Ras Mutation and Conpositions and Methods Rel ated Thereto Background of the
I nvention Neoplasia, or a process of rapid cellular proliferation resulting
in new, abnormal 5 growth, is a characteristic of many di seases which can
be serious, and sonetines, life- threatening. Typically, neoplastic growh
of cells and tissues is characterized by greater than normal proliferation
of cells, wherein the cells continue td grow even after the instigating
factor (e.g., tunmor pronoter, carcinogen, virus) is no longer present. The
cellular gromh tends to show a | ack of structural organization and/or
coordination with the to normal tissue and usually creaks a nmass of tissue

(e.g., a tunor) that may be beni gn or mal i gnant Ras mut ati ons are
comon i n pul nonary adcnocarcin s of uman ) Pdefddmsters. In
fact, nutations in t SM"‘W ﬁ@B&%ﬁ%"sfaa mh% &R ee%rmst conmon

oncogene-rel ated nutations in human cancer and |n turmrs i n experinmental
animals. It is 15 known t hat ther cBagkse chediiventiol f er ent nutations in the

oncogenes of the ras Iafaryﬂr&e&fag},pﬁ@mnheﬁﬁﬂﬁdn&&oﬁmng\nntﬂaw,aabhmr cel |
phenotype in nature. tati ons. at. the codon eﬂ 91-\1? na;) gﬁli,geﬁa.e_l n the
Ras protein arfe fwwheisachaagerigic f may dis@ses wHGH &8, 60 orect al
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vari ety of cancers i'ﬁmta Cancer . Res.
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proliferationnd® I -characterized nutations at
codons 12, 13 and m8lignertuse constitutive Ras activation. 25Malignant cellular
growth, or malignant gadeResons aemmdm@ulmgmqaﬂsmmmaoﬂhumslmd@ and
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of a large body dFf |nnoyat| ve. app anches to
treat and pr eventonmmdmoﬂéée\‘mﬁﬂ%é‘tﬂm b R SREEeaRl AREEL (1 ¢ o
cause a hi gh rat §,0f, mmlﬁ%@ﬂ&m ol Cis fidd ﬂ;euhd)gdne of the aies pone femiat | vel y

unresponsive to conventl onal ‘{‘F"I%'cﬁ?‘i rcel%ﬁg;&%{p%)l ong’?p 08 Rs kSh@cdagnt | nui ng

need in the art & sioE cancer rlsk fagtors
and net hods for afddig ehisempisR dn thnRastprtginegssy fopmgrin F33nelepagreatic sanser, Jf

Description of t %M%ﬁc@m 40% of non-small cell lung adenocarcinomas, and 24% of ovarian

capcers. Ras mutations at amino acids 13, 59 and 61 are alzo found in 2 variety of cancers

% (eg. see Lu et al, Cancer Res. 2004 Aug 1;64(15):5084-8; Abrams et al, Sem Oncoll 996

73, 118-134; Friday and Adjei, Biochim Binphys Acta 2005 1756, 127-144). Aberrant

signaling through the Ras oncogene product pathway plays an importaat role in

uncontrolled cell proliferation and mmorigenesis. These well-characterized mutations at
codons 12, 13 and 61 canse constitutive Ras activation.

25 Malignant cellular growth, or malignant tumors, are 2 leading cause of death

worldwide, and the development of effective therapy for neoplastic disease is the subject of

a large body of research. Although a variety of innovative approaches to treat and prevent

cancers have been proposed, many cancers continue to cavse a high rate of mortality andl

may be difficult to treat or relatively unresponsive 10 conventional therapies. Therefore,

30 there is a continuing need in the art for the identification of additional ¢ancer risk factors

and methods for early dizgnogis and therapy for cancers,



Fig. 1 is a chart show ng the catal ogue of Ras nutations found by
-genotypi.ng-1/11310193. from patients with colorectal, pancreatic_or :
"non-smal | cell lung cancer. Figs. 2A and 2B are digital inmges of a soft
agar assay of cell growth showi ng 5 exenplary negative (Fig. 2A
untransfected BAL13/3T3 nouse cells) and positive (Fig. 28, Gl2V + E76G
Ras-transfeeted BALB/ 3T3 nouse cell clone) colony formation in soft agar,
Canter ("transformed") epithelial cells are capable of growi ng in. soft

agar, whereas 'intimskated cells do rfot grow in soft agar. Figs. 3A
and 3B are graphs showi ng two separate experinents denonstrating 10
oncogeni ¢ synergy in the growh of tunors tarrying Ras mutations at both

anion 12 and codon 76 in Bal b/c nude m ce. Fig. 3Cis an expanded
detail of the study in figure 3A to Showthe growth of individual E76
mut ant-transfected cells rel ati vaHetD ,@;d (wild-type) BALWBT3

cells. 15Fig. 4 is a.sche t|c dr.a at e crystal structure
froma codon 12 rru%a%h? gfhm cﬂmﬁ}g\gg@gﬁ(‘ %‘ °"ég.?f"r5‘$rheémf"é)’l”t‘51e
structure of a @G@méﬂm@@mmhfwwuﬂcﬁa@-s@@ddl)ungmn@nt) The arrows
point to the esti marpd #0sk bbaR @%ﬁsﬂﬁg@mmﬂaagtr%}af ceft bro R %ﬂzﬁn n the

represented tertjary 'struct nma e Invention odi ment
of the present fxﬁ‘“mgx'i"“ﬁtwfgj%tﬁ BS%PQF\%HW'T&H“@P@P&WW%IZECUI e

conpri sing a nu&idy tE%GiRds- mefm&wﬂwbdmgmuﬂoammy fulrhatiorSia 6HACBE S
conprising at | eaglr Brc@dth ,ﬁmma@q}ﬂ%ﬁ f t rotein. The
am no acid sequence_co 8@ Hﬁs tEBrirl[ge am no acl pg)srtro i%& Ig'fg'lﬁr‘;r")hespect to a
wild-type K-ras™ l'ﬁﬂ‘f“ﬁtg‘g ROLEOB RSB PR n, and wherein the anino acid at
position 76 is mut aFigd 3asand GRpae gﬂpltsoshmhﬂg Wolsdpatnyqo&pamhﬁldamnkﬂuﬁgne aspect,
the am no acjyd GloodeRsiyhif EﬁM ,...“m .ﬁg;ﬁkﬂ? c},@qu _
rﬁl group consr gl yci ne,

glutamate am no aci d resi due sel ecte I'ng o
l'ysinc, and gl uf%d?A 73ér Baffp mydramices pect | the non- gl ut amat e am no acid residue

is glycine. In one Egperk antmkpendadruﬂﬂl &Gh&huﬁﬁ@ﬂg‘iﬁaeﬂdtofﬁ‘ha{v&nf afny one of

SEQ I D NO 3, SEQslilaNEs %:tﬁF@nL MC% IZIF or SEQ
I D NO 13 by a substitution of a non- utanat e am no%ﬂg%gfwé gI ut amat e

at position 76 $Msaid SEQ I D NO 3, SEQID NO 5,
15 Fig 4 i5 @ schemeatic drawing illustrating the crystal structure from 2 codon 12

mutant form of H-Rag (G12D) (left) compared to the structure of a codon 61 mutant form
of H-Ras (Q61L) (right). The arrows point to the estimated position of the aming acids 12,
61 and 76 in the represented tertiary structures,

20 Summary of the Invention
One embodiment of the presemt invention relates to ap isolated oueleic acid

molecule comprising a nucleic acid sequence encoding an amino acid sequence comprising
at least 5 contiguous amino acids of a mutant Ras protein, The amino acid sequenec
containg the amino acid position 76 with respect to a wild-type K-ras, N-ras or H-ras
25 protein, and wherein the amino acid at position 76 is mutated as compared fo the wild-type
protein. In one aspect, the amino acid at position 76 is mutated from a ghutamate to a non-
plutamate amino acid residue selected from the group consisting of: glycine, lysine, and
glutamine. In one aspect, the non-ghitamate amino acid residuc is glycine. In one aspect,
the amino acid sequence differs from any one of SEQ ID NO:3, SEQ ID NO:5, SEQ ID
30 NO:7, SEQ ID NO:9, SEQ ID NO:1i, or SEQ ID NO:13 by 2 substitution of 2 non-
glutamate amino acid for the glutamate at position 76 of said SEQ ID NO:3, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, or SEQ ID NO:13. In one aspect, the
-amino acid sequence further comprises et lesst 5 contiguous aming acid rmidues ofa



SEQ NGO 7, SEQ ID 140:9, SEQ ID 140: 11, or SEQ ID NGO 13. In one aspect, the
am no aci d sequence further conprises at |east 5 contiguous am no acid
residues of a 3 nmutant Ras protein, wherein the am no acid sequence
contains the amno acid position selected fromthe group consisting of 12,
13, 59 and 61 with respect to a wld-type K-ras, Nns or Hras protein, and
wherein the amno acid at the position-s nutated as conpared to the

Wi | d-type protein. 5In one aspect of this enbodi nent, the am no acid
sequence further conprises at |east 5 contiguous am no acids of a mutant
Ras protein, wherein the am no acid sequence contains the am no acid at
position 12 with respect to awld-type K-ras, N-ns or |Il-ras protein, and

wherein the amng ﬁrmglo%&mmela&msmmmma s D b
wi | d-type protein.

e aspect he am no osi.tion or 13 are
nutated from a gISWHQD‘PH‘eﬂBG%W“QPV& Re? %?ﬂ%ﬁg"’i& W‘é%?‘ﬁﬂdst’wl N one
aspect, the non- gjm;mﬁaﬁ;ﬁm&ﬁ afd Whkrdireibé Thilmo dcil a5tk pasitiedis foutimd asvcauprred
cyst ei ne, aspart:ilt[ﬁ ‘g‘f“@ serine, and alanine. In anot her aspect of
t his enbodi nent, % I'C aci d sequence encodes a fusj rotein
conpri sing tws or mr%m,mIW%W%ﬁ%WDM‘ES‘BW ?’eﬁ PIR&s the at
| east 5 amino aciigls sbntights mmms Bosmp® R floréin) Mhkikin itRgmish scidEdersécon at

position 76, and 15 erei.n e % aqgn Nﬂﬂeﬁ?mmn&g{pék%%% ofP-ras

i munogen. | n on& B ™ PHE " &rrle aspect,
the t umor antlgemﬂm@dmgﬂpﬁﬁmﬂh atpwwm&g’ému@w@%wt%
CONMPrising at | eauheidMeondpad,ifAmindlaad itpesitoss B otld dhe inytiel Ravea gyvinaw saci d

'sequence. In one aspect, the tunmpy antigen i.s e Qo bR redidi N OGN C
fragment ther &f "¢ e RS “5‘85 J"% & agqmlggv'\lng?ﬁ reaspeé)t to the

Wi | d-type Ras amiseleted fomd: @@nseqmne@mmslwmmw acid at positions
12 or 13 is nmutated fy giningr ity EoBaieR, thomileidO8d gaiddbeRcodesi fitien ~ | n

lanot her aspect, the tunor antigen is selected fro OWBnSRNSE 5t | ng of
(a) a peptide compFssomgrsing nggf‘“’? bs#’etm% %‘:%gﬁm?&a % rot ein,

least 5 amino acids of the mutant Ras protein compnising the rmutation at position 76, an

15  -wherein each additional domain consists of an immunogen. In one aspect, the immunogen
is a tumor antigen. In one aspect, the tumor aptigen is a Ras protem or Immunogenic
fragment thereof comprising at least one mutation relative to a wild-type Ris arnino acid
sequence. In one aspect, the mmor antigen is a Ras protein or immunogenic fragment
thereof comprising positions 12 or 13 with respect to the wild-type Ras amino acid

20  sequence, wherein the amino 2cid at positions 12 or 13 is mutated from a glycine residuoe to
a non-glycine residue. In another aspect, the tumor antigen is selected from the group
consisting of: (s) a peptide comprising at least from positions 3-16 of a Ras protein,
wherein the amino acid residue at position 12 with respect to the wild-type Ras protein is
mutated: (b) a peptide comprising at least from positions 9-17 of a Ras protein, wherein the

25  amino acid residoe at position 13 with respect to the wild-type Ras protein iy mutated; (c) 2
peptide comprising at least from positions 55-63 of 2 Ras protein, wherein the amino acid
residue at position 59 with respect to the wild-type Ras protein is mutated; (d) 2 peptide
cornprising at least from positions 57-65 of a Ras protein, whercin the amng acid residue
8t position 61 with respect to the wild-type Ras protein is mutated; () a peptide comprising

30 at least from positions 69-77 of a Ras protein, wherein the amino acid residue at position
73 with respect to the wild-type Ras protein is mutated; (f) 2 peptide comprising at least
from positions 70-78 of a Ras protein, wherein the amino acid residue at position 74 with
respect to the wild-type Ras protein is mutated; (g) a peptide comprising at least from

- . . T . — . mm——



wherein the am no acid residue at position 12 with respect to the wild-type
Ras -pr.ot-ei-n- i s nutated;-{b) a peptide conprising at |east—frompositions——
9-17 of a Ras protein, wherein the 25 amno acid residue at position 13
with respect to the wild-type Ras protein is mutated; (c) a peptide
conprising at |east frompositions 55-63 of a Ras protein, wherein the

am no acid residue at position 59 with respect to the wild-type Ras protein
is nutated; (d) a peptide conprising gt |east from positions 57-65 of a Ras
protein, wherein the amino acid residue at position 61 with respect to the
w |l d-type Ras protein is nutated; (e) a peptide conprising 30 at | east from
positions 69-77 of a Ras protein, wherein the amno acid residue at
position 73 with respect to the wild-type Ras protein is nutated; (f) a
pepti de conprising at |east frompositions 70-78 of a Ras protein, wherein
the am no acid pioeis'brdmbﬂbafa]ﬂaqirm&mwh&anMhﬂindaﬁlpeiﬂhe #t postitee75Writhdespagpe Ras

protein is mut tﬁwﬁ? itions
71-79 of a Ras%?%iwglan ﬁs@%ﬁd]gﬁ%e a Iigépam res?%&eggtg%%fskf)@?%n 75 with
respect to the Hiof aRispREIRYEeER te Gpipo geid Trpidugat eesition 1) wigh respost to dhe wildnpr i si ng
at |east from mmmﬁm‘{ﬁmﬁw@mm fﬁﬁndamﬁﬂlﬂgatwﬁmaosmbmmm aci d

resi due at pPoOSI t r.e e R pr tel
mut at ed: and?(l%ﬁg&heept t}h Xl om&rﬁs:&)ucmh Dsmon‘?g 1%3 iiﬁ]% 19 §“82 of a5

e conpri sing B T OMPpOST tionarPs
Ras protein, \/\kié'i“@i‘ﬁ“’ﬂ'ﬁ@iam no acid reS| due at position 78 with respect to

the wild- type Ras PEQin€ latpedt Df MRk @ibRGiment, the micRicOR sBRBRS lencOdes lalusion

enbodi nent C equence enc rotein conprising
t he am no aC| d se ueﬁﬁcp%s'%hggé? °?§E§ 9{161& aspU(,uf Pt Wucl ei c

aci d Sequence éﬁ%‘ﬁﬁé@d Wﬁa@l@Wdﬁr%@@f&mw@@nﬁﬁmlﬂgtﬁ@h@manﬂﬂlmmﬂfsequence
of 10 SEQ J@ N@EQGDNQB Anot her enbodi ment of the invention relates to an

i sol ated nucleic acd Iec r|S|n at Ieast nti gm no aci ds
of a nucleic acid s ﬂftﬁg tﬁdﬁ“ﬁ?ﬂﬁ‘s“"ﬁll"mkg‘gﬁlgj]fc“evmereln
the prolific atcﬂmlﬂwﬂmﬁs&ommm pf'atrhelmt bideqicwve emcpdippdse (H-on 74
(T74), the gl yqiaRen Als dPRSRak), GRercfDhf ?.%ﬁae,at g&ﬁioﬂ'ﬂ’&'ﬂﬁ(ﬁﬁj 10 thrdohi@at’ 7 (077),
and/ or 15 the phelé%l Qﬂ% | ne at_ posi,tiqn 7 i}l H%Péﬂﬂ he Ras am no acid
sequence i s nutfgt e e FLROSHR B{STh e g PO dCHbEPee aci d
nol ecul es entodiehenyixanihe @t gositivh 78 {F7Raf tledapaiss ail sapignce Bommedniise of t hese
mutation, whi chaQpelehGy s Aﬁx‘él&lﬁed Jﬁ@}:é Yy 6D
di agnostic or therapeu'(tﬁ?'c applicati on-. l{?& gt g amgﬁat any one
or nore of theSEMPHEEEMYSPROrmeresfihee WWWWF‘%F“&FFPWWQ’M%@MU d than
the one that oGeednigakagmostic or therapeutic application. Preferably, the amino acid at eny one or
more of these positions is substituted with a different aaino acid than the one that occurs at
20  this position in the wild-type sequence of Ras.
In another embodiment, the invention provides isolated nucleic acid molecules
comprising a nucleic acid sequence encoding Ras proteins (H-ras, N-ras or K-ras)
containing any one or more of the mutations at position 59, 61, 73, 74, 75, 76, 77 or 73 (or
a portion thereof), and one or more additional mutations at a different position m Ras. A
25  preferred combination of mutations is a G12 mutetion end/or a G13 mutation with any one
or more of the mutations at positions 59, 61, 73, 74, 75, 76, 77 or 78. In enother
embodiment, the invention provides a combination of different nucleic acid molecules, at
least one of which encodes Ras (or a portion thereof) containing one or more mutations at &
position selected from 59, 61, 73, 74, 75, 76, 77 or 78 (and preferably selected from any
30 one of positions 73-78), and one or more additional nucleic acid molecules containing one
or more additional mutations, including, but not limited to, 2 mutation at GI2 and 2
mmtation at G13.



20 this position in the wild-type sequence of Ras. I n anot her

enbodi nent, the invention provides isolated nucleic acid nol ecul es
conprising a nucleic acid sequence encoding Ras proteins (Hns, N-ras or
K-ras) containing any one or nore of the nutations at position 59, 61, 73,
74, 75, 76, 77 or 78 (or a portion thergof), and one or nore additional
nutatlons at a different position in Ras. A 25 preferred conbi nati on of
mutations is a 012 nmutation and/or a 013 nmutation with any one or nore of
the nmutations at positions 59, 61, 73, 74, 75, 76, 77 or 78. In another
enbodi ment, the invention provides a conbination of different nucleic acid
nol ecul es, at | east one of which encodes Ran (or a portion thereof)

cont ai ni ng one or NDIEE onéndolida Althainp@bdn, hBNoSht ebivedeséribedmibRic Hill, 73,

74, 75, 76, 77 or r fer rom any 30 one of positions
73-78), and one BP%ﬂﬁé g&%”ﬁﬁ%ﬁ%ﬁmxﬂ%?EIC g@*% nol ecul es contaji ni ng one or
nmore additi onal mut atAnethes, emibpdiinerd afighe baentioro relqtss nip t % gpcprpbinagt pRgleistackdn at @ 2

and a nutation aho%@ccom&smganyclfﬂm@ﬂﬁe—mwﬁﬂﬁiﬁadﬂ;fm&l&ﬁ]d Bptalteyaikedany of
t he above-descri bed nucl ei c acid rrﬁ%cul es can be an ol igonucl eoti de probe

or a primer. 3 atletoepRresiOpEBHoNEREYST the invention relates to a
reconmbi nant nucl ei ¢ & wiothe embadingrios the inveritiogrelaasto o fecorhhinaptsell bat drsdbesni bed

nucl ei c acid nol gelfs w&%m?w%owehds&ismw%nma@hud:mm ROMRuIGX [ B%ST ON
control sequence. Yet ggﬁ h‘ﬁ 5 é‘?‘ n\t"aﬂgt lQf the invention relates to a
reconbi nant cel | 2PFaTecprunay Herd EH2IXF*Bf ¢ he above- descri bed
reconbi nant nucl ei ¢ aabibernapbedimine $f the prasee inyeqtier relatqs de @niidolieh prodeant ¢r of

G ai m 20, whefei B bR eCiled bj( m%m%fe%b%&mb@ﬁ mm@mmcmﬁ@sent

i nvention relates to an | solated protein or | eenco“g:
i sol at ed nucl ei ¢ mgcRcidInAEFe 'Bf"’“%lff?“ﬁ‘f‘“"f‘h‘@" BB' TPER ST PP e"i c aci d

ol ecul es. | n onduskafodinent, the isolated protein or peptide is part of a

‘f usi on protein. d,égﬁ,g%felgg?é tﬁat %ﬁn ﬁg&wwg&hw&&&'ﬁ%&& an
u

isol ated nucl ei c aci 1s ful L_x conpl enentary to any of the
above- descri bed Math Bllycogplemenianyigapief e abov ] B‘EFF&S%ﬁWm nent of the
invention rel g es t o 'at daG&ieMbodamAIIT it idventiamitlae totalvaccinb comprisiesoy ofiled

nucl eic acid nol ecu mEJTbOd| ment of the invention relates to

a vaccine conpri & S&JWJ\‘"C]?EMJ'B%W descri bed proteins or peptides. In
one aspect, the vacciAnethdrgmbidiment oithe inyeagongrelpienitore vPesleSpmPnSing agyoftheo

aspect, the yeasw&Mb&l FrEGa e ipeyaind:! m&xwp&ﬁwhemmcamsmya@:
peptide. In one aspect vacmgl?effurt cor@Jr aden ritie ce II

wherein the deadrfi9% H’eﬂ" FaEPHRdF YEA| f’?mf tpﬁm%e yeast
'vehicl e and t e pepmﬂellmmmpp:e,phﬂ\de:memﬁ%ﬂﬁﬁﬁdﬁﬁeﬁﬂ@mﬁﬂqwﬂﬂt he
::cnventI on rel atecm,&emeﬁmuﬁaﬁm%nme é&vﬁcﬁﬂﬁf&e#&ﬁheﬂ;ﬂmﬂand ( \% a

usi on protein conp n rotein or fragment there erein
the protein or fragrré'S ”gﬁﬁ'regg‘?‘?@% "Wi'gnf’f & 48 pog?’ttlw{gn%%awth
-respect to 25 a wlstdrelhglq:endl(b)as‘ustcwmwmmsmﬂpmmtéiﬂﬂpm'alndfm@élhﬁﬁtﬂwe am no

.acid at position §:e fefplof HagRRntGrEBPEoREin Be il Mdpdsidan 76 wit fRépedt B
wher ei n expression fu3|on rotein is under the confrol .of he Cupl

promot er. The¥ u§|“6'H “E‘F&‘B’i s or ks QLN e wheppi 5, 8Tipo geid it ppsiion 73 i5
aspect, the fusi &mwﬁﬂmt@mparédjbtﬁeenldamprm@'ewhaensapmnmthamﬂommﬂpnbt ein or

fragment thereof E}‘“AM]OS'E %‘l""m"lt‘;lﬁhée‘?’ﬁ%ﬂ&t Shd fuSbn B&@gr{?mﬁéggg ek yeRnt ai ns

the am no acid 3 sttron respect to a.w %Elc-ras N-as or
Hras protein, aﬂehl%é'r'@ﬁeﬂspﬂﬁwéh%ﬂﬁ'%d’f%'lW““B’@EW?W"E ol R rRlEiRAF as
conpared to the \Walhlni 3id&f,WheleRith second protein or fragment thereof contains the amino acid

30 position 12 with respect to a wild-type K-ras, N-ras or H-ras protein, and wherein the
. amino acid at position 12 is mutated a5 compared to the wild-type protein

In one aspect, the fusion protein comprises the following proteins or fragments,

fused in frame; (i) 2 mutant Ras protein or fragment thereof, wherein the protein or



In one aspect, the fusion protein conprises the follow ng proteins or
—fragnents, fused in-franme: (i) a nmutant -Ras proteinr-or——f+agrent—thereet——:-
wherein the protein or 6 fragnment contains the amno acid position 12 with
respect to a wild-type K-ns, NNns or Hras protein, and wherein the glycine
at position 12 is substituted with a cysteine; (ii) a nmutant Ras protein or
fragnment thereof, wherein the protein or fragnment contains the amno acid
position 61 with respect to a wild-type K-ma, N-its or Hns protein, and
wherein the 5 glutam ne at position 61 is substituted with an arginine;
(iii) a nmutant Ras protein or fragnment thereof, wherein the protein or
fragnment contains the amno acid position 12 with =spent to a wld-type
K-ma, N-nms or H-ns protein, and wherein the glycine at position 12 is
substituted with an aspartate; (iv) a nutant Ras protein or fragnent tined
wherein the profgmeat gootains he amiae acidgqeiBan 2 withiespag o fovidheyPs Kwsleas 6FH-2 i t h
respect to a wirkdprbtyipcani-whersin ﬂN—glﬁﬁc@fpohknﬁElZﬁﬂ @ibftinied withCe sEReiG) 4 he

gl ycine at pos'&&&?ﬂ%ﬁr&t&n %Qstehtﬂ]ute%fl eremthéargtemﬂr% énygont%n tant e
protein or fragnen reor ) aer el n R ern org?‘ragrren tontai ns the
ami no aci d posi#iigpsitop Ghmﬂhrmmwﬂdﬂmdcw,wdn&oyﬁewmm and\pheggindhe H- s
protein, ands wdhift 4t pesi@al el Gi ABstiadedPAhi daiaiinink? (15§ a MRS Rds Yhdtgh wi th an

argi nine; and ( rotei.n or fragnent .thereof. wherein the
protein or fragﬁréé%i’f'&‘g' f;l‘?r’}ﬁ?ﬁta‘iﬁéﬁ?{cgm %‘%pr%sﬁ"i"l“c?ﬁ’d?‘@“\ﬁ% espect to
a wld-type K- regpect iamglddype R-msal-rgsootieis proteamnad whereie tha glydies atpogitiemni®t e at
position 76 is 1§&hb§i‘idw‘d%ﬁdn%&ﬂcﬂ:ﬂ'aﬁﬁhﬂ%pmwuﬂﬂgﬁﬁﬁmm%mﬁﬂbe fusion

protein corrprls ollowmn rotein nts used in franme: (i)
a nutant Ras prk Fm'f‘"r"%"d%gﬁhg b‘f é?%%%?ﬁéﬁ%@'fragnent
cont ai ns t hao arti+ n@oeié-ndppvm tndmhermthmgb'hnerﬂeptpwm 1% ip substipvitdd vith p pe&mic- r as,

N-ras or H 20 ¢ ?émxﬂ&n@ﬁﬁ'p%x@&‘ﬁa&ﬁﬁhﬁér&f%&mﬂhﬁﬁhﬂﬁoﬁh '&ﬂtﬂ:ﬂtﬂuz i's
substituted with_an i.nin

nd a_muta n or fragnment
t hereat wher ei P99, ’E‘?“nﬁo‘?“ I‘*‘&‘é’l‘ré%? Wﬁﬁ?’éﬂﬁ%‘%ﬁ@ A ¥ osi ti on 76
W th respect torrlnremithmmyqqoet Mositiars]2 iNsubagituted with s nqgmub,&nﬁ(w)armh%ﬁmei n the
glutamate at pPQRilid O frfofhehtSheiddP Sitlefe R prifein br Fre GhefibdAfing the amino defd ONE

aspect, the fusiqn protlein conprises ﬂe am no acli d sequence of SEQ 1D 2%

NO 14. |In adbt HeFtRSESh W%tﬂrw%ﬁwpﬁ%ﬁﬁsea#p'ﬂ preseing gnd wherig ithe1 0 o d
sequence of SEQldtﬁtaN@pbﬁmn%msnbYﬂ{Mc&ﬁﬂim&menbodl ment of the i nvention

relates to an antl r t| el ectively
bi nds to any one of g’ﬁ %3%%% 8?‘%1%985% r%g’w%?’ot el NS EEI;5t§é?pt| des. _
30Anot her enbodissdin frese: (he ¢Wbﬁ%5| Befein @f éthfbermﬂ whsreay e protefraer

sel ectively bi %Mma&ﬁﬂ@el@bm/ﬁhﬂ%&mhem Runds MRASofH-Ot ei ns Pr

pepti des. Yet anoth e i.ment of n rel.ates t.o an si RNA
ol ecul e thdl CHIhEd e DR enEe et ) Sub i S R RS by any o
t he above- descrintotRay peteiiorfragment themef] wherringhy, pratgin @ fimiAt corteimdiominined by a rag

gene encodi Ng &gy p&ftiok hewilyespar $RSAIINYS & 8 N lor Bas pRieit, &idWhereid M

particul arly, a, nutant Ras [ ot.el Q ng an am no aci d sequence t hat
differs froma%}\n““fnﬁt Rff tp%gfaﬁm ¥as anino acid sequence by at

| east a nutation athp%mmﬂmlmmm tht gminh ecidvickntade o SEQPno aci d
sequence. 5,MtR14, aiRRte Bk, B ke prolid othiried ﬂﬁhﬂo%&d%ﬂuﬁcédf@.ﬁéyﬁe t hat
sel ectively cahﬁ[béyz&s the inactivation of above-describ nucl eic acid

nol ecul es, as gene encodi ng any of the above-described nutant Ras
proteins, and part |mhrmﬂ1bqpmbbdimenmmhmnveﬁ'mrqtmmtneainranubodrpnhmgcngmalhgam no acid
sequence t hat M&E&é&ﬂﬂa‘@d&w Bidd3Go iy G f'}tmﬁv o acid
sequence by at least a I on at p05|t|on t respect to the
wild-type to arﬁ“?%“&bﬁ“&‘%quence Yet anot her enbodi nent of the

i nvention rebat es tmmeremmnﬁ@m“&enuaiuei Rla@€io dn ROt ecldcialy bl di zes

under very hig iLpge condi t|o bits the expression of any
of the above- des Bﬂg“ﬁ%&%ﬂ I'C mlggsp tHOf a ras gene encodi ng any

of the above- descrlfﬂdnqm anbodﬁm lpfrfblt mvwﬂﬂram!ﬁwpawtﬂpem glequitethetut ant Ras
protein 15 CONihi§ielflic e, ag%rﬂmemaem &Eoylabpds b abdve LScribkPaicRicW | d- type
K-ras, N-ns or Hras amno acid sequence by at least a nutation at position
76 vm'th respect to the wild-type am no aci d sequence.



Anot her enbodi nent of the invention relates to the use of any of the
above-descri bed nucleic acid nol ecul es or any of the above-descri bed
proteins or peptides, in the 20 preparation of a conposition for the
prevention or treatnent of cancer. Anot her enbodi ment of the invention
relate to the use of any of the above-described vaccines in the preparation
of a nmedi canent for the prevention or tfeatnent of' cancer. Anot her

enbodi ment of the invention relates to the use of any of the above- 25
descri bed aptaners, any of the above-described si RNAs, any of the
above-descri bed tibozymes, or any of the above-described antisense nucleic
arid nolecules in the preparation of a nedicanent for the prevention or

treatment of CaNGER molecules, or of 1A #RE4HDES bydROMI BBIing bnytdf rc sbwetisdribal I el at es
to method to prevent or treat cancer, co Lsing.adm ni.ster] an

ani mal that has dJiwaptRegprogms, P“H@\’)E’F"oﬁi gﬂk‘éa{’ﬁ‘g”é'% mn?ﬁ‘l"%n% %"S%t %fgeh
above-descri bed \safueice st differs fronf\n eiilikéype Erieo tfimrem tH-vf amintoadidspaneed §M 2Y el at es

to a method to prl&}!ﬁ%mﬁ&na&éo@iﬁsn'ﬁivﬁﬁ%ﬁ&tmﬁﬁmﬁ-{yﬁédﬁﬂlﬁﬁtﬂﬂhéﬁ&&ri ng to an
animal that has or is at risk of d

[ evel gpi ng a .cancer,. an t he..
above- descri bedl apt anoter gpRedigient; pfothe JpKEIo JEHES Bet "??‘P%‘Aglfm 5%3’/““‘6?” the S
above-descri bed xhfQzy R Sractiaticanyt dbiveideeriab avasidesicneliyalis, anof s emsiganmucl ei ¢

acld Mol ecul es.  oycoging QY BE LboRlIROSHH B lanPhas bRfeink WUPIkIcARY, B Bl R 3
met hod to prevent or & at a cancer, conprising admnjstering. to ani mal
that has or is atPrHgingemprsingayaiagpcitseaencs thatditl f%“éﬂhﬁﬂﬁ#d“?ﬁﬁ"r hibits
t he expressi on Of asamietadio beqitace B Taplest Nmuiaive REiositidnl 76 wirh reagett tRAe wid-oPei n
conprises an am no.aci. seguence that differs froma wild-type K-ras, N s

or Hras ami no ‘aci T EEHUENCE by at least a nutation at position. 76 with

respect to the wild-tYganeher sobodiment sbfia dyention v An 5P HEPsREAIY of the

i nvention rel at esydi@uld K thipsidizksOur@iee véy thight stiv@aicy @onbiiosatced, inowphé si ng

adm nistering to an animal that has ot am%k+h%le&i deore hBRERInRdsANCEr , @
ol %”5 ydroly

conpound that iniTPEYRE*EF Tl gger s _ si's of a mutant Ras_protein,
Wher ei n t he | Mmareny Rite phove-desqmbesionmant Sassprapingssfl merticlarly the LR AR

:fli ffers from §5W&Qpﬁsme§n!§mrua§%ia &hﬂ%ﬁnﬂﬂdﬁeﬁﬁﬁ‘tﬁdﬁ Rid-6ypd B-rasc Huene ¢y a_td

I east a nmutation at position th respect ta t ) - i NQ, aci
sequence. 15Anot k?é?“"e?‘i’ﬂdﬁl“ﬁ’éﬁg" H‘fvi""\s‘h%m}“ﬁlg’gﬁh’%’nmre ‘é"\tme‘lsea%fé[b){ogﬁﬁe%%gcfor t he
di agnosi s of a t ko acidmguengi Ng det ecti ng expression or activity of a

mutant Ras protein or,ndel ShieadtithiSRAMGHEE RREOY BE uSRbiaRas tRrMbRE N a in
a test sanple froma patient to [ wherein the Ras.&)é%ﬁi%ln _
s am no

be di aghgsed,
conprises a nut atqﬁﬁﬁbﬁﬁ%ﬁ@iw5%ﬁrﬁaﬁ§fgﬁ“ AR oF BPE B d
aci d sequence.zo Defr@aibiiondf Diombdadiontol tua prefeationpr mizmient obgangsric| ei ¢ aci d sequence
20 encoding said Ras Rroteifdihet ' deBloniaRIRs w1k o GSuiy Nt dor dsRNCE Of

tunor cells or

described vaccines in the preparation of a medicament for the prevention or treatment of
CANCLT.
, Another ¢cmbodiment of the invention relates to the use of any of the above-
' 25  described aptamers, any of the above-described siRNAs, any of the above-described
ribozymes, or any of the above-described antisense mucleic acid molecules m the
preparation of a medicament for the prevention or treatmen of cancer.
Yet mother embodiment of the invention relates 1o method to prevent or treat a
cancer, comprising administering to an animal that has or is at rigk of developing a cancer,
30  any of the above-described vaccines.
Another embodiment of the invention relates to a method to prevent or treat a
cancer, comprising administering to an animal that has or is at risk of developing a cancer,
any of the above-described aptamers, any of the above-described siRNAs, any of the



potential therefore in the test sanple. In one aspect, the Ras protein
-conprises a substitution-of a glyeine for the-glutanate at-—posi-tion--76—i-n---
Wi | d-type protein. In one aspect, the nmethod further conprises detecting
whet her the Ras protein also conprises a nutation at position 12 with
respect to the wild-type Ras am no acid sequence, wherein 25 detection of a
mut ati on at position 76 and position 12 indicates the presence of tunor
cells or potential therefore in the test sanple, and further indicates a
nore aggressive tunor in the patient as conpared to tunor cells harboring a
Ras protein with only one nutation or no nmutation at these positions. In
one aspect, the step of detecting conprises detecting a nucleic acid
sequence encoding the Ras nmutation in the test sanple. In one aspect, the
step 30 of detecting conprises PCR anplification of a genom c DNA tenpl ate
encodi ng t he mAarsHrbad phpzgne.y opeR gfhphe piovadesabedommtimgs Bliisetrides

encodi ng the nuh&ktdurs). | n one aspect, the step of detecting is by a nethod
selected front the group consisti of pol rase chain reaction (PCP),
reverse transcri pt ag]é@ﬁgﬁ"%ﬁeﬁd%]& ’l’“ﬁ"""solnt'ﬁa%mﬁy%%u i'Y W%ng,r‘ﬁ%rat hern

bl ot, sequence @ns peapsisingjuiministering 10 an snimel thetdbsor jiset riskpfldeyeipg picarerof  a
reporter gene. d&nPhddaePREbits felprbsGUEd aQhuaRitds Glofind @ hebibBLMRARE RaseNCOdi Ng

t he mutant Ras %ro.tei n.is deternmned b cgg.} arc?tgl ngg.lpucl i ¢ acids.isol ated
fromthe test s W&W‘ﬁ%%‘?‘i%r’”&?“%% FARP 2SS ECF & VB hds to the
nucl ei ¢ aci d seguamineccidepeicnby 4t lest amitativn aRwsitich 79 with espect tathelwiliktypect | ng

whet her the nucl@idacRSgfens€duence encodi ng The nutated Ras protein is bound
by the primer or prgbe. |In ane aspect, the |evel of tant Ras protein is
det ermined by cont alt4"RERef Mﬁ?‘“ﬁ%ﬁﬁ?ﬁwwﬁa‘ﬁ aé??ﬁgﬁg’d’{f"ﬁ‘} A rPagnent

t hereof or an aphameymprikied adeehseotg v e 4l thadaop sct fisk ofdevgloping atdweernut ant Ras

protein, and defQahini@ mWRHAS or kdSemAitP @Y » MR RD prokSitRRN g/ apt aner
has bound to the nmutant Ras protein,

b !
_ I'none 10 aspect, the testy sanple is

froma patient BYFH ﬂ%ﬁ@g@wm%ﬂ@%%ﬁ%%&ﬁ%@ﬁﬁ?ﬂikﬁﬁpl eis
conpared to a ni¥gEbrH-es elinb sctd seqamp bycat 1ehana miatioa sypedtion 76 irih espadi toglenpl e 1S

i mobi i zed on gy PRSLERLE] selBn@Ne aspect” the nethod is used to diagnose
cancer in the patient 111 Osﬂ%naspect, the method is uscd to determ ne the

prognosi s fdf cancefnqthr ephodigantiof the iventign iapea to & Bpfhed; for the, degpeyisf? | s used
to determ ne themGusiogRing dédctiig/expéssibhar apivity 6 mitint RE prordil@ maddedtdeidc

treatnent. sequence encoding said Ras protein a in a test-sample from a patient to be diagnosed,
wherein the Ras protein comprises a mutation at position 76 with respect to the wild-type

Ras amino acid sequence. Detextion of the mutant Rag protein or uucleic acid sequence

20 encoding said Ras protein m the test sampls indicates the presence of tumor cells or
potential therefore in the test sample. In one aspect, the Ras protein comprises a
substitution of & glycine for the glutamate at position 76 in wild-type protein. In one
aspect, the method further comprises detecting whether the Ras protein also comprises 3
mutation at position 12 with respect to the wild-type Ras amino acid sequence, wherein

25  detection of 2 mutation at position 76 and position 12 indicates the prcsm;lcc of tumor cells
or potential therefore in the test sample, and further indicates a more agpressive tumor in

the patient as compared to tumor cells harboring a Rag protein with only one mmtation or

no mutation at .thase positions. In one aspect, the step of detecting comprises detecting a
mucleic acid sequence encoding the Ras mutation in the test sample. In one aspect, the step

30 of detecting comprises PCR amplification of a genomic DNA template encoding the
mutation or in situ PCR, amplification of DNA sequences encoding the mutation, In one
aspect, the step of detecting i9 by a method selected from the group consisting of
polymerase chain reaction (PCR), reverse transcriptase-PCR (RT-PCR), in sitw



Anot her enbodi nent of the invention relates to a kit for use in the

di agnostic nethods of the present invention. The kit preferably contains
any reagent useful for detecting the presence or absence of the Has
(protein) or ras (nucleic acid) nmutation according to the present invention
in a test sanple, and preferably |ncludes an 20 oligonucl eoti de probe, PCR
primers, or an antibody, antigen blndlng peptide, or aptaner, that binds to
the bioniarlcer (Le., the nutated na gene, RNA, cDNA, or protein encoded

t hereby). The kit can include any reagent needed to performa diagnostic
met hod envi sioned herein. The kit can al so include reagents for the
detection of other cancer biomarkers, such as the previously described Ras

nutations, or any,QiiB&on khaPbis, Mfeﬂﬁtamf]ﬁﬁ R BIBOGRY aﬂlyﬁgmm:oeuen for
cancers haV|ng calises or ¢ to the

ntri butions ate on
descri bed her ei n.® SRARer &6t ﬁ‘é’f‘e @Wﬁbﬁ’feﬂ’éﬂ ﬂWtW“?tgf a kf's
met hod for identipigdimyy datemine by rohidctug p:cbmemﬂa nqat@r Erqoy é)atwsngmmbnmbra

‘conprising identi Ié! o Wal! fhe hicSkSkid RASent eRloBing the Fnudn RUC| €1 C
aci d nol ecul e encodi ng ed,atP%chvE@Ea@Jm otein whggr ein theEEﬂ%getl 30 Ras

prot ei n conprl%es’f%‘%ﬁtdmﬁg g“’ﬁb@?’i“ic asig seancey epepding the mutyied RESPIAN Ro o
protein. In one aspasd bymhq:.nmaiatprdn i B ave Swpeatt the Uveladi nokantReyopretejh Ut amat e

am o acid sel eolGUblth LIR ML UPRUSAL Aoy 8t ¥ Ghiio ¥} 8 210 2

ghitam ne for the gluta f.'}/pe rotein. In one
aspect, the step WW@EWFWW%B‘“‘EMWF%‘&?#’H@W Wlpﬁ’ﬁf“‘a fﬁ’!?‘f‘%ﬁ? Bt or of
expressi on or actmewnmp&ﬂamﬁmﬁgﬂbrwhmmmmmmﬂmmm,Iutome step

f d f '
{ ot ond Irwsacﬂ’?l vﬁ'e%tfsgn?ﬁq]éagmq@%%a&%gro ern in ¥l e e

translation o e tar Er esence of the
putative regul at Gryple BrapmpaRd; 1 Argedee EROEPingTRlRp Ik gR¢ ‘EPF';'af % P8 it odi ng

the target Ras pri@i6tied éh 4 fHBuuiie. HEME Qspaft, thé Rcthodtifiked ® daglicegtinat v e

Rost cel | wi th a RGP %@Eﬁ“a?%%ﬁiﬁpgﬁﬁﬁ%= e fof e Q1 170

‘expr esses the t amgisnt. Ruanofberasredttheypethpdiiy ‘@P‘Ugﬁmﬂ’aé‘ﬁﬁ@“ﬂr effhegmatent her eof ;

and (b) detect4 ng, ygifaic cbddBenPUt at i ve regul atory conpound triggers GIP
hydrol ysis of the ta et Ra r ot e;f_gF bi ol qgi cal | " cti vetﬂ‘er ment
thereof; wherein a p EPIt Vaksteiiss! Priat" 1 FGgers

:hydr ol ysi s of t henethadsgcﬁ‘tmmmeanmmm aﬂewmwdﬂb' tagtaing ayhesagsisuseftlefonf t he
conmpound is indi Gated. 9 PRSenfe GALIRLEALE %)f&rmt@gd&r g,y(gr};dmga, or
treat ment of cancer. ?

n one aspect, the host cell is.a tu i ne.
‘Anot her enbodi neri‘P"‘-"{’S‘f"gtﬁe“‘FrRﬁ?ﬂl‘B‘ﬁ“?"él R s 6”3"]%9?‘50‘3"’?’{');’? g’ﬁ?‘"’l ing a

:conpound for pr ewligdnighgtidrprdbe, PERI prighes ot e aytibadynpitigep ibnging plu@ndn éryaptagerc onpound
that triggers 15 u,CéIﬁ’nJMplp'bxma' k., qheC.ﬁlLth@,&p aé%ngcamacrrgﬁo&,mw,,@d Ras

protein, but not In a cell ex ressmgavm ein in the
target nutated ReBYot Brenkit spphfiadesing ’FﬁEF“ét Pﬁg’gﬁ? % %"Hﬂ?‘& ive to
a wld-type Ras pﬁﬁglmnemm Thel ¥it &f alsa Syphdé mjeumfmrhlwrdamttxmm otklxoszgeenet hods

et VI NG L 3ck Weind SR QLY ERRR Mo WP a8k Bl B o0 2N

apt aner, an an anti sesse nucl el c acl | ecul
nbozyne, an aﬂh VS W‘ﬁﬁﬂ"@'bf?’lﬁi‘%ﬂ? H@"‘qgr%’gﬂﬁse?ftCWH@P@Bfm!&“ﬂé‘hfhﬁmtl onal
ant agoni st, and anueRB] deschibdd@esibe | nhi bitor. Detailed Description of the

| nvention Yet another embodiment of the jnvention relates to a4 method for identifying a
compound for preventing or treating cancer, comprising identifying an inhibitor of a target

Ras protein or a nucleic acid molecule encoding the target Ras protein, wherein the target

30 Ras protein comprises 2 mutation at position 76 relative to a wild-type Ras protein. In one

aspect, the mutation is a substitution of a non-glutamate amino acid selected from the

group consisting of a glycine, a lysine and a glutamine for the ghitamate at position 76 in

the wild-type protein. In one aspect, the step of identifying comprises identifying an



The present invention generally relates to the discovery by the present
iI-nventors -of -26 a newy discovered nmnutation in human Ras that is believed
to contribute to or cause Cancer in certain individuals who have the

mut ati on, which includes nmultiple variants of this particular nutation.
Specifically, the inventors have discovered that a nutation at am no acid
nunber 76 (Le, encoded by codon 76) in the human Ras sequence (K-, N, or
H Ras) Can be identified in a signifimant percentage of patient tunmors and
i ncreases oncogenicity of 30 the tunors. To the best of the present

I nventors' know edge, this particular Ras nutation has not been previously
i dentified. The invention also relates to the discovery by the present

i nventors that when this newy discovered nutation is present in a tunor
cell at the sane tine as a_second, previous|y described, Ras nutaéion,
particul arly a ishibiton of spression o paivithpf, the B RshBrORR: | 1B MOIPHy B ER A

synergi zes to | f@@Seselebta] SIkC B dipCdohsistiayf ofi didbeg taaamibing astvitofne at i ons.

In particular, fhe conbinati.on of nmutation rai,Sti fect with
respect to enha%‘é@t : tm'k s Ttﬁhr?&rmfﬁnfeomfﬁ!w%@%ﬁ%‘éﬂ?oéigﬁagﬁ%‘g?a%%g:t i on

al one, whi ch haspisen of @rasees encedingcthd et R pratain in Be @repepceqf\ibe PURE¥G T di ngl y,
the present isnveRlih@PedupBiY KIS afpis| (R BedRdE inkluldd R GHbeS: fp dopichiigai NS t hat

utilize these dj scoyerjes, as || as a varjety.o esearc ngpostic and
t her apeuti ¢ too+9§“"§ FHAPHEYE ”ﬁ“tﬁ?g’%"&g@d Eﬁm'{ﬁﬁé%{cl ?@0”5% fhgs,_ as

descri bed i n deRaiptoteair ebivlogically acBprcfipment thérbof, and(b) depqeting whiethar theyputegipgs
sequences were gR3AR! Shhpbffd fighknsC® BHBHAN SO fargeltRR praldi OCHiAgREyTUt at | ons
by nested PCR a%I [ Hcat i@n nd, di.r ect se%egnci ng‘il o%mﬁutgﬂ el 3 from
tunors of 149 sHB% W Ht%aﬂefcé‘hg PUBEE B YEP EYE™ Wi TH CB00 12, 13 or
61 ros nut atioonkyrolysio bhihe tirget R{E4036in st compaeed toiiint the gloschon ofithe coppoygd 151 1 as
mutations) or nQg:3A8) be £Enbichd DihphRd G 1R FRvéMR r hatlaS 0\@h@E tIRGneM th codon

12, 13 or 61 ear nutations) cancers In a Phase 1 inmunotherapy trial of
‘whol e, heat - ki | &g {ehestcell sgmmorcell§ngy ¢ at ed Ras proteins (also referred to
herei n as Tar nbgens Anotler Revbodindnt bl that imenatont relaesd ona A6:thad Jor] Bentifyingct ed i n 24
subjects fromall - e Beatit cbller ZompiRinR Shelmf iz dIhbdhd B Siget)! | € 1
t umor har bor ed %oﬁpé'?g%gﬁ%%r&gn amg 1 iuﬁoﬂrﬁngar bor ed afﬁl E76Q nut ati on.

Doubl e combi ¥at F&h&vdstlysia7ig sneell cexprging o darpeh Gwixipd Reg Orfefe ottt Bt £ 6HS at
codons 12 or 13epRistgiaGamttyge RRS protio SwiertiiOhes targbfiinfat iR ipfotemadomprisesss Shown i n

Table 1 (see Exanple 1)..5 fﬂg‘%‘é-ﬁq ' Qf | ung 20 tunors, 12 of 85
col or ect al tuno?’ggrlngitéf%nﬁngﬁffl_ by -e%f' of the pancreas tunors,
In one aspext of either of the above-methods of identifying, the putative regulatory
compound can be selected from: mm aptamer, an siRNA molecule, an antisense nucleic acid

20 molecule, 8 Tibozyme, #n antibody or antigen binding fragment thereof, a conformational
antagenist, and a small molecule inhibitor,

Detailed Descrption of the ITnvention
The present invention generally relates to the discovery by the present inventors of
25  anewly discovered mutation in human Ras thet is believed to contribute to or cause cancer

in certain individuals who have the mutation, which includes mwitiple varants of this
particuler mutation. Specifically, the inventors have discovered that 2 mutation at amino
acid number 76 (ie., encoded by codon 76) in the human Ras sequence (K-, N-, or H-Ras)
can be identified in 2 significant percentage of patient tumors and increases oncogenicity of _
30 the mmors. To the best of the present inventors' knowledge, this particular Res mutation
has not been previously identified. The invention also relates to the discovery by the
present inventors trat when this newly discovered mutation is present in a tumor cell at the
same time as & second, previously described, Ras mutation, particulerly a codon 12



for which full sequencing information in all three Ftas genes (exons 2 and
3) was obtained, exhibited nutations at am no acid nunber 76 (i.e., encoded
by codon 76) in the human Ras sequence (Ras E76 mutation). One of the |lung
colorectal tunors had nmutations at amno acid 76 in both K- and Hras. In
the case of the colorectal tunors, 10 of the 12 nutations at 25 am no acid
76 were a nutation fromglutamate to gl¥cine (E760), one nutation was a
glutanmate to |lysine nmutation (E76K), and one nutation was a glutamate to
glutam ne nutation (E76Q . Al of the E76 nmutations in the |lung and
pancreas tunors were E76G nutations. Overall, the occurrence of nutations
at Ras amno acid 76 in the tunors studied in this Phase | trial was second

only to the occurgence sof., ﬁBAmt%gm%rg&m{mcﬁ%%e%ééﬁwm&g- 1).

Frequenci es of the prevjously known s nutations at . positions 12, 13 and
61 in this same stgpuch pigions Jppjriculan fhg comphintion; of myairphapa pragistiectiorh) o 1) .
The E76 nut at i ONSwith@epect 18 enhiiickngr bofl tiyimdr Brotvibeas Keiya®d @reithdr matdtioa xlone, higenes,

al t hough the E76 t ed of > ' 0, as
menti oned above, ﬁ%ﬁéwﬁiﬁg‘g%u{%ﬁt‘{"@n@fgf %6_%&05@3%@3 _rmg%ipgﬁs y

descri bed nut af i d¥eyidgs nuslsig@eid mojeowls 2pd pipising tatieiies thpse disponcriss, 4 wplt & 2

Toget her, these dakidy bivebeae @flgokitandiitraeufiBolimdGRdion: dthsobesddta kas gene
wer e contributinqﬂéglgr cgusin nﬁggng cer in these individuals. Additional

studies by the i nventors. have denobnstrated that indeed, the expression 5 O

a codon 76 Ras nut at i WerificallyiyEr N, andd-ras PNArsequancees: dapdtaizedferthepesence ol ony
fom ation in sof tofagdfaciekedBotios Sy tstéd PCRIstopiicating @6 dirdt 8dghevicingRd sxdey 60 and
E76K I mtations r onfirne t.ransf orm.nog.d.n.nonsclini.c tudj es. O
Darti cul a1 i (50T FER el B %laRak Bl Db f 403 Gl Dubito BRI B0
growt h syner gy ( Lras mutitions)ealotertalt (#Q5m deycted yith padam £2, 43 arflysy @eiatiops) or non-
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.aou e mutatl ons). [eoyer,. wnen varl ou = S enes were | njecte
oo BALB ¢ nude SHOEE § Ml Baeoripy ByEoraieR e Sed ERamiF piprd o
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made these discoveries, the present_ investors believe that, wtho bei ng
bound by theory, 7S hebesed SeRoRuie) L HHor HHOSrEA PR PR Dl
‘oneopr ot ei n. . combimations of E76 plus the previously described mutations at codons 12 or 13 were

identified in 8 mmors.
More specifically, as shown in Table 1 (see Example 1), 5 of 33 (~15%) of the lung
20  tumors, 12 of 85 colorectal tumors (~14%), and 7 of 31 (~22.5%) of the pancreas tumors,
for which full sequencing information in all three Ras genes (exons 2 and 3) was obtained,
exhibited mutations at aptino acid number 76 (i.e.. encoded by codon 76) in the human Ras
sequence (Ras E76 mutation). One of the lung colorectal tumors had mutations at mmino
acid 76 in both K- and H-ras. In the case of the colorectal tumors, 10 of the 12 mutations at
25 amino acid 76 were a mutation from glutamate to glycine (E76G), one mutation was a
glutamate 10 lysine mutation (E76K), and one mutation was a glutamate to glutamine
omutation (E76Q). All of the E76 mutations in the lung and pancreas mmors were E76G
mutations, Overall, the occurrence of mutations at Rag amino acid 76 in the tumors studied
in this Phace I trial was second only to the accurrence of mmtations at Rag amino acid 12
30 (see Fig. 1), Frequencies of the previously known Ras mutations at positions 12, 13 and 61
in this same set of twnor samples are shown in Table 2 (see Example 1). The E76
mutztions occamed primarily io the K-ras or H-ras exon 3 penes, althouph the E76K
tutation occurred in exon 3 of the N-ras gene. Also, a3 mentioned above, double



The previously described nmutations at codon 12 or codon 61 bl ock
-y-phosphate release from Of or prevent Ras-GAP protein binding to Ras to
ni gger G P hydrolysis, respectively. Wen the known crystal structure of
Ras was exam ned by the present inventors for the position of am no acid
76, it was seen that this residue is |located at the 20 end of the | oop
designated as Switch 2 or Loop 4 (see Fig. 4). Referring to Fig. 4, the
estimated position of am no acids 12,1213, 61 and 76 are highlighted in the
protein tertiary structure (e.g. for amno acid positioning within Ras
crystal structure see nmultiple structures in the RSSB Protein Data Bank
(PDB), or Franken, SM et al, Biochem stry 1993, 32:8411-20). This schematic
drawi ng highlights the change in the Ras protein crystal 25 structure due
to a codon 12 nutation in HRas (012D) (left) conpared to the wld-type
(012) sequence Pasmbinatines ofiBidentys the prepiquyly desrribsdiapiptionh at qopREs I PalPe¥St ruct ur e
of a domai n har PRkifieinGALRR. Fdgefitt BRE dikiidBeed thitnidations radoh 7¢ sfitgiRey | S

or oxi el end.of SRS REHBERS S TR Baae AN oy fons have been
defined prior to thadbfiaslstudic bytbninvaiesdavegenonytratad figt Pked fiemIessiBhcopr ot ei n
in animl and hwmﬁdc{ia@ﬁﬁrnﬁm(i@n igmliirﬁi_erad-illallagﬁaggballs Q&B@ermﬁ?&onﬁﬂkﬂéin ’23 ?all;
cancer pati ent sHiHENE BRF B hoea) SHERRR BB T o0 BUCEARRREORE SR g
at Ras codon 61}onfiffied gs tapspming intnkecliRiz spdiest OF prrticylay ipferet, peglingiceden B ndi ng t o
O f ase activat ppo)Pidiiehd YsuhddAs nP SowhSergy (1L GBS combination of mutations
synergized to significantly mcrease the oncogenicity of temors contaiming Ras with these
10 double mutations). Moreaver, when various mutant K-ras genes were injected mto
BALB/c nude mice, the double G12-E76 Ras mutation (specifically a G12V-E76G
mutation in 1his experiment) led to significantly accelerated tnmor growth compared 1o
tumor cells bearing any single mutation, Having made these discoveries, the present
inventors believe that, without bemg bound by theory, the E76 mut_a.tion may tesult in an
15  activeted Ras oncoprotein.
The previously described mutations at codon 12 or codon 61 block -_y~phosphate
release from GTP or prevent Ras-GAP pratein binding to Ras to trigger GTP hydrolysis,
respectively. When the Jmown crystal structure of Ras wws examined by the present
inventors for the position of amino acid 76, it was seen that this residue is located at the
20 end of the loop desipnated as Switch 2 or Loop 4 (see Fig. 4). Refeming to Fig 4, the
estimated position of amino acids 12, 13, 6] and 76 are highlighted in the protein tertiary
structore (e.z for emino acid positioning within Ras crystal structure ses muitiple
stractures in the RSSB Protein Data Bank (PDB), or Franken, SM et al, Biochemiswry 1993,
32:3411-20). This schematic drawing highlights the change in ths Res protein crystal
25  stmcture due to a codon 12 mutation in H-Ras (G12D) (lefi) compared to the wild-type
(G12) sequencs for that domein (right). In addition, the altered structure of a domain
harbormg codon 61 mutant form of H-Ras (Q61L) (right) is evident by comparison to the
wild-type sequence for that domain (left). The proximal end of Loop 4 harbors amino acid
61, where mutations have been defined prior to the present invention as activating the Ras
30 oncoprotein in @mjmal and human cancers (g2, see Lu et al, Cancer Res. 2004 Aug
1:64(15):5084-8; see elso numerous clinica! studies — also two colorectal cancer patients in
the current trial described in Example 1 have mutations at Ras codon 61). This loop in the
Ras protein is involved with binding to GTPase activating proteing (Ras-GAPs) that trigger



13 the hydrolysis of GIP bound to the activated Ras protein, to convert Ras
to the inactive GDP-bound form The inability to trigger (HP hydrolysis

mai ntains the Ras protein in the activated state (GIP-bound) and therefore,
signals for cell proliferation are sent constitutively. Thus, the nutation
at codon 61 prevents the interacting proteins from5 turning off the
activated state. The nutation at codon ¥2 interferes with rel ease of the
term nal phosphate, so that the protein remains in the activated state. The
activated state is thus a conformation of the Ras protein (with GIP bound)
that is capable of associating with dowmstream effector proteins to send
the proliferation signal fromupstreamactivators, or in the case of the

mitated Ras prot §ieNSarolhyQs mﬂpvt%ﬁnﬁo%faé&vmwms\bﬁ‘oﬁmd Qbidfelt s ﬁltmaicnveto The
positioning of amngo acid 76 at the other qu t he crltlcal

ch
2/ Loop 4 (GAP- bi APy Idosailhe insbiliy o myzger P b '?ﬁ‘st"??@‘“ﬂ‘fgf PR ors
belief that nutattivasd isatet (GTF-baiidn Gund Gheekfor, | dignsls nfid @l prolifetatenf ereesem t h Has

finiction. For ing ngrp@glywall‘hfﬂjtuﬁtﬁﬂﬂmg 4P 9:1 Bi gﬂ?&ﬁ tﬂc%QJa&’:ﬁalg Rftteirdsaiom’ 60

mut ation), for exa ange the ence from
gl yci ne- gbi smat e-gigecofh de eetried wite. sﬁ?gﬂ‘éa“P’é?‘tcé\"’“c]Gd@“fﬂ“ cohseseftire) (o
gl yci ne- 15 gl ycnﬁﬁ:nglpy@pm& do @alihé p}&mﬁkdﬁginemluetahtﬁﬁemm&e Thé activaidataedd codons

74-76). The intr ductul)?? kﬁgiﬂﬁﬁfﬂeﬂt}g‘ﬁPp&“ﬂ?"“ﬁ m@’{]l&{s 5 |§na s known

to interfere biochem Cca enance o0 | oop
structures. Ther e*fﬂbﬂ@msm @W@hg@ﬂ?@ﬁ"@@ﬂ“@“@%’%ﬂ ‘EEHSET“EG"'P'B“”& srupt

tEe al pha- hgl hxt Qfmhﬂeﬁ?éﬁg_ﬁ)mgaspr&%Wdlélﬁveﬂajrtbﬁﬁﬁﬂeﬂgiﬁ:mﬂohmmnf or mat i onal
changes needed to pr e I o ik a k%ﬂ% 2Q§ 2P
glutamate to IyS| ne, Olgvpm’i“u'fmaq?g e ac\{dsiﬁ ﬂéen?mrfr hmF'J )aéfﬁhcﬁo g‘%l 76K or
E76Q respecti veI(?&P-WMEJMWEQWt@hH‘ﬂ'g@M irweniony’ brlielibat grutatigns i sy so has
the potential to aGing abidtwild il btk Gt (R mehoﬁ,urmi inGunck,a ffRerion e | ve
charge of the glu amat%tw s'e a?g’%@ nt J‘g |ntra %ﬁ%@&é&’ ar
protein-protein |4'|‘PE'P éﬁ'ﬁ% 36 B, L8 SPLPle bn Ly res
inventors that aﬁsinglwﬁ!&slmm-glyw(ﬁﬁﬁ forfsinglg detter qodgneficedopods el BliysimeHas 76
mutation can % dg}eﬁie wsir@é1eﬁ&%ﬂehpfuﬁm@ﬂoboadamm@nmnmam The

co

identification o ras rrutatlons in human t .S, acc

represents a new®f ZPger ing lphehelcal styciues E“"""" to “’f‘ﬁé? Pighe 'gﬁgeyhave
led the inventor mahm@hfthe@lphd Heymplbq;mdae'itmﬂﬁort, thmtwefrmﬁﬂltm@ﬁ@ of

| nterest in the %7&35.&%\3;3 ﬁkgg%nﬂ@,}f?meﬁp of $bp Sfch I a1 Stk Bl O, 21

am no acids P73, 1 78, and that nutations at these
positions will ha&vbretspel chanees eedsd fio promaty GLPShydmlysify Figijafy denging the
t herefore, Onztﬁe|glutaﬁﬁ@|tbf}ﬁirﬁ,t b0 Blutaindté B phifafibe ) aminot 43 6/ E7MEIt @t E764),
described herein. gf‘g{g ?hor to'f89§m mﬁEQﬂEhsalso?.%me%tanaﬁmdﬂxp@nd 78

al so represent a H%Wt ncer er apy The i nventors'

results al so i ndipelsinestpgige ﬂ'%deH‘i*}F‘%“ ‘Bé’ar"ﬁﬂﬁ“cfbﬁ%ﬁ @Wﬁﬁ?ﬂa‘l"@‘“ﬁb‘rf@' likely

to exhibit aggr esfikVe ifdreatletuld Prkedoiraéin slta-aemnaﬁmsmtob@ngnamw@mt doubl e
codon 12 and 76 ras MUkat |s

on t
prognostic of an VYERET er at 'é’a‘%"’“ nogﬁfﬂ'mﬁéngﬁ%&&mﬁghﬁeﬁ?g% een | ndl cated
by the dam pr&vi desdpited byiRes SWCFE‘???WW&PM Jhe drentifisetion (98 £940R Tifsat | ons
conprising codon ﬁﬁnmmhmmmo@@%aﬂ%eﬁ%ﬁeﬁﬁeﬁh&rmmanot her new

target for cancer thera [ eoyver cause i.nven if. Exanpl e
1 al so indicate that %Pﬁ%ﬁ?ﬂs ]fav%ggq{%rmv@’gim 4e é‘gﬁs}(’)cg%}e olpﬁend in
conj uncti on wi t h nidfagong of BteEst inithe E7Gmbted b:hvrpmmemdw ipthests puations pednting hat

ot lher CO”?' nﬁt' 0RSds33 {Wh%ﬂsﬁm %ﬁv ﬁutpbﬁud(?ﬂa?m%udaslﬁ:ﬂegerﬁoﬁﬁcfnf@ﬁ%ﬂvmqgg t he
rel ease of the termna Qsphat e 0 [ nore o or
E76, or indeed \ﬁi“l‘?fcgﬁit/‘“b]ﬁ“écﬂ? Yﬁ@”&%‘ﬁ‘“&ﬁﬁﬁ?‘%&@ erpiign {Rmor SORED B 1 g e
region as E76 ( LaheEP¥dutatibd descridébherdin Gycodrdingly, mitd@ng at addoms 78,F4CHr aned78
signaling of cell, ' hi bition of Ras GIP hydrol ysis
and accordi ngly W?{cﬁl& glh?%) m}o?éag%gg?@gm ve tunor phenotype, with
int:rased netastatic potential. This is based on the inventors' belief that
t he conbi nation of reducing the ability 15 to rel ease cl eaved GIP (i npact
of nmutations at positions 12/13) with inability to signal GIPase activity
(i mpact of nutations at positions 59, 61, 73-78 nmutations on either side of
the Switch 2/Loop 4 region) will exacerbate the signaling of cell
proliferation by an order. of nagnitude, as is indicated by the data
provided with respect to the conbination of nutations at 012 and E76. This
phenot ype coul d occur via two nutations in the same 20 DNA nol ecul e (the
sanme gene) and/or nutations that.occur. separately.on each of the Ras..
alleles, although the inventors' data indicate that the conbination of
~mutations occurring on the sane DNA nol ecul e | eads to npbre aggressive




wherein the glutamate at position 76 of the Ras am no acid sequence (E76)

-is mutated. Al so enconpassed by the invention are nucleic acid nol ecul es

encodi ng any fignent of 15 Ras conprising the position 76 nmutation, which
nucleic acid nolecule is useful in any screening, diagnostic or therapeutic

application. Preferably, the amno acid at position 76 is substituted with

another amno acid (an amno acid that is not glutamate, or a
"non-glutamate am no acid') that can jsnclude, but is not limted to, a

gl ycine substitution, a 5 |lysine substitution, or a glutam ne substitution.
I n anot her enbodi nent, the invention provides isolated nucleic acid

nol ecul es conprising a nucleic acid sequence encodi ng Ras (H Ras, Naas or
K-Ras) containing an E76 nutation (or a portion thereof), and one or nore

addi tional nmutations at a different position in Ras. A preferred

combi nation of nut aThedtysutprs’ Tespltsraleg indigtethptSemoz Reripe dauble HyEHE™S &% MoK t hough

Ej hi s aEpgct bof mda@tdamemggmmgmmmmtm tThgh, the pdnblip of Guukle Gdbd DN,  as
escri bed above. anot er £ L nvention

conbi nati on of ”d}flf?é WWCP&”&““E@F‘&“ ﬁsoﬁt’eelgvﬁ & &%T@Peasfmo%%%% “hi ch

encodes Ras conbalglmnhgheawtyrE.?@hmmmwe@nu(dGﬂﬂhbpdm'flﬂ@npfﬁﬂ@ﬂé’sﬁl)ﬂ Thtd one or

nore additi OE‘ahd&HﬁJa@dnCof%Gﬂ:ﬂnaﬂ&' ﬁﬁéﬂoﬁ&oﬁﬂﬁh@c&ﬁuﬂgﬁ Qﬂeuuﬁﬁomnﬂ@dd tional
nmut ati ons, i ncludin but not limted to, Fxtlon t Q a nmutation at

a
013, a nutati orfRiPeeBREYt AT ReW Jarge £ CPusH ﬂé‘imp@ bgg Ve ol ecul es
encodi ng Ras priatada Bemple 1 glapindickerstha omptidng itdg9 phR61 5 Bastmiap alsot fennd i i on,
al onel or in Corﬂgﬁ%hbno%ﬁ“élﬂ &?Gi’g afEkidnb 0&@'::1%%&%&6& he?di:ﬁtﬂliﬁthEH for
exanpl e, as probes or priners far i a S prepare
anti sense or si9eREPFgS émniﬂgg‘ﬁ?g%@@@&“ “%c}&é r%qs?&g wrf"mf"ﬁer apeutic
reagents, and/ cphodpbmalwitbdeoﬁasnpm@feimaﬁlamcﬁm,@ptnﬂ@égﬂlhwOuts@ﬂﬁs'ﬂlpresear ch,
di agnosti c and/ t t.S; I S § etail

g %%I mnt%&mﬁ%@@%& = E76zle ﬁ'ﬁ ¥4, 894 B74) TR 98)2 s

bel ow. Anot her

vent | on tes at ed, nucl eic
aci d ol ecul e COREPME FERtng of fei probferstion fhrovgh ﬁéﬁaﬁ?ﬁgﬂ’%ﬁbﬁ EMRas, N-Ran
or K-Ras), V\/neraei-,dmﬁgl;ewmrlaldime nfvke qggssisiv'e oimor gheodtypRawith iFSyed mdmemiumr eoni ne

at position 74 .l(.ﬁor n%ﬁ\ﬁﬂhﬁ &fnmpt%ﬁéfttﬂxpﬂ jﬁbﬁﬁw&m&gﬁ& e at

position 77 (G al anine at position_ 78 ) of the

Ras am no adfd @W@qu&wma mlposs g ReUtnss d¥ Y Vil Wl‘%ﬁ)@'ﬁ]t ion are
nucl ei ¢ aci d noGeGY Bsite ditgmﬁﬁmsitlbm at7m9nmd6mbn&1hagldan§/ one or

sor eeni ntgf‘eifagﬁﬁérlcﬁ %w%a\ﬁgﬁ'l Froafe s sapel o AP hRE W BT,
acid at any onecforegripde 2pfs indiate bp dwi dei proyided wihy ot e the o l?al‘i'ma"fdl fferent
am no aci d t hang{fiRa0n &1 IR B78C At ShedbtydetoRld BRES Yid Bd thufutibddan e lsthnd ype 30
sequence of RaSDNA moleculs (the same gene) and/or mutations that pccur separately on each of the Ras
alleles, although the inveniors’ data indicate that the combination of mutations ocewring
on the same DNA molecule leads to more aggressive phenotype, and may potentiate
malignant metastasis. Accordingly, the present invention includes nucleic acid molecules
having any combination of the ruietions at position 12 or 13 with the mutations at
25 positions 59, 61, 73, T4, 75, 76, 77 or 78, with combinations between positions 12 or 13
with positions 59, 61 or 76 being particular embodiments of the invention. Proteins or
peptides comprising these combinations, and the usea of the mucleic acid molecules and
proteins (and related tools) are all encompassed by the invention, as described m more
detail below.
30 Therefore, one embodirnent of the present invention relates fo an isolated nucleic
acid molccule comprising 2 nucleic acid sequence encoding Ras (H-Ras, N-Ras or K-Ras),
wherein the glutamate at position 76 of the Ras amino acid sequence (E76) is mutated.
Alo encompassed by the invention are rucleic 2cid molecules encoding any fragment of



I n anot her enbodi nent, the invention provides isolated nucleic acid

nol ecul es conprising a nucleic acid sequence encodi ng Ras proteins (Hran,
N-ns or K-ran) containing any one or nore of the nutations at position 59,
61, 73, 74, 75, 76, 77 or 78 (or 16 a pottion thereof), and one or nore
additional nmutations at a different position in Ras. A preferred

combi nation of nutations is a Gl2 nutat'fon and/or a Gl3 nutation with any
one or nore of the nutations at positions 59, 61, 73, 74, 75, 76, 77 or 78.
hi anot her enbodi ment the invention provides a conbination of different
nucl eic acid nolecules, at 5 | east one of which encodes Etas (or a portion
t hereof) containing one or nore nutations at a position selected from 59,

61, 73, 74, 75, 1B, 77 - f
aﬁcgzbgﬁég 48 phsiad 793@_&9&@%& 6 eRCAoAUndi e ROiARMICH Gmd

positions 73-78), d one or "nore addit]onal nuycleic acid r.ﬁol ecul e?ﬁ
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research or di agripgeisebstimtisnsor 4 gutpmiae sybatitatien di Aier,FmRofmERGAhG JVEeR o g
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therapeutic appligatdQiing an E76 Jﬁ]ﬁiogg&a Sanlt 66 ditdiofd dddifionala@civiel | as
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the use of a nutation at position 7 e /D, . OF. . Or Of e
conbi nati ons of R&@WW%W“@#@W&#&%W%@%%R& ex%ﬁﬁded to
enconpass a vari ahaiof atiGe 3 eammpdtion o iCAooitation 4 tpugRgn o [Ngeele
encom: i 449 T a pRRCuet Q6o e
I ncluding the lgevﬁd%ﬁﬁl&. a&rdﬁ-@tﬂapﬁﬂlﬁ of lideS Bbribing/ Bk YosktioR 06 nnaBas
proteins having thrs particular 25 nutation or mutati ns Thé'l dev%pmnt
of aptaneas that %@F%‘PFWW%WHW%WFHPB?%?W&@‘W &S8P PTRul ar
mutation or mut atdr G tiitere@QuE bio gisghtdic adolss Rpidpan antintiese FA A tekale aci d
sequences useful gs %%&Pu%gﬁaﬁqrgﬁ%g&% :icﬂﬁ% B GEDRGUY Lo Sde RAObSeihOInd -
inhibition of the %?’presm no S beafing this particular nutation or
mut ati ons; the dewpidepivewse sgrscarphs disgnosticjsad srghespetic Eagent,All fggepppd in more
_conf or mat i onalyyanfeagpddwt s, that trigger GIP hydrolysis or 30 otherw se
compensate for he deflqlencl.es.Ql BYRSLAE ltle o Mliscli SFe e oo

proteins in this regarda, e devel opnent of _aninmal_ nodel s, including
transgeni ¢ ani nal @matrkgeahtle poidssquenespocodins RassEl-RapdS-Rase £-Bah ¥Pean s,
nutations. 17  projinéROfdsibn FITHORKs (RTH), (8 thiebinddit@aaitn Mr(Ted! hoplyced @t es to

t he use of the Ras .76 ion, or a mutat]j t JaL] : , (7T or
78 or any of the mﬂéﬁgﬁggﬁnﬁﬁ?sﬁfﬁ#‘g’??g%g@g@ﬂ’%jéﬂﬂﬁé’?g%é?g?a
marker in a dizmgn®a)iotthoRaspming aed sdaucncesis pytatpd rAlpoamequpassqd fy e, iayepjjop are

bi ol ogi cal sanpl g6 RibHol e inbshg ahPMRpmeR 3t R48 Bémpking iny obeorerelcttitsed f or

cancer 5 or a risk of devel oping, . cancer, and.the expression.

bearing the E76 nﬂ?‘ﬂ?ﬁdﬁ“{'&?&?"ﬂﬂfﬁ?ﬁﬁﬂﬁe ﬁlsalnﬁ%eﬁg%%gé’?ﬁ%} m%,hg?%r 78)
can be anal yzed, ®plichdun. Bisfeisblg, throamano aElAL ey opproo eteof hesy pesitiopds subgipuied\\h o
express a Ras having, tfi.Sn Al L-Amil &b oRCwRr REIChams poulba iRteavilalghaer i sk
of havi ng cancer or diagnosed as being nore likely to have cancer, as
conpared a per¥orsedsictRetng such nutation_ Furthernore, patients who
express a Ras having @ sh@mhérlkmdbdi@ient,othe &ivyhtion prodfes iaiietli norigic 56¢ mRkeulE3, 74,
75, 76, 77 or 78 in addition.to, i ¢ i rly a
Gl2 or 613 nut ati@ﬁp'fwgtﬁng%cr%?cﬁ‘gts%g%gpg?&n?ﬁgﬁ%tseﬂg@%%g%to%ydgei ng of
particul ar int er estirningrylonier morecod theragptiens zipositgn S8y PlePeff: if: Jhd? 14K of
havi ng m ncer, diagnosed as having a nore aggressive cancer, or diagnosed
to be nore likely to have cancer, as conpared to a person not having such a
conbi nation of nutations 15 in Ras. In addition, the presence or absence of
any of the Ras position 73-78 nmutations (and particularly, the E76

nut ati on) and conbi nati ons of these nutations or the position 59 or 61
mutation with other nutations (e.g. a Gl2 nutation or a 613 nutation) can
be used to determ ne cancer therapy for a patient or to predict the outcone
of therapy of. a patient. . For exanple, a pati.ent having the Ras. E766
mutation nmay be treated in a particul ar nmanner



20 or wth particular therapeutic conpositions based on the presence of the
‘Ras -EZ6--mut ation (e..g.-,--by sel ection-ef.conpounds.t-hat..ef fect. GIP

hydrol ysis). | ndeed, enbodinments of the present invention described bel ow
are directed to i mmw ot herapenti e approaches based on the identification of
this particular mutation or any of the nutations at positions 73-78 or the
conbi nations of nmutations described herein. A patient.having a conbination
of an E76 25 mutation and another mutgtion, such as a 012 nutation, may be
predi cted to have a particularly aggressive tunor and/or may pronote
metastasis of the primary tunor fromthe site of origin, and can be treated
accordingly, including with inmunot herape-utic approaches based on the E76
| esion or on this conbination of nutations. O her conbinations of the Gl2
or 013 nmutation with the nutations in the Switch2/Loop 4 region, 30 as

di scussed abov ey puative thetestl) apd endiocnere addionah chivetidne atpajiffereatiplogition yn Beggressi ve

tunors. YiGkferbd QddHaari I P B é‘i&a@izmﬁloﬂmgblj UG bl GheAt €S TO
the use of the Ras E/6 nutation a nutation at position 73, 74, 75, 77
or 78 or any of ort'fEe e%%.nw&v%rrswoﬂa? flt % Forfs %e%or PedImerden) as a

target for therajpedine tefieais pRsidd@rconblfatibd ekt nudéic addmol@alacer in a
pat1 ent SUch, { NELAREU nfen BRBIERANG Gl Aol Uokuinid} the & e ftfuidry a1 €0 1O,

chenDtherapeutlc approac era eutic pr oaches or exanpl e,
based on the prespidsgleRsdFImIsth &1 7hdi Tn770T 78 frad paisrekly grlesied BRI 8 as
di scussed abov enne efRsitidR 7H83, agdone br @ire RIARCC MLRR biie maRRlH tobtiking adeeJi €S

ot nerwi se. compakdierE UL bl thlob By S Gl W SBldb'S, CBolla” P 1, O

One woul d pref epeioyat§ddi gn a conmpound that was capabl e of regul ati ng GIP
hydrolysis qb a rTUtﬁﬁcﬁﬂ: m&m&ﬂ&%mwdw&m iy Ryycbr@dey si s of

w | d-type, non Ras rot SCI| be e det al | Iovv) By way
of illustrati oni'linru F‘)‘)mg %‘Fg cmﬁ‘ggﬂoéf)?%'ﬂpe?’s pr%q’f"

conf or mati onal rekveadonrswesh ourﬂlﬂmosdetoels,opem #ngysendgcor 1RNA foeplerttiesi on

provi ded her ei Nadsibbd Befei§hs diabhoshityd ity 1@ GrddjoY & clide 1 BloRinf'End | N an

Mununot her apeut i e £ roach e Ras tatl 0 or her tatl ons at
posi {1 ons. 73 7eBePE BB ek RPN M4 ma?“mmﬁ'% P BPEA Ras
antigens to1stidesilbdev.an i mune response against tunor cells that express

thi s"mut at ed Ras.  COuPhlgieh i lsefPBbet 8 i3t Goncfey G ADo2) can be

used simlarly. The nutated Ras proteln or gep tide or nucClejc aci d
encodi ng t he sdPﬁé‘“@"ﬁﬁ“"B%F”ﬁ‘ééﬂ‘eﬁ%“ssd“‘ﬂ“é?‘g%‘tyﬂi“ﬁ“@?§é§/§“l"8‘ﬂ“ﬂ@1‘??}ﬂ‘?ﬂﬁovel snal |
nol ecul e or per;hmﬁlﬁ7dmugsont(6iaﬁyoaéawmemeanmmdioﬁsmmaﬁaxmmsr on or
activity of th I ed aspects
of thi syenbodl ﬁﬂeﬁ%fi%{a% éncg;?cinb“% %xHﬁg%uﬁing Anot er enbo&f gh‘f%%f thep
present i nvéht i tagnesdd chthemoopds 2gpligiigphy| actic or therapeutic vaccine or
conposition and a WmB@dfmémmmguﬁﬂaeasaﬂ&siuau&roﬁmﬁimampwmoﬁw 780 agai nst

a cancer. The v,,gc.ﬁopes ? b %ﬁﬂwllﬁﬁhb@%ﬁaﬁbgwgﬂ“ Al i sing one

or nore i munogéhi'c portrons 0 S conpri sl ng escri bed
herein (or one W%ﬁ%@?ﬁmﬁﬁd@éﬂﬁ%“ﬂﬁﬁ‘@oﬁ%@‘@t'c andrhsrapeutitrole.cpoleding mut at i on

at position 73 M&velciyﬁgntzfarﬂbodﬁghm solectiRgly Bihid iolRaf PiiRing) Beving thisViadtibuiat her

I munogeni ¢ portians o [l Si other i.n_conbi nati on
w th ot her 2rE:unurtr% e?{sm}ng?'gv%hf%fl??ﬂﬂﬁq’f 1{;% %dmp% S%Ragrpr%l prevent ed.
The vacci ne or lgmgy|mﬁumua¢ somrrwmd@ @Mﬂmgéﬁ%miﬂﬁ% one or
nore i MuNogeni sicll@dctd s gnc@fusdRl 8s diARId rSdziih o BYihédpedid Bok @R Bhib@bd gns of Ras

nmut ati ons descrj bed h_ere al one.or Jin combinati h .ot her unogens
ol ovant ot hobt GREToD ot Bis bEER i el FBORM SR PP ASRIGIEH o al |y
accept abl e vehi thdrpertiomolelles. wreludmgcostrmhmmitanw idmctripga GILF tadrglyddgruvant ,
carrier or %hediheﬂﬁéecé/nﬁ‘ﬂm‘{sat!‘?dg'ﬂﬁngﬂcgﬁ&h E%%ﬂuﬂﬁtl@?pﬂ@%”e or

I ment, the vehi

conposition. In one preferre e 1S a yeast-based
vehi cl e, whi ch g EGF‘V'HéPP qepelopmentjof anires! gpdelsy prclugiag trappgepis; wpmalngpd o

provi ded i'n a GRS it cRgtest ME thide anbatilRBt m@dtoadly cancer bearing Ras E76
mutations (or a nmutation at position 73, 74, 75, 77 or 78 or any of the
conbi nati ons of Ras nutations described herein), and also as one 19

el ement of a multi-epitopic, and/or nultiple-antigen based product for
treatment of a variety of cancers, which may include all cancers bearing
Ras E76 mutations (or a nutation at position 73, 74, 75, 77 or 78 or any of
t he conbi nations of Ras nutations described herein), As above, other Ras
anti gens and/or other cancer antigens or imrunogenic 5 portions thereof can
be included in the vaccine or conposition. General Techni ques




The practice of the present invention will enploy, unless otherw se

i ndi cat ed, conventional techni ques of nol ecul ar biology (including

reconbi nant techni ques), mcrobiology, cell biology, biochem stry, nucleic
acid chem stry, and i mrunol ogy, which 10 are well known.to those skilled in
the art. Such techni ques are expl ai ned 1f,,ully 171 the literature, such as.
Met hods of Enzynol ogy, VoL 194, CGuthrie'et al, eds., Cold Spring Harbor
Laboratory Pr= (1990); Biology and activities of yeasts, Skinner, et at,
eds., Academ c Press (1980); Methods in yeast genetics : a |aboratory
course manual, Rose et at, Cold Spring Harbor Laboratory Press (1990); The
Yeast Saccharonyces: Cell Cycle 15 and Cell Biology, Pringle et al., eds.,
Col d Spring Harbor LahRmatdibydile S5 the pRA) inveblian ¥eesto tﬁamhﬂﬂmm&eéw Gene
Expressi on, Sones et al S. d i (1993);
The Yeast SaccharBRPgk&sd™ q"m wm %%S%g#_%t g?{\m &??%Mnoﬁrcgﬁs
Energetics, Br oacimt%bnsdtscnbeéhmm aCphetkespra WW%WW&E@*W foF 0qer. Fog

(1992); Ml ecul Al gy £l RN :caﬂahﬁﬁ@faﬁﬁ:@ﬁﬁfmm%ﬁ'a,pat&ﬁﬁﬂﬁds R0k tebtefof GadEbr ook et
al ., 1989) and Ml ecul’ogrg%’) oni ng'r A Labor ataprﬁgsﬁéam Abe e tiido @}gl on

( Sanbr ook and RugEafsk ping Gapger, fid fhe expressipn of 8 Fgs AP - &S WELRE

Current Protocol Snutanorl\/t';lpesmdna?ﬂ, B ds,dgy:r (%), v beranalyted) either apjhe gengRNA 01987

l(%: Iudl ng suIOpl e?;gag,,ﬁ&chrél) g SE’gﬁlhm}E Eﬂbﬁidﬂ@ﬁlﬁﬁ%r?ﬁb&uﬁbﬁaastl on,
Is et a ds. row an t1 bodl e
Labor at ory Manualhighessikof&pie cancerer famosst i ’5% °r8ﬁ§°}ytﬂl§%v ?‘”quﬁarpfwdw and

Lane (1999) Using &Esonommm myftatioah Gretemrop, mwhmm&-@pmd?g%? bor

Laboratory Prgss, M&pmiohpsg 51N¥3 64 95,717 of BfiksidiRich b @ skGHdMaf as
"Har| ow and Land’

t. N Aci d
Cheni stry John W’P‘@"f"ﬁ“ﬁ%ﬁ%‘“"f’ éGlzﬂéWW'ﬁ“’L E?Ug'(ﬁ’m big g’ﬁ?"tf“’t‘%ﬂﬁagﬁl e
Toxi col ogy The Basd Gl1Sbégndeatifulirditeranswillhe péiditd sebr atldn e@mihigher risk 9h
(2001), and Vacciygs, cuer ool Bl Ok SBSL e Lunchl e ignih i Rdid 999)

38 general Defini ral ref erence he s mytation”

unl ess ot herwi se lﬂcﬁlétﬂihﬁcé&““cﬁ@‘?‘wp‘tﬁmﬁnmﬁl’w Fﬁ""i‘ “?'h?gf”@?@“%\m d
sequence of the mmmﬂnmtmwomﬂcmae&mmvwsmhmmrom

(e.g., RNA. DNA), X . . - 20
{heRas proter n ity d8% bl b nbiio B A4 Alikibnes B4 PR S
particul ar posi t i@fl tation evith ptberaruiationsi(@e G daneEo 251 Ay e detifdnce of
Ras can be descr't@@&wﬁﬁie&fu&kﬁ%ﬁﬁ)&ﬁaﬁ&t Bﬂdﬁredlﬁﬁhc&mcﬁﬁhuﬂ'ﬂiedp)pﬂalphﬁeﬁn nunber

where the nutation occ an such re Sn S8he sed r geabl y
(e.g, reference t(?"’é‘ﬂ@%ﬁp“f'é"t ypaBde {ﬁgge ”nmry T \EJFI used
to refer to the mMmmmwcmliwsmWMMOfmF?@Who aci d
76 of Rail or t he, g M@,Lchmﬂﬁhg tﬁaeéﬂ‘gﬁttﬁ?(]gmgﬁj’&h@od&hb@ﬁtﬁdnﬁloﬁm 76,

where a nutation IS bei ng descri e r. then no

aci d sequence). presettt jnyen ‘l“cd(ﬁcﬂé’ﬂg’g ﬁ“ﬁﬂgi’pr eSen mﬁ‘lﬁ“\%%l‘lEongbggffd?g]ol at ed
nucl ei ¢ aci d nol ebuidetifigticn of thid mitculaciudatipireay) pithe fetationpat ppritiops Be¥ed from
Its natural mli6 MIMomt&ﬁhde.%ﬁmﬂ&msu%mhamg hmmaﬂmef@lﬂ?etl on),

its natural mlieu beln genoy ne Qqr t nucl ei ¢
aci d nol ecul e & s TEHAY %n“H’QT’LFP‘E’m“?\sS“&JE'h“ G?#Tg‘&mé‘f“eﬁw gg ‘ﬁ‘%‘{]&’n%“é%%san ly
refl ect the extentrticdarlphagsdasitetanoraniaimey promele merhssis bidhe pamarty daner fsom the i ed,
but i ndicates thag, to?\‘j%lﬁ,'nﬁ.t?ﬁ'ﬁ. 9063l Lokl SreRflin® Rhith | BunBBARBeRE AN

Tn

entire chronosone e nucleic acid nol ecy Ielsljound in ture. In
addi tion, an isoleereashes hesedin e EJ6 leviqroproy, fhes pambipggongol mgptops,  §heiyc) ei ¢

aci d nol ecul es, sddﬁﬁnﬁmafihi:blmrﬁlm&umlmmmmﬁwtm@ﬂﬂmmﬂmgad froma
tunor sanpl e. at nucI %gﬂ&h‘é%é gene. An

i sol ated nucl é*? ﬁ’ﬁ‘d F‘f&gg “g&%ll‘:%t(‘:l'lrﬂlj‘J %Bmmfeaﬂga not & fragnent of a
chr omosone that incl umsnﬁmcw%@nem obbhe Pmth@anc‘HﬂlﬁEFGé%‘hfWé“f:*ﬁ'aﬁﬁg'ﬂﬁegl on

:and regul ator), rﬁ%ﬁ@&r@&ﬁﬂﬁn%ﬁﬂiu&mﬁhﬁ hfmm,orwtoffleoﬁﬁdnﬁdn@mgenes
that are natural In&/ found on th ronnsamne. Ar‘1 i %9 at ed nL{cIfel (o

0 sane
aci d nol ecul e carfupney q"ﬁ’EPﬂo"@ %ééﬂrﬁ g‘ﬁ B¢ Eoproac se(ﬁhueencec?l anked by
(Le., at the 5 and/or the 3' end of the sequence) addi ti onal nucl eic acids
that do not normally flank the specified nucleic acid sequence in nature
(i.e., heterol ogous sequences). |solated nucleic acid nolecule can include
‘DNA, RNA (e.g., nmRNA), or derivatives of either DNA or RNA (e.g., CDNA,
si RNA). Al though the phrase 25 "nucleic acid nolecule” primarily refers to
t he physical nucleic acid nolecule and the phrase "nucleic acid sequence’
primarily refers to the sequence of nucleotides on the nucleic acid
nol ecul e, the twa_phrases can be used interchangeabl y.- especially with —
aspect to a nucleic acid nolecule, or a nucleic acid sequence, being
capabl e of encoding a protein or donain or portion of a protein. 30The




conpl ement ary sequence of a nucleic acid nolecule of the present invention,
of- of--a-stze 21 sufficient--to encode an am ne aci-d-sequence t-hat--serves—as-
an i mmunogeni c epitope, is sufficient for use in producing an anti body or
antigen binding peptide, or has a biological activity of a natural encoded
protein (e.g., Ras) or nutated protein (e.g., a Ras nmutant), or fragnent
thereof. As such, the size of the nucleic acid nol ecul e encoding such a
protein 5 can be dependent on nucl eic,acid conposition and percent honol ogy
or identity between the nucleic acid nolecul e and conpl enentary sequence as
wel | as upon hybridization conditions per se (e.g., tenperature, salt
concentration, and fornmam de concentration). The mninmal size of a nucleic
acid nolecule that is used as an oligonucleotide prinmer or as a probe is
typically at |east about 12 to about 15 nucleotides in length if the

nucl ei ¢ aci d 10canat écupeentarSaciBempectic Pdachis che ielhdea bw ite kb litndedatoout 18
bases in | ength,i : refarkied d | [ akpled 1 1 n a
practical lim t?hh%%tﬂt é‘lﬂ%% ma %??nem%w%&ﬁdﬁla%%c af:_ipﬁrﬁco“@%a?sg%f t he
present i nvent i Gnpropased paskankmof artien ofi the Rag 36 mirion 31 dscesssd DoYE| WEEM sequence
sufficient to bgsiuafpdpodeRheditiher@feuticlbermiedid @ali, Fe2 etamplef enibiethd Hyd@IYAis 0N

descri bed hetei n Lselated nucleic acid | ecul e. of t

i nvention can bgmpé%%ﬁggﬁpﬁ%mnom% recor ﬁ%f%bﬂ]z{’%f%ﬂ%ﬁr?%ﬁé’@ pol ymer ase

chai n reaction l(mwis-a‘ﬁvlﬁﬂﬂﬁeagm,dﬁéﬂnéﬁ?myﬂddwUﬁmapﬁ HipgEERPs |

Ihsol Ftt ed nuclhei @d?%iglom'qh,md Ires r&aﬁ,lme;ml Rifadiba G TR RA@ B/ i@oﬂfﬂddﬂﬁﬁoﬁ-cm es and

onol ogues t hereq el in li)ﬁut not, |.4.mt t o at .elic variants

and nodi fied nuc taetﬁcﬁ% P&@éﬂrﬁ) L %?Dﬁeﬁe%ﬁ ?'ﬁBlf(_:Yﬂé’g?l aées cﬁ’aa\?\lealf%%le)ﬁ

i nserted, del etwothetic meleeiles, aptaphers, on gonfyrmatianed ptagenists ras, be-developprbwrngthe hat such

Eggini cationg P ﬁnb@ﬁﬂeﬂ%&ﬂﬂﬁbh@ﬁmﬁﬁﬁeﬁﬁdﬂﬁswaﬁbﬁgﬂ ﬁmmummn of Aa
mutation to a Ras am no aci eguence, a scussed  her.ei

mUcl el ¢ aci d oPERTEHANLPESRE Seie B Bt Reihs SIRER REIEE 23D et hods

known to those ishieilliethe production ariprovisioe ef miteted Resantarss, to Smmipteraldmatuneg |, '

Mol ecul ar O oni agionsbugsR Riidh Il BB this fabeel 1GRY EoabickiRRDTitad MbIORY €5

.(1989)). For exanple, nucleic acid 25 mplecul es can be nodjfied using a
variety of techfiqbthent G1 gen b ysed siglartyy (The mp Pﬁ’fm(ﬂra?gée@rmcggenesi s
t echni ques and zdcomtingthatambiMAbE eedws iatupetn assayeto idaarifisndve axdalimnddcdelor

mut agenesi s, chepi mdity e ebrSsibdr St | h pduce
mut ati ons, res'?&?%:dfq?}g %ﬁ%@%ﬂgvgﬁ q%f&%r&?]uc‘? el c a‘@?ﬁ“ﬁ%ﬁﬁ%ﬁ'ﬁ, | i gation

of nucl ei ¢ aci dwmpraglh fe mewple. Steelereel pipporsiof this ebpdimeeteesdessphed Bldvesi s of
"sel ected regi ons of Afotat! @nBdidineRiC bfl epreieRt CvenGonNichRs it6 a3 Proghylactic or

ol i gonucl eoti de,m xtures. and. | i ' £ X$ur rgﬁgggﬁ" LLa' a

m xture of nucltg?':?mg}éivgc%#g "é‘@ﬂ‘ff‘g‘?%‘g% acp% ﬁg }ngﬁ%s her eo mﬁlﬂ“&"’% c acid
mol ecul e. horfBl otgeiast a sapgerp dbesvercqine a8 GorRAoHAN Farhiostedg g apEen ROBIPHSNE P PFC| e C
aci ds by scr eeniggidinodelie pdrtRe i FA coipridid@hd 176 imftatlonIBk Asta Herbiy (dk B& nucl ei c

acid and/ or by ri.di zation w th il d-.1.vpe _
ol i gonucl eoti de&?gﬁeﬁ%vu?o%mﬁfgrg%ﬁg ofawcﬁéléoﬂcﬁ%?ﬁf ‘H%"F'é?:ﬁ* 334_’_7 ??:?‘f typically
ranges in size T3 i poin corghingtion v qtite immugogsaic pertigns i Rasrcamprising lodert | des in
l'ength. Such a ﬁﬁit}ﬂﬁd)bﬁn%\oﬁghyﬁghﬁrﬂlbﬂwﬂﬁﬂﬂo%ﬁk:ﬁld@ﬂ&&ﬂﬂm?\oﬂtﬁmtgmm| eic acid
sequence in a sanple ridizing.to such.target nucleic.acid sequence
nder stri ndend PR ot B o SR 58 ed 3HP B st Sl s Bore have
been described imere demuapgeniabtioss of Res conplfngmny plthocombigatighsd Resretatioe ‘aci d
Sﬁqutenfes, t ﬁ' mmﬁbeﬁ%mdgmﬁuﬁfbﬁamm&%&ﬁmﬁﬁwﬁm ’thdg%nROQfo fairly |
shor eng ich are used jn polyrnerase chain reactions, rimers an
hybri di zati on p¥dFaeEd B'éPf""'re’étﬁidi f*\E})' ﬂé’"&éﬁ?@‘?ﬁ‘bmﬁﬁ Vﬁq‘fgﬁ{i’&ga“’w‘gts se of
skill in the arsnfigenSinehgling @opigiusent,i catier oratherodaliferyouhitl eant lzrigbiledsiegheence.
(See, for exgnplgnclp rébhr G450 i ©ea base SHRER) -

X MPlEeine b coﬁg ﬂ)ﬂ%mﬁ:ﬁ etd 1@11:1{?,_ e nﬁééx'é %e rcr‘g%Rl\BA but al so

"~ Aptaners are short strands of sy Ic nucleic acitds (usuall
DNA) sel ect ed f Wieh i dasaibed v depil bplami RistRes pudipen fepchedrovidetin @ compspilignifers by
virtue of theiraidehtiof 3hy tcdd bedfnglFQs B76 A6 ¢t AindesbnsNRtidni 78, Tausget nol ecul e
wi th high affingty and, SAECdhidnts oS RS sASR Ferdh IFhlaIE s one

ABre™d hating

> . T Al
t hr ee- di mensi on8l"°st FUCTUr e ana. are capa iscrim




15 bet ween conpounds wth very snmall differences in sttucture. RNA
interference (RNAi) is an approach for gene inactivation via gene
silencing, terned "RNA interference” (RNAI). See, for exanple, Fire et al.,
Noun 391: 806-811 (1998) and U.S. Patent 6,506,559. RNA interference refers
to an event which occurs when an RNA pol ynucl eoti de acts through endogenous
cellular processes to specifically supptress 20 the expression of a gene
whose sequence corresponds to that of the RNA. The sil encing of the target
gene occurs upon the degradati on of nRNA by double strand (ds) RNA by the
host ani mal, sonetines through RNAase || f Endonucl ease digestion. The
digestion results in nol ecul es that are about 21 to 23 nucl eotides (or

bases) in length (or s / hou =N DB %&t&@i @eaas 30
bases. These shof "[g"‘ ﬁl\ﬁ{J "%]gleg Opl(cs ﬁg_r fe?’?hﬁ ggdﬁNA (r)r aLtD:msdl ate
t he degradation w@mmwmhwmﬁﬁ%?ﬁ%@&”ﬁﬁ asg/ P?E'étﬂnﬁ"éam 0Ssi bly via

an RNAI nucl easey !n% 74C 84, hedr ’?Eh& aENQHhﬁdMMﬂhcm bicRes inmutions rdpdeabed ( Rl SC) |
whi ch hel ps the s

zZe co Ny adkENOSr ihthRbgthic Dase-
pairing i nteract'i'ea‘-‘l‘}@ U= 5["5\7\/1”'%@‘?% eract| on Wthits g%glstrate
the niRNA is tsargeﬁoﬁﬂhérmfcmiégmeldr&ﬂlﬂdhpvavmeﬁ%ﬁélp‘lﬁ?“"énzyrres that are present

in the RI SC Thl-%@w mechani sm appears to be useful to the
organi sms in inh rng viral | nfections. 0 m&q&cmﬁa’m | ar
‘phenonena, and to redif presics At &)E’ff?e@%g’iv%“n E}gﬁgo éﬁ%ﬁg genes.

activity has beegmsmtidnair tecimbquesenf eebldcgarp biglgs Gof '@cf%“m%feﬁlﬂ’&‘“and

vertebrat es am)”%fc%mggy QLIS Mioch by SRGIRE lid bidelkgy, esrismunicy,nwiidion,  see,

for exanple, SChgre well known to those skilled in the art. Such techniques are explained fully in the
literature, such as, Methods of Enzymology, Vol 194, Guthrie et al, eds., Cold Spring
Harbor Laboratory Press (1990); Biology and activities of yeasts, Skinner, et al, eds.,
Academic Press (1980); Methods in yeast genetics-: a laboratory course manual, Rose et
al., Cold Spring Harbor Laboratory Press (1990); The Yeast Saccharomyces: Cell Cycle

15 and Cell Biology, Pringle ¢t al., eds., Cold Spring Harbor Laboratory Press (1997); The
Yeast Saccharomyces: Gene Expression, Jones et al, eds., Cold Spring Harbor Laboratory
Press (1993); The Yeast Saccharomyces: Genome Dynamics, Protein Synthesis, and
Energetics, Broach et gl., eds., Cold Spring Harbor Laboratory Press (1992), Molecular
Cloning: A Laboratory Manual, second edition (Sambrook ¢t al., 1989) and Molecular

20 Cloning: A Laboratory Manual, third edition (Sambrook end Russel, 2001), (jointly
referred to herein as “Sambrook™); Cuwrrent Frotocols in Molecular Blology (F.M. Ausubel
el al, eds., 1987, including supplements through 2001);, PCR: The Polymerase Chain
Reaction, (Mullis et al., eds., 1994); Harlow and Lane (1988) Antibodies, 4 Laboratory
Manual, Cold Spring Harbor Publications, New York; Harlow and Lane (1999) Using

25 Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY (jointty refemred to herein as “Harlow and Lane™), Beaucage et 2l. eds.,
Current Protocols in Nucleic Acid Chemistry John Wiley & Sons, Inc., New York, 2000);
Casarett and Doull’s Toxicology The Basic Science of Poisons, C. Klaassen, ed., Gth
edition (2001), and Vaceines, S. Plotkin and W. Orensfein, eds., 3% edition (1999).

0 (Feneral Definitions

General reference herein to a “Ras mutation”, unless otherwise specified, can refer

{o 8 mutation in the nucleic acid sequence of the ras gene or a nucleic acid obtained or
derived therefrom (e.g., RNA, DNA), as well as 2 motation in the aming acid sequence of



23 al., Viro/ogy 344(1):151-7 (2006); Leonard et al., Cene The,:
13(6) - 532-40 (.2006).;. Cal bere-Garapin et . al,., Mcrobes I.nfect. 7(4):767-75

(2005); \Wall, Theriogenol ogy 57(1):189-201 (2002): El-Bashir, et al.,

Nat ure 411: 494498 (2001); Fire, A, et al. Science 391: 806-811 (1998);
Gtlin et al., Nature 418: 430-434 (2002); Gtlin, et al., 1 Vim. 5
79:1027-1035 (2005); Kahana, et al., J. Gen, Virol. 85, 3213-3217 (2004);
Kronlce et al., T. Yirot 78: 3436-34_46 (2004); Leonard et al.. J. Yirot
79: 1645- 1654 (2005); and Yokota, et af®, RAMD Rep. 4: 602-608 (2003).

A ribozynme is an RNA segnent that is able to perform biological catalysis
(e.g., by breaking or form ng coval ent bonds). Mre specifically, ribozynes
are antisemse RNA to nol ecul es that function by binding to the target RNA
noiety and inactivate it by cleaving the phosphodi ester backbone at a

speci fic cutti ngeRed RoteiPbiGheptide bt RGLELDRISHAGER] PartfcR J3GHdn3E HPduUced
Into host cells oif.tl sues and used.to inhibit the expression and/or

function of nut B{SH *RESBPET LR il seiierne afREgan dedeseiRed by FHucede beconbi nant
nucl ei ¢ aci d_ mb@wmmnﬁdmmnm&wmmmnﬁ omﬁs;_hﬂrsmrrd‘era;cmtﬁﬁ eic acid
sequence of int ﬁéﬁéﬁmﬁﬁ&ﬁﬂf'@.hﬂﬁfé&ﬁ%ﬁ% hg cﬁgqogﬁ&"l@’e&r“ﬁ%“ &ln-afim
artificially prﬁggced nucl €1 ¢, acl nD_ecuPe t I'S used as _a tool for

mani pul ati ng“a ToseiEr o, epdeniy thereseuelfic pfsiegiencs geodingaming erid #t RfiRey such a
nucl ei ¢ aci d seoubsemal mtite aidvesdue (ghthmate] REposiicOTE) iwhéadh mb@EsnOR bhiig t her ef or e
suitable for USgiided ' ' r.~ot herwi se mani pul ati ng the
nucl eic acid se%ﬁ%nceh%?hgﬁgﬁggggﬁgﬁhgg“ﬁ§q§6%%9bress[ng_and/or_deIivering
the nucleic acid selrasFdEngsswithibs present ipventign, g diolated mpcleicorcid Fpalaele dset onbi nant

cell. Such a venglsic atig mictaild Hatharieai fmoted fdmal OSRHSMMHCE L) Bzt dg Bles €qUENCES,
£ L B SERN SGER ey S 4 St [
al so contain reBhiftathe rapcléig aridimolead & Senfuinrmagee. ( &s guch, [isoiedt dpes not
untransl ated regcesasly ritiche ettt 19 ihishake dicltio UAE mARRCRD bech Gurdied, Wi i ¢ aci d
o ecules O, | GBLERaly SRR Oh Rl RSB el T O
bel ow). The vectiifh theppcleic acid molecule is found in wature. In addition, an isolated mucleic acid .
15 molecule 15 not a library of oucleic acid molecules, such as a library of mucleic acid
molecules produced from a tumor sample. An isolated mucleic acid molecule can include a
gene. An isolated mucleic acid molecule that inchides a gene is not a fragment of a
chromosome that includes such gene, but rather includes the coding region and regulatory
regions associated with the gene, but no additional genes that are naturally found on the
20 same chromosome. An isolated nucleic 2cid molecule can slso include a specified nucleic
acid sequence flanked by (ie., at the 5 and/or the 3' end of the sequence) additional nucleic
acids that do not normally flank the specified nucleic acid sequence in nature (ic.,
heterologous sequences). Isolated mucleic acid molecule can include DNA, RNA (e.z.,
mRNA), or derivatives of either DNA or RNA. (e.g, cDNA, siRNA). Although the phrase
25 "nucleic acid molecule” primarily refers to the physical nucleic acid molecule and the
phrase "nucleic ecid sequence® primarily refers to the sequence of mucleotides on the
nuclei¢ acid molecule, the two phrases can be used interchangeably, especially with respect

to a nucleic acid molecule, or e nucleic acid sequence, being capable of encoding a protein
or domain or porticn of a protein.

k" . The minimum size of a nucleic acid molecule of the present invention is 8 size
sufficient to form a probe or oligomucleotide primer that is capable of forming a stable
hybrid (e.z, under moderate, high or very high strngercy conditions) with the

" complementary sequence of a mucleic ecid molecule of the present invention, or of a size



be either RNA or DNA, either prokaryotic or eukaryotic, and typically is a
pl asm d. The vector can be maintained as an extrachronosonmal elenent (e. g.
a plasrnid) or it can be integrated into the chronbsonme of a reconbi nant
organism(e.g., a mcrobe or a plant). 30 The entire vector can remain in
place within a host cell, or under certain conditions, the plasm d DNA can
be del eted, | eaving behlnd t he nucl ei c #hcid nol ecul e of t he present
invention. The integrated nucleic acid nolecul e can be under chronosonal
pronoter control, under native or plasm d pronoter control, or under a
conmbi nation of several 24 pronoter controls. Single or nmultiple copies of
the nucleic acid nolecule can be integrated into the chromsome. A

reconbi nant vect or.-of h i Tn@hﬂmﬁ\&che {opd) e
el actabre mmr ke /ot &5 S bl Gien ¥k s AF o

vec
reconbi nant nucl ewBcietforjuss inprpdeins E‘ $9fibody, r agfigsa piRfng ‘{?’t &% 3eb'°l%ﬁ1ca1a
expr essi on Vect Ol oﬂé%@ldmﬂﬁ&tﬂbdlproﬁh@egqmaﬂSEmuﬂchpMI(@ aRag gtpdt), frs used

to refer to a vefﬁag,.,% Bl B Sl WALE of G o QUL Lol 05 QRGP O

(e.g., a protein nuclejc acid sequence
encodi ng t he ptoderche dewsndsot anrtyelaewd pomppsition ErdcRgropt PRy of WEYMAERS vect or
to produce a recmuaa@hmﬂﬁﬁi&ugm@mpmhﬁy&qu&m@mlaelwonahmbddmaquence

encodi ng the proteipn to be roduced, i S | M@;@ WEhOfnd N 2
manner that oper SPIHRIAPETSE (A ‘%‘i’@ ﬁ{ftslalwmmag% sequence1 gl at ory

'sequences in the mmmnlcsme bmwcbwaﬂﬂewtﬂhéﬂ that dgresed 4 38 P’éﬂ?“‘&!?ﬁf‘dﬁ g% bn of
the nucleic acid padbl HaleE W1k bbb Q2 Ii.;emmflls RadMotided & letpi if the nucleic katd anot her

enbodi nent, a reconbi nant ve |se |
mol ecul e of t e ﬁ?"é‘%ﬁt’“l%‘é"ﬁ% ‘[ﬁ ﬁggpa@%%{%?ﬁ“%gu%%her ein,

the phrase 15 "t amgets mghmea:tthyr‘ﬂms m@@l h@nr@f@%mﬁ se Of arugleincd 5 ysed

to deliver a par td,&&,!.]@&f&]wb%ﬁh favédfbd] in Rk A6 tdcRicla3h &oﬂmﬂeﬁ:ﬁﬂﬁhﬁd&arﬂ&wﬁﬁSt cell,
wherein the. nuclelc acid nolecul e r&gy used Q dele f vate, or

repl ace an endogehBeient l&pusel ingRy 9f; ost cell (i.e.,
used for targeted genm ﬁhmﬁumlaxomnmmmwﬂ@mmmmmwb?PW@ERE‘H‘-’*‘HB vect or

may al so be kqg)\rl:/lnsl @Bﬁﬂﬁéﬂé‘t wdgng o Qe £S ,maghaﬁ mm@ﬁ)mtmﬁﬁ(ﬁﬁﬁ[ In

'one aspect of ment, ~a portion of é} ct. o&‘ mmlm
typical |y, the nuddniagcorshemicehpintbesiy olsqled peleig »5i 8?8“3“'2' 27 the
insert), has a anEithdIecﬁlEd d:dsmula@eemeim iricBiding romt ogdumteﬂm,almmbhlb‘-ile aci d

e O i 2" et IRl Gplifed AR 38 bl i ficn 1GRAS B telh e gt ed

to be deleted or Bégtl e nucleic acid sequence_of, t tor
insert is desi gnaulm@s@sm md@rwvewdwhhmwﬁ'bﬂéﬂ@hg’a@ﬂ“wamf‘ﬁ B ar get
gene and the i}pSefelireiE¥ect{RE C1he itrbdtbin @9 BF GXbutitios @ikas arino Acid m:;msby The
endogenous target . g ﬁg i s deleted, inactivated, attenuated (i.e., by at

| east a portion ?;I)OQenous target gene bei ng. mut at ed, or dg‘*let ed), or
repl aced. Typi cad hlyclmtaﬂmdeefdwb‘iﬂ herrrlogre e bp eroguerdesipg 2uEbe of BEhfiies” at

| east one nucl ei quaei f 1w Lmed B tRfar ($36 R RRPRS Sttt s Mopasraliningl & | i nked

to one or nore expressi Qn c n sent

i nvention, the ph‘vgﬁ‘g@ 'f“gt #P"Wﬂ"%g’a%re e?l%ﬁo 102%1}' ueleie a_nucleic
aci d nol ecul e %0 mlecdmﬁslnwﬂlﬁed)mnﬁoﬂ vasiety) 96 trelmiques, igcluding, Wé‘ﬂ‘s‘&’t“f"ﬁt‘? on
control sequence ghgd! & m@n&ﬁq&gﬁm Ml RQhbinglt DR 1EHRRs, duth & siadieredSuch

that the nol ecul e can he expressed ran d,
transduced, transPueeersss hegprl faimsy o ?““5} ‘i'@‘gl g %h“acgﬁ‘(’)'?i&?%ﬁ%a{uge

Transcri pti on coOngnkye mwentesmcam@meqnmygapmpf miglyicragid frgaents, PCR
amplification and/or mutagenesis of selected regions of a nuclei: acid sequence, synthesis
30 of oligonucleotide mixtures and higation of mixture groups to "build" a mixture of nucleic
acid molecules and combinations thereof. Nueleic acid molecule homologues can be
selected from # mixture of modified nucleic acids by screening for the function of the
protein encoded by the nucleic acid and/or by hybridization with a wild-type gene,




25 initiation, elongation, or termination of transcription. Particularly
| nportant transcription control sequences are .those that..contral.

transcription initiation, such as pronoter, enhancer, operator and
repressor sequences. Suitable transcription control sequences include any
transcription control sequence that can function in a host cell or organi sm
into which the 5 reconbinant nucleic acid nolecule is to be introduced.
Reconbi nant nucl ei ¢ aci d nol ecul es of _the present invention can al so
contain additional regulatory sequenc%%, such as translation regul atory
sequences, origins of replication, and other regul atory sequences that are
conpati ble with the reconbinant celL In one enbodi nent, a reconbi nant

nol ecul e of the present invention, including those that 10 are integrated
into the host cell chronosone, also contains secretory signals (i.e.

si gnal Ze?msnt nuclﬂ?@li@ﬁdcﬂoﬁﬁ@btﬁﬂﬁﬁ@)ubé,ﬁs eaﬂhﬂiﬁumrmmeﬁlgﬁmﬁe@pmfgt ein to be
secrete rom-t ; t rotein.  Suitabl.e sign segnent s
i nclude a signa e§ﬁ%%?aﬁﬁﬁﬁgfgﬂﬁﬁﬁﬁﬁgg?éﬂ%E%S@f%@%ﬁﬁﬁdﬁﬁ?gﬁh§“%F0tein to
be expressed ormelesyle ietpicdlyggsiue iditifial tagetorveleie acid sedninee o2 gimplsdyi ng t he

secretion of thgbifieQb Fuch GRe FLIRE adiDselitfre RERS Fidgedt ByEPaR4iocondiflond 5 anot her
enbodi nent , ar %onbl.nant nol.ecul e clof Eeg?'b#é? ent invention conprises a

| eader sequehce ¥ B EANHPRTIOR BV % be delivered to and

inserted into the nkRoprame aofaly ohakic acidokduencu dlthaish FCRedues e bpaiyces

i ncl ﬁdte a :eadediig?ﬁa%be&sefﬁihﬁsm&nﬁ%%s&mMe@ﬁsﬁa&s@&tsawr&&ofsb@cﬁr ot ehn, or
any heterol ogous. | eader, sequence capabl.e. of directin e delivery an
Serti on ot HEER SR EARPHHAD BRI bpfersbret i ridiead B sRSEY ©he
present invent iiphe g @siiipperender infoufaton from ‘thei torgd senlence  (Seé.cfor exampleyy et hod

by whi ch an ;gxof&Beskst UGHRIE GR&thL @bAcUl € (i .e., a reconbi nant nucleic
acid nol ecul e) can be i nserhed into.a cell. The_ term "transfornation” can
be used int erchange‘gm"if‘wets ort gtpands of symthefic: apgleie aids Qupally B4 PtalsoPNAY 1 s ysed

to refer to thecemdiopduetdnoredobhmbioatdiel mcleic kil ihpdriechyl virtue iofithér ability ©bi al
cells, such as facke] pRadnfndCPedie Bfgm%m&%%&'ﬁpi afffity S itk " 001 al - and
o desc .

pl ant systens, the term"transformation”™ 1s used ri bé an inherited
change due to t4RFSEFHFEs { fefpeddhreedipmapmsl grvye pad a2 capablgof giserimipating

M Cr oor gani 35 detwpinanimponndd with vegycsaai tifferkdeys isyuemy.nous Wwith the term
"transfection."” Ho bl FHJ{B?’ ells ransf.ormation has.acquired a
second meani ng whi ‘(’:@X‘g{% re g ) lf: aar?aré]gch}ﬁﬁ Bgma?q%'vo\ﬁ?a oﬁ'g?nfllg%s of cells
in cul ture aft drmeRNywiedermee(RNAD.0Bes, fof eprmplo Rirg sal) Narrp A8l 8060813, to avoi d

confusion, the (188yand USARERETI06,95. RNA ifkirferl MRnyio US&/ent Whickloch@gihed 10 the
ntroduction of AR e AN RodlY G thrSugh GladiRndul Ll Pl les & 2hekibianf Aiprel® £ &1 M
20  the expression of 8 pene whose sequence corresponds to that of the RNA. The silencing of
the target gene ocgurs upon the degradation of mRNA by double strand (ds) RWA by the
host anitnal, sormetimes through RNAase 1T Endonuclease digestion, The digestion results
in molecules that are about 21 to 23 nucleotides (or bases) in length (or size) although
molecular size may be as large as 30 bases. These short RNA. species (short interfering
25 RNA or siRNA) mediate the degradation of cormesponding RNA. messages and transcripts,
possibly vie an RNAi muclease complex, called the RNA-indnced silencing . complex
(RISC), which helps the small dsRNAs recognize cormplementary mRNAs through base-
peiring interactions, Following the siRNA mleraction with iis substrate, the mRNA is
tarpeted for depradation, perhaps by enzymes that are present in the RISC. This type of
30 mechanism sppears 10 be useful to the organisms in inhibiting viral infections, transposon
jumping, and similar phenomena, and to regulate the expression of endogenous penes.
RNAIi activity has been so far documented in plants, msects, nematodes and verlebrates
among other organisms. For general background information, see, for example, Schutz et



"tran.sfection” will be used herein to generally enconpass transfection of
animal cells, and transformation of mcrobial cells or plant cells, to the
extent that the terns pertain to the 26 introduction of exogenous nucleic
acids into a cell Therefore, mansfection techniques include, but are not
limted to, transformation, particle bonbardnent, diffusion, active
transport, bath sonication, el ecnoporation, mcroinjection, |ipofection,
adsorption, infection and protopl ast fusion. 5As used herein, hybridization
conditions refer to standard hybridi zati on conditions under which nucleic
acid nolecules are used to identify simlar nucleic acid nol ecules. Such
standard conditions are disclosed, for exanple, in Sanbrook et al.,

Mol ecul ar C oni ng: A lLabqr af. al I ' r -53:049S SS,
1989. Sanbr ook eg‘*aﬁ’.","q gf‘@{)%lly?s in b%@tgﬁgﬁbﬂggyg’? ﬁ@ggﬂzer e?gmlﬁn its
entirety (see spE€albdre-Garbrliny et plaglisrapes3 {ifege 67,@‘))‘.7571% Fﬁosé;d&p“ﬁ’i T BRI ae to
(r:] albcyljfat et t he apQf(p)?t@g}_gdﬁgdgy)pgﬂm@aiagwa&&dnmmgmei)tFimn&, ﬂd’é .Scs;t;eve
ridization perm Y egrges ) ()78 ot,i are
diyscl osed, for pei%ﬁ?%%}gi(}ﬁi%bfqﬁkgtag’ e‘fmrﬁLis‘ %‘%‘ﬁ?&ﬁ?ﬁ%%?ﬁﬁ 138,
267-284: Mei nkot h9:u127-2035 (2005)i Bahanaj et ali, dc@rmpitnoh 85 421872 Pk Frwkshplain in its
entirety. Low stninoangmes RydidodsZedohdaet AN MRE h9:NYS5-Cesad2msad Yokss, ptef er r ed

to herein, refer to 15 cond J{]‘%WI ch permt isolation of nucleic acid
mol ecul es havi ng daEMBELer- 4 @Y% nucl ei ¢ acid sequence identity with the

nucl ei ¢ aci d nol ecul e dipiyng i@ A scememtba isishle toperfompibiolagical satalytis ¢-2et i on
(Le., conditions M#? %%r&g,g%pm&t 50234, O MokeQp&ifaiIfy gy ined farenddlere RINAES ) .
Moder at e stringenc ybri di Zatj on and shi qﬂl con i tiﬁ%&%tﬂy%ﬁ'ﬁfd to
herein, refer1®% om® t‘l?’bﬁg""%??ctl’f‘dﬂ’@r“h%ﬁf“f%‘o 4t PSR 81 hGC! ei ¢ Jact g

nol ecul es havi ng itphdspipgiests? Gackiivoerst a8H:%ifin ouingisite. Sothandeg erihreedipgR@REM y with

the nucl ei ¢ aci d il eEUl G DRI P Biffnck SraR@REiubibhe ih\Ekplddélon /et Bintdiah of €act i on
‘(i.e., conditi onsbep_e_rm t1ng about 20% or |ess m smatch of nucl eoti des).

H gh stringency bl BesPERM®n and washing conditions, ‘as referred to
herein, refer to condicirdifs tonhé Glvemion,nd tecorsbibiaatt tudieic afid ruridcrlp comprises 2

nol ecul es having at ] east abo 9% Il i ¢i ot ) Lty th the
nucleic acid ol &8 ““t')’e‘l"':’ﬁtar “&gté‘d‘g‘%a Miﬁs‘lﬂﬁce‘% infbreS RB6HbirabkOREtbi

engineered (i.e., artificially produced) mucleic acid molecule that is vsed as a ool for
manjpulating a nucleic acid sequence of choice and for introducing sach a nucleic acid
sequence into a host cell. The recombinant vector i therefare suitable for use in cloning,
sequencing, and/or otherwise manipulating the nucleic acid sequence of choice, such as by
20  expressing and/or delivering the nucleic acid sequence of choice into a host cell 1o form a
recombinant cell, Such a vector typically contains heterologous nucleic acid sequences,
that is nucleic acid sequences that are not naturally found adjacent to nucleic acid sequence
1o be cloned or delivered, although the vector can also contain regulatory nucleie acid
sequences (e.g, promoters, wntrenslated regions) which are paturally found edjacent to
25 pucleic acid molecules of the present invention or which arc useful for expression of the
nucleic acid molecules of the present invention (discussed in detail below). The vector can
be either RNA or DNA, either prokaryotic or eukaryotic, and typically is a plasmid. The
vector can be maintained as an extrachromosomal ¢lement (e.g., a plasmid) or it can be
integrated into the chromosome of a recombinant organism (¢.g, 8 microbe or a plant).
30 The entire vector can remain in place within a host cell, or under certain conditions, the
plasmid DNA can be deleted, leaving behind the nucleic acid molecule of the present
invention. The integrated nucleic acid molecule can be under chromosomal promoter
control, under mative or plasmid promoter control, or under a combination of several



25 probe in the hybridization reaction (i.e., conditions permtting about
-10%.or- | ess mi smat ch of..nucl eoti.des).— Very_high strijngency hybridization .
and washing conditions, as referred to herein, refer to conditions which
permt isolation of nucleic acid nol ecules having at | east about 95%

nucl eic acid sequence identity with the nucleic acid nolecule being used to
probe in the hybridization reaction (i.e., conditions permtting 'about 5%
or less msmatrh 30 of nrleotides). Q of skill in the art can use the
formul ae in Meinkoth et aL, 04 to cal Cul ate the appropriate hybridization
and wash conditions to achieve these particular |evels of nucleotide.

m smat ch. Such conditions wll vary, depending on whet her DNA: RNA or
DNAXI NA hybrids an being formed. Calculated nelting tenperatures for 27
DNA: DNA hybrids are 10C | ess than for DNA: RNA hybrids. In particular

enbodi nent s, stpﬁm@mmﬁmﬂwmbshﬁé&ﬁﬁdM@&c@ﬁﬂdfméﬂﬁﬁmﬁﬁﬂnﬂﬂﬂﬁgQNAGﬁmgﬁkﬂs i ncl ude

hybri di zation at,, tre M erature of
bet ween about 20(?3@1%@9% nfe QS%%FLF%%F% i ngp&ﬁg@ ““ﬁ%‘% ty,

bet ween about 28 salerébladaker. 40C (nore stringent), 5 .and ev_en rmm _
preferably, bet V\Benlﬁmtﬁmﬁﬁmﬂrﬂr&m&hﬂt%&rﬂﬁéﬂeﬂ dREdbhbd GG hda W th

appropriate \gash rticul ar enbodi nents,  stringent

digtions. a
hybri di zat i on conféwplogr%e R ﬂ\ﬂ%ﬁf\l}i PR YR uﬁ%"”ﬁ'ilﬂ?’?“ﬂlﬂfalfhr‘éﬁ at an
i oni ¢ strength Giprexdosgcor @.@dmmaawtmﬂamqyabkﬁumed@hommmmbout 30C

and about .45C, ﬁaa.ﬁt(ag-,e&ﬁstabbﬂ*m \M»ﬁﬁﬁt\ﬁhﬂemgmcﬁe%@mmm&m nd even

10 wth simlarly

nor e preferably bet ut apou
stringent wash S&f&Y \éﬁot'ﬁs Y. '@d?’ﬁ‘éeg ‘S’f‘)é?g’ﬂb"&ﬁ' YSHIOF (1 RIEFRLE of a
nel ting tenper a@‘eﬂﬂ@lﬂmlﬂwwwwhaﬁgewcleichmsquatmdcﬂﬁgmupiommtm bes, 0%

f oi mam de ang aproduedd ﬂwm 2R In RinerAhd Wﬁw the bkl e

cal cul ated enpiri cal lé‘}/ set forth in Sanbrogk et 4L, supra ages 931 to

9.62. |In gener at*™™ %5 BAPET Brhe VTS dhatenthle tietraschptionud drassletiono s s bl e,
and shoul d be agfreapaidicacid séqoence widinolosembilanbiobidelz at i on condi ti ons. For

exanpl e, hybridi zat Qo BbdainRRS %ﬁlﬂﬁl"u%ﬁ t and
tenperature conditions that are a?)prom mat u%gqgg%%&?ﬂg@v ﬁq]e %a cul at ed
T. of a parti cuPdrulybfhegpresent joxsation “’cbﬁ"ﬂﬁeﬁ%ﬁ*s"t“{ y PP cgged | Bprejnp e plimseq

combi nat i on 16f Yaketingwacior Bmlﬂbﬂt&aﬁﬁﬁﬂhﬁﬁs&ﬁhﬂt&ﬁﬁﬁmﬁﬁaﬁ:cﬁ&ﬁﬁﬂﬁém ely

12-20C bel ow thﬁ"]ﬁ"%‘t F‘g‘ln?“g"gﬁbﬁ”bﬁ&‘ @Twp&géiﬁc '}I%Hfg‘ﬁm ‘?rrpl e of

hybri di zati on con use w Rel udes a
2-24 hour 20 hy%ﬁedmwﬁrmh%%mﬂ(omwmwdemmmmmm f ol | owed

by washi ng st ep@e.} &l fod tirgdddeneiepiin dmuekm&msm SR MvicRIREY Alour e i n
about 2X SSC, foII wed RX addi ti onal was at _hi er ten’gerat res and

| ower ionic streng g .2 ROy BRed ’Srf'e T‘?aé’
0, 1X-0.5X SSt, WMLBmdmymaxfthbm hmmdaﬂmheamctacﬂaﬂmmamdt

0. 1X- ot 5X ssc% m@&'ae&laﬁaec& ﬁ:lgalnglihla%@a@émtsm&w lsgﬁmﬂwﬁfgghﬂcﬂﬁ in the
present invention inclu ul | - oteins, fusion proteins, or any
fragment, domai nqs%]on o‘&ﬁéﬁﬂ %P%’gaet)’rgeﬁ% SfEreetedio ke deltedorot e ns.
More specifi caI'Pﬁfﬂﬂaﬁ iTHhuglers doigh seguenterpf thaventor disertyis ﬂmghdrdeo mmmrthhi nvention,
is a protein (idekagi Ble dudOhyt NEPbIRE QL RE R HEX Jm?a%nd@%? Jsemoved

o hunan man

fromits natural Ileu

at _has been s i pul ation
and can incl demg V&W&&%F%@”WQW%‘PF@“%GWW% affenuated P )
reconbi nantly my@d%@woxppmfmcmpgraMtamyrgeﬁmhgmhﬁtw @ﬂﬂwp;edqnicat ei ns, for

exanpl e. As SUCh, “iysplig! £liontif oitftic 4R ddiShie WS HIBK onb Ruclli £ ¢ he
protein has been B urified.
¢ of the present invention operatively linked to one or more expression control

sequences. According to the present invention, the phrasa "opemﬁvély linked" refers 10
30 linking 2 nuecleic acid molecule to an expression control sequence (e.g., a transcription
control sequence and/or a translation control sequence) in a manner such that the molecule
can be expressed when transfected (ie., transformed, transduced, transfected, conjugated or
conduced) into a host cell. Transcription control sequences arg sequences that control the




28 As used herein, the term "honol ogue"” is used to refer to a protein
or peptide which differs froma naturally occurring protein or peptide
(i.e., the "prototype" or "wild-type" protein) by one or nore m nor

nodi fications or nmutations to the naturally occurring protein or peptide,
but which maintains the overall ba5|c protein and side chain structure of
the 5 naturally occurring form (i.e., $uch that the honol ogue is
identifiable as being related to the wild-type protein). Such changes

i nclude, but are not limted to: changes in one or a few am no acid side
chai ns; changes one or a few am no acids, including deletions (e.g., a
truncated version of the protein or peptide) insertions and/or
substitutions; changes..in Shel

mi nor der i vanzat (2SREOR Flon i or(?enmr- 105' t‘a%%: ]?ju @ﬁh&[ﬂlﬁltﬁp@ﬂ\ﬁn pticand/ or

mted to. nethyla
f arnesyl ati on, gmﬂyﬂugsﬁarmcmmﬂiPP““Q}I“?’@E)‘WP%‘H“&"W“* SB"QW‘?V‘I‘E "Hél’f‘ Yi on,
phosphoryl ati on, o&&%%@%@ﬁﬁr ool Osdua:nd fdhscripticnigiiiol exquenainglutiatryon,

and/ or ani dation, A homl ogye can el ud t PRtk 4Rr  an
ant agoni st of a H?"B‘E"@F‘??‘“ FASPFJE “Earh ave%gﬁﬂg%lcoé ecreased, clanged,

or substanti ald y resbutidesimugeiogimalecge ia tp be avrpdicedl t o the natural y occurri ng

protein or peptide. Ingcaﬁ,smmtﬁamé had mlvﬁclﬂéQ)Weoﬂ'&eﬁ ifpd@dtioh lead ald:emntam
synthetical ly produce

mol ogues, natural occur ants of
a given protein &ditgldrayiatony WBWO g@%he cegm#“ggrf’%r ganl S %)t her
than the organi smepficatom Wﬂlmmmmwtéﬂm@n@éhmﬁéﬂﬁmﬁm nol ogues

.can be the resul ¢, gi. MdﬁJ awuﬂdﬂmm%ﬂtmﬂmmmmmmmm
‘Honol ogues can bé produced u

si.n kno in_the r
producti on of Wr Wéﬂ?%“‘@dﬁ‘f’ﬁ&l‘ﬂ‘i% %P“ﬁg’tm"’l T]?ﬁ"t“\é\%"’t BT o | re 9 sigolt®
nodi fi cations toﬁmmlmﬂdmummmmbmmwmmwsmﬁwﬁg% ot ein,
direct protein s Fn'% ' thd di §1ln§1ﬁ$ ;n sgggm,;dmdmhc& gig.m mdm&mquence
usi ng E?or

.encodi ng the protel exanp ass ¢ or 4’1 u@nﬂﬁi
techni ques to ef WIWWWWF‘&P@@P&I ﬁ"%h"'ﬁ"?ﬁ?"rm gue ol a gi ven
protein my coONplgiKe opaﬂsﬁngttheea&ﬁﬁm iofathe yprogin @m&n&smf@mﬁﬂam‘-‘a‘lﬁf’hohﬁci d
sequence t hat |s at, Ie St. a wﬁéﬁm%’hﬁﬁ ém%@pgu&um&nﬁhahdt,east

e

‘about 55% or ata\’eas abou ast about 65% . or at ast about

70% or at |east sqb@mm?mﬂe&mﬂ@&‘ﬁ‘!‘%&ﬁ‘t‘“@éﬂ”ﬂflmﬁ“q‘@‘aﬁe {P° 85% or
at least about 9QY 13k @ lsemle 186 Hoqudté indled 4 wader sapenet thitcagenabout 95%

identical, or at |east about 96% ident @,Q%g,rgg%m
identical, or at eS¢ O‘Hﬁ PrefE8, a"é' | cagomg%d%tgﬂllhﬁgi%pabout 99% i denti cal
(or any 30 per cenitliventent intsiobefitepmteinss the mambrgwof 2 2. whol e i nt eger
increnments), the a{H-R@nffol the FHREH EREMRON theltt "rRisRETRATS ufed @irefento shyr Oone

enbodi nent, the honol ogue, conpri ses, onS| ts e tl s of,
an amino acid sedRfERLLY pRigh a3 gxoppaw ‘T“'fi ﬁ?i %H%f%@ﬁgﬂih&}bout

99% i dentical, | emﬂaamamww%%md%memcaﬂe I%SWW'H%LPF‘ ojse
i dentical, |ess ﬁ&aﬁkﬁb Rk tneSE%R htﬂﬁgfécl.&;alwme&a :&haia vadd0t tref5 i the

identical, and sq on, I ncrene of 1% 1?99” A4 igenti cal
to the natural ly ‘%ﬁ?ﬂ‘iﬂ‘?q ?fd‘“%lﬁ‘? ?ﬂ:f{]'ﬁ‘ﬁ?’aless'@&ume‘?{gbemoﬁa Sr‘%e re ere%?:de protein. As
used herein, usl ams phtthehawi hemispbieli dnil etint syséns; thecierm; BrRIfFRALERENE uiedyto

identity refers 5 f 261 W eRero® R QEAES) BSi Ng:
(1) BLAST 5.0 Bkl e Bhinpdafi Heriopdi uf <y

gy sear usi ng bl for, acid
searches and bl agpiproqrepuisp Rf| RIpg %f’d“ﬁ“@%ﬁ"ﬁl‘?@?"ﬁ‘gﬁ ‘??' ‘L‘ga 5%9}531%{‘

paranmet ers, wher igwebeRGn Sl yell§ @epyfrmasor Is fdghited p extorfdaearing which A5l refszi 10 y
regi ons by def aul es in S , %uﬁ“ A rimo; leancerg@nair f f er,
AA, Mang, L, |veand=£”"’%G i e ?’g‘gﬂ’ %&Lﬁ?%n’“ B (199 ) c%l ed BLAST and
PSI - BLAST; a new ex@myenﬁaequmaw wdmﬁw@nﬁﬁmﬁ'ﬁ%’wﬁﬂb %ﬁ% ucl ei ¢
Acids Res. 25; 3389, Qﬂ,e inmr@med&ﬁ RicRiclagids aﬁemﬂ@eﬂsnmdtthe enirety);

(2) a BLAST 2 aI| nt i,n ramne QEh¥ W\ and/ or
PSI - BLAST with tﬁg“§ lﬁgvgg??P °m1 g?gﬂ%§ 0S| |oﬁn§ eC|f?%%%€erated
BLAST. It is not aebnsfmmwémtcmbmmmmmeﬁmeetbe Wﬂtﬁ@%taﬁaa%mri%mﬁneters
bet ween BLAST 2.0 Basic BLAST and BLAST 2, two specific sequences 15 m ght
be recogni zed as havi ng significant honDIogy usi ng the BLAST 2 program
whereas a search performed in BLAST 2.0 Basic BLAST using one of the
sequences as the query sequence may not identify the second sequence in the
top matches. In addition, PSI-BLAST provides an autonated, easy-to-use
version of a "profile" search, which is a sensitive way to | ook for
sequence honol ogues. The programfirst perforns a gapped 20 BLAST dat abase
search. The PSI-BLASL program uses the Lnformation fromany significant =~ -
alignnments returned to construct a position-specific score matrix, which
repl aces the query sequence for the next round of database searching.




25 described in Tatusova and Madden, (1999), "Blast 2 sequences - a new
tool for conparing protei.n..and .nucl eot i de sequences", FEMS Afienbioi lett,
174: 247- 250, incorporated herein by reference in its entirety. BLAST 2
sequence alignnent is performed in blastp or blasmusing the BLAST 2.0
algorithmto performa Gapped BLAST search (BLAST 2.0) between the two
sequences allowing for the introduction of gaps (deletions and i nsertions)
in the 30 resulting alignment For pur ({)ses of clarity herein, a BLAST 2
sequence alignnent is performed using'the standard default paraneters as
follows. For blastn, using O BLOSGW62 matri x: Reward for match =.1 Penalty
for msmatch = -2 30 Open gap (5) and extension gm (2) penalties gap
x_dropoff (50) ojercLt (10) word size (11) filter (on) For blastp, using O
BLOSUVG2 matrix: S Open gap (11) and extension gap (1) penalties gap
x_dropoff (50) axmeim(oﬁaaogwsdmgh?emiﬁhmfaickn etrhe(ra:ﬂa mﬁfeemdécmﬂquw t he g
present inventi e ification" an ti can _he to use

i nt er changeabl y{,ngiud TW@%’I%P e Th ¢ rggar (?n‘t%%ﬂ b"%ﬂg%?mb 6°Hs7clerf{|et ations to
the primary ami mspambd'hswe!@n@@sﬁmﬁ@ﬂpmwwomﬂmﬁpm efieorgftion, ifestiénei ¢ aci d
sequences) descmp@@pﬁ@ﬁﬁhm The term "nodification"” can al so be used to
descri be post - translhati dificatigps t Lde or, for
exanpl e, corrpl exi ng™h p‘ir)gﬁtrc Hﬁ' F‘%‘g‘bﬁ]@g’"ﬁ\f&?ﬁﬁ m%?%&yg'&%ﬁ%‘ﬁﬁﬁ@"ﬂ?s tet hering
t he protein, suenderaphidyymeieicyicidcraclaplensp had idigéntifyrsamsilet micleic@pill molkBuleanchor
Sughf rmdltflcatImﬁfsﬁﬂamb?nﬁmmed@&&ffofwkau mmﬂg{mgwmteb ItL the
nodi fication is_ differe S ona I fication a
occurs in the g'g’[ﬂga gﬂ %@%"@%@W%ﬁ”b% l HDQ tive
substitutions tiyiidi,iﬁaﬂcblyomtntbwcfaemmmuhmm(mtshmﬁcallh,qmtwpﬂbmng gr oups:

- glycine and gl aﬂ'aﬂ:ﬁmon,vﬁhhﬂﬂﬁ 0 bﬁ&ia%é Bprorlth hyBHEaAG and SRS dobditicie .
glutam c acid, Zﬁl@ﬁj‘?a,rm d glutamne; “stri ae and_threon) ne I ysi ne

and ini ne; 'and '”ﬁBﬁr‘&WﬂgW}’ ipgdepress okl UPFEW“&'I“% be nmade
on t he basi s of focexmeple, incdeitky 04h 1984, anﬂwmhmhysﬁczmw iMeinkarh 4t Ky ke and

Doolittle, J. Mplpeo Mdg}m %é secoém"clla% or on the basis of the ability

to assune simlar ructure (Chou and Fasman, Achi,
Enzymol . 47: 45 (1MWEW¥YWW6WH%@EWWWW% ®o®The
gener al use iherd@@hdiions wh:hﬁpﬁﬂﬁﬁbl‘érmtdfgméic ﬁ:ﬁfﬂmmﬂeiﬁhﬁaﬁm mfibbﬂrvmf a

b otei n 15 nat (i S idted il D bt maocld s B b e $R8ERTE 0 o) i s
or chimeric prdwhidiggtiont saction: &iel, | fonditians ppraniffing) d:wu'( Wiel e lese | hismad| of | ysirle
or disrupted Cedubiotides). OMBSr EHhBénSy hybAllakicn mga.m. ondit6af b refifredlicST UPt ed
;ﬁl)![ f])e;, to a Cal{‘ bohxprtao'tmud{uglﬁ% mi?%mtml‘t]?scsﬂgnn?l)é Tuc, cmenmd Pnglecuﬁ a%l;:g gﬁl | S) or to:
20 about 0% nucleic acid sequence identity with the nucleic acid molecule being used 1o
probe in the hybridization reaction (i.e., conditions permitting about 20% or less mismatch
of nucleotides). High stringency hybridization and washing conditions, as referred to
hemein, refer to conditions which permit isolation of micleic acid molecules having at least
about 20% mucleic acid secuence identity with the nucleic acid molecule being used to
25 probe in the hybridization r&nction (i.c., conditions permitting sbout 10% or less mismatch
of nucleotides). Very high stringency hybridization and washing conditions, as referred to
herein, refer to conditions which permit 1solation of nucleic acid molecules having at least

about 95% nucleic acid sequence identity with the nucleic acid molecule being wsed to
probe m the hybridization reaction (1.e., conditions permiiting about 5% or less mismatch
30 of mxleotides). One of skill in the art can use the formulas in Meinkoth et al, ibid. to
calculate the appropriate hybridization and wash conditions to achieve these particular
levels of nucleotide mismatch. Such conditions will vary, depending on whether
DNA:RNA or DNADNA hybrids are being formed. Calenlated melting temperatures for



M nol ecul e, or any portion thereof An antigen elicits an antigen-specific
| mmune response (e.,g, a hunoral and/or a cell-nediated i nmune response)
agai nst the sane or simlar antigens that are encountered within the cells
and tissues of an individual to which the antigen is adm nistered.

Al ternatively, an antigen can act as a tol eragen. When referring to
stinulation of an i mune response, the ¥erra "antigen" can be used

i nterchangeably with the term Irnnunogere. An i munogen, as used herein,
31 describes an antigen which elicits a hurnoral and/or cell-nedi ated

| mmune response (i.e., is antigenic), such that adm nistration of the

I rnnmunogen to an aninmal (e.g., via a vaccine of the present invention)

mounts an anti genqyaPseA fitfiad HTMPE 1L ARRAUITNANOM Kybhids! MEpaRRAE eMbodSheils| ar
antigens that are encountered within tr@%hkgﬁ}u}%%f ofl %@g?%nlnnalﬂ 5A.
"tol eragen” is udEgeRdyRELRtsands itk AT Uely AR S m
amount, or routesﬁéngﬁdﬂﬁmmﬂoam[m*)swhnﬁehmcdihﬂwsniaboua2W§dmmt6$°Cchanged
| mune T esponse t owm%ng.‘@.%%ﬁwm%}ﬁw&ﬁ 2Bl %5 RS LRAREA0AE (more stringent),

, other 1na | et 0

non-r esponsi veness, anerg ctivation, or deletion of inmmne
systemcel | s ih reedgyermes preferlin beweenapauhl S G and wuidSag éensrorestngent):, Wil essi ng
or presenting SUGHdihieWall 8shdiibid A In paafcthriabddigniRiningailybidiaideomiitions Tt MDgeEN
or a toleragen, hut |s nti. ed in a vacci lAElhEn Y
t her apeutic), whéf" I’!&“'ﬁ‘%‘“’%ﬂ%’d&ﬁ’q?&%ﬁ%ﬁ“gg‘l e :Praﬁu%f o‘gr?rﬁgf%ggﬁ ] mlb‘rﬁRe
response, tol er anctehpeiagire of btwess| sbeit 301 and abavs 45 Chmom pesdsrpbls PigFR A Myen.
An "immunogeni ¢ G@éRLdd abdit 5*CJind @ertibck P@ﬁaﬂﬁ%ﬁ&n&lﬂh{utﬁﬁd irdabouf $2QTENt  OF
epi tope of an ant“ir_gen _‘(Xﬂ?. adﬁg*)t i de fragnment or subléngnt oran. ant i body
epi t ope or ot Kr s bflﬂ’ﬁf”i“ "‘E‘Bﬁ"?"ﬁpélﬁﬁf FY&fpes 5PN ey gast one
epi tope that a asmefidg ieaparmog fnmoleesics Ju hinsber HY nudleotides A foramideerd a=anpl e,
a single protei n OFRGAR @buTid Wblaril, 1S b cadiTid 65RLly doMri
| munogeni ¢ domai ns need not be [inear sgqﬂlence V\A‘{?gﬁ n .&got el such as
in the case of a Saubreekarl FprdyAeest 24HBASE. ﬁﬁ“‘@’iiﬂf"o F"é‘%ﬂ i’lﬁ’&i& F&tein as
a singl e i MuNog&Ringentistpessibie] idnhaldbevpprogiateifgrale dOseh hpliridizatios wérititioisent t 0
elicit an immpe g £ ERANE Tyo Qbeatdn Shddofs &%ﬁh&%%hﬁmﬁioﬁ &t Wit afl Bmbralire/ €N
antigen that i's suff rcrent 1o suppress, delete or render_inactive an i mmune
response. Those cpndisjend thet pra 2pprrireataly 20357 C pedeviinrelaulated Le ofpe pegiplardabndy nes gr e
different in size,@RgdhERIRRS tybicRly idcludéi Bmbifktlon Githit M Gnperatid céndiibns@pi t Opes
presented thr oughmtaggmg 1 as }gul_mvggdggglg\é@g{m%h £1 &'the particular hybrid. One example
' of hybridization conditions suitable for use with DNA:DNA hybrids includes a 2-24 hour
20  hybridization in 6X $SC (50% formamide) at about 42°C, followed by washing steps that
include one or more washes at room temperature in about 2X SSC, followed by additional
washes at higher temperatures and lower ionic strength (e.g., at least one wash as about
37°C in about 0,1X-0.5X $8C, followed by at least one wash at about 68°C in about 0.1X-
0.5X 88C).
25 Reference to an isolated protein or polypeptide in _thc present invention includes
full-length proteins, fusion proteins, or any fragment, domain, conformational epitope, or
homologue of such proteins, More specifically, an isolated protein, according to the
present invention, is a protein (inchuding a polypeptide or peptide) that has been removed
from its natural milieu (i.e., that has been subject to human manipulation) and cun include
30 purified proteins, partially purified proteins, recombinantly produced proteins, and
_ synthetically produced proteins, for example. As such, "isolated" does not reflect the

extent to which the protein has been purified.



from epitopes presented through the Cass If MHC pat hway. Epitopes can be
~-}i-near 25 sequence or confornmational epitopes (conserved-bindi-ng regions).
An antigen can be as small as a single epitope, or larger, and can include
multiple epitopes. As such, the size of an antigen can be as snall as about
5-12 amno acids (e.g., a ix:pude) and as large as: a fidl length protein,
including a multinmer and fusion proteins, chineric proteins, whole cells.
whol e m croorgani sns, or portions the£eof (e.g., lysates of whole cells or
extracts of 30 m croorgani sns). /acci nation" or "immunization' refers
to the elicitation (induction) of an inmune response agai nst an antigen or
i nmunogeni ¢ or toleragenic portion thereof; as a result of adm nistration
of the antigen, alone or together with an adjuvant Vaccination preferably
32 results in a protective or therapeutic effect, wherein subsequent
exposure to the ant iAgeadad hegein, mewrmﬁoleiuet@mmhﬁgmﬁpxﬁémmiphlsidawhii:mrrune

response agai ns Pgﬁ] ?95 g G » & di sease
or condition i naﬁrgﬁgﬁ:arr’r% ﬁ’ggel&lfz’rﬁh% 'cr ﬂ’gt @?ﬁﬁ%{?&om in the
art- The |mnewmﬂuws@rmwmm@ﬁevq%@wﬂ%m%ﬂswk!xmwwroapm

cgrmOSI tion 5 ]gmagféﬁtldﬂ,?)n ﬁﬁmhtﬁﬁtﬂsQWEHJl B4R kot lang Jide Bﬁmaﬂmﬁbed $fahd abl e
change in an a of t.he, i ne.r 0 o TN nedi esponse,
hunond respo%se a(f\mt" ¥ STeOT e pro'e' 3 |onﬂ?fg g"ém%:oé"“gdenﬁ&ﬁ(‘)’aﬁ n i%;asg"sie'nce of the
admi ni stration wﬂd ms@mmp&mhtcmm nchude, mamamiegfmowmge!wmlf@tul ar

i mmunogen) genegmmhd id SdeChinst e: s@&kavmlaﬁine aﬁdépfnﬂﬁcﬁdgr\;ﬁleﬁﬁﬂ?(ﬁ J1or e
het er ol ogous an&_llg,?'1 S extr ﬁﬁll urrl%mg |ts sur as a secret ed
antigen), intrac V§F1°“ ° af BT M (?faf' %i}@‘

extracel | ul ar | ystexeeghemistry af:MEMGrf?“yawlﬂirﬂn%gev@er lrgbﬁes hﬂllnyt descri bed
in The art. §ee1,,m1ﬁ.,dg m Umsthy15284, © Narnbi@tation, 8?%{53 geranylation”\C GRES B! O t he

present inventio g eroI OUS am no ar e Se uence of _am no acids

that are not na 'i‘“ffé“‘“’“’ﬁ‘iffy %ﬁﬂ“ﬁ%w Hom PAGEHIN: £ | anki ng
the is specifi eﬁdhmm@tmlmhmmemlmmhmmmfepm ureimag@md'ﬂt he -

flinction of thg,sReol fiudlpR i Bve ChnbhcER REAAKS, chiifped: BRdubNIREHIG siPhr DE

“encoded by the hucleotides that flank the patural 'y occurr. ng nucI eic acid
sequencfe encgdl mm’e’ssﬁg‘em @dh%wméﬁ{f@nﬂm i ftipa@ ‘ﬁ"'ﬂs:* n the
gene, if such nuedolegisk inghyile tsyrghethally Ipolopues, mghurakho oo @

transl ated using st Qﬁ%%p ]]fmg)l loéansew%g&%rﬁom{ 5 oMl 4, t he given
am no acid sequence I'S er| ve ere east two amno acid

resi dues that atheomwiser fmyhickihe sivme sapeacgaRs daiucds emolpgrenmrhs theci d

residues that afeaitipianiadbitiédakitioh otiiachra hxa:a:kdnngom@guarm §oduced usmgA\CCOF di ng

to the present ’imﬁﬂ‘t h?owﬁcr&fﬁn‘?o% ubor nggﬁa%'é?&u bupmi?tlstedtlg{]

"het aol ogous” 08 ing a ero STTusSToff protern,
connection VPt m@mw@ﬁwmwdheww@wesmmmmmwmw otein or

ant i ;gjenI lt?] noth @m?m ks, Q\A;oaan&ammbﬁ&ﬁuub&m?séqﬂf& wcedldg)m@wm&g,dt by the
yeast a oug US|l Ot 1 N u €as [ el ns or
| ofr el PR o PoPonl DA i b, BT RS o

portions there y expresse yeast N Aga
protein as descwitigertsiner ei n). For exanple, a fusion protei n of a tunor cell

Ras prot e nhand a yﬁﬁg&ulégg@omrgﬂk mg&*wﬁhﬁ%ﬁﬂt ds@idfly &¥, &Q&:@ﬁﬁﬂogous
NSRRGSR MV (A OeTE s NI Sl
yeast . 55%, or at least about 60%, or at least about 65%, or at lcast about 70%, or at least aboul
75%, or at least about 8004, or at least about 85%, or at least ebout $0%, or at least about
95% identical, or at least about 95% identical, or at least about 96% identical, or at [east
about 97% identical, or at least about 98% identical, or at least about 99% identical (or any
30 percent identity between 45% and 99%, in whole integer increments), to the amino acid

sequence of the reference protein. In one embodiment, the homologue comprises, consists
essentially of, or consists of, an amino acid sequence that is less than 100% identical, less
than about 99% identical, less than about 98% identical, less than about 97% identical, less



Any of the am no acid sequences described herein can be produced with from
at | east one, and up to about 20, additional heterol ogous am no acids

fl anki ng each of the C-and/or N-term nal ends of the specified am no acid
sequence. The resulting protein or 33 polypeptide can be referred to as
"consisting essentially or the specified am no acid sequence. The

het er ol ogous am no acids are a sequencé9 of am no acids that arc not
naturally found (i.e., not found in nature, in vivo) flanking the specified
am no acid sequence, or that are not related to the function of the
specified am no acid sequence, or 5 that would not be encoded by the

nucl eotides that flank the naturally occurring nucleic acid seguence

encodi ng the spegif Lbqugmimicacﬁkgtﬁﬁ%&%ﬁi&ﬁﬁdﬂan@@@éhr,ﬁiﬁc&deﬁteofg%ma, i f
such nucl eotides I'n tne naturally occurring sequence.wer transl atied using
standard codon udaytar shout HIE6 seryise; te fher 1T “Fﬁ@’"’@ia\‘f’gn“%"r%“ﬁo acid

sequence is deri Y8@emcsprdttiharly, the phrase "consisting essentially or',

when used with reference t0 .au&%gloﬁé&is b3 GHERNE B sl Rrc R oHidkntty RERI S O A
nucl ei ¢ aci d sequencé EHaSHPHY S Pttt red am i

oCl an no_aci sgpggt&ce can be
fl anked by from at an eswtionefdomelpgy whirhtippezfermsd pinead) & Bhe Basitydr 't onal
het er ol ogous nuclh&%l&g%@mﬁhsi@&m?ﬂ& ainki@ afid seaialibs end Hdsia f@ nudeichegifsearthes nucl ei c
aci d sequence encodi ng t peci f.ied. M.nj | SO BRGE: forlbW cdiple ity 0gous
nucl eoti des are ﬁvé‘gS‘ngf‘ﬂp%ﬁ?mﬂ%%wb%@q%ﬂ}“oun% I.n ngrt ur%mi nJ_vi Vo)
f1 anki ng The nucreoos bydefuls Glgwabed én AlischndiiSTy Maddenshle FREAGSE At A0 aci d
sequence as it OHIESy | Qrilfed) . FRLM@, DICOSIP rGaped HUAST OO UR-BLASTOL mawn t hat
inparts any additional functjio o the.protein hRBgERest BE3dahnsbi on of
t he pr ot ein h&i rwmc{aﬂc@ oiuprmem cﬂna}aase gesdch prggz& Wdclefe ' :] '
incorporated herein by reference in its ennrety); (2) a BLAST 2 aligninent (using the
parameters described below); (3) and/or PSI-BLAST with the standard default parameters
(Position-Specific lterated BLAST. 1t 15 noted that due to some differences in the standard
parameters between BLAST 2.0 Basic BLAST and BLAST 2, two specific soquences
15  might be recognized as having significant homology using the BLAST 2 program, whereas
a search performed in BLAST 2.0 Basic BLAST using onc of the sequences as the query
sequence may not idei:tify the second sequence in the top maiches. In addition, P3I-
BLAST provides an automated, easy-to-use version of a »profile” search, which is a

sensitive way to Jook for sequence homologues. The program first performs & gapped
20 BLAST datsbase search. The PSI-BLAST program uses the information from anmy
significant alignments returned to construct a position-specific score matrix, which replaces
the query sequence for the next round of database searching. Therefore, it is to be
understood that percent identity can be determined by using any one of these programs.
Two specific sequences can be aligned to onc another using BLAST 2 sequence as
25  described in Tatusova and Madden, {1999), "Blast 2 sequences - 2 new tool for comparing
protein and nucleotide sequences”, FEMS Microbiol Lett, 174:247-250, incorporated herein
by reference in its entirety. BLAST 2 sequence alignment is performed in blastp or blasm
using the BLAST 2.0 algorithm to perform a Gapped BLAST search (BLAST 2.0) between
the two sequences allowing for the introduction of gaps (deletions and insertions) in the
30 resulting alignment. For purposes of clarity herein, a BLAST 2 sequence alignment is
performed nsing the standard default parameters as follows.

For blastn, using 0 BLOSUMG62 matrix:
Reward for match=1
Penalty for mismatch =-2



specified am no acid sequence. According to the present invention, the
-phr-ase-“sel-ectively binds.to" .refers to the.ability of.an_antibody.,...____
anti gen-bi ndi ng fragnment or binding partner of the present invention 20 to
preferentially bind to specified proteins. Mre specifically, the phrase
"sel ectively binds" refers to the specific binding of one protein to
another (e.g., an antibody, fragnent thereof, or binding partner to an
antigen), wherein the |evel of bindin%1 as neasured by any standard assay
(e.g., an immnoassay), is statistically significantly higher than the
background control for the assay. For exanple, when perform ng an

I mmunoassay, 25 controls typically include a reaction welt/tube that
contain anti body or antigen binding fragnent alone (i.e., in the absence of
antigen), wherein an anmount of reactivity (e.g., non- specific binding to
the well) by the anOphagely(5pindatiécsigeirp (¥ peglalngg f r agnent thereof in the
absence of the anti guen_drepoffGfs exgrent €0) wond sive (D piiegfoslund. Bi ndi ng can be
nmeasured using a variety of methods standard in the art including enzyne

i munoassays (e. g.. FEblegpusing@BLOFAMfa G assays, etc.). The term

"di sease" refers to_any deyiation_fromthe normal health of an aninal and

includes a state m&?’ﬁeiﬂﬁg 'ﬁ;ﬁ‘wl @éﬁggsgon , as wel |l as conditions
in which a 34 devP&F6 0 Exnet (DO SER T IR O™t at i on, genetic def ect,

etc.) has occurred, but synptons are not yet manifested. An "individual" is
a vertebrate, prefefemidipedp t invpgiong the fepnts madifisation” ndTepmation” can be

10  used interchangeably, particularly with regard to the modifications/mutations to the
primary amino acid sequences of a protein or peptide (or nucleic acid sequences) described
herein.  The ferm "modificafion” can also be used to describe post-translational
modifications 10 a protein or peptide or, for example, complexing 2 protein or peptide with
another compound or tethering the protein, such as by a glycerophosphatidyl inosito! (GPT)

15 anchor  Such modifications can be considered to be nmtations, for example, if the
modification is different than the post-translational modification that occurs in the natural,
wild-type protein ar peptide. '

Conservative substitutions typically include substitutions within the following
groups: glycine and alanine; valine, oleucing and lencine; aspartic acid, ghutamic acid,

20 asparagine, and glutamine; sering and threonine; lysine and arginine; and phenylalanine
ang tyrosine. Substitwtions may zlso be made on the hasis of conserved hydrophobicity or
hydrophilicity (Kyte and Doolittle, J. Mol. Biol. 157:105 (1982)), or on the basis of the
ability to assume similar polypeptide secondary stracture (Chon and Fasman, Adv,
Enzymol. 47: 45 (1978)), or tertiary or quaternery structures.

25 The peneral use herein of the texm "antigen” refers: io any portion of a protciﬁ
(peptide, partial protein, full-length protein), wherein the protem is naturally occurring or
synthetically derived, to fusion proteins or chimeric 'proteins, to a cellular composition
(whole cell, cell lysate or disrupted cells), to an organism (whole organism, lysate or -
disrupted cells), to a carbohydrate (such as those expressed on cancer cells), or to another

30  molecule, or any portion thereof An antipen elicite an antigen-specific immune response
(e.g. a humoral and/or & cell-mediated mnmune response) against the same or similar
antigens that are encountered within the ¢ells and tissues of an individual to which the
antigen is administered. Alternatively, an antigen can act a3 a toleragen.

When referring to stimulation of an immune response, the term “antigen™ can be

35 used interchangeably with the term "immunogen®. An immuonopen, as used herein,



Manmal s i ncl ude, but are not limted to, farmanimls, sport aninmals, pets,
primates, mce 5 and rats. The term "individual" can be used

i nterchangeably with The term"animal", "subject"” or "patient". Wi | e
the foll ow ng descriptions of aspects of the invention are described in
particular with regard to the Ras nutation identified at codon 76 and/ or
with regard to conbinations of Ras nut3ltions including a nutation at codon
76, all aspects of the 10 invention below can al so be applied to Ras havi ng
a nutation at any OBC or nore of positions 73, 74, 75, 77 or 78, or to Ras
i ncluding any of the conbinations of Ras nutations described above and
particularly, any conbination of a nutation at position 12 and/or 13 with a
mutation at position 59, 61, 73 .74 bl RhmuhSres lied, 65 Aci d
Mokasl es and Pr offgfHEs Ffm?qg%wgl%v%%éiagﬁrﬁﬁ%@%%}ihﬁﬁ to T' tﬁ)e %ﬂgts:g;%e ¢

i nvention, a Ras a@gaﬁ@imcmatmﬂéﬁbmfﬁ’glm‘&%q“@g’c’f“ Fallfe Usetul in
various aspects @f, 06, RfvEuEE) mduklY & inigi-spaific g ctespansd eiaips) e sePe At ant
Ras proteins, or one or nore portions thereof (e nf@mins or portions

t hereof useful | ARy etEgnOoSt I ¢, screeni ng eg?{]ﬂd‘lthera eutjc
method), as wed| as natiblesagentisingtd (o dseeribseanpnyesy @atiy BRvider) %mgg"é‘ “brot ei ns
or portions theregf (6.8 ird@iBich thafiherd Bl ledidal & Qhafigarimofime repéngt toithe any
research, di agnosr? IC. Screening,  or .tlhere}ge%.il%ﬁge ) otfd ikaBSvatiBab bt di Zi ng
("anti-sense') stawagnqd RN SREIWE 38R Goral ns’ or proteins. The

present inventi OneleGonPdritninnng eyetbry celisrivgespense & sARPEYithRGE 1 Phe ghg

nucl ei ¢ acid nol eculegnlg%&%?é)&hﬁgu&m&g@iot eins or fragnents thereof, wherein

the amino acid seegi [ -the putant. Ras protein A TEQ and JRLPT
contains a sed@ience i CYERAPHRE PUED t%%“?&"gwgﬁanta e:J't;’hem i smaéaﬁn&]tg?ti on at
f

position 76, and jpamkdcab Reghylactinetherpeutich evhere i piokpeiselyepenss, tehigiAneg
non-glutamate amno acid_f i Me it Laghifd the RattiRdtn@dnkigene xi st s at this
posi tion. Accordi‘ﬁ’&“?edmf?lngggﬁ)orléé%ge%?ti nvention, ref er%?g% lsogﬁlﬂi fragment or
"non- gl ut anat e" am noAmimgupeRARic demain of) 3 (EHYER g’l?ﬁ%"tf’?u i.on" of any of_ the
other 20 amino aciispe OMmEGLe (4 Hursptide fpgueniir yebunitpi 30 Ruthpdy HBIPF kAN t o
those of skill in the art In ' 1ha¥k oRE iRflact kb aCimmRinigen whehe
non- gl ut amat e 80 FAHE" (?Ilﬁt?pgﬂgﬁgéf%e?%%p)%hgﬂel sine E7610.. Sfecdhr
gl ut ani ne (E76Q) , sdmiinistedgh woshrnal. Eergmapalsy @SS PRt @ SOFBLTHOHTTACI udi ng
any ot her non- gl ufAnal.e:adbhehsAQindunciéni uRne 26 ynoebr intpaserteh yitina
invention. 35 A Ras-encodi ng .nucl &l L0 ecul e can include or be
Bptein: sb@rﬂf i othk h’3""?°;&P"e Y

derived fromall BF°a Tas gene sefected from K-nmm, ras or
H s genes. |n one aspeepiopt i alefed hesvt ek SGle MERROET L AUHY P EYER B8R codes a
Was protein wiph hhe, SkfhEio HichiiRiud respsd, ti Ofinghbolehgrnia it ¥ithin BgiyRact , t he
Ras-encodi ng nucleic acid npl.ecul e enc Sr Qenlid | Bl S50 1Thof2d ONe
or nore further nﬂ“&@i%?*#ﬁm%ﬁsﬁpﬁm%ﬁ%%g rrui atggn at orgslgti on .76,

i ncl udi ng, but nNObE dillrkh the dt tll reengtize thay Feth epitgss pop difigrent o sice pgd compostel . g9
the positions beipg Bel ALiNe, Lod darhilopesipiiitelthroubh ho Clad I REYX pttimapdifien d

sequence. | n other enmbodi'nents,. various .other Off it 26k fesd ei C
aci d nol ecul es en&%i‘ﬁweﬁﬁtéﬁ?@ 'g? g?aﬁssh]gfui i’ tE'e ppr]}e%ée_rﬁt i nyention

(i ncl udi ng nut gnt sdgadecCapiforsistvgal epitonesi (cvesTved bindiag fepigns)- 140 anPEER BBOE 414/ or
61 with respect to a wld- %nggvg; PaffapfbitieSaMtipRSitpss. A8 sholyale sipe of
conbined with a s& aragfggg}% prot e?arﬁﬁor gggli de g‘}lt aag,%ﬁ; 2hAE 1 o8 aFEP2r at e
nucl ei ¢ aci d mol eeuintigasariishyoall atthovhittAAPP A Sl =& o_(}i ment's, the

Ras- encodi ng nucl gigh dfoteth, iRMERH eulinenid fusin Repting IRENs PRICEH vhyle celldng| e
mut ation at positi (3, T4 . 15, TLa0F o(8of le)h, SPHRs NRRM BN b6 extiabre of

Ras- encodi ng nucl é‘i%@eé'ﬁ'f’r%m%’ls%scﬂgzrgﬁ%odes g S protein conprising 15 any
conbi nati on of 3 wamigeorgsmies)nut at i ons at positions 12, 13, 59, 61, 73, 74,
75, 76, 77 or 78, W t hngQrhida® b “fimunPitoat referashe citiation tinduétion) ofen WHYPE | on 12
or position 13 with at |east one nutation at lodolicOfdrtfoR theflds; asadresult4f 75,
76, 77 or 78 bei ndeSpuEt PR e “ﬂgﬁﬁ‘ﬁ}"‘%‘ﬁ"%’%é’fﬁgﬁﬁs an relative to a
Wild-type K-, H QimilsiRsisn efthaonise) dons evtogthervity 3 adiynh cYacoRafen Rretergdii, o
protein useful in the invention (which can be encoded by a 20 nucleic acid
nmol ecul e useful in the invention encoding a Was protein) includes fragnents
of at least, but not limted to, between Sand 1701 between Sand 50, or nore
(5, 6, 7, 8, 9, 10,



11, 12, 13, 14, 15, 16, 17. 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
~30,--31,-32,..33,..34, 35_36,_37,.38,.39..40, __ .. .

3z

results in a protective or therapeutic effect, wherein subsequent exposure to the antigen (or
a source of the antigen) clicits an immune response apainst the amtigen (or source) that
reduces or prevents a disease or condition in the animal, The comicept of vaceination is well
known in the art. The immune response that is elicited by administration of a composition
5 (vaccine) of the pre%mt invention can be any detectable change in any facet of the immune
response (e.g, cell-mediated response, humoral respomse, cytokine production), as
compared to in the absence of the administration of the composition.
A Tarmogen (targeted molecular immunogen) generally refers 10 a yeast vehicle
expressing one or more heterologous antigens extracellularly (on its surface or a9 a secreted
10  entigen), intracellularly (intermally or cytosolically) or both extracelllarly and
intracelhilarly. Tarmogens have been generally described in the art. See, e.g., U.S. Patent
No. 5,830,463, '
According to the present invention, “heterologous amino acids™ are a sequence of
amino acids that are not neturally found (i.e., not found in nature, in vivo) flanking the
15 specified amino acid sequence, or that are not related to the function of the specified amino
acid sequence, or that would not be encoded by the nucleotides that flank the neturally
occurring nucleic acid sequence ennoﬂing the Speciﬁed aming acid sequence as it occurs in
the gene, if such nucleotides in the naturally occurring sequence were translated using
standard codon usage for the organism from which the given amino acid sequence is
20 derived. Thercfore, at least two amino acid residues that are heterolopous fo the antigen
are any two amino acid residues that are not naturally found flanking the antigen
According to the present invention, reference 10 a "heterologous® protein or
"heterologous” antigen, including a heterologous fusion protein, in cunnecﬁoﬁ with a yeast
vehicle of the invention means that the protein or antigen is not a protein or antigen that ig
25 naturally expressed by the yeast, although a fusion protein may include yeast sequences or
proteins or portions thereof that are naturally expressed by yeast (e.g., an Apa protein ag
described hercm) For example, a fusion protein of a tumor cell Ras protein and a yeast
Aga profein is considered to be a heterologous protein with respect to the veast vehicle for
the purposes of the present invention, since such a fusion protein is not naturally expressed
30 byayeast
Any of the amino acid sequences described herein can be produced with from at
least one, and up to abomt 20, additional heterologous amino acids flanking each of the C-
and/or N-terminal ends of the specified amino acid sequence. The resulting protein or -



41, 42, 43, 44, 45, 46, 47, 48, 49, 50...etc.) contiguous am no acid

resi dues of a WAs protein containing amno acid positions 12, 13, 59, 61,
73, 74, 75, 76, 77 25 and/or 78 relative to the wild-type Was am no acid
sequence, wherein the am no acid residue at positions 12, 13, 59, 61, 73.
74, 75, 76, 77 and/or 78 is nutated, preferably by substitution with an
am no acid other Than the am no acid o#curring at this position in the

wi | d-type or non-tunorogenic, formof Ras, with respect to the wild-type
Was sequence. Typically, the WAas protein has a maxi mum | ength of the
full-length wild-type or nutated 30 ras protein, which in the case of SEQ
NGs: 2- 13 descri bed herein, ranges from188 to 189 to 193, although the
maxi mum si ze Ras protein i mt,,ed 1.0 th inh ci@Ne
enbodi nent, a pr E@F‘?"@H“F‘r'ﬁg’ﬁ?gﬁ?d% cmmmﬁr%s?%?lﬁ] (lﬁ{r:c tr}ﬁgecéﬁedea?lvl\lgen about 5
and 9 anino aci dseqﬁbfucet Haedmwmhaéusmoamdhefﬂ&cwﬂ%%d’ﬁéﬂ@% agifsbat i B ype

sequence, or the n}g ‘d Pé:eno“ﬁﬁhdluﬁnﬁ&&qmv%ﬁﬂan%ﬁ lthe Cspbcifieti amjno acid
non- oncogeni ¢ Ra$) Pan

Ing el t de_ of. on 12, 13,
59, 61, 73, 74, ql:guenqe@or thay arg Rof/ F d7§ IJC ion Q‘%hc %E& %nggcci: d&?ﬂeﬁde & nt Of
Ras conprising t it vaildmot ba edcoded by mmmctmm%ﬂmmmmw naqlﬁlcrmldam ds on

ei ther side of posi & | on 76 g} H atl} o201 sEHerBE heCin PRk tid @ ga:ic ﬁ'&ﬁﬂht lon 76
is mutated with ffq“espec W

type, non-tu C a 17
amino aci d fragnmeveodses mge » Wr*%%@“&ﬁ'ﬁ?ﬂgﬁfdld&e lp"od3|E f -on 7% f1 anked
by eight ami no agjrdf @snkn Hearwikihdee gfenposiotaidneqire istdsriveiln Simehadieno aci d

at position 76 is, nut, al imckpg% {“g SIE Ghhed e&n&m&:gmttyaem&asmme) I'n
one enbodi nent, & Ras® rn useful in the mveE@dCon |nﬁl uds Se fat unagnan of

at least 5 comt i gecmgelermonguiks agid seqypnc pacpding s am no aci ds,
or at 10 | east 1%‘511@1'](@@ o leadt One, @iid Wit to ke asty 2P Boutgi0, dﬂlﬂbvhh*#f@@““ﬂor at

| east 35, or at 40 r | . Ski erd amst 75,
or at |east 100, depgta%@of%f %r%ﬁ)g{hgg enflk fﬂéndcﬁﬁ d Sedu eﬂmﬂg

I"east at | east
conti guous ani no swcﬁﬁﬁbﬂ,mﬁmveﬁdaﬁ“@ﬁﬂ- tTha beterplpe @l‘?ém‘(ﬂ“"faﬁ% ‘1"{' r ot ein,
including any i NG MGl dané, 3 vivb)MAERE ﬁefnudldimdcsﬁquatm ewading gcam:lﬁ aci ds,
I n whol e nunber ingrenents cgz%nmﬁufsin&%nu%ml%ﬁ%orﬁt}nﬂtgﬂ%@dﬂjﬂ%m‘emm‘%ﬁ”mm 17,

18, 19, 20, .. 1739 3mpY mgsppcr 15 Several of such
fragment s of t he asyniditiosal Gindtibe tecthe PMWB“E%\W“@WFW tep hEnertRs ont
mut ations can be 4 DAL 2kill suedbel gl € chineric prote| n, in one enbodi nent _

Exanpl es of such proteins are described in the 1o reiirh &f 6 ably,
the fragnent of a nucheserdingm,to;the RRGETL MyFRic 'é%%:(f&f“ﬁe s{?%ﬁ aﬁut Ante Ras rtotel n or

peptide is of a sbifg ofufditoih aitgtnbinsingogmest o i pRBF oS E R RSET PR
| dentificati On to preferentially bind to specified proteins. More specifically, the phrase "selectively bmds"
refers to the specific binding of one protein to another {¢.g., an antibody, fragment thereof,
or binding partner 10 an antigen), wherein the level of binding, as measured by any
standard assay (e.g, an immunoassay), is stafistically significantly hipher than the
background control for the assay, For example, when performing an immunoassey,
25  controls typically include a reaction wellftube that contain antibody or antigen binding
fragment alone (i.e., in the absence of antigen), wherein an amount of reactivity (e.g., non-
specific binding to the well) by the antibody or antigen-binding fragment thereof in the
absence of the antigen is considered to be background. Binding can be measured using a
variety of methods standard in the art inchuding enzyme immunocassays (e.g. ELISA),
30  immunoblot assays, etc.).
The term, “disease” refers to any deviation from the normal health of 2n animal and

includes a state when disease symptoms are present, as well as conditions in which a



20 or anplification of a Ras nucleic acid nolecule (e.g., a Ras gene or Ras
RNA.-nol ecul-e)—t hat has the.sane nutati.on.or nmutations._A.fragnent of a_Ras
protein or peptide is preferably of a size sufficient to at | east serve as
a T cell epitope the context of class | or class E fvflIC) or as an

ant i body epitope, although in sone enbodi nents, Ras proteins having other
functional qualities may be useful, such as a Ras protein that is
associated 25 with AP, Rea protein that can induce cellular signaling

rel ated to gene expression, cellular proliferation and/or notility, or Ras
protein that can act as a target in an assay, by way of exanple.
Accordingly, the fragment (nucleic acid or protein) conprises enough of the
naturally occurring.Ras nucl eotide or am no acid sequence flanking the site
of the particular nutation, respectively, to be useful for these purposes
and in any reseéaviaﬂrqn @8, ﬁlfaﬂ@ﬂ,@iei.ﬁutaﬁsmrgeeﬁﬂ dRfict, @) Hab K28, Wi Fm@ERPOSi ti on
or method or usg, g§ ﬁperel n. Ref erence to positions wth regard
to wld-type Ras proteins herein are generally made with reference to the
position in mammal i AR “iRlivideal\ipe verisbrete rpovfedblyse munmad,t mdrepreferably & humaggar d t 0

the position lthWmﬂﬁdemdeﬁtiﬁnfﬁ% fabth BAGaI0 EpoRtuiRRss, Pé@ Rﬁ:&téa%&d that the

37 p03|t|ons referenc boye corr ond to e sequences for
human or nuri nemﬁr%é qﬁl—@ g’“%‘? £ é“ﬂ@&"ﬁﬁ‘ﬁﬁﬁ‘?éwg acid
sequences are | d@apet "oBfoatient’t hi s regi on of the protein and Si nce K- Ras,
I'l-Ras and N-Ras ar wmraa.etfbm’sngldeschﬁio& bCEhe - of'ﬁférm@emidiloax@ﬁés ibef FUences
that mght differ. il ahe %&F‘PCIQ%B%HG idn inthe art wll 5
readily be abl 6 de er A i EWHR A opBd EREhY, such as
by sinpl e ali grtshinatgs pf M@MMM@MNMW%MEQ&, allSupdats aof filikagent  can

be any | engtb, fhmanarerurveeam@rpwwé 16 R BaIHQY SR 3F bk dr Geibges OF |
Ras protein up ta. th%é, ,}14775137eln8th of the Ras proteln, in_whole nunber

increments (e. 78, 8f, to s inplyding guy qfjthe qombingtipny of Ry 19
20...45, 46, 47muteinuﬂ drscrilied Phye and phatioiarig, g aohbiation of & mingkics atpesiiael2f or a

variety of Ras 36! 13%ilTR HREGH oo o1 ‘%99?""1?'7'3 HNGadiA SEQ ID NO 2 is the

nucl ei ¢ acid seguence enco |ng hurran K- khown in GenBank Accessi on
No. NM 033360) .2usEadols S SU T e "ts represent ed 'herein as SEQ
ID NG 3. SE@ID NOAocmﬂmgluemmpeieﬁu:ﬁv Or RAGHGHAY mitléici oA K- r an

(al so known in QNG 021284 SEO I D.15 NO 4 encodes
murine K-ras, r@%@g%ﬁﬁgﬁﬁrer n as %@6& é%ﬁﬁl%' SRPIEYPOT PR ) e
aci d sequence JHE iRy °hmmP¢|W@°l§£lﬂ§9f(R§omﬂm0mﬂBmﬁmﬁme®bmon No. NM
00343). SEQ | Dﬁp:ﬁempeﬁ@&uhm&-ﬂt oA erapeRity BERHDH,CL PEI &1 fhcid EEEQ I D NO 7.
SEQIDNOBls Egglwejc arJ, dﬁwsu nce encodlnr%lf%?e H173.4 (al so
known in GenBarl ession 8’?’%’2@ UM QLU i ne H- s,
represent ed %er‘hﬁfﬁf Hspfup (in Wl&ﬂ%@ﬂh@lﬂﬁ@r th€rapeutict im@hod)iot dec aci d
sequence encodl 19 dBA R At 5 £ﬁ£§&ﬁdﬂ%@méh§@ﬂﬁﬁ%& ARERS ThOHDR -
NM 002524) . %Jfﬁ NO 10.e ges h rran N- reprgcﬁlﬂt ed her e| nas SEQID
NO! 1. SEQ NO'TI2°1S Hmemn“iu r?écg”"@n@ e At Moke™esr as (al so
known in GenBar?RWﬂléE:e@hmmFFﬂN@r ﬁmc@ti(ﬂ@t;ﬁi) wh@EQhe D@ &2 seqewe ©f thaunan
N-ras, rtep{ eserﬁu@tﬁh@bﬁkﬂoﬁhﬁ@@ﬂ@oﬂﬁ@ﬁ%as%ﬁdﬂ%p@mﬁoﬁ?@% §Ha 2
representatiye enc i scussed abave, s i3 an
exanpl e of %db%%%oﬂm‘%@ééﬁﬁpﬂﬁtwmﬁ SpSiBYiPR A0 cur  at
parti cul ar posigutagat amine adybfonths ghutamdtectbiat watérillytekiets eteldeﬂmeiﬁbmrmccedmme or nore
types of cancefp, faentPhaakdAl re!fe!?éﬁaznw Q“n&egm%é“éﬂ %@C@}rf 9 new

cri or

nut ati on that has.not Fr ev] ousl y been known or as wel |
as a combi nat i SPPSEHORA ??HF’a?lol"E‘H“%‘qsﬁmﬂ"W(fW‘ldH’rPE%'FdH“@H‘&tWeEynergl ze

to signifi cant |kyownnethea sskill ixtthodnC D@ indirky YrefefredenibodiBdnts BEdoh-Blitabte N

combi nat i onypf i 3k AlSeryehd ARG s Syeind BF5G A « GRS tET 6, Uihobh other
substrtutions at this position, including any other non-glutamate amino acid, are expressly
encompassed b)_r the invention.




proteins useful in the present invention (described in nore detail bel ow)
that conprise, consist essentially or, or consist of peptides containing
this mutated residue and al so other 38 particular residues that are known
to be nutated in certain cancers, wherein each domain contains a different
mutation at that site and/or contains a nutation at a different sit; in
order to cover several or all known nut*ations at that site or in the
protein. For exanple, with regard to Ras, one may provide two or nore

i mrunogeni ¢ domai ns conprising at 5 |l east 4 am no acids on either side of
and including position 76 (but not limted to 4 am no acids, as shorter or
| onger stretches of flanking am no acids can be included), wherein each
domain has a di 1 er eny xaliehisk Wl ad okl Bh HeBBBbEbe! ditle M Ly OCCUI S
in the non-nutated Ras protel tron 76. One of substjtutions at
this position is Pp‘iﬂ@f@rﬂéﬁ gynegelgrisd fome Ko, Nrrps o Hghens- (IR @ go st ut i on
or a glutam ne suhsbih Mj‘clei@lamd h:ﬂle@lt&n@aarimaepm‘mlﬂemﬁ&epﬁga Statonrat Reipén de
conprises fragne

wi |l d-type Ras pr%elnh ﬁ’rd“'g Sfi‘asf%ﬁcenlﬁ r%%“ﬁ%y%lggﬁcgdégakg%&hm o

i ncrenents, cont abrensigs A wom@relﬁdthgrdnmﬂomg Bliimﬂrf.LB' thesgutagpn at pasition 76, 75 76
77 and/or 78 rel elntiBe, Rt AdP Bridéd! 16 AndtiiBnsRA posicnd €4, na m@m ihb @osiivhan0 aci d
resi dues at positions 12 13 74,. 75 o) /8 are
nutated with resb@‘ﬂ %““t‘%%‘b\]ﬂswlf% °ré§§“ “F'%?%lidnsequﬁpr ef e “'é:it e%’15
‘protein or pepti dericpotpr myesss eftRa wdapclce ﬂmsitlﬁ-‘thcdw entodipg Sk FE‘PP‘-‘V’Gﬂ wefld nore

preferably, the mugabidaed ventidn minghuut(ms&in ﬁm&ln}iﬂuaﬁmﬁomme nrsg

glutamnefor t he Iutanatethat reSJdes a 05|t| I'n
'one aspect, a'%udf 91%?*6‘{‘&1’&“&"0%“3& n?‘%%l‘g disemenge). m'? At r'n've"ﬁ‘fli on

‘consi sts of at | easparenEl6p@ptin de peptidd mu@ntfqﬁm of M mmuﬂ#!@ prich motetdy
nmutated tumor an%&&aﬂg mﬁéﬁ‘%@hﬂ m@@m@&w@ﬂu@wﬁsmtﬁama mmnaﬂgr oup

iconsi sting of (a) peptl e conpr.i sj | éast _fr -20 or at
least from posi t|¢6°ﬁ§“8- S@ %“BW"%?%ng’pt |°EI ?)‘B"t ween or
| arger), wherei neh:hcﬂmrtba weubudmﬁmdlmua:ﬂmmmt engorled] @ R prdtein ecmasingto SEQ
ID NG 3 is muja s.ﬁrémqa tions(18) 138590613, ﬁ@vstearﬁms' ng_ at
| east from posi tl(;%' Q{t%’.;. east Or O%Rsog?st ] Z)ns BﬁEl)

(or any size pept"ﬁ:dtf!ﬂ‘lcﬁmlzﬁmﬁét“ﬁ@éﬁs‘rﬂm Péﬁ“b‘@ra} Pos{fiL %97 pogitFpD lél’ﬁ“ﬁg least d
iresi due at posi t iofdmitdtioniat bosrtias;sgcm 0 78566, t4) MG 38 bﬁngwmmmd fagincahpar ed

to SEQ I D 140: 3; a I ositions 51-67 or
'at | east from podl |°55na§toel§" ﬂ@@ﬁﬁ%fﬁ%%@% ange%[sglngce peptide in

bet ween or |ar ger), \MWWW@W?@W@SW@ whighyeen bs epgodsdbxg ¢ h

res p_egt to SEQ | %&A&;ﬁﬂ | rﬂoﬁ:cﬂyﬁsf %ﬁﬂ3t§3&v€nﬁ6ﬁﬂ6ﬂﬁghﬁﬂ.&$@lﬂ1}6 included Bagiiens @)
pepti de conprisin east.fro 0sjLio r to f,ram
positions 57-65 gé Q d Si Lz%“ sfn%ée m%rﬁkﬂ?gfgésr’ig 19]
larger), wherein{.Ha, Hm%ﬁ,éﬁ;llﬁ 1Bé§439u¥ %R»?-’pé@ﬂﬁd?érmfﬁﬁ 3L é%-@éci“ to SEQ

1D NO: 3 is nutat g¢ 3S37cHpRUEALLL, HEQ, W4§,47(:ﬂ)49a5medﬁ-]cdﬁlgﬁﬁﬁfﬁﬁiﬂ5hdw at

| east fromp03|t|056E 1 or.at l.east from f SF6(37 D NO: 3
(or any size pepf‘?‘@g&” FrofsIn SRpaRng gipo.eyd 3““:'“5 22?325ﬁ% ﬁ’g @ﬁsho a4c| d

residue at pogit ianbor78 relptivh ty é:spgldﬁm&as@gng @N@@ms wherein tthegamine egthpar ed

to SEQ ID 140: 3; Liske & p&ﬁﬁhé &%C@M*i"@'ﬂgmbs |7@§§ﬂorfﬁﬁrﬂ%ﬂlﬂrﬁ&ﬂﬂy§ﬁ 82 or
at least from positions f

of SE 140: or any.siz tidein
bet ween or | argery MVWE?”é"Pﬁ“T'ﬂEP ?Eﬁil '5&*\‘8'-‘ g 6 &'ﬁ?g‘b’ﬁ‘mﬁlw th
respect to SEQ | Bilf-ybdOr dnitsnamghmid, édmaﬁRmmuhmnbcttoﬂﬁE@mwm@ Squeper) a
peptide conprisi ﬁ%.%ﬁl | A8k piofeﬂa”ﬂa??ﬁ:'aﬂn&ﬂ%m@:ﬂ oPthe ‘ﬂIn-léJngﬁﬂai}pefofﬁl{ﬁthPS' tions

71-79 of SEQID or any size etween or larger), wherein

the anino aci & r &Pl chwaf%EQ\ﬂ)tWrzééﬂ&'ﬁW B“SE(?“PB 0188 19 s

nut at ed as conparggho i, sHsédch Be kAidindm sizdBas proR@ dotitmied lisskngsat | east from
-positions 69-84 or a Iea fro ns - , y size
peptide in 10 bet weer™ l?"jgergngvxierel %%aﬁéﬁﬁ%&%& &&ég??%"&gﬂ"é‘ﬁp
‘position 77 wt hancb%pmuqactd@osmwml RasGangno agid seauence theapdlddypa praresee. POSEQ | D
1403; (1) a peptide conprising at |least from positions 70-85 or at | east
from positions 74-82 of SEQ ID NO:3 (or any size peptide in between or

| arger), wherein the amno acid residue at position 78 with respect to SEQ
-113 NO:3 is nmutated as conpared to SEQ I D 140: 3; and/or the nost preferred
enbodi ment of 15 (j) a peptide conprising at |east from positions 6844 or
at least frompositions 72-80 of SEQ ID 140:3 (or any size peptide in
between or larger), wherein the amno acid residue at position 76 with
Lespect to SEQ ID-NO: 3 is nutated as.conpared to SEQ 1D 140:3. It is noted
that these positions also correspond to any of SEQ 110s: 5, 7, 9, 11 or 13,
since hunman and nouse anm no acid sequences are identical in this region of




251 n one enbodi ment, a fusion protein construct useful in the present
..Lnvention conpri-ses the fissi-on. protein represented-herein as—-SEQ-+PB—ww - e
140: 14. I n another enbodiment, a fusion protein construct useful in the
present invention conprises the fusion protein represented herein as SEQ I D
NO 15. Accordingly, the present invention includes any nucleic acid

nol ecul e that encodes, 30 hybridizes to, or is the conplenent of a nucleic
acid nol ecul e that encodes any of thegRas proteins or fragments thereof
descri bed herein, and includes nucleic acid nol ecul es encodi ng any of the
fusion proteins described herein. The invention also includes antisense RNA
and DNA nol ecul es based on nucleic acid sequences of the invention,

ri bozymes 40 based on nucl eic acid sequences of the invention, RNA based
on the nucleic acid sequences of the invention, and/or aptaners based on
the tertiary Rasqunaetter b ssdriastal witheceflart tve-oncogesio tRiag) lankvgi egler side/ofsle pr epar ed
by any method k lafpokifin B § SA, 4053, YEl%7 LepH I IS Sn i Pkmik gAY CA! 1 Y
synt hesi zi ng po{ﬂynucnIﬂglf)c{'nﬂlH es_’_v\?féls?'-%E’_noi/vr_l’?dﬁ the art s% as_sol?%ﬂ% phase
phosphor ani di t eftgmesictBas cepmrising e aming\peidAt pesitioy 29 fankedipn ivAmROFds O hmy be
gener at ed by i neithiértsid® ofgRektion 76y Whefkid theffiay dcidtphation @f pokitiby Hagmanarsitencodi ng
the anti sense RNA nul ecule.  Such DNA nce .{Tgéé- i r dinto a
w de vari etygofmect_%rasw{l% jnﬁné%?’?f rgﬂ:{‘ggﬂﬂ%u%ta;_tl) e 'Rl}’:f%o mfgﬁie‘g‘ ronoters
such as the Ti enmpesig theoiminpeacilait positio ot Sanked by sighteminoecidygsithes sige Plict s t hat
synt hesi ze ant i gRMGE7T6RNAEOREplitoliki iEloMtidar?e kGmitatud with Rispect 1peildiyRg on t he
pronoter used, gan _be i.ntroduced .stab 'n;g . I cleic

aci d- based agengass C ﬁmf))'e 1:é'n':’t'"‘r"o uog'énggli !rllt)f%g os'Pq'g%lhllgﬁgrﬁvfe?@gﬁ%?g%nid used to
i nhi bit the expfriemsitofatiag S Gontigueptamingrpcidy ofalleast HHcoptious pwme paify, or at

An_og herI enblqdi MR 1506r of 1A 0 GSLRAst 2SN QNedsON, brRCkACIISoran 1|mm,rﬁaiangaai nucl ei ¢
acid nol ecule c rising a recogpi nant ctor. an n ac sequence
derived froma '%ﬁ%’s@&‘lg %ﬁe&?‘gg %%&%ﬁ:{ goraatﬁﬁgsg?ro#%sﬁi%rmﬁgelﬁﬁ de or

f ragment - t her eol75aentigwuratiitoecidi endap w.theTiylblene sizp of the ag protelni indindinepuic| ei ¢ aci d
nol eC;J! e incl Udfﬁﬁwé:fing'slﬁ:é‘ﬂﬁn{gﬁl?fﬂﬂ%ﬁ'l&s@%ﬂo ﬁlﬁﬂﬁﬂﬁcﬁeﬁ&b&hﬁmﬁﬁ%@ﬁt

i nvention operative inked .to one or re pr.essi ' r sequences.
Vari ous types of: % é’c%rlrg’i Halt Rrdét by §8v%n§hl%§ﬁ6§’ %sggls‘ﬁq{’h'@leﬁ ention
have been descr $dyveal ofilosl dagnRi©nt the sameor differext denipihnbaving ithe |seuedr diffepht t he
present inventi A alBe ddBiledi® Hﬂgﬁ’%i : RGRSHE bR Exdnficdof @

nmut at ed Ras pro@gﬂ% or %odrdt |_on_t?1ereo § Iin one enbodi rrent,xﬂ(g% encoded
product is prodiemotms spdsisdbed pobeExpmplese ¢ aci d nol ecul e as descri bed

herei n under condi t PeRablgf he Ehdnet ¢ PicRidURE mhdlulp rebdoding) the Amtune Res' 1 ed

met hod to produce .an e e rotein is tr i . | with
one or nore rec%ﬁ‘g?ﬁ%prfﬁﬁgg O?ril)P%ecq 8‘_&“ t%oom?%?shﬁpgi&?%%gﬁh%%%lﬁ%gﬁaﬁﬂsm tabl e
host cells t48 t eraamplficetionjofie Repucleipprid mpleulp (g |2 Rep eeng of Res Ridymalaralelr i al |
fungal (e.g., y@aShy theisG&Cbtation lof Blrafins. A MRmet QX la Hab aloteinadt gogidt iansf ect ed.

Host cel s can be el far bkt NS SELPARRl i duSneoithe Abfies b 020y

transfected withoa east one other reconbl nan el ¢ acl ecule. In

one enbodi ment @#ss {HMHC)aren py gnbody epitops, @jthongh in geype erabofimpnts, Basprofeips ce| |
Nucl ei ¢ 30 aci dndWiak ehet feitidnblofaifiey HRyChe wadfil), €056 ta RS Ploin@Bat Bfassodifteddr esent

I nvention c azg | Qrﬁll &H’? R.a@lfngulte‘?nl tﬁat cani induce cellular signaling releted to gene expression, cellular
proliferation and/or motility, or Ras proten that can act as a target in an assay, by way of
example. Accordingly, the fragment (nucleic acid or protein) comprises enough of the
naturally ocourring Ras nucleotide or amimo acid sequence flanking the site of the
partinler mutation, respectively, o be useful for these purposes and in any rcséarc.l;

30  diapnostic, screening, or therapentic composition or method or use described herein.
Reference to positions with regard to wild-type Ras proteins herein are generally’
made with reference to the position in mammalian wild-type Ras proteins, or at least with
regard to the position in hurpan or murine K-Ras, H-Ras or N-Ras. Ft is noted that the



aci d sequences encoding one or nmore proteins, and/or on or nore portions

t hereof Such nucleic acid nol ecul es can conprise partial or entire coding
regions, regulatory regions, or conbinations thereof One advantage of yeast
strains is their ability to carry a nunber of 41 nucleic acid nolecul es
.and of being capabl e of producing a nunber of beterol ogous proteins. A
preferred nunber of antigens to be prodiced by a yeast vehicle of the
present invention is any nunber of antigens that can be reasonably produced
by a yeast vehicle, and typically ranges fromat |east one to at |east
about 5 or nore, with fromabout 2 to 5 about 5 conpounds bei ng nore
preferred. Preferred VIMhosts are discussed in detail below It will be

Foehnol ogi s an FHBFUTERES Rl g PrissR b e Fob el BERPRARY sl .

mol ecul es by maniRes [HeRss RON-Rew sinesaprpi and mobe aiaiaEd speoesd giedl it R ¥ nucl ei ¢

aci d mol ecul es Wi Bine kb Grok aBPsifice KoRds, 1-RuE NEFaS bre RfaticuWik this\wbpfonh Firhos e

nucl ei c acid nolecules_are transcri behg .t H:?r a%fn:]: C&?QP&&M@ iWﬂL chydnhe

resul tant transcrimie acid peguenges fhay might gifted in pthpy agima} speqics, o8& OF 0 108 £

transl ati onal srodeéfliCit ibiervs . detéordiet the nertesppodingrequance etions, such fe b SMPlght  be

genetically engi %ﬁ%&%ﬁ&rﬂ%%&.‘b@m&% shfaiths. Qlch@MEBEEER Be & GRS t O

t he nat i ve pronoter. Reconbi nant t_echiglm%l Ecss oyﬂsﬂull_mgnourbtg péuﬁ-?elnétﬂ DG d he

expressi on of nuct sbabgt P QORHEHoRt AT P

: Ras protein, in whole number increments (e.g., 5,6,7,8910,11, 12, 13, 14, 15, 16,17,

18, 19, 20...45, 46, 47, efc.). '

10 The nuclectide and amino acid sequence for a variety of Ras family memberz are
well knrown in the art. SEQ ID NO:2 is the nucleic acid sequence encoding lmman K-ras
(21so0 known in GenBank Accession No. NM_033360). SEQ ID NO:2 encodes human K-
rag, represented herein as SEQ (D NO:3. SEQ 1D NO:4 is the nucleic acid sequence
encoding murine K-ras (also kmown in GenBank Accession No. NM (21284). SEQ ID

15 NO:4 encodes murine K-ras, represented herein as SEQ ID NO:5. SEQ ID NO:6 is the
mucleic acid sequence encoding humen H-ras (also known in GenBank Accession No.
NM_005343). SEQ ID NO:6 encodes human H-ras, represented herein as SEQ ID NO:7.
SEQ ID NO:8 is the nucleic acid sequence encoding orine H-ras (also known in GenBank
Accession No. NM_008234), SEQ ID NO:$ encodes murine H-ras, represented herein as

20 $EQ ID NO:9. SEQ ID NO:10 is the nucleic acid sequence encoding human N-ras (also
known in GenBank Accession No. NM_002524). SEQ ID NOQ:10 encodes human N-ras,
represented herein as SEQ ID NO:11. SEQ ID NO:I2 1s the mocleic acid sequence
encoding murine N-ras (also known in GenBank Accession No. NM_010937). SEQ ID
NO:12 encodes human N-ras, represented herein as SEQ ID NO:13. SEQ 1D NOs:2-13 are

25  representative of "wild-type" Ras sequences.

As discussed above, Ras is an example of en oncogene in which several mutations
are known 10 occur at particular positions and be associated with the development of one ofr -
more types of cancer. The present invention reports the discovery of a new mutation that
has not previously been known or described for Ras, as well as a combination of this

30  mutation with 2 known mutation that synergize to significantly increase the oncogenicity of
a tamor bearing such combination of mutetions. Therefore, one can construct fusion
proteins vseful in the present invention (described in more detail below) that comprise,
consist essentially or, or consist of peptides containing this mutated residue and also other



15 include, but are not limted to, integration of the nucleic acid
nol-ecul-es .into one or nore host cell chronosones, additi.on.of vector
stability sequences to plasrnids, substitutions or nodifications of
transcription control signals (e.g., pronoters, operators, enhancers),
substitutions or nodifications of -translational control signals (e.g.,

ri bosone binding sites, Kozak sequences, Shine-Dal garno sequences),
nodi fi cation of nucleic acid noleculeg to 20 correspond to the col on usage
of the host cell, and deletion of sequences that destabilize transcripts.
Fusi nn Proteins As di scussed above, one may construct fusion proteins for
use in various enbodi ments of the invention, including fusion proteins that
contain at | east one Ras 25 peptide or protein containing the mnmutated
residue at position 76 (or the nutated residue at position 73, 74, 75, 77
or 78 or any of pativelucresidubsntixd e ksowoias be inipael ih edriin tincra vheveih ewth abxouire,

position 76 is gdenfl Qﬂlﬂ‘é‘m{t*&m&ﬁé}%% &0 eddf 2 R0 @Wgﬂcﬁ@ue ghd

particularly human or nurine, am no aci d sequence hat may al so
i ncl ude ot her WW&%’ﬁW%WM@“%H%‘ Bite gy Pl At EOr gFamplen e r
resi dues that awih iepalMd Rag) olaema_mﬁr&h@dwb ar ﬁ&&'ﬁrﬁh\ﬁo@ﬁlﬁﬁﬁﬂsﬁns cOfprighpar anti gens

than Ras, or,pofl} POs,f NG §r,fmth%rsﬂeu i5d ltnel n mo%%‘g: :H?Pmbﬁ%”émﬁﬂ‘od

|nclud|ng vafiols mutants PaSSOCI cancer, may
al so be incl ude‘ﬂﬂdﬁr'F‘@Qﬁfﬁﬂﬁlwﬁéﬁﬁﬂhﬁw@@k%é@ﬂwﬂwbbylcltlﬁl?ﬂ) vhewireesston ar.e

nucl ei ¢ aci d nodopfidl RS a AERRA sIGHGtENof #S pRAMBE BheioASally occurs in the non-

mutated Ras protein at position 76. One of the substitutions at this position is preferably a

glycine substitution, a lysine substitution or a glutamine substitution. In onc example, the

10 protein or peptide comprises fragments of at least 5-9 contignony aming acid residues of a

wild-type Ras protein, and up to the entire Ras protein, in whole number increments,

containing amino acid positions 12, 13, 59, 61, 73, 74, 75, 76, 77 and/or 78 relative to the

wild-type Ras protein, wherein the amiu6 acid residues at posttions 12, 13, 59, 61, 73, 74,

75, 76, 77 and/or 7§ are mutated with respect to the wild-type Ras protein. Preferably, the

15  protein or peptide comprises at least a mutation at position 76, and more preferably, the

mutatiott 18 a substitution of a glycine, lysine or ghrtamine for the glutamate that normally
resides at that position. .

In one aspect, a fusion protein construct useful in the present invention consists of

at least one peptide that is fused in frame with another mutated tumor antigen, wherein the

20  peptide is selected from the group consisting of: (2) a peptide comprising at least from

' positions 4-20 or at least from positions 8-16 of SEQ ID NO:3 (or any size peptide

between or lerger), whergin the amino acid residue at position 12 with respect 10 SEQ ID

NO:3 is mutated as compared to SEQ ID NO:3; (b) a peptide mmpﬁsing at least from

positions 5-21 or at least from positions 9-17 of SEQ ID NO:3 (or any size peptide in

25  between or larger), wherein the amino acid residue at position 13 with respect w0 SEQ ID

~ NO:3 is mutated ag compared to SEQ ID NO:3; (c) a peptide comprising at least from

positiong 51-67 or at least from posiﬁons 55-63 of SEQ ID NO:3 (or any size peptide in

betweett or larger), wherein the amino acid rsidue at position 59 with respect to SEQ ID

NO:3 i3 mntated ag compared to SEQ ID NO:3; (d) a peptide comprising at least from

30 positions 53-69 or at least from positions 57-65 of SEQ ID NO:3 (or any size peptide in

between or larger), wherein the amino acid residue at position 61 with respect to SEQ 1D

NO:3 s mutated as compared to SEQ I NO:3; (2) a peptide comprising at least from

positions 65-81 or at least from postions 69-77 of SEQ ID NO:3 (or any size peptide in



42 In one aspect, the Ras-based proteins and peptides of the

i nvention, including the conbinations of different Ras proteins and

pepti des and/ or other proteins and peptides di scussed above can be incl uded
in a fusion protein that has been designed to stabilize the expression of

t he heterol ogous protein in a yeast vehicle and/or prevent

posttransl ational 5 nodification of thé®expressed heterol ogous protein.
Such fusion proteins are generally described in Pa Publication No. WO

2004/ 058157 A2, which is incorporated herein by reference in its entirety.
These fusion proteins are nost typically expressed as reconbi nant proteins
by a yeast vehicle (e.g.. by an intact yeast or yeast spheropl ast, which

‘can optionally b alofho BciY Rdigle 4 Yds@bh PSkith i@t io oLt , Or
yeast nenbrane e%f%%%pﬁ%ﬁ%%gégggl on0 hler eof'3 %escrl bed bsgi‘%oi\e/i)a£8 al t hough

it is an enbodi NI efmuyated af fFERATed Hh Ft“ﬁa? NBre () P PRROPS OBRHTPE Y, BY ot ei ns
coul d be | oaded ippitRnPesyRas kt Ivaethtrond gwsicons 018 bASECEICDD K@ xedsizspepidxad with a

yeast vehicle asﬁ‘?rwscrl %J%d b%erg.]y]v e%.fn%%ﬁh?esx‘éé‘eca?b&ﬁim?h agd%weful in
€

t he present i nve such u5|on E%oteln useful in Eresent

invention is & f N§kbis mowasdap pomamd 101 3EQ R NQede & a@&)ﬂd%l?"fw&%%&“

antigen (includi r}@mﬁmmm;loden%t wnppc@mas 71-7¢ b SEQIP K2 (orutnadizeqepteit iposi ti on

76 as described herei n rﬂ.wgl 3 “tquw mﬁ’eea[?k&sﬂﬁnﬂ% ot JRG fENt . A
sen

fusion protein cGiuiin I nven rises e fusion protein
represent ed her eiN©:bi r@@@dlﬂﬁ)cmmﬂm $HQ %Upﬁe@)émﬂf W‘“%“fﬁ%‘lfﬁﬁ‘ protein

useful in the pregs&ivhs 90346 ki 1045 ﬁdﬁi@ﬁh&xﬁ&ﬂhﬁfﬂﬂ@@]ﬂo:ﬂr{ﬁw sizerl:emirdeﬁﬁnt ed
herein by SEQ | D NO 15. 2#{1 one enbodl nt the @ms | i nked

to the N-ter nithudepenn BRET,STER he qmeo seid reidie CBI’ISI stl ng of at st two
ani no aci d resi diNEs3 ishmitatesirae chranaged & &%}MRW e peptide pRomprising R letioPhe
peptide stabiliz mﬁohﬁc@esmreﬁ:sdspﬁwsosmm 71183 ioOSEQP VRO Moriafly §iftepeytida s

vehicle or preve S posttr n aI|ona 10! |flcat g, fusi on
protei n. The syntPRE¥FMOT BESE i |°gfr713%{&ﬂt an% g

together forma fNes3 mmmmmmsmmwxmmaxmwmqmﬁ s: (1)
the amino acidg,r eﬁz ?’%{ﬁdéﬁo ggﬂ *%9&3 gg‘m‘,m@mlapm“pﬁm@mmmao of

met hionine (le, t rst amnoamdinthei%/ﬁs tic pe |de|s_a

met hi onine); (2) S@R@MW%F’EW Clh ) @5’%}% opfd repduciet, |
protein i s not a paliseai7eeith Fesprcins SEQ MeNOI3. iemptatedve comprenddo $HQ AONGSi @ ¥ n t he
synthetic peptide ggmmqamapogit%g'a@@c g&pgnd%g&mgmns%bs 15009, O oct B3R o

aci d residues at 05| i ons usion protein.is.a meth i he :
the 30 amino aci dymemangweyse MWW&“‘W%"“%PF’”&?W“W@“‘%W‘H&T 3Ifmf)eptl de
or the proteiBy igRishA-FEYBRdRER:LCpPRRi ke Gdentcabinakib edgiohhdhe Gagurrnmereamt ds, do

not include a net{‘%‘?‘ﬁ r&soldm?nnm&&v Qvﬁghg_gﬂl nﬁ"g%m @qhgiﬁg@,gm@%;k;*ons 2-6

of the fusion prd an ar t he I }P'
positions 2-6, mm&wmmdsmflmsﬁenww%@ B‘H“d@dﬁl’”‘ é’“ﬁF’l‘f‘f’@ﬁ if the
43 synthetic pepty (iQeib Boid hoNkdutthat Raserl, ia i reseandly; dighpstic Gereaing] arcliengentia. | ysi ne

or an arginine). the eptide can be as short as two am no aci ds,
but is nore pref é’f"E\l‘Bﬂfy dlh“l“PZ 6 am no acids (including 3, 4, 5 am no

acids), and can be | dng,@t embdimeat, arfyice pIetFi Sonsrpet WREHL dn the (MBSOt duveqtign ¢ o
about 200 ami no gginflfies #e0ma ?ﬁmaﬁha&smé@qmﬁm &0 SBQi Is NOHI@0 aniangheci ds, 5
01 nore. I n one enbodi nen usi on n.co 1L0G 3G
sequence of M X2-emRabiment ¥ R%m\ﬁﬁé?"é?'%[ (i"?f %{ﬁvﬁ%&%ﬁl&pnc%ol s an
am no aci d exceptpr@gduyepresentedieinian8EQ MNO:AB or argi nine; wherein X3 is any
am no acid except met Ma;nggy,melﬂé&nﬂvﬁﬁunqmmwmﬁnuM%ﬁmM tliaBenddllys, M NO
aci d except nethionine, TySine or ar gi ni ne, de ein {E
30 hybridizes to, orwﬂwmmpleme of a nucléic acid molecnle atcnmdesanyofﬂwRas
proteins or fregments thereof described herein, and includes mcleic acid molecules
encoding any of the fusion proteins described herein. The invendon also includes antisense

RNA and DNA molecules based on nucleic acid sequences of the invention, ribozymes




10 any am no acid except nethionine, lysine or arginine; and wherein X6 is
any am no aci d-except nethionine, lysine or. argini-pe.-.I-n..one enbodi nent, ... ..
the X6 residue is a proline. An exenplary synthetic sequence That enhances
the stability of expression of 211 antigen in a yeast cell and/or prevents
post-translational nodification of the protein in the yeast includes the
sapience MA-D-E-A-P (SEQ ID NG 1). The MADEAP sequence can be 15 used with
other antigens in addition to the antjgen. In addition to the enhanced
stability of the expression product, this fusion partner does not appear to
negatively inpact the i nmune response agai nst the vaccinating antigen in
the construct In addition, the synthetic fusion peptides can be designed to
provi de an epitope that can be recogni zed by a sel ection agent, such as an
anti body. 20l n anot her enbodi nent of the invention, the nucleic acids that
encode the tr arsbedtdnOfuckic adkid SqueeDdl e Ipvaiioe t BNAIegE | ol ethel sedtic id he

invention are A Ce (oAl ol . ] NSl Q0 sequence
rul es, where tﬁg&%é%f?%hﬁ%é%tggﬂ%gng%g%£&§ﬁ§%ﬁﬁf%%§?ﬁ?%gﬁ%fat[onagtiIt site
and encodes t hethsvisventionn vhich sy b perpebnagy padpdlaqynio thgart) These iclyde o pe

under st ood t hatisghaiied &5 cRARAG sPRIEbiSinOdolynitR:olided Rt kn®ih i e e 66K sl herei n

tho synthet & pUgt e e e el | Rt o, bl g™e 20 "e”
encodi ng t he stgsnarateditydr fige andii wivplgueaipton 9 RNA geqoencss Eroading W @tisegser i ous
other conbi nat i UE melbeoRTI3AMN PR Sofuchics &b oolibiBarOiRo Winkds vRRHATRRIANT 1 0
those of skill t{mrtl ir}cgqe)urghl; tsﬁtahle RNA polymerase promoters such as the T7 or SP6 polymerage
. " promoters. Antisense cDMNA congtructs that synthesize antisense RNA constitutively or
10 inducibly, depending on the promoter nsed, can be introduced stably into host cells. Such
mucleic acid-based agents can be introduced into host cells ortissum.and used to inhibit the
expression end/or function of mutated Ras proteins.
Another embodiment of the present invention includes a recombinant nucleic acid
molecule compnsing a recombinant vector and 2 nucleic acid sequence derived from a ras
15  gene and/or encoding a Ras protein or peptide or fragment thereof as described herein.
Typically, a recombinant nucleic ecid molecule includes a1 least one nucleic acid molecule
of the present invention operatively linked to one or more expression control sequences.
Various types of recombinant vectors which can be used in the invention have been
described above. | |
0 One or more recombinant molecules of the present invention can be used to
produce an encoded product (e.g., a mutated Ras protein or porticn thercof), In ome
embodiment, an encoded product is produced by expressing a mucleic acid molecule as
described herein under conditions effective to produce the protein. A preferred method to
produce an encoded protein is by transfecting a host cell with one or more recombinant
25. melecules to form a recombinant cell.  Suitable host cells 1o transfect inchude, but are not
Limited to, any bacterial, fungal (e.g., yeast), nsect, plant or amimal ccll that can be
transfected. Host cells can be either untransfected cells or cells that arg already transfected
with at least one other recombinant nucleic acid molecule.
In one embodiment of the invention, a preferred host cell is 2 yeast cell. Nucleic
30  ecid molecules transformed into yeast vehicles of the pfesent invention can include nucleic
acid sequences encoding one or more proteins, and/or on or more portions thereof Such
nuclelc acid molecules can comprise partial or entirg ¢oding regions, regulatory regions, or
combinations thereof One advantape of yeast straing is their ability to carry a mumber of



In one aspect of the invention, the yeast vehicle is mani pul ated such that
the antigen 30 is expressed or provided by delivery or translocation of an
expressed antigen product, partially or wholly, on the surface of the yeast
vehicle (extratellular expression). One nethod for acconplishing this
aspect of the invention is to use a spacer ann for positioning one or nore
antigen(s) on the surface of the yeast4vehicle. One way to use a spacer arm
is 44 to create a fusion protein of the antigen(s) of interest with a
protein that targets the antigen(s) to the yeast cell wail. For exanple,
one protein that can be used is a yeast protein (e.g., cell wall protein 2
(cwp2), Aga2, Pird4 or Plol protein) that enables the antigen(s) to be
targeted to the yeast cell | | h.that th Lgen | gnR the
surface 5 of theTydefsicld ’P?lﬁi“m@? ﬁ%dsgifl?fglﬁ %agltﬁ Dsggag{fd]%rggﬁé’i%ﬁ%s%mﬁ%g used for
‘the spacer arm hawey.eh prefeoed mumpersf arsigms torbmppdesedpyd yepst "’ﬁh‘:‘?l"ggéf PTEEY r abl e
to have the inmmunogeni SRBASE e ithoP 6 ¥ rAgbaibRSHrodubkd by aryesst vebicte,i gen

rather than the spacer ars protein. As such, ILf athe She@f £ioused for
the spacer arm tﬂ#fbwlfaﬂlé@%@é?’%Wﬁ'ﬁ@ﬁéﬁlﬁsiﬁt%%%ﬁﬁﬁgﬁul not

generate such A lBhfe cinpoutide beinspan pefrol t Prefemdaetst hoge preplissysierl dp fedle) £ such
that the 10 imTunel response to the target antigen(s) is overwhel med. Onc of

¢ . below. ;
skill in the art "€R6uld aimfor a small i ne r nse .o er ant
mtﬁgag;fag foBiGan® PRG

protein relative to theil beiprrecipes bo Al B irrgents) .
Anot her met hod f QgchidRfied dal iigrgvetchrol ol gyartssiam bf wparfcteyl mudeineideRPEEY™on t he

yeast surface is to yse si ; y bt
%/nosito| (GPI) tﬂﬁ@h%%%}%g&}pg%gm& Ebr e nbliCRRYmdMIASHVithini thby

, : target to the yegst cell wall. o 4

Al ternativel y1o pdeittoslbiieneffciessy pith 20ich f9es Byrlsly “5@ 'a'b‘?f?ﬁsd?'ﬁg i
'sequences that tagRhcytwi@ wiithieRuRin afosirpts erachslitd andthroetBaisretides: pat hway
via translocation_into 1he.endopl Eﬁ[i iR edr ERuestl Ghigtk ba feedeftibant i-gen
bi nds to a protei ?'@tmf"gg%g‘f??idq}%giﬁ e’(fgﬁ wal | .3 %?@'m' one
laspect, the spacengisems o GoRsIvY thes loyel \af £apression, aa comparefl 10 fHe maEve proloen, = oy o
consi st of behve t tiohBquad kel i tonkBiingtie Bxpreationdf nodleiacidemaleculsy ot eM | n
one enbodi ment, the yeast protein i.s _abou £8P AR AL infCn€l St mdré)

anot her errbodi‘?rerﬂ“f‘“d’?’i'?ét%’&ﬁm‘&dgﬁ”gﬁwﬂfh‘gﬂ%‘t}#ﬁ“&@a to 600 _alr?i 0 _acids. O her
embodi ments of t Mesticel/hrimonmes, pédition of verior RbHISt seqersrElp Rlappidsy, PBEEL 250
amno acids, at |east 300 AMQQAM Sewoladignhiedss, pRMol serke| danceat), | east
400 ami no acids, at l|east 450 am ng acjds,, at A Bindifd Ghes, At 25
I east 550 amino a%?%%‘?°“&?"?"é‘§'§?“°8b‘tf“3’?ﬁ‘”ﬂﬂ'ﬂa°€fl ggg%}rs' (‘g?q'f east %‘%@ am no
acids. I'n one enbrgiRalence, ShinyDalgdmouepimis), hodifation shacleisgid Boleqdesdti ds in
length. In angther e i HR2Sost RED bl dRlefidnap bdquenees tiahdestabijze essi on
of the fusion ro?gﬁg'%?guﬁg&%g%ﬁ vehi cl e, prevents posttransl ati onal

nmodi fi cation of t¥s8KHressed fusion protein, and/or targets the fusion
protein to a partmgidh Blore®npart ment in the yeast (e.g., to 30 be expressed

on the yeast cell surLﬁa%g%meEoMeloj,y%y coitrekt Lldony prekins F@cisetiorwrigat hway,
exenpl ary yeast proteins to use Include, but are.no Iirg(iﬁgp :

(i ncl uding, but nembofiimerty efgthe dventig inciydige Jpsiop Prosstos RS ?ngégﬂ?t ase)
al pha factor sjsgngbride@asieEin S aMtikmpaR: mGiMG redive 2ypositen T61(er thegretads#dPoH and
retention in the gnggu!m %4', "15, %JoDr 79 %pfgl§ oI‘ s ooln@ﬁalohazﬁdng&l herein) (28 noted above,
position 76 is denoted with respect to the wild-type mammalian, and particularly human or
murine, Ras amino acid sequence), and that may also inctude other Ras peptides or proteins
containing mutations at other residues that are kmown to be mutated in certain cancers.
30 Other antipens than Ras, or portions thereof, mchiding other cancer antigens and including
various mutants of other proteins associated with cancer, may also be included n such

fusions. Also encompassed by the invention ere nucleic acid molecules encoding such

fusion proteins.



as at The yeast cell bud during the initial phase of daughter cel
~formation,_ _ElLolp; _Pir2p; and Pir4p. Ln another aspect of the _
i nvention, other sequences can be used to target, retain and/or stabilize
the protein to other parts of the yeast vehicle, for exanple, in the
cytosol or 5 the mtochondria. Exanples of suitable yeast protein that can
be used for any of the enbodi nents above include, but are not limted to,
SEC7; phosphanol pyruvat e carboxylcina%ﬁ PCK1, phosphogl ycerolti nase PGK and
t hose phosphate i sonerase TN gene products for their repressible expression
in glucose and cytosolic |ocalization; the heat shock proteins SSAl, SSA3,
SSA4, SSC1, whose expression is induced and whose to proteins are nore

t her nost abl e upon exposure of cells to heat treatnment; the totiochondri al
protein CYCL for inport into mtochondria; ACT1l. Antibodies and

Anti een- bi ndl ne Peplni g€ Sspect, the R&DBeEFFRERN A Plptideh oitb@mbdﬂuﬁnifném gifd ates to
an anti body or t| de that..sel ectively binds t a Ras
protein or pepti gﬁﬂnﬁg)% ﬁflg(ﬂ?‘!ﬁ&gﬁgsepo Lfsaﬂfn?SFPhaﬁsaE‘ﬁ?r o Fl'é’t’”@‘? ol Pfgl Phel udi ng,
but not |i m t egditcussedphovEz@8 e ingtuded; inym fusiompréigs Hiatrhag teeeri desiged th/sebilignheE76Q
nutation. O hermﬁaﬁﬁdbmah&amgoﬁmtwm%w&hkﬁlaa&/& pmexﬁﬂosﬁﬁlﬁslahmly or

antigen bindin 9 hat sel ctivel to rotein having a

mut ati on at %mgmon ar oSS g’ﬁ‘ﬁ‘f’ p %E‘:h f?‘g"“ Pf‘?'“‘@rmiﬁe“"‘ﬂ}y to Ras

i ncl udi ng any ofescribed IEB%PMHHWHG ayo mmzmn ohich Bésoporasthesoye and

particularly, aseweﬁcemtsm m&éfuﬁ tEihs It or 13
w ’ S iy bllled e iy

with a nutation osition 3,.7

Anti bodies are ¢ ara t 2P f'ﬁ'a{’y £ EpeICYASh (o Zeest ﬁﬁﬁﬁﬁ?ﬂ?ﬁgr’mﬁnn domai ns
and as ‘such, t heyonalyebefetraraesedl 1t heasheypha,gleshghbit or pup exdlaic estracr

prot el ns. Ao arte e ot b2k Aihohdhl 40P SmfiBhdf o 42 mdliigh iBOC! 0Na

anti bodi es, dival ent and noval ent” ant |%'od| es, bi- t1r-specific
anti bodi es, serffn°EBREH M5O Brolsiog, seuid,bejoaded inte, ¢ st vebicle; 95 phervisse been 25
purified to varcpmpigred @gmied wihndyasyvelitlned dacibed beuw o ke taSvatdinevdiol e

anti bodi es. | sqhaidges optggﬂﬂl}pmﬁ&agfm present invention can include serum
cont ai ni ng such antj bodi es nt i I es that have been purified to

varyi ng degr ees. W@ee‘%wt@%“ﬁﬁﬂ%@" pietsataipyenkog ik A disiom proxin e

pol ycl onal oF rimhdet @alesst dieRey anfigeh URluding & prptdeioARGbin)esttiaMphentsionl whol e
ant i bodi es, i nd| | ch one or .npre anti body
domai ns are 30%%133?[8%& or abgrglﬁ’["g‘l@g&l %pﬂph%b Rg grbodippat,3 fuspon
fragments), as P&S@M“ﬁ@’@éﬁ@ﬁ@hﬁﬂyﬂwwmmmﬂmm heminibgen bi ndi ng
L r agmsnt s ther ﬁsm:tz DN mlmaoambemﬁ&a?mmﬁwmgm .pgm il@%cht%tﬁ:ﬁ t Bag _can
ind to nore t it i.C odi es), or antibodies

5o e FRion 15:38 %@ﬁg%&ls |

that can bind 0 Bne O bi - or
mul ti - speci # ¢ ant |1bw|=@h9dlmqlmf}w m&a:cb@ummmdmemem oftemttigedn).

by Standar i 1 ooy R CRA & pit leceer oo ety B B0 e a1
y | i nvol vi | |

re- expressi on G eh" ﬁﬁﬁ""a%@ﬁ?‘ﬁ %ﬁ%@ﬁ?‘%*é’g%@f%m‘ﬂpm’ﬁ & ¥A¥ r egi ons.
Particul ar exammmwmmahm|mmmmegmmmmm amel/ or VL

D

domai ns of t he spitelid}Rphite SN 1ekifihichiof e hRBdy 1AM $om e Qustod Brofefa nder  Of
the anti bOd#V\ﬁ qh afted ant d| es - (and ant| en bi nd| g fragnents
t her eof ) 3 "8?&5‘3 Hiephope of, af“*"!"%ast one

variabl e regi omrﬂtcma-nenmhlknmﬁ ﬂ@e&iﬁtdminﬁacﬁﬂﬂ)hedﬁitﬂeﬁﬂdpﬁd&@ﬂ:&ﬂﬂmﬁﬁyr ce and

the remini ng %ﬁrﬂe%ﬁbwﬁmh}@%ﬁ@%h@ﬁ@m mégga;@fcﬂ&?{ 3,%1, (as

appropriate) are derived fro souf chinmeric
and CDR-graf t e amﬁwﬁwﬂa%md’@émﬂmwmew ”eBlJ&FFBP'éBPWIWU)Iiﬁ)WEan Pat ent

Appl i cations: BPhéafiOdkiiesidkR M%M,m%ﬁ%&il&eﬂmﬂnfﬁaﬁh9440617
Ceneral 1y, ", shifio REQUEkloB 2 Al Bl SUVsynrd BlpkB b S RSL B 2!
synthetic peptide is shorter than 6 amino acids, do not inctude a methionine); and (4) none
of the amino acids at positions 2-6 of the fusion protein is a lysine or an arginine (Le., the
aming acids at positions 2-6, whether part of the synthetic peptide or the protein, if the



15 for ennople, but not limted to. a rabbit, a sheep. a hanster, a guinea
pig, a nouse, a rat, or a chicken, is exposed to an anti gen agai nst which
an antibody is desired- Typically, an animal is inmunized with an effective
anount of antigen That is injected into the aninmal. An effective anmount of
antigen refers to an anmount needed to induce anti body production by The
animal . The animal's immune systemis jshen allowed to respond over a
predeterm ned period of time. The i munization process can be repeated
until the inmmune systemis found to be producing anti bodies to the antigen-
In order to obtain polyclonal antibodies specific for the antigen, serumis
collected fromthe aninmal that contains the desired antibodies (or in the
case of a chicken, antibody can be collected from.t e.eglggn). .%éfh%éerum is
useful as a reagemthetichedtije® Srandr tams rpagcels doaet 5lvde 4y PIFEF itled fromthe
25 serum (or egg mQ}é,quStﬁE BB EDINEH al fweakdidagciid) dutdemermpmferably ahkhi-im -
sul fate. Moriocl onal, anti bodi es may .be AF2duh AR, InQvhibiae
met hodol ogy of KeAPR#<ids HRFIE 't“eﬁfmf‘i\?ﬁ?af?r“e”dg%“%:gz‘f’g -497 19@2“.Ei For, exanpl e,
B | ynphocyt es ar anezes oy @kt 100enin hrdssI90 awito pee, 490 yming jejdss P%€0%) of an
i mmuni zed ani r;‘al Flatg&iet hen fused with nmyeloma cells to obtain a popul ation

S ca

of hybri doma cel able of continual growth | i $eUr e
Todi um Hybr 1 Gorms. pAbMICPI T GG PE AP e i B il Ih K

_ dy are, sel ect ed %t esting
the ability of t ixgxamt-ibodyreip™ dumetiotias: wheseim Ko is @6 HEP 390 PR Hfre
desired antigen. {inehgl'ig&li ﬁ%"%ﬁ WBGeia g Qs Syt BidbSacidGxeprmetiionideo tygine or

Ifes refe

pol ypepti des, sofe refefred to as bindi ; . isbeen
desi gned to bi nd%i%ﬂlwywwﬁwg@%ﬁ%@%foﬁ _4; icﬁﬁ;ﬁ%imt as
appropriate, g Mahtdnafb Masex@pbeionine] lytiteeor argining: Goé pheres X631 286209P0 3 desi gn
of such pol yptptides, i St B &R einbdaRdnd heRNesidup Baiphdliod. tAn ar e
given in Beste et“%&“.m"ﬁ%r“%%"gﬁiu. it S0l i 90kt A9k in o

i ncor por at ed herekqmpbwqy@hﬁﬁm@#\“ﬁm f Gw_n mal | Mol ecul es.

Conf or mat i onal ARbageddi Siier pRvwsis GolrernsBoempb madifcation of tip@ratef, Bnif JF%4| so

i ncl udes small ml %\J)‘E"r CO@E&%_&%_&QQ}: (SHY RSNGhS Do MADPARieq@aceany basi ng

y

the nutated Ras df & he 1nventors) such.as confol Bt aRabe .
ant agoni st's ons aosédwetother safiscsipaddifign 19 Reandgen. g addinon jo g FaTaREs SUCf‘I

conpounds may he g B Gsidr i fhis ERlsidnOpatmerOfocsRas -aAR Regativehe P Bt e of
interacting with nutated s 10 proteins to.tridoel cdddatchy & eddsh,Se | N
anot her enbodi rreri'f"}““%ﬁ?”"(‘:%r?ﬁ%ﬁhg'g vﬁ'%cf/m?n %rh_%:ntﬂdi_rect l%‘l‘ ith Ras:GAP to
adapt the endogengnbetiRasieGaBtides can b desiznsd b RRyidle 2t3PEoN it &’F?E'}n 43
mut ants, such as ﬁkﬂ&‘%ﬁnﬁﬁ%ﬁ&l@%ﬁﬂﬂﬁi n. Preferably, such conmpounds do not
trigger GIP hydrolysis of wld-type (,non- ate il QRad WD kdcaRNLE) Ras,
so that the cdﬁpoundsma?“é‘h?fo?‘%b"%‘éﬁtu{f %% “En‘ﬁér%%"{saﬁengf?l 9 co&g}ou c-%s .15Such
an agent can be Okingitiee ekt fierof @ xatholiccpeptide ypadrin e AtYFagen o O |"t'£ Pt egi es
(a combination Ofacé,%hﬁéeevﬁm%éﬁtu%ﬂiaﬁ& RinleRirilg, Wikee hapTEl intlin svenestis B of
| arge, chemcally diverse nolecule libraries), .| ibuafHessefssipinmeh) or
synt heti c comounm@?qﬂw%%w&‘ﬁw %Fh"é%%%e ?g&q%gnbi nét%‘?i al I%brari es
(i.e., libraries gis i bequderstos tohwiriows einbediments of dhe drvertien pydesenibed bfein MRk o1 oy e
t he sane buil djng bl 0 VAN OF-" J Ffa) o\ @thél Redntidh, wite ehesynthetiormiple e
Maul i k et al. ,25193?,£§%%Peﬁﬁlxﬁ8ilot eg?]%gl o‘@%?ca}ipe&gggﬁgﬁ?mﬁmcb&ﬁ“ ons
and Strategi es, VIMADE-A® GEQD NOj) e ucielc pk orated herein by reference
inits entirety. Gapdhdat-a-TeRanas othericomhatignsiofiembodimenispf By YFEHER Wesi gn
nmet hods can be scyeened tf %Buto?ﬁdlfiPihLLﬁy to nodul ate GIP hydrol ysis or serve
as a confor mat i on81PERFHGONTSt " of a nut ant Ras, 1Frot ei 0 described Gg&ﬁi n. In
a ol ecul ar di versi t y ISme aspeshdf the|inyeion. dhe st NeHcF FEPRPTES are+syn?h si zed,
Lo o, R ety S

’ , 1 11 on)
appr oaches. The cPW@lﬁﬁwb‘i\’a?Peé"é |en°fg%v§%ct)gl ng a nol ecul aé di.ﬁerﬁi ty
strategy include sddhoor scabimplishin this sspegsiofbeinyrutian i 1o use2seperopp SF RPSHP /s si t .
The general goal ofe&g{m%qm ) S BB sirbaklf Rkt §easi vahitla Oticivay DeIsSEGERETHTT
application of coffbi nat or | Selection to obtain high-affinity |igands
against a desired target, and then optim ze the |ead




30 nol ecul es by either random or directed design strategies. Mthods of
-mol.ecular diversity are described in detail in Muulik, et al., supra,
In a rational drug design procedure, the three-di'nénsi onal— structureof—=a
regul atory conmpound can be anal yzed by, for exanple, nuclear magnetic
resonance (NVR) or X-ray crystallography. This three-di nmensional structure
can their be used to predict structures of as potential conpounds, such as
potential regulatory agents by, for exanple, conputer nodeling. The

predi ct ed conpound structure can be udtd to optinize | ead conpounds
derived, for exanple, by nolecular diversity nethods. In addition, the
predi cted conpound structure can be produced by, for exanple, chem cal

synt hesis, reconbi nant DNA technol ogy, or by 5isolating a m ne-tope froma
natural source (e.g., plants, animals, bacteria and fungi). Vari ous

ot her net hods oty &bt bl HRBESE . ign are disclosed in Maul & et al .,
1997, supra. Mauilk ?t 'SL gi scI{(;)i.s‘gt,g H‘%(%%@)?%% eé‘,“rre?ﬁr(g’%’s" of "Rt ed
design, in whi cAERE) ipts vt el pall ¢ Fra emplecans profeinthetrsambe wed/isla yest ecul es

fr O\Tha Lr ?ﬂrrent prlein (kg cmfwﬂimtﬂpmi(ahﬂ)r.]yt\gsz?:m@%??lpf bﬁ&[ﬁ?ﬂ{aﬁﬁa%ar}gpmt dtesi gn,
in iC e usgfh: ‘ r oritima. to rando mut at e
fragments and t%Fﬁégtg#g?%g?‘f%hhgy%icgéwsis%gﬂggﬁ“e%:ﬁ?vaﬁfﬁa ﬁtﬁ %el ection
criterion to?”eviReaeest Higens qheetban Xsst protias maythe whed fir the spagsndma hgwevel; based
approach in whi fhatyhspacaSa Ratic H B inRs mlgmfﬂn,@%iiwg%p‘fbggwen t hree
di mensi onal rec,ﬂ,ghg ggm%%t%eg%mandmgmﬂlé%tﬁ r agnent %obes, fol 'owed by
linking together of Pavor &bl & probe of(xg the JF PR Afrfiehy/ cthineos 15As
di scussed abovePlEFATEREhHHY fie Araces fm, ithen the yrepsr pomproteih dipeis uted siwolmosi ti ons or
vacci nes that igeadraselench lQar fo@ingél rekRse b e Bbisn arl Urd&l fiseRGha MRlsRCUI €S
encodi ng t hg,sagg, n t he therapeutic nucleic_ acids aptiners,

ri berzynes, el%{NAQ or pgpﬂ%a’ese 0 s;‘“rP&F}(ﬁﬁPo‘r"é’E' fied Qoe gf skall ig the gt whauldon o

ant agoni st, act¥ &F &pmaall gmmyre TEponsede e speiesim poteilirdeive Bald bl Gespokae  Pr esent

i nvention incl utkane tipe edig@fh."ENt Where the nutated Ras 20 proteins

described herein cap _he u in a. "conventional" conposition or vaccine.or
in conjunction wt h&é’%e %fogbtj REFUQRIRE the farsst qREEN® ebr BemehUbSYesRat ent  Nos.
5, 830, 463 and ZFurfBgis Refe sigysl sequinkcsaech bl HcodymhaphatidyLiadsits] aGHTG ated the '

2004-0156858s Almgdad,_ﬁ%&ym&ﬁéwé@wmqogi%&g%ﬁ%@%i%ﬁ% or vaccine

can incl ude, m.g%dl tion to any of the nutateéd €i bed

herein (e.g.. &°SR3SPFBEha typet She tigral-h af, intergstnten fheasertetaryapathpas viei on 25 76,

and pref er abl y,maasvcdiohisto he/dbophsmiE*GQMERY subtithat He advigGPBRis P4 hroiin Of the Ras

E76 nutation Wv}hﬂhﬁ@%ﬁﬁfﬁw@dﬁ%f@gxc@}mh as a 012 nutation), a .
L]

pharmaceutically acceptable carri As used herein, a pharmaceutically
accept abl e carri er I SRt e spagerarm srotincie 2 orashmotéin| Eheaysd pivien danr

del ivering & metrabtedt tem@cnDiboi Qs xhtS okt 300 Bmio ABANGD fbst RGP’ HSGEt
Invention to a.stdad-Rld & L. VO .OF Vi site. uch_ a carfrier can
.include, but is not Li _rﬁ%%ég t‘%“,"f"gﬁc’_%&?’@mgﬁv taf’dsai""é’??'e?’ﬁf"ﬁ?‘?f”,’mbﬁ‘ any ot her
type of del i veF§PShPEILE abophrd0de$0P pwino acids. Otherembedihenty of be inveptigurishaiat
i nvention,. adj ggfisspraﬁe_bﬁyg)hqabtlzm sﬂa;&?._gdg_ciﬁqea;thg@ aﬂg@ggi@{3+tmgg@nce t he
i mrune respons acfd 0 a.spegi antigen. Suitab] e ad]uvants
‘include, but are .not ’Ii_'?m Eeh“ﬁng?gl‘—qrss’e“?ﬁ tr'isisﬂaﬁ"ﬁvgiﬁt‘”ﬁsh@“ﬂ’&%f‘éqﬁaél cel |
wal | conpon®&nt least 38 aming poidsnat Hesst 00 aming acidscer ot ileasn 650 exmitio 3&dst SIn e | | ca;
pol ynucl eot i d?ﬁbﬁﬁmmj@ﬂbﬁﬁhﬁﬂ%ﬁs@&ﬁmﬂﬁﬁﬁhkﬁgﬁt proteins; other
bacterial -derived B{&%&aﬂtﬁo S ip. TR 1 nterferon; bl ock cotpol mer adj uvant,
such as Hinner's Titemax f‘ﬁ%ﬁt S Bt stabilizes thysiRrgsgiens of thgFusion

protein in the yeast vehicle, prevents postiranslational modification of the expressed fusion

protein, and/or targets the fusion protein to a particular compartment in the veast (e g, to

30  be expressed on the yeast cell sm_'fane), For delivery into the yeast secretory pathway,

exemplary yeast proteins to use include, but are not limited to: Aga (inchuding, but not

limited to, Agal and/or Age2); SUC2 (yeast invertase); alpha factor signal lcader sequence;

CPY; Cwp2p for its localizetion and retention in the cell wall; BUD genes for localization




Ri bi adjuvants (available fromRi bi | nununoChem Research, Inc., Ham | ton,
MI); and 5 saponins and their derivatives, such as Quil A (available from
Superfos Biosector A/'S, Dennark). Carriers are typically conpounds
that increase the half-life of a therapeutic conposition in the treated
animal. Suitable carriers include, but are not limted to, polyneric
controll ed rel ease formul ati ons, bi ode#¢r adabl e inplants, |iposones, oils,
esters, and glycols. Therapeutic conpositions, including vaccines, of the
present invention can also contain one or nore pharmaceutically acceptable
excipie:nts. As used herein, a pharnmaceutically acceptable excipient refers
to any substance suitable for delivering a therapeutic conposi tion useful

in the method of the present invention to | EMRy: BiopOdng@ Vi vo
site. Preferred piwyeeelitrd iy mact %B?héﬁ“ 4% é'frb:gleﬁfﬂgaﬁ%r’ iéjapati)’re of
mai ntaining a coppgsition (or in sone enbodi rrents a yeast vehicle or

dendritic cell conprisin Ve nC bi6d e,ﬂmf@ﬁmmaiqtangﬁpﬂ&mr r| val
of the conposition a 5“0%“ Qg«ﬁ’@ﬂﬁ 52 ”&ﬂ

tissue,
conposition is capiiystebilize ﬂ@ll’fﬂ@lﬂtt? pfber s pEERR s ’@?kbﬁremwﬁhﬂ% et SI te
(noting that the yeafig@londial CExadFleshet saiteble epaschroteiBb® atsl b %ﬁpmfrﬂf ¢of the

present 20 invention, mcl% X! bt Qb 'i“gftggultcargm tpmigho&ﬂa@mﬁert but
do not speC|f|caI'= Thé*Vaccine to a al s ferre t‘EP erein

as non-targeting c@mrbsﬂ)ﬂe P%b@%@%ﬂ%&?ﬂ%ﬁﬂ Sﬁel 3 “Cepla
exci pi ents incl uq%I1 pRidfictsAhe Qépressit dufressioninghicese yndsratbsohelmpﬁwpﬁa‘é'@‘

buffered saline , S o] VI Ta SM&@M}&MI ng
sol utions, Hanks & ‘l‘}l‘g’ﬂt%'ﬁ fs@?héﬁ(ﬁ%ﬁﬁ%ﬁ ;ql’siéole%l cal Ilsgan

sol utions, oilis, pesdmras mrﬂhgmm]egpm exposure Of cells to Heat treatm
protein CYC1 for-import into mitochondria; ACTI1.
Antibodies and Antigen-binding Peptides

| One embodiment of the invention relates to an antibody or antigen binding peptide
that selectively binds to a Ras ﬁrotein or peptide having the E76 mutation desenibed berein,

i 15 inclnding, but not limited to, an E76G mutation, an E76K mutation and/or an E76Q
mvutation, Other embodiments of the invention relate to an antibody or antigen binding
peptide that selectively binds to a Ras protein having a mutation at any ope or more of
positions 73, 74, 75, 77 or 78, or to Ras including any of the combinations of Ras
mutations described above and particularly, any combination of 2 mutation at position 12

i 20 and/or 13 with a mutation at position 59, 61, 73, 74, 75, 76, 77, and/or 78. Antibodies are
characterized in that they comprise immunoglobulin domains and as such, they are
members of the immunoglobulin superfamily of proteins. An antibody of the invention
inchides polyclonal and monoclonal antibodies, divelent and monovalent antibodies, bi- or
multi-specific antibodies, serum containing such antibodies, antibodies that have been

25  purified to varying degrees, and amy functional equivalents of whole antibodies. Isolated
antibodies of the present invention can include serum containing such antibodies, of
antibodies that have been purified to varying degrees. Whole antibodies of the present
invention can be polyclonal or monoclonal. Alternatively, functional equivalents of whole
antibodies, such as entigen binding fragments in which ooz or mere antibody domaing are

10 trncated or absent (e.g., Fv, Fab, Fab', or F(ab)® fragments), as well as genetically-
engineered antibodies or antigen bmding frapments thereof including single chain
antibodies or antibodies that can bind to more than one epitope (c.z, bispecific



25 Aqueous carriers can contain suitable auxiliary substances required to
-appr.oximate _the. physiol.ogical__conditions of .the recipient, for exanple, by

enhanci ng chem cal stability and |soton|C|ty Sui tabl e aUX|I|ary substance*
i nclude, for exanple, sodium acetate, sodiumchloride sodiuml actate,

pot assi um chl ori de, cal ciumchloride, and other substances used to produce
phosphate buffer, Tris buffer, and bicarbonate buffer. Auxiliary substances
can 30 al so include preservatives, such as thinserosab m or o-cresol,
fortnalin and benzol al cohol. One congbnent of a therapeutic conposition or
vacci ne of the present invention includes at |east one antigen for

vacci nating an animal, and particularly, at |east one antigen conprising at
| east a portion of a Ras protein containing the nutation at position 76 as
so descri bed herein. The conposition or vaccine can include, one, tw, a

few, several or adibgies)6Hahiibo@its m&ms@&; oné &%o%fﬁ%n&ﬂﬂge&r(gm_%hﬂ'ﬁ“nogem c

domai ns of one Qr i F@%%ﬁ@s esired. According to the present

i nvention, an amti gen’ ‘ftiﬁ"”ﬁlg%" i Eat0Pesent conposition or

vacci ne can incl udthﬂmcatly erpireged anibiiieg @ ile denidnischalb MRpd b@mﬂﬁ g fromthe

same antigen, t Wil rddbiHinad ¥4 Gldhidub HRRGE hem &qﬁﬁ@f dgﬁ_pr_xergsm ggs from
e

the sane cell sue  or ani s or two ren
i munogeni ¢ aon%*‘ﬁsm%‘?ﬁ é‘ﬁ'P%éf nl"’raB‘i"f?"(ﬁ‘”PF’E‘r'éﬁ?“scé'FP'éﬂ“ ﬁa@elase@ﬂ@ﬂe
organi sns. Pr ef dywedst pptibbdie, ahiré dervH Sndh:em.rdmhﬂaﬂusth& &.ﬁbh@ PRASLmSL 1 ai n

L t b t st th
ébienc?o?°geﬁ2??§;§§"%?‘3“%3?ca &‘#S%#E:Ff‘d?ﬁﬁdﬁ@gﬂ bo SFAE T R s

proteins and 1 thefred). dhwIBshot eashane CBR se@emcd and pptiewsHy/ et irast oreal  vacci ne
or conposition wahhrbﬂmna‘nyuemtmﬁﬂdnmﬁdw(aﬁﬁ dérihel ﬂ%ﬁﬁemﬂebmd%trb%dgave been
descri bed ahgv Va6 sent | yent i.on

composi ti on orel:\'/ozrauggﬁ %fethgan a 3%9)@%5@% rg%m"%g a@ﬁ @s"% P er
conpounds, or t%@ﬁﬁ%&%&ﬁ%@ﬁ%ﬁﬁ@@%ﬂmm@mmmf ection

wi th nucl ei ¢ acixsioplsinikipas Pang apiiediost e A I T6] Br.& bz3sadol BIONgd5186Ch TS
nodi fiers are ngfppg gy to achieve a robust imune response when a
yeast vehicle is useg%zogl scussed bel ow). Biological response nodifiers are-
conpounds that can $raerEaindepiofustion of exantiedi o suitee dxperimedsal adingj sodlas,r eSpoNse

nodi fi ers can smnmﬁpﬁmaomﬁ;ﬁgdeaamsﬁghmwg PRI M ALRES, QhdGr S can
suppress a har éﬂ‘n i mrune. r.es Oert% bi o[ ogical res onse nodi fiers
en

preferentially Wik Spoed g o fﬁeﬂt”@ﬂ’sﬁ 78 2ptbedy i desiregp lb28 ot hers
preferentially mwwﬂmwlﬂmmesnﬂm@a(hauEMﬁw&hd JilaBt € an

i MTuUNe r espons eyy difedtiid Sbudied SefEr ol el I ,conpar ed
to hunoral i nlﬁgﬁy V|tc££nsgérnsa )?D#g%‘rﬁg?%gdghg’ nu aglﬁb%%&w il gues
""ﬂ’ﬁ’h

known to those {04 ppimals gmmyne gystem s theg afloped 49 Feewndwvesawesa on of
i mune r espa@hs agiermined peiod ofrnel (helinkihaiz@loh p@tes Qe bl ubaﬁd (i the @udu@e PONSes

from bunom i m;}ga,g“gﬁ,ﬁgplg%@ﬁ ﬁg%ﬁ% &l 9:1::8& Gl gl sweé‘gﬁdl fiers

i ncl ude cytol ci hor erivatrves, G2 ar ugs and
ot her growth T"&P‘? e antigen,semum, s, polipgted; frogythe !'Pml that containg the
desired antibodies (or in the case of a chicken, antibody can be collected from the epgg).

+ Such serum is useful as a reagent. Polyclonal antibodies can be further purified ﬁ‘om the
25 serum (or eggs) by, for example, treating the serum with ammoniurm sulfate.

Monoclonal antibodies may be produced according to the methodology of Kohler
and Milstein (Nature 256;495-497, 1975). For example, B lymphocytes are recovered from
the spleen (or any suitable tissue) of an immunized animal and then fused with myeloma
celis to obtain 2 population of hybridoma cells capsble of continual prowth in suitable

30 culture medivm. Hybridomas producing the desired antibody are selected by testing the
ability of the antibody produced by the hybridoma to bind to the desired antigen

The invention also ¢xtends to non-antibody polypeptides, sometimes referred to as
binding partners, that have been designed to bind specifically to, and either activats or




interleulcin 2 (IL-2), interleukin 4 (IL.-4), interleukin 10 (1L-10),
interleukin 12 (11.-12), interferon gamma (I N-gamma) insulin-like growh
factor I (1G~1), transform ng growh factor beta (TG--13) steroids,
prost agl andi ns and | eukotri ectes. O her suitable biological 30 response
nodi fiers include, but are not limted to, anti-Cll1A-4 antibody (e.g., to
rel ease anergic T cells); T cell co-st#hulators (e.g., anti-CD137,
anti-CD28, anti-CD40); alentruzumab (e.g., CrunPathei), denileulcin
diflitox (e.g. ONTAKS), anti-CD4, anti- CD25, anti-PD-I, anti-PD L1,
anti-PD-L2 or agents that block FOXP3 (e.g., to abrogate 51 the
activity/kill CD4+/ CD25+ T regul atory ceIIs) FIt3 ligand, intiquinod
(Al dan-FM , Gl\/#CSF,b sargraqgs}rln&tg_ﬁs Q@Gc)“he'[lgjeimhlgﬁﬂbggz@pﬁgﬁ@T&R) 7

agoni si s, or TLRUSI that I ncrease &srrber O
i ncrease the act lsucapolmw@@sawbch mSﬂﬂérRﬁﬁFtbP“chﬁf%q %PEC‘*—%W&W&‘@ & Fd ot her

pr of essi onal ant Ny, 260 tskin Jods RbS-8903, (BN inSorprirdddOigreimby reéspensets
nodi fiers are we known in the art and are publicly avail abl e. Yeast-Based

Vacci nes or Corrp&%‘lfﬂ‘! ons 01e aspect of the invention relates to a
conposi tion ors y@&asi Milsae el d oingorisis, apdl el - O0FPRESSt  vehi cl e; and (b)
an antigen conpri si nq.hg;mjﬁg&sgmq%d&f sr,;ahemdmlargadpomﬁ (agpbﬁ&tm abrdrygept i des
descri bed herein (e protﬁ%{l T'%VI nﬂ " Jm%n %ID gition
76, or a protei ndﬁ?ﬂ"'ﬂ'bﬁ%‘?ﬁﬁf asia o) e 5“”8 3 rrut atl on and
anot her Ras nut atamganmtﬁdﬂ@dfmamaftﬁmmxymw|Ionr)¢=ﬂ1!wd“m#tf‘?‘bl°@“@]§| BPE® o
antigens or a fusion protain g%s&rgapgqpm{m&pmm@&s&ﬂgmmﬁwmt
vehicle. As disclSsed a ove, 1 n addit.| g'rl}’ﬂ%; ltolm?nP ﬂmm_‘l ons at
any one Or noie @O tHges{ETPtydobys. Iy PERG

conbi nations of Ragtyat ReeGAPdBSTPthbe cadmaneusahd-cp’efhipwrﬂafﬂl Vlﬂgfarﬁ”

posi 1] on 59, 61 M ﬁﬂfg“'% e St e

ancVor 78, are, enco the
i nventi on. mﬁ@wlwfﬁ%@@ﬁ@“‘?‘%ﬁ% i mi “’5“’%%8@%% S s any
yeast cell (e.g. m;ﬂpdﬂﬂ@h@m%u&eﬂﬂmﬁm&ebehﬁcmmpmnﬁerl vative thereof (see
UG
iti8

bel ow) that can | nll c &I%\% Mﬁgﬁtﬂ,@ﬂwmmvm@@ or
t her apeutic cé"hpos g"f'|1 e |nvent| on as an.adiuvant. .T yeast

or 2
vehicl e can ther Mww&ﬁb&é*mﬁaﬁ‘ gllgwipgthe fapi panaspictiog o BiER: ¢ ve i ﬁta “ yeast
m croor gani sm (Le,dmﬂe WRAES, Bl oﬂimmngsmihbucm@mﬂdﬂpxmﬂﬂsf‘mé}ﬂﬂm‘ﬁg a cell
wall), a killed ..ﬁQD G f%&kd&&&%ﬂ%ﬁ!ﬁﬁm@&e&mmwmm&]ereof
pher opl as .

including a yeast s , a yeast cel ckin I ), a
yeast cytoplast (the same bugdi grchy|ratjo B c EF#" mf“? ﬁlﬁ%cﬂ \ggésﬁ

yeast ghost (i e.Mol@uyramidchnolagt Thesapkitindpplicationy W\ﬁﬁ@?@ﬂ‘ﬁ%’éﬁ% Ingmybich ‘5
cytoplasm, a yeas wﬁ.ﬁu nelB bl rehRenBd & RS Erfibely Gandiate odidh@e inktiallycideniyied by

menbrane extract or action thereo SQ I O l,y‘ﬁg,é,]; SENbrane
particle, and pretHeseRE @?“?ﬁf)méﬂf"fiuﬂrlm %hik%mg%é @f;&m@s Yeast

spheropl asts are mmmmlsﬂmewm@%ﬂww B’f"ﬂ'bstl on of the yeast
cell wall. Such a netﬁopmblsmﬁeaﬁm@eﬂmgfyplmgemmmml Iprayicd pognmfbraedd, for gl |

1991, Meth. E YorghoRd t
entirety. BOYQth“EW% ag‘{pg%%?é le%x?g‘{? rgﬂoduﬁ&?%ﬁmﬁu&ﬁ@?izigflSe;sf

cells. Such a using biological, enzymatic an or uhem:cal app
a molecular diversity strategy include submnit diversity, molecular size, and library diversity.

Thc geaeral goal of screening such lbraries is to utilize sequential application of combinatorial

selection to obtain high-affinity ligands against a desired target, and then optimize the lead

30  molecules by cither random or directed design strategies. Methods of molecnlar diversity are
described in detail in Maulik, et al., supra.

In a rational drug design procedure, the three-dimensiopal structure of a regulatory

compound can be analyzed by, for example, puclear magnetic resonance (NMR) or X-ray

crystallography. This three-dimensional structurc can then be used to predict structures of




met hod i s described, for exanple, in Coon, 1978, Natl. Cancer |nst. Mnogr.
48, 45-55.0.nccuporated herein. by rteference in.its entirety. 52 ___Yeast

ghosts are typically produced by resealing a perneabilized or |ysed cel

and can, but need not, contain at |east sonme of the organelles of that
cell. Such a nethod is described, for exanple, in Franmusoff et al, 1983, J.
Biol. Chem 258, 3608-3614 and Hussey et al., 1979, Bloch: M Biophys. Acta
553, 185-196, each of which is incorp {ated S5herein by reference in its
entirety. A yeast nenbrane particle (subeellular yeast nmenbrane
extract or fraction thereof) refers to a yeast nenbrane that |acks a

nat ural nucl eus or cytoplasm The particle can be of any size, including
sizes ranging fromthe size of a natural yeast nenbrane to roicroparticles
produced by sonication or other nmenbrane disruption nethods known to io

t hose skilled i potdiindcempbonds @bl @m&nby&m@kﬂm qux%lc%ﬂpxﬁ&ﬂnod&ﬁ@,dum ng

subcel kul ar yeagf, qggp:gé E%E exanp

Franzusoff et alL, ﬂ%%ﬁ Sech be f%% 3 c %ﬁaé‘/’"“eﬁs@' use
fractions of yeZ&mPle Eymplepiar dvemity ‘E‘F”é’é‘* t%W“%ﬁFW@WﬂW&W portions
and, when the alwtprgiamdvhusfwmhsmmemmamﬁb)hmhwanﬁa@ oy OF tO

preparation of &i ﬁﬁﬁu&mr%ﬁal&%& oG BL E&.g% p lnterest.
Anti gens can be 15n§/arr|q§h gﬁo&e t he de& te?ne lg’n elt erggsurface of the

nmenbrane, or conbi ndf1%h ?“H“&Wb”“%@“%ﬁlﬁ‘%%hd@wwﬁ@fﬁﬁ'ﬂy de and
out si de t he nmenl§Phruereavarldiet al disglose. iy ctaingic, methdels efidgcceil désipe inpdirSs the a@Thr ane

particle). In ofieetLlb gftbaP s creafog) R molRD EaN G Rdhint Gy 0B af W‘Oi nant
yeast nenbrane Qﬁ%f&%&n hat do$ A bemL w[l]miﬂﬂfa(:t d| S‘“ﬂfét ed og | srupted and
reseal ed yeast Ehar P ey e SHE Peeti OF PR S0 on t he
surface of t'fie &9 mﬁ%mﬁamewmmwwwwuwummﬁm he -
menbr ane. oﬁtmmaaqalua:niﬁmgseamndmaulgam,lahd P ERIAded bgpRith iSwiich@eat €d yeast

cell walls carryl, §l‘|§$?ﬁ§ agt tially
enbedded wit hi Mﬁﬁ@h{:&ﬁﬂsuch t%v eaé”?ﬂ%’% cﬁ“’l%apr epar ation,
when admi ni st er%‘&“ i QH‘?"W&W""E‘P&WEPE@“’ ieEeesies (e. g, protective)

| mrune r espons eoages ! Hecodngsf ect i ous agent . 25Any yeast strain can be

used to progsce a ymmbﬁ’ ngfef.wggneg{)&gﬁgavg#ﬂaggm% Eﬂ%s gre

uni cel I ul ar m croor gani sms t ree c

Asconycet es. Bd’??cﬂ’f’ %W%Pmﬁﬁﬁéwwd@?@%JWWMer ation for
the sel ection aka®y dfyfipahddpeytic atdeid 2ids (36 aftSme) ibdpdd SRS bH Rpdks &S t he

pat hogenicity S e _enhod he nQn- pat hogeni c
strain such asq%a] qﬁ%g%yeeg’s cgl(le)t?eV|°rs'$aelag % 3‘% 05%/3@ &8*”6‘? 3 as

non- pat hogeni ¢ “PEed akove| Fhej psesen rsention mmwmmmammemwtmm to the

i ndi vi dual te® Wmstmnmaa&nme%ﬁma"aﬂmuﬂdnsﬁ'%nﬁ‘ﬂsmdﬂ%@%% of@t hogeni c

reans knoun to S ARl iy {aegabey bon B beent o 0 w1 0
pat hogeni ¢ yeas"t“s%'faﬂaﬂﬁﬁ‘?“ 2 H.5n BatqohiPublingtion) Nos. 20056858 Al and 2006-0110755
Al). Either type of composition or vaccine can include, in addition to any of the mutated
Ras protcins described herein (e.g., 2 Ras protein or peptide having a mutation at positioh
25 76, and preferably, an E76G, E76K or E76Q mutation, or a combination of the Ras E76
mytation with another mutation, such 2¢ a G12 mutation), a pharmaceutically acceptable
carrier. AS used herein, a pharmaceutically acceptable carrier refers to any substance or
vehicle suitable for delivering a mutated Rag protein useful in a method of the present
invention to a suitable in vivo or ex vivo site, Such a carrier can include, but is not limited
30  to, an adjuvent, an excipient, or any other type of delivery vehicle or carrier.
According to the present invention, adjuvants are typically substances that generally
enhance the mmune response of an animzl to a specific anfipen. Suitable adjuvants
inchude, but are not limited to, Freund's adjuvent; other bacterial cell wall components;




53 thereof, have been used in the past as adjuvants or as biol ogi cal
response nodifiers, and can be used in accordance wth the present

i nvention, nonpathogenic yeast strains are preferred. Preferred genera of
yeast strains include Saecharomyees, Candi da (which can be 5 pathogenic),
Crypeococcus, Hansenul a, Khryveromyces, Picky, Rhodotorul a,

Schf rosaecharomyces and Yarrow a, with*Saccharonyees, Candida, Hansenul a,
Pi chia and Schi zosaat aronyea being nore preferred, and wi th Saccharonyces
being particularly preferred. Preferred species of yeast strains include
Saceharonyces cerevi siae, Saccharonryces earl sbergensis, Candi da al bi eans,

Candi da kefim Candida tropiealls, 10 Ctyptococcus laurentii, Cryptococcus
neof or mans, Hanse g 1els J%}GWQ-E‘B{ Rfi.agi i c,
Kitryveronyas |a ?lﬁ‘“m%f“mgr%ﬂmg&smﬁg%%asﬁgé varua% 1 Bi ckl g pastoris,

Rhodot or ul a r ubr airal Seht pmmchfhﬂobﬂf@eﬂ'dﬁb’ﬁ%d?@m%’a% &‘ETQPE“bI Yidkca. It
is to be appreci g} Smbi R vﬁmrgdma@rﬂug{mtims@mqemmlmdmomamgt y of

Z?S?Qﬁéh??onéépi%mgs”btaeé?amﬁaﬁweﬁ@t PR E Reckth BE, gl Bl 1 e

cerevisiae, Cs alsépbﬂarmd their dpomtes tsach P Quib s (avpilpble &%S’Qﬂmﬂcﬁ’}?fé"m’c’é?’ evi si ae
i's parti cularly red due to it bei ng relatively easy to manipulate and

bei ng "Generally Iseco nji zed As, Safe" S' for u gives
(GRAS, FDA proposed IéF’é“G‘*Z’FRﬂ’%?@%""%‘Pﬁ ﬁA ﬁ”&‘e ec'?r‘%otg nt of the
‘present invent i ORomjRsitonyBaBY treied canimal. h Stitable ve!alplabﬂ‘:éld%fb“? #plnp Bpidfop| asri ds
to a 20 particul E’%‘ | G5 P eall 3R arions, idde@Rlalle IRpREHE, WpdsS@Coil) dtel I A1 N.

iThe S. cerevisio rain 1s one such stral n that i s capabl e of supporting
expression ve o el¥e@l- al | ow one or nore target antigen(s) and/or antigen
fusi on protein(s) to mmﬁm&r@mhﬁm inklndjhne. Vegvinss,Sof thenpresoiavesion camysonut ant

'yeast strains can, inggcg@ﬁ] |ga iedtdICl Adidg Hch@Sea t hat
|exhl bit nmduced pos rans R’ﬁ frcations l

f ex sed target
anti gens, such a@hﬂzgamﬁlﬂ'lwaﬁe{cﬁ@“ f &% H‘g ?"é‘ﬁ’g“ }e\qr df"ﬁ'ﬁﬁ' 8
‘gl ycosyl ati on. i mheppate msﬁmgeﬁslaﬂw:ﬁéﬂmﬂmemcmﬂbnvmmmvewmletme"ﬂpr esent

invention is capabl e of fu3| ]“dlg & ki) afe NG

vehl cle and afti é’éﬁrlvmbr’e“ie'ng %fﬂfmdt gre sucﬂﬁ Mﬁb}%&#ﬁ@l tic cell

macr ophage, ther elbymaﬁtfgeﬂmqmgmat{@fl in Ry pybodiTents jacyspst yehile, or drndsic f’ﬂ’e yeast
vehicle, and in s BE RO a0 eﬁ,:ntahamam,mg@ﬁnwhl@fﬂ:he:mpﬁﬂonhtypagetm used
herein, fusion of Icle th r s to
the abili ty of tﬁ’é‘“ff@é%’%mgléﬁwyn@ﬁﬁ’r“? \é\ltl' alr%t ?%F g&taﬁgﬁéﬂ#%&%ﬁf@&g{e with
t he menbrane of tmsxamgmuemmmmmqbeg"swm:a)er%?aﬁblm&mm@wfawmem

macr ophage) , Leadiagioh ﬁ.cﬁxerh%len% o UrRkric® that tABspbiG 66t db 86t Gpebificatly BypaCHd | um is

a i {inact ol RS S0 g S et U glpLONS. b 3

pharmaceutically acceptable excipiemts include, but are not limited to water, saline,
phosphate buffered saline, Ringer's solution, dextrose sohtion, serum-containing solutions,
Hank's solution, other aqueous physiologically balmeed sohutions, oils, esters and glycols.
25  AQUEOUS carTiers can contuin suiteble auxiliary substances required to approximate the
physiological conditions of the recipient, for example, by enhancing chemical siability and
isotonicity. Suitable auxiliary substances include, for example, sodium acetate, sodium
chloride, sodium laciate, potassium chloride, calcium chloride, and other substances used
to produce phosphate tmffer, Tris buffer, and bicarbonate buffer. Awxiliary substances can

30  also include preservatives, such as thimerosal, m- or o~cresol, formalin and beazol alcohol.
One component of a therapeutic composition or vaccine of the present invention
includes at least one antigen for vaccinating an animal, and particularly, at least one antigen
comprising at least a portion of a Ras proteln containing the mutation at position 76 as



54 surface proteins (including those of immunodeficiency viruses such as
~H\ _influenza.virus,..poliovirus and.adenovirus)..and other fusogens (such .
as those involved in fusions between eggs and sperm have been shown to be

able to effect fusion between two nenbranes (i.e., between viral and
manmal i an cel |l menbranes or between mammalian 5 cell nenbranes). For
exanpl e, a yeast vehicle that produces an H'V gpl20/gp4l hetenl ogous
antigen on its surface is capable of fyusing with a 0D4+ T-lynphocyte. It is
not ed, however, that incorporation of a targeting noiety into the yeast
vehicle, while it may be desirabl e under sone circunstances, is not
nartessary. It has been previously shown that yeast vehicles of the present
invention are readily taken up by dendritic cells (as well as 10 other
cells, such as macrophages). According to the present invention, the
term'’ yeﬁst VEhH&h&e@.ﬁ&dﬂQﬂhﬂ@&ﬂﬁhﬁd{nor@ﬁccm?’ﬁﬂﬁchwbmgﬁﬁb E&Wpie&)ﬁr‘l] ot & used
generically to e_an tign o east th an antigen.
Such associ ati. oﬁ]euaf%lu? ) E%’kbnrcélss on of "t hé anntogcgmé:nalgmﬁ Plemi'/seas “(a

r econbi nant yeas'tﬂ}mnahdﬂﬁmduémmgd@ the presgmt trivepdion, smangigea syiable for vygim/bé cal

attachnment of t&eseatiémaﬁb&m&%vmnémmm&s&o or M3k umniﬁi mqum@.r and
anti gen togethe as.in a buf fer .or .ot her SJS I on or (%Drmthatl on.
These types of E8h éa‘“é 165 TR T PR HESPT T FEORTYC GPEPE, P epiopes fom g,

enbodi ment, a ymnﬂbmsuemmlmorpwep'ama@f&enwwns reivnegesc dognaing, ansf ec- t ed
with a heterolo U&sMhﬁb&t@&h%ﬁi@i&‘B&L:ﬁ‘snﬁnﬁgﬂfaﬂlﬁtﬁc'lﬁug%ﬂklhﬂﬁaowh t hat

the antigen is expressed. the yeast cel | east is also referred
to herein as a é@d%fﬁﬁﬂt‘y?éﬁgﬁt%?@"& 5“?15'313 %3{35&? YER AP, The
yeast cell can stsare begdndmde thidlegical tmimipubitondlr iPrafecret gintated Rapproteims and  cel |, or
thy yeast cej ﬁetanéa%sksnbb%f& usel th a e&oenh&md@écsmuo&?anﬁ i Joak: T OF MRt i on

of yeast spheroplasts. cytopl asts host s, or. subc I ar partlcles any of

which is fol | owdHels gt heperH Jrventon e ¥ nto the dendrific cell.
Yeast sphenpl asts cmwle&bodhﬁanduﬂtbe:prbsynthﬁvmi exCdomplosiioh br amimmamﬂsmant

nucl eic acid no &) ﬁﬁ&pg{@mﬂ &g,qg whol e
yeast, and thenh_]taﬁdgr??f I'n _arder uce g %I nant spher opl ast
that expresses &f '&’rﬁ“ﬂﬁ@ﬂm“‘h“ﬂ?ﬁwlﬂﬁ&wméﬁ%ﬁ‘%ﬁ%I s39‘€‘ast .
spher opl ast usedomﬂ:rsmrﬁmmeesﬁdﬂ;&o)ﬂﬂﬁﬁb a Yobit Frinfind Gspois WidmeCleativéhictzs a -

reconbi nant nucl 1 SINCIoXl) ncodi ng e antigen su hat t he
antigen is reco @ Hy ex reisé':’gu gfﬁby ?“ﬁce&yeamgt cer %%/easf" spaﬁeeropl ast

In this aspect, IDBUHQ Frepopssh s tCepadn Pl@@cn}emqnsnspwbﬁ@p@ass@mﬂﬂatﬂ prefesibi nant | y
eXprtessef tlhe ?ﬂiﬂuﬂ@ﬁé@%m'%eﬁé&eﬁh&@cﬂr t aﬁmﬁgﬂnb Sﬁnm\.ﬂ@ t riﬁecmﬂ Si tng aII
yeast cytoplast,. a.yeas st, nenbr I C e or yeast ce
wal | particle, B'?lc’#g ?55% ‘ﬁgﬁgﬁﬁgﬂl‘é@a mcel‘h“% RYEY vehicle
and anti gen(®) um@mwmmmmmm bacthlhé#tem I n one
aspect, the yeaﬁﬁmuuﬁmpﬁﬁse Rl ﬂ.&d%lﬂ&éﬁﬂ@évhuk%édm ¥dndphred BB gen(s):

I n anot her aspe he antlg% k %Fﬂ%& non- CO\.@’ gde?% at t-ached
to the yeast veRI"#pE: orvie yergal, ”é?“ tec o 1hBht t he
antigen(s) wer e%mmmwmmmbw smitmswg ofinmuaﬂmtph@rﬂ. wowpll @ fo diffedeniiate t he

preferred enmbodiiBimmind Refidel S Sdoral RnNdpseed recorrbl nantly by the
yeast vehicle or by e st cell or st spher o ast fromwhich the
yeast vehicl® was d@P&s‘é ‘Bﬁ'}r E%@F’ﬁn °§nm&]ﬁ$ “?1 homyoness ¢ iR ¢l .e of

t he present i nvemmtation, smgll aeloumtqdqugshﬂdﬂmsgmwgn modclhm,qunms lemawrlintited thhose
skilled in the gfhegdh&hld; wRiAlE! Since2GlcH R 18 THL1D), mterdeukin 12 (L-12),
interferon gamma (IFN-gamma) insolin-like growth factor I (IGF-I), transforming growth
factor beta (TGF-P) steroids, prostaglandins and leukotrienes. Other suitable biological
30  response modifiers include, but are not Jimited to, anti-CTLA-4 antibody (e.g., to release
anergic T cells); T cell co-stimulators (e, anti-CD137, anti-CD23, anti-CD40);
alemmzameb (e.g, CamPath®), denileukin diftitox (e.g, ONTAK®), anti-CD4, anti-
CD25, anti-PD-1, anti-PD-T.1, anti-PD-L2 or agents that block FOXP3 (eg. to abrogate



10 encoding at | east one desired antigen is inserted into an expression
vector in such a nmanner that the nucleic acid nolecule is operatively
linked to a transcription control sequence in order to be capabl e of
effecting either constitutive or regul ated expression of the nucleic acid
nmol ecul e when transfornmed into a host ygast celL Nucleic acid nol ecul es
encodi ng one or nore antigens can be oN one or nore expression vectors
operatively linked to one or 15 nore expression control sequences,
Particularly inportant expression control sequences are those which control
transcription initiation, such as pronoter and upstream activation
sequences. Any suitable yeast pronoter can be used in the present invention

gndf avar ety of msued% i TDISACD2SW € ripiRiey defls) NBSIRasiK inkiquisbdi (mdaiam};ré ]
referre pronDt ex ress 0 paronyce a ude, but
are not linited {#f ?ﬂggﬁékﬁgﬁgodln 506?%ﬁq$%??%m§hgﬂ§east
proteins: al cohokgodistkh ek ownsaﬁlgt incréaDg youmber [of, o ABFESE, theCugtivagion state,” of

phosphogl ycer ai e 4l Giasss, (R hagds! dn@ SheP Emmem@@rm@ﬁ@ &BBD, Such
transl ati onal elonﬁgtlon fact or EF- lﬂ@?E a

gl ycer al dehydé- 3%8 %W@*‘d’@ﬁ(}'ﬂ?%‘é Wﬁkﬁﬁlﬁ’?dﬁe%bl@éwaﬂ’gd to as TDH3,

for those phosphaiser-Rigd sposiiga| act oki nase (Gal),

gal act ose- | - phosphat ma :‘t B g&pﬁﬁmgqah7g biRn GRlvaGisa vaRinder ase
(GAL 10), cytochr orre%gg )6 ok i

YCl). Sec7 rotelneg aqd aC|%££ %Ppatase
(P1105), with hyFRmpgsipg ?E‘P‘s"‘@‘d‘éﬂ“"a B Bepy pfonot er s
being more pref eréeloteind tr pepide\Disrbe Ripkih (6. ombe ®as prokein dlavingsa myowed when
a1 ucose conCey R bl i &Sl dr i ndhingARHG oln'os B! O- 2

percent), as vvel ronoter a
Ras mutation, such as a (312 mutation), or multiple epitopes or antigens or a fusion protein

described herein, expressed by the yeast vehicle. As discussed above, in addition to the

E76 mmutation, muiations at any one or more of positions 73, 74, 75, 77 or 78, or any of the

combinations of Ras mutations described above and particularly, any combination of a

15 mutation at position 12 and/or 13 with a mutation at position 59, 61, 73, 74, 75, 76, 77,
andfor 78, are encompassed by the invention.

According to the present invention, 2 yeast vehicle is any yeast cell (e.g., 2 whole or

intact cell) or a derivative thereof (sec below) that can be used in conjunction with an

antigen in 4 vaccine or therapeutic- composition of the mvention, or as an adjovant, The .
20  yeast vehicle can therefore include, but is not limited to, 2 live intact yeast microorganism
(Le., 8 yeast cell having all its components including a cell wall), a killed (dead) intact
yeast mic:roorganiﬁn, or derivatives thereof including: a yeast spheroplast (ie., 2 yeast cell
lacking a cell wall), a yeast cytoplast (i.e., a yeast cell lecking a cell wall and nucleus), a
yeast ghost (i.e., a yeast cell lacking a cell wall, mucleus and cytoplasm), a yeast cell wall
25  preparation, or a subcellular yeast membrane extract or fraction thereof (also referred to as
a yeast membrane particle, and previously es a subcetlylar yeast perticle).
Yeast spheroplasts are typically produced by enzymatic digestion of the yeast cell
wall. Such a method is described, for example, in Franzusoff et al,, 1991, Meth. Enzymol.
194, 662-674., incorporaled hergin by reference in its entirety,
30 Yeast cytoplasts are typically produce.d- by enucleation of yeast cells. Such a
method is described, for example, in Coon, 1978, Natl. Cancer Inst. Monogr. 48, 45-55

incorporated herein by reference in its entirety.



pronoter, being even nore preferred. Likew se, a nunber of upstream

-activation-30 sequences (LIASs), also referred to as enhancers, are known.

Preferred upstream activati on sequences for expression in Saccharonyces
cerevisiae include, but are not limted to, the UASs of gents encoding the
follow ng proteins: PCKI, TN, TDH3, CYCl, ADHl, ADH2, SUC2, GAL1l, GAL7 and
GAL10, as well as other UASs activated by the GAL4 56 gene product, with
the ADH2 DAS being particularly prefefred. Sir the ADH2 UAS is activated by
the ADR1 gene product, it is preferable to overexpress the ADRL gene when a
het er ol ogous gene is operatively linked to the ADH2 UAS. Preferred
transcription term nati on sequences for expression in Saccharontyces
cerevisice include the term nation 5 sequences of the a-factor, GAPDH, and
CYCl genes. . Preferred transcription control sequences to express genes
in methyl trophic ye‘émtgbwﬁlawdmi@nepwdueﬁ@tremﬁ#zm?ﬂemﬂﬂm orlysefh §hadof t he

%tgnes encodi ng @h Gk ﬂ&,ddaﬁ&nhagds:;s%mt& @@mndsra@ﬁn&aesmamemod ;s
timzation co s.an net S (6] ext e 0 antlgens
10 s anst oy Penhieyn f et o IREE, Pl hor ik GBR-As S

Transf ecti on ofBusenetcil.c199, BoickimnBibmhes. Heta B3 1B5d 96 etk of whith is mewparatidng to t he

present inventiRRiGH ke mbshed by any nmethod by which a nucleic acid
nol ecul e adm ni stered into the cgéll nlg‘ i ncl ude but is_nat Lleted to,

di f fusion, active t#XHeiRsEbraspmticle Sabeellar yegst memprae EREH SF S

m croi njection mﬁﬁpﬁmmmaﬂsmkptmlmmwmﬂgmgbﬂmchm ben.

Transf ect ed nucaf%f € | Bl ﬁ-ﬁﬁﬁfﬁoﬁ?%é et @bl b apRaSto

chronosone or mai ntaj ned on extrac ronosonal vectprs usi technlques known

to those skil | SBCTPRIeks Praficedeby sonipauan orcother merbrang disfuption Quch
nucl ei ¢ aci de nuh@eﬂd:lmmahardfuﬂm&adwmbmﬂhgd%mﬂhmmﬁmmb@thMed above,

yeast cytoplast, "ﬂ’Qg t 1061, QRO knfdt] V@l |
oéﬁ)e prgﬁ uced reco K 9%[ 1591 £

pr epar at i ons can a 5 nant t'ransfecting I ntact
yeast 20 micr oﬁ@zﬁﬁ?‘@?‘f’s Qg mpsaioruse st pf vt @Wﬂ'ﬂ“ﬁpww FEftc acid
nol ecul es, pr oCkkdbige poftidnodnb,| vgei thi: Biltien wag m@&@bedmbfnhmiﬁbymaymmnprul ating

the m croorganisos or. Sk ug ose skilled
in the art to pr SeECe c%p’fas ‘ﬁ"‘éz"t“%%?“ fe i?ﬁ ular yeast %)rane
extract or fif acqamemmmm‘memmﬂWﬂd@&&?@&nw-mjeﬂ%bmﬂmw ofe

condi tions for (ﬁhbempmgup&dnoa Whh D600 A Ak BeCRAGkbrine Rhdidrapamag the25

I Wi ch 5 yeasPRETR e der S RO Bl 1 o S VEH A Pt o cal |y
an aqueous mediisaTecnbipenit géastgnembmnapattinl that cmbdro finpat, dlﬁl@ptﬂdswrtdlsog@ﬁmulnd
phosphat e Sour GegaleBRadVhbhbras ﬂﬁPﬂEl@&E m&a one lidsied olfiigl# bR LS surliB ke and
BT Ut O bvans ot af owst pectialy erabed M bagt ors. The medium
An example of a yeast cell wall prepamtion is isolated yeast cell walls carrying an
anﬁgm on 115 surface or at least partially embedded within the cell wall such that the yeast
cell wall preparation, when administered to an animal, stimulaies a desired (eg.
protective) immune response agamst the infectious agent.
25 Any yeast strain can be used to produce a .yemst vehicle of the present invention.
Yeast are unicellular microorganisms that belong to one of three classes: Ascomycetes,
Basidiomycetes and Fungi Imperfecti. One major consideration for the selection of a type
of yeast for nse 85 an immune modulator i3 the pathogenicity of the yeast In ome
embodiment, the yeast is a non-pathogenic strain such as Saecharomyces cerevisiae. The
30  sclection of a non-pathogenic yeast strain is done to minimize any adverse effects to the .
individual to whom ibe yeast vehicle is administered. However, pathogenic yeast may be
used if the pathogenicity of the yeast can be negated by any means known to one of skill in
" the art {e.g., thutant strains). While pathogenic yeast strains, or nonpathogenic mutants



may conprise conplex nutrients or may be a defined m nimal nmedium_ Yeast
strains of 30 the present invention can be cultural in a variety of
containers, including, but not limted to, bioreactors, Erlemeyer flaslm
test tubes, mcrotiter dishes, and petri plates. Culturing is carried out
at a tenperature, pH and oxygen content appropriate for the yeast Strain.
Such culturing conditions are well witfin the expertise of one of ordinary
skill in the art 57 (see, for exanple, Guthrie et al. (eds.), 1991,
Met hods in Enzynol ogy, vol. 194, Academ c Press, San Di ego). In sone
aspects of the invention, and particularly when it is desired to have
sufficient surface expression or provision of an antigen in enbodi nents
where induction of a inmmoral | ne respqonse. q Shaare
grown in a nedi ab#EeiEE '?‘Fé"d“ﬁ‘{ ﬂgﬂ % 5‘5“6%’ %ﬁﬁ@gghﬂg%%ﬁnﬂ%dﬁa eneral use
of the term "neutdnadle ysdd'in pebease twith sheppeesptd ityentip (IRRABHOBHE Y F2S > &%and
about pH 8, pref errr;lé y between about pH 6 and about 8. One of skill the art
a

wi || appreciate m nor fluctuations.(e. t ent ArQskedhhs) can
occur when measur i ngPrfert gerpiehyspsd prein “gg‘ﬂ'g%"hf"ﬁgyuse%? neutral pH to
grow yeast celsl spiilR@a®)t oCifebede NeamtlaceKiayeraneeyr ofiphid, n Mellordt pH for
the majority of ti e that f}@};.,@,-f,ewﬁms&bﬂaﬁah& . ddn@le takeyula, Peist are
grown in a nedi a&%zf’sﬁ?cg‘frﬁ"g aatnha pH "ava of rg%’ f?st. 5S¢ M%,gpéyc;n e pH of
the cul ture medi and Schiramclprpmyiey bFgs (PR BEF [3"?-‘?3“"3 RO SRR heut r al
pH in cul turing ygaclripsresmdebreesiapaies b yoisoyhindbclult faschasompees eerasiae,

desirabl e char actser' stics Mﬁgg%&@gdﬁga VeAhs, Rendd2Nkepr,CEankifE rropicalis,
i munonodul at i on**E5TH 0one e I

ment of the present | nventio an
alternative t® eXppoesiunagerihn CRRPFGEH ’f"@féﬁ?‘(gﬂ'rfz‘ﬁ'f ?fai‘ﬁ"’?ﬁ% %@%t%hvehi cle,
a yeast vehicl e ipSyhdpSnhibmRegtaeilis, Kiskyyeraniytds lacivoX ayveroaos tA=EEpYF-de
antigen, or with car z‘oﬁ%dr t%sR%vﬁ&ﬂme&me pamkel SndBariaant i gen.
) R : h . .

Subsequent |y, thé""?’e Wi ch now contai ns the antigen. of
intracel | ul arly, kpalmicioe tasitei bei ayprovinted 13 % FRODETAL (s PEP™ BIME R TP a
carrier such as uuSBEY lybdsCoubipled, elcrlBaiid ek 126c belhdedwithingherbegnertiond n, a
pepti de conprises an am no acld se u%nﬁg“&fs&wa%i&h.mgha&mabout
30-50 amino aéi dél?%ihf"éepé"fmygfn conprises an_am no aci d sequence of nore
t han about 30- 50 pagiiriaandapatee. @mM@WIWWQMH‘b@A“&%ﬁbW or
peptide useful ag, ﬂn&i@ﬁlﬁé 8 it RGRERAS REGBHIZd A5 Safe TorCERASR firtveps fodde. |

cl

greater than 5 am no ds in Tengt ui.t.ablensj Foft t han
that whi ch conpr i2d@dvesdGRASTRA PWB%@Q“‘%?@%’ ?‘Fggl?ﬁ?r%%s} bé% ful_?%{?gt‘ngt h
proteins, chinerim peeitcirstioaris faugdagnstpinohai in sepalie of irepicetingh BlEfY: B s can
be derivatized eithen Q%}gﬁ'&%&%ﬁ’mﬂf sah 3l DetdreRdidelerr Siah THOS] ickrivestiieisemirs can
i ncl ude, but &are *no mted to, glycosylation, .phosph i
acetyl ation, myr isengisechisenin ﬁﬁr”eﬁ?&&tﬁ‘é‘ﬁ?%*ﬂ#&’@? ‘é?{lggﬁi,;ayg%&(fgﬁro%mand/ or
addition of glycasaphesphotddy edipasfusiol profaf) falbs empregsep sbhigh Mz alt be
inserted directly . i.nto [} P bR hvehtidM Sitludng thiye that
gy bR eiafiSe vl E R pegll,

techni ques 30 kno ed 1n the ari, such as by. di f i.on,
active transport ,exhibipsedunsd ppstrEpngigtiong)) '@‘&“c“?‘%‘ﬁ'&hﬂf WF%%%%%“&@F&“% o
freeze-thaw cygl esuape bt Azaesiherkiest N-ikedgycogllioe| es that can be directly
| oaded wi th peptides,, proteins le e QbR intRERGIda@bleionCl ude
intact yeast, as wel Imgeegg’ﬁ%rn%nﬁﬁjfg%g@ org_t&z“or é%o I_lans%f, ich gan be
loaded with 58 afatingyethshesflltyme thwiieh e yegsh vehislqandap EE‘F‘B% 'Yf&ﬂ nt'o
dendritic cells. AbLiREBMdr WbiphadeNhetetly offedtisg paiznlaiyeetficent daivenr of fhe yrest

antigen, and then sphenp] asts, .ghosts f t ' SURGkAHM] @dion@r ti Cl es
can be prepared THEFSf %Wn?‘*%%’grmgyngﬁﬂﬂ%n@igg{] %e 'oaded into a
yeast vehicl e sbn 4 yis veitisodth srangeted cellobmpeaeters ahijity of the yeagt o Bl e

integer up to hu n]%’h%ﬂ%heﬂ:ﬁf. {o fuse with the membrane of the tarpeted cell type (e.2., dendritic cell or
macrophage), leading to syncytia formation. As used hercin, a syncylium is a
multimicleate mass of protoplasm produced by the merging of cells. A pumber of viral



5 thousands of antigens, such as woul d be provided by the Ioading of a
~m.croorganism by the |oading_of a mammalian tunor cell, . portions

t hereof , for exanple. I n anot her embodi ment of t he present i nvention,
an antigen is physically attached to the yeast vehicle. Physical attachnment
of the antigen to the yeast vehicle can be acconplished by any nethod
suitable in the art, including coval ent and non-coval ent associ ation

met hods whi ch |ncIude but are not linmted to chemcally crosslinking the
antigen to the outer surface of the ygﬁst vehicle or biologically Iinking
the antigen to the outer surface of the yeast vehicle, such as by using an
anti body or other binding partner. Chem cal cross-|linking can be achieved,
for exanple, by methods including glutaral dehyde |inkage, photoaffinity

| abeling, treatrnent with earbodiimdes, treatnent with chem cals 15

capabl e of | nkuiaceCratéint! (ﬂﬂcﬂ&iné)m%&f :ﬁiﬂﬁko&t{fa@ﬁcﬁ%mﬂu&masoﬁﬁeﬁnﬂﬁ &@ss- 11 nki ng
chem cal s stand Fu?{ the %F "Psé cﬂaﬁ ﬁg @Fﬁhem cal can he_ contacted
with the yeast ve e flhex %’é’ fhiose imypeddp fuslPat  of yeast
menbr ane or theb%mmemstmbmw) laprebege showneth ibe side tdeffectt fagonObttvesen Sy f ace of

t he yeast. i S NMDf@unngy t&tvfehtﬁ dfhofi :Qﬁ-ﬂé? ul ar
charge characterjstics ()fe. rpget?hr?fé::q%nts @uc?:ighgs an %\g | es, &BM%J

peptides, zo > s ot BT EROPRE o Y Exemi ST rehicle othat Reodpges 2, |HTY %E”O(Bﬁ‘ﬂorporat ed
i nto an ant i genhetemlogofs wstigemonpitsatrficetis capaldd dfdiising S&h a SHeET-Himpbbcyt M isan anti gen
for binding of ﬁoﬁﬂlﬁﬂweﬂﬁﬁlﬁcgm&%ux{:ﬂ% %e.,atsme cast Vobletd ShudifiRlye!

enbodi nent the east icle and th en are associa Yeach ot her
by a nore passl ﬁéﬁ“ﬂ'ﬁ"’ﬁ?ﬂcﬁoﬁ“@&%tnwww%t%w@m such as
by 25 gently mMgnhkheo&wtsmmmmmtyh&maﬁﬁuygﬁﬁurﬁm@m@ew;ﬂ, a buffer
or other suip abjuRr &efid, Mh RldkaBBprafied- - adm xture). - I n one enbodi nent of
the invention, the %éa:ast vehicle and the anti gen are bot h | oaded

intracel | ularly i ntdfeardag fo the preseptanyention. thejispry Fesst vehisleiapticon complex'ophage t o

fAIOt m t hte_ t hler ap’euuiannmeqmm'tihmadgmﬁmgqb BcrbE oy iGsoRitiRB BN yehsDVaidie! ont_ _ f
ernatively, an 30 Dok usi o pro ein o
t he i nvention) can be #Eag%& g&g "gm{'% &?&3‘ gfﬁhlaﬁh%g'&‘ﬁ of t he _
yeast vehicle. ’“%W‘ﬁlué“%‘?ﬁ@ qf jgn aptigerhintorreyeas aisivg! =tﬂﬂ‘»‘ht;lertthnli'cﬁtnznponent s
c?n 3edaccog¥)g|ﬂﬁﬁ9ﬁdwaﬁ@eﬁt,&ﬁdlﬁﬁfﬁtﬂof?e?ﬁitggd anBiffth QethedSudhSiS & DRIARE & dt he term

oaded" an ves reof _refer t 0 sertion, introduction,
or entry of a ?@%@‘;“% " (E’"‘E’“mt%“%ﬁ&f°°9‘8‘ﬁ’f%tf&§°ﬁwﬁ7%t5 tFlgEn) into a
cell (e.g., a dendrIFP#@nb@ﬁmﬂ)!Lﬂi@mbﬂaﬁﬁwmmemtwmmmnﬂhwdaﬁihy refers
to the inserti qnhﬁotdg&tsrﬂ%t@tahﬂrh@&m tofeh BBt | Lo {Ul ar

a

conpartment of the ? o rough, the IasmatE rrenbrane an a

mni mum into YRS %“5 B’F ?’?‘h 5%%’9’5%6 5°§”5’4‘9§6%PF@'°@W

intracel | ul & spaeondinait yestovelidle n?mdtoﬂ&aﬂhmmmmt: mtlaﬁdrﬁ:ceﬂlds

references any ﬁﬂgﬂ%ggﬁh%mhmbtﬁﬁ C&WF&Q{IS Xa doreed to ent er
aced I n an environ

the cell (e. el ectro ment ,
in cont ac’g vmgt H“S‘?/ Mﬁ@%ﬁ#ﬂﬁ%‘?‘ﬂﬂﬂ%%éﬁ?hﬁﬂmﬂ@dw (e
substanti al | y [idafieg of thepdegimitier intoltle: deadritic byl Msgh&:ﬁlﬂﬁﬁ&u(ﬂng directly
phagocyt 0si s) . dh@Rekd i @&@mmmagmpm&w@ ectqg,tr ksl (i huded

di f f usi on, i’ 10 trﬁ éort bgmsorre usi on ifon,
phagocyt osi %5 g 2 fm Flthen dransfeptpd) in ﬂﬁ%ﬁ%ﬂ@%@ﬁﬂ%ﬁt‘ spheesplast v
mechani sns for ﬁmﬂmmﬂd@lﬁdrl tic cell with the yeast vehicle and/or

antigen are used, i n hagccyt s. of the
yeast vehicle and/ or an %%ﬁgﬁ%pgﬂﬁ%% %ﬂ&tﬁ% m%ﬁ%‘b‘:l“n‘%nt i nt act
yeast (with or Tslsen thé)(ﬁ’P@@@iﬂWGF WMFM&@M@)QM@M dan be :
ground up or pEMRESS GdonibihaiRly CRFHRGE by GheJEROLE Br YBR RpLeparations,

yeast menbrgne es QI yeast ts act) .and the
yeast fragrre?ogt gﬂ?&&f&#lo gﬁ@%ﬂ Ih?té%? '“W@WWG’E’UW&P{‘P r"gegd‘i’n ni st er ed
wi t h ot her coW@%FWWmMWmW%&;@mM@Wmms protein
subuni t vacci Nggtclddr bdafdeibal biAGd brfRlRH mBihogens) to enhance: immune

response. For exanple, enzymatic treatnent, 20 chem cal treatnment or
physical force (e.g., nmechanical shearing or sonication) can be used to
break up the yeast into parts that are used as an adjuvant _ Therapeutic
Met hods of the Invention One enbodiment of the invention relates to the
use of any of the agents described




herein related to the nutated Ras of the invention (e.g., a Ras having at

| east a nmutation at 25 (*don 76, or the conbination of the codon 76
mutation with another Ras nutation such as a codon 12 nutation) in the
preparation of a medicament O conposition or vaccine to protect an anima
agai nst a cancer. As discussed above, in addition to the E76 nutation,

nmut ati ons at any one or nore of p03|tlaﬁs 73, 74, 75, 77 or 78, or any of

t he conbi nati ons of Ras nutations described above and particularly, any
conbination of a nmutation at 30 position 12 and/or 13 with a nutation at
position 59, 61, 73, 74, 75, 76, 77, and/or 78, are enconpassed by the

i nvention. O her enbodi nents of the invention relate to a nethod to protect

an ani mal agai nst a ncer (r)?rm; Lt 0@ AR S &L wggs.{cﬁgc@@yaﬁy #@hiqhrat has

or is at 60 risk of g a cancer, a \vaccine 4 lugﬁeut

conposi tion descrdﬁbe@dlﬁeqcm r?“t"—’Eﬁ aspertice Yorst YPhijo Rs lagdeq orese é’r%’t om of
the cancer in theyugyi@8ln another asgell, @O EntigeRRE Mhs cotdltiyaramoi-coealanly mmpcbsu tions
conprise any of the vaccj.nes .or conpositio Lont ai n
at |east the anti W“ﬂoﬁ%ﬂfs%é’%ﬁ" eeraasséwa%nﬁqéﬂg@%aagr oteln v:)r pepti de
conpri sing t hes musmtiktalbyatixigmn d1 e apectepd E@*&Fﬂfﬁrﬁ‘éﬂ“bﬁﬁhm%tﬂiedﬁ??f §)is

including a conblé;&&hgr}wg,gbﬁéaﬁ’ymﬁﬁmﬁﬁ o Bi{1Bd yeOiceWiof Yeashiphirbidust foms
mut ati on, such as positio ew_ﬁ:;utgﬁgl on, and nore preferably, that

conprise the van"ﬂ‘dFQ“Eéﬁt’ﬁ"& ns, chimeric constructs and/or_fusion
proteins described aberpessic@iofrarantizeniy ayerstvehicn of tharesebioRRRts asersmplivhed o of

that can be used jf, GeMAGE BRwRho HOENR:LE inOfhe ARE Biﬁﬁy;ralﬂﬂﬁetcahmmlmﬂa O her
therapeutl Cc conposl %I ons useful in this. met hod of the I%ﬁ ude a
rrut ate

conposi ti on C AP reeading tdeast ops (5EiH agsiEends T TErge
proteins identi flmdﬂhyaumdhemdmﬂgussopaﬂdmwmaﬂm %WP@RGP%E%W%P“ such

proteins by tunors,. (fpelcliabik 8 GfctRl kit SlMindilve §r roEuRiel Yebiadiohsdt teaibelfs

proteins to override or conpensate for the eff t of . mut. at §%§ teins
on GTP hydr ol'ysi sidSiplemule BRESEHET™SY ™ g “ﬁ‘a{"ﬁﬁ Nestet s Iﬂmg‘%ut ar egnot
limted to, vari Moﬂﬂmmwmmlmwmmwsmmwawmlwm?ﬂm , or
aptuners, and/or vari LQS&B%QMOF sm&.ﬂﬁhﬁnﬁm&%a i RbRGLeGueaREPOUNS

(e.qg., products of " art I scovery usin e mut at ed s di scover.ed. by t he
i nventors) such w@wwmwmwﬁv%@%#%ﬂﬁﬁddﬂ'ﬁ

hydrol ysis. Such Wmsaﬁblawbmmhqumm@mmasm are

di scussed el sewhere herein VAP |Eﬂ¥$£gtéi% Hedon | €NQt
‘mut at ed Ras produ@?@n("é’m&m“ﬁucqw@?oc&%glﬁ@ mi)qecgfes an ot el ns armeI not
admi ni stered to ain Stankliramyoes abrevisiee drshde dny amoplimiedtih @romg Pf@"'“‘??éf’ @8 and
uses of the inyengl ‘ﬁmowﬁetya@:r mﬁﬁpmdﬁl@d‘oéﬁﬂ@ﬂﬁmm)o‘frmmm oducts,

or other tools assoc e Ras u un%’, etc.)
are selected. In l't'hﬂ %Eiyﬁ %"%‘f%&gmﬁ" p?%?l%éﬂ&feﬁe i Cl tatl on of an

i mune response, faaert ER:Ualphd (TEFR), wlyyrd@h!déﬁtphﬁph%d X‘B‘?%@Eﬁ GHAANL 2189 0 a5t
vehicle of the i nygRLd RNas hbmeﬂgtﬂqmaa@.o f8ile laalyu,&ﬁm)algmhmkghel (GAaLnpgeni c

b composi ti on al %aa‘«?@%a' prolrl SRR (PR PPLBRUEE pimerse [ORLIZCDI NE
exci pi ent and zsn @mehmbadtﬁém Se(:'éplgtm (SRED eidhacidphopbaipso@HOR) pyith Bybsid
vaccine), include %‘a?a%hmﬁﬁ)@@bﬁ LT I/ER0: OpRsRieR beibdimGa prefBq@cRE,
fusion proteins I H%GAIPB Evrgtemt\e/ra\%]%ol::hng induced when glucose concentrations in the cell are
low (a.g., sbout 0.1 1o about 0.2 percent), as well as the CUPI promoter and the TEF2
promoter, being even more preferred.  Likewise, a nu‘mber of upstream activation
30  sequences (UASs), also referred to as enhancers, are known. Preferred upstreamn activation
sequences for expression in Saccharomyces cerevisiae include, but are not limited to, the
UASs of genes encoding the following proteins: PCKA, TPI, TDH3, CYC1, ADH],

ADH2, SUC2, GAL1, GAL7 and GAL10, as well as other UA3s activated by the GALA4




10 conprise at least two or nore cancer antigens. In another aspect, such a
fusi.on.protein conpri ses at..l.east.one or._nore_inmunaogeni.c.domai ns of:- one or
nore cancer antigens. I n anot her aspect, the cancer antigen is an
antigen associated with a cancer including, but not limted to, nelanonas,
squanous cell carcinoma, breast cancers, head 61 and neck carci nonas,
thyroid carcinomas, soft tissue sarconmas, bone sarcomas, testicul ar

cancers, prostatic cancers, pancreatig cancers, ovarian cancers, bladder
cancers, skin cancers, brain cancers, angi osarcomas, hemangi osarcomas, nast
cell tunmors, primary hepatic cancers, lung cancers (including non-snall

cell lung carcinomas), pancreatic 5 cancers, gastrointestinal cancers
(including colorectal cancers), renal cell carcinomas, hematopoietic
neopl asi as and netastatic cancers thereof In all aspects, at |east one

antigen conpri sgdngprodonsitlsthe ADHE DAS béingdaltiyuloly pieferred riincs the ADHD UAS ipept | de of
Ras conpri si ng i i I i osition
76 nutation w t%ﬁgﬁtﬁﬁg‘é#ﬂgﬁg&gggﬂc%%ﬁgezﬁﬁ%r?% a %%ﬁié%%&géﬂ% E'Bosi tion
12 nutation, a Peecleguscisah iy enertvely Bakedatd e ARE2PUAS-t i Rovferred ramperiptiqs, 77 or
78, a Ras conpr iciikgorddiestts foN@peioh nRéchObiycaiceramiimtiicRishefstitiged herein,
or a nucl ei csaCL&eg&g% rkgu, aengbygiakénng use of such nmutations, as

or. ot her
descri bed above, “I's_1nc E&Zjﬁé‘:?_l_n Phe™&EE1 Ra~or conposi tion. The present
i nvention includes ¥FRdrepspaption gintrpl sepymses<ty £xnome gpnes,in aghylmopbit yedse

invention to anineitie R ransdipBord@iioliesibils df thOgindd RS ASSaloRI] olBsdd8d fopkated a Vi vo
or in vivo. FEr viyo adm nistration refers to performng part of the

regul atory step © Fde of the patient, such as adm nistering a conposition
of the present i nvefptimiatenconcemssod gethely foyf exeastllubr expegssiin; ofjaptigees| Bys) r enoved

froma patiaat wadeive GeAdichis@NSdilohvibRAtteginyeast vehicle and antigen are

| oaded into the cel nd returning..th ells to the tient The

t her apeuti ¢ conposi %‘?‘8%“’&? fﬁ@‘%fceag'gﬁ'f"?ﬁ?/’éﬁt“iwt ‘&E\iﬁﬂg@lﬂg% HBE a
patient, or adnitvendmesae et weanpideday iaen oethy bprwhich Ui teclyice st theleade

admi ni strati on. administereGH e SEI M iRMIAT i is\HREGHRE 1 GERAI A% frfdipog2n be
system c, nucosal, and/or proximal to the |ogation of the ta[ygoet site-(e.g.,

near a tunor). THe™BFEP HecErrrainreicpmiestion frokevion, pdsorpugny fnd fiotoplistar ent ¢ o
t hose of skils| fusion (Teangfected nokdqicaeili mmjpoda chle ibwarsedGfio 6 pactichronetokoobe

prevented or tr,gg#ﬂg,g,d %gﬁ 'Fg&ﬂwégg, . . popul ation
or 25 tissue. Pre errgé met é)n!'_s of adm nﬁ@%{gé[hg{?%h%?‘{@%%%,s@%mgﬁe not
limted to, int¥FaFemplsgotyems whidescamyingsuchpyrleicasd moleentrs A digdnedin deailat i on),
intranuscul ar aKtrEnNAS HikcAdsé dodbove) yihsi SAQER] yeastl Shokt] Sl fyakt hbrabdSpaftREOGONAr Y

adm ni stration,,_j [ i al inistration ) Lnto.a.carotid artery),
subcut aneous ador'fjil M?&%ﬁ%ﬁs, r%g?ls%gr%%‘%% ﬁ%ﬁ%%ﬁ@?ﬁ%?%fﬁa%é v

admi ni st r at i%n, METRTERISEh erogast splierPnidsts tvith desised nuglele poichmelbculet, grodusidgrithei st rat i on,
i ntraventri cul adhﬁg}ddﬂnﬁiﬁ&ﬁ&%&uﬁﬁﬂﬂﬂh@ﬂﬁhﬁi&&éﬁkﬁsw?ﬁwﬂﬁa& ¥sing
intracranial, i ] 0t raocul ar ural . intranasa or al ul monary
adm ni stration, 1 %re! %ﬁﬁ}o&lﬁ:&g&ﬁgﬁg%%ﬁf @fgﬂﬂ%ﬁ*‘f@g@%%}”g@ﬁ%ﬁ&i nto .a
tissue. Parti cunubrepe gyt erfiagtigns therrofoontainingdesiied pusigenat i on i ncl ude: :

i ntravenous, i ntr apetebdve @adiions YEIC the ARQMsH JfedoRBREN Beast vAaANAMAI |

i ntranmuscul qr, transder.mal.,. inhal ed, [.ntranasal. oral, 62.1ptraocul ar,
intraarticul r,ﬂ?’ﬁ?‘%@rﬂﬁﬁ%ﬁb’ (Y&Tsh‘fﬂb@gﬂ?lh [ eSEVE Rl 10 i £ yeasly o an
i ncl ude i nt r adestreip Fan be weliuged 4o effegtive medinmapiepially) aresgheon medivapdomgmisirs,

i ntrapul monary, agiriiab \GBhYdrate, ShithGht A GRMShate Aiirkedt| as GRI NS bffrophhle sgnal
catheter routes., %ir al de |ver\5/ can include ear dro sf i ntranasal delivery

can i ncl ude nosBRGHl% gEtls and giher 15} Suph3s ety pnd IS, oHig g fium

may comprise complex nutrients or may be 2 defined minirnal medinm  Yeast straing of
30  the present invention can be cultured in a variety of contziners, including, but not limited
1o, bioreactors, Erlenmeyer flasks, test tubes, microtiter dishes, and petri plates. Culturing
is carried out at a temperature, pH and oxygen content sppropriate for the yeast strajp
Such enlturing conditions are well within the experiise of one of ordinary skill in the art



5 delivery can include eye drops. Aerosol (inhalation) delivery can also be
performed using nethods standard in the art (see, for exanple, Stribling et
al., Proc. Natl. Acad. Sci. USA 189:11277-11281, 1992, which is

i ncorporated herein by reference inits entirety). For exanple, in one
enbodi nent, a conposition or vaccine of the invention can be formul ated
into a conposition suitable for nebuliZ%ed delivery using a suitable

i nhal ati on device or 10 nebulizer. Oal delivery can include solids and

i quids that can be taken through the mouth, and is useful in the

devel opment of nucosal imunity and since conpositions conprising yeast
vehi cl es can be easily prepared for oral delivery, for exanple, as tablets
or capsules, as well as bel for i qgﬂ@ Y Q5 g@adahieduct s.

Ct her routes of &ﬁhﬁﬁF@FP&t n%ggvdgéﬂﬁagosa Q?%ﬁﬁ%lty are useful in
t he treatnment oﬁhmﬂﬁkaaﬂlnfectlons Such routes include bronchial,

intradermal, int ranuiﬁzggn@rmp*@tog—%aﬁ@mmoh{aeﬁmﬂcmw akenriy js dvpted |ty bave

subcut aneous, topical, tnursdernal 3“;; S b8 Setion of
Accor ding to theﬂﬁ%ﬁ%ﬁ?ﬁ?@ﬂ@%w ‘g'é’??‘"e%’ﬁ%e a n‘igjgstrgrl?lnon tmr‘z')t ocol

(i.e., adnini st eaindgors MM raponds is Tlasiech lee siehst ate @FAYA4Y & ede FAnEiRed st foct | ve
manner) conpri seg %rlﬁil eribA gq,g& %&f@ﬁ@eﬂﬂﬁkﬁ&l@ﬂ"ﬁﬂmmmmel on t hat
result in elicitafion of an 20 n}‘e 81“ in Lboﬁtrﬁabnp@fs a

di sease or condi PWPF“G‘?"“’(R%?SWQ“%?P‘ %R“’%g Eg%'r aélfmr?g aﬂgl sease

condition, in th@hn&ﬁan@ﬁll aﬁmm giar minoroffwctogtions (98¢ tentheor (bppiedin Cat P‘E“'or

prophyl actic), preferably tspmﬁe h&mﬂg@bﬁmﬁmﬁwmﬁmw sease.
When t he conposi 0N co | 'Se di fferent tﬂ)era eut | &c%%m indgent as
descri bed her & n,thahe gsteells; sRcsrophin frde) °f'gc CONpri ses suUi tabl e
dose paraneters Wy%WﬁbMﬂmmﬂﬁMPfﬁﬂ%
all eviation or dete bl fa 14 bbi 36 dropPtieRw, pIB Y SIPTHRMsO6E a

W’g’éﬁg l?Ior con%ﬁl e

i ndi cator of the tlonlnthe pa,tlen S Leduction in
tunor size or | eweltsl pirin splayas YrEsh PEPO wygelh mt"ﬁfgp ql%ﬁt |s%at risk
of contracti ng tmﬁﬁgmammmdeﬂbﬁmmm parameters can be

determ ned usi ng nethods s 2 alR@ativeGo/ m@e@se Such
met hods i ncI ud®, for q&)?’éerﬁﬁ'? P nat |'%:1 h(? qéur{ﬂ/ll val e%(%;?gig Side
effects (i.e., tmum@mbmwm@gm@@mww&mﬁhﬂ ¥ih I'n

accordance W th the.DLesoRe dnfiiet el Wik cabolidiaiclbl etheri madceleidgosast 2220 s a

dose that is cap e of elicitin tige enepite) e or
eliciting an i pragieshre PHbseaFody. ‘qegﬁi's"'{] g.nl& i %%g%g%t;rﬁsﬁ]r]lédl cat ?}ﬁ%?ﬂaﬂsease

in an ani mal mhemmn&mmmdmdnmmnwlqm@mWWM@F“%@W‘F tine
period. Doses 283”&?6%5 Y16 RSB\ PRie Rorhyties dh Srfiad fidueque df less Gan lreqund

treated. For €Xa In on nt _when an_ ant.i ehsd Wwth a
yeast vehicle, a ‘Sl“'ﬁ@! @'@W&Fnt‘}ﬁ“?ggélmvghw@?e ol @%iﬁég@&b&:‘! vention is
from about 1 x 10;53ntaaouamwmﬂnn>@mlh@im;e@as@h@@t“lhﬂ@mjwa!"@ﬁt%l"i?% weWdyr ar n

body wei ght of the 9["‘%" NG o P A0 dbl BleC prier a5 SfiiPREE iilagh) dnd a
preferred enbodi mer??gg e BAR B

yeast cells r dose ar.e . not weli ght
of the organism %o 5‘!‘1‘1?‘%”‘%'6‘8? Phes that "Qﬂg‘l"ﬂ'@?'g”dm] S ?‘mgﬁg zeéne%gh?rgﬂ
t he present |rhyenﬁ,u.qmm§mfe{n§;rmaiwmpm&mxoﬂmsmlopmut Peptides l‘l‘)bl”?‘@%?s‘f“" b8 | s per
dose. More prefer % SthodviRtiofd €in Gfchubd) @uuresa@nt
invention is fron?cg out ﬁeig%bd?%ﬁ(ﬂ%ogy%g? to about 100 an m{l x | e
cell's) per dose (lmited, topeslycomylgton SRPSPhrHRtioRy %h eri fi-dose
i ncrenments of O. 1@%&6&&;&%& ar@/or adbitibn Xf ﬂl@:&mpﬁmﬂﬂhdﬂ_@@lmll P@%@“l@d )
Thi's range of doses anh_be ffmc}“m&l%ﬁ&qq%&gwewamﬁmp&wqﬁze

i ncl udi ng m ce, rr?fﬂ vacci ne is m ni gﬂsered by
1 oadi ng the ye:mstlcmwhlmhtzscawébdmm arbrodhyes By @Eiinn; potive TAOIOOR TPRSOF BFRT o
singl e dose of a Mgg.&; o, g@@a{hawe,\emhddmaﬂns&mfaﬂmmmmw& Gatx 106
to about 40 x 106 den r|t| | | di.vid P&l AU hGbhR! Qe 15
Preferably, a singmdedigsy @“ﬁ?"ﬂﬁrf’%’ﬂ Tg%hqo a'b%gjt Zoax 106 dendritic
cel I's per individigkt ymchsrmﬂleuspph:ﬁ@hablgyosw@mn’e‘m which cappe foaded 75tk 10 x

106 dendritic cells per individual. A preferred single dose of a
nucl ei ¢ acid vaccine ranges from about 1 nanogram (Hg) to about 100 jig,
dependi ng on the route of adm nistration and/or nethod of delivery, - 20 as

an be determ ned by those skilled in the art. Suitable delivery nethods
include,. for exanple, by injection, as drops, aerosolized and/or
topically. In one enbodinment, purr DNA constructs cover the s-urface of

gol d particles (1 to 3 gn1in di aneter) and are propelled into skin cells or
nuscle with a "gene gun."_An appropriate single dose of a nucleic :

aci ddi posone conplex is fromabout 0.1 jig 25 to about 100 gg per kg body
wei ght of the patient to which the conplex is being adm nistered. In



When the conposition conprises a protein, small nolecule (i.e.. the

-product s..of dr.ug -desi gn) or..anti body,..a. _preferred_single _dose of such a

conmpound typically conprises 64 between about 0.01 m crogram x kil ogrant™
and about 10 mlIligramx kil ogrant body wei ght of an aniniaL A nore
preferred single dose of such an agent conprises between about 1 m crogram
x ldlogratill and about 10 m | ligram x|l ogranfl body wei ght of an animal. An
even nore preferred single dose of an_agent conprises between about 5 5

m crogram x kil ograni' and about 7 niPﬂigranlx Irilogranil body weight of
an animal. An even nore preferred single dose of an agent conprises between
about 10 m crogram x kilogranil and about 5 mlligramx Icilogranil body
wei ght of an animal. Another particularly preferred single dose of an agent
conpri ses between about 0.1 mcrogram x kil ogam4 and about 10 m crogram X

I dl ognai | : | bodyantigngdfer mﬂuﬁiﬂn,aﬁl;beﬁie,loaﬁiﬁg ol QendSRNkls] Aldrey, Mﬁ&%&st

parenterally. N ers" of a erapeuti c conposition that is a

vacci ne are pre?%_fbglb: y z‘é‘ﬁimﬁiag?%?’eaﬂéaﬁ%ﬁﬁww?'réﬁ?Teq?@ RESUrf st t he

antigen has warRegiclst c2a e prepserd dhete§omyr duy dienbervf tigens eanrte dpddisinte @lyeasnduce a

mermor y responsevemaamnmemmah,lmﬁrmaﬂtﬂ,garara.s,munugmﬁ)o-h @Qm&ers can be

adm ni steredsfrtﬁ)n&aan&ool%tmnz weeks toulaﬁ‘\z/eral eafs after the F , Or I gi nal

admi ni stration. 1'n one eﬁﬁ%’cﬁ“@e‘ﬁﬁo BOWTeA °% the Jnadipgof adpieremeesisnbyone i n

whi ch from abouhe l¢adjog oyEnammabidnduntor Ellxor p&fiony theradf, forbdmpiqui val ents of a

conposition per kg iaaghmeai i LSs 1.0 om about
bOdthebt el Yool A T o AU HNLAG iithed

one to about 4 tines over ti eriod o rom ot to about 6
mont hs, Additi ontﬁca?”ﬂo‘?i’/’ﬁ@ g"r“%ﬁ%‘ﬁ”‘ﬁf&‘r&fp@ﬁﬂt@%%ﬁis yehiclegeea e bed
herei n can be dewaphsheicky by mehed chitable di tha abamediimootdier mrlensalcoralenton 20 of

t he pati ent \@f b rRinsds viHid f m?“ . of. the
di sease or (l:ondi tion @r Syﬁp%@ﬂ@l@@%ﬂ%ﬁ@%ﬁﬁ@&rﬁg eo f&g&mﬁ" th(')=ne

embodi ment of AER bffirfacy of the et vehicle ph bigloaisally Jinking, the psizer tR2ks nut at i on
as described hentei mrfics ofulerysast sthinep eheh Sctpariag & aftildy brbtePRhdMpPaitell ' W t h

anot her t her apya&ss kb -&%ﬂ'ﬂqﬁrig liver wld-type or
"heal t hy" (nonﬁut at gg?%%’_}s-to_t e %%%@%y_mv&(ﬁ%%&é%mw%%teri ng a
nucl ei ¢ aci d ot photaffinity dabelins.t tratmas\Wwilh @etiimides, teatpent with ichemidals ar t .
Met hods andius egpable e tiilag diGuifiReiolE did Sea@INDGAGI bthed RipssARinY Akcicags of the

invention are | TRl ] | nf.ended for. use in the evention and/ or treatnent

of a disease o?%déméduthygjﬁ. glﬁegfﬁﬁm@%fgc%fﬁ“&‘gégﬁh%%y%ﬁa?ﬂ? Iy used to

convey prevernt #Am hyeegs of g lipid bilayemad yeast snembanesp e tompositimpdhe tellowll or  vacci ne

of the present sp muedhd bﬂﬂm‘ﬁ(ﬂ@&tﬁﬂfﬂaﬁii&sﬁxﬁéﬁﬁlﬁﬂﬁ@o&&ﬁ&%iﬂ%h haqrﬁ’:g: prevent
e

a di sease fromogcurr.i ng; curet,th di sease; he onset of t di sease; .
?u“@g

del
3 BT gl AR RAR S SRRy DIBTRE P or

and/ or alleviate (re

- causes (e. g™, padvhlroeceptor aod othe ligandsmpt sianbe dforpdnaeddins ensegenrzedBign t he

occurrence Of protein or otherwise associated with an antigen for binding of the antigﬁ) to the yeast
vehicle,

In yet another embodiment, the yeast vehicle and the antigen are associated with
each other by a more passive, non-specific or non-covalent binding mechanism, such as by

25  gently mixing the yeast vehicle and the antigen 1opether in a bﬁffer or other suitable
forniulation (e.g., admixture).

In one embodiment of the invention, the yeast vehicle and the antigen are both
lpaded intracellularly imto a carrier such as a dendritic cell or macrophage to forta the
therapeutic composition or vaccine of the present invention. Alternatively, an antigen of

30 the invention (Le, a Ras fusion protein of the invention) can be loaded into & dendritic cell
. in the absence of the yeast vehicle.

Various forms in which the loading of both components can be accomplished are

discussed in detail below. As used herein, the term "loaded” and derivatives thereof refer



65 the di sease; increase survival of the individual that has or devel ops
t he di sease; and/or reduce the severity of the disease). As such, the

i nvention includes both preventing di sease occurrence (prophylactic
treatment or prophylactic vaccine) and treating an aninal that has a

di sease or that is experiencing synptons of a disease (therapeutic
treatnent or a 5 therapeutic vaccine). *n one enbodi ment, the methods of
the invention are effective to elicit an i mmune response in the individual
by inducing a beneficial or protective inmune response that may, in sone

I nstances, additionally suppress (e.g., reduce, inhibit or block) an
overactive or harnful imune response. |In another aspect, the nethods of

the invention ar % glf{, 1&8{.6 ug?q,cgﬁsy,l &trs,rbfatcojn@ﬁ\.a{t (@glemglg&a@mea;blbendfor

| nprovenent or bene I n at ast om or..ind f the

di sease or condi W%ﬂ‘)‘%ﬁ%%(efgo?d"é'ﬁ'i’l‘ffé’f’m gﬁﬁ%@f“ﬁ?ﬂ’&“t"bm?“lhﬁ%&yno Pl ted to,
reduction in turm{gerburodmﬁqdumogofthdf@dmmiemommmtallnlyrcﬂspwwtsﬂbmtFEBIfFE,n t unor
| evel s, reductio &ggﬁgm?&%ﬁarﬁé & o SR ,,{t@gjgg;.tbﬂﬂm! £ piRdsasd, ases

and/ or delay of t e ons | Sease an or_increased survi vai of the
patient Di agndst ibsosame Wﬁ@@n@%‘@lwmﬂgmﬁﬁl%eﬁl IR FTmpametsiRiR ot Fedl

enbodi nent pf th@efwgaﬁymmﬁlbgmah the cirlipenansie eitibr forbed torenten the ckllRas, hor ot ei ns
or ms nucleic amf tL6| es, s& he, '.{Wi?&&kﬁ%gaﬂq M{,,hp&smngraqgﬁ) as a

bi canarker in a § e or? prognostic assa Rit.for cancer. I'n a
preferred enbodi mmewmmwhem%r bkely '?‘Ffet""cﬁé‘flé'&s?‘ﬂﬁ?wsﬁﬁ%l ei c

‘aci ds (genes or Momg Eﬂmﬂiﬂ&&hﬁﬁﬂem afe’ wnt dimitgd ton  diffdicagdet | ¢ or
prognostic assay for gncer EarldEilahO uggs, 20
deternining t e W%hc@mﬁ%ﬁg’ wﬁbmggﬂ Wﬁut ant tilrr%fdlfl‘ehﬁ:’ﬁ(al SO
referred to herelpwfeg%mmtypﬂa%waﬂﬁhﬂﬁﬁlﬁ [y lyading afepdrte selwith- the Y&t ¢ ot i n

sanple. The E76 mifiad inﬂf'ar |a&9|15bﬂj9uc§ PYesi inadhhoiins adchEins plagocghedcafi e d
‘herel n, and preferabl udes E}b qo ST ation, the E76K nmutation, or
it he E76Q mut atloﬁm"d’i“ M er st ood t hat other tunors may

‘have different nutat |Imrme sibodimest, st wwein(vm oRygthep cxRsepiat &f hetgolesaBs v | d-
25 type protepn %hggﬁg%an B Grol a0 BR 0K o iRG SRS e protite dekecdli wal t he
‘mut at ed Ras protein 'S m)re pre rabI et ect d b ea% eﬁt nucl ei ¢
laci d ol ecul e en PEEEHIgNSs oS FrmbeEp %ﬁ‘g’?ﬁ"‘?‘ 1&‘%@ n anot her
lenbodi ment, the maghat danciudas emhldhmmunhd: providek wish mg@m@mbwbwﬂw or
sequenti al ly) the oSG 5t RN Atighs (5., BNA ARG Protein subunit vactives, killed or
, inactivated pathogens) to enhance immune response. For example, enzymatic treatmnent,
' 20  chemical treatment or physical force (e.g., mechanical shearing or sonication) ¢an be used
to break up the yeast into parts that arg used as an adjuvant.
Thera ic Methads o Invention

Ome embodiment of the invention relates to the use of any ofthc agents described
! hersin related to the mutaied Ras of the invention (eg., 2 Ras baving at least 2 mutation at
I 25 codon 76, or the combination of the codon 76 mutation with another Ras mutation such as

a codon 12 mutation) in the preparation of 3 medicament or composition or vaccine t0
protect an animal zgainst a cancer. As discussed above, in addition to the E76 mutation,
yutations at any one or more of positions 73, 74, 75, 77 or 78, or any of the combipations
of Rag mutations described above and particularly, any combination of a mmtation at
30  position 12 and/or 13 with a mutation at position 59, 61, 73, 74, 75, 76, 77, andfor 73, are
encompassed by the invention, Other embodiments of the invention refate to a method to
protect an animal against a cancer, comprising administering o an animal that hag or is at



mut ant bi omarker for Ras, including the preV|oust known mut ations at
- positions (codons) 30 12, 13, 59-or 61 of- Rat-- n-one -enbodi-nent, the-nethod
i ncl udes detecting the presence and/or |evel of both an E76 mutation and- a
Gl2 mutation in a single patient sanple (nucleic acid or protein). In

anot her enbodi nent, the nethod can include determ ning the presence and/or

| evel of any one or nore of positions 73, 74, 75, 71 or 78, or any of the
66 combi nati ons of Ras nutations descgj bed above and particularly, any
conbi nation of a nutation at position 12 and/or 13 with a nutation at
position 59, 61, 73, 74, 75, 76, 77, and/or 78. Aspects below w Il be
described with respect to the E76 nutation for the sake of sinplicity, but
are to be extended to enconpass any of these nutations or conbinations 5

t her eof . The first step of this nmethod of the present invention

i ncl udes det ect iiskpftdneloping sevamer, afvatine ontiempett vorposiiem des¢ridohpméis tng t he
nutation resul tjefge bip r&élﬁatﬂﬁo@%%nﬂﬂﬁ@f%e%ar%ﬁfmﬂ he expression or

bi ol ogi cal activity_of the In a test sanple froma patient (also

cal led a patient sa#p?'@)“%ﬂ“a‘f??%““n‘ﬁt%’&ﬁ@“&‘? YBPEF #h §F e FAEIEh T sanpl e

are LO known tocompm&mmdasmﬁedshvuhatlcmaﬁheleameanﬂgqﬂadmpeﬁihgashm:ﬂmtﬂah i ncl ude

any bodily flLui ells or
b lgas?s{'otﬁtu'i &%H%gi &ﬂ%ﬁngﬂ?e{@gﬁo %mdpfé oPQﬂIu dti'ﬂlldﬂﬁééﬁ(s)c

protelns of runopr ce re speci accor e presen
i nvention, the Pepdigaecembinatignpf tho pogition: 76&%“!“%‘?&“"@%‘15‘?“& é'H““B‘E—? R fgeneral | y
to refer to a sgeiférel20huisioy, in&ﬂﬁre\ﬁﬁfﬁﬁblypﬂﬂtcﬂhpk&e mlvhmms)pepwe@qbuﬁrs t hat have

been secreted f . I | ”?E t he
present method, Jh%g&‘? é'gﬁ u@g%o%[;ﬂm&%%ght%&a sa q’]\ﬁi |53+7ﬂ¥1t ed
cells, a tlssue°°§‘3ﬁ?ﬂ°§“ thereqs bfPﬁﬁ#&ﬂswwcwmwrﬂ@@ﬁ?ﬁdébwa sanpl e of
nucl ei ¢ aci ds otwhai m&ﬁbef:ﬁd)muﬁvoﬁﬁbhd useamnh &h:k sﬁﬂﬂﬁuaﬂ fﬁéﬁﬂhﬁuhe ifphide ant .

According to t vention aggcllsma
speci nen of celémg&ﬁ'ypl lfllglanmsﬁmﬁenm n or sg ar at romEonnect i ve
ti ssue which WW@C%%&%WH@%“@@P@@W fueh proteing By, @mofs, o m whi ch

have been col | egitigeh dr fypreguiitts GEﬁhy&dbﬁﬁwﬁR@rw&dxddltcﬂo\brﬁd@méoWﬂ%th hod
which results i thP z%:{ ction of table nunber ofgmﬁlls.for

eval uati on by t eSS o) prese l?mv campotms g agedys can ing]

I"s"Th t'"he cel l
sanpl e .aré nét bwberesmahmiwﬂ touf vatidye inhibitery topgleic a@dﬂl $vdhu gehribweymiet, | RMAL em net hods

o 2 e o PaREEBE vl piSs A Sahece o 1Ak Bl ehbdll e £V 121 o0
of a tissue sarfB‘i%léml B qrag discavers, WHFWd%‘E‘Ed&F §°%"‘6‘?d by dbp WYer®) FEL% a bodi |y

fluid. A tdosfousticalngplagonisalot itivegges off GHiP! lydrokyss. asnslaaqmpamda‘ oriagemksat ed
cells, is defingd REELRIY iRiefne 'Mﬁ&mé%@ﬁ%&%ﬂn 'th Spipefl orlat DOCY
which typically includes several cell es and/or cytoskeletal structure

whi ch hol ds ’”Phe‘"%?“l“sf“]“ﬁﬂﬁé? W@W§WIW¢W%“‘E%°‘WWP’P‘”&§&%C| ate 30
that the term "dot Sisitesainmp heindimmal h@oﬂi&ﬁdqwitﬂ’thﬁﬂﬁﬁclnﬁ&bdiﬁmﬁs of the

I nt er changeabl ym,)%tgog . cgg#i m’%&?ﬁ ﬂ%%r&cﬂlcﬂ %IREEX gsed to
deS|gnate a nore _conp ructure an tISSUG sanple can
be ‘obt ai ned by V&ﬂ’bﬁ“ﬂ’pg’y‘ I"?"B‘i"‘" E%’aﬁb‘?‘ém Pﬁ’é! LF&"r)r?& ﬁlﬂ’%tkl%m“Wﬂflang, or a
punch. 67 compogition for the ¢licitation of an jmmuyne response, particulady in the context of
25 expression by s yeest vehicle of the invention, full-length Ras may be used, although
immunogenic portions and multi-domain fusion proteins are preferred,
The vaccine or compasition also comprises & pharmacentically acceptable carrier or
excipient and in gne embodiment (e.g., wherein the composition is a vaccing), includes the
-yeast vehicle deseribed herein, In ome aspect, fusion proteiny mcluded in the vaccine
30 comprise at least two or more cancer antigens. In another aspect, such a fugion protein
comprises at least one or more immunogenic domains of one or more cancer antigens.
In another aspect, the cancer anfipen is an antigen associzied with a cancer

including, but not limited to, melanomas, squamous cell carcinoma, breast cancers, head |



A bodily fluid sanple, |ace the tissue sanple, contains the cells to be
eval uated for marker expression or biological activity and/or may contain a
sol ubl e bi omarker that is secreted by cells, and is a fluid obtained by any
met hod suitable for the particular bodily fluid to be sanpled. Bodily
fluids suitable for sanpling include, but are not limted to, 5 blood,
mucous, semnal fluid, saliva, breast flilk, bile and urine. In general, the
sanple type (1.e., cell, tissue or bodily fluid) is selected based on the
accessibility and structure of the organ or tissue to be evaluated for
tunmor cell presence or growth and/or on what type of cancer is to be

eval uated. For exanple, if the organ/tissue to be evaluated I's the breast,

t he sanpl e can beasa le of |theI|aI C R QRSHs (thBeular 10 @
cel| sanple) or &4 o %5%%%1‘“@“"? rs%fanl"J'g |opsy a tlssue sguﬁél e)- The
sanple that is memtesypektatic ¢ancetshpancreatiscxncetsn oA e Paddse SAOETY S0 j ssues

‘or bodily fluids _(and bm&%n%&mthemm@@m%ﬂ&mmm plimam a

patient by a biopsy or surgery or ne Iab IMI #.0n. Once
a sanpl e is obt ahepatis W‘Eﬁﬁ‘r? é”ﬁﬁf’?é Li“‘J“lgh’é""“s"'a Pqug eva uate to det ect
the 15 presence eincdmw'aimd mmrsgmdedmg)ml@rmﬂdie%few tepd celk FTERETBN or

bi ol ogi cal activity of t Egﬁzgaﬁ?ﬁmﬂwaﬁceﬁrﬂwhm conbi nation with ot her
mut ati ons, such as %of’?l

ras mutations andwgart %Bt&%&
nut ati on (ag . by detlleél*lt?ﬁ-“ aﬂeaﬁmﬂéﬁ%&'m“ﬁﬂﬁf?f@“ £ Jene pro uct or
by detection of pbfabed oRRS s e mistiohe ppsition dhta combeatien e RPEde cel | s
of the sanple. gg exarymﬂe EH mgguaﬁbqlsg&hahsy@im@fznhhﬂomM| omar ker

can be determ ne convent I onal nmet hods such gei@s RNA d(eﬁe&t i on
met hods (e. g. o Diiwpsisig 8 mefien AdcHtRinte "ot de mﬁ,&o Py
anplification w meﬁmm@&mmmmmmqmygmwoﬁmswm ection

net hods (e.g., inun S, of Qﬁ,mc. &ﬁﬂﬁﬁv&n&n&iﬁb&ﬁﬁ&%mﬂ.the | evel
of the gene prodd‘ﬁ s““ ﬂ“%%' ﬁe&h%ﬁ e

el C acl ence of. t ras gene

or RNA in 25 a pati erfihe pespt avetion E@“%fbéd’ﬁlé’a”’ “afﬁ?“’@ll‘ﬁl‘f“l ShYe " et hod or
techni que of Measiielidfieqh aﬂﬂegichmﬂwﬁwem paforasdir WK Brvivo.SERC h
(RT-PCRy . i ' PR ea Troh S sk sy 36 hibgieSEbl puRE- [0
sequence anal ysi Suchnds Géminisiedng ammysgqog of et reseqt Jryvepfion 0 p@m@}o & or
ot her DNA/ RNA" hy by alh2 3l Redbed ol f Paticd iieP SGifitibhs QoM the a guad weditlednd i npl y
for the presence antigen are loaded into the cell, and returming the cells to the patient The therapeutic

composition of the present invention can be remumed to a patient, or administered to a

20  patient, by any suitable mode of adroinistration.

Administration of a vaccine or composition can be systemic, mucosal and/or
proximal to the location of the target site (c.g., near a tumor). The preferred routes of
administration will be apparent 1o those of skill in the arg, depending on the type of
condition 1o be prevented or treated, the antigen used, and/or the tarpet cell population or

25 tissue. Preferred methods of administration include, but are not limited to, intravenous
administration, intraperitoneal adminisiration, intramuscular administration, intranodal
administration, intracoronary administration, intraarterial administration (e.g., mto a carotid
artery), subcutaneous administration, transdermal delivery, intratracheal administration,
subcutineous administration, intraarticular administration, intraventricular administration,

30 inhalation (e.g, aerosol), intracranial, intraspinal, intraocular, auwral, intranasal, oral,
pulmonary administration, impregnation of a catheter, and direct injection into a tissue,
Particularly preferred routes of administration include:  intravencus, intraperitoneal,
subcutaneous, intradermal, intranodal, intramuscular, transdermal, inhaled, intranasal, oral,



o of the mutated tar sequence(s) and/or conpared to sanples isolated from
~heal t-hy.-individual-s-.or...anot her_.negat.ive cantral . .For_exanple, a
patient tunor biopsy sanple froman enbedded paraffin bl ock nay be
sectioned and stained with hematoxylin, after which the pathol ogical cells
fromthe 68 sanple may be isolated by | aser capture m crodi ssection. The
gnom c DNA fromthe isolated cells is then used as a tenplate for a PCR
reaction to anplify the DNA fragment harboring the specified rat sequence
in exon 3 using prinmers that flank the sequence of interest Alternatively,
the sections fromthe tunor biopsy may be analyzed by in situ PCR, 5 such
that anplification is dependent on hybridization wwth prinmers that bind to
t he nutated sequence, and el ongated with | abel ed nucl eoti des, such that an
anplified sequence is specifically detected within the tunor cells. As yet

anot her al t er natrinugylai ifresfaki, Gﬁtﬁcrﬁmal, e iFoker Pivedidial AleiiaBNMG liRflak des t hat
hybri di ze speci re . E7 tions. but not with
wild-type rat si%%h%gs &ge@eﬁ { nea] 7@“1% nPERPEPR, BEYE i nat i on
Ras nutations aSuWbgnsseqy, sidl ¢nthetet \18191 eb@tmctom@h, pwdtdeliverysapinelsdsi @n can be

detected in sui tap, aﬁmﬁsmry &tﬂ%ﬁ@n&sb‘ s dr litrakhal JidnChda iiRb&L al
obt ai ned by t;l 09‘§1¥ |ent unor b| op s’c sanpl e, which can

an mcﬁ)u‘ t he al %
be i mobi | ized, car n%cgcfkg?f \ﬂef" 2900} 4B %HS%PF’E?BWWP%gnaent
or an aptamer, [Hbeds si@ld@dm thepdrt/(edsi foriscampe, ShiblinRatalpPro¢. dlath Acal. Be. B ect ed and

det er mi ni ng \meumﬂzvﬁmhemazatwmmkvmidaamaanw%&a& ﬂrmw Fop12S bound
to the Ras protein n BI nd |n%can be neasured Iaptg a variet nmet hods

standard in the“art FHRRARE™ heRerRRIen P’l"ﬁ‘i"'{“& H‘lec@‘r'ﬁ‘i&ﬁ’f“ﬂfm
i rnmunobl ot , entl?mamhpwkml syrable o sghliced delioe asing( Lty inhalmich diviseronoassay.

(RIA), |mrun1@prmmght Abral O tivedyiéah 35cRadP k@R HSRCAANGE be %pe% ;:al?bﬁi escence,

fluorescent polari zatd gn ﬁhosphorescence i nmunohj st oc anal ysi s,

mat ri x- assi st ed™ 4k At 1B deyelonment pf Mpcosed immugity. fidjsipg compgsitiope. TOF) ~ mass
spectronetry, nmwmmehylﬁ o wmwmdmﬂamay,,foﬁdxweemm

activated cell %“ W%Fn&@“ r&‘#!;
i Mmunoassay, b|nd|n as roteln is dete using a tirst

0 .

monocl onal ~ ant i ¥ g‘fﬁ?&tﬁ%mﬂ'&%mﬁwv Aty wiefb inyhe dreagneneef ywirbt ei n and -

a second antllsbonl#ctinimatsdoh mmmammmmmmﬁahnmmﬁg other

di agnosti c/ progy %&; he, avent th 76 Ras or nu

mut ati on (or co zg’gl on 0 zfgmbttf’ rdttmﬁ%{malt' S'SF‘Eglﬁﬁherel n) is

det ected (either byA%ﬂ@EtW&#Wh@mmmlmﬁmﬂdd@nmmﬂHm prowtadi(@®), such

detection of t hemitiedig ©Rackisy snom&h;sim Qﬁmldildéﬁfeaiu&\ﬂﬁmﬁ;f chifsRr esence of

tunor cells or gnft\ﬂglepc{uge "%‘8“8 &eve tu r cIIsmthe patient, as

this nutation is not ex‘bmé% "b°5 E? thipeliciation of ffa) s (i .

30 i ndi vi dudPs immencdrspaese Mawema#dlhﬂdlmgtdlsamoaamnﬂmd)er etagliat figksetd t o

cancer caused bééntﬁﬁtmﬁﬁﬂihm&ﬁ@nwmmchbhﬁd&ﬁumﬁ'ta'vﬂ:@)m (tehopdlBd" &0

however one can qﬂrljﬁ‘a rg{tg% |on f th Eﬁ?r ag hutation to the
"Ras st at us" (ir®Y P theAiEwss (Whes Beeal t hy or

‘nor mal i ndi. vi du@mposiién @mﬁdﬂmmmpeunc\ﬁhmbmndjmag@t asclesceibedthirein 246 nut at i on

is sufficient tﬂc&@d"%ﬂﬁiﬁm@onpﬁ%h&dl\é@m SHsR0RQSNSaRE phid mBsL GRE Moffes Of T UMDY

cells or thi aﬁg%gﬁ% gjﬁoﬁ?& qh%ﬁ &ﬂ]}urmr cells 1nthe patient, the

detection o tJp I fsgeriahle fRRsovement s atiemsteieon.  and

particularly, ewm@nmda@mm;hcﬂmsmcdndlﬁmﬁntwpﬁﬁénesuchmi}&iubﬁbﬂﬁdmﬁﬁ be

i ndi cative not M ﬁ#m ﬁﬁ tih di,sposition

to devel op tum@gbs‘f@g o}%ﬁa f‘%}i&%ﬁgﬁnﬁh& l‘?ﬁﬁ%ﬂr&f %“‘%@‘%ﬁs cted to be

more aggr essi ve f¥ T%‘PWEP“H“HF‘W Wsm@mm h,

i ncreased i nvasivenessuls tishen Sat nhO@ AR, YQrEﬁh £ N, :

i ncreased prog i PRI cone as co d t o det ectl on of only

the E76 nut gitpl gﬁéﬁe%%?oﬁ%gwgﬁdfmﬂgg%?w %ﬁ"’ﬁtl on (e.g., a 012

mut ati on), and/ or %W@ﬂﬂwmmhmmm@hmgkm«mﬁtmdb#oehapnsesent

i nvention, a "Rasek bmmﬁ@whugmpéﬁwmﬂo%%} ehcﬁggimllﬂprg &Rodi ment s

(but not aII enqudl rnsglta%ml dependi g‘g nmet h qw a .nor na evel, of

bi or nar ker (e. g™ FaY 'cﬁ‘?(rpﬂ? H“Br““@&'t"l’ %‘ﬁ‘ﬁﬂf?ﬁ%ﬁ?‘&h a test

| evel of bionmarker expression or biological activity (Le, in the test

sanpl e) can be conpared- The term "negative control"™ used in reference to a
basel i ne | evel of biomarker expression or




15 biological activity typically refers to a baseline | evel established in
a sanple fromthe patient O froma population of individuals that is
believed to be nornmal (1.e., non-tunorous, non-cancerous, nhot undergoing
neopl asti c transformati on, not exhibiting the presence of tunor cells or

i nappropriate cell gromth) I n one enbodi ment, a baseline |level or control
can be established from uninvol ved tis&te frontthe patient being tested
(i.e.. tissue that is believed to be unaffected by cancer), so that the
tunDr status (tunor burden, growth, volune, etc.) of a patient can be
nonitored over time and/or so that the efficacy of a given therapeutic
protocol can be evaluated over time. Methods for detecting Ras bi omar ker

expr ession or bi %gsgdvg,aumgﬁgg;ﬁb@qo@r@mg uf}xhﬁb Hiseada QV@ndithyn
"positive control” can inc e any conirol that con r?cfj Eqﬁ“g‘ﬁsmlve

detection of t he bEingeated dfor exaqplp, epe sabodiment, when 5n aqfigey Predsi on or
activity establi s,aﬁmln & Bingle m&t&ﬂar)imdvdhidnsmrthepmmwcmtohewfrqmmomll\ﬂem’ todi cat or

of the paraneter bejng ﬁyg%kl%te{?q%‘{“afnk\%ﬁ plop{ﬁ@rolﬁgmm being V€N a

baseline or contrfolr i Us C|ated elythoseo skilll in
the art that & baduhired by caspstion bastereemiodiment; Geyeas felly b dose ai oy assay
as the assay is Q@{,;tgarfm.gmﬂmreaigheim 1 ihosdbdifient, arsingle idbse of 2 yeasn vdbiele

establ i shed by referblng 0y mﬁtmitqwm%%llpfoogo)emfctzﬁgard@aammg a

previ ously deter PR I ev er_ expressi for _a_given
control sanple, oreEmblsa anglyatlwlﬁ mEesstachigle of the PEpqUSIREANG, ) Tom abgyt O

aboveI desgribed r(p% mgamtt&mhd ; lﬁD?QImﬂbgﬁmb&(qdmnfeqpmttmmh)ﬁmding;yude for
exanpl e, but is no mted to e C E o€ ronic
file of popul &i d‘ﬁ""(’j‘té%&i"\ﬁmamg‘l’ gfa‘gf%\%ﬁggg? I 1960 Elb Qm(nega‘tl ve
control) or tunpmogosf ddsesecaf ibpciferdvelyyussd ageu Wﬁ By 8#! dcldipe B¥Hr essi on;
gr ngﬁlycg![ hg?a;guﬁn%ékép dat a rnwgrd lﬂaé%ald??tle Bm I&Hﬂbmtﬁgf is
|

luseful for the pét“i'%t“‘”tdﬁ"dﬁ%"ﬁﬁ“a 'BE’gﬁlb"@% f%) e pr eseﬁ'ce o Lsge}'nce of
the nutated RElS fpnobeit 0S5 xol0° pehent 49 xm&fﬁdeefhwemﬂngﬂtlwe“@m pgnicirRtoat ed in
the sanpl e to,pe paxalnat Ghlgik Abset :yﬁ%aﬁ&ﬁhsﬁ 1d°h@aﬂwnﬁixaote&n&tncmklpag a

‘di agnosi s; m)nltorlnqg or staging.of the at| nt ca g @
treatnent or prevesiqduy mmﬂt% 'p?p é’ﬁrbe

prescri bed_ Addi tﬂfﬁ)ﬁtﬁhlly, if the presence of the Ras rrut ation |s det ect ed,

t he patient -can be ev ﬁF%d. et 00 Ef&ﬁﬂgﬂ 1|,5;ngﬁt,hods to
confirmthe initial dé%nom S %Idﬁggdrﬁtea en%éo I ment  of the nve on, the
di agnosti ¢ met hodn srabpe 13ddependiae probaops ofadminiyaiseEadyr gt ?JJ S, a
prognosi s for o RetinGRtdetermiidd By SOsetskillehcin @icrarn Suitdbe dammycqﬁﬂtoa:ecmdu.efnapy

protocol and pred| ct ttlﬁr*nj) tolne td'm%% SUGERRS agdyorg%tcg@nelnvgnt BnbaHeMEnE ANCeET

prot ocol . For exdhp! a pati I'S suspect ayin cancer or
being at risk 15 IBYA gesstakie spyer thy ssdie of £old marticlest (3 3 c%%gimﬂ%
det er m ne whet herpr@euaﬁlﬁﬁushhed@&tm@mwiﬂﬂﬂgmaas' Mutation that is assom at ed

wi th cancer and thus BI%%\?%%S% c(]'atr“mt] : oangﬁ’*"ﬁﬁ‘”“ﬁash%mmwmﬁ i's

believed to have a t Faentirica mut at 1.on
conpared to the itelebmt A0Ges perkediody weighy of bh petisut AR B coppplex cis, Fing e

non-identificati QamffsteRd RiSanbitidr 3inbéBiment, an appropriate single dose is from about 1 g to
about 10 pg per kg body weight In another embodiment, an appropriate single dose of
nucleic acid:lipid coruplex is at least about 0.1 pg of nucleic acid, more preferably at least
about 1 pg of nucleic acid, even more preferably at ieast about 10 pg of nucleic acid, even
30 more preferebly at least about 50 pg of nucleic 2cid, and even more preferably at least
about 100 pg of nucleic acid.
When the composition comprises a protein, small molecule (i.e., the products of
drug design) or antibody, a preferred single dose of such a compound typically comprises



may indicate to the clinician how aggressive the patient tunor is likely to
be, -thus--al l omi-ng 20 for a nore specific prognosis of the cancer. As

di scussed above, without being bound by theory, the present inventors

bel i eve that detection of the conbination of a Ras E76 nutation in
conbination with a 612 nutation is predictive of a nore aggressive tunor,
and accordingly, the prognosis for the patient nmay be poorer than for a
patient w thout such conbination, andéor a patient with such conbination
may be treated nore aggressively 25 than a patient w thout such conbination
of nutations, Finally, identification of a Ras nutation or conbination of
mutations in the patient tunor can be used to devel op a specific cancer

t her apy  protocol based on the know edge of how this particular nutation
effects cellular achw;{ and can al so be used to predict the response or
suscepti bi | ity Rtwepmebopt0lgpieroerum x ilerssny| wud jabgut {4, milliggam £ kikseamy body0The
p][eSﬁnt | nvent i wadighel bise@amaﬁi_.ruadaﬁm@mkehtx}sﬂg&tdo&ttdflsucxasageﬁt&oﬂp@gmeﬁmc ”E]E hf’ds
of the present jnyent.ion |t er cont.gi NS ; t usefu
for detecting tﬂhg‘}{gr CEeTR* s ?"‘? 5%@@’“?} lé k(al w %QPQ? (nucl ei ¢
aci d) nutation Bat@brdnwgmtmor@ nefmdewﬁdmmvfeﬂ#tﬁgm comppriges thetweensshom|5e, and
preferably lm':&%%mﬁﬂ a0 RECAER S il Bgrith 2 R eraRTEodp WWeidh ro?anamﬁ:ll Qfp an

ant i body, antlgcd “‘Pﬁ%)f‘ij or tar ner, that s 1o the biomarker
(La, the nutaté LA SR 2Bt phpEs hevusen ARt REPERY R The ki ¢
can i ncl ude anyhlpgagbmd Mdfedlﬂhmrparlﬁmﬂnhbdb'a@@sm o matdhodinetikti si oned

herein. The Ki tpﬁﬁﬁﬂrﬁlwﬁﬁéﬂj&m of an agent comprises between about 0.1 microgram x
' kilogram™ and about 10 microgram x kilogram™ body weight of an animat, if the agent is

10 delivered paremierally.
"Boosters” of a therapewtic composition that it a vaccing arg prefarab!y

fl

edministered when the immune regponse apainst the antipen has waned or as needed to
provide an Immune response or induce 8 Memory response against a particular antigen or
antigen(s). Boosters can be administered from ghout 2 weeks to several years afler the

15 onginal adminigtration. In one embodiment, an administration schedule is one in which
from about 1 x 10° to about 5.x 107 yeast cell equivalents of a composition per kg body
weight of the organizm is administered from about one 1o about 4 times pver e time peﬁod
of from about 1 month 1o about 6 months, Addifional dosing of other therapeutic
compositions described herein can be determined by the clinician based on fhe reevaluation

20  of the patient after administration and assessment of the status of the disease or condition
or symptoms or indicators thereof,

In one embodiment of the invention, a patient identified as having 2 Rag mutation -
as described herein i3 administered, separately or in conjunction with another therapy
described herein, gene therapy to deliver wild-type or “healthy” (non-mutated) Ras to the

25 patient, Methods of administering a mucleie acid molecule in a gene therapy protocol arg
known in the art.

Methods and uses directed to therapeutic compositions and vaccines of the
invention are primarily intended for use in the prevention and/or treatment of a disease or
condition. - The term "protecting® can be generically used to convey prevention and/or

30 _treatment. A therapeutic composition or vaccine of _ﬂ'u._', present invention, when
administered to an individual, can: prevent a disease from occurring; cure the disease;
delay the onset of the disease; and/or alleviate (reduce, delay, diminish) disease symptoms,
stgns of causes (e.g., reduce one or more sympiots of the disease; reduce the occwrence of



reagents for the detection of other cancer biomaricers, such as the
previously described Ras 5 mutations, or any other suitable target for
cancer di agnosis, even for cancers having causes or contributions unrel ated
to the Ras nutation described herein. The reagents (e.g., probe. antibody,
aptaner) can be conjugated to another unit, for exanple a marker or

I mmobilized to a solid carrier (substr&e). In one enbodinent, the kit can
contain a reagent for detecting a control biontarker characteristic of a
cell type in the test sanple. The reagent may be 10 present in free formor
I rmobilized to a substrate such as a plastic dish, mcroarray plate, a test
tube, a test rod and so on: The kit can al so include suitable reagents for
t he detection of the reagent and/or, for the abqea!!éin f potitiv

negative contr ol dhe disggayh R OHE of dhe eiridR! Rt e P &éﬂ%’m}] d'sfésf{gm%lrhe ki t
can al so i ncl ude yg@n@ete seritwof thd diaask)n 9 sush,ttheomention mcludss bgh priventiop diswied

e S A T e TR

i nvention, a reagedigsastor ﬂ!ﬂaﬂﬁe@!’?"ﬁ@cﬂm %’FPB‘PE%P ﬁrdé"gﬁﬁ LI Tl
bi ol ogi cal actj ViheYep&Rd vREn@NYn 6ddi chubRfirfent, @RQstiods dFabe mmucmarw@qwm a
met hod for detection of Ras biorn rk I Ge iimRhe0Qi cal
activity as descr""%@ﬂ“ﬂ?‘&?fe&'ﬁf’ﬁ““ a m%ﬁﬁ%@aé%é@ﬁti Hqﬁ Lft are not
linmited to: a 20 mapukethdtmay, mwm%adﬂﬁt&wwéwwﬁ deshtre ft otRioclh
conditions to a qugmeapﬂagnmm&ulr@p@mmﬂm takpect.bhucumwmmewmaorfragrrent
t her eoA prinmers for I | fic t| on &‘FL o ucl el ﬁ ‘ﬁn qgﬁe@gmtﬁeﬂﬁloggmr ker

a al

or a fragnent thé‘f"e Specl Inds.to.a

conf or mat i onaliéy sﬁnﬂ@m mndustot ﬁwﬂmemtw@w W@%ﬂ(ﬁémh{’%g‘l‘ 50h

di stingui sh Ras QIE,%@ Pin AR buBh, el eddbitibn G Bz, redoktivn nEizﬁmr

mut ati on, such as 6 E76K or E76 fr v, &

mutation): and/ oreval OB dpnor, Q@??'ﬁ(amc'ﬂeﬁ nr“égl%ﬂ%% ereo or ™%t her
ant i gen- bi ndi ng pﬁmﬁdmdtmmmmm@my!wmﬁ@spﬁl@tt he bi omarker. Antibodies

(i ncluding, but ngt nmonocl onal anti bodi es,
di val ent and nonovart

' o) - | ti-specific 9““5 serum
cont ai ni ng sudh anti b&@WS‘H’E‘%%@\‘%‘E"“ﬁ?&F ﬁ\}%'h%%gnf%ﬁuﬁ%?{eﬂ&p varyi ng
degrees, and any dunGhéanadid acjtuéabin mveafion3Sudvrosioes thanof, 38 & bieusrar ih?
sel ecti veI y bind a.mutate I%FE t h Wg@] Siverdtion -
produced using m‘FW%"t?Bn acg%nl P'(ra]&lfﬁ]%]gpart (de cr&be%&@e}m I n one
hodi ment, a reagemiatefto the detection of pesleie (cdhiers oG} r‘f?ﬁ’i‘%ﬁ

characteristic ofhRGgzmeld o;bbﬁ@@s&%ﬁgf(ﬁaﬁﬁér.eﬂh mnmg@lmallﬂewebed implydes ype of
reagent that can betemumSiEdﬂm DeeSince andor level of the E76 mutant marker (also refemed to herein

generically as a biomarker) in 2 nuclcic acid or protein sample. The E76 mutation can
include any routation at E76 as described hereln, and preferably includes the E76G
mtation, the E76K mutation, or the E76{ mutation, although it is 1o be understood that .
other tumors may have different mutations at this position of Ras as compared to the wild-
95  type protein or gene. The biomarker can be detectsd by detecting the mutated Ras protein,
but is more preferably detected by detecting a nucleic acid molecule encoding such
mutaled Ras protein (RNA or DNA). In another embodiment, the method includes
additionally detecting (concurrently or sequentially) the presence and/or level of another
utant biomarker for Ras, including the previously known mutations at positions (codons)
30 12,13, 59 or 61 of Ras. In one embodiment, the method includes detecting the presence
and/or level of both an E76 mutation and a G12 mutation in a single patient sample
(nucleic acid or protein). In another embodiment, the method can include determining the
presence and/or level of any one or more of positions 73, 74, 75, 77 or 78, or any of the



72 nmet hod of detecting the presence of a known marker (at the nucleic acid
.or_protein level) .in_a sanple, such as by a nethod for detecting the

presence of a bionarker described previousiy herein. Specifically, The “ '~
reagent is characterized in that it identifies a specific marker of the
cell type being anal yzed that positively identifies the.cell type. For
exanple, 5 in a breast tunor assay, it is desirable to screen breast
epithelial cells for the | evel of the biomarker expression and/or

bi ol ogi cal activity. Therefore, the r&gent for detecting a control narker
identifies a marker that is characteristic of an epithelial cell and
preferably, a bast epithelial cell, so that the cell is distinguished from
ot her cell types, such as a fibroblast. Such a reagent increases the
accuracy and specificity of the assay of the present 10 invention_ Such a

reagent for det gehiRfong of B hltoitdekBhed ag&kgﬁi@%pghgﬂycgnﬁ d&mu jped to: a

probe that hybridizes under stringent hybri trons to a nucleic
aci d nol ecul e eTCEBEA PSR & WIAT Fayibed Mutpioratnosiaa 58, ¢inT% M 36 Ty such a
nucl ei ¢ aci d nohekuale; Aﬂﬂctﬂmoafrvﬂﬂ?ﬁe mehbabedsm@dsﬁmaihbmd%ﬂﬁsn foPth@lsake

conf onnati onal | t e Larget and/ or. an_anti body,
antigen bi ndi ngxﬁﬂﬁéﬁ'wrﬁgr%o okt g‘gs BB?D%E 91 é*ﬁ?-"*’a%“{bﬁ'g‘t“

sel ectively Bin "?fo the control marker in the sarrpl e. Nucleic aci d and
anmno aci d sequenceghd @ist HBNY GR| tetkoRI Jf QeSpraved ﬁmﬂ ,j,dn,dgﬁh@et #Hd can be
used to produce §Hch Lea s, for detect.i.on ea detecting
a Ras bi omar ker ancffor%‘ag%ug?ﬁdrmf gﬁ'ﬁe(ﬁc'é'}pmd?g ?ﬁ&“&%%‘av%“% "’gﬁ %ffresent

i nvention can bé‘“‘é’é?ﬂ}%@&’c%"?@“&nﬂ&mmﬂﬁghﬁﬁwleetﬂamldMI Such a

. 20 tag can be alyauwtﬂsabdllmilﬁgmm%umme&%oﬂ&mﬁgh eftbadiifard €2gent s
used to det egt Lnr&gnpl onmar keft ontrol mar ker]and Iudg@ Bu& i S not

limted to ahy conposttion’ oY I"‘de‘t%’%f“&ﬁﬁ"’@“@“?ﬂ {3 2y, fld or

phot ocheni cal , bﬁwcﬁmm@eﬁent mmmmmr cellg [oe proteing af mmoptelle aMoer cheni cal

means. Usefid | ghgh &%hwtﬁwm e ad datsfaag e Staining
eads

wi th | abel ed stre av ate netic eadand), 25
f1 uor escent dye?"?% &I f‘b‘%’g E% Y B o ?ﬁ’é’ F‘%

fl uorescent prohmwmWﬁtmdrnﬂoel)tamﬁdmthlmbcalbmlbsm(abngihytlﬂlﬂ;esai:&ﬁdn-;odBSS, " C,
or 32P), enzwreﬁcmgqm. ndwman ﬁapsaﬁlalen,%m‘si&m, PRl lg@ff Qfseagfmidese and

ot hers commonly used in an SA), and colorinetric | S su
col | oi dal gold %ﬂFP‘&dFd’Pfe‘aﬂﬂﬂ%\ggﬂmh ofi myelic peids gbtaned frm 3 eell ppmpplgisolated
pol ypr opyl ene, traitb&patimt.c. ) beads. 30In addition, the reagent for detecting

of the assay kit of , %:E,tg?g{o enSMcent 2V, {‘%@ 9&@?%”‘@19'3%2:{ @ﬁzl%.r

substrate. Such a an |nc sui
i nmobi | i zati on B?‘“Hyﬂé?sé@ﬁ’%wsﬁpéﬂtj@ msq»eqqmamwndamm@mmm of the

previ ously des ceilbeithinedshads vinf, wiith BRS¢ bei collBitddoknyan o@a&tﬁ&aﬁ ératfuf Ui t abl e
for immobili zat&@rgmggh Jheadent fgm tect‘Df “gf‘“.‘“ﬁlglr“ %%“é’?géﬁﬁ oI id

support, such as°any so organi c, 'bi 6polymer” or Frt that
can form a bond®vpatpe J'h'é“ P@h'g’@ftthermma@mam righe wilks firothe cedli semplé jre aott |

eL f egu ng Ej he aﬁm&wwd&amgbmduwmﬂﬁca&mﬂﬁaﬁﬁi b@ﬂcdﬁ%%ﬂfforml dgt ect

the desired target c orts include

pol yners such a@pors ‘?yreﬁmfegﬁlelggérl\“{% %ﬁ% ?"%f“ﬁ%?%&?g’g&bﬂ'é%’?’% acrylic

copol ymers (. g"H %ﬁw&fﬁﬁwa?ﬁﬂdéym Smmlw@@dnﬁwdlabwlmdsm&bm a and

stabilized crudedytaisge cell/ menbrane hom)genat es. Exenpl ary bi opoI yner

supports include c ul ose ans ag oIIagen and

chitin. Exenplary |‘%‘|ggl"§°a?ﬁt|1%e 5‘8‘&@? Tt &g‘gwﬁ’?ﬁ%fd@\% bR 2and

nonporous), st aseriveefen egwalr tissnexifaie bodyi whirh typizally. inclydesearl uaﬂztymlaﬁd/ors uch as

2 (52, T Q2. A Gdete@focblrd ViichhoRDlle S ool 'RED! 281 sMEL BAGS SALAG,| Nent i on
ods ri

One enbodi ment - O0f the present_invention Ffelates to net 3ent| fying

conmpounds t HAt gt e irmm fligtue sagple;,may beiped, i somejasances, qutqrchgngeably ik e "¢eflat carri es
a mutant Ras gesaepledy ahough & SomfershhyRaed ©dedigitda o cofiplb ¥ udafdhiand @i on

described herei Hropl®" A Bssue sample can be obtained by a biopsy, for example, including by cutting,
slicing, or a punch. :




15 conbination of the E76 nutation with another Ras nutation, such as 012.
The nmet hod includes using the Ras E76 protein or peptide, or a nucleic acid
nol ecul e encodi ng such protein or peptide, as a target in an assay for
screening and selecting a chem cal conpound and/or a biol ogical conmpound
having activity as an anti-tunor therapeutic, based on the ability of the
conpound to down-regul ate expression of7the nutated ras gene, to inhibit 20
activity of its gene product, OT to reverse or conpensate for a biol ogical
activity of the nutated Ras protein, such as a conpound that triggers GIP
hydrol ysis of Ras despite the presence of the nutation identified herein.
In one enbodi nent the nethod includes using as a target a Ras protein or
peptide, or a nucleic acid nplecul ncodi A0t e leviiEiRd isge,
wherein the Ras pr otéW@r%@W&éﬁﬁgg&?eﬁu égggﬁlgtﬂ%acﬁllsq%%e or nore of
pOSi tions 25 73, midrker ekfressitl onbiolggcal astivityrapd/er mayontais FCHEE PETRNLS Ry

mut ati ons descri p%%mggg}@s q,gﬁisgqmdiogmn@rﬂyhy ARYodCsitdbiertat theopartiedlar dodityt at i on
at position 12 and/or 13 Wit Smytation oSl ti. 23 g4, 75,
76, 77, and/or 7@P1dﬁb?e@5?alﬁ$|%?‘aiﬂg]ﬂﬂ'§3rﬂl%§taftr gg%’sh“ tﬁﬁ’dg%}n%neoﬁt@ﬁdc%tion

i ncl udes a CoNPOYIEY, nbevhs, bamigbiuid; s« breast milky hilgarduringo t hat t he bound GIP in
the mutant Ras is hyql; In%etga;aglp b@g,gg_sipguger_ﬂomgymw&eﬂ&&dwsddﬂm

mut ati on, whereby 'conStitutive s activity is tur f guenchi ng
the unregul at ed 8gwhiliy spdsrrogure f Be FEOL PSS R‘?wﬂg‘?%rgﬁgr%lr%%o

i nhibiting a tar griviCadore Wit tipooizmecroy to botvhluadd. Fereisipla e epftERE %N of a
target gene and inhibitj. le2hd R Aepif@tal il foanfbidphyie.,
correspondi ng exﬁ?‘é@}s)"%%dn'p%?%‘gﬁté?& prgt el n) .s. TTE(E)rlJJndS l'Z}4.[.§mhat Ry the
bi ol ogi cal actq vistcsi semple) of nprgst tissue spapple mAbiors B Y REAR Yo néd Conpounds t hat
trigger or initi gl veehsliDhy st afvaBbiwilibe nails, dsmes dRhedily fhuidyaodicayporenton ar e
al so enconpassed he d iedentif.b Gt oPSiTEnC@ iReA1erRaN be
referred to herei%@s Eaergf%% uﬁo%dggﬁpgur%@? glggwone enbodi ment, conpounds
to be identified fnidsbllsgtenconpounds that regul ate, adapt or mimc Ras- GAP,
wherei n the regul at edonca g adipds oldsinedifivinaheceltidin sheGampln asvalinted thdelertihe t o
enabl e the hydrolysis of GIP associated . Qbn dltfoidEehaRtvitRaShddr Ot € NS
descri bed heréfnl%% W&éhelﬂ‘gm '?Fﬂ?’aﬁ'?,d%&ﬁ%g‘s 5. 78 Mit ant, o, any of
the conbination rEM R sordesio cphinktiencoyitiofpr miliensgryehses Qfher Ras onspsmitaians, _
hydrol ysis of OT7,a fal, € &1 Winkel oM (L £l By)dR@ctioR 61 mRNA keftiodingrdpewited gebe novel

nut ations described herei'n are used to identify conm + Batent g €St ore
the function of tHRIGRISHYEFEHD G ‘B‘P%%SB'M Dfﬁe'lpn ceﬁu‘gﬂ%elpg. . tunor cells)

t hat harbor one aqamg®re Ras nutation described herein, thereby arresting
uncontrol I ed groliferafiop.ange H&T&hﬁ@&ﬂ%?&v@ﬁfﬁ&&bbﬁﬁh&&,mﬁ%&mrﬁm&w ng

"normal " cell$ (noncancerous cells) alo ch a r.at e I for the

i dentification ofcorvspisat]mbogs yeh “f@‘?‘a’?rgg‘{“‘ ?%ﬁtﬁ” %%#ﬁd‘gtfﬁ%%bh?o ﬁqt LI%:gguse

probl ems by i nt erglggiiagdd lysridiationPCR awplifcticarwituprimes eresifion GRAWAHND. 05N - t unor

cells. Inthis enbr&gj‘ QF&EM ﬁg{gml@){jsmﬁ{mggr&ibi&ﬁdaﬁyﬁ@i eCdeternfincctherpounds
Bydrorysis to cell: [

that restore GIP S expressin nat ural | r .
reconbi nant net hdes) “fﬁemﬁﬁw)%mﬁl*é&“?aﬂ% S o@%:u%%&&@ﬁﬁ%? ol ysis
in cells that ,expd gt Bplanesh dt @elecfediby dny sudje Retbod @Oechuigisof HE5WEE %Bf thi s
enbodi nent, therapeutic co Sxoafon lehb®GndiMe, bEPeRARI 1RGtedto] FIRY EL
protein (e.g. E7 l‘%glg)gm(gf%é%qr Sent ?’ﬁc\?rgﬁh?%ﬁn(o a.cell ex reﬁl%' ng the
protein naturall WW%&@E(‘W‘PQF@: i s RER-oF 8 E’W& %‘r'l‘gmnealéuri ng
the ability of thg, saHBRLRGude shilishhicrodriag shalysis, detedtiveefaaspoltic gk, or ether

bi ol ogi cal activit f the protein or (= i i r 80hkdedcy Of the
protein to contriBﬁ%’gNﬁd’y 3 ?fl%ﬁré"& gﬁ’fﬁ‘?‘%&“@%&f‘%ﬁ”@? ro%’i feration
of a cell. In ®neofeiibomitadnay seauense(s)i andion corendssd (p pemples el BP'BO“%@% ts
ability to initi aﬁ%ﬁﬁ&utofiugﬂ&rne ysiopl ysis and effectively override or
conpensate for the presence of the nutant Rasl grgmt hgm]pnﬁgeﬁgmmﬁg rga's,on.
Met hods for neasur i ngFEFRmRiFd? BAEEE POoLhopSPERE SORA PUTTY are well known in
the an. In anot hege agpetandfainki sitehdretixyinifier which i pahelegigal oelly from they
expresses the nutant

\



30 ras gene or has been transfected with the gene or other recombinant
~nucleic . acid nmolecule.encodi ng.mitated_Ras protein is_incubated with

vari ous conpounds, also referred to as candi date corrpounds test conpounds,
or putative regulatory conpounds. A reduction of the expression of nutated
ray gene or a nodification of the activities of its encoded product 75 may
be used to identify a therapeutic conpound. For exanple, one can contact
the cell expressing nutant Ras with t candi dat e conpound and identify
conpounds that trigger the GIPase activity as di scussed above. Such
conpounds may be identified by their ability to bind to Ras and activate
GlFase under conditions where endogenous Ras-GAP are 5 bl ocked from bi ndi ng
to Ras by the REIS nutations, and/or may all ow rel ease of the y-phosphate
from Ras GIP when hydrolysis is initiated. In other words, the assay
attenpts to det emiplecxyybe isokied by der @aphine AithdiBaiorl TRCicfontd DNAGroRAR: MUt at i on
Or conbi nation a yarie m.l ar ceII free
assays can be ugélg%ﬂ%%g]%w&suc%?ﬂ%eéfﬁ%%% [k coﬁ‘%%h&%%ﬁh butic
conpounds i dent PaREEs e spesified rantemmepce dmprop Hemnbmme-fhalﬂmelmtseumm pf desi red,

i nI ot he(r:I ars]sayzmte&stcnﬂérhalhml}t,{hembuoaﬂrdxﬂm&iuﬂ&bm?@%a?wﬂ 4 ;m%@@n,nd i's

sel ected tha SIS i el l's that express

wi | d-type Ratg (@ﬁﬁt{hﬂ ﬁc%ﬂ%%ﬂ?‘%gie"mﬂn{?{’g Wé‘s‘?’mm “ﬁ”ﬂ i BHEREh odi nent
of the inventi o?ﬂ“qi??hﬂqﬂl @@E%ﬁddﬁthuh@@ﬂtmmm e ﬂmgmmhﬁ!arsequamrkl fied by
teXp?SI ng a tgr Q%Wﬁe@éﬁdﬁﬂﬁ'ﬂ%ﬁo?%lﬁoﬁa?m&}ﬂ %(r) orfd é 0 al5
est conpoun ur xR n o a - an

sel ecting a conﬁ%ﬁ t’fq%tmuﬁle@\ﬁ“ '%SE’I’SDE?’@% Pﬁ%ﬁf[{“g@“’“ﬂé‘ Eé"‘a’ﬁ"f’ﬂ’h bits,

bl ocks) the exphésdpahwistyprodistduensest he activity of the target For exarrpl e,
the putativeei nhi bi wag ﬁélmsbﬁﬁeﬁrﬁﬁfi Q:etnqoﬁm&ﬁ,hhuohfﬁ&mﬁéw&éﬁ&nmﬁ target.

gene (endogeno or, reconbi nant| preferred cell to use I n an assay
i ncl udes a nanﬁ%#“& detefipd, pRYip exp “ﬁz&?d‘?‘%"l’)’/“ Piabledewes Such & PEeHet gene
or has 20 been fistugrnd ool metelialwitaimediby tiepayriFonamipld, die patiedt ninfoebityay geblegene, such

as a recombi nanpidhiied B ibmatfiizeh, B bE Codtat “m@fsém sequence
encodi ng the tar B'R'F‘Ot el nI of a usefulﬂp\?lgﬂz}ﬁrrent ’tﬂereat %gagmto :
‘?gf“ n

det er ni ne expré€ F)Eﬂ“%“’o'?mdé%ﬁﬁuaﬂ“éﬂﬁ/\ﬁlbl’ dedestsdand; determininepyhethenvibt hods
for the design thnahtibate ftajphinCihéreofior glaratiek bound Wﬁb&wlmﬂmkhﬁbel nhi bi t

t he expression G of, { tel ns
encoded t her ebylﬂéaa?“gﬁqﬁ?? Qiéeﬁno%%g%mﬁ%rdarﬁttﬁé T)‘/'lh @n #H@'ﬁ Bt the

i nvention, therXfFR i blok ofpowebiet arcazymetinket f |@MWpo§Bﬂxg ELiSADget (et.
E760 Ras- OT?) t:@m.ﬂmﬂm&h@atmmﬂmw&ﬁﬁﬁml NGk phishdi n&s&hc he

tho target af @ diiubeldite Rk, Pinedth Pidgtars Ay %wé’}' pref L?r ed -
enmbodi nent , 28 hem¥l¥sia alrix-asgigred, lapef MOD&MFOﬂcmfﬂmth@ﬂ wasst 0
pronot i ng .t he l@&%@ﬁyl@&w&mwm&mﬂ@f mikR& o0 fvRdeALe btivhibEcel irgigt One of
skill in the ard’A&ﬁ g?lt v e SHS hﬁcﬂ%‘ﬁ&%ﬁ?%ﬁfug%‘ﬁ&ﬁmw@n is
determined using a _ﬁrst monoclonal antibody that binds specifically to the mutated Ras
protein and a second antilfoody that binds to the first antibody.
2 In the diagnostic/prognostic methods of the invention, if the E76 Ras or ras
mutation (or combination of Ras or ras mutations desctibed herein) is detected (either by
detection of the nucleic acid or the protein), such detection of the mutation is considered to
be mdicative of the presence of tumor cells or the predisposition to develop twrmor cells in
the patient, as this mutation is not expected to be present in “heakhy” individuals (ie.,
30 individuals who do not have and do not appear to be predisposed to cancer caused by or
contributed to by this Ras mutation). If desired, however, one ¢can compare the detection of
. the Ras or ras mutation to the “Ras status™ (i, the sequence of Ras proteins or genes) in a
healthy or normal individua), if desired. |




target and the conpound being used in the assay. In one enbodi nent, a

Bl Acore machi ne can be used to determ ne the binding constant of a conpl ex
between the target protein (a 76 protein encoded by the target gene) and
a natural ligand in the presence and absence of the candi date conpound. For
exanple, the target protein or a ligand binding fragnent thereof can be

i mobi | i zed on a substrate. A natural & synthetic ligand is contacted with
the substrate to forma conplex. The dissociation constant for the conpl ex
can be determined 5 by nonitoring changes in the refractive index with
respect to time as buffer is passed over the chip (O Shannessy et al. Anal.
Bi ochem 212:457-468 (1993); Schuster et al, Nature 365:343-347 (1993)).

Contacting a candi datg QQJ{Q;R#HB@m@h?é’ tgﬁgklﬁs,gﬂa&%uréﬁaﬁrb‘émﬁ\deﬁihgﬁomqfconpl ex
and nonitoring the rtsponse

uncti on Efﬁf elnt e refractive
i ndex with respedlenrwqfﬂmomﬂbwsth%wlwmw °§§‘5‘g¥ %%“H @t to be
determ ned in t hQerkiSA MG omhbinibn Bﬂlﬂﬁmﬁhnodmnmunﬂs mn'duunnzmq:atle@rw‘iet her

the candidate Cogﬁgund'i 3 erturlln I san Ie KU]:QJ%WM%E%ﬁggﬂyﬁfﬂm@ﬂmm@ufwm| ex.

Al ternatively, EERA A€ "ConD can € contact i mobi | i zed
target proteirs amnoheslsentee mdﬁ@sasn PH@’BIOP gmeEIcellp but @ddopallyof 2 pumgrthal 6 o

conmpound |C(r;h| bi tgmgme@})m ﬁbﬁ@ésr@dﬁh& ngndmspgy Gsted Jsrelnghepmmmmhembmge]t g
pr ot ein. nmpounds to be screened in gg&t cl ude
known organic 15"55??5%’6?5’5‘5“&38“”@%“8”8&&6'3{% 0 gﬁv{l}t[é] i g él es nucl ei c
aci d nol ecul es ( @popr outiids), 2 ¢opered tadesectionnl apke e E7 W“&é‘ﬁ‘?@‘j’“ oLgalyiodi es,
and products of GR&M.ECARAEY, Q@il@ﬁ\hﬁﬁonj,h&!?uaﬂdt@ﬁonommmﬂms may al so be
identified using ratl ona! dr deS| n reI y,h {‘]’H’E qseac%Motll%ar ﬁfmn;:he

ano

.product of a é"ene conponent mut ant
'Ras conpl exed wi teinbc@ﬁﬁ)m (@ﬂlmbt M@@sm émpﬂttbﬁ Fﬁb}g goporgyl ‘F"FL Pfh t he

art and 20 invol yg,Lhg (H%%Br%rﬁﬁeﬁbmﬂ?%mm@%ﬁw WfEHidenafkE0gr ans.
'Fig. 4 illustrates the 't cﬁ di mensi onal

I t.,hat occur
in Ras as a resulSPraHon R olepanscRay (h‘irt‘ﬁt"i' oS m’fpoﬁ eQ%m a.rﬁlmotg‘g‘ met hods
of drug design, Umedtv cbmrjesedgm Bfoess| tect bﬂﬂlﬂmlweloofo‘?lﬂwkfewxprﬁ@?“aﬁeutl c

-compounds use{ul i H’P’m fa,@m%lﬂ%eﬁr&w SEbRGAGN a kb tiols S at
11997, Mol ecul ar gl otechno ogy her apeuti ¢ Applications and ?r{‘gate i es,

W ey-Liss, |nc. patigerhirqm s ngeuation of idiyidpaly. Bt heticyed 18, Gy 00"

entirety. A&mmgj ﬂaﬁ-ﬁ:ﬂbdﬂoustﬂ”bEuﬁd%fgﬂing eplastic arubamnaibn, dop ethéltitng ghe

i nhi bitory conpound"” orfmnBr&ﬁ_{ Yﬁﬂg %,é}ﬁomgy%od ek e mediift IGRTPOUNdS
us a reC|

havi ng an unknow® Bf previ o regul at or act|V|t n a

particul ar proced®ssconngl %bﬁﬁfﬂb f@rﬂ’fﬂm“?vﬂ'éﬂ’t?si“?’ﬁ'%'%‘ﬁpﬁ"é'@ e L¢-hods to
:)]gle\rll\;]: I:% ;gg%g%uéﬁw%ﬁdﬁmﬁfﬁﬁmgmmgf@w% :J| ness
chaaa m?t be mon ] ﬂmﬁ

growh is determ resent invention
condi ti ons under avgives hesepentit [protosed| drn by svatuated yes tigec Methods f85) delesiing Ray

pr ot Ieltn of the prhﬁgﬁm aw@mﬁlwﬁomgﬁwwﬁwwwmzxa mawut ative
regul atory conpound, . Suc “&ﬂ Vit ﬁgg A xS % .6 OF
g%n}'r.'?nﬂg ce ase

assay conditi ons T EH assa e condi tions include
an effective eediaumldvel offhioshrker rapressipn %ﬁnﬂweﬁmﬂ‘bﬁc@?—m‘ﬂ W FBhe cel |

Iysalte can be ev%{hgxaﬂo%{gﬁe:nﬂw&t%fﬁkﬁﬁmb&%v@h&ﬂmmqu&tﬁ&&ﬂidrkbe _

regul atory conpoun s of the pr ention t ina
variety of contai nerswgﬁ“laﬁ??%%‘@“g%ﬁt““ﬁo'fvqjﬁ\é'ﬁlalfpéﬁd’mﬁ%%\gggﬁ%ﬂ cnyu{h?%tre
flasks, test tubalma baséline atdobmmt negld 5t bs gstablistiedorriachrissay essthe ey tLpcrorged s
carried out at a feHREY Jtlf. &'ioﬁéb‘ﬂéﬁsé)&%ﬁghwsydﬁ:&ﬁﬁ@ttsmfoﬁpm aped at e for

the cell. Such culturihg conditiaons are also W t ‘Ef&‘ till in the art
Cel I's are confhctitfermaiomieerdpet BTl dggmnad GY?B WB‘“%WCF@?”%‘&F@T% ons
whi ch take into wm&oltshﬂ;mmeiaaﬁelmehdva cqastlished by aiyré theabovedetribed t he
concentration of %ogl VFﬁ %g &QJinm]nQau &Pﬁ&i{?&(ﬁ)ﬁ%&%ﬁﬂﬁmﬁ a cell,

the i ncubation ti Ve regu ator the cell, and
the concentration mm@wammdm@r@a °f®°P&J“E@I or_ingheidus) deth ZERAIRE of
effective protocols can be acconplished by those skilled in the art based
on vari abl es such as the size of the container, the volunme of liquid in the
container, conditions known to be suitable for the culture of the
partlcular cell type used in the assay,



15 and the chem cal conposition of the putative regul atory conpound (LE,
si ze; charge-etec.-) bei-ng tested. A preferred anount -ef--put-ati ve regul-atory -
conpound(s) can conprise between about 1 ELMto about 10 nmM of putative
regul atory conmpound(s) per well of a 96- well plate. As used herein, the
tern "expression”, when used in connection with detecting the 20 expression
of a target of the present invention, can refer to detecting transcription
of the target gene and/or to detectingtranslation of the target protein
encoded by the target gene. To detect expression of a target idyls to the
act of actively determ ning whether a target is expressed or not. This can
I ncl ude determ ning whether the target expression is upregul ated as
conpared to a control, dovnregul ated as conpared to a control, or 25
unchanged as conpared to a control. Therefore, the step of detecting
expressi on does ity Ggertivee cankiel) o typmoe pojiive (rfchuipg: stged dernorg ciomeiier; | s
upregul ated or ﬁ%ﬁoﬁ%@dﬁﬁl@ﬁhﬂf&%epﬁ&hﬂ&ﬁm @ﬂaﬁéﬁﬂeﬁdﬁ?éﬁﬂ&o&e&%}l ng that

the eXpreSS|0n (0] the t not G no eXpreSS|0n
FEERS e it xpgsiop Qf*&éﬂefﬁtf%ﬂ% B of

of the target o
transcripts andbeslizgmsat €i ns i s rreasured by any of a variety of known

methods in the art. AﬁQﬂF?F&%%%@&%%ﬁﬁ&%ﬂ&sbfg&h&b@ﬁNQ%oaﬁge not

limted to: extractlon 0 | ar ' ERNA and Northern bl otting using
| abel ed probes BREEFMAsterie B de sappleobesupivaed dor dimopcels, the Sl sty of gukiee of one or
nore of the geneﬂmp:bs:s‘, lmommﬂmenmgmg of Ziephtchi mtbepﬁfoﬂﬁed.nﬁNAueatqnanessed from

one or more of or b DD U/ RY-BERE: SRARLELS iR T S
reactlon

pol ymer ase chaln ever se transcrlgtase polyrnerase
chai n reacti on PREpefe Ry &“PB%ﬂdWEP&ﬁH“P*&’}‘?FM o aFe pr oduct
by any of a Nvar disgnystiohetdansonto the Gl degned. t ot al RNA from the cells, which

Is then | abel ed andFUﬁdm;hgmB&Qt& 'ﬁ%“&yg’gl &]%gany g@&d A8 S ﬁelgdjq} ng all or

part of the genes 0 is 1nvention, arra a variety of
surf aces; determine a diagnosis for a patient, 2 prognosis for a patient, and also to determine the

appropriate therapy protocol and predict the patient’s. success or owtcome with a piven
cancer protocol. For example, if & patient is suspected of having a cancer or being at risk

15 of developing a cancer, the method can be used to determine whether or not the patient hag
a Ras mutation that is associated with cancer and thus diagnose a cancer. In addition, i the

* patient is believed to have a tumor, then identification of the Ras mutation, as compared to
the identification of a different mutation or at least the non-identification of a Ras mutation,
may indicate to the clinician how aggressive the pmieﬁt tomor i3 likely to be, thus allowing

20 for a more specific progoosis of the cancer.  As discussed above, without being bound by
theory, the present inventors believe that detection of the combination of a Ras E76
mutsation in combination with a G12 mutation i3 predictive of a more appressive nmor, and
accordingly, the prognosis for ﬂ:u.-; patient may be poorer then for a pﬁtie.nt without such
combination, and/or a patient with such combination may be treated more aggressively

25 than a patient without such combination of mutations, Finally, identification of a Ras
mutation or combination of mutations in the patient tumor can be used to develop 2 specific
cmcer therapy protocol based on the knowledge of how this particular mutation effects
cellular activity, and can also be used to predict the response or susceptibility of the patient
to a particular type of therapy. _

30 The present invention also inclades a kit that utilizes the diﬁgnusﬁc methods of the
present invention. The kit preferably containg any reapent useful for detecting the presence
or absence of the Ras (protein) or ras (oucleic acid) mutation according to the present
invention in a test sample, and preferably includes an olipomcleotide probe, PCR primers,



5.in sins hybridization; and detection of a reporter gene. The term
"quantifying" or "quantitating” when used in the context of quantifying
transcription |l evels of a gene can refer to absolute or to relative
guantification. Absolute quantification may be acconplished by inclusion of
known concentration(s) of one or nore target nucleic acids and referencing
the hybridization intensity of unknownst wth the known target nucleic 10
acids (e.& through generation of a standard curve). Alternatively, relative
guantification can be acconplished by conparison of hybridization signals
between two or nore genes, or between two or nore treatnments to quantify
the changes in hybridization intensity and, by inplication, transcription
level. In a preferred enbodi ment, the expression aof the target gene is
measured by the bSanpefiberdepetisen binding peptide of pRRCT Hjt Hﬁ%t‘%@?"’@%ﬂ‘gﬁi“%@ﬁ“, t he
expression of thelLai gsteRCRRA] EDNEBAS plorbh asidahhpdiykaThe/kier dshigetny
anal ysi s, chromat ography, or ect.roscop .o AR it BInGl:8 k164
enbodi nent, the éi'ﬂﬁ“'é"g#%ﬁpﬁ'?dpnflﬁgm?gﬂﬁ’ﬁgﬁéﬂ%deeﬁ‘émf’ieeHggﬁs)u?géu y. measyring the
production of t heeagms ¢l e dgectioedtiothenrauesr PampTeRSBHSp BE PEAOS ng‘ED%#%“t ein).
Measur ement of, t nanslati gy ofbr siBle@in@t fr daet dishassisuvyn Britabaisihavingsensed f or
detecting and/'or 20 neasurin rofeins froma. or ] Such
met hods i ncl ude, P B 1 GRS P‘B{“{'?“n"f’rsﬁ_ﬂ%g :"%’%‘9 2‘53&5“%%% ’%’?‘fqbep ot),
enzyme- | i nked i nmmtbodypapiamer) cads agpugitd tSptheruaiy ifesieFAHR T frRpgPize
i‘ Irrm mopr eci pi tat i, 0N, x4 'ﬁmpﬂgﬁ&%&mg{m iugwmbbmmmtgem&edctmﬁng
uorescence activated cel] sortin an
m croscopy. Partiﬂ@a?ta’r?iW’”ﬁ‘F"éFW%ﬁé %%anrm%%%%?&%%gﬁg{ ot
i ncl ude any siifiglpRienfid fresibim ardmmgbilizedte b ettty sichnes meiuricdidhe MISREY P
i nmunof t uor eseenge assays FQA sCob2 HBL Bt cal® RIS, i8@Ec YHAbIA reaph® 6ir e deteegent , such
as an anti body t hiat specifically. recqgni zes. .é‘csel eCtﬁé’%n%ol@vﬂ%ﬁsoﬁﬁ)mst he
protein encoded I theressepb aud/or Sprcthe P?E‘ﬁ'ﬂ%&époﬁ’f’ Rt FKhown 'n the art.
Candi dat e conpounglgtoh Eeitisiahd Relliker Thasticarrds ifginde hiet of peitten ippEutiPEEEASIAR L hods
can 30 be synthesj zed usj.ng..f Himﬂﬁ KN idadht, ike6itad formubited wiepeipit Ng on
the type of com&fﬁ.@%&%ﬁ@pt ec 'ﬁj;ﬁaues f(#&tt’he producti on of
non- pr ot ei n cofpoumbput #p¥] udi ng organi ¢ and i norgani ¢ conmpounds are wel |
known in the art. Forygyapaiseally| Skorgiifhd tie ppeat ixvesion.ch exgeshfor siyletsi s

met hods are preferred. For exanpl.e . [ Hi6lRa pean 79
cheni cal progedurWﬁ“ﬁ‘% e%n%ﬂﬂ f(’)rrﬁf%g&%' sc_)| i g:- %ﬁgggﬁ pe tbﬁgg?‘.%g%fi s, or
semi - s%/_nt helsi s : rbesusddit iamﬂbé@rmwghﬁﬁgnﬁfﬁmrszQZ%';é&mapE hr oggh
conventional sol upj H{Tg&mgfmm h SakS respentsy WA n an
may be found in g&ben‘gk?a texts and grti ¢l S &%..%q@ﬁw;l,@g:mmlgifi el d,
1997, Met hods 2EntByohs et byggdizs f?{ér e Sart 8‘? 5 Ausiral as Bl of echnol .
3(6) : 332-336; \Wn@cading e bjonkaerior alfragment Beneoipprimpys e ampjifiopgon-of puckic aclly . oy o
al, 1991, Oiba Foy 358; b5 $aGnt Bhrascaeipuier HRGeciTBillyl gk caks
18(3): 147-157; Bo

Bidinp i bio )

anszky, 1985, |nt. J. Pe“ RLate n : z474; or
H. Dugas and C. P@ﬁﬁ@?ﬂg’“ﬁmﬁm@"@éﬁg . I{QB'B%\ cgf&mageﬂg@ﬁljﬁgg‘,g all of
whi ch are i nconor atEye mnetion] inchisngraphaicuian E26 iyiatiopsneh 2 R{4G E?‘i%

_ _ ; .?’E_Z)@’Eﬁ‘ﬂnpl e,
pepti des Imlay be iugﬁxmab;ﬁg%&gqmm ,ﬁhw&ﬁmmﬂg?dﬁhmﬁmﬁmn@r?_ 4 b
commercial |y dvailable peptide synthesizer. and. synt hesi. e i ed by
t he manuf act ur er . @R endgep-bdpe P ‘T’]é}“’hrs'tzlwﬁ"é oglrﬂl?%é“sh}leh%@m% e $§Wghase
synthesis coul d ahfdbg weaeniniahed poigilongl el mbicional (adhodigy dilentaand

TFA/ scavenger cl eavag&mmnﬁo#{)&.bi_gr GORRAIRE addBaties] Srumh dBfitilhiE MuclointipfE,i de can

al so be produced ﬁ'g'f°ng reconbi'nant  DNA"t echnol ogy and t.hods s dard in
the art, 15 part i suibeips thay Have boew anrifisd, i arneds '“ésl O{J'g“?‘ﬁmg?qém%i‘g% ‘?f(rad_

Any conpound i genthdid ibdais)hesRoivelybind o cmatbERas patkin in thelvempiy @pelsels on of

a medi canent for t%&%rﬁgéﬁ%ﬁgga A ‘éemrlﬁéaﬂr{d&&ihﬁﬁ%ﬁi’ or in other nethods

or uses describedP . _ .
In one embodiment, a reagent for detecting a control biomarker that is characteristic
of the cell type being sampled can generally be any type of reagent that can be used in a



20The follow ng experinmental results are provided for purposes of
LLLLustration and _are not intended to Iimt_the scope of the invention.
Exanpl es Exanple 1 25The fol | owi ng exanpl e descri bes fhe identification of"
a new Ras nmutation in tunors evaluated during a Phase 1 immunotherapy tri al
of whole, heat-killed yeast expressing nutated Ras proteins (Tarnogens).
Materials and Methods (Used in xamales 1 and 2): Patknts. 149 patients with
pancreatic cancer, colorectal cancer or non-small-cell 30 [ung cancer were
enrolled in a phase | trial (d obel mthe, Inc.) of targeted nol ecul ar

i ni rnunot herapy wi th whole, heat-killed yeast expressing nutated Ras
proteins (Tame/ gens). Biopsy sanples of patient tunors were genotyped for
ray nmutations to identify subjects with product-related nutations to be
enrolled in the i munothentpy trial. 80 Ti ssue sanpl es and general e

DNA i sol ati on. mofaa&&lg%é&esﬁa&&am%&ee@%nﬁ&@da\éﬁgrﬁ&mﬂe&ehb paraffin
enbedded bl ock ar sli degdmrr% sections cut from paraff | ock

h
Tumor cel I's wer & PSS AFS °€1§W’l¥a‘f5‘f BTERnGR; of 20 ormARFs Whﬁ‘i croscopi ¢
scal pel scrapi ngrefipgbhhegtia.i ﬁmiﬁéalﬂy sheoe@mlsﬂamcmmg ifShdt Gttideatifes ABtific us, CA)

6- S 8gm thi Ck gkkioPSeeil e Peirfk &f QARSI SR Bl R HDr CO! | S

was extracted b US- pnt el nase treat nt an est1oR,” fol | owed
by i sopropandl ﬁ‘r iHOF B3y, Tt is desirablent sorpen breast cpitbefighesls ‘iﬁ@‘gﬂ lergbefithel PCR was
performed for ekiomske? expruskich @l/odbiologibe) activit). Mrheeffe, G R@gnUBE Mgecigad | NUM Tag
DNA pol yrer ase I " QP'SH tiL ext er nal
PCR reaction m iumgia{k%?{]eh{aﬁ%“&k&ﬁ%énp at ge %ep'%q@ é& f"‘Bﬂtb]P'f er,

50- 100 prol  MySHATsEenfhalp! cgY. sp e cﬂ'o's WE‘&EH“’E)&F’&MJ suglr psrrer and 2.5
units of high fﬁldeﬂlustt Yucha idageniifer@ods yheaecass fitRy ofGhtGlshy @ HoPSsen | L1 at ed

W th denaturgti QI@' 35, t,hr ee- st .cycles at 94C
for 30 s,55 I?: f%&nﬁgm gﬁﬂ:ﬂff&éegﬁ%p? cg%gm%o‘fcrugv\/ebg ’b #aP 4 ncubat i on
for 10 nmin at w@“#mnﬂwa%mmwhrmmmummmmmmmw a total
"of 50 gL mi xt ur esodiigtalprodeiniharkes PORRimed% bwlich athp liﬁ%ﬂﬁn@ﬁi@%ﬁaeﬁﬁ fenpl ate

and 20 pnaol of @ach.l g; %&% | ‘Th W n riners re used: K-ns
exon 2 external Frorwar pe ‘HE&EF@%"H@ A?%ﬁ&ﬁh NG 16) ;
K-ms exon 2 ext@fifam ?”éWYss@hWMr@lﬂs fragment thereof, or entigen binding peptide that

15 selectively binds to the control marker in the sample. Nucleic acid and amino acid

sequences for many cell markers are known in the art and can be used to produce such
reagents for detection
The rcagclir: for detecting a Ras biomarker and/or a control marker of the assay kit
of the present invention can be conjugated 10 # detectsble tag or detectable label. Such a -
20  tag can be any suitable tag which allows for detection of the reagents used to detect the
biomarker or control marker and includes, but is nﬁt limited to, any composition or label
detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical,
optical or cherhical means. Uscful labels in the present invention inchide biotin for
- staming with labeled streptavidin conjugate, magmetic beads (e, Dynabeads™),
25 Duorescent dyes (e.z., fluorescein, texas red, thodamine, grwn flaoregcent protein, and the
like), radiolabels (eg:, *H, I, *8, “C, or ™P), enzymes {e.2., horse radish peroxidase,
alkaline phosphatase and othen_; commonly vsed in an ELISA), and calorimetric labels such
a3 colloidal gold or colored glass or plastic (e.g., polystyrene, polypropylene, latex, etc.)
30 " In addition, the reagent for detecting of the assay kit of the present invention can be
immobilized on a substrate. Such & substrate can include any suitsble substrate for
immobilization of a detection reagent such az would be used in any of the previously
described methods_ of detection. Briefly, a substrate suitable for immobilization of a




20 5" - TCATGAAAATGGTCAGAG 3' (SEQ ro NO 17); K-ms exon 2 internal forward
primer 5"-TAATACGACTCACI ATAGOOTGTGTGACATGTI CTAAT-3" (SEQ I D NO 18); K-ns
exon 2 internal reverse priner 2S5

r - Al TTAGOTGACACTATAGAAGAATGGTCClI GCACCAGTAA-3 (SEQ ID NO 19); K-ins exon 3
external forward primer; 5"-TGAGITGTATATAACACC-3" (SEQ I D NO 20); K-nms exon
3 external reverse primer 305t - GGCATTAGCAAAGACTCA-3" (SEQ ID NO 21); Icras
exon 3 internal forward priner: 5" - TAATACCTACI CACTATAGO

TOCACI GTAATAATCCAG 3' (SEQ NGO 22); 81 K-ns exon 3 internal reverse prinmer
5 - ATTTAGGTGACACTATAGAA ATTACTCCTTAATGICAGC- 3" (SEQ NO 23); N-nms exon 2

external forward primer: 55% ATGGAAGGTCACACTAGGG 3' (SEQ I D NG 24); N-ns
non 2 external reverse priner . . .
reagent for detecting includes any sohd support, such as any solid organie, biopolymer or

inorganic support that can form a bond with the reagent for detecting without significantly
effecting the activity and/or sbility of the detection reagent to detect the desired target
molecule. Exemplary organic solid supports include polymers such as polystyrene, nylon,
5  phenol-formaldehyde resins, acrylic copolymers (eg., polyacrylamide), stabilized intact
whole cells, and stabilized crude whole cel/membrane homogenates.  Exemplary
biopolymer suppons include cellulose, polydextraps (e.g., Sephadex®), agarose, collagen
and chitin. Exeraplary inorganic supports include glass beads (porous and nonporous),
stainless steel, metal oxides (e.g., porous ceramics such as Zr(s, Ti0g, AlOs, and NiO)
10 and sand.
Screening Methnds of the Invention
One cmbodiment of the present invention relates to methods for identifying
compounds thet are useful for protecting a patient from cancer that carries a mutant Ras
gene or expresses a Ras protemn having the E76 mutation described herein, or a
15 combination of the E76 mutation with ancther Ras mutation, such a8 G12. The method
| includes using the Ras E76 protein or peptide, or a nucleic acid molecule encoding such
protein or peptide, 23 a target in an assay for screening and selecting a chemical compound
and/or a biological compound having activity as an anti-tamor therapeutic, based on the
ability of the compound to down-regulate expression of the mnatated ras gene, to inhibit
20 activity of its gene product, or to reverse or compensate for a biological activity of the
mutated Ras protein, such as a compound that triggers GTP hydrolysis of Ras despite the
presence of the mutation identified hci'ein. In one embodiment, the metbod includes using
as a target a Ras protein or peptide, or a nucleic acid molecule encoding such protein or
peptide, wherein the Ras protein or peptide has a prutation at any one or more of positions
25 73, 74, 75, 77 or 18, or any of the combinations of Ras mutations described above and
particularly, any combination of a mutation at position 12 and/or 13 with a mwtation at
position 59, 61, 73, 74, 75, 76, 77, and/or 73.
For example, 2 candidate compound for identification includes a compound that
tripgers GTPase activity, so that the bound GTP in the mutant Ras 15 hydrolyzed to GDF
30 despite the presence of the mutation, whereby *constitutive’ Ras activity is turmed off, thus
quenching the unregulated signals for cell proliferation, Reference herein to inhibiting a
target can refer to one or both of inhibiting expression of a target gene and inhibiting the
translation and/or activity of its corresponding expression product (protein). Compounds



5' - AAGATGATCCGACAAGTG 3' (SEQ ID NG 25); N-nms non 2 internal forward

.primer_5"- TAATACGACTCACTATAGGGAGTACTGTAGATGTGECTCG- 3 (SEQ 1D 10 NO 26) ;
N-ns exon 2 internal reverse prinmer: 5% '
ATTTAGGTGACACTATAGAAGAGACAGGATCAGGTCAGCG 3" (SEQ ID NO 27); N-ras
external forward primer 155'- TGGCAATAGCATTGCATTC- 3" (SEQ NO 28);
3 external reverse prinmer 5% GGTAACCTCATTTCCCCA-3 | SEQ I D NGO 29);

3 internal forward primer 5%
TAATACGACTCACTATAGGGT TGAACTTCCCTCCC
I nternal reverse priner:

ID NO 31); Hras Eaton 2 external forward prinmer 255%

TTGGCAGGT GGEECAGGAGA- 3'

5' CCTATCCMSCTOTGTCC- 3" (SEQ I D NO 33),

10

15

30

that modify the biological ectivity of a target, such as the above-mentioned eompounds that
trigger or initiate hydrolysis of GTP of mutated Ras of the invention are also encompassed
by the method of idemification. Such compounds can be referred to herein as therapeutic
compounds.

In one embodiment, compounds to be identified include compounds that regulate,
adapt or mimic Ras-GAP, wherein the regulated, adapted, or mimicked Ras-GAP has the
ability to enable the hydrolysis of GTP associated with any of the xoutant Ras proteing
described herein (e.g., a Ras E76 mutant, any Res 73-78 mutant, or any of the combination
mutants described herein), but does not enable the bydrolysis of GTP associated with wild-
type Ras  In this aspect, the novel mutations described herein are used to identify
compounds that can restore the function of the Ras GTP hydrolysis pathway in cells (e.g.
tumor cells) that harbor one or more Ras mutation described herein, thereby arresting
uncontrolled proliferation and metastases of such cells, while leaving “normal” cells (non-
c:anc&oqs cells) elone. Such a strategjr allows for the identification of compownds that
target tumor cells but 0 not cause problems by interrupting the normal, cellular fanctions
of Ras in non-tumor cells, In this embodiment, compounds are identified by selecting
compounds that restore GTP hydrolysis to cells expressing (mnﬁﬂy or by recombinant
methods) & mutated Ras target, but do not cause GTP-hydrolysis in cells that express non-
mutated (wild-type) Ras. '

Iﬁ one aspect of this embodiment, therapeutic compounds are identified by

exposing a target protein (e.g., E76G Ras) of the present invention (or a cell expressing the:

protein naturally or recombinantly) to a candidate compound and measuring the ability of
the compoudd to inhibit (reduce, decrease, block) a biological activity of the protein or
more particularly, the ability of the protein to contribute to unrestrained cellular growth or
proliferation of a cell In one embodiment, a candidate compound iy identified by its
ability to initiete or trigger GTP hydrolysis and effectively override or compensate for the
presence of the mutant Ras of the present invention. Methods for measuring GTP
hydrolysis and GTPase activity are well known in the art, .
In another aspect of this embodiment, a esll line that naturally expresses the mmitant
ras gene or has been trensfected with the gene or other recombinant nucleic acid molecule
encoding mutated Ras protein is incubated with various cormpounds, also referred to as
candidate compounds, test compounds, or putative regnlatory compounds. A reduction of
the expression of matated ras gene or a modification of the activities of its encoded product

mon 3
N- m8 non
N- s non

ol G 31SEQ 20 NO 30): N-ras exon 3
5% AT| TAGGTGACACTATAGAATI CAGAACACAAAGATCA- 3 - ( SEQ

(SEQ NO 32), Hnms own 2 external reverse priner



Hnms non 2 internal forward primer 5%
TAATACGACTCACTATAGGGAGGAGACCCTGTAGGAG 3" (SEQ 30 NO 34), H-ns exon 2

i nternal reverse priner 5- ATI TAGGTGACACTATAGAACTCGCCCGCAGCAGCTGC- 3" ( SEQ
ID NO 35), 82 Hns cxon 3 external forward priner: 5"-ACCAGGGAGAGGECTGGC- 3'
(SEQ NO 36), H-ns axon 3 external reverse primner: 5"-CICCCGGGCCAGCCTCAC- 3"
(SEQ ID NO: 37), Hras. exon 3 internal Forward priner:
TTAATACQACTCACTATAOO0TOAACTCCCCCCACCOAAGG- 3" (SEQ I D NO 38), and H ns exon
3 internal reyerse prinmer 5"-ATlI TAGGTGACACTATAGAAGI TCACCTGTACTGGTOGA- 3
(SEQ I D 10 NG 39). Al'l the forward internal priners were supplenented
with 11 prinmer sequence at the 5 end, and all the reverse internal priners

wer e suppl ement eq wit gge,:?ﬁﬁﬁa Y Bher el SoRuRl Eob Srample, Rl can ettt BakanPCR
products were puri fied w t

b : ; _
el et rophoresi s t [FRS&HE E“_‘B“/J’*ggﬁg’gg"l. g e”l egﬁﬁ%%%?%é@ﬁaggo%%m&ﬁié?r
15 Center DNA Sequ&iTPhsd Botiityss distssedabbar Suchosmyowals sy @ridinifisd ethal ijtyusi ng 17
Total RAA wms. i oot HEH RPoH B uE brbsy TR~ Eulinkd Ep eatpg sty o et o0 o
reagent from | nviblocksd dramytindingite Baschy, thecRgs mrpaseps, Fop gy alloy fFigse glﬁ Twas
reverse transcri heehefeso rRad GIP Rhéh Wfirolyd 8 initd nithegw s, e ksaysittengpiser se
primer: 5 *-GCT 0 ete%:c%gu%r %%’%Mg@é%mﬁém combination of
mutations. Ahematively, a variety of similar cell-free assays can be used to identify such
therapeutic compounds. Therapeutic compounds identified in this manner can then be re-
10 tested, if desired, m other assays to confirm their activities. Preferably, 2 cormpound is
selected that does not also trigger GTP hydrolysis in cells that express wild-type Ras (that
do not express a mutated Ras).
In one embodiment of the invention, inhibitors of uncontrolled cell growth are
identified by exposing a target gene or portion thereof (ie., 2 mutated E76G ras gene) toa
15 1est compound; measuring the expression of a target (E76G Ras); and selecting a
compound that down-regulates (reduces, decreases, inhibits, blocks) the expression or
modifics the activity of the target. For example, the putative inhibitor can be exposed toa
cell that expresses the target gene (endogenously or recombinantly). A preferred cell to use
in an assey includes a mammalian cell that either naturally expresses the target gene or has
30 been transformed with a recombinant form of the target gene, such 2s a recornbinant
nucleit acid moleenle comprising a nucleic acid sequence encoding the target protein or a
usefal fragment thereof Methods to determine expression levels of a gene are well known
in the art. Methods for the design and identification of nucleic acid molecules that inhibit
the expression of genes or the biological activities of the proteins encoded thereby are well
25  known in the art.
fn one embodiment of the invention, therapeutic compounds are idenmtified by
exposing a target (e.g., E76G Ras-GTF) lo a candidate compound; measuring the binding
of the candidate compound to the tarpet; and selecting a compound that binds to the target
at a desired concentration, affinity, or avidity. In a preferred embodiment, the assay is
30  performed under conditions conducive to promoting the interaction or binding of the
compound 1o the target. One of skill in the art can determine guch conditions based on the
target and the compound being used in the asszy. In one embodimnent, a BlAcore machine
can be used to determine the binding constant of a complex between the target protein (2



-(SEQ I D NO 40) and SuperScriptnmt IR Reverse Transai ptase kit (Invitrogen,
-CA) -according to the manufacturer’s.instruetions. One-tenth-of-the reacted
al i quots was subsequently anplified by PCRwith mkras forward prinmner:

255" - GGAATTCACCATGGGCACTGAGTATAAACI TGTOGTO- 3" (SEQ NO 41) and m kras
reverse prinmer which are designed to cover the entire coding region of
nouse K-ras cDNA. -Thermal cycling was initiated with incubation for 5 mn
at 94 C followed by 35 three-step cychgs at 94 C for 25 5, 55 C for 25 s,
and 68 C for 30 3. PCR product was cloned to pCEM T Vector (homes*, W)
according to the manufacturer's 30 instruction. This nouse k-nms gene
contains B1R nutation, then wild type nouse k-ns and nouse k-ns contai ni ng
012V, E760, E76K and G 12VE760 nutations were made by site-directed

mut agenesi s and cl oned i nto mamal i an expressi on vector OUP at EcoRl and
Nod sites mar= Profeipgncgded by the tasgst genr) atdaarathng] lgandiimgye presenve ard abgence ofthed:  S3
rasQ 15" - TACTCCHEAIGKARA Fhr hamplh, 55 ArekPbrdlcn 622 ghAAHAE rgmept tescot

- - AAGAAAGCCCCCCCCAGITCT(- 3 " ; ID NO 43) ratVlZ . 5" A
COGAATTCACCAT GATH BABHK &VE@?"ES‘%PA@‘@ with thg=5 | p

NO 44) rasK765" subASARAGTGED ISt ABE TE5HEatdh conétSHiEQr ihBeduled Bdn be determined | cul ture
and tr anst eeti o 3l Tanilo i WPk e St i Ehpdoly RYEN GROLAIALNG 0% New
born calf seru 50 (LEJ)/'ml penicillin, an Squg/g il stre%m n. The W,
Gl2v, E760, E76Re Uy Shamaeaettah Apalnitiochem, 2124775448 (1990 e Nafit s f ect ed
to i nto BALB3T33@s#i-317(19p3)y (bhtaiep easdidieansjoant at eniokieaganitiokd ith(thd agen,

CA). Transfect eg,mﬁﬁ*mmognéﬁéﬁfpg&gﬁ%\%ﬁgﬂa f&n@clﬁﬂirﬂﬂék%{ﬁ!t@@oemi ng

clones fromculture.plate (wild I're m so agar . , E76K,

GL2V+E76G) . The™®%5odwe) gigws the pompler dissociption comfang fq by dterpineddn thogresapgsy o
mut at ed K- r aogesfels: tesb@maund indisdicatsy widheR6: &dndidutk compaib kitler aafinkRasr pr ot ei n.

T S A4 b of O BRE DR Sl borpoff an 12 LB bl | V-

reagent and c of " rat gene was rever : ed usi ng SuperScript TM DI
Rever se Transcr b immobiliged; targst pygteipfcthe sama)time iy the Nigapdyw seqeif dheseendidatoner | t hen
the exogenous rampgadRhib@Sr Adflizésklicdhdiby offtieMe408 ko Wk tipdt pro@B. I €VEr se pri ner
and forward priner Ln pUR vector nr.opote T.T(é%zl TC17GI-.3" (SEQ ID
NO 46). Total prot eiljonm VaS® B PFAY %&%g%%%%mﬁ l}?‘él _smﬁnlfu Bf °‘("U%'§%"é°t e, NY) .
from each t rlAnsfompeuads el #s rrpdyere of paptidelibrageso nedlerpsacifemeecules slgu AN 12%

SDS- PAGE gel s (dbodyimdes, Q@ers, Gii-sdn@d),| B¥E-ieD)Yand pRBSECHT dhbiticd Qoiiibigpae! | ul ose
Fan geng@ggﬁﬁx and anti GAPDH

menbrane and bl gtted . wth anti-Ras antibod

ant i body (Abean‘f%% Cotnponnds may P??'.: 1 “““ﬁb"‘g)g%"fgt% i g o1 cell s
wer e suspended stmethibh/BiVhe prodiai off :1gen€) . 2B5/e1 iowempét Wittganayerrcompnénibéadll aque

agar ose, Cani ”eﬁutﬁ'tﬂé%%&ﬂﬁ%ﬁ%cﬂﬂ&oﬁéhﬂ?ﬁp%&%ﬁﬁemm cal f

serum (NBCS) overlaid onto a hottom 0384 | ow nelting agarose | ayer
cont ai ni ng 7Aoo RIS Mepst Potimimsnsipas) dage gofrproar e da 8 HEsadice obser ved

or sel ected i nttbred-digensignaDidinfdmagionalichugedtha bdriur i) R0 NSSHf two known Ray

Tunerigenicity assam. fF fel AVBRCIhatNds %@gﬁ , , and
suspended in PBS. 305 X 10 Ecelﬁl gﬁcwere |§f§2€g su%(%@!tl\gn%% S 'ﬁ“ﬁ?o
4- 6- week- ol d BaMPERCs fi it therapeutic compounds usefil in the present invention are disclosed in

Manlik et al., 1997, Molecular Biotecknology: Therapeutic Applications and Strategies,

25  Wiley-Liss, Inc., which is incorporated herein by reference in its entirety.
As unsed herein, the terrn *fest compound”, “putative inhibitory compound™ or
"putative regulatory compound® refers to compounds having an unknown or previously
neppreciated regulatory activity in a parficular process. As such, the term "identify" with
regard 10 methods to identify compounds is intended to include all compounds, the
30 uscflness of which as a regulatory compound for the purposes of inhibiting cell growth is

determined by a method of the present invention.

The conditions wnder which a cell, cell lysate, mucleic acid molecule or protein of
. the present invention is exposed to or contacted with a putative regulatory compound, such



Injected cells were nonitored twi ce a week over a period of 30 days, tunors
wer e nmeasured and tunor volune was cal culated as 3.142 x (length) x
(width)2/ 6. Results 84 In this study, N and H nms DNA sequences were
characterized for the presence of tunor-associated nutations by nested PCR
anplification and direct sequencing fromtunors of 149 subjects with
pancreas (68% harboring nmutations), cofbrectal (40%w th nmutations) or
NSCLC (9% with nmutations) cancels in a phase 1 i munot herapy nisi of 5

whol e, heat-killed yeast expressing nutated Ras proteins (Tannogens). A new
ras nmutation at codon 76 was detected in 24 subjects fromall 3 cancer
types, with 22 being E760, while 1 tum)r each har bored E76K or E76Q

wore 1 dentif1ed fobyEmiimgr & Ul olF el oligs, SR et ﬂfa‘%?’“’%%#;ﬂ%@f 13
Summary of Mt at ihe Bendifibns Getbdnan/dlectivEmediyme it vaich thprll E”Ei'r\’ﬁ cyltyepd ﬁ‘?’f gas (31)
Total (149) K- he cell lysate can be evaluated in the presence and absence of a putative regulatory
compound. Cells of the present invention cen be cultured in a vanety of containers
5 including, but not limited to, tissue culture flasks, test tubes, microtiter dishes, and petri
plates. Culturing is carried out at a temperature, pH and carbon dioxide content appropriate
for the cell. Such culturing conditions are also within the sidll in the art. Cells am
contacted with 2 putative regulatory compound under conditions which take into account
the number of cells per container contacted, the concentration of putative rcgulstory -
10 compound(s) administered to a cell, the incubation time of the putstive regulatory
compound with the cell, and the concentration of compound administered to a cell
Determination of effective protocols can be accomplished by those gkilled in the art based
on variables such as the size of the container, the volume of liquid in the container,
conditions known to be suitable for the culture of the particular cell type used mn the assay,
15 and the chemical composition of the putative regulatory compound (1., size, charge etc.)
being tested. A preferred amount of putative regulatory compound(s) can comprise
between about 1 oM o about 10 mM of putative regulatory compound(s) per well of a 96-
well plate. i
As used berein, the term "expression”, when used in connection with detecting the
20 expression of a target of the present mvention, can refer to detecting transcription of the
tarpet gene and/or to detecting translation of the target protein encoded by the target gene.
To detect expression of a target refers to the act of actively determining whether 2 tarpet 15
expressed or not. This can include determining whether the target expression i3
upregulated as compared to a control, downregulated as compered to e control, or
25  unchanged as compared 1o a control. Therefore, the step of detecting expression does not
tequire that expression of the target actually is upregulated or downregulated, but rather,
can also include detecting that the expression of the target has not changed (Le., detecting
no expression of the target or no change in expression of the target). Expression of
transcripts and/or proteins is measured by any of a variety of known methods in the art.
30 For RNA expression, methods incinde but are not limited to: extraction of ¢cellular mRINA
and Northern blotting using labeled probes that hybridize to transcripts encoding all or part
of one or more of the genes of this invention; amplification of mRNA expressed from one

or more of the genes of this invention using geme-specific primers, polymerage chain
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reaction (PCR), and reverse transcriptase-polymerase chain reaction (RT-PCR), followed
by quantitative detection of the product by any of a variety of meuns; extraction of total
RNA from the cells, which i3 then labeled and used 1o probe cDDNAs or oligonucleotides
encoding all or part of the genes of this invention, arrayed on any of a variety of surfaces;
in situ hybridization; and detection of a reporter geme. The term "quantifying” or
"quantitating” when used in the conlext of quantifying transeription levels of a gene can
refer to absolute or to relative quantification, Absolute quentification may be
ancompiished by inchsion of known concentration(s) of one or more target nucleic acids
atid referencing the hybridization intensity of unknowns with the known target nucleic
acids (e.g. through genemﬁoﬁ of a standard curve). Alernatively, relative quantification
can be accomplished by comparison of hybridization signals between two or more genes,
or between two or more treatments to quantify the chanpes in hybridization intensity and,
by implication, transcription level. .

In a preferred embodiment, the expression of the target gene is méswed by the
polymerase chain reaction. In another embodiment, the expression of the target gene is
measured using polyecrylamide gel analysis, chromatography or spectroscopy,

In another preferred embodiment, the expression of the target gene is measured by
measuring the production of the encoded protein (measuring translation of the protein),
Meagurement of translation of 2 protein includes any suitzble method for detecting and/or
measuring proteins from a celt or coll extract. Such methods include, but are not limited o,

momunoblot (eg, Western blot), enzymelinked immunosorbant assay (ELISA),.

radivimmunoagsay (RIA), = immunoprecipitation, imprunohjstochemistey,
immumofluorescencs, fluorescence activated cell sortimg (FACS) and immunofluorescence
microscopy. Particularly preferred methods for detection of proteins include any single-
cell assay, including immunohistochemistry and immmnofhiorescence assays. For
example, one can use a detection agent, such as an antibody that specifically recognizes
(selectively binds to) the protein encoded by the gene. Such methods are weil known in the
art,

_ Candidate compounds identified or designed by the above-described methods can
be synthesized using techniques known in the art, and depending on the type of compound.
Synthesis techniques for the production of non-protein compounds, inchnding organic and
inorganic compounds are well known in the art. For example, for smaller peptides,
cherical gynthesis methods are preferred. For example, such methods include well knovim
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chemical procedures, such as solution or solid-phase peptide synthesis, or semi-synthesis in
solution beginning with protein fragments coupled through conventional solution methods.
Such methods are well known in the art and may be found in general texts and articles in
the area such as: Memifield, 1997, Methods Enzymol. 28%:3-13; Wade et el, 1993,
Australas Biotechnol, 3(6):332-336: Wong et al., 1991, Experientia 47(11-12):1123-1129;
Carey et al, 1991, Cibg Found Symp. 158:187-203; Plave et al, 1990, Biologicals
18(3):147-157; Bodanszky, 1985, Int. J. Pept. Protein Res. 25(5):449-474; or H. Dugas and
C. Pepney, BIOORGANIC CHEMISTRY, (1981) at pages 54-92, all of which are
incorporated herein by reference in their entirety. For example, peptides may be
synthesized by solid-phase methodology ufilizing a commercially avzilable peptide
synthesizer and synthegis cycles supplied by the mamufacturer. One skilled in the art
recognizes that the solid phase synthesis could also be accornplished using the FMOC
stratepy and s TFA/scavenger cleavage mixinre. A compound that is a protein or peptide
can aiso be produced using recombinant DNA technology and methods standard in the art,
particularly if larger quantitics of a protein are desired.

Any compound identified by these methods can be used in the preparation of a
medicament for the treatment or prevention of cancer, or in other methods or uses
described herein.

The following experimental resulis are provided for purposes of illustration and are
not intended to linit the scope of the invention.

Exampley
Example 1

The following example describes the identification of 2 new Ras mutation in tumors
evaluated during a Phase 1 immunotherapy trial of whole, heat-killed yeast expressing
mutated Ras proteins (Tarmogens).

Materials and Methods (Used in Examples 1 and 2):

Patients. 149 patients with pancreatic cancer, colorectal cancer or non-small-cell
lung cancer were enrolled in a phase I trial (Globelmmune, Inc.) of targeted molecular
immunotherapy with whole, heatkilled yesst expressing mutated Ras proteins
(Tarmmogens). Biopsy samples of patient tumors were genotyped for ras mutations to
identify subjects with product-related mutations to be enrolled in the immunotherapy trial.
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Tigsue samples and genomic DNA isolation. Tumor sample of each patient was
received as either paraffin embedded block or slides mounted with sections cut from
pareffin block Tumor cells were isolated by LCM (laser capture microscopy) or
microscopic scalpel scraping from steined (HistoGene Staining Solution, Arcturus, CA) 6-
8um thick sections, then genomic DNA from these isolated tumor cells was extracted by
SDS-proteinase K treatment and RNage A digestion, followed by isopropancl precipitation,

PCR and ras sequencing. Nested PCR was performed for exons 2 and 3 of K-, N-,
and H- ras penes using platiomm Tag DNA polymerase high fidelity kit (Invitrogen, CA),
The 25 pL of external PCR reaction mixture includes 100 ng template DNA, 1 X PCR
buffer, 50-100 pmol MgS04, 5 nmol of dNTPs, 10 pmol of each external primer and 2.5
units of high fidelity Teq DNA polymerase. Thermal cycling was initiated with
denaturation at 94 °C for 5 min followed by 35 three-step cycles at 94 °C for 30 5, 55 °C for
30 5 and 68 °C for 50 &, and followed by at‘mai incubation for 10 :pinatGB °C. The intemal
PCR. reactions were performed in 2 fotal of 50 \L mixtures with 1 L of the external PCR
products as template and 20 pmol of each internal primer. The following primers were
used:

K-ras exon 2 external forward primer: -
5-AGGTGAGTTTGTATTAAAAG-3 (SEQ ID NO:16); -

K-ras exon 2 external reverse primer:

F-TCATGAAAATGGTCAGAG-3" (SEQ IDNO:17);

K-ras exon 2 internal forward primer:

5" -TAATACGACTCACTATAGGGTGTGTGACATGTTCTAAT-3" (SEQ D
NO:13);

K-ras exon 2 internal reverse primer

5"-ATTTAGGTGACACTATAGAAGAATGGTCCTGCACCAGTAA-3 (SEQ ID
NO:19);

K-ras exon 3 external forwerd primer;
5-TGAGTTGTATATAACACC-3" (SEQ ID NO:20);
K-ras exon 3 external reverse primer:

5. GGCATTAGCAAAGACTCA-3’ (SEQID NO:21);
K-ras exon 3 interna! forward primer:

5"-TAATACGACTCACTATAGGG TGCACTGTAATAATCCAG-3" (8EQ ID
NO:22),



4" 3 026 01 24 One sanple has E76G in both K and Hras; weaker signal
for E76 nutation detected, |likely due to | ow abundance of tunor cells in
bi opsy tenple. 86 Exanple 2 The foll owi ng Exanpl e denonstrates
that Ras E76 nmutations are transform ng, and further, that Ras E76

mut ati ons synergize with Ras 012 nutations to increase the oncogenicity of
a tunor. 5Ras E760 and E76K nutations Were confirned as transfornming in
non-clinical studies. O particular interest coupling codon 76 and 12
nmutations resulted in tunmor growth synergy. Gl2V, E760 and E76K single

mut ati ons or double G 2V-E766 nutations were introduced into the nouse
K-nit gene and then transfected into BALB/ 3T3 fibroblasts. Cells
transfected wﬁthﬁégs hanorhqgméigkkgr E76K al one, or the Gl2V-E7/6G to
doubl e nutation FoFhER tOFCRIES i s6ft agar (see Fig. 2A and 28 and Tabl e
3). Table 3. E713 as 5aATFEAITSARACTATNEAN] SRTACTCCTTAATGTCAGC-3" (SEQ ID

NO:23); :
M-ras exon 2 external forward primer:
5 5- ATGGAAGGTCACACTAGGG-3" (SEQ ID NO:24);
N-ras exon 2 extemal reverse primet:
5°- AAGATGATCCGACAAGTG-3" (SEQ ID NO:25);,
N-ras exon 2 internal forward primer:
5" TAATACGACTCACTATAGGGAGTACTGTAGATGTGGCTCG-3" (SEQ ID
10 NO:26);
N-ras exon 2 internal reverse primer:
5. ATTTAGGTGACACTATAGAAGAGACAGGATCAGGTCAGCG-3" (SEQ
1D NO:=27);
N-ras exon 3 external forward primer:
15 5" TGGCAATAGCATTGCATTC-3" (SEQ IDNO:28),
N-ras exon 3 external reverse primer.
5'- GGTAACCTCATTTCCCCA-3'(SEQ ID NO:29);
N-ras exon 3 internal forward primer:
5. TAATACGACTCACTATAGGGTTGAACTTCCCTCCCTCCCTG-3'(SEQ ID
20 NO:30)
M-ras exon 3 interpal reverse primer:
5. ATTTAGGTGACACTATAGAATTCAGAACACAAAGATCA-3'(SEQ ID
NO:31);
H-ras exon 2 external forward primer:
25 5 TTGGCAGGTGGGGCAGGAGA-3" (SEQ 1D NO:32),
H-ras exon 2 external reverse primer:
5 .CCTATCCTGGCTGTGTCC-3" (SEQ ID NO:33),
H-ras exon 2 internal forward primer:
5. TAATACGACTCACTATAGGGAGGAGACCCTGTAGGAG-Y" (SEQ ID
30 NO:34),
H-ras exon 2 internal reverse primer:
5. ATTTAGGTGACACTATAGAACTCGCCCGCAGCAGCTGC-3" (SEQ ID
NO:35),



Cl one (K-ras genotype transfected BALB/ 3T3 cells) nRNA transcript of
—transfected-ras gene-g-{by--RF-PCR) _Exogenous REN. pr.otein_expr.ession

(western blot) Colony formation in soft agar wild-type (W) + - Gl2V
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H-ras exon 3 external forward primer:
5-ACCAGGGAGAGGCTGGC-3' (SEQ ID NO:36),

H-ras exon 3 external reverse primer:
5" -CTCCCGGGCCAGCCTCAC-Y" (SEQID NO:37),

5  H-rag exon 3 internal forward primer;

STAATACGACTCACTATAGGGTGAACTCCCCCCACGGAAGG-3" (SEQ ID

NO:38), and

H-ras exon 3 internal reverse primer
5-ATTTAGGTGACACTATAGAAGTTCACCTGTACTGGTGGA-3” (SEQ ID

10 NO:39).

All the forward internal primers were supplemented with T7 primer sequence at the
5" end, and all the reverse mternal privers were supplemented with SP6 primmer sequence at
the 5° end. Imernai PCR products were purified with QLA quick gel extraction kit (Qiagen,
CA) afier eletrophoresis through 1.5% agtose. The purified DNA was sent to CU Cancer

15 Center DNA Sequencing & Analysis Core for two strand sequencing using T7 and Si*6

pnmel's

Construction of mouse K-ras gene expression vectors. Total RNA was isolated
from E9 rouse lung epithelial cell ling using Trizol neagent from Invitrogen (Inviu-ogeh,
CA). cDNA of mouse K-rus gene was reverse transcripted from 2.5 pg of total RNA using

20  m-kras reverse primer;

" -GCTCGGCTGCCGGCCOGCTCACTACATAACTGTACACCTTGTCCT-3"
(SEQ ID NO:40) and SuperScripf™ I Reverse Transcriptase kit (Invitrogen, CA)
mardinﬁ to the mamufacturer’s instructions. One-tenth of the reacted aliquots wag
subsequently amplified by PCR with m-kras forward primer:

] 5-GGAATTCACCATGGGCACTGAGTATAAACTTGTGGTG-3" (SEQ 1D
NO:41) and m-kray reverse primer which are designed to cover the entire coding region of -
mouse K-ras ¢cDNA. Thermal cychng was initizied with mcubation for 5 min at 94 °C
followed by 35 three-step cycles at 94 °C for 25 8, 55 °C for 25 5, and 68 °C for 30 s;. PCR
product was cltoned to pGEM-T Vector (Promega, WI) according to the manufacturer’s

30  instruction This mouse k-ras gene contams Q1R mutation, then wild type mouse k-ras
end moeuse k-ras containing 312V, E76G, E76K and G12VE760 mutations were made by
site-directed mutagenesis and cloned mto mammalian expression vector pUP at EcoRI and
Notl sites. m-kray forward, reverse and the following primers were vsed:
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rasQ6l 5" TACTCCTCTTGACCTGCTGT-3", (SEQ ID NO:42)
rasG76 5-AAGAAAGCCCCCCCCAGTTCIC-37; (SEQ 1D NO:43)
rasyll

3 ACGGAATTCACCATGACTGAGTATAAACTIGTGGTGGTTGOAGCTGTT
GGCGTAG-3", (SEQ ID NO:44)
rasK76 5'-AAGAAAGCCCTTCCCAGTTCTC-Y . (SEQ ID NO:45)

Cell ¢uiture and transfecion. BALB3IT3 cells were cultured in DMEM
containing 10% new born calf serum, 50 U/ml penicillin, and 50 pg/ml streptomycin. The
WT, 12V, E76G, BE76K, and G12V+E76G k-ras expression plasmids were trangfected
into BALB3T3 cells using Effectene Trensfection Reagent kit (Qiagen, CA). Transfected
cells were selected with G418 and purified by selecting clones from culture plate (wild
type) or from soft agar (G12V, E76G, E76K, G12V+E76G). The expression of the
transfected wild-type K-ras (WT) or mutated K-ras genes was confirmed by RT-PCR and
immunoblot of Ras protein. Total RNA was isolated from each transfected cell clone using
Trizol reagent and cDNA of ras gene was reverse amplified using SuperScript™ I
Reverse Transcriptase kit (Invitrogen, CA) and m-kras reverse primer, then the exogencus
ras gene was amplified by PCR using m-kras reverse primer and forward primer in pUP
vector promoter 5'- TTGGGTCGCGGTTCTTGT-3" (SEQ ID NO:46). Totsl protein was
extracted using RIPA lysis buffer (Upstate, NY) from each transfected cell clone, and
proteins were resolved on 12% SDS-PAGE gels (Invitrogen, CA) followed by transferring
io nitroccllulose membrane and blotted with anti-Ras antibody (Oncogene, MA}) 2nd anti-
GAPDH antibody (Abcam, MA), respectively.

Soft apar assay. 5 X 10* cells were suspended in DMEM containing 0.35% low-
melting aparose (SeaPlague agarose, Cambres BioScience Rockland Ine, me) and 10% new
born calf serum (NBCS) overlaid onto a bottom 0.5% low-melting agarose layer containing
10% NBCS. Following 2-4 weeks growth, the colonies were observed or selected into
liquid DMEM medium containing 10% NBCS.

Tumorigenicity assay. Each transfectant clone was grown, harvested, and
suspended in PBS.

5 X 10° cells were injected subcutaneously into 4-6-week-old Balb/c nude mice.
Injected cells were monitored twice a week over a period of 30 days, tumors were
measured and tumor volume was calculated as 3.142 x (length) x (width)?/ 6.

Results



Bal b3T3 (untransfected) - - - The BALB/3T3 cells transfected with :

w | d-type-er mutant K-rat- genes were |-5-inj ected subcutaneouslty-{s. G: ) -i-At-o-

BALB/ ¢ nude mice. Figs. 3A and 3B are repeats of the assay. Bars indicate

.standard deviations of 3 mce per group. Fig. 3Cis an expanded detail - of

the study shown in Fig. 3A to show the growm h of individual E76

mul ant-transfected cells relative to untransfected (w | d-type) BALB/3T3

cells. The cells bearing single £6G or E76K nmutations in K-Ras

resulted in detectable growmh in the nude mce by conparison to the cells

transfeeted with wild-type K-Ras, although tunor growh with single E76

mut ati ons was significantly lower than cells transfixted to express 012V

nmut ated K-Ras (see Fig. 3C). Cells transfected with Ras harboring the

doubl e 012V+E766 Ras nutation |led to accelerated tunor growh conpared to

cell's bearing any siorifh sudnK-ait aohH{esdiAioguncegper@dyracterige i twppshenced

Thﬁ ffl ! O‘Md”? CfRiEthdr ARt dGRRIbRLS natamtm@ﬁ%ﬁbnv?@qm&a@ﬂmghﬁmg a yeast

vehi cl e an usi on profein conprisSin my, aronyces

cerevi si ae was WHEF Hég%ge“ab-‘?’& ki pﬂ‘"é%‘ésg @gﬁdﬂa&“@dﬁﬁt‘ a}fﬁﬁgﬁﬂ%@% i ssion

protei n under trhuﬂatmmr)brmcm(mhéthmpﬁms}mmdn bpleseplr ommiinetherap@Ctidl of The

fusion protein t el enent s
p 5 #(lﬁylea nidh Eiﬂéde ?%BI nLusggtaﬁ% Kis DRk %Waﬁk‘j{ SEALE Ml

fused in frame from N ani no_aci quence of. the fusion

protein being r‘é‘ﬁ?"@%é‘rﬂ“% Wéﬁ%f“?‘?’ﬁ?m ey ifom £} . canpsr tyis with a2 Bsitge  MADEAP
(SEQ ID NO !) tEveGowikikrl tehalzhdhilbyoref EfoK @r BagL aqtitioye d3dnble kqnibistoagl of

het er ol ogous pr o1v1s I Is RpeT. EQ 10 ID
140: 14); 2) a fﬁr)’ggir'rlgnt OW%&%?%S%Q thégggl?l%&gm d a%](%sl?at“l %ﬁ'ﬁlz W th
respect to a wi g type Ras protein, wherein the glycine at position 12 is

substitutedwith a cyst el n&b(msu&mﬁﬁsoﬂm&&m&afiéﬁldrﬂﬂ\lo 14; WI th the

position 12 mut g pestHror—t+—e—SEQ+DBNo—14): 'Mta f ragnent
of Ras contai nirf rﬂqﬁmetallﬂs)p si thuop (83) wi |t Pancepe @) t p g | d-type
Ras protein, whégrei re—ert QT tyTS uu:ltuéu th an :
argi nine 15 (pogi H-gsegiray | Neps| i raggitms fh@s Bb®EL i on b1 nut at i on
being at positiq NO T4 14) g 171 orfRasfcontpi ni ng .t he
am no acid posit £p301 f:’oavvild'tyr?e g protpkin, herein the
gl ycine at posit |i)u ed WMth agl al rLate gomtl-ons 92- 137
ionfj12 nut at|li on pbs]tion| 102 of SEQ

of SEQ ID NO 14
D NO 14); 5) a

5 cofpt al fi ng |t he amrﬁacdpasmlan 12 with
respect to 20 a rotein lwherein jthe Rrine atlposifion 12 is
substituted wt

b at
tiofis 138-143 of| SEQ ID NO: 1p; wifh the
position 12 nut osilion Ql D-14b- &Yl a fragnment
of Ras contai ni d*ppsBtion JZMtrﬁresm t1tp 8w Id-type

Ras protein, whelOatsmpikas GT6EN bRbK afd Haess weakes marblior E26 natativn ditecied. Shdly dist h an

argi ni ne (posi tw lonauksdd & Wmafeibh@odiabd®: 14; with the position 12 nutation
being at 25 positi'on 194 of SEQ ro 140:14); and 7) a fragment of Ras
containing the amno acid position 76 with respect to a wild-type Ras
protein, wherein the glutamate at position 76 is substituted with a glycine
(positions 230-275 of SEQ ED:NO 14; with the position 76 nutation being at
position 258 of- SEQ I D NO 14). Gowth and induction of the yeast
expressing the Ras fusion protein vras performed, 30 and t he expreSS| on of
the protein was detected.




These yeast were adm nistered to AIl mce in which 25-50 |ung tunors were
spont aneousl y i nduced by urethane exposure, which triggers nutations in Ras
at codon 61 (80-90% of tunors) and oadon 12 (-10% of tunors), or tunors

t hat energe i ndependent of 88 Ras nmutations (<10% tunors), Adm nistration
of the vaccines was perfornmed by subcutaneous adm nistration at 2 or 5
weeks after urethane induction. The va#ci ne reduced tunor burden in the
mce in a statistically significant manner, as conpared to mce receivVing
no vaccine, indicating that the yeast vaccine is capable of eliciting an
anti-tunmor 5 inmune response that targets tunors harboring at | east one of
t he nutatlons.en dqd—ty < fES| n rolein COLSI TUC In a further

experi ment t0a.te k_:‘%’i Ehe | pduet| on| of |an i mmune response to Ras harboring
a nutation at""po' on 96 heke bt @are adm nistered to mce in which
tumors have fgen|ipijti afed pr prejtolhelinitiated, wherein the tunor cells
have been endhne t 0§10 Expfesp Rhs ¢onprising an E760 nutation or
natural |y expgess | TQNPTESTTO R E/0¢G nutation. The effect of the

vacci ne on regucti p of:;tu D - Egre-jm is|evaluated. In addition, T cells
fromthe m'c%ar at’ed _Bnd bt edfdr their ability to kill target

cell's expressing|ajHas Eonpfis| nojth¢ Ef60 mutation Cma CU assay), and/or
to proliferatg i h pgspofise 6 Ras|cofprilsi ng the E760 nutation presented by
an antigen pr#se ed 15 that tunor burden nduced in
the mce as co@ adm ni stration of the vaccine.
Simlarly, T c&l bim i ce are expected to be able to kill
targets expresg';:r ed| Ra in and/or to proliferate in
response to the, prpteifn, Ji n]lan anti gen-specific nmanner.

fal n1121C- 4 20The escribes a yeast-based vaccine
conprising a ye&s otein corrprl sing a Ras E76

mut at i on. LA\ e was engi neered to express a
doubl e- dormai n it ] Ra& f upiph plat dixe lunder the control of a pronoter.
The fusion pr otael " | e} poljypdptilde with the foll ow ng sequence

el enents fused mr Mew roM N t¢ Cqterlm nus 25 (the am no aci d sequence

Qun —=

{D(n"hlutaﬂmsm"’ "E

of the fusion B bgi ng| repredentled |herein by SEQ NO 15): 1) the
sequence MADEA I DN —e—gorffer—stabi |l ity of the nascent

yeast - expressedn I o@)us pg:tt&i Nqukiing cell culturing (positions 1 to 6
of SEQ 1D NO ]5); adf ragnefpt qf Ras |containing the am no acid position
12 with respectgtlo = pe 4 prlotdin, wherein the glycine at position

12 is substitut®a
the position 128n

gﬁrpicm doSifti ons 7-52 of 30 SEQ ID NO 15; with

U

fragment of Rassdo
t
o

pg-at—pegi-t=Hon 17 of SEQ 113 NGO 15); and 7) a

| he lagi|ng |agi|d position 76 with respect to a

¢i njthgq gllutgmate at position 76 is substituted
HOQ IID NG 15; with the position 76

1BNO 15). 89 G ow h and

s fusion protein was perfornmed, and
ed. In an experiment to test

o0 Ras harboring a nmutation at

d to mce in which tunors have been

wi |l d-type Ras pig
with a glycine Ep

mut ati on bei ng

i nduction of tH8
t he expression Pf| t
for the inductizn q
position 76, t hes

e ;
initiated or are [td HRifEE|atdd sWE eEh the tunor cells have been
engi neered to exrss%%ﬁ f"%h'g.."—E?GO mutation or naturally express
Ras conprising anl §7a@=@tal|i 6. “fheefFect of the vaccine on reduction of
tunor burden is evarumge Ine T cells fromthe mce are isolated
and tested for theif i Y b d et cel |l s expressing a Ras
conprising the E7B rgg : ?i 5say), and/or to proliferate in
response to Ras lp—cewf -g-t— Ut ati on presented by an antigen
presenting cell. [t i% gxpeqtgc grpr burden is reduced in the mce as
conpared to in thg abg&ﬁce Cfo1 ion of the vaccine. Simlarly, T
cells isolated frpmtRese mijc8 ed to be able to kill targets

expressing the nutated Ras protein and/or to proliferate in response to the
nut ated Ras protein, in an antigen-specific manner.



15 The entire disclosure of U S. Provisional Application No.

_60/ 786,568 is incorporated herein. hy reference. Wile. various enbodinents
of the present invention have been described in detail, 20 it is apparent
that nodifications and adaptations of those enbodi nents will occur to those
skilled in the art. It is to be expressly understood, however, that such
nodi fi cati ons and adaptations are within the scope of the present
invention, as set forth in the followgpg clainms, 90 Wat is clainedis:

1. An isolated nucleic acid nolecule conprising a nucleic acid sequence
encodi ng an am no acid sequence conprising at |east 5 contiguous am no
acids of a nutant Ras protein, wherein the am no acid sequence contains the

am no acid position 76 with 5 respect to a wild-type K-nms, N-nms or Il-ns
protein, and wherein the amno acid at position 76 is nutated as conpared
to the w | d-typEzdmpitzei n. 2. The isolated nucleic acid nol ecul e of

Claiml, wherein th ) ld.a osition 76.1s nutated froma gl utamte
to a non-gl utanate %@é%ﬁ%ﬁ%%lﬂ e et %7‘#?"(5‘?‘3‘)%%“6?‘“‘5%“%% i sting of
gl yci ne, |ysi nefurthadthe| RasaBdtnevtatiopB syfitrgize with Ree 612 uska6ons tadicesyohecul e of

G aim 2, wherei bochfBiciRQRa Minbt, anat e anmino acid residue is g,lycine. - 4,
The i sol at ed _nucl el ' I le of Claiml1, wherein the anm po acid
sequence differs f roﬁﬁa%‘}r?g; “81939‘%1 mglagans Werg epnfirmed 45 trpsfaqeing n iepefimigl N 7, SEQ

NO: 9, SEQ NO 11studigs. SHEQaninlixi@nardt, ppuplingsaptant 76t antli18 nuutskiors resalfed g mbmanat e ani no

SEQ 1D NG 7, SLD ey, GRPENG MR SadBubia gy GibobvERg 1 05
7, 1 O, : or . : e

i sol ated nucl ei C"EEPY™ *@H&%%‘&F#T‘W hen rppglicted iR BALRAE sequence

further conpri sByoblasts.| s rarsfegaiwithgardaborag G2y ard76K plewj @ e S120-EBGTUt ant

Itas proteiny Wbkl fordi BRniRG Sa3BANSTEE2£ ARLAl amino acid

position selected from 20 The glrnoup coﬁgﬁds?iﬁﬁg %{‘M%ﬁ%‘,ggg and 61 with

respect to a wild-type K-ras, N-nms or 11l-nts protein, and wherein the am no

acid at the position is nutTdbda.sB76cemTanstorining Metatién d- t ype protein_

6. The i sol at eg—rmocterc—actdc—rolqe of fi-——wheretp—the—a=l0 aci d
Clone msm: Exogenous Ras Colony
(K-ras genotype transfected protein expression | formation in
BALB/3T3 cells) by lg'i:;cm (westernblot) |  soft agar
ild-type (WT) -t + -
512V + + -t
|Glzv +EB76G + + -
[E76G + + -
[E76K + + ey
P (empty vector) - - -
3T3 (untransfected) - - -

The BALB/3T3 cells transfected with wild-type or mutant K-ras genes were
15 imjected subcutaneously (s.c.} inio BALB/c nude mice. Figs. 3A and 3B are repeats of the
assay. Bars indicate standard deviations of 3 mice per proup. Fig, 3C is sn expanded detail
of the stndy shown in Fig. 3A to show the growth of individual E76 mutant-transfected
cells relative to untransfected (wild-type) BALB/3T3 cells.
The cells bedring single E76G or E76K'.- mutations in K-Ras resulted in detectable |
20 growth in the nude mice by comparison to the cells transfected with wild-type K-Ras,
althongh twmor growth with single E76 mutations was significantly lower than cells
transfected to express G12V mutated K-Rag (see Fig. 3C). Cells transfected with Ras
harboring the double G12V+E76G Ras mutation led to accelerated tumor growth compared
19 cells bearing any single mutation (see Figs. 3A-3C).



sequence further conprises at |east 5 contiguous am no acids of a mutant
Ras protein, 25 wherein the am no acid sequence contains the amvb acid at

position 12 with respect to a wild-type K-ras, Nits or Il-ras protein, and
wherein the amino acid at position 12 i9 nutated as conpared to the
wi | d-type protein. 7. The isol ated nucl ei ¢ acid nol ecul e of C ai m 6,

wherein the amno acid at positions 12 %r 13 are nutated from a glycine to
a non-glyeine amno acid residue. 308. The isol ated nucl eic acid nol ecul e of
Claim 6, wherein the amno acid at position 12 is imtated froma *eine to
‘a non-glycine amno acid residue. 91 9. The isolated nucleic acid
ol ecul e of Gaim7 or Gaim38, wherein the nonglycine amno acid residue
is selected from%b%%’group consi sting of valine, cysteine, aspartate,

argi nine, serine al ani ne. 10.. The i sol at ed .nucl ei.¢c acid nnlecule

of Claim1, wherein (e QFREexpeEpeny dascabey deorfaskdusc BHET mPHLIsH ¥Bfot ei n
conprising two Olire}ﬁﬂm’ﬁdﬂlﬁﬂfﬂprﬁ’tsincoﬁpﬁmﬁﬂwﬂ'ﬂirmftatlbﬁ]e domai ns conprises the at

east 5 anino actds of. e Ut At Gabh i SFR nShiladify diaRkkon at

position 76, and wherein e It onsi sts. of an | nogen.
| LThe i sol at edf mﬁéioell?@wab‘iﬂ’d“rﬁﬂ @éﬂ‘rlé‘fH'F "-’EH'PSFF‘H#"T"BI" PW'?@FEHVP fhelhe gen is

a tunor antigen. paecbmsm@gum}pamedmemwmmlemwm.ﬂmmum
wherel n.the tUTDd BIYLAShu! @, Bab S PRLEL Ur AL slTHARH Sl PrbLAATRI NeT cOf

conprising at |eas EIOR Tel atlve amno acid
sequence. b® SEQHR2 NOsld): 41 eiscanraseLADEAR @Eﬁdpé%\)é" “c?f‘feﬁmiflﬁi ofghe \vher ei n
‘the tunor anti gemmb&tﬁaﬁ&&m&wﬁe@drdh ymmmueulfuﬁmmiﬁbmtlhﬂm

conpri sing positi [.es AN no

aci d sequence; wﬂg?@l zﬂ%ﬁ%"ﬁ E %num% |§ﬁ"‘h's‘rI 1‘% | sp%uatéat ed from
a glycine resi duaﬂﬂmRmmgh,ywhw the glycinecat Pﬂﬁmﬂﬂ 12 Msm@dlﬁ%lam%ucl eic
‘aci d nol ecul e of ,génghjb@ofmf[ﬂ\lb 1hhﬁmtmmamﬁ :ﬁﬁiﬁoﬁ Em@eh p&itedl 17 6om t he

'group consi sting rising | e ns 8- 16
of a Ras protei nsg&ﬂl\%&g)lﬁ) ?ﬁgﬁgﬁﬂ?ﬁ?{%ﬁ’g‘% 8§| ﬁ"ém% ?M@P&&h
respect to the wielwild-npeResypeeiRaderpin diealyaiot ot positicn b &, W%@l%“’fﬂbﬂtﬂ!é“
iconprising at Jefiﬁménwmp&fsnblrﬁ'}&)ﬂr%?ﬂ-% &itioa 1 ﬂﬁtaioﬁwng ap&itdh Bs bhe am no

;aC|d residue at position 1 respect tothe_ C'!'tpf% . rotgln S
imutated; (c) a péﬁgpaﬁod%ﬁ)ﬁf@ﬁ‘ﬂﬁ“%fﬁ“#@a%m?%?ﬂ“%ﬁ S Biab% “a Ras
pr ot ei n, wher ei n athi@-npeRBErad, rhéreis thel gcind at paitiob 1Dl silbStitated Withrae sypetde t 0 t he

wi | d-type Ras pr g@?b&hﬁ{aﬁ]m}gﬁfﬂmﬁk oft 4 el FARIoh Seid e flisds08 bt 1 OM
positions 57-65 SEQIDNO: 14); 5)a ﬁagmnnt ofRas mntmnmg the aming acid position 12 with regpect to
20 8 wild-type Ras protein, wherein the glycine at position 12 is substituted with a valine
{positions 138-183 of SEQ ID NO:14; with the position 12 mutation being at position 148
of SEQ ID NO:14); 6) a fragment of Ras containing the amino acid position 12 with
respect to a wild-type Ras protein, wherein the glycine at position 12 is substituted with an
arginine (positions 184-229 of SEQ ID NO:14; with the position 12 mutation being at
25  position 194 of SEQ ID NO:14); and 7) a fragment of Ras containing the amino acid
position 76 with Tespect to a wild-type Ras protein, wherein the glutamate at position 76 is
substitated with a glycine (positinhs 230-275 of SEQ ID NO:14; with the position 76
mutation being at position 258 of SEQ ID NQ:14).
Growth and induction of the yeast expressing the Ras fusion protein was performed,

30 and the expression of the protein was detected,
These yeast were administered to A/ mice in which 25-50 lung mmors were
spontanecusly induced by urethane exposure, which triggers mutations in Res at codon 61
(80-90% of tumors) and codon 12 (~10% of tumors), or tumors that emerge independent of



25 the amino acid residue at position 61 with respect to the wild-type Ras
-protein-s. - nutated;- (e) a--peptide- -conprising at |east- from-positions 69-77
of a Ras protein, wherein the amno acid residue at position 73 with
respect to the wild-type Ras protein is nutated; (f) a peptide conprising
at least frompositions 70-78 of a Ras protein, wherein the amno acid
residue at position 74 with respect to the wild-type Ras protein is

nmut ated; (g) a peptide 30 conprising @t |east frompositions 71-79 of a Ras
protein, wherein the amno acid residue at position 75 with respect to the
w |l d-type Ras protein is nutated; (h) a peptide conprising at |east from
positions 73-81 of a Ras protein, wherein the amno acid residue at
position 77 with respect to the wild-type Ras protein is nmutated; and (i) a
peptide conprising at 92 |east frompositions 74-82 of a Ras protein,
wherei n the anmiBse muitigns, €30%I femesy). podminiptprony gl T tRecings Wat PeroBrl Y wi | d- t ype
Ras protein is sibt@hedeh addidistddion dt 3 0l S@Lh aitetGile@ing iRiGitidn, "THe @:tihereditedCl ai m 1,
wherei n the nucl ei ci d sequence encodes .a.fusion protej .{sing the
ani no aci d sequE'H?fgb“faﬁ]F" §E%”%WN&“ e gem?so éageag c%%ﬁ%%i d

mol ecul e of Cl aeaeiving noveesins indicdting tha dieokast vaesing issangbile plcadicitingap gtstumeorf s on
protei n conpfi SinptnerBPordd that Brgd ufhoS REHARIE & 16t omolafdnt Mutdans chloded by the 17. AN

i solated nucleic.acid_nolecule that is fully conplenentary to the nucleic
acid sequence JPSISHRPERFAEYLT aims I1to 16. 18. The isol at ed

nucl ei ¢ aci d nol ecuine ffthcnenperonvet 1o ftesCloa ithggndhction ofl 3, impyyes wipansg @ Réve nucl ei c

aci d ol ecul € 54380l dBRRHE p&iftloh 95 taleQBR! £ adfhinickdd iuPinice in which hbhorsA
reconbi nant nucl eic acj d nol ecul e conprj si, nlg the | E%Iaabg% nuc%reeéﬁ’ acid .
nol ecul e of anJ‘“YﬁW“ﬁdeﬂ'ﬁ'Emlb‘t"Bhﬁ’éfw{btﬁé“r & 0 <M Y nE R PSR Peast one
expressi on amntexprkss Reeoapdsing an E76G mutation 20natufally exposdRazaomprisiog po E1Gt has been

transfected wt | NATITo{ V<Y oy I Bl ) b M 19.
21. The reco%i%ﬁ@gcgh?%%ﬁﬁmﬁ%,% ot ik budER o 3iblafea. O adehet,

) erein the cell is a yeast 22.
An' i 5ol at 0d pr of GRS Dyt T RHeaREuy a5 T B PSR o
mol ecul e of anyrae BaupBkingILAETES utdtion {iba CTL 2ssay), and/or d@prolifivate insredpadsetd pr ot ei n
O peptide of QgL Au dIEI kel Mkt o hofte Yt 30 BBAALTE 15 part
15  that tumor burden is reduced in the mice as comparcd to in the absence of administration of
the vaccine. Similarly, T cells isolated from these mice are expected to be able to kall
tarpets expressing the mutated Ras protein and/or to proliferate in response to the mutated
Ras protein, in an entigen-specific manner, '
- Example 4 _
20 The following cxperiment describes a yeasi-based vaccine comprising a yeast
vehicle and fusion protein comprising a Rag E76 mutation. _
A Saccharomyces cerevisige was engineered to express a double-domain mutant
Ras fision protein under the control of a promoter. The fusion protein is a single
polypeptide with the following sequence clements fused in frame from N- to C-termimus
25  (the amino acid sequence of the fusion’ protein being represented herein by SEQ ID .
| NO:15): 1) the sequence MADEAP (SEQ ID NO:1) to confer stability of the nascent yeast-
expressed heterologous protein during cell culturing (positions 1 1o 6 of SEQ ID NO:15),
2) e frapment of Ras containing the amino acid position 12 with respect to a wild-type Ras
protein, wherein the glycine at position 12 is substituted with an arginine (positions 7-52 of
3  SEQ ID NO:15; with the position 12 nmutation being at position 17 of SEQ ID NO:15); and
7) # fragment of Rag containing the amino acid position 76 with respect to a wild-type Ras
protein, whereln the glutamate at position 76 is substituted with a glycine (positions 53-98
of SEQ ID NO:15; with. the position 76 mutation being at position 81 of SEQ ID NO:15).



24. A vaccine conprising the nucleic acid nolecule of any one of Clains 1
to 16. 25. A vaccine conpising the protein or peptide of Caim22.

26. The vaccine of C aim 25, wherein the vaccine further conprises a yeast
25vehi cl e. 27. The vaccine of Claim 26, wherein the yeast vehicle
reconbi nantly expresses the protein or peptide. 28. The vacci ne of
Claim 26, wherein the vaccine further &nprises a dendritic cell, wherein
the dendritic cell has been |oaded intracellularly with The yeast vehicle
and 30 the protein or peptide. 29. A vaccine conprising: a)a yeast
vehicle; and 93 b)a fusion protein conprising a mutant Ras protein or
fragnment thereof, wherein the protein or fragnent thereof contains the

Dot ei p. and wher of n QA UG popegpes sl b BE o poclt BEpdbomiet B2
to the wild-type aprintespressiondfdreproteirbese detestedi on of the fusion proteinis
under the control of g %&B&Mﬁ%@ﬁ&ﬂ&ﬁff&ii&nﬁm&mé ORaliatosign i S
The. fusi on pr ot cFMeRe FEFOE Shereoest 1 adminse s Wlkn Shick il svd oo 1 €1 1
5 initiated or are to be injtiated, wherein the tumor cells have been enginesred to express Ras
comprising an E76G mutation or naturally express Ras comprising an E76G mutation. The
effect of the vaccine on reduction of tumor burden is evaluated. In addition, T cells from
the mice are isolated and tested for their ability to kill target cells expressing a Ras
comprising the E76G mutation (in & CTL assay), and/or to proliferate in response to Ras
10 ;:umprising the E76G mutation presented by an antigen presenting cell, It is expected that
turnor burden is reduced in the mice as compared 1o in the absence of administration of the
vaccine. Similarly, T cells isolated from these mice are expected to be sble to kill targets
expressing the mutated Ras protein and/or to proliferate m response to the mutated Ras
protein, in an antigen-specific manner.
15
The entire disclosure of U.S. Provisional Application No. 60/786,568 is

incorporated herein by reference.

While various embodiments of the present invention have been described in deteil,.

20 it is apparent that modifications and adaptations of those emmbodiments will oceur to those
skilled in the art. Tt is to be expressly understood, however, that such modifications and
adaptations are within the scope of the present invention, ag set forth i the followmng

claims,



second nmutant Ras protein or fragment thereof, wherein the second protein
—or_fragment thereof contains.tihe amno acid _position_12 wth respect to a

wld-type K-ras, NNins or H 10 as protein, and wherein the anm no acid at

position 12 is mutated as conpared to the wild-type protein. 31. The
vacci ne of Caim29, wherein The fusion protein conprises the follow ng
proteins or fragnents, fused in frane: 1) a mutant Ras protein or

fragnent thereof, wherein the protein ok 20" fragnent contains the am no acid
position 12 with respect to a wld- type K-ras, Nons or Hns protein, and
wherein the glycine at position 12 is substltuted Wi th a cysteine; 1)
a nutant Ras protein or fragnent thereof, wherein the protein or fragnent
contains the anmno acid position 61 with respect to a wild-type 20K-ras,
N-ras or Has protein, and wherein the glutam ne at position 61 is

substituted w tMarg@gﬂdrg ne; a mutant Ras protein or fragment
t hereof, wherein th r fra nt .cqnt ai ns, t he mno acid position
ok remet e Mg b Mol metef 3R HoeRe e & ek 04 35t oner oin

the Am ne at poslmdiinamn a_@nw wid3Emenvs compuringait Ist Sroatguows paind Zideof aimleat mut ant
Ras protein or RdsqeiBd) iwhteR 1Ring 4 S&afinke &Jﬂﬁmpih%ﬁinﬂ Kpcfsi’ixaﬂ’f@% contal ns

t he am no aC|d ostlon 12 vmthrespect to,a wl ég N-ns or H-ns
protein, and*wh 1f R PP B e B@s"P’E"f"B‘n“f?’h ﬁ‘g‘f“?sﬁlﬁlt‘t%ﬁmﬂﬁ"’c h a
valine; 30v)a nifiemttatibe cpapatediothecvild-typagneint t her eof , wherein the protein

or fragment containg they adtPid %PIN t“timr t w | d-type
K-129, N-nms or Hrat roté(fja‘il%rlhﬂgI@ﬁJﬁg erell%]éu?%fé Ci neeﬁ'?ﬁaggﬁsﬁutaﬁgg: 12 is

substituted w t#sE %f‘r‘@fxﬁfaﬁ'% A Flugate to 2 non-glutamsle amino 201 rsidue sel
from the group consisting of: glycine, lysine, and ghitamine.

0 3. The isolated nucleic acid molecnle of Claima 2, wherein the non-ghrtamate
amino acid residus is glycme.
4, The isolated nucleic acid molecule of Claim 1, wherein the amino. acid
sequence differs from any one of SEQ 1D NO:3, SEQ 1D NO:5, SEQ 1D NO:7, SEQ LD
NO:9, SEQ ID NO:11, or SEQID NO:13 by a substitution of 2 non-glutamete eming acid
15 for the glutamate at position 76 of said SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ
IDNO:9, SEQ IDNO:11, or SEQIDNO:13.
_ 5. The isolated nucleic acid molecule of Claim 1, wherem the amino acid
sequence further comprises at least 5 contipuous amino acid residues of a mutapt Ras
protein, wherein the amino acid sequence containg the aming acid position selected from .
20 the group consisting of 12, 13, 59 and 61 with respect to & wild-type K-ras, N-ras or H-ras
protein, and wherein the amino acid at the position is mutated as compared to the wild-type
protein. |
6. The izolated nucleic acid molecule of Claim 1, wherein the amino acid
sequence further comprises at least 5 contiguous amino acids of a rautant Ras protein,
25 wherein the amino acid sequence containg the aming acid at position 12 with respect to a
wild-type K-ras, N-ras or H-rag protein, and wherein the amino acid at position 12 i
mutated as compared to the wild-type protein, .
7. The isolated nucleic acid molecule of Claim 6, wherein the amino acid at
positions 12 or 13 are mutated from a glycine to a non-glycine amine acid residue, .
30 3. ‘The isolated mucleic acid molecule of Claim 6, whereim the amino acid at
position 12 is mutated from a glycine to a non-glycine amino acid residue.



vi)a nutant Ras protein or fragnent thereof, wherein the protein or
fragnment contains the amno acid position 76 with respect to a wild-type
K-ns, N-ras or Hns protein, and wherein The glutamate at position 76 is
substituted with a glycine. 532. The vaccine of Claim?29, wherein the
fission protein conprises the follow ng proteins or fragnents, fused in
frame: i)a nmutant Ras protein or fragn@ht thereof; wherein the protein

or fragnment contains the amno acid position 12 with respect to a wld-type
K-ras, N-nss or Hns protein, and wherein the glycirmat position 12 is
10substituted wi th an aiginine; a mutant Ras protein or fragnent
t hereof, wherein the protein or fragnment contains the am no acid position
76 with respect tan|I [ wherein
the glutamate at posi %i ogmiéglﬁtggguﬁ taflgl-ﬁtgﬁ‘awuf am%rnﬁégl}l%e&erf%% The

vacci ne of O ai mgB@ine whisp efifh reside fsi %W@nﬂ?#éﬁeewpc@ﬁﬁ‘f%% vefipfe %0 aci d
fsequence of SEQ IagmlmgeTQg,;ﬂﬁsm“ ancﬁfﬂmma'he vacci ne of Claim 29, wherein the
usion protein conprises no_.acid 15B R

35. An antibody or arfige B"i"ﬁ‘&fir‘i@c’?“f AHhER B éeiﬁ:elﬂq'% Eat 5] Le’gg?%elly bi nds
to the 20 isolat edquamatneodes mﬁmpepltomemmm@ga\rfw@zm d“”“’m Jdierein e pfttBher t hat

sel ectively bindg, ﬁ@pﬁﬁ&%spj 2hiBd Bridalof e RiutalEr @ fprctdirpéoprsing the 37.
An aRt NA nol ecul e cat al yzes t

the nucleic aci d THEIERHPHER 787 % lf’fg“c’gﬁd\’/ﬂdg] E@X%&g&%t@%%ﬁ eﬁggr P%ed

by a ray gene 25 encom ngm:aahtcamclekamdpmm of, Claijn 49, ihereip the IRmEMRERD iRy s

protein conprise aci d sequence that di ffers from a wld-type
1Cras, N-ns or |ns no acid uence. b I on_at
position 76 wi®h i nsp’éct W‘%"H@dﬁﬂ “L"S‘)‘ﬁ'g’l'ﬁﬁ? %:1 Télﬁ%emmm“m 38. A

ritozyme that sel@cnasm{e;uwaﬁmhy@msﬁtgmnumumfmmmwlquhml@#@ acid

nol ecul e of any qne f a ras gene encoding a nmutant Ras
protein, 30 V\herce{?nw{ti)%egn%%an{“}}lﬁa Erotel n co aC| d _sequence

is
that differs froma wit d-Thppelated gepleiaeidamolpe %“ﬂﬁﬁn‘%‘eﬁﬁmﬁr}&% derEe by at
l east a initationg atraPHdieini o Anminopdnichfragmanp deteot @uiplidnpickitions y'pel‘ b acid

ésequence' 15 respect to the wild-type Ras amino acid sequence, wherein the amino acid at positions 12
or 13 is mutated from a glycine residue to a non-glycine residue.

14.  The isolated nucleic acid molecule of Claim 10, wherein the tumor antigen

is selected from the group consisting of: (a) a peptide comprising at least from positions 8-

16 of a Rag protein, wherein the amino acid residue at position 12 with respect to the wild-

20 type Ras protein is mutated; (b) a peptide comprising at least from positions 9-17 of 2 Ras

protein, wherein the amino acid residue at position 13 with respect to the wild-type Ras

protein is mutated; (¢) 2 peptide comprising at lezst from positions 55-63 of a Ras protein,

wherein the amino acid residue at position 59 with respect to the wild-type Ras protein is

mutated: (d) a peptide comprising at least from positions 57-65 of a Ras protein, wherein

25  the amino acid residue at position 61 with respect to the wild-type Ras protein is mutated;

(e) a peptide comprising t least from positions 69-77 of 2 Ras protein, wherein the amino

acid residue at position 73 with respect to the wild-type Ras protein is mutated; (f) 2

peptide comprising at least from positions 70-78 of a Ras protein, wherein the amino acid

residue at position 74 with respect to the wild-type Ras protein i3 mutated; (g) & peptide

30 comprising at least from positions 71-79 of 2 Ras protein, wherein the amino acid residue

at position 75 with respect to the wild-type Ras protein is mmatated; () a peptide comprising

at least from positions 73-81 of a Ras protein, wherein the amino acid residue at position

77 with respect to the wild-type Ras protein is mutated; and (1) & peptide comprising at



95 39. An antisense nucleic acid nol ecul e that hybr| di zes under very
-high stringency.conditions to and inhibits.the expr essi.on. of .the nucleic
acid nol ecule of any one of Cains 1-16 or of a 'as gene encodi hg a nut ant
Ras protein, wherein the nutant Ras protein conprises an am no acid
sequence that differs front a wild-type K-nms, Nnms or H S ins amno acid
sequence by at least a nutation at position 76 with respect to the’

wi | d-type am no acid seqguence, 49, Use of the nucleic acid nolecule of
any one of Clainms 1-16 or the protein or peptide of daim?22 or 23, in The
preparation of a conposition for the prevention or treatnent of cancer _
to4l. Use of the vaccine of any one of Clains 24-34 in the preparation of a
medi canent for the prevention or treatnment of cancer. 41 Use of the
aptanier of Claim36, the siRNA of Claim?27, the ribozyme of Caim38, or
the antisense nitas from pa@itions 74982 eCaka phokeinCwhdrdin BOankith dcld@esbe désiion v of a
medi canment for ggg& f cancer. 1s43. A nethod to
prevent or trea%vpg @%&B}é’?ﬁw‘ﬂ E;mtssrrﬁ'gﬁa mnirstering to an ani mal that has
or is at risk of devel ofﬂ“hgt’la ensleisracid anoleade pirfdaimcle oheftin ghetnocldngeibne of

Clains 24 to 34seqbficeAnddi hﬁﬁioi ﬂoﬂhw‘ém@ﬁeﬁﬂ‘rﬁa&:d @qﬁa&@emmu si ng
adn1n|ster|ng to an

s af dev
cancer, the aptaner of e'su ?4""?%{5 aﬁ‘?ﬁlﬂ%:%ef%z(gm B Lai m“ﬂ‘?mtnﬁ E‘b zyne of
Ol aim 38, or th@qwlew#seﬁmmﬁmcmmmaamlwdmﬂe@reamﬁwm 15. 45, A
net hod to prevent Oli7trﬂﬁﬁso&e@ﬁﬁﬁﬁ&endﬁ&mﬂfﬂtﬁiﬁﬁuﬁé&ﬂpﬁh fo 3 nbeic@n ani mal
that has or is at, I’IuSk o) deve‘{ g, gecancer, a conpoun that inhibits the
expression of a nusfqam{“ a@”ﬁ‘% ¥ ¥ hercin the nutant Ras protein
conpri ses an am no i dTbeeiqMomclmmid wiléchle obany romeiLlabind ot iy peheins,  N- s

or Hns aning aﬁbﬁcﬁﬁ%@ﬁ&&uﬁﬁaﬂ%ﬁoﬁ&&&uﬁp@ﬁo{\%ﬁﬂon at position 76 with
respect to the vmld aci A method to prevent

or treat a cancer, ’E‘i"ﬁ'& saf‘ ﬁ°ﬁ8§‘t‘8m8‘i’?m§ﬁ?°rfﬁqm@ﬁ&‘fmﬁ%f? or is at
ri sk of devel opmﬂg:uhmmmmfchmquamjwdmmﬂnhﬂmkmmmhisememprehﬂmggmls orp
hydrol ysis of agmph@nt Ras protein, wherein the nutant Ras prot ein
conprises an amno acid sequence that differs froma wld-type K-ras, N ns

or Hras amno aci d®30 édﬁP’é‘HE’é“ffy W@%P“HW%%WBHEP‘H‘% 76 with
‘respect. to tise asid nbleenlosf Chim D aci d sequence. 47. A nethod for the

di agnosi s of a tunog, co r&ﬁhﬂ&nﬂ%ﬁ@%}hﬂ%%&&?&?&ﬁr& %gcti vity of a

nmut ant Ras proteln orf nuclelic acl sequence encodin Ras proteln ain
a 22.  Anisolated protein or pepude encoded by the lsolated nucleic acid molecule

of any one of Claims 1 10 16.
23.  The isolated protein or peptide of Claim 22, wherzin said isolated protein or
20  peptide is part of a fusion protein.

24. A vaccine comprising the nucleic agid moleculs of any one of Claims 1 10

16.
25. A vaccing comprising the protein or peptide of Claim 22.
26.  The vaccing of Claim 25, whersin the vaceme further minprises a yeast
25 vehicle.

27.  The vaccine of Claim 26, wherein the yeast vehicle recombinantly e.xpressaa
the protein or peptide.
28.  The vaccine of Claim 26, wherein the vaccine further comprises a dendntic
cell, wherein the dendritic ¢ell has been loaded mtracellilarly with the yeast vehicle and
30  the protein or peptide. . .
29. A vaccine comprising:
a) a yeast vehicle; and



96 test sanple froma patient to be diagnosed, wherein the Ras protein
‘conprises a nutation at position 76 with respect to the wild-type Ras am no
aci d sequence; wherein detection of the mutant Ras protein or

nucl ei ¢ aci d sequence encoding said Ras protein in the test sanple

i ndi cates the presence of tunor cells or potential therefore in 5 the test
sanmpl e. 48.The method of O aim 47, wher®in the Ras protein conprises a
substitution of a glycine for the glutamate at position 76 in wld-type
protein. 49, The nethod of Caim47, wherein the nethod further conprises
detecting whether the Ras protein also conprises a nmutation at position 12
wWth respect to the wild- 10 type Ras ami no acid sequence, wherein

detection of a nutation ar;rt) poasiﬂmogr}“z%%rgﬁéiat;n%%ipmﬂéﬁpai @fpnichee
0 t '

presence of tunor cells pot enti al erefore jn the test sgm%l.e Gand

further indicates a risreef whesels BeRPigia of fmement thgreplrantajosihe appino 20d REWRLTO ¢ o

tunmor cells harbori ngyi@ ré3as&t @rakiRktipei-fal) Mo yr e proteind tridovhemin thecuminst at i on

‘at these positions. , w20 T@gmgpap ngmg;tueg]t@ﬂm\%?dhwt% NatleRG Step of
JE L PPESE 76 1% TRt Cl

[
detecting conprises ng 1 clerc slreﬂ?uenre encoqfi ng the Ras
nutation in the test esprespibeof®he fislon pRvisintitypdses the contphpf the CRIREF®ICR t he step of
dﬁt ecting conprises %%mlﬂsfﬁfﬁhmmg&umtgmqﬁnmm tenpl ate gncodihng
the mutation or in situ anmpl i atlon.of. gncading the
0 e By ot PR pE e A bR HARE R Lot

mut ati on_ 52. The arm erern the step of detecting is
by a method 20 setent ek Renprotkie of Fregmsntcibmeof, Stheneig ther segoad pioisineps Sageat n

reaction (PCR), nKiyefSaihd @Sk 2id3086d80R vidtTesfleid a wildHype Kuas/TybssioclBz at | on,
Nort hern bl ot, sequence anal ysis, gene.mcr.oarray anal ysi ection
of a reporter e .P“"“m’mﬁ%%%%ﬁ“ﬁ“'ﬁ”é?%ﬁﬁ\%er@l n tﬁlgqﬁ]gvel of
nucl ei ¢ aci d sequemeeetemncodi ng the nutant Ras protein is determ ned by

contacting nucl ei ¢ achds hRokaliRdef ERM 20, Whdeid &l fusiod pofeinVedolprists Qhd NMEr  Or
probe that selectively binds to the nycleic acid sequence encoding the

mut ant Ras pr ot eifPHOWiE gy erdmeney APhe nucl eic acid sequence

encodi ng the nutated Ras prot®in hmubmmdprmﬁnbﬁ@gpwmﬂfmheﬁiﬂgb@mdﬂ 54,

The nmethod of O ai m 47, m%&&&%ﬂ; vehi @%ﬁrﬂégiﬁﬁ}tuﬁﬁtﬂm 8vild-fyBe
e

det uni ned by contacting est sanple wth an antjbody or nment

A a.fr
t hereof or an 30 aptamer it Ngs| ey plolpnnpd feeepps § VWW&"’?%@ nut ant
Ras protein, and detecti ngbsituel et a&Reingnt i body or fragnent thereof or

aptanmer has bound to the nutant R in or fragmae thersbtowHR D dtdin C @l M
47, wherein the test sanple i{s})frg%'lgﬁt%ﬁeﬁ?mbel ng _di.agnosed fQr cancer

and wherein the test sanpérdrimentesnpins teamino aridRosfiey &f Vit SpsrldP = ¥ULHPS
20 K-ras, N-tas.or H-ras protein, and wherein the glitamine at position 61 is
substituted with an arpinine;
jii) @& mutaot Rag protein or fragment thereof, wherein the protein
or fragment contains the amino acid position 12 with respect to a wild-type
K-ras, N-ras or H-ras protein, and wherein the glycine at position 12 is
25 substitated with an aspartate;
iv)  amulent Ras protein or fragment thereof, wherein the protein

f@ 1

or fragment contains the amino acid position 12 with respect to a wild-type
K-ras, N-ras or H-ras protein, and wherein the glycine at position 2 is
gubstituled with & valine;

30 v) a ramtant Ras protein or fragment thereof, wherein the protein
or frﬁgment contains the amino acid position 12 with respect to a wild-type
K-ras, N-tas or H-ras protein, and wherein the glycine at position 12 i3
substituted with an arginine; and



97 56-The nmethod of Claim47, wherein the test sanple is inmobilized on a
-substr ate.—57-The-nethod .of C-ai m47, wherein the nethod is used to

di agnose cancer in the patient. 558. The nethod of Claim47, wherein the
method is used to determ ne the prognosis for cancer in the patient

59. The nethod of Caim47, wherein the nmethod is used to determ ne the
susceptibility of the patient to a therapeutic treatnent 60. A

met hod for identifying a conpound forgpreventing or treating cancer, 10
conprising identifying an inhibitor of a target Ri3.5 protein or a nucleic
acid nol ecul e encoding the target Ras protein, wherein the target Ras
protein conprises a nutation at position 76 relative to a wld-type Ras
protein ' 61. The nmethod of Claim60. wherein the nutation is a
substitution of a non-glutanate am no acid selected fromthe group
consisting of a glycine, a kjsi nemamRagprdbingt fhzae hecdforhefcinehegplotdiamat e at
position 76 in the wld. i . . i y erein the
step of identifying co %%@’g?’??@%ﬁ%P’Fiﬁ%@ﬁ%ﬂ‘?@%@o@‘@gﬁ%@’gon or
activity of the target » Brrestas Hrres waeinsad phydptie giptaoyie piprgon er ei n t he
step of detecting is sehmginkdWiheghtiRe group consisting of: detecting

transl ation or actiﬁ' ty.l.'g).‘;c thn(%B %Plbg‘et ﬁa%hcoréigtﬂ%i Hmi!mn tgnetl 2QnRlEesgNCe of the
putative regul atory (':orrpou‘r’la(?‘;: and etfec‘ti ng expr essi &h-of apgene encodi ng
the target Ras fplawingprotging o frgmentsofend infrae: t he put ative regul atory compound.

64. The nethod of Caim 62, QONPkiniaiikel A6keil bHEREmaH thereof, wherein the profein

contacting a host cell with a uéat've re at.ory.conpou wherein the
host cell expresses theort%apa%nfg SS%F%T%?%EH(PPN%OEbIIZ(‘)TOQI%%? %/mé‘g Ve

fragment 25t hereof; andK-ras, N-raspor e pigteinngpdvivhereincthe glyrene st pesition d2 pegul at ory
conpound triyggers GIP hyamhadsing addgidilte target Ras protein or biologically
active fragnent thereof; wherein a tative requl ator onpqund. t hat
triggers GIP hydrolysis of Phe ?W@%&WP’&E’FW%@%M@&W n the
absence of the conpoundorfagimtiéoainedie apndeidposition 76 with respect to a wild-type
K-ras, N-ras or H-ras protein, and wherein the glutamate at position 76 is
substituted with a glycine. ' '
15 33.  The vaccine of Claim 29, wherein the fusion protein comprises the emino
acid sequence of SEQ 1D NO:14.
34.  The vaceine of Claim 29, wherein the fusion protein comprises the amino
acid sequence of SEQ ID NO:15.
35.  Anantibody or antigen binding fragment thereof that selectively binds to the
20 isolated protein or peptide of Claim 22,
36.  An aptamer that selectively binds 1o the isolated protein or peptide of Claim
B .
37.  AnsiRNA molecule catalyzes the selective cleavage of RNA transcribed by
the mucleic acid molecule of any one of Claims 1-16, or of RNA transcribed by 2 ras gene
ﬁ encoding e mutant Ras protein, wherein the mutant Ras. profein comprises en aming ecid
sequence that differs from a wild-type K-ras, N-ras or H-ras amino acid scquence by at
least a mytation at pasition 76 with respect to the wild-type amino acid sequence,
38. A ribozyme that selectively catalyzes the inactivation of the oucleic acid -
molecule of any one of Claims 1-16 or of a ras gene encoding a pwtant Rag protein,
30  wherein the mutant Ras pmtein_éumprises an amino acid seque:nce that differs from a wild-
type K-rag, N-rae or H-rag amino acid sequence by at least a mutation at pogition 76 with
respect to the wild-type amino acid sequence.



30candi dat e conpound for the prevention or treatnent of cancer. 65. The

met hod of Cl aim 64, wherein the host cell is a tunor cell line. 66.A nethod
for identifying a conpound for preventing or treating cancer, conprising

i dentifying conpound that triggers GIP hydrolysis in a cell expressing a
target 98 nutated Ras protein, but not.,in a cell expressing a wld-type

R as protein, wherein the target nutated Ras protein conprises a nmutation
at position 76 relative to a wild-type Ras protein. 67. The net hod of
any one of Clainms 60 to 66, wherein the putative regulatory compound is

sel ected fromthe group consisting of an aptamer, an siRNA nolecule, an 5
ant hense nucleic acid nolecule, a riborynme, an anti body or antigen bindi ng

‘fragment thereof, a cgnf ok rakiseRd ludkid AGOhddonle ah Hybrilived hmdeo verg Uligh
| nhi bi tor. stringency conditions 10 and inhibits the expression of the nueleic acid molecule of amy one
of Claims 1-16 or of a ras gene encoding a mutant Ras protein, wherein the mutant Ras
protein comprises an amino acid sequence that differs from a wild-type K-ras, N-ras or H-
5 rag amino acid sequence by at least a mutation at position 76 with respect to the wild-type

amino acid sequence.

40.  Use of the mcleic acid molecule of any one of Claims 1-16 or the protein or
peptide of Claim 22 or 23, in the preparation of a composition for the prevention or
treatment of cancer, ' _

10 4]. Use of the vaccine of any on¢ of Claims 24-34 in the preparation of a
medicament for the prevention or treatment of cancer.

42,  Use of the aptamer of Claim 36, the siRNA of Claim 27, the ribozyme of
Claim 38, or the antisense nucleic acid molecule of Claim 39 i the preparation of a
medicement for the prevention or treatment of cincer.

15 43. A method to prevent or treat a capcer, comprising administering to an
animal that has or is at risk of developing a cancer, a vaccine according to any one of
Claims 24 to 34.

44, A method 10 prevent or treat a cancer, comprising admimistering to an
animal that has or is at risk of developing a cancer, the aptamer of Claim 36, the siRNA of

20 Claim 27, the ribozyme of Claim 38, or the antisense mucleic acid moleculs of Claim 35.

45, A method to prevent or treat a cancer, comprising administering 1o an
anirnal that hag or is at risk of developing a cancer, a compound that inhibits the expression
of a mutant Ras protsin, whercin the mutant Ras protein compnises an amino acid sequence
that differs from a wild-type K-ras, N-ras or H-ras smino acid sequence by at least a

25  mmtation at position 76 with respect to the wild-type amino 2cid sequence.

46. A method to prevent or treat a cancer, comprising administering to an
animal that has or is at risk of developing a cancer, a compound thet initiates or triggers
GTP hydrolysis of & mutant Ras protein, wherein the mutant Res protein comprises an
amino acid sequence that differs from a wild-type K-rag, N-ras or H-ras amino acid

30 sequence by at least 8 mutation at position 76 with respect to the wild-type amino acid
sequence,

47. A method for the diagnosis of 2 tumor comprising detecting expression or
ectivity of a mutant Ras protein or mucleic acid sequence encoding said Ras protein a ina
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test sample from a patient to be diagnosed, wherein the Ras protein comprises a mutation at
position 76 with respect to the wild-type Ras amino acid sequence;

wherein detection of the mutant Ras protein or nucleic acid sequence encoding said
Ras protein in the test sample indicates (he presence of tumor ¢ells or potential therefore in
the test sample.

48 The method of Claim 47, wherein the Ras protein comprises a substitution
of a glycine for the glutamate at position 76 in wild-type protein,

49,  The method of Claim 47, wherein the method foriher comprises detecting
whether the Ras protein also comprises a mutation at pasition, 12 with respect to the wild-
type Ras amino acid sequence, wherein detection of a mmniation 2t position 76 and position
12 indicales the presence of tumor cells or potential therefore in the test sample, and further
indicates a more. aggressive tumor in the patient a8 compared to tumor cells harboring a
Ras protein with only one nmytation or no mutation at these positions.

50.  The method of Claim 47, wherein the step of detecting comprises detecting
a hueleic acid sequence encoding the Rag mutation in the test sample

51. The method of Claim 50, whereim the step of detecting comprises PCR
amplification of & penomic DNA template encoding the mutation or in siw PCR.
amphfication of DNA sequences encoding the mutation,

52.  The method of Claim 50, wherein the step of detecting is by a method
selected from the group consisting of polymerase chain reaction (PCR), reverse
transcriptase-PCR (RT-PCR), in situ hybridization, Northere blot, sequence analysis, gene
MiCIoATay malys:s, and detection of 2 reporter gene.

53.  The method of Cleim 47, wherein the level of nucleic acid sequence
encoding the mutant Ras protein is determined by contacting nvcleic acids isolated from
the test sample with 2 primer or probe that selectively binds to the nucleic acid sequence
encoding the mutant Ras proten, and detectmg whether the nucleic acid sequence encoding
the mutated Ras protein is bound by the primer or probe,

-54. The method of Claim 47, wherein the level of mutant Ras protein i§
determined by contacting the test sample with an antibody or a fragment thereof or an
aptamer thet selectively hinds specifically to the mutant Raa protein, and detecting whether
the antibody or fragment thereof or aptamer has bound to the mutant Ras protein.

55. The method of Claim 47, wherein the test sample is from a patient being
dliagnosad for cancer and whereim the test sample is compared to a nepative control sample. '
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56.  The method of Claim 47, whercin the test sample iy immobilized on a
substrate,

57.  The method of Claim 47, wherein the method is used to diagnose cancer in
the patient.

58.  The method of Claim 47, wherein the method is used to determine the
prognosis for cancer in the patient.

59.  The method of Claim 47, wherein the method is used 1o detenmine the
susceptibility of the patient to a therapeutic treatment.

60. A method for identifying a compound for preventing or treating cancer,
comprising identifying an inhibitor of a target Ras protein or a mucleic acid molecule
encoding the target Ras protein, wherein the target Ras protein comprises a utation at
position 76 relative to a wild-type Ras protein

61. The method of Claim 60, wherein the mutition # a substitution of a non-
glutamate amino acid selected from the proup comsisting of 2 glycine, a lysine and a
glutamine for the glutamate at position 76 in the wild-type protein.

62. The method of Claim 60, wherein the step of identifying comprises
identifying an inhibitor of expression or activity of the target Ras protein

63.  The method of Claim 62, wherein the step of detecting is selected from the
group consisting of detecting translation or activity of the target Ras protein in the
presence  of the putative regulatory compound; end detecting expression of a gene
encoding the target Ras protein in the presence of the putative regulatory compound.

£4.  The method of Claim 62, comprising the steps oft

a) coniacting a host cell with a putative regulatory compound, wherein
the host cell expresses the target Ras protein or a biologically active fragment
thereof; and

b) detecting whether the putative regulatory compound triggers GTP
hydrolysis of the 1arpet Ras protein or biologically active fmgment thereof, wherein

a putative regulatory compound that triggers GTP hydrolysis of the target Ras

protein a8 compared to in the absence of the compound is indicated to be 2

candidate compound for the prevention or freatment of cancer.

65. The method of Claim 64, wherein the host cell is a tumor cell ling,

66, A method for identifying 2 compound for prevenfing or treating cancer,
comyprising identifying compound that triggers GTP hydrolysis in a cell expressing a target
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mutated Ras protein, but not in a cell expressing a wild-type Ras protein, wherein the target
mutated Ras protein comprises a mutation at position 76 relative to a wild-type Ras protein.
67.  The method of any one of Claims 60 to 66, wherein the putative repulatory

. compound is selecled from the group consisting of ar aptamer, an siRNA molecule, an

antisense nucleic acid molecule, & ribozyme, an antibody or antigen binding fragment
thereof, a conformationzl antagonist, and a small molecule inkibitor.



