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WO 2008/ 149080 PCT/ GB2008/ 001897 Transgeni ¢ Ani mal s
for Assessing Drug Metabolismand Toxicity The present
WO poo8n4908n rel ates to transgeni ¢ non- human ani PEl/6B2008/001897

Ui ssuesy or 6l SniflSi P AL AR DEAM AR LAIIRRY

producing transgeni n-ani nal's o
The ér'e?e%g %%’Cl’ﬂ¥0ﬂcrgia{6§ t(S:l ﬁgljls%ﬁxgc n&rﬁﬁt‘irﬁ{r{ Mngfsf)&sgees & iS {J&Wed therefrom
apa &% expressing-human protelns respon3|ﬁ e for

and gletigdsneft prbdudigmhbmi MM @aeganic hdivhdmarphrdgalisor tissues or cells derived
endogenqus non- hurman ani mal  proteins and for ,ghe .
therefrgpy oY g systebrapatle of xressingAHMgR REteInsFesrogsibledoy dipg metabolism

in plalf O?QBMOm%fbgB\!?saEnégaégnﬂ AHoRSRRA Sfimbh grdaamaan@ §8C%he controlled
IS regulatedn a nner nore closely anal ogous to

exprashiat oflmaman gened mtyodused intaths anifitad sa thahthg exnpressivorof thethvarn genes is
ani,mal s or tissues.or cells rived. therefrom arge for .

regu U T oo ap s R Pl e oG e = JUBRRE] Ty Rhsgenic non-

humahCHRRAIO bt EissDEs 6l défls ABrivald Fhdrefom hRXfoE bey eﬁfeci@ﬂfﬂ Biit not exclusively, in
properties or functions of_ the introduce 10 human |

assesping KeNabiotic gE Hrugdnetgholigm) 1oxicity AUPter MSPRFEYGS s Seictiogsrof the introduced

V, ' A
hum&%@@@@%& S ABRAYRGS ancﬁ@rcﬂf&kgﬁ{&(#s S %nbO& b C%H&’Ig?ﬂdast os

si‘gnificant proportion of therapeutic drug ca

BacKefddnd @ (RERRIEHIRT ket abl e drugs because of adverse
ﬁe.t a{‘botl i'smor toxicity discovered during clinical
A Sl%%%t%é?&gﬁ&e?tggérg fie d{ug%grlﬁtﬁ@a%s 13il Y$betome 'n&%efte*bgf/mgs because of

eve nt exp ure and consequent

~advetsh@aretabiolisra oné@dcifyodisquewed Jutieg blivotad grials. {Thede foduresnEpeesent a very

sl ity AP PRI CA PE GRS Pl s o v

techrlo®gicothagi @Rl meRAkARbE! | uidkBS afd dohemiandipdati@Sat the pre-clinical

man. At present, nost pre-clinical netabolic and. )
developmEegt] qt%gettb%fqef?@ol@q anpg} @glcg}@g@p]d(gta%:tqr@qmég dspg candidates in man. At

Vi@ i . i an-cel | ki
8 Ay LT L L LG AL o
animaist ook arsl/aonphmabkdny callelinealzind/or tispeedn ctliung However, none of these

wen B SRR LTI BB APASE iR vevor

and ®k@BlokicaB4th Yrohi @hhialaéanodiffad Kigalfitd@RN Roh URRNobtAikdd 86k a human
~due to species differences in the biochem cal, .
subjege @Hart sFRsCich vbfferaeres |iR hedvipshsmical j Rechapisas dpydyedof In addition,
i QY8 bR o V! i ssue studi
b I Vb SO0 R AR B e s cn
be preblametis siote 8wk systeansaare notatvaidabdd foabll @rdans amd tissoesgartleey fail to retain

' d ti t. fal t tai th tabol i
e sERErEb Rl Qe anly ST vivo 25 it ie

. kn [ [ he. [
i S St 5K 2B A 2D e SEEPTT TGS RBeRkEoB frues depends on
their iiéthétionS Weth FsuridBRictthdif cla@Us ofPirskinBCt mai n cl asses of
. proteins: a) Phase-1 drug-netabolising enzymes, such
a) PlaSe-1 NRuL QBB EnZFheE) s0bh 68 teBREHrdesAPUE 00WhicB X RAGHIly add or
pol ar groups on the xenobiotic nol ecul e; b) Phase-2
exgpecrotes 2EMeh PR thgrerabistivemolealish as transferases, in
particular the glucuronyl 30 transferases,
b) Phgser? adiviganiabolising f enzames , sush| phdrapsferasemsine parsiewlar e glucuronyl
a t nan I, 1 C ' t he lari .
oS RS RSP R R rds P Rl S Bnsterases which
confi@hiei thatpolgiséd Senobiotic molecule to a hydrophilic group thereby facilitating its

subsequent excretion;
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subsequent excretion; 1 WO 2008/ 149080
PCT/ GB2008/ 001897 c¢) Drug transporter proteins, such
W@3008h&080TP- bi ndi ng cassette proteins which i neCTId82008601897

c) DRGSTGEHEE il et (b Oy BIUEING SR FAFGIE (RBIch inlude the multi-
. on ot g | P .
E SRR (AIRI0Y A DA IEL L UM RS a e
orgamo biiot it@nsportegupcdpeptdes (O AJPas whichefatilitatecthe tanefort of drugs and
Transcriptign factors,, such aﬁPthe pregnane X receptor

t
otz ERO0IG "IP UG REST RIFTRATERBPBEY ane  receptor (CAR)

whi ch.requl ate the transcription of es codi ng ..
D THRSPRHCREER e b aragmeck aneadr (PRREG{RE Shiiyiyg androstane
reSept R (UARYBShiEH Rf3uladédthe dfan&RipE6H \WE 8éheS RAEIIRTE proteki3WMihe preceding
in each of these protein classes both with respect to
clastes, inparticulsr thejcytpclyomss B#¥)-ns wi t hi n each cl ass, the
function of the proteins thenselves and with respect
Variatign thgtversn esppeies isgigioam ipncash af Hhgse pegtpinedassembothwiths respect to the
. rQm 4 8 -h .
P B A L0001 AOT IO s i e
to gehdlicwbguldtioh éthkitrgpressiter. of endogenous cyt ochrones P450
have been annulled by deletion of individual P450

CItis geoes from WORMEOTT8 hdw tthepradiice clondumakP4taiisgeatuatidasle expressing

gene encodj t.he enzyne_on. which the function of I
funct PR b 50 e o Fse P OGBS s BE T 20 have been
annufél BRUeIORACHT RaVidubMPAFt R8BS of By HEIBton"GH the R McIabetHAB0 reductase
i ntroduced P450s restricted to Eartlcular or gans or

gene ehepdingghoenzyme anorhietytharfurstiomaf albaytoeliremes Prd0elependggtiowever, the
described dnithd] r}nct)(i%% rhg? ﬂh?ttaﬁonseiﬁﬂhgtsr?dt O(J?l%)p grettng 1&%&dﬁﬁ?§%§ restricted to
I'n a manner tha h e

I's anal ogous to at seen Int
partidultreodgan©oe tifuet o€ thephomphumarn animdiebg dl® thbieds Inonproesion mo regulate

t hat dition nodi fi cations are needed to provide
expras i A TS FobTERS b B ST L B by Ore of the
prior RHTREURAS QR0 WintiRQ Y tHaf Additional mB8ifiRAtfhAY BRAKSIUND pe&Vide cytochrome
- human P450s. A yet further di sadvantage resides in the

P450| rgductase aghivi &1 8¢ inoduspd dymer B45Anwvithparsactivating endogenous non- -
li,s . 1S, t '
rond 488 150 S 08y YGRS 65 WREAE K8 ROLEE, Rroduce fumn
phasg32 merabalism, tushh@siesias tiebld topuatidecam catigrmdadtalic profde of
cytochronmes P450 in the nouse by expressing human PXR
It is 4196 lenosin fadm thdgprior ert\fo lhuk@fise thd Sadiicti@0aR)acaristicsnef vy GAlRomes P450

. . (Zhang et al,. Scienc ol,.298 22- 2),.1n use

in G, GHE: Y R G BUT PR ity s e uaY Fiman AR

(Zharggeapﬁpsa&edeyyaam, heen, deistied. mYke! whetdif the@Moli® BXR gene and/or
enonstrate i nduction patterns of endogenous P450s

mouse HahRr gepe getpeetivehobaveskasn deletedaeWhilgraweht srispals sdegnonstrate induction
patter%g ggst%nmhg elngus gh]?({satgstef:ek)ﬁ)tdhges tlf&gef g%%eint tllﬂg h%aﬁ)c/tn%)g ﬂ?\ﬁ&eundesirable

€ expression rs regu anal ogous
charddteristivs seeaust ithd cytauhrdnesely SOyWinsh reepressididh Gegudatbdinhdigtously to the

di sadvantage i s that because éhe PXR or CAR genes
humanpsyatd| gassiugmas iRehogtss 5’55@& grtteeﬁ?gﬁai‘fa@tagﬁ scf B the PXR or
CARQR¥ndS thdHe VRS afelt tzARRASIehe)@kd'B the human by virtue of the transgene being
driven by a heterologous tissue-specific promoter (albumin promoter), over-expression of the
heterologous gene can occur which can have the result that a normal metabolic pathway is

bypassed. Moreover, the PXR and CAR transgenes are derived from a ¢cDNA rather than a

genomic clone, thus the transgenic non-human animals consequently lack the sequences necessary
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30 driven by a heterol ogous tissue-specific pronoter
(al bum n pronoter), over-expression of the
wheisngloegous gene can occur which can have t hRCT/68208/001897

that a nornal tabolic path I S bypassed. . .
correfgy ipirarodugenall gﬁmwpeﬂ@mnﬁ%&ér@éﬂ Fland] dpjatignsof YR or CAR
expredsiGiPh¥hct @letexpleldth B reA8EIMO%hE Pt Bind kb Sot Beeof a physiological level.
transgenic non-hunan ani mal s consequently | ack %
In addi¢iqu éresemodelsdsnd reycodg foplicDo@riaaty 0fthe human gene Another drawback of

2008/ 001 correctly to reproduc
the PRRIGER Ao Rty Bcdt iR SREE AR idin Byt pier genes
withi6Re @hinfafRncEeiRMREShRMidvedTCRch Baieris adtiédHyavoi ifdependent genomic
restricted to the liver and may not be of

altergbigyssi (B knpekant plethe| endogenoys gene ! 6 tmé&e@e%gfeﬁlsthe dupgp orthologue
t Anot h
undef{Hth mgP of tRd ?1&& ihgﬁ%@\% o«?nfggéeqtg%,m gene. Anot her

st ey are

Ma &% ODFS 5@3'2@67 WeFBS@Z.%I—Qﬁ(gt hﬁ’&ﬁw@é tHt &%{plete human PXR
gene ne ani nal” sl hce t unani sati on

gene emclmdgxgrfé ansl fﬁcﬂl‘ankirgdsehyextcm intn YR kdleck-owemivaiby bacterial artificial

alter kn out of the. endo enous..gene (. ) .
chrorpo e AL Kentgebsry BSh GIRE o0 St RO GRS Uey OGO In the liver
and ftestilR€ BleREnh o 'R hEMmaRked ntled MaMhe PRI BBAHHs Cmimicked the human

| ocation. Ma et al. (Drug Metab Di spos. 2007 Feb;
respoBsy; 2) :botiyhepatly apchintestineledyndaél SURA ané PFRIFRrVaDs(RErongly induced by

e,
rifar@f51a bfbt el PR kot bl AREOBERERGET po BB PO,
roder{tBpécifid PR sklgembm wild-Typeymiol yp¥ed msRNAovassgompty indssiddry PCN, but
of,_ hunan PXR in the liver and intestine. Treatnent of
not bp LRGN sed mice with PXR |igands nimi cked the hunan

Therd, TG0y 5ir 7 SOPRRGPE™S MU AEEE BYPder ST freRgotism that can

contrOH BBes3RA T the hla?ﬂan eﬁ@sﬂdmtrob&ﬂed nafo M dhirﬁﬂn@n@lhﬂﬂﬁlr expression is
16a-carbonitrile rodent - SpeCIfIC PXR | i gand.

regulptqd j} 3 Bannep E1084 @eselwh%gpuwo (HRIAEORAR hurpansn Breye 15@&9@@9“ for more
aspedt? oLt i, meod et okl ucelli Bt HARACHBAAS of human
metahfdtsﬁbmhmlwmdt huaty o@ression of thel relexant deivar progefinst bt alsarmamiment of the
6 g;neg iﬂtroduced into the animal so that their
unct the %Oﬁogousfgﬁﬁeﬁ?‘g‘d’r?tﬁmé manner nore cl osely
anal ogous to that seen in need
One Rein3RaRe B8l Pt Ao R R T Face Pt RE p o BER that many
prior @R QARHKEA  appéar @6 bk b€ tiWiBR thAtaRehobRM Pose@By 2kt need for models of
netabol|sn1r§gU|re not only ezgre55|on of the rel evant

drug mpigheligm ds elrepdy tsakvedy B expmplenin ansk Evane CG03n DD Ign5¢d state that
humgnhs?nséjpﬂﬁllg ggﬂ'esofetﬂg?rrg%g g19£ %gr'er}gll)lSI n% Feot?anwy tfoh?l regulator

ent |1 nvention e a surpr ance o
allovxtsl'eenmsh@f ofaptcig¢ssspedifit gmrrygulq]ron’drFuahenﬂoe@ @as elidarg that workers have

ear to. be of the view that the prohl emposed by the. .
tumeldBejr psiop e eohBratey gl d Sl SR ose PEE 9F%O¥Wéen'° animal
systeE@rF&)%ﬁﬁmbl@a atthisdre bg\'@ﬂ?ﬁdé w%arﬁy@-ﬁﬁe ma&Alves hdhiforgan by using

hat 25 humani sing PXR I's "one of the rare exanpl es

humzwri@petonéﬁﬂ theiaig beingitagbwin ¢ m@y@ermpdql @rairug @g@belﬂsm in humans. This

work léguwz cfrb %n\./s?vre':thgvf hOfan§ RS Cthl nv%r?tglcsl’ 8 { Cof d%o% relevance to the

Hefior e hat
situafiéVia reality.

The present invention is the first methodology that takes into account all of the problems that prior

art systems suffer from and that seeks to resolve these problems in a practical manner. The
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turned their attention to techniques that differ
mar kedly to those that utilise transgenic ani nal
WG IBBR#®80 For exanpl e, attenpts are bei ng nmadeP€DGB2008/001897

humani se the npuse liver as ap, organ by using human
invenserp dptc yacagnisadnthat i sty ﬂgpfoafldab&raaxssﬁn& ﬁ%&@nﬁba@mai godels with
P ST e A R Sover i il eatures of the anmal mocdels
descrited @i thd piboarsa nehbaraifi cetetioshobld idelly batsatesfied:n real ity.
The present invention is the first nethodol ogy that
a) Régalation ofithe expression ofilntroddced hempn phiit@nssuch abat paitams ofaexpression in
stens suffer fromand that seeks to resolve these
m%%ﬂBWbﬂfrﬂ%P ﬁLactical manner. The 3 WD 2008/ 149080
PCT/ GB20Q08/ 001897 i nventors have. r. ni sed
b) Exprgsiont PIHQ‘ld’é“‘?‘i“aﬁ RIRRS 10 R IHRIR SReciapt hien etsbolism are
re ogmmdhunanlsed drug mnet abol i sm pat hways t hat overcone
he undesirabl e features of the ani mal nodels
c) Am&ﬂ leRiession Jrrlﬁncﬁfthff rﬁﬂ 18 eRAUERRSus Pends' ol iRt iRtePBRH¢EFrom non-
deally be satisfied egul ati on of the expression
hv@fanu meiabelisc pathaysaen plreoﬁ@pm@sSchmtrpdm:d gamaarpreteid is significantly
%& reSS|on in 5 the human are reproduced; b)
preSS|on of nmultiple human protelns so that multiple
d
In theiﬁr@%%f ﬁl&g &oﬂgggglrogﬁc}egga#l%dgnc %)ﬁu%l r} ?&i’ﬁ%eanellﬁl loceg ra]lgd non-human
transmrbeaumalstﬂmatmctdnpc&an‘eeit deastesohteoifinoo al ohthmndmaiqodmtes Such non-

?n t he functlons of, |ntroduced hu rof ei ns
humain a%lfné%cpli Caélﬂt p?p qmanr éra{}&ggnac qnllp')iiﬁep%§eé% 1rab e characteristics not

availAlY Bthé 9nor éﬂ@nﬁh@ﬁ’ﬂh@ﬁ cAtEhBRAenGE HARRA PainAdy ﬁ@ﬂkehyt;m metabolism
ani mal and non-human transgenic anlnals t hat

rathei e jysb rmit\edlai clemasts of pathwiys andithatishchomoddieare pieddadelar all tissues
and ogé’!i%g I"l‘;hllse & ach?ig\%?i tFI%GBh B\léglggllc%ﬁbm ?h%lléall,]%& {&ggs_ Mtﬂxﬁﬁg not available

genic ani nma 0SS esira eristic
in thengdior aﬁ\/\alltﬂ gebpeet tanotitdining régntatian bf iransgértexplesyior amulopodelo that seen

entire human pat hways of xenobiotic abolism15. °
in h”r"}i’f‘h%ejlsttﬁ'é’i’fgﬁ‘ s s ertsEYe g FArHREY 8nchfh respect to
annumai oﬁ%ﬁéﬂb@?'n&tzﬁbﬁc PAGWh mr h d@letiod 08 $8tRSexcRitde. A number of
gans is is achieved t the appl ircation of
relevm hmareaqotearpmr‘bm@gedwtaﬁmgte@nml available in the
prior art with respect to obtaining regulation of

STATEEH@@Eﬁ%"EﬂEﬂb@@ﬂﬁﬁ“Hﬁalogous to that seen in human

cells through the use of extensive regul atory DNA
The prespoe meetlmowdphtra@gﬁe@momhumam nwm%nﬁlsws e1ell® derined stherefrom,

nucle%eac?abntggeﬁ ogJ@et B%‘@ H@[h%?Q% B8 fith iPfhe PlairdENR HREGIBISE

evan uman pro elns are expressed

In generalrjl téi—tnggt]hg 2 eﬁaln‘veéTAgﬁMﬁ_?g %OI'T\%H‘J&W&H%&]OHSS-DE or cells derived

I nv |on rovi ransgeni ¢ non
thereﬁasm riab@portadixsgsate&astcrmlellﬁmde rDNAokeqMEeénMng atuedseioBie transcription
aci d targeting vectors,_ and nethods set Jorth in
factog ek |°a‘i‘tFF§ ogﬁdtr%i;ré;?twnbfé?tgwromoter and whose endogenous equivalent genes
have optionally been annulled, the non-human animal, tissue or cells derived therefrom further
incorporating at least one or more of the following further human DNA sequences selected from

the group comprising:
(1) a DNA sequence encoding a phase-1 drug-metabolising enzyme;

(ii) a DNA sequence encoding a phase-2 drug-metabolising enzyme; and/or
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In general terns the present invention provides a
non- human animal, tissue or cells derived 25

W@ b@sa4908im i ncor porating at | east one hunman DNACT/GB2008/001897
sequence_g odln% at | east, one transcrlytlon factor
urid®y  cHRNAtequince engoding @ dryg t,rfgﬁpqrg?g P onot er and
whose endogenous equi val ent genes . q op tloqal

and WhosmendBenaus aquITalent gejle-o5 gRRgs hays epgionally heewanmypleqtof | 5

derived therefrom further |ncorForat|ng at | east one

Throgghoppthg specitigadion and Higi siime arhishelollptnaplesite contfré rrayies otherwise,
the Wil @G&ﬁﬁhsfe“ O4p vz{rﬁﬁorg;r %UR a$§ @Bﬂ'ﬁ%@e?gor e’&)n{p'rl};m ¥ be understood to
sequence encodi ng a phase-| g- net abol 'si ng enzyne;
1mpl)( the) inalufidi\ of egsiged éntegec odignappaofpintegers but not the exclusion of any other
-nedgboI|S|ng enzyme; and/or 4 WD 2008/ 149080
‘nwgﬁéfﬁﬂﬁ? &)'eR51%897 (iii) a DNA sequence encoding a

Referga glv:t r”g ﬂcts peglghgernfspr oL & H@Enh%e‘pg é\gt?lf: @élﬁal is intended to include

a ge&%én@éjwhzmzr SPERaYH prdiactSieRsf th€ 8irhe) r!;lrﬂm drh@enticali fitBction as the
whi ch follow, unless the context requires otherw se

humanipeupierpeirt gemﬁpr example, thouimaa trapsesipyer feis eenedmprn @6 BXR (NR112
nucledf r gﬁE@Jdbﬁpﬂg ;@t uéc}b[%exlﬂgg'ef Sﬁrﬂ%q deelD? 8'85@ s & ptﬁmge counterpart
I nCl 0 S

Sion nt e e group of i nteger
of theledmd hame xtbsesEgrezdbenally 1@1‘8’1@ i. Themre@ms eacodgd byphesé genes have an

.1 ptege Ref er ence re| end us equi val ent
eq“‘vgg’ﬁbgm%tf"“tlﬂéh%ﬁa o |‘hﬁy§"? A, g‘ed to inol ude

' nes whase expression pr.od t
Gene eI e S B BEoThEHOELT il brsme sene

the pﬁz%'é-@t SupMdatBafifg esz@zfne%ﬁérﬁh(ﬁor ihb IrdpIBRp dried PEotEih BEAOWIll share a
factor gene known as NR1l 2 10 nucl ear receptor

degres st thamiology withythe gpdagenqps rﬁs@r with whight if 2qapglenDPrefgalgy, the degree

o v, PULAE ARG Il B TS ARTIORR g v 0

greatgehas7(9a\geeandr thantfiP4d; gheater tan90%, onevien gteher thag &fros s
fromwhich they are derived. Generally, the introduced
In th¢ casa of dryg-metabdlaatgomzygen genes heuplakaes Between genes can be assessed by a-
enz hase- 2

combdnzﬁxg ggtsglﬁglaﬁlegs;pg ﬁgﬁfzﬁ gg Ee%hglﬂtarp Zﬁop {:Wénpde d)a transcription factors or

exogéloB SRAgS) ElseqileRtLIHAINBEIRS Whd |tisqltarddstdbutibh. ¢REhAE g@fes have exact
honol ogy with the endogenous gene with which it

equivalpaisy exsties ruplbgertss ie € KE2Blo G Adf ONBAPOGYPUS P YP2D arc
%
examg!eg g{hg{e t%lﬂ’gn tég%)neg%e%@'ir?{he tht] %glg%}ugér'oa@st e%'u vtafeﬁp%eﬁg OPO% the mouse.

reater t greater t
Thergtre fowrCYPZD g&@%Gn the hawan, zgldemtIErouts lequv@&itogenas ih ke mouse. In such

case of d aboI|S|n en enes uival ence
circu S EESarPTGEHDY B Aol Ea Bl o Qe foHa1/gr Bre or even all of
the cqHNeleARArifd @endsi dzé labnul RRIE YPB AR 68 4h adxhMPle(WRire there is no obvious
exanpl e, by transcription factors or 20 exogenous

orthoffigyg 1) thesmgussnbet Gl bgould b conydased af @@&tu%ateﬁuﬁalem mouse gene

e

Refer%é aerfpelreelrsl to/\ha%hglledh §{ %ten C(PlBllXCll?& 119 A oJ]deiel?lgn Iapfeﬂaering inactive so
Ut h e o
e use.

mer ous equi val e genes
that the non- human animal’s endogenous equwalent gene is unable to express the gene product(s),

at least not to any level that is significant to the drug metabolism process. For instance, the
expression level of an annulled 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
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There are four CYP2C genes in the human, and numerous
equi val ent genes in the nouse. In such circunstances,
\N@&@mﬂua&ly at | east one, nore preferably two, PENIGB2008/001897
ive nore or even all of 25 the equival ent .
type frsiin a5 e PP of B onriiet fope e pieTseli e e to the poin
at wHidlE# Barindt BrdeRRdOM fhouhlaRMI RS e hon-hiBaRISE) s §idbgenous equivalent
3al | could be considered at |east one equival ent
gene(sp peeiefeare in someaamhodinents the h@pb‘ﬂm%ﬁ aiipilessendegenonpriivelent gene(s)
I 0 e L.
are r{oggaﬁuﬁlﬁ gd ri:oii‘g:q?rﬁﬁ E\G%grtl ?egﬁeencgsf | g{]o?{h pllageu% ﬂwE)R/ed in drug
metablaisat rinﬁ))ﬂbé)fnsd’r&ﬂdﬁb Itllitgmbmdtdsallﬁ Is¢cus, Whiah dbeh;&hon ilﬁb{hk%milnn silencing,
anlnal s.endogenoys equi val ent %fne IS unable to
deletiop|oF grnderingdn m‘eogfr Baukergeny involyed iy drygmetabolism-t o any
level that is significant to .the drug netabolism
In Paﬁ‘l‘%‘é"ésas firsg ggpeptafithe, present H)éveggym g@g}d@ﬁa |ngy-Bpman animal, tissue or cells

denv@@ Rikrd Rl Gid3Fpoidtdh bg 1L&Fdnt tﬁ@ﬁag%A Q%@I ‘ﬁE@Qﬁ%din%stﬁe transcription
han 10% nore preferably I'ess than 5% nore
factOp P&Retiab Itlye pregrsane ﬁémczp’épr)ewhcremmaei kwraefneDhllal sequience rcomprises least
49080 PCT/ GB2008/ 001897
part (Efe’btéoné §§r\?¥5°ﬁd7 etglé%/ﬁ% BYEssi on of an annul | ed
referably be decreased to the point at

Pa”@ﬁg%ﬁm1¥s@5WW5§ be” det ect ed. Although annul | i ng the
In th% nglPre #gggch%ﬁﬁga glﬁéoseﬁg gfﬁ;gﬁ?ssgaer%eés %ngt%ﬁ%%getﬁﬂ %l%elmc models that

incorphidRIRIANH SefsyUhtd o Hun@e Btns, natably s maisaUHb®ever,Faldevising these

exanmpl e, human DNA sequences encodln roteins L
systemg 311G alentian A been Paisk laBBiRingls thagomsex |°E%rhuwnigﬁ%a% ifgxists in its
naturdPge Rosa26 |ocus, which does not itself result in

si | enci ng, del etion or rendering inactive of a nouse
Genegeﬁf)]/ c]bﬂxoée césrhaqé UgenrﬁﬁE@hpﬂhk PBbr Jﬂjﬂ rdfietr ttﬁa%%lsﬁ%cm% the intron/exon
first aspect t he pr esent I nvent i on provi des a

strucmm10ﬁﬂ1¢d‘rurratn|g¢a¢,,eg i lssmeomorau% hlsleaslempuetdort piethefhugyan gene. This

meanits Elga tragg ic:cln Elzlm(% ha netﬁ%{gn?)e ggneratF K a‘g‘?oegnanﬁﬁc ngarlants are

impoft@@efof @rjumbahef eeaem&au?dsththmnn@l\uhvsaqﬂme@@ csaamde $IR$ may have a
| east 10 part of intron 6 and/or intron 7 of th

domipgyieifsaiR f‘g‘@ﬁte forogxampls. YyehiAing 1@ dheie Heuss prajeip H@”ﬁ?‘? gnd altering

blologfcﬁl JAREE]F e %%tgh S’ﬁﬂlﬂﬁ ﬁm@y thdy@@riu%stelr Eadl £ EB%fe?n frav £ccurately reflects
generated transgenic nodel s I ncor porate human

the ing @vessitiiation thermforg) p@ﬁergygurgngrs th@bdbmcy aftspligrovar@nts that exist in any

b.olol—lonevqr in devising these systens, little attention

! ﬁggfﬁggﬁ paid to retaining t he context of the hunan

UsmggﬁﬁA sa dgﬁxggthaﬁg\l}y%ieégls are g%ﬁaqgrlggn%?te% anda?"n{ay rrl rﬁtie?{:t the reality
of thd hairal ghypielkichiGitulteon,. Nt ron/ exon structure of the
human gene, e.g. by incorporating at |east one intron

In cofifrast, e Presdn ifenon dtttinfpts 1WEAIMDT tHeadk vaysita@idnClyy providing the human
variants that mght naturally be generated, cannot
gene fipjtnenticyy pherethis ispassibler Ehis meprsrthafribe gpn-gxqfLipeionppre retained as

in thd fdaQl teﬁll %gtﬁ%}oh]na}{ g@%tsr@}{ %a etllé?&crtftyf%g ?n t%%cﬁq{ﬁgal sftmﬁ%n Where,

may have a nant negativ or exanpl e,
perhapy bixiansh afghd¢ engtheifa geseal ispootiaple tpaabspesestherotire human gene into a

alterin . . N . -
transgenic syste%, the invention seeks to use a combination of cDNA and genomic DNA in its
constructs so that important intron-exon boundaries, where the majority of splicing events occur,

are retained.



10

15

20

25

30

bi ol ogi cal effects of the protein. Third, they may
sequester ligand. A systemthat accurately reflects

WO b@8si1#9080 vo situation therefore preferably nmPeDGB2G0RO01897
bal ance of splice variants that exist in any

ThusmhsﬂwglaealPNéy%eﬂewce 985 qsipec DITANSErRBotEAgHY, tiwatmmzmg enzyme or
I n I
drug lnﬁ}és%PIZt% ?r{ %@I 'b? a;h arl]gxt%ﬂlreclglaéeﬁ ygi % W %&ﬁée b6k cgﬁﬁ)lete human
genomictggad serqnenclen contrast, the present invention attenpts
to mrror the in vivo situati on by providing the human
Accogififetol the irfvention, 'tlreestf(yreVWMre ittikr ksowrs thpoths infejerity hsplice variants occur
rreans that the jntrgn-exon junctions.are ret altne as
as a resyl tt@fesp opg qulatgxyérfl gaaxitxﬁlé r g)brpp,c ﬁdnté%ﬁtp§e erghly incorporated as
genofRAPRA i HRCLIn¥ir@s, Wlﬂletl&% iRfRlcHtial in®drid| dquetes MB@bEretained. This has
per haps because of the | ength of a gene, it is not
the r%ulh’matslevds of ﬁmstpm@bmﬁh@ ansk funesionalmapteipemiaror thedevelsgbat are found in

vivo in Or?&'}% ZF: é:ﬁ(pg 5 grtﬁ(allaquerucﬁtﬁl)ro&]ﬁ&gﬁallt ThiSE %vﬁattls 1defllly required

foraplﬁystdltagﬁcaﬂlwelétz@ntnoaﬂt ron-exon boundari es, V\,her e the ,
majority of splicing events occur, are retained. 6 WO
Accord6ly, MARBEDIRA ke §u3ACI G 4YBLERA, i bmtferertcbeo thaseasequatiées, the invention
sequence encoding a transcription f? . .
may pe AQRRIBon o 0840 eom Seghenges Famal gens: thyis fo b humanised.
Whert 28 nﬁloﬂaﬂ'ftt:DNA MR RoARNMA QG Esea SAL BARSN BNAasequence contains
conpl e human genom ¢ gene sequence. Accordin
somet thug nphvlém)f itlenintrohe sl oross ofither kunan gepekAowmbeha n@lhbuman animal
modeirsginiv%livwé c‘?cnﬁtﬁpk s, %)Enp\%g{n;% Iaaﬂctoznbbrglrlu{rl &tj gr?lgn a E\]%f]yljldt %e(i)lomlc sequences
have b8 gld’rheliaﬁedﬂf)eﬂle ﬁﬁbhwrd Fue ekfaplat dcdth@sase @€ AGMEnsgebINAnimal expressing
t he construct, l e | ess mfluenﬁ 31 introni? )
the hyef B Regengy i i ibeeigsed &1 NG 200100 The ot ifetor e ree wrgagf more than
35kb! FVRE %uﬁ’xﬁm fmtgbl%n e HEVA RN sttt I RAMenRIxBELH ind 6 is preferably
mrror the levels that are found in vivo in response
maintagnedx poeumestt s;pllae pmztrntscgma}bs@wqb inpthigy gmrm@@e;gj(m, [since it is located
vt o igggtiRling Joidfideaet o bl B shiedBnupscarsly g g soavence
wher€ BNAt Sl enagiants ey obserwed egld ik Ropregfeatle Mevatet ovithie sie ligand-binding
sequences, the invention may use a conbi nation of
domaipna and genom c sequences fromthe gene that is to be
humani sed. a conbj nati on of -cDNA and

Howeygtiieie 88" bge*a fwgd tehw thesash oPRaEERie ﬁ%'e’at%m%??*ﬂ% the human PXR

gene, S@Hﬁnﬁ“bmogeqﬁkﬁcecgnc&d?ﬁg {h@ttfagﬁlpﬁﬂlq fzﬁ:)&QrISXI@fpréf&@blp ¢BRPrises least
ene. A nunber of non-hunman ani mal nmodel s i nvol VI ng

part qumﬁmtdéaromi sﬁthghlanaxd??ﬂi( genei driusfexprprfaanddamd/oa pxpns 7 and 8,
or prque @gﬁr]teg(Pése § nor{ Used e%peagegg?rr?glecg)l\m/ seqélgnce This avoids the

Imthe cas a trans

problal df&lnf&xweﬁs:sypﬁg sp E(h:esd&’sl WEHIchPIEY Ge recatddt whed idli saetl @?pﬁﬁhal cDNA
in WO 2006/ 064197 that due to the | arge size of  nor
sequanRf-2-3% ki MRC e eYATR AUPKR e eandidheSuchicpmiic arliss Sites may lead to

the c&%ﬂ&?&ﬁb@gmt @enva??éf?tgsthe FF@:@Q\C@ of %hﬂ:ﬁ‘;ﬁf\a%'r ARhate the ex ression of the
mal nt al ne nce nost splice variants are observed in
functionalshgemoAXKR pregiiom tiei mmehuntani aithac aissd or cells derived therefrom, or
otherwise prevent optimal humanisation of PXR expression. The expression of human DNA
sequences comprising at least part of intron 6 and/or intron 7 of the human PXR gene is thus

advantageous, because such expression of PXR most accurately reflects the expression levels,

including the detailed distribution of splice variants, found in humans.
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within the |igand-binding domain (e.g. see Figure 2).
Thi s advant ageously retains the sequence 20 where nost
WG pI0Ba€08@mr i ants are observed and is conveni eneCTHGB2008/001897

l ocated w.thin the }Jgapd-hi.ngin mai p., However, .t
The §SE Bl bmhls (RaETAT it 8 BT ot BRUESptesting a human
DNAS§Hqidce @¥EdaBSPXR (1. ehdViFDhiPER gaitfpe) Soiptisiil Mbbns 4, 5, 6 and 7

sequence encoding the transcription factor PXR .
was st 8105 spifive tnisfampicin thap gtmoyse pxpressing ehugian Nk gegence containing

b f 3 . . .
only S0 a3 SRR VAR i et \eniiSor BRARE ARG ichy cqmpared o
mice83 are not fused to create a partial cDNA sequence.

This avoi ds the problem of unforeseen cryptic splice
Prefesdblyg @ hutan DNYeyeqhence reaeddats RXR acdordisg iohh@prpsent ingentbBNAmprises at
least zglg gg{l]l%re’ Ahe '525’%53%0&5?&433‘33’%‘%’ @b&t&\éf\e tgsé{fg g'gd i Xg{r]1§rorZs 4,5,6and
7 are@l19&thinOd SAth ARGHAPDNASE kk&plifRE b tHehuPXR&e QleRSESSEPID NO:2.

whi ch may attenuate the expression of the functional '

In oth& Bl REReRbAifkfts,| e liftforddn REIGBreastviRh cxbhsS$ URd @ of the human
cells derived therefrom or 30 otherw se prevent

PXR gpad ismlairtainedics SEQIP NO:2PxR s e Fsduont2) The expr essi on
of human DNA sequences conprising at |east part of
In othantpreferrsgl embidomerits: tarkgyman IJFA tspquehemensoPRPYRascordingtg dhe present
. dvant.ageous.. he e_su essi
T
gene tdne/ofla@hértdvee til intron-bxidr iictate tepléenexvr adiosof thechumthni FXR gene is
. humans. 7 WO 2008/ %g?OS PCT/ GB2008/ 001897 The data
mainigined d¢,¢.s5ge Figuredd g '§E&>’Qr¥0 ~and in Figure 85 show
t hat m)usde expressing a human  DNA sequence encadi pg.
In cepgin Rrefeed eRacAimgnts, Ha BRGNS BE’)V“’E%H?H'P@T'%”PWPE s or cells

accor@ling?to GaiANf wherdRSaid HunFRIIENACRGhdnL BorhRiskd h ABRIcREN that is at least
than a nouse expressing a hunan DNA sequence

50%,coeferbhyi 4030, 708, POV OPBmer A5%ndengcal do isissquenee off SIEQTRENO:2 or the
hi_ gh it Vi h n i icin,.
wcanE BRSNS oy AR AL TR SRR,
R accor di t r Nnte LNV ' .CO Lse
A R A A g P
CYPRAXR thsneay tdntais tie edldy hadart CAP3Adtpranserd exdn 1 Gndridtron/ 1 as in the

are al| retaiped. Such a n DNA i exenpl.ified
normpkgenpiis,eenyKina fad agﬁuneﬁegﬁgamlztwgl eis%ﬁggﬁp(ff&w agjre 9).

enbodi nents, the .intron-exon. structure.between exans, 4
Anotherexampfe s, groyided by thy eaee %feﬁ’é ‘i“g“‘i’i‘éﬁaﬁ?'bicﬁ-‘éﬁ“"( Bfe%§E‘€5Y used for

CYP2E):NidsZmay@ Pshifif She €218 hithHCTPEEY prdnfot@! Beunfh &IANA & exons 1-4,
enbodi ments, a human DNA sequence encodi ng PXR

intromé eod At PYAtad exdns Sp? @seate Figyod®k i on further conprises

at least part of intron 2, intron 3 and/or intron 8 of
Anothdyexpoplans prxRdedjbnthe casrdgidhe hyrpanaaation cassatfe prafenably-vsscbier PPARa:
s P R0 £ APRE b0t Pl U EYPREEIR PR sn, .
by in&¥did} at 1885t pait 6finfren Hafd/ef igrrsre6l(seabigdice8nt s, t he

invention thus provides non-human animal, tissue or
CompRtd genomic sequences

Complete genomic DNA sequences may be used. For instance, in the case of a transgenic animal
expressing the human CAR gene, the relatively small size of the human CAR, which comprises
roughly 7kb from exon 2-9, makes it simple to retain the complete genomic structure in the

targeting vector. The construct should preferably retain the intron-exon structure between exons 2

8
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according to claim1, wherein said human DNA sequence
conprises a sequence that is at |least 50% preferably
W@/ 17089 80% 90% or 95% i dentical to the sRCUUEBL@®8/001897

f D NO 2 or, th sequence of SEQ ID NQ 3, These
and € TS RveStagr el B oMo Faoms: SRR Ui Righng vector and
permMS RobGhgL YAAM! PliéeS variaats Slefuih CAR. Faserasly, ttltke enomic human CAR
hunanlzatlon cassette preferably used for é
sequerie ds fusad tode taanslatipral i@ﬁbxth ohthe mV%%RmeMﬂle rhumelx SAR sequence
then !,g;ton zrili(rjls ?1 L rrtlz)orr]r(l:ll &88?% |t°£ xorgla oﬁé’f%ﬁgg@i%ﬂ% géxtay E)eg éggan or may be
retanfr_ddgﬂstfne tH)mowd8 @tidfie. @A bothdraits ofthe Codiagl sdiyieiidee oL #he tnofe CAR gene
the humani zati on cassette preferably used for CYP2C9:
can beyeletedny contain the 12kb human CYP2C9 pronoter, a
human cDNA of exons 1-4, intron 4 and a ¢cDNA of exons
Use gf gon(qéletﬁ geg@glcpgega rsgqugg)es may cmq&?rﬁ%qtlyelggaz}fb’eé{eq by use of a cluster of
humzﬂ'lr g\réﬁ}éest Q?d?s@ﬁﬁedQB nldie d&ﬁx‘i@ﬂé@ﬁéé Retefnd@ %egeteq:lgures 72, 74 and
era used for PPARa: IS may mal nt al
75)i ntron exon structure between exons 3 and 8 of the
human PPARa gene, e.g. by including at |east part of
When ataoomplefe g‘mdmric DN# sapee(is eedFthg bhuemab $NA Gequehet will contain all of

e G B B TSRO R 1 S BB AR50 F o st of
regul@ﬁkﬁ@éque&%s Q‘lb@lﬁl@ﬁ)s |a§b@cﬁ1fé8 Witiete eiiag@e (dsh@scribed in more detail
relatively small size of the human CAR, which
elsewhspiere®s  roughly 7kb from exon 2-9, nakes it sinple
to retain the conplete genom c structure in the
Preferaiyy éhq hgnapd Ml rsequrpes eopding BER aseryding (pihe fsicatinis inserted into the
r
mousrfce)% 2%%‘ ,Ssdfcﬂ é?réxgl)égsrbng%fi lgg:%&ﬁa@éﬁqg Yiﬁ(ﬁ:? tﬁé(g(g}ﬁro? of ﬁle%use PXR
promatbvant ageously retains the conplete genom c structure
within the targeting vector and permts coverage of
Prefezdtly, sipd hupeam@NAasefeenod ervadmg PERRicchidaizdp dliel ipyentine is incorporated in
nom c .hu

a no:?-ﬁléxﬁgrr glilrngﬂ’%smg: cgrcteﬁ% ?révegﬁhetrﬁféorﬁbﬁggltl lhli]lalgﬁlé amxﬂ;ﬁig tissue or cells

furthU B&HprisbRatSRAM Edie€of AfYe Bn ONtndreSofatht fHRAMIAE Chuman DNA sequences
sequences of exons 1-9. The 5 and 3'UTRs may be human

encogipgimy be 5 retai ned fromthe nouse genome. All ot her
parts of the codlng sequences of the nouse CAR gene
can belildel et firthegtEans¢rintigpfackte genoni ¢ gene sequences
may conveniently be achi eved by use of a cluster of
human ®&NA seaal&ﬁ%ééiruga@eta%@@mgﬁeévm% more det ai |
el sewhere herein .g. see Figures 72, 74 and 75). 10
When diHonpl 2pkasg ﬁ&fﬁ@ewsg‘éﬁﬂ@ﬁ% is used, the
human DNA sequence will contain all of the introns
and ex®49Tof the human gene, and may optional |y
further conprise sone or al] of the regulatory
sequer(®8ds no?ﬁ@gm?“§§§ﬁdﬁ%F@d with the human gene (as

described in nore detail el sewhere herein).
According to the invention, any further transcription factor, phase-1"drug-metabolising enzyme;

phase-2 drug-metabolising enzyme; and/or drug transporter protein may be used, depending on the
indended use of the non-human animal, tissue or cells. Preferably, the further transcription factor,
phase-1 drug-metabolising enzyme; phase-2 drug-metabolising enzyme; and/or drug transporter

protein is/are defined as set forth in the claims and herein below.

Transcription factors
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Preferably, the human DNA sequence encodi ng PXR
according to the invention is inserted into the 15
wWoreusa493R | ocus, such t hat expressi on of hunaPCPEB2008/001897

er, the c the nouse PXR .pranotef. ..
PretefsPEy ey 1THA e DXPRGLR A" dR SO PRy Eroup comprising
the pﬁe%ﬁzﬁxredx '?ébeb@r (PR IYEREIvad the IsRESH RA R&ERBidtB rec@ptor SXR) and the
non- human ani nal, tissue or cells derived therefrom
constﬁpﬂwtanﬁr@gtafmmq:ptm{pﬁd{) or mudtiples thereqef@r p sompipeti¢nethereof. Animals and
cells ?ccﬂ)drlr\ﬁ &‘) tﬁﬁ as ec?ﬁ\&n z“é’%ﬂ%‘%‘%" g@%a&ré é‘gr tgé reaF%s described in detail
abovd. Lﬂ'drhﬁcﬁmbreaﬁs&ht B(nldém\,efﬁﬁthﬂr st(ppd)ﬂs ﬂlepttaﬁc&mﬂm that the ligand binding

drug- net abol i si ng enz a phase-2
domagfys t%f"&ﬂ@? pgq hﬁn@hgéﬁgrote% a;eoqilvgger(tlrgljitl\g tel,qﬁlber nuclear hormone

recep@d'réa :gx‘rl)t{r%g?g)n g?%g%&%‘gé?f\%’g?&g Fl)ﬁh ggﬁed:ﬂ)?oticnr\é%kégrﬂiuaﬁy et al., 2004,
MoledrlaxgemietIaMd)gyslS‘(gO)eﬂﬁy-r%OS) Blasidte -repatted gin rthis giapér gqrmglstrate that a
smgledté%-é%odlm é:alaﬁr? g%ﬂ &é%gxz 9({512:3{:5 E?e%?l%ngxﬁﬁﬁ%ﬁ?g% receptbrs in rodents
and hambral , tissue or cells. Preferably, the further
transcription factor, phase-1 drug-netabolising

TransBBaY tfice RS Mﬁa@&@b%da&d%deﬁi MesRiibeigl/ thé eginitdes included
transporter 30 protein is/are defined as set forth in

hereip. et led inyestgrtioneplthp induiction ofrdrag sctabplism RathyaysoinCAR humanised
/ 1(8/40 LLRr e
o YELEAN AR P SEROARAOCHARS, Lt B gpmpes o
confifmeginthsthengrumap tcosgenicsinigals tae agriegraised Xithacsppetde CAR or which
0 s the ster and. xenaobi ot i c .

do el anl. Sad i@l be A R dRBs i, frethods and sirtegies
descrieg gt (CAR) or nultiples thereof or a conbination

thereof. Animals and cells according to this aspect

Transgénit Rficd ForeHubhia@IPXER BaiOdbe2h tca@aadUisd fagy désbﬂbddela&BQSxamples included
escribed in detail 5 above. For exanp

re
 hereig Huseand2XR i fowedt todgspprerssd it st vt FGrEh Figt ol ige i the predicted

mannt &qmubéqﬂf% gt todRER IR %e@nd&é}ﬁo%éd@@ ﬁ@&d 1R mula%wal problems

protelns ar e |vergent rel ative to ot nucl ear
facedhln)r n(mventh*nab @ghmngs ofethisl typeygpucin as peert @s-ugp@'eqxpregsmn are avoided.
erenc

Furth%ﬁ)ae CURTRT éfcadﬁlé%ﬁ gﬁgllaag]:iﬁleﬁ 8#&{50 (LTB§ giﬁ%}otér to drive human

PXR Rﬂﬁdh' RaS Heep@rdsed ihid 4 PXR-mdnRck@enmin TheRioee, IRKR ivexpressed at very
| e conpound can induce opposite xenobiotic

high %eéglpoﬁélég mdg! ard Hsteol§ st X8 de g tigsuerPthas daan the livgr gl severely
comppdfmstge LEANSHS M SdeMo d d:@{an@ WDl ARPRRVIA BRESNI; ng gene expression

created and are descri I'n the exanpl es |ncluded
in then@lrtedchor dbettechlb@ibrain\bester gainideers irodnytdter itissact i on of

drug netabol i sm pat hways i n CAR humani sed
In this model, the PXR protein has also been shown to be functional as the mice are responsive to

compounds such as rifampicin and TCPOBOP that are known to induce gene expression via this
pathway. Strain differences between wild type and the humanised mice have been demonstrated.
For example, the humanised 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

10
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and knock-out m ce have been perforned. Various
di fferent experinental approaches have confirned that
\Nmmmmhumﬂm transgeni c animals that are humani SeECT/GBRIV8/001897
human$s g%ék_to CAR, or which 15 do not express any CAR
Tﬂﬁ ouFf can readlly be obtained using the nethods

o cfThEL R UL PRS0 RO, BRI By Bhaotim o

testo¥OAP WeSmeataled d @ainivat HifferdnodkeR tw%R theswil Ptypéladdth® Bumanised PXR
expressed in both the liver and G tract of mce in

animglg avepg elerveddIn pAEHGHET the 7ralpharhydeayylation efestosierppowas gamstitutively
, ot |
mgm%ﬁggﬁgﬁgﬁggﬁg§gﬁgﬁ§€eQﬁﬂgwuhﬁgkb'S way, typica

y convent techni ques of this
L
in theisensitivity aff thenouse rlmm)toemdtlmodrﬁyv”ECPﬂ)BﬁB [PXiR vdae ofi tehtmsterone 16-

been crossed.into.a PXR-nul k nd. T erefore
SIphaSre g ey U BEAP VET §rEHeaDY SCEF i) Phgggfals but not in

humaAREd t PRR Cadi®all0 JPXFhrtiCulaNYntdrksi SWEs e %Bse}mentthﬁ the induction of
liver. This severely conprom ses the use of this
testosierdd 16-Detaruidonylatinn wasempell mopst mageRin wild dynerthin lmlglPXR animals.
ene, r
naed 15, BSEOFFAHAY, el A okt bbb Afppogmacty o
fold mpddid, typcreniXR tat ainbi h.7Hakl il the HEXR afawls. Tlis bgain demonstrates a

f ynct i onal the mce ar onS| e to conpounds
reducgg] Sgsyty of 'Z*ﬁﬁr“eﬁwsegﬁalcer e EHEPSar e known to

Dealglh Pirulewes G lE aHRof g %m%&“ﬁ%im%égm dymanised and

knocklBNEmMRE A VS B8RSR HOAR R VaribiQ difiERAP:Perith&RalpPRALRS Rave confirmed
mce are shown to be nore responsive to conpounds such

that men-lggnan frensgend¢ animakiathabprs humeanised oviderespnce ta EXRy @r tvhich do not
[
cxprel 05, PXRTRRMCR S0 HR BRI HEIRAL hEALEE an Pty described

hereihype. Furthernore, there was clearly greater
background P450 enzynme activity as neasured by
Transkénib ahmalsh(ymh‘lmsyhlat)i and colls dcesidogtte tieniavanndn preferably demonstrate the

funcigel OB SUCR-10H0 TP BODUTRUD FSH At elgpuch cells and

ammﬁ?)( rBlefeBly HE X REpIAVEHdRctibh! HO CypEb10NsLGitNdn 38§dhse to rifampicin.
OBOP, 't he hepatic m crosomal netabolism of

Hoquem wish coelin endyasimals doirdisplay Agm indugtionn effest fpre Caplads. not only with
nfam\ggﬁnvﬁﬁglsg@&—#ﬂqbéype and the hunmani sed PXR ani mal s
e n

observ partlcular t he

It WIIYB‘Q%@H?CU{II Ve?txédl%thh A(%Setngg‘ci E%gﬁ%\ @ﬁﬁ}%ﬂll fgctcr)re 131’: also be used in

the ptdseﬂthevemtlbﬂi pthrﬁlﬂ&g tlﬁo ﬂﬁ:ysatre napablet of epdatiigraplmse-1 drug- metabolising
- di ff es in e and humap PXR, there we

CNZY ek S‘H fArugrasia lsmgﬁzﬁpﬁ%e U2 T8 {r@sB?rtetrrpéotﬂﬁu]g@mples include
PPARY €S 4nQ ), nldRFi ' tﬁ@ Abl)’re&%ﬁgﬁ%ﬂlzﬁdtm@ A%ezchhg strategies suitable for

t est ost erone - al pha-hydroxylation, this ac Pvity
knoclwas(hsn@msatloehmd lymplﬁdmé FPARmging @q%@cmrm desenihed i more detail
ebewhreheeux&m: de§ O particular interest was

K Fon e |nduct|on of

Preferably, the human DNA encodmg 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-
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10 testosterone 16-beta-hydroxyl ati on was nuch nore
marked in wild type than in huPXR animals. |ndeed, at
w@2aeae0ed 1ng/ kg, induction of testosterone PCT/GB2008/001897

hum%{ﬁﬁ'eg'e fo?; ;t)lge\ég %rlgl)}(rs\é{-@ﬁcgﬁ act\é\ﬁg?n%lg. @V_?l? g{‘%tlele-iﬁlyr?%nésea%jgﬁisgre advantageous

“over aflodely that Dhlys ink@fporatel @nsinglt rg@he Leither IRXRIGRACAR) because many drug

sensitivity of the humanised mce relative to | o
metablHtEoingyMEsRrdrie (ransROBYE PARESSFHRINGHS iRleare resRasiv§rio ghe binding of
0 U ' .
o 400 RO By BRI 50BAy Bi r fom e
numbexpefl CABntsplonsippelomeite andaw eegolatién byrboth ttansdriptiom fdvtomais generally

. __transgeni c_ani hat h [ i fh t t
impopRy COPCMP R BoieTrat ekepiecei B pe Sarett khuh F{HS ore pfferable and
more’ &8y nyirB£the phixislesical Sitidioh v vt hods and strat egi es

descri bed herein. Transgenic aninmals (such as nice)

MiceaPsgelc for BEth RuMbA §XROandMRmal \CAR hAR beEeERABP N are described in the
denonstrate the 20 functional properties described

examplpsviacludedl hereinh Prelivaingiy egudies bave. baeprpesfoamesd en the@ktivity of these
eSS e B4R, ALBEGRLY R 584 B g e
Sleepilmysime has s Rnoven fos mang yeans tode slirdalydirsgraghaito the hepatic cytochrome

i nduction effect. for p3all,. not only with . .
P450r ?c[ném%!aeqi ﬁhlB&Ftl\glﬁySBanf %at—r%p&wartl elsc“qul tob%le P450 levels in the liver
deterffitidesy a8 dnapXRt RBELdH NBRerEdNA VR tg;%: bé"%iv%n a narcotic dose of

transcription factor may al so be used in 25 the

pentqbagbitens slephvien] srinyes haddewle manisad ynieg for (Hpilgnd PER slept for 34
iU 2R AT AT % o con
indicati@nehpo tHeedoupteohwhaniseExaopst das ianahnee difRifddes ifdts osppnsk to drugs
rlatlf g bE ISR € T of knock- i n (humani sati ony ang

ool P P B S BB e SRR Bk soue

hum&i%kd 238 &uBfcetrRbkYut b€ RaERBedhNoerfonGedli Vakidus different experimental
transcription factor conprises both the pregnane X

appreaghasjape cqixRyd thatinerhburaamigansganic apamalp ghap gredweanised with respect to
€ o i [ i 1} | ,
both PRRSTAI i b A SorEaRg bR R [diinicuREBEbAS b readily be
obtaihétbws@fertbemmetpdbandcoasgdedadrited hedoubl e- 11 WO
2008/ 149080 PCT/ GB2008/ 001897 humani sed" for these
Tranggeaia aaimgld (soch haoti@) age nels. acBerdingdoulnb esgeanainthe évention preferably

nodel e advant ageou ver nodels that only . .
demqTREs 5y A O GG GGl R AbE oaBp AP e aalzials transgenic
for hREY PRR YFefer@Blyald ot 8ispiy fIHGMITRSof Wypdh 1t®gactmﬁ,nﬁlpeﬂjoa§e&o rifampicin,

possess el enents that are responsive to the binding of
but dp dishlagamindyetiqatiectHar Crrdahbmet only with gifgrepigin ppt also for TCPOBOP.

PXR-responsi ve el enents often differ fromthe 5 o
The mypsersshage atsaRugieds feh gheyeapatieneinpromategs & indagr) eraymgnexpression is

e, A PRRSELEALBR L 03 o ARGl PR o
factof to b@tubed @cHeo tHan @hdogenh@fsaraakirptiam thetonOfremcinothed ahimal. Furthermore,
the rggiu{arto?; séqﬁgnc%?%? ihgltr%géc?i%ltior? ifatct%zrist zin?lthi gen\éé Yh?lt' they regulate should mirror
the natural physiological situation as closely as possible. Thus, regulatory sequences are preferably
of human origin or non-human animal origin. In more preferred embodiments, the regulatory

sequences are of human origin or originate from the target non-human animal (e.g. mouse). This

12



10

15

20

25

30

M ce transgenic for both human PXR and human CAR have
been created and are described in the exanples
WO pBa¢®8 herein. Prelimnary studi es have beePCT/GB2008/001897

per,f or. on the.activity of these 10 transcrjption.
enabifS e HE e Gepring el t £ ar e sy P RS ERFHARE héin The use of
as mady Hubtahatr@scAptibne thefors ERinG diuFe metIb6RMd @ndyni NS human drug
been known for many years to be directly proportiona
transpastersas peesile isdmpgrtat ke evare tmd 4os bappeRs- ty and thi s
activity can be at least in part ascribed to the P450
The rhiéwef proicin levrds \hatase gengeatest byt asattiowar e aamelseodeignificant importance.

function. e i ' i . I [ e .
For el AP ac IKARLIPDR {o ot Stprllutrds iR Bl dipBaPthe action
of hubafi XIS el 46 differbitrleeBSRTaa tkvBIXBf alpapicufad drug4nd Sts metabolites depends
m nutes. These mce therefore denpnstrate a

cruciglfyff} Vhich Afuedneisbolisihe entymes Aed franiporirrs §75 SXRIBTHES Birdso, again, it is of
utmoktriﬁink&%dc_e Gorl idtan ths 9’&9& BB YR HBILS fhahl @Rddgenous transcription
marked difference in its response to drugs relative
factotsdronhenoflier dnimpbe ani mal s. Detail ed i nvesti gations of
the induction of drug netabolism pathways in PXR and )
The @aR fdlurdne tratvariptivins@dtoen alssubhiortent flemou toxidadegidrhstandpoint. For
L L A R B S T
condi@iBhRUch ab bifarpherdiismamdi iy WhdléstdsiSqan Gésult GroaDexpoRMRto a particular
and CAR, or which do not express any PXR or CAR.
drug. Iyeap theredprsche-biias 2 reslf of dififirenpen Betva et Sra Btetabelisy betpgen human
and %&P&H&aﬁ%%ﬁfe@%e@@bvﬂ? boestel iR ehht ARl r}hatT\X/(ﬁﬂ]@ 960bE€ evident in the
animal's (such as mce) and cells according to this
humaaspect of the invention preferably denobnstrate the
functional properties described above. For exanple,
The wegilhonasduenicmgberingesprestia of2Ge fransdriptiom f4)R(s) may preferably be
e BERGTER P S hmCoPRRY, PR e P38 e s, mowe o
described i mbrdeefif divhé@mefyt)3al 1, not only with
rifanpicin but also for TCPOBOP. The inventors have
The @nsothaotRdinidi@t ifith @he apgediy naldepire rppéfedablytifsertad ut the point in the
enzynme expression is  different in different tissues,

genome sk s §rdopgnops eqyivalpHoRehe oREGRe SHEtET naurallygRurs. This has the

* advarlth@N AL IR IcBftext’ SEHRT SerdeOlobEs WS Baih&, NRlliclk R@Ans that the fidelity of

endogenous transcription factors from another ani nal.
trans¢Fiptiph drompthis, sitg & aslelse agpdssiblerty thedepgbpicteansastptipithat occurs in the wild
eStrt%nscription factors and the genes that they regul ate
YPeRREW d mirror the natural physi ol ogi cal situation as
cl osel y as ible. Th regul at or equences _are .
he YERESHufS RNl DY G ST RN shE amimals e
huPX®; hGCAR ant haPXR/haCaRemice Pustipp@iopeittc aissal i desgibedtldéwhere herein.
sequences are of hupman origin or originate fromthe
The ftx%ﬁtlgwggl nEeRsTiRS sisR12x¢fl Prgthe (r@(_elétprshgaxgsgﬁmc migedn these aaggys reveal that the

transgqusérﬁl%gg,sgssﬁg 42998k Ql%lﬁlggntioﬁ gﬁbé §2n it Wtihig" ﬁ]yeﬂﬁlysis of drug

expression pattern to be retained, as explaine
metalgllismvindtaxitier ei n. The use of as many human

transcription factors, human drug netabolising enzynes
In somadxperiments theginventem sphdatek sspeds phHdsg mhatabolism ppthmiagnin transgenic

anim%lgvg{llé H]Eiﬁ(‘;f:rsh %ﬁtget ‘g‘ié%?lﬁg tg gp %{}SC}QW% hﬁ} agg klgqtvﬁgt%iél?temore potently in
humadh §CinGhicSiad Birhm&@RH bEIGROT t ance.

Inducer More potent in:
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5 For exanple, the action of nouse PXR stimnul ates

expression of different proteins than the action of
whenvan49e¥R and at different | evels. The | evel sPGf/GB2008/001897

artlc lar drug and its netabolites depends crucially
IhﬁHH”WHl ® drug met abol i si ng enzynesmﬁﬁﬁltransporters

are expressed and so, again, it is of utnost
Clﬁﬁbortance for human transcrlptlonmﬁ%%&ors to be used

rat her than endogenous transcription factors from
Phegobarbiet (BAHi mal . 10 The use of hunefO¥EARY@AR pt i on

factors is also inportant from a toxicol ogica
Dexgmethasie tPeX)For  exanpl e, PXR i s n8P¥€al |y regul at ed

by bile acids and ot her physi ol ogi cal conpounds and
5-Pregingnc3p-eloHboner escashanifrites(PEIN) i ary Me¥€osi s and biliary

chol estasis can result fromexposure to a particul ar
Clottimagolel t nmay therefore be that as moysesult of

di fferences between drug netabolism between human and
TCROB@GBt animal, a toxic effect willmpese noted in that

animal that would not be evident in the 15 human. The
Spedﬁé@l;ﬁCéﬂCoMU@@q@fedrggsneQWéisrnj sigh @x phase disted abbve Imay act primarily via
CARhoral;B%Isr p\}lall n&h&l’?&iﬁ%}é O%FM{T psgee I:lleg{xr%b%% Plfea?pﬁgl s- ecn Iinduction of
CARSHRICPXR can Be dl:fbemﬂ”miﬂéd%u{lﬁg assdﬁ;smﬁﬂ R bl’iilsmnét@orﬂﬁ)tl&l ade between

el sewhere herenﬁg@%The enes that are inserted into

indugtier 3 BKE i iec Ve A Rppuches %nvaﬁlﬁ%ﬁye%alétort%%lo levels or
activRP(d¥. séenF 1%1“’@ 48 AnARRRAEY YHRE e R TR RAU S ted aboveTor? induction of

equi val ent gene or gene cluster naturally occurs
Cyp3aakandfeyp2h t/ianmnigg end lhvmans kreprededan Figufestshangéhe | ocus
is retained, which nmeans that the fidelity of
Accordingly.c thepirivemtiomr orovides s sliangenis mguagl dsiseueasr polis idbti@d therefrom
inco ! gra{irrl] £ aI uman ﬁ] ange(r:lré %tnlz Ain lﬁ?(‘R] e con%ro o)
IPype %y g iTivent ors have va aspects
promdfeugaﬂded]ﬁlbﬂdllyshﬁvﬁ}%t hs/vaqmvaléntteh&rg@g@m rﬁur&ﬁal PR Sge(€s ghnulled, which
25 huPXR, huCAR and huPXR/ huCAR m ce) using
Inowﬁdﬁswbwrﬁks assays as described el sewhere herein. The
functi onal ertles di spl ayed by the inventors'

(1) t rléﬁg(ggﬁ;tgltwp é rifampiglagpediate ygiu?tweo(ﬁt ¢ KXRregsppg and/or activity of a

t r SRKARIMEC PABO "BAS thd | SRUGIn@RE *d- lyie OffnoﬁJae tlsBEeBE IRMs derived
have significant utility in analysis of drug
metheristipingandéond toxicity. I n some experinents,. the

inventors validated aspects of drug netabolism

W Sp endogenous

_(ii) pallS thesayensitive tq dexemetiiagone Jaediatedrerl pregnenaiope- Huwehositgle-mediated or

f.th h K
m)r %t(f}g%l?@g-ﬁ%ﬁlle% m?lllljc(rzr‘g)ﬁ So? gﬁg] X\ﬁxgss}on aatn oF gct r@g""'} a aﬂoc%rome P450

bethavthe koadkspardindwidd-pek aituse, Bissue bBc&Bd&@%/tHéQ[&Bﬂ.
PCT/ GB2008/ 001897 Rifanpicin (Rif) human Cl TCO human
Preferably, the cytochrome P450 is a Cyp3a enzyme, such as Cyp3all.

The invention also provides a transgenic mouse, tissue or cells derived therefrom incorporating a
human DNA sequence encoding CAR under the control of an endogenous promoter, and optionally

having its equivalent endogenous murine CAR genes annulled, which mouse, tissue or cells:

(i) is more sensitive to CITCO-mediated induction of the expression and/or activity of a
cytochrome P450 than the corresponding wild-type mouse, tissue or cells derived

therefrom; and/or
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Phenobarbital (PB) nouse / human Dexanet hasone ( Dex)
nmouse 5-Pregnen-3 (3-o0f-20-one-16a-carbonitrile (PCN)
WOorowwsa4908) ot ri nazol e nouse TCPOBOP nouse PCT/GB2008/001897

. Speci es-speci fi of dru olism, suc

() CHodESPERes & ﬁ@e na %&fedpwﬂ\ﬂ‘gwmﬂ? axpremnoﬁng/ﬁmwwty of a
Orcy‘e’dcﬂr&&t P45 Rh&N Ah&ECARBEHolding ERildteT Rors) tlsg—ln:e or cells derived
spéci es-specific induction of ~CAR and PXR can
ditbereframnat ed usi ng assays that allow a dlstlnctlon to
be nmade between induction via PXR and incuction via

Prefe@hly, theisytochromsyP44@ A Cyngb €y, buchras GypZHi00 | evel s or
5 activity (e.g. see Figure 48). An overview of the

Cytoehirdrag P45 fexpiessiom ant aetévity i lsveds] carb be edetenminad] iyt appmpoihte assays, as

ceserlf] e erep¥ Bt Rl BB ST Rshirl, PGty Qa1 o

~ Cyp2Bl10)leRPREss RvélDbsithe ddtGmiRddy wlens bdingyEftotHieme P4sIMctivity can

i ncorporating a human _DNA sequence encodlngiPXR under
be deteﬁ@"eéﬁvM—beafzylwqeweb@fe@éusawwoque(for Grrér) 9p ¢ ipetaryrgsorufin-O-

deeth m{blf] ?)Kdéﬁ)v\ﬁcwiﬁy Or%;g)gg)e nous nuri ne PXR genes.

nnu tissue or cells: (i) is

The ilRnBoR GRS! Hv %/s taQra'hE eﬁm&lsg de & &fls H&Wéﬁttﬁéi’é%d?lﬁ Hgaﬂ Possesses a

expreSS|o or activity of a cytochrone P4
combirfagon arfr the pﬁmdm(mgl \wrdpdrtiey peemivusd hetdiirs sTasp ithec aiviestion provides a
is | ss sen

d th f
trans%e&?e{ﬁélts&atéssﬁe grréﬁ%ergag &ereﬁ&gbquﬁ;{gprg ng l_allggansbf\!A sequences encodmg

PXR GAd OAR Lfiddr ehd1estitdl 6fleiogenbas ptodidtérpaml dptioRdlyHa@thg its equivalent
i nduction of the expression and/or activit g

endogepeyscht R aad BABRenesanRuladeWhiSh Moy Hus §r vﬁll\/ d-type
_ nouse, tissue or cells derived therefrom Preferably,
(M) t H& maFe SYISHAEO M’B@Pl% raed@%%aldeﬁwnef the Gémesason@e@a|actmty of a

ﬁroln{eVWF? gﬂa ltﬁé) c%fr@s;éer eﬁ% g)awitl(li %\S. gﬁﬂhs‘é MRYURCor cells derived

t| ue or erive m orporating a
huhanﬁﬁmesequence encodi ng CAR under the control of
an endogenous pronoter, and optionally 20 having its

(i) eqalesalsems'ttive il degremethe somemiad@tddAR rgegnesolammlfol eadhonithieahediated or
nD ti.ssu r,cells: (i) isS nore sensitive to

P TG st Ph ot e FipaReR AR g Gy cviochrome Paso

thaﬂ/ﬂhE Yorddspandifg/vidd-Bipe idukd Bsut baceilsieri earthaspandind g
W | d-type nouse, tissue or cells derived therefrom

(iii) ang/mdre Isdni¥2£H081TIAS DA aRD TinHR2 00 84 OB &R rebdidn) amddor activity of a
| ess senS|t|ve to TCPOBOP-nedi ated i nduction of the
- exprashome, PApQy/thin dhg icorrespording Wild/{ype ninpves. msss phgslls derived
tnﬁﬂggdﬁgépondlng W | d-type nouse, tissue or cells
derive

(iv) s less sensitive to TCPOBOP-mediated induction of the expression and/or activity of a
cytochrome P450 than the corresponding wild-type mouse, tissue or cells derived

therefrom.

The invention also provides a transgenic mouse, tissue or cells derived therefrom incorporating a
human DNA sequence encoding PXR under the control of an endogenous promoter, and optionally
having its equivalent endogenous PXR gene annulled, which displays increased dexamethasone-
mediated hepatotoxicity relative to the corresponding wild-type mouse. Dexamethasone-mediated
hepatotoxicity can be determined by measuring ALT levels using an appropriate assay and an

appropriate dose of dexamethasone (e.g. at least 20 mg/kg, at least 30 mg/kg, at least 40 mg/kg, at
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therefrom Preferably, the cytochrome P450 is a Cyp2b
enzynme, such as Cyp2bl0. 5 Cytochrone P450 expression
wanwsaetswity | evel s can be determ ned by apprP@r/GaR@8/001897

o SO T AR i

Prefe%g t%r@{n Oeiblgzg{q%ﬁ 31'1 g&#{g@g%}}ggggggn%ﬁq%{ﬁrﬂe&ed scription factor genes
are d6X8LiBEdTh Refle @é(anﬁel?ev@ﬁfhzﬁ/éraffyqu' noline (BQ activity
assay (for Cyp3a) or a pentoxyresorufin-O
Ma A2t MHAMLD DR BSPEO@@%U B5(9):264£800) (ih@SdubdP 81) competd Aman PXR
I nvention al so provides a transgenic nouse, tissue or
geneciacludindeY i and B’ tfﬂv@kmr ssavankes ino SHER aeckeout goish ibyatactsrial artificial

e D SR B8PS BB DS SE Mol n e e
and [@dstife. dBrehtiret tol eeR-homahiBRIo hiies atithnBXRU MBdhdPNAImicked the human
sequences. encodi ng PXR and CAR under the control of

respoemégévﬁ@uaepﬁ%ﬁeﬁ gﬁ%stm%ln‘éw%ﬁu BIRAYA yndh RiAtGiR Were strongly induced by
rlfamgﬁm V2L &Rin- spﬁ@iﬁi@%@l@l{%a&i(af@r}%é @?ﬁsrg@gﬁﬁoﬁéqn% 'ca?rgomtrlle (PCN), a

¢h nouse, tissue or cél nore sensitive
roderit-gpecificalfPpR tigandnbowad-egeinmck) €lypdal 10aRNAevas xmr@ysmdmced by PCN, but

ang/or. activit tochr
not by 6%‘8%‘&843‘1"?(3% 1?’% ? %é‘y AGE &% “St“fei"/si?gp%lg %B'é‘ﬁﬁ“éat‘é’&r gl fyrthermore
does thBEHREIBSYTOr Qlggést imanlySash@SS of BidSpredeMeinvention, such as the use of mixed
dexanet hasone- nedi at ed orfp %nenolone 16a

cDNA/ZeREHE copstractie@mpeaspnd di (ARSESHF SOoRrBEman amals, use of reporter
consthﬁ%u@%] Wov?)f ort&ﬁreggf&{ lﬁln?arr]l RBPHnLLs AL t]ﬂ': Eé’ntﬂjl 8? norb léuman animal

cytochrone 'P450° 20 t orrespondi ng w

" regulaprysequencess Agotber ctr&lvba;k @é the\xmdiet teserdfed dva?aetdrtl (ib tha) it issunsuitable

re sensitive.to nduct
to °°E§6Pe‘§ dbﬁ’/fat}%P g"l‘?e\ugﬂ}es ‘?I“H“ OEWB‘E}? a%ﬁg’gﬁﬂ Aypanisation is
achlebaeby:m&lﬁ&@@ﬁ&hngmmﬂldaney@ﬁmmgs&ocl&m%ﬂ the@nd6hb s PXR gene, and
derived therefro (iv) is less sensitive to

(i) tryppeeP il dhealuep rgﬁéiﬁ &¢ne aéfffef% EERPYE9E3tI- and/ or
activity of a 25 cytochrone P450 than the

Phase-d drag-nistaholisingien®™Mespe nouse, tissue or cells derived
therefrom_ The invention also provides a transgenic

The igygpgian prqvide;a ngp-hppn anigial itisay or gelisscrgding e é'i‘)b%‘“rea(tf thgyaspects of

mveng?n %@%e%%%@?&ﬁ ROGPILAR0 ogg%hgﬁdlerdr&gnﬁetgw{sfn%l enzyme is a

an endogenous pronoter, and optionally  having rts
cytOCIaquevaﬂi!htlsoéqrdlogmnou@lypsﬁltcg@néomnﬂml grea composing CYPIA, CYP3A,

PR B (O vt of S OPRe O PEUBOIHERG (iPTaopg96 more of

CYPmuseYPDexammm OUYPIRS) zme’dmhepmz@eommzw CXP2B6, CYP2BI10,
det er m ned neasurln ALT | evel s using

CYP%GE’]F?F &YPZQ% glﬁg/oaﬁhe élﬁmabﬂﬂﬂét @qm@ e@podmg a phase-1 drug-
meta@&?/ﬁ(@geéngf}ﬁgggrg ﬁseg ‘a n%;t %h?@rg% Pa90 'g\E/%k sé%} hgﬁﬁﬁly WQlected from the

CYPRCIEB2 ﬂ@&l‘ﬂmguster the CYP2C cluster and/or the CYP1A cluster.

Preferably, the human DNA encoding a phase-1 drug-metabolising enzyme is selected from the
group comprising the cytochromes P450, including but not limited to CYP1A, CYP3A, CYP2B,
CYP2C, CYP2D, and CYP2E isoforms. Preferred isoforms are one or more of CYPlAl,
CYP1A2, CYP3A4, CYP3AS, CYP3A9, CYP2C8, CYP2C9, CYP2B6, CYP2B10, CYP2C19,
CYP2D6, and CYP2EL.. It will be appreciated that other DNAs encoding a phase-1 drug-

metabolising enzyme may also be included in the present invention, providing that they are capable
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| east 50 ny/ kg, or at |east 60 ng/kg. Suitable assays
are descri bed el sewhere herein. Preferred transgenic
W@ kw8908 and knock-out) m ce containi ng alt ePEGB2008/001897
transcription factor genes, are described in nore
of megityxg a xenelighrehrerddiiedrr sxpasineatPolr srqupyon dhavesngbjotis wplssule.
2007 Eeb; 35 2% 194-20Q) .introduced the conplete human
The gherse of hymae P45t ispfoams, &rsntr%'atl@ infq EAnOrijunagisgd apr-Byman animals is
preddrﬁh&htP)Eﬁvgﬁ?%E)&%meaﬁl\QXm @x%n%% bf"l'arﬁ’){lg ijﬁ(f: k&tbrms in metabolism in
sone transgenesrs ey ob served selective
the rdmnesssuco Thas, fbnnmmpl%x& date thhsmlgle\mmst significanttPdS§0 isoform recognised

in theﬂ; cal évar tsﬁi é%g%ég}s tg"g‘\#{}{ﬁ mol%%&[,ﬂ-.? g gﬁléman P450 isoform

of chdideCfdri Pl @mﬁﬂaﬁorﬂ%mlm OTHRY Shdide) ofVBhGMa® tF4S09 ik the multi-P450-
i nduced by rifanpicin, a human-specific PXR Iigand,

humapiged msnsegf the eEpsen dhsAEon Badietates &riithe nded of tenyser. &n thgs respect it is
expe{u?%an&a%gl Hn%ﬁé; %%5 : n‘g@%"& %&%ﬁoxﬁﬁéﬂ%ll@eip‘?ﬁg@&%g& 2D6, 2B6,

2C9, 1A a,nmlc i1A2, HOveHewevelkit ofill bt appmilaecbﬂlaeohe liso$aringd) \indogporated into
PXR h ni s furthernore not cl ose

the agnal GBI ﬁ%ﬁﬁg&‘a&%g\e 31 Rt ot oA e gimag g ransgenic

anim@Sndy R ‘488l 1 il Gtig O/ 818 RO BPcCi e Qb G Fhe metabolic process.
conpari son of differéent transgeni c non- human ani mal s,

Accoiﬁkﬁﬁ%1 &f the @RRhinElof teOMEHtA! SindlS 8heb, eﬂ%lt@fersed%moﬁfbﬁaﬂﬂns of single
uman sequénces under the contro non- human’

geneser geak chistersanay be @pgacgbdwah‘té@e cmwmouurmm@bw kyfreplaced where
e S! h

possn“@ ra eg %*x ?xﬁ%[)}c%ﬁ@l n ﬁh nef'gl il"gi trlllgéag oilwgtrlon in which the

ratlosgﬁ'l’tE:Sexptéshlbﬂ ltﬂ'BE ofl g(mmin arlygeatidestédire thesameé ssathe eatiok $n which these

achi eved epe dent eno c alterations: ng .
genesk?,rséa%prsw (ﬁvzf(h his\i§ dbspeorae RI-{'xhaé ﬁ%notdﬁ(&weela{tintlo it the prior art.

he OYPRAJRNESICS awbiDtdha OYPRA Hxfkrdans méfeed club®@fsedt phase-1 drug-

genomi c | ocation. Phase-1 drug-netabolising enzynes 20
metabm@mgmr@m%fprgpdwmt acepsing torile REeband [Inventien (Anegboth CYP3A,
CYPf@,Ve to?\%ﬁ & Slgzgllog,e cgaeg%ogﬁ] &t t\%&set fe a?ﬂtg& grfayl%é Lep) laced accordmg to the
presephiasentibndr ug- met abol i sing enzyne is a cytochrone P450

isoform optionally selected fromthe group conprising
AccotdNhY 8 th€\i’ﬁ’\3§ﬁtlon Cﬂ{@%re QYFRC, or(ﬁYﬁé’r%lymd*np@Y@E:Ecades of genes that are

impliI e Or L t | on Ail%lyg%%@ E@ﬂ'—‘@g@f $@C%1sures that the partial

redur@XE> ' eﬁ:eYﬁ%B@on S YRRBAP and, 6o Qﬂegrea%&@ﬁ)gxc@yﬁ&@en is mirrored.
and the human DNA gﬁ&gence encodi ng a phase-1 drug-

An emﬂb@pm St eovededyhyethe iA 8§5(h°1@§¢?lbéh hgmanspaisee gisrfeur functional

e T NI 5B R R EBI Bp wn. o

examplel,lﬁteeibollﬁr@YE3m4) kl}bstrﬁth:e Thigrefiore OiNAne nc atckiniyging tg pearseatd a model of
dru taboI|S|n n i.s selected fr he r oup )
drug g p %1? AR opREat ttg% ﬁ%@é epasH any ﬁ@Feu‘&ﬁ‘H d}“B’LﬁS H%‘Ht"lfl its entire gene

clustdy lmilgt%ﬁjmﬁ%’th@%?ﬂe’?ﬁteﬂg&?‘frogmp ey, 30 CYP2C, CYP2D, and

isoforns. Preferred |sofornB are one or nore of

In cog}/aP @%llovﬁ%ﬁ&'an@f CRitds, we¥d g’%ear@%P %ad@!ﬂgg gfgmght be a good idea to
CYP2BIO, CYP2C1 9. CYP2DB,

gene@féRQnEdmmal Itansgichic f@etha@(rPéAnS eed he M@uldcmeknomqsncorporate this gene,
and would gtl)tntﬂm% B I'1]nacso$po]r'ate theentire 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
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nmet abol i si ng enzyne may al so be included in the
present invention, providing that they are capable 16
woD00OBs1L 49080 PCT/ GB2008/ 001897 of nodi fyi nRCEHGB2008/001897

xenobi ot i c .addj or exposin ol ar group on the
promeih SseHicifer & _Pé%rujpf@g stmwaﬁ@i&%ﬁkﬂ& ﬁﬁ}?“’%%gar$“s%?%“ﬁ%f CYP3AS
protefPin thRUKRHAUG BRadsBldT (h4 psd iiiBits 8F proedin IpiEEded MisBldtein would
I's predom nantly driven by the known relative
metabetisorstibstretes af avgreitoumtePthg0 thasofoor which nt weuldbask iis mivonFor all these
the,rel evant .tissue..Thus,. for exanple, to date th .
reasopy iyt andE{"o st T ioh, M Pt UecBiE Pk et Bl GraCbgen describea
previbigy.human liver is CYP3A4, and so CYP3A4 is therefore
probably the first human P450 i soform of choice for

PreferibDf) thuieTadérs af pRase Af drug iRtaboildiey el¥9meethat ade URed fdP4banisation are
for the multi-P450- humani sed nouse of the present

the GYR3 Arplystsn apd thg CXRACeRlusigf- t he need of the user. In this
respect it is expected that any one or nore of the
In view| of g meflundansi in gupteinpiingtion| betkess e dupan: and pommangy used target

. , 1 1 ' .
oG, 6080 e i TP i Wb s
prefetdbly pemforaéd eglinist b sielrted bddpenaidnd whichtdndy seewr (fer example 1, 2, 3, 4 or

PSRN TN T E—

signii@@elehéls i soforns in the netabolic process. According
to the teaching of the invention, single genes, gene
Prefefredl StafJgEni0 ((kifRRIM BAd kifUek-oaf) nSid 8brRainid @ AREre@ phAeNEdrug-metabolising
clusters may _be replaced. Wol e gene clusters should
enzyme gensp als|dgsdsibed pnaresigtajliglsewherp berging| e, rat her than
sinply repl acing individual genes. This generates a
Phasg2tdragimataholisipgieamymese 15 rati os of the expression
| evel s of genes in any gene cluster are the sane as
Prefepably, tha hygar BNgh praedingeasehasqd glaug-metabelispieeanggge jin selected from the
' Nl &L t v ed
srous pifoisl e e ARCRARRARR, KifhaiBS A0 UGORS BURCeraspy luster, the
glutathivehe @vR$fArasdsy firansange €331 @heathieoe Stassierasespfthebeplenyl transferases

and 6 el FrBenes fvam pbrenged BB AR SRt £hge arue

metaSS1RRIE BT May hied be Hiclud¥®ih tBd preSint IlveRRNGROEiGE Ut BES are capable
may be repl aced accordi to the 20 present

n
of comﬁ%wgiam@d%b@fd}ha%bmr«@b?%ﬁél-i nvention, therefore,

partial, or preferably conpl ete cascades of genes that
Prefeggbly, 3 mﬁtqrdaﬁ@asq A dugometebdisingrenpynesuikist ﬁayecg fasfhamgpisgtion is the
UGTP@gé&ﬂh@?&g- This ensures that the partial redundancy

of "gene function is retained and so, again, the rea

|. | . .1 . . .
PrefeiEH TafePile TPl i SRR OB BYE PlEfiine A EHRIRLD Gametabolising
enzymbeeres arcalefapibed frunateidonadlelseshgeheasini n t hi s cl uster,
t hat have overl appi ng substrate specificity. The
DrugQ¥dsspbrtprsotein will, for exanple, netabolise CYP3A4
substrates. Therefore, if one is attenpting to
Prefeepbhye rth¢ drumandoiA erfcodilg Ly drgt sidosporsm protegoispsaiatddnfiom the group

t he CYP epe in any state, ot her an as rt. qf its .
compeine B AR RS P FLSiEns BARb et gl St o imolei-drug
resisthA@Pro8Rb, Y instaRc<CADR. 8 8fd mhBLdrOMdIBtaREd-Nsoditkd proteins (MRPs), for

teachi ngs, were a researcher to decide that it m ght

examiple, ¥Rftloehd/ofdHRPS, 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
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30 generate an animal transgenic for the CYP3A5 gene,
he would only know to incorporate this gene, and
wawwsd4908¢ t hink to incorporate the entire geneCTGBSM08/001897
of .which it for ._Furthernore, using prior
xenobjptic W@E’ﬁﬂFﬁ%Fé%ssPaPmﬂgl?F&’“}“ﬁ%ert at an arbitrary site
and not in.its npatural context position in the
Prefe&’éﬁ%ﬁ@m%fj@é resfstanpe progedn @Mpgim on woul d be under the
direction of a strong 17 WO 2008/ 149080
Preferably, e@m@sfcwmwan%raéma&d riplety if MREZor the | | ver

This strategy would very likely generate a larg
Prefeggig fransasnictkpaskgn n a9d dpefkropt) niif Contgiaing akiSer it (ramspopter protein

gene§ € dlas%ﬁggd 1ﬂ%@ﬁ§alpélswl{%ﬁ'@ﬁﬁelﬂr ovided, this protein

net abol I se substrates at a greater rate than

Regutlzngée ggewﬁgch it would act in vivo. For all these

rea e nethod of the invention is advant ageous
The QY50 BRATP 8L Y BERARIELIES, R ARt ira o
tissueerozyarmsals h@q)eaalbr tiere tradsoripthanah facgtern(s).0 wharegn theh dra@@@phional factor

| uster ,and t he CYP luster. In view of the « -

wansEeSL AT W BPORGTPLERT GBS lhl CHE FOMBRY g knocked-in
rathef SHERDR{1KingSRAerbREGRL alblhANBGRNégecii] prambtefi C Th@Sthe Nhimals of the

nmouse, hunmani sat1on for phase drug netaboli sing.
prescghinyersionjage ablo tpppress His| e Prejeing at rey anhysthe apmmr@feeﬂlyswlogwal
level%l?lﬁér?[ll?{'i& e§ th%r aEt,l%'E‘ h lﬁfg% 1&[%1% rpﬁ(@rHHle rl%ra

y none o target ani na phase
iff. Qe ELoah i
il i gl PR S EnEROnERAE Cofhe pnicpecg fyr provins
selected oftéan athe )groopc ef clasdesiofii hgna:i tpbased p‘h:wehétn enzymes; human phase-2

dr.ug- et abol i si n enz enes are descrij.bed in
metablsl FRAPER P ol i eSon BUBHS POAPHEL AUTPa R deally be
oper@N&ly Thke®iehenhab }e\gulafdﬂﬁ DNABEquRs EAEREkieRdthé ufh S Rurdan regulatory
dr ug- met abol i si ng enzy is selected fromthe roup
sequepsPpisi Nt iggpentid, mdu@b?roqﬁvpgqnpaﬁsqﬂgélaggwequrzmes |cmgar\lé@ e.g. mouse
di& UGT1A gene or gene cluster, the glutathione
| transfer ases, for instance GST (gl utathione
Prefeﬁfby, QF@%E %ﬂﬁ? DNA ts@&eﬁwspmpé( lab&/rea&%rﬁfea%ﬁgscnﬁﬂgn tfa{l?ors and other
acetyl transferases be appreciate at ot her
proteDislAase ryho:lo (bgem@ o: | am;ager <2>ns|trlwgs @ﬁnmtstrgtrogulzgonygpemmahat may either
so, be included in the ventio
be de&%@ ‘“Pﬂ}ft ortawg‘g}a %rlg 08%{:6 a@reée ﬁgfre%%ﬁtowgsgﬂ}lwées are not of human
ongup rtRél kighla®iry RS Roed nfﬁgtb@m%hk/&fﬁroﬂftﬁé ir@ddlaimad 161 ehfle, the mouse.
of phase 2 drug olising enzymes that is used for
By ragyletony Seaupwses i‘SSm?‘ﬁ‘éto pdndpagepremete; of ephangsr sgqiepesg, 5 or 3 UTRs,
@i | e NAR t flece p
Pol s A i e TSGRy g R b rpion of e
gene dfetmrrrcsb edwhmh nodelagepicksial sfahdgame ofi enteest. TrBmsagpts used for insertion

of hu¥nraral1 rs]g u%:)rrlcge(se Eirse preferably terminated by a poly A motif.

sequ

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
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Preferably, the human DNA encodi ng a drug transporter
protein is selected fromthe group conprising the
WO\T8h#9080 ng cassette proteins which include bRET/&B2008/001897

not limted to the nulti -dru% resi stafnce pr ot ei ns,
use gf spch prometeesionpratiely ff rasPRs: alplug it was felt necessary to do so because the
ERionsRAGIS pRARRA KSR BiidSrofRRS W h.
transl\/%7<t0 %3 I\/RP2 b§cgr ?@gggn heﬁgr gani cergrﬁllgg%é%ea)iégpgt%ng enoug
Furﬂterrams,poms ﬁxgugimlnymm'y thetsse (PE@NTGPerp that had béeln|shinen to be effective in the
appreci ated that other DNAs encoding a drug
MOUr ansporter protein may also be included in the
ese i nvent i rovidin t hey are capahle o
In cop . % iy R PR RS et G BT HAPGERE i yman gene so
that 0 QRIEHY P FNdRGPE RRADS(FPE38R Ts retedtab il dpri¥itafig Uk MPorally and in a
across plasma nenbranes. Preferably, the nulti dr ug
tissug-gpecficappBerpr ot ein is MDRL.  Preferabl y, the
mul ti-drug resistance-associ ated protein is MRP2.
By “m@g@mrl%armcmf demicant (& prometer rﬁhaérmtumilyc@re@@te)xpmssz@n of the gene of
nt ai S
mteré;s? }ug g@(’lo:%g% a p?(%rﬁ(?rtgt? Fé}dg t%n alPa P I(ﬂ pJchg]tgrl %r n?aygaqﬁgisatlvely be the
promE&g tHadis@ngogeaajsen das infloduded @ereenih thmwmgerﬁmmmsll qibfect. For example,

. t the h t f.t h )
in 8B of CEPRECPIE, Tk &, PHRIRYIRR & BpBieha B By be dircted by the

endo%é’n@ﬁss flobgt profdler FAChA detd. THBEH & Rottd&ntifiaBShdektd h@ha] regulatory
actor transgenes are driven by transcriptional

sequmet@g pHhumen eromotern By ingorperaieqy of hlkbf dhee 5™ upsitcRmoseiwence that is

neces]s CI f;}}gﬁlo{eo m)lth% S;!rbf%halﬂgr Fﬁg@ [&% L%&gﬁrggl’? #rﬂag %)%eélsstg&{d that it is not

in fa¢tm¢ea%tary)m @sreestrahg eohdin@ivepeasoteiscashin B npuat stuatodithe endogenous

not .only t.he apprapriate ph ol ggical ]ev
promgef, ipjisRHEety, ggﬁg‘?&“tf I’?éﬁ’f‘bf%‘gfs‘s‘feﬁ% § PXREPSS'R8 q ?éﬁ%ﬁi%*}m protein in a
physi%ro%maw foli¥ahOhaiet.- Ad Edeﬂlé isiRoABRS BEiRtEEPIAEer@MWhich possesses
man DNA sequences include codi ng sequences for
strongr@h@icnrs clementscupdo f 13k wmstieagm qdpthef trafisereptien ipitiatipy mgint. Whilst
e
mcorﬁé\?‘lz(%)o?if gﬁntt@?%%(#}%g%e Elﬁérr(’ggﬁ ﬁ] g!&?ﬂgtﬁgﬁl%cﬁl rgl?rgloi} transcrlptlon to occur,
omissiom g ehdsp tupstreafrasdquesces rfeads Itdeﬁk)}s;enben @ﬂecrhaincumb;ete or insufficient

| i nked to human reqgul at o sequences t.he
regulatggv BAURETRC PEIt ‘g‘t"é‘r"v J‘%@%?‘gh%fe ng %"H’i‘c‘fﬁ‘oéé‘\éﬂﬁ 'teFaé'red

ot her end nous regul ato uences. can b S
In scgiegermpROHTBEIS SE g oRYELIOn T, b g FEHAS G PRERGEROLS regulatory
seque?ﬁ&#ﬁgcl%spr@iferrﬁ@ SuslP BYiBodRERS hIMRH ekpralivg lof RSN DNRCEcQlishces under
and other 20 proteins are whole genes or are DNA

the censred pf the nen-bungyr aninplgs endgganausiegulaionreaeanses; pueh thaihe components
of th\%ﬁr}é)?gxru{rﬁ nﬂ’%ll a? efé %@sggﬁg&vﬁg (@%‘o ?@égfa‘t(ﬁg %ﬁﬁ&%gés, transcription

e regu equences a
factonyl) tayi interdch Suclecgﬂﬂmiﬁmerys meyquﬁmelyaynrd@etlréefz ivi\ve ditdatiofin humans in

the target a r exanp le, t he nouse.

some; @] 48PS elsiens Howsh Eeiatiny SHeT s nahsﬁpa?ls (Pbirgracting with

the nB%-hERNPRARAEL S BHUEMRRS faQors 0(5r s§1d I%F&tlon Q&Js)ﬁo{\prowde a relevant level
term nation sequences or ot Sequences ar e

of expresuers aff Shefhgmatl LW seqysnéeod hgf: ardhdisclosed herein embodnments in which a

human DNA sequence is expressed under the control of mouse promoter. Thus, the invention also
provides a transgenic non-human animal (e.g. mouse), tissue or cells derived therefrom
incorporating a human DNA sequence encoding a protein involved in drug metabolism, wherein

said human DNA sequence is operatively linked to an endogenous regulatory sequence of the non-
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25 gene of interest or which nodul ate expression of
the gene of interest. Transcripts used for insertion
W@R00RO#MB0 sequences are preferably term nated PYT/GBR@WBP01897
A motif. Heterologous prqonmoters have generally been . )
humags apjmal, at“Hetthﬁr‘f“SPge&P?s, cqH¥plen oeane uge'&g(rsq&dwn&g qigal is optionally
mmuﬁ&punin.pronnter) are generally strong pronoters, are
I gand i ndependent in their action and are
One RQUISL dsitlg pY&hdteS WhdHRGH: HBuminproRbRRIhalHYeLATEMIy used in the pri
ne a?lgurg nhlll%g) on?lfl expr esse@ %rgg[brfat al | y.al Tﬁis‘,3 30 y usec I the prior
art isdhatohe effectshef eappsawseiongak cahenlyrbst momtogsiciodguirtioplar issue — in the

s SEB, U 5 S P e B e o s by i

~ limitdthha, BRBEsean 1ivdravas WesRaluevibwed adbdind thednBf intpdgant TSN for studying

- product are not retained in the transgenic system
drug metabalisiheand theseforseonily pxpression in ghenlésr tvgs desired Jlixpygssion elsewhere in
tissu Q)Qf?ﬁ!r l‘hdégqgep v a(s;%ge%oﬁl aptgiga t%Zl %ethé}fafolseué:ﬁi BafRb Sh S fective model
f
or a varrety of reasons. Partly, 1t was te
rathenthae baiag in dny why adeantegeauss Andther drawlbaek of thetprionars sygtealsdased on the

rovi ded by the endogenous pronoters. were not dee .
use gl g PR At T S R b o R &aﬁa fl Background i
requiRtAC §8 B ahdhnb Phad PR [OHRR eRp2ssell ahyWRde BBRP t1RA Y HR Bhsgene in the
~effective in the nouse. 5 In contrast, the invention
liver,yhighehastyery widesangingatleets o drugmacighohionssysh @ mstuss napjopger reflects the
natur; lq%s&lau({mﬁblg%ﬂ%f 3 %atul;a ﬁ{ou&:he fidelity of wld type

uman expression s retal ned, devel opnentally,

] | .' i.SSue- i fic. I ‘ .

The ;txlg ! oéglﬁo%fstﬁgrglgm) gtrt;htt% ihggrrurlg gﬁ{)&g o%i olﬁg[)t%ggrﬁttﬁgtﬁyfor drug metabolism.
Accordihgly,alHay thdiptiec is werersgsiedvedat ah hdvagape iof that aatlasiestiver-specific

xBTS MM AW 5 T BB Hmors s o

distixﬁf‘_&ﬁ@ﬂﬁﬂ&hl%q BeRausB dthet PtERAUG SelpAeMetiisted 428 idnbRASDIR inention allows
ani mal subject. For exan&_){li]g,d In the case of transgenic

(8]

a globgl dwlistidymapshpt te dsobiaingd Figrraetabplisa piesgshe direct ed
by the endogenous nouse pronoter for that gene: Thus, )
Use ¢fith¢ endesgnogs gemotes|alsosairies ofher advanieaes widly il Iatnsptipular, the fidelity of
C . - . i rat.i I 2
e SFAUER i S AT ARG P20 A, B promorers
that sposobtiesr eaptebsiort gxclysivelyethahisy of the Inaaral gndupyn@ ipeomo@ersgnsures that

it .has been foynd that it. is not 15 in fact necessar .
the PRFE SEXBRErBHIdt TEITSES P high R SPOFDEESTs 489 ppf i the ddultanimal
but alt8ladleadh &dvblopinkMal sthdre TRRAPGLARUS with IR BdvantaBe kHa$ the transgenic

_entirety, is perfectly capable of directing expression
animglp aehmoreclileolpaier boyighleiand jthisausefyh ps duiecgiesny angd indhe deygelopment of
down\?ﬁ&'prﬁ&osség 1{32{19&‘9\0%' the B{u%\c{hqg ge Hyedttg' ?cr&npfg%ragcsggﬁg effects of a test
I ch possesses strong enhancer elenents up t K :
compopsd, r3gptachtal kRepressioms oft trpdscaptionn factoad and dpg metabMisigsénzymes is
.incorporation of all this sequence allows the
reta'“’eigpropriate mechani sm of . transcription to occur, 20

om ssi on_of these %Estrea sequences | eads to a.sxs%;m
Furthepmagey; (R inV FohR T &500totg s e PYIFERSS i 2 Polsgliflafprapsion” effect whereby
a parfiE@HE BB ScoRipBuRd Bfabls the 18eh QW al Peiduigedrbg ¥raR{poB&NEr metabolising

expression to be retained. In sone enbodi hrents of the
enzymeaeds¢ alters theeratsf ort fathwag rof lispasitiomi e lexample,dvgge thsulsvels of human

cyp3A# lf(') adtegrreXse, 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
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sequences may be preferred. Such enbodi nents all ow
expressi on of human DNA sequences under the control
W@fzoo&hwom)n human ani mal ' s endogenous regul at oPgT/GB2008/001897

pam m?ﬁnﬁgq%gqxg ta tﬁg\tﬁlge Congs%p&ieasglgm%fagptsi@n ﬁf the rate and type of

metab&BH tﬁ&t%dﬁlcﬁ@&k&ﬁé‘ﬁﬁﬁe hithANSEEpBIrOD thit%&féﬁ}%} diagn
I nteract. Such enbodi ments may nore closely mrror the

The 1n9eﬁfbr¥ Qna% Elk'@hbt%‘ thad tlm'lﬁfﬂgﬁod 8¥ ind@EB ekpression by 9 aﬂ‘%ﬁfa{e drug is of
he rel evant human regul atory sequence is not capab
greatotinnortameaEQn exgmpie;, [some mu@dhanman(hdﬂtmfo'r gise in humans may not be
ranscri ption factors, .or saigd inter getion
metal 307 0o R LSO o meafe BslsPRC Ak ritnacatiptne sysemically
high Eb¥demiidR Terer m%hﬁdfaﬂt péreodd THIS Infeaélthaeti&striRivh qatitore Bich as PXR will
in which a 30 human DNA sequence_is expressed under
remajrectiyaiad fo] th@fpeﬁﬁ@rslée“ﬂﬁ eerstaatly actitigled fomhis periadk Agspeiated levels of

drug %&u%gglﬁﬁg S ,g?ﬁ%QH%gﬁdgieﬁ %@30‘?%?% s Wit & a result also be

hlghlymxpremd actunng tiee Iamtlrarpeﬁbb!\ the gbhe dog enaodi 1ngha ap'muﬂ eTlns clearly is
i nvol v in dru rﬁn wher.ei.n , sai d

miscafR R &1 PGP 45T GNP ALAHOR 2 hRHERREL melabolism of the

drugfr%%@l:@l Imsarﬁgq,l,&@gﬁicm‘mthe non- 20 WD 2008/ 149080
008/ 001897 human ani mal, and the endogenous

Usin€ahe hameR tprafRer kdihdrh@ah Qhe m&ﬁ@é‘ proMhdt® mla§ Hépbﬂeﬂﬂﬁéﬂlé Yo drive the
annul [ ed. One result of using pronoters such as the
expregpiph af Wanserintion decterhehaggel drugedtabelisiag gnaygse phaserhdrug metabolising
t I
enzyBEAﬁ 91{3)%/?9&%%& s%Bﬁ‘orF X %} %ﬁ(gv@sgtfée? ﬁ%ﬁ&g?&%ﬁ@ éﬁé;hx%anaex?ﬁé}ﬁon system
to beetainsd Acg‘amt dsmgahdacnmtplqamfah@meuse EYPIA genes, igest hanera different number
wer e not di raged b

of PR i SR FDOEE 2RO e 1 DUPOYALH GERGRaN i o s GYPIA4 gene

Werdd@Bk Bguild1ént dktule prdRdidr a8 be lubedS then iR re§fov sl ionehns@iptiBnal activation of
met abol i sm and therefore onl y expression_in the liver

PXR |y sxpesyrer ddhe mimpliodresh wenld dtrerresprpdingly dffraent & theresponse that is
t i e

i Y8 3 SESE0ELAE ilky SA LRSS 585 o

promatey isnhyt ativambaesgaeothslogien dodsaerot dxwtwfﬁhls kvoutd thewe lead it@preater or lesser

prod a1 Aaorp g ey B Bt o PR CWE (i sxgpotential

exagtdtingdR alimin RENE tHeSrole YRt pRYkin Fths nf¥RBOGsnh BEthatkEL. IFSr example, in
not expressed anywhere other than fromthe transgene

a parfigulpmygousejsygem kpawve An HesPrios ait. i ey beaﬁhgti brgawse foé dqappipRriately high
r [ jeS h n r S
levelg olfge tglg’rgsdlge@‘é})%?% : gﬁ%ﬁgﬁ?? ﬂlahgr'a }fr?r{))xllrjlglgf thEht%sted drug is
metabcmsedmcm guieklg fof atheotentallyt hateﬁtlhbeffwveo biesevidnt. tT'has is of course
., 0 i mportant tissue for drug nmetabolism 15
m‘SIC,&g'EéT dingly, what the prior art workers per cei ved as
an advant t hat excl usiv

In cogfT obERgR Shudl BimaiPramatr meerdoeclfine BF eHErlp oy appropriac

amoudP¥SCPP IR GRLIdHel praducod in feliRnkdWaMOESivaSeh, 88d firthermore, would be
di stinct di sadvant age because ot her potentially

prodyagg it tham‘prrcqt siswesTher raturghphtysiglogicalerepponemio agrartadulasisug will then be
bal t]

mlmlgi(e%law tlbm%s rr(])f4 61?60%[13%@? %ﬁ?%&?ﬁ { ap?s epgg%uggﬁ glgts (91&}/ Erht%{: (I’i(/&g but also, say,

in thal gere-mtdstied tedchelf hevhring agas faMt tahsubktraté I’fonpa]’thA@ll alien it will be

the fidelity of ) e .
metabolised at a rate and in a manner that mirrors the situation in the human. In contrast, a prior art

method that uses an albumin promoter to direct expression of inappropriately large amounts of
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20 devel opnental expression is retained. \Whereas prior
art systens have used |iver-specific pronoters that
\Nepmmﬂam&)iver expressi on excl usively, the usePCF/GBR@®8/001897

nat ur end enou ronoter ensures the protein
CYPiAd @’klgrd@ rﬂlet‘ﬁ‘éﬁ'ﬁ%@ﬁl@én rglwmeﬁg{ngrrgﬂﬁs qrymstance the drug

mrghp‘f'rp A% or@;{‘ Ge né)twegﬁ | dbdeaed Bs @WBIM aBLiMRin ne@éﬁheﬁgss (Be dhetabolised

each opnental stage. This also carries wth
aggresmal)ad\h@htaagnentsImﬁthetmemramg@m c aninmals are nor e

likely to be viable and thus useful as drug screens
Thus,aregulatoryt sequaheveire pmfmablafof smdnwnigin graronehuosgemimdltorigin. In more

al so al l.ows the an to be us to screen fo
prefefie o R oY 520 oDy Segasdt X4 hpbin QTECE, g Blnat g the targer
non-Hih @Fh&NeQf nidusé)S ThisPérables ftlﬁ’@tv@[d&y':pﬁ“l gxp#€ddn pattern to be retained
met abol i si ng enzynes i s retained thernore, the
(deveiqwemaay,sternwellsar@ospﬁtml'erbl the existence of ‘a potenti al
"repression" effect whereby a particular drug
As a geswbdhmbBumadpretedn istsodusedin the carresh place al the cemrmg time. This imparts a
so alters ‘
realrs{x{]t%@l’?é)r?&&eﬂhapfs s 29 ﬂo eg%g ér?%eg)ﬁéyﬁ Iﬂ%)%lgrrpl e were
of human CYP3A4 to decrease, for exanple as
IHE&&R%(%ﬁﬁ?Lé? repressi on of nouse PXR rather than the
n [ s S [ t
In so&% é{%pglrst%g %%%@H& éﬁr dfﬁg p%@ﬁ%&&hﬂ&ég JUGE mdy'Gre a leader
sequeaxeag"gfsrrﬁi}ebh ac]ﬁh:lve;d bgowltedmgg videast mmesingan lfmgl therpirges abwwhuman animal

the enz L evel s that .ar nduced . 21 WO
sene 0108 FEG0RY Wpiet R R0 180 P FaP PGt T 198 o cnsures tht
the gMeIprOHS M willtbeVRlided @I 5O right Bitrdcdllufdr @8¢hkibE THPR@SS Rider sequence
of the rate and type of netabolismthat woul d operate

mighj be qblretorfuiﬁbﬁlabﬁnetmﬁwe@ bu it ipafterpaafarite wiedhe Mpug. leaplpinstead. For

mstar{cgvlﬁrulé) Exe '?)g‘r()ﬁzﬁi %l?e "]Q& g@ﬁcet’ Ia?th%%@l}sle gpotgt‘r, {’vﬂgH q’segrcoded by
expression by a part |c t

exon il Npay barecanedFohe kmrampﬂiﬁ}lA smheutcheqlgmc&srfann exan 1 is then introduced into
andj dates for use in hu 5.met abol.i sed

exon L HEGRERS SR HeHBTEE, | PEERRRRUSE Riles GEORORSdpLY | will b

retaine @GRl that tﬂfs%ﬂﬁ?ucﬁ%n@d%ﬂﬁ%‘iﬂncﬁjo{eyn bf #hin6 QRRE THonRtiodst exon 1 and

for a significant period. Thi's neans t hat

humap rexprsc?-8ht Thin constiveirenswat b high loyak afjexpressigmgfidnalso that the MRP2 is
guldeg% it%’ﬁo i 1%93&105%%8%5 &Qe gﬂ]ﬁbng constantly activated

perio socl at evel s of drug
In ot}{y?'égsgg ItheS] Q?r-pgﬁge)ﬁ%%an Heg 5{/ @E%&Ql%ﬁtqm%eraé&trgf g[etﬁe fSH)%ter of the
yEs W1 Pas a resul I ghl'y expressed
approq:iuate naygt¢thamiealtgene lbuerexn’xdplbhmttht hasecif DR &nthe cPNAnof menan MDRI1
animal . This ar Ly i m sl eading and in ¢ r ast
may oo S TSFUTTE) SV 555 TR TR A RREKS COHE or Mar ). I
the efﬁ{ &f PXSR) Phybrideot hilide PIXRY cIPRA Sind Fefidikid BEduéndd nfay be fused to the
icient. Using the human pronoter rather than the
translmbstplft @ﬁ@pgphelmgwsgé)x& ganer whereby thedpouse StageATG is retained. In the
case cﬁx(fp,& S§i %ﬂmgfr s& Hée%hyphé ?\Re(;?oqhg &nsl&ﬂ%ﬁfstgn gi‘ié'lgf the mouse CAR
|S|n ase drug neta I'Si ng
gene.eNZynes, and/or drug transporters as it alloms t he
i di osyncrasi es of the human expression system 15 to be
As expiimddngtidve ABaiuge 0f bngrtidher exdapietechwhant fmomie HNACYERRAnce provides
enes, these h%ve a djfferent n%nber of PXR and CAR
significaRiadnantagss-¢n BY fermytiing raguriinmyof spiggvanantyr esent i n

t he hunman CYP3A4 gene.
Thus, in a further aspect the invention provides a transgenic non-human animal, tissue or cells

derived therefrom incorporating a human DNA sequence encoding a protein involved in drug
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| SequeRgs; eie

Were the equival ent nouse pronoter to be used, then
the response to transcriptional activation of PXR by
we@xpegemoeo of the aninmal to drug woul d be PCT/GB2008/001897

cqorrespondingly different to the response that is
metabglisgetitdef ﬂ‘?acql?{fﬂlaﬂtt &y gpdogenaup relatery Segyenee, grein the human DNA
sequetBE Yorses at e1Me oRE Mo ! sugh e bBadi dGe BMIBRVagbht RE PITRLGE when the

h

I's that a true nouse orthol ogue does not exist. This

humanddiN4 seqpence sathns@ibgd amther tramsgdnéssiarhunpanoshiroali tssuefr cells derived

thereﬁgrst ﬂl(r:tﬁg grsrr;‘)eetaf gé}lhé: iti}/g%tbc&; ﬂ{e?eigﬁ?%i;go%)?%gglgfegi éc’%& %B?Oding the protein in

the néH-RiddrsAimal i§ bRioh@llyeardlllédhat protein in the netabolism

of that drug. For exanple, in a particular nouse
In sof¥ SnBOAiKRAMWDS kHis AIPEctRT Y inddnltion, the PRYeiD BivbRad iP@Ga Utibolism is a
of inappropriately high |evels of expression of .
transeriptignfacters avithasdl daye-matabglissisr snaymept Ghereer drugteetabolising enzyme
S . . . . ; . .
andi TR PSRt TS AR PRE P B Ml Hhpiogiments o wis
aspecofof deuinsention] the qraleinginvélned ondnug shetabodismgs tahghaseat wr phase-2 drug-

hyman pronot er, mean hat, .fol)lop ng this exanple, .the
metbglng SPPATG. o AREES SFoEE AEFetoll BBCeTpRsGtg of i avpect of the
invenftiBBPAB R0t MbsedGt dMB! mefbolaRf ish WIdnkpe Erﬁi‘i’s{'p@ntermﬁﬂd{eﬂl BE described
produced in the correct tissue. The natura
elsewhpipdiesinogi cal response to a particular drug will then
be 30 m mcked, in terms of the anmount of CYP3A4 that
As exphinpdedorse tvholsaeng plugters sheuid prefeyehly beyraplagedwherg gssiblg, gather than

simol A5 LG bl Byl Byt foe sl
resentble the & @ndsituatien iframm,ans.t hat mirrors the situation in

the human. In contrast, a prior art nethod that uses
Thusain ahirthet asppetodidtieventian grovelet aarpsgeasl wom-lofman animal, tissue or cells

deriv%?%ggélggamt el é@-n/g | aarl%x{xwe aﬁ#&s?qu%g?eset%gﬁ) ing % glggt/sql(gt%g(fstgins involved in
drug fttaboRERLALE Mekodir¥eofbidoBatbul eyt equdni@és. In this aspect of the
i nstance, the drug mght 1n fact only be a weak

invensigiysa carresppedingCyhsign of rpdoggnpys A ealerih egeagss ispeptionally annulled. In
prefetqgé f]'pl?cldlirﬁ&gs ot ra%';);e%{ %tﬁl)é/ in'vgnthgtIHe HRY Y Sn QJucMP@ of the human DNA
protein are present. us, regul atory sequences are
sequeipteeis eradrivhiyied(i. e hgemamicoseyganoesaathexathaheIMEA sequieneds acrusgd,as described
l !I?n Eor e. 5 preferred enbodi ments, the regul atory
elsewbera BESMs are of human origin or originate fromthe

target non-hunmpn aninal, (e.g. nmouse). This enables,. |
The ipfiatf P 5h BVEREPELE B HREEPTD oha<r dbip R mo which a human
DNA (s6i¢at0maBdih@ h bioteih BBREANN drudifdtabBRdnh Ahd Bekn iMd6rted, and in which an
result, the human protein is produced in the correct
endogsnguseeene endeding groretein ipyokeed imHiug maighetisrg igoptioad |y 2ppulles. However,
I that.. | i o) ' i .
non—h&xﬁ%n gglgr?aésﬁ%lgﬁl%bb ?eZl grgllrngeéﬂg%rﬁ@@ arg?vzﬁ?cﬂna{nggg@%ng& é%e for a protein
involwddria drgt raetaladismt Hae bear gwtllge med whidh db @othfurrher comprise a human DNA
i ncor pos ated gene ma% sha{r e al e?der seque
e OBl Byoled o) Avggragboligadre e U
“knodk0gutt ASHORImANORihA SRR AR bP&ILs a@SRARIcu il RSefRIAR PhiaH@twith the “knock-
which usually results in a better expression. This
in” (lramised)y nerl-kwmamanimels, tibsues or cells of the invention, because comparison of

experimental data generated using knock-in and knock-out mice can reveal further useful

'E:ISB ﬁ}TeP ilngﬁqtion. Such

information regarding pathways of drug metabolism.

Thus, in a further aspect the invention provides a method for investigating xenobiotic metabolism
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the gene product will be guided to the right
intracel lul ar | ocation. The human | eader sequence 15

Woraphti49080 abl e to fulfil that function as wel | PCHGB2008/001897
Is. often.safer to use the nouse | eader instead. For

or toxifity, sprprising;the yge o5 of MRP2, the Ieader sequence”

.. of the nouse praqtejn, V\,h IS, e & . exon 1, nﬁy

() bea MOPAUER. ¥R, MOTHENOTBRUR dFTive] here B eifeupoRptiggna human DNA
eXQuénck SerbGifl 'anbfd?gh'ciﬁ%l{/&i Pn (ﬁ?fé)'?ne%a%ilsrﬁhﬁldgpLI% control of ‘an
genom c sequence. The original splice sites for nouse
i nendogenbusvirégulabey seqeadcent oportaHathaving gtscendsgengus: equivalent gene
encodes, a fusion protein of ami no acids from nouse
ex?ﬂﬁ‘uﬁ dnd 20 human exons 2-32. This construct ensures

... a high I essi and a that the P2 i s

() gy a@ae%"ﬁgsm& ‘F‘g g {‘F%‘ﬁ °rt°ﬁ@ B‘r’ré&‘ré‘!‘]‘i&@@ 3fpgse endogenous
| Nequiva@int %8s bdeh @nhilkdbROWAICE Aokt hcgfdtatd@Murkiéh DNA sequence
brought under control of the pronoter of the
ap‘a}ceémgﬁte@rqtsmg@tol\@ﬁﬂ%wg@ﬁwol%ranéxanp| e, in the
case of MDR1, the cDNA of human MDRL nmay be fused to

(i) ¢ heptionaliyss eariesneaping wildrtyrs nen- W%ere@rm%gep@rf@llﬁéerwed therefrom.
nouse genes (Mirla or Mirlb). In 25 the exanpl e of

Prefeprzek noa%hwmaﬁmmls o rhens bkm%whamsx@ém% edscybgigelifeedn (e.g those

ﬂ?%d h n a r f
havu%g)(héoeg‘g ok hths{mg}ué%ﬂ@ E%ﬁiréolggeh%&%?t BIA?'YP?AQ hﬁ@?PBA cluster,
huCYRACH, nhuCYPZC t biestelcaheC‘ﬁPZIM;R huC@ 1 AlAA2, skdi@Thic ehuviyR 1/mdrla™,

MR d":b@]@ r/gﬁ’[ poothNRE L Se of “a partial or
PreteGRTIORRIME. VAR EROUS, 0. By TGS AL FPARTE (e those

havirfgfthé @Eﬂlcﬁﬂ)e\d@PXRnkSCAﬁh H&PPARI: kolAURt RECyp38PE&LCYPRR cluster, koCyp2c
i nvention provides a transgeni c_non- human ani nal ,

clustery ka(xp 1 al/Crda.doCyreq Jader: prdfdi¢Bm i ncorporating a

human DNA sequence encoding a protein involved in drug

Thuspsickymeptngs mey 909ty e peT/ ©BPatss duggerrabolign Abg) # 8pR-hawr animal with
{

the g\%#@ylﬁé?ﬂﬁ’%( %}ZQ “Sﬁq%g%ﬁgﬁggg%}%pg?ﬁ%{ems - i@@md optlonally (iii) a
wild-typemon-humac ininbBit at | east one splice vari ant |s

produced when the human DNA sequence is transcribed
Preferably, lvecht methadyeninpriseghe hsgrrdn ani mal , tissue or cells

derived therefrom In this aspect of the invention,
(i) t hevoeordogrenthres @qunrv,aﬂoemr mgeree oefivodi myret rve- lplmanemnnals; tissues or

annul | ed.

erﬁfgl&(ﬁgmdh 'fe?r{’ﬂ’i glcglgggaiyg 6$5Pf‘ﬁg/el)'yv\/en?r migre, t%rge of Mote, four or

priabri or fivevenvsre hima DM segjhalees eidtling defferent proteins involved in drug
transcription fact ort{fzj ?fghase 1 drug-netabol i sing

enB§iFRolisp phdes dho cgn t HIOBINOIH GERIPISHESCAaUgISoreagh non-human
dr%ﬁl“ﬁ ﬁ@&r ‘ﬁ:ﬁE opiRL Y nents?see?x%% 6k eﬁhﬁvﬁwﬂtegeﬁe annulled;

her ei errbo aspect ©

(ii) ' V\ﬁ)ngll m%re ttm% er\tl(%E nfo'up\()PdX(ﬁg blnﬁ%’ B nilrd %QI% §£G.ﬁg9 non-human

ase- dru met abol | zi ng enzy
deammalls,etwksmlssnemm derilved ﬂiefﬁfrohﬂwhbd&&iﬁd@ﬂ)@l qtqervbbnogenes have been

argfEr B ey S dngghe Phivep SRR FsRepiodie the fetvant drug
derﬁ@t%b@%ﬂ] proteins; and

(iii)  optionally a corresponding wild-type non-human animal, tissue or cells derived therefrom.

Such methods may involve e.g., comparing drug metabolism in (i) non-human animals with the
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el sewhere herein. As expl ai ned above, whol e gene
clusters should preferably be replaced where possi bl e,
W0 260824908han  sinply repl aci ng i ndi vi dual geneRCT/GB2008/001897

because the resultlgg drug net abol i sm pat hways nore
genopypess BIRXR,1 uGAR o Rt ¥P2G @luswr,vh%GE* gnfh (iDopon-humanrarimals with the

{ t t
geno%%sﬁlgoé’éﬁ{l %oﬁ%nik ES%&%SC%&E% Eb?{clkgg?xﬁ o@ﬂ@na‘ﬂp‘t}‘dﬂe\ﬁu& ¢ non-human
animtfer efrom i ncor porati ng a human DNA sequence encodJng
a cluster of proteins involved in drug nmetabolism
In othleﬁdﬁdfthdch of genhvaition fwhereito differzus tramsgeni@ hat-furs@nardmale are compared,
In this aspect of the invention, a corresponding
the effeqlis) %frdlfé?re@m%éﬂwgql@aeﬁseaq ‘éYﬁSh&’éﬂjgs is optionally
[ In 2 f
Thusgi 3 ghpAsRitt RS PHEn PRCIGRS SO oYt w ot metabolism

or toliERRRok DM inSREYUG e i s mai ntained (i.e. genomc
sequences rather than cDNA sequences are used, as

@ des 'ﬁHt BEA huRhs QI‘M}ﬁ[ i8R & dlis dah\%dl tHé’r@ﬂ&ﬁ)QHcd?ﬁ&Xﬁr%ee?' human DNA

non- human ani nals, tissue or s derived therefrom
| ngequenkaé cinceding rmprotmmnscqubmeinwmbngsm ydet ¢hen control of an

mﬂ%’n@hé’eﬁtﬁusl glgg%ﬁ%gge {ﬁ%ﬁgeqa%nﬁzg h@?‘ ggrg—l Hraarp %%Hgf qissue or ceﬁs optionally
| N@ingad ehlogdholG eqBivalem defernnalieft i onal |y annul | ed.
However, non-human ani mals, tissues or cells derived

(i) t hesRbdRdn-Muiddi HimalNtiSae ogesNe dsrigdrfcdrpiratihgd Riredn DNA sequence

i.nvol ved in drug netabalismhas been annul | ed, and
whinepdiag a wErtein ipyahesd 1n s metabolism yadsr trgoneelpf@ncadogenous non-
en}ﬁﬂﬁjdnrhg l%éﬁﬁ (i){? séﬁx\éﬂéevﬁg nbft h%&'xgarﬂﬁltaﬁggguk ot dfsptionally having
al'so usef in t venfio *knack- out
nomdmdnmomquadabpt gans sumdleds ceI I s are particularly
useful in parallel with the "knock 30 in" (humani sed)

(iif) nowptieuathna gnirawosding ingg-hemam @anipwll,| wssef ot kells darvad ithemefrom whose

because co n _of t ener at ed

o RRREREC TR e oS T Y B AR, BEP S ChBfrgprare @ human
usBbNUl sequent©EltBEing the'prer@indhvidvedah i@ ysetabolishh Lghd
nmet abolism Thus, in a further aspect the invention

(iv) Préptiofl&lBy @Acorebgvading Wild-thpesdn-igaianngink 1isone0dricells derived therefrom.
nmet abol i sm 24 WD 2008/ 149080 PCT/ GB2008/ 001897 or

For dxamble| Uiig mamilis@i dag Heh@nipaeedPetwdeh )(i)aa fisnnbiHi®an animal with the
animal, tissue or cells_ derived thergfrom

genofyAg BRRER atvherginathy (ivaian BROMS se@siemensoding ddithds undsr dieesaptrol of an
endo%n\ﬂesl. N§Had R ﬁilra%gy eRfaRe! by '&ds%f;oﬂdhxﬁ)nm&lodmrﬁil With the genotype

dogenous regulatory sequence and optionally having
huPXR, svhervito thehogen S3NA sequsnee g@ﬂ@ng BX&ninuhdardhe Qcmtlpl af an endogenous

non i R e B e RS B Bl 5 ot B By vt vpe non-
humd’h&ﬁ»m’ﬂﬂﬁ)n Sadhibihedk @ﬂble\&bbtﬁ'ﬁlﬁ‘%ﬁceﬁm gériRaefaicataad @xpression levels

uman DNA sequence . encoding the pratein |nvolved in
betwgqnd@nmq igkgldpq)(geh?rgéwgns (e.g mlce) to be elucidated.

Other comparative methods are possible. The skilled person will readily be able to select an
appropriate ‘panel’ of non-human animals, tissues or cells derived therefrom as disclosed herein.
The type and number of non-human animals, tissues or cells required for comparison will depend
on the type of analysis required (e.g. depending on the drug metabolism pathway of interest and/or
the drug of interest). The invention provides transgenic non-human animals, tissues or cells derived

therefrom of various genotypes (see elsewhere herein). The invention provides a tool kit from
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(iii) optionally a corresponding w | d-type non-human
animal, tissue or cells derived therefrom 10
wWee@Ba4908@ non- human ani mal s of type (i) incl uBET/GBRES/001897

whiclz E%%kg%%@gg%% 2 g%rtﬁé}gﬁ%@ggd ﬁ{lj?&?ﬁesiﬁ?@;@% ;§t jl]}?us, the invention
iAeGY Bthol fd8 irfBsti ERébRtic MHealiohitm O USHi&ity, cHMprI&) f
provide o ethofl P iEsrigaiiC TSP tic IKaliCHim un 15116, cOMprititithe use of at
least kwd, rati feajt threg.-at ldasiNDR, bt leasti five, af least/sipg jat leady s¢ven, agrleast eight, at least
. hu 2)... Preferred pon- human, ani nal s _af .t I .
nine, 5k AUk e of B PR SERLABRE e} VS ghdhqmoerein cach
type dfnodhiindag ahidgil gRsRLoy Rellsk@MpRseskadifietent@ iR Mo diR@fibR(e.g. knock-in,
koCyp3al 1, koCyp3a cluster, koCyp2c¢c cluster, koCyp '% i
knoclgont, altgrsd | regpatoyprogpenge) plicstiag  tho pmineUesty seapgice, ok ggiession of a
' . ‘ ar.i r i i .
o PSS P S, g, 1RSI LSRR, it
different Jypes nhmramsgemin renihwedan vanirhalt hissugesroteip eird ofparédnehable a more

. optiopal l i . Wl d-typ on-human ani mal ). .20.
rigorgpepgha o) dhig oo listots oYy A8 Bh Nt BEofs fHaf jggolve use of
feweilOty b randgbihi€ Ao hufi® himhQHssuObr €8I €, or five or nore :
non- human ani nmal s, tissues or cells derived therefrom
The h&HOASATRS intehtiof SRE A Ulleyent Wans@EniBRO6Shuhid 8fmels af@éRnpared may
. four or nore, or five or nore human DNA sequences .
1nvolg¢]mmﬁgar1@gftlpeeqag}qtdr¥g aft the pame Ass(to e qlﬁergrptl}gpes of non-human animal
. Gl STLLAAGH LHE WRAHE! puancBdRERRARM
& gg'}:f%ggléés, gac tnon-hulr%rpa‘%[) ’Z%rr]li maﬁ, tlssuggglglogéﬁ%%emes) and
compaphg the aldtabolisnr on@xicitg ofthdodrey berseanthe defeemt argmals.
annul led; (ii) two or nore, three or nore, four or
Transgemés arimafsi ve or nore correspondi ng non- hunman
animals, tissues or cells derived therefrom whose

- In prefadted)emberdiments ioff Hlegmesegeimesntivaves deseibed abnveland delomt, the transgenic

whi ch _do not ..i ncor porate. h n .DNA sequences encpdin
non-an TSR} R0 TS Sy SESFY DRTSEPCY 5 RRGEr o e Pehiey be another
mam@Bdro§RtieY, for SpRs RRUIEHrngdent,| fdr insRAcd @ Rath HiTAReAsH 4Bhinea pig, or
tissue or cells derived therefrom Such nethods may
anothep$RSFIgE sqg:_hgl_s a nw,lf@érppgq gat@,;tu@r HeanyJrifelinei or 0j L)ngulate species such as

. . i S W 1
o AT TR 1 PO HERILGAORE o oy,
transgeiniss t@r-hunanU@imalasrdméinimal and tikwenor a¢lisnat semwedhfrether rodent, more
p Fotﬁ_&gs koPXR, koCAR, koCyp2c cluster, koUGI (and

pree%%% PY (iii) a wild-type non-human animal). In

ot her nmethods of.the invention wherein different
At e % o SRR A PR SRR S S b il SR e beneit to man
from SRS bf th} typks GdstriRidaRicin BYUhAdREd vaSeAtOIIGRSRES suffering that might

investigated. Thus, in a further_ aspect the invention

be imppesdiin gy caeatign Reditcrtng ofiirasgeniganimals- Venylibsterident to those of skill in

~ the aH,EﬁxﬁE %Jr?ﬂfés r%[]uireoﬁgir%.hlt %stin%%rg 1ifiBat th8ls $8E c@hmence in humans and

under current regulations and with currently available model systems, animal testing cannot be
dispensed with. Any new drug must be tested on at least two different species of live mammal, one
of which must be a large non-rodent. Experts consider that new classes of drugs now in
development that act in very specific ways in the body 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.
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(i) a first non-human animal, tissue or cells derived
therefromincorporating a human DNA sequence encodi ng
W@2@B04%®8N i nvol ved in drug netabol i sm under tPE&I/GB2008/001897
control of an 10 endogenous human regul ator . L .
Accog@ag]éntb% ’bertqt;lé t, B0 AR argg?%rn’od? 5 SUGhaas os&:e(i/qsglbed herein is not in
any |fiddaB %lgl:é{ or H@Yddekts | Er?brﬁﬁ‘,j BRSO Rp R oViRE S frcluding primates.
annul led; (11) a segond on- hunman ani mal, tissue or
The specifs. wayr invetiich ribese povelt dmgs wilhwivdn miohits thetjpemates may be the only

T T S VN AR TR T

requl at ory sequence, .t he_.non-hu ani nmal i.ssue or ]
The iauPhton gjsey tg EASF BTy of 28 ianin A asRie- QYIRS &ue fails ata
late sSB ¢ REHS! AIBSK thé hhiinhl SipkiiMBRE W] B L£R1$ARNO BetinGasted. Stopping drugs
non- human animal, tissue or cells derived therefrom

failingttherefore ryeg dasb asimadn lvas- chergferme althoueh dem peeseny| invegtion relates to
transge%c %4?&1&1'51, thOGe JFQhchl DERIE o Bﬁe&hcg %?ﬂhmb@“ f ?xﬁﬁwl@ Hf gAust be used
ncodi ng 'the protein involved I'n drug nmetabolisn an
in drdg testingpkogeaimntsy a correspondi ng wi | d-type non-hunman
animal, tissue or cells derived therefrom 20 For
An aévaatipt ef thel pregervixivabiddn is mhat &travbids pobleased sixeicadirrgende @tween the
first non-humpn animal with. th enot ype huPXR, .
humagyandegther prmmg Eﬁt DRYE 5%‘3’835‘1‘8’@{?% Hg‘ﬁ’d‘i‘ﬁ‘? Akt i"é"%ﬁﬁd Qpe example is
providEE€b¥ aRthlly OF padxis6ne QERRG S RivaRd 1&Spload _Rs?{ to which various
sequence, and (ii) a second non-human animal with the
drugggeerstiy the pasudexRlopothey kipelipidecning saentDNAe sie¥glemeant of these drugs was
codi P ' nal 0
stoprd Sl ord e e A Blop e Bo S LR cpflen ¥R cERARHERC HRycpally amed
out tiait tha) th diffekenoelin ariditpbetviean) spatitdeouidde anpibu8 tddiffiarences in levels of

nimal s). Such nethods enabl.e subtle differences in
PPARgs oty Egﬁn s NORENOBABPUEY; 16 1€ TBRHSF doCsHiof QER ThitagRg because of
lowe P e IRE PP ARIGBIefThal SrepresdhCi) tht BivEle TRENCAr8 kK hlear advantages to
O her conparati ve nethods are possible. The skilled

modgletheberhiliil bonadiadi lpxelhel pipleln expresuprethat gpflectathpieapesent i@ the human
bmi‘panel' of non-human aninmals, tissues or cells derived
Ytherefrom as discl osed herein. The type and nunber of

7 Prefegag)% QH%QP | g%%%}ﬁ%§ 'ééges gér)](!ht 1ﬁ(gép|te§cgaéﬁg?fnfcgcg fdc fliman or non-human

arirson w anal ysiI s
animaleggilaety DAY seqiiefen de.pgtherentibgendusuigurn@t aibodn-Buman promoter). This

. at h of. interest and/or .the dr of interest). The .
linkage sochetingt frawo&ae cpEior @Pa%sgoéw@esrfaﬁ afimiage 9 i*wawog,eg‘em over prior art
moddld £IHE furler &Rkh&s 4Rhi¥@Hng b R HeMuRhn Vidlakiohs

~genotypes (see el sewhere %ereln). The i nvention _

A pal?t'i&ﬂ’eirqi%w?'anfi‘age0(9?1 thé i HunfahRBA trdRsg¥¥ic 2R8R4144ARMA8 Gind tissues, of the present
PCT/ GB2008/ 001897 which the skilled_ person can sel ect
inventige i3 et they sgmbine dha banefitseof dosnal eperimagnyaljagimatipedelst wigh those of
huma{nnc\éﬁr})tr LSl Rt r\élirgﬁﬁing%ergsgt?rgq.’lfh% s Et@%ed?thlu %Hs@cg ransgenic animal will
xenobl ot c netaboli'smo OXICIty, conpri si ng E%e use
providé thé phiréaséuticwioindastryl edthtart hm@eyedabltdreast foouse imtall pre-clinical
| east five, at least six, at |east seven, at |east
metabgligpy toxigity Ia%‘gglt“g dl‘f’Pﬂsét,'O'bsrtucg‘is' | east ten types of
non- human animal, tissue or cells derived therefrom
Cellspherei n each 5 type of non-human aninal, tissue or
cells conmprises a different genetic nodification (e.g

Anothgrsaspect gf the invention relates to cells, modified so as to possess properties according to
any one of the above-described aspects of the invention. Hepatocytes and neuronal cells are

preferred cell types according to the present invention. The cells may be animal cells, including
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knock-out, altered regulatory sequence) affecting the
am no aci d sequence or expression of a protein
WO pood/14%80 i N drug netabolism The " holistic' nRCTGH2008/001897

di scl oged herein, in [ ch ltiple different types
mamgplignycg §§gﬂw M%-ﬁwwaﬁﬁm@sgﬁr p cefty. qaore seseificaly, snagecells.

conpar ed, enabl e npre . rigorous a si s of .drug )
Cells dgRoae IoHIsaNeFet eLEIE IMYgntion AFP R giSdgFom rensgenif iials according to

the imﬂ&%d RYiRk VeeandS@ REhnidds,” BG4I h¥PASarah the ARARE Nesder, imbued with
non- human ani nal, tissue or cell. The nethods of the

knowilemlge pf therpredent iaivq:nt'@'gf $létabh.t m@thtlahgge db@rih@h inhpmynstandard laboratory
T N DR —.

Clonii@NAhL#BYRaté#y! Mahual ( Thigd EdkAC000); ,Auskibed Gk -20U1199 Bifghpra)]; Spector,

t'ype, human or non-human regul atory sequences)

_ w | d-
Goldmam & Leyiiyaddi 1998% he met aboli smor toxicity of that drug

between the different animals. 15 Transgenic aninmals

In ong psppetefush celts ramsdionevman gpimah eellsy @i 3 Mousetells ganegated according
I ' i - .

o HEC DR P00 36 DL LS 5 PR 5 OR AR percrin

such palsfietoadrbsy achumaused motiserresydeberited abdness withevividfllimarortalised mouse (for

specgi es, for exanple ano r rodent, for instan a .
exampl, heBiRar B mBe 4 B AU BG5 FCREHSTG P SRUEGE08 g animals
accordihg 3o WRNKEYwnREGhniquadhi the afll Pcdn@RtNE poibr hi hdafeni®lsysdéins, which

ungul at e species such as 20 ovjine, caprine, equine,
used Hlesy jalpwmin premetemn theh isreaniyaActiigi Wathes e angl thyg roaly able to generate

e | . i - i "
eon 5510 o L% GRS 000 R0, Ll ARy e o
a dipref seladilon, ol diffuset cAllt typesghintlodings eelsf of ragsfi@ni dmportance to
ani mal s poses questions of an ethical nature, the
phargglinetos ppalyeR, et drheEretsend PR egles descr i bed

herein is considered.vastly to outwei an ufferin .
Stem el R0 T8, BEUFH50 S0 “CRBTEY i o PRROT o8 operties as
describbd hbAR S MsE usthil ABPests ofsheVprbdendidvéitiod €SWchtcells @ Be Pluripotent, or

skill in the art, drug therapies require ani nal

partiafly sdiffergntintedyr Hem| ¢ells capy tbej adulf deR eedsmnersbiypnif peam scells. More
: ot ; o

genecfs, pdff BEls HPPFR mb 9 et BLRARLAS IRl stage e foctl

neonalals peersked omaduit. Steny celbwsalatead) imtlss mbendrasdyelt wedad generate specific

typeSlﬁﬁ?%h s%?sd%gggtggﬁgstr ad@pq%grg,??xglocghﬁ gu\é%?l]g%l’sgl térgg gr? ﬁg?(f:t of the present

inventib@t new cl asses of drugs now i n 30 devel opnent that
act in very specific ways in the body my lead to nore

Prefe?RidRcetiIRI dTFeplal defles f Ut Ure years, and to the use of
nore primates. For exanple, as science seeks to tackle

Accofd tone flrfleP Bipedl oftths aRsRTonalierd &t protided a GofhumMen animal, tissue or
popul ation', it is _considered that we will need a

cells dervgdjtheredigppingorperatiggikeys on which to test the safety
and effectiveness of the next-generation pills. 27 WD
2008/ 140588 orcimuEpDdgy Bou@oTencading adfapgpription fagtor; and
benefit to man fromtransgenic nodel s such as those
ddikri Bélrasieone hwmars DN sepyenceereofingiadays ransparteeproginit o
rodents generally, but enconpasses other mamal s

and whaed endpgrpops ¢avivalet genes have optionally been annulled.

The inventors are of the view that in the case of models -of drug metabolism, it is important to
generate animals that are not just transgenic for particular drug metabolising enzymes, but also to

incorporate in these models, proteins that are transporters of drugs i.e. drug transporter proteins.
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The specific. way in which these novel drugs wll work
means that primates may be the only animals suitable
WO 2008819980 | ment ati on because their brain archi PEUGBR@S/001897

is very simlar t Qur own. he invention ainsg t

For ¢xale TPHY EORROHPSLINEh AERYARS Z’B‘Iﬁ rihg r‘\ﬁ‘@llgﬁf FaRSGEpHon factor, are also

substWﬂ@snﬁY fIDR1 Shdigte fiRlsl a oréd du@B? c&lsa8Lthls bRt Mhbkefdd,lin order to
of the animal experinents in a sense have been

creatovastaishful &0d¢pofrtge dr uiys SItﬁzmoh; nrgmaheme@t ordersblyds trasgenic for drug

transpqieT Rrotein pUERTIata FisTee e iwBtenniat R heungth & e inugpeltular effects

of an§ \pafticalat Eohkent@hONbIdrhe DRRe Mg tiakspoaer ;ﬁf)teﬂﬁl MBIRY i§ pterred. In the
nmust be used in drug testlng progr anmes. An

10
case afPHAR 2 rapTeenripanigy Edels. ofripriei B rrdundpney qftdrug gpepporters that is
nd g twee

eencflieb PR, HerchOL Bt BSuChUAORNE AP KR Perbhife nIHER RSt and so
prefetsz&‘@t, bothdthks. mQime gexesnyioeld ke kiprcked detdandyreplaeed with Ithe biman mdrl

peroxi some proliferator activated receptors (PPARs),
gmwto whi ch varlous drugs were in the past devel oped as

oI| e ents. The develo nent of rugs

The GpBEviaf BE R chedin )it BLRORRGHch f MBGas Abh aftRated by the
PXRibasdaesighil Erb%tblﬁ ABERFHIALY EPScaudet th€ \e@presstn! Of the!pASE 11 Bhase 11 and

out that that the difference in toxicity between

drug énemsporter geoed i3 linkediby PiXRutie addition fof the rfags dleas the prodyads f these genes
F)
have ggrled %\5@ oh Elg:t l'g\gecl:é %n?ﬁ%%a%ﬁ%%??gﬁg‘gn@fﬂeﬁ H%?arb?ﬁttes tﬁ]e ﬂlt]e%rlty of co-
ordmla'(ed ef@ubﬁotPFﬂﬁkRa 1sp matigthined hatomding |06 ethengredent tilveentibw eis. extremely
ear advantages to nodel s that

er e are ver
advargfgaogs PRSHEY AL SRR 1B Prgh Bt oy oy bes! oo ¢ hat

re b S SR S RSS2 2t umen DA

sequén@g%m@&ﬁd trhhs0k bl @ackld NBXR OkheN BN MNWA  RBhdHBE encodmg PXR
regul atory DNA sequences (e.g. _the endogenous human or

compaiges- #ulgesh part crfdnieen) 6 apgfos intrqm i Hfdhg Burgans PXRcgeney ehis additionally
charatc{'é?lsegax‘r 45 Uesc ?Béd ﬂ%r? ﬁ&\cﬁl q&%lnta%g d@%‘ﬁ%ilﬁ% ngg

ovenent over prior ar S as t I's further

In adg\ﬁil\()ﬂnm {s@ﬁpr@ k4 9{ é ngm? %arﬁraieérge Yﬂ e ﬁ%f@ﬂte%ﬁﬁali‘ g&QQHCt and in the

articul ar a ant a t he” humani transge
env1ramrnﬂal<1§ the blobd-beanrd banrlss (haisce tofth theeGp treg et thQBlood brain barrier are

nvention e 0 ne the benefits pof norma
seniGRAE e ut TREoRp™ R R P G PR N Glsealy-elevant
MDROéxprés5idoH eveldl itdpa@s am iApditalQhpPe&YSTLRMUruEhh&tatslisiSFb&@ks to the drug
humani sed transgenic animal will provide the

modebjapd ineernenstating rhausaceipeipt aetivity s rossacpt MDFain the GI tract, for
examhf%r i Gx“eﬁcfgr %Hllgﬁireﬁv&%d glf.‘galboetl lﬁg&@g%&lé SUiDR ?3( g&g tp%gt?nt for drug

di sposition stu Anot he
transpd'tebothl maznt oud of the lbeiie MDR atselttassponts drugs @dmssomagc tells in the liver into
ossess properties according to any one of the
the bllgove- descri bed aspects of the invention. Hepatocytes

Otheg r?r‘e’feﬂgé‘{a&ga'gﬂfoﬁ'f el PoibolemcEwer v g st RN el
| udi ng 2f O 2008/ 49080 PCT/dGBZOO%/ 001897
to a non-

Accorde ing to a furﬁwr aspe the nventio ere Is provide uman animal, tissue or

cells derived therefrom incorporating:
M) at least one human DNA sequence encoding a transcription factor; and

(i1) at least one human DNA sequence encoding a phase-1 drug-metabolising enzyme;
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manmal i an cells, such as non-hunman cells or rodent
cells, nore specifically, nouse cells. Cells according
W@ o008hi®s@aspect of the invention may be creat eRCT/GBR08/001897
transgend? animal s according to the invention using-
st andar®9%%chni ques, as will be clear to the skilled
reader, inbued with II?E{m\/\,ied ge of_ the, present
i ndnt i Bieastare hypepr D r»ﬁsa%ncaF%coeglg@rq%aamﬁm.tﬁawtem
standard | aboratory 5 manuals, such as Davis et a
nd voss endpgsneutiequi velavh genes hawe opfisnallypesmagaled. sanbr ook
Mol ecul ar _ A oning; A_Laboratory Manual, Third Edition
Accoptw@ futther Bg;ecteqf the mvemg«y& tl[mggbﬁ,g})w S‘E)édtoar uman animal, tissue or
cells Qéiji\%gﬂ{%ré%r 1n@3\ﬁ5*q“né;298) In one aspect, such cells

non- human ani | cells, such as nouse cells,

°r ata?ﬁ’e Q'ixﬂhqglng\fAPse%Gé&:Q Qﬁcoﬁgngr L 3@%@\’1& ga%?o?f dn@ed

ects 0 e I nvention e pre
t I )
050, 410,00 S 50 i A T 8

nouse (ﬁwmnexanple, the i morta-nouse (Taconix). Cells
may subsequently be isolated from such aninals
ac@or diat @patto)n%hinalk Pdldnsejeaicn enpodsigianirogheargparter protein;
contrast to prior art transgenic systens, which used
and vwhose @ldbgemions gruovmEnegenehbiveioptianlly beatamellédn t he |i ver
and thus only able to generate hepatocytes, cells
Accotdingriot a finthge aspectaoti thellisvegins tiare ¢ proeded a mgnihomiah@nimal, tissue or
" gresgq@ i.nvention n&y be of 15 a diverse selection of
cells ferveg H#RQEPFmPQBE “including cells of S|gn|f|cant
yses,. suc

t t ki net
B A A S A S P R g
O R et DR RrRh ChBvk 2 %] SHEkRRsing encyme;
t f t h t h
DT bt St oM R TV P PR F ahSE EpEReupligne enzyme;

nay beggdult stemcells or enbryonic stemcells. Mre

20 generally, stemcells enployed nay be froma

PQ®)- e Iea6ttnG hdﬁﬂﬁbmgﬁﬁice stcagdg Q. ddug k@Rpatter protein;

neonatal , juvenile, or adult Sten1ce||s isolated in
and WHakSendBgemo s sqavaleat gmeshive ogesrliabeensddaeildd ¢ types of

cells such as hepatocytes and neuronal cells. Such

Prefefu®lyl, Shedt S8pdc@y fchide anpasgie &f mbReoPiRSRAturesi ivrebdfeo. described In
Preferred sel ections of replaced %enes 25 According t
prefegeq epbadimenys peiheseqrspedie ong 9rerﬁf>ﬁedﬁ he brgnan PYAgeanangesds & partial or

comp!ﬂé?é‘%r Umseaﬂéng@% %e‘séﬁb%&i%ls@&vher@ﬁélje% derived therefrom

por at i ng | east one human DNA sequence

Accogd;ﬁ(;gjﬁ ﬁlrfhreﬁ%ée&'o?ttﬂquvén@i% WMere i@g;%w&éd' nét hdn%%lmal tissue or

quence encodi ng a drug transporter
cells pleova mereﬁavnd wdoqmeatsagdlmgw\o O Ae chwa(ces n¢ncgdmgsa lﬁ‘X\Re and a CAR
opt.i ona en_annu The i nven
wans R fotr o o e BE 0uGE PR FEeTeS R HeR bt e Teabolising
enzyth® and'@ WabBdte Huthan PNVE &func@tnbd iy 4 e-@rd@ugnﬂEtabM%ing enzyme and
transgenic for particular drug netabolising enzynes,

at leasgenealfuseant BNA] ssaesnpo prrodingri dHe S@nspoeiel BIOtesT: atheTais the endogenous
equ1v%frggl: gé:?%ssmttheaﬁbsl‘xw&aﬂraﬁ n?JI tﬁjsgﬁlago?t c%llsehavg H@o&[l?Bée?xoarnhl?ﬁed.Accordmg

to a yet further aspect of the invention there is provided a non-human animal, tissue or cells

derived therefrom incorporating:

(i) a human DNA sequence encoding a PXR and/or a CAR transcription

31



10

15

20

25

30

29 WD 2008/ 149080 PCT/ GB2008/ 001897 For exanple, many
conpounds that activate PXR, the nuclear transcription
WO 209804908@r e al so substrates for MDRI and ar eP€hGB2008/001897
transported out of cells by this protein. Therefore,
in order to f¢PBate a faithful nodel of the in vivo
situation, animals nust preferahly be _transgenic for
dr@@ig t r ans poruman [N Qsequsace epeeingthe £ 3k <enaves: agd
inpression will be obtained of the intracellular :
efidct s 5 ofa mandaNAisequenge caseingithe MPRhpwfeinyy ug. Of
the drug transporter proteins, MDRL is preferred. In .
This pspsct efyihe i@\fen}j@q @rofapqrtiqwaangi@gh}ncthm the 4 enzyme is of particular
. r.se, .tLheyr . r t eSS w
impofi e w8 "Gl ERLRAP UKl B Wid MERAILE 6, WIE iydigm will be of
impofiaitegeriaveatigating he asle off dngsmktabolisnd irs drugpiedvailatiility, in the gut. In

.both- these nouse es shoul d be knocked out apd . .
AR PiebQUMACDIE: e ALIIRPTOI 1o KBRS B4 XPrrstibaib blopgstain barrier
and WhedEREstp&AECAdinRY 1A UBotd JRSRBE] SunnRbET MSuss UGATl Govide a truly

MDR1 is also activated by the PXR-based signalling
represapiatizerscengriovidhagptgke af douggygenablnsice by alsqup af ¢ brajein man.

phase |,  phase Il and drug transporter genes is ) )
According e debiprtoRispeat ofdleri invention dharpds prayided laagtonthyman animal, tissue or

rodycts cof th es have varied effects on the

cells gbvgﬁgheéenﬁ)mngf(g%gﬁagg n of drugs and their netabolites,

the integrit f s R di | atq [ .

rra@nt ai ned a%gg?%[?%N'gosgﬁ‘g%E%%géO% ?n%%taﬁgﬁyias%AR transeription

extrenmely Ifactagjvant ageous, particularly when conpared

to prior art systems. Preferably, when a non-human

anjiival  accorahunghntINA Bequenteamtoding thafi3ardanesnag human

DNA sequence encoding the transcription factor PXR

t h@ihuman DNAuseaURNAseqiaacdinngdifdRe UCONPY ¢rzemeadnd

| east part of intron 6 and/or intron 7 of the human

PXR)gene, ora lwsnaaddNAisenahdeyencading the MIDR b piebtedrs

described in nore detail herein above and in the
Accoediag ayet @ethémaspebd iof itleninvdibh,i thereXp pegsled aatondhuman animal, tissue or

nificant degree .in the gastro-intestinal (G) tract

ce"salﬁ ef therq{eom WAEYPPBHA®Nt of the bl ood-brain barrier.

T o e A

VRS o i BB GINA S BB R AT DB oL e ARE “or

oot U AP BT D prTPYh 1B SPRSBHce

or Ty - Brrapdye st Bhce e Sdnd s hnaipaen i PEREE
R i BETREE SOLRAL 0,80 S o v

transéd}fioh | 4&brsi MdPor pRBei ht/orCphBE D iAfahEEEbIRRBDEDMEORR/0r drug
of drug netabolismgenes are |isted as foll ows.

transpqrteo pehigies are particularlhadvapgpeaus fafuse feassepyiag: mesHtoring eF mvestigating
s provided o-P . f{'g@g | 0 cel | S :

non gcr)t:?){% déatrﬂréclyg%%lfrgo{hy %g%%}gg:ga : rsl'g: He?e?%qy, fvhers %if ShdnShuman_animal

humanised for PPARa also incorporates a human DNA sequence encoding the transcription factor

PXR, the human DNA sequence encoding PXR comprises at least part of intron 6 and/or intron 7
of the human PXR gene, or is additionaly characterised as described in more detail herein above

and in the claims.
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(i) at |east one human DNA sequence encoding a
transcription factor; and (ii) at |east one human DNA
WG 2a#080 encodi ng a phase-1 drug-net abol i si ngPENGHA®S/001897

Othe? grggeé ggrg lgl}gtz}%g %N@%g%gggélg%ggﬁ% grggér?azg | itira)nsc%ption factor, a
humdn’ BRAPQGh&lce RhQJdfigthe MIOR1 PRASE 288 SRS Atbte BEUEWVRI BN khe CYP3A-
genes have optionally been annulled. According to a

. clustéruthe K3fP26s¢iestar and UGHeorithe/ UGl Destusterhere i s provi ded a

non- human animal, tissue or 5 cells derived therefrom
Parti¢ulartyr pofeate rigansgenic mon-Hussest animals,htissags dAcedls uighe énvention have a

genoﬁgﬁg%is;%%&aeggraﬁngﬁgl@»@h% ggh ﬁgg tgr%gﬁ é‘ Q%?éré 20 szln?s%g(t)n cc))tn t‘l?le relevant

endogénd@s ABH-RRAN Bdilgl Béhey AR theaefi©kd’l feffors & all@B&k-o@NST the relevant
uman DNA sequence encoding a drug transporter

endoggnguenqp-human aghepl gpsse endogenous equi val ent genes
have optionally been annulled. According to a further )
Unlegsspsbertvissf reguieedi by, atconigxt, refereaces 4o genssi adazeaowpes- brasia that are in
. A0 Al v dd ' .
capitP (I bR WeP M chEb! ARE o3k Bttty also to.0 ene or gene
clust@nio adnanghenanr anivead), | iterean réfachars;to (gengs atl depatgpesaroe in capitals (e.g.
h n. DNA sequence encodi n hase- |
Cyp3] {DgeiRERAETT O Frg° ERSigHR:2 mopdulin Agime (42 ASYne human
DNA sequence encodi ng a phase-2 drug-mnetaboli sing
TranseppignFackr§ (jv) at | east one human DNA sequence
hI%@ﬂCOding a drug transporter protein; and whose
W%¥ndogenous equival ent genes have optional |y been
kP)ﬁ{;nulled. Preferably, these aspects include any one or
© re of the features hereinbefore described. In 20
hucéﬁfferred enbodi nents of these aspects, one or nore of
e human DNA sequences is a partial or conplete
nom ¢ sequence as described el sewhere herein.
'cording to a yet further aspect of.the invention
hMNJ ere is provided a non-human aninmal, tissue or cells
Pved therefromincorporati ng hunan DNA sequences
KoPP coding a PXR and a CAR transcription factor and at
st one human DNA sequence encodi ng a phase-1
h}ug%ug-netabolising 25 enzynme and at | east one human DNA
u a %nce encodi ng a phase-2 drug-netabolising enzyne
koA@$d at | east one human DNA sequence encodi ng a drug
“transporter protein, wherein the endogenous
D @gfuéghentﬁgenes in the non-human animal, tissue or
rugXefaPofAnE B PShal 1y been annul | ed. According to a
t. further aspect of the invention there is provided
huc%?%%%-hunan animal, tissue or cells

koCyp3all;

koC

huCYP3A cluster;
koCyp3a cluster;
huCYP2C9;
hﬁCYPZC cluster;
koCyp2c cluster;

huCYP2D6;
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derived therefromincorporating: 30 (i) a human DNA
sequence encoding a PXR and/or a CAR transcription 31
woD00OBsML 49080 PCT/ GB2008/ 001897 factor; (iiBCHGB28M01897
sequence encodi ng the CYP3A4 enzyne; and (iii) a
kwyﬁ%%‘élHSt%NA sequence encoding the MDRL protein. This
aspect of the invention is of particular utility in
h“CYPZ‘gfluft?fé CYP3A4 enzyme is of particular 5 inportance

in the trac her ef anj mal .hymani sed for
huCYHjiAd/ ﬁ‘%ﬁ“ﬁ?ﬂ'\“&ﬁ’?‘%%@g%l a“idﬁég)rl?s‘?rﬁé%i“i“ﬂa"i‘% Bsti gati ng

the role of dru abolism.in drug bioavailability in
koCypfl /Gypl a2 ?rﬁeanglagao{ﬁe éxtelahgn&lﬂ%?re%ﬂe%? obPe MDRI

rotein is known to be expressed at the bl ood-brain
UG fhuligrt A3 peUOGITA clisteE WGP 1589 i nto ¢ he above
descri bed humani sed nouse will provide a truly
kOU(FTepresent ative scenario of the uptake of
drugs/ xengbi otics into and out of the brain in man. 10
Drug ExagsRArtey Troleds f urt her aspect of the invention there
i S /provi_,_ded a non-hunman animal, tissue or cells
huMiR}/mdske ¢ her ef rom i ncorporating: (i) a human DNA
sequence encoding a PXR and/or a CAR transcription
huMbRExor; (ii) a human DNA sequence encodi ng the CYP3A4
enzynme; 15 (iii) a human DNA sequence encodi ng the
koMPRSYd; A enzyme; and (iv) a human DNA sequence encodi ng
the MDRl protein. According a yet further aspect of
huMbREmdalkent i on, there is provided a non-hunman ani mal,
tissue or cells derived therefromincorporating (i) a
huMBR ERin  DNA sequence encodi ng the transcription factor
PXR;, 20 (ii) a human DNA sequence encoding the
koMPRIRscription factor CAR  (iii) a human DNA sequence
encodi ng the transcription factor AhR, and (iv) a
huMRR KK isNAnddBence encodi ng the transcription factor
PPARa. . Non- hunman _ani mal humani sed for PPARa, and
huMIBR B/ MBRID GgahpMEHEIR) humani sed for furt her
transcription factors and/ or phase-1 and/or phase 2
kOM]aHf’dk%Png}Gl i sing enzymes and/or drug 25 transporter
roteins are particularly advantageous for use in
h“M}ggzéessi ng, nonitoring or investigating non-genotoxic

carci nogenic, (h rplasti effects. Preferably, when
huB(R; @eﬁfﬂﬁwﬁm%n%gﬁr{gtvpc Wl ETRRsE ABICHRAR. al 50

i ncor porates a human DNA sequence encodi ng the
koMRFanscr | ption factor PXR, the human DNA sequence

encodi ng PXR conpri ses at | east part of intrQqn 6 . .
Parti%}:y ( lﬁ?(i< téq,psgenr;ri)c non-human amema s, tissues and cells of 816 invention incorporate

a combination of two or more of the genotypes described herein, some examples of which are
specified in the following list, wherein the symbol “/” indicates a combination of relevant

genotypes.

Complex Genotypes
huPXR/huCAR;
koPXR/huCAR;
huPXR/koCAR;

koPXR/koCAR;
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of the human PXR gene, or is additionaly characterised
as described in nore detail herein above 30 and in
WO beosaimBirs. 32 WO 2008/ 149080 PCT/ GB2008/ 001 8RFT/GBRI181001897

ref g&&%ﬁb# i ons include- conbinations of a PXR
hup)ﬁ%‘?ﬁl{/ﬁ ¢ Qﬁg‘bri ption factor, a human DNA |
q ' the MDRL protein and one or nore of.
kOPW?/ﬁ@W“’CI uster, the CYP2C-cl uster and UGT
or the cluster. Particularly preferred transgenic
hucmb‘hpﬂﬁﬁgﬁ‘r ‘mal s, tissues and cells of the invention
have a__5 genotype as specified in the followng |ist.
huCYREIMBERY " hu" "refers to humani sation of the rel evant
endogengus _non- human ani mal gene, and the prefix "ko"
koCyps dpstertyPERinock- out of the relevant endogenous
non- hunan ani mal gene. Unl ess otherw se required by
huCYRDOdEXBxt , references to genes and genotypes herein
that are in _ capitals (e.g. CYP3A4) refer to a human
huCygeddusier/lyBXB/MGfder (and possibly also to a gene or
Y%ene 10 cluster in a non-human ani mal ), whereas
huCY3pdfwRX8s t o genes and genotypes not in capitals
3al 1) refer to a gene or gene cluster in a

(e.qQ. p
kOCYﬁ%ﬂgﬂ’l‘}%O#r; animal (e.g. nouse). Transcription Factors
huPXR; koPXR 15 huCAR, koCAR;, huPPARa; koPPARa;
h“CYWGAHﬂEOCé{%I%‘“&%B;hR Dr ug- Met abol i zi ng Enzynes
huCYP3A4; _koCyp3al 1; huCYP3A cluster; 25 koCyp3a
koCyp3adegde/huPXReyP2C9;  huCYP2C cluster;  koCyp2c

huMI():Ill 1 /?ntd?lra;/'/huPXR;

huMDR 1/mdr1b” /huPXR;

huMDR I/mdrla”/mdr1b”/huPXR;

huPXR/huCAR/huMDR 1a/b;

huPXR/huCAR/koMDR1a/b;

huMRP2/huPXR; .

huCYP3A cluster/huPXR/huCAR;

huCYP3A4/huPXR/huCAR;

huCYP3A4/koCyp3al1/huPXR/huCAR;

huCYP3A cluster/huMDR 1/mdrla”/mdrib”/huPXR/huCAR;

huCYP3A cluster/huMDR 1/mdrla”/mdr1b”/huUGT/huMRP2/huPXR/huCAR;
huCYP3A cluster/huCYP2C cluster/huMDR 1/mdrla”/mdr1b”/huPXR/huCAR;
huCYP3A cluster/huCYP2C cluster/h;JMDRl/mdrla'/'/mdr1b'/'/huUGT/huMRP2/huPXR/huCAR;
huCYP2C cluster/huPXR/huCAR;
huCYP2C9/huPXR/huCAR;

huUGT/huPXR/huCAR;
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huCYP2D6; 33 WD 2008/ 149080 PCT/ GB2008/ 001897 koCyp2d
cluster; huCyp2d cluster; huCyP 1 A1/ 1 A2 (neaning
Whoiok/1®9¥ 1 A 1 and CYP 1 A2 are hunmani sed); RCOGB2008£01897
anlng both Cyp | a | and Cyp | a2 are
huU(ﬁT/bB%@@@HW u§A|Ruuc;T huUGT1A; huUGT1A cl ust er;

huGST and koUGT g Transporter Proteins

huMPer}wmﬂﬁb ﬁumwh ARt@ndkoMDR 1 a; huMDRI/ ndrl

b"/-; huMDRI -b; koMDRI b; huMDR 1 /nmdr 1 a '-/ndrl
huMEPZ/huPﬁlythw&m alhuMDR | b (i. e., huMDR | a/b);

koMDR | a/ koMDR 1 b; huMRP2;  huBCRP (the
Tranggeniesnoarityman anmeds, ttW}@S taadl feelly bavéngos cembing@upyf two or more genetic

manlﬁ&l\ﬁg% aszgef ﬁ[)éc‘ %gllef]{ ate Q)Elﬁ{cﬁfaxtlg glf fea‘g(? ? gﬁ&: the firugnmetabohsm

unen “ani | Ssu e 1 nven
pathw#)Q Gri thosearion-huthaa @fialg tissmes oifd deliomore diasely redentbiethe in vivo situation

genot ypes descri bed hereln exanpl es of which are
in hug&@%. Pl Bon-humpaneaniaals. digsysg apd G4lls MAARCOFRPTRA 2 oF A3 or more, 4, or

more 5 "or ISt CE1of e, CPRIPINRL, §1r Rord, &) BY @itre, HEMPLY RR%e of the genetic
Conpl ex Genotypes 25 huPXR huCAR, koPXR/ huCAR;

manihulPiRslap daRibedihgRXR/ KOCAR;, 34

Suitable methods and targeting vectors for generating the transgenic non-human animals, tissues or
cells of the invention are described elsewhere heréin, and specific targeting strategies are described
in the Examples herein and schematically illustrated in the Figures. Each of the specific targeting
strategies and targeting vectors described and illustrated herein forms a further aspect of the
invention. Thus, the invention provides a method of introducing into a non-human animal cell at
least one human DNA sequence encoding a protein involved in drug metabolism using a targeting
strategy or targeting vector(s) substantially as described herein or substantially as depicted in the

Figures herein.

In particular, the invention provides a transgenic. mouse, tissue or cells derived therefrom

comprising one or more of the following features:

A. Transcription Factors
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WO 2008/
huPXR/ hu

wohospsNsec| ust er / huAhR;

cluster/

149080 PCT/ GB2008/ 001897
CAR/ huAhR/ huPPARa; koPXR/ koCAR/ koAhR/ koPPARa;

huPXR: huCyP2D6/ huPXR: hll()m')d

huCYP2C9/ huPXR, 5 ko(B@ERGB2008/001897

| huP¥Rust er /
1/ huPXR;

andc| uster/|h
[ mdr| b-

koPKR' -/ huR
huPXR/ hu
cluster/
huCYP3A4
cl ust er/
cluster/ih
AR huQV
cluster/|h
cluster/
cluster/
AR 25

huCYP2Co/
2008/ 1490

huUGT/ hu

HKaRRim (iawertion) R T PDRNsaMermRRNCodingdyma PXR into

PRl RSP SXR: Lol ot SR FERynger the

| cohfrolRXitie HodPRXR promloted a ' -/ ndr 1
XR. 15 huPXR/ huCAR/ huMDR1a/ b;

OfMfe/ BN NORGuelcd encoldinyPfaad{an IR, prdf&tﬁM?&Amprises at
huPXR/ huCAR,  huCYP3A4/ huPXR/ gw
/ IRestpprs af mtienhardfasdniren hgEtegiman P gene (e

]IQA#%Q n/cpylﬁ%ﬁ?xg hum 5%()1({R/mﬁ{| EJAI’%‘IGI' ﬁ%m rls§ Aat

I’iaﬁvﬁﬁﬁof intron 6 and/or intron 7 of the human PXR gene (e.g.

“cl ust er/ huPXR/ huCAR,
,g_tu?P ?U@C@gﬁ% Flef@li{lGF {}Jl]nl'rlgr)]( '36&%‘%@5 ;fur?}x%r \é\g))mprise at
MER2 bt BXRitFs#CARtron 3 and/or intron 8 of the human PXR

huMDRI / ndr | at / mdr | b4-/ huPXR/ huCAR;, and

gene (e.g. Figure 64).

The targeting vector(s) preferably include sequence elements that
enable PXR knock-out (e.g. Phi-C31-mediated knock-out) to
produce koPXR. ‘

%@%éﬁg{ 52 -/ mdr| b-' -/ huPXR/ huCAR, huCYP3A
ri1a’ -/ mdrl b-/-/huUGT/ huMRP2/ huPXR/ hu€

Eril,jl\/DRl ndrl a/ -/ mdr | b-"'-/huUGT/ huMRP2/ huPXR/ hu

J

huCAR

and

koCAR

Knock-in of a DNA sequence encoding human CAR into the mouse
CAR locus, enabling expression of human CAR under the control of

the mouse CAR promoter.

The DNA sequence encoding human CAR preferably comprises at
least part of intron 2, intron 3, intron 4, intron 5, intron 6, intron 7

and/or intron 8 of the human CAR gene (e.g. Figure 3).

The targeting vector(s) preferably include sequence elements that
enable CAR knock-out (e.g. Phi-C31-mediated knock-out) to
produce koCAR.
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huMRP2/ huPXR/ huCAR.  Transgeni ¢ non- human ani mal s,
ti ssues and cells having a conbination of two or nore
wW@emwstisws® mani pul ations as described herein aP&r/GB2008/001897

particul
huPBARAway s| Kapckiin o an BN seryaneeneneadiag humes RRARm dnte gthe &

nmore clo

andhumans.

i ncor por

koPRfRe, 6

10 or no
her ei n.

gener at i
or cel

her ei n,

descri bedy
iIIustra
targetin
and illu
i nventi g

S I { it '
Sk R2 e Sy SRS T e m
ahecahtiot ofithe Mouss RPARwpremodr. or nore 5 or
or nore, 7 or nore, 8 or nore, 9 or nore, or
I'EheODNANR q@B0E bhddingeuinfad | FPA RN refesabdle sanprises]
10 Suitabl e nethod% and ta g%%ing ve%% s for
fy leastepart ofiatem P @niSh IMGRENOLAE fEman LRE8e
eggF%m@6gpventlon are described el sewhere
an ecific targeting strategies are
[ FYpech
Ay, AT o008, Bal]sSRBRARNILABI tha
genalslt: PRARgI l@sclanui (e-gr Getinedjated knenkoutdets prodveel
ﬁ}&ghgg herein forns a further aspect of the
t he |nvent|on prOV|des a met hod of

| o

HE2E S V- Ih
L9 ) UUU\J
huABRe hume
drug net
Mtargetin
subst
parti

mouse, t

e AR SRR

Transcri

O S DN R e AT Iy

kRt 10203, WhdbNglg @xprads@tdfM@mas AhRL @@ BE control of
g vector(s substantially as described herein
dhe manseAlfsprgeicet ed in the Figures herein.
cular, the invention provides a transgenic.

i Bhe BNy seasencs enceflipe chuner AR orrefeeabhp Foraprings

PCT/ GB2
seguenc
| ocus,

koPXR ¢
sequenc

n

Ogn{n g@gﬁ%agg vm&%ﬁé{;g@ ol'ﬂ(él%ﬂ@§ El’ﬁ%ﬂésl%rgénté ¢ANA

rembble nghRe kpodksait dagoﬁrdwmndlate@){mogﬂndab t¢ hpeoduce
q@ﬁ%ngf t he nouse PXR pronoter. The DNA

nao

i ng human PXR preferably conprises at
it ran A ogndal o~ Lt A~ O~ f + I e
UI | At oh—4—ahntar ot 1o J Ul CTIT 1TTarralt

Figures 2 and 65). The DNA sequence

AL

] nart
\;UII}J1 i DC Cll mMrMcast part

?”WH?ron 7 of the human PXR gene

e

heo Aanct
\I\ ||u._y I UI l IICI
0 E

i gur-e

intron 3
Fi gure 6

(HeroeE st BN

lﬂ.ll r/\r\
mto the

SEquEEE  TEATE GPEAG

Sequengeengy
4:)@5\5% Rosd 2B I6AR, Enabling BHrEWITR B RifiBan €%P8 AlQunder
the control of a human CYP3A4 promoter.

The DNA sequence encoding human CYP3A4 preferably comprises
at least part of intron 1 of the human CYP3A4 gene (e.g. Figure 70).

koCyp3all

Knock-in of ZsGreen reporter gene into the mouse Cyp3all locus,
enabling expression of ZsGreen under the control of the mouse

Cyp3all promoter (e.g. Figure 71).
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The targeting vector(s) preferably include sequence

el enent s

weRiosCBD8hedi at ed knock-out) to

Knock-in

that enable PXR knock-out (e.g.

of _a DNA_seguence encodina human CAR inta the

huC¥Fdde

under thle

Hasegigr ple BNA spasneaencedie dbe huma@ﬁmmﬁlu@m

, ORtL.r f h te
cluseine DNA s'g&ugltﬁ clg!)lésgc o%ﬁ g%'fﬁétetr gna@éﬁg %xg FEidh F?n human
conpr i sejsCeP3A tiasei under the 6dntiohbf lﬁmnaa CYPBA ptlibnﬁ)tem ntron

and4, intr
the hu

nbS5, intron 6, intron 7 and/or intron 8 of
NTHeARr@ERE ve&ods) pre@tubey HcludEheqicateldnitgits that

koCyp¥t or (s|) preferably include sequence el enents that
enabl e cmaklﬁé?éw@fi'@teeé‘e'gtwrpﬁﬁ theswuwe%wpéﬁéblﬂeﬁé% Rogliee)

clusteo  pr odygy
huPPARa
PPARa i nt-f,
expr essi

& B ri3d 2008/ 149080 PCT/ GB2008/ 001897
ogE'@va% ?é ' sequence encodi ng human

oReo RS YRR FEATRY SEADS BARPR, et

of the npangkle PEmeqhamdoirsemoﬁ' hef DhA hlaqzue nMC¥Pcddstery

human PRA
intron 5
(e.g. Fi
i ncl ude
(e.g. T
huAhR Kn
into the
human Ah

pr onot er|.

pr ef o) | east t of
ShesRisa £ e GEER bRESH o R TBRA g rer to
gbRucBBICYFHR targeting vector(s) preferably
sequence el enments that enable PPARa knock- out

eFHEedigtifg vKkaogy - sbferablyO inefudd eguenk® RRARALs that

ock-in of a DNA sequence encodi ng human AhR
gnable eleletipn ofpriedtior gassetss SybseAvEnE kp inserdios f dfe

Rlu#ﬁg %ﬁﬁeclﬁs(?&tlﬁtg Ithe%mgF ;&SBES él@s‘;t‘errm use AhR

sequence enco uman AhR

huc?gsé_@f an
and {(Q@;&Bg 8

clus@; ug- Met

Fi g ERaRr SrONA e chtofhy Kifel /S TP

sequsenCyp3el elostod, SOmhaally anabht emdBR KpptaRS olobus
Z@gﬁ?ﬂlﬁaﬁ%&%gﬁnoc r%lzﬂl) S}P%Aa ger the contr%lp (Eef a human
CYP3A4 promoter.

Mice in which the Cyp3a cluster is deleted may also be generated.

huCYP2C9

Knock-in of a DNA sequence encoding human CYP2C9 into the
mouse Rosa26 locus, enabling expression of human CYP2C9 under

the control of a human CYP2C9 promoter.

The DNA sequence encoding human CYP2C9 preferably comprises
at least part of intron 4 of the human CYP2C9 gene (e.g. Figure 73).
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huCYP3A4 Knock-in of a DNA sequence encodi ng human
CYP3A4 into the nouse Rosa26 | ocus, enabling
W(E:X(p)slew'ston of human CYP3A4 under the controll_)«:jflcazoos/001s97

LAY L .“i’O"‘:’Dt 1~ ITrC lJI\v-\ o CII\JU -1 h Hah
huW3§A4 pr@?eé?‘gfb P§/ riegwgice gpeq E’ﬁs‘!’e n YR elyster
of the hURRNtHeYRSMME OFNR di8std; ehdbliHg %x&%);smn l6P P Ridthdn

ock-in of ZsGeen reporterfogene into the nouse
Cyp3al || $¥BYUs clugtpmwidenigie exairob oshumands YDA (prometansider
andi he contfol of the nouse Cyp3all pronoter (e.g.
‘o C{;{i ure 71?he Bezeiine 2008HD4peEORbBCTHClEL 08810 8ements that

C$P3f\3§| Q}?gletdreg ljeg{ate% € e{ on {)ﬂtlﬁg rr]n%%se %dl ﬂgt L r{o ro%uce
clutitapl i ng lexpRsEigRigafe 7)e human CYPSA cI ust er under

t he contjrol of human CYP3A pronoters. and The

targeti ngrheeatgetlﬁg)veabﬂﬁ)ep@iﬁrably Ml udd ese§@eshide feinents that

el ement g| t hat p3a enabl e Cre-nedj ated del eti on of

t he museﬁnﬁk}lﬁsgr‘t‘mg‘@@fj insgrtispoQficthe  Bymat e YRy plaster
(e.9. Figib&qdent to EP&mWe@lBQStd'el%Eoﬂ’ Sﬁgalgrn(&)se %ﬁ@élﬁ&%fyto
i ncl ude sequence el enents th ena di ate

i nserti grproduct heCHBAEN CYP3A cI uster subsequent to
Cre-nedijated del etion of the nouse Cyp3a cluster, to
produce |Fll@YREkting Wectbds)gpmfer@lw aciwle (syuqmpe febamecintsy that
i ncl ude |se ena etion. of

el ect | ot defyidh SERTdighdRers PRedrTr of MsprpR ot the
human CYR#haa|CHHET cliigdérnth Big: fBWss €yp¥ddast&l ust er .
huCYP3A4 Knock-in of a DNA sequence encodi hg human

clu

huC®YR8M | [Mbcklie of&num%&&emwnmaan W VBEEY into the
optional|ly at the npuse g'fp 3a25 | ocus enabling :
I

and ¥Oy25 S| [oROWE iphaslusiepangicimtliedt tha &ypdrigpusopr dnto the
human oyl gy 1&Y5’3f%bﬁlgg3 E%/r@gs on'\/&fcﬁuﬂlé}x W}%’@t {Mer the

clustyp3a cljuster is delete [°So e generated
huCYP2C9 dénweliofiahumin @YM9$eqmm¢rce encodi ng human
CYP2C9 i|nto the

Mice in which the Cyp2c cluster is deleted may also be generated.

huCYP2D6 Knock-in of a DNA sequence encoding human CYP2D6 into the
and koCyp2d | mouse Cyp2d cluster, enabling expression of human CYP2D6 under

the control of a human CYP2Dé6 promoter.
cluster

Mice in which the Cyp2d cluster is deleted may also be generated. -

huCYP3A4 Knock-in of a DNA sequence encoding human CYP3A4 into the
and mouse Cyp3a cluster, enabling expression of human CYP3A4 under

koCyp3all the control of the mouse Cyp3all promoter.

Mice in which the Cyp3a cluster is deleted may also be generated.
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nouse Rosa26 | ocus, enabling expression of human
CYP2C9 under the control of a human CYP2C9 pronoter.
wab@sDiassequence encodi ng human CYP2C9 pr ef eredsi/¢B2008/001897

huCEPpALY g‘elﬁeockén §f DAy spaquercsy encoding\ ipymandSYRl9oged human
PCT/ GB200, r O [gNA n
CYRIAodi ng ?ﬁgp‘%}%ﬁ%ﬁ @Yqﬁggsg & % Eiu s{ng@ I°nt dpSr ?ﬁ%ﬁ 5¢
nouse Cy[pidenanl CER Iy, arﬂrﬁﬁleg umdep mlasmnnnl affhuirfae GiineA
and CYP2C cl uste(; (L)ﬂ%er the control of human CYP2C
. C@gg} er s G A PEYPPESThe targeting vect or (s)
Y abl y . i ncl sequence el e ts tha enabl e
Cr e- nedi lwﬁ@te* aPWéteh'ﬁgEg“’éﬂ?Z@ se|bg gpRrated.o
CYBIdduce | cluster koCyp2c (e.g. Figure 74). The

huUé8iTenent s

Inbeation efrRdBNA s@n@nme@ncadma tlinedsmmit&mbclusthxeimo

clustbel| et i on

hunman CYP

B e B RHG53:

ntt

cr“&s?ng“ﬂf’%”?g? o

lﬁrg%n UGT1

huCYP2C. | cltitertuadeg e dbgtrM&ﬁ'ﬂlﬁméﬁUGlfqur&habisy i ncl ude
andsequencel el enents that enable deletion of selection
casset t esTiRUBRANE Vectbifs)l PraRFdbly0 ihchidet S3Guenbel BRMeaPRGE
koUgiTust er |nto the mpuse Cyp2c cluster. huCYP2C9
Knock- i n| @rblg Gopymedistsdeds Oér‘?éé‘tﬁ Heuss e h clese o produes
clustthe and Q%ﬁp p2c cluster, preferably at
ch5 %&.Smgld&eﬁ%/

the Cyp2 or i hto the Rosa26 | ocus, enabling

expr essi|ofy, C%E% C\g? Qe&gﬁéﬁefé%ﬁr ifcd\fle & éﬁ’e%t:@ re)errféﬂﬁt 1he

of a hunpa ronot e M cCe I n whi Cyp2c

cl uster |enablel élr@dledascdallmrttm g)é'nehqatkeman RUENVP20)8ster
Knock-i n que uman P
the”“and RorJHTl o Tere ey B RERe R M Bl VR Tkt &

expr essi ogto@fce humam. CYP2D6 under the control of a _
human CYlP2D6 pronoter. .cluster Mce in which the Cyp2d

cl ust er |i BhedakRtitd voayr(9! profeh®dh aithidat fuencd eleiRaR4that
Knock-in of a DNA sequence encodi ng, human CYP3A4 into
t he enable deletion of selection cassettes subsequent to insertion of the
human UGT]1 cluster into the mouse Ugt! cluster.
C. Drug Transporter Proteins
huMDR1/ Knock-in of a DNA sequence encoding human MDR1 into the mouse
mdrla™ Mdrla locus, enabling expression of human MDR1 under the control
of the mouse Mdrla promoter.
The DNA sequence encoding human MDRI is preferably a human
MDRI1 ¢DNA sequence (e.g. Figure 76).
huMDR1/ Knock-in of a DNA sequence encoding human MDRI1 into the mouse
mdrlb” Mdrlb locus, enabling expression of human MDRI1 under the control
of the mouse Mdrlb promoter.
The DNA sequence encoding human MDRI1 is preferably a human
MDRI1 c¢DNA sequence (e.g. Figure 77).
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and nous
CYP3A4 u

e Cyp3a cluster,
nder koCyp3al i

enabl i ng expression of human
the control of the npuse

r~|a| et ar{ nr‘n\l gl SO ha nane'r_at ar{ 40 \AD 2008/ 149080

huMBR )/ a2 dnasts 18 6% DNA reavenssy crmardiesk byrmaroM DB Aniocthe aiveess
d engcodi ng Nj4fan gz\ﬁgﬁfﬂ' 1&5‘%&6& rl:x EEick 6 Hubfan 1 dHder

mdidgd ppusie Cyp fa cl ust er, ng expression o

hupan CYRhd coatrdl efite mwiﬁse]Mdﬂa anﬂjb‘lldrltbtmomomtsr ol of
mdhban CYP 1 A1 and and CYP 1 A2 pronpters.

koCYP1Al |/ Thel BN AI sequénicesherichdinghpinan MR ere prefeckblyehenian

may al sg e ted CYP1 hu ertion of a

DNA sequéﬁ@@g F%@mFﬁ%@ﬁﬁ Etgﬁhifﬁster into

el et Ay

maucon. it 1 el gt Ay aAanahll oy Avnrk ag ol AN

hul\/pﬂ’g

ot U7

RS oLt DR oreaui FreoHBE omer SITILE ML fovse

hunmsg
UGT1 pr qrmater Beus? Behbhiig ekESRh ot BuMask MIES hndek @fcedamitby
i ncl ude [sequence el enents that koUGI enabl e

Cr e- nedi
pr oduce
vector (s

atf st edse tMIpA paﬁnqtﬁe mouse Ugtl cluster, to
cluster koUGT (e.g. Figure 75). The targetlng
) Ther I@Néy @lgmgncp womm bEQﬂHIeMBBZ db @mferablytshhgman

Mce in which the Cyp3a cl uBCEGB2®8/001897

enabl e CI@Egzdbﬁt q{ler}l%%{eég mé%lpe,/. he hunan UGT1

cl uster equen latéd del etion of the
nmouse—Ugtt—ctuster,—to—produce hudGF—The—targeting
vector(s) preferably include sequence el enents that

By II%F]Oge hg%gngfsl %E%anthe r%tro U&of.n Casset t‘es u §r‘;fql'l'Fhus m?ron 4 is that

B USter™ i fito "t he nolisé
betwéddrtel ol 4emid & andGntrbli §1¢s tRatdbesReh tfns @raﬁdi 6) Jaa huMDRI /
Knock-in of a DNA sequence encodi ng human MDR1 into
As nétB@® eRBMRee hdttlh) tha sMiled erb@Cwil reediBie dble ®X{@lees S Apprériate ‘panel’

human WVDR1 under the control of the noyse Mirl a
of n%\rlamne:ixmmals tissues or cells derived theretrom as disclosed herem The invention

provides a tool kit from which the skilled person can select the tools required for the desired
analysis. Thus, the invention provides a method for investigating xenobiotic metabolism or
toxicity, comprising the use of at least two, at least three, at least four, at least five, at least six, at
least seven, at least eight, at least nine, or at least ten types of non-human animal, tissue or cells
derived therefrom, wherein each type of non-human animal, tissue or cells comprises a different
genetic modification introduced using a targeting strategy or targeting vectors substantially as

described herein or substantially as depicted in the Figures herein.

Further details of the preferred targeting strategies and constructs are provided in the Examples and
Figures herein. In particular, preferred targeting strategies are illustrated schematically in Figures

1-14 and 62-83.

Ma et al. (Drug Metab Dispos. 2007 Feb;35(2):194-200) introduced the complete human PXR
gene, including 5° and 3’ flanking sequences, into PXR knock-out mice by bacterial artificial
chromosome (BAC) transgenesis. They observed selective expression of human PXR in the liver
and intestine. Treatment of PXR-humanised mice with PXR ligands mimicked the human
response, as both hepatic and intestinal Cyp3all mRNA and protein were strongly induced by
rifampicin, a human-specific PXR ligand, but not by pregnenolone 16a-carbonitrile (PCN), a

rodent-specific PXR ligand. In wild-type mice, Cyp3all mRNA was strongly induced by PCN, but
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The DNA sequence encodi ng human MDR1 is preferably a
human NMDR1 cDNA sequence (e.g. Figure 76). hulNDRI/
wKawmeh49080 of a DNA sequence encodi ng human NDRECT/GBR008/001897

t he mouse ndrl b-'- NErIb | ocys, enabling expression
not byfrirHREN. HOREvinMare! ohacllsh PYsively to FER hymaasaion) a9 furthermore

does Fﬁ'bp I:lg g%%%a?l AN J&@seopﬁn% bJag. ani?tﬂ)nNQB% dsSthe use of mixed
pre a fiuman cDNA sequence . Figure
cDNAUE):nonéhi cmlﬂ&@&bﬂn@@ﬁﬂﬁ OIP@‘lffeﬁ‘B\’Z 0@fygoit 8OF-huarvDRinkls, use of reporter

consf§RESKal 480, PO REMEDES, SR8 MATBR V) LPLS, Lo i

regul@%@" RN, AhotheEawWbDIRbS the GRdeNBstritkd/by M6y dl q8tHabit is unsuitable
the nmouse Mirla and Mirl b pronoters. The

to cogéwe\mlemétf@emmg)f tother genadRyithin én?) apimay, dl?P%PSh EPinhumanisation is

0 SRS b B eI g TR s,

(iD) trhrh;geﬁwllsl S\éth thé }nﬁndn(‘RXE gerenabUiffegene gﬂfoﬁﬁ&lo@ﬂio@f human
- MRP2 under the control of the nobuse Mp2 pronoter.
Prefelhal Joljercesiuence encodi ng human MPR2 is preferably a
human MPR2 cDNA sequence (e.g. Figure 78). By intron
Preferrad tdﬂ@tlﬁ'g Btrategiesemdicohsiticts ate descritet \Werin. @Ydﬁfrﬁad‘mcleﬂzmdld sequences

“n+l ' . Thus, introp I s that et ween exo
for ingprgion d’EtPo‘}?“é‘“P‘a"‘nﬁ‘?H‘[‘ﬁ%ét%é (9r éﬁ@%éersveaﬁhﬁr@fgow@ fegied in SEQ ID
Nos:iot ed el sewhere herein, the skilled person wll

readily be able to select an appropriate panel' 5 of

SEQ rigrwbunﬁrh BthAEPRR AucRBHES suertc®! dbBaifkdld Msepg Uﬁﬁ%&fn Of¥ctor of the
as di sclosed herein. The invention provides a

invenipn. Fhedirstihiee nuelprdidess i SEQED piY:§ taigloann thedtagelatiqnplstart site from the
mouseofgkﬁ E@Uth sgaartf e Sth Sleqﬁ%ncilrnelg)(Ra%ve é?tg)s is ;l-& g}??rESeLD %EQ ID NO:1

Fnventd l'des 4 for i
comptlemsbdqﬁérices ﬂ%maih&bmssmaﬁd 5 dfotke Cthtn)an RXRr]génes land) ig hblamslﬂe using a
of at | east at least t t four,
targev%%'tatesy%'“ugfat?dessﬁ?magic&ﬁy 'at lgqr%Sa?st a§§3 n, at | east
i ne, or | eas

SEQ ila%’(ﬁgrfﬁﬁ hlélﬁ]%s {llllcgf‘é)ﬁlge 5f|:qugléqe| tt erﬂ)be;%/sip %zalother targeting vector of

the ifvBR{SA mérﬁrsm%eqiuelesﬁ&l@ of 826 1DfNO 2N}y iR hAMAd¥Rtional start site from
tissue or cells conprises a different” genetic

the mayek PXBaganeinthe startodigcddhaiBimep BXRageget(stalyisgtof aresyy- HQ ID NO:2
comp%?és%%éﬁe{ﬂgesv °§+ FHtr%n? H?Zpi 4 dI 7aJ)iJ the f}'}i"éa g ﬁ ePe %n(hg %{aﬂxable using a

ant’i y as ed’in erei
targefmy dthegy deilabtraeddchénwaicpllyeindtigurel 62.ar get | ng st r at eg| es
and constructs are provided in the Exanples and
SEQ BDgNOSsisheh@han PXR malebiidal beajuencp rabiamabéedudiey gedrganimg vector of the

strateqgies are illustr ematically in Fi
invention. 61Itheqllrst three nucleotides otaéli"a((jI IS ?\H) Er? tg) are the translatllo%gf s%?rt site from the
mouse PXR gene; the start site of the human PXR gene (ctg) is not present. SEQ ID NO:3
comprises sequences from introns 2, 3, 4, 5, 6, 7 and 8 of the human PXR gene, and is obtainable

using a targeting strategy as illustrated schematically in Figure 64.

SEQ ID NO:4 is a human CAR nucleotide sequence obtainable using a targeting vector of the.
invention. SEQ ID NO:4 contains a 53 bp Phi-C31 recognition site (attB53), which was inserted
into intron 2 of the human CAR gene. SEQ ID NO:4 comprises sequences from introns 2, 3, 4, 5,
6, 7 and 8 of the human CAR gene, and is obtainable using a strategy as illustrated schematically in

Figures 3, 8 and 66.
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15 1-14 and 62-83. Ma et al. (Drug Metab Di spos. 2007
Feb; 35(2):194-200) introduced the conpl ete human PXR
W@ 2098/14908€ | udi ng 5 and 3' flanking sequences, PCTHGB2(0XB01897

knock-out m ce bacterial_ artificial chronosone
Accordipgly, inyoRg w@@s dnventien, prgpides ¢ Hansgetie app-paman gripak tisgpe or cells

der B8 AR TR0 ol 3%, f PR spaie B T SO T N i 10 o2,

SEQ2D N@3SporsEe), IDaNObb tPreftrelplys the DINAl séquerestis stably Gytpgaed at the locus of

e JRRARCBEOLS! BuSte Shtonel Y Lneed: b LA, R s

providfa GREIBRNctd takg%nﬁg’%&mr fchat Ecﬁ%ﬁ&ks 8 ICA fsbqueRedRad t@abdin SEQ ID
In wild-type mce, NA was strongly induced

NO: lb)SFPUD fl SHQ IW:N 817 &E@d@ONﬁdr/a@m qomggises 5 and 3
ﬂank?% %&&?ﬂgﬁgﬁgg‘ueﬂ?ﬁe&lg{ a a'\fg ﬁ glrlsmt)({ gl "élrrld;g %?c% lgSh Eé Yocus of the

endogﬂnﬁﬁé egeivalentsghg e ahd rneitich appanlly thfthérhﬁ)nmressemhclelc acid sequence

elem%t@% ]t; h(%{'}gt cog@ﬂﬁ%aﬁldggﬁorgfs)te @gfﬁlpg@é i}q\lz} Ics:%gbcgsﬁ r 1ts integration in the
locusmh@b’r%gerf%ﬂé Egtlihlent! §§1e0fl‘hé RR&toR also GREVIAs UCHoR- l{uﬁﬁaﬁ animal, tissue
or expressi on of human sequences under the
or celisaéﬁtrrved thefefioorcontaining suah palicléic peid drggtingyegeyuences.
Anot her drawback of the nodel described by Ma et al.
Prefepred tripathuman j animais,ufissagsl er cells adntargetingiveetors comprise a nucleic acid
d f () n t nl | 0, 0,
moleggc glasles a&,LiEfQ%O‘?m%tqugf% /% It ‘leeast\égc(:)lﬂ{h ap leg t ES‘%t %@st 90%, at least 95%, at
least I98%hegredd deist 936 ideitical abéretsadmm&ngthltb akmolei_c-aai.d_ mofectilb@s recited in

SEQ Bl PIQARONGE. SE 1 ¥ 3 doBRANTENOGheth BIRNA sequence that is

complérRdrdry EfsuS R I HEAEE cid ChodcRfeer ed targeting strategies
and constructs are descri bed herein. Preferred nucleic

MetHd@b @oﬁﬁ%&ﬁk‘i@?m fl&@m'eﬁ‘@fe‘hké on into non-human ani mal s,
tissues or cells derived therefromare recited in SEQ

Accobdthg NOB fikttfr aspB& dflthdNRvdntiod therb WHQvid&Ra Meh S04 1 ifl@oducing at least

sequence obt ai nabl e using a targeting vector of the :
one fumﬂemllfmmanﬁmscrlph@t faﬁﬂqr,@elqas}cgneehmésdreg mgabplismg\mzyme, at least

one éh%gegé dgﬁ%ﬁnétg‘beohts )%% , sff’lgrﬁ ?ﬂﬁé?rﬁﬁﬁ%rt&&eml 1§1t0 non-human

cell(s() ®¢hg).e bwn Bmiogm‘oﬁs eqmvalﬁﬁ‘;@exid:c) ekYesdingctherpforeseid }S&(ﬂlﬂl@ heesSoptionally

fro trons 4 and 5 of the_ human
been pep ‘?rﬁ‘gb‘%c“d%’l 5 apethody gewpﬁﬁn%tlvﬁeﬂﬁgvgaﬁﬁ45| ﬁmiaxgeaald human

trans&ﬁﬂi%ﬁ%ck&%ﬂde { Bnd™ NG Bfetabolish né&@yl@@ andts bbhdyekter ﬂr&eﬁ such that

human PXR nucl eoti de Sequence obt ai nabl e Usi ng anot her
said humagetxpragsior products femaim gunichonaht Gvom whtigehé pelEs owheagdogenous genes

are r%r&%grlreﬁ %éa:c 19@S (Q)nst%Egolf?aﬁg@hg oﬁ &1% %lkﬁ\?eécgeﬁéer!ﬂ)%fi ;@e@fs oqttfleoﬁelentlon may

nouse
beused. t he hunman PXR gene (ctg) is not present. SEQ I D
NO 2 conprises sequences fromintrons 4, 5, 6, and 7
Prefeﬂfbl}l; hadéyenaus MxFRugenegenesdhose . wbtedi pbles Wi Mgldgous to the protein

et| strategy as illustrated schematically in
prodqgf rthe ¢ oduced hur%%n DNA sequences are deleted. This can be Xone preferably either
by direct targeting with their human counterparts or by flanking these genes or gene clusters with
recognition sites and subsequent recombinase-mediated deletion (e.g. Cre-mediated or Phi-C31-

mediated deletion).

According to the present invention, genes that are inserted into the transgenic model are preferably

inserted at the point in the genome where the endogenous equivalent gene or gene cluster naturally
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SEQ ID NGO 3 is a human PXR nucl eoti de sequence
obt ai nabl e using a targeting vector of the invention.
W b@sfiea8t t hree nucl eoti des of SEQ I D NO 3 ( ar@/Gae@®s/001897

| ati onal st m the 25 npuse
occuﬁeﬁ]@s li){lsn e advanfage ; }taé fcopﬁzét ?gt}fx&ﬁenp%g% ézh@ta(ngfidyhlékmeans that the
fide PSS tPISE En fr%%is [3it&N3 a3 cERERY séoﬁﬁﬁlest@ EHeqEVeF Sf tfrz{rﬁgpiptlon that occurs
introns 2, 3, 4, 5, 6, 7 and of the human PXR gene,
in theawid fype systemi.nabl e using a targeting strategy as
illustrated schematically in Figure 64. SEQID NO 4 is
Furthgrrheresasc@AiRg el the dapentien, seecpndogepowsizqaivalebt genesi gapeato those that are

inser{ggﬁﬁgftl 2 aél\ége%ﬁcgsé'st%&xl gp%g_hlall,y nve %:etn?aglﬁulf%tq‘zkxaxgil'\?«éslg)meant to include
silendifig 6deMetioni od $&ideRRk ind€tivielth tht rﬂterm hinth ahiigal RenBoEehAR equivalent
gene. SEQ ID NGO 4 conprises sequences fromintrons 2

gene 35 ungbledo expresy theragngpiofuqtisy Mprsterrbisarayyarndichfq@nnyl the expression of
the egﬁgﬁdﬁgg@grﬁé{t%n@%ﬁ%ﬁ@; &si ta'nle&c}gé'tt{) %sgg \}%ﬁ replacement gene at the

mat i y in ures
point2® Wclld@&&ﬁalmc@m%ﬂle @ﬂc&@sﬁ of hmnollogmlrsgbqomhnmtlom,eiescnbed above.

ect the |n nti n provides .a transgenic non-
Accaifi i tisheshoroTiz BnfS HEF of Sefe R SR ARAD SIEs in the targer
genofi@ TRk HRSinSerf scyBeHeE NEE tiRSe hRGIstEh difecBiHrkibh NPtheldesired human
SEQID NG 2, SEQIDNO3 or SEQID NO 4. Preferably,

gene PheenpNA sequence is stably integrated at the | ocus of
t he endogenous equi val ent gene (i.e. within the nurine
For emymplsy i qagec 0 MDRIh dhg dipgriransperigr peptein,pdiffgicaieanigal species have

s Y 554,08 OS5 SR e SR P58y Mg v o

transpdteNON3DBI a SEQM]]RNQ dhosentikswh exphression tib erutedlyprxckeise Sin contrast,

nk n clelc aci d uenc hat ar
MDR]0f e galye R et Srahoiet ok it St Bk ihesprEiept i the human
(MDRD(&@GQVIDRS) ewubﬁ/@ke@ﬂﬁ GEMBuseishsydhi € forOPDR N@Erefore, MDR1 should
further conprises nuc %GIC aci d sequence elements that

prefeppbbrieplacechothi the sndagerpus MPR geuss. MRE 1papMOBNR. sequence
after its-integration in the 10 |ocus of the

Anot@qﬁ@@ﬁl@ﬁné@upmgp%py g%gasepﬁ@‘f%twl@fp thergoare nine genes in the
mousB! O3 ”tgran“HPé“f&Eﬂuﬂﬁl gerfe! @%an?r ‘Felclsr%erqe&* t‘l’lg(iinouse gene

there ron1 ontai’ni ng such a nuclelc aC| targeti
clusteregitlothe Hanehegened rdatively rsimpla nhawgh,ssindei the lrtsr spans é¢sls ghan around

and targeting vectors conprise a nucleic acid
4Okbr?g$ %eﬂﬁeeﬁ% is at least 70% at |east 75% at | east
80%

DNAedlen®i S 37 as bty 2o 569 s, e loanediat bqictions, s e of deletion

is sulta@r&%hdaau@ Tl bEfrBgradhit Lo MIN A GRO0RD AS sdvefal tnegatiagbs)l 5T1§EQethod has
NO 1, SEQID NO 2, SEQID NO 3 or SE

D NO 4
been mnb@hluéh% following naﬁerS&érlr&%r%ﬁ{(é} iaip), 'ﬁkeaTnﬁéqhé'i"td M, Huber
G, M’ﬁﬁ&dU eRSM C!V%Iené?gl?ouf&f mid@ Wi GhH b a A& %FE%D[ISOI' protein gene

genes ccordi ng to a rther asp ect o I nvent |
deletiph dryeCre yeqnibimade chediated t site-dparifid nbmmbiualdngnaimlirﬁam stem cells Proc

Nart Gt SHIEN A g e PO AP ke 7Pk QU AT Tep s A 1996
Oct BIRSENZ20¥2Ugd Rt SWOA! MEnB oK, EBENIEE A2MEsRl ch@fborRfledetttidls induced

transporter protein into non-human
with retroviral vectors in mice. Nat Genet. 2000 Jan;24(1):92-5).

Cre/lox-mediated insertions of large fragments may also be used to insert the human DNA
sequences by a method described in Call LM, Moore CS, Stetten G, Gearhart JD. A cre-lox

recombination system for the targeted integration of circular yeast artificial chromosomes into
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cell (s) whose own endogenous equi val ent genes
expressing the aforesaid proteins have optionally
whews/14®sier ed i nactive, the nethod conpri si ngPCT/GB2008/001897

i nt.roduci ranscri ption
embryopi¢ pm ¢§ aE@NﬁsﬁQ ggﬁg%f "\ig? 3@2@15 %l e n zyne and
transporter protein s t hat ai d n ~ .
Prefeigblf B PR RSB CHIR B OHERSFATST LR TiAmoses ptein by the
hitheft8 lindisc®dBd ENHSAEMOUSpBGRRS ad Ostind i naler SfhemBRE treM@sentation of
Constructs of any one of the above-described aspects -
accompanying Figwesnlt 2Zénd hmy be used. Preferably, endogenous
non- human genes whose-protein products are anal ogous
Prefetably, ithe rpmdw@man trapsgsdigcnimad fof theepresent ipuentied ihhyragniondor both PXR

and é/ﬁg EI%H m ccc)ine1 %gtltl(?r{, g{g)re eél;‘le]feisab%qﬁ Q@Rﬁjlgpgh preferably

Irec uman
k
- %er@%ca%%an%éar%aéieg%“ (PR SIS e,
Prefe%:f gacgsee qgiﬁiéaag%g}cdelkr%hll)eg& ésgn e %Ig%nnpghgege tl?er PXR construct

retaiﬂsﬂldceﬁitrbﬁ)-ﬁxorgﬁmeﬁlrd beddeehregonsvsidt 6 dT hmicblaﬁth@ohﬁlﬁ E‘ﬂ@ﬁﬂth@ sequence
nodel are preferabl%56 inserted at th P0|né ,n,tg% ) .
wherg, instrepligR SaEaRth @ree PRAGTEH G0 | ‘%ﬁ?ﬂvﬁ'&‘F ogelR@ vgthiry seligand-binding
doma. Utje Bref"@rtea "thla¥ pXe s\!@&@g{eﬂﬁ%%n{g fnb/ tﬁﬁ%@@@( Q)@J&&YS 1-4, the
occurs. This has the advantage that the context of the
genogarrequencesof infrondt exanechndtiitein Srandrike ¢aA forrxons¢-Bel ity
of transcription fromthis site is as close as
It wnlpbegrpm@mdjhathétemem spbiée predustschetvyren direse prens.oddely might account for
proteml% el‘(lf‘[ di tl}]rtu;m jea &e/ l?]l Sirrpé Eﬁz{ctltgelr“rﬁ[\;é to ae(r:e%ofé]ygkh%gcongtrl;c?s ?f the present
invertiopse that are 5 |nserted into the transgeni c system
optionally have been annulled. "Annulled" is neant to
Prefetabd), Ubte CAR t@Bgiudigeninsdnt @itionrexon stradicter bengeennaxohs 2eand 9. This
so that the non-human anjmal's endog engus e ui val ent

advaréége@uql% TEaHS | @q%etgxqu@glg ftﬁgtlﬁ%ﬁrgt}bﬁl dhs &'tlrggjng yector and permits

covexB Ebehiablic Wants Bf MHharcAR. annul the expression of
e endogenous equival ent gene or genes and

Othe%r@élﬁ:@%ﬁﬁ@!té’ ark QedcRB&S dbold1e repl acenent gene at the
point at which it naturally occurs is by the process

In on@lenBOMRIAONURe [RERTEN tRAtrhRBenidSfifmaisRed praBRE -de Hvo so as to include
According to this nmethodol ogy, honol ogy arns of

all thsenforementionednitaturembrmpethods sihewin, ifer exsmplearceréiox r@%h’rneﬁbdeletlon of
largei(‘lralag%é {1tts I%? IjI\PAQ’ ?ﬁddkg Mo ?ﬁ %Hl? rrhc Ea Shad%g%ﬁe\gﬁ gLfJin Ql Generatlon of

insertion of
mice ath £260Rb @myldid bh:eur@&S}ﬁotafn QAERZH,eletlhﬁ belrQig rédbﬁibﬁmm’-medhated site-

rotein, djifferent animl spe differe
specifig iegRRinalied dk SMPEINN Si5PH P e Froorlhdisas Faclt fioR. 1996 Jun

11; 9%%2;1@ 58 @Q AeH A0 ¢ IPrYENGH UBad d&G U § anmr@& f1§ -6 YPRLAY52NAd in Su H
whose ti ssue expreSS|on i s nmut ual y ex u3|ve

et al INestpdmhr(angomp,DMem®stlh@cgh|vxythf mﬁgyqubmegtgrsdlmurglce Nat Genet. 2000
Jan; 2%{\}%%2%3” f t Ig(%ltg%e%dgmse ?garlge fla tn'ﬂe%ts laj?e achieved as

n creatl ng a nDUS
descrieRin Chiestedl ox 6re IMOREombiabtich system for the targeted mtegratlon of circular yeast

artificial chromosomes into embryonic stem cells. Hum Mol Genet. 2000 Jul 22;9(12):1745-51.

In another embodiment of the invention the transgenic non-human animal of the present invention
is produced by crossing. For example, the animal of W02004/007708 might be crossed with those

transgenic animals that have been humanised with PXR and /or CAR and include further
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preferably replace both the endogenous MDR genes,
MDRI a and MDRI b. Anot her exanpl e can be provi ded by
W@ b@saawer of CYP2D6, where there are nine geneBCT'/GBlzm)e/001897

modiﬁgmﬁg %v?tﬁégﬁ)rg%tets pg?seo?&%lﬁ énegao Q 1518 ne f %g};il cg ? tx%gfqﬁ)rter protein in
eithef HhsPeHIB§ra@itsfehd Sonklininiavizhal. Si rrpl e t hough since the
| atter spans | ess than around 40kb of genomc

In a PARANRARJININCSRE HEBRRN thatalBerfiEhdi-Rindiyanith&llis produced de novo so
exanpl e, Cre/lox-nedi ated deletions. This type of

as to dnsiusiejall of thegfosemensioned ieaipregdiydhe mgtheds qsélﬁfj?@aﬁf"a@j?ﬁé%?@
of DNA (200kb to several negabases). The nethod has
It willbemppieciated thatidaslly glliof ghe wroduged @uﬁlg@ Ql\y\.@( argjsubpjgntially under the
Rulicke T, Gschwind M Huber G
conuﬁhﬁﬁhngbpggélgénann C. GEneratlon of mice with a
00- kb anyl oi d precursor protein gene deletion by Cre
MOde ec¢o n‘& nase- nedi ated site-specific reconbination in

AT 57 5 Fle: PR s o

humadd rfeohadiSii6 of rethbdlismdiggbk)tioh 20 Sokidtydbf idrugSar bihel\/)&lngblkﬂ;lc compounds
d. chr.onosonal deletlons I nduced

Br adl ey S
on a Qe R DA 3 DY BRI A e8P 2B SRy T human DN
sequ%@ donFRisk: co@lg/ah@}‘égﬁﬁ%rﬁﬁﬁﬂeﬁd% REdeb@RSt0qEprodic@8he regulation and
fragnents may also be used to insert the hunman DNA
functgmgefernsesr myreaprn@mcrdsp@esblmfb'ebumw wtalbom mﬁ@or@sf toxicity of
dmgsStoxée :oehr%r Dt orot%q;etﬂzr h@mfggougxg)s “{ﬁﬁ ;%Fagl)ﬁio H&g F\? tiat C a? Q:ell haf undergone
deletibhtdffehdcbgahous eﬁémeméﬁg ptltbtdms wiost\Eriz G OB/ a‘téﬁﬁ)zﬁ@gous to those encoded

PCT/ GB2008/ 001 oni ¢, stem ce
by thedhsed ucgggefnarufﬁ%z S@{\li%%s 9 Asat ghe nosp- ?f@%ﬁrlvawbwecan be used as a
moddl QPN T8 UetdrRHEERE eBBbIR, disholIHERBI BLAItY 8f dgdbu@her xenobiotic

transporter protein by the hitherto undisclosed
compbkndsdk aihatolpgpusdwatan cels shown i n t he schenatic

representation of acconpanying Figures 1, 2 and 3. 5 )
It is pyseibles agslogding tecthedrveptinvaie thesssgjinl e parbicwal tresfsgentiesystem to suit a

i-n [ AR

phengrfxgno%nthat 1s\r$§og%kﬁ)ri} ﬁljé\t%ls {J&ﬁo Ffbg(é)éérg lg r@gF?:/Efi(Eenea&%re levels may
vary 80mbénatd0aimesRieateen atliwiduald) endinraan nghandisil ang akb vh@aﬁtr time. This

iall onserved wt copstruct. Pref bly
s pephe vecue? of T S BRRTTRR Dl BPES LIRS g nsbiiy in
expoftiR tQ @RKEs, {oRfhsPRBd %Mfs%ﬂ otﬁ&t EvitSnrhéiRall VikiaB1Bs. eﬂﬁnsystem is an
structure between exons 4 and 6. This advantageously

adaptivet rgspense fyetemevhiehwdl onlp kegpdrigh erzgme dgyelsder asdpgit téey are needed.
Any P{her glgpﬁgr{lé/nggloﬂr\godlé b& %¥Eﬁ]ﬂ eﬁ]ﬂ% %e!in%ﬁﬁ%ﬁﬂg%o&%wrill} appropriate, in

erre
any t&s GyHENE enetrdslg metfectrtbe ¢fteot afi armrtidﬂhlr diDyAondeneationsat dnellevdl bECYP3A4.
en O mc quenc

es i ntron e dintro
The HRESCUS fO8 TBXOREH .t S5tk PiE PP el wal Thing Tow CYP3ad
leve@ké a{an?etsbafrﬁe megte@nps&ﬁl WHigh BREYRRNPANESRISHARR, OMbRE, systems
m ght account for proteins with distinct

accotdingatecthbipridi AY, esEathetajbunyin |prometer sireple gainpt réflect the real situation

foun&lcf)?nv%or ucts of the present

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 are reluctant to back a drug that is
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15 invention. Preferably, the CAR construct retains
the intron-exon structure between exons 2 and 9. This
wacdwanswgeousl y retains conplete genom c str uckCr/6B2008/001897

thipt vectqQr and permts covera e of
metafplscd by X2 bRrad cherore Frsthin Feras exnere RopaFe duiag development of

“any cﬁ'ﬁ)é‘ ShEtHEL & of § haesevpbBd llﬁhﬁf{/el‘h@ BereRhONEV£EROH b&@@én individuals,

the invention the transgeni c aninals are produced
and Méamwpremnals absent cérourel 6%df Gahersiah dndivignals. dhwduld be of immense

res, by vvher exa re/lox. .
benefiEd decabIaLiooregn B mrasyan o FRorusRk b dotgerrgssants, in
envirSAMETtSbf HHROl l@&ﬁi_)loﬁvf@m levedy] (LI ZW et al.

Generation o mce with a 200-kb anyl oi d precursor
Thes® AV Ritdped AR SiRdve tdaiindp¥nibie tdsBRO D1 RApETITREH dsedell as the acute
site- ecific reconbination in enbryonic stemcells
pharrpqtcg&ogpqg{)pes;qc%crg@fi abowe. A:or ©398pley accpnling to the invention, P450 levels,

e 0 9 T S AP ] Rl i

artnﬁahlﬂ}o mghokméls dhe loedeir an stest Nt pewntiallyhcareéhogeuicr effectsecfl ormbolites. At

P o KSR b 8508 o AL D SBEE e e

specied BifeMNAce AScarélfShicRPEf tbn Hs Bdtwdén rofles @nd f4n result in the main
reconbi nation systemfor the targeted integration of

fromcthe cdgff%rpnty eadest of genergtion aff taxkyr ehRwEesici mewbelipy, yalengc with other
0
diffe B&P iff rl}lg aec'P_He rrgég dan%c?}l?t‘lblft%?h Qh?] %bléfgf 1o qacg%?sel Eér?e Rbels in entire
clustérs a;nmgemm and retdinghn sebisirae lcrosftalk betweee thendifférent endteionexpressed by
uced by crossing. For exanple, the animal of

theg%ﬁ@b‘ﬁ?@'@%’% m ght be crossed with those transgenl c

Bespglﬁe %ﬁ%f; bg@tsrtg]l?e;/ rﬁ@? g(?lgclg un?%%g%?fﬁ%%lgﬁtgélsease An examC}:)'LI\eRis provided

by GifSeH SSRHORAB! DPheBSendmdidet &3t ipoHmoWihlish MABHPECIT1AQ gene implicated in
phase-2 drug netabolising enzynmes and drug transporter

drug ppesabefismi Accasdingide the Hryseieom @ tsmpgenis BPdel Haima nnpy) garporate the

polyrﬁ&gfﬁgtln-cohﬁm g;ééhé RESra&T 9@%‘&‘ slgf?éralng % bd%GktQn the

nsgenic n uman ani ma uced de novo so as
f , .
Acco&cﬁn%ﬂ) dAS 9§§uﬁl(l§érr éi?}%g# !t;'tgtrhg drgé ﬁﬁge%xg Qgﬂxio}ﬁi\%&l lh%%eceh%ra'hﬁ@cted with a
nuclefpgric coratracl(s) hatordinieal dny alelof dfe prhwéotilsraspemmciéﬂie tmmeation. The cell
al Iy under t cont

t ant
type bﬂrlgﬁ%{%ﬁ’ssfu i an |%\f n ARYARE é@‘e‘?ﬂ%‘? ut Ipﬁ% aEP gge‘ﬁtomer animal,

plantl ﬁggr@,}b%rm@,\{g,ﬁes a non- human transgenl c ani mal that
mmcs the human mechani sms of metabolism

Accoédusgxasal yet IMhEY ash&X bEIhE Ynvehtidh the& i roOde@ﬁ tré@¥pekit 8bn-Buman animal
onpounds 10 on a non- hurman ani nal cell

by
in whlﬁh thscagHlp ﬁ@ thenmop-mpranimaregxpeess el pretein(s) @n@odsﬁ byghe nucleic acid
|
const IS e DB ARG b VTR SIS R 00, AR LR . Bafipknic animal s
prefefabiycd immos«)foecause of cureandy ptlvmlablenlsoﬁnekxgynb‘uthhz{y bo andibiranammalian

met abol i sm disposition.or toxicity of . .
species, for f;—:xamplm anothe rp roﬁent or instance a rat orX guinea pig, or another species such as

rabbit, pig, or a canine or feline, or an ungulate species such as ovine, equine, bovine, or a non-

mammalian animal species.

In embodiments of the invention relating to the preparation of a transgenic host cell or a transgenic
non-human animal comprising the use of a nucleic acid construct as previously described, the cell

or non-human animal may be subjected to further transgenests, in which the transgenesis is the
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drugs or other xenobiotic conpounds where the said
non- human ani mal cell has undergone deletion of
werdsgemsus genes encodi ng protei ns whose funcl’d:TfGBZ(mB/901s97

. n Iog € encoded 15 b he |ntrod
introBiRRoR B RE OB BEE BN oA SR B (R prgence or
sequéhzes] TR tPansgBRAC nidy Yearinbight elesteBlentahsfetionf a cell or a cell line, an
met abol i sm di sposition or toxicity of drugs or other
episogsh GEPIEtsian systmpBuh @8l ioh agcelolins OF Preparatipmof @etransggnic non-human
animi P SRS B ESER AN Beh MRokBUEA Bl 8 o smpryopic stem (ES)
cells plapdumeranygetidstininon hombd ymbfyohic \sesis @) icells. orFyrtransfection of a cell
exanpl e, CYP3A4 gepe ex esslon evel s 20 vary as
whosgppgleuss Eg’et‘fsﬁ‘égs ‘?“ﬁtﬂ ‘i/‘i"k?&f‘éf §ansgfﬁa WgQFRFed‘Yre
i ndividual may al so v ver time. Thjs i i )
Methgdyof Rrepaping p HRBIZERIE cgj@weﬁeﬁ&maa riadFaarReal, noaiwﬁ% P@%al in which the
methb@PGhpiasel tiiinsT€ of Qabi@rARRictidd ¥f d &1l BARGA WLE, e&Bre%‘idiﬂ@f 'an episomal
toxins, food products and other envi ronment al
exmasapn aystes in 7 h@ll syesildimei er mnnuCMaptlcprv@Jqﬂa@p @mmbwgorements in ES
cells,tcH ?heé celll h%e o traerleféctlogqg aecrélemF évr%%te laz?y gg&% eI ti aa?%pdown different
develb@ﬁ%ﬂtﬁl&iathvﬂ'dyb andWhdss ntlchélls is to be&lsétbis thedéeroaFdryiuclear transfer; wherein

riate, in 25 any test syste nerely to test the '
exprespip of am ddifiqpal pyclei 3pid $IBENCE ORERIHTRSHIT BYFI 4R S@prE Tppaisfection or
trans%énegyplg’%ordaﬁtkewﬁﬁ ftﬁ‘é:f)t%vi%tls Bgﬁ%ctg ro'ﬂghen}ﬁ%ntioqeﬂﬁrﬁ/ lpsemclude use of
ssessed at high CYP3A4 | evel's and al so at 8
selectabipemgrl@m qoh&trlrrgetspstm tp sintiligtiesdadded bothe giomhghecam oei cells, for
mstaxecﬁ eneormsyglrnem's/ltstragcgzﬁarke& Ren ar%%% Sreeslstg rc%htlg_)tr@édf 1 Sa%c Rﬁ%' a4
detectiail NBingl ﬁfdlee@tacfdhﬁ:qﬁ@ﬁés Hiat aad Ioﬂmombﬁzuﬁdtar}n saqueice @{d which will
Anot her exanple is prOV|ded by .t he CYP2D6 pratein,
hybridjse mtlb|053?sco‘§rlmfr6ro the duelsic #ad sequepss| insgrcorgance with the previous
aspedi‘?Hf fHeSRYdniofl M EAGFples- v%ul@ﬂkludg%ﬁﬁéﬁlaﬂbtsarﬁﬂ@sdﬁ&%m blot analysis
used for treatnent of schizophrenia), and i's thus of
and BiRyni fi cant i nportance. Pharnaceutical conpanies are
reluctant to back a drug that is 47 WO 2008/ 149080 _
Non-p@uAGBHBER/I @1 agﬁsgemn@tbbmmmmyls oxodaeyd byribe madpd phthe invention

can bee%(sjeélﬁ & ¥nr<]) de e% |'S1tgr (S)gfrgr %§ e ?%ﬁatgxgarg%%gl&dﬁv grug:f) %‘f%{hep xenobiotic

<mnq%hm&1gamemshoms varlatlon bet ween indi vi dual s, and in
fact expression is absent in around 6% of Caucasi an ‘
Acco'tdidg vo duyal furthtit aspedtlod theein®@EntionTtRers s pimehbiﬂ iube dbDa lr@nsgenic animal,
able to study the tabol i sm of dru part|ﬁularé% J
He to contain

tlssueéﬁpﬂ/oa@falséiggyaﬁﬁtgere Fom 8 BeronPiisiceeoed thaphae

and xPWs{DRADG b E Lﬁeas?@&sﬁn&%%@rﬂlﬁ%straﬁﬁc?&n@ﬁ fa@Wr at least one phase-1
carcinogenicity testing to be perfornmed as well’ as the

drug ambelmp& anmohtolgasc ahe pease-2 dteg-oretabeldsinghenzgme Iﬁm* at least one drug

trans%(frflelg;| eprrotg SSOI ?"15 f%)elngeés& gate Oanobrf(\)/t?ﬁn%nIe%]%te)hsgng%r tox1c1§/ in’ said a transgenic

animPl, @fReabhd/ora&!l€ |destadr therefrog &tesher PRopehizs roaifeiReohsOof the introduced
art|f|C|aIIy htgh.levels in order to test for

humagqreiging sughyas mstabpligsy i/ ar bigsyhesss ofendgeenpsicpmpundyy 10
physi ol ogically normal |evels, the effects of such

The pysteapef |tlleegrepﬁngmveﬁlmn g,l@»@vfua@tmn andhgegpiatere gf human mechanisms of

xenobiotic metabolism, disposition and toxicity to be studied in any tissue or cell type, for instance

mpfe):s involve

gastrointestinal tract, blood-brain barrier, liver, kidney in a single animal, tissue or cell derived

therefrom.
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- The syl

species difference in carcinogenicity of conpounds
bet ween rodents and man result in the main fromthe
waledoBa4®mse rates of generation of toxic or nutBGEGBR008/001897

nmet abolites, along wth other differences in )
otiz? PESPRLSINS OB T88% P FPURY. OTHED, 6itpstE f thyman metabolism,

dispdsitfonCS@xifP en! fviahPohe Bty 6€a dalgUSt &1 Snilnal kéﬂb%wﬂagﬁperiment by
as it retains the substrate crosstal k between the
exprefising dwmanisedometakdlisspaghwaye ot e dobhumarbgrafied tyornag célh lingrend/or in the
hotcLu% er. Bespoke systens of this type may al so be
S%%B\ ited to investigate di sease. An exanple is
R ‘gaovided by G I bert syndrome, a phenonenon caused by
PYYSI yrmor phi smin the UGT1AL gene inplicated in drug

The gﬁ%ta%l? ?nla':‘ﬁ?tf[{r)]éﬂ é?\sf%ggé\{dah{ég?c%g‘yté?gw{l%\é%g- iur%gx’l al%xgali %erlrcéga%gitr%insgenic non-

hum&CAnyHBIE Ritb$ota6ag inkiodhded reffRer getePJodRdt stich @ik B¥ariMb can be used to
syndrone to be evaluated. 20 According to a yet

determijng indicatianseritpaiivayhof mpjabatisne of dries O joshep xgiqhitiy gpmpounds in a
humghoc%il b&%&)hvehgemgag/ﬁ)g I%% dW{)&d}tsaof rég)ldﬁ rf%eﬁet: %@r&sion.

construct (s) acc 0 any one pr evi ous
S t ' [ T € t [ )
SoSEERRES 8, SO by 1 B LGS0 for
animafs ppddueed bynihemhethodpdfaind invgreémat(seorbeload the icells arangnals can be used to

According tq a yet further aspect of the inyention, .
deteig T2y la0y o e dd (50 BHE ROy e Jikely mrSRRIPm 258 mefpbolism of
drug¥Bi thert:RBoki8d Sonfouhddein AR Mohd R BusHUNER ce B %P 285 §ink RRpression of the

protein(s) encoded by the nucleic acid construct(s) -
repORQI cEeneli tsequgnse- dihe cglls phanipals\gap (pdsoeprsed Jo @five Ipdications of the

. ion. T : v . ¢ '

o ER R 0E a5 SR ADLTRL g L, g of
distrivayorbef rapteh genenxpreadiorawithmpey ipasiculfiotissex aligpwseha pxteiterf induction

ok EE e 3¢ RSP 00 AR L Sy 7oL

or. an u | at e i es such, as. ovi ne,, equi,ne, bovi ne
Accqgging th i irthercrspek Ry R el 1aote i paeyed = RO Wimiag ARty Ussue or cels
derivell thedéfrdrVRRBEJoRing & Froinder tiRké BaEGRDMAlY @Na Bliman DNA sequence

transgenic host cell or a transgenic non-human ani nma
encodiggpri sing the use of a nucleic acid construct as

previ ously described, the cell or non-human ani nal

malP) be lp)secrtion factos gt her transgenesis, in which the

transgenesis is the 48 WO 2008/ 149080 .

PCT) GB20 DB o a8arre encatling gphased fireg-matabolivng seynel angehe

or genes_or protein-encoding . nucleic acid sequence

or (iii} e gt PRéessquense cherding g dhessi drugriperslolising iz wne; ag/or

stable transfection of a cell or a cell line, an

ep{iYonat DBYpreausice pncediue @ dryg{ransposier pigieia cel | | ne,

or preparation of a transgenic non-human aninmal by
The progwise EBie tianecription Bxstor gpd/ox phagtu hAnd/erardisen A druggnetabolising enzyme

and/ctﬁ\r/cﬁ ﬁ'aAs orElaQrb'rc?tE[lfﬂerMhﬁs 6d ﬁ%(i":ﬁ?)a_rgpo : b WiCPrEagB@geﬁcingoring for the

ansgenesi s ‘1 n non-hunman enobryoni ¢ stens
relatioe rbguldtioansff &cleawronefenayroelihvolwekdomedrglsérebitic sdispmsitien.  Such an
clear tran

used as a dono cleus in.a n sfer cloni )
b B A B B WS POn PR 4o P Ru TR (B cEvines Bt regulation
in bc{t’lﬁh'tis&de%eciﬁé mAnkdr 3N HLLMARg AR al AR iBNhdBholel AAinMi&BIf in a non-
e

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.

50



10

15

20

25

30

met hod conprises transient or stable transfection of a
cell or a cell line, expression of an episonal
W(E:X(p)slew'ston systemin a cell or ceII line, or PCT/GB2008/001897
ronucl ear crorn ection, reco atlo event s

Repoll gt € i P EE S el sy Y PRSRLY oyae rotins. They

are uSedltb réplate oMer @&irﬁ%wghﬁs dinbdeqyremini ;ﬁb&@tsmsditétﬁ@mﬂm amenable to
devel opnent al t hways and whose nucleus is to be used

the agsgy epeisagsého rSUftahle FePOrteagenes et peer knofiain dhe, art apg meaysheoysed in the

_ presegl; gg%t%qddré s&@&%d ﬁU&l tﬁos{é %ﬁ%gerﬁ%g*ﬂg rb‘f@teﬂg 1§c?mr;gsglﬁtnok Yimited to:

0 screen for transf I On or ° ‘transgenesi
chloramplemitaheetylirdnsfetdse, pr&galmmas«f)ect[Sgloéurbrhéase nvelntifoase,  beta-

| es |n l ude use of sel ect r rs c nferrln :

salaciosCh s el BTSET BTBEe soatiaba R ”Eo BT R FfiOr urinary
protefif (l\ﬁ?lb)l ot hufn@ﬁ cﬂorhdnﬂﬁécﬁﬂ&ﬁr&gﬁiﬁ W@GP ft Sl %E ARERstEBY th&the above list

conferring resistance to Furt her exanpl es
of suitableieperter genes ¢t nad pxhayitivg onexdlusive aad usolnos gtandad tedimif the scope of the
w6 BB USIREODY B Skl g o ety e
apphe@wxemhbq)resremaﬁwmdmnce with the previous aspects of

the invention. Exanples would include Southern bl ot

Accoﬁﬂr@é M)Stlhs invieftignl) el{derbintersaﬂiﬁJ A8 Ipﬁeferéﬁddar@% for2finkage to reporter genes
uman_ani nal or _transgeni ¢c_non- human ani nal
are PﬁFo@dBeG@%ﬂh%‘/ﬂ%éWW&@t%‘éP ehtfiPeRO CHP e ‘{%Teld\ MRP2 and
MDR3S nodel systens for determ ning the netabolism of
drugs or other xenobiotic conpounds in a human.
The t%ﬁ&r@crrdénﬂg)dtrﬂen?s ¥Ethel MULdMBH a8 %Cﬁse@fm %Bﬁpéx&ﬁ@“hﬁe@r@ds The skilled
ere I's provided use of a transgenic animal, tissues
persoarydll a¢addy bt abldde selest an hﬂ}reprramnmgelheﬁ@pmhgm-human ammals tissues

o BRSSO A R BB e Bt s

or celly requsiedifprt dodpafisteitvaill, depdndlonalsd typeﬂ&f amh@se re]qulﬂédJ@ g dependmg on the
met abol i si ng enzynme, at |east one

drug H‘F@B(’lf’?ﬂ %l&ya}ysqf H&er@ﬁﬂ;ﬁl@r the grugof| |1rggr§§t) Jll?é rrme{rjtgon provides transgenic

non-Huh3R %Hig{aqse flssgésoor%'efl]s @é?rv@@th'élQ:f&&vﬁﬁﬁrl&ﬁtr@p&t@pg&b%ésc{see elsewhere
net abol i sm or tOXICItyIn saldatransgenlc ani ma

herein)i Jbearveation erovedss |astogk kitviean twhaehe threoskildad prar$var can select the tools

unctions of the introduced human
reqmgﬁ%ﬁ)‘%edes'rec?{mgmsmetabol|smand/or bi osynt hesi s of

Thus eﬁgg Vfr:]rglréfs rl%gi\%g“ Sﬁcihgonfgg En R4t e%iﬁfp%?)gegc%bq%%cp %ﬁf'a%oltism or toxicity,

comphigiaf éeiusersf:of  xenobi otic nmetabolism disposition and
toxicity to be studied in any tissue or cell type, for

(i) | nsfidnNesh-hgest danirhal] 8sté batells dadied thérefsn Romprisibgs fire lendogenous
l'iver, kidney in a single anjnmal, tissue or

el |
QEFRUErY IHANGE e 3900 FORHeBEGten) operatively linked 1o a DNA
PGIA@@@%A&Q%&%IOJ&% co¥vehRMIPhe HgsuRidaseilay 'd?\(r%ﬂstchﬁpon and/or

applied to study effects of human netabo ism
dﬁ@posmqnnnmhom awkicity on anti-tunour effects of a
drug in an ani mal xenograft experinent by expressing,
(i) hwrrmios@dlonﬂrmabolanongiatthmy@ rellsaderoved hhmﬁlorgrm‘ntpeisling a second

ngogenm?sl rlegllllatgr%/ s%al(lje/n%g (e! E at rrrllguse orshum%n promoter) different to said first

endogenous regulatory sequence operatively linked to a DNA sequence whose expression

can conveniently be measured by assay of transcription and/or translation products

wherein the first and second endogenous regulatory sequences are regulatory sequences normally
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5 Reporters The present invention al so, advantageously
provi des non-hunman animal cells and transgeni ¢ non-
whenvan4®s mal s i ncor porating i ntroduced reportRCT/GBRES/001897
so that such cells or aninals can be used to
associpiedawith grRICS FREPAIAE PEMRINSTN VY ¥RdHNATE mRtabolismb ol | sm of
drugs or_ other xenobiotic conpounds in a_, human cell. .
The jiyeptipmy alsp appvidessaymethod Her ppvsstigatiag genqhigsisr mstabglisie or toxicity,
comp?%ﬂg(?ﬁ’es Lot .Qeaw&;o? af FeQQrtfu%E, Qqaﬁtsfdﬁﬁva% lpaes‘?ﬁve at least six, at least
I ncGrporated i n non’human ani'mal cell ’or transgenic
sevem) anledsst pight, atleastains, grraobagech typestdf@omrbtmhadardial, hiesue or cells derived
Lnvention (see beIorD, ng cel l.s .or. ani mal s, . can be .
there{iRG WSO PE e OF GBTHTRE Apaly difSE ShFely Sgmprisss a different
endogdAdhCRENISy Qlquédee .k kenbudesafias 'ﬁr&ﬂ&eﬁ%&&ﬁmdlf Mhild to a DNA
drugs or ot’her xenobrotic conpounds in an honol ogous :
sequemp¢rarhose |eixplsysians sary icagyeaiepthe Psi maasyredt bie assap pefr transcription and/or

ne seque I [ .
translgg%n dpr?cgllﬁési @g a} r%ﬁ(%&eé gl %ﬁrgc%g faﬁ? gféer%@ eg% énﬁi?@%lf)@é x%gulg{%ry sequence 1Is
a regiibtap okiunto hothidlly Sasesciadd evthxe el ehdodingoapoatéid Sinvdloed in drug

exanpl e, analysis of the distribution of reporter
metal@fﬁ

W& expression within any particular tissue allows

the extent of induction of gene expression to be
In sORSrimRAdEREniS: thes Dgh SRaueRse AV isr CRRIEGTSHN LR TEBHTSHY Ry, measured by
assay SICRARE i ioh Qnd/of Wahdi&onagBEscds Rl bOehd e td 8R diff§eR non-human
_"is provided a non-human animal, tissue or cells
animalatissuge ot ¢edls.dfut mthan combpdimgnts diffesenp raparieresequenedsade used.
transcriptionally to a human DNA sequence 20
Thesemstiwidng! thei nvention avheeain diffeomt franseonic rendufrian )angnabiNare compared
may BEE 2GR TREL B C IR TS ln i B30 e S BB non-human
anim#lr (i@ - toeli fdrenti tgped @f e¢poptam andbothpdring (the jneaabblidtn sewuiitg ®f that drug
encodhﬁg a druq transporter protein. 25 The pronoter
betwegn theditlerentpipglyt j on factor and/ or phase | and/ or

.phase 2_druyg-nmetabolising enzyne .and/or, dru . .
Partl(‘tuﬂaawswsﬁefrs$ %arl%ﬁealf rPOPr%w%ﬂ FEITRAS tSSHEs Ang oLl 3&6& fygntion have a
genot9hd EspatikieNs MR MbitoNiAN Bstl Phe Srbfx “Kuel efelsVi® HuBEHIsAIdnT the relevant

of at | east one enzyne involved in drug/xenobiotic
endoggingyso sPn-hwnan Spistel eaene. e Rlwo aireftsntr” dgnetas dleps cans pRdogenoysgegulatory

n only L ' [ O t
seaudih (8 hte of S b BEiFILEE UKD 5O SRBHATECIY Hhked 10 a DIVA
sequénta@nhgenixpreasibmedn @hvénientlpdewixakeediby ashy bf s@isériptionar translation

non 30 i nvasive nner as.well as the extent and
prodygsi(be, & FeRATteR89EeNCRbuct i on. Reporters may be |inked to

the promoters of two or nore of (i), (ii), (iii) or
ReW?VWf°T$§¥%H above. 50 WD 2008/ 149080 PCT/ GB2008/ 001897

Reporter genes are nucl eic acid sequences encodi ng
rCYPaﬁﬁéctly or indirectly assayable proteins. They are

used to replace other coding regi ons whose protein
rCYﬂBPéducts are unsuitable or not anenable to the assay

envi saged. Suitable reporter genes that are known in
rCYPERE art and may be used in the

rCyp3alt;

rMDRI1;

Particularly preferred transgenic non-human animals, tissues and cells of the invention incorporate

a combination of two or more of the genotypes described herein above, some examples of which
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present invention are selected fromthose genes
encodi ng proteins including but not limted to: 5
W@ bdosngopheni col - acetyl t ransf erase, (3-gal act oRCTH&B2008/001897
(3-glucuroni dase, |uciferase, beta- gal actosidase,
are s m @grfgg@gﬁg lﬁgt(, dvherein tlseeg)fr@hoéd‘/’ 2indishies @ combination of genetic
atase (SEAP), major urinary protein (MJP) or
Inmjlﬁaﬁg)ﬁpchorlomc gonadotrophln (hCIQ It will be
rsto
In th% gﬂg)gﬁé%goﬁnoélggg%ng%te?&g}&gar légl'é re elc" W aél g&hp I-fo%&%%rl Gle of multiple
reportefd witkied singlel riofihiumiah @nisc piesuefor t:dflb deamall the:raﬂrcbmﬁn alSchemvisaged.
skilled artisan nmay sel ect anot her reporter system
Complek ¢époitdricorstritd y be 10 applicable to the present
I nvention. According to the invention, the pronoters
rCYPeBathuan®; preferred targets for |inkage to reporter
genes are PXR CAR, CYP3A4, Cyp3al 1, CYP2C9,
rCypSalPAGRER; CYP2B6, CYP2D6, UGI1A, MRP2 and MDR 1. The
reporter enbodi nents of the invention can be used in
rCyp3aipaPHRt ve nmet hods. The skilled 15 person wll
readily be able to select an appropriate " panel' of
rCYP3@@MuPER; non- human animal s, tissues or cells derived
therefrom as disclosed herein. The type and nunber of
rCYPRORARBRRN ani mals, tissues or cells required for
conmparison will depend on the type of analysis
rCYP2EghuPE®; (€. g. depending on the drug netabolism
pat hway of interest and/or the drug of interest). The
rCYPROVEMLPXR; provi des transgeni ¢ non-human ani mal s,
ti ssues or cells derived therefrom of various reporter
rMDRPReRXYPES (see el sewhere 20 herein). The invention
provides a tool kit fromwhich the skilled person can
rCYPSauagePXRe0a®yl s required for the desired anal ysis.
Thus, the invention provides a nmethod for
rCYP209AsPKBAICAR; Xxenobi oti ¢ netabol i smor toxicity,
conprising the use of Wa first non-human ani mal ,
rCYPRDsAueX8/huOAIR;s derived therefrom conprising a first
endogenous 25 regul atory sequence (e.g. a nouse or
rCYPRUmvhuPXRAMCAR) operatively linked to a DNA sequence
whose expression can conveniently be neasured by assay
rCYPaB6huBRRMUCAIR; on and/ or translation products; and
(ii) a second non-human animal, tissue or cells
rCYPdadihweEY PeBehePXRMCARDr i si ng a second endogenous
regul atory sequence (e.g. a nouse or human pronoter)
rMDRIi/AfEXRAULCAR; said first 30 endogenous regul atory
sequence operatively linked to a DNA sequence whose
rCYP8ARMREYIPAGI/haBXRB0CKBAI ent | y be nmeasured by assay of
transcription and/or translation products wherein the
rCYPRDeguCaPdCs@heXR/BDAABENOUS regul at ory sequences are
regul atory sequences nornmally 51 WO 2008/ 149080
rCYPREE/MGRASIOBMAA 89 | I Rh&CARY t h genes encodi ng
proteins involved in drug nmetabolism
huPXR/huCAR/rCYP2B6/rCYP2D6/rCYP3A4/rMDRI. ‘

rCYP3A4/huCYP2C9/huCYP2D6/huCYP2C19/huPXR/huCAR;
rCYP3A4/huCYP2D6/huPXR/huCAR;

rCYP3A4/huCYP2C9/huCYP2B6/huMDR 1/mdrla”/mdr1b”/huPXR/huCAR;
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The invention al so provides a nethod for investigating
xenobi otic netabolismor toxicity, conprising the use
wohooat4doeast two, at | east three, at | east fouPCT/&B2008/001897

| east fiv ast at | east seven, at |east
rCYPéiAgﬁWCYgtzgﬁ BI/ﬁPWﬁ‘BgABt | east ten types of

ved 5 therefro

I
rcwmw%%‘%ﬁg?ﬂh@s@wqﬁ%ﬁz@&ﬂémaﬁgﬁ\ﬂm@gg%%/hamsepr&
onprises a different endogenpus regqul atory sequence
IR FABAGUCEP SR RMIIS] GRY 6 paciboee KKGI AR riced to

a DNA seguence whose expression can conveniently be
nmeasured by assay of transcription and/or translation
products (i.e. a reporter sequence), and wherein each
Transggrjg g)@ﬁ-@a@arp é@malﬁ gpsy,aess @Mg dayiag agome@mgg{nw as listed above are
part L F Rl bPRb ey 0SSR Th Al phlf Ry o RO LN himals, isues
and celidadicrcinstls restinbleBAnsdgUeng®nwinbgeansx pr essi on can
" conveniently be nmeasured by assay of transcription
Suitable driadkiods raad sératricts fqurgonkrating the trinspeni¢ hen-anan einim&lkl,eissues or cells
different non-hu animal.s, tissu SO .cells
of th%t"l‘(é‘i‘“"@rﬁ% E‘“td];qﬁ‘i“f"f’%@r*éeﬁ“t‘“’raé‘ﬂ P ?E&iﬂ% été%légé"rseare des“‘bed n
the Bia@@fles hb@mCanieichadically iiRBtratBy @ tHeOFlgiBe NRCR oflittel e@int targeting
transgeni ¢ non- human ani mals are conpared 15 nay
strategiey @n«g eongtrhethidescebedhand Hastetadeheayin dorans a fh‘éth%ra%ﬁeca @& the invention.
t f
Thus dﬁ}e *E@eengtorltps&ggéso X}?eg%og? {)fé Egﬁrzﬁl E?;%rgﬁxﬁﬂ #éraﬁ celf %omprlsmg a
repor[mt:ab&hd:tsaﬂdmcrlbﬂkhamm ylsmg a tdn@nng stugegye tvegensubltentially as described

di fferent  ani I f dt '
e A s SRS 5%t e et
ha enot ype as ec ified in the follow nqg. |
In papfite. ghd e pETARR °F a0 ik P Bl i therefiom

comp#ing Bﬂ@&aﬁ&u%ft}@rfollmmaglgaﬁhmhm?@laﬁons.T he prefix "r"
denotes that an endogenous regul atory sequence (e.g. a

rCYPYBYSE [OExphéssA d¥T O FEpbRED gdnunti&ietht @bRYANSt HARMar TYP2B6
operatfvely linked to a %mm‘ sequence whose expression

can conrrempPEehseqpence. Recderablinda gpoges egpeamdta Awsar promotH

or tran r e

Report e%hlgetgng trlj1 ' g{lsg Hé'cg gﬁ(r) CEb(Tf’g’Aﬁ réé%g%)g{;w%'r g&%%%g} the
r Cyp3a] teporter kel is a L3V iportdr genealelgyFignef78).r ed
transgeni ¢ non-human _aninals, tissues and cells of the

rCYR2Déent || Epréssionrqiar afperta geneiundat the momfoltoma humaro C&PaD6
t he genot ypes descrlgﬁg q;reln above, qPIes of
whi ch | BOMOEr SeAySrees o6t 2RET? @’2&6%&?3‘61 Uimar} promoter
sequence are inserted into the mouse Cyp2d6 locus. Preferably, the

reporter gene is a ZsYellow reporter gene (e.g. Figure 80).

rCYP3A4 Expression of a reporter gene under the control of a human CYP3A4
promoter sequence. The reporter gene and a human promoter sequence
may be randomly inserted / integrated into the mouse genome.
Preferably, the reporter gene is a hCG-ZsGreen reporter gene (e.g. Figure
81).
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are specified in the followng list, wherein the
synbol "/" indicates a conbination of genetic
WOoreesfliwst i ons. In the foll ow ng conpl ex genotBEEEB2008/001897

nnlu a S}hﬂ'ﬂ reporter—i-s nracanf Lhmnunr use of

Tro-o—oHt

rCypaalili i p| ExPtrssisnr elct senpftemEsncaungien gieccangal Rl admous Grmdal 1

ti ssue | '
Copl ok o Er oS, PRERrGtE bl il Bt b RE Boue
/ huPXR CyﬁapBMcuﬂ./Hrc@béRly, the(fVﬁBM/gbmdDD&B, Firefy luciferase (e.g.

r CYP2CpLhuP D6/ A CYP2C | 9/ huPXR, rMDR
1 / hupkidsure, ﬁ }lgporter gene.
F-CYP2CD] h'uPXQ/ '“UCAQ "CYPZ%’ BHPXRHRGEAR—-CYP2C

tMDRY; 1, PEKITERERR. Of 7 (Gis3i86/ERDPRRIS barsontrol§fpg human MDRI
A4 NUCKERE ol NURIBLUEREa R0 R X BG R scquence
r CYP3 A4/ huC YP2C9/ huPXR/ huCAR r CYP2D6/ huCYP2C
19/ huPX&nprGeR: both CvpstR@h tavidR dowhstrkram gprofmotér | sequences.
b-' -/ hupPX CAR: ]
PR e s pasier @9Rs K & b PR sGauencs gre inserted
r CYP3Altinke GERRGSE IROGIR2I6Ush PEYRARTY, B et BeteARa Firefly
r CYP3A4/ huCYP2D6/ huPXR/ huCAR;
r CYP3AMus et Ternristgopesas HgmeRd)- / ndrl a i-/ mdrl

b-i -/ hUPXR huCAR— 53 WD 2008/ 149080 PCT/ GB2008/ 001897 |

r CYP3A4/ huCYP2B 6/ MDR 1 / huPXR/ huCAR;

r CYP3A4/ huCYP2C9/ huCYP2D6/ huCYP2C19/ huCYP2B6/ NDR1/ huPX
Furthey daialeref Ahrdprefensdmpanter svtpgiphnt cORBBE) it iMORIde drify thg Examples and
Figurks hdtgih! b-' -/ huPXR/ huCAR

Animals, tissues and cells according to these aspects of thé invention’ allow very useful elements of
the process of gene regulation in drug metabolism to be elucidated. For example, although PXR is
known to be of great significance in the transcriptional control of the CYP3A4 gene, there are
likely to be other important active mechanisms. Exposing a CYP3A4 reporter animal or cell to a -
drug compound in either a humanised PXR or a PXR null background would be useful in exploring
other ways of regulating CYP3A4 than by way of PXR. Another case of interest would be to
expose an mdrl reporter animal or cell to a drug compound in both a humanised PXR and PXR

null background to detect aspects of mdrl expression that are independent of PXR regulation.

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 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 séquence encoding a phase-1
drug-metabolising enzyme; a DNA sequence encoding a phase-2 drug-metabolising enzyme;
and/or a DNA sequence encoding a drug transporter protein in a humanised background for a

transcription factor. Such a transcription factor may be PXR alone, CAR alone, PXR and CAR or
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5 Transgeni ¢ non-human ani mals, tissues and cells
havi ng a conpl ex genotype as |listed above are
\N@aMBMGmMHrIy preferred, because the drug netakol/GBro08/001897
on- hu

any Qi FERk St R flor B BB o PrSerintigR Bthita ¢ Rfibed perein.

By “{i]rllfl%g f%ﬂﬁ?ﬁ@ﬂ%ﬁ;' ﬁls qmee:qg at t@enn %ﬁg‘% St tH’I érfgs g :ﬂ&% tF‘l% exp&%snon level

of tht HEpdridY BRtdiRPrefefablie SCichbiRsl Rhé %V\l'\hﬁ‘édetohtﬁé Qhalislatidid] statt 31te of the
specific targeting strategies are described in 10 t

orrespadingeBIniiargene veege peamaieit s dabeyinyestigaiad: ém dlep pase tof éhe CYP3A4,
CrrSC ey SOE o BRSSO IB S A 5
polyA widtifehut agpedbtnets drbdesigned mld:lothat thd lendogeiidus poly\Aembtlbts potentially

provi des a met hod of generating a non-humapn an
usedg Hepe EBHASHR E}waefow Bilent a3y ere PSS AELE PR o the reportr

(see IF & M)USh At Sast b EYPRHESIAt B the/ &ahLFipt of the reporter gene is
ubstantially as descri bed herein or substantlally as
prefed@yiu treihaied byreepely §umetsl linkediton thelBparter gang with| aasynthetie intron (see
Flgulg e]rﬁv ' 90 §¥ Q/I?lgfesth% (_t)rtg%s?c‘:%sp ﬁg {hg r{ém o(l_Jl)'tr?ér ﬁorieei%g#gﬁeﬁﬁe)lycéhn%ated by a
polyA@idt@Mtﬁ@ngﬂadmn@nanr&moplqéeaﬂgmmm.r CYP2B6 Expressi on of
a reporter gene under the control of a human CYP2B6

Accdpdifgty LfurtB@ QeI 6f theiretttioalihete isgprévidrara idn-Igana a&fmﬁhl a1ssue or cells
human Pronnter sequence are inserted into the nmou

deriveg 1hese ‘P‘Bc‘ﬂ%orpﬁszE‘F?eraéHF%?‘ onphumagp B e PeYEREE Facogingat7least one

transEERRNT BEtoP §R8er( Sorftrol FIf G ﬁﬁnszg%tlonr GlRR Do RS RE &3] »Qﬁbs@f endogenous
a reporter gene under the control of a human CYP2

equupﬂemmgt@s laee @em;@lly Preerd @mabllesi thg mw@mae rangmietlsﬁn@ op cells further
1ncor€€/rr6r§%g {)rgrrrrl% er S r}ﬁ) 10na{ ﬁ/ tlo A lsu?mgn NA sge uencg e&BH%S

Cus. era repor

ng)‘rsl | OV\bf\I%psr%altle%E:e a5 m% a é)gase 1 &\é%%eggéllséxgﬁqﬁgiﬁd'oapd/or

essi on or "a repor

PR G B o Rl OBl SRR TS L SRAN G HENG AP

sequen

I n{%l‘gf’r af Bgl I nt en%g g c@%g&%eqpa%porte érgfeﬁ{ abl y’ the

t et “gene’ |s a reporter gene (e.g.

The n E.I@Hr 5 SrEg?al and t1 s&g 2?/ c%ﬂsg 9? Q}SP We@&otggg%ﬁ?ﬁr? may 1;100rp0rate a

of a repor ene un
promoeent linkkd Ofanﬁtrnlffﬁbh&&ly(lppﬁ a]I\lA psreqmt:e ren&ﬁhp@ Aacghase-1 drug-metabolising
Preferabli\é,C a reporter, is.inserted jnto the

enzyeng 74 1 DNAG SR SAmSPUBE . 3 i AP ERAISE Ry ge 5 e hon-human

ammgf h&d ﬂls\éués ¢ hél%rxﬁeﬁﬁn&&p&ate alprIHGtEr 18ked ﬁ‘ﬁns@n&ﬁ)%w a DNA sequence
e.g. Figure 71) ‘reporter gene. rNMDR1 Expression of

encodleg @rphase- [y drig-mgiehelising enoyoret andla BNAgschuangs envoRling a drug transporter

protein. The non-human animal, and tissues or cells may incorporate a promoter linked
transcriptionally to a DNA sequence encoding a phase-2 drug-metabolising enzyme and a DNA
sequence encoding a drug transporter protein. Examples of suitable phase-1 drug-metabolising

enzymes, phase-2 drug-metabolising enzymes and drug transporter proteins are described herein.

In another aspect, for example, the promoter activity of the mdr! gene may be investigated. In this
scenario, animals, tissues and cells may comprise a promoter linked transcriptionally to a human
DNA sequence encoding a transcription factor, a promoter linked transcriptionally to a human

DNA sequence encoding a phase-1 drug-metabolising enzyme; and/or a promoter linked
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pronot er sequence. Preferably, the human MDRL pronoter
sequence conprises both upstream and downstream
W(m(wamsmso sequences. Preferably, a reporter gREEGBRWSA01897

o A o RSB b S TSE  umanise
Ornuﬁlyag(ér%ndlf&c,hg,qr ase r eport er gene (e.g. Figure 83).
Further details of the preferred reporter strategies
Acco?Jiﬂig EP M hdpeltSofahé; 1rﬁEﬂWndtﬁé’re i prdviieE P RgH- ﬁﬁna?tnzgumal tissue or cells
Fi gures herein. Animals, tissues and cells accordi
derived themefmn arspamtaémgfat idast mwhmmanoENél baguenge repcadinegf af least one drug

trans%ﬁaélg{ﬂttem H{l?eé CBIétI‘ Zlopr 8 aaspo re}r)]rg&ngfgg lagc? ?s[eﬁlgg%%lrlg%ﬁquivalent
gened Bave lopaavally ®edcanabillgl ﬂﬂtnoﬁlhgﬁhhﬁ lagigfat @isbue drid€lls further incorporating a
transcriptional control of the CYP3A4 gene, there are
prompieg ipkeditigngrasipienidly 19 #pupandAtiAzequepes SSEHBE Sns.
Exposi ng_a CYP3A4 reporter animal or cell to a drug
o@bpo uritiDNA sepyanes engodinga HrassHPuHagier andR nul |
background woul d be useful in exploring _other ways of
r @l atd RYAceezage ensading g phasy- 1 sirugmrtablising ragyrae; ¢ad/er
interest_would be to 10 expose an ndrl reporter aninal
or(iide| |2 PYAseayeangt ensaging s 8hase-2stsugimstaholising WeynPxr and
PXR nul | backgr ound to detect aspects of ndrl
The porphusaasy gmeh #pd dlswies Qe eplnefeis sPeE)t the dieatioromay incorporate a
Ji
promtéﬁli: gfngéd; gllét%{sca ?H&rﬁg{/ ﬁﬁverll)tﬁf'&lo ﬁs%ﬂ%;i}g% %ﬁ!:(ld?ﬂ G agé f]girlsgometabolxsmg
enzyh¢ nkéd DNansouept i copading a tphage- humn@mlsmgmﬁee The non-human

A TR N SN R D N -

encodifil aOphade-DNuS £1dtaBEIsEn gl nz@ime Qs NY DN Al sbiglichdeABreB@ihE & transcription
protein in a null background for PXR, CAR or any other

factot.  Zhes coppmen animah oind” Bysues A1) cdlic RV oiiserporate geipmoter linked
0

trans&rgfﬁ)nzh %]Epﬁﬁ %eoggip%‘?%s&gm% P Egd\}ee Q”A}H% h%garl?lol?rsqal‘lfgoérgglﬁg and a DNA

sequemed | emcoding td $mpwsiphorg Hactdye E)@nmmsedf whitehle phasetladrug- metabollsmg

en G5 e Refd S BURTRL Sl T BPEIGBRARHH PRRER S desried
hereilbackgr ound. Accordingly, animals, tissues and cells
according to this aspect of the invention 20 may

AccoRIMEDEd 86yed fHERAALREL b ﬂieeldvérman scheieptsi 6dlddy a tdcldic acid construct
human DNA seq uence encodi n
compalﬁlag aﬁ%%tb'&wegtphsgl 8?‘?25?11‘% as Pmsé lgéqne%%éuréﬁbéﬂ P‘?fb62a83

ase-2 drug-netabol | si enzyne; . and/or a DNA

Prefegaél:yu HrcongRich firthgr melyd Of thetwpshisationpngtcarrespppdipg knock-out of at
least WkéFQr Q'Eé‘fﬂ{oﬁkm extz?fne %t léagtad?é%iisgti &H] %Qﬁsmg%ﬁ?me and at

transcription or be PXR"al one, R al one,
least @)eerag]dar(Sp@tew rprot56 nmﬁmssmmmt @Bﬁ@ﬁﬁd@@t&ﬁﬂconstmcts
any other single transcription factor or conbination
Cellsof transcription factors described herein. By "linked
transcriptional ly" is neant that the activity of the
In angthemaspent oflithet iavension,hem aeliapalesﬁiimproldecﬁdlby apfy onbef the above-described

reppr.ter roteln Pr ef er ) -reporter IS
sspecl RN PN 1 AT OmAretS 4 ook PR Nyfep lEBTatory DNA sequence
associated with the gene 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-
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correspondi ng human gene whose pronoter is to be
investigated. In the case of the CYP3A4, 5 CYP2C9 and
WEYRRT198pr onot ers, the tr anscri pt of the repoPCEGBA®RO01897

may not be tern1nated by P yA notif, but the

humag niseal vels This @rr@eémgenberogudeh kﬁa% with @ne AEIBgESDartes sequances such

ed. These constructs are

aShuﬁﬁéFe g%éggégghggﬂb¥%ﬁgg correct splicing of the exons

Assa to the reporter (see Figure 12). In the cases of
XyP2D6 and CYP2BS, the transcript of the repprter gene

The iR Gt < (R bRy bR Hax TR ey L Q6GHnhE how a drug

compblgd isemlﬁ))ollshdh bg as Burhén. Wnlchhe it isapasiblepto @fantittewhether a drug
reporter gene is preferably term nated b%? @

compauq MOqilatRo il eIy @aFERTERI 9IS tragscaiptipyf3rier fzf@"g metabolising

enzyhS 6P4 thégrafngbo@tef o¥ehr? Tt i@}ggs%le &f extahifine tAY Bt cﬁ Qhé REL1€ of activation
I'S provi human ani tissue or cel

or explessnmedf % brensefiptgm fapton rapd.mametaglyomng gEymeene dtummnsmwr protein

uence encodi t, one crl tion fact
mducaﬁg f?IBPOUBE 9% 1§ P(gﬁlg ertlo ﬁ(ingwe w a drug compound d1ﬂuences the
dispo¥ifies SoreMegipeiauss hStraguiiptihefttoges Eﬁiué‘l mmmmg) reakyrye or a drug

been annul | ed, the non-human animal, tissue or cells
transpqyier paptein; WE}@‘P p‘b? étsf“ﬁ’@ of tbq% SReY-elt ip |pﬁ§§§ae to examine whether a drug
comp%[u)?cr' SukRle MRhLMHEP of e%%gs%ﬂ)n QA %@ﬁ’é&ﬁﬂtﬁﬁ\ £Rfo?, dj "Aeig metabolising
DNA sequence encodi ng a phase-1
enzyrde oige dreg abadpbgérpgoteinzyne; and/or  (ii) a DNA sequence
encodi ng a phase-2 drug-netabolising enzyne; and/or
It is foissible ta nPhttre 2 ghematypicethengtiin ghe@ndn@lgsutch ans pbysicdogical effect Such a
oy B esCRal B B A ohaoT b e BB a o
side-¢ffe@ot er |inked transcriptionally to a DNA sequence
encodi ng a phase-1 drug-netabolising enzyne and a DNA

It is [FOREbICNE ExMHIAO the tGte df RlRABELs 6f AgrupRbAPaIndSTRYraéNa\i@abolism may
The non-human _ani mal, and tissues or. cells my

be detpraripgsh bt easutineo st Eriqity nieacttvitirBedintpd iyt Wlelsaaﬂon of the

compohhd, ?&Q%fﬁ%@he ISNCIRE P the R oRBARA; br HEA4GriEhERILT SHaBlug metabolising
enzyme and DNA sequence encoding a drug transporter

enzy@é kyr ganple, fﬁh eatp @i -nhagghetisma roif e cormwnd ey Lhegmensuree |af ghe rate of

formz{%% L fg&&\r g g (il%o gtn%ro € g%rméﬂxgkgg a.sy sg{]]use%{ Ipf%)dugt oqeneryated from the

oxndn@dﬂlZMﬂSBnéﬂiﬁie aAlEaN&uvs@gtme e o Mmenbblixgh magl belgeptdsamiedas the half-life or
pr ot ei n. npl es .of suitabl e phase-|

rate A@pmfaa%pf e iptialeemprivad orpaﬁa%f‘eclzm&er RJOHERBOIGtiyjtn gl the initial

e

determmmg/iht ymofnttofi herrgug cchmmgndmlysdnenn samplss iajfen atovaripws tirh¢ points. The

 amouPofiiF Boe PR g TRt R a5 e SO B pformance

hqu1d5 QUEHANESLr GO MARY sPedtforitey) iwebtedN bicdCdralysis augigd ROMPound  specific
i nked transcriptionally to a human DNA sequence

antibedieso @f #1ty oshep RRRSePrAYMEKOdet abol i si ng enzyne; and/or a
" pronoter linked 56 WO 2008/149080 PCT/ GB2008/001897
It is alycappseiblege ics#aing yhetiena piye corgawicis mstboliteddo & tpHagecapcinogenic

metalgorh{lleg f'JF%Qa%hé Sﬁ)pglegslﬁﬁ}{én?ts'c%vgernmhgsﬁgtlssues proteins or DNA or by

measuring glutathione depletion.

Preferably, measurements of the type described above are performed at more than 1, 3, 5, 10 or
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or null background for ndrl. According to this aspect
of the invention there is provided a non-human ani mal,
WQ p®sue0sr cells derived therefromincorpor atPEQGaR2008/001897
| east one human DNA sequence encoding at |east one
moredimegpoirs sficandipmistratiopofthedmng eodpoundont rol of a drug
transporter pronoter and whose endogenous equi val ent
Accogtinglg, foethe aopédtonfikieyinbarionanlatel loedtreehing mﬂhedsumimare provided to
[ issue or cells further jnpcorporating

ani mal ,
deterping, e aFef o e DPERI B OBEaPILY Y G SPARTAR fORGA of a transeription
factos €51 URHRE Sn&MoPGh genzwn} & QN@m eﬁ;ﬁﬁﬁ&ﬁ:r SR6RH. "Shich methods involve
transcription factor; and/or L a DNA sequence
admirisierg mgrla q@hmg@dltom m:gwg@ucamma dcaerdmg g any ommef] the aspects of the
guen n hase 2
mvené’l?ﬂ Bitept o TRE G R e B ani . and
i ssues or cell the [ ny

of
The SCI'CS%IP% ?)tF%{nély éHVOR/F g}%lfurpgltﬁe nﬁglécttlto? g ha g?nle 6: 18% gcir aQraP%cxlgtlon factor,

a drigNAe&B6lisaRC enzgrﬂeoah 8Qdrag pRasw@rter @fdﬂgn n‘lﬁ‘h@b(‘){ebrﬁhg’l @tep may involve
enzynme and a DNA sequence encodi ng hase 2

measH‘i“EBgthFréft"ﬁb%ﬁ qxgm%zg%ﬂ%g/ Ffé“scrmté’“rfé?f%& e maabofising cagyme or a drug
trans;%drt%? foreir? br &1%'d'ur°anBH>6f EMQ’E{BQE@&? The Qér@émﬁge& c# fﬁxgif grg/olve measuring

ran criptionally to a DNA sequence 15 enco
the dpmaiwem ofl reyprespinabidh itsinstgipt o Yartorandireg Didfabgksing erzyme or a drug
trans %o 'oﬁ: a transcription factor. The non-hunman
%Qrﬁ B’ nd tlssues or cells may i ncor por at e a

ronDte ked nscr i t|o
The BR0aer 2o aee-13 B BEHBe o0 1atgs 24T SEeC R RN ascerain
differsRdb &R GiesteHigion i MetaBolishid BEC kdxdilyO Thé *EEAS of lﬁz@aﬂr@g&@n%und in the
sui tabl e phase-1 drug-netabolising enzynes, ase-2

preseqge andpbeeapd P & PHECHAZ8FAR ST 8FIES P%Hal?ﬁsf@ﬁ?r&meé erea%lP%trng the effects of
the d@%?%ﬁg&%d%n% ﬁ*&éﬁ&%a%@nw%ﬂﬂ% el or'%ﬁﬁfag Giop gxatnﬂ)h,a t%eetffects of the

r aspect of the invention, there is provid
drug wowpa@ind cauiddbe evaduatadcbetweanpr ammag “athtean@}étbacrl@rqueétaod an animal

sub nlal as_depi.ct ed a f -FLg 1-14 and . .
nomag 38 55 ot oo RS R, B £ s GRRABIOR i it Trgpraboising
enzyxﬁ&l@rmphm&atab@[sl@mﬂzﬁﬁ@respondi ng knock-out of at

| east one phase-1 drug netabolising enzyne, at |east

Thusdf @ fiakts espetdiidigvértion plvides AgtHRAZ oirthvadtigatiig hobiedsihetabolism or
. one dr ug)ﬁt ransporter protein in either the sane
toxicity,picdepqited Bereiny parprRefsingAdaaistadng 2 s sprpRUnd to 2 epmpte, pgr more, 4

or m(ﬁ@oj; &erﬁoréspgpﬁ\oﬂtf 7t ?ndr@‘%e&trh&@ 9 @Fm@f}' BR10 &hbreio? the non-human
produced by any one of t'he above-described aspects of

animalf) etissyps eort ¢edln . depanibpd dieesin. elh‘e@eapb'ctssch metHOQsa@rtlmnénclude a step of
associ,at ed w

°°mparé$$2t“% Rt LD ORI PR B Shattanl i ot

nan et abo tion, distribution
P IR T
to actdRes @t IOAR Yrahschpiesh factor B thINSNHRAUHE Afe@iath FsRCEONSfaES CAR gene. A
can conveniently be neasured by assay of_ transcription

CAR gpcepior HYEISapeus! SRl Qrimgzqe eanale adnisisisraddp apapigmal expressing
the hiltNA é&ﬁﬁ‘@c@&%rm&lﬂtrbﬁ i ntroduced into the non- 57

Assays according to further aspects of the invention may provide a screening method for
determining whether the metabolism of a first drug compound is modulated by a second drug
compound. This method involves administering the first compound in the presence and absence of

the second compound to a transgenic animal according to any one of the above-described aspects
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and thyprage expRCisH tadaye daver

WD 2008/ 149080 PCT/ GB2008/ 001897 hunman ani mal cell.
Thi s enbodi nent provides |inkage with one or nore
WO 29814980 sequences such as human chorioni c PCT/GB2008/001897
gonadotrophin (hCG. Assays The aninals, tissues and
of thedpyegtien, Qrﬁ’etliﬁﬂé@é el |dﬁmé€ﬁ‘t therafrery atsb mosietingofor a phenotypic effect.
Alterﬂgﬁ\%ﬁm F%b e the?slj:FJeHﬁg sllsepcr?lgp %&gﬂl 'rﬁea?@rﬁr%xt% 11?0%&19&’ of'a gene, the
levely\lhekthmrorailsﬂn’lblgloﬁ @ﬂ‘pmasdlonp dﬂh atmsriptivn factbi wdlmg Iﬁétabollsmg enzyme
pression | evel s of a ranscrl ption factor

ora 8&“88?H°§Fh@°te§h§§7ﬁée°814 5OaPQgd i dtpiRedde "mdakaa tﬁe megabolism of

the ﬂr§t cBRpSIr! ifthe Qe@h@ TbMBound & fE@t h ehdce iy R SK fhel tested factors. For
activation or expression of a transcription factor, a

exanulﬂeug physielbgical siffeet reaw herassayed &y dmaaglrmgah@ pmrcute ror p¢to»utg|mpdxated by

oA AN o b )

or d| stributi
In Ry PP RS e b TR IPABPT B ordlot P arog compound
that Ndvk Réducéder ﬁﬂc&t‘ddﬁﬁle‘ﬁbxlttfﬂ@o Batite ortinduge RRSSdsInG ftadparticular protein,
exanm ne whet her a drgl% conmpound i nfl uences the
egffects erradpager hylfHifnvet or, a
drug. nmet abol I sin ,enzirre or a drug transporter )
The peptiomnwill poy e glssaibed byt waynefagampleaoh evith 1efrence Ha g following
ﬁgurésr\wﬂelilé ani mal , such as a physiological effect. Such a
15 phyS|oIog|caI effect may be, for exanple, a disease

Flguxféquﬁb&zé 9 &h@ﬁ%@reﬁ%s%ddoﬁr hAESiQEbS Andq{nogk B&%‘f PXR/CAR;

side-effec possible to examne the rate o '
Figurd®! $BQA 3@&&@ rgg y%nﬁasvpewéongﬂ;ﬁe EBNR With g&&ﬂh@geqﬁénces for the

may be etermn& y neasurin e toxicit
PXRAumambatipnsedegted by the admi nistration of the

conpound, neasuring the half-life of the conpound, or
Figugasdhows agchdmatic evpeescotation of aigomptsiad oDN8i wigh 8doeniz saqeences for the

For ex I the rate of netabolismof the conpound
CARrpgmaB'Sg}%ggrhtF% as the rate of formation of the

Flgure g 5)531% uc(t)u grrjrﬁe?{%ga%xt(&%n of a subsequent

enera e i‘zed i nternediate.
FlgureSSE sgg net abol i sm may be

Sa‘b%m?‘ﬁ' "W{bftaﬁetf"ég 6 °"rate of di sappearance

|
P2

F Bh init bea qr{pgy as the change intoxicity.
1gure6s oW ?2\1/{) SS1 ecoP%r (o or humamsatlnd or a metabolite

f he i The half-1if
T aqu%g L A
Flgureglsn?gygﬁ(gsfg@?e%ﬁgeelqg A} £ gAggﬁg%%%sgdgrg oS LT
. aptified n t hods such as
rignf Sk PR BB AL Ao ARR SPhbny. “mss

ctronetr ster u3|ng conpound
Flgureggcsztll ™M P oa%é/'?le t%rglrﬁg(r%gnu msa lcQIp’pr opri ate net hod.

ther a drug conpound

. | al so
Figupd | fipdhgh °.S§§'§ vy Eistfﬁ%yxfaf °1“S§%{re P88eni ¢ 30
or e surln ItS coval ent
F'gurﬁ gﬂlowgs ARSSH {)lgé)u%rgﬁm%‘t%%yef%@p %r? ’by nmeasuri ng
FlgurgI 5 ¢ l?ov!/]sl aogpo%SI reporter prOJect strategy for CYP2D6 and CYP2B6;

Figure 14 shows a possible reporter project strategy for MDR1;

Figure 15 shows an example of a PXR typing PCR;
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Preferably, nmeasurenments of the type described above
are perforned at nore than 1, 3, 5, 10 or 58 WO
WQo®8/1198080 PCT/ GB2008/ 001897 nore tine poi neGI/aBR@B/001897
adm ni stration of the drug conpound. Accordingly,
F lguteul& plewsaEqgeen syrong phwilil nypsnanddransgenist mice 0AH qreheniand primers used

vi ded er e the effect
were CRiE O e TaAEnt Os T Adey St ENGE otedY gfiiES Yo, Applied
ons?st&rﬁsanﬁﬂ raksﬁi'd 88d vsfeﬁecih%ntorféddz%ﬁl‘i% Bhﬁ&dt&hsﬂ Sh&WH XiEBhOfesults from
transporter protein uch met hods involve 5

TaqM@rma %@tsexf iliver @, & @gd st ttasting ¢, D)rof aims geldrypasndnfgur hPXR mice,
d t v

usingy 3530 Rk Tof e §: Wt MRAAPRERR (ar 1 oy B¥ Rl PR mRnva
transcHgr@Bf Dym . The screening step may invol ve neasuring

the induction of a gene coding for a transcription
Figufeal7t shows RT-FURIGF HiPXR@dns&ripigineraayRicomicd dr ug

transporter protein. The screening step may involve
Flgufmﬁsﬂfoi\zv@ OVésteen blg ¢ffPIEX progsin ifom wfld &pe aad SPKRhiceProteins from

a dru tabolising enzyne or a drug 10 .
the ltVFlgﬁ)é‘ brsqxtf:%pvllggmeélpﬂ hyPXR H]@ceawprgtgr(ahqd Syithagagtibody specific for the PXR

prote@ﬁ(Pfl?eSs%én‘aQrd 8 Wik b SR RS dShRRe PRR; 1 NVOl ve measuring
he dlstrlbutlon of expression of a transcription

Flguiea@ Qhow Wilsidth BRIARCL! BV Wﬁ?&b‘)fnd@ctgﬁ% rifampicin. Microsomal
transporter protein.” The assay can be performed in the
protqmseﬁemcéieahﬁctrsabﬁ enfmeplom tréneedd wild- tmnmhh@PXl@ raise evaraiprobed with

nces {.n trlbut Q m. and t Xicity.
ant'b?ﬂlgs g‘??‘% ¢%p 4 1 0 cinyf %p ane!}poun q@mtonlga esence
Flgure ggr%hseng%lzg; :v 19{ g %%alagtr%fg%n 8¥<§§}P§l€lﬁ)glraflatéon by rifampicin

(10082/Kg N Shdwh Ardthé ff&ﬁﬁiﬂfrorﬁ leARGYEARLICitPisdyB log llvéﬁhic&semes using activity
ti ssues. For ex the effects of the dru

of PEERYERIAY le&;fi?fﬂtyéat@véi’ﬁgpédvlb@t {Reatpibyfgd athmwsswmlﬁveé of Cyp 2b10

and A& bV Ok Ieh 9 n&he "(‘BQﬁ'%lch hé"am?ﬁ‘)'uég &b é&es&hﬁ 1&9@1"@ Cyp 3a;
or genes of 1 nterest e. MVDR1,

Figuf¥e} la%v&sséﬁgme %&M@easg{ys E}n @ibésﬁxgos%kﬁlﬁmoﬁﬁgq g)ductlon by rifampicin
enzyme). 20 Thus, in a“further aspect the invention
(3mgz$kgmdd1é)$ngvﬂ@hddsnm¢xmnmehm ghewmeretkawgiligtiom enzyme activity assays
tabol i sm or .t 0x

ne .t her ei n,
on ll\éeé‘ r[rn_plcrosomes usglignthe ac%nvxty ¥- b(éi‘nzyf:j (gul%ogﬁngoun dto 2 or rore,

Fxgure ﬁ sh%gvrsednz}{me actlv% asSaﬁgg in rllvErD micaosgrrng%gﬂg)(’vg g nﬁg&lon by rifr‘émpicin
(3mgﬂl€g‘ladﬂlum&fg/kg§m6Jhiaia81ydidx$l%ti@50ﬁlést@sﬁdrbr& (ge&ent bed herein.
Preferably, such nethods further include a step of
Figu@0I8D slidwigenzitfe @xtpetyi 43843t dn livasmidrasombi &llo@thg miduction by rifampicin
di fferent non-human ani nal s, ssues or cells. 25 More
Okt ediEdy | & BB IR ST T For
exanpl e, a drug conpound.is determned, to ac e
Figugerd @&wtqn%ec??tmwﬁﬁaf/%\a Byerinpicropemesriioting ! ?Flé’&?‘%ﬁ by TCPOBOB

(. 3rhgg§;' Ghd @@m%fkg he. a%% l@gﬂaﬁylaﬁbn SABLRGERE Qhich W48 E&%ntutlvely higher
goni st suchas clotrimazole can also adm ni stered to

nnhahmﬁﬁiamhwéxgaeesmm@eWﬂmemhunan CAR receptor as a
control. Assays according to further aspects of the
FigurenRfesttomo renmpanye petivity cesaps 8l e mingsena¢sHotblowing induction by TCPOBOB

(0.3mg/kg and 1.0mg/kg) - 6-beta-hydroxylation of testosterone;

Figure 26 shows enzyme activity assays in liver microsomes following induction by TCPOBOB

(0.3mg/kg and 1.0mg/kg) - 16-alpha-hydroxylation of testosterone. These demonstrate that this
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30 determ ning whether the netabolismof a first drug
conpound i s nodul ated by a second drug conpound. This
wWoreaoRoebosinvol ves adm ni stering the first conpomﬂﬂGBmmwmn&n
t he presence and absence of  the secaopnd conpaound t
activity #ag g&w? igangly indyicedyin Wl typrpanimals (RF0e bymot wehuPXR animals;
above- descri bed aspects (59 WD 2008/ 149080
Figup 2] shpy0 68RO 887 ity pserein hipe mirgrpmesfolowing deductign by TCPOBOB

- (@ 3%%‘(% aflfn lo\éx?ﬁélﬁ) h-e[@-t)ét%\l—'ﬂ}'dr%matmn{)it R5€oS8roh®" ThEse ﬁemonstrate that this -

enot ypi ect. ernative as above,
activitg memhcigmsteeparhayiniwﬂdﬁyptethmemslmPXRgmim:ds i ndu ct i on of
a gene, the |level, duration or distribution of
Figuex28rshows POR cmﬁﬁrmatlmamstmlcbtlble horheaygows, PXR/(ARshumanised mice that the

- murie b8 Genc e Beiotnee Lhon e VIFAR QPGP bl al e 1 ﬁ'e”

. olis the firs ound i f. t he .sec
Fl@%‘é&%ﬁﬁ%‘w Crpiadd o CHALRIGHIS 1R RGPS BTy Gen et iggvild-ype and
hPRgi@rs. For exanple, a physiological effect may be
assayed by neasuring the toxicity or activity nediated-
the adm nistration of the first conpound or
Flguwéﬁssmwm Cypial h #nductiqr profile in Frspqnse & defpamethasopp Beateent)ip wild-type
ner, assays may be used to facilitate the
andﬁégg%fﬂggcatlon of anal ogs of a drug compound that
have reduced or undetectable ability to activate or
Figuiersd sbewethprresdts off TafjManPandlysiubBPXRroRNANin thd Bivers @f wild-type and
klvﬁgus are expected to have fewer side-effects or a
OFYoMEr half-1ife in vivo. The invention will now be
descri bed by way of exanple only with reference to
F 1guret3h%h$»051 fRBts rlf‘SMQMl’nez&inle@tl'raﬁioﬂ on@}@gﬁﬂ expEIIEIVS ad activity in wild-
schematic_representati on of humani sati on and knock out
type, PRy kpRXR migfyr e 2 shows a schenmmtic representation
of a conposite cDNA with genom ¢ sequences for the 15
Figufe SR shaWi@ fHap ﬁ?dn‘?ﬁmﬁtcfo@!i fY deééJé%% %Qgﬂé’?sld?ﬁ RCRHAIRIPE Gnd huPXR
representation of a conposite c enoni c
micesequences for the CAR humani sation strategy, Figure 4
shows a possible nouse ndrla targeting vector; Figure
. Sichb ..
Flgul'%_ 3§Qﬁ’(¥\§s %gfg&ss of (!le“?(grggtilﬁ%i%g k ghns ?tl},@t f&{ %%R\ég&kégfon activity of
Cyp3lammmi| Ga2b thin wild-gpe,quPXBhadkoRXPassd. bl e t argeti ng
strategy for PXR humani sation; Figure 8 shows a

L SRR EC LA LT e th T L —

wild BOPS®R drdmuPKRakice 10 shows a possible strategy for
YP2C9 humani sation; 25 Figure 11 shows a possi bl e

overal |l strateg for cl uster exchange; gure 12
Figurg 36 \thovss jp6&iey- B?elé‘ﬁé\ﬂéﬁf“derce%t“rd&f‘%‘EVh?SBPe méf!faﬁet* gfpatotoxicity in huPXR
mﬂk&@ﬂ%ﬁﬁM@ts Figure 13 shows a possible reporter

project strategy for CYP2D6 and CYP2B6;

Figure 37 shows the liver/body weight ratios of wild-type, huPXR and koPXR mice following

administration of either 60 mg/kg rifampicin or dexamethasone.

Figure 38 shows an overview of the effects of rifampicin and dexamethasone on Cyp3all and
Cyp2bl0 expression in wild-type, huPXR and koPXR mice. A medium increase compared to

vehicle-treated mice is denoted by ‘++°, a strong increase compared to vehicle-treated mice is
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Figure 14 shows a possible reporter project strategy
for MDRI; Figure 15 shows an exanple of a PXR typing

WEPGRS/14%980 WO 2008/ 149080 PCT/ GB2008/ 001897 Fi RLIF/6B1®8/001897
shows Tagnan t¥lpi ng of wild type and transgenic mce.

denotgd by 5 5h end e hpnge fempargd éuvehw@r@eat%rewem epptedhy ‘NC'.
TagMan Genom ¢ Assay kits, which were purchased from

: loi [ 4 We; | i .

Fig A o € AR AT B B2 ah Scstnes of

untredtad) Mall-typa hiyds keCAR rhice,edem(ofstrating aled basahlekpressionséfi ©&R mRNA was
pic, %s of ni(n(f fg | d-type and four hPXR m ce, 5 using

completely Jast nfhe koG AR MAUSE- he npuse PXR mRNA transcript (A
C) or the human PXR nRNA transcript (B, D); Figure 17

Figurg B0 WRovRThdpeddtaXicity WRtARof Wl Sfidel REGAR nd kPRI MILE affbC@eatment with
Figure 18 shows Western blotting of PXR protein from

dexamgthapong pephgnebap®™ak ni ce. Proteins from the |ivers of
treated wild-type and huPXR mice were probed with an

. | | | . o . .

Figug 1] SR oFRIE FF Wiyl ST phémeBf R4 hlpintfifiion on fhe tivers of

koCAFhawkskoP&ER mice. bl otti ng of Cyp3a and Cyp2b induction by
rifanpicin. Mcrosomal proteins fromthe livers of

. ri,fanpi Ci reated wld-type.and huPXR nmi.ce were .
Figork 43 S04 Rt oS B Famstfeatie P p R bashALAdphiS PR of th g and livers
of koQAREINH kKPHRGYipe.2b10 (bottom panel ); Figure 20 shows

enzyme activity assays of Cyp3a and Cyp2bl O i nduction

. by rifanpicijn 15 (100ng/kg)..Shown are the results
Figure 3 st ‘t%{E?tP?/iqt‘?“tﬁ@é%‘yls?%weP‘ieV’ePlome’%'}dé%%du@‘?“ﬁgT CPOBOP-
treateaqfvbaéIo_tmudq%pe%eﬁ@éxmﬁ@&uf i n-O-deet hyl ati on (PROD)

which is att ributed to expression |evel of Cyp 2bl0

. and the activity of 7-benzyloxyquinoline (BQ which is
Figurg i shayyp thef human kRemBNdy bpianas mogse ©fB ngBNA, ixegpipssedm the livers of

LWty assays in liver nmcrosones
huc@%ﬁ@v@@%ﬁd@g%l\é}h by rifanmpicin (3ng/kg and
10ng/ kg) - 7-benzyl oxyqui noline. Shown are the results
Figuré A5 shavsz furthen gesults tof GARam&N20 apalysis ve rwikd-yposodesiCAR mice by
sbng .t he_activity 7-benzyl oxyqui noline; Figure 22
TaaMafic fRe Ry FRIMSTE) MIEESS T n 1 ver m cr osomes
follow ng induction by rifanpicin (3ng/kg and

Figurd @6rgitdegs) CITC lxphidtdricity dxod if@twitditypé atdEIRiCoR micene
(p<0.01); Figure. 23 shows enzyne activity assays in

. liyer m croso [l owi ng i nductjon. by rifanpicin
Figury 413l i SERETadin Wi BB R SRR B at i on of
testosterone (p<0.05); 25 Figure 24 shows enzyne

Figur@8$ isV h ts¢h@sARY Slubtfatioh \GET the SRS RMBS stRbhifMat@ys for PXR and CAR
~induction by TCPOBOB (0.3ng/kg and 1.0ng/kg) -
activiy. g| pha- hydr oxyl ati on of testosterone which was
constitutively higher 1in the huPXR animals relative

Figurt 99 5w frshed ¥PAZPOBCIMGE glslhgm.%&?aﬁ%das&imgtym wild-type and

assays in liver mcrosones g I nduction
huCARGRGBOB

Figure 50 shows a comparison of the effects of CITCO and TCPOBOP in wild-type and huCAR

mice.

Figure 51 shows effects of phenobarbital treatment on Cyp2bl0 expression and activity in wild-

type and huCAR mice.
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(0.3mg/ kg and 1.0ng/ kg) - 6-beta-hydroxyl ati on of
testosterone; 30 Figure 26 shows enzyne activity
W@ e®asms08n | i ver mcrosones follow ng i nducti oPCHGB2008/001897
TCPOBOB (0.3ng/ kg and 1.0ng/kg) -
Figurt 62 ahpheeffeptraf dgkadtisasonsd treatmerd SndiypRlel0 cKipeession and activity in wild-

de ate that this 61 WD 2008/ 149080
type Eﬁ“@%@ﬁomsw activity was significantly induced
in wild type animals (p<0.05) but not in huPXR

Figurd3B RBdws effec! bF trédtnRhOWitheOEYI® of IGPOBOP %ﬁ&@%blm expression and
liver mcrosones follown | nducti on by TCPOB

activitpingwil-ge. aMEAR. bogARghuP: P XRHyEe-oxyl ati on of

testosterone. These denDnstrate that this ' activity
Figu¥B3 Wffee{ ETFRIPEEOP ettt dVE6H3 BH BARact ld-
lguani r?a 3;65 Igi gure 28 s gwsePCR C n%p? ‘Tpscsaln in aCMtyle “ype
and GCAMR michonozygous PXR/ CAR humani sed mi ce t hat the
~ murine PXR gene has been exchanged for the human

Figurg Sgg)%cr%[é a:]e}nr QU ﬁr © f §1 &%cﬁsp I%g %@(?t?(i a‘%‘ﬁ%ﬁ‘?gﬁ%}ﬁ&nh inducers on the

exprd%lbldoﬁ%ﬁﬁaﬁlnﬁld GypPXR iRintdise fmdHun@an30 shows a Cyp3al |

i nduction profile in response t o dexanet hasone

r ment in wld-t nd, huPXR m ce. Figure 3

Figurg 3B AT R PUSIPY ST he & er%m Vo8] ean FRFONENR 41 CAR farge
gened f&hd 1ivegd SF Wild- WPE GhulpKIRE kBPER aki@ RACARINGiSe. AbIbHE f-?lm%gse in expression

shows effects of rifanpicin admnistration on Cyp3al 1
compasedrte sshigle-tepatdanicr wif the pamenitragn istdepeted fhRXR’ 0% medXRincrease in
expregllgn coma/rtﬁ%%u%qnxp Fréé}gélfv‘; rrHE:fI:hﬁ er : %%trerpsltr%{nnls (fo tﬁ(ﬁ;%ty a ‘“++’, a strong
incre#ife G@ expregion @ odparsth a\Belidlé-aedtsd ﬁficedﬁ“xlﬁmﬁiﬂ&a&@mas denoted by a “+++,

nistrati he expression and activity of ,
and ney%ewew%mﬁw% freptag mige 9@‘3@ sahf BRI 13 AENRGENC
m ce. Figure 35 shows effects of dexanet hasone
Figurd 8MiilNisfrhteAbpeoRks-Qpeciidd didferdnc &XRI BS By pladild @6doh¥ toYCAR activators
20 w I d-type, koPXR and huPXR m ce. Fpgure 6 shows
betwagpend|delypesgnddiuCAR ®ickf er ences i n dexanet hasone nedi at ed
hepatotoxicity in huPXR and koPXR m ce. Figure 37
Fxgué@@gﬁodshﬁxlk la{& @Aﬁ@%ﬁﬁ'l%k 1B%PR§/h‘aEA‘N Ji(%'biey an@égéﬁce and in
and koPXR mce following admnistration of ei
wild-type Kig PKIRS ardplnuﬁAR amc@I dlcamrat Poels @né CARSmRNAU r:@r%ms hewmintained in
doubB? over# ew of the effects of rifanpicin and
GANTAPHALSRe on Cyp3all and Cyp2bl O expression in
wi | d-type, huPXR and koPXR m ce. A nmediumincrease
Figure o9rpleovad efffocts vehi ith@picire adndd phérobarbiiald @earhredt biyt ddrd’ole humanised

a strong jncrease_co ed to vehicle-treated nmc
huPXR/huCAR, gwxlcp type,%uPXR gr?da LuCAR mice, and basal levels of Cyp2b10 and Cyp3all

protein in huPXR/huCAR, wild-type, huPXR and huCAR mice.

“ Figure 60 shows tissue samples from wild-type and rCyp2B6/huCAR reporter mice, illustrating the

spatial expression pattern for Cyp2B6 in liver microsomes.

Figure 61 shows tissue samples from wild-type and rCyp2D6/huPXR reporter mice, illustrating the

spatial expression pattern for Cyp2D6 in liver microsomes.

Figure 62 shows a further possible targeting strategy for PXR humanisation (to produce mice of
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62 WD 2008/ 149080 PCT/ GB2008/ 001897 denoted by " +++',
and no change conpared to vehicle-treated mce is
walerstiedsby ' NC . Figure 39 shows the results PET/GRYNEI01897
analysis of CAR nRNA in the livers and intestines of
genofype heR)d wi | d-type and koCAR ni ce, denonstrating that
basal expression of CAR nRNA was conpletely lost in

o B A TR AU A BB IAO AE

wi th dexanet hasone or phenobarbital. Figure 41 shows
Figure 6l slndves o furthex possibiieatogeing stthtgdyefoo BXIRbhimadnisation (to produce mice of
adm 'gag)rati on on the livers of koCAR and koPXR mi ce.
genofpf?%@fw 2 shows effects of dexanethasone and
phenobarbital adm nistration on the guts and livers

Figuré @5 ShowsO4-phssaiel téf@?ﬁﬁ? sifhtegy fdri FR @ufhdnisdidWSand knock-out (to produce

densitonetric quantification of Western bl ot bands

mice ghgeaotype haR X RandkadBdD. treated livers of wild-type and
koCAR m ce. Figure 44 shows that human CAR nRNA, but

e 8 ST S4B B9 S il b i oo

mice bligenhype heGARtasd B6CARAR nRNA anal ysis in w | d-type and
huCAR m ce by TagMan(r) analysis, for liver and small

. tine. .Figure 46.shows. Cl T hepat.ot axi,city data
Figurt B St rom SRR g Ve HEPA G EAR onfhch ap knoct

out. of CITCOin wild-type and huCAR mice. Figure 48 is a

schematic illustration of the rationale for screening

. a s for PXR and. CAR 20 activity. Figure 49 sho L
Flgureggg%w HPOSTEISCRIER S 1e{fisY 6@6‘1%?%&&%\%15%@%&5 ogout in mice
(to proflucéindik 5fygaﬁo@ﬁeihuﬁm%anmkspm@gur e 50 shows a

conpari son of "the effects of Cl TCO and TCPOBOP in

. wld-type and huCAR mce. 25 Figure 51 shows effects
Figurg 69 ghsvsod appsitlatargativg strategy &1 Dumenigatiop csd jkgackapiy in mice (to

j: V] j i t huCAR m ce. 63 WO
pmd"%yé%lﬁé%%”%&%&%@%?%ﬁ%&97 Figure 52 shows effects
of dexanet hasone treatnent on Cyp2b 10 expression and
Figura @@ shawsya passibleltargetingperategyl fdr{OMR Adi lpenanisation in mice (to produce mice

of genotype huCYP3A4).

Figure 71 shows a possible targeting strategy for Cyp3all knock-out in mice (to produce mice of
genotype koCyp3all), which at the same time produces a reporter construct (of the genotype
rCyp3all). |

Figure 72 panels A-C show a possible targeting strategy for the generation of mice humanised with
respect to the CYP3A cluster or wherein the CYP3A cluster is knocked out (to produce mice of
genotype huCYP3A‘cluster and koCyp3A cluster). Figure 72A shows a strategy for 5° targeting of
the mouse Cyp3a cluster. Figure 72B shows a strategy for 3’ targeting of the mouse Cyp3a cluster

(at the Cyp3a25 locus). Figure 72C shows an overview of a cluster exchange strategy.

Figure 73 shows a possible targeting strategy for CYP2C9 humanisation in mice (to produce mice

of genotype huCYP2C9).
Figure 74 panels A-C show a possible targeting strategy for the generation of mice humanised with
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Fi gure 53 shows effects of treatnment with Cl TCO or
TCPOBOP on Cyp2bl O expression and activity in
wowrltodAaswpe, huCAR, koCAR, huPXR and koPXR ni cePCHGB2008/001897
Figure 54 shows effects of TCPOBOP treatnent on Cyp3al )
respact foxihe SER26ncluster ercwhersin yhe QYRRE ¢lusigpés knpakedhertAR produce mice of

. . . ¢ o .
s OO 8,53 BURLHPE AROV RN LMG SLEEEI P lrscingo
the nfus gzl cldsteﬁlﬂﬂgl@y! [72B Showsa steatepy fardd tdrpeting.of fegtioe $9p2c cluster.
shows an overview of the effects of various inducing
Figurg /4{1showHatpRIvFY Ogﬁkﬂuit%freg‘é]?ang‘iﬁm&@f es in the livers
of wild-type, huPXR, KkoPXR and huCAR mice. A slight

Figule18 rp%aas%AL@ sKoWh BESbW Yarge QRPHMaRYy & tr{eeganellaaoﬁ 5€81c8 Humanised with
mce of the same strain’s denoted by a "+, a nmedium

respech ¢ @@sb’gtlncluétxrppegélp@m dmﬂdgtrie@lu:tt@ velmoekeé outelda rbduce mice of
geno%gsehu%(}f Ofist2 A kotlf(.ve‘lL (r:]luét gud% 99A G WS, strattérgé/a?rs § targgtmg of the

crease I n expressi on CO to ve

mousm WET ofusteh & 1@8&1’51}‘%1{0&15 A strStegiﬁ‘lbeB ’etdrgbﬁng’lofal‘ﬂedmﬁﬁ)seaﬁﬂﬂ gRister. Figure
onpared to vehicle-treated mce of the sane strain is

75C %J’@Wéta% gvesyiewngta cluptsr exchapee stiategy.| yst r at es
speci es-specific differences in the hyperplastic

Flgur%% RREWSEa b@ss%ta@ﬁh%@ LS foP AL Auhdishiby BEtHRMbuse Mdrla locus
CAR nmice. Figure 58 shows, PXR and CAR nRNA |evels in

(tOPWdWWNQQﬁRHGWthWHBﬁM%%d mce and in wld-type,
huPXR and huCAR m ce. Huwan PXR and CAR nmRNA

FigurEX/@ rsffé@%%ﬁ %%lé@%#@?lﬂ% ?/gﬁbf ﬁmﬁmgbr? gfjthmn?o%se gﬁirlb locus

igure ows € npicin an
(to proleczohiae bf geabtype bw/lmﬂtmdrmb c)oubl e- humani sed
huPXR/ huCAR, w | d-type, huPXR and huCAR nice, and

evel s bl O.and rotein
Figu BRI Aapossihl DR S il Mk RRhin' o prpgoce mice of
genofyPe BIMIRB2). i ssue sanmples fromwi | d-type and
r Cyp2B6/ huCAR reporter mce, iIIustrating t he spatia
ressi on ern for 2 niliver ro
Flgurﬁﬂg §hvs pgﬁgﬁ%m{rgﬁé@&éﬂg Oég’efgﬁaﬁﬁa%ﬁ"] Wi’ggﬁdwomr system in
mice (o)Rcdaes dDUR cECREYetr €l PABEE: (1l ustrating the spatial g

expression pattern for Cyp2D6 in liver mcrosones.
Fi gure 62 shows a further possible targetln%,strateg
Figure 8P sl  pessibles tergeting sraesyr for theesensratiorpef a EXPADP6 reporter system in

mlcegcg%%d]u%@%é% oﬁ’gefé %Q@%@B& 97 genotype huPXR). Figure

OWs a sc IcC map Of a targeting vector useful
for PXR humani sation. Figure 64 shows a further
Figurp 8% shyvsea pessipdd targgtisg stadtegyyfof e depRatimeiin €XPBAA réfonter system in

. _produce m ce .0 UPXR). 5 Figure 65 shows a
mice B SR Mg Bbrouti et YRR JND Py hummnt sat i on_and
knock-out (to produce
Figure 82 shows a possible targeting strategy for the generation of a Cyp3all reporter system in

mice (to produce mice of genotype rCyp3all).

Figure 83 shows a possible targeting strategy for the generation of a MDR1 reporter system in mice

(to produce mice of genotype rMDR1).

Figure 84 compares induction of Cyp3all protein expression in wild type and huPXR mice upon

administration of increasing amounts of dexamethasone.
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m ce of genotype huPXR and koPXR). Figure 66 shows a
possi bl e targeting strategy for CAR humani sati on and
Whpweh498t (to produce mce of genotype huCARPGENEGB2008/001897
koCAR). Figure 67 shows a schematic map of a targeting
Figuyeed thows gesomparison of hrPXRimain¢ prepared usingl SKRJEKE (MBX&R)tand SEQ ID 3
“f’g&% e 68 shows a possible targeting strategy for the
humani sati on and knock-out in mce (to produce
m ce of genotype huPPARa and koPPARa). Figure 69 shows
Figuge §E0shoivblthat tthe JeRXRuSARad@GYY FihanfeR rieuse masRthih® Bx@esdion the of
knock-out in mce (to produce mce of genotype huAhR
humghﬁxﬁ‘&ﬂﬁﬁﬁRTgNﬁsgure 70 shows a possible targeting
strategy for CYP3A4 humani sation in mce (to produce

Figutd $/8shoRl Le8RbMARNpHXERFilal lﬁa&%ﬁ s?u]dysﬂomd 8ype, huPXR, koPXR,
possi bl e targeting strategy for Cyp3al knock=out In

huCARcleoGAR hyPBRIWEAR, keP }éR/kogéBdtuf’m&gd koPXR/lt€i Adh mice.
at the same tine produces a reporter construct (of the
. I Qur ho
FiguOHIRE o Spye YeadchbbR Wil 808 T Snif S0 RPXR. KoPx
huCAanlmﬂASE uRKRMuCARS ReRXR/koCARhuCXRASCARI SttcH{oPZXIR/huCAR mice.
wherein the CYP3A cluster is knocked out (to produce
. mge. of enot huCYP3A. cl us
Figufh S5y REIRGHISEST oM e et oy 86, G dengs 6B dprigpethasone-
mediafed KePRoiBRIES (BYP3Rvels URd ERer %b@m) 8n AR POVRIPXR, koPXR, huCAR,
strate for 3' targeti n‘%1l of the nouse lg{ﬁa cl uster
koC Al MUPH Iy JPKBAGEYAR BRI k0GR anh oS HhUGAR mipcw
of a cluster exchange strat egy 25 Figure 73 shows a
FiguRWDNchiratfc i Y m Rl
igu Qﬁé)?c o tpr O)gﬁxt(t:ﬂelﬂﬂn%sg;e {hgtragt oenﬁo fpe ﬁ‘ggl P%Wﬁ aﬂdcfégr }e@eptors and
non- gfmopamsiasmmg@leshow a p033| bI e targeting strategy for
the generation of m ce humani sed wth 65 WD

Figu_%l% cl}éx?aQ%QI gr/nrr(% 25?0%/ %%5897 on o?pﬁenobar%mtilhlﬁdu&e% c'tlrcmogenesm in

er or ust I'STKnoc
then(xirimep)wexduce m ce of genotypes huCYP2C cl uster and
koCyp2C cl uster) Figure 74A shows a strategy for 5

re e RSP B S, G LA e

hypeflas§it @ésponsEitd) phedoBAbita @ ®ild )8 MPRN/IAICAR 8bubk-Rimanised and in
excha‘bﬁe strate y 5 Figure 75 panels A-C show a

koPXJyka¢ é‘%bﬁl?'&é‘t Y mice.at egy for the generation of mce
humani sed with respect to the Ugtl cluster or wherein

I
Flgultggg Ostl-njg\%}e tShQ %@U%E}&réé% g%‘ Qlléggpeggfc U&(rﬁég r&%%’@ﬂ?r?n 'E_}yl&ﬁetfgg)_}g Afamplcm-

medigted deugadreg meragpnf or 5' targeting of the nouse UGT
cI uster. Figure 75B shows a strategy for 3" targeting

Flgure 94 snowyﬁlusl%ssuquyp?}‘éﬂ RNK g(pressxon in the koCyp3all mouse, both in the

absence of a xenobiotic agent and upon administration of dexamethasone.

Figure 95 shows the alteration of midazolam metabolism in male koCyp3all compared to wild

type mice.

Figure 96 shows quantitative PCR (Q-PCR) data obtained from the huCYP3A4/huPXR mouse
using CYP3A4-specific primers.

Figure 97 shows quantitative PCR (Q-PCR) data obtained from human liver samples using
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75C shows an overview of a cluster exchange strategy.
10 Figure 76 shows a possible targeting strategy for
WO/DRS/1¥n08@mNi sation at the nouse Mirla | ocus (RGI/GB2008/001897
oduce, mi ce of genotype huMDRI/ndrla /-). Figure 77
CYPIMbSReCHiC PHESTD] e targeting strategy for MDRL :
humani sation at the nouse Mirl b | ocus (to produce
Flgurg‘9§ Sh&fs HE HALYRR ﬂ}md‘fer@m&n&blg’tld nts ’(:)f BYp B4 RoR M ®4Bression in
a possible targeti'ng strategy f 2 hunini sati on
huCYR3a4hubdRdeCypdad laice.15 genotype huMRP2). Figure 79
shows a possible targeting strategy for the generation
2B6. report e S roduce m ce
Figugeo SnerlrEnls pEBRyME SYSEETK G B R bBC b e ™
targeting strategy for the generation of a CYP2D6
Figure @00 sun@harisgs the margétingrstrgegy fod therppepaeioniof hedfuCYPRA YRR exchange
. rCyP2D6). 20 Figure 81 shows a_ possible targeting
mcestrategy for the generation of a CYP3A4 reporter
systemin mce (to produce m ce of genotype r CYP3A4
Figur81l 6B 3chemb@all§ oBineN QYR 1ﬁ1t}ﬁ(b¥é§iamt1€n bthg QﬁlCW3§tc'I@¥e€ e¥change mice,
for the generation of a Cyp3al 1 reporter stemin
and pmve@S(gp@tmlwd@e coriftrmingf geryaliiest tyanamissipp Béthe yp3Frlystereexchange ES
cell cfimesNOWs a possible targeting strategy for the
genération of a MDRL reporter systemin mce 25 (to
produce m ce of genotype rNMDRI). Figure 84 conpares
Figure h@sunroarise$ theyp8eting btrpegyt for mserkipn efSshwnan QYRR D @lexpygssion cassette

and PXR m ge adm ni stration of increasing
a“hea?HBBE#‘% "@Psed@&t’&ﬁé?‘ﬁ&éone. 66 WO 2008/ 149080
PCT/ GB2008/ 001897 Figure 85 shows a conpari son of
Flgurl?l U6XERoils Che Pex@Reasienl of shuigin SEQPRIDG lprofe P ¥RmaandeSRQ thdDliver of a
(huPXR. 1% Fi gure 86 shows that the huPXR/ huCAR
fwwﬂaaewwﬁwﬁaﬁ% fE¥Sfrouse nmi nt ai ns expressi on the of
human PXR and CAR nRNAs 5 Figure 87 shows a

Figuré 0P ainftharies MB eRelRk: Qtr&t%% foP @& InQT it IHED. hdkeWinlofdse Cyp2c cluster.
type, huPXR, koPXR, koCAR, huPXR/ huCAR,

~ koPXR/ koCAR huPXR/ koCAR and koPXR/ huCAR mice. Figure
Figurg 805 simigarpes breding seatggsdanseraon Aba hyauce Y BHCS exprppsion cassette

at thek‘ﬂ%&%ﬂ%&%&? R R s iased M oy nucar

- mce. Figure 89 shows the results of a conparative
Figurg 1 Uishows therrbaxRrishtion by BHeRCR f B mi@sone 10
medi at ed hepatotoxicity (ALT levels and |iver weight)

o L A R T T B s e o

wild type€ss. huPXR/huMRP2 mice.

Figure 108 shows the validation of the rCYP2B6 reporter mouse
Figure 109 shows the validation of the rCYP2D6 reporter mouse
Figure 110 shows the validation of the rCYP3A4 reporter mouse

Figure 111 : Method for the production of a transgenic mouse. A transgenic mouse is produced by
the insertion of one or more altered embryonic stem cells into a developing blastocyst. The
blastocyst is then implanted into a pseudo-pregnant mouse and allowed to develop, producing a

chimera. Crossing the chimera with a deleter strain effects the excision of the mouse target gene
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Figure 90 schematically sunmmari ses the relationship of
nmet abol i ¢ pat hways, nucl ear receptors and
WORI8Q€98d oXi c car ci nogenesis. Figure 91 schene€T/G8R10$/001897
summari ses the phenonmenon of phenobarbital -induced )
and producesoRisseWhish jare heisrazygous for ke hpmpanisedrgengr e Copsing two of said
heterSZ/BORS pRRAcdsMicd Rstitbzy ol forthe hitidniQliofWehfie vs. human
eespecie?-sp%ci fc dif?%?en%es Pn %ﬁeloﬂyﬁé?plastlc
response to phenobarbital, using wild type,
FiguieuPXR/MetmaRotl bubhrdsationeodi S¥RB Ah dsing) thek oféBdadiBAfhuman promoter A

| e- k 1 ce.. Fi 93 t
e SO, RO PR Y AR e oo
clustér i§ a¢Tpted bid the QumAeElpadssign disddtetbabl Be kidcREPEt s equchdyr €

94 shows the |l oss of Cyp3al 1 nRNA expression in the
mpuse, .both in the absence of a xenobiotic

. kaoCyp3al | ] ) ¢
Flguraglgf Method, 8b Aumanisation 1of £ YR b psing thensariespandiag tmmgar promoter A
) tian: of. o . .
e e PR gR ueREP K P BhtSR (18 mowse CYP2C
clustgds delerod anflthe hirhart ¢xpeesHORCAsPRCR) belkitaakabdun sutseluientdyn
t he huCYP3A4/ huPXR nouse using CYP3A4-specific
. D rer Fj e 97 sho itatiye PCR P dat a
Figu 1 2% Medd 3 himlntn o U7Hg b8 LR G Homiah flomorer A
targe2 B8 Y 4000 geketat{dR2ABicOd BB isedG¥PBAP2BP ewhdrtii the CYP2D cluster is
imers. Figure 98 shows the induction by four
deletfy] gpddhehymartiygirnen easaeye s beoknoekadona sybseauently-
expression in huCYP3A4/ huPXR/ koCyp3al 1l mice. Figure
Figur89 15 hPUR n85HL HBem&strhe sueBlds iR béRMitiBh of RGerkAR6BSAYP2D humanised
cluster nouse. 5 Figure 100 sunmarises the targeting
mousgs Pag efysperiic primerpp analysis offthe moubrichyPBpsopieulsst BER. The results
' laur Ol.. ically o Lnes
demeFERE e ) o B oP uk W R TRh ehaRLE IS Bene sequence and
the ddztidnenfglee mbwse CYP2Dklystadrvi des genot ypi ng dat a
confirmng germine transm ssion of the Cyp3a cluster

s R el RGP MBS oA RoRd RS SR A e

strate@¥ [BSrQBS pereridt SEhiie hdhanide@ fod CePDA4 Liigg ﬂi@l@ﬁ%@l RA8moter wherein
cluster. Figure 103 shows the expression of human

the moygs (PP} glugipiis deletsdasured in the liver of a -
het er ozygous huCYP2D6 nouse. Figure 104 sunmari ses the

Figurk ﬁl[’gﬁﬁﬂ}zﬁggﬁﬁ){f e QO 5PSf tHE bty pBh e @ Beldnik ?gl)resentation of
nouse CypZc cluster.
the chromosomal organisation and orientation of functional genes within the mouse Cyp3a Cluster

(adapted from Nelson et al., 2004, Pharmacogenomics 14(1): 1). Pseudogenes are not listed. (B)
Exon/Intron structure of Cyp3a57 and Cyp3a59. Exons are represented as black bars and the ATGs
mark the translational start sites of both genes. The positions of the targeting arms for homologous
recombination are highlighted as light grey (Cyp3a57) and in dark grey (Cyp3a59) lines,
respectively. (C) Vectors used for targeting of Cyp3a57 (left) and Cyp3a59 (right) by homologoﬁs
recombination. LoxP , lox5171, frt and f3 sites are represented as white, striped, dotted or black
triangles, respectively. (D) Genomic organisation of the Cyp3a Cluster in double targeted ES cells
after homologous recombination on the same allele at the Cyp3a57 and Cyp3a59 locus. (E)
Deletion of the mouse Cyp3a Cluster after Cre-mediated recombination at the loxP sites. All exons

and introns from Cyp3a57, Cyp3al6, Cyp3a41, Cyp3all and Cyp3a25 are corﬁpletely deleted and
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15 Figure 105 summarises the targeting strategy for
insertion of a human CYP2C9 expression cassette at
\Noh@mnumm@ Cyp2c cluster ("CYP2C9 in Cyp2c55 heereGBa@d/001897
nouse) gure 106 shows the characterisation by RT-PCR

Exonggl tg f}mﬁlerﬂr@eotewfg@»fpéa% Theraloues thetpabniungsional@ypda géne that remains
after Bjrr% anH% ed dlel%ﬁgll\ Eyé CING vsﬂfng%eﬁglﬁkgg}oﬁ @g bésgéf tbn C‘ius%r by >800 kb

genofl8 DaNYowsd tahieunwteek iod &hnd‘mnﬂf Cj‘:ﬂqmrélﬁ‘éﬂ’@ﬁes[ @ﬂﬂfeﬁﬁﬁseﬂl}u SRmonstrate
g % 109 @oms t he v ation 8 tqs r CYP2D6 ‘

succ‘?sé% Aeletionef, g MQHSse &YB Steh it demicted, ay pEas- Jier dhe sake of clarity

sequédedPIAA nb€RRIWE o FBMSE TKI SGUTRyrtilline’ KMabd Qpeiont Bssette, Hygro =

production of a transgenic nouse. A transgenlc nouse
Hygromygine ¢xpressiopycassdte, Zs@@m imoAs@rkerp pEpressionneassedttt Bre@romoter that

Qni.¢. st ceIIs ) bl ast ocyst. The
drwegg;% be%’( STOCyst 1ot eh Ai NP aﬁ‘?g‘a&r{ ﬁfggﬁeoﬂ?@ﬂ’do pr egnant
nouse and allomed to devel op, producing a chi nera.
Figurerlo8 prigs ttiee methiodelogy \fért the a:yﬁe& efuster skdhange. @)f £ Ctafpetife of mouse

exci s f the use tar ene 68 WO 2008/ 149080
CYP%@%F %dégfao@i@% o mQusedr® %1@ eny - O VG ieh CyRgeecluster knockout.

het erozygous for the humani sed gene. Crossing two of

Figur8ail 9l defig ﬂf@%ﬁ@&ﬁ@g}p fRAHE @? 70 EI8stOSRAY, Uﬁ) f-or ta'f%%ﬁng of mouse
hunmani sati on event. gure 2 Met hod o hunanls i on

Cyp2626; B)P3magetiag afmowss Gord elpten &) Myetviava Cyp2dknsckout A
target strategy for the generation of mce hunanised

FxguxJ;:QQO tﬁgﬂ;&%e\’l‘ﬁkﬁﬁ r%gqgr 1O @ngﬁﬁglﬁtoug ?tS:tc‘ggertmg%f mouse Cypla; B)

del e and n expression casse
¥ tarkﬂmgklédloosﬁcmlbs@n@wlby CyplglneckdbdB: Met hod of
humani sation of CYP2C9 using the correspondi ng human

rin T8 1 SRLERE SRR R e RO ISR e nd

wild-type dielP&iReshdainaC A K enibe) IFRUIn XX R S6d OAR st tﬁ:ﬁ)r@s%fbnhg maintained in
ﬁnocked out subsequently. Figure 114: Metho

double mapissd Mk of CYP2D6 using the correspondi ng human
pronoter A 10 target strategy for the generation of

FigurBl 22 sHoMRBBif&RA JrOkifdmiaR6 ah efhehdbattiel @daging! MStdSﬁblé -Aumanised

del eted and the human expression cassette can

huPXRABKIOR Wil typedyEeple And HuCAR guice andasal mlsaqvfaqixp?,bsﬂ and Cyp3all
suG§easl Kl f. heterozygous
mﬂ&@ﬁﬁ@ﬁﬁ%@@%ﬁ%&éﬁﬁgﬁﬁﬁé >§§§§£ E%%QC?FIC prinmers all ows

anal ysi s of the nouse chr onosone by PCR The results
Figure é2bstows atpesshle cegsging strategyr fod the tPPAR odfuntahBatibesind édock-out in mice

man .repl acene 2D uence and 15 the
“°W8§P8W}8h g?mpngnH€§§ @Vgggﬁgﬁgﬁter. Figure 116 :
Met hod of humani sati on of huCYP3A4 using the nouse

Figur€ypBehodd apsoasibleatirgbtingsteh@dgy ot ABR @@hahiitidndd knock-out in mice (to
generation of mce humani sed for CYP3A4 using the

1”““%9@@&°f£ﬂ§WﬂﬁﬁPéPRWﬁ€k@ﬁhR -t he nouse CYP3A cluster is
del et ed.

Figure 125 shows the results of an experiment in which humamsed, knockout and wild type mice

are exposed to PB treatment. Physiological effects that are monitored include hepatomegaly, P450

induction and hepatocellular proliferation.

Figure 126 shows the liver/body weight ratios in WT, huPXR/huCAR and PXRKO/CARKO
mice. The values are expressed as Mean +SD (% mean own control + %SD; n=3. A Student’s t-test

(2-sided) was performed on the results; * and ** indicate that the difference is statistically
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Figure 117 : Strategy for the deletion of the nouse
Cyp3a Cluster. (A Schematic representation of 20 the
W@ brsire®enal or gani sation and orientation of fREGBRIVEI01897
. .ﬁéges W thin the nouse g? p3a Cl uster (adapted from
signifigang Gpmepntael micogtgr0.0plaad REdBL sespeRtively14( 1) : 1).
Pseudogenes are not |isted. (B) Exon/lntron structure

f St 5 A p ck.
Foc RSP o0l SIS SR pBEE FPERROLIp R, it po
contaifing BtdU gﬁn@rnllmhﬁ) was iimplantsd ddto tWi’E, HuRXBAUGHR aﬂidTBXRB[O/CARKO

. _hopol ogous reconfj nat i hl i hted as |i
mice prigg ?c@%é&@mﬂ%ﬁgbm%{kﬁg?%éﬁe& ey seklisns were, é%bellfzt using a Brdu
ibb &Y. Well Micrdséapic/Ritdeed werd 38 ¢
anti &ysgﬁ 7) ok 1tcr anpé %%%3&5% rllgtglfet@ at ﬁﬁfagﬁ r;gﬁg)gg{g gOX Data represents
randqn@gaqujmga{f | 1@nmag§§)gar lobes (5 :pvgntlngrappr@nundt@yslf;@ 860 eplle/animal group,
as ac{o?ﬁ)l g?epét%rlg éog{li\{a@ué:f gfrterel %%gjs’fgdo e%n g&aﬂr i{f focsﬁonbtfol mice, n=8-

9 fort BB-t@ﬁ&aamGeusit Studefic’d O-tHQi €2-tided)etved pbforarldl 6n tiRf teBiilts with ***
us_reconbi nation on _the sane allele at the

mdw%ﬁm&é;a% %“eam@efegy%éstgﬂqﬂeélys&gncfbant frem sentesd mie 2t RE0-Abuse
Cyp3a Custer after Cre-nedi ated reconbi nation at the
Figurk 928 slﬁiv»ts%paﬁé Jzilp oBpRRAREs ATB-Irfdd PR el O QB3R ere labelled using
3al 6, p3al 1 and Cyp3a25 are conpletely
a TR letivositn aell 619teV®nz dms«RmboS mlpm@@msﬁ:@@ges O¥ere captured at a
magn ‘Bﬁgnn l:!)f t4?uﬁ gxilg%&gs %ngél‘g Lsg Hr% %'f gr%rglmr?-rpseg?r lgl[)es (2) counting
appro@rrmtﬂydsaf)mﬂceﬂﬂeﬁaei&nad) Broup. \@lﬁb@akéexpmwdhs IMieaf @[5D, at=84d 0 for control

mice 2{%3[8 %oh gﬁgtgqﬁeg?rfup%x§593%§fs%{tg£¥%ﬁ§g1) Jfas ge v d og th[gl\rlésults with no

statistidal SBRiGicMREfoun@. denonstrate successful del etion of
the nouse Cyp3a Cluster are depicted as arrows. For

the sake of clarity 5 sequences are not drawn to

Figure ¢29 thowsKH&ETistaiiing wa Kyanassstiensprakenifinm cpstelt ped PB-treated WT,

huPXW%CZ\R‘ anWﬁWéAﬁRdam&e§§h%We ﬁ’éeah{l %entfah %e(gl) ia{/eelélbelled. A

en expression cassette
20x objeetieXprsezasiwel ofcapleenthycimages’ A Neo = ATG defi ci ent
hbonycin Figure 118 depicts the nethodology for the

o 855550 Ghe S5 Wy Bbei ) 4GB, BC-ERIRY B 1 oD ana o

BRO]@)as@lﬁ IEdtlEWsa@W;ﬁerﬁhﬂéﬂ &1 inkivamKDliker miétofdntbs! RaldekQre expressed as
gﬁ cts the nethodol ogy for the C%pZd cluster
Meangs S dprché1 O Srsenisctgiia Hge D paamed ppaboBauls) wigh %, ** and *4»
isticallP Qi LBl
e e R
CYP 1 A knockout . A) 5 targeting of nouse Cyp | a; B)
Figurgi3 i silpgfetthm gffest qfolﬂjg@n(j}qpatlc @ypZI)lO @ué rGyipdall p@ygn kxpression. Liver
mlcro#%&@ &E gLaleg éx%']r‘rbame:f\éz e%é lm%?rnﬁl éypevﬁul’%(lilﬂuCAR and

memnmmcdwﬁma@adnm (E&FCypZBE) anuimypmmﬁmmogeang using rabbit
Xpressi on oubl e humani sed

POIYCWP%‘eCHIﬂl éh?@olﬂﬂu@r%v%‘deﬁﬁé%t%“t'GPd‘Fﬁ f(b%(?(bldﬂ‘ltm respectively (C.

|
Hendﬁ%ﬁ&@ﬂ%@ lkadf V\[}l{ng@% ftﬁ{bt -ljhlg P%%Hgln‘g {IH([%R diifred d recomdbmant his-tagged

Cyp3ddasadmbranvs| €. l]fmcﬂ)ym)Z teraumfd:dqu@Bmlbinant his- tagged Cyp2bl0 membranes
(0.01pmol/p1). Blots were developed using ECL and exposed for 30secs.
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protein in huPXR huCAR, w | d-type, huPXR and huCAR
mce. 20 Figure 123 shows a possible targeting
W@ 200at1e99$0 f or t he PPARa humani sati on and knockP@UGBRES/001897
mce (to produce mce of genotype huPPARa and
Exaiple®ARa) . Fi gure 124 shows a possi bl e targeting
strategy for AhR humani sati on and knock-out in mce

to oguce m f t ype huAhR and koAhR). Figure

Ex“"&dsléﬂ’ﬁgﬁmé’s?m%%g%gﬁyexperi ment in whi z:h )

humani sed, knockout and wild type mce 25 are exposed
The hRtHdB pro@aés"Rintthe RoimaniodtRgi stahiceffbePKR 4MRTAR @lone or as a double

noni t ored i nclude hepat onegaly, P450 _induction_ and
humanissd foma| foulcash of ahq Eeneat (sesm Figbregh)-e Wohaymsiabined these different
iR R SRR SRR B B K R Sl ot thom oy
convéittionslabrecalivg andnhusadre abIBR) garetite PXBIAAR dovbde burbasded ES cells which

de ormed on the *
are i RapbsEaR BREHPr P ah s DEP o ines aRgine pphipge-1 or 2 drue-
metaBARGHIALARON R al 5382 QOGIARE 8Rcb diripl A0dtg {r&Pdridr pRIRin.
control mce at .p<0.05 and p<0.01, respectively.
ure 127 shows hepatic S-phase Labelling Indices in

The @Bﬂt‘%‘f@at(’é &hiG3d accombinstipe S‘;S%?r?ﬁ%"‘%b%@dﬁ“ﬁ?‘h@“t Bethgenes by crossing the
hum%%%%l%&%@hxw&&etémaﬁlm ed into WI, huPXR/ huCAR and

mce prior to PB treatnent
(80ny/ kg/ 4days/ 1 P). Livers sections were |abelled
In congastgo axiBﬁrtgunﬁdedeebaﬂliye éDhm)(-in’anrcm'Ch ﬁ(bsﬁpbqgé thei endggonous genes
wer.e cap i fi 0
by i PREB o PR e R CB e 5 b g e i Bm g ggnce gyt e ket
unde€ QHEF | MEmAP FeforhidBtetdxt 18 QRPres®Inl $6Hvaii aRd tgnsdipt disSibution is
accordi ng to Pat-0013-0014. Val ues are expr&%sed as

advanpjaggeuslym v#ielogisa)ly greulatedt qroq:onpfp]éeéi Asg regult of this, the model of the
preseﬁ%n@&ﬁﬁ%%gll %sgﬁble%ﬂﬁ%%ﬁtuﬁloh tﬁcﬁ@ Elog d)ll ey fhafl §Hdr MBsitempts.

performed on the results w't cating that the
di fference i s statistically SI gni fi cant from control
Addmom:aélyatgerpm@c Otructu®s Ffghimean] aenes Howgt feaplapartiallp senspived within the

COI]Sﬁruane?ﬁlS %§+3 ﬁa&enﬁ&#ﬁéﬁé I&ﬁamglll% %felf:)gfli lsﬁx? dl['e tvg E:]?eldvﬁfoznposne construct of
cDNARmdhg#homAl dequencésnGeo pigure agbse wethe lagptsize ed nadre ahan 35kb of the

e, n|f|cat|on of 40x. Data represe s rando
humagy PSR gepgqgue kel the dHEoa-cxon SEUGHE A ty bESRPEA BT By e | gince most splice
varian drO08eRH |u§(h?§‘ e%h&{egiéﬂ sin¥@htU§ focate@ vk §8 3Rand@Binding domain.
Mean + SD, n=9-10 for control mce, n=8-9 for

The @Btuvcleatnew sif ebthe hugan AR “@10&1-09@§t186§20@hb/e7d<}> fmexon 2-9, enabled

us to reetam%e com cfcge %oun dce aﬁlcgﬁ? }34 &’g &pg%‘"ége‘ﬁéigkgtﬁ | ng on

liver sectl ons taken fromcontrol and PB-treated W,
The ESI EMIR/ mmngnmﬁmwmamoncm ca‘ﬁdietfattharelilq‘diﬁd@)widanUman genes

that % ata Vl%%tQ%(é %rgze%n%nfg Qg}ﬁ)égleaéldéﬁa%cﬂ?r (Prli%ggrishv prort]g‘ins It will be
poss@%&zﬂﬁrﬁ%s@cﬂaé ¥ifn¥1s "B RS With MRiffafis@) PRRCGAR NithEROBIRN InoBée below or to

PROD and e)
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
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20 BROD assays. Each assay was perfornmed on individua
liver mcrosones. Values are expressed as Mean SD
W@ p6o8/119%0 A Student'’ s t- test (2-sided) was peP@ﬁGBaWWmH&W

on the results; wt and *** statistical
embiypy %Né%mlqerlémadlﬁmelemmm@ly rggaied, corglitpnalCPR deleoqn farggted to post-

natalglgveg %g’l?] s Mg 5 Sth{rBfo %H’&@e % ]apélp 00 él?l% %zér)le( fo%egg whole nevertheless

compléetelyr lacking riepatice S§’4ﬁ(Dm3dhgbedf membeaah (HerideRbn V&Y @¢ MOI Blol Chem.

n=9/ 1 for. wild e, PXR/.h nd 25 .
278: @&ﬁko’f bﬁyc@efafpag Fﬂé(n“l;’c‘t éﬁ“faﬁed oo Whickr(@ express human
P450%6931ﬁle§ mQYde'r PAERRDE PE30 Mhdhihiiéh. ' abbi t pol ycl onal CH4
(1 di lution) and CH32 anti bodi es (1:2000
dllutlon) respectively (C. Henderson, University of

Igmﬂﬁnﬂéég_iﬂy¥mmuﬁ, control was either purified

reconbi nant hi s-tagged Cyp3all nenbranes (0.!|pnol/

R T e

Alteraxtp@ge@erfm) lin& @amsgenic AQimAls Vﬂ)lﬁb@ﬁﬂbgﬂ&oﬁ&le transgenes can be produced.

PCT/ GB2Q08/ Q01897 Exa | es .Exanple 1:
This 35 ap RSN, DB BHETHEBETS BTG P I BPoas B8 AP 3RPAY/CPR

hum#Hisaflbif Bahs@EneE 4Rd 3aRh %b%e@i‘ﬂg thdse ei)ﬁt}f'J‘HﬂﬂP‘blrﬁice to produce CYP3A4-
humani sed form for each of the genes (see g%ure

humapyisef) apimadso nirodeation [né &Y RAAY EPR transg8nin umian issaehicyers bbj,lsmg targeted
S on 0 O
transise%ﬁ@ls) hérﬂﬂzt %8&1 lfsc%hrﬁivgeuns%ﬁégl gtg gaé: ‘iendec%oé ﬁbogsbreedmg of
CYP3A4/CRRI tﬁmtg}:ng:e N\eﬂla{HRNP’KRl ﬁb&ﬂhd&dﬂbb&nuﬁlﬂﬂiﬁfﬂ zﬁﬁldalES]ay be used for the
cells ' are usabl.e far subsequent nodi fi cation
produiop, of mﬂ@fhﬁwlg@aeéﬁ S liseiels Sopbnecna stgp caiTy gy be produced

wher8®ic3ORR i8IS fRAKMANG DX Eikes W%@ﬁtﬁﬁ%ﬁoﬁmgg{cegfo@ targeted human
drug transporter protein. The application of PhiC3

P450ESéee¢r€aPlhat humpn B4S0eGRIB Ifiesipnpotemn(y hw&eeutntr@dmdgemeels derived
from M %lgﬁ‘r?'b{lg s{enlecelll}(?n%/% ? g{%ss%nédn@ th wrlo%s én1n§a:l' strains in which cre
er-strarn. 1n con to exi
recomllbm:hslese e&preésad)mhdérrthe apm@aﬂhdxfferentepio&m&rst hEproduce offspring P450-
endogenous genes hei hunH ort hol ggues (Fi qures
humapis  SHeSerh i 8 VA BlEReR A eSAR GORGLOTR: dppasdhgapy the tissue
speciHBIEesr 1ﬁchﬁlb‘illt9@fm3|prc9ﬁﬁ&moﬁtr&ﬂﬂ 6% re RRBIRYPESRREION
| evel s and transcript distribution is advantageously
physi ol ogically regul ated or controlled. As a result
Humgyyisatign Stralegies npdel of the 15 present invention will
resenbl e the human situation nore closely than prior
In or@errtto B dbBEP I opARSl hi@BRbE éfopr&ﬁﬂ?ﬂ]n@tl&r{af Mthad dﬁﬁso%uvmes in HRNT™
human genes are at least partially conserve
cells,tebyperinpanted transgenasfeneddengmytsselic fusion @mtm(mn targated fusgion proteins, targeted

CPR Whﬁa@%gﬁéﬁi g%\éﬁggépea?% eaéndg?r{}é&a t e ncgad%tggstécgl}ehaglhty of the

P450| @r geersek ZﬁtlﬂfheITOPR dongdnghki dferthird H'j/UBSHfﬂesBXB tBé8 Ealternatives in

we kept the intron-exon structure solely between 4 and
approgma@lc[ql& éulﬁﬁgfys@mslae@ then testing them in vivo by adenovirus transfection of HRN™

mice.
Example 3: Humanization projects

Type 1: Expression of human ¢cDNA from the corresponding mouse promoter
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20 variants are observed in this genom c region since
it is located within the |igand-binding donmain. The
wo 200att4vel y smal |l size of the human CAR, whi chPCT/GB2008/001897
.conprises roughly 7kb fromexon 2-9, enabled wus to
Projects: MIAR{ humagizgiioBt e genomic structure in our targeting
vector (Figure 3). The ES cells conprising humani sed
Metfoll 306/ 1Q5e R &Rdts Bfe EostriGEd Wil {thiRBrdMdolecllidF @ bning procedures.
genes- that regulate drug netabolising enzynes (phaé%?
Theservdct@ys @mdlesignalt ing sucham syapy thet ther ddNAnef hikhanyMDRbés fused to the

eans R SR e R P O RRRRPHITBO SRR ety i ) T B argeing

vectod @Yi@ies @R FRUNBIMkED BYIFGRTIIR rédRtaiBed cadbdild, thle| M@ b tthiBeting vector an F3-
aforenmentioned criteria. Exanple 2: The HRNI' M Muse

flankpg neomymsresiganpiecasseieal it botly caseethe trapssriptsaps teapinggd b polyA motif.
Vi . t] )
n cof R OB TRV Gl P, AL 3008 e ar o
exoni dxenCaR deletedt SaFigiged 24dl. in the 72 WD 2008/ 149080
PCT/ GB2008/ 001897 enbryo, HRNTM mi ce use a

In twggc\régéeggtgveep %ﬁ:'b Z(ffl: s?q%a%r |te‘le %fr@@o?gif)tg: ig;@7 %ﬁe}ﬂluge}eﬁg r(]:ells both mouse

gened 18 MRIdATR did 1ty hiBolboBod GedolibRélom TlofedTrdak €RH r¥did| oF transfection are
neverthel ess conpletely | acking hepatic P450-nedi at ed

selected tvetho P g&Tgr(dme rgspeciively) and Jpogjtive clopeqire identified by Southerm
13 > [ [ .

o GAEpBIRE (OO (Tt LIRS BAPHL b e o

fosteambiherstacesrding torsthedart opastivreprecdddtsd. hittamrfraathiesnfosters are visually

. Transgeni c .Mouse Prodyctian An enoviral .vectqr na
inspegGa AREEnEF (s GlATREeE R PHLFNr o GO P i T Paadfor forthe
breedifigNAM CHBLIGN gdieti€ bitkbioud. SeleB@dthhkB® atd @MSGRIH Givo by crossing to
animal s incorporating the sanme transgenes can be
an FIg-drdeferesdrain. This is achi eved by first generating
transgenic mce incorporating the sel ected CYP3A4/ CPR
Typeli): ﬁk‘ﬁ%@:&%f QYubibR T IRSNGEE g@ﬁ‘g aB@%nﬁrnogﬁleeﬁgthrme corresponding
""these wth HRNTM m ce to produce CYP3A4- humani sed
mousgrprombeer Producti on of CYP3A4/ CPR transgenic nmice is
achi eved by using targeted transfection of enbryonic
.St e nd .subsequent bl astocyst injection.
Pm"'c‘f?%?‘é%‘?é*é‘%?%é SPY CYP3A4l CPR Lransgeni ¢s wi th HRNTM to
produce P450- humani sed ani mal s nay be used for the
Methpdadiiet taegetiof veetbt is- FeAsttuctednmith stenldand @elecular cloning procedures. The

Al.ternatively, enbryopnic, stemcells may he produced 15 . .
Ve"t%\‘eﬁ‘és‘ﬁ"r"ré ‘@@én‘@dﬁaﬁlt%k %PdBS/SquS’é}ﬁesi“? é’é"'p FiQUscwprgfedn, which is
encodPHETROPN WA BENERMeOTht afuafheDNAMRMRhoR4RQ(hke2Mdm exonl is

CPR or for human P450- CPR fusion protein(s) have been

introduged g cuen2. A maigmatieplico sites for armuse diroa hbyill digi retainedingo that this

const‘r:\{%t gﬁemn}/]teaﬁ)%e%; fulsioR %?A?glg g}géﬁ‘hﬁ]'& atidl O Sn &l Q%)lnl aad human exon2-
strains i I'ch cre "reconbl nase 1I's expressed under:

32. Thberaasuhipt & teerhindted fograpdly o mastidt Ehes takgetipg odet6ecarries an FRT-flanked
of fspring P450- humanised in different tissues or

neomygig ErSIKANCE g3sasite (F55dudts Bh conditi ons, depending on the
tissue 20 specificity or inducibility of the pronoter

The @RS VEATis Gfafstaed BYisRAGRd QUeRlr&5RAtRR- into C57BL/6N mouse ES cells.
Clones are selected with G418 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 procedures. Litters from these fosters are visually inspected and
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Humani sation Strategies In order to establish the
opti mal nethod of expressing functional human P450
wa@eaositaqoses in HRNTM cells, experinental tranBgea82008/001897
encodi ng cytosolic fusion proteins, targeted fusion
chimprism & determingd G haig colopRHightyh cm@p@n atv@ale preassed for fpttobreeding in a

and uat ed. e, the i.t
5 7]%1{/ g]l\I rrg %’ﬂé@oi’o | n[ sract arke?sn rem 'qc':’ovr'r‘ﬁ’o%nfossuégvto an FLP-
deletélet@iny ned by expressing these alternatlves in

appropriate cell culture systems and then testing them
in vivo by adenovirus transfection of HRNTM_ m ce.

Typesda nixpressionofethi drido o Jrupan («<DNA, pnd) genamicesegugpeess from  the
corr% H%H%SJ BMdtdie correspondi ng nouse pronoter 73
008/ 149080 PCT/ GB2008/ 001897 Projects: NWVRL

- humani zation Methods: The targeting vectors are
Projests1 PXRureahizatioth st andard nol ecul ar ¢l oni ng

pr ocedur es These vectors are designed in such a way,

t nat |VDE%
Metlto:ag.ng ¢ farger Se n Vg%tor sn&n§truc ‘{Vﬁ}é s{égtr?a?cé Smoéén g?ar clomn&s%rocedures The
vectod @9 @ssignil ﬁxi sx&hatn\da)}‘;/lﬂhial alhybrid lo€ hMiﬁri PHRt N tahdh gertomic sequences is

vector carries an ERT-flanked h onyci n reS| st ance
fused; s et tpapslational piar Perdrigermavse [ BFeqHhershy flesfRiy Start-ATG is

retaift@O TN UM nIH IS LANER e CoRERE HHR- cle]A QP&JBnP asge?mltnlﬂ.esequences of intrond,
transcripts are term nated by a pol yA notif I n case

exondandviftibas tahdacIDHAchfthn@ -2vdhis hugran\PeR sequerge pmplpv'dﬁd herem as SEQ

ID N(B(Pn'ﬁhe 'frllnsgr?p éege 1natedb ts>)§ Eepo‘llo’]ydﬂp gxottxf O'I"l}e t%rggp lﬁ%tvgct?r cames an FRT-

are gure

ﬂanké@ul@gh@n@&nsﬁeaﬁtdnafedcas&eﬁetafnapm@ﬂideoatcd:pno@ﬂ/rﬁéﬁﬂWUQethe selection
ES cells both nouse genes are nodjfied due to

 casseiBri GO BRI PPONSEIeg 188 MIGhHE by g ot spice acceptor

polyA TRl RAlchOUMoR Be RRUSEIEH WPNR HAIR ARDyUBLPNVAI the intermediate
respectively, and positive clones are |dent|f|ed by

sequedoer With the sitg-speciliadhir €8 b recombmeatedseediigmed). ar e expanded,
injected into BALBc-bl astocysts and transferred into

The Iap%hﬁ% Vt@a&hﬁrtﬁl &9& ?#r @gm{j & ngcgrgtlo%pﬂ{anE%/6 mouse ES cells.
procedures. LIt ese ers are visually

Clonesnspedéaet aill hyg‘lmrrwm and pssitiletdoms ardddyifibdby Sowhaur blot analysis.

chi rrerl ani mal,s are us for further
Seleciie i FRPA e PRI B B e TAStoR oM Tane e i fster mothers
accoxﬁﬁf kBrsSan@hr@ JpSRARYE ProcBdurdsy Litkys fFbRSAEsE Josdt@s afvisually inspected and
-del eter strain. Type 2: Expression of a fusion of
chlmmxﬁw dgterraingéhHy hairrelowrDNighiy ehvimenicearimilp axpisedifon further breeding in a
i L) - h | 0 : ]
C SR RTBL I 1 KSRk o, MR TSGRy AP AP o an o
deleterkremul ar cl oni ng procedures. The vector is designed
in such a way, that the "Leader sequence" of the nouse

rotein, ich i
Coanrmatxon trl]1at t\{n\@murme I§XR gene has been exchanged for the human counterpart

Humanised mice for PXR have been generated using the above strategy and are 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:
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encoded by exonl, will be retained. The human cDNA
W t hout sequences fromexonl is introduced into
W(M(wam%mhe original splice sites for nouse i NPEDGB1008/001897
be retained, so that this construct potentially
0 en&(?deé 3979258t what 22084 of ami no aci ds from nouse
exonl and human exon2 25 32. The transcript is
0 eLiResh. G)’z@b % ¥éd M dahed A 3q@50€t i ng vector
carries an FRT an é neonycli n resi stance cassette
(see Figure 6). The targeting vector is transfected by
0  sthitterdrogn &t G0420pd e dtpiups-- tarkleove@8§BL/ 6N nouse ES cel | s.
Cl ones are selected with 418 and positive clones are
i d m bl.ot agal ysi.s el ec
Pttt §Ping Haf rech per PR b e BAREVEF G SRRy LOapfys Shatsss clearly

demdnktedisd ﬁhrer]ﬁgseh&l of haflrele PR finScrip? oABCRY BheNgild Spe animals and the
standard operation procedures. Litters fromthese

presepess pbthe hyraan, franssripy onliisipethe dunsgsaic mauspdigs 0BMPASIGET that gene
VA [ t
e:xchzl:> %@%&Q%éﬁ?&%@ﬁ?ﬁg&% e ﬁ?%‘taﬂrxét vgar%eb%ﬁrgeagﬁ?elf erutk@ ed in the correct
tissudsr eedi ng in a C57BL/ 6N genetic background. Selectlon
narkers are renoved in vivo by crossing to an FLP-

RT-P, | et etg St rg) (b%}y Ry H*f gn élg:qrﬁc[esﬁtgcsgl (%farfg(]nle b%lllan fng transcript in the

humamea B5RABEH FigurdDPS ThB 28I SdentdnOirR€d the pF¥Ehce of two transcripts of size
umani zati on Met hods: The targeting vector is

1.3 aeQ) hd tkilgrhagss. iRdicpting thaidthe gntirg hemanisgd RXRB igengyhad been transcribed. The
d?rﬁ% fed i : n
e AL Ll R e i
memns fused to the translational start site of the nouse
PXR gene wher eby the nouse Start - ATG is 10 retained.
Sequ%;lecﬁ 8n2H SISS %fg ?é%R rf;uzl:lg %P ?r%ns;%:(r)lgtt (%)Inﬁlsn’ée;({; tﬁ an cH)eP ﬁ?e‘%&%&raérhe d[’or the entire
PXR il bhd ®¥angroSuced NiThe pros@ite BXRXRG\QMSE%&:quSnt@r amfifled by Western
herein as SEQ |ID NO 1. The transcript is term nated
blot aglysis pting a0 %P(S‘PP‘FY ratpeagaifshibe Mygng B&Ror carries an FRT-
fl anked hygronycin resi stance cassette and a splice

Dem@&aRInAhat B DithaA PN K was fuh&idnkie Se! ection cassette.
Furthernore, att sites have been |nserted i nto nouse

intronl and 3' to the splice acceptor FonA notif,

In ordgsite Jempnsgraset thet t@e herinaﬂ SR msptein waefwaﬁm aRige Bigre chailenged with
d [ C

PXRSERHR, S s, ST Ry e REEURP BRI, 199, gpgmotiuon,

TCP(DB\@@ etd rifpmpégt QRif). 3V miearf&hmcmesj rdpyrted wrigkar wore potent PXR inducer in
troppration o C57BL/ N use ES cells. .Cone
homef, SEPEBHERRE 07 PCNASF GHRPBFR a0 MBS PRFGUR6HdS P Thus, these
induce@RNAHIE tHRPXURY plRAGEyPEHNIME hé-h@na 3hshSls, tissifs @Rd Ells ©F R @Svention to
are expanded, injected into BALBc- blastocysts and

be digcrigyingtesy red into foster mothers 20 according to
st andard operation procedures Litters fromthese

DosirdgPRufl & Yk by te"ER QM AR G il to_th isit
osigERNRfs A5fe epe] b e\ iy lfaiof by Rlng Tohoil to the requisice
quantitg eﬂteﬁmubitwcb laed storieg th olgamla salutlon or fine suspension. The concentration of
PCN was 10mg/ml and Rif 2.5mg/ml of supplied chemical, without any correction for purity.

Records of preparation 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
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C57BL/ 6N geneti c background. Selection markers are
renmoved in vivo by crossing to an FLP- del eter strain.
W@0vBi149984 i on t hat the nurine PXR gene has beePCT/GB2008/001897
exchanged for the human counterpart 25 Humani sed m ce
bodyweightPRishevle dfeadminjstrationtveas aosengfor lgensistangie vithr preigysly published
and are phenotypically nornal follow ng visua
I nspection. They have been typed using PCR (see Figure
15). The mice live to at least 3 nonths age. Exanples
Animiaiatdeihedarlaily 43426 4l werblBled dpprdxidid®ly 24 kiR dfeed thl 143t dose.
at  19.04.05. Female "30792": DOB 19.12.04. Renai ned
alive at 19, 84 05.. Thes ce can be . successf

Quangfgafion 35 o3 bsaym 2 TP PelsaoBe NSO omes gblabicg samples was

work

. carrle'ﬁogu(% Sy SSIhS- PRG@t a;{ale%ex%QQ&n ng. T l¥d b&Ect bﬁ[rﬁe%%d ARmARIXR protein, an

pups - weaned Litter born at
antlb())ﬁl ®F8r005 empl?)yqzm p@ar -thet xgletmﬁom@m etCyndatané Cyp3ipiantrcipd antibodies

were SR TR U TR FSa Ry Rl TP BB AP donce of

a nurine PXR transcript only in the wild type aninals
Theseﬁdlzda Hhﬁonsﬁ‘ﬁteﬁ ampeceiafof tH&e:ohHﬁBﬁbléd’MSiHig'mﬁdeﬁﬁlﬁgd inrbothtie wild type

ni c. Npu | i nes denpnstrated that
mice é ?r@'glaﬂlasd ?gﬁé’i‘f"%l Themglegulpnweights of %@ﬁ\@o BEAtERs Yere shown to be

the sH@S WIRHNY caifslistene Wthttﬁ@&?&ﬁdtaﬁﬁ’loleeulﬁp@elgﬂrffcﬁﬁ the predicted amino acid
ti Ssues. RI-PCR was then performed to confirmthe

: sequqnpfeshn@féltmm, H Waalmtelteetmgtth niotenthat thXievel @fr@oresmn pPXRdetween the

murm(f anGLf)u anitggdj ar}1 3 »\(a§ Cmerglll I, %ons)sgent w1th¢' the'}? t¥1§ %xllar%sesion is driven

prese ranscri
oﬂkh&sﬁnapﬂnﬁui.kllo bases i ndi cating that the entlre _
humani sed PXR gene had been transcribed. The size of

the. fra I tai ned indi cated that e corregt,., a
Analygis for the i%{ @?‘H%i? e\PéOt%‘B? l"ctg‘a cYrarrame ? 43@&@33&‘3%% é’fﬂ“y demonstrated
a markedl #RNEGorPAahy SinfiaifedtMR tHélute {80 Bighret 193N $GEkRIngly, the cytochrome
confirmed that an open reading frane for the entire

P450 £lypPXIR WRNIR! Isekcglbemdisied b cbig treatments dersensisatings thiehe ingyction was
vio 4 Y5GEBURTL L BOB! TRkt iR T hon Bl ARBIRcSntiRRe recepro

an an y ralse agal nst
(CARDe b giis akpemlmehha(typﬁhbl vasraiso PRdBucwe sbyf difeedpgidmah wibhd type animals.
order. t o .denonst te t t he h n PXR. ein
Althoph Eariticf T PR bR R G TP AR 1) PEFGh gvth PXR,

the ££0 TRAURAFiffeRGtaidiveg ws@@e&ml@}eoaﬁnd@a dedsuRRAi fof ibly€the high dose of
PCN), dexanethasone, 20 TCPOBOP and rifanpicin

comppwdysed\thi | e rifanpicin is reported to be a nore
potent PXR i nducer in humans, dexanethasone and PCN

lﬁmmﬂégdﬁiﬁqﬁ%gg to be nore potent inducers in mce. Thus,
ese i nducers enable the PXR phenotype of the

non- human ani mals, tissues and cells of the invention
Using enzyme activity assays on liver microsomes, we were able to 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. 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 TCPOBOP

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
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be di scri m nated. Dosing solutions were prepared on
the day of adm nistration by adding corn oil to the
WO e@paiigdose 25 quantity of test substance and BCT/GBRGVG/001897
to obtain a solution or fine suspension. The
rifampigirc dws rbaen geposted PCHe veamot reffiaiint andncry fof chusrag/ RKRothan murine

Li hem i.t h ' f Ly,
oo g T AU DSORGBt P

gene 8Rpressivel i the scREEthan B thihad sy@ens oi |) daily by
i ntraperitoneal injection. The volunme of vehicle and

sol utions of i nducing agents adm ni stered was 10m/kg .. .
The spydy,qonsisiod o1 3 sUBtRISRET £LgEP0 SNtIBL8ToYPS WPBYSIHE PRice thﬁﬁeg with either
] D S ' oSt ;

com ot Bl AP SRE HleciBh oF R o PAEptcd mico were
dosediwith ynddcisg ageatscs Wetadedin| Tabld 3alopr oxi mat el y 24 hours

after the |l ast dose. Quantification of Cyp3all,
T able%égg bé"%ﬁ%‘ir’]'g’ggé\(g% zéngyoce{g)r;zgz 12\1 lcgi\ég rsg%?ycgrﬁgl? mgzne 2 %.lsilng low doses of
rifampksh @/dTAR@BOPNY. To detect nurine and human PXR

protein, an antibody (RF8) was enpl oyed. For the

identification of Cyp3a and Cyp2b, anti-cyp2b

anti bodies were used, (CH32 and CH4, respectively).

Results are shown in Figure 18. These data

denonst fakRdsed [P1ATRINE PDIsE¢ Vedid §CRegimlcaCcll ar wei ght

identiffed in Qoth the wild type nice and {he

humani sedSPXR i ce. The|rmige¢ul & Wei ghts of the two

protei ns were ghowdeito be, 10 the danme, whi¢h is

consistent with the cal (:ui(%}t ¢d nol gcul ar weiight from

the predicted dnmi no acid seguence. [In additijon, it was

i nt er es{ C9PBLMG [nahogtrélal the |l eurl |afx @xangssi on of

PXR between thg nurinejand tpurrani ged ani malls was very

sinmilar| cohsidtent with the|fadt t/hat expression is

driven |off thdg sane pronoten. Anallysis for |the PXR

i nduci bl &, p&et €1 @oniré 1t e CYT oehhora FpMilf-yp3a gene

fam |y denonstrlated 15|a nmafked induction in the

~humani sed PXR nouse (se¢ Figlireoil9). Interestingly,

the cytpchrome | P450 Cyp2bl0|was nat markedly induced

by thisft et S HeETomstT at | thattheirmducti on

was Vi abFﬁ%‘t&ZR plr{%teei n ajnd ng?mby %t)hlyag]l% @rnative

transcr{ptiln flactor, constitutéiVe |androstane receptor

(CAR). [n this |experinment, Cyp3all|was al so|induced by -

rifanpie te——ALthough—1 i f anpi cin
is repofE '8 lexhREi t s;pé@i 35 oy f 4reREBLY {1 it s
ability|to jntdract with PXR| 2§ithe fact that no

di fferepces werle observed herfe coulid be accounted for
by t he high doge of colmound used! Enzvne acti vi

assays [siRERerlzynBIFact i vi}y |aSemyd 4onipidaile|

m crosohes, we (were abl ¢ to (:ongi] rmthe Wesfern bl ot

huPXR RIF 10 Corn | 4 x ip daily
oil
C57BL/6 | Control I - Corn | Single ip
J oil
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pent oxyresorufin-O deethylation (PROD) is attributed

W@ 2008 p08Esi on | evel 25 of Cyp 2b10 and t he apCT/GBRONS/001897
of 7-benzyloxyquinaline (BQ is attributed to
expr essilohulXR e] Cofitrgylp (3a: EnLpme adctinglé ipy |data for
Cyp3a amd Cyp2b| i nducti gn by rlfflmpl cin are|shown in

Figure 20. |Induction st{udy i|n UPXR nice udi ng | ow
doses off rifanpjcin and TCP(I;(P In order to
denonst 1| W5¢BElY RTOPOBOPET @r3ces Cagt gp¢ Ipd |t ype and

t he huPXR nouse, mce ware d¢hall enged VVI th |l ow doses
of rifanpicin of TCPOBOR. These®%onpounds wdre chosen
because| 77 WO [2008/149Q80 PCT/ GB2008/ 001897

rifanpi ¢idz Dﬁ@ﬁ@ﬁ rted |t a -ef|fi ci ent
i nducer 537%%1% n téﬁen ﬁurl ‘ﬁgﬂﬁ tran l‘?}ppti on

factor, |and] TCPHOBOP i.s rleportledofio [be a nore efficient
i nducer [of cytochrome P450 dene expressionjin the

nouse t RSy stiets—Hhe—stiugy—conststed of 3
ani mal s |p &Q%ﬁ?roldggro B clord88lE Ry |of i ce

treated|w ither 5 dqorn qilggailly for 4|days or _
m ce administerled a sindle injection of corn oil. The

treated dncer with i nducling agent!s as

det ai | e MPXRab| ECROBOPTap] e |3Cem By p%l\gIWnt al design
for thejinductijon study |i n hyPXR,mice using|l ow doses
of ri anpi cin jand TCPOBOP Mjuse | nduci ng Dase Vehi cl

Regimen|_Strain (ng/ e agent lkg) 7/BL/ 6 ntrol | -
Corn 4 x ip daily J oil huPXR Control I - Corn 4 x ip
daily oil C57BL/6 RIF3Corn4xipdainJoiI

PXRC'bc \E )érgvasR Idﬁteggmcgr@ rg'?a)éuwgﬁ:%ﬁl rlﬁ}ltﬁb(ﬂﬁ %nir)r(lﬁer %tl: 8y§o<ihrome P450
subst@dtés 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).

In the first experiment, 7-benzyloxyquinoline was taken as substrate. In the rifampicin treated
animals, in the first instance, there was clearly a difference between the background CYP3A
enzyme activity between wild type and humanised PXR mice (Figure 21). In addition, although
this enzyme activity was not inducible by rifampicin, there was a marked difference in enzyme

activity between the wild type and humanised PXR animals at a dose of 3 mg/kg.

In subsequent experiments, testosterone hydroxylation was measured in liver microsome fractions
from wild type and huPXR mice. It was interesting to note that at a dose of 10 mg/kg there was no
induction of 6-beta- hydroxylation of testosterone in wild type animals whereas there was a

significant induction in the human PXR animals, demonstrating an altered sensitivity of these mice
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C57BL/ 6 Control Il - Corn Single ip J oil 78 WD
2008/ 149080 PCT/ GB2008/ 001897 huPXR Control Il - Corn
w@evghieosp oil C57BL/ 6 TCPOBOP 0.3 Corn SinglBCT/GB20)8/001897
oil C57BL/6 TCPOBCOP 1 Corn Single ip J oil huPXR
to rifaCB@HalveXo @er wilbiypeg (Bgurp22). | huPXR TCPOBOP 1 Corn
Single ip -oil PXR activity was determ' ned by

neasuri.ng the netabglism of a nu
Therg & S0t PROBE G Mo eGPt MEoa s Eh P PA R of tesosterone
whick X NArStoMe FLicheI SRk quiayliRe hfeﬂﬁlhyﬁﬁ&@ AR highdhsetivity in controls
f'ol | owi ng assays_ were perfornmed:

(Fxgure Bénzpeany thig pdivityevas Bejucad in thet WIPM% agjgyalsy bt ol in the wild type.
r | ase activity

Indeed t\ﬁg ctmlt& &a%%ggr%x“'qa}- V)Zg ?%B?{%gg%ﬂ?ﬁ% HPLC- 006) .

' The specific activities of these reactions was

Therewps £sisdldr fimdingrin the btatpihm—h&kombdatkmrdf m&sd)stsvm'mg In addition, the induction

of CW%@WM&&%@ e e KRS Bty @R TRJr R mice

rifanpicin treated 10 animals, in the first instance,
In elpRffRnMaSsIfY ERl irMu@ana%érﬂr’B@B@BbBtthﬁel{kphﬁtﬁ n’ﬁ&@b’c@ﬂieﬂ!&ﬂdabohsm of
YP3A enzyne activity between wild type and humani de
testonwee alsfringagpurec 1 rgainrelep ditfergiges Btttvﬁ?jutjlﬁ wilthfyge and the huPXR
[ |
nin SESUPORENY' Y RSk LR Dl mtm,mm
hxghetrhtethwthiXR;ppenaambhwmrthswdd BXes dingura24). at a dose of 3
ng/ kg. In subsequent experinents t est ost erone

The F—%gté-&))(%rlr? lati%n $€ %ﬁt}ggearﬁﬁer ?v)a}sp 1en|auc1él\</a61¥1 n}:lgcgt m%n?lr?ouse Although there

werel it @g@ftan0diffederted betivbai thatwitd dps endfhubBRMBIdeg thidases demonstrate
was no induction of 6-beta- hydroxylation of
again thaitheshumas el i aptiy o t%}‘ﬁf‘ezsém mal s whereas there was a
significant induction in the human PXR ani mal s,
ConsHemP With i dtfath @fedhdes ﬁ@@il&%g?'gagg Wihd¥n PKR! the®Bvdrt Gfarked Qifferences

WO 2008/ 149080 PCT/ GB2008/
in the sensitivity of the -mouse lines to induction by TCPOBOP. In the case of testosterone 16-

alpha-hydroxylation, this activity was significantly induced in wild type animals but not in huPXR
animals, and of particular interest was the observation that the induction of testosterone 16-beta-
hydroxylation was much more marked in wild type than in huPXR animals (see Figures 26 and 27
respectively). Indeed, at a dose of 1mg/kg, induction of testosterone 16-beta-hydroxylation was
approximately 6-fold in wild type animals but only 1.7-fold in the huPXR animals. This again

demonstrates a reduced sensitivity of the humanised mice relative to controls.

Further investigation of Rifampicin induction profiles in huPXR mice

The response of huPXR mice to administration of rifampicin (Rif) was further eompared to wild
type mice in an induction study. Increasing amounts of rifampicin (0, 3, 10, 20, 40, 60 mg/kg
mouse body weight) were administered to wild-type and huPXR mice (Figure 29). For each
dosage, observations were made in triplicate, i.e., each different dose was administered to three

animals.

Expression of Cyp3all was quantified by SDS-PAGE followed by Western blotting and
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torifanpicin relative to the wild type (Figure 22).
There was a simlar finding for the neasurenent of the
wassobaes®shydr oxyl ati on of testosterone which,PGI/GBR@B/001897
to the 7-benzyl oxyqui noline denet hyl ation, exhibited
densitorogiee quantifigatiop (FrgueoA?h oft cleag diffnense 2@ obsgrugdnbetwpgnshuPXR and
wild%“ﬁc?ﬁlnﬁ@?}g}} %gg%le%x 'g%an',i)nt%ﬁ I(g%zc |3\%Imt gﬁ)\l}\eg% %fé&rl)rl] %ga‘nr}o increase at -
loweBfifahipidimadsed i haPKRIrice thah g the widRyps @ize. There was a
simlar finding in the 2-al pha-hydroxyl ati on of
testosterone, In addition, the_induction of 3all )
This j5gsult wa%rﬁ?rﬁfswna nersuraiontnas Bthactimyien iaésag'yf%r Cyp3all) in the
rifamiptRE it QOR hhYX R Ghl WRild-Bypt RicBURIRe "BO Gissay! the SXRAR BEMEQ product
usi ng the i1 nducing agent TCPOBOP t he hepatic
formed or lnPHFamiseeinerbased smrofapidle stiithe ingreasing sifapcin dose than in wild-
neazﬂred. gain clear differences between the wild
type pNSGAEIBHE “le huPXR 10 ani mal's were observed. |n
particul ar, the 7-al pha-hydroxyl ation of testosterone
ThestvasbsérOdtidhs twith Yieimpicihi 46 @onsistedthwith bBdesHili hhanisation of Cyp3all
., relative to the wild types (Figure 24). The
inducgiop g the BYRERMYPeat i on of testosterone was inducible in
both strains of nouse. Al though there were no
InvesPib&iinl of @8finctabdiR ik Bon HRHIS BIPXR Mided type and
huPXR m ce, this does denponstrate again that the
human PXR i s active (Figure 25). 15 Consistent wth .
The repponsg pfhuRXE) mice tepdraigistratio pirlexypethasane Wanemaluater in comparison to
. ] T . e ¢
wildpE BT FRLGRE S i am e b B BRARE st 102, 3, 10 mee
mouse ool e etight) eemrmedmifstemtd pheviliyryheaxy haR XR micd (Eighread)i vi ty
was significantly induced in wld type animals but not
I n. huPXR imals, an ntd-cular jnterest t he
Exrigiol 8 Copisfl PHa e nE R PR e o o/nd (Faure 30, 4
clear 1fifforeh@- why dbRiwel it eenWasP XRIGRd Wildetypaimkied] Cyp3wi | dxpression was
. type than in huPXR animals (see Figures 26 and 27 20 .
induged yeiRpregsing, smoynty ab dexamethasonssenlyin thenyldegypej mense 1 grpot in the
huPX® mb&sy.0st erone 16- bet a- hydroxyl ati on was
approximately 6-fold in wld type animals but only
1.7-fold in the huPXR animals. This again
This dewinist eansisisntg withdmeasyreseantsi of WBQ ypcipvityt (pe #sesafers €yp3all) in the
' ' I t N2\ i '
dexafffifeeh B Rk BRI WG e ite; 1 BRRERD HE B B 7-1Q produc
forméde PSR aficdh inepéBsedi with tige dekamaihadonhatdosmody in iviiRIRGpE nfice, not in
Rif) s further conpared to wild 25 type mice in an
meX&Hauﬁﬂﬁ%w395hdy. | ncreasi ng anounts of rifanpicin (0,
3, 10, 20, 40, 60 ng/kg nouse body wei ght) were
TogeBdFWithSthe iiictidh Profifs tabRencaNWith vilkipiéTh qeee(dbo )l thedPtesults further
For each dosage, observations were made in
confipm thet PERihamanisaion wag @phigyetfie theuPYBgrictqvas admi ni st er ed
to three animals. Expression of Cyp3all was

This gﬁg@h%% 'r@%rtg% Sﬁzgﬁggelggﬁé/r%%gg%aﬁ%g&g Ha! Bldn dX8hanged for the

endogbangd tnored pioteigudhe iaflvangtgeonf §ueh gumede? 33lative ol @ler PXR humanised

) gitf%r?nc was observed between huPXR and
mice lie 1n the ract that:-

. The construct used allows the studies to be undertaken to understand the role of alternative

splicing of PXR in controlling its level of expression.
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wi |l d-type mce. Induction of the expression of the
Cyp3all protein clearly began to increase at | ower
WO 2foampiost n doses in huPXR mce than in the w PAF/GBR@S/001897
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fact that: The construct used allows the studies to be
c} ;mﬁ@ t V.
Taql\}g%l ?1%%1125? Q?ﬁ)g& MYA 1n gt)HgFarr]lg ﬁ%lbﬁéﬁl el\%lb%{hniﬂttllle fbsence of any PXR
inducingpdres Sm(bfmlloﬁﬁlg\éﬂhﬂﬁﬁ&klﬂxﬂ 80 Bn AR dCB2:0 (84000, 18 irmddahat expression
f endoge S .nous r ter PXRis expressed in
of PX}} wkgf%%%@ Rletely dgshin the KeEIhmshse (Flguiatide. of t he
endogenous gene. The |level of PXR expreSS| on seens to
FurthBevaYightonSdfifid RIPXROaddN@PERIREENOUS gene, therefore

The inventors have performed numerous further experiments to confirm the functional validation

of the huPXR and koPXR mice.
Microarray analysis of gene expression in the huPXR and koPXR lines

The effect of PXR_knockout and humanisation on the expression of genes in toxicologically

relevant pathways was evaluated by microarray analysis. The majority of genes up-regulated in the

liver of koPXR mice were found to be genes that are involved in toxicologically relevant pathways.
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probl ems with potential over/under expression are
reduced. 5 The currently avail abl e humani sed PXR
wore@sl1$08se t he al bumin pronoter to drive hunaPCT/BER08/001897
whi ch has been crossed into a PXR nuII backgr ound.
For miisbgeapoiretegpirid insthe kpP XK gige, dhe wpaiegulatignytisirevssted in BuPXR mice.
this nodel and there is no PXRin any tissue other
i 3 I
The %E?cgmtﬁgglgi{a 1%/ gﬁlﬂrﬂ i regtnz %%ﬁ!)&m %gﬁcg f\ﬂﬁlg)?(lg% ERptyUsiteOell indicates
that gmetekpxieksiimgwgpemhmged;ea; grayrpelh mdlcates Bat gema@t(plmsum: wahaltered less

ain.barri a other ti
than 35 Rt BV RA i @il SEvaras i P, pad 8 HRipive mumber
mdlc%@gﬂ)}egula&%gp@gsﬁﬁ can be used to understand the role
human PXR 1 n the control of gene expression in any
tlssue in the nouse. They can al so be used to
eval uate whet her drugs in devel opnment or environment al
chem cal s have the capacity to nodul ate human PXR
functions in a manner which may be beneficial or
del eterious. The nodel also allows studies into
under st anding the role of human PXR in nediating 15
the potential toxic effects of drugs or chem cals
~which may result from perturbations in, for exanple,
bil e acid honeostasis and therefore their relevance to
man. The nodel can al so be used to evaluate chemcals
that may be either antagonistic or agonistic to this
signal I i ng pathway. The koPXR nouse TagMan(r) anal ysis
of PXR nRNA in wld-type and koPXR mce, both in the
absence of any PXR- 20 inducing drug and foll ow ng
adm ni stration of 10ng/ kg dexanet hasone, confirned
that expression of PXR nRNA was conpletely lost in
t he koPXR nouse (Figure 31). Further validation of the
huPXR and koPXR | i nes The inventors have perfornmed
numer ous further experinents to confirmthe functiona
validation of the huPXR and koPXR m ce. 25 M croarray
anal ysis of gene expression in the huPXR and koPXR
l'i nes The effect of PXR knockout and humani sation on
t he expression of genes in toxicologically relevant
pat hways was eval uated by m croarray analysis. The
maj ority of genes up-regulated in the I|iver of koPXR
mce were found to be genes that are involved in
toxi col ogically rel evant pathways. 82 WO 2008/ 149080
PCT/ GB2008/ 001897 For nbst genes up-regulated in the
koPXR m ce, the up-regulation was reversed i n huPXR
mce. The mcroarray data is sumarised in the
follow ng table, wherein an enpty white cell indicates
t hat gene expression was unchanged; a grey cel
i ndi cates that gene expression was altered |less than
1.5-fold; a negative nunber indicates down-regul ated
expression; and a positive nunber 5 indicates
up-regul at ed expression:
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83 WD 2008/ 149080 PCT/ GB2008/001897 M croarry
anal ysis of gene expression in |iver: change in gene
wexpsas®son | evel s in huPXR hPXR) and koPXR (BCREBRDS/001897

W|th respect to WI | d type nouse. CXR CXR hPXR PXRKO
Micnoarny analysis of genaexpression dp livers change eexpessiondevels in huPXR (=

o4
0007 C 2J5 1 6 NM 007 18 C3all 6.7 X71478 C 4al0
1.8 NMd1l 0936 Nr1 idCX3.0 \<|M<201 646 Utl a 1 3.8
Drug trarfsport NM 013453"&fcal PHYKAM O 1 920 Abc 2

Ge"ﬁiz‘! Fat tfy, zpnc:é d/lipid e gsng sgmé)é)?%l Acadl -1.8
XendWi tafg(oqgmz 3 NMV02 Acadso 3.1/ NM 015729

NM AcDsdo7l. Ac yBBOO669Z Ac Ehhadh 2.2
NM N &g 7dCcsbeRBA2 3.6 |[Chol estefol bi éssynthesis N M
NM 020013y (\B'XP2°59 N_MA10191 FEdit1..1 ?40
NM_019823 ’|Cyp2C22
NM_ 010007 Cyp2J5
NM_ 007818 Cyp3aii
X71478 Cyp4aio
NM_010936 Nr1i2
NM_ 201645 Ugtlai
Drug transport
NM 013454 Abcai

NM 011920 Abcg2

Fatty acid/lipid metabolism
NM_ 007381 Acadl

NM_ 007382 Acadm

NM_ 025826 Acadsb
NM_015729 Acox1
BC006692 Acsli

NM 023737 Ehhadh

NM 011978 SLC27A2
Cholesterol biosynthesis
NM 020010 Cyp51

NM 010191 Fdft1

NM 134469 Fdps
M62766 Hmagcr

NM_ 177960 Idi1
ImMmmune response

NM_ 007987 Fas

NM 010185 Fcerig
V00821 Ighm
NM_010798 M if

NM 009246 Serpinai
Lipid/bile acid/carboxylic acid transport
NM 007469 Apoci
NM 009696 Apoe
NM_ 022026 Agp9
NM _ 011387 Sic10a1
NM 144856 Slc22a7
NM 011977 Slc27a1
NM 013797 SilcO1a1 -
Nuclear hormone receptors/icoactivators

NM178060 Thra 2.4
NMO0O13464 Ahr 2.3
AKO035641 Arnt 1.5
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N M 134469 Fdps 2.0 M 62766 Hmg cr 1.6 N M 177960
Idil I'nmmune response NM 007987 Fas 1.5 N M 010185
WOo-c@Bi149980 2. 0 V00821 | hm-1.9 N M _01 0798 MT/GB2MS/MH01897

NM 009246, Serpinal 2.8 Li id/bi Ee aci d/ car boxylic
Effeig ofrifampigings htP XR kb Ry WPeBnes N M 009696 Apoe

3.6 N MO022026 A9 2.8 NM 011387 SlclCal 2.6 NM
o e ek SO g o S s X8 oDk XR mice
exprédhib@ 306CypSarlawas dncrédheddincu@h wild-type 3nd A®ZBShat motnin koPXR mice.

1.5 84 WD 2008/,149080 PCT/ 8/001897, Effects of '
BRI ORI PRBISHRCARG T CY Y PR lgured by SDS-
PAGEAfIIIBIvE b3t Wekte@ bIBRingD Bothf aoaled afd pdivii@ali2ed Yesoé @htthe Western

to wild-type, huPXR or koPXR m ce, expression of
blotting szparimeptsars shopmads EiguredZoot h wi | d-type and huPXR, but

not in koPXR mce. Experinents were conducted in

rj ' essi r :
Tk P GRE Y AR SO L A P UBURRARA Pl v

carriechduti fotlowinguafainp@ih tresmientsinoparalled td\dlst Bfesterro blottingrexperiments and

shon(il Bl B TR PRE PPRET foe G10-DRE TRBRR KRR Wi rigure

32). G eekth adshy RifaHiol adimdiiithativia Sed t6 3hlyingidingil 7-Hyatdx@iMifgine formation
rifanpicin treatnent in parallel to the Wstern

in thy (kePXRAG XK« 5D strai anchitermehisifetthydspreeisshien FRymatienciagthe huPXR.
BQ %a&l&ﬁ?igﬁ g\ﬁaﬁ épﬁc@@%ré Qﬁoﬂ@l)l thr {ng %id-@/ﬂg BRi2AGPKRE koPXR. These

results illustrate how differences in Cyp3all induction profiles between wild-type, huPXR and

koPXR mice are more readily identifiable at lower rifampicin doses (see Figure 30).

In contrast to the above observations relating to Cyp3al 1, treatment with rifampicin did not induce

expression or activity of Cyp2b10 in either wild-type or huPXR mice (Figure 33).
Effects of dexamethasone in huPXR, koPXR and wild-type lines

Upon administration of 60 mg dexamethasone (Dex) per kg body weight to wild-type, huPXR or
koPXR mice, expression of Cyp3all was substantially increased in wild-type mice, somewhat less
increased in huPXR mice, and only marginally increased in koPXR mice. Experiments were
conducted in triplicate. Cyp3all expression levels were measured by SDS-PAGE followed by
Western blotting. Both pooled and individualized results of the Western blotting experiments are

shown in Figure 34.

In further experiments, increasing amounts of dexamethasone (0, 1, 3, 10 and 30 mg/kg body
weight) were administered to wild type and huPXR mice. The results are shown in Figure 84.

Induction of Cyp3all was clearly significantly weaker in the PXR humanised mouse.

These observations were consistent with the results of the BQ dealkylation assay, which was
carried out following dexamethasone treatment in parallel to the Western blotting experiments and
showed corresponding marked differences between the wild-type, huPXR and PXR mice (Figure

34). In the BQ assay, upon dexamethasone administration, no 7-hydroxyquinoline formation was
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10 32). In the BQ assay, rifanpicin admnistration |ed
to only mniml 7-hydroxyquinoline formation in the
WO R@BRXROBPXR KO) strain, and internediate PCT/GB2008/001897
7- hydr oxyqui nol i ne fornatlon in the huPXR  BQ
obseldedilnkyheazqﬂﬁﬂi WBXR | K@) steain.nandeintarmedigiie y7-hydrexyquinoline formation was

ol b B RS AR B R Toad DR 2 i e v

type. PTis¢é tesdltsoedreeaTirived br dnyipdepeidebtdepesn expeliaeRFiguee3 s e
nDre readily identifiable at Iomer rifanpicin doses
(see Figure 3Q). 15 In cont to the abov

Westgmshlpiiing ireyealed él]laétQ)’ﬁébltOols g following dexapisthaggng jpdministration (60

[ find
mg/k&%‘;\gpdoﬁ}lpﬁ @:P%tﬁerﬂr?lhvlmdopﬁgﬁglsee @Pg?&@@& %B\rzvnﬁigetﬁﬁi deb'g.trdgang individualised

resulG), fand t @raspordigngaamilth aserabtaimedin PR R (Mo PRIt raabaw(ﬁ igure 9@9
Iines Upon adm ni stration of 60 ng dexanethasone ( Dex)
bod ht | koPXR mi ce,
Hep agoi% "é' S G ‘\fl\@ﬁgh lg)){l? k&%ﬁs’f&l} g't%gh Fy i ncreased in
Wl d-type mce, sonewhat |ess 20 |ncreased i n huPXR
Followige admindstariby offeithem aifdnypitin coreds@ohethasdoe) Pk(ﬂhm'tloe.of indicators of
Exper.i nents were cond ct, in triplicat
hepalgi B SF G e Soics B ES by T)lo e SREESRED 96 digamethasone,
alanify am%?rﬁr%‘fé?aﬁl @I NelsBRMbuBO PlaSifla AReL inBRhseddBaht 22f1d in huPXR
results of the Western blottihg experinents are shown
micej and Ribguir 40-81d in koPXRtriee, whreasi nrehicesasqd wey ebssrved in wild-type mice
(Flg%g?dé}nftg%ggssg%xt?{ﬁ V\eg?ge%gl? mér%f: gg)lgrl;bgatg}%xwrﬁq%&g cglgs/eg g& the absence of
muriftPXR nddizted rhbabslBsudfidexanahatoin koBXRi apd rhePXR One dexamethasone-

ion of p3al | was. cl nificantly weaker
treat"ldﬂ‘“llﬁ P%@de%’ﬁfg’é?n Oﬁ'ﬁ’éép% Btvations were

conS|stent Mﬁth the results of the BQ deal kyl ati on

In coR@SRYifahpic mitrod@ent RaKkS hERhcRbde ih ATV FieXap®E hasone
treatnment in paraIIeI to the Western blotting
experiments and showed correspondi ng marked

 In FigRip 36y Hivcies!BaX wieoR Ordeaneiiyiaion PHEVILHAERFRO i Re d3tthsae dosage of

dexa&@h%@ ard st fok Qoﬁlbﬁlsm(ﬁ'ﬁ&aﬁars URRR a8 BRI NARAD Bars: 60 mg/kg
adm ni stration, no 7-hydroxyquinoline formtion was

dexaBBthy¥On@008/ 149080 PCT/G82008/001897 observed in the
koPXR (PXRI«) strain, and internedi ate ,
q I t r (At .
leeré)og %t{&g &fggﬁé ? S(‘}}Hgﬂﬁn d é(tgf}gﬁgfﬁ?cql lﬁ’grﬁc &%asng following
admldﬁﬁiﬁ@ll (fftehthér nifampieén ovi destamétyigsene. Theaeh cass ithd mtioewas greatest for the
onfirnmed in an i ndependent repeat experiment (Figure
hﬂ”@%&ﬂﬂW@%@%?ﬁ bl otting reveal ed that Cyp2b10 is induced
fol |l owi ng dexanet hasone adm nistration (60 5 ng/kg)
Flguﬂg@8Vﬁrb\ddésmmrﬁwmh@@ﬁe&@%amp% brfd cﬂ#ﬁﬁetﬁﬂson& [avh BG60 mg/kg)

pool ed and 1 ndividualised results)
on Cyrdet bansdrdiZhl) execassion, inaile-tyss BIFRER andhkaPXR PRED

activity assay (Figure 34). Hepatotoxicity assessnent

Typeud] FéSSion 9@63@9% }%]lllg sk %cmr%ﬁl tﬁglchﬁ@%!g)ﬂngit mouse promoter

adm™ni stration anp|C|n or asone,
eval uation of indicators of hepat ot oxi city reveal ed

Projape €A hepaozdios di fferences. Fol | owi ng admini stration
of dexanet hasone,

Methods: The targeting vector is constructed with standard molecular cloning procedures. The
vector is designed in such a way, that the genomic human CAR sequence is fused to the

translational start site of the mouse CAR gene. The human CAR sequence contains all genomic
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10 al ani ne am notransferase (ALT) levels in nouse
pl asma were increased about 22-fold in huPXR m ce and
W@bwat498e f ol d i n KoPXR mi ce, whereas no i ncr eBGEGRaA®S/001897
observed in wild-type mce (Figyre 36). It |s
sequepeessefifxans hdi excspistae peand d ULs é"i"“ﬁr%ﬁf%@ﬁ% Eomhe mouse genome.
This B EE CAR SR B Pl el IR e e SROURR Ohg A A the coding
sequetheesaofahdmouseeCAR gewt will brudiedrdihs ¢rankicegt isrtérorinatesl by a polyA motif.

termnation of th erinment. 15 In contrast, .
The (el e e e |- Py TP EFBLEE FfoRior FHERAmgre, ait sites
have bEdOiEcRted Bito hliMaf ifHohe adB3’ foliBe 5@&tibh adier,! WilicIB&ow the generation

denet hyl ation acti a\ilaé%thassay obt ai ned at the sane

of a §ddafyrockf out dhyxegmey e irtenegiptspequences ovihathe siferspecific Phi-C31
recong%aas(rérzeb I Sie gintreat ed control; white bars: 60 ng/kg

qbexa ThasoneY: Liver/ body wei ght ratios of wld-type,

huPXR and koPXR m ce were neasured follow ng 20
The @atheting séatat is aransfécted by etanddrd @ioirepanation idexBXR tHuamoized C57BL/6N

In_each case, the ratio ) reatest for.the  KoPXR. .
mousgt}f.%‘iCﬁHs(. #ﬁﬁﬁ‘i’seargﬁ_[ecﬁgfig‘ﬁ\\f@i‘ﬁ OBY&Y H@Sp%ltg{fnﬁlﬁ?v e identified by
Souttlel® Wil SfalyRisOfSelekiea MNbids Nard Nék pfacAN B BASP Nfto ( BALBc-Blastocysts and

60 ng/ k on Cyp3al 1 and Cyp2bl O expression, in, -
transfgired| -inty pfesterh mpstRrsagrgotdiEXR ptpedard ppgsating: pregestugss Literofrom these

a _huma e I C f. [ SE -
ol T80 NSRS I RO i vl
are ubaalr foe furthegr bteading inl SCETBISON pehaid backdrowidalelactibn markers are removed
. .mol ecular claonin rocedures. The wvector is designed
n V’VPrWSC{R,SFf“%tWLPt'%ﬁ‘{%“tSH Mgenom ¢ human CAR sequence is

fused to the translational start site of the nouse
The @?%ﬁg R&otor I8 BralsB@Ed GAR R @4 RN RosIR4tionl i @bTBIgENGHdSe ES cells.

8 2008/ 149080 PCT/ GB2008/ 001897 sequences_ of .
Clongsxasp selactal wish bygspmyeia and pasiidvezelemerare igpntifigd by Southern blot analysis.

t a f : ' i
st AIES¢ SO0, 0 T ol O, TR srmotrs
accordangtte sehdird@petdomgrocabugrse hoess fiémtthese fonts s a€ARswHn énspected and

Chim%t%?:ni,;&%%?rﬁljf].gé g}?-haé;r {]oj?%reﬁpgﬁéfr%yﬁ%}?récfanirgél%n Flrrég}lts ecﬂfo?}lurﬁler breeding in a
C57B10N fdeAdtic b RGOINAC iSBlet @S MhAkBficare aahidlel Gn vkl by efosaMgEto an FLP-
att sites 5 have been inserted into human intron2 and
deletegy strgig. t he sel ecti on marker, which allow the generation
of a CAR knock out by renoval of the internedi ate
The ISEMERGES W th the site-specific Phi-C31 reconbinase
(see Figure 8). The targeting vector is transfected by
standard el ectroporation into PXR humani zed C57BL/ 6N )
As meptiered BEovse thes insaTiiom ef at séess st monss inireml (AfgS5dhped A’ to the splice
nd positj. n re | Jfi .
acoerf g ap P QT Bt G Y3ECR knddh- iR WG Rterpd o herein
interdhahgeaBl\aBRoOARDE QARSK S, eradld genbmfecthis &kdodkndun, seqssneds between the att
. nmothers according to standard operatin fPr,oced% es.
sites pegerrgmaved using thesite-specific Phi-C31 recombinase ge Figure 6 5

TaqMan® analysis of CAR mRNA in the livers and intestines of untreated wild-type and koCAR
mice confirmed that basal expression of CAR mRNA was completely lost in the koCAR mouse

(Figure 39).

Functional validation of koPXR and koCAR mice
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fosters are visually inspected and chinerismis

determ ned by hair colour. H ghly chineric aninmals
Wae@susweo f or further breeding in a C57BL/ 6N gREEGBR008/001897

background. Sel ection markers are renoved in vivo by

Liverfrody syaight tratiesnofrid dispee tkefc ARt angh koPXI nripe agea phgain mgFlgure 40, for
omeelE8 el W2 DR, B AR ELIAG, BB PP e same
animélly,g plasy€ i levedn df pdmntel memotrmﬁsasar(emwe ratldahineethhsphatase (ALP) and
Sout her n. bl ot anasggsn s. . Sel ect e(g es are z@pﬁ
asparfaty; aRynotansrraseHASHR -Wre &ts8 (ypwed et e 1) “rﬂa@‘ox“"ty was
detecteddh Ble VIRI-HBE, koPRRGPKESEAR rhife &ttﬁé‘@tﬁﬁéjofcﬂé%rﬁ'&hﬁﬂne and phenobarbital
procedures. Litters fromthese fosters are visually
tested .rByle canepbuadsiwere idministered 2t0deg/kg.mi ned by hair col our.
Hi ghly chineric aninmals are used for'furthey br eedi ng
oo RO BETER 5 R VY o RSN BPRHELSs s
by Wsktéri blottilgd) &)rkmﬁ:éd?edmﬁﬁxelséﬁd aﬁﬂialsaf&t‘bdahdvﬁaxamhﬂaasone (40 mg/kg) or

phen@r;?l{elég %ﬁgngfgg)ratc?t@n%é%ggﬁ nt o%%&tl%m r &ﬁé&%ﬁ\gﬁch 1s reﬂectlve of
Cyp ZBM B¥ftedsR BHANCARII AN Twad fhifkeliNRGHe Githe FMHRAR: The results of these
referred to herein 25 interchangeably as koCAR or CAR
analyke), aretshowi dn gépare atle In oS AR oade, phenobahifalendecsd rapressien of both
Cyp3tF1,Elie g@&fyp%bl(:lg)esalls\é\g{r glﬁ agé V%gud:ac? e g%er\]/g:rsekt %ss? egtl {)otﬁ Cyp3all and

Cyp28n@vysdtisl induced\By a&ditethasdnb erehitinést in kaGARI miceds iwae PROD activity.
unt reat ed vvi | d-type and koCAR m ce confirned that

ssion of _CA I I ost in
Cyp2B TR SRR e B fof R8O KoCHR SO kep S Rutmics Sy syl gpalysed by
West&th i@ ARiHAIS 8nd ﬂm@t@%@“ﬂx%gzg}nethasone ﬁ40 mg/kg) or PB
PCT/ GB2008/ 001897 Li ver/body wei ght ratios of w

(40 mafkem. The©ARSUAH dreesmprredi with he eesylivointhe aawvaentstudp in fivar in Figure
t. i
2. ARG oPCL Y Sp B A PR BLeEd v of oGAR mice was
not ofdeaedin p@viedus. of al ani ne am notransferase (ALT),
al kal i ne phosphatase (ALP) and aspartate

Cyngg% gx%?iﬁgérg \Zﬁ? g%é ﬁs? §°%¥e%%h§?£ azglu ! Ecp tiyﬁez%?ce@ﬁ%y {&atment with

TCPOBOR (1 ipfig) K TRXRs@lEs dflehfRoffieGR @bnﬁmﬁu&ose%aém blot bands obtained
dexanet hasone andrﬁghenobar bital tested. Bot

from iyerremAles atgesheWadiT gz Br da cartraabiorty pd tmfp%@XPQé’ﬁQi was induced
"%Q EPoBURIERSERR nhife .t he liver of wild-type, koCAR
atl ogt g?(@% mlce was a]n%l ysed by Western blotting for
untreat ed anl mal s and animals treated with
AR ang/KoARokines phenobar bi t al (40 ng/ kg) .
Pent oxyr esurfl n-O-deethylation (PROD) activity, which
A Taglélf\rﬁ@:fnia Cs¥sI u\ég}lgg*rfﬁ%‘:'sg gr%ﬁtﬁi?&lnt ﬁﬁ’% ﬁé}%gér)] ?enng(fhgtra ehat only human CAR
mRNAg@ o insusefCA aRNA aiB akpressed imrtke EVeoswf huCAR giidegzeddrated According to

koCAR m ce, phenobarbital -i nduced expression of both
the invention (Figure 44 5) .

PCR analysis of CAR transcripts confirmed that the full-length human mRNA and all human splice
variants as reported by Auerbach ef al. (Nucleic Acids Res. 2003 Jun 15;31(12):3194-207) are
expressed in the huCAR mice. In addition to the reference splicing isoform of exons 6, 7 and 8,

the three further isoforms described in Auerbach et al. were observed, i.e. (a) a variant comprising
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Cyp3all and Cyp2bl 0 was significantly reduced.
However, expression of both Cyp3all and Cyp2bl0 was
waeioBl14908duced by dexanet hasone treatnment in KRCEERB2008/001897
mce, as was PROD activity. Cyp2bl O expression in the
a 12-base-peir invertion depding te a Satension r@éimn hi®e Xaeiantgogprising a 15-base-pair
b [
msertacﬂlaieXciS r? toI %5 %)r%g%%? of ﬁeﬁ?xﬁk dg[n'ﬂ é%&t{]glg%t@ef )ﬁ)gl/?ﬁi@)dgﬁleﬁ (leading to

anml?ﬁme(d@(btlﬂ@bkmamxﬁheaes)r esults are conpared with the
results of the equivalent study in liver in Figure

Furthgie kb ASHE SE CAR/ER Py PPE A BHoAR isce it fygt and small

intestRRS 8feV@dwh n Fitlurd 5 Shly frRLD @QRem &loPRlsh rﬂnddsé/ €/AR transcripts)
was al so conpared in koCAR and wild type mce after

were pbggatedemhuGAR mice20 TCPOBOP (1 ngy/ kg). The results of
densitonetric quantification of Wstern blot bands

Liverﬁ%{igio ne? %tr c%%natl \h)‘{c? &\Xﬂ%sﬂ@ylgg:ﬁ ?mé%; Qg'“ﬁh&%élsl qﬁ%“g‘u éh% dfor untreated
animalk, a’hdr@hkzgs tr&edBeRth i1n 16 0ECAR niig/kie of thei thizinei OAR adahioe CITCO (6-(4-

cor g A SR S BB i BReb S vime: gt

et al. t hafiol A eh. QUWN/Ia%7 %@)W ég}mleﬁvgf‘& BN alntnotransferase

expressed in the livers of m ce gener at ed
(ALTam:lkHi o ntyospbatw lﬁALPhamiraSPamte( aﬁugutram&m)w (A5 vsmahlycs mgasured (see

ts d ]
FlgurF1 d% m&.{ ﬁr }:lgi Yvasn ﬁ%:ﬁ({drrlglel ;} eﬁxe 5/:118 é}'{#’ or&g&gsgprg I élathe CITCO
dosesO¢stédi €I mag/kig, BY mglkg ahN@Ohﬁg/Bg)/E}lpd@l 1R8E.Cyd0OR) ehipresdibi i m the liver of
31(12):3194-207) expressed in the huCAR nice

wild-fygiiand BHCAB Toioe Waa patlused &YsYrTtEP Mpttingnfop wmrwede%rﬁgls @nd animals
treatea Wi m%reag‘lgg ‘éulﬂ@urttp BPﬁlefHﬁHan QfAR %%Q[&%I@@@C rVQ?ﬁg |ddses of CITCO

Auer bach et al. were observed . (a) a varian
were @dmpristgiedidn a SBZMONREDSY (040080 SP(DTg GO0 $£:0ke BOVseabody weight) and
tlon leading to a 5 extension of

amméigﬁrefac'?ac)edghe” BOUSS compri sing a 15- base- pai r

insertion leading to a 5 extension of exon 8, and (c)
The &sMa;r bfathis CHEC@istudgXxae sHowss idldigired7( | Badiesgpns® of CAR mice to

reatm R o 1 ot B fered GaR ARG WP sy Bl T Qcgigknot induce
expregil&? of feﬁﬁert@e&bbid e Cyﬁjhd 1 SH8ild tN)iehﬁ‘&@Sé P&@sno@%ﬁ bﬁmolgﬁtems was

ure human CAR not al so nobuse

Clearlb’rlafhlfrw bpﬂﬁéomhecélisew €xge ithe lPﬂ!idF\ﬂ 1¥iand S0img EXT @@ ayr kg mouse

| of wild type and huCAR m ce are shown in
bOdylgleb%p I{f%}r?gr untreated aninmals, and aninmals treated

with 1, 10 or 50 ng/ kg of the hurran CAR activator -
As ertHEC@l(dﬁt-lc(nﬂfef the huPXR and koPXR mice described above, induction analyses by

West%pllé ggv%gcy éhﬁ)}g‘% daztﬁgv‘tl;' -S‘ithé’ g{ a?séqg(ls i&ﬁ\élf ?’gﬁ{amggceg expression
of Cy%?ﬂll @A@Md@&@%el\&xregsl&i &g ¢} &ZYaB@):y H18sWpbaY&hE Cyp2b10

al ani ne am notransferase (ALT), alkaline

expreptiers plaz eagheby mpﬁCdeasa@MrbYaméarﬁrﬁf lest F-hengylapmeling @36Y)) assay and
the pvﬁm?yrgsoru%n[.@—%gé{ﬁﬁg o(nS&%OD) assay, respectively. BQ (Cyp3all) activity in the

absence of PROD (Cyp2bl0) activity therefore indicates PXR activity, whereas any PROD
(Cyp2b10) activity indicates CAR activity (see Figure 48).

The above visualisation by Western blotting of the Cyp2bl0 induction profile under the influence

of CITCO is consistent with the results obtained in the PROD activity assay, which is reflective of
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Figure 46). No hepatotoxicity was detected in either
the wild-type or huCAR mce at the CI TCO doses tested
W@ 2008949080 10 ng/kg and 50 ng/kg).Cyp3al 1 andPQyEBRIE/001897

XPpressi on | r of | d- e and huCAR nice,
cyprfif eSmarsfBenduhvgaRarthiviy.de theniGAR et g8t i ayig-vpe, the
admlﬁﬁﬁiatﬁ)ﬂ' mt&relasﬁng r&fufd oF B HuRfehQa&difid iRRiHg!t ang@J CIT®0 led to a
human CAR activator Cl TCO Varying doses of

marke# deseadbpemdest mdedion of BRODragtiwtyl (Hjgaet40n (0, 1, 10, 50
nmy Cl TCO per kg nouse body meight) and animals were

| f 8 |
TN T G

by lnihg/ﬂg t"KCP(DB(BHtlﬁBﬂﬂld \lypb hmick,TeiD wot aﬁrHuYZACR nfied €Pigihre 019, experlments

that .of wild-ty mce. Wiile id not induce

condstec da Jrighicagy- e|T1hr§e.ls EPPHAND Vit @fp@gﬁeivthnvm haty T@}’&@OP induces
arly induced
eytoch ot B ARG e gy Rl R AR 20 2 50 g
CITCO per kg nouse body weight in Figure 47). As in
The tnldectwalprelfélpucrf erpEthel wiexreand hu@ﬁmnmecwasmgiésﬁﬁcbéu’ther both in
response toftge%% s VCtltlh %;Z)é/ STicH CP[%{Q/ ?c{\éds 1tner;e eottot | Q\ge-\l\%gglc TCPOBOP.

The ﬂeE\ﬂﬂdQﬁf‘W d%telﬁ’[ BB)&ln@nmd ﬂﬁ: H(Omass'ﬁﬁibbtimemm Jinbid @xiSrofdime samples with
expressi on of both p3al and (% g?pSal
s

I d
incrog BT o gy Ui By | SROROBars flurrepiaipiraseewbllaTepoBop
indud®y CTBEND rQ(gretsHSngq Reme Wﬂ%&ﬁ&héﬂ“&dﬁ@m@é AYsidhbn WiGeversed for

pent oxyresor ufi n- C>deet ylation (PROD) assay,
the humswmnfwshwceB@mg p8ati ledde visypnger raspertse in hifsaR dleanofi the wild-
type se(cf'\{zp <o %'(e)n)rng% ghalgé;ﬁ%ﬁta%%& ?@&%ﬁ Iltg;&/glg Eniuf'/ucf ())/n was obtained in the
huCAmdeﬁtes CAR activity (see Figure 48). 30 The above

visual isation by Western blotting of the CyprIO

i nduct.i o ofile r the influyence JTCO is
In couft; RReBRp i o HEiedked PEChBE PHEPTEE PR Sytochrome P40
meta@(ﬂislnvﬂotaYCO?i\gﬁ%le Mt h InSudednl € hinvi&h, Ghduc&P CYE2b10 expressmn both in
2008/149 PCT/ GB2008/ 001897 Cyp2b10 expressi on and

the wildefgpecd iadtiGAR ipicet nThin s mﬂraﬁ%@sethe pesulth of both Wepéern blotting
i ncreasin anmount s
mmb%% ﬁ%&¥%§ﬁgzggwggg¥%chﬁngpgﬁég agent ClI TCO ?ed to a

mar ked, dose-dependent induction of PRCOD activity
Dexa(ﬂét}'gsme wiriyh hisdpee sgpoded ofinddep 21todiioma 84 Zhoerabdlism more strongly in

mlce\/\ﬁSt T g%%%ydggﬁéﬁxm%q%ﬁ I Vi y %é{%%ateg hggﬁ%i mice when
admifiSferedat N0 GAfA FBwEVer gWesterd Bilot m&ratermmﬁ ﬁducﬁﬁﬂ QUREEpronounced in
in triplicate This is consistent with t

huCAdh $ep ymwildriyretaice TtipmpGR) iand thedfROR W‘b‘ﬁﬁraéff?é{ cpa%'@led that Cyp2b10
indugHEh YK R Ry S8 Rl Muh R T R SBERRR Th Fsule frther
confimcaicomsfubmahasadod of thh €7AR-betiated nesppesgorgectrome P450 inducers in
hCAﬁgeatmant wi th human-specific CITCO and in response to
u [N%- speci fic TCPOBOP. 10 The results of Western
blotting and the PROD assay obtained fromliver

Cyp2Bi € [nd6AIHR b§REITO I TCPOBOP in wild-type, huCAR, koCAR, huPXR (CITCO
only) and koPXR mice is compared in Figure 53. Both Western blots and the PROD activity test
(resurofin formation) revealed strong induction of Cyp2b10 by human-specific CITCO (10 mg/kg)
in the humanised huCAR mice, consistent with the conclusion that humanisation has been

achieved in these mice (Figure 53, left). In comparison, Cyp2b10 was not substantially induced by
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i ncreasing anounts of either CITCO or. TCPOBOP are
conpared in Figure 50. Wiile TCPOBOP induced Cyp2bl O
worere/1s408ongly in the wild-type than huCAR m cRCT/GB2008/001897
situation was reversed for the human-specific inducer
CITCHO Go, willkitype inid. t Somde shdwng:erwaseaalmnbser\ied i UEORX R gice, which is

’ in the wld- type. data confirnme hat a
consisteRBwit thy dFB"é‘B%‘t%é’fE %i?eorl@&taqu g tained in

the 15 huCAR nouse. In contrast, phenobarbital (at 40
As esqaédfej) TOROBGP RASnHRENstFRRR' tna@ceaocmewer&att. Q&BFeSéi®h and PROD

P450 netabolismto a conparable extent in nouse and

activity lrhwdmemn%@wr@-bmm bxlgPedsining, HeRGBOR induped Cyp2b10 protein

’exprft*spllgn aél % F%%gt rper(l‘teth Thlsscé gpagzﬁ)rim 518‘%2;9 d%%g:ﬁﬁrmmg that

ern ana

Cypmmtidm/ddpync&&ﬁﬁﬂARﬁaﬂhbt\lthﬁn PKRg Hlbeleﬁﬂ:) TCE@BOP did not significantly
Dexanet hasone, whi ch has been r epoLt ed .t o i nduce.
&

indugey YRR %ﬁ@tme@rtﬁétoawaﬂ’t‘% AOVEY &1 PepRispdigCAR) mice; gpaistent with
the réth \gtt ﬁc.gtdt nf WP ZRLE SihBF @S h@far, N DOt h
nd R mce when admnistered at 10

rrg/ kg Hovvever V\ést ern blots indicate that induction
EXprr:SIdneﬁ&yprdd ovaschowi hy Wasearblotiag and thei BQ aetivity astaydo be somewhat

re tIVI C
1ndu eﬁa Y4 %/g%)FSP 1&\)}'1%%% Ak £ bu %gthtgztgﬁ}éR Véigg :Svegil‘irg r541 eﬁ(perlments
condittéPRn t thiglicdte). V\/I'Irl"ﬁk tiy mﬁnmtﬂﬁ wi'ﬂilltﬁe r@setvitionhutHah SFCEBOP induces

confi rms successful huma ation of the CAR- nEdlﬁ‘?tcfgd
ytoghgapoHdel taetasaismnhmetre ihdRRYEF dhamin ffeR apf cfyrther confirms

succ;@ﬁfﬂl’2 nlligaﬂIMMHtOIf% @XRerh&hﬁEd feks &:Qa EIREREPPASD inducers in huCAR
d-type, huCAR koCAR, huPX Ca only) and koPXR
mlcem ce is conpared in Figure 53. Both Western bl ots and
the PROD activity test (resurofin formation) reveal ed

An o?%%%%f‘&%%%&ts%@ ?%ctg%&ang#%éa@ ll{l}llllj @Rce?r?@gﬂhg Eyg)ré:sfstsgﬁegrt; tCyp3a1 1 and
Cyp2bil10 n whé-type medusssarairhuntaatis pravided mtiguwwe Shas been
achieved in these mce (Figure 53, left). In

An SRR SbORILdBR0 CHI00BR BT e K CroRHBTEN 1 wildlype, huPXR,

koPXR | ACIARPEdTKoCAR 328 8s provideCihiFogure\es al so observed in
koPXR m ce, which is consistent with the dependence

of C,yp2b10 on CAR rat her than PXR As expect ed,

Non-gensitgadec LENICL CAR emngtsation of CAR-dependent species-

speci?%taff?éétcgﬁnaﬂﬁi @%d lﬁt@AR/hﬁéé in wld-type mce

(Figure 53, right). Tnh koPXR mce, TCPOBOP induced
Cyp2bl O protein 5 expression and PRCD activity to an
In ordsette assessthe hypgsplastiapespense én the hCAR migpethe agiiop ofBrdl positive cells

in thé@@érvve%/spd?&?éﬁég?%y 'ng%gg‘?ﬁg’n télg vatﬁtﬁ U%Ctélb%gga imals were

treatgal aitter withXPCRGBOP 1fa atoub¥gecific tmducéry or EI'hO@E(I Ihnmdn-lspm inducer).

Aninly e P trenieh PROHOP ik Ao metse s UC) B imgs daily. The

fractfoh P&EBrdU Vfﬁ§|t1$@%\9ps Ry théeﬁ(lér@f htatd i anre hemBREd one day after
act|V|ty assay to be sonmewh
administration of the single or final dose, and compared to equivalent measurements obtained from

untreated animals. As is shown in Figure 57, the mouse-specific inducer TCPOBOP led to
elevated counts of BrdU positive liver cells only in wild-type animals, whereas the human-specific
inducer CITCO led to elevated counts of BrdU positive liver cells only in huCAR animals, not in

the wild-type.
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10 i nduced by 1 ng/kg TCPOBCOP in wild type m ce, but
not in huCAR m ce (Figure 54; experinents conducted
WO pooBf#9eBd cate). This is consistent with the PCT/GB2008/001897
observation that TCPOBOP i nduces cytochrone P450
Thesmsabs)ﬁlrtben confimn that tha§iGARManse Hee reheoduses SMmmemment differences

furt her succ unmni zat i ng
in RenRORERS JF ot R RpSREE: 1 rey sty ot B ofe (B hyGAR mice are
humé&Hi£eR¥ithfespRet t3 ﬂleﬁdhypéiﬁfaytkﬁ‘éspbﬁsdtb ao@fgémmc edrcing@least ed

drug- net abol i sminducers on the expression of Cyp3al 1

and C,yprI O | n wld- type nouse and human js prow ded
PCR; gonfirmgtio o dguble hpmpeygous PXRICAR humanised micethaf the murine PXR

Wi I d-type, huPXR,
ene%sﬁ?éﬁe mettﬂ g‘%alg&%g% |agt provided in Figure 56.

Non genot oxi c car ci nogenicity study in huCAR m ce:
HumdmmhstwﬁatﬁproﬂXBf aI@Af@Ai’e p(élnd’&wh%@&”)ewerezgensm flmg mice which

contailig ! e”rﬁs%ﬁ h%/)gé agfi acg?s\éiglg tggsﬁolﬂgéemllcﬁ Y 1chhu8%r %8 humamsed CAR to
prodﬁd'é&nfcé a6ithifidg @bthBiugHdnReSPXR\ead Gembsised CARNEhé hﬁ@r arﬂ\pl&notyplcally
determ ned in wld- t“mEe and huCAR treated with CAR

normga} follpsting ¥isuadinspastionadhey heveehaendyradt g i Rrsepdbemer?8) and are
hom{Ae B RurfRFEeh o PRROMEECARO TG BED M udaUARE GRBRILI 42749” and
I nducer OBOP

. Animals received a gl e dose of
“42763’.mg/ kg) or 20ng/ kg CITCO 4 tines daily. The 25
fraction of BrdU positive cells in the liver of
Tran%crale %rl(l:“ g i &\rqe(g Rd %ﬁélrr\%y]agnsﬁ uagtlﬁe%ddl??y B"f\f S& in huP R/huCAR mice and
compedtpar the ﬁ:ﬁtleﬂ llhvvlal eMdorregRading MBRNS é)kpteﬂ;lsllﬁdn fwﬂll’-nype, huPXR and

untreat ed ani mal s. sho i,n Figu 7 he . .
huCAR jaige §3gwe By Ttk Fregx:aeﬁyé%eﬁ i 5 hEpA iy AR awign aintain the
level®fof Bufbh PRR ArdvRurhdnVEARC&IlSsiON bsetvdd th Intlcd WidRanised with respect to

ani mal s, whereas the human-specific inducer CTCO |ed

Smglﬁeer@ISevat ed counts of BrdU positive liver cells only
in huCAR animals, not in 30 the wild-type. 91 WO
In F%Ql%%é‘%lﬁ'?%p %’Eﬁg{a@?’g‘%%gé\gg %ngverTJh%ss%\arlleaf&trir?é, ftd'l H&H&{strate that the
nouse |1 ne reproduces
huP)ﬁp'Ba(EAR miie@ madmm theti [ ¥edy efifommn BXR hhrhhumapﬁAReexpmsmbserved in
tivat ular, these results show that

arti
mice EE&P%S \i{ghﬁﬁs%ec Lﬁ‘%ﬁ'ﬁ%ﬂé‘asvmth respect to their

hyperpl astic response to non-genotoxi ¢ carci nogens.

DoutitERuaiiddr NEPXRORuCAR tridioe, d3UREIE amﬂmzryg@uﬁlPRXRﬁrﬁAﬁCAR mice were
humani sed m ce that. the murine PXR gene has

treatedwitla g dedueers rifrepisin sadotRhsnekar -t Emﬁsawr@é &ya%bé@ apdypall in
thesemcﬁé}%e%ﬁa 1&11c@u f&e’ﬂu%ﬁ Lo?@@s‘b&cﬂ@%ﬁﬁ‘éa@&i Hﬁéeng:vzﬁl ¥iSualised and

cont ai ned humani sed PXR and ¢rossing thése into
compair@bbw\)BiDS-IFAﬁE’]foﬂpwefﬁ byr WrateirsBlditi@aRF igere 50).otcknsali leels of Cyp2b10

and @P'g%q qﬁﬁgﬁoﬂvgﬁg %dl;gmﬁmmil%}ﬁsg\%pgﬁa Ito {l]le basal levels

obseizvg§ mec%nuaype rhieeVin [Fadsee b@emhtswade@aagﬁda@& cBRes thhObssd Cyp2bl0
and are
levels m)crease in the order huPXR - huCAR - huPXR/huCAR. However, basal Cyp3all were

less markedly increased in huCAR mice. Cyp3all levels were increased to an approximately equal

extent (more than 2 fold) in both huPXR and double-humanised huPXR/huCAR mice.

Treatment with the human-specific inducer rifampicin led to an increase in the levels of Cyp3all

in all mice. Whereas the administration of rifampicin and phenobarbital in combination appeared
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10 honozygously humani sed for PXR and CAR Exanpl es
i nclude m ce designated "42749" and "42752".
wae@ns¢aspt i on of PXR and CAR nRNA was quant i f PETGB008/001897

RT- PCR i n huPXR/ huCAR m ce and conpared to the i
to havengtaddisional\effest if the ovilde Spenadurgion KA PR Prlewas smngwhat stronger in
huPXﬁ%l d-type, huPXR and huCAR mice (Figure 58). It was

ereby confirnmed that the huPXR/ huCAR mice nmaintain

the 15 level s of human PXR and human CAR expression
Pentdbbitonededpihgieste humani sed with respect to single

genes. In Fi gure 86 further PCR data are shown, for

Ilver and smal | %tlne to denonstrate ‘I%Bat th ib
In this pREGTRATIEA r?Fté\étYn%‘ £35i FANSHIPLiPR R0t it cop ﬁ‘qﬂ)&asaﬂ‘iiemme y
measiPRe %Blt@t’éﬁﬁﬁ&ﬁzb@ E‘leé}hﬁ*@ﬁﬁ’n@ dSl'eEbmnglﬁ@ hiPRA KkASEn Wrinkhny years to
respect to single genes. Doubl e- humani sed
be diteaXproRerGiaRl o s, hepaomidchesed 458 acpe, anH R ety can be at least i

par 3310 R 48T el LR kb By AR R hEH ©! 7

Cyp3all in these iinducer-treated mce, as well as in
Miceomird gis@omsinglg intnapéritaheatidos: oENareasn (odinal peneabarbittine; purchased via a

s AT S T W
time 'teﬂken lf’(PXtBe AN 084 Gin WEBERG I HGAR PR, fHeft SRR EMkx! Was measured.

basal |evels 25 observed 1n wild-type mice in
Resu}tsfgage/esgl Tapid 41 belowt i ve quantification shows that
basal Cyp2bl 0 Ievels increase in the order huPXR -
CAR, A1y SR o basal Cyp3all were |ess
Tabl{%r Ked ?ﬁ(ftipcr eased |en9_%é@ sm ce. Cyp3al | levels were
mcreased to_an approxi nmately equal extent (nore tha

2 fol d) in bpth huPXR and doupl e- humani SteepingPXR/ HInGAR

e bR {“igg?ﬁ”wsﬁk%ﬁl%ﬂase”YVSﬁ?ﬁﬁié&i LM oF oypsal

1 30 ip all|mce. Werleas the adm ni sitrati on of

wt rifanpi chial@pd phenobi@r|b42ed2 | n corii.agti on appear ez
92 WO 2008/ 149080 PCT/ GB2008/001897 to have no

addit i aohal ot fort 11 ¢ wil Al £y rndiyet i an ~F
1T orad T LEAA A" LILIL (9 } VWi T U LyPC, rrmmyucul Url U1

PX | 1jwas sonewhat stironger|in huPXR

hunPentoba'hiau@ ne sl eepitpg #2B49 | n t hiz @xperinent, thsgg
activit) these transcriptipn factor$ in combination

was r‘lnf rm n:r‘l h\l 5 sUin the barbituyrate +npduced

Wherspew}id fpetmise s1vaR @ Breqlic dpsvet gatobrabitong sismh for 1 mighlgs, the double
hum%ﬁ:@ﬁ it® forh%ﬁg'arnﬁqi)& §pg’g d’iw rﬂfﬁﬁ est Q"h'é&emhﬁptﬂéﬂeﬁ)re demonstrate a

cytoc rone ¢ activit I's activity can
signifi@asdifferenc@rtbeinwdd itypedonmols dicRdidthhiethe Irisul:lenhtummlsed mouse has a

) Y SRR 2l 535 SR S Sl

(sodi um pent obar bi tone; purchased via a Veterinary

FurtheP&tmbat ARt valtiatib bbwatiocs YR Med/orat A RatibinaniS®y diey knédkout lines
25mg/ kg of body weight. The

Phenobarbital

The effects of phenobarbital on Cyp3all and Cyp2bl0 induction were compared in wild type,
huPXR, koPXR, huCAR, koCAR, huPXR/huCAR, koPXR/koCAR huPXR/koCAR and
koPXR/huCAR mice (see Figure 87). 40 mg/kg body weight phenobarbital were administered,

whereupon Cyp3all and Cyp2bl0 protein expression, benzyloxyquinoline (BQ) activity and
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10 tinme taken for the mce to | ose, and subsequently
to regain, their righting reflex was neasured.
woe®alii®sare given in Table 4.1 bel ow. Tabl e 4PQT/GB2008/001897
Resul t s of pent obar bi tone sl eeping test Sleeping tine
PRO@eqqu%yegegpnmg@d(tw@g Rglj:xgogpc\,@p%of(% Samg ganofpe ieangrol). Though
phengr/@aré‘i?a? Jrszd&%rél?edzé]s a PXR/ LRGN J}ﬁb,ethéghé‘i%gé%it%é‘?@di&éd activation of
ereas w type mce given a narcotic dose o
Cyp3athtaad Cyip2btheén sivepis fredonfifiantiynGA8sdepeinlendolilittle or no induction of

h nj se i ce for CAR and PXR sl or,34 i nutes. .
CypIplRR Gt ™) Retdis Grsenenanasvay an e B Sd PROM 4kt Was observed in
miceGh WHIEEOAR hA BRRiKhodMel Gut. Y PR 6O BiHeP hsnd, TYpTA i4A8 Ayp@b10 protein

t he doubl e hunani sed nouse has a marked difference in

exprasgign prdsgroinie in e HQans BRORA asspes was abiserved ingnicg pewhich PXR had been

i mal er conparative validation of various PXR
knocffY FRIk5y pENIAR

urmani sed and/ or knockout |i nes
Phenobarbital The effects of phenobarbital on Cyp3all
Dexaatethatdne2bl O i nduction were conpared in wild type, 20
huPXR, koPXR, huCAR, koCAR, huPXR/ huCAR, koPXR/ koCAR

The SR B B SRR B e i B3 S eflbpredth witd tpe,

huPXH)EKGPRRN EYMSR! KHoCAR] GUPRRIICPIROt RbPIXKRABCARS i HUPXR/KkoCAR and

benzyl oxyqui noline (BQ activity and 93 WO o
koPWUﬁ&&%%(smﬂg@m 8/30ngglg bo ghicdexqmethasppg were administered,

. t ..
i SREE a0 PP SRl LB AOTRBENL 100 ity en
PROBcictivigt wereicnmpared @q arit irexpdsed olbaisdof the sameel gatoggbe (control). Induction
actjvation o 3al.l and 2bl 0. in vi.vo_i .
of CPatoR S RmFye AR Ao (AR B SBERIePLODRUHEC PG wes I ipfhe koPXR
mouseXRd 3buld nai st ExipeRshitdbyQiugial POORDI B S is@ansifterdGhiththé YbseFvation that
t he BQ and PROD assays was observed in 5 mce in which

mice GRRNPIEFCIFEBIT IR ApEksthagaie thaorhumags.oPrhe atgn fandoiyp 1 induction by
acaBR GIEREL BRUR BAR. oRECARSIORARE S5t Mol g flhascns o
Cyp2bt@ protéinesfressianitas wWelltasrRROICAR I viDe waswbbasaing allTtngce tested in this

- effects of 0 n 3all and Cyp2bl0

sy o iing ff KEPIORE DRI Rl Wi 16" hupr
koPXR, huCAR, koCAR, huPXR/ huCAR, koPXR/ koCAR

Hepdnoi&$EhkoCAR and koPXR/ huCAR nice (see Figure 88). 30
ng/ kg body wei ght dexanet hasone were admi ni st ered,

The %%E{ES):}‘ g%?ﬁa}?flﬁggqle#é@ %%é%%g?} gFl"% t tgﬁ :Hpasr?lé BXrL l%\lle?sn and on liver weight
were compared in wild type, huPXR, koPXR, huCAR, koCAR, huPXR/huCAR, koPXR/koCAR
huPXR/koCAR and koPXR/huCAR mice (see Figure 89). The increase in ALT levels and liver
weights was clearly more pronounced in mice lacking murine PXR (i.e., huPXR, koPXR,
huPXR/huCAR, koPXR/koCAR, huPXR/koCAR, koPXR/huCAR). This study further indicates

that hepatotoxic effects are greater in the absence of murine PXR-mediated metabolism of

- dexamethasone.

Non-genotoxic carcinogenesis

Figure 90 schematically summarises the relationship of metabolic pathways, nuclear receptors and

non-genotoxic carcinogenesis.  Such carcinogenesis follows upon intermediate stages of
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PROD activity were conpared to an unexposed nouse of
t he sane genotype (control). Induction of Cyp3al 1 by
waleoametobasone was found to be dependent on nuPCTIEBRMR001897
was | ost in the koPXR 15 nouse and coul d not be
metapelifprinfysedhyperyropnand hypeerlasidi s i s consistent with the
observation that mce are nore sensitive to
a h t : :
I o Ao 1B0 U Ner ek " T P qeO S Y il incrcase
withiGAR2 iwedlesp emd] Bvidr .turBoure arenchsetved aftdryl -2l goaasrese d Eigoree9 10f However, this
p2bl O tein expression, as well as PROD activity,
°68§5§F‘i78 PRYnass| nice tested in this study,
|ncI udi ng t he koPXR/ koCAR doubl e knockout nouse. 20

The HBRbRIRrbBle MudiParRll {odfafedOdffed@ %A PREMIBEBRE 03I MUeré of wild type,
N PX,élhbod wej ght) on plasma ALT | evel s and on |iver
u

dpuble-humapisadeand; in KaPKE/koddk depbieximockeypymice (see anure 92).

cer i IR YRR R MR A0 oy

hypefilakid @epdtaceHuldr proliferationeVgirtitl-puaisive belbs) weramneasured and compared to

AR 8 B S I L R gy s

mduéﬂb@@/bbﬂk%@ tyPér BhP dslbidurhdhided BLPXRALCARESice! WRdreas these effects of

hepatotoxic effects are g@eater in the absence of

phengbarbiteé PR meti ehsenredreina BOPKRAOSAR ddouhledkrivakashemice.  However,
phengpal?&ga?mg&e goxkneli)a&@glﬁae[}l ongtﬁfﬁltlﬁn fohﬂge g‘ﬁ%?_f@gpatqﬁt 'I\?oatrlc}/ease in BrdU

positivacéetlarwasecisspived Sn almﬂ'XKBlﬂlG’Am -dgeblethomnnised or in koPXR/koCAR mice
rci hogenesi s. Such carcinogenesis foll ows upon
doubfenocktti at e stages of 94 WD 2008/ 149080
PCT/ GB2008/ 001897 netabolite-induced hypertrophy and

The RyfREepINtRSIedpontd of GEXRMICAR! mxcepﬁeMamd@bltaalcoﬁmﬁas better to the
| 1ver cancer. Cell replication and Liver weight

situatiof: inelapgans fhaphprespopsgebpald gptmicpy e e e EGURUCAR double-
huma%?s%@ rn\ﬁg? ]@t%féoﬁgldéredq to/ 0%155 cé&gﬁragle%ﬁ& 1ﬂ]a)ssesmé/vﬁ1\éecfue hazard of non-

i n not serve hunmans.
genotoicervtent s livéregretr earshegtng dtoalmonane.npde eiamefafppl@etsstoafther humanised

barbjtal. in the |ivers Iy | uPXK/ R .
miceLBY RN SR 1 PR E AR AR ARE B R och Pumanised
mlcer@rs%eﬁ&@lﬁy bs@ WkefuPdbls whiehallowegalcymplekities /o xeyobidicghtiuced liver

ratios), .P450 induction (PRO) assay p2bl O
growses 1o izwnd0) angserciszippelic Aidisenesisdn b @rowth to be unravelled.
proliferation; % BrdU positive cells) were neasured

" The BREhtERMRRESRDati A omwgt@fe&@gc %&ﬁnogémé Bectasre B&ABLy mefurther detail

(control). Phenobar bi | ed to both hepatonegaly and
belovwabBxahipl¢ Biducti on in both wild type and
doubl e- humani sed huPXR/ huCAR mi ce, whereas these

Specggfectﬁig%% eno %{(Q}ugzs}l’wyﬁagmnot observed in

kout ‘'m ce. However,
phenobarbital | ed to hepatocel lular proli feration onl y
The invembistboinppred rthe effedNof ipretresenti witlBrifhohpicin on the pharmacokinetics of

midazolam (MDZ) in wild type and huPXR (= hPXR) mice (see Figure 93). Mice were pre-
administered rifampicin at 10 mg / kg body weight per day, for 3 days prior to administration of
midazolam and the recording of pharmacokinetic data. In wild type mice, no significant effect was
observed. However, in the huPXR mouse, pre-treatment with rifampicin decreased the maximal

midazolam concentration (Cmax) by 64 %, and the area under the concentration-time curve
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“humagsed PR hawsi aljonbegh cresaedetto mise el ontal

positive cells was observed i n huPXR/ huCAR
doubl e- humani sed or in koPXR/ koCAR m ce
waelowbheoknockout. 15 The hyperpl astic responseP@f/GB2008/001897

huPXR/ huCAR mi ce to Phenobarbltal corresponds better
(AUGusota by 60 P aflivsrsignitiennhbymanisation-dependens pharmecalinefic effects — here,
croe RGPS o o Csnd P MiF Werice B MBHR, Par, by pgcome pparent
only Wﬁémutuﬁb PISR @58 placedtiyand hm@nﬁéﬂagd)eof non- gen Ot oxi c

rodent “liver growth carcinogens" to humans. The sane

plies to other _humanised mce of the invention, in

S"mwam ofcvarkon 'EVPQ’S apf 4 ah0¥ER/ huCAR huPPARa i ce. Such

humani sed 20 mice are generally also useful tools
A md/eiel 1543 b &weltobed WRAFE hemhd PRR i9€x éﬂ‘é%ﬁ@hh ®binGhé N4#GRA GI tract of mice

l[iver growmh (see also Figure

in thespredirted fashion iaf lexelslpquienlant tocthoderpf ;fhs:cqmd%eemsrgepe Ble PXR protein has
been nsgg?venoegi)l(ncyg)geélr a3 tﬁlgtngiﬁé aree ¥§0§1%1§'9 gé é: %gglgnrds knawn to induce gene
exprdssion hﬁrthﬁqiaﬁiway E@.h@a/lbrit huingispion s aBpdeéreschigved iwfithaespect to the

di fferences .in drug -ggyg |nteract|oqi 25 Tpe i pvent.ors
CAR 575 ARuCAR maicr r¥ean giftepinges babwesRewstid Riperpnglithg H‘b‘f‘%‘?‘ﬁ’d mice have
been g&n&&%a@h @ﬁ(ﬂﬁ@ Qﬁhﬁﬁgécﬁﬁlceﬁaverﬂeg@%hﬁ\% b&Bdke x'eEboWkllvéjto compounds

type and R (= XR) mce (see Figure 93).

knowngp e pnaze aad/m in |h9tnen$tham irf lawp; lcq rtodumag Pﬁ@ ¢>r h@gﬂ@d@j&R rather than
murn}Fi ic)jgz perrm%géA ];ofr“heegbo% r(]:blg Lo é:(rﬁ @go eats azil}ol @e@n %onﬁrmed for

both Ithe \MXRD ahy pke OATR gefldd GoBRRS hrﬁﬁkbCAle eplored®&r, mice Wthh contained
observed. However, in the huPXR nouse, p&ﬁbtreat
8

%%qege AR to produce
mice CORGRMeHRIH RanfsERIX RN AdmdRis@AEa R he area under the

concentration-tinme curve 95 WO 2008/ 149080

PCT/ GB2008/ 001897 (AUCo-180 mn) by 60 % Thus,
Types |SgnEmre§mn leirearhydaiidi oA - Ivepaan ¢BNA gy geRURicngqguences from the
corresg I?(ﬁnégumgs g)ﬁ()motq; Hg lrggeHg) |m0etilgiﬁ%% lg u%annOt be

sess e presence o ut becone

apparent.- only when nmurine PXR is replaced by the
ProjéutsydlY IBXR agd & P289rimenayizatfonwor k on- Types 3 and 4 above

5 A nodel has been developed where human PXR i s

meaiE! e Gieet Ba it com ™ Fleg 31 TnebbRbistle g pgscures. e
basict ROS £P6 e@eiAL S/e8NB. detfzRePitRa PaQT !t the aSomiZcﬁﬁi Igeﬁd‘IQiM’lbe expressed
to be functional as the nmice are res§0n3|ve

from therprringeroug RddA HoPIORWERE dn Gemertly dRige gsﬁsoﬁlowsa The,Neo transcript is

termin &k ¥ nol MﬁJent humani sati on has al so been
enn%ch?ggegoggqh respect to the CAR gene (huCAR m ce).

Strain differences between wild type and the hunani sed
In casr QfE,CW the) hweernzaﬂremmctmﬁ’et@ thenstleacHen markegnicgrtainprthed 3kb human
CYP%% W,]on{o erbeéxo ngn Eo%\llgglfnﬁthr 83 rrcl)arl] Sglt:%o?mE %ﬂr%%ﬁgfegg %Igc? 8 human cDNA

consis@ng BERENsPAR. Diie thﬂﬁﬁipt @%R’nnﬂztt&lfby 4 PEIPA niasif (s3e FIRMR Dr
muri ne CAR The construction of knock-out |ines has

al so_been confirned fo
In case of CYP2C9 the humamzatlon cassette 3’ to the selection marker, contains the 12kb human
CYP2C9 promoter, a human ¢cDNA of exonsl-4, intron4 and a cDNA of exons5-9. The transcript

is terminated by a polyA motif (see Figure 10).

The targeting vector is transfected by standard electroporation into C57BL/6N mouse ES cells.
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both the PXR and the CAR genes (koPXR and koCAR).
Moreover, mce which contai ned hunmani sed PXR have
W@L®s/1im8N crossed into m ce which contai ned hPerEGB2@E/001897
CAR to produce 15 mce containing both humani sed PXR
Clonendrehsehetvdseidh G138 5Eydppo§§tiveE«lpn®sasr'ﬁ: ddemtified HyySoutlierofblot analysis.

Selecéeéiiﬁ 3 (f:) %xﬁggq?g C et ?%ﬁ%&?qskggs?% :itngiﬁtrqnﬁ@geq ijto foster mothers
acco at /'\8 Gtan@srd opErafibie ?Fo%ed\@épiﬁérﬁﬂgmwgsg ESstéry m&ﬁllz Qhkpected and

hods: The targeting vectors are constructed
chimerisan gakermised by har calpwnHighyehimerin animals Frecusepfor et breeding in a
t|n vector is designed in a way, that the
C57@2§¢ZS§CH&IC%Q& 911 be expressed fromthe endogenous
ROSA26 pronoter in correctly targeted ES clones. The
The NEYPBAAN®EKRahouss term nated by a polyA notif. In
case of CYP3A4 the hunmani zati on cassette, 3' to the

W A A

confifR&Sthiat thel Rite RRPreSed WIRIENSIMNEY PR GIRISA Sh I1RE. OQuantltatlve PCR (Q-
~exons2-13. The transcript is term nated by a

PCRhénta pbipined fiomgilires dyfferentsagplectypes igypiddype ped huCY¥3A4/huPXR mice
DAL ARLL B0 B 48, b LA LSPNILIN v v

Figure@6exonsl -4, intron4 and a cDNA of exons5-9. The
transcript is term' nated by a pol yA nDtif (see Figure
The etl vector .is transf r.d
In- . P At BeF o s i PRI L SBP Bt [ CYggRGomRNA was
charadRESIdLAOH 8T ﬁ@@@a{é%f @@L&%?eas CoaEpEndhC usatheed eshnples led to CT
with 418 an ositive clones are identified by

valuosefid haf nIrpiemelediaT gl rgale small gnestine saneess highes uexﬁa?ﬁs‘éaRNA levels
[ a er

ver B8l SRREE 4 254908 348280142k i depenen

varlapmroofedldu@sl CYPIALmRNA @nptt:tsemeleﬁedsms Qluarobsewezddmallwhver < female

ect e d rismis det ir

iver i BB PN 1 VA e BOU oeEFepe of Go¥RaT I8 affponsistently
characferiged @ h@% BLrehtig atabérs (z’@aq&f\gmmmdA 1RE).

huCYP3A4/ huPXR nouse M ce doubly humani sed for Cyp3A4

and PXR (huCYP3A4/ huPXR) were prepared, and
An equiyglent quantitafiye FGReexperiment,an husan diver samples (Bt ﬂ})bbpymhat the levels
of C?B.N&ﬂ'e& 1 d& in ReTPBAMLLMER RERe (4 cBﬁBllragl@tt% @im;eahﬂﬁdman liver

romthree different sanple types in wild-type and

(comparCCA3Adle mymKErs i Bigure®7(amd Figurd %63y, and smal |

intestine, and fermale |iver) using CYP3A4-specific

I ABRLS re 96. In male liver induced
—vm—rh—égng%g—r\lﬁ&%m—nfme%d% oy ﬁﬂ% éariln!:d ‘yan‘pl fication of CYP3A4 nRNA

was characterised by a CT cycle nunber of 27, whereas
Figure 098 abpen diYR§ Adnprottirc edpssaipl @s Hu@d’PBAMEﬁ'PXR/koCypBaH mice, upon

induction with four different xenobiotic agents:

Induction agent Dose (mg / kg body weight)
Phenobarbital 80
Phenytoin 80 -
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values of 31-34. In female liver and nal e snall

i ntestine sanples, higher uninduced nRNA | evels 15
woers/1¢4o8er ved (| ower CT val ues; CT = 25-27 aneCRGB2008/001897

respectively). Sex and organ dependent variation of

TCPOBORCced CYP3A4 nRNA expres$8ion |evels was thus
observed (male liver < fepale Iiver < mal e

D it esti no\ A—wi-ld +ypo Se- u"_PI Hicationof
exapPERONeRNA was consi st ent W characterised by higher
CT cycle nunbers (i.e., Iower nmRNA | evels). An

In ea@fgydsff gndl Encgfé?rme' dnhh IV GreFtreafIRGA 'c&ﬁmre&) Nn OB 'a}{ﬁ{als Cyp3A4
sanple shows that the levels 20 of CYP3A

proteéstdsamly)dethﬁau’mCYPBA4/ huPXR ni ce are conparabl e to
those in human |iver (conpare CT cycle nunbers in
e 97 and Fi gure 96). The huCYP3A4/ huPXR/ koCyp3al
Yire 98 shows CYP3A4 protein expression in
huCYP3A4/huPXR/ koCyp3al | mce, upon induction with
Micef attanibed ffc&r(eYiPZwaedel poépacedarewhieh al QYRRE9 cdDNApenémidaeestruct was

noclyrtipls S88ahIBR" BOPI-CEBbORR OS2 Ciscliten 3 he himan CYP29C

promPEX TR NAAXS L&t PorRGE hG@Y?ZC@ﬁllld:é a8 hul VARt ® tRse®Blathed for the
were treated and co% I n uni nduced ani mal s,

mice Bym3aiided witlotespagt inds 4e(]S§ﬁ abevect abl e. The huCYP2C9
nouse M ce hunmani sed for CYP2C9O were prepared, in

5 knocked

Typd 8l ey fRemiResriaipben il g%?'ésg Qldebpdtizg 2 O 0C TS

drl ven by the human CYP29C pronoter. The validation
Projécts (T YR3 A-olustbhesbaipe CYRP0-chiste eachengy uéplademant ¢fghe mouse Cyp2D

obt for the m ed wi hres ect to

clustge gy ekt i LR O r g6

genom c regl ons (C uster exchanges) Proj ects:
MetHodP3thClattlifd vexsh arg®nst¥RAGyit ssidard xﬁﬁﬁhﬂﬂgﬂonmg procedures The

repl acenent of the mpuse Cyp2D 10 cluster by

generalppmgiplex fir 08ityA Kiads of tiatecting vestrs TR nd ted for two

cons&'ammﬁ, ds/ Bftrmf&%ﬁ RY sva%earera‘»ec@}aﬁorminw@gmw xlﬂouse ES cells.
st andar ecul ar cl oni ng pr ocedures. The genera

The furst neitqyl contains tarfancttoml RK dsseitef antdogr feddleted Ne@ gmesmm*r@pted from its

onstruct Use t nsecutive
ran PR SR PSP 490 M Dap RO e YRR Gl pggional 1
and MY6AydaDcasedtles, a thf(bQP fahdi slloxse € kid. The Minal tﬁ@eﬁtng vectors for each of the

functional TK cassette and a 5' . del eted Neo gene ' )
clustc;rrﬁx‘ghq,qgﬁs( alg depigngd ingsuch a way, that in correctly targeted’ ES clones the genomic

The

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 cassettes flanking the humanized clusters can be removed by FLP mediated

deletion (see Figure 11).

The koCyp3A cluster mouse

A koCyp3A cluster mouse, which lacks the genes Cyp3a57, Cyp3al_6, Cyp3a4dl, Cyp3a44,
Cyp3all, Cyp3a25 and Cyp3a59. The inventors confirmed that the koCyp3A cluster mouse did
not express Cyp3Al1 at the protein level (Figure 99). Administration of rifampicin (60 mg / kg
body weight) failed to induce any Cyp3All protein expression, though in the wild type
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15 tranl ational Start-ATG and pronoter by a wt-|oxP

site. The second vector carries functional TK and
WORWB0#MP80 N cassettes, a wi-1oxP and a | ox511 BCT/6B200B@01897

final targeting vectors for each of the cluster

- contrel cprateiye Snductonl esasgekedrly rshews h(Fagurney99).t hatkewise, no- activity in the

benzyisyapni it (BOY hobtte Wi GUOREL 1 dud R (IR By cither when
untregeﬁ of B RSin{hiRdn &i‘hfaﬂibicfn (6@51;:\%1 ﬁ% \@elgﬁl? QKOt%Htth@BQ activity

t he | oxP-fl anked gene cl uster Bact eri al
was diearlyfindsiced inthe witd Speented ({iBmedP)-wi || be used to
i ntroduce human sequences by Cre-nedi ated i nsertion
[
The %@ﬁaﬁ%hgfeﬁlm %ue rr%%lbzlfé: C us Zh?rsnﬁggﬁ% lec‘ﬂgrg%o %gfu%se%ﬁi_gormal liver,
smalnﬁtéstate&ddkdhhﬁhnsmmgysee Figure 11). The koCyp3A
cluster nouse A koQ/psA cluster nouse, which | acks the

The 515258 Mira-pHB00 o PR BB ALehaee IO nprome Peso;

Cypa5 0 ARPheLlelbsive fo WRESHe i Ghe zﬂ;@énc@ %R 18 présyi3 AL 60 ag /gBody weight
protein |evel (Fi %ure 99) Adm ni strati on of

rifampicim gysi SBpwn (r60igkg 9P- kg body wei ght) failed to induce
any QIpSAll protein expression, though in the wld
The 1} 8/ 149080 PCT/ GB2008/ 001897 contr ol :
pro e|n fnauction was cl early shown (Figure 99).
Li kewi se, no activity in the benzyl oxyquinoline (BQ
A baasxseel)mvfbgil chrogroserde (BA@M“’K’O‘@WJ@API@P(W Y 2@ﬁnldseuman CYP3A cluster
d or nistr t| on
(comP§1%1%m24( %gﬁg)&? ﬁioptbonafﬁ) \j\&g{Pg%?‘% wa% Hse t?] lI%Sﬁ sg& human CYP3A
clust@Ghiovthé }beVﬂaﬁked sier dfith¢ mdusedyp3a (Ilﬁ@er)/\hdcdrdﬁngne thoOsttatedly shown in
. (Figure 9%) 5 The koCyp3A cl uster muyse exg1 bi t ed
Figurg o} (flal G Edrmgery CRIESIONG He oS Fyics, & dReen By upp pRfpmoters.  PCR
geno!ybi\‘x@rwnh ﬁz‘gﬁéc't td HeCR0kD Bu@Re3 X HRGY cbhﬁﬁ&h Q@¥mlink @ansmission of the
a mcroarray analysis of the change in the
Cyp3e>c|mseg sxwmgngﬁmélséonles (sey Figuierl@demicg $@nd 2)0y p450)
enzynes rel ative towld type, in the absence and the
ng / kg body weight rifanpicin, are
The Y I in re 99 10 The huCYP3A cl uster nouse A
bacterial artificial chrombsone (BAC) carrying an
A huapp r%R 26 @pyesg00 chisetiruwamninyed At dleuste @rf the( moqur(i)epm gluster, with

B T T T

showsilif Flg@ife fohe ARRHS®En (RYtR@dighte) SHe@umad g&RI CYPIDE May Biftionally be deleted
strategy shown in Figure 100. CYP3A gene expression

by FIran@ﬁle@é regopwbinagory by pEyssing with #a ALP Aol #radn- pCR 15
genotyping with respect to the 200kb huCYP3A cl uster
Hum&PeYPb BB drd&h 'Ms Rfow B 818 isvenfts f bel &gress@ﬂ R @heclli\}é§ B?ﬁeterozygous
exchange ES cell clones (see Figure m ce
male ApCYPRB6 Imi®Y PR Bérresporsding corresponding protein band was observed in human liver

- microsomes, but not in wild type mice (see Figure 103).

The koCyp2c¢ cluster mouse

A mouse from which the endogenous Cyp2c cluster (Cyp2c55, 2¢65, 2¢66,2¢29, 2¢38, 2¢39, 2¢67,
2¢68, 2¢40, 2¢69, 2¢37, 2¢54, 2¢50 and 2¢70) has been deleted has been created (heterozygous

animals) following the targeting strategy shown in Figure 104.
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A human CYP2D6 expression cassette was inserted at the
site of the nouse Cyp2d cluster, with Cre-nedi ated
wa@letostiiwso of the | oxP-fl anked nmouse Cyp2d cl use&r/GB2008/001897
according to the targeting strategy 20 shown in
The ‘EIYRRGEIn HD2cSAhustaoised i modshat f.i gure, the human gene
CYP2D6 may optionally be deleted by FLP-nedi ated

reconbi nat i on, crossing.wi.th an.EL.P.deleter strain. .
To e afroe TR B SFEY ARl RS Eh ) TG oo G Sl Qs inerta
at th&mbh ¢ I0Muste? Lanldi tN@ ToxPIflaRRIdEI208 %O QhiSproXTPC fp A #ho(iSe Baster deleted
m ce. correspondi ng correspondi ng protein band was

by Cobmedipied reepnphination) aegerdingrioc g stareebng Bategyothopn i Figure 105 As
Y: ' S i qur ) C..C o
showp B STt SBE b CYPA) Gasiele B ARHRETHSUHEREY FLP-medintd
recorQ b RmOby crasshiy wilcatF [ R @&deterda3dm, 2c39, 2c67, 2c68,
2c40, 2c69, 2c37, 2c54, 2c¢50 and 2c70) has been
d has been created (heterozygous animals)

del et
Exa’ﬂ"%ﬂ’b&fﬂ?ﬁ"’fﬁ'@”"t‘ﬁr geting strategy shown in Figure 104.

99 WD 2008/ 149080 PCT/ GB2008/ 001897 The "CYP2C in
ProjéX 1008 AAUEYPREd, C YRGS -, DY EIBAL €Y P16 @nd'MIIR 1 -reporter
(currently heterozygous), a human CYP2C9 expressi on
cassette was inserted at the nouse p2¢ Cluster, and
Methodg: Thycipraeting Kesdors 2r50coRsirycigsov g standapd svolecylas gloging epqspdures. For

all r%ﬁh@x‘s%mé%@%'ﬂ?%o%ﬁﬁeﬁ meGRIAL BAlI 8t aggga{Acgi He g& fused to the

e targeting strategy shown in Figure 105. shown

translatioah atartFsiguofethe comespomding DYPACercadhdified BaGs carry an FRT-flanked

Ko PSRBT BB At BRI ose s cn

clondReady GEI8. i &js€6f € YP3o4eClYR2CLARBAYP2C BOYR2 @Anscript of the reporter gene

. CYP2C19-, CYP2B6-, CYP2D6- and MDRI. -reporter Methods:

is nofrgmingiedeby APolide oS it dhe BANSIrGiE prsadepiened Sichniigt ghe endogenous
ly A R 1P LOG. RhALIMNHERts afOtherekfle Ablenli &R B La&ofrect splicing of

m)wﬂghan Bﬂ%gﬁgrgu%%hified iﬁ sﬁgh aeﬁby? t%ﬁt a repgrfgfplmngo

the ey @’ tosthé trpedert(eeetthgure i2)ans! at i onal start site of the

correspondi ng human gene. Modified BACs carry an

In cagaFg%_ &nglsg gncf 5?92}§6?l %%?{?B‘%:gﬁp 5t tm Pe&)gﬂ% %%Qeﬁ lg Z&E@%&égﬁ:ﬁ/ acgolyA motif

act eri ol oni es anycin
linke@ kOthe seportbihgetd dbh alspnthaiein®én ¥ HAdre 18YP2C9 and CYP2C
19 the transcript of the reporter gene is not

term ed by a pol notif, but.the construct re .. .
in gl MBh DocHerSerbl of Shec by JoHb Hs S TaAGR PR AT il withoutan
additRRbERtbdskyFigaed4). These constructs are therefore

dependent on a correct splicing of the exons 3" to

t he regorter_(see Figure 12). In case of CYP2D6 and .
The ydfiesh Biteare ligersized ith Motk and taagestedintqentbli/gN mouse ES cells either
by sthrfiafd é]@crtr%goxgﬁoxﬁorg?o}‘é%tigp With lipbfc%ﬁl%%@&t R§ thERREtRYion of complex

gene wth a synthetic intron (see Figure 13). In case
genotybesl,\/!ﬂﬁllindaeizddr mpdibed ;B%Cbﬁr_ettm_sﬁeep@ﬁttteran geprepiige genetic background.
For gxzenrnp ep%regon?t)(uc%ot? %lf )f{éesn?(t)r{ﬂ];inmgt tor AR humanisation with the desired
reporter gene expression, the BAC is transfected into PXR or CAR humanized C57BL/6N mouse .
ES cells. 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
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20 additional intron (see Figure 14). The nodified BAC
are linearized with Notl and transfected into C57BL/ 6N
wWorpwsa49® cel | s either by standard el ectropore€T/6B2@8/001897

i pofection with |ipofectam n2000. For the
in vivedusressieg fuan IP-daleen ¥Rin- genot ypes, the |inearized

nodi fi ed BAC are transfected into an appropriate

. i AC nd. For exanple, for construction of

Vahcglﬁﬁrgéhg%u ) %ISSUPXR or CAR humani sation with the

desired 25 reporter gene expression, the BACis
The ¢ongried-gndeyde istmim rEyRB6MuCAR mﬂmbrz@d agirding m\lhmml@ods described

s are sele th.41 n [

hereifagf e JireTinEaatsaY o ARt B iR 3 P Tpt gy detits of
prefeFi’QRr@jétﬁh%%'trﬁms)Sﬁideéhtgdstﬁd@tﬂaﬁetﬂdScﬁ tﬁatmebem knbwih &Cp@ﬁbns skilled in

i nt ALBc- bl ast ocysts and transferred into foste

the arip Enpressioncd dhedrevgropertesieanrinasplagsd nadsr dhe cmnaele%mbt‘eQYPZM promoter
t

ina ﬁ#Aﬁg gblﬁgﬁ Lok iR dgg fe 6b %g&ggy fisst gargfélggg glrnlnywﬂm ﬁ@s GhedcABemuCAR

reporedh iniied (lmm:cmbmeéjOAﬁermduﬁﬁstrzﬁbn of 40 mg@hermbemtalmy:r kg bady weight,

the g2 g sST00 TS S0 0GR CADSOR7 DD RSYr H Yo

by crossing to an FLP-deleter strain. Validation of

The é’&rﬂﬂé}&ﬁno@bé 8418 rdYR2 DEPXRXweratniRe adéording to the methods described
p2B6/ huCAR was generated according to the nethag

above) @Be e EESTINg SEPIREY REPVIdRE hegii dtee nigragwplead ebglow gy ﬁa@ar details of
| &

prefegrrgcg ?C\‘%}}Zgges‘?r&%ﬁg}g Stn% sf?%g)gl\ﬁaxﬁg’cﬁ%&ssﬁﬁfgrbz{ ggﬁg’}%\!\zﬁé@& ersons skilled in

the atthlé;tpraslen wethe Zshellaw tapoperssonwasthius plactdiunderithe egntrol of the Cyp2D6

R BB 57 S5REL SRS BB Shoe

rCyp@BG/KGPXJRJ Réportbi Be QiR rSiBR¥EMES) SEHEEZsYaNP epofteOgene allowed the clear

d-type and r Cyp2B6/ huCAR reporter mce (liver
localﬁ?‘&“&%{;@%‘% PURMOET aglifiyni st rati on of 40 ny

phenobarbital per kg body weight, the lacZ reporter
ExarfiPs: RidiRhal SlbAMEBIN 18 an t&rg@t@lg,ﬂ staldoftd Of Cyp2B6
ronoter activity. 10 The conpl ex- genotype strain
%p2D6/huPXR was generated according to the nethods
A.  deEmnsgrapfiondfast@rsand the targeting strategy provided
herein (see Exanple 5, below for further details of
siflpsg r Cyp2D6 strains) and using standard nethods
;)%T‘r—a are well known to persons skilled in the art.

Expression of the ZsYell ow reporter gene was thus
Furthgt steategiasrfdePXRiwmanisetian andfknpgleoyhepDbeenpjdentiicd by jthe inventors. As

in th%\}f&g u?n%érs [ho%us?%telggcli Bg«;cﬁltigx s eﬁgécrt ggl% (?éggR‘%cf &CL tl?ama hybrid of

humai ID(RJSDNEE@)ld gﬂit&nﬂ&ééﬁieh@ﬁllsr tﬁﬁlﬂﬁb éife t@siaticaal ﬂmﬁtdd’fehe mouse PXR
clear | ocalisation of pronpter activity..

gene.pyheRghydhamoyg giart S&ﬁé@TﬁhF‘cﬁxﬁ%& Isé¥f2ipethar di ng t ar geti ng
strategies A Transcription Factors huPXR and koPXR

In one strategy, the human PXR sequence contains a cDNA of exon2-4, genomic sequences of

intron4, exon5, intron5, exon6, intron6, exon7 and intron7 and a cDNA of exon8-9 (see Figure 62).
This human PXR sequence is provided herein as SEQ ID NO:2 (in this sequence, the human
“CTG” has been deleted and the initial “ATG” of SEQ ID NO:3 corresponds to the start site for
translation in the mouse). This huPXR mouse is designated huPXR.1 (see Figure 85 and below for

its characterisation). The transcript is terminated by a polyA motif. The targeting vector carries an
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20 Further strategies for PXR humani sati on and
knock-out have been identified by the inventors. As
WO p00Bhe0BRXR humani sation strategy descri bed abP@UBEGBRIVS/001897
vectors are designed such that a hybrid of human PXR
FRT-€lbiad Ehygi‘oggn'mrrimstaaq wassettes Fushehmeredatt sites lage inserted into mouse intronl
art. site of. .the rmu 3 PXR

and %lgql? J atdlt qg]tgt% gtémglpg}f f‘“@ﬂ{’lgdt Aws § gg&%ﬁtﬁ% é}e d PXR knock-out by

remo(fzﬁto?'tﬂ'éqgtenhéh&@ Qedifehétl @M tht Biee-4pebifio PREB3 $ esteRBiEse (s %ee below). A
contains a cDNA of exon2-4, genom c sequences of 2

reprefentation 4f the xomBletd tatgeBRSVectox epBprising the aBovedsatwres ipeovided in Figure
63 intron7 and a cDNA of exon8-9 (see Figure 62). This
" human PXR sequence is provided herein as SEQ I D NG 2
(in this sequence, the human "CTG' has been del eted
This 3fstedyhenabliistéxplessiénl Gf homaSPER DhddDthe cartl‘cﬁzsﬂicmﬂmotlm promoter, in
the start site for translation |n t he .nouy se%

 absengg pERhpgDewe; RXBeSPETsiPRARYPIIE fhat SBHCIRE diir fogapigpigp the human

situatif] WY kfwn hidarf Qﬁ“c@cs];aﬁﬁlll@ 3ktvRB) ExOR® ahd X868 MRl beexpressed, and
tefmnated by a polyA notif. The targeting vector

aberremtvaiiangs ereated Oy uni@ye@08rypLHO SIE0e BT/ MGBDe e BIIdB1 897
FRT-fl anked hygronycin resistance cassette,
er R {. t
The ta?ﬁﬁ{m %ﬂ%& lg t?a‘i’lg 8§t # %?I'? garh %2e%f>§&§1/tjicglr ﬁrntorr\%ﬁﬂ?lh/m | r}:)gt\l}vlg ES cells.
Clonéshite gedevesdatvith Ihy@-bmgmﬁ’)éﬁh Ipnsm'ke— dortes lye idestifiedelly Splithietreblot analysis.

ML AR e W TR TR T —

accordBRb %Eaﬁd&rarcﬂ)gltahﬂxg pf&@du@és TR fr&hBesk h@sté}b@iﬂéewsually inspected and
features is provided in Figure 5 63. This strate

chimesirabisdisteaniped b haincapumHighly GhRerinnals es wserh{or Gt breeding in a
, e, of _
C57E¥6L2€I\rl wgrgeff%nt?ac%%ﬁﬁc{ Sele@%oxfpﬁﬁ{éf"s ard rer?lﬁxeer%n?gﬁ% ﬁ{?sosstl?geto an FLP
deletérytrain. situati on, the known hurran splice variants
bet ween Exon4 and Exon8 will be expressed, and

s B B P 0 LR PR Frons

 introd 7 B6HE foask IMés maaakéamdlamls@mmmmt 1omKR,ibat mg‘ESE{&Lfm,Neﬂect the

nouse ES cells. Cones_are selected, W|th hygr ony
normakhplipie iPertere ie lhemass Gree if LeMPET sRbige BYe Sk BHigk exon? and 8).
Addl@(%ﬁg%ﬁka)\?n PX3E llrﬁﬁlﬁegldcéﬂ)ﬂes% nEes® eéﬁaﬁléj Gidjudedlif? Qﬂeegréeﬂhg vector to
c-blastocysts and tranaferred into foster mothers
1mpr<a<ecthc dpliving patetm nf desired, p&raﬁtxamplepﬂ@dexgamgvemrtm@r mtain all of the
t hese fosters re Vi sua [ ect ed .
humpr X SO P BR A8 RGOl Bar Mgy gagn 3 inron 3. exon 4
intro€ 0l XBA b CinB6h Pdxon 8! Rtrs 6 kxR, ihitéd Nesxod 8 ardindgn BIised Fidure 64). A
C57BL/ 6N genet| c back round. Sel ection markers, are
humandieR/ mupwevn%dlb&th@?eo%iéltwgalt&sn%wewnﬁ‘a'%Pr@r"dgfi hegpin as SEQ ID
ﬁgnc TR A TeH Al 620 SSetcWARE BleIniiREATG” of SEQ ID NO:4
NO: t r'!ggletl d?ngdnstl?ﬁ%atn ?gﬁ:{, allllggng PXRefen rong ?alnlg] A|nt roon Q
correfonds Weheraars sitd fongsnstdniad irathe mousedni sed wi th respect to
PXR but m ght not fully reflect the nor mal spl I cing
.. N human

The Pee tgr@eﬁb@g GOnStrye 3 ‘59%?‘6&“7 Fléﬁ)de %)IS ]}/ gttﬁrri\cagjp tgelz)erliaalng P%(ﬂ E’nock out mice,

becatd&thdt thfgefingd BEhsBUENcoRBMHECATC B&diGeHal b;ﬁlde%héjﬁ(ﬁdpdlﬁ\ tnli'tﬂlf to prevent
t ar geting vector to
expression of undeleted mouse PXR exons. .

The insertion of att sites into mouse intronl (attB53) and 3’ to the splice acceptor polyA motif

(attP50), allows the generation of a PXR knock-out mouse, referred to herein interchangeably as
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i mprove the splicing pattern, if desired. For exanple,
the targeting vector may retain all of the human PXR
wW@erwemIwssequences downstream of exon 2 (i.e.,PCHGBRI8/001897
2, exon 3, intron 3, exon 4, intron 4, exon 5, intron
koPXR oeXHR H(Oi ol Ao feneeatothiy knbcvkt—ouj,n seZ],ueIEnS) beBveamdhe att sites were
intron 8 (see Figure 64) quence
remoyetusing the Sitenipseific bt ¢7 ’owa? %@?ﬁa € é&’éﬁ% tes is
provi ded herein as SEQID 25 NO 4 (in this sequence,
A hupgﬁ lhﬁ‘m@s@ as ¢ @glb@%o@@ﬁﬁhi@ Ex@hpe, RRdeih iR HuftlahPAR sefidiéace contains
NO. corresponds to the start site for
a cDNAanﬁ bmrﬁeln gpmpnuxn sequsgess)of mmsn% yp@%fmttoaﬁg@tqnﬁgmtron6 exon7 and

intro eﬁgé Clhléig%m’i?ﬁg@k sgel:d tr ure |6§ a?'n rIBdIt\JPO{) P%sr lg)féetn %repared and

chardeRiséd &d Fig@e®Ba).ns an addi t| onal spI i ce acceptor pol yA
motif to prevent expression of undeleted nouse PXR

exons. 30 The inser t sites nto nmou
Sequper DA e cd fhatine fuPRhd BpHE cebhEPERTD gy Rman splicing
varlaEQto'f E’XR( 3k 4 £3bwn AIF; QN6 8% rl:%m%@ﬂ%@ k@ the RAPRR n@ouﬁ’é%ntammg intron4 and

out nouse, referred to herein interchangeably a
mtroﬂi’n)ﬂnd/@h@@ﬂ@/ DR Ee @@W@Bmesw@msﬁ BEQUBPXR: by rlfamumled to a yet

Strontg?femg{“ft'og (f%n@yp%%ﬁewr Zrmve g‘h{}mo“t%g %?s% B‘%{c‘wn‘ the huPXR.1

mousd@Turthe? LofteRMENAAR & dndaetifel egtjﬂi/ﬁxtx&‘»ﬁ)struo@ul’ﬂ loPXRQIIDrN)O% This further
as described ahove in this Exa Q%ﬁggreln t.he

incremel SOUULAGE EGRBFAYS AGHR DR dioNErH SGeHGY O Muhans to this

substafict! @&ﬁ ecptfo hiBd." Pinv&XAS Bake 'tm:t;fo@i@i%n tHRX B BuPXRLIMA&Ke particularly
exon’ Intron7 and a cDNA of exon8-9 (see Figure
accuﬁl&lﬁr@GSEﬂ)eIerm@) andpaidvityed i Xf i pramens. and
characterised (see Figure 85). Sequence anal ysis
Morcgo%glp ?thréra tcc? %ertltflfl%%?% gfe rlpa rpﬁgﬁa i o?neg 14 e§ﬁ§§§(ﬁgﬁ IPlr{]OD activity
only Fih gh¢ fhuBER Icaowmar bat ha inhke huE)QRpmusret@ohuPé(R] inmgise containing the

i_ntrond and rons a erw
exonBRGhY Piersh o8P RGP DseBEaR SN, P KR, sy gt only on
Cyp3a@1.2b0 8§ alk® aBlk O RERICe kiIkprdssion @F CyyIbIalal hiAtiodds of rifampicin. As
benzyloxqu|noI|ne (BQ assay activity in the huPXR. |

CARnis lﬂl@@ ablertp I@éﬁVa(fﬁ)lPﬂtbthﬂ 3phk anshibe §ya?=¥t}036m5h@ls observation using the
huPﬁ.? Iurf]etng Ol as gst tﬂ% ?m?&ta%@ f’ Qomal"f() bet»;m:hsrcé ?fotrg] &hd demonstrates

Pncréased se Vi o rifanpicin is consistent wt
the viah dfitlhepansie rapplbaoh firy whfch hbmeegsertce abdexpressioh sif andaple receptors is

conpared tqQ m ce. i nv ors tak 0S
hum TN T b 168 TR FEULARY J0rs BE TG P cieReHors, phase-
an&&%a%?ﬂﬁ%%%oﬁﬁ% &kt ind/@fdrRnkporidtbB described above.
Moreover, “hi gher concentrations of rifanpicin induced

gﬁprlo expression and PRCD activity only in the
huC kaCABuse, but not in the wild type or in the

huPXR nouse contai ning the exon/intron structure of

As n§é@e'1 erhge Jabc(v%/? gx%'fegtléﬁq\uﬁé)\ CAhtJ Eeaﬂén%eq’s ;%Rd&dﬂh@enﬁ% SEQ ID NO:4.
no y on

, but I's also able to induce the
Thxsexml&mss icontain$ aQBplﬂblPﬁ) -g81 mcghmti@s sitc GIBABX withincintion2As A preferred

| det
targ@g ﬁ%?t@ayglgg@n 1{e1 ﬁtgglr%gé N {s FS% a&ettllnl% v%& iS'S ]OW%Qn Flgla?c: 67.

huPPARa and koPPARa

A DNA sequence encoding human PPARa is inserted into the mouse PPARa locus, as shown in

Figure 68, enabling expression of human PPARa under the control of the mouse PPARa promoter.

103



10

15

20

25

20 huPXR 1 sequence enphasi ses the inportance of
cross-tal k between receptors, and denonstrates the
W@ 200884980 t he "panel " approach, in which the sPCUEBR@S/001897
and expression of nmultiple receptors is humanised,
The PN Afsequahdeyenabddihg hemarPXIA R doriptiRes amdeast parebfinarbi § and tron 6 of the

further receptor §ﬂase-1. and/ gr. phase-2 drug
humafyetPALRH peierl EbHE, §ed e IRGINEAPIGHD), BAE staupace elgments that enable
Cre-nfil&ifed BFAR ARQYR-ouh i GRRRE Lo AR Fizurd'g)N0t ed el sewhere

above, a preferred human CAR sequence i's provi ded
herein as SEQ ID NO 4. This sequence contains a 53 bp

huAhRAndR8AhRecogni tion site (attB53) within intron2. A
preferred targeting strategy is shown in Figure 66. A

A DL LT AR ATE s BIRUR NI ki s s

in FigdiPAB®, dnablingsedpteasion of buthire AhRumderRRARanttod ofi the msuss dBhpromoter.

SN GEVEE I TR T
69). %Q&g&ﬂ%%@toﬂg%mggﬁ%é Sifrhentd (At EMB1eS@EUREUERd AhR knock-out to

encodi ng human PPARa conprises at |east part of intron
produge kpthR (figwra 68).0of t he human PPARa gene (Figure 68).
The targeting vector(s) include sequence el enents that

enabl e . ' PPARa knock-out to produce
B. k%&%e%?gﬁﬁghgweshuAhR and koAhR 5 A DNA sequence
encodi ng human AhR is inserted into the nouse AhR

huCYR3@&ds (knock-in) as shown in Figure 69, enabling
expressi on of human AhR under the control of the nouse

R pronoter.. . The ue e ' ‘ .
A DN P TR S £ Y SRERATAGY At ARERSs enocki s
showh 9. Figiie 102regeblinggexpesstion (of) huntual ¥E3 A4 qudac eheetormdhbs a human

t hat enabl e Cre-nedi ated AhR knock-0 to rqQduce . .
CYPIhARMORr gl DEY) ?eqmcs.en@zdt@maab%ﬁ%%afe%ﬁa?@h&npﬂses intron 1

 of thd WA A 4RA. sequence encodi ng human CYP3A4 is

inserted into the nouse Rosa26 | ocus (knock-in), as

shown in Figure 70, enabling expression of human
koCyp3e3A4 under the control of a human CYP3A4 pronoter.

The DNA sequence encodi ng human CYP3A4 preferably

The %%g;ﬁﬁihﬁfargg& lis theer@l 1@ tnémﬂﬂusg_Y@ 19€14eus by gomologous

/s een reporter gene is’Inserted int _
reconttimativousseshOyp3ial Figure Glis elbyinhtorgéxpgrssion of ewwsd Cppdal bngnd enabling
as sho i n_ Fi e 71 | Lmi.nati ng expression of nouse
ZSGr@ﬁ’@QWWe %WOL&%{E? gy é’é’é?nfelenﬁorﬂ% &r the control of
t he nouse Cyp3al | pronoter
Loss of Cyp3all mRNA expression in koCyp3all mice

Figure 94 shows that Cyp3all mRNA is not expressed in the liver of koCyp3all mice, either in
the absence of a xenobiotic agent or upon administration of 60 mg / kg body weight

dexamethasone.
Altered midazolam metabolism in koCyp3all mice

The also inventors studied the pharmacokinetics of midazolam (MDZ; metabolisation to form 1-
hydroxymidazolam) in male koCyp3all mice, in comparison to male wild type mice. As is

apparent from the data plotted in Figure 95, 1-hydroxymidazolam formation was significantly
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20 Loss of Cyp3all nRNA expression in koCyp3all mce
Fi gure 94 shows t hat CypSaI | MRNA is not expressed in
wo b@si1ssper of koCyp3al m ce, either in the BUBEEBL@®S/001897
of a xenoblotlc.a ent or on adn1n|strat|on of 60 ng
redugedyiny kefopalielignin t H‘éﬁ%ﬁfrﬁ@ gbpanices t ered mi dazol am
nmet abol i smin koCyp3all mce 25 The al so i nventors
huC PP Gt AR KBOGSRGRkENEt | cs of mi dazol am (MDZ;
netabol rsation to torm 1- hydroxym dazolam in male
koCyp3al 1 mice, in conparison to nale wild type mce.
A DNA sequengp pacteihtg ﬂwpdlmaheCH%&Aa chistst i thsértedFinguthe 1@8)-flanked mouse

e g B R 55 AR BT S S e

control oﬁhumarﬂCYPBA ;ﬁ&ﬁ@tersr i tiadelihg Ve€6r indliddRAP ekq&h&r elements that
and koCyp3A cluster A DNA sequence encoding the

enablexiisg medhack defetion of fhsanqusel CYRBA alysiery tepmdppealfﬂ@mmﬁfeé igure 72C).
Cre-rgggg’téi 8&19§6$§f thﬁ‘?‘no% %@ cgﬁs%l‘ i€ foil%we(? 'Bgltlre-ﬂﬁdlateg insertion of the
human P er the

expression o A cluster
humaoGYPEA dfistéry e prod¥R3 Au@YBIvbt(Bigsre THE. tAdtegalid imgertier tofrthe human

CYP bR E R TR B MR e T e P RL AP RIE iy using FRT sits tha
are aRb ?fk@&ﬁ‘ iK@Y n@S@&orFﬂF%F@Z-CZ}C) Cr e- medi at ed
etion of t nouse CYP3A cluster is followed by

Cre nmedi ated insertion of the human CYP3A cluster, to
huCY¥ R and keGypAaghusteri qure 72C). After the insertion of
the human CYP3A cluster into the nmouse CYP3A cl uster,
A Dﬁﬂl SLiRE HRSER heRak ey €lChlserttdl RO HETmSsE %y;BQEEtluster at the
are also present in the targeting vector (Figure
Cyp3’#2t)locumﬁ®¥bim4€>@msmm@ﬁ;b@alacIG)QIW mmesmughe%the 13 kb human
CYP%Q}EI g%lm%gerhlyl e d B %@ﬁgﬁ%gﬁl Jgga (glrl]sat 1 1% geletgc)?( rggo glé? Behgéegr%erated
human CYP3A4 under the control of the 13 kb human
huCYPACIA4 pronoter. Mce in which the nouse Cyp3a cl uster
is deleted may al so be generat ed. 15 huCYP2C9 A DNA

R TN O e A N

vFlguxe)VBr at8slinexpresKivNBNhYI2CIPRI Bidel FiR oRIBSINd@lthe0l2 K urdad CYP2C9

kb human CYP2CO pronpter. The DNA sequence encodi ng
prompgrraheAMSA Gy auesp Frcod s Jumap QP2 nstEisesor L Rbessquence of human
CYP@&%@%nWTn"gQ@?@)(F' gure 73). 20 huCYP2C cl uster and

oCyp2C cl uster” A DNA sequence encodi ng the hunman

CYP2C cluster is inserted into the nmouse CYP2C
huCYH2Gsalester apnd koGypafucluster Fi gure 74, enabl i ng expressi on

of the human CYP2C cl uster under the control of human

A DNA sequence encoding the human CYP2C cluster is inserted into the mouse CYP2C cluster, as

shown in Figure 74, enabling expression of the human CYP2C cluster under the control of human
CYP2C promoters. The targeting vector includes loxP sequenee elements that enable Cre-mediated
deletion of the mouse CYP2C cluster, to produce koCyp2C (Figure 74C). Cre-mediated deletien of
the mouse CYP2C cluster is followed by Cre-mediated insertion of the human CYP2C cluster, to
produce huCYP2C (Figure 74C). After the insertion of the human CYP2C cluster into the mouse
CYP2C cluster, selection cassettes are deleted, using FRT sites that are also present in the targeting

vector (Figure 74C).
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- Cyp3ptlolosyse enabiing Exprassige; ¢f)

CYP2C pronoters. The targeting vector includes | oxP
sequence el enents that enable Cre-nedi ated deletion
wo@Rosheosbuse CYP2C cluster, to produce koCypZ2BCT/EBguese01897
74C). Cre-nedi ated deletion of 25 the nouse CYP2C
huCYH2 d koGQym2srlusiged by Cre-nediated insertion of the
human CYP2C cluster, to produce huCYP2C (Figure 74QC).
t [§
A DI LERHIE AIBE A UIRS BURBRENTE G Ul hisr, nsbing
expressidred EliymansC WB2CRinder thescontralt ofthe 12kb dumpae £31P2CP prarhager. Mice in
.targetin tor.(Figure 74C),. 105 2008/ 149080
Wh‘C}P%‘f‘%E% %G%@?‘S‘ﬁk%%@wﬁ of 868C9159¢ cluster A DNA
sequence encodi ng human CYP2C9 is inserted into the

huCYPRRsan@xplen2t) dledt&r , enabling expression of human
CYP2C9 under the control of the 12 kb hunan CYP2C9

ronoter. Mce in which the nouse, Cyp2c cl uster
A DY Seqsnes -0 GUan QAP Steeded Y BECBou ARy st cnabling
eXpngél&lst)Ffl d;ﬁ‘arPH’Q‘P‘éﬁg U85 Ghé Q%ml%tﬁwmhﬁfnz%m% promoter. Mice in
serted 1nto the nmouse Cyp2d cluster, enabling
whnclebhpmemscr Eppauifclustamisnc@w@anmey alslesr gentratedont r ol of t he
9kb human CYP2D6 pronoter. Mce in which the nouse
huC d ust er is del eted may al so be generat ed.
Cyp3a 11 10 A DNA sequence encodi ng
human CYP3A4 is inserted into the nouse Cyp3a cluster ,
A DNA :teh@encé,)qn&aiinglhhmmus:,YPéA&bisi ingpriest pintesthe onowsé Cyphaciuster at the

CYP3A4 under the contral nouse p3al .1
ﬁl 3694 Wj&% (ﬂoﬁté?l é}f tl?e mouse Cyp3all

promgt@ @JI{@Q nmabﬁcl@{h%%&@e Q%B%rcﬁisﬁ:g isTHefeYdd rhay'aldo Be(gbéRerdted2
koCyp I Al /CYP 1 A2 DNA sequences encodi ng human

CYP 1 A1 and human CYP 1 A2 are inserted into the
huCYPRIA ICYRIAT ang koCxp AMGYBEAZ enabl i ng expr essi on of

human CYP1Al and human CYP1A2 under the control of the
DNAQU&@HC&Q&(ﬂmﬁ@%aQWM 1%%%1%5 SYPYA%Grd fseMil Ghio m@emouse Cypla

nouse Cypla cluster is deleted nmay also be generated
clustdny&i@bliog @spressicanefl klmU@TCé’Pilét and Aumgn, G¥RLehueder the control of the

huma&orkg\glg lﬁg%r%ah @YPH&@ Pro%‘ers 1%(2 f;]ngyrl\vﬁf]liclﬁ ﬁﬁe&?né%sﬁe@yé?%ﬁs&pg deleted may

uste
also lRN@hérare@. expression of the human Ugtl cluster under
the control of human Ugtl pronoters. The targeting

vect or incl %ers | oxP sequence el ements that enable
MM&{MU u i on of the nouse Ugtl cluster, to
produce koUGT (Fi gure 75C). Cre-nediated del etion of

A DNAGecquEALS endddinly tht HEhET Ughl El@htbloi&ﬁdsel@&d Gite-the toadeeUgt1 cluster, as
i nsertion of tl%e human Ugtl cl uster, Pr oduce huUGT
€

showp fip diguee 75nablire exprestien phherhumsn Ygt! tch’é hundss thgeqntrol of human
Ugtl %r&ﬁ(gtgxrs. JFRA; eréetﬁﬁg TRUGEIndlds IBJ(IU%q%Ence elements that enable Cre-mediated -

deletion of the mouse Ugtl cluster, to produce koUGT (Figure 75C). Cre-mediated deletion of the

mouse Ugtl cluster is followed by Cre-mediated insertion of the human Ugtl cluster, to produce
huUGT (Figure 75C). After the insertion of the human Ugtl cluster into the mouse Ugtl cluster,
selection cassettes are deleted, using FRT sites that are also present in the targeting vector (Figure

75C).

C. Drug Transporter Proteins
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25 selection cassettes are deleted, using FRT sites
that are also present in the targeting vector (Figure

W@ 30p/1490880 Dr ug Transporter Proteins 106 WO 200BCT/¢8R®8/001897
PCT/ GB2008/ 001897 huMDRI/ndrla i A DNA sequence

u Stk human MDRL is inserted into the nouse Mirla
| ocus, as shown in Figure 76, enabling expression of

A DﬁH@nguMnééﬁg@rhumﬁ MPRYT 8 linseed i€ fﬁ@%&xsm&r@a locus, as shown in
pr onot er sequence encodi ng human

Figue|/i¢nenabibi] expbidgion of bemer MR hvndenthe wontnol of themaouxsm dezlb promoter.

b"/ ence d human . .

The (% seieeh cafiing Mgy Y, SRR BRI 8% 3eiEfes raring wit
the ififlal AA@ure 77, enabllng expr essi on of human NMDR1 under

the control of the nouse Mirlb pronoter. 10 The DNA

sequence encodi ng human MDR1 is the human MDRI cDNA

sequence, starting with the initial ATG huMDR 1 /nmdr

1 ai-/mdrl b_i_ The cDNA sequence for human MDRI
huMBR®udde 1" Wi th “the initial ATG is inserted into both

the nouse Mirla and Mirl b | oci, enabling expression

of human MDRL under the control of the 15 nouse Mirla
A DMAdeqenehersedingthaman MRR 1 tigingertddnigta e ardviseMdilb focupas shown in
Figun%aﬂe%n:g@é %aé‘ﬁl;e%\g/\,ﬂé pg hl?@%@*]%ﬂduﬁ?{a rhge§ﬁtp o? the 16, mouse M Mdrlb promoter.
The BN@US‘eﬁue?Ee encoldfbgdeinian MD®Ri is M&Vlﬁmmhd\dbﬁu S‘dQNAO 8&quence, starting with

ated at the Mirla | ocus according to the

ﬂw‘%?gﬁﬁgby provided in Figure 76. 20 huMRP2 The cDNA

sequence encodi ng human MPR2 is inserted into the
huMDRUSRI: M BRdd1gtus, as shown in Figure 78, enabling

expression of human MRP2 under the control of the

use Mp2 pronoter. In this strategy, %&) the nou
The ?%Tz{ﬁeﬁeqléw%&gd!wné%%lr sfaging gy thednitig] MG, H-‘é"ﬁ%ﬁﬁélnmto both the

mouse EM&IWaInh m&lb'lg&r 99&5@1&% eR e?smlngﬁ hlﬁﬂgl ﬁfﬂiRlC ﬁmﬁ:’rttfge g(;/ntrol of the

retained, (rii) t ranscript is termnate
mousg Nbdyll gl ﬁnd Wir oprpinptessn dT Hei tedgetirpais edngiedtie thersame rwa2 as for the Mdrla

i S retalne Fi % ows t he.
and l\%ﬁrqg gm@erl}u?éi 1|szc1)tho Eff npl%grlg)f rﬂl% n 1 re 77 in ES cells that
have PfeRibusly Heef m@mpﬂﬁﬁe& dt theiMé@sa &fcu§dld&@rdﬁrfg(lmﬂﬁehﬂramg%fbvided in Figure

MRP2 transgene were observed. 107 WO 2008/ 149080
76. pCT/ GB2008/ 001897 '

huMRP2

The cDNA sequence encoding human MPR2 is inserted into the mouse Mrp2 locus, as shown in
Figure 78, enabling expression of human MRP2 under the control of the mouse Mrp2 promoter. In
this strategy, (i) the mouse leader encoded by exon 1 is retained, (ii) the human ¢cDNA will be
introduced on exon2, and splice site retained, (iii) the human transcript is terminated by a polyA

motif, and (iv) the complete intron 2 sequence is retained.

Figure 106 shows the characterisation by RT-PCR of huMRP2 mice. PCR products of expected

sizes arising from the human MRP2 transgene were observed.

107



10

15

20

25

The inventors have al so created huPXR huMRP2 m ce. The
conparison of bilirubin levels in the urine of
wmmmmmpz vs. wild type mce reveal ed no PCT/GB2008/001897
ignificant differences, either with respect to_total

The gventors baYe ¥q ?TF%IEﬁ' RuRXR/BuMREY, maice.0 The comppagigon failirubingevels in the
L

urine r‘ﬁé%)t(llgﬁ}\/lﬂ%u P@&g? éﬁ%//éve I?g&g%ﬂe&gs‘?%ﬂuﬁi%ﬁﬁ&ff £fce r@tﬁier w1th respect

to towl bddn'gqbdallrrulme (éetei‘l"egure h87)nginrronast, ih RE2T C&uden 1ttha§ pfevnously been

biliru urnal of P
reporfe it st WAL BUFS erecie S0 IEmgher (BB Y4 trpromics (bere being no
differRhceinotaMsi RruBid; f 8E SakRal IOFPKM%‘I%&Jéﬂﬁ%ﬁb%edtﬂdl*h%ﬁ&)@tﬁlcs 317:579
that the huMRP2 is functional Reporter strategies
(2009 Y Phack @f The sychdiisreqrgrin dnPYRAWMRRY mive indicates that the huMRP2 is
mnm%)ggscrlptlonally I i nked human CYP2B6 pronoter (up to
0 dependi ng on the extent of BAC insertion) are
inserted into exon 1 of the nouse Cyp2b6 |locus in BL6
D. ERguirtes stragegidaown in Figure 79. The sel ecti on marker
keo is deleted using the FRP sites and FLP
[CYP onbi nase, as indicated in Figure 79. This strategy
-———%ﬁ&oms expression of the LacZ reporter gene in mce
under the control of the human CYP2B6 pronoter. 15 The
The M&YZ) @pértc@rped ahd) ther tfaXiRiBPonROliiked hifRids € YF2B6 promoter (up to 70kb,
represented in Figure 108. rCYP2D6 The ZsYel |l ow
dependingopn B eteROBYC upsertionharg dnseped Biapron | offhe monseayp2b6 locus in
BL6 E%(F’g@fi aPEHRWRLR rFl%.l%pplg Orhe%gl%ptlorgﬁgﬁc@gk&% Q{le&:{j‘ Gsi %Ih%q;tRP sites and
BAC insertion) are inserted Into exon 0 t
FLP m@n@yp&:ﬁﬁdlcm@@ trsFigure B06 THS stetdgy allass sipoassion of the LacZ reporter
Fiqure 80.. The. sel.ection keo |s del et ed using
gene {%‘g‘cﬁﬁb‘?‘ﬁ(ﬁh esﬁoflggleoggtbe e i388%Tas i ndicated in
. Figure 80. This strategy all ows expression of the
The vAEdaioh ofithee 0¥ PRB6 rqpener ousisaeprasened ik Rigueangr ol  of
t he human CYP2D6 pronoter. The validation of the

rCYPﬁéEZDB reporter nouse is represented in Figure 109.

P3A4 The hCG ZsGreen reporter gene and the
transcriptionally |inked human CYP3A4 pronoter (up to

The 28 Aio¥brepoienedtde ngd G irieceptiodally Gk kurhdhs EYPRDB)préhéter (up to
inserted into exon 1 of the nouse Cyp3a4 |ocus in BL6

50kb,pdspending on the eemnef BACGHngeHen)gre lqsﬁ'ée%@nb@&qnolnomﬁ lquse Cyp2d6

locusK& @L%SESd@e'll@ta%@hU@ﬁ ﬂgFlgﬁ‘r% éBRFi‘he%blte%nemgrkgrL@o is deleted using the FRP
reconbi nase, as Indic In Figure 81. Thi at egy

sites and 618 reeqmle@sc,oas nflicathd il EzurZ 8Gr €Bnis stegiegyt zdlo“geaxeresmon of the

1 ce der the control ronot er.
zsvelfif epShsas Hab8on e eCasnlsaiat BRe A 2 R PaRE o
of the CYP3A4 reporter nouse is represented in Figure
The valldhtion O 3 @YPRDE reporter mouse is represented in Figure 109.

rCYP3A4

The hCG-ZsGreen reporter gene and the transcriptionally linked human CYP3A4 promoter (up to

40kb, depending on the extent of BAC insertion) are inserted into exon 1 of the mouse Cyp3a4 |
locus in BL6 ES cells, as shown in Figure 81. The selection marker keo is deleted using the FRP
sites and FLP recombinase, as indicated in Figure 81. This strategy allows expression of the hCG-

ZsGreen reporter gene in mice under the control of the human CYP3A4 promoter.
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The Firefly luciferase reporter gene is inserted into
exon 1 of the nouse Cyp3al 1 locus, as showmn 5 in
WOraneo8®2. This strategy all ows expression of PETI6B2008/001897

h ZsG een reporter gene in mce under_ the contro
The xﬁaaﬁgl ﬂ@ﬁ%@fﬁ%ﬁ EIPOIE BORSE &3 rePreFfated i Eigdis HO;

alternatively carried out using the ZsGeen reporter

gene (Figure 71). rMDR 1 10kb of the human NMDR1

upstream pronoter (USP) including exonl and 15kb of

t he downstream 10 pronoter (DSP) including exons 2
rCypdall 3 are fused to the start ATG of the firefly

| uci ferase, as shown in Figure 83. USP and DSP have

o D, S o3 A S TSR s, s

in Figret82s This siegyl SI8fvs dxpressidn ofthahdG-ZGnteaneporef génddn mice under the

t j “the h ltid - i st
cont{é&,gg}%@;i%ﬁpg’?t%?g @mgx_?otgry rBT?Eq: g}J { ’Lljsggrg%r?;zg@l?'nc%?ried out using the
ZsGrébrkepbner LéAS@idire ﬂg_en CJ, dark D, Ueda K, Pastan I,

Got t esman and 15 Roninson I B, 1990. Genomc
organi zati on of the human rnultidrug resistance (MDR1)
IMDBdne and origin of P-glycoproteins. J Biol Chem, Jan
5;265(1):506-14; Raguz S, Tanburo De Bella M
10kb dAtRUEBRENIDR upbfdfn H 998PYSinéHidin SBRAR
Yague E, 2004. Lict?%va}%\piaor? o?gtlﬂen upstﬁﬁ%gﬁ(ba&qm downstream
promoteg (DEBY) includmgesxsts 2 and i3noedusd ta teustaro ddiGe of the firefly luciferase, as

netastatig, i Si in ncer Res.. r 15, . . .
et T T s = A A —
elembits goit BADRT RRPIISHES (FedanNK O Phiish RERAZGottedanh QGMS 1987, Isolation and

honol ogous reconbi nati on as shown in Figure 83. These

sequase of fhecrempigereginy ofithahugprnuliideigyiesitaniedd-alycontasgnegene. J Biol

Cherh ODed ST @H16397492861S 18RK M @Sk b BSUER Past &3,' Gttesman MM and
derived therefrom havi ng the genotypes (|n¢Fu I ng the

RonigsomplBe 9k Kenymas)rgarezation o dhehmmednnmultiBxgnpsistace (MDR1) gene and

. . Two-step cl uster,.d tion a i sation 2 .1
origig YL Rnfiutiis 3t ah Chnget oo Fits FBn iRy o Figgburo De Betla M,
TripADGESlad MIKAQSKRWF, Woombes ROUSE Yakaéd3 2004 UstRALi NS the MDR
mouse CYP3A cluster was flanked with | oxP and FRT
upstre3m PEomater @ Reeass perciBmp @8 ¢ Bifosa dyapstastatissinyasiasy (4ig Cancer Res.
' ¢ . .
Apr ?51 ! Q@Eﬁfj@%‘ég ﬁég Sarrggsignlﬁgﬁgﬂog O?stg @sf% f%tg?ﬁ%%bdgggeﬁésgy[n?o the ROSA26
locusRgThoGRXPO8Y BOdrBBiTationfas lshoveminEYREAS3.under t he contr ol
of the 13 kb human CYP3A4 pronoter. The | oxP sequence
el ements included in the targeting vectors enable
Cre-nedi ated del etion of the nouse CYP3A cluster, to
al l ow the expression of CYP3A4 in the absence of the
These spfec €6 pargelinggtrarpids ere pesfased srargics G igenetdtihg. trabsgenic mice, tissues or

cells %r@v%ﬁ%? %ol hebvtér:;]ggtpi':: g;—pog)fepg%'l ﬁg&ﬁm% gggr:r%slgg ggrg):tyepes) described herein.
cassette, resulting in a conplete knockout at the
Exaniplel 8 ETHoKi3p\cluster delbdondiidh ildah)sation

6.1: CYP3A44 humanisation using the corresponding human promoter and knockout of the mouse

" CYP3A cluster

The mouse CYP3A cluster was flanked with loxP and FRT sites and a CYP3A4 expression

cassette was inserted at one end of the mouse cluster, as shown in Figure 111, enabling expression

109



10

15

20

25

6.2: CYP2C9 humani sation using the correspondi ng human
pronoter and knockout of the nouse CYP2C cluster The
WOorowsa490¥P2C cl uster was flanked with | oxP andPERGB2008/001897
sites and a CYP2C9 expression cassette 10 was
of huimas ENP8 44 aindar ke @mttobdf thdB3 kbpluseandl YR At promstes.hown . i n
Figure 112, enabling expression of human CYP2C9 under

t control of  t. k huna CYP2C9 ter...Th .
The b 5086 Slectenis A T R o Vosrn g et ited deleton of the
mous¥ EYIHAS claRah k& aliewe 'tlliei‘éi)tp@és&dn @eICH30 iafthé Bissend®Dsf8e corresponding
CYP2C cluster, to allow the expression of CYP2CO in
mouse jgenes fsse igareofl he correspondi ng mouse genes (Fi gure
112). 15 Subsequently, the FRT sequence el enents
Subs&@é‘lmg)e el IR TS %u@ﬁc%%l&%n@st drdble qifl H%ﬂiab:ld'@iéu% IBf ﬁ-ﬁsﬂu‘ﬁﬁn expression
resulting 1n a conplete knockout at e
cassettumssaltﬁgm Ccoropla kpbelgut & theliBdpuse 6 Y3 ATRBBigure 111).
humani sati on using t he corresponding hunan pronDter
0 | ust er
6.2: G By g PR aonane P B senind RigElotgf the mowse
CYPX &faD6 expression 20 cassette was inserted at one
end of the nouse cluster, as shown in Figure 113,
enabl | expr essi of hunan CYP2D6 un ontr o]
The rgpuag o FARE ismn® ERB e T BT RIS P CY B GE fefsssion cassete
was fb<PEB M Dnk G4 WGk hﬁu;‘;eh@lu&ér 9e5hdveh %L EiRfeS1 BN@RABng expression of
Cre-nedi at ed del eti on of mouse Cyp2d cluster, to
humaa| G YRRGOhmdenthe eantiobef thé ll:idpmman GYPHS prometeee of t he
correspondi ng nouse genes. 25 Use of specific priners

h I o)
The 185 sLLREHEANA Ml Feddh thd\GrRUP Focti IBRATR. Rtidiédeletion of the
moust i(EYRQESclnﬁek oo bW Itl&pé)qxtcsmemtof C¥P2D9gernke stesgoeensfehanaresponding

t he d eti of the nouse Cyp2d Cluster (see Figure
mousifﬁ’)es 1g¥re )2008/ 149080 PCT/ GB2008/ 001897

Subsequent |y, the FRT sequence el enents enabl e

SubsEqiRnNBdhaFRU sélftlefidel dMnéits éraBle FIPRRdRATR RSO Bf the human expression
cassette, resulting in a conpl ete _knockout at

th
cassefip yawltmgrn poomplals knpekgyt & theygguse £ P2 CdopsAljigure | 1),
humani sation using the nouse Cyp3all pronoter and

6.3: CPPRKO mMisatibs uR p%% ¥R ndfle Yshh orﬁat%ae@gy@apgme mouse

encodi ng human Ad is inserted into the nouse
CYPH) ¢sster at the Cypsal 1 locus, as shown in Figure 10
enabling expressi on of human CYP3A4 under the contro

th S p e T r [ S .
e ok ey BT V08 RO T T o L "L  rsin
cassem: Gves misdfrtddht oBey erdodf tb@mpﬂmscillhtee, asshmgn inhitig YPB34 nabling expression

The DNA se nco man CYP3A4
of bl B PIDS uaer BB hG Kb TR0 200 e o

The loxP sequence elements included in the targeting vectors enable Cre-mediated deletion of the
mouse Cyp2d cluster, to allow the expression of CYP2D6 in the absence of the corresponding

mouse genes.

Use of specific primers has allowed analysis of the mouse chromosome by PCR. The results
demonstrate successful introduction of the desired human replacement CYP2D gene sequence and

the deletion of the mouse Cyp2d Cluster (see Figure 114).
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The peauaEngsyersoding BepYk ht

10 CYP3A4 gene (see Figure 115). Due to the inclusion
of FRT sites in the targeting vector as shown in
WO2@aneod®, the selection marker (neoR in Fi geeBGBLHB/001897
can be deleted by crossing with an FLP del eter strain,
Subsaqbetlyytha FRIosequanse eleiments ehatiel Fiprm&iviRdddeletivinoofttheehuman expression

npuse 3al 1 |ocus of the wld Due to t
cassqlne R OUE I greopiee ioebs ptifeReuss ¢ LD lockraietas b ng

vector as shown in the Figure, 15 nost of nouse
6.4: EYP3 hilmd&iseBbR Lisif@ihe MOuSLERA3001 Pionotdd Smil Weo Mbit!df B mouse CYP3A

FLP deleter strain or a Cre deleter strain, if the
clustyyrran CYP3A4 i-s inserted into Cyp3a cluster 5

‘targeted cells. Exanple .7: Miltiple cluster knockout

d/ p iy : t o '

A DR sGhuel EPERGARE Mumad YR AUPREEAN Blo BUCABIICCHNE custer at the
CypHad inddongycag showere onBigmat li0penabiing expa¢ssian fof hymai? CYIP3AS Linder the control

o 5 e S A % B e SPREY FSRBHH B8 o8 Bresion of
CYPBAH iNRRRRAiBe, whidWBAyORY 6 PodsBH it RECIPIAZ piohidrdi ne

ki nase (TK) expression cassette were co-introduced as

depi ct'ed. Correctly-tar%et ed ES cells were further

P34 ryogmri%rﬁﬂl@ébw of intron 1 of the human

vPh &S Q0h Qatd {5t he 3 end of the nouse Cyp3a

¢ gﬁugter(,g sc;gl?ﬁat )a wi |l dtype loxP and a f3 site are 25
inserted downstream of Exon4 of the Cyp3a59 gene. A 5' .

Due deftliecinelwsionedrhRdi sites gsithst tangaging rvdctar FKshowpr msEigene 10, the selection

t e, - i nt depi det B Fi .
mnSERE SPEH SPELGHEEE, PPV SR . sosen

insertibABEMINiadIT YIPBA Sintdahd GoedRiCypeaIryeeus of @i veildmpe
cassette by the |oxP site, so that additional

am no- aci.ds coded. b |oxP site are attached to. .
Due Enirexg g AL BB HOTHENHER it 54 1renB 0g8PA FogS™ in the Figure,
most & TSGR BP0 188ler dah MeCdelbtedTBy Bloky WiE aHEHIPt ddterOdtrain or a Cre

the nmouse Cyp3a cluster by Cre-nediated reconbination,
deletehsraim ifgka hynapndt YP et i insaded igto ¢ypda glugier 2rtangeted egllshe

on the sanme allele. This was tested in vitro by

s ay X LASiR9mEm CElIs with Cre and

Exa%%g:gﬁ‘g&tpglg%{:’f@gnmvﬁ{l {{/%Gag%gycinovi r. Only in cells

wth 5 targeting on the sane allele will the TK genes
Z.1: GepJdedisterdxciiongeot h ends of the cluster as depicted in

Figure 117e, so that the TK-nedi ated conversion of the

ol : . : i :
The 3 e g ARa g T S8 bt bR ons foRIARRB S0 that a £
lox5 1 Ar gpetvii iy pe oxPheite agenaseadetl dbensienmiof Exor Ief thra@yp3abDyéne as depicted
. .Selectiop. Surviving ES cell .cl ones were further .
in Figpre &/]gédFWemet # hygromyei, 1ieﬂgfmctehaé1.dnapﬂggu%9%gglase (TK) expression
cassétle Utk €Eo0-inkBdiR8 af@dpedi&d and PCR-positive clones were

Injected into blastocysts to generate chinmeric m ce.

By subsequent crosses mice with a honbzygous del etion
Corresftlyttprgetey pB edllgswete Werther f npdifipd, Ryerdeseliseguent step of homologous

recombination at the 3’ end of the mouse Cyp3a cluster, so that a wildtype loxP and a {3 site are
inserted downstream of Exon4 of the Cyp3a59 gene. A 5’ deficient neomycin resistance and a TK
expression cassette were co-introduced as depicted in Figure 117b. The translational start ATG is
separated in frame from the S’deficient neomycin resistance cassette by the loxP site, so that

additional amino_acids encoded by the loxP site are attached to the N-terminus of the neomycin
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The remaining wildtype | oxP and the | ox5171 sites in
the ES cells can in due course be used subsequently
WO 2008N$M8E r epl acenent genes, e.g. the human OPBEB2008/001897
cluster, at the fornmer position of the nobuse cluster
protelny Cre-nedi ated insertion. The renmai ning pronoter, the
ATG and in frame 15 wildtype onP site can be utilized

To a@&?v& Iél}rélscgﬁe&q{? af hlg dﬁ%}lée gflp aCcll(Je gc%r be/t egrrt}eldg e ragosrr‘ia'bl{lzﬁion the ‘targeting at
both @AY &fCthe CRISOF hasOid bl 6rhth|6|s§x|he afléle CTiEn Mas te'Ehﬂ ihWitra Byl trhisfection of
sites at both ends can be used to delete the

doublectaggeted Jid eeé@ Jeith Gee and; ubtsaudd slpetiontwith GassyalowireRely in cells with
A r
targeggg 81? tl{% nsg elgﬂfgj egﬁé %?Aéegtbg(raglegzg alpﬁbt? ggdst &21‘16 clustﬁr as depicted in
Figurei dht, soahatethdi a‘lﬁ-madmned leotveesianeqf the amﬂntmdcmbgtgnc@lﬁvu to a toxic
The Cyp3al 3 s |lo ream of .
wiphgspgis AUBORHCPRFEN. 1 LrERpaPHY B 515 M PHE S T B° Egpaalel survive
the ggﬁd,@@,ﬁfsel;&t,&l nunber of Cyp-unrel ated genes i s not
affected by the deletion of the nouse Cyp3a cluster

descri bed above. 7.2: Cyp2c cluster exchange The 5'
Surviving B% celhelopgsuere Gyfee apalyssd by Ridsto g)‘nggpé tighe mouse Cyp3a cluster
! t YRR éh &i .B
ves SOUBLOPEHERFSSALONS 08, (581D oyl 8 i mice.
subsdqupcbdssayamee with 5'homefygouediietion @bthediyp3a elgstert were @nalhsdgenerated.
a TK expression cassette were co-introduced as

The geéxgaérﬁtgfgvdfdpyﬁ lg)égngncf ?-grﬁogﬂ%lgsrltgsg S: ghlt Ie c%lésgctf?irlllr 1tn (ﬁ ue course be used

subsdqRentBl taNERrtGefisR et gdays, lelpe the Maf IYP3 ASQusdtdi it the former position of
addi ti onal am no acids encoded by the | oxP site are
the ragusg (Hister by Crsamediated inseitige. bhe FraRYEs RromSeleiths A and in frame
w1ldt§€{) [Pty chithg %hﬁ%d'-:é i@ ol & dERGitMCEIER {ds@bte DY g 35 deficient
sequent step of honol ogous 112 WO 2008/ 149080
neonf3Ciky, CBQ@(D@M@O:I@W withegorebi msariignwith higheefBricreyd Té fittland f3 sites at

both Gy ok o S e Rk iRl AP Yeplagsgrent eones by

Flp-édidtbe delyhicis; 7[@)@@&15&&8 addiporall € 4nd f3i gies @rebo-introduced in the right
Fur t her nore, n%/m n resi stance and a thym di ne

Oflenﬁtﬁa%th(‘mepbﬁm“é‘ég?séﬁ €cassette were co-introduced as
depicted. 5 To allow the deletion of the nouse Cyp2c

The @%ﬁ%ﬁ??e@wlﬁ:ﬁ isB&liat swbvp %ﬁﬁﬂ%@hﬂfﬁ@)@@ﬁﬁﬁ@ WHEDRtsepBated from the
a both ends of the cluster has to be on the sane

murla¢ Cabia. clstgrsbymaumbertad Cyprinpslated gengs iy apisAiseteil b thy deletion of the

II's with Cre and subsequent

mouse yé)g?dua %%r%ﬁgﬁg(?v%r ovir. Only in cells with
targetlng on the sane allele are the TK genes at both

7.2: Epide chistet bchohgest er del eted as depicted in Figure
118c,. so that the TK-nedi ated conversion of the

The S Ilbcﬁ 8 | de@ggﬁ%;(‘%g)&gac@&slbe&levga\é:,]t%réétedfaﬁ;(el?o&)og?%ous 6%<iombg1§tlon so that a

wud@sé loxP\ahd B 3 SiERE iRert@NddwiRr&aMTBf B;Ldnelow&tmyﬁzws gdnBeA 5’ deficient
ganciclovir selection. Surviving ES cell clones vwere

neonfygin w@ptamq:aqrylszea?Kb?(pp@Rog S35 19f Veis corairoduced as depicted in Figure 2a.

The translational start ATG is separated in frame from the 5’deficient neomycin resistance cassette

by the loxP site, so that additional amino acids encoded by the loxP site are attached to the N-

terminus of neomycin protein.

Correctly targeted ES cells were further modified by a subseqﬁent step of homologous
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the nouse Cyp2c cluster was del eted and PCR-positive
clones were injected into blastocysts to generate
W@ hioae49080 i ce. By subsequent crosses mce w tPCEGB2008/001897
honozygous del etion of the Cyp2c cluster will finally
recomlein:giaanezt titee].end 5f THeempesadiyple glusier, do yipe alfisxioxak¥d and evildtype loxP

s SRR 5o b b BR8P RS Phrrmor

a hy%bM%IE resistdncé BRd b GhyiBidin RSdabé OTK PéxprdiSionRuseite Weiddosihtroduced as
Cre-nediated insertion. The remaining pronoter, the

deplcmﬂe and in frame wildtype | oxP site can be utilized
to insert again a 5 deficient selection cassette, e.qg.
To al@ovgﬁfceld‘éieﬁ@ﬁ of fh8 W&EQC#@ Cllﬁ tCré Hedfak eﬁ'}ﬁ&; uuﬂlon the targetmg at
orrect 1nsertron wt | ICI ency. T rt and
both sndseof the clustbhhasrtdsbecxmnthb earﬁé) alhde.dT Hip wde kested it méro by transfectlon of

doub : %gtt Igaig:fegls o t [e H‘ gegfl?rgI,?V\fe{:)t?o&f/‘fvglérégrf)c:j.'cj{):venp%]ntly in cells with

target?h‘i’gj bh k&nﬁbefﬂkleadig the3 TR %ﬂ& ARAHIE endsnifrtRslblasier ddlettdas deplcted in
ight orientation with t repl acenent cassette. 7.3

Flguxeylpl@@ se|thas ttee THanediateh carygrspn %frfbe arcleqsisle rpalos saygiclevir to a toxic

trlphézﬁq gzgl?g\%spré\%égﬁt ﬁge{%rehg E%gch§ withi %}g%lng?{ngﬁg ?anﬁe llele- survive

the ghmﬁcﬂﬁ\hesﬂdﬂmﬁmﬁmﬁg(ﬁs @klmid)nesf\’vdré]ﬁlrﬁﬂylpﬂd%ecgby] BCRdo confirm that
depi in F| ure 119a rthernore, a hygromnmycin
the iy Comticevteronth {eid e B P B Cloten St ieCietnd dsstoeysts to
genefaRecHMBRE AHRNBydabRLLaR cRfssdshBicBRHEEa ‘BbMﬁi)%Bué/\ﬁélétlon of the Cyp20
| eave behind an i ntact Cyp2d26 pronpter an exonl
clustertvell Gppiolxezegemated. whi ch might interfere with the
expressi on of human CYP2D6 to be inserted at the 5
dafe ASSE7I BRI ; A5kl
The £Ririle WIFyGC WP Thc RASPT) FRS IBRICHS afhule (eiepd qubgeauenty
insert rdpblctlhmt:ﬁendzsaleggetthengummCUﬂ)ZCWHimd:T tethei foaespashien of the mouse

chus B T~ Ul TB B89 P OBT i 15 AR Gameyildpe loxp

site &ﬂ'ﬂesutﬂ\i%d?tof nkdrhegaifrady ddfRtbnbyeléction kagaus rlg. Stc&ﬂcﬁﬁt neomycm to
honol ogous reconbination at the 5 end of the nou

selecqpp olgnes widh eqrreckigsertien with highsHicepop.Jhedtt 'gp% Ek§itgpat both ends can be
used qgéﬁf&é ﬁlef Jef’e@h&g cg’s)éet?e@ ihfrdd B v@thV\fhE drtsﬁlg&rﬂeﬁf( gerﬁr's tb?/ Flp-mediated
and a neonyci n resl stance casset t he MoxP
delet®i} provided thasaiditedaldovand f} sitanaos coE’»non@ootﬂ irt the righpreRtion with the
pdene as epicted in Figure 119b. 5 Deletion of the
rep a?ﬁ%‘? d cluster while maintaining the hunman
expressi on cassette can be achieved by Cre-nedi ated
7.3: CALdhiskAtilenvnat the | oxP sites and simultaneous
del etion of the nouse cluster and the human

expr.essi on ca e _resultin ete Kk ockout
The S 4G e Botier OBGS CLus vib B ETel FPrRgHME FseTD AL 18 tht a .
lox5 m SiHb Rvnl@fypﬂd%?@ﬁg hRlifLrE L AN R bPBxH] dritg (fl)rpt2d256 @8 as depicted
he del etion of the nouse Cyp2d cl uster

by
in F@rre-l l%ar FFtﬂpf—rmem, athygromyeorrbsisiande sasseithwas q<®lr1trad@c@ti jap gepicted. As
the sgl?sle%lfegp deTlﬁ 10N Offthg I'r]neo (s:fl: ul%‘s:tgrr wnﬁl?éta\t/eob%glé) th nta%t &Hfd% promoter and

er e ore,
exonl of the Cyp2d26 gene, which mlght interfere with the expression of human CYP2D6 to be

inserted at the 5’ end of the cluster as described below, a splice acceptor polyadenylation motif
(sApA) was included into the 3' targeting vector, which terminates the expression from the

Cyp2d26 promoter.
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| contqlw lgna%%sg grifegn

cl ones were further analyzed by in vitro deletion wth
Cre, followed by a PCR analysis with a priner pair
W@ b@s/1#oBows t he detection of the deletion of RPEEGB2008/001897
cluster. PCR analysis was perforned on a pool of
Correbdly etaegbteain ESuneltsl eteed fottiememodidisd i by \a tsubse(ﬁleat cidpe of dmmologous
nsfec ells

recorpigition & s Sp el PhITEI P9RF S Se2t ShERTP Pt GRS C IEappexpression

cassektB ﬂ‘ﬁﬂkeg Y ah?rt dgd £ Wll@f}p&vﬁﬁP]sﬁe anF# BSoriyein reisEndRRadskitd/$ to the loxP
undel et e arenta cl'ones were |nject3d into

site apd msqrwdydswsstteemg)é Heapad &f the GypAde? eenvi asdepipipd by Hgwred 19b.
with either Cre- or Flp-deleter strains or strains
Deletn\‘%nt Qf hesr%gl?ses(%gﬁdf fster %H{ erﬁ?b&fhir? tlIehl‘ieun:i1 8%%551&? cassette can be
reco nase a sequen er crosses
achieQyP Byl Ced-tmsdiated rcd:ehﬂbtrﬁdomtahe wixPhites mdtsﬁmdleinedsusaieleltmn of the mouse
the whol e body or in specific tissues nt a
clustgrand sherfman ey iesyion @ssetifrrsudting ‘E§§P’6‘ﬁle e Gof e |CYB€d locus (as
depi U R ThRE3c) 20 tHet 8R! of Fib-mb B4 § }écgﬁ‘ﬁ)in‘aﬁoxpit the fit sites.
non- genotOX|c carci nogeni c effects 8.

confirmation in double honbzygous PXR/CAR humani sed
To alipwehe Heletiethef thermense SYR2d ghiier tbascrbeehF@xreﬁaﬁgrédeopmblnatlon the

targetm% utpw %ﬁ M? LRS! hgl_sluml (ﬁxeﬁine @uﬁg lt(% l\?/éfef&%d d%ﬁ targeted ES

Were generated using mce
clones omdraifinétbr hndipaed I§dinPX aleldtion edthi Gg, fdilesed ibytaoP@R camalysis with a

i ch cont ai ned, hunani sed R t 2 roduce mnice
prlm%rdmratmaﬂg%g?rﬁiem'ﬁcah?fgtéf‘dd%?&"ﬁah%ﬁvﬁ B el pppertormed on
a pobl 6€d&ERd RRENALNPEE &lidn¥s,nar W&ztrf)%ﬂe%@le’ﬁGn \Ye&dtdlonly in a fraction of

I nspection. They have been t u5|ng PCR (see Figure
(%}

transfegied galls andetherhy mm@mty tch hfoge@dlyl al pxits wvhichpgke deletion was
| U 2 a
sl o L5 Dy AL RS 2T RERR (s

chim&le RGR. By érofSeRivith GitRemTae oallp-ddétec sunginy eldsttamst With tissue speciﬁc

exprqr,wellplgtolf %Jesq\éaﬁﬁg%ﬁgb%a%gzﬁ%%@gxg%%ﬁ ses osnllgzr)]/gcl)ur; Cyp2d cluster
deletgcgl:f SRR BPARRi0n iR tHeAThIR By (OFifspetifié Zibdues hid th&Scontain or do not
thereby confirmed that the hngR/huCAR m ce maintain

contaith humaiyeypsesgipn paseeiis VPRike gpreratedran CAR expr essi on
observed in mce humani sed with respect to single

s Qﬁnﬁ as well as
Exm%%% {”37%2%9{1’?'13 :}’;(fﬁ ﬁgé&%p %‘é 5 treated with
t he i nducers rifanpicin and/or phenobarbltal.
8.1: BLBr evgfirrogtiont in@o{ymgl l@nmogy MCAR ihgmaniseskwice that the murine PXR

gene&ﬁf%]c%rexé ra%ata'?d zlpe(izurhan co W?esparfas i n correspondi ng

S48 was Vi sua d and conpared by
SDS- PACGE fol |l owned by Western blotting (Figure 122).
Humﬂ’rﬁﬁedb&ﬁ@:l forePERsamaf QAR 21HuPXRaindC ATy Dwat’h genehutddXBying mice which
R and PXR/ hyCAR m ce are cor d to the
d fropoia. tﬁvﬁemm e Whigp gcﬁf“é‘“f%g‘“mi’ms%d CAR to

prodﬁc%lrﬁ‘it:é YéntSHAR bbih th?rIahQEU BRRWAd hhﬁﬁmpﬁs@}\RCﬂﬂgm& ak®phenotypically
l evel s increase in the order huPXR 4 huCAR -

normia|) FokiRmingCnRual Hiospestion, Theys havedyasBalpdd waaneePCR (see Figure 28) and are
homozygously humanised for PXR and CAR. Examples include mice designated “42749” and

“42752”.

Transcription of PXR and CAR mRNA was quantified by RT-PCR in huPXR/huCAR mice and

compared to the relative levels of corresponding mRNA expression in wild-type, huPXR and
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| ess markedly increased in huCAR mice. Cyp3al | levels
were increased to an approxi mately equal extent (nore
w0 bas/1P08®l d) in both huPXR and doubl e- hurmani sRGI/GB2008/001897
huPXR/ huCAR nmice. Treatnent with the human-specific
huCAR dhicce(Figurd 320)i dt wa$ tetraby canfiinredrthaighe thXWQUCéRerh@e ofaintain the
al | erea istr tlon
evely b i PR AR SRR OB s, %‘B%B%?:ae‘?ﬁ‘th respect to
singld Berle® have no additional effect in the wild type,
|nduct|on of Cyp3al | was sonmewhat stronger in huPXR

2: Pentobarbi tone sl eeping test in double hormzyg .
Douww@m@eﬁ UWBRABEAR cwicq.rast Fielk e xpildrtypre AP XRpgnd huCAR mice were

treaté’?ic\xultﬁ/fhe Yndgéerg ﬂﬁg@n&ﬁ d6r ﬁ%hé&ﬂ)l{aﬁcﬁ réssioll of @9?28"1@%@ Byp3all in
det erm ne measuri ng t turate 'hduced
theses lrﬂewr-mgated meice,Sheepllng in werrdspendiee nntkeamm nfige;, wesnyisualised and

comlg 530 RS0 TS VR SRR 3y [ s BB or ot

and C§BAl1 1iM huPRR! haCARI b&ﬂhﬁpXRJhﬁCRR5Qudeeéfr6|§oniﬂérédhﬁ) the basal levels
I'Tver determ ned by CAR and PXR function. Mce wer

obserypd enwidd-sipagriec imkigwsd22+ disarlativg auapfifipgiion shews that basal Cyp2b10

level ﬁl%%lu 91?315 gm{% n e}clju%§ﬁ;i£ gg%‘rgﬁi C?le,(?&]rréé;r.?} 'T)@Ea‘)f Cyp3all were

less Iﬁﬁ’k@ﬂl}( glcﬂ:ﬁsek’l(mi Ww@&Rghice. Chipdal ltlem werk énvrdased tbhe apprmelmately equal

ety Gy Ao U BT s g plecmsed FOLERHE AR

bel ow. Table 1: Results of pentobarbitone sleeping
TreatnRt with @RMHudBinishbEGific (RIS ¥FaSIEX 1408 dnwaelksd: ih theleighbf Cyp3all
(g) (mn) 115 WD_ 2008/ 149080 PCT/ GB2008/ 001897 W
in allice. ¥hemanthe siminisigerion RRITITCIRARY ARAnebarbital 37 sembinatipn appeared
et [ RE I ¥@BRnNATGRBAEL HRS SoREwhat st
o ha%gnph@ ﬁ%\égr% tsfept ‘P?(lar?yf% m nut Iels ?y%e doubl e0 what stronger in
huPXRmanl sed mce for CAR and PXR slept for 34 mnutes.
These m ce therefore denonstrate a significant
ceto th con n hat
8.2 Pl BT E s P thusl ARSI R QA PR B
its response to drugs relative to the wild type
In thBrléxlrf&Iirﬁent,SthSLammr}yofblﬂwMmr:ihs'crl'rptﬁn facord i® c@mbinetien Aas determined by
measﬁgg{})lf: ﬁgi)ﬁgr%%r}g Lfcegﬁla edg %g{:glegﬁwggé% he@ﬁcélg\fvg or many years to

be diRficB{ bfop6dioh#A 8 'tlﬁrheﬁﬁtld S¥&@hfonRads0akenty dnd thi @s@viQfcah BE at least in
endogenous gene e PXR c@r otein has been shown to be

part Fsgrileedite thgP4a@ levple imihe diverrdstaraingd by CAR and Fodhmaters

known to i nduce gene expression via this pathway.
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 1 below:

Table 1: Results of pentobarbitone sleeping test

Sleeping time

Genotype Sex | Age (weeks) | ID Weight (g) | (min)
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10 Equi val ent humani sation has al so been achieved wth
respect to the CAR gene (huCAR mce). Strain
walrdoBasmpces between wild type and t he humani SRGI/GBR@8/001897
have been denonstrated and the humani sed m ce have
Wt been showmlé ¢ be nor ellrjledpdtiz| ve t o2t@rpounds known2t g
be rmre actiye in humgns thap in mce,| i.e., to humap

at haor + o~ ha et e DVID A
|U|||u|| oA\ T AUTITI CITant TUT T 11T I 7\T Ul ITOr r 11

PX@Q&R}TM construction of knock-out |inds has al so beer

huneonf i r meghdl®] both t he PXpr4mf t he ZAR| 15 genes 34

L humanised -PXR hg#g_alc Ahnnn brossed-into-m-cewhi-ch

(koPXR and k¢CAR). Moreover, pice which contained

Whereanyid tng migergivies & dhacaie ti@sep?fdm@éarmt@@ sl fori 24i migutes, the double

UYL S e SRR st

mgmf)%ﬂdmﬁﬁc& odtheintvild ttype ckmmsle ifdivARAg that the,doalsle h@@arsedumnouse has a
in, Flgure 123, enablin ressjon .of hunan PPARa

markg Bler R inds ThspRec 49 AR reE o e YRR BIBUET . The
DNA sequence encodi ng human PPARa conpri ses at | east

Summdy bf WbrkiiABIIUAIS. Babdve | Ntron 6 of the human PPARa gene
(Figure 123). The targeting vector(s) include sequence
el enents that enable Cre-nediated PPARa knock- out

A magel s beerkdavplaped Vhsrg hyan BAR is expressed inhethathe “K%Aﬁ@zc’g tract of mice

" in thd predibred Hﬁﬁ%ﬁle@&ﬁ@cﬂ]n%n@ W RBse Al hd éldb%@ﬁ%w el T’ﬁ@Pkﬁ%rotem has

use | ocus k-in) as shown
been 20608 m@eabnd?'@ﬁdlCth@@ 81io® t&Q%SPCmSFIc darcemp@unds dnawh itpgnduce gene
expressi.on of human AhR under the control of the nouse
¢Xpreﬂﬂ%ﬁﬁa2}ﬁﬁf’% Y8 The DNA sequence encodi ng human AhR
conpri ses exons 3-11 of the human AhR gene (Figure
Equivial¢h} huhbsisitnget iaikg bee aotii¢well witlc respet 39 tizeqaRNeae (huCAR mice).
.el epents t hat en | e Cre-nedi at ed AhR k
Straub IdgMCq(gmpgn( B 8&}1@ zirEIAfshe mgniged avah)eelb Her@mstrated and the

3 humatnl&@d RiiéSiedve Bber HBwH S b FIOR %&wﬁ@&& 'cﬂﬁﬁb@ﬁhds RRowsh B be more active

rodents Phenobarbital (hereafter PB) is known to cause
in humjape thap dn aeige, iiqg., (19 bemam8XRaershumpan GoBgathet theo munige PXR or murine
s r
AR SE BT 5o R LY s 809 G S REBh 8 8 g e v
gened’\@tpEXRlaﬁ&kb@AR)ESponse and cell replication and |iver
wei ght increases for the first two weeks of

i ESHIED i 1Lt . LT PO VIR S U0 RRO 0 mic whic

contaiftd BlmbAik&d CXR0 plodadtahis téntailRg otk HinPAise€PXR dnd Rsdsed CAR.

for use in humans. However, PB is indeed safe, having
~been sold for many years with no record of |iver

an e in treated patients. This
illustrates the shortcom ngs of current ani mal nodels

A DNR dedncd QhcodHgUtlindAl BEARA Madl VRN Biser@BAn SR ndub@PPAR« locus, as
there is unnecessary drug attrition Occurrlng at this

showstna@euwﬂﬁtmbb@‘ expiestigsef mmaptPdidesunddittge qengrot ofghe mouse PPARa
prommfgcgmedbﬁg sequ opRe! e%god?negegurl:lgn ﬁpgﬁercom%tnseassat easé E{ar? of intron 5 and

intron 6 of the human PPARa gene (Figure 123). The targeting vector(s) include sequence
elements that enable Cre-mediated PPARa knock-out to produce koPPARa (Figure 123).

8.4: huAhR and koAhR

A DNA sequence encoding human AhR is inserted into the mouse AhR locus (knock-in) as shown
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15 of testing as possible, is whether hyperplastic
responses to chem cals observed in aninmals are
WwW@ei08a440o§0 r el evant to nman? The transcripti on fRBCT/GB20@A1B01897
is known to be essential for responses to PB-1ike )
in Figurel 024 renablifgiexpriessidn of OGN AN tindee thesdontseldofithamouse AhR promoter.
wld type mce, R activators increased |ljver ma .
The PRy gbmge ereﬂogmégﬁmrlaﬁh%%@rﬁ%ws 3 Ay Pw%{gfiﬁ% gene (Figure
124) ' BRAQALE g J/éeto‘%@?h{cﬁﬁte(s) §ABert® elinteRitstHARGLIE Tré-HeURRASAR knock-
20 l1ver mass after treatnent with CAR activators.
out td-protiimerkedhB (Figndu@d).on of DNA synthesis as deterni ned
by increased incorporation of BrdUin wild type mce

2 a:%i?nt L R IéO m lg'car%ml rPlByinrga g et -

€, NOn-genolo
PPARa decreased the increase in |iver weight elicited
Phenblyarbitad dlicteaficr RBY i3 knawnao cake Uiysr ¢ancen ih anite/ pred 2t bietldoes not do the

e O A g T S ST . s,
causélgg’(ag?&g;lﬁﬁk SespbfkeCirdetelll RpASHBA anWREN Reight! IRRIaS&for the first two

mce mmc the response to PB in humans, the )
weekh (PP XRatmeBAR ewrye RO PINRK@ atply S0 Yerls | livepdyneouss; bgcome evident in

The .mut a se strain r | 0 tem s, .
v W3 A P ORI P e i s
HowédK) I')I%/M ]Endlefih bafey| Iavisgy eeeh esbliefon rﬂﬁly@mgr_slxgi.tmﬁe kscadd of liver tumour
incidgr?c\%ép /trgzg pﬂg\{lmﬁﬂ%hxggiq%ggé;&; sg%{cgeg%g% flﬁg%@% cainimal models to test for
drug S5ty GBROAROMH8Rans Rk Herd RGAARLEAY iy ARR|NMSREuRAg 8t this stage of

meaSure of cell proliferation Haematoxylin and eoSin
the sgfzté&gystig'g\peqceﬁghwwh@t which dE)gJT(@!I@P'Gﬁ negddo apswari atyasgprly a stage
o 30, R R T D P ISR s sy o it o
actually selyvantitotnm?| i ver 5 The study consisted of 6 groups

with 10 WI mi ce per group, 9-10 PXRKQO CARKO mi ce- per

The tgé{ﬂg#%tgg 3@?@@:{% g&%ﬁggﬁwg] %sess t%quggs% %%g)bfkiglligéindﬁéérs. Wei et al,

200048@dte)CRONAl hahBh W@ W%P&h’,%)\ﬂiaﬁﬁvé{tﬁﬁ tHdread &MV mdsh reflective of
I {;gosphat e buffered saline [PBS], pH7.4) 5 days before

cellu

hyipesaerhy rand dypaplastif apqnEsayn ceniraspELR Bk mits dewagl jno increased
s T 120,00 A CARPLALA G, SGHREDER: PR of 1A omesis o
deterginieidrigy intfRamt dm@riprationt ofaPel tnowddltype npiee twasralfooabsént in CAR KO

e ST LEARGHED. AR s P S SV g e

the ihdFs@ R livbd weightOSIRitd® by tRainkedh withl aeibusSErfugé th d4gE8NYpe animals. The
(mgt m ni punps date Date group kg) with Brdu . ) )
humanised mice also showed a lack of increased replicative DNA synthesis, as seen in the wild

type animals.

In order to assess whether humanised PXR/CAR mice mimic the response to PB in humans, the
huPXR/huCAR and PXRKO/CARKO mouse models were used. The mutant mouse strains were
obtained from Artemis. The WT mouse strain C57BL/6J was obtained from Harlan (UK). All

animals were between 10 and 16 weeks of age.The following parameters were studied:

e Liver/body weight ratios
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1 1-10 10 W Control - 4 x daily 17-Cct-07 18-Cct-07
22-Cct-07 huPXR/ 2 11-19 9 huCAR Control - 4 x daily
WQ@700804908% 18- Cct-07 22-Cct-07 PXRKO 3 20- 28PCOTI/GBRK®001897
Control - 4 x daily 17-Cct-07 18-Cct-07 22-Cct-07 4
«2Brdb idécbrptiratiih alydedas Giaildayur& of catl prolifethionct - 07
22-Cct-07 huPXR/ 5 39-47 huCAR PB 80 4 x daily
17-Cct-07 .18-Cct-0 et - 07 PXRKO' 6 48-57 10 CARKO
* peiasmatoxylip and ipswﬁz’ég’ liysr higfopgtipelegy oo ot - 07
PXR/ CAR- dependent hepat onegal y by PB Fol | owi ng _
t rlﬁ%}%ﬁe | ﬁé?lvﬁﬁof)ﬁ%"ﬂgﬁ y YBRIFAGE aﬁmeg&ﬁ%l(\ﬂﬁﬁﬁm liver microsomes
sacrificed and eir livers were renoved 15 and
wei ghed. Hepatomsgal y was observed in both the WI' and
" MApoptitsaoticasias enalysad by GUNBL askpy in BRI€Y CARKO i n
response to PB treatnent, as shown by increases in

b.od t 118% and 1
he it eane S o) Fabpl Tsh 1B, W, i 36 PebegS 3 s LA mice v
group~Aat! GRO0RMA0ARice hebb@up (Tdblel ET IAbosHimYile ivting nii]ﬂintaswnh osmotic

Val ues are expressed as Mean % nmean ovvn control
pump%(gg):t 2043 com(amglgbhg@m)de@xyur{dggat (B( ,3*5 Waghosphate buffered saline

[PBSE%{J—!;?Q{)em 'Befoh?tefmﬁx%&nsfor all %ﬂge fﬁays 4 ?tPo§tt 6;5‘6?'Jti|o¥ all animals had no

r om cont mce at
abnomexiiecddtectddy OnNBaysk arrmataisamre Bo&:tyl dede;athlgr ng/kg PB/salme or saline

ab"%%ﬁﬁ%%5%8¥“ﬁ£ﬂ?2mb§” A ﬁ%ﬂggﬂ%§{8h5_59£7f7 2.4

1.44 0.22°5.2 0.7 (100+8) (100 8.7) (100 15) (100

TabldB ExperiRBhtabledign 1. 8 23.2 1.3* 1.44 0.09 6.2 0.2**
(106+6) (845) (1016) (1183) huPXR/ huCAR Control 25.4
1.9 25.6 1.9 1.40+0.14 5.5 0.4 (100 7) (100 8) (100

OO\

EQibusd

Grp D‘Pllur%ltr 3&4{2@ B Ind‘jicin% 42 505@' mT r@r‘ﬁblaﬂ ITB¥ist cQse Termination
D. 6% * (111@44‘ 5§trai(1 9P a@e)mt ( Jl-Zﬂgg/ |-1) ( 1 7Zniniplua})s ~ date Date
PXRKO CARISEO Control 27.2+1.%@ 27.3 2.+#thbwdd5| 0.22 5[ 3
D5

1 1-10 10 WT Control 4 x daily 17-Oct-07 18-Oct-07 22-Oct-07
huPXR/

2 11-19 9 huCAR Control - 4 x daily 17-Oct-07 18-Oct-07 22-Oct-07
PXRKO/

3 20-28 9 CARKO Control - 4 x daily 17-Oct-07 18-Oct-07 22-Qct-07

4 29-38 10 WT PB 80 | 4 xdaily 17-Oct-07 18-Oct-07 22-Oct-07
huPXR/

5 3947 9 huCAR PB 80 | 4 xdaily 17-Oct-07 18-Oct-07 22-Oct-07
PXRKO/

6 48-57 10 CARKO PB 80 | 4 xdaily 17-Oct-07 18-Oct-07 22-Oct-07

PXR/CAR-dependent hepatomegaly by PB

Following treatment with PB or the vehicle, the mice were sacrificed and their livers were removed
and weighed. Hepatomegaly was observed in both the WT and “humanised” mice, but not in the
PXRKO/CARKO in response to PB treatment, as shown by increases in liver body Weight ratios if
118% and 122%, respectively (Table 3, Figure 126).
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safmpl es of allfm O

pr pcessed and |enbedde {h():i:

PCH-GB2008/ 06189+ —pataft+n—Theparaffin-= cnucu ed

sanpl es were sent to Progeni x, Inverkeithing, UK where
HepdiR €Y1 pififEatRfCt i oned at a nominal thickness of about 5

m and then stained with haematoxylin and eosin (H&E).

One section of each organ sanple was exam ned by Dr.
All n@useiver iod diode@an §@qt1pa$1were|:aaglm;|d(fgxi BrdU iggesporat@yy FPeprfyeasure of cell

quent t c n al

prohé?al?‘%g mteﬁ?xog ? Ie@ e\?féso gaﬁi d nlgilrx{g{:t %}'c}}l?elg%éfﬁﬂgag%r I{%g‘g&lﬁeased the
hepafoeﬂhﬂetrdﬁbdllh@ ihddx| (Swdhasy) fin theli W{;midd by egmoaximaalyl §-fold and appeared to

s|| t to noderate cen ar. he | ar .
have o s¥fegtAnggsHyProliferation Bthe PR ARRIRI Dl Tt @ Rieug 27, Table
4). V\7F animals (Figure 129). This finding is considered to

be related to the treatment with PB. In contrast, no

_unequi vocal evidence of a hepatocellular hypertrophy

Livenjnsitu th n PXRKQ CARKO mi ce fol |l owing treatment

wth PB. In addition, mtotic figures 10 indicating

f [

A 5()‘%5F}?ﬂ?@g?x{egm\}(\%ﬁﬁgggldruﬁﬁﬁgg%y\;\n\ﬁ%{) %em&@g \;\:g?h?%%ﬁls hredsn (l:)gen previously
demanstratid with cossisteney'in gats] Howevenypo sechl ¢omsistency has been observed in mice.

An indirect TUNEL labelling assay was used to analyse hepatic in situ death (Figure 128 / Table

U LIS,

j?hig%ﬁaﬁ 3 ﬁ I5.3i0.4

8 (100 £9)

4). The present study has shown a marker variation in apoptotic indices in mouse liver. Thus, small

(e.g. 50%) compound-induced decreases, upon a low background, were not readily demonstrable.

H&E analysis

Two samples of the liver (one from the lobe, one from the median lobe) and one sample of the
small intestine were taken and preserved in 4% neutral buffered formaldehyde (NBF). The

preserved liver samples of all mice of all groups were trimmed, processed and embedded in
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120 WO 2008/ 149080 PCT/ GB2008/ 001897 Table 4: Hepatic
S-phase Labelling Indices in PB-treated m ce. Val ues
war@sgsqosessed as Mean f  SD. A Student's t- teMT/GB2008/001s97
(2-sided) was perforned on the results; with ***
parafﬁnat'ﬁlstpam&ﬁn-yrnuq:ddﬁé semples pere seabiet Pr@gem,devqkelﬁmlg;)@ﬂ( where they

were %calgged#a% %g;gglénal acl:klngs?lea S tS %r@ds {h%é stam%%wa Iﬁgesmag%é?’m and eosin

(H&%;mt section/\bf (Gaet ro@éan“saﬁ‘@lel wab e&arilﬁled(lﬁ' BB QrtWin Vogel Consultant
nt r.ol 14 3 W Control, 2,18 4 W trol 2.35
Pathojggigtokick: &enpargg Sulseqyentinnhis bistopatggloical Wb@Grﬂf @l HEE fmmed mouse

iverd o By P Vg oo PRI R Rirkinabs 7T 0056 12

huPXR/ huCAR Control 1.65 13 huPXR/ huCAR Control 2.02 )
Micrds¢opicdyRa lslighdRo Godenats! ceitriigbular hepatetcilau bysRrtimphy was noted, in PB

treateé&ﬁ:??%ﬁ}}?@%gza(% WB{% %r@g{lﬁ é?gtz‘lf}gi‘} Eﬂ(rill,l}g)l%Ré(gls%ed to be related to

the tr@h’t%ﬁ( WHEAB. G0 BdrtAbt, 2o UBeqlivoCARKIIRARKQ EK}ﬂfdc@lﬂulﬂ h§pertrophy was
96 1.04 100 53 21 PXRKQ CARKO Contr ol 86 22

note P ARRIRANIGA R mise GlpwingD FoRRRROGRR: dintddgiony mitgtic figures
mdlc%ﬂ'gga?g&ﬁge%ﬁlr(?ro%g}gﬁ wére %@ted%ﬁal%%%%ﬁq Fahicelbut also, with a

lower incidence, in the “humanised” and null mouse lines.
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26 PXRKQO CARKO Contr ol

2.02 28 PXRKO CARKO Control

1.10 27 PXRKQ CARKO Contr ol
2.94 29 W PB 9.45 9. 30

WG@2@4/18880 208 0. 0002 30 WI PB 5.54 31 W PB 1BCGGB2®8/001897

W PBNS 33 W PB6.S1 34 W PB 6.

32 35 W PB 9.50

Tablgé: Mapap Septase Larlling Indices 94PB-geatedrmig. V3lusy a@@Xpressed as Mean +

e NN N e =

contrBl PXRhibe CARt PB ﬂO%ﬁ)l 43 N8|PXRhduCARNPR: 3. G@nla‘Mb
.98 45 huPXR/ huCAR PB 3.18 46

huPXR/ huCAR PB 1

for analysis

huPXR/ huCAR PB 3. 24 47 huPXR/ huCAR PB 2. 13 48
PXRKO CARKO PB 2.16 2.83 1.07 144 55 0.09 49
AR IPLAREO PB 1. 98 50 PXRKO CARKO PB 1.82 51
M%@l MYRKGnPB 2. FReatneat PXRICEHsCARKM B 3D/ #%m&ad %SD T-Test
PXRKO' CARKO PB 5. 1C@onthd PXRMGY CARKQ.PB 3.171 1065 63 '
PXRKQ CARKO PB 1. 8gont®h PXRRACARKO PB 3.06 57
ontrol
PX%KOI C%O PB 2. ontrol 235
WT Control 1.39
6 WT Control 1.31
7 WT Control 0.74
8 WT Control 0.99
9 WT Control 0.77
10 WT Control 1.24
11 huPXR/huCAR Control 1.07 193 0.67 100 35
12 huPXR/huCAR Control 1.65
13 huPXR/huCAR Control 2.02
14 huPXR/huCAR Control 1.53
15 huPXR/huCAR Control 1.18
16 huPXR/huCAR Control 2.02
17 huPXR/huCAR Control 3.05
18 huPXR/huCAR Control 2.79
19 huPXR/huCAR Control 2.03
20 PXRKO/CARKO Control 2.75 196 1.04 100 53
21 PXRKO/CARKO Control 3.86
22 PXRKO/CARKO Control 0.74
23 PXRKO/CARKO Control 1.8G
24 PXRKO/CARKO Control 1.28
25 PXRKO/CARKO Control 1.09
26 PXRKO/CARKO Control 1.10
27 PXRKO/CARKO Control 2.02
28 PXRKO/CARKO Control 2.94
29 WT PB 9.45 930 3.64 531 208 0.0002
30 wWT PB 5.54
31 WT PB 16.69
32 WT PB NS
33 WT PB 6.51
34 WT PB 6.32
35 wWT PB 9.50
36 WT PB 8.09
37 WT PB 7.64
38 WT PB 13.60
39 huPXR/huCAR PB 0.37 200 1.18 104 61 0.87
40 huPXR/huCAR PB 0.-18
41 huPXR/huCAR PB 1.19
42 huPXR/huCAR PB 1.86
43 huPXR/huCAR ‘PB 3.GO
44  huPXR/huCAR PB 1.98
45 huPXR/huCAR PB 3.18
46 huPXR/huCAR PB 324
47 huPXR/huCAR PB 2.13
48 PXRKO/CARKO PB 2.16 283 1.07 144 55 0.09
49 PXRKO/CARKO PB 1.98
50 PXRKO/CARKO PB 1.82
51 PXRKO/CARKO PB 2.30
52 PXRKO/CARKO PB 3.77
53 PXRKO/CARKO PB 5.10
54 PXRKQO/CARKO PB 3.71
55 PXRKO/CARKO PB 1.88
56 PXRKO/CARKO PB 3.06
57 PXRKO/CARKO PB 2.51
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121 WD 2008/ 149080 PCT/ GB2008/ 001897 Al'l ot her
m croscopi c findings recorded in the liver did not
W@ e@nilijos@ant | y di stinguish PB-treated m ce frpom/GB2008/001897
control mce or the differences were regarded as
random events. All these findings are considered to
be spontaneous in nature and within the nornmal

All oﬂ]aeg F’gérgg%,%ngMM %ggorﬁeglr in tﬁ% )élg?r dél IQ)ILI isgﬂgcgrﬁgl {ﬂ?tinguish PB-treated
mice |f1%h€§6ﬂtr6ﬁmldér&‘€lﬁe differef 3 dicird foaarded bis tandom everdly AlPfBese ﬁndmgs are
é ng/ kg/ 4days/ | P) produced Rathologlcal evi dence of
consi @s@ﬁ%é@ spantaReoushiy gk aphyitalpgbs praea! &a?lfsr%nédoaeplqgmecommonly
r
e Mg T BB S S NP GE e o condions
of thix udye B r(S(HBg/kg/édaye/diP)npmducn‘d phtholagiéKlObﬂARi@ of raaihﬂpatocellular

t P450 PA50 | yt t t
RSB A B S s
Eviddrde pfﬂ&h?%béllu%%&&?pl@ﬂ‘xa odRHEEInBB 2B ARd o@ﬂﬁaﬁtIﬂKO/CARKO strain.

Vi

acti i es, the deal kyl ati on of pentoxyresofurin
(PROD) and the debenzylation of benzyl oxyqui noli ne
(BQ activities, respectively. In addition,

benzyl oxyresorufin- O denet hyl ase (BROD),

quHEPQ%XMH&§£BUf'n - 0- denet hyl ase (MROD) and
et hoxyresorufin-)- 15 deethylase (EROD) activities

were al so nmeasured and eval uated (see Figure 130 o
P450 emalytia eetiwiiigsyin ths livadingaesomel Gactioppweregupntyfied. Box t antification of
mousc’y(f)ypéypq 1&& %#B?ﬁl MRHS: ﬁ%ﬁ,}% Id(gao datlor nﬂéeng()é(yl%%}ﬁ;lﬁ 6(lf’lgOD) and the
debertAMation bﬂbdnﬁﬂoiﬂuhhﬁnd‘f@})mbéﬁtlai; tdspéctively. In Bldition Ehetliyﬂ@(yresomﬁn-

, fromthe_two enz assays are i easo
O-deriplafro BRUDY MENBRYBERaI (STt ass SGD et ekthoxyresorufine)-

deeth%@é @mtlmema%talsb Weh ¥R YarPRbREEE tee Figu 170Y.
explain the basal |evels of 20 activity observed in

both activity assays. lal is only expressed
EROPoadtigity rigy indientive |0<5r€>1pﬂa aZeand Cyplhl By thg| mousggyhergay MROD is a

subst%ﬁ%%??ﬁﬁ%% @kw%%? rﬁkﬁgez msos Elﬁ{ng%g?gg fﬁ)&lﬂ&r}g ngem%zghl%d activities. The

resultarfebnicRieDtveta trezythe rassuy's raeet mdreaslmaablg rgpydragxaahcnn witle saoheatker (Figure

cl egse PB treatnment in W
13005 45" e YR B P RE LY 3t Bop PRl evels of
act1v1‘|t3)n oBsJ&?«eH’XR'ﬁQh%B@ hisags. dppldii Eron@aéﬁré!;%d’lﬂ)llbhﬁlg induction in mice

R/ CAR nmouse panel 25 denonstrated PB, at

(Ikeyaemg}/ k?}ﬁmeray%hen@lemwl he bega reportyd net ta Indype thisRASGARCSTBL/6) mice
(Sak\.l\}\llxi?zz‘E h@%lﬁcb@@t HW?»MROﬁ Lnngfgg?ﬂjgggﬁeg\% Qra@'dethgpgﬁyﬁ%g%hwn% were

ese’earlier I ncrease
increased by iPBytreaaigers @ieWT mndt P XRBauG AR e ck. BobXdRédys GARaleil oe increase due

Tt NN | —

demo%a%zé&@rsdlaf f1ememeAdDAL WAl dchatdWiegad vRethe CARI §8diht8d pathway, -
that the human receptors have a greater 30 sensitivity

although @Birtdh@rﬂrq ¢rapisteptivitnbesesarice ipdings. Furt her nor e,
this mechani sm appears to be 122 WD 2008/ 149080

A 'S-E)%r r%?gagé) %4 %Q}gamty was seen in the PB treated huPXR/huCAR mice, whereas a
marginal increase was detected in the WT animals (Figure 130c). These data demonstrate a clear
species difference between the mouse lines, indicating that the human receptors have a greater

sensitivity to PB than their murine counterparts. Furthermore, this mechanism appears to be
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dependent on the presence of the receptors, as
verified by the absence of Cyp3all induction in the
weBsnemsed PXRKQ CARKO mice. BROD and PRCD arRCTaBR@®8901897

of Cyp2b | O activity in the nouse. In both the W' and
depenlepOG® the prsReneo o the [r¢agpiors, axyatisied by grtAbssrice @fi€yPIaA 1 ingdyction in the

obs imlar levels following 5 treatnent
PB'tﬁﬁfiﬁ%EﬂP@éﬁfiﬁgﬁd-e). However, PROD or BROD

activities were not altered in the PXRKO CARKO m ce :
BRODpand RO Wire rharkérB. ofOCep21D, addBity rid uthe dmbMse0 In both the WT and

catalytic activities [Ln %he, WI'. and hyPXR/ uCA,R,rm}Jse )
huPXR7peR pRowse-tess kel EADHE IndUcian e REFRVErl b R evels following
treatthf SEth 189 ?fﬂk&l‘@sl-?:Od-Iﬁ'Fﬁ)“_‘fév@@ﬂ’hDD BIBRBEStVRRE were not altered in the

PB- medi at ed” P450 i nduction'is CAR/ PXR-dependent. In
PXREOCARIEQ geicoupin epesurats PBi OyeralatPB inducedtR450 satalytin aofivities in the

2hl10.a 3al,.l ofein jn pooled. 10 nouse. li.er
wr s R EABEAR MR e i it o PEOLE hiar Mol 035 e receprors
This EéRBsindE4Ates thixdB-gddigied PRS0 hd\idtionaCARIPFERMdsRademus e
lines but not in the PXRKQO CARKO animals (Figure 131).

Furth ... the ' djff | I .
In acheTERRSE MR HAS0 GEHN Bt St PP L Qyp3al 1 proten in poced

mouss YREERIctRIMELSY WeRern Ristiflg HVEALEThaSEIAR PS04l wete irRficdd ) PB in WT
hunman recept ors over I1ts nuri ne equl valents. In

and townolseds monsei kines dut bet inathel PKREO/6ABED aeigalsy(Figveu f 3 BdFurthermore,
the st etdtecle B ST TR e Rc oMo T ar R sRFR G afBesting that
has algrdated k@@itivdy fdP4tethumande@piotdoveHAMGIE equiialenst

striking result was found when the mce were tested

for . hepatocel lul a roliferation s.d rmned .b
In copgletiom et Po ??JW%&E/%F%S@ , T i huPXRAUCAR
mice Ve fIOMKE/RY R ¥hdh&l WI diice€ THeSRiniY Pattedn was mirrored for P450
~proliferation of hepatocytes. Both KO and humani sed
inducginn midosrevdtowes mest pitaking eeatli weas efopad twhehathsosvies werggested for

| . | Usi . . - ar : .
hepalo RS RRSICARNG Ao Ny 0B & A prEirsop U, where i
was fdingll thattonlyntde D& iapalisphiyedd prolifegdtion ef hépapeytes.Auttly KOrand humanised

. 1I;)yper | asi a). i n.PgtﬁKO’ RKO nice. PB induced

animly ShEP BP RGP SEIE TRy BEAEEUET & | hUPXRINUCAR i ce.

25 These m ce and huPXR/ huCAR/ huPPARa wi || be of
Impoft@itebhlisidis h¥refors ateth@assessing the true hazard of

non- genot oxi ¢ -rodent "liver growth carcinogens” to

humans. They will al so provide useful tools to

eunfBindpced haparsapliyesed hyessplasia eWABNiSE-i c- i nduced | i ver

growt h and species differences in such growth. 123 WO

2098/ 7 :

oy 2 R e R i BB Rl frfcorcarKo

& iiceKi mura (1989) Human

e PB induced hypertrophy but not hyperplasia in huPXR/huCAR mice.

These mice and huPXR/huCAR/huPPARa will be of considerable value in assessing the true
hazard of non-genotoxic rodent “liver growth carcinogens” to humans. They will also provide
useful tools to unravel the complexities of xenobiotic-induced liver growth and species differences

in such growth.
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CYPI A2: sequence, gene structure, conparison with the
nmouse and rat orthol ogous gene, and differences in
WO pwen4908PlI A2 mRNA expression. Ml . Endocri nol PCBGB2008/001897
1399-1408 5 Sakuma, T., Onhtake, M, Katsurayama, Y.
Referkaceskan orn, K. & N. Nenoto (1999) I nduction of
CYPI A2 by phenobarbital in the livers of Aryl

hydr pcar bop-responsiv nd - nganr nsy LCE.
O e R R
CYP PG/ scii2a68/ LA 8@ucturel &ndfiaridon Aith Qhe Mo afd kdi®rthologous gene, and
__tissue or cells derived therefron1ingorporatin% at
differprogs in livge CYEAAR mENA cxpressioncMob Kadagringl. Bp £399-1408

transcription factor PXR (i.e., the pregnane X

cep [ i & h ' ;
Sakup g EP ke, M R, RO, KO A AR RTgT o5 fuduction of
CYP Rby phemobadbitah im the-livarsendl Aapli hiydtocatbios-sespoinnivecanld|-gonresponsive mice.
cordin ) LM 1, wherein said human DNA sequence ‘

Dnggﬁﬁ%r$§@%'g£3ﬁé§§¥]part of introns 4, 5, 6, and/or 7

of the human PXR gene. 3. A non-hunman animal, tissue

or cells according to any preceding claim wherein in

said human DNA sequence the intron-exon structure

bet ween exons 4 and 8 of the human 10 PXR gene is

mai nt ai ned. 4. A non-human animal, tissue or cells

according to any preceding claim wherein said human

DNA sequence further conprises at |east part of intron

2, intron 3 and/or intron 8 of the human PXR gene. 5.

A non-human animal, tissue or cells according to any

preceding claim wherein in said 15 human DNA

sequence the intron-exon structure between exons 2 and

9 of the-human PXR gene is maintained. 6. A non-hunman

animal , tissue or cells according to claim1, wherein

said human DNA sequence conprises a sequence that is

at | east 70% i dentical to the sequence of SEQID NO 2

or the sequence of SEQ ID NO 3. 20 7. A non-human

-animal, tissue or cells according to any preceding

claim wherein said human DNA sequence is inserted

into the nouse PXR | ocus, such that expression of

human PXR i s under the control of the nouse PXR

pronoter. 8. A non-human aninmal, tissue or cells

according to any preceding claim further

i ncorporating at | east one of any one or nore of the

foll owi ng human DNA sequences
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25 encoding:: (i) a further transcription factor (ii)
a phase-1 drug-netabolising enzyne; (iii) a phase-2

waleawgA#ms@bol i sing enzyne; and/or 30 (iv) a dpQyGB2008/001897

transporter protein. 125 WD 2008/ 149080

CLARM® GB2008/ 001897 9. A non-human ani mal, tissue or

cells according to claim@8, wherein sai d at | east one
lf ur A ep-humam aeimap tissis oF geloderived dieeefom mw@owpns:meast one human

n 5 A H TR AP

t

ceI Iglﬁa%/g ?n@ﬁtﬁg)ggﬁ'e ng@ L e?%!l?% sa e 'ﬂ{ ?ﬂé Enllé X recepton)
t i swhigeiasaid hembs DNAC @ parcacemprides hoast paitaf s&qme’rmﬂ/or intron 7 of the
encodi n whi ch hunman DNA sequence 5 conprises at
Iealg’cmaﬁg)l)&% ®intron 2, intron 3, intron 4, intron 5,
|nt on §, intron 7 and/ or intro .8 of the hu

PORTYER 2BRaLotiRsEE 9F Celschenting Eroteide bueheein Said human DNA

r ets@qﬁ&.cé BSinpris&d Jt%sﬁ?&%f%tfdﬁ‘s‘huf %, Qﬁvmtmna)m Eene.
9; and/or optionally said human DNA sequence is at

3l eaﬁtnoz-q)m/?nhl‘ij %ﬁ‘ﬁda@ lesdeoort &ﬂs AEHERE B By pEQRdid? M wherein in said
and/or optionally said human DNA sequence is inserted
| ntfulmaheDNﬁL@eue@mtheomugn-emﬁntcnm betwjgere sxonsrt aid 8 o the human

nj?ﬂ% AR ; a%ﬁ;“f‘%'r?e% the control of the nmouse CAR
promno é iT non- human ani mal, tissue or cells

accg rd man an1r1]1¥alo erx? for %eﬁls accordutx%tolgr}?/ \é’%%g I nclgélarh dwherem said
ani ITH I'ssue or’ ce S | ncorpora u

sectummae)rem cefliefit AR cotmiptikeshat feast palNAiIR®E 2 it®n 3 and/or intron 8
conprises at | east exons 3-11 of the human AhR gene
andifdhe Mmaa P XRg6Mn DNA sequence is inserted into the

m)use AhR | ocus,  such that expression of 15 huna
5i's AmaBhumAR aRigih tispucotr GeHe arfording mqwmrawétn@rclalm whArem in said
NO NpMARBIN A Nefince tHeSRHEN @iorﬁﬁHcﬁxré‘%&%Qd BEork 2 Q:QV 9 Q)'P‘i‘he human
of clainms 9-11 wherein said animal, tissue or cel
i ndt¥lpeenstiemainkainedn DNA sequence encodi ng PPARa, V\,hl ch
human DNA sequence includes at |east part of intron 5
6and9\mon1'hntnﬁ@rani®naéf tissie oh aehisnaccPEpRatogdgim, 1.awigrein said human DNA
optJ, i

hee R, domir el b Ge R TRE i BIERT AANEGuNTg e saupes or sEQ D
hum.z%?ﬁaaeqmeemtssmlmNmmed and/ or whi ch human DNA
sequence is inserted into the nouse PPARa | ocus, such
7t'haAd exhusasiadimadf tifsusren celRPAddarding unaker pltebmm:gmlarm,l wherein said
of t he e PPARa. pronoter. human an

gsﬁgeﬁeﬂ'émﬁ% PG g &ﬁy‘“&‘ﬁ’é%g?l‘ i‘?%l? n%“’% “1‘*2 expression of

V\hel{u%iaﬂ PSR { ufidler thefRfirolUTEMdNASE PRRYSrHG0REL abol i si ng
enzyne is a cytochrone P450 isoform optionally

8. A non-human animal, tissue or cells according to any preceding claim, further

incorporating at least one of any one or more of the following human DNA sequences

encoding::
() a further transcription factor
(i1) a phase-1 drug-metabolising enzyme;
(iii) a phase-2 drug-metabolising enzyme;
and/or
(iv) a drug transporter protein.
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25 selected fromthe group conprising CYP1A, CYP3A,
CYP2B, CYP2C, CYP2D, and CYP2E isoforns, optionally

wa 2008049680 f rom one or nore of CYP1Al, CYP1lA2, RYP8BZ(08/001897

CYP3A5 CYP3A9, (l: P2C8, CY FZCQ CYP2B6, A CYP2B 10,
9evPh @ordumesyppimeal, tigsyp o cells, AForting & glaim farhorgin said at least one
S e%ﬁﬁ&%aﬁ&?@ﬁwac@r &%@ & }noférdf@mt/:aﬁ@ LhdGbrEPAIRSZY T

conprises a Cytochrone 50 gene cl’ustér, optionally

el BacE 6 clal
405 S LA 0, G .
14.ceBs nenrporateasm hamamBINA mqslsmce encodirg CARaeharhchungantONA sequence

any one. of clajns 13 ere sad t . | east one

P OPsGh A JEREPE] PR EHD)rte SN GHRAgiR 6 intron 7 andior
t r 3RGéES 8fMe htién OER fone.3R0Rr optitRalihifhHRMEDNAUSHihee retains the
a gl ut at hi one transferase, a gl ut at'hi one S-transferase

126nYye3-2008stursns (hePEsEnGRRDD S 60d &5 7and(asgptiong]ly said human DNA
suI -84 Lor

s%&?eﬂa l_SI%IE %g% 76/ %ﬁg tlcgi{}g ggéusg&\%rn@é: &f%ﬁs g[é gg)?%,%h%? 8pt10nally said
an}h\m{aa IDNAcdequme Ss indertathiatcethe mausd GAR lbcma,siuch rthat expression of

g tr otel a mul dru reS| st ance
‘%gﬁ) comﬂ% emﬁ’/ﬂ%cﬁi& R gr -drug
S|sta ce- assocj at ed ein (IMRP), I\/RPI P2 an 5 o
ér ARPR YRR Hésb‘SP? F% aﬁ?ﬂréz‘B% fnyePne GATeY SRRl Gherein said
BCF&E’mﬁ;l hﬁ‘sshé BINEIIR FHioRIdRaté Blrumby PR A @éqheﬁce@nmgt RAR, which human
16. A non-hurman animal, tissue or cells
derDNédsegh@mfcpmmlmmrlp@t amnﬁg3 &1 jofi ¥ hongn Aéqugréﬁc@d/or which
engodi.n e n e_f
ac e DRA At s kG hRE MBS 1RO e Bpresion of
C el Husnad eXHiRvie dndédr etiesfontral afmian@oe athRngomotetiman DNA 10
sequence encodi ng CAR and in which the endogenous gene
1D orA R¥iRhhasn beignl,aisoud breetlls avdovediag o s@y dneDMbclaﬁﬂlR?hb @herein said

encodi ng .human R.is optionall ined as in )
* To el i o dproamraare s BBV bt eriafing T ARa, which

t hefugfah OONANseddlined itdifies e %ﬁgﬁﬂsoﬂﬁﬁﬁﬁ 5t 4/ AhorPKRf the human
and CAR have been annul | ed non- human ani nal ,

t i SHURwpgengetnds og@qﬂaUBdntW‘le¢lelﬁtirmn PNéovegeanse theginran-gxon structure
a C [ RSGCLI Pl on fact ar.

5T R AU GO SOALR NS OB il i human
tr aDNArsiemdnm:sﬁaﬁ-lrtGd iiARhe mbusei PP AR locay) sidlAhseckpension of human

enc d| transcr, t|on fa AhR, and (iv) a
st ok Reist BERRAZASEREDt i on 1 actor

ti ssue or .cell

P X. 20 A .non- human i mal
§§§a? h@m%armnaf Fi5518 Ot G52SR F AT, R 9 EREDS Br62 Wherein said at

SeQU:%FQﬁe Bhgedi J}ggmeabbnﬁm%s EiZyRic] @ra SR P 0 Boform, optionally
defined as in any one of ai s 1- and/ or sai d DNA

segalspied feone dti egup sempricngR G 1e$ef¢\ﬁléﬂ\ d&SYPIB.cC¥P,10YP2D, and
andéWZEsglogrms, optionally selected from one or more of CYP1Al, CYP1A2, CYP3AA4,

CYP3AS5, CYP3A9, CYP2C8, CYP2C9, CYP2B6, CYP2B10, CYP2C19, CYP2D6,
CYP2E]1, and/or said human DNA sequence encoding a phase-1 drug-metabolising
enzyme comprises a cytochrome P450 gene cluster, optionally selected from the CYP3A

cluster, the CYP2D cluster, the CYP2C cluster, and/or the CYP1A cluster.

14. A non-human animal, tissue or cells according to any one of claims 8-13, wherein said at
least one phase-2 drug-metabolising enzyme is a glucuronyl transferase, the UGTI1A

gene, the UGT1A gene cluster, a glutathione transferase, a glutathione S-transferase
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- 23, sequeR@leRbdB

DNA sequence encodi ng human AhR is defined as in claim
11, and/or said human DNA sequence encodi ng the

W@ e@pss¢a08pti on factor PPARa is defined as in cPEi/GBL®S/001897

21. A non-human animal, tissue or cells according to
any(GSTy, aculphbmy teanst&tasel antllor ahlacéthietransf2fasé.ncor por at i ng
one or nore human DNA sequences encoding (i) one or

1501 & npita6Manl ardindl tissat abodlisicO@dinp 1y #Sonelof GRRNOS- lmlﬁzrem said at
cytochrome P450 gene cl usters, ?tl onal |y as defined
. n leashions figug Harppeiter profen dha mylti gerwa@ée protein (MDR), MDRI,

ol AIDRES MDD, Ry SAGUIEsisQRIL AT HAPIUREE MRPL MRP2, an
pr Gir@nnsammp’lrampca'hhg/ palgpapéifie (RATP)) and/ex B@RB (the tr2nsn\Bbrane ABC-

2008/ 80 PCT/ %ﬁ(&} /001897 22. A non-human ani nal,
t|§¥EF FIOEPTeT d&L474d t heref rom i ncorporating (i) a

n DNA se eencodln the tr rlptlonfacto
185 PR (BTG 1, SENGATS GO BT Pe¥BaAd, human DNA
PRRI 2B lin which $teen@bgenbihd gend ot AR R He@n annulled.

claim?22, in \Mgll ch an endogenous gene 5 equivalent to

1£YR3Adn hamak e@inANAkuE - ceBé dervddOeRBBRNneStpBRLing a human DNA
tissue or cells accordi ng to claim23 wherein the

anisgayentesengoding SAR antbinswhigh gscwmgdesrooss granordiXR hiag kagn annulled,
s
con %}J HB‘P rﬁaﬁﬁn %89 5Fceqd ﬁ%g\;egrqlaeﬁr‘:%%ﬁ)ﬁﬁ)o\?ﬁlgﬁ ﬂlq,%hdééggous genes for

enous
ethoﬂﬁlP)émangér\Rhamebdsm:ammeldurmn animal . 26. A
non- human ani mal, tissue or cells according to any one
19f A hen-hemaZandbal, tidse¢ ed aells Herived theneftonm micarpomtisg and
t he human DNA sequence encodi ng CYP3A4 is inserted
into the noismaPRA idquen@umcadinditht irabsctipgorefi@neRERpN
of the human DNA sequence encoding CYP3A4 is under
t he cdiif r ol adfunidnedNbd yepetdepBaddidg the oamdcaptionlfactdi7CAR,;
non- human ani mal, tissue or cells according to any one
of cl diis Z%ManWeequenMncMngME tmmcapMeoaAth and
the. human DNA sequence encoding CYP3A4 is inserted
into t(hve nouUsmMaGEISA2&quenaiencadinditht ratsctipionefa@peRIRA Ru
of the human DNA sequence encoding CYP3A4 is under
20heA momhumhn ofiintah eishwnmem/ faddatdipg torokaen 18y wbminosaw hyman DNA

under the nt rol of se 2 ronoter.

2. A HGR O FHPTP OBt BRRSRFL A oah RGNt Bf claims 17
anyan@Re sall DN ARisBfueret: etodink BuMhA CARCIs d¥ERBNaPIN laim 10 and/or said
sequence encodi hg CYP3A4 is under the control of the

hu csgepee encoding human AhR is defined as in claim 11, and/or said human DNA

sequence encoding the transcription factor PPAR« is defined as in claim 12.

21. A non-human animal, tissue or cells according to any one of claims 19 or 20, further

incorporating one or more human DNA sequences encoding

(i) one or more phase-1 drug-metabolising enzymes or one or more

cytochrome P450 gene clusters, optionally as defined in claim 13; and/or

(i) one or more phase-2 drug-metabolising enzymes, optionally as defined in

claim 14, and/or

(iii) one or more drug transporter proteins, optionally as defined in claim 15.
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pronoter. 29. A non-human animal, tissue or cells
according to any one of clains 22-24, wherein the

whven49BA sequence encodi ng CYP3A4 i s insert eRCT/GBR008/001897

t he nmouse Rosa 26 | ocus, such 25 that expression of

2BunAmoC¥PBAd animaly tiskue ot bedlsclentedaherefiom lireoperaing CYP3 A4

pronoter. 30. A non-human animal, tissue or cells

accor diing t oa bungamDNAckquenes ersodifig the transeeipdom factoe PXR; and

human DNA sequence encodi ng CYP3A4 is inserted into

t he nmoli3e CypBanal DNAsequenccéncodingCYP3AAessi on of

human CYP3A4 is under the control of a human CYP3A4

2fr offmbedhum3d anifkal missdemtmeils’c‘mbcrréing td cladw@2,dn whidhl i endogenous gene
om ac ord| any one of clainms 22-

derived. ther
30 %@‘VaWﬂéﬁoﬁ%"'ehaﬁ R dsequence encodi ng human

t f th

%Yng @i}p@%gégﬁk ?itsslllg g)?séyszig%%yhfgfgotgglmr 83nwLergin the Enimal is a mouse
PCT{eB2AQRINRAGR LeRlequidfenN R YRR s @}hﬁ'ﬁll’ tissue or
cells of any one of qIal ms 22-31, furft

25 NCRBAMAMAA AninPN &isShe SIS Qémn%)m&%e&%?ﬁms 22-24, wherein the
encoding (i) one or nore further transcription
f achunrag, Db@( isg(mgn¢e)/ eg(ejdmgt @a’PﬁAémstlheieg tleugontrol of the endogenous
consi n I s defined in claiml10,

F?rm%tter gfng]ﬁqg%em % ng i %n P %{“mel and PPARa,

Zﬁgtr% nf)gl lh{.l a%nlﬂl 1sitge dclgrzce_ s & cQ d1 toaaﬁgloglrﬁzg m\s_aém% ?E gﬁ wherein the
or dmns is ayﬁdmesh aahhe mﬁﬁﬁn QBIYE sé‘cﬂul&iﬁie&fn&odlﬁ)gJClYPBAh liyy in8&rted into the
defined in_clajm3; and/or (iii) one or nore phase-2

dr UBQtFEtaBat ilsions byt dhe epressianaf he Burga PRy seayence encoding
cl abypilay isANGrehe MRtrbl IDthORBusICyP 18 p%d-f&elt rans por ter

proteins, optionally as defined'in clal m15. A
201 RYARAMARN b ARl al, tfsh&sé’receﬁg a&Bdisy BednyVie dr Q%rﬁg Q@% wherein the
i ncorporating (i Y a human DNA sequencé encodi ng

CYPR@9al inn aincv(um 9nctathh irean DRV sapyerns cocatinn@YRAE hieinserted into the
LT anS&E I(Bg}e?ﬁ 1091?5 %%ﬁh? A the gxnpcrjés ion oéftlge ur)nar&&%nge%ug}l\g% encoding

sequence“encodi ng ranscri ption
norCYiBBm 1samdﬁﬁ{hﬁ doh@sluef the hﬂlﬁhﬂl SYPeAargtomotet Or 6ptadndlly under the
33, QS n the DNA sequence encoding CYP2C9 is under
théoegﬂt &ie Beus (EPIRZRPIURTE CYP2C9 pronoter, and/ or

ei n sai d DNA sequence encodlng CYP2C9 conprlses at
2¥maéfl% AP AL A5 Fe AT 15 RREOTARI Ao P b ClgiTie 22-24, Wherein the

and{y@fan VINA Sefuchidd EnddihoSEAPEAY & &P HeNDnfrdP e iman CYP3A4
inserted 20 either |nto t he nouse Rosa26 | ocus or

i ntpoomeier.npuse Cyp2c cl uster.
29. A non-human animal, tissue or cells according to any one of claims 22-24, wherein the
human DNA sequence encoding CYP3A4 is inserted into the mouse Rosa 26 locus, such

that expression of human CYP3A4 is under the control of the human CYP3A4 promoter.

30. A non-human animal, tissue or cells according to any one of claims 22-24, wherein the
human DNA sequence encoding CYP3A4 is inserted into the mouse Cyp3a cluster, such

that expression of human CYP3A4 is under the control of a human CYP3A4 promoter.

31. A non-human animal, tissue or cells derived therefrom according to any one of claims 22-
30, wherein the human DNA sequence encoding human CYP3A4 comprises at least part
of intron 1 of the human CYP3A4 gene.
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35. A non-human animal, tissue or cells according to
any one of clains 33 or 34, wherein the animal is a

worouwsa4%sd t he human DNA sequence encodi ng CYPRODGB2008/001897

inserted into the nouse Cyp2c55 | ocus such that the

3@x pFlessindmneih animalhtissan oDt s ©F qoe neoferigiodi2aegl 1, G2 CRhcorporating
is under the control of the human CYP2C9 or optionally
und@Pofﬂ‘é’r%angﬁNgfse‘ﬂ‘l?Ecesfgcmﬁse Cyp2c55 pronoter.

36. A non-human aninmal, tissue or .cells derived

t her effom i ¥ &HaLE fusther transeription fagipreyqriienadiy spigged from the group

encodi ng CYRgfGistiN6k CAR) optidhdiifAs B¥hed SAUEMRESI0, ABR, optionally as
encodi ng the transcription factor PXR and/or 30

(iii) a humedefiDpihingedajmelicandefiYdRi, ogtierally a5 defwed iptlaion]2; and/or
factor CAR. 129 WD 2008/ 149080 PCT/ GB2008/ 001897 37.

A non-(iuman ensi eramoret fugtberephase-t alrigsmatabolisiigenzymes omione or more
36, wherein the, DNA uenc encodi ng_ CYP i.s under

The cont rol P PRTsERE0 TRy Y S i MRS, andror
wher ei h., sai d DNA sequen encodi.ng CYP2D6 is inserted .
into (D noude B/BTE RiFter die mboRsifg snes oRfitRRll & defined in
tissue or cealldim teahd/ed therefromincorporating 5 (i)

a human DNA sequence encoding CYP 1 A1, and (ii) a

human @BYA s estidon aRrenag Gampotpriteits, opBSnal K ab dekided élaim 15.
animal, tissue or cells according to claim 38, wherein

332i Al nbutAarWimals €isfue BEQS!s déveld et @al incbiporating nouse

Cyp 1 a cluster, such that expression of human CYPlAl

i s undgr the laemdnrINAGEqUehe: dhdoding CYPLEd; qagonot er and

human CYP1A2 is 10 under the control of the human

CYP1AZiipr onod iafmandONAAeqi@ficd dhdBdingithic fidhscriptiGEfa€toPPXR;

cells derived therefromincorporating (i) a human DNA
sequengd/oencodi ng the transcription factor PXR, (ii) a

human DNA sequence encodi ng the transcription factor

CAR, gnf (idhyman DNABREqUINA ecdiente taneagiifipfatloeCAR.

CYP3A gene cluster. 15 41. A non-human animal, tissue

3¢r Aabh-huders arithialgishe ol c@ilsmdOrdivher dith 33)avhetsithe A sequence
sequence encadi ng the human CYP3A cluster is_inserted

i ntgeediee ryb<e® oy paderdhe serdpol of dhye h2kbnbyman, (¥ B26P prorpgter, and/or
t hewlhalr@mQai@ﬁsﬁesé‘dugﬁéeeﬁrncbﬁnéIEWQC§ REMENRE hOlead palt O Ritron 4 of the

CYP3A pronmoters. 42. A non-hunen aninel, tissue or
celhusnag drYR2EQ genhesranfifop mhersovaisbP A seguen0e engodmgHuYRAECY is inserted

DNA REHEMREmENG I DI BAK o AP REARNLL 8o A0, PXR
35. A non-human animal, tissue or cells according to any one of claims 33 or 34, wherein the
animal is a mouse and the human DNA sequence encoding CYP2C9 is inserted into the
mouse Cyp2c55 locus such that the expression of the human DNA sequence encoding
CYP2C9 is under the control of the human CYP2C9 or optionally under the control of the

mouse Cyp2c55 promoter.

36. A non-human animal, tissue or cells derived therefrom incorporating

(1) a human DNA sequence encoding CYP2D6; and

(i) a human DNA sequence encoding the transcription factor PXR;
and/or -

(iii) a human DNA sequence encoding the transcription factor CAR.
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(ii1) a human DNA sequence encoding the transcription
factor CAR, and (iii) a human DNA sequence encodi ng

W0 b@8TBRC gene cluster. 43. A non-human ani naPCT/GB2®8M01897

or cells derived therefromwhich has been humani sed
3f7or Atrve-hu@dR2binedl, ke or @Hs 4écording) (melbnm&ﬂ, wilteréinlthe DNA sequence

ti ssue .or ||l s .derjved theref S been .
hun@isPding Cfc‘%rszH% ““43‘(35(308%'3‘{*3&”}“&53“ ‘E\Yﬁzw RipRgter, and/or wherein
ani Rl pNil ééﬁ%c@éncgﬁhé EYPeDbVeRsdrRanb HRhIE ¢4p fﬂaﬁustcr.

been humani sed for the CYPIA cluster. 46. A non- unman

@n' Rbn-hbings Y8mal 158k bf e a8 HdNBert QoMo cl ai ms
43-'45, further 130 WO 2008/ 149080 PCI/GB 558P801507

i ncor pgy ati ngh R @NArgea&aned@g'émmemes encodi ng
(i) on€ or nore transcription fac optionally

sel ect@ ' ofhirhin BKAUquERSI:5khRE AR optional ly

as defined in any one of clains

39ptA%ﬁ|Hu¥mﬂ%ngxgl' t'i’s@ﬁie blncéﬁgadc%r&&g t@Qﬁlmoﬁt 'vs@n@t%“ ai®fiuman DNA

defined in claim?1 PPARa,” optionafly
def sepeghcenare| iasamed dntoathel/mpous¢ iGyplocbiser, swoh ehqm rm;pwsslon of human

bol d/ or r nore fu
eyt CERPARE i M B e Blm AT A e i hifien cv1az i
I N @ldat the ESxitrod BEhO humérd CYP18D grodiotddr € phase- 2
drug- net abol i sing enzynes, optionally as defined in

40) ah od-Ahuman eHigal, #iué bidelle derivad tmwoxﬂw@rﬂofamg porter
pr ot ei ns, optlonally as defined in claim15. 47. A

non- huian ani Kithan DNASbQueAte GRbdifg BRAANSHPHot ok KR
45 further incorporating a human DNA sequence

encodi(@y t hea hurdhIONAREqRAcS @rbdihg MNfanspiptionakioy CAR; and
defined in claim11. 48. A nouse, tissue or cells

deri vegi)t her ghuredh DNAWBGehcd dheoding HGETHOREA gm0 elubeF.
Cyp3al I has been annulled. 15 49. A nouse, tissue or

4¢el A ol @i thninhed! 8dst@ 61 céllsWhtic6idirghe @meoy®Nohtseid @Rehuman DNA
for Cypl al and/ or the endogenous .gene for Qé pl a2 have
beeWaiRAtiEPedingghe human YR arertusissiirinsertad igla e grouseCyR3a cluster,

derd Ve tha Qﬁfr@sfsfoﬁ ¥ {3 h\ﬁmaﬁ I'C\tfl%% andass 'ﬁﬂﬁé tl%Ygo%éol of human CYP3A

cluster has been annul 51. The non-human ani nal
t i ggomoigrs. cel | s of any one of clainms 17, 18, 38, 39
or 48-50, 20 further incorporating one or nore human
4DNA serrhemeranimak bsiuegr ¢elly dennved dherefioome itcomosting pt i on
factors, optionally selected fromthe group

(1) a human DNA sequence encoding the transcription factor PXR;

(i) a human DNA sequence encoding the transcription factor CAR; and
(ii1) a human DNA sequence encoding the CYP2C gene cluster.

43. A non-human animal, tissue or cells derived therefrom which has been humanised for the

CYP2D cluster.

44. A non-human animal, tissue or cells derived therefrom which has been humanised for the

CYP2C cluster.

45. A non-human animal, tissue or cells derived therefrom which has been humanised for the

CYPI1A cluster.

46. A non-human animal, tissue or cells according to any one of claims 43-45, further
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consi sting of PXR optionally as defined in any one of
clains 1 to 7, CAR,  optionally as defined in claim

WA o8BS0 opti onal |y as defined in claim1l, PBeEEGB2008/001897

PPARa, optionally as defined in claim12; and/or 25

(i i Incomperating oneroz nuite beman BNAgeqenedseEncalimg enzymes or

one or nore cytochronme P450 gene clusters, optionally

as def{ined ionec bainmrisuamcriﬂtbn fagtots] Joptioveallgr sate@tedd from the group

phase-2 drug- net abo g enz tionally as .
defined in %qngllslmgl n‘?Pé‘P“%‘re\Fﬁ dﬁﬁ'gedo‘f‘ apy pRe BE“dﬂms 1to 7, CAR,

transporter wtra,hﬁw&s deéFinbd qnahimeism@fdpﬂeﬁan rhsfdeﬁhéal claim 11,
15. 30 52. A non-hunman aninmal, tissue or cel enveél\

t her ef r om i rensrRPa¥Re: ioptienally andafinphim clan@lllvw)ld/or
2008/ 149080 PCT/ GB2008/ 001897 sequence encodi ng the
human @ETI c¢nsrsqr arore MPélW&@p@bﬁwmnmswqm nueor rgore further

d |
that | expr essSIFTEITE HE O age Hedishorcap Ry pEEd  gap 1ss ndor
h | of
an a0, 5o R, e @5%{*?%%’0?18"16|°3%Yme§2°ptf%ﬁ"ﬁ¥q g} defined in

i ncor por at i ngaignkt, afid/o® nore human DNA sequences

encoding (i) one or nore transcription factors,

opti on@hl y s@leet hrde fifiQiRahdporter @RotBins optichatlyiad deffed R Baim 15.

optionally as defined in any one of clains | to 7,

4CARA nophtinamalingl, sissudek bﬂﬁchcbdtdiﬁlg% BDaﬂqQ{lS Ahﬁi,er incorporating a human

optionally as defined in cla an

opt PUAEFauFncsengeding e tTaﬁs%'IPHP‘hfaIt?f Aaﬂdvmwnqléy S qeﬁn%ﬂw‘é claim 11.
nmore phase-1 drug-netabol i sing enzynmes or one

4o M- GO FeCB en\geénteerefrfa@tler@wlbw@.ea epyuSag,ene for Cyp3all

defiQ3@6kn An@ilc@l M 13; and/or (iii) one or nore further
phase- 2 drug-net abol i sing enzynmes, optionally. as

49ef A neshst, NiscleabiMeld. deRDEH Q{ere(ﬁlow in Qﬁlcﬂrthmdﬁggﬂ&&? gene for Cyplal

transporter proteins, optionally as defined in c
15. and/pg thegndogenens-gensrton Capl a2diaye béeggumulied. cel | s
derived therefromincorporating (i) a human DNA

58t ape-bumpicaniinaly tistve or eellssderived therefrbmcin ovhi¢XiRe eadagenous CYP3A

(i 'Qlus?erlﬂ gﬂlgglﬁmggquence encodi ng the drug

transpor 5. A non human ani mal, tissue or

?el’gﬁ %%%%%%BR&H%Q 91 s%e or cel’ls z?né'eclt)rpﬁa 0 dtﬁaru%séspgﬁ §’gg§’t3egl’ or 48-50,

sefjuence enco rugt
VRHZErthes incotp@ratinh ©n€ omnhoelhudfan UNA seglerRBslQ@oaiap s
pronoter of the non-human aninmal. 56. A non-human
ani mal(i) ti ssime @f noed [ten@eipaoifigors,0 opticably Sblectel efith Nthe group
said animal is
consxstmg of PXR, optionally as defined in any one of claims 1 to 7, CAR,
optionally as defined in claim 10, AhR, optionally as defined in claim 11,

and PPARq, optionally as defined in claim12; and/or

(i1) one or more phase-1 drug-metabolising enzymes or one or more

cytochrome P450 gene clusters, optionally as defined in claim 13; and/or

(iii) one or more phase-2 drug-metabolising enzymes, optionally as defined in

claim 14, and/or
(iv) one or more drug transporter proteins, optionally as defined in claim 15.

52. A non-human animal, tissue or cells derived therefrom incorporating a human DNA
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nouse and sai d DNA sequence encoding MRP2 is
optionally inserted into the nouse M p2 |ocus, such

WO baBs/1490p0r essi on of human MRP2 is under the coPCT/GB2@B/001897

the nouse Mp2 pronoter. 25 57. A non-hunman ani mal,

ti seg@nts ef@ding e QihhﬁhnIgGﬂ“(D cﬂlﬁBYerOMe&fn §dl@|}ﬂﬁ1ax53)N>A sequence is
55, further i ncorg}or ating (i) a human DNA sequence

en dB%Wﬁ‘é i themeaise Dt et $RitonaHY AR e om of g haman UGT!
%@Sﬁﬂ{@@ﬁﬁmﬂ}p ﬁ%éﬁpﬁg%rg ransporter MDRla

(ri sequehce encodlng the drug

5§.r %%Pr? Huggm % 1 l?xﬁsu%%]g 2BHs éc&%ﬂl r@zﬁmaﬁ uh% r{lc%%g\[eating one or

or ce &rfved theret rom i neor rating
13 2ndOh2@eB DNAOERG OeneesTenCRANE) 8/ 001897 sequence
encodi ng the drug transporter protein NMDR1, and
optiongl |y fanetbremoré manscpiption ifmgo@nepMnaH}Drselef:ﬂddtfﬁﬁﬁ the group
human DNA sequences odi ng human PXR, human
wherein sai ¢f m&mgéﬁﬁ’gﬁiie@p%wegaiaﬁ effnsﬁein ARy e&tqfakgpwﬂ CAR,
inserted i nt(?)tlbﬁh@lyr@t&ﬁnemrélﬁml % BhR, %Hﬁ&hail?% defined in claim 11,
expr essi on human MDR1 is under the control of the
mouse 5 Mirand PRARaoepiosnlly Salefipediorelambiand/or mal |
tissue or cells derived therefromincorporating a
human (iNA  swquenciorenpbatierlg drigemetabglisinga reapondselor one or more
protein MR 2 %m%ri;458 ngrlleltgj(vssftel%sr togte onallI SN2 d?ntc!l ity 13 and/or
one or more Pur aqliented 2eRed6t iy Hiha
PXR unan R vvher sa d seguence. encod|

Q Bmp t |O§ﬁa r molrenguer{r’lll &1asre]t A e[g#D Qoghesmﬁoen'%n?e% optionally- as
Iocus, such deﬁﬁédlﬁ)élhﬁrﬁﬂgjzﬁﬂ/daf human MDRI is under the
control of the nouse Mirlb pronpoter. 60. A non-human

ani mal(iv) t i ssine opmoeadrigtratgporved rdtéias, @ptiomilly as defined in claim 15.
i ncorporating a human DNA sequence encodi ng the drug

54.r Ansg@ehiredn quimileiiuddRels daihdd drtdfnalncyrpbatihgrer

i ncorporating one or nore further human DNA sequences
encodi(g hurseunBXRNA segmence ¥ncddiy tha tamscriptivripfactMIPXR; and
b. 61. A non-human animal, tissue or cells derived

t her efiijom i rdafpaTANA sgjuandelenesditdNAe dAGGHRSILEeeMBROD] NQ
the drug transporter protein MDRI b, and optionally

55.urA hed-hurharc eiipmal, aissuegoraels accordige tof uaihh 64, WhsrEn ekPrbssion of said

vs T W T T WA

delch¥End Rk SthbteofitRCRfmehiAfndluman DNA  sequences
encodi ng human PXR and/ or human CAR, in which the

5&NAOAEMNALRan) BReRI ftREue or cells according to claim 55, wherein said animal is a
mouse and said DNA sequence encoding MRP2 is optionally inserted into the mouse
Mrp2 locus, such that expression of human MRP2 is under the control of the mouse Mrp2

promoter.

57. A non-human animal, tissue or cells aceording to any one of claims 52 or 55, further

incorporating
) a human DNA sequence encoding the transcription factor CAR; and/or
(i) a human DNA sequence encoding the drug transporter MDR 1a and/or

(iii) a human DNA sequence encoding the drug transporter MDR1b.

58. A non-human animal, tissue or cells derived therefrom incorporating a human DNA
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MDRI a and/or MDRI b have been annulled. 63. A non-human
animal, tissue or cells according to any one of clains

wasosa»oer 58-62 further incorporating one orPEDGB2008/001897

human DNA sequences encoding 25 (i) one or nore
f urdeq@ence r emedding Ptheo ”Ardg cianssorted pproeiral MPRIe| et asptionally further
fromthe group consisting of gﬂg optional |y, as
def MAYRCRANE P o mere fingther hymen psAuences gpsefinghuman PXR, human

cl atgr}{%?‘/hergﬁgéfgpﬁg%%eﬂe@ éﬂc@ﬁ‘iﬂ!g MDRE is%}ctibﬁ]zﬁg' ihderted intQ the mouse

cl al (1i) one or nofre phase-
dr ufdniet labs] Fwhrtbatenxprassen ophimamaMBR hss arefer thedcdntrol @0the mouse
one or nore cytochronme P450 gene

clajm 13 and/ or
cl M&"&m% fonally as defined in claim13; and/or

1i1l) one or nor hase- 2 drug-.net abol.i si ng enzynes
SSpt R RET DB 1 C ST L B DD JEGPOAME  human DNA
PCT{R420 86204188 7 theC |ddig thethspcdel/ protelrd VMIDRIS &dd opki6nally further
further drug transporter [ﬂr oteins, optionally as
def inpergonatingpngi gnmars furgher hpman PARY sqquencapercedingihygmga PXR, human

or éﬁkl &h&@fni s ItIR% LOI, .cggi RASR .s iBn H/mrt%to the mouse
E unoﬁer g% i :bg)f or "an

5 séquénce encodi ng e con

endeigelibolosusp swwihthetr expasssion pt homan IMDR h#svumigr ttiescontrol of the mouse
eqﬂligl\éall ent endogenous mnurine PXR genes annul | ed, which
moudarIbirUmolEr- or  cell: (i) is more sensitive to

rif I ¢i n-medi at ed i nduction, af e _expression and/ or

6Qcy RGBS RIo S BiE 80 Hish WO By FE BN R g homan DNA
W | doaliohRe oRu&ifg thdO dhigS $MdBspoFteC Prbt8indMMDN L and optionally further
therefrom and/or (ii) is |ess sensitive to
dexiaperppratiemencras dnere derther hpinag Rbo begnencesencoding human PXR, human

car@gF:ak(rj/iol_ - dﬂ'/@thg. or clotrimzol e-nedi at ed

i nduction o e expression and/or activity of a

yt Qchr c 4 h h r ' i b d- .
SRR Gl 3505 506 AR g o buman DA
t r aeg@ee cemrpding, thei dsige transpostd prateini WHIR tthenef raptionally further

according.to claim64 wherein the cytochrone P450 i

o CPPIROBIE . orBEre AR RUGEA PO ArdRadieet Piegge fpman PR, human
cel tARISHdI O+ BAmbR IS 10m i ncorporating a human DNA

sequence encodi ng CAR under the control of an

62NARIRNOK! Snddl HIRBET tiss@ Gr QRilé AeAVddY theRsFbki Gndobforating human DNA
equi val ent endogenous_nurine CAR genes_annul | ed, which
mo ussguencessengedipg human PXR and/or human CAR, in which the endogenous genes for

MDR1a and/or MDR1b have been annulled.

63. A non-human animal, tissue or cells according to any one of claims 16, 52 or 58-62

further incorporating one or more human DNA sequences encoding

@) one or more further transcription factors, optionally selected from the group
consisting of CAR, optionally as defined in claim 10, AhR, optionally as
defined in claim 11, and/or PPARa, optionally as defined in claiml2;

and/or

(1) one or more phase-1 drug-metabolising enzymes optionally as defined in
claim 13 and/or one or more cytochrome P450 gene clusters, optionally as

defined in claim 13; and/or

(iii) one or more phase-2 drug-metabolising enzymes, optionally as defined in
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20 cell: (i) is nore sensitive to Cl TCO nedi at ed
i nduction of the expression and/or activity of a

wa@ ydosakooene P450 than the correspondi ng w | d- t REEGB2008/001897

nouse, tissue or cells derived therefrom and/or (ii)

I s | ess sensdlaitnvit, td/aiCPOBOP- nedi at ed i nducti on of the
expression and/or 25 activity of a cytochronme P450

t han t(hg corsrespaivdé fugthed drdg tryspontarpsaeins, toptiensdly @s defined in claim
cells derived therefrom 67. A transgenic nouse,

tissue or celts derived therefrom accordi ng to claim

66, whereipn the cytochro P450 i s a_ Cyp2b enzyne.

65 A ATAnSEERCGBIGIRS: 58S Or erllssdrivgd Bepframaperpuiatng a human DNA
t h%?%%h&ﬁﬂgm@tdﬂ& 1AL B R dIN an3EhdSEGHRE pRoter, and optionally
encodi ng PXR and CAR under the control of endogenous
pr dumingrits, equivdlend padogeriubs ynurbrei ¥R igenes egoulled) sich mouse, tissue or
endogenous PXR and CAR genes annul | ed, whi ch nouse,

134“’8\0 2008/ 149080 PCT/ GB2008/ 001897 tissue or cell:

(i) is..nore sensitive to rifanpicin-nedated induction.

ot hdDepr d3STGh b o fitgrpley- P BafE g o i gtirion andior
P450 than t hetieey beapgfsthigneP43D- thip @hdTobis&ponding $il@-type mouse,
or cells-derived therefrom or 5 (ii) is less

sensitive tdisesitelndesiyad thegsdiony apd/en

pregnenol one-16a carbonitril e-nedi ated or

cl ot ri(hzol &5 ndess atetivRd it Aexsmsthasens-rasdigted; s pioppregnenolone-16a

and/or acti V(!at'%_nﬁg eAnEHHOE B QBRInRER-rhdidfed iﬂ@lllc;ion of the expression

corresponding w I d-type nouse,-tissue or cel

deri ved t heranfifoo mactiwityd of i ¢yyochnep P450s 8ragi the \werrtsponding wild-type

Cl TCO nedi at ed i ntducti onll%&;t Q‘f expr essi on and/or 10
activity of BOWHERYFEIHIEYTHEF™Re cor respondi ng

6%1 | /% }%%&?%Igﬁng@gé, glgé]ulglsolsr i%gléso{e&f\:/%%%%ggrging&g ec{arlrg IH4, wherein the

| NdiyEIchdmed450 e €yg3aeasing) and/ or  activity of a
cytochronme P450 than the corresponding wld-type

68D US @ransdenikS hRus, t3&lel 6r délsi d@Dell hBerefrér@nincdrporéing A human DNA
transgeni ¢ npuse, tissue or cel.ls derived therefrom .
ac CEAHENERy SRQIWE A AR gmder,jhe cantrol; ¢fean endogrngis, promelgsgand optionally

r ef}ﬁ(/fngqtsté?luwaleﬂf"‘%(ﬁ £rlolis AMink ICAR Ig8nd SHRRA, WRFHRouse, tissue or
and the cytochrone 5450 referred to in parts (iii)

anckefliv) is a Cyp2b enzyne. 70. A transgeni c nouse,

tissue or cells derived therefromincorporating a
‘human (DNA  is more sensitive to CITCO-mediated induction of the expression and/or

activity of a cytochrome P450 than the corresponding wild-type mouse,

tissue or cells derived therefrom; and/or

(ii) is less sensitive to TCPOBOP-mediated induction of the expression and/or
activity of a cytochrome P450 than the corresponding wild-type mouse,

tissue or cells derived therefrom.

67. A transgenic mouse, tissue or cells derived therefrom according to claim 66, wherein the

cytochrome P450 is a Cyp2b enzyme.

68. A transgenic mouse, tissue or cells derived therefrom incorporating human DNA
sequences encoding PXR and CAR under the control of endogenous promoters, and

optionally having its equivalent endogenous PXR and CAR genes annulled, which mouse,
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sequence encodi ng PXR under the control of an
endogenous pronoter, and optionally 20 having its

we@ousitgdoent endogenous PXR gene annul | ed, whi cPCT/GB2008/001897

di spl ays i ncreased dexanet hasone- nedi at ed

hepasseganceldi ty rel ative to the corresponding wld-type

nmouse. 71. A non-human animal, tissue or cells

~deri ve® t herisfmopersdnsitioe morifamprgn-mediepdribdictigreoithe expression and/or

sequence under I he contr I of man CYP3A4 onot
Sequence, _artHiiepERrEREpTe BT IR e, ipiespording S e mouse,

or cells foﬁﬁ@Joﬂo@HQad@%@Elﬁre_%%n{;b} a human DNA
sequence encoding the transcription factor PXR and/or

(i) giiumans DINAs S8&HiRNE € 16N aSETRehab AR -hEBRASE T bPt ?ﬁéhenolone 16a
factor CAR 72. A non-human animal, tissue or cel

accordi ng t ocaghoaitrileenediated pr¢lptriszele antdinted induction b theeexpression
and said repQiier d

sequence are’ Fj} é’g gnf 9‘; Otag or H?oqnaﬁciggﬁﬁﬁ}aﬁetgg%bmw onding wild-type
genone. 30 7lﬁousé\,'tis&|a=l‘k&g:ens dbrWBdJﬂﬁreﬁbhsshtE or cells

derived therefromincorporating a reporter gene

sequer(iip undemdrbgemsitiviertol CIICOamedidtee ihYiedod bf HeOepke&3kion and/or
sequence, wherejin the reporter 5 WD 2008/ 149080

PCT/ GB2008/ (5§77 © @ew@cggomeng‘éﬁﬂt njtht Gorrereondgs wild-type mouse,

Cyp3al 1 | ocugsudiideMiGrRtduRRindmIBYSEe, tissue or cells
optionally further incorporate (i) a human DNA

Sequer{ﬁﬁ enGoQsOersiife id REPOBIOPLIMONatb@ G JEE th@@ﬂfr&@ion and/or
(ii) a human DNA sequence encodi ng the transcription
factor CAR d#tivity ofargytechromenP4i8h than the icemesporsling wiildgype mouse,

derived ther C or at i reporter gene
sequence unatg‘grslg e?ego%trp’ (Fél?erf]amhuman CYP2B6 pronot er

6%&% %gl?s%bmx\n%l él?é §18§u5 Sr é;e acge'ie'l%%d Ehggegrg)m acg?rﬁlsn yoa &mln r? wherein the
t h&yLmMecmsamel:fe@ftﬂmgiarmus (1§36]riui| @ahﬁmgygﬁnﬁzﬁﬁe tdne éhe cytochrome
non- n aninmal, tj. or. ce " an erein sai
noﬁ-‘r%%weaﬂ%wm%r@ga (ikis @ &YPED G Mnal |y furt her
pncorporate 10 (i). a hurm S ence encodi ng the
7y a‘*négﬂflﬁq&mc Ropse tHigPuepXiRCe Linﬁéﬁ”dF‘? qE‘J‘?TF o8 FiEAFBRAAR human DNA

SequaRaE: BMoAhis TXH | hxﬁdér&ﬁ@%@ﬁtkd?tdf% Jn@@ééﬁf)u mo?e'? arfd optionally
non- human ani mal, tissue or cells according to claim
74 hayiingr &5 requivalenarendegenpus £XRragse @mdllqbu whick pdisplays increased

ge ’@@H&hmﬂéﬁﬁk&ﬁxgé EQRaPJtQ{YP W%la%gg HGHE gor?é{I Ondr}]SgQNlﬁch;%PC mouse.

nouse
i | S& ?’tg‘é %Bm‘é&'ahﬁna‘i‘eﬁésﬁ@%rt @J ﬁ&‘\%g‘ t@%ﬁﬁ%f%é‘@@&w{" g reporter gene
CYRE@E&nCH Olliﬂet dl‘e cﬁﬁlﬂ‘dhﬁﬁe ,humhle(HTPBAMf]ﬁomeﬁf)Béqﬂénceg&ﬁtﬁwherem said
and a human uence are optionally

CY
i AT Ao RE e B T e morporate

(1) a human DNA sequence encoding the transcription factor PXR; and/or

(i1) a human DNA sequence encoding the transcription factor CAR.

72. A non-human animal, tissue or cells according to claim 64, wherein said animal is a
mouse and said reporter gene and human CYP3A4 promoter sequence are randomly

integrated into the mouse genome.

73. A transgenic mouse, tissue or cells derived therefrom incorporating a reporter gene

sequence under the control of a mouse Cyp3all promoter sequence, wherein the reporter
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endogenous equi val ent gene of the non-human ani mal,
tissue or cells, and wherein said non-human ani nal,

W@ e@s0e08r cells optionally further incorporatCRGBEI0B/001897

a human DNA sequence encodi ng the transcription factor
PXRyend il indérted(ihio) thé nfouseaQy iR S@ubIeMa SvIRAGR §4iB GnduBE tissue or cells
transcription factor CAR 77. A non-human ani mal,

t i sepienyly fugherdncamostteli ng to clai m 76, wherein said

animal is a nouse _and said reporter gene and_ human

CYP2DAi)pr onpa umanddiyasequeaseencadiag thedranseriptiom éactop BXR; and/or
Cyp2d6 | ocus, 25 78. A non-human ani mal, tissue or

cel | s @ri veshumay]RNASUenecinsediag thegranscriphien fastor Géke
sequence under the control of a human MDRL pronoter

T4 e gy arvocumanaaningl, tipraie ras ssHs derivagetherciipa ncorppmting/@REporter gene
pro r C e | | .

o R0 B B B AR Bl 3B e il Wifren the reporter
ani geak and 4 Betish OVPZRY promopk seuahdeyard optiohally inserted into the locus of an

incorporate 3Q (i) a h n sequence encoding th ..
t r PSRRI At s?éepi%%e affahgpen i%@%ﬁ%d%ﬁiﬁ%@g@ wherein said
PCTAOQ%Q%/aQQHa&%ue(drIc}usao&hignag ke $RQHRREE encodi ng

the transcription factor 9. A non-human ani nal

tiss U€sor ¢ el ﬁlﬁnzﬂﬁﬁﬁx%queﬁé‘er &lcb@hg "tl{éciﬁﬁ&:ﬁﬁﬁéﬂ RABtofPXR; and/or
reporter gene sequence under the control of a human

MDR1 9ot ef h3RAUSKARequiaRck MMeEdiRk the3RhriPas aBFRAR.
animal, tissue or cells optionally further incorporate

79. (A)nof-HAHAR kN, ﬁ%ﬁ&%ﬂ%@ll@ﬁ&@@iw O8int PANSRELR dafNanimal is a
factor PXR and/or (ii) a human sequence encodi ng

t hemousaasd sdigréporterf geoe end maren EYP2IAG promadtersaqueaed arglinserted at the
ti%%&%e?ép%ﬁhls according to claim79, wherein said

. OCUS. .
ani ma nouse and said reporter gene and human

rQnmt er._sequence are,lnserted | 1 he S
THoca BRyE il FRGE oIS BRIl BhS HPEeoBRHPS roporcr gone
cel dequenee oriddt thg coftral vy a homan CYPRB6peord@eB@quanbe vitierein the reporter

said hu human VDR1 pronot er. sequence conpri ses

bot&Fnf ﬁ%‘{rﬁ? Elgmrﬁaﬁl’%%wgﬂr)&aﬁﬁqusw& ¢ %ﬂﬂogﬁlgvug%&é Intg e locus of an
A NQRoFEABR e RMNalBRL gerdel FTIHEnSH-hGRAl SniRGC e cbifs, @RY wherein said
one of clains 79-8%, further incorporating a reporter
germonsunae poimalyigsye ar kellscptionally fofthes insgrmeratCYP3A4

promoter 15 sequence, optionally according to claim

72. 83D A nonhumendPNAseangnce ancedipgthgtrapssriptorsfaeior BXRgand/or

to claim82, further incorporating (i) a reporter ggre
sequern(d® undehumanddlbrequshceginceding, the iraterpim faelonbA&e

77. A non-human animal, tissue or cells according to claim 76, wherein said animal is a mouse
and said reporter gene and human CYP2D6 promoter sequence are inserted into the mouse

Cyp2d6 locus,

78. A non-human animal, tissue or cells derived therefrom incorporating a reporter gene
sequence under the control of a human MDRI1 promoter sequence, wherein the reporter
gene and a human MDR1 promoter sequence are optionally inserted into the mouse
Rosa26 locus, and wherein said non-human animal, tissue or cells optionally further

incorporate

1) a human DNA sequence encoding the transcription factor PXR; and/or
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sequence optionally according to any one of clains 74
or 75; (ii) a reporter gene sequence under the contro

W@toos/1¥08en CYP2D6 pronpter 20 sequence opti oP@El/GB2008/001897

according to any one of clainms 76 or 77; 84. A

non- hugi@n ana hwthan DN#sdequance erbding draransiription tactorCARIE

of clainms 33-35, 41, 42, or 64- 83, further

190 cAr porlaimanganimsl, eissusDorecdils detivdd\efeBone Repotiagdl Rgorter gene
(i) one or nore further transcription factors, L

opt feghenee yndss theqoatrok ¢farhumas I‘QPBE BromQsersseqyangey agg whgmin said non-
opt hlﬁﬁ‘cfi‘l: aJlnYmeﬁ,StiQI% or'tRfls bitichhi kil in 5 /rﬁE ARa, 25

optionally as defined in cldim12; or (ii) one or

more f & thery HﬁﬂéﬁDﬁA@e?%’n@@&ﬁQ&'n. ﬁieQ&nFéS@g}? facr PRRE and/or

or noré further cytochrone P450 gene c ers,

opt i on("i’ib ly aac‘hlgﬁég{r PRA ée%@%ﬁﬁb&ﬁg the%llqgc?fpti(ni) Fdctor g}ﬁ/

or nore’ phase- ug- ne sl ng-enzynes, optlon
' LN | ai 0 9 . .

R ASbOBErBorsd Sy e ARt ilal o R W animal is «
pr omeusasind spd irepoetet genasind dhinare MDD prosiotar 3&queBde. ard\inserted into the
non- hu Hnal, tissue or cells according to any one
of @P‘&F%S%, °4§, 22-32, 33-42, 52-63, or 64-84

erein,said hu . DNA sequence,. encodi ng t . N
A SRS AL sruc YSeeh EvaiTE B AR TF A SRS herein said
cl ahikanlhuinar® MIBR 1 HrétRéted se@aBn@NédiBrised 'b§t$lu\%)s&5arﬁ &dnkdSdownstream
according to any one of clainms 17, 19, 33-42, 57-62,
or BAMGYr sHAICET-n sai'd human DNA sequence encodi ng the
transcription factor CARis defined as in claim 10.
837 . A MORdRIMSN msvmaln tisee, on palls accerdingelo] anyaerepopliiclgms g9-81, further
any; : [
thorSnfsaind TEerBhErEal 28 cha \Ther WERRRI of SRR W4 promoter
88. seduemog)-ohueratly aciondihg totdlasui2. or cell s according to
any one of the preceding clains, wherein any one of
88 h eA sombgemoarsmel tissua beclls ganedndi@slaint 82b Betheainmrpéreting
89. A non-human animal, tissue or cells according to
any on® of theppraede sgueheiumder thieosial of aeman G286 promoter

f the CYP3A cluster the CYP2C cluster,  CYP?
cluster, o RESTEY PRI HEPIIRaE 08 W <Y 2k By

15 Pag0) enzyhePogD. S R AT of ¥ effesh L TP2D6 promoter

cel I s accor defgntOoRnaldcoidiee aby aeedicignei@biE;
wherein one or nore of said human DNA sequences is a

88 0" héei-BuhaiBIm@E Fissilie ©r QEIRACEREME BE 8ny one of claims 33-35, 41, 42, or 64-

83, further incorporating one or more human DNA sequences encoding

@) one or more further transcription factors, optionally selected from the group
consisting of AhR, optionally as defined in claim 11, and PPARa,

optionally as defined in claim 12; and/or

(ii) one or more further phase-1 drug-metabolising enzymes or one or more
further cytochrome P450 gene clusters, optionally as defined in claim 13;

and/or

(iii) one or more phase-2 drug-metabolising enzymes, optionally as defined in

claim 14, and/or
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91. A non-human animal, tissue or cells according to

any one of the preceding clains, wherein one or nore
w@Roogasmshunan DNA sequences is a partial hunaPCTEBRIUBO01897

. gene sequence. 20 92. A non-hunman animal, tissue or

cel | s @gcor dind®r hdrednig Graspoitertpicieins, prﬁdﬁa‘l‘lg a§ Héfin®8 in claim 15.

wherein one or nore of sald human DNA sequences is

86 DN\no-Bumén Bifval) 8RB 02 BdIRALcording $3!EnyWne @ clasins 16, 19, 22-32, 33-42,
according to any one of the &recedlng clai ms, wherein

t he>2nh-dRfiedd wherpial sajdshumano By seaypiqeomapdins sher tiansefiption factor
anm%‘{eﬁﬁed =Y 1ﬁlaﬁ’5%1'|elrbll*gﬁﬂnspf hmate.  94. A non-human

I ssue or s according to any one of the
re
@ &%911 ﬂgm% ﬂl%tlmgug%égléééﬁ:og&ﬁggcg?d cﬁle%fggﬁ[}ﬁoff, 3?})3’3‘%‘42, 57-62,
t ha)r 631984r edhpreisaid) hﬁtmimDNW spee. enBadingthe aranburipeion factor CAR is
ggg tlss§1“§5 cells according to any one of the
BWHﬁlﬁF ! mherein expression of one or nore
?L%%gllé- pgg%naﬁtgﬁ)g‘\wésug B lg%gﬁlg(iﬁlgl ggg{yé}tnlge ag;téercg!img claims, wherein
NOfy RUEBIha BhdTRENIRAE edRbI& gdRs BEs bedn ARAUNRE. f OF

|nvest|gat|ng -Xenobi otic nmetabolismor toxicity,

88 OARbA-RLMGh sliRali 8iSsulbr £dils aBcd?@ifz wm%n@%ffmlprect:ﬁlﬁ ¥faims, wherein
or cells derived therefron1|ncorporat|ng a 13

2008 /ond 9¥8e eri0p¢1EBY ePBY D 8Os hamad hedDansléagu e n ce
encoding a protein involved in drug netabolism under )
89 & nowhumen amimal tissup doepdls @e@rdleg it aiyowny of thgpesveding aldims, wherein

ORI or 1Y B3 ,5078A°005C S A 9PI SRE or the CYPIA

corresp non
t | Jestee have b&dnl rspldedi byedDNMEfeqﬁérﬁbmenme@ ataeaendx&glanﬁm&ytochrome
equi val ent gene has been annull ed but which does not
'ﬁ%@ PS5BFH% a human DNA sequence encoding a

of respondi ng pyotein vol ved in dru t abo
9 rf RSB AP Cnobirani Yy |°g‘?w&@edmg claims, wherein
nQﬂle Ry AR FYhidBumah DM qBENcEEls! aS:omgferté MEghndARERICTRMR sequence.
97. A nethod according to clai 6, which conprises

91 h& nbSBuffn Adidhal Y¥uObr S8 BecdrdihE 8 Ay I¥RbPthe pRUEdIRE claims, wherein
nore, or five or nbre non-human  animals, tissues or

cedneor therd efsaidthymar DNFhsdqnensepis raartig hwré@p&f@@mvaeye seqyence.
or nore, three or nore, four or nore, or five or nore )
92}u4sraﬂn-tmmarsaqmeh tissye operdlo @rqonding tf yeme opthepedcpding claims, wherein

oygl%ré&sgldblll?mngﬂ%oge SRHOehNA1e control 15 of

ndcgenous. regul atory sequences, each non- human

| gn/%j m hux%lu? Ffal ElFsug 81‘ ée?ls %Q(;olr(? H?He:}d/l,_yrb%g offhe pI‘e%edmg claims, wherein

ogenous equl val ent gene
the non-human animal is a rodent optlonally a rat or a mouse, or is a non-human primate.

94. A non-human animal, tissue or cells according to any one of the preceding claims, wherein
expression of one or more of said human DNA sequences is under the control of the

corresponding human promoter.

95. A non-human animal, tissue or cells according to any one of the preceding claims, wherein
expression of one or more of said human DNA sequences is under the control of the

corresponding endogenous promoter of the non-human animal or mouse.
96. A method for investigating xenobiotic metabolism or toxicity, comprising the use of:

6) a non-human animal, tissue or cells derived therefrom incorporating a
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(ii) two or nore, three or nore, four or nore, or five
or nore correspondi ng non-human animals, tissues or

. W@eloBa49980r i ved t her ef rom whose endogenous equPWHGBRG08/001897

genes have been annull ed but which do not incorporate

human 20 Dl\lﬂlrmqDanmuerwcomhicwgng h@rmeireitﬂnlwdirimglrug metabolism
nmet abol i sm pr ot ei.ns; FI iiiﬁ%} tlonallly

cor r espondi s F- f‘ﬂf@ RoA? nays fegpiatory seqygngsy and optionally
cell's deri viglinghRRldgeRdusLWuivAleitrenOshntiREd;

i nvestigating xenobiotic metabolismor toxicity,

conpri@hng th& n@ing(Hoh-hBmbh al§¥nan@iasu%ﬁealsaﬁwai therefrom whose
ti ssue or cells deri ved t herefrom i ncorporating 25

human DNA seupdegroeus equidalapy aerm beeibsen rapohiesd buh vdndg does not
et ab0| I Sm 1lr'llgode(§rattehe maB rﬁlLJA SC encgnecljl ll’ri]gouscorlue ondmg protem -
regul atory seqtﬁgnce € non- ) <8ePP

cells opti orha{zdlyedia‘dhrg)nethlﬁ)lemdagienous eqU| val ent

gene annulled; (ii) a second non-human animal, tissue

or cel(iip derdpﬁedaliynﬁ?%ﬁ'@s!’pahdhﬂg valdhigp@fon-B0mBINAnimal, tissue or cells
sequence encodin é; ?r otein involved in drug

met abol i sm Lﬂﬁ‘i‘é? tewiomont rol of an endogenous

non- human ani mal regulator sequence, the non- hunman

94 mgthodacecrdiag i) clail) 96 Whisthicgmarises these R i t s

endogenous equi val ent = 139 WD 2008/ 149080

PCT/ GED008/ 0P8y 7mofse Hires 9p garediouy pf morg it Bpapy fnoge non-human
cor r espondi hiiA8 tR4T8 Br &l q@tllvedttl'le?&}@n g{coﬁ)%l'dtﬁ respectively two or
derived therefrom whose endogenous equi val ent é ne

has been anmbregtdirdgiar myre,dhur Qime,rmtﬁwerm:mqno haman BNA sequences
human DNA segue codi n a conrespo

i nvol ved in g‘FO‘H"%‘t B"'&‘?Prs??ﬁ‘"s iy dSSI’)‘ %B%u oﬁ’SPW heér e contro

correspondi ng \bhhdgehmeregmmohumnexﬁad reath nbh-fién @himal, tissue or
cells deri ved therefrom 99. A nethod for

i nvesti gat i rf§%eRHBRGE havingdisspdegeasHs SAvivalentogepg annulled;
conprising the use of at |east _three types, of

non- hifan "~ arf™Redr, meEsUiRe Jrmersy four aémovwrthérOémqs?ncorrewondmg

wher ei n each,dhWRfhan Win?dls, MRB D YFRE A RBY theld Rt GhBde endogenous
cells conprises a different genetic nodification

af fecting tdqelvahnmﬁnath@f/esl@qruemwéled)butswbncbsigmn ingbrpgrate human

protein | nvoﬂ)l\\llg seclll{]ences egcorcrl?gga}p Tellev(a],n %@e@h&l{sansgt%ﬂlscand

non- human ani nal I SSsue or =—ce ere rom

Itggf,] £ 81 ri Se%one}llg/D’e\lﬁ‘ rsrgsggﬁcﬂr% t»\%"ﬁqt e;xslonrg-c rlrelfgrg %élg? go/&ssue or cells
nol ecul e as deeiotd werefromSEQ | D NO. 1, SEQ I D NO 2, SEQ
IDNO3 or SEQID NG 4, or a

98. A method for investigating xenobiotic metabolism or toxicity, comprising the use of:

) a first non-human animal, tissue or cells derived therefrom incorporating a
human DNA sequence encoding a protein involved in drug metabolism
under the control of an endogenous human regulatory sequence, the non-
human animal, tissue or cells optionally having its endogenous equivalent

gene annulled;

(i) a second non-human animal, tissue or cells derived incorporating a human
DNA ‘sequence encoding a protein involved in drug metabolism under the
control of an endogenous non-human animal regulatory sequence, the non-

human animal, tissue or cells optionally having its endogenous equivalent
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15 DNA sequence that is conplenentary to such a
nucl eic acid nolecule. 101. A transgeni c non- human

W@rioaak908d i ssue or cells according to clai m 100CT/GB2008/001897

wherein the DNA sequence is stably integrated at the

| ocus of thegeatiglogadius equi val ent gene. 102. A

nucl eic acid targeting vector that conprises a DNA

sequer(d® t haiptibsalgt al @astporditg nohelimanabnifME tidsts or cells derived

entire | engt a nucleic acid nplecul e as recited in
SEQ I D NO Eer@%@’ vi9sg gndesnous Sﬁtﬁ’aﬁﬂtm ehag beegerynplied but which

NO 4, or a LRy ﬁ@tqfh%&‘rf)grateh@thuinﬁn mls%{ﬁﬁ:ﬂ[:@%%cotdﬂxgséj%hespondmg

a nucl ei c acid nol ecu and which further conprises

5 and 3' flpetkinngvahvedlie dmgamsitabolisepandnces t hat are

honol ogous to 5 and 3' regions in the |ocus of the
endogdivpus O@Cimilaﬂal e rorregpomingamdldviipe hompemamnahimal, tissue or cells
further corrpc{ "ﬁis ﬁl ei c acid sequence el enents that

per ni t cond| efigHLpery PBtion of the human DNA sequence
92%& ABo g)lr glta% ] a?:'g%?(exlboé)hoélc riﬁébolg&%%rnt%ﬁ%ncogmrﬁ%g the use of at
t i16Gtireltyges ok orflRirhMeshihiefihé 61O Ak editheffor UeheBdif each type
acid targeting vector according to claim 102. 104. A

et o hpan apimabttisgue orrsllx eorapiisst dliffrenirsnetionmedification affecting
t , r
kB ORERS RREi0f38 fein b e rgom.
risj 5 0 t .
R e SRR S SPR L SROUEE S compries
t ANA Dquaeq)tisrtoe anteste 76%prdestsiaboveraits entire danghttb ya nucleic acid

RGP PR PR TGP o 1 S SO SRS ID Nos4, or

amNA iséqueAceSBA Ebnién IR b 0h FRbcleiciaSiaWfolulece! | s
derived therefromconprising a second endogenous

10.egul atDfr¥nsEEAURRTRuA: Gima, 1IRUS6r @Ils REBRIIngHoRMXHA0D, wherein the
different to said first endo enous regul atory sequence

oA Aseapenss is sialRle énteasatsd of t ogieyeequivalent gene.
expreSS|on can conveniently be neasured by assay of
19% anscr prGlain acid érgsting vasien thati OMPHssURN S sequengs that is at least 70%

WHEIGEA ovBiSite dnfind 1eﬁ¢m S L6004 SR AARAQSas @H:h‘i‘ﬁ QEY ID NO:1, SEQ

sequences are re atory sequences nornma
aé@dﬁ@@t §EQV\1111 NogbneSEQ ADAdO g opr GANA rsequencrwthht\/le @omnplementary to

ST Do pid Hdelen P Pl RATEy cordbyist ¥ S daakis aucteie acid

Ofseqiiendegahit 4rBriRendiydeas t&fs’ nda- Nursbndnh A lodub STUBe @hdogenous
cells derived therefrom wherein each type of
nGAvINYARrecani apd| Whieh etipnally further sompyigsp iny@gic zicid sequence elements

digh %%ﬁm GG QS eI E 1 B¥n DNA sequence after its integration in the

locus of the endogenous equivalent gene.

103. A non-human animal, tissue or cells derived therefrom containing a nucleic acid

targeting vector according to claim 102.

104. A method for investigating xenobiotic metabolism or toxicity, comprising the use

of:

) a first non-human animal, tissue or cells derived therefrom comprising a
first endogenous regulatory sequence (e.g. a mouse or human promoter)

operatively linked to a DNA sequence whose expression can conveniently
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sequence operatively |inked to a DNA sequence whose
expressi on can conveniently be neasured by assay of

W@ e@Bss¢308pti on and/ or translation products, aneCTE8R@B8H01897

each 15 endogenous regul atory sequence is a regulatory
sequence norbwmhéagurad bpassay efiransdriptian gedier tramslatioh prgdcts; and
protein involved in drug netabolism 106. A nethod

accor diing t ca sseyndxivm-limanlaaind, ide arcell® Beriwet eliee¢front b@nprising a
DNA sequence mhoiﬁ?expre35|on can conveni ent

I
measur ed by sgeQnd engpeenpus ey IRIgEY AU (B8 at‘i“%‘l‘%loéf‘}"{}ﬁ“ promoter)
products is (ixﬁ@reﬁtatm%al'drﬁr&t"bﬁd%ﬁéﬁr@é\}latfi%eaﬁm@ operatively linked to
animals,. tissues or cel 107. " A net hod according
to any of claDNa s_bquenw@/homxmesmmm eayeniently be measured by assay

adm ni stering.the L dose to the
different ty é?n%¥m %ﬁa (ﬁé%ngﬁ“hd¥°§ gpconparlng t he

met abol.i.sm or, t axi f that dru et ween

i1 rordh anvisird. Beodeend ectar BpdERUEET rellrony scauences are
xenobi oti ¢ nep@ielhi séfuetices MirBdllyy ass6Q40ed iviittng@enes encoding proteins
adm nistering a drug conpound to two or nore non-human

ani mal s, ti si@yd¥edgp Big medabplismyed 25 t her ef rom

wherei n each non-hunan animal, tissue or cells

18dnpri sfégneah%mwvma%aqé@wb@tle eGP HYD QT Hrxdtiy; pomprising the use

' nA/ ltYegg tfn@e %Qs?ofm%h %laﬂllah §Mﬂ Q§§uet @elfs%h(' th efr% wherein each
ogenous r atory sequence, tiona as its

en@pgeﬁoms—hetqm aeiahttisgener thmmlrﬂp@des a@lgfermtrmﬂmuous regulatory

according to.cla udes a

o SRt Do ks G, BNA Seelicer Sl (SPRTST Rasbtpnienty be

di héaurat by aisdyu Hﬂﬂraﬂﬁﬁri}iﬂbﬁ,anﬁyo‘istﬂﬁﬁlaﬁbn Crblisets, 1dfd. wherein each

transgeni ¢ non- human animal, tissue or cells derived

t hesvlegsngpy regpltophisarsacs is sngulatory pesyiereedormpally agsociated with a gene

deédc&ﬁg ?x%‘ié?ﬁ iy @%Vdrg%m@tag?%m.ype sel ected fromthe
group WO 20087 1490 GB2008/ 001897

n Si st
g UPXR/ hAu IPIC%F\;?{CIIU F%E%gégltg H%B'IR/ ghﬂl%%\g{/s Egﬁh%g//l ﬁﬁ %tem the DNA sequence

k oWiXRE kxCédRionltaPdXRVRDGAR, bekodaxired b ARy of transcrlptlon and/or translation

koPXRJkaCAR/ koAh PXR/ koCAR/ koPPARA:
k%mc&sﬁem BT JiS R b B BAS T ives AL e s

CYP2 R hyCYP3A4/ huPXR | ust er
1y etk SR, R PR, PHieB s pyministering the
h udaiR3rdd huﬁ@%ﬁu@@&to thel GYRZ4at C}IpH§bﬁfqn M%m\ﬁﬁ’a €omparing the
cluster; huCYP2C cl uster/huPXR huCAR;
hMMWmm that e dpisveen Sofifaentapimaly . 10 hucyp

Al /huCYP 1 A2/ huAhR; huCYP I Al /CYP 1
IQ&/ huPXiy mghag: for investigating xenobiotic metabolism or toxicity, comprising

admmlstermg a drug compound to two or more non-human animals, tissues or cells derived
therefrom, wherein each non-human animal, tissue or cells comprises a human DNA
sequence encoding a protein involved in drug metabolism under the control of an
endogenous regulatory sequence, and optionally has its endogenous equivalent gene

annulled.

109. A method according to claim 108, which further includes a step of comparing the

experimental results obtained for different non-human animals, tissues or cells.

110. A transgenic non-human animal, tissue or cells derived therefrom, optionally a

mouse, tissue or cells derived therefrom, having a genotype selected from the group
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huCYP2D6/ huPXR/ huCAR; koCyp2d C uster; huCYP3A
cluster/ huCYP2C cl uster/ huCYyP2D6/ huPXR/ huCAR

Woo@sn8aBo 1/ huPXR, huCYP3A4/ koCyp3al 1/ huPXR, RCOGB#S/001897

cl ust er/ huPXR; koCyp2c cluster/huPXR,
hu@wsigmg/dtoCyp3all/ huPXR/ huCAR, huCYP3A4/ koCyp3a 15
cI ust er / huPXR/ huCAR huCYP2C9/ huPXR/ huCAR

ol PRI R PR AT ARARAR SRR A RUFR AR

huHMRb(MWMMMﬂGEuRﬂAM er/ koCyp2c cI ust er/ koCyp2d
cI uster huUGT/ huPXR/ huCAR;, huUGT | [/ huPXR/ huCAR huMDR

1 iR R oG AR KERRRAGEAR: ol hlsof hfbea b

RAHOAR/REPAR o PR A CRRNIRWRAEPPARG;
/rmlrlb R-/ huPXR/ hucAR huCYP3A

cluster/huVDRI /ndrl a' -/ mdrl b-/"/huPXR/ huCAR, huCYP3A
cl UsCYP2EOMERXR; huGIFI2DS; hu@ ¥R2IP6/huPXR; huCYP3A4/huPXR; huCYP3A

or U A PRI AR I 1 P e R AR |
b- CPBXRIEICNR AR UG MRGRRRI MWMCA(RZChMRBR HUCYP2C
s RSP AR LR AR Y B7S: oG st

hulYRRiip1 A 1 mUEPRE % RUNR YR I1A1/C YRV XR/huCAR;
huPXR huCAR/ koMDR 1 a/ b’ r CYP2B6/ huCAR, r Cyp3al

1/ HuBXR2D6(y BERMuCAR: Gy P2ACIRamalnK B4 cluster/huCYP2C

r CYP2C9/h PXR rCYP2C | 9/ huPXR

[ C %/}’HE%WB@EEH%% WO 2008/ 149080

PCT/ GB2008/ 001897 r CYP2C9/ huPXR/ huCAR

r C\HeZppd ah WRXPX RUKTAR, P 3AGYKZIYp 1A/ huPXR, ha(GARa cluster/huPXR; koCyp2c

 CRBRIMIE R R B e HECRB AT e

19/ INSBURUPNRARC A RE SXPBEFE IMPHRIRRE ARCYP2D6/ huCYP2C
19/ huPXR/ huCAR: 5’ r CYP3A4/ huCYP2D6/ huPXR/ huCAR,

r CYRERBLEMERX RAEEAR haQypReielnsier; koCypiytystankaEyp2c cluster/koCyp2d

R R ARG R ToB ARt

r CYP3A4/ huCYP2D6/ huCYP2B6/ huMDR 1/ ndr!| as-/ndr 1
b- "hu \R; HuliSR/ InBYXRICAR Cyp3al  1;
huPXR/ huCAR/ r CYP3A4: hCARJr CYP2B6; 10

PN MG bR A R e

hu PR GARRBEZBRPXR; huMRP2/huPXR/huCAR; huMRP2/ huMDR 1/mdria”
/mdr1b”/huPXR/huCAR; huCYP3A cluster/huMDR 1/mdrla™/mdr1b”/huPXR/huCAR;
huCYP3A cluster/huMDR 1/mdrla”/mdr1b”/huUGT/huMRP2/huPXR/huCAR;
huCYP3A cluster/huCYP2C cluster/huMDR1/mdrla’/mdr1b"/huPXR/huCAR; |
huUGT/huMRP2/huPXR/huCAR; huMDR 1/mdrla”/mdr1b”/huPXR/huCAR;
huMRP2/huPXR/huCAR; huPXR/huCAR/huMDR1a/b; huMDR 1a; huMDRI1b;
huMDR 1a/huMDR1b (i.e., huMDR1a/b); |

huPXR/huCAR/koMDR 1a/b;

rCYP2B6/huCAR; rCyp3al 1/huPXR; rCyp3al 1/huPXR; rCYP3A4/huPXR;
rCYP2C9/huPXR; rCYP2D6/huPXR; rCYP2C19/huPXR; rCYP3A4/huPXR/huCAR;
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rCYP2C9/huPXR/huCAR; rCYP2D6/huPXR/huCAR; rCYP2C19/huPXR/huCAR;
rCYP2B6/huPXR/huCAR; rCYP3A4/huCYP2B6/huPXR/huCAR;
rCYP3A4/huCYP2C9/huPXR/huCAR; rCYP2D6/huCYP2C19/huPXR/huCAR;
rCYP3A4/huCYP2C9/huCYP2D6/huCYP2C19/huPXR/huCAR;
rCYP3A4/huCYP2D6/huPXR/huCAR; rCYP2B6/huMDR1/mdrl a’/ mdrlb™
/huPXR/huCAR; rCYP3A4/huCYP2C9/huCYP2B6/huMDR 1/mdrla™/mdr1b™
/uPXR/huCAR; rCYP3A4/huCYP2B6/MDR 1/huPXR/huCAR;
rCYP3A4/huCYP2D6/huCYP2B6/huMDR 1/mdrla”/mdr1b” /huPXR/huCAR;
huPXR/rCYP3A4; rCyp3all; huPXR/huCAR/TCYP3A4; hCAR/rfCYP2B6;
huPXR/huCAR/rCYP2B6; huPXR/huCAR/rCYP2D6; hPXR/rCYP2D6;

rMDR1/huPXR; rMDRl/huPXR/huCAR; rMDR1; huPXR/huCAR/rMDRI1;
huPXR/huCAR/rCYP2B6/r2D6/r3A4/rMDRI.
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