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[0004] The three ras genes (H-ras, K-ras and N-ras) comprise six or seven exons
spread over between about 7 to 35 kilobase pairs of genomic DNA. Depending on the
particular ras gene, there are four or five exons that containing protein-encoding regions.
Within the first three of these coding exons are regions encoding the GDP/GTP binding and
GTPase functions of ras proteins. The three ras genes encode p21 proteins of approximately
189 amino acids in length, which are located at the inner surface of the cell membrane when
in the active GTP bound state. In particular, when a tyrosine kinase receptor is activated by
binding of its ligand (e.g., a growth factor or hormone), intracellular signaling is initiated by
the activation of the p21-ras protein (Bredel and Pollacl;, 1999, Brain Res Rev, 29:232-49.;
McCormick, 1995, Curr Opin Genet Dev, 5:51-5.; McCormick, 1994, Curr Opin Genet Dev,
4:71-6.). The subsequent downstream signaling in the ras/Erk pathway activates numerous
transcription factors, which regulate cellular proliferation or differentiation depending on the

cell types and external stimuli.

[0005] The ras/Erk pathway is negatively regulated by several GTPase-activating
proteins (GAPs). When a protein complex is formed between p21-ras and GAP, the weak



WO 03/ 018755 PCT/ US02/ 26830 intrinsic GIPase activity of the p2l-ras
protein is greatly enhanced (McCorm ck, 1995, Curr Opin Genet Dev,
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of colon carcinomas (Bos, et al., 1987, Nature, 327:293-7.; Forrester, et al., 1987, Nature,
327:298-303.; Burmer, et al., 1991, Environ Health Perspect, 93:27-31.); 80% of pancreatic
carcinomas (Burmer, et al., 1991, Environ Health Perspect, 93:27-31.; Mariyama, et al., 1989,
Jpn J Cancer Res, 80:622-6.; Shibata, et al., 1990, Cancer Res, 50:1279-83.; Pinto, et al.,
1997, Acta Cytol, 41:427-34.); and 30 to 50% of lung adenocarcinomas (Rodenhuis and
Slebos, 1992, Cancer Res, 52:2665s-69s.; Rodenhuis, et al., 1988, Cancer Res, 48:5738-41.;
Reynolds, et al., 1991, Proc Natl Acad Sci U S A, 88:1085-9.; Suzuki, et al., 1990, Oncogene,
5:1037-43.; Li, et al., 1994, Lung Cancer, 11:19-27.; Mills, et al., 1995, Cancer Res, 55:1444-
7.). K-ras mutations account for >90% of the activating ras mutations observed in these
tumor types. Additionally, activating ras mutations are found in hematopoietic neoplasia of

myeloid origin, seminoma, breast carcinoma, glioblastoma and neuroblastoma. Ras

mutations are also found in cancers of the stomach, urinary bladder, prostate, skin, thyroid,
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codon 12, 13, or 61 and the wild-type p21 is the ability of GAP to induce GTP hydrolysis in
the active p21:GTP complex. The GAP-induced hydrolysis can be as much as 1000-times
greater in the wild-type p21 than in these mutant forms of ras (Vogel, et al., 1988, Nature,
335:90-3.; Gibbs, et al., 1988, Proc Natl Acad Sci U S A, 85:5026-30.). The mutant forms
thus remain in the active GTP form much longer than the wild-type, and the continual
transmission of a signal by the mutant forms is responsible, at least in part, for the ohco genic

properties.

[0009] Activated ras oncogenes have been referred to as genetically “dominant.” A
dominant genetic mutation is one that produces its phenotype even though its homologous,
wild-type allele is also expressed in the same cell. The phenotype produced by the mutant
gene product is said to dominate the phenotype resulting from expression of the wild-type

allele of the same gene. Since activated ras alleles are oncogenic, even when wild-type



gene product is said to dom nate the phenotype resulting from expression of
the wld-type allele of the sane gene. Since activated ras alleles are
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pr ognostrarformed cells arose from cultures of the heterozygous cells and the transformed cells had
amplified the mutant allele. These particular studies indicate that the oncogenic potential of
ras oncogenes may depend on high expression levels, a requirement inconsistent with a

dominant mutation.

[0011] Because the oncogenic activity of activated ras oncogenes is not properly
characterized as activity of a dominant mutation, there is a need for a more complete
description of the transforming or oncogenic activity of activated ras oncogenes. Such a
description would provide better treatments for cancers, especially those caused by activated
ras oncogenes. Such a description would also provide better diagnostic and prognostic

methods for cancers caused by ras oncogenes.

[0012] Existing anti-ras therapeutics take advantage of the fact that ras proteins are
synthesized as inactive precursors that must be modified post-transcriptionally to be

biologically active (Casey, et al., 1989, Proc Natl Acad Sci U S A, 86:8323-7.; Hancock, et
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present 1 nv Ion provi method for inhibiting proliferation of a
cell, particularly a cancer cell. The nmethod conprises increasing
i nt racel lular |l evels of one oSunmiarywfklte Invprtioms proteins in the cell. In

one aspect, the nethod conprises introducing a nucleic nolecule into the
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wild-type ras protein. The introduced nucleic acid can also be RNA that

encodesondogenipiok dramyliogncésh@m@m@l 15\ cawsefl yygareativated ras gerpabie agivalyd rag

transl a&l%(ljalfnrg]t Satﬁlwg}cl).l y‘fﬁ&ei’ore ﬁ\fe present invention provides a method for inhibiting
proliferation of a cell, particularly a cancer cell. The method comprises increasing
intracellular levels of one or more wild-type ras proteins in the cell. In one aspect, the
method comprises introducing a nucleic molecule into the cell that encodes a wild-type ras
protein. The introduced nucleic acid can be DNA, in which case the nucleic acid further
comprises a transcriptional promoter which is operably linked to the sequence that encodes
the wild-type ras protein. The introduced nucleic acid can also be RNA that encodes the
wild-type ras protein or fragment and is capable of being translated into a polypeptide within
the cell. In both cases, an increase in the intracellular levels of one or more wild-type ras
proteins occurs and cell proliferation is inhibited. When the proliferating cells are within a
tumor of a human or other animal, inhibition of proliferation of the cells stops or slows

enlargement of the tumor, decreases the size of the tumor, or even eliminates the tumor from

the body of the human.
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mol ecul g4enaadi et RERUAI Bt WH 6P nicte WARL-GBE lras Brotdi)

i nt rodulgidng oge&gar ﬁﬁ%ﬁ gqslm&%%-e%%%g%? asTB TE)nr%!ot eiwﬁés I ntogetvﬂe Fygelr?s. B[000157]Or The
pr esentmicteieadid owleduéss epcadingloshaproteinhod of characteri zing or eval uating

[0016] The present invention also provides a method for decreasing the activity of
ERK MAP kinase in a cell by increasing the concentration of wild-type ras protein, or a
growth suppressing fragment thereof, within the cell. Increasing concentrations of ras within
cells is provided either by introducting and expressing a DNA molecule encoding a wild-type
ras protein which is the cell, or by introducing one or more wild-type ras proteins into the

cell.

[0017] The present invention also provides a method of characterizing or evaluating
cancer in a human, or other mammals. In one embodiment, the method comprises assaying
for a loss of function mutation in one or more endogenous ras alleles in the genome of tumor
cells obtained from the subject. In another embodiment, the method comprises assaying for a
loss of function mutation in one or more endogenous ras alleles and an activating mutation in
one or more ras alleles in tumor cells obtained from the subject. In certain cases the loss of
function mutation results in production of decreased levels of ras protein in the cancer cell.

In other cases, the loss of function mutation results in production of a ras protein that has lost
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cancer in a human, or other mammals. In one enbodi nent, the method

conpri ses assaying for a loss of function nutation in one or nore
endogenouworiagigbs el es in the genone of tunmor cell s obt aipeadisoz/e6sse he
subj ect. In another enbodi nent, the nethod conprises assaying for a |oss
of function nutation in one or nore endogenous ras alleles and an

act i vat fhaggrowtiabipplesking RGN poessed a5y al Whl@gpd fast pridedin.Ce$inse ald adgzed
fromthe subject. In certain cases the loss of function nutation results
i n prodiEressive of canserseased hyagkyaediascaatapy katle pi agtiyafadaag alipdesndceesqeond |

or ot ei riof et BEpg e Yoy b BRuTERhHY oB3B bRy s P Held prBliads T o
gr owt h- diapprsessisagh Eanoers iand ppeasss S tubiinsomdnigials Yine hawssueh olugiers. Si nce t he
nost aggressive of cancers caused by activated ras contain both an

acti vat s allegle and a.second _ras allele | ackipg_the .
gr owt h- @ﬂ&%f essi ngPQdIFSERYt JIGPUQH 1adfor Jeides dQ 2 tm?tﬁ(mﬂ&f w&gu%%d%éumor

di agnosfemafiorsht@BERISs ARknBLEGIRARusSe.f or humans or aninmal s that have
such cancers. [0018] The present invention also relates to a nethod of

i nducing lung tunor formation in a heterozygous ras-knockout nouse. Bri ef
Descri ption of the Fi gures Bo@fiDtsdripgioniof theliguresror bi oassays usi ng
het er ozygous K-ras-deficient mce. a, Experinmental Design; b & d, Lung

t unor hplicity- i u - A U- 1. t ] ively:, ¢ & e,
Lime. RIS e Ml RS SRR RO, K BERRAGH Bl o,
bars r epgmsintd-Daaipnt B &7, dntlghhmek nfudislicty 6n Kréthgmt- afd AENUAtchted MMcdX

129/ Sv-K- ras)Fi; 129/Sviml, (129/Svlmlx 129/ Sv-K-ras)Fi; C57BLI 6J,
( C57BL/ B3Bectiydysg- K- ¢.akyg tumosshoad j18 gethaps- cideMPUHigaigd misapEsRptively-

Wl d-ty | Q.1+ f erogy, e
K-ras- dg%fﬂgi%gg%a{e_ reg (%19[0% ris bhﬂ(‘@ %%dsﬁﬁg%g%%nn‘%}%r%%é%ap sgédf ﬁgﬁn%zﬁ@rz 8/ns1v(12/ JX

| 29/ Sv- fsYras +29/Bk1ndy) A 10945132 30/8v-RKxrisFs, ; - FBIVGE &(C57BEIIRE LI/ QIR .rashiQt € t he
mar ked increase in tunmor nultiplicity in K-ras deficient mce conpared to
wi | d- t ypeterisksandicatg Pg0.000ybemprred torividd-tireaphsalef | ung tunors (adenomas vs.
carci nomas) at 4x magnification from (A/Jx 129/ Sv-K-ras+i +)Fi and (A Jx

129/ Sv- K- "-)Fin: Myce, ctivel.y: f s_at 40% ..
magni fi @g? ﬁﬁn_s f r%ll%m(zAﬁj%gﬁ%? §vﬁ?{§r}§§eﬁ?@%ﬂs kg%gd%ﬁﬁqgét IT%@'/ ST -'r%rsoi? -)F1
nce, rgEReaickdehphs JNe@sasdh cAORIDFSVK-adsVEP| and DAOREIY/SN-RirasEYRNRIRS (€)
are nononor phi ¢ while neoplastic cells in alveolar bronchiolar carcinonmas
(f) arwspicavelsr piNote theiohasked, angredsp ini wenaanaulipdisly andlgentdefipienumicp| e
prom nent nucl eol i... .[ 00211 Fig., 3. n.chro 6.n no |l un
f UNDI'S. Coél_lpaﬁ\edr gop\}vgg é%ﬁea]fllilc\?ec &a ilghl’f %ﬁ'o%mlgrogragﬁ? 81g?ung tumors &agnomasgvs.
carcinomas) at 4x magnification from (A/J ><129/SV-K-ras+/+)F1 and (A/] ><129/SV-K-ras+/')F1
mice, respectively; e & fi Lung tumors at 40x magnifications from (A/J xli9/SV~K—ras+/+)F1
and (A/Jx129/Sv-K-ras")F, mice, respectively. Neoplastic cells in alveolar bronchiolar
adenomas (e) are monomorphic while neoplastic cells in alveolar bronchiolar carcinomas (f)

are pleomorphic; nuclei vary in size and shape and contain multiple prominent nucleoli.

[0021] Fig. 3. LOH on chromosome 6 in mouse lung tumors. a. A representative
figure for PCR-RFLP analysis of K-ras intron 2 polymorphic region for LOH status in lung
tumors from (C57BL/6Jx129/Sv- I(-ras+/+)F1 wild-type mice. Lanes 1, A/J] mouse control
DNA; Lane 2, C57BL/6]J mouse control DNA; Lane 3-7, lung tumors from
(C57BL/6Jx129/Sv-K-ras"")F, wild-type adenomas. b. A representative figure for LOH
analysis of chloroprene-induced B6C3F1 mouse lung adenocarcinomas using K-ras codon 61
mutation (CAA—CTA) as a marker. Panel 7, B6C3F1 mouse control DNA; Panel 3, a

chloroprene-induced B6C3F1 mouse lung adenocarcinoma without LOH; Panel 1,2,4-6,



figure for PCR RFLP analysis of K-ras intron 2 pol ynorphic region for LOH

status in lung tunors from (C57BL/6Jx 129/ Sv- K-ras+i+)F1 wild-type m ce.

Lanes 1, wodb3nmwsrsg control DNA; Lane 2, C57BL/6J nouse cearruso2/b®dd) Lane

3-7, lung tunors from (C57BL/6Jx 129/ Sv-K-ras+i +)F1 wi | d-type adenomas. b.
A representative figure for LOH analysis of chloroprene-induced B6C3F1

nouse |&l[tﬁo@€@@@ﬁcﬂic@d BHRE 1 YSHRE g akn6@eeiRofds withaH o, AGprei&tAjveas a
mar ker. Panel 7, B6C3Fl nouse control DNA, Panel 3, a chl oroprene i nduced

B6C3F1 T forIthmepatkes ROMAEQI 2 imshowins Hewes LCFBHBipd anouse pourg DNA; fappe 2,
03/ 018 (ool WRARE 20831 1SRACT PRI E BACHC Bbul0 Gt NG, |10 415,
adenocarci nonas A Tepreésentative I gure for he “mar ker

D6|\/COlZ:hlcﬁo@’61@6Mhdul;@rB6C3lEl IQSMeHIedg asercaomanl DNA;, Lane 2, C57BL/6J
nouse control DNA; Lane 3, B6C3F1 npuse control DNA; Lanes 4-18,

chl oroprene-i nduced B6 Fl nmouse | u noc C|nonas 002 i 4

G owt h [ Q&p?dr essi angy Gravgh ﬁ&}%e%lqn;g’ ‘i"& ﬁ%sf18rar%aﬂl %@W‘%%@ﬁ@&% cell j ne
( R16) 1fhe (ﬁl@)/"tch CHYiMESu9ts bPBeUREL? rcof{t?(ﬁt\l‘sok M24B Krah 8484 ianslisctred R16
cells. RI6 cells at the sanme passage | evel were transfected under

i dent i aells epthdistine Imssmge level Se garstecteduurider Eiénpcteﬁisnndit@thdh leh-2her ofpCR3. 1

vector al one or Wwild-type. K-ras4B. (418-resi stant 6 cells re .count ed
on daysPutifigd piagerd @&*E% Feither AR %1 HesiAr Biong Wb v @5 4 Bresistant

i nhi bi t c;f?% Wi 9@%@&%1?%%&”6 b¥zab A0 iRt gyaméaﬂ otf¥\9§ Ko AS4R.

Bec
thousan resi st ant cells were see into each of the four dishes
( 10- cm)inhiditni ot vdlahe doinmtioBEd trhsfectdd WikBSpand-r&@By/ ineGhb8s#dndr G428-days.

Vo ot TSk a5l et stesbinio.th of e T e S i oo dy EMEE
| ndi cat.g, Prgh, QB¢ AP0 3@/&9 MSBLOF 13 aapst eaﬁsegve&%bﬁ ﬁxé@%ﬁﬂ l(ﬁ%g)(ufére)dg owt h

suppressi on by 'w K-ras in a nouse lung tunor I'i ne
G owt h fornales smﬂnddhmthemyswl dalet, rant Wﬁblel@qlmebB(xlrfam entdeajnéim cvehted. LM

cells of the.s were transfected under identical conditions with
1.5-2 pAﬁerégﬁ<SHlﬁﬁ‘faF‘?Eﬂ§8€g MCB?“@P#%@FXB%%& 1 vector alone or
wld-type K-ras4B. (418-resi stant LM2 cells were subcloned into stable

cl ones.jofg of thgsCd 0BRRvthSu }gﬁ\%%n%ﬁﬁty@emké@hnﬁﬁ&ﬁéﬁﬁ@t@rnof@éllal‘iﬁeVE—" y

hi gh | evel "of transfect ed wil'd-type K-ras ‘and was desi gnated as LM2-K-ras4B
H  AndibE). ol Gnesythwasvasarfdee teopr 4eniiol V@fol‘és‘H?e@ansﬁﬂct@l VR ogls. INY epllsof

t fected wild-t K- R t L
GATE- r 68 B¢ aHEe FERbBS VEBh i POY e TN BT G FURPS NEE Y AP LIS ver
count ed, anidaeA br dithEFER b atRoildte drvifd-tBaK-Rk4BWE418-resistant LM2 cells

were subcloned into stable clones. One of the clones is named LM2-4S-7 which expressed a

relatively high level of transfected wild-type K-ras and was designated as LM2-K-ras4B H.
Another clone, was named LM2-4S-4, expressed ~3-fold lower level of transfected wild-type
K-Ras and was designated as LM2-K-ras4B L. G418-resistant vector control, LM2-K-ras4B
H, and LM2-K-ras4B L cells were counted on days 1-4. Each data point is a mean of two
experiments.  Asterisks indicate P<0.05 compared to vector transfected cells. & & c,
inhibition of colony formation by transfected wild-type K-ras4B. One thousand G418-
resistant vector control, LM2-K-ras4B H, and LM2-K-ras4B L cells were seeded into each of
the four dishes (10-cm), and incubated in CMRL 1066 plus 10% FBS and 50 ng/ml G418 for
12 days. The cells were then fixed with 10% buffered formalin, stained with crystal violet,
and visible colonies (>1.5 mm in diameter) counted. Asterisks indicate P<0.05 compared to
vector transfected cells. d. RT-PCR of unique sequences carried by the transfected K-ras4B
clones. Lanes 1-14: LM2-4S-1, LM2-4S-2, LM2-4S-3, LM2-K-ras4B L, LM2-K-ras4B H,



experinments. Asterisks indicate P<0.05 conpared to vector transfected
cells. b &c, inhibition of colony formation by transfected wld-type
K-ras4B. woaswisrasand (418- resistant vector control, LMPKIraezBss) and
LM2-K-ras4B L cells were seeded into each of the four dishes (10-cm, and
i ncubated in CVRL 1066 plus 10% FBS and 50 g/m (418 for 12 days. The

cel I s vweye-4henLixagiomr g -28%obutNierssdl f,oL VBl 481115 tiaVners-1s.t hMex-ysiTal,
violet, and visible colonies (>1 5 min di amater3 count ed. Asterisks

i ndi cat EM3AS-D5 agdpeipeerni®l. vect or transfected cells. d. RT-PCR of unique
sequences carried by the transfected K-ras4B clones. Lanes 1-14: LM-4S-1

pCT/ UsoDBEha0 L I BUTIBRE St RRAEE BT TR in Py S e i

LM2- 4S- tyBe K-BBs.48: Rds actlvivBed ST pbata@niionehe DM eeil linds. wér@ GRetbated gvitt6 GST-
Activat | stafus of K-Ras and ERK in LM cells ssing wld- type
K-Ras. & Pkﬁttpﬁé%tﬁf&wne@,%g@ﬁ%er PGiHipRR g e (orheathe HOTHARIREE ed
W th ke one
et e e o L e T o
ant i bod$93) &dlstwwer€tunsiBitod eatinedpoepyion vdBiGrs QJ%( RaebVE2 wmd K-Radfist éysbédndvi th

i or for. K-RasVl12 N17 bj th
aane bt MR, CE 8 agis Siniog B%pY o Ao Vs PasD- pERRRARYItYy TORCHH 1BaleE
lysat esweﬁ@e}g@bm QB@CanM- ERI@ }Ib PaRl) aa@ ran@%ﬁsép}loma(ﬂsmﬁ f]ﬂﬁaly %nﬁﬁ%lésbot tom

panel ) antibodies. HEK29 I's without Stinmulation with was used as
negat i vVEEEGAS rcells wﬁhoqunmmelw@ Eetiwaslusedds mgahVEmtvvd@nd KRS cels a

t tral th t.o ERK1. (44KD
nd RO EaRby N bo5ef BTG RS TER R mhsaRub R ole iurgpbid 4
wi | d- tymd@&@&omm5$WMthm (s, a & b, i nh| biti on of nude nouse
tunor devel opment (left side -vector control; right side - K-ras4B

transfected cells c, nmeasurenent of the t unor si ze; d, neasurenent of
the finH023Lde rmﬁ@e 7t uhBie iBPYsEt masgeec ik assaysiaf v Bd-bas. Baat diepseead t o
vect or t C i , r gr aph
show ng%a%reﬁgng%sb fra ﬁtlo+ %ﬁ de Eog%en%glrd%dxg&%lﬁeacL %Jl%{gr\gegfog c?)gfrﬁl

m cr os atightl sidee- KensdB tramfecmeammm;q ¢, htasiatiheltefltios sasor site; drmemkenﬁl%pr
Tunor r each sanp eft  panel , Iun t unor t hout LOH; the

ri ght pﬁlﬁéﬁnaf) Wﬁgnwﬁﬁ?m% ‘Fﬂgﬁ'ﬁJASt@SkF g&lf@éfe%foa GRITRA SN ECHeB TRt 5] gene
codon 1Zjgsmutation. On the left, lung tunor without Kras2 nutation; on the
right, lung tunor with

[0026] Fig. 8. A, representative autoradiograph showing LOH in non small cell lung
cancer. Above each autoradiograph, microsatellite marker; arrowheads, the allele losses; N,
normal DNA; T, Tumor DNA. For each sample, the left panel, lung tumor without LOH; the
right panel, lung tumor with LOH. B, representative example for Kras2 gene codon 12
mutation. On the left, lung tumor without Kras2 mutation; on the right, lung tumor with
Kras2 gene 12" codon mutation (GGT—TGT transition).

[0027] Fig. 9. LOH map of chromosome 12 in non small cell lung cancer. Fourteen
samples that exhibited LOH at one or more loci are presented. On the left, 12 samples also
retained activated Kras2 allele. On the right, 2 samples did not contain Kras2 mutation. The
Genetic map of chromosome 12 was derived from NCBI Human Genome Resources. L,

large cell carcinoma; A, adenocarcinoma.

Detailed Description of the Invention

Definitions



Kras2 gene 12t" codon nutation (GGI->TGT transition). [0027] Fig. 9. LOH
map of chronosone 12 in non small cell lung cancer. Fourteen sanples that
exhi bi t edwb@Bloag75®ne or nore | oci are presented. On the | eco/use22aanpl es
also retained activated Kras2 allele. On the right, 2 sanples did not
contain Kras2 nutation. The Genetic map of chronosone 12 was derived from
NCBI ~Hun@o28enome HiedoUfwigs typk?, refeld @ethé alitlediticCefRime of\a pRAE RO RS Shikoa.
Detail ed Description of the I'nvention Definitions 9 WD 03/018755 .

PCT/ US02fidesgaernce obthg|preistesnsodedapy that gensy that isfthe sequgneenfound, & bgmajerity
sequenc . , ] | uenc f nr. I Dl by
that gonbsefisfRiE ol nhlCr ik iR, oRENR SRH 8RS bt b FRRIER

cel | s t hattartot ajutartt lgens haca hidegilescqidhea tige edifkerant Goai theissquente vf thd- t ype
it is nmutant. A nutant gene has_a nucl eoti de sequence that, is different
fromt h@”fadétéfﬂ% FE0°. ofA DHEN RTPiEHH Py @eno ACHheaRincp ribtels ifgenk fomniliso

aci d seqyfRRE (;fqﬁéwiﬂg_t%%l%g&gt fromthe sequence of the wld-type
protein. [0029] Herein; | d-type ras proteins have an activity called
"growt h suppressing” activity. After expression of wild-type ras activity,
or addi {002%I wi | dergipewildgypctdsvproteinsvihavhian ackivieldalled Figrogrtwhippressing”

suppressing activity is neasured as a decrease.or inhibition of .one.or nore
or oot b 3 s At eibresfionar RHET S fof Y, GariRhe Bk Rissat it iy

whi ch t BecM the gkt sippressdig adityiiomdhsurdd & 4 YRLecas@dr REIBIMbLE ¥f ¥@SortRbre
expressed. Many different neasurenents made on these cells are indicative

growt h gpphes srageration phragnetorpel g galh pecorapaedtoseslls an piich thy wiild-type ras,

decrease_ i Rp;. | VI.Si ' o [ ' I |.e e duration
are i ndr epERd sEhBR iRy 3G ASSKERRAG MED SR TS rBeRE S
cell's i onwhdse ety drd ilidipgive agowtClubpietying Scti@kpr €8s exhnayle, dadrdse inCGRIEtleor
transforned cells, neasurenent of properties such as decrease in

ef fi ci edEe, slecieaeoify ol diutsiwntipe ausk degrgase oy Gdeeslbgyee| phase y&ationr ¥t i on
are indig : i t.iVi i Ll LV, 8 ared
o cont P it B oy QoS AP ERAL SRR Y, Lol ol AT, B
conpr i sectivityais expi@sdedaire durharreancet dhirdmsormiad albs, acasien®ht ofprapettiearch of
properties such. as_decreased tunpr sjze, decreased tunoy _gromh rate or

sl over ARfIEFTERSC e CHIASSY LT 4PNy HATRA0BS SBF agHaRf dFosappieOsihiprRaten fiey of
Wi ld- tyRECHAS of [ROREH S\@grésgﬁg @ty 8f wildl§pd R Eihdr&d t8dnttdie W - type
ras gene that is expressed
cells in which wild-type ras activity is expressed comprise or are part of a tumor within a
human or animal, measurement of properties such as decreased tumor size, decreased tumor
growth rate or slower rate of metastasis are indicators of growth suppressing activity of wild-

type ras.

[0030] An important of this invention is that the wild-type ras gene that is expressed
in the cells inhibits or suppresses cell proliferation. Inhibition or suppression of cell
proliferation are terms well known to those skilled in the art and refer to slowing or stopping
of cell division such that cells do not increase in number. The magnitude of such slowing of
cell growth can be variable. Herein, any alteration of the growth of cells that comprise
tumors falls within the scope of this application. A variety of measurements of
characteristics of cells indicative of slowing or stopping of cell growth are described in the
Examples of this application. Additional aspects of cell growth suppression by wild-type ras
of cells comprising a tumor that is within the scope of this application are apoptosis

(programmed cell death) and induction of cell differentiation.
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in the cells inhibits or suppresses cell proliferation. Inhibition or
suppression of cell proliferation are terns well known to those skilled in
the art awo weisssto sl owi ng or stopping of cell divisiorcaush2/dsae cell s
do not increase in nunber. The magni tude of such slowing of cell growth
can be variable. Herein, any alteration of the growth of cells that
conpri sgoo3upnor s Hetdis “dhichivaidghensane” e 16iss offphdtiat n@iatioAs'V asfeetty of
measurenents of characteristics of cells_indicative of slow ng or  stqpping
of cell n@%m& hpreargwacyas B@@Suthatteﬂi@m@ %C@Swhetw\gthawppseé%@g givity of
AddI 1 Ol pBRRRCLabe 55! duchl ALY THRPLESTIORE Bish || DR ofeASubsBhiGAL | o
corrprlsm a tunor t |svm € Sco i's application are
apopt osidsletignsy mgemmmdr dn;ﬂicatimmt\m)thmmhb ccrdﬂmgtagmm affthe gkhe thaf deasamnt re&tﬂton.
10 WO 03/ 018755 PCT/ US02/ 26830 0031] Her nac{)l vatin tati or
"] oss of™f GHEEABM a&i“?%‘hg T35 @FEFINCE reﬁﬁ?fl tB‘h%ef}e rons B elpee %ﬁlfes
that el yd RatRotei SRR4IRRSANE @ﬁlt&id?l"\ﬁe[% @Mﬂﬂfaﬁ%él&ﬂgssaﬁhm ¥p S&@ssnfgaa%tlli}{t?t eins
encoded by such genes. One exanple of IS IS One of nore bstitutionhs,
del et i otiyp alrnspmterm met cmtauipkiao atdconging mhuahom h&his dytienyf inagivetmiutatien gene
t hat doe result. .in a decre unt of ras protein expressed
by the § ZIH@?Y By Vihigone %F]@E%@ﬁﬁggﬁt ce ?o”rggngr %@%ngaéig%n%ont ai ning the
nmutation has quantitatively less growh suppressi ng activity than a ras
pr ot ei N[g03R] cont aiAkbil@r sxnhlaef iy bbtRetiAk hatdtion.is T Rhfationdia, ar bN@EdckiMat i ng
mutation is likely to occur within one or nore of the first three codi ng
exons oft TRagenfeieh thaomepr Atlsersasedeamanst of &1s @rﬁt%aﬁ:@xnra%smh&omﬁlm »g@afs is a
mutatio 0 [ e
ot P TuBERGs or Bl 0% o8 pHRIRRUED LA 50 s BefiBifeT

exanpl eabgmnt cedsceaased tplrhposfi tpink@ipad framtthy béne, of cause decrpasedilédlife Gﬁtase
aberrant qr decreased. s licing of transcripts fromthe gene, or cause

decr eas BRIV IOF PIoteia it 1F1é]§e s prsst dttough th 138 PF@C@GHTP@CG@ Mayhaye case,
al t hough, L heRf, ML §FH\’9£F‘1 gpe ) NGty q¥antilalhe e‘r?éy xtott‘é?n 3(?1”‘2 t}ﬂt‘i owt h

suppressing actrvity as B8 protern on a asi s,
t he cel h®lecolkttasis) thg cslictomaining atclommusation devs éaserdedhamomdts oﬁml\zlfftmb tay pe

ras rot a eref ore, .decreased anmounts of ras growth suppressin
i Pt loteib oAb thort s QoS GROTRRChr 1 B B BR S B ont 1o 1 og |2

allele, or deletion of enough of a ras allele so that no protein is

producegygzspm t hapikmgeeRReRt iPdBR ok ¥PES e@ttre raalatmtlé QR aeuen@ﬂ Bflgnouph er nal
dupI ications within a ras gene sequence one &NAGI ng t andem

dupl i capf erres aflole3w| that nehuateth & odhesdr &@mgthuatz rsaquegieer dbers types ofie

amunt 8‘Iutat10ns 1&41?(% {nfEnal duplications within a ras gene sequence, one type being tandem

duplications.

[0034] It should also be recognized that decreases in the amount of wild-type ras
growth suppressing activity within a cell can also result from an increase or change in the
methylation of cytosine residues in the DNA, within or near a particular ras gene. Such
epigenetic changes in the DNA of a cell result in hypermethylation, are well known in the art

and are generally known to result in decreased levels of transcription from a gene.

[0035] It should be recognized that the growth-suppressing activity of wild-type ras
correlates with a decrease in the activity of ERK MAP kinase in a cell. ERK MAP kinase is
downstream in the ras signaling pathway, which is well known in the art. Increasing
concentrations of wild-type ras protein within cells results in decreased activity of ERK MAP

kinase (See Example 2).
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growt h suppressing activity within a cell can also result froman increase
or change in the nethylation of cytosine residues in the DNA, within or
near a pawbDiswisss ras gene. Such epigenetic changes in treTidd2/odf83@ cel |
result in hypernethylation, are well known in the art and are generally
known to result in decreased |levels of transcription froma gene. [0035] It

shoul d pom3espcogni 786 ptdieht IkentROM pRRIE @S@kihgd abF d¥drbasintf thel dctivity RE ras

correlates wWwth a decrease in the activity of ERK MAP kinase in a cell. ERK
MAP ki nERE MAP lipasesin peghhbiyrinerpasingaibe sprpeatrating ofavildipe ramproteiy &ithil theknown
in the . Increasing concentrations of wild-type ras protein within

cells results in decreased activity of ERK MAP ki nase (See Exanple 2). 11
WO 03/ 018755 PCT/ US02/ 26830 [0036] The present invention al so provides a
met hod {@37Hecr eallieran t faetivatingyv ntuyatiohs” ERK‘ddikP dfi fiaeeon nmatatiehd” Ipgfer to
i ncreasing the concentratiqgn of wild-type_ras protein wthin the «cell.
[0037] PiFadioRs geBete &Wﬁ)@ﬂ Hscafing feaucgpe @5&%@@?& b EesP AN RERIEEHINAE 125 of er

to nut gty ) hihbi Qdi ol AR
Fasul P o B A el i
or car cprodgencantasing\actiyatinginnghigomiscakd yalled astivapeditasipngcingnhai imvegeduced

activati mut ati ons,  al so call ed actjivated ras proteins, have reduced
Srpase. GaPeh tviesorihd B 6 ol A lorFi b FeBiedih RoundPtle, Argvacd
GTP- boupd ppétein8 mACAlkY BhRIdeckcase PRI RHiAS bR FRitDAKE, WeerraseBpriduhgot i de
bi nding affinity and, therefore, GDP bound by ras is exchanged for GIP at

an i ncr basasdis eactanged forayTRIat an sreaded ra@Plipnat alise de eai AP pddeine dgesia

ability. to ca the conversion of -hound .ras, t - bqund S.., Al |l of
fhese. a8 BHh'® SRR BlsoRte o ST IZR RN RSor GOPRaEAY AR g
whi ch cadtee Fesltd iR laccuni@fes o I@TR-boGAd Y&, IWAgcinu ahé GBS vitiieh kAW dighdde
found in codons 12, 13, 59, 61, 63, 116, 117, 119, 145 and 146 of ras

genes. BasduehtatAgigting auntatipns gre noam torhs fgurthinreodane 1 2013 8 61hioAd] Iy
sites Oﬁ 1’} kiei ?,p I{'Agbts 5{(12146?%% rag gkne@“tsﬁkﬂl %?e}ﬁ'&%rs Ialcghrta?| 8?) ?eaglqﬁé) %Eatngrfe%botld

activation o ne degree. ewse, n 1O W E hi n
t hese cb@dhg sieeoftieipratelnd gNotSONButanuhaivithinsthéss codenosaus®a@ivafion BERR teodons
may be | oss of functign nutations. Activating_ nutations are detected by a

nunber B EEniERRes LsES, diot Wi BHiakpRS Hakiy fhseg cpdpng, ate apHyating. Rgne
5,591, 5 ] ' i LN s i L eDN i at
i ncor po?%%%lﬁnggﬁ 0?2120(5?%%8e&fnﬁ%%?ryg?sﬁ#ﬂg?&e%%ﬂ?ﬁg%g§$%@at(% S'a Va%%% ecul e
i nto a omkdtioneferdetdczddyeamingiey obfechniques, some of which are described in U.S. Patent

No. 5,591,582 by Bos, et al., the information within which is hereby incorporated by

reference.

[0038] Herein, “introduction” of a DNA molecule into a cell refers to a variety of
methods known in the art to get DNA molecules into cells. One such method, whereby
isolated DNA is introduced into cells, is know as transfection. Such transfection is
commonly performed using various treatments of the cells or DNA which facilitate uptake of
the DNA by the cell. For example, cells can be treated chemically to make them permeable
to DNA. DNA can also be treated, for example by incorporating the DNA into liposomes

that cells can internalize.

[0039] Nucleic acids (DNA or RNA) can also be introduced into cells using viruses.
For example, a cDNA encoding a wild-type ras protein that is to be introduced into cells is
cloned into a viral genomes. Infection of cells with such viruses results in introduction of the
viral genome into the cell. Since the cloned gene is part of the viral genome, it is introduced

into the cell along with the viral genome. Such viral “vectors” can have DNA or RNA
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met hods known in the art to get DNA nol ecules into cells. One such nethod,
whereby isolated DNA is introduced into cells, is know as transfection.
Such tranebDasisissis comonly performed using various tr®ammsnt/26s8ed t he
cells or DNA which facilitate uptake of the DNA by the cell. For exanple,
cells can be treated chemcally to make them perneable to DNA. DNA can

al so be géiod@ise dNuineroue %P veabyedidi€ Qid Vel rdgm RethoNASKIllE® it itROSOMESiralt hat
cells can internalize. [0039] Nucleic acids (DNA or RNA) can al so be

i nt r odu¥@dors ks hews penessiiE tiaeras &3 cxample, eenerbing thaireenpmenewdiergiered

wi | d- ty%as‘@éc&fb?éﬁﬁ’nvlm is to be introduced into cells is cloned into a
viral genones ection of cells with such viruses results in introduction
of the wviral genone into the cell. Since the cloned gene is part of the
vi ral g&)ﬂéﬁia it Hsréilm,t ‘ronchgeaht” ‘ftranefotthed’ canld| “nadaggiciir¢fhr totvelly thabiposyessone.

Such vi rﬁ é ca{; g{p Dg? or RNA 12 WD 03/ CﬁlB?S PCT./ US02/ 26830
genomes® FehPyFie of &gl T\ BlERAHWAels Jarieyi of edicfin t he
art. Vi Elﬁ’dractéi%@ﬂ@ﬁl% WARkndWRY ® ©6RERil1eM ih dhd %Peoﬁ@ofgeﬁﬁrceﬁ%‘ aménq eedea Rgd into
their genones can be referred to as "reconbinant™ viruses. Her ei n,
" oncogeniiptals, "for exmiple.nfodth tamgrs' Wh@phasmvhcmmgrceﬂle @emdtsfonhaUmpnsMS
characten tics not ypes), of. cancer,, nant, riety
o such itSaP atp ab Birhall HA g 1k OB hOLEeS OR b e HirpioyPp 2o

OncogentglisCald SprovbRA thBieRS kel iinCcanddtbiBb s ttaocsecsm@raah@emﬁsor Pt QNS
wher eas non-oncogenic cells do not formtunors after injection i nto an

ani mal . SWEraIcAZENSGS 8 4 gue coBbemIsactiFpténgyarsonhanch afasagene pn bridlerlon
into cell nd {£XPpressi a »Cau ShQuUs cells t

cancer ofs. RN IRERE! Sl Sdes CR B BN BARGE Aieece ps Iyt S
acti vat im@duuicmt 186 cdBleC ndd dxpfesg@meth@lam gl dafictrodn cEIfC kb MRkede fids
gene. "Anti-oncogenes" or "tunor-suppressor" genes are genes that, after
i nt r 0duEHICEIPUFnHErein|ong suhfUBeFSUEE S EHeie? Wilddapems é8her ous cel I's to
become non- cancerous. Herein, one such tunor-suppressor gene is a

wi I d-typgips genened14t] me r af Sy t he
formati g’r? aﬂd gro?vﬁﬁ Iﬁ% meé}Enor t?g(%ggﬁlfghlge[hgrfgﬁvgﬁ %@I %1’0}@?0&“%
prol i f eslatarmal e thmgrcdzl/g/by bdmlal(prwﬂmﬂeratlan dnare mapldﬂgrethan ncmrgul andabhrueshe
stimuli that i at. wth cease. Tunor Incidence in Mce with
Differ efﬂgreﬁ’;ﬂﬁ E]’rfr‘bs ’O‘P ﬁ‘&te%%en?“é@m[“ﬁ £A%These studies were designed
to determne the effect of wild-type K-ras in lung tunorigenesis. Mce

I 'acki ngThRbRIHtideASe A MedespitRDE R CoptNinRslotigIdORpsaes 12 and 14 days

[0042] These studies were designed to determine the effect of wild-type K-ras in lung
tumorigenesis. Mice lacking both K-ras alleles are not viable and die between 12 and 14 days
of gestation due to fetal liver defects and anemia (Johnson, et al., 1997, Genes Dev, 11:2468-
81.), therefore, they could not be tested. However, heterozygous K-ras deficient mice are an
excellent alternative to assess the role of wild-type K-ras in lung tumorigenesis since nearly
100% of the lung tumors from inbred strains of mice exhibit an activated K-ras allele (You, et
al., 1989, Proc Natl Acad Sci U S A, 86:3070-4.). These studies were performed as described

below.

Animals and Generation of F1 Heterozygotes

[0043] Six-week-old A/J, 129/SvimJ, and C57BL/6J female mice were obtained from
the Jackson Laboratories (Bar Harbor, Maine). The 129/Sv-K-ras™~ (K-ras “knockout” )
mice were developed as reported previously (Johnson, et al., 1997, Genes Dev, 11:2468-81.).

The knockout mice contained an insertion mutation of a DNA construct containing a neo

13



of gestation due to fetal liver defects and anem a (Johnson, et al., 1997,
CGenes Dev, 11:2468- 81.), therefore, they could not be tested. However,

het er ozygwo3Mi8785 deficient mce are an excellent alterraivis2/La3@ssess
the role of wild-type K-ras in lung tunorigenesis since nearly 100% of the
| ung tunors frominbred strains of mce exhibit an activated K-ras allele

(You, egenedinto tht9BGas BERE(INBAdonAeREl., S®I97UGenéy D8, BT s:48).). Nﬁgﬁﬁs skl es

were perforned as descri bed below Aninmals and Cenerati on of

Het er oz)ejseddn| plosts] cages - Witk khasdwoo) bedding/aad| dwst camersChy BLEBEP A ditteras, ni ce

bt ai.ned. f Jack i es,. Ha . Maine). T
1507 v R et cobBiigREnR0R P E A R G Ry Mishan ARTRE R Réfie
previ oushty Chd@M@S00; Firingd) and 4R9F  wieaNaS [iDRYm. Fblddhe 8%-day quih@tikgagkout

mce contained an insertion nutation of a DNA construct containing a neo
13 WO 038 rsge paifed80dsveB®3fecdgemeolpmeofar ippodictians of @ x [ 2DdwiKemns " @, al . |

nar ool BB A0V dtrcts” Bk and (CP TSR s Refas el mEy o regar o
contr ol LiederARMIE 4fkre ﬁoﬁtg%ﬁ%ﬁ%f&r't@&ﬁg@rﬁﬁﬁg bfdiresAni mal s at e_Rodent

Lab Chow (#5001; Purina wat er rtum f—‘ol | owi ng a 7-day
quarantine, the aninmals were paired to devel op breedi ng col onies for

pr oduct Gemotyping Af Yicg 29/ Sv- K-ras+/-)Fl, (129/Svim) x 129/ Sv-K-ras+i-)Fi,
and (C57BL/6Jx 129/ Sv-K-ras+i-)F1 m ce. Body weights of all the aninals

o0aa] Wl £ sudud) Fpnshiiiars Parorairontancioty oy 1og e Rratadn ) £
(129/ Svh@/dgwﬁf- 919%74¢-Kk @35 B, Fhng Sg@'véﬁ%ggg%%;ﬁd%?*ﬁw th@é *ﬁo-{%)cfgenﬁ@alse,

honmogeni zed and incubated overni ght at ysi s’ sol ution onase 0.4
mg/ M, afPeismbiated) odtodighy las B7PAt & (y¥isy )splution ndrdirass , 0.4 0Rgii] NOCh , sodiva 2 iVl

EDTA) , I b h | - | ' d ipitati ith
ce. ol PEPRBAGIS (EVk TLBM s, PPN Head pamMCEGT RbcioHoHBhLs ARsEoL
genot y DMt BB AA Hrfpiidien Koilp el QIOSIBHLITUDRI ALY Ao, aRbYTer ase

chain reaction (PCR). Br ly, a pair o primers

CTTGGGTEINGAGBIT ATTEE 3vas gohMROdd! forSthe ABGERAGAT GRCRGEBAGATE3 mutativas usisgd t 0

Cor e B2Re R sk R, Beplatcitn OTE ettt Bl b
GTCAGT CORERECAAGATAGGr TvasTgLsed Jinranl i sy aaGROA BR T RAUEIG ASAGT-3")

i nt er nal
was used to amplify a 280 bp product from the neo insert. Another pair of PCR primers

(oIMRO15:  5-CAAATGTTGCTTGTCTGGTG-3' TCR  Cd-1, oIMROl6: 5'-
GTCAGTCGAGTGCACAGTTT-3") was used to amplify a 150 bp product as an internal
standard. DNA having both wild-type K-ras alleles [K-ras (+/+)] displayed only a single 150
bp fragment, whereas DNA with a wild-type K-ras allele and targeted mutation (+/-) allele
showed 150 bp and 280 bp bands after PCR. This screening was repeated at least once for
confirmation. The heterozygote male 129/Sv-K-ras”~ mice mated with A/J and C57BL/6J
females. Fifty percent of the offspring had a K-ras targeted mutation (tml), and the
remaining 50% had only the wild-type K-ras allele.

Lung Tumor Formation in K-ras™" Mice

[0045] The experimental design for both urethane- and MNU-induced lung
tumorigenesis studies is shown in Fig. la.  Six-week-old (A/Jx129/Sv-K-ras™)F,
(129/SvimJ  x129/Sv-K-ras"™)F;, and (CS57BL/6Jx129/Sv-K-ras")F, hybrid mice were
randomized into twelve groups according to the K-ras genotypes and the types of carcinogen

treatments. Urethane (ethyl carbamate) (>99% pure) and N-methylnitrosourea (MNU) (99%
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standard. DNA having both wild-type K-ras alleles [K-ras (+/+)] displayed
only a single 150 bp fragnent, whereas DNA with a wld-type K-ras allele
and targewedsmigrati on (+/-) allele showed 150 bp and 280 pop/usaresssaf t er
PCR. This screening was repeated at |east once for confirmation. The

het erozygote nmal e 129/ Sv-K-ras+' - mce mated with A/J and C57BL/6J

f emal es pufe) fwete REtEBEL fﬂ)fmtSi?ancﬁ&ﬁﬁbeﬂgCGa(EtaL%ufsaMifs%\ﬁﬁt eghésdt @Hehfbnl
(tm), and the remaining 50% had on@(%/J the wild-type K-ras allele. Lung

Tunor FERFEOBEH WerekueRpsad invnediafelioheproThe @xpesssavsntBothdusthygre ausk MOGY h

th t gh
S - w5 SET S DEHERY g o VR ATRE R 0E 1061 R o N uidt In e 2
( C57BL/ Gibasshy GhSudikgr 7 ¢A/TX FIo/Sy e N Civgrie (A/ADOEZEGad T el 1e
groups according to the K-ras genotypes and the types of carci nogen

t r eat met29/SWmdx RHSv-Ketahy Fcamiiaerat &) (298 ipuxé}9/SnK-Ksiiafhy Imices 04bur ea

Chem caf COPL PRIZOGRa Wias 515 ) SrrBsl TRk CAPS R ok EFoenSidier ALl °
O <o v o Bl R R e B R e e

in the uh0.Qaslgdnpsphatd-oufifared dating.A/ Ix 129/ Sv-K-ras+i +) F1 nmice, 12 (A Jx
129/ Sv-K-ras+' TF1 mice, 15 (129/SvhnJx129/Sv-K-ras+i +)F1 mce, 19

(129/ Svl 29/ Sv-K- ce C57BL/ 6Jx 129/ ras+i +

b 15 (QBEET 6 o Poo by tehimenl bias, Sl RiR v M b 85yt ding ngI .
| ntr apeni i aneabo/Si.1rds i @ik, an @/Mrz@mamaﬁ)mﬁﬁebﬂﬂm@@v@mmw 0.

m phosphate buffered saline. [0046] For MU treatment groups, 83 nale mce
wer e us&drast” )Fhemhlepa]ssaMZDASwIlmﬂd mg/sV;Iq-r(zAf)JBq 1296, SU3K-(CAZBLAYFILHMSGE- 13
(A/JIx 129/ 9v-K-ras+/-)F1 m ce, 29/ Syl mIx 129/ Sv- K-ras+/+)F1 mce, 15
( 129/ SvF#i O Mjrsand 1446 57B16{x h?i% - K17318( QB 7Biges M1 aigra wee gives-d smgig

T e 0 kbR AR R IR T BBy MBS Ve

phosphat e- buffer ed saline. [0047] Since lung tunor developnent in mce is
hi ghl y @ed&hdent Spma ldng frenentevelspnednt dn haick gs hights depdrdest dpcfnf diffondnt F1

m ce were used o av tral n ecifi ef fects, ht een eks
after tlg@?ttlﬁel?ﬂc #OHR Surt a‘ﬁgbréﬁh t et 9"‘5(% %A ¢ ta¥pid; P%Séi%ﬁ Talf SPFP&NE
ani mal s offL QM Alohtd-WediRs %&L{féﬁtﬂi@ft S/ iUl BARZ S e eé"k%pag%%( r@a{dﬁ@?tr with

port| on of lung tunors and normal tissue were renvved an
| i qui d MNUpgmmalsAfrom all twelve groups were euthanized by CO, asphyxiation. A portion of

lung tumors and normal tissue were removed and flash frozen in _‘liquid nitrogen. A
representative portion of each tumor was fixed in Tellyesniczky’s solution for
histopathological examination. Each lung was examined with a dissecting microscope to
obtain the tumor count and size. Tumor volumes were determined by measuring the three-
dimensional size of each tumor and by using the average of the three measurements as the
diameter. The radius (diameter/2) was determined and total tumor volume calculated by:
Volume = (4/3)rr’ (r-radius). One-way ANOVA was used to determine the difference in the
number of pulmonary tumors per mouse between control and treated groups. Two-way
ANOVA was used to determine the difference in both the number and the size of lung tumors

between control and treated groups.

[0048] As shown in Fig. la, six-week-old (A/Jx129/Sv-K-ras”)F;,
(129/SvlmJx129/Sv-K-ras™F;, or (C57BL/6J%129/Sv-K-ras”")F; mice, either wild-type or
heterozygous K-ras knockout, were given a single intraperitoneal injection of urethane at a

dose of 1 mg/g body weight. At eighteen weeks after treatment with urethane, all three
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representative portion of each tunor was fixed in Tellyesniczky's solution
for histopathol ogical exam nation. Each |ung was exanmned with a

di ssect i ngomsoigrstope to obtain the tunmor count and si zePCTLr®s02/26886 unes
were determ ned by measuring the three- dinensional size of each tunor and
by using the average of the three neasurenents as the dianeter. The radius
(di anet grouBy ofdsteietygowd Keds alfcitol Mlicet kD eweRipdttsiginticankitBoebtid laMedrune =
(4/3)nrﬁﬁér-rad| us). One-way ANOVA was used to determine the difference in
the nu u@PfSﬁthﬁlﬁgrlynwwm Wikd-tyre geentereatii efts s 81 Fignb trqafaens @1

. th 1 bot.h .t
by (RART I RO Or BB S R OKIBL AL ALAR i St BEADEE bAREh
[0048] Afes A9 WRANY Rukibs. pér@un%hsxdl warktRdd of i Jyggl(ﬁmlfzg/%ﬁ-r&spi)m mice
(129/ Svl mix 129/ Sv-K-ras+' - or (C57BL/6Jx 29/ Sv-K-ras+'-)F1 mce,

ei t her withdhe¢ ypee oarcinogter szrygauus uethas tkeatmkgudf, (m&/smgwewm Iélramjr)@]

i ntraperi nj ec ion of, urethane at a dose of 1 g body wei ght. At
ei ght eeﬁm{/\g@ﬁ&@}éﬂ’@fw SVeAERE niE \}ﬁeﬁeﬁowg@%gﬁés dﬁﬁqlel%tﬁfl@é rewe@\@ d=7 tweys55
PCT/ USO2{ 2f 9%@%&& QPR ashfd %@Mpgﬁth&r v 118@39%”11&&11@%9 éﬁgﬁ@oped
significant nor e “an ar ger tunors e| r’*honoz

count er pheresverdsverhmore btnikiiggeffetts cirr oad] e tlmior x(oNrﬂet dvEBbS@a-ﬂﬁ}d aSHﬂ)ld), FI
het er ozygous K-ras-deficient, nice with uret hane produced. four timnes
many t ufih $-ioet Vph%e aerepse iprleferppraous fKvsdrlicignt mise Jwﬂzgansé\/klﬂww +) F1

(156 supisheiof<f TR/pRRUI7880 oath Mool il o 1 7RINE BURT TR pbaroum

heterozt@péﬁlvlﬂyr(pfg— qjg,)fl cient mce resulted in 4-5times as many tunors per
lung as did treatnment of their respective wild-type littermates (Fig. Ib).
There were even nore striking effects on total Iung tunor vol une: over a

¢

30- f ol dl0048l f o] d, Mogher therlenss lung Wmers RA0ERsiEom ih Beterogygeys s ras-deficient
K-ras-d / 9/'S
A L et L N D

I c). [O@df]eithastretifing be N-methel-Numnigosauney G\ﬂ(\lb]@@%re htlemallnang ed@oazy qBigs

K-ras-d fICI n ce were adeno arci nomas (Fig. 2b, d, &J). In contrast,
t unors ‘gn d ‘g]iléléo"i’i’i‘ &b Fig 4t &aes afenomas Weks: characieiized ‘era monomorphic

N-net h i r I (F4
T g e S A G, 2

growt h @fotadrthe fmg tweroes f;emethalhbgcrccz@rgqnm Kaeks-défionait Imide fwfees eatmloaarMOnmk | s.

ﬁpgreoévle{:ﬁi ; ?dy&[eggocy of e ldgrﬂ) artcynrcr)lr)nrag vx];errg (qc])r}ug]oese(rll %%gerzl?sz\xqgldgryllﬁgr e?gre%gglfm ent
differentiation (Fig. 2]‘). These tumors exhibited a complete loss of normal alveolar
architecture, increased nuclear/cytoplasmic ratio, nuclear crowding and cytologic atypia,
heterogeneity of growth patterns, and invasion into adjacent bronchioles or vessels. These
results suggest that loss of wild-type K-ras contribute significantly to the development of

undifferentiated malignant lung tumors.

[0050] These observations were unexpected and indicated that the wild-type allele of
K-ras acts as a tumor suppressor during chemically induced lung carcinogenesis. A second
lung tumor bioassay using MNU as the carcinogen was conducted. MNU is a direct-acting
alkylating agent that does not require metabolic activation, while urethane is a procarcinogen
that requires metabolic activation. (A/Jx129/Sv-K-ras")F;, (129/SvlmJ><129/SV—K-ras+/‘)F1,
or (C57BL/6Jx129/Sv-K-ras")F, mice were treated with MNU using a protocol similar to
that described for urethane. As seen in Fig. 1d & e, treatment of K-ras deficient mice with
MNU produced a 4- to 6-fold increase in tumor multiplicity and a 32~ to 50-fold increase in

tumor volume in all three mouse backgrounds.

16



(Fig. 2d &J). Muse |ung adenocarci nomas were conposed of cells with
varying degrees of differentiation (Fig. 2f). These tunors exhibited a
conpl et e woss/oes7smor mal al veol ar architecture, increasedPCT/US02/26830

nucl ear/cytoplasm c ratio, nuclear crowding and cytol ogic atypia,

het erogeneity of growmh patterns, and invasion into adjacent bronchioles or
vessel s. These results suggest that | oss of wild-type K-ras contribute
significantly to the devel opment of undifferentiated malignant |ung
tunors. 0050_ These observatl ons were unexpected and indicated that the
wld-typ gy gtings Mu A% inglong "HENQIS t yppr suppressor during chemcally

i nduced Iung carci nogeneS| s. A second lung tunor bioassay using M\U as the
carcino S co t

docs. nof LT o RAHE kiflors Mthd ik bR oV Mare BVe B b R A0SR vlE

t hat r equitatess. nﬁl\h‘b@asasdaibd Viat bmng t@mbrbxusilr@mS\I-R&zaﬂasagen) Fbibc§ BRI9/aBd| mlx

129/ Sv- K-ras+, 6Jx .129/ Sy- +i re treated
with MRSt 2 %\ ?empi%ﬁ% }E"iIR{ Lactions i‘rffjafhedéggﬁ' Ogége £ Oggﬁtén"éas Nseen
in Fig. sdflefeed, tﬁh%aééaaasceefoﬁpmsP%fefscr&nkmce%om th an&/wv&éw%g&%ea 4-
to 6-fold increase in tunmor nultiplicity and a 32- to 50-fold 1 ncrease in

t unor voteyresiyr(Yalul et #lr, d@8bpRroe I‘Mbkgad)&mdé S AGSGABOTBAD. 18’[56rd§@f¢ﬂ580@b26830
K-ras Activati.n tations.in Lun Lung t e.m.ce
descri bglé %‘p\ﬁlﬁtj eangngllrﬁf%eﬁf qpge Wa?‘!tﬁ aSn‘H‘?Z [ﬁtﬁ%ﬂk&é

i sol at egrefvfdamyl(yag ét%FDI%WPtd&QJatthﬁcéH@d@S549@6@()‘70 4§ bco BRL) and was
used as a tenplate for PCR reactions and the DNA of the PCR products was

t hen é(g)uenced The sequences of PCR prinmers for K-ras exons 1 and 2 were
descri bé¥32br evi odsIshoyydn Table hisequengggnalpsis perfpnpedapm thedinst exon gmd the

86: 3070 [ r: S84 ng of
PR pr odaetd falof SR AT, P LARGR AR BboR Walibe Fri RS I
Proc NatypeAiael céiﬁamhﬂ &n AT B6T 8@éAsversion §10062d4coAs pssitum of todbatdie A sinsikguence

anal ysig perforned on the first exon and the second exon of K-ras reveal ed
that = al FTe{HEER APPSO SetpstpHpion WaneResgd in Bngikumas fgm aetefquféouﬁ Iééas—

contain Agt LO KRGS t A
simlar gg;légléééﬁégregn V'Eq%e eg?a%l( Fse{lzﬁlfar%?a%llﬁon vvgrs1 o B3 1151&”‘%;9{0& ung tum)rs
f r om hetelddyygmice o-hasozyphs K-mnidefitient mroeamadmmdtatﬂ@rtetMHnenmﬁmmﬂ thel y,
al | MNU-I ndﬁlrlced | un turrgés romfj%tlhﬁr w | d-type mce or heterozygous
K- r as- d8°PRY BATtOR elecodBRd 4t Edaa (k881 D AT transition at the second
position of codon 12 in K-ras (Table 1).
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17 WO 03/018755 PCT/ US02/ 26830 Table 1. Activating nmutations in the K-ras
gene detected in lung tunors Animals Treat- |ncidence Codon 12 Codon 61
ment ( GGTWB@AM)876TAA- - *CT (A JIx 129/ Sv-K-ras+/ +) F1 ur et haas/us02/1330@ 10

(A JIx129/ Sv-K-ras+/-)F1 urethane 10/10 0 10 (129/Svl mix 129/ Sv-K-ras+/ +) F1
urethane 9/9 0 9 (129/Svlmix 129/ Sv-K-ras+i )Fl1 urethane 9/9 0 9

( C57BL/ GaKle 12U ctiating AsithibhE th 16 B8 BEncl4dfeLinthg R BL/ 6JX
129/ Sv-K-ras+/-)F1 urethane 9/9 0 9 (A/Jx 129/ Sv-K-ras+/+)F1 MNU 5/5 5 0

(A Ix129/Sy-K-ras+i YF1 MU 5/5 5 Q (129/Svimlx 129/ Sv-K-ras+/+)F1 MU 5/5
5 0 (129/Svl mix129imalk-ras+i ) F1Treay 5/ Bicidemce Codon 12 Codon 6]
(C57BL/ 6Jx129/ Sv-K-ras+/ +) F1 MNU S5hten 0 ( C57BL/ 6J&GIRYGNTK- r agEAA-+CTVNU
3/3 3 0 LOH of the Distal Chronpsone 6 in Muwuse Lung Tunors [0053] In this
study, appAireang/sviKurdsteyF, exam nedrdit@er el aoionshi p betgeen K-ras 10
activating nutations and | oss of markers in the region of K-ras (loss of

het erozyg@jsi,ijgyzgygv_@_ggb/, pl ndi cat i pepiidpe | 099/19f the othgr, wild-typejgllele
of K-ras in tunors. [0054] The National Toxicol ogy Program (NTP) provided

two sets lugens fromghe B6C3Rl mice forgK-ras nutati and
LCH anal yglggmﬁgxplyr?%t’%%t@&gé from mce exposed to O, 1, 2, or 4 %/nﬁ

of V2PC6 i aiq r 2. T ond was frommce treatedywth
chl oropreﬁpeé.g/%%gxﬁuﬁ%‘?kﬁﬁalst i)%l i cpfeflﬁaglgt a a%%t K-ras nutg}ti on anal ysid95 of
chl or oprene;:i rs e reported (Sil,ls, et al., 1999,

Car ci nogeﬁ@%ﬁ@gf%%@%&?%ﬁ@%}l Eﬁ“l"lgeTec A%l Report®467, NH 10

Publication ngo. 96-3957, N EHS, Nl H,  Research Triangle Park, NC).
Al | el ot yp(@57§{dﬁ%@§/%¥éa§e}ﬁlor muEFtRAe nar k8f9 D6M T14 wth 42 nouse 9 ung
tunmors in the V2P05 st%gy (2 fromuntreated mce and 40 from V2PC6 18 WO

03/ 018755 (#E¥1190pKE830F exposed MNE). D6MST14 was obfai ned from Résearch

e AR Y ss ; :
(129/SvimJx129/Sv-K-ras™")F;  MNU 5/5 5 0
(129/SvimJx129/Sv-K-ras"™)F;,  MNU 5/5 5 0
(C57BL/6Tx129/Sv-K-ras™")F, MNU 5/5 5 0
(C57BL/6Jx129/Sv-K-ras™)F, MNU 3/3 3 0

LOH of the Distal Chromosome 6 in Mouse Lung Tumors

[0053] In this study, applicants further examined the relationship between K-ras
activating mutations and loss of markers in the region of K-ras (loss of heterozygosity or

LOH), indicating the loss of the other, wild-type allele of K-ras in tumors.

[0054] The National Toxicology Program (NTP) provided two sets of mouse lung
tumors from the B6C3F1 mice for K-ras mutation and LOH analyses. The first set was from
mice exposed to 0, 1, 2, or 4 mg/m’ of V2PO5 by inhalation for 2 y. The second set was
from mice treated with chloroprene. Lung tumor multiplicity data and K-ras mutation
analysis of chloroprene-induced tumors were reported (Sills, et al., 1999, Carcinogenesis,
20:657-62.; 1996, NTP Technical Report 467, NIH Publication no. 96-3957, NIEHS, NIH,
Research Triangle Park, NC). Allelotypic analyses were performed at marker D6MIT14 with
42 mouse lung tumors in the V2PO5 study (2 from untreated mice and 40 from V2PO5
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Standard PCR reactions were perforned and allelic | osses were scored when a
visible difference could be observed. Chloroprene-induced |ung tunors were
fixed in Worigmiig7as and paraffin enbedded; therefore, it weETNHN2/pa336i bl e to
obtain satisfactory PCR results with the D6M T14 marker. In order to
assess LOH near K-ras, a marker D6MCOL2 (prinmer sequences: D6MCOL2- 1F

o' GATGI %ﬁﬁgﬁﬁ@% waseblalded Nem RBL ardids, HR. (Huntsville, Alabama).
5' GCCCTGACTCCCTTCTTCCAT3', SEQ ID NO ) that 1s polynorphic between 't he
C57BL/ 6Standar@3RCR rectivss wsredperfomied i ang| dledic rlassts cwerk oscowd when polvisthde phi sm

anal ysi g..t echni .. Resul t e further confirmed using K-ras codon 61
it at | O TIECRAE FOA DRl KBlororessaauod B s ey Broanged
vanadi uparpEit éxbediged; VBEGR) e, iN6/dE a6t pdLBiBle RADRIE JAEIFRIHPOR EQuBX JFThneE for
K-ras activation, and 29 (73% had nutations. These tunors were also typed

for LOHDOMIThe meadpion lof owder de assesaalrREr neBNKTa%y, 2 gnerkag DM EQES g(primer

hi bi | el - tound i
Voros. | Sl DEMSRIBE SR Lo RO TERMRTTRE S SR YD i e T "
t r ansveDsMOO1 231 Rh&'GEGOTGACBEGOTTCITWYN TR, (SEQamotNGhown) . DGWATE4 is

mapped to wthin 0.5-CM of K-ras (Manenti, et al., 1999, Cenone Res,
9: 639- 4polymophicabstween theds5 7§L/®@M§ 34 miperwsdised sl stpgndrroriqrggtion

Cati . _ < i L it al . |
vt ng OB WHIDNS et dhe’ OBt Sl Hihndy IR Lo Kl God 08,
D6 MCOL 2muitiog ICAS\—app) examidriedry 5 cM proximal to K-ras, applicants

exam ned the extent of LOH in these sanples. As shown in Fig. 3b & ¢ and
Table 2, 16 of 19 (84% tunors with allelic_ loss also _having a K-ras

mut at i of95Phdi cat AR FUBTRIBES 1B bl At #O Y aprdiwE diPniids (CHQEsndtceHese
mar ker Sadeﬂ@%ﬁh&ﬂﬁﬁ @ktd 8%18{&1 fcimé-%&‘s IR 2Bl 99 (Z@%Q%%%T%Q@éné Nepdsower
ce and sna ung t the K-ras wld-typ

i nci den er size o unors 1'n emceis a
consequanmes oerd diso typed f@rzDHen dlie tegnwiflidrastay pearkerrXSMEl 14 land 1 POR{REE P

o (A 8ok e e 3Pler . (NS Esomri Bopsemietiass £ouid ey 2P edssRLT box
129/ Sv- Kl d$ Heid EilhePa GBA 1DOME(Risitich J)IIIJEDQ}A[ 18PA SrahbRIRiY 1heBeSshdCRat 8k ned

an allelic loss. Representative results for analyzing LOH status in |ung
tunors €odom12((@BZBL BIRUDI/MBMK:1das #lapp &l tomvidleini Os5-sMoeiK iras @lgnen8act 4.9 WO

03/ 018756 PCT1 U024 26800, Jabl &2 b on, lcehal L ORACIEf, 3A0K1AL o
mutations in the tumors, with 16 of 18 (89%) tumors with allelic loss also having a K-ras
mutation. Using K-ras codon 61 mutation (CAA—CTA) and D6MCOI12, which is
approximately 5 ¢cM proximal to K-ras, applicants examined the extent of LOH in these
samples. As shown in Fig. 35 & ¢ and Table 2, 16 of 19 (84%) tumors with allelic loss also
having a K-ras mutation, indicating a close correlation between allelic loss at these markers
and K-ras activation. These results also indicate that the lower incidence and smaller size of
lung tumors in the K-ras wild-type mice is a consequence of the maintenance of the wild-
type K-ras allele. PCR-RFLP analysis was performed on 18 urethane-treated lung tumors
with 6 from each of (A/Jx129/Sv-K-ras¥")F;, (129/SvimJx129/Sv-K-ras™")F;, or
(C57BL/6Tx129/Sv-K-ras**)F; mice. None of 18 lung tumors from wt/wt mice contained an

allelic loss. Representative results for analyzing LOH status in lung tumors from

(C57BL/6Tx129/Sv-K-ras**)F| mice is shown in Fig. 3a.
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Strain Treatnent Tunor type Frequency Frequency K-ras of K-ras of LOH on
mutations in activation chronosone tunors with 6 allelic | oss B6C3F1
nonea Adeworna/o287i8l (14% 3/14(21% 2/3 (67% B6C3F1 None paddrsozagssd nona
19/58 (33% 8/58 (14% 8/8 (100% B6C3F1 McCl a adenocarci noma 10/49 (20%
7/49 (15% 7/7 (100%9 B6C3F1 V2P(O5 adenocarci noma 29/40 (73% 18/ 40 (45%
16/ 18 ( 8981 2. BEEB b distdl ehapicomcAlesiRedlwith & (3191 Patlod ik GnduBd Yng12/ 13
(92% B6C3F1 Chl or oprene adenocarcinonma 6/9 (67%9b 6/9 (67% 4/§ (67%
aLOH angs5as nmutation data are fromHegi et al. (Hegi, et al., 1994,
Cancer Res, 54:6257- 64.). bK-ras nutation data are fromSills et al.

(Sills, - renget—&—ﬁ—%—?—ﬁ—zﬁﬁa—aqﬁes—ﬁ—?ﬂﬁ——

Pr ognostsga&saﬁr%ag%%? ThEu%'% it i m(f P pr SYPEEICY et hoddSBES
characterizing tunors or cancers in a Hdfi®or aff kit opp oMMIflansdR  t he
net hods i nvol ve anal ysis of one or norea@vagions ghremesome nHHBoysFEitenes
in a sanple froma tunor or cancer for the purpose of6 detect iallglimlesat i ons
in or near the ras genes. In one enbodinment, the alleles for a specific
Hras, ROC3Elandomd’ras ardeleapmbyzed. 24 Gt4%) edbbH(2186t s, 20Bn674)| el es for
multiple of the H, K-, or Nras genes are analyzed. The analysis
typically involves some formof genotyping of the DNA fromthe genone of
tumor or cancer cells and can be done in a variety of ways. Preferably, the
anal ysi B6CAVb| vhensone t ypdemfcabdianse qLEHE B306t erdiih@ubodn oB/st60%as genes.
Genotyping 20 WO 03/018755 PCT/ US02/ 26830 that does not invol ve sequence
analysis may fail to detect nutations of the type where single base pairs
wi thin a gene have been changed. [0057] In one type of analysis, DNA

i sol at eB6CBBM t MeQlUinOr ondediterinont arGihy LBg,)by 7/40{15M8r ase/70edw) r eact i on
(PCR). Regions of the ras gene, or surrounding areas, are chosen and PCR
primers are nmade that hybridize with the genone DNA in the region. Such
prinmers can be nade to any known sequence within the ras gene or to

regi onsBSUBFOUNYDROYSt he I agenddtRenonher B/4HE739HNONZLSBIUSNC 618 (kgvgyn. One
such set of regions surrounding the ras gene that can be used are

pol ynorphic mcrosatellite markers, whose sequences and | ocations

B6C3F1  Chloroprene Adenoma 13/16 (81%)° 13/16 (81%) 12/13 (92%)

B6C3F1  Chloroprene adenocarcinoma 6/9 (67%)"° 6/9 (67%) 4/6 (67%)

*LOH and K-ras mutation data are from Hegi et al. (Hegi, et al., 1994, Cancer Res, 54:6257-
64.).
PK-ras mutation data are from Sills ez al. (Sills, et al., 1999, Carcinogenesis, 20:657-62.).

Diagnostic and Prognostic Assays

[0056] The present invention provides methods of characterizing tumors or cancers in
a human or animal. In one aspect, the methods involve analysis of one or more alleles of one
or more ras genes in a sample from a tumor or cancer for the purpose of detecting mutations
in or near the ras genes. In one embodiment, the alleles for a specific H-ras, K-ras and N-ras
are analyzed. In other embodiments, the alleles for multiple of the H-, K-, or N-ras genes are
analyzed. The analysis typically involves some form of genotyping of the DNA from the
genome of tumor or cancer cells and can be done in a variety of ways. Preferably, the

analysis involves some type of DNA sequence determination of the ras genes. Genotyping
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t hroughout the human, and sone ani mal genones, are known in the art. The
primers are used in a PCRreaction to anplify the region of the genone

t hat contworis/ouigres ras gene of interest. A single PCR rea®crarsozessibe used
to anplify the entire genom c region containing the ras gene.
Alternatively, nultiple PCR reactions, each anplifying a different region
of the tias dogen® iBfolvtafuesde am};ysi@enaw@d to deREEmantiyns mﬁeﬁﬁ%ﬁﬁh@@&ngfee
used such that the entire codin region of the ras gene of i nterest

anpl i f i @@se NaFs xR ﬁéﬁneb%fﬁ&wltghaégﬁgns within introns and surroundi ng t he
ras gene of interest may also be anplified. [0058] Anal ysis of the PCR

pr oduct t hen rious
Pypes. Tl ype of® SholErt ARt NATolbif st e BhaG 6! anfdls Bt eat

mut at i omobm@ra;serch@mrmaxgmmr(@C&)aReglo&s pf thatrhe pgatel ngsﬁrﬂmhdh%wtreasjzm chysanpl e,
anal ysi s t he size of  a cul ar, rodu t he tunor or. cancer
cel | Y ﬁgqrgkgsprgg%gee@a{i%tha 1"éillzzee ?{B’ ﬁi)%@ HJ%@&B&’@? QESThBABRIA fr om
a contr [ K I ect
nsert] on So e arkny 19BN e Wl pl PR o RERRRImaRE U s
known i genchwheret the tdenomicf seghence is knawni rdmy Suchrset)bf ﬂ‘g@onsmmﬂmandmgah@fasa
genone betV\{?1t he region Wneetwo (ﬁg eusedtoa lify the
genone, StHEFeEH A Oy ]&m]icré)s?tﬁ 9 F“af?‘?r% SC HIHYERES B ACAROTS] 2
of the ﬂﬁBﬁgIB@Rhl@f}ﬂﬂMﬁt iR Vi WSt R 8mERAre £ iR (BERQMELMDEMErsHPe used

insertion has occurred. Likew se, a deletion of DNA in the genome between
two PCRIpA PR Eagtean ot amplify shewgisy chth@: gemdm thascmm; gre tiam gericze intengstr ed

to a cgn r t nd froma. enonentco aining a
del et o(‘r%\ gl@%c IJB&BT nglg(sﬁ}a Q[{%e%'t ? hy g?eg%enc?% HEoy %0“8"“1“ %n G Fim of
10% chagge) Aﬂeﬁiaﬁ@el? maltIRPORY fvdbti‘dns aéacﬁodiﬂﬂff?ﬁigté)df-fﬂ@erﬂ rOEbE of flidrasa

w |l d-type genone. Nornally, size determ nation PCR products is

per f or mEeNIRE 1BteRgsh Ay d’et%é& -+ Brederphly, BCRasgacgipng gis vsed meshethpiche prtbgwedivg  For

cuepect S §EoF & Tadleet PERBE ShrolfET, T AENANE SASHE: Bl iR Wy herr
wher e r asd smtoahidimgshare genowhinte2dst By QB0 GbakpS LT/ USOZ/ 26830 not to be
present. Relative sizes are easily corrpar ed using m grati on of PCR products

in an ric fi el rop ore Agar ose gel

el ect FOE¢P§%LSI s |én8¥jts’§n°{1 55(33 prg Ffé ﬁu&‘ﬁ%s@rg 9] Aﬂﬂéﬁﬁc—ﬂf et PR for
anal yzi pghd&iR Bk %l&tv%nws tREQUGHe @@wfrana%s rfBmdd o Jﬁ?&ﬁ(ﬂ%t? guence
of all or part of the PCR product. "This nethod of analysis ects changes

i n rel atipee! sntatiof ofRCperforodng the anhkysis as ettetrmstmgtﬂoai@tefbﬂ(ﬁoﬂ' biasnpigtanelysial so
detects of the size of a particular PCR product from the tumor or cancer cell genome as compared to
the size of the same PCR product using DNA from a control cell (i.e., one known to have
wild-type ras genes), can detect insertions or deletions of DNA in that area of the genome. It
is well known in the art, that if there is an insertion of DNA in the area of a genome between
the regions where two PCR primers are used to amplify the genome, the resulting PCR
product is larger in size compared to the size of the same PCR product obtained using DNA
from a genome where no insertion has occurred. Likewise, a deletion of DNA in the genome
between two PCR primers results in a PCR product that is smaller in size compared to a
control PCR product obtained using DNA from a genome not containing a deletion. Such
analyses detect relatively large changes (e.g., minimum of 10% change) in size of a PCR
product as compared to the product from a wild-type genome. Normally, size determination
of PCR products is performed by comparing the relative sizes of two or more PCR products.

For example, the size of a PCR product from a genome where a ras mutation is suspected is

compared to the size of the same PCR product from a genome where ras mutations are known
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changes in the DNA sequence that do not result in relative size changes.
For exanple, determ nation of the sequence and conpari son of the sequence
of the sawe BOR7pF oduct obtained fromanplification of DRA&TfUSO2RESA®
different cells can detect single or nmultiple nucleotide base changes,
substitutions of regions of DNA and the |ike. Methods for DNA sequence

det er m naf ot @egknt. ORelAWe Siecha b 6 &siledotipatddalsirmtratRa o P OR pedducarig awel |
known in the art of nolecul ar biology. The chain term nation nethod of

sequencFlgtricsidd.iaspecyisdn sebipctepdoessisi fygareseel elscisentiosssindd ofign asedfert ed
sequenc'ﬂfig 65@8%; nes. [0060] In another type of analysis, RNA preferably,
RNA i sol af e romthe tunmor or cancer cells is used as a tenplate to nake
DNA in a reverse transcription reaction. The reverse transcribed DNA is

t hen us¢DS8% a t erdmottee nathddCier naagting PCRIpradgciRGRtpvugte daembihitionsefthences
known to he wthin the of the ras gene that _is being tested. Various
nmRNA pPPﬁE?tgecéfﬁuﬁé’ec‘Pfgm,r rae ofethe iR Pradiste This st phanaiys dgtegthe

entire LeAGEhiPllde RN PERIIGRLS @bt W%I:agcs@ﬁhaﬂ §09:ar THi@SndlERCalsd AbRcisan be

done using a single PCR reaction, or I ple PCR reactions as descri bed
above. Araigygsiis thef DNYe sB@Rnpe ¢loh alosnétsresilem peleficr nizel changeh. alSoradxmembty
described. 1.n one e of analysis, the presence of absence o PCR

pr oduct ?138?“18até%8§§%| D T S %ecoggpa&%gfglae POLUEDTH ?ﬁﬁ‘se 2815 %@ﬁd&f’ﬁ% of

| arge chBRERE fromh GhpliFicatic SEDNDS 8ok RS dRferde|celld RS dvbithiinbit BE nlidgp1Igenone
regi ons. Again, such analysis is comonly perfornmed using gel

el ect r opidediiedags changenERbitvidmstaf regiannabDhey, andphe dke. abethydsi for DNve DNA

sequence_ of the PCR praoduc i et erm ne usi ng e wel |  known in
the art SedfigntefetermaPit b ot Dol sChiftn St o 12, Fts a0
assay f Rfiovpi 5®RBGE ofﬁﬁoléaﬂatgﬁﬁbgﬁ. Tha BBGH itdtinSnatidh reiBODESselqlerRidig ofigs
compared to w_.ld-type. Sone of these nethods include Southern blotting,

Nor t her BSad INAsgquensiagds piet reforpad By sutpmated sequppeingarachinggsays and t he
like. 22 WD 03/018755 PCT/ US02/ 26830 [0062] In addition to nethods for

anal yzi s DNA :d bl s i.pl ras
pr ot ei ngﬂ) t6REmsel vé@%t@}ﬁé@ég% tl}?szl)gr’ %g\%%’n%%ge@o&%r exéﬁ%ﬁzﬂ,e&g% \I/%?}e:tt%@%}[of
ant i bodbesanzerecallslib uketbama itemplie tamiake TN Abnrdresase itfah@aiptiyn teactod.f Ehent

ras proteins (Hras -ras and N-ras),. dependent qn the presence of.

speci f i FVWF%P&@@%QN%&P ugRdri aéﬁ%slsl%@?l’ﬁ?%aqa%quem %513 PHECET Biti n.

For exagRhuenocdRhowAT 6o wathfh (Y HIRNIR P 13l ot iObdifP 1ddfel! HalBuoRiRNA ! f

there is an activating nutation in a specific codon of the gene encoding

t he pr opwinars a@nferchosen, as described above in order to amplify the entire length of the mRNA
sequence of the particular ras gene. This can be done using a single PCR reaction, or
multiple PCR reactions as described above. Analysis of the PCR products is then performed
much as already described. In one type of analysis, the presence of absence of a PCR
product, or a change in its size as compared to controls is indicative of large changes, such as
large insertions or deletions within the ras genome regions. Again, such analysis is
commonly performed using gel electrophoresis of the PCR products. In another type of
analysis, the DNA sequence of the PCR products is determined, using methods well known in
the art.

[0061] Other methods, well known in the art, can also be used to assay for presence
of ras genes, transcripts, or changes in either as compared to wild-type. Some of these
methods include Southern blotting, Northern blotting, RNase protection assays, S1 nuclease

assays and the like.
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antibodies bind to the ras proteins only if the protein contains no

mut ati ons, or at |east none of the well-characterized activating

mut at i onswobe1drasi s for function of such differentially- PoTniozgss3o

anti bodi es generally is the conformation of the particular ras protein. For
exanple, nutations may cause changes in the conformation of a ras protein

such thago62] eithed awditibn @6 metRIds o gnadnsd rRYDRASRRCRNIAC i thhest, iMany of
these types of antibodies are available comercially (e.g., Oncogene
Sci enceplsopresiie & assay rasquefhins Hrempskyesfif presensofor elsangps. Berrexbapledeverietined

whet h [ £t . ' i n,. . Ils.
It can CLPERoRles oy bPlicb R ik L Py R PhnEil ity e @R i 065

Such anii-wedhéN-easy depetichomiirl pre@ntass Greolfiel MstatishsN@ithinag g&leyenRbdiagsays
that are well known in the art. For exanple, inmunoprecipitation, Western
bl ot t i nSARYHCHIARS BFeEIN0 dRE RSN, agtibodienare AY3ilablsaatindingss Poteies orl¥say's
usi ng andqi ! inKRAML; o . i.n.-anHsbaodi es
may gi ngt %%g é%ﬁ%ﬁ[‘%gngn onleoln(r)lPta%g?@ﬁ{:np %@uﬁfﬁ[ﬂ%gg%é;%%g?l&gg% &1&23 uge?(t:l%?bed,
hyper metitycgidsdmndfo thasagpmoesnscany ifethelptotein cdamisasesiutativng, @8 at astafone
wild-type_.ras tivity in a cells. There are a variety of t hods wel |
known i ﬂ}e ﬂieh‘%elg&}af?%‘?g?&étaét%‘fﬁt% Iﬁ%‘é?ﬂﬁeﬁhﬂ besisdAr BchongF gl{lg@ pregedly-i n
cells. b B j iptd - ar at
Fecogni CooRCBLERY seftrBl i R, cotlBRhdlon JiR BRRRTH L ERE For BRI e
di f f er entutationy ndgypenst cgnges inttbe khenfopnatidncef araspuctemotuich élsat i ¢ittien wtilier

thylated. T l. d is.th al.lyze Sout her
ot 1 ngoRInEeu B Siipet e PURRHE MRS e Bs o 2Bty e dyfdble
endonuckeasrrdlle®. g COARERE: BbieA®d) hyiihatdiae, Bfoudhnte %:s,é 8f hitidaReN®E cBNpef rom

the tumor or cancer cells as conpared to control cells is detected by
di f f er eAetesmingd whethigr piticity patenieras podteiDiare prasambint Binon arfven@oeelirer H cbh ot .

Q her or det.ecting hypernethylation include bisulfite treatnent
of the g@%@gnggﬁ{ﬁ&“?‘g W%ﬁ%éeﬁﬁgectl%gl RS AEQEFSESH osines therein to a

di fferent nucl eotide base. The changed base is then detected using various
t echni q{e#s3] met hyRadh anibdeRs atd wed RCEhdigiends preeind utihe s aridy oas$hgs @8 755
PCT/ US02/ 26830, techni ques. Q her nethods invol ving, various DNA sequenci ng
t echni q&&s Webnnaspe An %%caﬁﬁi ot esagRlpo BUBeRIGERtatng, Besam kot sndr e

known aiﬁnﬁ%hi&%\l&ﬁﬁgw LAOGRhmIAR [&aUEoRE SHGRr %§ﬁ§?¥§15in§0m§ﬁ%ﬁ{%§g§5i z€

t he ras genes, or protern in” tunor or cancer celts, can be use

di agnosknaoat intheertpndgmobe iedl |Gertaisi ancibodies ohay gpe goad résakts irgsr@ndrimore of

suppressi on activity, the presence of this activity is desirable for a

: S

pat i ent
[0064] As described, hypermethylation of ras genes can result in decreased
expression of wild-type ras activity in a cells. There are a variety of methods well known in
the art for detecting hypermethylation of a particular gene in cells. In one method, a pair of
restriction endonucleases are used that recognize the same nucleotide sequence in the DNA,
but cleave the sequence differentially depending on whether particular nucleotides within the
sequence are methylated. The cleaved DNA is then analyzed by Southern blotting, using a
probe that spans one or more of the restriction endonuclease sites. Changes in methylation of
the site in genome DNA from the tumor or cancer cells as compared to control cells is
detected by differences in the banding pattern of DNA fragments on the Southern blot. Other
methods for detecting hypermethylation include bisulfite treatment of the genome DNA to

change the methylated cytosines therein to a different nucleotide base. The changed base is

then detected using various techniques, methylation-sensitive PCR being one of these
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t he assays descri bed above are used. Generally, the |east desirable
situation for the patient is one where no wild-type ras growh suppression
activity weopnesent in the cells fromthe tunor or cancerPCTASODR2ES30
desirabl e situation, and one with a better prognosis, is generally one
where there is wild-type ras growh suppression activity in cells of the
tunor ofecEEfERl . OlhdrdmEihpEs liatolERBEFarREs TORAARG HehEin O teRRRY! a0kt Gubgent s
[ 0066] The present invention al so provides methods for inhibiting or

suppr es$FHEIUGS GRROMIsfseguancigh W iherumstherls are keerseendesaprhegssedn in cel |'s of

w | d-type ras proteins that have growth suppression activity. Increased
expr essj f thi VA n C . ri . Such
ot hode et 1y TAGERUt DY et AEHAOAIA Sl inEbes RNET b Bl G
sequencensneodamgr chids, whi e uyg@edingospicalyeompro gNAticallyRNBincawildeypaias adsic ed
into such cells. |t is als? possible to introduce ras proteins into the
cel |'s. FPWH suprEessionsastipitg the presenps ofjthisagRwibs 1s desiraipiton & paieni g ROM hat

cause i fEheasedeRNBEEITIVRArOfiscd |(ﬂehts%ﬂg ﬂh@%uﬁ?&ésﬁhﬁ% sIth Q0 APARSALLGRdY N
067 I t at t s a

t he cells. [g ] Tt should be appreciated t ese net ho e used
t her apeond whérk yio wikd-tyipe rascgrewthnwhippeessios abiivtyt is pasedt ih WhocelBrirona teanmiohat

can be treated with wld-type ras. The .nmethods can al so be ed to prevent
Che. f or TRERERT 4 mark QRstsPoLG S Beind el & PHFA PO EPP BN ESteer B B o
The et {hegss qﬁldngsléwa%révﬁﬁrsa?@@gi&%&ﬁ%ﬁ§ PEeIRlor RS oPEREGT @bl Yy used in
the case where an individual with a tunor or cancer has decreased or no

W | d-type activity in the Ils of the tu or cancer. However, the

pr esent Wit hiedag anes| asd hieapaatecdor iopmdaciiscegentswhere there is wil d-type ras
activity, but the well-known ras signaling pathway is still activated in
such a t hat | I.b .10 r 1ag: j; on r-owt b .of. th r..or
cancer. WP%%] is al i;%é: gg%sél?tb]}ﬂgaﬁgﬁlu%%&tpﬁ@ I%ér)seg%ﬂjt%d?}efgﬁ%g“slﬁpﬁé cogsseggpv?ﬁsenr%

genes ogroath bhadllsrias carsingabhbieayed expidision ilaelld bewllasysd €8 prdtbigls Piadt Many
contribute to the tunor, or cancer, in the individual. [Q068] In these

met hodsSTOWi PEPPSpsien 2gHViGt olnsreased, esprgssion off (s estiatyycap beLaysedityr varssy

prot ei : . 14 q1 bed
ol ero gt SAGOAEoBY nomIRICIRIRID, SHPER SHPRIIRAE ¥ Panifaghy
menber ssegfierichencabngtho frali-lype ofs prétein. 220N \Or B3V A L&Y b& irfGan ¢4 R1026813 Oells.
supergene famly (i.e., Hras, K-ras, Nras). Most_preferably, the

wi | d-t ype A }agsé{bé‘? Fo iatadhe e i oier T e elta| 350 PAEIRlenEs SofRgy

pr ot ei NishsRM, forhdhliBisRE 88N tHIBLNQE frcBaBePEx IR ofhildiype r&Y 4dBOHY Brdn{1ey
may al so be of rodent origin. These proteins and the seduences that encode
t hem argengedlreadyianiheicalis.he art. Such sequences of genes and proteins can be
f ound

[0067] It should be appreciated that these methods are used therapeutically, in the
case where a subject has a tumor or cancer that can be treated with wild-type ras. The
methods can also be used to prevent the formation of a tumor or cancer in individuals likely
to form these. The methods of causing increased expression of ras are preferably used in the
case where an individual with a tumor or cancer has decreased or no wild-type activity in the
cells of the tumor or cancer. However, the present methods can also be used in instances
where there is wild-type ras activity, but the well-known ras signaling pathway is still
activated in such a way that it contributes to formation and growth of the tumor or cancer. It
is also possible to use the present methods in cases where genes other that ras or pathways

other than the ras signaling pathway contribute to the tumor or cancer in the individual.

[0068] In these methods, “wild-type ras protein” refers collectively to any wild-type
protein that is encoded by a member of the ras supergene family described earlier. More

preferably, the wild-type ras proteins used are encoded members of the ras subfamily of the
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on the Internet in databases provided by the National Center for

Bi ot echnol ogy Information, or other simlar databases. [0069] The presence
of growt hweuwppisEssi on activity of the ras proteins, or DNRCarusoRbA3¢ hat
encode ras, is determned by one or nore of a variety of assays. One group
of such assays involve introduction of the gene or protein into cells in
cul t ur e saperkeneafanilyi (8], HaRE, Kirhe N-FRRSMdsharefdish1ff the Glildakpd Ratpraemes ®e
protein on growh of the cells. Growth suppression activity causes

i nhi bi t iYowasorrotsibwbreferably: hergenes snsdproteinsoised in Suresenhmethwds ars ofguspas n

i nt i vity.of K . Thi
Irrgagur g?éiﬁ?l ’ 232[?110 Hn%aggﬂaij%o%tgﬁe%fﬁg&%n\s{g%lgb?o%e%ggﬁsl ag@:t f/sse(iulf%fesatlh%t wel |

known i rentdiie them.arg 0@NAUnownenrted hodSualh sequphay iod @efhid@randqatbieins @bh 08 ol t he
ras gene o ilés enfr&feqb@ protejn ghat result in stabilization or increased
hal f -1 i 8 B¢ RiF@ehiAatanzsesProwEed By yhooNatenal Crutghfordsiotesmaiegyalnfemation,

adm ni st AtHePBintiNeushRaselt 1S inportant to note that any nodifications to
the wild-type ras gene or protein is within the scope of this invention, as

|l ong as the nodified, shortened or partial protein retains sone activity
t hat card08@]sai d tkhehmesmte of goiwithesuapiesson agivitat ¢f thapps psséing,or DNA or

anti -t unpri i C nti-oncogeni anti-malignant.,, and the |ike. [0Q71

It r odudtrORIBET R T iedaunedly aéen%y%raﬁqﬁéfaaatﬁ@?agﬁax@ Qn?/alﬂuépgsﬁﬂ
met hodolagglye SnvoManintetiudtipser meibadel eitas Al Blih KRAWbIA ahNBIAAL arfdf
gene therapy. Genes can be introduced using a variety of nethods such as

t r ansf edbgnonesuring thecelfeshobthat gdnier podteia anugrowthoef thawelds: Giavhh wipmakssicact or s
encodi n i.l.d- e. .activity o usin tiymulation . of wild-type ras
et e e NS e R R I T R
genes i rtls afd tenthédsuredthe RfiGiHE6E FRIK MAP &ildsaIThey mafiudthent THE be dfadeOr
exanple, cells that conprise a tunor within a human or aninmal. There are a

vari et y thfughdhniegoibinchpmicabepseysibetgenwell knewn dethesrtt hat are in  a human or
animal . One preferred nethod uses adm nistration of reconbi nant viruses

that c pn a cl Lhds : i iJral h
that that) s i nfaeoaeibbis sy Rfotias saeRBal bRl BYTAS 8he BT Reduer o,

i nt r oduprsiginghatesesintio stabliliztibhat iacreaded lalhlifseol therpreseinid thenvalyves the

adm nistration aof pugified DNA that encodes wild-type ras directly into 25
W0 03/ o Pamss SpeaRaBIAsEB el efkin 1oi° MAPHAN (0 BHEHRadnY Mg healipBT oo an
be done gy i1dtffetrh®Berf I it RUCH y 'ﬁécfxfa In

t he vacci n\g figiléd, gepecoir?)?%glll ly flor aaﬁl@%s?ﬁg%?g"ﬁ 0 ,é%{oﬁggﬁgdﬁqﬂgﬁ%&
vacci neshortened or partial protein retains some activity that can be said to be anti-proliferative,

growth suppressing, anti-tumorigenic, anti-oncogenic, anti-malignant, and the like.

[0071] Introduction of the wild-type ras genes can be done using a variety of
methodologies. Many of these methodologies are well known in the art of gene therapy.
Genes can be introduced using a variety of methods such as transfection or infection of cells
of a tumor or cancer with viral vectors encoding wild-type ras activity or causing stimulation

of wild-type ras activity.

[0072] The invention provides for introduction of wild-type ras genes into cells that
are present within a human or animal, such as for example, cells that comprise a tumor within
a human or animal. There are a variety of methods for introducing genes into cells that are in
a human or animal. One preferred method uses administration of recombinant viruses that
contain a cloned wild-type ras gene into the human or animal such that the virus infects cells
that comprise the tumor. Another method for introducing genes into cells that are in a human

or animal involves administration of purified DNA that encodes wild-type ras directly into
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[0073] In order to introduce the pol ynucl eoti de sequences encodi ng
wld-type ras activity into cells, the protein coding region of the

pol ynucl ewpicd@isegiuences is nornally attached to sequencesTiUsar/2dsaci | itate
its transcription into nRNA as well as translation of the nRNA into

w ld-type ras. A strategy common in the art for doing this is to clone the
pol ynuclisohinten seguinde Sndosinigistratord 35 B Aofé byl iRfeRtidn \WEGRODNWI uch
contains sequences facilitating expression of a protein coding sequence

cl oned THERSOIRLIGFEY SPmmephewssi o theevaceing figkh spgoifjcaly fonpdministatior eEsa-hat
facilitalg.O9neAq%PLesSi on.  An expression vehicle can conprise a
transcriptional unit conprising an assenbly of a protein encodi ng sequence
and elenments that regulate transcription and translation. Transcriptional

r egul at ¢8873¢1 eneniis ogderetoaintrpducecihedmlyhnbetidt asmrnsest rodingi wildttgpe ras
transcripti.on. Types of suych el enents ing¢lude pronoters and enhancers.

Pr onot e PRIYiRy i PE1T% 188 PRRIE RO rsiam b ey DolyRisikotidp seflfenges 15 nommally
Transcr iapidhed b sdq@ekded Rt &lREIN SaRtSRidnialHHIRNA Q?%Hta@ anbi&fi ?Pﬁa@
transcription or provide the signal for processing of the 3 en(]:l of an RNA
(si gnal s1B¥A it yaldelnpe asd. o) strategynsomtrionrial the eyt fat doiyg skiguenc edomr the

nor mal | 1oart t he rotein _encodin equences and ude .transl ati onal

f i |
start cDaNRUCIsetide, s¥anelth onchding e Fan THAld bl gt SHEC YR HRAIS SERERIE onal

sequencegilithigdg @fpestidhlof Afprdthia RBERE.ENMNABSOGhDihelcgPi ON, such as those
sequences that direct a protein to the cellular nenbrane, a signal

sequence for exanple. [0075] The ras sequences that are introduced into
cel I's al@78l ef er abrpressipn ¥edera narmally ¢anipn pegrencesithas facikitate gone cvpressien.
POl YNUCLEOL g RAENGE BOLHSRC % aflHARN i BlrabSne §fpn the

RRLOASEEAY 6
cells) after 1ntroduction int e ce echniques*for dau |ﬁﬂ
hi gh- | epmiteinobnedjiree ssimncef argbl efernaite ahitd ee gt ena@Sriptidrt OMdC @fnilaién.cel | s
are wel lrfknown. in the art. Such techni ﬂues frequently involve, but are not

li mi t ed [F@scHRiinaasiesplaione elemeatsy i gsnpahy ofinalwds  thetey rlemans i it sénjiieiace,
once it ; i osfuged f - j fr p.avol ve
tho use "ar T PATE TPt RA NGt clcBlelisaftigs it Sf LRSS IRGHGRLS Yny b

i nt r oducewstityivky indotiblet od@sssegpesifies Trandodptictial iradudadodt elambinig hlgoaineludd
variety_of su ronpters.exist and. are wel | known in the art. Frequently,
such pr Biee ﬁ%ﬂﬁga%@a SRR RP AHPIT AR D .Slg%‘cflﬁr PLOFEIES e A Prded an i
efficie (2% GlolRide | ' ' |
yPes. | Ly Sy B R e B8 o
human P®ND O3/0g7 58qRATESUSDE/ 2888 trayslatinnghl tart r esloner ardndeansletiena e. g. |

MMV en e%nq?n%gi/or? S onts.e rThfe1¥6:C)nr{1a}r;rgéJ addiflonal sé%eﬁgeﬁﬁat are part of the protein encoding

region, such as those sequences that direct a protein to the cellular membrane, a signal

sequence for example.

[0075] The ras sequences that are introduced into cells are preferably expressed at a
high level (i.e., the introduced polynucleotide sequence produces a high quantity of ras
protein within the cells) after introduction into the cells. Techniques for causing a high-level
of expression of polynucleotide sequences introduced into cells are well known in the art.
Such techniques frequently involve, but are not limited to, increasing the transcription of the
polynucleotide sequence, once it has been introduced into cells. Such techniques frequently
involve the use of transcriptional promoters that cause transcription of the introduced
polynucleotide sequences to be initiated at a high rate. A variety of such promoters exist and
are well known in the art. Frequently, such promoters are derived from viruses. Such
promoters can result in efficient transcription of polynucleotide sequences in a variety of cell

types. Such promoters can be constitutive (e.g., CMV enhancer/promoter from human
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virus). A variety of constitutive and inducible promoters and enhancers are
known in the art. Owher pronoters that result in transcription of

pol ynucl ewpicd@isegiuences in specific cell types, so-call @dT/US02/26830
"tissue-specific pronoters,” can also be used. A variety of pronoters that
are expressed in specific tissues exist and are known in the art. For
exanpl e cypnegaloetts)wh dsRicibtx @ L SHIMITV efhHR6EbinGtdr TronetHodke mhiny tumor
epithelial and other cells exist and are well known in the art. t hods

for makiviyss & NAEs ofsprstitntive apjl induciblepromsteraand enanesss Arsdeipwaria thedrt.
k i i . h { t f t
ol o o A et bl tnlfanirtoron 82 DB b0t Sidere Yo Sheiaf SR bpeS

ecul es capabl e 0
nucl ei ¢ sachiibdoftisgod-ypucifice prontieers Eqtandlso be usbd.ChA ivtariBBS oD pfindtéra kst adent o a
cell. One tg/p&,of pr_fg;grred vector is an episonme,_i.e., a nucleic acid
capabl e SEPIESSER (R SRIFH N BEYRRFXIPleand; e known motheert. t oreexapipley edsemptsrshehesse
part of ckhies B BeAlic h Befl, livel, UhAneal G bALY o@lCeti I Ade Gl 1RGHIS
capabl e of directing the expression of 1nserted sequences are feterred
to as " &guarkshliethody éutroaksiig st D moleduledq(i.pl asomdmanyDNUSR8thods) ¢ hell

types of nol ecul es om in the art. [0077] Typically, vectors contain one
P hor o kpBRR i Bprer R i tion V5 tes o

or nore ase recognition sites which permt insertion
of the ras polynucl eoti de sequence. The vector nmay further conprise a

marker g80Ms] Suchl@shé Qhit, VeatHA Qefef 16 AURAN tac RNt MRk Codp@fie St ia@lﬁlg&
whi ch encode cont]r)ounds that serve to identify and separgte t ranst or ngéd

cel | s f iraduefien eir anedtics myelgiccasid or polgordiotiGasecquepee of whindt ibhaubee limketihe

pr esent iﬁtgvaegéﬂ ony ar \éiogal yeect ors, Viral .vectars are reconbi nant viruses
whi ch ale dereral'tyy BRSeH BRI Wolor P (28 SHisqHg e ac‘?&ﬁ%}q i FpRleiHuses,
her pesvextushfom®OLADIPLIUARS. PREVEPES SISRSt0RBedofe A SRIBE TenopME BT the cell
reconbi nant viruses generally conprise an exogenous pol ynucl eoti de sequence

( her ei nintp paichthey psratrodusadr Vesiats @palde of disecbimsties expinpssioni of ingstted DNAause
i bl j t.or-infect ed
oot Ccet et GOGoRERATPIL Cor kAL EE 8 G OGS el LBkt B i o

has t hetypeogiemolesulepbhomuizl thetitde sequence inserted into its genone. The
term "defective adenovirus" refers to an adenovirus incapable of
in the target cell. Generally, the genone of the

Gef oot Fﬁ@éﬁeﬁﬁﬁ : i‘é&%@% KRECPH COUgleMeed Metelsticfor srdemislaen raceatifioh of

br of er atl . " Demran SR OF fhe 55 b BERITRS SEnRS DAYS) Tt gfty further
comprise a marker gene, such as for example, a dominant antibiotic resistance gene, which
encode compounds that serve to identify and separate transformed cells from non-

transformed cells.

[0078] One type of vector used in the present invention are viral vectors. Viral
vectors are recombinant viruses which are generally based on various viral families
comprising poxviruses, herpesviruses, adenoviruses, parvoviruses and retroviruses. Such
recombinant viruses generally comprise an exogenous polynucleotide sequence (herein, the
ras gene) under control of a promoter which is able to cause expression of the exogenous

polynucleotide sequence in vector-infected host cells.

[0079] One type of viral vector is a defective adenovirus which has the exogenous
polynucleotide sequence inserted into its genome. The term “defective adenovirus” refers to
an adenovirus incapable of autonomously replicating in the target cell. Generally, the
genome of the defective adenovirus lacks the sequences necessary for the replication of the

virus in the infected cell. Such sequences are partially or, preferably, completely removed
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fromthe genone. To be able to infect target cells, the defective virus
contains sufficient sequences fromthe original genone to permt

encapsul awoaa/oed758 he viral particles during in vitro preparatSonecssd the
construct. O her sequences that the virus contains are any such sequences
that are said to be genetically required "in cis."” [0080] Another type of
viral véotmothel genamaef Be be\udld Bt @itk fargetdulle hthb akefdchioe %@6 €B/MMs sufficient

pol ynucl eoti de sequence inserted into jts genone. Such reconbi nant .

retrovi PefiERces fompdhg originahgrnpmetta PeERt enpabselatom ahther wral particleseiringrinuse
in the pres 1 [ 8RR} ef f : nakln hﬁlp

virus. Hel pg‘%b"{'“?%’ggg tgér‘g@{i“ ruges(ﬂ¥1 a%e\ég?%creﬁglﬁaqrtg%%gﬂogﬁﬁﬂsd%]pec i%hand
sonet i mesjuandes ¢hatlare sagl totbe geactkaly nguatd t“lmecis’@conbi nant retrovirus. [0081]
Non- def ective or replication conpetent viral vectors can al so be used. Such

vectors i n sequepces necessary far replj.cation of the virus. [0082]
Gher ¢ YBBIF o | oBoier Re S P RRRahrdt o G Boh [OmiaT i whiG hes iscixobenus
present g@@ﬁm&)tﬁ_@ REUSRS 1hdt @ Ght6 LitsOFbrBine! aSudAOlYSHEIMER! fellByirERE URNGRR
preferably contained within a vector, into specific cells so that the cells
have i kieoweasethe arte Recohbinphticeetrgyimusenor dderieitig presett inventioo wet peferably
transfeg _of .a ol ecul e or. nolegcul es, specifi.call DNA nol ecul e
encodi ngre% ok ?%P%tu}%gle%ﬂ N eﬁgjipare V%ﬁ%eﬁg e\,’lmsﬁ%ﬁ&ﬁaarﬁ é?quﬁegﬁwlgnt 0
any of acféaiveainyl sefetiRich Rt dtRiaihd packien@bf tht fe@aibikdNiraRNEGHI €S i nto

cells. One such nethod, whereby isolated is introduced into cells, is
know as__transfection, Such transfection is comonly perfornmed usi

: , n
var i ous[898&kt nent Hogfdefastive or replicgiorppgmpeiems irh¥eqtoms pen alfot bekeseds §Wﬁb DNA
by the he- tr chemcally to nake them
per rreablggt(%rg r%g@%@%ﬁecgﬁéﬁgﬁg }1%%05618??1#%\&%@@' e by containing the
DNA within |iposones that cells can internalize. Preferably, transfection
is usel082] i nt r otiee tydeasfivettddlard piasmidektisrs. [ 0084] As descri bed above,
ras pol ynucl eoti de sequences can al so be introduced into cells using

Vi ruses exampl e ol ynucl eoti de seguences that are to be .introduced
o S oRd o o P s RPettae PR Je RO e YRR ¢3e Bolyaleogde
Vi I Usessdg@sdel, Spreferal P ldoaiiiekdi Withiafa YB&oV I1hR| spdeiiel Aflsi ot Bat BR &8ls!hays Nce

the cloned pol ynucl eoti de sequence is part of the viral genone, it is
i nt r oduBerpasast levalhel waiityrd isagHeieith su¢heinirpduntiogen drpsfeSushDNA mblectilg@ct or s*

h h_viral mel |k
Chose. spel % eife AR DR AMEGLOMEAAE baf ok B BRI By erubitie

sequenciso aesit egitRgo ahaDf patiely s the@hod®@Xaidintin B¢ ened gb DN A heidcuBeRAFES
are referred to as_"reconbinant" viruses. 28 i )
cells. One such method, whereby isolated DNA is introduced into cells, is know as

transfection. Such transfection is commonly performed using various treatments of the cells
or DNA which facilitate uptake of the DNA by the cell. For example, cells can be treated
chemically to make them permeable to DNA. DNA can also be treated, for example by
containing the DNA within liposomes that cells can internalize. Preferably, transfection is

used to introduce plasmid DNA into cells.

[0084] As described above, ras polynucleotide sequences can also be introduced into
cells using viruses. For example, polynucleotide sequences that are to be introduced into
cells are cloned into viral genomes. Infection of cells with such viruses results in
introduction of the viral genome into the cell. Since the cloned polynucleotide sequence is
part of the viral genome, it is introduced into the cell along with the viral genome. Such viral
“vectors” can have DNA or RNA genomes. Numerous such viral vectors are well known to
those skilled in the art. Viral vectors that have cloned polynucleotide sequences, encoding

ras proteins for example, cloned into their genomes are referred to as “recombinant” viruses.
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WD 03/ 018755 PCT/ US02/ 26830 Transfer of DNA nol ecul es using viruses is
particularly useful for transferring polynucleotide sequences into
particul awoaelokgsedr tissues of an ani mal. Such techni ques pamassozessaonl y
known in the art as gene therapy. [0085] Another method for introducing

pol ynucl eoti de sequences into cells that are in a human or aninal patient

i nvol vedradferniost DNA 0mcdécudr ivkingd viRdbest Nt p&@iBhIHDS usdi] YRWCLERIkMRs
encoding ras protein directly into the human or animnml. Such adm nistration
can be pepRBflRYHlerpanecet inte pagiculanselbng Bysues/ehan paimsal.e Surl techhiqbstare Such

met hodol.gg] Cs ' he vaccine field, specifically for

adm ni s%@g“@gglg#o%sno@qg?%és E%%zhérgp ccines." [0086] Watever nethodology is
used to adm nister the wild-type ras genes to hunans or aninmal, such

met hodol@$Sks may Acother nsthoddor Attiodundng pellynidsotide sequenbes intd @ilk YIRE arerias
genes bei H&fp%ef erentially introduced into tunor cells and | ess

pr ef er efit M EnBRRlc @atient npayo Gﬁ-‘[‘%‘ﬁ’rs"r.&%‘?nr of porified aRpite, thete cmfrigses

are knopplyhficlédiRledbhcdd rak §Rdtbih dirdctlPHRS M an of JHRAS %@ﬁ%ﬂlfn Hi@lahi¥n

infecting certain cell types (e.g., tunor ce types) wthin a human or

ani mal . c#obe pdrfoumed by swjettion eitheDNAgsr evan thaesfacoongfiDNAe Suthmettgdologies

mani pul ation of .cel | ul.ar, receptors for .t ecgonbi.nant viruses and/ o

nani Bul VN C(SWHB?HI%L}SS# 1Y R KFSI0E ﬁoéf"tkirsgﬁ?}&ﬁ‘ing'e%oéﬁgmllﬂﬂ‘iﬂlqnooé@'? Qr DNA

r ecept oxscfes.”t he viruses. Such net hodol ogi es, as used to introduce

wld-type ras genes into tunor cells in animals or humans, are within the

purview of the present application. [0087] There are nethods known in the

art of HWS6I t r ansMraterisr rgethedolomst dpyisedoiio admtinisiguchagvidd-penmasgenes to
ol ynuc s S84 ' ific . cells and.not,into.other c s. For

gxaﬁple#ﬁﬁé%%ﬁiquegfgggfﬁﬁg&ﬁdggﬁgﬁ%bé? F?ﬁ%ﬁ$?@¥ﬁ?ﬁh#de&§WH§FH&ﬁ#gvfru;es

speci f i zaldeyies beifig préfagnii4ityt atrodeetlinfoytnesr celiPand lousTpref&ehilallyVip@Sducal t hi n

a human, or animal. For_viruses, such "targeting" can be acconplished

t hr ough™RAPHEHRAT; SHS-oF orcamplea fechaigBen a5 knowh it the al’trtb@dﬁwlhaﬁﬁcombi?@iés

and/ or ' : 4 £ evieral s e [ ' to,cellul ar

Focept or ARl gt XM s 4 RN A8 R0 OV Pllp DB Bhe

pol ynuctmeoml. dEor wiewpas rsneh {targeting™roan behdconipiisiasdi ﬂh%ﬂ:i@h@ﬂiaﬂ‘lpw mlnm of&lreﬁulh_t 'élhl n

the purview of . the present application. [0Q088] After ras polynucl eotide

sequ g ncEs efg?’é? fP’f’n{f’r‘e(fg‘ifE’él_ﬁln?IﬁtVB%g@ qng},or P@@Fﬁﬂ?ﬁiﬁ’&"f el ligandg thay repogaizfinnd

speci f i gialhhy célRParGBédpPors PrAndWH-63s  BEHPRLMBESD gg,'ag%ls&faﬂqﬁﬁ&ﬁl%e Rarepeen

i ntroduced and/or the specific cells that are &xpressing the 1 ntroduted

pol ynucta@genge into tumor cells in animals or humans, are within the purview of the present

application.

[0087] There are methods known in the art of gene transfer and gene therapy for
introducing exogenous polynucleotide sequences into specific cells and not into other cells.
For example, techniques are known in the art that result in recombinant viruses specifically
infecting certain cell types (e.g., tumor cell types) within a human or animal. For viruses,
such “targeting” can be accomplished through manipulation of cellular receptors for the
recombinant viruses and/or manipulation of viral ligands that recognize and bind to cellular
receptors for the viruses. Such methodologies, as used to introduce ras polynucleotide
sequence into tumor cells in animals or humans, are within the purview of the present

application.

[0088] After ras polynucleotide sequences are introduced into cells, techniques are
used to determine specifically the cells into which the polynucleotide sequences have been

introduced and/or the specific cells that are expressing the introduced polynucleotide
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29 WO 03/018755 PCT/ US02/ 26830 sequences. A variety of techniques to

exam ne the presence of pol ynucl eotide sequences and/or expression of

pol ynucl ewpicd@isegiuences exi st and are well known in the acCr/usSpaa3o such

t echni ques include Southern blotting, Northern blotting, polynmerase chain
reaction (PCR), Western blotting, RNase protection, radioiodi de uptake
assays, safiknoéshensvaribty df Tyddaiduss tFeinging th@prebbivcairepl ufdent SeqRAsRL
Anot her aspect of the present |nvention provides a nethod for inhibiting or
suppr es SOAQT GrBREHOBPT Pelynyclpgtiderteauenges myist ansl preovell ksowmtio thehart.cSoms. A

vari ety - e%] LN ci ot el into cells, .There.are a
vart ety St PERRARESs S skBlhel bR NSBRE bR PhPpBEe Inf Shdi o

I n one BCRYIWVesiemttdotiagRISaseugtt@ibnpradidicdide tistalediedyspard b@s. that direct
entry into cells. One such group of peptides are called protein

transdu%i dgmai_n. Another nethod for introducing proteins into cells
uses | i pis pivas Eroteigs ag Lhetapeytic Agenfoi ns that are associated with

| i posones are able to enter cells when the |iposonmes enter or fuse with
cell's. Qooey net hodsidr dspdot QdYkd B&saft%@énﬁ%n'ﬁ?&ﬂd&e%]'n%tﬁ&ﬁfdﬁrlﬁmiﬁ 0
Mcroinjection and electroporation are two such nethods. Qher nethods are
known. [SOp@EsUBughwikDhodls bynimtradesingas pasteinsdgtoltharidlisd A ovaridtgrodtnedtiods

transduction” .or rotejn t.herapy"..as described i.n publicatians b
Nagahar ae_&}esf ?Oglu.ltrc(w Pk,mselfl O eﬁ%’. Flrg@rg,arel\%tv arighy pf nzéeli%igé@gyn)m Zl?f‘dzl? for
publ i catihestmciz@idleli ihBRenat Brane MetlRMphotéiNaaaRaiRed 8 fidbd to h3RPeptidiat
Med, 4:1449-52.7; Schwarze, et al., 1999, Science, 285:1569-72.;

Vocer o- Agiahrect gntry|into celtyo0Ongsublo ggoupnef peptides 22¢ 568ed protein, tratsdadtion

2001, 474+ 7. . Nocer 0- bani, et al. . 2001, Methods Enzynol,
332: 36-Ci%ﬁ“%@nﬁ?thgﬂ‘ﬁé&%ﬁm%‘ﬁf}ng@i%r&?fﬂ Cﬁﬁ? “Sefﬁ’é’}‘?"%ﬁ‘ifﬁﬁ%”z?’fmpqev
Becker - idagtaiks tiet a@l assoc2@ilwitMtibbaises a2datdé o &ffer)cellpWikh Gt lifRSm¥héRE @' e

i ncor porat ed herein by referen 00911 I n one enbodi nent an el even am no

ce. , eleven
aci d sedtentgh cellse Othepmeihads P%W&reh%qmgmrot@mtmceltsmr@}mown.oMwmm%wm

55 1170 85 SRR 2 SRR TGl SRR AR ABEIEET) I O uced 1o the

wild-type ras protein. The purified protein is then put in contact with the
surface [90tel | s Sanl mbthode lincdudeakmt upe trive hivilteld tty,pEprodesn pramsdictiowhiazh

functions to i.nhibit or suppres r owt f that cell. In the case where it
o Gest - Buatetn UHeRh da Qs EABE it Pl s e Vs iaion SC SN gatrong: e ABSTNEA PTD
into cehigl, 90mRDIS3 Ghdan tuBRatios froMUAB TtRE18 SPBowd &1 & 4151998
adninistered to the) hurratr? by a vSarioety of n%?ﬁlods.o%r}gg\el%g%y’, t%fé %%dt ein
i s adm MNasMaded:1449-52.; Schwarze, et al., 1999, Science, 285:1569-72.; Vocero-Akbani, et al.,
2000, Methods Enzymol, 322:508-21; Ho, et al.,, 2001, Cancer Res, 61:474-7.; Vocero-
Akbani, et al., 2001, Methods Enzymol, 332:36-49; Snyder and Dowdy, 2001, Curr Opin Mol

Ther, 3:147-52.; Becker-Hapak, et al., 2001, Methods, 24:247-56.), publications which are

Ch

incorporated herein by reference.

[0091] In one embodiment an eleven amino acid sequence, the “protein transduction
domain” (PTD), from the human immunodeficiency virus TAT protein (Green and
Loewenstein, 1988, Cell, 55:1179-88.; Frankel an\% Pabo, 1988, Cell, 55:1189-93.) is fused to
the wild-type ras protein. The purified protein is then put in contact with the surface of cells
and the cells take up the wild-type ras protein which functions to inhibit or suppress growth
of that cell. In the case where it is desired to introduce the wild-type ras protein containing
the fused PTD into cells comprising a tumor in a human or animal, the protein is
administered to the human by a variety of methods. Preferably, the protein is administered

by injection (e.g., intravenously) or by inhalation in an aerosol.
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by injection (e.g., intravenously) or by inhalation in an aerosol. 30 WO
03/ 018755 PCT/ US02/ 26830 [0092] WId-type ras proteins that contain the
fused PTDwvarog/ops7ef er ably made by fusing the DNA sequence pemamsd2/ngg3e he

wi |l d-type ras gene with the DNA sequence encoding the PTD. The resulting
ras- PTD fusion gene is preferably incorporated into a vector, for exanple
a pl asni[@092] viralWilétyper rastpiafeidsabid édradiosthe FudeddPTDi 98 REfctB8, Haat ¥y gene
into a or.ga |§)r'?§§g% expressi on of the gene at high level's in the organi sm
such t hdyst %ﬁﬁ Areicgenceding thg yikhtype stsegene avith thadiNA vequenpe eedinguch

or gani sppd pTHI ¢ h [ NLOQ ' e an_be expressed
is a bacterium E‘F té%g%tg%%ag Eg?ﬁg}rs?déﬂi’%gc% ﬁ??fe%%ﬁia?%g’é’gaﬁ?‘g rlrnsr}o aa‘r’ee(%(gfr g%{
comon| yxuspld bylasinid er skial vector, nthathiaciitites Afttoeluctidie of uisd Gisidr e&Ri hitd S

expressed at a igh level in any of these organisns, the fusion proteinis
Loy !

puri fi e@ §PEH SEoP o RFseRg 2t High deviels 14k ereamsmsHch Behlargsmeoupts of
known t ¢hd BRM Rbietd 8 thilic! &R tOné 3(1rg111ﬁ§1}1%| ikl B \;e%ﬁ)rr] RERLGAS ni' €

adm nistered to a human or other manmmal, “preferably in a pharmaceutical
conposi tfisters gerButanai exprenseduisat banterivingrpreferdbie Eyciariehfaotuid Other Beginisgison' s
Phar maceut i.cal Sciences,.17th e Mack Publ]jshjng Co., Phi| adel phia, Pa.,
T035) - THEUE EEOREDAte: bHIoEs AGHe £ B ra bt S UNE B Polem S SO of
of dr ug héta] lovlris ang YFUREE of baARGRY theSbiBA Horéhls hafied Fréd k43 0lnisth Q83!

Wl d-type ras proteins in conpositions are suitable for sing

adnmi ni sPFYeip@EriGeatiqniechnigues asllghoivnde thoat sloled inTtheayhar maceut i cal
conpositions are intended for parenteral, topical or oral adm nistration.

Par ent e dm ni | i.S..pr r ahl . i.ntravenouys subcut aneous

ot ¢ aderousp T O SRR bR ERS A PRI Hinap RSP ER R
adni ni spredtrably inayphagnpeafieil eoimpadiliohsdiSustable dofngulhtiis ot d@ierySark ifM@id isuch
as by catheterization to heq%atic arteries or into a bile duct. For

par ent eREMUBEHHR HiPhermacesical (eeengesmpddh eilodaga Rublishing §o..r Beiladelphisi, Rs..and a
sui t abl efpf ]ﬁﬁ%' : : f.fer 4% sal i

sol uti 02,9%8 : gg}(‘lf% ycCl n%&hﬂégﬁgpgﬁ?lﬁ@%féra Sgﬁébg%cﬁs"l%g r#fsl %o‘fan%tc}'n?%é@g drr%g‘ﬁ?r ni c
sur f act systensad.anger, Seibhcadd0virs274158Re19@0).. The conpositions may further

i ncl ude substances to approxi nate physiological conditions such a

bufferi ents an ttin ents such.as Nad, Cl, . CaCl2 sodi um

acet at eﬂg)r?g? sodi UW]?%%BIT%S. I%P%H?H’éﬁ?r&p%“%aé_ S‘PH’QE’, floi‘ Pnglgdimingsiration or

admi ni sif atseAss 6f idRElR6RY, eThe !pﬂal%de%m%@ﬁhbbﬁ%ﬁsvm%ﬁeﬂg@@k& aﬁﬁéﬂ%&%%]& Ion,
as

DNA or RNA encoding ras proteins may also be admnistere part
such a EwigebsItt Pish. adpO0IEBi®o| | Rirerderpb silmimsisationc fsudiafgrablgsbypriotreiensus, n

convent gl?b%ﬁ{ang&ré} Olﬁrgde?‘rglaf-, dintraperitoneal or intramuscular administration.  Parenteral
administration may be preferentially directed to the patient's liver such as by catheterization
to hepatic arteries or into a bile duct. For parenteral administration, the compositions can
include ras proteins and a suitable sterile carrier such as water, aqueous buffer, 0.4% saline
solution, 0.3% glycine, hyaluronic acid or emulsions of nontoxic nonionic surfactants as is
well known in the art. The compositions may further include substances to approximate
physiological conditions such a buffering agents and wetting agents such as NaCl, KCl,
CaCl, sodium acetate and sodium lactate. It should be noted that, in addition to
administration of ras protein in a pharmaceutically-acceptable composition, DNA or RNA
encoding ras proteins may also be administered as a part of such a composition.
[0095] Solid compositions including ras proteins in conventional nontoxic solid

carriers such as, for example, glucose, sucrose mannitol, sorbitol, lactose, starch, magnesium

stearate, cellulose or cellulose derivatives, sodium carbonate and magnesium carbonate. For
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carriers such as, for exanple, glucose, sucrose nmannitol, sorbitol,

| act ose, starch, magnesium stearate, cellulose or cellul ose derivatives,
sodi um cawbanatsgsand nagnesi um carbonate. For 31 WO 03/ 0P8THE02/26830

PCT/ US02/ 26830 oral adm nistration of solid conpositions, the HCV-1ike
particles preferably conprise 10%to 95% and nore preferably 25%to 75%
of the currssiinistation GUOE] comphsitiomse the KaWHkearartislenitefetatily esthpriscefobped | ve
dose of ras_ protei osition.is admnistered to the individual. The
conposi t§|52/§ aﬁﬁ%(ﬁgpg@%ﬁ%@%ﬁ?@j%ogthe@%pgu%s& but nore likely as a
series qooggisages AQVekreRdal19dopf 4 S.efl-eve S. rein, an
effective therapeutic. da%se ias9aog:l gg&ﬁ%ﬁ%ﬁie& tCtsl%grd(g)\ﬁf hngf(;?lpea r?{br%&,emor
even calfoewosiignis pdegugeicdrio tSuuidivdads &'hal @mpwisitioniméy bé tad@inigeRdeRta

nmet ast asi f r. .Herein, an effective prophylactic dose js a dose
That pr B Sofb, bl Bloss, BEEHSAs sfes" s abes ol of PO s Meskonr exa. e
Kinase [A6ARY Heaiden areacé tRkadeisc RHRSBMY daSQWBﬁFihﬁ@itQWtﬁ%ggwg f:.hgd for

et h
inhibiting the activity of ERK'MAP kinase. , Inhibitio S)’kl nase
acti vi t PYER E3sEs Bmas regrpssiano iishiaglese also wiB [ihlsbiv br pregemtenetadtasit oftp @mor.

wld-ty s L [ of i ld-type S protein, .as _.described above.
Bcanpl o8 o861 et Rapifierd dlsedsd {8 hA PR ToRioBR L AERREE i n « he

foll owi ng exanpl es, which further define the scope of the invention. All
r ef er endixprassive df MétETparae or BRIEMEAN Kinag€or porated by reference in their
entirety. Exanple 1. Gowth Inhibition of Tumor Cell Lines by WId-Type
K-ras [0099], A transfection study was conducted wherein w | d-type
K-ras ﬁﬁ@ﬂt ed grotR! aél?ecéo% Fhgnesshay eRfley Broyides|a mithad faminbibitRis iheyou,
et al., ad®88; oPrierk Sci A, ' : e lung_tunor
cell line nglm?d 'LNENMh;ltPDoﬁﬁiﬁ%lesiSI{ﬂlgeger?, ogtﬁaﬁ?.%goé‘l@@ ngﬁin"é’cﬁés? o

27: 297- 3a@dycti@oinke edls|of kigaesenvodingianveidd-typeant pristeimsr ¢l d wilésypeRaSpotesn,

deri Vedagr%&i{?‘éﬁ 3T3 cells transformed with nouse |ung tunor DNA contai ni ng
a CCto 9\ an%]?otvlebn at the second position of codon 12 in K-ras. R16
cells exhibited a high-level expression (around 10-fold higher than the
W ld-type K-ras allele) of nutant KgxagmpldsM2 is a netastatic tunmor cell

| i ne established from urethane-induced 'ung tunors in the A/J nouse
strain. &qlglz contained an AT to GC transition at the second position of
codon 6109981 k- r as Furtherdistails af thexipr etionsan be sound iv ol failawing exainglasywhick- r as

was madeyfePradinkUtde &3t B the invention. All references cited herein are expressly

incorporated by reference in their entirety.

Example 1. Growth Inhibition of Tumor Cell Lines by Wild-Type K-ras Genes

[0099] A transfection study was conducted wherein wild-type K-ras inhibited growth
of a transformed NIH/3T3 cell line named R16 (You, et al., 1989, Proc Natl Acad SciU S A,
86:3070-4.) and mouse lung tumor cell line named LM2 (McDoniels-Silvers, et al., 2001,
Exp Lung Res, 27:297-318.). Both cell lines contained mutant K-ras alleles. R16 was
derived from NIH/3T3 cells transformed with mouse lung tumor DNA containing a GC to
AT transition at the second position of codon 12 in K-ras. R16 cells exhibited a high-level
expression (around 10-fold higher than the wild-type K-ras allele) of mutant K-ras. LM2 is a
metastatic tumor cell line established from urethane-induced lung tumors in the A/J mouse

strain. LM2 contained an AT to GC transition at the second position of codon 61 in K-ras.

[0100] An expression vector containing wild-type K-ras was made from a full-length

mouse cDNA for wild-type K-ras4B which was isolated by RT-PCR of total mRNA isolated
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nouse cDNA for wild-type K-ras4B which was isolated by RT-PCR of total nmRNA
i solated 32 WO 03/018755 PCT/ US02/26830 fromnornmal |ungs of A/J mce

usi ng priweres/odsss ved fromthe nouse cDNA sequences ( Georrga/user/2aBo, 1985,
Enbo J, 4:1199-203.). A wld-type K-ras4B expression construct was nade by
ligation of cDNAs into a pCR3.1 mammual i an expression plasmd (Invitrogen,

Car | sbadyorfCaloihalr Tungy of TAYE 1£XPrREH MimeRNEHvEE oM Ihd RRMsPUDINA eequtatnd
Maxi-tip 500 colums (Q AGEN, Santa Clarita, California) and sequenced for
q

conf i r meeeRgepstiabs 19%5, h 4108 B t4 avildetype Ki-rasfB sxpiegsi @1 porRtraetanas LMR

cells of e : AFINNE Lot t nder identical ¢ itions with
1.5-2 pg;lgn %)(% %iyjrl ?‘gg%% asn%cg 1%5 g’?ﬁ{fg r’?%#%@mannaxlgfsc%oélsPiaﬁ%?]%vv@cgf’%r

al onﬁ ar(tbhrl\sbid;l-(ﬂgltfemh@' )3 ;:1&“418 mq;irdsfa;giohi gm%@ﬁtawthhdanflﬁﬁ&Bg@%@m%@ﬁ? 500

Gai t hershuyr g, [ . Transfected cells were selected by selection in
418. ngf@@égﬁgﬁ\f%amp@%mae erliorya) andesequgnsed fircetimpatipadrior to use in
6418're$}aﬁ§i%&§on%eﬁﬁkﬁt§ were subcloned into stable clones. These cells
were used for analysis of growh rates and colony forning efficiencies.

Gowmh rates were determned fromthese cells using 12-well dishes with
two t hod8HHd cel | Ridewutbd M2 mtlls efiche werht .paRbge cedrt Sranefeeted naidea tdxehiical

duplicate l1s i beccp' s.podi fi ed Eagle's pnedium (DVMEM plus 10% FBS
and 50 57’#}88%&91‘8’?‘9&% ot ngk}%ﬁ% @aw@ﬂ%@% Af terellowmescloness PEBdslFBsiaind 50
g/ rnl i, g;@dl-g\@:_r& d d o Ao R, ek .l ating
(see Figs. e4 and@%). Fo?ﬁgﬁcgﬁgﬁy?ﬁgﬁﬁgﬁ gfsl%a;% %Og?é%lésé\%}é}?%&hggd,
each 10-Maryland). di'anefeeted cblly wemcselstechyosedeationtin aGve Be CTIRdGE B3 -tesist40 R 16

t housand cells were.seeded i ach i a i ncubated in DVEM pl us 10%
Fh. and 85 P St 8 ERD LS bt LM S0 WO SRBHSAod, Bip i ckopss

buf f er edthbQy ¢Bltk e G i ' bl '

counted (>1.5 mn ?r_] difgﬁg?%sr/)@Ofl:féﬁgr%;é%gt%énﬁlgé%l%@?%‘%% %Jg'?i gga\%msprg%ge

K- r as4Briteswerepttitarpriesdl fromtthesseccla bsingidsyelhdidhésnwitle hec thetsaal cils esededom

byt he. g serk B, K63 N tiontilad 1 bl WS if Ghitbias ShehB RRdes o
i sol at eehddt@M(IGHAENTY BRisSI08H FBSEAdSs (- 1ghn1 a4t LRt dMRSHEE Lol D Mk -

type K-ras4B. PCR was then performed on these cDNAs using a priner specific
for a véobbplusdeHuERS entl SOatghdl BdhB.nCetls arsceduptddosn é4yarlt, 2p9sé,tanadrs after

(5" TAAT CAl ATAGC%S' ) -.and a K-ras4B intragenic codi ng sequence (5'

CTCTATcé‘%ﬁg&Gﬁég&%cé' d Yo f@?ﬁl%‘{lw;)%ﬁnﬁtﬂpwsgﬁm Aetlisher Arese Biadi ea¢hof0-om

W | d-typedmeRs, foPtRnRiBc16R J)istran%fegfydfdgﬁ@nbhé( HoB R deRYwefd dec BN B O0%

i nhibition by day 6). Wile nore than 65 col onies '
dish and incubated in DMEM plus 10% FBS and 50 pg/ml G418 for 12 days. The cells were
then fixed with 10% buffered formalin, stained with crystal violet, and visible colonies
counted (>1.5 mm in diameter). Expression of the transfected wild-type K-ras4B was
monitored in these subclones, and in selected colonies from the colony formation assay, by
RT-PCR utilizing unique sequences carried by the transfected clone. Specifically, cDNA was
generated from RNA isolated from G418-resistant cells that had been transfected with wild-
type K-ras4B. PCR was then performed on these cDNAs using a primer specific for a vector

sequence located behind transcription start position (5"TAATACGACTCACTATAGGG3?)
and a K-ras4B intragenic coding sequence (5>CTCTATCGTAGGGTCGTAC3?).

[0102] As shown in Fig. 4a, transfection of wild-type K-ras into R16 cells
significantly inhibited cell growth (80% inhibition by day 6). While more than 65 colonies
grew in empty vector control cells, very few colonies (less than 10) arose from the wild-type
K-ras-transfected NIH/3T3 cells were observed (Fig. 4b & c). Transfection of the wild-type
K-ras gene into LM2 significantly inhibited cell growth (90% inhibition by day 4) in one of
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grew in enpty vector control cells, very few colonies (less than 10) arose
fromthe wild-type K-ras-transfected NH 3T3 cells were observed (Fig. 4b &
c). TransWweaBioss7sdf the wild-type K-ras gene into LM si gairfuSozedsby
inhibited cell growh (90%inhibition by day 4) in one of 33 WD 03/018755
PCT/ US02/ 26830 the sel ected clones of the (418-resistant cells

( LM2- K- tirsséBctd)l c{drieg of %)G418%sﬂ§taﬁﬁ§é¥l@ étheK%mm'( r?&)atLMQJkY rqdugi !l evel
of transfected wild-type K-ras (Fi | e m)reg 00 col oni es

grew i nCEHpsgd \?é’@lﬁﬁ?’elﬁ é"#ﬁhr ksvelcad] tF@SfW@dleicpr@ H-o15i Ese. (5|dés w hlltﬁamoﬂ_eﬂghamer e

T cel 7o BBolie! BEin iy b ScBuo PR, by Y e B E S PSRy o
t]bfe t{ahMZeKtmsﬂB/H celisy(piz. ISbr%@ ( Elélgaver%d)q[f 3|orua>n<ﬁaé5§bﬂgntmm[z S%gse ek;f}teés@&t ory
errect o ras 1 s 0ose-aependen was

test ed \Mr‘.é‘\P'YIﬂéPW?yh]@V?lﬁﬁ?%ﬁ%%%k%éﬁg%ﬁﬂ& Qéthégltﬂ@%few aildytppe RasfFlgcoul d

be expl @Jz’)nﬁﬂlcgﬁng"‘ﬂﬁ?ﬁfeqmﬁltbxﬁue?fe&tcﬁ'vﬂlcﬁ&@é%n' Qdc%% G%Bgfc%ﬁ{]@ﬁ% F\;gr - o

cells contain tation in ras
anti bodi es available that recognize this nmutant K-Ras; therefore, an
al t er nat01903] et holt wess testddwh@lier theumblittitoty effect GDRahdenet Rals- -i§p& K-Ras

speci fi cal1 ¥, 388 £ T&h t he.Ras bi nding domain (RBD) of c-Raf,.

Bact eri gfulé/ EX gaé%gid GCETIREB NS PIIEH FOTRHOR G |9ﬁ°f’§e%t1? Rest & M3 gells e t he
GTP- boupsht @@Q&@@C@Aﬁf Mth L I cells
were | sedal?n mld lysis ubt;[f f éﬁbaﬁﬁl 6r711r\sl)ﬂr1§?ass %f%gé ?b aﬂﬁﬁ()déés%]vl\/qu%ag@t %
NP- 40, 13‘90WIW@I_LSZHH@HQKINSPN’EFefOIEgmmtltdrm]p'epnatmd Has gl GEbbotridibut,nol v

benzam entrif n concen 0 e

det or i Gon LR BB S0staly Bhiobitih e s et e diar DS D) P

i ncubat Bﬁmemllyhe@lrésb@f G$0-RBOSTas Rl 4f arRaffin{tienstARND. 1scﬁ§te5%he GT8RAmg) Bi ol
Chem 270:2901- Igre coupled to glutatione” agarose or gl utathione

agar 0s eCEOgFHEC f%fnt%fr -Rap i thefLMR g¢lhBnest he beads were washed and bound
proteins eluted with SDS sanple treatnment buffer. Bound K-Ras protein was

vi sual i 4oy Vs z

Bi ot ech[?\)glgo]gg) %@%5%]695&? éfllvla}svﬁé;ﬂ Eﬂ%y&%&‘h&%@ \%lgﬂ ‘{S%%Hﬁgsyo]f()o&ﬁ%gem C
K- Ras wNa@l, il s/oNBdesmM MECl,t be rﬁleﬂ PMKFNE g gnaSbwstptin s u el ayAstnind HRor ees

of expression of transfected wl d-type K-Ras. I\/B and LM2-K-ras4B H

expr essdzaBidine) \aedyclpargd byecatifugatian: aRsdtelat @mcentraﬂmny p%erkdemmmm bye

had | |
1 Bt ek s Sl ot B S e Rl
t r ansf eRBROOAMRAM R, K alRA9932) BRAINNG, K 7829¥13,), GIEApwath QhtatoRasNL7

( pCDNA3- K- RasN 7 GDP-
agarose or glutathione agarose alone. After 2 hrs of mixing, the beads were washed and

bound proteins eluted with SDS sample treatment buffer. Bound K-Ras protein was

visualized by Western blot with o-KRas F234 antibody (Santa Cruz Biotechnology).

[0105] As shown in Fig. 6a, equivalent amounts of oncogenic K-Ras were isolated in
all the cell lines tested that had varying degrees of expression of transfected wild-type K-Ras.
LM2-4S-11 and LM2-K-ras4B H expressed relatively high levels of transfected wild-type K-
Ras while LM2-4S-3, LM2-K-ras4B L, and LM2-4S-M1 had a relatively low level of
transfected wild-type K-Ras. As a positive control, 293 cells were transfected with either K-
RasV12 (pCDNA3-K-RasV12; GTP-bound) or K-RasN17 (pCDNA3-K-RasN17; GDP-
bound) and only K-RasV12 was associated with GST-RBD (Fig. 6a). The data show that the

expression of oncogenic K-Ras is not affected by overexpression of the wild-type form.
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bound) and only K-RasV 12 was associated wwth GST-RBD (Fig. 6a). The data
show that the expression of oncogenic K-Ras is not affected by

over expr eeoin1grssthe wi | d-type form 34 WO 03/018755 PCTPOSOBOZEB30
Exanple 2. WIld-Type K-Ras Inhibited ERK Activity [0106] These studies
determ ned that expression of wild-type K-Ras affects ERR activity.

Act i vat i Exangfle MARild-TraseK i Baskibibled BRRI Ativddy | mportant role in cellular
transformation. ERK activity was determ ned by i munblotting with

anti - ph - ERK t|bod ERK actjvity is directly regul ated by
phospho?@f i on of eﬁ% S&Elﬂqsv‘éqt‘?rgﬁmfdogﬁt SfplicsHon jof Wi t}@ﬁﬂié%ﬁsmffects ERK

ti-ph E E a dj Wit h nal s
ot ect ogenay Mot M0l MADSREBaE o Kokt B0 fn SPiettel &8 b deffis
Exanpl e tiansfonRation. a$RK Hc’avndy floR - d%&éﬂajnedew 1rtmi|ilﬁblov|;tﬁfgew1thlszﬁtﬂ1 prsﬁ)ﬁ‘tﬁERK

[ 1 I ntrols or analyzin
Setivi byt HER R P RCreEs Pl THop ke Y Ao EhbRA GroRIoHS whidh &
suppl e”ﬂmé@gﬁﬁké{f% y HRpERPho FRKPEPhd E’ﬁkykm%:sb {Zt¥VI{1ﬁA1FgCﬂ t{)m% th%mglﬁl]

stinmulate ERK activity for 10 mn. HEK ce out
wer e i ncletrgted vaimganrieathiosehoeBRKrivimunobloHEK293  cel |'s sti mul at ed with EGF
were used as a positive control. As described in Exanple 1 above, cells

were | |rectl > S tre by Western
b1 ot t1 0Lt h ancls SRRTER RESEy T TR RHaeph e e P Sal o et
Cheni calusédin thése shliéss , HERD SBlsivore b33 48dd AToHEMN Fop afdlﬁzm?ERKae[btl'vﬂy erse
correl ation between the | evel of wld-t )é pe K- Ras expression and

act i vi t e 3omddeMapells WTKCLIJ%QIBHI-D I@N@%&loﬁﬁeﬂnbdﬂalsnmslemblatdd avith

Soni 11 ool PhSofeRbely A REn RIS bl i O il B pENRYET 1 B 1
cont r astJEK IVEHSKW[theuﬂtBstimthtWr %ith IGF anet inbRrddSaMh meghtive SRfod ah@HHE MBI Y

| ower | ev K- Ras . ex ssion (Fig. 5d), and showed a relatively normal ERK
act i vi tﬁe‘?ﬁtﬂnulﬁtﬁﬁl Wl%ﬁ I"\@r%use‘#raéﬁ%é‘élﬁ’%éowadA‘Fﬂﬁécrlbﬁdals EKﬁthl ltabhgve.n

Vivo Tu 0 d that
w | d- tyggmsK%%\éEl&r?ﬁ{hlraﬁlggﬁt umr%%eh%ﬂf% a{)fgpé% Jlna-ﬂyga tieﬁh&l Mfude
m ce. Wwith aptpERK- raskdalyoor antl-@h@tpyom calntmm}e (SiemasCrahral CBI St. Bdds,and
LM cel é? as _descri bed above in Exanple 1. Athymc mice (4-6 week-old) were
obt ai ned™f the Jackson Laboratory (Bar Harbor, Maine). Approximtely 1
mllion cells in

[0108] As shown in Fig. 6b, an inverse correlation between the level of wild-type K-
Ras expression and ERK activity was observed. LM2-K-ras4B H and LM2-4S-11 cell lines

had a relatively high level of K-Ras expression (Fig. 5d) and displayed a significantly lower
ERK activity than vector control cells (Fig. 6b). In contrast, LM2-K-ras4B L, LM2-4S-3,
and LM2-45-M1 cells had a relatively lower level K-Ras expression (Fig. 5d) and showed a
relatively normal ERK activity (Fig. 6b).

Example 3. Transfected Wild-Type K-ras Inhibited Jn Vivo Tumor Growth of Transfected
Cell Lines

[0109] This study showed that wild-type K-ras inhibited tumor development by R16
and LM2 cells in nude mice. Wild-type K-ras4B or an empty vector were transfected into
R16 and LM2 cells as described above in Example 1. Athymic mice (4-6 week-old) were
obtained from the Jackson Laboratory (Bar Harbor, Maine). Approximately 1 million cells in
log phase growth were injected subcutaneously into each flank of nude mice; five animals
were used per subclone. The health of the animals was monitored and the size of tumors

checked daily and recorded tumor latency (time of appearance) and size (mm®). Mice were
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| og phase growm h were injected subcutaneously into each flank of nude m ce;
five animals were used per subclone. The health of the aninals was

noni t or edwarid/otd1es si ze of tunors checked daily and recor g¢ed/usozeds3d at ency
(tinme of appearance) and size (nm. Mce were 35 WO 03/018755

PCT/ US02/ 26830 eut hani zed at two to four weeks after cell injection and

nmeasur ecutharized i tgfat B. foll eweds IfRS el Min C%tcuémnawrh@hsﬁﬂéaetuﬁl& %@t@neméﬂ al |
nude nmouse tynors was_confirmed by RT-P As shown in

| ar ge t (FFBessIgRREths yakl-tyme &- ranCiqn@ iprpld @udmljﬂ@@&eédHWSt\ﬁas apaditroed by)RfFFR)(DR
cells, whereas only small tunmors were observed in the five mce injected

W t h biag! I s angds £8 0 Wl foumors Jd.n the

wi | d- tssj[e K-ras-transfecte @g?%g re sollréj%%‘%/e?o <'§13§tllrl%ﬁ e u(geﬁteé dthand
-0. 05 g)ve¢tPx0o1000 T¥lls ovharas dntyosrhal hrmsors Wera/ﬁfséﬁ/red(i@ﬂiel’ ﬂi)sl'e llﬂildéﬁnj(act_éd ith and

-0.6 g) {.E 7d e results jndicated_that wi|d-type K- ras inhibits

t he tum#]lég%HF 8“%%][\@‘fqiélca‘6¥mﬁfﬁl %ei s.c &pumers 1E>$1%Frﬁﬁllé -type Iﬁ\dﬁﬁ Haasfaciad on
of W I d-glpewked asni@RAREy bAaIMIRIS HShAgoosVh] Mol

r econbi r%nt adenog/llnr us ?xs c%ns{@gctgihgy Oraoesc ngfllnol (ﬁg)tlz m{pngegl tﬁ)i?OIrrsagl
gene i ntVGC‘fpheOIéUJémiW fal. 9@ewdm§0 6 Y (Hig. 1d. Jhewnreanits mdrcafeldeﬂatu&ﬂdigzpstlandar d
met hods. he .abi.l |t t K-ras adenovirus to
express %Shghllklts uogge%lﬁp? PE?JI &%ﬁ@ng% ected, protein extracts are
made fromthe infected cells and the extracts are analyzed for the

pr esenc Exafnplé 4. as dpiiteitony WITHHOK ot Gefestts ERGnA8 ugikiab@ey veRggi fic for

the K-ras_ protein. Reconbi nant adenovi ruses that express K-ras are
adni ni st®&Hdd t o hehdseombinant ﬁd@@Vﬂ’thﬁ)ﬁ@nSt@f@dvtbly @ﬁomhmntgmm‘rlkl—uype tlheas

Prltj)g?tnzrgdn%r eaf%&nga@% gqgé% V‘%{ra | LHbfeeted er%ls i %eﬁ‘é’gs P8t ei n

t 0 Hurmamsst twi abglitProdttied moofﬁbﬁﬂﬁdﬁ%s adenpOitddo Apbas iRy Kahs phS Bhlthir6X BEIRSSI ON
vector is canstructed that contai ns a wld-t K-ras gene wWth a

nucl eot i*tfel @Eﬁ?eﬁ%elérﬁi‘ér&ﬁﬁ@reaﬁlaiq o e laf?PédmeH@ end ther exiradisore @mly@drrgl nf
f :
(PTD) f gt BRosBiaast /- ga%s}e%ﬁ{ b n%‘ﬂﬁﬂ%})‘{ét'hﬂg ugfﬁgtag%ﬂ& dsqgﬁ%mgg gﬁgr e i%ra%”cof’i

the wild-type K-ras g asm ran
whi ch ppml@me Rehembmahtjadeylpenlées amt pxmésml@rw' 4rb atifvénitdrednd homasd thaPARef used

to the end o rotein (K-ras: PTD fusiagn protei The
K-ras: ‘?ﬁsfcﬁﬂ%’r%%@ ul?’grsdﬁgl?ﬁf]? BPf’{ht“F’l‘éthetr?W%arfﬁ@ée@é@H%hﬁscg’ﬁea col i
usi ng Sb&ﬁdﬁit&emsqhsml?or[%&lEﬂeiéa%{ﬁl on rret hodol ogi es. The purified K-ras:PTD
fusion protein is adm nistered to humans that have tunors. Administration

is xample 5. Administration of Wild-Type K-ras Protein to Humans using Protein

r—r

Transduction

[0112] A bacterial plasmid expression vector is constructed that contains a wild-type
K-ras gene with a nucleotide sequence encoding an 11-amino acid protein transduction
domain (PTD) from the human immunodeficiency virus TAT gene fused to the 5> end of the
wild-type K-ras gene. The plasmid is transformed into Escherichia coli which produce the
wild-type K-ras protein with the 11-amino acid PTD fused to the amino-terminal end of the
protein (K-ras:PTD fusion protein). The K-ras:PTD fusion protein is purified from the
transformed Escherichia coli using standard protein purification methodologies. The purified
K-ras:PTD fusion protein is administered to humans that have tumors. Administration is
either by intravenous injection or by inhalation of an aerosol. The K-ras:PTD fusion protein
that is administered to humans is contained within a pharmaceutical preparation that is

acceptable for the particular route of administration.
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ei ther by intravenous injection or by inhalation of an aerosol. The

K-ras: PTD fusion protein that is admnistered to humans is contained

wi thin a woasmesesit i cal preparation that is acceptable f@CTiUse2/passti cul ar
route of adm nistration. 36 WO 03/018755 PCT/ US02/ 26830 Exanpl e 6.

Di agnosi s of Cancers Caused by Activated ras and Loss of WId-Type ras
[0113] Axangiele. Beappbss bf Oahcerd OsREd b Adtitaie@is iafid BiLdMRHa¥pBraPsy. The
cells ¢ rising the tissue sanple are lysed and DNA is Tsolated fromthe
cells usIIIIIg’Ist andat dissupesamie fromha tymen #x @ dumma is obkinsidut bidptyo PBReelds ng

primers : LT egi i K L Cosequences that encode the
K-ras pr%?@?lﬁﬂl@hé t%?rpd@el | IlIeEgj a%CI-Q\I&de %@u%&g&g{% % %%d?] Oglegﬁe @?—J&Smﬁf% Bi%i ned
DNA sequeetbeds. dfte isoiatey DA tiosubgdcesdno PER fisiky pitheRCthAtvaiplITY redidisadilQpgs ar e
present and also to det errrigﬁ? whet her additional nmutations in K-ras are

%

present SCPATHC $eUUEHGEs ithateqneade thei ravprofeiaw Hhestppliifies PER preducss epd dien

il d-t t 8y I i I f C dto
Loss of P ods Ahe: Sidtas DRI Equenrds e JSAERLE R WOlinfie 1P UAGKA JOTLANE" .7
car ci nomegatiwsargprestny pad aloto détansine fvhbtbeadiitymms uyations ﬁf&K?ﬁmae @ﬁes&ﬁ.

Th t rs and their. pai.red normal tissues re. obtaine romthe
Cogf)gr a'IIIII%I éeﬁqﬁﬁﬁﬁflﬁ%ﬂg oﬁlg]EOIIIIIII‘I RURPFeS¥q8 a@iﬁYl_B’ %f\&f%t@ﬁi%@sgrgty1n. Depar t nent
of Pat hadxaa]d LoCHASriz4dch og@iréée?seRéIQIeM% $bidoralin@ Ia ppati (G nci mati,

. A pathologist classifi unors histopa ically. High
mol ecul eigllfdéi ght DBNWtslees 22jad enagbreihoimas b Stlirge ueﬂbcaramdmgsm??d gdéabg@[;aa\?vforof
each ca ording to published protocols Blin, N & Stafford, D.
(1976). %ﬁ?ﬁ%?@throﬂxg%sétyﬁg‘sc?“%*?o?% 8 1Hess Rimareafdbe ool torae USFUES WERF PCR
usi ng eioftiingdo D NGOt RS Fehdd TessTBINARSIO BICTRO TREO "otk Dnivelt$89:
D12S358, D12S310, D12S1606, D12S1596, (60541, D12S1617 and D12S1592
( Resear DspartaspfPatholegy, (Colymbusy@Fl end thedduiversity efiCowsinmati §0éndiamati, OHng

pol yacry; } I . I ) [ nd_expgsed tag X-ray f| ver

ni ght, ang%%g\%gs? Iassgézgrg%%ﬁvtflgnua Ill?{@%%f)%g*c%@%e%@g%ﬁ?lggul?rn%mmI?I\EA1@% or
nore di fidotatehGemibste temor @ad asmad tidbleeldfeatisse Adsbrdmh iSIRLI protocols
sequencing anal ysi.s, Kraszb(%ene codon 12 nutations were determned in al

I
lung a Napchiataed. #hW . (KF§e Mtaic daids Rapda289a8.) Mlbrticdapres Mermassagdof

K 2 e f f . i.ed as. d ribed ) ng,
(52 eXRanliag IR SAIHRL Al SRRSEIRGE, Ot Mioglt
(1992) . DR2685HAD1258d8dDI2E1406SDA2S BIN6, ERVE4B. DRI 613 egdapixsd 501 (RéRaRhi nmer s

-1F: 5' - TTTTIATTATAAGGCCTGCT-3', SEQ I D NO. and
I((r);s 5 I ? _en%tﬁ(c%,n In%)wel&ﬁ mIgr es‘fg were scored on an 862 denaturing polyacrylamide gel(? The gel

was dried and exposed to X-ray film over night, and LOH was scored visually. Only those

samples in which a 40% or more difference were scored as an allelic loss. Using PCR-direct
sequencing analysis, Kras2 gene codon 12 mutations were determined in all lung
adenocarcinoma and large cell carcinoma DNAs. PCR amplification of Kras2 exon 1 from
lung tumors was carried out as described ou, M., Wang, Y., Stoner, G., You, L., Maronpot,
R., Reynolds, S.H. & Anderson, M. (1992). Proc Natl Acad Sci U S A, 89, 5804-8. The
sequences of PCR primers for Kras2 exon 1 were Kras2-1F: 5°-
TTTTTATTATAAGGCCTGCT-3°, SEQ ID NO. _ and Kras2-1R: 5’-
GTCCACAAAATGATTCTGAA-3’, SEQIDNO. . The 114 bp PCR products were
eluted using QIAquick gel extraction kit (Qiagen, Valencia, CA). Codon 12 mutations were
detected using an ABI PRISM 3700 DNA analyzer (Perkin-Elmer/Applied Biosystems).

[0115] In total, eight microsatellite markers were analyzed with focus on the Kras2
region. Allelotype data for individual markers is summarized in Table 3. Eleven of 22
(50.0%) adenocarcinomas and 4 of 8 (50.0%) large cell carcinomas were found to have allelic

loss at least on one of the markers used. Fig. 8a shows representative results of the allelotype
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GTCCACAAAATGATTCTGAA-3', SEQ ID NO . The 114 bp PCR products were eluted
using Q Aquick gel extraction kit (Q agen, Valencia, CA). Codon 12

mut at i onsweese187det ect ed using an ABI PRI SM 3700 DNA anal yra&rs02/26830
(Perkin-Elmer/ Applied Biosystens). [0115] In total, eight mcrosatellite
mar kers were analyzed with focus on the Kras2 region. Allelotype data for

i ndi vi duahlysigrof &hﬁonlldsoﬁl&mr atZdightlrfth&bﬂeﬂlt@ malk@y eFoPKra2 m(boR Yhalysis,
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al | el i ¢ OUf slei %howeéa%tofo%% e‘%} raenpgpreEiomagsid. 3 mfgS (¥aS¥hefgarge cell
P 26830
ol e Saftidolis @Rty Qichendlaybh U ¥B8on H (PRPIIGE G GRS, T aER

mut at i orGENatansition; Fongsbdataalesprw@e& [COH2zhal{ k0 90 hsDdRAH dhfaonBe and
3 of 8 (37.5% of large cell _carcinomas contained a Kras2 nutation at

codon 1ZombErds themalerdy, ofdhg alleciosserichrampsempe AZp pbsﬁﬁvedpmgadsmcamamr@ass)
hen LOGLANRLYeh Adn @é@orfag{;@d P08 bl fieq FAND! AfithriohDRpBRAGRALY Of
an rge

t he al I ¢ 1°0Ss on c I onosomnme serv |n adenscar ¢l monas

cel I cargekhEnafs] 1§ of adspoandadmas hﬂfd ?S%@bf Wpod fdrgéreal Zamﬁo&xids @Rhibited allelic
ApprOX| tely, 82% (9 ggdéék of adenocarci nomas_and 75% (3 of 4) of |arge

cel | care§sidirAomasais;! 15efh eetaipgk e getiaied ks mlelep o wirlye Bimage ith
retai nedﬁ%@nﬁ?&ﬁﬂoﬂ@%ﬁ(ﬁj wWithaEd azltlcﬁlleeor ¥Rl g c§1 %reV\éh.tg_}QJn %rﬁ%;% ”ﬁ? #idsQns
and with LOH at one or nore OCI on 12p are s Se,

t unors WWGOWAEWG%NSA}@MGIGDW HCG]IGlm diip$gyed yesded aagdles at
al | formative mark zed, wh r 363 on]y the
Dlzslsgé’tfﬁf‘r}ég A (ATKED ARAY %1& I’i@’t%‘?aﬁ%‘&rs% Sttoﬁ Wég?@s%lg%fn&f tive

mar ker s wiakZoRifn HQeQ&?@sﬁ?%t the TREARSB in ko198 h Rk AD PESQ 0%8@5 B8990,
t er m nal deletlon for mafker D12S1617/ (60541, where Kras?2 is |l ocate wth

ret ent i drnfrs A6T4Arandyfgd At sisadisphayed damesal defetion nfat imeekersld K281617/560341,1592

F 9 ta | i k D 12S
1608 anihBh5erets feshe it ERing of bR Guati o Maf e S ReBa B ERs
gene at TH 280592 (Fg 9)! Tak 1ICH ftandcatzddya Mlesa1 f0sdn TS $o hariers B9 106

region. The results indicate that the wild type Kras2 allele is lost in

hunan | @AgDddé h@c7é@}6@5rfjdna'5heanm’81lcélr graopet map fpe ph@@fh@e Krapd gerg. at la@iasision
chr ONMDS QT ; %ﬁaﬁl%g héJE%Jo Iﬁgtjk rs 1H th~8(b%rigoelre {\/%r re re 1{61&]1%%‘[%%3[_ %_{W%?%

chr onpsone carC|nona ar ge cel’l C|nona
1. D12S8%ype/KihsZ Ateldiglo/idhibh ﬁﬁ@ adenocarcmomas and large cell carcinomas,

Table 3. LOH on chromosome 12 in non small cell lung cancer

Marker Frequency of LOH on chromosome 12
Adenocarcinoma Large cell carcinoma
LOH/T" (%) LOH/I (%)
1.D12S89 4/11 (36.4%) 2/5 (40.0%)
D12S358 6/11 (54.5%) 3/6 (50.0%)
D12S310 5/11 (45.5%) 3/6 (50.0%)
D12S51606 4/8 (50.0%) 3/4 (75.0%)
D12S1596 6/10 (60.0%) 2/3 (66.7%)
G60541 7/16 (43.8%) 2/3 (66.7%)
D12S1617 5/13 (38.5%) 2/4 (50.0)
D1251592 2/12 (16.7%) 0/3 (0.0%)
Combined 10/22 (45.5%) 4/8 (50.0%)

I?, number of tumors that were informative for the marker tested.
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D12S358 6/ 11 (54.5% 3/6 (50.0% D12S310 5/11 (45.5% 3/6 (50.0% Di2S
1606 4/8' (50.0% 3/4 (75.0% D 12S 1596 6/10 (60.0% 2/3 (66.7% (60541
7/ 16 (43.8WH0324F5866. 799 D12S1617 5/ 13 (38.5% 2/4 (50.0pCcTDRASIBI® 2/ 12
(16.79% 0/3 (0.0% Conbi ned 10/22 (45.5% 4/8 (50.0% 1a nunmber of tunors
that were informative for the marker tested. 38 WO 03/018755 PCT/ US02/ 26830
Clainms What is clainmed is: 1. A methgeisof i1 nhibiting proliferation of a
cell, conprising: increasing intracellular |evels of one or nore wild-type
ras protel ns in the cell. 2. The nethod of claim 1l wherein the

i nt r ac&hatiisslaimsdéss of wil d- type ras protein are fML increased in the
cell by a) introducing a nucleic acid that conprises a coding region for a
w | d-t per ssing the wild-type ras
pr ot e.% in tsmet% Fﬂnglﬁlwp%%hﬁghoga??glérzr%nlﬁg\l\ﬁ{egeel nthe cell is a tunor
cell in a human or other manmmal . 4. The nmethod of claim1l wherein said

nucl ei ¢ aci theremsiag DiMfacelutpr iegéla gf enguranweevild-ypguasreteinsan theagles a hi gh

| evel of transcription of the wild-type ras protei n encodi ng region.

The rre hod im1l erein, sai d,nucl ei rt.of a viral enorre
The met h% %EquaP%me r@\ﬁewg?rﬁmt s IW?cﬁﬁF@hl Vleks %ng SR 198 p§%tlelélc$‘8d from
the or féReas&PinghSédingy of wild-type K-ras protein, wild-type N-ras protein,
and wild-type Hras protein, or conbinations thereof. 7. The method of
claiml1 wherein intracellular levels of wild-type ras prqteins are
increased i A sai PUEERFINER Tuslsioaweithe coRPrises hﬁ?‘@nﬂ\ﬁgﬂolﬂ Joyer WHS-URReotag| n
into t ﬁ)té‘h‘? 4t%ﬂ§eceﬁh§ncfet hod of claim7 wherein the cell is a tunor cell in

a huma anft
b) expressing the wild-type ras protein in the cell.
3. The method of claim 1 wherein the cell is a tumor cell in a human or other mammal.
4. The method of claim 1 wherein said nucleic acid is a DNA comprising a promoter

sequence that causes a high level of transcription of the wild-type ras protein encoding

region.
5. The method of claim 1 wherein said nucleic acid is part of a viral genome.
6. The method of claim 1 wherein the wild-type ras protein is selected from the group

consisting of wild-type K-ras protein, wild-type N-ras protein, and wild-type H-ras protein, or

combinations thereof.

7. The method of claim 1 wherein intracellular levels of wild-type ras proteins are

increased in said cell by introducing one or more wild-type ras protein into the cell.
8. The method of claim 7 wherein the cell is a tumor cell in a human or other animal.

9. The method of claim 7 wherein the wild-type ras protein additionally comprises a

protein transduction domain.

10.  The method of claim 9 wherein the protein transduction domain comprises an 11

amino acid sequence from the human immunodeficiency virus TAT protein.
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9. The nethod of claim7 wherein the wild-type ras protein additionally
conprises a protein transduction domain. 10. The nethod of claim9 wherein
t he prot ewo BoasTsslucti on domai n conprises an 11 am no acipdTasgeedsse from
t he human i mmunodefi ci ency virus TAT protein. 39 WO 03/018755

PCT/ US02/ 26830 11. A nethod of decreasing the activity of ERI C MAP ki nase
in a cell. coApmietodgof Hemesas) 0@ bhiprityeyRERIOMMWP| Bnbytpdh haglPEhSiigng N t he
cell. 12. A.mehgad ?f vgl uating a tupor in_a manmalian subject,

conpr i sTHY2SS H5V P %%te‘?:’ fi¥perpopote I tEsfll. and assaying for a | oss of
function nutation in at |east one of the endogenous ras alleles in the

genone . t g mehdof dniatil8 niRsNAY imbhRh{Qubfec, WohBRLGOMPTT ST NG

assaying for an activating nutation in one endogenous ras allelles
in the genone of said cells. 14. The nethod of claim 12 wherein the | oss of
function nutevidingelsifion the tgreweed i on of a nutated ras protein having
decreased cell proliferation activity. 15. The nethod of claim 12 wherein

the | oss of 21 i I i.n duced . l.evels of ras protein in
t he tunor ce%#@gﬁaésﬁ)gg%%raoteféﬁ gofi%gh%teo\}lelps& geﬁglfrozyg Orgﬂbeteéjidﬂg‘?nr‘?u%arsr?@legééq |'s.
16. The net hihd gafoned af thre t&lsvherein the 1 oss of function nutation results in

|l oss of all or part of a wld-type ras allele. 17. The nethod of claim 13

wher ei n, 1t he resefgc& gf a Igss of function nmutation in one ras allele and
an activati nghetEes Shelein dadther cpmprising assaying fPra Reliveiies witasiop dopne

Pr 0gnosdfShe diftogditis TR A1RAeOfn tﬁ%}%r%lﬂ@of‘@gﬁrc%h the loss of function nutation

isinthe first, second, or t exon of the ras allele. 19. The nethod
of claim 12 wherein the loss of function nutation is assayed by
det er mi ¥k ng Theangthod ot elainy [l 3 whiemirethe lofs adifenasion moutetion desisltsyip@radastiqn of ei ns

inthe ¢ 20, The pet.hod of claim 12 whereip the |oss of function
nut at i oanl%|{1€satez(iis;r gsa@fé)ge% aVlH%a%‘if?ﬁSﬁ‘ih ﬁ%}%rﬂﬁﬁ%{\ﬂ’tmgﬂ%l ar levels of nRNA
encodi ng one or nore wild-type ras proteins. 21. The nethod of c¢laim 12

wher ei st he Tiesmetibd faMelkin®N 2 MilitbinOfe 11655285 ABHOP Yn #BRTRCE MG irf RepiEesence
or absence of one or npre wild-type ras allelles in the genome of the cell.

22. ThdeYRt pgas Broten i the fumopestls phcemparpdtosthe fevelsd rasqnotein iatioonal sllas sayed
by determning the cell proliferation activity of one or nore wld-type

ras profgei NSryenéf§d 6€Ekaim 12 wherein the loss of function mutation results in loss of all or
part of a wild-type ras allele.

17.  The method of claim 13 wherein the presence of a loss of function mutation in one ras

allele and an activating mutation in another ras allele is indicative of a poor prognosis.

18. The method of claim 12 wherein the loss of finction mutation is in the first, second,

or third exon of the ras allele.

19. The method of claim 12 wherein the loss of function mutation is assayed by

determining the intracellular levels of one or more wild-type ras proteins in the cell.

20.  The method of claim 12 wherein the loss of function mutation is assayed by

determining the intracellular levels of mRNA encoding one or more wild-type ras proteins.

21.  The method of claim 12 wherein the loss of function mutation is assayed by detecting

the presence or absence of one or more wild-type ras allelles in the genome of the cell.

22.  The method of claim 12 wherein the loss of function mutation is assayed by

determining the cell proliferation activity of one or more wild-type ras proteins in the cell.
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type ras protein to the subject.

24.  The method of claim 23 wherein a wild-type ras protein is injected into a tumor in the

subject.

25.  The method of claim 23 wherein a nucleic acid encoding a wild-type protein is

injected into the subject.

26. A method for prognosis of a cancer in a human subject comprising assaying for a loss

of function mutation in one or more ras alleles in cancer cells obtained from the subject.

27. A method of inducing lung tumor formation in a heterozygous ras-knockout mouse,

comprising injecting a chemical carcinogen into said mouse.
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