERISPY BRI ne
differences i fuibPGirdltidh Haltered levels of proteins or structural changes therein.
Protein levels may for instance be determined in cells, in cell extracts, in
15  supernatants, body fluids by for instance flow-cytometric evaluation of
immunostained cancer cells. Alternatively, quantitative protein assays such as
ELISA .or RIA, Western blotting, and imaging technology (e.g., using confocal
laser scanning microscopy) may be used in concert with the antibodies as
described herein for the diagnosis of cancers, preferably leukemia.
20 '
Use of Polynucleotides to Construct Arrays for Diagnostics
A polynucleotide capable of hybridising to a murine genomic region of
the present invention as well as sequences and gene products thereof is useful
for determining the occurrence of cancer, tumor progression, hyperproliferative
25 growth, and/or accompanying biological or physical manifestations.
Specifically, the polynucleotides representing the murine genomic regions and
genes affected by transformations therein and encoded polypeptides can be
utilized to determine the occurrence of leukemia, such as AML.
To determine the occurrence of cancer, tumor progression,

30 hyperproliferative growth, and/or accompanying biological or physical



anount of pol ynucl eotide-related nRNA transcripts between the two tissues
using Northern blots and nucl eoti de probes. Increased or decreased
expression of an polynucleotide-related nRNA in a tissue sanpl e suspestrd-07
of being diseased, conpared with the expression of the sane

pol ynucl eotide-related 10 nRNA in a nornmal tissue, indicates manifestation
of the disease. Screening for Peptide Anal ogs and Antagoni sts Pol ypepti de
expressi on products of murine genom c regi4d9n-rel ated genes as well as
corresponding full length genes can be used to screen peptide 15 libraries
to identify binding partners, such as receptors, fromanong the encoded

pol ypept i des. manifestatinnsnghalevelsef polyamcleatidesand/or anededinoypepiides of theinor
i on. ol | i X i ng bi ol ogi cal
b bhyei cai ISERPERN Rtk fafifle ar o Ao PR OSBRI el . o7

are 20 capabl odf tissundi gl brgaiseonfitldegThe hbrﬂ&h&ﬂrﬁf&-@ﬁ%@luﬂ@'a}[’m%f des
encoded by one_or nore of the murine genomc regions listed in Table 1, can

be useful ~ ascelly Fermpppartiqulanprgan gydissuag ox tispues ard/or eallsdupmsheoehong of
I teri t i 0 ti .

ot the. mur Pne 6 BaSH T s8h Rederlnfinei Rl AR ARCEAIS RSl ™" ©
activity and be kus®hlin thdarbsaabt hesdpeutic. A library of peptides naybe
synt hesi zed following the nmethods disclosed in U.S. Pat. No. 5,010,175, and
in PCT W91/ 17823. Apgpbperyedsiterenee betwasndbe spmpde apd neemebperirelsiang any

L abl ' : . Pon. . N "
bi ndi ng, 30" g 0e8 ShANR A d-ARRE L, TOlcRRY RS MR et bea

herein are 25pdBmuldleotidds pnéshathsvded eloBfpeptided btthrsERyetdndEhiionsard deal |y
shoul d resenbl e the conditjions under which the npative activity is exhibited

in vivo, tRat higherithasthossioyndindhe npymak combeal.dhgrresulimindieatedhst r engt h.

Sui t abl ) . | il e hir .
enhancenent oPoqiatis @ SaBAEThEh: Mderodtith Bube b BRRAHPE LR Rpflor s
toxi c side ef he@ndpddyihdbidediracir phheienl siagifestatidnsagoni sts that conpete for

binding to the native %o,l ypepti de may require _concentrations equal to or
greater than the nit pdditionntlempreseniomurigsgeaomic regions can be useful to

diagnose the severity as well as the occurrence of cancer, tumor progression,

15 hyperproliferative growth, and/or accompanying biological or physical
manifestations. For example, the greater the difference observed in the sample
versus the normal control of the expression products of the genes comprised in
said genomic regions or affected by transformations therein, the greater the
severity of the disorder, in particular, when higher levels as compared to a

20 normal control are observed.

Polynucleotide or oligonucleotide arrays provide a high throughput
technique that can assay a large number of polynucleotide sequences in a
sample. This technology can be used as a diagnostic and as a tool to test for
differential expression to determine function of an encoded protein.

25  Polynucleotide or oligonucleotide arrays constitute a specific embodiment of a
diagnostic composition according to the present invention.

To create arrays, polynucleotide or oligonucleotide probes are spotted
onto a substrate in a two-dimensional matrix or array. Samples of
polynucleotides can be labeled and then hybridized to the probes. Double

30 stranded polynucleotides, comprising the labeled sample polynucleotides



i nhibitors capable of binding irreversibly to the pol ypepti de nay be added
in concentrations on the order of the native concentration. 10 The end
results of such screening and experinmentation will be at |east one na¥$ghn-07
pol ypepti de binding partner, such as a receptor, encoded by a nurine

genom c region-rel ated gene of the invention, and at | east one peptide
agoni st or antagonist of the novel binding partner. Such agonists and
antagoni sts.can be used to nodul ate recegpor function i.n cells to which the
receptor is native, 15 or in cells that possess the receptor as a result of

genetic engineering. Further, if the novel receptor shares biologically
i mport ant chabewidtd piobepolyrivtlcvtidesvn olis@nedotide, tad bs datdcedtl @Rithe
agoni st/ ant agonj st bi ndi ng y help in developlng i mproved

agoni st s/ ant ayBhoa P‘b‘#tlocqﬁ-,f ASamPleEchadied aWas apeut i cs, whet her

pol ynucl eoti de or C ed, for
exanple, in the norgfs?%isf)@&mé&g%%g@&gﬁssgg I’E'Iéggﬁiﬁl@oﬁ dez‘%n @Sﬁ)&t%& Endo
433-441 (1997¢ub§&dﬂes ngdéing glags, hﬁsbcteﬂiglq@ej e/murhepmm;eseanpml bmﬂttbdﬁé,

ant i bodi es smal I. nol_ecul es us treat nept . i nclude: ani mal nodel s
and cel | 19 ne§ubﬁ§r%t@|bdseéﬂlqrrp%1§% éﬂéﬁ&?’c’ﬂ%%ﬁ Ryl m@ps spshade |1

pages 1283 to ( nes are
described in B%%%ﬁ’#éﬁm 191%3%%/%?%‘)221 g%pq nglgﬁﬁdegb ggc }%)bfge:dsh%% to
1313 (1997) byadicactbre labelsr #asropharsyeteut i cal Oorrp05| tions and Ther apeutic

Uses 25-Jan-07 53 Pharmaceyti cal coppositi ons can, c i se pol ypepti des,
anti bodies, pol yn’@%q}\é%ﬁil r copftradmgarrprend pmath QMus%g tRYFRINTHIHN ecul es

of the claine AEREEREH N BEER! 690h wehypeRINS dyD Y/ Bb3 1 Wry 3 hereln.

The pharnaceu ca conpositions wl | conprise a therapé fective
amount of 1@i t b@/2731%; 1B INg @pt850d280; PAT NooWi@87/0885Y,nUdE. Patti Nes5,593,868] |

oot Cas us ShSHERE NG perisastl BN, d18s RE0 ., 2o MG o b6 eod R cﬁd Y?eat,
anel i orate, okoPHREEPLS. PACRL! 585695208 M. WONSH/S o083, Al 8. exbivgs

detectabl e therapeutrc or preventative 10 effect. The éffect can be det ected
by, for exanpb@g31¢t8dm cal markers or antigen

Further, arrays can be used to examine differential expression of genes
15 and can be used to determine gene function. For eXaniple, arrays of the instant
polynucleotide sequences of the murine genomic regions and of genes affected
by transformations therein can be used to determine if any of the sequences
are differentially expressed between normal cells and cancer cells, for example.
High expression of a particular message in a cancer cell, which is not observed

20 in a corresponding normal cell, can indicate a cancer specific protein.

Differential Expression

The present invention also provides a method to identify abnormal or
diseased tissue in a human. The expression of a gene corresponding to a

25  specific polynucleotide is compared between a first tissue that is suspected of

being diseased and a second, normal tissue of the human. The normal tissue is
any tissue of the human, especially those that express the murine genomic
region-related gene including, but not limited to, blood cells, brain, thymus,
testis, heart, prostate, placenta, spleen, small intestine, skeletal muscle,

30 pancreas, and the mucosal lining of the colon.



| evel s. Therapeutic effects al so include reduction in physical synptons,
such as decreased body tenperature. The precise effective anmount for a
subject will depend upon the subject's size and health, the nature aB#Jan-07
extent of the condition, and the therapeutics or conbination of

t herapeutics selected for 15 adm nistration. Thus, it is not useful to
specify an exact effective anount in advance. However, the effective anount
for a given situation can be deternmined By routine experinmentation and is
within the judgnent of the «clinician. Specifically, the conpositions of the
present invention can be used to treat, aneliorate, or prevent cancer,

tunor progressi on, They@airpssidon pesdatctyef arine 28ngminvkdgicanedlate gaRERA NS N

bi ol ogi cal or physical manifestations, including |eukaem a. For purposes of
the present e %Wﬁ,ar%ﬁow%%f by, any geangilowpanshg@rt-about 0. 01 ng/ kg to
50 ng/ kg or 0.05 t [ I ! pepti de
or anti body comosﬁ%ﬁ&gfﬁ@ﬁ%%{ygli%g%?{l%lgn\?\ﬁitgg tx'g&ﬂistﬁgé issdcg) r#%(r%lgé'tered.
A phar maceut i BaiyACRNAGS ii4dl ateddaom dhe dwo disbaesnasislrommmiretlic o) For accept abl e

carrier. The term"phar tically acceptabl.e carrier, refers to a carrier
for adninisst reaiainwieow%gfaifgﬁa&iﬁ% 2, ‘?ﬁ‘éﬁi‘?@,ﬁﬁ%éﬂ?rﬁ’én%ﬁ{ff%%?%n& egize or

pol ypepti de, @%{ 4N i . any 30
phar maceutic a%ﬁgglr%r ? ﬁ%’gétjga(} (l)&eegfe[%%%éalq{ﬂs%gﬁaﬁlﬁﬁ%%l etg'?) %‘é{”%‘gt uegtgv?%ﬁis% s

anti bodi es 25asiag Northdrad Hletsndnd ntdedtive probdes ildcmlassdoedsdrsgsddhexpression
conposition, and ich may. be  adm %@féer ed. wi t hout . undue taxi %i ty. Suitable
carriers may ¥an polyaucleptads-yelatpd m M3 tisgee srmgplecnspected f bsiigyr ot ei ns,

pol ysacchari I i i . j i Ayl i no
acids, am nodgg?adggg’o%dﬁ&r#grasvyﬁgr? ég ng%ltg #égﬂ\iﬁ %ﬁ%’%ﬁ“@%ﬁ@éﬁg’ﬁ@dg‘ar riers
are wel | TnownRINA theserofal disdue dngicateisithanifestatien af the dbeaseaceutical |y
acceptabl e salts can be used therein, for exanple, mneral acid salts such
as hydrochl ori des, hydrobrom des, phosphates, sulfates, and the |ike; and

the salts of gLg -h?_f@,cpggiééjgna@%s anglBliesonid@ Propionates, nalonates,
benzoates, and the Tike. "A thorough di scussion of pharmaceutically
accept abl e exci pi dlgpdpdidevemipiredsion prodRets afgharnihe genomic region-related genes
as well as corresponding full length genes can be used to screen peptide
.15  libraries to identify binding partners, such as receptors, from among the
encoded polypeptides.

Such binding partners can be useful in treating cancer, tumor
progression, hyperproliferative cell growth, and/or accompanying biological or
physical manifestations. For example, peptides or other compounds that are

20 capable of binding or interacting with membrane-bound polypeptides encoded
by one or more of the murine genomic regions listed in Table 1, can be useful
as a therapeutic. Also, peptides or other compounds capable of altering the
conformation of any of the encoded polypeptides by one or more of the murine
genomic regions listed in Table 1 can inhibit biological activity and be useful

25  as a therapeutic.

A library of peptides may be synthesized following the methods
disclosed in U.S. Pat. No. 5,010,175, and in PCT W091/17823.

Peptide agonists or antagonists are screened using any available
method, such as signal transduction, antibody binding, receptor binding,

30 mitogenic assays, chemotaxis assays, etc. The methods described herein are



Phar maceuti cal Sciences (Mack Pub. Co., N J. 1991). Pharnmaceutically
acceptable carriers in therapeutic conpositions may contain |iquids such as
wat er, saline, glycerol and ethanol. Additionally, 15 auxiliary substazCcrs.o7
such as wetting or emul sifying agents, pH buffering substances, and the

| i ke, may be present in such vehicles. Typically, the therapeutic
conpositions are prepared as injectables, either as liquid solutions or
suspensions; solid fornms suitable for solghion in, or suspension in, liquid
vehicles prior to injection may al so be prepared. Liposones are included
within 20 the definition of a pharmaceutically acceptable carrier. Delivery
Met hods Once pmsantlnpeeferﬂelde'lbhassmgcmﬂ&iﬁc&ls ideaidpshéuldnssarthbleftdei Nventi on
can be (1) admipistere é@ to, the subject (2) delivered ex vivo, to
cel I's deri vedonsatipngpn ‘?¥ve§ng‘1 matiye achiyityds ?Wbﬂ@dlmqu, thatiisr uedgrr essi on

of recombi na%%,vgbabgic pPeREhnd ol fnle Aol e SplReR glrape w!l generally

be acconpli she gction, elther su ous foneally

i nt ravenousl yamlragonmtsr wuﬂﬂ:exhibatr étyong)rn}:ﬂbhltlomelr@dh‘aﬁcélh@nﬂ oftthe Sialtivleélctﬁﬁ?fc e of
a tissue. The 30 co 05|t|o an al so be adninistered into a tunor or

| esion. Otherahgsmeeniptions ﬁﬁﬁt notepguge foxi¢ side &iffi?*@tﬁ inthe gybiech faonists e al |

et ot 2od AP OAonAA Rl kD th e UBAOS LhARLARAL H | rqgﬁ}%def”a'

appl|cat|ons rticlé guAsor hyposp at'ment nay
be a single d@ﬁﬁeﬁﬁhﬂdnb equmrtoanrrgréaﬂeprthaldolsen@uﬂmaehﬂcentxﬁtium wails for the ex
i i of. transfornmed cells .into a subject are

vivo delivery, and reinplantatio

known in the 1@3&1 bijers capa '%@dﬂ&ﬁgéﬂgverwﬂv&@Hé&%laraﬁptl%maw&ma dg. WO
oS w18 ExoumploeRnaliohbhIn el ofkhe SHL XARLLER! | ONS 1 ncl ude, for
exanpl e, stemce parti cul ar poetic, "cells, nmacrophages,
dendriticl®ells, drhd emdatesxﬂtslcﬁ‘ su&lﬁ) sﬁeaﬂﬁ@i dnd, exjmlrlma[t}itmﬁ vﬁllddeediﬁleagﬁ ds for

both ex vivo and in_vi ations can be acconplished b for exanple,
dext r an- nedi awdno‘ferlaﬁﬁm@e?gs n ag@amﬂeswgﬁétaereﬁ%@rmwéﬁéhy aPBeene

t”ﬁg' ated tr aébﬁo%k'r%on%?&t@@'g@ﬁé of 5! 180eniS:E GHARAB A Y pH R AL On Of

or antagonist of the novel binding partner. Such agonists and antagonists can
be used to modulate receptor function in cells to which the receptor is native,

15  or in cells that possess the receptor as a result of genetic engineering. Further,
if the novel receptor shares biologically important characteristics with a known
receptor, information about agonist/antagonist binding may help in developing
improved agonists/antagonists of the known receptor.

Therapeutics, whether polynucleotide or polypeptide or small molecule,

20 can be tested, for example, in the mouse tumor assay described in Pei et al.,
Mol. Endo. 11: 433-441 (1997).

Other models for testing polynucleotides, polypeptides, antibodies, or
small molecules useful for treatment include: animal models and cell lines
disclosed in Bosland, Encyclopedia of Cancer, Volume II, pages 1283 to 1296

25  (1997) by Academic Press. Other useful cell lines are described in Brothman,
Encyclopedia of Cancer, Volume II, pages 1303 to 1313 (1997) by Academic

Press

Pharmaceutical Compositions and Therapeutic Uses



pol ynucl eotide(s) in |liposones, and direct mcroinjection of the DNA into

15 nuclei, all well known in the art. Various nethods are used to adm ni ster
the therapeutic conposition directly to a specific site in the body. #Jan-07
exanple, a snmall nmetastatic lesion is |ocated and the therapeutic
conposition injected several times in several different |ocations within
the body of tunor. Alternatively, arteries which 20 serve a tunor are
identified, and the therapeutic conpositiog3injected into such an artery,

in order to deliver the conmposition directly into the tunor. A tunor that
has a necrotic center is aspirated and the conposition injected directly

into the now enpty Pkivrescedftichle@nipi¥tionsda@ AMpriRTEyfeptides) ddtHddiss,
directly adm nistered to the surface of the tunor, for exanple, by topical

25 appl i cat i onPdynueleotidem@aitispne, B Aiayiboregelh gr smallyedetalea st thet claimed

certain of the v [BYA t hods, .. Recept or -medi at ed,t arget ed del iLvery
of therapeutic & %%8% ?oﬁig ﬁ%é%l&ocﬁ,pg{f Hi%l%“&ﬁ? ?lggﬁ?%er% s‘ he (ﬂ}%&niaa%‘,%mal
subgenom ¢ pol ERRSRE cOMpried hitROHpRatiEAlE BESIteGrhd B UTSither &l SO used.
Receptor-nmedi ated DNA delivery 30 techniques are described in, for exanple,
Fi ndei s et @l .polypepiddes, anBbediesnodynuck®tites o0 pmadlomplegele) of thodaiged: Chi ou
et al., (1994). Ceng Therapeutics: Methods And Applications O Direct Gene
Transfer (J. Al.n"%ﬁf’?; ed.); Wi et at, J. Biol. Chem (1994) 269:542- 46.

Preferably, receptoThdRdnati@drigflRhRY effBbtivCAMoRhL" dshREARRYSILWGefRERORRE | ONS
contai ning anti bodies of the invention is used to 5 deliver the antibodies

to specific tiasgunt phatherapautic agenidnposdtt mmabowade ainveventemdésizatse,

ri bozyme or RNA ol ynugl.eot i des ,adm ni red_in a.range of, about 100
ng to about 200°RERG BB cr So eRRELY OFerte AP RIS SRS Riig gene
t herapy prpg océtfect. TR EHBEL cahi HANddtate& by Ofor 3R] @ReMital on AREFY 0rOShtiEbn
about 1 g to about 2 10 ng, about 5 gg to about -500 g, and about 20 ji1g to

about 100 g oflevelsl Thewdpeaticoéiscisadsainshideereduetdordin phypical goymptomer sysh
protocol. Factors such ,.as, net hod of tion and_.eff.i cacy of .transf.or,mati on
and expr essi on*¥ e Qdié’rtﬁmpﬁﬂ‘i%t%?@?ﬁe ch’rseﬁﬁféf’e ?ﬂ‘\éuﬁggﬁgaes Sté]‘éﬁw f or
ultimate effi C&@péanuﬁdiﬁheoﬂbyéwéIs%tmm%alﬁmh@ngf@@tae{d SAPAIESThEN 1S

desired over a l'arger area o .
: condition, and the therapeutics or combination of therapeutics selected for

15 administration. Thus, it is not useful to specify an exact effective amount in
advance. However, the effective amount for a given situation can be
determined by routine experimentation and is within the judgment of the
clinician. Specifically, the compositions of the present invention can be used to
treat, ameliorate, or prevent cancer, tumor progression, hyperproliferative cell

20 growth and/or accompanying biological or physical manifestations, including
leukaemia.

For purposes of the present invention, an effective dose will be from
about 0.01 mg/ kg to 50 mg/kg or 0.05 mg/kg to about 10 mg/kg of the
polynucleotide, polypeptide or antibody compositions in the individual to which

25 it is administered.

A pharmaceutical composition can also contain a pharmaceutically
acceptable carrier. The term "pharmaceutically acceptable carrier" refers to a
carrier for administration of a therapeutic agent, such as antibodies or a

polypeptide, genes, and other therapeutic agents. The term refers to any

30 pharmaceutical carrier that does not itself induce the production of antibodies



15 tissue, |arger amounts of pol ynucl eotides or the sane anounts

readm nistered in a successive protocol of adm nistrations, or several

adm nistrations to different adjacent or close tissue portions of, fQ@p-Jan-07
exanple, a tunor site, may be required to effect a positive therapeutic
outcone. In all cases, routine experinmentation in clinical trials wll
determ ne specific ranges for optinmal 20 therapeutic effect. A nore conplete
description of gene therapy vectors, espggially retroviral vectors, is
contained in U S. Ser. No. 08/869, 309, which is expressly incorporated

herei n. Devel opment of specific therapeutic nethods 25 As illustrated by the
case wherei n larspind itd thee hrchnrdhlabmdeivmug thegconigw@itidd, kmdlwhichraggbecat i on as
descri bed abov Qan b to a specifi mut at i on n to a
dysfunctional? Bipuster W1 |“t uﬁﬁ?]’“ﬂﬁ}’esc ?F?{raqrﬁyn%}hg FERcHIBlal ity of

t hat gene may. reat ment .
The functi ona ?%%D gzgghg%cggﬁ%%u%g Sggt?g? ggs'l#eg{?hgﬁ Hg%q%Iyl\%%m{i n the
art, for instaids poyygdycedlictacids, bulyntarmmmnml acsdss anﬁﬁehard—dbfnoly&ﬂex@em t hat
are shown to be hoth differenti expressedeﬁ:gd funchl ongé H]g

for human & un¥stige ¥irvs patiglgss lﬂc GATHETLATE. ¥ oin ELPBHR TodResS, oggmaéyé n and
poi nt nutatiop yataRts of these genes are constructed and tested for their

functional conpetence conpared with wild-type genes 5 (according to |banez
et at. Structural B]Mkniammticaﬂylac@ph&dﬂesam carinbe mpbd thnmngefﬁneexamluj rerrents

for nuclear transp eloid tra i 0 rmation.

Virol 62:1981mgner Pg 5\% Cgtasfh %I@g‘i@ﬂ‘iqscﬂﬁhi?gé%ﬂ‘%ﬁ %‘PSP B3ophi | a

Not ch defi ne nfb‘%?ﬁﬂ t he
receptor. ?t@% g 199%3(illd Eli%ggle%glg??}?a eaédgll?cgjt %E ntification of
10 functi b(hal pz;opa:onattes: ahalonebis) bermmates, hndshe hkelo@thwuugheigmusmn\oﬁr i ants,
i.e. mutant genes thgig ﬁuppreis t he fun tion Q hEIE endo epous
counterparts )?}éargmace'g allg aceqptaple excipian ﬁé?n"t‘v"ﬂ & 1ac Fén suppr esses
the function PﬂaﬂﬁéE@hmaPBbféﬁEé@({M&M‘(&Wd RAONY 16ggEPLOrs by

het er odi meri zati on 11:"1454-63, 1991 These
dom nant - negat i vesPhamambatdeyiacmpadtblpmﬂﬁerbmn thélmpemﬁcﬁ:mmpbsibiloas may

can b pur sucEEBn AP GRED AP TTRtEh SRR AT ORI RO OB,
15 auxiliary substances, such as wetting or emulsifying agents, pH buffermg
substarces, and the like, may be present in such vehicles. Typically, the
therapeutic compositions are prepared as injectables, either as liquid solutions
or suspensions; solid forms suitable for solution in, or suspension in, liguid
vehicles prior to injection may also be prepared. Liposomes are included within

20 the definition of a pharmaceutically acceptable carrier.

Delivery Methods

Once formulated, the pharmaceutical compositions of the invention can
be (1) administered directly to the subject; (2) delivered ex vivo, to cells derived
25 from the subject; or (8) delivered in vitro for expression of recombinant
proteins.
Direct delivery of the compositions will generally be accomplished by
injection, either subcutaneously, intraperitoneally, intravenously or
intramuscularly, or delivered to the interstitial space of a tissue. The

80 compositions can also be administered into a tumor or lesion. Other modes of



their inpaired function. Devel opnent of an inhibitor conpound 20 The present
I nvention al so provides nethods for the devel opnent and production of

i nhi bitor conpounds capable of inhibiting the genes or expression prosygt-e7
di sclosed in the present invention that play a role in the devel opnent of
cancer. Essentially, such nethods are well known in the art and generally
conpri se a nunber of consecutive steps starting with the 25 identification
of genes involved in cancer, in particul abbas disclosed in Exanples 2 and 3
bel ow. by using retroviral insertional tagging, optionally in a specific
geneti c background; b% val i dation of one or nore_of the identified genes as

potential tarySpysHariey melyde topical,pral; ashetesirpd and mwmeneror nore of the
foll owi ng net s J1ans - f ' .he.identified _gene by
Nort hern Bl ot&gl%g‘?lﬁié%?glgﬁhs%r?ggrgng%ﬁq@ qr%’ﬁ%fse?&%l %ép %lr;lar%’nloﬁgst PS%&S?’ e
expressi on prpdutice ghnddrehypdepiayti Bosagerteedtmeht iipb&AGinglod6®d sdheddle; 5 -
determ nati on of tqe_ I?U cti oga | nportance of the identified genes for
cancer: c) pPoditREfBle B9serscbedulsr ession product of the gene: and d) use of
t he expression pr f ¥ r ' . '

I nhi bitor S%omoungqu%o%ufﬂ%??eo%gﬁg?%ﬁ ﬁaélg %?MPLAE&IQHQ%P?E%‘(%%{%%%gé;@ or
human cancer iflte afswhiect anaknowpdnttheaet add déseritheflfinreant imbinatnpt essed genes

for tunor cells.is. deterp b ver-expression as well as by .inhjibition
of the expr eé’%ﬁ]é??twe]t\]ﬂe@é? ggﬂé‘é?é)-ﬁaé’eﬁ 8o §nust9§‘hlv‘ﬂ exreliyo ppRiicgtigpe
transfected ' re\M Sty ' % : 0 i th

pl asm ds encogflc%&igw%\ﬁ%}? ’e%ffbgf?glg’?%# %‘:E.}aag forﬁt t@bggg’:@wtht erference
i s a recent| ymadeopdlagpe dlendeitiv aplie, drhtatmdrreells.ves i ntroducti on of

doubl e-stranded ol i gonucl eqti des desi gned to bl Qck expression of a specific
gene (seel®l bashi rUeHerally, dnkieny of amewgmd@,foag@% eRPGARBeEHTet al |

Sci ence 296: 550- : | }ﬂ;adﬁ; | 0 | and assays,
t he transfect%@glgbg]tﬂ%ggi%%gé)e;%g&%gﬁéexte é?%le%%éﬂgbﬂéé{(ﬁ%%w%raed phenotzpes

t hat are rel eiransfetidon,tdadcinmmnphosphate precipitation, polybrene mediated

transfection, protoplast fusion, electroporation, encapsulation of the
polynucleotide(s) in liposomes, and direct microinjection of the DNA into
15 nuclei, all well known in the art.

Various methods are used to administer the therapeutic composition
directly to a specific site in the body. For example, a small metastatic lesion is
located and the therapeutic composition injected several times in several
different locations within the body of tumor. Alternatively, arteries which

20 serve a tumor are identified, and the therapeutic composition injected into
such an artery, in order to deliver the composition directly into the tumor. A
tumor that has a necrotic center is aspirated and the composition injected
directly into the now empty center of the tumor. The antisense composition is
directly administered to the surface of the tumor, for example, by topical

25 application of the composition. X-ray imaging is used to assist in certain of the
above delivery methods.

Receptor-mediated targeted delivery of therapeutic compositions
containing an antisense polynucleotide, subgenomic polynucleotides, or
antibodies to specific tissues is also used. Receptor-mediated DNA delivery

30 techniques are described in, for example, Findeis et al., Trends in Biotechnol.



cells, e.g. cell cycle status, proliferation, adhesion, apoptosis, invasive
abilities, etc. These experinents denonstrate the functional inportance of
the identified genes for human cancer. 25 Gene Therapy The therapeuti4$s j,1.07
pol ynucl eoti des and pol ypepti des of the present invention may be utillzeg
in gene delivery vehicles. The gene delivery vehicle may be of viral or
non-viral origin (see generally, Jolly, Cancer Gene Therapy (1994) 1:51-64;
Kimura, Human Gene Therapy (1994) 5:845-85gs Connelly, 30 Human Gene Therapy
(1995) 1:185-193; and Kaplitt, Nature Genetics (1994) 25-Jan-07 59

6: 148-153). Gene therapy vehicles for delivery of constructs including a
coding sequer(t@98)f1b20he0apehiouctefl., (1994) GeasTihepasaitiReVRIRbIY ShEr ed
either locally, or,, system.cally. These constructs can utilize viral or

non- vi ral vec#ﬁﬁﬂﬁﬁg%aﬁ .edﬁ%ﬂFbi%F@ rdd- AuBieliERd.yi Ve ejabnd Biokan be

i nduced usi ng &R AR 1 ) 11EXpression
of the coding sequéﬁ?ggggﬁag%%qgi?ﬁ%?ﬂﬁgﬁg%?%@%?ggﬁ%ﬁgég%ﬁ%%%%éﬁh%%%Ogresent
i nventi on can theydrepticeonynsitionts coataininigr artfiodids affthaigverttidisisiusetiesl t o

carry or express. a sel ect.ed..nucleic.acid nolecule of interest. Retrovirus
vect ors thg’t éﬁvﬁ’éf@ﬂﬁ edjes FPRAFLUICHRSYE. described in EP 0 415 10 731; WO

94103622; WD 93/ 25(%Tm\é@egﬁéﬂ%%osiﬁoﬁs cggtfalﬁrgg%t%rglssgaég ’rZﬁo%glé%noﬁ'nRﬁ&)o 345

242. Preferred rec nant retroviruses in €@scCr i
91/ 02805. Packafymglasides|draednsnistaet én faomngs of abtdt 10(Eng boyeniEDhbed
be readily prepared (see PCT publications

retroviral vector consfruyct

WO 95/ 30763 pgﬁsaﬁaﬁ%iygﬁ% nggdramstﬁ%@l pageaatherspyaretacokel | |ines
(al so terned Lokl i f i i ctor
bar ¢l oo i \FeieehtzafiB ranPEEdal SO0 DeRoBOEL 0O apofE D HAMbub e
packagi ng el Img, atemt &reg tomohetf500mghamdnbistzhpgso HBIAB0CRE bB) or m nk

parent cell lines, thereby allow ng production of reconbinant retroviruses
that can sur viwgqmldﬁ’ét‘:?ﬁﬁh@@ﬁ PiediiiaRe a generthemepy prataspk Fagtpansndn al so

OB oY 1 DTSR USSR f o AR ARG L 1
considerations which will affect the dosage required for ultimate efficacy of the
polynucleotides. Where greater expression is desired over a larger area of

15 tissue, larger amounts of polynucleotides or the same amounts readministered
" in a successive protocol of administrations, or several adminiétrations to
different adjacent or close tissue portions of, for example, a tumor site, may be
required to effect a positive therapeutic outcome. In all cases, routine
experimentation in clinical trials will determine specific ranges for optimal
20 therapeutic effect. A more complete description of gene therapy vectors,

especially retroviral vectors, is contained in U.S. Ser. No. 08/869,309, which is

expressly incorporated herein.

Development of specific therapeutic methods

25 As illustrated by the case wherein a specific translocation, e.g. the
t(15,17) translocation as described above, can be assigned to a specific
mutation and to a dysfunctional gene, the identity and more specifically the
functionality of that gene may aid significantly in the development of methods
of treatment. The functionality of a gene may be determined by methods

30 known in the art, for instance by structure-function analysis.



vari ety of al phaviruses, including, for exanple, Sindbis virus vectors,
Semiki forest virus (ATCC VR-67; ATCC VR-1247), Ross River virus (ATCC
VR-373; 25 ATCC VR-1246) and Venezuel an equi ne encephalitis virus (ATZXJan-07
VR-923; ATCC VR 1250; ATCC VR 1249; ATCC VR-532). Representative exanples
of such vector systens include those described in U S Pat. Nos. 5,091, 309;
5,217,879; and 5, 185,440; and PCT Publication No. WD 92/10578; WO 94/21792;
WO 95/27069 WO 95/ 27044; and WD 95/ 079945725-Jan-07 60 CGene delivery
vehi cl es of the present invention can al so enploy parvovirus such as

adeno- associ ated virus V) vectors. Representative exanples include the
AAV vectors discl démesttihaSﬂrQ/athm babyth diffeoonidly exgamsdedidndet al ., J.

Vir. (1989) 63:.3 828 on et al Viro 88) 5,166, 154- 165 and
U b ara e RAR ERalYR B0 3Rt phors afersBlectdd BF bl hymecon,

adenovi r al V%ﬁﬂ?ﬁs']!)éle%ﬁé nERSEATSE hutRY LT HRBE gorRisOr8 chRbtNGSq (1988)
6: 616-627; Rosenfteld et al ci ence (1991) 252:431-434; WD 93/19191; Kolls

et al., PNAS a(mbmyedefprzthgmzfmgctm@ésomsteeme cempartdd witRNadd t1e08gnes

90: 11498- al 3 88:..2838-2848. Guznman et
A G Tesatorbl i handest ol bt 3ha ncinal dofia S0UETT. 207 516,
Li et all., Hidogbiioe Mmeﬁﬂ@@@huﬁeé@&ﬁ@ﬁortcﬂiybﬁd tinsBrmatieH, on nd.-

Neur osci . (1993) 5 1287-1291; Vincent et al., Nat. CGenet. (1993) 130- 134,

Jaffe et al.,coly fogmasion. J M)Gzll%iﬁ 3988; Rekby ehalePpeafic wunca‘@mof( 1991)

101: 195- 202. ene ther vegt ors .abl.e his 15
i nvention al rqsﬁﬂlﬁ%iﬂo{%ﬁbgg 8%38?31%3& v 9\%%%‘(?§ r&g) ¥

93/19191; V\Dt%/r%@%?tgr ¥R 925199941999). ms%%taa@é&eam@ ﬂbﬁﬁﬁbé’oﬁbrpéf DNA
linked to killed adenovirus as described in Curiel, Hum Gene Ther. (1992)

3: 147- 15410myfubetienallpgeiticalalaneaing e avedleas toctominant segstisnvariantiotie. may be

enpl oyed, inclu cationic onden nked or I|n ed to
i1 et adenovPitRbEhesRe tBRL RS e S RRRRL R thalh ehdaaRSS SfuattPimsdis . ¢
3:147-154; | igasKied bided Mnafn‘ﬁhegﬁ&%@xﬁaﬁ@ﬁsﬂ#breésesﬁlh@'fun@i&ﬁ{fbfﬁd‘r&ﬁﬁ)
264: 16985-16987; eukaryotic cell delivery vehicles cells, for_exanple see

U.S. Ser. No.epdderad, gmwthffacrtenrwaptogs by beterodimerizaton. 3¢l CelbBidls/ 404, 796:
deposi tion of 1%'2549 89 | flégalsl ’f ke o(rjr{ﬁ)l e{ negatives provide additional proof for the
‘15  functional importance of the genes and give insight into which therapeutic
- approaches can be pursued to interfere with their function or that can support

their impaired function.

Development of an inhibitor compound

20 The present invention also provides methods for the development and
production of inhibitor compounds capable of inhibiting the genes or
expression products disclosed in the present invention that play a role in the
development of cancer. Essentially, such methods are well known in the art
and generally comprise a number of consecutive steps starting with the

95 identification of genes involved in cancer, in particular as disclosed in
Examples 2 and 3 below. by using retroviral insertional tagging, optionally in
a specific genetic background;
b) validation of one or more of the identified genes as potential target gene(s)

for the inhibitor compound by one or more of the following methods:



25 materials; hand-held gene transfer particle gun, as described in U S.
Pat. No. 5,149,655; ionizing radiation as described in U S. Pat. No.

5,206, 152 and in W92/11033; nucleic charge neutralization or fusion iR g7
cell menbranes. Additional approaches are described in Philip, MIl. Cell
Biol. (1994) 14:2411- 2418, and in Wffendin, Proc. Natl. Acad. Sci. (1994)
91: 1581-1585. 25-Jan-07 61 Naked DNA may al so be enpl oyed. Exenpl ary naked
DNA introduction nethods are described in 90/ 11092 and U. S. Pat. No.
5,580, 859. Further non-viral delivery suitable for use includes nmechani cal
delivery systens such as the approach described in Wffendin et al., Proc.
Nat| . Acad. 5 cBofirmbiSon (of 6i9stjdentifiad)gehd b8 Ndrtlo@m BIbbanalyrsiy inséamgésycell-
intricate rel ationship between the gene sequences as disclosed herein and
t he devel opnert?®§f mal i gnancy as unraveled by the inventors signifies the
presence of nq : thl.s :fLpdi e
Pent1 11 cati on oy aaaEEon o EeRERopdlo BrARITE tho M HRIEohE b kAPl

i nterventi ons methaphmsasceuti cals and the treatnent and prophyl axis of
cancers, and in partjcul ar O]; | eukem a, has now bhecor vaj |l able, which wll
ul ti mat el y o esfetesmyingtiop of the Smnctionatiporiances offhe éfent esigeagcet;n s
disease as weld) pasidoiBLIEHo BERAAMS Hiflu i AANOsbR, 3R Prognosis. 15 The
present inventron now al so provides for a nethod o reatment conpri sing
modul ati ng the expdysse ofitlaf exprossicentidiueest e gtasdoi tiedptvduetion or dedigit her
obj ect of the presept .invention_is to provide for coordi nated design and
di scovery of ROGROHEtarPmMNouNd, eat nent of cancers, and in particul ar of

| eukaem a, and rel ated di seases as well as providing conpositions 20

conpri sing nodul ators of such genes or their expression products which can
serve as dObadismctivnahimpgtenteofitheidentiffadiganesctorihtmar edvpresi tion. The
present invention therefgore also relates to pharpaceutical producgts that
conpri se such nDdJI&’&tfPﬁﬁtl‘é‘Eﬁ;ﬁB@ioﬁaéﬁ% Pfﬂse (ﬁffgmthé}y HHjrassed gepes t%}l'esent

i nvention proyi t t L nhiifti cture of
a nedi canent }fg?ﬁ?ﬁgﬂg% @gglﬁr%e?tbslaﬁ%?c?ﬁ@g‘%g%%‘g%ﬁca}?fbgéncertsl?rﬁgﬁ{ In
particul ar of exprdesivneof thostd genesr Bélatied htinseatemor cell lines are transfected

either with plasmids encoding cDNA of the genes or with plasmids encoding

15 RNA interference probes for the genes. RNA interference is a recently
developed technigue that involves introduction of double-stranded
oligonucleotides designed to block expression of a specific gene (see Elbashir et
al. Nature 411:494-8, 2001; Brummelkamp et al. Science 296:550-3, 2002).
Using standard laboratory techniques and assays, the transfected cell lines are

20 extensively checked for altered phenotypes that are relevant for the tumor
cells, e.g. cell cycle status, proliferation, adhesion, apoptosis, invasive abilities,
etc. These experiments demonstrate the functional importance of the identified

genes for human cancer.

25  QGene Therapy
The therapeutic polynucleotides and polypeptides of the present
invention may be utilized in gene delivery vehicles. The gene delivery vehicle
may be of viral or non-viral origin (see generally, Jolly, Cancer Gene Therapy
(1994) 1:51-64; Kimura, Human Gene Therapy (1994) 5:845-852; Connelly,
80 Human Gene Therapy (1995) 1:185-193; and Kaplitt, Nature Genetics (1994)



The present invention will now be illustrated by way of the follow ng non
limting exanples. 30 EXAMPLE 1 25-Jan-07 62 ldentification of conmon viral
insertion (CIS) |INTRODUCTION To identify comon viral integration si2®%an-07
nouse tunors and tunor 5 derived cell lines, the MULV virus was used. M ce
were either infected with nurine leukema virus 1.4 (Gaffi-1.4 MILV) or
wth Cas-Br-M MULV. The Gaffi-MILV is an ecotropic retroviral conplex
causing leukemas in mce. This viral coggpl ex does not contain oncogenic
sequences itself but rather deregulates genes due to proviral integrations.
Gaffi-1.4 MULV is a subclone 10 of this conplex and predom nantly induces
myel oi d | eukesr1 48153 Bebeitherapy whidley foe delvarytdf ceastrBtts hiluMedevaling

nyel oid or |ynphoid | i gnancies . also as,a result_of retroviral_ insertion
that affect tSaEWRCeqH Fetheraperttiy ofithe mysntionqende admmistererl eithemlogally or

| eukem as Ne : ) L $3: ceqinject W th
100 I of - a coPPetr ol lse GoRbribeoatuiial 5t bRLGRNGRIMBGI BRERIRRY.
produci ng N HEFessien bfsudhesyiéng satgleyices\dadebanridaced asogbrdagbyodsor synpt ons
of illness, i.e., apatrgg, white ears and tail, | rrp?i red interaction with
cage- mat ed, ZDaRERF AN poReterelagous promoters. Hypressionp! the cading seanencesant er ed
from enl arge dLver es, and |ynph nodes. Fromthese
primary tum?og,éﬂg%%(@%%%%dr%& %\f&%%s I'sol ated for PCR-based screening. Blood

sanpl’'es were tak@thefpresernitiavbeEss calronploy 2behbiea reBoalryséswhivhagd snears
and cytospins were fixed in nethanol, My-Gunwal d-G ensa (M35 stained and
anal yzed. 25 coppigneteddio|casyspfetigiesssa epleqipd nackin agd gamlecwle péidarasized by

flow cytonet ' | ; I re | ] he

ol |'ow g r at SRR udbtotstliat thaBE LBty itttk Snlll fooc BB Y 0 b o)
ML/ 70 ( Nec- 1931; WO 8/(F6228W0 9BEBESS; WCRI/R52 5 IVB2 Pat.tIN@ I's; 260/740; and
receptor), TERL19 (GQ/cophori n A, 59-AD2.2 (Thy-1), KT3 (CD3),_ RA3 6B2
(B220) and 258D AR45242. Preferred recombinant retroviruses include those described in

WO 91/02805.

Packaging cell lines suitable for use with the above-described retroviral

vector constructs may be readily prepared (see PCT publications WO 95/30763
15 and WO 92/05266), and used to create producer cell lines (also termed vector

cell lines) for the production of recombinant vector particles. Within

particularly preferred embodiments of the invention, packaging cell lines are

made from human (such as HT1080 cells) or mink parent cell lines, thereby

allowing production of recombinant retroviruses that can survive inactivation
20 in human serum.

The present invention also employs alphavirus-based vectors that can
function as gene delivery vehicles. Such vectors can be constructed from a wide
variety of alphaviruses, including, for example, Sindbis virus vectors, Semliki
forest virus (ATCC VR-67; ATCC VR-1247), Ross River virus (ATCC VR-373;

25 ATCC VR-1246) and Venezuelan equine encephalitis virus (ATCC VR-923;
ATCC VR-1250; ATCC VR 1249; ATCC VR-532). Representative examples of
such vector systems include those described in U.S. Pat. Nos. 5,091,309;
5,217,879; and 5,185,440; and PCT Publication Nos. WO 92/10578; WO
94/21792; WO 95/27069; WO 95/27044; and WO 95/07994.



63 E13 161-7(Scal). Inmunodetection was perforned utilizing a Coat-anti-Rat
anti body coupled to fluorescein isothiocyanate (Q Ra-Fitt) 2. Inverse PCR on
Gaffi-1.4 MULV induced | eukemias 5 Genonic DNA fromthe prinmary tuno2sJamg7
digested with Hhal. After |ligation, a first PCR was performed using
Gaffi-1.4 MILV (LTR) specific primers LI (5 TGCAAGATGECGTITACTGTAGCTAG 3')
(SEQ ID NGO 1) and L2 (5" CCAGGTTGCCCCAAAGACCTG 3') (SEQ ID NGO 2) (cycling
conditions were 1 mn at 94C, 1 mn at 65%5 3 mn at 72C [ 30 cycles]). For
the second 10 nested PCR the priners LIN (5 AGCCTTATGGTGGGGICTTTC 3) ( SEQ
ID NO 3) and L2N (5" AAAGACCTGAAACGACCTTGC 3') (SEQ ID NGO 4) (15 cycles)

were used. The PCRGeaadeliosryweliclé@otidptpreaad ﬁ@eﬂﬁdn&dnﬁalﬁl@é&@% 8.3), 50 nMv
KCL, 1.5 mM Mg z, 200 M dNTP's, 10 pnol of each_prinmer and gunlts of

Tag- pol yner as @arwwerWChra@@fé@ﬁp@sm@tedn@mgsz(éd%rveatox%ﬂﬁ)ra@emteb@e gel and

or oduct s wer ¢ SSUHUIIBROECRe ST TRSoRp bl B Sipachaes 16 3
(SEQ I'D NO 5)Sa§i\ﬂslMlé3: d1§ VeV (PI8IY®3: 3822-FACIRAGEEA AT B VRl (E548)! D NO

6). Virus flanking genonic _sequences were identified using the National

Cent er for 5Bi 366 Aolfiﬁg?néd“lpmét ﬁhtPUAS(W))mhh‘éﬁ]@ellQﬁ]aT dat abases 3.

I nverse PCR and re I\/ULV kem nom c
DNA was di gested W%‘[ ?E %I{ﬁg%%i e aby%c aﬁé&?éh?sree%is&%bgﬁ?
T4-1igase, whibgiBdrkabt, t]ﬁdtdcnnidi@sf(mgsatem 647; Rosehfeldibipdll, 25k rRE FEENS .
Subsequently, an inverse PCR (ICPR) strate was used Wi th £s)rl mers specific

for the Cas-BR25Ri4AIt434 YO 936191900 Kells sinal. dPy4St (@89 4) Ya2 Bu21y; dfpssritislert he

Ace Ach 3 ) Fty OIS BT Puath Rl 8l g BIRINT 57) (oo

I D NG 8) 10f olgBensss-dn482 GROnnasstaed. RER Ry, (I0os) T8 20212007 dihr 0 A1ATEICTG
TTT-3') (SEQ ID NO 9) 25-Jan-07. 64 and pLTR6 (5' -GIG ATT GAO TAC CCG

CTT-3') (SEQ I(I29M75140)7-218y dbieet aboHapm. |Q)¢f§ Tlagr. P193) AARS-408; £ailsud gt ad4C,
30" at 57C, angl 2y RbulRG. (P893)%:1287-1291; Vincent et al., Nat. Genet. (1993) 5:130-
134; Jaffe et al., Nat. Genet. (1992) 1:372-378; and Levrero et al., Gene (1991)
101:195-202. Exemplary adenoviral gene therapy vectors employable in this
15  invention also include those described in WO 94/12649, WO 93/03769; WO
93/19191; WO 94/28938; WO 95/11984 and WO 95/00655. Administration of
DNA linked to killed adenovirus as described in Curiel, Hum. Gene Ther.
(1992) 3:147-154 may be employed.
Other gene delivery vehicles and methods may be employed, including
20 polycationic condensed DNA linked or unlinked to killed adenovirus alone, for
example Curiel, Hum. Gene Ther. (1992) 3:147-154; ligand linked DNA, for
example see Wu, J. Biol. Chem. (1989) 264:16985-16987; eukaryotic cell
delivery vehicles cells, for example see U.S. Ser. No. 08/240,030, filed May 9,
1994, and U.S. Ser. No. 08/404,796; deposition of photopolymerized hydrogel
925 materials; hand-held gene transfer particle gun, as described in U.S. Pat. No.
5,149,655; ionizing radiation as described in U.S. Pat. No. 5,206,152 and in
W092/11033; nucleic charge neutralization or fusion with cell membranes.
Additional approaches are described in Philip, Mol. Cell Biol. (1994) 14:2411-
2418, and in Woffendin, Proc. Natl. Acad. Sci. (1994) 91:1581-1585.



cycles, and an additional 20 cycles followi ng the conditions 15" at 94C, 30"
at 57C, and 2'30" at 72C. Reactions were perfornmed using Expand Hi gh
Fidelity 5 PCR System In case of Sstl digested genom c DNA, the 25-Jan-07
circularized DNA was anplified using priners pLTRO (5 -GAC TCA GIC TAT CGG
AGG AC-3') (SEQID NO 11) and pLTRL (5'-CTT GCT GIT GCA TCC GAC TGG 3)
(SEQ ID NO 12), and pLTR1O (5'-GIG AGG GGT TGT GIG CTC-3') (SEQ I D NO

13) and pLTR2 (5'-GIC TCG CIG TTC CTT GGG, AGG3') (SEQ ID NO 14), 10
respectively. The first PCR was perfor mecd®¥ or 30 cycles 30" at 94C, 1' at
60C, and 3" at 72C. The reaction was carried out with Expand H gh Fidelity
PCR system Nest ngli t.i oyel.e " 4 ' .at 58C,
and 1' at 72C Tg\lgasﬂ:éﬁeﬁac %r?%?g%s%e\g%ﬁlfﬁg% ff/lu %51?2% n%%?@?eﬁgé%q?mé%‘%“%- PCR,
total RNA wasméidoldsaes désuribedhindV0sdl/1 proediehU.S. R atsNo. §580{959nd cDNA was
obt ai ned by reverse transcriptase (R) reactions with an ol i1go(dT)-adapter
primer (5'-Grc codusphermmn-ven deliverseuttyble for wsq mctydes meoghanios) dglivayC wi t h

59 RNA, i _ i i f iy catd : b . PCB
(3 S onc obinSURE SrIAERERR ALY S W gl 8L AT pRIRER B, PO
reactions 50f SHEUBAUR OS] (RY): 1EIS1118985. LTR specific 20 prinmer pLTR6 and the

adapt er prinmer (5 -GIC GOG AAT. TCG TCG.ACG CG.3') (SEQ ID NO 15). PCR
products were di r 89 SrprSEly infrisatpoyedatio betypgedhe geng sRaNeTESs 2de

sequenci ng W {. : [ ' ' I D NO 5)
and ml3 r ever&sl%;Cﬂf)gr}al%rrﬂt\aér]r QI%W&%%W %@W%%ﬁbﬁﬁg eoti de
sequences werigvéstot9sigaiftat the jrbeenyEBE naval roetesrod cantczllrye®ph@mtanal ysi s.
Results 1. Gaffi-1.4 MJLV induced | eukem as Leukem as devel oped 4 to 6

mont hs after subcdf¥miootius fi ﬁ’@r’rd@ﬁmﬁ%lml%/rﬁ aekorg nayel
Gaffi-1. - 2] . L RS - 1%

anal yzed 1fabx W%ﬁ%%%%cﬁﬂﬁ%lﬂgg?lgé Lg‘ﬁgrﬁggjflgér{%ﬁg’%%sa%fﬂ%ya@F%e cel1%. Bl ast
cel | percent ageghylaxidef danoersiand dwpasimgar éiloukddid badRGrWetdman average of

48% Leukem a cells expressed i mmunophenotypi c_marker profiles consistent
with their mavadiaglepppash splaltimagely resuljpta redygtioppygiccuryence angfor + sj x

progression of this disease as well as improved metrhods for diagnosis and

prognosis.

15 : The present invention now also provides for a method of treatment
comprising modulating the expression of gene sequences as described herein.

A further object of the present invention is to provide for coordinated

design and discovery of new drugs for the treatment of cancers, and in
particular of leukaemia, and related diseases as well as providing compositions

20 comprising modulators of such genes or their expression products which can
serve as a basis or an ingredient of a pharmaceutical composition. The present
invention therefore also relates to pharmaceutical products that comprise such
modulating compositions. As a further object, the present invention provides
the use of at least one modulator for the manufacture of a medicament for the

95  treatment and/or prevention of cancers, and in particular of leukemia, and/or
related disease.

The present invention will now be illustrated by way of the following

non limiting examples.

30 EXAMPLE1



5 l eukem as wth blast-Iike norphol ogy showed no i nmunophenot ypi c
differentiation markers, suggesting that these tunors represented very
imature | eukemas. Only 3 | eukem as were of T-1ynphoid origin 25-Jan-07
(CD3+/ MP58-/ Thyl +) and 2 showed m xed nyeloid and erythroid features

(Terl 19+/ ER- MP58+/ F4/ 80+) . These results denonstrate that Gaffi-1.4 MiLV 10
i nfection predom nantly induce nyeloid | eukema in FVB/N m ce. The provirus
fl anks were cloned, subjected to nucleotigg sequencing, and bl asted agai nst
the Cel era and NCBI databases resulting inthe identification of comron
insertion sites. O the genes identified, the ones that were so far not
described to hbeﬂtﬁﬁ@ltibﬁdaficmtmmvirdbi\neéﬁm@;lsgre listed in 15 Table 1
conbined with the novel cancer genes identified from Cas-Br-M MILV i nduced

| eukem as. 2. Cas-Br-M MILV induced | eukem as Cas-Br-M MILV injected newborn
NlH Swiss mc kem as 20 by approximately 140 to 400 days
posti nocul ati le?ﬁése were nmyeloid |eukemas (59%, although
T-ce:I (2199, and ToxdshtFywedndony eiral I(illté@h%on sﬁiﬁukiﬁmi(a&ewaﬁﬁné aﬁdd}xm'l')@ cl one
viral integration sit r R (long ternnal repeat). specific

i nverse PCR adewigpd C%Jgflmﬁ F‘éﬁl%élﬂ‘k VAT Vet usad. W@ﬁ%ﬁ%@?%f“ﬁ%"t&ém%ches

usi ng DNA or i r

carried out o%@ﬁ‘%%%?l;g@u eﬂf‘é@fggﬁgﬂ'g ce%‘W?ﬂl ﬂieltglé ereaé\ﬁ[ﬁﬁ'{p@h&a

based techni qGrafadIweV ioanmedotaopit 2eireviral dongseeausing ldulevnyias g wdesl as. The
provirus flanks. were subjected to nucl eotide sequencing, blasted 30 against
the Celera ana‘flm:wah%naﬂ%é@e? Beb fontRin QUeOogeHC SRRIIATICES Haelf byt sathes_ Jan 07
66 common i ns r

far not descral{e%éégﬂ?%gggﬁ?snvo Ol(}%%ﬁnn%gﬁt}evel g'gar;rgfrl?g‘al\?gﬁlﬁfl]ég g%"b\é?o abI el

conmbi ned 10 t bf thie compiix amhpmdogﬂnmly dhedtde§ nsabl&ddam]@rrﬁiafsl NIHAS sk V

i nduced | eukem as
mice 1nfecte5) 1%J as-Br-M MuL:V develop myeloid or lymphoid malignancies

also as a result of retroviral insertion that affect target genes.

MATERIALS AND METHODS

15 1. Induction of leukemias

. Newborn FVB/N mice or NIH/Swiss were injected subcutaneously with

100 pl of a cell culture supernatant of Graffi-1.4 MuLV or Cas-Br-M MuLV
producing NIH3TS3 cells, respectively. Mice were checked daily for symptoms of
illness, i.e., apathy, white ears and tail, impaired interaction with cage-mates,

20 weight-loss, and dull fur. Typically, leukemic mice suffered from enlarged
spleens, livers, thymuses, and lymph nodes. From these primary tumors,
chromosomal DNA was isolated for PCR-based screening. Blood samples were
taken from the heart. For morphological analysis, blood smears and cytospins
were fixed in methanol, May-Grinwald-Giemsa (MGG) stained and analyzed.

25 Single-cell suspensions of different organs were analyzed by flow
cytometry using a flow cytometer. The cells were labeled with the following rat
monoclonal antibodies: ER-MP54 (ER-MP54), ER-MP58 (ER-MP58), M1/70
(Mac-1), F4/80 (F4/80), RB68C5 (GR-1), ER-MP21 (transferrin receptor),
TER119 (Glycophorin A), 59-AD2.2 (Thy-1), KT3 (CD3), RA3 6B2 (B220) and



Al t hough proviral integrations occur randomy, they may affect the
expression or function of nearby genes. If a gene is affected in two or nore
i ndependent tunors, this indicates that these integrations provide a 25-Jan-07
sel ective 10 advantage and therefore contribute to tunor devel opnent.
Multiple of these common insertion sites were identified of which a |arge
nunber are denonstrated for the first time to play a role in cancer.

| mportantly, several of the other genes Qﬁ@ntified are wel | - known cancer
genes validating the approach. This exanpl’e shows that the pursued strategy
can be successfully 15 used to identify novel genes that are involved in

tumor devel opEaBt161- Lh&@ﬁfdhpﬂcﬁbﬁmﬁ;{/@wmedrﬂﬂﬁﬁﬁ fa0Gogtexedi gagent  of
AML  MATERI AL AND METHODS 20 Graffi-1.4 MuLV-i nduced IeuEem as Newborn m ce

wer e i nj ect edastibedy emuded by nprascaindsqyhiogyanade|(GeBatRit® super nat ant of
Gaffil.4-MILV producing NIH3T3 cells (a gift fromDr. E. Rassart,
Departnent des Siences Biol ogi ques, Universite du Quebec a Mntreal,

Montreal , Quebepav&aRaER olYIGhanfiRl g MudAl afdeect doakymesls for the 25

devel opnent of |eukem a as_previously described (Erkeland, et al., 2003,
Bl ood 10151111- 7) Gempmahd DR MEEars lmexsdvas digested wishiddnalc Adtsirl s f or

PCR- based sct.eenin Er nd, et.al... 2003~ B0 " sv7) . Gyt ol ogi cal
anal ysi s and Pﬁﬁﬁﬂ%’pg%éﬁ%ﬁgﬁHﬁdsoqer€%glqde%ﬁ%%$nG5atﬁé?%sﬁ@éﬁmpe For

nor phol ogi cal paRadsgiIsE’ ToTedA GATYGCETTATEFTEAGTT AR 138 éS_EQ?H) IND: 1y&inganol ,
stained with y- G unwal d- G ensa, and exam ned using a Zeiss Axioscope

m croscope (Ch2I(526CASGRTCRECGAARRAGETE) (SHTD NNl (eydistd condlitigrensi ons
f diff t | d S t i 5,,FACS fl

oyt ot o - ( BeBeth Iontt &bt A AnCat Ui dp Y AE RO BY, Velelh. el \ehil vere

| 'abel ed ag) degestieAFECRERY peiwdry 1(1AOES A@C@T"mmc}rﬁ@g%(}%wm %%08- 18)

with the follow ng rat npnhocl onal anti bodi es: ER-M ER- I\/P58,( ML

(Mac- 1), F4180:R56805L A0S 1 AACAIPREARNCIRSCEATIGE 55 (SBAJ) NO: 1A 9

(Yoot 1 858 AR 2o (R ph 1o, B0l 0,002 (B2 and i, 51
8.3), 50 mM KCL, 1.5 mM MgClp, 200 pM dNTP’s, 10 pmol of each primer and
2.5 units of Taq-polymerase. The PCR fragments were analyzed on a 1%

15 agarose gel and cloned in a TA cloning vector according to standard
procedures. PCR products were sequenced with the M13 forward primer 5'
GACCGGCAGCAAAATG 3' (SEQ ID NO: 5) and M13 reverse primer 5'
CAGGAAACAGCTATGAC 3' (SEQ ID NO: 6). Virus flanking genomic
sequences were identified using the National Center for Biotechnology

20 Information (INCBI) and Celera databases

3. Inverse PCR and real-time PCR on Cas-Br-M MuLV leukemias
Five ng of genomic DNA was digested with Sou2A or with Sstl. The

products were treated with T4-ligase, which resulted in the formation of

25 circularized products. Subsequently, an inverse PCR (ICPR) strategy was used
with primers specific for the Cas-Br-M MuLV LTR. For the Sau24
digested/ligated fragments, the first PCR reaction was carried out with
primers pLTR4 (5-CCG AAA CTG CTT ACC ACA- 3) (SEQ ID NO: 7) and
pLTR3 (5-GGT CTC CTC AGA GTG ATT-8) (SEQ ID NO: 8), followed by a

30 mnested PCR using pLTR5 (5-ACC ACA GAT ATC CTG TTT-3) (SEQ ID NO: 9)



antibodies coupled to fluorescein isothiocyanate (GRa-FI TC) (Nordic,

Til burg, The Netherlands). Inverse PCR on Graffi-1.4 MILV i nduced | eukem as
15 - Genomic DNA fromthe primary tunors was digested with Hhal (CGCCG .
After circularization by ligation (Rapid ligation kit, Roche Di agnostddegn-07
Mannheim Germany), a first PCR was perforned using Gaffi-1.4 MLV (LTR
specific prinmers LI and L2 as described in Exanple 1. Cycling conditions
were 1 min at 94C, 1 min at 62C and 3 min at 72C for 30 cycles. 20 For the
second nested PCR, the prinmers LMWN and L2I\b£s described in Exanple 1 (15
cycles) were used. The PCR reaction m xture contained 10 mM Tris-HCL (pH
8.3, 50 MM KCL, 1.5 mM MyC12, 200 M dNTP's, 10 pnol of each priner and 2.5

units of Tag- RRIMPETRE &5’ (Fher BTG C Pars et cPresiemEqQ ThenBChy). dycrgnent s

were anal yzed on_a 1% agarose gel. 25 Detection of virus integrations by
speci fi ¢ nest edn@xtRosdoribetdr R Re were 1508 tPE%At300 At 6°C andP #tf72°C far pPovi r us

In particular _\virus-targseted S_in ext ended el » e 10A5, . a
nested PCR vvasc_yc%é’rzf% ﬁ%%ﬁgﬁlﬁ%rcg%efﬁﬁmg tt ?’rﬁ?’gﬁﬁ%‘?‘ (i% h%t #ﬁ“g}%Péﬁi
virus integratg7oq, aAd 2AI0e af TR R@&Hﬁn@ﬁ@%%bﬁoﬂﬁbﬁfﬁéﬁxg@xﬁmﬁ M2z WRiR1H$ ed
I n conbination with 25-Jan-07 68 Gaffi-1.4 MILV LTR specific priners LI

and L2 (sed al®eRSygtare. I casepé SsHyligested cenamnis IWNAethe eicenloriged DNA wag2 C,

XIN and xen (a0 Bee iU IR AT ORERG A GTRARG MGl o et on
wi th nested LE@E@EN@P]W&H’%E’I@I kep & dR2NTIndeA The GATETGansh ESEX?S-
The obt ai ned CRNproducts were analyz Sout hern blotting. To verify the

correct nat ur dDoNQ:H&),zarpl PETBAO (Heli ?GEZG(BT&QTW@_P@ OBG8) EP R INVNG:
phosphat o but 129 engirint s (I PO b s niadg Bl e B Wil o ere
vi sual i zed gby rashertadlyR ARt PORHEL gGrﬂ)ﬁnb@ fet SeRICh JUogedacey {tMdorCat i s
et at., 1982, Ml ecular doning, A Laboratory Manual. Cold Spring Harbor
Laboratory, Caindl $mtiT25CHER seactivaviatoedryied ot otitl Eixgend éligh fideliiy GBI s
system. Nested PCR conditions were 30 cycles of 30” at 94°C, 1’ at 58°C, and 1’
at 72°C. This reaction was performed with Taq polymerase.
For RT-PCR, total RNA was isolated through a CsCl gradient. First
15 strand cDNA was obtained by reverse transcriptase (RT) reactions with an
oligo(dT)-adapter primer (5’-GTC GCG AAT TCG TCG ACG CG(dT)15-3) (SEQ
ID NO: 15) at 37°C with 5pg RNA, using the Superscript™ Preamplification
System. Subsequently, PCRs (1’ at 94°C, 1’ at 58°C, 3’ at 72°C (30 cycles)) were
performed on the RT reactions of the leukemias by using the LTR specific
20 primer pLTR6 and the adapter primer (5-GTC GCG AAT TCG TCG ACG CG-
3) (SEQ ID NO: 15). PCR products were directly cloned into pCR2.1 and
subjected to nucleotide sequencing with the M13 forward primer
5'GACCGGCAGCAAAATG 3'(SEQ ID NO: 5) and m13 reverse primer
5'CAGGAAACAGCTATGAC 8 (SEQ ID NO: 6). Nucleotide sequences were
25 compared to the NCBI and Celera databases for analysis.

Results
1. Graffi-1.4 MuLV induced leukemias
Leukemias developed 4 to 6 months after subcutaneous injection of

30 newborn FVB/N mice with Graffi-1.4 MuLV. Forty-eight of the 59 leukemias



PCR products were sequenced using an ABlI 3100 sequencer (Applied 15

Bi osystens, N euwerkerk a/d IJssel, The Netherlands) with the Gaff.-1.4
MuLV specific forward primer LI. Virus flanking genom c sequences wer 5-Jan-07
anal yzed using GenBank (National Center for Biotechnology Information),

Cel era Discovery System (Cel era Genom cs, Rockville, MD, USA) (Hogenesch et
al ., 2001, Cell 106:413-5; Kerlavage et al., 2002, Nucleic Acids Res. 30:129
20 36) and Ensenbl (Wellcome Trust Genone éBanpus, Hinxton, Canbridgeshire,
UK) (Hubbard et at., 2002, Nucleic Acids Res. 30:38-41). Results

Gaffi-1.4-induced | eukem a 25 Ei ghty-nine newborn FVB/N mce were
i nocul at ed wi {4 % aalyzed exhitited mospholpgical charaetenisties shwyrloid eellsa Bdast

hemat opoi eti c a | Si ] ' j t t .S f_ | eykem
and wer o oxcl COLHRPBAEE 8k BofmatteyafheR e AE Bl AR arPrass By e s
was per for med48%dIvakerdsa coll@Preshediifnlh dAHHAR m%@k%iﬁﬂes@éﬁlsﬂtéﬂtce _
(Joosten et at., 2002, Exp. 30 Hematol. 30:142-9). Mbdst of the [eukenic mce

had i ncr easedwithhiheismyelad apapagnce,6og.pBR-MESAL ER-MES8HL 6818 cERr k- Sy
decr d . . | | | 1. |
Cont ror o (Bat BukpSas B 6lag)-818 Mok Bilody 886wed S il GRHAR e, T anged 1 om

24 to 90% wi t Riftirendietian en ke Yugkaulpnihet €RddeSunidrd Moy sBhied vigy e
i nmunophenot yped. The nmmj or immunophenotypic features 5 of these |eukem as

are given in Taplasup lepkbmias Qulyicdenbemigraverernfilbbimeplenigd saigan No.  of
myel o d Grl +, (EOPRRIEORUEIII AL oM abmbedradSioid Y PR Bre iR h000
(gesfr)(b), (TRsr1139IERBIRSS-SF4M09). OTbsa rdsutts demonstrate that Graffi-1.4 MuLV
10 infection predominantly induce myeloid leukemia in FVB/N mice.
The provirus flanks were cloned, subjected to nucleotide sequencing,
and blasted against the Celera and NCBI databases resulting in the
identification of common insertion sites. Of the genes identified, the ones that
were so far not described to be involved in tumor development are listed in
15 Table 1 combined with the novel cancer genes identified from Cas-Br-M MuLV

induced leukemias.

2. Cas-Br-M MuLYV induced leukemias
Cas-Br-M MuLV injected newborn NIFH/Swiss mice developed leukemias
20 by approximately 140 to 400 days postinoculation. Most of these were myeloid
leukemias (59%), although T-cell (21%), and mixed T-cell/myeloid (21%)
leukemias were found.
To clone viral integration sites, a virus-LTR (long terminal repeat)
specific inverse PCR as well as RT-PCR were applied as complementary
25 approaches using DNA or RNA from 35 myeloid leukemias. The inverse PCR
method was carried out on 19 primary leukemias and 9 cell lines, whereas the
RT-PCR based technique was performed on 12 cell lines and 2 primary
leukemias.
The provirus flanks were subjected to nucleotide sequencing, blasted

30 against the Celera and NCBI databases resulting in the identification of



[ rnrn+, W21+, (f4/80 ,G1| , B220, Mac IIl differentiation I+ gcsfr) 43

Mar kers 1V nyel o-mmocytic Inun , GI", gcsfr , (F4/80), (Macl+), 15 blasts
(B220) V Erythroid Terl19 , MP21 (Seal) 4 Total 76 a(lmmt) indicates25-Jan-07
positive staining for i mmature hematopoietic cell markers Scal+, MP5S+,
MP54+, (Thyl +). bMarkers between brackets are not 10 consistently expressed
on all individual tunors. Based on these criteria, the | eukem as were
classified as T-1ynphoid, m xed |ynphoid/gy ythroidl nyeloid, nyeloid,

nyel o-nonocytic or erythroid. Fifty-nine |eukem as were anal yzed

nmor phol ogi cally. Alnost all of the mce 15 showed spl enonegaly of which 25%
t hynus enl ar geommon ingestivit sitésy ffithe gones ahtifigdnidietonas dhabMetd stefar not

i nvol venent. I,n 5% qf telg}e. mce, .l eukem.c cells were present_in the BM and
bl ood, wi t houflesief t8 HBP{%]S’&fi %?wﬁr dFYRﬁ%@%%WEe. ligtgd i liable heegbinedon
sitesin G-1 | Belg I ' . < ) LSyl jconjunction
w t h dat abase@%rcheﬁ%ﬁﬁ@ﬁ%ﬁs gﬁtngtﬁiaéfiqg%ng%%gﬁf?%ﬂn?ﬁ/ﬂcgg i ntegration
sites out of &sukemmmwss, 38 of which had been found previously in other

st udi es. anples of this latter group of CIS are p53, Notch-1, Evi-1, NFl
(Evi-2), Lek-1, Pim1, HoxA9 (Evi-6), Fli-1 and N-Myc. 5 Notably, 79 of the
94 integrati opgsuesSiOnNdirectly inplicating the affected genes in |eukenc
transformation. The remaining 15 have been included in this report because
closely rel ated fafAdthpughmeyisabintegrationgesas randeniy they may affdebthest udi es.
Fifty-six of the identified.seqpences were pped. near ,or . i novel

candi dat e | euREPTESSI9B P Sunghion afﬁ?ﬁf&@eﬁ?s'tlﬂg E5Re Lt %Ptﬁf&}fégw‘i’l%gmﬁ%en 10
classified in; i S d - S | | es
(Tabie 3), ripupepdruetlt BNRLIRRS o e i oL SRR Mo of
gene prodQct sdwantage egudl thevefpre aindsibiite @t therorpevhlopyenteMmltiploN thésebi | ity

and proteasopal, | gel100) 0T, WA SSHERERS RPN, LURGASRS (Table ).
demonstrated for the first time to play a role in cancer. Importantly, several of
the other genes identified are well-known cancer genes validating the
approach. This example shows that the pursued strategy can be successfully

15 used to identify novel genes that are involved in tumor development.

EXAMPLE 2
Definition of novel routes for development of AML
MATERIAL AND METHODS

20 Graffi-1.4 MuLV-induced leukemias

Newborn mice were injected subcutaneously with 100 ul of cell culture
supernatant of Graffil.4-MuLV producing NIH3T3 cells (a gift from Dr. E.
Rassart, Department des Siences Biologiques, Universite du Quebec a
Montreal, Montreal, Quebec, Canada). Mice were treated and analyzed for the

25  development of leukemia as previously described (Brkeland, et al., 2003, Blood
101:1111-7). Chromosomal DNA was isolated from the leukemic cells for PCR-
based screening (Erkeland, et al., 2003, Blood 101:1111-7).

Cytological analysis and immunophenotyping of the leukemic cells



Approxi mately 15% of the virus integrations identified in this inverse 15
PCR- based screen were determned to be common (nore than 2 integrations in

a particular genomc locus) in the initial screen. To determ ne the 925.Jan-07
frequency of comon integrations nore sensitively, we perforned integration
specific PCR reactions on 49 G-1.4 target genes (tables 3-5) as descri bed
el sewhere (Erkeland, et al.,. 2003, Blood 101:1111-7; Joosten et al., 2002,
Oncogene 20 21:7247-55) of which nost (96@% appeared to be common. The genes
flanking the virus integration sites were %onpared with data fromthe

Nati onal Cancer Institute retroviral tagged cancer gene database (RTCGD) at

http://genome2. nei gk fm8QHoRe0 AGTys SO BIdRAS rehal Eﬁd%%rié)sgg%ovﬁrg &4 in

integrations that are present in this database or we I'n "ot her
studi es have bmethaa®l,miained with May-Gelirwehk@idmsal abldesathindd asigg Zé&iadi | y

menbers of G-1.4 targeted genes.found.in _other studies are Listed _in the
col uim "i dent i4¥'8OPP CF?fc?rg%r@i‘ﬂ. e’f@ﬁgﬁ\}’gy eﬁsﬁ’e&‘wmilﬁﬂﬁ%é?aﬁ%ﬂ%c@bcur red
in or near 5 ®epensi ; . i } | evel s of
hese gones. ar e or o o e e R B b By YRl | B O o
Cl S were edXcl UBACUStan flowatybomaB®rvBetton Dikkeingem end Con dMoarshinyVieay$Ag gene

s oS AT PR bR Aefoe s s aRhsie o ol Mirogy
genesCalcy Pt 5 | RAA ) kS onfblona NG des RS St one

H3.3A, api-5, RIL, D6Mrbe and two enes. Scussi on 1i s study,
we have enpl oyM&5SBNMA/ T (Meac1pW'4/80, RBESCHE (@Ri13, ERIMB21 ttranskafifiiredepdor),

cut o nyel of d TEOREHGDEARSIER A ARG (T Dn bt (e B RE HER B praan 1y
i nvol ved tiper ey 16n70<se¥4@r ﬁahfuxﬁdgﬁacﬁ%nw@&s;gegmﬁfedvlmﬂg 5&;&-&1&_%05, €.g.,

Mol oney, AKXD or Cas-Br- the nost prom ne y appear!i tunor types are T
and B cel | | ynpitidwasesasvaipled iwafeoresceBxidtinyestaonbe (GyRa FITOY Nofdic, Tilburg,

contrast, nore_th 80% of ,the | eukem as i nduced by G-1.4 unequivocally
exhi bited i nn&”%?pﬁgmﬁr%ﬂ‘%)'char acteristics of nyeloid cells, wth immture
nor phol ogi cal features (mainly nyel obl asts), enphasizing the 16 uni que

features of the G-1.4 virus conplex as a tool for characterizing
Inverse PCR on Graffi-1.4 MuLV induced leukemias

15 - Genomic DNA from the primary tumors was digested with Hhal
(CGCQ). After circularization by ligation (Rapid ligation kit, Roche
Diagnostics, Mannheim, Germany), a first PCR was performed using Graffi-1.4
MuLV (LTR) specific primers 1.1 and L.2 as described in Example 1. Cycling
conditions were 1 min at 94°C, 1 min at 62°C and 3 min at 72°C for 30 cycles.

20 For the second nested PCR, the primers L1N and L2N as described in Example
1 (15 cycles) were used. The PCR reaction mixture contained 10 mM Tris-HCl
(pH 8.3), 50 mM KCL, 1.5 mM MgClz, 200 pM dNTP’s, 10 pmol of each primer
and 2.5 units of Tag-polymerase (Pharmacia, Uppsala, Sweden). The PCR.
fragments were analyzed on a 1% agarose gel.

25
Detection of virus integrations by specific nested PCR

To determine the localization of the Graffi-1.4 provirus in particular
virus-targeted genes in an extended panel of leukemias, a nested PCR was
performed on DNA from primary tumors. For the first PCR, virus integration

30 site (VIS) locus specific primers X1 and X2 were used in combination with



pat hogenetic nmechanisnms in nyeloid di sease (see table 2). Indeed, the
majority of the CI'S described here have thus far not been reported in the
extensive screens in the | ynphoma nodel s, although sonme overlap was
observed. The latter is not surprising in view of the fact that cell 2B5-fanp@7
specific events usually inpinge on downstream common regul atory pathways
that can be affected in nultiple tunor types. Although nost of the G-1.4
Cl S have been linked to candi date di sease genes based on their proximty to
t hese genes, proviral integrations have bee® reported to influence gene
expression over distances of nore than 100 kb. 25 Thus, it cannot be

excl uded thatﬁgenes | ocated nore distantly fromthe CIS are also

der egul at ed arfaraffiak-4 MykV i ER greralic primezs {4 anddldseq alsnBignreils. Cydling
ddition, th obhe r.et i Ral . t
currently  beroatils PERCE hindat FaliBlE0l, B TARERE B IR P e e

by replicati GRceaiPER; Mested VIBLiFdésaspamerdXUN dnd xizNgg.e. x%omlcxgéieﬂal
0]

rat her than 30 nonocl onal. Although this gives riset i requenci es of

Cl'S in rel ati \awegifieprogaprs) werg Asedin forsbmstion voth mesked ETlg@pﬁqjﬁi: prEEst he
search for co at i vents.wmthin o | eykem,c cl Secon t he
sensitive écmﬁgﬁgél&d{@ﬁﬁﬁn&%gﬁ%gﬁe P%né}ﬁaﬂﬁm@owgfgﬁéﬁpg?&éﬁ‘éerﬂo not
al | ow di st i nctgmiyiat hessutbePn BIAGARE Tb Redfy 1HR @tidcy nafurehht theukfyhredce! | s,
initiating an early pathogenic event, and CIS 5 present in only a m nor

popul ati on of hesidssthepblotmweye hyliredized ithatadestnbeled goge eparifiaprdreP1 and

or ot er ance 1 obd it St BRRREPOAS S M niteoRafe Doty BRLTR, 2a i P af0 © °
2003, Sci ence FNPEDTIO-ovbinighh! SiBh&RESAdre G wAIMEY By@ut_&ra@io%ﬁ%f@@éﬁ&ﬁlgt hi's
conclusion and indicate that retroviral nmutagenesis with 1 \Y

pref erent 18 | yto shandardgiropertures Maniatis 6 ol 489, i Molkesulge {8oninge dul.atioratory

Ser cens w th-chanep CH SHRa e AR oot B BerrRr ORI Er [ikhvays
involved in nyeloid |eukema. Currently, we are studying the

consequences. of aberrant gene 15 expression or function enploying gene
transfer net hd¥uckegpideseamenetanadysis primary bone marrow cul tures.

PCR products were sequenced using an ABI 3100 sequencer (Applied
15 Biosystems, Nieuwerkerk a/d IJssel, The Netherlands) with the Graffi-1.4
"~ MuLV specific forward primer L1. Virus flanking genomic seduences were
analyzed using GenBank (National Center for Biotechnology Information),
Celera Discovery System (Celera Genomics, Rockville, MD, USA) (Hogenesch
et al., 2001, Cell 106:413-5; Kerlavage et al., 2002, Nucleic Acids Res. 30:129-
20 36) and Ensembl (Wellcome Trust Genome Campus, Hinxton,
Cambridgeshire, UK) (Hubbard et al., 2002, Nucleic Acids Res. 30:38-41).

Results
Graffi-1.4-induced leukemia
25 Eighty-nine newborn FVB/N mice were inoculated with Graffi-1.4. When
moribund, mice were sacrificed and hematopoietic organs were isolated. Six
mice died without signs of leukemia and were excluded from further
investigation. Standard blood cell analysis was performed and values
compared with the mean of 10 normal FVB/N mice (Joosten et al., 2002, Exp.
30 Hematol. 30:142-9). Most of the leukemic mice had increased numbers of



Conclusion Acute nyeloid | eukema (AML) is a heterogeneous group of

di seases, 20 in which chronosonmal aberrations, small insertions/deletions,
or point mutations in certain genes have profound consequences for 25-Jan-07
prognosis. However, the majority of AM. patients present without currently
known genetic defects. Retroviral insertion nutagenesis in mce has becone
a powerful tool to identify new di sease genes involved in the pathogenesis
of 25 | eukem a and | ynphoma. Here we have69sed the Gaffi-1.4 nurine

|l eukemia virus (G-1.4) strain, which causes predom nantly acute nyel oi d

| eukem as, in a screento |dent|f novel genes involved in the path enesi s
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expr essi on as consequerice of 2V Tus 1n egratl on, 18 CI'S were exclusively 5
| ocated within the gene, conceivably causing gene disruption. EXAMPLE 3
Large scale identification of novel potential disease |loci in nouse |eukem a
MATERI AL AND METHODS 10 Cas-Br-M MiLV-i nfakie?l | eukem as The N H Swi ss
derived Cas-Br-M IVULV—lnduced primary tunors used in this study are: for

| PCR CSL 13, (62022 20, 5 ¥ PR NN, . Te PN « o TR (Y PR 5T T 93,
111, 117, 123, 201, Zaaeukﬁma tﬂiBZ 221 Zhﬂmunﬁﬂ;enzﬁﬁjednd 239 an T

RT- PCR. CSL: zte-l-a-nd-aﬁ?r—eae St 556 69308 GIREMIAS || o

15 isol ated fromyl euke ﬂ”?%’;é ns were stMIQd \(mzetl Tuyu*n al i quots |2n l'i qui d
nitrogen. The %h_a M|IJIHMLlel|i7pdIhThI&QTIldV f or
| PCR. DA 24, gnd NFS ixedlymphgid, 6Q, 61, 78, ,and 124. and-for RIT- PCR DA

1, 2, 3, 8, 33, gnd NFwhooid, ‘mpeloidg. ' 611 , T80  MacinmmAa), CPI ket ay,, 1997
Bl ood 90: 1448. 1457). VHEEGEEe || nes Be205 Gl @eaHIPM pl us 10% i bt al
cal ves' markers -

Myeloid +
I differentiation Imm"*, MP21 (f4/80 ,Gr1*, B220%, Mac- 43
Markers > 8osft
v myelo-monocytic Imm", Grl°, gesfi, (F4/807),(Macl+), 15
blasts | (B220%)
\ Erythroid Terl19", MP21" (Scal™) 4
Total 76

a(Immt) indicates positive staining for immature hematopoietic cell markers
Scal*, MP58+, MP54*, (Thy1*). YMarkers between brackets are not
10  consistently expressed on all individual tumors.

Based on these criteria, the leukemias were classified as T-lymphoid,
mixed lymphoid/erythroid/myeloid, myeloid, myelo-monocytic or erythroid.
Fifty-nine leukemias were analyzed morphologically. Almost all of the mice

15 showed splenomegaly of which 25% thymus enlargement, 20% with lymph
node enlargement and 55% liver involvement. In 5% of the mice, leukemic cells
were present in the BM and blood, Witltout overt peripheral organ

involvement.

20 Virus integration sites in Gr-1.4 induced leukemias



20 serum (FCS) (G bco Life Technologies Inc., Gent, Belgium and 10 Units of
nouse | L3. The frequency of virus integrations was determ ned both on cell
lines, and primary | eukem as. |PCR and RT-PCR 25 Isol ation of genom c 28NAn-07
was carried out exactly as described previously (Valk et at., 1999 J.

Virol. 73:3595-602). Five pg of genomic DNA was digested wth Sau3A, Puull
or Sstl (A BCO Life Technologies Inc., Gent, Belgiun). The products were
treated with T4-1igase (A BCO Life Technolggies 1Inc.), which resulted in
the formation of circularized products. Subsequently 30 we perforned an | PCR
strategy using prinmers specific for the Cas-Br-M MILV 25-Jan-07 74 LTR For
t he Sau3A di gest edPCRoaiadglsik ingomjnhstion ket databasiChareled identified a teaullof ed
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2 nin 30 sbat Nodablyrg%ef thmds Huperasions renSdS ditestly EBapdicatingithe affeetei t y PCR

System (ROPhe ptct zzﬁh&ﬁ%&%@%}fn‘aﬁgﬁ 'ﬁ{éj}émgﬂgnggrggla%g#%?ﬁélﬁgeﬂﬁpom ¢
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GTGAGGGGTTGT Gheetfer stydiesetifyrrivef tll@,ydea e Eerwr{%s were mapped near or in

perf ormed f or P90 caaaed Jken Jebeh. TH ploBRBETH LhE witsorhR bl bl Shode™ v
React i ons1@er elagsifietd¢a thu&'oMWiﬁgE&mnﬁleHI xgbeﬂ-_tbfbemd yighehng sydeaites ubie) .

Nest ed PCR conditions were 30 cycles of 30 s at 94C, .1 mn at 58C, and 1
nmin at 72C. Tﬁ?@eg@aéws(ﬂf tyanscpiption (Febled) emdthe romajpipe £7eup ohgenes ham

ggaaggglr?bzho Fevi o%g’?@‘e’%%qbﬂﬂﬁ é\g&&gggﬂ}% yﬁlg(@\y\@?& gﬁl &%erl ed out

i sol at ed t hr oygtteasdadll taggetih @nir. with katreatlyanknoiuirtiond(Balile d).by

Approximately 15% of the virus integrations identified in this inverse

15 PCR-based screen were determined to be common (more than 2 integrations in
a particular genomic locus) in the initial screen. To determine the frequency of
common integrations more sensitively, we performed integration specific PCR
reéactions on 49 Gr-1.4 target genes (tables 3-5) as described elsewhere
(Erkeland, et al.,. 2003, Blood 101:1111-7; Joosten et al., 2002, Oncogene

20  21:7247-55) of which most (96%) appeared to be common. The genes flanking
the virus integration sites were compared with data from the National Cancer
Institute retroviral tagged cancer gene database (RTCGD) at
http://genome2.ncifcrf.gov and other sources (Table 3). The Gr-1.4 integrations
that are present in this database or were reported in other studies have been

25 marked with a reference in Tables 3, 4 and 5. Family members of Gr-1.4
targeted genes found in other studies are listed in the column "identified
family member". Most of the virus integrations occurred in or near 5' or 3' ends
of the genes, suggesting that expression levels of these genes are deregulated
as a consequence of virus integration. Eighteen CIS were exclusively located

30 within the gene, conceivably causing gene disruption. This group comprises the



reverse transcriptase (RT) reactions with an oligo(dT) -adapter prinmer (5'-
GTCGCGAATTCGTCGACECEH dT) 15.3") (SEQ ID NO 15) at 37Cwith 5 g RNA, using

t he Superscript M Preanplification System (Life Technol ogi es, 25 Bredgs_jfhe7
Net herl ands) according to the instructions of the manufacturer.
Subsequently, PCRs (1 mn at 94C, 1 mn at 58C, 3 mn at 72C (30 cycles))
were performed on the RT reactions of the | eukem as by using the LTR
specific primer pLTR6 and t he adapter pri7 r (5' - GTCGCGAATTCGICGACCCG 3')
(SEQ ID NO. 15). PCR products were directl'y cloned into pCR2.1 (Invitrogen,
30 Breda, The Netherlands) according to the instructions of the manufacturer

and 25-Jan- ngre%lﬁ%bhﬁg‘iéﬁ‘é& &i?u%k&%tﬁ&ﬁhgl?ﬂﬂaﬂ?%lgﬁgkgg{ %5?(;“ gg‘?pces

were conpared to the | dat abase for analysis. uthern
bl ot hybri di zaid enkb@nd lignew ggees valyphvsine phatghbdiestorgser Il | QRS as

or cell lines j ected CR wi_t ri LTR] and | ocus specific
primer A (Fi ghrﬁﬁﬁgﬁ&_g@&ﬁm’s éﬁ"ia@l'ér Mr]é%ge?a’;&t‘ﬁﬁ PaSEnGer e
designed specific for each of the sequences of the fragnents generated by

Inverse- or RT-PCR Primers were purchased fromLife Technol ogies. One | of
PCR produdt wRiseussieferred 10 to a nested PCR reaction using prinmer pLTR2

and a nested | ocus, specifi.c nLimer  B. cle.conditi.o for both reactions
were 1 cycle 5 min'a I%ﬁtd'},dys?y% hayg el _dsl_na‘fw‘éﬁ Fo‘ilr?r;ll'slﬁ_‘l%g?,neilsﬂism%o s at
72C, 1 cycl e fheBipaffitl.42Cr- 1A virdPeonSHIes td identi®f n8RdoRtdgeE tR1d Was bet ween
48C and 62C. PCR was carried out using Taq pol ynerase (Amersham Pharmaci es
Bi ot ech). PCRpgfhogemesss oiea@tqms@ﬂ@dtlmdmmae(égﬂmbwadentﬁy/hngg%hadé@agm and

t f dt bond=Nl . nyl nb A ham .Ph ia Bi.otech) with
0 55° M naon 1Eepah RNy R R i b R I Sl B e i S0 e
| ocus sperj f i grRsBE., BMMolohePEAKRY ¥eGafBf M, athe dbstUstoREnd iy BpséuridsSB,

Cl evel and, OH, USA§ according to the instructions of the provider.
Subsequent | y, tushet typgeaze dtandBedllilymphdamps 20d Naceisd of BEB 2ningrelamonscytic

and hybr | di 2ol RPN TSPRER: PPt B0 Bibe o ARRI ik plrre.
Blots were exppsfdvédall 186 BEMARBYhMPie chifdMMridtidsrBrangelsid cells,
intensifying screen. After 15 mn of ‘exposure filns were

with immature morphological features (mainly myeloblasts), emphasizing the

156  unique features of the Gr-1.4 virus complex as a tool for characterizing
pathogenetic mechanisms in myeloid disease (see table 2).

Indeed, the majority of the CIS described here have thus far not been
reported in the extensive screens in the lymphoma models, although some
overlap was observed. The latter is not surprising in view of the fact that cell

20 type specific events usually impinge on downstream common regulatory
pathways that can be affected in multiple tumor types.

Although most of the Gr-1.4 CIS have been linked to candidate disease
genes based on their proximity to these genes, proviral integrations have been
reported to influence gene expression over distances of more than 100 kb.

25 Thus, it cannot be excluded that genes located more distantly from the CIS are
also deregulated and that multiple genes are affected by a single CIS. In
addition, three other aspects of the retroviral screens as they are currently
being performed must be emphasized. First, malignancies induced by

replication competent retroviruses are usually oligo- or polyclonal rather than

30 monoclonal. Although this gives rise to high frequencies of CIS in relatively



devel oped and anal ysed. 25 Sequenci ng anal ysis Sanpl es were prepared using

t he Bd-sequencing kit according to instructions fromthe provider (PE

Bi osystens, N euwerkerk a/d IJssel, The Netherlands) and nucl eoti de 25-Jan-07
sequencing was carried out on an ABI 310 30 automatic sequencer (PE

Bi osystens) using primers M3 forward (5 25-Jan-07 76 GIAAAACGACGGECCAGT- 35
(SEQ I D NO. 24) and ML3 reverse (5 - GGAAACAGCTATGACCATG 3) (SEQ I D NO. 25).
Sequences isolated by |PCR or RT-PCR wereygonpared to the data present in
the Celera D scovery System (Celera Genomics, Rockville, MDD, USA, database
contents May 2002) 5 and in the GenBank of the National Center for

Bi ot echnol ogy shrelbeoteirtsoof mideCHlcomPéichiesdhe séarch BSAyoopEhating avants wtithinf

(i st ance bot weBs IEHETP Do o rtis Erette LT Rara HEREIARSSE Ul at ed

The location Qe mﬁategfaqmq%o%ﬂowecﬁéﬁﬁéﬁoﬁm&v@éaﬂ (E‘i%ﬂ)%@tnln a
equi val ent was deduced by usSing the human dat abases of Cel'era Di scovery

System (May 2G02jorityof thed lemkevric bﬂ]lmmltmtmg arﬂ”ﬂmbt pashogenis efkot, land CIS

WwWw. ncbi . nl_m ni h esul 1s Applyin irys LTR-specifi.c inverse-PCR and
RT- PCR conti néHeS%gr ‘%hot“% H’r?ﬁtPQB”Jé@&géﬁ\f ﬂbég efh E iidced

myel oi d 'euk?;{airagressﬁo%%e\ﬂewm ?eﬁ&é’éeh%uﬁiyt}%% é&ﬁf;ﬁaéi&&f‘ﬁgat nhﬁfdﬁg I ocus-

and LTR-specific primers, a nes PCR/ Sout'her n-bl otti1 ng procedure was
devel oped on denkemia Tiised hawe aptafepacpfrahtegiatibth eanthaoscripiokarstad, to

anal yse whet her, a art| virus i It represent C n_virus

i ntegration sﬁﬂ@s(@@f é%‘rﬁ éc §§8§Jflbgj‘fi) ﬁ‘gﬁ" eréﬁpgg‘f‘%n@&m Yéed this
way represent %@rf’ob%?é‘f@t%ﬂlé/ écfrﬁlumdr{‘&ﬁ‘& {rfliéRB tRAf Fetr&%rél%ﬁ%eﬁ@éis Sith
previously cloned eVISs, i.e. Evil, Hoxa7, cMb, Evill, Evil2, and Hi sl

and 33 nouél dﬂnﬁﬂnpreﬁ@entmﬂmsalthmglgnoudmhlsgmmpdmtlﬁemgnhe dﬂregubitlonns in
or near genes encodj,ng nuc (f roteins, e.g. Dnlnt-2, Nn23-M2, Ctbpl or
Erg, within ré ?lbifhag’eg?é"se 18PUEN2 or nrcl, 25 novel putative signaling or

transporter genes, they rcbﬂ&ﬁbl'aﬁ,eﬁsiﬁé?ﬁﬁi—'ﬂhﬂﬁﬁﬁput retroviral screens with the Gr-
1.4 virus complex we have identified novel pathways involved in myeloid
leukemia. Currently, we are studying the consequences.of aberrant gene
15  expression or function employing gene transfer methodology in 32D cells and

primary bone marrow cultures.

Conclusion
Acute myeloid leukemia (AML) is a heterogeneous group of diseases,
20 in which chromosomal aberrations, small insertions/deletions, or point
mutations in certain genes have profound consequences for prognosis.
However, the majority of AML patients present without currently known
genetic defects. Retroviral insertion mutagenesis in mice has become a
powerful tool to identify new disease genes involved in the pathogenesis of
95 leukemia and lymphoma. Here we have used the Graffi-1.4 murine leukemia
virus (Gr-1.4) strain, which causes predominantly acute myeloid leukemias, in
a screen to identify novel genes involved in the pathogenesis of this disease.
We report 79 candidate disease genes in common virus integration sites (CIS)
and 15 genes of which family members were previously found to be affected in

30 other studies. The majority of the identified sequences (60%) have not been



M dl and a panel of genes encodi ng novel proteins with unknown function.

The finding that 39 out of 41 integrations anal ysed represented a cVIS,
suggests that the majority of the other virus insertions that were not25ykh-07
anal ysed by the PCR/ Sout hern-blotting nmethod are located in e cVIS as wel |l
30 and may therefore al so harbor novel disease genes. 25-Jan-07 77 A BE B
go 0z rosa4l 4 Ar-I .R v coo 0O 14 25-Jan-07 78 % n Nwa~-nQ nw
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m>."" W | i found in grewious peyeens uglyqlphonaasmrcd thonpeytic Bnk@mias; suggesting g
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285 w Pz riepectp vorvergsny in AN} Afolien mighe o ug g ERagtont R o
LI pGQX 4w~~eomgacarisd GA Wr WRWr the B or 3' ends of the genes, suggesting deregulation of

gene expression as a consequence of virus integration, 18 CIS were exclusively

5 located within the gene, conceivaBly causing gene disruption.

EXAMPLE 3
Laarge scale identification of novel potential disease loci in mouse leukemia
MATERIAL AND METHODS

10 Cas-Br-M MuLV-induced leukemias

The NIH-Swiss derived Cas-Br-M MuL:V-induced primary tumors used

in this study are: for IPCR: CSL 13, 16, 20, 22, 26, 30, 31, 32, 33, 65, 71, 78, 82,
90, 91, 93, 111, 117, 123, 201, 203, 204, 212, 221, 227, 228, 237 and 239; and
for RT-PCR: CSL: 201 and 203 (Joosten et al. 2000, Virology 268:308-18). Cells

15 isolated from leukemic spleens were stored vitally in aliquots in liquid

nitrogen. The following leukemia cell lines were utilized in this study: for
IPCR: DA 24, and NFS 22, 36, 56, 58, 60, 61, 78, and 124; and for RT-PCR: DA
1, 2, 3, 8, 33, and NFS 22, 36, 58, 61, 78, 107 and 124 (Valk et al., 1997 Blood
90:1448-1457). These cell lines were cultured in RPMI plus 10% fetal calves'
20 serum (FCS) (Gibeo Life Technologies Inc., Gent, Belgium) and 10 Units of
mouse IL3. The frequency of virus integrations was determined both on cell

lines, and primary leukemias.

IPCR and RT-PCR

25 Isolation of genomic DNA was carried out exactly as described
previously (Valk et al., 1999 J. Virol. 73:3595-602). Five pg of genomic DNA
was digested with SeudA, Poull or Sstl (GIBCO Life Technologies Inc., Gent,
Belgium). The products were treated with T4-ligase (GIBCO Life Technologies
Inc.), which resulted in the formation of circularized products. Subsequently

30 we performed an IPCR strategy using primers specific for the Cas-Br-M MuL.V
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LTR. For the SaudA digested/ligated fragments, the first PCR reaction was
carried out with primers pL.TR4 (5'-CCGAAACTGCTTACCACA-3") (SEQ ID
NO. 7) and pLTR3 (5'-GGTCTCCTCAGAGTGATT-3" (SEQ ID NO. 8), followed
by a nested PCR using pLLTR5 (5'-ACCACAGATATCCTGTTT-3") (SEQ ID NO.
9) and pLTR6 (5"-GTGATTGACTACCCGCTT-3") (SEQ ID NO. 10). Cycle
conditions for both PCRs were 15 s at 94°C, 30 s at 57°C, and 2 min at 72°C for
10 cycles, and an additional 20 cycles following the conditions 15 s at 94°C, 30
s at 57°C, and 2 min 30 s at 72°C. Reactions were performed using Expand
High Fidelity PCR System (Roche, Mannheim, Germany). For Pvull and SstI
digested genomic DNA, the circularized DNA was amplified using primers
pLTR7 (5-GACTCAGTCTATCGGAGGAC-3) (SEQ ID NO. 11) and pLTRI (5"
CTTGCTGTTGCATCCGACTGG-3") (SEQ ID NO. 12), and pLTRS (5'-
GTGAGGGGTTGTGTGCTC-3") (SEQ ID NO. 13) and pLTR2 (5
GTCTCGCTGTTCCTTGGGAGG-3") (SEQ ID NO. 14) respectively.

The first PCR was performed for 30 cycles 30 s at 94°C, 1 min at 54°C,
and 3 min at 72°C. Reactions were carried out with Expand High Fidelity PCR
system (Roche). Nested PCR conditions were 30 cycles of 30 s at 94°C, 1 min at

' 58°C, and 1 min at 72°C. This reaction was performed with Taq polymerase

(Amersham Pharmacia Biotech, Roosendaal, The Netherlands). RT-PCR was
carried out as described previously by Valk et al. (1997¢c). Briefiy, total RNA
was isolated through a CsCl gradient. First strand ¢cDNA was obtained by
reverse transcriptase (RT) reactions with an oligo(dT)-adapter primer (5'-
GTCGCGAATTCGTCGACGCG(dT)15.3") (SEQ ID NO. 15) at 37°C with 5 pg
RNA, using the Superscript M Preamplification System (Life Technologies,
Breda, The Netherlands) according to the instructions of the manufacturer.
Subse(iuently, PCRs (1 min at 94°C, 1 min at 58°C, 3 min at 72°C (30 cycles))
were performed on the RT reactions of the leukemias by using the LTR specific
primer pLTR6 and the adapter primer (5-GTCGCGAATTCGTCGACGCG-3)
(SEQ ID NO. 15). PCR products were directly cloned into pCR2.1 (Invitrogen,

Breda, The Netherlands) according to the instructions of the manufacturer and
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subjected to nucleotide sequencing. Nucleotide sequences were compared to the
NCBI database for analysis.

PCR analysis and Southern blot hybridization

One ug of genomic DNA isolated from primary leukemias or cell lines
was subjected to PCR with primer pLLTRI and a locus specific primer A (Figure
2). Locus specific primers of 17-21 nucleotides were designed specific for each
of the sequences of the fragments generated by Inverse- or RT-PCR. Primers
were purchased from Life Technologies. One pl of PCR product was transferred
to a nested PCR reaction using primer pLTR2 and a nested locus specific
primer B. Cycle conditions for both reactions were 1 cycle 5 min at 94°C, 30
cycles 30 s at 94°C, 1 min Tm, 1 min 30 s at 72°C, 1 cycle 5 min at 72°C. Tm
was specific for each primer and was between 48°C and 62°C. PCR was carried
out using Taq polymerasé (Amersham Pharmacia Biotech). PCR products were
electrophoresed in a 1.5% agarose gel and transferred to Hybond-N* nylon
membranes (Amersham Pharmacia Biotech) with 0.25 M NaOH/1.5 M NaCl.
Membranes were hybridized with a 32P-end-labeled locus specific primer C.
Labeling was carried out using Tskinase (USB, Cleveland, OH, USA) according
to the instructions of the provider. Subsequently, blots were stripped in 0.4 M
NaOH for 30 min at 45°C, neutralized using 0.2 M Tris-HCI, 0.2% SDS, and
0.1 x SSC for 15 min at 45°C and hybridized with 32P-end-labeled Cas-Br-M
MuLV specific primer pLTR3. Blots were exposed for autoradiography with a
KODAK film and an intensifying screen. After 15 min of exposure films were
developed and analysed.

Sequencing analysis

Samples were prepared using the Bd-sequencing kit according to
instructions from the provider (PE Biosystems, Nieuwerkerk a/d IJssel, The
Netherlands) and nucleotide sequencing was carried out on an ABI 310

automatic sequencer (PE Biosystems) using primers M13 forward (5'-

.11

a
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E ~Pi~~ FA U vl AcAstFATE AU GATG-3Y (SEQ ID NO. 25). Sequences isolated by
' IPCR or RT-PCR were compared to the data present in the Celera Discovery
System (Celera Genomics, Rockville, MD, USA, database contents May 2002)
5 and in the GenBank of the National Center for Biotechnology Information

(NCBI, Bethesda, MD, USA). The exact site of integration was determined. For
insertions found outside a gene, the distance between the integration and the
most nearby gene was calculated. The location on the mouse chromosome was
established and the human equivalent was deduced by using the human

10  databases of Celera Discovery System (May 2002), LocusLink or human mouse
homology maps (both www.ncbi.nlm.nih.gov).

Results
Applying virus LTR-specific inverse-PCR and RT-PCR combined

15  with automated sequencing on CasBR-M MuL.V induced myeloid leukemias,
126 virus integration sites were cloned. Using locus- and LTR-specific primers,
a nested PCR/Southern-blotting procedure was developed on genomic DNA
from a large panel of MuLV-induced leukemias, to analyse whether a
particular virus insertion represented a common virus integration site (cVIS).

20 In fact 39 out of 41 integrations analysed this way represented a common viral
integration site. We recognized six previously cloned cVISs, i.e. Evil, Hoxa?7,
cMyb, Cb2/Evill, Evil2, and Hisl and 33 novel common insertions. Among
this group we found integrations in or near genes encoding nuclear proteins,
e.g. Dnmi-2, Nm23-M2, Ctbpl or Erg, within receptor genes, e.g. Cb2 or mrel,

25 novel putative signaling or transporter genes, the ringfinger-protein gene
Midl and a panel of genes encoding novel proteins with unknown function.
The finding that 39 out of 41 integrations analysed represented a cVIS,
suggests that the majority of the other virus insertions that were not yet
analysed by the PCR/Southern-blotting method are located in e cVIS as well

30 and may therefore also harbor novel disease genes.
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aoVv,g ~ zmu r G oE43asaa25Jan-07 93 Cdains 1. Mthod
for the identification of conmon virus integration sites in the devebeopam0y
of cancer conprising the steps of: a) performng a nmethod for the
identification of genomc regions involved in the devel opnent of cancer
conprising the steps of 5 i) perforng retroviral insertional nutagenesis

of a subject, —eenprHisHrgAFegiing said subject with a tunor inducing

\Ilrl\)
retrovirus; ifi) isclaklng chrpposomal DNA from tunors devel oped in the
infected subject; iijg)|sdi gesti g said chromosonmal DNA with a restriction
enzynme 10 capdbl e cg éutﬂgng gl | east once in the DNA sequence of said
tunor i nduci n§ refrl@vjfr us® and{®t |east once in the chronpsomal DNA of said
subject; iv) ljgating the|digested DNA to circular DNA; v) anplifying the
chronmosomal DNA fragment 1 ank g the 15 retroviral DNA sequence by
performng a fli,rst |HCR reactiopnjwith said circular DNA using a first set of
retrovirus-speéific pri nmers angd
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perform ng a second nested PCR with the product of said first PCR reaction
using a second nested set of retrovirus-specific priners, and vi)

determ ning the nucl eotide sequence of said chronosomal 20 DNA fragnegthy7
performng a direct sequencing reaction,gand optionally conparing said

nucl eoti de sequences wth known sequences . in a database to yield the
genom c region involved in the developn@kﬂnﬁbf cancer; b) designing genomnc
region-specific anplification priners; 25 c¢) isolating nucleic acids from at
| east two tunors to be anal ysed for the presence of a common virus

aci da usi ngla  SMetbr R heck S RER BOB RSP TR P VO RE T ot e ¢
prinmers andde‘;e%lgxgéhﬁ UF&QI%%Qicun%‘?Sribg‘%héﬁF%?ﬁd 25-Jan-07 94 e) blotting the

anplification products ana Separately di zing the resulting blot with a
retrovirus-speci 4y ger6: @Rt dh & ho8 16t e {Mtﬁib'a%ib%%ffge%onﬁg%giuoﬁn% iﬁ%lgég‘ ne

the presence of common virus integration sites between sai Fs

Set of genom the deyiedoppmedenf cdnced camprésing thestaps oft rus i ntegration sites
in the qd_gvel opnent of igangﬁr when obt ai ped by a method according to claim1,
wher ei n %ai d genoni c re§PHIREMARE TeaVHA iﬂ?@rééﬁémt%@ﬂ‘%ﬁﬁoﬁélsé@% from

th i st - . Edg3, . | t Kcnil 6,
conks iennd. Lyl SE%plbing BlEdne Qad Sebits R i I rpti SRt o)
10 Serma4b, TnBsf2, andi)Rblatingchoncadnd DRI fronf faa6rLAXRbPST i aRbec?2,

Btd, Cds2, dpx, Ddxl9, Ddx2l, Dnnt2, Dgxl, Hdac7a, Lce-pending, Matl,
mouse honol ogue omf@itedsuhiagtie honol ogue of NOH61, Nudel - pendi ng, Pah,

horo ogue of | PAK. | o) SponE Sl ChyRMoGRELBING e AsESI o S5

| npp5b,1eencodi n : cqdi et ed
tactor S pkapy  aprERbIEBrAURAREa hiPondd th oA PN KBGeeERTARAPRRER LR o
Fl'i zI - pendi ng, Hi ninduclsy fetrdvindp dnfeitdesdt, orcddd, thiciromdBsmal MBI Pgar] of

AKAP13, nouse honol ogue of BI N2, nmouse honol ogue of CEZANNE, nouse
honol ogue of subject;
1v) ligating the digested DNA to circular DNA;
v) amplifying the chromosomal DNA fragment flanking the
15 retroviral DNA sequence by performing a first PCR reaction with said
circular DNA using a first set of retrovirus-specific primers and
performing a second nested PCR with the product of said first PCR
reaction using a second nested set of retrovirus-specific primers, and

vi) determining the nucleotide sequence of said chromosomal

20 DNA fragment by performing a direct sequencing reaction, and

optionally comparing said nucleotide sequences with known sequences
in a database to yield the genomic region involved in the development
of cancer;
b) designing genomic region-specific amplification primers;
25 ¢) isolating nucleic acids from at least two tumors to be analysed for the
presence of a common virus integration site;
d) performing an amplification reaction with said nucleic acids using a
set of nested primers comprising genomic region-specific primers and

retrovirus-specific primers, and



CHD2, mouse honol ogue of MBLL, nouse honol ogue of SLC16A10, nouse 20

honol ogue of SLC16A6, nouse honol ogue of SLCL17A5, nouse honol ogue of TAF5L,
mouse honol ogue of Ul SNRNPBP, nobuse honol ogue of ZNFS, M ap7, WMol c, 25.Jan-07
Nkx2-3, Nsf, Pcdh9, Pkig, Prdx2, Pscdl,,4srrbl, Psnel, Psne2, Rgll,

Ri | - pendi ng, Saxl, Slcl4a2, Slc7al, Slc7all, Swap70, Txnip, and Ubl3,
encodi ng signaling proteins; Cic3, Gll-13, nouse honol ogue of NOLSA, and
25 Vdac2, encodiehblattingdherahphfioatonprodRTa apdredipagately bybridiengahe Ebf
El f4, Lde nouse hompl ogue of NR1D1, . pouse honpl ogue of ZER6, Rest, pr,
Zf p238, zf post l%wozﬂﬁmgrewéwa@e&faw anl, 8 Ispaamia regigRswecHid onal

regul ation; 1.00S th t. IIovm
cobera 1 amnphf E8derahti: B MidearBOGr SRS L' iRPea Ml Sl Rt O
nCGL1355, wEbks03, nCGll8l7 nmCGL2566, nCGl2630, nCGl2824, nCGL3346,
nmMCGl4143, nCGl4155, nCGl4342, nCGl5141, nCGl5321,, 25-Jan-07 95 nCGl6761,
mMCG16858, MRCGL7 8t of gemimid e ginmGideit e dvidGh @B 7co m mOGVE BiB9 in te EXHt YOG dites
mCG1l7799, CG17802,. nCG17918, nCGL8034 850, 8663,. nCG1L8737
T0&20276. AEhegdex el praeiioiiA ancggdﬁ)ta ggne Q}gimg@@@ q;ggfl

e Ay R Yo R 8 PR LRSS A0 e
MOG3038, MEESHR on iEREAT, ATCRHOY 004670, HAFNG by, KIAFDOMonEIE51393,
mCG62252, nCGh2498 3009, nOG53724, nMOGH5023 5075, n0G55198,

%?éGS, E Iﬂlomel)ﬁg?usmhmﬂﬁdm@@fEM@WAMI'CWZBNPM?ZGS,
e R N N
EEE e (R KL DR TR R

mCG65785, mﬁééﬁe offCEEP3 htbuseHdnbalé8ue offNGIE06SNudelx$83dingPeh8Pdil,
nC&424, nCE002, nCE@537, nCEP538, nMCE@791, nCE792, nCE843, nCEP875,
nCX877, a&pla{:@m, Rtgds,ha;id Vamwmanchdmgl UAYDRES; Dagk4, mouse homologue of

PSK, Nme2, Snfllk and Tyki, encoding kinases; Inpp4a and Inpp5b, encoding

G

15 phosphatases; 1116, Prg, and Scya4, encoding secreted factors; Akap7, Api5,
Arfrpl, Arhgapl4-pending, Cish2, Dappl, Fabp6, Fkbp8, Flizl-pending, Hint,
Ter5, Jundp2-pending, Lmo6, Mid1, mouse homologue of AKAP13, mouse
homologue of BIN2, mouse homologue of CEZANNE, mouse homologue of
CHD2, mouse homologue of MBLL, mouse homologue of SLC16A10, mouse

20 homologue of SLC16A6, mouse homologue of SLC17A5, mouse homologue of
TAF5L, mouse homologue of UISNRNPBP, mouse homologue of ZNF8, Mtap7,
Myolc, Nkx2-3, Nsf, Pcdh9, Pkig, Prdx2, Pscdl, Psmb1, Psmel, Psme2, Rgll,
Ril-pending, Sax1, Slc14a2, Slc7al, Slc7all, Swap70, Txnip, and Ubl3,
encoding signaling proteins; Clic3, Gtl1-13, mouse homologue of NOL5A, and

25  Vdac2, encoding structural proteins; ABT1-pending, Ctbp1l, Dermol, Ebf, Elf4,
Ldb1, mouse homologue of NR1D1, mouse homologue of ZERS6, Rest, Thp,
Zfp238, Zfp287, and Zfp319, encoding proteins involved in transcriptional
regulation; Lrrc2, Satb1, Slfn4, and genomic regions with the following Celera
identification codes mCG10290, mCG10613, mCG11234, mCG11325,

30 mCG11355 mCG11803, mCG11817, mCG12566, mCG12630, mCG12824,
mCG13346, mCG14143, mCG14155, mCG14342, mCG15141, mCG15321,,



3. Set of genomi c regions according to claim2, conprising at |east 2 nurine
20 genom c regions selected fromthe group consisting of Adam |, Akap7,

Arpgapl 4, Bonb, Cd24a, Csh2, CgS, dic3, Cra, Dernol, EMLIN, Flj20489an-07
Gl nt5, Hook, ler5, IL16, Iprgl, Itgp, I%nkS, lrrc2, Ltb, MII, Mcl, Map7,
Ninj2, Nrldl, Pcdh9, Prdx2, Prpsl, Pdil, Ptgd3, Rgll, Sardh, Scya4, Slcl6A6,
Swap70, Txnip, Trimd6, Tnfrsfl7 and Ubl3. 25 4. Set of genom c regions

accor di ng mCQ1&761 3m G he358imEGit7 128 astCG 1710, e CGHEdR mCE@FT54% sel ect ed

f th I St | f Cd - sh d dx2. b, f

| cast one mLEHIER BN G721, GRCLRTIER; RbGT7o0mym b il s b 80844 or i o
human honol pgee ghar n%(f@l@é%?,%@(ifé“isﬁf nROGERSH | %Ggﬁ@@&%%f{%ﬁ 30

muri ne genom ¢ region, saird preparati on conprising rdentifying an open

readi ng franeGeIR6B, iCGR21508, 1 CHRGR0IM CG2 3580 hEOGHIIB03PHEPES2204,C DNA
25-Jan-07 a 96 conprising the conplete or gartial codi ng seguence for said
pol ypepbi deneﬁé’t204éom@§%g3ﬁﬁ; mEGZL58, arGAAN Hroltd 3032 mAGB80FMuc! eot i de

victor oo SR LTS, RO AT Carly T
B L e

sai d host aaCiGH070amEGRE3YMCABRA52¢ el €G24 98,auKa 5BR09; MOGH3T24,|
according to claim8, wherein said eukaryotic host 10 cell is a nmanmalian

stem cel | . mOGROZBNMLIFaR0E, anfCédia198c ey @D HEHR, anbIGHinn1S, miHepEPed.sai d
el SRR oG ER AL 1AL Ly ok e cabpact one
o ooue, LIS ISk, ERROTHO s o ghabtp 11 e
or affect ednB¥x59538s il GEH66219m CG:EI810, neGHH99 7, 2n OGBH526¢ i @GHO83S, cl ai m
11, wherein said inhibitor is a small nolecule
mCG61221, mCG61661, mCG61897, mCG6E1907, mCG61943, mCG62177,
mCG62971, mCG63537, mCG63601, mCG64346, mCG64382, mCG64398,

15 mCG65022, mCG65585, mCG65785, mCG66128, mCG66379, mCG66776,
mCG66965, mCG7831, mCG7856, mCG8424, mCG9002, mCGI9537, mCG9I538,
mCG9791, mCG9792, mCG9843, mCG9875, mCGI877, and mCG9I88, or their
human homologues.

3. Set of genomic regions according to claim 2, comprising at least 2 murine

20 genomic regions selected from the group consisting of Adam11, Akap?7,

Arpgapl4 , Bomb, Cd24a, Cish2, Cigb, Clic3, Cra, Dermol, EMILIN, F1;20489,
Galnt5, Hook, Ier5, IL16, Iprgl, Itgp, Kenk5, lrre2, Litb, Mbll, Mrcl, Mtap7,
Ninj2, Nr1d1, Pcdh9, Prdx2, Prpsl, Pdil, Ptgd3, Rgll, Sardh, Scya4, Slc16A6,
Swap70, Txnip, Trim46, Tnfrsf17 and Ub13.

25 4. Set of genomic regions according to claim 3, comprising at least 2 murine
genomic regions selected from the group consisting of Cd24a, Cish2, Cra, Ltb
and Prdx2.

5. Use of at least one murine genomic region as defined in any one of claims
92-4 or its human homologue for the preparation of polypeptide encoded by said
30 murine genomic region, said preparation comprising identifying an open

reading frame (ORF) for a polynucleotide in said region, preparing cDNA



interfering wwth the biological activity of the pol ypepti de encoded by said
genom c region or wth the biological activity of a polypeptide the

expression of 20 which is affected by transformations in said genom €25.Jan-07 a

region. 13. Use according to claim 11, rein said inhibitor is an

anti body. 14. Use according to claim 11, wherein said inhibitor is an
antisense nolecule, in particular an antisense RNA or antisense

ol i godeoxyrmonimusingehe cofplekeompariali codingsedwinwe ¥ox saidesdipesads thathi bi t or
is an RNAI nol ecul g 25 Ja? llése ﬁ;ilccor ding to claim 11, wherein said

i nhi bitor iOTEESPPRES fesaid ORY and preducing spidnalyasslastidedsy pronessingragid he

transcri pt @?ﬁgﬁ%%ﬁﬁ%ﬂe ééﬁjergg§80:s &e%pcoded by at | east one nurine genomnic

regi on as I'ms 2-4 or its human honol ogue or

capabl e of g.nhi Rédongbihbat veétdneempRidiag thé @QM‘E)‘Iet@brﬁﬁrYﬁ@@bﬂﬁ% Klquekteh the
expression is affected by a 30 transfornmation in said genom c region,
wher ei nsaifdr thépplypeptiderdsfined insclaisbtSai ned by the use according to any one

of cl ains -16.4, 25-Jan-0 97 . I nhibitgr conpou according to claim17,
wher ei n sailié i mﬁ?ﬁopgt}maeg#ﬁ%?é?%mgﬁsg}ﬁ ﬁl?o\ﬁ%‘ﬁrgg? Oﬂ@ﬂmaﬁ-i ve ther eof

di rected agai nst Wl ' . 11Rj r i to
claim 18, %erei%&gz&ﬁ) nggwggﬁélggcﬁé&‘t&‘2’@6?2‘{&?@ on gﬁgﬁg:iﬁs?ﬁg%?gne. 20.
| nhi bi tor carkpevodc hesoeedl ng to claim 18 or 19, wherein said derivative is
sel ected fromthe group consisting of scFv fragments, Fab fragnents,
chimeric arli bodh egkarvatimbestoedl aczardibgdp etaim B whbveinemid andavydter host

ant i bog&- deili ved nol ecrl es.t 10 iﬂ] I nhi bi tor conpound according to claim
17, whétei fesafd PATERAIEP S'EBn{fotnd is a small nolecule interfering with

t he bi ol ogi gal %hﬁé’ﬁﬁﬂa&ﬁin S cel@%'cié’(fniﬁ%% Heclafd 9, WPhER A %E\i(f‘ﬂfﬂl?ﬂ%ﬁjian

according to claim 17, erelin sal tor cornpound is an antisénse

nmol ecul e, istemaddd] W hemanopoittisetwr cBNA or 15 anti sense

ol i godeoxynucl eotide, 23. Inhibitor conpound according to claim17, wherein
sai d inhibitler Wyhpbiinleastone nrvine ganewi¢ egion as defined in any one of claims

2-4 or its human homologue for the preparation of an inhibitor capable of
15 inhibiting the transcription product or activity of a polypeptide encoded by said
region or affected by transformations in said region.
12.  Use according to claim 11, wherein said inhibitor is a small molecule
interfering with the biological activity of the polypeptide encoded by said
genomic region or with the biological activity of a polypeptide the expression of
20  which is affected by transformations in said genomic region.
13.  Use according to claim 11, wherein said inhibitor is an antibody.
14. Use according to claim 11, wherein said inhibitor is an antisense
molecule, in particular an antisense RNA or antisense oligodeoxynucleotide.
15.  Use according to claim 11, wherein said inhibitor is an RNA1 molecule.
25 16. Use according to claim 11, wherein said inhibitor is a ribozyme.
17. Inhibitor compound capable of inhibiting the transcription product or
polypeptide encoded by at least one murine genomic region as defined in any
one of claims 2-4 or its human homologue or capable of inhibiting the
transcription product or polypeptide of which the expression is affected by a
30 transformation in said genomic region, wherein said inhibitor compound is

obtained by the use according to any one of claims 11-16.



24. I nhibitor conpound according to claim 17, wherein said inhibitor
conpound is a ribozyne. 20 25. Inhibitor conpound according to any one of
the claims 17-24, for use in the treatment of cancer. 26. Inhibitor 5513107
conmpound according to claim25, wherein §ﬁid cancer is |eukem a, pre%eréb?y
acute nyeloid | eukema (AM.). 27. Use of”’an i nhibitor conpound according to
any one of the clains 17-26, 25 for the preparation of a pharmaceutical

conposi ti ongf or Thhébitdrea n®hecdidiifeto clafin 195 wiRGed dhiddinhdbigdal m 27,
wherein said cancer is | eukem a, preferably acute gel oid |l eukema (AM).

29. Use accompomgrdiis agi antibedy or desivatitve thereof darecteshagaimist saitbr i ses gene
30 therapy. ES-Q}JPEWW 98 30. Use of an inhibitor conpound according to any
one of the PO 1df7- 24, for the preparation of a pharnmaceuti cal

conpositio or i H{% i ] gﬁgﬁ% I
conpositi onqg; or I%lhgﬁ%é%éaqmngé\%n%? E‘%:dg{nc ?{égg%%?ll%gi%ﬁgerg?}s%@h%g oneé &
i nhi bitor asppessed oacther eéilhmentbrame. one of the clains 17-26 and a suitable

exci pient, carrier or diluent. 32. Use of the hematopojetic stemcell of
clai m 10 f &0.t hdnpikiper eampeund ageording taeleim ¥oer 1hevhereinmaid derivhdukeni a,
preferably .acute loid | eukem a. . 33. of at |east ,ope nurine genomnic
region as dé?ﬁ‘?&@r&/ﬁog’n CoREY U CONSIFLIRS 3$@V4gr8gnﬁe£s’m&aﬁmtﬁgue or a
transcri pt i pimBiRGHibddiss, BfurRkiorl gaar%a@%, i&?&p&ges,tenﬁ{ smérfa%rtiﬁdag-
preparation of a diagnostic reagent for diaghosis of cancer. 34. Us

accordi ng tderbled moRBulesherein said cancer is |l eukem a, preferably acute

nmyeloid | eukema (AM.). 15 35. A diagnostic_ reagent capable of specifically
bi ndi nd0t o 2. nurlnhebigemenmeound gresyding theelpiad %, wherpinpeidombebiders 2-4 or

12 e, OB AU A0S P RS SRR PEAL
accordi ng tﬁblﬁﬁjtgﬂé&
22. Inhibitor compound according to claim 17, wherein said inhibitor
compound is an antisense molecule, in particular an antisense RNA or
15 antisense oligodeoxynucleotide.
23. Inhibitor compound according to claim 17, wherein said inhibitor
compound is an RNAi molecule.
24.  Inhibitor compound according to claim 17, wherein said inhibitor
compound is a ribozyme.
20 25. Inhibitor compound according to any one of the claims 17-24, for use in
the treatment of cancer.
26. Inhibitor compound according to claim 25, wherein said cancer is
leukemia, preferably acute myeloid leukemia (AML).
27. Use of an inhibitor compound according to any one of the claims 17-26,
25  for the preparation of a pharmaceutical composition for the treatment of
cancer.
28. Use according to claim 27, wherein said cancer is leukemia, preferably
acute myeloid leukemia (AML).

29.  Use according to claim 27 or 28, wherein the treatment comprises gene

30 therapy.



36. A diagnostic reagent, according to claim35, wherein said diagnostic 20
reagent is an antibody or a derivative thereof. 37. A diagnostic reagent,
according to claim35 or 36, wherein said diagnostic reagent is a nugd-ginCo7
acid probe. 38. A diagnostic conpositi o? conprising a diagnostic reagent
according to any one of clains 35-37. § 39. Use of a diagnostic
conposition according to claim38, for the diagnosis of cancer. 40. Use
accor di ng 86. cl dlsmE@n wiebdoncempdundrcerrding bo snyichetafithe cdimaub’é24, col on,
br east, pr?st te, ovarj.an Er ancr eas ,cagcer. 41. ﬁe accordi n% to claim39,
wher ei n saf® [BeRasParatipR gk &R RATmaceticahfempag tion joe trapdmand 9feukeni a
(AM) . 25- Jafs B4 atd ?gsea according to any one of clains 39-41, wherein
the diagnosis is ¥ £or e ‘by nmeans of histol ogical analysis of tissue

speci mens @3 ng Phpegidceaticahédhpelition dor ted adaamand st caneedesmpalsiest i des,
using in-situ hybridisation analysis of gene expression |evels in tissue
speci nefis Wash orrAnpiabarscompud fecoprdig fosanyene of thrieldes 1026 andp

pol ynucl eot i %ebf?; oI.i%onucI eotide,.;arrays. 43. A kit of parts for

i npl enent i AYAPIREXAPTER COTRIET OF dUGnYs" 30-41,  conpri sing di agnosti ¢
conposi ti omgacc i I 38: r form
t he group ?ghsi gs%ndggs(})ﬁ?Q}eg{égﬂgﬁ%)gé%}cosﬁ@ghéeﬂifgﬁlgi[}?&? f(())? @%ﬁ%@?@ﬁ%ﬁﬁﬁ
fragment s hialicamsatrfiretherteaganést dOlkeukbmih splefiéiaby atuteomypkpd ilédisemia.om a

sanpl e, reagents_for immunostaining of a sanple, reagents for in situ
hybri di sat 86n ofUsg of atdeestane meaengendmic rﬁ@mrbamiﬁgnﬁd.en@m ane of Aaims
hybri di sations. .44. Met hod f.or the devel opnent of, an .inhi hitaor,conpoynd
necor dihg. o ahits tamandispoBhut OF i RSO plodsflarR e T ERREH o)
i dentifi caghesdd tHROBS o MR YRG5 alr 24168 BE & dia b Ro R FdaZdh @ Forddiald®b8d of
retroviral 1nsertional taggi'hg, optionally In a specific genetic
backgr oundicahgerval i dati on of one or nore of the identified genes as
potential target_gene( s&, for _the inhibitor conmpound hy one. or re i)f t he
fol l owi ng Pt hodZse according to claim 33, wherein said cancer is leukemia, preferably
acute myeloid leukemia (AML).
15 35. A diagnostic reagent capable of specifically binding to a murine genomic
region as defined in any one of claims 2-4 or its human homologue or a
transcription product thereof or polypeptide encoded thereby, wherein said
inhibitor compound is obtained by the use according to claim 33.
36. A diagnostic reagent, according to claim 35, wherein said diagnostic
20 reagent is an antibody or a derivative thereof.
37. A diagnostic reagent, according to claim 35 or 36, wherein said
diagnostic reagent is a nucleic acid probe.
38. A diagnostic composition comprising a diagnostic reagent according to
any one of claims 35-37.
25 39. Use of a diagnostic composition according to claim 38, for the diagnosis
of cancer.
40. Use according to claim 39, wherein said cancer is a solid tumor of lung,
colon, breast, prostate, ovarian or pancreas cancer.
41. Use according to claim 39, wherein said cancer is leukemia, preferably

30 acute myeloid leukemia (AML).



20 - confirmation of the identified gene by Northern Blot analysis in cancer
cell- lines; - determ nation of the expression profile of the identified
gene in tunors and nornal tissue; - determ nation of the functional 25-Jan-07
i nportance of the identified genes for cm@ncer; 25 c) production of the
expression product of the gene; and d) use of the expression product of the
gene for the production or design of an inhibitor conpound. 45. Method as
cl ai med i n4@l ai tisédgccoitingito aryeowyeokclaitng8bi4 e wvherest ehe djagrosis isnur i ne
%grnrglmogu;e%lelq orgmsed e};‘ }n%%%slo? h?sr]t%loogqgalogna%ﬁls o ti2s_sée g{)eéi;nsenguﬁxqg ?égecific
antibodies directed against encoded polypeptides, using in-situ hybridisation
analysis of gene expression levels in tissue specimens with RNA probes
5 directed against gene sequences or using polynucleotide or oligonucleotide
arrays.
43.  AKkit of parts for implementing a use of any one of claims 39-41,
comprising diagnostic composition according to claim 38, and one or more
reagents selected form the group consisting of reagents for the isolation of
10 nucleic acid fragments from a sample, reagents for the isolation of polypeptides
from a sample, reagents for immunostaining of a sample, reagents for in situ
hybridisation of a sample and reagents for performing nucleic acid array
hybridisations.
44. Method for the development of an inhibitor compound according to any
15 one of the claims 17-22, comprising the steps of:
a) identification of genes involved in cancer, in particular by using retroviral
insertional tagging, optionally in a specific genetic background;
b) validation of one or more of the identified genes as potential target gene(s)
for the inhibitor compound by one or more of the following methods:
20 - confirmation of the identified gene by Northern Blot analysis in cancer cell-
lines;
- determination of the expression profile of the identified gene in tumors and
normal tissue;
- determination of the functional importance of the identified genes for cancer;
25  ¢) production of the expression product of the gene; and
d) use of the expression product of the gene for the production or design of an
inhibitor compound.
45. Method as claimed in claim 44, wherein the gene identified in step a) is a

murine genomic region as defined in any one of claims 2-4 or its human

30 homologue.



