WD 03/ 073841 PCT/ US03/ 08278 TRANSGENI C NO\N- HUVAN MAMVALS EXPRESSI NG
CONSTI TUTI VELY ACTI VATED TYROSI NE KI NASE RECEPTORS Field of the Invention
5 The i nveotisomsu4s directed toward tunor-susceptibl e tran®garisos/osanis human
manmal s. The invention further pertains to the use of such manmals in the
devel opment of anti-cancer agents and therapi es. BACKGROUND OF THE

| NVENTI ON: 10 Recent advances in reconbi nant DNA and genetic techni ques

have nade i i kRt 5&5@ i UNasE or gene
in a recipi Ign ani WQ*GN%%%W@%ESUC S@Qﬁﬁ?&gs@am rrgf\?g]ﬁgve been
engi neered to carry noR€TRATBED TYROSINIE KINASSRBERPEORY genes, that is,
sequences or genes that are not normally or naturally present in the

unal tered animal. The techni ques have al so been used to produce 15 ani mals
whi ch eXhFi%i‘oﬁ%é Bfki&xpression of naturally present sequences or genes.
Ani mal s prooduced through the use of these nethods can be either "chineric",
in whi ch onl yTsomwemfontik diregtedrmiwasd thaldrsusaeptible traasgénexpmelsgndrhe

i ntroduced sequenge .or gene, or "transgenic", in which al f the cells of
Lhe ani memeRgr e, e et Mg e ereig e o orsugRmemiedn Set ShIEne ¢ he
case of tyERFASALS RBATBASHIHRYHISS. ani mal is 20 capable of transmtting the

i ntroduced genetic material to its progeny as conpared to the chineric

animals in which transmttal to progeny is dependent upon whether the

i ntroduc j ' j > germcells of the aninmal. The high
effici en%@cﬁ?mpﬁmﬁmg) d mammel i an cells has been

accony i shed bReddint &bianddsGh BcdhdatanODNIf aiipesiefit techiijuasdivenedsii nto the
cell nucleus 25 (Cagecchl , M, Cell 22:479-488 (1980))._ Mre specifically,

iﬁm has al Bessibledn ik g@ﬂfb@me&sr@aiesimﬁeawce op genfl iBragreipisat #Mht o nouse
0 A% 5B O b8 o 61 iRl Ay R OR AL FRLA Ehreghoncadfubhed S

t r ansgeni ecctiring sequahescon deads, arad ispsdquekeeswn genklsehdr asd wotmoondbuore f or
produci ng trapsgenic .mce requires the recovery of O.fertilized eggs from
ewl y ot TR R IBCTHE eairal e HE AL S| CEOAG Hoe Ao RESTEed ‘PR98R07 3841
PCT/ Y303/ Q8448 wHitl ScHibiealfeid Sxpr s@f%)nrﬂf%t%dllrﬁﬁ&&ﬁt f988ncRE 6r bdien. 1 npl ant ed

in the oviducts of one-day pseudopregnant foster nothers and allowed to

proceed to terAninfiepiedutsdrthrongl the use of these methods can be either “chimeric”™, in

which only some of the animal’s cells contain and express the introduced sequence or
gene, or “transgenic”, in which all of the cells of the animal contain the introduced
sequence or gene. Consequently, in the case of transgenic animals every animal is
20  capable of transmitting the introduced genetic material to its progeny as compared to the
chimeric animals in which transmittal to progeny is dependent upon whether the
introduced material is present in the germ cells of the animal.
The high efficiency transformation of cultured mammalian cells has been
accomplished by direct microinjection of specific DNA sequences into the cell nucleus
25  (Capecchi, M., Cell 22:479-488 (1980)). More specifically, it has also been
demonstrated that DNA could be microinjected into mouse embryos and found in the
resultant offspring (Gordon ef al., PN.A.S. U.S.A. 77:7380-7384 (1978)). Thus, the

ability to produce certain transgenic mice is described and well known.

The basic procedure for producing transgenic mice requires the recovery of

30 fertilized eggs from newly mated female mice and then microinjecting into the male



are then tested for the presence of the mcroinjected DNA by neans known in
the art and appropriate to detect the presence of the mcroinjected DNA
See, for wRanprass1 5 Wagner et al. P.NA S U S A 78:6376P638G0/0281), U. S
Patent No. 4,873,191, which describes the production of mce capabl e of
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domai n of tehRhibdytesibunit. Kato et al., J. Biol. Chem 265:2655-2661 (1993);

Gonborg et al., J. Biol. Chem 258:23435-23440 (1993). Ligand binding al so
| eads to phospHdeynsaindikegowdufbeetirsaeptaciéfonwed traso IGHaM s EGHIR™)

substrates. h o .be invqgl.ved in.grow h requl.atiaqgn d

i frerant: A1 oneese Elpseditet Wt BB 3 50 pany 11
(2000) 10! n hvtidah @aﬁaeebeihsluhﬁlge:ohmgBred@,\/lah%gﬁdstm@, Stokhstdneardddh€lafdma ki nase
dinerization_in the activation of the |I1G-1R that utilize fusion proteins
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si gnal i ng Rav@anc2ERéseerch| 57124%252 (905 rActivaties bbihe aéceptoe id ingardisbyf the | GF1R
(Bol et al.,, Oncogene 4.1725-1734 (1997),; Di G ovanni et al., Cancer

Resear ch 68?%19%3%@ {(%JBS’B f&?‘hfﬂé@éwﬁdﬁélf@ngﬁ BP?hGrI&IIEéR’ tonSFIRiSt ed by the
exi stense Qiméifafbh,|r¥sudfing ﬁh@hﬂ%ﬂ?ﬁph(&ﬁ_ﬂﬁ@h BEcAtida BESdine WbiuGds MRy e 1O
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CD8 2 WO 03/073841 PCT/ US03/ 08
involved in growth regulation and differentiation. Ottensmeyer et al., Biochemistry

20 39:12103-12112 (2000). In vitro models have been developed to study the role of

kinase dimerization in the activation of the IGF1R that utilize fusion proteins

comprising the soluble kinase domain of IGFIR and the homodimeric glutathione S-
transferase (GST), Baer et al., Biochemistry 40:14268-14278 (2001).
To date, the transgenic models established for studying IGF1R signaling have
25  been limited to overexpression of the ligands for IGF1R (Bol et al., Oncogene
14:1725-1734 (1997); DiGiovanni et al., Cancer Research 60:1561-1570 (2000)).
These models are further complicated by the existence of a family of IGF binding

proteins (IGFBPs), which serve to modulate the bioavailability of free IGF-I and IGF-

II, resulting in a long latent period for tumor development.
30 One approach to studying in vitro the constitutive stimulation of a receptor in
the absence of ligand binding activation has utilized a chimeric oncogenic receptor-

type tyrosine kinase comprising the extracellular and transmembrane domains of CD8



wi th the kinase domain of c-Eyk (long et al., EMBO Journal, Vol.15, No. 17,
4516- 4525 (1996)). The resulting chinmera showed el evated ki nase activity
and causewoO og@risul ar transformation. Such chinmeric recept ®C3/UsAY08278

i ncorporate the extracellular, transmenbrane and cytoplasm c donmains from
t he sanme Of,:fi LeS: p f Chi {_C
receptors E:Négr#rfplég{nﬁég%@?%ﬁpﬁggygggo%%@ mbqguﬁ‘g‘rgrg:é%gs’g{r]% Whg?vxﬁ. in the
art. See, HO25 €9Q6)! &he kesnkiong chimeah shoWiéd 88yBetPiGBaseMctiviRp et ¢amised). S.  Pat ent

No. 5,712, 149; d 1 et ... U S Patent . 5,741,899. It _is th f
of i nt or o5 CCRBIFBIBHAROT r S UG SN RS RGNS RN B 0
|1 gand- | ndGQRAAeRbrah CHidlc AGARANO oIt 3o IIREAGERER Sent bediss, 310 10

desirabl e that the ani ma ops tunors t overexpres GFIR within a
fairly Shoptepaption end ufe dfichenéricamrditonsicpmpesing icytakinag andethankingssi s of

mul tigenerational pedigrees. Sych_.a node] can be use - the

pat hogenes"§™&H] af&@z?f”ﬂ’e‘ﬂgﬁ%‘?ﬁ'tg%f(gexaw eﬁﬁvwfﬂz’&éﬁ%@%ﬁgﬂhu vat ed

I GF1R. TheHoBsSths?}'EI.S.'FhY&@NoQBJE'%Qﬂ@Sﬁiﬂt@a_FSHQPal@} U.BDPRENtUSd. 30748, 901 Mer i C
receptor. 15 SUMVARY OF THE I NVENTI ON: The invention is direcfed to a
transgeni ¢ non- Bustherefereradlintatesiste dgeelap adwensgenigmensomean wawalalign expr ess a
consti tuti yely AckiNA dIARORTAR KlNBSE, FEGERLALAEDAL, GekqgS an oncogene
sequence. e conseitutl aCtivation e tyrosrhe Ki nase 20 receptor
resul t $0 f r asidbletAnSHeNEmADAD/lcPs Hignbrs AhdTek &ré ffre & IGFI Rewiiinofaiityyshertd t he
catal ytic kinase domain of the tyrosine kinase receptor to be activated. In

a pref er r eBeriehefgineiam birth faeilitatipng tag Frlysisd pdHeensrationAkpadigresss a nouse,
t he transg ri | omai ns of CD8
and the i nngysfitPLGn e PR ARE balh B litnd e BRI RG]

const i t ut i vedrgx@edsingairddvingraosvatel IGHIAS eTiRGinstentadpyvartionseprbsntsofuch@1R. The

i nvention fur%@e[ coqﬁrises manmal i an enbryos carrying the constitutively
activated MAIGLISIE KSHDEHC FCERSE-or capabl e of devel oping into viable
transgeni ¢ ani nal s whose progeny carry the constitutively activated

tyrosi ne kinase receptor after breeding forward by sexual reproduction. The
i nventi on SPMMARY O3 E JNYBEDNAONNst ruct s conprising a sel ected pronoter

plus the 30 consgtjtutivel. pyate rosine . ki re r or DNA
segnents cl oned%%‘!fl%nglen% nal)sé %%géteéfgora %F@%ﬁ@?@oﬁﬁl&}qﬁ?@n i gr%]te‘gﬁé)sﬁeg%genorre of a
mammal . 3 cells and somatic cells express a constitutively activated tyrosine kinase receptor that

acts as an oncogene sequence. The constitutive activation of the tyrosine kinase

20  receptor results from a transgene comprising a dimerizable-inducing moiety and the
catalytic kinase domain of the tyrosine kinase receptor to be activated. In a preferred
embodiment of the invention, the non-human mammal is a mouse, the transgene
comprises the extracellular and transmembrane domains of CD8 and the intracellular
catalytic kinase domain of IGF1R, and the constitutively activated tyrosine kinase

25  receptor is that of IGFIR. The invention further comprises mammalian embryos
carrying the constitutively activated tyrosine kinase receptor capable of developing
into viable transgenic animals whose progeny carry the constitutively activated
tyrosine kinase receptor after breeding forward by sexual reproduction. The invention
further comprises DNA constructs comprising a selected promoter plus the

30  constitutively activated tyrosine kinase receptor cDNA or DNA segments cloned into

plasmids for ultimate insertion into the genome of a mammal.



WO 03/073841 PCT/ US03/08278 The transgeni ¢ non-human manmal s of the

i nvention are characterized by specificity for the constitutively activated
tyrosi ne Wonasesaeceptor that is expressed by the transgegcrasados2hgiman
mammal . In a preferred enbodi rent of the invention, the transgenic mce
express constit g ti Ve I J 3 i 1S

adenocar ci nonmas q@%x@*‘%@gﬁ%nﬂ#ﬁlg h%ﬁ%/ﬁgf}hbg g) rﬁ gién%ﬁ’}érna&ro;[} %gﬁ' gt%agés'b?%r%z%%l r?g

t r ansf or nedpecifiaity fastheaohstitatsvedy ghivatedekosiat kagee retepror thaff is expressed by

transgenic _mce that express the transgene when graft into nude mce are
sensitive 5 FAREHNE BORLERAR Famaifdc ?BI%?‘B“Eﬁ‘i]set elmgmw t C‘PY%]tOEdt%f’yr osi ne

ki nase reC?rEﬁs%"enictHﬁtcf B%reéé@%ﬁ%tigﬁ%ﬂéé?f hafeNGTAREY B BRVQ t§mof 4 e?i%? thus

capabl e of being utilized as 0 or the identification a

opti m zZat i edenotamimosrsldesclomih théeativagy) areinhaminesy glondsmd\tied transforosedcer

t herapi es. Thus, the inyention alsg enbadi es non- hunan.ng | s and net hods
o £ hesT aBmes ey siehl Fogis o el SRR ok She N THRRBIS® act | vt og

tyrosine kiRapmsgsieSienrsaadntoRiiaE MRS Ml seiditi FOBRATbibQ S tHeQpBEifis Ng t he
sel ective nodul ators so i1dentified. Thus, the invention provides a

t r ansgeni cconstitiiyehrachisiatad fyrofeskingssrraedptor, 18 neh dthgeiynesinedanasel | s contain a
genone conprised of.a trans e codi S epce,  f.or.. nstitutively
activat ed TorOm e B RERICpE PR R S TSRS RosioRirfabRTRY s ror &

suscept0 bl eptifizdeweboRoRgults iRl cheset chiittestfor hdve] amtRahédr thdrvaey Thed,i vat ed
tyrosi ne kinase receptor. The invention also provides a transgenic

non- human FHREHENtRAatse caibedies sar-hupmagn magupysaed peghods g tesidepiiicaioBonpri ses
a coding s : i I : . i . i i e receptor,
ahor el n-s o Raee B B O Bl e R e Soony
non- human piEnmatsutishbsensitionesompuiging the sslctive medidatoss ONderftif@dnent . The
invention furth rovi des, a net.hod for ohtaining a target nouse whose 25
genome conpr | seiLQQMW%IOBm?YI %?_garfé?'f’th?m%P%‘?" u %“Bmg‘ﬁr%ﬁ%ﬁ?mﬁtéﬁ“rpri ses
a codig SRAMGALEnd @llis BomAA% dehbink \c8Mpridéd dfvAk-AlgdntlAsbdifg kk&pRBed €Cept Or
wherein said "nouse can be bred to produce progeny m ce whose genones

conpri se skir@ agestoniively Brivateddynosine kinnae teceptoh othecamhe ioinhypmere st eps of :
(2) L 200 o A e SRS LRI TS BEBSHHR A e 1o
a consti t uidtivated tobine &ide tegémet. ne ki nase receptor into said fertilized
€99 The invention also provides a transgenic non-human mammal which expresses
20  a genomic DNA fragment which comprises a coding sequence for a constitutively
activated tyrosine kinase receptor, wherein said transgenic non-human mammal can
be bred to produce progeny non-human mammals whose genomes comprise said
genomic DNA fragment.
The invention further provides a method for obtaining a target mouse whose
25  genome comprises a genomic DNA fragment wherein the DNA fragment comprises a
coding sequence for a constitutively activated tyrosine kinase receptor, wherein said
mouse can be bred to produce progeny mice whose genomes comprise said genomic
DNA fragment, said method comprising the steps of:
(a) isolating a fertilized egg from a first female mouse;
30 (b) transferring a genomic DNA fragment which comprises a coding sequence

for a constitutively activated tyrosine kinase receptor into said fertilized egg;



4 WD 03/073841 PCT/US03/08278 (c) transferring said fertilized egg
containing said genomc DNA fragnent to the uterus of a pseudopregnant
second f ewsalog/omsuse; and (d) nmaintaining said second fenalPeTrms0¥es82381ch
that: (i) said second femal e nouse becones pregnant with an enbryo 5

(1) "5 o' enbry S deEhle Rl BAREGRREL Mo S ATRAR ONAMbrernd @O
nmouse is viablytearneruf bbapsaiddpegeanstcordidnealenionss; andher ei n t he genone of
said target nouse caonprises sald genom c DNA fragnent and 10 wherein said
nouse can be br &H Tgn r%aaédmcsg&wnwg@umht%mm conprise said
genom ¢ DNA fragnent . i i i g creening for
sel ective nodul at or S(%gmgééé\gﬁg%@g{@ \}lg‘??/édaag[%elg ge:gggm{@fﬂgg’?%@f)ﬁyi%nase
receptof for use in dedwdd fagncaiddatilivabeggtdontpinifig said zewomstDNAL i vel y
activated tyrosine kifrg%%gmlr;ecept or which conprises 15 adm nistering an

i nvestigational subs o a non-human mammal of the invention and
assayi ng the cancer heaid &6b de'b%;gpé iAo i rdeDMPatd: gad i onal substance in
said cancer. Also ptr(lo)\%?lded iI? a ph rr%ageuti ca%e conposition for treating
cancer resulting frGm saidtavgetimantse is wighly baut fremtseid segomsisfemeleknousse
receptor which.conprises substance determ ned by thi t hod of
screening PredLy E&PYEe Hﬁ%ﬂﬁ‘i‘ij%{%&?@ﬁe HHPRIISES ATES° Cr@g iF?&ngfl??%dacy in
fal dc f@fzewneﬂéhﬁsdti@hmt%agéd@uﬁ l{eLHréJ‘tﬁerrbdl&E '-fﬂ@g%n?_nﬁl@éf adsd gernoﬁltepwﬁpml a
ransgeni c nouse tha evel ops tunors specific for a constitutively
activated saidgenareicldNadegmesbpt or conprising the steps of. (a) obtaining
s & mouse: (b TR AnEBRE AR RS B ST ea AL I scBp ol UBR 4CD Dot
reci pi ent ngostimiies; activtted ¢yrosine kinaseretptardbluseiuseafingeansérapsultilg under

conditions to pronute %lrowt,h of said _npuse and s i&ltum)r. Yet anot her
aspect of {RE3 FRASHEY Yiagtlz_aat?ﬁ&werlﬁ?asmf&aawgﬂ tAEGeni ¢ nouse cel |
line tpat expresaas & i@@&?%.&&%a Ytk ndclo Miftineishrch DBl ki MR ehf&SPt OF
conprising the steps of. obtaining a tunor fragment froma transgenic
non- human 2@l axmaying thefcabtre tieatienefioaytdf atidiisveatiggiopel subftayced isshidt i ng cel | s

fromsaid tunor le;,. .. . . . .
cancer. gfslg%m\ilded is a pharmaceutical composition for treating cancer resulting

from a constitutitively activated tyrosine kinase receptor which comprises a substance
determined by this method of screening for selective modulators to have cancer
20 treating efficacy in said cancer.

The invention further includes a method for producing a transgenic mouse that
develops tumors specific for a constitutively activated tyrosine kinase receptor
comprising the steps of: (a) obtaining a tumor fragment from a transgenic non-human
animal of the invention that is a mouse; (b) implanting subcutaneously said tumor

25 fragment to a recipient nude mouse; and (c) maintaining said mouse from step (b)
under conditions to promote growth of said mouse and said tumor.

Yet another aspect of the invention is a method for producing a transgenic
mouse cell line that expresses a constitutively activated tyrosine kinase receptor
comprising the steps of: (a) obtaining a tumor fragment from a transgenic non-human

30 animal of the invention that is a mouse;; (b) isolating cells from said tumor sample;
and (c) placing the isolated cells under such conditions as to maintain growth and

viability of said isolated cells.



and (c) placing the isolated cells under such conditions as to maintain
gromh and viability of said isolated cells. 5 WO 03/073841 PCT/ US03/ 08278
BRI EF DESEBIOBOTBN OF THE DRAW NGS: Figs. 1A and | B are di agrarsnsod2es
representations of the dinerized MMIV- CD8:1G-1R (MCl) construct. The cross
hat ched portion of the diagramrepresents 5 the CD8 extracellul ar and

t ransnenbr ane domai ns and the open portion of the diagramrepresents the

i ntracel | uUBRIEFEASCRIPTTION OB TEIRIDRAWINGS:! GF1R. Fig. 2 is a diagrammtic

representation qQf t - . | GF1IR (MCI constryuct.. The : 1R fusion
gene was cl oned%i&?t E‘gém tagggiaﬁragﬂﬁﬂlcarelﬁzi?qaﬁ’é’?s P ﬁ‘e\ﬂé@e’ﬂ%ﬁﬁ{\’i&m of a
MMIV pr 0mtﬁ&ﬁfgﬂ%@ggfe)lC%Hi‘tﬁﬁt.wgﬁé%ﬂog]ﬁé?&leﬁrﬂ)%tﬂﬁl df'%hé&aiil%ﬁyl% feénté OF

ef ficient nessage ssing Fig. OWs a representatrve rthern bl ot
anal ysi & othe GBS safriceHulpr sndssamsmembaanectontairs| and e dpenepopti@ypefithe ni ce f ound

to have passed the transgene o R) ... Each |ane ains 20 of
t ot al VRNR E’@F%@@*‘%ﬁlﬁdﬂ%&fﬁ%%@@ggﬁg dpmag) ¢k " a 1% aggr ose gel
in 17.5% f or mal gphydes dﬂa?raﬁnﬁaﬁ&reﬁfe@matﬁmr&@ﬁ@mmws:IGP!1RQMGD bl ot

anal ysis of control and tunored salivary mammary tissue show ng expression
of the tranegmet. TheddHIGEFER fusiern gengeraystoped inje aeectoninesugh a wayrihatat
salivary tissue: | ane - vary tissue (kine 15);. | - manmary
rssue {11 MaS 1Byt Sta BV bRHold ARt S e it plga orgaT TR

tissuel0 (| bépieddd) for effi€ieft me byeskingsue (line 19); lane h - | GF1R Sal
Cells; lane 1 20 xenografted salivary tissue (line 19); lane | -
xenogr af t ed | un§ig BSOS ¢ repsesenigtive Negtherp il gnalysis of thesalyayy tiswe b a(| i ne

19). For e . HB%'Af ' r . RNA by the
met hods degglgfcgggyflﬁe@gé@{e be ogvd.@hggﬁg%fggtt%g%ﬁg&g\%@@bl ved on a
1% agar oseEgei laneicdntaib920 ag wé tadd RS isdrated fromsalineynglangd)tissuedreSBvédsal | var y)
show t he tag%sgeni C rrg.uzﬁcﬁ(%i ne |- 25 19) with representative nultifocal
mammary t ufror$?83Epsg sep f?‘@ﬁ’&%élé‘ﬂ?'ati ve normal (right lung) and |ung
net ast pses (| ef &id YRAIws QleprQRARACONBEhMB bidtlah¥EiY o EATHb] bkdRInSored i 9. 7
shows representative Western blot analysis of salivary and mammary tissue

f r om nor mabalyaty mamprasdtissue showiagexpressionefith¢ travsgeeg. yLanegsueontiohne b -

mammary tissue; lane b — control salivary tissue; lane c - salivary tissue (line 15); lane

d — mammary tissue (line 15); lane e — control salivary tissue; lane f — salivary tissue
(line 19); lane g — mammary tissue (line 19); lane h — IGF1R-Sal Cells; lane i -

20  xenografted salivary tissue (line 19); lane j — xenografted lung tissue (line 19); and
xenografted mammary tissue (line 19). For each sample polyA mRNA was isolated
from 50 pg of total RNA by the methods described in Example 4 below. The isolated
mRNA was resolved on a 1% agarose gel in 17.5% formaldehyde.

Figs. 5A (mammary) and 5B (salivary) show the transgenic mouse (line MCI-

25  19) with representative multifocal mammary tumors.

Fig. 6 shows representative normal (right lung) and lung metastases (left lung)
of representative salivary gland tumors.

Fig. 7 shows representative Western blot analysis of salivary and mammary
tissue from normal and tumored mice. Lane a —normal mammary tissue; lane b —

30  normal salivary tissue; lane ¢ — salivary tissue (line 15); lane d — mammary tissue
(line 15); lane e — normal salivary tissue; lane f — salivary tissue (line 19); lane g —

mammary tissue (line 19); lane h — IGF1R-Sal cells; lane i - xenografted salivary



30 normal salivary tissue; lane ¢ - salivary tissue (line 15); lane d -
mammary tissue (line 15); lane e - nornmal salivary tissue; lane f -

sal ivary woasuess¢l i ne 19); lane g - mamuary tissue (line PEXUSIHRTH -

| GF1R-Sal cells; lane i - xenografted salivary 6 WD 03/073841
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r epr esent abianemxenegreadinedorsal i vary tunors fromtransgenic line MI-19 and
Fig. 8B shows representative mammary tunmors fromtransgenic line 5 M -15.
Fig. 9 shows repisSénthaivs yepresenipfiye Xepogprlicdsaliyasy {umass fromyiaisgenic e

transgeni cykdp 191 t j 1. L vari ous
poi nts of I\J{(Firqrgg %@ ]f%wg%gp (%V?rsrp][lteg%fg %#?[g‘%. Iﬁ%ﬁ%@l%n{_so E%ﬁg‘%%gl? %Eggcﬁlg Igeii ve in
vivo grdwt M@OF13.GF1R-Mam tunors from 10 transgenic |ine M -15 inplanted
subcut aneously intgo nude mce at various pain tjme follow ng

i npl ant ation. FiFgs? SERS 5%68&%&%%%&9@%&4 Z?ﬁ{}%-sﬁhumr% {%Oalr owth of the
| GF1R- Sal ﬁﬁhégﬁredguﬁl%-ma-@g inkpiAnrd sbABREGRANIA iR 1HCLPURRN pBlupe mary

cells establis on poly-D " lysine matrix 1n nmonolayer. Fig. 11Bis a

r epr esent atimedofjowjplg imfplanktiorxponenti al 15 growm h of cells in nedia.

DETAI LED DESCRI BTI THE | NTI.ON. Cancer J s devel ops through a
nul ti-step pr ocEégs %Iis%‘f’%’ﬁpfeﬁ%"’\(?ﬁhvﬁm VR ?P%&Oégﬁﬂgﬁgwgfmﬁsc@ to convert
a nor mpd  CghhsgeicineMNECIM § RnPaifel setatineorly R ARIARe aONRidtk poFtOdf

i nvol ved genes includes cell'ular oncogenes which, when activated by
mut at i on ofimgfeHowingriewtaatitionappr opri ately, override normal cellul ar
control -mechani s #nd f ARLEWARKLAhGHVCE LierPERlidh 8 Bl RRIRTE cbfvent i on
relates to production o ransgenicc Hon- hufrar mammeal s containing within
their genoties FigHilAEK acepreeantios phdtagraph enpixpryastiedstiistied on polytihe 25
constitutive, activation of a tyrosine kinase and the devel opnent_ of tunors
early in afineTarix ipso8oRusre Fig dd Brip asepressniaiive geeb of gis ax@0ndiabs t he-
activajgd vﬂﬁbﬁﬁﬂkﬁh%ﬁﬁﬁa which in turn can be transplanted into nude

m ce as xehografts. The tunors so generated have been used to establish
cell lines for use in biological studies.

DETAILED DESCRIPTION OF THE INVENTION:

Cancer in humans develops through a multi-step process, indicating that

multiple changes must occur to convert a normal cell into one with a malignant
20  phenotype. One class of involved genes includes cellular oncogenes which, when
activated by mutation or when expressed inappropriately, override normal cellular
control mechanisms and promote unbridled cell proliferation.
The invention relates to production of transgenic non-human mammals
containing within their genomes a chimeric receptor that when expressed results in the
25  constitutive activation of a tyrosine kinase and the development of tumors early in
age. The tumors have been found to express high levels of the activated tyrosine
kinase, which in turn can be transplanted into nude mice as xenografts. The tumors so
generated have been used to establish cell lines for use in biological studies.
The invention also relates to a transgenic non-human mammal whose somatic
30  and germ line cells contain a genome comprised of a transgene encoding a sequence

for a constitutively activated tyrosine Kinase receptor, wherein the non-human



The invention also relates to a transgeni ¢ non- human mammal whose somati c

30 and germline cells contain a genone conprised of a transgene encoding a
sequence wbas/ozsepnstitutively activated tyrosi ne ki nase PETASI®HO§278her ei n
t he non-hunman 7 WO 03/073841 PCT/US03/ 08278 nmanmal is nore susceptible to
devel opi Ng thMABis TRRE shdcBptite EJ'&VEBBﬁlg thidbs\ lﬂ:éiﬁc @(ﬁfﬂe\éﬂhﬁﬂ fivefPSi ne kinase
receptor. In a preferred enbodi nent scri be the exa hat fol | ow,
the const raGBYatfiidstW%eneelngaswe%@d)rhunan CD8: | GFI R fusi on gene. Those skilled

n the art hat the truct ener at ed t hat
:NI Il pr oduce Si %Plaé)lrgfggg‘g?lpgocslfrﬁﬁtr ?S§Hf’?‘ﬁ G\H‘ﬁmﬂﬁ@%ﬁ‘ fg’ﬁf’ | meri zation
and const i teghdtdRt RGhé a@gmééaecpﬁurﬁdiﬁcm r[eslmusﬂfﬂ DaRe THRSEMRA &&Hé’éﬁfﬁ ich the

cytopl asmi c catal ytic kinase domain been engi neered. By way o
exanpl ed arvillnesoghize dhediothgr consbructis ican b@gertetm:dath@t wﬂhpmdumgﬂmeresm t he

i nvention i zation- | as. CD8 or 10
gl ut at hi ongﬁ% f@?@éﬁ?@%&@égt‘@é{l‘ en%larlilcﬁmzilﬁ Srngli:tky ©18G IYﬂt}/OI?i q?glgeetyggmi n
sel ected f kiusé feeptor from wiiich RIS I:zhal'{yMé RElafeddthAlASEs Béehl Vi ty

including, but not limted to, epidermal growth factor receptor (EGFR),
HER2, |nsu|epgfn?%%pl3wvamﬂ)exama1§uaqqut irendi Hirnided vhpre(q, dr1RNsgene

B OVt
pl ateI et-d fa R tor (FGFR)
and hepat ogfl%h\eéqg\r’%\%\}tgwgct g‘{rpq{%c%g%@a R}étu?d’ugﬁjgea & usg hastélgg gequences
( human 1@ DNgjutatbiode Setrazisferase r(es&‘b @néen irstaogllul st kingherddnimi etdtadrfréth@hogy
t echni ques (Mani.atus et ak E}ﬁgl ar Cl oning; A Laboratory Manual, Cold
Spring Har§ PLOfBRIBS Yith fygsie Kimass gctivity pmqky}dng, byf not hf@ﬁdrt@nt Pr ot ocol s
in Mol ecul gpidBin®d1 @8¥%yth Vi
sequences aglal | abl"e |tn%?ﬁgr%ﬁé ‘lyrc dor§OHE %’e%ksggﬁ)rgceklucl d’g sequences 20
f rom ot her grrarHriscsor@@T bR), @lq&ldyr@dwedl gtaveh faW@T(PD@}FRDeﬁbnoblastpgrowﬂded t hat
menbr ane ags i on _causes consti ve activation of the
tyrosine Ki noarégbr%§3 ﬁ?pa%cf grf“é'ﬁ] égﬁoaregg]etlo{}{l\%?t results in signal

transdugti on lnmhﬁuawﬁdelseqlﬁbnc@ﬁdhhﬁlan tDNAYiskdMEBIN Wae cRhRE 8Sigon of the
transgene results in the dinerization of the tyrosine kinase receptor to

whi ch the ?W%%WWEF@%%M@C@HWQSM&QW erteéiMpkcuhr Ckm_!%ﬁonst itutive
f | | d
act I vat I OnL%Oraﬂa Klﬁ ?zﬁt e{)ld; @q{a?]?(ﬁqﬂl%graQ %E@gslax&ﬁl u% Cgur r I ng I gan

bi ndi ng. so°conpri se se huc elc aci reglons
associ at edmmm Protocols in Molecular Biology, John Wiley and Sons, Volume 2 (1991))

based on sequences available in the public domain (GenBank). Nucleotide sequences

20  from other mammals can be employed in the invention herein, provided that
membrane associated dimerization causes constitutive activation of the tyrosine
kinase receptor, that is, said activity results in signal transduction in the mammalian
cells. In the invention, expression of the transgene results in the dimerization of the
tyrosine kinase receptor to which the fusion protein binds and in turns results in the

25  constitutive activation of the receptor in the absence of the naturally occurring ligand
binding.

The construct may also comprise selected nucleic acid regions associated with
the transgene (as by fusion therewith) for mediation of, for example, its introduction
into the target genome, its expression loci in the transgenic mammal, on/off external

30  regulation of transgene expression, and other desired features, as generally known in

the art.



the transgene (as by fusion therewith) for nediation of, for exanple, its
introduction into the target genone, its expression loci in the transgenic
manmal , owOeBO738tt er nal 30 regul ati on of transgene expr es®PCOUSIHORL7OL her
desired features, as generally known in the art. 8 WD 03/073841
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express activa er t € nouse rmanmary tunor virus
(MVITV) promﬁFHRunmﬁﬂxﬁmﬁMDlbﬁ@@nmﬁwanﬁmnmﬁyengenanmqhﬂdTNapnnn@Bessed t he

transgene in both the salivary and nmanmmar |.ands; m ce, h orln t he
transgene & swﬂdwswﬁ@&m%{ﬁg%ﬁtag thah expreshed herranisgrne I%QO@EEBW 1y&rsei ght

weeks of aggq b 14h.8s: ﬁﬁ%%]haﬂbbﬁﬁ {HAGFanY, g;eﬂefdem e?laa{dbf{@crai/m MARY are

sensitive to Inhibitdrs & but S|g ficantly Iess sensitive
t o i nhiHit drese Hipeed dsicarliyas erghhweekseccfeage olsqults kelh in¢shderiveit fnoet ept or .

| mpor t ant | when grafted intao n ines formt rs that grow
wol T and | SASche e S Giednaib By Sh e IRE TR ghies signEp e eni ¢

ani mal s deggisitReto MBiioRs dfdciRYoP Sth¥eredspiikf dueh %QEhetE(@F feckprot.he
identification, devel opnent, and optim zation of biological and chem cal

moi et i es fbnpmﬂaswm grefied mto e mjscethesti lings fereh aumars abgltomwell afd t he

i whi cn A et R PRURERS ot Pt Y bl afr RO R i

ant i gero ( Skl F’%éﬁ@tas efficieh® tdls in the€ldendfifadidn; d¥dtopfhént, Lﬁ@@ﬂmﬂﬁﬁ@n bused to
the intracellular, catalytic tyrosine kinase domain of |IGF1IR (Fig. 1A).

Thi s fusi oRiokmeaband ehameival apeistigser wecis satieapceigherapier dirpejemh o ipbibiions e

di meri zati f and subsequent autophosphorylation. Instead, the
CD8 porti oﬁpggﬂf}ﬁq g((])ljr? protein dinmerizes in a |ligand-independent way,
resul ting in cobsidcbrdanscewith theviavémionod cémseruttywassieneratidriaséigtithg. 1B). By

constitutive 20 ctivation i is neant imeri zat S| on pr ot ej n,
as driven B¥iracalulargndfrmpsmambraggidomainsqy theshympany @ﬁgaﬂ%ﬁlﬁ@i@a&mﬁ of the
ki nasejglongj, Telﬁ@@@@ﬁﬂ%?@@g@? weg! fusécf‘fortﬁ&ﬁitlla@clzlﬁﬂarsbzg ?ﬁc tyrafiggluct i on.
The engi neered human CD8: 1Rfusi on gene was cl oned info & vector in

such a way kinaset damaimeSIGHEM &ig k. Fhis SEOtnmrﬁibmﬁtetSlihfbneO@iiSiﬁXiOI( MVTV) 25
PLOTOLer 2R R RSP B GBI o o
ani mal , dr iné@sd, the CDS portion of the fusion protein dlmerlzes in a ligand-independent way,

’ resulting in constitutive activation of the tyrosine kinase (Fig. 1B). By constitutive

20  activation it is meant dimerization of the fusion protein, as driven by the CD8 domain,
which results in autophosphorylation of the kinase domain, a property needed for
intracellular signal transduction.

The engineered human CD8:IGF1R fusion gene was cloned into a vector in
such a way that it was downstream of a mouse mammary tumor virus (MMTYV)

25  promoter and was flanked with intron and polyA sequences for efficient message
processing. The MMTV promoter, when expressed in vivo in the animal, drives
transcription of downstream sequences in the mammary and salivary glands of mice.
One skilled in the art would be able to clone the transgene of the invention into a
vector under the control of other promoters that drive tumor development in the skin

30  of the non-human mammal. For example, the human CD8:IGF1R transgene was

cloned into a vector under the control of the K14 promoter with similar results.



transcription of downstream sequences in the mammary and salivary gl ands of
mce. One skilled in the art would be able to clone the transgene of the
i nvent i orwDnBo73841 vect or under the control of other pronotreraSodres27giri ve
tunor devel opnent in the skin 30 of the non-human mammal . For exanple, the

the K14 pr omot of G PR s BARE ted-blefalo PELSMNRELHROIIEL S 21
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Desi gn&t i oon PibAadOBRY) 200hend s besn pivee AJIGEDepasitivesegmtion PI'A4930aiTheai ned
under the terns of the Budape Treaty .on the International cognition of
the Deposi teR9FIt Rﬁf_E‘ff%d @rl&éﬂpg‘ﬂﬁﬁ’f’ B?alfﬁﬂ%_ﬁ%%%ergl?e tepsag e?ﬂ"g.ﬁ@(ﬁﬁf. ¥ These
deposi ts ageReHAHdnAEHRbYniASH GO TBACEr M?crbfm‘g%li%s %A&g}ukposesrbfc he art
and are not an adm ssion that a deposit is required under 35 U S.C. 112. 10
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materials,. |1, as the am no acid sequence of .th I td.des encoded
t her eby, a@ﬁ?\ﬁrﬁ&f%c’a‘?@a‘%"éaﬂ a‘ﬁ‘@#&'l"ﬁ% aé?%iltéﬁé%quérﬁﬁu &%%go%%ﬁl?%g inthe
event @ amye %ﬂéﬁde@) ofttehodivicled 886t doRtaid iR thesRpUARAGHatBRIS a8 well | | cense
may be required to nmake, use or sell the deposited materials, and no such

| i cense i satiBe epjnayrcichsasyenced ! hepdypipéides engoded thpebxaare/incoporated R
construct A i nt . Sl oocytes

resul ted iﬁérg;ﬁ@?gﬂg@gé}% ia%% %fcgrel%réﬁ]flgg %gfra\;ég'%&lr%ﬁsfg g;' Cé@?lrr:ﬂy\%’irtl%gt e transgene

( CD8: | GF1RYesbhptiondf sepmseeschegéin. B Besnssingy be teuieé b make, psodued the ogeny and
five were found to pass the transgene. in % Mendel i an fashion to offspring.

M ce from #eRosied maweriphsand npesugh Hgnse i hsseinerasisti ned for expression of 20

the trgnsgene ”M&Fdih\é@t'idﬁ S BOYINITFSCH8: T6F1 R ¥BnfficBELIEQTDMNO:1 idto BB
t ransgeni ¢ nouse Ine, 1dentified as MCI-19, had particularly high |evels

of trans gep@neodpmsaﬁsfmi,ﬁzbd]omdyeﬁs resillted ar the genrardidon Sudighddowndet niceanot her

L ager R A SECHH R RENE o e SRR AR B AR M 0
l'i nes deve%&a@&a propEysandffiveReers Bdundab YanBe FEMHFBde/ingl MBftEe1idh f4shionas MCl - 15
and MCl-19) and were retained for further studies. Tunors from_,both
offspring. Mice from these five lines were subsequently examined for expression of
20  the transgene in salivary gland tissue. As can be seen in Fig. 3, one transgenic mouse
line, identified as MCI-19, had particularly high levels of transgene expression in the
salivary glands. Subsequently, another transgenic mouse line, identified as MCI-135,
was also shown to have high levels of salivary gland expression (data not shown).
Two transgenic mouse lines developed tumors of the salivary and mammary glands
25  (lines MCI-15 and MCI-19) and were retained for further studies. Tumors from both
salivary gland and mammary gland tumors were also shown to have high levels of
expression of the transgene, as did xenografted tumors and cell lines, as compared to
tissues from non-transgenic mice which showed no expression of the transgene (Fig.
4)
30 Both male and female mice from each transgenic line developed tumors.

Female mice began to develop tumors in the salivary gland at about 90 days of age,

although enlarged glands are obvious just after weaning. Once tumors fully develop,
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salivary gland and mammary gl and tunors were al so shown to have high | evels
of expression of the transgene, as did xenografted tunors and cell |ines,
as conparwo oBo738#i ssues from non-transgeni c m ce whi ch sh@egdsndoeRz$pr essi on
of the transgene (Fig. 4) 30 Both male and fenmale mce from each

transgeni ¢ théyigodauplaRparin TRIE: ar CRERLGNHICE) Hﬁg’bhf‘eG& WEKE PRt UMOr s i n

the salivary gland at "about 90 days of age, althou enl arged gl ands are
obvi ous |j udnitiaf ebservadamphidre t@nee NMammesy fuaidr deddoprhen, habeveiORoE7 3841

PCT/ US03/ 0827 hey .arow rapi such. t hat m re of ten euthanized
within a f agtver\%egé? %qtg{cﬁlgnngﬁlpgﬂ t}é? a@%@ﬁ?"%ﬁ?%%" tAGFOF 91%%mnary t unor
devel opmentTunitR¥BMBE mansmiWtRsud #& 8fén mAfti6E %Eilﬁ%ﬂﬁﬁéﬂgguﬁgiﬂ | the
animal s_are about 150 dags of age or older. Tunors in the manmary tissue

are oftén mpltiplesesipns efithe glagd siithwotapperontshigs fom Iaation (Figd. SAr @yinomarydf t he
gland with bi or.location,(Figs. 5A nmar and 5B
(salivary) )aﬂﬁ’ﬁﬁptg%{vgwm ’cglfEl ﬁ]saiﬁ 87%?ﬁ§?r§r%aé"dﬁge‘éql%wm %%fgwmfyr@quency
as in femu Rsnaechndi within thd@nkaiike trhiie MaaifRary MATRIN oS RRE 2kl BBES have
al so been ngserved in afewnale mce, although with reduced incidence

conpar ed t 8P§EYRs 1B few male muge, jakbeugh with redueest igcidencerremparedye fgmajésand
tunors to 3 i f e mce (Fig.
6). Bec aus%ﬂgﬁeg%}s’rlgﬁéﬁgg%gfv\@ €§$§¥§ﬂ%%19 (% Jﬁléh ({%%)??gt%l g?dn%r% %E %%eeggﬁ %’?/rg% gl and,
sur gi c&0 r enbothimadé andfenaid midedHigg bR rBedasseodfttbrapadigioneidrateofaht ehors he

animal to survive |on nough to devel op bstantial petastasis. In an
effort to HbWBRAPYEY SlpfcEBadarmp e af I dier B Bbr e AlteEaBeLg e
acti vi 1y OfheldpnkIBREEANEIORE dndu oS H?ﬂfélﬂgﬂu%staﬁﬁél!rﬂétﬁs)fasﬁ | GFIR ki nase was

assessed in 15 a nunber of sanples ing anti bodies to the CD8
portion of the fweat effortodenenstrapshd @EbR rplatoeshipsbetween theoneugeneci pt i at ed

fromlysates.of tissue sanples, tunor.s, and c | nes as descriped in the
exanpl )e/s tﬁ(gt%v(%tfyoqflt%wrarﬁgg qn%dﬁglﬂm%efmflﬁ’i ?%Vﬁ%ﬁﬁt(%ﬁfé{%nﬁ?et‘ﬁ?sé‘swse‘ﬂn
pol yacty| aantsbgedfsaaplesYERs ¥ Uedihg hifBoaRR 1@ tHel (8 phitiol o Blei AfigE PHOt yr 0si ne

anti bodi es enabl ed observation of the |evel of activation of 20 the
CD8: | GFI R PisiCiBp d0ELR profeing seee igymwiopseciptintesisom lysatesiogtisspe there is

LS A R SR DSOS AR SR REEATEY
tunors, andf thisenin@ibRrecEaitate eh ipolyaarglantidé gelotnd sutiseqeuesntimbldtigg cont r ol ,
|. €., non- %Vgtﬁ %ﬁgﬁ{]&ghggylgo%ine antibodies enabled observation of the level of activation of
20  the CD8:IGF1R fusion protein in these samples. As shown in Fig. 7, there is
significant phosporylation of the IGFIR tyrosine kinase in the tumor samples from
both transgenic lines, MCI-15 and MCI-19, the xenografted tumors, and the IGF1R-
Sal cell line, but not in tissues from the control, i.e., non-transgenic mice.
In order to determine the tumorigenic potential of these lesions observed in the
25  transgenic mice, tumors from both salivary and mammary glands of MCI mice were
transferred to nude (nu/nu) mice. Fragments from both tumor types grew when
implanted subcutaneously on the ventral side of nude mice within a few weeks. Both
mammary gland tumors from MCI-15 and salivary gland tumors from MCI-19 grew
as xenografts (Figs. 8A and 8B). Fig. 9 shows representative in vivo growth of
30  IGF1R-Sal tumors from transgenic line MCI-19 implanted subcutaneously into nude
mice at various points of time following implantation. In the early passages of the

tumor, the tumors grew slowly and inconsistently, with roughly 20% showing no
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In order to determine the tunorigenic potential of these |esions observed

in the 25 transgenic mce, tunors fromboth salivary and mammary gl ands of
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types grew when inplanted subcutaneously on the ventral side of nude m ce
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line ml’lﬁatéd%lrﬁﬁt{aﬁgﬁ %@ lﬁén\f ﬁ&&s%%ﬁﬁh?‘g?&vtﬁtanété@ﬁh@us points of

time follow ng | atlon gro h of the itial passage (p0, from
t ransgeni cnn;msead host to nude mce) was slow with a si gnlfl cant percentage

akeorate T mpr 89dA VI EaIT it ViR g AB PG (RdCEaRa fERGS T URT he
| GF1IR il hid®Dhfced TaMOr bAlskiSolRted rof ffaor kefi®YraftLardSsebddl dHi@ tsdue @ity mor
xenografts and seeded onto tissue culture I shes coated with various

ext r acel | utlishesmerted veith Yrsiouy extragetulgr matrices beb@V‘PCf ardegrewyvery disferapglans | and

or ow of - Fobron agd FVlieedlin oRPRERRCH ot BG4 L A C e IR BRRIRe U

the opti magrowah Bﬂflbidblas{solPolyQEJleﬁaboﬂﬁi dhshes Iweré Fousideo pr:bvhdeahe optimeint i nuous
| GF1R-Sal cell line established (Figs. 11A and E)Wgﬁl ch grows in
exponentl aFoRdiiden ﬁ?ﬁIGFﬂ% Sa* ealls o Hs ‘E,‘éllditlo(’élu’r‘ P‘%ﬂt@ue%gﬁli% di0§t i | i zed:

mpl e %e&%ﬂﬂh&@ﬁ' gs 1?&%&&%@39%%%&% Oeégt)ﬁ&ﬁial bRNioRe TREr um and 25

n1VI HEPES transgeni ¢ non- human” manmal s prodaced herein, the xenografted
tunors, afullawieg cdl dultureendgioabldrs ttzadh EospltaterRPMIVIOEE meslif ul tool s for

of userul " PrEIpTR YR Yo Ee 6O e S et A5 e R Sen: "descr i bed i n the
exanpl es t hat f Thé 8¥hsgbhie nbh-ANEMAE MhAinmals produced herein, the xenografted tumors,
and the cell line established therefrom provide useful tools for reiterative cycles of
20  drug evaluation to develop and optimize properties of useful therapies for cancer.

In a specific embodiment described in the examples that follow, the transgenic
mouse so produced is an excellent model for studying épecifically the role of IGF1IR
in tumorigenesis and the identification and development of modulators to affect
tumorigenesis. In a particular embodiment of the invention, as exemplified below, a

25  transgenic non-human mammal is engineered to express a constitutively activated
tyrosine kinase receptor. In this particular embodiment, expression of the transgene
leads to constitutively activated IGF1R without the need for expression of its
corresponding ligand and ligand binding. This model is particularly useful in that the
tumors produced in these mice are specific to IGF1R. The tumors generated in the

30  mice described herein are exquisitely sensitive to modulators, and more specifically
inhibitors, of the engineered kinase domain from which they were generated, while

they have limited susceptibility to modulators of other tyrosine kinase receptors. For
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nmouse so produced is an excellent nodel for studying specifically the role
of IGFIR in tunorigenesis and the identification and devel opnent of

nodul at orwotog/ozdsfiect tunorigenesis. In a particul ar enmbo@Crarsn3/ef27¢ he
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inhibitors of IGFIR but are significantly less sensitive to inhibitors

specific t@%@yﬁopaﬁﬂwfﬁﬁ%%myaplﬁf%@é teghtmang of eansent panticwlerlgithpse nodel s
can be dev f yrosine ki nase
recept or %%é}&.ﬁgnie?q% %%ﬁ?ﬁ%ﬁnd ljog P ca é}ecgﬁégdevepognerﬂ of selective

tyrosi h@ kambsémeate%ellnvenﬁldm Iohhet tszrSgeanflenﬁr[mgﬁwfﬁl fantheadent@icatibre
i nvention af'e accordin SPEEM inter alia for the devel opnent of

phar macot h8t Sgifctiye mpdu epstiwtivelyaciyatediyrosing kinasg reaepiprs. e
characteri %ﬁ@icﬁ’lﬁﬂﬁr Pof & S99 thEXfaﬁ%eﬂﬁ: a{ﬂnﬂgﬁ Sf IR GHIRbH - are]| USefhl

preferred 10 embodi nent of the Invention, transgenic aninmals are useful
for the i déntthe devglaporent of pheehautivals amﬂnhbapmsfomnwmﬂtwhmhﬂﬁﬂllg imcti vat ed
tyrosi ne kl{;&gyt(a articul eferred enbodi nen t he

t ransgeni c"ani rPa{aS%g(gB t%ﬁ;@aﬁeﬂvgmq °dr éncé@(%‘f ﬁ't‘tpr‘?ﬁ?t lmited oy Rieaiiotien. of

phar marteut pealag, andiingeret.es for cancers in which IGFIR is overexpressed
or activated. Such cancers include, but are not limted to, breast, colon,
15 prostate, andD¢ ifygniepalerprovides p medind of scigering ﬁ?r@ﬁled@‘ée modwatostioff

screeni ng ji%nsﬁ tﬁl%f}} %ﬁvﬁ@@tﬂr@sﬁrﬁé Bine red ?oqr%ltﬁ e% krgﬁlré, elg\f%t E 1 }yrosine

ki nase receptor use In Cancer 1 esul §tutivel y
activat ed fl'ymcascqmstlﬂntmay actt@(eel@ﬂfs1nel‘lﬁﬁdﬂé)6&epﬁor S(M&Editlsnﬂ steeninpBstul at or s
using trans %glrﬁag)rsnhsqgg & ggn?g ?nric(;iel ary glérrlle?‘a ly nOV;EnhI% tﬁe[ Eu’t gge? forfe?(ram%ﬁanpl ©
20  Omer et al., Cancer Research 60, 2680-2688, May 15, 2000. In one aspect, the
method of the invention of screening for selective modulators includes the following
steps. Tumors that are derived from transgenic mice are excised and implanted in
nude mice. Once tumors reach a size of 100 to 200 mm°> , mice are randomized into
treatment groups for evaluation of investigational substances or compounds that have
25  demonstrated the desired cell potency and pharmacokinetic properties. Compounds
are formulated in a vehicle such as 40% PEG400/0.1% Tween 80, and are
administered by oral gavage once or twice daily. Tumor volume in animals treated
with vehicle alone or with different doses of compounds is measured twice a week.
Inhibition of tumor growth is calculated as %T/C, were T and C are, respectively,
30  tumor volumes in animals treated with compounds and control animals treated with

vehicle alone. Compounds that showed %T/C of 50% or less at more than one dose

below the maximum tolerated dose are considered efficacious.
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20 Orer et al., Cancer Research 60, 2680-2688, May 15, 2000. In one aspect,
the nethod of the invention of screening for selective nodul ators includes
t he fol | owmong/o7eps. Tunors that are derived from transgegirased/e7ar e
excised and inplanted in nude mice. Once tunors reach a size of 100 to 200
mB, mce are r ] ' . . |

i nvesti gati onal %ggg[{gegﬁ%efsﬁhoﬁh%gl%gtﬁgg{l P%ﬁg H%&%Q%gﬁﬁghr%ﬁ%%%%%i nt he
desired cebf thpebadnitytivehdadiivatcdapoking Rinase Rrapersinte s lircwrboaedds noar e
formulated in a vehicle such as 40% PEGA00/ 0. 1% Tween ?0, and are

adni ni st er Bampg mMaFENaly Y, gepetigalbeengineeiing angjey more npgmpralsf|thadns n ani nal s
treated i i . - i r ds is

nmeasur ed %Jé@dﬁ%@ \t/\c/;e:ﬂgg .H?\leﬁﬁﬁ? Bﬁﬁl%gh I&g ééegﬁorﬁ&gpgvgw%%ﬁygfgcag cul ated as %/ C,
were T &ndirGhsaess inreash ef theiredeyom@&Owhichpwhanodxprassed, nomstitutiiely dctiesteed wi t h
conpounds g;d control .anjmals treated with . vehicle al pne. mounds t hat
showed a7/ BESPeEHOFBPSIPG DAk recrter fFapm W t }as ensipearesh PrHeraREniP

tol erat ed dgsgnaR AaRTLACEISCihRAGHe pRodut SmdiRnRE A ARALREEH 8503/ 06278
The invention I's further "usetul for inparting traits acconpanying

expr essi onbased bhehegmetyping asdesgritedthiexeant.ed t yr osi ne ki nase receptors into a

| ine or breed of, non- human mma| enetically engineering o or nore
manmal s of the haﬁ’élg “8&%?#‘8@?@ df%fnfbﬁ(iﬁ”feﬁg‘é‘?ﬂni%%h?éa%%t%’éﬂﬁe tn}oé%éeﬁgﬁ c
nmamel $0 CapfdrfiSodihrbighSticiRe B the INFHHAL ckinpivs Whith & piovideabyrms whi ch,
when expressed, constitutively activates the specific tyrosine kinase

receptor f philusiation and aygprotanigndrddp be linptieg ef piyvention.nEhe B8Rl texiaty and
manmary gl %@éjr%nce-gragg i’gﬁm}}g‘é Hﬁ?quﬁtcitgﬁ‘;ﬁgl%%g are riﬁcogébﬁgteﬁ %&3@%&%5 Q%iéf é@[?ﬁgd on

t he genotyping as CFi erein. NOW eral escr

i nventi on, fdrtkeat$eggh.wi | | be nore readily 10 understood through reference
to the foll owi ng exanpl es which are provided by way of illustration and
are not intended to be limting of the invention. The full text of
referepgesg ppki shed materials cited herein are incorporated by
reference as 1f set forth at |length. 15 EXAVPLES: Exanmple 1 - CD8:1GF1R

Tr ansgene Esmspleuct COFASFMRMVarGPel GRBRu¢MCl ) construct shown in Fig. 2 and

o9 |D N Mg SR EDSHEFIR RN 93t S G i i 100 ABEd RS Y. ques. for
exanpl e, Ausubel’;

was generated using standard molecular biology techniques, for example, Ausubel,

F.M. et al., Current Protocols in Molecular Biology, John Wiley and Sons, Volume 2

20  (1991). A HindII/BamHI fragment comprising the nucleotide sequence of SEQ ID

NO:2 and encoding amino acid residues 1-218 of the human CDS8 gene (SEQ ID

NO:3) was cloned into the HindI[II/BamHI site of pcDNA3.1(+) (Invitrogen™

Corporation, Carlsbad, California). The full length human cDNA for IGFIR was

obtained from R. Baserga (Thomas Jefferson University, Philadelphia, PA), Morrione

25  etal., ). Virology, 69:5300-5303 (1995). The cytoplasmic catalytic domain was
obtained using standard restriction enzyme techniques and subsequently, as a BamHI
fragment of the IGF1R comprising the nucleotide sequence of SEQ ID NO:4 and
encoding the amino acid sequence of SEQ ID NO:5, was inserted into at this site of
the vector containing the CD8 fragment. Orientation and integrity of the CD8:IGF1R

30 fusion sequence comprising the nucleotide sequence of SEQ ID NO:6 and encoding
the amino acid sequence of SEQ ID NO:7 was detected by restriction analysis and

confirmed by sequencing. To generate the transgene construct, the CD8:IGF1R
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F.M et al., Current Protocols in Mlecular Biology, John Wley and Sons,
Volume 2 20 (1991). A Hindlll/BanH fragnment conprising the nucleotide
sequence wh 0sBQSKD NO 2 and encodi ng am no aci d resi dues PCTAK83/a4278 he
human CD8 gene (SEQ ID NGO 3) was cloned into the HndflllBanH site of

pcDNA3. 1( + i f full

| ength hunglrl]é{):%%&lref orqﬁ%g\zéu Qf\%gg@{rgﬁﬂa%pﬁ from&%ieséﬂiégrbgfwga%ﬁgg Jef ferson
Uni ver si t y Celthd4 d@éﬂﬂﬁl(h%&?ﬁx)asulﬁbg id maeo%uﬁofaF1g, 2 And SEQOIDDYY: 1.

69: 5300- 53&”&1199 The ¢ t?g@asm c cata tjc mai n was obtai ned using
standard r &&ienfation ghd Eyiesr IRREHEHES Was @HB@ %ﬁéﬁﬂ‘feﬁl"m&s a BanH
fragment of the I GF1IR conpri sing the nucl eoti de sequence of SEQ ID NGO 4 and
encodi ng the ami no acid sequence of SEQ ID NO 5, was inserted into at this
site of5 tHﬁe(amptet%chtmnatainrﬁnngmhﬁng:mTfanwrmMiceOi ent ati on and integrity

of the CD8: | GFlI% 30 fusion se enc i:g ucI eo sequence of
SEQ ID NO 6 and ‘&HEEHRFIC & Rzbgine B éi?ggﬁ" VeTC \as
detect ed byehdsbd bs{"hh@ﬂngmﬂowfgmgin fi %ﬂﬁehtrfﬂ&ﬁ tﬁa’ab%% @sﬁ&m@gimomegener ate
t he transgene construct, 'the CD8:1G-1R 14 WD 03/073841 PCT/ US03/ 08278

fusi on gengrenuslenhelfCEIIAIPBA2IHR: GODIE2Mmyos cEmbrynssare Bwr&t?d Mel | er et
al . Cel I'; ln ﬁdia 10%s %t h&&r?c?%ll 6PMh t' 08 v1¥ghepem;ﬁ ntrsromliﬁe s:le F1 0. 2 and

SEQ | D NO ien egrl y of construct was confirmed by

sequentd ng backgrxmdp(Harkn-Spexpne Thiwley) IadidndpoRs dhdignOfusibigans gehiiqudd ce.
Transgeni ¢ _m ce harboring the MMIV- CD8 | GFI R const ruct (MCl) were
gener at ed dyscaiped BY Hipger ¢it» Manipubajing the Moyseh BB eAldn st r uct

into the 6@@% 6 S anEFEY wer e
gener at ed Eé&%% gﬁsﬁe)lfl cﬁ% /%dﬁﬁigs@ugg‘ﬁgg&mpﬁg ?I(l) Vi raggél&ﬁ;l femal es
fromthe saaeeyledsbélokb%pmlgd{mblarLMrﬁprya@ﬂss (m%)eynjed:tndlemba}pxslwese | ndi ana)

usi ng the scr et_al I\/anl i ng the Muse
Enbr yo: &‘?ﬁ?? 154 tP)ps Bmgnantg[ CF(Sﬁaﬂ@r ?laﬁau i‘i’y’ Rosa

Beddi ngg 0”Indfélﬁﬂ&moﬁﬂﬁi@?hhd‘hllo@&ﬁto%ekfaapﬁi Rrml a6 e t@@lfght &R Gr B84, 1 ng
Har bor Laboratory Press (1994) bect ed enbryos were transferred to
)

pseudopr egigrand tdRsaemes wengitaken(f NénaI@beEgﬁéheD‘a@nS@ne 1Mlqed1§;r®rli@1Sol is,
| ndi ana) a v i ) e, toe
! a2 2L Pl B O RRLER, bl S B g e
har bori ng td deed: RMGEPSIEFIR fesibiBNsihg &ﬁ dl)igoa pol yner ase chal n reaction
(PCR) strat ejg& desH%]ed .
S’AGGGTGTGGTGAAAGATGAAC3’ (SEQ ID NO:8) for the CD8 portion of the
20  fusion, and 5’CGTCCGAGTAAGTGGTGAAGA3’ (SEQ ID NO:9) for the IGF1R

porttion of the fusion. Founder mice (FO) shown to harbor the transgene were then

outbred to the ICR background, and progeny (F1) were again tested for transmission
of the transgene in a Mendelian fashion. Mice were observed twice daily for the
presence of tumors in either the salivary gland or mammary gland, and the date of

25  first observation of lesions was noted. Animals were euthanized when the tumors
grew to about 1000 mg, or when the lesions impaired movement or feeding. All mice
were housed in shoebox housing with food and water ad lib on a 12/12 light dark
cycle, and were humanely handled under the guidelines of the institutional ACUC in
an AAALAC accredited facility.

30
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to detect the CD8:1G-1R fusion by using the oligos

5' AGGGTGTGGTGAAAGATGAAC3' (SEQ ID NO8) for the CD8 portion of the 20
fusion, awo 03/0CBITCCGAGTAAGTGGTGAAGA3' (SEQ I D NO 9) for tIireTIUSPA682790rt i on
of the fusion. Founder mce (FO shown to harbor the transgene were then
outbred togthe | GR hackgroun rogeny (FI) were again tested for
transm ssi gﬁamB]Fgﬁhggqer]%xr?g%éﬁg /?nn% *'Wendel i an fashion. Mce were observed

twice daily forDehetiof 6PSPBIEFOR tiaREdhs ekpresiibmevas pdiformet ibydNorthgirand or
manmary gl and, and the date of 25 first observation of |esions was noted.

Ani mal s webkt analysani Te iephlyriransgeniqhigasdhat diad gxprgssignoeftthe raesesde. r  when the
noust ng w Do PO Re et Bfifiaifed Ald B S hEVERRab RBADEAOL

humanely haddilied enpbssion vas gualyhel imasnef fiohetwalsdes bfifiicnas walldE i n - an

AAALAC accredited facility. 30 15 WO 03/Q73841_PCT/ UﬁO%égBZ?S Example 3 -
Gene Expr e3&108ringnd Gellline sproples: Fantissresotis: sapgplas wore Aagulierea ip igiid on was

performed by o@?{%ﬁm&ﬂredtﬂlnﬁf th@%&%iclﬁlglg}ioisjﬂqg%.i T¥af RRASYS L GlaleliR8Rgt hat had

expression o e transgene, ring fromfounders were eut ganl zed
and their saldnophasigdchtom ofphendiand gedmdine isotifocudates, snch &xpe dsigdlon was

anal yzed i unors fromt l.in f mc as xenograft and cell
| i ne sanpl g’§ eﬁg‘?nttsy%tglﬂé@\,ggﬁcﬁbe‘gg}‘r&e ar*)dg‘dl‘céur?f @#q@‘g}gw?r.o i qui d
nitrogan apdrpkfidadCcanitat, CASofiide FRdm RN RINA isdldt@NmRIQA 3as Bhastes

i sol ated using a nonophasic solution of phenol and guani di ne

i sot hi ocyansingthe QligdiexaPire¢ianRNAAG! gsrpcom@emisdduithe :p8uieaiss descri bed by

t he manuf act ur er | nvi en rporat i I i, fornia).
From t hese (RGO GHRGERL V. CABRERY Fordb et oM Rty R Mteetgid O " 2k
Kit as recorMBEidetlysi bulfer, ABd soasl i L&I°C rap asciRl QTASEIR N Nal R #edodved in
California). For cell lines, cells were |ysed di reCthlAi nto the Trizol(r)

| ysi s buf f 0% agatosstast elgctzaphosiamdar denaprsimgegnditigas WHNA7WEe resol ved in
1.0% rose el ectrophor si [ { i %gm%]with 17. 6% 15
f or mal ehyﬁoén%lﬁ%hy rans tgdr%rs%g%figo @ggnmegn%%e;@ﬂ ?1‘-@@3%‘5‘5 r, mer sham

Bi osci enceBiostiensa| Uppsate Sasilert)byaapillatyelslyttivlgdiefora yytnidizatonhybr i di zat i on.

CD8: | GF1R nessages were detected by hybri dizing t RNA t o i o] abel | ed
pr obe CDS8:IGF1R messages were detected by ¥1ybridizing tlge th}i to aracthola%elrleadd probe

(Ready-to-Go kit, New England Nuclear/Perkin Elmer™ Life Sciences, Boston,
Massachusetts) derived from the 3° end of the construct encoding the IGF1R tyrosine
20  kinase domain. Hybridization was done in Rapid-hyb buffer (Amersham Biosciences,
Uppsala, Sweden) overnight and nonspecific annealing of the probe was eliminated
by multiple washes under stringent conditions (2x20 min in 0.1xSSC, 2%SDS at
65°C). Specific hybridization of the probe to the CD8:IGFIR message was detected
by exposing the blot to film (X-OMAT, Kodak Company, Rochester, NY) overnight.
25
Example 4 - Kinase Activity Analysis.

To ensure that the message expressed from the transgene construct generated a
constitutively active IGF1R kinase domain, protein from several sources was
analyzed for IGFIR specific activity. Samples analyzed were from the same tissues

30 as described for the Northern Blot analysis. Tissues were homogenized in a Triton,
Tris, and glycerol (TTG) lysis buffer (1% Triton X-100, 5% glycerol, 0.15M NaCl,
20mM Tris-HCI, pH 7.6, I1mM EDTA, 1mM sodium vanadate, 40uM ammonium
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(Ready-to-Go kit, New Engl and Nucl ear/Perkin ElnerTM Li fe Sci ences, Boston,
Massachusetts) derived fromthe 3' end of the construct encoding the | GF1R
tyrosi ne WO okiorsgge donmi n. Hybridi zati on was done in Rapi e#cChgusoboes2fger

(Amer sham Bi osci ences, Uppsal a, Sweden) overni ght and nonspecific

[ t
aneal |19 Gl Uy PRy Bhl fAg) Sl O GBI RISy | ngent
]Eh|e p E ;)(be ttotat hﬂgéllkﬁaﬂeﬁlﬁlimﬁgﬁaﬁgls}[/v?e dﬁﬁﬁﬁ%}ﬁg?ﬁiﬂMe@wmzagﬁ%(démFte)l Zt to

i m (X oda any, Roches Ver ni -
Ki nase A%%ﬁ gofimé h’yF@n@hngEéS tAapd D) %“ﬁ@s@ﬁg@d@&&@él@ﬁrﬁ)r om t he
transgene ‘%9&?%&‘(&}1 @'Bea[nﬂtee& H&% P{?'t ?%%Ej@f%eﬁ%%%&' nase domain,

protein fro evera sources ma nal Specific act|V|ty
Sanpl es Sanglojymerylawide gt amh mbﬁec&dedsmbmt a(hlms uﬁsg:ain hed for the

Nort h Bl ot I enized in a Triton, and
gl ;/ce(ra(r)ln ??‘%BP%?’@%@‘%W'@ y?@% oﬂh%}o 0’!’ é@@@%ﬁqyﬁtg¥y04trlpwdfﬂwﬁa0

20mM Tr i s- iiedbed Rt arPantibty Eﬂ}ié\mfcm\fl QALY AORIR] & indBVL 16 VIO
6ol 0730a1 PepeCRn abanidlt b ybdat e) eaﬁgigﬁhpr 0pER) © mdhbhamBRia 5O U ng

the mcro Ei@ﬁlllgsay, 3 ng of total tissue lysate or |GF1R-Sal cells were
i munopreci pitated with antibodies to CD8 (lanes ¢, d, f, g, h, i and j of
Figs. 4 and 7) or with antibodies to the 1G-1 receptor (lanes a, b and e

of Figs0 4EBExathpk)s - Bsebl@hfent\6f Rerv@Rffsahg ¢ el ides10% 5 pol yacryl am de gel
and subjected to Western bl ot anal ysis usi ng@a;n anti- phosphot yrosine
anti body (anti - Fhgeytablishenent pf xanogiads gubedblirasderived froppeid xendgmelis probed

with an an equal protein
| oadi ng. Eé;g%ﬂ}ﬂgo@ﬂgﬁl’:gﬁ 8%0IC| S msnl?|E00€h%Qfgeénl%lgl%fge;21 t's aﬁ&h@%ﬁrtﬁﬁl nes. The
est abl i shn‘daicrlbéd i«eBelgeraéttc&., hnﬁhuﬁ@:lehciehnleﬁcdiﬁr(]mbeﬁ)gfyr Oonigid) Onoct®geRf t s

| s known to those_skilled in_the art such as

those. - deserbedt HnamepReet S PFes. Vinthotir i Baeen G624 n Eosin

Contrilps Ogpfgke h&RIR ﬁg%‘%
321- 351, Kar gerw(ﬁﬁggk’%asggch ngltlzléc;i Sa%ﬁggﬁﬁv\g?al veP %)g) zltegpieou |rrpl ant

of a tunor obtaingddram g dpmerdsansgeandd MCE 9ng<)used»bam1gmsp<mtamﬁmsl3dmmng t ransgenic
Mcl - 19 m)utciﬁn(?re %mppa%ta%loﬁ%)a%tagggrr?p 1Ssk¥d usmg a9 -gauge trocar inserted

subcutaneously in to the ventral side of the mouse, near the mammary gland. Nude
(nu/nu) mice were obtained from Harlan Sprague Dawley Co. (Indianapolis, Indiana),
20  and maintained in an ammonia-free environment in a defined and pathogen-free
colony. Tumor growth was determined by measurement of tumors with a caliper once
or twice a week until the tumors reached a predetermined “target” size of 1 gm.
Tumor weights (mg) were estimated using the formula: tumor weight = (length x
width?) + 2. Xenograft IGF1R-Sal (MCI-19 xenograft tumors) tumors grown in nude
25 mice were excised and minced with scissors, and were dissociated using an enzyme
cocktail consisting of 0.025% collagenase (Sigma Chemical Co., St Louis, Missouri),
0.05% pronase (Calbiochem, LaJolla, California) and 0.04% DNase (Sigma) for 1
hour at 37°C.  After removal of debris, by passing the cell suspensions through 70
wm nylon screens, the cells were washed in phosphate buffered saline (PBS), counted,
30  and resuspended in complete RPMI™ (GIBCO™ Invitrogen Corporation, Carlsbad,
California) 1640 media supplemented with 10% heat inactivated fetal bovine serum

(GIBCO™ Invitrogen Corporation, Carlsbad, California). Cells (3 x 10E+5) were
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tumor. I nplantation was acconplished using a 13-gauge trocar inserted
subcut aneously in to the ventral side of the nouse, near the mammary gl and.
Nude (nuwowp/omsee were obtai ned from Harl an Sprague Dawl @¢Tas03/08278

(I ndi anapolis, Indiana), 20 and maintained in an ammoni a-free environnment

meacur enentt S HORE B OG F FifdeP Chped Shedif Bikt R LR T e Y uror
reached a pxgd %Iﬁ‘éﬂ‘c]@ﬁéd se};ﬁfﬂ;{ﬁzwﬁi thE fQfowing %tgaﬁglffﬂgi mﬁfv?\}xg ?}Igggééﬁqé wer e

estimated using thé fornula: nmor wei ght =

Xenogr af t  11GmiRINSEbrofkadin, C®llagenolf, Poly-Ddoysirs) t unors grown in nude 25 mice
were excised and mnced with scissors, and were dissoci ated using an enzyne
cocktail consisting of 0.025% col | agenase (Sigma Chem cal Co., St Louis,

M ssouris) , EQn@hd6 PGRAGsRoL SeTRhSERRWidear ft%si)}féfhﬁfr&}{sg&?e). and 0. 04% DNase

(Sigma) for 1 “hour at 37C. After renoval of debris, by passing the cell
suspensi ons t hr digime the same approactsas deserihedtim thedétanwyplessrbeveyasheals ierephosphat e

buffered sakin ) count ed, .30 and resuspepded in c | e RPM TM

(G Boorm | i agat R rAsRE eSS G drts BiBachga, o

suppl enent athnwintibadaheatirdcomdhi d@hass foah@intReMivIA 18846 Tombafzk BEFEM

I nvitrogen Corpaoration, Carlsbad, California). Cells (3 x 10E+5) were 17 WO

03/ 073841 PEer? gemo Tiysionfequense saEPETRG thg neleptdsseqperRe of SEQ B! | war e(r)
Bect oD gl i : > I ith the
ot Lovilg oXo oAl i bl S or ki) AFNESYY) GRERER $RBTRA S0

Col La%%g :_gyeé@oblyinﬂd e A&“Q(Barﬁ)giﬁh}pﬂeo fmake fhefell iﬁénigﬂﬂcdlaﬁe g Iﬁllmb % _EHIérQhM ce

wi t ; r i the sane roach as described in the
Exanpl es atﬁﬁs'éga@ﬂﬁﬁg‘@?@ﬁﬂgw% tﬁg‘ffé’r'ig g‘&ﬁ‘?%‘éﬁﬂ%ﬁt‘”&ﬁﬂ‘@ﬂ“@ ¢P&hslene
encodi ng a Jfgaiigmainet RALE ¢eBFNERR trﬁrfs@&%“ﬁiémf]g@. g?%%lfﬁé?ﬁ@t% ljular domai ns

to the intracellular ki nase domains of thé Her?2 e usi on
sequence c&rpicsssi pgderibe penttod of theMBEN prootaf THES thOcdBtm@ wds0 and

encodi a i Ci ] 1 11) (Plasm ds 57584 and 59296 were
obt ai ngg fr@%e%uﬁarll%%ﬁlaaﬁgmﬁ%? ﬁ@g.lb%lgg@sg & ‘fxt?FPtr?PEﬁﬁt TPRGF AR human Her 2
(GenBank Nontrdvblldld3@nasetdoathin) SBigk dodsfidt Mak BEndrhted ABing %ﬁbﬁé@%%idﬂ%ﬁ] human
CD8). In a simlar nmanner to the CD8:1GF1R transgene, the CD8: Her2 fusion

protein is te%gﬁp@g@wmdbqsetqﬁéld@dmheom where adragmout pereprbtieg theThus, the
ConSt 1 uCt Ystedul e 8t sE 1HR: Ancblify id Gk b1 0PRSS fisgePt T or

the difference In
(SEQ ID NO:13) were cloned in frame to a fragment comprising the nucleotide

20  sequence of SEQ ID NO:14 encoding the C-terminal 570 amino acid Her2 kinase
domain of SEQ ID NO:15 via an Xhol site and a connector (SEQ ID NO:16). The
final construct, where the transcriptional fusion of the recombinant protein was cloned
downstream of the MMTYV promoter, was handled as described herein for the
generation of mice for CD8:IGF1R. The CD8:Her2 mice (Her2 mice) developed

25  mammary gland and salivary gland tumors, similar to the CD8:IGF1R mice and those
generated by mutation to the rat neu gene (Mueller et al., Single-step induction of
mammary adenocarcinoma in transgenic mice bearing the activated c-neu oncogene,
Cell: 54, 105-115 (1988)). As with the CD8:IGF1R mice (MCI-15 And MCI-19),
mammary gland and salivary gland tumors were established in xenografts and in cell

30  culture for testing kinase inhibitors for specificity against the constitutively activated

Her2 tyrosine kinase receptor.
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intracel lular ki nase domain. The construct was generated using nol ecul ar

bi ol ogy techniques known to those of skill in the art where a fragnent
conpri si ryotobe73smucl eoti de sequence of SEQ ID NO 12 encodiCm@isanisres aci ds
1-218 of the CD8 gene (SEQ ID NO 13) were cloned in frame to a fragnent
conpri si ng HXaBpiRICH Gotdrateonl Tregenic /Rt wHECHOMEPTrdfencodi ng t he
C-termnal 570 no.aci d Her2 kinase _domain of SEQ I I% NGO 15 via an Xhol
site and a conng‘gﬂr@r %g@@@@r@@h%ﬁescmﬁ)@d irf the Zxamples tabavs, aninkeds wetehe
transcri ptiaR rot C ed downstream of
the MMIV pr o?m%%ré%lﬂﬁ\l}va%gtggrg%lp %Bg@ﬂ lsl‘g?jl51 Od %‘PHW?@P (It:ﬁ gener ati on of

mce for cg@nsmmlstane‘rm RDBcdtbd 2 dmnrams(tblelﬁ&mffa&ﬂmaelmh@@&ﬂm%om@mr y
land tunors, simlar to the CD8:1 GF1IR m ce and t hose

| d
geﬁgr ated 5@ Irf‘rﬁ?nti‘%/(iﬁ%wntsﬁq‘t‘%e FOPHSINg &@n‘é‘ {eotide segpenae QfISEQ B h§h:&7 st ep

i nducti on ehcodiBAIPYind 960 t

activated c- Cr?eu onco (ralne %@SE@.]@ !)@ Hg?ﬁ%&gﬁfaﬂ \Aﬁ?ﬁﬂgg@(}é& | GF1R

mce (M - &an%ﬁ@P, @@')Met fnﬂwnmoyelg hs&m@r&smﬂ wrlki thafcyn@blasfdhd MNITY Wer e
culture for testing kinase

establ i sheg?' afls a 3
i nhi bi tors*tor speC| ?f%’lsﬁt}%ﬁv@tl ‘?qji’é?a]ctﬁﬁ]%%t it the @Q%,IC&&R %ﬁsgane Her 2
tyrosine kéxwepefor &&&ﬁﬂfaéncehﬁ HOB8EHERE A REROHERS NI R foender e le'/ -

generatjon of Transgenic Mce with Transgene e sane
appr o a8eTgEded neetmpleclpebiplogiitaboiqube kegwmiv thedesofiskilbin thé &0 wherer at ed

t hat t t f t nmb d
ext 1 acel | f o CRers AL Re ERERE0 et AT Ny ling codinie 5 cher

gene (fu5|a1n1n9elqulsr1€2518arﬁmtmd398@§né (BEQ U N9 Re 8 WRAGE AR | D NO 17
encodlnga{namno aci.d o ID NO18). In a simlar manner to the

CD8: 1FGLR "3§HHd 58?'1‘8“51’(‘%1316(998%6%@6 ¥et9§P1%ﬁ¢ PBSGRINQs 2 xpeedisgthelfider t he

control oftetrh@aMIb\4 ntica t hat
for the CDB: | GER tr“élﬁig‘gefﬁ?”“?xﬂ%?defP f of QBRI D #2 5, e P alle 4

i ntradel | Lﬂ%gnnmtn!a@@(hmmzmﬂe mmthamOnmt s @Bﬁﬁ’feﬁto@drté@l dfgz.mol ecul ar
bi ol ogy teg in the art where a fragment
conpri si ng t %eq;{ﬁé mé—sgéq’gza %%@S%ﬁ(ﬂ)%@ Thy Gngd censaigt. rY@lerfam no

aci ds 1- 21Be aﬁns‘chpu@%ﬁgﬁiﬁ&)f(tlﬁlf@cbﬁbi}i%t?&bte%% éib&éhe&Né{&tr%{irﬁ%‘?tﬁ

fragment ri sing the nucl eotide sequence of encodlng t he
C ternin D6 PEARGieY. Was handiast asideperthed dhoredn for dtie ﬁlﬁ@altlbn NOnR&: fora a BanmH

site and CDS:IGFIR. The CD8:Met mice (MCM mice, for Mmtv/Cd8/Mef) developed

20  mammary gland and salivary gland tumors, similar to the CD8:IGF1R mice described
herein. As with the CD8:IGF1R mice (MCI-15 and MCI-19), mammary gland and
salivary gland tumors were established in xenografts as well as in cell culture for
testing kinase inhibitors for specificity against the constitutively activated cMet
tyrosine kinase receptor.

25
Example 8 - Evaluation of IGF1R Inhibitors.

The proliferative activity of two IGFIR inhibitors in cells was evaluated i
vitro against a cell line derived from a xenograft tumor generated in a transgenic
mouse, IGFIR Sal (CD8-IGFIR), which was engineered to overexpress the catalytic

30  domain of the human IGFIR. The two IGFIR inhibitors evaluated were a
benzimidazole compound as described in W002/079192 and U.S. Application No.
10/263,448, hereby incorporated by reference, and paclitaxel. Inhibition of cellular
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15 a connector (SEQ ID NO 23) (the human Met construct was obtai ned
courtesy of G Van der Wude, P.NA S. U S A, 84:6379-6383 (1987)). The
fi nal corworoaot3s4mwhere the transcriptional fusion of thepPcFasopisIant
protein was cl oned downstream of the MMIV pronoter, was handl ed as

descri bed 1€ ftibe Hench Met

m ce (MM nlﬁle‘i:e for RNI\E}FTIB%O%%%N%FH%S%\% ElI}’)gneh‘}izlllzlérrlrtan’marxlifﬁ%z Bﬁgg- g&lsjgl ivary
gl and t urprrcludingi Calp2@5(colos), (CE® (tB@PARRD Ic@habelvnryiokadomie HABOG (bisast)i t h t he

CD8: | GF1R m and and saljvar | and
tumors weré" é@ftﬂé‘gg %a#ﬁéppﬁta%g nBﬁééfrﬁgo%%'a%\%ﬁ%aé%ddﬁ%m@%‘ippra@ﬁptoiﬁi[éﬂf or
testing ki miagRididelihidi DNASaffcph 73 B86# Expobiry t@&%%}ﬁ& CQl?s waR atédlﬁt' Ve
activated cMet tyrosine kinase receptor. - Eval uation of

| GF1R | dhi bpigwsll m%w;gﬂampt@n@@a@ anct Adhiouys katermldﬁ W@bﬁms&dlt(ba tangs in

cells was t i nst. a .c derived from a,xenograft
t urmor gene?)g? J’ué%loﬁg% ntiai 8?\ 6}}?616331 ¢ l}%ﬁ&ﬁl%’g}% %Ef% ?féﬂ%fd% ch was

engi neer ed 4po:1/ﬁu¢6éxpﬂ@slﬁdﬁlb@Aﬁlafsﬁhmtprﬁnﬁ&migmah mk)tfbﬁs hourgn | GF1IR The
two | GFIR inhibjtors evaluated were a benzim dazol e conmpound as descri bed

in W02/ 07§¥Ypoinizad harvsstedoniq Uaikilis- 9 CF/B plajes SPak&Elmer, Bogtonncor por at ed by
r ef erence, i I 841

PCT/ US03/ o%@adﬂﬁf‘% S} ?é‘?g 1%1r'i}£f\;\>§§$ dasﬁlge&g‘gt fﬁg’!r“r?iu#]ozbézqug%‘g%&?a@?ée@yéof human

t unor %@no@oahécticef) Rlesuit-:ssue expedsset @opn K3lhpRARh (S te@i)g cdmeenttati@non) , RD1
(rhabdonyosar coma), H3396 (breast), and MDA PCa2b (prostate).

Prol i f er at Fesiyirgd & @mlwﬂleuolnfyratlﬁ@@m@%am that affunfradd cartispiicelisndltient o DNA
after a 72 were plated at, 1,500 5

cel | s/well I¢$dj gaéﬁév%e%fﬁlrr%%gﬁn el QZS%%%#] ﬁrteggﬁ ahﬁéasfﬁy ﬂreuc’iwwflél% ?‘ﬂ%& | s were
exposed to a range of drug concentrations. After 72 hours incubation at
37C, cells were pulsed with 4G /m [6_3 H thym di ne (Amersham Phar naci a
Bi otech, UK) for 3 hours, trypsi ni ze’-Ehblmhrvested ont o Uni Filter-96, GF/ B

pl ates (P ki Ermet —Boston; acC1y eH-at+oeRr—was
measur ed )& a_Topgount . NXT (Pagﬁgoi%lxml\i%x&ﬁ?ﬁgé@lcm%mﬁésuI ts are|expressed
as an | G50, R is the dr ug | GRER St atiopoell isglui red to inhibit ¢ell

prol i feraf b&riMiHa20%cbRpbiaf ¢f untreated contreh celTs. The TCoD val ues
for the coompaunds eval uat ed im this assay are shown in Table |.
paclitaxel 2.9

15  linhibition of proliferation was determined after a 72 h exposure by [3H]—thymidine

incorporation.
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Table I Cytotoxicity Assay 1C50 (nM against Conpound | GF1IR Sal tunor cell
| inel benzi m dazol e conpound 120 paclitaxel 2.9 15 |Inhibition of
proliferawDoa/ovissl det ermi ned after a 72 h exposure by [ 3HpCThysus/0k2me

i ncorporation. 20 WD 03/073841 PCT/US03/08278 CLAIMS: What is clained is:
1. A transgeaission- human manmmal whose somatic and germline cells contain
a genone conprised of a transgene encodi ng a sequence for a constitutively
5 acti vat eWhayisgdpimedisnase receptor, wherein the non-hunan mamal is nore

cuscept D1 £ SeNchARLRR: bR Lo e R RERRL LR 1o

wher ei n t heortdiaRS@aoRe cORPHLESES tans gshe@ACElin O sequendistor hgbhsti@ltivect | vat ed
tyrosi ne ki nase receptor operably 10 linked to a nurine pronoter. 3. The
tr ansgehi caqtiyatedmosingdinase 1esepter syheren fedioarhmaganemmak Bape conpri ses a

sequence e i i i zat | 3! i - | .
i ntracel | u]ﬂ%?éﬁéf;?ea{ogchvglogilng‘;gfél%%oshgéﬁfr%& 0 gctg éﬁ%@ﬁg %ﬁtﬁg{éggﬂegg%t or. 4. The
t r ansgeni ckinase-tacepaor. ranmal of claim 3 wherein the dinerization- 15

i nduci ble moiety s a sequence .encoding for.  the extracellul ar and
t ransnmenbr ane %obFEF Han memngwglapﬁ%ar%p é’tl%lﬁlnla}”ﬁ?e‘ieén e (13p388RS £ r om t he

group Cconskshhiigs AlsequtBbdr Won%ftﬁ’é_(%')fy S@RLRA t7R6RR kitlasé %(@lﬁ%m opdedt

transform ng growmh factor-a (TG- , Insulin receptor |nsu?,in-|ike
gr owt h14 aclinked(tp @FR)rinerametest - deri ved growth factor (PDGFR), fi brobl ast

The-t ranagen ¢ WoRoHUHBRRRTRAT G ar A hatira RECRle BREABERre (s Mvrv.
6. The transA®iNes aREfALI@ItodRIFTEY 2 @imetization-thdnbieleahbietyadkhdrase domai n
intracellular catalytic kinase domain of a tyrosine kinase receptor.

4. The transgenic non-human mammal of claim 3 wherein the dimerization-

15 inducible moiety is a sequence encoding for the extracellular and transmembrane
domains of CDS and the kinase domain is selected from the group consisting of
epidermal growth factor receptor (EGFR), HER2, transforming growth factor-a
(TGF-a), insulin receptor (IR), insulin-like growth factor (IGFR), platelet-derived
growth factor (PDGFR), fibroblast growth factor (FGFR), and hepatocyte growth

20  factor receptor (Met).

5. The transgenic non-human mammal of claim 2 wherein the promoter is
MMTV.

6. The transgenic non-human mammal of claim 4 wherein the kinase domain
is

25 IGFIR.

7. A transgenic non-human mammal which expresses a genomic DNA
fragment which comprises a coding sequence for a constitutively activated tyrosine
kinase receptor, wherein said transgenic non-human mammal can be bred to produce
progeny non-human mammals whose genomes comprise said genomic DNA

30 fragment.

8. A method for obtaining a target mouse whose genome comprises a

genomic DNA fragment wherein the DNA fragment comprises a coding sequence for
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is 25 IGF1IR. 7. A transgeni c non- human mammal whi ch expresses a genom ¢ DNA
fragnment which conprises a coding sequence for a constitutively activated

t yrosi ne whiopazs4r ecept or, wherein said transgeni c non- huram/usasresrs can be
bred to produce progeny non-human mammal s whose genones conprise said

genom ¢ DNAcatitutpgiveittivat8d tytosihd Kiaskelr8depadd] @héteiGsadd Mol @San 50 bekl tohose
genone conprises a genom c DNA fragnment wherein the DNA fragnment conprises

a codi ng SPYIBeRCRIOLYY MiXe WHOSE S¢IPPES 40mpUNy 338D 8¢ v8ne PNA figgment, saidi vel y
activated ﬁx\é{h%a'cgﬁxgﬁsf\%g%ﬁegtgée&t or, wherein said nouse can be bred to

produce progen noies conprise said genonic DNA fragment, said

nmet hod conpri si g idoleingtacpailidbd egdfiromadinet fef@leambeyet i | | zed egg froma first
femal e nouse; 5 (b) transferring enonm ¢ DNA fragnment which conprises a
codi ng %equence(b ﬂ@ﬂsfgrrgkgr?sgqnpmlq D@%yffégﬁl"?fiﬁé‘ffé@ QWEIéﬁeﬁéCR‘?lﬁéé%luP%%pt or

into said ferti dr%?:gn&ﬁguveléﬁéu\;afeﬁq o§ihe kﬂgséatae'gg%&efnttd Li# e84 (5ot ai ni ng

sai d genom c nment the uterus udopr egnant secofid fenal e
nouse; and (d) @ltnanﬁ‘emnlgg;aﬁlaiemlﬁed:eggbcﬁmmmg sm‘rd@nomwthAl*fMgmemtc(l) sai d
second femal e se becones nant with_ an enb erived from said
fertilized egg h‘tteoﬂl?l? PCYHP hiecorngmal ‘?‘5‘8 4 (i) said embryo

devel ops into s@f)dhdighQ@le ggﬁp&@on@ﬁgla(élhbgse%%gtﬂagrget mouse i s viably born
fromsaid second ferral e m)use 15 wherein the genone of said target nouse

conpri ks said genorr(lb:salid\lsecmé@rmitmn@bbammeepmgsthVlthB%nbxaﬂ be bred to
produce progeny m ce who eno rise  said non ¢ fragnent. 9.
A net hod of screeni nﬁeffvc?ﬁ%% ﬁ%f%‘%p GESPBAIIG Sag eBITEf ifvely

activated tyrosine kfra%ﬁ@ltreceptor for use in treating cancer resulting

froma 20 constitutive activated tyrosine kinase rec (ﬁt or which conpri ses
admi nistering an i n(l@§@id§émbf&5<hd¢%mgm9ﬁ@é target IeU$oMhunan nammal

according to claim 1(1351&@ target mouse is viably born from said second female mouse;
15  wherein the genome of said target mouse comprises said genomic DNA fragment and
wherein said mouse can be bred to produce progeny mice whose genomes comprise
said genomic DNA fragment.
9. A method of screening for selective modulators of a constitutively
activated tyrosine kinase receptor for use in treating cancer resulting from a
20 constitutively activated tyrosine kinase receptor which comprises administering an
investigational substance to the non-human mammal according to claim 1 and
assaying the cancer treating efficacy of said investigational substance in said cancer.
10. A pharmaceutical composition for treating cancer resulting from a
constitutitively activated tyrosine kinase receptor which comprises a substance
25  determined by the method of claim 9 to have cancer treating efficacy in said cancer.
11. A method for producing a transgenic mouse that develops tumors specific
for a constitutively activated tyrosine kinase receptor comprising the steps of:
(a) obtaining a tumor fragment from the transgenic non-human animal
according to claim 1, wherein said transgenic non-human animal is a mouse;
30 (b) implanting subcutaneously said tumor fragment to a recipient nude mouse;

and
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assaying the cancer treating efficacy of said investigational substance in
said cancer. 10. A pharnmaceutical conposition for treating cancer resulting
froma cowoeBoraseitively activated tyrosine ki nase recept ®CTSOFIB2CONPr i ses
a substance 25 determ ned by the nethod of claim9 to have cancer treating
efficacy in sai ¢)esig@ining shld mbusEkdadicbdb) BIdREBEIINGOM tb hRNsHE BicvtADUSE

t hat devel ops tupors specific for a constitutively activated tyrosine

ki nase recept or ScwibrIEsnYd sl @meps of . (a) obtaining a tumor fragment
fromthe transgesi - [ ' ' rein said
transgeni ¢ non- ﬁu%nﬁéﬁ?%wgﬂgi@u%%ggégé%g% %e?rrlplﬁlaenhrl?neéprseu g&t aneously
sai d tunor céstmtivsly dctivaed eogdhekihasdteeptoR s eiprisiaf the?depd@r03/ 073841

PCT/ USO03/ 08278 aSc)D mai nt ai ni [}g sai d nouse from step (b) under conditions
to promdte growt¥ OOBNIBY R HURLY fErempnkirers the {rantgenic npn-INmasanBeelf or  produci ng
a transgeni c no > L:neq t : 0 ' ] Lvat ed
tyrosi ne Ki nasekl“r%gf:dggé tﬂélglg[?n%r‘?@%lgégﬁgﬁgg%ggc %@Oﬂﬁé&%%&héﬁ% éin?]clﬁltﬁ%’ a tunor
fragment from t ¢ itodatimegels fomosaidwmen sanplepdnd according to claim. 1.,

wherein said tragsgeni c. non:h animal is a, nouse, b) .isolating cells
fromsaid tunor FCS Q%ﬁ}f@;th%ﬁala(%?e@ﬁ He %é“?}h‘é’r‘%%ﬁné%ﬁ’ ’E‘é‘l“%%“ godds adich
condi tions as tgapmikybedai BoRWdteAd viability of said isolated cells. 10
13. A transgenic nouse cell line that expresses a constitutively activated

t yrosi He ki nasel3-eddpnogengbmauseall bipe thne cxnpressesia sonstitwtively dctivattdi m 12. 23

tyrosine kinase receptor obtained by the method according to claim 12.

23



