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Transgenic Animals for Assessing Drug Metabolism and
Toxicity The present invention relates to transgenic

waamshdsmn ani nal s, tissues or cells derived tReTEB2005004772

and met hods of producing them The transgenic
non- human animals or tissues or cells derived
therefrom provi de a system capabl e of expressing human

pr ot eis responsi bl e for dru t ahpl,i in e. of
Phe. horarseSReARma SiEhe e PERERRFMar phe Xakicly

d for the controJ| ed expression of human genes
Thie mseroet dnyentien tRlates o BISRIE - HHRAT RIS Gifues or cels

u [ n s
i L LSS
auigREoENH BueOst- dellgderi vl thedefronr proviRis wesystem cphbls of expressing
derived therefromare for use, especially but not
Bympy giroteins, responsillastor ndjug emstsboliste By pﬁm f the homologous
. ' oxi CLE her . ; o

R e e e e G R S L
A&k Ohtrbd @y Ninfte Sies afitnal RE OGN €S eLRERWIMNYS the human genes is
Background to the Invention A significant proportion
esgulafrsk dpe grangerdno desel aealegous & that sedseiiovfeo in humans. The

rket.abl e drugs because of adver taholism or

PBSEER B i Rl E AL PF e S EdR FRINER o Rof, ere for use
Egplebidl £ But RRREIBLVIR, HQksessihgRedobic M or\sd Befbolism, toxicity or
devel opnent expenditure and consequently there is a .
pidet] pfaperties wr tfordiioos ofithesintloducedammpamy profadhs sishyas metabolism

uj,ckl.y and ecqonom cal | redict at the pre-clinical
%@%@éﬁ@ﬂ?‘a%@gﬁ@&]ﬂ?@oﬁﬁoﬁ%’w and t oxi col ogi cal
characteristics of drug candidates in man. At present,
Backgroupd to the;Invgntiget abol i ¢ and toxicity testing of

drug candidates relies on |aboratory ani mals, hunman \
ansigaificantnpraportinn o thetapevsis dingl/canditlatss fak to heemiet matketable

R T T e
FHR Sl lurYBbARE & gﬁ?lsﬁgﬁﬁ&% UHsedf HlePoprh AMeaPiife and

can differ signific y fromthat obtained from a&:-
bensaquentlpjtieare ivupeaddosper teebnalbgibethah casmbre elisbly, quickly and

bi ochem cal chani.sns _invaol ved. | n addition, )
PAOSPRT aPTediFt oft dhét & mwﬂidgwe!ﬁ?mm Vitgco thiy mgipbolic and
&ﬁlizlbol bl \Ch&Rctfistid A AhGodhiBRs ih M?A§%)Y@Eﬁsfrf6§fg%;gﬁ:ﬁnical
probl ehatic since such systens are fiot avai | abl e For

adetabolig and texidtyt tes Biges dorg ¢dndidatea irélicks @nrlghaatoryt igmsiBuman

met abol i ¢ char ac i sti as the 0sSsess_in vivo. :
an(}/or mammalian ceﬁ ?{nes angl?)r t1sssues 1);1 FcJ:ulture. However, none of these

methods is completely reliable in predicting metabolism or toxicity in a human
subject. Metabolic and toxicological data from animals can differ significantly from
that obtained from a human subject due to species differences in the biochemical
mechanisms involved. In addition, interpretation of data derived from iz vitro human
cell cultures or isolated human tissue studies can be problematic since such systems
are not available for all organs and tissues or they fail to retain the same metabolic

characteristics as they possess in vivo.

It is known in the prior art that the metabolism, distribution and toxicity of most

drugs depends on their interactions with four distinct main classes of proteins:
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It is known in the prior art that the netabolism
distribution and toxicity of nost drugs depends on

WO baei06410T er acti ons with four distinct main cl BEEEB2@WE/004772

proteins:a) Phase-1 drug-netabolising enzynes, such as

the cytochronmes P450 which generally add or expose

pol ar groups on the xenobiotic nol ecule; b) Phase-2

d) Phaseel adrofinsdtatglisingy RRSMS GuckSast tle fyRichfodses PB50 which
particul ar_the glucuronyl transferases, gl utathione

t r &RRsrainaddsor exppystralyn Sreupamarthe aenobiciicanelee!s
transferases whi ch conjugate the pol ari sed xenobiotic
rbbePéaewl-% drog-andigtehlisingi lenzympspsoch hasr ddapsfemses) i inapamigular the

subse ent. excret]j tra porter
or ARG EERerERes: utaondfamsTentoen s bRy Fsfeersasand acetyl
Wi GRS ch% fel mE'pdhrfsEP keAMGE: Y Petcﬁfenl.% a hydrophilic
(MDRs) and rru g resi st anceassoci at e8 protei
( MERwlp therdby faellnawtmlmmqumttaxmapﬁrrt i ng pol ypept i des
(OATPs) which facilitate the transport of drugs and
@) MRl Xeepor@iri frof@the CallcB Sas? HORTINbAANE %ﬁ&feaﬁiﬁﬁemg )whlch
Transcri ption factors, such as the pregnane X réeceptor
( PXrfudenthet hveﬂtcdm raststinge motdines(MDBS) eneé pudti-dr@aRpsistance-

i ch r ul ate ns tion of genes encodin
or spenldopfiiot RoETT Y of, o8@efe afitaRarpaitng Papeptides
CY (ORAMPER&idR4HaLilitala rtl'l@&h&?oﬂ IIBRER: SREGIES xblﬁ)blf&fé"\ﬁllolecules
in each of these protein asses both wth respect
t hecnesd plagrha miemprasfes;pr ot ei ns wi t hi n each cl ass, the
function of the proteins thenselves and with respect

) Tganetiption Rgiol suchnasothe bleghineEX pe@pErqPXRI) tand Shekdvttutive
from WO2004/ 007708 how t 0 produce non-human transgenic

a nRRgOgaRs presBior (g ARInwhich rrﬁaléaﬂ@ uharframagmsionnofeensk encoding

e G o R e R SRR e B B e B0y "
SRS e B PR 0 e%%’?%ﬁcggseﬁwth with respect

¢y URE rlﬁﬂﬁﬁﬁm% P HBRERD SithiHP WEME clash, N hed BSfckibR €5k  the, proteins

ani mal nodel haslﬂgmtatlons |nt at’ not only are

ithrersebves eatl With Despeasd gemdtie degudatipardfitiosit expresipans or
ti ssues of the non-human ani mal but also there is no

oy BVir®aNrb® WEIR0031007 POPRES T YProd@ice v -t 2R laBimals
a manner that is analogous to that seen in the human.

Crieregping tfénfrmnmg dumanp §45Qs iis whish Itherifvedions ohandogenous

P URPRRD B s Batn PR Bl et o A 30 et or by
lQeleBoh BA EHScyvdchirlé P450 reductase gene encoding the enzyme on which the
function of all cytochromes P450 depends. However, the described animal model has
limitations in that not only are the introduced P450s restricted to particular organs or
tissues of the non-human animal but also there is no provision to regulate expression
of the human P450s in a manner that is analogous to that seen in the human. One of
the prior art models is also limited in that additional modifications are needed to
provide cytochrome P450 reductase activity to the introduced human P450s without
reactivating endogenous non-human P450s. A yet further disadvantage resides in the
lack of provision to reproduce human phase-2 metabolism, thus the system is unable

to provide an entire metabolic profile.
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reacti vati ng endogenous non- human P450s. A yet further
di sadvantage resides in the lack of provision to

WO 2psoc1ge human phase-2 netabolism thus the BYEGBR005504772

unable to provide an entire netabolic profile.lt is

al so known fromthe prior art to humani se the

i nduction characteristics of cytochrones P450 in the

o tiks elsb yknexipr 8681 g picm Brt RERundpfrtsee theaindudifinU Elearaidristics of
406, 435-9, 2000) or human CAR (Zhang et al, Science
witochrpgies £450 4n the ompse by £xpisssing IaesiBXR (Xinstuale Nakee Vol

JOPCEE ThoTe! Bimir SAPTEARGaRah it W dBe B, 200 in-
Raduse ihere theReaEe POUS gt d)/dr Riddusé EAROSsHER dpRESRIP BAR been
in the human they have undesirable characteristics

Welstads Vhitre secht aumalsndememsatevindsaionxpatessi aheridogenous P450s
A BT Fe b ST A e e
Ql@&ﬁ%*@&rbﬁ@s PX85d QhoSP B8R ishegmaky %ﬁal@%@usﬂp#o '%hﬁémman are

regul ated as they are i'n the human by virtue o
stil megdnmab ejytoghhmes 1450y Aa furdtee dishdwmtge is that because the PXR

ti -specj fic pronoter (albymn pronpter), .

oy I ks St 6 st driaH Gt ey Ao be bimag by virtue of the
' aReihavg. s he ul a ' .

e C g i R it 0o, BT ier (albumin

pranstigneeraxpredaon wedhd hetanotogoiNenieatdnesccuh ahich can have the

enonj ¢ clone, thys_.the transgeni c non- human ani nal s
gwﬁ%%wwﬁ Fatarolie nedyAe g&w&se@s Margovesrthe PR, apg CAR

. r | . .
AL b b ATOR AR Wi o e wansgnie
erphesmh aninftncmstquehtly GXRTRSSdq0endes néRsdafy €drRdtly @ fpfoduce
Ighver and may not be of a physiological |evel. In

Yy C .
dhe frapscripiens! ediary-tigsertntiondldsalation obBXR s CAR expression

' h - . her .drawback of the .. .
U IAF, S B PR BDE o VS S ARAP e S s
Wévieh Inadditios alidse Atodefs d hctlengdicfor ¥hlide variaR® oFthdBlman gene.
since the humani sation of each gene is achieved by two

iAnetsE darsvhack of dhe BXR/ECARamodels 1s tha) thayouk vosnitable tohepmbine

X . 1) L is.wW.th t .
S RABEARAT oMkt TR RRE Bindihsthee e RfPasaion pf cach
gbﬁé & QBtiic@RANBYt&ol REidpdrdBat FBRMEC] AtctRLS @) &nBRBEO of the
or inprovenents in animal nodels of human netabolism

endagenens gaat(fidtransgsnesss with be huenhuthelogyenmder control of the
i@)troduce‘dti naioﬁ‘f;fﬁe atni mal 'f:l?’ that their expression is
PEYTTAPRRGY 3 2 QUAFEN SEEPTICPEHNY anal ogous to t hat

en in humans. There is also a need_ for nore aspects
j‘gerteﬁé tlpﬁg#g% Hieedolor improxemeRty 11 gnigal models of human metabolism

that can control expression of the human genes introduced into the animal so that

their expression is regulated in a manner more closely analogous to that seen in
humans. There is also a need for more aspects of the human metabolic pathway to be
reproduced. Effective animal models of human metabolism require not only
expression of the relevant human proteins but also annulment of the functions of the

homologous endogenous proteins.

One reason why the present invention embodies a surprising advance over the prior

art is that many prior art researchers appear to be of the view that the problem posed
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reproduced. Effective animal nodels of human
nmet aboli smrequire not only expression of the rel evant

whevane4sdt ei ns but al so annul ment of the funce¢DGB20F/004772

t he honol ogous endogenous proteins. One reason why the
present invention enbodies a surprising advance over
the prior art is that many prior art researchers

by HRaneddofob endaelst dfalrig @wtdbdiim il elrpidy¥oB R PPSeskapld) Kie and
need for nodels of drug netabolismis already sol ved.

EyrneledRR BDTN pSel dtats thes hpmeoising R is i@e)f the sare examples

I sing P s ~one of the rare exanples where .
it JATEOS o ipklE Yokl rokeliiof AR G ereeav! shectes-
SpeviR i re@lilaGPEC IFRSHBSEIE] # 18 eVidehiteBt FbHRR have turned their
Furthernore, it is evident that workers have turned
etentiongtot salnigwest thatt diffen inepukesdly e thasi fthatrutitize Ketkgenio animal
those that utilise transgeni c anjnal, systens. For .
SATGIE-& il SepBRTEY Rnatle i eoBe Hgordygeas an
B P e g TR0 TRl b Hhoysb ARl Br g
matabodismTihni lsinvens KThis vk dsitabont-mevisive thowghg land am thel inventors’
the.inventors' opinion is qQf dubjous relevance to the
QP’tnEPé’t’iSé?EdP]i’foP qveyee i e puademin eai¥nt i on i s the
first methodol ogy that takes into account all of the
Eh% Hiresest invention o theafitst gpefhedalogutifag talfes dntoasntoutaall of the

v e _probl ens | actical nner .
PR Bt B9 A RSl B ool RS SRy RGE b e
it alngﬂleﬁbal MEHAUTES RISk RRdettopisdd MaMBRI GRe & Yeovide
met abol i sm pat hways that overcone the undesirable
fransegrissnasrhuman apiimh imedstie withdewnatisedddiug métebglisio pathways

et A R EAT T

PkBENSE GG JHRald iBallleRatiafedeXpr essi on in the human
are reproduced; b) Expression of multiple human ‘

0 I U AR Bl B THUPRG) b

mubtpredséoncin dingleuroaisarg e¢pesduwed;t hat i nterference from
non- human mnet abol i ¢ pat hways on the functions of

bEKPRSESH JTURRNIAE AhhddS phcteids MY fhdt aRblhid & of
tﬂe pF;I‘réesent i nve#?i on, vvepprglvi de met hods%of g?%%glfn%hman
nometabotismard neptodueddt  and non- human transgeni ¢ ani mal s

that incorporate at |least sone if not all of these
¢) Annulled expression or function of multiple endogenous genes so that interference

from non-human metabolic pathways on the functions of introduced human

proteins is significantly reduced.

In the present invention, we provide methods of producing non-human animal cell
and non-human transgenic animals that incorporate at least some if not all of these
desired qualities. Such non-human animal cell and non-human transgenic animals
possess desirable characteristics not available in the prior art in that they can model
entire human pathways of xenobiotic metabolism rather than just individual elements
of pathways and that such models are provided for all tissues and organs. This is
achieved through the application of technical approaches hitherto not available in the

prior art with respect to obtaining regulation of transgene expression analogous to
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desired qualities. Such non-human ani mal cell and

non- human transgeni ¢ ani nal s possess desirable
w@hb@saetier i stics not available in the prior arPCT/GBRVaN04772

they can nodel entire human pat hways of xenobiotic

nmet abol i smrather than just individual elenents of

pat hways and that such nodels are provided for all

tthf Seesinditéhadr @Hin shrodgh theiuSe 3£ Bttewe e rfeBiilatg DINYE sequences and

application of technical approaches hitherto not )

éMlE'I Tespech tp npwaEngpt o endegenais mefabslie pathivys irapsh dgletion or

2B iR LRSI, FRBHE BuORPs IR RelGidh o single

egdiat ory DNA sequences and with respect to annul nent
of endogenous netabolic pathways through del etion or

S NenRAE ASnvént er of relevant human proteins are
expressed 1n"a single aninmal. Statement of the

AR RSl $ R 8 o e inyihiorufRRER proYigd @ ngP iR himal,
WREevadcdReIRiVED ThdrBROh RREGDbMRHENS at 1R3SEnPREmAY THTA R¥Muence

sequence encoding at |east one transcription factor
gncteking ehtlgast ooé transeriptioor faptor omdém comrol prfoadtasscriptivn factor

whose end nous i val ent, nes have been annul,l ed
BROR ot RS ordieinons CLvEERG SpHe e, e TRBNEE e non-

fhdfdal @hinh41CQEsB0 bR LEMYd&Mvel @ﬁé&ﬁ&ﬁ%ﬁﬁerqﬁf Sbtidd8t least one or
follow ng further human DNA sequences selected Trom

inmere gofothe fodloping ifmgher (hyman DY sequaree selectedi fiagmathe group
phase-. 1 drug-netabolising enzyne; (ii) a DNA sequence
EACBHPAE a phase-2 drug- netabolising enzyne; and/or

(ii1) a DNA sequence encoding a drug transporter

prot ei®d; andNAsseuaase erpodigs Bigee-I dregimetpdbalising enpames
have been annul | ed. Throughout the specification and

t he cl(@ ns anbiNA deqlidrmey, enenlliagsa tghased ndregimetamlisings enzyme;
ot herwi se, the word "conprise", or variations such as
"conpri ses®™YPI " conprising” will be understood to

inply the inclusion of a stated integer or group of

i nt egéiid b@tDNAtsequrace grdodiigondreg transpodetptotdinit eger or
group of integers. Reference herein to "endogenous
agdiwhaseatdogena’ eqlivaloet gena ohgenes have baeh ahsulledt ended

to include a gene or genes whose expression product

Mk ighsutithe sfedfRation and the claims which follow, unless the context requires

otherwise, the word “comprise”, or variations such as “comprises” or “comprising”

will be understood to imply the inclusion of a stated integer or group of integers but

not the exclusion of any other integer or group of integers.

Reference herein to “endogenous equivalent gene” of the non-human animal is
intended to include a gene or genes whose expression product retains the same,
similar or identical function as the human counterpart gene. For example, the human
transcription factor gene known as PXR (NR1I2 nuclear receptor subfamily 1, group
I, member 2), Entrez GenelD: 8856, has a murine counterpart of the same name
whose Entrez GenelD is 18171. The proteins encoded by these genes have an

equivalent function in the organisms from which they are derived.
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simlar or identical function as the human counterpart
gene. For exanple, the human transcription factor gene

whp@ene#37 PXR (NRLI 2 nucl ear receptor subfam | BCTGB2005/004772

group I, menber 2), Entrez Genel D. 8856, has a nurine
counterpart of the sane nanme whose Entrez GenelD is

18171. The proteins encoded by these genes have an
&epmietatlyetite fntiodided ntrarBeriptfonOfgn | &ef®, the Phavdil Giug-ARYabolising
are derived. General ly, the introduced transcription

CHEXBE Sefenthe phate-hAmganatablisingenesine gerd angl/enths dag transporter

. Se- - pet abol i si. enzyne gene and/or, . . .
EFeE e L TG F i o TR R e S Bt i
& equivalbgPrefirhbly! he RBARAFIRMDOISBNFiVbE Bretiirhad 80%S greater
equi valent. Preferably, the degree of honology wll bgr
dhaad 0, graater GO9S0, @aeater thara0%02seatyr drinct%, hmeat&0%an 80%,

a0 Hon 2 Svi BeSEBm G380 &1 1 nan 05% In the

,Egse of dru -neta%oILsing enzyme genes, equival ence

theease of ceue-mstabplising sazwer) ceresacqtybenea et eess genes can be

| L Cl . ulation (for.
SHRBLATS, SRRRLIE S 815 000 B8 liog g syt
beqtremcrptioiohagy dndeddgeaie diidsy,i RedubMe. h6BoldyN and tissue
enes have exact equival ents; exanples of such genes
g}S@WQEEeﬂ@vpgme,s lpyP1mct eywiydentsh¢x@vpep ofr mich genes are.

e e [ one in the human, .
BRI A LR YR2RE SRTCERED 5f el hesp dhere is
bolyroneYRRE 0 g timial, bltehuMUIBEY eqidildhy BBIRYS 1RAMbYS §hbre are

enes in the nmouse. In such circunstances, at |east -

CYHPHE eengsl ip thodbumahy ad niiroenons eiuivalent grpes imtheemense. In

Bl DB R B AR o e o o ven
of tHead@Btkent MuriAe gRRsLSRe ahﬂﬁue@?(BSI%Ah 54! &ahBle where there is

consi dered at |east one equival ent nouse gene becaus
8¢ opviouh ephelpguesinghe swiuse;, butEd@ 31 Iregid e camsidend at least one

sequence honol oqy. Reference herein to "annylled" is,
F%‘ﬁ‘é%&‘@dm%ser e(pgbhfga%siel nd REPaSc FerestiPBnmgfe of raatating and
ka@ehdeMBniflogyhat the non-human. ani mal * s endogenous

equi val ent géne is unable to express the gene

R%{%géf%g(}?&?inafo l‘%gﬁgle&wtis ti te%%%ﬁl lgc}en\{ eclil% egglggﬂc%& or deletion or

significant to t rug neta

rengedme tactivie s Xt 8BS neA-hufMe ! andhalan elﬁﬂi%b'ﬁdlfé GoRiBAEenfB¥ne is
be | ess than 20% preferably |ess than I0% nore

prabletoaspyess igenapriodsoys)naslenspnasfie pmpleyell thatss sigaific2sto the
gli({l %%gligogiﬁg{ I%fogerszsi.bfl“éf i&; 31%%, %h%se%pr%fssi(tnp Fev\el\fi cl)fd ant ahulled gene may
be less than 20%, preferably less than 10%, more preferably less than 5%, more
preferably less than 2%, even more preferably 1% or less of the wild type expression
level. The expression of an annulled gene may preferably be decreased to the point at

which it cannot be detected.
Partial genomic sequences

In the prior art techniques disclosed to date, researchers have generated transgenic

models that incorporate human genes into non-human systems, notably the mouse.
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| evel . The expression of an annulled gene may
preferably be decreased to the point at which it

W@ 260641b2 det ected. Partial genom c sequencesPCTIGBR@®5/004772

prior art techniques disclosed to date, researchers

have generated transgenic nodels that incorporate

human genes into non-human systems, notably the

Hnvewyetidnedeising theste ¥ystdning litie aRerfiiont @f¥bech igald ® retaining the

attention has been paid to retaining the context of

CABtCR Mfthe Buman genejas iiesxisty i itsnatursl siateur al st at e.

Ceneral ly, cDNA sequences have been used in the prior

&renerally hePNAhsmqueneeplsye ibaen tded in titer mmivrextomthst thaa trespecting the

of the human gene, . or incorporating the humgan gene in

hteoon SRYPAIE G thF ARGOLEER PhiRDRCEAIE e aHpE gene in its
- Thi : - ' Va3 i t.hat .

SRR KBl Do ok A <R SRt T A R any spice

variargs et anightinapoaltyelid gdneratel, battmioe forad, SpheseRBntskirg Shportant

hey may haye a function. Second, they may have a
g‘&fn‘%/ H‘é‘ﬁl%;elh Leasops. Birstetiey mayrhayg srynaiiony Seponddithey may have a

P . DI i r . i.ng._ bi ol ogi cal
LDtk PLACE, o RGBS TP Gl B e na
blteranbiolbgions tfeots bibthe pectuinaThird, they hRgtséqidi®r 1iBand. Wsystem

ituation therefore preferably mrrors the bal ance of

f peuirdtgly ieiedts theai wivg situatinh shereforoprsiiratly migrtsetire balance
Uﬁgﬂi%em h té{hapeﬂgtqﬁé%};gﬁgoﬁgw level s are

arti genera S5ty ef | ect the real | ty

.th | physi ol ogi cal situation, hi contrast,
Pl A B Pl S i haro o Sovkmay ot
fdfledBthi: eéhnbayoﬂlheﬁmgfh@ ?ﬁf@o%@ﬂ%it‘uﬁi%rf. s entirety where

this is possible. nmeans that the intron-exon

SR TELEALIRS D AU AE 5B TR poviin

thet gerel irs itk Uatitedn . whdhe s iPQJoRsiBR. MO9SR URBnPhdt NBe intron-exon
| ength of a gene, it is not sinple to transpose the

BlIctions gefetained saint the metpewli tysteys se hat tsplicing \esatts @an happen
se: onbi nat i of c¢DNA._and gengm.c in )

%?a?ﬁg 8%12 tﬁﬁcr%aglrg oS“PFité?n'i %_F’t%eﬁ]?aﬂs lli)lep%lﬁg 85@155 leng[t)fl\lﬁ\f a gene, it

BonsidmpRSto WaRHBsd e ¢Hird obhe/ i aSRhdsEEAE s?é‘t@ﬁﬁ the invention

occur, are retained. Accor§| ng to the invention,

sasks &0 wse 2 eimehisation ofscRNAwmd pertontihDNA] iarits yomstructs so that

splice, variants .occyr. as result .of splicing

el SRR Postdiens whptarths maidity Ptavlicigevests ogonr, are

fiRh&r ably incorporated as genomc DNA in the

construct, while less influential

According to the invention, therefore, where it is known that the majority of splice
variants occur as a result of splicing variation within a particular intron, this intron is
preferably incorporated as genomic DNA in the construct, while less influential
intronic sequences are not retained. This has the result that levels of functional
mRNA and functional protein mirror the levels that are found iz vivo in response to
exposure to a particular drug or drug cocktail. This is what is ideally required for a

physiologically-relevant model.

Accordingly, whilst cDNA sequences may be used, in preference to these sequences,

the invention may use a combination of cDNA and genomic sequences from the gene



10

15

20

25

30

introni c sequences are not retained. This has the
result that levels of functional nRNA and functi onal

w@e@bee419i rror the levels that are found i n vVPEDGBR005/004772

response to exposure to a particular drug or drug
cocktail. This is what is ideally required for a
physi ol ogi cal | y-rel evant nodel . Accordingly, whil st

ahiids sebe bom@nised\FdpxuBpR, i theasd 6f £ BafsdeRicl MRS expressing
sequences, the invention nmay use a conbinati on of cDﬁA

dheihgman AR sernpudivede the ligd siee g6 mare thanj 35kboothibe human PXR

' E le,.in th f ' .
e e By 5860 SRR Yook B a5 BBt T e smco
$hake sslicerFignts B obaeked af thisf@nbﬂﬁ@fégﬁo}igsnigségﬁ iissltobﬁed within the

i_ntron-exon structure bet ween exons
higandbiading damainaThie ddvanitageeusty sttaip tieceequarccarttese aroet splice

observed in this genom c.regi,on, since it_.is _|ocated )
WA ey ke icRaT i deseled il thekiandhebug fgmain.
retg&gs the sequence where nost splice variants are

SHOEeG sramnle issprowided tyethe gpse oF dhe umprimation passette preferably

L sy « I 0. t xanpl & i rovi ded b
ChEPRE AL Qo Bl P BB Crb I Ep Rttt 1 and
fistronCYR3A4: thé Mosm#lByeroaiié @biktiRRonldda MR EFRAdbnsisting of
pronoter, exon 1 and intron 1 as in the normal genomc

E¥P8t4-1 3t i on and a hunman cDNA consi sting of exons
2-13. Another exanple is provided by the case of the

| Hmother zaemple isgzoeitied byr e ansb b thes BambtratioiPe4sEttet freferably

SRR g sy PR 750 BT 269 Wi,  human
SORPL 6f &oae 1A fir AR AINKAITLGAEs genor ¢ DNA

sequences nmay be use I'nstance, 'in the case of a

@g? ' ni mal expressing the human CAR gene, the
t|rC(re ?t\?ge§°§lrrcaﬁeﬂ“§? of the human CAR, which

I Ses roug 7kb fromexaon 2-9, makes it sinple
?@gﬁ’iﬁtgigﬁn‘?fﬁg i\i&)lséwng%*nw destsede For dnstapcentn the case of a
tr3hQehic M SCEPressiiBIhE BARLA YHR %Elg#fltﬂe peﬁ%v%;}ggjg&g sige of the

retain the I ntron-exXxon structure ween exo

Bumain Co\ Ry dvieiol agaptisss roughla7kts froheexoarmpd shgkeg 8N§iffipe to retain
ﬁ{?\r/uct ure within the targeting vector and permts
epmpleteo gengmicsyryciue \ifly thentasgesing hvastas. CAlke construct should

blLy.,.:.t ' equence i s, fus to. .
P50 ! B ARGOR ol RO R ASAUTISEL  LRES.
ihentigernlyCAfRife due beBpleRegenoniié diricurl WitBRNPBI thrgeting vector

sedquenqes of exons 1-9. The 5
and permits coverage of all splice variants of human CAR. Preferably, the genomic

human CAR sequence is fused to the translational start site of the mouse CAR gene.
The human CAR sequence then contains all genomic sequences of exons 1-9. The 5°
and 3’'UTRs may be human or may be retained from the mouse genome. All other

parts of the coding sequences of the mouse CAR gene can be deleted.
Transcription factors

Preferably, the human DNA encoding a transcription factor is selected from the
group comprising the pregnane X receptor (PXR, also known as the steroid and
xenobiotic receptor SXR) and the constitutive androstane receptor (CAR) or

multiples thereof or a combination thereof. Animals and cells according to this aspect
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and 3' UTRs may be human or nay be retained fromthe
nmouse genone. All other parts of the codi ng sequences

wo@toobhetiabuse CAR gene can be del eted. TranscrP@r/Garoos/004772

factors Preferably, the human DNA encodi ng a
transcription factor is selected fromthe group

conprising the pregnane X receptor (PXR, also known as
fofighs tievention ans ademedpeots or teaRiddhs AEDribdAdnt diail above. For
constitutive androstane receptor (CAR) or nultiples
erapRlss resentcvdensentirthen sepneriecthe cantentivn thatdthe digasd binding

- di to this _aspectof -the invention.are .
A0S Dok ambiihe o AR GRS ot R e iy Ribp, petive to other
abeléd héradone XabaPt&rs, FRERME AV 6&§-gpécﬁ'ié REter&l4RPGh tx"isnobiotic
the contention that the |1 gand bi nding domai ns of the
fesPPRRSS Auartguetend., 2004, dvlokeculas eraloerinihlogy 8(10):24012a24089. Results

patielans i e dRPRTERCES! hritkah sorpomed 18 Jofiuesopposite
&Hﬂﬂﬁ@i&kgﬂﬂses&@@éﬂh@f%&ﬁ%&@t&@ Hedte umans.
18(10): 2402- 2408) . Results r portg In this paper

. t hat can, i nduce ite
IEIERRAL e Rl BAIE IROTTRUD SrGARL S SRR o

exatgpiesineluded berefis Hubi-a TSR foullll €8bd &préidemin tRRAKR: and
been created and are described in the exanples

GActrarg edf mégeeith thepredictekruanner qtilgvale dquivelept de sthose nf the

i ver and ract of mce in the. predicted .
?rlg&rldr%g}rl&%t l.“loggee gneé q ?lnv Nt WWE & Olglf’m? h@g‘éﬁ g’é{g‘é‘?%’ﬁ’%tlonal
teelisiqueesethis! thpd, Fheh ¥RYver! ¥PhkRk-cRpR G Erela96R4d PBurthermore,
conventional techniques of this type, such as over- or
ayaatlyaypilable henanises RXRinawitls yse theaburminggromoter ¢émtitive human

' i sed PXR nodel. he al byni _
PR B0 1Y TBRY A b iiExk AR b kAT o Berstiye. PXR is
bxpressad B?(Rel?llﬁéh Rekah B InodEN8EE ﬁ%!feeis nrg%%(kzlﬁ dmtyhtigrs%e other

expressed at very high levels in this
thenflee IR This severely seroprontisesrth¢ heerofithie mddekto. un@bistand the role

SN SR8 oS50 B 5y i o,

MAREE 55 hifothd tige G tract or at the blood brain
barri’er or, indeed, in any other tissue. In this

iR h | b h .
R R —
figpdnshe fo tedipingids e aEGRRPRh Nald TCPOBTMRLAt Care known to

i nduce gene expression via this pathway. Strain
tdpee peitcePressionadn thip pathwaye Sapin differchenyeretweh wild éype and
?ﬁ%\é@ngar%gs@d %%gg gf\;er g‘ete%ddem%%gtrfﬁéce rf%lr %Xartnll;ll%, . %ri?urrlrlla%?s%d mice are
shown to be more responsive to compounds such as rifampicin, that are known to be

more active to hPXR. Humanised PXR animals thus demonstrated an altered

sensitivity to rifampicin relative to the wild type.

Furthermore, there was clearly greater background P450 enzyme activity as measured
by 16-beta-hydroxylation of testosterone and 7-benzyloxyquinoline demethylation

between wild type and humanised PXR mice.

In experiments using the inducing agent TCPOBOP, the hepatic microsomal

metabolism of testosterone was measured. Again clear differences between the wild
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shown to be nore responsive to conpounds such as
rifanpicin, that are known to be nore active to hPXR

wolvanéged PXR ani mal s t hus denonstrated an al P€r/682005/004772

sensitivity to rifanpicin relative to the wld type.
Furthernore, there was clearly greater background P450
enzyne activity as neasured by 16-beta-hydroxyl ation
ofpet ank drt kurpa@scdnPXR- hmnak| wuposhsesied. neInd}]ﬁiFﬁélﬂaH #@d @alpha-
between wild type and humani sed PXR mi ce

aydrexylation ef @gﬁor*rgromﬁ &2 gerptitety chyfeigher TeHOBOPXR peimals relative

e rosomal netabolism of testosterone was
rr%glgbrlgdwp gal n clear differences between the w | dtype

re observed hi

DSBS B oSt (CHIAARAES dRy VA4 (% 3K HSEBIRER offere were
ﬁ@?%{dfgzk{%ﬁﬁ*ﬁ%é! lsé(]isﬂhﬁt'é/ dff%%o ﬂgalugé{-l Pﬁﬂtfé t%ﬂbﬁ@étt@n by, TCPOBOP.

tn fthes cagec ef téstosteirdred l&p@h&ﬁh@dﬂwmﬁof)@&s witbiie WeY Significantly

differences in the sen3|t|V|ty of the nopuse
mi\le%dd 1 Wikt e eHmgly hutpesan, hynaniped P¥Reapimals. Of particular

glﬁgﬁ&&?\rvgg {Btg eobg'@rv% o%htgar%g 119(?% ?Irl o? r]e'stosﬁslra nea@{j?et% glydr()ﬁ}%atlon
hmm&leﬁo%aﬂd&d fAlvEld e ABdd hpmhmuﬁhﬁmsmdms at B®lose of

observation that the induction of testosterone
&ldﬁlytawwmeétpﬁtéwnevﬁ h@tfchydﬁ@ﬂéatmrwmmmma@y 6-fold in

Wﬂ%&@qma l{ﬁlt' F% I§ g%e élr %ﬁégam als. Tﬂls agalnfdemonstrates a

iqhubet @nbmdftswmmuﬁﬁnme@nmmﬁlvm &ntrof; fold in wild
type aninmals but only 1.7-fold in the huPXR ani mal s.

ﬂ’dn%géfﬂ@ LBnBRRAH 43hRR) 4hd GINGE rﬁﬁ‘lﬁ?‘b iy h%:)éctocrf thd Gavention
umani sed m ce relatlve to controls rans
mﬁfemlb]y deswabiras ti foegticmatipoptitiss dewpibed I]g)vreOFblhdt)&mple such

aspect. of the i nventjon r denonstrate the
P%Eanfi&regmla PHbeably de n964 @Praﬁérefrugéew af Cpppb 19)@5?#‘&3@111 response
[ r di s
gl nﬁ]ﬁon oI‘?)Q\%VEIgb 2%1& %{f%ﬂfﬁﬁ}’sr g(g do g)raé/ z%n Rlad¥ion effect for
CIYPaA1i1 ¢ hot. onHowdtl eifamsitiatbue elsb %M@Bonval s do display
an induction effect for CYP3AL 1, not only with
Tt WRIBY SppRedistbd @lad OthleP hurh & BB 2 bhcotfidd a Bnscription factor may

appreci ated that other hunman s) encodi ng a
tlllsa s a1sedin the p‘rmnmeﬁ&wnaﬁrswdbg thateﬂhey aret ¢apalie e eegulating a

ST D S5 S SEBSERIET e snor
b
Hfésﬁar% Bft O pfORdiA L Rk A 51(1@9 1§aﬁd'éT?P?H%/ (UP %& Wg NRF2, the Ah

transporter prot ei n. arrp es I nc
tpceptNREINF & el JANFA4.

Preferably, the human DNA encoding a transcription factor comprises both the
pregnane X receptor (PXR) and the constitutive androstane receptor (CAR). In this
embodiment of the invention the transgenic animal or tissue or cells derived
therefrom may be considered as “double-humanised” for these transcription factor
genes. Such double-humanised models are advantageous over models that only
incorporate a single gene (either PXR or CAR) because many drug metabolising
enzymes or drug transporters possess elements that are responsive to the binding of

both CAR and PXR. Furthermore, the numbers of PXR-responsive elements often
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receptor, HNFlI and HNF4. Preferably, the human DNA

encoding a transcription factor conprises both the
w@e@ghnetie7 X receptor (PXR) and the constituti VBCT/GB2005/004772

androstane receptor (CAR), h this enbodi nent of the

i nvention the transgenic animal or tissue or cells

derived therefrom may be consi dered as

"dittferbfremhthieBinisiegs of CARhegRntivag&néntd iagd sbaggdlation by both

enes, Such doubl e- humani sed nodel s are advant ageous
gvéﬁcrwﬁaelféctwsaﬁ gewarglly Hepmisoh Lfensedueniiyl modan ghat take account

[ b d bolising .. .
RS 0, e S PHERLER BB AR B st
rsgeqansimvgyd 0 the bi nding of both CAR and PXR
Furthernore, the nunmbers of PXR-responsive elenents
Qitic8 Mhhbdenic For YO BemaH P Sn® huffaR ¢ RRAGNS '046n created and are

el enents” and so regulation by both transcription

fdascribed in thegsmeipids| igcludgblidreint PreGatiisay vhidids haverbedl serformed
that take account of the effects of both factors are

(PEheFAIRY o4 HiseriprscEPBaRfagton; inrcombinpsiopndaiersiingy @gy(;asuring
SR YGin 8. SRR phObe b M S

b elirextinplopsrtional tache hiRitieichtochtiogld PAS0dcYivity Hed &8s ANy can
been perfornmed on the activity of these transcrlftl on

o5t dast Imparb agsribad ite the B Qelevplada thy lineradaferimiped by CAR and

BT ' | eepi ng.time. Sleeping.ti a
A0, S BB SRR Bl ep QP E P S stept
tfer 2Ihgimeel thedaublorihaisdRARE faCCAR ind PRA didpt For 34 minutes.
activity can be at least in part ascribed to the P450

(Thosa miderthemre demensiatacs pignidigantydifferrnemtd xR wild type controls

f d i 1d ¢ nmc Ive cotic .dose
SRR T B g bR R0 ARGy £ omse
Il BRRS ER4livEIL6 ehd WIld EpBadfichIEXR sl ept for 34 minutes.

These mice therefore denonstrate a significant

' ce ' : | s indi ' - .
dbgbannanidh G0k MLt oly RSB0 0L 3y UGB A i
iptefernaly plenmast-ate theufyacti@labpiopertied dedegibed kbovey Pér example, cells
animal s. TransgeniC aninalgxﬁsuch as mce) and cells
48¢ oansly transgenie fai humen B XR narefergidyitdoo nop displayaimdyction of

t L0 roperti.es.describ bovg.

09 S e RS b AP B TS B ot o
X3 1e{ astaly with rifahpidinit alo fRdpcPOBOPOf Cyp2bl O
activity in response to rifanpicin, but do display an
TRE UGTdrddts &fak e Hisd ﬁBte@\{E%A{helc&gQHEy BB lpYortbte} to induce enzyme
rifanmpicin but also for TCPOBOP.
expression is different in different tissues. Accordingly, it is of utmost importance for

human transcription factors to be used rather than endogenous transcription factors
from another animal. Furthermore, the regulatory sequences of the transcription
factors and the genes that they regulate should mirror the natural physiological
situation as closely as possible. The use of as many human transcription factors,
human drug metabolising enzymes and human drug transporters as possible is

important to ensure that this happens.

The ratio of protein levels that are generated by a particular drug are also of

significant importance. For example, the action of mouse PXR stimulates expression
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The inventors have al so noted that the capacity of
pronpters to i nduce enzyne expression is different in

waledobeeant tissues. Accordingly, it is of utnoBCT/GB2005/004772

i mportance for human transcription factors to be used

rat her than endogenous transcription factors from

anot her animal. Furthernore, the regul atory sequences

of diffegertt paotsias tahithe adtiet cittmand® Xk and erdfeteiflevElB EPhe levels
é§gulate should mrror the natural ph¥siologica

paticlar dargcanddis|mpetakolifessdgpends. crygiallyer whichgugrmetabolising

t L DLl f , n_drug. bal,i.si n
SR AP AP0 8L PRt U8 TR AR Fance o
hoen tanbtoriphiof TB6R th Rt udellirsthBRRg RRdogbnBud Bhnseriffion factors
protein levels that are generated by a particul ar drug
Hiom anodleer @fimdlgni fi cant i mportance. For exanple, the
action of nouse PXR stinul ates expressionof different
fhet wsenef thivamant thaseniptionn faftork uiseaisdipanshtafrot & ®kRBlogical

| evel s. The levels of a particular drug and its .
sendadit g ereraiels PéRudp aratgralin whewlaied by, pile acids and other

B 003 05y AER 3 RBFOE LG50 LB BT i

thalasiasis @in resulf fehaxpodude fea pa€idulbddug! It hld@herefore be that as a
endogenous transcription factors from another animal.

Tesult o dierencesdstweenireg mpﬁta@lismdzqtvge@ humay angl a test animal, a
. . Hanses ! o
\RPERaRA DB HLERIGR) B3l SOBASRE: B B oo

ThE FeaatR] Poaneh s o SR B i B SFSPELYS Ratpr(s) may
P&?&hﬁlyf%%@%ﬁqﬁﬂaﬁ dripifd d?lqﬁa{}) ?r?éal?%t? g‘?gﬁthe Itérg@faéﬁimal species

herefore be that as a result "o ces between
diguthemedumbol i sm bet ween human and a test aninmal, a
toxic effect will be noted in that ani mal that woul d

PhhsdoPE dewg-fiReibolBing@zPee@n. The regul atory sequences
governi ng expression of the transcription factor(s)

PRYeb19T §huhaRe DA h&fco@iﬁlﬁ ihéJ &1 @ugdrré&éb@ﬁmg enzyme is

originate fromthe target a speci e
sdeted fiBmathe sloupraogprisingttht icgtotigronez PAEG, iftlediap dt Yot limited

R GBI UL v
oy . PP ; 4

SNBSS e T B f I o

be irvyated dh dicepresdnainvehtion, JfobiAdingrthadhegar @pasieof modifying a

dr u%-_ net abol i si ng enzyne may al so , o
xenobiotic by adding or exposing a polar group on the xenobiotic molecule.

‘The choice of human P450 isoforms for introduction into. P450-humanised non-

human animals is predominantly driven by the known relative importance of various
P450 isoforms in metabolism in the relevant tissue. Thus, for example, to date the
single most significant P450 isoform recognised in the human liver is CYP3A4, and
so CYP3A4 is therefore probably the first human P450 isoform of choice for P450
humanisation of liver. The choice of human P450s for the multi-P450-humanised
mouse of the present invention is dictated by the need of the user. In this respect it is
expected that any one or more of the following human isoforms will be preferred:

3A4, 2D6, 2B6, 2C9, 2C19, 1A2, 2C8. However, it will be appreciated that the
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be included in the present invention, providing that
they are capable of nodifying a xenobiotic by addi ng

wW@eooexpsi ng a polar group on the xenobiotic nPCECBR@®5/004772

The choi ce of human P450 isofornms for introduction

i nt o P450- hurmani sed nonhuman animals is predom nantly
driven by the known rel ative inportance of various
RbBéini(s)ofingorporated miitabthel aftinial tdlkE ikt \RPéndehs Oie the user’s
Thus, for exanple, to date the single nost significant
Eemareps st o finthis svayn fheeltmanisedetransgenic lanipeal may byPdeigned” to

B P ol o SedlR B P BB HaoheliCButdel of 1 ver.

Th hoi f h P450s for the multj-P450- humani sed
NN AT T T et R
SRS 40l LIS AR Chlh Ay BUERLAL. Wi g st
ph@flé prefetablyAé, replbéed Wide padsthle, 26th8y thiddimplleplacing individual
However, it will be appreciated that theisoforn(s)

SRReSr Pis geaeraien o situationdn which e ratigsyf dheexnsprsivadptelopf genes

' ' kS, . e. humani sed .

S B ol B RTEDG o g rdich e Bt YRR € Bxrged

vidbe Tafs Bpe phbhdmé®al BaiEad Aott FReied alehtich BRI _ﬂﬁ:efﬁor art. The
Accor di ng to the teaching of the invention, single

fered, apdfeYRPUstlestars gre pavbreshcivsiess of pbasegl drugemetabolising

S 0 A T BT b
 bhfRsSidRIYuskRPag bo spladi wi@vdhg G4SN Drosthl ifvaRIRAT at es

a situation in which the ratios of thé expression

RS RS NEGRE L6 bR 805 AT Bt o
genes that are pinpticated oma tpasticubsa patictayr mae pfetabll tientcplated. This
ERLEN JRIAF Tl Al K I T
PRRISBRckpAegLATAIEL, ARSRLAbIAA RobASALASERL Cvpsa paso

clustet.elis kg, (lepd agedoac dafdiong gondshéh phieSEbiter, that have
i nventjon. According to the invention, therefore,

pEeriapaing ybstpte spackisity. el B8A5 quefelndwil, 6ot erample, netabolise

[ ' ' r.kicul.ar _pat hway na referab
B SR, herBroRE ik oS o PN, (HerpleCh RRL YT arue
fet®elsmf iRefgoldtinigSthe & ARIVES! paitdlirs Buy @R Gther! thén a8 Part of its
physiol ogical situation is mrrored. An exanple can be
prigeigaeiclpstet iy dispnomg the sonertedsmedel fram reatitihs, t her e
are four functional genes in this cluster, that have
bvemitiaptp ifollpveng ptivadre teaglangs, werd ¥ restinehYPAAGdpthat #inmight be

111, .for exanple, tapolise .
a good ugea to generate an arrrﬁma transgenic for the CYP3AS5 gene, he would only

know to incorporate this gene, and would not think to incorporate the entire gene
cluster of which it forms a part. Furthermore, using prior art techniques, it would
insert at an arbitrary site and not in its natural contextual position in the genome.
Worse still, its expression would be under the direction of a strong promoter specific
for the liver. This strategy would very likely generate a large amount of CYP3A5
protein in the liver, and because of the large amounts of protein provided, this protein

would metabolise substrates at a greater rate than those on which it would act in vivo.
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CYP3A4 substrates. Therefore, if one is attenpting to
generate a nodel of drug netabolism incorporating the

WEYH8ABt1IgENEe i n any state other than as part OPCT/GB2005/004772

entire gene cluster is distancing the generated node
fromreality. In contrast, followng prior art

teachings, were a researcher to decide that it m ght

tror allghad rédions, the BRARMafehahvamtiottls advansaets 6vdrQ§stems that
t he CYP3A5 gene, he would only know to incorporate

thave begariescribed piivslhot thi nk to incorporate the

entire gene cluster of which it forns a part.

Fuefetablypdhe clustirm @f phiase 1adiugtmetaboligires eniyimeasothbid are used for
insert at an arbitrary site_and._not in its natura
Balsein A5 4 CrERA drseng BIRRr2GaRsEet i |1, its
expressi on woul d be under the direction of a strong

pR oY eof the seduhdancydn nrain funstion Phiveses tthe hegyn veod| apmmonly
very,likel enerate.a | arge.amunt of CYP3A5 protein

R st e B GRS ! B 1RO bt FrpHase 1 drug
RAQABIIRIR eBYI1H8 s prdtbabR REBtRe Btttk ARERRA Uageround in which
substrates at a greater ‘rate than those on which It

woly sbnae (for exarpls. Fdt, 314 ot hk sed mrafsmbly, notrweofrthehtarget finimal
tge H&égntiiﬁi E& advant ageous ovgi S stfns hat have

BREY LS8 maiheliging FPerar e prurwrd o) Yenifirat el er s of
phase 1 drug netabolising enzynes that are used for

Hheser? singawetabelisingerzyp®a c| uster and the CYP2C

cluster. hi view of the redundancy in protein function
Faeiexably, tthe hwmamn RNA cwodingl ¢ plsse2t drugemetabalisige hzyme is

GPlsER S Al Sovy Enipiae: ae BRennsh fgnssiady facinstance, the
AUFT 1Rt géhed bt %eﬁg aagkgr @ n%la\.ta'&li&?@ [ abes OF fn%%ﬁce GST
2, 3, ), a ef erably t he

exanpl e 1, 4 or pr none of
t(glutpdtiomnB-tmhsfotaacs, the dulpbony trahsfeiasésnmdeahe yeatyd teangferases. It

expr.essed at significant |evels. Phase-2 .
il dl%@@%&t@ﬂ\%b oL picafivg mpRasePrlrugwaigbobising enzyme

o ; SARGRDEkR1 10, 8%Y G |
SEFEAAePBNORP P A YRS AROAER  AURVAG iy fr contle of
teomjngdtargesmodudt of phassilanetebolishe UGTI A gene or gene
cluster, the glutathione transferases, for instance

Erdfefablylit AtoiseRe oSphbdn of @ilﬁu%s %ﬂaboﬁi@iﬁgséﬂz@ﬁﬁgyﬂhﬁ isb used for

transferases and the acetyl transferases. "It w e

dppasisitianad theldGTdArgene Bhisisr.encodi ng a phase- 2
drug- net abol i sing enzynme nmay al so be included in the
Dragardnspomers i on provi ding that they are capabl e of
conjugating a product of phase-1 netabolism

Preferably, the human DNA encoding a drug transporter protein is selected from the
group comprising the ATP-binding cassette proteins which include but are not
limited to the multi-drug resistance proteins, for instance MDR-1 and multi-drug
resistance-associated proteins (MRPs), for example, MRP1 and/or MRP2, or from
the organic anion transporting polypeptides (OATPs). It will be appreciated that other
DNAs encoding a drug transporter protein may also be included in the present
invention providing that they are capable of facilitating the transport of drugs and

other xenobiotic molecules across plasma membranes.

Preferably, the multidrug resistance protein is MDR1.
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Preferably, a cluster of phase 2 drug netabolising
enzynes that is used for humanisation is the UGII A

w@emwe/oeilost er. Drug transporters Preferably, tPer/bBams/004772

DNA encoding a drug transporter protein is selected
fromthe group conprising the ATP-binding cassette
proteins which include but are not limted to the
Pudferablyy; tg melsidt g rsBtapcoasioomted@bteinis MREE MDR-1 and
mul ti-drug resistance-associ ated proteins (MRPs), for
t6ry ¥Raen@ed/ or MRP2, or fromthe organic anion

transporting pol ypeptides (OATPs). It will be

reci t : cndi . dr .
BT EEA Bel oPigRcts BT HERA R BicH 4l appgontc non-human
LB ndell] MyaiRt 610 Anifialyy éﬂieﬁiﬁll? ot trah@yipabfal CRBRkE WHerein the
facilitating the transport of drugs and other
sapemipsiona feaipricansgenes greodrsvep  basranserintionalrfaetor promoters, that is

Pr ef er abl t.he l.tidrug resistance otei,n i s .
e Hgy e Regtinet Hehdr SR AR el dacd collympiptissue
Bp&ifit PronfotdRPZhudeRWh#hals B ARGHERELHVIMRNRIFEaBIBYo express the
invention resides in part in the humani sation of

hrenas gwofieins ras moh wmsn thenappedprigs physiolegisal levelariutrah sill tissues,
especj al | or. transcriptional factor(s), wherein the
FrfTabih i ORLroT Aot Erovs bREgbRBaSIAL 31 i ven by
transcriptional factor prompbters, that is to say they

A will he apneeciated that gpy dpmen N Atseqvesiceryinglde codisg seguences for

PRAUEL QGELOP HEoPRE dro AR S Sl BRadeC pRULIRLR oRfymes;

esent inventi®on-*are d 0 express
huiag iphgses! nidedbolifth ¥enktBesd DRARATIred Gadpyabd! Beth&@kranscription
|l evel s but in all tissues, rather than just the liver
dactors, mapnifgealiy smenersivehy linked te human wignlataye Dabh seqricacasd
t hat any human DNA sequences i nclude codi ng sequences
fPosfeqablyt tiesshiwmhre DN séquomces ln€ thgr ahope-deéscribad sesscabtion factors

h hase- 1 net gboli sm enzynes; human phase- 2 .
ﬁﬁ%g@?ﬁ%ﬁ 015, grs A 45 BN Aneqpbimes Sompgising regulatory
lof Sgl'é{ E)ﬁdﬁ/ogitl{e‘?%eoﬁ ivdi®¥ohd GRnhds BE AREAI ttn}/%s)é% where the
M nked to human regulatory sequences. Preferably,

répudatorylgenes dblhos of|henae srigih, tHeercgliatoey gees midyesk derived from
transcription_ factors and other proteins are whole

Gisnissee animad, forsxampler eanauseo ByresylaignT S5 at Biegnt to include
t ' r i ¥eg-rhro . Q.

SEPSRPATE it e, S0 YUK i cppncs

lother DA | @hilenctd) ehitegs InRbesary ofon eanstriytioe ofahd etk bf aitbrest.

Transcripts used for insertion of human sequences are preferably terminated by a

poly A motif.

Heterologous promoters have generally been used in the prior art, and those used
(such as the albumin promoter) are generally strong promoters, are ligand
independent in their action and are constitutively switched on. In normal
development, albumin is only expressed neo-natally. This divorces the expression of
the protein encoded by the gene from the natural situation in reality, in that the
regulatory signals that direct transcription of the gene and the subsequent translation
of the mRNA product are not retained in the transgenic system. Researchers in the

prior art turned to the use of such promoters for a variety of reasons. Partly, it was
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the target aninmal, for exanple, the nouse. By
regul atory genes is neant to include any pronoter or

wenivaneds7 sequences, 5 or 3' UTRs, poly-A terP@aGBR®HA/004772

sequences or other DNA sequences, that are necessary

for transcription of the gene of interest. Transcripts
used for insertion of human sequences are preferably

tfelt neoeadaeyl tdylo 8o bedaysehetanicriptieh 8iaRgRusided By eicdslogenous
have generally been used in the prior art, and those
REEBOtESy Bigre got iectaed (o e pirenth caeysharBirthermaorgy fity was - thought

ters [ i ndependent ..i n. their

o e A O S R R
evel o t, alhbumin_is . only expressed neo-natally.
%ﬁf%ﬂ%ﬁ%ﬁﬂ% vepien B%S?é@x TRsoreATiieh éhep%‘{gé?wué PEwBdar Bjth the

epe,f : [ t] ' ' N .
igeicRee] SOmAT B2 f 48 0P, Alph Al s v
devdlbengeaity, aatpdrhity sndhis edisend-sgecHicghainenn of the nRNA
product are not retained i-n the transgenic system
RsRAdSHAbSs promiohie” B tint id prbﬁfo'ﬂa@Qhét%aﬁﬂﬁl}*&ﬁﬁec%fexﬁiééléﬁlon of

pronmoters for a variety of reasons. Partly,” it was
theec gene aofyintesesti SThecenidegengue prdneoter miag dhusphe the epilggeabss human

B By o B BB o St SR e
BEEEHSHeMrdnSadtiC alfAIBIES. Fhadx B, B8R SROWF thlsPfic mice,

effective in the nouse. "I n contrast, the invention

three Exprasgrign jofitbe Jomzane gerteh magnbio gkeoted Iy dinpeadogshous mouse
the human gene so_that the . fidelity of wld type human
DR RECR i oend By REGrPUGiAn SLHLAT 418 ' CRsGAH RayGce that is

2B¢ksé ?ot'&ﬁyﬁ@&ﬁ&tz“f'&fe%ﬂfl filchud a"rﬁ,'léitﬂ US Has ‘
pr orsma?}ér 3 IJirs meant 1 e15 prono er 1 ﬁg% at u?‘ggﬁ)’/ﬁ i g%e%nsfound
éhapiiteis siobim ikt hévessgene we sirohg roeastitufleeprendags e Us the natural

r onot er % t hus be the endogenous human pronoter, or .
tigny HieRIdpgRnoys BEPTRGHEr, AR SsnBFety.Ha Perfectbherpgllis f«lirecting

tsaﬁ%r%&% bifhe QUG HH lpgé?téilﬁ r%h {Afﬁeﬂg’ oMg?c%flg?gie&an? Q4TRE: An ?xample

ject. For exanp cas ansgenic .mce
ishproeided deysthe ICYH 3 A gertey iictyporsessey stishgdénhesdes dlddents up to
t he endogenous nouse_ pronoter, for_thgtgmgene. By )
il 3l FpYiream ehthsrtrapseriptiontigitiaon peinty st Egometaionaftall this
[ e 0 ter | Vi ref.erabl .
b SREEREALY WO ReR IR BB o YR BHRR R o, pmion of

tiese upsth@ei se@RAsSalelds @ dS§sthi @ Gvhi6le Redonipkte @ insufficient
pronoters; as in the natural situation, the endogenous
ey labargr seqpences qre proserit {p, allew pilef fidality of gsab| exprsission to be
g%’g&ﬁ&fi ng expression of the relevant protein in a

physi ol ogically rel evant manner. An exanpl e

One result of using promoters such as the albumin promoter that were exclusively
used in the prior art is that the effects of expression of a gene can only be monitored
in a particular tissue — in the case of the albumin promoter, this is the liver. Prior art
workers were not discouraged by this limitation, because the liver was generally
viewed as being the only important tissue for studying drug metabolism, and
therefore only expression in the liver was desired. Expression elsewhere in tissues
other than the liver was seen as artefactual and therefore a hindrance to an effective

model rather than being in any way advantageous. Another drawback of the prior art
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is provided by the CYP3A4 gene, which possesses strong
enhancer elenents up to 13kb upstream of the

W e@emeridption initiation point. Wilst incorpPCEGBRIVS/004772

of all this sequence allows the appropriate nmechani sm

of transcription to occur, om ssion of these upstream
sequences leads to a systemin which inconplete or

ispeterh$ basedrun the gisé af treyallmagieproamtarie thr st dysteal loovork, a
the_filglelity of gene expression_ to be retained. One

et PR wdl] hackerenng: srigdwinedn Thas meensafist AR py anbexpressed

r L ve Nt riqr..aft is that .
PREVAHE Sy Bob It BRPey' E ARl JhniSh mob 3 Wide ranging
reffotts e drigh nietgdalisine Yhel atind6déeno lbAgdr NRAEAShOMat] tissue
albumn pronoter, this is the liver. Prior art workers
Wstiébution ofiasebuiplapeuseby this |initati on, because the
l'iver was generally viewed as being the only inportant
tlihe sueenfars ast eftithie vievd that) threelivab dd hetnthe anty intpeitahiotissue for drug
onl xpressiqgn in the liver was desired. Expression )
Sretahpliame Acpordinely achab fhespriar ik workers pajesivadsss soedyapies, i

yali; : ' C [
B S OSYR LR oo BREich BlaB AL ek dhrafiit of he real
phydidlegicalr sintatiok, the inhentmisisee a8rd dth@ndisfivardg®Bedaise other
use of the al bumen pronoter is that for that systemto
Retertially Fperat higruGs ATE 1BRIRGr B dnvestipe pliosch giibak holistic

o0 8L obtielbf 'ﬁ?etdrﬁﬁﬁ{efa%%ﬁgn%? gere other than
r m t he transgene in e lrver, |_<S‘,Sn has very

$15E B3 R P s ORGP altp Srates ORES v adeS PO Ttom I ticular,

e BddlitPbf AR SHmHRA e'xﬁifé@é’i&? fﬁe%&dpm&&s\ﬁ%%?’agﬁggtems have

the liver is not the only Inportant tissue
weadalivsr-spevifigpooradérs dhay spaisat livenexpression exdlusiwelk elisuse of the
Berc ived as an advant a t hat, excl usi ve

Al <

e, i.e . . .
Q8ePPRS PR eSS dhrifhe arolsin e cupiggssd in the tissues in
ysiQl Qgiacal, 1si tuation, . the
A Forauly b Sld ROV SHEY, 80 050 ot B0 buc I8 at each
Hotebopinienitdl ystagep OFtismnlsot caseresvithr # thg natvaatagd igat the transgenic
i nventi on allﬁgrs a gl obal, holistic snapshot to be )
guImRSa BPre Hiely rfegf’%%’ﬁomds?hué rusel ¢is dggg sereephand in the

Gl . vant gges with
SEVAERGH o1 BE QRS o886 S5 50 AL SRS bren
éoepiemtagenie é¢ffectsedfai et coMpeurriaas Pldcehitab ek predétineabirAd¥8ption
g@séed i v‘g’}- specific pronoters that sponsor I|iver

treand dus sitahedisingiepzymesds teidined. t he nat ur al
endogenous pronoter ensures that the proteinis
Evpphasmera) theninyhetorsi lsaveedsoi noted the existence of a potential “repression”

effect whereby a particular drug compound reduces the level of a particular drug
transporter or metabolising enzyme and so alters the rate or pathway of disposition.
For example, were the levels of human CYP3A4 to decrease, for example as a result
of repression of mouse PXR rather than the conventional human transcription factor
partner, then an alternative pathway of disposition may be exaggerated. This would
give a misleading impression of the enzyme levels that are induced by a particular
drug in an organism. It would also give a misleading impression of the rate and type

of metabolism that would operate in the human on exposure to that particular drug.
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which it naturally occurs, and not only in the adult
animal, but al so at each devel opnental stage. This
wW@bk®e/neasTies with it the advantage that the tPEREHeNs5004772
animals are nore likely to be viable and thus useful
as drug screens and in the devel opnent of downstream
crosses. It also allows the animals to be used to
sliredaverdtas htes dbogeed chatfliedirstiaf ofintlesd «xprisdondy adarticular
p) acent al expression_of transcription factors and drug
S0t Srsdmpertyraes Fps example.rome drugs thet arsreandidptes for use in
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HRAES B A PUE LB PRGBS BIbERENRS 7 Ris TR h e e
reAbiRe présapt htey ystahicallPaigh dHcathtraliodFof haRSRAEL R peAbd. This
nmet abol i si ng enzyne and so alters the rate or pathway

areagp $hed dranpasiptiordactessashes R¥R avill rempiavaitivatefl fhuthas period,
3A4 t ecrease, fof.exanpl e, as .a resul.t of ..
PSR BRAS R Es st BEREL ASaro e dovitn 0B eyep gfabolising
RepRAest rd_ﬁfgsﬁﬁﬁs?bft&@ dnBGtREr R (ASYmed RAN @9 result also bg highly
al ternative pathway of disposition may be exagger at ed.
Eabressed Wudng itheeendirerperiahitininth e idngy resminsrin de adimak Thisndearly is
level s that are induced by a particular drug in an
SPiglendiogn i i, Soptepsb g Jhﬁie\ﬂlél"gﬁﬁ‘ﬁ Stteatipmng fhephegan gitere the
10 Seritiishdrthedily bR beUaliBLAR) M OLhiy noul d oper at e

in the human on~exposure at particul ar drug. The
N d that the duration.of ind d,.
ARG HamAR Y oaTatall ity gt rB OB} D b8 presBbE0 avive

it e pres’iv. oftns@XABAl Bctof PRasdr UGG ihéahbotshg enzymes, phase 2
candi dates for use in humans may not be netabolised

érug wieahelising poaymesnenkier. dripitenssatess, ah itallowsitha idogygcerasies
][o? e Bini3h ee?(%@égﬂs}l psg/?tlg z_oe i‘i—%ﬁég.ﬂé%%ﬂ;@sﬂ‘fget te:r g)za{rr?p% of the

or a st gni . .
15  1iciiRe TYPA @Rnésadhadb ha%t GNdfferd X RuMblel of €381 Aind CAR response

activated for this period, being constantly activate
feloments & e nvmberAtwbds gresdnt &v dhe hofmadr@gP3A4 gene. Were the

TRUHR R RO B i SRR bl i
e PXRIbY Beh Rl Jrehd Skihfaltd &1%% vidid 8E H%Tésﬁgﬁdiﬂgl?r'di‘ffé@ﬁ to the
animal .” This clearly is msleading and 1 h contrast to

tésporsguthetaiseavidest inuattivoreni systehe Thisnalso wherntkattinanany cases, the
t ghol.i sm q he drug may. be significantly nore )

Bt L 1510 Gl Hmie e e o OB e iy dage mot exist,

MRUSRoRl A 184d o€ B 1RLEF ?}aaldﬁcﬁoql (ﬁ‘;)th%/ greutg;{ﬁfc:ﬁall)félising protein

expression of transcription factors,

metespwist $0 o gartinalprémg, whasentillgengegeritiap ok dninghing the role of
%gfynes. and/ or d%Uﬁ%ﬁhgﬁiporters as it _allows the

it GEotsiny 4 fhesmgtabe At dsugy &onielamBles i pastigdar mouse
bftéh REGwn HPRE Prids bt St FA§ vEXRIBLE WSS of ilﬁgppropriately high levels of

25  expression of CYP3A4, driven by inappropriate an promoter, the tested drug is

2

e

metabolised too quickly for any potentially beneficial effect to be evident. This is of

course misleading.

In contrast, using the natural human promoter means that, following this example, the
appropriate amount of CYP3A4 would be produced in response to drug activation,
30  and furthermore, would be produced in the correct tissue. The natural physiological

response to a particular drug will then be mimicked, in terms of the amount of
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nouse CYP3A genes, these have a different nunber of
PXR and CAR response elenents to the nunber that is

w@e@seat19T n t he human CYP3A4 gene. Wre the eqgRCm/aBe0vs/004772

nouse pronoter to be used, then the response to

transcriptional activation of PXR by exposure of the

animal to drug would be correspondingly different to

(P 3266 that ieprobaded) sotemiydienthe liReR botiales) say,SheRe gdstrolifitestinal
rue that in many cases, the benefit of using the

|
oAl (3 GIFRE &5 in ot BDSHAR 0k CoYFtdd. Gherki Mol e msalolised af o

l:St.. [ -0 t. reater or |esser .
08 555 e P800 BB R prior
hestipenthat heesampablhizupremottr 48 dieet HGr&Rtonalf! iMappropriately large
exaggerating or dimnishing the role of that protein

APOPRTS oy 4 sl distarhiee rdleuyf. thisgroteinaand! give misleading results.

j.cul ar use system kno in_t i or ar t i
BEF G- R AT st BBt Eripel ool B L Bl win
Q¥R obe Alotab¥iRAheadbdivaPifthish HABRIOBE ihatFotd :
pronoter, the test edg rug eiqgl rre%ﬂabol I sed tog qwﬁgﬁ;g/resen?
fAQr 4 A1t P Lal L&l al sef e evident . . .
e A S BRS040 Syl MR et e
Aatsuinaparts areenlipmotoothe rmodid hatt i aimplyohdtOsE@sddiS the prior art
exanpl e, the appropriate anount of CYP3A4 woul d be
SYsdted in response to drug activation, and
furthernore, would be produced in the correct tissue.
Prefervedconbtrpetysi ol ogi cal response to a particul ar

drug will then be mimcked, in ternms of .the anount

bf OriRSéidcuntitdnces thi ackec gehe dandith©Rbtan thebiprdiéd/ géne tiayt share a
flgo, say, in_ the gastro-intestinal tract. If the dru ‘
c@der, sqqeRce, Biih dndvabe achievebyarstainingnati leasti pne lwgron n the
' ' nner -+ ha irrors the

CERAAS S35 Sl LU A0 SRR b Sk
thet gend piddict wilbbe gitidad b fHenight @RIceNulhOlodhtidC trhe human leader
expressi on of |napprgpr|ately'large amounts of CYP3A4
§fquencs wight be ehle tp dldil diat fenctiop ras tveslln bunid igpfien safer to use the

g e R T Ty L EL ML
ARUES bRRtSWhe WRInBbRId BLExGDY! 8RS Betetaihdd. hf’lﬁrhutr%aen cDNA

amounts of the protein are present. As a result, 4
Withew ssaesnsenfrpm gxondus debniintrodized duto @son plofides mbudetgenomic

FORERFyTh EienplaDussTREY K Snb ke Tavul B s, o e i

- ERirast @8NS HH rofdin P HRifd hEMFFLAD e £86n 1% uman

gene and the human 1 ncorporated gene may share a
exons 2-32. This construct ensures a high level of expression and also that the MRP2

is guided to its correct location, the plasma membrane.

In other cases, the incorporated human gene may be brought under control of the
promoter of the appropriate target animal gene. For example, in the case of MDRI,
the cDNA of human MDR1 may be fused to the translational start site of the
corresponding mouse genes (Mdrla or Mdrlb). In the example of PXR, a hybrid of
human PXR c¢DNA and genomic sequences may be fused to the translational start

site of the mouse PXR gene, whereby the mouse Start-ATG is retained. In the case of
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| eader sequence. This may be achi eved by retaining at
| east one intron in the construct, which usually

WO e®al64a9T n a better expression. This strategyPEl/6€82005/004772

ensures that the gene product will be guided to the
right intracellular |ocation. The human | eader
sequence mght be able to fulfil that function as

AR, thbtiuniah seguedict emnysles fised o theetrdnblationd Seart S&A6f the mouse
i nstead. For instance, in the case of MRP2, the

Gk geRe sequence” of the nouse protein, which is

encoded by exon 1, nmay be retained. The human cDNA
viimahsgenicsatjumlces fromexon 1 is then introduced into
exon 2 of the nobuse genom c sequence. The origi na

IR ptet R rE ot Dot Bvrusings 5Ratten RoTe dn frdow, he
HahSenid RIR-HRESEL afX R add ﬁlgéileg‘ l‘é[noé?llse 58{\%d2th§1%ﬂopﬂhfsz1rgfgrably a

construct ensures a high leve expr-essi on and

tnicause thue nhA3PBe iamother chemnihalidnt speciesy fut exangAt iaaothei hadent, for
pl asma nenhrane. hi other cases, the incorporated )
© Jeitl HERPIBOTA SUGR Pign FEANIYRE PRACICSfSUE @S a monkey, pig,

Q . r . . .

BAEDES o1t 8L Bt AR ks EAE . cain

ayinbeor aised-rhammhkart arinsl apéciesaMat préfedblye thd trifgenic non-
orrespondi ng nouse genes (Mirla_or Mrlb). hi the
Raap | gupsl pxmanmply#id Hses g rghs prRderirel et gawrdentc more

Hﬁ& es Y. be fused to the translational start site
gféft egfh%useyePXR gene, whereby the nouse Start-ATGis

retai ned, hi the case of CAR, the hunan sequence nay be

fAlthedgh tha hee bf srastgehicomamakt posks Yuekions dfhd eMULIEnGAR, the
gen Trans%snic animal s hi preferred enbodi nents of
et te JBet Tiopy efvdies rpiathe dwecs rdesedbedolsreinais ropaidensd vastly to

S AR B TR LT ) 845y S e o

anndgesic amumB) A3NwiPBE ictlenf & tHo¥EPIsRiIRBOtHCHrt,F AULRherapies
for instance a rat, hamster or a guinea pig, or

HBimeninpetesies bahe shinisahiialeyan spgmangdbn thumens and under

' i .Or _an _unqul.at.e s ies such a .
SBPHR FedthanloFh B il B R BDE 3OEF i Reni i spting connor
881dipbnseR S Any YW dRigahest B t¥sted HE af TBAIESMifferent species of
nonhuman ani mal or manmal and tissues or cells are

ize mesengly one af Mhddnmusinby @ lpgehen-addept. Expessensider that new
gagsgg %g pﬂ.fggh %Oqu]izlt @F];vg ’o%%ﬁgtgﬁlg{ gt n ivgr%/l sspea 3 ev?ay 5 %ﬁe‘ ‘t?o%%r may
lead to more animals being used in future years, and to the use of more primates. For
example, as science seeks to tackle the neurological diseases afflicting a 'greying
population!, it is considered that we will need a steady supply of monkeys on which
to test the safety and effectiveness of the next-generation pills. Accordingly, the
benefit to man from transgenic models such as those described herein is not in any
limited to mice, or to rodents generally, but encompasses other mammals including
primates. The specific way in which these novel drugs will work means that primates
may be the only animals suitable for experimentation because their brain architecture

is very similar to our own.

20



10

15

20

25

30

benefit to man from studies of the types described
herein is considered vastly to outweigh any suffering

w0 bab/oedight be i nposed in the creation and tesPCTGBRG05/004772

transgenic animals. As will be evident to those of

skill in the art, drug therapies require ani nal

testing before clinical trials can comrence in humans

dibd invehtion ciiths e tedueg theadsitentsofadtititiohtih dewy dR6dVeYy. Whenever a
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a late stage in testing, ani ma eriments
dm:s ndt wceurse hemahs becdnse nf lm@r Mels?ﬁfmmg pnbltelg shat are present

f |
hibedRr o hels arh g oo a0 %a%zafgs%‘?o' P bt Beaidalovels of
bfcﬁéiﬁ%ﬁ egm&m Q?lleﬁecf'tttam ;ggsg inTHE R 1%?;& shoul d |

reduce at nmust used in drug

i’?esfélja : o a@?\ﬁ égq}%fdl%%n%g % ?lg%glteggndgﬁt& fa]!tged to human or
ﬂbﬂ-ﬁﬁﬂl@ﬂ %mrﬁkﬂtr@@ﬁétofWEN@U B&RfheARd (Blhele é}ﬁﬂ?@}toﬁs hiRkn or non-

have conventional | y "been used as test mode

bﬂ@ﬁ@lmomgtep)’ olhigi dihkbge ti$ alidtionet Iflgprmfthqaqrmm abmad prov1des the
ferator activated recetors ARS) tﬁl\ﬁh H

5(2 3niage E}Bgro\xgtpgn AV§rH B gsofe ahla rther advances the

HiRethPHLALTHA A8 S tudtith. devel opment of these drugs

was stopped, as they were identified in nouse nodels:

SAh% il SR %é:?l?t?é ‘i‘lhﬂﬁgﬁgé raflsI S]l\éeaﬂijr}f@g lééllg g%&] g(sjsggé'l tof the

at th erence In Ween
pregérd 1hﬁena1bh m’; It @bleyt Combine the beneﬁts of normal experimental animal

models with those of human cell or tissue culture in a single system. This system or
humanised transgenic animal will provide the pharmaceutical industry with an
improved alternative for use in all pre-clinical metabolism, toxicity and drug

disposition studies.
Cells

Another aspect of the invention relates to cells, modified so as to possess properties

according to any one of the above-described aspects of the invention. Hepatocytes
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differences in levels of PPARa in the liver. The
phenonmenon apparent in the nouse does not occur in

whewvaneil9because of | ower | evel s of PPARa pr ot BCTIGBR@E/004772

are present in the liver. There are very clear

advant ages to nodel s that exhibit bonafide |evels of
protein expression that reflect those present in the
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GravGbet B btaPtamird <o Tyt S EYiS b Ha fasic Methods
! i e . . .
a VT culdr %og{g?\('l %t)i §§n§i§r@f< RGEUILE }onﬁprl&g?&c‘cﬁ,l yorg.\fo}’}]Manual,

an 1 nprove ernative use rn a ni-ca
fPbird diliticrm(2000)i Andupelostchl.dnogl (HuppasBpectst, Soldh@s& Leinwald,
g@%% Anot her aspect of the invention relates to cells,
fied so as to possess properties according to any
one of the above-described aspects of the invention.
e pae cepects suvlt eablsrma be cwinHiginsane apined eellgdsucklds mypes cells,
i nvention., The cel

S B o e S RSy D, o
PrferbddmBibiscd bf RhefafBeNuclE &ell$ is B ErosPaC hﬁﬁlﬁﬁtlsi&’e mouse, as

mouse cells. Cells according to this aspect o
desedhed abovenyvitheS 4@ imdrthliserrhowse ( fferixamaly, R Snmorta-mouse

cordin o the .invention .uging _standard.techni ques,

Qhi0- BuleOpansosgiinty S irilugd fRataich srmEedc e o well
are descrliqgesdfnrﬁle%ﬁ?g{)%#ggﬁgﬁﬁ abor g#{l)@ h&%ua: g’?‘gﬁi(:h used
thecdibaminDarvimetartthat is onBesitive e thotiseri andMalieonllyaible to generate

iolo (1986). Sanbrook Mol ecul ar C oni ng; A
hemineaess feﬁfarﬁfav, transeemHC EmAls nequeies) ;acoqrdipgeto dhe present
. [ 14 . ' [ I 98)..
PP B 501 81y SRy L PR R e o
gighifieants iraporesicaoies @hadlaeskinetics analyses, such as hepatocytes and

neuronal cells.

Stem cells isolated from transgenic animals according to the invention, with
properties as described above are also useful aspects of the present invention. Such
cells may be pluripotent, or partially differentiated. Stem cells may be adult stem
cells or embryonic stem cells. More generally, stem cells employed may be from a
post-embryonic developmental stage e.g. foetal, neonatal, juvenile, or adult. Stem
cells isolated in this manner may be used to generate specific types of cells such as
hepatocytes and neuronal cells. Such cells also form an aspect of the present

invention.
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generated according to any one of the above-described
aspects of the invention. One preferred nethod of

w@emwenatiphg such cells is to cross a humani sedPEDGB205/004772

as descri bed above, with SV40 i mortal i sed nouse (for
exanpl e, the inmmorta-nouse (Taconix). Cells may
subsequently be isolated fromsuch ani mals accordi ng

t II kno technigues in the art. hi contrast to
Treldpred selatfions obreplated genek nich used the al bunin
pronoter that is only active in the |iver_and thus

GHicHr @rt&@rr@paqt@f Hisgayuippethereds proyidedgon-human animal,

‘tfsé'dés&%@hscdeq{veg%??ﬁ&ﬂgﬂ E;?o cording to the present

i nventi on na Iectlon of different

cel | es ncI udi, n of SI n|f| cant i nportance

o phid okl Atk oA A sSiuelef et R gurpRytRe dior and
neur onal ceI I s Stemcells isolated fromtransgenic

ani mal®) ac @brlaasheneo himan  ANAn se@enceienpoding e drig dransporter
descri bed %g& .are al so useful aspects of the present

i nventi on. >cells may be pluripotent, or partially

entl ted. Stemcells e adul temcells or
@n%?%ﬁﬁ CBiiive B SH SRR bEFT Gmliem cel |
npl.oyed may be from a_ post-enbryoni c devel opnent al
§81§g§Vf‘élt<§S arpet He, Vlﬁ\éfdh@it il the Jcas;ee%ﬁ medely of slgug metabpbism, it is

g!)r?z%dt s gér?egatén 1,&?1%5 H‘}éﬂgee nrgg élgt ttrg%%deglgco g(ﬁ‘gggr‘ucular drug

wmn&hgc&ﬂzmes St halgLkd $no@hﬁﬂatf3 GhMhade AoReIs! pﬂ)fte1ﬁ§" €hat are
present invention.Preferred selections of repl aced

Ganwortagscelr @I‘uﬁﬁgl £ od@gftmmter @S(ptems Bér exagple;voartyi eampounds

Uit PR Gkl s BRlof e alsorGies (B MR anc
AteBts PHApSESLAR OF c@l'l‘spl%dﬂh%ratehf %é&fdr@tlh%dér% ERhte a faithful

and (i) at | east one human DNA sequence encoding a

mqsﬂgl of dhe goritier spnaios rapinaalsl s spreferabdy deotrsnsgenic for drug

 GintReC Py o " CHUGRERE Dbiorop il b obiined Of the

RERORNASSfectd of Sy ﬁﬁﬁéﬁlﬁn&o&&t%ﬂﬁr(ﬁ‘t dgrﬂ)mﬂesdrhg Alansporter

are not just transgenic for particular
pmtabs;lMQRiglsepwﬁ&rml Iipdbe absooft prioman tansgene: nricd hmslels of

nodel r |ns at are trangporters of drugs i
GO ﬁﬁl%%éi talaigetrawgporrféfr Sl’é Sisrgsnerateddythe @F%@%ﬁ?d%f both
mdrla and mdrl b can generate misleading results and so preferably, both these

mouse genes should be knocked out and replaced with the human mdrI gene.

The expression of genes encoding drug transporter proteins such as MDR1 is also
activated by the PXR-based signalling system. Accordingly, because the expression
of the phase I, phase II and drug transporter genes is linked by PXR, in addition to the
fact that the products of these genes have varied effects on the levels and metabolism
of drugs and their metabolites, the integrity of co-ordinated regulation that is
maintained according to the present invention is extremely advantageous, particularly

when compared to prior art systems.

In addition, MDR is expressed at a significant degree in the gastro-intestinal (GI)

tract and in the environment of the blood-brain barrier. Since both the GI tract and
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that activate PXR, the nuclear transcription factor,
are also substrates for MDRI and are thus transported

wori6ob418El | s by this protein. Therefore, in OPAEGBR@S5/004772

create a faithful nodel of the in vivo situation,

animals nust preferably be transgenic for drug
transporter proteins, otherwi se a m sl eading

ithipblesd beain Bartikr fre s@lf?daﬁesblﬁ)éestolﬁdmgﬁhmap@’t irl#d &e blood stream,
effects of any particular concentration of drug. O

therigsange of BirsistegiealygielantMDRypRression é@@mr@&s apjmportant

f
L e M S T —
@ﬁﬁmﬁa%bli‘)@ldéy a&ti\ﬁ‘typ RS §ieRn&S of M]DRniﬂrth@ GNgadtlfdr kbxﬁﬁh@le can

generate m sl eading results and so eferably, bot h
fensler qwibs@elg/@rﬂés dsigonotd bisevaitablsk ddDRuts avety nmpblafmédfor drug

Seb et R oot e, MIPS oo et iR b iRl SPigatio cells n

Msvareiib s e, by the PXR-based signalling system
Accordi ngly, because the expression of the phase 1,

SRt R RN ASRE B AL P

enes;. have ied eff s_on. the Ievels a bol i sm,
ORIt R hpSehof BsdrTiion. TR 1 Aoy ogrmoman animal,
EigsuRlo icBRY @&ive® ek &td? hofRratiny: i Nt ai ned according
to the present invention i's extrenely advant ageous,

par ti ‘Efg ln ar %}ﬁm%ﬂe hOoRA ﬁﬁ\?’dq ts?qu%fléeoéncgﬁﬁlg %gﬂ%ﬁon rf‘acljior and

addi ti I'S expresse ree

the g t esti nal ) ct andlnt

onvi £ Shendt QPSS Hattp it VA bt ontging B atesehedroe:
G tract apghdR1iBheRAzRNAlAdRAr rier are significant
sources of drug transport into the blood stream the

prese of, i ol.0 nel re
el 0 o2t BEKE e LR DINACKEKRRL: VPRAP 15 3Rl hansporter
met abol i smppsteiagss to the drug nodel and in

denonstrati ng pharnmacol ogi cal activity. The presence

aﬁdw@&é hdbB&ot render
orally- dellggfede%%ﬁ%&ﬁo Q%ﬂ%ﬁeg?%ggﬁgﬁ&bDR IS very

f r t of the
AR g Bl ek LEBRR Sy M P i eopetagm apimal,
tikszelor ¢ells dofived tHegeffon trcokdoR@ingpr ef erred conbi nati ons
of drug netabolism genes are. Ilsted as follows.

Accor giyng hPledst bHE hinghn PRDEEE u@ﬁcet éﬁ%odhﬁ% r a efb?lgtﬁ)ﬂ ®ctor; and

is provided a non-human anlna tissue

deriv th n g east on

numanCoNa. Soquih oD ARERAT N T reshdoe sprBfi aCtfpse ane
and

metabolising enzyme; and/or

(i) at least one human DNA sequence encoding a drug transporter

protein;
and whose endogenous equivalent genes have been annulled.

According to a further aspect of the invention, there is provided a non-human animal,

tissue or cells derived therefrom incorporating:

@A) at least one human DNA sequence encoding a transcription factor;
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(ii) at least one human DNA sequence encoding a
phase-1 drugnetabolising enzynme; and/or (iii) at |east

woep@ochettan DNA sequence encodi ng a drug transppCT/6B2005/004772

protein; and whose endogenous equi val ent genes have

been annull ed. According to a further aspect of the
invention, there is provided a non-human ani mal ,
tissugiipr aellesstdend iamhanh@NAr eequeneD reoddhy NG pHakd-1 drug-
at | east one hunman DNA sequence encodi ng a
transcri pt PeHalolsGENZERY (i i) at | east one human DNA
sequence encodi ng a phase-2 drugnetabolising enzyne;

and/ ofiii}i i iaj latst| esmesthuore MNANsENenee guending engridsand drug-
a drug transpqrter protein;, and whose endogenous

equi val ent SHGCRZYRE A dnnul | ed. According to a
further aspect of the invention, there is provided a

non- hiiYn #hileest onei buman JPNAeseactes ioneatlinger dfug transporter
i ncor por at i nd. (i) at |east one human DNA sequence
encodi ng aPtTalscri ption factor; (ii) at |east gnle
hu DNA sequence .encodi ng .a phase-1 drugnetabol i sing
8?1‘?3’ se qndpgshoys eﬂ‘@é’\gf’ntcﬁ‘?%eg%hﬂﬁhew gdience encodi ng
a phase-2 drugnetabol ising enzyne; and (iv) at |east
Brrderabliyn thisnaspsely inohidss enyoane ramgre @f't thanfeplordse hereinbefore
E&hgg&]; and whose endogenous equi val ent genes have

Eeen arinul 1 ed. Preferably, this aspect i ngl udesbagy

ne qr npre of .the features herei nbefore descri bed.
ARineng) € sohiiyther pontch bt thespUERRsY teFois Pouided guion-hurman
hiiR8 tiSsul! QY %:Q?sd dBri AN TR aiﬂk&ﬁgrati 2O DNA! defuences
derived therefrom i ncorporating hufan sSequences
emditigng BXRXiddandCARCARstripiEr lfé\qg_tﬂ oid faﬁ%éa@f 0?@ thuéifan DNA
| east one human DNA sequence_encodi ng a phase-

SFATGRSFe ERA9EMES r@a%kﬂ%égﬁ%ﬂbﬁhsméa@@mﬁ eanf atplgast one human

DNA sequence encoding a phase-2 drug-metabolising enzyme and at least one

human DNA sequence encoding a drug transporter protein, wherein the non-human
animal, tissue or cells from which the endogenous equivalent genes have been

annulled.

According to a yet further aspect of the invention there is provided a non-human

animal, tissue or cells derived therefrom incorporating:

) a human DNA sequence encoding a PXR and/or a CAR

transcription factor;
(ii) a human DNA sequence encoding the CYP3A4 enzyme; and
(1ii) a human DNA sequence encoding the MDR1 protein.

This aspect of the invention is of particular utility in that the CYP3A4 enzyme is of
particular importance in the GI tract and therefore an animal humanised for this
isoform will be of importance in investigating the role of drug metabolism in drug
bioavailability in the gut. In addition, as set out above, the MDR1 protein is known

to be expressed at the blood-brain barrier and when incorporated into the above
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DNA sequence encodi ng a phase-2 drug- netaboli sing

enzyne and at | east one human DNA sequence encodi nhg a
waelemwg/os41oansporter protein, wherein the non- hunBer/GB2005/004772

animal, tissue or cells fromwhich the endogenous

equi val ent genes have been annulled. According to a

yet further aspect of the invention there is provided

destoibedh humamemi nmahse W1llsprue1de la tady tepretentaiedsdeh@iedf theuptake

Ecor porating: (i) uman DNA sequence encodi ng a PXR

Qhdyugs’ Xﬁn@ﬂl%ﬁ%ﬁﬁgloﬁf?ﬁheb@&&mml i) a human DNA

sequence encodi ng the CYP3A4 enzyne; and (iii) a human

Bcorsepueniet fertberd aspgcit he thRiveption dhere iTiprevidepechomhuman

the invention_i cular utility in that the

eSS e SedrediBreh e oot anco | ( he G

tract and therefore an ani mal humani sed for this

i sof ofh wi | | be 2ohumapdPNanswvercs Auessing at PXE apdlor a CAR

role of drug ne i sm i drug bi oavailability in the

gut. In additi otrtlr%ggcrfpﬁo faCt(f >above, the MDRI protein

is known to be expres at the blo ain barrier

and i ncor p@ﬁ’g%ﬁ?elﬁééeiwc%ﬁtﬁ? H’ééﬁ? A4 enzyme;
humani sed nmouse will provide a truly representative
scenafiii) of t he2dYIERONA saqueges susedinzdhe UST v enzame; and
out of the brain in man. According a yet further
aspec(ivdpf the i mbentan@NAlsequentcseqodingdhea MDRID profinm N
animal, tissue or cells derived therefrom

Otleear pmfeﬁddn gombinhtiensh N NOMBRAHEAYE ©F € YR NehForPXRCAR
and/or a CAR transcription factor; (ii) a human DNA -

gapyantien &etosod hgmam DNy Pemeneneneadingthe MDRI hiptein amilane or

B SESCLPISOSHRE  TLL, SBT SRS AR oo

phuefeer r ed conbi nati ons i ncl ude corrbl natl ons of a PXR

and/ or a CAR transcription factor a human DNA
MAHEACor %‘i‘ﬁ‘-Q&*ﬁé’ MR iein and one or nore of:
CYP2A9, the CYP3A %ﬁgter nt e "CYP2C-cl uster and UGT

or the UGTCQcl uster. Met hods for introducing

Aepbrdingnint fethes adpedrdi thy invemtidnutlicheris gapeded of niclted of

Lnvent.ion there | pr.ovi ded a net hod, of
introducing at least one ct10na1 uman transcription factor, at least one phase-1

drug metabolising enzyme, at least one phase-2 drug-metabolising enzyme and at
least one drug transporter protein into non-human cell(s) whose own endogenous
equivalent genes expressing the aforesaid proteins have been rendered inactive, the
method comprising introducing DNAs encoding said human transcription factor,
phase-1 and 2 drug metabolising enzyme and drug transporter protein such that said
human expression products remain functional where the cell’s own endogenous
genes are rendered inactive. Constructs of any one of the above-described aspects of

the invention may be used.

Preferably, endogenous non-human genes whose protein products are analogous to
the protein products of the introduced human DNA sequences are deleted. This can

be done preferably either by direct targeting with their human counterparts or by
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i ntroduci ng at | east one functional human
transcription factor, at |east one phase- 1 drug

worealoed1dsi ng enzyne, at | east one phase-2 PCT/GB2005/004772

drug- net abol i si ng enzynme and at | east one drug
transporter protein into non-human cell (s) whose own
endogenous equi val ent genes expressing the aforesaid
plaokiognthebavgeneean pered elustbrs n\aiﬂgi mnglﬁﬂilgl hl’ﬁﬂéil Qmhd subsequent
conpri.sing intr ci ng DNAs encodi ng sai uman
FF%H&%WFﬁ%?%#ﬁ?§g¥€FP*phase- 1 and 2 drug netabolising
enzyne and drug transporter protein such that said
ngtorthe presentgnvationsganesrttiah afeuinssried iato thé bresgehie model

| ]! .endogenous nes, are rendered, i nacti ve. )
o5 Y s PG5 B ol O e B WESE b BaoueRdicguivalent
génd HegdRV A ARNTRYy HEuHS Ghis I%{ngg haUnYa e%ﬂéjcotﬁg B&HExt of the

non- human genes whose protein products are anal ogous
geng lesupisoetined pridduatesnothat the fidelityodicadctiptivanfréNAhis site is

sequences are deleted. .-This can he done preferably

B P psibleat Ehe Tl of Fpseaiphn fiabproor dhe wild type system,
ounterparts or byflanking these genes or gene

%P’G graose, ieedrding do sl inventios; thesendegenoudeivadertt gene or genes to

RSO TR AR AR Ao R BoSlonll bl RGPl cagaied i

 tneamisigeincidenii@iciml 6r ¢lefid! aPtendbiSeidabivedo HAE tHRChIH-human

in the genonme where the endogenous equival ent gene or
gaipal’s | apdeganops eavizeleyt geyeuissunablei © éxpsessihe zenantaiyet(s). A

ontext, of th ene | ocus is retained which
ﬁ%?éﬁ%‘_h?ﬁ% e o ﬂ_g‘f SO, 91 he PIGEEBRHS: Hilyalent gone
6t fének SndSirfhlemEoRly RPOFSER kS Feﬁé&%ﬁfﬂa@%’&k aPlhe }[)oint at which it

transcription that occurs int ype system
ratpreEraesws, is dyctbe girongss of hbmolagoentécombirtabien, described above.

T S R R R
ANy Rkt ghbRie! Hak' thes il¥BAhL éeguéﬂb%' é{ﬂfﬁlfe'stl: ERY B direct
del etion or rendering inactive so that the non-hunan

menttah of thenigsigeiowsanegpne vagers. gene is unable to
express the gene product(s). A preferable way in which

Far axample,!inethex@sess MIDR 0f theh@ug NEAGRMRY Hr&tinl MAtSSt animal
gene or genes and sinultaneously toinsert the
ynepies bavie Aitiegant MBR 1tipefypesi and expressiontprofilesdfhe molise has two

rs..s..py th rocess of, ho ous | pation, .
G584 Schni e S00CFRRE el TPRSL B SHRREME Y e
HprEkioayis animallf cR@EIeNdR CRfRte VRDR 811y e oslyt ﬁﬁctgﬂling drug
the target genone flank the insertion sequenCe an
rasperterrad the swo MPRigerestpresentint the huotan iMDRIe sid MDR3). When

&g%% 5 0s rtrags%%gls’c' for MDR, therefore, MDR1 should preferably replace
both the endogenous MDR genes, MDR 1a and MDR1b.

Another example can be provided by the case of CYP2D6, where there are nine
genes in the mouse, corresponding to only one functional gene in humans.
Replacement of the mouse gene cluster with the human gene is relatively simple

though, since the latter spans less than around 40kb of genomic sequence.

DNA sequences may be deleted by, for example, Cre/lox-mediated deletions. This
type of deletion is suitable for deleting of large fragments of DNA (200kb to several
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For exanple, in the case of MDRI, the drug transporter
protein, different animl species have different NDR

WO swbPpas7 and expression profiles. The nouse hBST/GBR005/004772

genes encodi ng active drug transporters (MDRla and

MDRI b) , whose tissue expression is nutually exclusive,

hi contrast, MDR is the only functioning drug

tiepabgsos)t erheahethbé hasbeekhldesgibrd in eehHbdivingpdpes (MEW, Stark

h})@ and a) When creating a npuse_transgenic for
otz hdticked, Goelryind M Hgbep %bfl\@flb?é Uy Weipimaana G dameration of
ol SHECIZRHS ARoRERS SO BoRif Hndbhelon B Ciggpopmbinase-

nkediagedife-spebiicGedtRsbinatioh e efiBH®Ric sﬁéiﬁ lceBPPrdd INME A&ad SciU S
only one functional gene in humans. Flacenent of the

rﬁad§86 dERel 16935 2)ed] Sr62n Ertation iwelrogeasl Asad Sicabi § et 1996 Oct

TR B g P S Want B RN ue TR A0 fpions

mﬂucé&ﬁwtﬁ)fétmlﬁl vtk it B M PGBkt dmogtJh&Q&a ) :hisy, type

of deletion is suitable for deleting of |ar

CLOTERES Rl RO Gl BB RUas AARALNRS @%&gl&%ﬂ&h@mw
DNA Staueckcds, by inzetod distritiddein TallBkt) Wisste S, I8#aeh & Gearhart
Mul ler U Weissmann C. CGeneration of mce with a

380 Ac5realoy) isPempioatien sysiemier &ientagasted integretiom obyircylar yeast
I
SRR RSB L5 RECh e HREOARL B Bl 2000 1

2259(12):193%-52) : 6158-62. Erratum in: Proc Natl Acad Sci

US A 1996 Cct 15;93(21):12052 and in Su H, Wang X,
BrerethBly, fhe NoRLBFak hfa%@:ﬁﬁz“ﬁlnnﬁﬁ '1§ﬁ1hﬁfaﬁ1 %(P g&cg i Ynsporter
retroviral vectors in m ce. 5 00 Jan;

pt¢in by2hs }nth@t(eﬂndmclmdf‘knmk mﬁ sappxtaadn saisghowarigthe schematic
fra% X al so he ysed to |nq?§rt t he human DNA

5 Sﬂt@&%ngﬁ CCOTRRARGRE HigutsSilpednd A cal |l LM Moore CS,
Stetten G Cearhart JD. A cre-lox reconbination system
Pesferably, tllﬁrwlélﬂnmhtrwgaﬂp @ningsfl O‘f |th@ preacntyemmon is humanised

t poIES.
RibotlFER @mﬁm 55k Sy A LR A oG T pbibifion.
ma ans ni c anlnal is humani sed for a drug
Pfﬁgﬁgﬁef f?ls dercs apgatileRst PATHAILY eoRseved Fthgswepnsiruct.
"knock-in" approach as shown in the schenmatic

Pegierablyninatheigse pf aé@@m@amm@alwmwemglthe humad PXR gene, the
g?%fs gé lgru%t é%]taﬁs B{’J Su'?ﬁ{ﬁg)hc%é g{&ucq‘urm get%%eﬁxor?sf 4 Iz;r(l:"d 6. This
advantageously retains the sequence where most splice variants are observed and is

conveniently located within the ligand-binding domain. The preferred human PXR
sequence therefore contains the cDNA of exons 1-4, the genomic sequences of intron

4, exon 5 and intron 5 and the cDNA for exons 6-9.

It will be appreciated that alternative splice products between these exons, which
might account for proteins with distinct ligand-binding capacity, will be covered by

the constructs of the present invention.
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for both PXR and CAR al one or in conbination, nore
preferably in conbination. Preferably, the human genes

wa@e@oat41ibrast partially conserved within a conBCT/GBR005/004772

Preferably, in the case of a transgenic ani nmal
expressing the human PXR gene, the PXR construct
retains the intron-exon structure between exons 4 and

@refétably, dov@ARa@@stmsdt yethizk dhdimtrohexse guedttrR buesd 6x08é 2 and
sgpl [ %Zﬁjvari ants are opserved and is conveniently )
Poc 0 AR AERSROUSHE TRIRIBA feMHlela; segominraitveturehwithin the targeting

. [ th
ERRE TR R ER B R AR B T on
5 d.intron 5 and th DNA for exons 6-9. It
%ﬁ% pﬁ@%ﬁ%k@@?‘ﬁﬁé&@‘ff’ﬁfnl%ﬂ%tagf’ﬁ%t ive s)p()I i ie product s
bet ween_t hese exons, whjch m ght account for proteins
Wi oRe gmbediment pf therigvantienithetransgaric apimals pre preducsd deargvo so

ryct f sent Lnventi on. Pref.erably,
2 b CREERER HE FofndiiGnd] FERM: b3 SEbbAY il e ckample,
lead/ MR afediseN Fekktian @f Jargd HagnRAisadT BHAOUHIOKD (& k&P megabase)
conpl ete genom c structure within the targeting vector

arfdaghievedt @i oW eplagle Grineration x9f| thise with iaa2A0skty miylmidiprecursor

. Qher. preferr constructs at escrib above, . |
Hrotnct Riant §Fe FRBR TSR S Sh¢ rommGisepgmbination in
fibIRInSc et REIRIPERANGR AOMOSEOTAS A0 1096 1HAE 1303(13) 58-62.
af orenenti oned features by nethods wherein, for .

Sxeatrpn é: Rrpe NathAcaddS e AIdPeE Ooh 1593(21):3205% aghimrfsH et al

200khb veral. megabase) are achi eved, (L]
D cnincsiial ARG BuRRE B harehodrB065RE MhApic det Genet.
ROEE YAS (1 PORLERI MAGRRGe LR/ RLLAGRYd WRrtions of laree fragments are
recombi nase- medi at ed site-specific reconbinati gn [ ﬁm

eohievadrisadeseréhredde|Cadl ®rabcA Nat-loxAceanbinatidh §sfem £@abe targeted
Y : -62.. . in. P tl Acad Sci
@{%%T%l%ggé%@%gr %}%gsj%ﬁ%lrl : élrgpoégq%esi i{qtoocgan gRic ;?em cgllls. Hum

NeSit&Ghe£ PHOIRROPR)(1 $hefAkigqns i nduced with retroviral
vect oré3 in mce.’ l(lajf{b Cgf%esg. 12000 Jan; 24(1):92-5), and

MRS BobOmHTRE ORIES ILARAL O Rafleen B R LIRS of the

are acni eve

PESEITDIiNANton Y SpeTuéd Byhecrbaufet edr | BiAgNat 189 ffimal of
circul ar %éeast artificial chronosones into enbryonic

K @AU007I08 ppighivbe aBesed with) 0®sd ttanggendy a@nalsy 45t have been
n_anot her di mrent the inyvention the transgenic

R ARG R AR P TorG AR apd Susde bt o Beat G Stdapect o

Bliaser08%k HetaoMsin@*@IPh6s add8rug Ha8horE protein in either transgenic

strain of the non-human animal.

In a further embodiment of the invention the transgenic non-human animal is
produced de novo so as to include all of the aforementioned features, by the methods

as hereinafter disclosed.

It will be appreciated that ideally all of the introduced human DNAs are substantially

under the control of human promoters.
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W02004/ 007708 m ght be crossed with those transgenic
ani mal s that have been humani sed with PXR and /or CAR

wanweiaabude further nodifications wth respeceCT/GB2005/004772

phase- 2 drug netabolising enzynmes and drug transporter
protein in either transgenic strain of the non-human
animal . hi a further enbodi nent of the invention the
?&&&ﬁ%%ﬁic non- human ani mal is produced de novo so as
o TNETUERSal 1 of the aforenentioned features, by the

hods as, hereinafter disclosed. It wll be ) )
PRaBeAUSY, thedtresegblveytiofn progides RN Ewgesnigrammal that
t ' CQ 0
RS AL LA by Bl BTG, o aross o
othee ntnabiotiy ethystRBd ol @monUtRihn drmabedll By BiodBding Rt a non-
m m cs the human mechani sms of netabolism disposition
bpmapaningly celt one wsmere bumar DNAosIquences composingscaging and

B0 B3 T bo R B SR CRRRT e o
anaé PehiéiRs réspenHitlt By BRALRBRBSIIME CBSFRItIntR t6:8BHPIHEREs or

the regul ation and function of one or nore proteins
pEigh FaROMIPtEC Pempindarvheee tisosaid npn-tigpo sinimalreetirhas undergone

.citw of drugs or other. xenqhioti.c c unds where
BRTELE, of cRdodchiifiuechen ehercing POUAAS Yinge ABHERTeetrigous fo
fHose ACHRIAOH 1S NRFHIBBSP Hinftn ASI0ACIBe¥aPSE thi el AR human
are anal ogous to those encoded by the I ntroduced hunan
Bnimad ceplle gare desvsadhas a meoded rsystemma floradeterhinig ithec anetdbolism,

sed.as a del system for _deter ZnLng th%%gﬁtabo IS
dBRERH Op 0Bty Sk KivaR ofGF KERobiPtc SeraPoUs oBi b{pEologos
GOMRRLY&As i n a honol ogous human cell. It is possible,
according to the invention, to "personalise" a .

t{ i g S to suit a.pbenonenon that .
REE BRI SeE Rl BeBHILElh B SHintoRuSb AT i fefoeenic
SySne $6 bwin a [phwieinsen@Bthatds Worthy [0 6 eBSgOn! FéfeskalpleMesrP3 A4

i ndividuals, and in any individual may also vary over
EPnACXPISspign leyelsaney vary e mush ap 0 tintes bemcey énviviidaals, and in any

n Ut _nore ipportantly due to variabilit .
ﬂirﬁlﬁég%%s%’rgz a{lsgo drege Tt tér@?'n:tsr,ﬁlsf 508 _P'olb‘?f&‘fsg %ﬁb‘_’h&ﬁﬁ%rgmmc
SR éreBE Bt Alore/iMporah@y duclidsy aMBlieMn ckpdsurd 8ARULY Soxins, food
response systemwhich will only keep high enzyne
pedurts gndr other Ewvitpnasentdh exariables.n€helepisterAniy an adaptive response

system which will only keep high enzyme levels for as long as théy are needed. Any

other implementation would be wasteful. This means that it is not generally
appropriate, in any test system, merely to test the effect of a particular drug
concentration at one level of CYP3A4. The effects of the drug must ideally be
assessed at high CYP3A4 levels and also at low CYP3A4 levels so that response is
tested in both a high and a low P450 environment. Of course, systems according to
the prior art, using the albumin promoter, simply cannot reflect the real situation

found in vivo.

Another example is provided by the CYP2D6 protein, which plays a major role in the
metabolism of neuroleptic drugs (e.g. anti-depressants and drugs used for treatment

of schizophrenia), and is thus of significant importance. Pharmaceutical companies
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ot her inplenmentation would be wasteful. This neans
that it is not generally appropriate, in any test

waymbemioTerely to test the effect of a parti cCRCHGBA0SHO4772

concentration at one | evel of CYP3A4. The effects of
the drug nust ideally be assessed at hi gh CYP3A4
| evel s and al so at | ow CYP3A4 | evels so that response
lage tebwdtad tb rbablotahdrag tihaylis arethbalibeabyP 4P 2D/ hid thHeesfére need to
course, systens according to the prior art, using
W ASHORT RS frossBlecuring; deyelopmantnek anyediugcwhether erorgt it has a

i | ng.in_vjv o) e lLe .1s. proyided .
SRR AR el el nt RAlFLorC SRR S apBRAIS i
RED@EION Brabeént IR ufddhe BYé 6f Amu@siaf endividaals. It depIdessSe thinense
and dru%é_used for treatnment of schizophrenia), and is

|

brugfitde beiabh foi stadit the mirhodismeof dongs, matisutarkyaif anti-depressants,
TEPRBR Rl S ouBERR Al CRERPIN R eed t o know as

Rt BRERoISp oG RORPISAY FHBEITP g PeTiprB e an el as the
SR O AP D08 A o Bl ks
limaintion) U4 59. leléls,veithetlad eingle defoeais € ngtipiki denéariepraRirably as

to study the metabolismof drugs, particularly of
shstery eprasaenmay benrassed oo tadlyohigholevelpiighordard to dest for

n S | I ow
CARRRRL Sah ec 05 ORRS LSl gy s, o
affuéte of RBCHTRRAILOBIS dhightesdt bedBaddnt. UKL RRANE . spE&QEs difference in
exanpl e, according to the invention, P450 |evels,

SRICHOReRSItY PheprapejaMde deigieen redents pldemge miesyltdn the main from the
clusters. pof . genes, nay be .sed to .

SRR, F B3, B0 Rlandl PRbBE abS wit ot

Aiffeeeridestin YhaiaacoIIAERND Ia6d AMSEHiitFonO TheBbARPd iRfeasdbene levels

physi ol ogically normal levels, the effects of such

ireentive clustess igiighertantes i eeteins thersubstitte croastiddebyenitiesdifferent

di f.f.erence in, carcinoge 'cilt%t of conpounds bet ween

Pgoé%IH?gXp&ﬁﬁe&rBﬂa}eegfﬂ? D° 8% ai n fromthe different

rates of generation of toxic qr nutagenic netabolites, -

gleﬁ?fg“’vﬂs mst f thig; type maycelso ibe e bk imesiigate girgase. An

' ' i abi [ e l.evel s..in .

S FhbIE R bloiea Fy shiiohit, L LRGSR Sotiorphism

st UaTe Adr@as timpKcdiel itedig trheatsblisire (2ebrdgdioethB Snvention, a

expressed by the genes in the cluster. Bespoke systens

Hangaenis raqded anial may dngeepasisithy paymprphisw-eentriginggene in order

o l.e | vided by G| bert syndrone, a
A fis @Q;gg ik b%ye'vglug{gﬁ

phenoneno ynor phi sm

According to a yet further aspect of the invention there is provided a host cell
transfected with a nucleic acid construct(s) according to any one of the previous
aspects of the invention. The cell type is preferably of human or non-human

mammalian origin but may also be of other animal, plant, yeast or bacterial origin.

According to a yet further aspect of the invention, there is provided a transgenic non-
human animal in which the cells of the non-human animal express the protein(s)
encoded by the nucleic acid construct(s) according to any one of the previous aspects

of the invention. The transgenic animal is preferably a mouse, because of currently
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in the UGTI Al gene inplicated in drug netabolism
According to the invention, a transgenic nodel ani nal

woreaeioemaor por at e t he pol ynor phi sm cont ai ni ng gRCEGBR005/004772

order to allow this syndronme to be eval uat ed.

According to a yet further aspect of the invention

there is provided a host cell transfected with a

nugilabicteabiodogo et maytiesgnoties anih mgliztms@n?els ofve e@hmpReanother
ous, aspects of the invention. The cell type.is

5?&'& fgningtagee # ks OFUIRRHRIBUPFANOMERERICGs Fush 2§ FabbBupig, or a

S5, 9, D0 B B UfEStolf B b on

mﬂm@ﬁmnmnmuhmaﬁeme§ provi ded a transgeni ¢ nonhuman
animal in which the cells of the non-human ani mal

S @ﬁl%§§1rﬂe|ﬂ‘€s G iRé ?ﬂ fifidn ?Q&H%etg thY pfe%iigraEHﬁ lof iaccraﬁg%éijlic host cell
construct(s) accor |ng to any one o e previo
as penanlsganic tndrehimare atiih coﬂipﬂsmg Hdresgrenifa mndl¢iakhcidsconstruct as

RESHIBOBBEE. Tiayeel cor ROt ROPahofhifaal By gewpipsted: o furher
h&l&arﬂ?t\)ﬂ‘ﬁ&l ﬁfédﬁzﬂfs erleSfs, i R ﬁﬁ%@u@ﬁnaéf & a@dlgbﬂan Rne or
pi'g, ano eC|e such as ra

@eumdsroe pmteifnedncoding aclait deitsdqatep8eduRaicsl '(Fhe ﬁ’énsgenesw may
§V| ne, eqw bovi ne, or a nonmanmal | an ani nal

ut oy SiahsdarwtaRtien of 2 sl pho el ilé1¢, o8| epigoml regpression
AT 8 e AR 098 b Ypagen i b
pt:tﬁiueleﬁr afitdirjenivh tiabu r@doﬁﬂblmﬁ)hye\%ﬁﬁc i Ref-endbifonic stem
cell or non-human animal may be subjected to further
{FRnselsnaandsm fransgenests ith @owlamgg esmehryenif sstankre (ES) cells or by
{f&gf&%t dfoa[] 8 W%%s@ ggclglllsofé S:l.gs%g R eag§ nn%i g&lﬁléaﬁ% na nuclear

elrn enco nuc

ﬁ’ﬁﬁsféﬂcadslﬁggepﬁﬁb@raay be transient or stable
transfection of a cell or a cell line, an episoma

! .
SHSEyAeE TR br ) 1L b hman i,
o which|themethiodreoinpirised tramsjent b sipig) b tragsfoctinnelta @il or a cell line,
events in_non-enbryonic stem (ES), ceIIs random

E¥RIREneE A8 Spomsh cRRRsEOE I N selbRs celtdinee or pronuclear

) H{IC% C&l%ﬁ?g@&{lbl?lgtl@{ e\?en‘fseihlES\r%ggﬁ,e%ﬂp&ﬁ rreééﬁ 1 1’1% or%aﬂ?ansfectlon

use nor nucleus i n a ansfer cCl

pf acetiuire. wMehhngs bediffsreniindddoven differegteddvelopiehtad pathways
cell line, or a transgenic non-human aninmal, in which

erd wheseBigless inioibsaised pattsidener fo n%‘tlafr‘ilt@nﬁfeén@ﬁé@ﬂ egpression
8% at?a&ﬁjul)na? efcﬁe]lclycll,] Légﬂg% eﬁ&%gc%ﬁagqﬁ? 15 usr? 35 8?1%61‘% ?om%ransfectlon

Fessi on sy
pf &ﬁnﬂgbﬁﬂ@[s in accordance with the previous aspects of the invention. Examples

include use of selectable markers conferring resistance to antibiotics added to the
growth medium of cells, for instance neomycin resistance marker conferring
resistance to G418. Further examples involve detection using nucleic acid sequences
that are of complementary sequence and which will hybridise with, or a component
of, the nucleic acid sequence in accordance with the previous aspects of the
invention. Examples would include Southern blot analysis, northern blot analysis and

PCR.
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m croi njection, reconbination events in ES cells, or
other cell line or by transfection of a cell line

wobkioshe4ray be differentiated down different PCT/GB2005/004772

devel opnent al pat hways and whose nucleus is to be used
as the donor for nuclear transfer; wherein expression
of an additional nucleic acid sequence or construct is
MNomehirsarsanimahcdloor ttansgesiiendn-homan atinatggedesd dyitie method of

ccordance wiith the previous as ts aof, the invention.
%&1 PRIZON G ggsed axmgfelswptems 461 iet?mrlw@% hewatebplison gf drugs

ofgﬂéfg%%%&& H@oﬁh&tlh%%uﬂgaﬂed to the grow h nmedi um

tance neonyci n resi stance mar ker
PRBHEE G ot SHRE o) Biec MHERYPEL Sl dEOYigd use of a
Aafsghi CATRIE TRAR! Md %R Heas %n%aﬂth%ﬁ% g@ hbrefbREdré de&ribed

with, or a corrponent of , the nucleic acid sequence in
Hit bedabese médified tme:optam/ amlisxpasys ENA enéodnlr@atl leaseohé functional

es woul d j ncl ude Sout hern t ana
ﬁxmgﬁ ﬁﬁ*smpélpniﬁ%tp&ﬁ ieaa'h%lnq:énsm It ﬁ’é‘ﬁa Wﬁl eng@ne, at least
Phe @;ﬁ&@smﬂg %&%h@iﬁ%‘%ﬂzﬁgéé g&g 3 184 Gy& &ﬁg%ﬁggbge?waﬂ 50 as

he i nvention can~be

diEtrBJeﬂmgatmgeﬁdb&)twahetbbrbllsﬁrmr)foxﬁrltygt& safd mhhﬁsfgemc animal, tissues
xeﬁ?obl o i ¢ conpqunds in a human. Accordi nog to a

£OY/eR &l %éﬁ%&ﬁd rqfﬁ)@q o \ather prRPerHey or ifyn W@%ioééée ugfgoduced
9 m@n ptAERY Gas ik ;hsm W BTos géi?%a en%%é 'céllﬁgounds

erefromas herein ore scn
rmdl fied to contain and express DNA encodi ng at Ieast
dhe sfyawm iofntht presean ihvenniss r alfptwso furdctioh amd figuladastof human

one ase dr met abol | sing enzyne, at |east one
%ﬁa Pé 564?5&05 sgnetabelisny rﬁgiﬂ‘?éltlﬁﬁ dind foxigifis o omeudieddn any
?15%%99:@1 F#pepfogtlr?s'tdﬁcg gas@ﬁ)n{tgst élgyg%ét ' lﬁg&le bﬁ%ﬂh&l :llger, kidney

met abol 'sm™of t oxic sgeni c an

in 8 singlke aaiddlptissoebt selldddriveé therdfeoref r om or ot her
properties or functions of the introduced human

ThetShtem SHGH: PfesBB! ARG MHAYHOL ﬁliéﬂsﬁbngtlﬂﬁﬁ'e?feetfs of human

endogenous conpounds. The sys?em of* the present
imebabolismn dispboitien bumaticitn oarmhtlrtegmhabffewts of ahdmpgnin an animal
S loti

necha f nobi oti.c t abol S ition and
f{s&%% ﬁXE%l%eél)t(EY &aﬁrgasllﬁl&ﬁ‘e Wlﬁ?ds@&n% aﬂl B%t}si Vays et nqmspuman
%@%ﬁo&a&hnﬁb%@éﬂ L‘h5§tl%ﬁ£ﬁxa1b' ood-brain barrier,

ki dney in S|n e an tissue or cel
%@ é%g;therefron1 The systen1of the present invention
;’ € applied to study effects of human netabolism
di sposition or toxicity on anti-tunour effects of a
Thegresenbinvaniiomblso, advantageously provides non-human animal cells and

transgenic non-human animals incorporating introduced reporter genes so that such
cells or animals can be used to determine indications of pathways of metabolism of
drugs or other xenobiotic compounds in a human cell by convenient assay of the

products of reporter gene expression.

Where reporter genes have been incorporated in non-human animal cell or transgenic
non-human animals produced by the method of the invention (see below), the cells or
animals can be used to determine regulation of genes and also give indications of the

likely mechanism and metabolism of drugs or other xenobiotic compounds in an
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xenogr aft experinment by expressing humani sed netabolic
pat hways in a non-human grafted tunour cell line

w@naboe4191 t he host animal. Reporters The presBCi/GB2005/004772

i nvention al so, advantageously provi des non-human

animal cells and transgeni c non-human ani mal s

i ncorporating introduced reporter genes so that such

tetotogons hninanlcs]l bgnsdagingssdression ef dreniepertdripghe BN A B&uence.

f pathways of metabqlism of drugs or other xenobjotic

3@%&%%@%& HSR B by giye idieations ohtheaxicat of metabolism
t r . . I .

BESLUS 8 e RO L MR SRk, MG SR fpion o

P¢polrieh pagasXipeestion withimanyapurtiadlsr thsasclaltaek fy ckfagt sahdation of

of the invention (see below), the cells or animals can

seng ergeessionde be maniteraddy espenseiio spagisnlas dergccompoundi ve

i ndi cations of the likely mechani sm and net abol i sm of

dycggsling toct fuethex aspodii oftthecinventjpoithets i provided mmiongnmsan animal,

human cel | by assaying expression of the reporter gene

BRICL, cﬁ?L]ﬁ g@?fveﬁiri\e QFPSEIHS TPQIIRG PPremates lighed, Bangsrptiqnglly to

g%ﬁﬁmhqﬁﬁgg&% Se Mlcolifife: extent of netabol i sm of drugs

or other xenobiotic compounds. For exanple, analysis

of the distribution of reporter gene expression within

any pé&bti calteanseriptiondacion; end t he extent of induction
of gene expression to be nonitored in response to a

I God d d, cordi f
Repectthi nBthBRBHER “racaFEE: £ st EnbathodRlinngaspome:

aninmal, tigsgderor cells derived therefrom

i ncorporating a pronoter |inked transcriptionally to a
huwan,DyA sequence encoding;, (i) a transcription .

fact ol and ONS seqpnuse seGOding e abasrt? néfugmaiehodising enzyme;
drug- met abgl 381, Nng enzyme; and/or (iii) a DNA sequence
encodi ng a phase-2 drug-netabolising enzynme; and/or

(iv) a DNA sequence encoding a drug transporter

pr ot ei(iv) ThdNAcoegiace edcotling a drag seanspptteoprofeact or

and/ or phase 1 and/or phase 2 drugnetabolising enzyne

d/or drug transporter. protein thus be |inked t
%0 BRI SoRr UL BB S0P DS ARATS g
RGN Rn@¥m& hnd/6Bdig AARRREY PR tdiM Rl MBS be linked to a reporter
which allows monitoring for the relative regulation of at least one enzyme involved
in drug/xenobiotic disposition. Such an embodiment advantageously allows not only

for relative regulation of the enzymes but regulation in both a tissue-specific manner

_in the transgenic animal or in the whole animal itself in a non-invasive manner as

well as the extent and potency of gene induction. Reporters may be linked to the

promoters of two or more of (i), (ii), (iii) or (iv) listed above.

Reporter genes are nucleic acid sequences encoding directly or indirectly assayable
proteins. They are used to replace other coding regions whose protein products are
unsuitable or not amenable to the assay envisaged. Suitable reporter genes that are
known in the art and may be used in the present invention are selected from those
genes encoding proteins including but not limited to: chloramphenicol-

acetyltransferase, [-galactosidase, P-glucuronidase, luciferase, beta-galactosidase,
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i n drug/ xenobiotic disposition. Such an enbodi nent
advant ageously allows not only for relative regulation

w@boosletienzynes but regulation in both a PCT/GB2005/004772

ti ssue-specific manner in the transgenic animal or in

the whole animal itself in a non-invasive manner as

well as the extent and potency of gene induction.

fReqxar ﬂ?om_somy (p_ltx_ai)eini, Edeg@;etmallkbljﬁleg) Iplhm;ithagase SSEASR@, afajor urinary
nore, o i), (ii), (iji) or (iv)_ listed above,

REEin A PUB L roimdnectiopionis sonadatiopbi et BHE baPAgerstood that
dhd gﬁc}\}eylisq rqf' éﬁﬂhﬁl@cﬁ &Te?fﬁseﬁgsagl SotPBh tﬂfﬁ'orT&%tﬁsWeeand is not
used to replace oth coding regions ose protern

itenkded(ts liadiethensopd abrhe applicadbn.aThe skilled bAishi hag$8kRYt another
envi saged. Suitable reporter genes that are known in
feRorigr systam which Wil aggaldy beanphisalle tsbaprésantdnyensionar e
sel ected fromthose genes encodi ng proteins including

Pt _ :
Pl IS B Rl S BOMRIE DA Y 2SR LL 0P T3 ok o

beoater gbios taps PRRS €C AR cENPB AU CHPRE9 OYRICION CYPBHE CRTP2D6,
osphat ase (SEAP), nmjor urinary protein

al kal i ne_ph
&MHA@YIR%@@&QN&IHBM oni ¢ gonadotrophin (hCG. It will

be understood that the above list of suitable reporter

Q6HBSEls! Bsdued laﬁ& haus tﬁbéb?dlﬂ% etg )gpnlsétéhéesﬁgcgg :?ﬁl the Jﬁ\%htl% gllow very

intended to limt the sco i cation.
sikéfh] etbnzants sdntheayrosedseof ganetregulati@padn t dug Systabolism to be

et e SO Wl SR s o e i
BB SHE SRR Rl WIS I B bl oor
GMiRZDA echiafifing, EXfeiRthgen G YWBRY repuiteiahisnal ok sellisa 8l compound
¢el ] s according to these aspects of the invention

A pidher\aciumapdsef IXR og adintid nyH bapkerpynstwerlddre wpefid in exploring

r (=1 ' Ol [ Far .
GO 7 RO GRS Ty FaP B OE A3058 cl'r e
svoyld bé caBg sk PntAd It fepird@Tdnithaloftadelictond dRlg @mpgodfd in both a
CYP3A4 gene, there are likely to be other inportant
Hupanise AR null heskgrguad tovdetet asnspisraf ewdr 4 expagssion that

gfreigﬁ%‘z&a%ﬁfggg%ﬁg@ggound in either a humani sed PXR

6und woul d be useful in expl ori ng
ot her ways of regulating CYP3A4 than by way of PXR

Arodidargly; asenaif, tismdesrand tcelladcdrdigg tooth@xgape@ oftheiftntion may
reporter animal or cell to a drug conmpound in both a
SORRTFS & Bramatertigkedytransenntiopaliy by ® bwarar HNib isegience encoding a

PRAGEL Sl nBHbbiSHP 23hE" 'ORA. Ahch I EREAY'S HastZ irug-
metabolising enzyme; and/or a DNA sequence encoding a drug transporter protein in
a null background for PXR, CAR or any other transcription factor. By “null
background” is meant that the gene or genes have been annulled, according to the
definition provided above. Such animals, cells, or tissues might be compared under
similar conditions (for example, in the presence and absence of a drug or drugs) to in
a humanised PXR or CAR background. Accordingly, animals, tissues and cells
according to this aspect of the invention may comprise a promoter linked
transcriptionally to a human DNA sequence encoding a phase-1 drug-metabolising

enzyme; a DNA sequence encoding a phase-2 drug-metabolising enzyme; and/or a
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Accordingly, animals, tissues and cells according to
this aspect of the invention nay conprise a pronoter

WO povkeet1dT anscri ptionally to a human DNA sequePCEGB2005/004772

encodi ng a phase-1 drug-netabolising enzyne; a DNA

sequence encodi ng a phase-2 drugnetabolising enzyne;

and/ or a DNA sequence encoding a drug transporter

B4 eskequenne encodidg ddrmgdranspudick protéiXin a GaRaaisedbycketdigw for a

&ranscnigtion factor. By "null background” is neant

TRBECTIPHAN Gaster. Shchyk HaascHRGen Fskn ot P KB, 2lence G #gne, PXR
t finitd Vi . v u i - i .

SRR B R AR R Frroi e BRI of By ripton

facvors destmipb@ heretn. t he presence and absence of a drug or

drugs) to in a humani sed PXR or CAR background.

ccardingly, ani ,. tissues and cells according to
i 3“%&@ b sOpRE iy b e Ry iof dhey Proie detates the
' bt I u
CAPG LI ELLRORL ol SRR, PpRAIBALSe et o
sragslativngl etactosliengfl thepdvasespehdiig! Guiiieh lend wdioBE pERENMBEis to be
sequence encodi ng a_drug transporter

RS A S S e oo A i m———
@Eﬁtcﬂ?t &%ﬁ%@&f&?%@%&%&' 19& geafeqnglinagéﬁb 21 II)Do 38Aarln8EE’but the

al one, and any” ot o
tomBICtsi 2t idesighaictush thht Hhendidogdnoas g@fyA BRBiE G ipBich@Ally used.
factors described herein. By "linke

Thesesconptpusisn argl therefore depeadentanzs carrast splicing efjthefexense3’ to the

| S e expr ' evel reporter
PR o MAFEI 551 I AR 50 PARb 4E oA ol SRREAS o e
tepanst aérieOis Prefetablyt tefrhindtedlbyt HPoBA HREP AR fheTBbrter gene
gene whose pronoter is to be investigated. In the case
gty p symhptaantray sreFigag (HPECI9sepb DR s thet trenscript of the

Lpt. of Ah L6 . I, hat .
bRRRE B s Bt B oRER b8 Aot R ractE it i i i teon
$ﬁgmn&ﬂ@1@pdogenous pol yA notif is potentially used.

hese constructs are therefore dependent on a correct

splicing of the exons 3' to the reporter (see Figure

peyording to pefurthereaspest ofteimeeniing toyP R ovidad ampadwoan@nimal,

. iS. f bl i nated b
O, R4 RRGT BFABHALY LD ATA B soqunce
siydUidhRy! biCldabtt 68N treSReipHbA PaGor Fhder! oreds 1o tWERkiptibA Sactor
transcript of the reporter gene is preferably

pPeyRateraand dvhnse gngnpepausmsiuivalent genns thavmopttuially beral annulled, the
' on_(see Figure 14). C ing.to a further aspect .
}6&%!1 % n%fﬁa}’o e Féfsp?%gb‘?fedn‘ﬁ)%ﬁt}% naarPfélHHOfF& linked

transcriptionally to a human DNA sequence encoding:

1) a DNA sequence encoding a phase-1 drug-metabolising enzyme;

and/or

(i) a DNA sequence encoding a phase-2 drug-metabolising enzyme;

and/or

(iii)  a DNA sequence encoding a drug transporter protein.
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tissue or cells derived therefromincorporating at
| east one hunman DNA sequence encodi ng at |east one

wao ea@nsetdpti on factor under control of a transeCi/GBR@N/004772

factor pronoter and whose endogenous equi val ent genes

have optionally been annulled, the non-human ani mal,
tissue or cells further incorporating a pronoter

MTihe keeooh-umaas eningdl,| anthtibsnes or acelisimdrthiINApsaqefetheeinvention may
encodi n (i) a DNA sequence encoding_a phase-1

GG ABPmSion Ynksfryanserintinaatly tq 3 PNAs sqavaneseggediag a phase-
' - =gt I Sl ; d/
ST ALY U FpRERS Sl TR BROL Sh00FTNIR T B arg

pietdbelising Razyiae - Thetn-lamdednimal) dnd tiSsdedr 6¢l1sGRAY Mcttporate a
this asEect of the invention may incorporate a

promgiee linked keaseriptiaadly 1 ifoRNA pequsnge PRzodieg @eplase-1 drug-

hase- . 1 drug- et abaol i sin nzynme and a
SRR TnRAF R A AR Gt i ity ton. The
hbg-h0an h b1, aRhdBissued) brt bERUeSayO0liné@pdriteY promoter linked
i ncorporate a pronoter linked transcriptionally to a

orscsiptiorailyetoen DOUA sefluangshenseding dr phpsefabiog-nsitabglising enzyme

en d a DNA sequence,encodi ng a dr transporter .

306 PR prdb s AESHPE 2 anshc; motaly Rfmalley of suitable
in : r e I

TR SRPSLANSI M LA phESE SRl SRRt o

éanspostenpriteanssiAdesgbehbaeiancodi ng a drug transporter
protein. Exanples of suitable phase-

1
- ol j sg enz S hase- 2 dr.ug-pet abal j sin
G S0E! ARl HoF GRBRTTR ARG BB EBEedr Jet may be
hefestigated. In ahigtdexarids Bdals, ftREuRXaiPEdls thike cHOPARE £promoter
activity of the ndrl gene may be investigated. In this

Yekatbiratscriphinmetly $0 athumen N Arsdquaske snendingotrpuscsiptien factor, a
ter. Jinked t i ptional | h DNA

BRI Lok SBP ARt AiBin PR, Beslen b phase-

hhfgkxaetabag@ﬁ ehBIhENAVOF 4 PrémSierMAKENRr-2EHH Bgﬁ}jv/ to a DNA

encodi ng ase- 1 drug-metabolising enzyng; or a

praueetee pndodiriged phassd odrigimetabmlisingt anzgmNA s dyuenised or null

ﬁn odi ngdta%rgg e-2 drug-netabolising enzynme in a
WEAPHul | background for mdrl. According to

this aspect of the invention there is provided a

AQBordiNERd thid B¥ect of the invention there is provided a non-human animal,
tissue or cells derived therefrom incorporating at least one human DNA sequence
encoding at least one drug transporter protein under control of a drug traﬁsporter
promoter and whose endogenous equivalent genes have been annulled, the non-
human animal, tissue or cells further incorporating a promoter linked

transcriptionally to a human DNA sequence encoding:

@) a DNA sequence encoding a transcription factor; and/or

(i) a DNA sequence encoding a phase-1 drug-metabolising enzyme;

and/or

(iii) a DNA sequence encoding a phase-2 drug-metabolising enzyme.
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tissue or cells derived therefromincorporating at
| east one hunman DNA sequence encodi ng at |east one

waelewg/os41oansporter protein under control of a dPCGB2005/004772

transporter pronoter and whose endogenous equi val ent

genes have been annul |l ed, the nonhuman ani mal, tissue

or cells further incorporating a pronoter |inked
tThensoar-hpharo agind, tod sissusan JONA Fetiiseapectest a@di MGention may
(i) a DNA sequence _encoding a transcription factor; ‘
ARPIRATAIEi I)m’élomnk@h@@ﬁé’épt&%% e DN/ Begiiencejencoding a phase-

5 A L BSHER PHR s SR FUIES
TeAabUliRRE ARy 8| Theddh-hibalasimal, af€ kiksuebr Eélis%n%slgﬁéﬁporate a

of the invention may incorporate a pronoter |inke
oremneter ilipked AeanperiptionallyDigA as DA sequanne caicodjng aphbase-1 drug-

It B0 s S0 H A RS oot R S AR aR G Sor T non-
HER! andidl, LAREUGSUS &€l defls MRiay! NRQUBOAL € Bpromoter linked

promoter |inked transcriptionally to a DNA sequence
drapsntiptignallyploas BNA seffuegeeemiodingsd plipse2zdrp-nastabodisiiAenzyme
sequ encodi ng a..transcriptjon. factor. The nonhuman

HR AP A, ST eadinp ACBPTHey Tariob Pl of SUable phase-
RS RERbolidifk & Nshhidd IdPRA - gh%ﬁ o
encodi ngoélﬁhagze%%aﬁﬁlg%%ta 0 |eébﬁ281§%zy %gﬁ]a‘ﬁ%%&nptmn

dadergnoteins roodisogbal lerginscri pti on factor. Exanpl es of
sui tabl e phase- 1 drug-netabolising enzynes, phase-2

rug-set abol i sing enzynes. and transcgi ption f.actor ; .
VST et BT, BP a0 el o gk g mucteic acid
lcufidthef cap@gihe Qitarkbithd e ubfantldN§ R depicRIdOW Pﬁig&’re@, Figure
nucl eic acid construct conprising a"targeting vector

Subigrent?, Kiguye b3 antbpi Bigert I4n Fi gure 2, Figure 3,
Figure 12, Figure 13 and/or Figure 14. Preferably, the

Poefeiablys thd usdishect furthet dedudesrfot bige huaiisarini &1 adigesponding
orrespondi ng knock-out of at |east one phase- 1 drug
PEHOM & dtgcash Apaehasar | |deeg metabeliging sazyme, at least one phase-2

= | Si | east _one dru .
SrCBEh Ak, Bledi T P Rl e PR B o et the some
feotidtiner orl fodhgendpehde@Baisties. CeUs hi anot her aspect
of the invention, an animal cell is produced by any

efsof the

In another aspect of the invention, an animal cell is produced by any one of the
above-described aspects of the invention. In preferred aspects, at least one human
regulatory DNA sequence associated with the geﬁe encoding a protein responsible for
determining the human metabolism, disposition, distribution or toxicity of drugs or
other xenobiotic compounds is operatively linked to a DNA sequence whose
expression can conveniently be measured by assay of transcription or translation
products to produce a reporter gene DNA sequence which is introduced into the non-
human animal cell. This embodiment provides linkage with one or more reporter

sequences such as human chorionic gonadotrophin (hCG).
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above-descri bed aspects of the invention, hi preferred
aspects, at |east one human regul atory DNA sequence

wa@s®eoeaded With the gene encoding a protein PCT/GB2005/004772

responsi bl e for determ ning the human netabolism
di sposition, distribution or toxicity of drugs or
ot her xenobiotic conpounds is operatively linked to a
QQA sequence whose expression can conveniently be
&0 ed by assay of transcription or translation
oductg to produce.a orter gene DNA sequence, whi ch
HLre;apimalsn tsates and Gollsef thb AFRSFRL AT AR May dielsedrigs determine how

i OVi i i th . . .
S8 o B R A RS B TR SR i

(WietBer As sdryig ddigpcumid Melodlulatdss sheeaicivity el bgpredsidnh@evels of a
present invention may be used to determ ne how a drug .
C@nyssptan ifactor e alsbg mikabobiying angymp or ardrpa transneirigr pratein. It is

' sj bl exanm.n her dr conpound .
SafE: oo eFrbscHRVHED BT Sheohude (n HeBOIRE 7 egpression of «
tiaARE bRt fabtdr,f ACdrOf , mataBsliking RhARAL It AR 2VAMBp&ier dprotein

drug transporter protein. It is possible to exam ne
infuced by g dugtaemposnd| Ik ivpossihlé vaexamine rwhethpr esdiugreoafpound

I R .
khzynse 508 Sll'%ﬁaﬂsﬁo@f%t_@ﬁl whetaee tRsis ¥g tlfeOEF?R/gﬁqs possible to

i nfluences the disposition or distribution o
ekaminer Whethem af drog oeompoudd uigfloencab ghe slungioanef repessian of a
grru i Afan?%%)rt er,_prot e%)rl] within the tissues of the .

AP rivfion Aetos, L o et st P REnG AEE AME tEpnaRaiiyr protein
conpound i nfluences the duration of expression of a )
{t-i§ possibls o apeapyre agrhenatypicudiangs WobE sine, Bieh wae rhwysiglogical

. ' [ Wbl e to nmeasure a
S AT B OBl ML nay be P BRRRHE, Lol BulBRRHES Ruch as

piliasy ndopgri) @k aedfieside-efeth a physi ol ogi cal effect may

be, for exanple, a disease condition (such as biliary
neRrR3kidle B cdndifX e BtSr Rict®6Lism !df (? &ru@%?ﬁriéﬁ'uﬁd tﬂ)ﬁ]rate of
exarine the rate of metabolismof a rug conpound. e
neetabolifmmedyaliroddtemined/bpmesetiap thatdidity oraetsvityi ngdibied by the

toxicity or activity medi ated by the adm nistration of

@ﬁ@lf&%?%@ﬂ n%fl thPege@Pngf tmsaﬁqapz-qaipfl@lfghfet ﬁé the rsompeynd, or
[N hecl J old.si VAE.

BlaTROR G 21 Sy SRRAREIE SnBIEAE ro of

meeyabolismreafS theecbmsounliempyatbe mbaduesdras itk raaé dfhfermation of the
ox] di éed Er oduct, or. the formati on of a subsequent
t P19

prgS Peir o the forawfippeof a subsequent product generated from the
oxidized intermediate. Alternatively, the rate of metabolism may be represented as

the half-life or rate of disappearance of the initial compound or as the change in
toxicity or activity of the initial compound or a metabolite generated from the initial
compound. The half-life may be measured by determining the amount of the drug
compound present in samples taken at various time points. The amount of the drug
compound may be quantified using standard methods such as high-performance
liquid chromatography, mass spectrometry, western blot analysis using compound

specific antibodies, or any other appropriate method.
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oxi di zed internediate. Alternatively, the rate of
nmet abol i sm may be represented as the half-life or rate

wo@Roodiveappear ance of the initial conpound or aBRCT/G82005/004772

change in toxicity or activity of the initial conpound

or a netabolite generated fromthe initial conmpound.

The half-life may be neasured by determ ning the

dtnis ko @fssibleetotixamirowhethierth @rugenipoind Eamplabslisedk&n toxic or
at variaqus tinme points. The amount, of the dru

CRFPOEHYC r%@tafn&lta Janerample bismeasusingritsasayalent gm@@gs@ctﬁssues,
h
Bt BRIA 8 %ﬁ%ésﬂah%#%@atal'éé?@%l%%?f’né cgﬁziund

B AP0 3 NS BB PRB e st 1.
SONPRLRIndS tied iRl aﬁ@xdacﬁlﬁnﬁtrﬁt%ﬂ &f 186 dﬁgr grg)%aﬁ&“ C

nmetabolite, for exanple, by neasuring | ent

measur
OB S Bory b B i PP R el ot e
bm@dddeﬁcdété}ﬁﬁn@ﬂ@V&fe@f ef RRIG® 66&ﬁ§01§{d SR édﬁ@ﬁy br eﬁpressmn
5, 10 or nore tine points after administration of

éﬁvab of @nfsmmnptlmm éasicm aclryg metphdlisingaenryutesond dﬂ:@transporter
hods that. are

BRSPS ER e A r S RET T il B psmmpioima
b&t@)rcﬁﬁg ltey |ahdy ofé oﬁWe@?édt;DBf tRviBVerffon e ERAULLRL, IR tissue or
factor, rug metabolising enzynme or a drug

Fﬂh@§p@ﬂﬂbﬂeﬁm@teln Such net hods invol ve
adm ni stering a drug conpound to a transgeni c ani nal

dbe ceoteniggt stepmayoineolod rhdmsudsp et mdattidh ef ianyeet dodihg for a
descr.i hed above, or a tissue or cell derived

frRRCEPToacioe ackpg aietabglising snmaye Phacive tigasstier prptein. The
%&@eﬂn‘i‘g léfe&: Qﬁ qfw V%?IFE%S\S%? i fe%l 8t ex arnsss%nl. %rf H‘anscnptlon

act or dru enzymnme or

farcansp@lra@fnewbonﬁng enZyige 6€ 5 ey Aonspbaer ﬁ@Yem Q¥ eeV&uration of
measuring the |evel of expression of a transcription

Puchy expresyian: Ukhenseraeing stengmeyiZgvielve rmwsuma@ the distribution of
h
e T

pﬂﬁmﬂjstrlbutlon of expression of a transcription
factor, a drug netabolising enzyne or a drug

TheasA 9%5& rbg&{e 8h&d in’ t;ﬁés%gé(e AL ab&nPE éf &4 cglinggl?nd to

presence an sence o rug conpoun 0 as
aickftainelifersnden inl distritubion, metabotisiahed ioxivignThé epfédtd 6%&1&: drug
The effects of the dr corrpound in the presence an
cpeRoed x @5@5@9%%«? abssnee ¢t geprsticlan gpee or genes can be

ascertained by evaluating the effects of the drug compound on different transgenic
animals, cells or tissues. For example, the effects of the drug compound could be
evaluated between an animal with a null background and an animal humanised for
the gene or genes of interest (e.g. PXR, CAR, MDR1, a phase I metabolising enzyme

or a phase 2 metabolising enzyme).

More than one drug compound may be administered. For example, a drug compound
is determined to activate the CAR transcription factor if the compound mediates
induction of the CAR gene. A CAR receptor inverse agonist such as clotrimazole can

also administered to an animal expressing the human CAR receptor as a control.
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ascertained by evaluating the effects of the drug
conpound on different transgenic animals, cells or

W e®sied97 For exanpl e, the effects of the drugPCDGBRALI04772

could be eval uated between an animal with a nul
background and an ani mal humani sed for the gene or
genes of interest (e.g. PXR, CAR MR, a phase |

MR AR QlctStig 16 Tayiee adects ¢AS vantit mbp bi/idegh Supenig) method
More than one dru%w; ound may be adm ni stered. For

e_fmdﬁwrmlmagdvh@@w@ Oh%n a’éﬂétrthdtégw@mp@m iy aduigied by a

01T s R o

IBOPeSénce ldﬁ@ aBSen6é of mdm&t&c&@mﬁh&@ adfdfsPériié enigfd] hecording
an ani mal expressing the human CAR receptor as a

ct@ nny ohe ¢Etha pboveedescbargpspects of thisenveatipeoirs: tissue precell derived

e AR TRBIREE [Ro® TEARUFHGr- R1iPTRLYchy oy bove, the

%MHQ die esm{?e)igl YORE 8RBV B8 ciﬁ’dtﬁtlgﬁ b9 2 GRAP GHE févelﬂahtsdtlon or

nmet hod™ 1 n adm ni stering the first “conpound
tdigriputenarfcap@stombefn Uenwﬁphctrefasm,cmdirugmmmuimﬂgmnayme ora
tyansgenic anlnal ordin (ﬁ%gone of the

CORROLtET JERteHks p §e‘i9f1 t‘f?é“R g dtermyped, tq jragdplate the

d
S 4 ORI R L498400 0% cos n
ook exdrihesy tedtap favtyrs.i Foradxumphe asphysiotp didat efﬁadunay ba asdayed by

, the | |, durat di stri but
CRrs OB (DO {orabeRD TSR aBY ohS MraRisgation of tho first

g@t}gﬁd éﬂrﬂ&sﬁfﬁ%’ e dﬁ fl?fe%"fti% fir gB{S&?Su otein. The

CO[TpOUﬂC ermne

bol f the fjrst h
?ﬁ 38 T Pstsdtay b Sieg SO FRAAS thrideffn g 99%84%@ a drug
fBapBHRI tHaPha @RI ordmAB¥Sthiflk ABi1ER bo Sditfvafd orTR¥udd@xpression
assayed by measuring the toxicity or activity mediated

oy at Iimthuikm motsin, and dhusodre tehpectéd ot haverfpwansideeffects or a longer

Eﬁﬁé the half-life of the first drug conmpound. Li
Pré(h ¥ assays may be used to facilitate the

|dent|f|cat|on of analo%F of a drug conpound that have
rlidguBEention widwve be desaibad byiay efocxample amly with redergace to the

‘ qxﬁ(l;\%?%i re%wh%r 1?”' cular protein, and thus are

ewer side- effects or a | onger
I f-I | n VI vo The i nventj on now be des
&a OWS AnSPRETHICY TR SO nlegn%satlﬂa ?‘B%?‘n gut of
wWherein: Figure 1 shows a schematic ‘
repr esentation of humani sati on and knock out of

Figure 2 shows a schematic representation of a composite cDNA with genomic

sequences for the PXR humanisation strategy;

Figure 3 shows a schematic representation of a composite cDNA with genomic

sequences for the CAR humanisation strategy;
Figure 4 shows mouse mdrla targeting vector;
Figure 5 shows mouse mdr1b targeting vector;
Figure 6 shows construct for MRP2 humanisation;

Figure 7 shows targeting strategy for PXR humanisation;
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PXR/ CAR, Figure 2 shows a schematic representation of
a conposite cDNA with genom c sequences for the PXR

wheovanedat i on strategy; Figure 3 shows a scheneti/GB2005/004772

representation of a conposite cDNA with genonic
sequences for the CAR humani sation strategy; Figure 4
shows nouse ndrla targeting vector; Figure 5 shows
iFigise 8 shlowbtat getige siratggy foe (AR hbinghikstion; Shows construct
for MRP2 humani sation; Figure 7 shows targeting

Figaé 9@1{@9&&%@#@?@3&&%&%&%&6 8 shows targeting
strategy for humani sation; Figure 9 shows strategy

e TR Ry 8 PP B B OVS 21 1 "t r ot coy

or c er exc hovvs overal | strategy
:‘:fﬁur? L‘Eglgqvgsrovgaaﬁ@s(t&fﬁ(gy slfJo‘géPgﬁﬁeé‘ HeChows reporter
[0] ect strat eqgy, for CYP2D6 and CYP2B6; Figure 14
gy Qierall sbiatagy fot leRPrRI\FORSFICDR :© Fi gure 15
shovvs an exanple of a PXR typing PCR, Figure 16 shows
Figwiah3 showsrgpaternidjectisypegnfn GYRIR@eni CYRRBE, Al |
probes and priners used were pre-optimn sed TagMan"
Eenoeri 4 sissaypdetdr projedtisahtepr fe NIDRAhased from Appl i ed
Bi osystens. All assays used were inventoried by

BRI 51sIRvRSHSIxaR® 1e§1wma%;ﬁnghewesults from TagMan
n

anal ysis of liver (A B) and small "intestine (C, D) of

PR 1 OSBRI o e s

phfehURBE] R¥ére Eﬁt@% phHFAGRIC Tafl1ah B, GBlomicl BWEH &ifs, S%Y@l were
ra

T- PCR of huPX NScr i pts in transgenic mce; Figure
m@rcbmd/ﬁcm Applind lBloHysﬂemg oAll R¥Ryp lusustdewarefmoemtméddby Applied

d hPXR fromthe |
BIBSHERS i fsdtaserof R TN ahaRRYEs SbBHci, o smal

ﬁﬂéétﬁ’l@&gsﬁﬁ’ Bf hfn'e%vﬁcp bRGd R }ﬁ’;ﬁi ‘ﬁ'hge uyﬁ% fggagﬁ oﬁécgﬁc for the

(+ve) hi s-t agg nmuri ne

WesseP KRoOhRNA tnansofiptQAp 89 oatie HoypAPXR dﬂdﬂAMnktxlpt (B, D);
rifanpicin.

Figure 17 shows RT-PCR of huPXR transcripts in transgenic mice;

Figure 18 shows Western blotting of PXR protein from wild type and hPXR mice.
Proteins from the livers of treated wild-type and huPXR mice were probed with an
antibody specific for the PXR protein. The standard (+ve) was a his-tagged murine

PXR;

Figure 19 shows Western blotting of Cyp3a and Cyp2b induction by rifampicin.
Microsomal proteins from the livers of rifampicin treated wild-type and huPXR mice
were probed with antibodies for the Cyp 3all protein (top panel) and Cyp 2b10
(bottom panel);

Figure 20 shows enzyme activity assays of Cyp3a and Cyp2bl0 induction by
rifampicin (100mg/kg). Shown are the results from enzyme activity assays on liver
microsomes using activity of pentoxyresorufin-O-deethylation (PROD) which is
attributed to expression level of Cyp 2b10 and the activity of 7-benzyloxyquinoline
(BQ) which is attributed to expression level of Cyp 3a;
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M crosomal proteins fromthe livers of rifanpicin
treated wild-type and huPXR m ce were probed with

wa@nioshbeddes for the Cyp 3al | protein (top panedl/Gaaws/004772

Cyp 2b 10 (bottom panel); Figure 20 shows enzyne
activity assays of Cyp3a and Cyp2bl O i nduction by
rifanpicin (I GO/ kg). Shown are the results from

Figrae 1 abdwy ichyynas saivity ssalys eliver micesonmes foltdwiflg induction by
activity ofg&ent oxg(g esor uf | n- O deet hyl ati on_ ( PROD)
\mfaranlcus Gm m&/ké)(pr ceaszyexy@irgling Shpynogse the results

i BB | b OR L0 g, SBEh, W Ry

YeaMBoBRABIBEN@Ct | Vity assays in liver nicrosones
fol 'owi'ng i nduction by rifanpicin (3ng/kg and | Ong/ kg)

‘Fléurp 9D ZHLRY %ﬂé‘n‘i@ hdiRty as0Wh AV& thidPosoRRY Fikavihg Eﬁ}]délctlon by

enzyne activit assays on Iver m Ccrosones usi ng

atfarnpiciny(3frg/learly1 Gexy ki) -roobétndydriok glatien aﬂtestbgtmme (006 );
activity assays in liver mcrosones follow ng

F'ﬂ%ﬂ@ DBQROWY ehlynddTRdtHR/it aes?agfyhkgv&r}ﬁlcﬂ&ﬂﬁfeg %llmm ng induction by

ta-h droxyl ation of teStosterone (p<0. I gure
zﬁampmm Seredbgandaiinykg)y 14shstarbydroxylatier oﬁtcsiostsroneeKo 05);
followi ng induction by rifanpicin (3ng/ kg and 10ng/ kQg)

Figuve Rdtshotry dneynyd adtivity asdayt aslicatricessemep £#8lld¥ang induction by
F| ure 24 shows enzyne activity assays inliver

{2 BRQ-eg ke and d-Gedem - orlPhy hydioerekor of Bgstegpne which
3’%&‘3 cposl TR e R R Bl B O b SRR o
Tt f st smiedivid R i BuaaRos g RV ine tduction by
'T'@P@OBQO Bt mo&g/k? J106 66t Ydrdxy 3Bh $@Lestosterone;

6- bet a- hydr oxylation o estosterone;” Figure 26 shows

SNBSSl SBRN B USRS R i

T&ROBOB- (b)Bﬂ{gDD@érﬁIl Ofgi) ¢ e6hpht-BFORRYlalibe Sftestosterone. These
denonstrate that this activity was significantly

ideengaetents thapihitiactiyps ves isigni fcantheidosyd puvildipe ammalﬁﬁ(zoﬁo 05)

l.s ure 27 shows enzyme activity assays in
%ut/ﬁ%hg %goaf%? ’oI I ow ng i nduction by TCPOBOB

and | . kg) - 16-bet a- hydr oxyl on of
fF é B TR ﬂar SREVT Ht BV HRIcIQsAmss gqﬂq“ong jndpgtdon by

REFOBOBL0 BB ahd 1 Widghdh Y RS- BBy drBx MR ARLBBLShe. These

demonstrate that this activity was much more marked in wild type than in huPXR

animals;

Figure 28 shows PCR confirmation in two double homozygous PXR/CAR
humanised mice that the murine PXR gene has been exchanged for the human

counterpart.
Examples
Example 1: The Humanised PXR/CAR Mouse

The method provides for the humanisation of mice for PXR and CAR alone or as a
double humanised form for each of the genes (see Figure 1). We have combined

these different humanisations by a step-wise transformation of embryo stem cells (ES
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Fi gure 28 shows PCR confirmation in two double
honmozygous PXR/ CAR humani sed m ce that the nurine PXR

w@emwe/0bk37 been exchanged for the human count er PEr/GB2005/004772

Exanpl es Exanpl e 1: The Humani sed PXR/ CAR Myuse The

nmet hod provides for the humani sation of mce for PXR

and CAR al one or as a doubl e humani sed form for each

atlld)hethgethas byseavéitdnakbrtddinyandaus e ablerte GehditePXR/CAR

di fferent humani sations by a step-w se transfornation
ullgiupeanised i cells, lesbearp §asablstﬁ9é subsegHenfymodifications with

, d erate
BRI e R el e, L il e BoBTRE eBine homan
DA st racstntodiBg b dngatrimepsrtepptdteiauman DNA sequence
encodlng a phase-1 or 2 drug-mnetabolising enzynme human

r T
N0 3pEHIER 67 pRITAT AeBniindllcAkidel BNBRAI I RO Sitbott! s by
tcoosking ¢he ImmhantsetiBnyeaies aPhiddrdebaersgraione hunmani sed
animal to a Phi3 1 deleter strain. In contrast to

eX i dhirld E0Ee g WRAMK] WeSttilke' kNREKCK-T” APRERACH fPlace the
repl ace the endogenous genes by their human

sndogshoepgenes by @w:re‘tgmzanamﬂlomguesr(fegleﬁsﬂ end By 'Ph@ef@mjthe PXR
r. thelr nor mal

es Wl
AR En il PSR o i ity b Ghtext and expression
vely bRWITth@ABerpt BUYBREGYSY Uaﬁlvxntagebﬁbls)l gwanﬁ/ regulated or
regul ated or controlled. As a resul
worfedlledf Ahe rgsubiodithis; fheemedednf thiel presea‘smvbhtsort will tesemable the
i tuatjon nmore c than prior art attenpts.
i&ﬁ’ia{" SHytopymorg si?éﬁliyéf{%}mtaﬁra&gmafs hunman genes are at
| east partlally conserved mnthln the construct of the ‘
lly.ngeapiiiemtruptires @l Burasmisancst arpxr loggs nestiedlyuenagerved

SyBATER SR el B A BSTAIA TR

3bkipogife ¢dnstrit rECINR eﬂﬁn@noﬁﬁc k&plendR QséFigRs EY ODue to the
structure solely between 4 and 6, since nost splice

Vaiee sivesofamerfivar 3y ohthehhumaye RER genegio :kegu ﬂ]@emtron-exon‘
TRV R, (N MR

. eMdhicSESioh @11gH I1tyls Tsdutdd ATMBXAE 1igaRi-bRARR RAnHS. TRe relatively

retain the conplete genomc structure in our targeting
vaell @rze(qfutlgmlmen@) CARyaviish ehprises mqghl}s'ikbgfrtbmrmnn 8¢ enabled .

E%(tr\()) & a(iirll e comple%e genbo?m]:: u{ruc Sre 1%31# tfalrg%gmg vector (Figure 3).

The ES cells comprising humanised PXR and/or CAR can be further modified with
human genes that regulate drug metabolising enzymes (phasel and 2) and/or drug
transporter proteins. It will be possible to cross the animals cells with humanised
PXR/CAR with the HRN mouse below or to create a de novo non-human transgenic

animal with all of the aforementioned criteria.

Example 2: The HRN™ Mouse

All P450s require reducing electrons supplied by the enzyme cytochrome P450
reductase (CPR). Deletion of CPR therefore simultaneously inactivates all P450s.

While CPR deletion is lethal in the embryo, HRN™ mice use a developmentally
regulated conditional CPR deletion targeted to post-natal liver cells. HRN™ mice
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human genes that regul ate drag netabolising enzynes
(phasel and 2) and/or drag transporter proteins. It

WowRib/0ba9Ipossi bl e to cross the animals cell s WE&TGB2005/004772

humani sed PXR/ CAR with the HRN nouse bel ow or to
create a de novo non-human transgenic animal with all
of the aforenentioned criteria. Exanple 2: The HRN

Misgsore burvivg 30 adiilepat r-dread beéddowhil € aévetislesigphplelyocking
t he enz%/SIQ @i¥t ochronme P450 reductase (CPR). Deletion
anedi

sepatior? iafed nsqtah@ﬂlslar(ébuémon Ghet i dEel Ghem 480k3480-6,
th HRN( t
AP e BGet Bfnidh &P ek ST et R g human

Pake he@idAnORIe & AhiRRTUSOMBlanlshN&L. Ccells. HRN(tm

m cet herefore survive to adulthood and can breed while
nevert hel ess conpletely | acking hepatic P450-nedi at ed
deensgenicdoysddiraduetiow C) et al. J Biol Chem

278:13480-6, 2003). They therefore provide a suitable
%P&Eh@%ﬂiﬁﬂ v@&of"ﬁﬂa? Be liSe®pRHBSSuR QH@M&??&W@PR' dolfEnation to
in order to achieve P450 humani sation. Transgenic

RNB! Peltsdl uddteomatively.agemoline dansgeoicoanimals ineompemting dhe same

|ntroducet n P CPR co |na|onto HRN
&anseenesyFa, mmcﬁ@% 4@& B ‘T“ihf‘Fé/ r@te geRerat ?@gemc mice
RO RAA | R Eég&baﬁﬂeyﬁ»mameﬁuﬁ%smmp ftpﬂy%&@s and then

This I's achi eve first generating transgenit mce
icrosshrpating itheye t Wigh si%éRN@t‘ adicEYB3pebi GRR(NASdi-mahamised animals.

BrEBioEn 7 aunl AVRBRA TN dB AN B¢ dHLGbISY trgeted
RGB! SR A0R0°0EE TS oSG ERL DY injction.

targeted transtection o onic stemcells

Shiosbrpeding bf a€YBBYEICHR] eadsgartics Gmb SHR&EY ng ploduce P450-
CYP3A4/ CPR transgenl cs.Wwth HRN(t to produce. P450-
humanised amamlwx brayedéor e cH“fdé‘Ptl?Ih el pydirhd2Q-Bamagised mice.

Jc(ée%nﬂaélg Se n%cssge?% oLt :1‘8 %& ?fo'&?{aéd\/‘g&%e tl?eggﬁl(gghé: is flanked

fbydaﬁe sitdsyandoxtRre exlﬁsssmiﬂseqhar&s xR fd HungROR4S0(H Sind CPR
for targeted human P450(s) and CPR or for human

1 Sox mnRam FePer R &swmp@)tem(é)/ dayse been moamnée dinimals derived
)I%II’Z]I) 021 e%} (r)l V?(g S L Oﬂ}lﬁ %ﬂ?Sﬁﬁﬁ% lﬁ:‘; ous %.Sgﬁlns m

SHEcH @@P@bﬂl@ﬁﬁsé $s %Xﬂ'e@s‘é&e@déﬂ digs cbﬁl?olc@mﬁfftﬂrer@fpromoters to
different pronoters to produce of fspring

prsiuce @hfpiing B4 hhemanisqdein differont dissuss onnader diiffefant anduction

conciJ ﬁons depending on the tissue specificity or inducibility of the promoter

controlling cre recombinase expression.

Humanisation Strategies

In order to establish the optimal method of expressing functional human P450
activities in HRN™ cells, experimental transgenes encoding cytosolic fusion
proteins, targeted fusion proteins, targeted CPR with separate cytosolic P450s are
compared and evaluated. In each case, the ability of the P450 to interact with the

CPR component is determined by expressing these alternatives in appropriate cell
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condi tions, depending on the tissue specificity or
i nduci bility of the pronoter controlling ere

WO e@onbiloase expressi on. Humani sation Strat egi BGI/GB2005/004772

order to establish the optimal nethod of expressing
functional human P450 activities in HRN(tnm) cells,
experinmental transgenes encodi ng cytosolic fusion

Rubte systemisaingdahattcktitss empinolied b adérvirat @dndtBiioni SIHRN™
separate cytosolic P450s are conpared and eval uat ed.
Mceach case, the ability of the P450 to interact with

the CPR conponent is determ ned by expressing these
dixaerpiali Hesdmivatipppogiectsit e cel | cul ture systens and

then testing themin vivo by adenovirus transfection

of HRN(tn) m ce. Exanple 3: Hunanization projects Type

]1" se p rr%sig{ebrn (g r o] ects %ﬁ%ﬁh‘ﬁgﬁe t| on é) %ﬂh@gromoter

}% o g gﬁSgF ecto .S are constructed with standard
ﬂbgﬁ gﬁedures. These vectors are

designed in such a way, that the cDNA of human MDRI is

fMétﬁgdgongIQ ﬁaﬂgﬁ%ﬁ Lakb8nat & ﬁ cte?f gﬁt&}dgt%cg%?d _Fholec%ar cloning

correspon e genes (

préedges. Theseewchirs agy des@leannFslaEhfd avaitethahylgr ODNAI 6f human
resi stance cassette, the Mirlb targetl ng 'vector an

PADR{ qiskBiged do e itianslations) stete sife 9F dhe corespopding mawsesgenes
gﬂﬁr}dr cffpl;)t 'Eﬂé f/ld&?ar #@Lg geé%%(r (?an[fgg Mﬁ-tﬂagkeﬂrylgromycm

ase o arget| vent renoves

@ésigtaB ZasiditeC dreeMat1 Vb dmng hectbr par F3—@I&nl@édoﬂébni}%1n resistance
exond4 are del eted. See F| %r es 4 and 5. hi two
caweie Jnj hath caspsdhe drnsarpidaredemniagted dyor aplygnmiotif. In case of

I es are ( fied .,
Tl e BTG e EgRer b BRESLpRR2S Ry b oERfhTs B8 3par
loBeR6h20b ekbad sreRielet N Sad Bighk Gin@d. Wi th (418 and
hygronyci n, respectively, and positive clones are
identified by Southerm bl ot anal ysis. Selected cl ones
an éwe xpesedetilye jonpdscofedaridatdelectoopolaimnda YGE7BLAN mouse ES cells
not hers according to standard

E?a n%%&%%ﬁ%%gﬁﬁﬁéde fya todtomalogas reroabinationet longy Hom each
YA g SO QoI ORC B,
Iposidoe n@oﬁle% areCoddntifiédN igeseutherhablogr mandis. Sdletdd @lones are
rg%;r)alil%gg, ?rijgcted into BALBc-blastocysts and transferred into foster mothers
according to standard operation procedures. Litters frofn these fosters are visually
inspected and chimerism is determined by hair colour. Highly chimeric animals are
used for further breeding in a C57BL/6N genetic background. Selection markers are

removed in vivo by crossing to an FLP-deleter strain.
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renoved in vivo by crossing to an FLP-del eter
strain. Type 2. Expression of a fusion of nobuse gene

wa@nwekerran cDNA from t he correspondi ng nouse pPOIGB2G05/004772

Projects: MRP2-humani zati on Met hods: The targeting
vector is constructed with standard nol ecul ar cl oni ng
procedures. The vector is designed in such a way, that
the "Leader sequence" of the nouse protein, which is

FVRIBAERYr&XR! of W fusiddCof GicsESéne THII AURR EDNA fr20m the |

wi thout sequences fromexonl is introduced into exon
Toerespongling magyse premeteres for nouse intronl will be
retained, so that this construct potentially encodes a
fusion protein of am no acids from nouse exonl and

PGP tse N -BdmariP&idn’ anscript is termnated by a
pol yA notif. The targeting vector carries an

FRT-f | anked neonycin resistance cassette. (see Figure

@etholie The geigetiglg Weetod! isi conbtradied afitie dtdayardlt At cloning
el ectroporation into C57BL/6N nouse ES cells. O ones
Preceduies chhegvegiaris designedria spefsp tayethet theed.eadas sequence” of the

[ £ . 30U l,ot _anal ysis. Sel.ec cl ones
SR i, 0 BACIRERS, B8 S, BEGEL EhanET com
twiedaf Sigiesteb fitoth Easiiek iMEIIIBEBIndS 65l THe b gmbPIRE dites for
operation procedures. Litters fromthese fosters are

vaaga intyorlnwb be aetatned, shihab this wonstrugt petentislisd cipdbmi rfusion

l.our.. Hghly.chineric animals are used fqr, further . .
BRsBl of, T e Pebughonre mddRgiBt s dbeGhscrnt i
REhtRHt&] BY 8 poBIOURRIS] Thé/ﬂaysg@tﬂ% Vet &R APFRM-flanked neomycin
FLP-del eter "strain. Type 3: pression of a hybrid of
mestiance Phssettm@eg Bigum @. sequences fromthe
correspondi ng nouse pronoter Projects: PXR

h I zati Met hods: The t ti t [ V
R Seratfingseolar i+ rastest o N8k AlaroppBion dato CSTBLIGN mouse

?Sﬁ%@%:ﬂ gﬁg?es;: he E’&%&gﬁ{ C.' %ggé}ﬁg ioglti§é' Cctfon%s Y id anHed by

uman an enom C sequences |

{Soathdrrh obloh earialyaizs | Sulécdettllcl@edr dreS biin@éd,t Rfedi@USBtoPXALBC-
%ene,‘ whereby the nouse Start-ATG is retained. The o
laiasy st rRnd etiensiaredc by afoptst trethemiacsprding ip -standard operation

1C. S intrond, exonb,and intronb, and . .
BTk SERMEP 90 et LR o IR k05, Hheriom i
[deleytAing® by hair ToRUE. 31igRlyl A MRCAHnak AR IRY f8Nfurther breeding in a
FRT-fl anked hggronyC|n resi stance cassette and a

A

§§[7 BEON, g@t@ﬁp c@@t}l}d fele¢tiongnarkers are removed in vivo by crossing to

an FLP-deleter strain.

Type 3: Expression of a hybrid of human ¢cDNA and genomic sequences from

the corresponding mouse promoter

Projects: PXR humanization

Methods: The targeting vector is constructed with standard molecular cloning
procedures. The vector is designed in such a way, that a hybrid of human PXR cDNA
and genomic sequences is fused to the translational start site of the mouse PXR gene,

whereby the mouse Start-ATG is retained. The human PXR sequence contains the
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to the selection cassette. Furthernore, att sites have
been inserted into nouse intronl and 3' to the splice

wa@ewept4n7 pol yA notif, which all ow the generat PORGB2008/004772

PXR knock out by renoval of the internediate sequences
with the site-specific Phi-C3 1 reconbi nase (see

Figure 7). The targeting vector is transfected by

sDaid af dxedles geppmiatdquendestof iioiRl oIS RItRS @8l IcBNA of
Clones are selected with hygromycin and positive )
croMes. Hrctranseript is itegnipgiodhliamolyd Mot Thataygstiag vector carries

I l.qnes ar ed, i.njected.nto i pns
AR P A BRoaeT FBRRET Spootl 8 €S eBiemtpp mgly motie 3
36 G dledort CasSdtRNHARKErNBEL, Altis@Bs RAVRIREN iRSrted-intd Rlbfise intronl
fromthese fosters are visually inspected and

@hd 3 rtp ghe isplictesaesepion @alydy mwdify whishoallow Khgybéngration of a PXR

hi neri.c,_ani mal e used f.or further breedi in. .
Koy penbgEmaveE ob e R Al ssflencRt Wl s shgtific Phi-C31
&&ﬁgﬁﬁgmggwg@ﬁ%u@y)crossing to an FLP-del eter strain.
Confirmation that the nurine PXR gene has been
exchanged for the human counterpart Hunani sed mice for
KR tirgstingheetor getiaistdctd Wisitaglatdelealivpoeativh b €HTBAMN mouse
are phenotypically normal follow ng visual inspection.

Fiesellsatlongeate selgsted with hyepac Estiveeslamsy areridentified by

S5 oS3 S Gl e .
bhistddydd . anfetiiserred07ifla " fostOBndtHerd 2ad2drdidie AR shdadd bp&ration

at 19.04.05. These mice can be successfully bred: D
poBgdurgs.3bitgs diem (thesgt fogters @re 2dvullY inspecisd st ghimerism is

-. - d. 30..03. 2005 Litt b .
oG O3 s SR BBl PG YR a et o M Wgding in
T3 BRLRN cEifkit BhEoH B edismiieds ROV i 96 by crossing to

é) . This analysis clearly denonstrated the

Figure 1
pﬁ%@rﬂﬁéﬁt@‘fstrainnuri ne PXR transcript only in thewld
type animals and the presence of the human transcri pt
Iy in the transgenic npuse |in denonstrated that
N3 = ugne PXR - genes has theagn  exigha ,,"_: the human

hikelb 2

(oYalaly t was being actively transcribed in the _
C‘O'r‘r‘el'rg‘fgl—qtlssues. RT- PCR was then perforned to confirm
the presence of a full-length human PXR transcript in

Hhen MEB hRe FofPXR HERE bEED YERrAéd usihBl the 3BBLY Shdtegy and are
denonstrated the ‘

phenotypically normal following visual inspection. They have been typed using PCR
(see Figure 15). The mice live to at least 3 months age. Examples include male
“30643”: DOB 12.12.2004. Remained alive at 19.04.05. Female “30792”: DOB
19.12.04. Remained alive at 19.04.05. These mice can be successfully bred:

O 30643 x 30792 set up at 01.02.2004
O Litter born 22.02.2005 — 6 pups — weaned 30.03.2005

d Litter born at 06.04.2005 — 7 pups — to be weaned

Further typing has been performed using Tagman® analysis (see Figure 16). This

analysis clearly demonstrated the presence of a murine PXR transcript only in the
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presence of two transcripts of size 1.3 and 1.1
kil o-bases, indicating that the entire humani sed PXR

w@eme/obg7 been transcri bed. The size of the freQgeBR®S/004772

obtai ned indicated that the correct, as well as
alternative spliced variants were present. Sequence
analysis of the full length transcript confirnmed that

arildnpn antasls ngd fthapreséme dfhe ebiaherddXRiptRMy hathdoraiigenic
produced The presence of PXR was subsequently

EYNPE iRy d@wov&tﬁztt@} tha|gspe srehapge had dpkep Rlicevand oatythe gene
SRR RS b e e PR et nat

hunman |ona A8

REPLENG e P BRRE 9 PO thedS AR AL & LTFRRA guman PXR
I

PR I IRE THGANSR! BADL ek 18l 1), HE a3l dGhhstrated the

peksemiestf @to msbyipaddisivg Icdrand dil kilebhdes, indipaiisg tiat the entire
uan,tjte% Qf test substance and stirring to obtain a

piseth ForR fgepe had dsem diagrrribethe Elishsizptafdhe dragarentsapbtained
%At%@/a{@he %qu'ecR' e{ vgelp{@ilt@}naﬂtl? yﬂﬂ%%h IVEIQE&‘&Q&/E}C p%Sent

ny corret ecor

§ %F%gg%lg gﬁs 9£ﬁ1 ctf%gqf d ala%%?l%){ ff‘ eggﬂ'lat an opgn reading frame
oM AP RntifO PSAH hRNAC Hal@ beechhBrodfbedT® Phe (LRl o n?/h%éR was

-sol utions of inducing agents adm ni stered was 10

Isalebgaminglytconfitmel yoWestenf blatianialyssst usiig anantthedy taisedagainst the
for. cq&&%st ency with previously published work.

‘eceived 4 daily doses and were killed
approximately 24 hours after the |ast dose.
iwmwwammmhahu%%&mwm and PXR protein in
liver mcrosones of all mce sanples was carried out

‘ Eny o8ls- toAGEestiateéthtiethe bimart PAR plaeietves timmtivhale naoel were

Fﬁéﬁa agcﬁi’vﬂtﬁrl)gé\lf PR n%i%glt@lﬁg‘gf% @ggﬁg \lglagqsgpg lg;?pze i carbonitrile
&p@ F%ﬁwﬁﬁ Rgpd. (CH32 and CH4, respectively).
esu

ts are’s I'n Fi gure 18. These data

BB LA A RS Fb o lne A7 oF B uealiRh 87 Hidhe Y% to the
lRettiviteS HartRYR ol €t sﬁbﬁaﬂ@é' g stitrineitg! hélﬁalﬁf al §ulidP or fine

proteins were shown to be the sane, which is
seypsnsiom nfhepgoankentragion if PN vead 10mg/m1 and Rif 2.5mg/ml- of supplied

chemical, without any correction for purity. Records of preparatlon were retained.

Control animals were administered vehicle (corn oil) daily by intraperitoneal
injection. The volume of vehicle and solutions of inducing agents administered was
10ml/kg bodyweight. This route of administration was chosen for consistency with

previously published work.

Animals received 4 daily doses and were killed approximately 24 hours after the last

dose.

Quantification of Cyp3all, Cyp2bl0 and PXR protein in liver microsomes of all
mice samples was carried out by SDS-PAGE and Western blotting. To detect murine

and human PXR protein, an antibody (RF8) was employed. For the identification of
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nol ecul ar wei ght fromthe predicted am no acid
sequence, hi addition, it was interesting to note that

wo bmsloeme! of expression of PXR between the nmuPCTIEBawE/004772

humani sed animals was very simlar, consistent with

the fact that expression is driven off the sane

pronoter. Analysis for the PXR inducible proteins in
te3 6 whd CypRiEinB4dG P2 ypodieneert aed, Y CHBICRE! CH4 e@spctively).
mar ked i nduction in the humani sed PXR nouse (see
Beguliscarg shown i Fgwstli8ngl y, the cyt ochrome P450 Cyp2bl O
was not markedly induced by this treatnent,

ddeemddta derhmgstltatmit a piogein of thet donrectnaslegular Wh'ghPmantiﬁed in both

t d t t h | t tive an t on
Riv i Drtamice mpe e A RrreddbaR anifec Ehs BICRRP & s of the two
:pli’(%témgx\P@Ire' SRR (SRS He Lahies wilch Afé %Qﬁkfié%&ltb ith the calculated

anpicin in wld type animals. hough ri fanpi ¢

insoleapar terght drogx hhdiptedigied iagsndliatidesapense. i Mn latdaltlon it was
ability to interact wwth PXR the fact that no

dntpregtingh & gotfethat diss lavebaf vepressioiuiod TR detbesnt bg murine and
%@%@e@ﬁ%&%&ﬁ%y%y g‘pﬁg%rdgsﬂa{g@cgmgﬁg%% tﬁacf k}yﬂegs\{on is driven
iftthe sanepromieriver e able to confirmthe V\ést ern bl ot
results. The activity in

Yiof t i
PRALGIICE SRR Do Aap b o TR p i ke il
Tetponstiptasix g quiarked iimBicfiB)in itke Aumahised PXR anwwpr(sssFignre 19).

et R ieesteasyb o0 et Prvad @t makedn e dby this
2Qatnidrd %hio‘ﬁ@treﬁh@lﬁaﬂ the %’cﬁ?& dlgnr“%tg ﬁ‘éﬁ%ﬂé@wr ﬁlezﬁldor{ot by the

rifanpicin and te stral

adltérhetien cressdoiptioe efactor, | chnktppdvea radidsanh uleXdptoro Q(SAR) In this

mce wer e en ed with | ow doses of rjfanpicin
%ggé Wégrﬁ]éa N&ﬁl@@éﬁéﬂ&%@ﬁ 15l fxes animals. Although

c 0 r: ci e

“f Rl R Rl PR RE A MR 1018 il o logpet with

@anR TRPERO/at o rdefiaehcd twerd ebgervedr leer€ thuld ibeiccouithdc R by the

of .c tochroms P450 gene expression in the nouse than

hi'ghﬁi;%fiﬁ Q‘%e study consi sted of 3 animals per

gr oup. Control groups consisted of mce treated with

dinzyrae activity agsays dai |y for 4 days or mice administered

a single injection of corn oil. The treated mce were

dhpdemiyhie adtitei dsgays ganliseramidtedondsethel Werkadtle t.confirm the

Western blot results. The activity in pentoxyresorufin-O-deethylation (PROD) is

attributed to expression level of Cyp 2b10 and the activity of 7-benzyloxyquinoline
(BQ) is attributed to expression level of Cyp 3a. The enzyme activity data for Cyp3a
and Cyp2b induction by rifampicin are shown in Figure 20.

Induction study in huPXR mice using low doses of rifampicin and TCPOBQOP

In order to demonstrate strain differences between wild type and the huPXR mouse,
mice were challenged with low doses of rifampicin or TCPOBOP. These
compounds were chosen because rifampicin has been reported to be a more efficient

inducer of human PXR than murine transcription factor, and TCPOBOP is reported
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Table 3.1: - Experinmental design for the induction

study in huPXR m ce using | ow doses ofrifanpicin and
wagReBaIPXR activity was determ ned by nmeasurP@mGBR@®5/004772

nmet abol i sm of a nunber of cytochronme P450 substrates

whi ch are netabolised to different extents by

di fferent cytochronme P450 enzynes. The foll owi ng

a6 bayisnorve feffidiant imturedsf cytochemay/ P 450ygenb Repriesstor @he mouse than

activity was determned in |iver mcrosones.

T bpwan 8ysteies- hydr oxyl ase activity was determined in

liver mcrosones (LM5S HPLC-006). The specific
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activity was FRYRcddCrairol Re | huPXRCamiohdl STBIEP npt i n
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PXR activity was determined by measuring the metabolism of a number of
cytochrome P450 substrates which are metabolised to different extents by different

cytochrome P450 enzymes. The following assays were performed:

. 7-benzyloxyquinoline (BQ) activity was determined in liver microsomes.

. Testosterone hydroxylase activity was determined in liver microsomes (LMS
HPLC-006).

. The specific activities of these reactions was expressed per mg protein as

determined using the Lowry assay (LMS Spec-0001).
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active in the huPXR mce. In experinments using the
i nduci ng agent TCPOBOP the hepatic m crosonal

woreiabed19sm of testosterone was al so nmeasur ed. PAY&BR005/004772

clear differences between the wild type and the huPXR
animal s were observed. In particular, the

7- al phahydr oxyl ati on of testosterone was .

donthei first | espesimbiig MEberizplokhquinoIRR vaRi fikbs dsehifsirte. t I the
the wld types (Figure 24). The 6-beta-hydroxyl ation
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p@famepmutﬂmm PxRa ndtkedediferencadn leagymié faétanmwweemthe wild

%%eg(%%% i tivi éﬁ@{@}ng?lsgggﬁggq dﬂg}ko i nducti on by

16- al pha- hydroxyl ation, this activity was
g?ﬂbﬁ?(ﬂ"&ﬁ{ | SFPPIBERSd tqswswrw thyé@ lﬁm wapyneassredi in liver

@%{E%@)ﬂ@ !ﬁ[lri@h(?lh 1?6}? vﬁfd 1%@ r sWaé rlgﬁ%esgng to note that

servati on I on O est

~ hba desecofidngikytidre Was ‘1‘16$ndﬁ¢ﬁbn @G%eﬁah&ﬁﬂxyl@udﬂ J)iqestosterone

type than in huPXR ani mals (see Figures 26 and
i Sl typg apimals wheeaag these veps oﬁo@gm@pamrigdmonumdh@ tingan PXR

o5 e L AL R0 5 AP e

ot KR epleBigare 2)i s agai n denpnstrates a reduced
sensitivity of the humanised mce relative to

& i
RO WAE, ARl e RS B TRUGR, I ltain o
¢asthstpeoneu shinhy isinailqurtot the 17-béhagloaghydnsliage sdepfetlsfigtiong exhibited
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¢olpie i mPXR tdée. of t he endogenous m)use pronot er PXR

is expressed in all tissues in a simlar fashion to

trhesavafa {ikflaPRAGEL ROMS 29&191%-hyd¥8£y15tﬁ5ﬁeéf t&todk %Bne In addition,

expression seems to be very simlar he endogenous
theriaductivaraffCypdabk by h@nmwmtdemmstemes ﬁulat thie dwuPXiRdis rfunctionally

rreduced. The currently avail able
ﬁ%}ﬁff 3%63‘1@&%&% s use the album n pronoter to

In experiments using the inducing agent TCPOBOP the hepatic microsomal

metabolism of testosterone was also measured. Again clear differences between the
wild type and the huPXR animals were observed. In particular, the 7-alpha-
hydroxylation of testosterone was constitutively higher in the huPXR animals relative

to the wild types (Figure 24).

The 6-beta-hydroxylation of testosterone was inducible in both strains of mouse.
Although there were no significant differences between the wild type and huPXR

mice, this does demonstrate again that the human PXR is active (Figure 25).

Consistent with the strain differences in wild type and human PXR, there were

marked differences in the sensitivity of the mouse lines to induction by TCPOBOP.
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drive human PXR whi ch has been crossed into a PXR nul |
background. Therefore, PXR is expressed at very high

wo eawelet1dn this nodel and there is no PXR in aPgI/GBS®EM04772

other than the liver. This severely conpromn ses the
use of this nodel to understand the role of hPXR in
controlling gene expression in the G tract or at the

tth athel daseaof) tédostdretic @6-alphadgdehxylatioAN¥hi®abevityt Was Wenificantly
Humani sed_PXR mi ce have a nunber of utilities. For

dnduepd & wid dyperpniraals hit m iy BeRKR gnimeds ead afi partinelar ipkagest was

The BHERop habe ok a6 R aRoutERE N RLERFBat i moch
Whetk heark@augs wild dw@ltmthmnammem@e& aFlgur)e(:I% 26 and 27

chem cal s have the capacity to nodul ate human
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el,et erj.ous. st udi es, i nt
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RRPKIR il OXhi§ agdih %@ﬁ]%ﬁé?faté}. la48&udl s&ﬁﬁ%%ﬂﬁh@%ﬁﬁﬁﬁsed mice
may result from perturbations in, exa
aclptivotosostralsi s and therefore the|r rel evance to nan.
The nodel can al so be used to eval uate chem cal s that

Mys bethel file et 30anhstdeCmodela@iétt Shé hubnt PXR gene has been

\S|%na Ilng E@t hway. Type 4: Expression of a human

repdogengis trAwrincopiotsiponkingdvantages pf onadt armodel
it e

cons ruct e tecul ar cIoning

f L?S%mﬂ%ﬁ#@%@ﬁﬁ s ebs adeaefep frabistand the ole
to"fﬁﬁ&hﬁ\}e%‘gﬁlnngto@i’mfntc%nﬁf)lllhg ?ts TREPEE S@Ee gpe- The

human CAR sequénce contai'ns a genom equences of

a
Fé? g.ls r]%j(les rt@ér(n&?ﬁ)gemusrgogg I%%Oteﬁgic& ﬁe?(pﬁegp?cgmoqll figryes in a
conil A Fash@ienkae ofthd didofRHeaSg&ARR gene will be
del eted. The transcript Is term nated by a pol yA

ot i f ThiNgyvdl BrIKRNGYESHR seift rtb sfgﬁrl nﬁl%dendogenous
rther sites

neonycli n resi stance cassette.

lpane thxeeford probletns dv1th’lpcﬂeﬂt1ah’a%rlumﬂém§r&mdn 3re redudetie
sel ection marker, which allow the generation of a CAR

knock T‘h@tcuﬁként[ﬁm\ﬂﬁble‘lﬁuﬂahﬁed PR ARELIRuSe %%Iﬁﬁﬁﬁﬁ)romoter to
with the site-specific Phi-C31 reconbinase (see Figure

grive hyman eI’rDQIeth‘gh hachasn dressed e fadtX B chublybask groded. dTherefore,
tropor at.i | nt.0 If I'—\’1 Urmani %d
Is expreséed a ve igh levels 1 this model and there is no PXR in any tissue
other than the liver. This severely compromises the use of this model to understand
the role of hPXR in controlling gene expression in the GI tract or at the blood brain

barrier or, indeed, in any other tissue.

Humanised PXR mice have a number of utilities. For example, such mice can be
used to understand the role of human PXR in the control of gene expression in any
tissue in the mouse. They can also be used to evaluate whether drugs in development
or environmental chemicals have the capacity to modulate human PXR functions in a
manner which may be beneficial or deleterious. The model also allows studies into
understanding the role of human PXR in mediating the potential toxic effects of

drugs or chemicals which may result from perturbations in, for example, bile acid
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C57BL/ 6N nouse ES cells. Clones are selected with
hygronmyci n and positive clones are identified by

w@embherior bl ot anal ysis. Sel ected cl ones are eRQEOHB2@S/004772

injected into .&4Zi ?c-bl astocysts and transferred into
foster nothers according to standard operating

procedures. Litters fromthese fosters are visually
ihosfResthsis aad dhepboretheiniel evatie! ©r fhme dhbYnddl caf alseWe. used to
Hi ghly chinmeric animals are used for further breeding
jopa aémlmnw thah apae be citkhgr sntagonistic e pgaistieatok this signalling
?aﬁw&as(m)ved in vivo by crossing to an FLP-del eter

train. The targeting vector is transfected by

standard el ectroporation into C57BL/ 6N nouse ES cells.

es. c | h cd [ tj .
S RCE: pragloRrbed Biin SRR Aeuae_ BB thd Forresponding
Seneetprdmota@nes are expanded, injected into
BALBcbl ast ocysts and transferred into foster nothers
according to standard operationprocedures. Litters
Brejactsn 65R hewawratioar e vi sual |y i nspected and
chinmerismis determ ned by hair colour. Highly

%Ei marichni mal s are used for further breeding in

. - - a .
etBodsNTHe fatgeting aerigr o8 nepnsisated (widh staadaedr solgeglar cloning
i ' ' Pr.del et er strain,
SERIEY | Theh X ST A0 LB A Sl A b can
Beyrents Bofusddc® the atandlXgoril kit &sitOR tBEARUKAS AREEhe. The human
exchanged for the human counterpart Humani sed mce for
BXR 5eEuenAR opatainsgelh eenemis seguaRcesi afeexoms ch9.coxaent fwds’ and

 STRER R A B P2 BIEGORE DT of he coing

Beduenbesrathe fduEBARNSerUIEINbS@Sletbd\ T he st s riinated by a
phenotypi cal 'y normal follow ng visual inspection. ‘

PRBA mact. ddentargebiod vestorgc@drs (aseERErftpnked 28pmanid wasistance

h usl.y hu i.sed for PXR and, CAR, Exanpl e ,
R UeEnalEoRONIR e posh gisctilyinty byman thrond and 3 0 the
SelsEtramRike ) Mhidl SRR Bk d@fatibA of RICGARXBEEE HR Yy rehldFal of the
activity of these transcription factors in conbination
wetsrnaksliate méquenceb yithghe site-sppcifledPHp€i3di recomattinaser{shecRigure 8).
sleeping tinme. Sleeping tinme has been known for many

ars to be directly pro%ortional to the hepatic )
ﬁ?é@%ﬁ%@&ygs Sanstoeted by standardelectropgratign dntp BSER Apmanized

gje%?grf“{éwn ggﬁgcly E%}%ﬂ% %%&r# geﬁ%ct?éag&lth %\fgrlo%y'cﬁ eEn epolsf.ti\(/g rclones
are identified by Southern blot analysis. Selected clones are expanded, injected into
BALBc-blastocysts and transferred into foster mothers according to standard
operating procedures. Litters from these fosters are visualiy inspected and chimerism
is determined by hair colour. Highly chimeric animals are used for further breedihg in
a C57BL/6N genetic background. Selection markers are removed in vivo by crossing

to an FLP-deleter strain.

The targeting vector is transfected by standard electroporation into C57BL/6N mouse
ES cells. Clones are selected with hygromycin and positive clones are identified by
Southerm blot analysis. Selected clones are expanded, injected into BALBc-

blastocysts and transferred into foster mothers according to standard operation
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Mce were given a single intraperitoneal dose of
Nar coren (sodi um pent obar bi tone; purchased via a

wo/edoenéa1ary Consul tant; distributed by Merial EEB2005/004772

Germany) at 25ngy/ kg of body weight. The tinme taken for

the mce to | ose, and subsequently to regain, their
righting reflex was neasured. Results are given in
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shown to _be nore responsive to a compound known to be
pherotyiegliyenarmahfollrwing,viserd inspeetione Thaehayei begn typed using PCR
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Gicdsdeadlide desi ghted“4¥Tughaonasmed humani sed CAR to
produce m ce containing both humani sed PXR and

humani sed CAR. Type 5: Expression of a hybrid of human
Pehiabarmbidtogesieening etlquences from t he correspondi ng

human pronoter by insertion into the ROSA26 | ocus
Projects: CYP3A4 and CYP2C9 humani zation Met hods: The
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Mice were given a single intraperitoneal dose of Narcoren (sodium pentobarbitone;

purchased via a Veterinary Consultant; distributed by Merial GmbH, Germany) at
25mg/kg of body weight. The time taken for the mice to lose, and subsequently to

regain, their righting reflex was measured. Results are given in Table 4.1 below:

Table 4.1, results of pentobarbitone sleeping test

Sleeping
Age Weight | time
Genotype Sex | (weeks) | ID (9) (min)
wi male 10 | 42912 21.2 21
PXR/CAR
hum male 10 | 42749 24.8 34
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the 13kb human CYP3A4 pronoter, exonl and intronl as
in the normal genom cconstitution and a hunman cDNA

w@omsietiyhg of exons2-13. The transcript is terPCi/GBR@®E/004772

by a polyA notif (see Figure 9). In case of CYP2C9 the
humani zati on cassette, 3' to the selection marker,
contains the 12kb human CYP2C9 pronoter, a human cDNA

of exonsl-4, intron4d and a cDNA of exons5-9. The
transcript is termnated by a polyA notif (see Figure

10). The targeting vector is transfected by standard
éthrBamﬂd tmemmicd: given @516 NoseofyenteBaibitbhs slegl fon2k minutes,

.&é‘gﬂ Tl ilanwlsgi g @r\g% mgﬁ'gkﬂ Flept ' {5 |3 it oFlagse mice

ThEeRE ARGl b R ffcah bR FED (3! RRUYPe Bl indicatng
dhet rthe idoublp haadised snouse thhsa aanirkedndiffearefindtseespoas€to drugs
vi sual | y i ngpected _and chinmerismis determ ned by hair
661%\{9” the yHdyyReAn#BAlSc animal s are used for further
breeding in a C57BL/ 6N genetic background. Type 6 :

| acene en regions (C uster
ﬁ@é@? ?’3%?%@?’3 %W’gg]ag’loﬁ%ter exchange,
CYP2C- cl uster exchange and UGThumani zati on Met hods:

Wﬁxg Q]r}gﬁtb' dé‘/%f&p%ﬁ%v r Hftid Sélfdi% g)%;r@és%@ iPhQRf Iﬂ‘?qrﬁjver and GI

ar cloning- proce eral princ e 1S

ttizat oft mivekn IﬂlﬁtSpr@ﬁlcteﬂrfgﬂtld)m & leedd eqiEvaes t6 ahsseof @lieﬁéhdo genous
and used for two consecutive rounds of transfection by
FeRh d AR PERepiofedd brabecarshpivndo bs ngtomakes ibe nEcp atglrpsponsive

T!;‘ go&g&@dts chgkg to ?r%ﬂ%g &Ipielé%‘ é% 'v?an'%%n patﬁwgaays %estt}a(len 31@%rence

gene

tbneavdeatw@@ BypeSiralr ﬂxe/ﬁﬁuaﬁuéd RRRBOVAY déiordtred| MMRHS iHughanised
The second vector carries functional TK and Hygromycin

drice Bereshowa Whel BRI TEFRPNSIVE X B mm@pu@d kmyyen ta lmmore active to

t n for each of the cl nges.

AP LT BT B s i et Sofned i o GRissg PR

ESce | mioe svhﬁdhecoawm HnSR6Eea PGS havt aqw@ééh%&&sé@mwﬁuce which
wt -1 oxP sites can be renpved by Cre-nedi ated del etion.
Thntgined Swimagised GARntocrodude wicet ¢nmtdininp-Htlahkednigeh®XR and
ust er lelti{dl fied Bacterial Artificial Chronosones

%‘@ quC be used to introduce human sequences by

Cre- rredl ated insertion into re-derived ES cells. The

R T TR A

Ehamﬂrasp%ndmmﬁﬁ pEGmetk by insertion into the ROSA26 locus

Projects: CYP3A4 and CYP2C9 humanization

Methods: The targeting vectors are constructed with standard molecular cloning
procedures. The basic ROSA26 targeting vector is designed in a way, that the
neomycin gene will be expressed from the endogenous ROSA26 promoter in

correctly targeted ES clones. The Neo transcript is terminated by a polyA motif.

In case of CYP3A4 the humanization cassette, 3’ to the selection marker, contains

the 13kb human CYP3A4 promoter, exonl and intronl as in the normal genomic
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Projects: CYP3A4-, CYP2C9-, CYP2Cl19-, CYP2B6-, CYP2D6-
and MDRl reporter Methods: The targeting vectors are

w@emwsoea1et ed wi th standard nol ecul ar cl oni ng PCT/GB2005/004772

procedures. For all reporters human BACs are nodified

in such a way, that a reporter gene is fused to the

transl ational start site of the correspondi ng human

g6ib€ tutida dinfl ia@RAnBACDNA tonsiting R Ex s rike ThKaanseApSiS térthinated
Eerm’ tting the selection of bacterial colonies wth
vAaRAYd motifhenBiggee BS cel | clones with (418. In case

of CYP3A4, CYP2C9 and CYP2C19 the transcript of the

eporter j s, not .term nated poJ YA notif, but .
ImGe o CoEaLD shemanenigphedoition ¢ eelehiobatst sotlsins te
POLY AT Cypoo RS AlttutSBINA BRERGSFANRIHHA bRd 3IBNA of
theretore dependent ori a correct splicing’ of the exons
8xoris8-9% Mae treperipeis térafeatéd byia oly/A) motifiseaBiguref 1 00.YP2 D6
and CYP2B6 the transcript of the reporter gene is

termnated by a polyA notif |linked to the reporter
dbatargéting vectoy int thansfectedyrstandgrdededtiogoradion Hto 057 BE Qe mouse

he transcri 0 reporter gene is_ . .
S Mititacctve, o2 St adtn Ioia: 0RO SvE e drayidentiied by
SBhtheh bige aﬁélgéis‘..eS%l%):tedTBﬁ)n@@ddré ' &g)aﬁ&égl, Afnfected into BALBc-
l'inearized with Notl and transfected into 7BL/ 6N
biastoeysES and| fransédrteld eintdy yfosten mukethets edceetdingp do standardooperation
[ o&ecti n wth lipofegtam n2000. anes aae sdgl ﬁct ed .
RS sLURE %’8&1 {hepe 1S5 SruITHaR ABRATFIP i #ide GRRREEm 18
BNAAEd bel ﬁgﬁ blogd I—ﬁglg?@ﬁm@é}ﬁ} A ls arChRA 60 uFth@eeding in a
are expanded, I nject i nt o BALBchbl ast ocysts and
O5aBEIAN padttic backgtamtler not hers according to standard
operation procedures. Litters fromthese fosters are
visually inspected and chinerismis determ ned by hair
dore ¢t Replagemgntoofilaxgei genamiigragionsr(€lusteriexchanges) t her
breeding in a C57BL/ 6N genetic background. Sel ection
mar kers are. renoved in vivo by crossing to an
Prbjedn! eCYP3A CRister CleAtiMpod, OYPRC-fusten a8fdhaBge and UGT-
tissue or cells derived therefromincorporating at
hemesnizatitn hunman DNA sequence encoding at | east one
transcription factor under the control of a
trapscription factor pronoter and whose endogenous )
Mthods: chhe Fagtnenhyretorh dEh CGRTRICIETIEh FEATdBH. FigigeHlar cloning
' t kRS U 1| e opt f ]
?%Hcc %gsr' altI\:ﬁe:l gge gtg fa} aslic%(%% :lsoyﬁ?rot&@ 0 dtrshgf ft#gE%% nvge ctors are
toustineted and used for two consecutive rounds of transfection by standard

electroporation into C57BL/6N mouse ES cells. The first vector contains a functional
TK cassette and a 5° deleted Neo gene interrupted from its tranlational Start-ATG
and promoter by a wt-loxP site. The second vector carries functional TK and
Hygromycin cassettes, a wt-loxP and a lox511 site. The final targeting vectors for
each of the cluster exchanges are designed in such a way, that in correctly targeted
ES clones the genomic sequences intermediate to the wt-loxP sites can be removed
by Cre-mediated deletion. This results in a knock out of the loxP-flanked gene
cluster. Modified Bacterial Artificial Chromosomes (BACs) will be used to introduce

human sequences by Cre-mediated insertion into re-derived ES cells. The selection
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human DNA sequences sel ected fromthe group
conprising: (i) a DNA sequence encodi ng a phase- 1

walewgioemdabol | sing enzyne; (ii) a DNA sequencePEnGBaionm4772

a phase-2 drug-netabolising enzyne; and/or (iii) a DNA
sequence encoding a drug transporter protein and whose
endogenous equi val ent gene or genes have been

aettbLHankdng theifnaRFE RIBRHTBAn b tedsi@d ®F FIP tsdiated deletion
derived therefromaccording to claim1l wherein, the

HeredigBRA Idncodi ng a transcription factor is sel ect ed
fromthe group conprising the pregnane X receptor
(.PXR/ SXR) and the constitutive androstane receptor

desaBple - Bepastesippaies™®n t hereof . 3. A non-human ani nal ,
tissue or cells derived therefron1according to either

AR P oR b GRS o PR DTSRG s Mom-

or (PXR) and the constitutive androstane
receptor (CAR). 4. A non-human animal, tissue or cells
derived therefrom according to any preceding claim

Wetheds: The tixgomip Bbilosnare dongritt@hasth- dtandard molecular cloning
drugmet abol i si ng enz%ge is selected fromthe grou

PERRSANESE ieprilacpyries PHBRLB ABSSE: Bodiied dn vl e ihshaireporter
\féﬁﬁé 4§ 1531 ehdc %}3 ZEE% q?an'sl\ﬁﬁgnatl hs%r? fs'itg M AHES cgrres%ggﬁpgl Iﬁllmna]mA' gene.

erern nprises any one or nore

abdiged BACS Qfaﬁlyn& @Rﬁstke@YIE’é’@%ass@(‘t@zﬁaﬂmmﬁé’aﬁ@@decﬁon of
CYP1A2, CYP2C8 and CYP2B6. 6. A non-human ani nal,

tagtetial eploniey withdepimycin ehé mause MSaedboelanesgwite GA18i Irn agase of

QR RIS Rh? GOPRCHT Ol FuEE 2 Bl e is o

trienikafE Gygan 905AAusﬁ&ffs ‘buf - thé\ AR BRe altsipRbd SublBSHURL the
or cells derived therefrom accor di ng to any preceding

endogenapepayh motl i potartiabinaseh ddesnepnairpéia are-therefore dependent
dr ugnet abol.

O ROl et T 3 O bR e RS Lo e

gl ucuronyl transferase, gl utathione transferase,

FH L RRUPY EYP RS GE Y e %ﬁgéﬂpt bE ﬂ{ésifeﬁgr?e? %ene is terminated by
a polyA motif linked to the reporter gene with a synthetic intron (see Fi gure 13).

In case of MDRI1 the transcript of the reporter gene is terminated by a polyA motif

without an additional intron (see Figure 14).

The modified BAC are linearized with Notl and transfected into C57BL/6N mouse
ES cells either by standard electroporation or lipofection with lipofectamin2000.
Clones are selected with G418 and positive clones with randomly integrated DNA
are identified by PCR analysis. Selected clones are expanded, injected into BALBc-
blastocysts and transferred into foster mothers according to standard operation
procedures. Litters from these fosters are visually inspected and chimerism is
determined by hair colour. Highly chimeric animals are used for further breeding in a
C57BL/6N genetic background. Selection markers are removed in vivo by crossing to

an FLP-deleter strain.
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8. A non-human animal, tissue or cells derived
therefrom according to claim7 wherein the human DNA

wep@oto4197 a phase-2 drug-net abol i sing enzyne cPOPGB2@S/004772

t he UGTI A gene cluster. 9. A non-human animal, tissue

or cells derived therefromaccording to any precedi ng

cl ai m wherein the human DNA encodi ng a drug

transporter protein is selected fromthe group

QIRNUSK Ng an ATP- bi ndi ng cassette protein, multi drug
resi stance proteins, nulti-drug resistance-associ ated
proteins or organi c anion transporting pol ypepti des.

30. A I [

her o oo R e o S G B o e porgige ot east
encodi |0|ng haman INA seqiepos emodmgcat beiast ome ¢radssiphiDRfactor under the
VRP2. on- human ani nma tlssue or, cells derived

t her efCPBﬁwl %Ffa’ilﬁ?lj‘PF%n fpﬂr@@@‘fﬁfﬁﬁ Whase epdQgeaees gauivalent
the hugpg INA SEAVSHEES] AE! ﬁ%empﬁgi BGirREAHSRE S cells derived

operatively linked to human regulatory sequence
12. At]nmaﬁd&mrfanhmnmﬂboratlng atiastroneadrl Bordestithe ﬁollowmg further
t herefrom z;\acwgrdl ng to precedl ng claimthat is

deri vagmRp Sﬁ‘iﬂl@éeslsg drdeom theBEPRREARRIISING | ssue or
cells derived therefromi ncorporatl ng: (i) at |east

h DNA d t t
factor: T1) ADYS SeEeafamRiNian  Bes-oLaEHbe: BHisie sheyme:
a phase-1 drugnetaboli sing enzyms (iii) at |east one
h P ;S| .
oomne. e (HEPES SRS U Ruhe 8B MATRLAONA Bme

encodi ng' a dragl/dr ansporter protein, and whose
endogenous equi val ent genes have been annulled. 14. A
non- human ani mal, tissue or cells derived therefrom
accor di n@ix o @PAAsemmenceranheding adrugiicangpentsr pooteinor
nore of the features of claims 1 to 12. 15. A

non-hun$n ani , tissue qr cells derived therefrom
i ncor B¢ XOPSRS e&%muﬁmvlg@a@rﬁ%gr gmesBnvedesn prlisAd a
CAR transcription factor and at | east

2. A non-human animal, tissue or cells derived therefrom according to claim 1
wherein, th¢ human DNA encoding a transcription factor is selected from the
group comprising the pregnane X receptor (PXR/SXR) and the constitutive

androstane receptor (CAR) or a combination thereof.

3. A non-human animal, tissue or cells derived therefrom according to either
preceding claim wherein the human DNA encoding a transcription factor
comprises both the pregnane X receptor (PXR) and the constitutive
androstane receptor (CAR).

4. A non-human animal, tissue or cells derived therefrom according to any
preceding claim wherein the human DNA encoding a phase-1 drug-

metabolising enzyme is selected from the group comprising the cytochromes
P450.
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one human DNA sequence encodi ng a phase- 1
drug- net abol i sing enzyne and at | east one human DNA

w@eweeaae7 encodi ng a phase-2 drug- et abol i si ngPENGHAE®S/004772

and at | east one human DNA sequence encodi ng a drug
transporter protein, wherein the non-human ani mal,
tissue or cells fromwhich the endogenous equi val ent

genes Aavyehigen il ligde ot GellAddibiRd hh&fﬁﬂoﬁlﬂicﬁ@ldmg to claim 4
tissue or cells derived therefromaccording to claim
15 f urtheesinthe |R4G0 neprantises @y omenor g105¢ of htge fleBewingsisoforms

cel s ERARE IS G R CRaFRr RIS, CVEoRE Al Cvgeme

sequence encoding a PXR and/or a CAR transcription

feact ory g{:l n, HE&&RE cfﬂgbﬁl&gtﬁ@or@%% claim 4

enzyne; ’unan sequence enco

MDRl i Qile&ﬂnHS “&I%relﬂ\ﬂiiﬁihllilﬁﬁh OINA rénceding angthabél @rdig-metabolising
non- human ani mal cell _at | east ogne_functional human

t r ans EPFERe enmprises die CUP3 A aadior BiePhds gene dvsligrs-

met abol i si ng enzyme, at |east one phase-2

t abol d/ one dru
tt e porRB gD, SR 51 Oh et RS i to any
endogepudingd le'la}{ﬁ" GMEreBENGS BiRAESSNAY ehty&nﬁg of 3%592 drug-

prot eins have been rendered i1 nactive, the
conpr insitalglisingrendyroe egmphises amyamdlqngnaralodf t]hmtrmferases selected

transcri ption factor, hase- ru oI|S|n
enzyn&mélﬁ éledgrﬂﬁp ppglﬁggggtaeg “ﬁ‘FB’B tﬁa@gfé ¢4 E]Hf aﬁlf‘dtrans crase,
h n ncti onal where the
nonhusEiREE He ARl PR BRI N0 Oas ar'e

rendered inactive. 19. A nethod according to claim18

- \gher eiA nbhBunan ahkkim tigae 08 c¥ioseivied dh&bfom ! ResainE t8r@aim 7

anal ogous to the proteln products of the introduced

hurman Whreis dhedmsean BINA qiceding  phaseth drugimetabplising enzyme
targetj| uma gunterparts or by flanking
thesecﬁgﬁggmgﬂ QgﬁgftgﬁﬁtﬁFﬁ Wi th recognition sites

and subseqguent reconbi nase-nedi ated del etion. 20. A

et hody %ﬁ%maﬁgarhﬁaﬁlﬁs{ag 9'&11 dleﬁv d tl}e?e%(g{j afag d%%te fo any

non- human transgenic cel '/ ani ma umanl
PXR amgededing @laneviterein mh@hhﬁl’ﬁamBNAomcodmg a drug transporter protein

is selected from the group comprising an ATP-binding cassette protein, multi-
drug resistance proteins, multi-drug resistance-associated proteins or organic

anion transporting polypeptides.

10. A non-human animal, tissue or cells derived therefrom according to claim 9
wherein the human DNA encoding a drug transporter protein encodes MDR1
or MRP2.

11. A non-human animal, tissue or cells derived therefrom according to any
preceding , claim wherein the human DNA sequences include coding

sequences operatively linked to human regulatory DNA sequences.

12. A non-human animal, tissue or cells derived therefrom according to any

preceding claim that is derived from a mouse.
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21. A nethod according to any one of clainms 18 to 20
wherein the hunan genes are at |east partially

w@oemwsesaMet within a construct. 22. A nethod acROr/GBRs/004772

to any one of clainms 18 to 2 1 wherein the PXR
construct retains the intron-exon structure between
exons 4 and 6 23. A nethod according to any one of

dBai meA h8n-h0man inintayrtBiue drfell CARadrtBérefioi iheirporatng: he

i ntron-exon structure between exons 2 and 9. 24. A

nmet hod according to any of clains 18 to 23 wherein the
t ransdoni c ahteasiiome humeh DA iseqiencs ercodmgadranscripgiongactor;
derived therefromis produced by crossing a P450

reduct ase null cell/animal with cells/aninmls that

have KBEnh@elenseane, iumanx®MAd segenesarengeding nt | Rhise-1 drug-
further nodjfi.cat] . t.h respect to phase-2 drug

nmet abol i si g%étiébr@%irr}ggﬁza%é’dr ug transporter protein in

ei ther transgenic strain of the non-human cell/ani mal

25. A@mth (o] sl 0 | i 8,t 4
wher ei(gﬁt hggtlr%gsgsggén ir}gm?]agln %ﬁaﬁ&%%hef aﬁbﬁpéi % 1§ha§e 2 dmg
produced demetahodising@nzydnermhtiod according to claim 25
wherei n DNA sequences are deleted by either direct
targeting with their human _counterparts or by flanking

t hese (fdnedt deasjerne bhmer ePNAyisequanee cgapdingre sireg gransporter
and subsequent. reconbi nasenedi at ed del etion. 27. A

nmet hod acchgpﬁg to any one of clainms 18 to 26 further
conprising a reporter gene DNA sequence so that

expr ess) : f ‘
Eranaar B R e e Do AR - human
animal, tissue or cells derived therefrom

i14c or POhafi-htifhad anin@ASHss@6r LIRS RTAD §&o§tﬁﬁ$dﬂ' &lfim 13
at |l east one transcription factor under control of a

t r ans deithariiedluding awy oy arraere of thedfesttitss of ehttog b told
equi val ent genes have optionally been annulled, the
n- human ani mal , . tissue or cells fyrthe ) i

{Rcor dbRARTHEA ek tEHe O R dw&ﬁéﬁwp%@md%ﬂrpgrat%g juman

human codi [ '

2 phadi ERAERCCERGR A PER b AR SRR ORI loast

encodiong hamph A Beqlicnige srebding laiphiastg] engymetabolising enzyme and
at least one human DNA sequence encoding a phase-2 drug-metabolising
enzyme and at least one human DNA sequence encoding a drug transporter
protein, wherein the non-human animal, tissue or cells from which the

endogenous equivalent genes have been annulled.

16. A non-human animal, tissue or cells derived therefrom according to claim 15

further including any one or more of the features of claims 1 to 12.
17. A non-human animal, tissue or cells derived therefrom incorporating:

@) a human DNA sequence encoding a PXR and/or a CAR transcription

factor,

(1)  ahuman DNA sequence encoding the CYP3A4 enzyme; and
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accor i ehEReRE> S e ol i Sufh SO RRL A

and/or iii) a DNA sequence encoding a drug transporter
protein. 29. A non-human aninmal, tissue or cells

wa@lenswed9t heref rom i ncorporating at | east one PUIaB2@BIA04772

sequence encodi ng at | east one drug transporter

protein under control of a drug transporter pronoter

and whose endogenous equi val ent genes have optionally

been @hinul hétmahMNAGBqIEBENBHINgAhe MDREpRincel | s
further incorporating a pronoter |inked

transcriptionally to a human DNA sequence encodi ng:

1R) a ADnatlmdaqiféntcedvemgadiongnen-hurmas aniinat cehatfleast ong functional

(i) DNA sequence encodi ng a phase-1 ..

dr ug- B SANSTIRGOR A3Kjie &t et OBk Phaser ) drpepngteboliging ragyme, at
encodi h -2 %k j s']&g,m%n 0

nucl eil%giééng ?(ﬁ;%sgtzr S{:r#élconp?ﬁglh géa tar é%(gylsrnga%vleeg%%o?ne drug
subst anhsmirey pateid éto cloachuntanfdetl(s) evhdse bwaendogdnous equivalent
Figure 12, Figure 13 and/or Figure 14.. 31. A nucleic

aci d @8net pXReessingc hedpiogesald miofteiy bayabsem genslered Hiagtive, the

29 fur i ' S i i ipti
2oty S, cOLHG I BUARALE BAURN OO S5 thyfoleriptin
| east fauier, ph@ser andl? dengmeabolisits Biryaitzatdedras tafdposter protein
| east one drug transporter protein in either the sane
const stk thet sfid Mumen expersgien deoductsogmain Bnstiorsg where the non-

tuct (s)

cell according to claim32 wherein the cell or

A9N- hURRARAI ara@érding @%Piiﬁqts%{ggn&ﬂé h&ﬁﬁuﬁlmgagg r\kg%iscsprotein

in which the transgenesis is t i ntroducti o
addi t ipoothictsgeee enadogaps rie sheqrroeimopreduete nf theiintgoduced Buman DNA

aci d sequence or, sequences. .34. A host cell. accordin
to cl APHEBSSAE ﬁ%‘ﬁﬁgtkhé{em‘s?ra@?@éﬁé%ﬁt@gi@tﬂ fhiis N Copiterparts

st abl %rtlg}ﬁm | 4RsOToefleC Bt |oelE ﬁ@&Jslwlthnl% &Fﬁon sites and
epi somal “expressSi on system | oA ce ora cell i ne,

or pr epbseqhiend fecofnbindse-anglieed del¢tivn: human ani mal by

pronucl ear m croinjection, through reconbination

events in enbryonic stem ‘

20. A method according to either claim 18 or 19 wherein the non-human

transgenic cell/animal is humanised for both PXR and CAR alone or in

combination.

21. A method according to any one of claims 18 to 20 wherein the human genes

are at least partially conserved within a construct.

22. A method according to any one of claims 18 to 21 wherein the PXR construct

retains the intron-exon structure between exons 4 and 6

23. A method according to any one of claims 18 to 21 wherein the CAR construct

retains the intron-exon structure between exons 2 and 9.

24. A method according to any of claims 18 to 23 wherein the transgenic non-
human cell/animal or tissues or cells derived therefrom is produced by

crossing a P450 reductase null cell/animal with cells/animals that have been
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(ES) cells or by transfection of a cell whose nucl eus
is to be used as a donor nucleus in a nuclear transfer

W@ k@nioag9pr ocedur e. 35. A transgeni ¢ non- hunman BCI/GBR005/004772

which the cells of the non-human ani mal express the
protein(s) encoded by the nucleic acid construct(s)
according to any one of clains 27 to 29. 36. Use of

non- hinmmanisedREge FXR asd V& OARaadd arhglenfuethenmddifications with
tissues and/or cells derived therefromthat have been

nodi f iTepesidopbaseat Arugractabelisiegemznmes ard drugdragspqrtes rotein in
one f h L and/ or at

| east %g}ﬁéeljt %1 %eénéjg%gn hf&g%[% }%ﬂaﬁs?ll%eﬁ/%%élrrrﬁz)ay}rre and/ or at

| east one phase 2 drugnetabollslng enzyme and/or at

Igast Lpgislid! Qcc,lofcf}ﬁ'% % rahﬁ onQr oL cRlifhs ARG %rfhercfm the transgenic
endogenous equi val ent genes have been annul

i nvestnogdtuemaneshanmhal ds petiadedl desovar toxicity in said

a transgenic aninmal, tissues and/or cells derived

t herefrom or netabollsntand/or bi osynt hesi s of
éfidogeh aushasb apeoudine . to3taimUgé wherpionDNnaequeneassarerdebeted by

cells eni c L,.tissues and/or

dor | velhenalrtd rkelng, oA, i, b Sn ARAS o 257 ipiing these
and exeh&ssr BMR 806edi Wih dbcdgfifivh SRS Ahi %Bééﬁﬁéﬁt Ilee&ﬁanase-
transcrlc&jl on factor, and/or at | east one phase-

drug meadsdsed deetrap. enzyme, and/or at | east one phase 2

dr ugnet abol i si ng enzyne and/or at | east one drug

transporter rotein and whose endogenous equj val ent

nes ‘haydhesk aeCoading tp eyt e Al ekingy dBetor Yndutless qomprising a
r egul n LS
ot ab il S A ARG T, SR Rbre 07 Bl by srepppred by
gast ramyefhamhphmaet traﬂ@;le[ﬂf@ﬁ'pb(ﬁ@!cﬁ barrier, liver,
kidney in a single animal, tissue or cell derived
therefrom 38. Use of non-hunman transgenic cells or a
t28ans genv-humamahimalj sue or aclty darived thesefdem iin@dporating at least

therefro that ve been nodified.to contain an
expr 002 (g r@g PryusHce) @seding At leash ons %fﬁlarcnntr% factor under

t ransehhpdil G frﬁr?s‘cﬂ tioR BT é?rfnojce?%ﬁ vwHdSe Qﬁkﬁ%‘éﬁoﬁk eqéuvalent

drug net abol i sing e zyne, or at [east one phase-
dr ugrr@a&solhavsmpgoaadkwmnaalmhﬂed ahe headiuiman emdnalg tissue or cells

transporter. protei.n and V\hoseﬁg(@gogenous e UI val ent
genes %WaltFé i OraH% 12 gmoger; | ttrapserptionalla e @chumagy DNA
human gﬁ%ﬁgpé d|spos|t|on or toxicity on

ur e

anti-tu s of a drug in
1) a DNA sequence encodmg a phase-1 drug-metabolising enzyme;
ii) a DNA sequence encoding a phase-2 drug-metabolising enzyme;
and/or

1i1) a DNA sequence encoding a drug transporter protein.

29. A non-human animal, tissue or cells derived therefrom incorporating at least
one human DNA sequence encoding at least one drug transporter protein
under control of a drug transporter promoter and whose endogenous

equivalent genes have optionally been annulled, the non-human animal, tissue
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an ani mal xenograft experinment by expressing humani sed
nmet abol i ¢ pat hways in a non-human grafted tunour cell
wo 2eve/oa187 or i n the host ani mal. PCT/GB2005/004772

30.

31.

32.

33.

34.

or cells further incorporating a promoter linked transcriptionally to a human

DNA sequence encoding:
@) a DNA sequence encoding a transcription factor;

(i) a DNA sequence encoding a phase-1 drug-metabolising enzyme;

and/or
(i) a DNA sequence encoding a phase-2 drug-metabolising enzyme.

A nucleic acid construct comprising a targeting vector substantially as

depicted in Figure 2, Figure 3, Figure 12, Figure 13 and/or Figure 14..

A nucleic acid construct according to either claim 28 or claim 29 further
including humanisation and knock out of at least one phase-1 drug
metabolising enzyme, and/or at least one phase-2 drug-metabolising enzyme
and/or at least one drug transporter protein in either the same construct or

further independent constructs.

A host cell transfected with a nucleic acid construct(s) according to either of

claims 30 or 31.

A host cell according to claim 32 wherein the cell or non-human animal is
subjected to further transgenesis, in which the transgenesis is the introduction
of an additional gene or genes or protein-encoding nucleic acid sequence or

sequences.

A host cell according to claim 32 wherein the transgenesis is transient or
stable transfection of a cell or a cell line, an episomal expression system in a
cell or a cell line, or preparation of a transgenic non-human animal by
pronuclear microinjection, through recombination events in embryonic stem
(ES) cells or by transfection of a cell whose nucleus is to be used as a donor

nucleus in a nuclear transfer cloning procedure.
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35.

36.

37.

38.

PCT/GB2005/004772

A transgenic non-human animal in which the cells of the non-human animal
express the protein(s) encoded by the nucleic acid construct(s) according to

any one of claims 27 to 29.

Use of non-human transgenic cells or a transgenic animal, tissues and/or cells
derived therefrom that have been modified to contain and express DNA -
encoding at least one functional human transcription factor, and/or at least
one phase-1 drug metabolising enzyme, and/or at least one phase-2 drug-
metabolising enzyme and/or at least one drug transporter protein and whose
endogenous equivalent genes have been annulled to investigate xenobiotic
metabolism or toxicity in said a transgenic animal, tissues and/or cells derived

therefrom or metabolism and/or biosynthesis of endogenous compounds.

Use of non-human transgenic cells or a transgenic animal, tissues and/or cells
derived therefrom that have been modified to contain and express DNA
encoding at least one functional human transcription factor, and/or at least
one phase-1 drug metabolising enzyme, and/or at least one phase-2 drug-
metabolising enzyme and/or at least one drug transporter protein and whose
endogenous equivalent genes have been annulled to investigate function and
regulation of human mechanisms of xenobijotic metabolism, disposition and
toxicity to be studied in gastrointestinal tract, blood-brain barrier, liver,

kidney in a single animal, tissue or cell derived therefrom.

Use of non-human transgenic cells or a transgenic animal, tissues and/or cells
derived therefrom that have been modified to contain and express DNA
encoding at least one functional human transcription factor, and/or at least
one phase-1 drug metabolising enzyme, and/or at least one phase-2 drug-
metabolising enzyme and/or at least one drug transporter protein and whose
endogenous equivalent genes have been annulled to investigate the effects of
human metabolism, disposition or toxicity on anti-tumour effects of a drug in
an animal xenograft experiment by expressing humanised metabolic pathways

in a non-human grafted tumour cell line and/or in the host animal.
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