WO 2008/074880PCT/EP2007/064433 Ira nsgenic Animal Model The present invention is related toa - -
transgenic, non-human animal, particularly a transgenic rodent, which allows for the simultaneous,
tissue-specific and temporally-controlled regulation of transgene expression. Such model can be used
as a tool to iM/@stitfHeefiseé consecutive steps involved in initiation and progP&SERIMGI vestan diseases
such as cancer, but particularly lung cancer, Transgenic non-human animal models such as transgenic
mouse models have been irreplaceable tools for the study of the molecular and physiological
processes involved in certain human disease states, particularly those involved in oncogenicity.
Whereas the gene disruption and gene replacement strategies used to develop conventional
transgenic mouse models are appropriate to create null mutants or gain-of-function mutants, neither is
ideal to model diseases with polygenic qtiglegies-and envionmmental influences such as, for example,
cancer as an "acquired" disease. Such known strategies create germline mutations. As a
consequence, the potential to initiate a cascade of secondary responses during the earliest stages of

developmént ipseiastantiabrthesesrespanges, eyendf phemoty piealhlstient intheunsiressediprganism,

may consjde alter the behavior to additional challenges in the adult mouse. Although this
formatior SRSt TeaS He Bl oA Fenten e & TS A S dF RS SRt AR Maucing
its expressiutirifite reduieprovidked ansgtersiaipmesosuitAble envidehmentiwhickeis aet samplieated
by potenti e} t 11 I0 Jlor. r t cers are sporadic apd cafcinogenesis is
often tissL%%%%ﬁ%ﬁ&%éé@ﬁ:&T Re;éc;%r?\{? ntifﬁ%?ﬁeag:sqé%erﬁ%ﬁr%g)%%eagagrri%g@%%gs?iﬁﬂiv% transgenes in
the comp%@éﬁ%éwmééﬂa?mWGWf@férﬁumaéﬁﬁﬁonment than is found during initiation of
sporadic gaaRgEEfavhicha feuntumer aells atessurigynded by many H%%l? Fedadianpy keep he
[

incipient cancer cell in check by cell-cell contact or paracrine signaling. Epidemiological data have

clearly indiGtES Babie iparee sihiBialye &l dhfy msivie dvitRitei degishrioseaseiy valredr. Past
moleculagbigtoay-stisheshaue seveale ihe sampignmelesuip AllatIANSRJYBG GANORSH Misknown

that perturbations of the integrity of integrated signaling networks, positively or negatively regulating

various celtISEHLESHLRS RAMERNRoMRBEGETIE ¥ Bt iaalsSIdmpto heiBisipessiameritiagavo

208/07488aRRER 200106 433ctanner. Apwithialk types of eancar fiarsfermpationfrom aagsmal
lung cell E%&;_E?Ia” naﬂ% I.una.é]a%ﬁr ceII#'s tge_ result of,man{ combinations of events. Though
carcinogenesis of Clgarette smoke is be SRS Bes i e LR iR AR ftdragraeRtEnt as
to which $tépsrarestralyateqaredoforecamopicto devedopa¥ harcduse anrstieffecielationship hetween
certain gegetic or epi ti ations.and carginogenesis is often unclear, This is complicated by
the fact t%at |§t?ggi§ kér?cé)a\%r% a%)%%?t{]ﬁé ggr tﬁﬁ%ﬁ%‘tsﬁoﬁ ggg?gt?g%’rlﬁgﬁgiiﬁﬁﬁcgaiggq@h&%e égs%e.’ a
Furtherm®?P&CBoth e seltappest orgiivoingtcaincerihad tagiesinpitgeyent "paraslopical’ rade that
the micrognyisgnmentplays indumarigenicity ar Héﬂﬁﬁ? | rategies.for the development of
transgenic mouse models for I#r,]%ﬁca%bers ha?/éS evo veﬁ%&ﬁ%ﬁ%ﬁtﬁﬁ?ﬁﬁ@%&%ggﬁ 8 donstitlitive
mode to FEGHIHE e akpredisiontandhaiatisn opgerstirreletlatenes indudiblethdtenThisallows

for the conrl @figane axpsrssiIfRN i@ SeRliRlRRJ Hesue-sreriic manasinihes e&%(r%ﬁ&@”&&érﬁ’eﬁer

platform ;}%ﬂ further investigation of the molecular basis of tumorigenesis (reviewe Kwak et al.,
2004). THETHESERNGEN T6EH LRGN g réa g BRsish iRt ahasr ifema e ariake roves

recombinagesofdrbastenephageang the FipRcembingse-ot Sacchatppees eeTavisias:yeast, which
behave quite simila%o each other. The r%:%mbin%se enzyme Ore (or F%@%romotes recombination

via recoghiton of 2 SPBh SEietic SORitRoHIE (HEQISRESS: Bty Bty YnhaiAi4tive
orientaticspetifiie |%R sitesyrimmay icatatyzeiexcision: (samterientatianher insesienéepposie

orientati S ents located between these sites. The known roach to achieve
induciblggﬁg%g%%ﬁ}gaﬁ%@{%s moa%apeasﬁ%a%r%are%g SR EE A4 %&fﬁn@é@‘ﬁéjmm%e line
bears thétaifjistyeher@iagenessegnantyiacikedby twodoxde sitesds the sadee dientatip maink|

ositioneg il sueh muJual ihdaps ahprexealnaia) asne aeivib(loxpd aene). Thesecond

transgenic mouse line’contains a transgene expressing Cre recombinase. en
lines are BESEHEG; depending on the promoter and regulatory sequences present in the transgene, the

foxed gempicAioiss s amion s AioRaRALAR AL Felar Russ dL R pataD fa e tha

two requirements must be fulfilled for conditional gene targéting with t re system.
Firstly, tHS o488 dfERIGRIS B EIatkaaRStch a5k airiRatiBidsupaneitichies, andessosniiy thegeting
of Ore expiegsion myisthRtightyaemeolied: Repeadiag an thedaxsd BNA sepuance, the GrefloxP

system ca%alsq be ysed to cEjeaterin ertion. To this end, conditional transgenes can be introduced not
only in a'§ gﬂ%ﬁg SPGB aRE R G MRS RRVEKS MBRthegatively regulating various

cellular processes to maintain homeostasis of the lung, lead to the progression of g



3 These conditional models can be targeted to cancer, since it is a sporadic, that is acquired disease.
Therefore, a genetic change can be introduced at any stage of the development of the mouse model.
However, in addition to the fact that cancer is often an acquired disease and is subject to the
sophisticated*¢oRpHEatidA of the microenvironment, tobacco smoke carcin&§arieigsliowssextra
features. Epidemiological data showing that smokers, 15 to 25 years after smoke cessation, face
almost the same low risk of developing lung cancer as the non-smoker strongly suggest a
"reversibilifyhesrdosageiefest of pigarette;smele. Mergoner:ihe insHit IMpRsst:PyGigaratte gmake is
often intermil'?tent w(ith respect to its n]o_de %f action, Several conditional transgenic mouse models for
lung cancBFhaUE Bedh e GBIEHEd 15 intra gséﬁﬁtgF intr AR ey BliRRIREe fh gt HR BRlendR¥ e irus,
a recombiremtragen®siss bryessing:Cretesonbinase (Jasksometiata 29 PloMeunissen et iadie

2001). Ho ppression or activation of the targeted genes in this way is jrreversible and
becomes %%%éstm%?\?e%a er?@e'adr%%% s%rg{%g{uvghfg%%% ﬁ%'t?@ﬁgéf tji'?egﬁ’f“{éerE ittent hatireofEigarette
smoke expbsoteadriinadtisdvedmeversibilityehdiopcanigenstmikersiiotewing cessatioantbese
points raigg uesti fyelevanc n [ , conditional transgenic mice as
proper diﬁa@?ﬁ&?@%‘? ggﬁe%tggsgn@é&%%#gﬁggd u%ﬁg%?g%j}rﬁg’itf Igno%gr \‘7]\/%% ,%Qt’ p?gg?é’nt
there is n&iBiSePtralvggeir Riotke Mddadoraiaytreigardiwdmorerinducid fumg elirigpe arfother
smoke-indgad diseasey, |BBMmaRGanieakenpaainent ion Rymanapinal madel fpr stugying

cigarette smoke-induced diseases should be able to capture: 1) thé acquired nature of the diseases, 2)

the compliCatiow B e MRt BERGrEEREStisE T REFHtEHveharacteristics of cigarette smoke

exposureFRRgA) thetsguarsibletpabisc-efdhe AAISINPYRNIBRIOGESSIA shavkersfplipwing. gessation.
3a Summary In a first aspect, there is provided a non-human transgenic animal comprising stably
integrate }ﬁ’lzt% i?évﬁg/ﬁgn%%ﬁirﬁ'r SIGH BHEERe And a%@@iﬁ&%%%pf@%@%n@aé@%‘tﬁ@ﬁ%eﬁﬁn said
second expressiinrcassetibishmpiteseesanond palynucieolideentodinga sasoadingermbinase
under thec,_%%n;j[r?lo?f aetigsue-s ecific.ﬁeromot r :gnd %%J(%cf;kir;% nucleotide sequence, which blocks
expression of the seeoTd TuGBMbLS B TRR 1Rkt SR e SR B HE MU G d e v RS B @urs
from saidiiigétre-sietific pfomdiethiarthevmmigetucedbtate, andinheseirbsaid fisst expraagon gassette
comprise I lynu id odi firgt recombinase pnder the control of an on/off type
inducible%%%%ﬁ%%?\% |($1$%%o%fr%§ucgg% / é%ﬁc}gm%ﬁgg’?tigﬁccﬁ%%&%&ng%’f@%ﬁ&% igr'n(orl?é?%'?%ttjfé%st one
of its conSRiERES 8 krasgesithe firserecoiisinase ashivh reme vé S th e diitekcirdamth e se ¢ondp

oxpress\tesamRiinandt adhialen EsTOROIDE seaanlRenTbave IR e TR nere

provided a composition comprising a. a first vect a first expression cassette

comprisift ¥ polyifutsestiRiinaReo By & 6iSt Peloribin R5erupissr Broogiitalion styperirefucible
promoterawdichp UBOPHIRELIEHOR By ERIBRASTHOR-CAMRIEING-Figaretie,smoke or At Igast ane;of its

constituents, eé%ess?s a first recombinase, and  b. a second vector molectle comprising a second
expressidh EHLEAR CoMpriSiHg S8y hiR IEstusBAbGEIR i EeBdsa T Srpiiaie Urklenssiisntrol of
a tissue-gpppificiprameteniant ablpekiDy Ausieptidersagusrce nuhich blacksexpeassion of thgsecond
recombinase suc %hat (o] exeg)rei%%]suigq of the second recombjnase occurs from this promoter in the

non-induéed state, the axprésd RAR SURAEA By SR Nirsorb iRt RIS firguse

expressidneassdttefirst transgenic maouse line bears the target gene {or gene segment) flanked

AEOIROTE

by two loxi® sites in the same orientation and positionad in such a way that it does not
prevent normat geng activity {floxed gene). The second transgenic mouse fine containg
a fransgene expressing Cre recombinase, When fthese two mouse lines are crossed,
depending on the promoter and regulatory sequences preseni in the transgene, the
floxed gene is deleted and a mutation Is created in particular cells or tissues. It is
important te note that two requirements must be fulfilled for conditional gene targeting
with the Cre/loxP (or Fip/frt) system. Firstly, the floxed allele must be created in such g
way that it is slill functional, and secondly, targeting of Cre expression must be tightly
controlled. Depending on the floxed DNA segquence, the CrefloxP system can also be
used {o create insertion. To this end, conditional transgenses can be introduced not onty

in a given type of cell but also at a givert time in development.



In a third aspect, there is provided a method for producing a transgenic non-human animal model
comprising (a)providing a first expression cassette and a second expression cassette as recited
above; (b)introducing said first and second expression cassette into the genome of an animal,
particularly a mouse by (i) introducing said first and second expression cassette into a fertilized mouse
egg or a blastocyst of an embryo; (ii) transferring the fertilized egg containing said expression
cassettes to the oviduct of a pseudopregnant female mouse wherein the mouse becomes pregnant;
or, in the alternative (Hi)transplanting the embryo containing said expression cassettes into a
pseudopregnant mouse and allowing said blastocyst o develop to term; (c)allowing the pregnant
female moUisedte delivBigpragenydmice;aandbe targeied o cancer, since i is a sporadic, that is

acquirsd dissase. Therefore, a genetic change can be introduced at any stage of the
development of the mouse model. However, in addition to the fact that cancer is ofien
an acquired disease and iz subject i the sophisticated complication of the
microenvironment, fobacco smoke  carcinogenesis  shows  extra  featurss.
Epidemiological data showing that smokers, 15 to 25 years afier smoke cessation, face
atmost the same [ow risk of developing lung cancer as the non-smoker strongly suggest
a “reversibility” or dosage aifect of cigarstie smoke. Moreover, the insult imposed by
cigarette smoke is often intermiftent with respect to itz mode of action. Several
conditional transgenic mouse models for lung cancer have been developed by
mtranasally or intratracheally administering the adenoc-cre virus, a recombinant
adenovirus expressing Cre-recombinase {Jackson et al., 2001; Meuwissen et al,, 2001).
Howaver, the suppression or acltivation of the targeted genes in this way is irreversible
and bacomes constitutive after the administration, which does not reflect the intermittent
nature of cigarette smoke exposure or the observed reversibility of lung cancer in
smokers following cessation. These poinis raise the guestion of relevance of the known
conventional and conditional transgenic mice as proper disease models for cigaretie
smoke-induced lung tumorigenicity. In other words, at present there is no proper
fransgenic mouse model for studying cigarette smoke-induced lung cancer or other
smoke-induced diseases.

In summary, an idsal or pertinent non-human animal model for studying cigaretie
smoke-induced diseases should be able to capture: 1) the acquired nature of the
disgases, 2) the complication of the microenvironment, 3) the intermitient characteristics
of cigarette smoke exposure, and 4} the "reversible” nature of the carcinogenic process

in smokers following cessation.



(d)selecting from the progeny mice those which have stably incorporated into the genome the first and
second expression cassette. 3b In a fourth aspect, there is provided a method for producing a
transgenic non-human animal model comprising (a) providing a first expression cassette and a
second expression cassette as recited above (b) traasfecting a population of mouse embryonic stem
cells with a first expression cassette and a second expression cassette; (c) identifying a mouse
embryonic stem ¢ Ilhavmg said first and second expression cassette integrated into its genome by
homologous recofft ton; (d) inserting said cell into a mouse embryo; and

in g first aspect, there is prowded a non-human transgenic animal comprising stably integrated into its genome a

first expression cassette and a second expression cassette, wherein said second expression
cassette comprises a second polynucieotide encoding a second recombinase under the control
of a tissue-specific promoter and a blocking nucleotide seguence, which blocks axprassion of
the second recombinase such that no expression of the second recombinase occurs from said
tissue-specific promoter in the non-induced state, and wherein said first expression cassetite
comprises a first polynucleotide encoding & first recombinase under the control of an on/off type
inducible promoter, which, upon induction by a composition comprising cigaretie smoke or at
jeast one of its constituents, expresses the first recombinase, which removes the block from the

second expression cassetie and activates expression of the second recombinase,

t

In a second aspedt, there is provided a composition comprising

a. a first vector molecule comprising a first expression cassette comprising a polynucleotide
encoding a first recombinase under the control of an on/off-type inducible promater, which, upon
induction by a composition comprising cigarette smoke or at least one of its constituents, expresses a
first recombinase, and

b, a second vector molecule comprising a second expression cassetie comprising a
polynuclectide encoding a second recombinase under the control of & tissue-specific promoter and a
blocking nucleotide sequence, which blocks expression of the second recombinase such that no
expression of the second recombinase occurs from this promoter in the non-induced state, the

expression of which is activaied by the expression product of the first expression cassette.

in a third aspect, there is provided a method for producing a transgenic non-human animal
model comprising

{a) providing & first expression cassetie and a second expression cassetie as recited
above,
2)] introducing said first and second expression cassetie into the genome of an animai,

particulariy a mouse by

{n introducing said first and second expression cassette into a fertilized mouse
egg or a blastocyst of an embryo;

{if) transferring the fertilized egg containing said expression cassettes to the
oviduct of a pseudopregnant female mouse wherein the mouse becomes
oregnant; or, in the alternative

(i)  transplanting the embryo containing said expression casseties into a
pseudopregnant mouse and allowing said blastocyst (o develop to term;

{c) allowing the pregnant female mouse to deliver progeny mice; and
(d) selecting from the progeny mice those which have stably incorporated into the

genome the first and second expression cassette.



(e) allowing the resulting embryo to grow thereby producing the transgenic mouse which has stably
incorporated into the genome the first and second expression cassette. In a fifth aspect, there is
provided a method of evaluating the carcinogenic potential of an agent or a composition in a specific
tissue of a non-human transgenic animal when apg@ied intermittently comprising: (i) contacting the
non-human transgenic animal as defined above with the agent or composition to be evaluated; (ii)
blocking or inactivating expression of a gene of interest thus causing genetic aberrations within the

cells of a specifiq fissiie 0t 1he nonshHmAB IR SIS IS ARIMALHHR ddentifying ang-detepining said

genetic aberrations; (iv) comparing the number of genetically altered cells in a sample from the treated
non-human trans&ARt BATHAPRREIE number of genetically altered cells in a sample from an
untreated non-human tremsgedie ArmnsaPEEFen Jaarhlh AardrissreftdriibielSreteP SR Pa ESfitfol agent,
wherein the diffeegiee in the number of transformed cells in the treated animal, relative to the number
of transformed cells in the absence of treatment or treatment with a control agent, indicates the
carcinogenic poténtialratsielitssecBPREBHMY ofnB0LRRIPRSPEEC RSB ifiovitied 4 Ph&RIAS R
evaluating the reversihilitgaf 4he £ascinogepiesprocess4dieiuced by an agent or composition comprising:

(i) contacting the non-human transgenic %nimal as defwgd above .w%'t nwseegtg‘%rgx%;e%g[@rposition to be

evaluated intermfﬁ%nfi’f%t& 189ﬁnmg°tos%e(i% med time sche \Jfé@f ?ﬂ? g'i%c INng or inactivating expression of

a gene of interest thuseearigimyesEHatE ButrEaions Nl BRYLELE a4 ic tissue of the
non-human transgeniesnineda(diddentifying:enehdeteravining said genetic aberrations; (iv)
discontinuing contacting the Ry UMD draRsIrNicanipalyithheiagent eregapOsition tohbe
evaluated, comparing the number of geneti altered cells In a sa from the intermittently treated
animal with the numt?@ 0 aa%é}"éc ?@I%%?r(f g%ai%ﬁ%nﬁ@Fn&&ejﬁﬁnaarﬁa%%%%ég%mel after treatment had
been discontinued, and (iv) determining reversibility of the carcinogenic process. 3c Detailed

Description of Inz}egt%%ﬂ aspect, there is provided a method of evaluating the carcinogenic potential of an

agent or a composition in a specific tissue of a non-human

transgenic animal when applied intermittently comprising: {i) contacting the non-human
transgenic animal as defined above with the agent or compasition to be

evaluated; (i) blocking or inactivating expression of a gene of interest thus causing genetic
aberrations within the celis of a specific tissue of the non-human transgenic animal, (iii) identifying
and determining said genetic aberrations; (iv) comparing the number of genetically altered cells in
a sample from the ireated non-human transgenic animal with the number of genetically altered
cells in a sample from an untreated non-human fransgenic animal or non-human transgenic
animat treated with a control agent, wherein the difference in the number of transformed celis in
the treated animal, relative to the number of transformed cells in the absence of treatment or

treatment with a control agent, indicates the carcinogenic potential of the test compound.

In a sixth aspect, there is provided a method for evalualing the reversibility of the
carcinogenic process induced by an agent or composition comprising:
(i} contacting the non-human transgenic animal as defined above

with the agent or composition to be evaiuated intermittently according to a defined time
schedule; (i) blocking or inactivating expression of a gene of interest thus causing genetfic
aberrations within the cells of a specific tissue of the non-human transgenic animal, (iil) ideniifying
and determining said genetic aberrations; {iv) discontinuing contacting the non-human fransgenic
animal with the agent or composition fo be evaluated, comparing the number of genetically
altered cells in 2 sample from the intermitiently treated animai with the number of aliered cells in a
sample from a animal at a given time after treatment had been discontinued, and (iv) determining

reversibility of the carcinogenic process.



The present invention now provides such a non-human animal model which possesses the above
mentioned advantageous capabilities. In particular, the invention provides a transgenic, non-human
animal comprising stably integrated into its genome a first and a second expression cassette, wherein
said second expression cassette comprises a poajynucleotide encoding an effector polypeptide under
the control of a tissue-specific promoter. The expression of said (second) effctor polypeptide is
activated by the expression product of the first expression cassette, which expression product is
encoded hy.a palynucleotide ynder the control of an inducible promoter. WO

2008/074880P -P2007/064433 4 According to all aspects and embodiments of the present
invention, the preferred transgenic, non-human animal is a transgenjc rodent Particularly preferred is a
transgenic ffoHERSFHJAMRELRR, B PESERBMIERHGh TOVIHER R RRHBGEAIC S5O MIALm AT SRfiRTaS
comprising,stablyJptegiated date ds:-0engmme:a Hisl-expressian-easselie and a:5e600d expression
cassette, wherein said second expression cassette comprises a second polynucleotide encoding a
second eHISR B pRRTIL Titich H1E AT o7 R4 ScEReBLEHE FrorRRar st GRtoRAly. A frther
nucleotide:sequeneenwbithrbloakssexpressieniofdhie secandieffiestos pioly peptidetsuchrthatses o
expression of the secand effector polynucleotide pccurs from said tissue-specific promoter in the
b e e m s ST R ke G R
encoding priirstffectorpealypestden uniesaine centrobidf affcind usibleprontotér, atiich{atbdry indaction
by an induging agent or composition and ex ion_of the first effector,po |é1| act] .
expressioﬁ}(gf%ﬁ’é% seécon %ﬁgcﬁér %%?ygg%?idge%%o%%%@mg est%?%t}%méw%?ﬁcgtﬁh%%ﬁ% ?rgn% t%lr}%@céshd
expressiofircagksitby o emboiimenter the ioveinton, antiafsg@icriornhidman animal is provided,
particularly a transgenic rodent, but especially a transgenic mouse comprising stably integrated into
the mouse genome a first and a second expression cassette, wherein said second expression
cassette comprises a polynucleotide encoding a second effector polypeptide under the control of a
tissue-specific promoter, particularly a lung tissue specific promoter that controls expression of lung
tissue specific proteins in the lung, the expression of which is activated by the expression product of
the first expression cassette which expression product is encoded by a polynucleotide under the
control of an inducible promoter, particularly a promoter that is inducible by cigarette smoke or by one
or more of its constituents; and a gene of interest (GOI), for example a tumor suppressor gene or any
other gene that can be suitably used within the scope of the present invention, which is integrated in
the animals genome and flanked by short polynucleotides comprising recognition sites of the
recombinase protein which do not interfere with the normal expression of the gene of interest such that
the GOl is actively expressed from the animals genome in the non-induced state, but becomes
inactivated upon expression of the second effector polypeptide. In one embodiment of the invention, a
transgenic non-human animal is provided, particularly a transgenic rodent, but especially a transgenic
mouse comprising stably integrated into the mouse genome a first and a second expression cassette,
wherein




WO 2008/074880PCT/EP20071064433 5 said second expression cassette comprises a
polynucleotide encoding a second effector polypeptide under the control of a tissue-specific promoter,
particularly a lung tissue specific promoter that controls expression of lung tissue specific proteins in
the lung, and’d¥avtiéy Hi#eleotide sequence, which blocks expression of the?§@didiaffestor
polypeptide such that no expression of the effector nucleotide occurs from this promoter in the
non-induced state, and wherein said first expression gassette comprises a polynucleotide encoding a

first effectntpopeptide indeptheconiolohandnaucible Pramoier-Rarticilarya premoteL ihat is

inducible by cigarette smoke or by one or more of its constituents which, upon induction expresses the
first effectoP PORBEPt LA FERTOVESTHE bfocR fHERTHE R chritPekpriBasic BaYsatertitrradivating
expressiofr@idhergecandseffector polypeptide; and a gene of interest (GO1), for example a tumor
Suppressor gene or an%/ otheé%ene that can be Sﬁglgly used within the scope of the present invention,

which is intElFAEH T thaCaRinTaTs JeHdMR RREPHIGGE B ST ol mUciebtie S dampRegiaBsgnition
sites of theteédpmmbinestptbiein Whighrdormotimerfesgyeithithe normaakexptessionof the,gesesof

interest s%%réég%t th\ae/h%%i}]s %Hvseé% tjeizl< ressed from the ar%lmal%‘%enome in the non-induced state, but

lted Upon expression of the second BHEctor polybebiide® e Spetie M8t Rent of

becomes inactivate
the inventigirodtrgnsgeniend arifecimancyimeiidis prolddéoe wheteindhe firstiexpressionnassstte and
the secong . expression,cagselie are.s Jnte 2d in th me, of at least one samatic cell of said
transgenic, pén-ﬁuman%r%mal. I%rg]ncgﬁ%br{ i%e%ﬁ%%n ”éd@n%ﬁ%ﬁ%%giﬁ\}/{gﬁf%%?n t%ﬁsegé’ﬁai%?ﬂdo
non-humd&i &fifiaPlenidid swherdieihectisteisggetontl thpressionicaiselte ayelgmishpdtitgrated

in the genqmg;f pbieastiane gesmaling aell of saidransgenic, nanshuman; animal, Qptionally, the

second expression cassette comprises a further nucleotide sequence, which blocks expression of the

second effEdioF FURHHIERARRSEHSe MIGERIFFRUBIdoEl oobbisirelisempriced omeorisbreaoipcodons
or a polyasisinylatialeSeRUENe8:0L SrIePOHE LECRRIGLBRY ShehICIgatide seauence carabls of ,

blocking expression of the second effector polypeptide. Advantageously, it is located in the éxpression

cassette SUCHIRAASGHTESLIERBP AL B RIBrHoipeitne id ifotied e livrdreraplynerRido atet @Rtream
of the nuclepticlessrquetice sneadingthasesongeieriornolypeniides merepreieralbhaivesh,the

promoter and the e{rj)codin goll%/nucle ide. In a specific embodiment of the invention, the first
ﬁ SeCon ‘F%é ca

polynucleo ide encoﬁné]rt firsSt-Etett EF'polypeptide comprised in the first expression cassette under

control oflanoW0:20084074880P GTHERLO0FI06443Rnsgenic non-human animal is provided,
particularly a transgenic rodent, but especially a transgenic mouse comprising stably
integrated into the mouse genome a first and a second expression cassette, wherein
said second expression cassetle comprises a polynuclectide encoding a second
effector polypeptide under the control of & tissue-specific prometer, particularly a lung
tissue specific promoter that contrals expression of lung tissue specific proteing in the
lung, the expression of which is activated by the expression product of the first
expression cassetie which expression product is encodead by a pelynuclectide under the
confmi of an inducible promoter, particularly 2 promoter that is inducible by cigarette
smoke or by one or more of its constituents; and a gene of interest (GO, for example a
tumor suppressor gene or any other gene that can be suitably used within the scope of
the praesent invention, which is integrated In the animals genome and flanked by short
polynucleotides comprising recognition sites of the recombinase protein which do not
interfere with the normal expression of the gene of interest such that the GOI is actively
expressed from the animals genome in the non-induced state, but becomes inactivaied
upor expression of the second effector polypeptids.
i one embodiment of the invention, a fransgenic non-human animal is provided,
particularly a transgenic rodent, but especially a transgenic mouse comprising stably

integrated into the mouse genome a first and 2 second expression cassette, whersin



6 inducible promoter is a recombinase encoding polynucleatide and the blocking sequence is flanked
by short nucleotide sequences comprising recognition sites of the recombinase protein. In particular,
the first effector polypeptide is a Cre recombinase or an Flp recombinase and the recombinase
recognition se§uBieEsHiEhking the blocking nucleotide sequence, particulafyii@solekgesuence or
stop codon or reporter gene are ioxP and fit recognition sequences, respectively. In a specific
embodiment of the invention, the inducible promoter gontrolling the expression of the first effector

polypeptidesip taedisstiexpressian cassetiads an,enalitype promateswhish i%ﬁmﬂg ijgd%gggr?d“d

provides essentially no background activity. In particular, induction of said promoter ose dependent
and compBUREDT BB pBRiEh WssHTentamdahat alfrsarnrsiione gendsxpressivaievelsaad
durations hysmedulating e slese and:the-ailye afibeindusing-aoent, b a-spagificasnect;qfihe

invention ?n inducible pFrF?&moter s provided which is strongly induced in the presence of environmental

toxicants, TOrexatfipte HieBtifE AR HEIFERIR SrorAtk SRFERSERHY dliersasBrhsdrsisyrene

(BaP), angehissintated:divxinstanddupaasssuch e ictmstiorogibenzapodions (ERDRY aRdnoter

bete-naphthaflavone QBNiFé, om of th!ch re res_enéi | tobacco smoke, and the like, individually or
in different combingtions e éﬁes @S?no% of"%gfed"t‘fgng’ﬁ‘f e?lf?? (ARTEFEGfic GHRBBEmMERT I RS @
invention, fthiyimchigsibigep rornoténe enticitingfthecexpregsionias thedeffettorqolimpepticierinthe-first
expressio els ! rolling expression.of a cytochrome P450 mono-oxygenase, but
particularl F%%E%Eéi%%@ﬁﬁgyy%%ﬁ%ﬁ%éf’%ﬁfgrgﬂ?s lﬁ’(g:%i) eb rc%)g %%{rerﬁwg?sg%ﬁé%@ifﬁﬁ{?he
scope of thieipresirtivasitonifoncontrollingexiiressivmafabe finst &ffectéiepalypeptiversiden as] for

example,%M&Wﬁ%&%ﬂﬂi%?Qé@&ﬁ%%@%@é@ﬂ%ﬁ%&éﬁg SJESRQASINE gene ggr%%%%’

promoters of metallotheonine genes and other cyp-type promoters. In another aspect’of the invention,

the tissuetRp R ProRiGIEICEoPRIBRRR} ERpresdich of the Yo tBRtREHECONpdiypeptdetomptised in the
second exprassiespagseiaismlissue speriliamsomoter-partisularysa Junstissue,spssific promoter,

more preferably a promoter which controls expression of lung tissue-specific proteins, most preferably
a protein IHEFRESJBLRINMNG c¥HESsE HeHAtRAEY hroihmpEpiBraRNeers {CTankesdyirshort
respiratorysne igeniraldtenehitieg sechasiitar exampleiibe sdarmunelisE0 meatain WRasticalart
P R A R S RS 2 O e P OO R s e mctively
expressed from the animals genome in the non-induced state, but becomes inactivated
upon exprassion of the second effector polypeptids.
In a specific embodiment of the invention, a fransgenic, non-human animal, is provided,
wherein the first expression cassette and the second expression cassetie are stably
integrated in the genome of at least one somatic cell of said transgenic, non-human
animal.
in another specific embodiment of the invention, a transgenic, non-human animal is
provided, wherein the first and second expression cassstie are stably integrated in the
genome of at least one germiine call of said transgenic, non-human animal,
Optionally, the sscond expression cassetie comprises a further nucleotide sequence,
which blocks expression of the second effsctor polynuclestids. The blocking nuciectide
sequence comprises one or more  stop codons or a polyadenylation sequencs or a
reporter gene or any other nucleotide sequence capable of biocking expres_sibr; of the
sscond effector polypeptide. Advantagsously, it is located in the expression cassette
such that expression of the effector polypeptide is blocked. Preferably it is located
upstream of the nuciectide sequence encoding the second effector polypeptide, more
preferably between the promoter and the enceding polynuclestide.
in & specific embodiment of the invention, the first polynuclectide encoding the first

effector polypeptide comprised in the first expression cassetie undsr control of an



In another embodiment of the invention, the lung tissue-specific promoter is a promoter which controls
expression of a lung tissue-specific protein, more particularly a protein that is specifically expressed in
alveolar epithelial cells such as, for example, the surfactant protein A/C. Such protein is a lung
tissue-specifl¥ $r8tBIRT4kich modulates a number of immune cell functionspPéri¢hRdirg/eel Broliferation,
cytokine production, the expression of cell surface markers, and the generation of oxidative activity. In
still another embodiment of the invention, the lung tissue specific promoter is a promoter which

controls expression akdngtissue-spesific-Riisns B RO LP _b_%%y&%ggu%gpimg" Egﬁﬁmatmh

as, for example, the RA1G1, Other lung- tissue-specific promoters that may also be used w he
scope of tREBIEEhH VAR Eh MCRIRST o/ ERas o8 IReRRACISERIEEE frons i igrogicsonbiging of
thyroid transeriptipmdactesidit] | F1), the promoter of aguaporin 5, the promoter of T1 alpha and the
promoter fretinoiiaci -ingusgec%gene 1 (RAIG{él%. Thyroid transcrig;ion factor-1 (I | F-1, product of the
Nkx2.1 gehe) 15 e588ntBFroF Branching FROMASHEREST of thErG ARt ftes BXBrRssIIA%E
surfactantpibtemsdiy alsecias typedrieds, SEclphads adifferentiationgene efiung flvelarapithelial
type | cellﬁaé%gﬂ)%ri%S_ (A%P,é) issea %%tgé char%?el pro}gin eprressed on the apical surface of _Falveolar
epithelial fype 1 cells, RR1E1YS a jene speciticalyexpraeled in R EpidRiiaI e5fs GFbofh ' pél and
type Il. In®faghéioaspectefthe, invgridivethe transgenic, non-human animal according to the present
invention gnd.d ibed herein, e ol bly integrated in its genome a gene of interest
(GOD) the exprecion ot AHeh ot iog Ve L8 tord S Dy BEDUAe 1 pauLiar B
transgeni€XREFERGMAR iniatisproideehtaraphsmgstab|§iristeygratedimocits genosesa firstoff-
expressiopcasaaiiaand 4.spe0nd exiRgROMAASEE!a M BrEn Aald.secand prriession casseite

ide under the 0

o
comprises a polynucleotide encoding a second effector polypep ontro £ R

tissue-spéGREYrdMRBT SHEBNEISIER o iRIchIE aired BYsm slespressibr pfodtictofthg first
expressiognaassetiewhishexassion pragkich is Racesashby anohyueletide uader the cantrglof an

inducible promoter and wherein said transgenic, non-human animal comprises in its genome a gene of

interest (GHBIRTIEN ISRibGHTEd T Freamprhiasyanorreahtan Relivingiagest actively expressed from

the genorreabyihtioomgssintagtivaiapuptoexprassioned hesesond effepiasPolvnaptider NGy,
2008/0748 PC&F{I;%ZOO?/O64433 In another embodiment, the invention provides a transgenic,
p

I aimal) partieiiary 4 fhiSgERIEIEHER Uiy SERARedrRAR0R ABIBYERGHe a first

non-human anlmai,
and a secondhexpregsionadssettéEMiprainisaid secanthexprassiORCASSEIE COMPLSES alioxins

polynuclegtide [ second.eff r polypeptide.under ntro| of a tissue-specific promoter
and, optiﬁﬁlyﬁgﬁfﬁh%%%uc}%ongé%ﬁé%%‘%%%&vﬁ?cﬁ '%'I%%'Qs xpres ’ioﬁ%at g@é@@ﬁ?ﬁﬁ Qo
polypeptitrSukhemiaenolexpreisiva oftseriffactobracteatideleccars fiomithis promiztesin thein

non-induceg-state, e whersin said dirst r‘?ié‘?éeéﬁ%ﬁdc gﬁ&g&(&@prises a polynucleotide, encoding a

first effector poiypeptide under the control of an induci e promote'(, which, upon induction by an
inducing Hyeht Biotp &siRsi ineréxplelsomuetiefirstiafdadigioly ppptideiaictivatts lbxpréssion of

the secongefiesian pefypentigiecier apmley remedng-theblock fram the second sﬁ]?;f&%—%?é‘r

cassette, and wherein said transgenic non-numan animal, particularly said transgenic mouse,
compriseSaR¢ é‘ BhoRTE R AR ofintereSf sy MehictAROntEaRcRK It tHEENIMAl sHgeimAssiBuch
that it is asiprelsexpedsseddypnmaait:aenomeinribesoa-nducadstata, i Heromesiinagiivaied upon
expression of the, second effector polypeptide. The gene of interest may either be a native gene which
is present n ?ﬁe(%zjﬁ%r%‘@%? é%ﬁ%gg& ORI PEiRsaIo8roin R Sl HE IR, eohdisive that
has beersimtfodiscedintazheanimits gehomevartificialy ihioughiieesmbinans BNAtachnigyess The
gene of interest may, for example,.be a tumor suppres ene such as the tumor suppressor gene
k-Ras 1Zp%ﬁzgjgii%\ﬁ%lggt?%éﬁ)ﬁ?ﬁﬁI"o? T8 Eﬁ/leUW%%%\TG&PEE%%ﬁ%?ﬁn@Whgﬁﬁgngf’%ﬁf%n be
suitably uses@ighin the scope of the present invention, which gene is operably integrated into the
genome I ni ively expressed from the genome in the
non-indugfe(%}gzgj[%?l bu? bgigﬁﬁgﬁggﬁg @r%%%%\%%e\é%u%cﬁge@éfgé%ﬁ %?E'Lr?eigg Senh %%Féi%ﬂ)f)f
polypeptifl& SR EpcHiRe Emboapratitefap@mizsttitni v escoond aifectr polypesitieésis dssues

recombingséaaddhe-asee cbdnieiashin thegsnome of edransosaic han human animal s fianked
by short nucleotide sequences comprising recognition sites of a recombinase protein which do not
interfere RRAMHE MGG EXPIEYSIGHIAREYeRE Ny Uissue-specific proteins, most preferably a
protein that is specifically expressed in nonciliated bronchial epithelial cslls (Clara cells)
in respiratory and terminal bronchioles such as, for example, the Clara celi 10 protein.

Particudarly preferred is the GCA0 protein promoter.



interest. In particular, the effector polypeptide is a Ore recombinase or an Flp recornbinase and the
recombinase recognition sequences flanking the gene of interest (G01) are loxP and frt recognition
sequences, respectively. WO 2008/074880PCT/EP2007/064433 9 In another aspect of the invention,
the gene of iMteré¥¥(@8454s integrated in the genome of the transgenic, no®GliEFRaAsaHEIN an
inactive state or not actively expressed from the genome. In particular, a transgenic, non-human
animal is provided comprising stably integrated into its genome a first expression cassette and a

second expreasipR casasitermuheainsaisspeend wr@%iﬁg-&%s%ﬁ@%@%&@95,9%1@%%%%@96
e

encoding a s,eﬁ;)nd _g_aff?ctor polypeptide under the control of a tissue-specific promoter, expression
of which i€"BEHV AR By SR &TSEIGH FrothitlSptiReIneciitpresiith carmeRENPILAbxpresiai

product istescoslechbyincpolynuglessisieiundenibeiseripliafian inducibippramoter and;whereip,said -
transgenic, apn;:hu an ani Egc mprises in its genome a gene of interest (GO1), which is integrated in
TR BT ot SR UFIB Frof dctivel SRR R He tiiomEceMTeEsmes

the animal's ge'n%
activated opobexpiessionef thellskeonideifectorppiypegtiges in-enather-embediment thesnvenation
provides Sgenic, .non- n,animal comprising stably integrated i to its genome a first and a
second e%c)} esé%%@é(géggﬁegav%%?eln%gﬂsse%rgcr[lgjg Yé"'?g%i? Bégégs%ﬁaagdﬁﬁﬁg&ya polynucleotide
encoding & sedbrdeffectarpotyiieptidecinter thezobintroltbEaltisgutsspeciisspitmeteraser optignally,
a further nuglegtide seguence. whi OCk ressiop 1e second effector. palypeptide such that
no expre;%:on of the effecmﬁ% eo%§é8§§§ﬁﬁr§§1§ h%%%?r%g?é:f iR the {r%ﬂn%iﬁaol%gg é}gf’e?%
wherein siieffitstBgpredsivintastete doamprises @ pulmibledlitisséncoding a first effector polypeptide

under thewsgiayal.phaniaduchleieralRhohichyHPaR NdHel gL bycan IDfging aogpl oF srigosition
and expression of a first effector po?lrypeptlde, activates eéxpression of the second effector polypeptide,

for examplEEB§ TRIMGMIG THE BHsts fRorf tRB R charenprssisieeiad Steen drel wnerehvsalatiransgenic,
non-humanyesitnakaesipisess@blyinteuratpdie il GapRIPe GRS Sfinterest é&@&r}ﬁféhi%} B4

integrated in the agi al's genome such that it is not actively expressed from sai Qenome in the
non-indu@é@aﬁ@, b%?b@gﬁﬁ‘fg?a% VAR o sl feb 9eiene Radadefdomripdrpestiatomhe
blocking petynuti¢dlidempyocontpsfseia sliorcpdendr ia pelv@deniatiorssealRNee-PhRutRRRIie! gene
and is par, 'ciy‘lgrt[y{!ocaﬁ%d |ﬂ tgeexpges_sion_.cass tte such that ex&re@o& of the effector polypeptide is
blocked, But €3pecaily DEtWESI the PIomOter and thee SO dmE BoISrilicRIRERTTHEGEnEF itérest
may eithetipecainativéiiferetivhich ispresshtinghelvarishueadinelial type | cells.  Aguaporins

(AQPSY is a water channel protein expressed on the apical surface of alveolar epithelial
type | cells. RAIGT is a gene specifically expressed in lung epithelial celis of both type |
and type 1l

In a further aspect of the invention, the transgenic, non-human animal according to the
present invention and described herein before comprises stably integrated in its
genome a gene of interest (GOI) the expression of which is modulated by the second
eiffecior polypeptide.

In particular, a transgenic, non-human animal is provided comprising stably integrated
into its genome a first expression casselie and a secorid expression cassette, wherein
said second expression casselte comprises a polynuclestide encoding a second
effector polypeptide under the control of a tissue-specific promoter, the exprassion of
which is activated by the expression product of the first expression cassette which
expression product is encoded by a polynucleotide under the control of an inducible
promoter and wherein sald transgenic, non-human animal comprises in its genome a
gene of interes! (GOI), which is integrated in the enimal's genome In an active state or
actively expressed from the genome, but becomes inactivated upon expression of the
second eftector polypepiide.



animal's genome or, in the alternative, a transgene that has been introduced into the WO
2008/074880PCT/EP2007/064433 10 genorne atrtificially through recombinant DNA techniques. The
inactive gene of interest (G01) is deblocked or activated upon expression of the second effector
polypeptide St ERptession of the gene of interest is caused. The genecafirtersstmaay, for
example, be a tumor susceptibility gene such as a tumor susceptibility gene selected from the group
consisting of a lung adenoma susceptibility gene 1 (Las-1) and Kirstin rat sarcoma oncogene 2 (Kras2)
or any othet genarbat snde skitabhased within the seaRe of the,present invention. Eurther
comprised by th [esent invention is a vector molecule comprising a first expression Cassette and a
second e@?&%’%@? ¢RI IR Parsra sampiskereinblediiesimiareintedi drsturprestionacassette
comprisessasplynucistidesrnceding:adirsteffeniospelwpeptidedinsasde control of e&d#%@?'%
promoter, V\é}rgi%h D¢ %‘ienducticgn by an m‘%ﬁ@%%m or composition expresses a first effector
polypeptide: Sndeiy Secone [Stedsi6H i i IvRGek diricrnEshing 2 tesdnd
effector é)@lgy@eﬁﬁtid@mdeﬁhemgntrmgﬁxﬁai@gu@s@mm@ prm@@@ﬁd@e%@ﬁlt'ff&nhﬁih‘{@mc@@cml
activate ressi roduct of.the first expression cassette. In particular, the invention relates
to a vecto?%ég%gﬁg,%v%ﬁggei%et %ﬂgfagg% Bk r%?g |%%§§§s§8ﬁ é%?ﬁ&%@‘?f{g?ﬁﬁﬁ& PO KUERRRIGE,
which blo¢ks s sienlss thresetuadeffactar polybe piite- hoonetesnkiadimrent thednyeatiomrs:
provides smolecu, ising a.fi S5sion cassette.and a second expression cassette
B part of e g e oL e i e e SR P B o e 2 s Ucotice
encoding &8t EtfeetirlpBigpEptitislupibsr memoirrobdfian, inducibie pronmober avhichaiperaisiction
by an induging Ageskercampesiionsxpiesses lisleliesioppolvspiide, anl sad second, o

expression cassette comprises a polynucleotide encoding a ector polypepticle underthe

control of B HSRROLP IR ST RIIVEICRNE o pab AR Rl SuBK s rifeIb L decsbinsinBe wHieh d8ocks

expressim@&efsa&m&@ﬁ@p@@%@%ﬁ%é@%ﬁ@&ﬁ&%@ﬁmz?féﬁﬁn%ﬁeﬁé%wgy%%?doccurS
from this %romoter_ in the non-induced state. The expression of the second effector polypeptide is

activated by tRE“EXprESL R proftiGRERR st ExSeedion casseite. Thdrbprishal @itherwiiefedtide
sequencentelgictiddoks expressiornsafdhersecanth effectornalypentidesuskeihalne sxargssionof the
effector n%cl%oéiqe Qceurs frgm the tissue-specific promater in the non-induced state, may be a

) NoN-i sl %e- L%n%'r

HBASING Ofie BF nT5Te St5S dBAENEE B Dok SRR oIgA) BegEamed a

nucleotide sequence comprising
reporter gerrREET amyyothEiidsequence capable of blocking expression of the second effector

The gene of interest may sither be a native gene which is present in the genome of the
transgenic, non-human animal, or, in the afterngtive, a transgene that has been
introduced into the animal's genome ariificially through recombinant DNA techniques,

The gene of interest may, for example, be a umeor SUpPressor gene such as the tumor
suppressor gene k-Ras 12 (Jackson et al,, 2001), Rb1 or Tips3 (Meuwissen et al

2001}, or any other gens that can be suitably used within the scope of the present

b

invention, which gene is operably integraied info the genome of the transgenic, non-
human animal and actively expressed from the genome in the non-indusced state, but
becomes blocked or inactivated upon expression of the second effector polypeptide.

in a specific embodiment of the invention, the second effector polypeptide is a
recombinase and the gene of interest in the genome of the transgenic, non-human
animal is flanked by short nucleotide sequences comprising recognition sites of a
recormbinase. protein which do not interfers with the normal expression of the gene of
interest.

In particular, the effector polypepiide is a Cre recombinase or an Flp recombinase and
the recombinase recognition sequences flanking the gens of interest (GO are lox® and
it recoghition sequences, respectively.



WO 2008/074880PCT/EP2007/064433 11 polypeptide and is particularly located in the expression
cassette such that expression of the second effector polypeptide is blocked. Preferably the nucleotide
sequence is located upstream of the polynucleotide encoding the second effector polypeptide, more
preferably betVe@ftthEf¥omoter and the encoding nucleotide sequence. ARSI GEHSE¢EIS a vector
molecule, wherein the inducible promoter controlling the expression of the effector polypeptide in the
first expression cassette is an on/off-type promoter which is strongly induced and provides essentially

no back_g_rgw%@g{@ﬁt)@%ﬁ@g@qg@é%metqgsgé@ the; NS fé@ﬂ)lr]gug{{%%%g}p%n% ar
composition, particularly on cigarette smoke or at least one of its constituents, particularly a promoter
controIIin@@?ﬁ@@sﬁ?@@a%ﬁf&gﬁaﬁe PABH FEHO-8RgBhdBe 2 BulrespiesiafiBte pronisterasshetlling
expressionxpfrtheaypicid gene:nbmaefurther embodiment, a vector molecule according to the present
invention !% pro%jd%d whﬁrein the tissue-specific promoter is a [un%tissue-specific romoter,
particularly ' pror Tor IvHiHeEsH oIS B LN BH TR o TiSUGEISpR GREHIGIE BsSi@she bty Brotkins
that are speoificaliyrexpresseairerpneiliddec-heorchialepithelisbeellsGlaraneiskinrasniratonyand

terminal b hi u for example,.the Clara cell 10 protein, particularly the CC10 protein
promoter.ég terﬁ%%%?éﬁ ,C%% \?é’égrg mé6 ggﬁ%eaggé%%@?o %e%?@@@ﬁﬁ%@ﬁti@ﬁ?ﬂﬁﬂ?goﬁp?%@ﬁ%ng

tissue-spééificiprambteemiten.colstrdlseexpréssian ef fungdissaeitpesificproteing thabaresspeeifically
expressed. i VEO 'u lial for le, the surfactant protein A/C. In a further
apoct of T o e ooy e e B PR ohrnete et
effector pBKRIEPHERES WINIEHTS i& @Wﬁ&_,%mf@u@%ﬁ@Beuimi@‘mbmasmmmacﬁlameiﬂ_:ﬂﬂmﬁhﬂase
andjor a seepnslafissiorpabmenide. whichds 2 resombinase .narisulary 3 Cre recombinase of a Fp
recombinase. Further provided is a vector molecule according to the nvention comprlgng an
expressicEasLEHEEEM pHSIMY Wigehdoriserisdir jateaninpire eompinade zadogaitionsteiguences,
particularia foxes-targgtegiransgena s Rtemstolbonaqnbadimentel theinyentian avectar ¢

molecule i’.séep[ov_idegdf\é{erein the gene, of interest is a tumor suppressor gene such as p53, Art, Dmpl
and Rb of % tonror SUStepbMt g&me Sich as k-Ras 12, WT1, TSG101, etc., and wherein the gene is
flanked bjnCeneeicagnitichosigeencaielniyesanniherenkedimenhabiag invention, myectgrmalecule

Is provide&%%g&rri%in&a%iy integrated into its genome a first and a second expression cassstie,
wherein sald second expression casseite comprises a polynucleotide encoding a
second effector polypeptide under the control of a tissue-specific promoter and,
oplionally, a further nuclectide sequence, which blocks expression of the sacond
effector polypeptide such that no expression of the effectar nucleotide oceurs from this
promoter in the non-induced state, and whereln said first expression casseite comprises
a polynuclectide encoding a first sffector polypeplide under the control of an inducible
promoter, which, upon induction by an inducing agent or composition and expression of
a first effector polypeptide, activates expression of the second effector nolypepiids, for
example by remaving the block from the second expression cassstie, and wherein said
fransgenic, non-human animal comprises stably integrated in its genome g gene of
interest (GOI), which is integrated in the animal's gencme such that it is not actively
expressed from said genome in the non-induced state, but becomes activaied upoh
axpression of the second effector p‘ﬁi;ﬁp@pﬁde.

The blocking polynuclectide may comprise a stop codon or a polyadenylation sequernice
or @ reporter gene and is particularly iocated in the expression cassette such that
expression of the effector polypeptide is blocked, but especially between the promoter
and the encoding polynucleotide.

The gene of interest may either be a native gene which is present in the non-human

animal's genome or, in the alternative, a transgene that has been introduced into the



first expression cassette, a second expression cassette and a third expression cassette as part of the
same vector molecule, wherein said first expression cassette comprises a WO
2008/074880PCT/EP2007/064433 polynucleotide encoding a first effector polypeptide under the
control of an Wfde{e’Hi¥moter, which, upon induction by an inducing ageMGYEHEGSIHGH expresses
a first effector polypeptide, and said second expression cassette comprises a polynucleotide encoding
a second effector polypeptide under the control of a igsue-specific promoter and, optionally, a further

nucleotide;seaenceminsh E}@&hgr@&@@ﬁiﬂﬂ&&tbﬁﬁ%&ﬁﬁ%@%ﬁ’@'}fﬁgi 98%5%%%‘ BPest

expressioz of we effector nucleotide occurs from this promoter in the non-induced state, the

expressionOPWhitH Rt by T B resin R pRoRRE Bf Bhd TRsEeRprak sibAcassetementiieaid

third eprmﬁﬁ@f@@%%d.%E@@%@ﬁ@%pﬁ@@?ﬁ%@é@%&ﬁ v_vithI relcombinase recognition )

sequences, particular.a foxed targeted transgene of interest particularly a tumor suppressor gene suc
TE Hithor S Rk

as p53, A Brﬁﬁﬁ*%ﬁé‘ﬁ@f&% it YENE G IR 1 Sope1SHSEEe, eieor
particularly ftarkeitb ify Crenrecognitian sequerces: in enpesbgdimentef thednyantiensa-cempgsition
is provide é%g)éjnp?ﬁ%g_ I{P%Tgi{g ierégrre§s{io_n cassette and the éﬁ@ong %xij)resyon cassette according to
the preserft invention and as described HarGin beforE e ARt b P hidlé THesr SRR of
said vectdrarldebles:settaitisraibmglzoerpredsiomessseitemilyr.In one embodiment of the invention,
a composgiar.is. provide: risi irst ression cassette, the second expression cassette
and the thﬁig@gfgrggé@ﬁ%ﬁﬁﬁe@%%é?ﬁ?ﬁéﬁtoﬁﬁ%%?%%eﬁt ‘lan\}{eerﬁ’t%_n S geggﬁb%@ 'ﬁ@reﬁn‘%@i‘ore on
at least tWHBISEREVEABPHHEIctifes, Fanitulatiyoadhiree distiadtesectopambletites sact: thatatrleast

one vectomm@lﬁggl,e\&%}@w%&M%%Pé@é%%%@&éﬁ%&%m§eaé§|f’avﬁic§@{d@%'§@&éeém@a dnen be

: . ing @
transfected into a non-human animal simultaneously or consecutively. et another emgodu%ent, the

present iNVEhtBRESFETIRSYRFREHR HBEBFodiRifg A Phridganic drcitenanainivl, pdritulampa
transgenicneadsiiz b especiatig ERsEeniCRIANSERFFUINGJohe PrRseBkInYENlion comprising

transfectir% f? twar,k%[et‘ aniggl with a vector molecule according to the invention and as described herein
before. It SAGHRTERHHRERE B TE TREERIGATR HEM GRS rovigeddt ansudinggdhescond
carcinogesfiepioteptialofan agentor asonnesitiondniaspesifietissurhhe-animalwhenapplied
intermitte\r}“ | %O{n%% Ii\paq: Q).co?tactiréi; the t_rans(%ggic, ﬂg%-é)uman animal according to the invention
and as descibed Rerem betord Witk ERENPETESHh b BERARPAEFS a8 5 ocking or
inactivating prpfessiartiod ingenioof intetestithus/causingogensticiabersations vathindhsselissefia
specific tisgue f e, animals (1)« iher polynucleotide, which blocks expression of the second
effecior polypeptide.
in one embodiment, the invention provides a vector molecule comprising a first
expression cassetie and a second expression casselfe as parnt of the same vecior
molecule, wherein sald first expression cassette comprises a polynuclectide encoding &
first effector polypepiide under the control of an inducible promoter, which, upon
induction by an inducing agent or composition expresses a first effecior polypeptide,
and said second expression cassefte comprises a polynuclestide encoding a second
effector polypeptide under the control of a tissue-specific promoter and, optionally, a
furiher nucleotide sequence, which blocks expression of the second effecior polypeptide
such that no expression of the effector nuclectide occurs from this promoter In the ron-
induced state. The expression of the second effecior polypeptide is activated by the
expression product of the first expression cassette,
The optional further nuclectide sequence, which blocks expression of the second
effector polypeptide such that no expression of the effector nucleotide ocours from the
tissue-specific promoter in the non-induced state, may be a nuciectide sequence
comprising one or more stop codons, a polyadenyiation (polyA) sequence, a reporter

gene or any other sequence capable of blocking expression of the second effecior



WO 2008/074880PCT/EP2007/064433 13 identifying and determining said genetic aberrations; (iv)
comparing the number of genetically altered cells in a sample from the treated animal with the number
of genetically altered cells in a sample from an untreated transgenic animal or transgenic animal
treated with &EbHi¥BPa8Ht, wherein the difference in the number of transfdtfiéEPEMIER-4hE treated
animal, relative to the number of transformed cells in the absence of treatment or treatment with a
control agent, indicates the carcinogenic potential ofithe test compound. Also comprised by the

present inyeRiiepizia meinad:ionaviakiaingtas raversibility-ekibg caEiBganicPIAcess dugad by an
agent or co]ir(}ipggsn_lon c%rggfrls%; (g contacting the transgenic, non-human animal according to the
invention 8hd s irPBRBRE It Th&RGERT of CBMAREEIIGNES HelevhilrararivRERRitRently

accordingiteztettiinet-time sthedpleyidieckingarinneyating:csnesfionaf ggane.ehinterest thus
causing genetic a

_ errations within the cells of a specific tissue of the animal, (iii) identifying and
Jsaid "ggr[{}e%‘é’%%%%a% E%m ﬁ/[?rﬁgcdo%mahcéjgm%ﬁ%qﬁ%et?f@?@'ﬁ%animal with the agent

determining sai
or composition tobeemiuaten vwanepariotethesnuntizesiof gendticatipaiteredneslls iraasmpledeom the

intermitte imal wi e .of altered cells in a sample from.a animal a iven time
after treat%%r%%%g%gggﬂ §s%¥g%§§hgg%g}wgﬁ§v%£d% gpr%iﬁr% té 5?%%%%3&%%{ ajr%iﬁggogﬁfgfgly&&ss.
Many diséasE¥wHivigiigihaterfiiohn iscivestypediinsidae esparticilarisbackgrecetidbitizibrganism
such as, 1 XaIpIe-FIOATaile aiekenndyeed dispases Raighlaty dlaarlimsmakesinued cancer

have the nature of "acguiredness". This type of disease Is referre as a spora sé as

opposed RFE AN BHiseasestiharaie o dael opmehtisfapestiseats iBafiectetyy themoter
complicatigmehife;misierRdrannaent Which saheither stonyslow Agwa 9L spasd UQE%@@PAW%&
y

Moreover, in case of certain cigarette smoking-related diseases epidemiological evidence cléear

illustrates AT s 8 UILL T TR s 05 deretyad beBRMeversible”. Therefore, the present

invention lpravidestes animalanesel whichgeleaisibetlls thedose deliveres and-the: inteunittentaode
of the exposure. In particular, F%ejrans enic, nonhuman animal according to the present invention
) wgﬁ‘ézsﬁ" fieMndifc ig?@/%ﬁ??ﬁ@%@%ﬁﬁé dRdtepBraiRPUEHtRSiRECe R3REERIEH of a

allows foratis
gene of imterésticalysed bycthetimtewhittentexposurexpfitheimods! anigalite gediseastsingdeeines,
compoung r it] rticularly by.exposure to cigarette sm@%ef .||OW%%ib a transgen
ctvation 5 F AR Ao U Sahe ST HILreLy {00 2008 b HRROIA S b 300 P0G I S8
specific efboeimia)ontresinsntoand trnmsgehivonchibien andmimalds pravigee WheBiransi|
expressiofpcapsefie %ﬁ?fﬂﬁﬁ? aissue-gpegific. pror arficularly a lung tissue-specific promoter
such as, for esxample, a 'SP-'A/% or CC10 pr%m(;%te% %%%f%{%?ﬁéé&@‘%fﬁﬁ%%%ﬁerﬁéép‘éégé?fﬁ“ég% Lélt e
comprisirfiF 8 HOE A B prevhsts, paridinaryayprempseindwssntip eendrenifientzd toxieamtsistch as,
for examplexsigareits:smake of %@goﬁm@,&a@ﬁé@f@?%ﬁ%t%aﬁé@ 'eis'yf%ém%% Qmotety,
wherein both promoters drive the expression of an effector gene, particularly a recombinase gene
such as, PYRXERPRNEIGIECEI BAUR RbJRibTESaRRAE SVMdAGSREY RS alTédSible and powerful tool
for investigating:tieconsestilive stepsinyeled iminilates and progregsionahsertaimdiseasgssuch
as cancer butﬁ:)articularl Iun% cancer, ; C

inwvention comprises 2 first effecior polypeptide, which is 2 recombinase, particularly a

Cre recombinase or a Fip recombinase and/or 2 second effector polypeptide, which is a

recombinase; particularly a Cre recombinase or a Fip recombiniase.

Further provided is a vector molscule according to the invention comprising an

expression casselle comprising a germe of intersst targeied with recombinase

recognition sequences, particular a floxed targeted transgene of interest.

in one embodiment of the invention, & vector molecule is provided whersin the gene of

interest is a tumor suppressor gene such as p53, Arff, Dmpt and Rb or a tumor

susceptibiify gene such as k-Ras 12, WT1, TSG101, etc, and wherein the gene is

flanked by Cre recognition sequences.

in yet another embodiment of the invention, a vector molecule is provided comprising a

first expression cassette, a second expression cassette and a third expression cassetie

as part of the same vector molecule, wherein said first expression cassette comprises a



A lung tissue-specific promoter that can be suitably used within the non-human animal model system
according to the invention is the SP-A/C promoter or the CC10 promoter, respectively. Surfactant
protein A/C is a lung tissue-specific protein, which modulates a number of immune cell functions,
including celPAMEYATIERY cytokine production, the expression of cell surfa®é HaPreyEdeasthe
generation of oxidative activity. It may also participate in the adaptive immune response. Due to its
lung tissue-specificity, surfactant protein A/C promotgr has been used in several studies to introduce
genetic alterglioniinitingsedsitdatronsetats dBPSoyAmatiat ahad 99R). Ldatacel 10, prplginLis the
predominantF[%r duct from nonciliated hrongchial epithelial cells g;:lara cells) in respiratory and terminal
bronchiol&SH Eﬁ@"ruw f“é‘in‘é%‘}ébi&fg% iRy 581768 ON e piBRTaPEARTIRRE A GYRAE BY6RchiA Snd
bronchiolesigpidmpnaryectindycting sitwayshatinaigeraseicharasalis: thentparesell SG4Q BRI

promoter 0,been used ta express, tran nesina un rysgue-_pe ific manner In several studies
(Temann gtﬁg?%!%ggﬁgﬁ% %%Pgti 'afilg)%%rOB@xp i@%ﬁ&cﬁﬁ%ﬁ%@rﬁd@?% Gah FESHBR 0S8R the
model systefh aptiordifly, to foefisventivecisdheseypbAteprafrotehidtie ayplAigeneisggeasfigm the
cAochrome: - $€ii gytochrome P450 mono-oxygenase system ,
represen@gééa?oé%&%r%%%gg%ig ﬁ%%ﬁ%%%@%ﬁ%%@gﬁ%ﬁ %é%r?\‘/iﬁouﬁ;r{ﬁé(ﬁ "E O i%ﬁTBJPf%f an
adaptive RESPEHSE rifouhited ey ditoihi St ol divinpexprssive tohaviifll dgeats]siteh asycigarette
smoke. Theyralsaaicipale i avatielatpssentiabnouse keeping: functions, such as biosynthesis
of steroid hg}mones gnd fatty acid o;idaﬁ%ﬁrz -%éﬁ%gﬁ!ﬁg%%é %%%@?r?o%ﬁe@%%e éf%s%ggﬁec% %%y%yse

the activatiRdf ¢ettain 86Rthotindaiesasiidepesdesdtsinesecentynrssare tighiivegsatednes,

chemical /e 2R0BI0TREDREILRR2007IQ8A4 T3 Indrducingiagents. Of pagicularjnterestin fis
regard is the cytochrome P-450 cyplAl cane. This gene is not constitutively expressed but’is highly
inducible TF8h %%(Bégt:?ﬁo%ﬁf‘e%ds%% APt BeRRtvIEHEIRBrEvE ARE nfimerniReldl .
toxicants B8d as, eieotineipalycydiieracmatichy dsecarhans {EAMdegachlorodibenzo-p-dioxin
(TCDD), ?fpdobetajn%%gthofl Vo f BNF), etc. A significant advantage of the cypl Al system is that
there is essentially no gg%@%o ﬂz ' cﬁ(}ﬁé’ﬁ\%e ?urgﬁ,nﬁ?%sf?ﬁ?dﬁdngfﬁ@eéjoiﬁﬁf‘i@?ﬁi@ﬁu‘i’i@ géRk
expressigixjgeeiienddesatienshy mhedukatmgithexgosesand thesnatyreaidherdnducingagesieindeed
several sfudies: th |.Al.promoter in transgenjc mice is an exguisitely sensitive
oot Sy o e e R P e s 002! R ot L.
2001). N6EShEERehenexpressi o oidypiAkingliediyeiposmss titeigatette smoke, it is also induced
by varioug, eNEOmERIBHAHCantECT HISARERS P I RASRIBIINCOLsysloping (s ype pleandiional
transgenic mice for toxicological testing and environmenta monito INg as well Inppar %ufar, the

inventionSTYViERIS A FRETSEEN B SRINIM AR T SRR RiersAe kg st dstithe assate

genome adifskaAng asesenghexpressinthanselie. whesein-saichsecand expressign casagie comprises
a polynugig/esgtldﬁ encoding an effector %QlyPedptlde under the control of a tissue-specific promoter,
ter'g

particula fhy el YESHEDrotR ¥nas Hopexdpiel theddaargetirdesospriteiaprainoter

or the suiéastani-proteinch/GprefueiesartaiREomolerdRALsoRtalR AXRERESINN ofunadissusspscific
proteins in th_} e | and type Il lung epithelial cells such as, for example, the RAIG1, the expression
Llervie st

of which 154GtV AR d BFhd Expratsi GARY of e ﬁrﬁ%&é@gﬁan%ﬂ%@w}ﬁiﬁﬁ%@%i@ﬁ

product iscerreadeidiy.a polynucleotide under the control of an inducible promoter, particularly a

ter. that is jnduycible by cigarett k , f it tituents such as, f
Eample. ey e R RS RS FodHicn VO b aHSSaED =

non-humaarEgiang, partidulans a mouse, compidsing stablyrintegeated fotizthe meusespesiame a first

and a seggnd expression cassetta, wherein s ond expbression cassette comprises a

polynuclé’otidg@gﬁq()ding an effecto?\%oIypept%&%gpe%%}ti@&gﬁ%ﬁgf rgéronr%‘ﬁlsﬁ%t%;%&&%g '?ﬁ)r"e%ﬁ%le, a

Ore recorbidiseBi R e R sIGasES rRRsITERGCoMtEDEOfRvtinEaR-Spetific plomotesdphrieidarly a

Jung tissugsrecific promoter such as, for example the Clara cell CC10 protein promoter or the

surfactant protein A/C promoter, the esépression of which is activated by the expression product of the
[

first expresSith E584 e SMER BXERE SSidh% iBuEEIR arm efeshocpilypepiitRy prrtoaldying the
recombinaseisuighras. fofeMie) 3008{0AG30RCT IERRQA0HRAI33 W ecific tissue of the animal
when applied intermittently comprising: (i) contacting the fransgenic, non-human animal
according fo the invention and as described herein before with the agent or composition
fo be evaluated; (it} blocking or inactivating expression of a gene of interest thus

causing genetic aberrations within fhe cells of a specific tissue of the animal, {iii)



example, a Ore recombinase or a Flp recombinase, encoded by a polynucleotide under the control of
an inducible promoter, particularly a promoter that is inducible by cigarette smoke or by one or more of
its constituents such as, for example, the cypl A1 promoter and a further polynucleotide, which blocks
expression of (hé"&t6Ha%ffector polypeptide in the non-induced state, particGERLE I6#iAticleotide
comprising a stop codon or a polyadenylation sequence Or a reporter gene which is located in the
expression cassette such that expression of the effector polypeptide is blocked, but especially

between tite piityingtesaticitfiererinodingpoyrueidotideaangdimiankeddayiesarabinase(geagnition

sequences su , fQr, le, JoxP and fit recognition sequences, In a further embodiment, the

transgenigeﬁﬁ%%a%gﬁnagéao!rdiﬁg % ieprfggfgnt ihve ﬁ%“gnﬁné@%‘}eg‘éﬂbetg%ewm%fd?g

comprisedlfiii§epiNonie agendoiimerest(G0h)rfarexampited timensuppressor genessiseh@s the

tumor SUPRRREPK9BRE RS EonRBlad e Sl iRl Ol A B oR0r Jec geated
esignated as pCZ’L. a

on the short arm of chromosome 3, in anh area °3 suc%ﬂéjs{_,n OF € ﬁ%‘é e Ras
associatidittMditrfaniiEd RASSAFRHEEdnd RASSER ahi RASSELT, orleny othergenethaf can

be suitablysigad-withintbersconeefithe &xﬁﬁanggwﬁ?tieamy@%%@ ieé%&ﬁge%l@g%%%ﬁ@f ggpome

such that it is actively expressed from the animals genome in the non-in t becomes
inactivatetF HptH & HaSsion of the second effector polypeptide. In a specific embodiment of the

invention /he s@m@as@‘aeggom)M@g@ﬁﬂwérﬁg{ﬁ@cm%‘ﬂ%@%&%@ﬂk@ﬁ%@?@@@ﬁsﬁ% Q2 Flp

recombingse, but es ecialg/ a FLP recombinase and the gene of interest in the animal's genome is
flanked by &%?f%ﬁﬁ/gﬁfé*fé fRREEIRTBHSH Y BB gritioh Sites BPaRiRie sHBRTENESG Bl aReRE0 not

interfere With the:npema) expressiom ofihe:gengetinigresthparianady E o5 HRcaation iy
romoter system according to the

sequences, hut especially frt recognition sequences. The dual VS .

present iﬁé@{%nwﬁﬁm%ﬁr%iﬁaeg i du%%?é’%%%t ¢ B eﬁp%ﬁ%fé’ﬁﬂ%cﬂ%%?'%%é?e@e
smoke ordsimed Horesftesivbndifueiotskanda fisscdrspegiticpramotenpargictiady aivngtissue
specific p , allows | of initiation of, carcinogenesis in a tissue-specific and
controlqué%gﬁlﬁ\%ér%gﬁﬁc:u%?%?%{g’ l%né’%ﬁ%%e%%e%l & a%ng acig%gfae(ﬁégs oke ct ﬁt%ea'}ﬁ%‘#ﬂe{ in one
embodimwfﬁsﬁﬁ@mﬁﬁf&qﬁwwm@ adicaigsenic abnaiinan; divindismodet pagticoladytmgouse
model, is;psavisiad compuisingn \WQ 88@%?%%%95’0%&{&5’:?%0% (8%6(%%&7 cﬁ%%gfa%\gd'%ﬁeanfgs or
expression cassette and a second expression cassette, wherein said first expressi cassetia
comprise®dIFERARRIE G & dotin dTn dirseamie (P pose fitigaifieiitHecesat atwfeat indoditte
promoternuishs BPaRdRsICion hy anidHENGARIENLARRAMROSIIRA SXressas Aditst AlaetL |

polypeptide, and said second expression cassette comprises a polynucleotide encoding a secon
effector p%?ﬁgb ‘ﬁ&@'ﬁﬁt&iﬁ%@%@(&&%@%@@%@ﬁ%i&' BSThBIR CRHENSERRISSIBRWGTRhich is
activatedMyrtheiexprassianiproduglrefithedirskexpsessioneasaatte;. 40) intogucing.said firsyand
second egf%egs%%gigianssse‘}tc inats(_),t &%Q&Q&g %Pgaapeig]eal%%%E{g%adr%eadmgigggsbgs, particularly
cigaretie smoke-induced cancer have the nalure of “acquiredness”, This type of disease
is referred to as a sporadic diseass as opposed io a famifial disease. Therefore, the
development of the disease is affected by the complication of the microenvironment,
which can sither stop, siow down, or speed up the disease. Moreover, in case of certain
cigarstte smoking-related diseases epidemiological evidence clearly illustrates that
these diseases can be considered as being “reversible”.
Therefore, the present invention provides an animal modal which reflects boih, the dose
delivered and the intermittent mode of the exposure. In particular, the fransgenic, non-
human animal according to the present invention allows for a tissue-specific, particularly
fung tissue-specific and temporally controlisd expression of a gene of inferest caused by
the infermitient exposure of the model animal to a disease-inducing compound or
composition, particularly by exposure to cigarette smoke followed by a iransgene
aclivation or inactivation of the gene of interest.



() introducing said first and second expression cassette into a fert_ilized mouse egg or a _blastocyst of...
an embryo; transferring the fertilized egg containing said expression casse.ttes to the owpluct of a
pseudopregnant female mouse wherein the mouse becomes prlegnant; or, in the alternative
transplantingte2&#Br{#¢ontaining said expression cassettes into a pseudapragnantamause and
allowing said blastocyst to develop to term; (c) allowing the pregnant fer_nale mouse to deliver progeny
mice: and (d) selecting from the progeny mice those which have stably incorporated into the genorne

the first and segendrexpressioncAssetse InAngiEMbodin Ml nethod forpr ‘?ﬁr‘%‘% Jansgenic
non-human animal model, particularly a mouse model, is pr v{ged comprlsmg%a prowdf%g a tirst

expressiof’%’%ﬁ@@n@r’a%%%%%%df@%?&%iéﬁrﬁﬁﬁgéﬁé,%ﬁ%?@ﬁ%ﬁ?@iﬁ@sﬁm@@siopaﬂfé_sséttgf a
comprisesumgalysuelepkideensedinge firstieliactor palypentide snsierhe 89%8'1%’@?3#@3%?!&

polypentidt A ELic SeboRd s fe b S AR 1 ST ie S rpBhNaciBbrde-istoking e sesond

effector polypieptizéy underdhextantrolufaitissuespesificpremateicthesexpressian afwhich.is.

ggg\é%e?i %E%ﬁ%ﬁ%%%%%%&%%%%}p ﬁ}%%?eﬂr{.:)sft ﬁép{:%ﬁg%%ﬂg%%?eg?ﬁ?cwg?y a oyptA1 promoter,
wherein both promolers drive the expression of an effector gene, particularly a
recombinase gene such as, for example, a cre or an fip recombinase gene, which
provides a feasible and powerful toof for investigating the consecutive steps involved in
initiation and progression of certain diseasss such as cancer, but particularly lung
cancar,
A lung tissue-specific promoter that can be suitably used within the non-human animal
model system according o the invention is the SP-A/C promoter or the CC10 pramoiar,
respectively. Surfactant protein A/C is a lung tissue-specific pratein, which modulates a
number of immune cell functions, including cell proliferation, cytokine production, the
exprassion of cell surface markers, and the generation of oxidative activity. it may also
participate in the adaptive immune response. Due to is fung tfissus-specificity,
surfactant protein A/C promoter has been used in several studies io infroduce genetic
alierations in lung cells (Marrod et al., 1808, Wilmott et al., 1908). Clara call 10 protein is
the predominant product from noncifiated bronchial epithelial cells {Clara cells) in
respiratory and terminal bronchioles in the lung. Since approximately 50-70% of
eplthelial cells in the trachee, bronchia, and bronchicles {pulmonary conducting airways)
of mice are Clara cells, the Clara cell CC10 protein promoter has also been used io
exprass transgenes in a lung tssus-specific marmar in several studies (Termann et al.,
1988, Fisher et al., 2001;).
An inducible promoter that can be suitably used within the model system according to
the invention is the cyp1A1 promoter. The cyplAl gene is a gene from the cytochrome
P450 mono-oxygenase system. The cylochrome P450 mMoNc-axXygenase  system
represents & major defense against chemical challerige from the anvironment,
constituting part of an adaptive response mounted by an organism following exposure to
harmiul agents, such as cigarette smoke. They also participate in a variety of essential
“house-keeping” functions, such as biosynthesis of steroid hormaones and fatty acid
oxidation. Cytochrome P450s, however, are also able fo catalyse the activation of

certain compounds to foxic products. These enzymes are highly regufated by chemical



(b) transfecting a population of mouse embryonic stem cells with a first expression cassette and a
second expression cassette; (c) identifying a mouse embryonic stern cell having said first and second
expression cassette integrated into its genome by homologous recombination; (d) inserting said cell
into a mouse IR 4¥8 (d) allowing the resulting embryo to grow thereb§Erédatsi§aHExransgenic
mouse according to the invention and as described herein before. In one embodiment, the first
expression cassette and the second expression cassette according to the invention and as described

herein befipr;alieshaeermprisestwithin single veoter regiecuie. iRAppharemBodimant-ohie
invention the firs{_ expression cassette and the second ?:rgressmn cassette according to the:' invention
and as desehBed Herdinéidid rﬁ%%iﬁé- VB STEUETESH & Yebartaly ddichBietng §ﬁ8%a‘ﬁ%f_@red to
the animatigebettsansteictedriogetiier enseduentially.droneambadiment: sanethad fos praducisg a

an expres s R R e e e Vs bR o
sequence@ﬁﬁ@ﬁwa&mgd@dﬁﬁhrﬁgeﬁeﬁlmewmW@%-Rgﬁﬂ@qgﬁ%gfghf;i
e R R ST
second eXpredsieh dascidifitsion levels and durations by modulating the dose and the nature
of the inducing agent. Indsed several studies have shown that the cyp1A1 promoter in
transgenic mice is an exquisiiely sensitive on-off system for call specific gene reguiation
{Campbell et al, 1986; Smith et al, 1985, Ryding et al, 2001 Not only is the
expression of cyp1A1 induced by exposure to cigarette smoke, it is alse induced by
various environmental toxicants. This opens up the possibility of developing this type of
conditional transgenic mice for toxicological festing and environmental monitoring as
well.
In particular, the invention provides a transgenic, non-human anima! comprising stably
infegrated inic the mouse genome a first and a second expression cassetie, wherein
said second expression casseite comprises a polynuciectide encoding an effector
polypeplide under the contral of a tssue-specific promoter, particularly a lung tissue
specific promoter such as, for example the Clara cell CC10 protein promoter or the
surfactant protein A/C promoter or a promoter that controls expression of lung tissue
specific proteins in both iype | and type il lung epithelial cells such as, for example, the
RAIG1, the expression of which is activated by the expression product of the first
expression cassetle which expression product is encoded by & polynucleotide under the
control of an inducible promoter, particuiarly a promoter that is inducible by cigarsite
smoke or by one or more of its constituents such as, for example, the cyp1A1 promaoter.
[n another embodiment, the invention provides a transgenic, non-human animal,
parlicularly a mouse comprising stably integrated into the mouse genome a first and z
second expression casselie, wherein said second expression cassetie comprises a
polynucieotide encoding an effector polypeptide, particularly a recombinase such as, for
example, a Cre recombinase or a Flp recombinase, under the control of a tissue-
specific promoter, particularly a lung tissue-specific. promoter such as, for example he
Clara cell CC10 protein promoter or the surfactant protein A/C promoter, the expression
of which is activated by the expression product of the first expression cassetie which

expression product is an effector polypeptide, particularly a recombinase such as, for



a fertilized mouse egg or a blastocyst of an embryo; - transferring the fertilized egg containing said
expression cassette to the oviduct of a pseudopregnant female mouse wherein the mouse becomes
pregnant; or, in the alternative -transplanting the embryo containing said expression cassette into a

pseudopregnatMidisE¥nd allowing said blastocyst to develop to term; (cf SOy et biegnant
female mouse to deliver progeny mice; and WO 2008/074880PCT/EP2007/064433 19 (d)selecting

from the progeny mice those which have stably incorgorated into the genome the gene of ir_lterest
targeted with rqdembiDas reengbitiessequehiesdorobessabedisnest aymethag-ior Broducingiar

transgenigAon AR ARTREL AL BT AL NG5S Tiodells Brovided CompriEng. - et
smoke or by one or more of its consfituents such as, for example, the cyp1A1 promoter
and a further polynuciectide, which blocks expression of the sacond effector polypeptide
in the non-induced state, particularly a polynlclectide comprising a stop codon of a
polyadenylation seguence or a reporter gene which is located in the expression
casseite such that expression of the effector polypeptide is blocked, but especially
between the promoter and the encoding polynucieotide and is flanked by recombinase
recognition sequences such as, for exampie, foxP and ff recognition seguences.
in a further embodiment, the transgenic, non-human animal according o the present
invention and as described herein before comprises in s genome a gene of interest
(GO, for example a tumor suppressor gene such as the tumor suppressor gene k-Ras
12, Rb1, Trpb3, the WT1 or TSLCT or a tumor suppresser gene located on the short
arm of chromosome 3, in an area designated as 3p21.3 such as, for exampie the Ras
association domain family 1 (RASSF) including RASSFIA and RASSFIC, or any other
gene that can be suitably used within the scope of the present invention, which is
integrated in the animals genome such that it is actively expressed from the animals
genoms in the non-induced state, but becomes inactivated upon expression of the
second sffector polypaptide.
In a specific embodiment of the invention, the second effector polvpeptide is a
recombinase, particularly a Cre recombinase or a Flp recombinase, but especially a
FLP recombinase and the gene of infersst in the animal's genome is flanked by short
polynucleotides comprising recognition sites of the recombinase protein which do not
interfere with the normal expression of the gene of interest, patticularly joxP or it
recognition sequences, but especdlally it recognition sequences.
The dual promoter system according 1o the present invention comprising an inducibie
promoter, patticularly a promoter inducible by cigarette smoke or one or more of iis
constituents and a tissue-specific promoter, particularly a lung tissue specific promoter,
allows for control of the initiation of carcinogenesis in a tissue-specific and controtled

manner, parficutarly in a lung tissue-specific and cigarstte smoke controlled manner.

in one emhodiment, & method for producing & transgenic non-human animal modsl,

particularly a mouse model, is provided comprising



(a) providing an expression cassette comprising a gene of interest targeted with recombinase
recognition sequences, particular a foxed targeted transgene of interest such as foxed k-Ras 12 or
foxed p53 and Rb, wherein the gene is flanked by Cre recognition sequences: (b) transfecting a
population ofYRot#E&ER#ETyonic stem cells with said expression cassette; (GAEHERATEE& BOUSE
embryonic stem cell having said expression cassette integrated into its genome by homologous
recombination; (d) inserting said cell into a mouse empryo; and (d) allowing the resulting embryo to

grow thereby pro@icing:teeitiagsgefis: anpeesaraOkingLadnanvestion and as-deserbed berein
before having stably in%ﬂggorated inéor%he genome the gene of interest targeted with recombinase

recognition sequences. Th 4 8pedifit-enbodifaHESFING iSRS, LABPRRSTse, M/ iransatitEator
mouse, is provided in wichding spofiasticatikpressiangtatesombinasesparicHiarks axrecambines Cre

is lung tissue-specific lated by a cigarette, smoke-inducible promoter, particularly a cyplAl
promoter. This mouseaﬁl&ﬁ&gl’ et W Hhdlise'B %{iﬁﬁﬁﬁnaﬁﬁ% YeGMEZEGERe of

en crossed with 2 Seeon
interest targeted with rez;prabinassretiognitibacsequerigpsppdtjculad afokedsargatedsitpnsgaemne such

as foxed k-Ras 12 (Jackson.at.al, 2001).0L foxed ps h (Meuvvissen et al., 2001), wherein the
gene is flanked by Cre recognig‘iorc\; seguégées.éT%éB%el?ﬁgg%aor p‘?888§iﬂa mousE X BAd BT in this
cross are well known irPfHePgR IR HsssTibeds foirexafmps SnaNsscttcab 2002 Manipulatisgithe

mouse ermbryos: A laboralar:nagualiGAlSpying s IRoLLabRTala Brese A sdition, Jo o0,
embodiment of the invention, a method for producing a transgenic non-human animal m%fgi,
particularly a mouse mb8&¥€iSrovided as described herein before, with the modification that all three

expression cassgiles age@reling o $AeliMYeNHen atRond expression cassetie info the genome of
an animal, particularly & mouse by
(i) introducing said first and second expression cassette into a fertilizad
mouse egg or a blastocyst of &n embryo;
- transferring the fertilized egg cortaining said expression cassettes
fo the oviduct of a pseudopregnant female mouse wherein the
mouse becomaes pregnant; or, in the alternative
-transplanting the embryo containing said expression cassettes inio
a pseudopregnant mouse and allowing said blastocyst to develop
to term;
{t}  allowing the pregnant female mouse to dafiver progeny mice; and
{d)  selecting from the progeny mice those which have stably incorporated into

the genome the first and second expression cassetie.

in one embodiment, a method for producing a transgenic non-human animal maodel,
particulariy a mouse model, is provided comprising

{a) providing a first expression casseite and a second expression cassatie,

wherein said first expression casssite comprises a polynucleotide encoding

a first effector polypeptide under the control of an inducible promoter; which,

upon induction by an inducing agent or composition expresses a first

effector polypeptide, and said second expression casseite comprises a

polynucleotide encoding a second effector polypeptide under the control of

a tissus-specific promoier, the expression of which is activated by the

expression product of the first expression cassette:.



WO 2008/074880PCT/EP2007/064433 20 transfected into the non-human animal simultaneously or
consecutively comprised on a single vector molecules or as part of a vector composition as described
herein before. In one embodiment of the invention, a transgenic non-human animal is provided,
particularly a'tfar¥tiEnit*¥fodent, but especially a transgenic mouse compridig/EEIbW fittédtated into
the mouse genome, a first and a second expression cassette, wherein said second expression
cassette comprises 2 polynuclectide encoding a secend effector polypeptide under the control of a
tissue-specific prémotessfehirg; for expmplesthe Clara cell ARE0prateinRIPMOLaE ol e surfagtant
protein A/C promoter or a&romoter that controls expression of lung tissue specific proteins in both

type | and type H lung 8Rithanal SERTEHEHES For SRl S IR IRRIESE 581§ a further nucleotide

sequence, which&lockis:eliyiegsionrof thhe secondeeffectosnolymentidersucizthating expressionof the
effector nucleotide ocgurs from this promoter in the non-indyced, state, and wherein said first
expression cassette c(%}}ﬁ%?'?s%é{sma po f’r%u% %oti@éﬁﬁg%%%?ng’ Lljﬁrst'%ﬁ‘fe&%?%ﬁ?pe ﬁdeiﬁﬁﬂ@'roﬂ’@%ontrol
of an inducible promotetgpdrtictilarly a promoter that is inducible by cigarette smoke or by one or more
of its constituents;such asyfor example, the c I ter which, upon induclion expresses the first
effector polypepttgi%% and reir%ves the Eﬁé&%rﬁ%@%&%@o %‘e%gression cassette thus activating
expression of thé“Secetrrétadier pospEpade Tt et ithereby(@aL) . fon@xhmieastmar
suppressor gene suchas dae; Lumen SYRPIABSOL NS KsRAS 4 2Bl JiRD3 M, M4|l.or TSLCI or a

tumor suppressor gene located on the short arm of chromosome 3, in an area designated as 3p21.3

such as, fior exarepledberRas assovistienHenyan fapibedRASSR) daeluding. RASSELA 200,11
RASSF1C, or a ggogjl%gene that can bhe suitably used within the scope of the present invention,
int

which is iRTSGTt ahimaley RS P ERRE BYER AR 06T Al 1B HH S8 EOmERING T8cBgnition
sites of thengieorebinasesghsotéin which do not interfere with the normal expression of the gene of
interest, particularly loxP or fit recognition sequences, but especially frt recognition sequences, such
that the GOIEBHbEVety Systisweiddtdivetheanimaldigeficmheinthesion daduckd statethuisbesames
inactivat ression. of . effector polyneptide. The offspring,of said,crpss which
carties the S ST xS G S e okt Ot AL S LA (6 Sty TRcLTay
mechani$iAs btEgares émoke-FrrreEdisesnhrrtie reoticiimmistresrd Sis iinthesewalce dan be

controlqurg@{gé@%gégﬁg}%pg&%@%@§‘moke exposure. Since recombinase Flp (and hence Cre
as well) will only be sporadically or temporally induced by cigarette smoke, the genetic mutation or

WO 20080 H4#80R{EEHRBA0T40614B3R Toabestiiondvll RaaYEORlY issenarakRroximal callsat each
time of erﬁo%ur? nd after cessa?té'o[{’n of the ecréjcgs_ure gene expression may be restored, which reflects
the interritent. eaﬁj\'f)gd}gj BF Cigarette SHOKETHSAEOKEIS Wince surfactant protein Al C or Clara cell 10
protein is only etgiressecbindimagaissugrtieexprassionsot teesmbigase@ne andhenss thegenstic
aberration is tissue-spegifically s%(%ggr[s%"eed 5% {ggerlg ng tissues. The transactjvator %10&%5{? can also be
used to generate transgenic fice in Which Ger éi@%‘reggﬁ)lﬁe%%ﬁoc%’a‘ {8n Br HSHRTregHatE with
temporal and lung tissti@speeificity. intemeiembddiaseitodthe-Reentidn amfethed isgResefor®b,
provided for evaluatin Care IC; ialk Qf r.a composition in a specific tissue
upon intermittent expc?éﬁ% %oﬁ’r g%%‘g%&%@%%@%ﬁ%ﬁ%ﬁ%%& afoﬂ%"{%?ﬁ?t?e‘ntly exposing a
transgenic non-HimanHrnsasipareaitaty praseisgenisesdient ot Sspegiaiyzetransgenminalse
according to the preseps jv/eRionLa0d as.dgscribed herein before to an agent or composition to be
evaluated thus inducing sporadically or temporally an effector polypeptide in a tissue-specific manner;
(ii) blocking or inactivatiflg eXpPESEEIS driE0gkE 6T TAie Est MUe easensyaenets aberatieits inithin the
cells of a specific tissue of thesamigal HiLidentifyino-Apd deteunining éﬁi{ﬂ),%@gletic aberrations; (iv)

comparing the number of genetically altered cells in a sample from the treated animal with the number

of genetically altered cells in a'SHMpIE 8N Sn'erilréatcBararRyE i antniel Brarassishraanmtial

treated with a control agent, whéeinsifieh differenceinthie prephesofdraarionned sellsindhe freated
animal, relative to the number of transformed cells in the abseace of treatment or treatment with a

control agent, indicates the c@r%ii‘zr‘lsgg%%g D5t RiaP DR theXed? cOMPEMEIR a specific aspect of the
invention, a method is providéa:faméxatingtitrg: thentayoinogeriitmpientiat of eigateite smeke enef at

least one constituent thereofén Iggg ' n intermittent expasure to cigarette smoke or to at least
one constituent thereof compHsing’ ?ﬁﬁ%ﬁnﬁﬁeﬁ?&”&%‘@%&%éqg’p%‘ﬁsaéiﬁc %ﬁ%ﬁ%a‘?ﬁ%ﬁdﬁp
particularly a transgenic roddatightt.especially a transgenic mouse according to the present invention

and as described hereindatoeo ciasielts smake praheatisaft ope cansiiyent thergof o be
evaluated thus Inducing sporadically 6r temporally an effector polypeptide in a lungtissue-specific
manner; (H) blocking or inactivating expression of a gene of interest thus causing genetic aberrations
within the cells of a specific tissue of the animal, (iii) identifying and determining said genetic
aberrations, (iv) comparing the number of genetically altered cells in a sample from the treated animal
with the number of genetically altered cells in a sample from an untreated transgenic animal or



WO 2008/074880PCDEP2007/064433 7") transgenic animal treated with a control agent, wherein the
difference in the number of transformed cells in the treated animal, relative to the number of
transformed cells in the absence of treatment or treatment with a control agent, indicates the
carcinogenic' PB4l s18¢igarette smoke or of at least one constituent ther@6H/ER28%rERAspect of
the invention, a method is provided for evaluating the reversibility of the carcinogenic process induced
by an agent or composition comprising: (i) intermittenfly exposing according to a defined time schedule

the transgenic ngdyhumasiastimalirparticilaghsadransgesicogentu esnecialbb, traRsgemigdnouse
according to the preserg},}%gvegpgon gn_d!as dg__zcribed herein before to the agent or composition to be
evaluated: (ii) blocking OF inadtivating expressior?st's g8he BHIEreFBESLatifly jereldEssfations
within the cells of a spetificgissue oftheamimal, (i) identifying and determining said genetic
aberrations; (iv) discontinuing exposure of the transgenic animal to the agent or composition to be
evaluated! iy €oRTpBAAG W nanbelhetigirenitaiycileredeslisimi sammpleifram therntermittently

treated tegg%mghwghg,%gym@g&gf@ﬁ@g@&&l&mﬁjgmple from an animal at a given time after

treatment had been discontinued, and (iv) determining reversibility of the carcinogenic process. In still
another embodirfent, Y eGP Falaftas saretherrreieiRGEnisme seUsrrmtpaldrsl with

carcinogenic processiirhiaBhBYCiaatRiitemalke,nEAtieaskpne canstituentthereob in Jung lissye

comprising: (i) intermit ergg/ exposing a(;cordir;%to a defined time schedule the transgenic non-human
animal, particularly the' tra EB st B GEdSpEally e traRsgehicans s Fdiding o arae
present invention andsa8zdgseribpdhereimbafose ta:gigatetie smoke or to at least one constituent

thereof to be eyigft%pﬁ ||? blocklng or map}gf?mggx ression of a gene of interest thus causin
genetic aberrations wit u

ﬁ‘%t Ao R Fe SHIPRYCG iSRRG Bnd isted®ihing

said genetic aberratiengirév}idiscastiating exposure of the transgenic animal to cigarette smoke or at

least one constityent; e t Iv). comparing the number of genetically altered cells in

a sample from t e(?intfermi?@rﬁ%%reﬁé%ﬁg&%%gﬁvﬁ% egﬁt@r??%wgf gﬁbﬂe BETSSHA gaﬁ?ﬁ@aﬁom

an animal at a given tiitraedted treatiitent haithd derhdiscdmgnue deand{ivh determining reversibility of

the carcinogeniq rocm,{m& gg&wqm@g%@g&%@i&g] g?%del according to the present invention
Mg . i

can thus be used for investigating the significance of certain'genetic or epigenetic aberrations in
cigarette smokelfHdBeWEsrdi gEsedis or Siendiseassen thspitalpartiteantpdral-spedifiemtanner.

WO 2008/074880k (b ER2ARTHE6AB2 invertion and as described herein hefore having stably

incorporated into the genome the gene of interest fargeted with recombinase
recoghition segusences.

In a specific embodiment of the invention, a first mouse A, the fransactvator mouse, is
provided in which the sporadic expression of a recombinase, particularly a recombinase
Cre is lung lissue-specific and regulated by a cigarette smoke-indusible promoter,
particulardy a cyp1A1 prometer. This mouse A is then crossed with a second mouse B
comprising in ifs genome a gene of intersst targeted with recombinase recognition
seguences, particular & floxed targeted transgene such as floxed k-Ras 12 (Jackson et
al., 2001) or floxed p53 and R (Meuwissen et al., 2001), wherain the gene is flanked by
Cre recognition seduences.

The methods for producing mouse A and B used in this cross are well known in the art
and described, for example, in Nagy et al., 2002: Manipulating the mouse embryos: A
laboratory manual; Cold Spring Harbor Laboratory Press, 3rd edition.

In one embodiment of the invention, a method for producing a transgenic non-human
animal madel, particularly a mouse model, is provided as described herein before, with

the medification that all three expression casseties according to the inventien are



71 EXAMPLES Example 1: Construction of expression cassette 1 for inducible expression of Flp For
the inducible expression of Hp, a vector is constructed using standard rDNA techniques such as those
described in Campbell at al, 1996 or Ryding et al, 2001. The flp transgene is operably linked with the
inducible cyﬁ?’gﬁéﬁféﬁéf’ and the metallotheonine (MT-1) polyadenylation SE&EAESEHEH that the
coding sequence of Flp recombinase is expressed under the control of the inducible promoter. Fip
cDNA is amplified by FOR from plasmid 706-FLP (G&he Bridges) and cloned into p85185 (Invitrogen)
replacing iren€rsietonbitiesesetuerse toipratisice iBS38Gs LA RBSIAHFLIP canying:the CMV
promoter, [ nd._the mou T-1 polyadenylation site is further digested by
Spel and )%&%I%&%ér%?nﬁ%é%%%%% r#g'?e}?ée\f(i?u%%c(é?q%g %i@g% Er%a%%)ﬁ o?%?g@)?ﬁ%f%romoter
containingte§ishseaderiingnd partoe ekorRisisaates BgrmipAkir-hacZand dloneddntaovided,
pBS185-FLPy Y, -F n [ ed indi and Kprd digestion of
pBSlSS-Cé;ErIﬁ%E-‘gIr%@ﬁ?IOQ;, %%h@g@rﬁé %yﬁfﬁ%@gﬁﬁﬁﬁa@éﬁ %%ﬁ%éﬁ%a{‘é% #ygpzfgﬁﬂ elein ic%%ﬁf%ctions
of fertilize@%&?ﬁ@g (OB7808 FIUHMERINRE SyFKIFI0 FaRsgene. cRieasssalting effspringtisrein
genotypeddns RGR-98 Q@W@%@i@h\l%ﬁé@@ﬁéﬁ%ﬁﬁf@r@é@bigp%]&@nﬁc?&%at&g@ﬁ%maoféQSoY%Ctor
construct is given in Figure 1. Example 2: Construction of expression cassette 2 for Conditional
expressioﬁﬁ“@fe@&%@%ﬁﬂ%{aﬁ@(ﬁﬁgﬁw &t Gra'frIaRg testieradiii g Hsb s sfeciie prdoter
SP-C is fused toatares:M &L 1oiyadenylatiomsesuences whish ate flanked byl Bgaling ssauences
frt foIIowedrbxqatOr%r compirles coding.‘se%lggnce USiT‘[‘% standard rDNA techni%gdes such as
described’ 1or Exampre, S A fod BL & > 108 o WilltisteFar éog sl teitib eiaiyped s nivipe
2008/074880PG THER2E07/064438.24 as, for example, the RAIGT, and a further nucleotide

sequence, which blocks expression of the second effector polypeptide such that no

expression of the effector nuclectide cccurs from this promoter in the non-inducad state,
and wherein said first expression cassetie comprises a polynucleotide encoding a first
effector polypeptide under the confrol of an inducible promaoter, particularly a promoter
that is inducible by cigarelte smoke or by one or more of its constituerts such asg, for
example, the cyptA1 promoter which, upon induction expresses the first effacior
polypeptide and removes the block from the second expression cassette thus activating
expression of the second effector polypeptide; and a gene of interest (GO1), for example
a tumor suppressor gene such as the tumor suppressor gene k-Ras 12, Rb1, Tro53, the
WT1 or TSLCT or a tumor suppressor gene located on the short arm of chromosome 3,
i an area designated as 3p21.3 such as, for example the Ras association gdomain
family 1 (RASSFI) including RASSFIA and RASSFIC, or any other gene that can be
suitably used within the scope of the present invention, which is integrated in the
animals genome and flanked by short polynucleatides comprising recognition sites of
the recombinase protein which do not interfere with the normal expression of the gene
of interest, particularly loxP or it recognition sequences, but especially frt recognition
sequences, such that the GOI is actively expressed from the animals genome in the
ror-induced state, but becomes inactivated upon expression of the second sffector
polypeptide. |

The offspring of said cross which carries the dual promoter system and the floxed
targeted genes can be used to study molscular mechanisms of cigaretie smoke-induced
diseases. Initiation of carcinogenesis in these mice can be controliad with respect o
time by cigarsite smoke exposure. Since recombinase Fip (and hence Cre as well} will

only be sporadically or temporally induced by cigarette smake, the genetic mutation or



vector. A 106 bp oligonucleotide containing two frt sites in the same orientation (upper case)
encompassingthreestopcodonsequences(lower case) (5'- GAAG | ICCTATTCCGAAG | | CCTAI | CTAI

| CTCTAGAAAGTATAGGAACI | Ctgatagt aaGAAGTTCCTA |

ICCGAAGT MOCTAFTTEPATTCTCTAGAAAGTATAGGAACTTC-3') (SEQ IDMNGEPL)Evid 488
complementary oligo are synthesized, annealed and blunt-end cloned into the SP-C-Ore vector. The
SPC-frt-STOP-frt-Cre vector is linearized by Hincll aggl Kpnl digestion, and the 7.6-kb fragment

taini | d st necey, Ina oding sequence and
the moUS T ey o St o (e, e i e i TR ed hocs
(C57BL6 EF&RfTaTs) T HEMEEIRIE genRosy fed IRFFOR siryehemieDNgCpredarad fedierctail biopsies.

A schemagieadiagran of the wectsr %@%@té%gk@%%Jﬁkgwé%,l-3?%-p§&’rf&ﬂ%f&n¢9&%éﬂlﬁgﬁtﬁg? B can

be the promoter of SP-A, that of Clara cell 10 protein, that of thyrgid transcription factor 1 (TTF-1), that
of Ti alpha: T8t GtaqlapBHA'S, 'Brink: Breiasey &éé@?@i@ﬁﬁﬁe mw.irméhm&ﬁﬁuse A
Expressiofieassettes:dcant 2aretanstaetiad-intoadist speuse Anthe Aransacivatermusts os.
simultanegHsly or cor}secutivel usin% sta dz%d transfection technology. Mouse A provides for

0 8}% f‘p%nﬁ?c

sporadic eXpresaion of 4 recompitas %r‘l’ﬁ%drgb%%‘ﬁﬁ?et@@ﬁﬁaiﬁJHﬁCﬁ‘s@u@@E@cﬁWﬁ‘laﬂner
and regulaterdnpmtigastielsnaiayvindudblenpraotiard mﬁqal&ﬂmmamﬁ&.&;gﬂﬁ&i’fsgiar?%ﬁgaéfgfe@ﬁbn y
the thros ML pel e L EHELL Ahd (1 e S HCEioheof GHTEHIURD SLBLE Trafgenic
mouse A kahtginedidroniarbskes of CpiAl-BlpsarehGRaDH STORtiGreiice Lindthimranfiguration,
the Flp expgssian. whicheanhe indueed v cigarsite smoke. (esulfs ipdog deletn ol e siop,
cassette sequences and thus the expression of Ore in‘fung tissté.
transgenic non-human animal, parficularly a transgenic rodent, but especially a
fransgenic mouse according to the present invention and as described herein before to
an agent or composition © be evaluated thus inducing sporadically or temporally an
effecior polypeptide in a tissue-specific manner; (i) blocking or Inactivating exprassion
of a gene of interest thus causing genstic aberrations within the celis of a specific tissue
of the animal, (iff) identifying and determining said genetic abetrations: (v} comparing
the number of genetically aitered calls in a sample from the treated animal with the
number of genetically altered cells in a sample from an untreated transgenic animal or
transgenic animal treated with a control agent, wherein the difference in the number of
transformed cells in the freated animal, relative to the numiber of transformed calls in the
absence of treatment or treatment with & controt agent, indicates ths carcinogenic
potential of the test compound,
in a specific aspect of the invention, a method s provided for avalualing the
carcinogenic potential of cigarette smoke or of at least one constituent thereof in tung
fissue upon intermittent exposure to cigarette smoke or to at least one constituent
thergof comprising: (i) intermittently exposing a transgenic non-human armmal,
particulariy a transgenic rodent, but especially a fransgenic mouse according fo the
presert invention and as described herein before o cigarette smoke or the at leasi one
constituent thereof to be evaluated thus inducing sporadically or temporaily an effector
polypeplide in a lung tissue-specific manner; (i) blocking or inactivating expression of a
gene of interest thus causing genetic aberrations within the cells of a specific tissus of
the animal, (il identifying and determining said genetic abeirations; {iv) comparing the
nurmiber of genelically altered celis in a sample from the freated animal with the number

of genetically altered cells in a sample from an untrested fransgenic animal or



WO 2081074880PCT/EP2007/064433 -)5 Example 4: Transfection of a vector comprising a gene-of
interest (001) into mouse B, A vector comprising the gene of interest such as k-Ras 12 (Qackson et al.,
2001) or p53 and Rh (Me,uwissen et al.. 2001) is constructed as described for example in Kwak et al
(2004) and trARsHEEEG R%to a second mouse B using standard transfection RCHRBIOGY e roduce a
mouse comprising in its genome a gene of interest targeted with recombinase recognition sequences,
particular a floxed targeted transgene such as floxed:k-Ras 12 or floxed p53 and Rb, wherein the gene

is flanked fy-@ge fecaaRiQnSeaenes FxamRieRGrossingaf Mause A Mavse B EM%&%#S

crossed wjth mouse [3 to produce offspring. The offSpring of said cross carries the dua promoter
system arftRiREoREd BEor f%&%eﬁ@%?%?é?’é’%?iaﬁ@%g‘f? 8 ﬁé‘%ﬂ%’@ﬁfd’b}f _ﬁﬁ@f@é@fﬁﬁﬁé’@ﬁénﬁs‘iﬁ@_ of
cigarette sthekecinduiced giseasesr Initationof Garcinogengsis i dhesemicgcanhe contralled yith

respect to {j igarette smoke exposure. Since recombinase Flp (and h_ence Ore as we )] will only
be sporaof?c‘i})gqﬁ‘:i}%(?)ér'/g t%égﬁ:i Sta yﬁir‘?’%%!é%%yegiafa{%?fe%E%E@fﬁﬁ@'@éﬁﬁéﬁﬂﬁrﬁﬁtatlon or aberration will occur

only in sei/@m‘ﬂ@i‘@mmfajmﬁl@%gmmohemme@Waﬂ%ﬁm@?ﬁmﬁ@m@m@ﬁ%ﬁ@%ﬁ@& <
Since o e 4 i e P eRbrise e TG s VRS iredon o
recombin{¥@ O8It enosithe Yemsdingteremtiefinsdissue-speeifidal iy eaniraltedhin te:lungtissues.
WO 2008 04ARBOREREAPA {0RAR33 RO REIGINGE LS cialty = transgenic mouse according to
the present invention and as deseribed herein before to the agent or composition {o be
evaluated; (it} blocking or inactivating exprassion of a gene of interest thus causing
genetic aberrations within the cells of a spacific tissue of the animal, (i) identifying and
determining said genetic aberrations: (jv) discontinuing exposure of the transgenic
animal to the agent or composition fo be evaluated, (iv) comparing the number of
genetically allered celis in a sample from the intermittently treated test animal with the
number of aliered cells In a sample from an animal at a given time after freatment had
been discontinued, and {iv) determining reversibility of the carcinogenic process.
In still another embodiment, the invention relates to a method for evaluating the
reversibility of the carcinogenic process induced by cigarette smoke or at least one
constituent thereof in lung tissue comprising: (i) intermittently exposing according to a
defined time schedule the transgenic nor-human animal, particularly the transgenic
rodent, but especially the transgenic mouss according to the present invention snd as
described herein before to cigarstte smoke or fo at least one constituent thersof to be
evaiuated; (i) blocking or inactivating expression of a gene of interest thus causing
genetic aberrations within the celis of a specific tissue of the animal, (ilf} identifying and
determining said genstic aberrations; (iv) discontinuing exposure of the transgenic
animal to cigarette smoke or at least one constituent thereof to be avalugted, (iv)
comparing the number of genetically altered cells in 2 sample from the intermittenitly
treated test animal with the number of altered cells in a sample from an animal af a
given time after treatment had been discontinued, and (iv) determining reversibility of
the carcinogenic process.
The transgenic non-human animal model according to the prasent invention can thus be
used for investigating the significance of certain genstic or epigenetic sberations in
cigareffe smoke-induced carcinogenesis or other dissases in a spatial- and temporal-

specific manner.



Berlin et al, 2005, Transgenic Research 14, 645-654 Campbell at al., 1996; Regulation of the CYP1Al
promoter in tmnsgenic mice: an exquisitely sensitive on-off system for cell specific gene regulation. J
Cell Sc!. 109 (Pt 11): 2619-2625 Fisher et al., 2001, Induction and apoptotic regression of lung
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transgenigJmice. Ao Najl Act ! :92:11926- Temann.at al.,.1998; essi

interleukin 9 in th% Iu%‘tft[;\?l| Qﬁr?r%g%rﬁ% gﬁé%giéség éﬁ%@ ?r%f%iigrgg |oc|§{ ﬁya{lls'?%egﬁ%gpgéﬁgsi "nd
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tfansgeniﬁw@t@%@&%‘ﬁrﬂﬁn@?ﬁﬂ@?iﬂﬁiyadenylation sequences such that the coding sequence of

Fp recombinase is expressed under the control of the inducible promoter.

Fip cONA Is amplified by PCR from plasmid 708-FLP (Gene Bridges) and cloned into
pB35185 (invitrogen) replacing the Cre recombinase sequence to produce pBS185-FLP.
PBS185-FLP carrying the CMV prometer, the FLP coding sequence and the mouse MT-
1 polyadenyiation site Is further digested by Spel and Xho! io efiminate the CMV
promoter sequence. The 11.5-kb fragment of rat Cyp1A1 promoter cenfaining regions
exon 1 and part of exon 2 is isolated from pAHIr-LacZ and cloned into pBS185-FLP.
The 14.4-kb Cyp1A1-Fip transgene fragment is generated by Hincll and Kpni digestion
of pBB185-CyplAi-Fip vector. Transgenic Cyp1Ai-Flp animais are generated by
pronuciel microinjections of fertilized oocytes (C57BLB F1 animals) with Cyp1A1-Fip
transgene. The resuiting offspring is genoctyped by PCR on genomic DNA prepared from
tail biopsies,

A schematic diagram of the vector construct is given in Figure 1.

Example 2: Construction of expression cassetie 2 for conditional expression of
Cre

For the conditional expression of Cre in lung tissue & lung tissue-gpecific promoter SP-C
is fused to three MT-1 polvadenylation sequences which are flanked by Flp targeting
sequences frt followed by a Cre recombinase coding sequence using standard fDNA
techniques such as described, for example, in Harrod of al, 1898 or Wilmott et al, 1998
or Bertin et ai, 2005.

pBS185 is digested by Spel and Xhol to eliminate the CMV promoter sequence. The 3.7
kb human SP-C promoter ts amplified and cloned into pBS185 {o produce SP-C-Cre



overexpression of the human interleukin-1 receptor antagonist protein. Am J Respir Cell Mal Biol.
18:429-434 27 Claims A non-human transgenic animal comprising stably integrated into its
genome a first expression cassette and a second expression cassette, wherein said second
expression cA$s&tt8/tuitprises a second polynucleotide encoding a second¢&@aiisitieEEdnder the
control of a tissue-specific promoter and a blocking nucleotide sequence, which blocks expression of
the second recombinase such that no expression of the second recombinase occurs from said
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and Kpnl digestion, and the 7.6-kb fragment containing SPC promoter, fri flanked stop
codon sequence, Cre recombinase coding sequence and the mouse MT-1
polyadenylation site are isolated, purified and injected into the fertilized aocyles
{CETBLS F1 animals). The offspring is genotyped by PCR on genomic DNA prepared

from tail biopsies

A schematic diagram of the vector construct is given in Figure 1.

The pSP-C promoter in figurs 18 can be the promoter of SP-A, that of Clara cell 10
protefn, that of thyreid transcription factor 1 (TTF-1), that of T4 alpha, that of aquaporin
5, or that of RAIG-1 gene,

Example 3: Generation of transgenic mouse A

Expression casseties 1 and 2 are fransfected into a first mouse A, the fransactivator
mouse, simultaneously or consecutively using standard transfection technology. Mouse
A provides for sporadic expression of a recombinase, particularly a recombinase Cre in
a lung tissue-specific manner and reguiated by a cigarefte smoke-inducible pramoter,
particutarly a cyp1A1 promoter.

In this configuration, the Fip expression, which can be induced by cigarefte smoke,
resulis in the deletion of the three MT-1 polyadenylation segquences and thus the

expression of Cre in lung tissue.

Transgenic mouse A is obtained from crosses of Cp1A1-Fip and SP-C-fii-STOP-fit-Cre
mice. in this configuration, the Fip expression, which can be Induced by cigaretie smoke,
resulis in the deletion of the stop cassstie sequences and thus the expression of Cre in
lung tissue,



wherein the tissue specific promoter is a lung tissue-specific promoter. 29 4.The non-human
transgenic animal according to claim 3, wherein a. the recombinases are Ore recomblnase_s or Hp
recombinases, b. the cigarette smoke inducible promoter is a promoter controlling expression of a
cytochrome BALPHERGxygenase or a promoter controlling expression ofIREEYHINIEERe: and C.
the lung tissue-specific promoter is a promoter which controls expression of lung tlssue-specn_‘lc
proteins, that are specifically expressed i. in nonciliatgd bronchial epithelial cells (Clara cells) in

respiratorfzaachigleminalipsengbicies aifiiainavealas aReiRLelSOhe of interest (GON into
mouse B,
A vector comprising the gene of interest such as k-Ras 12 (Jackson et al., 2001 yor ph3
and Rb (Meuwissen ef al., 2001} is consirucied as described for sxample in Kwak et al
{2004) and transfected into a second mouse B using standard transfection technology
to produce a mouse comprising in its genome a gens of inferest targeted with
recombinase recognition sequences, particular a floxed targeted transgene such as
floxed k-Ras 12 or floxed p53 and Rb, wherein the gene is flanked by Cre recognition

SRQUENICES.

Example 5 Crossing of Mouse A X Mouse B

Mouse A is crossed with mouse B to produce offsprifig. The offspring of said cross
carries the dual promoter system and the floxed targeted gene. of interest and can be
used 1o study molecular mechanisms of cigaretie smoke-induced diseases, Initiation of
carcinogenesis in these mice can be controfled with respect to time by cigarette smoke
exposure. Since recombinase Fip (and hence Cre as wall) will only be sporadically or
temporally induced by cigarette smoke, the genetic mutation or aberration will occur
anly in several proximal cells at sach time of exposure and afier cessation of the
SXposure gene expression may be restored, which reflects the intermittent exposure of
cigaretie smoke in smokers. Since surfactant protein A/ C or Clara cell 10 protein is only
expressed in lung tissue, the expression of recombinase Ore and hence the genetic

aberration is tissue-specifically controlied in the lung tissues.



iii. both type | and type Il lung epithelial cells. 5.A composition comprising a. a first vector molecule
comprising a first expression cassette comprising a polynucleotide encoding a first recombinase under
the control of an on/off-type inducible promoter, which, upon induction by a compaosition comprising
cigarette sm&Ke ¥FPEPTé% one of its constituents, expresses a first recombMEEEPAFH06443h. a second
vector molecule comprising a second expression cassette comprising a polynucleofide encoding a
second recombinase under the control of a tissue-spggific promoter and a blocking nucleotide
sequence, which blocks expression of the secpagreepmbiaase such that no expression of the second
recombinase occurs from this promoter in the non-induced state, the expression of which is activated
by the expression product of the first expression cassette. 6. The composition according to claim 5,
wherein the tissue specific promoter is a lung tissue-specific promoter. 30 1.A composition according

to claim 6urher FOmpHSING A, i YRRl MOISEUS 645654
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comprising a third expression cassette comprising a gene of interest (G01) targeted with recombinase
recognition sequences. 8.A composition according to claim 7, wherein the first, second and third
expression cassette are present on at least two distinct vector molecules, such that one vector
molecule contains a single expression cassette only. 9.A method for producing a transgenic
non-human animal model comprising (a)providingza first expression cassette and a second expression
cassette as recited in claim 6; (b)introducing said first and second expression cassette into the
genome of an animal, particularly a mouse by (i) introducing said first and second expression cassette
into a fertilized mouse egg or a blastocyst of an-efifio;

1. A non-human fransgenic animal comprising stably integrated into its genome a
first expression cassette and a second expression casseite, wherein said second expression
cassstte comprises a second polynuclectide encoding a second recombinase under the control
of a tissue-specific promoter and a blocking nuclectide sequence, which blocks expression of
the second recombinase such that no expression of the second recombinase occurs from said
tissue-specific promoter in the non-induced state, and whergin said first expression cassette
comprises a first polynuclectide encoding a first recomnbinase under the control of an on/off type
inducible promoeter, which, upen induction by a2 compaosition comprising cigaretie smoke or at
least one of its constituents, expresses the first recombinase, which removes the biock from the

second expression cassette and activates expression of the second recombinase.

2. The non-human transgenic animal according to claim 1, comprising a gene of
interest (GO}, which is stably integrated in its genome, wherein the expression of this gene of
interest is modulated by the second recombinase.



(i) transferring the fertilized egg containing said expression cassettes to the oviduct of a
pseudopregnant female mouse wherein the mouse becomes pregnant; or, in the alternative (iii)
transplanting the embryo containing said expression cassettes into a pseudopregnant mouse and
allowing said blastocyst to develop to term; (c)allowing the pregnant female mouse to deliver progeny
mice; and (d)selecting from the progeny mice thosg which have stably incorporated into the genome
the first and second expression cassette. 10.A method for producing a transgenic non-human animal
model comprising (a) providing a first expression cassette and a second expression cassette as
recited ig claim 6; (b) transfegting.a,0ABK!atAL, of ngtisRCIPRYARICSIER) cRllswith a,frst gxpression

cassette and %secopd gx ression casset{te;. X »
wherein the tissue specific promoter'is a lung tissue-specific promoter.



30a (c) identifying a mouse embryonic stem cell having said first and second expression cassette
integrated into its genome by homologous recombination; (d) inserting said cell into a mouse embryo;
and (e) allowing the resulting embryo to grow thereby producing the transgenic mouse which has
stably incorporated into the genome the first and second expression cassette. 11. A method according
to claim 9 or 10, wherein the first expression cassetig and the second expression cassette are both
comprised within a single vector molecule or each on distinct vector molecules. 12. A method
accordingito any one of-glaims. erein a composition according to any on of claims 5 to 8 is
used. 13. A method of ﬁ/g:‘fjgzilﬁtﬁ%%\ﬁé%rs |%%58%'fga§8f§%’i?érfgo%ﬁlﬁ%gnt or a composition in a specific
tissue of a non-hurman transgenic animal when applied intermittently comprising: (i) contacting the

non-human tréndifeffecatintatobeny sneohaaime: bio-h With the.ggent or composition to be
evaluated; (Hybioeking-afinaskyvaing:expessian of.a gene of interest thus causing genetic

aberrationgswithimt cific tissue of the non-human transgEHRSSRitRa" fiify iagtitfing and
determining saiqibegr)?é%%!%ti%%ﬁ%%@?%&)cggf%ﬁﬁﬁépfﬁﬁsmrﬁb@ﬁ GV gehktiendlyeattered cells in a
sample from tfie't o S ST PRIRTA RERRieniE Ariramoieitiwiie: numbes ekgenaticalty altered.cells in a
sample fiBFAENPIiBeatEE Arsbraficaltransgenric animal or non-human transgenic animal treated with
a control agentirwbetiitthe Hffesencs M4l ber of transformed cells in the treated animal,
relative to theiinHrQ;pg&é)rfetgm%%rg;ﬁ {Jcrellshi%ﬁi@é%%sg%%’ of treatmehtof FEatiArcitiPesshtrol
agent, indicates the carcinogenic potential of the test compound. 14. A method for evaluating the
reversibility of“thbgﬂcj;é}feﬁ%?& ﬁYB%‘r‘dﬁ%&@?ﬁ’ﬁi@é@Ebﬁy an agent or composition comprising: (i) contacting
the non-human transgenic ggmlog&igrq Ooneg_iolﬁlclaims Ito 4 with the agent or composition to be
evaluated intermittently according to a sfined tine schedule; (H) blocking or inactivating expression of
a gene of intérestithiuscausinggenesiamieyalinrs Mgpg%glg)g gggga% acscpecifi.c tissue of the

non-huressutiansgeric ARIMaInAEL) JFetifying.apd ggterminingwsaid enetic AberratigrBrtlgyde

discontimg%&o%agggg the non-human transgenic L an on/atisvne 4 EiEoPEBIAISH STtPht o bRen
evaluated, comparing th RUMBbET Bf §EREIRAAYERPkY Lelldsrsbosarmipte dromtitheds)texmiitently treated

animal With (R REIFESr #icaltered cells in a sample from a animal at a given time after treatment had

been discontjpued iy).determining reversibility of the carcinogenic process.
. 5 et
@E.Q}qO(\OegtOf molecuie comprising & secand expression cassette comprising a

polynucleotide encoding a second recombinase under the control of a fissue-

o » specific promoter and a
ocking nucleotide seguence, which blocks exprassion of the second

i | recombinase such that no
xpression of the second recombinase oceurs from this promoter in the non-induced state, the

exprassion of which is activated by the expression product of the first expression
B.

Cassetie

The composition according to claim 5, wherein the fissue specific promoteris &
lung tissue-specific promoter.
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7. A composition according to claim 6 further comprising a third vector molecufe
comprising a third expression cassette comprising a gene of interest (GO} targeted with
recormnbinase recognition sequences.

8. A composition according to claim 7, wherein the first, second and third
expression cassette are present on at least two distinct vector molecules, such that one

vector molecule contains a single expression cassette only.
S, A method for producing a tfransgenic non-human animal model comprising

{a) providing a first expression cassette and a second expression cassetie as racited in
claim 6;

(b) introducing said first and second expression cassette into the genome of an animal,
particutarly a mouse by

(i)  introducing said first and second expression cassette into a fertilized mouse
€gg or a blastocyst of an embryo:

(ii) transferring the fertilized egg containing said expression cassettes to the
oviduct of a pseudopregnant female mouse wherein the mouse becomes
pregnant; or, in the alternative

(iiy  transplanting the embryo containing  said expression cassettes into a
pseudopregnant mouse and aliowing said biastocyst to develop to term:;

(c) allowing the pregnant fermnale mouse to deliver progeny mice; and
{d) selecting from the progeny mice those which have stably incorporated into the
genome the first and second expression cassette.

10. A method for producing a transgenic non-human animai mode! comprising
(a) providing a first expression cassette and 2 second expression cassette as recited in
claim 6;
(b) transfecting a population of mouse embryornic stem cells with a first expression
Cassetie and a second expression casseite;



<400> 1 gaagttccta ttccgaagtt cctattctat tctctagaaa gtataggaac ttctgatagt60 aagaagttcc tattccgaag
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30a

(c) identifying a mouse embryonic stem cell having said first and second exprassion
cassette integrated into its genome by homologous recombination;

(d) inserting said cell into a mouse embryo; and

(e) allowing the resulting embryo to grow thereby producing the fransgenic mouse which

has stably incorporated into the genome the first and second expression cassette.

11. A method according to claim 9 or 10, wherein the first expression cassette and the second
expression cassette are both comprised within a single vector molecule or each on distinct vector

molecules.

12. A method according to any one of ¢laims 9 to 11, wherein a compaesition according to any on
of claims 5 lo 8 is used.

13. A method of evaluating the carcinogenic potential of an agent or a composition in a specific
tissue of a non-human transgenic animal when applied intermittently comprising: (i) contacting the
non-human transgenic animal of any one of claims 1 to 4 with the agent or composition to be
evaluated; (i) blocking or inactivating expression of a gene of interest thus causing genetic
aberrations within the cells of a specific tissue of the non-human transgenic animal, (iii) identifying
and determining said genetic aberrations; (iv) comparing the number of geneatically alfered cells in
a sample from the treated non-human transgenic animal with the number of genetically altered
cells in a sample from an unireated non-human ftransgenic animal or non-human transgenic
animal treated with a control agent, wherein the difference in the number of transformed cells in
the freated animal, relative to the number of transformed cells in the absence of treatment or

treatment with a control agent, indicates the carcinogenic potentiai of the test compoundg.

4. A method for evaluating the reversibility of the carcinogenic process induced by an agent or
composition comprising: (i) contacting the non-human transgenic animal of any one of claims 1 {o
4 with the agent or composition fo be evaluated intermittently according to a defined time
schedule; (i) blocking or inactivating expression of a gene of interest thus causing genetic
aberrations within the cels of a specific tissue of the non-human transgenic animal, {iif) identifying
and determining said genetic aberrations; (iv) discontinuing contacting the non-human transgenic
animal with the agent or composition to be evaiuated, comparing the number of genetically
altered cells in a sample from the intermitiently treated animal with the number of altered cells in a
sample from a animal at a given time after treatment had been discontinued, and {iv) determining
reversibility of the carcinogenic process.
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